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ABSTRACT 

Sull and SUIP are tnowl.d,e-ba.ed pro,ra.. wbicb 
e.plo, pftttern-invok.d interence .etbode. Both 
ta.ke are concern5d vith the interpr.tation of 
larse quantities or di,itl •• d .ilnal data. The 
ta.k of :U/X i. to under.tand ·continuou. si,nals·, 
t ba\ 1 •• s~.,nal. whicb per.i.t over ti... The t •• k 
or SUI' i. to int.rpret prot.in x-ra, 
cr!.talloaraphic data. So •• r.atur •• or tbe d.siln 
are: (1) incre.ent.l int.rpr.tation of d.ta 
e.plo,inl .an, dirr.r.nt patt.rn-invok.d .ourc •• or 
knowled,e, (2) production rule r.pr ••• ntation or 
knowled,e, lncludln. bl,b le •• l .tr.tl" knowled,e, 
(3) ·opportuni.tic· b,poth •• l. ror •• tlon u.inl both 
dat.-driv.n and .od.l-driven t.chniques within a 
I~n.ral h,pothe.ise-and-te.t par.di,M; .nd (.) 
.u~t11.vel repre.entation ot the solution 
bnothe.i •• 
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1 INTRODUCTION AND SUMMtRY 

Thla paper deacrlbes a dealsn of know~edle-ba.ed 
prosra •• which .aploy patt~rn-invoked inference aethoda. 
Doaaln and atratelY knowledle are represented aa prod~etlon 
rulea to be invoked when appropriate situationa ariae in 
the problea-aolvlnl proceaa. The aa.e basle dealsn 
philoaophy i. utilized in two taak do.alna, both of which 
are concerned with the interpretatlon of larle VOlu.ea of 
dl11tized phyalcal slln~la. The taska are (1) the 
underatandins of continuous aisnala produced by objects and 
(2) the interpretation of proteln x-ray cryataliolraphle 
data in ter.a of a three-di.enaional aode! of the aOleeule. 
The prosra.a a.aoeiated wlth theae taaka are called SU/X 
and SUIP, respectively. 

So.e of the desiln concept a In SUII and SU/P are 
rooted In the HEARSAY-II prORra. [4, 6-7]. Concepta Which 
hay. been borrowed are: (a) a Ilobal data baae. calied the 
blackboard, for the Intelratlon of knowledse aource. and 
(b) a .ultilev.1 representation of the SOlution hypotheaes. 
Thea. baaic concept a are intelrated Into a syate. desisn 
that •• pbaslze.: (a) th. representatlon of knowled!e 1n 
productIon rulea, (b) the repre.entatlon of the contro~ 
structure a. sourcea of ~GOwledle related to 
proble.-aolvinl .etboda and strateSie., (c) the capabl1ity 
of the prolraa to explain ita reaaoninl stepa, and (d) a 
level ot lenerallt, ot the b.aic deai.n concept. leadln. to 
application In difterent task. or do.aln •• 

1.1 Major The.e. 

The ·underatandin.· ot physical sl1na1s otten requires 
usinl intor.atlon not pre.ent in the ailnal data 
tbe.s.i.es. Exaaple. ot .ucb intor.ation are: (a) In tbe 
continuous-silnal proble., tbe cha~acte~istic. ot tbe 
sl.nai-producinl objecta, (b) in the prot.in-.odelin. 
proble., tbe •• 1no acId sequence and tbe stereocheaical and 
p~ot.ln cheai.try constraint.. lach .uch .ource ot 
knowledle .ay at any ti.e provide an lnterence wbl~h .erves 
a. a ba.is tor another know£edle .ource to .ake ,et another 
interence, and.o on, until all rele.ant intor.ation has 
been used and appropriate lntereaoes h •• e been drawn. 

I •• entlal to the operatIon ot the prOI~.a i. its ~ 
ot the deve!opin. h,potbesl.. The aode~ 1. a 
ayabol-.tructure that ls built and .aintalned b, the 
prolra., contains what is known about the untoidln. 
sit~ation, and tbu. proyldes a context tor the onloinl 
anal,.i.. The .odel 1. used a. • reterence for the 
interpretation ot new Intor.atton, a •• l.11atlon ot new 
event., and leneration of expectation. concerninl tuture 
e.ents. It i. tbe prOlra.#. ·cOlnltlv. tiJwhe.l". 
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SUII and SUIP are ·know~edle-baaed· prosra •• (footnote 
1). Their powers are largel, derived froa the knov!e~le 
liYen to the. by wexpert W hu.an analysts andlor wexpert W 

alsoritha.. Major pr~ble.. in the de.iln or such sy.tea. 
show up viYid!, 1n these two prolra.a: 

a. Inovle~le acquisition. Tbi. is a ta.k of 
a,ste.atically terretinl out the intoraal and 
eeaifor.al knowledle held b, the expert. The 
breadth and eheer vol.a. ot an expert's knowledle 
is what aakes his anal,sis lenera! an4 powerful; 
,et, obtainins that knowledle, which he often does 
not re311ze he Is uelnl. Is a palnetakins and 
inexact process. 

b. Inowledle representation, Havins acquired the 
knowledle In its -hu.an w tor., we auat represent 
it in a for. that is convenient and etticient for 
.achine proces.lng and at the saae tiae reasonably 
-natural- (bear In alnd that the knowledle rarel, 
boils down .erely to a set of nu.bers) a 
difflcult and tl.e-consu.lnl ta.k. 

c. Inte,ration of .ultlDle, dl.er.e eource. ot 
knowled,e. Prolra. and Intor.ation .tructure • 
• uat be created by which the .arioua kind. of 
knowledle can ·work tOlether- to for. a coherent 
and accurate hJPothe.i.. Vhen the knowledle 
exiat. at .an, ditterent le •• la of abatraction and 
allrelation (aa,. fro. alpha-halix _yo.tructure 
all the wa, down to electron den.lt, value. In an 
elec·ron denaitJ .ap). one haa a .ajor ~~.lln 
problea. 

1.2 ~ajor Ter •• and Concepta 

The taak of ·underatandlnlw the data ia acco.pllabed 
at .arloa. le.el. of anall.l.. Tbe.e le.el. are exhiblted 
In 'llure 1.1 tor tbe continuous-allnal interpretatiG" 
proble. and In 'llure 1.2 tor tbe protelD-.odellnl proble •• 
The .oat inte,rated -- the bilbe.t -- leyela tor the two 
proble •• inyolye the deacrlption of the .llnal-producinl 
objecta, and tbe tbree-d1.enaional .odel ot the protein. 
Tbe loweat leyel •• that 1 •• the le.ela clo.e.t to tbe data, 
con.1at of tbe 11ne r.ature. derl.ed tro. tbe .1lnal data, 
and tbe ato •• and the1r coordinatea 1n three .pace. 

