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What is Model Minimization? ﬂ(“'

Karlsruhe Institute of Technology

Given a full model M we are looking for smaller “models” M’ C M
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What is Model Minimization? ﬂ(“'

Karlsruhe Institute of Technology

Given a full model M we are looking for smaller “models” M’ C M

M = {a, —-b,c,~d}

F=av(bA(cVvd))
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What is Model Minimization? ﬂ(“'

Karlsruhe Institute of Technology

Given a full model M we are looking for smaller “models” M’ C M

M = {a,—b,c,~d} M = {a}

F=av(bA(cVvd))
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Method Overview ﬂ(“.

Improved minimization of models for Tseitin-encoded formulas by
reconstruction of original structure

First Step Naive minimization of models (Hitting Set Problem)
Second Step Minimize w.r.t. input variables

Third Step Reconstruct the original formula’s structure and apply the
procedure to a subset F’ C Fgpf
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Why minimize?

Karlsruhe Institute of Technology

Shorter description of counterexamples help usto ...
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Why minimize?

Shorter description of counterexamples help usto ...

m boost abstraction-refinement loop in DPLL(T) based SMT solvers
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Why minimize? A

Karlsruhe Institute of Technology

Shorter description of counterexamples help usto ...

m boost abstraction-refinement loop in DPLL(T) based SMT solvers
m enhance usability of SAT-based verification tools
® boost model counting
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Minimizing Models for CNF Formulas

Fent = {{to}, {~to. a t}, {~t1, b}, {~t1, o}, {~t2, ¢, d}}
M = {a, —-b, ¢, —d, to, -ty tg}

Determine subset M’ C M such that each clause is satisfied
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Minimizing Models for CNF Formulas

Font = {{to}. {~to. a t1}, {~t1, b}, {~t1, o} {—=to, c, d} }
M ={a,-b,c,—d, ty, ~t;, o}
Determine subset M’ C M such that each clause is satisfied
Purification: remove all unsatisfied literals from formula
p(Fenr) = {{to}. {a}. {-t}, {=ts. &2}, {c}}

= {a, c, ly, ~ty, tg}
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4

Minimizing Models for CNF Formulas

Fent = {{to}. {~to. a ti}, {11, b}, {~t1, o}, {~tp, ¢, d}}
M= {a, =b, ¢, ~d, lo, t4, fg}
Determine subset M’ C M such that each clause is satisfied

Purification: remove all unsatisfied literals from formula

P(Fenr) = {{to}. {a}. {=ti}, {~t, &2}, {c}}

= {a, c, ly, ~ty, tg}

Compute a minimal Hitting Set with SAT
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Computing a Minimal Hitting Set with SAT ﬂ(“‘

Fent = {{to}, {~to. a t}, {~t1, b}, {~t1, o}, {~t2, ¢, d}}
M = {a, —-b, ¢, —d, to, -ty tg}

Purification: p(Ferne) = {{to}. {a},. {—-ti}. {—-t. b}, {c}}
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Computing a Minimal Hitting Set with SAT ﬂ(“‘

Fent = {{to}, {~to. a t}, {~t1, b}, {~t1, o}, {~t2, ¢, d}}
M = {a, —-b, ¢, —d, to, -ty tg}

Purification: p(Ferne) = {{to}. {a},. {—-ti}. {—-t. b}, {c}}
Normalization: n(Fenr) = {{to}. {a}. {t;}. {t]. &}, {c}}
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Computing a Minimal Hitting Set with SAT ﬂ(“‘

Fent = {{to}, {~to. a t}, {~t1, b}, {~t1, o}, {~t2, ¢, d}}
M = {a, —-b, ¢, —d, to, -ty tg}

Purification: p(Fenr) = {{to}. {a}. {~t}. {~t. 2} {c}}
Normalization: n(Fenr) = {{to}. {a}. {t;}. {t]. &}, {c}}
Solve: G= n(FC,,f)U{{ﬁto,ﬁt{,ﬁtg,ﬁa,ﬁc}}
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Computing a Minimal Hitting Set with SAT AT
Font = {{to}. {~to. a t1}, {~t, b}, {~t1, o} {~to, c.d}}
M = {a, —-b, ¢, —d, to, -ty tg}

Purification: p(Ferne) = {{to}. {a},. {—-ti}. {—-t. b}, {c}}
Normalization: n(Fenr) = {{to}. {a}. {t;}. {t]. &}, {c}}

Solve: G = n(Fepr) U{{—to, =1}, —tp, na, —C}}
M1 = {to, tg, ﬂl‘g, a, C}
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Computing a Minimal Hitting Set with SAT ﬂ(“‘

Fent = {{to}, {~to. a t}, {~t1, b}, {~t1, o}, {~t2, ¢, d}}
M = {a, —-b, ¢, —d, to, -ty tg}

Purification: p(Fenr) = {{to} {a} {—-t:}, {-t. 2}, {c}}
Normalization: n(Fenr) = {{to}. {a}. {t;}. {t]. &}, {c}}
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Computing a Minimal Hitting Set with SAT AT
Font = {{to}. {~to. a t1}, {~t, b}, {~t1, o} {~to, c.d}}
M = {a, —-b, ¢, —d, to, -ty tg}

Purification: p(Ferne) = {{to}. {a},. {—-ti}. {—-t. b}, {c}}
Normalization: n(Fenr) = {{to}. {a}. {t;}. {t]. &}, {c}}

Solve: G = n(Fepr) U{{—to, =1}, —tp, na, —C}}
My = {to.t§, -, a c}

Solve: G = N(Fonr) U {{~2}} U {{~1t0, 1}, ~a,~c}}
%)

