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CertiQ is an unofficial, independent community project — not affiliated with, endorsed by, or sponsored by IBM. Qiskit is a trademark of IBM. All practice content is AI-generated from the public exam objectives and open documentation, executed and verified against a pinned Qiskit 2.x stack at build time, and adversarially reviewed. It is never derived from actual exam content. Found a problem? Every question lists its id — report it at github.com/JanLahmann/qiskit-developer-certification-prep.
Generated 2026-08-16 from the CertiQ bank: 287 machine-verified questions.
The exam
	C1000-179 — 68 questions, 90 minutes, pass at 47.
	Qiskit SDK v2.x + Runtime primitives (SamplerV2 / EstimatorV2).

How to use this book
Part I is the study layer: a short primer per exam objective, the must-know facts and traps, and an exam checklist per section. Every fact is verified (executed code or official docs); the web version links each one to its source. Part II is the drill: read a question, commit to an answer, then turn the page. Options are printed with their bank keys; on the website the same questions appear with shuffled positions and rotating wrong answers.
Table of Contents

	Start here
	Part I — Study	Section 1: Perform quantum operations
	Section 2: Visualize quantum circuits, measurements, and states
	Section 3: Create quantum circuits
	Section 4: Run quantum circuits
	Section 5: Use the sampler primitive
	Section 6: Use the estimator primitive
	Section 7: Retrieve and analyze the results of quantum circuits
	Section 8: Operate with OpenQASM


	Part II — Question drill	Section 1: Perform quantum operations (44 questions)
	Section 2: Visualize quantum circuits, measurements, and states (37 questions)
	Section 3: Create quantum circuits (49 questions)
	Section 4: Run quantum circuits (41 questions)
	Section 5: Use the sampler primitive (34 questions)
	Section 6: Use the estimator primitive (33 questions)
	Section 7: Retrieve and analyze the results of quantum circuits (29 questions)
	Section 8: Operate with OpenQASM (20 questions)



Section 1: Perform quantum operations

16% of the exam. 44 practice questions in Part II.

Every fact below is verified — proven by executed code or backed by an official docs page. The web version (certiq.dev) links each fact to its source.

Define Pauli Operators

A Pauli label reads right-to-left

A Pauli label is read RIGHT to LEFT against qubit indices: the rightmost character acts on qubit 0, the leftmost on the highest-index qubit.

from qiskit.quantum_info import Pauli
Pauli('IX')              # X on qubit 0, I on qubit 1
Pauli('XZ').to_matrix()  # == np.kron(X, Z): X on qubit 1, Z on qubit 0
Pauli('iXX')             # phase prefix: '', 'i', '-', '-i'

The object stores the I/X/Y/Z string plus a phase drawn from +1, i, −1, −i. Writing the phase into the label makes a distinct object, so a plain multi-letter label carries no phase and its matrix is the bare tensor product.

Two families of combination methods, and the whole objective lives on telling them apart.

	Call	Result	Notes
	a.tensor(b)	a ⊗ b	caller a goes to the higher-index subsystem, b to qubit 0
	a.expand(b)	b ⊗ a	the mirror: a sits on subsystem 0
	a.dot(b)	A·B	plain matrix product
	a.compose(b)	B·A	circuit order — a acts first
	a.compose(b, front=True)	A·B	same as dot


On Paulis the difference is one character: Pauli('X').dot(Pauli('Y')) is iZ, while Pauli('X').compose(Pauli('Y')) is -iZ. The class never silently drops the phase.

SparsePauliOp, and commutation by counting

Observables are SparsePauliOp — a linear combination of Pauli strings — and that is what the Estimator primitive expects, not a hand-built Pauli.

from qiskit.quantum_info import SparsePauliOp
SparsePauliOp.from_list([("ZZ", 1), ("XX", 0.5)])
SparsePauliOp.from_sparse_list([("ZX", [1, 4], 1)], num_qubits=5)  # prints XIIZI

from_list takes (label, coefficient) pairs on full-width labels. from_sparse_list takes (label, qubit_indices, coefficient) plus an explicit num_qubits, and there the label characters pair with the index list left-to-right — the little-endian display rule read back at you. simplify() drops only terms whose coefficient is zero within tolerance.

Commutation is a counting exercise, not a matrix multiplication: two multi-qubit Paulis commute exactly when the number of positions at which their single-qubit factors anticommute is EVEN.

	Pair	Anticommuting positions	Commute?
	X⊗X vs Z⊗Z	2 (even)	yes
	X⊗I vs Z⊗Z	1 (odd)	no


An identity factor contributes zero to that count — it never buys commutation by itself.

Must know:

	Pauli labels are little-endian: Pauli('IX') is I ⊗ X — X on qubit 0, identity on qubit 1 — and indexing the object returns the qubit-0 factor first.

	Pauli products keep their phase: X·Y = iZ, Y·Z = iX, Z·X = iY via .dot; reversing the operands conjugates it (Y·X = -iZ, Z·Y = -iX).

	Pauli('XX').commutes(Pauli('ZZ')) is True (two anticommuting positions, even) and Pauli('XI').commutes(Pauli('ZZ')) is False (one position, odd).

	SparsePauliOp.simplify() SUMS the coefficients of duplicate terms (Z with 1 and Z with 2 becomes Z with 3) — it never averages them and never keeps only the largest.



Traps:

	Pauli('XZ').to_matrix() is exactly np.kron(X, Z), so label order and tensor order coincide — the convention stays invisible until a question asks which qubit an operator acts on.

	To place Z on qubit 0 you must write Pauli('IZ') — Pauli('ZI') is the opposite operator, and .adjoint() does not reverse qubit order (Hermitian labels come back unchanged).



Apply quantum operations

Statevector: build it, evolve it, read it

Statevector is the simulator you carry in your head, and it runs UNITARY circuits only.

from qiskit.quantum_info import Statevector
Statevector.from_label('10')     # |q1 q0⟩ — amplitude 1 at index 2
Statevector.from_int(2, dims=4)  # same state; an int dims is the TOTAL dimension
sv = Statevector(qc)             # delegates to Statevector.from_instruction(qc)
sv2 = sv.evolve(op)              # returns a NEW Statevector; sv is untouched

from_label also accepts the eigenstate letters '+', '−', 'r', 'l'. Leave a measure in the circuit and both constructors raise QiskitError: Cannot apply instruction with classical bits: measure. evolve accepts a Pauli, an Operator, a gate or a circuit.

Read-out splits into families that questions love to swap.

	Call	Returns	Note
	.data	complex amplitudes	in index order
	.probabilities()	ndarray	squared moduli, index order
	.probabilities_dict()	dict keyed by bitstring	keys run q_(n−1)…q_0
	.probabilities([0])	ndarray of length 2	marginalizes every qubit not listed
	.expectation_value(obs)	number	takes a Pauli or a SparsePauliOp


For |00⟩ against Z⊗Z + 0.5·(X⊗X) the answer is 1.0: |00⟩ is a +1 eigenstate of ZZ, while XX maps it to the orthogonal |11⟩.

The phase family, and what equality means

The phase gates leave probabilities untouched and differ only in where the phase lands.

	Gate	Matrix	Phase on the 1 amplitude
	z	diag(1, −1)	−1
	s	diag(1, i)	+i — the square root of Z, identical to p(π/2)
	sdg	diag(1, −i)	−i, the conjugate of s
	t	diag(1, e^(iπ/4))	the square root of S
	tdg	diag(1, e^(−iπ/4))	the conjugate of t
	p(θ)	diag(1, e^(iθ))	the whole angle
	rz(θ)	diag(e^(−iθ/2), e^(+iθ/2))	split symmetrically over both amplitudes


So after h, s gives (|0⟩ + i|1⟩)/√2 and sdg gives (|0⟩ − i|1⟩)/√2. RZ and P of the same angle differ by a global phase, never by physics: rz(π/2) on |0⟩ records [0.7071−0.7071j, 0] while the probabilities stay [1.0, 0.0]. T on |1⟩ likewise records 0.7071+0.7071j — Qiskit keeps a global phase explicitly. That distinction is exactly what Operator.equiv and == separate. Setting qc.global_phase yourself is unobservable in the same way: exact probabilities and seeded counts come back bit-identical.

Two memorized formulas answer most probability questions without a simulator.

	For RY(θ) on the zero state	Value
	amplitudes	cos(θ/2) and sin(θ/2)
	P(outcome 1)	sin²(θ/2)
	⟨Z⟩	cos θ


Must know:

	Operator(qc) for an H on qubit 0 of a two-qubit circuit is the 4×4 matrix I ⊗ H — qubit 0 sits on the RIGHT of the tensor product, not the left.

	efficient_su2(n, reps=r) has 2·n·(r+1) free parameters — an ry and an rz per qubit, with one rotation layer MORE than reps: efficient_su2(4, reps=2) gives 24, and skip_final_rotation_layer=True drops it to 16.

	real_amplitudes is the RY-only sibling of efficient_su2: its gate set is exactly ry + cx, so n·(reps+1) parameters (12 at the default reps=3 on 3 qubits). quantum_volume carries no free parameters at all.

	QFTGate(n) takes only a qubit count (no do_swaps, no approximation_degree). One decompose() gives n h, n(n−1)/2 cp and ⌊n/2⌋ swap — for n = 4 that is {'h': 4, 'cp': 6, 'swap': 2}, never cx.

	Reading a Bloch drawing: h puts the arrow on +x and the phase gate then swings it inside the equator — s to +y, sdg to −y. An arrow left at a pole means that qubit was never rotated off the z axis.

	A plot_state_city figure IS the density matrix: left panel Re(ρ), right panel Im(ρ). After h(0); cx(0,1); s(1) the two 0.5 populations stay real while the |00⟩⟨11| cell becomes −0.5i, so s is visible only in the imaginary panel.



Traps:

	Statevector.from_instruction and Statevector(qc) both raise QiskitError: Cannot apply instruction with classical bits: measure on a measured circuit; there is no shots/backend parameter and appending a save instruction does not help.

	probabilities_dict() keys are q_(n−1)…q_0 bitstrings: applying X to qubit 0 of a two-qubit circuit gives the key '01' with probability 1.0, never '10' and never an integer index.

	sv.probabilities([0]) marginalizes over the other qubits and returns an ndarray of length 2 (a Bell state gives 0.5/0.5) — not a dict.

	Operator.equiv ignores a global phase and == does not: Z versus RZ(π) is equiv-True but ==-False; T versus RZ(π/2) is False both ways (that pairing is S).

	For RY(θ) on |0⟩ the expectation value is ⟨Z⟩ = cos θ — at θ = π/3 that is 0.5, not sin or cos of the half angle.



Exam checklist


	☐ Read every Pauli label right-to-left and name the operator on each qubit before answering.

	☐ Say which of tensor, expand, dot or compose a question used, and which operand acts first.

	☐ Count anticommuting positions to settle commutation: an even count commutes, an odd count does not.

	☐ Delete every measure before handing a circuit to Statevector.

	☐ Check whether the answer wants amplitudes, a probability ndarray, or a bitstring-keyed dict.

	☐ Write out diag(1, i) for S and diag(e^(−iθ/2), e^(+iθ/2)) for RZ before comparing operators.

	☐ Ask whether a difference is only a global phase: equiv ignores it, == does not.

	☐ Compute 2·n·(reps+1) for efficient_su2 and n·(reps+1) for real_amplitudes.



Official resources

	Operators overview

	Operator class

	qiskit.quantum_info API


Section 2: Visualize quantum circuits, measurements, and states

11% of the exam. 37 practice questions in Part II.

Every fact below is verified — proven by executed code or backed by an official docs page. The web version (certiq.dev) links each fact to its source.

Visualize quantum circuits

Four renderers, and a signature that does not forgive typos

QuantumCircuit.draw() and the standalone circuit_drawer() are the same machinery, and output= accepts exactly four names.

	output	Returns	Reach for it when
	text (default)	a TextDrawing — printable, but not a str and not None	you are in a terminal or notebook
	mpl	a matplotlib.figure.Figure	you need to style or savefig a publication figure
	latex	a PIL Image, and it needs a LaTeX toolchain	you want typeset output
	latex_source	the raw LaTeX string	you are pasting into a document


Anything else raises VisualizationError whose message lists those four. The one exception to memorize: pass your own axes with draw("mpl", ax=ax) and the return value is None, because the caller already owns the figure.

	Keyword	Effect	Notes
	idle_wires=False	deletes any wire carrying no operations	"auto" keeps them unless the circuit carries a transpiler layout
	reverse_bits=True	draws the highest-index qubit on the top wire	works in every renderer
	initial_state=True	prefixes each wire with its starting label	
	plot_barriers=False	hides barriers	works in every renderer
	filename=	saves the rendering to disk	
	fold, scale, style	wrap width, size, styling	renderer-specific


The signature is closed — there is no **kwargs catch-all, so a near-miss keyword is a hard TypeError, never a silently ignored option.

Must know:

	A classically-controlled gate that draws as an If block is built with with qc.if_test((qc.clbits[0], 1)): — .c_if(), a condition= kwarg, a .condition attribute, and if_test(clbit == 1) all fail in Qiskit 2.x.

	idle_wires=False removes wires that carry no operations, so a 3-qubit circuit acting only on qubits 0 and 2 draws two wires.



Traps:

	output="matplotlib" and output="figure" are not valid — both raise VisualizationError listing the four real names, from the method and from circuit_drawer alike.

	The standalone drawer is from qiskit.visualization import circuit_drawer called as circuit_drawer(qc, output="text"); qiskit.tools no longer exists and the kwarg is output=, never format=.

	qc.draw("mpl", ax=...) returns None, not a Figure — supplying your own axes hands figure ownership back to you.

	reverse_bits=True is rendering-only: it puts the highest-index qubit on the top wire and changes nothing about the circuit, the gate order, or the endianness of the results.

	initial_state=True (default False) draws the |0⟩ labels; the plural initial_states= is a TypeError, and style={"initial_state": True} is silently ignored by the text renderer.



Visualize quantum measurements

Counts in, Figure out — and the bar labels are little-endian

Both measurement plotters take a counts mapping — bitstring to integer — and return a matplotlib.figure.Figure.

counts = result[0].data.meas.get_counts()   # SamplerV2 -> BitArray -> counts
plot_histogram([before, after], legend=["before", "after"])

		plot_histogram	plot_distribution
	plots	raw counts	a normalized quasi-probability distribution
	y-axis label	Count	Quasi-probability
	heights add up to	the shot count	1.0
	where normalization comes from	—	the counts themselves


The display options are a small, memorizable set: legend (a LIST of strings, one per execution), sort ("asc" or "desc"), number_to_keep, color, bar_labels and figsize.

Reading the axis is the last piece. Qiskit labels outcomes little-endian, q_(n−1)…q_1 q_0, with the highest-index qubit on the LEFT. When a circuit has several classical registers — measure_all appends a fresh meas register — the key is space-separated, one group per register, the LAST-declared register printed leftmost.

The device plots draw the hardware, not the results

Three device plots draw the same qubit graph and differ only in what they colour.

	Function	Takes	Colours
	plot_gate_map(backend)	a BackendV2	nothing; plot_directed=True adds arrows, not error data
	plot_error_map(backend)	a BackendV2	every qubit and every link, from calibration data
	plot_circuit_layout(isa, backend)	a transpiled circuit plus its backend	a two-tone used/unused highlight, labelled with virtual indices


plot_gate_map is a picture of the HARDWARE: it reads the backend's qubit count and coupling map and draws one node per qubit plus one line per connected pair. Reach for this family when the question is about the DEVICE — which qubits exist, how they connect, how good they are, and where the transpiler put your circuit — never about measurement outcomes.

Must know:

	SamplerV2 output must be converted first: result[0].data.meas.get_counts(). The BitArray itself is not a counts mapping and has no bare .counts() method.

	number_to_keep=2 on four outcomes draws three bars — the two largest plus rest, whose height is the SUM of the folded counts (20 + 4 → 24), never their average.

	Overlaying runs takes a LIST of counts dicts plus a matching list legend: plot_histogram([before, after], legend=["before", "after"]). labels= does not exist and a bare string legend raises.

	plot_circuit_layout reads circuit.layout, which only the circuit RETURNED by transpile carries — transpile never mutates its input, so plotting the original raises QiskitError: 'Circuit has no layout. Perhaps it has not been transpiled.' at every optimization level.

	Statevector.sample_counts(shots) returns a qiskit.result.Counts mapping summing to shots with only nonzero-amplitude outcomes, so it feeds plot_histogram with no backend or primitive involved; sample_memory(shots) is the per-shot list and sv.seed(...) makes the draw reproducible.



Traps:

	Histogram labels are little-endian q_(n−1)…q_0: flipping qubits 0 and 2 of a 3-qubit register puts the single bar at '101', not '011'.

	Neither plotter has a shots= parameter — plot_distribution(counts, shots=1024) raises TypeError; the V1-era habit plot_histogram(counts, shots=1024) is simply gone.

	With no options, plot_histogram sorts bars in ascending lexicographic bitstring order — not insertion order and not by bar height — and returns a Figure.

	plot_gate_map needs a BackendV2: a counts mapping, a CouplingMap or a Target all raise AttributeError — and plot_histogram(backend) raises too.



Visualize quantum states

Each state plot answers a different question

Pick a state plot by the question it answers; each is a free function, and also a token of sv.draw(output).

	Plot	Draws	Answers
	plot_bloch_multivector(state)	one sphere per qubit, from that qubit's reduced state	where each qubit points
	plot_state_qsphere(state)	one node per nonzero amplitude, sized and coloured	which amplitudes exist, and their relative phases
	plot_state_city(state)	two 3-D bar charts, the real and imaginary parts of ρ	individual density-matrix elements
	plot_state_hinton(state)	squares whose size is the magnitude	the same matrix, at a glance
	plot_state_paulivec(state)	the expansion coefficients over Pauli strings	the Pauli decomposition


plot_bloch_multivector takes a quantum STATE and traces out the other qubits; plot_bloch_vector is the different function that takes an explicit three-number vector [x, y, z].

On sv.draw(output), output is the first positional parameter and the valid tokens are text, latex, latex_source, qsphere, hinton, bloch, city and paulivec. Unlike the other state plots, plot_state_qsphere accepts only figsize, not title.

Reading an arrow, reading a node

The Bloch vector is (⟨X⟩, ⟨Y⟩, ⟨Z⟩), so reading an arrow is memorization.

	Arrow	State	How you land there
	+Z (north pole)	the zero state	the starting point
	−Z (south pole)	the one state	—
	+X	the plus state	h alone
	−X	the minus state, the −1 eigenstate of X	—
	+Y	the 'r' state, a +i relative phase	h then s, a 90° rotation about Z
	−Y	the 'l' state, a −i relative phase	—


Anywhere on the equator means ⟨Z⟩ = 0. Because this plot only ever shows single-qubit expectation values, it cannot represent correlations between qubits.

A q-sphere encodes different information: node SIZE is the amplitude magnitude and node COLOUR is its complex phase, so a q-sphere is the plot that shows relative phase between basis states.

Must know:

	plot_bloch_multivector draws one sphere PER QUBIT (3 qubits → 3 spheres, idle ones included) and packs them all into a single returned Figure.

	For the Bell state both reduced Bloch vectors are exactly (0, 0, 0) with purity 0.5 — the arrows collapse to the centre, the visual signature of maximal entanglement.

	Two equal-magnitude q-sphere amplitudes of +0.7071 and −0.7071 give same-size nodes at phase 0 and phase π, hence two different colours.

	A q-sphere shows a node only where the amplitude is nonzero — H on qubit 0 with X on qubit 1 gives nodes at |10⟩ and |11⟩ only (little-endian labels).



Traps:

	Passing a quantum state to plot_bloch_vector does not produce per-qubit spheres — that function wants an explicit [x, y, z], and only plot_bloch_multivector takes a state.

	sv.draw("qsphere") works, but sv.qsphere(), sv.plot(...) and importing plot_qsphere all fail, and any other draw token raises ValueError listing the valid ones.

	rz(π/2) on |0⟩ changes only a global phase, so the arrow stays pinned at the north pole, while h and h; s both land on the equator.



Exam checklist


	☐ Name the four draw outputs and the return type of each before choosing one.

	☐ Reject any drawing keyword you cannot name — the signature has no **kwargs, so typos raise.

	☐ Convert a SamplerV2 result with result[0].data.meas.get_counts() before plotting anything.

	☐ Read every bitstring right-to-left: the leftmost character is the highest-index qubit.

	☐ Ask whether a plot wants counts, a quantum state, or a backend before picking it.

	☐ Treat Bloch arrows at the origin as the signature of maximal entanglement, not an error.

	☐ Transpile first, then plot a layout — the original circuit carries none.

	☐ Decide what the question needs: per-qubit direction, amplitudes and phases, or matrix elements.



Official resources

	Visualize circuits

	Visualize results

	Plot quantum states

	qiskit.visualization API


Section 3: Create quantum circuits

18% of the exam. 49 practice questions in Part II.

Every fact below is verified — proven by executed code or backed by an official docs page. The web version (certiq.dev) links each fact to its source.

Construct basic quantum circuits

Only the classical bits you asked for

A circuit has exactly the classical bits you declared, and measure needs one to write into.

qc = QuantumCircuit(2, 2)   # 2 qubits AND 2 clbits, registers auto-named q and c
qc.measure(0, 1)            # qubit first, clbit second: qubit 0's result lands in c[1]

Building from named QuantumRegister(3, 'data') and ClassicalRegister(2, 'c') objects is purely organizational — it lets you write data[0] — and buys nothing at execution or transpile time. Auto-naming is why add_register(QuantumRegister(2, 'q')) on a QuantumCircuit(2, 2) fails on the duplicate name.

	Method	Measures	Writes into
	measure(qubit, cbit)	the qubits you name (ints, Bits, registers or parallel lists)	the clbits you name — the mapping is yours, and the keyword is cbit, not clbit
	measure_all()	every qubit	a FRESH ClassicalRegister named meas, sized to the qubit count
	measure_active()	only qubits carrying operations	the same fresh meas register


Results are little-endian: bitstrings print as c_(n−1) … c_0, with classical bit 0 on the RIGHT.

compose returns, append mutates, tensor widens

compose is functional by DEFAULT: it returns a new circuit and leaves the caller untouched, so base.compose(add_on) with the result discarded is a silent no-op.

big = base.compose(sub, qubits=[0, 2])   # keep the return value...
base.compose(sub, inplace=True)          # ...or mutate in place

	Call	Mutates the caller?	Returns	Notes
	a.compose(b)	only with inplace=True	a new circuit	b may be narrower; qubits= maps its qubits onto a positionally; front=True prepends instead of appending
	a.append(instr, qargs)	yes	an InstructionSet	—
	a.tensor(b)	no	a widened circuit	the CALLER a takes the HIGHER-index qubits, so an X in a against an identity in b prepares |10⟩


Must know:

	Counts are little-endian — flipping only qubit 0 of a 3-qubit register and calling measure_all() yields 001 on every shot.

	qc.compose(sub, qubits=[0, 2]) maps sub's qubit 0 → 0 and qubit 1 → 2, so sub.cx(0, 1) becomes a CX with control 0 and target 2.

	width() is qubits + clbits (3 + 2 = 5), size() counts all operations including measures (5), and depth() is the critical path (4) — three different numbers.



Traps:

	QuantumCircuit(2) has 2 qubits and ZERO classical bits, so measure([0,1],[0,1]) raises CircuitError; naming the arguments never rescues it.

	measure_all() appends its fresh meas register even when clbits already exist — two registers, space-separated counts keys — and the barrier it inserts goes BEFORE the measurements.



Construct dynamic circuits

Dynamic circuits: four context managers

A dynamic circuit is one whose later quantum operations depend, in real time, on a mid-circuit measurement result — a teleportation correction, syndrome handling. Sweeping an angle over many jobs or post-selecting shots afterwards is classical work outside the QPU, so neither needs one.

Qiskit supports exactly four such constructs, each a context manager on the circuit, and every condition is a (classical_resource, value) TUPLE.

with qc.if_test((cr[0], 1)):   # one tuple, not two arguments
    qc.x(1)

	Construct	Opened with	Notes
	if_test	with qc.if_test((cr[0], 1)):	the resource may be a single Clbit OR a whole ClassicalRegister
	else branch	with qc.if_test((cr[0], 0)) as else_: then with else_:	the else branch is the manager's return value
	for_loop	with qc.for_loop(range(3)):	as i is optional; the body may hold any number of gates and runs three times
	switch	with qc.switch(cr[0]) as case: then with case(0):	add a fallback with case(case.DEFAULT):, which may be declared last
	while_loop	a context manager like the others	the fourth supported construct


For anything richer than equality with a literal, build the condition from qiskit.circuit.classical.expr.

The old conditional API is removed, not deprecated

Everything the pre-2.0 conditional API offered is gone, so there is no older spelling to fall back on.

	What you might write	What Qiskit 2.x does
	instr.c_if(cr[0], 1)	AttributeError — InstructionSet.c_if no longer exists
	a condition= gate keyword	there is no such keyword
	assigning to .condition	there is no such attribute
	qc.if_test(cr[0] == 1)	TypeError: 'bool' object is not subscriptable, because Clbit.__eq__ returns an ordinary Python bool
	if cr[0] == 1: in plain Python	evaluates to False at BUILD time: no gate is added and nothing warns you


The last row is the dangerous one, because it is not an error at all: the circuit you get back is simply missing the gate.

Must know:

	Each control-flow construct is stored as a SINGLE composite instruction, so count_ops() on a conditional circuit shows if_else: 1 (or for_loop, switch_case), never the gates inside the body.

	expr.equal(cr, 3) is a valid if_test condition: it compares the whole register as an integer and lifts the bare Python 3 for you, with no expr.lift required.

	The drawer renders a for_loop as ONE boxed region labelled with the index set verbatim (For-0 range(0, 3)), spanning every wire the body touches; a statement after the block is drawn outside the box.



Traps:

	The condition is ONE tuple: if_test((cr[0], 1)) is right, if_test(cr[0], 1) — two positional arguments — is the classic wrong spelling.

	A switch value with no matching case falls through to DEFAULT: c0 = 1 against branches case(0) and case(case.DEFAULT) runs the DEFAULT body.



Construct parameterized circuits

Parameters sort alphabetically; binding is functional

qc.parameters is a ParameterView sorted ALPHABETICALLY by name, not by insertion order: add gamma, then alpha, then beta, and you get ['alpha', 'beta', 'gamma']. ParameterVector elements are the one refinement — they sort by vector name and then by numeric index, so x[10] follows x[9].

t = Parameter('theta')
qc.rx(2 * t, 0)                            # a ParameterExpression, evaluated at bind time
bound = qc.assign_parameters({t: np.pi})   # qc keeps theta; bound has none

	Binding form	Behaviour
	assign_parameters([0.5, 1.5])	binds POSITIONALLY against that sorted view; needs one value per parameter, and a short list raises ValueError
	assign_parameters({th: 1.0})	binds only the parameters it names, so partial binding is legal
	dict keys	Parameter objects or their name strings, but matched by IDENTITY: a different Parameter('th') object built elsewhere raises CircuitError
	{x: [0.1, 0.2, 0.3]}	binds a whole ParameterVector in one entry
	inplace=True	mutates the circuit instead of returning a new one
	bind_parameters(...)	removed in Qiskit 2.x — AttributeError, not a deprecation warning


That sorted view is what makes a list treacherous and a dict safe.

Must know:

	ParameterVector('x', 3) creates the distinct parameters x[0], x[1], x[2]; it does not auto-grow, so x[3] raises IndexError.

	Reusing ONE Parameter object on two gates keeps num_parameters at 1 and binds BOTH gates at once — the weight-sharing mechanism behind tied ansätze.

	Parameters survive transpilation: transpile once into an ISA circuit, then bind as many times as you like — the bound circuit keeps its layout and needs no second transpile.



Traps:

	A list binds positionally against the sorted view: [0.5, 1.5] on a circuit with rx(theta) then rz(phi) gives phi = 0.5 and theta = 1.5 — the reverse of gate order.

	2 * th is a ParameterExpression, not a Parameter: isinstance(2 * th, Parameter) is False, while qc.parameters still reports one free Parameter. Binding keeps the symbolic type — cast with float(...).



Transpile and optimize circuits

ISA circuits and the six preset stages

Hardware runs ISA circuits only: every instruction must be in the backend's Target AND every two-qubit gate must sit on a pair connected in its CouplingMap. Both conditions, every time.

pm = generate_preset_pass_manager(optimization_level=2, backend=backend)
isa = pm.run(qc)          # a single circuit in, a single circuit out

	Stage	What it does
	init	unroll to one- and two-qubit gates
	layout	choose which physical qubits the virtual ones start on
	routing	insert SWAPs so every two-qubit gate lands on a connected pair
	translation	rewrite every remaining gate into the basis
	optimization	simplify
	scheduling	timing; the slot exists even with no scheduling method and simply runs empty


pm.stages reports exactly those six names in that order, and ROUTING — not layout — is what inserts SWAPs. Hand pm.run a LIST and you get a list back, not a circuit. A circuit wider than the device has no valid layout at all and fails in the layout stage.

Four optimization levels, one target

Levels run 0 through 3; anything else, including 4, raises ValueError. All four aim at the SAME target constraints, so they differ in effort, not in whether the output is a valid ISA circuit.

	Level	Layout	Optimization added
	0	TrivialLayout	none at all
	1	trivial or VF2 layout search	light: one-qubit optimization plus InverseCancellation
	2	no trivial layout	CommutativeCancellation
	3	as level 2	KAK resynthesis of two-qubit blocks, plus unitarity-breaking passes on measurements


Higher is not automatically better: a higher level costs compile time and is not guaranteed to give fewer two-qubit gates. The docs' own example shows identical two-qubit counts at levels 1 and 2, with only level 3 improving on them. The guide pages still call optimization_level a required positional argument, while the 2.5 signature carries a default.

Must know:

	generate_preset_pass_manager defaults to optimization_level=2 in Qiskit 2.5 (a signature default, backend-independent) — level 1 was transpile()'s default back in 1.x.

	Measured routing cost: one cx(0, 4) on a 5-qubit line gives 10 CX at level 0 (trivial layout [0,1,2,3,4]) versus 1 CX at level 1 — the win is LAYOUT, not gate cancellation.

	initial_layout=[2, 3, 4] is an ORDERED virtual→physical map (virtual 0 → physical 2, 1 → 3, 2 → 4), not a set of permitted qubits.

	Passes by stage in a level-2 preset: VF2Layout/SabreLayout in layout; CheckMap/SabreSwap/VF2PostLayout in routing; BasisTranslator in translation and init; Optimize1qGatesDecomposition in optimization; ConsolidateBlocks in init.

	Level 0 schedules no optimization pass at all: nine gates in, nine out, where level 2 returns five — BOTH repeated pairs (cx-cx and z-z) cancel together, never one without the other.



Traps:

	decompose() is not a route to ISA: it rewrites h into u, which is outside the IBM basis. An h, a ccx, a non-adjacent cx and an over-wide circuit all fail the check.

	A pass manager runs with pm.run(qc); pm.transpile(qc), pm(qc) and qc.transpile(pm) do not exist.

	Without a backend object, pass basis_gates= AND coupling_map=; basis_gates alone translates but does not route, so the output is not ISA.



Exam checklist


	☐ Declare the classical bits before you measure — QuantumCircuit(2) has none.

	☐ Read every counts bitstring right-to-left: classical bit 0 is the rightmost character.

	☐ Assign the result of compose and assign_parameters, or pass inplace=True.

	☐ Write each condition as one (resource, value) tuple inside a with block; c_if is gone.

	☐ Sort qc.parameters alphabetically in your head before binding a positional list — or bind a dict.

	☐ Check BOTH ISA conditions on anything you send to hardware: basis gates and coupling map.

	☐ Name the six preset stages in order, and say which one inserts the SWAPs.

	☐ Run a pass manager with pm.run(qc), at an optimization level between 0 and 3.



Official resources

	Construct circuits

	Circuit library

	Classical feedforward and control flow

	Introduction to transpilation

	Transpiler stages

	Set transpiler optimization level

	Transpile with pass managers

	Video: Intro to Transpilation (Matthew Treinish, QDC24)


Section 4: Run quantum circuits

15% of the exam. 41 practice questions in Part II.

Every fact below is verified — proven by executed code or backed by an official docs page. The web version (certiq.dev) links each fact to its source.

Demonstrate an understanding of execution modes such as: session with dedicated, priority, and batch mode

Three modes, and the mode= that selects them

Qiskit Runtime schedules work in exactly three ways, and the mode is chosen by an ARGUMENT, never by lexical position.

with Batch(backend=backend) as batch:
    sampler = SamplerV2(mode=batch)   # or omit mode= and inherit the context

	Mode	How you open it	Use it when
	job	SamplerV2(mode=backend), no context manager	you are submitting a single primitive request
	batch	with Batch(backend=backend):	the jobs are independent and all known at the outset: you queue once, their classical pre-processing is threaded in parallel, and the executions are packed tightly, which limits device drift
	session	with Session(backend=backend):	the next circuit depends on the previous result, or PEC/PEA need a once-learned noise model to stay valid — the active window is exclusive, calibration jobs included


The documented default is blunt: use batch unless your inputs are not all ready, use a session for iterative workloads or genuinely dedicated access, and always use job mode for a single request. Sessions are the expensive option, so "wrap it in a session to be safe" is the wrong instinct — and the Open Plan cannot submit session jobs at all. mode= accepts a Backend, a Session or a Batch object; writing mode=backend INSIDE a batch context silently puts you back in job mode.

Two timers govern a session or batch

The maximum TTL starts when the first job begins RUNNING — not when you open the context — and it does not pause.

	Timer	What it measures	Configurable?
	maximum TTL	from the first running job until the workload ends	yes, with max_time; the defaults are 8 hours on paid plans and 10 minutes on the Open Plan
	interactive TTL	the idle gap allowed between consecutive jobs	no — one minute for batches


When the maximum TTL is reached the workload is terminated: jobs already running continue, and jobs still queued are put into a failed state. Exceeding the interactive TTL is milder — the workload is temporarily deactivated until a new job works its way back through the normal queue.

Closing kills nothing. Calling close(), or simply exiting the with block, moves the workload to "In progress, not accepting new jobs": everything already submitted runs to completion and the results stay retrievable.

Must know:

	Batched jobs are NOT guaranteed to run in submission order and get no exclusive access — other users' jobs and QPU calibration jobs can interleave.

	Queuing time does not decrease for the FIRST job submitted within a batch or a session, so neither mode benefits a single-job workload.



Traps:

	The V1 spelling is gone: SamplerV2(backend=backend) raises TypeError: ... unexpected keyword argument 'backend', and run(..., mode=...) fails the same way — mode is a CONSTRUCTOR argument only.

	A primitive with no mode and no enclosing context raises ValueError: A backend or session must be specified. in the CONSTRUCTOR — run() is never reached.

	mode does not resolve names: SamplerV2(mode="ibm_manila") raises ValueError: mode must be of type Backend, Session, Batch or None.

	Session.backend() returns the QPU's NAME as a string ('fake_manila'), not a Backend object — so it cannot be fed straight back into mode=.



Demonstrate understanding of how to run quantum circuits with real hardware using Qiskit Runtime primitives and applying broadcasting rules

ISA in, PUB results out

V2 primitives accept ISA circuits ONLY — every instruction native to the backend's target, every two-qubit gate on a connected pair — and they never transpile for you.

pm = generate_preset_pass_manager(backend=backend, optimization_level=1)
isa = pm.run(qc)
result = SamplerV2(mode=backend).run([isa], shots=1024)   # run(pubs, *, shots=None)

	Step	What you do	What can go wrong
	map	write the problem as circuits and observables	—
	optimize	pm.run(qc) for an ISA circuit	non-ISA input raises IBMInputValueError, naming the offending instruction
	execute	run([isa1, isa2]) — ONE iterable of PUBs, shots keyword-only	you get back a PrimitiveResult holding one PUB result per PUB, in order
	post-process	read result[0].data.meas (Sampler) or result[0].data.evs (Estimator)	a circuit with no measurement yields a DataBin with no fields


Transpiling also widens the circuit to the device's qubit count, and that is what breaks the Estimator half of the workflow: the observable must be mapped through the same layout with obs.apply_layout(isa.layout), because nothing pads a narrow observable for you. Measurements, by contrast, survive transpilation untouched.

Credentials, backend choice, rehearsing without a QPU

A saved account is what lets QiskitRuntimeService() work with no arguments.

QiskitRuntimeService.save_account(token="<api-key>", instance="<CRN>",
                                  name="me", set_as_default=True)
service = QiskitRuntimeService()   # channel defaults to ibm_quantum_platform

The parameter is token, not api_key, instance is a Cloud Resource Name, and the file written is $HOME/.qiskit/qiskit-ibm.json — do this only in a trusted environment. With several saved accounts, none marked default and none named at initialization, the account whose name comes LAST alphabetically is used.

	Call	Gives you
	service.least_busy(operational=True, simulator=False)	the operational real QPU with the shortest queue; min_num_qubits and a filters callable are also accepted
	service.backends()	a list that is NOT queue-sorted
	service.backend("name")	one named backend — the name is positional
	a qiskit_ibm_runtime.fake_provider backend as mode=	a snapshot of a real QPU, with its coupling map, basis gates and noise model
	an Aer simulator as mode=	local execution; QiskitRuntimeService(channel="local") does the same at service level


Local testing mode promises that only the backend changes when you move to hardware. Two local quirks: session.details() and session.session_id come back None, and a fake backend falls through to the local 1024-shot default where the Runtime service uses 4096 — so state shots explicitly.

Must know:

	Transpiling widens the circuit to the device, so an unmapped observable breaks: ValueError: The number of qubits of the circuit (5) does not match the number of qubits of the ()-th observable (2).

	With mapped = obs.apply_layout(isa.layout) the same Estimator run returns evs ≈ 0.878; SparsePauliOp("ZZ", target=...) is a TypeError, not a shortcut.

	Device noise trims the signal rather than destroying it: a Bell state's ⟨ZZ⟩ through the Estimator on a noisy fake backend comes back at 0.874 — close to +1, never above it.

	The guide names four broadcasting patterns: *broadcast single observable* (observables shape (), reused at every parameter value), *zip* (identically shaped arrays matched element by element), *outer/product* ((1, 4) parameters with (3, 1) observables give (3, 4)), and *standard nd generalization* (an extra leading axis on the observables).

	Zip is the one pattern that does not multiply the work: (3,) parameters with (3,) observables give three estimates. Its look-alikes: one observable over the same parameters is *broadcast*, (3, 1) against (3,) is a product, and (3,) against (4,) is a ValueError.

	Zip in the wild: five observables plus a (5, 1) value array on a ONE-parameter circuit coerce to shapes (5,) and (5,), so evs.shape is (5,) — with one free parameter the trailing axis is the parameter axis, not a broadcast axis.



Traps:

	Primitives reject non-ISA circuits: an untranspiled h raises IBMInputValueError: The instruction h on qubits (0,) is not supported by the target system — and a fake backend enforces this exactly like hardware, so local testing mode is no escape.

	Native basis gates alone are not enough: a cx between the non-adjacent qubits 0 and 4 of a line-topology device raises the same IBMInputValueError — an ISA circuit must satisfy the coupling map too.

	With no measurement in the circuit, result[0].data.meas raises AttributeError; call qc.measure_all() BEFORE transpiling.



Exam checklist


	☐ Pick job mode for a single request, batch for independent jobs, session for iterative work.

	☐ Pass the execution target as mode= — a Backend, Session or Batch object, never a name string.

	☐ Transpile with a preset pass manager before every primitive run; V2 primitives reject non-ISA circuits.

	☐ Map every observable through isa.layout with apply_layout before handing it to the Estimator.

	☐ Hand run() one iterable of PUBs, and state shots explicitly rather than trusting a default.

	☐ Add measurements before transpiling, or the Sampler's DataBin comes back with no fields.

	☐ Remember the maximum TTL starts at the first RUNNING job, not when you open the context.

	☐ Rehearse on a fake backend or Aer, then change only the backend to reach hardware.



Official resources

	Execution modes

	Choose execution mode

	Get started with the Sampler primitive

	Run jobs in a session

	Run jobs in a batch

	IBM Quantum Patterns (execute on hardware)


Section 5: Use the sampler primitive

12% of the exam. 34 practice questions in Part II.

Every fact below is verified — proven by executed code or backed by an official docs page. The web version (certiq.dev) links each fact to its source.

Set sampler primitive options such as dynamical decoupling

The SamplerOptions tree — and the knob that is not in it

SamplerOptions is a validated pydantic dataclass, so every field name is checked — and SamplerV2 has no resilience_level. That knob belongs to EstimatorV2, where it drives expectation-value mitigation (TREX at level 1, ZNE at level 2). The exam blueprint's own wording, "set sampler primitive options such as resilience levels", is the bait.

	Level	Fields
	top	max_execution_time, environment, simulator, default_shots, dynamical_decoupling, execution, twirling, experimental
	dynamical_decoupling	enable, sequence_type (XX default, XpXm, XY4), extra_slack_distribution, scheduling_method, skip_reset_qubits
	twirling	enable_gates, enable_measure, num_randomizations, shots_per_randomization, strategy
	execution	init_qubits, rep_delay, meas_type — no shots, no seed_simulator
	simulator	noise_model, seed_simulator, coupling_map, basis_gates


The nested groups are where the questions probe, so learn the DEPTH of each knob and not just its name. Anything misspelled is rejected outright: experimental is an opt-in dict you fill yourself, not a catch-all for unknown names.

Setting options, and where the shot count comes from

Options you never touch stay Unset and take the server default, so your code's behaviour does not drift with the client version.

sampler = SamplerV2(mode=backend, options={"default_shots": 4096})
sampler.options.dynamical_decoupling.enable = True
sampler.options.update(default_shots=1024,
                       dynamical_decoupling={"sequence_type": "XpXm"})

All three forms are valid: a mapping or a SamplerOptions object in the constructor, per-attribute assignment afterwards, or a bulk update(). The options object is not read-only. What does NOT exist is the V1 habit sampler.set_options(...).

Shots then follow a documented precedence chain, and it is a favourite question.

	Rank	Where the shot count comes from
	1	the shot count carried in the PUB's third slot
	2	the shots= keyword on run()
	3	with twirling on, num_randomizations × shots_per_randomization
	4	options.default_shots


shots must be an integer — a one-element list raises TypeError. The default is environment-dependent too: a local fake backend falls through to 1024, while the Runtime service's own default is 4096.

Must know:

	What IS settable on a SamplerV2: options.default_shots, options.dynamical_decoupling.enable and options.twirling.enable_gates — resilience_level and optimization_level both fail validation.

	A shot count inside the PUB beats the option: with options.default_shots = 1000, the PUB (isa, None, 50) runs exactly 50 shots.



Traps:

	sampler.options.resilience_level = 1 raises a pydantic ValidationError ("Object has no attribute 'resilience_level'"), and passing it through the constructor's options={...} mapping is rejected too.

	Configuring is not enabling: dynamical decoupling needs options.dynamical_decoupling.enable = True, and setting sequence_type alone is accepted but leaves enable Unset.

	The simulator seed lives at options.simulator.seed_simulator; options.execution.seed_simulator, a top-level seed_simulator, run(seed=42) and run(options={...}) are all rejected.

	SamplerV2(mode=backend, options={"default_shots": 4096}) is the constructor form; a "shots" key is rejected, and SamplerV2(shots=...) or (default_shots=...) is a TypeError.

	twirling_level and readout are not fields of the twirling group — those near-miss names fail validation.



Bypass runtime error mitigations and implement your own

Nothing to switch off — so roll your own

The Sampler is deliberately the low-level primitive: it hands back the sampled bitstrings, shot by shot, with no readout correction applied. You do not "bypass" Sampler mitigation by switching something off, because there is nothing on.

	Technique	Where it lives	What it does
	dynamical decoupling	Sampler, options.dynamical_decoupling	suppression: pulse sequences cancel coherent errors on idling qubits
	Pauli twirling of gates and/or measurements	Sampler, options.twirling	suppression: randomizes over an ensemble of equivalent circuits so arbitrary noise becomes Pauli noise
	TREX, zero-noise extrapolation, PEC, error amplification	Estimator only, options.resilience.* or resilience_level	mitigation: corrects expectation values


Neither suppression option rewrites your counts into "mitigated" values, and mitigation has no Sampler counterpart because there is no single number to rescale — only a histogram. So code the correction yourself, in post-processing.

	Scheme	How it works	Trade-off
	post-selection	drop the shots that violate a known symmetry of the ideal output — a Bell circuit can only produce 00 or 11 — then renormalize over what survives	cheap and needs no calibration, but only works when the ideal support is known, and it throws information away
	assignment-matrix (confusion-matrix) inversion	prepare each computational basis state with calibration circuits, record what you read back, assemble the matrix mapping true outcomes to observed ones, and invert it (or least-squares invert it)	rigorous; this is what packages such as M3/mthree automate, and the raw per-shot record is exactly their input


Work on the arrays rather than the dictionaries: a BitArray is faster than round-tripping through get_counts().

Key facts:

	Post-selection is something you code: a Bell run's raw counts {'00': 1941, '11': 1822, '01': 90, '10': 147} become {'00': 1941, '11': 1822} by dropping the odd-parity shots and renormalizing.

	get_bitstrings() returns one entry per shot in the order taken (777 shots → a list of length 777) — the un-aggregated record an assignment-matrix or M3-style correction needs as input.

	A BitArray supports boolean-mask post-selection on another register, slice_bits, slice_shots, expectation_values for diagonal observables, and concatenate_bits to merge registers.



Understand the theoretical background behind the sampler primitive

PUBs, shots, and broadcasting

The Sampler executes a circuit many times and records the measured register each shot — draws from the distribution the circuit defines over computational-basis states. It never returns amplitudes or expectation values; probabilities are frequencies you compute yourself, and their statistical error shrinks like 1/√N_shots, so halving the error costs four times the shots.

Input is a PUB, a Primitive Unified Bloc: a tuple of at most three entries, (circuit, parameter_values, shots), the last two optional. The circuit must contain measurements, and run() takes a LIST of PUBs.

result = sampler.run([(isa, params, 200)])   # never run(isa)
# (isa, 256, vals)     -> TypeError: shots must be an integer
# (isa, vals, 200, 1)  -> ValueError: The length of pub must be 1, 2 or 3

Parameter binding follows NumPy broadcasting with one rule bolted on: the LAST axis of the parameter array is reserved for the circuit's free parameters and is consumed during binding, and whatever shape precedes it becomes the result's shape.

	Parameter array (circuit has 2 parameters)	data.meas.shape
	(6, 2)	(6,)
	(3, 4, 2)	(3, 4), indexable as data.meas[i, j]
	(5, 3)	ValueError: Length of ('p[0]', 'p[1]') inconsistent with last dimension


Transposing, flattening or splitting into one PUB per row all raise that same error; reshaping to (5, 2) is the fix.

Reading a SamplerPubResult

run() returns a PrimitiveResult whose length is the number of PUBs you submitted, in submission order.

	Access path	What you get
	len(result)	the number of PUBs submitted — three circuits in one run() give three PUB results
	result[0].data	a DataBin holding one BitArray per classical register, named after the register (data.alice, data.bob)
	.get_counts()	the histogram, as a plain dict
	.get_int_counts()	the same histogram with the bitstrings decoded as integers ('11' becomes the key 3)
	.get_bitstrings()	the raw per-shot list, in the order the shots were taken
	.get_counts(0) on a broadcast result	that one parameter set's 500 shots; with no index, get_counts() POOLS every set (4 × 500 = 2000)


measure_all() is what creates a register called meas, which is the only reason data.meas usually works. The per-shot view is the one that lets you correlate outcomes across registers before aggregating, which a counts dict cannot do.

Must know:

	Shots are per parameter set, not per PUB: broadcasting over 6 values with shots=200 performs 6 × 200 = 1200 circuit executions.

	get_counts() tallies every shot, so its values sum to the shot count used (shots=1000 → 1000) no matter how many distinct bitstrings appear.

	Bitstrings are little-endian: qubit 0 is the LAST character, so read b[-1], not b[0] — after x(0) on two qubits the dominant outcome is '01'.

	Runtime SamplerV2 rejects a non-ISA circuit with IBMInputValueError; the fix is a preset pass manager transpiled for the backend, not a change to the run call.

	The reference StatevectorSampler in qiskit.primitives still accepts abstract (non-ISA) instructions because it runs a local statevector simulation — the ISA requirement is a Runtime-primitive rule.



Traps:

	result[0].data.meas is a BitArray of per-shot outcomes, not a counts dict; get_counts() is the summarized view and returns a plain dict.

	QuantumCircuit(2, 2) names its register c, so the outcomes are in data.c; the name meas exists only when the circuit used measure_all().

	get_counts() lists only the outcomes that actually occurred: a 40-shot two-qubit run in which 10 never appeared returns a three-key dict, so plot_histogram draws three bars — nothing pads the missing outcome to a zero-height bar.

	A fake backend is not an exact simulator: a seeded 2000-shot run of h(0); cx(0,1); x(2) on FakeManilaV2 puts weight on all eight outcomes, the two ideal peaks 100 and 111 holding about 43% and 40% of the shots.



Exam checklist


	☐ Place each SamplerV2 knob at its level: dynamical_decoupling, twirling, execution, simulator — and know SamplerV2 has no resilience_level.

	☐ Enable a technique explicitly; setting a sub-option such as sequence_type leaves enable Unset.

	☐ Recite the shots precedence: PUB slot, run(shots=), twirling randomizations, then options.default_shots.

	☐ Hand run() a LIST of PUBs, each at most (circuit, parameter_values, shots), with measurements in the circuit.

	☐ Derive the result shape: the parameter array's last axis binds parameters, the leading axes survive.

	☐ Read outcomes from the register-named BitArray; data.meas exists only after measure_all().

	☐ Read every bitstring right-to-left — qubit 0 is the last character.

	☐ Build readout correction yourself, by post-selection or assignment-matrix inversion; the Sampler ships none.



Official resources

	Introduction to primitives

	Runtime options overview

	Sampler options

	Primitive inputs and outputs (PUBs)

	qiskit-ibm-runtime API (SamplerV2)

	Video: An Introduction to Qiskit Runtime Primitives Version 2 (Chris Wood, QGSS 2024)


Section 6: Use the estimator primitive

12% of the exam. 33 practice questions in Part II.

Every fact below is verified — proven by executed code or backed by an official docs page. The web version (certiq.dev) links each fact to its source.

Set estimator primitive options such as resilience levels

The resilience_level dial: what 0, 1 and 2 buy

resilience_level is a single coarse dial: it abstracts away the detailed choice of method so you can reason about the cost/accuracy trade instead. The validator accepts only 0, 1 and 2, though a string "2" or 2.0 is silently coerced.

	Level	What it applies	Cost
	0	no mitigation at all	none
	1 (the default)	readout mitigation via Twirled Readout Error eXtinction (TREX): measurement twirling plus an inversion of the diagonalized readout-error transfer matrix	minimal
	2	everything level 1 does, PLUS zero-noise extrapolation and gate twirling	medium; typically reduces bias, but "not guaranteed to be zero-bias"


There is no level 3, and no level turns on PEC — that is only the individual option resilience.pec_mitigation. The trade never reverses: a higher level post-processes a larger ensemble of related circuits, buying more accurate, less biased expectation values at the cost of longer processing time and more QPU usage. It never makes a job cheaper, faster or shallower, and no level changes which physical qubits you land on.

Options you set yourself are applied IN ADDITION to the level's base set. Level 0 turns zne_mitigation off, yet an explicit resilience.zne_mitigation = True re-enables ZNE. A level is a starting point, never a lock.

Keep the two families straight:

	Family	When it acts	Examples	How you switch it on
	error suppression	before or during execution, to stop errors happening	dynamical decoupling pulses idling qubits so their idle-time errors approximately cancel	options.dynamical_decoupling.enable
	error mitigation	after execution, post-processing an ensemble of circuits to remove bias from expectation values	TREX, ZNE, PEA, PEC	resilience_level or resilience.*_mitigation
	neither	—	a higher transpiler optimization level; more shots, which shrink the STATISTICAL error, not the systematic bias	—


The EstimatorOptions tree and its defaults

EstimatorOptions is a nested dataclass, and most option questions are really questions about nesting DEPTH.

	Level	Fields
	top	max_execution_time, environment, simulator, default_precision, default_shots, resilience_level, seed_estimator, dynamical_decoupling, resilience, execution, twirling, experimental
	resilience	measure_mitigation, measure_noise_learning, zne_mitigation, zne, pec_mitigation, pec, layer_noise_learning, layer_noise_model
	resilience.zne	amplifier, noise_factors, extrapolator, extrapolated_noise_factors


Three shapes of mistake follow: the WRONG NAME (zne.factors, the Mitiq-flavoured zne.scale_factors), the right name at the WRONG LEVEL, and — nastiest — CONFIGURING WITHOUT ENABLING. Setting resilience.zne.noise_factors is accepted but leaves zne_mitigation at Unset, so the job still runs without ZNE; worse, resilience.zne_mitigation.enable = True raises nothing at all — Unset is a plain singleton, so the write lands harmlessly on it. Only resilience.zne_mitigation = True (or resilience_level = 2) turns ZNE on; TREX is resilience.measure_mitigation = True and PEC is resilience.pec_mitigation = True.

Memorize the documented defaults, since "what if I touch nothing" is a question shape.

	Option	Default
	resilience_level	1
	resilience.measure_mitigation	True
	resilience.zne_mitigation, resilience.pec_mitigation	False
	resilience.zne.noise_factors	(1, 3, 5)
	resilience.zne.amplifier	gate_folding
	resilience.zne.extrapolator	(exponential, linear)
	dynamical_decoupling.enable, sequence_type	False, XX
	twirling.enable_gates, twirling.enable_measure	False, True
	default_precision	0.015625 — exactly 1/sqrt(4096)
	max_execution_time	10800 seconds


An option you never touch sits at Unset, meaning the server default applies. Set values three ways: an EstimatorOptions instance or nested dict at construction, assignment down the attribute path, or a bulk options.update(...).

Must know:

	ZNE runs the circuit at several amplified noise rates (digital gate folding) and extrapolates back to the zero-noise limit — but it "is not guaranteed to produce an unbiased result".

	PEC writes the ideal circuit as a quasi-probability combination of noisy ones: unbiased, but with a sampling overhead scaling quadratically in gamma = sum of |quasi-probabilities|, which itself grows exponentially with circuit depth.

	PEC is documented as incompatible with gate-folding ZNE, with PEA and with fractional gates — enabling pec_mitigation and zne_mitigation together raises a validation error.

	Error-bar length is bought with default_precision: 0.1 yields stds around 0.04–0.10 on a fake backend, 0.01 around 0.002–0.009. options.execution.shots is no route to it — execution holds only init_qubits and rep_delay.



Traps:

	resilience_level accepts only 0, 1 and 2 — 3, 4, 5, -1 and 1.5 all raise a pydantic ValidationError about the 0..2 range.

	The ZNE scale factors live at options.resilience.zne.noise_factors; zne.factors (wrong name) and resilience.noise_factors (right name, wrong level) are both no_such_attribute errors.

	default_precision must be strictly positive: 0 raises ValidationError whether assigned or passed to EstimatorOptions(default_precision=0) — the constructor is not an escape hatch.

	EstimatorV2.run()'s only execution keyword is precision=; shots=, default_precision= and resilience_level= all raise TypeError: unexpected keyword argument, and options.precision is a ValidationError.



Understand the theoretical background behind the estimator primitive

The Estimator PUB: four positional slots

An Estimator PUB is a tuple of AT MOST FOUR values. The slots are positional, never searched by content, and even a single task must be wrapped in a list.

	Slot	Contents	Note
	1	one QuantumCircuit	may contain Parameter objects
	2	an array of one or more observables	anything ObservablesArrayLike: Pauli, SparsePauliOp, PauliList or a bare string
	3	parameter values to bind	its LAST index runs over the circuit's parameters; omit it or pass None when the circuit has none
	4	a target precision (optional)	a float dropped into slot 3 gives ValueError: Length of () inconsistent with last dimension of [0.01]


result = est.run([(isa, isa_obs, params, 0.01)])   # not est.run((isa, isa_obs))

The output shape is decided entirely by NumPy broadcasting between the observables array and the parameter-value array, and the Estimator returns one expectation value per element of the broadcast shape.

	Observables	Parameter values	evs.shape
	one observable	none	()
	flat list [o1, o2, o3]	none	(3,)
	column [[o1], [o2], [o3]]	none	(3, 1)
	row [[o1, o2, o3]]	none	(1, 3)
	one observable	(4, 1)	(4,)
	a (4, 1) column	(1, 6)	(4, 6)


A SparsePauliOp counts as a SINGLE element however many Pauli terms it holds: it returns one number, the coefficient-weighted sum — never a per-term breakdown. Commuting observables share one measurement only when grouped in the SAME PUB; two PUBs mean two measurement bases.

Back comes a PrimitiveResult with one PubResult per PUB. result[0].data is a DataBin whose keys are exactly evs and stds, both real float64; metadata carries only run bookkeeping (target_precision, circuit_metadata).

Observables, layout alignment, and precision

An n-qubit observable must be written as a weighted sum of tensor products of Paulis — that is what SparsePauliOp stores. Only I and Z Paulis are diagonal in the measurement basis; X and Y terms need a basis change (H for X, S-dagger then H for Y), which the Estimator performs automatically.

	Constructor	Takes	Watch for
	SparsePauliOp(['ZZ', 'XX'], coeffs=[1.0, 0.5])	labels plus coeffs, width inferred from the labels	there is no num_qubits= keyword here
	SparsePauliOp.from_list([('ZZ', 1.0), ('XX', 0.5)])	(label, coefficient) pairs on FULL-WIDTH labels	mixing widths raises ValueError: The Nth Pauli is defined over k qubits
	SparsePauliOp.from_sparse_list([('Z', [0], 1.0)], num_qubits=3)	(label, qubit_indices, coefficient) triples plus num_qubits	num_qubits is REQUIRED here, and the result is padded with identities to 'IIZ'


Transpiling pads the circuit out to the backend's full width and may permute your qubits. The observable does not follow along, so align it: isa_observable = observable.apply_layout(isa_circuit.layout). Nothing else rescues it — measure_all(), a string observable, or pinning initial_layout=[0, 1] all leave the circuit at full backend width.

precision is a target STANDARD ERROR on the expectation value, not a shot count, which is why it is a float. Statistical error falls as 1/sqrt(N), so the shot cost goes as 1/precision^2.

	Rank	Where the precision comes from
	1	a precision inside the PUB
	2	run(precision=...)
	3	twirling being on by default, num_randomizations × shots_per_randomization
	4	default_shots
	5	default_precision, documented as 0.015625 = 1/sqrt(4096)


Two guardrails: the result is not GUARANTEED to reach the requested precision, and lower precision means more QPU time.

Must know:

	Width mismatch is the signature Estimator bug: a 2-qubit observable against a 5-qubit ISA circuit raises ValueError: The number of qubits of the circuit (5) does not match the number of qubits of the ()-th observable (2) — only obs.apply_layout(isa.layout) fixes it.

	SparsePauliOp('ZZ').apply_layout([2, 0], num_qubits=4) returns 'IZIZ' — label characters pair with the index list left-to-right while the printed label stays little-endian.

	A multi-term SparsePauliOp is ONE observable: from_list([('X', 3.0)]) on |+⟩ returns a 0-d float64 array holding 3.0 — never a length-1 array, never one value per Pauli term.

	Halving the target precision quadruples the shot budget: the measured standard error falls from 0.0195 at 2500 shots to 0.0104 at 4x the shots, while 2x only reaches 0.0137.



Traps:

	result[0].data.evs holds the estimate(s) and result[0].data.stds their standard errors; data.expectation_values is an AttributeError and metadata['evs'] a KeyError.

	Even a single task must be wrapped in a list: est.run([(isa, iobs)]). A bare circuit raises ValueError: An invalid Estimator pub-like was given, and the V1 habit run(circuits=..., observables=...) raises TypeError.

	The reference StatevectorEstimator reports stds of exactly 0.0 — an exact calculation has no sampling uncertainty — even when run() asks for a tighter precision.

	Sweeping ry(theta) over 0 to 2π against SparsePauliOp('Z') traces ONE full cosine period; cos(theta/2) gives half a period and cos(2*theta) two — the period tells the three apart.



Exam checklist


	☐ Recite the level table: 0 no mitigation, 1 the default with TREX, 2 adds ZNE and gate twirling.

	☐ Expect a higher resilience level to cost more processing time and QPU usage, never less.

	☐ Remember an option you set is applied in addition to the level's base set, overriding it.

	☐ Put each option at its depth — resilience.zne.noise_factors configures ZNE, resilience.zne_mitigation = True enables it.

	☐ Order an Estimator PUB positionally: circuit, observables, parameter values, precision — wrapped in a list.

	☐ Predict evs.shape by broadcasting observables against parameter values; a SparsePauliOp counts as one element.

	☐ Map every observable through obs.apply_layout(isa.layout) before running on a transpiled circuit.

	☐ Treat precision as a target standard error: halving it quadruples the shots.



Official resources

	Runtime options overview

	Get started with the Estimator primitive

	Estimator options

	Estimator noise management

	Error mitigation and suppression techniques

	Specify observables in the Pauli basis

	Video: An Introduction to Qiskit Runtime Primitives Version 2 (Chris Wood, QGSS 2024)


Section 7: Retrieve and analyze the results of quantum circuits

10% of the exam. 29 practice questions in Part II.

Every fact below is verified — proven by executed code or backed by an official docs page. The web version (certiq.dev) links each fact to its source.

Retrieve previous experiment results (session/Qiskit Runtime)

Result anatomy: PrimitiveResult → PubResult → DataBin → BitArray

Every V2 job returns the same container chain, so most retrieval questions are really "at which layer does this attribute live?".

	Layer	What it is	Reach in with	Does NOT have
	PrimitiveResult	list-like, one entry per PUB; len(result) is the PUB count	result[0], result[1]	.data, .get_counts(), .quasi_dists, .results
	PubResult (Sampler: SamplerPubResult)	one PUB's output: .data plus .metadata (shots or target_precision, circuit_metadata)	.data	get_counts(), evs
	DataBin	Estimator: evs and stds. Sampler: one BitArray per ClassicalRegister, keyed by the register NAME	.meas, db['meas'], list(db.keys()), values(), items(), shape, ndim, size	get_counts(), registers, num_bits
	BitArray	the shot data of one register	get_counts(), get_bitstrings(), get_int_counts()	.name — the name exists only as the DataBin key


counts = result[0].data.meas.get_counts()    # Sampler
evs = result[0].data.evs                     # Estimator
plot_histogram([result[0].data.meas.get_counts(),
                result[1].data.meas.get_counts()], legend=["a", "b"])

evs and stds are real float64 arrays whose shape follows the PUB's broadcast shape, and stds reports the standard error actually achieved. plot_histogram needs one counts dict per legend entry.

The Sampler DataBin holds one BitArray per ClassicalRegister, so splitting one register into alpha and beta gives data.alpha and data.beta rather than a single flat array.

A BitArray stores the sampled bitstrings as BYTES, shots on the left axis. Its surface is small enough to memorize, and the docs recommend post-processing on the array rather than on slow dictionaries.

	Member	What it gives you
	num_shots, num_bits	shots executed; CLASSICAL register width
	array	bit-PACKED uint8, shape (num_shots, ceil(num_bits/8))
	get_counts()	bitstring to integer tally, summing to num_shots
	get_bitstrings()	the per-shot list, length num_shots
	get_int_counts()	the same tallies keyed by the bitstring read as a binary INTEGER
	postselect(indices, selection)	only the shots whose listed bits match
	slice_bits(indices), slice_shots(indices)	fewer bits, all shots; all bits, fewer shots — valid bit indices run 0..num_bits-1
	BitArray.concatenate_shots([a, b]), concatenate_bits	pools shot sets of equal width; widens them instead
	expectation_values(observable)	diagonal expectation values straight from the shots


Getting results back after the kernel dies

Results do not live in your Python process. IBM Quantum automatically stores the results of EVERY job server-side, so dropping the job variable or restarting the kernel cancels nothing and loses nothing. The one handle worth keeping is the ID string from job.job_id().

	Goal	Call
	one job back, by ID	service.job(job_id) returns the RuntimeJobV2; .result() gives the stored PrimitiveResult
	find jobs when the ID is lost	service.jobs(...), the filtered LIST call, or the Workloads page
	keep a result on disk	json.dump(result, f, cls=RuntimeEncoder)
	read it back as a PrimitiveResult	json.load(f, cls=RuntimeDecoder)


Note the singular. Wrong spellings to recognise instantly: service.result(...), service.get_result(...), service.retrieve_job(...) (the V1 provider idiom), and calling QiskitRuntimeService.job(...) on the class rather than on an instance. Resubmitting the circuit is not retrieval: Runtime does not deduplicate, so an identical PUB becomes a new job with a new ID and freshly sampled shots.

	Mistake on the disk round trip	What you get
	no encoder on dump	TypeError: Object of type PrimitiveResult is not JSON serializable
	RuntimeDecoder where the encoder belongs	TypeError
	plain json.load on an encoded file	nested dicts that look fine, then KeyError: 0 when you index the pub
	json.dumps(result, f, cls=RuntimeEncoder)	positional-argument TypeError: dumps/loads are the STRING variants, and everything after the first argument is keyword-only
	result.to_json()	no such method


Must know:

	num_bits follows the CLASSICAL register, not the circuit: a 5-qubit circuit measuring three qubits reports num_bits == 3, while len(get_bitstrings()) and sum(get_counts().values()) both equal num_shots.

	bits.array is bit-PACKED uint8 with shape (num_shots, ceil(num_bits/8)): a 10-qubit circuit sampled 1024 times gives (1024, 2) — not (1024, 10), (1024, 8) or the transpose.

	Counts keys are little-endian bitstrings: X on qubit 0 of a 3-qubit circuit sampled 500 times gives {'001': 500} — integer tallies, not {'100': 500} and not fractions.

	bits.expectation_values('ZZ') computes a diagonal expectation value straight from the shots — an ideal Bell sample returns the 0-d scalar 1.0, one value per Pauli string, with no Estimator involved.

	A (4, 1) parameter array against a single observable gives evs.shape == (4,) — the trailing parameter axis is consumed, so it is not (4, 1) and not (1, 4).

	pub.data.stds is the standard error the primitive ACHIEVED, not the precision you asked for and not 1/sqrt(shots): on a noisy Bell/ZZ pub it read 0.0096 while both of those were 0.02.



Traps:

	The missing PUB index is the classic retrieval bug: result.data... raises AttributeError: 'PrimitiveResult' object has no attribute 'data' — you must index the PUB first, as result[0].data.meas.get_counts().

	meas is only the DEFAULT register name: a circuit measuring into a register called readout needs result[0].data.readout.get_counts(), and data.meas raises AttributeError.

	bits.postselect([1], [0]) returns a new BitArray of only the shots where qubit 1 read 0, at FULL width; postselect has no num_bits= parameter (TypeError), and chaining .slice_bits(...) afterwards silently narrows the result.

	BitArray.concatenate_shots([a, b]) pools two equal-width shot sets (200 + 200 → 400 shots, 3 bits), but a + b is a TypeError and from_counts(a.get_counts() | b.get_counts()) LOSES shots, because dict union overwrites duplicate keys instead of summing them.

	result[0].data.stds is a silent trap when you meant evs: it exists, it has the same shape, and it plots — but on a default_precision = 0.02 sweep the standard errors are about 0.005–0.018 while the expectation values span ±0.9, so the curve collapses onto the axis.



Monitor jobs

The job handle: one string, several predicates, one blocking call

sampler.run(...) and estimator.run(...) return a RuntimeJobV2 immediately — the job itself executes server-side. Everything you do afterwards is either a cheap non-blocking query or the one blocking call.

job.status() returns a PLAIN STRING, typed in the API reference as Literal['INITIALIZING', 'QUEUED', 'RUNNING', 'CANCELLED', 'DONE', 'ERROR'], which is why official examples write if j.status() == "DONE". It is not a JobStatus enum member, and it carries no queue information — queue position is a metrics() or Workloads concern.

	Call	Blocks	What it does
	status()	no	returns the state string
	done(), errored(), cancelled(), running()	no	booleans built on that string; done() is literally status() == "DONE"
	in_final_state()	no	true for JOB_FINAL_STATES = ('DONE', 'CANCELLED', 'ERROR') — CANCELLED is terminal
	result()	YES	waits for a terminal state, then returns the PrimitiveResult; never partial shots
	wait_for_final_state(timeout, poll_interval)	yes	polls to a terminal state without fetching data
	cancel()	no	asks the service to drop the job; status() then reads "CANCELLED"
	job_id(), backend(), error_message(), logs(), metrics(), usage(), usage_estimation	no	bookkeeping


Cancelling is a state change, not a deletion, and a cancelled job hands back no partial data. There is no job.stop() and no QiskitRuntimeService.cancel(): the service FINDS jobs while the job object owns the lifecycle. Deleting your local variable leaves the job queued and still consuming your instance's time. One removal to recognise — qiskit.tools.job_monitor disappeared with Qiskit 1.0, so modern monitoring is status() in a loop, wait_for_final_state(), or the Workloads page.

Watching a session, and the platform-side view

session.details() returns a DICTIONARY describing the SESSION, not its jobs.

	Key	Meaning
	id, backend_name, mode	which session, on what backend, in which mode
	state	one of open, active, inactive, closed
	accepting_jobs	whether new jobs are still taken
	max_time	maximum session length in seconds, subject to plan limits
	interactive_timeout, active_timeout	idle gap allowed between jobs; how long it may stay active
	usage_time	the QPU-committed time
	started_at, activated_at, last_job_started, last_job_completed, closed_at	lifecycle timestamps


Nothing in there is per-job: a queue position belongs to a job and results to job.result(). In local testing mode — a Session built on a fake backend — details() returns None, and session_id is None too.

The two lifecycle verbs are examined on their difference. close() stops the session ACCEPTING new jobs while queued and running jobs finish, and the session terminates once nothing is pending; cancel() cancels all PENDING jobs in the session. The rest of the surface is small and shared with Batch: backend(), status(), usage(), from_id(session_id, service) and the service/session_id attributes. Neither class exposes a public run — you run through a primitive constructed with mode=session.

Several official answers point at the browser instead.

	Page	What it shows
	Workloads	every workload you submitted, with its Status column and job ID; cancel from the row's overflow menu or a workload's Actions dropdown
	Instances	total plan time used and remaining
	Analytics	job, batch and session counts, for accounts you own or manage


Must know:

	Cancellation is a job-handle operation: job.cancel() in Qiskit, or the Cancel action on the Workloads page; cancel() raises RuntimeInvalidStateError if the job is in a state that cannot be cancelled.

	service.jobs() is the listing call: limit defaults to 10 and it filters on backend_name, pending, session_id, created_after/created_before (datetime objects) and more; use it when you did not record a job ID.

	details()["state"] and session.status() use different vocabularies: open/active/inactive/closed for the field versus Pending, In progress, accepting new jobs, In progress, not accepting new jobs and Closed for the call.



Traps:

	Executed against the class: status() returns a plain str, so status() == JobStatus.DONE is False and status().name raises AttributeError. done() is True only for DONE, while in_final_state() also covers CANCELLED and ERROR — and there is no FAILED state at all.



Exam checklist


	☐ Index the PUB first: result[0].data.<register>.get_counts() — PrimitiveResult itself has no .data.

	☐ Ask list(db.keys()) for the register name instead of assuming the DataBin field is called meas.

	☐ Read bits.array as packed bytes: dtype uint8, shape (num_shots, ceil(num_bits/8)).

	☐ Pick the post-processing method by axis: postselect and slice_shots drop shots, slice_bits drops bits.

	☐ Save job.job_id(), then re-hydrate a stored result with service.job(job_id).result() after a restart.

	☐ Round-trip a result through disk with RuntimeEncoder on dump and RuntimeDecoder on load.

	☐ Compare job.status() against the plain string "DONE", never against a JobStatus enum member.

	☐ Separate the session verbs: close() stops new jobs being accepted, cancel() kills the pending ones.



Official resources

	Save and retrieve jobs

	Monitor or cancel a job


Section 8: Operate with OpenQASM

6% of the exam. 20 practice questions in Part II.

Every fact below is verified — proven by executed code or backed by an official docs page. The web version (certiq.dev) links each fact to its source.

Structure types in OpenQASM 3 programs

OpenQASM 3 is a typed language

OpenQASM 2 knew only two aggregate declarations, qreg and creg. OpenQASM 3 replaces them with a real type system: quantum registers become qubit[n] name;, classical registers become bit[n] name;, and a family of classical types joins them.

	Type	Notes
	bool, int[n], uint[n], float[n]	the C-like scalars, each sized by its designator
	complex[float[n]]	the designator is a FLOAT type, never a bare bit width: complex[float[64]] c;
	bit[n], angle[n], duration, stretch	the four "special" types, the ones with no C equivalent
	not in the language	string, char, real, unsigned


Two things matter for the exam. First, what Qiskit EMITS: circuits export their registers as bit[n]/qubit[n], loose clbits as bare bit. Second, what Qiskit can PARSE BACK: the importer supports only a subset of the type system, and the official feature table is the authority on which types survive the round trip.

Must know:

	Qiskit exports classical registers as bit[n] c; even at width 1; loose Clbits become bare bit _bit0;.

	An unbound Parameter exports to OpenQASM 3 as an input float[64] declaration — the circuit becomes a parameterized program.

	Casting rules: in a binary operation the LESSER type is promoted (complex > float > int/uint, wider beats narrower); bool and scalar bit are interchangeable as values; bit[n] converts to int[m]/uint[m]/angle[m] only when m == n; nothing casts to or from duration; and a width designator must be a const expression.



Traps:

	The feature table's Qiskit column documents bit as supported (mapped to Clbit/ClassicalRegister) while duration and stretch declarations are unparseable.



Interpret OpenQASM semantics

Reading v2 and v3 programs side by side

The same circuit reads differently in the two versions, and four tells answer every "which version is this?" question.

	Feature	OpenQASM 2	OpenQASM 3
	header	OPENQASM 2.0;	OPENQASM 3.0;
	standard include	include "qelib1.inc";	include "stdgates.inc";
	registers	qreg q[2]; creg c[2];	qubit[2] q; bit[2] c;
	measurement	measure q[0] -> c[0]; (arrow)	c[0] = measure q[0]; (assignment)
	conditionals	whole-register equality only: if (c == 1) ...	real if/else, loops, per-bit conditions
	global phase	not expressible	gphase


Control flow is the deepest semantic difference, and exporters enforce these language limits at export time: OpenQASM 2 cannot express a per-bit if_test condition or a global phase.

Must know:

	OpenQASM 2 conditionals accept only whole-register equality; exporting a per-clbit if_test raises QASM2ExportError ('OpenQASM 2 only supports register-equality conditions').