At e.ch le.e1. the unit. ot anal,.i. are the 
brpotb.al. ele.ent.. Tbea. are a,.bol-.tructure. tha~ 
.ua •• ri.e what the a.ailable e.1dence indicate. in ter •• 
tbat are ••• ainlful at tbat partiCUlar le.81. 
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Bridlins between tbe level. or anal,lla are loyrc •• pC 
knowl.dl' [-,1J. A knowl.dse louroe (IS) 1. capabl' of 
puttin, forth the int.reno. that lo.e bypotbelis el ••• ntl 
pr •• ent at it. -1nput- lev.l 1.pl, aoae particular 
hypothesi •• le.ent.(.).t it. ·output- lev.l. A louro. of 
knowl.ds, cont.in. not only the knowled,e neces.ary for 
.aklnl it. own .peciallsed int.r.nc... but .1.0 the 
knowl.d,e n.c •••• ry tor checkinl the inf.rences .ad. by 
oth.r sourc.I or knowl.dle. Tb. lnter.nce. which draw 
tOI.tber hypoth.si •• le •• nt •• t on. l.v.l Into a bypothe.i. 
el •• ent .t. hl,her lev.l (or whioh op.r.te 1n th. other 
direction) are r.pre~.nt.d .,.bOlic.ll, a. link. between 
lev.i. (See tisure. 1.1 .nd 1.2). Th. r •• ult1nl n.twork, 
root.d 1n the input data and int.,rated.t the hilheat 
l.v.l into a d.scr1ptlon of the h,poth •• ized probl •• 
• olution, is c.lled the current b •• t hrpotb"if, or th! 
hypoth.ll. for .hort. lach .ourc. of knowl.da' hold •• 
coa.id.r.bl. body or Ip.cialised laror.ation that a hU'2n 
,xpert would I.nerall, con.ld.r ·ordln.r,w. So •• ti •• 1 thil 
i. r.lati •• ly -h.rd- knowl.dl' or -t.ztbook- knowl.d,e. 
ll.o r.pr ••• nted ar. tb. h.url.tlc., that 1 •• -rul.. of 
load lue •• ln,- a hu.an ,zpert d ••• lop. in hi. .rea or 
exp.rtlse. Th... ·judl •• nt.l- rul.. .re I.ner.lly 
aceo.panied b, eati •• t.. tro. hu.an .xp.rt. concernin, the 
w.ilht th.t e.ch rule Ihould c.rr, in the an.ly.i •• 

E.ch IS i. eo.po •• d of -pi.o •• - at knowl.d,.. .,. 
pl.c. of knowl.dl' w. ..an a produotlon rul., th.t 1., .n 
I'.TIII t,p' of i.plication for.ula. Tbe -Ir· .ide. al.o 
called the .ituation .id •• ,p8clri ••• set ot condition. or 
pattern. tor the .pplioabllity ot tb. partlcular rul.. The 
·TBI.- .id •• al.O call.d tb. aotion .id., .~.bolia •• the 
i.plic.tlon. to b. drawn (.or. pr.ei •• l" .arlou. 
proc •• ainl e •• nt. to b. cau •• d) lr tb. wI'- con.itlon. ar • 
•• t. (I.t.r to [2] t~~ an ezc.ll.ht o.er.i.w of production 
rul ••• ) 

Tb. knowl.dl8 or bow to p.~tor., th.t 1., how to u •• 
tb. ..ailabl. knowl.dl' .ourc •• , i. .noth.r kind of 
knowl"I' tbat .zp.rt. po •••••• Tbi. t". or knowl •••• 1. 
al.o r.pr •• ent.d 1n the a,.t.. in the tor. ot 
control/.trat." production rul •• , which pro.ot. 
tl.Zlbl1it, In .p.clr,lnl and .odlr,lnl .trate.1.. or 
a.al,.ia. 

I,poth •• la tor.ati~n ls an ·opportunlatlc- proc •••• 
lotb data-drl •• n and .od.l-dri •• ~ b,poth •• la for.ation 
t.ohnlqu •• ar. u •• d wltbin tb ••• n.ral breotb •• l ••• 'g •• te.t 
paradi... On. ot tb. ta.ka of the control/atr.te., 
knowl"I' .ourc. i. to d.t.r.in. tb. appllcabl11tr ot th ••• 
•• tbada to dirf.r~nt altaatlon.. Tb. unit ot proc •• aln, 
acti.lt, 1. tb. e.e,\ •••• nt. .,abolls. auch thinl. a. 



·wh.t Inference. to aake·, ·what .yabol-structure. to 
aodlf,·, ·what to look for In the data·, and .0 on. The 
ba.lc contrOl lOOP for theae ev.nt-driven pro,ra ••• i. one 
in vhich list. of event. (event •• oaetiae. include new 
dat.) and the set of control/.trate., rule. are 
perlodlcally scanned to deter.lne the "next thin, to do· 
<rootnote 2). 

In the tOllowin, .ection. we di.cus. 1.sue. related to 
the representatlon of the hypotbe.l., the knowled,e 
.ource., .nd the control structure. a.fore contlnuin" 
bowev.r. w. vlll briefly descrlbe tbe two tasks that have 
been l.ple.ented .nd li.t so.e auldelines tor ohoo.in, 
application. in whioh thl. t,pe of s,.tea or,ania.tlon aay 
be u.eful. 

2 THI TASIS 

2.1 Interpret.tion of Contlnuoas-Si~nal. (SU/I) 

The alln.l-underst.ndln, prolr •• pertor.s .nal,.ls of 
d.ta derived rro •• dll1ti.ed plot ot continuous .llnala, 
the interpret.tlon Of which ls to a considerable delree a 
tUnctlon of tlae. Ixa.ple. or data hlvln, thl. 
char.eteri.tie .re electro.aln.tic and aeoastic allnals, 
and .ilnal. tro. hospital patient. .onitored in .n 
int.nsiv. cara unIt. Tha -rront-end- .llnal-processln, 
bardware and sort ware detect enerl' "packets" appa.rlnl at 
various spectral frequencies. a.d rollov tbes. psckets in 
ti ••• Tba currant s,ste. 1. desllnad to sn.l, ••• d~,it1 •• d 
description or tbe •• dat.. It th •• nd or each ti •• period, 
.a,. a rew .inute •• tbe usar 1. 11ven .n i.telr.ted 
a.al,si. ot tbe interpretad objacts witbin its data 
puryiew. (5) 

