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Objectives of this Seminar

Objectives

• Independent understanding of a scientific research article
• Describe the problem(s) considered in the article and the necessary background
• Explain relevant research results at an adequate level of detail
• Acquire, read, and understand related literature
• Write a concise report and give an oral presentation covering the above points
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Requirements on Report

Your report

• Independent writing of a concise report of two pages
– Can use the LATEX template provided on the website
– Must be understandable to everyone in this room

• First milestone: detailed outline & 20% of technical content written
– Get a deep understanding of your topic — we will ask you about it!
– Provide overview of structure (section headers, main definitions/theorems)

• Correct spelling and grammar is required; use German or English
– We abort correction if there are too many errors

• Wise use of generative AI
– e.g. just for grammar correction

• Second milestone: 100% done
– Complete and correctly cited set of references to all consulted literature
– Additional content can be put into an appendix (optional)
– References and appendices do not count for the page limit

• Third milestone: submission of final (“camera-ready”) version
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Requirements on Presentation

Your presentation

• Total duration: 30 minutes (20 minutes presentation time + 10 minutes for Q&A)
• Finish in time – overtime is bad
• Focus your talk on the audience, abstract away from details as necessary
• Descriptive slides (LATEX template on website, can also use other software)
• ≤ 15 lines of text per slide, use colors, number your slides, correct spelling
• Prepare for expected questions, e.g., with backup slides

The presentation and Q&A make up at least half of the grade!
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Important Dates

Deadlines

• October 15: Topic preferences due
• November 16: Detailed outline with 20% content due
• December 7: Full report due
• January 7: Presentation slides due
• January 18–21 (?): Seminar talks

Important

• Missing a deadline causes immediate exclusion from the seminar.
• You have up to one week (!) to refrain from participating in this seminar (after topic assignment).
• Later cancellation (by you or by us) causes a not passed for this seminar and reduces your (three) tries by one.
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Selecting Your Topic

Procedure

• Enter the poll in the link you will receive via e-mail after this event
– https://terminplaner.dfn.de/public/bookings/08f92d33-608e-4a20-8d6e-5a1333adac12
– Give preferences and/or nickname, if applicable
– Do this until Thursday, October 15

• We do our best to find a good topic-student assignment
– It helps to indicate several topics

• Assignment will be announced on Friday, October 16
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Probabilistic Programming
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Topics on Probabilistic Programming

Differential Privacy via Probabilistic Verification
• Krishnendu Chatterjee, Ehsan Kafshdar Goharshady, Dorde Žikelić: SuperDP: Differential Privacy Refutation via

Supermartingales, PLDI 2026
• Differential privacy: formal concept that tackles the problem of extracting statistical information about a dataset without

compromising the privacy of individual data subjects.
• Paper about refuting ε-differential privacy using expectation witnesses and super-/submartingales.

Lower Bounds for Probabilistic Programs
• Satoshi Kura, Hiroshi Unno, Takeshi Tsukada Supermartingales for Unique Fixed Points: A Unified Approach to Lower Bound

Verification, PLDI 2026
• Many quantitative properties of probabilistic programs can be characterized as least fixed points.
• Paper uses generalized ranking supermartingales to establish unique fixed points, yielding lower bounds for termination

probabilities, expected runtime, etc.

Understanding SMT Solver Behaviour
• Jonáš Fiala, Peter Müller: SMTScope: Automated and Efficient Analysis of SMT Traces, TACAS 2026
• SMT solvers (such as Z3) enable the automated verification of complex software, but also cause performance problems,

proof brittleness, and spurious errors.
• Paper analyses and visualizes Z3 traces to diagnose quantifier instantiations, matching loops, and lurking axioms.
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Motivation
NN Verification

● Verification guarantees robustness to 
perturbations

○ Formal process, sound bounds on network 
behavior

● Novelty Detection identifies 
unexpected inputs

○ Heuristic approach
○ Aims to avoid “guessing” for inputs the 

network wasn’t trained on

• Verification guarantees robustness to perturbations
– Formal process, sound bounds on network behaviour

• Novelty Detection identifies unexpected inputs
– Heuristic approach
– Aims to avoid “guessing” for inputs the network was not trained on
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Topics on Verification of Neural Networks

Reusing Knowledge in Neural Network Verification
• Raya Elsaleh, Liam Davis, Haoze Wu, Guy Katz: Incremental Neural Network Verification via Learned Conflicts, FMCAD 2026
• Can information from one neural network verification query be reused for solving other closely related queries?
• The paper shows a way to do this using learned conflict clauses and proves soundness of the application of this to

branch-and-bound in neural network verification by constructing refinement relations.

Equivalence Verification of Neural Networks
• Samuel Teuber, Philipp Kern, Marvin Janzen, Bernhard Beckert: Revisiting Differential Verification: Equivalence Verification

with Confidence, TACAS 2025
• Can we prove that a modified neural network (e.g., after pruning or retraining) still behaves equivalently to the original neural

network?
• The paper uses differential reasoning over a novel abstract domain to reason directly about differences between the two

networks and investigates which notions of equivalence can be verified efficiently.