	Custom gates round-trip as gate mygate ... { ... } declarations in both versions — neither exporter inlines them.



Traps:

	qasm2.dumps SILENTLY drops a circuit's global phase — no error, no warning — while qasm3.dumps emits gphase.



Interoperate different versions of OpenQASM with Qiskit

The four functions, and the one asymmetry that matters

Both qiskit.qasm2 and qiskit.qasm3 expose the same quartet, and the argument tells the functions apart.

	Function	Direction	qiskit.qasm2	qiskit.qasm3
	dumps(qc)	circuit to string	native	native
	dump(qc, stream)	circuit to an OPEN text stream	native	native
	loads(s)	string to circuit	native	needs qiskit-qasm3-import
	load(path)	filesystem PATH to circuit	native	needs qiskit-qasm3-import


The one asymmetry to memorize: OpenQASM 3 IMPORT is not part of Qiskit itself, it needs the separate qiskit-qasm3-import package, while OpenQASM 3 export and all of qasm2 ship with Qiskit. Mixing up dump and load arguments — a path where a stream belongs, or the reverse — raises immediately.

Must know:

	QuantumCircuit.from_qasm_str/from_qasm_file still exist in Qiskit 2.x for OpenQASM 2 input; the instance method .qasm() was removed.

	QuantumCircuit.from_qasm_str keeps the program's own declarations: qreg a[2]; creg m[2]; gives registers named a and m, never the default q/c, and measure a -> m; expands index by index — a[0] into m[0], a[1] into m[1].



Traps:

	qasm3.loads/load raise MissingOptionalLibraryError unless qiskit-qasm3-import is installed; qasm3.dumps/dump and all of qasm2 are native.

	qasm2.loads accepts only the OPENQASM 2.0; header — feeding it a v3 program raises QASM2ParseError immediately.



Interact with the Qiskit IBM Runtime REST API

Runtime over plain HTTPS

Everything the primitives do through Python can be done over plain HTTPS. Authentication is two-step: exchange your IBM Cloud API key for an IAM bearer token, then send that token plus a Service-CRN header identifying your instance on every Runtime call. Submitting a primitive job is one request, and results are a sub-resource of the job.

	Request	What it does
	POST /api/v1/jobs	submit a primitive job
	GET /api/v1/jobs/{id}	job details
	GET /api/v1/jobs/{id}/results	the final result
	GET /api/v1/jobs/{id}/logs, /metrics	diagnostics
	POST /api/v1/jobs/{id}/cancel	cancel the job
	DELETE /api/v1/jobs/{id}	remove a job already in a terminal state


Must know:

	IAM token exchange: POST the IBM Cloud API key with the apikey grant type; the bearer token expires after 3600 seconds (expires_in: 3600).

	Submitting a Sampler job over REST is POST /v1/jobs with 'program_id': 'sampler' and your circuits inside params.pubs.



Traps:

	Every Runtime REST call after authentication carries two headers: the IAM bearer token and Service-CRN (the instance identifier — it is not itself a credential).



Exam checklist


	☐ Name the version from the header, the include file, the register keywords and the measure syntax.

	☐ Declare OpenQASM 3 registers as qubit[n] and bit[n]; qreg/creg are OpenQASM 2 only.

	☐ Give a complex declaration a float designator — complex[float[64]] c; — never a bare bit width.

	☐ Promote the lesser type in a binary operation, and size a bit[n] cast to the same width.

	☐ Remember only OpenQASM 3 IMPORT needs qiskit-qasm3-import; export and all of qasm2 are native.

	☐ Match each function to its argument: dumps/loads strings, dump an open stream, load a path.

	☐ Expect OpenQASM 2 export to reject a per-bit condition and to drop a global phase silently.

	☐ Send the IAM bearer token plus the Service-CRN header on every Runtime REST request.



Official resources

	Introduction to OpenQASM

	OpenQASM feature table

	OpenQASM 3 and the Qiskit SDK

	OpenQASM 2 and the Qiskit SDK

	OpenQASM types and casting

	OpenQASM syntax (spec)

	Qiskit Runtime REST API


Questions — Section 1: Perform quantum operations

44 questions. Answers follow each question on the next page. Start →
s1-q001

s1-q001 · predict-output · difficulty 2/3

What is the statevector of the qubit after this circuit runs, in the computational basis [amp(|0⟩), amp(|1⟩)]?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1)
qc.h(0)
qc.s(0)

print(Statevector.from_instruction(qc))


A.[0.7071, 0.7071] — equal superposition with no relative phase

B.[0.7071, 0.7071j] — equal superposition with a relative phase of i on |1⟩

C.[0.7071, -0.7071j] — equal superposition with a relative phase of −i on |1⟩

D.[0.7071j, 0.7071] — phase i applied to the |0⟩ amplitude

E.[0.5+0.5j, 0.5−0.5j] — S is read as a half-X rotation that mixes amplitudes

F.[0.7071, −0.7071] — the S gate is treated as Z, negating the |1⟩ amplitude

Show answer →
s1-q001 — answer

s1-q001 — answer

Correct: B

H maps |0⟩ to (|0⟩+|1⟩)/√2. The S gate is the phase gate diag(1, i): it leaves |0⟩ alone and multiplies the |1⟩ amplitude by i, giving (|0⟩ + i|1⟩)/√2 = [0.7071, 0.7071j].

Why the others are wrong:

A.This is the state right after H, before the S gate acts — S adds the phase i to the |1⟩ component.

C.A phase of −i would come from S† (the inverse phase gate, sdg), not S.

D.S = diag(1, i) acts on the |1⟩ amplitude; the |0⟩ amplitude is untouched.

E.S-vs-√X confusion: S is treated as a 'half gate' that rotates amplitudes like sx. S is diagonal — it only multiplies the |1⟩ amplitude by i, leaving both magnitudes at 1/√2; the mixed 0.5±0.5j amplitudes are what sx produces from |0⟩.

F.S-vs-Z confusion: S is the square root of Z, so it applies a quarter turn (phase i), not the half turn (phase −1) that Z applies. Negating the |1⟩ amplitude is what Z would do.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q010

s1-q010 · predict-output · difficulty 1/3

In Qiskit, which two-qubit operator does Pauli('XZ') represent?

from qiskit.quantum_info import Pauli

p = Pauli('XZ')
print(p.to_matrix())


A.A single-qubit matrix X·Z = −iY; the label is a matrix product, not a tensor product

B.X ⊗ Z — Pauli X acts on qubit 1 and Pauli Z acts on qubit 0

C.Z ⊗ X — Pauli X acts on qubit 0 and Pauli Z acts on qubit 1

D.The 4×4 identity, because X and Z appear in different tensor factors

E.−i·(X ⊗ Z) — multi-letter labels carry a ±i phase normalization

Show answer →
s1-q010 — answer

s1-q010 — answer

Correct: B

A Pauli label is read right-to-left: the rightmost character is qubit 0 and the leftmost is the highest-index qubit. So Pauli('XZ') is X on qubit 1 tensored with Z on qubit 0, i.e. the 4×4 matrix np.kron(X, Z).

Why the others are wrong:

A.Confuses a tensor product with a single-qubit matrix product. A two-character label is a 2-qubit (4×4) operator, not a 2×2 product of the letters.

C.Reverses Qiskit's little-endian label convention. The leftmost character is the highest-index qubit, not qubit 0, so X is on qubit 1 and Z is on qubit 0.

D.A tensor product of X and Z is not the identity; the label builds a 4×4 operator, and neither factor is the identity here.

E.Phase-carrying-label confusion: Pauli labels *may* start with a phase prefix ('-iXZ'), but a plain 'XZ' label has phase group 0 — the matrix is exactly X ⊗ Z with no ±i factor attached.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q012

s1-q012 · mcq · difficulty 1/3

For Pauli('IX') on a two-qubit system, which qubit does the X act on, and what operator is built?

from qiskit.quantum_info import Pauli

print(Pauli('IX').to_matrix())


A.X on both qubits, since the identity 'passes through' and copies the X

B.Nothing — 'IX' is an invalid Pauli label and raises an error

C.X on qubit 0 (I ⊗ X): the rightmost label character maps to the lowest-index qubit

D.X on qubit 1 (X ⊗ I): the leftmost label character maps to qubit 0

E.X on qubit 0, but the built operator is 2×2 — identity factors are dropped

Show answer →
s1-q012 — answer

s1-q012 — answer

Correct: C

Pauli labels are little-endian: the rightmost character is qubit 0. So Pauli('IX') puts identity on qubit 1 and X on qubit 0, giving I ⊗ X.

Why the others are wrong:

A.The identity factor leaves its qubit untouched; it does not duplicate the X onto the other qubit.

B.'IX' is a perfectly valid Pauli label; I is a legal single-qubit Pauli character.

D.Reverses the label convention. The leftmost character is the highest-index qubit, so I (not X) acts on qubit 1.

E.Identity-elision misconception: an 'I' in a Pauli label is a real tensor factor, not padding that gets optimized away. Pauli('IX') is a two-qubit operator and to_matrix() returns a 4×4 matrix.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q013

s1-q013 · predict-output · difficulty 2/3

The .dot method returns the operator product A·B and tracks the resulting phase. What does this print?

from qiskit.quantum_info import Pauli

result = Pauli('X').dot(Pauli('Y'))
print(result.to_label())


A.iY — the product stays on the letter Y

B.iZ — X·Y = iZ

C.-iZ — X·Y = −iZ

D.Z — the product is Z and the phase is discarded

E.iX — the product keeps the first operand's letter

Show answer →
s1-q013 — answer

s1-q013 — answer

Correct: B

The Pauli matrices obey X·Y = iZ. The Pauli class keeps track of the ± i phase factor, so .to_label() returns 'iZ'.

Why the others are wrong:

A.The product of X and Y lands on Z, not Y; only the phase is imaginary.

C.'-iZ' is Y·X (or, equivalently, Pauli('X').compose(Pauli('Y')), which applies X first then Y). .dot(B) means self·B = X·Y, giving +iZ.

D.The Pauli class does not drop the phase — that is exactly what distinguishes X·Y (= iZ) from Z. The label keeps the leading 'i'.

E.Letter-retention misconception applied to the first factor: the Pauli product of two different Paulis lands on the *third* letter (X·Y = iZ), never on either operand's own letter.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q014

s1-q014 · multi · difficulty 2/3

Using .dot (the operator product A·B, which tracks the ± i phase), which of the following single-qubit Pauli identities are TRUE? Select all that apply. (Select all that apply.)

from qiskit.quantum_info import Pauli
# e.g. Pauli('X').dot(Pauli('Y')).to_label()


A.X · Y = iZ

B.Y · Z = iX

C.Z · X = iY

D.X · Z = iY

E.Y · X = iZ

F.Z · Y = iX

Show answer →
s1-q014 — answer

s1-q014 — answer

Correct: A, B, C

The cyclic products carry a +i phase: X·Y = iZ, Y·Z = iX, Z·X = iY. Reversing the order flips the sign of the phase.

Why the others are wrong:

D.X·Z = −iY, not +iY. This is an anti-cyclic (reversed) product, so the phase is −i.

E.Y·X = −iZ, not +iZ. It is the reverse of X·Y, so the phase flips sign.

F.Reversed cyclic order: the +i identities follow the cycle X→Y→Z→X, so Y·Z = iX but Z·Y = −iX. Swapping the operands conjugates the phase.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q015

s1-q015 · mcq · difficulty 2/3

For the three-qubit operator Pauli('XYZ'), which qubit does the Z factor act on?

from qiskit.quantum_info import Pauli

p = Pauli('XYZ')
print(p.to_matrix().shape)


A.Qubit 2 — the leftmost label character maps to the lowest-index qubit

B.Qubit 1 — the default reading puts Z in the middle slot

C.All three qubits — Z is applied globally

D.Qubit 0 — the rightmost label character maps to the lowest-index qubit

E.None — a 3-letter label may not be built directly; tensor single Paulis

Show answer →
s1-q015 — answer

s1-q015 — answer

Correct: D

Qiskit reads Pauli labels right-to-left. In 'XYZ' the rightmost character (Z) is qubit 0, Y is qubit 1, and X is qubit 2. So Z acts on qubit 0.

Why the others are wrong:

A.Reverses the little-endian convention. The leftmost character (X) is the highest-index qubit (qubit 2), so Z — the rightmost — is qubit 0, not qubit 2.

B.Y is the middle factor (qubit 1); Z is the rightmost factor and acts on qubit 0.

C.Each character is a separate tensor factor acting on one qubit; Z acts on a single qubit, not all three.

E.Invalid-label misconception: multi-qubit Pauli labels of any length are legal, so Pauli('XYZ') builds a three-qubit operator directly — tensoring single-qubit Paulis is optional, not required.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q016

s1-q016 · predict-output · difficulty 2/3

What matrix does Pauli('X').tensor(Pauli('Y')) produce?

from qiskit.quantum_info import Pauli

op = Pauli('X').tensor(Pauli('Y'))
print(op.to_label())


A.X ⊗ Y (label 'XY') — tensor places the first operand on the higher-index qubit

B.Y ⊗ X (label 'YX') — tensor places the first operand on qubit 0

C.X ⊗ X (label 'XX')

D.The 4×4 identity

E.iZ (a 2×2 matrix) — tensor multiplies the two operators together

Show answer →
s1-q016 — answer

s1-q016 — answer

Correct: A

a.tensor(b) returns a ⊗ b, with a on the higher-index qubit and b on qubit 0. So Pauli('X').tensor(Pauli('Y')) is X ⊗ Y, label 'XY'.

Why the others are wrong:

B.This is what .expand does (a.expand(b) = b ⊗ a). tensor keeps the caller a on the left/high qubit, giving 'XY', not 'YX'.

C.The second operand is Y, not X; the result carries Y on qubit 0.

D.A tensor product of two non-identity Paulis is not the identity.

E.tensor-vs-dot confusion: tensor builds the Kronecker product on two separate qubits (a 4×4 matrix); the operator *product* X·Y = iZ on one qubit is what .dot/.compose return.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q017

s1-q017 · multi · difficulty 2/3

Two Pauli operators commute when reordering them leaves the product unchanged. Which of the following pairs COMMUTE? Select all that apply. (Select all that apply.)

from qiskit.quantum_info import Pauli
# e.g. Pauli('XX').commutes(Pauli('ZZ'))


A.X⊗X and Z⊗Z

B.X⊗I and Z⊗Z

C.X⊗Z and Z⊗X

D.I⊗X and Z⊗I

E.X and Z (single qubit)

F.Z⊗I and X⊗X

Show answer →
s1-q017 — answer

s1-q017 — answer

Correct: A, C, D

Two multi-qubit Paulis commute when they anticommute on an EVEN number of qubits. A⊗B and C⊗D commute iff (an even count of the single-qubit factor pairs anticommute). X⊗X vs Z⊗Z: X,Z anticommute on both qubits (even) -> commute. X⊗Z vs Z⊗X: anticommute on both (even) -> commute. I⊗X vs Z⊗I: factors act on disjoint qubits, no anticommuting pair -> commute.

Why the others are wrong:

B.X⊗I vs Z⊗Z: they anticommute only on qubit 1 (X vs Z), an ODD count, so the pair anticommutes.

E.Single-qubit X and Z anticommute (XZ = −ZX), so they do not commute.

F.Identity-factor misconception: an identity on one qubit does not buy commutation. Here qubit 1 carries Z against X (anticommuting) while qubit 0 contributes nothing, so the pair anticommutes overall.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q018

s1-q018 · predict-output · difficulty 2/3

What does this code print?

from qiskit.quantum_info import SparsePauliOp

op = SparsePauliOp.from_list([("Z", 1), ("Z", 2), ("X", 1)])
print(op.simplify())


A.SparsePauliOp(['Z', 'X'], coeffs=[2, 1]) — duplicate 'Z' terms are dropped, keeping the largest

B.SparsePauliOp(['Z', 'X'], coeffs=[3, 2]) — every coefficient is summed together

C.SparsePauliOp(['Z', 'X'], coeffs=[3, 1]) — like terms are summed

D.SparsePauliOp(['Z', 'Z', 'X'], coeffs=[1, 2, 1]) — from_list merges by default, so simplify does nothing

E.SparsePauliOp(['Z', 'X'], coeffs=[1.5, 1]) — repeated terms are typically averaged

F.SparsePauliOp(['Z'], coeffs=[3]) — simplify usually keeps only the dominant term

Show answer →
s1-q018 — answer

s1-q018 — answer

Correct: C

simplify() combines repeated Pauli terms by summing their coefficients: the two 'Z' terms (1 + 2) become 3, and 'X' stays 1, yielding coeffs [3, 1].

Why the others are wrong:

A.Duplicate terms are summed, not deduplicated — 1 + 2 = 3, not 2.

B.Only terms with the SAME Pauli string are summed. 'X' is a different string, so its coefficient stays 1, not 2.

D.from_list does NOT merge duplicates; it stores all three terms verbatim. It is simplify() that reduces them to two.

E.Averaging misconception: simplify sums the coefficients of identical Pauli strings (1 + 2 = 3); it never averages them.

F.Truncation misconception: simplify only removes terms whose coefficient is zero (within atol). A term with coefficient 1 survives, so the X term is kept alongside the merged Z term.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q019

s1-q019 · predict-output · difficulty 2/3

What is the expectation value of the observable O = Z⊗Z + 0.5·(X⊗X) in the state |00⟩?

from qiskit.quantum_info import Statevector, SparsePauliOp

O = SparsePauliOp.from_list([("ZZ", 1.0), ("XX", 0.5)])
psi = Statevector.from_label("00")
print(psi.expectation_value(O))


A.1.5 — both terms contribute their full coefficient

B.0.0 — the two Pauli strings cancel

C.0.5 — the X⊗X term is the one that contributes

D.1.0 — ⟨ZZ⟩ = 1 on |00⟩ and ⟨XX⟩ = 0

E.−1.0 — bit 0 maps to the −1 eigenvalue of Z

Show answer →
s1-q019 — answer

s1-q019 — answer

Correct: D

|00⟩ is a +1 eigenstate of Z⊗Z, so ⟨ZZ⟩ = 1. X⊗X flips |00⟩ to |11⟩, which is orthogonal to |00⟩, so ⟨XX⟩ = 0. The total is 1·1 + 0.5·0 = 1.0.

Why the others are wrong:

A.Assumes both Pauli terms have expectation 1. ⟨XX⟩ on |00⟩ is 0 (it maps the state to an orthogonal one), so the 0.5 term drops out.

B.The terms do not cancel; ⟨ZZ⟩ = 1 stands on its own while ⟨XX⟩ = 0.

C.It is the Z⊗Z term (not X⊗X) that contributes here; X⊗X has zero expectation on |00⟩.

E.Eigenvalue-convention flip: in Qiskit Z|0⟩ = +|0⟩, so |00⟩ gives ⟨ZZ⟩ = +1. The 0 ↔ −1 mapping comes from Ising/QUBO encodings, not from the Z operator.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q020

s1-q020 · spot-bug · difficulty 2/3

This code is meant to build the two-qubit operator that applies Pauli Z to qubit 0 and leaves qubit 1 unchanged (i.e. I ⊗ Z). It builds the wrong operator. What is the correct fix?

from qiskit.quantum_info import Pauli

# want: Z on qubit 0, identity on qubit 1
op = Pauli('ZI')


A.Replace it with Pauli(['Z', 'I']) — multi-qubit labels must be passed as a list

B.Replace it with Pauli('IZ') — the rightmost character is qubit 0, so Z must be on the right

C.Nothing — 'ZI' already puts Z on qubit 0

D.Replace it with Pauli('ZZ') — you must specify Z on both positions

E.Replace it with Pauli('ZI').adjoint() — the adjoint must flip the qubit order

Show answer →
s1-q020 — answer

s1-q020 — answer

Correct: B

Pauli labels are little-endian: the rightmost character is qubit 0. To place Z on qubit 0 you write Pauli('IZ') (identity on qubit 1, Z on qubit 0). The original 'ZI' does the opposite — Z on qubit 1.

Why the others are wrong:

A.The Pauli constructor takes a single label string like 'IZ'; it does not require (or expect) a Python list of characters.

C.'ZI' puts Z on qubit 1 (the leftmost, highest-index position), not qubit 0 — that is exactly the bug.

D.'ZZ' applies Z to both qubits, changing qubit 1 as well; the goal was to leave qubit 1 alone.

E.adjoint-vs-reverse_qargs confusion: .adjoint() takes the Hermitian conjugate, and Z⊗I is Hermitian, so it returns the same wrong operator. Reversing qubit order is a different operation entirely.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q021

s1-q021 · predict-output · difficulty 3/3

The two single-qubit operators below are combined with compose and the result is applied to |0⟩. What does this print?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import Operator, Statevector

h = QuantumCircuit(1)
h.h(0)
s = QuantumCircuit(1)
s.s(0)

op = Operator(h).compose(Operator(s))
print(np.round(Statevector.from_label('0').evolve(op).data, 4))


A.[0.7071, 0.7071j] — compose applies H first, then S

B.[0.7071, 0.7071] — compose applies its argument S first, and S leaves |0⟩ alone

C.[1, 0] — H and S compose to the identity here

D.[0.7071, −0.7071j] — compose conjugates its argument, applying S† after H

E.[0.7071j, 0.7071] — S phases the |0⟩ amplitude instead of |1⟩

Show answer →
s1-q021 — answer

s1-q021 — answer

Correct: A

A.compose(B) composes in circuit (time) order: A acts first, then B. As matrices that is B·A — the mirror image of A.dot(B) = A·B. So Operator(h).compose(Operator(s)) is S·H, the same operator as a circuit with h then s. Acting on |0⟩: H gives |+⟩, then S multiplies the |1⟩ amplitude by i, leaving (|0⟩ + i|1⟩)/√2 = [0.7071, 0.7071j].

Why the others are wrong:

B.This reads compose as a plain matrix product with the argument on the right (H·S), i.e. S acting first. That is what .dot does: Operator(h).dot(Operator(s)) on |0⟩ really does give [0.7071, 0.7071], because S leaves |0⟩ untouched and H then makes |+⟩.

C.H is its own inverse, but S is not H's inverse, so nothing cancels. S·H is a genuine unitary that maps |0⟩ to (|0⟩ + i|1⟩)/√2.

D.compose neither inverts nor conjugates its argument — that would be Operator(h).compose(Operator(s).adjoint()), which gives [0.7071, −0.7071j]. S† is a different gate (sdg) from S.

E.Phase-slot confusion: S = diag(1, i) leaves the |0⟩ amplitude untouched and multiplies the |1⟩ amplitude by i. The matrix diag(i, 1) is S† up to a global phase — a different gate altogether.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operator-class
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q022

s1-q022 · predict-output · difficulty 2/3

A qubit is prepared in |1⟩, then a T gate is applied. What is the resulting statevector [amp(|0⟩), amp(|1⟩)]?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1)
qc.x(0)
qc.t(0)
print(Statevector.from_instruction(qc))


A.[0, i] — T applies a quarter-turn phase of i to |1⟩

B.[0.7071, 0.7071j] — T turns |1⟩ into a superposition

C.[0, e^{iπ/4}] ≈ [0, 0.7071+0.7071j] — T multiplies |1⟩ by e^{iπ/4}

D.[0, 1] — T is a diagonal phase gate, so a basis state comes back unchanged

E.[0, e^{iπ/8}] ≈ [0, 0.9239+0.3827j] — T acts like RZ(π/4), halving θ

F.[0.7071+0.7071j, 0] — the T phase lands on the |0⟩ amplitude, not on |1⟩

Show answer →
s1-q022 — answer

s1-q022 — answer

Correct: C

T = diag(1, e^{iπ/4}). Acting on |1⟩ it multiplies the amplitude by e^{iπ/4} = 0.7071 + 0.7071j, so Statevector records [0, e^{iπ/4}]. Because the |0⟩ amplitude is 0 here, this factor is actually an unobservable global phase (the measurement probabilities stay [0, 1]) — but Qiskit's statevector still carries it explicitly, which is why the amplitude is not a bare 1.

Why the others are wrong:

A.A phase of i = e^{iπ/2} is the S gate. T applies half that angle, e^{iπ/4}.

B.T is diagonal; it never creates a superposition. It only adjusts the phase of |1⟩.

D.T is diagonal but not the identity: it multiplies the |1⟩ amplitude by e^{iπ/4}. Diagonal does not mean 'no effect' — only |0⟩ is left untouched.

E.T-vs-RZ half-angle confusion: RZ(θ) splits the phase as diag(e^{−iθ/2}, e^{+iθ/2}), while T = P(π/4) = diag(1, e^{iπ/4}) puts the full angle on |1⟩. The two differ by the global phase e^{−iπ/8}, which is plainly visible in a printed statevector.

F.Phase-slot confusion: T is diag(1, e^{iπ/4}), so the |0⟩ amplitude is multiplied by 1. After the X gate the state is |1⟩ anyway, so the |0⟩ amplitude stays 0.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q023

s1-q023 · predict-output · difficulty 1/3

What state results from applying a Z gate to |+⟩ = (|0⟩ + |1⟩)/√2?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1)
qc.h(0)   # prepare |+>
qc.z(0)
print(Statevector.from_instruction(qc))


A.[0.7071, 0.7071j] — Z adds a phase of i to |1⟩

B.|−⟩ = (|0⟩ − |1⟩)/√2 ≈ [0.7071, −0.7071]

C.|+⟩ unchanged ≈ [0.7071, 0.7071]

D.|1⟩ = [0, 1]

E.[−0.7071, 0.7071] — Z flips the sign of the |0⟩ amplitude

Show answer →
s1-q023 — answer

s1-q023 — answer

Correct: B

Z = diag(1, −1) flips the sign of the |1⟩ amplitude, mapping |+⟩ = (|0⟩+|1⟩)/√2 to |−⟩ = (|0⟩−|1⟩)/√2 ≈ [0.7071, −0.7071].

Why the others are wrong:

A.A phase of i on |1⟩ is the S gate. Z applies a phase of −1 (= e^{iπ}), giving a real −0.7071 amplitude.

C.Z is not the identity on a superposition — it negates the |1⟩ component, turning |+⟩ into the orthogonal |−⟩.

D.Z does not collapse or move the state to |1⟩; it changes a relative sign, not the populations.

E.Sign-slot confusion: Z = diag(1, −1) leaves the |0⟩ amplitude alone and negates the |1⟩ amplitude. Negating |0⟩ instead gives −|−⟩, the same state only up to a global phase — but not the printed statevector.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q024

s1-q024 · spot-bug · difficulty 2/3

The goal is to prepare the state (|0⟩ − i|1⟩)/√2. The code below produces the wrong relative phase on |1⟩. What is the fix?

from qiskit import QuantumCircuit

qc = QuantumCircuit(1)
qc.h(0)
qc.s(0)   # intended: relative phase of -i on |1>


A.Nothing — S already applies the −i phase to |1⟩

B.Replace qc.s(0) with qc.z(0) — Z is S squared, so it supplies the −i phase

C.Replace qc.s(0) with qc.t(0) — T supplies the −i phase

D.Replace qc.s(0) with qc.sdg(0) — S† (sdg) applies the −i phase

E.Replace qc.s(0) with qc.tdg(0) — T† (tdg) applies the −i phase

F.Replace qc.s(0) with qc.p(-np.pi, 0) — a negative P angle gives −i

Show answer →
s1-q024 — answer

s1-q024 — answer

Correct: D

S = diag(1, i) applies a +i phase, producing (|0⟩ + i|1⟩)/√2 — the opposite of the target. The inverse gate S† (sdg) = diag(1, −i) gives the desired (|0⟩ − i|1⟩)/√2.

Why the others are wrong:

A.S applies +i, not −i; the code produces (|0⟩ + i|1⟩)/√2, which is why it is wrong.

B.Z = S² is true, but squaring diag(1, i) gives diag(1, −1), not diag(1, −i). Z produces (|0⟩ − |1⟩)/√2 = |−⟩ — a real amplitude, not the imaginary −i.

C.T applies e^{iπ/4}, producing (|0⟩ + e^{iπ/4}|1⟩)/√2, neither +i nor −i.

E.Quarter-vs-eighth-turn confusion: T† contributes e^{−iπ/4} = (1−i)/√2, not −i. Only S† — the inverse quarter turn, diag(1, −i) — delivers the full −i phase.

F.Phase-gate angle error: P(θ) = diag(1, e^{iθ}), so P(−π) contributes e^{−iπ} = −1, a sign flip rather than the −i quarter turn. P(−π/2) would be the equivalent of sdg.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q025

s1-q025 · predict-output · difficulty 2/3

What is the statevector after applying the √X gate (sx) to |0⟩?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1)
qc.sx(0)
print(Statevector.from_instruction(qc))


A.[0.5+0.5j, 0.5−0.5j] — √X is the 'square root of NOT'

B.[0, 1] = |1⟩ — √X is just another name for X

C.[0.7071, 0.7071] = |+⟩ — √X creates an equal real superposition

D.[0.7071, 0.7071j] — equal magnitudes with a phase i on |1⟩

E.[0.5−0.5j, 0.5+0.5j] — √X puts the +i part on the |1⟩ amplitude

Show answer →
s1-q025 — answer

s1-q025 — answer

Correct: A

SX = ½[[1+i, 1−i], [1−i, 1+i]]. Applied to |0⟩ it gives [0.5+0.5j, 0.5−0.5j]. Applying SX twice reproduces X, which is why it is the 'square root of NOT'; a single application yields equal 0.5/0.5 probabilities but with complex amplitudes.

Why the others are wrong:

B.SX is the square root of X: SX·SX = X. One application does not fully flip the qubit; it produces a complex-amplitude superposition.

C.H also gives 0.5/0.5 probabilities but with real amplitudes [0.7071, 0.7071]. SX produces complex amplitudes 0.5 ± 0.5j, so the states differ.

D.The magnitudes are 0.5 each (not 0.7071), and both amplitudes are complex; the phase structure is 0.5 ± 0.5j, not a single i on |1⟩.

E.Conjugate/swap error: sx is (1/2)[[1+i, 1−i], [1−i, 1+i]], so acting on |0⟩ it returns [0.5+0.5j, 0.5−0.5j]. Exchanging the two conjugates describes sxdg, the inverse gate.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q026

s1-q026 · predict-output · difficulty 3/3

What is the statevector after applying rz(π/2) to |0⟩? (Qiskit defines RZ(θ) = diag(e^{−iθ/2}, e^{iθ/2}).)

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1)
qc.rz(np.pi / 2, 0)
print(Statevector.from_instruction(qc))


A.[0.7071, 0.7071j] — RZ rotates |0⟩ into a superposition

B.[e^{+iπ/4}, 0] ≈ [0.7071+0.7071j, 0] — the |0⟩ phase is +θ/2

C.[e^{−iπ/4}, 0] ≈ [0.7071−0.7071j, 0] — RZ multiplies |0⟩ by e^{−iθ/2}

D.[1, 0] — a diagonal gate leaves the |0⟩ amplitude untouched

E.[e^{−iπ/2}, 0] ≈ [0−1j, 0] — the phase is the full angle θ, not θ/2

Show answer →
s1-q026 — answer

s1-q026 — answer

Correct: C

RZ(θ) = diag(e^{−iθ/2}, e^{iθ/2}). On |0⟩ it multiplies the amplitude by e^{−iθ/2} = e^{−iπ/4} = 0.7071 − 0.7071j. Because |0⟩ is an eigenstate, this is a global phase — the measurement probabilities are unchanged — but Statevector.from_instruction still records it.

Why the others are wrong:

A.RZ is diagonal; it never creates a superposition. Only RX/RY move population between |0⟩ and |1⟩.

B.The |0⟩ (upper) diagonal entry is e^{−iθ/2}, with a minus sign. A +θ/2 phase would be the |1⟩ entry.

D.Being diagonal does not mean acting trivially: RZ's upper diagonal entry is e^{−iθ/2}, not 1. The phase is unobservable in isolation (probabilities stay [1,0]), but Statevector.from_instruction still records the e^{−iπ/4} factor.

E.Full-angle misconception: RZ(θ) = diag(e^{−iθ/2}, e^{+iθ/2}) splits the angle in half. The gate that applies the full θ to one amplitude is P(θ), not RZ(θ).

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q027

s1-q027 · mcq · difficulty 2/3

You build a circuit and set qc.global_phase = np.pi / 4 (no other change), then sample it many times on a simulator. How does the global phase affect the measured bitstring counts?

import numpy as np
from qiskit import QuantumCircuit

qc = QuantumCircuit(1)
qc.h(0)
qc.global_phase = np.pi / 4   # multiplies the whole statevector by e^{i pi/4}
qc.measure_all()


A.It raises a run-time error, because global_phase leaves the statevector un-normalized

B.Not at all — a global phase is unobservable, so the probabilities are unchanged

C.The counts shift toward the bitstring '1', because the phase adds amplitude to |1⟩

D.It rotates the qubit by π/4, so the measured counts change as an RY(π/4) would

E.It rescales both probabilities by cos(π/4), so the counts fall short of the shots

Show answer →
s1-q027 — answer

s1-q027 — answer

Correct: B

A global phase multiplies every amplitude by the same unit-modulus factor e^{iθ}. Since measurement probabilities are |amplitude|², the common factor cancels, so the counts are statistically identical to the phase-free circuit. Global phase is physically unobservable.

Why the others are wrong:

A.e^{iπ/4} has modulus 1, so the state stays normalized; setting global_phase is valid and raises no error.

C.A global phase multiplies ALL amplitudes equally; it does not preferentially add weight to |1⟩. Relative frequencies are unchanged.

D.global_phase is a scalar factor on the whole state, not a single-qubit rotation. Unlike RY(π/4), it moves no population between basis states.

E.Phase-as-scale-factor misconception: e^{iπ/4} has modulus 1, so |amplitude|² is untouched — the probabilities still sum to 1 and every shot still returns a bitstring. Taking the real part cos(π/4) as a scale factor is the error.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q028

s1-q028 · predict-output · difficulty 2/3

What is the statevector after applying p(π/2) (the phase gate P) to |1⟩?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1)
qc.x(0)
qc.p(np.pi / 2, 0)
print(Statevector.from_instruction(qc))


A.[0, 1] — P(θ) = diag(e^{iθ}, 1), so the phase misses the |1⟩ amplitude

B.[0, −1] — the phase is e^{iπ} = −1

C.[i, 0] — the phase is applied to the |0⟩ amplitude

D.[0, i] — P(π/2) = diag(1, e^{iπ/2}) multiplies |1⟩ by i

E.[0, e^{iπ/4}] ≈ [0, 0.7071+0.7071j] — P uses the half angle, like RZ

Show answer →
s1-q028 — answer

s1-q028 — answer

Correct: D

P(θ) = diag(1, e^{iθ}) puts the phase on the |1⟩ amplitude. With θ = π/2 that is e^{iπ/2} = i, so |1⟩ → i|1⟩ = [0, i]. P(π/2) is exactly the S gate.

Why the others are wrong:

A.This has the diagonal the wrong way round: P(θ) = diag(1, e^{iθ}), so the phase lands on |1⟩, not |0⟩. |1⟩ is multiplied by e^{iθ} = i.

B.e^{iπ} = −1 corresponds to P(π) = Z. Here θ = π/2, giving e^{iπ/2} = i, not −1.

C.The lower diagonal entry (e^{iθ}) acts on |1⟩, not |0⟩; the |0⟩ amplitude here is 0 anyway.

E.P-vs-RZ half-angle confusion: only RZ splits the angle (e^{±iθ/2}). P(θ) = diag(1, e^{iθ}) applies the full angle to the |1⟩ amplitude, so P(π/2) contributes e^{iπ/2} = i.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q029

s1-q029 · predict-output · difficulty 1/3

What is the statevector after applying a Y gate to |0⟩?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1)
qc.y(0)
print(Statevector.from_instruction(qc))


A.[0, i] — Y|0⟩ = i|1⟩

B.[0, 1] = |1⟩ — Y is just a bit flip like X

C.[0, −i] — Y|0⟩ = −i|1⟩

D.[i, 0] — Y|0⟩ = i|0⟩

E.[0.7071, 0.7071] — Y half-rotates |0⟩

F.[0, −1] — Y flips the bit and attaches a minus sign

Show answer →
s1-q029 — answer

s1-q029 — answer

Correct: A

Y = [[0, −i], [i, 0]]. Acting on |0⟩ (the first column) it returns [0, i] = i|1⟩. Y flips the bit AND multiplies by i.

Why the others are wrong:

B.Y does flip |0⟩ to the |1⟩ subspace, but it also applies a factor of i. Ignoring that phase confuses Y with X.

C.Y|0⟩ = +i|1⟩. The −i factor appears for Y|1⟩ = −i|0⟩, not Y|0⟩.

D.Y is off-diagonal; it moves |0⟩ to the |1⟩ amplitude, it does not leave the qubit in |0⟩.

E.Pauli-Y vs RY confusion: the Pauli Y is a full π rotation about the Y axis (a bit flip with an i phase). The half-way superposition is what RY(π/2) produces.

F.Sign-vs-phase error: Y|0⟩ = i|1⟩, not −|1⟩. The imaginary unit comes from Y = [[0, −i], [i, 0]]; the plain sign flip is what the product Z·X (= iY) does to |0⟩.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q030

s1-q030 · predict-output · difficulty 1/3

For Statevector.from_label('10') on a two-qubit system, which computational-basis amplitude is 1?

from qiskit.quantum_info import Statevector

print(Statevector.from_label('10').data)


A.Index 3: the state |11⟩

B.Index 0: the state |00⟩

C.Index 2 — labels read |q1 q0⟩, so qubit 1 is the one that is set

D.Index 1 — reading left to right, '10' sets qubit 0 = 1 and qubit 1 = 0

E.It raises an error — from_label may only be given a single character

Show answer →
s1-q030 — answer

s1-q030 — answer

Correct: C

from_label reads the string left-to-right as |q_{n-1} … q_0⟩. So '10' means qubit 1 = 1, qubit 0 = 0, which is the basis state with integer index 2 (binary 10). The amplitude at index 2 is 1.

Why the others are wrong:

A.|11⟩ (index 3) would come from label '11'. '10' has a 0 on qubit 0.

B.|00⟩ (index 0) is label '00'; '10' has qubit 1 set.

D.This reverses the label order. The leftmost character is the highest-index qubit, so '10' has qubit 1 = 1 (index 2), not qubit 0 = 1 (index 1).

E.Single-qubit-label misconception: Statevector.from_label accepts multi-character labels (and '+', '-', 'r', 'l' too), building one qubit per character.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q031

s1-q031 · predict-output · difficulty 2/3

A two-qubit circuit applies X to qubit 0 only. What does probabilities_dict() of the resulting statevector return?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(2)
qc.x(0)
print(Statevector.from_instruction(qc).probabilities_dict())


A.{'10': 1.0} — probabilities_dict writes qubit 0 as the leftmost character

B.{'11': 1.0} — X flips both qubits

C.{'00': 1.0} — X on qubit 0 has no measurable effect

D.{'01': 1.0} — keys are ordered q1q0, so flipping qubit 0 gives '01'

E.{1: 1.0} — the keys of probabilities_dict are integer basis indices

Show answer →
s1-q031 — answer

s1-q031 — answer

Correct: D

Qiskit orders bitstrings as q_{n-1}…q_0, so the rightmost character is qubit 0. Flipping only qubit 0 of |00⟩ gives the bitstring '01' with probability 1.

Why the others are wrong:

A.This reverses the bit order. probabilities_dict keys are q_{n-1}…q_0, so qubit 0 is the RIGHTMOST character and its flip shows up as '01', not '10'.

B.X was applied to qubit 0 only; qubit 1 stays 0, so the string is '01', not '11'.

C.X flips |0⟩ to |1⟩ on qubit 0 — a very measurable change; the outcome '01' occurs with certainty.

E.Key-type confusion: probabilities_dict() is keyed by bitstrings ('01'), not by integer indices. The integer form is what Statevector.from_int consumes, not what the dict emits.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q032

s1-q032 · mcq · difficulty 2/3

A circuit applies qc.cx(0, 1) (control = qubit 0, target = qubit 1). Writing states as |q1 q0⟩, which basis-state transformation does it implement?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Operator

qc = QuantumCircuit(2)
qc.cx(0, 1)
print(Operator(qc).data.real)


A.|11⟩ → |00⟩: a controlled gate flips both qubits when both are 1

B.|01⟩ → |11⟩ and |11⟩ → |01⟩; |00⟩ and |10⟩ are left alone

C.|10⟩ → |11⟩ and |11⟩ → |10⟩: here the control is qubit 1 and the target is qubit 0

D.|10⟩ → |01⟩: cx(0, 1) simply swaps the two qubit states

E.|01⟩ → |11⟩ and |10⟩ → |11⟩ — either qubit set to 1 makes both 1

Show answer →
s1-q032 — answer

s1-q032 — answer

Correct: B

With control = qubit 0, the target (qubit 1) is flipped exactly when qubit 0 = 1. In |q1 q0⟩ notation, qubit 0 = 1 holds for |01⟩ and |11⟩, so |01⟩ ↔ |11⟩ while |00⟩ and |10⟩ (qubit 0 = 0) are untouched.

Why the others are wrong:

A.CX flips one qubit (the target), not both. |11⟩ maps to |01⟩, not |00⟩.

C.This treats qubit 1 as the control. The control is qubit 0, so the flip is conditioned on qubit 0 = 1, not qubit 1.

D.CX is not a SWAP; it changes only the target when the control is 1, leaving |00⟩/|10⟩ fixed. SWAP would move population differently.

E.Symmetric-CX misconception: CX is not an OR gate on the pair. It is directional — only the control (qubit 0 here) decides, and the target is flipped, so |10⟩ (control 0) is left untouched.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q033

s1-q033 · multi · difficulty 3/3

Operator.__eq__ (==) tests exact matrix equality, while Operator.equiv tests equality up to a global phase. For which of the following pairs does Operator(a).equiv(Operator(b)) return True? Select all that apply. (Select all that apply.)

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import Operator
# a: e.g. QuantumCircuit with z(0); b: with rz(pi, 0)


A.a = X gate, b = Y gate

B.a = Z gate, b = RZ(π)

C.a = X gate, b = RX(π)

D.a = H gate, b = Z gate

E.a = T gate, b = RZ(π/2)

F.a = H gate, b = RY(π/2)

Show answer →
s1-q033 — answer

s1-q033 — answer

Correct: B, C

RZ(π) = diag(e^{−iπ/2}, e^{iπ/2}) = −i·Z, so it equals Z up to the global phase −i → equiv is True (though == is False). Likewise RX(π) = −i·X, equivalent to X up to a global phase. Both pass .equiv().

Why the others are wrong:

A.X and Y are genuinely different operators (they differ by more than a scalar phase — X·Y = iZ ≠ scalar), so .equiv() is False.

D.H and Z are distinct unitaries (H is not a phase multiple of Z), so .equiv() returns False.

E.Half-angle mismatch: RZ(π/2) equals S up to a global phase (T squared), not T. T corresponds to RZ(π/4).

F.H-as-a-rotation misconception: RY(π/2) rotates |0⟩ to |+⟩ but is not H — their determinants differ in sign, so no global phase can bridge them. H equals RY(π/2)·Z, i.e. a Z applied before the rotation.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operator-class
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q034

s1-q034 · predict-output · difficulty 1/3

What does Statevector.from_label('0').evolve(Pauli('X')) produce?

from qiskit.quantum_info import Statevector, Pauli

sv = Statevector.from_label('0').evolve(Pauli('X'))
print(sv.data)


A.|1⟩ = [0, 1] — X flips |0⟩ to |1⟩

B.|0⟩ = [1, 0] — evolve returns the operator applied later, leaving the state as |0⟩

C.|+⟩ = [0.7071, 0.7071]

D.[0, i] — X applies a phase as well as a flip

E.NoneType — evolve updates the statevector in place

Show answer →
s1-q034 — answer

s1-q034 — answer

Correct: A

Statevector.evolve(op) returns a new statevector with op applied. X maps |0⟩ to |1⟩, so the result is [0, 1].

Why the others are wrong:

B.evolve actually applies the operator and returns the evolved state; it does not defer the action or leave the state unchanged.

C.|+⟩ comes from H, not X. X is a bit flip, producing |1⟩.

D.X is a real matrix with no phase; the i factor would come from Y. X|0⟩ = |1⟩ = [0, 1].

E.In-place-mutation misconception: Statevector methods are functional — evolve returns a NEW Statevector and leaves the original untouched, so the call yields a state, never None.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q035

s1-q035 · predict-output · difficulty 3/3

For a = Statevector.from_label('0') and b = Statevector.from_label('1'), what is a.tensor(b)?

from qiskit.quantum_info import Statevector

a = Statevector.from_label('0')
b = Statevector.from_label('1')
print(a.tensor(b).data)


A.|10⟩ (a 1 at index 2): tensor puts a on qubit 0 and b on the higher qubit

B.|11⟩ (a 1 at index 3): both qubits are set

C.the zero vector [0,0,0,0]: tensoring orthogonal states vanishes

D.|01⟩ (a 1 at index 1): tensor puts a on the higher-index qubit and b on qubit 0

E.a length-2 vector [0, 1]: a.tensor(b) with a = |0⟩ leaves b unchanged

Show answer →
s1-q035 — answer

s1-q035 — answer

Correct: D

a.tensor(b) = a ⊗ b places the caller a on the higher-index qubit (qubit 1) and b on qubit 0. With a = |0⟩ and b = |1⟩ that is |q1 q0⟩ = |01⟩, a single 1 at index 1.

Why the others are wrong:

A.That is what a.expand(b) (= b ⊗ a) would give. tensor keeps the caller on the high qubit, so the result is |01⟩ (index 1), not |10⟩ (index 2).

B.|11⟩ would require both single-qubit states to be |1⟩; here a = |0⟩.

C.The tensor product of two normalized states is a normalized 4-vector with one nonzero amplitude, not the zero vector.

E.No-op-tensor misconception: tensoring is not multiplication by one — combining two single-qubit states always yields a two-qubit, four-amplitude state, whatever the labels are.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q036

s1-q036 · spot-bug · difficulty 3/3

This code tries to read the statevector of a circuit but raises an error. What is the true cause and correct fix?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1, 1)
qc.h(0)
qc.measure(0, 0)
sv = Statevector.from_instruction(qc)


A.The circuit is missing Aer's qc.save_statevector() call; add it before the measure

B.Statevector cannot represent a superposition; use DensityMatrix.from_instruction instead

C.Measurement is not unitary, so from_instruction cannot evolve it; drop measure

D.from_instruction needs a backend; pass backend=AerSimulator() to it

E.Use Statevector(qc) instead — the constructor tolerates measured circuits

Show answer →
s1-q036 — answer

s1-q036 — answer

Correct: C

Statevector.from_instruction simulates unitary evolution and cannot process a measure (which is non-unitary and involves classical bits). The fix is to remove the measurement and take the statevector of the pure-unitary circuit.

Why the others are wrong:

A.Statevector.from_instruction is exact algebraic evolution of a unitary circuit; it needs no save instruction. Appending Aer's save_statevector() makes matters worse — that instruction is not unitary either, so from_instruction raises on it as well.

B.Statevector represents superpositions fine (H|0⟩ works). Switching to DensityMatrix.from_instruction on the same circuit raises the same measurement error, so it is not the fix.

D.from_instruction takes no backend argument and does not run on hardware; the error is about the measurement, not a missing backend.

E.Constructor-vs-classmethod misconception: Statevector(circuit) delegates to the very same instruction evolution, so it raises the identical error. No entry point can simulate a measurement into a pure state.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q037

s1-q037 · predict-output · difficulty 3/3

A two-qubit circuit applies H to qubit 0 only. As a tensor product, what is Operator(qc)?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import Operator

qc = QuantumCircuit(2)
qc.h(0)
print(np.round(Operator(qc).data, 3))


A.a 2×2 matrix H — the idle qubit is dropped from the operator

B.I ⊗ H — the operator on qubit 0 sits on the RIGHT of the tensor product

C.H ⊗ I — the operator on qubit 0 sits on the LEFT of the tensor product

D.H ⊗ H — H is applied to both qubits

E.diag(H, I) — the idle qubit adds an operator block, not a tensor slot

Show answer →
s1-q037 — answer

s1-q037 — answer

Correct: B

Qiskit's little-endian convention puts qubit 0 on the RIGHT of the tensor product. A gate on qubit 0 with the other qubit idle is therefore I ⊗ H, a 4×4 operator.

Why the others are wrong:

A.The operator of a 2-qubit circuit is always 4×4. The idle qubit contributes an identity factor; it is not dropped.

C.H ⊗ I would put H on qubit 1 (the high, left factor). Since the gate is on qubit 0, H is the right factor: I ⊗ H.

D.H acts on qubit 0 only; qubit 1 is idle, so its factor is the identity, not H.

E.Direct-sum vs tensor-product confusion: an extra qubit multiplies the dimension by tensoring (2×2 → 4×4 with every entry replicated); it does not stack a separate block on the diagonal alongside the gate.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/guides/operator-class

Next question →
s1-q038

s1-q038 · predict-output · difficulty 1/3

What state does Statevector.from_int(2, dims=4) create for a two-qubit system?

from qiskit.quantum_info import Statevector

print(Statevector.from_int(2, dims=4).data)


A.|10⟩ — a 1 at index 2 (binary 10): qubit 1 = 1, qubit 0 = 0

B.|01⟩ — the integer 2 sets qubit 0 to 1

C.|2⟩ of a single 4-level qudit; not a valid two-qubit basis state

D.an equal superposition of two basis states, because dims=4

E.a QiskitError — dims may not be an int; it takes a tuple like (2, 2)

Show answer →
s1-q038 — answer

s1-q038 — answer

Correct: A

from_int(2, dims=4) creates the basis state whose integer index is 2 in a 4-dimensional (two-qubit) space: a single amplitude 1 at index 2, i.e. |10⟩ (qubit 1 = 1, qubit 0 = 0).

Why the others are wrong:

B.Integer 2 is binary 10, so qubit 1 (the high bit) is set, giving |10⟩. |01⟩ would be integer 1.

C.dims=4 here means a 4-dimensional space that factorizes as two qubits; index 2 is a perfectly valid two-qubit basis state |10⟩.

D.from_int builds a single basis state, never a superposition; dims only sets the total dimension.

E.dims-argument misconception: dims accepts an int (the total dimension), a tuple, or nothing at all — dims=4 is read as one 4-dimensional space split into two qubits.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q039

s1-q039 · predict-output · difficulty 2/3

A qubit starts in |0⟩ and an RY(π/3) rotation is applied. What is the probability of measuring outcome 1?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1)
qc.ry(np.pi / 3, 0)
print(Statevector.from_instruction(qc).probabilities())


A.0.75 = cos²(π/6) — P(1) = cos²(θ/2)

B.0.5 — any nonzero rotation angle yields an equal superposition

C.1.0 — RY(π/3) rotates |0⟩ all the way to |1⟩

D.0.25 = sin²(π/6) — for RY(θ)|0⟩, P(1) is always sin²(θ/2)

E.0.866 = sin(π/3) — the |1⟩ amplitude, unsquared and taken at the full θ

Show answer →
s1-q039 — answer

s1-q039 — answer

Correct: D

RY(θ)|0⟩ = cos(θ/2)|0⟩ + sin(θ/2)|1⟩, so P(1) = sin²(θ/2). With θ = π/3, sin²(π/6) = 0.5² = 0.25.

Why the others are wrong:

A.cos²(θ/2) = 0.75 is P(0), the probability of outcome 0. The two outcomes are swapped.

B.The rotation angle sets the split; only θ = π/2 gives 0.5/0.5. At θ = π/3 the state is closer to |0⟩.

C.|0⟩ reaches |1⟩ only at θ = π. At θ = π/3 the qubit is mostly still |0⟩ (P(1) = 0.25).

E.Amplitude-vs-probability error compounded with the full angle: the |1⟩ amplitude is sin(θ/2) = 0.5, and the probability is its square. Reading sin(θ) straight off the rotation angle doubles the error.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q040

s1-q040 · predict-output · difficulty 2/3

For the state RY(π/3)|0⟩, what is the expectation value ⟨Z⟩?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector, Pauli

qc = QuantumCircuit(1)
qc.ry(np.pi / 3, 0)
sv = Statevector.from_instruction(qc)
print(sv.expectation_value(Pauli('Z')))


A.0.25 — ⟨Z⟩ equals P(1) = sin²(θ/2)

B.0.866 = cos(π/6) = cos(θ/2)

C.0.5 = cos(π/3) — ⟨Z⟩ = cos θ for RY(θ)|0⟩

D.−0.5 — ⟨Z⟩ = −cos θ

E.−0.866 — a sign slip plus the half angle

Show answer →
s1-q040 — answer

s1-q040 — answer

Correct: C

For RY(θ)|0⟩ the populations are cos²(θ/2) on |0⟩ and sin²(θ/2) on |1⟩, so ⟨Z⟩ = cos²(θ/2) − sin²(θ/2) = cos θ. With θ = π/3, cos(π/3) = 0.5.

Why the others are wrong:

A.0.25 is P(1) = sin²(θ/2), a probability, not the Z expectation value. ⟨Z⟩ = cos θ = 0.5.

B.cos(θ/2) = cos(π/6) ≈ 0.866 uses the half-angle. The expectation value uses the full angle: ⟨Z⟩ = cos θ.

D.The sign is positive here: the state is weighted toward |0⟩ (the +1 eigenstate of Z), giving ⟨Z⟩ = +cos θ = +0.5.

E.Two errors at once: the half-angle cos(θ/2) belongs to the amplitude, not the expectation value, and ⟨Z⟩ for RY(θ)|0⟩ is +cos θ — the state stays in the upper half of the Bloch sphere for θ = π/3.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q041

s1-q041 · predict-output · difficulty 1/3

A Bell circuit applies H to qubit 0 then CX(0, 1). What does probabilities_dict() of the resulting statevector return?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
print(Statevector.from_instruction(qc).probabilities_dict())


A.{'00': 0.5, '11': 0.5} — the two qubits are perfectly correlated

B.{'00': 0.25, '01': 0.25, '10': 0.25, '11': 0.25} — all four outcomes equally likely

C.{'01': 0.5, '10': 0.5} — CX commonly produces the anti-correlated Bell pair

D.{'00': 1.0} — CX has no effect after H

E.{'0': 0.5, '1': 0.5} — probabilities_dict typically reports one key per qubit

Show answer →
s1-q041 — answer

s1-q041 — answer

Correct: A

H puts qubit 0 into |+⟩, then CX entangles the qubits into (|00⟩ + |11⟩)/√2. Measuring gives '00' or '11', each with probability 0.5 — perfect correlation.

Why the others are wrong:

B.Four equal outcomes would require two independent |+⟩ qubits (H on both). The CX creates entanglement, forbidding '01' and '10'.

C.(|01⟩ + |10⟩)/√2 is the anti-correlated Bell state (from an extra X). This circuit produces the correlated |00⟩/|11⟩ pair.

D.CX flips qubit 1 for the |1⟩ component of qubit 0, which is essential to the entanglement; it is far from a no-op.

E.Marginal-vs-joint confusion: probabilities_dict() returns the joint distribution keyed by full bitstrings. Per-qubit marginals require an explicit qargs argument, e.g. probabilities_dict([0]).

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q042

s1-q042 · predict-output · difficulty 2/3

For the Bell state (|00⟩ + |11⟩)/√2, what does sv.probabilities([0]) (the marginal distribution over qubit 0) return?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
sv = Statevector.from_instruction(qc)
print(sv.probabilities([0]))


A.[0.7071, 0.7071] — it returns amplitudes, not probabilities

B.[0.5, 0.5] — qubit 0 on its own is 0 or 1 with equal probability

C.[1.0, 0.0] — qubit 0 is generally measured as 0

D.[0.5, 0, 0, 0.5] — probabilities([0]) still returns all four joint outcomes

E.{'0': 0.5, '1': 0.5} — probabilities typically returns a dict keyed by outcome

Show answer →
s1-q042 — answer

s1-q042 — answer

Correct: B

Passing a qubit list to probabilities marginalizes over the rest. Qubit 0 of the Bell state is maximally mixed, so its marginal is [0.5, 0.5] (a length-2 vector for one qubit).

Why the others are wrong:

A.probabilities returns probabilities (which sum to 1), not amplitudes. 0.7071 is an amplitude magnitude, not a probability.

C.Qubit 0 is in an equal mixture, not fixed at 0. Both outcomes have probability 0.5.

D.probabilities([0]) returns the distribution over qubit 0 ALONE — a length-2 array — not all four joint outcomes.

E.Return-type confusion: probabilities() returns a NumPy array indexed by outcome; the dict-keyed form is the separate probabilities_dict() method.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q043

s1-q043 · predict-output · difficulty 1/3

What is the expectation value ⟨Z⟩ for the state |1⟩?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector, Pauli

qc = QuantumCircuit(1)
qc.x(0)   # prepare |1>
sv = Statevector.from_instruction(qc)
print(sv.expectation_value(Pauli('Z')))


A.+1 — |1⟩ is the +1 eigenstate of Z

B.0 — the measurement outcome is random

C.undefined — |1⟩ is not an eigenstate of Z

D.−1 — |1⟩ is the −1 eigenstate of Z

E.−0.5 — Z has eigenvalues ±1/2, like spin

Show answer →
s1-q043 — answer

s1-q043 — answer

Correct: D

Z = diag(1, −1). |1⟩ is its eigenvector with eigenvalue −1, so ⟨1|Z|1⟩ = −1.

Why the others are wrong:

A.+1 is the eigenvalue for |0⟩. |1⟩ picks up the lower diagonal entry, −1.

B.|1⟩ is a Z eigenstate, so the Z measurement is deterministic (always the −1 eigenvalue), not random.

C.|1⟩ IS an eigenstate of Z (eigenvalue −1); the expectation value is well-defined.

E.Spin-vs-Pauli normalization: the spin-z operator is ħ/2 times the Pauli Z, but Qiskit's Pauli('Z') is the bare Pauli matrix with eigenvalues ±1.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q044

s1-q044 · multi · difficulty 3/3

The qubit is in the state |+⟩ = H|0⟩. Which of the following statements are TRUE? Select all that apply. (Select all that apply.)

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector, Pauli

qc = QuantumCircuit(1)
qc.h(0)   # |+>
sv = Statevector.from_instruction(qc)


A.⟨Y⟩ = +1

B.⟨Z⟩ = 0

C.⟨X⟩ = +1

D.A Z-basis measurement yields outcome 1 with probability 1

E.|+⟩ is an eigenstate of X with eigenvalue +1

F.|+⟩ is an eigenstate of Y with eigenvalue +1

Show answer →
s1-q044 — answer

s1-q044 — answer

Correct: B, C, E

|+⟩ is the +1 eigenstate of X, so ⟨X⟩ = +1 and X|+⟩ = |+⟩ (statements C and E). Its Z-basis populations are equal, so ⟨Z⟩ = 0 (statement B).

Why the others are wrong:

A.⟨Y⟩ = 0 for |+⟩ (it lies on the +X axis of the Bloch sphere, with no Y component), not +1.

D.A Z-basis measurement of |+⟩ gives 0 or 1 each with probability 0.5, not outcome 1 with certainty.

F.Eigenstate-of-every-Pauli misconception: |+⟩ is an eigenstate of X only. The +1 eigenstate of Y is |+i⟩ = (|0⟩ + i|1⟩)/√2, a different state.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q045

s1-q045 · multi · difficulty 2/3

A qubit is in state |0⟩. After which of the following single operations does a computational-basis measurement STILL yield outcome 0 with probability 1? Select all that apply. (Select all that apply.)

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector


A.Applying H

B.Applying X

C.Applying Z

D.Applying T

E.Applying RY(π/2)

F.Applying SX

Show answer →
s1-q045 — answer

s1-q045 — answer

Correct: C, D

Z and T are diagonal (phase) gates: on |0⟩ they only multiply by a phase and leave the population entirely on |0⟩, so P(0) stays 1. H, X, and RY(π/2) all move amplitude to |1⟩.

Why the others are wrong:

A.H maps |0⟩ to |+⟩, giving P(0) = 0.5 — the population is no longer certain.

B.X flips |0⟩ to |1⟩, so P(0) becomes 0.

E.RY(π/2) rotates |0⟩ to |+⟩ (a real rotation that moves population), giving P(0) = 0.5.

F.Square-root-of-NOT misconception: sx is 'half a bit flip' only in the sense that two of them make an X — a single sx already produces equal |0⟩/|1⟩ magnitudes, so outcome 0 has probability 0.5.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operators-overview
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q047

s1-q047 · predict-output · difficulty 3/3

To measure |0⟩ in the X basis you apply H and then measure in the computational basis. What is the probability of the outcome 0, which corresponds to the |+⟩ result?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1)
# state is |0>; rotate the X basis onto the Z basis with H, then read P(0)
qc.h(0)
print(Statevector.from_instruction(qc).probabilities()[0])


A.0.5 — |0⟩ has equal overlap with |+⟩ and |−⟩

B.1.0 — |0⟩ always gives the |+⟩ outcome when measured in the X basis

C.0.0 — |0⟩ and |+⟩ are orthogonal, so this outcome may not occur

D.0.7071 — the probability equals the amplitude 1/√2

E.0.25 — the amplitude is usually squared twice over

Show answer →
s1-q047 — answer

s1-q047 — answer

Correct: A

|0⟩ = (|+⟩ + |−⟩)/√2, so it has probability 0.5 of each X-basis outcome. Applying H maps |0⟩ to |+⟩ = [0.7071, 0.7071], whose computational-basis probabilities are [0.5, 0.5]; P(0) = 0.5.

Why the others are wrong:

B.|0⟩ is not aligned with |+⟩; it is an equal superposition of |+⟩ and |−⟩, so the |+⟩ outcome is not certain.

C.|0⟩ is not orthogonal to |+⟩ — their overlap is ⟨+|0⟩ = 1/√2, giving probability |1/√2|² = 0.5.

D.0.7071 is the amplitude 1/√2; the probability is its square, 0.5.

E.Double-squaring error: the probability is |amplitude|² = (1/√2)² = 0.5. Squaring the probability again (0.5² = 0.25) applies the Born rule twice.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q048

s1-q048 · predict-output · difficulty 2/3

A hardware-efficient ansatz is built with the Qiskit 2.x circuit-library function efficient_su2. What does the last line print?

from qiskit.circuit.library import efficient_su2

ansatz = efficient_su2(4, reps=2)
print(ansatz.num_parameters)


A.8 — two rotation angles per qubit, since reps repeats only the entangling block

B.12 — num_qubits * (reps + 1), one rotation angle per qubit per layer

C.16 — 2 * num_qubits * reps, with no rotation layer after the last block

D.24 — 2 * num_qubits * (reps + 1), an ry and an rz per qubit in every rotation layer

E.32 — 2 * num_qubits * (reps + 2), a rotation layer on both sides of each block

F.0 — the function form hands back a circuit whose angles are already bound

Show answer →
s1-q048 — answer

s1-q048 — answer

Correct: D

efficient_su2 alternates a rotation layer (an ry followed by an rz on every qubit, so 2 angles per qubit) with an entangling cx layer, and reps counts the alternating blocks. Because a final rotation layer is appended after the last entangler, there are reps + 1 rotation layers in total: 2 x 4 x (2 + 1) = 24 free parameters. The entangling cx gates carry no angles.

Why the others are wrong:

A.This treats the rotation angles as shared across repetitions. Every rotation layer gets its own fresh parameters; reps multiplies the angle count, it does not reuse it.

B.num_qubits * (reps + 1) is the real_amplitudes count — that ansatz uses one ry per qubit per layer. efficient_su2 places two rotations (ry and rz) per qubit, doubling it.

C.This drops the trailing rotation layer. It is the count you would get from efficient_su2(4, reps=2, skip_final_rotation_layer=True); with the default the last block is followed by one more rotation layer.

E.There is one rotation layer more than reps, not two: the layers alternate rotation-entangle-rotation-entangle-rotation, giving reps + 1 rotation layers.

F.The function returns a plain QuantumCircuit that is still parameterized — the angles are ParameterVector elements you bind later with assign_parameters. Only the class-based builders were deprecated in Qiskit 2.1, not the parameterization.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/circuit_library
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.library.efficient_su2

Next question →
s1-q049

s1-q049 · predict-output · difficulty 2/3

The Quantum Fourier Transform is applied to a 4-qubit register with the library gate QFTGate, and the circuit is then expanded one level. What does the last line print?

from qiskit import QuantumCircuit
from qiskit.circuit.library import QFTGate

qc = QuantumCircuit(4)
qc.append(QFTGate(4), range(4))

print(dict(qc.decompose().count_ops()))


A.{'qft': 1}

B.{'h': 4, 'cp': 6, 'swap': 2}

C.{'h': 4, 'cp': 6}

D.{'h': 4, 'cx': 6, 'swap': 2}

E.{'h': 4, 'cp': 12, 'swap': 2}

F.{'h': 4, 'cp': 6, 'swap': 4}

Show answer →
s1-q049 — answer

s1-q049 — answer

Correct: B

The textbook QFT on n qubits is one Hadamard per qubit plus one controlled-phase rotation for each unordered pair of qubits, followed by a bit-reversal made of swaps. For n = 4 that is 4 h, 4*3/2 = 6 cp, and 2 swap gates (a 4-qubit reversal swaps two pairs). QFTGate stores that circuit as its definition, so a single decompose() step replaces the opaque qft instruction with exactly those gates.

Why the others are wrong:

A.decompose() expands one level of definitions, and QFTGate has a definition — it is a library gate, not a hardware primitive. {'qft': 1} is what count_ops() reports before the expansion.

C.The bit-reversal swaps belong to the definition; QFTGate takes no argument to suppress them (its constructor accepts a qubit count and nothing else). The deprecated QFT class was the one with do_swaps.

D.One decompose() step stops at the controlled-phase gates. Turning each cp into cx plus single-qubit rotations is a translation to a hardware basis, which is the transpiler's job, not decompose()'s.

E.One rotation per *unordered* pair: qubit i controls a phase on qubit j once, not once in each direction. Counting ordered pairs doubles the true number.

F.Reversing a register of 4 qubits takes floor(4/2) = 2 swaps — the outer pair and the inner pair. One swap per qubit would undo half of the reversal.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/circuit_library
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.library.QFTGate

Next question →
s1-q050

s1-q050 · mcq · difficulty 1/3

You want a 3-qubit hardware-efficient variational ansatz whose gate set is nothing but ry rotations and cx entanglers, so that every amplitude it can prepare stays real. Which single circuit-library call builds it?

from qiskit.circuit.library import (
    efficient_su2,
    excitation_preserving,
    pauli_two_design,
    quantum_volume,
    real_amplitudes,
    zz_feature_map,
)


A.efficient_su2(3) — the SU(2) ansatz, which layers an ry and an rz on each qubit

B.zz_feature_map(3) — the second-order data-encoding map built from h and p gates

C.pauli_two_design(3, seed=7) — randomly drawn rx/ry/rz layers with cz entanglers

D.quantum_volume(3, seed=7) — stacked layers of Haar-random two-qubit unitary blocks

E.real_amplitudes(3) — alternating ry layers and cx entanglement

F.excitation_preserving(3) — rz rotations around particle-number-preserving blocks

Show answer →
s1-q050 — answer

s1-q050 — answer

Correct: E

real_amplitudes is the RY-only member of the n-local family: it alternates a layer of ry rotations (one parameter per qubit) with a cx entanglement layer, and nothing else. Because RY and CX both have real matrices, every state it can prepare has real amplitudes — hence the name. Since Qiskit 2.1 the function form is the supported entry point; the RealAmplitudes class still works but is deprecated for removal in 3.0.

Why the others are wrong:

A.efficient_su2 is the same skeleton with a *pair* of rotations per qubit — ry then rz. The rz layer makes amplitudes complex and doubles the parameter count, so its gate set is not RY+CX.

B.A feature map encodes classical data, it is not a variational ansatz: its parameters are the input features. zz_feature_map builds Hadamards and phase gates around its entanglers.

C.The Pauli two-design draws its rotation axes randomly from X, Y and Z, and it entangles with cz. Its amplitudes are not restricted to the reals.

D.quantum_volume is a benchmarking circuit of random two-qubit unitary blocks. It carries no free parameters at all, so there is nothing for an optimizer to vary.

F.The excitation-preserving ansatz conserves particle number using rz rotations and two-qubit interaction blocks; that structure is chosen for chemistry problems, not for a plain RY+CX ansatz.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/circuit_library
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.library.real_amplitudes

Next question →
s1-q051

s1-q051 · mcq · difficulty 2/3

Starting from |00>, a three-gate sequence prepares a two-qubit product state whose plot_bloch_multivector rendering is shown below. Which sequence prepared it?

[image: Two Bloch spheres side by side, titled 'qubit 0' and 'qubit 1'. The qubit 0 sphere has its arrow lying in the equatorial plane pointing along the negative y axis; the qubit 1 sphere has its arrow pointing straight down at the |1> pole.]

A.qc.h(0), then qc.s(0), then qc.x(1)

B.qc.sdg(0), then qc.h(0), then qc.x(1)

C.qc.h(1), then qc.sdg(1), then qc.x(0)

D.qc.h(0), then qc.sdg(0), then qc.x(1)

E.qc.h(0), then qc.sdg(0), then qc.z(1)

Show answer →
s1-q051 — answer

s1-q051 — answer

Correct: D

h(0) takes qubit 0 to |+>, whose Bloch arrow points along +x. sdg is a -90 degree rotation about z, so it swings that equatorial arrow from +x to -y — the direction drawn on the first sphere. x(1) flips qubit 1 from |0> to |1>, which is the arrow pointing at the south pole of the second sphere. The state stays a product state, so each sphere carries a full-length arrow.

Why the others are wrong:

A.S versus S-dagger: s rotates by +90 degrees about z, sending the +x arrow to +y — the opposite equatorial direction from the one drawn.

B.Order matters: applying sdg to |0> only adds a phase, so the arrow is still at the north pole when h runs, and the sequence leaves qubit 0 pointing along +x rather than -y.

C.Qubit-index swap: this prepares the equatorial arrow on qubit 1 and the flipped arrow on qubit 0, which is the mirror image of the sphere titles in the figure.

E.z on |0> is a phase only, so qubit 1 would still point at the north pole; nothing in this sequence flips it to |1>.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.library.SGate

Next question →
s1-q052

s1-q052 · predict-output · difficulty 2/3

Which plot_state_city figure does this code produce?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_state_city

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
qc.s(1)

plot_state_city(Statevector(qc))


A.[image: City plot of a two-qubit density matrix: the real-part panel carries two bars of height 0.5 on the |00><00| and |11><11| diagonal cells; the imaginary-part panel carries two off-diagonal bars, positive on the |00><11| cell and negative on the |11><00| cell.]


B.[image: City plot of a two-qubit density matrix: the real-part panel carries two bars of height 0.5 on the |00><00| and |11><11| diagonal cells; the imaginary-part panel carries two off-diagonal bars, negative on the |00><11| cell and positive on the |11><00| cell.]


C.[image: City plot of a two-qubit density matrix: the real-part panel carries two diagonal bars of height 0.5 plus two negative off-diagonal bars on the |00><11| and |11><00| cells; the imaginary-part panel is flat.]


D.[image: City plot of a two-qubit density matrix: half of the sixteen cells of the real-part panel carry a bar of magnitude 0.25 and the rest are flat, and the imaginary-part panel is filled in the complementary pattern with bars of the same magnitude.]


E.[image: City plot of a two-qubit density matrix: the real-part panel carries two diagonal bars of height 0.5 plus two positive off-diagonal bars on the |00><11| and |11><00| cells; the imaginary-part panel is flat.]


Show answer →
s1-q052 — answer

s1-q052 — answer

Correct: B

A city plot draws the density matrix: the left panel is its real part, the right panel its imaginary part. h(0) and cx(0, 1) build (|00> + |11>)/sqrt(2), and s(1) multiplies the |11> amplitude by i, giving (|00> + i|11>)/sqrt(2). The populations stay at 0.5 on the |00> and |11> diagonal cells, but the coherence moves out of the real panel: rho[|00><11|] = -0.5i and rho[|11><00|] = +0.5i, so the imaginary panel gains the two off-diagonal bars with those signs.

Why the others are wrong:

A.S versus S-dagger: sdg would multiply the |11> amplitude by -i, which flips the sign of both imaginary off-diagonal bars relative to the drawing this code produces.

C.s is a quarter turn, not a half turn: z would multiply |11> by -1, keeping the coherence real and negative and leaving the imaginary panel flat.

D.Entanglement dropped: replacing cx with a second h gives a product state, whose density matrix has a bar in every one of the sixteen cells instead of only on the |00>/|11> block.

E.Treats the phase gate as unobservable: without s the coherence stays real and positive, so the imaginary panel would be flat. The phase here is relative, not global, so it does show up.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s1-q053

s1-q053 · mcq · difficulty 1/3

Each figure below draws a single-qubit circuit built from three library gates. Which drawn circuit implements the same operation as a single x gate, up to global phase?


A.[image: Circuit diagram on one wire labelled q: three boxed gates in a row, H then X then H.]


B.[image: Circuit diagram on one wire labelled q: three boxed gates in a row, S then X then S-dagger.]


C.[image: Circuit diagram on one wire labelled q: three boxed gates in a row, Z then H then Z.]


D.[image: Circuit diagram on one wire labelled q: three boxed gates in a row, H then S then H.]


E.[image: Circuit diagram on one wire labelled q: three boxed gates in a row, H then Z then H.]


Show answer →
s1-q053 — answer

s1-q053 — answer

Correct: E

Conjugating by Hadamard swaps the X and Z axes: H Z H = X exactly. The drawn H-Z-H circuit therefore has the same unitary as a bare x gate, which Operator.equiv confirms (here even without a phase difference).

Why the others are wrong:

A.The conjugation runs the other way: H X H = Z, so this drawing is a Z gate, not an X gate.

B.Conjugating X by the phase gate rotates it inside the equatorial plane: S X S-dagger = Y.

C.Z H Z is not a Pauli at all — it is the Hadamard reflected about the z axis, a mix of X and Z.

D.H S H is a quarter turn about x, the square root of X. Squaring it would give X, but the drawn circuit itself is not equivalent to X.

Read more:
https://quantum.cloud.ibm.com/docs/guides/operator-class
https://quantum.cloud.ibm.com/docs/guides/operators-overview

Next question →
s1-q054

s1-q054 · predict-output · difficulty 2/3

Which figure is the plot_bloch_multivector rendering produced by this code?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_bloch_multivector

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)

plot_bloch_multivector(Statevector(qc))


A.[image: Two Bloch spheres titled 'qubit 0' and 'qubit 1'. The qubit 0 sphere carries a full-length arrow pointing along +x, towards the front of the sphere; the qubit 1 sphere carries a full-length arrow pointing up at the |0> pole.]


