11

19.1.99 UIT0I'R 1097 T=INH

R ONRT QNS My’ 027307 RN
w2 MwYR R My NOnRe N2
MmN M3EnT P13 AR . Mmwan)
1209 e ¥3a T v
maThRa Tpen® 210 — wIBn Y
Smuws

YIOR 1V MO0 Ypws Tan
A9 vmMYRITN By nmay b nhaw
7770 TR WRa 195 ohawn qenna
manyn nnab Y ,Bup e b
YD 7PN 7277 YUETRY Masmn
MWD, yEaR ER vIamwa” b
,BIX2372°S 20K ,/ARDTE N9 TNl
T R MY nwER 1ha 10 v
7197 V11PN 1IN N2 mvan
DD Uwn Y TIRG NumDm nphTn
72102 77 R R B2 12 N2 PR IR
8 = I i vy -2 R 1) B s B )
TP OR My v xR o
21D XD Swon 19073

g1s neatpnT — 1A T
mzun "7 533 povian Bw onbyona
29711 LI2M° NN R — 1D AR
mowa ¥R amayn nx meys osm
A NS 9D RSN ORIPR 191X
5y 3999 03 2127 ©12197 PaAn ,TNn
o3 By mr 1arab ,menton oYK
IMIR LTI QPR BMRD NN
,2270 TR V1A DIPRI :M7onN DUYUIR
,0°I0P BTN B0 MYES TN
TRB3 P — R7RIMINR MnD 07
12217 AR Y18 PREND DRI
0031, 7S Mbwa BTanRT I
onxy 1A o1t "Tnene o

DN V%2 BYNAP R

WYY 79 By YU azn DRI
P71 RS DT TAPh IPRD BB NN
03 07, 2 Ay NN DvEan
0% *na o°a¥m oy TMRNTe oy
1R MUY NN -ANY N “NR"e B
QLI TR D ,AMIYN NR vawn

RIWTD PPN DR ORI TOIN2 D°02n

DIV MR O°n 13 PyeY 10 MR

STOMT MR DMYRwRY N0YD X 1012

" ITPINN TRR DITHIRD RN
,DIZY MUY 121717 DINIITLD IR
Ay % RN KDY 1uP PR 208

SO 13 DR A Baw ,men

T30 ,"B1°D BPRPP TN Yun”

YR TARM N2 AwyRt pUwenn” ,amn
LPWIN D7PUPN 1217 IR ,OR3y Onw
V0™ V2R M3 RN Pw 77pnRa 0
RS 1907 ,73990 270 By abupnn
DR DIYRRND D ,NNK TATa neyl
TDIND TN 1T ME MY wADn ovn
TP D YIIRY 12700 DN L7020 N9
R9Y MaTvna &2 ,73%3 mepbn mawn
mamp oonyew ,awnn B ax mazen
YRR nR pITa ;bah kb My
PREAD — Y 7YNN LB 1INIRY
YIINAT 927y 12%Ihaw INR P23 mmR
WD 3T NN RPR — wIDn 59 N
5y 21N TWORDY P MYRTS 1512
SIPSR MR BYD NRR A winen

DISRY MRWAS WIE P S TR

BYSNIRD DI NEER IR 2YSER N
202NN NY BT BN TEIDY NI RMYRNY
2MbND MSEYED NaEn

©° Y Pw noyen naTyn D37 I

JPIDSID RS 710°35 WERMPA 2T N2

TwEXRD DPLORKTAN YIIWR BUNPR 1AM

ST PRI TR TROTD

T°AMN2Y °> 1970 YAR” PLYPIND
0 5% NSApn NN B30aN e
LN 1373 O 07BN P2 DD BY
,0°107 B°N33 MASTT *DpYna 0hIntd
DR ©° 71D DR ¥7°° X3 183p00 10
I DP3ZRP ,BPMTP ,ToNN Ron 0N
927 3R NR MYYY 203N 130X 002
JOIMIRD

