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INTRCLUCTICN

Cre of the least sxplored areas which we are investigating as gart of cur
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rasearch an Sarailal Archizacturas and VISI Systams is ths desizn and anziysis
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(Cavisl976, Mewelll373, Rychenerl978]. Several relacively  2iZac:tive

acolications racuiring axtensive demein sxpertise, for example (Davisl378]
and  (3ucharanl®s?]. As has teen raportad Ty several rssearchers, rula-zased
systams offsr an aperocriats formaiism Ior acgquiring information Ircm human
experts, zand at the same time ara easily Iimplemented and readily modiiiabia

seems conly reasconatls then that sgecial gurgese nardwars

ard excerncablis,

for the eflicisrnc impismentaticn of PSs would ce of carcticular importancs IZor

the nrext generation of Al systams,

Sraduczion Svstams

~ 3 - - - ;= R v _— - 4 M -~ svmem S em .~
A oreduction systam is defined Ty 2 sez ol rulss, or zroductions, Wwhich

Y

form the Preduction Memory (FM), tcgether with 3 Zatzbase o

camigmc=ian of

1%7]

cziied the Working Memory (W4). ach crocduction consists of

vA.‘. v e m Wl e
catiarn elsmenis, cailsd the lz2frn-harnd sife (LES) of The rule, aiong wizth =
sez oI actions calilisd the right-hznd sids  (RES). The 32ES specifiss
infisrmaticn whizh Is =0 e 2d2d22 to (zsserz2d) or rzmovad from Wil

In operation, the PS repeatadly sxecutaes the following cycla of operazions:
£ 3 Sycie .
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1. Match: For =2a3ch rule, dertarmine whether The IHS ma
anyirorment of WM.

Ishes the currsn:t

[P

2. Selacz: Choose =xac:ly one of the matching rules zccording o scme

.
:
oracerinec CcriCarion.

Goal of the Research

In practicai apriications of the sort anticipated by most rssearchers in

the field of AI, the set of czreductions (arnd hence the set of LHS 2natizrns

2inst Wwhich WM must e matched en =23ch cycle) are expectaed o tyoically ke

-ia Py

guics iarga, Iven in the case of the larger experimental PS's (MYCIN ard

CENCRAL, £Iar =xampis), currsnt users rsperoadly experisnce fruscraticn tased

on the lercth of time raquirsd for cperaticn., To their cremise Zor

3

the very-largs-scaiz ambediment of demain-sgecific expertise, PS's naving ar

O
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order of magnizude mers rules may well te resguirsd, making the cuestion

eZficiency a potantially critical concern.,

Bacause the matching of 2ach rule acainst WM s essentizlly Iindezencdsant of
the cothers (gt l=zast in the absence of contantion for data in M), °:
natural to atzsmpt 2 decemposizion of the matching oortion of sach cyels inzo
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a4 13arge numeer oL L3SKS  suliabie I2r TNYSLC3iiy ConCurraent sXscutlcn on
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parallel hardwars, while this task Is In fact considerzzly morz compiizztad

S T e . . _ coe e -

zhan Iz might Zirst zacrear, w2 teliavs the immense petantial value o a

% [ S Y e T =1 : -~ P g .. ~ym e = - < Sy

Towerful and  nizhly gereral creoductien systam machine warranii szriols
= : :

atzancion.
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Se2 LTmediats 081 CC our rssearcnh s Thus the Iorgoiaglon =2 ZTLZLZEL
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comearison oL aczarnative, hlgnoy concurrent arcnltacturses or ne vary l'i‘_Dld
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axacurion of ruis-basaed AI softwara. Cur long rarge geal is o zhysically

r2aiize such devices in hardwars drawing heaviiy on the smerging tachnology of

interacting significantly with design considerations for an eflicient garaiiel
archicec-urs. Tor a variety of resascns, we have chosen to foccus cn PSs i
which data elzments in WM have the fomm of arbitrary ground iitarzis of the

first order gredicats calculus, while both the IXS and RHS of sach ruls ars

LES of a rule. ‘Whils we have investigatsd certaln issues rsiztsd to the use
- . . ie: . . . . . o -
of universal cuantification in the LHS, w& exXpect Lo concsntrats cn ths
o~ M -~ B s~} 3 N - —~ I mm =177 ~1 -y S A
simpler case in which variabiss are assumed to Le existential.y guaniillisd,
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Althouch we zellizve iz o e oo =sariy in our investigations to ruls out
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using one y ind
carcicuizr tccology chosen, ZIor 2xampls

have implications for bDoth the ¢

resuizing machine; evaiuvation of altarnat

inmpilicazions thus Zorms 2 major gart of

Zach czreductien in PM is assigned o 2
ground lizarals in WM whose grsdicats symbol is
pattern 2lements of that preduczion.