Denormalize M;:  M" ={a,c ty, -t}
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Computing a Minimal Hitting Set with SAT AT
Font = {{to}. {~to. a t1}, {~t, b}, {~t1, o} {~to, c.d}}
M = {a, —-b, ¢, —d, to, -ty tg}

Purification: p(Ferne) = {{to}. {a},. {—-ti}. {—-t. b}, {c}}
Normalization: n(Fenr) = {{to}. {a}. {t;}. {t]. &}, {c}}

Solve: G= n(Fcnf)U{{—‘to,—'t.;,ﬁg,ﬁa,ﬁC}}
M1 = {to, tg, —\fg, a, C}

Solve: G = n(Fepe) U{{-t}} U{{~tp, ~t], —a, ~c}}
@

Denormalize M;:  M" ={a, c, ty, -t}
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Algorithm Overview

Fcnfs m

Karlsruhe Institute of Technology

‘ Purification,

Normalization

(_ Minimization

UNSAT

SAT

(_ Denormalization

{

()
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Algorithm Overview

‘ Purification, ’

Karlsruhe Institute of Technology

Normalization

(_ Minimization

SAT

UNSAT

[ Denormalization ]

|

()
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The Effect of the Tseitin Encoding on Model Size  {|T

F=av(bA(cVvd))
Fenr = {{to}. {~to,a t1}, {—-t, b}, {~t1, b}, { -, ¢, d}}

Full Model: M = {a,—-b,c,—~d ty, t;, b}
Hitting Set: M ={acty, ~t}
Input Variables: M'" = {a c}

® What happened to our shorter model {a} for the original formula?
m Is there a way to obtain that shorter model from F,;?
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Analyze Assignment of Encoding Variables

Fent = {{to}. {~to. a t1}, {11, b}, {~t1, o}, {~t2, c, d}}
M= {to, a, ﬂt1,—\b, l'g, C, —\d}

Ih —>avh

h—>bAb

b—>cvd
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Analyze Assignment of Encoding Variables

Fent = {{to}. {~to. a t1}, {11, b}, {~t1, o}, {2, c, d}}
M= {to, a, ﬂt1,—\b, l'g, C, —\d}

Ih —>avh

h—>bAb

b—>cvd
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Analyze Assignment of Encoding Variables AT

Fent = {{to}. {~to.a t1} {1, b}, { =t o}, {—ho,c, d}}
M= {to, a, ﬂh,—\b, l'g, C, —\d}

to=T th—avh
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Analyze Assignment of Encoding Variables AT

Fent = {{to}. {—to.a t1}, {—t;, b}, {~ty, &2}, {—t2, ¢, d}}
M= {to, a, ﬂt1,—\b, l'g, C, —\d}

to=T th—avh
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Analyze Assignment of Encoding Variables AT

Fent = {{to}. {—fo.a t1} {—-t;, b}, {—-t;, b}, {—tr, c, d}}
M= {to, a,—ty,~b, b, c, —\d}

to=T th—avh

We can reconstruct the original formula’s structure
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Reconstructing the original formula structure

Fenr = {{to}, {—to. @ t1}, {—t;, b}, {=ti, &}, {~t2, ¢, d}}
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Reconstructing the original formula structure

Fent = {{to}. {=to.a t1 }, {~t1. b}, {~t1. o}, {~t, ¢, d}}
Vinp = {a b, c,d}, root =t
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Reconstructing the original formula structure

Fent = {{lo}, {~to, @ t1}, {—t;, b}, {~t1, o}, {~t2. ¢, d}}
Vinp = {a b,c,d}, root=t
Follow the Implication
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9

Reconstructing the original formula structure

Fenr = {{to}, {~fo, a t1}, {=t, b}, {=ti, b}, { -2, ¢, d} }
Vinp = {a b,c,d}, root=t
Follow the Implication

(~lo.2.t)
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Reconstructing the original formula structure

Fenr = {{to}, {~fo, a t1}, {=t, b}, {=ti, b}, { -2, ¢, d} }
Vinp = {a b,c,d}, root=t
Follow the Implication

(o) (to.ats)
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9

Reconstructing the original formula structure

Font = {{to}. {—to. @ ti}, {11, b}, {~t1, o}, {~t2, c, d}}
Vinp = {a b, c,d}, root =t
Follow the Implication

(o) (to.ats)

a i {=t, b}, {—t, o}
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9

Reconstructing the original formula structure

Font = {{to}. {—to. @ ti}, {11, b}, {~t1, o}, {~t2, c, d}}
Vinp = {a b, c,d}, root =t
Follow the Implication

(6) (~lo.2.1)
a e {=t1. b} {-t. &}
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9

Reconstructing the original formula structure

Font = {{to}. {~to. @ ti}, {~t1, b}, {-t1, 2}, { 1o, c. d}}
Vinp = {a b,c,d}, root=t
Follow the Implication

(6) (~lo.2.1)
a e {=t1. b} {-t. &}

b tg {—‘tg,C, d}
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Reconstructing the original formula structure [T

Font = {{to}. {~to. @ ti}, {~t1, b}, {-t1, 2}, { 1o, c. d}}
Vinp = {a b,c,d}, root=t
Follow the Implication

{-th,at}
{=t, b}, {—t, o}

{—‘tg, C, d}
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Pruning as a Preprocessing Step ﬂ(“'

[ Pruning J
v
[ Purification, }

Normalization

|
( Minimization e
SAT

onsar 2L Reine )

[ Denormalization ]

!

()
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Current/Future Research

Karlsruhe Institute of Technology
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Current/Future Research

Karlsruhe Institute of Technology

a Consider different encodings (e.g. only partially Tseitin)
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Current/Future Research ﬂ(“'

a Consider different encodings (e.g. only partially Tseitin)

a Model Counting (with an application to Quantitative Information Flow
Analysis)
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a Model Counting (with an application to Quantitative Information Flow
Analysis)
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