Separating the Unsolvable and the Merely Difficult

By GEORGE JOHNSON

Amyons Grying 16 cast a play &r plan &
social event has oo fece-to-fece with
whal sclentists call & satisfiability problem
Suppose that o theatrical director feals obli-
gated o cosl cither his ingémie, Actress
Alvares, or his nephew, Actor Caliei, in a
production. But Miss Alvarez wan't be in a
play with Mr. Cohen (her former lover), and
dhe dermands that the cast include hér new
flame, Actor Davenpart, The producor, with
her own fovars to Pepay, nsisis thai Actor
Branislavaky have a part. But Mre, Branis-
lavsky won't be n any play with Miss Alva-
ez or Mr, Davenport

As mare rofes need (0 be filled, the prob-
fem becomes harder and harder to solve. 3
it possible o satisfy the tangled web of
conflicting demands? These satlafiabdlity
problema, called SAT problémd for short,
arise n thousands of situations, from staff-
ing companies and scheduling airiise Mights
io plannisg & wedding dinner el won't
dervobve into & food fight

And, resching beyond such pnﬂruim
sderations, rescarchins dmbrate satitlia-
bility problems as a tool for stedying a
phientmenan called computstional soemplax-
ity: some probéemi are inherently dasy 1o
molve, some difficull and some impakibbe,

Solving Problems

Il trying 1o calkl 35
terrpesamental aciont in 4 play
Sorra of e hatd one anothe
and won't be in the sama
production. Othess will participale
only i heir friends peg also hingd
Theis riegadlt i called A patshabiily
proiem. Depenchng o the set of
congiraints that must ba met, such
probloms can be aosy, dificul o
impoasibls. To gal & grio on tha
situalion, scientists plol warous
ingipnces (Hhirk of gach 4% 8
ciffarent play o e Cast) on a
Ggraph. A3 a pararater called
alpna i increasad, thg problems
asuddenly change from ety 10
rrpoesible — ke water ghrupty
freanng iNto ca. In e micdle ane
iy ?ﬂﬂﬂ"mﬂmﬁ problems
s that ane GEECUS but not
hopohess.
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but scientisty are ooly beginning 1o whder.
stand why.

A paper In (88 curremt issue of Mature
adds f0 @ siring of developments on the
topic that have emerpod over the leit lew
years. In 0 an imternational tearm of plyi
cists and computer aclentists describes
work that coubd help weed out problems that
are hopeless e sugpest more effscient
methods, or algorithms, for solving the resl.

Mosl intrigulngly. this and sedenl re-
search from other laboratories may help
clarify & curioua phenamanon that has puz-
Zled screntlsts for years: the existence of o
kinel of “'phiose eransition” In which satisfia-
bality problema suddinly change from easy
10 hard as abrupily ai waber freczing it
fce. A deeper understanding of this paraliel
might allow physicistd o apply eas aboat
phaze ITaRAlions oCcufTing (A NAUFE o
understandmg comples mathomatical prob-
lems, and vice versa: the compuleés schen-
tists might belp ahed light on phenomona in
e phoymical workd

e hope wo have finally found the right
point of conlact bedwoen inzighis
and compulatienal complexity.' said Scol
Rirkpatrick of the LBM. Thomas J, Watson
Ressarch Center in Yorktown Heights, MY,
He is a co-author of he oaddt rocent stady,
which alsn incloded Rémi Monasson of the
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i practice, i ix ussally ot neges-
nary o “eshoustively search the
prablem space,” as mathematicians
wiy, It b quickly svident that thera 18
o way i cast Misd Abvares, but that
the piay can go forward with Mr,

ing belong (o a clads called
L5AT ] into a
logical {a of mathemals
me e
mal 7. contain se-called
clauses like aor Coben,™
which cach imvolve no mare than (wo
of th potential actors. If oo (ries o
Clal & with 10 or 100 solors, e
harder. Bui as

af there are o mare tham two
variables, or actory, in each ol the
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mtimabely pilated (hbarr examples
kel v [arroiws traveleng sales-
man problem, o which yoo oy o
fimed thee sbedricst rowde

Examining the
secrets of

computational
complexity.

plexity thai no compater could salve
it & stmilar play might be cast with
relative ease. The challinge is to find
a Wiy to separate the Dwa,
Computer aclentists start by ran-

abrupt ransdiion gnalogous B waber
Troering inko 06 As (e thermoameter
dropd from L)t X3 degrodd Fahren:
heeil, A timy indrease i U DArAmTe-
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et 1-5AT varsety also undergo phase
itranuitiona. B 18 reconily baooms
choarer (hat for B5AT proldems the
itrandthon from solibie to insobuble k4
relatively smanth, while with 3-5AT
prabdems i 15 nboapt,

The study publishod lasr wesok goas
further, Alter stulying random pools
of fnrmulns that mis B and J-acior

Mot interesting of all, the suihals
wiggest why the abrupl ransighon
cocur, Scientists often stody complex
systema by comparing them with an
idealiped substance (siibiilaled an &
compairs ) called & spin glass Thess

“Up" moand im the play, “down™
metans gl Jund as the presence oFf
abaence of an actor can affect wheth-
wr oifeers remain n the coast, the

15re
o o stade or the ofher (ke Miss
Alvare: refusing o act witls Mr. Co-
hen). Undersianding the formation
of ihesr structaied oould kead L0 new
problem-ssdving technigocs Tor both
physbclins aind commpuict schentists.
1 e past, the low of Wdoraeation
betwoen thesa (wo (Welhds bas beon

e =l
compuler scrn0e Bopoming mare
mature.”



