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{},:Note 

Th h 1·boeament &e set i oiii vef s'•l:66 
Vli13 i1•tersion t· iiilJdifi1c:it1lon Jlff1 

of i;OGl.fSP• ·' Jt 11
i •• ' 'iupfttid~~ 

[ lteD inson•S I be rt l9lion ; (,, lwn ftff 
describes versl"c1r,•n'Yt1U of,1r''t:OGLtj·f,j; 
The .. LOGL. trsp pr ofect"ts ~ 1't:'on~ indr11.f 
ex pet i me nt 1 and hltthfr fer f fioris ;aSt 
110:d if ie'a ti on•s of 'tl\e tfste• '•U i htij 
fssued from time to time as seems 
appropriate. Successive versions 
ViMJ ot t.OGLlSP are essentiat1, 
upward compatible. Occasional lJt 
however, we have sacrificed upwar4 
compaUbU Hy jn order to lnstafl 
obvious improvements. we believe 
tnat the user will experience 
iittle or no confuston on this 
account. 
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Ifni s, docume'ftt< desc, ibes ve·r is i on Y2M3 of lOGLlS'P • 'an 'ex ten'S'loh of 
: llSP • n i,,,hich one cgn a·o tog1i c programming U<b1oiat sk1 197~, 1979). 

<.I.tr&; a:revtsi,on andextenston ot otir "LOGttPROGRlflMING JN LISP" 
(k'oo:i 2nson-Sibert 1980.Jt which •desctibed previous• ver~,ons of 

I lOGLl,Sf>,,. LOGLISP Is baist:catty Utl liSP {Meehan 1979) with a 
: logic proyramming system emoedded within it. The LOGLISP user we 

Mtve in mind is thus l tde:an y"t someone who '}\£ 'fa111i liar lilitti 
I UC•I LISP (or, at leastfltsP•t; we'(Jono't'in'tf'rls'minuat atH1rt's$ 
l :the non-LlSP comm<mity, beyon<J some yeherat dtscuss"toh·' in lhe 
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,first few chapters. ' 

We do not assume the user is already familiar with. logic 
programming or the earlier background lhvotHng t9$0ltitlon 
theoreW1-prov111g. The early chapt•rs .attempt jto' :broHd• .an 
overal I tfiew ot the essenttat. ideas in. a faitty .s•~~rat settln9~ 
la paf'ticular no pr tor aequaintance with PRQlOG fs;aSstimefd~ 'tn 
order •to dhtjngutsh our W()fk",from that of dUr PROlt>t colleagues 
Cwt.tch, and whom, we e,steem hjght)) the logic programming system 
within LOGL(SP is cat,ed LOGIC. Thus we have: 
LOGLISP • LuGIC + LISP. The present version of LOGLISP has been 
Improved consfaerably over earfter versions, both in the 
efficiency of the implementation and in the incorporation of 
several new features which ~e believe will be found useful. 

The reader interested in <Jetails of the impteeentation Is 
referred to tne companion document "LOGLISP Implementation Notes" 
(Robjnson-Sibert 19611 which ls an up-to-date version of the 
chapter on jmplementatfon in "LOGIC PROGRAMMING IN LISP"• The 
correspondjng chapter has been removed from the present document. 

LOGIC differs In a numoer of ways from the wejt-known PROLOG 
tmplementations of logic programming (Roussel 19751, (Warren 
19771, lRot>erts 19771, (Clark 1979]. The most noteworthy 
difference is that LOGIC is simply a set of new LISP prtmjtlves 
designed to be used freely within LISP programs. These 
primitives are tnvoked in the ordinary LISP manner by function 
calls from the terminal or from within other LISP programs. They 
return their results as LISP data objects which can be subjected 
to analysis and manipulation. Each of the logical procedures 
comprising a LOGIC knowledge base is a LISP data object kept 
(like the definition of an ordinary LISP procedure) on the 
proper tv fist of the iaentit, er which is its name. 

Thus,one cal ts LOGIC from within LISP. lt Is also possible to 
caft LISP from within LOGIC. Tne identjfjers used as logical 



predicate symooas, function symoots and lndivfduat constan•s 
within a knowledge base or query can De given a LISP meaning by 
the ordinary LISP inethod of definition or assignment. Some 
identifiers (CAR, CONS, PLUS, etc.) already have a LISP meaning 
imposed by the sys"teffl'., Thus every logic construct (term, or 
atomic sentence> is capaof e of being interpreted as a LISP 
construct. During the deduction cycte of LOGIC each togtc 
construct is ••evaluated 0 as a LISP construct, according t.o a 
sujtably yeneralized notion of evaluation. 

The effect ot this LISP-simpf jficatlon step wtthin each .deduction 
ste,p is to mak~ 0<avatlabt,e to the LOGIC programmer virt,uHly the 
full pow~r of LISP. This makes trivially easy the "b,._Ueing•itt• 
of 4'immediatefy; eva.Juabl,e1'.,,no,t,o.:C\t. - but far more than that. In 
particufart LUGIC cal ts can be made troa, .-1u,tn LOGI.C calls• 

The design and implementation of LOGIC was part.tatty supported by 
the Rome Air·· OevelGJHQCUlb ,Cleiiitttr. of .the United States AU force 
under con tracts F30602- 77-C•O 12 l and F30602•61-C•OOZ't·t bf the 
Nat tonal Sci enc.e Fo.un.aat.101:1 qq(#er: 9,rant N.cs-77-Z011(h and bf the 
University of Edinburgh under a grant from the Setenct Retearch 
Counci f of the \Jotted Ktngd:q11-. 
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CHAPTER 0. 

lNTROOUCTION 

$J.nce Kow.alski*s 1974 pdper "Predicate Logic as Pfogr'am11ing 
Language" CKowaJski 197•1 there has been a gro•lng interest In 
the use of ilfJlat. he .cal Is "logic programming" as a technique for 
specifying computations. 

••"' •c 

This tecnntquf.ll consis,ts of forll)ulat.~i .. ng cqmpijiau,on • .a, 
specif icataons as a s.et of decl.,1,ratlve sent:en,ctt$t ec1~ll of.,.wl:lle.,_ 
ts a ,simple assertion of some. truth. - .. conditional . or 
unconaitional, general or particular - which one wishes to record 
In a "knowledge oase•t. 

A •COndtti~nal dSSertton 

S if A 

a.n i,htch t; is t.ne ;.2n,J.u.iiiO a{l(f A. as Uut a.iUi:fiuli• JtJ, 
hypothesis ts a ti$& 

( Al • • • An .) 

of ~2aaiiiQQ~ Ai all of which (the assertion is saying) must be 
true in oraer that tne conctwsioo •• true. A~ a ,pecttl Ct$~• 
the list A ma, t>e empty• Such 4 hype.t.he$,i~ is tlwflJ$ t..-:ue, ·· 4r:,d 
so the a•sertioa •o tbjs cas, is saAd '••be ~~tindftlo,,j. · · 

lowafskl writes the conditional 

8 it ( Al • • • An) 

as 

ti ('!" Al • • • An 

and Uut uttconaitionat assertion 

B if tJ 



I 
I 

' I 
I 
I 
I 
: 
I 
I 
: 
I 
I 
I 
I 
I 
I 
I 
I 

3 <

Each of tne A's and the B ts a sentence in subJect-predlcate 
form, or "predic~tion" 

(P Sl ••• Sk) 

In which some Qt:SUSi.aJ..l'P as ascribed to a lllllJtU.lfSl ••• Ski 
~hich an generat i~ a tuple of descriptive expressions each of 
which is ejther a proper name, or a variable, or an app!JC!tiY! 
,~011t.Ulli!1Q 

CF Sl ••• SnJ 

in which some SHUlti12t F is applted to some Q.Jl.ltiO.d JS+ ••• ~n) .. 
The operano of a cinstrucli~n Is tn genetal •a~ t9p1~ .of 
destripthe express tons of Just the· same k!nd as the $01>Ject of 'a 
precU cat, on. 

An assertion containing one or mote varlabf es is QillJ:.iJ. .. Ca 
St01t41!11•• In prattlce• lt Is found that Moit·~•n•r•11ttil 1 are 
condtt•onal. Howefet, • inconditto~at geneiallttes art• quite 
meaningful ano otcu, natuiat1y In many applfc•tlo~s. ·' 

An assertion 
JU&t1i'-.Wiiti1~) • 
uncond t ti ona t. 
meJningfuf and 

containing . no . varjaole ts . JltLJ.i~liL . . ca 
fn practice, particularttles are":atllb,t always 
Conditional ·particularltfet iate ♦ however, 

occastonaJ ty occur riaturat ly. Particular 
expresstons (not 
expressions. 

Just predications) are also called aUMDG 

Tnese remarks lead us to introauce a slightly different 
cHassifjcation cH astertt·ons. An uncon,,Uuonal partlcutar 
ass.ert.ton is satd to t>e a .tifr.SiUO• Any oUurr assertion Is said to 
be a \·1fl.il• For ·'coaunonty occurrin£1 assffttlont, ftHs l's' not 
dtfferent fto11 the dfv,sion into pa'rttcuiar atrd ift'fterat 
asserttoAs, out tne distinction Is Important In the 
I iap I elftent.tt. ion. 

Jhe variables tn a Jeneral assertion ate treated as If ttiey were 
9dv,erned 01 urHv,ersat quantif fers preceding U1e assertion •. Thus, 
th• •assert I on 



shout<.1 btt .unuers.too<J as being ,pr,e.c~ueo Qy "t~r a.ii ic: ~nd Y"• 
Once a ltf\Owledge oas.e !ids ; .. QeenJ>uHt tn~. togic programmer can 
request ~fl.iY.UU: • .li to QU.llt!JU.• I.t. is these requests which Invoke 
the. ••to·Jtc cc,Hup~t.ations" or s.14AUA».iJ.Q.Q1 which reveal the impHcU 
content ot the knowledge oase. 

A query is essentially a description 

.ii I <ir.1 ••• xk) such that lAl an.a ••• llnd An.a 

of a set of tuples wntch satl sfy a ghe.n conjunction. (the 
G.2tl11ti.J.D1 o t the q ue r y ) • 

The constraint of a query may contain Ydrlables in addition to 
those occu.rr inl-J i.n the aQ1-C.t iAtlUl!ilJl, (l(l ••• ,ck) of the query. 
These ar, to be,, uq<hHstoo,u as tuiing gqverl}fd by 'exi.steot.l~t 
quanttt•ers Ptecedtng the ~onstraint. 

The answer to such a query is then the set of all tuples whose 
satisfaction ot the given constrafnt follows logically from the 
knowt edge base. 

Thu s t he an s we r 
one t II p a e , o r 
t. up a es • lt t. he 
finite subset 
o I the set w i I I 

may be the empty set, or a set containing Just 
a set cont,dning •any - even lnftnltetx man, -

answer set is infinite, then· in pract.lce some 
of it wilt be supplied, or som• other description 
be :Ji ven. 

A loyic computation, then, consists pt tne sequence 
necessary to construct the answer to some querr 
in.formation emoodied •n som~ knowtegge oase. 

of evjnts 
fff:>18 . the 

These ideas were incorporated into a programming language call~d 
PROLOG, designeo and first implemented by a group at the 
Unive,sH,y of 11arseU ie.. PROLO~ ha.s s,ince .bee,;, h1plemented at 
the univerJ,ti•s ot Edtnoufgh, Leuven, ·Lon,o~, ~.ter)oo and 
Budapest. 

PAOt..OG h1plementatioos of logjc proQrammin~ go beyond the •pure• 
version of u. descrH>eo oy Kowal.$k,t. They provide certain 
"lmperathett fe.:1tures by which the programmer can a.ffect the 
dtUf\JCtlve con1putatton of the ans-er to. a qu~,r,y, and inaeea by 
••:hi.en h,e can aJ feet ,tfle mean,i f\9 Q.I the qyery a.nd of the 
ll•$:se1tipns .jp ~he kno111 I edg.e nase. 

These "contl'ol con.structs" of PROLOG have been found most usetul 

- .J 



in prect1cc11I ;;ljJJ,d icat hins of 101:rtc prbg'famming and Wlf 'are i't{ 'h"o 
seAse 'crt'ttc·af of them., 'HOwe·vtH,"we believe that H is· one iit 
the essential ideas of 1ogtc ptog"ramm1ihg to make a clean 
dlS~jnction between the "1ot\c•' ~1 one's program and its 
ttcontrol 0 • 

1.0 LOGIC 

Acc~rdingly we nave imptem~ntea a~ ~rogramm)ng ta~gij•ge cal~•d 
LOGIC, which emoodies our idea of the "pure" version of logic 
programming featured in Kowalsrd 1 s writings. Those ~ho .are 
lntereste~ to expt:rtment with npure•• to~ic p~ogtanunlng ea11 do so 
by worling with LOGlC, 

For those who may wfstl to avaH themselves - lifht'le still 1'0 ioti'ie 
sense aotking ~ithtn·a fogfC programming traie~dtk - oi a gt-atet 
degree of algorffhmfc control over events, we have enbedded LOGIC 
within a system called LOGLISP. 

3.0 LOGLISP •LOGIC+ LISP 

t&GLISP is a marriage ot LOGIC with LISP. 

A LOGLISP w6Pkspace confa6ns eterythfn~ one ex~ect~ to t-nd I~ , 
LISP workspace, and can be used purely as' such"'by 'those ·-,no 1Hsh 
to t g nor e t he pr e s e nc e o f LOG f C i rt t:H cl t wot k s·p a e e ~ , .. ,. . . 

The same LOGLISP workspace can. at so be used . as a . "pure". LO~IC 
iitttkspace, that 1st ,as nothing blit,a basic logfc pro~rammfng 
envhonmentt in which the assertiortl'query styte ot,~omputifl~ c,n, 
oe. conaucteo tn Just trte Kowalski manner. The logfc programming 
faci,itles are invo1<ed av making suftabty~tormed'"tlSP calls on 
such LISP functions as :- <tfassert"J and the query functions ALL, 
ANY, f,Hf:ft ao'd S€TOFi ·Thes'f!t l.fSP functf'ons, togethet witri"f•irther 
auxiH ary .1nd supplementary 'LI sip funct Ions, compri"sti 'the LOGt~ 
system. 

A aaJor advantage ot emoodyin~ logic programmtng within LISP in 
this way is tnat the LISP environment is avai fable to the logic 
fU'ogrammer as ti C01hent•ent nost tacifity fn which tlSf. 'functions 
h,, editing., disptfaying"•· moni;toring, aebuggh1g, inpuftt'ng and 
autpu·'ttlng one's assertions, queries and deductions can be 
invoked interactivety or under program control. 

Since the putting of a query is just the submission of an 
appropriat, LISP function call, this can be done either (as in 
the,PROLOG systems) interactively from the terminal or internatly 
from within an application~ program. 

• - 't·-



Since the answer to a query is a Ll)P di.ita object It can either 
(as in PRULUGJ be displayed on the termjnal as a stream or 
returneo ta an internal calt(al ,,s result and subjected, if 
desired, to analysis and maniputatton. 

~ ; > '• "f C ;y 0,,_' • •' :,;;f ':i < 

Both predicates and operators in logic expressions can be given a 
LISP medning oy suitable programmer-supplied deftnitjons of them 
as LISP function names. So~e proper names tnaeea have a LISP 
~eaf:ling -~01.cn is p,r~M1,1t in ~ve,r~. ,q~~,P~f,! j~1.~,r~,;r19t L~J~. 
itself-,, , 

,\ l} ,~,, :,/ ;,, :}\:,~:""<:f<ti -1tr< ,ft,t \,~'\} 
Pl~ benign extension ot the "pur,~ logic, pso9ramJin9~.aa~adigm, 

,,_; ,,, ·,_, • ,1, • , • .,1 .. ''•? .; , 'i:. ,;\' ·<·'}_;:?J,'·,,t_.,! '{·:\,(.- tjj:;1,":i'f"}•zSs~,/:'&~ 

LUGLJ~P is Ci?P!'4ble (?f reGogn,zin~,s.yGh ~re<1tca~tftlfl~ OQlt~to(~ 
during ~~e deduction cycl~ ,of LOGIC. The pt~~,c~tiOri~· arid 
construction~ in wnose h~adi they occur are thereby treat•d as 
~.l.$P-1tH11Jn-r,gfut. function catts, and are rep1aced lD i.11!1 or 
appropriate simptifjcations. 

, z ' < i , ''. J- ,,,,. ..~.:t'c- /v,;~. ( r,;t -/ :,; :'_\ :{" ,1~ Ii» "i!ti i?.'. 

The et.feet of thi~ L.ISl?rsiippJ H JccatJor,t step, ,IH•t(e(,,a ,jf!R~, ,JP 
every iteration ot LOCilC•s caepucpoq 51c~,~ J~j~,dliYe the'Lotat 
programmer the means to invoke very nearly the full power of LISP 
from within logic e~pr.ssjons. 

This tact, together wttn,the previoustr mentioned fact that LO&JC 
caJ Is are simply ce~tai~ LISP cal ts, means that tt is very easy 
to inj t iate suuoraiJ1ate, o,.auc tions, dur,ing a detht~t.itfh aatslPI 

, ~ ·• - · -, , , 1,,, •., · . · , '', ·, , . ., " > :1<f ·', I:' ,. , ~.;;1 ,;;;. ,.h ,]?.: ·'§T 

recuisjve cal4~ o.n LO.(;IC trQm "itl;lio LOGIC .• ' ' ,,· ' \ ' ",,, . ·'·' ,,, ,, 

Thus J..lSP is.not'only a,i<rl1 and.c~r;l.v~n4e~t,;,hPi,t•tttfltJil~~hj fp'.( 
LOGIC programtn:ing, PUt j,\,~o ,an !n~imaf.eJy .H,v,_.,·,.~,f'riRff't.net,ln,J.f.,f 
no.:vel hybrid st,v1le 9J !'~P~LlSP:" p,;ogq1mmJ;rtpi .~n .,!'"ilFPtf,~!}P," f~ff 
LPGlC ca;il e4ch oth~f• app.,Hle,111se,Jye/i, recursively;. · 

The f O I t Ol'f; ng cnaptJt',11 ,;i d e~cr .• bf! L UGl,-l,Sf 'n .. , 1 u,I 1,,5;,Jfei;' t,/t,f.f~P.r.t•Jnd 
ideas are •~P•• ai oe ,, Jn a,.ta f, t, a~d. 1;,~,e deJJ~fl ,,3Pt:\i: 1f1'lf;! elt'P}P4~HW 
are presente,~ b,Qth. ~O.~::-dp~n, an~ .. bolJOIP,;\JP •;c,i\1 fta;fp1f.f/,,,z,~•1 
applications of LOGLISP are given which illustrate 1ts novel 
capao i Ii ties. 

LOGLISP ru~s on the DEC-10 under the tOPS•lO operating system 
: us.i,fiHh a V el;,i ion oJ Ru t9_er S'."" UC I 1.. IS? t '· 8f.,$fn,}.tf,f,,f YtJflftti ,.$::( i t>.1,." 
: j n. { i'I e e ha n l 9 7 q J • 



ttlfAPJ t~ 

,~orH1Ns ·~~i, Nbr~t'10Ns~ 

ln this manual ~e are concerned wtth computattons whose data are 
express1otrs. It wi J • oe useful to have the basic Ideas anu 
notational conventions availabJe from the outset, and in this 
chapter i\.e u i seas s the mo! l · j mpor t.:.tn t of these. The general 
framework j5 that of LISP t aµg,e~\e~ ln ,,,~,n w,r, JR 
accommodate the nee<fs of LOGIC. · .. · ·.,' , .. ,, · ···· · 

l.l EXPRESSIONS 

LISP has two kinds of expression: at;dltls an4 d6t'.~~tf'•0J•J'rt.~.,.,f ,, 
further divide' the atoms into two ,Hnas:·· ~iirlabl atra iJtpef 
names~ Therefore we have thtee' 1dnds'o'f'.:Hcpfes91oii": >hi 1 

, r· >">1G::::,,r, ~,:; .tr t'-f'q ::t'/ 

vatiatifes 
~roper names 
aot uU; pi 1r s 

A variable is an tdentifler •~Itri bJ6•ns with a tower case 
letter. A proper name ls any atom which is not a variable Cln 
particutar sttfh~s and n6-~tat, jf,"pfdper names). 4 datted pair 
is a composite express10,;, .with two immediate constituents, catted 
its head a~d its~taifl~both of which are expressions. We have 
three formal .Predicates, to,: use .. in wrltJng ,!90tf\~ms! whjc~ 
correspCind to the t.Htee ki'nas'<>f dlipt'eiston.. . .. ·.·• .• ,, .• ''. > 

IVAR A)"" TRUE HA is a variable,,.• F~LSf;,otheodse 
{NAf1E A'}' = ·r~tlE ff A fs a proper f•n·am·e •.• :tA~li offter·wfs'e 

'(CUNS'P Al • fRlH: it f ts·a dcHted !pat,., c~ ·lii.:s·e otherwise 

1.2 NOTATIUN FOR DOTTED PAINS AND LISTS 

Whin A is a datfed'paff 0 ~hdse tiead 
wt I te 

B = hA 
C • tA 

using tfle•deciompo'sit'fo'n f\rndt:#'on's h and t. 
com po s it i on of A fr om B and C we .;I' it e: 

Jo indicate the 



ustnq.,th .. co.mpo.sition function • , .. dot••• written between its 
two arguments. In writing nested compositions with the tnfixed 
dot we may oiut,t .pairs o.f parentheses with the understanding that 
association is to t~e ri~nt. Thus 

A• B ~•c. 0 • E .• f • G 

t s sn Gr t. f u r 

(A. (B. tC.(O.tE. (f.G) )I) J) 

A further notational economy is achie~·ed by id«:ritlfytng certain 
exp.f,cssions as lists and writing them without dots. All lists 
are aotte~ pairs except tor one, which is the proper name: NIL. 
NIL is 1u1ow41 c1;s the e.mRtY list,.aoa may atso be written: (J. 
Lists other than t) are said to be n~nempty. A nonempty list Is 
any dot.led pair. wh0s,.e tai •. is a 11 s~,_. >(\ ~of')efllf?t~ Jist may be 
written by writing its one or more compone,Hs in 'order, with a 
left ,p~rt:tJJthesis befqre the .fi.r$t comgo~,9\.r 1tn~. ;a right 
parenthesis after the last. The head of a Hst ·is its f lrst 
component, and in generat the U + list component of a 11st is 
toe Ho .compo"ent ot •.ts tai. • Th..,s tn~ U~t 

10.,2.l4.t6.tl.&BINGO.NIL)1Jlll 
, ' ·,' • ; ' ._'c ' , • "/ ' •• > ··: ;, 

has six components and would be written 

(0 j 't .. 6 8 BlN~O) 

Both 4 ht- .ifiltL 
conv,otJon ijh~reb11. 

•~ a c.o 
showing that it is ljke a nonem611 list lo ~,,\ng successive 
co,apon.e~ts., bui +.i~J}ff,:,,~ Ust f11 1 H1ff. .its ~;ttgfl iaiJ~n;if,✓ fl.?~ 
HU···• .Io g~ner4 f, ilfl ac!M. tnu: '( r h•h:\rressoc,j ~.t-.~f .• Res.~,; e;I eiffl!d 
pa , s ·• · · >• 



in the special case that xn+l Is NIL. 

Ce:rtatw ·terma1f notions a,re used for computing with 
result of concatenating two I ists Land M is written 
'if♦f 'lrHt1d · by ' I 

L + M • i f L j s t ) then M e I s e ( hl ) • { ( t L ) * M ) 

Thus 

(1'2 31*(4 5 6) • (1 2 l 4 5 b) 

lists. The 
L*N and Is 

The length of a fist is the numoer of components it bas: 

,LENGTH Ll • if L Is t) then O etse l + <LENGTH tLt 

1.3 PATHS. STRUCTURES. PRlNTASLE EXPRESSIONS 

The decomposition functions hand tare the two paths of length 
1. The functjoAS·hh,t~t, th, tt are the four paths of length z. 
I~ general the z••tn•l) paths of length n•l are all the functions 
hf>. tp where p i1& a path of length n. The identity function I is 
the (only) path of tength o. An expression Is sa!d to admit a 
path p tf,the restlltt tH apptytng p to it ts defined. Thus, every 
expression admits I, and every dotted pafr also admjts h and t. 
fariablts • and •ptope, namet admit ont~ 11, and Cfitf fatt fs t~iff 
charactathtic structural property~ ln •geniral ·'t.·n~. s6t 11 of"' alf 
paths admitted t'lj 1,3ft expression A l 0 S' 1Cat led tlife straetufe of'· 1A, 
and .gives a :r aUter cHfe ct ~or tr ayal' of A• s ••srti,fe•, 

A USEl,f ul Hay, to rep re seitt' 3'n "1e'Xpf' esri Of;I ' ' •• 'a· cN,itnecte'd 
tU,ect,ed• •gr:aph' .;w,t,tM1 "tlifotkJAds'Of node• ·atoms,''and dd(tfctl'pafrs1!1 

A, .. ,nocie whiot\ ts an atom,1flas rto out-ates. A nolii wKttitr 1•fts ·:ii' 
dotted pair t\as •ex:actty two1 out7ards, o'ne •-'~elhtt1''11fl" arid tWf 
Ott.er labetfell,"t"•• Each·al'c i1!1\ptttges upon escactlfy 1 one 1nt>de. 
6a,on node wf:ttcn t.s ,an at•m is label led oy its "pr intna11e"• There 
fs a distinguished node called the root of the expression, from 
wht ch thers.e ts "at. t!east ;one ,en.a in af ar,es to eve.ry node in the 
expression. Each such chain beginning at the root node describes 



in the QQ .. v,i-0:~~· ,.~•; .,c Oflt.f.'N.l S i;~~1A" <t( f~Jl:8 n(AA:G t, 1rft,f15 tll: 1ii\1ll1 t, ;;( t tuii 
one ob,taineq 10;,Y;, reading the I abets on the successive arcs of the 
path in reverse oraert. Such a graph G represents the expression 
A i ! the •p.~;~{l:s ~dJJJ~,tJ,,~1d P::1 1A art~i ,e.xa<;.~\;;t. i.th0;5t~ ,.,<tq.~ttr,J bef~, i,11 ;\~, 
chatns. ,of.• .. G.1• artd •t w~en :AA;,i:~iA9 .. atof1frrXt .. ,t,n,, GJ'\ai~rh,:de:~l,~ .. ~J?,i~1%2Q 
in G has.,.}{ a;,s. its,. ~1:er."n,;,14\~} flAl qe •i .. · : , •.·· ., 

An expression may have many 
rep res ent~t ions •a.s .a lf.a,ph."' 

even 

1 ._ 

in~initely many - such 

Thus tne. ,ex,pr.~ssi,OQ, wh;os.e .he<}d ts a .a,nq,Jitt:1.:0se1 1\cl\,,I,. ~$:, I\J~JA~ ,,tGan 
be represented by the graph: 

h 

1 
;:!l,; t 
: 

with two, ~.o~eSt.z,Q.ne of. which iS, ,a d.o.tte\l p~i.,:: i~d \he If9,~f\ 
othe,r o.f wahh f$.;,tt\e atem 0,. 

.:f -:(: tJc' .f, i t .i (i fl 1,:; 
ln such 1t1Ri el<presst<U\l"l'9f,aph twq C1l~iq5 ar,e,,,eqy~.Vtiit.qt 1,, f,f ,:,;a\ff1,W. 
I ead from•• tne roq.~ ., tq tile sail\~ OQ.d~~ Jh\AS.;J 4~r\,t\et,,bJVf 11:,J{ttff\ 
there are. two eq1.4lva,jence cl~sses ot ~ha~rtst ,•~i'f'1tY \hf~t 
descmiblng t-e paths in 

{ 1, t, tt, ttt, ... , } 

and those describing the paths In 

C lh ht t ht t,. :, h~ t t , • • , , l . • 

This i I tustrates how in gener at the paths admi'~tei2 • by a g ven 
expressJon /4 art partittoneq. Qy ~fiCh yraph G which represents A 
into equivalence Cl.i!sses f'lh!ch corr~spoJ!lQ .abstractly to the nodes 
o t G. The c I ass cqqta UJ.irl9 I a I ways corresponds to the root. In 
general the system of equivalence classes shows how the structure 
of the JU~!lressl.Qni.J~ 1!shared" ~l],n rfpr~~~9,\l9 ,~ fl gr;,e~i i~!lf 
same express~on can h~"' djfferen, S~#~fng systems, corresponding 
to the different graphs which represent it. For e~aaple• the 
expresston\,-,~O!O t[.tead ,,~ g. and whose tail Is ltseU can be 
represented oy many other graphs, such as the linfinitet tree 
whose shartng ••••s•s 



t ha t i S: t a,u; 1S i. n g'141e ti~f)l;s 
sharing at ;;)11. 

The pr i nt,,hl e0; ef('p'f'i~ S'S''i linsI, a'r1ef ,t,1f1'b'1kei w tfO'Se lsjt r u'ttutfe'" ,,, sd fW .. '1ft'.e'~ 
Not al,, e,c>p,t1ess1i''bn4s 'at:e p'r't'h'-htitet .. Ptlr1 t!"1<1a'fupi'i:r~ 11lfii tfo~t1'e'b pi'tr 
whose t}ie.,a.ij:. i1S"' 0·1 a'll'l(f"\t'rt'oste1 t;ai;,,4. is' itseTl'fl i·s'. nbt·1·;p'l iil'ta;1'f1'eV 'n s'fnc\ 
i ts st r1iJC:t~ir',e th1e· lh f(HHle~"S'e't o'f pa1tfl s·;; 

and we mdy reason about it from thts description. We may also 
r epr es ent ,. lj:t as 1•r ;;J:ilf?lf i n'l'tii! ( ty'tctf j c~l .. ffraph~'att "tt'l1i!tts~.J'd;;;Jbot:•; 
However, to iittemf)t tltf" Pf'int+ it wouJdi 1t·~su'1t·'fn 1a nohte'rmih'at\i'g 
proce.s'S'li 

A dotted p:tlff:i!4ff\:Oteflit'ea'l:t;iS a variant~ is Cilleif1 ta 1>'tnd'1iM1 l 
tist whose cem-Onint, ~renb,nd1n~~ witn distinct heads is called 
an environment. Intuitively an environment is a collection of 
rep lac~ftfeftt N'.Jrflitittl';•l&H1~ tdd~o' asiidutled pairs, each one saying 
that a certain variable (Its head) is tobe reptacedt>y a certain 
expreslioRK (tt~ latii~ An ~htitdh~lrit whtch~EonlifAt~llt lb& 
bindih~Sof",f;"j tnviron~nt·'E fllfld' perhaps: glher1 ~\ttdtnjli is 
cal ted an exte:ns 1ll)n of E, · · ,n •. it:i 

l.5 THE NITION DEF 

If f: is ari\envtrbnme,H an(f;A is an expression we sat ··tnat E! is 
defined inf if, aAdJinlt tt, therj Is a blndihg in E whose head 
Is A. Accordtngty Mi Introduce the function DEF by the scheme 

lDEf~A ) *'if l'ti C)'t~eri PAiSE , 
else jf hhE is A then TRUE 
etse (DEF A tEJ 

which comput~s the truth value that A is defined in E. Note t6at 
if A fs~deftne~ in E t~tn arts a ~•riabfe, 

2AN3 tat f 

If A is ctefjned in Ewe say that the immediate associate of A .ln 
E is thf ~iit df tne binding in E whose head is A, and ~e define 
the coriis~ondl~i furistlo~ I~M by 



~fJt;h e,n ~ti€(. 1:, •~~ ,;(11 ".I\ f,.,, tE J 

with the understcanding that l#!lM will never be lnvoked for an A 
and E ·sutth1tt . . ;::no~%.'~~)t,Jn;ttd x;io, ,Tti~.;~'mfl,,tt.P:l"a:te i~s.soct1~\te .. 
In E of a•i,i¥,iirfi:,~l;•tA;,m~y.ti.,t,~~_,f:,q:0;3e ~c\,:var;1iab;t~1tcleJ,iintt1:t.,Jn rc~;•t,t :, 11ft 
such a case 1C:a 111:a,1,,1.Mj sllc. tq" .Jtr ~~k aQwn ~n~ ui~11i:ntat;e ct:S~.oc it~:Vtj,;~.r, ,A 
in E - na11tely.,, 11tnMt•1 :ft•itf,cSt.,~";e.;,".p,,r,i:tsJSi\o•n in ti\~ ,s,et,:f::~is 

whlct1 is not "1:flfii•i,n•/4'! in E. ,\ccordingly we define the function 
ULT bV 

w hi en ·c ~,.,~Ills,,. ,,it,tor Aafl:J ,.:,.11\t:.fl. e:s s•,~• •.A , ~n '1t ,, ef), l,\,4Pf!Jft•l~;;i ,rq t ¥1\}lC!I; 
u It imate ast0iciHtt1L• ?A 'Ii Jr ;cl;.,. f::,or ,~,~mp,\,t,t lJ yE f,,~t,\~'t 
env lronm(:Htt 

IFtA 16 rs)) r.CG s) s.5 t 

then the IJIIHttUa•h~;,i\ilS$et.ifi;f,,10I: lS il:l t ii •• but the ulURtate 
associate of x inE Ii lf A lB r s)I • 

1.1 lN ENVIRONMENTS 
¥/ !t t .\t'.'°(; ·-: 

Given an u:ptession A and an environment E, we consider the 
result of reptaclng each variable in A by its immediate associate 
In E. fhti,,eipr.,ttuston fs cal led the realization of A tn E. lo 
compute tt,e realisation of A in Ewe use the f11nction REAL, 
de,f ined•·DJI 

t x.y Y•Z z.tF A lS rs)) r.(G s> s.5 J 

Is (PLUS y z) • We are also interested 
reatiza,t:iOOJ•,n,for ttilae,,te,• :if we start ;r,U,h,IPLUS 
each of the followlnY expressions by repeatedly 
previous;•• tn El 

t ,;,. s,J .) ) 
s)) If A (6 (C s> 5}}) 

i 
in recurs t ve 
x yt we obtain 
reaf.i.ztng the 



Realizing the f 
f in a I l et pt' r'.'1-t kiP.•,~•t• 

realizaUtn bf t 
real izatitn of 

(f A ( a ( G 5 l 5 ))l 
CF A (8 (~ 5) 5lJ) 

or,s$ton in E merety reproduces it. This 
therefore by detlnttion the recursive 

) t)n·~ 1 E;, In general the recursive 
l•i ~n ,nvJron~ent Eis defined by: l . . ,:- ; ; . 