2.2 Interpret.tlon or Tbrea-Dl.enslonal Slln.l D.t.: 
'rotein Cr,stallolr.pb, (SU/P) 

Tbe t •• k or this prolr •• 1. to Inrer tb~ea-dl.ansion.l 
.od.l. or proteln .olaoul.s. Tbe .odal i. derivad tro. an 
interpretation or the aleotron da.sit, .ap or tbe 
or,.t.lli.ed protaln. Tbe de •• lt, •• p 1 •• ln turn. d.rlyed 
rro. z-r., diffractlon data. Tbese dats t,picall, ,ield a 
pOorl, re.olv.d di.tribut10n of tb. electron den.lt, witbin 
tbe protei •• olecule, .nd the locatio. or l.divldu.l ato •• 
are lenerall, not Identltlable. Traditlonlll,. the protein 
or,.t.llolrspber a.bodia. bls lnterpret.tion or the 
ele.tron d ••• lt, •• p in e "b.ll •• d .tlek" .Olacul.r .odal 
ra.bloned fro •• et.l plrt •• Tbe.e part. art .trunl tOletber 
to bull' • aod.l vblob conror •• to tbe alactron den.it, •• p 
and i. .1.0 oOD.l,teDt vltb protain cba.l.tr, .nd 
at.r.oob •• ic.l eon.tralat.. Tbe current .,.te. tri.. to 
.1 •• 1ate b..... who bul1d .odel. IDor •••• t.II' rro. tba 
••• t ·Obylou.- rellon, ot tb. el •• tr.. d ••• lt, •• p. Tbe 
1 •••••• nt.l. o"o.tu.i.tlo at.at'al •• ua.. "our proara. 
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to tor. hypotheses closelr ~es •• ble the probles-solvlns 
•• thode used by hu.an .odel builders. Refer to (3] tor 
.ore co.plete deac~iption of the proble •• 

3 SUITABLE APPLIC1TIOI ARIAS 

Buildlnl a sllnal Int.~pretatlon sy.t.. within the 
prolra. ora.nisatlon su •• arlsed abo.e can b~st be described 
a. ·oppo~tuni.tlc- an811!is. Bits ana pieces ot 
infor •• tion .uat be used a. oppo~tuftltr a~i.e. to build 
slovly a coherent picture of the world -- such like putt Ins 
a jllsaw puzzle tOleth.r. So.. thoUlhts on the 
characteristic. of probl ••• suited to this approach are 
U.t.ed bUow: 

1 • 

2. 

3. 

•• 

Lar.e •• ounts ot .i,nal d.ta ne.d to b. an.llled, 
Ixa.ple. ~nclude the Interpret.tion of sp.ech .nd 
oth.~ acou.tic .ilnals, I-ra, .nd other .pectral 
d.ta, radar .1In.ls, photolr.phlc data, etc. (A 
•• ri.tion Involv •• und.rstandinl • lara' yolu.e of 
s,.bOlic d.t.; for ex •• pl., the .ainten.nce of a 
Ilob.i plotbo.rd of .ir traffic ba.ed on ••••• 1 •• 
fro ••• rious .ir traffic contro! c.nter •• ) 

For •• l or intor •• l interpretive theories exist. 
I, infor.al interpret i.. th.ory we •• an lore or 
heuri.tics vhich human experts brinl to bear in 
order to ·underst.nd- the d.t.. The.e inex~ct .nd 
infor •• l rUle. .r. Incorpor.t~J a. ISs in 
conju.ctlon with .ore tor •• l knowled,e .bout the 
do •• in. 

deco. 0 ••• hier.rchic.ll in. - n •• n, c •••• the do •• ln can 
Into • ..ri •• ot data r.duotion 

1 ••• 1., wb.r. varlou. int.rpreti.. taeori.s (in 
the .en.. d.scrlbed .bo.e) exi.t tor tr.nsfor.inl 
d.t. fro. on. 1 ••• 1 to .notb.r • 

·Opportunlstic· str.t.,l.. • ... t be .... d. Tb.t I., 
tb.re 1 •• 0 ao.putailo •• ll, ' ••• 161. '1.,.1 .o~e 
•• n.r.tor- tb.t d.ti... tb •• ,.c. ot .ol~lloft. t~ 
wblc' pr~.ln •• ad .t •• r1., t.te plac.. '.tber, b, 
r ••• oni., .bOUt bit. .nd pl.c.. of a •• llable 
e.1 ••• 0., 0 •• oa. i.or ••• nt.l1, •• n.rate part i.! 
It'potb •••• tb.t vl11 •••• tu.l' le.d to • .ore 
Ilob.l .olution h,potlt •• l •• 

].1 Dat.-Dr1y.n •• Rod.l-Dri •• n ",poth •• i. Fore.tlon 
Metllod. 

V. h... oo.bl •• d d.ta- and .o •• l-'ri... ..tltod. of 
It,potb •• l. for.atlon i8 tb. d •• J •• of SUI I ••• SUI.. I, 
·d.t.-.rl ••• • v ..... ·i.r.rr., rro. tb. input d.ta-. I, 
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".odel-drlven" we .ean "ba.ed OD expectatlon" whe~e the 
expectatlon 1. lnrerred rro. kDowledle about the do.aln. 
'or exa.ple, a hJpoth •• l. lenerated bJ a IS whlch Inrer. an 
•• ino acld .idechaln rro. the electron denelty data 1. a 
data-driven hJPoth •• la. On the other hand, a hypothe.le 
~bout the exietence or an a.lno-acld aideehaln that 1. 
deduced tro. topololical knowledle ot the protein 1s a 
.odel-b.a.d h,potheal.. In the ror.er ca.e, the data 1. 
u.ed a. the baai. ror .1enal anal,.ia: in the latter caee, 
the pri.arJ data 1. u.ed 801e11 to .erit, the expectation. 

There are no hard-and-t •• t criteria ror dete~.ln1nl 
which at the two hypothe.ia ror •• tion .ethod. 1. .ore 
appropriate ror a particular eiIDal-proee.e1n, ta.k. The 
eholce dep.nd., to a larle extent, on the nature or the IS. 
which are a.ailable and on the power ot the anal,.18 .odel 
a.ailable. Our experi.nce polnt. atronlly toward the u.e 
ot a co.bination ot the.e tecbniquea: .o.e IS's are 
.tronll, data dependent while oth_r. are .tronlly .odel 
dependent. In tb. continuou.-.ilnal interpretation 
prolra., tor ex •• pl., tb •• ajority or the inrerene.e are 
data-driven, wlth oceaalonal .0del-drlv.n intereDce.. The 
converae 1. true In tbe proteln .odel-buildin, wlch plae •• 
• ore e.pba.l. on .odel-driven h1Pothe.i. leneratlon. The 
rollowinl are IUAdeline. we bave u.ed In deter.lnlnl wbich 
ot the two .etbod. 1~ .ore approprl.te: 

1. Si,na! to 101.. Ratl0. Proble •• wbich ba •• 
inber.ntlr low S/i ratio. are better .u1ted to 
.olutlon. b, .Odel-dri.en prolra •• ; tb. con •• r.e 
1. true tor proble •• witb bilh S/I ratio •• 

