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Our Work
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Why is certification needed? Why do we need a CP checker?
e CP reasoning is diverse e Formalizes filtering rules for CP
e Theoretically complex filtering rules e Proves they are sound in general
e Non-trivial implementations e Checks theory and implementation

Bugs can, and do, occur.
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csp CSP definition:
definition e A variable: just an ID

e A domain: map from variables to sets
of integers

e A constraint: a predicate




Specification

CSP
definition
FlatZinc grammar:

e Base for generated parser
FlatZinc

grammar



Checking soundness:

CSP

Checking
definition

“If a checker accepts a conclusion given a
soundness CSP and some support, then the conclusion

follows from the model.”
FlatZinc

e The proof shape is irrelevant
grammar

e Bugs may cause wrongful rejection but
never wrong accept!
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Checking
definition

Mirrors math in papers.
soundness

Not executable.

FlatZinc

grammar

The trusted base.
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e Functions become maps

e Dedicated domain representation



Formalisation of Filtering

Executable
CSP type

FlatZinc parser:

l I e Generated based on the specification

FlatZinc
parser
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Formalisation of Filtering

Inference Checkers:
Executable Inference

CSP type checkers f(model constraint, implied constraint)
S
{sound, Don't know}

v e Formalizes filtering

e Must be proven sound in general
FlatZinc
parser

e Incomplete



Implemented inference checkers

Linear less-or-equal bound-consistent

All-different domain-consistent
Cumulative with time-table filtering
Unit propagation of clauses



Implemented inference checkers

Linear less-or-equal bound-consistent

All-different domain-consistent
Cumulative with time-table filtering
Unit propagation of clauses

Easy to extend. We hope you will help us add more.
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Label + Checking function

-+ ‘ Soundness proof

R

l

Documents soundness of the filtering rule.
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e Easy to verify
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Is this problem feasible?

Proof
assign x € {0,1,2}
Derived constraints
y,z € {0,1}
s.it. ¢1: bx+4y <6
o x+y+z>3
c,: 1 — L Contradiction

11



Inference rules

Proof

g abE{y>0 = (x<1) Linear bounds
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Inference rules

Proof
g abE{y>0 = (x<1) Linear bounds
assign  x € {0,1,2}
y,z € {0,1}

s.it. c1: bx+4y <6
o x+y+z>3

c: T = L

Assume (y > 0):
5x <6 —4y = xgg = (x<1)
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Inference rules

Proof
_ g abE{y>0 = (x<1) Linear bounds
assign  x €{0,1,2} a alE(x>1) = (y<0) Linear bounds
y,z €{0,1} i 2 (x<1A(z<1) = (y>1) [Linear bounds

s.it. c1: bx+4y <6
o x+y+z>3

12



Combining facts: a deduction

o alE(y>0 — (x<1) Linear bounds
a: aflFE{(x2>21) = (y<0) Linear bounds
G: EXx<1A(z )= (y>1) Linear bounds

<1
. aNaNcsE(x>1)A(y>0A(z<1)— L [Deduction
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Combining facts: a deduction

g alE(y>0)—(x<1) Linear bounds
a: alE{x>1)—(y<0) Linear bounds
G aFEXSHA(EzLL) = (y>1) Linear bounds

<1
G aANalAaslEX>1)Ay>0A(z<1)—= L [Deduction | v

Assume (x > 1) A (y > 0) A (z < 1):
X y z

- [1700) [O’OO) (—OO,].]

a  [1,1] [0,00) (—o0,1]

a  [1,1] [0,0] (—o0,1]

6 [1,1] [1,0] (—o0,1]

Inconsistency!
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DRCP

e Built on CP concepts
e Mirrors solver operations

e Propagations — inference steps
e Learned nogoods — deductions
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DRCP

e Built on CP concepts
e Mirrors solver operations

e Propagations — inference steps
e Learned nogoods — deductions

Formalized in FznDrcpCheck
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Goal of the evaluation

Is verification practical?

Can we certify realistic instances?
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Goal of the evaluation

Is verification practical? v Checking is typically a fraction of
' proof production time.

v Formally certified MiniZinc Chal-

Can we certify realistic instances?
lenge results.
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Cost of certification

Setup
J— * . . 103 ° ,’,
e MiniZinc Challenge™ instances solved in 20 ° o ®
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e Proof production = solve time + process time 2 2w
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Setup
J— * . . 103 ° ,’,
e MiniZinc Challenge™ instances solved in 20 ° o ®
’ L]
minutes = e
o0 " L
: : : = 10 4.
e Proof production = solve time + process time 2 2w
g ’.’... [ ] °
© ,. ® 00
10-! . : y

Conclusion
10~1 10! 103

e FznDrcpCheck can verify practical instances.
Production time
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Certified Preprocessing Hypercube linear resolution?

 Flippo, M., Stuckey, P.J., Demirovi¢, E. “Resolution Meets Cutting Planes: Introducing Hypercube
Linear Resolution.” CPAIOR 2026.
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Certified Preprocessing Hypercube linear resolution? More inference rules!

 Flippo, M., Stuckey, P.J., Demirovi¢, E. “Resolution Meets Cutting Planes: Introducing Hypercube
Linear Resolution.” CPAIOR 2026.
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Thank you

Checker

‘ FlatZinc model }—\
v’ accept

Verified checker —

A X reject
CP solver Small trust base,
DRCP Proof |

nigh confidence in correctness

Large, complicated and untrusted

19



Appendix




Relation to VeriPB for CP

How

Why

Translation to PB (VeriPB)

CP — PB. Use VeriPB checker.

Solver updates do not change
checker.

DRCP with FznDrcpCheck

Formalise CP directly.

CP-style proofs. Formalisation
of CP.
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