Dr. Martin Weigt, Goettingen Univ (KITP 4-10-03) New Appr oachesto the Statistical M echanics of Combinatorial Optimization

Page 1

New ResuLTs v STaTiISTCAL
Mecuanics oF ComBINATORIAL
OeTi12ATON

e

Towards o -kd(;u‘caL-anL couplun‘lv 'Kmeona

v The So.-(-i.sf—-‘o.fai(i{aa Pro'.‘c.m
. CDIM-PUU(OJ‘ - Sclewce ’oac&ar‘ouu\o{
The 3SAT PLA.S". +romsiboun

¢ Slod . weck. ameo(A to He Hronsibon
of ulﬁor‘.#hws

An&[:‘ﬁt‘
v Outloos

- S————
ou are chief of protocol for the embassy |
ball. The crown prince instructs you el i
ther to invite Peru or to exclude Qatar.
| The queen asks you to invite either Qatar or Ro-
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mania or both. The king, in a spiteful mood.
wants to snub either Romania or Peru or both. Is
| there a guest list that will satisfy the whims ofJ

| the entire %l family?
e puzzle is an instance of a

pmblemtha!llesnemmemofﬂmmﬂcalm
puter science, It is called the satisfiability problem,
or SAT, and it was the first member of the notorious
class known as NP-complete problems. These are
computational tasks that seem intrinsically hard,
but after 25 years of effort no one has yet proved
that they are necessarily difficult. It remains possi-
ble (though unlikely) that we are simply attacking
them by clumsy methods, and if we could dream
up a clever algorithm they would all turn out o be
easy. Settling this question is the most conspicuous
open challenge in the theory of computation.

SA'I‘ also has practical importance. In artificial
intelligence various methods of logical deduction
and theorem-proving are related to SAT. And

one phase almost all the propositions can be sat-
isfied, but in another phase almost none can. The
cases that are hardest to resolve lie near the tran-
sition between these regimes.

The connection between SAT and the physics
of phase transitions strikes me as a surprising
one—a classic who'd-have-thunk-it result. We
are accustomed to using mathematics as a tool
for interpreting the physical world, but not the
other way around. And yet the phase-transition
model of SAT works so well that it cannot be a
mere metaphor, much less a coincidence.

P and NP
The problem of the embassy ball is small enough
to be solved by even the rmstplodd.ingofmﬂh-
ods. The problem is represented by the fi
(p OR ~g) AND (q OR ﬂ AND (-ron .-p)

Hmpq:ndramﬂoolemvaﬁahluudmemiy

pcmblevaluunmmorhh’me symbollndl—

cates negation, so that ~p s read “not p.” The logi-

cal OR operation is defined so that (p OR g) has the

valuemlfelﬂmporqlshuewhmas(p.nmq)
o
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