(RECREAt • E!':l·111 r,~~ltcni1!P .~ 1l'"th~tl 1(R~t~~'At"hA E).(RECREAL tA E) 
'ttl.\\1tttl'if&!F;\f"0•f;) ttt"en' iRECltEAL CULT A EJ E) 
else A 

RE AL UAT IONS OF PR l NTA8LE EXPRESSIONS 
·tt:-

It can happen tl'tat a pt lntabl e expression may have an unpr i n\Jbl e . 
recurs Ive£ realltittiflifft tft1<\i ptfniabli[ enflrohment'1.. 1!61 GihU1plei 
in the environaeat 

I fi l 

the eic preis fof\ 111 ia,ttk.e' fjeufs i ve 
f,, ti :, 

w hi ch t s. •t tie tt•fAf ttfiti e ~.Hix pt jj s iltiit .. 
is it.self·; 

A .furti:htllfttt'at notion In logic programming is the operation of 
unifyin1:1 two e~pf'~SS.ion.s A and 8 relative to a given environment 
t:. ThiS' 9f~elalUr·ff')·yi•14s a result., denoted by (UNIFY A 8 E) • 
whlch is either ,n• message "HIPOSSit;LE~ , lndtc.T:Jting .tha~ A ancj 
8 cantHn·:ocPulfffifltlifttt ltfsr,~tt ta E,· or'.'elstf f! 1an'Jiteijsfon 8~ 
E t n 'ttAffh thfi"'lfff:ut:I he i'ife Ai f zat ion~ of A. an ,f'B ati idttttf~tca f. 
In the 't;af.tifi~caj•e . ~,.1f*j1tl\atJ tne'en·1Hrdnment ,y~frft'iti''Et·. ti 
the autstrq getfiffl1 li\f Pfer f "mja•t of A: ;~nd B -1dttt"'re~picf;~to ''e; 
8 y def i:11 •• ion~·' le *1lffitPd;:t 'le t rfa t ; I ; t ; •J; t ; i 

J 

The i .s a·, ftn· ed ·1t:Jy· 
fa % 



where 

- ,,:::Jil::~~- :. _ :.,:~i·:tr 
~ !,a ,J~q;~JJ, 

etse 
e f s~. 
else 

f.f <VAR AJ n 
L.f 1d'.~Aff ;.ij) r~he,n '4.•· .. 
u ,n()t (CONSP A.) then '*IMPOSSIBLE" 

el1S1-
etse 

i ti~Qif;\,i•(~Qlfi ij ,sjl,0~:he n u I f'lPOS SI SLE" 
f!JKlFY t,A ta (UNlf Y hA hB E)) 

The mgu of (P (G x 
empty eo~•,~••••t 

and in 
as 

and (Pa (H b) cJ with respect to the 

• ,t ;· '· ' , " ,, ~ \ tl ; 1;; .r; Hf \ i'. :.,",,;.·~· :·j;,c-,t7t.:,;<.';:: 

The QllJU o( ·~ .. ~•M-1ih1~""filllx,l~l'!l•Pijf;;f;,. f ,J; •,~. lnt~•tt~f!Y ,,,~i,l,:im~~i 
generat .. a, @n~,P \Cl an e9~.-room~ht in wnJ<;ff.A 
and S t;.~Qp0be ... 'fs,,~d,nq~~• .. e,e•:'!~fJpq~•:•$ ,,,i 
ts po,,u,,tfl 4:Jii'H<illl, . ~~~ Q ~q • ,to,~ke ta~,,:~9Rff9ta~,\fe 
For exampt.11 ... m,1trJe~er1~ dtn,HHU- ot \IJ 8 i ·"'~l?rs~,f~f1:, f dP"Si 
(O.x) .-Hh tfSfff;lt•ii,:i~t efptr 1Hwj,:,m11ent qi IS \hf !fvHon'!lt.HJ! 
( x.(O.,x.J J:;:i;Q ¥'1iilh:i:i•l' lf£bQ"1~d, 1to <g,,~~:; ♦,,, This shows that in 
genera, it is possible for (UNIFY A a fl to be an environment In 
which the ((tflJ[.,,f~,1:reaHzations of A and B are identical but 
u n_p r i n tab l e • 

1.10 

S om e r e Jlil er J 
uni f j C at.i ,_,_ 
subs t l tut; ons .• 
exp r es s lqp s, 
s tr uc tur e. 
e xpr es;i i 
t WO c~nd.i 

.~mLHar with th,e, US\i~t it:e~f•'in,! oi 
p,Ne:Jt>PF4 .f9,¾J~rms 'o'f the idea of 

•titution Js a mapping from expressions to 
proper names and the dotted pair 
mapping S from expressions to 

fn,90~1:-fr .. 4ll )~;\, sa~;~,f,f,ip, t.tl~ 

tor Y, • 

We depot~:1i~t.ttJ,,;:i'i'fJ!.fUft1,;)Jl~ a,pp.JrJA? r· jSUpfStq.41;•~n s tt:> an 
expressf~t:rf( p.r ,i,~~r;}f.>~,ft!ftfxr p()tat;io{l: ,q, ? ~,., j!~t.usstraJ.e~,,f1,~~v~'~ 
An imp9;ft~tJ1%iftPerty,.~f a substitution is that , effect upon 
any expresst.on h completely determined by its effect on the 



and converse l ".I• 
en v i r o nmen t e , 
just the., tf11 

substi tuth>n 
Thus we have. 

tualty changes. By ljsting those 
s image under the substitution, we 
iptt.on of the substitution. Sut 
.... 4uatfon~ js 1J~st ,nattfl 
tt1t~1t e,uattoris ~ 

way 

jn this way to the 
expressjon X under Sis 
write (El for the 

to the environment E. 
l:i\ 

for a I l expr essi~ns i. and environments E. In th Is cor responC,ence 
bet we en l'ffv t,tJe••.,.t•i1;t1~i:t, i;;~'ul}s't; 1,,t ut· i+ons , . 1 t he' :,emp tt ent' f~r <Jfi'merit 
cor respomiSs ta: t,.,,,,,f(ft:llll·i tj', i(.tb!1l'f twtf'&ni < "''Ki'ctf ''1.riarrsh>·tms ''4vci,~f 
express ioff: \ii,ntcHil.tJ't.,•'P:•f:~;JJ ;,a.<JMl*OS, iFl'otl 'of . t'wO .. · l~tJst' tttt iGfffS 11 ar,4 
T y i e' 0$ t tflfJ' :,1·$l(IOSttd:t>i 0111~,~T' ''»Aitch '"•SeridS' 'eatti t exl)t e~s fo't\1 ~ ),t•t ntu 
the e.ic.pr•',ssf;.-11.,it~-~,,~,~ th(,SJJT, otttiafned D''f5 <frif"st applying S to x 
and then T to tne result •... It S is lEJ and T Is CFJ , ST is U.J, 
where L. f's lt'.HI lii\f:'f~t'.f.a)t"i\ distinct bindings 

where V 

An emt • NYAfll~~t. ;it•l'-J,'t>dl '1llBKIDfl• 
but a I s:o f$.J<.(;r .... ,.,, .... .,..~· ..... .,.,~ ... 

subs t t.t.u\Aiio"' lS 

To 
s., we 
That 

x, 

which is Ute 
E then x,s·t 
{E}. 

0 f1la;.fl'i e>Cl) r.e2S$iton; s X 'ltnde,,·, •i;tfj~ Cijf:'e~atd of1 

;tO X• \\Jf\t jhJ>' 'fl'O .fufi,'ttlerJt~atfge1S1'0CCU'r,t 
~i1i/ltl~1:,t;;;,te:xrfrve's•s: i oti; iYn 'ttie :g:,er•l'8s,t,f• · 1 

... , 
pf' e d ec es so r • l t turn s out that i f S i s 

It S is {fl thens• is denoted by 



Now in 
expr os,s ion.s 
the same Eupr 

Thus 
hdVe 

O;fl ,, ),,Jl\~J;>Jl i: 0;9, $ ,c , , a UJ!,,. tJ f fi Q i i· "' i,' ~q; 
) ... , .... If., .1iii,~,s,11H1i,st,,t,t'lt,i;ot;1;".~' di1,t\i<;h ;11,aps A and a onto 

and AU• BU 

so co11:.,:::~;,;;:·:., onto Mbil:h S ••PS A ,,~, :.Bn;tj., 
obtain ab l e.,,1. -.,,,i",,at,:p\lil,_lff t~ t Pi; th 1,. ~'lt,!Jl@Q e ~Pr ts f i Off 9U~9 wh I ch u 
maps A and 8 •.. Thtt'su&st~:tution {(UNifY A 8 EH Is the mgu of the 
two expre$Si••stf ~lE'l :tot i'Hil , Thus UNIFY is gtven the two 
expressions to ~u, u.nUJed in an indirect way. 

1.11 
~Jt'.J:•ti, i:11;<, 

,.... ei(.f.f~i$S.1 OflftHH ~ t, Of:\4 B Cf;:} , if,,,,, Si ~ eo t.tt ln, 
u"'IFY a&gor.t••• 'iSn,iftdir•~•;J tl:),j{'u•iassevio,ieJGH,to,;m. Jp,.!&,ldea of 
working w,J,thtil!IP•e,~•-'·flf n,,. ¥ft ,ore f)OS,$yif,ly ne,~rL.' ~l'i4ii 
assembled illl':'tUfYe~t,'c,!Jte'nii,vel,r'. in ,:eur . systel,l'I, Ji,v•a~ps ff'{ 
c ompu tau onaltiHl~---~i,,,,stn• I fiO i •~r i t;l,C·f ea;se~, ,,i 9 t•J ~ i :9:H>,~ I ,j ,r~ t ~~ 
think of., ctlle1 ,J:4;,fic+itWilA EJ as an ••implicit" way of ghing the 
expression l{El.: We say that A Is the skeleton part, and E the 
environment pjr,,, of the lmpJicit expression U E>. For many 
pur poses,;Hi U ii• .,:ie10,~v.fflf 011tit., lilS wet,; af.,1 "19!' e,, e,~,qno,J~il.:hc, ,to 
deal ,with'., S1i!C.l'l ,,ff~~J,~c,,H:. i•,xpfe:S¢i,ionsl'r" ttian t1~t,tht ,~t,f ,f&~~.a,I 
exp res si 0cn:5 ,t.••••~1,,,.-,,,Ji>i;t.t• s.,,,.t ~:, paf t. i cu;I ar l;Y< th~: ,cas!',1~,pent :4 ~,, ~,) 
des er UHtS ,1 an'il,tl'&t)J:/iftt lliial ei;~xp• e ss ,i tHh e i,, eo.; ~ n o,~,j h.,, .•P~Pr /, a(l9,,,#::1, aj .f 
pr i nt,aoi f:\'Stft.,.1:t&it♦'1 ,:e::•a~I e :, ;p rer i 9~,s,I y, men tl,oA~,9," ~t,lie~ A::, if:t ")' 
and t, is ·1' GJC~:(i,~,: 



we ofte~.:ttitft:ftb.fa,~rt~,4:lj:.,,t, or some eKJ)ff?ssfon ,A\ the wartous 
e><pressions A.St .-nere S is a substitution. These are known as 
the • i •••t.a,ce:s·, 1:t .. ,.-.,. ,. examtJ;4 et the l!xp ress•1 o ~s, j 

ttf>;jvi.iiet"llf 6'iil 
fiC:l)),1,ivlde 1$i lflu0s:,a biJ :fl Imes l e;t) 

are ootlt•rJnst.a\\Ce"$..,'.,_.f ttfe etpressioA (OiVUle'IJ p qi " fhef, f Ust 
of tne111, .. :is J.n fact a ground instance, since H contains no 
variables. tn general we say that expressions which contain no 
variabltts" ar 'ftr•u•w ••11Jtessti11u,s& sea gt'oOAd Instance of A is 
an instance of A whtch happens to be a ground expression. 
Expresstons fwfl.ff#!t,t. /'pci:.latirin 1c;one~ 011 More variables are known as 
patterns. We oft.e.tl th1n:k of a pattern as a way of representing 
all of Its intttof·••••{t• 

1.13 

In the ,role ••.ta!i1.a:tp.1res«1ntaU1.vt of. 'al•t its instanttel aipatf•erA II 
not uni.qu•• 0,11:uui.::izt,,et te11ns .; ... ·,known as f,\s t:ir fants~.i!••1 haif 
exactty ttte same instances. for example-. the express,ons 

have e1'actl:J 1hf#:,;'Samf in.s.t,anc111s. ,e.ach •s· a vaf1f.:ant:.:91f tfiltfi o_,fYerl 
In genetaf var,taat., otcrian :eiqn.essi1or\ •A i t>t,an tnsl·sn&e AS iof ··~ 
under a sua1:ltiAit,i!fcU,,,1 •t1t.,e11 map,s variables onto variables in 
one-to-one fashion. Such a substitution Is cal led a variation, 
and is th•::11.11 t,y. lJli.i tti;l;tr,df, i'sdbst itut ion which has an Inverse. lf 
ce·1 is a variation then its inverse is lE'l, where E' ls obtained 
t rom e ltY tnt-.r,enitS:lng the head and ta i I o t each of t ts 
bindings. The C(Ulp~sithrns (EHE'l and (E'HEJ are then both the 
i den t. i t 'I y,1,.~'Ji;S tt .t ei I .J 

men,.'-i,tt11" .,, the set of instances of an expression 
with that of any variant of the express,on-. we often treat mutual 
varia••ts,i~ai11~•,f,J¾ldU;;t,ie.ten_, way.sc df writing the same thing. 
However, tn some of the computations invo,ving patterns (such as 
the un 11 i~ai:l'ctn;, ;:COcffl~ ta:f.tldd ►,i,f!; t,t ":t sdsdme ti mes n ec es sar )' to take 
suitable variants of one•s data beforehand. 

To see j±,cQtrtst:de,sH;t,he .ipr,®l1,1e• tofi. f Pnding a pattern 
which are instances of two 



(Divides (Plus 3 4) (Times (Plus 3 4) 6)) 
(Divides (Plus O Ot tfim~s (Pius O O)(Exp x yJ)) 

and so on. We can get the first instance from A by the 
sub s t i tut i on 

x • 31 y • 4, z • (Times (Plus 3 4J 6) 

We can get ft from B by the substitution 

x • (Plus 3 4), y • 6 

However, there is no single substitution S such that 
AS• BS• this common instance. The difficulty Is the occurrence 
of the same variables in both A and a. If we take a variant of B 
which has no varlabtes in common with those of A - say, the 
express ton 

(Divides p (Times p qj) 

which we shall call C - then we can in fact find a pattern whose 
instances are exactly those common to A and B. To do this we 
need only compute the expression 

(REC RE AL A t UN IF Y A C ( ) ) ) 

or (which Is the sameJ 

(RECREAL C (UNIFY AC ())) 

which is the "most general common instance" of A and C and 
therefore also of A ands. 

Now the environment (UNIFY A C 0) is 

( p.(Plu:s x y) z.lTi~es p q) ) 

and so the required expression is 

(Divides IPlus x y) (Times (Plus x y) q) ) 

Eter:,- expression which ls a\fl instance both of A and of 8 is an 
tfl$tance of this expression and conversely. This example 
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ttlustrates the way in which the unification computation so,ves 
the genera t pr on I em of cons tr µct i ng a pat tern whose instances are 
precisely those which twoi11~,h~ patterns have in common. Of 
course, when the t WO given pat terns have . no common instances t no 
such pattern exi!;ts. T1'~'·UN'lf!Y'fuhct:ion ae~tects all such cases 
by returning "IMPUSSIBLE" instead of an environment • 



l.N GENERAL 

Logic programutin~ isa t.echJljque for specifying computations by 
mak in 11 ,,;a:,•e,,:,~~:--• , , .:lf(ll1!,tli,m,-1:flfl;J1t j;f4 ,>r,;A~sti~tr u<>;t s -JI\EI ,, s\fJt~d • ,J 1l,~tr 
course , a,f;,.;•~~l~~'f'~,i.ltt_,.. 11't~,,log t~, ic "m,a~it4lt.i ~•r,;f,s '4,e \fl(~i, n~fii.1'H>~ ,~ Jq~ 
t. he Pr O!g ,i;att:me;•'~' c ,,..i, ~iiic;tl,ctli,tl f\cUA;t it~$ t l f,Af r tt),e .. r;, e <I., e 'l~4._ ,, iii~ t ltt~r 
the mactlii~,1 a}•l,.$1'Il·t. ot;t.e•n1~,.tvltfl:1e io,f~ t;tle, Q:t4uc,,t i lzct; ~.~n, s equ enc es of 
the programmer!$ assertions. For ,xamplth the programmer 11igbt 
make the l;:&1iffxt1r11Jillsi.;t.~f-~tiJtlfl$e1, 

1 ;, DGiOl.,I.',' ••·~~-·,.,. 
2 . O,~"bnt I~,, ol.dit than Ros ewa it 
3 Rosewal I J s OI der than G,oo la gong 
't U x i$ol4eruuury and 'I Is older than z 

then x , is <>Ider, than z n X ••• '1:trn ••tc,,re ' then X is older than 'I 
Kelty ls a .::hi Id of Gootagong 

5 
b 
7 
d 
9 

10 
11 
12 
ll 
14 
15 
lo 
17 
16 
19 
20 
21 
22 

Some of 
general 
LOGIC is 

lJ x f$. >S \fhl'I d of r then y w:as born before x 
Goolagong ltfemale 
DroO«li)'•> Ii••··· 
Rosewall ts a.ate· 
Rfsewalt fa,.a. C"hampion 
Goola1on1 l•a champion 
Connor .. $ is a cha11pion 
.Bors .•s a c.,ampion 
CO.ftf\Ofc$ i ~· •a• e 
Borg ls atafe 
S:or.g w.as: bot11. before Connor 1 
Connor5'. 11tBS botn before t<et ty 
Kent ts, fem.at~· ... 
Ever), rs .a cnamp f on 
Ever~. fs 1••·~• e 
E.vert. · t.lorn tt.efor e Connors 

FIGURE l 

are of parUcular facts; o.thers are 
the use of logical variables x, Yt z. 

r4sponding to queries about the •world" 
~ssertions. In supplytng answers lo such 

tteduce them from what it has been told 
o~ the answers up) • For example, the 



query<: 

,.hi ch ma le .cna~pions 
than Kelty? 

would eltcit the answer 

That these per sons are nul.te,,a,ui :cha:mpiton s'x is, exp t •cit t y gt ven 
among the assertions, but that each of them is older than Kelly 
must be deduced.. The dJ1duetit>tJ$T U:tt'loitv•d can, if desired, be 
examined by the user. For example, one could request; 

• EKplatn the fourth answer 

and LOG IC wou t d respond with. UHtr f o1,lowtA g rat f ona I e: 
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• . . · 
• 

a y:2 $UCh that I 
i•Jtld•tmlhan~YIA• 

f.,;,tilafl t,K ,, l 'I• 

3, 

• to shaw: ~Qolavon.g is otaer than Kelty. 

5, 

- z-a -



In the LOGIC system implemented within LOGLISP, the language of 
the queries, assertions and exptanat.ions Is formalized and 
artiticLil. We shall shortly discuss the detalh ot its design. 
Meanwhile, note that an expianatipq is e,ssen;t..iaUYiil'h,IUH»ot, which 
proceeds in steps alt of the same kind. At •achillt? there is a 
"constraint list" of simple pro•ositionst faJI to~•e sbowo true. 
Any variables In these proposlt•ons are ,onsldeted to be 
existentially quantified by quantifier, plaJed at the beginning 
of the constraint list, an.d tile constraint Ust: H.seJ,I is 
considered to be the conjunction of Its members. The empty 
constraint list (i.e. the empty conjunction) is by convention 
true, so that if at some step the list has become empty, the 
proof is complete - there is nothing teft to show. In general. 
each Inf er ence step cons ls ts ofthr~e stages: 

CU The sefection of a proposition A,.,fro19 const.rai:•t U•st and 
of an assertion f.rom the knc:,wledge baso whose conc1•s,i,oa"& 
wt I t unify w Ith A. 

in the C2) The replacement of I 
constraints comprising 
selected assertion. 

the l}ypott\es is 

,, 
(3) The appl icatlon to the new c,uutraint 

general unifier of A and 8. 

The notion of uni f lcat ion has .. been <Seff;fled o,nty fo,1:, f>oraut,I: 
expressions, however, and so to ou~ke this acc,ouQ:t,preciS:ttcsw,:e •ust 
now recast it in terms of the format. l,an9iu.i4t,.e of LOGIC. 

Le~ us now survey this formal language. 

2.1 PREDICATIONS 

The basic unit of the for ma a • ~f)guag e. , is .Ute pr ed i ca,t 6<>n .• 
P red i cations are simple sentences oJ the Stt·bJ ect-"~tr,e<U.catre f·O;f.Jll 
In. which the predic,ate is written Hrst and tne .5;ubJ,e'4~ S:.-co.nd!. 
The predicate P may be any •~proper id:enttJierc" ;- tJ;ta•t l,s., 1an 
Identifier which is a proper name. (Recall that, In LISP, an 
identifier ts an atom which is neither a numeral nor a string). 
The subject is a list of expressions calleu terms. Ground (I.e. 
particular> terms are essentially noun-phrases ~hich denote 
tttt ngs • A Ii st A .. U l •• • An) o.f •l gro.un~ t erfflS. dene>,tes t.ne 
n-tupl e of things denoted respectively .oy the c,OJftf.JO;l'J.en,t.;· te:r¥ .A,1,, 
~"•, An • Predicates denote .Proper ti es of. tuples" lProper.,tles 
of t(Jples are often also, calJe<,i r.el.ati, .. ons)., th.e. intuiU.Ye. 
!lilt.-nlng of a ground pred.ication l!ljth P.f,~dicate;;;,P,a,n~ sub.je~;t. /4 ts 
t,,._e,propositlon that the tuple (1enote;d, J>y At.fl~~ .t;;he propert.cy 
denoted by P. we write this formaHy as the list whose head Is P 
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Of<itft1;Y*'i s ~';! 2c 
0 rotfri'1;!t''fs .tmaifi!ie 
0 ·r O b'Tty ' f S ovJ;Wf* . f'.t}tfah 
·eve1"'f, is f ema 1e 
E vcr t was born lefore Kel I y as 
Ket' t y , .... , .. ;..,, .. i t c.t t41)fl: 1Wdit~'fl,t>*rfl; ,;n::::as; 

!\ 

2.2 

•J C;, r(,C ha\•P:'i on , 0.11 o birl~;y); 
1; 1(ifttf I tf (); r:o brify ) 

(lGll dler Or.;obnity,; 1 K ez• lz~i;1t;, 
(Female Evertt 
(Before Evert Kelly) 

• :rctvt:,Ud, : 1K e t l:1¥, ·4to;o I a gong ) 

A term may t>e eiJh"er a variable, or a 
constTlict)fo'W1.I'''' ~~"'~tltlltions nave an operator-operand form.· The 
operator iH f)tt'fW1i'cf'l' ~)~:!niai,ttil:!;av any proper ilil",desn ti f; i;,er:c> 4 . .4 .... tt:es an 
opeTat'I on't .• • .. ,;;,;~ltf! loper and tnay be any ,,t hst of ntettms; .t~t ~Wt,en the 
const~t)ct·hfd"."fiig ta ;,,f,~CIWln-,pressi on, i t.S"•''0P·er:,an.a,,aen0:t'l9,5ti3 >tupte 
of th 1·ng,~•', '~i'fl fjf;j/f Ji'~ct same way as dde,,s titur s,aJecI\llr-,f ,,,,,adgf,Ound 
preafeatl~/tr.~ .·· :,n·,}(!;J,fft!ft'tlctJons are indeed syntactically 
Ind fst fngr.rl sihatH1ertJfl1'm pr edi.cations. The tr common syntactic form 
ref tee ts 5.fn l\.tfitdetlt'Jing unity in their semantics · as appllcat.ive 
exp reis i orffl .,. ;"·!fe1Jffftlound cons tr UC ti on c,fl; 'fr btlftd :,,pt,.,ole;atitflQ can 
be undef~faoatl<ll~§ lrepreser,ting the resutt of applying some 
hmctfon r1t1tf'l'Hf'o.t1ftltM"itt.H1UHlt. ln the case ot a predication this 
means construing a property or relation as a truth function, 
namely a function ,r-tcn yields as its result one or other of the 
two truth values, Tllt.Qt'i{fAL!SE. We write the construction with 
operator F and operan.:t A • (Al ••• Ant as the I 1st 

} ,{t 

whose he&I It fan◄ ~h6se tai I ts A. 

Ground ptedt~atifc,~il lti¥ii,'•1 ei.,ress Hiett ana denote truth values. 
Ground terms eip!ess appHcatlve descriptions and denote things .• 
Both groon4 i~fl8,1 .:1nd 9r.ound predications have the same simple, 
systematic "'~liifftatlonat semantics based on the appl h:at.ive 
pr Inc i p Ci. 1;~,t~ Af ' 

2.3 wOR.LDS 

A wof I d 1'.fs"'a'cit'fiBl!i&il iJfH'tf acts • '!t,y6tyt.hlngr1gnatlitts tlJe,i cast? 
in thatt0fioftdlt 11,t11c:»tJo,, preg11amming a worttt•tis teppes·e•teo t,y,a 
co 1 'f.&c ttort of1)g'lo8nV.•' 111ii'tld\ta111 ens; o hen a icro♦ l ec:U on w of 
ground ,:ered,~catlo,tuas.s't,ch a world., we can ask for what 
substlt..tf.()1,ti 1,ttt1:'il~)iit!lfrf.,~n.predication Q (whether gtouna or 
nott 1s;Jili .• lr·ui ~·,a•,,, •• {d. ,tf'Q 1s••·a ground predication,, this is 
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Si mpfiyt t~,e4 ''tbWaltlb.h tr,fieth~r Q is a member of w. H Q j S in w, 
the answer i·s t.hen~ .tht't identity substJt.tJUon. If o Is a 
predicatf,lit,,ftipl1t0t•itf,1~1lrlwt,1#Ww•t·i•t1ltrli ''i~ not• 'q,t•i"t'e lj{S01~ simple 3 

question, and tte construe, ft to mean: for which substitution 
operaett•u;nt,i ei<tstftftet•tih\ . .'Jf.W's.t\nti¥!b\f t,r"lmt'ei-'''=''i 1tt w? for example, 
the worla specified the rtions in our earlier example Is 
the set ~ 

(Male Ot·eof\JJ 
(Male Rosewatt.) 
, Mate· 8etfrt ,rr 
(Maf e Connorst 

i~ t ij,f~ i';t ;,: 

, o I de r ru· o ~t1tl ioili61 t,1f tt 
, O I de, Or 'f.ljn.t1>l Gl•.lagofitl 
( O I de r Or o~.ny Kell ;,J 

Gootageng) 
Evert) 
KetlyJ 

(0 Ider itosiwaJf Goof agont J · 
(0 I de r Rose.wal f. KeJJ Y.J> 
co I de, lo• I aitvn,~lltft.t• 
co I de, 8.119\rt,f'lnt¥•I I 
(Older Borg Kelty) 
(0 I de r -~•• t;"Cif4n•rs) 
co Ider ever t .Ke 
(Otoe, ICeitn••• 

wh.i ch 

is true irf11,fH. 

x • Dt:-Obttff 
• • Ro'l♦•• 
1:f1..~.,,.,1f:$1/ 
x •: Ccnrnors 

(Champion Drobny) 
(Champion RosewatlJ 
(Champion Borg) 
(Champion ConnorsJ 
(Champion Goolagong) 
{C~ampion Evert) 

t J ~ .. E 

(Before 
(Before 
(Before 
(Before 

Borg Connors» 
Connors Kelly) 
Evert Conno,s) 
Goo~'!f"9 ~ff!Jl 

(Child Kelly Goolagongl 

namely: 

there beittg fou;r stound hu;tances of "(Male x)" in w •., na11tely 
those 'c;or _,,,,o:rt6 h\ j '"1tio ~,t. ne se four subs t i tut ,, orl ~ ;, ·'ffaflr @1114r ,H t, 

can ,,a,1kl;\s~ 1-fetiliron t•i.J,Uvfng ·conjunction of pre·dlcaUons. 
we can ask of a world W 

true in w ? 



For exJmµlu tn the ~ of our exampt~ the question 

what suustitutions satisfy 
, (Male x) b. {Champion x) t (Older x Rosewall) I 

j n 1i 1 

has ttH~ ans .. er 

it ·/$' Orouny 

since ynder this (but no other) sut:istitution t.he conJun~t.ion 
becomes true tn "• 

2 .. 4 OUSRIES 

It is useful to introduc~ the .format notjoQ of a query, nased on 
tha preceding discussion. A query is an expression of the form 

LALL X Ql ••• Qnl 

tn •hicn Ql ••• on are predica~ions and X is an expression 
cal led the answer template ot the query. The answer template may 
be any wartaDte, any proper name, or any list of terms • The 
list (J 11< UH ••• On) is the constraint list of the query. for 
any world~, such a quer:1 has an answer, which is a list of 
expressions. Each e•press,on In this answer list is the Instance 
of tAd ans.er tempjate under a substitution which satisfies the 
c o'n s t r a i n t l t s t Q , t ha t i s , w h i c h t r an s f or ms t he c on Ju nc ti on 
un 6. ... t On} into one which ls true in w.. Thus the query 

lf.\LL X (Male x:J 
{Champion x) 
UHder x: Rosewatfl ) 

has the ans~er tin the worJ~ of our example) 

(Uroonyl 

since the substitution x: = Drobny is the only one whJch satisfies 
the given constraint, whlJe the query 

CALL z (Female z)COlder z Or9bnyJJ 

h~s lne empty fist 
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as its answer ·slnoe tn•f, a,~ no substitutions which satisfy the 
cons tr a j n ti I 1. ,1;::~,'· l,>':f ,/'.fl, J, · 

':ti::tt~. \ '"";(,,,,.; 
< t F:ema.i·@ · t J tllto • :i .o roan y i 1 

It is not expect•-• th~tr. o••: ,shouid have to specify a world by 
explicitly tl.St·tna,, .,, . .ft\. FIGURE· 3, all of its predications 
la I tho ugt)t,.ltt-t.t t,.,a.:t,-~:Jii},ti, ifjf inc i p I e be poss i b I e tor a f in i te 
wor Id). :,;,•o•t•:Ji,J:f.•lf'•_.,.,_,tl•o ·indirectly, by giving a collection 
of asserttoas.rq~·•••• · · · · 1,a.,t,o parts: a conclusion, which 
is a ·P•••fe&cttin,4;.;. . AhJll•"••sfst iihich is a list of 
predicatt•tt•• ~t., lltgf'flj/j!•t· .,.'\."an assertion can be the empty 
list, ln,wtlf::cH,:t4•.•·· · ttth:m is said to be an uncondittonal 
asserti<Hh •"'•'•ast, . . .. ft-on 11Hose hypothesis is nonempty is 
said to 1 1J•f• ••••~•1"'tJ·•••ertion. An unconditional assertion 
whose cGAC•t•:sho.:J.;'ji'f . •.• <vr ft ten 

,£, ~;~;{~c.•i,~:,~_:.~f.ij,,:: 

'•:::~:::: i::f! ij;:,::::,:z,~,' ~.~ 
whi I e a c••H,t .ita't;S.f,t.f.on with 
( Al • • • A.Rh .J.;fit,:.:tW •• ._. .· ,,.;; 

conclusion B and hypothesis 

A cal I eett,Oat♦1 •~••t.,Hrs c.al led a knowledge base • Any such 
c o_l I e c t t Oft / ...... 1 •• rt,t •• '~'!lfO( t d • 

·. ·~ .f\ :} :•.:fiJJ f ·;~~· '!\ <:{~ !: /·,, ,:;;,t,vfi,, 

An uncondl;t.,t~•.a,~•;,;fJi,t'itt.~if"f~•ser,ti.<>n (i.e. a .datJ.lll!> 8 <- intuitively 
says t hatt:8 ,;,is ••r«t $,~UNiJt,ae' ts> tn the wo r t d be in g des er I bed - "8 
is true". Recall\i:Nit't any assertion which is not a datum is a 
L.U!~• A . rule ~filch .. . is a condi ti ona I ground assert ton 
B <- A 1 ••·• . An Ja,ys• ~·t1:$t,M,t ts one of the facts In the wor Id being 
described provi4ed t.h~t A:.h•••tAn all are - Htf Alano ••• and 
An are t:r.,tttrh}-~Jlilt ~1" lktii,at.,.. .. ,N'' t!U?f,♦' wHifrltft. "''Jse i\'anr~~•S1s1et?ti Ori 
pattern J""' .,,1;:a~~ll,/.f''.•14'~ c:ilit"t,Untff9' ,one ,.or more ,vi.i:lr iatU 811 ,_ has the 
same descriptlve,etfe,tt as would the se~ of aff Its ground 
instances. Jo. ge.neta,,tnis means that an assertion pattern ts in 
effect a universaO, ,q,aantHied statement. If Its variables are 
x 1, ••• , x.k tsay) then Jhe assertion B <- Al • • • An can be read 

"f.Of and••• and An then 8" 

Indeed, H so•• •. f: tb~ variables among the xi (say, zl, ••• ,zp) do 
not occur in ttte:.c•m:tiu.slon A while the rest Csay, 11.- .. ,yt) do, 



l C 
2 (Older· 
3 ( o I d.er • a~~s.e •'a'l:tt, 

4 cot d.er 
5 (Older 
6 (Child 
7 (tier ore a 1;,a, •• ~.,,.:,,~ ...... & ......... 

9 ,, c •• • -. 1Jt:•aa1111:,◄tl"!".1iJ~,.,tti1ffili 
10 
11 
12 
13 
1 't 
15 
1.6 
17 
16 
,19 
lO 
21 
22 

mo,e intuitiveJy tbut 

f orma I 



0 

In effect, this dtJf itton describes a process which inters w 
from l),,t,;y~tJ\fe.Pf•Ji~ef wttolesale inference steps. First, by (1), 
the process co:nstrtn:ts outright the set WO, which contains Just 
those gcrOt,il!fi'l',::tJJ'1'111tOU.fofts whlen are'tonctusions ff data in'O<li 
Then r,, (Zttl'£•at9enstr111Fllat1tng :,con strutted 1 t Me ,set 1:wa, th h 
process construct, .. Wn+l by adding to wn the conclusion of every 
ground f.n,tt:a11ce ; Kat every rule ln O, provided that every 
preaicat&on itl ttle. hypothesis of G is in wn. Thus the process 
construtts,i;,a~t,ef, ••~u1•t aruhtd tter wot Ids 

which et:thti •".,..,..,.,.,.,s""' lhHttt w<.uild that 'Is U1e same as its 
predecessotl or etse continues indefinitely. The world w is then 
the "I htlt.fl4i fiJHs st'f!U:•J ti.e •• the unlOA .:t,J, atJ;tef uh,,iets fn 
it , 1 .e,'ti,l'',t.rte£;~s,Mf tiest:eJset liitttt cn f.ntf odes 'ttHidl ciftt 1 T1nas 1the 
worht w isHfetft\aJli\'NJ~ilJ .t 1'lfAOwf04dge Dase througfl' 4 tt,t\it:Jftom up" 

',ite abt•e t'e .tristli.t;r' ; 'qliet'fes ' 1$1:htcU. HI 
ttn ta .,,a:ie id ui,e ,,or"1 ,u~1 ,;f otce method.,., 
searching it. It is mucb better, 

Wt to reason tttop down" about W's contents 
ucting w. This turns out to be possible 

unification. built into a special· inference 
esotution. This inference •principle can 
ii1¢i eri'tt,v t hi.tough 4ttnl e,se: {:ofl tmpl t ff;t:· 

.a:1 ~t••ilft•1,fl. !1 aew see, 



f 

• 

' ', .. •'}; ;- ,:~, {'' }; 

By an implicit constraint we mean a pai 1r''to 'e> in which E is an 
e.nv iroftttertt and Q, ts. 1.a hits t ,0i\,r:A"t~l.iJ C<\~;i o f\S• TtVI·. ~.x pr,e~s.i .<fl' O(E). 
Is ,the ;c,orr.espo,cQ<iing ex.p,t ici.t .. qpnll'~.trAirl\, .•. N.ow le.t ,,.D ·.n.e, Ji, 
k,mutt ed.ge ,b~se an,<1 &,et. ,w ,be \he; "'tP,f 1:4 dt.\G.t; tb.ed. o~,,:f>,• We .. denote 
by (SOLO E 0) the set of "sofuttons of {Q El in 0". - that Is. 
the set of environments A which are extensions of E with the 
property tnat .alt of the prt!d.ications in Q{A} are true in w. 

We ,.w ii,h to ca,lcu 1,ate 

thcue ,are two.,cases to consider. The first case is wrien ''Q "fs 
empty. Then (SOL Q E 0) is simply the set whose only aember ts 
e •. S1.1ch a l,Q e.1 is sa.id t• ~.e.,sqt'!;•d•• 

The. seconct case ,is whe,n .to J. ,.;ea, t..:e.,, · 0ilben ·& is 
nonempty. for this case we use LUSH resolution t~ repi;sent the 
deslred,set as tlle \lQion ot ,o-; or mo~,«; slmPHH sets. 

For any.unsolved constralnt (Q Et, aoy,knowledge bas,,D, 
posUlve lotesaer ,K not t,oan ,t"t t;,ngth of;.,O, i~qe 

UUS Q E O K) 

aqy 

ts a set (posstblY eQtptil of l«u>l i.-;lt, ,constratnis «;itl led t.b• 
ID Kl~resotvent.1 of (Q JI~ lhe fotecesi @1 thl~ 1et l!es fn t~e 
tact that•• hare; 

e's OL Q E O) • ( SOL ca El O t U • • • U ( SOL On En O > 

where (Ql ElJ, •••• (On Ent are the (0 KJ-resolvents (if any) of 
10 E). This equation holds for all the admissible values of K 
(however, the (0 K)-resolvents will in general be different .. for 
each vaJuel1 In par&•gutar for 50••\c~ois,s of Kit may be that 
there ir• no tD~l•Tt•101v,ntf of jO E>• This then means that 
there are no sotuttons of (Q E) in o .. although other choices of K 
may delay the discovsr, of th4s fact by providing one or more 
ID K)-resolvents of {OE>• 

2.8 Ttti CHOJCE Of I< 

The computation of the set {RES Q E D K) involves a choice of the 
nuaoer K. Accordingly we introauce a choice function SEL. For 
each· unso•ved imptictt query (U E) and knowledge base O the 
tu111ber (SEL Q ED) is a positive Integer no larger than the 



len:gth of o.,. Hl!I -the;.to.tlcPsi~'$t"etrfas turrently implemented In 
LOGLISP, we take (SEL Q E 0) • l throughout). 

In generaf S£L milgtlt 1 be' e,cpett'e"tit to1• tak•t '1nto ae·eount th~ 
evidence ava·i tab;.te in lll, E aM:I· G' .s,e1 ;&$ to inaf<e' ah Informed choice 
with desirable pragmatic effects on the overall computation. 