2. l •• ll.bility ot •• 0 •• 1. I .odel, .o.eti ••• 
referred to •• -tb ••••• ntic. ot tbe ta.k do.aia-, 
oan b •• vaiiable In .arloa. ror •• : (1) input to 
.n ab.tr.ct le.el ot tbe b,potbe.l •• tructure, (2) 
le.eral knowiedie .boat tb. ta.k do •• ln, or (3) 
,peoltlc knowledle about tb. particul.r ta.k. In 
tbe proteln cr,at.llolr.pby proble •• tor Ift.tanc •• 
tbe a.ino acld •• quenoe (tbe topol0l' ot the 
protela) .er.ea •• a .odel tor luld1nl the 
Interpret.tion ot the prI •• r, d.t.. Howe.er, 1n 
tbe oontinuoua-alln.l interpr.tatlon probl •• , the 
•• del 1. drawn tro. leaeral knowl.dle .b.ut tbe 
.1ID.1 .ouree. and tro. otb.r relevaat external 
.ouroe. Or Intor •• tlon tbat .er.e to d.tine tb. 
cO.text. It. rell.ble .od.l i •• vail.bl •• tbe 
dat.-1nterpretatlon IS. oan be •• ed a. veritler. 
rather th.n len.rator. ot lntereDce.; thl. reduce. 
tbe oo.put.tion.l burden on tbe .1Iaal-pr~ce.alnl 
prOlr •••• t the -tront end-. 
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_ TIl laTUIE OF THI HYPOTHISIS 

In order to intelrate a diyeralty ot knovled,e about 
tb. taak do.aln, tbe do.aln 1. deoO.poaed hierarcbically 
into lev.la of anal,a1a. Ve vl11 d.acribe briefly SO.e ot 
tb. baalc ideaa on tbe nature at tbe h,potheaia (rootnote 
3). 

I sl,ftal interpretation probl.. can be yieved a. a 
probi •• at -tran.tor.ln,· .1.nal. repre.entlnl an object 
into a s,.bOllc d.scrlptlon ot tb. ojbect on a .or. 
abstract leyel. Ve ua. the vord ·tran.tor.ation" to .ean a 
shltt fro. one representation or an object (dllitlzed 
al •• als) to another (sy.bolie de.cription) uainl any tor.al 
or lntor.a1 rul ••• 

The data atructure hierarch, retlects a plan tor tbe 
utillaation of the yarloua data tran.tor.ation IS. vhieh 
co.tribute to the total data int.rpretation proc •••• 
G.n.rall, tb... fran.tor.atlonal st.pa involve data 
reduction. ot the prl.ar, data In a .tepv1.e ta.hlon tro. 
the detailed to tbe .or. ab.t.raat d •• criptlon ot the 
obj.ct. Rovey.r, w. hay. tound th.t ao •• ot th •• o.t ua.tul 
IS. ,.nerate lnterenc.a .pannln. ae.eral 1 ••• 1.. For 
ex •• ple. In tbe protein-.ode11n, probl •• , a hu.an can ••••• 
in the .l.ctron denait, data, h.lloal .ubatruotur •• vitbout 
kno.ia, or ob •• r.la, the detail. at .aoh ato. plao ••• nt. 
T~l. k1.d ot knowl.d.. 1. u.uall, •• r, ap.oltio to 
.U.u.tlo •• ; bu.aa exp.rt. kaov, •• d U •• , .aay ot tb •• e 
.p.olal1a.d, iator.al bodle. at knowl.d, •• 

Tb. data .truot.ur. at tb •• alutlon h,potb •• ls 1. a 
liak.d a.twork ot nod.a, wbere e.oa nOde (b,potb •• la 
.I •••• t) rerr ••• nta a •••• lnSful a •• re •• tioa ot la •• r l.y.l 
b"otb •• l •• l ••• nta. • link ,.t •••• an, tva h,potb •• l • 
• I .... t. r.pr ••• at.. r •• ult or .08. .ctlo. b, a IS aad 
1.d1r.otl, ,01.t. to tb. IS lta.lt. I Ii.' h •••• ao~l.t.' 
witb It .lr.otl0 •• 1 propertl... la •••• ral, tbe dlr.otlon 
1.dloat •• on. or tbe t •• rollO.l.l: (1) I link wbloh 10 •• 
rr... .ore .,.tr.ot to a Ie.. .'atra~t l •• el ot tbe 
b"otb •• l. 1. r.t.rr.d to.. aD ••••• ot.tloa-li.k·. Tbe 
ao'. at tb. .ad or .a .Kp.ot.tl0.-11r.t 1 ••• od.l-b •••• 
b,.otb •• l. .l ••• nt, •• d tbe 11ak r.pr •••• t. -.upport tro • 
• '0 •• - (1... tb. r ••• o. tor propo.l., tbe b,poth •• l • 
• l •••• t 1. to ,. 'ouad at t •• bl,b.r 1 ••• 1). (2) I link 
.blob ,oe. 1. tbe oppo.lt. dlr.otl0., rro. lOWer 1 ••• 1. of 
.'.traotlon to bl.b.r, 1. r.r.rred to •• • 
wr.duetlon-l1ekw• Tb. eod. at tb •• nd or a r.duotloa-llnk 
la • dat.-' ••• d ~,potb •• l. el ••• at, a.d the link r.pr •••• t 



W.upport fro. be!ow w (i.e. the rea.on ror propoaln, the 
bJPotheal. eleaent i. to be round at • lower l~Y.l'. 
(Thea. directions corre.pond loo.el, to Wtop-down· and 
Wbottoa-up· path ,eneratina.) Exa.ple. or ISs and 
bJPotbe.ia eleaente seneratvd bJ tb. IS. are .hown 1n 
'ilure 2. 

Th. protein-aodellns probl.. po.ed 80.e dirrlcu!tiea 
In the de.lln or Its h,potheai •• tructure. The.e can be 
attribut.d to .everal ractora. 'ir.t, the deco.po.ition or 
the aolution .pace (the tbre.-di •• n.lonal .odel) and the 
ab.tractions or the pri.ar, data eelectron den.it,) dO not 
re.ult in one consIstent data hierarcb, but result in two 
bierarcbie.. Second, the two hierarchies overlap 
•••• nticall' .t .oae level~ but are not repre.ent.tion.li, 
coapatible. Third, ver, little i. known .bout a.ppins the 
object betwe.n the two .pace.. a. indic.ted in risure ). 
however, the two hlerarchies, witb a network or links. can 
be .er,ed into a .inSle repre.entation of the proble • 
• p.ce. Thi. repres.ntation indicatea that h,poth •• is need 
not be repre.ented as a strict hierarch,: it can be 
r.pre •• nted a. a .ore seneral network or related ete •• nt •. 
(I.ter to (31 tor .ore detailed d •• cription.) 

5 THE NATURE OF THE wCONTROL· 

A .,at.e.'. p.rtor.ance d.penda both on the co.petence 
or .ach IS and on the utIlisatIon or tbea. ISa within the 
contast ot the loal. or the ta.k do.a1n. 