L N T P T A e
=it b e S o

09N 5w N T

NPT 31T OKXR 0°XOKN0 (111303 01070
0'n30 W19n 'vun N3l 13 0vIni Jw

,0%nin By Sanonk 700z nuwn b N
PPRD 73T T 1T TR MIRTY
7200 RN 09T DOYE RN
VIDD 733n 2D wbp 1maTr Bhee
N @3 AR ,na0mn & mamanm
,07AM0N QPN 13 ,0%Ran” S5 TR
D15 @A 023103 MwRnwn
793w @pn B33 mapya mReR e
ToRIn” DT 17200, NNy
nR ®1PR Ny DIpRD IR Ran
Nnn N2apnT AN P02 DR N0RT
IR TRnan B meabnn by nain:
37 By NP RO oA mppnn by
ek PhRY

=Ri=1~dnhielait=hh bbbl

30 RYT 23MMDR AwmIAnT NYennn
7310 YT TOMIRG 13w ,Pap b
DWW DPAPRIT IR WD YR
| DINR oX Mmybn DNPwIn 0Ynem
Sw oA — ow 1URY” 02
,032°7 R IS W 070011 D78l
B0 173 RIY YT RRPI A3 5K
M3 oYena” amns LI nbwl
2307 ,"@7RhyY O TING DYRY90n
e NtLRRIPN TEPRIITRT "0
1A 2150mn Be RO NeY
20 nOW SwnY 1 won MR
5y D 1 MUDDn TIRD MUID NN

" paee e

TYRIREN B TPk MmTayhn DX AN
R1ZA2 1073 RS 1173503 3w e
mean Re oTRIMT WORY 00PNl Nawn
TR 372 03P By MPE¥na unt N
wIN pnR® AR IR MY 0 026l
DIBRR YT NITNRD aY B nenY
,8°2°y° oUviatn bw anhaaa yerob
MRTRw A1 YR R T8RS veeS
DITVRT DR PI0D 20 cyan’

W IMSTA NrSTEn 12000
N5 S 027 NN Nk 0°oRIn
B17D 1 WRINa TIEBR D10 — 0P
7331 PR LIMPPITT DIN2ITID 19
w9 3 M nRbeAn AN NN —
mbun yrak oy b by
PR BRSSP IR METn
it o b2 e b5 B g B b e B o e ke )
Sy AN mmTe NMPOR 1MNDD R
,P700R 713 77787 X2 127eNY ,meyn
73R BB B2 mavp nhnIw 2
nnbwak owwon eyRw 1o nyTn
oy Tn7aw) 1IN 2R 12N
oy mya® memw N P memnan
STIRM D297 M9ayna

RO ,TIRR 2M7 DIPR R LIMWIRA”
,"Y73p 71320 122NR PRy on b
MR PI0Y M7 eI NI0n
7D 23R B705M NMARY Ny MPyUa




e S——

HAARETZ

I'eoTures

Tuesday, January 19, 1999

The secret language of ants

In order to build smarter Internet search engines, scientists at the Technion

By Dafna Lewy-Yanovitz

here are no ant farms in
I the Computer Science fac-
ulty of the Technion, nor
do faculty members stake out
colonies in the yard, but ants,
nonetheless, were the inspira-
tion behind a recently-complet-
edstudy. The applications of this
study will contribute to the con-
struction of more efficient ro-
bots and more sophisticated In-
ternetsearch engines.

The ants’ astounding ability to
communicate with each other
from a distance and their ability
to carry out extremely complex
tasks were the characteristics
which first caught the attention
of the research team of Prof. Al-
fred Bruckstein, Prof. Michael
Lindenbaum and doctoral stu-
dent Yisrael Wenger. The trio
was fascinated by the fact that de-
spite being unaware that their in-
dividual actions help to carry out
the grand plan, ants are an effi-
cient part of a highly complex
system.