2.9 SPLITTING NONEMPTY LISTS 

The purpose of tne numbef' K is' 
the I ist Q et tne ',_tm: 
co11ponent of a. 

a '(hU:bMpo!i'f t'i on '"if 
i ihete A ls~th•ltlh 

t 

In general we say that. ro~'•nv tlst I ind~an,·~osittve~tnt~gernk 
no larger than (LENGTH >Oi thi*l.::.tJ!.lili!JU.tllJi:a' 21 ! I~ the;trlpte 
(LA RI such that AtfS tfte Klh 1o•P•neftt of X hnd·x •L·,,,.~i . 

thus when K • l we have l • (),A• hX, R • tX. 

z.10 SEPARATION Of iVARIABLEI 
-

The cootputat ton el IRES ,Q E i'nvo Ives a fur'ther ·chcHt•• 
naael y of, a var tant 0 1 of the ·t<nowl'elte tJ ase O. $ 1;' must have the 
property that none of tt1·asserttons cont.ftl,ns 'a var1'able which 
occurs In (Q Et,. This•ttstandardizfng apart• af the vatfa6fei 11 fn 
the constratnt from •those tn the Aisertiofts'ts rilcesjjry f61 tfij 
theoretical completenets "of the resoluttoA trattstormatiott. ltn 
the current implementation u• is selected automatlcal ly and 
represented Implicitly and economical&y by techniques explained 
In. Chapter 13. 

2.11 OeF INIT ION Of ,tRE S G E O 10 

lhe set (.~ES a ,~d.) Kl is tne set ·of 
j Implicit co4strafnts· of 'the to,m 



• 

For tuna 
prohibi 

l n fact it J;s 
r e I at i Ve ff ~,,\ 
the pr e d lea fi'i~•:,; 

E OK} 

~ 111b,1t'eige •'\f a'stf .'o ;ritu~;ff tie' ··'sea'r·cn11td 
t,'i<'l:ieif as"s'1h t'iatr wttoie e'011~ fusi on"C 

tel'"pf'.e'lJ'fd'a t1tJrl ·.w i'n 0.1 

For large 0 the cost would be 

bl, .• \:t> s~~r~Qin. such a way that only a 
.e~·"~ff*1~*t,t~d'ftbe s'searched. Note, first, that 

imfs,!' :vte l,iflti e Jl•s•an\~ 1a S < tih al)io f /t if C i S t O U A if Y 

with A in · .. E •. • ·• ... · 
cons i de t id 'llttt1fC1;Sif 

tdlns,1:,, only those assertions need be 
J(.tillrfs5•tfa'ft1 Sfy this condition, and it is 

t1t1on D into subsets of assertions 
. "'l1dr\tl·fa'slt'tni fi'ajve 1'1!hd "talfte predicate. 

6',Ji. stored on the property list of tbe 

stralghtforwatd to ,' ;1,·<:. ··.'ti,: . " 

( "I og i ca F p.roc~ 
Each I ogical ii 
p r e cil ca t e a ~.d 
of the siz• 'ot 

tevable in time essentially Independent 
ii . 

The da t.a of ea!tf ;•~o f 4t~JR ~d f af t.ttei \fnde~ ed 1 on tt\e' ,.~,~ '1b·f 
the various. proper ufer"s ~wtilcri occJr in their conclusions. 
This is higfl.li · ,a.n 1•ou .. ,s, ... st.n .. c.e.1n o.rder tha.t a.a .... atum C unify 
with A Iii eft'e s.f 'it/alt:i11donta·J•ritevetv pr1dp~·r li.ltfntlfler which 
occurs in A.(£}. ·Jfti•s observation forms the basis of a quite 

: selective r.etti;t;vat te.cttniqJ.lf:'• In practice It Is found that 
large p.-o.c,e<t.f •. ~·t;rt.jJs~.•~(nl)'' .if not enti~ely, .of data, .. so 
that the''f•etr' l'fS.t.t:dnnfqU!'':W.lftequentf y appH'eS Just 'whetr i1t''ijfff 
do the 'mc:,sftl!frf,fif., tt ';j llt,.d;/,,tt • .···· ' .. 

2 •. 12 THE '.[)!Dllt1fdw •¥itfc£'e 

The heart ·,H ·{ie'''toe·r'e ifs.1:e'm •ils tfie b.1si t' 'deduct ton eye I e, which 
• \, CJ PL . Q E . 0 >: t or a 9 I v en i mp I i c t t cons tr a I n t 

~*in1lff eBJ.i 1'6.Hi!1 ,,i' · ' 
,':f'j}, '.ff:{'.'~:~ 'Jj:.i~}: . :;, ">;· 

The comput.~ 4'{'! tl t cofU i' $ts of <tne di'fitopmeftt et two 
sets of 'l ~f.l:ftri(~; 1.S'Ot.YEOi~nd 1 WAfttHe.~H. ltfiti:al'ly~ 
s OLVEO i's fl 'flrli e <Sttf.it'il s .. t.fld s tng le l>cfonsffai nt;i ,o••'eu· 
These '(~i" rt .i&IJ~cted' to ... an. fteratHe. tr'i~sf'8riaiilli 

hi h •. ) '~ .,,~~·, '.to tt}ll cori~t:rijcf:iOn'1df'f'j~• .. dtHUictioft 
; re~ .. 9Stdl. Jr 0'½1

'. 116 ('JC it: ~on stt a i nf:i.i •. ··the •:fobt. '·'of t'h Is 
tree fs "tie 1 ~,'()O·;·J··:lr.a.Jnt (ti ·El~ 'The S'tttcessdr·s '"{'f.ff'l .~nyJ 
of afi''~ftsof ·~tF''!ffe.ttliejtB tO-resohiitU!s of'."~tx 1,ff ♦ 'f6r 
s · ~d~iiff lrihfeR Ii siticted~dl lha fddctld~ SEL. 
r~:• tt/,$ .. ~t·I1 'aijcf .. ·~e,,i tffe U1e•s6f.Jtfo;111oa~s •t ff anVJ aria 
the ui\stilrjd2; (ff\anyt which have no (0 tO-resolvents for 
the particutat: . ,JilJ.ij .. ,.of K assigned to tnem by the function SEL. 
The outP:ttt (Jf.:tft~~,-~uon cycte is the set of environment pa,ts 



'"','- ·. . 

0 f the s9,f~tlhP~~f~,,t,ff ,:t~•t;'fJ~lf,1 >.:,-, 

As the , 1t.r •t 1, f-'f t# Of§:!>:•,~tf ~~ I ._.f,(f,, llf.l~ft,~, •( ~>, co,1 a f',<; iea, jot o 1 i~,. sel 
SOLYEIJ,, ~,4,;,t~Ji,,,i?es wflic;h have not yet been processed are kept 
in the set .iAITit.G. fhus the tree construction is finished when 
WA IT ING\ f J ~ii'U I~ b~f01!lel ,1 .fmpJ.f •''. .. 

i. ,.;J_:t~~ . . ./. ¥ ·i :ti:,<)·(J};;. J,; .. t.~·;\tt-:>.:v:. t/. _ ?J :, 0 

The de d\f<;~ I o.f-t: f¥F4t-.·,\.$ 0,; •• ih,, .. , f ~,ll l)WJll 9" ,ttlut e¼"i t eA 

lN: 

RUN: 

OUT: 

. >: '*:' .litH t; ;;; f•::,!' ·c/,1 "Ii. i !J, 

hth,SO\:KiO P4',H~l!i "l'l»fV::lf~ afl~ .. 
JtJ ~AJJ1.!1G~ .• ttJt, !I~ tt?J>A~~ ini~t 

:· ~:·_.~;~1 ,J . ...,tJ .. ,J;=·/t: .... . /~: \,il~ ; ... r,_-i/t:,~· \,~-i'.)'1 

wbl I J .4.~,,~l!J~ fiit i • l ff09., IJIP~Y 
:,,)l '.,..Cff.hi;t; .,J:v~ .•. /li)li/~i'I \ ,,) 

0<> 1~)-~~::'flt'tt1it•::1~••1,1t <; 
•' .: ·-' ' .. ·.-.· - . 

( f':, ;~1c. ~ -.~::; :t:- t' 

\t WftJllN~ 

:)./1c:?:'.lf~~.f:~{r ·~~}i~·•?:t",:Zl.~·~r.f\>J~,,../ t_;.,} .? !,, 1J.'1 f..1~" l<:-t~ 1r,:t~-~.1!i' 
r,\¥tr-..,;tft~l•\r~!*J9it!l11i.Qf~~nt t~t,t~ of $0\tYE.Q-: •: H, ~in 

i tt"·~· .. :j. .. t•~~" ~ .f,f,J:t: t t ! .;·1 < !1 ~; ~i t t j. -~· '.; •:~. 

t)f y i t, 1 ,:. ft :Jt. ,, ! ,,, "' ,)1i ;- 3 ·". ' "" .~ f .•,/ .;, .• '.: 1-; 

'; "-.,·{ "'\•..::: '}~ ~; ·1· !? i1.AJ; ·l -I•·· )t: .Y {_~ ; t~ (~,J ,c;l -t ·i ;\ ,, ,-: : ~ : i· ~-, v ·:~: t:i lt\ :'~ f: 

In gen,f~i ,5 (Sfb".19.,~'!.Qlh ts 1,i,lflPMtea, ,by:, •~•,t4til 09 ,,,._, ded\lct.l~fl 
eye le ang.J,~-ltj. t~,,:}a.u!tu~t Jl s ;&), requJqu~ lft • . ·ff , 1 : ,, ,,,,,i ,: u .. } . .:. 

,f ~'f; ,} -· ... •l t, {~: ~~; r,i·,t' i- t ·:tr~,: . l i:; Ii t·: '., ·< ~ !:f !'._ '.~ t> ;-·; 
Sevend,41~t9ts are •o.-tn noting about the deduction cycle. 

2 • 12. l f,t f h\t t ~-~°'~ff,' s&4fJ!9 ~ ,te At d u It J mate 

An uns,qf,!ftl,:n~i4\;;ollt~e nftgu, ti~~ ft,e~ "'~ 4cn \h,$ l)lq sr.t~vef,, ,904,s 
as ca,"ceae~~\• \ttr~t¥t. lif ~ 'f ,~ t~c:, .... ~, Ther;e ,aFsftr,~WO .,k i 'tQf Alf, 
fa I h.tf.~, .. 1, Al.; I !t•cf~.4teu, ,~ 1,1..v r:,, ~as. :,no,:, .. ctes~enqa('.1\$. ft; ,,.~U : _,.,. 
becay~. !1J,f"' \ti• ,a~•& t•~1rlt~, i,v e, t,; ,~f Qf , t tl,1t,; par\ i, ClilJJn '" a i,lf 8 ,at)~. 
sea ec;t:,ct, 9~ ♦\ Ja~ \I~.• t,i,., .. :a~f\tm,te ,,f•.!!J!.~ttf, h_.$. ii\11,1ne 1 4'~ tn~u.e 
suc;ce~1"t!t I)\\\ \tf~f .. .-fot;Jf.f•,r:talf,1Jre, ,:,,ttH: entlr1! ,$i¥lt\'itt 1qo\e'1 
in an:1.1J\ll!a\0:i:t,~•YMb.;~t•s~,\s 'tfhrno,tbjn9 t>iuJ. faih.tlie.spa,~dt 1,s 
tips. at,., 1\ ( . •t~t:d.1 t~, i (a• l,~t: fiS-. ~ ,_l t.: l.s tan; i.n t, r,s\ \ng /Al; "b tettt :,\• 
des l,gq Jl!!PL1ff,ft;.iiJwQl~i-$Ot u \~e .: qfdt!~tJ;Q,(! ,,c;yc te, iftr l$tthl4" ttu, SU~~''"'' l~tttf,h,l l~\;"3!1\1 )fa,~•~~es ,a(;J! 'FtP\r&c •U.:l ~"•U: <tSr 
p9ssJ.,t.!,.:'l4~~o¥• . ~~tra computation. ldeat11, alt failures 
would bit. ••••d. le a11(1 would be recognised as such In constant 
(an1il,<~or,\l.jta«,." ;:,,;.,fl; .~,-. i,1"'~\ ,.;, , ,,, 

• ., tr:l" ti, ,c;,/:;~- ·,pr'-'~'<•.· F;f,'--'/":I.' ,: ,·•\' ·'f;.!'">'..-::.·{•~·. .~ 



2.12. 2 Nondeter,minaGv, .. JJ,f ,Oequc.,\:itO'l ½;>'Cle 

There are several sources of nondeterminacy In the RUN step of 
the deductlon cicle• 

The most onvtous ot ,tf\,e9;e1 .ar,e the 1,,x.plj,l,'.::\t ciho.i ces .'1al led \q.r f~'1 
steps 1 and z. ln, .Q<>tt;\,fas•s,, t.h~. c,nolce ,c;;<ln b,e;~ad4 uni formli 
and cheap t y according to, 1de f,auJ} :Cf' i te,; i~ ,wtJ i ch ,.· a,;e .. t?.y I \. t. In.to 
the system desl~:n•, F.or elC . .:Jll!Pl;e, .Jn .our own syste111, ,t,h.e default 
er i ter I on for the cJlo i1c•,.~,qf Xi · hs t;q, ',ct-Joos}~ i ,i(ways · /\,he· vct.l'-Ht 
K• 1. ln the PR.QLOG ~Y+~,tem,~, ~~e,\~(!,lectton iA s\t;P + ts fn 
effect ruted by a si,mUar>.cr,tt,eri:on .~,the tirsLconst,aint. (X 'U ,,, ' · · e } ,_, ,, ,," ,, ,' '• x~, 0 't 't·' T ,_- ¼ ', ._, ,,. ,. -, > "r' .\ .,, · <-· ,"., . ~ < 

l.s se I ect.ed from .a w.~tJVfG w~,i~h i,s reJ,1,reseq.t,e~ ,~n e11(,e<r:t 13$ 4 
I ist. ("'e have tQ say ,~JfJ ';f;ftGi~., becau,se in t.a,ct VJe tJl(Q(QG 
systems handle WA1ll~<t ,Qynaflti<;a,lt)t1 ,\.n, a)>,ck.~,rack.·mode ,of.,,.wort~l9g 
which never expUci.tJ,y re;.lll,t,t,s .the. wtu.iie lfst a.t once .• J ·· · · · · 

• ' ,-. , -- ,-- -, ,,.,, · · ., ·-,, - ' r ._ , -- - ,- . · ,,: < \ I 

The Se I ec t. I on Of t,hf no;d~,. ~ .I~ s\ EIP l. Can,, ( ~s ~fl fae .. ttio~d~ 
systems) be made ~cc,a,r,dir\t to tJ1e 11 9e.ptJ1 .. first" ·er lter ton in 
which the younger members of wilTI~t are ch~sen ·before the older 
me111ber$• This may s,,;flle.times Jead to the "depth first runaway" 
situation in which one or more noaes in WAITING are never 
selected oecat.1se t.hey 1at,~h~«JYer ~h"' youn,gest. In pracqce;other 
considerations lsee the discu,sion.below of the_deductlon wlndowi 
precauae an lnfinlte :fepL~ firiJ i~o,wa1, b~t;e,~~ 1 \~e·t1nl\e 
versions of it whi~b ar.e allctwed .. bY the,.d1utuctlon wiqdow may be 
thought undesirable. , Av~idan~e· of depth.first runaway can be 
economically achieved~, tet\tng the Jet,c;lon in s,ep l ~~epen, 
upon a quantity whi~b caQ be,1qmp~te~.Qnc, to, all forie•~h nqd~ 
when it is tt,st generat.~d., Itits qyaotity Is the "sotut.ton cost• 
of the node. 

2.12.3 Oef initlon Of so•utJon Cest 
' 

The solution cost of an.ode (X Y) is simply a heuristic estimate 
of the "cost" (in arQitquy unit$> ot, Qbtaining . a · .. solved 
descendent of (Xv,. OrdinarHy we estimate this cost as the'sum 
of CLeNGTH Xl and the,depttl of. .(X ·o, whi~h h nu11ber . .,.of nodes 

, , ., '" ,, • , •<I'' • , • • ,· ,,, • ',\f ,,,.. •!, ', .. i 1, ( . ,' •A:< 

preceding,, Y) on •ts bfanch ~t the aeductton tie••r t~~~ yfe~ 
may select any Jineac ~•mblnation pt ~hese two;tYa~ttites ,s ,h, 
cost estimate (see chapter 8). The selected nod~ C in step l Ii 
then always one whose solution cost is least. This method 
coincides with a ureaqth first dev,Jopmeot of the .. , .. ~ree . in Ute 
ease ~hen t.he soJutiofl cost•'~ nq•~ is ~a~•• ~o-ji'l\~ depi~ lP 
&be deduction tree* 

We ba~e also provided a "PR6LOG" mode of operaiion in which the 
$e.an:tt., ts stric\Jy dct1>,tti fifs~., tH1i.s mode goes 1:10~ incgr:porate 
•t1Y other $ftei::ial t,a~µp:t~ of ~ROl...QG:e>. ~etaits FOf:lC~Uflfng mode 



I 

~~1icttoh are ~ii~ ~-,~ij'ii~~h~bt~~ 
1 ,, .\_' ;, ' ' 

2,iz., The Function SEL 

TN~ sef•ctioh oft~; v~lu~·ot K ih step 2 may welt affect the 
total cost I 9f f0f11j)Uti~g . the ,Sr\ 9f s9J ved descendents of tt)e 
selected node. (X 'fJ - jocludJng th•f:iarfi ~uH1r' ca1e wtl~ni inls s~t 
Is empty and ,0( Yl .....• , tt\t?tetore ~·· fai14re, ,,Hol!feY,r, the 
potentfal benefit of low~ii~g~t61i ~~st,1, off~~t ,~i t~e ,,~!Pl~ 
of making .. the. chotc~ •. Ihe l~ast,:ostfy selectlon criterion is 
that used by tite PROLOG s:ystemf <ind bj ~ur' o~n system as tts 
default criterion>, nam~Hr, ... l$ ~.1, , We have not provide~ the 
normal user ~ith any ••ani of dverridtri~ytKe defaui~ ~alue for K. 
The present discussion 'B i'nt:encied to hign'ti'ght an opportunity 
for the system designer to add a tu~ther,layer of .$,Pblstl~atipq 
to the deduction cycle 1 by 'maR Ing the choice of "whlch''pfedlcadon 
to resolve ~wai" d•p~nd upon particular features of (X Y), rather 
than making it independent of a11 sue~ feature,. 

' -,- ' - ,i ~~ - -·,, .; ,-

z.13 tHE oeoucrto~ ~rjoou~ 

Since In general the dedtiction tft,e can be Infinite, It Is 
necessary in. some .. c.ases 1 .to .. truncate ..•. theded'-lctloo crclt, and 
accept the resultiflg 1triefhaps incom~lete{ set qf.sot~t,foq$ af (a,I) 
approJCimation to Ute tuq si~, (whll!fl may·b,e 111ttnlte);1 

••• • •. 

It ls desirable t~ m4ndge i~li irdnfatjon dt~cit~tfy ~.nd to 
provide the tOGIC use/ wl'tff some confr<>.I Oi~r its· ciet4t 1 ~,,. Ttii.si 
ts the reason for the deducti'd'n window.;/ . 

Th·e deduction wlnctow i;s a coJ l,ection.of parameters .~hlch. 1can be 
set in vario1us ways by the uset and which have default values 
which are used in the a.bsence of user-provided atternatt~el• 

The deduction windo~ is dtsc·ussed1 \n more det~) r rri <;nl~tti'.r 'l• , ' ' [ '' ',, ,, •, < ,,,, ' ·,/ 

Each parameter in ttie 'deduction window Is used as an 4pper. AQl.411,d 
on 'an associated quantity measuring ~ome feature o.f'tne dedu~t'fort 
eye le •. Th~se · qua1ntlt I es ·are tRfE'S tJE, NDOf;SflE, ·;AsS~M.Ttq~s, 
RUlfeS and OATA. . . . . 

A1t>a given moment in. the exe'cutlon ''0
1
f ... tf1e. ,;d~d~ctfon' c'.icte 

TR£ES tze f s the' t.ofa' f .'t.number Of node S ':wh I.ch ))av~: so ffr· !,re···ebSeleZ'.:nE: 
f.etielated •. Tti'e ~uN:1f~oJi' •.s t,erm}.n.ated. ·c1;s. sq,o~; 1;s "' 
tfxeeed s thJ bound set f'or it ··in the ·deduc't ion w I ndow. · 

in, lmpf lei t eon•sttatnt ' ( ~·· ;YCt :se lee t.eA: In( ;s(ep'. l ''{t tt'\~. body ,of 
tftit IUJN fo'op ts treat'ed a~ an· immedt.1t·e failure (hence dropped 

2-lt> -
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.. 

tr.~••~\llfjG w.itl)qut pros,,n:,:> J.{NCIO~SIZE\X Yt, ..... ASSERTIQNS<X.Yl, 
~U~~SCX "l anq OATA(X YJ ~re ·IJ~f ~tt '1\f1{ff ttie'bo:unds lqe'ct1 f1ed 
fof t.hem in the deduction window~ · ·· · ··· '· · 

NOOESllE(X Yl ts lLENGTH Xl, the number ot predfc::atlons in the 
Con St r 3 i flt t i St X O f ( X Y ) • ' "' 'i 

ASSERTIONS(X Yt is the number of nodes which precede (X Y) on the 
branch of the deduction tree of which it is the current tip. 
This number is the same as the number of assertions invoked in 
its deductjon. It is O for the initial node, and isl greater 
than that of its predecessor for each derived node. 

RULESlX Y) is a quantity stmi tar to ASSERTIONS(X Y>, but reflects 
the classification of assertions into rules and data. 

RULES(X Y) is the number of times a rule was invoked in the 
deduction of (X Y), and 

OATA(X 'O is the number of ti mes a datum was invoked in Its 
deduct\on. We obviously have, for each (X Y) in WAITING, that: 

OATA(X Y) + RULES(X Y) • ASSERTIONS(X Y) •· 

Thus the deduction window serves as a truncation device which 
ensures that each particular execution of the deductlon cycte 
wll I terminate. It provides the user with both a global 
(TREESIZEt and a local (NOOESIZE, ASSERTIONS, RULES and DATA) 
cutoff control. All the bounds in the deduction window are set 
to system-defined default values In the absence of user-defined 
alternatives. 

2.1~ RECORDING DEDUCTIVE HISTORIES FOR LATER EXPLANATIONS 

The system can be asked to explain the togical genesis of some or 
atl of the members of SOLVED. The deduction cycle so far 
described does not preserve the jnformation which is needed to 
provid• such explanations. At the option of the user, the 
deduction cycle can be modified to include provision for keeping 
a record of the "history" of each solved node. Such a history Is 
essentially the branch of the deduction tree whose tip is that 
solved node. However, each node In the branch (after the first) 
must be taoelled with the assertion which was Invoked in deducing 
It from its predecessor node. A request to expl~in a given 
solved node can then easily be met by constructing from its 
htJtor y a text of the sort it lustrated earlier tn FIGURE 2. 

The extra time and space needed to operate the deduction cycle In 
th~ historical mode are not so small as to be negligible. The 

- z ... 11 -
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user tharefore wiil probab1y decjae to switch the deduction cycle 
into this mode onty when the availabit ity of explanations is 
worth t i'ie c iJs t,. 

Eiq:dandUons are Jiscossed in more detail in Chapter 10. 

- 2-l. 6 -



first,11 
cons Is ts 
worksP.1~• ~G••~~-~~.iu~ 
des er. i i;.led. 

IN LISP 

'that ,J, the "j'~cHUe s:fte~\ 
functions which live In a LISP 

~~09tt,,t,~ tacttit&,i 

Secondt ,,,~.Q.Gfi'·t&::,t:.~i,.lo~3ttttJJ {~~t~(G: (ts~. '\'iftHf\it~jriJ tRat 
the LOGic'.pfo~ranui~r' can"invoke LISP tr'om'withln LOGIC cat ls, by 
incorporati~t in ••••rt tons and queries pieces of text which can 
be hanq,d\:.',,ttlfdrtliLISP tor processing. To understand how this 
works 11te nee(I to d(S.Cf;ISS the notion of LISP-sjmpt lfication. 

t>1~1~e [o~lc pr~c,;;~ i~,f~& t1,; 
e ms and predications arising ultimately 

from tb~;Jf:IP1'.\ c~o1ir~J,ft1\Hst •~a trom .. tbe.\ assertf,i,s tiaJ,d, J~ 
c Ofl st r u~i.t,,,•' ., ~ i,iil,ei ,\ f ;,H . t'R~ e.,r ~t.; , '~ S9~t ,: ,j ( ' ' i h~ i fi :J~e~ C 
exp r ass' ~Jfi· "'"' 1110L ,,, •. ~;.s •" CJ j ?,~SP:'! re ~~i ,i pn ;.tis, :J Jif 11 l; '{ ogs amt'' nt 
constr.,.~ts. In that case they may have a LlSP value, or If not 
they may na capa•t• of some slmpt4fitation. 

For e-.a~I,,f., lt?f ff,fl:i,ff sJ ~o 
., ... ,,.,,..".•\I t·J 

is botb a LOGf.c·Jef~ and;,·a t1isP conslruc't •. \('e''~ui; shoft names 
+, -, fx,affil,ftlf{;; tpf ~1,&~Jup~tip~~ f:LY?' ,P}f;~f~f.'1f~? lf~E~ a,;,d 
CUOTJl:'ltf,J l~t~J~ce.l,~}t'?! n•&e,,.,t Js efl\Jttal~qt !~ anf;;: c:19 ~! 
rept.::1c,1dnb;r;, ,tis1, 1,1.Yf~f,t:J1,1 , n,1e,11 .. ~he 9\ll}lefa,A 

.~· ,k t. . .~ ,, ·::· !1 :J f} .,:r · t1:0 c,hJ ;;::: · 1/ 1:J l At· l,,J. ~ ':~ 

filRi f 1' lf Pr 9 ~.~f e fl~ ·ff t ,,f ~s §1° !/. f'P lfi.~; ~f f 
J~cb re9J~c1~1nt5 oJ ,~p(eJsieps br .. 

•"' •",•r .: '. 'l' • fc, ,\, ,-i, if ',''1/ •'t, J!\ .. '' ,, \ f, ,.', f > 'f / .. ,,, ;.''" 1 i,, "'i'- f '.' 

fit:e1: ~fl~4F* R<tV 1Ytt\,!"Ff-Pf~JifYf!].~ 
COJpp~t.~H?P ,.~,i ner ~.,n y C~Qf 8 i .r 1•fi

~b~,,~ .~,~ff.,, np.,t~ ; JlXf I ,f,~,f;~e; ;;;f J}j s · i <tea~ 
no LISP value Uie LISP construct 



Can be. $lllp j i.f i.el,fa ~ ""' B•e~uttatent to and can be replaced 
by the sl~pter expresst•n 

even though the> l.atter is .not I ts "value" as In the first case. 
In gener••• •• ,.JfUtl,1J.ft ♦ssion: 1ta),~11el t; ftedu,u~" to,.'another etcpresston 
even when it wilt no.t, in the usual sense, ttevaluate" to a 
"va I u e~ •. , 

We refer: t.q. t.tJi$fp&oa;tss of replacing a LOGIC expression DY one 
which is LISP-equivalent to it as .. LlSP-slmpJificatton ... It can 
be done., t.f.h1•flt •~f;X;gt,esi• 0fttHt,r,an:,.t \j'tme and,, ts a t.wa,s det.;tee.d 2 1 Uu.1:t 
may be.nmerely \t'HJ;1f.t.«t1.l·Jyt,t,;1;aesf\ormathm h , 

3.2 

Cer ta In r,ef.iu~tioo fl,Wli•tt.ffe;il:nH H i.nt.o .LI se I ts•et,Jr:,aod ccu1e :a11 ii"' 
the $YS\.em 1ttu,1Lt1ev«,.1!'.it1ilt sets,: up , a 1.u,e ,,iwor_,k.space. flat ts, 
certal,_ f;de:qt;lttii'trt:i.*•r• \Gtftne.ci as eenoting nbuilt-+tin ,;:t.ISP 
f unc t I on~ ""'111,A,,&t ,r,ilt. tff:,ijtl,it •tc~) w:or, as: .t,he ,kieywords t:dt: noatf.t .. i• 
spec i at ,f 9t,11Jt il:cCQli9,t i~J\l.}•r:i"lQGth ..,e t.c, l:. 

In addtUr.tqtJ ,1\fOJ1~.l\fl•e, ~ l l;.t.'i'!!l'n :L l\SP. ,def.i ni,t loas t 5a LiS9 ••or lfspa~,e 
may 1;;q,.n"l:Jl t:..f UJ,til.,.I d e,f,t•i;,t i o n,s maa• tay, the HI sef J ;• eo 10.h1ct,l on 
o t suc.h iU.S~,:: .. -ce!.,.es4,."ii::·l $P 4,fk f, l ol t.l,i;o.n5,,1j ndeed ce,as t u.1.1tes 
pro gr a•• 

The Jo.ln,l, eittaec~ Oct"t/ttte· s,y{s,,t..;,e11~ antf.; .. wse.r..,..imp4sedfr,a,:eftAlti;dflt1 tn a 
LISP -,orkspace is to determine a notion of .. r educ ti on11 • 

(;';':.fi•)i 
E ac4 L -~~.1&ort•\rU'-\w,nt:s ti,-i ttt,u, ,,.,,.,.edu,c t.o t1e or ir re da,ci!8'l1ea', I f111,.:e :·,t,s 
redu,citl1«,tt:fi¥"t..befl:* ~•• ,,ano:ttnu::, ,LISP e•onst,uct cal'led the 
reduct ton of et to whtch e is LISP-equivalent and. by whtch It may 
be replaced, 

Ace or,4:t,.l1tt,1 .• ;1"1f8l :f_,~iy· ¾/IU1-,tt tttte t,s i,.,.~,f i.if ·.tcaiti;on G f .tRs,'. I •tfi,e,..tuai.·'1:•te ~JSP'• 
constru~t e ts• i~~•••• white tne simplification of a-reducible 
con str ucti :~ "l'li$•~11~tilc•,ttu<;tt.;,~41 af;.11,.;;· Thurs, r,s,tmp t•t•f t~at.!l'an I~ acl ways 
defined. lt often c.o.in~Hles with evaluation - that is. the value 
of e and the s tlon of e are often identical. But thJs 
ls ,n(;l,,l, 1~•iPit~iYli1,,t.qYt~.~<1~ffl!li~d: ,~toh,tt: •M t:\'l'e r Jc,f':attVtJc.1\e s • s••e •;e:ca.r e -'" 



For example, the expreSSiion 

is evaluable and has as its value the expression 

(This Is an S-expressionl 

but it is irreducible and hence is its own simplificatton. 

The eicpressl-0n 

( * ( + 3 It) tZ 5 :d ) 

tl'as no value (.since ,its s,econd atr,gument ,e~pressJon cQnt.,ain~ 1,itn 
occurrence of a v:ariallte.e•):.ibutrslm,pt,Uites to the e)(:{lf':•essJ;on 

,. 7 (% 5 .x Jc) 

In generat if a LIS~ constr.llo,t. ,e; .,has,,an :atomic val .. -..e v ,wqlcq, iS'~ 
proper. name, its shipti.fl'ctat.jon is,also "• :Howe~e,-, U •'Lts;not. 
atomic, or is a variat!>ltfh• .,t•he s1i'mplif,leatlonr1eOf ct ls the 
expression (QUOTE v>, rather than the expression~- This is at 
first a somewhat surprising feature of the simpllflcatlon notion. 
A little rettection sooA snGws its naturalness. 

The intuitive.notion of sha,pl Hlcationiis ·t.hat It always ytete.s 
an eicpressi.on which ~.lfllJOt JJ.e further scl•mplU•ie4 ~. wt\h:tl fSI 
lrreduclbte. r\oreover, an expres.stirn e .must. •be 1..lSP-r:Qttl.fi\'aleqt. 
t.o the simplification. of elf.., ~nd.,,~J'liJS:,,means that u. e bas the 
va.1 ue v so must the s t.mp.l i.:fdcathu1 .ot e .. · .;t~ese t•o 
considerations together requir,e tr,at the slmpllH•catloa ot e b.e 
fQUOlE v) , ... tree vafue of which h v - whenever the expression v 
might Itself oe evaluable and have a vatue w distinct from v. 
Only 111hen v is a proper name is.w necessarily i.dentcl,cat wt,t.11\.,v .. 

Note that one effect of these def.i,t1HhHlS is to establish a 
convention for quoting atoms which djffers somewhat from that 
used in t..lSP. As an examplftt tt1e lHlGlC .expression 

(NEMB&R Sorg (QUOTE ttoonors S~rg Evert.I)) 

UlcM8ER Cf.lUtJTE Sorgl (QUOTi Ltoo11HU$ Borg Ev.ertU) • 

The utility of the LOGIC convention becomes apparent when one 
considers a predication such as 
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B ef ore proc eed.ttrt"'it:1tt,o ••ta U'ltd. e xposH 4 on of the an.let ac ti &fl 
between t;..fJG,IC·il1. afj, re.;,tea'tft,e, C:tass:tf'tcat:.loillo.fi•'t:.ISP 
objects tmposed by L.OCHC. Recall that objects are either 

1 composite,~,,tcoJ\1$t;fiilr#t.i•11,s'l A(tJ atom:tc.-z: Atoms atth ldeftttf,twr'I, 
str ints OI' ••••t11.1s. lde.ntlf hrs beginning wt th a lower case 
letter are variables, alt others are proper identifiers. Proper 
i dent ff i er s , s tr i A'l s an d n~ auH a I s c on s t i t u t e t he c I ass o f pr ope r 
names. ft:.tl' teelaieal ,easons, we prohibit the use of the 
character tt:• ,ln ·. var i aol es, . except tor certain "subscripted 
var I ab I es• c«:ttat••*·'"i Ct.0£/li'tc .wa i cn1· • i I t ·be, e•p t auuid' I a,e,~ 

GenerallJ :tpvak•ng, we consider that the "applicative" expressJon 
e • ( f el. ••• efO is tJ.ilLtitllJa if f is the name of a function 
(defined: itt .1i,i.lifi'¥kailffi,i:el1t •••, en are themselves evaluaole. In 
thl s case we also sav that e is t.~5JM£.i.!l!i and that the reduction 
o t e is the va,&ue1•0.1°1u1t quote a 111uin ner«:es sery a 1 1 expH1t ned above. 
The I att1r,,:.,::f,s~H~ebtal1uu1 BY ,: 1,ap p I y i ng f to,, the ia1ues ef the 
argument 1u(p.t:•.11iotts• 

The reduction of an atuitrary applicative expression, in general, 
is obtai fl'.1tplae.in1;oteurrences of• Us o.wter111.ost f eauclbht 
subeapr Sll't1nrs 11tu1••~·entes,~ef thett reductions• 

We peoceeth>,,-..a_.,dto p:,eche. detlnttioAS of utne,: 
e va tua bitii t,,•,,~••••• ti i t•t,.~:~a m1 redutt lrin •' we, sl'la 11 
expressloa:S .. t.ff,i,s r.c~es .•• .. s thotaghr t'-tey ~ere ex;Htottlt 
represtnted.,,!f, llxir:s1:W•t•'~*ih1 the LOiidSP ,,ste11i,,we oontpate<•the 
reduct ton,It:iiOf;:,:iaa,,,tJtKPt•ssion ,ttect,ty . fr,om:4 its lttf)l lctt 
represen.t.ati9n1,' tl'~a1,:: •c•nll)mical!ty>i as we' can, Jhe • resulting 
reduction is afs.o represented lmpl ici tly, wHh the same 
environment par 
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cs11H11m;a•a1.E t,fH::tJ#~s ;;wn.J: en: ar,;e ,.di S:C!J ss•<t ,b e.J QM, Wit., ,,.S~¥ 
f'l••!J':S\iibOfll) /{@; bi ;;e 11 {♦se:?«, l~,N 1.: ts !XUita.D,j.ja, i)f, 

U) f h a p Jdentffier with property EXPR, SUBR, LSUBR 
elitr,~.:,-i<t8t1 eN . .c;1ar,,,it eval uaaJ .. e, i,ft,1.wh4iq,,h C-t'.i,e toe . Oil' ··. 11,AQ~:Q 

·v.a t,u,.e : qtf, i,S;.li:Glti:t.a i"1ie.d Uiy,, .a.A:f.t.J, yJn,g f ;to. ,.tt1e l ~ 1,~e ~' ,,~t, 
;(:fl. .. ; •·•••'rf 

(2 l f , is, 1a ';:~i:i0P~•t,:i.d:4ta,t i1ftlHt:I! ,,. it t,1 ;proper t Jpif;E~ Pit ,,or tf,\UBR,, ,,in,. 
wh li411 IC,•cl;Sf 'n1it:tte1 va·l 1.Ht i)Gl e i!i' t1he ,r,esut t •• ,capp,l,Y ii•g lit \$c 
Itta' 8llPil!1tista,ftH. j,s,tc lel ••• ero. (This ts just the 
standard nothm of •appl icatlon" for FEXPR's and FSUBR 1 s.) 