18 of 24 Trends in Computer-Aided Verification
Thomas Noll, Xaver Fink, Philipp Schroer

Winter 2026/27

https://arxiv.org/abs/2603.12232
https://link.springer.com/chapter/10.1007/978-3-031-90653-4_13
https://link.springer.com/chapter/10.1007/978-3-031-90653-4_13


Outline

Overview

Aims of this Seminar

Important Dates

A. Probabilistic Programming [Philipp Schroer]

B. Verification of Neural Networks [Xaver Fink – remote!]

C. Analysing Quantum Software [Thomas Noll]

Final Hints

19 of 24 Trends in Computer-Aided Verification
Thomas Noll, Xaver Fink, Philipp Schroer

Winter 2026/27



A Quantum Program

3 0  J A N U A R Y  2 0 2 4 Q U A N T U M  C O M P U T I N G  &  V E R I F I C A T I O N 11[Shor‘s Algorithm, Wikipedia] 



1. Detecting Quantum Bugs using LintQAnalyzing !antum Programs with LintQ: A Static Analysis Framework for Qiskit 95:11

1 qc = QuantumCircuit (2, 2)
2 qc.h(1)
3 qc.cx(1, 0)
4 qc.measure(0, 0)
5 qc.measure(1, 1)
6 qc.z(0) # Problem: Qubit 0 has collapsed
7 qc.measure(0, 0)

1 from Measurement m, Gate g, int q
2 where
3 mayFollowDirectly(m, g, q)
4 and not g.isConditional ()
5 select gate , "Gate after measurement

on qubit " + q

Fig. 6. Operation a"er measurement example (le") and its analysis (right).

1 qc = QuantumCircuit (2, 2)
2 qc.h(q[0])
3 qc.cx(q[0], q[1])
4 # Problem: Implicitly creates a new

classical register
5 qc.measure_all ()
6 job = execute(qc,backend ,shots =1000)
7 result = job.result ().get_counts(qc)
8 # output: {'00 00': 487, '11 00': 513}

1 from
2 QuantumCircuit c, MeasurementAll m
3 where c = m.getQuantumCircuit () and
4 c.getNumberOfClassicalBits () > 0
5 and m.createsNewRegister ()
6 select m, "measure_all () with classical

register"

Fig. 7. Measure all abuse example (le") and its analysis (right).

Measure all abuse. In Qiskit, the API call measure_all with default arguments is used to
measure all the qubits of a program and store the result in a classical register that is generated
on the !y. Calling measure_all on a circuit that already contains a classical register may cause a
silent problem since the output string would include additional output registers, while the original
classical register would likely end up being empty, initialized with all zeros. Figure 7 (left) shows
an example, where the output bitstring has four bits instead of two, because of the newly added
register. Note that although the developer might still be able to correctly interpret the longer
string, it is a waste of register space and might lead to unexpected results. Analysis: The query
searches for a use of measure_all on a QuantumCircuit that has a classical register. This chain of
relationships is handled by LintQ abstractions, as shown in Figure 7 (right). Note that, thanks to our
abstractions, LintQ knows that the circuit has classical bits even if a ClassicalRegister object
is not explicitly instantiated, but it gets this information indirectly when creating the circuit, i.e.,
QuantumCircuit(2, 2). Ultimately, we use an auxiliary predicate to ensure that the measure_all
gate indeed creates a new register, which happens when it gets called with default arguments, i.e.
whenever the argument is not add_bits=False.

Conditional gate without measurement. In quantum programming, conditional gates play
a crucial role in introducing conditional behavior into quantum circuits. A conditional gate is
applied to a target qubit only when a condition expressed through a classical bit is satis"ed. For
example, qc.h(0).c_if(creg, 0) applies the h gate only if the classical register creg contains
the value 0. However, applying a conditional gate without any preceding measurement that stores
a value into the classical bit(s) used in the condition essentially means a constant condition, which
usually is not the programmer’s intention. Analysis: The query searches for a conditional gate
in a circuit in which all measurements are applied after the conditional gate, i.e., no preceding
measurement exists. For better precision, the query excludes warning raised on circuits involved in
circuit compositions, because those circuits might be composed with others that have a preceding
measurement.

Constant classical bit. Whenever a qubit is manipulated, it is impossible to know its value
without measuring it. In contrast, if a qubit is never modi"ed, its state remains in the initial default
state, i.e., 0, and thus any measurements of it will certainly return a constant value. Analysis:
The query searches for a measurement on a qubit for which there is no preceding gate applied
on it. To reduce false positives, it also excludes cases where the circuit has Subcircuits or an
UnknownQuantumOperator.

Proc. ACM Softw. Eng., Vol. 1, No. FSE, Article 95. Publication date: July 2024.

