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Deductive verification

▶ Hoare logic (pen-and-paper proof):

▶ Program for deductive verification tool VerCors:
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Deductive verification of a parallel program

VeyMont: Parallelising Verified Programs instead of Verifying Parallel Programs 3 / 20



Applying deductive verification

▶ Sequential programs: relatively simple
▶ i.e., relatively little effort to annotate

▶ Parallel programs: surprisingly hard
▶ More code
▶ More annotations
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Deductive verification of parallel programs

▶ Standard approach:
1. Parallelise a sequential program (or write from scratch).
2. Verify it.

▶ Our approach (inverted workflow):
1. Verify a sequential-ish program.
2. Parallelise it.

▶ Our tool: VeyMont
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Why the name “VeyMont”?

▶ VeyMont uses VerCors as back-end for deductive verification

▶ VeyMont is build on top of VerCors
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Scope of research

▶ This research is not about:
▶ fine-grained parallelism

▶ e.g. loop parallelisation

▶ It is about:
▶ coarse-grained parallelism among threads

▶ without shared memory
▶ with message passing
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VeyMont: what the tool does

▶ Input: sequential-ish program with annotations

▶ Output: parallel program in Java
▶ Executable program
▶ Functionally correct w.r.t given annotations
▶ Deadlock-free by construction
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VeyMont & theory

▶ VeyMont theory is inspired by choreographic programming
▶ Standard: deadlock-freedom-by-construction
▶ Our extension: functional correctness

▶ ESOP paper: A Predicate Transformer for Choreographies -
Computing Preconditions in Choreographic Programming
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VeyMont: internal workflow

Step 0:
Write

annotated
sequential-ish

program

Step 1a:
Check

par’able
structure

Step 1b:
Annotate to

check par’able
behaviour

Step 1c:
Check
truth of

annotations

Step 2:
Parallelise
program

Step 1: Verify program

Pseq Ppar

User (manual) VeyMont (automatic)
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Verifying swap with VeyMont

Sequential-ish program:
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Verifying swap with VeyMont

Parallel program:

VeyMont: Parallelising Verified Programs instead of Verifying Parallel Programs 12 / 20



Implementation of parallelisation (step 2)
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Evaluation

1. Applicability: VeyMont is:
▶ applicable on various distributed algorithms, and
▶ significantly reduces the annotation burden

2. Efficiency: VeyMont produces parallel programs that are:
▶ competitive with existing third-party parallel programs.
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Applicability case studies

Three classical distributed algorithms:
▶ Two-phase commit “2PC”:

▶ One client and N-1 servers fulfil joint query in distributed database
▶ Anonymous election:

▶ N threads probabilistically elect a unique leader among them
▶ Consensus:

▶ N threads agree on a common value via a majority vote
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Applicability case studies: results

Wolf et al. [52]: spec/impl of 2.69–3.16 with traditional methods
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Efficiency case studies

Two third-party parallel programs from CLBG database [1]:
▶ binary-trees:

▶ Parallel tree walk
▶ k-nucleotide

▶ Parallel pattern matching of molecule sequences vs. a DNA string
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Efficiency case studies: results

Below graphs show mean run time ratio µCLBG
µVeyMont

Slow-down is generally less than 10%
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Conclusions

With VeyMont:
▶ verifying functional correctness & deadlock freedom of parallel

programs
▶ is as easy as verifying sequential programs

Future work:
▶ Parametrisation: programs for N threads
▶ Relaxation of restrictions (checked in step 1a, 1b), to e.g.:

▶ Relax conditions for if statements and while loops
▶ Support read-only shared arrays

▶ Combine with other parallelisation techniques
▶ Engineering: use other back-end than VerCors
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Thank you for listening

Read the paper?

Available

FM
Evaluation
Artifact

FM
Evaluation
Artifact

Reproducible
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Syntactical restrictions of step 1a

▶ Format of SeqProgram (fields, constructor, run method, other
methods)

▶ Assignments refer to at at most one field at each side of =
▶ If/while conditions are of format E1 && . . . && Ek for k threads
▶ Method calls only refer to one thread (e.g. s1.foo(s1.x))
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Semantical conditions of step 1b

▶ Alias-freedom: variables in sequential program cannot be
aliased
▶ Threads in parallel program operate on disjoint memory fragments

▶ Branch unanimity: equivalent conditions for each thread
▶ If/while condition E1 && . . . && Ek requires

E1 == E2 && . . . && Ek − 1 == Ek
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Features of VeyMont

▶ Turing complete
▶ while-loops!

▶ Support for data structures, e.g.
▶ multidimensional arrays
▶ nesting of classes

▶ Trusted code: abstract methods with
▶ a specification (precondition and postcondition)
▶ but no implementation (method body)
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Verifying Tic-Tac-Toe with VeyMont
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