B.[image: Two Bloch spheres titled 'qubit 0' and 'qubit 1'. Each sphere carries a short arrow, well inside the surface, pointing up towards the |0> pole.]


C.[image: Two Bloch spheres titled 'qubit 0' and 'qubit 1'. Neither sphere carries an arrow of any length; both are drawn empty, with only the axes and the |0>/|1> pole labels.]


D.[image: Two Bloch spheres titled 'qubit 0' and 'qubit 1'. Each sphere carries a full-length arrow pointing along +x, towards the front of the sphere.]


E.[image: Two Bloch spheres titled 'qubit 0' and 'qubit 1'. The qubit 0 sphere carries a full-length arrow pointing up at the |0> pole; the qubit 1 sphere carries a full-length arrow pointing down at the |1> pole.]


Show answer →
s1-q054 — answer

s1-q054 — answer

Correct: C

plot_bloch_multivector draws one sphere per qubit from that qubit's reduced density matrix, and the arrow it draws is the reduced Bloch vector. For a maximally entangled pair each reduced state is the maximally mixed I/2, whose Bloch vector is exactly zero — so the drawer has no direction to draw and both spheres come out empty. A missing arrow is therefore the visual signature of entanglement: the pair has a definite joint state while neither qubit has a state of its own.

Why the others are wrong:

A.Only the H applied: h(0) alone leaves a product state, qubit 0 pointing along +x and qubit 1 still at the |0> pole. The CX is what destroys both single-qubit directions.

B.Partial entanglement: shortened arrows are what a partially entangled pair gives, for example ry(pi/3, 0) before the CX. An even superposition entangles maximally, and the arrows collapse to nothing rather than to a stub.

D.Superposition read as a per-qubit property: two +x arrows is h on each qubit separately, a product state. In the stem the second qubit never receives an H, it receives a CX.

E.Correlation confused with anti-alignment: the Bell pair does not put one qubit at |0> and the other at |1>. That drawing is a plain computational-basis product state, which carries no entanglement at all.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization
Questions — Section 2: Visualize quantum circuits, measurements, and states

37 questions. Answers follow each question on the next page. Start →
s2-q010

s2-q010 · predict-output · difficulty 1/3

What does this script print?

from qiskit import QuantumCircuit

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)

print(type(qc.draw()).__name__)
print(type(qc.draw("mpl")).__name__)


A.str then Figure

B.TextDrawing then Figure

C.TextDrawing then Axes

D.str then AxesImage

E.TextDrawing then Image

F.NoneType then Figure

Show answer →
s2-q010 — answer

s2-q010 — answer

Correct: B

With no output argument, QuantumCircuit.draw() defaults to the text renderer and returns a TextDrawing object (its __str__ produces the ASCII art). draw("mpl") returns a full matplotlib.figure.Figure — the object you can savefig() or embed — so the two printed class names are TextDrawing and Figure.

Why the others are wrong:

A.Confuses the printable object with a bare string: draw() returns a TextDrawing, not str; only str(qc.draw()) or draw('latex_source') yields a plain string.

C.The mpl renderer returns the whole Figure, not a single Axes; returning the Figure is what lets you save or further style the drawing.

D.Both halves are wrong: the default is TextDrawing (not str) and mpl returns a Figure (not an AxesImage, which is an image-plot artist).

E.Mixes up the renderers: the latex output is the one that returns a PIL Image (and needs a LaTeX toolchain); mpl hands back a matplotlib Figure.

F.Assumes draw() only prints the diagram as a side effect and returns nothing. It returns a TextDrawing; notebooks merely display its __repr__ automatically.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q011

s2-q011 · mcq · difficulty 2/3

This 3-qubit circuit has operations only on qubits 0 and 2; qubit 1 is untouched. Which draw() call removes the empty qubit-1 wire from the rendering, so only the active qubits are shown?

from qiskit import QuantumCircuit

qc = QuantumCircuit(3)
qc.x(0)
qc.x(2)
# qubit 1 carries no operations


A.qc.draw("text", idle_wires=True)

B.qc.draw("text", idle_wires=False)

C.qc.draw("text", plot_barriers=False)

D.qc.draw("text", reverse_bits=True)

E.qc.draw("text", idle_wires="auto")

F.qc.draw("text", cregbundle=False)

Show answer →
s2-q011 — answer

s2-q011 — answer

Correct: B

idle_wires=False tells the drawer to omit any qubit (or clbit) wire that has no operations on it, so the qubit-1 line disappears and only qubits 0 and 2 are drawn. It works the same across the text, mpl, and latex renderers.

Why the others are wrong:

A.idle_wires=True is the default value — it keeps every wire, so the empty qubit-1 line is still drawn.

C.plot_barriers only toggles whether barrier instructions are shown; it has no effect on idle qubit wires.

D.reverse_bits only flips the top-to-bottom ordering of the wires; all three wires, including the idle one, are still rendered.

E.The "auto" setting only drops idle wires for a circuit that carries a transpiler layout; this circuit was never transpiled, so every wire — including the idle qubit 1 — is still drawn.

F.cregbundle controls whether classical registers are bundled onto one wire; it says nothing about qubit wires, so the idle qubit 1 line survives.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q012

s2-q012 · mcq · difficulty 2/3

In the default text drawing of this circuit, qubit q_0 is on the top wire. What does passing reverse_bits=True to draw() change?

from qiskit import QuantumCircuit

qc = QuantumCircuit(2)
qc.x(0)

print(qc.draw("text", reverse_bits=True))


A.The wires are reordered so q_1 is drawn on top and q_0 on the bottom.

B.The control and target roles of two-qubit gates such as cx are usually swapped.

C.Only the classical bits are relabeled; the qubit wire order is unchanged.

D.The endianness of the measurement counts produced by the circuit is reversed.

E.The draw output also mirrors the gate sequence, so operations are usually rendered in reverse time order.

Show answer →
s2-q012 — answer

s2-q012 — answer

Correct: A

reverse_bits is a rendering-only option: it flips the top-to-bottom order in which the qubit (and clbit) wires are drawn. By default Qiskit puts qubit 0 on top; with reverse_bits=True the highest-index qubit goes on top, so q_1 moves above q_0. The circuit's operations and its results are untouched.

Why the others are wrong:

B.Reversing the drawing order never changes gate semantics — the control and target qubits of a cx keep their roles; only their vertical positions in the picture move.

C.It reorders the qubit wires themselves (and clbits too), not merely classical-bit labels.

D.draw() only produces a picture; it does not execute the circuit, so it cannot change any measurement counts or their endianness.

E.That describes QuantumCircuit.reverse_ops(), a circuit transformation. reverse_bits is a drawing option for the wire order and leaves the left-to-right time order alone.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q013

s2-q013 · mcq · difficulty 3/3

You want a circuit in which an X on qubit 0 runs only when the earlier measurement stored a 1 in c[0], and you want it to render with a classical-control (If) block when drawn. In Qiskit SDK 2.x, which line correctly adds that conditional operation?

from qiskit import QuantumCircuit

qc = QuantumCircuit(1, 1)
qc.h(0)
qc.measure(0, 0)
# ... add the conditional X here, then qc.draw("text")


A.with qc.if_test((qc.clbits[0], 1)): then qc.x(0)

B.qc.x(0).c_if(qc.clbits[0], 1) — the InstructionSet method

C.qc.x(0).condition = (qc.clbits[0], 1) — set the attribute

D.qc.x(0, condition=(qc.clbits[0], 1)) — a gate keyword argument

E.with qc.if_test(qc.clbits[0] == 1): then qc.x(0)

Show answer →
s2-q013 — answer

s2-q013 — answer

Correct: A

In Qiskit 2.x classical feedforward is expressed with the if_test context manager. Operations added inside the with qc.if_test((clbit, value)): block run only when the condition holds, and the drawer renders them inside a boxed If-0 ... End-0 block attached to the classical wire.

Why the others are wrong:

B.InstructionSet.c_if was the v0.x/v1 way to attach a condition, but it was removed in Qiskit 2.0 — calling it now raises AttributeError, so nothing is added to the circuit.

C.InstructionSet (what qc.x(0) returns) has no assignable condition attribute; this raises AttributeError and builds no conditional.

D.QuantumCircuit.x() accepts no condition keyword; passing one raises a TypeError.

E.if_test wants a (clbit, value) tuple (or a qiskit.circuit.classical.expr condition). A plain Python == on a Clbit evaluates to a bare bool, which the context manager cannot unpack — it raises TypeError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits

Next question →
s2-q014

s2-q014 · mcq · difficulty 1/3

Instead of the qc.draw() method, you want to use the standalone drawer function to render circuit qc as text. Which import and call is correct in Qiskit 2.x?

from qiskit import QuantumCircuit

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)


A.from qiskit.visualization import circuit_drawer then circuit_drawer(qc, output="text")

B.from qiskit.tools import circuit_drawer then circuit_drawer(qc, "text")

C.from qiskit import circuit_drawer then circuit_drawer(qc)

D.from qiskit.visualization.circuit import draw_circuit then draw_circuit(qc, output="text")

E.from qiskit.visualization import circuit_drawer then circuit_drawer(qc, format="text")

Show answer →
s2-q014 — answer

s2-q014 — answer

Correct: A

circuit_drawer is the function form of QuantumCircuit.draw() and lives in qiskit.visualization. Called as circuit_drawer(qc, output="text") it returns the same TextDrawing the method would; the two APIs are equivalent.

Why the others are wrong:

B.The old qiskit.tools namespace was removed; importing the drawer from there raises ModuleNotFoundError.

C.circuit_drawer is not re-exported from the top-level qiskit package, so this import raises ImportError.

D.There is no draw_circuit function anywhere in qiskit.visualization or its circuit submodule — the drawer is named circuit_drawer, so this import raises ImportError.

E.Right import, near-miss keyword: the renderer is selected with output=, and circuit_drawer has no format parameter, so this raises TypeError.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits

Next question →
s2-q015

s2-q015 · spot-bug · difficulty 2/3

This cell is meant to produce a Matplotlib figure of the circuit but raises an error. What is the correct fix?

from qiskit import QuantumCircuit

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)

fig = qc.draw(output="matplotlib")   # raises VisualizationError


A.Use qc.draw(output="mpl") — "matplotlib" is not a valid output type.

B.Use qc.draw(output="figure").

C.Keep the string but add the flag: qc.draw(output="matplotlib", interactive=True).

D.The string is correct; install pylatexenc to make the Matplotlib renderer work.

E.Call the standalone circuit_drawer(qc, output="matplotlib") instead — the function takes the long name.

Show answer →
s2-q015 — answer

s2-q015 — answer

Correct: A

The output argument selects the renderer by a short name. The Matplotlib renderer's name is "mpl", not "matplotlib". Any unrecognized value raises VisualizationError; the accepted values are text, mpl, latex, and latex_source.

Why the others are wrong:

B."figure" is also not a recognized output type — the same VisualizationError is raised. The Matplotlib output is spelled "mpl".

C.Adding a flag does not fix an invalid output name; the VisualizationError about the unrecognized "matplotlib" value is raised before any rendering happens.

D.pylatexenc is a dependency of the LaTeX renderer, not mpl. The failure here is purely the invalid output string, so installing it changes nothing.

E.The method and the function share one renderer registry, so the standalone circuit_drawer rejects "matplotlib" with the same VisualizationError; the valid choices are text, latex, latex_source and mpl.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q016

s2-q016 · mcq · difficulty 2/3

When drawing this circuit you want each qubit wire annotated at its left edge with its starting state |0⟩. Which draw() call adds those initial-state labels?

from qiskit import QuantumCircuit

qc = QuantumCircuit(2)
qc.h(0)


A.qc.draw("text", plot_barriers=True)

B.qc.draw("text", with_initial_state=True)

C.qc.draw("text", initial_state=True)

D.qc.draw("text", vertical_compression="high")

E.qc.draw("text", style={"initial_state": True})

F.qc.draw("text", initial_states=True)

Show answer →
s2-q016 — answer

s2-q016 — answer

Correct: C

The initial_state argument (default False) tells the drawer to prefix every qubit and clbit wire with its initial value, so each qubit line begins with a |0> label. It is accepted by all of the drawer's output backends.

Why the others are wrong:

A.plot_barriers only controls whether barrier instructions are drawn; it adds no initial-state labels.

B.There is no with_initial_state parameter; the argument is named initial_state, so this spelling raises a TypeError.

D.vertical_compression adjusts the vertical spacing of the text drawing; it does not add |0> labels.

E.The style dictionary configures colours and gate faces for the mpl/latex renderers; it is not a way to reach drawer flags, so the text drawing comes back without any |0⟩ labels.

F.Plural near-miss: the parameter is initial_state (singular). draw() has a fixed signature and no catch-all keyword, so the plural spelling raises TypeError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q017

s2-q017 · multi · difficulty 2/3

Select the TWO calls that each return a matplotlib.figure.Figure for circuit qc. (Select 2.) (Select all that apply.)

from qiskit import QuantumCircuit
from qiskit.visualization import circuit_drawer

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)


A.qc.draw("mpl")

B.circuit_drawer(qc, output="mpl")

C.qc.draw("matplotlib")

D.qc.draw()

E.circuit_drawer(qc, output="figure")

F.qc.draw("mpl", ax=plt.gca())

Show answer →
s2-q017 — answer

s2-q017 — answer

Correct: A, B

The Matplotlib renderer is selected by the output name "mpl", and it is available both as the method qc.draw("mpl") and as the function circuit_drawer(qc, output="mpl"). Both return a matplotlib.figure.Figure.

Why the others are wrong:

C."matplotlib" is not a valid output value — only "mpl" selects that renderer — so this raises VisualizationError.

D.With no output argument, draw() defaults to the text renderer and returns a TextDrawing, not a Figure.

E."figure" is not a recognized output value; the Matplotlib output is "mpl", so this raises VisualizationError.

F.When you pass your own Matplotlib Axes, the drawer renders into it and returns None — the caller already owns the figure, so nothing is handed back.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q018

s2-q018 · mcq · difficulty 1/3

You are preparing a figure of a quantum circuit for a published paper: you want colored gate boxes, a clean layout, and to save it as a high-resolution PNG with savefig. Which draw() output should you use?


A.output="mpl" — returns a Matplotlib Figure, typically styled and then written out with savefig.

B.output="text" — returns ASCII art, ideal for quick inspection in a terminal.

C.output="latex_source" — a LaTeX string, not a high-resolution image.

D.the default draw() with no argument — gives you the same ASCII text drawing.

E.output="latex" — the high-resolution renderer; typically returns a Matplotlib Figure for savefig.

Show answer →
s2-q018 — answer

s2-q018 — answer

Correct: A

The mpl renderer returns a matplotlib.figure.Figure, which supports colored gate boxes, style customization, and fig.savefig(...) to any raster or vector format. That is exactly what a publication-quality circuit figure needs.

Why the others are wrong:

B.The text renderer produces monochrome ASCII intended for terminals and logs; it cannot make colored boxes or a savable raster image.

C.latex_source returns a LaTeX string you would still have to compile yourself; it is not a ready-to-save high-resolution image and offers no Matplotlib styling.

D.With no argument draw() defaults to the text (ASCII) renderer — the opposite of the styleable, high-resolution figure you want.

E.The latex renderer needs an external LaTeX toolchain and gives back a PIL Image, not a Matplotlib Figure — there is no savefig method on it and no Matplotlib style hook for tuning the drawing.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q019

s2-q019 · predict-output · difficulty 2/3

This runs on a noiseless simulator. Which single bitstring carries probability 1 — i.e., where would plot_histogram place its one bar?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(3)
qc.x(0)
qc.x(2)
sv = Statevector.from_instruction(qc)

print(sv.probabilities_dict())


A.{'011': 1.0}

B.{'101': 1.0}

C.{'110': 1.0}

D.{'0x5': 1.0}

E.{5: 1.0}

Show answer →
s2-q019 — answer

s2-q019 — answer

Correct: B

Qiskit labels outcomes little-endian: the string is written q2 q1 q0 (highest-index qubit on the left). X flips qubits 0 and 2 to |1>, qubit 1 stays |0>, so the label is 1·0·1 = '101'. The single histogram bar sits at '101'.

Why the others are wrong:

A.'011' applies the reverse convention (q0 q1 q2 left-to-right). Qiskit puts qubit 0 on the RIGHT, so the set bits land at the rightmost and leftmost positions, giving '101'.

C.'110' also mis-orders the bits; the flipped qubits (0 and 2) map to the rightmost and leftmost characters, giving '101', not '110'.

D.probabilities_dict keys are binary bitstrings; '0x5' is the hexadecimal form of the state index (5), which is not how Qiskit labels these outcomes.

E.Keys are bitstring labels, not integers: probabilities_dict() returns np.str_ strings such as '101'. The integer indexing you are thinking of belongs to probabilities(), which returns a plain array.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-results
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q020

s2-q020 · mcq · difficulty 2/3

These counts come from a run with shots=1024 explicitly set (500 + 500 + 20 + 4 = 1024). Compared with plot_histogram(counts), what does plot_distribution(counts) display for the same data?

from qiskit.visualization import plot_histogram, plot_distribution

counts = {"00": 500, "11": 500, "01": 20, "10": 4}
# plot_histogram(counts)  vs  plot_distribution(counts)


A.plot_distribution normalizes the bars to probabilities summing to 1; plot_histogram plots raw counts.

B.They are identical; plot_distribution is a deprecated alias of plot_histogram.

C.plot_distribution shows raw counts and plot_histogram normalizes to probabilities — the roles are reversed.

D.plot_distribution requires a Statevector rather than a counts dict, so it raises a TypeError here.

E.plot_distribution normalizes the bars, but you have to hand it shots=1024 yourself; with no shots argument the two figures agree.

Show answer →
s2-q020 — answer

s2-q020 — answer

Correct: A

plot_histogram plots the raw counts (its y-axis is labeled Count and the bar heights add up to the number of shots). plot_distribution plots a normalized (quasi-)probability distribution, so its bar heights add up to 1. Both accept the same counts dict.

Why the others are wrong:

B.They are separate functions with different y-axes; plot_distribution is neither an alias nor deprecated.

C.This reverses reality — plot_histogram shows raw counts and plot_distribution shows normalized probabilities, not the other way around.

D.plot_distribution accepts a counts / quasi-probability dict directly; it does not require a Statevector, so it does not raise here.

E.plot_distribution derives the probabilities from the counts it is given — there is no shots parameter in its signature at all, and passing one raises TypeError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-results
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q021

s2-q021 · mcq · difficulty 2/3

The counts dict has four distinct bitstrings. What does plot_histogram(counts, number_to_keep=2) put on the x-axis?

from qiskit.visualization import plot_histogram

counts = {"01": 20, "00": 500, "10": 4, "11": 500}
fig = plot_histogram(counts, number_to_keep=2)


A.The two highest-count bitstrings plus one 'rest' bar holding all other outcomes.

B.Just the two highest-count bitstrings ('00' and '11'); the other outcomes are dropped.

C.The first two bitstrings in insertion order ('01' and '00'), with no aggregation.

D.The four original bitstrings; number_to_keep just widens the figure.

E.The two highest-count bitstrings plus a 'rest' bar whose height is the average of the dropped counts.

Show answer →
s2-q021 — answer

s2-q021 — answer

Correct: A

number_to_keep=N keeps the N bitstrings with the largest counts and folds every remaining outcome into a single bar labeled 'rest', so no probability weight is lost. Here the two largest are '00' and '11' (500 each), giving bars ['00', '11', 'rest'].

Why the others are wrong:

B.The remaining outcomes are not discarded — their combined weight is shown as the 'rest' bar, so the bars still account for all shots.

C.Selection is by count magnitude (the largest bars), not by dictionary insertion order, and the remainder IS aggregated into 'rest'.

D.number_to_keep controls how many individual bars are shown, not the figure size.

E.The rest bar aggregates by summing: it stands at 24, the sum of the 20 and 4 counts that were folded into it, not at their average of 12.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-results
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q022

s2-q022 · spot-bug · difficulty 2/3

After running a SamplerV2 job, this code tries to plot the measurement results but raises AttributeError. Which change plots the histogram correctly?

from qiskit.visualization import plot_histogram

# result = SamplerV2(mode=backend).run([isa_qc], shots=1024).result()
data = result[0].data.meas      # a BitArray
fig = plot_histogram(data)      # AttributeError


A.plot_histogram(result[0].data)

B.plot_histogram(result[0])

C.plot_histogram(result[0].data.meas.get_counts())

D.Keep the BitArray but pass shots: plot_histogram(data, shots=1024)

E.plot_histogram(result[0].data.meas.counts())

F.plot_histogram(result[0].data.meas.get_bitstrings())

Show answer →
s2-q022 — answer

s2-q022 — answer

Correct: C

plot_histogram expects a counts mapping (bitstring -> integer). A SamplerV2 result stores per-shot data as a BitArray; call its .get_counts() to obtain the counts dict, then pass that. result[0].data.meas.get_counts() is the fix.

Why the others are wrong:

A.result[0].data is a DataBin container; you still have to reach into the register's BitArray and call get_counts() before plotting.

B.result[0] is a PubResult, not a counts mapping; plot_histogram cannot read counts from it and raises AttributeError.

D.A BitArray has no counts-mapping interface, and plot_histogram has no shots keyword — this raises TypeError. You must call get_counts() first.

E.Near-miss method name: BitArray exposes get_counts() (plus get_int_counts() and get_bitstrings()), but no bare counts(), so this raises AttributeError too.

F.get_bitstrings() returns a flat list of per-shot bitstrings, not a counts mapping; plot_histogram then tries to read .values() off a str and raises AttributeError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-results
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q023

s2-q023 · mcq · difficulty 2/3

You ran the same circuit before and after error mitigation and want one histogram that overlays the two count dictionaries side by side, with a labeled legend. Which call does this?

from qiskit.visualization import plot_histogram

before = {"00": 480, "11": 300, "01": 120, "10": 124}
after  = {"00": 500, "11": 500, "01": 12, "10": 12}


A.plot_histogram(before + after, legend=["before", "after"])

B.plot_histogram(before, after, legend=["before", "after"])

C.plot_histogram({"before": before, "after": after})

D.plot_histogram([before, after], legend=["before", "after"])

E.plot_histogram([before, after], labels=["before", "after"])

F.plot_histogram([before, after], legend="before, after")

Show answer →
s2-q023 — answer

s2-q023 — answer

Correct: D

To overlay several result sets, pass a LIST of counts dicts as the single data argument and give a matching legend list. plot_histogram([before, after], legend=[...]) draws grouped bars per bitstring with the two runs color-coded and labeled.

Why the others are wrong:

A.Two dicts cannot be combined with + (that raises TypeError); overlaying requires a list of dicts, not addition.

B.plot_histogram takes one data argument; a second positional dict is consumed by the next parameter (figsize), which raises an error instead of overlaying.

C.A dict-of-dicts is not a list of counts; plot_histogram tries to read the outer dict as counts and raises a TypeError.

E.Right shape, near-miss keyword: the parameter that names the overlaid executions is legend; there is no labels parameter, so this raises TypeError.

F.legend is matched element-wise against the list of executions, so a single string is read as a sequence of characters and the call raises VisualizationError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-results
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q024

s2-q024 · predict-output · difficulty 2/3

Noiseless simulation. What outcome probabilities does this print — i.e., which bar dominates the histogram?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(1)
qc.ry(2 * np.pi / 3, 0)
sv = Statevector.from_instruction(qc)

print({k: round(v, 3) for k, v in sv.probabilities_dict().items()})


A.{'0': 0.933, '1': 0.067}

B.{'0': 0.75, '1': 0.25} — the '0' bar is taller.

C.{'0': 0.5, '1': 0.5} — the two bars are equal.

D.{'0': 0.25, '1': 0.75} — the '1' bar is three times taller.

E.{'0': 0.5, '1': 0.866} — the amplitudes, not their squares.

Show answer →
s2-q024 — answer

s2-q024 — answer

Correct: D

RY(θ)|0> = cos(θ/2)|0> + sin(θ/2)|1>, so P(1) = sin²(θ/2). With θ = 2π/3, θ/2 = π/3 and sin²(π/3) = 3/4. Thus P(0) = 0.25 and P(1) = 0.75, and the histogram's '1' bar is three times the height of the '0' bar.

Why the others are wrong:

A.This uses the full angle (cos²θ / sin²θ) instead of the half-angle θ/2. RY's rotation is by θ/2 on the state, giving the 0.25 / 0.75 split, not 0.933 / 0.067.

B.This swaps the two probabilities. P(1) = sin²(θ/2) = 0.75 is the larger one, so '1' dominates, not '0'.

C.Equal bars would need θ = π/2 (a balanced superposition); at θ = 2π/3 the state is biased toward |1>.

E.These are the amplitudes cos(θ/2) and sin(θ/2) of the rotated state. probabilities_dict() reports |amplitude|², so the printed values are their squares and they sum to 1.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-results
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states

Next question →
s2-q025

s2-q025 · mcq · difficulty 1/3

The counts dictionary below is built in a scrambled order. With no extra arguments, how does plot_histogram(counts) arrange the bars, and what does it return?

from qiskit.visualization import plot_histogram

counts = {"11": 10, "00": 40, "10": 5, "01": 7}
fig = plot_histogram(counts)


A.In the dictionary's insertion order ('11','00','10','01'); returns a matplotlib Figure.

B.Sorted by count with the tallest bar first; returns a matplotlib Figure.

C.Sorted in ascending bitstring order ('00','01','10','11'); returns a Figure.

D.Sorted ascending, but the call returns an Axes object instead of a matplotlib Figure.

E.Sorted in descending bitstring order ('11','10','01','00'); returns a Figure.

Show answer →
s2-q025 — answer

s2-q025 — answer

Correct: C

By default plot_histogram sorts the x-axis labels in ascending lexicographic (bitstring) order, independent of insertion order or bar height, and returns a matplotlib.figure.Figure. So the bars appear as '00','01','10','11'.

Why the others are wrong:

A.The bars are not left in insertion order; the default sort='asc' reorders them by bitstring value.

B.Sorting by count is not the default — you would need sort='value_desc'; by default it sorts by the bitstring label.

D.plot_histogram returns the whole Figure, not a bare Axes; returning the Figure is what lets you save or restyle it.

E.The default sort is ascending by bitstring, so '00' is the leftmost bar and '11' the rightmost; sort="desc" would be needed for the reverse and applies to values, not keys.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-results
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q026

s2-q026 · mcq · difficulty 1/3

You call plot_bloch_multivector(state) on this 3-qubit statevector. How many Bloch spheres are drawn, and what does the call return?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_bloch_multivector

qc = QuantumCircuit(3)
qc.h(0)
qc.x(1)
state = Statevector.from_instruction(qc)
fig = plot_bloch_multivector(state)


A.A single Bloch sphere summarizing the whole 3-qubit state; returns a Figure.

B.One Bloch sphere per qubit (3 spheres); returns a matplotlib Figure.

C.2^3 = 8 Bloch spheres, one per computational basis state; returns a Figure.

D.One sphere per qubit, but the call returns a list of Axes instead of a Figure.

E.Two spheres — the idle qubit 2 carries no gate, so the drawer skips it; returns a Figure.

F.Four spheres — one per qubit plus a summary sphere for the joint state; returns a Figure.

Show answer →
s2-q026 — answer

s2-q026 — answer

Correct: B

plot_bloch_multivector computes each qubit's reduced (single-qubit) state and draws one Bloch sphere per qubit, packed into a single matplotlib.figure.Figure. A 3-qubit state therefore yields 3 spheres.

Why the others are wrong:

A.It does not collapse the whole register into one sphere — a single sphere can only represent one qubit's reduced state.

C.The number of spheres tracks the number of qubits (n), not the number of basis states (2^n).

D.The function returns the whole Figure; the per-qubit axes live inside it.

E.The drawer works from the state, not from the circuit's gate list: a 3-qubit Statevector always yields 3 reduced states, and the idle qubit simply shows its |0⟩ arrow at the north pole.

F.There is no joint-state sphere: a Bloch sphere can only represent a single qubit's reduced state, so the figure holds exactly one sphere per qubit.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q027

s2-q027 · mcq · difficulty 2/3

After this circuit, plot_bloch_multivector draws the single qubit's arrow along which axis, and which state does that arrow represent?

from qiskit import QuantumCircuit

qc = QuantumCircuit(1)
qc.h(0)
qc.s(0)


A.The +X axis — the state |+> = (|0> + |1>)/√2.

B.The −Z axis — the state |1>.

C.The +Y axis — the state (|0> + i|1>)/√2.

D.The +Z axis — the state |0>.

E.The −Y axis — the state (|0> − i|1>)/√2.

Show answer →
s2-q027 — answer

s2-q027 — answer

Correct: C

H sends |0> to |+> (Bloch +X). The S gate = diag(1, i) adds a phase i to the |1> amplitude, rotating the vector 90° about Z from +X to +Y. The resulting state (|0> + i|1>)/√2 has Bloch vector (⟨X⟩,⟨Y⟩,⟨Z⟩) = (0, 1, 0), so the arrow points along +Y.

Why the others are wrong:

A.+X is the state right after H, before S. Applying S rotates the vector off the X axis by 90° about Z.

B.−Z (state |1>) would require flipping the qubit; H followed by S keeps it on the equator, not at a pole.

D.+Z (state |0>) is the starting point before any gate; H already moved the vector to the equator.

E.s applies a +i phase to the |1> component, rotating |+> towards +Y. The −Y state is what sdg (S†) would produce instead.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/guides/visualize-results

Next question →
s2-q028

s2-q028 · mcq · difficulty 1/3

On a single-qubit Bloch sphere the arrow points along the −X axis, i.e. the Bloch vector is (−1, 0, 0). Which state does this visualization represent?


A.|0>

B.|−> = (|0> − |1>)/√2

C.|1>

D.|+> = (|0> + |1>)/√2

E.|i> = (|0> + i|1>)/√2

F.|−i> = (|0> − i|1>)/√2

Show answer →
s2-q028 — answer

s2-q028 — answer

Correct: B

The Bloch vector is (⟨X⟩,⟨Y⟩,⟨Z⟩). A vector on the −X axis, (−1,0,0), means ⟨X⟩ = −1: the state is the −1 eigenstate of X, which is |−> = (|0> − |1>)/√2.

Why the others are wrong:

A.|0> sits at the north pole, Bloch vector (0,0,+1), not on the −X axis.

C.|1> sits at the south pole, Bloch vector (0,0,−1).

D.|+> is the +1 eigenstate of X, Bloch vector (+1,0,0) — the opposite end of the X axis from the arrow shown.

E.That state sits on the +Y axis, Bloch vector (0, 1, 0): its |1> component carries a factor i. A real −1 relative sign, not an imaginary one, points the arrow along −X.

F.This is the −Y state, Bloch vector (0, −1, 0). Reading the horizontal −X direction as an imaginary phase mixes up the two equatorial axes.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q029

s2-q029 · mcq · difficulty 1/3

You have a Statevector sv and want to render it as a q-sphere figure directly from the object. Which call does that?

from qiskit.quantum_info import Statevector

sv = Statevector.from_label("01")


A.sv.qsphere()

B.plot_qsphere(sv)

C.sv.draw("qsphere")

D.sv.draw("q_sphere")

E.sv.plot("qsphere")

Show answer →
s2-q029 — answer

s2-q029 — answer

Correct: C

Statevector.draw(output=...) is the object's entry point to the state-visualization drawers. Passing "qsphere" returns the q-sphere Figure (equivalent to plot_state_qsphere(sv)). Other valid tokens include "bloch", "city", "hinton", and "paulivec".

Why the others are wrong:

A.Statevector has no qsphere() method; state drawing goes through draw(output=...), so this raises AttributeError.

B.There is no top-level plot_qsphere; the function is named plot_state_qsphere, so this import/name fails.

D."q_sphere" (with an underscore) is not a recognized output token; the correct spelling is "qsphere", so this raises a ValueError.

E.Near-miss method name: the renderer entry point on a Statevector is draw; there is no plot method, so this raises AttributeError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q030

s2-q030 · mcq · difficulty 3/3

You prepare the Bell state (|00> + |11>)/√2 and call plot_bloch_multivector(state). What do the two Bloch spheres show?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
state = Statevector.from_instruction(qc)


A.Both arrows point to the north pole — each qubit is in |0>.

B.Both arrows point along +X — each qubit is in |+>.

C.The two spheres are joined by a single shared arrow representing the entanglement.

D.Each arrow shrinks to the center (zero length): each qubit's reduced state is maximally mixed.

E.The arrows point to opposite poles, one qubit at |0> and the other at |1>.

Show answer →
s2-q030 — answer

s2-q030 — answer

Correct: D

plot_bloch_multivector draws each qubit's reduced (single-qubit) state, obtained by tracing out the other qubit. For a Bell pair each reduced state is the maximally mixed I/2, whose Bloch vector is (0,0,0). So both arrows collapse to the center — the visual signature of maximal entanglement.

Why the others are wrong:

A.North pole (0,0,+1) would mean each qubit is separately in |0>, but entangling with the CX destroys any definite single-qubit state.

B.|+> is a pure equatorial state (length-1 vector); the reduced state of a Bell pair is not pure, so the vector is not on the surface.

C.The multivector plot renders each qubit's reduced state independently — it cannot draw a shared arrow; entanglement instead appears as zero-length vectors.

E.That would describe the product state |01>. The Bell state is a superposition of |00> and |11>, so neither qubit has a definite value and neither arrow reaches a pole.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s2-q031

s2-q031 · multi · difficulty 3/3

On a q-sphere, a node (marker) is drawn at every computational basis state whose amplitude is nonzero. For the state below, which basis states appear as nodes? (Select 2.) (Select all that apply.)

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_state_qsphere

qc = QuantumCircuit(3)
qc.h(1)
qc.x(2)
state = Statevector.from_instruction(qc)
fig = plot_state_qsphere(state)


A.|000>

B.|001>

C.|011>

D.|100>

E.|101>

F.|110>

Show answer →
s2-q031 — answer

s2-q031 — answer

Correct: D, F

H puts qubit 1 into a superposition and X sets qubit 2 to |1>; qubit 0 is untouched. In Qiskit's little-endian labels the string reads q2 q1 q0, so the state is (|100> + |110>)/√2 — qubit 2 is the leftmost character and is always 1, qubit 1 is the middle character and takes both values, qubit 0 is the rightmost and stays 0. Only those two basis states carry amplitude, so the q-sphere shows two nodes; node size encodes each amplitude's magnitude and node color its phase.

Why the others are wrong:

A.|000> would need qubit 2 to be |0>, but the X gate flipped it to |1>. Forgetting the X leaves you with the two nodes of a bare Hadamard.

B.|001> is the label of |100> read backwards, as if the leftmost character were qubit 0. Qiskit prints the highest-index qubit on the LEFT, so the X on qubit 2 shows up leftmost.

C.|011> is |110> read backwards — the same big-endian habit as the other reversed label. Under Qiskit's convention the set bits stay at the positions of qubits 2 and 1, which are the two leftmost characters.

E.|101> would require qubit 0 to be |1>, but nothing acts on qubit 0. This is the pair of nodes you get if the Hadamard is misread as acting on qubit 0 rather than qubit 1.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/guides/visualize-results

Next question →
s2-q032

s2-q032 · mcq · difficulty 3/3

On the q-sphere of this state, the node for |01> is drawn in a different color from the node for |10>, and the two nodes are the same size. What does that color difference encode?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_state_qsphere

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
qc.x(0)
qc.z(0)
state = Statevector.from_instruction(qc)
fig = plot_state_qsphere(state)


A.The amplitude magnitude — the |01> node usually carries a larger amplitude than |10>.

B.The relative phase of the amplitude — the |01> branch carries phase π while |10> has phase 0.

C.The Hamming weight (number of 1-bits) of the basis state.

D.Nothing meaningful — q-sphere nodes are all the same color and any difference is a rendering artifact.

E.Whether the amplitude has a nonzero imaginary part — real amplitudes typically share a colour.

Show answer →
s2-q032 — answer

s2-q032 — answer

Correct: B

On a q-sphere a node's SIZE encodes the amplitude magnitude and its COLOR encodes the amplitude's complex phase. Here |01> and |10> have equal magnitude (same size) but the Z gate multiplies the |01> branch by −1, giving it phase π versus phase 0 for |10> — so the colors differ.

Why the others are wrong:

A.The two amplitudes have equal magnitude (the nodes are the same size), and magnitude is shown by node size, not by color.

C.|01> and |10> have the same Hamming weight (one 1-bit each), so a color difference cannot be encoding Hamming weight — it is the phase that differs.

D.q-sphere nodes ARE color-coded by phase; the difference is meaningful, not an artifact.

E.Both amplitudes here are real (±1/√2, imaginary part 0) yet the nodes differ in colour: the colour wheel tracks the full phase angle, and a real negative amplitude is phase π.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q033

s2-q033 · mcq · difficulty 1/3

What input does each of plot_bloch_vector and plot_bloch_multivector expect?


A.Both take a quantum state; they differ only in the resulting figure size.

B.plot_bloch_vector takes a quantum state; plot_bloch_multivector takes a 3-number vector [x, y, z].

C.plot_bloch_vector takes a Bloch vector [x, y, z]; plot_bloch_multivector takes a quantum state.

D.Both take a 3-number vector [x, y, z]; plot_bloch_multivector usually repeats it across several spheres.

E.plot_bloch_vector takes a Bloch vector [x, y, z]; plot_bloch_multivector typically takes a list of such vectors.

Show answer →
s2-q033 — answer

s2-q033 — answer

Correct: C

plot_bloch_vector draws a single sphere from an explicit Bloch vector [x, y, z] (Cartesian by default). plot_bloch_multivector takes a quantum state (Statevector or DensityMatrix), computes each qubit's reduced state, and draws one Bloch sphere per qubit. Their inputs are different kinds of object.

Why the others are wrong:

A.plot_bloch_vector does not accept a quantum state — it expects the three numbers of a Bloch vector — so the two functions differ in input type, not just size.

B.This reverses the two: it is plot_bloch_vector that takes the 3-number vector and plot_bloch_multivector that takes a state.

D.plot_bloch_multivector rejects a bare 3-number vector (it raises 'Input is not a multi-qubit quantum state'); it needs an actual state.

E.The name suggests many vectors, but the multivector drawer takes one quantum state and derives each qubit's reduced Bloch vector itself; a list of [x, y, z] vectors is read as a state and rejected with a QiskitError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q034

s2-q034 · spot-bug · difficulty 2/3

You have the 2-qubit Bell state and want one Bloch sphere per qubit, but this line does not do that — plot_bloch_vector treats its argument as a raw [x, y, z] vector. Which call draws one sphere per qubit?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_bloch_vector, plot_bloch_multivector

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
state = Statevector.from_instruction(qc)
fig = plot_bloch_vector(state)   # does NOT produce per-qubit spheres


A.plot_bloch_vector(state, coord_type="spherical") — reinterpret the same input as spherical coordinates.

B.plot_bloch_vector(state.data) — pass the raw amplitude array instead.

C.plot_bloch_multivector([0, 0, 1]) — hand a Bloch vector to the multivector function.

D.plot_bloch_multivector(state) — pass the quantum state to the multivector drawer.

E.plot_bloch_multivector(partial_trace(state, [1])) — reduce to one qubit first, then draw.

Show answer →
s2-q034 — answer

s2-q034 — answer

Correct: D

plot_bloch_multivector is the function that takes a quantum state and renders one Bloch sphere per qubit (each from that qubit's reduced state). For the 2-qubit Bell state it produces two spheres. plot_bloch_vector, by contrast, only ever draws a single sphere from a 3-number vector.

Why the others are wrong:

A.coord_type only changes how the three numbers of a vector are interpreted (Cartesian vs spherical); it still cannot take a quantum state — the length-4 state fails to unpack into three coordinates and raises.

B.state.data is the length-4 amplitude array, not a Bloch vector; plot_bloch_vector still expects exactly [x, y, z] and draws one meaningless sphere, not one per qubit.

C.plot_bloch_multivector expects a quantum STATE, not a 3-number vector; passing [0, 0, 1] raises 'Input is not a multi-qubit quantum state'.

E.Tracing out qubit 1 by hand leaves a one-qubit density matrix, so the figure holds a single sphere; the multivector drawer already performs that reduction for every qubit.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q035

s2-q035 · multi · difficulty 3/3

Each snippet is applied to a fresh single-qubit circuit qc = QuantumCircuit(1). For which TWO does plot_bloch_multivector place the arrow exactly on the equator of the Bloch sphere (⟨Z⟩ = 0)? (Select 2.) (Select all that apply.)

import numpy as np
from qiskit import QuantumCircuit
# each option acts on a fresh:  qc = QuantumCircuit(1)


A.qc.h(0)

B.qc.x(0)

C.qc.ry(np.pi / 3, 0)

D.qc.h(0); qc.s(0)

E.an empty circuit (no gates applied)

F.qc.rz(np.pi / 2, 0)

Show answer →
s2-q035 — answer

s2-q035 — answer

Correct: A, D

A point is on the equator when ⟨Z⟩ = 0. h(0) makes |+> with Bloch (1,0,0), and h(0); s(0) makes (|0>+i|1>)/√2 with Bloch (0,1,0) — both have ⟨Z⟩ = 0, so their arrows lie on the equator.

Why the others are wrong:

B.x(0) makes |1>, Bloch (0,0,−1) — the south pole, ⟨Z⟩ = −1, not the equator.

C.ry(π/3, 0) gives ⟨Z⟩ = cos(π/3) = 0.5, so the arrow sits in the northern hemisphere, off the equator.

E.An empty circuit leaves the qubit in |0>, Bloch (0,0,+1) — the north pole, ⟨Z⟩ = +1.

F.A z-rotation of |0> only adds a global phase: the arrow stays at the north pole with ⟨Z⟩ = 1, so it never reaches the equator.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/guides/visualize-results

Next question →
s2-q036

s2-q036 · spot-bug · difficulty 2/3

This snippet should show which physical qubits of the 5-qubit device the transpiled circuit occupies, but the final line raises instead of returning a figure. What is wrong, and what fixes it?

from qiskit import QuantumCircuit, transpile
from qiskit.visualization import plot_circuit_layout
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

backend = FakeManilaV2()

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
qc.measure_all()

isa = transpile(qc, backend, seed_transpiler=7)
fig = plot_circuit_layout(qc, backend)


A.The two arguments are the wrong way round: plot_circuit_layout(backend, qc) puts the device first

B.A layout is recorded from optimization_level=3 upwards; re-transpile there and plot qc again

C.The second argument has to be a coupling map: pass backend.coupling_map together with isa

D.plot_circuit_layout only reads a layout off the circuit it is given, and qc has none — plot isa instead

E.The second argument has to be the device description: pass backend.target together with isa

F.A routed circuit needs view="physical"; add that keyword to the call on qc

Show answer →
s2-q036 — answer

s2-q036 — answer

Correct: D

transpile is a function, not an in-place mutation: it returns a NEW circuit and leaves the original untouched. The layout — the virtual-to-physical qubit mapping chosen during transpilation — is attached to that returned circuit as isa.layout, while qc.layout stays None. plot_circuit_layout reads exactly that attribute, so handing it the pre-transpilation circuit raises QiskitError: 'Circuit has no layout. Perhaps it has not been transpiled.'. Plotting isa produces the figure, with the occupied physical qubits highlighted and labelled by their virtual index.

Why the others are wrong:

A.The signature is plot_circuit_layout(circuit, backend). Swapping the arguments makes the function look for a layout on the backend object, which fails with an AttributeError instead.

B.Every optimization level records a layout on its output circuit; the level is irrelevant here. What matters is that the layout lives on the circuit transpile returns, so re-running it and then plotting qc again raises the same error.

C.A CouplingMap is not a backend: the function needs the full device description to place the nodes. Passing one raises an AttributeError about a missing qubit count — and it never gets far enough to matter when the circuit has no layout anyway.

E.A Target describes the instructions a device supports but is not a backend either, so the plotter cannot pull a coupling map off it and raises an AttributeError.

F.The view keyword chooses whether the labels show virtual or physical qubit indices; both settings need a circuit that already carries a layout, so this changes nothing about the failure.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization
https://quantum.cloud.ibm.com/docs/guides/transpile

Next question →
s2-q037

s2-q037 · mcq · difficulty 1/3

Before choosing which qubits to run on, you want the diagram of the QPU itself: a node per qubit and a line between the qubit pairs that support a two-qubit gate. Which call draws it?

from qiskit.visualization import plot_gate_map, plot_histogram
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

backend = FakeManilaV2()
counts = {"00": 512, "11": 512}


A.plot_histogram(counts) — the bar chart of measured outcomes

B.plot_gate_map(counts) — the counts mapping already names the qubits

C.plot_histogram(backend) — the histogram plotter reads a device's wiring

D.plot_gate_map(backend.coupling_map) — hand the drawer the qubit pairs directly

E.plot_gate_map(backend.target) — the target lists the device's instructions

F.plot_gate_map(backend) — the device drawer takes a backend and reads its connectivity

Show answer →
s2-q037 — answer

s2-q037 — answer

Correct: F

plot_gate_map is one of Qiskit's device-visualization functions: its first parameter is a BackendV2, from which it reads the qubit count and the coupling map before drawing one node per qubit and one line per connected pair. The IBM Quantum docs describe the result as "a diagram that indicates the pairs of qubits that support two-qubit gate operations between them". Nothing about measurement outcomes is involved — the figure is a property of the hardware, not of a job.

Why the others are wrong:

A.This is the measurement plot, not a device plot: its bars are the outcome bitstrings and its x axis is labelled with them. It says nothing about which qubits are physically connected.

B.The right function, the wrong input. A counts mapping carries outcome labels, not hardware topology, so the call fails with an AttributeError about a missing qubit count.

C.The histogram plotter expects a mapping of outcomes to frequencies and immediately asks the argument for its values, so a backend raises an AttributeError. Swapping in a backend does not turn it into a device drawer.

D.A CouplingMap alone does not carry the qubit count or the plane coordinates the drawer needs, so it raises. The function that accepts raw connectivity is plot_coupling_map, whose first argument is the number of qubits.

E.A Target describes which instructions run on which qubits, but the gate-map drawer looks for a coupling map on its argument and a Target does not expose one under that name.

Read more:
https://quantum.cloud.ibm.com/docs/guides/qpu-information
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q038

s2-q038 · mcq · difficulty 2/3

You want one picture of the device in which each qubit node and each two-qubit link is shaded according to its calibrated error rate, so you can pick the healthiest region of the chip. isa is a circuit already transpiled for backend. Which call produces that picture?

from qiskit.visualization import (
    plot_circuit_layout,
    plot_error_map,
    plot_gate_map,
    plot_histogram,
)
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

backend = FakeManilaV2()
counts = {"00": 512, "11": 512}


A.plot_gate_map(backend) — the connectivity diagram, drawn in a single uniform colour

B.plot_circuit_layout(isa, backend) — highlights the physical qubits the circuit occupies

C.plot_error_map(backend) — nodes and links shaded from the backend's calibration data

D.plot_gate_map(backend, plot_directed=True) — arrows shaded by the error of each link

E.plot_error_map(counts) — the error map inferred from the spread of measured outcomes

F.plot_histogram(counts) — the outcome distribution the error rates are read off from

Show answer →
s2-q038 — answer

s2-q038 — answer

Correct: C

The three device plots differ in what they colour, not in what they draw: all of them lay out the same qubit graph. plot_error_map is the one that pulls the backend's calibration data and turns it into a colour scale — one shade per qubit from its readout and single-qubit gate errors, one shade per link from its two-qubit gate error — plus the marginal error bars around the map. That is why its only other parameters are cosmetic (figsize, show_title, qubit_coordinates): the data comes entirely from the backend you pass in.

Why the others are wrong:

A.plot_gate_map draws the same node-and-link graph but passes no per-qubit or per-link colours to the renderer, so every node looks identical. It answers "what is connected to what", not "what is noisy".

B.plot_circuit_layout colours the graph with a two-tone highlight — the physical qubits the transpiled circuit uses versus the ones it does not — and labels them with their virtual indices. Two colours, chosen by the layout, not by calibration.

D.plot_directed only turns the undirected lines into arrows showing the control-target orientation. It adds no calibration data, so the figure still carries a single colour.

E.Error rates come from the backend's calibration, not from a counts mapping: plot_error_map immediately asks its argument for a device name, so a dict raises an AttributeError.

F.A histogram shows how often each outcome occurred. Even a very skewed distribution cannot be attributed to individual qubits or links, and the figure has no device layout in it at all.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.visualization.plot_error_map
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q039

s2-q039 · predict-output · difficulty 1/3

No backend and no primitive are involved here: the data behind the histogram is sampled straight from the statevector. What is bound to counts?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_histogram

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)

sv = Statevector.from_instruction(qc)
sv.seed(1234)
counts = sv.sample_counts(2048)
fig = plot_histogram(counts)


A.A Counts mapping over the four bitstrings, each near a quarter of the shots

B.{'00': 0.5, '11': 0.5} — the two nonzero probabilities rather than shot tallies

C.A QiskitError: the circuit carries no measurement, so there is nothing to sample

D.A Counts mapping keyed 00 and 11, summing to 2048

E.A length-2048 array of sampled bitstrings, one entry per shot

F.A Counts mapping keyed by the integers 0 and 3, the two basis-state indices

Show answer →
s2-q039 — answer

s2-q039 — answer

Correct: D

Statevector.sample_counts(shots) draws shots samples from the state's probability distribution and returns a qiskit.result.Counts object — the same bitstring-to-integer mapping a Sampler result gives you, which is exactly what plot_histogram wants. The Bell state has amplitude only on 00 and 11, so those are the only keys, and the integer values always add up to the requested shot count. sv.seed(1234) makes the draw reproducible.

Why the others are wrong:

A.The sampler can only return outcomes the state actually has amplitude on. 01 and 10 have amplitude zero in a Bell state, so they never appear as keys — a uniform four-way split would be the result for two independent Hadamards.

B.That is what sv.probabilities_dict() returns. sample_counts reports a shot tally, so its values are integers that sum to the shot count; sampling noise means the two bars are close to but rarely exactly equal.

C.Sampling reads the amplitudes directly, so no measurement instruction is needed — and adding one would break the line above, since Statevector.from_instruction refuses a circuit with classical bits.

E.One entry per shot is what sample_memory(shots) returns. sample_counts aggregates those samples into a mapping whose length is the number of distinct outcomes.

F.The keys are bitstring labels, not state indices: sample_counts returns strings such as 11. Integer keys are what BitArray.get_int_counts() produces on a primitive result.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.quantum_info.Statevector
https://quantum.cloud.ibm.com/docs/guides/visualize-results

Next question →
s2-q040

s2-q040 · predict-output · difficulty 1/3

Which figure is the mpl rendering produced by this code?

from qiskit import QuantumCircuit, QuantumRegister, ClassicalRegister

qr = QuantumRegister(2, "q")
cr = ClassicalRegister(1, "c")
qc = QuantumCircuit(qr, cr)
qc.h(0)
qc.measure(0, 0)
with qc.if_test((cr, 1)):
    qc.x(1)

qc.draw(output="mpl")


A.[image: Circuit diagram: H on q0, measurement from q0 to classical bit c, then an If/Else region tied to the classical wire with an X gate on q1 in the If part and a Z gate on q1 in the Else part.]


B.[image: Circuit diagram: H on q0, measurement from q0 to classical bit c, then a plain X gate on q1 with no conditional region.]


C.[image: Circuit diagram: H on q0, measurement from q0 to classical bit c, then an 'If-1' region tied to the classical wire enclosing a single X gate on q1.]


D.[image: Circuit diagram: H on q0, measurement from q0 to classical bit c, then an 'If-1' region enclosing an X gate on q0, the qubit that was measured.]


E.[image: Circuit diagram: no H gate, a measurement from q0 to classical bit c, then an 'If-1' region enclosing an X gate on q1.]


Show answer →
s2-q040 — answer

s2-q040 — answer

Correct: C

if_test((cr, 1)) opens a control-flow block that the mpl drawer renders as a boxed region attached to the classical wire, labeled with the tested value. The block here contains only x(1), so the correct drawing shows H on q0, the measurement into c, and an If region enclosing a single X on q1 — no Else part, because none was created.

Why the others are wrong:

A.Phantom-else misconception: an Else region only appears when you capture the context (as else_:) and add one. This code never opens an Else branch, so no Else part is drawn.

B.Ignores the conditional: x(1) sits inside the if_test context, so the drawer must show it inside a boxed If region tied to the classical wire — not as a bare gate.

D.Target misread: the X inside the block acts on qubit 1, not on the measured qubit 0. The drawing must show the boxed X on the q1 wire.

E.Missing preparation: the code applies H to q0 before the measurement, so the drawing must include the H box on q0.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits

Next question →
s2-q041

s2-q041 · predict-output · difficulty 1/3

Which histogram does plot_histogram draw for the counts built by this code?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_histogram

qc = QuantumCircuit(3)
qc.h(0)
qc.cx(0, 1)
qc.x(2)

sv = Statevector(qc)
counts = {str(k): round(v * 800) for k, v in sv.probabilities_dict().items()}
plot_histogram(counts)


A.[image: Bar chart with two bars of equal height 400, labelled 001 and 111.]


B.[image: Bar chart with two bars of equal height 400, labelled 100 and 111.]


C.[image: Bar chart with two bars of equal height 400, labelled 000 and 011.]


D.[image: Bar chart with four bars of equal height 200, labelled 100, 101, 110 and 111.]


E.[image: Bar chart with two bars of equal height 566, labelled 100 and 111.]


Show answer →
s2-q041 — answer

s2-q041 — answer

Correct: B

h(0) then cx(0, 1) entangles qubits 0 and 1 into an even mixture of 00 and 11 on those two wires, and x(2) sets qubit 2 to 1 in every branch. probabilities_dict() keys are little-endian bitstrings written qubit 2, qubit 1, qubit 0, so the two surviving outcomes are 100 and 111, each with probability 0.5 — scaled by 800 that is two bars of height 400. plot_histogram prints the bar value above each bar and sorts the outcomes by bitstring.

Why the others are wrong:

A.Endianness misread: the bitstring is written with qubit 0 on the RIGHT, so the branch where qubits 0 and 1 are 0 and qubit 2 is 1 prints as 100, not 001.

C.The x(2) is dropped: without it the outcomes would be 000 and 011, but the X gate sets the leftmost character of every key to 1.

D.Entanglement dropped: the CX correlates qubits 0 and 1, so 101 and 110 have amplitude zero and never appear. Treating the two qubits as independent would give four equal bars of height 200.

E.Amplitude/probability confusion: the amplitudes are both 1/sqrt(2) = 0.707, but probabilities_dict() returns their squares (0.5 each), so the bars are 400 tall, not 566.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-results
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q042

s2-q042 · predict-output · difficulty 2/3

Which figure is the plot_bloch_multivector rendering produced by this code?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_bloch_multivector

qc = QuantumCircuit(2)
qc.h(0)
qc.s(0)
qc.x(1)

plot_bloch_multivector(Statevector(qc))


A.[image: Two Bloch spheres side by side, titled qubit 0 and qubit 1; the qubit 0 arrow points along the +x axis and the qubit 1 arrow points down along the -z axis.]


B.[image: Two Bloch spheres side by side, titled qubit 0 and qubit 1; the qubit 0 arrow points along the +y axis and the qubit 1 arrow points up along the +z axis.]


C.[image: Two Bloch spheres side by side, titled qubit 0 and qubit 1; the qubit 0 arrow points down along the -z axis and the qubit 1 arrow points along the +y axis.]


D.[image: Two Bloch spheres side by side, titled qubit 0 and qubit 1; the qubit 0 arrow points along the +y axis and the qubit 1 arrow points down along the -z axis.]


E.[image: A single Bloch sphere, titled qubit 0, whose arrow points along the +y axis.]


Show answer →
s2-q042 — answer

s2-q042 — answer

Correct: D

plot_bloch_multivector draws one sphere per qubit, titled by qubit index, each showing that qubit's reduced (single-qubit) state. h(0) takes qubit 0 from the north pole to +x; s(0) is a quarter turn about z, which carries +x to +y. x(1) flips qubit 1 to the |1> state, whose Bloch vector points straight down along -z. So the drawing is a +y arrow on the qubit 0 sphere and a -z arrow on the qubit 1 sphere.

Why the others are wrong:

A.S treated as a no-op: s is a quarter turn about the z axis and it does move an equatorial vector, taking the post-Hadamard +x arrow to +y. Only a z-rotation of an arrow that already lies on the z axis leaves the picture unchanged.

B.The x(1) is dropped: qubit 1 would sit at the north pole (+z) only if it were still in the ground state, but the X gate takes it to |1>, i.e. -z.

C.Sphere order misread: the spheres are titled by qubit index, so the leftmost sphere is qubit 0. Reading them in printed-ket order (leftmost character first) swaps the two arrows.

E.One sphere per qubit: a two-qubit state produces two spheres. A single sphere is what plot_bloch_multivector draws after the other qubit has been traced out, which this code never does.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q043

s2-q043 · mcq · difficulty 2/3

The q-sphere below was produced by the code shown, for a two-qubit circuit that starts in the all-zero state. Which gate sequence was used in place of the comment?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_state_qsphere

qc = QuantumCircuit(2)
# <- one of the gate sequences below
plot_state_qsphere(Statevector(qc))

[Color figure — see this question on certiq.dev. Description: Q-sphere for a two-qubit state with exactly two markers of equal size: one at the north pole labelled |00> and one at the south pole labelled |11>. The north marker carries the phase-0 colour of the phase wheel drawn beside the sphere; the south marker is a quarter turn round that wheel, i.e. a relative phase of pi/2.]

A.qc.h(0), qc.cx(0, 1), qc.t(0)

B.qc.h(0), qc.cx(0, 1)

C.qc.h(0), qc.cx(0, 1), qc.s(0)

D.qc.h(0), qc.s(0)

E.qc.h(0), qc.cx(0, 1), qc.z(0)

Show answer →
s2-q043 — answer

s2-q043 — answer

Correct: C

The q-sphere places each basis state by Hamming weight — all-zeros at the north pole, all-ones at the south pole — sizes each marker by the amplitude's magnitude and colours it by the amplitude's phase (relative phase; a global phase moves nothing). Two equal markers on the two poles means an even |00> + |11> superposition, so the sequence has to entangle the qubits with h then cx. The south marker sits a quarter turn round the phase wheel, i.e. phase pi/2 = a factor of i on the |11> branch, which is exactly what s adds on the qubit it acts on.

Why the others are wrong:

A.T-for-S: t adds a phase of pi/4, an eighth of a turn round the phase wheel, so the |11> marker would carry a visibly different colour from the quarter-turn one shown.

B.Phase gate dropped: with h and cx alone both markers share the phase-0 colour, so the |11> marker would look exactly like the |00> one.

D.No entanglement: h and s on qubit 0 leave qubit 1 in its ground state, so the second marker lands on the equator at |01>, not at the south pole.

E.Z-for-S: z adds a phase of pi, a half turn round the phase wheel and the opposite side of the colour wheel from the quarter turn shown.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q044

s2-q044 · predict-output · difficulty 2/3

Which figure is the mpl rendering produced by this code?

from qiskit import QuantumCircuit

qc = QuantumCircuit(3)
qc.h(0)
qc.cx(0, 2)
qc.t(2)

qc.draw(output="mpl", reverse_bits=True)


A.[image: Circuit diagram whose wires read q_2, q_1, q_0 from top to bottom: an H box on the bottom wire, then a CX whose control dot is on the bottom wire and whose target is on the top wire, then a T box on the top wire; the middle wire is empty.]


B.[image: Circuit diagram whose wires read q_0, q_1, q_2 from top to bottom: an H box on the top wire, then a CX whose control dot is on the top wire and whose target is on the bottom wire, then a T box on the bottom wire; the middle wire is empty.]


C.[image: Circuit diagram whose wires read q_0, q_1, q_2 from top to bottom: a T box on the bottom wire first, then a CX whose control dot is on the top wire and whose target is on the bottom wire, then an H box on the top wire; the middle wire is empty.]


D.[image: Circuit diagram whose wires read q_0, q_1, q_2 from top to bottom: a T-dagger box on the bottom wire first, then a CX whose control dot is on the top wire and whose target is on the bottom wire, then an H box on the top wire; the middle wire is empty.]


E.[image: Circuit diagram whose wires read q_0, q_1, q_2 from top to bottom: an H box on the bottom wire, then a CX whose control dot is on the bottom wire and whose target is on the top wire, then a T box on the top wire; the middle wire is empty.]


Show answer →
s2-q044 — answer

s2-q044 — answer

Correct: A

reverse_bits=True is a *drawing* option: it lays the wires out in descending index order, so the top wire is q_2 and the bottom wire is q_0. The circuit itself is untouched — the same H, CX and T are drawn, they simply appear on flipped wires, which is why the H (on qubit 0) is now at the bottom and the CX control sits below its target. The gates keep their original left-to-right order and their original names.

Why the others are wrong:

B.reverse_bits treated as a no-op (or as a text-drawer-only option). It is honoured by every renderer, including mpl, so the wire order must change.

C.Bits confused with instructions: reverse_bits flips the WIRE order, never the gate order. Reversing the instruction sequence is what QuantumCircuit.reverse_ops() does, and it leaves the wire labels ascending.

D.reverse_bits read as 'invert the circuit': inverting would dagger each gate (the T becomes a T-dagger) as well as reversing their order. The drawing option changes neither the gates nor their order.

E.Method-versus-argument confusion: QuantumCircuit.reverse_bits() returns a NEW circuit whose qubit indices are permuted, so its drawing still lists q_0, q_1, q_2 downwards with the gates moved onto other wires. The draw argument keeps the circuit and flips the layout, so the top wire is labelled q_2.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.QuantumCircuit

Next question →
s2-q045

s2-q045 · predict-output · difficulty 2/3

Which histogram does this call draw?

from qiskit.visualization import plot_histogram

counts = {"000": 400, "111": 380, "001": 120, "010": 70, "100": 30}

plot_histogram(counts, number_to_keep=3)


A.[image: Bar chart with three bars: 000 at 400, 001 at 120 and 111 at 380.]


B.[image: Bar chart with four bars: 000 at 400, 001 at 120, 111 at 380 and rest at 70.]


C.[image: Bar chart with five bars: 000 at 400, 001 at 120, 010 at 70, 100 at 30 and 111 at 380.]


D.[image: Bar chart with four bars: 000 at 400, 001 at 120, 111 at 380 and rest at 100.]


E.[image: Bar chart with four bars: 000 at 400, 001 at 120, 111 at 380 and rest at 50.]


Show answer →
s2-q045 — answer

s2-q045 — answer

Correct: D

number_to_keep=k keeps the k largest outcomes as their own bars and pools everything else into one extra bar labelled rest, whose height is the SUM of the folded counts. Here the three largest are 000 (400), 111 (380) and 001 (120); the remaining 70 and 30 are pooled, so the chart has four bars and the rest bar stands at 100. The bars stay sorted by outcome label, with rest drawn last, and bar_labels prints each height above its bar.

Why the others are wrong:

A.Folding read as discarding: the small outcomes are not thrown away, they are pooled into the extra rest bar, so the chart has four bars, not three.

B.rest read as the largest folded outcome (70). The pooled bar aggregates every folded outcome, so it is their sum.

C.number_to_keep treated as a sorting or legend option: it genuinely changes which bars are drawn, replacing the two smallest outcomes with a single pooled bar.

E.rest read as the average of the folded outcomes (50). Pooling adds the counts, it never averages them — the total height of the chart is preserved.

Read more:
https://quantum.cloud.ibm.com/docs/guides/visualize-results
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization

Next question →
s2-q046

s2-q046 · predict-output · difficulty 2/3

Which q-sphere does this code draw?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector
from qiskit.visualization import plot_state_qsphere

qc = QuantumCircuit(2)
qc.ry(2 * np.pi / 3, 0)
qc.cx(0, 1)

plot_state_qsphere(Statevector(qc))


A.[Color figure — see this question on certiq.dev. Description: Q-sphere with exactly two markers of equal size, one at the north pole labelled |00> and one at the south pole labelled |11>; both carry the same phase-0 colour of the phase wheel drawn beside the sphere.]


B.[Color figure — see this question on certiq.dev. Description: Q-sphere with exactly two markers, a large one at the north pole labelled |00> (magnitude 0.87) and a small one at the south pole labelled |11> (magnitude 0.5); both carry the same phase-0 colour of the phase wheel drawn beside the sphere.]


C.[Color figure — see this question on certiq.dev. Description: Q-sphere with exactly two markers, a small one at the north pole labelled |00> (magnitude 0.5) and a large one on the equator labelled |01> (magnitude 0.87); both carry the same phase-0 colour of the phase wheel drawn beside the sphere.]


D.[Color figure — see this question on certiq.dev. Description: Q-sphere with four markers of three different sizes: a small one at the north pole labelled |00> (magnitude 0.25), two mid-sized ones on the equator labelled |01> and |10> (magnitude 0.43 each) and a large one at the south pole labelled |11> (magnitude 0.75); all carry the same phase-0 colour of the phase wheel drawn beside the sphere.]


E.[Color figure — see this question on certiq.dev. Description: Q-sphere with exactly two markers, a small one at the north pole labelled |00> (magnitude 0.5) and a large one at the south pole labelled |11> (magnitude 0.87); both carry the same phase-0 colour of the phase wheel drawn beside the sphere.]


Show answer →
s2-q046 — answer

s2-q046 — answer

Correct: E

ry(theta) sends |0> to cos(theta/2)|0> + sin(theta/2)|1>, so theta = 2pi/3 leaves amplitude cos(pi/3) = 0.5 on |0> and sin(pi/3) = 0.87 on |1> for qubit 0. The CX copies that branch onto qubit 1, giving 0.5|00> + 0.87|11>. The q-sphere places basis states by Hamming weight — all-zeros at the north pole, all-ones at the south pole — and sizes each marker by its amplitude's magnitude, so the drawing shows a small north marker and a large south marker, both with the phase-0 colour because no phase gate was applied.

Why the others are wrong:

A.Rotation angle ignored: two equal markers on the poles is the even superposition an h would prepare. A 2pi/3 rotation is not a half-half split, so the two markers cannot be the same size.

B.Cosine and sine swapped: the surviving |0> amplitude is cos(theta/2), which shrinks as theta grows. This picture is the state prepared by ry(pi/3, 0), where the larger amplitude stays on |00>.

C.Entanglement dropped: without the CX, qubit 1 stays in |0> and the populated basis state is |01>, a Hamming-weight-1 state that the q-sphere draws on the equator rather than at the south pole.

D.Rotation applied to both qubits: that is a product state with all four basis states populated, so the q-sphere shows four markers. A CX does not rotate qubit 1 independently, it correlates it with qubit 0.

Read more:
https://quantum.cloud.ibm.com/docs/guides/plot-quantum-states
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization
Questions — Section 3: Create quantum circuits

49 questions. Answers follow each question on the next page. Start →
s3-q010

s3-q010 · predict-output · difficulty 1/3

The circuit below flips only qubit 0 of a 3-qubit register and then measures every qubit with measure_all(). Running it on the default AerSimulator, which single bitstring is returned for every shot?

from qiskit import QuantumCircuit

qc = QuantumCircuit(3)
qc.x(0)
qc.measure_all()


A.100

B.010

C.001

D.111

E.1

Show answer →
s3-q010 — answer

s3-q010 — answer

Correct: C

Qiskit prints bitstrings in little-endian order: the rightmost character is the classical bit holding qubit 0, and the index increases leftward. Only qubit 0 is excited, so the outcome is 001 (q2 q1 q0 = 0 0 1).

Why the others are wrong:

A.100 treats the leftmost character as qubit 0 (big-endian). Qiskit is little-endian, so qubit 0 is the RIGHTMOST bit.

B.010 is the outcome you would get if qubit 1 were flipped; the X acts on qubit 0.

D.111 would require all three qubits to be excited; only qubit 0 has an X gate.

E.A 1-bit result is what you would get if measure_all() only measured the qubits that carry gates. It measures EVERY qubit in the circuit (that is measure_active()'s job), so the key is always 3 bits wide.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/guides/measure-qubits

Next question →
s3-q011

s3-q011 · mcq · difficulty 1/3

A 2-qubit circuit is created with QuantumCircuit(2) (no classical register). Which statement correctly describes what qc.measure_all() does to it?

from qiskit import QuantumCircuit

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
qc.measure_all()


A.It raises an error because the circuit has no classical bits to measure into.

B.By default it adds a fresh 2-bit register meas, inserts a barrier, then measures every qubit into it.

C.It adds 2 classical bits to an auto-created register named c and inserts no barrier before the measurements.

D.It measures just the qubits that already carry gates, adding a single classical bit.

E.It reuses the circuit's existing classical bits whenever there are enough of them, adding meas only as a fallback.

F.It creates the 2-bit meas register and measures every qubit, then appends the barrier after the measurements.

Show answer →
s3-q011 — answer

s3-q011 — answer

Correct: B

measure_all() creates a fresh ClassicalRegister named meas sized to the number of qubits, inserts a barrier across all qubits, and measures qubit i into meas[i]. It is the convenient one-call way to read out an entire circuit.

Why the others are wrong:

A.measure_all() never errors on a register-less circuit — it creates the classical bits for you (unlike measure, which needs existing bits).

C.The auto-created register is named meas, not c, and measure_all() does insert a barrier ahead of the measurements.

D.Measuring just the active qubits is what measure_active() does; measure_all() measures every qubit in the circuit.

E.Reusing existing bits is what measure_all(add_bits=False) does; the default is add_bits=True, which always appends a fresh meas register — even to a circuit that already has enough classical bits.

F.The register and the measurements are right, but the barrier goes BEFORE the measurements: it separates the state preparation from the readout so nothing is optimized across that boundary.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/guides/measure-qubits

Next question →
s3-q012

s3-q012 · predict-output · difficulty 2/3

sub (a 2-qubit circuit whose only gate is cx(0, 1)) is composed onto the 3-qubit circuit qc with the mapping qubits=[0, 2]. In the resulting circuit comp, which qubits does the CX act on?

from qiskit import QuantumCircuit

qc = QuantumCircuit(3)
qc.h(0)

sub = QuantumCircuit(2)
sub.cx(0, 1)

comp = qc.compose(sub, qubits=[0, 2])


A.Control = qubit 0, target = qubit 1

B.Control = qubit 1, target = qubit 2

C.Control = qubit 0, target = qubit 2

D.compose raises an error because sub has fewer qubits than qc

E.Control = qubit 2, target = qubit 0

F.compose raises an error because the qubits list needs to name adjacent qubits

Show answer →
s3-q012 — answer

s3-q012 — answer

Correct: C

compose(sub, qubits=[0, 2]) maps sub's qubit 0 to qc's qubit 0 and sub's qubit 1 to qc's qubit 2. The CX sub.cx(0, 1) therefore becomes a CX with control qubit 0 and target qubit 2 in comp.

Why the others are wrong:

A.Target qubit 1 ignores the qubits=[0, 2] mapping and assumes the sub-circuit lands on qubits 0 and 1.

B.This misreads the mapping as shifting both qubits up by one; the mapping sends sub-qubit 0 to physical qubit 0.

D.Composing a smaller circuit onto a subset of a larger one is exactly what the qubits argument is for — no error occurs.

E.This reads the qubits list right-to-left, as if the mapping were little-endian. The list is positional: entry 0 is sub's qubit 0, entry 1 is sub's qubit 1, so the control stays on qubit 0.

F.There is no adjacency requirement — qubits may name any subset in any order, and 0 and 2 are not neighbours here. Connectivity constraints come from the backend's coupling map at transpile time, not from compose.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.QuantumCircuit

Next question →
s3-q013

s3-q013 · spot-bug · difficulty 2/3

A developer expects base to contain its H followed by the X from add_on, but after this code base still shows only the H gate. What is the bug and the correct fix?

from qiskit import QuantumCircuit

base = QuantumCircuit(1)
base.h(0)

add_on = QuantumCircuit(1)
add_on.x(0)

base.compose(add_on)   # intended to append X onto base
print(base.count_ops())


A.compose cannot be used for single-qubit gates; base.append must be used instead.

B.By default compose returns a new circuit instead of mutating base; fix with base = base.compose(add_on) or inplace=True.

C.add_on has to be converted with add_on.to_gate() before it can be composed.

D.base needs a classical register before compose takes effect; without one the composed gates are typically dropped on the floor.

E.compose typically mutates the caller when both circuits have the same width; here base and add_on are both 1-qubit, so the X should be there.

F.add_on is usually invisible to base until its register is shared: call base.add_register(add_on.qregs[0]) before the compose call.

Show answer →
s3-q013 — answer

s3-q013 — answer

Correct: B

By default compose is functional: it RETURNS a new circuit and leaves the caller untouched (inplace=False). Discarding the return value loses the X. Assign the result back, or pass inplace=True to mutate base.

Why the others are wrong:

A.compose works fine for single-qubit gates — the problem is only that the returned circuit was discarded; append is not required.

C.to_gate() is optional; you can compose whole circuits directly. It is unrelated to the in-place behavior.

D.Classical registers have nothing to do with composing gates, and nothing is silently dropped; the X is lost purely because the return value was ignored.

E.Width plays no role: compose is functional for every shape. Composing a 1-qubit circuit onto another 1-qubit circuit and discarding the result leaves base with just its H, exactly as here.

F.Sharing the register does not help — and add_register even refuses a register whose name is already taken. The X is lost purely because the returned circuit was thrown away.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.QuantumCircuit

Next question →
s3-q014

s3-q014 · mcq · difficulty 1/3

You want a circuit with a 2-qubit register q and a 2-bit register c, both qubits in superposition, measuring q[i] into c[i]. Which snippet builds AND runs on AerSimulator without raising, producing 2-bit outcomes?


A.qc=QuantumCircuit(2); qc.h([0,1]); qc.measure([0,1],[0,1])

B.q=QuantumRegister(2,'q'); qc=QuantumCircuit(q); qc.h(q); qc.measure(q,q)

C.q=QuantumRegister(2,'q'); c=ClassicalRegister(2,'c'); qc=QuantumCircuit(q,c); qc.h(q); qc.barrier(); qc.measure(c,q)

D.q=QuantumRegister(2,'q'); c=ClassicalRegister(2,'c'); qc=QuantumCircuit(q,c); qc.h(q); qc.measure(q,c)

E.q=QuantumRegister(2,'q'); c=ClassicalRegister(2,'c'); qc=QuantumCircuit(q,c); qc.h(q); qc.measure_active()

F.q=QuantumRegister(2,'q'); c=ClassicalRegister(2,'c'); qc=QuantumCircuit(2,2); qc.add_register(q,c); qc.h(q); qc.measure(q,c)

Show answer →
s3-q014 — answer

s3-q014 — answer

Correct: D

You must declare classical bits before measuring into them. Option D creates both registers, passes them to QuantumCircuit, and calls measure(qubit, clbit) in the correct argument order — register-wide, so q[i] is read into c[i] — so it builds and runs, giving 2-bit outcomes.

