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Abstract

’lltraining　people　on　science　and　engineering　as　well　as　providing　scientific

and　engineering　solutions　are　key　abilities　in　the　technology－driven　devel－

opment　of　our　society．　Recent　innovations　in　global　networking　and，　in

particular，　the　creation　of　the　World－Wide　Web　and　the　widespread　use　of

mobile－code　technolog　y，　put　a　new　generation　of　software　systems　within

our　reach，　which　promise　一a　new　quality　of　knowledge　dissemination　and

absorption．

　　　Herein　we　document　our　design　of　a　combined　software　technology　basis

and　content　creation　methodology　（tentatively　named　KNowLEDGEWEB）

that　addresses　both　modern　education　methods　and　distributed　Solution

providers　in　the　area　of　science　and　engineering．　ln　accordance　with　the

twofold　goal，　we　propose　two　Main　technologies：　active　books　and　know－

ledge　on　demand．　The　first　component，　active　books，　blurs　the　distinc－

tion　between．traditional　textbooks　and　educational　so丑ware　by　integrat．

ing　content－dep　endent　software　into　the　static　text　（like，　for　example，　a

computer　algebr．a　system　into　a　textbook　on．　mathematics）．　The　result　is

a　new　medium，　which　assists　the　student　in　acquiring　the　desired　know－

ledge．　The　second　component，　knowledge　on　demand，　does　not　aim　at

teaching　knoWledge，　bu七at　providing　knowledge　encoded　in　solvers，’i．e．，

．software　components　that　realize　solution　procedures，　such　as　constraint

solvers，　data－mining　ptocedures，　and　so　on．　ln　other　words，　it　favours　a

black－box　approach　to　knowledge　dissemination　in　contrast　to　the　white－

box　approach　of　active　b　ooks．　These　solvers　may　b　e　spread　over　the　global

network，　some　of　them　may　require　special　hardware　resources　like　sup　er－

computers．　For　many　problems’a　set　of　solvers　has　to　be　combined　into

concerted　operation，　and．　moreover，　a　convenient　user－interface　is　needed．
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1 Introduction

The　technology－driven　development　of　our　society　requires　sophisticated　methods

for　training　people　on　science　and　engineering　as　well　as　for　providing　scientific

and　engineering　solutions．　The　current　state　of　global　networking　and，　in　particU－

lar．，　the　World－Wide　Web　and　the　widespread　use　of　mobile－code　technology，　put

new　software　systems　within　our　reach，　which　promise　a　new　quality　of　knowledge

dissemination　and・．absorption．　ln　the　following，　we．　introduce　a　software　tech－

nology　basis　and　content　creation　methodology，　called　KNQwLEDGEWEB，　that

addresses　both　modem　education　methods　and　disttibuted　solution　providers．　in

the　area　of　science　and　engineering．

1．1 The　Vision

This　report　outlines　the　design　of　a’　new　generation　of　software　systems　that

provide　a　new　quality　of　knowledge　diSsemination　and　absorption　by　combining

three一　key　areas　in　which　the　involved　groups　have　developed　strong　experience

during　the　past　years：

e　diStributed　software　systems，

　　　　　　　　　　　　　　　　　　　　ぼ●advanced　programming　and　problem　solving　paradigms，

e　mathematical・education　and　training．

　　　In　our　opinion，　the　combination’Q．　f’these　technologies　will　yield　software

products・　for　conquering　two　crucial　markets　focusing　on　important　social　and

commercial　challenges　of　the－next　century：

e　training　people　on　science　and　engineering；

’e　providing　sej　entifie　and　ehgineering　’Sp．　．　lutiOhs．．

Both’marketS’addtess　the　need　’of　people　to　learn　tb”cope　With　at　constantly

changihg　andl　increasingly「c・mplek　envi・・n血ent　phat　is　’essentially．shaped　by

human　technolog　y：

1．　The　first　market　refeics’ 狽a@a　persb’　n’S　ability　to　’u’　ndtl　tstand　and　to　influence

　　the　developments　in　a　particular　application　domain．　This　requires　sound

　　education　in　・order　to　learn　the　laws・of　the　domain，　to　analyze　complex

　　problems　within　this’domain，　and　to　provide　a　functiona｝　solution　to　prob－

　　lems　in　this　domain．　The　domain・thus　must　become　a　・“white　box”　whose

　　internal　workings　the　person　must　know．
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2．　The　second　market　refers　to　a　person’s　ability　to　utilize　solutions　to　prob－

　　lems　in　unfamiliar　application　domains．　This　requires　the　ability　to　contact

　　solution　providers　for　these　domains，　send　them　problems　and　get　answers

　　in　return，　both　formulated　in　a　suitable　language．　This　domain　can　be

　　viewed　as　a　“black　bOx”　whose　internal　workings　the　person’　need　not　care

　　of．

Of　course　both　markets　are　not　contradictory　but　complementary：　we　need　to

educate　experts　in　one　application　domain　that　can　develop　solutions　for　this

domain　based　on　the　knowledge　of　experts　in　other　domains．

1．2 The　Spearheads

In　Section　2，　we　outline　two　technologies　addressing　the　markets　outlined　above．

These’垂窒盾垂盾唐≠撃刀@are　based　on　our　convictions　that　the　demands　can　be　met’　by

novel　approaches　to　knowledge　presentation・and　dissemination　only．

1．　Educating　People：　Active　Knowledge

　　Up　to　today，　knowledge　transfer　mostly　relies　on　the　use　of　pape，　r－based．

　　books．　The　knowledge　presented　by　such　books　is　eompletely’　“passl’ve”：　the

　　reader　tries　to　understand　the　thotights　of　the　author　without　being　able

　　to　ask　questions，　to　run　exercises　and’get　feedback，　thehe　is　no　possibility

　　伽翻erαCオ¢0ηω伽孟んe　book．

　　We　propose　’to　integrate　existing　software　coMponents　into　an　authoring

　　environment　for　the　development　of　active　books　that　incorporate　facilities

　　for　the・kind　of　interaction　sketched　above．　The　book　can　embed　execut－

　　able　contents　and　it　can　draw　resources　from　the　lnternet．　Based　on　thiS

　　environment，　an　interactive　mathematics　book　is　being　developed　as　a　case

　　study．

　　T・吻・α卿Z・げ・・flware．　S〃卿・5¢脚ん・鰯曜・吻卿9（の一Eαゆ・・の

　　m面一mε伽卿ぬ。孟5∫・rtんe面高ηmεη伽α惚‘．　Our　pr・p・sα1』extends　tんe8e

　　gqal吻qddr・5蜘オん・5卸ψ¢9吻・m備・∫・ci・面目・α叫engineers　t・冨吻一

　　加ω伽舌・ρん吻」5q彦ωα・e　8〃5卿・αηd傭幅質ε8・U・c・5α畷、』e5P吻lly・m－

　　Pんasiz吻舌んe翻e僧αCオゼ0π6蜘een　reader　and　b・・k・

2，　Providing　Solutions：　．KnQwledge　on　De7n．and

　　Up　to　today，　there　is　no　good　way　to　’provide　scientific　and　engineering

　　solutions　over　the　network．　Low－level　approaehes　based　on　facilities　such

　　as　Web－servers　wi・th　CGI　interfaces　are　rather　ad－hoc　and　do　not　easily

　　allow　the　multi－disciplinary　integration　of　solution　servers　from　different

　　application　domains．
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We　propose　tQ　develop　an　envitonment　for　the　creation　of　servers　for　sci－

entific　and　engineering　solutiQns．　The　core　of　this　environment　is　a　mid－

dleware　that　integrates．　standard　client　frontends　（Web，　browsers）　on　one

side　with　various　types　of　technical　software　systems　（Mathematica，　Math－

Lab，　．．．）　on　the　other　．side　based　on　．a　geperic　format　for，　the．　exchange　of

teehnical　．data　betWeen　setVer　Jand　middleware　and　a　geheric　format　for　the

presentati・h』・f　reSUIts　in　the　client丘・ntend・Thes6飯血ats　are　b翻・n’

β炉南中。駕gi撃de酵elopm6＃ts　i浄thes⇔耳elds（QPe．ti】幽lh・輿至聖翠L）・

7b吻，、α¢・ψqf・・伽α・ε蜘・・n・　serv・孟ん・．んuge　mark・t・．Of　S：ME3画απ・nd

嘱蜘・閉門5e8μ”吻吻・四・δ5罐r5勉・蜘θC・叩・rce・V｛r　th・駕・・一

丁6伽ψ鋤9、catal・9μ召5，ρ凹凹9　P勿蜘。孟5，…ノ・Our　prop・3αZ螂eη45仰噸de

5伽1α・・e7惚5／br　5c纏酪αηdεπ卿邸孟・enaゐ1・伽郷・轡型ir　services

・偏るe．πe孟ω鵬ωh雪質eg嘘e5嚇3偶eη齢囮5｛ザオec加・1・92ε5α嘱傭ε吻ρe3・

Of　course，　the　technical’　basis　’Of　bbth　prbpp．　sals　partially　bverlap．　’While　both

謙翻翻膿脇窯1登dent’yandS6pa「a七e’y，the’「co血b’haゆwou’d

1．3　The　Technologies．

　The　Vision　formulated　in　’the　previoUs　section　is　based　on　a　couple　of　key　technolo－

gies　in　which　our’@groups　have　a　long　standing　ekperienceL　Various　related　projects

are　already　being　pursued　by　these　groups　individu’ally　or　in　collaboration　（see

　Section　3）．

Distributed　SQftWare　SystemS　Today　we　experienc’e　the　increasing　demand

to　intercO’　nneet　software　produetS　that　previoUSIy　bperated　iri’an’　isQlated　in’ ode

in　order　to　enable　them　to　cooperate　to　achieve　a　common　gpal．　As　a　result　we

get弗痂6初ε4r3q伽加ε5〃5オεm3　c6hsi6ti血g16f　mahy　corhpφnents　which　asyhchron－

ously　execUte　in’different　locationS　a’　nd’　whose　activities　haVe　tb’　’be　appfopriately

coordinated　（see　e．g．　Projects　3．1．2，　3．1：4，　3．1．3，　3．3．1，　and　3．3．2）．　For　this　pur－

pQse，，　middleware　is；，・employed・in　・order・to’　free　the　components　from　lt　w－level