A propef' 'Aiil.iit,~ 
are not .>evahl.;ttl)J 

3.5.2 

Again e•cept,ll'Jl'f¥¥,~81!il;ai*fl1'l''llllit:lfltillal1 fQf!pStl an appUcatl,e 8lfP,.(;f!tSSi~a 

e • l f el •. •• eN'J.ji,11,1teal1Ki!ll.tst it 

s evatuabla as above, in which case the reductjon of e 
Is {rtne liitutt :0J:.;1e, ;.,v,, U ;y, ts a proper na11e, otherwise 
l C'JUO TE v t . 

or e is not< evaluable, but 

(b) f is a pf'oper 
eJ(pressions el, • ••, eN 
i'ttua,-et ••·A:l,O f e is o e 1 • ••• 
s Vas> u f i i on o f e i • 

and one or more of the 
reducible, In whtch case the 

eN'), where ei 1 denotes the 

Note that atoms, whether variables or not, are Irreducible. Note 
further .\!itJatjreJl,tea,.iooil!i tf, el. ••••seNt, l•o whtch f is a ~ariahto, 
a nuat1>et;.,,2orli;f gdeet, aQ.y tnJn fJ except a<. proper t oe"'t H·l,..et,,; ,ate 
neither. 1e1aluiblie .· or cadaciblt•, Ttlis <HJ.t111en1ton 1u1y a, 
Justlfi•e:,jnt.uitivel• on;Jtbe ground UH,tt one dotuulllt•.ka.ow,,;.,l'l<tt to 
do in ••H•~•• case•·. we could, in fact, extend the definitions to 
allow f to t,e a lii$b'da expression, say, but have chosen not to do 
so for t1t11f.p1esent,. Such an extension would complicate matters 
signiflcan:tly ftfs.t'lo{freat advantage in flexibility. 



I • : 

in addiition to· the expressions just considered there are a number 
of special forms which are evaluable or reducible or both. ~ost 
of ,these ar-~ spe'ciat fo,rifns: O'f LISP. 

s,nce the syntax ,of' specfa I f'orms is the sain'e as that of 
applicative •forms whose functfon<Jeslg'fHttcrr is atomi~', llSP 1use'fs 
often s~ur ov1:H· t.tte.aiit.incnorh It is,•how'evet1t lnost lm'portant 
to remember•. that the LISP vat t:1e•o1f a• specH!lt ·form I!. NOl btftain.,d 
by ••applying u,e tunction·denoted' by'' ,.ft.s heat:t to· t'he ob;Ject 
denoted by fts t~tl" - that be1n, ho, tftl ~ISP .~,u~1 ot 1 1h 
APPLICATIVi form ls,obtainad. 

There is a ,spechtl proce,ss set up far oota'in'Jng the"LISP v.tltue of 
each special form, t.o' wnlch' a LISP interpreter switches on 
recognizing the keyword tCOND, SETO, PROGN, QUOTE, etc.) of that 
special form. 

This little homily would not be necessary If the 
applicattve forms were designed in the same way, and 
forms were tagged as such by a keyword, say, APP. 
frequency of appftcattve forms In prdgtam~ wddfd 
convention burdensome- N6 one want• tb Na~• iffti 

CAPP;• UPP • 3 4HAP:P SIN 38H 

Instead of 

(QUOTE v) or (FUNCTION v) 

syntax of 
applicative 

The high 
11ake sucfl'a 

F'hese fotms are a,lways evaluable and never reducible. The value 
of either form is v. Both of these forms are "immune" to 
instantiation, that is, (QUOTE v>(E} Is (QUOTE v), for any 
environment E, even though the entity v may contain occurrences 
of. var ial}les.· 

(.&:;.IST 

; s t,-;eated .,as though it ~ere an ·oniltrtal'y functldn .3 ( 1ain t.!9U&Ri 
sayil;· desptt,e, ·t,ne,·faet Ut'.it··UCI LI'SP· i:mpt:emfints;LIST •·tJy ml~ns of 
•~ fiUB~ ••. 1.Ttds. i,s ,just .lwh.at:, one '11t'<h.if'tt •nat•v,-el;y"J•e>ipect. 



"s•• 

tAN0l is evatuable:~nci f'·tHJdcibte with value (and reduction) r. 
l ANO el .,JS,i'.tir1ft,j1:1.«~1, •. Jl,.~.~1-1nrdi ,;iir,,\s v.a t u e and reduct i on are the v a f ue 
and reduction, l'e.spe:eti veJy, of e. If el is evaluable and its 
value i,:S N.LL. t.ittdn UNO el .... eNJ is evaluable and reducible and 
its value and re.duct.ion are NU.. If el is evaluable with a 
non-N l L ,'i•a l0~'-i'l:t.•• itill~ ;~'#~ctil{~Oii t.i.itY,t ✓r~4,U:C i qi 111 tw, I;• t(A:\~ey!r 8f'\t1, 
reduct ion of. 't!Attfi,;•l;;t•~ ,ig~:N)t 111\lf ~\ ,1iho;:1~, :'-\fl· ttANO ':ei. :~ -',•, n~N ~f"'• iJ: l01f;~ i,.l 
Is not . e v,al u&~ltt tthen t4;~ . e\i.,.,-:. •,~l'H i.$; ,r edq;c i b , . .; ,J\11~,\ tn Q<l,S♦. 
el ts .. r1:u:h.1ci.tbJ•••tlarutt~~f/efre<11.u:ti•Qcflli,,Q:f .,lt, is (~,,,.Q,el' ei· ~,•·• ,,~fl>,. 
e 1 • be f,ng ,,,,h~ .1;e•,-~i G\41 fof;,. ,,i;,.k "vl,ld ofJ. \:t'! ts ,,c orrr•,'iJ&Ond~ t~. iL l SR 
usage,. Ute c ,:~;w:.nct~~~~i,~¥.Y tr~;Y at,,u:a te,o in .,o.r de, 1,a,o.A q;n.,.y a~, ~1,ar ~<\~. 
nee essary, :ito, .dete1J•-- I;~t1'1•i~r e suf;t.t.,i,. 

·.'i {:,.,t 

(OR> is evaluatlte.i•na,i,t1,eQll<dt>t,.,~-Ht\ val"e<ang re4~c;ti.~tlJ5 f¥1...1,. •. , 
(OR et is re~ucl¾.feanai,ts vah,.,aiQt.Lt:eductiorn:.u~e the ,.,t,~ft<f~G 
,·eduction, 1,esp•c;.t:i.,.\y11;df ., .. t,,,.1 is e,<iiJ.ua•te,,,~Qd tt,s ,t1a1t.t-. 
t s non-NI,L ttun, <i& .. tfi,J.w, ·• •"• t-N •· tc #Se;V,~ I ~.ab t e aQ:d tr •fuf itt,..Je, s•n\i ,!~~ 
value and•IM.Ui"dtfof!l. au,,it'tnniat0cm T. ,.If ,,col. is evaluc1li\•,9; wl\n 
value NIL tben ~,._. flYa{uabitity, reducibility, value,. and 
reduction o.f lOR el••• eN) are .those of (OR e2 ••• ero. If el. 
Is not evat.(r.aal• t'btn (OR el ••• eN> is reducible Just in case el 
is reducible,. and.the reductLon of Jt is (OR el' e2 ••• en>, el' 
be.Ing the f!le,fliCilont:t',,1:illhk,i«I\• ·,All ,,flt ttH~ c;;orre5:poqds \ct .LISP 
usage,. ttJ:te, a,.,sj1:.me•s ,e.ia,9 011al1.11at ♦(i ~n<L:O.Ol~;if$ f,~r: ~~ 
necessatr::r,t.o,1deter'.':R1i\Gt \Ile Stlh•. 

( CONO 

lCOND» l,s::;efa\f,.,l\llte a11d reducible and its value and reduction are 
NIL. If ql is (.e'O ••• eM) then (COND ql ••• qN) is reducible 
tana pc.H1stbf1 eva.luapfel Just In case ·eo is reducible or 
evaluabte •. If •D. ls ,r•ducible but not evatuable lhen tCONO 
ql ••••qlif isJrt:f•~•.t~'t,e.,~w••n.f:e~uctiOOt.UZQNU (~Qf; u•elJl)y,,,~t• qfli) 
and j s Ito t &fll'll.l,!.~l e!~ lfiAt Q,;;, is .. ev.-1 uab I, e, .., itd) 01>0-tfH, •• t ue "•· 
then t CQNt),::q lJ 1.l ., •"'· t . tl t etJllic. b I e . :c,,ia llld t;~s • V it.( ~ab q i t y I 
reduct1'ora af;ttl1},vat,,,,,c~~•t•'~tl•$ft ,i. ·UH<~GN1,(<JtJQT; 1J ,;1;,,t9p el'IJ~ l;f 
eO fs ev.atu,t,bie wlJh~alue NIL then tne evaluabll ity,. reduction, 



and v 
of ttri s 
the s 
"arm"• 

(PROGN el ••• ' _,_: ,, 

are,1 tl'lo's'e 0t ( COt191 qf 1.\.,. llN At) I 
C.l'iP'tptailtif c:e 1t 1 slntt, 1!! PltOtift mim1fc1s 

"'"'ltHc~rei'iibffS1! ., a1ttbndltlona4 
',-' -/~ 

(PROGN) is e~ii~ibf!llnd!feducibte with value and reduction r. 
(PROGN e),fs ed,Ue'i'J"l•ila0#'~,f:'ts e9aHtabillty, reduction, and value 
are those of e. !: It ,e:J. cf~ reducible , but not evaluablf\' ·. then 
, PR OGN el .• .,. e~l\'Y. , (;,tt$'i[, I #ea6 cNtte . . 11 t tn·r .. educt 1 oh 
< PROGN e1• e2 ••~ 1+f1~j1,j,11feil.'l oce tn tfle ,,eutJct H.tn of eit tt et ti 
evaluable,· .. ·.·uHn:·,<".f1Pi~Qi~lft,,i,ttl ~ •• eN} is reducible and Its 
e va I uab i Ii ty, r,.edg:c.tlon, and value are those of 
(PROGN el••~ t•J• . 

lPROGl el ••• e-N) 

( PROGl l Is e:Va)ti4.fl)l,ind reduc i b I e with v a I ue and re duet ton T. 
{PROGl eJ is red1.1,cU>J~ an-d its evaluabl Ii ty, reduction, and value 
are those of 1e. ff el Js reducible but n~t . evaluable then 
(PROGl el ••• tttlii' itt• . f"fHiit'lci'IHe .. wU.-f-t . .. ;,;1,t'iouction 
lPROGJ. el' e?,,.,-.:i .• ,Ji 1 ",;n•ittt,tf¥e teductilon Gf'>el.- ,1'Jf 1 e.tt ~•s 
evaluable wit~ ·.· e 1, \fclen ;('PROGl ~"11 •. ~; e~U 1 ls'•r1,e;dv41'vlef~llf&' 
its evah.Ut.b.ility, reduc:tion, and value are those of 
( PROGN e2 • • • eN (.QijO.Ti; v JJ • 

( PR0G I oc sl • • • Sid 

PROGs are i•n,..ftfJ-.tJi{e-~l'a1~{i:ab1e nor reducible. There Is no 
reasonable way l~ c,a;-try out a reduction of a PROG analogous to 
the r edtactj,On llJr• :t.F .. . ~R.ft~ eiX''P re SS'i <> flS ♦ ·•a'rtd £fife ft'-ece-s~~ l0tiy of 
assignment to ld il•i\feir!f:tJ:.f•ier1t•'o·f• tt\le PR0-a,;w1ou1:if le.ab- to 
I im i ted ut.J IJ;ijyvj,!r;f~~ij•h·l~tca·tt:$ttld'$'f ✓ even,) tf ;we . 'rwth:e ~tto 1itif hit• 
some not,un' t.d.,Jf,ett,iif£,~jllt•;f:, ,f~1r1 PROGs .... 'iPRiOG' 11ay, of course, be 
used freely in\~;ed~flht.iiqns of functions invoked from LOGIC. 

< SETQ 

v and ident is a proper Identifier 
.tff@.ftti?i:l!'l;f;iz.1,·. ,;ti:.f.1''f;YY.if'U'Q"liJl:eww,ff.'h '1-Vahie ',y J;'an"d ij.s1~fcgnf •v ttt 

t;S' 1r e!d-'il¢" ft;iJ;(!}l, <iJvs,t Yi ri :.icaii,-,. '.:et · r'•s 
s .c;;Stlf.Q "'i!-d etft' e "· J'i-' wlleirel :~•1 '*f:s t-1\~1 



Note that ~.ssiJnment should be usect wath sol!le caution in LOGIC, 
since the order. in which assiqnme.nts are performed Is determined 
in part by the n~uristlc .sea,ch .rnettloas, <1nd thus ls not re<ldilY 
predictatd:?• iJbserve toQ that in order: to obtain the LISP value 
of an identifier ldent one m~st write (£VAL ident), not Just 
• id en t ' • 

l $ f LE CT O e ( q 1 • s l ) ... ., • ( qN • sN ) u ) 

Here sl, ...... sN are to .oe ti sts of eJCpressions. The evaJuation 
and reduction of the SELECTW expression are basically the same as 
the evaluation and reductjon of 

{COND (CEO e qlJ • sll 
• 
• .. 

((EO e qNJ • sN) 
( T u) l 

except that reductions 
evaluated Just once 
keys qi is a 11st 
predicate is 

are expressed 
at the begjnning. 

with SELECTQ and e is 
If one ef tbe selection 

the correspoaaiog COND l il ••• im} then 

( ME MQ e l LI ST i l • • • Im) ) 

The remain.ing special forms 
conventional LISP. They 
programmer may contro1 t.he 
order to oeaf with various 

(LOGIC <e.) 

do not corr!:ispond to anything in 
provide means Dy which the LOGIC 

interact•on between LOGlt and LISP In 
unusua& circumstances. 

IntuHivelV, the LUGIC form specifies that the result of 
evaluation is to De ragardect as a logic ex~resslon rather than as 
an ooject, the effect i11osLot ten oe iny to suppress the normal 
quoting ot oonMatomic values~ 

More precisety, if e is evaluable witn value v then (LOGJC e) is 
rectucjble, (LOGIC e) is eva~uable according as vis evaluable, 
and the reduct ton and value of (LOGIC el are the reduction and 
v a t u e o t v • It e i s n o t e v a I u ab t e , .t LOG I C e J l s r e Q u c J b I e 
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• 

accordiny as e js reducibl• and.ltie 1edu•tion~ of (LOGIC e) Js 
U .. OGlC .e'l, where e• j;s tttt 1reJh,1cthm o-fH:u Put diffe.-entlJ• 
when e ts evatuab&e, we r(Hh.tce ~rf,eyahHJte H..8GIC e> br treat.int 
the value of e, v, as. a . Joi;,i~ e,ctff$5iGn and rechuzing .or 
evaluat,ng v. In pract1ce it uiue!ty ~appens tftat t is ~neither 
evaluable no.r feducjble, in.woi.c~ case U,OGl(; el reduces•t.o •• 

(LISP e) 

The form {LISP el indicates that e is itself to be treated as the 
value of (LISP e). More pr~cl1eJr, (L158 e> is ne•er re4ucjblei 
lt js always evaluable and tt, v,.,e is e, &LISP el dlfters from 
(QUOTE el in that (LISP el is subject. to tnstantJ,atiofh tbut 
(LISP e){E} ts (LISP eCE)J~ 

( GROUND e) 

The form (GROUND e) is similar to (LISP eJ, but Is evaluable only 
if no variables occur in e. More prectseh, (GROUND e) is never 
reducible; It is evajuijtle if no variable occurs in e, in which 
case its value is e. 

(LOGIC-GR e) 

(LOGIC-GR el is prectsety equiratent to (LOGIC (GROUND eJ). It 
fol lows that if any vartaole o~curs in e then (LOGIC-GR e> ts 
neither evaluable nor reducible. It no ,ariabte occurs In e then 
(LOGIC-GR e) Is reducible and its evaluability, reduction, and 
value are those of e. 

w, shat& jf lu1trate a few appltcati9n, (or tbe1e form1. 
consider 

(LOGIC (SU8ST (GROUND x) (GROUND y) (GROUND z))) 

f;irsh 

which, as it stanos, is neUhtV ev..-.Juqble ncu: r,ec;h1cU.1&e •. Supp:o5e 
flOW we Instant i ite to .obtain 

(LOGIC CSUBST (GROUND(+ (VAR A) 3)) 
(GROUND (VAR' Q)) 

( GRO U,.,.0 t< ~ (VAR Q) 10 l ) ) ) 

where Y~R is not the name.of a LI.SP func.tion. Since no variables 
occur in the Inner expr8,cssions these are evaluable, the 
expression (SU8ST ••• ) is evaluable, hence the whole reduces to 

(. < "" l + t V ,\~ A >. '3 J .• l O ) 

T.he aobreviation ~O(ilC-GR t .. s s()nu,q.,1es useful in connection with 



no var' 
reduct 
0 f tf 
use tu f 

3.8 

'(ff *a ,,ff:E X P,it' 0 o~ ,;ii.Cf!:'SU1Hl0 ltliell 
l i Jiff if ir:ectud, f.tJBf,te ,<Ju:s j 1:,i h ,:; .:c,cts,e 

tf',5t;',;1rrf1 1ithicftfttda~e the v<fli'l.J'e an'd 
eN)) are the value and reduction 

eatment of FEXPR's ts sometimes a 
i;'iiro:dle dUttw des ct ft,'.e d i1e1..:ttr I ie•''• 

If C • Hf Et"> f's constraint and O Is a knowledge base, 
then (SIMPLER C OJ is the ttnplicit constraint which results from 
simplifyi~~on~,or mt>t~ ot the predications in C and dropping 
them Ui'ft\iy'.sl~iif,rt!f;y·"td*~trueH. Specif ical 1y, (SIMPLER C 0) is 
the r esuf t of u,e. f f ow.ing three-step at gor i thm: 

3 

i f ;/,··'I .ti ·i ':: 

do letU. ARfbethe tSEL Q E O>-decomposltion of O 
and !Ef :JbiJijif he's hip I if f cat f on of ACE} 

whose value ts not 

Int~• aEilitQIBGJC~ycle of our LOGLISP system we include a step 
of LISP-simpfitlcatJon in step l of the RUN loop. The full 

descrip~•~~ ,,lR9f then: 
,< - ;\-·:/· }> 't,,,,s" f! -,.,,-'."'\ ffe'. ),.:,;-



Nqte that the •K safected h't strep;! 
selected, in.the final tterat,on,,oc 
this is obvlousJy so l 
every SEL tunetionl• 

as that 
ht jLOGLISt' 

tor 

This means that the predication resolved away is the one which 
was just processed by SIMPLER and that it is therefore a 
LISP-irreducible expresston. In particular it may be the 
expression NIL (J .• e. the LlSP representation of FALSE). ln this 
case, there wi ti be no resolvents forthcomjng and (X YI will 
thetefore be a failure. 

3.10 CONTRl:U .. LlNG iEOIJC"flON: 

: It ts sometimes helpful to tnform cetti•tn eipnesst•ns 
are irreducible, eltherrbecause ij kno~n tn ad¥aftce~tihat ~hf 
attempt at reduction1~i •• be futite, or because redwation would 
for some reason be inappropriate• Thts~can be accomptfsbed~by 

: Invoking the LlSP function lRREDUCIQLE (which is an FSUBRJ with a 
commanq of the form 

: r 

' • : 
(lRREOUClBLE idl ••• tdnt 

idlt•••ttdn being pr.opar identl.f.ie.rs. Havi'.ng H&t:ne tSCH an; 
expression of the torm lid~,~.) ~tit tnereaftee ~e irred~et•••~ 
regardless of the nature of its subexpressions. The effect of 
REDUCIBLE can be undone with 

(.REQUCISLE 

IRtOUCIBLl:: ts also tan .,F:St.HHt ►• ,RE.8.UCUH ... E 
repeal the system-mandated t,r:educillt.y. 

: These matters are 
1 Knowledge 8ases, 

• • 

: 
l 
t 
I 
• f 

: 
; 

J. .• .ll svaSClllPTED VARIABLES 

We have mentioned before that the variables occurring In 
assertions are, In effect, renamed befcire resolution so as to 
p, .. event unintended ide.ntU:i eat.I on of var:iab.tes ht dUtererU. 
~s.sertio.ns, This is accoatptlshed t:,y •~ . .s.tilbSCfjipt.ingttr,the. vari1abtes 
Ut.,. ttte assertions with appropriately choseR ne,n"""'netatf .. v,.e 
"1ategers. Ordinarify this subscripting is hidden from the user, 
and is, in tact, performed i"mplicatly and quite economically • 
Subscripted variables may, however, appear in answers to queries. 
a.no are roullnely seen when monHoring deductions (see Chapter 
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l Q)... In such cases, the subscripted variable Is an identifier 
whose print name censists '.Of,,an Q'Cdinary variable suffixed by one 
or more su.bscriptth eacht:luuso;t:lp:tc,.conshtirag of a":" followed 
by one or more digits.· Examptes are x:7 and date:J:17. Such 

: variables, gener.ate.d by the syste1n.,. o.nt:v var.tables which 
: may contain":". 
I 

; 

3.12 UNlf ICAT ION IN k0GfllS.P. 

There are a few .points worth noting 
implementation of uniflcatjon. 

about the LOGLISP 

first of al 1, there ,h no.check per,fermed to see U ,av unUlcatiOA 
has created any cycNis. ·Such .. a.,cheo"'" l!lould, U rot1ti;Jtet1,;Jiffl.aetu 
be time-consu111tng. It appeaf.s.t.tut J,n normal; L.GGIC proDr,am•iz•• 
the check is unnecessary. Siaee u•tflcation •~_confined to tbe 
cases where the Input expressions do not have; ¥ariables tn 
common, cycles can ar tse only i.f; a.sserth,ns queri•S a(• 
formulated ln certain aDnormat ways~ 

. 
The use ot implicit representations t.tu'oughout in.a,flr c:.ue 11•••$ 
it possiole to work wit• inttnlte lcycllc) exp~esstons es t-OU9b 
they were finite lwh~ch IA a suttabte~sense they iarel~ ll ~,• 
only when a sophtsticated user i;i,sl<les t.o exctude such,,expression• 
f tom the domain· ot discourse· that their detection becomes 

nee es sar Y• 

Of course, any process (such as a naive recursive realization) 
whJCh seeks to traverse every path in such an expression will run 
on indefinitely, and the user wil I want to avoid this situation. 
Ii designing LOGLISP we ha~I assumeaithat any user deliberately 
creating such expre.ssions wit I oe sophisticated enough to use 
LUP to protect btmseU iwitlru)ut,.oeing lect111red at. bi uJ• We tUt¥0 
fu.rther assumed that any user inadvertently creating such 
expressjons will prefer to take the error messages or other 
indications of his mistake ¥hicA llSP will provide - in place of 
the expensive LOGLISP overhead which would be needed to protect 
him from them. 

3.12.1 Proper Names 

Two proper names, say al and al, are considered to be unifiable 
j ff ( EQUAL al a2i , 1/H, bott;a are str.fngst and !!lave. the same 
charecters. Thus the condition for unifiability can be expressed 
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(OR (EQUAL al all 
(ANO {STRINGP au (STRH4GP <i~J 

(EQUAL {EXPL .. OOE :al:t (£:X~V::~Q~;: azht> ~ 

This produces just the e ff~c\ . o~.e .·Jant S:t .·.·t)(Jt ;.;~() t:~ . fit.at'.. '·d .,~·t irtC t 
Identifiers with the same P~Ar,E'are'no( vriiff~6iJ 1 (h c'aiiQJt;•t>e 
the case that both are lNTERNed),. ·• Tti~ fti(~g~t L uh{, i e{: .nln U\~ 
floating-point number 1.0; <Jf'i i(he;'otfiefL 1 harid:t · .• and atsttrict 
occurrences of th!:! sam.e ffoat•tng-potnl vaU.te areq•unith~iHe •... 

', \',' " ·• ', ' !Y 'i ' , 0 , ' ' 

3.12.2 Special Forms 

Expressions in QUOTE and PONCTldl'll ale ·· 1 tr'6ated i~e'c·1al"fj. 
(QUOTE el) unifies with tf.iUOTE i!l'f if. and .,iilti H 
(EOUAL (QUOTE el) (OUOTE e2)), and similarty for (FUNCTION fl) 
with (FUNCTION fl). In a4dition, expressions of the form 
(CONS el e2) may unify with expriisions (OUOTE la • dU. In 
attempting to unify two su.ch expressions any logic vartables 
appearing in ta. d) wi II be treated as "constants". Let us 
define q[v J as fof I ows: it v i~ a proper name then q{ vJ is v,. 
otherwlse q(vl is (QUOTE v). In attempting to unify (CONS el e2t 
with (QUOTE ta. d)J the unifier proceeds by attempting to unity 
el with q[al, then, jf s.uccessful, unifying e2 with q(dl. 
Variables in el and el will be boun~ to subexpressions of a and 
d, QUOTEd when appropriate.· Some examples wi II make things 
clear. The expression 

l CONS .x y) 

unifies with 

(QUOTE IA B CU 

with mgu x • A, y • (QUOTE (8 CJ). 
case, 

(CONS (CONS F ~) (CONS u v ) J 
{; 

unifjes with 

{QUO TE ( { F l A U) J C DH 

with mgu 

£xpressions in QUOTE and FONCTION are not c:,~het~lse .. t:utit(able. 
ft snou.fd be remarked .that .iin ~ipre$Sfdn like (f i\A oodre tan 
d,Oe•S not cootaHl a quot:Hi oni mer el'{" 1an occurrence of the 
c.onstant QUOTE. 
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3 .14.\i;l 

Ordinarily, an exires~ioo is ·tJl,lhe,r x/'~P atom or a fist, but one 
may, tn fact. introdtu;e exJressfons' which are composite but not 
lists., Th,e,pnty useful expre.ssions of this class are those for 
which re'pea''ted CIH<'s eventualty yield a variable, an example 
being (P lF x) • yl.J;;v ~l ,refl}<J,.r~.:. t.h.at the def initlons of 
uni ti cat.Jon and resolufiori · !Hven fn" ·chapters l and 2 do not 
actuatr;' require that non-atomic expressions be lists. In a 
sense, there is realty nothing ... special about a compostte 
expression which is not 'a ... JJ'sf: "'but such expressions are 
sufficiently unusua1 that a bit more discussion may be in order. 
Express 4,01n~ ,q f .,,J~ts •~li{c\ ,,":fi e,~.J~a f:: p,cy I a r LY .\~ ~ e f u. I tn deal in g w i th 
operators····· wfffcn' t'a:1tti•'•fa''··v.frla.'tUe" numtier · tff 'arguments. To 
i 11 us t.r,ate, tn~t;,e,.pre 

- .• , >- ,t --· 0:,% -•S,X .1 -)\,. t t 

unifies 

w Ith 

with 

3.12.'t 

The i dtrnt.Jt iii1 caH e ti the "don• t carett s yml>o I, unH I es with 
anY.,. ftJPf~~sj.9Jit .• 1 wtJttt,tf,,,.9H' suet) a uqific~\~on int.rp<hf~es nQ 

•. • < ·. < • ; .".'. l ii£ 'Clsi 's·· l fiou h each occur t ence o'f f 'I were bind#'i'f,u-,.,.,;Jh"t<lrl•~wl,,r ,,,~. j; , ... •.~,· ;,;< .,,, ... ,, , '• s.· F.ti. ,,·;; 1··· • 

~::~:i:ti11P~t~11df!•tm 1m e -~~! Pi ~pu:t ! erh~' vr::::.n!:t ::~ 
benef i t.s .fr.a• t.J;~ •9t. ~he don' t care s ymbo 1. 
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unifies wH,}1 

with mgu 

. ,:. ""'·,. -:'.: (:,;· ,', .· .. /':·~ .. .::,,. ·, .. ' 

The r eductlon .. <tl:,,•~~;Jf..•~JrfJ~~slof., 
exp I a in ed • ... ··su~ft .a~.~,ccpcess to.n 
the name .of ~ ~i:,,~p;,01f>'t,•:'.;~,i:1;tSi,t, .· Q 
res u It o.f ·. a·~p'.tt {,i,.g}f ·r·t~•tte{ •• ~ 
which few FEXPP.s il!fO J;t~eparea 
i dent if I er, . but. .•.••.. tlrq•,;tjif,;.~1, ,. ,1am, 
expres~ion is •. · ri~t>',va-•uaole, 
e 1, • : • , eN. ... \,:,,t. firtl,!,1;C i,t I e • in 
( f el • • • eN • 1.1l • 

) 

( f el • • • eN • v J w i I I now be 
is evatuable if and only If f Is 
wh~~h ~ca,, \he ,,1,e Is lhe 
en. v), an argument "listff wtth 
to cope. If f is a proper 
9f a fE~P,;~r FSUBR, then the 

but Is reducible if any of 
which case the reduction ts 

'<j·jf,,~ ~~/ t:·/if::• 
The sequentt~'tli ev,1Juated LISP forms, those formed with ANO, OR, 
CON O t PR OGH t 1J>~Q i~·,·,.:s~~j.ij T Q ♦, l";i'~ ~ a ,.s O l1n V;O, f V, e Var, i f ~ I ~ t ~ j I s. 
ReductioQ ptQ'i,el~$1 ;~?i'!r,c1JC~i1.bed before, stopping when a variabJe 
tai I Is enc.ounterea. Such expressions may be evaluable If the 
"evalualton pat11••<avoidl ~atf1l;bte t,Jtl~ ett\irety. 

3.l't 

The systf:! .,.;tit.omaticJ't incorporates a number of special rules 
applicable •to .. ce.rtaiti .. Pre:dicate symools. In most cases these 
rules ar>e JM.$;;;;~~11itlf~.Pi.J implementat.;ons of computations that 
could be actHe.v$d; witti or<iinary assertions, but the rule for 
CONOitlQfUtf;,,.X'{(:1s~tli~i"'~~t\.n~t.l}ijt~.s /ll 1 ~u.adamentql ei.te~r~i,o~ ;.1•f 
the sisti~:t:,:,l~>it l:ntroduces a form ot "negation as faiture" (see 
the discussion .ln chapter 12, section 1.2 •• Appl I cation of any 
of the rules can be •EHlable4 .o, dj sao I ed at w i 11 by the user. 



< AND pl 

Bearing 
amounts 

( OR pl 

o f ;;th i fo tilit 
10\e s~me lf,unc t Vitt 

Ayain, bear in1';,:i;f.~jf'1fflll\ 10 f6RJ !ltttpfifi~s to Nttl 0 1'ke fufeYfor OR 

is practicatl 

except 
one step. 

3.14.1.4 

( CONO 
pk is 

are obtained tn 

first k such that 

ffbi ~filth ICONS .1v) wit illittid 
tglh~f i~dhjffjt~t~tr r•I~ lintt&t 

i-\1jl/:~JJ.li.!!t oy attempting to prove pl. If it 
succeeds in doing so, it Introduces a new resolvent con•sisting of 
qk and the otber.ptedicat.tons of the original constraint in the 
environment which .p:.roveo pl. {Such a resolvent will eventually 
be produced for eae:tproof of pl, if the search continues so 
long.> lf .3.l.attt.tflltlt;s to prove pl terminate in failure then the 
control mectlanis~~U.effi:pts to prove p2, and so on. Al I of these 



l 

' 
.. 

siuu·ches al! ex carried: ou t;Jr,i Ud n itne,, n.eur,) st Joe cf 1 mi tat ions imposed 
on the problem at the Deginning. These searches are, moreover, 
ctrried: out ''in paraldeJ'.• wltn seai:-cne1vfor other solutitttt:lS t& 
the initial pr ocd ein, in aa~tu dance wcl th Uta standard,, tn,ur ts t h::s, 
so that depth~r,rs& runawa• wtil De a•oided• t~ th~ ·e•te~t 
possiblth 

The ~•arQis" ot the CQNOi ti onal expressi-0n need not have exactly 
t~o expressions. An arm of th~ form (pk) is, for purposes of 
resolution, eQ1.1Halent to (pk Tl• tooihite an arm of the form 
(pk qkl ••• qkm) is equJvalent to (pk (PROGN qkl ••• qkm)). 

This treatment of,condH:.i.ona1.t,s,qefutndston a featurfinJot tae syst~ufl 
not hU.herto menlioned, namel1, the .at,,i,lity·• to','assottate ·,a 
¥continuation" with a node. The continuation js ttsetf Just a 
node of a somewhat sµeciat nature which is not itself available 
for computing resol•ents. We write a node C with continuation K 
as "CC Continuation: KJ". The resolvents of re Continuation: Kl 
are exact.ty Ute nodes, (&,Contim&atioiu KJ such tlat It •• '8 
resolvent of c • 

. 
let CX Y) be a node whose resolvents are desired, let the 
selected componen~ of X be P, and suppose that P{Y} has the form 
(CONO (pl ql) ••• (pN qN)). We obtain a "resolvent" which is 

Cf (pl> Y) Continuation: ( O'CONO (ql) (p2 q2) ••• ) ♦X' Y)J 

where x• consists of the unselectea predications of x. Each 
proof of pl generates a resolvent {NIL Zl with the same 
continuation, from which we "pop up" the continuation to obtain a 
resolvent tlql)*X' Z). If and when all attempts to prove pl 
tallt we pop up the continuation to obtain 

«C0N0 {pl q2) ••• (pN qN))*X' Yl 

which ts added to WAITING. 

Continuations are not usuailr printed when explaining answers or 
monitoring deductions, rather the fact that a node has a 
continuation is jncticated by printing "{CONTINUED)". Users can 
instruct the system to print continuations in fult by Invoking 
the command (CONTINUATIONS ON). (CONTINUATIONS Off) returns the 
system to the normal mode. 



3 .14. 2 Ct1ri ~f.iJJling .fhe Spec;t a I <Re so I u ti on Rules 

All of the f1Jles ~ay.be e.,1)1~t:,er~;,;JUF1 disabled by invoking functions. 
of the fol'ffl (A.~tol( dftag~*) where flag may be either ON or OfF. 
The co mp t et e set o(; .. f!i31irf#1ff,iQ.tt ;i;f ,ti;fti~:t i.,o,&s ;,l4t. ,the r es o I u ti on r u I es is 

(AUTO= "ffagnl 
( AUTOANO "f lagttJ 
(AUTO-UR 
( AtHU C OHQ •• .... ,,,..,.,.~·• 

Each t unc~io&tt 
o f ON or : tl,E F iil•.1~i;,,1111m 

argume.nts, they
examp t e, type 

•tAUTOAND (AUTO-OR 

.. l: OJ\, ,"1! l!l ;:!ff f,Y, ~~ tt.tS ~◄ I,•~ t ,~i4. 
.:helilav e, U,c,ke ttEXQ,&"·t'l,<tli H~toflli~, 
arguments, so Dne ~outd, for 

to di sabhs toth::;,ftletAtiO J;jtJfe HHtd :the ,:Ol ,f\lt.e. 4H: qt:;~ u, .• ;{}l r,u1, 
are EU'labltae :)tfjy.:,aJ$tElllirt.J.Hli tltal i,•*atitt,'f'lt h~n~e ,by ijtS,lORf tsee .tbe 
cha pt er. on· f i l Ing k,nowhuJge bases). 



BASES 

To create a knowle'd~, .case one oegins with the empty knowtedge 
base and alds.,a~tef'ilf'l\l'ff'i i~ flY1ttn.iJ:tt a time as explained betow. 
Or one can eitend an already eiisting knowledge base by 
instal ting tt> 1n' t.OGllSP workspace.and adding more assertions 
to it. n,e. em,pty•{d.k,~•·~-g.e IJ«le Hs created by executing the 
command 

which dtscaros a.ny as.sartions already present and lnltlal.izes 
LOGIC part. <>f .. tf)~ ~ork~pa~e (without . affecting the 
def int ti ons th••i fl ·-~,.,:,fnlCt\ lfi~xit'.fS&rt' ,~:may "have····. set i c.,, .. 
4 .1 AOOlNG .:ANd._$t&llltN•ttO 

T he 11.1.iAC'li ll , .elild ti f 'i,: 
0, \, .{f"·Ji'. t· ;.::, ~ f5;~;\" ttJl.· 

The arrow may De 
i n th i s mattua I 

An ass e•111U.Qn t:ttay ,t~fect1-tcU•t1eli •namd J 'fff l i "i•s tmojt 
conveniently t,4f11t1•\J•t: · ..... ·. tidte ttre ·2i'sset•ti&fltlij9Yiif;(tded' to'1 tfie 
know I e d!f.e ~t,at.,f' •ti$ iff<gc'> ,, .. 1,11tnisf <"SS Se'T'l f&fl tomm.fl'itili ·E xdtrut. on 
of the extended ass.er ti on .command 

base, as 
user-cojne.d. 