Why the others are wrong:

A.QuantumCircuit(2) has NO classical bits, so measure([0,1],[0,1]) has nowhere to store results and raises a CircuitError.

B.measure(q, q) passes qubits as the classical-bit argument; measurement targets must be classical bits, so this raises.

C.measure(c, q) swaps the argument order — measure expects (qubit, clbit), not (clbit, qubit) — and raises; the extra barrier() changes nothing.

E.This builds and runs, but measure_active() appends its own meas register on top of c instead of writing into it, so the circuit ends up with 4 classical bits and two space-separated outcome registers.

F.QuantumCircuit(2,2) already owns registers named q and c, so add_register raises on the duplicate name. add_register adds new bits to a circuit; it never adopts bits that are already there.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/guides/measure-qubits

Next question →
s3-q015

s3-q015 · multi · difficulty 2/3

Consider the circuit below. Select ALL statements that are TRUE about its structural properties. (Recall width() counts qubits + classical bits.) (Select all that apply.)

from qiskit import QuantumCircuit, QuantumRegister, ClassicalRegister

qr = QuantumRegister(3, 'q')
cr = ClassicalRegister(2, 'c')
qc = QuantumCircuit(qr, cr)
qc.h(0)
qc.cx(0, 1)
qc.cx(1, 2)
qc.measure(0, 0)
qc.measure(2, 1)


A.The circuit has 3 qubits and 2 classical bits.

B.qc.width() returns 3, since width() counts the qubits and not the classical bits.

C.qc.size() returns 5 (the total number of operations).

D.qc.depth() equals qc.size(), since no two operations on distinct qubits overlap in this circuit.

E.qc.num_qubits + qc.num_clbits equals qc.width().

F.qc.size() returns 3, because size() counts the gates in the circuit and skips the two measure instructions.

Show answer →
s3-q015 — answer

s3-q015 — answer

Correct: A, C, E

num_qubits=3 and num_clbits=2 (A). size() counts all 5 operations: 1 H + 2 CX + 2 measures (C). width() returns qubits + classical bits = 3 + 2 = 5, so it equals num_qubits + num_clbits (E).

Why the others are wrong:

B.width() returns qubits PLUS classical bits (5 here), not the qubit count. Confusing width() with num_qubits is a common slip.

D.depth() is the longest gate path (4 here), while size() is the total operation count (5); the H and the first CX do share a layer, so the two metrics differ.

F.size() counts every instruction that is not a directive: the two measure operations count, giving 5. Only directives such as barrier are skipped.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.QuantumCircuit

Next question →
s3-q016

s3-q016 · predict-output · difficulty 2/3

The circuit prepares a 3-qubit state. Which computational-basis states have non-zero amplitude in its statevector, and with what amplitude?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

qc = QuantumCircuit(3)
qc.h(0)
qc.cx(0, 1)
qc.cx(0, 2)

sv = Statevector(qc)


A.Only |000⟩ and |111⟩, each with amplitude 1/√2 (a GHZ state).

B.|000⟩ and |100⟩, each with amplitude 1/√2.

C.All eight basis states, each with amplitude 1/√8.

D.|000⟩ and |011⟩, each with amplitude 1/√2.

E.Only |000⟩ and |111⟩, but with amplitude 1/2 each.

F.Only |000⟩ and |101⟩, each with amplitude 1/√2.

Show answer →
s3-q016 — answer

s3-q016 — answer

Correct: A

H on qubit 0 makes (|0⟩+|1⟩)/√2. The two CX gates copy qubit 0's value onto qubits 1 and 2, so the state becomes (|000⟩ + |111⟩)/√2 — a 3-qubit GHZ state with only those two basis states populated.

Why the others are wrong:

B.|100⟩ would appear only if the CX gates did nothing; they entangle qubits 1 and 2 with qubit 0, flipping them when qubit 0 is 1.

C.A uniform superposition over all 8 states needs an H on every qubit; here only qubit 0 gets an H and the CXs create correlation, not full superposition.

D.|011⟩ misplaces the excitation — both CX gates are controlled by qubit 0, so all three qubits share the same value (000 or 111).

E.The populated basis states are right, but 1/2 is the PROBABILITY of each outcome, not the amplitude. Two equally weighted terms carry amplitude 1/√2, whose square 1/2 is the probability.

F.This assumes the second CX replaces the first, correlating only qubits 0 and 2 and leaving qubit 1 at 0. Both CX gates stay in the circuit, so qubit 1 is flipped as well.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/quantum_info

Next question →
s3-q017

s3-q017 · predict-output · difficulty 2/3

A list of values is passed to assign_parameters. What angles do the rx and rz gates end up with?

from qiskit import QuantumCircuit
from qiskit.circuit import Parameter

theta = Parameter('theta')
phi = Parameter('phi')

qc = QuantumCircuit(1)
qc.rx(theta, 0)   # added first
qc.rz(phi, 0)     # added second

bound = qc.assign_parameters([0.5, 1.5])


A.rx = 0.5, rz = 1.5 — the list is applied in the order the gates were added.

B.rx = 0.5, rz = 0.5 — both gates receive the first value.

C.It raises an error: assign_parameters requires a dictionary, not a list.

D.rx = 1.5, rz = 0.5 — the list is applied in alphabetical parameter order (phi, then theta).

E.bound is None — assign_parameters binds in place by default, so qc carries the angles.

F.It raises a TypeError: binding from a list needs a ParameterVector, not separate Parameters.

Show answer →
s3-q017 — answer

s3-q017 — answer

Correct: D

When you pass a plain list, values are bound to qc.parameters, which is sorted ALPHABETICALLY by name — phi before theta. So phi=0.5 and theta=1.5, giving rz(phi)=0.5 and rx(theta)=1.5. Insertion order is irrelevant.

Why the others are wrong:

A.This assumes the list follows the order gates were added. It actually follows qc.parameters, which is alphabetical (phi < theta).

B.Each parameter gets a distinct list entry; they are not both set to the first value.

C.A list is a valid argument — it binds positionally to the sorted parameters. A dict is only required for partial binding.

E.assign_parameters is functional by default: it RETURNS a bound copy and leaves qc parametric. Passing inplace=True is what mutates the caller — and that call is the one returning None.

F.Positional binding works for any parameters, however they were created: the sequence is matched against qc.parameters. A ParameterVector is only a convenience for creating many related parameters at once.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.Parameter

Next question →
s3-q018

s3-q018 · mcq · difficulty 1/3

Three parameters are created and added to a circuit in the order gamma, alpha, beta. What does [p.name for p in qc.parameters] return?

from qiskit import QuantumCircuit
from qiskit.circuit import Parameter

g = Parameter('gamma'); a = Parameter('alpha'); b = Parameter('beta')
qc = QuantumCircuit(1)
qc.rz(g, 0)
qc.rx(a, 0)
qc.ry(b, 0)

print([p.name for p in qc.parameters])


A.['alpha', 'beta', 'gamma'] — sorted alphabetically by name.

B.['gamma', 'alpha', 'beta'] — the order the parameters were added.

C.['beta', 'alpha', 'gamma'] — reverse insertion order.

D.The order is unspecified and can vary between runs.

E.['gamma', 'beta', 'alpha'] — reverse alphabetical, the order ParameterView sorts names in.

F.qc.parameters returns an unordered ParameterView, so iterating it in a comprehension raises a TypeError.

Show answer →
s3-q018 — answer

s3-q018 — answer

Correct: A

QuantumCircuit.parameters returns a ParameterView sorted alphabetically by parameter name, so it is ['alpha', 'beta', 'gamma']. This deterministic ordering is exactly why passing a bare list to assign_parameters can surprise you.

Why the others are wrong:

B.Parameters are NOT kept in insertion order; they are sorted by name.

C.The ordering is alphabetical ascending, not reverse insertion order.

D.The order is fully deterministic (alphabetical), not run-dependent.

E.The sort is ascending, not descending: alpha comes first and gamma last. Reverse order would need sorted(qc.parameters, reverse=True).

F.ParameterView is an ordered, iterable sequence — the comprehension runs fine and yields the three names in sorted order.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.Parameter

Next question →
s3-q019

s3-q019 · spot-bug · difficulty 2/3

This code is meant to bind both parameters but raises a ValueError. What is the problem and the correct fix?

from qiskit import QuantumCircuit
from qiskit.circuit import Parameter

a = Parameter('a'); b = Parameter('b')
qc = QuantumCircuit(1)
qc.rx(a, 0)
qc.rz(b, 0)

bound = qc.assign_parameters([0.7])   # intended to bind a and b


A.assign_parameters accepts a dictionary here; a plain list is not a valid argument once a circuit has more than one parameter.

B.A list has to supply a value for each parameter; pass [0.7, b_value], or use a dict like {a: 0.7} for partial binding.

C.Parameters have to be bound one at a time through gate.assign().

D.The circuit is usually transpiled before any parameters can be assigned.

E.Positional binding needs the legacy API: switch to qc.bind_parameters([0.7]), which pads the parameters left unset.

F.a and b were created separately; group them as ParameterVector('p', 2) and one value then expands over the whole vector.

Show answer →
s3-q019 — answer

s3-q019 — answer

Correct: B

A list binds positionally to every entry of qc.parameters, so its length has to match the parameter count (2 here). Passing one value raises ValueError. Provide both values in a list, or pass a dict to bind a subset.

Why the others are wrong:

A.A list IS accepted when its length matches the parameter count; the error is the wrong length, not the list type.

C.There is no per-gate gate.assign() workflow; binding is done on the circuit via assign_parameters.

D.Parameter assignment is independent of transpilation; you can (and usually do) bind before transpiling.

E.bind_parameters was removed in Qiskit 1.0 — calling it raises AttributeError, and it never padded missing values either. assign_parameters is the only binder, and it still needs one value per parameter.

F.A ParameterVector is just a convenient way to create related parameters — its elements still bind one value each, so a single-element list raises the same ValueError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.Parameter

Next question →
s3-q020

s3-q020 · mcq · difficulty 1/3

After this binding step, which statement about qc and bound is correct?

from qiskit import QuantumCircuit
from qiskit.circuit import Parameter

theta = Parameter('theta')
qc = QuantumCircuit(1)
qc.rx(theta, 0)

bound = qc.assign_parameters({theta: 3.14})


A.qc is now fully bound (0 free parameters), and bound is the same object as qc.

B.assign_parameters returns None; the bound circuit must be read back from qc.

C.By default qc still has 1 free parameter, and bound is a new circuit with 0 free parameters.

D.Both qc and bound have 0 free parameters, because assign_parameters mutates in place by default.

E.qc still has 1 free parameter and bound has 0, but bound shares qc's instruction list, so editing one edits the other.

F.Both circuits keep their free parameter: assign_parameters typically records the values and substitutes them at transpile time.

Show answer →
s3-q020 — answer

s3-q020 — answer

Correct: C

assign_parameters is functional by default (inplace=False): it returns a NEW circuit with the values substituted and leaves the original untouched. So qc keeps its 1 free parameter while bound has 0.

Why the others are wrong:

A.bound is a distinct new circuit, not the same object as qc; and qc is not modified.

B.assign_parameters returns the bound circuit, not None — that is why you capture it in bound.

D.The default is inplace=False, so qc is NOT mutated; you would need inplace=True for that.

E.The free-parameter counts are right, but bound is an independent copy: appending a gate to it leaves qc's instruction list untouched.

F.Substitution happens immediately — bound already carries the numeric angle and reports 0 free parameters, with no transpilation involved.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.Parameter

Next question →
s3-q021

s3-q021 · predict-output · difficulty 2/3

The gates use parameter EXPRESSIONS. After binding t = π, what numeric angles do rx and rz receive?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.circuit import Parameter

t = Parameter('t')
qc = QuantumCircuit(1)
qc.rx(2 * t, 0)
qc.rz(t + np.pi / 2, 0)

bound = qc.assign_parameters({t: np.pi})


A.rx = 2π ≈ 6.283, rz = 3π/2 ≈ 4.712.

B.rx = π ≈ 3.142, rz = π ≈ 3.142 — the expressions are ignored and t is substituted directly.

C.rx = 2π ≈ 6.283, rz = π/2 ≈ 1.571 — just the coefficient is applied; the added constant is dropped.

D.It raises an error because gate angles must typically be plain Parameters, not expressions.

E.rx = π ≈ 3.142, rz = 3π/2 ≈ 4.712 — the multiplier on t is dropped while the added constant survives.

F.It raises a TypeError: adding np.pi to a Parameter first needs an explicit ParameterExpression wrapper.

Show answer →
s3-q021 — answer

s3-q021 — answer

Correct: A

Parameter expressions are evaluated at bind time. With t = π: 2*t = 2π ≈ 6.283, and t + π/2 = 3π/2 ≈ 4.712. Qiskit fully supports arithmetic on Parameter objects inside gate arguments.

Why the others are wrong:

B.The coefficient and additive constant are part of the expression and ARE applied; t is not substituted raw.

C.The additive constant π/2 is not dropped — rz gets π + π/2 = 3π/2.

D.Expressions like 2*t and t + π/2 are valid gate arguments; no error occurs.

E.The mirror image of dropping the constant: 2 * t is a full expression too, so rx gets 2π, not π.

F.Parameter overloads the arithmetic operators, so t + np.pi / 2 builds a ParameterExpression by itself — no explicit wrapper and no error.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.Parameter

Next question →
s3-q022

s3-q022 · multi · difficulty 2/3

A circuit is built with a ParameterVector. Select ALL true statements. (Select all that apply.)

from qiskit import QuantumCircuit
from qiskit.circuit import ParameterVector

x = ParameterVector('x', 3)
qc = QuantumCircuit(3)
for i in range(3):
    qc.ry(x[i], i)


A.qc.num_parameters is 3.

B.The parameters are named x[0], x[1], x[2].

C.qc.assign_parameters({x: [0.1, 0.2, 0.3]}) binds all three parameters in one call.

D.x[0] and x[1] are the same Parameter object.

E.A ParameterVector can only be bound one element at a time, never as a whole.

F.Indexing past the end (x[3]) transparently grows the vector to four parameters.

Show answer →
s3-q022 — answer

s3-q022 — answer

Correct: A, B, C

A ParameterVector('x', 3) creates 3 distinct parameters named x[0..2] (A, B). Using the vector itself as a single dict key mapped to a list of values binds all three of them at once (C).

Why the others are wrong:

D.Each index is a distinct Parameter; x[0] and x[1] are different objects that bind to different values.

E.A ParameterVector can be bound in one call ({x: [...]}) OR element by element — not only element-by-element.

F.A ParameterVector has a fixed length until you call resize(); x[3] on a length-3 vector raises IndexError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.ParameterVector

Next question →
s3-q023

s3-q023 · predict-output · difficulty 2/3

This dynamic circuit measures qubit 0 and, only if that result is 1, applies X to qubit 1; then it measures qubit 1. Over many shots (bit order c1 c0), which outcomes appear?

from qiskit import QuantumCircuit, QuantumRegister, ClassicalRegister

qr = QuantumRegister(2, 'q')
cr = ClassicalRegister(2, 'c')
qc = QuantumCircuit(qr, cr)
qc.h(0)
qc.measure(0, 0)
with qc.if_test((cr[0], 1)):
    qc.x(1)
qc.measure(1, 1)


A.Only 01 and 00, roughly 50/50.

B.All four of 00, 01, 10, 11, roughly 25% each.

C.Only 10 and 11, roughly 50/50.

D.Only 00 and 11, roughly 50/50 each.

E.Only 01 and 10, roughly 50/50 each.

F.00 and 11, but 11 in roughly a quarter of the shots.

Show answer →
s3-q023 — answer

s3-q023 — answer

Correct: D

The H puts qubit 0 into an equal superposition, so its measurement c0 is 0 or 1 with ~50% each. The feedforward flips qubit 1 exactly when c0=1, so c1 always equals c0. The only outcomes are 00 and 11.

Why the others are wrong:

A.01 would need c1 != c0; the X is applied precisely when c0=1, keeping the two bits equal.

B.Qubit 1 is not independent — it is conditioned on qubit 0's result, so the outcomes are correlated, not uniform.

C.10 requires qubit 1 to be 1 while qubit 0 is 0, but X is only applied when c0=1.

E.This is what you would see if the X ran when c0=0. The condition (cr[0], 1) fires on the value 1, so the two bits agree rather than differ.

F.The right pair of outcomes with the wrong weights: c0 is 1 on about half the shots and the X fires on every one of them, so 11 is ~50%, not ~25%.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/guides/construct-circuits

Next question →
s3-q024

s3-q024 · mcq · difficulty 1/3

After measuring qubit 0 into cr[0], you want to apply X to qubit 1 only when that bit equals 1. Which snippet is valid in Qiskit 2.x and produces a conditional (if_else) operation?

# qr = QuantumRegister(2,'q'); cr = ClassicalRegister(2,'c')
# qc has already done: qc.h(0); qc.measure(0, 0)


A.qc.x(1).c_if(cr[0], 1)

B.with qc.if_test(cr[0], 1):
    qc.x(1)

C.with qc.if_test((cr[0], 1)):
    qc.x(1)

D.qc.if_test((cr[0], 1), qc.x, [1])

E.with qc.if_test(cr[0] == 1):
    qc.x(1)

F.with qc.while_loop((cr[0], 1)):
    qc.x(1)

Show answer →
s3-q024 — answer

s3-q024 — answer

Correct: C

The modern control-flow API is a context manager whose single argument is a (classical_resource, value) TUPLE: with qc.if_test((cr[0], 1)):. Gates added inside the block become the conditional body, producing an if_else operation.

Why the others are wrong:

A..c_if() was REMOVED in Qiskit 2.0; calling it raises AttributeError. This is the classic v1-to-v2 migration trap.

B.if_test takes ONE positional argument (the condition tuple); passing cr[0], 1 as two arguments raises a TypeError.

D.There is no (condition, callable, qubits) form; used without a with block and body qubits it raises a CircuitError.

E.cr[0] == 1 compares a Clbit to an int and returns a plain bool, which if_test then tries to unpack as a (resource, value) pair — TypeError: 'bool' object is not subscriptable.

F.while_loop takes the same condition tuple but builds a while_loop operation that repeats its body while the condition holds — not the one-shot if_else asked for.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.QuantumCircuit

Next question →
s3-q025

s3-q025 · spot-bug · difficulty 2/3

This conditional code was written for an older Qiskit release and now fails with AttributeError on Qiskit 2.x. What is the correct fix?

from qiskit import QuantumCircuit, QuantumRegister, ClassicalRegister

qr = QuantumRegister(1, 'q')
cr = ClassicalRegister(1, 'c')
qc = QuantumCircuit(qr, cr)
qc.h(0)
qc.measure(0, 0)
qc.x(0).c_if(cr, 1)   # AttributeError on Qiskit 2.x


A.Replace it with the control-flow context manager with qc.if_test((cr, 1)): and put qc.x(0) in its body.

B.Change c_if(cr, 1) to c_if(cr[0], 1); the condition must reference a single bit rather than a whole register.

C.Call qc = qc.decompose() first; .c_if() is usually available again once composite gates are expanded.

D.Use qc.x(0, condition=(cr, 1)); the condition keyword replaces .c_if().

E.Set the condition as an attribute instead: qc.x(0).condition = (cr, 1), which is what .c_if() did internally.

F.Guard the gate with a plain Python if cr[0] == 1: block, since the classical bit is typically readable while building.

Show answer →
s3-q025 — answer

s3-q025 — answer

Correct: A

The InstructionSet.c_if method was removed in Qiskit 2.0. Conditionals are now built with the control-flow context manager with qc.if_test((cr, 1)):, whose body holds the conditioned gates.

Why the others are wrong:

B..c_if() no longer exists at all — indexing the register to cr[0] still raises AttributeError; the method itself is gone.

C.decompose() expands composite gates and has nothing to do with conditionals; it never restores .c_if().

D.Gate methods like x() have no condition keyword; passing one raises a TypeError. Conditions go through if_test.

E.x() returns an InstructionSet, which has no condition attribute — the assignment raises AttributeError. The whole condition mechanism went away with c_if in Qiskit 2.0.

F.A classical bit has no value at build time: cr[0] == 1 is just a False comparison, so the body never runs and no gate — conditional or otherwise — is added.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.QuantumCircuit

Next question →
s3-q026

s3-q026 · predict-output · difficulty 3/3

This dynamic circuit branches on cr[0]: if it is 0 it applies X to qubit 1, ELSE it applies Z to qubit 1; then it measures qubit 1. Which outcomes appear (bit order c1 c0)?

from qiskit import QuantumCircuit, QuantumRegister, ClassicalRegister

qr = QuantumRegister(2, 'q')
cr = ClassicalRegister(2, 'c')
qc = QuantumCircuit(qr, cr)
qc.h(0)
qc.measure(0, 0)
with qc.if_test((cr[0], 0)) as else_:
    qc.x(1)
with else_:
    qc.z(1)
qc.measure(1, 1)


A.Only 00 and 11, roughly 50/50.

B.Only 10 and 01, roughly 50/50.

C.Only 11 and 01, roughly 50/50.

D.All four outcomes, roughly 25% each.

E.Only 10 and 11, roughly 50/50.

F.It raises a CircuitError: the else_ context manager has to be entered inside the if_test block.

Show answer →
s3-q026 — answer

s3-q026 — answer

Correct: B

When c0=0 the X flips qubit 1 to |1⟩, so c1=1 → 10. When c0=1 the Z acts on |0⟩ and leaves it unchanged, so c1=0 → 01. The two branches give 10 and 01, each ~50%.

Why the others are wrong:

A.00/11 would require the two bits to match; here the X-branch makes them differ and the Z-branch leaves qubit 1 at 0 while c0=1, so they always differ.

C.11 never occurs: qubit 1 becomes 1 only in the c0=0 branch, which pairs with c0=0, giving 10.

D.The outcome of qubit 1 is fully determined by c0, so only two of the four combinations occur.

E.This treats the else branch's Z as a bit flip. Z leaves |0⟩ unchanged (it only flips the phase of |1⟩), so the c0=1 branch still measures c1=0.

F.with qc.if_test(...) as else_: yields the else-builder for use AFTER the if-block closes; entering it as a sibling with statement is exactly the supported syntax.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/guides/construct-circuits

Next question →
s3-q027

s3-q027 · mcq · difficulty 1/3

Which scenario genuinely REQUIRES a dynamic circuit (a mid-circuit measurement whose classical result feeds forward to control a later gate), rather than a plain static circuit?


A.Applying a fixed gate sequence to every qubit and measuring only at the end, with no classical result feeding forward.

B.Sweeping a rotation angle across many values to plot an expectation curve.

C.Reducing two-qubit gate count by letting the transpiler cancel adjacent gates, which typically shortens the circuit.

D.Measuring an ancilla mid-circuit and applying a correction gate to a data qubit when that measurement returns 1.

E.Choosing which circuit to submit next from the previous job's classical result, which typically arrives after that job finished.

F.Post-selecting on the ancilla measurement result after the job returns — a classical filter that usually discards some shots.

Show answer →
s3-q027 — answer

s3-q027 — answer

Correct: D

Dynamic circuits exist precisely for real-time classical feedforward: measure a qubit partway through, then condition subsequent quantum operations on that classical outcome (as in teleportation corrections or error-correction syndrome handling). Option D is exactly that pattern.

Why the others are wrong:

A.Measuring at the end of a fixed gate sequence is a static circuit — no classical result is fed forward mid-execution.

B.Parameter sweeps are handled by parameterized circuits and array broadcasting, not by classical feedforward.

C.Cancelling adjacent gates is a transpiler optimization; it needs no measurement-conditioned control flow.

E.That is classical feedback BETWEEN jobs (the variational-loop pattern), not feedforward inside one execution. Nothing is conditioned mid-circuit, so a static circuit per iteration is enough.

F.Post-selection is classical filtering of results that already came back; the quantum execution never branched on the measurement, so no dynamic circuit is involved.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/guides/construct-circuits

Next question →
s3-q028

s3-q028 · predict-output · difficulty 2/3

The for_loop below repeats its body over range(3), applying X to qubit 0 three times, then measures. What does the measurement return?

from qiskit import QuantumCircuit

qc = QuantumCircuit(1, 1)
with qc.for_loop(range(3)):
    qc.x(0)
qc.measure(0, 0)


A.Always 0 — the repeated X gates cancel out to the identity.

B.It raises an error because for_loop requires a classical register argument.

C.Always 1 — X is applied an odd number of times (3), flipping |0⟩ to |1⟩.

D.0 and 1 with roughly 50% probability each.

E.It raises a CircuitError: the loop body must declare as i.

Show answer →
s3-q028 — answer

s3-q028 — answer

Correct: C

The loop body runs 3 times, so X is applied 3 times. Three X gates equal a single X (odd count), flipping |0⟩ to |1⟩, so every shot measures 1.

Why the others are wrong:

A.Three X gates do not cancel — an even count cancels to identity, but 3 is odd, leaving one net flip.

B.for_loop takes an index set like range(3); it does not require a classical register.

D.There is no superposition here — X is deterministic, so the outcome is a definite 1, not 50/50.

E.The loop parameter is optional: with qc.for_loop(range(3)): is valid whenever the body does not use the index. It only needs as i if a gate consumes the loop value.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/guides/construct-circuits

Next question →
s3-q029

s3-q029 · multi · difficulty 2/3

Select ALL statements that correctly describe control flow in Qiskit 2.x. (Select all that apply.)


A.if_test is used as a context manager whose condition is a (classical_resource, value) tuple.

B..c_if() is still available on gate instructions as the recommended way to add a conditional.

C.Control-flow blocks such as if_else and for_loop appear as single operations in count_ops().

D.A for_loop body may contain at most one gate.

E.A switch block can define a fallback branch using case(case.DEFAULT).

F.An if_test condition may reference a single Clbit, but never a whole ClassicalRegister.

Show answer →
s3-q029 — answer

s3-q029 — answer

Correct: A, C, E

if_test((resource, value)) is the context-manager API (A). Each control-flow block is stored as one composite instruction, so count_ops() shows if_else, for_loop, etc. (C). switch supports a default branch via case(case.DEFAULT) (E).

Why the others are wrong:

B..c_if() was REMOVED in Qiskit 2.0; the supported API is the if_test context manager, not .c_if().

D.A for_loop body can contain any number of gates, not just one.

F.Both work: if_test((clbit, 1)) compares one bit and if_test((creg, 1)) compares the register's integer value. Register-valued conditions are exactly how multi-bit syndromes are tested.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.QuantumCircuit

Next question →
s3-q030

s3-q030 · mcq · difficulty 1/3

You build pm = generate_preset_pass_manager(optimization_level=2, backend=backend), which returns a StagedPassManager. What are its stages, in execution order?

from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager

pm = generate_preset_pass_manager(optimization_level=2, backend=backend)
print(pm.stages)


A.('layout', 'routing', 'translation', 'optimization') — four stages, no init and no scheduling.

B.('init', 'layout', 'routing', 'optimization', 'measurement').

C.('sampling', 'layout', 'routing', 'translation', 'scheduling').

D.('init', 'layout', 'routing', 'translation', 'optimization', 'scheduling') — all six, by default.

E.('init', 'layout', 'routing', 'translation', 'optimization') — scheduling needs timing info.

F.('init', 'translation', 'layout', 'routing', 'optimization', 'scheduling') — basis fixed first.

Show answer →
s3-q030 — answer

s3-q030 — answer

Correct: D

A preset StagedPassManager runs six stages in order: init, layout, routing, translation, optimization, and scheduling. Layout+routing map the circuit to hardware qubits/connectivity, translation rewrites to the basis gates, optimization simplifies, and scheduling adds timing.

Why the others are wrong:

A.This omits the init and scheduling stages; the preset pipeline has six named stages, not four.

B.measurement is not a transpiler stage, and this list drops translation and scheduling.

C.sampling is a runtime/primitive concept, not a transpiler stage; the pipeline never contains it.

E.scheduling is always one of the six stage slots of a preset StagedPassManager; it simply runs an empty pass set when no scheduling method was asked for.

F.The six names are right but the order is not: layout and routing come before translation, because the router works on the abstract two-qubit gates before they are rewritten into the basis.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages
https://quantum.cloud.ibm.com/docs/guides/transpile-with-pass-managers

Next question →
s3-q031

s3-q031 · mcq · difficulty 2/3

In Qiskit 2.x, you call generate_preset_pass_manager(backend=backend) WITHOUT passing optimization_level. Which optimization level does it use by default?

from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager

pm = generate_preset_pass_manager(backend=backend)   # no optimization_level given


A.0

B.2

C.1

D.3

E.There is no default — optimization_level is a required argument.

F.It depends on the backend: the level is chosen from the target's qubit count.

Show answer →
s3-q031 — answer

s3-q031 — answer

Correct: B

generate_preset_pass_manager defaults to optimization_level=2 — a balanced level with light-weight but effective optimization. (In Qiskit 2.x the legacy transpile() resolves to the same default, so level 2 is what you get either way; level 1 was transpile()'s default back in 1.x.)

Why the others are wrong:

A.Level 0 is minimal (only what is needed to run) and is not the default; you must ask for it explicitly.

C.Level 1 is a lighter, mapping-focused level that you have to request explicitly. It was the default of the legacy transpile() in Qiskit 1.x, but in 2.x transpile() resolves to 2 as well.

D.Level 3 is the heaviest optimization and is never applied unless you request it.

E.The parameter has a default in the signature, so the call is valid without it — which is exactly why the default value matters.

F.The default is a fixed constant in the signature, not a function of the target: a 5-qubit and a 9-qubit device both get the same level.

Read more:
https://quantum.cloud.ibm.com/docs/guides/set-optimization
https://quantum.cloud.ibm.com/docs/guides/transpile-with-pass-managers

Next question →
s3-q032

s3-q032 · predict-output · difficulty 3/3

A circuit whose only gate is cx(0, 4) is transpiled onto a 5-qubit LINE backend (connectivity 0-1-2-3-4, so qubits 0 and 4 are NOT directly connected). Comparing optimization_level=0 with optimization_level=1, what happens to the number of CX gates?

from qiskit import QuantumCircuit
from qiskit.transpiler import CouplingMap
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit.providers.fake_provider import GenericBackendV2

backend = GenericBackendV2(5, coupling_map=CouplingMap.from_line(5), seed=1)
qc = QuantumCircuit(5)
qc.cx(0, 4)

for lvl in (0, 1):
    isa = generate_preset_pass_manager(optimization_level=lvl,
                                       backend=backend, seed_transpiler=1).run(qc)
    print(lvl, isa.count_ops())


A.Level 0 keeps the trivial layout and routes with SWAPs (many CX); level 1 picks an adjacent pair, needing one CX.

B.Both levels typically produce one CX; the optimization level does not influence qubit layout.

C.Level 0 produces exactly one CX; level 1 inserts SWAPs to satisfy the line coupling map and ends up with more CX gates.

D.Both levels raise an error because a CX between non-adjacent qubits is not routable on a line.

E.Level 0 keeps the trivial layout and routes with SWAPs; level 1 typically routes the same way, then cancels the redundant CX pairs.

F.Level 0 needs 3 CX (one SWAP plus the original gate) and level 1 needs 1; SWAP cost usually does not grow with distance.

Show answer →
s3-q032 — answer

s3-q032 — answer

Correct: A

At level 0 the layout is trivial (virtual qubit i -> physical qubit i), so the CX between physical 0 and 4 must be routed with SWAPs, decomposed into many CX gates. At level 1 the layout pass picks two adjacent physical qubits for the interacting virtual qubits, so a single CX suffices. This is why layout/optimization level dramatically affects gate count.

Why the others are wrong:

B.Layout selection is part of the optimization level: level 0 uses a trivial layout while level 1+ actively searches for a good one, so the CX counts differ.

C.It is the other way around — the higher level reduces the count by choosing a better layout; level 0 is the expensive one here.

D.Routing on a line succeeds by inserting SWAPs; a single CX never makes the router give up.

E.Level 1's saving comes from the LAYOUT, not from cancellation: it starts the two interacting virtual qubits on a connected physical pair, so the router never inserts a SWAP at all.

F.Distance matters: physical qubits 0 and 4 are four hops apart on the line, so the router inserts three SWAPs — nine CX plus the original one, not a single SWAP.

Read more:
https://quantum.cloud.ibm.com/docs/guides/set-optimization
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages

Next question →
s3-q033

s3-q033 · mcq · difficulty 2/3

A backend's target has basis gates {cx, rz, sx, x} on a linear coupling map (qubit i connected only to i-1 and i+1). Which circuit is ALREADY an ISA circuit for this backend — needing no further transpilation?


A.A circuit using only rz, sx, and cx, with every cx on a physically-adjacent pair.

B.A circuit that applies an h gate to qubit 0.

C.A circuit with a cx between qubit 0 and qubit 4, which are not adjacent on the linear coupling map.

D.A circuit containing a ccx (Toffoli) gate.

E.A circuit of h and cx gates that has been expanded into its component gates with qc.decompose().

F.A 6-qubit circuit of rz, sx and cx gates whose cx gates all sit on adjacent qubits of the line.

Show answer →
s3-q033 — answer

s3-q033 — answer

Correct: A

An ISA (Instruction Set Architecture) circuit uses ONLY the backend's basis gates AND respects its coupling map. Option A satisfies both: rz/sx/cx are in the basis and each cx is on connected qubits, so no translation or routing is needed.

Why the others are wrong:

B.h is not in the basis {cx, rz, sx, x}; a translation pass must rewrite it, so the circuit is not yet ISA.

C.A cx on non-adjacent qubits violates the coupling map; the router must insert SWAPs first, so it is not ISA.

D.ccx is neither a basis gate nor a two-qubit gate; it must be decomposed and routed, so it is not ISA.

E.decompose() unrolls one level of gate definitions; it knows nothing about this target, so h becomes a u gate that is still outside the basis. Only transpilation produces an ISA circuit.

F.Basis and connectivity are fine, but the circuit is wider than the device: ISA also means the circuit fits the target's qubit count, and 6 virtual qubits cannot map onto 5 physical ones.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpile
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages

Next question →
s3-q034

s3-q034 · spot-bug · difficulty 2/3

This code transpiles a 4-qubit circuit for a 3-qubit backend and raises a TranspilerError. What is the root cause?

from qiskit import QuantumCircuit
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit.providers.fake_provider import GenericBackendV2

backend = GenericBackendV2(num_qubits=3, seed=42)
qc = QuantumCircuit(4)
qc.h(range(4))
qc.measure_all()

pm = generate_preset_pass_manager(optimization_level=1, backend=backend)
isa = pm.run(qc)   # raises TranspilerError


A.measure_all() must be called AFTER transpilation, not before.

B.The circuit declares 4 qubits but GenericBackendV2(num_qubits=3) has only 3, so the layout stage cannot map every virtual qubit.

C.optimization_level=1 is too low to map 4 qubits; raising it to level 3 fixes it.

D.GenericBackendV2(num_qubits=3) must be given an explicit coupling_map, or the pass manager always fails on this circuit.

E.GenericBackendV2(num_qubits=3) is fine — pass initial_layout=[0, 1, 2, 3] to pin the mapping by hand.

F.measure_all() adds 4 clbits but a 3-qubit backend has only 3 readout channels, so layout refuses the circuit.

Show answer →
s3-q034 — answer

s3-q034 — answer

Correct: B

Transpilation maps each virtual qubit onto a distinct physical qubit. With 4 virtual qubits and only 3 physical qubits, no valid layout exists, so the layout stage raises TranspilerError: Number of qubits greater than device. The fix is a backend with at least 4 qubits.

Why the others are wrong:

A.The position of measure_all() is irrelevant to the qubit-count mismatch; the error occurs during layout, not measurement.

C.No optimization level can invent extra physical qubits; higher levels still fail on the same mismatch.

D.GenericBackendV2 supplies a default coupling map; the failure is the qubit count, not a missing coupling map.

E.A hand-written layout cannot invent a fourth physical qubit — the pass manager still fails, because the device simply does not have a qubit 3.

F.Classical bits are never the constraint: the same 4-qubit circuit fails without any measurements, and the same measure_all() circuit transpiles fine on a 4-qubit backend.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpile
https://quantum.cloud.ibm.com/docs/guides/set-optimization

Next question →
s3-q035

s3-q035 · mcq · difficulty 2/3

You have no backend object, but you know the target's basis gates ['cx','rz','sx','x'] and its coupling map cmap. Which call builds a pass manager that transpiles qc into an ISA circuit for that target?

from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
# cmap is a CouplingMap; qc is an abstract circuit containing an h gate
basis = ['cx', 'rz', 'sx', 'x']


A.generate_preset_pass_manager(optimization_level=1).run(qc) — the basis and coupling map are inferred automatically.

B.transpile(qc) with no other arguments already returns an ISA circuit.

C.generate_preset_pass_manager(1, backend='ibm_target') using the target's name as a string.

D.generate_preset_pass_manager(optimization_level=1, basis_gates=basis, coupling_map=cmap).run(qc).

E.generate_preset_pass_manager(optimization_level=1, target=basis).run(qc) — the basis list doubles as the target.

F.generate_preset_pass_manager(optimization_level=1, basis_gates=basis).run(qc) — connectivity is read off the circuit.

Show answer →
s3-q035 — answer

s3-q035 — answer

Correct: D

You can transpile without a backend object by passing the target constraints directly: basis_gates and coupling_map (and/or a Target). The pass manager then translates gates to the basis and routes to the connectivity, yielding an ISA circuit.

Why the others are wrong:

A.With no target information, the pass manager cannot know the basis or connectivity; the h gate stays untranslated, so the result is not ISA.

B.transpile(qc) with no target leaves gates like h in place — it does not produce an ISA circuit for any particular device.

C.backend must be a BackendV2 object, not a string; passing a string raises AttributeError (no .target).

E.target expects a Target object describing gates, qubits and connectivity; handing it a list of gate names fails. Loose constraints go in through basis_gates/coupling_map instead.

F.The basis alone gets the gates translated but leaves routing unconstrained: two-qubit gates survive on non-connected pairs, so the result is not ISA for this coupling map.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpile-with-pass-managers
https://quantum.cloud.ibm.com/docs/guides/transpile

Next question →
s3-q036

s3-q036 · multi · difficulty 2/3

Select ALL statements that are TRUE about transpiler optimization levels 0-3. (Select all that apply.)


A.Level 0 does the minimum needed to make the circuit runnable on the target, with essentially no optimization.

B.Level 3 applies the most aggressive optimization and typically takes the longest to run.

C.A higher optimization level is guaranteed to produce fewer two-qubit gates for every circuit.

D.generate_preset_pass_manager uses optimization level 1 by default.

E.All four levels target the same basis gates and coupling constraints; they differ in how hard they work to optimize.

F.Level 0 skips routing altogether, so two-qubit gates on non-adjacent qubits come back unrouted.

Show answer →
s3-q036 — answer

s3-q036 — answer

Correct: A, B, E

Level 0 is minimal mapping/translation with no real optimization (A). Level 3 is the most aggressive and usually the slowest (B). Every level produces a circuit valid for the SAME target constraints — the difference is optimization effort, not the constraints (E).

Why the others are wrong:

C.Optimization uses heuristics; a higher level USUALLY helps but is NOT guaranteed to beat a lower level on every circuit.

D.generate_preset_pass_manager defaults to level 2, not level 1. (Level 1 was the legacy transpile() default in Qiskit 1.x; in 2.x transpile() also resolves to 2.)

F.Every level routes — level 0 just uses a trivial layout and then inserts whatever SWAPs that layout forces, which is why it often produces the MOST two-qubit gates.

Read more:
https://quantum.cloud.ibm.com/docs/guides/set-optimization
https://quantum.cloud.ibm.com/docs/guides/transpile-with-pass-managers

Next question →
s3-q037

s3-q037 · predict-output · difficulty 2/3

The circuit has h and t gates on qubit 0. After transpiling to a GenericBackendV2 whose basis is {cx, id, rz, sx, x, ...}, which statement about the resulting ISA circuit is TRUE?

from qiskit import QuantumCircuit
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit.providers.fake_provider import GenericBackendV2

backend = GenericBackendV2(num_qubits=5, seed=11)
qc = QuantumCircuit(2)
qc.h(0)
qc.t(0)
qc.cx(0, 1)

isa = generate_preset_pass_manager(1, backend, seed_transpiler=11).run(qc)
print(isa.count_ops())


A.It still contains a t gate, because t is typically kept as a standard gate.

B.It keeps the h gate but the t gate is removed entirely.

C.Neither h nor t survives; both are rewritten into the target basis (e.g. rz/sx).

D.Transpilation raises an error because t is not one of the basis gates.

E.Neither h nor t survives, and the cx is typically rewritten too.

F.h and t are usually merged into one universal u gate.

Show answer →
s3-q037 — answer

s3-q037 — answer

Correct: C

The translation stage rewrites every gate into the target's basis. Since neither h nor t is a basis gate, both are decomposed into rz/sx (and the two-qubit cx stays), so the ISA circuit contains no h or t.

Why the others are wrong:

A.t is not in this backend's basis, so it cannot survive — it is translated away like any other non-basis gate.

B.h is also absent from the basis and is likewise rewritten; it does not remain either.

D.A gate outside the basis is translated, not rejected — transpilation succeeds without error.

E.cx IS in this backend's basis, so translation leaves it alone — only the gates outside the basis (h, t) are rewritten.

F.u is not in this target's basis either; the single-qubit rotations are emitted as rz/sx sequences, and no u gate appears in the result.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages
https://quantum.cloud.ibm.com/docs/guides/transpile

Next question →
s3-q038

s3-q038 · mcq · difficulty 2/3

In the preset transpilation pipeline, which stage inserts SWAP gates so that every two-qubit gate acts on a physically-connected pair of qubits?


A.The layout stage.

B.The routing stage.

C.The translation stage.

D.The optimization stage.

E.The scheduling stage.

F.The init stage.

Show answer →
s3-q038 — answer

s3-q038 — answer

Correct: B

Routing is the stage that makes a circuit satisfy the coupling map: when a two-qubit gate is requested between non-adjacent physical qubits, the router inserts SWAP gates to bring the qubit states together. Layout only assigns the initial virtual->physical mapping.

Why the others are wrong:

A.The layout stage chooses which physical qubit each virtual qubit starts on; it does not insert SWAPs to move them during the circuit.

C.Translation rewrites gates into the target's basis set; it has nothing to do with connectivity.

D.Optimization simplifies and cancels gates; SWAP insertion for connectivity is the router's job, not optimization's.

E.Scheduling assigns timing (delays, alignment) to an already routed and translated circuit; it never changes which qubits a gate acts on.

F.The init stage runs preliminary passes such as unrolling three-qubit gates before layout; connectivity is not known to it and no SWAP is inserted there.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages
https://quantum.cloud.ibm.com/docs/guides/transpile

Next question →
s3-q039

s3-q039 · spot-bug · difficulty 1/3

This call raises. What is the reason?

from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit.providers.fake_provider import GenericBackendV2

backend = GenericBackendV2(num_qubits=5, seed=42)
pm = generate_preset_pass_manager(optimization_level=4, backend=backend)


A.Valid optimization levels are 0, 1, 2, and 3; level 4 does not exist and raises a ValueError.

B.Level 4 exists but is only allowed for real hardware backends, not fake ones.

C.optimization_level has to be passed as a string, e.g. '4'.

D.Level 4 is valid but usually requires seed_transpiler to be set first.

E.Valid levels are 1–4, but level 4 typically needs the qiskit-ibm-transpiler add-on.

F.The keyword order is usually wrong: backend has to come before optimization_level.

Show answer →
s3-q039 — answer

s3-q039 — answer

Correct: A

The preset pass managers define exactly four optimization levels: 0, 1, 2, and 3. Passing 4 is out of range and raises ValueError: Invalid optimization level 4.

Why the others are wrong:

B.There is no level 4 for any backend type; the range is 0-3 regardless of real or fake hardware.

C.optimization_level is an integer argument; passing a string is not the fix and level 4 still would not exist.

D.seed_transpiler is unrelated and only fixes the random seed; even with a seed, level 4 is invalid.

E.The range starts at 0, not 1: level 0 builds fine here, and no add-on adds a level 4 to the preset pass managers.

F.Keyword arguments are order-independent in Python; putting backend first raises exactly the same ValueError about the level.

Read more:
https://quantum.cloud.ibm.com/docs/guides/set-optimization
https://quantum.cloud.ibm.com/docs/guides/transpile-with-pass-managers

Next question →
s3-q040

s3-q040 · mcq · difficulty 1/3

You have built pm = generate_preset_pass_manager(optimization_level=1, backend=backend). Which call actually transpiles qc into an ISA circuit using this pass manager?

from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager

pm = generate_preset_pass_manager(optimization_level=1, backend=backend)
# isa = ?


A.isa = pm.transpile(qc)

B.isa = pm.run(qc)

C.isa = pm(qc)

D.isa = transpile(qc, pm)

E.isa = pm.run([qc])

F.isa = qc.transpile(pm)

Show answer →
s3-q040 — answer

s3-q040 — answer

Correct: B

A pass manager executes its passes on a circuit via .run(circuit). For a preset StagedPassManager, pm.run(qc) returns the transpiled ISA circuit.

Why the others are wrong:

A.StagedPassManager has no .transpile() method; calling it raises AttributeError. .run() is the method.

C.A pass manager is not callable; pm(qc) raises TypeError.

D.transpile() expects a backend/target, not a pass-manager object; passing pm there raises an error.

E.run mirrors its input: hand it a list and you get a LIST of circuits back, so isa is not a circuit. Pass the circuit itself (or index the result).

F.QuantumCircuit has no transpile method — transpilation is driven by the pass manager (pm.run) or the standalone transpile() function.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpile-with-pass-managers
https://quantum.cloud.ibm.com/docs/guides/transpile

Next question →
s3-q041

s3-q041 · predict-output · difficulty 3/3

A single Toffoli ccx(0, 1, 2) is transpiled onto a 3-qubit LINE backend (basis {cx, rz, sx, x}; connectivity 0-1-2). How many two-qubit (cx) gates does the resulting ISA circuit contain?

from qiskit import QuantumCircuit
from qiskit.transpiler import CouplingMap
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit.providers.fake_provider import GenericBackendV2

backend = GenericBackendV2(3, coupling_map=CouplingMap.from_line(3), seed=7)
qc = QuantumCircuit(3)
qc.ccx(0, 1, 2)

isa = generate_preset_pass_manager(1, backend, seed_transpiler=7).run(qc)
print(isa.count_ops().get('cx'))


A.0 — the backend typically executes a 3-qubit Toffoli natively, so no CX gates are needed.

B.Exactly 1 CX.

C.Between 2 and 5 CX.

D.6 or more CX — the Toffoli decomposition alone needs six.

E.Exactly 6 CX — the six-CX decomposition typically fits the line without any routing.

F.3 CX — the transpiler usually rewrites a Toffoli into three two-qubit gates on a line.

Show answer →
s3-q041 — answer

s3-q041 — answer

Correct: D

ccx is neither a basis gate nor a two-qubit gate, so it is decomposed. A Toffoli already needs 6 CX in an all-to-all decomposition, and routing it on a linear coupling map inserts additional CX (via SWAPs), giving well over 6 CX in practice.

Why the others are wrong:

A.No IBM backend offers a native 3-qubit gate; ccx sits outside the basis and has to be decomposed into CX-based gates.

B.One CX is nowhere near enough to realize a Toffoli — the standard decomposition alone needs 6.

C.The minimal Toffoli decomposition already uses 6 CX; on a line with routing the count is even higher, so it is not in the 2-5 range.

E.Six is the count for an all-to-all decomposition; on a line the router adds more, so the ISA circuit ends up above six.

F.No three-CX Toffoli exists: three two-qubit gates cannot implement a doubly-controlled X, and the transpiled circuit shows far more than three.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages
https://quantum.cloud.ibm.com/docs/guides/transpile

Next question →
s3-q042

s3-q042 · multi · difficulty 2/3

For a StagedPassManager from generate_preset_pass_manager(...), select ALL names that are actual stages of the pipeline (they appear in pm.stages). (Select all that apply.)


A.layout

B.routing

C.mitigation

D.scheduling

E.sampling

F.translation

Show answer →
s3-q042 — answer

s3-q042 — answer

Correct: A, B, D, F

The preset pipeline's stages are init, layout, routing, translation, optimization, and scheduling — so layout, routing, translation, and scheduling are all real stages of pm.stages.

Why the others are wrong:

C.mitigation is an error-mitigation concept applied at runtime by the primitives, not a transpiler stage.

E.sampling refers to the Sampler primitive's execution, not a transpilation stage.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages
https://quantum.cloud.ibm.com/docs/guides/transpile-with-pass-managers

Next question →
s3-q043

s3-q043 · mcq · difficulty 3/3

A 3-qubit circuit is transpiled with initial_layout=[2, 3, 4] onto a 5-qubit backend. What does this argument do?

from qiskit import transpile

isa = transpile(qc, backend, initial_layout=[2, 3, 4], optimization_level=0)


A.It sets the optimization level, which may be given as the list [2, 3, 4].

B.It adds measurements of physical qubits 2, 3, and 4 at the end of the transpiled circuit.

C.It pins the starting layout: virtual qubits 0, 1, 2 go to physical qubits 2, 3, 4.

D.It restricts the job so it runs only when physical qubits 2, 3, 4 are idle.

E.It pins the map the other way round: physical qubit 0 is generally sent to virtual 2, physical 1 to virtual 3.

F.It restricts the transpiler to physical qubits 2, 3 and 4, which it may then assign in whichever order it likes.

Show answer →
s3-q043 — answer

s3-q043 — answer

Correct: C

initial_layout pins the initial virtual-to-physical qubit mapping: the i-th entry is the physical qubit that virtual qubit i is assigned to. Here virtual 0->physical 2, virtual 1->physical 3, virtual 2->physical 4.

Why the others are wrong:

A.The optimization level is a separate integer argument (optimization_level=0 here); initial_layout is a qubit mapping, not a list of levels.

B.initial_layout places qubits; it does not add measurements. Measurements come from measure/measure_all.

D.initial_layout is a compile-time mapping choice, not a runtime scheduling/idle constraint.

E.The list is indexed by VIRTUAL qubit: entry i names the physical qubit that virtual qubit i starts on. Reading it the other way round inverts the mapping.

F.The order is part of the instruction, not a free choice: transpiling the same circuit with [4, 3, 2] produces the reversed assignment, so the list is an ordered map and not a set of allowed qubits.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages
https://quantum.cloud.ibm.com/docs/guides/transpile

Next question →
s3-q044

s3-q044 · mcq · difficulty 2/3

Why must an abstract quantum circuit be transpiled before it can be run on IBM Quantum hardware through the Runtime primitives?


A.Hardware runs only ISA circuits: the transpiler is designed to put every gate in the native basis and route two-qubit gates onto connected pairs.

B.Transpilation is optional: the V2 primitives silently convert any abstract circuit at submission time, so skipping it only costs a little extra runtime.

C.Transpilation is needed only to draw the circuit nicely; execution accepts any circuit unchanged.

D.Transpilation exists to convert the circuit into OpenQASM 2, the only format the hardware accepts.

E.Transpilation is what packs the circuit into the primitive's PUB format; without that step SamplerV2 cannot read the circuit at all, whatever gates it uses.

F.Hardware accepts any gate set, but the transpiler is needed to insert the dynamical-decoupling pulses that keep idle qubits alive between the gates.

Show answer →
s3-q044 — answer

s3-q044 — answer

Correct: A

Real devices have a fixed native gate set and a limited qubit connectivity. Transpilation maps virtual qubits to physical ones, routes two-qubit gates onto connected pairs (inserting SWAPs), and translates gates into the basis set — producing an ISA circuit, which is what the V2 primitives require as input.

Why the others are wrong:

B.The V2 primitives do NOT silently transpile arbitrary circuits; they expect ISA circuits and will error on non-ISA input. Transpiling is a required step, not a mere optimization.

C.Drawing has nothing to do with it; an un-transpiled circuit generally cannot execute on hardware at all.

D.Hardware execution is not about OpenQASM 2; the requirement is native basis gates plus valid connectivity (an ISA circuit).

E.PUBs are built when you call the primitive (circuit + parameters + observables); transpilation is a separate, earlier step about gates and connectivity. A PUB made from an abstract circuit is well-formed but still rejected as non-ISA.

F.Dynamical decoupling is an optional error-suppression option on the primitive, not the reason to transpile. The real requirement is the native basis plus a valid coupling map.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpile
https://quantum.cloud.ibm.com/docs/guides/get-started-with-sampler

Next question →
s3-q045

s3-q045 · predict-output · difficulty 2/3

Qubit 0 is flipped to |1⟩. The measurements deliberately map q0 -> c1 and q1 -> c0. What bitstring (order c1 c0) is observed on every shot?

from qiskit import QuantumCircuit

qc = QuantumCircuit(2, 2)
qc.x(0)
qc.measure(0, 1)   # qubit 0 -> classical bit 1
qc.measure(1, 0)   # qubit 1 -> classical bit 0


A.01

B.11

C.10

D.00

E.2

Show answer →
s3-q045 — answer

s3-q045 — answer

Correct: C

Qubit 0 is 1, qubit 1 is 0. The mapping stores qubit 0's result in c1 and qubit 1's result in c0, so c1=1 and c0=0. Printed as c1 c0, that is 10.

Why the others are wrong:

A.01 assumes the default mapping q0->c0, q1->c1; here the mapping is deliberately swapped, sending qubit 0's value to c1.

B.11 would require both qubits to be 1, but only qubit 0 was flipped.

D.00 would require both qubits to be 0; qubit 0 carries an X.

E.Integer keys come from BitArray.get_int_counts(); get_counts() (and the Sampler's bitstring view) always key the histogram by bitstrings, never by the integer value of the register.

Read more:
https://quantum.cloud.ibm.com/docs/guides/measure-qubits
https://quantum.cloud.ibm.com/docs/guides/construct-circuits

Next question →
s3-q046

s3-q046 · predict-output · difficulty 3/3

Circuit a applies X to its single qubit; circuit b applies identity to its single qubit. Which two-qubit state does a.tensor(b) prepare (bit order q1 q0)?

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector

a = QuantumCircuit(1)
a.x(0)      # a's qubit -> |1>

b = QuantumCircuit(1)
b.id(0)     # b's qubit -> |0>

combined = a.tensor(b)
sv = Statevector(combined)


A.|01⟩ — b (identity) is usually placed on the higher-order qubit and a (X) on the lower one.

B.|11⟩ — both qubits end up excited.

C.An equal superposition of all four basis states.

D.|10⟩ — a takes the higher-order qubit, so q1 is 1 and q0 stays 0.

E.A single-qubit circuit — tensor typically multiplies the operand matrices instead of widening the register.

F.It raises a CircuitError, because tensor is generally defined for Operator objects and not for circuits.

Show answer →
s3-q046 — answer

s3-q046 — answer

Correct: D

In a.tensor(b) the left operand a is placed on the MORE significant (higher-index) qubits and b on the less significant ones. So a's X acts on q1 (giving 1) and b's identity leaves q0 at 0, producing |10⟩.

Why the others are wrong:

A.|01⟩ reverses the tensor convention; a (the left operand), not b, takes the higher-order qubit.

B.b applies identity, so q0 remains 0 — the state is not |11⟩.

C.Neither circuit contains an H or other superposition-creating gate, so the result is a definite basis state.

E.Matrix multiplication of same-size operators is compose/dot. tensor builds the Kronecker product, so the result is 2 qubits wide, not 1.

F.QuantumCircuit.tensor exists and returns a new, wider circuit; you do not have to convert to an Operator first.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.QuantumCircuit

Next question →
s3-q047

s3-q047 · spot-bug · difficulty 1/3

This code raises a CircuitError at the measure call. What is the fix?

from qiskit import QuantumCircuit

qc = QuantumCircuit(2)          # 2 qubits, 0 classical bits
qc.h(0)
qc.cx(0, 1)
qc.measure([0, 1], [0, 1])     # CircuitError


A.The circuit has no classical bits; create it as QuantumCircuit(2, 2) or add a ClassicalRegister.

B.measure does not accept parallel lists of qubits and clbits; each qubit typically needs its own separate call.

C.The measure method does not exist on QuantumCircuit; you have to call qc.measure_all() instead.

D.The qubits have to be measured before the CX gate, not after it.

E.measure([0, 1], [0, 1]) is ambiguous; naming the arguments as qc.measure(qubit=[0,1], cbit=[0,1]) is generally preferred.

F.Registers may be attached later: call qc.measure(...) first, then qc.add_register(ClassicalRegister(2)) to store the results.

Show answer →
s3-q047 — answer

s3-q047 — answer

Correct: A

QuantumCircuit(2) creates 2 qubits and ZERO classical bits, so measure has nowhere to write. Declaring classical bits — QuantumCircuit(2, 2) or adding a ClassicalRegister — resolves it.

Why the others are wrong:

B.measure accepts parallel lists of qubits and clbits; the list form is fine once classical bits exist.

C.measure absolutely exists; measure_all is just a convenience that also creates its own register.

D.Gate ordering is irrelevant here — the error is the missing classical bits, not the position of the measurement.

E.The positional form is unambiguous, and naming the arguments changes nothing: the same CircuitError appears because the circuit still owns no classical bits.

F.The bits have to exist when measure runs: the call raises before add_register is ever reached, so the order is the whole problem.

Read more:
https://quantum.cloud.ibm.com/docs/guides/measure-qubits
https://quantum.cloud.ibm.com/docs/guides/construct-circuits

Next question →
s3-q048

s3-q048 · mcq · difficulty 1/3

What is the practical benefit of building a circuit from named registers such as QuantumRegister(3, 'data') and QuantumRegister(1, 'anc') instead of the bare QuantumCircuit(4) form?


A.Named registers usually make the circuit execute faster on hardware.

B.They let you address qubits by role, e.g. data[0] and anc[0], which keeps larger circuits readable.

C.Only qubits that belong to a named register can be measured; anonymous qubits cannot.

D.Named registers are required by the transpiler, which refuses a circuit built with the bare QuantumCircuit(4) form.

E.Named registers usually let the transpiler keep the data qubits contiguous on the device, which improves the layout.

F.Named registers typically survive transpilation, so the ISA circuit still shows data and anc labels instead of q.

Show answer →
s3-q048 — answer

s3-q048 — answer

Correct: B

Registers are an organizational tool. Naming them lets you reference qubits/bits by role (data, anc) and index within each group, which keeps larger circuits readable and lets one circuit contain multiple distinct registers. They carry no performance or execution requirement.

Why the others are wrong:

A.Register naming is purely structural metadata; it has no effect on execution speed.

C.Any qubit can be measured regardless of whether it lives in a user-named register; QuantumCircuit(4) qubits are measurable too.

D.Circuits built with the integer form transpile perfectly well; the transpiler never inspects register names.

E.The layout pass optimizes on connectivity and error rates; it never reads register names, so grouping by register buys no locality.

F.A transpiled circuit is defined over the device's physical qubits and carries a single register named q; your names live on in the layout, not in the ISA circuit's registers.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.QuantumCircuit

Next question →
s3-q049

s3-q049 · predict-output · difficulty 1/3

A 3-parameter circuit is partially bound with a dict that supplies only q. How many free parameters does partial have, and which remain?

from qiskit import QuantumCircuit
from qiskit.circuit import Parameter

p = Parameter('p'); q = Parameter('q'); r = Parameter('r')
qc = QuantumCircuit(1)
qc.rx(p, 0)
qc.ry(q, 0)
qc.rz(r, 0)

partial = qc.assign_parameters({q: 1.0})


A.0 — assigning any dict binds all of the circuit's parameters at once.

B.1 — only q remains free.

C.2 — p and r remain free; only q was bound.

D.It raises, because a dict must supply a value for every parameter.

E.2 — p and q remain free; the dict bound r, the last parameter of the circuit.

F.It raises a CircuitError: dict keys have to be parameter names like 'q', not the Parameter objects the circuit holds.

Show answer →
s3-q049 — answer

s3-q049 — answer

Correct: C

A dict binds exactly the parameters it names. Passing {q: 1.0} binds only q, leaving p and r free — so partial.num_parameters is 2. This is partial binding.

Why the others are wrong:

A.A dict binds only the keys you provide, not every parameter; the others stay symbolic.

B.q is the one that gets bound, so it is NOT among the remaining free parameters.

D.A dict is exactly how you do partial binding; it does not require a value for every parameter (a list would).

E.The count is right but the wrong parameter is bound: a dict binds the parameter its KEY refers to, and the key here is q, so p and r are what remain.

F.Parameter objects are the canonical keys (that is what the code uses, and it works). Name strings are accepted as a convenience — neither form is mandatory.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.Parameter

Next question →
s3-q050

s3-q050 · multi · difficulty 3/3

Select ALL true statements about parameterized circuits and how they interact with binding and transpilation. (Select all that apply.)


A.The values in a LIST passed to assign_parameters are matched to qc.parameters in alphabetical name order, not in gate-insertion order.

B.A parameterized circuit can be transpiled first and have its parameters assigned afterward; the ISA circuit keeps the parameters until you bind them.

C.assign_parameters must be called before transpilation, otherwise the parameters are lost in the layout stage.

D.A dict passed to assign_parameters may bind only a subset of parameters (partial binding).

E.Reusing the same Parameter object on two gates raises an error.

F.Binding an ISA circuit's parameters invalidates its layout, so the bound circuit has to be transpiled a second time.

Show answer →
s3-q050 — answer

s3-q050 — answer

Correct: A, B, D

List binding follows qc.parameters, which is sorted alphabetically by name (A). Parameters survive transpilation, so you can transpile once and bind many times afterward (B). A dict binds only the named parameters (D).

Why the others are wrong:

C.Parameters are preserved through transpilation; you do NOT have to bind before transpiling (in fact binding after is the efficient pattern).

E.Reusing one Parameter across gates is fully supported — it ties those gates to a shared value, not an error.

F.Binding only substitutes numbers into existing gate arguments: the bound ISA circuit keeps the same operations and the same layout, and is ready to run as-is.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.Parameter

Next question →
s3-q051

s3-q051 · predict-output · difficulty 3/3

The SAME parameter th is used on two different gates. How many free parameters does qc have, and what happens when th is bound?

from qiskit import QuantumCircuit
from qiskit.circuit import Parameter

th = Parameter('th')
qc = QuantumCircuit(2)
qc.rx(th, 0)
qc.rx(th, 1)

bound = qc.assign_parameters({th: 0.5})


A.qc has 2 free parameters — each gate gets its own independent copy of th.

B.qc has 1 free parameter, but binding sets only the first rx; the second stays symbolic.

C.It raises, because a Parameter object may not be reused across two gates.

D.qc has 1 free parameter; binding th sets BOTH rx gates to 0.5 at once.

E.qc has 1 free parameter, and a second Parameter('th') built elsewhere typically binds it too, since parameters are matched by name.

Show answer →
s3-q051 — answer

s3-q051 — answer

Correct: D

A Parameter is a single symbolic object. Reusing th on both gates means qc.num_parameters is 1, and assigning th substitutes that one value into every gate that references it — so both rx gates become 0.5. This is how weight-sharing ansätze tie gates together.

Why the others are wrong:

A.Reusing the same object does not clone it; there is one parameter, not two.

B.Binding a parameter updates every occurrence of it, not just the first gate.

C.Reusing a parameter across gates is fully valid and common; it does not raise.

E.Parameters are matched by identity, not by name: binding a dict keyed with a different Parameter('th') object raises CircuitError, even though the names agree.

Read more:
https://quantum.cloud.ibm.com/docs/guides/construct-circuits
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.Parameter

Next question →
s3-q052

s3-q052 · predict-output · difficulty 2/3

Qubit 0 is set to |1⟩ and measured into c0. A switch on c0 applies X to qubit 1 in case(0) and identity in the DEFAULT case. Qubit 1 is then measured. What outcome (order c1 c0) appears on every shot?

from qiskit import QuantumCircuit, QuantumRegister, ClassicalRegister

qr = QuantumRegister(2, 'q')
cr = ClassicalRegister(2, 'c')
qc = QuantumCircuit(qr, cr)
qc.x(0)
qc.measure(0, 0)
with qc.switch(cr[0]) as case:
    with case(0):
        qc.x(1)
    with case(case.DEFAULT):
        qc.id(1)
qc.measure(1, 1)


A.01 on every shot — c0=1 takes the DEFAULT branch (identity), so qubit 1 stays 0.

B.11 on every shot — the case(0) branch runs and applies X to qubit 1.

C.10 on every shot.

D.A mix of 00 and 11, close to 50/50.

E.It raises a CircuitError: case(case.DEFAULT) has to be declared first.

F.00 on every shot — reading cr[0] in the switch resets the bit to 0.

Show answer →
s3-q052 — answer

s3-q052 — answer

Correct: A

c0 is deterministically 1 (qubit 0 was flipped). The switch matches value 1 against case(0) (no match) and falls to case(DEFAULT), which applies identity, leaving qubit 1 at 0. So c1=0, c0=1 → 01 every shot.

Why the others are wrong:

B.case(0) only runs when c0=0; here c0=1, so the X branch is NOT taken.

C.10 would require qubit 1 to be 1 while c0=0; neither holds.

D.There is no superposition — qubit 0 is a definite 1 — so the outcome is deterministic, not 50/50.

E.The default branch may appear anywhere in the switch body — the builder collects the cases and matches them by value, taking DEFAULT only when nothing else matched.

F.Classical bits are not consumed by being read: c0 keeps the value 1 that the measurement wrote, which is exactly why the DEFAULT branch is the one that runs.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.QuantumCircuit

Next question →
s3-q053

s3-q053 · mcq · difficulty 3/3

Both qubits 0 and 1 are set to |1⟩ and measured into the 2-bit register c. An if_test guarded by expr.equal(c, 3) flips qubit 2, which is read into register o. What value does o hold?

from qiskit import QuantumCircuit, QuantumRegister, ClassicalRegister
from qiskit.circuit.classical import expr

qr = QuantumRegister(3, 'q')
c = ClassicalRegister(2, 'c')
o = ClassicalRegister(1, 'o')
qc = QuantumCircuit(qr, c, o)
qc.x(0); qc.x(1)
qc.measure(0, 0); qc.measure(1, 1)
with qc.if_test(expr.equal(c, 3)):
    qc.x(2)
qc.measure(2, o[0])


A.o = 0 — expr.equal compares individual bits, so it can never match the whole-register value 3.

B.o = 1 — c holds binary 11 = 3, so the condition is always true and qubit 2 is flipped.

C.It raises — an if_test condition must be a (register, value) tuple; an expr is not accepted.

D.o is random 0 or 1 because qubit 2 was never given a definite initial state.

E.It raises a TypeError: expr.equal needs both operands lifted with expr.lift, so a bare Python 3 is rejected.

Show answer →
s3-q053 — answer

s3-q053 — answer

Correct: B

expr.equal(c, 3) builds a classical expression that is true when the register c, interpreted as an integer, equals 3. With both bits set, c = binary 11 = 3, so the condition holds and X is applied to qubit 2, making o = 1.

Why the others are wrong:

A.expr.equal compares the whole register's integer value, not bit-by-bit; it matches 3 exactly here.

C.if_test accepts either a (resource, value) tuple OR a classical expr; passing expr.equal(...) is valid.

D.Qubit 2 starts in the definite state |0⟩; the conditional flips it deterministically, so o is not random.

E.expr.equal lifts plain Python values for you and infers the width from the register operand — expr.equal(c, 3) is the documented form.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/api/qiskit/circuit_classical

Next question →
s3-q054

s3-q054 · predict-output · difficulty 2/3

A parameterized rotation is built from a scaled parameter rather than the parameter itself. What does the snippet print?

th = Parameter("th")
expr = 2 * th

qc = QuantumCircuit(1)
qc.rz(expr, 0)

print(type(expr).__name__, isinstance(expr, Parameter), len(qc.parameters))


A.ParameterExpression False 1

B.Parameter True 1

C.ParameterExpression True 1

D.ParameterExpression False 0

E.float False 1

F.ParameterExpression False 2

Show answer →
s3-q054 — answer

s3-q054 — answer

Correct: A

Arithmetic on a Parameter builds a symbolic ParameterExpression: 2 * th is a new expression object that remembers the operation and the parameters inside it. The inheritance runs one way only — Parameter is a subclass of ParameterExpression, so every Parameter is an expression, but a product is a plain ParameterExpression and isinstance(expr, Parameter) is False. What the circuit tracks is the free parameters, not the expressions: qc.parameters reports the single Parameter th that has to be bound, so assign_parameters({th: 0.7}) gives the gate an angle of 1.4. .parameters on the expression itself gives the same set.

Why the others are wrong:

B.Assumes arithmetic returns another Parameter. Names belong to Parameter objects; a derived expression has no name of its own, which is why the class differs.

C.Gets the class right but the direction of the subclass relationship wrong: Parameter inherits from ParameterExpression, not the other way round, so an expression is not an instance of Parameter.

D.Assumes a circuit only tracks parameters passed in bare. The circuit walks into the expression and registers the free parameters it finds, so the count is 1, not 0.

E.Nothing is evaluated at build time — th has no value yet. Even after expr.bind({th: 0.5}) the result is still a ParameterExpression (a bound one), which you then cast with float(...).

F.Double-counts, as though the expression and its parameter were separate entries. qc.parameters is a set-like view of the free parameters, and there is one here.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.circuit.ParameterExpression
https://quantum.cloud.ibm.com/docs/guides/construct-circuits

Next question →
s3-q055

s3-q055 · mcq · difficulty 2/3

A preset pass manager is built for a 5-qubit backend at optimization level 2, and you inspect the passes that make up each of its six stages. Which of these named passes is one that the routing stage runs?

pm = generate_preset_pass_manager(backend=backend, optimization_level=2)
print(pm.stages)   # ('init', 'layout', 'routing', 'translation', 'optimization', 'scheduling')
# which pass shows up inside pm.routing?


A.SabreLayout

B.VF2Layout

C.ConsolidateBlocks

D.SabreSwap

E.BasisTranslator

F.Optimize1qGatesDecomposition

Show answer →
s3-q055 — answer

s3-q055 — answer

Correct: D

Routing is the stage that makes two-qubit gates physically executable by inserting SWAPs along the coupling map, and SabreSwap is the pass that does it in every preset level. Reading the whole level-2 stack tells the story of the six stages: init normalizes and pre-optimizes the abstract circuit, layout chooses the virtual-to-physical mapping (VF2Layout first, then SabreLayout), routing runs CheckMap and SabreSwap and then re-scores the mapping with VF2PostLayout, translation rewrites gates into the target basis, optimization cleans up the ISA circuit, and scheduling is present but empty unless a scheduling method is requested.

Why the others are wrong:

A.SabreLayout belongs to the LAYOUT stage. It is the easiest one to misplace, because it internally trials routing to score candidate layouts — but its output is a layout, and the SWAPs are inserted downstream.

B.VF2Layout also belongs to the layout stage: it looks for a perfect subgraph match so that no SWAPs are needed at all. Its post-routing sibling VF2PostLayout is the pass that does appear in the routing stage.

C.ConsolidateBlocks runs in the INIT stage at levels 2 and 3, where it collects runs of gates into unitary blocks before layout is chosen.

E.BasisTranslator is the workhorse of the TRANSLATION stage (it also appears in init and in the optimization stage's re-translation loop). Translating gates and routing them are separate concerns.

F.Optimize1qGatesDecomposition runs in the OPTIMIZATION stage, after the circuit is already routed and translated.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages
https://quantum.cloud.ibm.com/docs/guides/transpile-with-pass-managers

Next question →
s3-q056

s3-q056 · predict-output · difficulty 2/3

Which figure is the mpl rendering of the transpiled circuit produced by this code?

from qiskit import QuantumCircuit
from qiskit.transpiler import CouplingMap, generate_preset_pass_manager

qc = QuantumCircuit(3)
qc.h(0)
qc.cx(0, 1)
qc.cx(0, 2)

pm = generate_preset_pass_manager(
    optimization_level=0,
    coupling_map=CouplingMap.from_line(3),
    initial_layout=[0, 1, 2],
    seed_transpiler=42,
)
pm.run(qc).draw(output="mpl")


A.[image: Circuit diagram with three wires labelled q_0 -> 0, q_1 -> 1, q_2 -> 2 from top to bottom: an H box on the top wire, a CX from the top wire down to the middle wire, then a CX from the top wire down to the bottom wire.]


B.[image: Circuit diagram with three wires labelled q_0 -> 0, q_1 -> 1, q_2 -> 2 from top to bottom: an H box on the top wire, a CX from the top wire down to the middle wire, a SWAP between the middle and bottom wires, then a CX from the top wire down to the middle wire.]


C.[image: Circuit diagram with three wires labelled q_2 -> 0, q_1 -> 1, q_0 -> 2 from top to bottom: an H box on the bottom wire, a CX from the bottom wire up to the middle wire, a SWAP between the middle and top wires, then a CX from the bottom wire up to the middle wire.]


D.[image: Circuit diagram with three wires labelled q_0 -> 0, q_1 -> 1, q_2 -> 2 from top to bottom and a global-phase note: an Rz, square-root-X, Rz chain on the top wire, a CX from the top wire down to the middle wire, three alternating CX gates between the middle and bottom wires, then a CX from the top wire down to the middle wire.]


E.[image: Circuit diagram with three wires labelled q_0 -> 0, q_1 -> 1, q_2 -> 2 from top to bottom: an H box on the top wire, a CX from the top wire down to the middle wire, a SWAP between the top and middle wires, then a CX from the bottom wire up to the middle wire.]


Show answer →
s3-q056 — answer

s3-q056 — answer

Correct: B

A line coupling map has the edges 0-1 and 1-2 only, so cx(0, 2) cannot be executed as written. With the layout pinned to [0, 1, 2], the routing stage inserts one SWAP that brings the state of q_2 next to q_0, and the second CX is then drawn between physical 0 and 1. Because only a coupling_map was given and no basis_gates, nothing is translated: the H stays an H and the inserted SWAP is drawn as a SWAP. The drawer labels each wire with the virtual-to-physical mapping the layout stage chose.

Why the others are wrong:

A.Connectivity ignored: a CX between physical qubits 0 and 2 is not executable on a line, so the router cannot leave the circuit unchanged. This drawing is what a fully connected coupling map would produce.

C.initial_layout read backwards: it is an ordered virtual-to-physical map, so entry 0 says where q_0 goes. This drawing is the layout [2, 1, 0], which puts q_0 on physical qubit 2.

D.Routing confused with translation: coupling_map alone routes the circuit, it does not pick a gate set, so no gate is rewritten. This picture — the H expanded into Rz-SX-Rz and the SWAP into three CX gates — appears only when basis_gates is passed as well.

