
nizcd action on the mblan .  Within 3 1 
WA, carsten ~unct, iancc  orm mow, and 
Howard Karloff at the University of Chica- 
go war  able to show that multiple p d  
war  ~~~cccssary--the matchmakds prob- 
lcin could be v d e d  with a single interac- 
tive p m f  Their vdcat ion protocol works 
by repeatedly reducing the number of cou- 
ples in the mathnakds problem in such a 
way that the computer is forced to give the 
wrong answer to the reduced problem if it 
wants to cover up a wrong answer to the 
original problem. But this eventually forces 
it to give the wrong answer for just one 
couple. 

T h w  developments already showed that 
interactive proofs w a r  more powerful than 
theorists had anticipated. Thcn, 2 weeks 
later, Adi Shamir at the Wcizmann Institute 
in Israel took the final step. Sharnir applied 
the same techniques used by the IWT and 
Chicago workers to find an interactive proof 
for a set of PSPACE problems known as 
Quantified Boolean Formulas. 

T h w  problems scck to establish the truth 
or Wity of complicated logical mtemcnts 
containing multiple uscrs of the quantifiers 
"for all" and "there exists." Like the interac- 
tive proof for the matchmakds problem, 
Shamir's approach depends on redudng the 
number of quantifiers. It was already known 
that every problem in PSPACE can be trans- 
lated into a Quantified Boolean Formula 
problem, so Shamir's result instantly implied 
that evqthing in PSPACE has an intcrac- 
tive proof. 

While the new d t s  hint at the possibili- 
ty of computer program answer chcchm, 
don't count on seeing Macintoshcs using 
interactive p d  to check the work of Cray 
supemomputas anytime soon. The obstacle 
is that the method assumes that the intam- 
gated computer can instantly solve (or at 
least claim to solve) the cxucmcly hard 
matdunakds problem or the even harder 
problem of Quantified Boolean Formulas. 
"In d t y  we don't havc thcsc very pow& 
[computers] around," Formow points out. 
It would be of intmst, he says, to determine 
exactly how much computing power is re- 
quired to obtain an interactive proof for a 
given problem. 

There is one other curious caveat on the 
new aatunent. It could conceivably tum 
out that PSPACE problems aren't inherent- 
ly unwieldy afnr all. If an &amt algorithm 
could be found for Quantified Boolean For- 
mulas, then interactive proofs would be 
unnecessary. ~om~lcxity-  theorists believe 
this is an unlikely scenario, but see no way at 
this point to rule out the possibility. If 
anything, the uncxpccd equality of IP with 
PSPACE indicates that more s u r p k  may 
y a  be in store. BAERYCIPM 

Identifjing Fossils by Computer 
The p a k o n t o l ~  who das- 
sify microhmils br oil drill- 
ing companies may soon be 

graphics package kicks in, dis- 
playing picnuts, textual de- 

d scriptions, and command 
able to call upon a new com- P m& all on the same sclwn. 

puta program to help with A d e r  examining h i 1  
their time-consuming analyti- samples with a microscope 
cal chores. Research present- can thus diractly compare 
ed this month at the confer- what he sees with the com- 
encc on Innovative Applica- puter images. 
tions of Artificial Intclligencc And that makes the cxpcrt 
in Washingtw, D.C., sug- systan much more &amt 
gests that computer pro- than traditional methods of 
loaded with drawings of fossil identification-uing those 
parts could help rescmhers dusty tomes that, though sup- 
i- the samples taken in piied with illustrations, arc or- 
exploratory drilling. The pro- ganizcd by Latin name and 
gram becomes a pctical Clue to oil? Fossils like W & t C n  description. 
a 9  may sptcd UP the these help oil explorersjind c a p i t a h  on the P- 

by which ~1~ thew targets. modus opcrandi of dassifica- 
companies makc multi- tion acpche-to comparc vi- 
million-dollar duisions about Suay. kt. Written dcscrip 
ddlmg at ncw sites. It promises to expedin tions arc okn vague and sometimes incom- 
a task that Abolfazl Jammssade, a fbssil I prchwiblc, Swaby says. In con- "The 
apcrt at h o n ,  USA in Houston, now calls I human vision syst& very p o w d  and 
"t&ous and dme-comming." 
In choosii d d i n g  targcts, oil companies 

have come to rely on the advice of a variety 
of specialists, including a limited supply of 
h i 1  experts who study the tiny animals and 
plants that lived in the ocean hundreds of 
millions of years ago. The skeletons and 
shells of thesc sea creatures rained upon the 
ocean floors over the millennia and, along 
with organic material, bccame pmaved & 
undersea rack. The microhmil compition 
of the rack layers can thus serve as a guide to 
dKi age and goological history and help 
geologists estimate the likelihood that oil 

can compare fr#turcs quite easily." 
s w a y s  graphical cxpcrt system also has 

another advantage. It allows a paleontolo- 
gist to begin describii a h i l  with any one 
of a number of featum, thereby breaking 
out of traditional flow chart schemes that are 
inherently hierarchical. Established schanes 
caa be bathemme if a key feature can't be 
discerned because a fossil has been damagd 
But with the expert system, users can ,%art 
their descriptions with any of a variety of 
features. As the description progrcsscs, the 
number of possible species becomes small 
enoughsothattheirimagesmaybepausad, 

deposits are near. on xrecn, until a match is made. 
Butth isdtakesabngt imc.World  I UsingBP'spogmnasaguidqtwonov- 

authorities who havc dcvotd thcir careers 
to such work can iden* oiihand a few 
hundrcd or, by consultkg catalogues, pa- 
pm, or notes, can name a few thousand 
spacits-ody a small portion of the micro- 
fossils annalonly encountered. 

Oil companies may spend a million dol- 
lars a day to lroep rigs operating while 
awaiting word fiom the expats, and so arc 
eager to speed up microfossil identification. 
n;isis&ar&"cxpcrtsystcm"des'i 
by Pcta Swaby, a computer scientist at 
British Pcnolcum's Research International 
in Middlesex, England, and his colleagues 
comes in 

The BP d e r s  have devised a gcncral 
computer program that incorporates the 
tricks, shortcuts, and rules of classification 
experts. When executed and linked with a 
full library of microbsil data, the program's 

ices, p&grad&~te-students of geology, suc- 
d y  classified three samples of con- 
odont mi&& in about 2 hours-a job 
that is usually not approached bebm a 
smesm of basic training in the usc of 
refknce catalogues. Swaby hopes to see his 
progam, which he plans to link with data 
on the more commonly encountered Fora- 
minifera mi&ils, used in the field in a 
year or two. Wf course, the ultimate would 
be to scan an irnagc of a miaofbssi and l a  a 
computer identiQ microkils for you," 
Swaby says. But such a capabiity is far, far 
down th; road. 

Meanwhile, says Alan Higgins, a BP con- 
odont expat, computer systems such as 
Swaby's "arc a way of prcsaving for the next 
century a lot of experts' knowledge in a 
usable hrm that wouldn't otherwise be ac- 
cessible." SA~~AHWILLIAMS 

1080 SCIENCE, VOL. 298 