／tasks　such　as　locating　other　components　Qr・＄electing／a．　ppropriate　comttunicatipn

Protocols　（see　Proj　ect　3．2．1）．

　　　Nowadays，・　／the　lnternet　serves　as　a　general一一purpose　com　munication　backbone

with　high－level　services　such　as　the　World－Wide－Web　built　on　top．of’it；　the　pro－

gramming　language’Java　promises　to　become　the　language・　of　choice　for　lnter－

net－based　systems．　Mi’ddleware　standards　such．・as　CORBA　’or　widely　available

products　as　DCOM　or　Java’s　RMI　may　save　as　the　glue　to　combine　components

t・o　distributed　applications．　Multicasting　features・embedded　in　Web　・browsers，

presentation　tools，’　and　groupware　start　to　support　distributed　co｝laboration．，

　　　The　distributed　app｝ications　outlined　in　the　current　report’　will　use　these　in－

dividUal　technologies　as　standard　components；　there　is　no　necessity　．to　develop
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proprietafy　counterparts．宜owever，　the　real　challenge　lies　in　their　integration　into

a　consistent　framework　which　requires　technical　expertise　as　well　as　knowledge

in　the　application　domain　as　provided　by　the　projeet　partners．

Advanced　Prp，　gramrp，　ing　ap．　d　Prpblem　Solying　．Models　Many　pf　the　sci－

entific　and　engine，ering’　servic．es　which　the　cqrrerit　report　qddresses　can　be　best

formulated　and　solved　using　Programming　and　problem　solying　mQdels，i．hat　are

on　a　much　higher　level　than　conventional　imperative　programMing　languages　such

as　C，　C十十，　or　JaVaL　ExamPles　of　such　paradi’gms　etre　functiOnal　programming，

logic　program血ing，　constraint　solving，　a亡tomated　proving　i：n　reStricted　math－

ematieal　theorie’s　using　special　methods’，　as　well　as　’any’　combttnatiQn’i　of　these

methods　（see　e．g．　Projects　3．1．4，　3．2．2，　3．2．3，　3：3．1）．’

　　　AS　’一an　examPle，’　’take　the　very　imp6rtant　engineering　problem　O’f’mddeling　con－

trpl　syste．ms　an　d　answering　questions　about　properties・such　as　th，　e．．ir　stability．　A

very　conv．　enient　way　Qf　solving　this　problem．is　to　fQrmulate　each　component　of

this　system　as　a　higher－order　predicate　（parameterized　over　pr．edicates　describ一

一ing　its　sub－systems）　that　relates　certain　measurable　quantities　expressed　in　real

numbe’rs　（pressure，　temperature，　．．．）；　this　formulation　can　be　nicely　expre．ssed

in　a　functional／logic　language　with　constraints．　Plugging　togethe’r　the　descrip－

tions　of　the　indivi　dual．　components　yields　a　predic．ate　which　can　be　evaluated　by

a　language　interpreter　that　generates　sy＄tems　of　constraints　over　the　reals　to　be

handled　by　a　constraint　solver．

　　　A　server　solving　control．system　problems　may　therefore　consist　of　a　func－

tional／logic　language　interpreter　combined　with　a　constraint　solving　engine；　this

．eng加e、（one　or　mqre，　since㌻he　co耳st蝉耳t　so1Yer皿耳y　be　based、o孕、　a　P3rallel　al－

g－ori　thM）　，．u．　｝，　ay　its．elf　repTesent　an　，a，　ntonomQus　server．p．ff，　ering　its　fu．　nctiopality　over

the　network．

　　　蜘simil昂r・吻，．，脚y　pf，the，串e・Yi¢e咽Φe写se⑩y　t＃e　cμrr晦rep・rt　may

m昂ke　lμse　qf　variQuS呂dva耳ced．progr昂卑mi孕g　apd．prgble皿βolYiρ9㎎g恥ods・

Mathematical　Education　and　El］raining　・”An　important　aspect　for　the　pre－

paration　of　active　iknQwledge　in　the・form　of　interactive　books・is　’a　clear　understand－

ing　of　the　logical　structure　of　the　material　being　presented　and　the　relationship

be七ween　its∫i血diVidual　compo：nehts，　in　order　tq「master　th6　complexity・of　their

tinteractioh’　and　to　find　appropri　ate　means　of’　prese’ntation．　This　is　much　more

dificult　than　in’convention，al　Paper－based　books　since　the　individual　components

may　depend　in　variouS　waYs・・on　each　other，　may　be　used　in　many　contexts　and

may　be　invoked　by　each’other　and　by　the　reader　of　the　book　（executable　contents）．

This　raises　Many　logical　and　software－engineering　issues　that　can　be　only　appro－

priately　addressed　if　a　formal　basis　（model，’　theory）　of　the　underlying　domain　is

available　aceording　to　which　the　presentation　is　structured　（see　Projects　3．1．1，

・3．2．2，　and　3，3．2）．
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　　　As　an　example，　take　an　algebra　course　presentj　ng　knowledge　（theory，　al－

gorithms，　reasoning　strategies）　about　various　cencret．e，　and　abstract　mathematical

structures　such　as　algebraic　numbers，　rings，　and　polynomials．　One　possibility　to

organize　the　material　is　to　structure　it　in　the　form　of．functors，　i，e．　domain　para－

meterized・over　other・domainS，　where　each　functor　encapsulates　all　the　knowledge

about　the　domain　（carrier　set，　operations，・　proving　methods）　that．can，　be　appro－

priately　invoked　from・other　functors　depending・on・it．　Correspondingly　a．tower

of　mathematical　structures　can　be　constructed　and　accordingly　presented，　sup－

porting　demQnstr．ation　．examp’　les．can　be　developed，　giving　the　user　the　possibility

．to，　experience，　to　exercise　and　to　．　experiment　on　all　’the．　material　cQvered　by　the

book．

　　　To　develop　education　and　training皿aterial　therefbre、not　only・requires　the

technological　basis　but　also　guidelines　and　techniques　how　to　develop　and　struc－

ture　the　material；　exaMple　material　has　to　be　developed　and　to　be　elaborated　as

tutorials　for　developers　of　new　material．

2 KnowledgeWeb’　Proposals

The　following　proposals　outline　’two　concrete　Possibilit・ies’・how　the　combined　ex－

pertise　of　the　partners・　ean・be　effectively　’utilized　to　create　a　new　・generation　of

software　systems．　Each　activity　can　be　pursued・independently／and　separately，

but　their　combinatidn　would　yield　considerable　synergy　effectS・．

2．1 Active　Knowledge
The　transition　from　traditional　Print　media　・to　electronic　documents　significantly

increases　flexibility　and　creates　new　Opportunities；　but to　date，s・this　potential　is

seldom　exploited”fully．’A　printed’book　is・by　its　very　nature　a’　passive－objectt・；　but

an　electronic　book　can　be・active，　in　the・sense　that　it　can　react　to・血anipu｝ations

by’the　reader．　Mor’e　precise’ly，　content－depended　software　compp，nents；may・be

integrated，　which　complement　the　static　text．　lnput　froM　the　reader　・is／p’rocessed

by　this　software一一the　bOok　reacts’and　adapts　in．　accordance．・　We　call　these　gen一

一eralized，books　active　books．　The　supplied　content　is　not　just．一passively　read，　but

reacts　to　feedback　from　the　reader．

　　　The　transition　from　stand’alone　PCs　to　networked　computing　environments

provides　additional　features　for　active　books．　lt　is　no　longer・　required　that　the

complete　conten’　t，　ipcluding　its　active　components，・resides　on　a’single，machine．

Instead　it　may　be　spread　over　multiple　processing　elementS，．　some・　of　them　may

have　special　features，　such　as　．special　’1／O・devices　or・　special　performance，　needed

for　cert・ain　activ6　components　of七he　book　The　result　are　distributed　active　books．

　　　The　main　purpose　of　active　bookS，　just　as　with　their　passive　predecessors，　is

to　convey　knowledge，　which　is　acquired　by　the　reader．　The　learning　process　can
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be　greatly　aided　by　the　active　nature　of，　the　medium，　independent　of　whether　the

learned　material　is　the　differential　calculus　or　the　use　of　a　new　software　tool．　ln

the　c’≠唐?@of　the　differential　calculus，　the　book　may　contain　a　computer　algebra

system，　such　as　Mathematica，　to　check　a　students　answers　to　exercises　and　to

provide　solutions　to　problems　stated　by　the　student．　ln　the　case　of　the　tutorial

for　new　software，　the　active　book　will　include’the　software　whose　use　is　studied，

to　provide　the　hands－on　experience・，　which　is　so　vital　in　learning　hbw　to　operate

　　　In　other　words，　traditional．　books　contain　passive　knowledge，　whereas　we　want

tσprovideαctive　knowledge．　Active　knowledge　is血ore　accessible　fbr　the　learning

person　as　it　can　adapt　and　react　tQ　the　learner．　Hence，　the　new　technolog　y　is　not

merely　a　new　medium，　but　it　adds　value．

2．1．1　State　of　the　Art

護

On　first　sight，　it　may　seem　that　the　whole　Web　is　a　huge　distributed　active　book，

with　all　its　CGI　scripts　and　Java　applets　realizing　the・active　．components．　But

this　view　is　too　general　and，does　not　match　our　concept　of　active　books．　The　main

differen／ces・between　active　books　and　・the　Web　in　general’≠窒?@twofold：　（1）　the　Web

is　a　mainly　self－organizing，　collective　effort　of　independent’contributors，　whereas

an　active　book　is・the　consequenc・e’of　a　co－ordinated　effort　of　a　comparatively

small　group　of　people；　and，　partially　as　a　consequence，　／（2）　・the　Web　is　highly

diverse　and　fragmented，　whereas　the　content　of　an　active　book　is　monolithic，

albeit　structured．　Nevertheless，　active　books　cap，　of　cQyrse，　be　provided　via　the