E.CX control and target treated as interchangeable: the stem's second CX is controlled by q_0, and swapping the roles changes both which wire carries the control dot and which pair of qubits the router has to swap.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages
https://quantum.cloud.ibm.com/docs/guides/transpile-with-pass-managers

Next question →
s3-q057

s3-q057 · predict-output · difficulty 2/3

Which figure is the mpl rendering of the circuit this pass manager returns?

from qiskit import QuantumCircuit
from qiskit.transpiler import generate_preset_pass_manager

qc = QuantumCircuit(3)
qc.h(0)
qc.cx(0, 1)
qc.cx(0, 1)
qc.t(1)
qc.h(2)
qc.z(2)
qc.z(2)
qc.cx(1, 2)
qc.cx(0, 2)

pm = generate_preset_pass_manager(optimization_level=0, seed_transpiler=42)
pm.run(qc).draw(output="mpl")


A.[image: Circuit diagram with three wires q_0, q_1, q_2 from top to bottom: an H box on q_0, a T box on q_1 and an H box on q_2 in the first column, then a CX controlled by q_1 with its target on q_2, then a CX controlled by q_0 with its target on q_2. Five gates in total; no repeated gates anywhere.]


B.[image: Circuit diagram with three wires q_0, q_1, q_2 from top to bottom: an H box on q_0 and an H box on q_2, then two CX gates in a row controlled by q_0 with their targets on q_1, a T box on q_1, then a CX controlled by q_1 with its target on q_2 and a CX controlled by q_0 with its target on q_2. Seven gates in total; the q_2 wire carries no Z boxes.]


C.[image: Circuit diagram with three wires q_0, q_1, q_2 from top to bottom: an H box on q_0 and an H box on q_2, then two CX gates in a row controlled by q_0 with their targets on q_1 while two Z boxes in a row sit on q_2, a T box on q_1, then a CX controlled by q_1 with its target on q_2 and a CX controlled by q_0 with its target on q_2. Nine gates in total.]


D.[image: Circuit diagram with three wires q_0, q_1, q_2 from top to bottom: an H box on q_0, a T box on q_1 and an H box on q_2 in the first column, then two Z boxes in a row on q_2, then a CX controlled by q_1 with its target on q_2 and a CX controlled by q_0 with its target on q_2. Seven gates in total; the q_0-to-q_1 CX gates are absent.]


E.[image: Circuit diagram with three wires q_0, q_1, q_2 from top to bottom: an H box on q_0 and an H box on q_2, then one CX controlled by q_0 with its target on q_1 while a single Z box sits on q_2, a T box on q_1, then a CX controlled by q_1 with its target on q_2 and a CX controlled by q_0 with its target on q_2. Eight gates in total.]


Show answer →
s3-q057 — answer

s3-q057 — answer

Correct: C

optimization_level=0 builds a pass manager that runs no optimization stage at all: it lays out, routes and translates for whatever target it is given, and here it is given none, so the circuit comes back exactly as it was written. Both redundant pairs — the two CX(0, 1) gates and the two Z gates — are still drawn, because removing them is the job of the optimization passes that only levels 1 and above schedule.

Why the others are wrong:

A.Level confusion: this is the level-2 output. Inverse-pair cancellation is an optimization pass, and level 0 schedules none, so both repeated pairs survive the run shown in the stem.

B.Selective cancellation: nothing suggests single-qubit repeats are treated differently from two-qubit ones. Either the optimization stage runs and removes both pairs, or it does not run and removes neither.

D.The mirror-image of the same error: the CX pair is no more removable at level 0 than the Z pair. This drawing is what a run that cancelled only the two-qubit repeat would produce.

E.Deduplication instead of cancellation: repeated gates are not collapsed into a single copy. Two identical self-inverse gates multiply to the identity, so a pass that acts on them deletes both — it never leaves one behind.

Read more:
https://quantum.cloud.ibm.com/docs/guides/set-optimization
https://quantum.cloud.ibm.com/docs/guides/transpiler-stages

Next question →
s3-q058

s3-q058 · predict-output · difficulty 2/3

Which figure is the mpl rendering produced by this code?

import numpy as np
from qiskit import QuantumCircuit

qc = QuantumCircuit(2)
qc.h(0)
with qc.for_loop(range(3)):
    qc.rx(np.pi / 4, 1)
    qc.cx(0, 1)

qc.draw(output="mpl")


A.[image: Circuit diagram on two wires q_0 and q_1: an H box on q_0, then three repetitions of an Rx(pi/4) box on q_1 followed by a CX controlled by q_0 with its target on q_1. No boxed region is drawn around anything.]


B.[image: Circuit diagram on two wires q_0 and q_1: an H box on q_0, then a boxed region labelled 'For-0 range(0, 3)' spanning both wires and enclosing one Rx(pi/4) box on q_1, and after the region a CX controlled by q_0 with its target on q_1.]


C.[image: Circuit diagram on two wires q_0 and q_1: an H box on q_0, then a boxed region labelled 'For-0 range(0, 3)' spanning both wires and enclosing a CX controlled by q_0 with its target on q_1 followed by an Rx(pi/4) box on q_1.]


D.[image: Circuit diagram on two wires q_0 and q_1: an H box on q_0, then a boxed region labelled 'For-0 range(0, 3)' spanning both wires and enclosing an Rx(pi/4) box on q_1 followed by a CX controlled by q_0 with its target on q_1.]


E.[image: Circuit diagram on two wires q_0 and q_1: an H box on q_0, then a boxed region labelled 'For-0 range(0, 2)' spanning both wires and enclosing an Rx(pi/4) box on q_1 followed by a CX controlled by q_0 with its target on q_1.]


Show answer →
s3-q058 — answer

s3-q058 — answer

Correct: D

for_loop is a control-flow context, so the body is stored once as a nested block and the circuit keeps a single for_loop instruction. The drawer renders that instruction as one labelled region carrying the loop's index set verbatim — For-0 range(0, 3) for range(3) — with the body drawn inside it in the order it was written: the Rx on q_1 first, then the CX from q_0 to q_1. The region spans both wires because the body touches both.

Why the others are wrong:

A.Python-loop habit: with qc.for_loop(...) does not repeat the body at build time. It builds one instruction whose body is executed by the control system, so the drawing shows a single boxed region, not three copies of the body.

B.Body scope misread: everything indented under the context manager belongs to the block, so the CX is part of the loop body and must be drawn inside the region, not after it.

C.Statement order flipped: the block records its instructions in source order, so the Rx must be drawn to the left of the CX inside the region.

E.Off-by-one on the label: the box prints the index set that was passed, and range(3) is range(0, 3). A region reading range(0, 2) comes from a loop built over range(2), i.e. two iterations rather than three.

Read more:
https://quantum.cloud.ibm.com/docs/guides/classical-feedforward-and-control-flow
https://quantum.cloud.ibm.com/docs/guides/visualize-circuits
Questions — Section 4: Run quantum circuits

41 questions. Answers follow each question on the next page. Start →
s4-q001

s4-q001 · mcq · difficulty 1/3

A researcher needs to run 30 circuits that are fully independent of each other (no circuit depends on another's results) on a busy IBM Quantum device, and wants to minimize total time spent waiting in the queue. Which execution mode fits best?


A.Batch mode — submit the 30 jobs together as one batch

B.Session mode — open a session and submit the 30 jobs inside it

C.Job mode — submit 30 separate individual jobs

D.One session per circuit — open 30 sessions, one job each

E.Session mode with a short max_time, keeping the dedicated window cheap

F.Nest the batch inside a session — with Session(...): wrapping with Batch(...): — so the 30 jobs get both the batch's scheduling and the session's reserved window.

Show answer →
s4-q001 — answer

s4-q001 — answer

Correct: A

Batch mode is designed exactly for collections of independent jobs: the jobs are scheduled as a group, can run back-to-back with parallelized classical processing, and the whole collection clears the queue faster than individually queued jobs — without reserving the device between jobs the way a session does.

Why the others are wrong:

B.Sessions give you dedicated, iterative access — useful when later jobs depend on earlier results (e.g. variational loops). For independent circuits the dedicated window buys nothing and typically costs more device time than batching.

C.Individually queued jobs each wait in the fair-share queue separately — this maximizes, not minimizes, total queuing overhead.

D.Opening a session per circuit multiplies session overhead thirty-fold and is the most wasteful option of all.

E.Shrinking max_time doesn't change what a session is: dedicated, exclusive access intended for dependent, iterative jobs. Independent circuits gain nothing from exclusivity at any window length — batch mode schedules them together without reserving the device.

F.Nesting does not compose the two modes. A primitive runs in exactly the execution mode its mode= argument names; wrapping a batch in a session simply pays the session's higher cost on top, and the batch never inherits or extends a session's reserved window.

Read more:
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode
https://quantum.cloud.ibm.com/docs/guides/run-jobs-batch

Next question →
s4-q010

s4-q010 · mcq · difficulty 1/3

You are running a variational algorithm: each iteration submits one Estimator job whose circuit parameters are chosen by a classical optimizer from the previous iteration's expectation value. You want to avoid re-queuing between iterations and keep the QPU responsive to the tight classical-quantum feedback loop. Which execution mode is the best fit?


A.Batch mode

B.Session mode

C.Job mode — submit each iteration as its own job, which usually reaches the QPU sooner than holding a session open.

D.Combine all iterations into a single primitive job

E.Batch mode — add each optimizer iteration to the batch as it is produced, since a batch typically keeps the QPU allocated to you between its jobs.

F.Job mode — each iteration as its own job, since Runtime typically raises a returning user's fair-share priority after the first job lands.

Show answer →
s4-q010 — answer

s4-q010 — answer

Correct: B

A session gives dedicated, exclusive access to the QPU for a window, so an iterative workload whose next input depends on the previous result runs back-to-back without each job re-entering the fair-share queue. This is the documented use case for sessions: iterative workloads requiring frequent classical-quantum communication.

Why the others are wrong:

A.Batch mode is for independent jobs that are all available at the outset; here each iteration's parameters depend on the previous result, so the jobs cannot be submitted together and batching provides no benefit.

C.Submitting each iteration as a separate job sends every iteration back through the fair-share queue, so it does not reach the QPU sooner — each job waits its own turn, which is exactly what a session avoids.

D.The iterations cannot be one job: iteration n+1's parameters are computed classically from iteration n's result, so they are unknown when the job would be submitted.

E.A batch does not hold the QPU between jobs: batched jobs get no exclusive access, and other users' (and calibration) jobs may run in between. Batch also assumes the jobs are known at the outset, which is exactly what an optimizer-driven loop cannot provide.

F.Fair-share scheduling balances usage across users and projects; it does not accumulate priority for whoever submits most often. Every iteration would queue from scratch, which is exactly the round trip a session removes.

Read more:
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q011

s4-q011 · mcq · difficulty 1/3

You want to compare the effect of several different error-mitigation settings on one circuit and observable. The jobs are independent, all known at the outset, and you want them to run as closely together in time as possible (to limit device drift) while still being able to inspect each job's result separately. Which execution mode does the documentation recommend?


A.Job mode, submitting all jobs and hoping the scheduler groups them

B.Session mode, which generally keeps the jobs closest together in time.

C.Batch mode

D.A separate session per mitigation setting

E.Job mode with one job that carries every mitigation setting as a separate PUB, so one queue wait covers all of them.

F.One primitive job per setting, submitted from several parallel Python processes so they generally reach the QPU at the same moment.

Show answer →
s4-q011 — answer

s4-q011 — answer

Correct: C

All jobs are independent and available at the outset, so they can be scheduled collectively in a batch: you wait through the queue only once, the classical pre-processing runs in parallel, and the jobs run closely together to limit drift, while you still get each job's result individually. Because sessions are generally more expensive, batch is preferred whenever dedicated access is not required.

Why the others are wrong:

A.Plain job mode creates no scheduling relationship between jobs — each waits in the queue separately with no guarantee they run close together.

B.A session does keep jobs tightly together, but it is generally more expensive; the docs recommend batch whenever you do not need a session's dedicated access.

D.Opening a session per setting multiplies session overhead and cost while giving independent jobs no benefit.

E.Primitive options — including the error-mitigation settings — are set on the primitive and apply to the whole job, not per PUB. One job cannot carry several different mitigation configurations, and a single job also returns one result object rather than separately inspectable per-setting results.

F.Submitting in parallel does not make jobs run together: each one still enters the fair-share queue independently and they can be separated by hours. Batch is the mechanism that asks the scheduler to treat a group as a unit.

Read more:
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/run-jobs-batch

Next question →
s4-q012

s4-q012 · predict-output · difficulty 2/3

The circuit qc is built with abstract gates and passed straight to a primitive bound to a real-device backend, without any transpilation. What happens when this code runs?

from qiskit import QuantumCircuit
from qiskit_ibm_runtime import SamplerV2
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

backend = FakeManilaV2()
qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
qc.measure_all()

sampler = SamplerV2(mode=backend)
job = sampler.run([qc])          # qc was never transpiled
print(job.result()[0].data.meas.get_counts())


A.It prints counts split roughly 50/50 between '00' and '11' — the primitive transpiles the abstract gates to the backend's ISA automatically.

B.It raises an error: the circuit's instructions do not match the backend's ISA (the h gate is not in the target's instruction set), so the primitive rejects it.

C.It raises a TranspilerError because no pass manager was created.

D.It prints counts over only '00', silently dropping the gates the backend does not support.

E.It runs and prints counts: local testing mode on a fake backend typically skips the ISA check, so h and cx are simulated directly.

F.It raises IBMInputValueError, but because measure_all added a meas register that the backend's target does not declare.

Show answer →
s4-q012 — answer

s4-q012 — answer

Correct: B

Runtime primitives require ISA circuits: the circuit must already conform to the backend's instruction set architecture (native basis gates and qubit connectivity). Passing an un-transpiled circuit raises IBMInputValueError (the instruction h on qubits (0,) is not supported by the target system). You must build a preset pass manager and transpile first.

Why the others are wrong:

A.V2 primitives do NOT auto-transpile the abstract gates for the target; you must produce an ISA circuit yourself. This is a common V1-to-V2 migration misconception.

C.The error is not a TranspilerError — nothing is being transpiled. The primitive itself rejects the non-ISA circuit with IBMInputValueError.

D.Unsupported instructions are never silently dropped; that would change the computation. The circuit is rejected outright.

E.Local testing mode changes where the job runs, not what the primitive accepts: a fake backend carries a real Target, and SamplerV2 validates the circuit against it exactly as the hardware path does. The abstract h is rejected here too.

F.Right exception, wrong cause. The error names the h instruction, and the very same circuit — meas register included — runs without complaint once it is transpiled to the ISA. Classical registers are not part of the target's instruction set.

Read more:
https://quantum.cloud.ibm.com/docs/guides/hello-world
https://quantum.cloud.ibm.com/docs/guides/transpile
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q013

s4-q013 · mcq · difficulty 2/3

You have opened a batch with batch = Batch(backend=backend) and want to create a SamplerV2 that submits its jobs inside that batch. Which construction is correct?

from qiskit_ibm_runtime import SamplerV2, Batch

batch = Batch(backend=backend)
sampler = ...  # which one?


A.SamplerV2(session=batch)

B.SamplerV2(batch=batch)

C.SamplerV2(mode=batch)

D.SamplerV2(mode="batch")

E.SamplerV2(backend=batch)

F.SamplerV2(mode=batch.backend())

Show answer →
s4-q013 — answer

s4-q013 — answer

Correct: C

In V2, the execution mode is passed through the single mode= parameter, which accepts a Backend, Session, or Batch object. SamplerV2(mode=batch) binds the primitive to the batch so its jobs are scheduled together.

Why the others are wrong:

A.session= was the pre-0.24 keyword and no longer exists on V2 primitives (raises TypeError); you also would not pass a Batch to a session argument.

B.There is no batch= keyword on the V2 primitives; it raises TypeError. The execution mode always goes through mode=.

D.mode= needs the actual Batch object, not the string "batch"; a string raises ValueError: mode must be of type Backend, Session, Batch or None.

E.backend= is the V1 keyword and was removed from the V2 constructors altogether, so this raises TypeError no matter what object you hand it — a batch included.

F.Batch.backend() returns the backend's *name* as a string, not the backend object, and mode= rejects strings — this raises ValueError. It also would not put the jobs in the batch even if it worked, since the mode would then be a plain backend.

Read more:
https://quantum.cloud.ibm.com/docs/guides/run-jobs-batch
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q014

s4-q014 · multi · difficulty 2/3

Which of the following statements about batch mode are TRUE? (Select two.) (Select all that apply.)


A.Classical pre-processing of the jobs runs in parallel, so a batch finishes faster than the same jobs run serially.

B.Jobs in a batch are not guaranteed to run in the order they were submitted, and they do not get exclusive access to the QPU.

C.Batch mode reserves the QPU exclusively for the duration of the batch, so no other users' jobs and no calibration jobs can be interleaved with yours.

D.Wrapping a single job in a batch reduces that job's queuing time compared with job mode.

E.Batch mode is only available on paid plans; Open Plan users cannot submit batch jobs.

F.A batch's maximum TTL pauses whenever another user's job occupies the QPU, so a batch never expires while some of its jobs are still queued.

Show answer →
s4-q014 — answer

s4-q014 — answer

Correct: A, B

Batch parallelizes the classical processing of independent jobs and packs their quantum execution tightly, so a batch completes faster than serial submission. However, batched jobs are not guaranteed to run in submission order and do NOT get exclusive access — other users' jobs and calibration jobs may run in between if there is capacity.

Why the others are wrong:

C.Exclusive access for the whole window (no other users' jobs, no calibration jobs) is the defining feature of SESSION mode, not batch. Batch jobs share the QPU.

D.The queuing time does not decrease for the first job submitted within a batch, so batching gives no benefit for a single job.

E.It is SESSION mode that Open Plan users cannot use. Batch mode is available on the Open Plan (with a shorter maximum TTL).

F.The maximum TTL never pauses: it starts when the batch's first job starts running and runs down in wall-clock time. When it expires the batch closes — jobs already running finish, but anything still queued is failed.

Read more:
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode
https://quantum.cloud.ibm.com/docs/guides/run-jobs-batch

Next question →
s4-q015

s4-q015 · mcq · difficulty 1/3

A developer on the free Open Plan writes code that opens Session(backend=backend) and submits jobs inside it. What is the documented outcome, and what should they do instead?


A.The session opens normally — on the free Open Plan all three execution modes accept jobs.

B.Open Plan users cannot submit session jobs; job mode or batch mode is the recommended path.

C.Sessions work on the Open Plan but are limited to a single job each.

D.The Open Plan supports sessions but not batch mode.

E.Open Plan users can open a session, but only in local testing mode against a fake backend.

F.Session and batch both need a paid plan; the Open Plan generally supports job mode only.

Show answer →
s4-q015 — answer

s4-q015 — answer

Correct: B

The documentation states explicitly that Open Plan users cannot submit session jobs; their workloads must run in job mode or batch mode. Sessions (dedicated, exclusive access) are reserved for paid plans.

Why the others are wrong:

A.The Open Plan does NOT accept session jobs; only job mode and batch mode are available to it.

C.Sessions are not merely limited on the Open Plan — they cannot be submitted at all.

D.It is the reverse: batch mode IS available on the Open Plan (with a 10-minute max TTL); sessions are not.

E.Local testing mode is unrelated to the plan: anyone can open a Session on a fake backend because nothing is submitted to IBM at all. What the Open Plan blocks is submitting session jobs to real QPUs.

F.This over-corrects: batch mode IS available on the Open Plan. Only session jobs are restricted, which is why the documented advice for Open Plan users is job mode or batch mode.

Read more:
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode

Next question →
s4-q016

s4-q016 · spot-bug · difficulty 2/3

This code, adapted from a Qiskit V1 tutorial, fails on the line that constructs the sampler. What is the bug?

from qiskit_ibm_runtime import SamplerV2
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

backend = FakeManilaV2()
# isa: a circuit already transpiled for `backend`
sampler = SamplerV2(backend=backend)
job = sampler.run([isa])


A.SamplerV2 has no backend= parameter; the execution target goes through mode=.

B.SamplerV2 must be imported from qiskit.primitives, not qiskit_ibm_runtime.

C.The circuit must be passed to the constructor, not to run().

D.run() usually takes the backend as its second argument now that the constructor no longer accepts one: sampler.run([isa], backend).

E.SamplerV2 no longer takes constructor arguments; the target is usually supplied per call as sampler.run([isa], mode=backend).

F.The keyword is right but the value is wrong: backend= typically wants the backend *name*, so SamplerV2(backend="fake_manila") fixes it.

Show answer →
s4-q016 — answer

s4-q016 — answer

Correct: A

In V2 the backend= keyword was removed from the primitive constructors; the execution mode (a Backend, Session, or Batch) is supplied through mode=. SamplerV2(backend=backend) raises TypeError: unexpected keyword argument 'backend'; the fix is SamplerV2(mode=backend).

Why the others are wrong:

B.SamplerV2 from qiskit_ibm_runtime is the correct Runtime primitive and works fine once mode= is used — the import is not the problem.

C.The circuit is passed to run() as a PUB, not to the constructor; sampler.run([isa]) is correct.

D.run() takes only the iterable of PUBs (plus keyword options such as shots); there is no positional backend on run() either, so adding one raises TypeError.

E.The constructor kept its parameters (mode, options) and run gained none: it accepts the PUBs and shots only, so run([isa], mode=backend) raises TypeError for an unexpected keyword.

F.The keyword itself is what was removed, so no value rescues it: passing a name string raises the same TypeError. Names are resolved by service.backend("..."), and the resulting object goes to mode=.

Read more:
https://quantum.cloud.ibm.com/docs/guides/hello-world
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/run-jobs-batch

Next question →
s4-q017

s4-q017 · mcq · difficulty 1/3

Your workload is a set of independent circuits with no feedback between them. A colleague suggests always using a session 'to be safe'. According to IBM's guidance, why is batch usually the better default here?


A.Batch mode guarantees your jobs run before any other user's jobs.

B.A session can hold only one job at a time, so a set of independent circuits would have to be spread across many separate sessions, one per circuit.

C.Sessions cost more than batches, so batch is generally the better choice unless you need the exclusive access that only a session provides.

D.Sessions do not support the SamplerV2 and EstimatorV2 primitives.

E.Batch mode transpiles your circuits to the ISA for you before they are queued, whereas inside a session you must supply already-transpiled circuits yourself.

F.A session has to be closed and reopened between primitive calls, so a set of independent circuits would pay the session start-up cost once per circuit.

Show answer →
s4-q017 — answer

s4-q017 — answer

Correct: C

Sessions provide dedicated, exclusive access but at higher usage cost. The docs recommend using batch whenever you don't need that dedicated access — as with a set of independent jobs — because batch delivers the same parallel classical processing and single queue wait more cheaply.

Why the others are wrong:

A.Batch jobs do not get priority over other users; they are not even exclusive. It is sessions that reserve the QPU.

B.Sessions are explicitly designed for multi-job workloads: one session runs many jobs back-to-back, so nothing forces one session per circuit.

D.Both primitives run in sessions (and in batches and job mode); the mode is passed via mode=.

E.Neither mode transpiles for you: every execution mode requires ISA circuits produced by a preset pass manager. The choice between batch and session is about scheduling and cost, never about who does the transpilation.

F.A session stays open across many primitive calls — that is the entire point of the dedicated window. Nothing forces a close between calls; the real cost argument is that the dedicated window itself is billed more than a batch.

Read more:
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q018

s4-q018 · predict-output · difficulty 2/3

The circuit is transpiled to the backend's ISA (which pads it to the device's qubit count), but the two-qubit observable is passed to the Estimator without being mapped to the transpiled layout. What happens?

from qiskit import QuantumCircuit
from qiskit.quantum_info import SparsePauliOp
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit_ibm_runtime import EstimatorV2
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

backend = FakeManilaV2()
qc = QuantumCircuit(2); qc.h(0); qc.cx(0, 1)
obs = SparsePauliOp("ZZ")
pm = generate_preset_pass_manager(backend=backend, optimization_level=1)
isa = pm.run(qc)
estimator = EstimatorV2(mode=backend)
job = estimator.run([(isa, obs)])   # obs NOT mapped with apply_layout
print(job.result()[0].data.evs)


A.It prints an expectation value close to +1.

B.It raises a ValueError: the observable must have the same qubit count as the transpiled circuit, and it no longer does.

C.It prints an expectation value close to 0 because the observable is ignored.

D.It raises IBMInputValueError: the Estimator rejects the pair because the observable was never mapped to the transpiled circuit's layout with apply_layout.

E.It prints an expectation value close to +1: the Estimator broadcasts the smaller observable across the transpiled circuit's qubits, padding it with identities.

F.It raises a QiskitError from SparsePauliOp, which refuses to be evaluated against a circuit whose transpiler layout it was not built for.

Show answer →
s4-q018 — answer

s4-q018 — answer

Correct: B

Transpiling to the device maps the 2-qubit circuit onto the 5-qubit target, so the circuit now has 5 qubits while the observable still has 2. The Estimator raises ValueError (the number of qubits of the circuit ... does not match the number of qubits of the ...-th observable). You must align the observable with obs.apply_layout(isa.layout).

Why the others are wrong:

A.No value is produced — the mismatch is caught before any expectation value is computed.

C.The observable is not silently ignored; a mismatched observable is a hard error.

D.The diagnosis is right but the exception is not: a size mismatch between circuit and observable is a plain ValueError raised by the Estimator's PUB validation, not IBMInputValueError.

E.There is no automatic identity padding. Widening the observable is the user's job, and obs.apply_layout(isa.layout) is the tool for it; without that call the qubit counts simply disagree and the run is rejected.

F.The observable never inspects the circuit — SparsePauliOp has no idea a layout exists. The mismatch is caught by the primitive when it validates the PUB, and the type raised is ValueError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/hello-world
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/transpile

Next question →
s4-q019

s4-q019 · mcq · difficulty 1/3

You want the Runtime service to automatically pick a real QPU that is currently operational and has the shortest queue. Which call does this?

from qiskit_ibm_runtime import QiskitRuntimeService
service = QiskitRuntimeService()
backend = ...  # which call?


A.service.least_busy(operational=True, simulator=False)

B.service.least_busy(simulator=True, operational=True)

C.service.backend()

D.service.backend(least_busy=True)

E.service.backends(operational=True)[0]

F.min(service.backends(), key=lambda b: b.num_qubits)

Show answer →
s4-q019 — answer

s4-q019 — answer

Correct: A

least_busy returns the backend with the fewest pending jobs. Passing operational=True restricts to devices that are up, and simulator=False restricts to real QPUs, so you get the least-busy operational hardware backend.

Why the others are wrong:

B.simulator=True selects the least busy *simulator*; it is simulator=False that restricts the search to real QPUs.

C.service.backend() retrieves a specific backend by name and does not consider queue length; called with no name it does not select the least busy device.

D.backend() has no least_busy keyword — it looks a backend up by name. Least-busy selection is its own method, service.least_busy(...).

E.backends() returns the accessible backends in the service's own order, not sorted by queue depth, so the first entry has nothing to do with how busy a device is. It also still includes simulators.

F.Device size is not queue length: the smallest QPU is frequently the most oversubscribed one. least_busy ranks by the number of pending jobs reported in each backend's status.

Read more:
https://quantum.cloud.ibm.com/docs/guides/hello-world
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session

Next question →
s4-q020

s4-q020 · mcq · difficulty 2/3

Inside a with Batch(backend=backend): block you construct sampler = SamplerV2(mode=backend) — passing the backend object rather than the batch — and submit jobs. What happens?

with Batch(backend=backend):
    sampler = SamplerV2(mode=backend)   # backend, not the batch
    job = sampler.run([isa])


A.The jobs run in batch mode: a primitive inside a with Batch(...) block usually inherits the batch.

B.The jobs run in job mode, not batch mode — setting the mode to a backend bypasses the surrounding batch context.

C.It raises an error because a primitive inside a batch context must set mode=batch.

D.The batch is silently converted into a session.

E.It runs in job mode, and exiting the block usually raises an error because the batch received no jobs.

F.The jobs run in batch mode as long as the backend object is the one the batch was opened on.

Show answer →
s4-q020 — answer

s4-q020 — answer

Correct: B

The execution mode is determined by the mode argument, not by lexical position. If you set the mode to a backend object, the program runs in job mode even inside a batch or session context. To run inside the batch, pass the batch (mode=batch) or construct the primitive with no mode inside the context so it inherits the batch.

Why the others are wrong:

A.A primitive constructed with NO mode inside the context does inherit the batch — but this one sets mode=backend explicitly, which overrides the context and forces job mode.

C.It does not raise — it runs, just in job mode. A warning is logged that the job is running in job mode.

D.Nothing converts a batch to a session; the batch context is simply bypassed for that primitive.

E.An empty batch is not an error: exiting the context manager just closes it. The mode mistake is silent, which is exactly what makes it dangerous — you only notice it in the usage report.

F.Mode binding is by object, not by equality of the underlying device. Passing the backend gives you job mode even when it is the very backend the batch wraps; you have to pass the Batch object itself.

Read more:
https://quantum.cloud.ibm.com/docs/guides/run-jobs-batch
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q021

s4-q021 · mcq · difficulty 2/3

A SamplerV2 is constructed with no mode and is not inside any session or batch context, then run is called. What is the result?

from qiskit_ibm_runtime import SamplerV2
# isa: a transpiled circuit; no Session/Batch context is open
sampler = SamplerV2()          # no mode given
job = sampler.run([isa])


A.It raises TypeError when the SamplerV2 is constructed, because mode is a required positional argument.

B.It runs on a local Aer simulator, which ships with Qiskit itself.

C.It raises ValueError: A backend or session must be specified.

D.It automatically selects the least busy backend from the saved account.

E.It raises ValueError, but only when job.result() is awaited — the constructor and run both return normally.

F.It raises IBMInputValueError: the PUB is rejected because no execution target is attached to the transpiled circuit.

Show answer →
s4-q021 — answer

s4-q021 — answer

Correct: C

A primitive must have an execution target. With no mode and no enclosing session or batch, SamplerV2() raises ValueError: A backend or session must be specified. — and it raises it immediately, in the constructor, so run never gets a chance to submit anything.

Why the others are wrong:

A.mode is optional (it defaults to None), so construction succeeds; the failure happens at run time.

B.There is no implicit fallback simulator, local Aer or otherwise; you must supply a backend (for example a fake backend for local testing) as the mode.

D.The primitive never contacts a service to pick a backend for you; backend selection (for example least_busy) is your responsibility.

E.The failure is not deferred: SamplerV2() validates its target in the constructor, so the ValueError is raised before run — let alone result() — is ever reached.

F.Circuits do not carry an execution target — the primitive does. Nothing about the PUB is wrong here, so the failure is a plain ValueError about the missing backend or session, not a PUB-validation error.

Read more:
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/hello-world

Next question →
s4-q022

s4-q022 · multi · difficulty 2/3

Which TWO statements correctly describe what happens when you CLOSE a session (for example, by exiting the with Session(...) context manager)? (Select two.) (Select all that apply.)


A.Closing resets the session's maximum TTL back to zero and reopens it.

B.Jobs already submitted (running or queued) continue to completion, and their results can still be retrieved.

C.All queued jobs are immediately cancelled and their results are lost.

D.The session stops accepting any new jobs.

E.The backend is removed from the service and must be re-fetched.

F.Results must be retrieved before the with block exits; closing the session discards any results you have not fetched.

Show answer →
s4-q022 — answer

s4-q022 — answer

Correct: B, D

Closing a session puts it into 'In progress, not accepting new jobs': it stops accepting new submissions but finishes processing jobs that are already running or queued, and you can still retrieve their results. Exiting the context manager is equivalent to session.close().

Why the others are wrong:

A.Closing does not reset the TTL or reopen the session; a closed session cannot accept new jobs.

C.Immediate cancellation of queued jobs is what CANCELLING a session (or hitting the maximum TTL) does — not closing it.

E.Closing a session has no effect on the backend object or the service.

F.Results live with the job on the server, not with the session. Once a job has been submitted you can fetch its result long after the session is closed — that is why exiting the context manager is safe.

Read more:
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q023

s4-q023 · spot-bug · difficulty 2/3

A developer expects counts to hold measurement results, but the last line fails with an error and the result data is empty. What is the bug?

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
# (no measurement instructions)
isa = pm.run(qc)
job = SamplerV2(mode=backend).run([isa], shots=1024)
counts = job.result()[0].data.meas.get_counts()   # fails / empty


A.Nothing is measured, so the result carries no meas register; qc.measure_all() before transpiling is usually the fix.

B.get_counts() was removed in V2; you must use job.result().counts.

C.shots=1024 is too low to populate the classical register.

D.The Sampler cannot return counts for an entangled state; results with correlated qubits must come from the Estimator instead.

E.SamplerV2 writes its outcomes into a register named c by default, so the accessor should be job.result()[0].data.c.get_counts().

F.The circuit must be measured after transpiling — pm.run(qc) strips measurement instructions, so isa.measure_all() is the fix.

Show answer →
s4-q023 — answer

s4-q023 — answer

Correct: A

The SamplerV2 returns the outcomes of classical registers written by measurements. With no measurement, the result DataBin has no meas field, so data.meas raises AttributeError and the result is empty. Adding qc.measure_all() (which also creates the meas register) before transpiling fixes it.

Why the others are wrong:

B.get_counts() is available on the BitArray returned for a measured register; the fixed circuit's result uses it successfully.

C.Shot count is irrelevant here; the same shots=1024 works as soon as a measurement is present. The problem is that nothing is measured.

D.The Sampler runs entangling circuits fine and returns their counts; it just needs measurements. The Estimator computes expectation values, a different task.

E.The DataBin field names come from the circuit's own classical registers, and this circuit has none — neither meas nor c exists in the result. Renaming the accessor cannot conjure data that was never measured.

F.Transpilation preserves measurements: run a measured circuit through the pass manager and the measure instructions are still there. The circuit here simply never had any, and adding them before transpiling is the documented order.

Read more:
https://quantum.cloud.ibm.com/docs/guides/hello-world
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q024

s4-q024 · mcq · difficulty 3/3

You plan an iterative workload that uses Probabilistic Error Cancellation (PEC), where a learned noise model should stay valid across many jobs. Why is a session particularly suited to this, compared with batch or job mode?


A.Sessions automatically re-learn the noise model before every single job of an iterative workload, so PEC always uses fresh calibration data; batch cannot.

B.Only sessions support error mitigation; batch and job mode typically disable PEC entirely.

C.In a dedicated session the jobs run close together, so a noise model learned once stays valid for the jobs that follow.

D.PEC requires exclusive access because it physically recalibrates the QPU hardware between jobs.

E.A session lets the Estimator cache the learned noise model inside the primitive object, which batch and job mode typically discard between jobs.

F.PEC learning runs as a separate calibration job that a session is allowed to submit, so batch and job mode fall back to ZNE.

Show answer →
s4-q024 — answer

s4-q024 — answer

Correct: C

A session's dedicated window keeps jobs running tightly together, so you can learn the noise model once and reuse it while it is still accurate. In batch or job mode a later job can spend so long in the queue that the device drifts and the learned model becomes stale.

Why the others are wrong:

A.The advantage is learning the model ONCE and reusing it while it is still accurate, not re-learning it before every job.

B.Error mitigation options are available in all execution modes; the mode affects scheduling and how long a learned model stays valid, not whether mitigation is allowed.

D.PEC is a software post-processing technique; it does not recalibrate hardware. The benefit of a session is timing, not physical recalibration.

E.Nothing is cached client-side in the primitive: a fresh EstimatorV2 in a session learns exactly as much as one in a batch. What a session buys is elapsed time — the model stays representative because the device has not drifted.

F.Learning is part of the primitive's own execution, not a privileged calibration job, and no mode silently swaps your mitigation technique for another one. PEC is available outside sessions; it is only less economical there.

Read more:
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q025

s4-q025 · mcq · difficulty 1/3

When you construct QiskitRuntimeService() without specifying a channel, which channel is used by default?


A.ibm_cloud — the channel name used by the older IBM Cloud service

B.ibm_quantum_platform

C.ibm_quantum — the legacy IBM Quantum Platform channel

D.local — the local testing channel

E.There is no default: QiskitRuntimeService() raises unless a saved account or a channel= argument supplies one.

F.ibm_quantum_platform is what save_account writes, while a bare QiskitRuntimeService() falls back to the local channel.

Show answer →
s4-q025 — answer

s4-q025 — answer

Correct: B

The default channel is ibm_quantum_platform. Because this is almost always the appropriate channel, the docs omit it from the examples; you only pass channel= to override it.

Why the others are wrong:

A.ibm_cloud is a separate channel value, not the default.

C.ibm_quantum was the legacy channel used by the older platform; it is not the current default and this is a common out-of-date assumption.

D.local is a real channel for local testing (QiskitRuntimeService(channel="local")), but it is not the default; the default is ibm_quantum_platform. You get the local channel only by requesting it explicitly, so local is never the default.

E.There is a documented default. A bare QiskitRuntimeService() is the ordinary way to construct the service precisely because channel falls back to ibm_quantum_platform.

F.local is never a fallback — it is an explicit opt-in for local testing mode. The same default applies whether you are saving an account or constructing the service.

Read more:
https://quantum.cloud.ibm.com/docs/guides/initialize-account
https://quantum.cloud.ibm.com/docs/guides/hello-world

Next question →
s4-q026

s4-q026 · predict-output · difficulty 2/3

FakeManilaV2 has five qubits connected in a line (0-1-2-3-4). The circuit below uses only the backend's native basis gates, but qubits 0 and 4 are not directly connected. It is submitted without routing. What happens?

backend = FakeManilaV2()          # line topology 0-1-2-3-4
qc = QuantumCircuit(5)
qc.sx(0)
qc.rz(0.7, 0)
qc.cx(0, 4)                       # 0 and 4 are NOT adjacent
qc.measure_all()
job = SamplerV2(mode=backend).run([qc])


A.It raises a TypeError because a 5-qubit circuit is too large for FakeManilaV2.

B.It runs fine: once every gate is in the backend's native basis set, the primitive executes the circuit even on qubits that are not adjacent, without routing.

C.It runs after the primitive automatically inserts SWAP gates to route the CX.

D.It raises an error: cx on qubits (0, 4) is not supported — an ISA circuit must match the coupling map, not only the basis gates.

E.It runs, but the counts are meaningless: the primitive maps the cx onto the nearest connected pair of qubits and reports the result anyway.

F.It raises a CouplingError from the transpiler, because the backend's coupling map rejects the two-qubit gate before the job is submitted.

Show answer →
s4-q026 — answer

s4-q026 — answer

Correct: D

An ISA circuit must satisfy BOTH the native basis gates AND the device's qubit connectivity. Using only basis gates is not enough: a two-qubit gate between non-adjacent qubits raises IBMInputValueError (the instruction cx on qubits (0, 4) is not supported by the target system). A preset pass manager would route it by inserting SWAPs.

Why the others are wrong:

A.FakeManilaV2 has five qubits, so a 5-qubit circuit fits; the problem is the non-adjacent CX, not the circuit width.

B.Connectivity matters as much as the basis set: a CX between qubits that are not adjacent is not executable and is rejected before anything runs.

C.The primitive does NOT auto-route; routing (SWAP insertion) is the transpiler's job, which you must run before submitting.

E.Nothing is remapped behind your back — a silent qubit substitution would change the computation. The primitive validates the circuit against the target and refuses it; routing is a transpiler job you have to run yourself.

F.No transpiler pass runs here at all, so no transpiler exception can be raised. The rejection comes from the primitive's own ISA validation, as an IBMInputValueError naming the offending cx and its qubits.

Read more:
https://quantum.cloud.ibm.com/docs/guides/transpile
https://quantum.cloud.ibm.com/docs/guides/hello-world
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q027

s4-q027 · mcq · difficulty 2/3

A session (or batch) reaches its maximum time to live (max TTL) while some of its jobs are still running and others are still waiting in the queue. What happens?


A.The session is automatically extended, usually until the queue empties.

B.All jobs, running and queued, are immediately cancelled.

C.The max TTL timer pauses until all queued jobs complete.

D.Jobs that are already running finish, but jobs still queued are failed/cancelled.

E.Queued jobs are re-queued into a fresh session that inherits the same TTL.

F.Running jobs are usually cancelled while queued jobs wait for the next session.

Show answer →
s4-q027 — answer

s4-q027 — answer

Correct: D

When the maximum TTL is reached the session/batch is closed. Jobs that are already running are allowed to finish, but any jobs still queued are failed. The max TTL timer starts when the first job starts and does not pause.

Why the others are wrong:

A.There is no automatic extension; you set the limit with max_time, and reaching it ends the workload.

B.Running jobs are not killed mid-execution; only the still-queued jobs are failed.

C.The max TTL timer does not pause or stop once started; it runs to the configured limit.

E.Reaching the maximum TTL closes the session for good; nothing is carried over into a successor. Anything still queued is failed, and rerunning it means opening a new session and queuing again from scratch.

F.This inverts the rule. The jobs that are protected are the ones already running — they are allowed to finish — while the queued ones are the casualties.

Read more:
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session
https://quantum.cloud.ibm.com/docs/guides/run-jobs-batch
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q028

s4-q028 · mcq · difficulty 2/3

Which snippet correctly opens a session on backend, runs a transpiled circuit isa with a Sampler inside it, and retrieves the counts?

# backend is a real-device (fake) backend; isa is transpiled for it


A.with Session(backend=backend) as session:
    job = SamplerV2(mode=session).run(isa)        # unwrapped
counts = job.result()[0].data.meas.get_counts()

B.with Session(backend=backend) as session:
    job = SamplerV2(mode=session).run([isa])
counts = job.result()[0].data.meas.get_counts()

C.session = Session(mode=backend)                    # mode=, not backend=
job = SamplerV2(mode=session).run([isa])
counts = job.result()[0].data.meas.get_counts()

D.with Session(backend) as session:
    job = SamplerV2(session).run(isa)             # unwrapped
counts = job.result()[0].data.meas.get_counts()

E.with Session(backend=backend) as session:
    job = SamplerV2(mode=session).run([isa])
counts = job.result()[0].data.get_counts()

F.with Session(backend=backend) as session:
    job = session.run(SamplerV2(), [isa])
counts = job.result()[0].data.meas.get_counts()

Show answer →
s4-q028 — answer

s4-q028 — answer

Correct: B

Session takes the backend (Session(backend=backend)), the primitive binds to the session with mode=session, and run takes an iterable of PUBs, so the circuit is wrapped in a list: run([isa]). Exiting the context manager closes the session while the submitted job runs to completion.

Why the others are wrong:

A.run(isa) passes an unwrapped circuit; run needs an iterable of PUBs, so this raises ValueError about an invalid Sampler pub-like.

C.Session has no mode= parameter — the QPU is passed as backend=. Session(mode=backend) raises TypeError.

D.Session(backend) and SamplerV2(session) are fine positionally, but run(isa) is again unwrapped and raises ValueError.

E.The session and the PUB are right, but the last line is not: a DataBin has no get_counts(). Counts come from the field named after the circuit's classical register, here data.meas.get_counts().

F.A Session is not a submitter: it has close, cancel, status and details, but no public run. Work is always submitted through a primitive that was bound to the session with mode=.

Read more:
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q029

s4-q029 · mcq · difficulty 1/3

You partition a long list of independent circuits into several jobs and run them in batch mode. Besides shorter queuing, what practical advantage does this give over submitting everything as one giant job?


A.You get each job's results separately, so you can usually cancel the rest early or re-run only the job that failed.

B.Batch mode reserves the QPU exclusively for the whole run, so no other user's jobs interleave with your batched circuits.

C.Batch mode applies stronger error mitigation than a single job.

D.A batch never counts against your usage or cost.

E.Each job in the batch is transpiled by the service against the calibration data current at its own start time, so later jobs use fresher gates.

F.The results of the individual jobs are merged into a single PrimitiveResult at the end of the batch, which is easier to post-process.

Show answer →
s4-q029 — answer

s4-q029 — answer

Correct: A

Partitioning into multiple batched jobs makes results more flexible to work with: you receive each job's result separately, so you can stop early by cancelling remaining jobs, or re-run just a failed job instead of the entire workload.

Why the others are wrong:

B.Batch mode does not give exclusive access — that is a session feature. Batched jobs share the QPU with everyone else's.

C.Error mitigation is controlled by primitive options, not by the execution mode; batching does not change it.

D.Batched jobs still consume QPU usage and count against cost; batching does not make execution free.

E.The service transpiles nothing: every job in a batch carries ISA circuits you produced before submitting. Splitting the workload changes when jobs run, never how they were compiled.

F.A batch performs no merging — each job keeps its own result object, which is exactly the property that lets you re-run one failed job or stop the rest early.

Read more:
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode
https://quantum.cloud.ibm.com/docs/guides/run-jobs-batch

Next question →
s4-q030

s4-q030 · mcq · difficulty 2/3

On a trusted laptop, you want to authenticate once and then reuse your credentials in later Python sessions without pasting your API key each time. Which approach matches the documented workflow?


A.Store the backend name in save_account so the recommended backend is reused automatically.

B.Pass token= and instance= to QiskitRuntimeService() in every script; the API key is deliberately never stored on the laptop between Python sessions.

C.Call QiskitRuntimeService.save_account(token="<api-key>", instance="<CRN>") once; later QiskitRuntimeService() loads it.

D.Call QiskitRuntimeService.login() with your IBM id and password.

E.Call QiskitRuntimeService.save_account(api_key="<api-key>", instance="<CRN>") once; the token keyword was renamed to api_key on IBM Quantum Platform.

F.Call QiskitRuntimeService(token="<api-key>").save() after the first successful connection, which typically writes the account file for you.

Show answer →
s4-q030 — answer

s4-q030 — answer

Correct: C

QiskitRuntimeService.save_account(token=..., instance=...) saves credentials to disk once (recommended only in a trusted environment). Later, QiskitRuntimeService() with no arguments loads the saved default account, so you never paste the key again.

Why the others are wrong:

A.save_account stores authentication credentials, not a backend choice; you still select a backend (for example with least_busy) at run time.

B.Explicit per-script credentials are one option, but credentials CAN be persisted with save_account; nothing prevents writing them to disk on a trusted machine.

D.There is no login() method that takes an id and password; authentication uses an API key/token, optionally saved with save_account.

E.The parameter is still token=, whatever the web console calls the string you paste into it. save_account has no api_key parameter, so this raises TypeError before anything is written to disk.

F.There is no save() method on the service — persisting credentials is a class-level operation, QiskitRuntimeService.save_account(...), and it does not require a live connection first.

Read more:
https://quantum.cloud.ibm.com/docs/guides/hello-world
https://quantum.cloud.ibm.com/docs/guides/initialize-account

Next question →
s4-q031

s4-q031 · multi · difficulty 2/3

For which TWO of the following workloads is SESSION mode the most appropriate execution mode? (Select two.) (Select all that apply.)


A.Fifty independent circuits, all known upfront, that you want to push through the queue as cheaply as possible in one go.

B.An experiment that needs the QPU reserved exclusively so that no other users' jobs or calibrations interleave with your circuits.

C.A variational eigensolver whose next circuit depends on the classical optimizer's use of the previous result.

D.A single circuit you want to run once as quickly as possible.

E.A large collection of unrelated benchmarking circuits, where minimizing cost usually matters more than latency.

F.A hundred-point parameter sweep of one circuit, where the whole sweep is usually submitted as a single primitive job anyway.

Show answer →
s4-q031 — answer

s4-q031 — answer

Correct: B, C

Sessions shine for iterative workloads whose inputs are not all ready at the outset (A) and for experiments that need dedicated, exclusive access to the QPU (B). Both justify a session's higher cost.

Why the others are wrong:

A.Independent circuits known upfront that you want to run cheaply are the classic case for batch mode, which is generally less expensive than a session.

D.A single circuit run should use job mode; a session gives no queuing benefit for the first (only) job and costs more.

E.Cost-sensitive, independent benchmarking circuits belong in batch mode, not in a more expensive session.

F.A parameter sweep is one PUB with an array of parameter values, so it is already a single job — there is no iteration for a session to accelerate and nothing gained from dedicated access.

Read more:
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session

Next question →
s4-q032

s4-q032 · mcq · difficulty 2/3

A developer has a backend name as a string and writes SamplerV2(mode="ibm_manila"), expecting the primitive to resolve it. What is the result?

from qiskit_ibm_runtime import SamplerV2
sampler = SamplerV2(mode="ibm_manila")


A.It works only if a QiskitRuntimeService has already been initialized in the session.

B.It works: the primitive looks up the backend by that name.

C.It raises ValueError — mode must be a Backend, Session, or Batch object (or None), not a string.

D.It raises KeyError because no backend named 'ibm_manila' exists.

E.It silently falls back to a local simulator, because the name cannot be resolved without a service.

F.It raises TypeError, because mode is annotated Backend | Session | Batch | None.

Show answer →
s4-q032 — answer

s4-q032 — answer

Correct: C

SamplerV2's mode accepts a Backend, Session, or Batch object (or None). A string is rejected at construction with ValueError: mode must be of type Backend, Session, Batch or None. You must pass the resolved backend object (for example from service.backend("ibm_manila") or service.least_busy(...)).

Why the others are wrong:

A.The type check on mode runs at construction regardless of whether a service exists, so a string always raises — a service does not make it valid.

B.The primitive does not resolve backend names; that is the service's job. A string is never a valid mode.

D.No name lookup is attempted, so there is no KeyError; the type check rejects the string first with ValueError.

E.There is no silent fallback: construction fails outright, so no primitive object exists to run anything. Local execution is opted into deliberately, by passing a fake backend or an Aer backend as the mode.

F.Annotations are not enforced at runtime. The constructor performs its own isinstance guard and reports the violation as a ValueError that spells out the accepted types.

Read more:
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/hello-world

Next question →
s4-q033

s4-q033 · mcq · difficulty 3/3

In a session, what is the difference between the interactive TTL and the maximum TTL?


A.The interactive TTL is what you configure with max_time; the maximum TTL cannot be set.

B.The interactive TTL caps the session's total lifetime from the moment it is created; the maximum TTL is the longest any single job inside it may run.

C.They measure the same thing; 'interactive' is simply the Open Plan name for the maximum TTL.

D.The maximum TTL caps the session's total lifetime; the interactive TTL is the idle gap allowed between consecutive jobs.

E.The interactive TTL is the maximum TTL divided among the session's jobs, so each job gets an equal slice of the window.

F.The maximum TTL counts only the time when jobs are actually running, while the interactive TTL usually counts the idle gaps as well.

Show answer →
s4-q033 — answer

s4-q033 — answer

Correct: D

The maximum TTL is the total time the session may run, measured from when the first job starts; you set it with max_time. The interactive TTL is the allowed idle time between jobs — if no job is queued within that window, the session is temporarily deactivated (and must be reactivated through the normal queue). The interactive TTL cannot be configured.

Why the others are wrong:

A.It is the MAXIMUM TTL that you set with max_time; the interactive TTL is fixed and not configurable — the opposite of this statement.

B.This reverses the two: the maximum TTL is the session's total lifetime (and it starts when the first job starts, not at creation), while the interactive TTL is the inter-job idle gap, not a per-job limit.

C.They are distinct timers with different roles; 'interactive' is not an alias for the maximum TTL.

E.Neither TTL is a per-job budget. The maximum TTL bounds the session as a whole, and the interactive TTL bounds the gap *between* jobs; how long any single job runs is limited by neither.

F.The maximum TTL is wall-clock time from the moment the first job starts, idle stretches included — that is exactly why an unattended session can expire while you are still thinking.

Read more:
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q034

s4-q034 · mcq · difficulty 2/3

You want to run a transpiled circuit as a single standalone job (job mode) on backend. Which construction is correct?

from qiskit_ibm_runtime import SamplerV2
# backend is a real-device (fake) backend
sampler = ...  # which one?


A.SamplerV2(session=backend)

B.SamplerV2(backend=backend)

C.SamplerV2(mode="ibm_manila")

D.SamplerV2(mode=backend)

E.SamplerV2(mode=backend.name)

F.SamplerV2(mode=backend.target)

Show answer →
s4-q034 — answer

s4-q034 — answer

Correct: D

Job mode is achieved by giving the primitive a backend as its mode: SamplerV2(mode=backend). A primitive whose mode is a backend (rather than a Session or Batch) submits a single standalone job.

Why the others are wrong:

A.session= is a removed pre-0.24 keyword and raises TypeError; job mode uses mode=backend, not a session anyway.

B.backend= was removed from the V2 constructors; it raises TypeError. Use mode=.

C.mode needs the backend object, not its name as a string; a string raises ValueError.

E.backend.name is a plain string, and mode rejects strings just as it rejects any other name — you have to hand over the backend object itself.

F.The Target describes the ISA that your circuits must satisfy; it is an argument for the transpiler, not an execution target for a primitive, and mode refuses it.

Read more:
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/hello-world

Next question →
s4-q035

s4-q035 · mcq · difficulty 1/3

According to the documented best practices, which execution mode should you use to submit a single primitive request (one small experiment)?


A.Job mode — submit the single primitive request with mode=backend.

B.Session mode, to guarantee it runs before other users' jobs.

C.Batch mode (mode=batch), which typically reduces the queuing time of a single request.

D.It makes no difference; all three modes add exactly the same overhead for one job.

E.Whichever mode you are already inside; a lone request usually inherits the surrounding context automatically.

F.Local testing mode — a single small experiment should be run against a fake backend first, then submitted with mode=backend.

Show answer →
s4-q035 — answer

s4-q035 — answer

Correct: A

The guidance is explicit: always use job mode to submit a single primitive request. Job mode is easiest for a small experiment and may even run sooner than batch.

Why the others are wrong:

B.A session does not give a single job priority over other users, and it costs more; its benefits appear only across multiple jobs.

C.The queuing time does not decrease for the first job submitted in a batch, so batching a single request gives no benefit.

D.It does make a difference: sessions and batches add overhead/cost without helping a single job, whereas job mode is the recommended, lightest choice.

E.There is no surrounding context in the scenario, and a primitive never picks a mode by itself: with nothing passed and no open session or batch, you must give it a backend, which is precisely job mode.

F.Local testing mode is not one of the execution modes; it is a way to exercise the same code without credentials. The modes you choose between are job, session and batch, and for one request the answer is job mode.

Read more:
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q036

s4-q036 · spot-bug · difficulty 3/3

This 'map the problem -> optimize -> execute' workflow skips a step and fails at run. Which change makes it run correctly?

backend = FakeManilaV2()
qc = QuantumCircuit(2); qc.h(0); qc.cx(0, 1)
obs = SparsePauliOp("ZZ")

estimator = EstimatorV2(mode=backend)
job = estimator.run([(qc, obs)])     # runs the abstract circuit + raw observable
print(job.result()[0].data.evs)


A.Transpile to an ISA circuit and map the observable onto its layout: isa = pm.run(qc); mapped = obs.apply_layout(isa.layout).

B.Increase the shots via estimator.options.default_shots before running.

C.Wrap the circuit and observable in an extra list: estimator.run([[qc, obs]]).

D.Pass the backend to run as a second argument so the primitive transpiles the abstract circuit for you: estimator.run([(qc, obs)], backend).

E.Bind the observable to the backend first: obs = SparsePauliOp("ZZ", target=backend.target), so the Estimator knows which physical qubits it refers to.

F.Switch to SamplerV2, which accepts abstract circuits directly, and compute the expectation value yourself from the counts it returns.

Show answer →
s4-q036 — answer

s4-q036 — answer

Correct: A

The 'optimize' step is missing: the circuit was never transpiled to the backend's ISA (its h/cx are not native and unrouted), so run raises IBMInputValueError. Building an ISA circuit with the preset pass manager and mapping the observable with apply_layout fixes it and yields an expectation value.

Why the others are wrong:

B.Shot count has nothing to do with the failure; the abstract circuit is still not an ISA circuit, so raising default_shots still raises the same error.

C.Nesting does not transpile anything; the circuit is still non-ISA, so run([[qc, obs]]) still raises IBMInputValueError.

D.run does not take a positional backend and never transpiles for you; the extra argument raises TypeError, and the abstract circuit would still not be an ISA circuit.

E.SparsePauliOp has no target parameter — it is a pure operator with no notion of a device. Aligning it with the hardware is done afterwards, with apply_layout(isa.layout) on the transpiled circuit.

F.Both V2 primitives enforce the ISA: handing the same abstract circuit to SamplerV2 is rejected exactly as the Estimator rejected it. Changing primitive does not remove the transpilation step.

Read more:
https://quantum.cloud.ibm.com/docs/guides/hello-world
https://quantum.cloud.ibm.com/docs/guides/transpile
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q037

s4-q037 · mcq · difficulty 1/3

Your workload is a single circuit. A colleague wraps it in a batch, expecting the batch to reduce its queuing time. Why does this not help?


A.A batch always dispatches the wrapped single circuit to a simulator for validation first, so it never waits in the queue.

B.Batches only speed up circuits with more than 100 gates.

C.The batch usually cancels a lone job, because a batch requires at least two jobs to schedule.

D.The queuing time does not decrease for the first job in a batch, so a single circuit gains nothing from one.

E.The queuing time actually doubles, because the batch itself has to be scheduled before any of its jobs can enter the queue.

F.It does help, but only marginally — the batch's parallel classical processing usually shaves the transpilation off the critical path.

Show answer →
s4-q037 — answer

s4-q037 — answer

Correct: D

Batching helps by scheduling multiple jobs together and parallelizing their classical processing. But the first job in a batch still waits in the normal queue, so a batch (or session) provides no benefit when there is only one job.

Why the others are wrong:

A.Nothing validates a batch on a simulator first; the execution target is set by the mode/backend, and the job queues on the QPU exactly as it would in job mode.

B.Batch benefits come from parallel scheduling across jobs, not from circuit size; there is no gate-count threshold.

C.A batch does not require or enforce a minimum of two jobs, and it never cancels a lone job.

E.A batch is not a queued entity in its own right; opening one costs nothing and adds no waiting. The point is simply that the first job still waits exactly as long as it would have on its own.

F.Transpilation happens on your machine before submission, so a batch never parallelizes it. What batch parallelizes is the service-side classical processing between jobs — of which a single job has none.

Read more:
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/run-jobs-batch
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode

Next question →
s4-q038

s4-q038 · mcq · difficulty 2/3

Inside with Session(backend=backend) as session: you want an Estimator that submits its jobs inside the session. Which construction is correct?

with Session(backend=backend) as session:
    estimator = ...  # which one?


A.EstimatorV2(session=session)

B.EstimatorV2(mode=session)

C.EstimatorV2(mode="session")

D.EstimatorV2(backend=backend, session=session)

E.Session(backend=backend).estimator()

F.EstimatorV2(options={"mode": session})

Show answer →
s4-q038 — answer

s4-q038 — answer

Correct: B

As with the Sampler, the execution mode is passed through mode=, which accepts a Session object. EstimatorV2(mode=session) binds the Estimator to the open session.

Why the others are wrong:

A.session= is the removed pre-0.24 keyword; on V2 primitives it raises TypeError. Use mode=session.

C.mode needs the Session object, not the string "session"; a string raises ValueError.

D.Both keywords were removed from the V2 constructors (passing a backend and a session together was the V1 idiom); each raises TypeError. The target goes through mode=.

E.A Session does not manufacture primitives — it exposes close, cancel, status, details and backend, and nothing else. This also opens a second session instead of using the one already in scope.

F.The execution mode is a constructor argument, not a primitive option: EstimatorOptions has no mode field, so this raises a pydantic ValidationError for an unexpected keyword.

Read more:
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q039

s4-q039 · multi · difficulty 3/3

Which THREE of the following statements about Qiskit Runtime execution modes are correct? (Select three.) (Select all that apply.)


A.Job mode submits a single primitive request made without a context manager.

B.In session mode the user has exclusive access to the QPU during the active window; no other jobs, including calibration jobs, run.

C.In batch mode the classical pre-processing of the jobs is parallelized so the quantum execution can be packed tightly together.

D.Batch mode gives each job dedicated, exclusive QPU access, just like a session.

E.Session mode is available to Open Plan users, just like batch mode.

F.Sessions are generally cheaper than batches for the same set of independent jobs.

Show answer →
s4-q039 — answer

s4-q039 — answer

Correct: A, B, C

Job mode is a single request without a context manager (A). A session grants exclusive access with no other users' or calibration jobs during the active window (B). Batch parallelizes the classical processing to pack quantum execution tightly (C).

Why the others are wrong:

D.Batch mode does NOT give exclusive access; batched jobs share the QPU with others. Exclusivity is a session feature.

E.Open Plan users cannot use sessions; only job and batch mode are available to them.

F.Sessions are generally MORE expensive than batches, not cheaper; batch is preferred when dedicated access is not needed.

Read more:
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode

Next question →
s4-q040

s4-q040 · mcq · difficulty 3/3

You saved two accounts named open_acct and premium_acct without marking a default, then run service = QiskitRuntimeService() with no arguments. According to the documented behavior, which account's credentials are used?


A.It raises an error because no default account is set.

B.The account that was saved last.

C.open_acct, because free (Open) plans always take precedence.

D.The account whose name comes last alphabetically — here premium_acct.

E.The one whose name sorts first alphabetically — here open_acct.

F.It usually picks the account with the broadest instance access.

Show answer →
s4-q040 — answer

s4-q040 — answer

Correct: D

When multiple credential sets are saved, none is marked default, and none is specified at initialization, the service uses the one whose name comes last alphabetically. premium_acct sorts after open_acct, so premium_acct is used.

Why the others are wrong:

A.It does not raise — the alphabetical-last account is selected as the fallback.

B.Save order is not the tiebreaker; alphabetical name order is.

C.There is no automatic preference for free (Open) plans when choosing among SAVED named accounts; the alphabetical rule applies.

E.The rule is real but runs the other way: the account whose name sorts LAST is the one loaded. Half-remembering the direction is the whole trap in this question.

F.Nothing inspects plans or entitlements when a default is missing. The selection is purely lexicographic over the saved account names.

Read more:
https://quantum.cloud.ibm.com/docs/guides/initialize-account

Next question →
s4-q041

s4-q041 · mcq · difficulty 1/3

When does a session (or batch) actually start — that is, when does its maximum TTL timer begin counting?


A.When its first job begins running.

B.The moment you construct the Session/Batch object.

C.When you exit the context manager block.

D.When you call service = QiskitRuntimeService().

E.When you submit the first job, whether or not it has started running.

F.When the session's interactive TTL first elapses.

Show answer →
s4-q041 — answer

s4-q041 — answer

Correct: A

A session or batch starts when its first job begins execution; that is when the maximum TTL timer starts. (Note: if you open a session but submit no jobs for 30 minutes, it closes automatically.)

Why the others are wrong:

B.Merely constructing the object does not start the clock — the first job entering execution does.

C.Exiting the context manager closes the session/batch; it does not start the TTL timer.

D.Creating the service only authenticates you; it is unrelated to when a session's timer begins.

E.Submission is not the trigger — the clock starts when that first job actually begins executing. A job that sits in the queue for an hour does not eat into the maximum TTL.

F.The interactive TTL measures the idle gap between jobs and only ever ends a session early; it has nothing to do with starting the maximum TTL clock.

Read more:
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session
https://quantum.cloud.ibm.com/docs/guides/run-jobs-batch
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q042

s4-q042 · predict-output · difficulty 2/3

Using local testing mode, a session is opened on FakeManilaV2 and its backend() accessor is called. What is printed?

from qiskit_ibm_runtime import Session
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

backend = FakeManilaV2()
with Session(backend=backend) as session:
    print(session.backend())


A.None — a local session has no associated backend.

B.<FakeManilaV2 object ...> — typically the backend object itself.

C.fake_manila — session.backend() returns the backend's name (a string).

D.It raises an error because no QiskitRuntimeService was provided.

E.'FakeManilaV2' — the class name of the backend object, usually.

F.ibm_manila — the real device that the fake backend mimics.

Show answer →
s4-q042 — answer

s4-q042 — answer

Correct: C

Session.backend() returns the name of the QPU bound to the session as a string. For a session opened on FakeManilaV2 it returns 'fake_manila'. Local testing mode lets you open a Session(backend=fake_backend) and run primitives without any credentials.

Why the others are wrong:

A.The session does have a backend (the one you passed), so it is not None.

B.It returns the backend NAME (a string), not the backend object; this is a common assumption to check.

D.In local testing mode a fake backend is passed directly, so no service is needed and no error is raised.

E.Session.backend() reports the backend's name attribute, not the Python class it happens to be an instance of. The two differ for every fake backend.

F.A fake backend carries its own name, fake_manila; it never impersonates the retired hardware it was snapshotted from. The session simply echoes backend.name.

Read more:
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q043

s4-q043 · mcq · difficulty 1/3

You have two transpiled ISA circuits isa1 and isa2 and want to run both in a single Sampler job on backend. Which call is correct?

sampler = SamplerV2(mode=backend)
job = ...  # run both isa1 and isa2 in one job


A.sampler.run([[isa1, isa2]])

B.sampler.run(isa1, isa2)

C.sampler.run([isa1], [isa2])

D.sampler.run([isa1, isa2])

E.sampler.run([isa1]).run([isa2])

F.sampler.run([isa1, isa2], shots=[1024, 1024])

Show answer →
s4-q043 — answer

s4-q043 — answer

Correct: D

run takes one iterable of PUBs. Two circuits are two PUBs, so they go in one list: run([isa1, isa2]). The result then has one pub-result per circuit.

Why the others are wrong:

A.[[isa1, isa2]] is a single PUB whose first element is a list of circuits — an invalid pub-like — so it raises rather than running the two circuits.

B.run(isa1, isa2) passes two positional arguments; run accepts a single pubs iterable, so this raises TypeError.

C.run([isa1], [isa2]) again supplies two positionals (the second is interpreted as shots), raising an error rather than running two circuits.

E.run returns a job, not another primitive, and a job has no run of its own. Chaining like this raises AttributeError — and even if it worked it would be two jobs, not one.

F.The PUB list is right, but shots is a single integer applied to the whole job; a list raises TypeError. Per-PUB shot counts belong inside the PUB tuple instead.

Read more:
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/hello-world

Next question →
s4-q044

s4-q044 · predict-output · difficulty 3/3

A Bell circuit is transpiled and run with the Estimator on a noisy fake backend to measure <ZZ>. Ideally the Bell state gives <ZZ> = +1. Which best describes the value actually obtained?

backend = FakeManilaV2()
qc = QuantumCircuit(2); qc.h(0); qc.cx(0, 1)     # Bell state
obs = SparsePauliOp("ZZ")
pm = generate_preset_pass_manager(backend=backend, optimization_level=1)
isa = pm.run(qc)
mapped = obs.apply_layout(isa.layout)
evs = EstimatorV2(mode=backend).run([(isa, mapped)]).result()[0].data.evs
print(evs)


A.Exactly +1.0 — apply_layout maps the observable onto the calibrated qubits, so device noise cancels out of the expectation value.

B.A value close to 0.

C.A value close to -1.

D.A value close to +1 but slightly below — roughly +0.9, since the Bell state stays Z-correlated and noise only trims it.

E.A value slightly ABOVE +1 — the readout-error mitigation applied by default over-corrects the Bell state's Z correlation past the ideal value.

F.Exactly +0.5 — the depolarizing noise of this fake backend halves every two-qubit correlation, by construction, whatever the state.

Show answer →
s4-q044 — answer

s4-q044 — answer

Correct: D

In the Bell state the two qubits' Z outcomes are perfectly correlated, so <ZZ> is +1 ideally. On a noisy device the measured value is close to but a bit below +1 (about +0.9 here), reflecting the small reduction from noise.

Why the others are wrong:

A.apply_layout only re-indexes the observable to match the transpiled circuit; it does nothing about noise, so the measured value stays below +1.

B.<ZZ> near 0 would mean the qubits are uncorrelated in Z, which is not true for a Bell state.

C.<ZZ> near -1 would mean anti-correlation (outcomes like 01/10 dominating); the Bell state gives 00/11, i.e. positive correlation.

E.Nothing is mitigated in this snippet: EstimatorV2's default resilience does not inflate a ZZ correlation past its ideal value, and the measured number sits below +1, not above it.

F.Depolarizing noise scales a correlation by a factor set by the actual gate and readout errors, which on this device are small. The observed value is close to +0.9, nowhere near a clean halving.

Read more:
https://quantum.cloud.ibm.com/docs/guides/hello-world
https://quantum.cloud.ibm.com/docs/guides/execution-modes

Next question →
s4-q045

s4-q045 · mcq · difficulty 2/3

The *Primitive inputs and outputs* guide gives a name to each common way an Estimator PUB combines its parameter-value array with its observables array. A colleague submits the PUB below, whose parameter-value set has shape (1, 4) and whose observables array has shape (3, 1). Which named pattern is this, and what comes back?

theta = Parameter("theta")
qc = QuantumCircuit(2); qc.h(0); qc.cx(0, 1); qc.ry(theta, 0)

params = np.linspace(0.0, 1.0, 4).reshape(1, 4)                 # shape (1, 4)
obs = [[SparsePauliOp("ZI")], [SparsePauliOp("IZ")], [SparsePauliOp("ZZ")]]  # shape (3, 1)

evs = StatevectorEstimator().run([(qc, obs, params)]).result()[0].data.evs


A.Zip — evs.shape is (4,), one estimate per parameter value.

B.Broadcast single observable — evs.shape is (1, 4).

C.Standard nd generalization — evs.shape is (1, 3, 4).

D.Outer/product — evs.shape is (3, 4), one estimate per observable and parameter value.

E.Outer/product — evs.shape is (4, 3), because the parameter axis leads and the observable axis trails.

F.The two arrays are not broadcastable against each other, so run() raises a ValueError before estimating.

Show answer →
s4-q045 — answer

s4-q045 — answer

Correct: D

Broadcasting works exactly as it does in NumPy: shapes are compared from the rightmost axis leftwards, and a length-1 axis stretches to meet the other array. (1, 4) against (3, 1) therefore gives (3, 4) — the length-1 rows of the parameter array stretch over the three observables and the length-1 column of the observables array stretches over the four parameter values, so every observable is estimated at every parameter value. That is the case the guide labels *outer/product*, and the Estimator returns one expectation value per element of the broadcast shape: 12 numbers in a (3, 4) array.

Why the others are wrong:

A.*Zip* is the pattern where both arrays already have the SAME shape and are matched element by element, giving one estimate per pair. Here the arrays differ, and no axis is consumed by pairing.

B.*Broadcast single observable* is the row of the table where the observables array is a scalar (shape ()), so one observable is reused for every parameter value. This PUB carries three observables.

C.*Standard nd generalization* is the row where the observables array has MORE dimensions than the parameter array (the guide's example pairs a 2-d parameter set with a 3-d observables array). Both arrays here are 2-d, and no third axis appears in the result.

E.The pattern is named correctly, but the result axes follow the broadcast, not a fixed convention: the observables axis of length 3 sits first because it is the axis that survives from the observables array.

F.Broadcasting only fails when two corresponding axes disagree and neither is 1. Here every pair of axes has a 1 on one side, which is precisely the compatible case.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/estimator-v2

Next question →
s4-q046

s4-q046 · mcq · difficulty 1/3

Among the broadcasting patterns named in the *Primitive inputs and outputs* guide is one called zip. Which pairing of a parameter-value array with an observables array, submitted as a single Estimator PUB, is that pattern?


A.Parameter values of shape (3,) with one SparsePauliOp, whose observables-array shape is ().

B.Parameter values of shape (1, 3) with an observables array of shape (2, 1).

C.Parameter values of shape (2, 3) with an observables array of shape (4, 2, 1).

D.Parameter values of shape (3,) with an observables array of shape (4,).

E.Parameter values of shape (3,) with an observables array of shape (3,).

F.Parameter values of shape (3, 1) with an observables array of shape (3,).

Show answer →
s4-q046 — answer

s4-q046 — answer

Correct: E

*Zip* is the pattern where the two arrays already agree: identically shaped parameter and observables arrays are matched element by element, so the nth observable is estimated at the nth parameter value and the result keeps that same shape — three estimates from (3,) and (3,), not nine. It is the one pattern where adding observables does not multiply the amount of work.

Why the others are wrong:

A.A scalar observables array is the guide's *broadcast single observable* row: the one observable is reused at every parameter value. The result shape is the same (3,), which is why this pairing is the easiest one to mistake for zip.

B.A (1, 3) parameter array against a (2, 1) observables array broadcasts to (2, 3) — every observable at every parameter value. That is *outer/product*.

C.Here the observables array carries one dimension more than the parameter array, which broadcasts to (4, 2, 3). That is the guide's *standard nd generalization* row.

D.Shapes (3,) and (4,) disagree on their only axis and neither is 1, so nothing is zipped: the PUB is rejected with a ValueError about the shapes not being broadcastable.

F.The extra trailing axis breaks the element-by-element match: (3, 1) against (3,) broadcasts into a product rather than a pairing, so this is outer/product written with a shape that looks like zip.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/estimator-v2

Next question →
s4-q047

s4-q047 · mcq · difficulty 2/3

The diagram below shows how the Estimator pairs the observables and the parameter values of this single PUB. Which broadcasting pattern from the primitive input/output guide is it?

import numpy as np
from qiskit.quantum_info import SparsePauliOp

observables = [[SparsePauliOp("Z")], [SparsePauliOp("X")],
               [SparsePauliOp("Y")], [SparsePauliOp("I")]]
values = np.linspace(0.0, 1.0, 6).reshape(1, 6)

estimator.run([(circuit, observables, values)])

[image: Diagram: a row of six shaded boxes labelled theta 1 to theta 6 runs across the top under the caption 'parameter values (1, 6)'; a column of four shaded boxes labelled O1 to O4 runs down the left under the rotated caption 'observables (4, 1)'; between them a four-row by six-column grid of plain cells, each labelled 'ev', is captioned 'expectation values (4, 6)'.]

A.Outer/product pairing: each of the 4 observables is combined with each of the 6 parameter sets, giving a 4 x 6 array of expectation values.

B.Zip pairing: the observables and the parameter sets are matched element-wise at equal index positions, giving one expectation value per matched pair.

C.Broadcast single observable: one observable is evaluated against each parameter set in turn, giving one expectation value per parameter set.

D.Standard nd generalization: the two arrays differ in rank, so the shorter shape is padded with leading axes before the pairing is worked out.

E.No pattern applies: the observables shape and the parameter values shape disagree on both axes, so the pub is rejected with a broadcasting error.

Show answer →
s4-q047 — answer

s4-q047 — answer

Correct: A

The observables array has shape (4, 1) and the parameter-value array has shape (1, 6). NumPy broadcasting stretches each singleton axis against the other array's length, so every observable meets every parameter set and the pub returns a (4, 6) array — 24 expectation values from one PUB. The guide calls this the outer/product pattern; you recognise it from the complementary singleton axes, a column against a row.

Why the others are wrong:

B.Zip requires the two arrays to have the SAME shape, so that index i of one meets index i of the other. A (4, 1) column and a (1, 6) row do not match element-wise, and zip would return one value per pair, not a grid.