. • • • An) 

t~ the current knowledge 
ascribes to it the name N. The 

identifier. For exainple• 



t.he foUowing four transactions: 

*ll~<Born Herbrand 12 February 1908)t 

ASS.ER TED 
*Cl-(Oied Herbrjnd 27 July 1931)) 

ASSERTED 
•<:- TURINGl (Born Turing .2,3 June 1912)> 

ASSERTED 
+(1- TUR1NG2 (Oied Turing 7 June 1954)) 

ASSERTED 

• 

add four assertions to the knowledge base, the first two of which 
are a~onymous, and the second two of which have been named 
respectively TU1'JN~l ~qd Tt,iRING2. Note that each assertion 
transaction is te(jtn,tjd; ~Y thi ~eisi~• is!~artd. if ±th~ 
assertion i.s i.H-:ti,,rmed th~ ~~!·~a~#. 7 r~~ur~1( wifl ;jbe 
ERROR-Ignored, in which case !h~ knowledge base ·ts not al tefediit,y 
the transacti.on~ · '' ' ·· ' ,,, '· · ·· " 1 

The assertions making up a knowfedge base are organized into 
groups cal led . .QUH;~!J.Yt~i• All assertions in the knowledge base 
whose conclusions have the same predicate Pare grouped together 
into a procedure whi_<,:h t .. s .. c.a·· .. •.•ea. "th_ .. ·.~.-. procedure P". It is 
th°Qught of, i~tuithf,d)'., as the .POftfo_ n of'_ ·the knki~'ledge base 
~hlc~ is reJevant.t~ ~statilishtog those tii~s in lhl wo~•a ~h6iA 
p.r~dicate is P. • · · · .· 1 

Jssuming {hat tfie kno~ledge bas• ~,s ~~~i,~6it~t~ the ~Sn~, fo~i 
ass,rtjoo~ were ~Hdea,: th~ ·c~ntent~ or,t~~~,h6w,~dij&Sblli hdl 
COJ;}Sists of t-.o .QL~~~,!,1$iit~i• ~a;f'l·c~il~~{i-\Jn~·twd ~s~ertfuhs. 

,· ' . ,, , ' '· ·,;, ' ,' , f, '!,, ', '' , 

By invoking the PRINTFACTS command (see the fotlowing Chapter on 
Displaying Knowledge Bases] the contents of the knowledge base 
can be displayed, its clauses organised into procedures. Thus: 
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* (PRI NTfACT 51 

(PROCEDURE Born) 

( l - l 1) o r n He r o r a n d 12 F e b r u a r 'i l 9 O d ) ) 

< l- TURI l {Born luring 23 J.une 1912» 

(PROCEDURE DieuJ 

Cl- IUieo Herorana 27 July 193lJ) 

I l- TURING2 (Died Toring 7 June 1954)) 

ENO 

* 

If one adds an ,lSS~ftton wlth name N to a proceaure which already 
has an assertion named N, then the name is removea rom the ofder 
assert ion and <ltfa.Ched to the new one. A s ngle proper 
identifier may, how7ver, .... h~used to name as many assertions a~ 
one t i k es , Pr o v i a ea n.o two of the s e are i n th e same pr o c ti ct u r e. 

4.2 

A somewnat more convenient way of adding a succession of 
assertions Is provided Dy the FACTS mode. By executing the 
command lFACTS) tne user puts the system into the FACTS mode. 
This is sJmpiy a ~alt-read-assert cycfe which expects successive 
assert rons t6 o type,'1 in. The prompt-message ASSERT: is 
printed oy Ult: svsteni ... to slgnny .jts.readiness to receive the 
next assert ion. Ttrn'.'i the tour assertions of our e><ampte could 
have been added y means of the following excursion through the 
FACTS mode: 
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ASSERT:ttOLed +l~t.l:ti~.ndi7 Jut:, l.931J) 

ASSERT:(ruRi'NG-1 (BornJuting 23 June 1912)) 

ASSERT: nu~f~Gl tOl~d Tur fog 7 June 1954) ) 

ASSERT:; 

DONE 

* 

Such a FACT SI ts m nated by typing a semicolon tn 
respons4't t.I>•it\4~ ttf~i\T:, J,;11\{:0""·~'1·"d It should be noted that the 
format .in wnichan.is:ser~hrn B <-Al••• An is typed for input 
to the FA~TS;:;41Jde ls tne .Lilt lB Al ••• AnJ • The t irst item on 
this I ist may ·be>the optional user-coined name, as if lustrated 
above. :r.~.~z;lit.~.t1J,.tl?lflf:l,; ei,~otiffl;~;~.Q,1. ys~ttm to accept inputs which 
are too large to:rtJ\~~I Jg ~;~I \i9e~, +~i/l the standard LISP 
convention, the s~S\1l•~i,llr,ad,;. U.?te,•f•1ifL.~ef, I ♦ n~ .. v\l:ln~tP,ed input until 
a syntactical It complete obJec.t has been formed. Thus in the 
following FACTS tr~nsi:\lction the three-component assertion 
AGE-FORMULA is asserted. on several lines, each of which after the 
tirst is pr1apted bt • colons 

* lfACT S) 

. . . . . . 
ASSERT:; 

DONE 

a 
year b 
subtr.a1:.ii...:•.n 

Z} 

hen-year a) 
tfroa#tJ tlf\~-1,,~, .~ 

'\'7,.r9JM.f!J7~e<1f; .. b!;f;,H1-:-1ear J l > 



care Symbol (If) to mat~ll iie diy a'n'i:f ~onlh of birth, neither of 
whl ch is. ~1ee~ed for Jhr d.e.?u,~ H11?fl• TJ;l~ <;ppteryJs Q.f :l~e t<now.J pp~, 
base may agaan be v11=wes:lPY .. execut.•n9. · (PRltHFACtS> : 

' ' • ._ _, - - - ' --- •: ' '. ,- {?1'. '. ' j - - • " ,, ,-i _,, ,_- ,;~,-

•<PRJNTFACTSJ 

F ACTS-AS?ER TED 

(PROCEOUR.E Born) 

c:- {Born Herbran~ 12 Fe6tuaf~ i~bn)j 

,:- TURINGl {Born Turing 23 June 1912)) 

(PROCEDURE Died) 

(l- (Died Herbt,~d 27 Ju,y l93X)) 

t:- TURING2 (Dfed Turin~.! )uh, 

( PROCEOUftE Age) 

( I- AGE~FORMULA (Age person ~ ~)ien-year ai , . , 
<~ (Born person## birth-year) 

ENO 

.. 

6. (• a (- given""."year birth-year:)Jt 
' ' '. • ,, ,; ; ~ ' '.'c'. i '.' -, -_, ;,:· - t ·' · :, ·'.' 

The "<-" and 0 &" appearing in AGE-f:O~MQLA are simply ;.,~yntactici 
sugjr~ intended to issist the r~jJir in perusing complex 
assertions. These may also~~ typed iq ... asserti9ns given .to :- or 
FACTS, but we usual fy dcrn•~. bot~er to do so. ·z ·· · • · • • " 

An Hi-formed .assertion typed to fACTS wi II q' ignored, and a 
mesta~e wilt bd typed to inform the user. 

4.3 ADDING ASSERTIONS fROM ~ISP hiNCTIONS 

The assertion function =~~ls Just a LISP FEXtl, and as such may 
be invoked. by any LISP function. LISP programmers will usually 
t.ind it ,nore ~onvenient,. t'low~v!r, to use tt"l,e SUBR-type· .f.1,,nctiQn 
ASSERT CL~ of one argument, whose ,I.Hue should b~ a I 1st ·as might 
ff e 'f~ p e d • to F AC TS ( or a pp ea r as the t a i t o f an i n v o ca t i on of I - ) • 
If the assertion is wel I-formed it wi 11 be added to the knowledge 
base and ASSERTCLS will return NIL. If the assertion is 
i u-tormed it is ignored ana ASSERTCLS returns ERROR. 
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: 't.4 OROJ:R Of .. A S,SER TI ON S IN THE KNOwLEDGE BASE 

• • 

I 

a 
: 
I • : 
: 
I • • I 

: 
• • : 
' I 
I 
: 
I 
• • 
' • • I 

J 

The order of the assertions within a singfi' 'p'rocedure is first 
the data,. if any, Jn t.he ord.er in whi.ch they were entered, then 
the ruJes of the profedu.r.e~ in .. the or·def, ·~ wh'fC'h .. ttiey ~er·e 
entered. This 1.s the order in' wtfich 1:ne\:is'se'rf'i'oris ar•e pr·fnfed 
by PRINTFACTS. 

The order ot the procedures in .ttte krfo'JjJd,ge base i's1 the cfrder·i1n 
which assertions ... tor lhe ·. i:ifoc·ea·Jreswdre first entered. This 
also is the order used by PRINTFACTS. It should be noted that 
the order of pr6~edures is frequently changed by editing (see 
Chapter 6). 

One may ascribe v~rious attributes to proper Identifiers in order 
to influence the operation of coctc •. ~n example is fRRED., "tfte 
attribute which in~icates,•Hrei:tuc~bflit'.y,' arid others wfH Be 
introduced tat~r~ · Sivirar Lt!P fdnctions are provided for 
dee tar Ing such attributes. 

(PROCEDURE "id" "afi~ 
(CONSTANT "id" "atl" 

••• ' 11 at'n"f 
"atn,.) 

[FEXPRJ 
[FEXPRl 

Either of these leti fhe ~ftfih~tes~ot~th~ pr~der id!~fffter r• 
to (atl ••• atnf, having i first ~rased any s>tevious attributesi 
Ttius <PROCEDURE 10) declares that ~o has no< spedal pros,ettles. 
PROCEDURE is int1~ded for us~<~lth ptbdfcates! tONSfANT fdi us~ 
with other identifiers-, but both names in fact 1n•oke th~ same 
function. PRINTFACtS ~ill dfsplay 1 attri6utes of predicates and 
~onstants as invoc,tiori<of ih~s~ _tunct(9n~. 

As mentioned earlier, alternative means are 
declaring identifiers irreducible • 

provided for 

: (IRREDUCIBLE "idl" ••• "ldn") [FEXPRJ 
• I 

: declares idl, ••• ,idn to be irreauciole 
retaining any previous attributes. 

(attribute 

I (REDUCIBLE "idl" ••• "jdn"J {FEXPRJ 

IRREO>, 

: erases the attribute lRKEO from tdl, ••• ,idn, without affecting 
: other attributes. 
I 
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(IRREDUCIBLE* L) 
(REOUC18Lf* U 

[EXPRl 
CEXPRJ 

The argument L should be a I 1st of profer .. identHiers. Each 
function r,as the same effect as the corresponding fEXPR, for the 
Identifiers listed. 

One may also declare attributes ot identtfiers whtle in f~CTS 
mode. To do so, one types a' I ine of the form 

ASSERT:id atl ••• atn 

in response 
atl, ••• ,atn 
attributes. 
dee larations 

to the prompt "ASSERT:". The effect is to declare 
as attrib~tes df t1a lb l~iili~D to ~nY,Pf~vi~~s 

f ACTS uses t.1 NEREAO, so one can t.yp~ JJJi:1' 
over many Un.es U it stlotdi:I ever s~em nece~sary~e.: 

The attributes used by f:.OGIC are IRREOt 10NERES and NrJt.flST. 'icOth~r 
attributes may tie declared and ~etotded; b~f hail rio 
effect on the operation or the' sydiem. 

4~6 SUBSCRIPTED VARIABLES IN ASSERTIONS 

Although H rarely happens in pratttee, .one filig~t at~et4p{ F:'!o,, 
enter an assertion eo~tafnlri~ iubSttt~~ed ~~•riabi•i. u 

tecnnlcar rfasans,·subscripted vartabt~i·may not appear in the 
knowledge base. If one does attempt to enter an assertion 
containing subscripted variables, or variables in the sequence 
genvarOOl, genvar0l12, •••• the system wtl I rename such variables, 
using variables genvarddd, so that the assertion. which resu~ts I.fl 
the knowledge b'~se i·s a iart·ant 6t· tne as'settiori'•wtHch 'iitas 
entered• .and ltas no sun Scripted varfatiles." . 



l 
I 

Ct-JAJ\Tq~ ,5, 

QI SPLAY.I N.G, ,KN.0Wc4f\pJ1:;, 8,t\~1ES, 

Various cpmmands aLe provided for vje~tng the contents of a 
knowtedge base. 

5.1 OlSPLAYING THE G'~t,IRt: CONT;Eti4TS Of A .~NOWl,.EOGE; lV~~l; 

The command (PR1NTf4CTSJ ca1,1,ses the system, tQ. J:?ri'nt oJ"t a'cHsplay 
of the entire current kno~ledge base. The display is organised 
Into groups Qf asser.tio;nspr.,ceded by U)e .. message F.+Cl$-ASSE,RTEO. 
Each group of assertions constitutes a (logical) procedu.:e~·· 'f'hat 
ts to say, the .beade~~ot ever1~4sse~tlon ln. the arQuR~ h,s tbe 
sa,ne predi.c,;1te (say, ,t'). Tbe p.reoic,ate p is llSed.as the,.naipe,of 
the procedure• and the it~,l,LP. of,, ~ss.e,;tions .is ac;O:r,~ingl,¥ 
preceded by t.he Hne;.. HRCJ.C.;QURli,~h. of'~. If. ~·i~a~ ,;~~ec,aJ 
attributes ATl,.,,.,,ATn, \Ile tin~; •l~~OCEDlJJU; f. All •!~,,,,\To,,. 
The constituent,. as~,rt iol'.l~ .o{ ,the P(OGed,\,lre P are t,p,e? d~,s~Jf,ie,d 
in the form of. assertt<Hl comffjand~.,., lhe ord~r it\ ll!lhic;b t~e 
assertions appear in \he qis~lay is (;ja~a, firs~.,,,+tuep.fu·,~~,Jn 
the order jn which they were asserted within each class. The 
display is terminated by the message ENO. 

5.2 DISPLAYING A PROCEDURE 

The command (PRINTFACTSQF P) ~,sptaws the,p~oc•f~{e·t'Jo ;~e ~ame 
style as that of thq (PRINTFACTS) display. If one wishei to 

: print several procedures one types (PRINTFACTSOF Pl ••• PN). 
: Further, the standard fun;~•on fP ,syn9nomous wjth GRINDEF) has 
: been altered to print Jogic procedures in addition to the 

properties which it qrdiijaril;' ,ptinl,~• These tpo ,art, in 
PRINTFACTS format. 

The ~ommand (PRLENGTH Pt returps tne nt.1mber of assertions in the 
procedure P: 

*(PRLENGTH Sorn}. 



UISPLAYING THE SET OF DEFINED.PRfDfC~TE~ 

The command (PREDICATES) returns a list of the predicates for 
which togic procedures are defined in. the current knowledge base. 
With the exampl• ot tti~ preceding chapii} we have: 

+(PREOICATESJ 

(Born Died Age) 
* 

The command (CONSTANTS> returns·a list ot the constants which 
' have been declared~ Thti~e . are pr<Spet ident·diefs ot;her' thao 
I predicates which have s~ecta1 toctc attdbutes.. ... . . . ,, 

5.4 DISPLAYING DATA IN WHICH A GIY€N PROPER IDENTIFIER OCCURS 
$ ,' 

It is often convenient to be able to.r,etr:t.eve ~nd di~~Jay the set 
of data in •a given knowledge base iri wtHeh a given notion occurs 
explicitly. Such~ jet in some sense corresponds to what the 
knowJed~f base ~jis about that notion in a direct way. The 

: command (PRINTCREFSOf C) displays alt data in which the constant 
: C appears somewh~re. These assertions are organised into groups 

by their procedure name, but the entire f)ro~e~ure_ i~ n9t, 
necessar I ty sht'h-ih 1 ( on t y those of its a~ser't Ions ~hose ''fieade,;s 

" , _; ,-:\;-; /\ t<1 i ":i) " - "' ', 

actuatfy contain CJ. 

5.S RETRIEVING A PRUCE'OU"-E AS A t.fSf 

The procedure 'P may be obtained a~'a LfSP'ttat'..i dbJe~t, namely, !as' 
the lt•t of tt~ c6ristituent assertions. This list is returned as 
the vatue of the command 

l AS SERT lOIUOF .· P"f 

facti assertion B <- Al ••• An in the procedure 
as the fist (B Al ••• An) • _ I_f the as,sertion has 
name l'f• then it is t epr e'sente·d as the rrst fN B Al 
example, {ASSERTIONS0F Born> returns the I ist 

(((Born Herbrand 12. February FHHf~H 
(TURlNGl (Born Turing 23. June 19;~.))J 

Is represented 
the ... se,:-coined 
••• ArH ". For' 

The _result of. ASSERTIONSUF shares •rio fl ~t structure wfin . fhe 
internal represe·ntatitHl' of ttt~'k'now.red~J ·tiase,· (hus r'1s'f.:.a1tiring 
o;fefrat'fons Suen as R?LACA and RPLACO petf or med on this Ii st wi 11 
have no effect on the knowledge base. 
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5.b RETRIEVING INDIVIDUAL ASSERTIONS 

One may display one or more individual assertions using a command 
of the form 

(PRINTNA dsgl ••• dsgn) lff;XP.R. l 

where dsgl, ••• ,dsgn are "assertion designators". In its slmptest 
form an assertion desjgnator is just an assertion name, but more 
ei.abora.te forms maybe L1se.d to resolo,e possible a.mbiguities, and 
Jnqeed t,o ctes,jgnate any asser:pon in .. the !<now ledge ~•a,s.e\ ·whe{her 
named o.r not. · · · · · · ·· · · · '• ·· ·· · ···· 

The pos.s.abte forms for assertion designators are shif~~ bdldw·~i 
Here •.;>,r,ed'. denotes a predicate, •name• :an ~sse,r{i'c.i/i: .na~~;' ~(l~ 
~ n,u mb • a po s a't i v e j 0;t e g er ~ · · · · ·· · ' 

name 
(pred name) 
(pred numb) 
tpred Datum name> 
(pred Rute name) 
(pred Datum numb) 
(pred Rule numt>) 

(possibly ambiguous> 

As indicated, some of these forms may be ambiguous, depending on 
the state of the knowledge base. Where a number is given, it 
specifies the ordinal position of the assertion within its class 
trul.ei or data> ln the indicated procedure. The concise form 
tpred numb) Is ambiguous if the procedure for •pred 1 has both a 
datu~ •numb' and a rule ~numb'• The forms (pred Datum name) and 
tpred Rules name) are redundant, and either Is treated as though 
it were tpred name)~ 

PRINTNA prints 
(dsgl ••• dsgn). 
any .des ii:Jflato~ 
assert ion. 

the indicated assertions and returns the list 
An appropriate error message will be printed for 

wbictl . .is f!Jtl'ler aqibiguous or fai Is to designate an 

One may also retrjeve an individual assertion as a list. The 
;(\mction 

(ASSERTION dsg) {f XPRJ 

reiurns a I isi iepres~nt\ng the .assertion designate4 by (the 
vatue ot) its a~gu~tnt, i~ t~eie Js one, NIL if the argument 
fails to designate an assertion.' Assertions are represented ln 
&be.same manner as with ASSERTIONSOF. 
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CHAPTER 6 

EDITING KNOWLEDGE dASES 

The restdent editor of the LISP system has been extended sd as to 
allow the editing of knowledge bases,Jn essentially the same 
style as is used to edit LISP funclloh~ ahd ~ita objects. The 
edit command EDITA is used to ehter the editor when LOGIC editing 
is to be done. The tot lowing editing 'session wj 11 ii lustrate the 
way this works. We will use the editor to attach names to the 
(at present) anonymous assertions in the current knowledge base, 
and to change the name AGE-FORMULA to AGE-RULE. 

*(EDITA Born) 

EOIT 
#P 

({& ) (TURINGl & )) 
#PP 

(((Born Herbrand 12 feoruary 1908}) 
lTURlNGl <Born Turing 23 June 1912))) 

tll PP 
((Born Herbrand 12 February 1908)) 
#(-1 HER8RAN0l) PP 
( HER BR ANOl <BORN Her brand 12 febr u;ar y 
#OK 

Born 
♦ (EOITA Died 1 (-1 HER8RAND2) PP) 

(HER8RAN02 (Died 27 July 1931)) 

Oied 
*(EOITA Age l (l AGE-RULE) PP) 

(ACE-RULE (Age person given-year a) 

Age 

• 

(Born person ##birth-year) 
,~ a (- given-year birth-year))) 
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lhis .. :editin:1 ha.-~ produced t,he .. d.eS:i.fed cj1..l1l9es,: as 
.... ~- disp1ay the res.ulting kf)OW1.Jt~ge 'oas.ef' ·-.,; 

be _se.en if 

* <P.R1 N rFicTs > 

FAC1TS-AS SERT £0 

(PROCEDURE ilor n) 

c:- TURINGl (~orn Turjng 23 June 1912)) 

(PROCEDURE Died) 

,:~ Ht&B~AN02 (Diec{ •ie.rbranti ~7 Jut¥; 

t.:- tuRING2 <Ui ed Jur ing 'i 4un\e l95'1{i 

(PROCEDURE Agel 

(AGE-:RULE (Age pers.on give,n1-ye'{lr: ~) , 
<-:- ( Bor~ person ii # bir t~-year) . , 

& {-= a. ,_ given-ye.i,,: birtti~y~ar)H 
.. , ·. ', ,, . . . . ·. { 

ENO 
* 

•hich is what we wantod. 
procedureS; simu4ta~eQusly one 
case one edits the assertions 
sing t e Ii st. For e xamp I e: 

*<EDIT~ (Born Diedfl 

EQlT-
#P 

tf one . w i"shes 
types lEQfTA (Pl 
for'alf of the 

to 1 ed(t 
••• PN»~ 
procedures 

OtiER S~ANOl 6.) tr UR INGi 6. ) ( H ER8RAND2 l• ~ J ( TURIN G2 'fl 
#OK •· . 

,·'. i 

Oiedl 

sever~, 
1~'ttt1s 

as a 



I • 

As with the LISP edit functions EOITF and ED1TV, one may also 
specify one or more edjtor commands after the predicate (or 11st 
of predicates) to be edited. In saeh c~se~ th~ co•manijs iti 
performed and the editor returns Without firthei jtitethitfin'~lth 
the user. For this reascin it ts vjry important that one remember 
the parentheses when specifying several procedures. 

' 
6.1 REMOVlNG PRUCEUURES FROM THE INOWLEDG! BASE 

If one wishes to remove one or mor~ ~rocedbfe~ Pl~ .~., 
the current knowledge base one int6ke~ ' tft• ~~mm•ha 
(ERASEP Pl ••• PN). 

6.2 IMPOSSIBILITY OF UNUSUAL EXITS FkbM EOtTA 

During an editing session under cof\trof of fi!JlTA;} the ptSCedotet 
being edited are tempor~riJy re•o~ii~ffO* the knBilidgl'bali: lti 
order to prevent accidentat fosi 6f theli piddeduf~j thi iysli• 
has been arranged so tbat u~asua••· eiits from EDITA are 
I mp o s s i b I e • 

A .. usual" exit occurs when the user types OK ot 'iheh''aH of the 
commands specified in an in~dcatton Gf EDITA ifi d6ipteied 
without error. An attempt at an unusual exit may result from an 
error, from tne editor command STOP, or from the user typing 
ACAO. Whenever an unusual exit is attempted the system types the 
message 

Editing of assertions interrupte•~ zexit ifth OK, 

and leaves the user in EDITA, posi'tionecl at the 'beginrHhg bf .. the 
list of assertions being eoited. rtds' fist wfll teflect•any 
alterations made before the attempted exit. 

J o.3 EDITING 1N011/IDUAL ASSERTIONS 

' t • : 

1 • 
I 
I 
1 

: 
• • 
l 

When appropriate one may edit .an inat1vidual agsattl'GAr rhing the 
functions ~e are about to describe. This ts often more 
convenient than accomplishing the same lts~lt ~Ith EDITA, and 
incurs much fess overhead ~hen the assertion appears in a farge 
procedu.r e • 

(EOITNA "name". "cams") CFEXPRJ 

edits the assertion "name" with optional edlti commands "corns ... 
The name may in fact be any assertion designator, the manner 

t of PRINTNA, and inappropriate dttsigfl,ltors' H!'atl an error 
f message an<J immediate return. 



• • : 

: 
I • 
I .. 
J 

CI:OJT• "as,s r;n•• •1 1•,c om~ 0 ), 

eqi,ts the as_sertj,on iioi,h•,ch is {EUUAL to) 11assrn':, agai'n wfth 
optional commands "cams". If no such assertion exists an error 
message ls prjnte~ and ijQIT~ r~turn, ~•~-

When using either of these functions one actually edits a copy of 
the originaf, asser~io,n. CTh,e kn~i!!ledge base is not changed until 
one exits from the editor with OK, and then only jf the resulting 
assertion is well-formed. If the new assertion is ill-formed a 
me,ssage to that etfec,t ts prii;i;te.<1. ~\Hl one is returned to the 
editor, looking at the altered copy. 

lf the modjfied assertjon belongs to the same procedure as the 
original, and has not been changea from a rule to a datum, or 
vice-versa, th~11;,,t,~e 190~1t;e4 as,,r,t•Qn wil,i o,c,<;u~.Y ~}3e 4;t~•H•~ 
position in t,he prqcedur~ as lln;9rigJnal. \n.,,.a,th'. ~t,he{, ~~s,,t~t 
originat assertion h ,qelete<:J f,~oqi th~ kBowH:tdge 04S1e, ,th,fJ tb" 
modifjed assertion Ls •dded~tas a,new asserti~nl. · · ···· 

,, , . ' ' ' ' , ,;., , ., ( 0 ,; ';..' : • ' / ,·: ··, 

: Abnorma1 exits from the edjtor are possible when editing an 
: individual asserUon. If such an exit does.,occ.ur one is returned 
: directty to the top level and the knowledge b~se js not altered. 

' : 
I 6.4 OELETIN~ ASS§RTI0~$ 
I 
: A number of specJ~• .t\4f}Cti~tH ar.e ,provlqt;id for. deJ,i~•'H:J, ~eiected 
l assertions i r om t,he kno.~ H1 dge base• ;,T,hese ~{' · . gt ~en ,ore 
: convenient to use than EDITA, and are considerably more 
l efJ icient. In most cases we provJde both FEXPRs for use from the 
: termjnal, and EXPR, intended to be cajte• from LISP functions. 

I 

' 

COELE:TEN "dsgln ••• "dsgn"J CFEXPRJ 
) 

deletes the assettions designated by dsgl, ••• ,dsgn. 
Inappropriate designators are ignored, and DELETEN returns a list 
oJ designators,for assertions which were ac\ual1y deleted. 

( OE LET ENM d s g J [EXPRJ 

: deletes the assertion designated by dsg, if there Is one. 

' I • I 

: 
: 
• • 

OELETENM returns T if an assertion was deleted, NIL otherwise. 

(DELETE=. "assrn"} 
(OEU:TEA• assrn) 

CFEXPRJ 
CEXPRJ 

Each of these functions deletes the assertion which is EQUAL to 
the specified assertion, if there js one. Assertion names and 



"sugar" tn assrn are i:_inored 
function returns T if the 
deleted, NIL otherwise. 

in determining equality. Either 
specified assertion ~as found and 
;,, 1 ;,;: ,:, 

: The following examples i;ttostfclt"if the';u:se bf DELETE• ane1 OELETEA• 
in the context of the exampfe used earlier: 

• • 

*(DELETE= (Born Turing 2 June 1912)) 
T . 

•<DELETEA: •t&Dled T6rih~ ~)' 
T 

* 

The effect of these i's tb ailete th~ iwo i~s~rtton! 9,l•fd1~. &th;~ 
of ofrth ahd death fof tofifHH i'jote ttiatwrlen''µsing'thf'sfJ.o 
detete rules the vat)ables si~~1rr,b' 4n the'~jra~eih} lo ~b![~tt= 
or OELETEA= must'f>e'the sarn@ as those appearing in the kl:lhwle~ge 
base. 

: (DELETEA. "assrn") 
( OE LET EA* a s s r n J 

CFEXPRJ 
(EXPRJ 

var fable. 

: !DELETER. "assrn•) 
t OE LEH:: R * a s s r n 1 

• • 
' I • • 

These functloni ate ttli DELftEiJiha 
rtiles will be djf~ted~ 

(DELETED• "~ssrn»J . . 

( DE LET ED* as srrH 

: The iame• ~xce~t lhal 

CFEXPR1' 
[EXPRJ 
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The current knowledge 
LOGIC prjmitive SA~E. 
fife named N [N Is a 
characters of which 
this work is completed 

base. rnay be pres·e/ved in a file by' th'~' 
The command (SAVEN) creates on the djsk a 
user-coined name• oJ no more than six 
the· first is ~n Jpper-case letter}. When 
the rnessqge OONE. l.s pr in~ed •. 

The fife created by SAVE is written on ttietuser•s fitJ ·st~rtlctu're 
OSK: as conventional text, though not so prettily formatted as 
with PRINTFACTS. An extension may be specified with the file 
name, in which case the form is (SAVE (NAME. EXT)), followtng 
the usual LISP convention. An ex~ension is syppneg ontY "'~~f') 
e>eplfcitly specified. ., · · ·· 

7.1 RESTORE ANO LOAOLOGJC 

A file which has been created by a comliiand (SAVE NJ 'ii.iy ifi'; later 
read into primary storage by means of a (RESTORE N) or a 
(LOADLOGIC N) command. The command <RESTORE Nl restores the 
knowledge base to Hs contents as of .. the ti.me th,e.(s4ve N) 
command which created th.e Ule t14s ,~ecult:d• r6J:.cdau1a~d 
(LOAOLOGIC N) adds the procedure clausesJn"t.he si~e4.kn~w~~<Jt, 
base N to the procedyre claus,s t.n t.h~.c14rrent. knpwfedge. ~as•;, 
RE~TORE first clears out the current kgowle~i• ba~e whfte,~ 
lOAOLOCIC does not. . . . . . . ' .. 

fife names with extensiqns ar.e sp'~ci(ie(l J"'st as f.~t $Alf;• 'ftie 
file in questio9 must b~ fo~tjg oo f\l~ stru~~u(~p~~·~' Q\!t l~! 
project-pro;rammer oum.ber£.9f th~ ar,~.from ~hic,Q ~he.itJ:1, ,.J~J to 
be.read may be speEffied s,p,rft1IY~ 1n1.,ost ·£op~,Qli~t f6t~ fs 
(RESTORE (proJ,progJ ft le). lliote .th~t LQG(l~fl nor'maffy . expe~t~. 
numeric input ·•n dectmat, whde ·.ppn•sareU;SU~l't,~'.~t;itt'e~Jn 
Qcta,. One way around this small aifticult.v is ta use a' command 
such as: 

*(RESTORE (7330,2101 PLACES) 
DONE 

* 
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7.z AODTO ANO BUILD 

The ex lstjng pri~itives of LlsP•s fjling system have been adapted 
appropriately tor use in LOGLISP. In LISP the command 
{AOOTO N Pl ••• Pk) adds the'·LfSP objects named Pl, ••• , Pk to 
the file named N (and ope9s .a new ti le named N if one does 
not already exist). In LOGLlS~ th~ ettect of ADDTO is extended 
so that the objects Pi can also be LOGIC objects, nameJy logical 

.procedures. Thus the command 

(AODTO B1DG i6~ri Diedj 

crea~es lassumlhg it does rt6t atre•cit ~xist) a file named BIOG 
and records that its members are the logical procedures Born and 
Djed. The command 

. t1ootO BIOG Age) 

then extends the descrlpt i'<>n Of tr1e f lie 610G by recording that 
the logical procedure Age is also a memoer. Once a f i te· has been 
opened ·and described by one or more AODTO commands, It. may be 
constructed and 1111ritten. cm th~ gisk by means of the BUILD 
command. The command tSUH.'.O ~> wrlt~s ~ut onto dhk storage the 
current members of the Hte N ifl tt)~lr turr~nt condition. 

% 

7.3 OSKIN 
, t: : , .. , , •. .,:. 5 . .,, ;·\ :f··j /. ~ ,v-··. ,,...,(.~}'\\. \:, : 

Files created and stored ·using tt}e'AOOTOand SUI~O ~rJqia.t.Jves IIJ<JY 
oe read into prtmary s'to,:age from ~he· dis.k of me~ns'.of.'tJie QSKtij 
primitive. Thu.s if the ff.le .. BIOG hadt;,een pre,~f~ijSfy wt/~teri 
on. the disk by execu~ionof .the •c•onfman·d filUilO BJQGJ t l.t.l!fould 
be read into primary storage· qy .. exe,&4tf9n .· .. oi,'",tt,e. CC:,.f9t1~~4 
tOSKIN BIOG) • DSKIN ts· ·.ina l<igous to 't::OiOLOGIC In that no 'prloi 
charing of the knowledge base currently in primary storage takes 
place before the asserting of the proce~u.re. cla~s.es,iq tbe (f.JJh. 
Thus by Udisking fnft se~eral fftes· df. logic;.al proc;eq",:;e~.91'.l,~ ,.'. ·~y· 
build up a knowledge. base 1cor1t<1infrfg,fhem 1H• '.(rie (<>t!ft.~,tJit 
fit es er eated by SlllLD fs a .•ser fe s of el<e cut ab t e commands. Tnus 
under the current assump•ti'o'ns as to the descr iptlon of BIOG and 
the contents of its members, the command (BUILO BIOG) would 
create the file: 

- .,._2• 



(SETO ISASE 10.J 

(SETQ OSKlNATOtt (.QUOTE BlQGld, 

(OEFPROP BIOG (BJQG. L$P~ 

(DEFPROP BIOG (Born Died Age) MEMBERS} 

(PROCEDURE Born) 

0- HER$RANO~ {Bqrn Her t>i;-'artd l.2. 'f:etft vary l'<ioa. t f 
; ',' v·t ·; 4 '-'< '; ,. : / ,, , ,:; -,, !1'! ', , ,- ' '1, i 

{ 1- TURJNGl (Sorn Turing 23. June 1912'. )) 

(PROCEDURE Died) 

(1- HER8RA~02 tpi!a Herbrap~ 27~ t~t~ \9}1•') 

11- TURINGZ Cd}e~ 

(PROCEQURE Age) 

U- AGE-RULE {Age per sQ,n 9,i. ye 9-yea.-. a) .··• ·. , • .. 
<- (Born perso~#.#.~irtfl,:;.year)'< 
',,,, a(-,given-veJr'i>hih-y~~rJ)) 

~ . i \ z ' ~ '( ' :' " ) ' • < , •- f ) - .''• 

The command (PROCEOO~fpj.,!1~claris ~ t~ be' ;i l~gicat 
' ' ' ;,, '." \ '!">" <;: t"i-~ \"· - \ ·;:. _<,; ·:\· ~:- ·: ,;' ·, ), 

and may be used t?:r,~9rd further prag~~tlc infotmatlon·about·p 
as exptained in the Chapter on Interacting with LOGLISP. The 
OEFPROP commands are LIS? acts of definition, recording on the 
property list of "SIOG" the information describing BIOG's 
propertjes as a.; fiiename. The two SfTO com111.a11ds crea~e the 
appropriate LISP 'eovironm.tmt '.tor the execution Of the; test Of the i: ~ . '; ,1 .''\· ; • " \ • ' • ;t: .• ', ' , ~·· ,. •'.i; 

comm~n ds in th, .q J e.~ 

: The decimal points appe~~jng \n t~e numerals in this example 
: JnOicate tnat the values In question are to be lnterpteted In 

decimal, regardless of the value of IBASE. The resulting numbers 
: a~e int•~•rs, not f)oatira ppinJ, 
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The deduction machin~ry of LOG;Ic. ,;s invokf}d by the .. i:tedt&ottoa 
commands: ALL, ANY, THi! and $ETQF ~ The first t~re, are LISP 
FSUUR's ~hich may conveniently q~ J~ve>k•d ·,,o~ · the termlna& or 
within assertions •. SETOF; h. ~. ~U8R i.ntenaed for:,,,J;Ue bv LlSP 
programs. 

8. l ALL 

The command (ALLX Cl ••• Cn) returns a list of simplifications 
of the instances e>f the i!l.ib'.t.t .• 1~!.!!il.J.•1~ X wi,th,re:1pe1t tq.,all1,ofc 
the eflvironments which s,1tis(v the <;onstra~.nt (Cl.,.,,, Col tf:l, rtbe 
current knowledge base. ·rlhese environments are called the 
~~1Y11QD~ of the constraint (Cl••• Cn) .J 

The answer template)( lll<.lY. qe a ~ariable, an atom r19t;. a v.J,,r,:iable• 
or a I ist of expressioos, ;,,,ie e.~pt~asjz~ tt;iat. ,ttle an,111\,rs returned 
are the· expressions (or I ists of expressions) obtained by 
simplifying the instances of the answer template In the solution 
environments, not the vatues of those expressions, which need 
not, after all, be e,a1ua~le. 

