Mo ving Up the Information F o o d Chain:

Deplo ying Softb ots on the W orld Wide W eb

Oren Etzioni

Departmen t of Computer Science and Engineering

Univ ersit y of W ashington

Seattle, W

A 98195

http://www.cs.washington.edu/homes/etzioni

Appears in AAAI-96 (abstract of invited talk)

Abstract

I view the W orld Wide W eb as an informatio n fo o d

chain (�gure 1). The maze of pages and h yp erlinks

that comprise the W eb are at the v ery b ottom of the

c hain. The W ebCra wlers and Alta Vistas of the w orld

are information herbivo r es; they graze on W eb pages

and regurgitate them as searc hable indices. T o da y ,

most W eb users feed near the b ottom of the infor-

mation fo o d c hain, but the time is rip e to mo v e up.

Since 1991, w e ha v e b een building information c arni-

vor es, whic h in telligen tly h un t and feast on herbiv ores

in Unix (Etzioni, Lesh, & Segal 1993), on the In ter-

net (Etzioni & W eld 1994), and on the W eb (Do oren-

b os, Etzioni, & W eld 1996; Selb erg & Etzioni 1995;

Shak es, Langheinric h, & Etzioni 1996).

Motiv ation

T o da y’s W eb is p opulated b y a panoply of primitiv e

but p opular information services. Consider, for exam-

ple, an information co w suc h as Alta Vista. Alta Vista

requires massiv e memory resources (to store an index

of the W eb) and tremendous net w ork bandwidth (to

create and con tin ually refresh the index). The cost of

these resources is amortized o v er millions of queries p er

da y . As a result, the CPU cycles dev oted to satisfying

eac h individual query are sharply curtailed. There is

no time for in telligence. F urthermore, eac h query is

indep enden t of the previous one. No attempt is made

to customize Alta Vista’s resp onses to a particular in-

dividual. The result is homogenized, least-common-

denominator service.

In con trast, visionaries suc h as Alan Ka y and

Nic holas Negrop on te ha v e b een adv o cating agen ts |

p ersonal assistan ts that act on y our b ehalf in cy-

b erspace. While the notion of agen ts has b een p opular

for more than a decade, w e ha v e y et to build agen ts

that are b oth widely used and in telligen t. The W eb

presen ts a golden opp ortunit y and an implicit c hal-

lenge for the AI comm unit y . As the old adage go es \If

not us, then who? And if not no w, when?"

The c hallenge of deplo ying w eb agen ts will help re-

vitalize AI and forge closer links with other areas of computer science. But b e w arned, the W eb comm u-

nit y is h ungry

, impatien t, and sk eptical. They exp ect:

� Robustness: a w orking system, accessible sev en

da ys a w eek, t w en t y-four hours a da y .

� Sp eed: virtually all widely-used W eb resources b e-

gin transmitting useful (or at least en tertaining) in-

formation within seconds.

� Added V alue: an y increase in sophistication had

b etter yield a tangible b ene�t to users.

Is the W eb c hallenge a distraction from our long-

term goal of understanding in telligence and building

in telligen t agen ts? I b eliev e that the �eld b ene�ts from

a mixture of long-term and short-term goals and from

b oth empirical and theoretical w ork. W ork to w ard

the goal of deplo ying in telligen t agen ts on the W eb

is a v aluable addition to the curren t mix for t w o rea-

sons. First, the W eb suggests new problems and new

constrain ts on existing tec hniques. Second, in telligen t

W eb agen ts will pro vide tangible evidence of the p o w er

and utilit y of AI tec hniques. Next time y ou encoun ter

AI bashing, w ouldn’t it b e satisfying to coun ter with a

few w ell-c hosen URLs? P ersonally

, I �nd the W eb irre-

sistible. T o b orro w Herb Simon’s phrase, it is to da y’s

\Main Chance." Simon describ es his mo v e from the

\academic bac kw ater" of public administration to AI

and cognitiv e psyc hology as \gra vitating to w ard the

sun" (Simon 1991, pages 113-114). While AI is not an

academic bac kw ater, the W eb is to da y’s sun. T urning

to w ards the sun and resp onding to the W eb c hallenge,

m y collab orators and ha v e b egun to deplo y a sp ecies

of information carniv ores (called softb ots) on the W eb.