C.Broadcasting a single observable means the observables array is 0-d — one observable stretched over the parameter sets. Here the array holds four observables, so it cannot collapse to one row of results.

D.The standard nd generalization is the case where the two arrays have DIFFERENT ranks and the shorter shape is padded with leading axes. Both arrays here are two-dimensional, so no padding step is involved.

E.Singleton axes are exactly what broadcasting stretches: (4, 1) against (1, 6) is legal and yields (4, 6). Shapes are rejected only when two axes disagree with neither of them being 1, such as (3,) against (4,).

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/guides/get-started-with-estimator

Next question →
s4-q048

s4-q048 · mcq · difficulty 2/3

The diagram below shows how the Estimator pairs the observables and the parameter values of this single PUB. Which broadcasting pattern from the primitive input/output guide is it?

import numpy as np
from qiskit.quantum_info import SparsePauliOp

observables = [SparsePauliOp("Z"), SparsePauliOp("X"), SparsePauliOp("Y"),
               SparsePauliOp("I"), SparsePauliOp("Z")]
values = np.linspace(0.0, 1.0, 5).reshape(5, 1)

estimator.run([(circuit, observables, values)])

[image: Diagram in three columns under the captions 'observables (5,)', 'parameter values (5,)' and 'expectation values (5,)'. Five rows run across: in each row a shaded box labelled O with a row index, a multiplication sign, a shaded box labelled theta with the same row index, an arrow pointing right, and a plain cell labelled 'ev'. No box is connected to any row but its own.]

A.Outer/product pairing: every observable meets every parameter set, so this PUB returns a 5 x 5 grid holding 25 expectation values.

B.Zip pairing: observable i is evaluated at parameter set i only, so this PUB returns one expectation value per row, five in total.

C.Broadcast single observable: one observable is stretched across the parameter sets, which is why five results come back from the PUB.

D.Standard nd generalization: the two arrays have different ranks here, so the shorter shape is padded with leading axes before pairing.

E.No pattern applies: a length-5 observables array cannot meet a length-5 parameter array, so this PUB is rejected with a broadcasting error.

Show answer →
s4-q048 — answer

s4-q048 — answer

Correct: B

Both arrays are one-dimensional with the same length: five observables, and a (5, 1) value array that carries five sets of the circuit's one parameter, i.e. parameter shape (5,). Broadcasting equal shapes pairs them element by element, so observable i is evaluated only at parameter set i and the PUB returns evs of shape (5,) — five values, one per row of the picture. The guide calls this the zip pattern; you recognise it from the two equal shapes and the absence of any singleton axis to stretch.

Why the others are wrong:

A.Outer/product needs complementary singleton axes, a column against a row, such as (5, 1) observables against (1, 5) parameter sets. Two plain (5,) arrays have nothing to stretch, and a 25-value grid would need every row of the picture to fan out to every parameter box.

C.Broadcasting a single observable means the observables array is 0-d — one operator stretched over the sweep. The picture shows five distinct observables, so the result count coincides with the parameter count by accident, not because one observable was reused.

D.The standard nd generalization is the case where the ranks DIFFER and the shorter shape gets padded with leading axes. Here both arrays are rank 1, so no padding step is involved.

E.Equal shapes are the easiest broadcast of all: (5,) against (5,) is legal and returns (5,). Shapes are rejected only when two axes disagree and neither of them is 1, such as (5,) against (3,).

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/guides/get-started-with-estimator

Next question →
s4-q049

s4-q049 · mcq · difficulty 2/3

The timeline below sketches how a three-job workload is scheduled on a QPU. Which execution mode does it show?

[image: Schematic timeline with two lanes and a time arrow. The upper lane, 'this workload', shows one 'queue wait' block followed by three job blocks separated by two short gaps marked 'gap', captioned 'gaps: QPU idle but still held for this workload'. A bracket spans the three jobs and reads 'active window: QPU dedicated to this workload'. The lower lane, 'everyone else', is an empty dashed block spanning the same span, labelled 'no other job, no calibration job', with a single job block of its own after the bracket ends.]

A.Job mode: the three jobs are submitted one at a time, so each of them waits in the normal queue before the QPU picks it up.

B.Batch mode: the jobs are scheduled together and their quantum parts run in quick succession, but the QPU stays shared, so other users' jobs can be interleaved.

C.Session mode: only the first job goes through the queue, and the active window that follows gives this workload dedicated use of the QPU across the gaps.

D.Session mode in which the window is dropped the moment the QPU falls idle, so every job after the first re-enters the normal queue and waits there again.

E.Batch mode in which the batch reserves the QPU for its whole duration, idle gaps included, so nothing else reaches the QPU until the last job has finished.

Show answer →
s4-q049 — answer

s4-q049 — answer

Correct: C

Two features of the picture pin the mode down. First, only the very first job queues: the whole workload enters the queue once, which is what a session and a batch have in common. Second, the QPU is dedicated for the whole active window — the gaps between jobs are held for this workload and nothing else, not even a calibration job, may run in them. Exclusive access during the active window is the defining property of session mode, and it is what makes sessions suit iterative workloads whose next input depends on the previous result.

Why the others are wrong:

A.Job mode would draw a queue wait in front of every job. The picture has a single queue block for the whole workload, so the jobs were submitted under one context, not one at a time.

B.This describes batch mode correctly, and it is exactly what the picture rules out: a batch does not hold the QPU, so other users' jobs and calibration jobs can slot in between the batched jobs. The drawn window is closed to everyone else.

D.The window does not end at the first idle moment. The interactive timer allows a gap between consecutive jobs while the workload keeps its window; the workload is only deactivated once that timer expires with nothing ready to run.

E.Batch mode gets its jobs scheduled together and packed closely, but it never reserves the QPU exclusively — that benefit is what distinguishes a session from a batch, and it is also why sessions cost more.

Read more:
https://quantum.cloud.ibm.com/docs/guides/execution-modes
https://quantum.cloud.ibm.com/docs/guides/choose-execution-mode
Questions — Section 5: Use the sampler primitive

34 questions. Answers follow each question on the next page. Start →
s5-q001

s5-q001 · mcq · difficulty 1/3

You have transpiled a circuit for your backend, producing the ISA circuit isa_qc, and created sampler = SamplerV2(mode=backend). Which call correctly submits the circuit for execution?

from qiskit_ibm_runtime import SamplerV2

# isa_qc: circuit already transpiled for `backend`
sampler = SamplerV2(mode=backend)
job = ...  # which call?


A.job = sampler.run([isa_qc]) — a list holding one PUB

B.job = sampler.run(isa_qc) — the bare circuit, unwrapped

C.job = sampler.run([isa_qc], backend) — target passed positionally

D.job = sampler.run([isa_qc], backend=backend) — target passed by keyword

E.job = sampler.run(circuits=[isa_qc]) — the V1 form

F.job = sampler.run([isa_qc], shots=[1024]) — one shot count per PUB

Show answer →
s5-q001 — answer

s5-q001 — answer

Correct: A

SamplerV2.run() takes an iterable of PUBs (Primitive Unified Blocs). A bare ISA circuit is a valid PUB-like element, but it must be wrapped in a list: sampler.run([isa_qc]). The backend is not passed to run() — it was already bound via mode= when the primitive was constructed.

Why the others are wrong:

B.V1 primitives accepted a bare circuit, but SamplerV2.run() iterates its argument as a sequence of PUBs, so an unwrapped circuit is rejected.

C.run() has no positional backend parameter — the execution target is fixed by mode= at construction time; a second positional argument raises a TypeError.

D.There is no backend= keyword on run() either; that is a V1-migration habit. The only keyword run() accepts is shots.

E.V1 habit: SamplerV1.run took circuits=. SamplerV2.run has a single positional pubs parameter, so circuits= raises a TypeError before anything is submitted.

F.shots is a single integer applied to every PUB that does not carry its own shot count; a list raises TypeError: shots must be an integer. Per-PUB shot counts go in the PUB tuple's third slot instead.

Read more:
https://quantum.cloud.ibm.com/docs/guides/get-started-with-sampler
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output

Next question →
s5-q010

s5-q010 · predict-output · difficulty 1/3

A Bell circuit is measured and submitted with sampler.run([isa], shots=1000). What is the value of sum(result[0].data.meas.get_counts().values())?

from qiskit_ibm_runtime import SamplerV2

# isa: transpiled Bell circuit with measure_all()
sampler = SamplerV2(mode=backend)
result = sampler.run([isa], shots=1000).result()
counts = result[0].data.meas.get_counts()
print(sum(counts.values()))


A.500 — the 1000 shots are split evenly across the two measured qubits

B.2 — a Bell state yields only the outcomes 00 and 11, so the sum is 2

C.1000 — the tallies over all observed bitstrings sum to the shot count used for the run

D.4096 — the sampler ignores shots and applies its default shot count

E.1 — get_counts() hands back normalized probabilities, which add up to one

F.2000 — each of the two measured qubits is tallied over the 1000 shots

Show answer →
s5-q010 — answer

s5-q010 — answer

Correct: C

get_counts() tallies every shot into its observed bitstring, so the counts sum to the total number of shots that were run. Here shots=1000 was passed explicitly, so the tallies sum to 1000 regardless of how many distinct bitstrings (2, 3, or 4) actually appear.

Why the others are wrong:

A.Shots are not divided among qubits — every shot measures the full register once, producing one bitstring; all 1000 bitstrings are tallied.

B.This confuses the number of *distinct outcomes* with the number of shots. get_counts() returns a dict whose keys are the distinct bitstrings but whose values sum to the shot count.

D.4096 is the shot count the Qiskit Runtime Sampler falls back to when no shots are specified anywhere, but an explicit shots=1000 on run() has higher precedence and is obeyed.

E.That is the V1 quasi-distribution habit. BitArray.get_counts() returns integer tallies, not probabilities: the executed run summed to the shot count, not to 1.

F.Counts are tallied per *bitstring*, not per qubit: one shot contributes exactly one key, whatever its width. The executed run summed to the shot count.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q011

s5-q011 · mcq · difficulty 1/3

After running a SamplerV2 job on a circuit that used measure_all(), you access bits = result[0].data.meas. Which statement about bits is correct?

result = sampler.run([isa], shots=256).result()
bits = result[0].data.meas


A.bits is already the counts dict mapping each observed bitstring to its frequency

B.bits is a BitArray of per-shot outcomes; get_counts() summarizes it

C.bits is a NumPy array of measurement probabilities, one per basis state

D.bits is a V1-style Counts object, as result.get_counts() used to return

E.bits is the DataBin for this PUB, and meas is looked up inside it afterwards

F.bits is the SamplerPubResult for this PUB, whose .data attribute holds the outcomes

Show answer →
s5-q011 — answer

s5-q011 — answer

Correct: B

SamplerV2 stores each register's outcomes in a BitArray inside the DataBin (data.meas). A BitArray keeps the raw per-shot bitstrings; you turn it into a summary histogram with get_counts() (dict) or read shots directly with get_bitstrings(). It is not itself the counts dict.

Why the others are wrong:

A.The counts dict is what bits.get_counts() *returns*; bits itself is the richer BitArray container of per-shot data, not the dict.

C.The Sampler returns samples, not a probability vector. Frequencies must be estimated by counting shots yourself; nothing in data.meas is a probability array.

D.This is a V1-migration misconception. V2 has no top-level result.get_counts(); results live in per-register BitArrays reached through data.<register>.

E.One level too high: result[0].data IS the DataBin; .meas is the field you pull out of it. The executed run shows type(bits).__name__ == 'BitArray'.

F.Two levels too high: result[0] is the SamplerPubResult, result[0].data its DataBin, and .meas the BitArray. The executed run reports the type directly.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q013

s5-q013 · spot-bug · difficulty 2/3

This code raises an error when it reaches sampler.run(...). What is the correct fix?

from qiskit import QuantumCircuit
from qiskit_ibm_runtime import SamplerV2

qc = QuantumCircuit(3)
qc.h(0); qc.cx(0, 1); qc.ccx(0, 1, 2)
qc.measure_all()

sampler = SamplerV2(mode=backend)   # backend is a real/fake device
job = sampler.run([qc])             # <-- raises here


A.Nest the circuit in one more list — sampler.run([[qc]]) — so it is read as a PUB

B.Transpile qc for the backend with generate_preset_pass_manager, then run the ISA circuit

C.Pass an explicit shot count — sampler.run([qc], shots=1024) — since PUBs without shots are rejected

D.Drop the execution target and let the primitive transpile: SamplerV2().run([qc])

E.Expand the composite gates first — sampler.run([qc.decompose()]) — so lower-level gates remain

F.Translate to the device basis with transpile(qc, basis_gates=backend.operation_names) and run that

Show answer →
s5-q013 — answer

s5-q013 — answer

Correct: B

Runtime primitives only accept ISA circuits — circuits whose gates and connectivity already match the backend's target. The raw circuit here uses gates (like the Toffoli) that are not in the backend basis, so run raises an input-validation error. Transpiling with a preset pass manager for the backend produces the ISA circuit that runs successfully.

Why the others are wrong:

A.The problem is not list nesting — a single list of PUBs is already the correct structure. Nesting changes nothing about the circuit still being non-ISA.

C.Shots are optional, not required, and adding them does not make a non-ISA circuit acceptable: the validation error is about gates and connectivity.

D.The primitive never transpiles for you. Dropping the mode removes the execution target entirely and the circuit is still non-ISA.

E.decompose() unrolls one level into u/cx, which are not the backend's basis and are still unrouted; the same target error is raised. Decomposing is not transpiling.

F.Translation without a coupling map produces basis gates on non-adjacent qubits: the run then fails on cx between qubits that are not connected. An ISA circuit needs layout and routing too.

Read more:
https://quantum.cloud.ibm.com/docs/guides/get-started-with-sampler
https://quantum.cloud.ibm.com/docs/guides/transpile

Next question →
s5-q014

s5-q014 · mcq · difficulty 2/3

Hoping to turn on error mitigation for measurement counts, a developer writes sampler.options.resilience_level = 1 on a SamplerV2. What actually happens?

from qiskit_ibm_runtime import SamplerV2

sampler = SamplerV2(mode=backend)
sampler.options.resilience_level = 1


A.It is silently accepted and ignored, because SamplerV2.options stores unknown keys without applying them

B.It enables T-REx readout mitigation on the sampled counts, as resilience_level=1 does

C.It raises a validation error: SamplerV2 has no resilience_level; that option is EstimatorV2's

D.It is an alias for options.twirling.enable_measure = True, turning on measurement twirling

E.The options object rejects direct assignment; primitive options have to be passed to the constructor

F.The unknown name lands in options.experimental, which the service then ignores

Show answer →
s5-q014 — answer

s5-q014 — answer

Correct: C

resilience_level is an EstimatorV2 option: resilience levels drive expectation-value mitigation such as TREX and ZNE. SamplerV2Options exposes only default_shots, dynamical_decoupling, twirling, execution, experimental (plus the inherited simulator/environment groups), and the options object validates assignments, so this line raises a pydantic ValidationError ('Object has no attribute resilience_level'). Note the exam objective is worded 'set sampler primitive options such as resilience levels' — in qiskit-ibm-runtime the resilience level is the Estimator's knob; the Sampler's error-handling options are dynamical decoupling and twirling.

Why the others are wrong:

A.Nothing is stored silently: the options model forbids extra attributes and validates on assignment, so the line throws immediately instead of being ignored.

B.Readout mitigation of expectation values (TREX) is reached through EstimatorV2 resilience settings; the Sampler has no mitigation stage to switch on.

D.There is no aliasing. Measurement twirling has to be set explicitly via options.twirling.enable_measure; resilience_level simply does not exist on the Sampler.

E.sampler.options is writable — setting a real field such as default_shots works. And the constructor is no escape hatch: SamplerV2(mode=backend, options={'resilience_level': 1}) raises the same validation error.

F.experimental is a real field, but it is an opt-in dict you fill yourself — it does not absorb misspelled or foreign option names. The assignment is rejected outright.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-noise-management
https://quantum.cloud.ibm.com/docs/guides/runtime-options-overview
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q015

s5-q015 · predict-output · difficulty 2/3

A 3-qubit circuit applies X to qubit 0 only, then measures qubit i into classical bit i. In the Sampler's counts, which bitstring dominates?

qc = QuantumCircuit(3, 3)
qc.x(0)                       # only qubit 0 is flipped
qc.measure(0, 0)
qc.measure(1, 1)
qc.measure(2, 2)
# ... transpile, then sampler.run([isa]) ...
counts = result[0].data.c.get_counts()


A.'001' — bitstrings are little-endian, so classical bit 0 is the rightmost character

B.'100' — bitstrings are big-endian, so classical bit 0 is the leftmost character of the key

C.'111' — measuring one excited qubit latches the whole classical register to 1

D.'000' — the X gate is cancelled by transpilation before the measurement runs

E.1 — the counts keys are decoded integers, so the excited register reads as the key 1

F.'0 0 1' — measuring into three classical bits produces a space-separated key per bit

Show answer →
s5-q015 — answer

s5-q015 — answer

Correct: A

Qiskit uses little-endian bit ordering: in the printed bitstring the classical bit with the highest index is on the left and bit 0 is on the right. Only qubit 0 is excited, and it is measured into classical bit 0, so the rightmost character is 1 and the rest are 0 -> '001'.

Why the others are wrong:

B.This assumes big-endian ordering (qubit 0 leftmost). Qiskit is little-endian, so qubit 0 lands in the rightmost position, giving '001', not '100'.

C.X acts only on the qubit it targets, and each measure writes one classical bit; qubits 1 and 2 stay in |0>, so the register does not collectively flip.

D.Transpilation preserves the circuit's semantics — it re-expresses X in the backend basis rather than removing it — so the measured bit is 1, not 0.

E.get_counts() keys are bitstrings (str); the integer view is a separate call, get_int_counts(). The executed run shows string keys.

F.Spaces separate classical *registers*, not bits. QuantumCircuit(3, 3) owns one register, so the key is a single 3-character string.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q016

s5-q016 · mcq · difficulty 2/3

A circuit has 2 parameters. You bind a NumPy array of shape (6, 2) and run one PUB: sampler.run([(isa, vals)]). What is result[0].data.meas.shape?

import numpy as np

# isa has 2 free parameters
vals = np.linspace(0, 1, 12).reshape(6, 2)  # shape (6, 2)
result = sampler.run([(isa, vals)]).result()
print(result[0].data.meas.shape)


A.() — a single PUB yields one scalar result; the sweep is folded into its counts

B.(6, 2) — the result array keeps the full shape of the parameter array it was bound with

C.(2,) — one result per circuit parameter, each holding that parameter's sweep

D.(6,) — the trailing axis binds the 2 parameters, leaving 6 broadcast results, one per sweep point

E.(12,) — the 12 values in the sweep array are flattened onto one broadcast axis

F.(6, 1) — a trailing axis is kept for the single PUB submitted in the run

Show answer →
s5-q016 — answer

s5-q016 — answer

Correct: D

In a Sampler PUB the parameter array's last axis must have length = number of parameters; that axis is consumed to bind the circuit. The remaining leading shape becomes the result's broadcast shape. Shape (6, 2) with 2 parameters therefore yields 6 independent results -> data.meas.shape == (6,).

Why the others are wrong:

A.One PUB with a broadcast parameter array still produces one result per parameter set, kept as a shaped array; the shape is (6,) and you index it as data.meas[i].

B.The parameter axis (the trailing 2) is consumed when binding; it does not survive into the result shape. Only the leading dimensions remain.

C.There are 6 parameter sets, not 2. The '2' is the number of parameters per set (the consumed axis), not the number of results.

E.Only the trailing axis is consumed by the parameter binding; the leading axes are preserved as-is, so nothing is flattened. The executed run reports the observed shape.

F.The PUB itself is not an axis of the result: result[0] already selects the PUB, and its data carries only the broadcast shape.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q017

s5-q017 · predict-output · difficulty 3/3

A 2-parameter circuit is bound with a parameter array of shape (3, 4, 2) in a single PUB. What is the shape of result[0].data.meas?

import numpy as np

# isa has 2 free parameters
vals = np.zeros((3, 4, 2))   # a 3x4 grid of 2-parameter sets
result = sampler.run([(isa, vals)]).result()
print(result[0].data.meas.shape)


A.(2,) — one result per circuit parameter, since the circuit has 2 parameters

B.(3, 4, 2) — the result array mirrors the shape of the input parameter array

C.(12,) — broadcast results are flattened to one dimension before being returned

D.(3, 4) — the trailing size-2 axis binds the parameters

E.(4, 3) — the broadcast axes come back transposed

F.() — a single PUB yields one scalar result, with the parameter grid folded into its counts

Show answer →
s5-q017 — answer

s5-q017 — answer

Correct: D

The trailing axis of a parameter array is reserved for the parameter values (here length 2 = the 2 parameters) and is consumed during binding. Everything before it is the broadcast shape, so a (3, 4, 2) array over a 2-parameter circuit produces a (3, 4) array of results, each indexable as data.meas[i, j].

Why the others are wrong:

A.2 is the number of parameters (the consumed axis), not the result count. There are 3x4 = 12 results arranged as (3, 4).

B.The parameter axis is consumed, not retained. The result drops the trailing 2, leaving (3, 4).

C.Broadcast results preserve their multidimensional shape; they are not flattened. The grid stays (3, 4).

E.Broadcast axes keep their input order; nothing is transposed. The executed run reports the observed shape.

F.A PUB keeps its broadcast shape: a scalar result would happen for a circuit bound to one parameter set, not for a 3x4 grid.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q018

s5-q018 · spot-bug · difficulty 2/3

The circuit isa has exactly 2 free parameters. This call raises a ValueError. What fixes it?

import numpy as np

# isa has 2 free parameters (p[0], p[1])
vals = np.zeros((5, 3))
job = sampler.run([(isa, vals)])   # ValueError: inconsistent with last dimension


A.Keep (5, 3) and pass a shots value as well, which typically settles the dimension check

B.Transpose it to (3, 5) so the parameter sets line up with the circuit's 2 free parameters

C.Flatten it to a 1-D array of 15 values and let the sampler chunk it into 2-parameter sets

D.Reshape to (5, 2): the last axis has to match the 2 circuit parameters, giving the 5 results

E.Bind the values first with isa.assign_parameters(vals), then run the bound circuit

F.Split it into 5 PUBs, one per row: sampler.run([(isa, r) for r in vals])

Show answer →
s5-q018 — answer

s5-q018 — answer

Correct: D

For a parameter array, the trailing axis is matched against the circuit's free parameters, so its length must equal the number of parameters. The circuit has 2 parameters but the array's last axis is 3, hence the ValueError. Reshaping to (5, 2) makes the last axis 2 and binds 5 parameter sets, giving 5 results.

Why the others are wrong:

A.The error is raised by the parameter-axis check, not by anything to do with shots. Adding shots leaves the (5, 3) mismatch in place.

B.(3, 5) has a last axis of 5, still not equal to the 2 parameters, so it raises the same error.

C.A flat length-15 array has a last axis of 15, not 2. The binder matches the trailing axis against the parameter list; it never re-chunks a flat array.

E.assign_parameters is even stricter: a (5, 3) array for 2 parameters raises a mismatched-length ValueError of its own. The array shape is the problem, not where it is bound.

F.Each row still holds 3 values for 2 parameters, so every one of the 5 PUBs raises the same last-dimension error.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q019

s5-q019 · mcq · difficulty 2/3

You want to switch on dynamical decoupling (an error-suppression technique that fills idle qubit time) for a SamplerV2 called sampler. Which line does this correctly?

from qiskit_ibm_runtime import SamplerV2

sampler = SamplerV2(mode=backend)
# enable dynamical decoupling:


A.sampler.options.resilience.dynamical_decoupling = True

B.sampler.options.dynamical_decoupling = True

C.sampler.run([isa], dynamical_decoupling=True)

D.sampler.options.dynamical_decoupling.enable = True

E.sampler.options.dynamical_decoupling.enabled = True

F.sampler.options.dynamical_decoupling.sequence_type = 'XX'

Show answer →
s5-q019 — answer

s5-q019 — answer

Correct: D

Dynamical decoupling is configured through the nested options object: options.dynamical_decoupling is an options group whose .enable flag turns the feature on. Setting options.dynamical_decoupling.enable = True is the supported form.

Why the others are wrong:

A.SamplerV2 has no resilience options group (that concept lives on the Estimator). Accessing options.resilience fails; DD lives directly under options.dynamical_decoupling.

B.dynamical_decoupling is an options *group*, not a boolean. Assigning True to the whole group fails validation — you must set its .enable field.

C.run() does not accept a dynamical_decoupling keyword; options are configured on sampler.options, not passed to run(). This raises a TypeError.

E.Near-miss attribute name: the flag is enable, not enabled. The options are pydantic-validated, so assigning to a nonexistent enabled field raises a ValidationError instead of silently doing nothing.

F.sequence_type is a real field, but it only chooses *which* pulse sequence is used; the group stays switched off until enable is set. The executed proof sets it and shows enable still unset.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-noise-management
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques
https://quantum.cloud.ibm.com/docs/guides/sampler-options

Next question →
s5-q020

s5-q020 · multi · difficulty 2/3

Which of the following are settable options on a SamplerV2 primitive? (Select all that apply.) (Select all that apply.)


A.sampler.options.default_shots — shots used when a run specifies none

B.sampler.options.resilience_level — picks the mitigation level to apply

C.sampler.options.dynamical_decoupling.enable — turns DD sequences on

D.sampler.options.twirling.enable_gates — turns on Pauli twirling of gates

E.sampler.options.optimization_level — picks the default transpiler preset

F.sampler.options.execution.shots — shots applied to every execution

Show answer →
s5-q020 — answer

s5-q020 — answer

Correct: A, C, D

SamplerOptions defines default_shots, dynamical_decoupling, twirling, execution and experimental, and inherits simulator, environment and max_execution_time. So default_shots, dynamical_decoupling.enable and twirling.enable_gates all assign cleanly. resilience_level belongs to EstimatorV2 and optimization_level is a transpiler argument; the options model forbids extra attributes, so both raise a validation error.

Why the others are wrong:

B.resilience_level selects EstimatorV2 mitigation strategies for expectation values. The Sampler returns raw samples and its options model has no such attribute.

E.optimization_level is a transpiler argument (e.g. to generate_preset_pass_manager), not a primitive option — transpilation happens before the job is submitted.

F.The execution group holds init_qubits, rep_delay and meas_type — there is no shots field there. Shot counts live in default_shots or in the PUB.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-noise-management
https://quantum.cloud.ibm.com/docs/guides/runtime-options-overview
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q021

s5-q021 · mcq · difficulty 2/3

A research team wants complete control over readout-error correction: they need the untouched per-shot measurement outcomes so they can apply their own calibration matrix afterward. Which statement about SamplerV2 is correct?


A.SamplerV2 applies no readout mitigation; the returned bitstrings are raw per-shot data

B.SamplerV2 always applies T-REx readout mitigation to its counts, so obtaining raw outcomes would mean patching the runtime source

C.Set sampler.options.resilience_level = 0 first, to switch off the sampler's built-in mitigation and get raw counts

D.Only EstimatorV2 exposes per-shot data; the Sampler returns mitigated quasi-probabilities by default, so switch primitives

E.Set options.execution.meas_type to 'kerneled', usually the raw per-shot readout

F.Ask for the untouched per-shot outcomes with a raw=True flag on result(); the Sampler generally returns mitigated counts

Show answer →
s5-q021 — answer

s5-q021 — answer

Correct: A

The Sampler primitive is deliberately low-level: it returns the sampled bitstrings as a BitArray with no post-processing correction of measurement error applied by default. That raw per-shot data is exactly what you need to implement your own mitigation (e.g. build and apply a readout-calibration/confusion matrix, or use a package like mthree). Error suppression (dynamical decoupling) and twirling can be opted into, but they do not alter the counts into 'mitigated' values.

Why the others are wrong:

B.T-REx is an EstimatorV2 resilience technique for expectation values. The Sampler never applies it, so raw outcomes are simply what you already get.

C.SamplerV2 has no resilience_level at all — the assignment raises — so there is nothing to set to 0; the returned counts are already raw.

D.It is the Sampler, not the Estimator, that exposes per-shot samples. The Estimator returns processed expectation values, which is the opposite of raw data.

E.meas_type chooses the *level* of returned data (classified bits, kerneled IQ points), not whether mitigation runs. Classified sampler output is already unmitigated, and kerneled data is not what a calibration matrix consumes.

F.There is no raw parameter on result(), and there is nothing to bypass: SamplerV2 counts are already the raw per-shot outcomes.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-noise-management
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output

Next question →
s5-q022

s5-q022 · mcq · difficulty 1/3

You have a parameterized ISA circuit isa, a NumPy array vals of parameter values, and want 256 shots. Which call passes a correctly-structured SamplerV2 PUB?

# isa: parameterized ISA circuit ; vals: array of parameter values
# obs:  a SparsePauliOp observable (only used by option C)
sampler = SamplerV2(mode=backend)
job = sampler.run( ??? )


A.sampler.run([(isa, obs, vals, 0.02)])

B.sampler.run([(isa, 256, vals)])

C.sampler.run([(isa, vals, 256)])

D.sampler.run((isa, vals))

E.sampler.run([(isa, vals)], shots=[256])

F.sampler.run([isa], vals, shots=256)

Show answer →
s5-q022 — answer

s5-q022 — answer

Correct: C

A SamplerV2 PUB is a tuple (circuit, parameter_values, shots) where the last two are optional, and the run() argument is a *list* of such PUBs. (isa, vals, 256) places parameter values in slot 2 and shots in slot 3, wrapped in a list — the correct form.

Why the others are wrong:

A.A 4-element tuple with an observable is the *Estimator* PUB (circuit, observable, params, precision). The Sampler takes no observable; a PUB of length 4 is rejected.

B.This swaps the order: slot 2 is parameter_values and slot 3 is shots, so (isa, 256, vals) tries to use the array as the shot count and raises a TypeError ('shots must be an integer').

D.run() expects a list of PUBs. Passing a bare tuple makes run() iterate it as if isa and vals were two separate PUBs, which fails. The PUB must be wrapped: run([(isa, vals)]).

E.A per-PUB shot list is not accepted: shots must be a single integer (TypeError: shots must be an integer). Per-PUB counts belong in the PUB's third slot.

F.run takes exactly one positional argument, the list of PUBs; parameter values are part of the PUB, so passing them positionally raises a TypeError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q023

s5-q023 · predict-output · difficulty 2/3

A 1-parameter circuit is broadcast over 4 parameter values at 500 shots each. What does sum(result[0].data.meas.get_counts().values()) return when get_counts() is called with no index?

import numpy as np

vals = np.array([[0.0], [np.pi/3], [np.pi/2], [np.pi]])   # 4 parameter sets
ba = sampler.run([(isa, vals)], shots=500).result()[0].data.meas
print(sum(ba.get_counts().values()))


A.4 — one dict entry per parameter set in the broadcast sweep

B.500 — with no index it returns the histogram of the first parameter set only

C.2000 — with no index, get_counts() pools the shots of all 4 parameter sets

D.125 — the 500 shots are shared out among the 4 parameter sets

E.It raises a ValueError — get_counts() needs an explicit index once the data is broadcast

F.2 — summing a counts dict adds up the distinct bitstrings it holds, not the shots behind them

Show answer →
s5-q023 — answer

s5-q023 — answer

Correct: C

On a broadcast (non-scalar) BitArray, get_counts() with no index flattens across every broadcast entry and tallies all of their shots together: 4 parameter sets x 500 shots = 2000. To get the histogram for a single parameter set you must index, e.g. get_counts(0).

Why the others are wrong:

A.get_counts() returns a histogram dict (bitstring -> count), not one entry per parameter set. The 4 is the broadcast length, not the aggregate total.

B.Without an index it does not pick the first set; it aggregates all of them. get_counts(0) would be needed to isolate the first set's 500 shots.

D.Each parameter set runs the full 500 shots independently; shots are not split across the sweep. The aggregate is 4 x 500 = 2000.

E.The index is optional: with no argument get_counts() aggregates the whole array, and get_counts(i) picks one parameter set. The executed run calls it with no index and gets a dict back.

F.Summing the *values* adds the tallies; the number of distinct bitstrings is len(...). The executed run reports both numbers side by side.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q024

s5-q024 · mcq · difficulty 2/3

A circuit measures into two named classical registers, alice and bob. After running the Sampler, how do you read the counts for the alice register?

qr = QuantumRegister(2, 'q')
alice = ClassicalRegister(1, 'alice')
bob   = ClassicalRegister(1, 'bob')
qc = QuantumCircuit(qr, alice, bob)
# ... measure into alice and bob, transpile, run ...
result = sampler.run([isa]).result()


A.result.data.alice.get_counts()

B.result[0].data.meas.get_counts()['alice']

C.result[0].get_counts('alice')

D.result[0].data.alice.get_counts()

E.result[0].data.get_counts('alice')

F.result[0].data.registers['alice'].get_counts()

Show answer →
s5-q024 — answer

s5-q024 — answer

Correct: D

Each classical register becomes its own field in the result's DataBin, named after the register. With registers alice and bob, the DataBin has .alice and .bob BitArrays, so result[0].data.alice.get_counts() returns that register's histogram.

Why the others are wrong:

A.result is a PrimitiveResult (a sequence of PUB results). You must index the PUB first with result[0] before reaching .data.

B.There is no meas field here — meas only appears when you use measure_all(). With named registers the fields are alice and bob, so data.meas raises AttributeError.

C.The PUB result has no get_counts() method that takes a register name; counts live on the per-register BitArray reached via .data.<register>.

E.get_counts lives on the BitArray, not on the DataBin: the bin only holds the register fields, so this raises an AttributeError.

F.A DataBin has no registers mapping — the register names ARE its fields (attribute or item access), so this raises an AttributeError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q025

s5-q025 · spot-bug · difficulty 2/3

This code raises AttributeError: 'DataBin' object has no attribute 'meas' on the last line. What is the correct fix?

qc = QuantumCircuit(2, 2)
qc.h(0); qc.cx(0, 1)
qc.measure([0, 1], [0, 1])
# ... transpile to isa, run ...
result = sampler.run([isa]).result()
counts = result[0].data.meas.get_counts()   # AttributeError


A.Read the field by item access instead of attribute access: result[0].data['meas'].get_counts()

B.The classical register from QuantumCircuit(2, 2) is named c, so read result[0].data.c.get_counts()

C.BitArray has no get_counts(); tally get_bitstrings() into a dict yourself

D.Pass a shots value to run() so that the meas field is created in the DataBin

E.The field carries the register's index, so read result[0].data.c0.get_counts() instead

F.Index the bin by position rather than by name: result[0].data[0].get_counts()

Show answer →
s5-q025 — answer

s5-q025 — answer

Correct: B

The DataBin field name comes from the classical register's name. QuantumCircuit(2, 2) creates a default register named c, so the outcomes are in data.c, not data.meas. The name meas only exists if the circuit used measure_all(), which auto-creates a register called meas.

Why the others are wrong:

A.DataBin does support item access, but the key still has to exist. data['meas'] raises a KeyError for the same reason data.meas raises AttributeError: this circuit's register is c.

C.BitArray.get_counts() does exist and works fine; the error is about the missing field name, not a missing method.

D.Shots were run regardless; the field name comes from the classical register's name (c), not from the shot count, so passing shots creates no meas field.

E.The field is named exactly like the classical register, and QuantumCircuit(2, 2) names it c — no index suffix. data.c0 raises an AttributeError.

F.A DataBin is keyed by register name, not by position: data[0] raises a KeyError. data['c'] is the item-access form that works.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q026

s5-q026 · mcq · difficulty 3/3

You set sampler.options.default_shots = 1000, then submit a single PUB that carries its own shot count: sampler.run([(isa, None, 50)]). How many shots does that PUB run?

sampler = SamplerV2(mode=backend)
sampler.options.default_shots = 1000
job = sampler.run([(isa, None, 50)])   # PUB = (circuit, params, shots)
num = job.result()[0].data.meas.num_shots


A.1050 — the PUB shot count is added on top of the option's default value

B.1000 — options.default_shots takes precedence over any PUB shot count

C.50 — a shot count given inside the PUB overrides the default_shots option value

D.500 — the PUB value and the option value are averaged for the run

E.It raises — a PUB may not carry shots once default_shots has been set

F.4096 — neither value is used; the run falls back to the service default

Show answer →
s5-q026 — answer

s5-q026 — answer

Correct: C

Shots resolve most-specific-first: a value carried in the PUB (slot 3) wins over the shots= keyword on run(), which wins over options.default_shots, which wins over the runtime's own fallback. Here the PUB specifies 50, so exactly 50 shots run despite default_shots = 1000.

Why the others are wrong:

A.Shot settings are not additive; the more specific PUB value replaces the default rather than summing with it.

B.The default is only a fallback for PUBs that omit shots. A PUB that carries its own shot count overrides it, so 50 wins, not 1000.

D.There is no averaging of shot counts. Precedence is a strict override, giving 50.

E.The two settings do not conflict: default_shots is a fallback, so a PUB that carries its own count simply wins. The executed run submits exactly this combination.

F.A service-side default only applies when nothing else supplies a shot count. Here the PUB does, so the executed run reports the PUB's value.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-options
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output

Next question →
s5-q027

s5-q027 · multi · difficulty 2/3

Which of the following are real fields of the SamplerV2 twirling options group? (Select all that apply.) (Select all that apply.)


A.twirling.twirling_level

B.twirling.enable_gates

C.twirling.enable_measure

D.twirling.readout_symmetrization

E.twirling.num_randomizations

F.twirling.shots_per_twirl

Show answer →
s5-q027 — answer

s5-q027 — answer

Correct: B, C, E

The twirling options group controls Pauli twirling of gates and measurements: enable_gates and enable_measure toggle each kind, num_randomizations sets how many random twirls to average over, and shots_per_randomization/strategy complete the group. twirling_level and readout are not fields of this group, so assigning them raises a validation error.

Why the others are wrong:

A.There is no twirling_level. Twirling is toggled per kind (enable_gates, enable_measure) and tuned via num_randomizations/shots_per_randomization; there is no single integer level.

D.Measurement (readout) twirling is controlled by enable_measure; no field called readout_symmetrization exists, so assigning it fails validation.

F.Near-miss name: the real field is shots_per_randomization. Assigning shots_per_twirl is rejected by the options validator.

Read more:
https://quantum.cloud.ibm.com/docs/guides/runtime-options-overview
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q028

s5-q028 · mcq · difficulty 3/3

A Bell circuit should only ever yield 00 or 11, but readout error sprinkles in 01/10. A team wants to bypass runtime mitigation and apply their own scheme that keeps only the physically-consistent outcomes. Which approach implements this correctly?

# result from a Bell circuit; raw counts include 01/10 from readout error
counts = result[0].data.meas.get_counts()   # e.g. {'00':.., '11':.., '01':.., '10':..}


A.Set sampler.options.resilience_level = 2 so the runtime post-selects the counts for you

B.Filter the counts to keep only 00/11 and renormalize — post-selection you code yourself

C.Enable options.dynamical_decoupling.enable, which suppresses the readout errors producing 01/10

D.Nothing can be done — the sampler returns already-corrected counts, so the odd-parity outcomes must be physical

E.Enable measurement twirling with options.twirling.enable_measure, which symmetrizes readout error away

F.Add an if_test parity check to the circuit, since counts cannot be filtered after the fact

Show answer →
s5-q028 — answer

s5-q028 — answer

Correct: B

Because the Sampler hands back raw per-shot outcomes, you are free to implement any custom mitigation in post-processing. Here the known symmetry (a Bell state has even parity) lets you post-select: drop the 01/10 shots and renormalize over 00/11. This is exactly the 'bypass runtime mitigation, roll your own' pattern.

Why the others are wrong:

A.SamplerV2 has no resilience_level — that is an EstimatorV2 option, so the line raises — and resilience levels never perform parity post-selection.

C.Dynamical decoupling suppresses decoherence during idle periods inside the circuit; it does not filter or correct measurement outcomes, so 01/10 still appear in the counts.

D.The counts come back raw, which is precisely what makes custom mitigation possible; filtering and renormalizing them is a valid post-processing correction.

E.Measurement twirling randomizes readout error so it looks symmetric; it neither removes odd-parity outcomes nor implements post-selection. The executed run shows 01/10 still present with it on.

F.Counts are an ordinary Python dict — filtering after the fact is exactly what post-selection is. The executed proof filters them.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-noise-management
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output

Next question →
s5-q029

s5-q029 · predict-output · difficulty 1/3

A 2-qubit circuit is run with shots=777. What is len(result[0].data.meas.get_bitstrings())?

ba = sampler.run([isa], shots=777).result()[0].data.meas
print(len(ba.get_bitstrings()))


A.777 — one entry per shot, in the order they were taken

B.2 — one entry per measured qubit in the register

C.4 — one entry per distinct 2-bit outcome that can occur

D.1 — the shots come back concatenated into a single string

E.1554 — one entry per shot for each of the two measured qubits

F.It raises — get_bitstrings() needs the index of the shot you want

Show answer →
s5-q029 — answer

s5-q029 — answer

Correct: A

get_bitstrings() returns the raw per-shot record: a list with exactly one bitstring for every shot, in order. With 777 shots you get a list of length 777. (get_counts() is the summarized view; get_bitstrings() is the un-aggregated one.)

Why the others are wrong:

B.The length is per-shot, not per-qubit. Each entry is a full 2-character bitstring; there are as many entries as shots.

C.4 is the number of *possible* outcomes; get_bitstrings() lists actual shots (with repeats), so its length is the shot count.

D.It returns a list of separate bitstrings (one per shot), not one giant concatenated string.

E.get_bitstrings() returns one string per shot, and each string already holds every measured bit; the qubit count is the string width, not a multiplier.

F.The call takes no shot index (the optional argument selects a broadcast location); with no argument it returns the whole per-shot list.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q030

s5-q030 · mcq · difficulty 1/3

In the primitives model, what does the Sampler primitive fundamentally return for a circuit that ends in measurements?


A.Expectation values of the observables attached to the submitted circuit

B.The exact complex amplitudes of the circuit's output statevector, one per basis state

C.Samples from the circuit's output distribution — per-shot bitstrings

D.The single most likely measurement outcome of the circuit, together with its estimated probability

E.Quasi-probability distributions over the measured bitstrings, as the V1 Sampler returned

F.The density matrix of the measured qubits, from which counts follow

Show answer →
s5-q030 — answer

s5-q030 — answer

Correct: C

'Sampling' means repeatedly executing the circuit and recording the measured bitstring each shot — draws from the distribution the circuit defines over computational-basis states. The Sampler returns those per-shot samples (as a BitArray); estimating probabilities is then just counting frequencies. It never returns amplitudes or expectation values.

Why the others are wrong:

A.Expectation values of observables are EstimatorV2's job; a Sampler PUB carries no observable at all.

B.Amplitudes are hidden by measurement — sampling only sees classical outcomes with probabilities |amplitude|^2. Statevectors come from simulators (qiskit.quantum_info), not from a Sampler.

D.The Sampler returns the whole collection of shot outcomes, not a single winner; the distribution over many shots is the entire point.

E.Quasi-distributions were the V1 output (and could carry negative weights after mitigation). SamplerV2 returns raw per-shot bitstrings in a BitArray.

F.Reconstructing a density matrix is state tomography, a separate experiment. The Sampler just reports what the measurements produced, shot by shot.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitives
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output

Next question →
s5-q031

s5-q031 · mcq · difficulty 2/3

To make a SamplerV2 run on a fake/simulated backend reproducible — identical counts every time — which assignment sets the random seed correctly?

sampler = SamplerV2(mode=fake_backend)
# make results reproducible:


A.sampler.options.seed = 42

B.sampler.options.simulator.seed_simulator = 42

C.sampler.run([isa], seed=42)

D.sampler.options.execution.seed_simulator = 42

E.SamplerV2(mode=fake_backend, options={'seed_simulator': 42})

F.sampler.run([isa], options={'seed_simulator': 42})

Show answer →
s5-q031 — answer

s5-q031 — answer

Correct: B

The simulator seed lives in the simulator options group: options.simulator.seed_simulator. Fixing it makes the (fake) backend's internal simulator deterministic, so repeated runs return identical counts. Without it, each run draws fresh randomness.

Why the others are wrong:

A.There is no top-level options.seed; the seed is nested under the simulator group. This assignment fails validation.

C.run() has no seed keyword — seeding is an option on the primitive, not a run argument, so this raises a TypeError.

D.seed_simulator is a field of the simulator options group, not of execution. options.execution holds init_qubits and rep_delay, and rejects seed_simulator.

E.seed_simulator is not a top-level option: the options model rejects the unexpected keyword. Nested as {'simulator': {'seed_simulator': 42}} it would be accepted.

F.run has no options parameter — options are configured on the primitive, not per submission. This raises a TypeError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-options
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q032

s5-q032 · spot-bug · difficulty 3/3

This code excites qubit 0 and tries to read qubit 0's value out of each shot's bitstring, but every q0 comes out '0'. What is the fix?

qc = QuantumCircuit(2)
qc.x(0)              # qubit 0 -> |1>
qc.measure_all()
# ... transpile, run ...
bitstrings = result[0].data.meas.get_bitstrings()
q0 = [b[0] for b in bitstrings]   # expected '1', gets '0'


A.Use explicit measure(0, 0); measure(1, 1) instead of measure_all(), then b[0] is qubit 0

B.Bitstrings are little-endian, so qubit 0 is always the last character: read b[-1]

C.Raise the shot count until the correct value stabilizes at position b[0]

D.Read qubit 0 from the get_counts() keys instead, which are indexed with qubit 0 first

E.Switch to get_int_counts() and pull qubit 0 out of each integer key with (k >> 1) & 1

F.Put a qc.barrier() in front of measure_all() so the transpiler cannot reorder the x(0)

Show answer →
s5-q032 — answer

s5-q032 — answer

Correct: B

Qiskit prints bitstrings little-endian: the character at index 0 is the *highest*-indexed bit, and qubit 0 sits at the far right (index -1). Since only qubit 0 was excited, b[-1] is '1' while b[0] (qubit 1) is '0'. The fix is to index from the right.

Why the others are wrong:

A.The bit ordering is a display convention, not a consequence of measure_all(). Explicit measurement into bit 0 still places qubit 0 at the rightmost character, so b[0] still reads the wrong qubit.

C.This is a deterministic indexing error, not statistical noise. More shots do not move qubit 0 to index 0.

D.get_counts() keys are the same little-endian bitstrings, so index 0 of a key is still the highest qubit, not qubit 0.

E.The shift reads the wrong bit: qubit 0 is the LOW bit of the integer key, so k & 1 is what you want. The executed run shows the dominant key and both extractions.

F.Nothing was reordered — the value is in the bitstring, just at the other end. The executed run adds the barrier and b[0] is still '0' almost every shot.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q033

s5-q033 · mcq · difficulty 1/3

You want every job from a sampler to use 4096 shots by default, without passing shots on each run(). Which construction sets this up correctly?

from qiskit_ibm_runtime import SamplerV2
# want default_shots = 4096 for all runs


A.SamplerV2(mode=backend, options={"default_shots": 4096})

B.SamplerV2(mode=backend, shots=4096) — a constructor keyword

C.SamplerV2(mode=backend, default_shots=4096) — a constructor keyword

D.s = SamplerV2(mode=backend); s.shots = 4096 — a plain attribute

E.SamplerV2(mode=backend, options={'shots': 4096}) — shots, not default_shots

F.s.set_options(default_shots=4096) — the V1 setter

Show answer →
s5-q033 — answer

s5-q033 — answer

Correct: A

The primitive constructor takes an options mapping (or a SamplerOptions object); default_shots is a key inside it. SamplerV2(mode=backend, options={"default_shots": 4096}) makes every subsequent no-shots run use 4096. A per-run shots= argument would still override it.

Why the others are wrong:

B.There is no shots parameter on the SamplerV2 constructor; shots are a run() argument or the default_shots option. This raises a TypeError.

C.default_shots is not a top-level constructor keyword either — it lives inside the options mapping (or a SamplerOptions object). Passing it directly raises a TypeError.

D.SamplerV2 has no shots attribute controlling defaults; assigning s.shots just sets an unused Python attribute, and no-shots runs keep using the fallback shot count.

E.The options model has no shots field, so the unexpected keyword is rejected. The field that sets a run-wide fallback is default_shots.

F.set_options was the V1 primitive API and is gone in V2 (AttributeError): options are set on sampler.options or through the constructor dict.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-options
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q034

s5-q034 · multi · difficulty 2/3

Which statements about error handling in SamplerV2 are correct? (Select all that apply.) (Select all that apply.)


A.options.resilience_level selects which built-in mitigation strategy the sampler applies

B.Twirling lowers the number of qubits that are measured, which usually reduces readout error

C.By default SamplerV2 applies no measurement-error mitigation; counts are raw samples

D.The sampler post-processes its data internally, so you cannot add your own mitigation

E.Dynamical decoupling is error *suppression*, enabled via options.dynamical_decoupling.enable

F.options.twirling.num_randomizations sets the default number of shots each twirled circuit gets

Show answer →
s5-q034 — answer

s5-q034 — answer

Correct: C, E

SamplerV2 returns raw samples with no automatic readout mitigation (A), and its error-handling knobs are error *suppression* (dynamical decoupling) and twirling — DD is enabled through options.dynamical_decoupling.enable (B). Everything downstream (readout calibration, post-selection) is left to you.

Why the others are wrong:

A.resilience_level is an EstimatorV2 option for expectation-value mitigation; SamplerOptions has no such attribute, so the assignment raises and no built-in strategy is selected.

B.Twirling inserts randomized Pauli/measurement operations to tailor noise into a stochastic form; it changes neither how many qubits are measured nor the register width.

D.The opposite is true: the sampler returns un-mitigated per-shot data precisely so that you can apply your own mitigation afterward.

F.Swapped semantics: num_randomizations is how many random twirls are drawn; the shots each one gets is shots_per_randomization.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-noise-management
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques
https://quantum.cloud.ibm.com/docs/guides/primitives

Next question →
s5-q035

s5-q035 · mcq · difficulty 1/3

You broadcast a 1-parameter circuit over 6 parameter values in one PUB and pass shots=200. How many total circuit executions does the sampler perform?

import numpy as np
vals = np.linspace(0, np.pi, 6).reshape(6, 1)   # 6 parameter sets
job = sampler.run([(isa, vals)], shots=200)


A.1200 — each of the 6 parameter sets runs 200 shots

B.200 — the sweep shares a single 200-shot budget overall

C.6 — one execution per parameter value in the sweep array

D.34 — the 200 shots are divided up among the 6 parameter sets

E.It raises a ValueError: shots=200 conflicts with a broadcast parameter sweep

F.1 — the 6 parameter sets are folded into a single circuit execution before the shots run

Show answer →
s5-q035 — answer

s5-q035 — answer

Correct: A

shots is per parameter set, not per PUB total. Broadcasting over 6 parameter values means the circuit is sampled 200 times at each of the 6 bindings, for 6 x 200 = 1200 executions. Each set's counts independently sum to 200.

Why the others are wrong:

B.The shot count applies to each broadcast element, so the sweep does not share a single 200-shot budget; the total is 6 x 200.

C.6 is the number of parameter sets, not executions. Each set runs 200 shots, so executions number 1200.

D.Shots are not divided across the sweep; each parameter set receives the full 200 shots.

E.They compose: shots supplies the per-parameter-set count for a PUB that does not carry its own. The executed run submits exactly this call.

F.Every parameter set is a separate circuit execution; nothing is folded together. The executed run sums the shots recorded for each of the 6 sets.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/guides/sampler-options

Next question →
s5-q036

s5-q036 · predict-output · difficulty 2/3

A 2-qubit circuit applies X to both qubits and measures all. What is the dominant key of result[0].data.meas.get_int_counts()?

qc = QuantumCircuit(2)
qc.x(0); qc.x(1)
qc.measure_all()
# ... run ...
ba = result[0].data.meas
print(ba.get_int_counts())   # dominant key?


A.2 — the key counts how many qubits were measured in state 1

B.'11' — get_int_counts() keeps the same string keys as get_counts()

C.11 — the digits of the bitstring read as the decimal number eleven

D.3 — the keys are decoded integers, and the bitstring 11 is binary for 3

E.0b11 — the keys are Python integers shown in binary literal form

F.4 — the key is 2 raised to the number of qubits found excited

Show answer →
s5-q036 — answer

s5-q036 — answer

Correct: D

get_int_counts() returns the same histogram as get_counts() but with each bitstring decoded as an integer. Both qubits are 1, so the outcome bitstring is 11, which as a binary number is 3. The keys are true integers (3), not the string '11'.

Why the others are wrong:

A.2 would be the *count* of set qubits, not the integer value of the outcome. Binary 11 equals 3.

B.That is get_counts()'s output (string keys). get_int_counts() converts each key to an integer, so '11' becomes 3.

C.The bitstring is interpreted in binary, not read as base-10 digits, so 11 is 2+1 = 3, not eleven.

E.Integers have no stored base: the key prints as 3. The 0b spelling is source syntax, not a dict key.

F.The key is the bitstring read as a binary number, not a power of two. Two excited qubits give 11 = 3.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q037

s5-q037 · mcq · difficulty 3/3

Having chosen not to rely on any runtime mitigation, a team wants to rigorously correct measurement (readout) error in their SamplerV2 counts — not merely post-select. Which do-it-yourself technique fits the raw per-shot data the Sampler provides?


A.Invert an assignment (confusion) matrix measured from calibration circuits (e.g. with M3)

B.Raise sampler.options.resilience_level until the readout error is mitigated away

C.Apply Zero-Noise Extrapolation to the returned bitstrings, extrapolating each shot to the zero-noise limit

D.Enable gate twirling, which measures and then inverts the readout confusion matrix for you

E.Apply Probabilistic Error Cancellation to the counts, inverting the learned noise channel shot by shot

F.Fit the histogram to a maximum-likelihood estimate of the ideal distribution, with no calibration run

Show answer →
s5-q037 — answer

s5-q037 — answer

Correct: A

Readout error is a classical relabeling of measured bits, captured by an assignment/confusion matrix that you measure with calibration circuits (prepare each basis state, record what you read back). Inverting — or least-squares inverting — that matrix corrects the counts. The Sampler's raw per-shot data is exactly the input such a method needs, which is why this correction is done by you in post-processing (with your own code or an external package such as mthree/M3), not by a runtime option: the Sampler's own noise-management options are dynamical decoupling and Pauli twirling only.

Why the others are wrong:

B.SamplerV2 has no resilience_level — the assignment raises — and a resilience level would not build a readout-calibration matrix in any case.

C.Zero-Noise Extrapolation mitigates *expectation values* by amplifying gate noise and extrapolating; it is not defined on individual sampled bitstrings.

D.Twirling randomizes coherent gate/measurement noise into a simpler stochastic form; it neither measures nor inverts the readout confusion matrix.

E.PEC is an expectation-value technique: it reweights sampled circuits with signed quasi-probabilities, which cannot be applied to individual bitstrings. Readout correction on counts is a confusion-matrix problem.

F.Without calibration data there is nothing to tell the fit what the device's readout error looks like; M3-style methods are maximum-likelihood fits *given* a measured assignment matrix.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-noise-management
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques
https://quantum.cloud.ibm.com/docs/guides/primitives

Next question →
s5-q038

s5-q038 · mcq · difficulty 3/3

You estimate an outcome probability from a SamplerV2 histogram and then increase the shot count from 1000 to 4000. Roughly how does the statistical (sampling) error on that estimated probability change?


A.It drops to a quarter, because the sampling error scales like 1/N with the shot count

B.It roughly halves — shot error scales like 1/sqrt(N)

C.It barely moves — statistical error is set by the device's noise level, not by the shot count

D.It roughly doubles, because a longer job accumulates more drift and readout error

E.It drops to roughly a sixteenth, since the variance falls like the square of the shot count

F.It typically stays put — the PUB count sets it

Show answer →
s5-q038 — answer

s5-q038 — answer

Correct: B

Counting outcomes is a Monte-Carlo estimate of a probability. The standard error of a frequency is sqrt(p(1-p)/N), i.e. it shrinks like 1/sqrt(N). Quadrupling the shots (1000 -> 4000) multiplies the error by 1/sqrt(4) = 1/2. This is why halving the error costs 4x the shots — the same shots<->precision trade-off that underlies the primitives.

Why the others are wrong:

A.Sampling error scales like 1/sqrt(N), not 1/N. You would need 16x the shots (not 4x) to quarter the error.

C.Shot noise is a property of finite sampling and clearly decreases with more shots; it is not fixed by the hardware.

D.More shots reduce, not increase, the statistical uncertainty of the estimate; the error goes down like 1/sqrt(N).

E.The variance of a binomial proportion falls like 1/N, so the standard error falls like 1/sqrt(N): 4x more shots is 2x less error, not 16x.

F.The number of PUBs only says how many separate results come back; the sampling error of each estimate is governed by that PUB's shots.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitives
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output

Next question →
s5-q039

s5-q039 · mcq · difficulty 1/3

You submit three circuits in one call: result = sampler.run([isaA, isaB, isaC], shots=256).result(). What is len(result)?

result = sampler.run([isaA, isaB, isaC], shots=256).result()
print(len(result))


A.256 — len() counts the shots stored in the result

B.1 — the three circuits are merged into a single SamplerPubResult

C.3 — run() returns one PUB result per submitted PUB

D.768 — len() counts the total shots across the three circuits

E.It raises a TypeError — a PrimitiveResult has no length, so you iterate it instead

F.(1, 3) — len() reports the shape of the submission: 1 job holding 3 PUB results

Show answer →
s5-q039 — answer

s5-q039 — answer

Correct: C

run() takes a list of PUBs and returns a PrimitiveResult that is a sequence of PUB results, one per input PUB, in order. Three circuits in, three results out — you read each with result[i].data.<register>.get_counts().

Why the others are wrong:

A.The length is the number of PUB results, not shots. Shots live inside each PUB result's BitArray (num_shots).

B.Results are not merged; each PUB keeps its own SamplerPubResult. len(result) equals the number of PUBs submitted, here 3.

D.768 is 3 x 256 total shots, but len(result) counts PUB results (3), not shots.

E.PrimitiveResult is a sequence: it supports both len() and indexing. The executed run calls len() successfully.

F.len() always returns a plain integer. A shape tuple is what a broadcast PUB's data carries, not what the result container reports.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/sampler-v2

Next question →
s5-q040

s5-q040 · predict-output · difficulty 2/3

Which histogram does this seeded SamplerV2 run draw?

from qiskit import QuantumCircuit
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit.visualization import plot_histogram
from qiskit_ibm_runtime import SamplerV2
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

qc = QuantumCircuit(3)
qc.h(0)
qc.cx(0, 1)
qc.x(2)
qc.measure_all()

backend = FakeManilaV2()
pm = generate_preset_pass_manager(optimization_level=1, backend=backend,
                                  seed_transpiler=42)
sampler = SamplerV2(mode=backend)
sampler.options.simulator.seed_simulator = 123
bits = sampler.run([pm.run(qc)], shots=2000).result()[0].data.meas

plot_histogram(bits.get_counts())


A.[image: Bar chart with a Count axis and two bars of equal height, labelled 100 and 111; no other outcome is drawn.]


B.[image: Bar chart with a Count axis and eight bars, one per three-bit outcome; the two tall bars are labelled 001 and 111, a small pair sits at 000 and 110, and the remaining four bars are very short.]


C.[image: Bar chart with a Count axis and eight bars, one per three-bit outcome; the two tall bars are labelled 100 and 111, a small pair sits at 000 and 011, and the remaining four bars are very short.]


D.[image: Bar chart with a Count axis and seven bars; the two tall bars are labelled 100 and 101, a small pair sits at 000 and 001, and the remaining bars are very short.]


E.[image: Bar chart with a Count axis and eight bars, one per three-bit outcome; the two tall bars are labelled 000 and 011, a small pair sits at 100 and 111, and the remaining four bars are very short.]


Show answer →
s5-q040 — answer

s5-q040 — answer

Correct: C

The circuit entangles qubits 0 and 1 and flips qubit 2, so the ideal outcomes are the two bitstrings whose qubit-2 bit is set and whose qubit-0 and qubit-1 bits agree. Counts keys print qubit 2 leftmost (little-endian), which makes them 100 and 111. FakeManilaV2 carries a noise model, so the seeded run also puts small bars on every other outcome instead of leaving them empty.

Why the others are wrong:

A.Treats a fake backend as an exact simulator. Fake backends replay a recorded noise model, so readout and gate errors put weight on all eight outcomes, not just the two ideal ones.

B.Bit-order slip: the counts key is read left-to-right as qubit 0, qubit 1, qubit 2, which turns the 100 peak into 001. Qiskit prints the highest-index qubit on the left.

D.cx(1, 0) would control on qubit 1, which is still in |0>, so nothing is entangled and the qubit-1 bit never turns on — the peaks would sit at 100 and 101.

E.The x(2) is dropped, which moves both peaks down to the outcomes whose leftmost bit is 0.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/guides/local-testing-mode

Next question →
s5-q041

s5-q041 · predict-output · difficulty 2/3

A two-qubit circuit is sampled for 40 shots on a noisy fake backend, and one of the four possible outcomes never occurs. Which figure does the last line draw?

from qiskit import QuantumCircuit
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit.visualization import plot_histogram
from qiskit_ibm_runtime import SamplerV2
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
qc.measure_all()

backend = FakeManilaV2()
pm = generate_preset_pass_manager(optimization_level=1, backend=backend,
                                  seed_transpiler=42)
sampler = SamplerV2(mode=backend)
sampler.options.simulator.seed_simulator = 9
bits = sampler.run([pm.run(qc)], shots=40).result()[0].data.meas

plot_histogram(bits.get_counts())


A.[image: Bar chart with a Count axis and three bars labelled 00, 01 and 11; the two-digit tallies printed above them are whole numbers that add up to 40.]


B.[image: Step plot with shot number 1 to 40 along the x axis and the outcome 00, 01, 10 or 11 on the y axis; the trace jumps between the 00 and 11 levels shot after shot.]


C.[image: Bar chart with a Count axis and three bars labelled 0, 1 and 3; the two-digit tallies printed above them are whole numbers that add up to 40.]


D.[image: Bar chart with a Count axis and three bars labelled 00, 01 and 11; the values printed above them are decimal fractions that add up to 1.]


E.[image: Bar chart with a Count axis whose x axis lists all four outcomes 00, 01, 10 and 11; bars are drawn at 00, 01 and 11 with whole-number tallies adding up to 40, and the 10 position is left empty.]


Show answer →
s5-q041 — answer

s5-q041 — answer

Correct: A

BitArray.get_counts() aggregates the per-shot record into a dictionary of bitstring keys and integer tallies, and it only contains the outcomes that were actually observed. With one outcome never sampled, plot_histogram therefore draws three bars keyed by bitstring, with whole-number heights summing to the shot count.

Why the others are wrong:

B.The BitArray does hold the per-shot record, but get_counts() is the aggregated view; a shot-by-shot trace is what get_bitstrings() would give you, and plot_histogram cannot draw it.

C.Integer keys come from get_int_counts(), which reports each outcome as the integer value of its bitstring. get_counts() keeps the bitstring keys.

D.Sampler counts are raw tallies, not a normalized distribution. Dividing by the shot count is something you do yourself; nothing in the V2 sampler path returns quasi-probabilities.

E.The counts mapping is not padded with the outcomes that never occurred, so the x axis does not list the missing bitstring at all — here it would show a fourth category with an empty slot where its bar would be.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray

Next question →
s5-q042

s5-q042 · predict-output · difficulty 3/3

The sweep binds three angles to one parameterized circuit in a single PUB. Which histogram does the last line draw?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.circuit import Parameter
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit.visualization import plot_histogram
from qiskit_ibm_runtime import SamplerV2
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

theta = Parameter("theta")
qc = QuantumCircuit(1)
qc.ry(theta, 0)
qc.measure_all()

backend = FakeManilaV2()
pm = generate_preset_pass_manager(optimization_level=1, backend=backend,
                                  seed_transpiler=42)
angles = np.array([[np.pi / 6], [np.pi / 2], [5 * np.pi / 6]])
sampler = SamplerV2(mode=backend)
sampler.options.simulator.seed_simulator = 55
bits = sampler.run([(pm.run(qc), angles)], shots=2000).result()[0].data.meas

plot_histogram(bits.get_counts(2))


A.[image: Bar chart with a Count axis and two bars labelled 0 and 1; the bar at 0 is roughly nine tenths of the total and the bar at 1 is the small remainder, and the two tallies add up to 2000.]


B.[image: Bar chart with a Count axis and two bars labelled 0 and 1 of nearly equal height, each roughly half of the total; the two tallies add up to 2000.]


C.[image: Bar chart with a Count axis and two bars labelled 0 and 1 of nearly equal height, each roughly half of the total; the two tallies add up to 6000.]


D.[image: Bar chart with a Count axis and two bars labelled 0 and 1; the bar at 1 is roughly nine tenths of the total and the bar at 0 is the small remainder, and the two tallies add up to 2000.]


E.[image: Bar chart with a Count axis and two bars labelled 0 and 1; the bar at 0 is roughly nine tenths of the total and the bar at 1 is the small remainder, and the two tallies add up to 2000, one tally being a three-digit number.]


Show answer →
s5-q042 — answer

s5-q042 — answer

Correct: D

A parameter array of shape (3, 1) broadcasts to a BitArray of shape (3,), one entry per bound angle, and get_counts(2) selects the third of them — the run at 5*pi/6. ry(theta) leaves the qubit in state |1> with probability sin^2(theta/2), which is about 0.93 there, so the tall bar sits at outcome 1 and the drawing totals the 2000 shots of that single parameter set.

Why the others are wrong:

A.Reads the index as a position counted from one, which lands on the first bound angle, pi/6 — an almost-|0> distribution.

B.Picks the middle angle, pi/2, whose two outcomes are equally likely; that is get_counts(1).

C.Calling get_counts() with no index at all pools every parameter set, so the tallies add up to three times the shot count and the shape of the individual sweep point is lost.

E.Inverts the outcome labels: sin^2(theta/2) is the probability of measuring 1, not 0, so the tall bar belongs to the 1 outcome at this angle.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray

Next question →
s5-q043

s5-q043 · predict-output · difficulty 2/3

A 400-shot sampler run produced the counts below. Which histogram does the last line draw?

from qiskit.visualization import plot_histogram

# counts returned by a seeded 400-shot SamplerV2 run of a 3-qubit GHZ circuit
# on FakeManilaV2:
counts = {"000": 188, "111": 150, "011": 20, "100": 14,
          "110": 12, "101": 6, "001": 6, "010": 4}

plot_histogram(counts, number_to_keep=3)


A.[image: Bar chart with a Count axis and three bars, labelled left to right 000 at height 188, 011 at height 20 and 111 at height 150, each with its value printed above it.]


B.[image: Bar chart with a Count axis and four bars, labelled left to right 000 at height 188, 011 at height 20, 111 at height 150 and rest at height 42, each with its value printed above it.]


C.[image: Bar chart with a Count axis and four bars, labelled left to right 000 at height 188, 011 at height 20, 111 at height 150 and rest at height 5, each with its value printed above it.]


D.[image: Bar chart with a Count axis and three bars, labelled left to right 000 at height 188, 111 at height 150 and rest at height 62, each with its value printed above it.]


E.[image: Bar chart with a Count axis and eight bars, labelled left to right 000 at height 188, 001 at height 6, 010 at height 4, 011 at height 20, 100 at height 14, 101 at height 6, 110 at height 12 and 111 at height 150, each with its value printed above it.]


Show answer →
s5-q043 — answer

s5-q043 — answer

Correct: B

number_to_keep=k keeps the k largest outcomes and folds everything else into one extra bar labelled rest, whose height is the SUM of the counts that were folded away. Here the three largest are 000 (188), 111 (150) and 011 (20); the remaining five outcomes total 14 + 12 + 6 + 6 + 4 = 42, so the chart has four bars and the bar order is alphabetical by label with rest last.

Why the others are wrong:

A.Truncation misconception: the folded outcomes are not discarded. Dropping them would lose 42 of the 400 shots, and the bar heights would no longer add up to the shot count.

C.Rest bar misread as a cardinality: it reports how many shots landed outside the kept outcomes (42), not how many distinct outcomes were folded away (5).

D.Off-by-one: number_to_keep=3 keeps three outcomes plus the rest bar, not two plus rest. The parameter counts the outcomes you keep, and the extra bar is added on top of them.

E.Parameter treated as cosmetic: number_to_keep changes which bars exist, it does not merely sort or relabel them. Drawing all eight outcomes is what a plain plot_histogram(counts) call gives.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/visualization
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
Questions — Section 6: Use the estimator primitive

33 questions. Answers follow each question on the next page. Start →
s6-q010

s6-q010 · mcq · difficulty 1/3

You ran an EstimatorV2 job and stored result = job.result(). Which expression returns the estimated expectation value(s) for the first PUB?

from qiskit_ibm_runtime import EstimatorV2
# job = estimator.run([(isa_circuit, isa_observable)])
result = job.result()
value = ...  # which expression?


A.result[0].data.evs

B.result[0].data.stds

C.result[0].data.meas.get_counts()

D.result[0].quasi_dists

E.result[0].data.expectation_values

F.result[0].metadata["evs"]

Show answer →
s6-q010 — answer

s6-q010 — answer

Correct: A

An EstimatorV2 PubResult carries a DataBin whose evs field holds the estimated expectation value(s) for that PUB (with the shape of the broadcasted observable/parameter arrays); stds holds the accompanying standard errors. result[0] selects the first PUB's result.

Why the others are wrong:

B.stds is a real field, but it holds the standard error of each estimate, not the expectation value itself — confusing the estimate with its uncertainty.

C.data.meas.get_counts() is the Sampler output path (bitstring counts). The Estimator returns expectation values, not counts, so its DataBin has no meas register.

D.quasi_dists belonged to the retired V1 Sampler interface; it never existed on EstimatorV2 results — a V1-to-V2 migration habit.

E.Near-miss field name: the DataBin field is evs, not expectation_values. Accessing it raises AttributeError — the V2 data model uses the short names evs/stds.

F.PUB metadata holds run bookkeeping (target_precision, circuit_metadata), never the estimates themselves; the numbers live in data. Indexing it for evs raises KeyError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s6-q011

s6-q011 · predict-output · difficulty 2/3

The circuit prepares a Bell state. Using an exact estimator, what is the expectation value of the observable O = 0.5*ZZ + 0.5*XX?

from qiskit import QuantumCircuit
from qiskit.quantum_info import SparsePauliOp
from qiskit.primitives import StatevectorEstimator

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
obs = SparsePauliOp(["ZZ", "XX"], coeffs=[0.5, 0.5])
print(StatevectorEstimator().run([(qc, obs)]).result()[0].data.evs)


A.0.5

B.0.0

C.1.0

D.2.0

E.-1.0

F.[0.5, 0.5] — one value per Pauli term

Show answer →
s6-q011 — answer

s6-q011 — answer

Correct: C

The expectation value of a weighted sum of Paulis is the same weighted sum of the individual expectation values. On the Bell state (|00>+|11>)/sqrt(2) both correlators are +1: <ZZ> = 1 and <XX> = 1. So <O> = 0.5*(1) + 0.5*(1) = 1.0.

Why the others are wrong:

A.Counting only one term (e.g. assuming <XX> = 0) gives 0.5 — but the Bell state is perfectly correlated in the X basis too, so <XX> = 1.

B.0.0 would require the two terms to cancel or the state to be uncorrelated; the Bell state is maximally correlated, so both terms are +1, not opposite in sign.

D.2.0 ignores the 0.5 coefficients and simply adds <ZZ> + <XX>; the coefficients scale each term.

E.This is the value for the singlet |Psi-> (where both <ZZ> and <XX> are -1). The circuit builds |Phi+>, for which <ZZ> = <XX> = +1 — a state-identification slip.

F.A SparsePauliOp is ONE observable: the estimator contracts all of its terms into a single weighted number. It does not report a per-term breakdown, so the result is a scalar, not a length-2 array.

Read more:
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli

Next question →
s6-q012

s6-q012 · mcq · difficulty 2/3

You have an ISA circuit isa and a layout-aligned observable iobs, and est = EstimatorV2(mode=backend). Which call correctly submits this single estimation task?

from qiskit_ibm_runtime import EstimatorV2

est = EstimatorV2(mode=backend)
# isa: transpiled circuit, iobs: observable after apply_layout
job = ...  # which call?


A.job = est.run((isa, iobs))

B.job = est.run([(isa, iobs)])

C.job = est.run([isa, iobs])

D.job = est.run(circuits=isa, observables=iobs)

E.job = est.run([(iobs, isa)])

F.job = est.run([{"circuit": isa, "observable": iobs}])

Show answer →
s6-q012 — answer

s6-q012 — answer

Correct: B

EstimatorV2.run() takes a list of PUBs; each PUB is a tuple whose first two elements are the circuit and its observable(s). The single task must therefore be wrapped as [(isa, iobs)] — a list containing one (circuit, observable) tuple.

Why the others are wrong:

A.A bare tuple (isa, iobs) is iterated by run() as if it were the list of PUBs, so isa is read as the first PUB — a circuit with no observable — and it raises 'invalid Estimator pub-like'.

C.[isa, iobs] is a list of two elements, so run() treats each as a separate PUB; a bare circuit is not a valid Estimator PUB (an observable is required), and it raises.

D.Naming the circuit and observable as circuits=/observables= keywords is the retired V1 signature; EstimatorV2.run() takes a single positional list of PUBs and knows no such keywords, so this raises a TypeError.

E.The PUB entries are positional and ordered (circuit, observable, ...). Swapping them makes the estimator try to read a QuantumCircuit as an observable, which raises TypeError.

F.PUBs are tuples, not dictionaries: the estimator indexes them positionally, so a dict PUB fails while it is being coerced. There is no keyword form of a PUB.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/guides/estimator-options

Next question →
s6-q013

s6-q013 · spot-bug · difficulty 2/3

This code transpiles a 2-qubit circuit for a 5-qubit backend and then tries to estimate <ZZ>, but estimator.run(...).result() raises ValueError: The number of qubits of the circuit (5) does not match the number of qubits of the ()-th observable (2). What is the correct fix?

from qiskit import QuantumCircuit
from qiskit.quantum_info import SparsePauliOp
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit_ibm_runtime import EstimatorV2

qc = QuantumCircuit(2)
qc.h(0)
qc.cx(0, 1)
obs = SparsePauliOp("ZZ")

pm = generate_preset_pass_manager(backend=backend, optimization_level=1)
isa = pm.run(qc)

est = EstimatorV2(mode=backend)
job = est.run([(isa, obs)])   # <-- raises when result() is fetched



A.Expand the observable onto all 5 physical qubits with iobs = obs.apply_layout(isa.layout) and pass iobs.

