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Propositional Logic + SAT

~1.1 Propositional Logic | [
Step 0. Proof.
Step 1. Convert program into
mathematical formula.

Step 2. Ask the computer
to solve the formula.

PySAT "
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Lab1: A Frequently Asked Question
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Unsatisfiable
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The following packages have unmet dependencies:

zlib1lg-dev : Depends: zliblg (= 1:1.2.11.dfsg-2ubuntu9.2) but 1:1.2.11.dfsg-2ubuntu9 is to be install
ed

Unable to correct problems, you have held broken packages.
Reading package lists... Done

Building dependency tree... Done

Reading state information... Done

®@ upgraded, 0 newly installed, 0 to remove and 4 not upgraded.
Installation complete




An Example

r

Installing a browser regquires to first tnstall

Priority: optional

Instailea “Size: 3456 some other software in specific versions

Maintainer: Alexander Sack <asac@ubuntu.com
Architecture: 1386

3.0.16+nobinonly —OQubuntu0.9.04.1
Replaces: firefox (<< 3), firefox —granparadiso, firefox—lib{
firefox—libthai , www—browser

~

J

libatkl1.0—-0 (>= 1.20.0), libc6 (>= 2.4), libcairo2 (>= 1.2.4),

libglib2.0-0 (>= 2.16.0), libgtk2.0-0 (>= 2.16.0),

libnspr4 —0d (>= 4.7.3—0ubuntul ™), libpangol.0-0 (>= 1.14.0),

libstdc++6 (>= 4.1.1),

firefox —3.0—branding (>= 3.0.3+4+ nobinonly —Oubuntul”™) |
abrowser —3.0—branding (>= 3.0.34+nobinonly —Qubuntul™)

fontconfig , psmisc, debianutils (>= 1.16), xulrunnér—-1.9 (>= 1.9.0.1),

libfontconfigl (>= 2.4.0), libfreetype6 (>= 2.2.1), libgccl (>= 1:4.1.1),

ubufox ,
firefox —3.0—gnome—support (= 3.0.16+ nobinonly —Qubuntu0.9.04.1),
latex —xft—fonts, libthai0

: firefox (<< 3), firefox—granparadiso (<< 3.07alpha8 —0),
firefox—libthai, firefox—trunk (<< 3.0"a8%cvs20070914t1713 —0)

Size: 887822

Description: safe and easy web browser from Mozilla
Firefox delivers safe, easy web browsing. A familiar user interface,
enhanced security features including protection from online identity
and integrated search let you get the most out of the web.

Install this firefox package too, if you want to be automatically u
new major firefox versions in the future.

SO

There should be no
frware Ln these versions




ackage Managers

Metadata
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User system Package manager Repository
Packages
Packages )
dependancies
Go npm Packagist Rubygems
883K Packages 763K Packages 215K Packages 146K Packages
Maven PyPI o NuGet Bower
ﬁﬁ‘ =5 ’ ’ ’ A 4 9BK Packages ’ 135K Packages B 119K Packages 68.2K Packages
kalm“ Debian Family SUSE Family Fedora Family WordPress C) CocoaPods an CPAN Clojars
Package Manager System System System 56.6K Packages 44.3K Packages CPEN 356K Packages 17.7K Packages
i Cargo N Meteor sy CRAN Hackage
i'/' 16.1K Packages \\\ 13.4K Packages QQ 13.3K Packages 12.7K Packages
8 ; : |
s —_— apt-get er um Atom Hex Puppet PlatformlO
ngh Level Zypp y X 11.1K Packages d 6.4K Packages p 5.69K Packages 5.14K Packages
Package Manager
. Homebrew ?‘;‘17 Emacs NN swiftPm Pub
4.7K Packages 5 4.23K Packages 4.15K Packages 3.48K Packages
{g e @) corthece ® Julia Sublime Dub
: 5 dpkg “ 2.93K Packages @@ 227K Packages 1.97K Packages 1.45K Packages
Low Leve
Package Manager ”‘g Eim Racket Haxelib i, Jam
AN 14« Packages 1.24K Packages 1.19K Packages 85298 772 Packages
o * Nimble n Alcatraz = PureScript Inqlude
702 Packages '4."5 465 Packages <=’ PR Packages 217 Packages