There are two aeperate but .quall, i.portant 1 •• ue. 
1nwol.ed 1n a de.iln or • tDoWl.d,.-ba.ed perror.ance 
prolra.: (1) the a.al1abllit, .nd tha quallt, or the 
.p.clall.t ISa th.t cooperate ln tba bul1dlD, or • 
b,potbeal.. (Tbe.. IS. deri.. tb. hlararcb, of 
abatractio.a or tb. h,poth •• i •• ) (2) the optl.al 
utl1ia.tioD ot th ••• IS.. It ••• 1 •• th. IS. a. reaource. 
tbat are a.allabl. tor .01.ln. a probl •• , th.n tb. optl.al 
ra.ourc •• 1locatioD .tr.te., la d.t.r.in.d b, tb. quality, 
the .1a., aDd tb. coat or the IS., .nd tb. at.t. ot the 
curr.nt b,potb.a1a.d aolution. Tb. contrOl .tructure .u.t 
b. • ••• lti •• to, and b. able to .djuat to, the nu.erou. 
PO •• l'l. .olutlon .tat.. .blcb ari.e ln th. cour.. or 
aol.in. a probl... Within tb1. wi •• polnt, th.n, wh.t 1. 
co •• onl, called the ·control atructure- beeo... anoth.r 
totail, do.alD-d.pendent taO.l.d.e aource. Tbe Dotlon 01 • 
-bl.rarchlc control- 1 •• n .tt •• pt to eo.. to Iripa with 
the 1 •• ue. or r •• ourca allocation and -coDtrol- atrateli,a • 
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5.1 Hierarchicall, Orsanis.d ContrOl Structure. 

In a -hierarchicall, oraanised control Itructure,­
probl ••• aolvina actlvltle. th •••• l ••• tor. a hlerarchy of 
knowled,e necesllr, tor lolvln, tbe probie.. On the lowest 
le.el 1a a aet ot knowled,e aources tbe taaks of which are 
to .ake tbe pri.ar, int.rencea In tbe h,potheais network 
prevlouI1J described. W. r!r.r to thl. l •• el of knowledse 
aa the -hJPothells-for •• ~!~ •• - le.el. At the next level are 
-.eta- ISa that ha.e tnowled,. about tbe capabilities of 
the lSI In the h,potheaia-ror.ation le.el. V4 rerer to 
thll level a. the -IS.actlvation- level; a IS on thIs level 
repr.aent. • pOlic, on knowl.d,. utilisation. At the 
h1,he.t level i. the Strate,,-IS whloh anal,ze. tb. quallt, 
of the current .olution to deter~lne wh.t re,ion or the 
data to anl,ae next; It al.o det.r.lnea what kind or 
.trate" to ua •• 

Another wa, to de.cribe thl. oraanlaation ia aa 
rollowa: The ISa are oraaniaed hierarohicallJ -- .uch 11ke 
the .anaae.ent atruotur. In a corpor.t. en.lron.ent .- In 
ter •• or the acope or th.ir knowled, •• nd the apeelricitJ 
or their runction •• 

I ••• pl.: 1 IS oapabl. or d.cldlnl wh.th.r to look tor 
helic •• or to continu. lookina ror a lara. a.ino aold 
aid.ohaln would po..... • hl.h.r 1 ••• 1 of know led •• 
than a IS who.. function 1. to i~r.r the plac ••• nt of 
ato.. or .0 •••• 1no acld .1d.ohaln. It 1. a hl,her 
l •• el b.oau •• it. ar.a or •• p.rtl •• (choo.ln. th. b •• t 
proble •• 01.1n. atr.t •• , for. ,l •• n .itu.tion), i. 
bro.d.r 1n .ao, •• nd n.rrow.r In tb. knowl.d •• of the 
proc ••• ln, .p.olrlc.. It dO •• not ha ••• and It n •• d 
not ha... an, knowl.d.. of tb. d.t.ll. of tb • 
••• cutlon of tb. probl •• ·.ol.ln •• trat •• J It oboo •••• 

Thla oontrol bl.r.rahJ .bould be ol •• rl, di.tln.ui.h.d 
fro. tb. bl.r.rob, of h,potb •• l. 1 ••• 1.. Tb. h,poth •• i. 
hler.rch, r.pr ••• nt. an a Irl.rl p1.n for the •• lutl.n 
pr •• ented b, a -natural- d.e •• po.ltion or the aaal,.l. 
probl... Tbe oontrol bi.rarob,. OD tb. otb.r band. 
r.pre •• nt. the or.ani •• tloD .f t~. probl •• -.01.1nl 
aotlwitl.. n.a •••• rJ for tbe for.atlon of tb. bJPoth •• l •• 
Pl,ur. _ abow. a ,.n.ral r.latlon.blp b.t ••• n t~e 

or.anlsatlon of the h,potb •• l. atruetur. and tb. 
or.anisatloa of tb. oontr.l .truetur.. Tabl. 1 ..... rl ••• 
tb •• cop. of IS. on •• ob la •• l of control bierarob,. 



5.2 Control Structure I.pl ••• ntation 

All intor •• tion n.eded bJ the ditterent IS. i. 
contaln.d in a Ilobal data .tructur. called the 
-blackboard-. The -blackboard- concept ba. it. orilin in 
HI,aSAY ['1 and i. extended In SUII and SUI.. The content. 
ot tbe blackboard in SUI I and SUI' con.tlat or: 

1. Th. current b.at hJPotheala (CaH) 

2. Th. £vent-li.t: a 11.t or cbanle~ in tbe 
bJPoth.ala wblch have not ,.t b •• n proc •••• d bJ 
an, IS. An ••• nt al.O contain. the na.e ot the IS 
and the ldentitier or tb. rule wbicb cau •• d the 
chan ••• 

3. Tbe Iv.nt: , Clobal .ariable contalninc the 
curr.ntl, -actlv. ev.nt-, tbat 1., an event which 
1. currentl, b.inl proc •••• d bJ .o.e IS. The 
Ivent a,so repr •• ent. tbe curr.nt rocua or 
attention. 

,. The 'robl ••• -11.t: 'll.t ot unr •• ol.ed probl ••• 
• ncount.red b, varlou. IS.. Such probl ••• range 
trOD .xp.cted data not ,.t a.ailabl., to 
d.tectable -error.- ln the procr.. (e.c. 
In.uttlel.nt knowl.d •• '. 