B.Add qc.measure_all() before transpiling so the circuit and observable match.

C.Pass the backend to run: est.run([(isa, obs)], backend=backend).

D.Replace the SparsePauliOp with the plain Pauli string "ZZ", which the primitive widens to the circuit automatically.

E.Pin the layout with initial_layout=[0, 1] when transpiling, so the ISA circuit stays 2 qubits wide.

F.Build the observable at backend width with SparsePauliOp("ZZ", num_qubits=5) and pass that instead.

Show answer →
s6-q013 — answer

s6-q013 — answer

Correct: A

Transpilation maps the 2 logical qubits onto physical qubits of the 5-qubit device, so the ISA circuit spans 5 qubits. The observable must be expanded to those same 5 qubits with obs.apply_layout(isa.layout), which pads/permutes it to match the circuit's final layout. Then the PUB is well-formed and the estimator runs.

Why the others are wrong:

B.Estimator circuits do not carry measurement instructions (the primitive measures the observable itself), and measure_all() does not change the observable's qubit count — the width mismatch remains.

C.run() has no backend= keyword (the target is fixed by mode= at construction), and even if it did, it would not resize a 2-qubit observable to the 5-qubit ISA circuit.

D.A bare label 'ZZ' is still a 2-qubit observable and the primitive does not silently widen it to the circuit — changing the Python type leaves the same ValueError.

E.initial_layout chooses WHICH physical qubits are used, not how wide the output is: a preset pass manager always emits a circuit at the backend's full width, so the transpiled circuit is still 5 qubits and the same mismatch is raised.

F.SparsePauliOp.__init__ has no num_qubits parameter (that argument belongs to from_sparse_list), so this line raises TypeError before any run happens.

Read more:
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s6-q014

s6-q014 · mcq · difficulty 1/3

Which assignment to estimator.options.resilience_level is accepted by EstimatorV2 without raising a validation error?

from qiskit_ibm_runtime import EstimatorV2

estimator = EstimatorV2(mode=backend)
estimator.options.resilience_level = ...  # which value?


A.3

B.5

C.-1

D.2

E.4

F.1.5

Show answer →
s6-q014 — answer

s6-q014 — answer

Correct: D

The Estimator resilience_level is defined only for the values 0, 1, and 2 (0 = no mitigation, 1 = readout/TREX, 2 = adds ZNE and gate twirling). Higher levels mean more accuracy at more cost. 2 is the maximum, so it validates; any value outside 0..2 raises a pydantic ValidationError.

Why the others are wrong:

A.There is no resilience_level 3 for EstimatorV2 (that value existed under some older V1 resilience schemes); the current maximum is 2, so it raises a ValidationError.

B.5 is far outside the supported 0..2 range and raises a ValidationError — the level is not an arbitrary 'more is better' dial.

C.Negative levels are invalid; resilience_level is a non-negative integer bounded above by 2, so -1 raises a ValidationError.

E.A common miscount: the option is often remembered as a five-point 0-4 scale (as in the retired V1 interface). EstimatorV2 caps it at 2, so 4 fails validation the same way 3 and 5 do.

F.resilience_level is an integer index into a small set of preset configurations, not a continuous dial — a fractional value is rejected outright.

Read more:
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques
https://quantum.cloud.ibm.com/docs/guides/runtime-options-overview

Next question →
s6-q015

s6-q015 · predict-output · difficulty 2/3

The circuit applies X to qubit 0 only. Using an exact estimator with the two observables SparsePauliOp('ZI') and SparsePauliOp('IZ'), what is the returned [<ZI>, <IZ>]?

from qiskit import QuantumCircuit
from qiskit.quantum_info import SparsePauliOp
from qiskit.primitives import StatevectorEstimator

qc = QuantumCircuit(2)
qc.x(0)
obs = [SparsePauliOp("ZI"), SparsePauliOp("IZ")]
print(StatevectorEstimator().run([(qc, obs)]).result()[0].data.evs)


A.[-1.0, 1.0]

B.[1.0, -1.0]

C.[1.0, 1.0]

D.[-1.0, -1.0]

E.0.0 — a list of observables is summed into one expectation value.

F.[[1.0], [-1.0]] — one row per observable.

Show answer →
s6-q015 — answer

s6-q015 — answer

Correct: B

Pauli-string labels are little-endian: the right-most character acts on qubit 0 and the left-most on the highest-indexed qubit. Only qubit 0 is flipped to |1>. In 'ZI' the Z is on qubit 1 (still |0>, eigenvalue +1); in 'IZ' the Z is on qubit 0 (|1>, eigenvalue -1). So [<ZI>, <IZ>] = [+1, -1].

Why the others are wrong:

A.[-1, +1] reads the labels left-to-right (big-endian), assigning Z to qubit 0 in 'ZI' — the reverse of Qiskit's convention where the last character is qubit 0.

C.[+1, +1] treats the flipped qubit as still measuring +1, ignoring that X|0> = |1> gives Z-eigenvalue -1 on that qubit.

D.[-1, -1] assumes both observables act on the flipped qubit; each string has its Z on a different qubit, so only one of them sees the |1>.

E.A list of observables in a PUB is BROADCAST, not added: you get one expectation value per observable. Summing would require putting both terms inside a single SparsePauliOp.

F.The observable array here is one-dimensional, so evs comes back with the same flat shape. The nested shape appears only if you write the observables as [[obs1], [obs2]].

Read more:
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli

Next question →
s6-q016

s6-q016 · mcq · difficulty 2/3

You want a single EstimatorV2 job to target a tighter accuracy on its expectation value. Which call is valid?

from qiskit_ibm_runtime import EstimatorV2

est = EstimatorV2(mode=backend)
# isa: ISA circuit, iobs: layout-aligned observable
job = ...  # which call?


A.est.run([(isa, iobs)], shots=8000)

B.est.run([(isa, iobs)], resilience_level=2)

C.est.run([(isa, iobs)], precision=0.01)

D.est.run([(isa, iobs)], shots=8000, precision=0.01)

E.est.run([(isa, iobs)], default_precision=0.01)

F.est.options.precision = 0.01

Show answer →
s6-q016 — answer

s6-q016 — answer

Correct: C

The Estimator's accuracy knob is precision — the target standard error of the estimate. It is the only run-time keyword EstimatorV2.run() accepts (besides the PUB list), overriding default_precision for that job. A smaller precision value means a more accurate (and more expensive) estimate.

Why the others are wrong:

A.shots is the Sampler's knob; EstimatorV2.run() has no shots keyword and raises a TypeError. The estimator internally chooses how many shots are needed to reach the requested precision.

B.resilience_level is an option set on est.options before running, not a keyword of run(); passing it to run() raises a TypeError.

D.Adding a valid precision does not rescue the call — the stray shots keyword is still unexpected, so run() raises a TypeError before executing.

E.default_precision is the OPTION name; the run() keyword is plain precision. Mixing the two raises TypeError for an unexpected keyword argument.

F.The options object has no precision field — the fallback used when a run supplies none is default_precision. Pydantic rejects the misspelled attribute.

Read more:
https://quantum.cloud.ibm.com/docs/guides/estimator-options
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s6-q017

s6-q017 · mcq · difficulty 3/3

The Estimator precision is the target standard error of an expectation value. If you tighten precision from 0.02 to 0.01 (halve it), approximately how does the number of shots the estimator must collect change?


A.It increases by about 2x.

B.It increases by about 4x.

C.It increases by about 16x.

D.It is unchanged — precision does not affect the number of shots.

E.It decreases by about 4x — a tighter precision needs fewer shots.

F.It increases by about 1.4x, since shots scale with the square root of the precision.

Show answer →
s6-q017 — answer

s6-q017 — answer

Correct: B

The standard error of a Monte-Carlo estimate falls as 1/sqrt(N), so reaching a target standard error (precision) needs N ~ 1/precision^2 shots. Halving precision (0.02 -> 0.01) therefore multiplies the required shots by (0.02/0.01)^2 = 4. The proof measures this directly: the observed spread of repeated estimates only halves once the shot budget is quadrupled — 2x is not enough and 16x overshoots.

Why the others are wrong:

A.A 2x factor assumes shots scale as 1/precision (linearly); the standard error scales as 1/sqrt(N), so the dependence is 1/precision^2, giving 4x.

C.16x would be 1/precision^4 — squaring the exponent twice. The correct scaling is 1/precision^2, i.e. 4x for a halving.

D.Precision directly sets how many shots are needed: a smaller target standard error requires more sampling, so the shot count is not independent of precision.

E.The relationship is inverted here. Shot noise falls as 1/sqrt(shots), so a SMALLER target standard error always demands MORE samples, never fewer.

F.This inverts the exponent: the standard error goes as 1/sqrt(shots), which means shots go as 1/precision^2. A square-root law would give ~1.4x; the measured requirement is 4x.

Read more:
https://quantum.cloud.ibm.com/docs/guides/estimator-options

Next question →
s6-q018

s6-q018 · mcq · difficulty 1/3

In a variational algorithm you need the expectation value <O> of a SparsePauliOp observable for the state your circuit prepares, to use as a cost function. Which Runtime primitive is designed for this, and what does it return?


A.SamplerV2 — it returns the expectation value(s) directly in result[0].data.evs.

B.SamplerV2 — its quasi-probability distributions usually give the expectation value.

C.EstimatorV2 — it returns the expectation value(s) directly in result[0].data.evs.

D.EstimatorV2 — but you must add measure_all() and average the bitstrings.

E.EstimatorV2 — it returns the probability distribution over eigenvalues, which you typically turn into <O>.

F.SamplerV2 — by default it returns result[0].data.evs once an observable is set in options.

Show answer →
s6-q018 — answer

s6-q018 — answer

Correct: C

The Estimator primitive is purpose-built to estimate expectation values of observables. You give it (circuit, observable) PUBs and it performs the necessary basis changes and averaging internally, returning the expectation values in data.evs (with standard errors in data.stds).

Why the others are wrong:

A.SamplerV2 returns per-shot bitstring samples (a BitArray), not expectation values; there is no evs field on Sampler output.

B.quasi_dists is a retired V1 Sampler concept, and a probability distribution is not equivalent to an expectation value under any circumstances — you would still have to combine it with the observable's eigenvalues yourself.

D.The Estimator measures the observable for you; estimator circuits carry no measurement instructions, and you do not average bitstrings manually — that would be re-implementing the Estimator.

E.Right primitive, wrong output: EstimatorV2 returns the expectation value itself in evs (plus stds). A distribution over outcomes is the Sampler's product, and no post-processing step is needed.

F.SamplerV2 has no observable option and no evs field — it returns per-shot bitstring data. Attaching an observable to a Sampler is the classic V1-to-V2 mix-up.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/guides/get-started-with-estimator

Next question →
s6-q019

s6-q019 · multi · difficulty 2/3

Select all of the following that are error MITIGATION techniques for the Estimator — methods that post-process results from an ensemble of circuits to reduce bias in expectation values (as opposed to error suppression, which prevents errors before/during execution). (Select all that apply.)


A.Dynamical decoupling

B.Probabilistic error cancellation (PEC)

C.Twirled Readout Error eXtinction (TREX)

D.Raising the transpiler optimization_level

E.Zero-noise extrapolation (ZNE)

F.Increasing the number of shots to shrink the statistical error

Show answer →
s6-q019 — answer

s6-q019 — answer

Correct: B, C, E

Error mitigation runs an ensemble of related circuits and post-processes their outputs to reduce bias in expectation values. TREX mitigates readout error, ZNE amplifies noise then extrapolates to the zero-noise limit, and PEC expresses the ideal result as a quasi-probabilistic combination of noisy circuits (unbiased, but with sampling overhead). All three are mitigation.

Why the others are wrong:

A.Dynamical decoupling is error SUPPRESSION: it inserts pulse sequences on idle qubits to prevent decoherence before it happens — it does not post-process results.

D.Choosing a higher transpiler optimization_level reduces gate count during compilation; it is a circuit-optimization setting, not a runtime error-mitigation post-processing method.

F.More shots reduce the STATISTICAL spread of an estimate; they do not remove the systematic bias that device noise introduces. Error mitigation targets that bias, so extra sampling is neither mitigation nor suppression.

Read more:
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques
https://quantum.cloud.ibm.com/docs/guides/estimator-noise-management

Next question →
s6-q020

s6-q020 · mcq · difficulty 2/3

You have enabled zero-noise extrapolation on an EstimatorV2 with estimator.options.resilience.zne_mitigation = True, and you want the noise to be amplified at the four scale factors 1, 3, 5 and 7 before the extrapolation step. Which assignment configures those scale factors?


A.estimator.options.resilience.zne.extrapolator = [1, 3, 5, 7]

B.estimator.options.resilience.zne.amplifier = [1, 3, 5, 7]

C.estimator.options.twirling.num_randomizations = [1, 3, 5, 7]

D.estimator.options.resilience.zne.noise_factors = [1, 3, 5, 7]

E.estimator.options.resilience.zne.factors = [1, 3, 5, 7]

F.estimator.options.resilience.noise_factors = [1, 3, 5, 7]

Show answer →
s6-q020 — answer

s6-q020 — answer

Correct: D

ZNE has two stages: noise amplification, then extrapolation. The scale factors used in the amplification stage are the resilience.zne.noise_factors sub-option — a list of floats, each >= 1. It accepts the list and leaves the other ZNE knobs (amplifier, extrapolator) at their defaults.

Why the others are wrong:

A.zne.extrapolator is a real sub-option, but it chooses the fitting function used to extrapolate to zero noise (exponential, linear, polynomial_degree_k, ...), not the noise scale factors; a list of numbers fails its validation.

B.zne.amplifier is a real sub-option that selects HOW noise is amplified (for example gate folding versus PEA), not at which factors; passing numbers to it fails validation.

C.twirling.num_randomizations controls how many random Pauli-twirled instances of a circuit are run — a twirling knob unrelated to ZNE's noise scaling — and it expects a single integer, not a list.

E.A shortened spelling of the real field. ZneOptions exposes noise_factors; factors does not exist, so the assignment is rejected by validation.

F.Right field name, wrong nesting level: the scale factors live inside the zne sub-group, not directly on resilience (whose own fields are the mitigation switches and the noise-learning settings).

Read more:
https://quantum.cloud.ibm.com/docs/guides/estimator-options
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques

Next question →
s6-q021

s6-q021 · mcq · difficulty 2/3

How does zero-noise extrapolation (ZNE) produce a mitigated expectation value?


A.It runs the circuit at several amplified noise levels and extrapolates the results back to the zero-noise limit.

B.It learns the readout-error transfer matrix from calibration circuits and inverts it.

C.It inserts pulse sequences on idle qubits to cancel decoherence during execution.

D.It expresses the ideal circuit as a quasi-probability combination of noisy circuits and samples from it.

E.It repeats the job at several shot counts and extrapolates the results to the infinite-shot limit.

F.It runs the circuit at several amplified noise levels and returns the average of those results.

Show answer →
s6-q021 — answer

s6-q021 — answer

Correct: A

ZNE has two stages: noise amplification (running the circuit at several increased noise rates, e.g. by digital gate folding) and extrapolation (fitting those noisy expectation values and extrapolating to the zero-noise limit). It often improves results but is not guaranteed to be unbiased.

Why the others are wrong:

B.Learning and inverting the readout-error matrix describes TREX (measurement mitigation), not ZNE.

C.Inserting pulses on idle qubits is dynamical decoupling — an error-suppression technique, not ZNE.

D.Expressing the ideal circuit as a quasi-probability combination of noisy circuits describes probabilistic error cancellation (PEC), not ZNE.

E.Extrapolating in SHOTS would only shrink statistical error, which more sampling already does; ZNE extrapolates along the NOISE axis to reach a point the hardware cannot reach directly.

F.The amplified runs are fitted and extrapolated back to zero noise, not averaged: an average of noisy points is still a noisy point, and would sit further from the ideal than the unamplified run.

Read more:
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques

Next question →
s6-q022

s6-q022 · predict-output · difficulty 1/3

The circuit prepares |+>. Using an exact estimator with the observable SparsePauliOp.from_list([('X', 3.0)]), what expectation value is returned?

from qiskit import QuantumCircuit
from qiskit.quantum_info import SparsePauliOp
from qiskit.primitives import StatevectorEstimator

qc = QuantumCircuit(1)
qc.h(0)
obs = SparsePauliOp.from_list([("X", 3.0)])
print(StatevectorEstimator().run([(qc, obs)]).result()[0].data.evs)


A.1.0

B.0.0

C.-3.0

D.3.0

E.[3.0] — a length-1 array, one entry per list item.

F.(3+0j) — a complex value, since SparsePauliOp coefficients are complex.

Show answer →
s6-q022 — answer

s6-q022 — answer

Correct: D

H|0> = |+> is the +1 eigenstate of X, so <X> = 1. The coefficient of the Pauli term scales the expectation value linearly, so <3*X> = 3 * 1 = 3.0.

Why the others are wrong:

A.1.0 is the bare <X>; it ignores the coefficient 3.0 that multiplies the Pauli term.

B.0.0 would be <Z> on |+>, or the result of assuming X has zero expectation — but |+> is the +1 eigenstate of X.

C.-3.0 has the right magnitude but the wrong sign; |+> is the +1 (not -1) eigenstate of X.

E.from_list builds ONE observable out of the listed terms; the PUB's observable is a scalar entry, so evs comes back 0-dimensional. A length-1 array needs [obs] in the PUB.

F.SparsePauliOp stores complex coefficients internally, but an expectation value of a Hermitian observable is real and the estimator returns a real float.

Read more:
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli

Next question →
s6-q023

s6-q023 · predict-output · difficulty 3/3

A parameterized circuit applies RY(theta) to |0>, and the PUB binds theta to the three values [0, pi/2, pi] against the observable Z. What array of expectation values is returned?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.circuit import Parameter
from qiskit.quantum_info import SparsePauliOp
from qiskit.primitives import StatevectorEstimator

theta = Parameter("theta")
qc = QuantumCircuit(1)
qc.ry(theta, 0)
obs = SparsePauliOp("Z")
values = [[0.0], [np.pi/2], [np.pi]]
print(StatevectorEstimator().run([(qc, obs, values)]).result()[0].data.evs)


A.[1.0, 0.0, -1.0]

B.[0.0, 1.0, 0.0]

C.[1.0, -1.0, 1.0]

D.[-1.0, 0.0, 1.0]

E.[1.0, 0.707, 0.0]

F.[[1.0], [0.0], [-1.0]]

Show answer →
s6-q023 — answer

s6-q023 — answer

Correct: A

RY(theta)|0> = cos(theta/2)|0> + sin(theta/2)|1>, whose Z expectation is <Z> = cos(theta). Binding theta to [0, pi/2, pi] gives [cos 0, cos(pi/2), cos(pi)] = [1, 0, -1]. The three parameter rows broadcast to a length-3 array of expectation values.

Why the others are wrong:

B.[0, 1, 0] is sin(theta), which would be <X> or <Y>-type behavior, not <Z> = cos(theta).

C.[1, -1, 1] jumps straight to +/-1 and ignores that at theta = pi/2 the state is an equal superposition with <Z> = 0.

D.[-1, 0, 1] is -cos(theta); the sign is inverted, as if RY rotated toward |0> as theta increases.

E.This is cos(theta/2), the AMPLITUDE that RY writes into the state, not the expectation value. <Z> after RY(theta) on |0> is cos(theta), so pi/2 gives 0 and pi gives -1.

F.The parameter array here is a list of single-parameter bindings, and the estimator returns one flat value per binding. A nested shape would require an extra broadcast dimension in the observable.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s6-q024

s6-q024 · mcq · difficulty 1/3

Which call successfully constructs a two-qubit SparsePauliOp observable without raising an error?


A.SparsePauliOp.from_list([("ZZ", 1.0), ("X", 0.5), ("YY", 0.25)])

B.SparsePauliOp.from_list([("ZZ", 1.0), ("XX", 0.5)])

C.SparsePauliOp(["ZZ", "XYZ"])

D.SparsePauliOp("ZZ", "XX")

E.SparsePauliOp.from_sparse_list([("ZZ", [0, 1], 1.0)])

F.SparsePauliOp(["ZZ", "XX"], coeffs=[1.0, 0.5, 0.25])

Show answer →
s6-q024 — answer

s6-q024 — answer

Correct: B

All Pauli terms in one SparsePauliOp must act on the same number of qubits. from_list([('ZZ', 1.0), ('XX', 0.5)]) uses two consistent 2-qubit labels with their coefficients, producing 1.0*ZZ + 0.5*XX.

Why the others are wrong:

A.'ZZ' and 'YY' are 2-qubit labels but 'X' is a 1-qubit label; every term in one SparsePauliOp must act on the same number of qubits, so mixing widths raises a ValueError.

C.'ZZ' is 2 qubits and 'XYZ' is 3 qubits — again inconsistent widths, so construction raises a ValueError.

D.The second positional argument to SparsePauliOp is the coefficients, not a second label; passing 'XX' there is a malformed signature and raises.

E.from_sparse_list cannot infer the register width from the indices — num_qubits is a required positional argument, so omitting it raises TypeError.

F.The coefficient array is matched element-wise against the Pauli list; three coefficients for two Paulis cannot be broadcast and the construction raises.

Read more:
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli

Next question →
s6-q025

s6-q025 · spot-bug · difficulty 3/3

This snippet asks for a target standard error of 0.01 on a circuit that has no parameters, but the run raises ValueError: Length of () inconsistent with last dimension of [0.01]. What is wrong?

from qiskit import QuantumCircuit
from qiskit.quantum_info import SparsePauliOp
from qiskit.primitives import StatevectorEstimator

bell = QuantumCircuit(2)
bell.h(0)
bell.cx(0, 1)
obs = SparsePauliOp("ZZ")

est = StatevectorEstimator()
job = est.run([(bell, obs, 0.01)])   # <-- raises



A.A PUB may hold at most two entries — the circuit and its observable — so a precision value cannot be carried inside a PUB.

B.0.01 is below the smallest precision the estimator accepts; the same slot works with a looser value such as 0.1.

C.The third PUB entry is parameter_values; precision is the fourth, so the PUB should read (bell, obs, None, 0.01).

D.The observable has to be wrapped in a list, [obs], so that the PUB carries a broadcastable observable array.

E.The precision has to be given before the observable in the PUB, so the call should read est.run([(bell, 0.01, obs)]).

F.The PUB has to be written as a list rather than a tuple, so est.run([[bell, obs, 0.01]]) is the form that carries it.

Show answer →
s6-q025 — answer

s6-q025 — answer

Correct: C

An Estimator PUB is ordered (circuit, observables, parameter_values, precision). The value 0.01 landed in the third slot, so it was read as a parameter-value array — and the circuit binds no parameters, hence the shape complaint about () versus [0.01]. Passing None for the empty parameter slot puts 0.01 where precision belongs; est.run([(bell, obs)], precision=0.01) is the equivalent run-level form.

Why the others are wrong:

A.A PUB is not limited to two entries: the 4-element form (circuit, observables, parameter_values, precision) is accepted and runs — the entries are positional, which is exactly what this bug is about.

B.There is no lower bound being hit here: the identical error appears with 0.1 in that slot, because the complaint is about a parameter-value SHAPE, not about the magnitude of the precision.

D.Wrapping the observable as [obs] changes the observable array's shape but leaves 0.01 in the parameter_values slot, so the same ValueError is raised — it misreads a parameter-shape error as an observable-shape error.

E.PUB slots are fixed and ordered: circuit, observable, parameter values, precision. Moving the float into the observable slot makes the estimator try to read 0.01 as an observable, which raises TypeError.

F.A list PUB is coerced exactly like a tuple, so the entries land in the same slots and the identical ValueError comes back. The bracket style is not what is wrong here.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/guides/estimator-options

Next question →
s6-q026

s6-q026 · mcq · difficulty 2/3

You want to explicitly turn on zero-noise extrapolation for an EstimatorV2 job by setting an individual option (not by choosing a resilience level). Which line does this?


A.estimator.options.dynamical_decoupling.enable = True

B.estimator.options.resilience.zne_mitigation = True

C.estimator.options.resilience_level = 1

D.estimator.run([(isa, obs)], zne=True)

E.estimator.options.resilience.zne.noise_factors = [1, 3]

F.estimator.options.resilience.zne_mitigation.enable = True

Show answer →
s6-q026 — answer

s6-q026 — answer

Correct: B

ZNE is controlled by the resilience sub-option zne_mitigation. Setting estimator.options.resilience.zne_mitigation = True enables zero-noise extrapolation directly; you can then tune resilience.zne.noise_factors and resilience.zne.extrapolator.

Why the others are wrong:

A.dynamical_decoupling.enable turns on dynamical decoupling (error suppression on idle qubits), not ZNE.

C.Resilience level 1 enables only readout mitigation (TREX); ZNE is added at level 2, so level 1 does not turn on ZNE.

D.run() accepts only the PUB list and precision; there is no zne keyword, so this raises a TypeError.

E.A real field that configures ZNE but does not switch it on: zne_mitigation stays unset, so the amplification never runs. Configuring a technique and enabling it are separate steps.

F.zne_mitigation is a plain boolean flag, not an options group like dynamical_decoupling, so there is no .enable beneath it; the line leaves the flag unset and ZNE off.

Read more:
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques
https://quantum.cloud.ibm.com/docs/guides/estimator-options

Next question →
s6-q027

s6-q027 · predict-output · difficulty 2/3

Qubit 0 is rotated by RY(pi/3) (qubit 1 stays |0>). Using an exact estimator with SparsePauliOp(['IZ', 'ZI'], coeffs=[1.0, 1.0]) (i.e. Z on qubit 0 plus Z on qubit 1), what expectation value is returned?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.quantum_info import SparsePauliOp
from qiskit.primitives import StatevectorEstimator

qc = QuantumCircuit(2)
qc.ry(np.pi/3, 0)
obs = SparsePauliOp(["IZ", "ZI"], coeffs=[1.0, 1.0])
print(StatevectorEstimator().run([(qc, obs)]).result()[0].data.evs)


A.0.5

B.1.0

C.2.0

D.1.5

E.0.75

F.1.866

Show answer →
s6-q027 — answer

s6-q027 — answer

Correct: D

Expectation is linear over the terms: <Z_q0 + Z_q1> = <Z_q0> + <Z_q1>. Qubit 0 is in RY(pi/3)|0>, so <Z_q0> = cos(pi/3) = 0.5; qubit 1 is |0>, so <Z_q1> = 1. The sum is 0.5 + 1 = 1.5.

Why the others are wrong:

A.0.5 is only the rotated qubit's contribution <Z_q0>; it omits the +1 from qubit 1 (which is still |0>).

B.1.0 is only <Z_q1>; it drops the 0.5 contribution from the rotated qubit 0.

C.2.0 assumes both qubits give <Z> = 1, ignoring that RY(pi/3) tilts qubit 0 so its <Z> is 0.5, not 1.

E.The average of the two single-qubit terms rather than their sum. The observable adds them with coefficient 1 each, so the two contributions accumulate.

F.This uses sin(pi/3) for the rotated qubit. RY(theta) on |0> leaves <Z> = cos(theta), so the rotated qubit contributes cos(pi/3), not its sine.

Read more:
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli

Next question →
s6-q028

s6-q028 · multi · difficulty 2/3

Select all TRUE statements about the EstimatorV2 resilience_level option. (Select all that apply.)


A.Level 0 applies no error mitigation.

B.Level 1 is the default and applies readout-error mitigation (TREX).

C.Higher resilience levels typically reduce total runtime, because fewer circuits are executed.

D.Level 2 additionally applies zero-noise extrapolation (on top of level 1).

E.Setting resilience_level = 3 turns on probabilistic error cancellation (PEC).

F.Options you set explicitly are applied on top of the base settings a resilience level defines.

Show answer →
s6-q028 — answer

s6-q028 — answer

Correct: A, B, D, F

The resilience level is a coarse cost/accuracy dial: level 0 = no mitigation, level 1 (the default) = readout-error mitigation via TREX, and level 2 = level 1 plus zero-noise extrapolation and gate twirling. Higher levels give more accurate (less biased) results at greater cost. A resilience level is only a base set of options: anything you set yourself (for example turning measurement mitigation back off at level 1) is applied in addition to it.

Why the others are wrong:

C.Higher levels run MORE circuits (an ensemble for mitigation) and take longer, not less — they trade runtime for accuracy.

E.Level 3 does not exist for EstimatorV2 — the supported choices are 0, 1 and 2, and setting 3 raises a validation error. PEC is reached through the individual option resilience.pec_mitigation, not through a resilience level.

Read more:
https://quantum.cloud.ibm.com/docs/guides/estimator-noise-management
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques

Next question →
s6-q029

s6-q029 · mcq · difficulty 1/3

You construct EstimatorV2(mode=backend) and never touch resilience_level. On real hardware, which error mitigation is applied by default?


A.No error mitigation — the default resilience level is 0.

B.Readout-error mitigation (TREX), because the default resilience level is 1.

C.Zero-noise extrapolation and gate twirling, because the default resilience level is 2.

D.Every available technique, because the default enables maximum resilience.

E.Dynamical decoupling, because error suppression is applied by default on real hardware.

F.None by default — mitigation is applied only when you open a Session explicitly.

Show answer →
s6-q029 — answer

s6-q029 — answer

Correct: B

The default resilience_level for the Estimator is 1, which applies minimal-cost mitigation: readout-error mitigation via Twirled Readout Error eXtinction (TREX). You get some mitigation for free unless you explicitly lower the level to 0.

Why the others are wrong:

A.The default is level 1, not 0; you have to set resilience_level = 0 explicitly to get raw, unmitigated results.

C.ZNE and gate twirling are what level 2 adds, but level 2 is not the default — the default is level 1, whose only technique is readout mitigation.

D.The default is not the maximum; only level-1 (readout) mitigation runs unless you raise the level.

E.Dynamical decoupling is off unless you enable it (options.dynamical_decoupling.enable = True); nothing in the default configuration schedules DD pulses.

F.Execution mode and error mitigation are independent: the default resilience level applies in job, session and batch mode alike.

Read more:
https://quantum.cloud.ibm.com/docs/guides/estimator-noise-management

Next question →
s6-q030

s6-q030 · predict-output · difficulty 2/3

A single PUB pairs one Bell-state circuit with a Python list of three separate observables. What is the shape of result[0].data.evs?

from qiskit import QuantumCircuit
from qiskit.quantum_info import SparsePauliOp
from qiskit.primitives import StatevectorEstimator

bell = QuantumCircuit(2)
bell.h(0)
bell.cx(0, 1)
obs = [SparsePauliOp("ZZ"), SparsePauliOp("XX"), SparsePauliOp("YY")]
print(StatevectorEstimator().run([(bell, obs)]).result()[0].data.evs.shape)


A.() (a single scalar)

B.(1,)

C.(3,)

D.(3, 2)

E.(3, 1)

F.(1, 3)

Show answer →
s6-q030 — answer

s6-q030 — answer

Correct: C

Each SparsePauliOp counts as one element, and a Python list of three of them has shape (3,). The Estimator returns one expectation value per observable, following that shape, so evs is a length-3 array.

Why the others are wrong:

A.A shape of () would result from passing a single SparsePauliOp (even a multi-term one counts as one element); here there are three separate observables in a list.

B.(1,) would correspond to a single observable wrapped in a length-1 list; this list has three elements.

D.(3, 2) confuses the number of qubits (2) with an output axis; the observable array shape (3,) determines the result shape, not the qubit count.

E.This is the shape you get from [[o1], [o2], [o3]] — each observable wrapped in its own list adds a trailing axis. A flat Python list stays one-dimensional.

F.This is the shape of [[o1, o2, o3]], a single row of three observables. The PUB here passes the flat list, so the leading axis is not created.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s6-q031

s6-q031 · spot-bug · difficulty 1/3

This snippet raises ValidationError on the last line. What is the problem and fix?

from qiskit_ibm_runtime import EstimatorV2

estimator = EstimatorV2(mode=backend)
estimator.options.default_precision = 0   # <-- raises ValidationError


A.default_precision must be strictly positive (it is a target standard error); 0 is invalid.

B.default_precision must be an integer number of shots, so 0 should be 1000.

C.There is no default_precision option; you must set default_shots instead.

D.Precision cannot be set on options at all; it is only accepted as the precision keyword of run().

E.The option lives at options.execution.default_precision, not at the top level of options.

F.default_precision has to be passed through the options= argument of the constructor.

Show answer →
s6-q031 — answer

s6-q031 — answer

Correct: A

default_precision is the target standard error for expectation values, so it must be a strictly positive real number. Zero (an impossible target with finite shots) fails validation; a positive value such as 0.01 is accepted.

Why the others are wrong:

B.Precision is a real-valued target standard error, not an integer shot count; a float like 0.01 is perfectly valid, so the fix is not to make it an integer.

C.default_precision does exist on EstimatorOptions; default_shots is a separate option, not a substitute for the invalid value.

D.default_precision is a documented EstimatorOptions field and setting it on estimator.options is perfectly legal; precision in run() is an additional, higher-precedence route, not the only one. The value 0 is the actual problem.

E.ExecutionOptionsV2 only carries init_qubits and rep_delay; assigning a precision there is itself a validation error. default_precision is a top-level Estimator option.

F.The constructor route runs the very same validator: building the primitive with a zero default_precision raises the identical error. The problem is the value, not where it is set.

Read more:
https://quantum.cloud.ibm.com/docs/guides/estimator-options

Next question →
s6-q032

s6-q032 · mcq · difficulty 3/3

How do probabilistic error cancellation (PEC) and zero-noise extrapolation (ZNE) differ in the guarantee they give for the mitigated expectation value?


A.ZNE returns an unbiased estimate, while PEC is biased but always cheaper to sample.

B.Both return provably unbiased estimates at essentially the same sampling overhead.

C.PEC suppresses errors before execution by recompiling the circuit, while ZNE post-processes the measured results afterwards.

D.PEC returns an unbiased estimate but generally costs more sampling overhead, whereas ZNE is cheaper but not guaranteed unbiased.

E.PEC and ZNE both give unbiased estimates; the real difference is that PEC needs a learned noise model.

F.PEC is unbiased and cheaper to sample, whereas ZNE is biased and needs far more circuit executions.

Show answer →
s6-q032 — answer

s6-q032 — answer

Correct: D

PEC represents the ideal result as a quasi-probability combination of noisy circuits, yielding an unbiased estimate, but the sampling overhead grows (quadratically in the quasi-probability norm, which scales exponentially with depth). ZNE amplifies noise and extrapolates to zero; it is cheaper but 'not guaranteed to produce an unbiased result.'

Why the others are wrong:

A.This reverses the guarantees: PEC (not ZNE) is the unbiased method, and PEC is generally more expensive, not cheaper.

B.They do not have the same cost, and ZNE is not guaranteed unbiased — only PEC provides an unbiased estimate.

C.Both PEC and ZNE are error-mitigation techniques that post-process an ensemble of executed circuits; neither is a pre-execution suppression method like dynamical decoupling.

E.PEC does require a learned noise model, but that is not the distinguishing guarantee: ZNE's extrapolation is a fit whose residual bias depends on the model chosen, so it is not unbiased.

F.The overhead comparison is backwards. PEC buys its unbiasedness with a sampling overhead that grows with circuit size, while ZNE's amplified runs are the cheaper option.

Read more:
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques

Next question →
s6-q033

s6-q033 · predict-output · difficulty 2/3

You align a 2-qubit observable to physical qubits with an explicit index list. What label does SparsePauliOp('ZZ').apply_layout([2, 0], num_qubits=4) produce?

from qiskit.quantum_info import SparsePauliOp

obs = SparsePauliOp("ZZ").apply_layout([2, 0], num_qubits=4)
print(obs.paulis[0])


A.IZIZ

B.ZIZI

C.ZZII

D.IIZZ

E.ZIIZ

F.IZZI

Show answer →
s6-q033 — answer

s6-q033 — answer

Correct: A

apply_layout([2, 0], num_qubits=4) places the observable's logical qubit 0 on physical qubit 2 and logical qubit 1 on physical qubit 0, padding to 4 qubits. In little-endian labels (right-most char = qubit 0), Z sits at positions 2 and 0, giving 'IZIZ'.

Why the others are wrong:

B.'ZIZI' puts the Z operators at physical qubits 3 and 1 — shifted by one from the requested [2, 0].

C.'ZZII' keeps the two Z's adjacent on the highest qubits (3 and 2), ignoring the layout list entirely.

D.'IIZZ' is the observable padded to 4 qubits WITHOUT relocation (Z's still on qubits 1 and 0) — this is what you get if apply_layout is skipped.

E.This places the operators on physical qubits 3 and 0, which is what you get by reading the layout list as 1-based. apply_layout indices are 0-based.

F.This places the operators on qubits 1 and 2, as if the list [2, 0] described a span of qubits rather than an explicit destination for each observable qubit.

Read more:
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s6-q034

s6-q034 · mcq · difficulty 3/3

On a deep circuit run on real hardware, you raise the Estimator resilience_level from 0 to 2. What is the expected effect?


A.Jobs typically finish faster, because mitigation lets the estimator use fewer shots.

B.No change in runtime; resilience level only selects which physical qubits are used.

C.More accurate (less biased) expectation values, at the cost of longer runtime and more QPU usage.

D.The circuit is automatically simplified to fewer gates before execution.

E.Expectation values that are typically noisier, because mitigation averages over fewer shots.

F.The job is rejected unless you also raise default_shots, which level 2 generally requires.

Show answer →
s6-q034 — answer

s6-q034 — answer

Correct: C

Higher resilience levels build more resilience against errors by running and post-processing larger ensembles of circuits (e.g. ZNE's noise-amplified copies at level 2). This yields more accurate, less biased expectation values but takes longer and consumes more QPU time — a cost/accuracy trade-off.

Why the others are wrong:

A.Mitigation adds overhead (extra circuits and shots), so higher levels are slower, not faster.

B.Resilience level controls error mitigation, not qubit selection, and it clearly changes runtime.

D.Gate-count reduction is the transpiler's job (optimization_level); resilience level does not simplify the circuit.

E.This confuses bias with variance: mitigation adds circuits rather than taking shots away, and the estimator still meets the requested precision — it just spends more QPU time doing so.

F.Nothing is rejected: the resilience level configures how the estimator spends its budget, and the Estimator sizes its sampling from precision, not from a shot count you must raise by hand.

Read more:
https://quantum.cloud.ibm.com/docs/guides/estimator-noise-management

Next question →
s6-q035

s6-q035 · predict-output · difficulty 2/3

What single-term Pauli label does SparsePauliOp.from_sparse_list([('Z', [0], 1.0)], num_qubits=3) produce?

from qiskit.quantum_info import SparsePauliOp

op = SparsePauliOp.from_sparse_list([("Z", [0], 1.0)], num_qubits=3)
print(op.paulis[0])


A.ZII

B.IZI

C.ZZZ

D.IIZ

E.It raises a QiskitError: a sparse list needs one label character per qubit.

F.Z — num_qubits just checks the indices and does not pad the label.

Show answer →
s6-q035 — answer

s6-q035 — answer

Correct: D

from_sparse_list places the operator 'Z' on qubit index 0 of a 3-qubit register. Labels are little-endian: qubit 0 is the right-most character. So the Z lands on the right-most position, giving 'IIZ'.

Why the others are wrong:

A.'ZII' would put the Z on the left-most character, i.e. qubit 2 (big-endian reading), not qubit 0.

B.'IZI' places the Z on qubit 1 (the middle character), off by one from index 0.

C.'ZZZ' applies Z to all three qubits; the sparse entry specifies only qubit index 0.

E.That is precisely what the sparse form avoids: you give only the acting Paulis plus their qubit indices, and num_qubits supplies the width. The call succeeds.

F.num_qubits is the width of the operator that gets built, so the term is padded with identities to that width; the stored label is three characters long.

Read more:
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli

Next question →
s6-q036

s6-q036 · mcq · difficulty 1/3

After transpiling a circuit to a backend, why must you call observable.apply_layout(isa_circuit.layout) before building the Estimator PUB?


A.To convert the observable from a dense matrix representation into the Pauli basis.

B.To expand and permute the observable onto the physical qubits the ISA circuit acts on.

C.To register the observable with the backend so error mitigation can be applied to it.

D.To attach the measurement instructions the estimator needs in order to sample the observable.

E.To rescale the observable's coefficients using the backend's measured readout-error rates.

F.To reorder the Pauli terms so the estimator can group them into commuting measurement sets.

Show answer →
s6-q036 — answer

s6-q036 — answer

Correct: B

Transpilation maps logical qubits onto (and pads out to) the device's physical qubits, so the ISA circuit spans the backend's qubits in a possibly permuted order. apply_layout rewrites the observable with that same layout, so it acts on the correct physical qubits and has the same width as the ISA circuit; otherwise the PUB is invalid.

Why the others are wrong:

A.Converting a matrix to Paulis is done by SparsePauliOp.from_operator, not apply_layout; the observable is already a SparsePauliOp here.

C.apply_layout only relocates the observable's qubits; error mitigation is configured through the resilience options and needs no per-observable registration.

D.The Estimator measures the observable itself; apply_layout adds no measurement instructions and estimator circuits carry none.

E.apply_layout is a pure index remapping and never touches coefficients; correcting for readout error is the job of measurement mitigation (TREX), configured through the resilience options.

F.Commuting-set grouping is an internal detail of how the primitive measures an observable; it happens regardless of layout and is not what apply_layout does.

Read more:
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s6-q037

s6-q037 · predict-output · difficulty 2/3

Using the default StatevectorEstimator (which computes exact expectation values), what does result[0].data.stds contain for a single-observable PUB?

from qiskit import QuantumCircuit
from qiskit.quantum_info import SparsePauliOp
from qiskit.primitives import StatevectorEstimator

bell = QuantumCircuit(2)
bell.h(0)
bell.cx(0, 1)
data = StatevectorEstimator().run([(bell, SparsePauliOp("ZZ"))]).result()[0].data
print(data.stds)


A.0.0 — an exact calculation has no sampling uncertainty.

B.The same value as evs (the expectation value).

C.1.0 — the maximum possible standard deviation.

D.Undefined — StatevectorEstimator has no stds field.

E.The same shape as evs, but filled with nan.

F.A nonzero value that shrinks as precision tightens.

Show answer →
s6-q037 — answer

s6-q037 — answer

Correct: A

The stds field reports the standard error of the estimate. StatevectorEstimator computes the expectation value exactly from the statevector (default precision 0, no shot sampling), so there is no statistical uncertainty and stds is 0.0.

Why the others are wrong:

B.stds is the uncertainty of the estimate, a separate quantity from the expectation value in evs; they are not the same number.

C.1.0 is not a generic standard deviation here; an exact computation yields zero uncertainty, not the maximum.

D.The Estimator DataBin does expose a stds field alongside evs; it is defined and here equals 0.0.

E.The field is a real number, not a missing-value marker: an exact calculation has a well-defined uncertainty of zero, and that is what is reported.

F.That is the behaviour of a sampling-based estimator. StatevectorEstimator computes the value algebraically, so its reported standard error stays exactly zero no matter how tight a precision you ask for.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s6-q038

s6-q038 · multi · difficulty 3/3

Select all TRUE statements about the EstimatorV2 precision parameter. (Select all that apply.)


A.It specifies the target standard error of the estimated expectation value.

B.A larger precision value generally requests a more accurate result.

C.Reaching a smaller precision generally requires more shots (roughly as 1/precision^2).

D.It is supplied to run() under the keyword name shots, just as for SamplerV2.

E.If no precision is set in the PUB or in run(), the estimator falls back to the options (e.g. default_precision).

F.A precision given inside a PUB is typically overridden by the default_precision option.

Show answer →
s6-q038 — answer

s6-q038 — answer

Correct: A, C, E

precision is the target standard error of the expectation value. Because the standard error falls as 1/sqrt(shots), reaching a smaller precision needs roughly 1/precision^2 shots. It can be given per-PUB or as the precision keyword of run(); if omitted everywhere, the estimator uses the options value (default_precision, or shots/twirling settings).

Why the others are wrong:

B.A smaller precision value is the more accurate (and more expensive) request; a larger value is a looser target, so 'larger = more accurate' is backwards.

D.The keyword is precision, not shots; shots belongs to the Sampler. Passing shots to EstimatorV2.run() raises a TypeError.

F.The resolution order runs the other way: the PUB's own precision wins, then the run() keyword, and default_precision is only the fallback when neither supplies one.

Read more:
https://quantum.cloud.ibm.com/docs/guides/estimator-options

Next question →
s6-q039

s6-q039 · mcq · difficulty 2/3

Your circuit leaves some qubits idle for long stretches, and you want to suppress decoherence on them during execution. Which EstimatorV2 option should you enable?


A.estimator.options.resilience.zne_mitigation = True

B.estimator.options.resilience.measure_mitigation = True

C.estimator.options.dynamical_decoupling.enable = True

D.estimator.options.resilience_level = 1

E.estimator.options.dynamical_decoupling.enabled = True

F.estimator.options.dynamical_decoupling.sequence_type = "XY4"

Show answer →
s6-q039 — answer

s6-q039 — answer

Correct: C

Dynamical decoupling inserts pulse sequences on idle qubits to approximately cancel decoherence while they wait — exactly the situation described. It is an error-suppression technique enabled via options.dynamical_decoupling.enable = True.

Why the others are wrong:

A.ZNE is a post-processing error-mitigation method for expectation values; it does not protect idle qubits during execution.

B.measure_mitigation (TREX) corrects readout errors on measurement, not decoherence on idle qubits.

D.Resilience level 1 enables readout mitigation (TREX), not dynamical decoupling; DD is configured through its own option group.

E.Near-miss attribute name: the flag is enable, not enabled. The options are pydantic-validated, so the misspelling raises instead of quietly doing nothing.

F.sequence_type is a real field, but it only picks WHICH pulse sequence would be used; the group stays switched off until enable is set, so no DD pulses are inserted.

Read more:
https://quantum.cloud.ibm.com/docs/guides/error-mitigation-and-suppression-techniques
https://quantum.cloud.ibm.com/docs/guides/estimator-options

Next question →
s6-q040

s6-q040 · predict-output · difficulty 2/3

Which curve does this exact (statevector) estimator sweep draw?

import matplotlib.pyplot as plt
import numpy as np
from qiskit import QuantumCircuit
from qiskit.circuit import Parameter
from qiskit.primitives import StatevectorEstimator
from qiskit.quantum_info import SparsePauliOp

theta = Parameter("theta")
qc = QuantumCircuit(1)
qc.ry(theta, 0)

angles = np.linspace(0.0, 2 * np.pi, 9)
pub = (qc, SparsePauliOp("Z"), angles.reshape(-1, 1))
result = StatevectorEstimator().run([pub]).result()

fig, ax = plt.subplots(figsize=(6, 4))
ax.plot(angles, result[0].data.evs, marker="o")
ax.set_xlabel("theta")
ax.set_ylabel("expectation value")


A.[image: Line plot with nine markers, theta from 0 to about 6.3 on the x axis and expectation value on the y axis: the curve starts at 0, rises to 1 a quarter of the way across, falls to -1 three quarters of the way across and returns to 0.]


B.[image: Line plot with nine markers, theta from 0 to about 6.3 on the x axis and expectation value on the y axis: the curve starts at 1, falls to -1 at the middle of the range and climbs back to 1 at the right-hand end.]


C.[image: Line plot with nine markers, theta from 0 to about 6.3 on the x axis and expectation value on the y axis: the curve falls steadily from 1 at the left-hand end through 0 at the middle to -1 at the right-hand end.]


D.[image: Line plot with nine markers, theta from 0 to about 6.3 on the x axis and expectation value on the y axis: the curve starts at -1, rises to 1 at the middle of the range and falls back to -1 at the right-hand end.]


E.[image: Line plot with nine markers, theta from 0 to about 6.3 on the x axis and expectation value on the y axis: the curve dips from 1 to -1 and back twice, so it reaches the value 1 three times across the range.]


Show answer →
s6-q040 — answer

s6-q040 — answer

Correct: B

ry(theta) rotates the Bloch vector of |0> away from the z axis by exactly theta, so <Z> = cos(theta). Swept from 0 to 2*pi the exact estimator therefore returns one full period of a cosine: +1 at both ends and -1 in the middle, one point per bound angle. StatevectorEstimator is noiseless, so the points sit on the analytic curve.

Why the others are wrong:

A.That is <X>, which follows sin(theta). Swapping the observable changes which axis of the Bloch sphere the state is projected onto, which shifts the curve by a quarter period.

C.cos(theta/2) is the amplitude of |0> in the rotated state, not the expectation value. The expectation value is the difference of the two probabilities, which squares the amplitudes and doubles the angle — hence one full period instead of half of one.

D.A sign flip: this is what -Z (or an |1> starting state) would give. ry on |0> begins at <Z> = +1, not -1.

E.cos(2*theta) treats the parameter as the half-angle of the rotation, which fits two periods into the sweep. ry(theta) already rotates the Bloch vector by theta, so no extra factor of two appears.

Read more:
https://quantum.cloud.ibm.com/docs/guides/get-started-with-estimator
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli

Next question →
s6-q041

s6-q041 · mcq · difficulty 2/3

The plot below was produced by this script with exactly one options line filled in where the comment sits. Which line was it?

import matplotlib.pyplot as plt
import numpy as np
from qiskit import QuantumCircuit
from qiskit.circuit import Parameter
from qiskit.quantum_info import SparsePauliOp
from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
from qiskit_ibm_runtime import EstimatorV2
from qiskit_ibm_runtime.fake_provider import FakeManilaV2

theta = Parameter("theta")
qc = QuantumCircuit(1)
qc.ry(theta, 0)

backend = FakeManilaV2()
pm = generate_preset_pass_manager(optimization_level=1, backend=backend,
                                  seed_transpiler=42)
isa = pm.run(qc)
obs = SparsePauliOp("Z").apply_layout(isa.layout)

angles = np.array([[0.0], [np.pi / 3], [2 * np.pi / 3], [np.pi]])
estimator = EstimatorV2(mode=backend)
estimator.options.simulator.seed_simulator = 7
# <- the options line goes here
pub_result = estimator.run([(isa, obs, angles)]).result()[0]

plt.errorbar(angles.ravel(), pub_result.data.evs,
             yerr=pub_result.data.stds, fmt="o-", capsize=4)

[image: Line plot with four markers joined by a line, theta from 0 to about 3.1 on the x axis and expectation value on the y axis. The markers fall from about +0.9 through +0.5 and -0.3 to about -0.9, and each carries a vertical error bar with caps; the bars are short at the two ends and roughly twice as long at the two middle points.]

A.estimator.options.precision = 0.1

B.estimator.options.execution.shots = 100

C.estimator.options.default_precision = 0.01

D.estimator.options.default_precision = 0.0

E.estimator.options.default_precision = 0.1

Show answer →
s6-q041 — answer

s6-q041 — answer

Correct: E

default_precision is the target standard error the Estimator aims for, and it is what the sampled run converts into a shot budget. Setting it to 0.1 buys a modest number of shots per point, so data.stds comes back around 0.04 to 0.10 — the error-bar lengths in the plot. The reported standard errors are also state-dependent, which is why the two middle points (whose expectation values are near zero) carry the longer bars.

Why the others are wrong:

A.precision is not a field of EstimatorOptions; the options object is a validated dataclass, so this assignment raises a pydantic validation error before any job is submitted. The field is default_precision, and precision is only a keyword of run.

B.ExecutionOptionsV2 carries init_qubits and rep_delay only — there is no shots field on the Estimator's execution options, so this line is rejected by the same validator. Shot count is derived from the requested precision.

C.The right field but a value ten times tighter: 0.01 buys a hundred times as many shots, and the error bars would shrink to well under a hundredth of the axis — far shorter than the bars drawn here.

D.Zero precision is refused by the validator (default_precision must be greater than zero, whether you write it as an int or a float); an exact answer would need infinitely many shots, so no run happens at all.

Read more:
https://quantum.cloud.ibm.com/docs/guides/estimator-options
https://quantum.cloud.ibm.com/docs/guides/get-started-with-estimator

Next question →
s6-q042

s6-q042 · mcq · difficulty 3/3

One PUB was submitted to StatevectorEstimator for the circuit qc below, and the expectation values it returned are drawn as the grouped bars in the figure — one group per bound angle, one bar per observable. Which pairing of observables and parameter values was in that PUB?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.circuit import Parameter
from qiskit.primitives import StatevectorEstimator
from qiskit.quantum_info import SparsePauliOp

theta = Parameter("theta")
qc = QuantumCircuit(1)
qc.ry(theta, 0)

Z = SparsePauliOp("Z")
X = SparsePauliOp("X")
angles = [np.pi / 6, np.pi / 2, 5 * np.pi / 6]

result = StatevectorEstimator().run([(qc, observables, values)]).result()

[image: Grouped bar chart with three groups along the x axis, labelled pi/6, pi/2 and 5pi/6, and two hatched bars per group with a legend reading Z and X. The Z bars run about +0.87, 0 and -0.87 across the groups; the X bars run about +0.5, +1.0 and +0.5. A horizontal line marks zero.]

A.A single SparsePauliOp("Z") observable paired with a parameter array of shape (2, 3), one row of angles per group.

B.A flat list [Z, X] of two observables paired with a flat array of the three angles.

C.The nested list [[Z], [X]] of shape (2, 1) paired with a parameter array of shape (1, 3).

D.The nested list [[Z, X]] of shape (1, 2) paired with a parameter array of shape (3, 1).

E.One SparsePauliOp(["Z", "X"]) holding both terms, paired with a flat array of the three angles.

Show answer →
s6-q042 — answer

s6-q042 — answer

Correct: C

The drawing holds six values arranged as two observables by three angles, so the pub has to broadcast an observables array of shape (2, 1) against a parameter-value shape of (1, 3) — the outer/product pattern, which pairs every observable with every angle. [[Z], [X]] supplies the leading observables axis, and a (1, 3) parameter array supplies the trailing angle axis, giving evs.shape == (2, 3).

Why the others are wrong:

A.The shape would be right but the content would not: with one observable both rows of bars would be <Z> values at six different angles, so the second group of bars would not follow sin(theta).

B.That is the zip reading. Two observables against three parameter sets is not broadcastable at all — the estimator rejects the pub with a shape error rather than pairing them up.

D.The observables axis has to lead. With a single free parameter a (3, 1) array is read as three parameter sets, not as a (3, 1) grid, so the shapes (1, 2) and (3,) do not broadcast and the pub is rejected.

E.A SparsePauliOp counts as one observable however many Pauli terms it carries: this returns one value per angle, the weighted sum of <Z> and <X>, not a separate row for each term.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/guides/specify-observables-pauli
Questions — Section 7: Retrieve and analyze the results of quantum circuits

29 questions. Answers follow each question on the next page. Start →
s7-q010

s7-q010 · mcq · difficulty 2/3

Your kernel is about to shut down and you want to keep a completed SamplerV2 result on disk so a later session can reload it as a real result object. Which save/load pair round-trips it?

import json
from qiskit_ibm_runtime import RuntimeEncoder, RuntimeDecoder

# result = sampler.run([isa_circuit]).result()
# ... write result to result.json, read it back in a new kernel ...


A.json.dump(result, f, cls=RuntimeEncoder), then json.load(f, cls=RuntimeDecoder)

B.json.dump(result, f), then json.load(f) -- a PrimitiveResult is plain JSON data

C.json.dump(result, f, cls=RuntimeDecoder), then json.load(f, cls=RuntimeEncoder)

D.result.to_json() to a string, then PrimitiveResult.from_json(...) to rebuild the object

E.json.dump(result, f, cls=RuntimeEncoder), then plain json.load(f) -- decoding is automatic

F.json.dumps(result, f, cls=RuntimeEncoder), then json.loads(f, cls=RuntimeDecoder)

Show answer →
s7-q010 — answer

s7-q010 — answer

Correct: A

A V2 result is not plain JSON: PrimitiveResult, DataBin and BitArray are custom containers. RuntimeEncoder is a json.JSONEncoder subclass (so it goes with dump) and RuntimeDecoder is a json.JSONDecoder subclass (so it goes with load). The reloaded object is a real PrimitiveResult again -- result[0].data.meas.get_counts() still works, with identical counts.

Why the others are wrong:

B.Plain json.dump raises TypeError: Object of type PrimitiveResult is not JSON serializable; the V2 containers need the Runtime encoder.

C.Encoder and decoder are swapped. json.dump(..., cls=RuntimeDecoder) fails because json hands encoder keyword arguments to the class (TypeError: JSONDecoder.__init__() got an unexpected keyword argument 'skipkeys').

D.to_json/from_json do not exist on PrimitiveResult (AttributeError); Runtime serialization goes through the encoder/decoder classes with the standard json module.

E.Only half the round-trip is custom. RuntimeEncoder writes the tagged JSON, but a plain json.load returns nested dicts, not the containers: the proof reloads and immediately fails with KeyError: 0 because a dict has no pub index. RuntimeDecoder is what rebuilds PrimitiveResult.

F.dumps/loads are the STRING forms: they take no file handle. json.dumps(result, f, ...) raises TypeError: dumps() takes 1 positional argument but 2 positional arguments ... were given. Use dump/load with a file object, or feed dumps' return string to loads.

Read more:
https://quantum.cloud.ibm.com/docs/guides/save-jobs
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.PrimitiveResult

Next question →
s7-q011

s7-q011 · predict-output · difficulty 1/3

The circuit below is executed with a SamplerV2 primitive for 2000 shots. What do bits.num_shots and bits.num_bits print?

from qiskit import QuantumCircuit
from qiskit.primitives import StatevectorSampler

qc = QuantumCircuit(3)
qc.h(0); qc.cx(0, 1); qc.cx(1, 2)
qc.measure_all()

result = StatevectorSampler().run([qc], shots=2000).result()
bits = result[0].data.meas
print(bits.num_shots, bits.num_bits)


A.num_shots=3, num_bits=2000

B.num_shots=2000, num_bits=8

C.num_shots=2000, num_bits=3

D.num_shots=2000, num_bits=1

E.num_shots=6000, num_bits=3

F.num_shots=1024, num_bits=3

Show answer →
s7-q011 — answer

s7-q011 — answer

Correct: C

num_shots is the number of times the circuit was executed (2000), and num_bits is the number of classical bits in that register (3, one per measured qubit from measure_all()).

Why the others are wrong:

A.This swaps the two attributes: shots and bits are transposed.

B.8 is 2**3, the number of DISTINCT possible outcomes, not the bit width of the register.

D.A single register still holds all 3 measured bits; num_bits counts bits, not registers.

E.num_shots counts circuit EXECUTIONS, not measured bits. Multiplying the shot count by the register width is the misconception; the proof shows the printed pair is unchanged at the requested shot count.

F.shots= on run() is honoured -- it is not ignored in favour of a built-in fallback. The executed proof prints the requested shot count, not a default one.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q012

s7-q012 · predict-output · difficulty 3/3

A 10-qubit circuit ends with measure_all() and is sampled for 1024 shots. What is the shape of the raw packed array bits.array?

from qiskit import QuantumCircuit
from qiskit.primitives import StatevectorSampler

qc = QuantumCircuit(10)
for q in range(10):
    qc.h(q)
qc.measure_all()

result = StatevectorSampler().run([qc], shots=1024).result()
bits = result[0].data.meas
print(bits.array.shape)


A.(1024, 10)

B.(1024, 2)

C.(10, 1024)

D.(1024,)

E.(1024, 8) -- the packed width is fixed at eight columns

F.(2, 1024) -- the packed byte axis comes first

Show answer →
s7-q012 — answer

s7-q012 — answer

Correct: B

A BitArray stores shots as bit-PACKED bytes: each shot's num_bits bits are packed into ceil(num_bits/8) uint8 columns. Ten bits pack into 2 bytes, so the array shape is (num_shots, 2) = (1024, 2). Use get_counts()/get_bitstrings() for readable output; num_bits (10) is separate from the byte width.

Why the others are wrong:

A.This assumes one column per bit; the array is byte-packed, not one-hot per bit.

C.This transposes shots and bytes; the shot axis comes first.

D.This treats the array as 1-D; it is 2-D (shots x packed-bytes).

E.The packed width is ceil(num_bits/8), not a fixed eight. Ten bits need 2 byte columns; a fixed 8-column layout would waste six bytes per shot. The proof prints the real shape next to num_bits.

F.The shot axis leads: array.shape[0] is num_shots. Putting the byte axis first is the transposition misconception, refuted by the printed shape.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q013

s7-q013 · mcq · difficulty 3/3

An EstimatorV2 job ran on a noisy 5-qubit backend with default_precision=0.02, and you hold the first pub result in pub. Which expression gives the standard error the primitive actually achieved for that expectation value?

# estimator.options.default_precision = 0.02
# result = estimator.run([(isa_circuit, observable)]).result()
pub = result[0]


A.pub.data.evs.std()

B.pub.stds

C.pub.metadata["target_precision"]

D.pub.data.stds

E.pub.metadata["shots"] ** -0.5

F.pub.data.variance ** 0.5

Show answer →
s7-q013 — answer

s7-q013 — answer

Correct: D

An estimator DataBin carries two parallel arrays: evs (the estimates) and stds (the standard error of each estimate), so the achieved uncertainty is pub.data.stds. It is derived from the run itself: the proof reproduces the observed value exactly as sqrt((1 - evs^2)/shots) from the pub's own shot count, which is what a shot-noise-limited standard error must be.

Why the others are wrong:

A..std() is NumPy's spread over the returned estimates. For one pub with no parameter sweep evs is a 0-d array, so this is 0.0 -- it says nothing about the sampling error of the estimate.

B.The estimates and their errors live on the DataBin, not on the pub result itself; pub.stds raises AttributeError (the same level confusion as pub.evs).

C.target_precision is the precision you REQUESTED (0.02). The primitive takes enough shots to beat it, so the achieved standard error is a different, smaller number (about 0.0096 here).

E.Shot noise is not 1/sqrt(N) on its own -- the estimate's own magnitude enters as sqrt((1 - evs^2)/shots). The proof shows this expression returns a value far outside 10% of the independently predicted standard error.

F.The estimator DataBin has no variance field (AttributeError); it carries evs and stds, and stds is already the standard error, so no square root is needed.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit/primitives

Next question →
s7-q014

s7-q014 · predict-output · difficulty 2/3

A 3-qubit circuit applies X to qubit 0 only, then measure_all(), and is sampled for 500 shots. What does get_counts() return?

from qiskit import QuantumCircuit
from qiskit.primitives import StatevectorSampler

qc = QuantumCircuit(3)
qc.x(0)
qc.measure_all()

result = StatevectorSampler().run([qc], shots=500).result()
print(result[0].data.meas.get_counts())


A.{'001': 500}

B.{'100': 500}

C.{'010': 500}

D.{'000': 500}

E.{'001': 1.0}

F.{1: 500}

Show answer →
s7-q014 — answer

s7-q014 — answer

Correct: A

Qiskit uses little-endian bit ordering: qubit 0 is the RIGHTMOST character of the bitstring. Only qubit 0 is flipped, so every shot reads 001.

Why the others are wrong:

B.100 reads the string big-endian (qubit 0 leftmost); Qiskit puts qubit 0 on the right.

C.010 would mean qubit 1 was flipped; the X was on qubit 0.

D.000 ignores the X gate entirely.

E.get_counts() returns raw integer counts, not normalised probabilities. Normalised dictionaries were the V1 quasi_dists habit; the proof prints the shot count against the bitstring.

F.String bitstrings are the keys of get_counts(); integer keys come from the separate get_int_counts(). The proof compares the observed dictionary against this claim and it does not match.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q015

s7-q015 · predict-output · difficulty 2/3

You sample a 3-qubit GHZ circuit (outcomes are only 000 and 111), then postselect on all three qubits reading 1. What does kept.get_counts() contain?

from qiskit import QuantumCircuit
from qiskit.primitives import StatevectorSampler

qc = QuantumCircuit(3)
qc.h(0); qc.cx(0, 1); qc.cx(1, 2)
qc.measure_all()

bits = StatevectorSampler().run([qc], shots=1000).result()[0].data.meas
kept = bits.postselect([0, 1, 2], [1, 1, 1])
print(kept.get_counts())


A.Only the 000 outcomes survive: {'000': n}

B.Unchanged: {'000': a, '111': b}

C.Only the 111 outcomes survive: {'111': n}, still 3 bits

D.Empty {} -- postselection removes every shot

E.Only the 111 shots survive, narrowed to {'1': n}

F.{'111': n}, but n is now a fraction of the shots

Show answer →
s7-q015 — answer

s7-q015 — answer

Correct: C

postselect(indices, values) keeps only the shots whose measured bits at indices equal values, and it preserves the register width. Requiring qubits [0,1,2] to be [1,1,1] retains exactly the 111 shots, still as 3-bit outcomes -- unlike slice_bits, which would narrow the width.

Why the others are wrong:

A.This inverts the selection: values [1,1,1] keep 111, not 000.

B.Postselection filters shots; it does not leave the counts unchanged.

D.The GHZ state produces 111 about half the time, so those shots remain.

E.That is what slice_bits would do. postselect filters SHOTS and preserves the register width, so the proof reports num_bits unchanged and 3-character keys.

F.Postselection discards shots; it does not renormalise the survivors. The proof shows the surviving counts are plain integer shot counts, not fractions.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q016

s7-q016 · mcq · difficulty 2/3

From a BitArray of shots you want a NEW BitArray containing only the shots in which qubit 1 was measured as 0, keeping all bits. Which call does this?

# bits: a BitArray of measured shots (all bits retained)


A.bits.slice_bits([1])

B.bits.postselect([1], [0])

C.bits.slice_shots([0])

D.[b for b in bits.get_bitstrings() if b[-2] == "0"]

E.bits.postselect([1], [0], num_bits=bits.num_bits)

F.bits.postselect([1], [0]).slice_bits([1])

Show answer →
s7-q016 — answer

s7-q016 — answer

Correct: B

postselect(indices, values) filters SHOTS by the measured value at each index (here qubit 1 must equal 0) and returns a BitArray with the same num_bits.

Why the others are wrong:

A.slice_bits selects which BITS to keep (dropping columns), not which shots; it would shrink num_bits.

C.slice_shots selects shots by POSITION index, not by their measured value.

D.This does select the right shots, but it returns a plain list of strings: num_bits/num_shots and every BitArray method (get_counts, postselect, expectation_values) are gone, so it is not a BitArray.

E.Width preservation is automatic, so there is no num_bits parameter: the proof gets TypeError: BitArray.postselect() got an unexpected keyword argument 'num_bits'.

F.The postselect is right, the follow-up ruins it: slice_bits([1]) narrows the survivors to a single bit, so the proof observes num_bits dropping to 1 instead of staying at the original width.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q017

s7-q017 · predict-output · difficulty 3/3

A 3-qubit circuit applies X to qubit 0 (qubits 1 and 2 stay |0>), then measure_all(). From the resulting bits you call bits.slice_bits([2]). What does the sliced array's get_counts() return?

from qiskit import QuantumCircuit
from qiskit.primitives import StatevectorSampler

qc = QuantumCircuit(3)
qc.x(0)
qc.measure_all()

bits = StatevectorSampler().run([qc], shots=300).result()[0].data.meas
print(bits.slice_bits([2]).get_counts())


A.{'1': 300}

B.{'001': 300}

C.{'100': 300}

D.{'0': 300}

E.{'00': 300} -- [2] selects the bits up to index 2

F.It raises IndexError: bit index 2 is out of range

Show answer →
s7-q017 — answer

s7-q017 — answer

Correct: D

slice_bits([2]) keeps only bit index 2, which is qubit 2 (measured 0), and returns a 1-bit BitArray. Bit indices match qubit indices (little-endian), so index 2 is NOT the flipped qubit 0.

Why the others are wrong:

A.This assumes index 2 refers to the flipped qubit; bit index 2 is qubit 2, which is 0.

B.slice_bits reduces the width to the selected bit(s); it does not keep all three bits.

C.This both keeps full width and mis-reads endianness.

E.The argument is a LIST of bit indices, not an upper bound: [2] keeps exactly one bit. The proof prints the single-character keys the call actually produces.

F.Bit indices run 0..num_bits-1, so index 2 is the third (and last) bit of a 3-bit register. The proof calls it and observes counts, not an exception.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q018

s7-q018 · mcq · difficulty 2/3

You ran the same circuit in two separate SamplerV2 jobs and now hold two BitArrays, a and b, with equal num_bits. You want a single BitArray pooling ALL shots from both. Which call produces it?

from collections import Counter
from qiskit.primitives.containers import BitArray
# a, b: BitArrays with equal num_bits, from two jobs


A.BitArray.concatenate_shots([a, b])

B.BitArray.concatenate_bits([a, b])

C.Counter(a.get_counts()) + Counter(b.get_counts())

D.a + b

E.BitArray.from_counts(a.get_counts() | b.get_counts())

F.np.concatenate([a.array, b.array]) -- pool the packed rows

Show answer →
s7-q018 — answer

s7-q018 — answer

Correct: A

concatenate_shots stacks the shot axes: the result has num_shots = a.num_shots + b.num_shots and unchanged num_bits -- exactly pooling repeated runs.

Why the others are wrong:

B.concatenate_bits widens num_bits (for joining registers side by side), keeping shots fixed -- that is not pooling shots.

C.Adding two Counters really does merge the two count dictionaries, but the result is a Counter, not a BitArray: the per-shot record (and postselect, slice_bits, expectation_values) is lost.

D.BitArray does not define __add__; a + b raises a TypeError.

E.The dict | operator OVERWRITES duplicate keys instead of summing them, so shared outcomes keep only the right-hand dictionary's tally and the rebuilt BitArray holds far fewer shots than a.num_shots + b.num_shots. Counter(...) + Counter(...) sums correctly but still yields a Counter, not a BitArray.

F.Stacking the packed uint8 rows returns a plain NumPy ndarray. It has lost num_bits and every BitArray method, so nothing downstream (get_counts, postselect) still works.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q019

s7-q019 · multi · difficulty 3/3

A SamplerV2 result's BitArray bits came from a 5-qubit circuit that measured only qubits 0,1,2 into a 3-bit register, run for 256 shots. Which statements are TRUE? (Select all that apply.) (Select all that apply.)

# bits = result[0].data.<register>   # 3-bit register, 256 shots, 5-qubit circuit


A.bits.num_shots equals the number of times the circuit was executed (256)

B.len(bits.get_bitstrings()) equals bits.num_shots

C.bits.array.shape[1] equals bits.num_bits

D.bits.get_counts() values sum to bits.num_shots

E.bits.num_bits equals the number of qubits in the circuit (5)

F.bits.array.dtype is bool, one column per measured bit

Show answer →
s7-q019 — answer

s7-q019 — answer

Correct: A, B, D

num_shots counts executions (256). get_bitstrings() returns one string per shot, so its length equals num_shots, and get_counts() values sum to num_shots. num_bits is the width of the measured register (3), independent of the total qubit count (5) and of the packed byte width (array.shape[1] is ceil(num_bits/8)).

Why the others are wrong:

C.The array is bit-PACKED into bytes, so array.shape[1] is ceil(num_bits/8) (here 1), not num_bits (3).

E.num_bits is the width of the measured classical register (3 here); a circuit may carry more qubits (5) than it measures, and unmeasured qubits contribute no bits.

F.The raw array is bit-PACKED uint8, not a boolean matrix: its dtype is uint8 and shape[1] is ceil(num_bits/8), which is 1 here while num_bits is 3.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q020

s7-q020 · predict-output · difficulty 1/3

An EstimatorV2 evaluates the observable ZZ on an ideal Bell state (H then CX). What does result[0].data.evs hold?

from qiskit import QuantumCircuit
from qiskit.primitives import StatevectorEstimator
from qiskit.quantum_info import SparsePauliOp

qc = QuantumCircuit(2)
qc.h(0); qc.cx(0, 1)
obs = SparsePauliOp("ZZ")

result = StatevectorEstimator().run([(qc, obs)]).result()
print(result[0].data.evs)


A.{'00': 0.5, '11': 0.5} -- a counts-like dict

B.0.0 -- the observable averages to zero

C.1.0 -- a scalar expectation value (a 0-d NumPy array)

D.[0.5, 0.5] -- outcome probabilities

E.-1.0 -- the Bell state anticorrelates under ZZ

F.array([1.0]) -- a length-one array, not a scalar

Show answer →
s7-q020 — answer

s7-q020 — answer

Correct: C

EstimatorV2 returns expectation values, not samples. The Bell state is a +1 eigenstate of ZZ, so <ZZ> = 1.0. The estimator DataBin exposes evs (and stds), never counts or probabilities.

Why the others are wrong:

A.Counts/bitstrings are Sampler output; an estimator DataBin has no such dict.

B.The Bell state is a +1 eigenstate of ZZ; the value is 1.0, not 0.

D.The estimator returns an expectation value, not a probability vector.

E.The |00>+|11> Bell state is CORRELATED: both surviving outcomes give ZZ = +1. The -1 answer belongs to the singlet |01>-|10>; the proof measures the sign directly.

F.One circuit against one observable gives a 0-d array: the proof reports ndim 0, so there is no leading axis to index. A length-one 1-D array would come from a shape-(1,) parameter or observable broadcast.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/primitives
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q021

s7-q021 · predict-output · difficulty 3/3

A one-parameter circuit is bound to four parameter values (array shape (4, 1)) and evaluated against a single observable by EstimatorV2. What is the shape of result[0].data.evs?

import numpy as np
from qiskit import QuantumCircuit
from qiskit.circuit import Parameter
from qiskit.primitives import StatevectorEstimator
from qiskit.quantum_info import SparsePauliOp

t = Parameter("t")
qc = QuantumCircuit(1); qc.ry(t, 0)
obs = SparsePauliOp("Z")
vals = np.array([[0.0], [np.pi/2], [np.pi], [3*np.pi/2]])  # shape (4, 1)

result = StatevectorEstimator().run([(qc, obs, vals)]).result()
print(result[0].data.evs.shape)


A.(4, 1)

B.(4,)

C.(1,)

D.() (a scalar)

E.(1, 4) -- the observable axis leads the shape

F..shape raises AttributeError: evs is a list

Show answer →
s7-q021 — answer

s7-q021 — answer

Correct: B

The PUB broadcasts over the parameter array's leading shape. Four parameter sets against one observable give four expectation values, shape (4,). The trailing parameter axis (size 1) is consumed by binding and does not appear in the evs shape.

Why the others are wrong:

A.The trailing parameter axis is bound away; it is not kept in the result shape.

C.There are four parameter sets, not one; the result is not length 1.

D.A scalar would be the single-PUB, single-parameter case; here four values broadcast.

E.Broadcasting puts the PUB's own leading shape first; the single observable contributes no axis at all. The proof prints the shape and it is one-dimensional.

F.evs is a NumPy array, so .shape is defined. The proof reads it without an exception.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/primitives
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q022

s7-q022 · mcq · difficulty 2/3

You ran an EstimatorV2 job and hold result. Which expression gives the estimated expectation value(s)?