Web，　i．e．，　they　ean　be　elements　of　the　Web．

　　　As　a　consequence，　the　technology’　of　the　Web，　including　HTML，　Java，　’and

CGI，　forms　the　basis・of　the　development．　of　active　books，　but　it　is　too　general

to　be　used　directly，　as　it　would　require　substantial　coding　efforts　that　distract

from・providing　content．　ln　other　words，　we’require　an　additional　set　of　tools

that・　allows・to　provide．　content　without　worrying　too　much　about　the　technical

realization　of　the　resulting　active　book．

　　　It　should　jbe　elear　that　our・　intention　is　not　・the　development　of　mere　electronic

support　for　displaying　text　or　multim．edia　documents，　such　as　hypertext．　We

take　the　idea　of　electronic　documents　one　step・・further　and　integrate　content－

dependent　software．　Such　extensions　have，・　to　date，　received　consi　derable　less

attention，　although　they　provide　many　new　opportunities．

　　　Nevertheless，　there　already　exist　documents　that　have　to　be　considered　as

・active　books　by　our　definition，　but　we　observe　that　the　technology　is　not　fully

uti｝ized　and，　more　importantly，　a　methodology　and　tool　set　to　write　active　books

is　missing．　Nevertheless，　the　existing　instances　demonstrate　the　usefulness　of・the

concept，’and　our　main　aim　is　to　simplify　the　production，　such　that　it　is　accessible

to　a　broader　group　of　authors　and　is　more　cost－effective．

12



2．1．2　PropQsal

We　prbp．　pSe　th’e’deV’　elbpment　bf　（1）　a　MethQdQlogy　’and　（2）　a　tool’set　for　the

creatigri’　o，if．　acl　IVe．　lb，．．’，　’P，　k－s，：　Bo！h　ate　一m．　．eant，tQ’miptrpizg　the’effort．s．　needeq’to．　grema．te

　aetive bbdks’and’tQ’allOW’　the　authdrs．　tQ’conc’entrate’on　creating　content　i　The

欝塩瀧融suse　6frtaゆ「曲嘔s　anld’anguages・1’n　pa「licula「，

　　　　The　aetiVe　te＄edreh　that　i＄．’under　way．　at’　the　li’Perial　CQIIege，　RISC，’and

the　UniverSity　of”Tsdkuba　pr6vid6s　importari七background　fbr七he　propQ＄ed　l　pfo．

j6c七．　Ih一　par七icular，寸arioμ＄activities巾3c曲φirl　th←．Appe4dix　are　of’imMediate・

interest　for　software　sUPPorting　actiye　knoWledge．

　　　　The　The・吻a　pt・16頭App6h4ix　3・1二1＞ihv6s七igates　the　Use・fan　6xte血si・n・f

Matheniatiea　tb　develop’　teXtboOkS　in　the　a’rea　Of／Mathematies　that　include　an　en－

gine　t・supP・rt・pt・・角and　mathe晦i6：al　reas6血ihぎ・恥・therm・re，　the　Distr’ibnted

Algebtaic　Ge’ontetry　proj　ect　（APpendix　3．1．2）　develp．　pS”distributed　algbrithms　for

clasSroom　presentationS．　Both　Projects　reqqire　expertise　not’bnly　Wi’th　regard　to

i　edueational　SoftWare，　but　also　with　regards’　to’　its　iMttleMentation　in　distributed

enヤir6：nments　an（i　th6　integration　of　active　6d血ponents　into　hyp¢rtext　Presenta－

tions．　，　　．　；．．，．．　．　．．　．／　．　．　　一　．．v　．l
　　　Andthe’r　proj　e’et　that　is　conceMed　with　the　deVelbpment　of　M’iddleware　for

distributed　systenis　is　described　i．n　A．．．Ppepdix　3：2．1．’　lt　featU！．　e，　i，　the　’ipt－eg’ratign一．gf

staちe一・f一七he・art　interfaees、　between・di蝕nt　sg銑waτe　c6血P・’「ients　a「id　espeCially

the　integration　of’Java－based　user　interfaces．’　FinaJlyi　our’wotk　bn　Pistribvt／ed

GofiZn　3．3．1　in．　vestigates　the　high－leVel’　spe．cifi．　catiPn　of　dist！ibut．e’　q　sysgemst　The

last　tw・P・・jlects，　dbm「・nStrate・門下s七・・”siMPIifythe　use・f　distpibuted　sYs－

tems，　the　integration　of　diverse　software　components，　and　generatibn　of　modeM

　user　interfaces．

Methodology　The　development　of　active　books　to　realize　active．　knowledge

requires　a　design　methodology　on　two　levels：丘rst，　a　program血ing　nidthodology

that　integrates　．hypg．rtext，yiew，　ers．with・c6ntgnt－depend．ent　softw．｛．re　dco，mpone．nts，

and　second，　a　cQpte，　ht，　design－method，olo，．　．，gy　th．　at．　qse＄　the　．new　techBolQg　y　to　max－

imize　the　benefit　．for　the　reader．　The．　．，，．．progr．　a，　mm，　ipg　methodQ．　IQ．　gy　defines　an　interr

face　technology　between　the　differep．　t．po．　mpon．　ents，Qf．　the．　＄ystem，　using　modern

protoco｝s，　such　as　Java　RMI，　or　CQ．　R．，B．．A，　．．　Furthe．rn　ore，一it　guides　the　development

of　the　active　components　in　an　active，book．　The　content　deslgn－methodology　es－

sentially　defines　in　which　way．　active　cQmponents　should　be　used　in　active　books

in　a　science　ahd　engineering　context．

Tools　TO　simplify　the　development　of　active　books，　we　propose　to　develop　au－

thoring　tools　supporting　the　integration　of　heterogeneQus　active　and　passive　com－

ponents　into　hypertext　documents　as　well　as　the・　distribution　of　the　components

over　multiple　processing　elements．　Authoring　applications　provide　the　pQssibility

13



to　search，　browse，　and　organize　distributed　content，　while　creating　an　front－end

representation　of　an　active　book　ip　the　form　of　HTML－based　do，cuments，　which

may　be　enhanced　with．a　scripting　language　such　as　JavaScript．．　HTML　and

JavaScript　define　the　outline　and　representation　Qf　embedded　cQntent　originat－

ing　from　externa1　Web　sites．　Deployment　ofa　HTM工，一based　outline　of　an　acちive

book，　generated　by　means　of　the　authoring　application，　on　a　Web　server　makes

it　pos＄．ible　to　consider　a　completed　active　book　itself　as　an　active　content　element

and，　therefore　to　embed　one，active　books　within　each．　other．　The　user’　inter－

face　of　authoring　applications　is　ideally　impleMented　as，．q　thin　Java－applet　client，

providing　a　high　degree　of　portability　and　interoperability．

　　　Content　used　by　active　books　may　include　actiye　（Java　applets，　CGI？　Act－

iveX，　VRML　virtual　reality・　worlds）　as　well　as’　passive　elements　（multiMedia，

HTML’ р盾モ浮高?獅狽刀j一see　also，［BN96］．　Optionally，　to　provide　a　high－perforMance

storage　for　passive　content，　third　Part．y　obj　ect－oriented　database　servers　might　be

applied．　Authoring　actiye　books　correlates　closely　with　coptent　requesting．　．and

delivery　techniques．　To　requeSt　a　context　element，　an　active　bopk　interfaces　with

a　middleware　component，　Which　provides　transparent　cQntept　，referepcing？．seaTch，

and　delivery．　The　middleware　functionality　from　the　point　of　view　of　active　books

closely　matches　the　requirements　imposed　by　the　DistTibuted　Solutio．n　Ware－

house　to　the　Knowledge　Mediator　middleware’ iSection　2．2）　［BS97，　MLDM96］．

CORBA／Java　ORB　and　HTTP／CGI　mQdels　can　be　nicely　aPplied　to　implement

middleware　with　int．egrated　functionality．　These　models　also　provide　a　standard

interface　to　middleware　compop，　ents．　An　int．　egrated　middleware　enqbles　the　use

of　DistTibuted　Solution　Sites　as　a　kind　of　active　content　available　for　the　creators

of　active　books．．

2．2　Knowledge　on　Demand

2．2．1　Qverview

The’　world　Wide　web（www）is　beco血ing　a　low－cost，　platfbrm　independent

standard　interfaee　mechanism　with　which　to　access　the’　computational　resource

that　are　distributed　a｝1　bver　the　wotld：　MOreoVer，　the’powerful　idea’of　executable

contents　6r　active　infotmation　has　oPtt’ried　neW　and　exciting　’avenues　which　will

lead　WWW　to．　a　new　landscape　of．　orgianii　ing　and　assimilating　scientific　and

technical　knoWledge　that　i　hre　distributed　’all　over　the　world　into　a　global－wide

knoWledge　base．　With　the　efficient　deplbyment　of　such　an　ever－growing　knowledge

repository，　the・　way　of　working　in　industrY　and　academic　societies　will　have　a

revolutionary　change．

　　　We　consider　the　research　in　this　new　field　is　of　fundamental　scientific，　commer－

cial　and　social　importance．　We　therefore　propose　as　a　research　and　development

proji　ct　to　build　up　a　prototype　of　Web　based　global　mathematical　knowledge　on

demand　service　engine　which’aims　to　provide　to　workers　in　industry　and　academy
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all　kinds　of　mathematical　services　via　the　Internet　using　Web．’　The　system　is

based　on　the　Web　based　distributed　computing　model　where　the　mathematical

solutions　．contributed　by　the　expertise　in　various　scientific　decipline　are　organised

into　a　globally　distributed　solution　warehou＄e．　These　solutions　can．　be　provided

on．　demand　to　the　user　via　the　Knowledge　Gateway　middleware　to　the　users　all

over　the　world．

2．2．2 SYstem　Architecture

The　system　is　based　on　a’ р奄唐狽窒奄b浮狽?п@cQmputing　model．　lt　composed　pf．．geograph－

ically　distributed　computation　sites，　each　of　which　proyides　its　local　mathematical

solutions．・At　e’≠??@site　a　set　of　Solutio’　n　APIs　tire　provided　to　supPort’　the　solution

deP16Y血eht　froM「loとal　exp6rts　and　alS’o　a　3伽ル1αnageMent’Ag白nt　which　handle

the　coMmunication　between　the　site　with　its　clients．　．

　　　The　entire　site　is　integrated　via　Web　as　a　globally　distributed　knowledge

war’??盾浮唐?D　This　integration　isi’　’SdPported　by　the　KnbwZedge　Mediator　middleware

whi　ch　provides　a　centralized’control　of　the　distributed　sites　and　acting　as　a　broker