8..2 ANY 

The command 
except that 
those whi.ch 
expected to 

8 .3 THE 

(ANY K )( Cl ••• Cn> beh,ave•s ,.Jn <\. ~i.milar m~Qner., 
n.o m~re \h,an J~. ,Jns\ancie~ of,. X .ar~ .ret.ur .. n1Ht trq:nt,~SltOl'l.g 
the .correspond i og ALL command wo u Id r~it-ttr n,., 11K is, 
be a nonnegatll(.e int,ege,r. 

, "',' '' ' ' ' \ '' ;-,. , 

Th~ cor?mand ( THE X Cl • •. C.I).), re1t;urrts. t.he so..ld~ member of ,t.fle ,,M,st 
(ANY 1 ·x. Cl ••• CnJ ,, if t,here. Ls ,on~, and, ·1s/i...nte.nq,ei f•or ~se 
only in c.ontexts where .,.t is kn.o.wn t,ha.t; -~,x.actly ~n~ sol,,ut.;io.n, 
e~jsts. It no. sotut i,:o.n, e,xLst'i t.or the gi,ven ,~onstr,aln;t,1 T1iE 
returns the ·identifier NQ-sAluti.ons-ftound. 
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8.4 SPECIFYING THE DEUUCTION ~INOOW 

The constraints appearing in invocat ons of ALL, ANY and THE need 
not consist tHitirety of ptidi'Eat' on's;.;' l'f'l'ef may also' contah'f 
lJ.J!!li .iU,!t~J.il~sili~D.i Which de t.e'rm i•ne the dedutit i c,n w i5ndow to be 
used. The' form of a ti mi t specification is 

Li m i t: v a I tie 

~ri~~e »Limit~• is one of TREESIZE:, NODESIZE:, ASSERTIONS:, 
RULES:, 01\TA:, and "Value'* is a number, the identifier INF 
(derioting inhnityJ.or a non~afomic ~xpressron whoset:I1fi value 
is a numoer · or INF. T11ese values · determine bount'fs f&.r t,rie 
corrij~pdnding paramiters oi the'seticn winddw. ·t~is ~,ii ~fthtl 
fr'l the context of the "tenni's" example of chaptett:2,Jastt'',for 

to obtain the set of al I those who can be deduced to be male 
champttins bider than Pete with no morri than five applications of 
rules. 

In the absence bt anj specific~tion the ttmitt ai6taff tjiifi t~ 
be INF, exc:bpt tor RULES, ~hiCh is never allowed to exceed a 

: Jimit determined by the implementation, normally 1000. 

8.5 SETOF 

Jhe preceding command$ are special' adaptations of the basic 
general deduction primitive, SETOF._ SETOF. takes.~hree''at!1Uments~ 
In t.he command (SETOF s X C) the arguments S, X• ahd C··ate>i•(l'ISPl 
evaluated Defore the SETOF procedure is entered (SETOF is an 
EX!>,i:O. Tl1e first argument S (the "scope Indicator*') is an 
expression which evaluate~ eittier to a nonnegative integer or 
else to the identifier ALL • The second argument X is an 
expressipn ~hlch e~alujt~s ,to. in insw~i tiip1~\e~ Th~ thtrd 
jrgume6t•t is ~n e-presstbn ~hich evaluates to a c•hstra1nt~ lhA 
.command (SETOF S X C) returns a list o•f the ret'ursive 
realizations of the answer template [which is the vatue ofJ X 
~orr,spondin~ to. the solutions which satisfy the constraint 
{which is the vatue of1 C tn the current knowledge base. If the 
.value of S 1s ALL, then at I such recursive realizations are in 
'the'list teturnea. If the value<o'f S 1s the in:tege'r K, ilheft' n:O 
lnore than K such recur'sive· reatH:ations ate t'ett1rfred~ 1'Tnus the 
t'bfumand lALL lx y) tAge -•x 1928 yt) is equivalent to the· command 

(SET □F'tQUUTE ALL'l (QUOTE (x y)) '(QUOlE (Aft~ 'x 1928 y) 0t> 
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as their result, H the current knowll:ldgeb,ase. c.ont~tns onJy ... ~he 
assert ions HER BRAN 01, HERBRAN0.2, tutnNGl, JUR (NGl apd AGE ... RVLE. 
The command 

{THE logician (Born lpgicL1n somet'hin9·Feb~uarv 19()~)) 

returns the risult: Herbranb • 

Recall that the answer template may be a proper name, a variable, 
or a list of expressions. In the Jirst case .the ~nswer is.,Ju1.t 
the answer template. If the temptate is ~ va,-fab,e, eacn answ.er 
is the simplificat~on of the.recur~ive real~zat16n o1 t~i an,~~( 
template in a solution enviroome!'lt •• It the temp.lat~ fS ll. Hst,of 
expressions, the answer 1s a nst of ~iinplifjcat,Jons o( r~-=:uriLve 
realizations of expressi?ns in the template.· ,, ·· 

8.6 NONDETERMINACY OF DEDUCTIVE PRbCE~SES 

The order of the ite~s in the li~ts r~turned bi AfL, .. i~f ~~& 
SETOF ls not defined, nor iJ there defiried any r~ta ior ~~\j~tArig 
a subset of al 1 instances when less thah al I are requested~ · 

,· -,;- :: ? ," -, ); 

This non-d~terminacy is accompanied by a measure ~f 
"concurrency",. in that the order in which Lisr.evaJuations will 
be performed in the course of vari~~s simplifi~atib~s'ls~al~i ~~~ 
specjfied. Thd evaluation of a single e~a•u~bf~ a~P~~iit4n is, 
however, carried out *'indivisibly". It•~ for this reasofl ·tti~t 
assignment and oth~r side-effect~producing ~P,r@t1i6~ m~if~.b, 
used with caution in LOGIC. · · · 

8.7 CONTROLLING TAE OEOUCtlON PROC~SS 

Having emphasized the non7determinacy of 
we should now point out that the user 
considerable degree of control over it, 
making it tulty deterministic. 

8.7.l The ~etiristic So1utfon tost 

the deduction process, 
can, in tact, exercise a 
even to \ha poiryt ~f 

Recall from chapter 2 that the•node ~elected or 
ts always one ,i1hose heuristical{y estlma e~ 
least. This cost is computed as 

•DEPfHC x ASSERfIHNS(~ !> + •(tNGtAC x ~dOESIZE(X YI 

where +0EPTHC arid *LENGTHC are (global>. l:,ISP, ident'itfers, bot.I'\ 
set initiat,y to 1. These coeUiCients may, howevef/be set t.o 
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,;1,ny integer vafues one I Urns, so long as the magnitudes of the 
iesutting costs are less than 2**18. 

Tb~ stanct.ard settings gfv\~ a r.eason~t>fe N'euiistUi searcri scheme, 
b.ut Other setting S ffiay prove use fu i.' . If .one "puts t4"d'EP THC.• tf 
*LENGTHC = o, for e,1<amplet'ttie resuHi.ng se.irc.h rs· br'eadthfirst, 
white setting · *OEPTHC ·= -1, ' *LENG THC = O' gfves ., <:f'ept'!~f h sf;i 
S ea r C h • . In . n e i th e f 0 f the Li t t e r C <i Se S i S ( t\ e Of de ( s· p'e C1 i f re d • t·rl 
which the deduction tree Ts exprored. . ... 

8.7.2 The PRULUG Mode 

As mentioned earlier, the user can clbtaTn a strictly determined 
depth first search by placjng the system in the "PROLOG" mode. 
This is accomplished by fhe command'(PRQL9GON)~. in' ihfs nl8cie 
the .. se~rch ·is, . t ir ~t of ·.al,:, depth t ir ~t- . lhe 1f'eso 11-i~nf~ Of a 
particular flOcte ~o 1, 'morecher., be ex~ior'ed tn. t,'fle .cfrder "irl wt1fc't1 
the corre?ponding ~·(sertions ~pJear. trl. th,e i<rlowleage ~ase. fthis 
is the otder in which the assertfons .art!! ptinted by.·. l'RlNf'FkCTS>.1 

It is this or.dedng of th'e'searcti'tnat!distiriS,uiShes the.fiROtQc· 
mode fr.om the de~~h \ .t Hst·· selfr<;h' ptoquie1; by' 3dJ~St fdg ► i.ne 
sol ut i O(l cost coe(f re tents,' it' a .. sd~~ t'aJ. tu t'e. ts.e,~ Ch3";ef;11,· 
Section 11} is. in effect for . .i. ~redJc,ate wtH(fh al$d .nas· 
assertfons, the special rule is consiileted'to come after ·ar,;i data 
and before ant iufes. . . . . .. . . . . . . ··. . . 

The heuristic sJ1rch mode is iele~ted by fPidldG~6F~J. One is 
not a I lowed to change mode~ while a se~rch is In pro~ress •. Any 
attempt to do so will ~e 'met··· ·br, ·t~e' ,respons~ 
"(Not while searchirrnP', .ro Inquire 'c1bqut''tn~ curf'ent i~arcn 
mode, use the Command:' . ( sE,R CHMQOE: l. ln .heui •st i C ~bde' th IS 
re'turns the. messc:1ge lHEUfUSTit"d 'm>,' .wfl~r{ d ana;' tli alf.l the 
current v~d.ues of *DEPtHc il~d i,LEt:J~HlC r~sgectJtely~: IQ '·f>~CJtOG 
mode, the response is: l)EPTl;:l~FIRST. ·' ,. ' · ··· ,.;, 

Jt sometimes happens that the, progf'am1ner ean d~t1rlni'~e tha~ on 
~V7fY caH of a p,ifticulat' proc:edure at·:most ()~e,~lolvent can 
Jead to success. Such a. determination usual I~. depe~d~ iiottt ... on 
the nature ~f thi ~u~,l~s'th~l t~~ bj ~K~etted ~nd:~~ tK,'nit~f~ 
9f the ass~rtions --,hj~h ~onstitut;e p\e proc~ij~n;: 1.,1t''. ft. ca~ 
fijrther b~· ~rrinied.ih~t ~his (es9r~ent'al~a~i~iesd\ts rto• thi 
lJtst assertion ~bfch yi~tdJ ,,resolvi~t~ ~~en:~ne 1 pdY,J~t~i~ th~ 
~ystern of \heseL1l;ts by decLfrin9 1 the pf~c~durt, inJ.iuestion'to 
have the a,tfrioufe, ONl;RES •. Jhis. is done wl'ttt.< tt\it' ·comlfland 
(P:~PCEDUR!=Preij ONf~1;sj,. "Pt~d'' b,thg. th~. q~e~i7af~ .. ,of thf! 

,~ .p.(Qcedure. p .~i;P~pi.a.Jrut~ !~e~ Ch:Jpter '3) iS iri' effeft for 
J ,~ied•,· t~e ~~j~i~J 'ry\~ 1~ 1 ~Pp~l~~!ij~ fO tbme b~twe~n 4iiti and 

-j ' ' , "P "•,. •, ,,/ ; 'o C 4 
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l'ules. 

The condH.tons under whicp ohe .~aY ::tl)ptOpriat~h· s~eclfy a 
protetl~r• to be MON!RES" mai seSi f~ther 1 f~~trlttfvel dut they 
ate not uncommon .. h.. brae tl ee!. . ''An . inappropr j at~ .. ',oNERf:S 
atlrjbuti6n ~Ill~ ot cburi~; fta~e i dtlstic;~ffect on t~i le~ni~i 
of a procedt:He, since· t:fle syste6i wid tn any case compute at most 
dne resolvent for each cafl, even if more than one resolvent can 
lead to success. 

8.q SUBSCRIPTED VARIABLES IN DEDUCTIONS 

We have already mentioned that variables appear Ing in assertions 
are (implicjtlyt given subscr lpts when the assertions are used In 
deductions so as to avoid improper identification of variables. 
Variables in the query are given the subscript o. For an 
unsubscripted variaole, say x, the system identifies x:o ~ith x, 
so as to prevent an ugly profusion of O subscripts. No such 
identification is made for a subscripted variable such as y:2, 
however, which would appear in the deduction as y:2:0. When 
resolving an assertion with a constraint, variabfes in the 
assertion are given a subscript one greater than the largest 
subscript used in deducing·the constraint. No new subscript is 
introduced when resolving with a datum, nor by the special rules 
for •, AND, OR and COND, which introduce no variabJes. 

Variables in answers require a btt more discussion. If a 
variable from the query appears in an answer tt appears in its 
originat form, without the O subscript added during the 
deduction. lf a variable from an assertion appears in an answer 
the treatment depends on the nature of the query. If a Q..tl!lla.t.X 
query, that is, one invoked from LISP, the variable simply 
appears with the subscript given in the deduction. lf a 
.i!.!.Q112lar.~ query, that is, one invoked recursively within some 
larger deduction, the query must have resulted from the reduction 
of an expression whose variables were given a subscript i ~ o. 
while in the subsidiary deduction the variable was given a 
subscript J > o. Such a variable, say x, appears in an answer 
(to the subsidiary query) as x:j:i. Since .subscripted variables 
cannot appear in the knowledge base, this prevents unintended 
identification of variables in almost all cases of practical 
interest. We snould point out, however, that it one assertion 
causes two subsidiary deductjons, and the answers to both contain 
variables introduced in the course of these deductions, it is 
conceivable that the same variable might appear in answers to 
both queries. Even in this case, such variables must appear 
inside quotatjons. and can enter the deaucttve process only if 
they are "exposed" by means of the special construct ,LOGIC ••• > • 
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: At this point the whole suDJect may seem overwhelmingly 
1 complicated, but we remind the reader that the programmer can 

ordinarily ignore the <t\'IPt.Li:;c comp,etely, and that the 
implementation achieves 'the0se effects impJ icitly and quite 
economically. In parti,ciul~'9'r,,. vaf~ijb11:e}-dentifiers lii<e .x:3:2 are 
never created in the fnte 0rna 0 I wot•tJngs"ot deduction; they arise 
only when needed for "export" to LISP. 



Provtsion has bee.n. ma(t~ for- .ttie os;ition,at "vie~.ing••· of ..-, deauct,ipn 
process as it .h n9ppefl1ny, ;{Qe•HY sµch,~ 1fa~iLitr:,1¥0Uld show 
the tree of constraints growing during the execution of the 
deduction eye.le •.. This is how,v~"(,SOtllewh,at ext(.;i;tV~B:aot of a,JspJay 
space, and LOGIC has a roo,r-e tno~.,s.t virsion. of ttvLs Jd~H1h 

9~1 THE MONITOR FACILITY 

Execution of ttie. qrn~m<l,:)t;l• (fO.~.J{Ot{ Al.L.J ~nf/lb,les ,.the .5ystem to 
display each success~Me 1,1e,ted constraint du1Jng the _,due&ion 
process. 11th• s~•ecte• ''•pJjcjt). ,constrainl is ,a El the 
djsptay slli;>ws the !e.1<pJ icitt,,constratfl\t. .{HEl, lr;l.,,order to gh,e 
.the u,ser time to reoe,t, the system.,p~uses oocereaetJ c.rcJe, al\fJ 
resumes .on re~•l~ing~ a sµj ta~t, jnpu&(<nor~all1, ~ se•icoJont. 
Tl;le predica.tions cpmpfis1ng t~e qw,ry <HE} a,;, di$played as.": they 
exist before ant simpfitic~.ti9n. l.s per{trmed. lt Sl'1t;u.1Jt be noted 
that when viewing a devetopjng d,auctAqp~1roces.s0in thJa ~a• one 
may oqserv, sotne d,i~cont.i~~U,y ifl1tl;le display. This is because 
the selectjon mechanism may not aJways choose a successor of the 
previously selecteg constraint, ,but rather "resume, some.•oJder 
constrajnt whpse turn,h1~ arrt~•d~(or some ~one ~prog~ess?, Evea 
when the genetic tnreaa re,ajns unbroken• there me• be rather 
drastic chaf;)ges in the constfai~t •~ing tot ,UH:; 
LISP-sh1ptificaUon step of \he,cYCi.le ... 'fhe.user wlU.;soo.g bect,me 
accustomed to the .J;ea(ities of the MONITOR display, however, and 
will find it an enlightening tool when sparingly used to stow 
down and observe the deduct,ve actjon. The command (MONITOR Off) 
disables the MONlTOK facility. 

Qne need no, sAmpfy 1 continve from~ \he 
comf!l,.rngs ,me c<fn 9ivf.'4 .a,e as ffi>UE>W~H(tt:,e 

?*E e1pr 
?.,ti: )O~L.fIN 
J•QU(T 
1*t;;tEli? 

"Ii 

Evaluate expr:.aod Pf•lQt the 
ExplalQ the curr•nt stat, 
Abandon the se,rc~~ 
Print qrief, inst,r,uct.i9ns, 

', ;, \ ,· ! ',,:: 

~ny other input is t~~en as a command to proceed .. E, EXPLAIN and 
Ht(p' leave the system in the MONITOR pause. EXPLAIN may be 
f o I J ow e d by qua Ii f i er s to s p e c i f y t he mod e o f exp I an a t i on ( see 
the next chapter). 
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9.1.l Control I ing The MONITOR faci Ii ty 

One may wfsh to monitor on~y ~~~iected steps in the deduction. To 
: do so, one executes the commana (MONITOR Pl ••• Pn) for some 
: predicates Pl ••• Pn,. Thereafter, ·th,e ,system will monitor Just 

those cycles for wnfchi, the ;sef:ect;ea constraint begins with a 

I • • I 

I 
I 

: 
• t 

predication whose preaicat{f i'S, 3All'Ong 0 P1.,.:: .• Pn, or '~for which the 
selected constraint is empt,y. :we 'Say; tha,t:, the !Predicates 
:specified have t>een "tfagged" ,focr• •ntonitoring. ,One. can fl•a::g 
add i ti o na I predicates oy ex e cut i,ng. •a .,s i·m i J•iar ·tHlN I TIJR G".Ofllm~u1d, or 
"unflag" certain predicates ~tt~ a command (UNMONITOR Pl ••• Pn). 
{UNMUNIHlR ALL) unf tags all odt 0rerttfy ;ef.la~nfe<I predicates. 

The {MONITOR JFF) ~nd {MONITOR ALL) commands operate 
independently of flagge'd prledicate,s,, and without changing the 
flags. The commana (MONITOR UN) re-establishes selective 
monitoring. 

One may al'so wis·h tfo obse'rve constt.,ai,nt:is'af,t,er, siml!J11if.i,carti,oa 
well as before. The command (MONITOR 2) causes the system to 
~tfnt the toristratnt •after simplification, in addition to the 
ntirmal disptay before simplification, provided that the 
constr~i~t was altered in some way by simplification. If 
selective monitoring is in effect, the decision as to whether the 
cycle shoufd be monitored at all is still based on the initial 
predicate of the selected constraint,' before siuipUfication ♦ The 
cbmmand OION!NlR 1>1 'h,storces Ute ,normal, maae;i,"pr'i'Nting 0 tle 
constr~int befor~ simpttficatf6~ ohly. 

The numerals "l" and "2" can be Included in MONITOR commands 
which flag predjcjtes, in which case they have the same effect as 
when they stand alone. The key words OFF, ON and ALL are not 
recbgnized fn such commands~ ho~ever, so the~ncommand 
t~ONITOR OFF Mafet ijo6fd flag the predicates, QF5 and vMat~ ~and 
ehabte selective ~anitoring. 

q;z THE PUKR FACIUITY 

It is often desirable to be able to see In some direct 
thi deductioh procejs Is ttkfnt place, without necessarity 
slo~'lng it down to the extent that tJile MON{;TO~ faciU.t~ emtails.i 

I The command (?ORR iAl:.liJ enables just St'H:h, a tacit ity, the PURR 
facHity. The PURR facitity consist.s of a f"UOning display 
attompany in g the deduction p roae is.. n ln~o Iv es' tne pit t nt Ing of 
a fi~ ~ln~Je Chaticters pet cyctl. Nolin~ teed Ii glt•R ½aftem 
ptintin:J t~xcept' at the physical enciJ of a rt ineJ so that.,,tt:le 
characters fora; a continudus str 1ing:. The meaning. of each 
character is as follows: 
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f 
• J 
t • 

: 
• • 

Character 

[ 

p 

u 
R 
X 

C 
L 

l 

(hyphen) 

Meaning 

s tart; 'o f 'a new q u er y 

Start of a ne• c~~•e 
Se'tected co"i,:s1t;raint a success 
Selected predication is NIL <tali~) 
Resotvents of selected constraint obtained 
Selected constraint failed tor Jack pf 
resofvents 

· A toh't'i _n1oat ion' po'p'p ~ti_ '(J_p_ •·• _ .. 
Selected tons'tfaint f'l3i feet' du·e 
llmit" . ' . 
Com~I et ion of a quefy 

Thi-PURR facility i~ ijisabled by the command {PURR OFF). Thus 
kith the PURR tati1ity oh the foj towing transaction would occur: 

* ( A tL ( x y ) ( Age x 19 Z O y ) ) 
[-R-R-R-P-R-PJ 
11Turihg 8.) (Herbrand 12.)l 
* 
The ttpoRR strhig" shows that the deduction took six cycles, 
invoked four;~rdc•dares an& founa two answer environments. Note 
that if_ a query is 'invoked wt thin .the proce~~ing of another query 
the PURR strin• ~ill c6ntain nesie~ bra~~•t pairs. 

When following long deductions, two characters or so on every 
cy~fe ma, ;iiem excessive, and one can specjfy selective PURRing 
in a manner ttoset~ akth to th~t ti~ed to i~ecify se•ective 
monitoring. As with the monitor facility, control is based on 
the· initial predicate of the selected constraint, and predicates 
are flagged for purring with commands of the form (PURR Pl ••• Pn>, 
untlagged with commands of the form (UNPURR Pl ••• Pn). Empty 
i•n•traints fsuccetlesJ are atways selected. The key words OFF, 
BN and Alt are us,d eiaftlf ~I ~Ith MONITOR. Numerals are 
allowed in PURR commands, but have no effect. 

. 
P1ttRR and MONITOR are not ordinary FEXPRs, since they wi It 
jyiffuate a Hi•rstl argument which is not atomic. This allows one 
to nest cat ls of these functions, as in (PURR (MONITOR ALLH, 
which enables Doth PURRing and MONlTORin, o~ 



;';'' ,,;:, :" ~ t 
CHAP, tE.R JO. 

EXPLAVilN.G q~QU~l,lONS. 

Onc.e a deduct ton h<.ts oee,n compf e,ed::<;.lnd its .a.~s.wer,. I ist o~t-,t.ned, 
one may C4l l .fo.r an eK{)lanat., O;t'l of tht:. reasonJry~ bY.'which,;~i()~~ ,o,r 
al.I of the ans-iers l!fere 9educeq,t .for irist.a1'c.e, J,t).e .. f ... <>.lf 1owl~g 
transaction consists o.f · t.i.rsJ .~o~struc;tn 11 \~, a9S~er \ft~t( fof. 
the query (ALL lx y) (Age x 1920 y)) and then requesting a~ 
explanation for the second item. 

*I.ALL (x y) (..\ge x l92Q ,¥)) 
((Turing B.J (Herbran9.. 12.u 

'JIC EXP L A 1~ 2 t 

To show: 
((Age x 1920~ YI) 

It is enQugh, by 
I 1- AG ~-RUL.E ( Age x 192 q • . y J 

,.., (iotn x-1 # birth-year:l) 
i. ,. y , ... 1920~ 

to show: 
OSorn x I # bjrtb-~ear ll). (• y· ,~, 19~()~ bir~h~iear:i)U 

,then. It .j s enoug~? by • 
( :- HERBRANDl (Born Herbrand 12. February 1908.)) 

to show: 
{(;a Y 12. H 

\ben jt is eno4ghA, ~•~ 
<I- REFLEX1VE'!"'LA14 (= 1 fl.tdlf!xiv.~, La,wl) 

to sho!li: 
JUL 
(£nd of explanation) 

The (EXPLAIN 2) COIJll)l,:tn~ ca~ses. a,n, ~xpia,na~iort ot .• the anStHU 
(tt~,brand ll.) .. to ~e. pr jn.ted •. The sµcc,isf,ve ~CHlSt~a(nts; I ea<Hog 
(o the

0
answer are ~J~ibi~e~, and ib; a5sertio~"~~tiv~~,d:~~~c~Ls~ 

~•ch tran$J\1o~· j~ fhown~ Tjp ~~tfvai~d-~ss~itlori is ~ho~~ ~ith 



respect U itt~ envfronin;eht'i,att o l~e ~;shlting b~'~t:i1aint u.e. 
after t,J1e activ~JJ.9n :J:l~Jir•·_e~terq:l_,,d 0 ,,tfle environment>. YiJfi:OtiJS 
further inflectiQhS ar:e proyfi;led 11.i'itb the EXPLAIN·, c·oaunand. 
(EXPLAIN ALL) Pr~'v.Jd~f< expla!'jtipn~ ;,; 9~ >,a~J .~mswers. 
U:XPLAlN Nl ••• N~>'.p~ov,l&t~ expiapaLi99s qtl~ ~ist\ .. ~, Nk'th 
answers. (EXPLAINf'is the same as'<EXPLAl!\(1); . 

Exptanations can b~ pto.cttJf~~ ~ifv ':f'1iq tr,, Ji~tory fa~,tHt~ is 
ena.bfect, which nptrp?a IY. j.t is not. The history facl I lty is 
enabled by (HISToirt~ o~f~ J)sabled by (HISTORIES OFFJ. Enabling 
the history fac.ility can. impose significant overhead.on tbe 
system,particutarl:v ~he-ti }~1 '~~auction tree must be se~tih,:d ·· to 
great depth. 

The answers which i?P cJr~tiJt, 0 i~t,~l~td are those pra~e,,d 1 !Y 
the m~s\ recently•tompf~ted irivoiatlori of ALL, ANY, THE or SETOF. 
It there are n9 such ,;tr;i~wElfS f;XPLAJ.N .l"HL ~j~pfy respond 
"(Nothing to explain)''•···•··•· ,Atf 2)jt~~!l'lpt'· to select 'a OGf.lt!:!Htsi,qt 
answer wH l be' i gnor.ed-, excep· t. tti at a note to that elf ec C . Is 
typed. 

10 .. 1 ALTERN.lftlVE ·i*P(ANATid~· MODES. 
', ') •: '.;;', • • •:• ; "• • ; •! d • i ;'4 ••;:, t (% 'ti };, \ 

The EX PL.tdN fa~ i .Ht y I,~. ~o.n s i der.a6 I 't .~or~. f ,:f;?in tlM~ t~~Q i p,H,.catc:;g 
by the e.xa11J.pt.~ .•. Just····<Jts(:us.sed1. which./iJJ'.us¥r'.~te~:\,nty 'thti"normal 
mode of exptan·ation. One iari obtain ·e~pfana(i'6ns 1 in ·'a variety of 
styles. The yariatiQns are.sp~ctJiEl.9 bt,,t)'.Ping !U.ta!l!.ltI..i ln the 
command fOlldwlng!tne seliclion 6f the an~~er~ to be expiained. 
To i I ll.J stra t.El :t the <;: Qmma 9d ( E)(f>L,Al N ? /\111'1~~ fJN~l,.J _;,ouf .. (J pr i Qt,~ 
simil;;H sort of,explanatJ(!n,. e~C,t,Pt t6at ont.f'thei .. ,~,l!)es', .ilf ~ti, 
assert ions ~outd ~e Pff'Qteg;· and' the''.<ron~tra{n(s"wouid 'aj I be 
recursivefy re;Jlized in t'he solution environment. 

10.1.1 SpecifyfrH Items'to ~~ {ri¢fu9ed. 

Besides constraints and assettidns, onJ df:.N also instruct the 
system ·. to print .. an.s~er tempt.ates a; ,each .stage of ttie 
e X p I an a t i On t .·. i n st ~A(, i. a t e<t 0 and ; s ' Ill R q t t ~d. ..• ; . Q n e . Q\<l~ " a 'j Q • P, r { 0 i 
n~mes ~r ~sserti.od~¼,(nef ~riari gi(~tlna ~~iei(io~i {~ (~[1~· . 

' ', ' ' ,"' ' • .: ,'' •«' '~'•; ,'..\ ' d / '>"• ,; ',' / ' \ ' ; -( ' ' t {Ji \y'. {<•' '/• ,,} 

~:~~t~~::s ~Ln::s~l!t· 0 n!s·s:ii' io~~ .,,i:, ·µ:k1ti~ t!§,~t,J~~ti·~f:s .. lit 
specifi~d names. These ffmanufactured" names have the form 
(Pred Rule k) or (Pred gatum k) 1 following, tf;l.~., .. ~.,o,nv.entiooj. 
discussed •:r;(cha~te.r 5/ Us~r-suppfied Oqlllef. a(t~,:.:~;rq~f,ji,'~~t(~fl 
just as s~eciHea;', tiut.' one can request 0 tong"'names, in which 
case the name given by the user is combined with the principal 
predicate symbol to form a t ist "(Pred Name)". Manufactured 
names are aJ~ays fn the long format. 
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The qu4lifiers .ih.ich, control all this are the foltowing: 

ASSEKTIUNS 
NAMES 
t!NNAi;.ED. 

(~NG 
SHORT 
. ' 

CllNSTRAINTS 
NOCQNS TRAnns 

ANSWERS 
~OANS~ERS 

CONTINUATIONS 
NOC ONT INUAT IONS 

Print assertions in full (Default] 
Pfint names of assJr'tions 
Pr inf 3sset't·fons "''hi;crr':fack uset·-~1.tpp Hed 

'names~ pr int ·name~' where !tivai labh! ''! 

Pr int .4TI names fn tong for'mat 
Print user-suppifbd rlames ln 
short format 

Print constraints 
Omit constraints 

Print answer templates 
Omi.t answer temptates 

Print continuations with constraints 
OmH continuations 

(Default] 

[Oefaultl 

{Oetauttl 

If NOCOHST1<AINTS ls specified the format of the explanation Is 
a<JJ vs t ed , according I y • [ f NO CONSTRAINTS, NOANSWERS and NAMES are 
all specified the explanation ts simply a 11st of the names of 
the .assertions used, with no ornamentation. The default 
selection between CUNTINUATIONS and NOCONTINUATIONS can be 
changed 6y (CONTINUATIONS ON) or (CONTINUATIONS OFF). 

10.i.2 Specif~i~g EnvjronmentJ To Be UJed. 

We remarked ear Ii er that the normal exp I anat ion ~hows each · Step 
of the derjvatjon in the environment current at that step. One 
~an, however, specify other choices as foliows: 

INITIAL 
CURIH:NT 
FINAL 

use initial (empty) environment 
Dse tbrr~nt envtro~~ent (Default] 
Us e f i na I { so 1 u U oh) en v j r on men t 

Wheri the INITIAL environment is specified constraints are shown 
jh, ttie current enyironment, as nothing ear lier makes any sense., 
whffe assertions are shown in the form in which they appear in 
t,J)e knowtectge b¥tS~• Not~. that the ANS~ERS. option is. useft.,l only 
j fl conjunction with CURRENT, 'though ott\i3r chnrbtf nat i bns are 
a If owed• .. . . .. .. 11 ·' " ' 

Anything other than a quatifier appearing in the command will be 
ignored, with a warning message to that effect typed to the user. 
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10.2 LIMlTIN~ EX~LlNi1Io~s 

: The fulfexplanatloo. of an. i.answer, as f;H>fmaJ.h produ~ed tu 
LOGLISP, . can De. quit! Jerijthy; and OR~, migh\. ~,sh tg~jllj) tht 
explanatiop by omittin9 certa.i,n uojot~restJng sti'PS• lt one 
declares the predicate 1 Pred 1 to bave tile attt.,t>ute tl'IQHISI,1 
using, say, lbe command i~RijfE9UKE Pred NOHISil ,xpfai9ed iR 
chapter 4, ihen . historjes re~cirae~· by· \~e ~,stem ~i)l omjt 
deduction steps which useq ass~iiions fr~m proce~ut, Pred, and 
subsequent explanations will omit such.steps ~s weil. 

1 

' 

The f0Jlowin9 exa~pfe shows the.effect of suppressjng the step 
ustng the procedure Sorn in the deauction of Herbrand's age in 
1920. 

*<PROC~DURE Born ~UHi~tJ 
Born 

+(ALL (x y) (Age x 1920 y)) 
: ((Turing 8 .. ) (Herb1;a,nd 12.u 
: 

♦ (EXPLAIN ZJ 

: To show: 
t ((Age x 1920. y)) 

J 
f It is enough, by 

( :- AGE-RULE. (Age Her pr and 1920. y) <- mo.fl;} ,t;erbf"fl)d .,; ..• J 1~@8. l 
t 6 ,:i: y t-:- l<j~Q •... ,,l.90,'!M> 

: to .show: 
: ((= y 12.)) 

: 
• • 
t 
I 

: 
1 

I 
• • : 

then it is enough, Dy 
U- REfLEXh'.E-.LAW (, Reflexive La.wU 

to sno .. : 
NIL 
(End o.'r explanationJ 

Qne ouservt!s that the Ofl!i t~ed steps q,r:e not eri\ltte,.v1 1J91~q..-eq,~.• 
sin<:e the bindings these. i.n tr.oduc.<e m~y iQf;,IU~fliCe tt)~ ;a,.p,pea1\afl.4t,, 
<,f the steps which a,-e (e.tained' in th,e exH(~.n.at~on •. 



10.J OBTAIN[NG EXPLANATIONS IN LISP. 

The system contains a number of SUBK-type functions which allow 
the LISP programmer to get ,h · t.'rie<' bttiic mater lat of the 
~~i;ilanattons •. The ~ro9ramme~ can . then format explanatory 
j~teriat ln whatever way ri~ findi fonvint~nt~ Jhe<tfrst afgum•nt 
to' each of these functions is an "answer number .. , which is the 
number of the answer to be explained, just as might be typed to 
EXPLAIN. The effect on thei~ tohttfons ~f predicates wtth the 
NQHIST attribute is analogous to the effect on EXPLAIN. 

f'! ; /: 

IEXPLNAMES ANSNMd) 

returns .a list of the names, in long format, of the assertions 
Uffd to derive the answer, in the order used. 

returns a itst ot 
the order used • 
CURltNT, FINAL, 
assert ions w"j 11 
t Is t 

the assefti i:>ns usefi;if.o" tterhe the ans~er 1, in 
. Her 1e l:NVnshou"I d t:>e one of tf'lE, a'tbm"S:''iN;lflAL, 
to speci'fy the . envir'ohm'ent in 'whti,etV' the 
be shQwft~ E~~h ~s~ertib~s Ii rh~tis•nl•~ b~ta 

{Pred Datum/Rule Name/Number Head Tl ••• Tl) 

where "Pred" is the principal predicate symbo1, "Datum/Rule" Is 
either the identifier "Uatum" or the identifier "Rule", according 
to the classification of the assertion, "Name/Number" is the 
us~r-supplied name or system-manufactured number, and the 
remaining entries are the predications of the assertion. 

lEXPLCONSTRAINTS ANSNMB ENV CONTNS) 

returns a list of the constraints arjsjng in the derivation, 
beginning with the original query ana ending with NIL. Here ENV 
specifies tne environment as before, except that INITIAL Is 
treated the same as CURRENT. CONTNS should be T if continuations 
are desired, NIL otherwise. The entries of the I ist returned by 
EXPLCONSTRAINTS are themselves lists of some compleJCity. If the 
constraint in question has no continuation, the cor,responding 
entry has the form: 

((ql ••• qN)) 

where qi js a pr~dication. It the constraint has a continuation, 
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but CONTNS is NIL, the entry will have the form 

((ql ••• ~N) CONTINUED) 

' I 

while if the constraiht h~~ a cdntln~at(~h ,nd CONTNS is T, the 
e.ntry has the form 

((ql ••• qN} (pl ••• p!P !~•.). 

W~tre pi ts a t>rtcticati b~' qf ~he c6ntinu~ti~ri! ~t,ith 
be fol 16:wed b,v another conf.inu~tiori~ anQ ~~•'on •.... 

lEXPLTEMPLATES ANSNMB) 

returns a list of answer templ,,it~$ shown in .... the successive 
CURRENT envirori~iHi,! b~gihnihg' ~fth th~ 9fi@lgal template and 
ending with the hct.Jal answe{. ., 

:!~ e:~ ,.!~=~ e ! t1

~
2t ~!"!n~!il 1 ~i,no!r ~i::~ ~ 1 ija:3::2t !:~ c~:~:~:!~~ 

to an e1dstin9 ijd"iva(ion the result isthe'.=ilom''NO-EXPLANATION. 
If the most recjril ie~rth was performed with the history facility 
disabled the result is NIL. 