# result = estimator.run([(isa_circuit, observable)]).result()


A.result[0].data.meas.get_counts()

B.result[0].data.get_counts()

C.result[0].evs

D.result[0].data.evs

E.result[0].data.expvals

F.result[0].metadata["evs"]

Show answer →
s7-q022 — answer

s7-q022 — answer

Correct: D

An estimator DataBin carries evs (expectation values) and stds (their standard errors). Access them via result[0].data.evs.

Why the others are wrong:

A.meas/get_counts are Sampler concepts; an estimator result has no BitArray register.

B.A DataBin has no get_counts(), and an estimator produces no counts anyway.

C.evs lives on the DataBin (.data), not directly on the PubResult.

E.Near-miss field name: the DataBin field is evs (with stds beside it), so expvals raises AttributeError.

F.A PubResult's metadata holds run settings such as target_precision and circuit_metadata, never the estimates themselves -- the proof gets KeyError: 'evs'.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/primitives
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q023

s7-q023 · predict-output · difficulty 1/3

Two circuits are submitted in a single SamplerV2 call as two PUBs. What does len(result) return, and how do you access the second circuit's counts?

from qiskit import QuantumCircuit
from qiskit.primitives import StatevectorSampler

qc_a = QuantumCircuit(1); qc_a.x(0); qc_a.measure_all()
qc_b = QuantumCircuit(1); qc_b.measure_all()

result = StatevectorSampler().run([qc_a, qc_b], shots=100).result()


A.len(result) is 2; second counts via result[1].data.meas.get_counts()

B.len(result) is 1; both circuits share result[0]

C.len(result) is 2; second counts via result.data[1].meas.get_counts()

D.len(result) is 100 (one entry per shot)

E.len(result) is 2; second counts via result[1].get_counts()

F.len(result) is 2; second counts via result[1].data.get_counts()

Show answer →
s7-q023 — answer

s7-q023 — answer

Correct: A

A PrimitiveResult holds one PubResult per PUB, in input order. Two PUBs give len(result) == 2; the second circuit's data is at result[1].data.meas. Shots live inside each pub's BitArray, not as top-level entries.

Why the others are wrong:

B.PUBs are not merged; each PUB gets its own PubResult.

C.There is no top-level result.data; .data belongs to each indexed PubResult.

D.len(result) counts PUBs (2), not shots; shots are inside the BitArray.

E.The pub count is right but PubResult has no get_counts(); counts live on the register field inside .data. The proof raises AttributeError on this path.

F.A DataBin is a container of register fields, not a counts object: it has keys()/values()/items() but no get_counts(). You must name the register (.data.meas) first.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.PrimitiveResult
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q024

s7-q024 · spot-bug · difficulty 2/3

This snippet should print the measurement counts of a completed SamplerV2 job, but it raises an error. What is the fix?

from qiskit import QuantumCircuit
from qiskit.primitives import StatevectorSampler

qc = QuantumCircuit(2); qc.h(0); qc.cx(0, 1); qc.measure_all()
result = StatevectorSampler().run([qc], shots=1024).result()

counts = result.data.meas.get_counts()   # AttributeError
print(counts)


A.Use result.get_counts() -- PrimitiveResult exposes counts directly

B.Use result.data[0].meas.get_counts()

C.Index the PUB first: result[0].data.meas.get_counts() (one PubResult per PUB)

D.Use result.quasi_dists[0]

E.Use result.results[0].data.meas.get_counts() (the V1 result list)

F.Use result.meas.get_counts(); the register hangs off the result

Show answer →
s7-q024 — answer

s7-q024 — answer

Correct: C

result is a PrimitiveResult (a sequence of PubResults). You must select a pub with result[0] before reaching .data. PrimitiveResult itself has neither .data nor .get_counts nor V1's .quasi_dists.

Why the others are wrong:

A.PrimitiveResult has no get_counts(); that was the V1 Result API.

B..data is a per-pub attribute; result.data (before indexing) does not exist.

D.quasi_dists was the V1 Sampler output; SamplerV2 returns a BitArray.

E..results was the V1 Result container's per-experiment list. A PrimitiveResult is itself the sequence of pub results, so result.results raises AttributeError.

F.The register field lives on a pub's DataBin, two levels down: result[0].data.meas. Reaching for .meas on the PrimitiveResult raises AttributeError, exactly like the buggy line.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.PrimitiveResult
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/guides/save-jobs

Next question →
s7-q025

s7-q025 · predict-output · difficulty 3/3

From the sampled bits of an ideal Bell state (H, CX, measure_all), you compute bits.expectation_values('ZZ'). What value results?

from qiskit import QuantumCircuit
from qiskit.primitives import StatevectorSampler

qc = QuantumCircuit(2); qc.h(0); qc.cx(0, 1); qc.measure_all()
bits = StatevectorSampler().run([qc], shots=1000).result()[0].data.meas
print(bits.expectation_values("ZZ"))


A.0.0

B.1.0

C.-1.0

D.0.5

E.[1.0, 1.0] -- one value per measured bit

F.It raises AttributeError -- BitArray has no such method

Show answer →
s7-q025 — answer

s7-q025 — answer

Correct: B

BitArray.expectation_values assigns +/-1 per bit and averages over shots. In a Bell state every shot is 00 or 11, and both are +1 eigenvalues of ZZ (product of the two +/-1 bit values), so the average is exactly 1.0 regardless of the split.

Why the others are wrong:

A.0 would arise for an uncorrelated single-qubit Z average, not the correlated ZZ product.

C.-1 has the wrong sign; correlated bits give ZZ = +1.

D.0.5 confuses an expectation value with an outcome probability.

E.The Pauli string is evaluated as a whole, giving ONE number per observable: the proof reports a 0-dimensional result, not a per-bit vector.

F.BitArray.expectation_values exists and computes diagonal (Z-type) expectation values straight from sampled bits -- no Estimator needed. The proof calls it and gets a number.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q026

s7-q026 · mcq · difficulty 1/3

In an earlier session you ran a Sampler job and saved its ID string job_id. Your kernel has since restarted. Using a fresh QiskitRuntimeService() as service, how do you retrieve that job's results?

from qiskit_ibm_runtime import QiskitRuntimeService

service = QiskitRuntimeService()
job_id = "d762omnq1anc738d2cj0"   # saved earlier
# retrieve the results ...


A.service.result(job_id)

B.QiskitRuntimeService.get_result(job_id)

C.service.jobs(job_id).result()

D.service.job(job_id).result()

E.service.retrieve_job(job_id).result()

F.QiskitRuntimeService.job(job_id).result()

Show answer →
s7-q026 — answer

s7-q026 — answer

Correct: D

IBM Quantum stores every job's results server-side. service.job(job_id) re-hydrates the RuntimeJobV2; calling .result() returns its stored PrimitiveResult, so work survives a kernel restart.

Why the others are wrong:

A.There is no service.result() method.

B.There is no get_result() classmethod on the service.

C.service.jobs() (plural) takes filters and returns a LIST of jobs, not a single job; use singular service.job(id).

E.retrieve_job was the V1 IBMQBackend/provider spelling. QiskitRuntimeService exposes job(id) (singular) and jobs(...) (filtered list) instead.

F.job() is an instance method: called on the class it is missing its self, and no account/channel has been resolved. Use the service object you already constructed.

Read more:
https://quantum.cloud.ibm.com/docs/guides/save-jobs
https://quantum.cloud.ibm.com/docs/guides/monitor-job

Next question →
s7-q027

s7-q027 · multi · difficulty 2/3

You want to review results from jobs you ran last week but did not record their IDs. Which approaches let you locate and retrieve those past jobs? (Select all that apply.) (Select all that apply.)


A.Call service.jobs(...) with filters such as backend_name or created_after to list matching jobs

B.Iterate the returned jobs and call .result() on the one you want

C.Look up the job and its ID on the Workloads page of IBM Quantum Platform

D.Call service.job() without a job ID -- it then returns your whole job history

E.Results live in local RAM, so a kernel restart discards them for good

F.Resubmit the same circuit with sampler.run(...); Runtime returns the cached original result

Show answer →
s7-q027 — answer

s7-q027 — answer

Correct: A, B, C

service.jobs() returns your recent jobs and accepts filters (backend_name, created_after, session_id, pending, ...); you then call .result() on the job you want. The IBM Quantum Platform Workloads page lists your submitted jobs together with their IDs (the save-jobs guide points there for exactly this purpose). Results are stored server-side, so a kernel restart does not lose them.

Why the others are wrong:

D.service.job() is the singular lookup and requires a job ID (TypeError without one); listing many jobs is what the plural service.jobs() does, and it pages with limit (default 10) rather than dumping everything.

E.IBM Quantum stores the results of every job server-side; that is the whole point of service.job(job_id) and of the save-jobs guide.

F.Runtime does not deduplicate submissions: an identical PUB is a NEW job with a new ID, new queue time and freshly sampled shots. Retrieval is by job ID, not by circuit content.

Read more:
https://quantum.cloud.ibm.com/docs/guides/save-jobs
https://quantum.cloud.ibm.com/docs/guides/monitor-job

Next question →
s7-q028

s7-q028 · mcq · difficulty 2/3

A Sampler job you submitted an hour ago is still queued and you no longer need it. You still hold the job object returned by sampler.run(...). Which statement is correct?

job = sampler.run([isa_circuit])   # submitted earlier, status is QUEUED


A.Call job.cancel(); the Runtime service drops the queued job and job.status() then reports "CANCELLED"

B.Call service.cancel(job.job_id()) -- cancelling is a service-level operation

C.Call job.stop(), which halts the run and returns the shots that may already have been collected

D.Delete the local job variable or restart the kernel; the queued job goes away with it

E.Call job.cancel(), then job.result() to read the shots collected before it stopped

F.Call job.cancel(); job.status() keeps reporting "QUEUED" until the server prunes the entry

Show answer →
s7-q028 — answer

s7-q028 — answer

Correct: A

Cancellation is requested through the job handle: job.cancel() tells the Runtime service to drop the job, after which job.status() reports the terminal state "CANCELLED" (the same action is available from the Workloads page). Because the job lives server-side, the handle -- not your Python process -- is what controls it.

Why the others are wrong:

B.There is no QiskitRuntimeService.cancel. The service is for finding jobs (service.job, service.jobs); the job object owns the lifecycle calls.

C.RuntimeJobV2 has no stop(), and a cancelled job yields no partial data: a Sampler result exists only once the job has finished.

D.Jobs execute server-side at IBM Quantum and survive kernel restarts -- which is exactly why service.job(job_id) can fetch results later. Dropping the client object leaves the job queued and still consuming your instance's time.

E.A cancelled job has no result: result() on it raises rather than handing back partial data. A job that was still queued had not sampled anything at all.

F.Cancellation is a state change, not a deletion: once accepted, status() reports the terminal "CANCELLED" state, and job.in_final_state() becomes true.

Read more:
https://quantum.cloud.ibm.com/docs/guides/monitor-job
https://quantum.cloud.ibm.com/docs/guides/save-jobs

Next question →
s7-q029

s7-q029 · predict-output · difficulty 1/3

A 3-qubit GHZ circuit (measure_all) is sampled. Its get_counts() returns {'000': a, '111': b}. What KEYS does bits.get_int_counts() use for those same outcomes?

from qiskit import QuantumCircuit
from qiskit.primitives import StatevectorSampler

qc = QuantumCircuit(3); qc.h(0); qc.cx(0, 1); qc.cx(1, 2); qc.measure_all()
bits = StatevectorSampler().run([qc], shots=800).result()[0].data.meas
print(bits.get_int_counts())


A.{0: a, 3: b}

B.{'000': a, '111': b} -- same string keys

C.{0: a, 7: b} -- bitstrings as binary integers

D.{0: a, 111: b} -- 111 kept as the number 111

E.{'0': a, '7': b} -- the integers rendered as strings

F.{0: a, 8: b} -- 111 counted as the eighth outcome

Show answer →
s7-q029 — answer

s7-q029 — answer

Correct: C

get_int_counts() converts each measured bitstring to its integer value in binary: 000 -> 0 and 111 -> 7.

Why the others are wrong:

A.3 is binary 011, not 111; all three bits are set here.

B.Those are the string keys from get_counts(), not get_int_counts().

D.111 is binary and equals 7, not the decimal number 111.

E.get_int_counts() returns real Python int keys -- string digits are what plain get_counts() gives (as bitstrings). The proof compares the observed key set and this claim does not match.

F.The key is the binary VALUE of the bitstring, not a 1-based ordinal: 111 is 7, and 8 would need a fourth bit. The proof prints the observed keys.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.BitArray
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q030

s7-q030 · multi · difficulty 2/3

Calling session.details() on a Session attached to a live IBM Quantum service returns a dictionary of session metadata. Which of the following are actual keys in that dictionary? (Select all that apply.) (Select all that apply.)

details = session.details()


A.state

B.queue_position

C.accepting_jobs

D.max_time

E.last_job_completed

F.results

Show answer →
s7-q030 — answer

s7-q030 — answer

Correct: A, C, D, E

Session.details() describes the session itself, not its jobs: state (open / active / inactive / closed), accepting_jobs, max_time (the maximum session length allowed by your plan), the lifecycle timestamps last_job_started / last_job_completed / started_at / closed_at / activated_at, plus id, backend_name, interactive_timeout, active_timeout, mode and usage_time. Note that the dictionary comes from the server: in local testing mode (a Session built on a fake backend) details() returns None, because there is no server-side session to describe.

Why the others are wrong:

B.A queue position is a per-job property reported by the job/Workloads view, not part of the session description.

F.Results belong to individual jobs (job.result()); a session never carries result data.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/session#details
https://quantum.cloud.ibm.com/docs/guides/monitor-job

Next question →
s7-q031

s7-q031 · mcq · difficulty 2/3

You retrieved a result but don't remember the circuit's classical-register name, so result[0].data.meas fails. Which expression lists the register names available on the data bin so you can pick the right one?

# result = sampler.run([isa]).result()
db = result[0].data


A.db.registers

B.list(db.keys())

C.db.get_counts().keys()

D.db.num_bits

E.list(db.values())

F.[b.name for b in db.values()]

Show answer →
s7-q031 — answer

s7-q031 — answer

Correct: B

A DataBin behaves like a mapping of register-name -> BitArray. db.keys() enumerates the register-name fields, so you can see the correct name (e.g. ['ans']).

Why the others are wrong:

A.DataBin has no .registers attribute.

C.DataBin has no get_counts(); that method belongs to a BitArray (a register field).

D.num_bits is a BitArray property, not a DataBin one, and would not list names anyway.

E.values() yields the stored BitArrays, not the field names -- useful data, useless for discovering the register's name. keys() is the mapping half you want.

F.A BitArray does not carry its register name (AttributeError); the name exists only as the DataBin field it is stored under, which is why keys() is the way to list them.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.DataBin
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q032

s7-q032 · spot-bug · difficulty 2/3

The circuit measures into a register named readout, but this analysis code raises an AttributeError. Which corrected expression works?

from qiskit import QuantumCircuit, QuantumRegister, ClassicalRegister
from qiskit.primitives import StatevectorSampler

qr = QuantumRegister(2, "q")
readout = ClassicalRegister(2, "readout")
qc = QuantumCircuit(qr, readout)
qc.h(0); qc.cx(0, 1); qc.measure(qr, readout)

result = StatevectorSampler().run([qc], shots=512).result()
counts = result[0].data.meas.get_counts()   # AttributeError: no 'meas'


A.result[0].data.meas.get_counts()

B.result[0].data.get_counts("readout")

C.result.data.readout.get_counts()

D.result[0].data.readout.get_counts()

E.result[0].data.get_bitstrings("readout")

F.result[0].data.readout() returns the register counts

Show answer →
s7-q032 — answer

s7-q032 — answer

Correct: D

The DataBin field is named after the classical register, here readout. meas is only auto-created by measure_all(), and c is only the default name for QuantumCircuit(n, m); the pub index [0] is still required.

Why the others are wrong:

A.meas is the auto-name from measure_all(); this circuit's register is readout.

B.A DataBin has no get_counts() of its own (AttributeError): the register is an attribute (or key) of the DataBin, not an argument, and get_counts() belongs to the BitArray it holds.

C.This drops the required pub index [0]; PrimitiveResult has no .data.

E.get_bitstrings is a BitArray method, not a DataBin one: the DataBin only routes you to the register field. The proof raises AttributeError here.

F.The field IS the BitArray, not a getter: calling it raises TypeError: 'BitArray' object is not callable. Read the field, then call get_counts() on it.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.DataBin
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output

Next question →
s7-q033

s7-q033 · mcq · difficulty 2/3

A script using Qiskit SDK 2.x and qiskit-ibm-runtime 0.4x submits a Sampler job and should log the job's state while it waits, then read the results. Which statement about the returned job is correct?

job = sampler.run([isa_circuit])
# log the state, then read the results


A.qiskit.tools.job_monitor(job) prints live status updates and returns the result once the job finishes

B.job.status() returns a JobStatus enum member, so compare it with JobStatus.RUNNING imported from qiskit.providers.jobstatus

C.job.status() returns a string such as "QUEUED" or "RUNNING"; job.result() then blocks until the job finishes

D.job.status() itself blocks until the job reaches a final state, so calling it before job.result() would stall the script

E.job.status() returns a (state, queue_position) tuple, so log job.status()[0] and keep polling until it reads "DONE"

F.job.result() returns at once with whatever shots exist so far, so poll job.done() to learn when the job has really finished

Show answer →
s7-q033 — answer

s7-q033 — answer

Correct: C

In qiskit-ibm-runtime 0.4x a RuntimeJobV2 reports its state as a plain string -- one of INITIALIZING, QUEUED, RUNNING, CANCELLED, DONE, ERROR -- which is why the docs write if j.status() == "DONE". status() is a cheap non-blocking query, while job.result() is the blocking call that waits for completion and returns the PrimitiveResult. The convenience predicates job.done(), job.errored() and job.wait_for_final_state() are built on that same string.

Why the others are wrong:

A.qiskit.tools (with job_monitor) was removed in Qiskit 1.0 and does not exist in 2.x; no monitor helper returns the result either.

B.Returning a JobStatus enum is the V1 provider habit. RuntimeJobV2 returns a string, so comparing it with an enum member is quietly always False -- a loop written that way never exits.

D.status() does not wait; it queries the current state. job.wait_for_final_state() (or result()) is what blocks, and calling status() only after result() defeats the point of logging progress.

E.status() returns the bare state string; queue information is a separate concern (job.metrics() / the Workloads page). Indexing the string would hand you a single character.

F.result() is the BLOCKING call -- it waits for a terminal state and then returns the completed PrimitiveResult. job.done() does exist (as do errored(), in_final_state() and metrics()), but it is for polling instead of blocking, not a companion to a non-blocking result().

Read more:
https://quantum.cloud.ibm.com/docs/guides/save-jobs
https://quantum.cloud.ibm.com/docs/guides/monitor-job

Next question →
s7-q034

s7-q034 · mcq · difficulty 2/3

A script submits a Sampler job to a QPU and then polls the returned RuntimeJobV2 in a loop until the work is over. Which statement about the state that job reports is correct for qiskit-ibm-runtime?

job = SamplerV2(mode=backend).run([isa_circuit])
while not job.in_final_state():
    time.sleep(5)
# ... which check tells you the job finished successfully?


A.job.status() hands back a JobStatus enum member, so job.status() == JobStatus.DONE is the comparison that ends the polling loop.

B.job.status().name is the documented way to read the state, because the returned value is an enum member named after its state.

C.job.status() hands back a plain string, so job.status() == "DONE" is the comparison that ends the polling loop.

D.job.in_final_state() turns True just for a job that ran to completion; a cancelled job keeps it False.

E.job.done() is True for a job that has stopped for whatever reason, so cancelled and errored jobs satisfy it too.

F.A job that fails ends in the state FAILED, which is the string job.errored() compares the reported state against.

Show answer →
s7-q034 — answer

s7-q034 — answer

Correct: C

In qiskit-ibm-runtime the job state is a plain string. RuntimeJobV2.status() is typed in the API reference as Literal['INITIALIZING', 'QUEUED', 'RUNNING', 'CANCELLED', 'DONE', 'ERROR'], and the official examples compare it directly to "DONE". Every boolean predicate on the job is built on that string: done() is literally status() == "DONE", cancelled() and errored() test the other two terminal strings, and in_final_state() tests membership in the class constant JOB_FINAL_STATES, which is ('DONE', 'CANCELLED', 'ERROR'). So a loop that exits on in_final_state() still has to ask which terminal state it landed in.

Why the others are wrong:

A.The V1 habit. qiskit.providers.JobStatus is still importable, and that is the trap: comparing the returned string to an enum member is False for every state, so a loop written this way never exits.

B.Follows from the same misconception. Since the returned value is a string, asking it for .name raises AttributeError: 'str' object has no attribute 'name' rather than yielding the state.

D.Confuses 'finished' with 'succeeded'. Cancellation and failure are terminal too — all three of DONE, CANCELLED and ERROR are in JOB_FINAL_STATES, which is exactly why the loop above needs a second check afterwards.

E.The mirror-image confusion: done() is the narrow predicate (status() == "DONE"), while in_final_state() is the broad one. A cancelled job reports done() as False.

F.There is no FAILED state in Runtime; a failed job reports ERROR, and errored() compares against that string. error_message() is where the reason lives.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/runtime-job-v2
https://quantum.cloud.ibm.com/docs/guides/monitor-job

Next question →
s7-q035

s7-q035 · mcq · difficulty 2/3

A dashboard watches a long-running session on a real QPU by calling both session.status() and session.details() every minute. Which statement about what those two calls report is correct?

state = session.details()["state"]
headline = session.status()


A.details()["state"] and status() carry the same value, because status() simply reads the state field out of the details dictionary.

B.details()["state"] is one of open, active, inactive or closed, while status() returns wording such as Pending or In progress, accepting new jobs.

C.details()["interactive_timeout"] is the longest a session may run in total, so it is the field a dashboard should compare against max_time when it decides whether to reopen.

D.details()["accepting_jobs"] flips to False when max_time expires, so it stays True after session.close() while the queued jobs finish.

E.details()["usage_time"] measures wall-clock time since the session was created, so it typically keeps growing even while the session sits idle between two of its jobs.

F.details() returns None unless the session was built with create_new=False, so a dashboard has to fall back on status() for a live session.

Show answer →
s7-q035 — answer

s7-q035 — answer

Correct: B

The two calls speak different vocabularies. details() is the machine-readable description of the session: its state field takes one of open, active, inactive or closed, alongside accepting_jobs, max_time, interactive_timeout, active_timeout, usage_time, mode and the lifecycle timestamps. status() is the human-readable headline and returns a different set of strings — Pending (created, not yet active), In progress, accepting new jobs, In progress, not accepting new jobs, Closed, or None when no status details are available. Knowing which vocabulary belongs to which call is what the exam tests: an equality check written against the wrong set silently never matches.

Why the others are wrong:

A.They are related but not identical: status() folds the accepting_jobs flag into its wording (which is why it has two In progress variants), and its strings are not the state values.

C.Wrong field. interactive_timeout is the maximum IDLE time allowed between jobs before the session is deactivated; the session's total allowed length is max_time, and active_timeout bounds how long it can stay active.

D.Backwards. close() is precisely the call that stops the session accepting new jobs while queued and running jobs finish, so accepting_jobs goes False well before max_time would expire.

E.usage_time is billed usage, defined as the time a quantum system is committed to completing a job — an idle session accumulates none of it, which is why an idle window costs you nothing but the timeout.

F.create_new controls whether a new server-side session is created (it is set False by Session.from_id); it does not gate details(). The real gotcha is local testing mode, where there is no server-side session and details() returns None.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit-ibm-runtime/session
https://quantum.cloud.ibm.com/docs/guides/run-jobs-session

Next question →
s7-q036

s7-q036 · predict-output · difficulty 2/3

The snippet below runs a Bell circuit on the reference Sampler and then asks the returned objects what they are. What does it print?

from qiskit.primitives import BasePrimitiveJob, StatevectorSampler

qc = QuantumCircuit(2); qc.h(0); qc.cx(0, 1); qc.measure_all()
job = StatevectorSampler().run([qc], shots=64)
res = job.result()
print(isinstance(job, BasePrimitiveJob), type(res).__name__, type(res[0]).__name__)


A.True PrimitiveResult PubResult

B.False PrimitiveResult SamplerPubResult

C.True SamplerResult SamplerPubResult

D.True PrimitiveResult DataBin

E.True PrimitiveResult BitArray

F.True PrimitiveResult SamplerPubResult

Show answer →
s7-q036 — answer

s7-q036 — answer

Correct: F

BasePrimitiveJob is the abstract job interface shared by every V2 primitive: the reference primitives return a PrimitiveJob and Runtime returns a RuntimeJobV2, and both are instances of it, which is why result(), status(), done(), cancelled(), running(), in_final_state() and cancel() are available whichever primitive you used. The result container is a PrimitiveResult, indexed by PUB; each element of a SAMPLER result is a SamplerPubResult — the Sampler-specific subclass of PubResult that adds shot-level conveniences such as join_data(). Its .data is the DataBin, and the BitArray sits one layer further in, under the register name.

Why the others are wrong:

A.Right family, wrong class: SamplerPubResult inherits from PubResult, so isinstance(res[0], PubResult) is True — but type(...).__name__ reports the actual class, which is the Sampler-specific subclass.

B.Assumes BasePrimitiveJob describes only Runtime jobs. It is defined in qiskit.primitives and the local PrimitiveJob implements it, which is what makes local and Runtime job handles interchangeable.

C.SamplerResult was the V1 container (with quasi_dists and metadata lists). V2 replaced it with PrimitiveResult; the name no longer appears in a V2 workflow.

D.The DataBin is one layer further in: it is res[0].data, not res[0].

E.The BitArray is deeper still — res[0].data.meas — and holds the shot data itself.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit/primitives

Next question →
s7-q037

s7-q037 · mcq · difficulty 2/3

A sampler job that ran two circuits has been retrieved, and the figure overlays the counts of both of them under the legend that labels holds. Which expression was passed to plot_histogram?

from qiskit.visualization import plot_histogram
from qiskit_ibm_runtime import QiskitRuntimeService

service = QiskitRuntimeService()
job = service.job(job_id)   # the two-circuit sampler job, run earlier
result = job.result()       # a PrimitiveResult holding two pub results
labels = ["bell", "single"]

plot_histogram(<expression>, legend=labels)

[Color figure — see this question on certiq.dev. Description: Bar chart with a Count axis, four outcome groups labelled 00, 01, 10 and 11, and two coloured bars in each group with a legend reading bell and single. The bell series is tall at 00 and 11 and tiny at 01 and 10; the single series is tall at 00 and 01 and tiny at 10 and 11.]

A.Index the result twice: [result[0].data.meas.get_counts(), result[1].data.meas.get_counts()].

B.Pass the counts of the first pub and let the two legend entries label it: result[0].data.meas.get_counts().

C.Ask each pub result for its counts: [result[0].get_counts(), result[1].get_counts()].

D.Ask each data bin for the counts of its named register: [result[0].data.get_counts("meas"), result[1].data.get_counts("meas")].

E.Iterate the result's list of per-circuit results: [r.data.meas.get_counts() for r in result.results].

Show answer →
s7-q037 — answer

s7-q037 — answer

Correct: A

A PrimitiveResult is a sequence of pub results, one per circuit submitted, so the two series come from indexing it twice. Each pub result exposes its measurement data through .data, whose fields are named after the circuit's classical registers — measure_all creates one called meas — and BitArray.get_counts() turns that per-shot record into the tallies plot_histogram wants. Passing a list of two counts dictionaries is what makes the drawing an overlay of two executions.

Why the others are wrong:

B.Only one execution is passed while the legend still names two, and plot_histogram matches legend entries element-wise against the executions: it raises a VisualizationError about the legend length rather than drawing a second series.

C.get_counts does not live on the pub result. SamplerPubResult carries data and metadata; going straight to counts from it raises an AttributeError.

D.The data bin has no get_counts either — it is a container of named fields, so you reach the register first (data.meas) and call get_counts() on the BitArray it holds.

E.results is the Qiskit V1 result container. A PrimitiveResult is itself the sequence of pub results, so this attribute does not exist in the V2 primitives.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/guides/save-jobs

Next question →
s7-q038

s7-q038 · mcq · difficulty 2/3

An estimator job that swept one angle over four values has been retrieved, and the figure plots the series it returned against those angles. Which expression was plotted?

import matplotlib.pyplot as plt
from qiskit_ibm_runtime import QiskitRuntimeService

service = QiskitRuntimeService()
job = service.job(job_id)   # the four-angle estimator job, run earlier
result = job.result()       # a PrimitiveResult holding one pub result

plt.plot(angles, <expression>, marker="o")

[image: Line plot with four markers joined by a line, theta from 0 to about 3.1 on the x axis and expectation value on the y axis. The markers fall from about +0.97 through +0.53 and -0.41 to about -0.89, crossing a horizontal line drawn at zero.]

A.The per-point standard errors from the same data bin: result[0].data.stds.

B.The expectation values straight off the pub result: result[0].evs.

C.The expectation values from the pub result's data bin: result[0].data.evs.

D.The expectation values recorded in the pub's metadata: result[0].metadata["evs"].

E.The expectation values from the primitive result's own data bin: result.data.evs.

Show answer →
s7-q038 — answer

s7-q038 — answer

Correct: C

The Estimator's payload lives in the pub result's data bin: result[0] selects the pub, .data is its DataBin, and evs is the field holding one expectation value per broadcast element — here one per bound angle. That array is what the plotted curve traces from about +0.97 down to about -0.89.

Why the others are wrong:

A.stds is the companion field of the same data bin, but it holds the standard error of each point. Those values are two orders of magnitude smaller here, so plotting them would give a nearly flat line just above zero, not a curve crossing it.

B.The pub result itself carries only data and metadata; there is no evs attribute one level up, so this raises an AttributeError.

D.A pub's metadata records the target precision and the circuit metadata, not the results. Asking it for evs raises a KeyError.

E.PrimitiveResult is a sequence of pub results and has no data bin of its own — the pub has to be selected by index first, otherwise the attribute lookup fails.

Read more:
https://quantum.cloud.ibm.com/docs/guides/primitive-input-output
https://quantum.cloud.ibm.com/docs/api/qiskit/qiskit.primitives.DataBin
Questions — Section 8: Operate with OpenQASM

20 questions. Answers follow each question on the next page. Start →
s8-q010

s8-q010 · predict-output · difficulty 2/3

The circuit below is exported with qiskit.qasm3.dumps(qc) and the result is printed. Which string is printed exactly, character for character?

from qiskit import QuantumCircuit
from qiskit import qasm3

qc = QuantumCircuit(1, 1)
qc.h(0)
qc.measure(0, 0)

print(qasm3.dumps(qc))


A.``
OPENQASM 3.0;
include "stdgates.inc";
qubit[1] q;
bit[1] c;
h q[0];
c[0] = measure q[0];
``

B.``
OPENQASM 3;
include "stdgates.inc";
bit[1] c;
qubit[1] q;
h q[0];
c[0] = measure q[0];
``

C.``
OPENQASM 3.0;
include "stdgates.inc";
bit[1] c;
qubit[1] q;
h q[0];
c[0] = measure q[0];
``

D.``
OPENQASM 3.0;
include "stdgates.inc";
bit c;
qubit[1] q;
h q[0];
c = measure q[0];
``

E.``
OPENQASM 3.0;
include "stdgates.inc";
qreg q[1];
creg c[1];
h q[0];
measure q[0] -> c[0];
``

F.``
OPENQASM 3.0;
include "qelib1.inc";
bit[1] c;
qubit[1] q;
h q[0];
c[0] = measure q[0];
``

Show answer →
s8-q010 — answer

s8-q010 — answer

Correct: C

Qiskit's OpenQASM 3 exporter opens with the full version literal OPENQASM 3.0;, then include "stdgates.inc";, and then declares the circuit's registers classical first: the ClassicalRegister becomes bit[1] c; and the QuantumRegister becomes qubit[1] q;. Gate names are emitted exactly as they are spelled in stdgates.inc, which is lower-case h, and the measurement is an assignment, c[0] = measure q[0];.

Why the others are wrong:

A.Declaration order is reversed. The exporter walks the circuit's classical registers before its quantum registers, so bit[1] c; is emitted above qubit[1] q; -- the reverse order is a different string even though it would be an equally legal OpenQASM 3 program.

B.The version statement is written with the minor version: Qiskit emits OPENQASM 3.0;, not the bare OPENQASM 3; form that appears in much of the language specification's prose.

D.This assumes the exporter collapses a width-1 register to a scalar. It does not: a ClassicalRegister always becomes a sized bit[n] declaration, indexed on assignment, even when n == 1. The bare bit c; form with a scalar assignment is what a *loose* Clbit (one added with add_bits rather than as part of a register) would produce.

E.This assumes qasm3.dumps only swaps the version header. It does not: OpenQASM 3 replaces qreg/creg with qubit[n]/bit[n] and drops the measure ... -> ... arrow for an assignment, so a v2 body under a 3.0 header is never what the exporter emits.

F.qelib1.inc is the OpenQASM 2 standard-gate library. The v3 exporter includes stdgates.inc; the two files are version-specific and are not interchangeable.

Read more:
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm3
https://quantum.cloud.ibm.com/docs/api/qiskit/qasm3

Next question →
s8-q011

s8-q011 · mcq · difficulty 1/3

You have an open, writable text file object f and want to write the OpenQASM 3 representation of qc into that file. Which call does this correctly?

from qiskit import qasm3

# f is an open text file object, e.g. f = open("circuit.qasm", "w")
# qc is a QuantumCircuit
...  # which call?


A.qasm3.dumps(qc, f)

B.qasm3.dump(qc, f)

C.f.write(qasm3.dump(qc))

D.qasm3.dump(f, qc)

E.qasm3.dumps(qc, file=f)

F.qasm3.dump(qc, "circuit.qasm")

Show answer →
s8-q011 — answer

s8-q011 — answer

Correct: B

qasm3.dump(circuit, stream) serializes the circuit and writes it to the given file-like object, returning None. The circuit comes first, the stream second.

Why the others are wrong:

A.dumps (with the trailing 's', for 'string') returns the program as a str and takes only the circuit; passing a file object raises TypeError: dumps() takes 1 positional argument but 2 were given.

C.dump requires a stream argument, so qasm3.dump(qc) alone raises TypeError (missing 'stream'); dump also returns None, so it never yields text to hand to f.write.

D.The argument order is reversed. dump(circuit, stream) expects the circuit first; passing the file object as the circuit raises AttributeError because the stream has no .qubits.

E.dumps has no file parameter. Its keyword arguments are forwarded to the exporter object, so an unknown one raises TypeError: Exporter.__init__() got an unexpected keyword argument 'file' -- and dumps returns the text rather than writing it anywhere.

F.dump's second argument is the open stream itself, not a path: handed a string it calls .write on it and raises AttributeError: 'str' object has no attribute 'write'. The file-name habit comes from qasm2.load, the one call in this family that really does take a path.

Read more:
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm3
https://quantum.cloud.ibm.com/docs/api/qiskit/qasm3

Next question →
s8-q012

s8-q012 · mcq · difficulty 2/3

The variable program holds a complete OpenQASM 2 program as a Python string. Which call parses it into a QuantumCircuit?

from qiskit import qasm2

program = '''OPENQASM 2.0;
include "qelib1.inc";
qreg q[2];
creg c[2];
h q[0];
cx q[0], q[1];
measure q -> c;
'''

circuit = ...  # which call?


A.circuit = qasm2.loads(program)

B.circuit = qasm2.load(program)

C.circuit = qasm2.parse(program)

D.circuit = QuantumCircuit.from_qasm_file(program)

E.circuit = qiskit.qasm3.loads(program)

F.circuit = qasm2.load(io.StringIO(program))

Show answer →
s8-q012 — answer

s8-q012 — answer

Correct: A

qasm2.loads (string-'s') parses an OpenQASM 2 program supplied as a str and returns a QuantumCircuit. The whole qasm2 module follows the json/pickle naming convention: the ...s spelling works on strings, the bare spelling works on files.

Why the others are wrong:

B.qasm2.load expects a file name or path-like object, not the program text. Handed the program string it tries to open a file with that name and raises FileNotFoundError.

C.qasm2.parse is a submodule of qiskit.qasm2, not a callable function; qasm2.parse(program) raises TypeError: 'module' object is not callable.

D.This confuses the two legacy helpers. QuantumCircuit.from_qasm_str would accept program text, but from_qasm_file takes a path, so it raises FileNotFoundError here.

E.OpenQASM 2 text needs the OpenQASM 2 parser. qiskit.qasm3.loads is a different importer -- and one that is not even part of the qiskit package: without the optional qiskit-qasm3-import extension it raises MissingOptionalLibraryError before it ever looks at the text.

F.qasm2.load takes a file name or path-like object, not an already-open file object; it calls os.fspath on its argument, so a StringIO raises TypeError. The json analogy breaks here -- reading from an open handle is not part of the qasm2 API.

Read more:
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm2
https://quantum.cloud.ibm.com/docs/api/qiskit/qasm2

Next question →
s8-q013

s8-q013 · spot-bug · difficulty 2/3

This code builds a circuit with an if_test block and tries to export it to OpenQASM 2, but the export raises an error. Which single change makes the export succeed while representing the same conditional circuit?

from qiskit import QuantumCircuit, qasm2

qc = QuantumCircuit(1, 1)
qc.h(0)
qc.measure(0, 0)
with qc.if_test((qc.clbits[0], 1)):
    qc.x(0)

text = qasm2.dumps(qc)  # raises QASM2ExportError


A.Keep OpenQASM 2 and relax the exporter: qasm2.dumps(qc, strict=False).

B.Flatten the circuit first: qasm2.dumps(qc.decompose()).

C.Use the circuit's own string form directly: str(qc).

D.Export with qasm3.dumps(qc), whose target language has structured control flow.

E.Fall back to the legacy circuit method that predates the modules: qc.qasm().

F.Write to a file rather than a string: qasm2.dump(qc, f) instead.

Show answer →
s8-q013 — answer

s8-q013 — answer

Correct: D

if_test builds a control-flow operation, and OpenQASM 2 has no general if construct -- only the restricted if (creg == value) form on a whole classical register -- so the v2 exporter refuses with QASM2ExportError: 'OpenQASM 2 only supports register-equality conditions'. OpenQASM 3 does have structured control flow, so qasm3.dumps succeeds and emits an if (c[0]) { x q[0]; } block that represents the same conditional circuit.

Why the others are wrong:

A.strict is not a parameter of qasm2.dumps at all, so this raises TypeError. And no flag could help: the limitation is in the OpenQASM 2 language, not in the exporter's strictness.

B.decompose() expands one level of gate definitions; it does not touch control-flow operations, so the IfElseOp survives and qasm2.dumps raises the same QASM2ExportError.

C.str(qc) returns the ASCII art circuit drawing. It is not an OpenQASM program in either version and cannot be fed back to any importer.

E.QuantumCircuit.qasm() was removed in Qiskit 1.0 in favour of the qasm2/qasm3 modules, so this raises AttributeError. Even while it existed it emitted OpenQASM 2 and would have hit the same language limit.

F.dump and dumps share one exporter and one set of language restrictions; writing to a file changes the destination, not the target language. qasm2.dump(qc, f) raises the identical QASM2ExportError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/qasm-feature-table
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm3

Next question →
s8-q014

s8-q014 · predict-output · difficulty 1/3

The circuit below is exported with qiskit.qasm3.dumps(qc). Which line appears in the emitted program to record the measurement of qubit 0 into classical bit 0?

from qiskit import QuantumCircuit
from qiskit import qasm3

qc = QuantumCircuit(2, 2)
qc.h(0)
qc.cx(0, 1)
qc.measure(0, 0)
qc.measure(1, 1)

print(qasm3.dumps(qc))


A.measure q[0] -> c[0];

B.c[0] = measure(q[0]);

C.c[0] = measure q[0];

D.measure q[0], c[0];

E.c[0] -> measure q[0];

F.bit c[0] = measure q[0];

Show answer →
s8-q014 — answer

s8-q014 — answer

Correct: C

In OpenQASM 3, measure is an expression whose result is assigned to a classical bit: c[0] = measure q[0];. This assignment form replaces the OpenQASM 2 arrow syntax.

Why the others are wrong:

A.measure q[0] -> c[0]; is the OpenQASM 2 arrow syntax. OpenQASM 3 replaced it with an assignment.

B.measure is a quantum instruction keyword applied to a qubit operand, not a function call; there are no parentheses around the qubit.

D.OpenQASM 3 does not pair qubit and clbit with a comma; the target bit is written on the left of an assignment.

E.This keeps the OpenQASM 2 arrow token but points it the other way. OpenQASM 3 drops -> for measurement altogether; the target bit is joined to the measure expression with a plain =.

F.The type name belongs to the declaration (bit[2] c;), not to the measurement statement. Re-stating bit here is C-style thinking; the assignment simply names the already-declared bit.

Read more:
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm3
https://quantum.cloud.ibm.com/docs/api/qiskit/qasm3

Next question →
s8-q015

s8-q015 · mcq · difficulty 2/3

A teammate has a program text that starts with the line OPENQASM 3.0; and declares its registers as qubit[2] q; and bit[2] c;. They pass that text to qiskit.qasm2.loads. What happens?

from qiskit import qasm2

# program starts with 'OPENQASM 3.0;' and declares qubit[2] q; bit[2] c; ...
circuit = qasm2.loads(program)


A.qasm2.loads returns a QuantumCircuit: the version statement is informational, and the rest of the OpenQASM text parses cleanly.

B.It raises QASM2ParseError: the importer requires the exact header OPENQASM 2.0;.

C.qasm2.loads returns a QuantumCircuit in which the qubit/bit declarations have been rewritten as their qreg/creg equivalents.

D.It raises QASM3ImporterError, because stdgates.inc is not on the OpenQASM 2 include path.

E.It raises QASM2ParseError at the qubit[2] q; line, having accepted the header.

F.qasm2.loads sees the 3.0 header and hands the text to qiskit.qasm3.loads, returning a QuantumCircuit.

Show answer →
s8-q015 — answer

s8-q015 — answer

Correct: B

The two OpenQASM versions have entirely separate importers in Qiskit. qiskit.qasm2 implements the OpenQASM 2 grammar, and the very first thing its parser does is validate the version statement, so a 3.0 header aborts the parse immediately with QASM2ParseError: '<input>:1,9: can only handle OpenQASM 2.0, but given 3.0' -- the qubit/bit declarations are never even reached. OpenQASM 3 text must go to qiskit.qasm3.loads.

Why the others are wrong:

A.The version statement is not informational. The v2 grammar treats it as a checked token and rejects any value other than 2.0.

C.There is no v3-to-v2 translation layer. The importers are version-specific; nothing rewrites qubit/bit into qreg/creg.

D.QASM3ImporterError belongs to qiskit.qasm3, and include resolution happens well after the version check -- which is where this program actually fails.

E.The header is checked first, not last. The parse error is reported at line 1, column 9 and names both version numbers, so the qubit[2] q; declaration is never reached and cannot be what fails.

F.There is no version sniffing and no delegation. qiskit.qasm2 and qiskit.qasm3 are independent importers; picking the right one is the caller's job -- and qasm3.loads additionally needs the optional qiskit-qasm3-import package.

Read more:
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm2
https://quantum.cloud.ibm.com/docs/api/qiskit/qasm2

Next question →
s8-q016

s8-q016 · predict-output · difficulty 2/3

A QuantumCircuit with 2 qubits and 3 classical bits is exported with qiskit.qasm3.dumps. Which pair of declaration lines does the OpenQASM 3 output contain?

from qiskit import QuantumCircuit
from qiskit import qasm3

qc = QuantumCircuit(2, 3)  # 2 qubits, 3 clbits
qc.h(0)

print(qasm3.dumps(qc))


A.bit[3] c; and qubit[2] q;

B.bit[2] c; and qubit[3] q;

C.creg c[3]; and qreg q[2];

D.bit c[3]; and qubit q[2];

E.bit[2] c; and qubit[2] q;

F.int[3] c; and qubit[2] q;

Show answer →
s8-q016 — answer

s8-q016 — answer

Correct: A

OpenQASM 3 sizes a register by putting the width in brackets right after the type name: bit[3] c; for the 3-bit ClassicalRegister and qubit[2] q; for the 2-qubit QuantumRegister.

Why the others are wrong:

B.The widths are swapped: there are 3 classical bits and 2 qubits, so it must be bit[3] and qubit[2].

C.creg/qreg with the size after the name is OpenQASM 2 syntax, not OpenQASM 3.

D.bit c[3]; uses C-style array syntax. In OpenQASM 3 the width goes on the type (bit[3] c;), not on the identifier.

E.The classical register is not sized to the number of qubits. The circuit's 3 classical bits give bit[3] c;; each width is read from its own register.

F.int[n] is a classical *integer* type in OpenQASM 3, not a register of measurement bits. Qiskit exports a ClassicalRegister as bit[n].

Read more:
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm3
https://quantum.cloud.ibm.com/docs/guides/qasm-feature-table

Next question →
s8-q017

s8-q017 · mcq · difficulty 3/3

The single-qubit circuit below is given a non-zero global phase and one h gate, then round-tripped through OpenQASM 2: it is exported with qasm2.dumps and the resulting text is immediately re-imported with qasm2.loads to produce qc2. Which statement about that round trip is correct?

import math
from qiskit import QuantumCircuit, qasm2

qc = QuantumCircuit(1)
qc.global_phase = math.pi / 2
qc.h(0)

qc2 = qasm2.loads(qasm2.dumps(qc))


A.qc2 == qc holds: the exporter writes the phase as a gphase statement, which the OpenQASM 2 importer reads back into global_phase.

B.qasm2.dumps(qc) raises QASM2ExportError, because a non-zero global phase has no OpenQASM 2 representation at all.

C.qc2.global_phase still equals pi/2, but the h gate is absorbed into that phase and disappears from the circuit.

D.The gate sequence survives entirely unchanged, but qc2.global_phase is 0, so qc2 != qc.

E.The phase is folded into the gate, which is emitted as u(pi/2,0,pi) q[0];.

F.The export succeeds, but qasm2.loads then raises QASM2ParseError on the emitted gphase statement.

Show answer →
s8-q017 — answer

s8-q017 — answer

Correct: D

OpenQASM 2 has no syntax for a circuit-level global phase -- gphase is an OpenQASM 3 statement. Qiskit's v2 exporter therefore drops the phase silently instead of raising: the emitted text is just OPENQASM 2.0; include "qelib1.inc"; qreg q[1]; h q[0];. Re-importing gives a circuit with the same h gate but global_phase == 0, and because QuantumCircuit.__eq__ compares the global phase too, qc2 != qc. Global phase is unobservable on its own, but it matters once the circuit is used as a controlled sub-block.

Why the others are wrong:

A.gphase exists only in OpenQASM 3. Nothing in the emitted OpenQASM 2 text records the phase, so there is nothing for the importer to read back.

B.The export succeeds. Qiskit discards the unrepresentable phase quietly here; it raises QASM2ExportError for things it cannot express at all, such as general control flow.

C.It is the phase, not the gate, that is lost. Gate instructions map one-to-one onto OpenQASM 2 statements, so the h survives the round trip intact.

E.Nothing absorbs the phase. The emitted program still contains h q[0]; and no u(...) rewrite appears, because the exporter simply has nowhere to put a circuit-level phase in OpenQASM 2.

F.There is no gphase statement in the emitted text to choke on, so re-importing parses cleanly. The loss is silent at export time, not an error at import time.

Read more:
https://quantum.cloud.ibm.com/docs/guides/qasm-feature-table
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm2

Next question →
s8-q018

s8-q018 · mcq · difficulty 1/3

The same circuit is exported both ways: s2 = qasm2.dumps(qc) and s3 = qasm3.dumps(qc). Which statement about the include directive in each output is correct?

from qiskit import QuantumCircuit, qasm2, qasm3

qc = QuantumCircuit(2, 2)
qc.h(0)
qc.cx(0, 1)
qc.measure([0, 1], [0, 1])

s2 = qasm2.dumps(qc)
s3 = qasm3.dumps(qc)


A.Both s2 and s3 include "qelib1.inc".

B.s2 includes "stdgates.inc"; s3 includes "qelib1.inc" instead.

C.s2 includes "qelib1.inc"; s3 includes "stdgates.inc".

D.Both s2 and s3 include "stdgates.inc", the OpenQASM 3 gate library.

E.s2 includes "qelib1.inc"; s3 writes the gate definitions out in place of an include.

F.s2 includes "qelib1.inc"; s3 includes both "stdgates.inc" and "qelib1.inc".

Show answer →
s8-q018 — answer

s8-q018 — answer

Correct: C

Each OpenQASM version ships its own standard-gate include file. OpenQASM 2 output references qelib1.inc (the library from the original OpenQASM 2 paper), while OpenQASM 3 output references stdgates.inc.

Why the others are wrong:

A.qelib1.inc is specific to OpenQASM 2; the v3 exporter never emits it.

B.The two include files are real, but assigned to the wrong versions -- it is v2 to qelib1.inc and v3 to stdgates.inc.

D.stdgates.inc really is the OpenQASM 3 standard gate library, but the v2 exporter does not emit it; s2 reaches for qelib1.inc.

E.The v3 exporter does emit gate declarations, but only for gates the program itself defines; the standard library still arrives through include "stdgates.inc";.

F.Each output carries exactly one include, matching its own version. qelib1.inc is OpenQASM 2 syntax and would not parse under an OpenQASM 3 header, so there is no reason to emit both.

Read more:
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm2
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm3

Next question →
s8-q019

s8-q019 · mcq · difficulty 3/3

A circuit contains a user-defined gate mygate (built from a named sub-circuit and appended with to_gate()). When you call qiskit.qasm3.dumps(qc), how is mygate represented in the output?

from qiskit import QuantumCircuit
from qiskit import qasm3

sub = QuantumCircuit(1, name="mygate")
sub.rz(0.5, 0)
sub.h(0)

qc = QuantumCircuit(1)
qc.append(sub.to_gate(), [0])

print(qasm3.dumps(qc))


A.The gate body is inlined as its constituent rz(0.5)/h statements, leaving no gate declaration behind.

B.A gate mygate ... { ... } declaration is emitted, and each use of it becomes mygate q[0];.

C.qasm3.dumps raises QASM3ExporterError: gates outside stdgates.inc have no OpenQASM 3 representation.

D.mygate is resolved as a stdgates.inc gate, so the body calls it with no declaration written.

E.A gate declaration is emitted, but under a mangled name such as circuit_0.

F.The gate becomes an OpenQASM 2 style opaque mygate q[0]; declaration, with its gate body omitted.

Show answer →
s8-q019 — answer

s8-q019 — answer

Correct: B

OpenQASM 3 has first-class user gate definitions, and Qiskit's exporter uses them: it emits a gate mygate _gate_q_0 { rz(0.5) _gate_q_0; h _gate_q_0; } block before the register declarations and then calls mygate q[0]; in the body. The abstraction is preserved rather than flattened, which is why an exported program stays as readable as the circuit that produced it.

Why the others are wrong:

A.Inlining is what a transpiler pass such as decompose() would do. The exporter does not flatten the instruction; the rz/h pair appears inside the gate block, not in the circuit body.

C.Custom gate declarations are ordinary OpenQASM 3, so nothing raises. (Hardware execution is a separate matter -- the circuit must still be transpiled to the backend ISA first.)

D.mygate is not in stdgates.inc; nothing would define it for a reader of the program, which is exactly why the exporter has to write the declaration out.

E.The declaration keeps the name the sub-circuit was given -- the emitted line is gate mygate _gate_q_0 { ... }. It is the gate's *parameters* that get generated names (_gate_q_0), not the gate itself.

F.opaque is the OpenQASM 2 device for declaring a gate with no body. OpenQASM 3 has real gate definitions and Qiskit uses them, so the exported program carries the rz/h body rather than an opaque stub.

Read more:
https://quantum.cloud.ibm.com/docs/guides/qasm-feature-table
https://quantum.cloud.ibm.com/docs/api/qiskit/qasm3

Next question →
s8-q020

s8-q020 · predict-output · difficulty 2/3

A circuit uses an unbound Parameter named theta and is exported with qiskit.qasm3.dumps. Which declaration line does the OpenQASM 3 output contain for theta?

from qiskit import QuantumCircuit
from qiskit.circuit import Parameter
from qiskit import qasm3

theta = Parameter("theta")
qc = QuantumCircuit(1)
qc.rx(theta, 0)

print(qasm3.dumps(qc))


A.input float[64] theta;

B.float[64] theta;

C.input angle theta;

D.parameter theta;

E.input float theta;

F.input double theta;

Show answer →
s8-q020 — answer

s8-q020 — answer

Correct: A

Qiskit's OpenQASM 3 exporter represents an unbound Parameter as a program input of type float[64], emitting input float[64] theta;. input marks a value supplied at run time, and float[64] is a classical scalar type.

Why the others are wrong:

B.Omitting the input modifier would declare an ordinary (uninitialized) local variable, not a run-time input. The exporter marks unbound parameters as input.

C.Although gate rotation angles are conceptually angles, Qiskit exports unbound parameters as float[64], not the angle type.

D.parameter is not an OpenQASM 3 keyword; run-time-supplied values use the input modifier.

E.OpenQASM 3's float is a sized type and Qiskit emits the width explicitly, so a bare float never appears in the program text.

F.double is a C type, not an OpenQASM 3 one. Widths are written on the type in brackets, so the double-precision scalar is spelled float[64].

Read more:
https://quantum.cloud.ibm.com/docs/guides/qasm-feature-table
https://quantum.cloud.ibm.com/docs/api/qiskit/qasm3

Next question →
s8-q021

s8-q021 · mcq · difficulty 2/3

A deployment installs the qiskit package but not the optional qiskit-qasm3-import package. On that machine a script imports qiskit.qasm3, exports a circuit with dumps, and later reads a program back with loads. What is the outcome of the two calls?

from qiskit import QuantumCircuit, qasm3

qc = QuantumCircuit(1, 1)
qc.h(0)
qc.measure(0, 0)

text = qasm3.dumps(qc)      # export direction
back = qasm3.loads(text)    # import direction


A.Both calls succeed: qiskit.qasm3 ships a self-contained exporter and importer, and the extra package only makes parsing faster.

B.loads succeeds but dumps raises MissingOptionalLibraryError, because writing OpenQASM 3 is the direction that needs the extra package.

C.Both calls raise MissingOptionalLibraryError, since the entire qiskit.qasm3 module is a thin wrapper around qiskit-qasm3-import.

D.dumps succeeds and returns the program text, while loads raises MissingOptionalLibraryError -- only the import direction depends on qiskit-qasm3-import.

E.Both calls succeed, but loads emits a UserWarning advising you to install qiskit-qasm3-import for wider grammar coverage.

F.dumps succeeds and loads raises QASM3ImporterError rather than MissingOptionalLibraryError, because the parser ships with Qiskit but is incomplete.

Show answer →
s8-q021 — answer

s8-q021 — answer

Correct: D

The OpenQASM 3 exporter is written in Qiskit itself, so qasm3.dump/dumps work with nothing more than qiskit installed. The importer is not: qasm3.load/loads delegate to the separately distributed qiskit-qasm3-import package and are guarded by a lazy dependency check, so without it they raise MissingOptionalLibraryError: "The \'qiskit_qasm3_import\' library is required to use \'loading from OpenQASM 3\'". This asymmetry is specific to OpenQASM 3 -- qiskit.qasm2 implements both directions natively.

Why the others are wrong:

A.Assumes symmetry with qiskit.qasm2, which does ship both directions. For OpenQASM 3 the importer genuinely is not part of the qiskit package, and the dependency is functional, not a speed-up.

B.The asymmetry runs the other way. Export is the native side; it is reading OpenQASM 3 that needs the third-party parser.

C.qiskit.qasm3 itself is part of Qiskit -- importing the module always works, and so does the whole exporter. Only the two loading entry points are gated.

E.There is no warning path because there is no fallback parser: loads sits behind a hard dependency check and raises. Nothing inside qiskit can parse OpenQASM 3 on its own.

F.QASM3ImporterError is what qiskit-qasm3-import raises when it *is* installed and the program is bad. With the package absent the failure happens earlier, in the optional-dependency guard, as MissingOptionalLibraryError.

Read more:
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm3
https://quantum.cloud.ibm.com/docs/guides/qasm-feature-table

Next question →
s8-q022

s8-q022 · multi · difficulty 3/3

The IBM Quantum documentation publishes an OpenQASM 3 feature table whose *Qiskit SDK* column marks a feature supported only if it can be parsed by qiskit.qasm3.loads (through the qiskit-qasm3-import extension), represented in a QuantumCircuit, and exported by qiskit.qasm3.dumps. Reading that column and its notes for classical-type declarations, select the THREE correct statements. (Select all that apply.)


A.An int[n] declaration is parsed into a native Python integer variable.

B.A bit[n] declaration is supported, and corresponds to a ClassicalRegister.

C.A standalone angle declaration is parsed into a Qiskit Parameter object.

D.complex is marked unsupported: the Qiskit SDK can neither parse nor represent it.

E.A const declaration is parsed and constant-folded into the gate parameters.

F.duration and stretch declarations cannot be parsed by the importer.

Show answer →
s8-q022 — answer

s8-q022 — answer

Correct: B, D, F

Three rows of the table's Qiskit SDK column carry these verdicts. bit is marked fully supported and note 3 states that bit- and bit[n]-typed declarations correspond to Clbit and ClassicalRegister (B). complex is marked unsupported in both the Qiskit SDK and the Runtime columns -- there is no Qiskit-side representation for it at all (D). And note 6 says in as many words that the SDK does not support parsing declarations of type duration or type stretch from OpenQASM 3 files (F). The wider pattern to remember: Qiskit's OpenQASM 3 *importer* is much narrower than its exporter -- note 4 records that it does not parse classical variable declarations in general, even where Qiskit can represent and export the corresponding value.

Why the others are wrong:

A.int carries a cross in the Qiskit SDK column. It is a genuine OpenQASM 3 type that IBM hardware can execute, but the importer will not parse the declaration into anything, Python int included.

C.angle is listed with the Qiskit-side feature 'Implicit, as gate parameters' and a cross: angles reach Qiskit only as arguments of gate calls, never as standalone declarations bound to Parameters.

E.This conflates two different rows. The constants pi/tau/euler are constant-folded into gate parameters and are supported; const *declarations* are a separate row, marked unsupported.

Read more:
https://quantum.cloud.ibm.com/docs/guides/qasm-feature-table
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm3

Next question →
s8-q023

s8-q023 · mcq · difficulty 1/3

You are calling the Qiskit Runtime REST API directly, for example with curl. How is your credential presented on each request?


A.In an X-API-Key: <API_KEY> header carrying the API key created on the IBM Quantum Platform dashboard.

B.In an Authorization: Bearer <TOKEN> header, where <TOKEN> is an IBM Cloud IAM access token.

C.With HTTP Basic authentication: Authorization: Basic <base64(user:password)>.

D.As a query parameter on the request URL, such as /api/v1/jobs?apikey=<API_KEY>.

E.In an Authorization: Bearer <API_KEY> header, sending the IBM Cloud API key itself as the bearer token.

F.In the Service-CRN header that names the Qiskit Runtime instance, which doubles as the credential.

Show answer →
s8-q023 — answer

s8-q023 — answer

Correct: B

Requests carry an IBM Cloud Identity and Access Management (IAM) bearer token in the Authorization header, in the form Authorization: Bearer <TOKEN>. The documented curl calls pair it with a Service-CRN header naming the Qiskit Runtime instance and an IBM-API-Version header pinning the API version. The token itself is not your API key: you mint it by exchanging the key at the IAM token endpoint.

Why the others are wrong:

A.X-API-Key is a common convention elsewhere, but not here. The raw key never travels on Runtime API calls; it is exchanged for a short-lived bearer token first.

C.Basic authentication carries a user name and password pair. The Runtime REST API is IAM-based and expects the Bearer scheme instead.

D.Credentials belong in headers. Query strings are logged by proxies and server access logs, and the API does not read a credential from the URL in any case.

E.Right header, wrong credential. The API key is what you present *to IAM*; the Bearer value is the short-lived access token IAM hands back in exchange for it.

F.Service-CRN does travel with every Runtime REST call, but it identifies which instance to run and bill on -- it is not a secret and it authenticates nothing. The credential rides in Authorization.

Read more:
https://quantum.cloud.ibm.com/docs/guides/cloud-setup-rest-api
https://quantum.cloud.ibm.com/docs/api/qiskit-runtime-rest

Next question →
s8-q024

s8-q024 · mcq · difficulty 1/3

You are driving the Qiskit Runtime REST API from your own HTTP client. How do you submit a Sampler primitive job?


A.Send an HTTP POST to /api/v1/jobs with "program_id": "sampler" in the JSON request body.

B.Send an HTTP GET to /api/v1/jobs?primitive=SamplerV2 and read the new job from the response.

C.Send an HTTP POST to a dedicated /api/v1/sampler endpoint, with the PUBs in the body.

D.Send an HTTP POST to /api/v1/jobs with program_id set to the class name "SamplerV2".

E.Send an HTTP POST to /api/v1/jobs naming the primitive in a primitive_id field of the body.

F.Send an HTTP PUT to /api/v1/jobs/<id> with "program_id": "sampler", creating the job under an id you pick.

Show answer →
s8-q024 — answer

s8-q024 — answer

Correct: A

Every primitive job is created by posting to the single /api/v1/jobs endpoint. The JSON body selects the primitive through program_id, whose documented values are the lower-case service names sampler and estimator; alongside it go backend and a params object holding the PUBs, with each circuit supplied as an OpenQASM 3 string. The response returns the job id, which you then poll for status and results.

Why the others are wrong:

B.Creating a job changes server state, so it is a POST. GET /api/v1/jobs is the *listing* endpoint, and the primitive is never chosen through a query parameter.

C.There is no per-primitive endpoint. One job endpoint serves both primitives, distinguished only by the program_id field.

D.SamplerV2 is the Python class name in qiskit-ibm-runtime. Over REST the field takes the service-side program name, which is the lower-case sampler.

E.The body field is program_id, not primitive_id, and its value is the service-side program name (sampler or estimator), not a separate primitive selector.

F.Job ids are assigned by the service and come back in the POST response; there is no client-chosen id and no PUT route for creating a job.

Read more:
https://quantum.cloud.ibm.com/docs/guides/sampler-rest-api
https://quantum.cloud.ibm.com/docs/api/qiskit-runtime-rest/tags/jobs

Next question →
s8-q025

s8-q025 · multi · difficulty 2/3

Your client authenticates to the Qiskit Runtime REST API with an IBM Cloud IAM bearer token in the Authorization header. Select the TWO correct statements about that token. (Select all that apply.)


A.It is your IBM Cloud API key itself, sent verbatim after the Bearer keyword.

B.It arrives in the access_token field of the response body of your first POST /api/v1/jobs call, so the first job doubles as a login.

C.You mint it by POSTing to https://iam.cloud.ibm.com/identity/token with grant_type=urn:ibm:params:oauth:grant-type:apikey and your API key.

D.Once issued it stays valid indefinitely, so a long-running client can hold on to a single token.

E.It is short-lived: the token response reports expires_in of 3600 seconds, after which you request a fresh one.

F.It is scoped to one Qiskit Runtime instance -- the one named by the Service-CRN header -- so a client working with two instances mints a separate token for each.

Show answer →
s8-q025 — answer

s8-q025 — answer

Correct: C, E

The API key and the bearer token are two different credentials. The long-lived key is exchanged at the IBM Cloud IAM token endpoint -- a form-encoded POST to https://iam.cloud.ibm.com/identity/token carrying grant_type=urn:ibm:params:oauth:grant-type:apikey and apikey=<your key> (C). What comes back is a short-lived credential: the documented response reports "expires_in": 3600, and the reference describes a bearer token as a temporary credential that expires after no more than one hour, so a long-running client has to refresh it (E). Read expires_in from the response rather than hard-coding an interval.

Why the others are wrong:

A.This is the single most common REST mistake: the key authenticates you *to IAM*, and only the token IAM returns goes into the Authorization header.

B.Job submission requires a valid token to succeed at all, so it cannot be the thing that issues one. The token comes from the separate IAM endpoint, before any Runtime call.

D.Bearer tokens carry an expiry. Holding one indefinitely produces 401 Unauthorized responses once the hour is up.

F.The IAM token is an account-level credential and carries no instance scope. Which Qiskit Runtime instance a call targets is chosen by the separate Service-CRN header, so one token serves as many instances as your account can reach.

Read more:
https://quantum.cloud.ibm.com/docs/guides/cloud-setup-rest-api
https://quantum.cloud.ibm.com/docs/api/qiskit-runtime-rest

Next question →
s8-q026

s8-q026 · mcq · difficulty 2/3

You are reviewing a hand-written OpenQASM 3 program and want to keep only declarations the language actually defines. Exactly one of the following lines is a legal classical declaration in OpenQASM 3. Which one?

OPENQASM 3.0;
include "stdgates.inc";
qubit[2] q;
bit[2] c;
// ... one of the following declarations follows


A.char flag;

B.complex[64] amp;

C.real[64] theta;

D.angle[16] phi;

E.string label;

F.unsigned[8] shots;

Show answer →
s8-q026 — answer

s8-q026 — answer

Correct: D

angle is one of OpenQASM 3's four *special* classical types — the ones with no C equivalent — alongside bit, duration and stretch; the standard ones are bool, int, uint, float and complex. Sized types carry their width in a designator, so angle[16] phi; declares a 16-bit fixed-point angle, interpreted modulo 2π and promoted like an unsigned integer when mixed with other angles. Everything else in the language's classical inventory follows the same type[size] name; shape: int[32] n;, uint[8] k;, float[64] x;, bit[4] c;.

Why the others are wrong:

A.There is no character type in OpenQASM 3: the language has no text data at all, so nothing like char or a character literal exists.

B.Right type, wrong designator. A complex number is declared complex[float[size]] amp; — the designator names the floating-point type used for the two components — and a bare complex is shorthand for complex[float]. A raw bit width in the brackets is not accepted.

C.real is the Verilog/VHDL spelling. OpenQASM 3 calls its floating-point type float, declared as float[64] theta;.

E.There is no string type. The only place quoted text appears is the include "stdgates.inc"; directive and bit-literal initializers such as bit[8] b = "00001111";.

F.The unsigned integer type is spelled uint, so this would be uint[8] shots;. C's unsigned modifier is not part of the grammar.

Read more:
https://openqasm.com/versions/3.0/language/types.html
https://quantum.cloud.ibm.com/docs/guides/qasm-feature-table

Next question →
s8-q027

s8-q027 · mcq · difficulty 2/3

OpenQASM 3 promotes some values implicitly and demands an explicit cast for others, and a few conversions it refuses outright. Which statement about its casting and declaration rules is correct?


A.In x + y where x is int[32] and y is float[64], y is truncated to int[32] before the addition happens.

B.A scalar bit cannot stand in for a bool in an expression; an explicit cast is required in either direction.

C.A duration can be cast to float with float(d), yielding its length in seconds.

D.The width in a declaration such as int[n] k; may be any expression, including one whose value is known at run time.

E.A bit[n] value casts to uint[m] only when the two widths match; otherwise you have to slice it first.

F.Casting a float to angle[m] truncates the value toward zero.

Show answer →
s8-q027 — answer

s8-q027 — answer

Correct: E

Conversions between bit registers and integers are pure re-interpretations of a bit pattern — the bits are read as a little-endian two's-complement value — so the language allows them only when no bits would be invented or discarded: bit[n] casts to int[m]/uint[m] only when m == n, and the same width rule governs the reverse direction and bit[n] to angle[m]. If the widths differ you slice the register first. Contrast that with the ordinary numeric types, where the promotion order complex > float > int/uint (and wider beats narrower) silently converts the lesser operand of a binary operation to the greater.

Why the others are wrong:

A.Promotion runs the other way: in a binary operation the LESSER type is cast to the greater, so the int[32] becomes a float[64] and the sum is a float. Truncation only happens on an explicit cast to an integer type.

B.bool and scalar bit are interchangeable as values — wherever a value implicitly casts to bool it also casts to bit, and vice versa. The width rule above applies to bit[n] registers, not to the single-bit case.

C.Casting to or from duration is not allowed at all. To get a number out of a duration you divide it by another duration (float a = d / 1ns;), which is a division that yields a plain float, not a cast.

D.Type widths are compile-time information: the designator has to be a const expression, which is exactly why the language defines const and constant-folds operations on const operands.

F.A float converts to angle[m] by taking the nearest representable value modulo 2π, with ties resolved toward a zero least-significant bit. Truncation toward zero is what a cast to an integer type does.

Read more:
https://openqasm.com/versions/3.0/language/types.html
https://quantum.cloud.ibm.com/docs/guides/qasm-feature-table

Next question →
s8-q028

s8-q028 · mcq · difficulty 1/3

A pipeline with no Qiskit installed drives Runtime over plain HTTPS. It has already submitted an Estimator job with POST https://quantum.cloud.ibm.com/api/v1/jobs, kept the id from the response, and polled until the job reached a terminal state. Which request now returns the primitive result itself?

curl -X POST 'https://quantum.cloud.ibm.com/api/v1/jobs' \
  -H 'Authorization: Bearer <TOKEN>' \
  -H 'Service-CRN: <CRN>' \
  -H 'IBM-API-Version: <YYYY-MM-DD>' \
  -H 'Content-Type: application/json' \
  --data-raw '{ "program_id": "estimator", ... }'
# response: { "id": "<JOB_ID>" }   -> now fetch the result


A.GET /api/v1/jobs/{id} — the job-details response embeds the result once the job is done.

B.POST /api/v1/jobs/{id}/results — the result is produced by posting the job id back to the results endpoint.

C.GET /api/v1/jobs/{id}/results — the endpoint that returns the final result of that job.

D.GET /api/v1/jobs/{id}/metrics — the metrics endpoint carries the result payload next to the timings.

E.GET /api/v1/results/{id} — results live in a top-level collection of their own, keyed by job id.

F.GET /api/v1/jobs/{id}/logs — the log endpoint streams back the result data as the job produces it.

Show answer →
s8-q028 — answer

s8-q028 — answer

Correct: C

Results have their own sub-resource under the job: GET /api/v1/jobs/{id}/results returns the final result of that job. It is a plain GET carrying the same three headers every Runtime REST call needs — Authorization: Bearer <token> (an IAM token, not your API key), Service-CRN identifying the instance, and IBM-API-Version — plus Accept: application/json; only requests with a body add Content-Type. The rest of the jobs family follows the same shape: GET /api/v1/jobs lists jobs, GET /api/v1/jobs/{id} returns details, GET /api/v1/jobs/{id}/logs and /metrics return logs and metrics, POST /api/v1/jobs/{id}/cancel cancels, and DELETE /api/v1/jobs/{id} removes a job that has already reached a terminal state.

Why the others are wrong:

A.This is the *details* endpoint: it reports the job's status, backend, program id, tags and timestamps. The result data is a separate sub-resource, which is why polling this endpoint never yields the expectation values.

B.Wrong verb. Submitting work is the only POST in this flow (POST /api/v1/jobs); retrieving is a GET, and there is no operation that re-posts an id to produce a result.

D./metrics reports execution bookkeeping — timestamps and usage — for the job. Useful for accounting, empty of primitive data.

E.Results are not a top-level collection; every result is addressed through its job. There is no /api/v1/results path.

F./logs returns the job's log output, the REST counterpart of job.logs(). It is diagnostic text, not the PUB results, and it is not a stream.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit-runtime-rest
https://quantum.cloud.ibm.com/docs/api/qiskit-runtime-rest/tags/jobs

Next question →
s8-q029

s8-q029 · predict-output · difficulty 2/3

Which figure is the mpl rendering of the circuit this OpenQASM 2 program loads into?

from qiskit import QuantumCircuit

program = """
OPENQASM 2.0;
include "qelib1.inc";
qreg a[2];
creg m[2];
h a[0];
cx a[0], a[1];
measure a -> m;
"""

QuantumCircuit.from_qasm_str(program).draw(output="mpl")


A.[image: Circuit diagram with quantum wires labelled a_0 and a_1 and one bundled classical wire labelled m of width 2: an H box on a_0, a CX controlled by a_0 with its target on a_1, then a measurement on a_0 landing on classical bit 0 and a measurement on a_1 landing on classical bit 1.]


B.[image: Circuit diagram with quantum wires labelled q_0 and q_1 and one bundled classical wire labelled c of width 2: an H box on q_0, a CX controlled by q_0 with its target on q_1, then a measurement on q_0 landing on classical bit 0 and a measurement on q_1 landing on classical bit 1.]


C.[image: Circuit diagram with quantum wires labelled a_0 and a_1 and one bundled classical wire labelled m of width 2: an H box on a_0, a CX controlled by a_0 with its target on a_1, then a measurement on a_0 landing on classical bit 1 and a measurement on a_1 landing on classical bit 0.]


D.[image: Circuit diagram with quantum wires labelled a_0 and a_1 and one bundled classical wire labelled m of width 2: an H box on a_0, a CX controlled by a_1 with its target on a_0, then a measurement on a_0 landing on classical bit 0 and a measurement on a_1 landing on classical bit 1.]


E.[image: Circuit diagram with quantum wires labelled a_0 and a_1 and one bundled classical wire labelled m of width 2: an H box on a_0, a CX controlled by a_0 with its target on a_1, then a single measurement on a_0 landing on classical bit 0.]


Show answer →
s8-q029 — answer

s8-q029 — answer

Correct: A

The loader keeps the program's own declarations: qreg a[2] and creg m[2] become a quantum register named a and a classical register named m, which is what the drawer prints on the wires. measure a -> m; is the register-wide form and expands element by element in order, so a[0] is measured into m[0] and a[1] into m[1] — two measurement arrows, in index order, onto the bundled classical wire.

Why the others are wrong:

B.Register names assumed to be normalised: the loader creates registers with the names the file declares, so the wires read a_0, a_1 and m. Default q/c names appear only when the circuit was built in Python without named registers.

C.Bit order inverted: the register-wide measure pairs equal indices, a[i] into m[i]. The little-endian convention affects how a bitstring is printed, not which classical bit a measurement writes to.

D.cx operands read backwards: OpenQASM writes control first and target second, so cx a[0], a[1] puts the control dot on a_0. This drawing is what cx a[1], a[0]; would give.

E.Register-wide measure read as a single-qubit statement: measure a -> m; broadcasts over the whole register, so both qubits are measured. One arrow only would require naming a single element, as in measure a[0] -> m[0];.

Read more:
https://quantum.cloud.ibm.com/docs/api/qiskit/qasm2
https://quantum.cloud.ibm.com/docs/guides/interoperate-qiskit-qasm2