，for　building　clients　and　the　distribuited　servers　to　’deliver’　knowledge・to　its　required

clients．　The　Math－lounge　is　provided　as　a　Web・based　GUI　client　environment，

which　provides　a　uniform　view　of　the　distributed　knowledge　warehouse．

　　　The　functionality　of　those　major　components　is　described　in　detail　as　follows：

e　Math－Lounge：

The’@Math－lodnge　is　a　Web－based　client．　tool　for　deploying　distributed　know－

ledge　Service・It　is　c・ipPQsed』・fan　i耳te耳igρ・t　se3r中en琴inel袖ich　supP・「ts

　　ap　efficien’t．g．　uerying　to　the　Site．Ma．nagem．ent　database．for；r．eguired　service．

講灘ul器搬器躍pP1岬nology』七〇ll曾’d6act’ve’n一

e　Knowledge　Mediator：　” D　，’

　　The　knowledge　Mediator　acts　as　a　middleware　establishing　the　connective

　　between　clients　and　the　server　sites　containing　the　solutions　required　by

　　the　clients．　The　middleware　is　also　served　as　a・　fra皿e蜘rk　fbr、　managing　the

　　distributed　service　sites　and　service　provision．　The　major　components　of

　　the　middlware　include：　・・　・’　・’一…　，．．i

一　Site　Management　Database：　it　consists　of　a　repository　recording　the

　　detailed　information　about　each　’registered　’solution　sites，　This　repes－

　　itory　is　maintained　automaticallY・via　a　set・of・　site　，agents　dynamically

　　updating　the　infoicmation　of　each・　registrated　sites；．　The　repository　will

　　be　’used　to　build　up　the　math－louge　for　deploying　the　service　and　also

　　will　be　used　to　monitor　the　status　of　the　whole．system．
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一　Service　Manager：　it　is　a　database　recording　user　info．rmation　including

　　the　accounting　information　of　service　provision，　statistic　information

　　about　service　usage　of　each　site　and　the　database　of　dynamic　messages

　　of　user’s　feedback．　lt　also　provides　a　set　of　service　help　functions

　　including　user　help，　service　a｝ias，　alternative　service　for　fault　tolerance．

一　Solution　Broker：　it　is　responsible　for　establishing　connection　between

　　a　service　requesting　client　and　its　required　service．　The　broker　is　im－

　　plemented　using　Java　RMI　obj　ect　communication　mechanism．

e　Distributed　So1ution　Warehouse：

The　geographically　distributed　computation　sites，　each　of　which・provides　its

local　mathematical　．solutions，　integrated　based　on　the　．Web　．infrastructure，

form　a　distributed　solution　warehouse．　Each　site．　consists　of　a　set　of：

一　Solution　APIs：，’whi’ch　are　u－sed　tp　s－upp．　g．rt　一the　L＄Lo，．1－u．tion　deployment

　　from　local　experts．　lt　is　implement．ed　uSing　JavalDL．

一一@Site　Ma’nagement　Agent：　which　handle　the　communication　between

　　the　site　with　its　clients：　lt　also　responsible　for　reporting　the　updated

　　information　of　the・　site，

2．2．3 Research　Programme

The　research　aims　to　build　up　a　prototype　of　the　knowledge　on　demand　engine

in　2　years　time．’ she　firs，t　year　we　．will　foeus　on　develop　the．　key　components　and

their　integration　technolo．，gy．　We　also　will　at　this　stage　tg　build，up　several　solution

sites飴r　prQマing　cbnρep七＄1ゆeβゆd　y曾a瑚e　will　bcμr　6n　the　devel・pment

of　Math－lounge’GUI　and　Site’ @APIS．　Matl　y　funetiQps　for．　commercial　’services

such　as　accounting，　security　and　systeM　Mainta’inarice　Will　be　inVestigated　and

integrated　into　the　system．　A　full　functiQnal　demonstr．　atlon　of．　Sh．e　KQD　engine

will　be　delivered　by　the　end　of　the　second　year．

3　’Project　Surv’　ey

KNowLEDGEWEB　draws　from　a　collection　of　projects　under．way　at　the　Research

Institute　for　Symbolic　Computation　（Linz，　Austria），　the　lmperial　Cellege　Lon－

d’on　（United　Kingdom），　and　the　University　of　Tsukuba　（Japan）．　The　results　of

these　projects・　build　the　basis　on，which　KNowLEDGEWEB　is　developed，　and　so，

KNowLEDGEWEB”s　feasibility　critically’rests　on　this　previous　and　ongoing　work．

The　purpose　of　this　section　is　to　survey　these　proj　ects　and　put　them　into　rela－

tionship　with　KNOwL：EDG・EWEB．　’The　projects　a　grouped　by　research　institutions

and　preceded　by・a　brief　outline　of　the　research　group．
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3．1 Research　lnstitute　for　Symbolic・Computatien

The　Research　lnstitute　for　Symbolic　Computation　（RISC－Linz）　of　the　JOhan．nes

Kepler　U卿ersitY．L．　inz　has　purSロe曲r　al卑gs伽・decades　research　6耳。・mpμter

algebra，¢・血PμtatI・pal事e・脚YZ　c・mp嘔吻l　l・giと，　auも・mate蜘S・ning？・c・n一

．St・aint　5・lvi耳9如ctig茸a坤d　l・giρPrρgra脚iρg　and．’paralle1．即4isゆμt6d

Pr・ρe串sing　Wi伽P戸licρ螂in　g騨rtrゆ6母壁1重ρ9，．　c・mputer7昂id¢サgng脚ip9，

robot　simulatiori，　NCLProgram．　．miln．g，1　et“Pe，rt，．　sYs，　teMs？．apd　peptal．ne’tw．　Qrks．・

　　　　T坤．ipstitμte　h鵬．ね¢μ1㌻y馳qfユ5三三←rs、w茸th．4・ρt・・al　degroρ・Aわput　50

stud螂茸・m卑atゆa毎¢s　andρ9四三r蜘ρ9・！項・rg・fh吊lf・fw与i⑩e茸qm
　a聴road）、c章rrently　Pu環μρ，もhe‡rφp19卑静貫r甲やe（1ちIv母i乳P車」P・six，（16ctQr『舜串tu舜ρρts

6f　RISC一聯z瞬9・a4瞬俘“、鋤、興5P歪。瞬断14ξ略IP≠9£βゆbgrger　is
chairman、6f事h細cti・n　6で聯hρ噸1¢s、1・・nd、．CPMP噸即脚ρq唖曾Eur6pean
Acade．　m．　y’@of’ rcicpces　and，cha．　／r．rMan’Qfl　th．　e，Hypet－G　consorti．u．　n　ptoipoting　the

hypermedia茸nlbr；n琴tip準寧yst夢坦：耳ypgrW3ve．

　　　　By．　an　initiative　Qf，　Pr，o£・　Bruno　B．　qchberger，，　the　Software．　Pa．　，tk　H　4genberg　w．　as

　founded，　a　techno．　logicq．1．．center．，　that　currently　．ipcqrporates　abttqt　2tt．　corppanies

，and　several　ac昂demic　i耳sti加tes績耳of　w車ic虹斑g　r♀lated事。　softwar♀（i・q・methQds，

tools，　development，．qpplicatlon．　，，marketing，．and，．tr．　ajning）．．　The　Fachhochschule

Hagenberg．　initiaied　by．P．　ro£　Buchberg．　er　offer．s　twQ　．curric．　ul．a　on　“Softwa．　re　．Engin－

eering’1，and　on　“CommunicatiQn一　．and，M．，ediarDe＄・i’gp．’］．　．．　The，insti．Pu．t．　e　p’qrticipat．　ed

in　the　Central　European　Initiative（C前）and　is　a　member　of　the　Au白痴a　Center

for　Parallel　Computation　（ACPC）．

　　　　Members　of　RISC一：Linz　have　p脚icipated　i耳，早u御宇写Qus甲㌻ion昂1，r甲earch、pro－

jects　（supported　by　Austrian　Scierice　Foundatiori　FWF’and　th’　e．Austrian　Fede“ral

Ministry　of　Science　and　Research　BMWF），　international’research　programs．　（e／．　g．

the　European　ESPRIT／II；1　and．ESPRIT・　IV　programmes　and・in・　t・he　Japanese

RWCP　Real－World　Computing．Program）・・and　also　collaborated・in　various　deyel一

’opment　proj　ects・with　industrial　partner・s．　Currently，：．　RISCrLinz，　is・．int　collatL　ora－

tion　with・th．e　University　of／Tskuba　pursuing　a　two　years　prQject　on・‘iDistributed

COnstraint　Solving　for　Functional　Logic　Programmipg”　sponsored’，by　the－Japan一

・ese　Research　lnstitute，For・　Advanced・Information　．Technolog　y　（AITEC）．・．

3．1．1　Theorema
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　：～，ご

This　project　pursued　at　RISC－Linz　［The98，　BJ＋97］．provides　new　technology　for．’

generating　f・tMal　prb’・血潮1anブapPlica七i・n査614．（聯h6酬cs，ご・血P辞t6r　sci－

ence，　ehgineering；but　also　‘‘soft，’：66iiehc6s’lik（1め66h6血y，1Pδlit16al　1’science　etc。）．