“The Internet is an ever-
changing, ever-evolving place;
there are no maps, no fixed for-
mats,” says Prof. Bruckstein. “To
effectively search the Internet
and to be sure that we are cover-
ing the whole area, we must look
and see how ants, with their limit-
edresources, doit.”

These limited resources in-
clude suchdisadvantages asarel-
atively short memory, a simple
anatomy and uncomplicated be-
havior patterns. But ants do have
one great advantage: “Ants, like
certain other insects, leave
traces of pheromones wherever
they go. Thenextant topassalong
would be able to decipher the
message encoded in the chemical
and receive information about
the previous ant’s actions, where
ithad beenand in which direction
it continued.”

The computerized version of a
pheromone is a file containing vi-
talinformation, left by the search

are studying the communication techniques of ants

" Prof. Alfred Bruckstein with his answer to more efficient Internet search engines, ants.

engine’s speedy advance mes-
sengers, which would indicate
where one of its predecessors
had already collected the infor-
mation and where to find the vir-
gin territory.

“Ants build very straight and
efficient routes,” says Wenger.
“Their collective interaction op-
timizes the route they take to look
for food, forexample. Ants live in
colonies of extremely elemen-
tary creatures, yet they know
how to tell each other about their
environment, they know when
there are other ants nearby and
they know what to do when they
bump into each other. These are
exactly the characteristics need-
edby arobot to carry out atask ef-

fectively—andbyasearchengine
to quickly and efficiently find
data.”’

Wenger has dedicated the four
years of his doctoral studies tode-
veloping the concept. Over the
years, thethree researchers have
carried out several projects, at-
tempting to crack the complex
structure.

“When arobot is given a task -
mowing the lawn, say—it has sev-
eral possibilities,” says Prof. Lin-
denbaum. “One way would be
provide the robot with a detailed
map of the areaand teach it to cut
the lawn inch by inch. That would
take forever, and has other disad-
vantages, too: the robot won’t
know what to do if it bumps into

an unexpected obstacle. Another
way, the accepted system today,
is to build a complex and intelli-
gent robot, capable of cutting the
lawn, and to let it wander around
randomly. The results can be
very good, but the robot could
miss a part of the lawn or could
waste time mowing a specific
areatwice.”

“We are proposing a third op-
tion: Instead of one complex ro-
bot, we’ll use several smaller,
faster, less sophisticated robots.
All we needed to do was to teach
themtoleaveinformation in their
wake that the other robots can in-
terpret - and then we leave them
to their own devices.”

Lindenbaum points out that ob-

serving such robots proves that .

they not only carry out the work
better, they also know how to deal
with sudden disturbances. A ro-
bot which ‘dies,” or leaves the
area, does not trouble the others,
who know how to cover the terri-
tory it was due to cover, and can
recognize an area which has not
yet been searched.

“The comparison with the In-
ternet is obvious,” says Linden-
baum. “It is a huge and complex
area that will always remain im-
possible to map out. It is always
changing: sites are opened and
closed, servers goup and down.”

“Today’s search engines are
really only searching their own
data banks,” says Wenger. “No
matter how big that data bank s,
a search engine never searches
the Internet in real time: that
would take an impossibly long
time. That’s why a search engine
only returns partial results which
may not be current and are cer-
tainly not representative of the
entire Internet. Our idea is to
leave signals in every site
through which the engine passes
during its searches. That would
significantly shorten the time of
each search, bringing the possi-
bility of a real-time search closer
tobecominga reality.”

So how can a search engine
leave traces of itself, whether as
a file or a registry entry in the
site? Aren’t most sites protected
fromthis sort of exposure?

Wenger explains: “Each serv-
er has a temporary memory
whichis open topublic use, allow-
ing non-intrusive access. We
hope to convince webmasters to
allow us to leave our data there.”

“My father told me that in me-
dieval Romania, the beggars had
a secret sign language. They
used to scratch signs in the vari-
ous doors they visited, so that the
next beggar would know
whether the householder was
generous or not. That’s what
we’re trying to do with the Inter-
net,” says Bruckstein.




	2
	1