Softb ots

Softb ots (soft w are rob ots) are in telligen t agen ts that

use soft w are to ols and services on a p erson’s b ehalf

(see �gure 2 for a softb ot family tree). T o ol use is

one of the hallmarks of in telligence. In man y cases,

softb ots rely on the same to ols and utilities a v ailable

to h uman computer users | to ols for sending mail,

prin ting �les, and so on. Mobile rob ots ha v e y et to

ac hiev e the ph ysical analog | using v acuum cleaners,

Figure 1: The Information F o o d wn ers, etc.

h of our ork has fo cused on the ternet b ot (also wn as Ro dney) (Etzioni & W eld Ro dney enables a p erson to state what he or she accomplished. Ro dney biguates the request dynamically determines how and wher e to satisfy utilizing a wide range of ternet services and commands. Ro dney relies on a e tation of the t are to ols at its disp enabling it to hain together ultiple to ols in resp to a user’s request. Ro dney uses automatic ning hnology to dynamically generate the priate action sequence. The ternet softb ots pro has led to a steady stream of hnical results (e.g. (Etzioni et al. 1992; Etzioni, Golden, & W eld Golden, Etzioni, & W eld 1994; ok & W eld witz & Etzioni 1995)). Closely related pro include (Kirk et al. 1995; Arens et al. 1993Unfortunately

, e e et to pro duce a based softb ot that meets the t demands the W eb y

. While uing our long-term pro ject to elop planner-based softb e e braced a new strategy for the creation t ts h I call \useful �rst." Instead starting with grand ideas ab out telligence and

softb ots are an e substrate for t h for the follo wing reasons (Etzioni 1994). First, the cost, e�ort, and exp ertise necessary elop and systematically exp t with are facts are ely w. Second, are ts t y of the y but p eripheral problems are inescapable in ysical ts. Finally

, in trast to ulated ysical orlds, are are readily v ailable (sophisticated ulations can ears to p erfect), trinsically teresting, and r e al. er, Softb ots are not tended to replace rob ots; Rob and softb ots are tary ing a promissory note that they will tually useful t ts, e e the opp osite k; b egin with useful softb ots ed on the W eb, issue a promissory note that they will eto t ts. W e are still committed to the of pro ducing ts that are b oth t and er, I submit that e are more ely to this e goal if e erse the traditional goal ordering and fo cus on building useful systems The t for \useful �rst" is analogous to t made y Ro d Bro oks(Bro oks 1991) and ers (Etzioni 1993; hell et al. 1990) for complete ts and testing them in a real orld. Bro oks put it, \with a simpli�ed orld: : : it is easy to tally build a submo dule of the tems h happ ens to rely on some of those prop erties: : : the disease spreads and the complete tem dep ends in a subtle y on the simpli�ed This t applies equally ell to user and real-time ts on W eb There is a uge gulf b een an AI yp e an t ready for t on the W eb. One argue that this gulf is of no terest to AI researherser, the demands of the W eb y strain the AI hniques e use, and lead us to new problems. W e need to recognize that t are y-nine p t computer science and one p t AI. The AI is critical but e cannot ignore text to h it is b edded. k has called this the \raisin bread" mo del of AI. If t to e raisin bread, e cannot fo cus on the raisins.

Op erating on a sho estring budget, e e b een

See hman 1992) for an t of the re-engineering necessary to transform an tellige t wledge tation system to a usable one.

otkxes totsedattheyofwlery!,and

ShopBot e eened onthey eral otson thewithinonereviewour�eldedotsandthenconsiderene�tsand pitfallsof the\useful�rst"

MetaCra The wler ot vides a single, uni�ed for t hing erg & orts an equery that ws hing for ts that certain phrases and excluding ts other queries nine of opular information ores in eliminates the needfor users to try and queries across t neednoter theaddress,terfaceofhsearc hing fortaining thephrase