Theorema　is　base“oロ画e　Mathem孕ti¢耳sQf㌻W取β呂ys㌻erロb蔓t：goe串，罫aゆpyond　the
present　．capa－biliti－es　of　Mathemati｛　，a，．．wh，　i｛　h’is　lirp，．it．e．pt．　tg．pa，．｛．　th，，g，ml．．atical．problem

solving　based　on　known　mathematical　result　but　with　no　reasorting　power．

　　　A　variety　of　general　and　special　reasoning　・teehniques　is／being・　implemented

in　Theorema　including　provers　for　propositional　and　i　first－order　predicate　logic，
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inductive　domains　（natural　numbers　and　lists），　non－inductive　domains　（polyno－

mials），　and　simplification　provers　［Buc96］．　The　proofs　generated　by　the　system

are　presented　in－natural　’language　［BJV97］　and　in　a　structured　waY　that　allow

the　user　to　control　the　level　of　detail　displayed．，　Futqre　yersions　of　the　system

will　pr・vide　tut・ring　c6mpdhen紬rヤari・us　gr・ups．・fhsers（math　ahd　c6mpu七er

science　students，　engineers？　software．developers，　scientists，　rpahagerS，　etc．）　to　the

system・These　tut・ring　c・Pap・nentslwill　in七r・duCe．　the　hserS　t6細aheas・ning

techniques　and　gradually　develop’ 狽??奄秩D　reasoning’ CPotentiall

　　　We　expect　that’1’the　system　’will’「have　a　wid6血ark6t．　In　th6「future．world

of　rapidly　changing　technolQgies，　the　techniqUeS　Qf．　m．　astering　clear，　precise，　fast

aid　c・mplex　i耳tel16ct血al圃ysis　and　r6a白bnihg圃「2士bve　t・be　6he・f　the隅一

daMental　and　unchangi’hg’　cont．　ehts　of　glbbal　educat／i6n．’IMproving　the　quali　ty

and　reliability　of　for．m　al　thinking’Will．　have　a　significant　iMPact．　on　the’further

development　of　resea．rc’h，　t’echnoldgy，　ecOnom．　y，　and．　s．Oe’ 奄?狽凵D　Formal　thinking．　and

reasoning　techniques一 @can　only　be　trained　by　infensive．’　interaction’　with　an　ex－

perienced　teacher　in　a　wide　varietY　bf　eXampleS”that’　adapt　to　the　individual

put　this　individua｝　and　ihteractive　tU’tori’ng　Poteritial　right　orito　the　desk　6f　the

user　be　it　students　in　one　of　the　traditiona．　I　branches　of’education　（high　sehool　and

academic　education）　or　in　the　’increaSingly　important　areas　of　adult　and　recurrent

eddcation．

3・1・2Di・tributed　Al琴eb瞬Gr・metry．．　　・　’、

In　this　project，　RISC－Linz　is　developing　a　distributed　version　of　the　1ibrary　CASA

that　p’rovi’des’a　set　of・powerfu1　methOds　for　performing　’モ盾高垂浮狽≠狽奄盾獅刀@and　reas－

oning：about　geometric．　objects　in　classical　algebraic　geometry　［TW97］・．．　CASA　is

implementedi　as　a．，set’bf　paekages　in　the　computet　algebra　system　Maple　which

proVides　powerfu1　presentation　and　visualization　facilities　（similar・to　those・　of

MatheMatica）．・’　・’　・・’一・　・’
　　　We　have　develbped　an　applieation　fraMework　for　writing　parallel　programs

in　Maple　Which　allows　to　create　concurrent　task　and　have　them　executed　by

Maple　kernels　running　on　different　machines　of　a　network．　The　system　called

“Distributed　Maple”　［Dis98b，　Sch98］　consists　of　two　components：

　　1．　A　Java　class　library　which　implements　a　general　purpose　communication

　　　　　framework　a　pd　scheduling　mechanism　for　distributed　applications．

　　　2．　A　binding　t．hat　allows’to　acce＄．s　the　Java　scheduler　from’Maple　and　imple－

　　　　　　ments　a　parallel　pr6gtamming　model　on　top．

’　The　portable　technological　basis　of　the　system　makes　it　easy　to　install　it　in

any　environment，　to　implement　distributed　algorithms，　to　exchange　them　among
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researchers，　and　to　present　the　algorithms　in・classroom．　We　are　now　going　to

develop　an　“electronic　textbook”　of　such　algorithms　that　can　serve　as　the　basis

of　integrated　presentations；

3．1．3　Disttibuted　AlgorithmS　Education

In　the．frame　of　this，　proj　ect，　we　have．．dey．　eloped，the　tQolkit，　DAJ　for．　design－

ing，　irロplementing，㌻es伽g，．　simulatin9，　a叫yi§ua1工z沁g　distributed　algQrith享ns　in

Java　［DAJ97，　Sch97］．DAJ　cQnsists　．’of　a　Jay．．a，　，clas＄，　lil　，．　r．a．　ry　with　a　sim，　ple．prQgram－

ming．interface，that　allows’tQ，develQp，　d，　．i．s．O　ii’buted　a｝gQrithms　based．．．on．．a一　m．　，　es．s．age

passing　model．　The　resulting　programs　may　be　executed　in　standalone　imode
　using．a　Java　int／erpreter　Qr．　embedded　qs　｛，p，p，1ets，，　in．　t．o　HTML．pageS　a’nd　executed

by　Web．　．．／browsers．　The－gQal．Qf　the．to，Qlkitis　tQ　proVide．　an　qniversally　accessi．ble

platform　．for・　research　and　．education　in　the・・area，　of　distributed　algorithms．．DAJ

is　freely　available　over　．the．World　Wide　tteb．．

，．D，

D　．．　Our　mQtivatio．　n　for　this．　wQrk．　stemed．fr．om，som．　e　．qneaSiness　with　how　to　teach

．gdistributed．algorithms　and　programming：・　there　arg　various　excJellent　textbogks

1：；’；　on　this　topic，，but　they　describe　distributed　algorithms　ip　an　abstract　notation

rather　far　away　from　real　programs．　Furthermore，　there　is　a　lack．bf　an　easy　to

use　and　universally　accessible　platform　for　implementing　the　algorithms　taUght　in

class　and　investigating　their　dynamical　be，h．　avibr．　We　therefore　have　designed．　and

imPlement　the　DAJ　toolkit　that　provides’i　im　’easy　WaY　ef’PrdgraMMi’ng’distribut’ed

algprithm，s．apq．　．，　visualizing　their　dynarpic，behavior　bas，e，　d　op　a　programming　model

th，af，・is　intuitive　bUt　still　close，　tQ　”rea｝？／systepss；　t．his　give．s　the　po＄．sibility　to

develop　documents　that　integrate　text　ahd’executable　．code　in　a　si．ngl．．e　frameworki

3．1．4　Distributed　Constrai：nt　Solving　fbr　Functional，Logic、　Progra坦一
　　　　　　　　の
　　　　　　m勇n9一　・　．　　』　∫、ピ　　　　…　　　し・・　　．’、

This　two：’凾Uars　project（1997二1999）is　being　’pursued　bY　RISCL’Linz　in　eo6peration

with　the　Uhiマer＄ity・fTsukuba　and　sp・hs・red　by七he’」’ 曹垂≠獅?唐?@Reseatch　lnsti七1　te

器鑑謙躍b論1｝綴盤叩ρ）・‘It忌騨’slthede脚卿f

e　a　functional　logic　language’interPreter　on’one　machine　based　on　an　・exiSting

　　implementation・　developed　by　．the’　University’of．Tsukuba・on　the　computer

　　algebra　system　Mathematica；

e　a’ 獅浮高b?秩@of　constgaint　selving　engines　runping　Qn　other　machipes　based　on

　　various　methods　created　and　implemented　by　RISC－Linz　using　C十十　and

　　the　software　1・ibrary　Sturm．

The　functional　logic　language　is　extended　in　two　directions：‘tWo　direc七ions：

e　the　possibility　to　specify　（non－linear）　constraints　over　real　numbers；
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e　the　possibility　to　specify・parallelism　within　the　program．

We　aim　to　target　the　language　towards　hierarchical　modeling　complex　control

systems　from　engineering　using　’the　higher－order　features　of　the　language　and

solving　the　large　constraint　sets．．using　．th，e・computational　power　・available　in　large

computer　networks．
　　　．A　first　skeleton　prototype　of　the　envisioned　system　’was　delivered　in　March

1998　and　is　freely　available　［Dis98a］；　The　system　implementS・　the　constraint

functionaMogi　c　progicamrriing　cal’culUS　；CFLP［MS98］　whieh　is　an’　’extensibn　of　the

躍聯”LCNCah榔珂鯛咽atthrU血’Ve「sity　oC　Tstikuba［MOI96a・

　　　CFLP　is　implemented．by　an’interi　reter’in　the　computer　algebra　system　Math－

ematica．　During．exe¢Uti6n，’the　interpteter　co6perates　via　the　．MathLink　prptocol

with　external　prOcesses　that　concurrently　solve　sY’Stems　of　constra．．ints　over　’r’eal