In the present chapitei' ~\; dfsdusi miM,'a:ntc 1'rJRHfhg 
LUGLISf>, QQ.tainin~ ioto~mat,ion~ .contr9.I I inl,1 t~, .Oijef'a~\n~ modes 
and defaul.t. Se?tOn~s, a.nf so1ie po(ots d~at'fNs'E~'ftfi• .er-"fofs:· 
s~10,e d0i(l9 ~SQ w.e'i~~hailf'i ~\~~ {on~e~etor:ti tf •UH ti~;;~ " 

< f 

Identifiers beginning with the 
c~a~1~t~r "i" are reserved for use 
oy the ~,~fem. 0 ~~~,;~ shou1d 
ge~itallY avoid such identifiers. 
Und~r no Jtrcumstances should a 
\.rset ... assi~n a .. vat ue to ,~co 
idegtfflei; 

11. l RUN~ING. LlJGLI SP 

We suppqse tt:iat 1 tne µser ll<1s. l.999e?)9 an,~ obtf.i!)epj;tf~/3,.ss.~p the 
disk ar~a COt;)Hinin.~ toe LOGLlH ~xst~m~: !he, p~erJ~f n\~~~pq fbt 
doing Sp wUI yary,f,-pm one installijt'ifH) tf an9t6et•'' ,,, ..... 

',, :. ·· ' ,, ·.'.· .,, \ ··; : : •,. ;,; ·.:_ '.• r.: .;J t, :s, ,; '.. ,. '\ \, :,'!;, ·. -

./LOGLfP C?~e 

whe.re ftcore" is ~n op\fpnal core argum~{lt intfHL (orm ,on, .. wouJd 
, ;-., : t , ,y,;1 J, >.<< ,t ';' i'.'' ,; ' ,. " ';, t,:". ·,\,ti \ ,_ >\ ·} <',, {. • Yt,:· ,yf/<:t{ $· -,; \. 

gJv~ .· fPf. 1 th~ RUN c9,~a~d •. If t~e t,,, ar~~•e~C ,,~o~•ltf!ithl 
systellL wifl h~ve a raltn;,. t srnalJ .. w6rkin';J ar~a~ f<!l : lh1b'd 1

: ''m~alMn 
, _, :.,_·_,/\," ::, -,.' ; \- :.•,'·'~:. >, ,y. •; < '•-'. ;',~. ;7,:,: '.:, f- - ,_., .;'C'';,~ .~ ;-{_,-· :,'-i:·\, ,¼of':;,•" ·':,· ,Y)-,½/ ",;;/i)-t(~ ,,,_- ;-, ,"AJ') 
allioc~tton is 10K. The maxtmum core aflocation is 164K, whlch 
resulls in a low segment of Just over 128K. Core •equests 
out~de the usable range are adjusted td the nearest allowable 
value. For large programs one may wish to specify the LISP 
stor,a~e ~lt~c<1~i0Jni~ ,J d() so,~.~~ tJke 
.n.ot(sP i!o,1fH)P.Q,H>op·}90·(. ~ppo 
in wtilch· the core afgl~~erit .~ tot lo~e'd by ~ comhl~ 0afi~'. H~e 
all~~~l)ons, saparated by spaces. The order of these is 



WORO SPACE, BINARY PROGRAM SPACE, REGULAR POL, SPECIAL POL, with 
the at locations beJn,;i ,interprete,a .ino.ctpf, .ju,5,t,,a,5 tn L.I),P.-

'..'/ , .. "•, ;< ' ., · ,· ~ ; ··, · \." ; .' ,! ' ,;;' · ,· ·: ' < ' :,;i .l it ' \ •·. \. · ;i <, •t.· , , · ' r 

fptu.sP',,.jll print ia ... v~rs~~p ip.flS,s~g~.aQd:, pn>mpl; w,i~;, ... .,. wp.~n 
ready, be i ny .. at ~he top i eve I Of LJ.~P, 4,..t Jell js p,o,j n:t f?O,e qt~Y 
enter assertions, quer'i~s~ ar,,d .t.t,e !J~e <}~., .• d!'scrl:f)eid iii t.h~ 
earlier chapt~rs •. The syst,eJ!l incJµdp~ ,Jl'l~ ,optfooiaJ m,un~rJc 
funct.ions (SQRT, SP'h fIN'P, etc!') '?·~dep 1.o",b,JRe'•¥nPTPSJ~~m space. 

The commands just .describe~ d,ep~fld on. the avi:li tabi(Jty ot tbf! !!UC 
tMacro . Interpreted Commafl~•· ·.sys'ietne,: Ar·: Jnsta.tlf1P9JlS p,q; 
providing MIC one m~st us~. th~·,.1tpr11afe 1 fi,l~~hQf ~:t~~crf~ed· jp .. '. tt,e 
next section<!. Some inst~Jla,tions:ri:mnJV,9 ~IC d9 JlQ.~ p,;pviq.e the 
comp.act "/ 11 commands, i,:i which q1se the:.ionger fprm' ..... . 

" ,, · ' , ·· ·'' C ::, , ; · · · t ;,,,,; · '1 ., tt \' ·. \·. i ·, •r 

.;oo LO GLSP core 

may be used lwith alJocations if desired). 

11. 1. l An Atternate Method 
,,,, ' ''i: : ," 

The mel~od oi ~un9Jog (OG~IS~ ~o be descrlbea RQw,(; use[µl~.P,tl 
fpr those who ae$il~ qqn-stijnaard tri,tJ~l!~,tig, Pf~nf,~ \? 
minimize' the Jbre requirem~nt~ 1'ot the system. One may also run 
the system' uiirig thi'monitor command 

;;~Uti LOGLSP core 
fn which case l.,.ISP wiJI ask tor aflocatiqos. The system .. iu ~.e 
fun lHliniUalii~d i:;ith no version 1,I!8SS~9e, 1bt.Jt'.stjij.,iqch.tc,fing 
th, e~tra numeric funbtio(IS,e '•serore as,s~r,tiqns fan ~r:~'?;~ri~ pr 
ijuerles procissed th~ syst~, ,u~~ ~e J¥jtl~t[;1~ ~fin1 si~tT l1ee 
below): · · · ... • 

When run in the 
inftlaliied with 
the cobrc'~art qf 
START. •·· . 

f$T ART) 

us l,I a t . w at th e s ¥ s t e m s t ~ ~ t s o u t ,. µ ! q {;>, ~ q ~ 
an ecqpty Kt1Qwle9ge·.,btt~e~· ()n~ ·~a,¥., ~-tt:ti\l~J.\z,e 
trie iVsti• jt a6i time tiy lnio~ing tbe tunctiop 

',\;;,,, , , 1 ,, ',, ., ,f '(,, ;\ )wfa ,.,, " 

teaves 'ar1 empti i<no~ledge tia~e and•· rJset's' the operaflng mode 
toWtrOls and syste1n defaults t'o tht!ir standard values. LISP 
function definitions, file descriptions, and identifier values 
are not changed, except for those values which are used in system 
control. 

fr-l 
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11.3 INFORMATION 

When prompted for input at any of the rnajn interaction points the 
user can obtain orief ihstructions by si~~1y typing HELP. 
Assistance is thus avat fable at the top level of 'tl1SP, in the 
monitor pause, and in FACTS, as wel I as' wh'en tHe deduction 
machinery asks for instructions {see belowf.' HELP is not 
availabte while editing, out the editor is just the standard LISP 
editor, so no special difficulties should be enc-0d~terea. 

Abbreviated instructions for using any of th!:! i:.O'GlC interface 
functions t;-, THE, ALL, /\NY, etc.l can be obtafne'd by invoking 
the command (OUC fnl, where "fn" is the name of 'thi function in 
question. These instructions were. developed usin~ the on-li~e 
documentation package described in aJ1peirdix A.• l'he documen'tatfon· 
package itself is included fn 'lOGClSP fci'r th1e'conve;nifince ot 
users. 

11.4 CONTROL 

The earlier chapters of this report n\ention .i,;trr'!~ti!t 'of hancthtns 
used to control various' oper'ating m6des, as'''welr•as s'everaf: 
def au I ts used by the sy$tem •. In ttli's secthin''we shat l s·11mmarUe 
the control functions and explain the treatment of defaults In 
somewhat greater detail. 

11.4.l Control Functions 

With the exception of PURR and MONITOR (see Chapter 9), all of 
the controJ functions take one argument, which should be ON or 
OFF (Tor NIL may be used as w~lfJ, and return the argument after 
atteriny the system state appropriately. These functions will, 
however, evdluate a non-atomic at~~ment expression, so that calls 
of tne functions may De nest~d. To illustrate, the command 
(HISTORIES (CONTINUATIONS ONJ) ehables both the recording of 
HISTORIES and the printing of CONTl~UATIONS. 

Several of these functions operate simply by setting the value of 
a LISP identifier, in which case NIL represents OFF, while 
anything ejse represents ON: 1 tPUR~ 'and MONtl0R tHe ACtl tic> 
represent the st~te s~tected by ALL~J Thj fdinttttlri so os~bSmaf 
be changed directly by Lt SP programs,· br Jccessea;ibt'them1 as dlay 
seem usefut. The tabte which ft>flloj,j's lists the names of ttle 
control functions, t,heJnit.ia1···setting~, ~na; where{ app·ttcablb' 
the identifier set b~ t~e functibh; 
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· funct.i>ori 

PtlRR 
MON'IT □R' 
CONTINUATIONS 
HISTORIES 
ASK 
AUTO= 
AUHlANll 
AU.TO•OR 
A l.fTOCOND 
PR.OUJG 

UfF 
'tlf-* 
OFF 
OFF 
ON 
ON 
ON· 
ON 
ON.• 

i,"fli=F 

., t'½ ;i\ ;:,,,, 

.,.PtJRRj 
*MONITOR 
*CONTINUATIONS =~ ~;~ ro~, f s. 

~~:~:~ii& 
{ None 
{None 
{None 

Initial set.tings are• t'e~~uitH'tshta ti; START. facility 
01 1~~itfLJ,~ cont.rolled by ASK is ~escribed Delow in the 

,. / •.1·;·, ,;:, t t.:·'i!f 

11.4.Z Defaults 

Both in specifying deduction windows and In r~questJng 
exp I ana t Ions the user nor ma I I y re I i es on many def.au Its. These 
are no~, in fact• d~,ermtned rigioly by the sytem• but may be 
adjusted by the u:set.' Hie standlirtl 'd«!fault · se.-ttings are• 
however, restored by (START). 

11.4.2.1 Oedu<:t.ion>Windo--, Defaults - .The defaults for deduction 
windows are ·the< ya1le.s 1 'ot t'l'l'e LIS'P ideritlfief~i.•1ute& b~low, 
along wHh theiiTnf.fl:'if vahHfsJ · ,:;q ,ui.i:>'i, 1,.:w1. zr? 

Identifier 

* TREES IZ E 
*NOOESIZE 
*ASS.ER T HlN:S 
t RULE'S 
*DATA 

Initial Value 

Each of these 9iv~$ :.et.flf·ti" ·.l.'fef\,:ftfft' .fv·.lHi1e .. · 'tdt'. tftj•~:;s,J,J<"t.'1$·i7,otid1 f~g' 
window I j mi tr ,}i\J'!~;<?Ji~h i ,Jtd(IO \ ! is .; t1he ,'t{o'r•m4 t'. :\;'~ t\re' ··tot "•1nicts l'•Ml 
different initj<;1,J•j;it'fue wftii be 'us~d 11"1 \·ha sYs'tt!m was specially 
constructed. Th.~ im~•~nientat,iQn co.nstr~tn\ .· on .• v,~ flll,tQber; ot 
r u I es in· a·•··~ i fl~fe ~~dt¢'0t'7ihoi:VJ:1 t,· '1M·1 . r i goriaus·t .Yi\ ,,N~o,·de(f, .i•e.Jen ': •.J 
*RULES is rna(1e Jar91if1 t''f:ia1rfthis i'inift.1 ''' .· ·.· .. \ .. ; ¾il.,1'. •. {Ul.\ 

The values which onemay assjgn to these identifiers are the atom 
INF or any non-negaJJ~~ integer. 



11,.4.z.,2 ~,l<iPL~I:.N p,etaufts - The defautt qualifiers for EXPLAIN 
are similarly control led by a collection of LISP identifiers. 
The t.ap.le.p~l,ow, shpl'l:s t,he ,iQen.tLfJers., .the o.f v . .a1.,.,.~.s. each Is. 
aJd.owe<t .. to. take, aod t.ne i.nLt iaJ,v.~lue.. . .. . .. / 

· *A.SSER.T 1 O.NS 
~,CUNSTRA LNTS 
~l,ONGl'{AMf;.S 
*A~SWER.~ 
*.CONT I NUAT IONS 
*ENVIRONMENT 

V.af ue. Set. 
":{, 

{A LL, .. S.Q.ME ,, 
LT, NJLJ 
{J; t, NU .. ,} 
f't, NIL} 
{T ~ NIL} 
{FINAL, CURRENT, INITIAL} 

Note that •CUi~TINUATIONS is control L,& by "'(tfe /J'ri<fffd'n 
CONTlNUATIONS, al)d aft*ect.s the monitoring facjJity as well as 
EXPLAIN. 

11.5 ~~RQRS 

Errors in LO.GIC or in. ·LISP. 

11.5.l 

Errors detectedd>Y LI,~P w.i.11. ,:es1..1H iq tHJt~~ t~ tt,le ,1.,ISI,),. bre~k 
pat::kage in the usual way. lf th~, err r:·t•fi~:$,~;'.''dutfq~ 
simplification a b,;ktta~e wJ JI snow~~one_ij ~~e ~•t'4jji'6g~~~·~ 
reduction machinery, which is ~ro6~~1~ th~ best coutse the sj~tem 
could take. 

All .of. the LJ>P 'tacfLities for r:~~oy~?Y and .. aoa.ti;l$ ,at~ 
available.- Th~r, are,, ,.Jn.ai;jJjtion!··twe,~t?~Fi~Lriji~,r~i~~~n#~ 
whjch ,a, be helptut. 

LOGSK - ?,tints a. '!to<:1iC b,acktr,ce" ShS:Hllfl'cl9t.P}e, ~;PtRi~i.Qp!, ~ti¼'~ 
simpli q~d c1nd tht; constraint frol!l wtlifh ;,t afQ~ee , ··. ·· ,,. ·· 

'· ... ,,.r, ' ~·. / '. ·!·· 

EXPLAIN - Prints a standar~ explanation of the ~o~~l~~lni 6~ing 
sjmpJ iti,i, pfo!Jd,~ ~J~i~iJes are being recorded~ EXPLAIN may 
be fol lowed by qua I Hiers, as in '*EXPLAIN NAMES"• 

Note. that m,i sspeJ I eQ,, f ur,cti9~ ~amej. jr;i, (ot':ft tertt, l!f {t']' iijtl .. I~~~ 
to und~fin1d ,~nctipn, err~rs, ~imp)i~f? ~~~~pfilgpj;wnlc i~, 6tJ 
evalU,iibl!,;p 



11.5.2 lUGJC Errors 

,Ear'1ier Chdpter,s explained now syn,t,a.x err9rs 31.r~. handLed.; by ll.~ 
and FACTS. T~ere is one otrter ty;pe; ot er,ror wnich can .be 
d~tected by J .. QG[C -- the "undefined p~eitj cat~1•. e~ror~ . 

A, predfcate .is consider e<:1 to be tm.def I ned if it has neither a 
LISP definition· (as a function) nor a LOGIC aeflnttion (as a 
procedure of ()ne or mo.re assertions). If such a predicate is 
encountered' during a search, and if the ASK facility is enabled 
(as it ; is ipitiaU:t>, the system ,1:dJI ast<;; 1the,; user ilPf 
instructions,· i:3Her first. prJniin9 a JJless.aig.e specifying the 
uhdefinid ~redi~ate. 

The prompt for instruct j~ns is "ASK*"• Responses are as fol lows: 

ASK+; 
ASK*f 
ASK*S 
ASK*S pred 
ASK*E expr 
ASK*P 
ASK♦OUIT 
ASK*HELP 

Cohtinue 'search 
El<ecute FACTS 
Correct spelling a~tomatical ly, if possible 
Correct spelling to pred 
Evaluate expr and.prlnt the result 

.Print the current constraints (as when monitoring) 
Abandon the search 
Print instructions 

Anything otner thJn ";" c~uses, th, syste~ to rem~•n lq .th, jA~¥ 
state. If the user does anything ~hich mjght co~c,ivably alter 
matters, the systim will try again· io simplify and obtain 
resolvents. 

The automatic spelling correctjop attempts to find a IHt~Hcate 
(defined by LOGIC) wtdch closely matches" the undefined predicate. 
If successful it informs the user of the chosen predicate, if not 
successful it informs the .iYS~r of that fact. Spelling 
corrections are accomplished wtt~ RPLACA, so the effect may reach 
beyond the immediate sjtuatlon. When the undefined predicate 
o~curs a~ an instance of some varia61e, spelling corrections are 
prob~bty .ynwise, and the user ts war,ned of such circumstances. 

11.5.3 W41TING Limit Exceeded 

lf the 1.imi.t on wA.ITlN.G nodes ts r;ea~heq and a, newr~od, C\,t!<l$ to 
be e'ntere<J, the. system wi f1. discard the new node and print a 
message to that effect. No provision is made for user 
interventjon upon such an occurrence. 
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11 •. 5.4 Exhaustion Of Free Storage 

It• deduction is ter.minate~ because of exhaustion of free 
storage (signified by the rness'clge NO FKEE STG LEfTJ there may be 
matJy .nodes WAITING ~o oe pr.oc~ss.ed, .and there 1n~y not be enough 
storage to start another search unti'f thes'e node's ;;ar,;e erased. To 
do so, one may give the com~and (#1NITHEAP 1). This invokes an 
in.tern.al function which accomptishe.s the desired result, setting 
the search mode to (HEURISTIC 1 "ll as it does so. Afterwards it 
m~y- help to run with (HlsroRIES OFFJ. 

ll.o ADDITIONAL LISP FUNCTIONS 

LOCLISP includes a number of furictions not provided by standard 
LI.SP. Some of thest? have been mentioned earHer • . ,,, i . 

11.6.l Short Names For Arithmetic 

The short arithmetic op~tator s are as fol lows: 

(+ el . ·-. eNJ (MACRO] 

{- el ••• eN) (MACRO] 

<* el ••• eN) tMAtROJ 

IX el .... eN) 
~' ,, 

These are the sam~ as P~US, DlfFl:RENCE, Tt'MESt '!QOOTIE'tHt e·xcept 
for being more defined. (+) ... (-) • O, white<*)• CO• 1. 

11.6.2 Arilfimefic Refations 

Thi toiJowing ~iithm~lif letiii6nj af~ jroifa~a, {rl ~aaWtfjn fl 
those included in LISP: 

I< el e?J [SUBRJ 
;, 

'<-- el el) (SUBRl 

( )a el e2> C SUBR l 

() e_l e2 J {SlJtHq 

Of cpurse n,.n is ~efJpe9 ?fl-O\J{lll.}e~1 as well as oth~r objects. 
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Two other special arithmetic functJons are provided: 

[SlJBRJ. 

returns x••N fof ihteger N. 

( 000 N) tsuSRl 

returns T it the integer N fs bdl:i, NII::. ·oth~hHse~ 

11.6.4 l □GLISP Utilities 

Some of the LiJGLISP system utility functions may be oL use 
pfogrammefsi Thi names of these f~hctidns ~f,'notJfese~Oid. 

(VARIABLE e) [ SUSR l 

returns T if e is a ,LOGIC variable, NIL otherwise. In an 
assertion one might write (VARIABLE (LISP x)) to determine 
whether the instantiation of x is or is not a variable. 

CCONSM el••• eN-1 eN) [MACRO] 

returns the object {vl ••• vN-1 • vtO, where vi denotes the 
value of ei. 

(XFERPROP "OST« "SRC" "KEY"> CFSUBRl 

makes property KEY of SRC also be property KEY of OST. The 
property value js not copied. 

(Version) C SUBR l 

prints a message identi tying the version of LOGLISP in use. 

(HELP) £ SUBR J 

: prints a classified list of logic system functions. 



11.b.5 Date And Time Functions 

J (DATU-I> {suBRJ 

: returns the date as a I ist of fhe 'torm' ·,day month year>, where 
: "day" and "yedr" are integers and "month" is one of (Jan Feb Mar 

Apr May June July Aug Sept Oct Nov Dec). 

• • 
' • 
I • 
J 

,;~turns. the time of day as a ti st of the f'rirlri b{r i· 1niinl', '•ai~'i~ 
"hr" anct ~min" are integers. 

returns the date 
(diY m9nth year~hr : 

and 
m j n). 

rsuSRl 

ti me as a Hst of the form 



CHAPTER 12 

EXAMPLES OF APPLICATiON5 OF LOGLISP 

Apptications of logjc. programming are described by 
[Kowatski 19791, (CJark 19791, Ivan Emden 19771, 
{Colmerauer 19731, and [Warren 19771, to name only the principal 
references. 

In this chapter we describe two non-trjvial examples of logic 
progr,mming in which the special features of LDGLl89 are 
e•pJoited. 

12.l PLACES - AN "INTELLIGENT" OATAS~SE. 

Logic progrJmming fends itsel t oatura¾fy to the? creatton1 and 
op,rat4on of "intellig,nt" databases. Such databases are capable 
qt beJng "told" tacts and rules and of being "asked" questions 
whose answers in general may require reasoning. 

The idea is to design the database so. that both ,tellJn~ and 
asking can be done in a reasonabty free style whjch does not 
require conformity to ,pra~designeG tormats. Ideatlr both telltng 
and asking would be done in ordJnary informal natural language -
but this fs at present a major problem. An approximation to such 
a system can be achieved in LOGLlSP by using {formal} assertions 
to tell and (formatl queries to ~sk. As an example ot an 
"!ntel l&g-nt" database we put together a LOGLISP knowledge base 
called PLACES. PLACES contains several thousand assertions most 
of which dre aali• j.e., uncondiltonai iround assertions. 

Some representative data of PLACES are shown in figure 1. For 
each predic@te appearJog iq flgu~e i, ILACEi bas a coltectlon of 
such unc,ndlL!ooal ground ,assertJons ~· a •~i~ QLD£~~~tA • Atl 
these' a,t~ procectur11 ,are compt-hensive lthey:,average seve~al 
hundred asse~tlqns eacnt and so•e ice in a sense complete. 
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{POPULATION BURMA 32200000) <
(LATITUDE WAR"SAW 52.25) <-

'ttONGlTUDE P YONG-YANG -125 • 8} <
{ AO JO INS LAOS VIETNAM) <-
(COUNTRY vr~NNA AUSTRIA)<
(PRODUCES USSR OIL 491~0 197~) 4• 
(&ELONGS fRAN OPEC)<-
(~EGION lSRAEL MIDDLE-EASTJ <
(AREA ETHfOPIA 471773) <
IGNP-PER .. CAPITA NEW-ZEALAND 4250) 
lOPEN-tiATER BALlIC-SEAl <
(NARRON DARDANELLES}<-

Resolvin9 a constraint {Q E) against a large data procedure P 
does not in general require that each of P's many assertions be 
checked to see if its header wit J on Hy in E iititt\ wiitb the 
selected predlcation'A. Thj secandar, indexing scheme of LOGLISP 
allows the efficient retrieval of just those assertions whose 
headers contain one of the proper identifiers which occur in 
ACE}. In general the smal1est such subset S of P!s;, atse11ttons 
wtl I be much smaller than P HseJt 1 and the tesoiuUon process 
searches S rather than P. 

The procedures POPULATION, AREA, REGION, GNP-PER-CAPITA are 
complete in the sense that every country in the world is cover~d. 

The GNP-PER-CAPITA 
gnp-per-capita for 
year (1976). 

protedure ·ghes (ia ':US dol1ars1) ··thit 
each country in the world for a particular 

Tfte procedure AOJ01NS provides data for a procedure BORDERS, 
which is a pair of rules: 

(BORDERS x y) <- {ADJOINS x y) 
(BORDERS x y) <- (ADJOINS y x} 

whfch give PLACES the ability to determjne which countries (or 
bodies of open ~ater) border upon which others. Since ADJOINS is 
a symmetric relation we need not assert it in both directions1 
and BORDERS uses ADJOINS accordingly. 

The procedure PRODUCES gives (in mi I lions of metric tons) the 
quantjtles of various oasic commodities loll, steel, wheat, rice) 
produced by most of tne world's countries in two particular years 
(1970 and l97S). This procedure could well have covered more 
years and more commodities, but for the purposes of an example a 
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few huhdred assl!rtions 
possibi J ittes. 

seemed enough to ti"lustrate the 

While the countrjes of the ~orl1 form (at any gjven time) a 
rather definite set, it is Jess. clear what are the bodies of 
water 1'1hict, should be named and tr'eated as entities in a database 
such as PLACES. we took the arbitrary course of naming those 
bodies'ot ~ate~ louhd on the maps of various parts of the world 
in the Rand McNalJy Cps1J!opolitar;i:,World Atlas. We ignored those 
bodies ot water which seetne<l too smal I to be of much significance 
but we strove for some sort of comprehensive descriptjon of the 
boundary or each country~ For ~xampl'J thJ query 

( ALL x ( BOROERS x r RAN) ) 

gets the answer 

(STRAITS-OF-HORMUZ GULF-OF-OMAN TURKEY USSR PAKISTAN IRAQ 
CASPIAN-SEA AFGHANISTAN PE~SIAN-GULF} ,'· .· ,; . ,, ·. ' 

In which each of (he bodies of water STRAITS-OF-HORMUZ, 
GULF--OF-Ul"IAN, CASPIAN-SEA and PERSIAN-GULF is listed as having a 
portion of its boundafj in common with that of the country IRAN. 

12.1.l RULES. 

PLACES contains, in addition t? ~h,1e fa~ge "g~t~ proc1du~1,,, a 
number of rule~ ,def fnfng pred•c~,tes y.s~t~I l.n f~v;f!iut4at~~g 
queries. 

For example there is .;t procedSr'~ 01.~tANCE', Jn'lch consist~ 
fol lowinri fovt rules': 



<~ t= d CS?HIJST lai' lol la2 to2J:l 

tolSTANGE (PG-SITION tal loU (PLACE ql d) 

<~ fLATITUOS q la2} 
£ (LONG I TUOE q io2) 
& (• d (S'PHOST ral lol la2 10,2)):, 

(DISTANCE {PLACE p} (POSITION ta2 lo2) d) 

<- (LATITUDE ,p lall 
& (LONGITUDf p loll 
6 (= d (SPHDST lal lol la2 to2)) 

(DISTANCE fPtACE p) 

<- (LATITUDE p falt• 
6 (LATI'TUDE q !'alt 
t (LONGITUDE p lol) 
~ (LONGITUDE q loll 
' c~ d (SPHDST tat fol 

This procedure can be used to o'bt.at:n ,the great-cfrcte distance 
between any two cities whose latitudes and tongltudes are in the 
data tables, or bet~een one sucn city •nd an arbitrary position 
on the earth's surface (given by its latitude and longitude) or 
bet*sen two such arDttrar, plsittonsl 

The procedute OIH'ANCE {'Hustrates ,,the ability to call 
user-defined LISP functions by forming constructions usjng their 
names ~s Operators. The LISP function SPHOST returns the great 
cirtle distanc~ (in nautical miles) between any two points on the 
earth't surfatij (given by thejr respective latitudes and 
I on g i t tides 1 • 

Thus the query: 

lTHE d (DISTANCE (PLACE SAN-FRANCISCO)(PLACE OSLO). d)) 

gets the answer: 

5197.5394 



llil"\,e.1f.,!! i.s a:rutle whicfr1 ~'erves to aefine the predicate LANDLOCKED. 
tntuitiveiy, a country or body of water is land.locked if it 
tl'•ifdiH'•S apon on4y'·1and. The PlACPS r'ul·e 'wh'tc:fl'' lotin'il11 fzes t.Hif's 
UH?~fl'lfl gt i•s . 

{LAN:OLOCK·fU x) 

i(-1 c( IS-COUNT RY x l 
,i,(NtJLL (A'NY, 1 T (BORDERS x z)(OPEN-WATER z)H 

The pr e d i ca t e I S- COUNT R Y, de t i n e d by the r u I e 

lIS-CUUtHRY x) 

( .... (Ci.JNO {(VARIABLE ttBP >HHCOUNTiPt 
i4ANY'l f ICO~NTRY~z k)1JJ 

sriows how one can us~ to adtdrntage •tfll,tti 
wHhin a LOGIC pre.aHat.i.on. The eUect to 
avoid redundancy in proving that a given country is a country 
by tindin11 an the<vario\lS cities in 1 H. - via a ctteck td 1 see Jr 
the argument X is a variable or not. ff i•t is not, then .~ 1 need 
find on~, one datum from th~ CIONTR, 1 dat~ prdtedur~1 ~tilth1 ftis t~~ 

-~* :- i r" 
g1wen country as its second argum•nt. 

t•e second thing iotth ~otihg about th• i~11· 
the embedded de duet ion. The Ii st re turrie t'l by 

(ANY l T (BORDERS x zj(UPEN-WATER z)) 

wit I oe empty if and only if x is landlocked. 

A simi,tarty structured rule ·ctetfnes Ute pr'edicate'"l!>tlMlNAfES~" "We 
wish to say tndt j country x dominates i "Narrd'" ~•!irw~i, if x 
boiders y b~t no oth6r country ~aesJ Tfi&jl ~ 

{DOMINATES x y) 
(..,. (.NARR.Ori· y) 

f.. (IS-COUNTRY xJ 
6 {BORD.ER$ x y t 
f. (NULL (ANY l T (BIJRUERS y w) 

(·NOT ,{ !H" lN•\4 A Hf'R 
(NOT'<• x "'W) t')) 



- ...... 

""C.0"'7"• :':;?=-----------------------------

l~•l~i NEGATIO.N AS FAILURE. 

T)te use of (he pre,dicate NOT in the procedure" DOMINATES raises an 
interest 1ny genef at point.. 

', ·u :' '· ·' .. · · · .0 

NOT is of course a LISP-defined notion and wi 11 therefore receive 
a,ppropriatc tr~atment during the deduction cycle in the manner 
iipiainid in Chapter 3. 

Howe.ver, it is possib1e to include in oneI•s knowledge base the 
rut e 

t NOT p) <- ( NULL { ANY l T p)) 

which is known as the "negation as failure" rut e. PLACES has the 
negation a~ t~irure rule as ~ne ~f tts assertions. The effect of 
its presence in~ kndwledge base ts to declare that the knowledge 
base is complete - that loi~l!ll~ !Q a~aY£A n is to be treated as 
;,nta~ount to tne AR1111~ 12 ~SQY&~ lbA u~ga112D ~1 G• 

The v~rsion o.t .the negation as failure rule shown above is 
undiscriminating as between. the 'larious predications - it is in 
effect the declaration that .s1lf of the •data procedures are 
complete and that all of the general p~oceddres are "definitions" 
of their predicates. It would de pbssible to assert more 
sp~ciaHsed negation as. failure rules, which declare that the 
know&edge · oase is·· complete wi tfi respect to •a parttcohsr 
predi~atJan-~attern. For eiamplef wi mfg~t as~ert 1 

(NOT (BELONGS i y)) <- (NULL {ANY l T (BELONGS x y))) 

in order to declare that BELONGS is complete, even though we are 
not willjng to assert the negation as failure rule for all 
predications p. In general, one would expect that users of 
LOGLISP woula wish to be selective in their appeal to negation as 
fait~re, jp .Just t~is fashion. These data and rules are invoked 
by tl'le iol ldwing . qoeries, which I Hus tr ate of the 
pos~iDlJ,tt~s. · 

12.1.3 ~orne sampl' Queries For PLACES. 

The following eKamples consist of some specimen queries whjch one 
can make of PLACES, together with the answers that they get. In 
each case we first state the query in ordinary Engl1sh,_and then 
r es ta t e i t i n f or ma I LO GL I S P • 

We are not claiming that there is a uniform procedure, known to 
us, by which one may translate queries from English to LOCLISP In 
this manner. At present, in order to express queries (and 
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indeed, assertions) jn LOGLlSP, one must 
abte to expre~~ one's jntentions in it. 
is like any otheT pro~r~mming language •. 
to learn enough LOGLISP to construct -
database in the style of PLACES. 

Query 1. 

know the language and be 
In this respect LOGLISP 
It is in fact quite easy 
~nd operate one's own 

What are the oil production figures for the 
non-Arab OPEC countries in the year 1975? 

( All ( X y I 

Answer 1. 

(BELONGS )( OPEC) 
( NOT lBELUNGS ix ARA 8-LEAGUE)) ·· 
{PRODUCES x OIL y 1975.)J 

((IRAN i&1.59q99) (NTGERti 881j9999i) 
(VENEZUELA 122.19999 
HNOONESIA 64.100000 
tetu,oo~ ~-?OOOOQO.) 

This answer fS shown Just \ts the LISP.· ~pr~tt;ptiry(•• ,cpm~~e~ 
SPRINT types tt o~t. tt is df iciJr~e ~ossip1e io'di~si ijp one 1s 
dutput i~ any ~ay one ~l~~ses. Note t~al Alt i~turrii-~ 1 11~! of 
(in this case) tuples. 

Query 2. 

Of alJ thti countri"es wrlicn art! poo:rei than f'u;·ke/, 
~tlfch two p{oauced fhe 1116st steet in the year 1975? 
How much steel was that? What are tne populations 
of those ;ountries? 
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FJ,R ST 2. 
(OUICKSORT 

Answer 2. 

( AL.L J >C .. Y, w ) 
( G N ?- PE R-C A P I TA TU~ K E Y v ) 
(GNP~PER-CAPITA x 

e:{t.:E,S'fp u ~.> 
f PJ.I.OUUCES .· ftEEL 

.•. ··· .... t.PU?U~ATl'tJ~ iX'1\ff)' 
{l)~CR£:A5\NGt' . 1 

2. r J 

( (CHINA 29.0 880000000.J <lNOIA 7.8999999 643000000.)) 

This exampte itty~tra~e?,the.fact th~t ALL. {Jike ANY, THE, and 
SETOF) returns ·a LISP' data-objecl .ihich. can be handed as an 
argument to a LISP function. In this case QUICKSORT and FIRST 
are user-uefj.ned .Ll~P tunctiqlls ~tlich were created In order to 
serve <\~ usef~ I. too Is in posing •i nqu i r i ~s t6 PLACES. 

l,Q~!~~SORT 11~1 L~!a1!~n h) returns the given l!~t of tuples 
ordered on the hlh component with respect to the gjven L~!~1l~O• 
(FlRSL u.J,lil) returns the t I ist of the) first !l components of 
the glven !111• (DECREASING) returns the LISP relation GREATERP 
(and we atso have (INCREASING>, which returns the relation LESSP• 
and (ALPHABETICALLY), which returns the relation LEXOROER). 

Query :3. 

Wh}fl'l .. of fr,aoce'?, ~e.j~t!~Qf;S. produced most wheat (in 
metri~ tons) per ~apita in the year 1975? How much 
wheat per capita was that? 

l EAB.LJEST 
· ·,ALL <x ··;> 

::~~g5•~i~/ x'~t,~~~tJ z 19°75:) 
(POPULATION x u) 
{= y (QUOTIENT {TIMES z 1000000.l u)l) 

( OE CR E A 5 l NG ) 
,? • ) 



(ITALY 0.16956329) 

(£;:.J~.t,l E.S T 11~1 !..511i!.1.iQ.!l Ii J re turns the first tu pt e j n il.i! after 
it has been re-ordered on the htn component of each of its tuples 
with re\sp.ect to the given t..tli!lli.tU• Note that ar.i:thm;e•t.H:iat :terms 
formed .with LlSP's arith:metde opetaUonvs a:~eieva.14:tated by the 
simpJifJ~~tJon step of the deductjon cycle, as expJained In 
Chapter J. 

Query 4. 

Which of the NATO countries is landlocked? 

{ ALL i taELONGS. x NAHU ll.ANOLOCKEO x t) 

Answer 't., 

(LUXEM30URGJ 

Query 5. 

~hich waterway is dominated by Panama? 

Answer 5. 

Note that THE returns PANAMA-CANAL and not (PANAMA-CANAL). 

Query b. 

OescriDe the boundary of the USSK Dy giving 
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au its nei,;ihbors in alphabetical order. 

<ORDER (Allx (BORDERS x USSR)J (ALPHABETICALLY)) 

f:AF6HAf'f IS 'f:4/'J. AR'€ TI G-OCE AN· BAL T N) .... SbA ; f1ER ING-SEA BLACK-SE A 
SLH;;;~A'IHA CrlfNk'FI NLAN9 · MllNGARY HUN MONGtH .. I A NORWAY 
POLANU ~UMANIA TURKEY) 

tOIUJ~~ !li1 i.i:.ll!::finir ret1Hrts UJ'e given ll~.t. after ordering U 
with respect to the 1•~eri LA1~112ll• 

Query 7. 