large

iocal memory.

set of

The

- Ry - - ~
OL Llnht2rcornection gatiarns, (The
-z
e Zerz2CT sSnuLZ-.e lntsregrniecIion,

ime ard hardware ccmpiexizy o tha

ive ecticn schemes a2nd thelr

architzcrure.,)

our

[
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alerg wizh a

crecssser,

s that ¢f ore of the
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Zuring the match thase of a given cycle, each grecessor cecmsaras its
croduction wizh the lecaily rasident zerzion of WM (which Is the only par:z of

P

‘WM that can pessizly

e
jstodel

successiul ma hnas cccurrsd.

schemes

SrCCessors

intarconnecticn schemes) is ussd zo identily 2 singiz croduczion Ior axacution
T o . . . . . ..
during e curvant cyclia., The corrasgending precessor then Sreadcssts 3Ll
charges specifisd in the RHS cf its ruie to ail other zrecessors (zgalin o 3
° : g g
marner degerndent on the exact interconnecticn schame), wnich updzte thelr
zorcicns of WM zccordingly, 2s necsssary.
= - IR - i o ara = < comt E IS armT i~ - -
As the reader wiil rote, this scheme raguires much ol WM o Se reziicazad
: E - ~~h 1 : = -~ £ -~ fana o 2 =3 - i
throughout he méechire, since a numcer of preductions xay in gener:zl contain
- - = - -—— 3 —~- . Y 3 fa -— : - - -
cczurrances of he same gredicats syrwbol. Furchermcre, the =:t2sting oI a
sirgia oreduc=ia= forcs 2 =avial Ammia ~arocass withi= cich oracsssor -
LTGL2 TUTCCUCIICH I0rC28S 2 SE€ria. TMatClhllng 2roCass WITOLIN £2Ch DroCsSsS=Sor. Kbl
arcarnatlive schams we arse considering 1z oo divide =ach L=ES into izs
- ac ot i Anpt ~amamo - T T e = ~ Y- a2 = e
LarTs, assignirc e =2acn roCcessor tne rasconslipl:ilty oI matshlng 2 singe2
- - - - -
pactern 2iament, A singls IHS oI 2 ruls thersfora is rszrassentad Ty 2 Zank of
cemmunicating Zrecessors., 3y aliewing mulzigles ocfurrances o zgulvaiant
sactern 2iements (reiative o 2 renaming 2f variables) wvery liztliz oI vt will
- 3, T m e sy e - o e e I P el - = <3 J e R R
need to e Jduplizacsd However, it s not kKnown whethsr Tha serizl [aIining
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process will e completely caralieiized In this scheme since much cf this
rocess is emibedded in the communication pacisrns tetween gSracassors., The
raporzing of successful matches cf preductions zgainst WM and the seleczion ci

a single rule Zor sxecution Is the same zs in the Zravious scheme.

T™a =third architectural ciass we zare considering makaes use o nariwars

)

adaptaction of a distributad logic apprcach to associative gsrecessing. in

While the case for asscclative zZrecessing in the  large-scale
svmcel-matching task invelived iIn the cperation of a 25 is c¢zrzainly a
cempelling one, the conventional distributad logic associative crocassor
see [leel962]) wouid raguire the foliowing medifications to ke

apriicable to he construction of a BS machine:

ion to efficiently handl

i 2 = a of
ns, as opgosed to a sirgils ca ned zgalinst a2 iarge

cat Datiern mau
atacase.
2. Modification to adept the commen '"broadcast" zus zyTical of
devicses o the c¢hysical constraincs
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distribusad logic asscciat
(in
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invoiving capacitive lcadirg)
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Qur preliminary analysis suggests that the high speed imglismencation c¢f th
at
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crosect  ard ol oReratlicns for a r=z=lationzl data =2ase machine (

- - —- = T = 3 - Ve 3 Y = T - ~ S~ -
Thg Constructicn of hardwars.,  Qur ilztar werk migho lnvolve axferinsEniscion
g s==a S = z - -~ - - = -y — -
Jita assemciages  Ior Che  constriciion ¢ SrouozytTe
- = - S - —e - A B I = ] ER SN oY = - < E
versions of 2 flrst  Cwo architaccuras descrized  afove, zand Ior Lhe
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inpismentaclion In VISI of 2:i2ments of e mnird,
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as design aids ZIor specifying hardwars components.
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