5. Th. I •• nt bi.tor, li.t: Tb. I •• nt, to,.tb.r wlth 
it. 'r.dec •• aor and Suee.a.or ••• nta tor. a eau.al 
ebaln or rea.onln.. In tb. contlnuo.-.iln.l 
und.ratandln. probl •• , tb. I •• nt biator, 11at 1 • 
• o •• tl •• a ua.d b, IS to .aalr •• a.rle. ot •• eat. 
wbleb oecurr.d o •• r a p.rlod ot tl... Mor. 
I.nerall" lt •• r ••• a. • d.ta ba •• tro. wblch 
r.a.onlnl trac •• ar ••• aerated .ad -bow· .ad -Vh,· 
qu •• tioa. an.w.r.d. (S •• r.t.r.nce [1,81 tor .0 •• 
•••• pl •• ot thl. t"e or tr.c ••• ) 

At tbe lov •• t l'.'~ or coatrol tb. .o.t d.ta 
.peoltlo 1 ••• 1 -- ar. tb. lat.raae'-I.n.ratlnl ISa, or tb • 
• pael.ll.t-ISa. I.ch .p.elall.t-IS ha. tbe t.ak at 
creatlnl or .odlt,inl hJPotb •• l. el ••• nt., ••• lu.tln. 
later.nc.. • ••• r.t.d b, ot •• r .p.clall.t-IS., .ad 
o.t.lOI1.1 ot .1 •• 1.1 •• 1deae. vblob ar •••••• tl.1 tor a IS 
to •••• r.t ••••• lnltul larer •• c ••• 
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Saoh Ipeclall.t-IS ba, .cce •• to the 
focu. of attention i, that portion of 
coat.lnlnl the lat.,t ehanle(a) .ade 
h,pothe.l.. AlthoUlh. IS h.. .cce •• 
b,p~the.i •• it nor •• ll, -uader,t.nd.- onl, 
cont.lned 1n two le •• l •• it. input 1 ••• 1 
leyel. 

blaokboard. It, 
th~ blackboard 

to the current 
to the entire 
the de.crlptor, 

and It, output 

Ilr'ISIC'-O'I.I.TIOI. Interence-Ieneratlon I, the 
ere.tlon or .odiflcation of b,potb.,i, ele.ent,; it 18 tbe 
-bJPotbe'iae- p.rt or tbe h7Potbe,iae-and-te.t paradil •• 
An inr.renc'-Ienerator •• , u.e a d.t.-dri.en or 
.odel-drlven h,poth •• l. tor •• tion .ethod. A, .entloned 
earller. a IS 1. repre.ent.d al a .et ot productlon rule, 
con.lltinl ot -litu.t10n-.etion- paira The -.ltu.tlon­
tor the interenc'-I.n.rltor 1 •• particular state ot tho •• 
h,pothe.l. ele.en~. coatalnlal data rel •• ant to the IS. A 
.atcb b.tw •• n a d •• cription In the hJPoth •• ll .l •• ent .nd 
the .ltu.tion-.ld. or. rule Indic.t •• thlt • IS can •• ke 
'0.' conjecture. rel.rdinl tbat b,pothe.la .le •• ~t. When 
the .ppropri.t. IS i. in.oked. tbe -action- p.rt viii 
tran.tor. tbe curr.nt h,pothe.i. to • nev current 
h,potbe.i. elther bJ add1nl nev link. to tb. .tructur., 
creatina new bJPothe.11 .le.ent •• or ch.nllnl the .ttribute 
vIlue. ot a b,potb~.t. ele.ent (... T.ble 1. tor • 
• u •• ar,). 

Ivrll.ICI-"aLuaTIOI. Intere.oe •• alc.tloa In.ol ••• 
tbe appral •• l ot int.r.neft. lenerated', otber IS.; it 1. 
tbe -te.t- part ot the b,poth •• lae-aad-te.t par.dll~. ror 
each Int.r.no. 1 ••• 1 th.r • • r. u.aall, .or. th.n one 
ap.cl.1i.t-IS O.p.'l. ot I.n.r.tln. lnt.r.nee. on tbat 
l.vel. Wb.n. IS 1. In.ok.d '.cau •• or • p.rtlcul.r ••• at • 
• notber IS •• , 'lr •• d, b ••• proo •••• d the .alie.t e •• nt. 
In .uch a ~lrcu •• t.nce. tbe ourr.ntlJ .etl •• IS .valuat •• 
tb. int.r.no ••• n.r.ted b, tb. ot~.r IS. Tb •••• luatlon e.n 
re.ult In tb. IS 'Ir •• ln. vltb, .1a •• r •• lnl vitb. or ,.1nl 
Indltf.r.nt .'out tb. ,artloul.r lnt.r.nc. belnl .valu.t.d. 
It t~.r. 1 •• Ir •••• at, tb. eontl'.no. in th.t lat.reac. 1. 
lner ••••• ; It tb.re 1. dl ••• r •••• nt •• 1t~.r tb. cont1d.nc • 
• alu. la •• er •••• d or .a alt.raatl.. b"oth •• l. 1. 
lener.ted. There 1. no .otlon tak.n tor ., do.'t know· 
.1tu.tlon •• 

'.,'LIft-CaTaLOG'I', 'robl.. cat.lolln. 1 •• 01 ••• 
att •• pt n. to ld.atlr, .1 •• 1nl •• 1'.ne •••••• tl.1 ror • IS 
to I.n.r.te ••• nln,tul later •• ce.. It. IS 1. u •• 'l. to 
•• k. n.w l.ter •• ee. wb.n oall.d upon to '0 '0, It •• , ba 
due to l.ak ot knowledl' .'out tb. p.rtlcul.r .ltuatl~n or 
due to l.a. or •• a •••• r' lnfor •• tloa, tb.t la. tb. curr.nt 
.ltu.tl0. do.. aot ••• t the eondltlon. on tbe ailuatlon 
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sldea or the ru!es. If the speclaliat-IS i. Ri,norant R 
then its knovledle-base need to be au ••• nted 1n .o.e wa,. 
If tbe cau •• is due to lack of partic~lar .vidence, a IS 
ea. reque.t it by placln, notice on the Probl ••• -li.t. 
Tbi. call. the .,.t •• -. attention to a particular Lituatlon 
in whioh a .olutlon 1. possIble • .•• if ~ were true.- Since 
a .peclallat-IS is not aware of the J.portanee (or the 
uni.portance) of ita own 1 •• ediate n.ed~ within the ,eneral 
fra.ework or the solutIon, the d-)l.lon t.o pursue or not to 
pur.ue the needa of the .pecialist-ISe i. aade by a hi,her 
l • .,el IS. 

5.2.2 IS-Activation Level 

At the le.,el i •• edlatel, abo.,e the 
h,poth •• ia-for.atlon l • .,el are tb. IS-aeti.,ator. whose 
ta.k. are to invoke the apecialiat-ISs a. appropriate. The 
IS. on this level repre.ent. various pOlicies and 
proble.-.ol.,in, atrateli.a relat.d to the utIlization of 
th~ speciali.t-ISs. If, for exa.ple. e.,ent. are proc •••• d 
on an earlie.t-occurences-fir.t pollc" w. would hav. • 
breadth-fir.t atrat','i 1f e.,ent. are proce •• ed on a 
lat •• t-occurence.-fir.t pollcy, we would ha.,. a depth-fir.t 
.trate". 