Linux System

Shards
31 Packages



How to Solve Dependencies

package: d
version: 0
dependent:a=0|a=1,b=0]|b=1

package: a _ . '
version: 0 pack.age. d pack.age. b pack'age. b
dependent: c=0 version: 1 version: 0 version: 1
conflict: b = 0 dependent:c=1 dependent:c=0 dependent: ¢ = 1
package: c package: c
version: 0 version: 1

Only one version of a package can be installed



Encode Dependencies and Conflict

Dependencies can easily be translated into clauses :

package: d do — ((ao V a1) A (bo V b))

version: 0 =-do V ((ao V a1) A (b V b1))
dependent:a=0|a=1,b=0|b=1

=(~do V ag V a1) A (—do Vo V by)

Conflict can easily be translated into binary clauses :

package: ¢ Co — TCq
version: O
conflict: c =1 =-cg V Cq




How to Solve Dependencies

package: d
version: 0

[ Must i,V\,Stau, Dlo dependent:a=0|a=1,b=0|b=1
do|A\ (—do V agV ay) A (—dg V by V by)

kage:
\F:srCSiZi? Oa package: a package: b package: b
depend.ent' c=0 version: 1 version: 0 version: 1
conflict: b = 0 dependent:c=1 dependent: c=0 dependent:c=1
(mao V o) A (map V —by) (a1 V) (—=bo V co) (—b1 V1)
package: c package: c
version: 0 version: 1

Only one version of a package can be installed (7o V —a1) A (=bo V =b1) A (=co V —e1)



How to Solve Dependencies P T—

SAT: {dO: T, bl: T,

package: d cl: T, al: T, cO: F,
] version: a0: F, bO: F
[ Must tnstall 0{0 dependent:a=0|a=1,b=0|b=1 !
do| A (— ag V ai) A (—dy

package: a _ . .
version: 0 pack.age. d pack.age. b pack'age. b
dependent: c=0 version: 1 version: 0 version: 1
conflict: b = 0 dependent:c=1 dependent: c =0 dependent: ¢ = 1
(_la() V Co) A\ (—ICI,O V _Ibo) (_‘al V cp (_‘bo V CO) ﬁb]_ V C]_)
package: c package: ¢

version: 0 version: 1

Only one version of a package can be installed (7o V —a1) A (=bo V =b1) A (=co V —e1)



Express Multiple Versions

Basic idea : Use multiple variables to encode the version

package: a
version: 0

package: a
version: 1

package: a

version: 2 [ version 3: (PO A P1)

package: a
version: 3




How to Solve Dependencies

package: a
version: 0
dependent: c=0
conflict: b=0

package: d
version: 0

dependent:a=0|a=1,b=0]|b=1

package: a
version: 1
dependent:c=1

\

package: c
version: 0

package: b
version: 0
dependent: c=0

package: c
version: 1

Only one version
of a package can

package: b
version: 1
dependent: c=1

[ can LLM splve this problem? F iy >




How to Solve Dependencies

BHEEEBINEREIUEREA, B, C, D. A, B, Co3l
#HEMMEE, D5I8A1, A2, B1, B2, C1, C2, DR
B—MRADT. RMAIERSRRIT : D 1HEIATE

A2; BED1IRKEB1ELB2; BIFAT, BIKEERAFCT; &K

Doubao A2, BAREERIECY; IR RIR IR A?

RIERGZBRKER R, REBPMRAT R HhEE:

o HE—: A1. B1, C1. D1, A D1 #kiin A1 8¢ A2, &£ A1; D1 iA{KER B1 8 B2, 1&#E B1; 0 A1 #0 B1
ERRER C1, FrLUSER C1, IXAEASE BRI EE R, LDOK’,S ﬁV\«B.

o B/ A2, B2, C2. D1, HF D1 #K§i A1 8 A2, BIEE A2; D1 K% B1 8 B2, % B2; XE/I A2
B2 ERikHh C2, RATLAERE C2, IXBREREIIGZIBRIMKEIEK,

(What Lf the problem
becomes more
9 compLLoated?




