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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:

zlib1g-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

firefox —3.0
Priority: optional
Section: web
Installed —Size: 3456
Maintainer: Alexander Sack <asac@ubuntu.com
Architecture: 1386
3.0.16+nobinonly —Oubuntu0.9.04.1
Replaces: firefox (<< 3), firefox—granparadiso, firefox—liby
firefox—libthai , www—browser

nstalling a browser requires to flrst tnstall
some other software tn specific versions

~\
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libatk1.0-0 (>= 1.20.0), libc6 (>= 2.4), libcairo2 (>= 1.2.4),

C s: fontconfig, psmisc, debianutils (>= 1.16), xulrunnér —1.9 (>= 1.9.0.1),

libfontconfigl (>= 2.4.0),
libglib2.0—-0 (>= 2.16.0),

libfreetype6 (>= 2.2.1),
libgtk2.0-0 (>= 2.16.0),

libgcecl (>= 1:4.1.1),

libnspr4 —0d (>= 4.7.3—O0ubuntul”),

libpango1.0—-0 (>= 1.14.0),

libstdc++6 (>= 4.1.1),
firefox —3.0—branding (>= 3.0.3+ nobinonly —OQubuntul™) |
abrowser —3.0—branding (>= 3.0.3+nobinonly —Oubuntul ™)

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 (<< 3.07a8%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.

[ —
There should be no

software in these versions
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package: a
version: O
dependent: c=0
conflict: b=0

How to Solve Dependencies

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: O
dependent:c=0

package: b
version: 1
dependent:c=1

package: c
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 b1))

version: O Zﬁdo V ((CLO V CL1) A (b() V bl))
dependent:a=0|a=1,b=0|b=1

=(=do V ag V a1) A (—do V by V by)

Conflict can easily be translated into binary clauses :

package: c Co — TCq1
version: 0
conflict: ¢ =1 =-Co V Cq




[Mus’c install o,

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

How to Solve Dependencies

package: d
version: 0

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

package: a
version: 1
dependent:c=1

(_ICLO V Co) N (_ICL() V _lb())

<_|Cl,1 V Cl)

package: c
version: 0

do A\ (_ld() VagV al) N\ (ﬂdo V b() V bl)

package: b
version: O
dependent:c=0

package: b
version: 1
dependent:c=1

(ﬂb() V Co)

package: c
version: 1

(_lbl V Cl)

Only one version of a package can be installed: (7@oV —a1) A (=bo V =b1) A (=co V —es)




[Mus’c install o,

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

How to Solve Dependencies

package: d
version: 0

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

do

package: a
version: 1
dependent:c=1

(_ICI,() V Co) N (_ICL() V _lb())

<_|Cl,1 V C1

package: c
version: 0

> ./apt_dependent.py

SAT: {do: T, bl: T,
cl: T, al: T, c0: F,
ad: F, bo: F}

package: b
version: O
dependent:c=0

(ﬂbo V Co)

package: c

version: 1

package: b
version: 1
dependent:c=1

_lbl V Cl)

Only one version of a package can be installed: (7@oV =a1) A (=bo V =b1) A (=co V —es)




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
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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



Model the Logic of a Circuit

@d:dH(a/\b)

a_}

o b, —e > —C
C_> e (I):(I)d/\(l)e/\q)f
(The Logic can be wmodeled

by a propositional logic |
X formula =




Check the Logic of a Circuit

Proof Goal: —¢c = [

@d:dH(a/\b)

:_} P, =e <> C
D_f ;= f (dVe)
> e =P NP NDy
How to check that if C is
0, thew f s 1?




Check the Logic of a Circuit

Proof Goal: —¢c = [

ulps
o> D> (e )

@d:dH(aAb)

Construct a formula:
* Logic of the circuit -> Proof Goal

e =€ e If the formula is a tautology,
Pr=f<« (dVe) the proof goal is true

CI):(I)d/\(I)e/\(I)f



Verification of Equivalence

el e el
}2& 5

c tl c—> -
$,, = to <> (a A —b) &, =d < (aAb)
@tlztlH(b/\C) @e:eHﬂC
Pr=f < (to Vi) r=f<<(dVe)

q)2:(1)t0/\@t1/\(1)f Q) =Py NP NPy



Verification of Equivalence
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If the formula is UNSAT, the
two circuits are equivalent



Thanks & Questions