• Matteo Paltenghi, Michael Pradel: Analyzing Quantum Programs with LintQ: A Static Analysis Framework for Qiskit , FSE
2024

• Uses abstractions for reasoning about common concepts in quantum computing (without referring to details of underlying
quantum computing platform)

• Offers an extensible set of ten analyses that detect likely bugs
– operating on corrupted quantum states, redundant measurements, incorrect compositions of sub-circuits, ...
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2. Verifying Quantum Compilers using CertiQ

• Yunong Shi et al.: CertiQ: Mostly-automated Verification of a Realistic
Quantum Compiler , arXiv:1908.08963

• Framework for writing and verifying compiler passes of Qiskit
• Generates verification conditions from source-code annotations

circuits that are executable on hardware. Most quantum
compilers follow a design philosophy resembling that of
LLVM [10]: circuit IRs are sequentially fed into a cascade
of compiler components, called passes, to be transformed
and optimized.

In the Qiskit compiler (version 0.192), there are seven
types of compiler passes: layout selection, routing, basis
change, optimizations, circuit analysis, synthesis, and ad-
ditional assorted passes. Layout selection passes together
with routing passes make sure that the decomposed quan-
tum circuit conforms to the topological constraints of
the quantum hardware. The routing procedure is usu-
ally done by strategically inserting quantum swap gates
(see Fig. 3 for an example). Basis change passes help
the decomposition of quantum circuits to the gate set
supported by the target hardware backend. Optimiza-
tion passes include various circuit rewriting based op-
timizations such as gate cancellation [15], scheduling
optimization [26], noise adaptation [18], and crosstalk
mitigation [19]. Circuit analysis passes do not modify
the circuits but return important information about the
circuits. Synthesis passes perform large unitary matrix
decomposition. Additional passes perform miscellaneous
tasks such as circuit validation.

3 The CertiQ Workflow
The goal of the CertiQ framework is to allow quantum
programmers without much formal verification back-
ground to write provably correct quantum transforma-
tion passes, which can be readily integrated into the
open-source Qiskit compiler and used in real-world quan-
tum experiments.

The CertiQ framework consists of five major compo-
nents (see Fig. 4): (1) A verified library consisting of basic
classes of quantum data, high-level equivalent transfor-
mation functions over quantum circuits, and conversion
functions for di!erent data representations, serving as
the basis for building compiler passes in CertiQ (see §5);
(2) Specifications for the verified library; (3) The quan-
tum circuit calculus (QCC) that introduces the symbolic
execution of quantum circuits with a set of pre-proven
rules to reduce or rewrite gates inserted by compiler
passes (see §4); (4) The CertiQ synthesizer, o!ering a
unified interface to write and maintain quantum compiler
passes, which can then synthesize the executable Python
code (linked with the implementations of the library),
as well as the verification conditions (linked with the
specification of the library) (see §6); (5) A verifier that
encodes the verification conditions into SMT formulas
and invokes Z3 to solve.

Figure 4 shows the workflow of verifying a compiler
pass written in CertiQ. In the rest of this section, we
will fake a dummy compiler pass as a running example

Fig. 4. CertiQ workflow. Blue boxes are CertiQ components.

to explain the verification details involving loops, sym-
bolic execution, equivalence rules, and the library. This
dummy compiler pass will loop over all the gates in the
circuit and, in each iteration, it first inserts two adjacent
CX gates and then applies an equivalent transformation
T in the library to all the following gates.

The CertiQ synthesizer first statically analyzes the
compiler pass code, and produces symbolic representa-
tions. The compiler pass in the running example con-
tains a loop and the loop iteration transfers C;C→ into
C;CX;CX;T (C→). The symbolic representation of the
circuit after the loop iteration is:

app(C;CX;CX;T (C→), Q)
which applies the previous circuit C, two adjacent CX
gates, and the transformed circuit T (C→) to an input
qubit register Q.

To prove that this pass preserves the semantics, we
only need to show that circuits before and after each
loop iteration are equivalent, i.e.,

app(C;C→, Q) → app(C;CX;CX;T (C→), Q)
CertiQ then performs the symbolic execution on both

sides:
app(C;C→, Q) 𝜔 app

)︃
C→, app(C,Q)

[︃

app(C;CX;CX;T (C→), Q)
𝜔 app

)︃
CX;CX;T (C→), app(C,Q)

[︃

· · ·
𝜔 app

)︃
T (C→), app(CX, app(CX, app(C,Q)))

[︃

4
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Some Final Hints

• Get an understanding of the practical and theoretical (!) aspects of the publication
– Reminder: this is a seminar in theoretical computer science

• Find the right level of detail
– Your report and talk should be self-contained and understandable to people that are not familiar with the original work
– Focus on core ideas, omit too specific details (e.g., related work or optimisations)
– Provide examples

• Discuss contents / ideas / problems with your supervisor
– Contact them on time, prepare the meetings

• Take your time
– Seminar yields 4 credit points
– Officially, this translates to around 4 × 30 = 120 hours of work
– Do not expect to write the report / prepare the talk in a single day ...
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