，．numbers．　The　first　prototype　runs　Qh　a　single”　machine；’．it　is”’・going　to　be　ex－

tended　to　an　’implementation’t’hat’　handles　nbn－linear’　e6nstrain’ts　bVer　the　reals

by　external　sblvers　running　on　various．　maehines　in　a　network．　The　sYstem　can

be　then　applied　to　problems　from　application　domains　like　physics　or　elec’　trical

englneerlng’　．

3．2　lmperial．．College　London

The’　recent　history　’Qf　ceritrally　provided　parallel　cpmputing　at　IMpetial　Colleg’　e

started　with　the　inaUgura’tio4．　Qf　the　lmPerial”College　／　Fuj’itsu　Parallel　ComPUt－

ing　Research；Centre　（IFPC）　in　’May　’1994．　’This　Centte　was　forMed　by　a　dona’tiQn

from　Fujitsu　Laboratories　of　Japan　of　a　128　processor　lfujitsu　AP　IOOO　distributed

m6血ory　pafallel　m加hine．幽The．Centre，s　role　has　been　to　r血h畿血6pe血PtograM血e

of　parallel　applications　and　research　throughout　Europe．　The　sdbsequent　enthu－

siast玉q　a耳d躍ess佃．．adQpti・n・fpa叫1βl　cρ田pゆ騨t恥．lmPerial　C・lleg磯d．

the，¢Qlle呂e，趨9昂ip　ip　cQ興ゆqratig蜘㌻h耳ujit，ru，．㌻g　s噸iむa　b蜘孕der．ちhe．1996

HFFc耳J躍1和r　up9岬e4　res・卿量tρs只PpQTt　a皿Ulti－d真sゆ1瞳γPrqgra皿me
dddicated　to　lmPerial　Cdllege　users．　This　bi’，d　WaS　s，ucc．essfUl　a　nd’　led　tb．the．　．　aw．　a，r，　d

of　£1．65M．　Subsequent　negotiations　with　Fujitsu　enabled’the　initial　proPbSal　（a

Ifujitsu　AP3000　with・80　U200　UltraSPARC　processors）　to．be，　upgraded　to　an　84

processor　AP3000’with　60’U300　processors，　a一　VX　vector　machine　and　500GBytes

of　backing　store．

　　　The　new．facility　constitutes　the　lmperial　Collegel　Parallel　Computing　Centre

（ICPC）　Which　started　operation　in　summer　1997　with　the　installation　of　the

VX　vector　processbr　and　the　first　16　nodes　of　the　AP3000．　The　AP3000　was

upgraded　in　January　1998　with　the　delivery　of　the　first　48　of　the　U300　processors

and　is　schedqled　tQ　be　upgraded　to　the　fu11　configuration　in　June　1998．　The

IFPC　continues　to　operate　in　parallel　with　the　ICPC　providing　an　open　service

internationally．
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　　　The　ICPC’s　role　is，　to・provide　support　for　multi－disciplinary・applications　of

high　performance，　parallel　computing，　across　all　the　constitUent　Departments　of

Imperial　College，　Professor　Darlington　acts　as’　Director　of　the　Centre　．and　Dr．

Guo　as　Technical　Directo．r．

　　　The　ICPC　serves・　a　practical　and　an　academic，，role．．．lts　practical，rQle　．is　the

physical　provision　and・　support　of・　staterof－the－art・HPC　re＄ources　to　lmperial・Col一

｝ege　workers．　lts　・．academic・role　・is　，to　link　this・　activity　with　the　．de．　velopment　an．　d

disseminat・ion　of　aPpropriate　compu．　tat．　ional，techniques　in　order　to　achieve　max－

imum　effective　use　of　these　resources．　lt　achieves　this　latter．purpo＄e’　b．　y　working

with　．the’applied　groups，　gathering・and　disseminating　shred　knoWledge　and　ex－

perience，　and　by．linking／i’ts　activities’ 狽潤f．fundamental　computational　methods

research　carried　out　by　research　groups　directly　asSociated　with　the　Centre　in　the

Department　of　Computing．

　　　Current　research　in　the　Department　of　CoMputing　directly　associated．with

the　Centre　includes

e　Data　Mining　and　Networked　Computing　Sponsored　by　FECIT　£2QO，OOO

e　High－level　Parallel　Environments　EPSRC　£260，000

e　Optimisation’and　Decision　Support　EPSRC　£300，000

e　High　Performance　Financial　Computing　ESRC　（ROPA）　£260jOOO：

3．2．1　Disttibnted　Data　Mining　and　Decision　Suppprt’SysteM’

This　project　pursued　by　the　lmperial　College　Parallel　Computing　research　Centre

（ICPC）　and　suppor．ted　by・　Fujitsu　European．Centre　for・Information．technology

aims、to　build　a　tool－rich，lplatfQrm－neutral，　high，　perfor血ance　and・dynamically

customisable　deci＄ion　support　．・system　fQr．　th．　e　AP30QQ・Fujitsu・parallel．，，　se，rveri．by

applying　data・一mining　and　parallel　Qptimisatio．　n　technologies　and・　a　WOrld・Wide

Web－based　client－server　computing　model．／，This　system　will．provide　powerful

support　for　decision　making　in　an　internet／intranet　based　enterprise　setting　by

fully　embeddingゆ“eci§ip脚aゆ帥ncゆs；乎ちqちh岬・rld．叩e　Web　i晦一
structure．　The　overall　design　iihpleihentS　the“3二tier，，　archi七e6七urdfoic’Web－based

’applications　by　integrating　a　Web　server　and．ase七〇f　decision　suppor毎pplication

Servers　’into　a’middle・tier　between　the　client－side　decision　making　tools　and　’the

data　server　that　provides　uniform　access　to　databases　［DMG97，　CDG＋98a］，

　　　The　app｝ication　is　presented　to’the　user　as－a　web－based　client　that　integrates

visualisation　for　data　and　knowledge　with　a　powerful’visual　・programming　envir－

onment　［CDG＋98b］．　ln　this　programming　environment　the　users　’intera’ctively

explore　and　analyse　data・　sets　and　produce　data　analysis　procedures，　which　can

be　re－used　and　modified　later．　Local　and　physically　remote　databases　can　be

accessed，　but　・the　distributed　nature　of　the　application．is　transparent　to　the　user．
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The　client・i’s　implemented　with，Sun’S　JavaBeans　and　executes　in　standard　web

brOwsers．”・　’　’．　・一　，
　　　The’middle　layer　of　the　ap’　plication　provides’system　services　for　handling　user

objects　and　manages　the　components　of　the　system．　lt’includeS　a　subsystem　for

running　user　sessions，　storing　persistent’objects，・’transaction　handling，　and・remote

database　access．　・It　i’mplenients’i’eeuritY　policies　that　contr’ol　users’　access　・to　data，

data　analysis　Procedures　and’resultS．　The　Whole：system　consists　6f’components

that　interact　via－APIs　（application・programf　i　ng・intierfaces）．　ComPonentS・can

be　maintained・and・up’№窒≠р?п@without　at’ffecting　the　rest　of　the　syste血and　new

coMpoperits　that　conform・to　一the　sy’　stem’API’can・be　qdded，／　Thtt　m．．　i　ddle　layer

ma血ages　the・repository：②f℃6m亘onehts・that　ar6‘available‘at加y　given　time・in　an

installation　ofi　the　system．　’Ftirther　features　include　remote　database　access　via

JDBC　（Java　Database　Connectivity）　and　full　auditing・and　accdunting　logs．　The

architecture　of　the　middle　laye’r　is　generic’・　and　can　be　specialised　for　particular

application　environments，　with　instances　for　data　mining　and’financial　modelling

．？krJrfi．g！．ly　upder　developm，，nt・　1．9　if，．iF．　［｝．　，ptgmented　wit，h．．Sup’s　E．n，　Pr　rp．　rise　JayaBegns

　　　Server　components，c．　Q．　nsist　of　hlghrperforlnqpce　daj　a　．analysis　functiqns　that

are　optimised　for　parall’?戟@ma6hine’s：iDGST97］．　These　funbtion’s’are　ericdpsUlated

as　distributed　object．s　and．can　be，e．x．　e．　．cu．ted　Qn　dedi／ca．　ted，machines・　which　can

be　physically　remote．　Any　kind　of　computationally　intensive　application　can　be

provided　in・this　way，　and　curre’nt　，funct・ionS．　include　parallelgdata　m－inj　ng　and　finan－

cial　modelling．　The　component　integration　facility　is　also　used　to　build　interfaces

with瞭4－Pa．r．ty　sy§～e卑5・sμ伽卵嫡串み1¢母，　P耳噸9e串，　The　s鯉ゆjects　are・・二一

plemented　as　CORBA　objects，　uSing　JavalDL．　The　high－performance　algorithms

are　Written　in　C　with　the　Parallel’　MPI　library；・・f．・V／

　　　The’Mo’　st’　import’ant　i　development　・of　this’・project　i　so・far一　・is　the　desig’n　and
，』煙撃垂撃?獅撃??狽℃ｵion　of　thσJava－bl　sed．血iddle・1ayeL　This・syStem　is　designed　l　as　a

generic　middleware　to　sUPP6rfa’　wide　rahge’of’Web‘based　cli　en’t－servbr　computing

mb　delS．　1’t　cari　；be　・exterided，to　supPott・a　fullY’；’distribnt’ed．’knoWledge　deployme．　nt

lyS脚s即ρred’ゆe写N岬r岬ゆ「？jell　L．二こ．．、朗冠

3・琴②A噸a重igq←ゆ伽ρギρarall←1．耳in典ゆ1、¢6d6：1

This：”proj　ect　is’pursued　by一　the．　lmperial　College　Parallel．　CompUting　research

Centre　（ICPC）　and　support’ed・・by　Econ”　omical　and　Social・　Research　Concil　of’UK．

The　research　activities　of’・the・prbj　ect　is　centraliS’ed　by　building・up　a　financial

modelling　environment一　wh／ich　generate　parallel　simulation　code　from’　financial

models・expressed　i　n　mathemati　cal　terms　by　the　financial　engineers；・

　　　The　basic　builtt’ing　blocks　of　the　system　will　include　a　model　specification

system，　a　knowledge　base，　a　set　of　libraries　of　parallel　numerical　codes　and　an

intetacti・ve　program　synthesis　engine．　The　mo，d．　el　specificatiOn　system　will　be

based　on　Mathematica　enhanced　with　gr．aphical　user　interface　facilitating　mod一
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elling　and　visualisation’activities．’　The　specification　system　will　allows　modellers

・to・design　their　models　directly’　at　the／　mathematical　level．　The　underlying　sym－

bolic　computation　system　provides　ar・Uniform　notation・for　一the・mathematics　of

　specification　and　the　procedural　description　of　the’　knowledge　・necessary　for　code

synthesis・．　lt’simplifie’s　i’ncor’porating　・a・nalytic”m’　odel　and・lets’transformations

　apPly　alg6braic　reasoning：Such　as・deter：血ining　convergence．cfiteria，　establishing

”tteries’approximations・and　estimating　’truncation　Jerrors．

　　　　The　knowledge　base　provides　atn　object・’・orientedi…representation　of　domain

knowledge　and　rules　that　implements　many　model　design　choice　such　as　rules　for

coordinate　transformati6ns　and　discretiSation’（such　as　Crank－Nicholson，　ADI　or

Runge－Kutta　methOds）．’The　knowledge・baSe　also・p’rovides・，Mechanisms　te　sup－

port　interactive　’model’design　and　・impleMenting　variouS・design　i’choices　sueh　as

the　solver　’・to　be　used’／’　with　the　equational　syStem．’ The　set　of　parallel・nUmerical

codes’Will　be　in：iplement6d　to　pfovide　th6　essential・fu皿6ti　ons　for・building　up　vari一