\four score and ears ago."Some oresort phrase whereas others do frees the ving to er h a orts phrase hing, wler ok es this a ore es phrase hing, wler wnloads the pages returned y that ore its wn phrase h a t article,

Magazine ed Maudlin y aren’t the other spiders as wlerreplied

\with our I e to turn wn the smarts...wler o if it gets h reply misses t wler relies on mation ores to do the resource-e the it is tly t to run on eraPC and e as a ersonal wlerPC applications are w on

http://w ww.cs .was hingt on.e du/r esear ch/m etacr awle demonstrates that services their terfaces y e e with three main terface can e used to access multiple since the terface ely dest resource ts it can an individual user’s hine, h facilitates to that a terface resides on the user’s hine, there is to \turn wn the a hitecture, where telligence resides t, olume" is no longer a limiting factor the \smarts" of the erall wler es not tly use AI niques, it is olving example, e are the use of t clustering to to rapidly cus on subsets of the ences returned y wleraddition, e are e dialog to help users t, wler is an hnology for ots that are hed it in the information d Aho The Home P age y! ot ecializes in cating pages on the y �ltering wler es, h, & Etzioni

1996as input a erson’s name and a�liation, to �nd the erson’s home wler and uses wledge of geog-

y (, the URLs of home pages at the end with washington.edu) and earance (a home page title is ely to erson’s last name) to �lter wler’s y! is able to cut the er of returned y a factor of y but still

http://www. cs.w ashin gton .edu /rese arch /ahoy high y!’s �ltering algorithm is its users to el its ersas correct or uses the k it esfrom its uallyeits collects a set of home pages and near misses as h y users) to use as training data algorithm that attempts to learn the underlying home page pages at the y of Science t ypically e the http://www.cs.washington.edu/homes/<lastname>After learning, y! is able to cate home pages of dividualsen e they areindexed ywlerof informationoreInthetextofy!,the\useful�rst"us tokle an t ttothehine learning ontheis tbut it is concept require training data eled as e examples of some y sampling

(Lewis & Gale

1994) the t of eled data needed, but do not nate the y! attempts to e nature to e the eling relies on its initial er to w users to it and to solicit their k; it then uses to e the eling problem, e izations out the and e its Note that y relying on k from multiple y! rapidly collects the data it needs to learn;

tems that are cused on learning an individual taste do not e this y!hitecture is not restricted to learning out pages;

user k y e harnessed to learn in of a ot that carriesout comparison at endors on a erson’s ehalf & 1996virtually all ous ts rely on ded terfaces to sites they access,

ShopBot autonomously arns duct information from endors URL and general information out their (, areShopBot to query a store’s searc hable duct the format in h duct descriptions and learns to extract duct as price from these

ShopBotlearning algorithm is based in part on the ternet

Learning t (ILA ) witz & zioni learns to extract information from familiar sites y querying with familiar and the relationship of output ens to the orro ws this idea from

ILA;

http://w ww.cs .was hingt on.e du/r esear ch/s hopbo learns y querying stores for information on ducts, and analyzing the stores’

ShopBot kles a more bitious learning lem than ILA ecause endors are far more plex and than the ternet directories that as tested In the are shopping domain,

ShopBot has en the home pages for 12 on-line are its learning is complete,

ShopBot is able to visit the endors, extract duct information as and price, and summarize the results a preliminary user

ShopBot able to shop four times faster

(and �nd users relying only on a wser

Etzioni, & 1996Discussio ery dology has oth ene�ts and pitfalls;

paradigm is no the t ene�t has een the ery of new h hallenges, the osition of y ts on AI algorithms, and the resulting t ears, planner-based ots e us to the hallenge of orating information goalssensory actions, and closed orld reasoning to in a tractable cus on led us to ulate UWL (Etzioni et 1992cal

Closed

Reasoning

(Etzioni, & 1994;