Ir th.re i. aor' than on •• p.ciallat-IS a.,al1ab'e to 
proce ••• n .vent, .o.e pollc, la need.d to ,uid. the order 
In wbieh th •• e IS. are to b. utilised. Dltterent 
IS-.otl.,atora can be .ad. to retl.ct dlff.rent polic1e •• 
raa,la, tro. f •• te.t-fir.t to ao.t-accurate-fir.t (footnote 
.,. There are current 1, two klnd. of IS on the 
IS-aetl.,ation le.,el. th. I.,.at-drl.,.r and the 
Ix,.otatlon-drl.,er. Por each e.,.at the I.,eat-drl •• r 
.ctl.,.t.. apecl.1i.t-IS. ba •• d on the d'lre. or 
.p.clall.atlon (and a ••••• d aooarao,) or the IS.. Th. 
Ixp.otatioa-dr1 •• r proc..... it ••• oa the Probl ••• -li.t on 
th. 'a.1. Or how crltle.l the aeed.d e.,ldenc. 1. to the 
••• rliD, h,poth •• ia. Tbi •• .,.laatloa of how-critical tor 
th. ooat1aaou.-.l,nal probl •• 1 •• harpl, d.flned a. p.rt of 
th. kaowled.. of tb. do •• ln. In the protelD-.od.l1n, 
probl •• , bove •• r, th •••• luallon orlt'ria are .ucb eore 
h •• rl.tlc •• ad la faot .r. ju.t .aother .1 •• ent of th. 
o •• rall aaal,.i •• trat.". 

Tb. ' •• nt-drl •• r. ,. e.,.nt t,p. repre •• at. aa a priori 
,roa,i •• of .I.l1.r eh.a... to the b,potb •• l., tbat 1 •• 1t 
r.,r ••• at. the a,.traotloa. of ,o •• lbl. chan... to the 
b"ot' •• l.. Tb. cbaa, •• , to,.tb.r with th. Id'ntlt, or tb. 
r.l.. wblob ,rodac.d th. ob...... .r. ,ut oa a .10b811, 
.co ••• ibl. 11.t call ... th. -I., •• t-Uat-. Tb. I ••• t -d,.h.r 
la.o~.. tb' ."rO,rl.t. S, .. 'al1.t-IS. ba •• d oa tbe 
latoPaetlon eo.taia.d 1. tb •• ., •• t or aroa, ot •••• ~ •• 



Bxpectation-driv.r. The t.ak ot the 
Expectation-driver la to aonltor the it.as on tb. 
Probl •• ~-llat to aee It an, event. wbich a1sht aatiat, the 
condition. on the Probl ••• -ll.t ha.e occurred. It the 
condltlona ba.e oocurr.d, It will activate tbe 
apecialiat-KS which had arr.nled the requeat. (tootnote 5) 

5.2.3 Stratec, Leve! 

The aet ot rule. at the Stratel,-level capturea a 
hu.an expert·. knowledle at how to aol •• a proble •. The 
taak at the Strately-IS -- the bilbeat control level -- la 
to choo.e the beat problea-aolvinl .tratec, tor the current 
at.ate or the aolution. It. esperti •• lie., rirat, In 
d.ter.ininl how clo.e the current h,potbe.ia la to the 
actual .~lutlon. In n.ither SUII nor SUIP are there roraal 
•• chani... to •••• ur. the dlrterencea between the ourrent 
b.at h,potb •• i. and the -rilht anawer-. The procra. 
detect. when the .olutlon h,pothe.la 1. -on tbe richt 
track- b, uae at heurl.tic criteria. 'or exa.ple, In the 
protein .ode11nl proble. a larle nu.ber or connected node. 
on the stereo-aub.tructur. level aa, i.ply that the 
bypoth •• l. ia approachlnl • aolutlon. 

I coa.i.tent inabl11t, to verir, expectatlon-ba.ed 
h,pothe.ia ele.ent •• a, .llnal an error In the b,pothe.l •• 
1 aore leneral ladlcatlon ot iaerr.ctlve b,potbe.i. 
ror.atlo~ appear. a. a con.l.teat leaeratloa or conjectures 
who.e oontldence v.lue. ar. below a thre.hhold value; and 
whlcb there tore Indlcate. that tbe anal,.I. 1. -bolced 
down-. 

l .tratel,-IS .u.t alao decide O~ a cour.e ot action 
oaoe a ditterenoe betveen tbe b,potbe~la and tbe -rllbt 
aaswer- i. touad. lote tbat the.e tw~ tuactioa. ot tbe 
Stratel,-IS -- notiolal weak part. or tb. b,potbe.laed 
aolutlon aad cboo.lnl tbe approp~lat. oorreotl.e aotloa. -­
oorre.pond to tbe altuatlon and the aotlon pa~t. ot 
produotlon rul ••• Curre.tly, tb. Strat.~,-IS caa tate oae 
ot tbree po •• lbl. aotloa.: 

1. invoke tb. Ixpeotatlon-dri.er t.o .e • It the looal 
ne.da/aoa1a are .att.tla.1e b, recent .. enth) : 

2. In.ot. tbe I.ent-drl •• r to proce!!. ttl. late.t 
obaa.e. in tbe b,pothe.i.; 

3. deoid. wbat realoa ot tb. data .p.ce to work on 
next. I.e. deter.lne the rellon or .lnl.a1 
a •• lluU, In tbe data. 
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6 GOAL-DIRECTED ACTIVITY: SOME SPECULATIONS 

Our experience indicates that although the data-driven 
and .odel-driven hypothesia tor.ation .ethoda in 
co.bin.tion are powertul, 80.e situations are best handied 
~ith a loal-driven aethod, I.e. utllizinl a loal structure 
and IOBi-•• eking aearch processea. In the progra.s 
described, the occadional lack ot oertain .vidence can halt 
the whoie problee-aolvins proceaa. However, the need tor 
.isalnl evidence eay already be known and catalogued on the 
Proble •• -l1st. Under such a circue.tance the obvious 
aOlut1on is to aet a loai tor -aeekinl- that evidence. 
Within the context of the current i.Pie.entation. a 
loal-directed .earch throush the solution .pace can be 
acco.pl1shed by: (1) addinl a Goal-driver on the 
IS-activation control level. (2) i.ple.enting a 
backward-chainiDI •• chani •• tor the rules as In the HYCIN 
.J.te. [1], and (3) addinl rule. to the Stratesy-IS to 
choose between data-driven, .odel-driv.n and loal-driven 
.ethods ot hJPothesis tor.ation as appropriate. 

