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7/8 Can Computers Think?
by Prof. David Avis
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Can computers think?
Prof. David Avis @ TR K + McGill Univ.

We will discuss this question by beginning with Alan Turing's historic
paper in 1950 that started the field of ariticial intelligence (Al).

This paper includes a test, now called the Turing test, in which a
computer tries to convince humans that it is a human rather than a
computer.

We will discuss this test and related competitions, including the
famous Loebner prize, and claims that Eugene Goostman, a chatbot,
passed the test on June 7, 2014. We will attempt our own Turing test
during the last part of the lecture.
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COMPUTERS AND INTRACTABILITY 1979
A Guide to the Theory of NP-Completeness

e e ke i Computers and Intractability
by Michael R. Garey

David S. Johnson
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SAT solver
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SAT solver
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SAT Solvers

(& SAT competition)
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SAT Competition 2011
SAT 217 MINISAT Hack 1 £




i P AW AY

HMBEWNIEAR L
EDLTEAKE? (VSIDS, CIR)

ENHVA—IANKE? (ENZET ESNGRS]) ?)
FEHEHEPELKRE, TIERLVANTURIE?

EERENICH D> THIEAURIL

B #9HKZE (pre-process)
FIDFEROFABIIRWEMN

(phase saving)

ZLY, (FrvviatEi=5)



1 A
HIL DY Sk

s BEREFEFLES>THM?
° 3_157&&93—%)75\’?

s TBDTEEEODIL. EFHDFTEHFLRD
BERELHLELTH. (*(7&6149*0))%55
[FFREELLELN]




SAT solver T
AIZEHBLSWNVEEITEFS ?



SAT Solver (D EH=

1962 DPLL #variables ~ 10

1986 BDDs #variables ~ 100

1992 GSAT #variables ~ 300

2001 Chaff #variables ~ 10,000 (CDCL)
2004 MiniSAT #variables ~ 100,000
Currently #variables ~ 1,000,000
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Preprocess
2004 pre-process

Phase Saving
2006 DFELLYo7F=  (cache hit)

Restart
2007 Luby Restart (E£84)
2008 Dynamic Restart (IR ¢« F&H)



REBGFE

DPLL (Davis-Putnam-Logemann-Loveland, 1962)
Decision, Propagation, Backtrack

CDCL (Conflict Driven Clause Learning, 2001)

Clause learning : implication graph Z %Il FH
Decision Heuristics -- VSIDS
Backtrack & Restart
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Decision & Propagation
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SAT Solvers 0D F&E5R

1962 DPLL #variable ~ 10

1986 BDDs #variable ~ 100

1992 GSAT #variable ~ 300

2001 Chaff #tvariable ~ 10,000 (CDCL)
2004 MiniSAT #variable ~ 100,000
Currently #variable ~ 1,000,000
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Clause Learning
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Implication Graph

clause C= (x1| x2| ...| xn | v)
IF x?=Fthen C=(F|F|.. | F| y=>TRUE)
Denote exp(y,C)={x1, x2, ..., xn}, imp(C)=y
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Implication graph G=(V,A)

V = {v |decision A\implication TE|HFDE )
A={(x,y)|x € exp(y,C), y=Imp(C), VC}
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Learning scheme: 1UIP cut
IM. Moskewicz, et al., 2001]
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Unique Implication Point

level
x=F y=T 1~(d-1)
level d
d=F

UIP
Common node of - ¢CONFL|CT
all the paths
from a decision var d=T

to conflicting vars.  |e=F
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Learning scheme: 1t UIP cut
[M. Moskewicz, et al., 2001]
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VSIDS (Variable State

Independent Decaying Sum)
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Contracted Implication Graph
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Implication Graph
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Implication Graph
& Learnt Clause
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VSIDS scores Of varlables

 maxactvte= 10721 756197 276325E27

Black : max VSIDS e et e
Red : current VSIDS T CLBWEMAKREIZHD
fEEhHY variable (6E%)



Observation
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Escape from Desert
(difficult problem)




Search Space Diversity

Escape from
the desert




Huge number of in-edges to a variable,
(I.e., lexp(C)| is huge ), appears
repeatedly in implication graph




Proposal -- CIR
Counter Implication Restart
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Cactus Plot

cactus plot
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SAT problems
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Problems are sorted by the performance of MINISAT 2.2




UNSAT problems
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SAT UNSAT total

MINISAT2.2 75 96 171
CIR(INT=1,BUMP=10000) 70 100 170
CIR(INT=3, BUMP=10000) 75 103 178
CIR(INT=5,BUMP=10000) 73 102 175

CIR(INT=10,BUMP=10000) 72 101 173
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Divide and Conquer
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KEY IDEA
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Search Similarity Index
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SSI Parallel Diversification

parallel_base_np4 emmmnarallel_diversification_5001_150a_10p_3f_np4

parallel_base_np8 em=wnarallel_diversification_5001_150a_10p_3f_np8

parallel_base_np16 em=wnarallel_diversification_500l_150a_10p_3f_npl6
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SSI Parallel Diversification (i 51 %44)

parallel_base_np4 emmmnarallel_diversification_5001_150a_10p_3f_np4
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SSI Parallel Diversification (i 51 24 8)

4000

3500

3000

2500

2000

TR

1500

1000

500

parallel_base_np8 e narallel_diversification_500I_150a_10p_3f np8

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65
Problem



SS| Parallel Diversification (3l 51| 24
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parallel_base_np16 em=wnarallel_diversification_500I_150a_10p_3f npl6
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 Linux, Mac, (Windows+Cygwin)

e RIE<T 2IR1E (VMware, VirtualBox, Parallels)
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SAT solver Z{E>TH 5

SAT solver (=& Z [ MiniSAT) %
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