1995ect

\useful

�rst" to equally e erthe next few earsample, wler has led us to estigate t approac hes clustering ypically assume that the t collection is ahead of time, analysis of the collection and e the text of wler, ets e in hes and the y due to t clustering has to e a result, tering ust e place as the ets are rolling I kno wledge that our approac h has umerous are a couple, phrased as fail to orate tial telligence to the cost of ying ots on eigh the preliminary success orating AI hniques to our ed me optimistic, but time will of the ots ed e uses ultiple or services on a erson’s enforces a erful erson is able state what they t, the ot is onsible which services to e in onse to do ot has een ed on meeting the ts of robustness, added wler es 100,000 hits a and ShopBot e to e announced shortly after on the as ered y tioned in its it receivingundreds of queries er satis�ed the \useful �rst" t, is to e our t ots more t, tingnew AI hniques andextending arecommitted to doing sowhile ing our ots oth usable and e will help to rid AI of the e \if it ain’t AI." k on our progress,visit the tioned arestandingAc kno wledgmen ould e to thankDan y closeora yoftheots ede, forhistributionstothe ots jectanditsvision;cannot e held onsible for the olemic tone and dologi cal ideas of this ould e to thank y otists vid Christianso os,Marc

Keith

Golden, k dy ok, Neal

Lesh,

Mark arekh, e witz, hard

Segal, and es for making ots are due to Hanks and other ers of the UW AI group for ful discussions and or atio am indebted to Nemes for her assistance in writing this er and its h as funded in part y of al h t 92-J-1946, y / Labs t F30602 -95-1-002 4, y a gift from ell alo Alto h, and y National t Arens, Y.; Chee, C. Y.; Hsu,

C.-N.; and k, C. 1993. and tegrating data from ultiple

Journal on ligent ative

Information

Systems

2(2):127{ 158 1992.

classic to tation

Theory

Meets d Int.

Conf. on Principles of dge and asoningoks,

1991.

without ti�cial e 47:139 {15 B.;

Etzioni, O.; and 1996 .

able comparison-shopping t for the orld-wide ort 96-01-03, y of of Computer

Science and via FTP from pub/ai/ at ftp.cs.w ashi ngton .edu O.,

1994.

terface to the 37(7):72 {76 http://www. cs.wa shin gton. edu/ resea rch/ soft bots.

O.; Hanks, S.; D.; er, D.; Lesh, and Willia 1992. h to Incomplete c.dInt.Conf.ofdge esent ation andasoningCA:

Morgan

Kaufmann.ailable via pub/ai/ at ftp.cs.wa shing ton. edu.

O.; Golden, K.; and 1994.

reasoning with c. 4th onPrinciplesofdgeese ntat ionasoning178{18 9. San CA: Morgan O.; Golden, K.; and 1995. orld reasoning for 95-02-02, y of FTP from pub/ai/ at ftp.cs.was hing ton. edu.

O.;1993. ots for UNIX(preliminary ort93-09-01 of via ymous FTP from pub/etzio ni/s oftbo cs.washing ton.e du.

1993. without ots reply to Magazine ymous FTP from pub/etz ioni/ soft bots/ cs.washing ton. edu.

1994 . Magazineto tary on telligence without ots to Golden, K.; Etzioni, O.; and D. 1994 . without t in c. 12th Nat. Conf. on A.I., 1048{10 54 AAAI A. Sagiv,Y.; information Working Notes of Spring Gather ing g ou s, d onments, 85{91. order a sss@aaai .org C., 1996. to ort 96-01-04, of Computer Science via FTP from pub/ai/ ftp.cs.was hing ton. edu.

D., and Gale, 1994. text classi�ers 17th nnual Int’l CM e on c h and Development in etrievalT. M.; Allen, J.; Chalas ani, Cheng, J.; O.; Ringuette, M.; and hlimmer, J. C. 1990. ork for ving ed., ctur es for e. Hillsdale, witz, M., and Etzioni, 1995. tion: to understand informatio n on the In c. 15th Int. Joint Conf. on E., 1995. and Comparison Using the wle 4th World Wide Web Conf.195{20 http://www .cs. wash ingto n.ed u/res earc h/me tacra wler h, M.; home page ort, of http://www .cs. wash ingto n.ed u/res earc h/ah oy1991. of My Life