’ous　solvers’．　The　interactive　PrograM’　synthesis　engi’ne　Will　carry　oUt　the’・program

i…　synthesis　tasks’through　a・・／Se’　ries　of　levels　that　progresS，from．mathematical　spe－

cificatibn　to　algorithm’syhthesis　and・then　to　computational　S’tructurl’ng　an’　d　then

　to　parallel　code　generation．　’

　　　　The　system　will　be　implemented　for　any　parallel　computer　system　running
the　MPI　standard　communication　library　s．　．o．　，．　，th．　．．at　，thtt　．gepe．　r．ated．．　．cg．de，s　w／r．11　be

gener．a．　11y　portable．　The　proj　ect　will　use　the　80’node　inassiVely’ oardllel　］fuJ’itSu

．AP30eO．in　．the’ICPC．　lt　is　expected　to　be　widely　used・by　financial・engineers．．It

therefore　forms　another・important　site　in　the　KnowledgeWeb　system　for　providing

financial　modelli　ng　solUtions．　’

3．2．3　’Applying　Constraint　Logic　Programming・Langu，　ages　for－i　Mod－
　　　　　　　　elling　’MUIti“objective　DeciSion　’Making・　under・，UncertaintY

The　P・gj♀ct，，白upPρrtd“by岬旦qφf．5ap塾ゆygl織坤診P｝icati卿fcgns⑳ipt

lQgic　pr99蜘画9．tゆ耳gl・gies．ゆロゆP昂．卑9的lling．㌻・gl、f・r．1毎rge聯le．叫i－
　obj　ective　degisipn．prd．　，，　，，leins，・．’．Th．e，　dis．　t，i，．nct　l　ad．　ya・pt．　age，　of　the　CLP．specificatiop，．　li”’es

　in　i・ts　declq．ra七ive　napμr（？，and、　the・fle：琴it）車lity　of　absl　r吊ctiott，，幽与μ串サ陰qb真i阜9，φP9写3㌻io耳s

　re＄，　earch　to　be　effectively　applled．　tQ　real　world．，applications・　A　CLP．．sp　eg，ified

　buSiness，m’．．odel．can　then　be　translate，d．into　const，r．aip．　．t．．　s　involving　binqty　itt，　b，eg．　．er

　var．　iables　and　the　，．resulting．　ip，i，．xed　integer　linea　r　prpgrammipg　prg．　b．．1，le．　tt，　so｝ved

　using　parallel　constraint　solvers，．．

　　　　The　major　compone．　nts　ofthe　p’ro．’pQse，d　iptegrated　apd．holistic　sol“tion　to　the

model｝ing．　p．roblem　．will　comprise　一

　　　　1．　A　CLP　based　framework’that　allows’the　natUral　specificatibn’of　eomplex

　　　　　　modelling　ahd　deciSion　making　PrOcedtires．

2．　A　methodology　for　translating　such　logic－based　specifications　inte　an　integer

　　programming　formulation．
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3．　The　modelling　language　will　interface　With／a　set　of　parallel　constraint　solv－

　　ers．　The　generated　constraints　will　be　solved　using　underlying　constraint

　　solvers　developed　at　lmperial　College．

　　4．　The．　whole　system　’will　be　develeped．　to・．facilitate　increm．　ental　expansion．

　　　　　An　open・interface　・to．a　wide，range・　of　constraint　solving　algorithms　for，　in一一

　　　　　terrelated　integer　programming　algorithms．　will，be　provided　using　．the，API

　　　　　（application　program　，．interface）・，technique‘

　　　In　the　project，．　the　qser　interface　wi11／be　based・on　the　t．he’　WWW　technology．

・Using　Jaya　Applet　s　the　log’c　based・modelling　la‘nguage　will　be．availa’　bie　via／the

Web．　Thi’s．will／provide．　a　platform　・independent　client　toQl　for　decision・makers．

The　solvers／will　run　on　a　high　performance　server，　Usin，　g　this・Java　enabled　Web－

based　client－server　model，　the　power　of　high　・level　modelling　and　high　performance

constraint　solving　can’　be　integrated　and　deployed　for？a　wide　range　of　busine＄s

users　to　solve　large　scale　rロulti－obj　ective　decision’血akin9・proble血s．　Therefbre，

this　proj　ect・　provide　a　concrete　site　in　the　KnowledgeWeb　system　providing　par－

ticular　service　for　multi－objective　decision　making．

3．3　’tniyersdy　pf　TSukUba．．　，，’　．，　，．

The’Symbolic　Computation　Giroup　（SCORE）　of　the’　UniVersity　of　Tsukuba　is

concerned　wi・th　symbolic　computing　・and　has’an・emphasis・　on　the　design，　im－

plementation，　and　application　of　declarative　programming　languages．　Over　the

years　we　were　engaged　in　extensive　research　on　the　integration　of　declarative

paradigms－in　partic．ular，’　of　fun，c．　tional　prQgra　mming，，　a．nd　IQgic／・．pr，o．　grarpming．

We　designed　computational　・．mpdels．　Qf，’functiQna　l’　Jo．　gic／　Progra．i　’ming　based　on　a

rgw．　riting．．ii｝．ethod　，c．　411ed，，parrtLw，．ip，，g　qp．，．”d．　qp．ply．ip．　g，　．，g．．ur．．　el　．pel．tis．g－in　terrp　！ew．rit一

ett’inp’　uter＄　that’iate’　Supp6tt’e’d　by”MatheMat．　ieat　Our　coMpetenee　’iri　the desi’gn

纏濫ぎ艦翻ll謙離職’⇔h㎡伽．血b解rls－a「l　hi帥’y

　　　NoWad’ays，　oUr　effottt’s　are　orierited　toWards　’parallel’　and　i　i　istributed　eomput－

ing．　Until　recently，　we　have　used　a　Fuj　itsu　AP　I　OOO十　（32　proeessots）’and，　in

the，，near　future，．w，　e　will　instal｝　a　high－performance　workstatipp　cluster．　Among

・U・　research　in　symb・lic　c・mp晦tiQg　that　gxpl・its　these　f昌cilities　is　integef　pr・一

gramming　based　on　a　parallel　Buchberger　algorithm．　This　project　is　conducted

in　cooperation・with　Prof．　Dar｝ington’s’group　at　the　lmperial　College，　London．

Furthermore，　we　are　concerned　with　the　parallel　implementation　of　functiona1
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　languages　and　，thei．r　extension　，　o　provide．／a，high－level　approach　to・，parallel　and

・distributed　computing．・　Our　research　in　this　area・spans　from・semantics　一and．／．lan一

／guage　design　over　optimized．　iMpleme．ntatiQn　te．　chniques，．to　programming　i　meth一’

odolog　y．．　Furthermore，．our　research　n’aturally　incorpor．　a・tes　anothe．　r　impQrtant・re－

sea／rch．area・　conn．　ec，　ted，　to　constraint．ttolvings　namely　distributed　functional－logic

prograMming　wit・h　constraints‘，　SC．　ORE　and・RISC　are　一now　j　oi・ntly．developing

a｝prρtotype　system　that　is　aimed　aポ面⇔’iロdtlstrial：use　offunctional　and　logic

syst・ems　．wj　th　constra・i・nts．

　　　　We　believe・that・・the　conceptual　complexity　of　distributed　systems・requires

strong　一support．Irom　the　used　programming　langua　ges　andL・　program．　ming　environ－

ments，・t；o　ease　the　development’and　maintenance：o．　f，　complex．，systems，　Languages

with　a　functional’／and　logic　programmi’ng　heritage’．seem．・ideal　due．　to．their　clean

semant，ics，　type　safety，　concise　denotation　and　manipulation　6f／complex　data

structures，　as　well　as　support　for　modular　programming　and　code　reuse．

　　　　The　SCORE　group　eurrently　consists　of　three　fac“1．ty　．m．emb，er．　s．・，．（Prof・　D，．r・

Tetsuo　lda，　Dr．　Aart　Middeldorp，・Dr．　Manuel　Chakravarty）　an’d’riihi’　graduate

”i　students．

3β・lpisゆ唄』9岬n、ρhd「』M・bileρ・de「

During　the－last　fitt’　’e　years，　members　ofthe　lmperial　College　and’　t・he　University

of　Tsukuba　h．．　a’　ve．　．．investi，gated　the－high－level　description　Qf　parallel　and　d・i’strib－

uted／　systems　i　follQwing　the　idea・　of　separating　computation　and　・．co－ordinatiQn．

The　reSearch　resulted　in　the　language・GQS7n　［CGKL98，　CGK981　（also　called　Dis－

tributed．　HaskelZ）．．Furthermore，・・we　worked　in　the　direction　of　a・multi－threaded

implem，entation　f蛤mework［Cha97，℃ha98］fbr　thisユanguage．

　　　Goffin・is．／consid，ered’te．be　a　declarative；’．parallel・pr．．ogramming　language．　．　It

ut・；lizes　the　：functionaHan’g－u，．s　ge’Haskell　［H＋・　92］’as．a．computational　base　language

and　extends　jt　with　a　co－Q．rdi・nati’on／一　．layer　th，a・t・　has　its　roots・in　concurrent・con－

straint　prQgramming　［Sar93］．　．　The　co－ordination　layer　of　the　language　is　used　to

specify　4ρ“，ρr即興i多e＠．昌鉢9ξ・ξ～導9マ掌eρt掴、堅『騨t項琴；照照ち§，．理無1中．c耳n戸e（lis－

tributed’ UVe’”r　“i’he　Pr6eeSsing’”e’leineritS　’of　a’　Patallel　’c6’niptiter，　’the’”workstations

of　a－loc・al．’n．　etwork，・or’the　lnterne・t．，　While．maintaining・t・he．．clear　semantics’of

its負血ctional　base　lta　hguage，　G6缶n　provides・mechanis血s．to　expreSs　reactive　be一、

haviour’ C　．eX　licit．；agent　．　Placementi，　t　soft　一rea17time：；constr’aints」　and・　dynamic．　ally

recon丘gurable　inter。application　co田municationrfbatures　needed　i準　parallel’　and

distributed　systems　and　often　neglected　in　declaratiVe　languages．

　　・The　，functional　base　language　with　its・higher“order　programming．model　and

fleXible　eval．uation　一〇rder　together　with’t’he　Strict・　separ’　ation　of　computation　and

co一一〇rdination　supports　structUrj　ng　software；’i　’FurthermOre・・Gofiin・　includes　fea－

tures　like　strong　typing，　au－tomatic・　memory　management．，’　and　a　mature　module

system，　which　are　expected　in　a　modern・prbgramming　language．　All　this　serves

to　enhances　programMer　productivity・and　／opportunities－for　code　reuse．
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　　　・Our　implementation　work　for　Goffin　is　based　on　an　extensio’　n　of　the　Spineless