KEEEEN IR/ \FEHA, B, C, D, E, F, G,
H. LATF2MIB—2EE

A, B, CoRIEMEMIMRA, 238l2A1, A2, B1, B2,
Cc1, C2;

DRBE—1RADT;

E, F, GREIBE=1RAE, 25012E1, F1, G1, E2, F2,

G2, E3, F3, G3;

HBMMRE, 9518H1, H2, H3, H4,

A IRIRR A KRS RN T

DT HGRATELAZ ;

D 1R KEIB15(B2;

BRIEAT, BIGRERIHCT;

BRIHEA2, BUHIERIFC2;

WEAT, B1, A2, B2{kEmgR{4EE28LE3, F2ELF3, G2
G3;

EEHTEEREAT, BT, E1, F1, LIRG1EG2;
REH2{KER AT, B2, E18gE2, F3, LIKRG184G28f
G3;

REH3KER A2, B18gB2, E1agE2, F3, LIKG2
G3;

EHAMKER A2, B1ekB2, E28KE3, F3, LIKG3;
BEGT, G2, G3EMKHEERADT;
BRIFE2FNF2ARFRERAGCT,  RAFESFOF SARERIR{FC2;
BRI E SRR X G T AR IFEE?

How to Solve Dependencies

Doubao

HRIERAAVE AR A KEIR R, BAARSXEER G TARE PR, LANE—FhrlRE

ZRAS

AR
Conflict

BEFELEE A1, B1, C1, D1, E2, F2, G2, H1,

B FRISIE

L]

D1 RORHE: D1 {7kt A1 8¢ A2, LUK B1 8K B2, iEFRI AT 70 BT AEERECR.
A1 F1B1 ROKER: A1 R0 BY EMEER C1, EIERT CTIRESRIF.

A1F1B1 3 E, F. GHME#: A1#0B1{&HHE2 8 B3, F2 8 F3. G2 8 G3, 1&ERY E2. F2. G2 HEIZiK
.

H1 BOf&#: H1RER AT, B1. E1. F1LAR G1 8 G2, ¥EERI AL, B, E2, F2, G2h, E2f1F2 BARE
ETAIF1, B H1 BERXRT E1. F1 RERF—E0 &, IERNESHNRE H1 MEMERIGAIER

G2 ROMRER: G2 i D1, AT D1 imEEMGH.
E2 ¥ F2 ROMMRER: E2 70 F2 R C1, EEiERT C1IRERIT.

Wrong Answer..,
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Integrated Circuits
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Electronic Design Automation

Use SAT solvers to
* Check the logic of a designed circuit

* Verify if an optimized circuit is equivalent to the original one



Mode

| the Logic of a Circuit

@d:d%(a/\b)

} b, —e <+ —C

—j>7f ;= f s (dVe)
e O =0y NP N Dy
[ The logic can be modeled

by a propositional Logic
\_ ‘(:OYVM,I/LLE{




Check the Logic of a Circuit

Proof

Goal: = ¢ > f

i’d:d%(a/\b)

>d7 b, —e <+ —c

Dﬁf b= f<(dVe)
D O =Py AP, A Dy

(

How to check that if C LS]

0, them fis 1?
\_ J




Check the Logic of a Circuit

Proof Goal: =¢ — f Construct a formula:

* Logic of the circuit -> Proof Goal
a—] d
b —

S f d > (-c-f)

‘I)d:d%(ﬂ:/\b)

b, — e+ —C

If the formula is a tautology,
b;=f<« (dVe) the proof goal is true

=Dy A DN D



Verification of Equivalence

e e
}ii> 5 o

C t1 o >e—
&; = to <> (a A —b) &y =d< (aAD)
@tlztlﬁ(b/\c) b, =e & —c
b= f < (to Vi) O;=f (dVe)

Py = @y A Py, NPy P =D NP NPy



Verification of Equivalence

By

D

e

tl

DL
=D

¢

D)

(d <> (a AD))
A (e > —c)
A(f ¢ (dVe))
A (ty <> (a A\ —b))
A (t1 < (cN\Db))
A" (B0 VE))
A=(F < f1)

If the formula is UNSAT, the
two circuits are equivalent



Verification of Equivalence

Real world circuit is compllcated SAT Solver becomes slow.

r N
How to make

it faster?

— X




The Annual SAT Competitions

Encourage everyone to design more efficient solvers!

Results

Main Track

The leading solvers are all
based on CDCL, not DPLL!