7 SUMMARY AID CONCLUDING RIMARIS 

SUII and SUIP ,re two applicat10n prolra •• that have 
been written to reason toward an understandinl of dilltlaed 
ph,sical sl&nals. The e.sential teatures ot the prolra •• " 
de.lln are: (1) ~ata- and .0del-drlYen. opportunistic .odes 
ot h,poth •• is tor •• tion in which the -control- Is orl.nized 
hlerarchic.l1J, and (2). 110b.ll, acce.slble h,pothe.ls 
structure aUI.ented bJ roeus-ot-attention and hi.torlcal 
intor.ation which .erve to inteRrate diverse sourc._ ot 
knowled,e. The ba.ic de.iln i •• i.iiar In .any vay. to the 
HllISAt-II Speech Under1tandlnl S,.te. design. It Is 
apDllcable to .any ditterent tJpe. of probl •••• e.pecial1, 
to tho.e proble •• that do not h.ve co.putationall, teaaible 
-le.a~ .0Ye generator.- and .u.t tberefore resort to 
opportuni.tic leneratlon ot .ltern.te h'potb ••••• 

The u.e ot production ru1.a to reprea.nt 
control/atratelJ knowledle otter. the .dy.nt.... ot 
unltor.lt, ot repre.entation and acee •• lb11it, ot knowledle 
for purpo.es ot aUI.ent.tlon and .odltle.tion or the 
knowledse b.... aec.u •• the line-of-r.a.onlnl 1. ott.n a 
co.ple. co.poundln. ot the ele.ent.l .t.p. indicated bJ the 
r~le •• a drfta.ie explan.tion capabll1t, 1. needed. We d1d 
not discu •• tbis i.portant t.ature or tb. prolra... lor 
did we dl.eus. the facllity wbich ailow. a •• lln.ent ot an 
expert'. delree ot uncerta1nt, tor •• eb rule .ntered. The 
u •• or thl. fac1lity i3 not well d.veloped currentl, In the 
prOlra.s diacuIMed. (See leterenc.I •• nd 9 ror sl.llar 
but b.tter d.yelop.d capabllltl •• 1n tbe M!CII proara •• ) 
We b.lle.e that taci1itl •• tor •• pIaDatloa and tor lnex.c~ 
lat.rence .Ult be int.grated Into t •• proara. d •• lln at t.e 
initial •• aa ••• 
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Footnot •• 

1. SUII wa. i'Ple •• nted 1n the context of a .llitar, 
.ilnal-underatandlnl apPlication. It 1. a large 
IITERLISP progra. that p.rfor.ed W.Il on a v.rlet, of 
oo.pl.x .ignal-interpetation taak. within the do.aln. 
SUI', al.o written In IITIILIS', 1. under develop.ent. 

2. The e •• nt. are .tored in thr.e lists, .ach or which 
requires ita own special treat.ent; knowledse-based 
e.ent. i.e. ..ent. ap.cl!lc.llJ r.lat.d to ch.nles 
in the hJPoth •• is; ti •• -ba.ed eyent., i.e., tho •• 
••• nt. sp.cificallJ related to exp.ctationa or ~what 
will happen wh.n-; and eroble •• , I.e. expect.tlona 
rr_, the prolr ••• • -.odel of the .itultion- ror which 
the clinching conrir.atorJ or discontlr.ator, •• idence 
ha. not ,et been round. 

3. A. ..ntlone~ .arlier, the de.lln ot the hJPothe.ia 
.tructure In SUII .ad SUI' 1. ba •• d on tbe concept a 
round in HIIISII-II. V. rat.r JOu to (-,7] for a .ore 
d.tailed description. 

_. The i.aue. ot roeu. ot .ttention Ind r •• ource 
allooation poiloi •• , a. da.cribed bJ H.Je.-Roth and 
L •••• r (6], .r. i.port.nt on... 1 .ub.equ.nt p.p.r 
will d •• cribe the i.ple.antation ot tb... polici.s 
within the SUII and SUI' tra •• work. 

The probla.s which ar. -ne.d-tor-•• ldence- can 
• i.wad I. -.ubloal.-to-b.-aohl •• ed w• Th •• ,.te •• 
ourr.ntlJ bla •• d tow.rd an opportuni.tic .ode 
hJPoth •• l. tor.atlon, and the 1.pllclt .trlt •• J 
.uoh .ubloal. i. -.alt and ••••• 
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Scene 

Component source. of slgn.J 

S 19nal feature II roup. 

Signal feature. 

Fi9ure1.1 Hypothesi. Structur' (SU/X)· 

3-D Model 

Ste reo- sUbstructure. 

superatom. 

Atom. 

Figure 1.2 H,poth.s'. Stuctule (SU'P)· 

• The nodes represent hypothesis eleMents. 
The arrcws repre.ent KSs which Infer hypothesis element(s) on one level 
fro. hypothesis el ... nt, on MOther level. 
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MODEL 
SPACE 

3 

~ 
7 

I To Po log ieel 
1 knowledge 

e ...;.----: 

------\----------------

51.'.0 Sub.lu,tur •• 

Super Aloma 

Atoms 

ELECTRON b Skeleton 

DENSITY 
SPACE 

kNOWLEDSE SOURCES 
O. Skel.tonlutlon 

6 Oenslt r Data 

1. Hell~ IdentifIcation (Skeletal) 
Z. Sldec~In IdentifIcatIon 
,. Bond Rotation 
It. Sequence I dent I fI call an 
5. Hell~ IdentIficatIon (Topological) 
6. Cofactor ldentlflcatlan 
7. .. .... vy AtOlll" Identification 

KnGwI.dge Source Utilization In Hypothesis For.lIan 

Fltvr. 2. 
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3-D Mod., 

S •• r.otVPle L.n' 
C"," hellee" beta­
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Supe,atomlc Lev.' 
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P,ot.ln Mod.1 Spae. 

'I,ur. a. tilNth •••• ; Conatruetlon In Ih. Prolein! Modelin, Problem 



St,at.g, L.v.1 

KS-Actlvation L.vel 
(Event- II Expectation 

Hypot".s'. Foranatlon 
'Specla"st - KS.) 

Control Plan. 

Hlgh.a, l.v.1 of 
abat ract Ion 

Int.rmedlate lev.1 

Lowe.t level 

Rel.llonsh'., betw .... H,pot ...... Hierarch, and 
Control HI.rarch, 

F •• ur. 4. 
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Speclallst-KS (on Hypothesis-formation Level) 

Has access to: 

1. primary data. 
2. hypothesis elements. 
3. facts, and 
4. events In the Event history list. 

Hay act to: 

1. change the values of attributes of hypothesis elements or 
2. change the links (relationships) In the hypothesis structure, and 
3. Inform the system of Its actions by: 

a. putting on the Eventllst the type of changes that were made, or 
b. putting unresolved prolblems on the Problems-list. or 
c. ask to be recalled at a later time (generate time-based event). 

Event- and Expectation-Drivers (on Knowledge-Source-Activation level) 

Has access to: 

1. events on the Eventllst. 
2. Items on the Problems-list. and 
3. time-based events. 

May act to: Invoke appropriate Speclallst-KSs In an approprIate sequence 
to r.flect Its resource allocation policy. 

Strategy-KS (on Strategy Level) 

Has access to~ 

1. [ventll.t. 
2. Probl..s-Ilst. 
3. tl .. -based events. 
_. Current-lest-Hypothesis (or a s~ry of CIH If available). and 
5. [vent- and Expectation-Drivers. 

Max act to: 

1. choose the approprIate KSs on the KS-Actlvatlon level. and/or 
2. change the focus of attentIon (I.e. choose and event. a proble •• 

a dor .. nt regIon of the hypothesis. or a different regIon of the 
data to process next). 

Su..ery of KS Actl~ltle. on DIfferent Control levels 

Table 1. 
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