Tatgless　G－machine　［Pey92］，　which　・allows　a　highly　optimized　implementation　of

graph　reduction．　We　extended　it　to　include　multi－threading．　and　support　・for　agent

distribution　and　communication．　Currently，　we　are　working　in　the　direction　bf・a

mobile　code・framework　and　the　・uSe　of　runtime　code－generation　techniques　（also

known　as　just－in－time　compilation）．　Mobile　code・i血plies‘a　high　architecture

independence　as　well　as　the　poss’奄b奄撃奄狽x　to　include　code　intd　documents・　（in　the

same　way　as　Ja冊applets），　which　is　important　for　our　work　on一　active・books　2．1．

Runtime　code－generat’ion　is’important一　to　increase　the　efficiency　of　the　mobile

code，　but　even　in・　a　non－mobile’environment，　it　enables　code’optimizations　that

are　impossible　in　a　’traditional　compiler．　ln　contrast　to　Java’s一　byte　code，　we　use

a　structured　code，　Which　leads　to　smaller　binaries　and・　simplifies　runtime　code－

generation　and　optimiza・tions．．

3．3．2　Tele－Teaching　”　”　’　i
Active　books　（Section　2．1）　provide　an　interactive　environment　for　education　and

training，　accessing　distributed　active　and　passive　elements　through　the　middle一一

ware　interface．　A　closely　related　application　that　requires　an　／int，　egr，ate〈，，．．rp．　id－

dleware　providing　transparent　content　requesting　and　delivery　is　the　Virtual

iClassroom　［SANB95，　Haic95，　Hi195’，　・JJH92，　BKW97，　PK91］．　The　virtual　classroOm

creates　a　distributed　educational　envi・tohment・　providi・ng　means”for．，・communica－

tion　between　a　teacher　and　a　group，・of　students，・while　supPorting　the’　，use　of

heterogeneuos　distributed’content．　A’virtual　cla’ssroom　is　based　on　t・he　same

design　principles　and・　technolOgies　as　ah　acttrve　book，・ibut　moreovet　introduces

tedcher　and　student　roles　and　provides　real－tiMe　communication　facilities，　as’well

as　dynamic　content　composi・tion　and　deliVery．　A　number・of　teacher－student　in－

teracti6血patterns　for　a’　virtual　cla’　sSroOml　i　s．current1卵nVestigated　lih』the　SCORE

group　・and　an　application’ProtbtyPe　is　under・development．　i’i・’　，　i／・　・・／’　”・

3・3βC・ゆu⑳⑳1晦461r：欺晦rゆal．塊1ρ坤9μa＄es、

There　is　a・growing　int6rest・i血「integf樋ing　the　functional・and・logic、programming

paradigms．　The　computational　mechanism　of　functional－logic　progra血ming　lan．

guages　is　harrowing三・Si血ce　narro輌血9is　a・rather・　comPlicated・oper瀬on，　involving

subterm・replacement　and　・unifications　i／t’is　no’　t’easily　implementeds；　Hence　calculi

consisting　of　a　small　number’of　More　element・ary　operations　that・　simulate　the

complieated　narrowing　opera・tion・・have’been　pvoposed．　Such　narrowing・ealculi

are　called　lazy．　ln　’［MOI96b］　and　［MO98］s　we　made　a　fuhdamental　study’of　as－

pects　related　to　eompleteness．　of　one　such　’calculus，　called　LNC，　Completeness　is

the　desirable　property”that　every　solution・to　a　given　goal　can　be　computed　by

the　underlyi　ng・computational　mechanism．

　　　Typically，　lazy　narrowing　calculi　have　three　kinds　of　，non－determinism：　（1）
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　the　choice　of　the　equation　in　the　current　goal，（2）the、choice　of　the　inference

　rule　of　the　calculus，　and（3）、、the　choice　of　the．program　rule．．Surprisingly，　the

丘rst　kind　of　non－determinism　cannot　be　removed　without　further　ado，　i．e．，　lazy；

na士士owing　ca16廿li－unli忘6　SLD・re忌olhtioh－ar6　ih　gehdal「no七strohgly℃qmplete・

Three　ma’鰍盾秩@results　are　reported　in［MOI96b】．　We　’eStablished　a　60nnection

between　the　strong　completeness　of　Iazy血arrowing　calculi　and　the　completeness　of
　　　　ア　basic　narrowing，εしn．ef丘cient　variant、of　narrowin．9・For　the．　latter　several　su伍cient

conditions・are　known．　In［MOI96bl，．we　further　shoWed　that　compl骨teness　is

Maintaihed’　by　alwa：ys　seleごting　th61e釜tm6sガ6Φa七ion二Finally，「ψe「a母dr6ssed

the　eager　variable　elimination　problem，　a　wellLkhown　open　’ 垂窒盾bP6m　inu血ification

theory」t　is・』knoWn　．that　many　redundant　・derivations　can　be　avoided、・if　the　variable

elimination　rule，　one　of　the　inference　rules　6f：LNC，　is　given　precedence　6ver　the

other　inference　rules．　We　established　the　completeness　of　a　restricted一　variant　of

eager　vari琴ble　elimination　in　the　case　of　orthogonal　term　rewriting　systems．

　　　　In［MO98］，』We　’gave　reasonable　’s’Uffici6ht’6yntacti6　cohdi七i6n：s　und6f　Which　the

second　non－determinism　can　be　completely　remoVed，　while　r6もainihg　c61hplete．

・M
獅?唐刀A　In・pr昂ctice　these　conditi6ns・are　usually　met」So．implen：ientations　of　lazy

narrowing　only　have　to　do　backtracking　over　the　choice　of　the　program　rule，　just

　as　in　SLD　resolution．

　　　　The　w・rk　rep・tted　i血［MOI96b］　and［MO99｝「dealS「栂ith耳pcg螂1・nal　sys－

tems　only．　Since　the　expressive　power　of　fu血6tiohal－16gic　program血ing　languages

is「greatly　enhanced　by　lallowing　・conditions．inもhe　program　rulesゴit　is、important

to　extend　the　results　concerning　the　rem6val　of　non－determinism’ih　lazy　nar－

rowing　calcqli　to　co唄itlonal　rewrite　systems．　In［HM♀7］，．we　extended．LNC　to

we　’≠窒?@ittvestigatin9・　wheth6r「the’oth6r　results…obtained　in［MOI96b｝and［MO98］

　can　be　extended　to　the　conditional　case．

　　　　In［SNI97］，　we　extend　narrowing　to　the　higher－order　case　and　introduce　the

　higher－order　lazy　narrowing　calculus　H：LNC．

3．3，．4．　．．Other　Projects

SCORE　pursues　a　number　of　other　proj　ects　whose　contents　are　closely　related　to

the・’ モ浮窒秩f?獅煤f 垂窒盾垂盾唐≠戟F

　　1．　Research　on　the　Principles　for　Constrqcting　Software　with　Evol－

　　　　utionary　Mechanisms

　　　　　Supported　by　Grant－in－Aid　for’Scientific　Research　on　Priority　Areas　Min－

　　　　istry　of　Educati6n，　Scienee，　SPorts　apd’Culture’　of　Japan　（SCORE　is　the

　　　　member　research　groUp　of七he　above　proj　ect）Period：Fy　1997－1999．

2．Co立nputation　Model負）r　Higher－order　Functional　Logic　Program一
　　　　　
　　mlng
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　　Supported　by　Grant－in－Aid　for　Basic　Research　（B），　，Ministry　of　Education，

　　Science，　Sports　and　・Culture　of　Japan　Peri6d：’　Fy　1996一一1997．

3．　．Applicati6n　of　Conditional　Term　Rewriting　Systems　to　Declarat－

　　ive　Programming

　　Supported　by’　Gra’　nt・一in－Aid　for　Scientific　Research　（C），　Ministry・　of　Educa‘

　　tion，　Scienceti　Sports　ahd’Culture・of　Japan　Petiod：　Fy・1995－1996．

4．，．，．C，　on，s，　truction．　of　Multimedia，Programming　Environment　for　Func一

　　．tiopql　Logi　c　PrograMming

　　Suppo’rted’by　Grant－in－Aid．for　DevelopMental　Scientific・　Research　（B）　Min一

　一istry　of’Educations　Science，　Sports　and　Culture　of　Japan　Period：　Fy　199．5－

　　1997．・

5．　Computation　Model　of　Programming　Languages　based　on　Term
　　　Rewriting

　　　Supported　by　Okawa　Foundatien　for　lnformation　and　Telecommunications，

　　Fy：　1996．

6．　Declarative　programmp　tr・ng，　databases　and　human－interface　ih　mul－

　　　t’imedia　computing　envlrQ，nm．　e’nt

　　　Supported　by　Tsukuba　Advanced　Research・　Alliance　（TARA），　University　of

　　　Tsukuba・Period：　Fy　1994－1996．．

、7．Fea呂ibil託y　Study　of』Dec1琴r韻ve　Coordin韻Qn　Prggr皐阻mlng玉n
　　　Open　Computing　En．y’itQnm．ent

　　　（http：／／www．scQre．，i　s．・tsuk．　uba；ac．jp／IPA／ipa9／7．html）　Suppor，　ted　by　IPA，　Period：

　　　Fy　1996．
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