Recap: DPLL

* A back-tracking algorithm

* Traverse through all possible assignments until a dead node or the
end

{a,b,¢,d} {a,b,c,d} {a,b,c,e} {ab,c e}

(aV-b)A(maVeV-d)A(aVeV-d)A(-ecV—e)A(-cVe)A (cVd) (@aV-b)A(aVeV—d)A(-cV—e)A(-cVe)A(cVd)

27



Unit Propagation

* Unit Propagation prune the search space by finding subsuming
clauses & literals

(aV-b)A(-aVeV-d)A(aVeV-d)A(—cV—e)A(-cVe)A(cVd)

28



Main idea of CDCL

CDCL (Conflict-Driven Clause Learning)

* Analyzes the reason of conflict, prevent them by adding Learnt Clauses

5]35_9 -’-1711]
7 ~
I)F]J_

D T12

s T8

Y
Sy

)
8
—
e

0?3 PoTa LT

(—le Vv —|x2) N (—le Vv X3) N (—IX3 V —IX4_) N (XZ Vv X4 V XS) N
(mx5 VxgV—xs)A(xy Vs Vxg)A(—xgV—xg) A(—xgV Xip) A
(xg V =x10 V x11) A (mX10 V —1x12) A (mX11 V X13)



Implication Graph

(—le Vv ﬂXz) N (—le Vv X3) N (—I.X'3 Vv —IX4) N (xZ V X4 V X5) N
(mxsVxgV—axs)A(xa VxsVaxg) A(=xgV—xg) A (mxg V X19) A
(X9 V =ix19 V x11) A (X9 V =1x12) A (mXq1 V X12)

x1 = true
xijec_lxgﬁxlv—|x2)x§—|x1VX3)_lxiﬁX3V—|X4)x§x2VX4VX5)
xdec x(ﬁx5vx6vﬁx7)x(xzvx7vx8) x(ﬁxsvﬁxg) (mxgVx1g) . (XgV-X10VX11) x(ﬁxmv—'xu)
e A7 8 g 10 11 12
dec (mxqVaxy)  (—x1VX3) (mx3Vaxy)  (X2VXaVxs)
X X X =X X
1 2 3 4 5
M2 —
mL2
X xXr
5 NZ

S xe = false -~ "
W, =

The graph represents how
we propagate the variables

30



Conflict cuts & Learnt Clauses

* When there is a conflict, we can “learn” a clause with a graph cut

R
A : 5L11 [ ’ ’ \

: \782'» T This is the “reason”
- S ari R of the conflict. we
Jem f can add it to the

original formular. <
A= {xl' =X, X3, 71Xy, X5, _|X6} k _ W,

R = {—x,, x5, 7xg}
Learnt clause (xz V —xg V x6)

(mx1 Vaxy) A(=xg Vag) A(=xg V—xg) A (xzm
(x5 VxgV—axs)A(xy Vs Vaxg) A(—xg V—xg) A (—xg 10) A

(X9 V —|x10 V x11) /\ (_leo V _lez) /\ (_lel V xlz)/\ (xz V —|x5 V x6)




Optimize SAT Solver With LLM

NVIDIA leverages LLM agents to optimize the SAT Solver

AE kissat2025 MAB WM kissat-public
00000

SATLUTION Solvers

'AE_kissat2025_MAB |
(Winner SC35) |

¢  Loweris better |

\\

Solvers evolved by Winners of the
LLM agent SAT Competition

https://arxiv.org/pdf/2509.07367



Optimize SAT Solver With LLM

*These are human domain-knowledge inputs.
* Project Goal and Planning

» Basic SAT solving & programming rules
Two-stage verification & evaluation rules Immediate response feedback
* Forbidden development rules
SC’'24 Selected solver codebase

Planning and Coding Agent SATLUTION_X Compilation Correctness
(Claude-4-Sonnet & Claude-4.1-opus via cursor) Repository Check Check

0

Cycle

Self-evolved
Rulebase
Knowledge feedbacks Pre-eval feedback 1: Mandatory correctness check

Pre-eval feedback 2: Mandatory proof check
1. Explanation Pre-eval feedback 3: CPU profiling (later stage)

2. Agent Rules
3. Self-Evolve Rules

Reward Feedback &

Logging

Runtime feedback on full SAT Competition’24 Benchmark
(Customized fast evaluator with 800 distributed CPU nodes)

https://arxiv.org/pdf/2509.07367



Thanks & Questions