Are tnere any landldtietJtb~nttfes 
East? If so, ~k,mita. 

( ANY 

Answer 7. 

( MONGOL! A) 

Query 8. 

Is there an African country ~ntth IOmiAates an 
intern,~ionat ~ateraaj} ~Whith country? 
Which waterway? 1 

(ANY 1. (x y) (REGION x AFRICA) (00t'IINATES x y)) 

Ans~er a. 

ttfGYPT SUEZ-CANAL)) 
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; ,r C 

~'hilf.\ 11 the dverdl)e di stance from London 
Qf <:it e:,; ah countries wtli ch have a 
Mei.lite ranean codstl ine and whjch are no more 

·~ehsetJ po~~\ated than Ireland? List those 
countries, together with their population 
den~ities, from 1ea~t browde~ to ~6st crowd~d. ', ,, , i ' , ' , 

t~R~G~ lstio COuNiR1ts~ANO~DEN~ITits 
'tou1cKSORt 

Answer 9. 

tALLlx x-dehsity) .. · 
{POPULATION IRELAND itish-p66µJi~i~nj 
(Ai<EA IRELAND ir ish-areal ·•·. . . ..• 
( ,;. 

0i f i s h - d ~ ~ ~ i t y .. . ·1 

(Z irish-populatlon Irish-area)) 
(BORDERS x M£0ITERRANEAN-SEAJ 
(NOT (OPEN-WATER x)) 
(POPULATION x x-populatlon) 
t A RE A x l<-ar ea J .J •. 

,~ x-deniity (% x~hopµlati~~ ~-,r,aJJ 
(NOT(> x-dehsit~ ir{sh-densjtyJi) · 

(l~CREA~ING) . . .. t 

2.) ) ·, .. . 

(!~ta AV~RAGE~OISTANtE 
(AVERAGE . 

CALL di stance 
l Ml:MB!:R pa lr 

(EVAL COUNTRI~S-ANb-Oi~i1r1€si, 
(: country (CAR pair)) 
(COUNTRY ciiy countrf) 
(dISTANCE IPLACE 1 cilyl 

· iPLlce~LO~QQ~i. 
distariceJl>J · · 

(GIVE AVERACE-OI!TANCE) . '. . 
(GIVE COUNf~IES~AND-O~N$JTie~1 
(QUOTE *)) 
(_y, " 

AVEKACE-01srANcE· i1s 

149l.lB92 

COUNTRIES-ANO~OENSITfES js 
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((LloYA .3.) 
f ALG ER {A 2 0 • ) 
(Ai.,.SANlA 24.l 
(TUNISIA 101.) 
t, EGYPT l oz• ) 
(MOROCCO 108.)) 

This example shows at somewhat mcire I engtti what' a Lf~p 'pr·o1gtalflmer 
might make of an inquiry whi'ch calls for a mor'i''involved 
investigation. ·· .... ·. Assignment to ... tt,e .. L'lSP .. Varfabfe 
COUNTRIES-ANO-DENS I TIES of the ansi./er to one LOGIC cart 'ten. iater 
use within anoth,er.(as well as foroutpJt.J tffusftatJs' 'one. ~ofe 
~ay .in which., 'the LO'GLISP programmer' can fruittJ1ty'exploit the 
inter'tace between LOGIC and LISP. GIVE is just a dressed-up 
PRINT co1n111ano whic.h not o,nly print.s the val.ue of Us argument 
e~pressiqn but also pririts (t,e ei~ressloq. · · · ' 

'J 

12.2 A COMPILER. 

We shal.f now present a crimpi'ler for a iJoset' of PASCAL. The 
com6iier parses the "source" program, checks types, and generates 
"object" code whjch can .. t>e .. executed .. by LISP. (with a few 
"r:un-t i,.me,. uti Ii ty functions}. In order. to k~ep tfte exam6le 
s~all we have confined ourselves to a few statement forms, 
provided only the types INTEGER and BOOLEAN, with no data 
itructures, and made no provisjon for declar~tions, simply 
incorporating a handful of variabl~ identifiers djrectly into the 
language. There are no procedures, no fu~~tjons! no .labels, no 
jumps. ·Expressions are treated rathet'tully; howev-el, given the 
other limitations. 

Even though the languag~ is quit~ ri~itJd, wj feel that. the 
e1ample is suff i¢J~nt lo shoi that we·can fi~II§ •Pit~ ~o~dt••rs 
which, thouJh slow, ~re entirely adequgte.fot experitne'nts in 
tangua~e d~sign. We ppint o~t that· ,the compiler is teadil'y 
modified to proauce ~n ab~tracl iepiesentation of the program, 
rather than an e,ecutable form, as c9yld be used for program 
analysis or verific.ilt:ion. · · 

12.2.1 Orgdnizatiori 6i the Compll~;. 

Tile ''source'' program ~· t I .b~ repr~se,iltf.:d as .. a ,'.' ist: . of l:.~!s.~J'.ll• 
•hie~ are si~ply ~l~~,a~~ps d~notJny_reserve~ w~rds, 19entlfiers, 
constants, opera~or,;symb9ls, and the I il<e. An ~>!:atnpl e. 

1aectr ~ =· K'- 1; v =~ y • 1
~ eND~ 

whJch ~ill Qe 96drEd ~~tb It IPp~afs as !qA~xpf~isJoh 
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'St1ot1tP I i".s't s r e'ad nice f v enough, '~{fro ·t:he I ex i c.a I aria fy:Zet r e'qu i re·a 
to 'f)t"+o'duce sucn fist' from a chatacter 'string 't>r text fl t''e i.s 
e0iJ":s1:.:t,f"Y·" w·r,'i t tett. 1' " 

Corresponcting to each syntactic category (nonterminal) of the 
lang'u8ge we· introtiuce a retat ion which "compiles 0 phrases of that 
category. For example, the relatjon for the category <statement> 
has the f or m l ST AT EM ENT to kens r e p res t ) , w her e • t o kens ' i s a 
list of tokens, as above, 'rep' is the object representation of 
:Ure St a t e ,ne n t iw h i Ch be g i n S I t Ok e n S ' t i f the r e j S One , and t f e S t 1 

is the token 'tist obtained oy ren1oving the intt1al statement from 
'tokens•. We' do fetursiVe t1e'scent pars'ing, working from left to 
right witnout blc~tracklng~ · 

In some cases we wish to "parametrize" ca~egpries. The relatJon 
·for <expression>, fot example, h~i the; . ,~.,.~ 
H:.XPRESSION type tokens.rep rest),. •type• b~in;1 tne. result ·typ~ 
of the exptes~ibn.· On so•e calts thj prricedur~ will be ~sed t6 
dlscov~r the ty~e of the expressjon which begins •tokens•, while 
on others it wi II check that the expression in question has the 
propet •type. 

To see how this works, consider the assettibo for t~e wHIC~ 
statement~ which is 

( J .... tS T AfHIENT (COtllS WHILE tt } 
(PROG NIL LOOP: (CONO (I s (GO LOOP:}))) 
c) 

<-- (PARSI: tf ((EXPRESSION BOOLEAN H DO (STATEMENT s)J c)) 

The ruJe dpplies only to non-empty lists which begin with WHILE. 
Using CONS expressions to unity with lists in this fashion we 
avoid eKplicil tests for empty lists, out there Is no possibility 
that we ,d 11 atte1npt to t.ake the CAR or CDR of an atom. The 
9abJect" representation Is a PROG construct incorporating the 
components of the HHILE in an obvious way. 

Recall that the syntax for the WHILE st<:1tment is 

xpres'sion>' DO <statement> • 

Although we could eMp/ess this direettj fri terms df EXPRESSION 
and STATEMENT, it 1 is more 'cdr\~enient to use the auxiliary 
relation PARSE. PARSE has the form (PARSE tokens items rest). 
fhe arguinents 'tok1ens 1 ' a•no '(est' are used as befo.re,, qut 'items• 
i s a I i s t o t ex pt es s i o"li s t i ts e I f an exp r e s s i on ) w fl f ch def i n es a 
sequence. of .. itenis _to _bepars,e<;!.• ... E~~h 1 itelll_ '11, .. Q~Et,,.?,f, ~'1~. forms: 
tot<en; (isy"nc,at tvarJ, fsyncat 'pa'rnr var).' An i t'eril of ttie form 
•token' simply specifies that the indicated token should be 



tiq:u,mJ .• , <T:he,Jorrn (syncat. var,l: sp,~.cJf tes .that a phrase of the 
c.ateg'O••ry{i •syncat' stn>1..t1ld be fQ¼4n~:, · its repr.ese;n.tation to be 
de.noted by •var•. The form (syncat µarm var) is similar, except 
th.atc 1 sy.ncat• is to.be .. parame;t.,er,;~,ea,.w,ith •parm•. 

The assert.ions defining .PARSE .are 

(;- (PARSE x NIL x}) 

{ h J .. ~ARSE. x Jhq • tfl cJ 
:<- (CONU ((ATOM (LISP hd)) (= x (CONS hd tx))) 

ti= hd (syncat var)) (syncat x var txJ) 
ll, ha J~yncat µarm var)) (syncat parm x var tx))) 

& (PARSE tK tl c)) 

Observe th, .use .of the .v~rl,able "ti" 
unpreqicta;Ql1e . ex.p,::eHioQ, · · · •ent,iies•. 
(ATOM (LISP hd)); i,s,alwavs e'#alual.)le, bav.ing 
when 'hd' is a tokett. 

to deal with the 
the expression 

,the value T Just 

At this point we shall I ist the compiler, including the 
interactive ~ocumentation which has been provided for the logic 
procedures. ,FotJowin~ ;he J.i~tJgg w, remark further upon the 
techniques used. The vari~bles "built in" to the compiler 
correspond to the declarations 

~a[ I,J,K,X,V,l:INTEGER; 
-e~r,~,1:aooLEANl 

tDEFP&Of.SJATEMENT~ 
t ( STA Tt:NENJ tokens rep rest J } 

DOC) 

(PROCEDURE STATEMENT ONERES) 

(l- (STATEMENT <CONS JF i11 (COND ll s1) • s) cl 
<- (PAi{SE ti ((EX:Pl1,ESSION BOOLEAN IJ THEN (STATEMENT sl)) tx) 

li (CONO ({= t)( H;ONS ELSE: txx)) 
(ANO (STATEMENT tX)( s2 cl t•·s ((s2))))) 

;( ( 9" 5 NI L) ( : C t d ) J ) 

< :- tSTAT!:MENT (CONS l'iHILE ti) 
tPR:OG NIL LOOP: (CONO (I s (GO LOOP:)) H 

'~;J 
<- {PARSE t~ ((EXPRESSION BOOLEAN f) DO (STATEMENT sJ) c)) 



·''''i'i<-'"'·'""'";,...Ml:Nt '(c'lJNs' tiEGiN tt ) ( PROGN • s s) C) 

<- tfARSE ,tt t(KEPEATO tS:TA}E/'lfNT ;J ss) END) cJ) 

( :- ''t$T}\J'EM.ENT iCONS V Jx} n V e) c) 
<:... 1 ,iR-'I'oE Nt t .v "r 

f. ,p>ARSE tx f:::_ (E,XPf<ESSIO_N ty eH.c)) 

(UEFPRO~ EX~RtS~IhN 
.ltEXP~e~s10µ typ~ tokens rep restlJ bot1 1 · -~,--· ' .,, ' · ... 

lPROCEobke ~xPktss10N~ 

(;- ~EXf:'RES?lON ty l• r c) 
't~flSI~PL~:...EtPR:tyl x se cc) 

t cc6t'iD ,cket:.L.opR tyl cc ;el ccc> 
(ANO {SIMPLE-EXPR tyl ccc se2 c) 

. {: ty BOOLEAN) 
'(• r (rel se se2)))) 

(T <AND ('f ty tyl) (= r se) (• c cc))))) 
:. '. .' i \' ,\; 

CDEFPRUP REL-OPR 
<<REL-OPR arg-type t6~ens r~p r~stJJ 

DOC> . ' ,, ' . 

(PROCEDURE REL-OPR ONERES) 
··':\-i, 

(ti• 1Rtt..::.OPR li~TEGER (CONS r cJ r CJ 
<- {MEMtl r (QUOTE t< <= = >== > <>)))) 

tf.;. fREL-OP~ BdiJLt/lN ctbt4$ r c) tr cJ 
<r- {"' fr 

· 1{ 5 El'.!:CTO' r 
<< H<J 
t<= ! s<"=, 
( .. ;: ) 

f'>= li'>'= > 
(> 8}) 

(( > ()) 
NIU) 

e , r1e1;1· tr ;,Hf h .c 

fOE'FPROP s I MPLE.JEXPR 
({SIMPLE-EXPR typ~ tokeq\ ~e~ r~st>l ode > ' · · · · ·· · ' " , • ··· 



:lSrMP'L't:..;EX1P'R rnnfoER (CONS ♦ 'ti> r t) 

<- {TERM INTEGER ti trm cc) 
~ J '.>,l M. p J., E-::J A IL ( j I N T E GE K t r Ill) C C r C ) ) 

tt- tsfI1"l?~E.-fXPR INH:GER lCONS - ti) r c) 
~-· lTER.l"I INTEGER ti (rm cc) 
i' {SH1°f>LE_;T~IL lINTEGER (MINlf51 trm)) cc r c} > 

!. '. ,,'. < t:- (SIMPLE-EXPR ty ·~,·cl 
<- (TERM ty x tr~ ic) 

& (SlMPLE-TAIL lty trm) cc r c)) 

, ol11foR op s 1 ,n,l.E-r AI i.:.' 
((~IMPLE-TAIL (type prev) tokens rep rest)) 

QQ.C > 

lPROC~Oµ~E ~I~PLE-TAILi 

(S,IMPLE~TAlL (ty u) x r c J 
~- (C0~D ((ADO-OPR ty x opr tcf 

(AND (TERM ty cc trm eccl 
<SHlf>L1E-TA IL (ty (bpf 

(( 2 f u) (= c d).)J 

fOEFPROP AQO-OPR 
~J~OD70PR trpe tokens rep ~est>> 

DOC l 

(~RUCEDURE ADD~OPR UNERESJ 

':- { ~QD,.,..QPR lNrEGl;:R (CONS • cJ 

q- {f\Op-OPR {NTf;GEK (CONS - cl 

u- l.ARD-OPR BOOLEAN <CONS .OR ~~ 

lDEFPROf TERM .. 
((TEgM typerto~ens rg~ ie~il> 

DOC} 

( PROCf;DIJl<~ TERM,} 

+ 

-
C)) 

C ) ) 

OR cu 

o trmJ) ccc r c))) 

(:- (TERM ty x r c) <- (FACTOR ty x f cc) 
~ {TERM-TAIL lty fl cc r c)) 
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'tt bE Pff R:b·P1 t<E rfM•- tA r L 
H 'f,ftRMUcf'AIL c1fyp'e p'revi toi<ens" rep r:esU '( 

OOCJ 

(PROCfOUKE TERM-TAIL) 

fJ';.... (TE·R.M-T:A IL fty tfl x r c) 
<- {CUNU ((MUL-OPR ty X opr cc) 

(AND {FACTOR ty cc trm ccc) 
i1ERM-TAlL (ty (opr u trm)) 

({= r u) (: c x) J)J 

( OEFPROP MUL-OP R 
((ftUL-OPR type tokens rep rest~) 

DOC) 

'« PR0CEOUR£: MUL-OPR ONER ES) 

<:- (MUL-OPR INTEGER (CONS DIV c) % c)) 

(l- (MUL-OPR INTEGER (CONS MOD c) REMAINDER cl) 

(J- (MUL-OPR BOOLEAN (CONS ANO c) AND c)) 

(OEFPROP FACTOR 
{(FACTOR type tokens rep feit)1 

OOCJ 

(PROCEOUKt FACTOR ONERES} 

ti- fFACTOR BOOLEAN tCONS tRUE iJ Tc)) 

( &- (FACTOR BCJOLEAN tcorqs FALSE:. ct ~It ic)) 

<:- (FACTOR BOOLEAN (CONS ODD txl (ODO e) c) 

CCC f C) ) ) 

<- (PARSE tx f/( (EXPRESSION INTEGER e) /)J c)) 

{ J- (FACTOR 800Li.EAN ( CfJNS tiO't tx) ( NOT fl ct 
<• fFACfOR fHWt.EAN tx f )) 

( :- (FACTOR ty (CONS If tx 
<- {PARSE tx ((EX?RESS 



f, Ji- ('fr kC'H1R :t y ,.t1eUN3 lf. <O ), r::. .:C. ) 

<,- (CUNU ttN.U.M.BERP ,.,11;} .<ANO <• .ty INTEGER) (s r u) )) 
( {; If.Mt~ IOI.UH t,y Ill ) (,.:a ,tt , ( VAR.. Lt) ) ) ) ) 

(DEFPROP VAK-IOENT 
((VAR-IOENT t~ var>~ 

DOC) 

(OEFPROP l}A.RSIE: 
tt,ARSE to•ens items test) 

( tl\E M Q Y:, (AillJO T It di 1 
( .,. t }' l HH EGER) } 

(.(fiEMQ v: (QUOTE.·(B P Q 
.800.L EiAN) U l 

tAn it.em ,may oe·,actio~en,or tsyncat ~ar,), oc (;sy~9at'pa,r.m ·Y:ar))) 

DOC) 

( PROCEDURE PARSE: ONE&E St 

(l- (PARSE x NIL x)J 

C 1- ( PAA.St )( (hd • t I J ct 
<- tCUNO ( t AHJM t LI SP 

l{ .. hd (syncat 
((. hd (syncat parm 

6 (PARSE tx ti eU 

(OEFPROP REPEATO 
HREPEATO cntrf tokens rep resU 
(cntrt is (syncat sep) or lsyncat parm sepll 
(¥1ells {Csyncat><sep>}*C<syncat>: }J) 

OOCJ 

(PROCE6URE REPEATO ONERESi 

tt~ (REPEATO tsrncat sep} x r ct 
<- (CONO ((syncat x rl tx> 

ICONO tt• tx (CONS sep txxJ) 
(ANO (REf>EATO (syncat sep) txx rr cl 

~{= r ,,1 j~Frl)I. 
((= r (rl)) (= c txJ))) 

( ( • t ,. 1111 ( ) ( "" C X ) ) J ) 
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ti- tREPEATO {syncat parm sepJ x r c) 
<- (CONU (lsyncat parm x rl tx) 

ICONO l{• tx {CONS sep tkxlJ 
{AND tREPEATO tsyntat parMslep) txx tt Ot 

(• r (rl. rrl))) 
r lrl¾• 1• c tx)ilt 
l'"'ct: )l;,flt} 

Note that proctdu<es with •ore lhan one assett4e~ ate spetttled 
to be OME&ES. Tbat this1 ls appr•prjate depeAds ~pbn t•i 
chqumstances .• firsh the grammar h i!Jnambiguous lwe made it 
that way). Second, we expect that •tokens• realty will be a list 
of atoms. Fot U\e auxi I iary procedures PARSE and REPEATO the 
appropriateness of ONERES fol tows from the fact that the argument 
eMprtssion~ in calls of these procedures are always specified in 
sufficient detail that only one assertion wilt apply. 

REPEATO, wbicb has the appearance of a parameterized category, 
handles ~censtructs df the form "zero or more occurrences of 
'syncat• (possibly with partameterJ separated by •sep'"• The 
"repres.entatton" f;t prolliuces·,,1s an expression having the form of 
a Jist of representjtions, and is used as the tail of some larger 
expression. The assertion cteafing with compownd statements 
illustrates the use ot REPEATO. 

The treatment of simple expressions (relation SIMPLE-EXPR) is 
complicated by the necessity of associating unparenthesized 
expressions to the left. "X + Y - Z", for example, means 
"Ui+ Y) -,z,n.. To accomplish this we introduce the auxiliary 
re,ation SIMPLE-TAIL, whose parameter includes the representation 
of. the previous portion of the expression being compiled. The 
oDJect 1epresentatiOn ot 0 X + Y - Z" is 

( - { + (VAR X ) (VAR Y) ) l VAR l) ) 

VAR oeing the run-ttme function which evaluates var1abtes. TERM 
ts hc1ndted sJmilarf.y',. 

We have implemented AND and OR ~using ~thi do~d~sponaing LISP 
functions, wh t ch is not entb eh pr or,ef\, :,ils ISP t1.fses r.Pshor t-cut" 
evaluation, untike PASCAL. No real fiafimir;esults" tHtough, since 
our restrjcted lan~uag•.actmfts no expressi~ns with side effects. 

12.2.3 Using The Compi fer. 

fin~ can use the compiler by simply invoking a query, as 

*UHE (r c) (STATEMENT 'lX :• Y * l + I ;) r cl) 
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C(:• X ( ♦ t• (VAR Yl (VAR l)) (VAR I)) (QUOTE(;))) 

* 
Note thJt we can compile a single expression as easily as an 
entire program -- a useful feature for the tanguage experimenter. 

T o 111a.k: ~ ma t t er s a I it ti e ea s J er we ha v e w r it ten some s i mp I e L I SP 
programs to manage administrative chores, these bejng Included 
wit~ the run-time support programs. for our purposes a program 
Is Just d statement, followed perhaps by a terminating character 
such as"•"• ~hat follows is an example involving a fess trivial 
program, the fast exponentiation algorithm • 

• ,ap~1~ic FAST~XP) 

(.BEGIN 
y ;,-,1 •. j 

1. :•Xi. 
K ;=r 1 j, . 

wttII.E K > o •. ·.oo , . 
If 000 ( K ) 

BEGIN Y :• 
E"-SE 1:• 

BEGIN l := l 
ENO .J 

Nil 
*ICOHPILt.fASTiXP) 

CONPH.ED 
*lSPRINT OSJE~T 1) 

( PROGN ~=- y 1.J 
(I• J. IVAR XU 
C: • K ( VAR 1 U 
(PROG NIL 
LOOP:(CONO 

CD (VAR K) O.> 
(COND ((000 (VAR 

NIL 
*<OEP X l I 13) 

Deposited 
*CRUN OBJECT) 

( PROGN {:"' 

( ( l'ROGN (: • 

( GO LOOP: t J )) ) 

K)) 

y <* (VAR Y) 
K t• (VAR lO 
z (* (VAR 11 
K U (1/AR 10 

12-20 
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{VAR l)H 
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NIL 
*(EXM X l Y Z K) 

X 2. 
I 13. 
Y 8192. 
l l5b. 
KO. 

*** 
* 

Tl1e ot>ject program which resu.lts '~'/4.'ttt .. 
0
t as tne. value of the 

identifier OBJECT, .. hfch we f "'···. be a.l..B~;ersiof;l of the 
atgo·ttthm. The fonctfon.OEfl.ftor .. DEPb'sttfis ~s~d to.preset the 
necessary variables, RUN ex~ci.Jtes l.fle obJect program, and EXH Is 
UJed afterwards . to EXaMfne the outcome. Values of program 
var'iabfes are actually stored as PVAL properties of the varia.ble 
i de~ t i f i. er s , thus av o i d i n g an y poss i bi I i t y o J co~ Lis i on w i th L l SP 
i de rrt i ff ~ r v a I a e s , wh i c h. a r e v AL u £( p roper d es • ' ' ;. 

" ' ,,·:. ,' ., ; "· t: 

The techniques used ihi t.he h,n-t.ime sys'tim ar¼ .. t~<> primitive to 
- .. ; ,_ .. , J -' '.' ' .·.'-' . ' ' ' ·,·; ' :' ·,,_, ,\. ' .'. .,' ·:' :: . :., ·. t-, l\ ✓ d. 

serve for the implementation of more sophf stf cated languages, 
particularly those including procedures, but the compiler itself 
soff~ts no such defect. One point regarding the compiler bears 
further discussion~ .. We have cho~en, at the. expense of some 
complication in .·tne.togic, to wfi~e th~ c~~~lter so as to avoid 
backtracking. Thit thts ii th~ ci~e is app~r~nt from the use of 
ONERES. Tne re~~lt is a fastef c~~6iler than would be obtained 
with nacktracking, but Deyond this, when enlarging the language 
to encompass 'declarations we have the option of using imperative 
techniques for symbo~ table man~g~men~~. With q,~-tr~e~\ni, hence 
"eoricc1r·rent. 11 exptorapon ot tfie dect,yctlon~r~,, .;~b~s <;>~{io~ would 
be toit. ···· · · ·· · -
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The ti le DOC.LSP {compHefit VH.stond)OC.LAP) contains a col tection 
of LISP . programs whjch define a.simple tacitity for documenting 
LISP systems .on ... Ho~·, irtui IJlethod us Is to associate 
"documentation" with identlfi~rs under the property DOC. This 
documentatiqn may be any HJt,.~,ttvc:;;ture,.1,.H11hateter:t although the 
package supports certain elementary conventions regarding 
function documentation. There are, in addition, a few functions 
which· assast in the preJHH1:•tion of nite'lii1sUrmatted files with 
function definitions and documentatjon. 

A.l FUNCfIUNS FOR DEFINING OOCUM£NTATlUN 

The package contains tunct:i:go,s,: f<tl ,,;i~.deftning documentation 
properties in general, as weH as spectal functions for function 
documentation. 

( 00 "I" "DOC 11 ) lFEXf>Rl 

Inserts documentation ,.~;t:;;Qpctritly 
identifier 1. DOC seveit:,al1 ttemst 
(00 FOO (This is al (.si I f;y.\fP<.alfl.¼Pt1eltlay ,,~.hj:~h titesults 
( tT his is al ts i l h'. . .e ~a mp fe,);1\:. a,;S 10}\.lit•~ t{',tqcu men tat ion of FOO. 

as i i:n 
• , in 

(0FO "F" tto0C") 

Inserts documentation tor a previous.ty defined function F. OFD 
au to111a t l ca a I y i nse r,t s trh e, ,,3at(1i,ijiffl~.Qi.t l.,,-.s t;wli'af#f• f u ne Hio:Jfi t Y pe i ( e.x PR., 
FEXPR or KACRO> at the Hf•r,oll,~ "q,f Pti'~J~::, <14eUme,nt;at;fo,n,. :s.o · .. as, to 
prod,uce st 4.ndard funct.:t9:!ltt, 1:dQ1J,u.,~ne10,t;ati~r,:it•"> . t.As''•:lllH!n ,1)1• ·OOG may 
co.nsist of several it~S• :J)foG ,.,,tt~,lii;fl!tiS, ttwe, fa,~ct\,f'Q;n name .. ff;., .Jf f 
ls not, in fact, 'a'·,u·~ct0 iri~,· oF'ri ~'cts like 00, but returns the 
I i s t ( o D F ) t o i n f o r m t he u s e r 9 t i t s act 1 on• 

- A-1 -
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(DOE °FN" "AKGSU ( 11 00C") "800Yfl) [FEXPRJ 

Defines an EXPR named FN with:1 ~a'.'ri"!)Ut1HfOt Hst ARGS, documentation 
DOC and body SOOY, which is< typed Just as for OE. Hte 
documentation must be a sin9fe•/i·tf6~'i'((us.uaUy a list) as signified 
by the parentheses above, to wblch the argument Jjst and type 
(EXPR) will be added automatirealhj1+ .;;,JslJil.t'f.:k acitualth:• US~.$ 1,0ii;, to. 
insert the definition, so1 ,nce,:wf:,yc:d~l4:nt.ied function.s are added to 
the ti le SAvE. DOE returns FN, or (.fN REOEFINEOJ, ff FN was 
previously def1ne,1 to be'a ftJo(l:fJ,t,.ori+f. 

I s t i k e O OE , except t Ila t 
FEXPR. 

(DOM "fN" "ARGS" t"OOC") 

Is like DOE, except that 
HACRO. 

A.2 FUNCTIONS FOR PRINTING 

<DOC "Il" "[2" ••• ) 

(PPOOC XJ 
(GRINOOC X) 

Controls the printing of dbcu~"fi':tr$t 
printing of documentation, 1111.~!.1h,e'A·•'in~w~~i:JrueK1r11>r1 
documentation. PPOOC ret,tr1ts t 
I s t h e I i s t o t p r op e r t i es , r 
with PPOOC. 

A.3 FUNCTlONS FOR EDITING 09 

tniib:Ei[)t!f;(Fftij r"tith~t*' euil,t:t ng;.. couan<l . .s 
The editing functions are akHt' typed outside the call on 
may be included in the functf on 
the same I I ne, if one w i she.s .. 

(EDITO "I" "CUMS") 



Edits the documen 
editing 

optional sequence of 

fEOITFO 

Edits the d.oc 
s i mu I t an e o Us t y 

t OUC fi~.fUfP.,ift~,hi ~Hl type ae f in ft ion) 

;~:;h :~~~s ~i~~ ~~J~eg!'fPt·,~,4lf:g•t.~,~•P.~PP.~rJ,y tist of fN. Although 
. • .. • ....• ._". ,;:, •.. 1¥,;,;•ap,i 1:.:.\'l';Y,r,l:0;1:,f1.d1<es., the· type qt the 

fu~ct1on (as speFJ'•r~:,,n;;~#t.J:;.JlJ:'lfttf.¥ P,s~~ cannot actuaJly b~ 
changed, nor c~r.:the aocumentati-0n property be removed. Upon 
exit from the editor tne function aefinition and documentation 
are checked (to i n~!Jf '•1:}~flr,a rtn•mel1ff11 anq .• t.yp~ agr ~e and, p JH>t, 
a messa!:Je to that ~Pt1; t J~.pf.i~~ed'i,Jnd oqe is ... ret1Jrned ~o. the 
editor. It fN .i{prh,~olim~p:t,f(oigQ .. i>rlrits ~EDlTf ijRdf\JOS 
EDITF. If FN t ~ dc,C~A1e{l~~tt.r~lt•!r~P.t.a fup.::t,on, it prints. •EQJTD 
and runs that functJon. EDITfD retOrns FN. 

The functions descrit>fif:~Jt~; p~oyTa, mf'af,lS tor w,; iting t Hes 
with J fn~lengths speidtt;~;.,Jt,Jtl~"t~r,minat. Thts is part.h:1.1larly 
useful when generating tffiii Qt:.LlSt>'tunction. defi11itions .. wtlictl 

· ·_ ·: (;;::,>'.·, ·:t>-f':)ll',;-:'ft·,.,_;;f;- _ '.¾.1:·t;,1,i:.Yf:s/·. ·; _:\;," -' -~ ·-. .,· •. -

are to be incorporate~ fn papers typed on pages of normal size. 
These functions fotfow certain common conventions. In each case, 
the fj le 9enerated.9!•,Jn,.lf~'1f1tj~f) i .. ~ ~f:JJten on devl.ce !)~Ip, a()d 
the name of the tq~ if1,,ffJ.f.,i.tH,H.JH9~1\',1'~~ .. The name sh9~1; tie 
either an atorn 9T a.<.to~te;a ... Pai.r~ .Jhe. I tQEllength ~it1' whtch the 
file is written js the 1 s~'Cooc/"a,:.~~~iot ;.1nd should be an integer, 

\ ;f :; ·>-* i __ / ··\ '" ,>f;t ,-;{ k i: '' ·,, .<c ~- ', • ' ' 

usually in the r,;1n~e•9,ql\L,H . 
CFEXPRJ 

CR.IAOEfs the identfff~ls :vich are MEMBERS of FLN/1 on FILE with 
I ineleqgth LENGTH~,J:\E1~,E~~''.'~Jl~.~'1 w~frf,11 .. ~re not ldE;n.tifiers ~re 
simply PRHHed. t=L~J'1. ,~ ..• oqJ1q ... ~e .J tit,~. ';lame. de! ine9 for .. ~UILO, as 
ml/;iht oe construc\.tf:.0wi,,\h.~QO!l;\~,.t,Th,f properties recoraed in the. 
file are determineq O¥,,.tt:!,s,1;1,~f,J.n~.il:~J1Jue,,.9f GR.lNP~OfS, as alway.~. 
Tfle r e.sul ting tffe can u:e read with OSK IN, but. does not Include 
th~ sdrf of fife det.inltion information written by BUILD. 
WRITEPROGS returns FILE• 

(WMITEDOC "FILE" "LENGTH" "FLNM") (FEXPRJ 

Generates a file much Uke wRITEPROGS, except that only DOC 

proper ties are recorded .in the ti le. 

)\·~·< ;1z 
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Gener<ltes FILE wltf1JJ 
being written b'y·,.ttfl~l 
any express ton 111t1'a·t·:J'.ilitr 
The I OCcd Variables' '.~'r 
a r e u n I i k e a v t o if't't' Jtl\ 
OPERATION. WRITEANY 

A.5 HINTS ON USlNt< 

Since SPKINT does 
atoms, it is 
documentation into ts 
gtves some examples. 

.e co.n tents o f the f i I e 
IP~• .. Of)ERATION may be 

,:}'!~'.i'ltfts In printing. 
't'lfe' ''fdrm 11 ••• #, so these 
variables appear Ing tn 

OP.ERA TI ON. 

on long lists of 
rative sections of the 

The next section 

When developing .a c,ol'lt ., .programs It seems most 
conYenlent t.o .p.,e··,,rf·.,,,,..·· ·'#I· t 

. ..,.,,. < . ,. s.o hat BUI LO w i I I write 
documentation in the f.ffefs'·~J.i~/if;al~s,.i.llhicb documentation will 
then o e re t. r ie v ed when. tb.t' tf~jJt,'ins ll te.s are read with OSK IN. 

One may not wish t,t>' .,:Ji;~it;~l~'f t,be documentation In a 
"proouction" s:;stem,. ,',1 ······ t.f/lJ,~ !ot1¾d require a good deal of 
storage. In such 'cfr'iufftJf.';altl·~>es ;~ne should BUILD after (GRINDOC 
NIL) c1nci write a s&pal'a,t~ (1~;~\!f1il~f'ltaUon ti le using WRITE00C. 

Large I t ne I en gthS,. t,a!f,'t f J~,11,,1~,~.'.d·•·•·>·•·•.· •.!.'.O.<f;······•.f ii e·s. not in tended for 
pubf ication. One c'a'rf 1im.;a.f·.1111,e;4tlh'1H ways of using the package as 
wel I. •. .{ \; · 

F II es c:onta in i ng docu.nt.tlti¼lt~n~a~\~e co.mpH ed in the usual way, 
in wh i en case the (locume:nt'ati~(l wiU appear jn the LAP fl I e, 
where it can be r4'a<f'.bY, O,jf<li7'~ ... ~ f!t~,.$ ,'!ri.t\!,~ b~ WRITEPROGS or 
WRITE DOC ,He • ikefy '• td 'be' HttofjH)fSf:ed in R'UNOFf source f j I es. 
RUN Of F w i I I produC.f th4 avxpeQ.it~·fiJ l'tlSiH l H the te lt t fr om the 
Pro gr am f i I e is pr eceeded b¥ th• com.lJ¼and 

.nt.ts 8,lbtZ~,32,10, 

One will usually need . f~.st,,irJ •,fftfpcommand5 in place of the 
blank Janes appearing tfl fifes. ~u;•itf.E,~ ~t these programs. Beware 
too of characters sucll as 'llt w'tl.lC!'>a're c>f special significance 
to RUNOFF, and a I so the :;;.y wllien .PRV1'f g~nera tes when at oms cross 

the end ot a llne. 



: 
I • : 
I • 

We g•iv~ now an e:K:atnple consjst,ng of a few of the functions tn 
the .. ftf 7 .. 0GC•l,~f>, aJong with the documentation which is 
asso~,a~ed ~ith tfi5se functions .{and included In DOC.LSP). This 
llstin9iwas·generated by performing 

•<PPDOC Ti . 
(00~ SP~CIAL. (R~~QMkCRtl 
VAULEJ PRINfNACRbl 

(NEW FILE EXA~PLl NIL . .. . . .. · 

•lwRtTEPima· cex.:v,ec 
lEXAMPL • fXT>. 

' ; (. < 

• ~PR ~E~P~ M¼CRD lv~t~~. PP-

I * 

: 
• I 
I • 
t • 

The resulting rt,e 

(FSUBR (DO -~RITEPROGSll 
; ' .. -.; :'' ;: \;/ 

( OEf PROP DOC 
(LAMBDA lL) 

MACRO 
( DOC "lJ. 11 "I Z" .•f;.;..t ... 
(Prints documenta\.~on ot Il 12 --- in DEFPROP format if 

ct e f i n.ed)} . 
I OOC) 
: 
: 
: 
• 1 

l OEFPKOP DOC 
(LAMBDA (LJ tS!JBST <CDR U 'X '{PP (P: (OOC) • XU)) 
MACRO) 

lOEFPR.OP 00 
(LAMBDA (Lt 
FEXPR 
(00 "P' "DOC") 
(Oef ine documentatton for l)J 

DOC) 



(OEfPROP OD 
(LAMBDA (L) (PUTPROP (CARL) (COR l) 'DOC) (CAR Lt> 
FEXPR) 

(OEFPROP WRITEPRUGS 
(LAMBDA {F > 
FEXPR 
(WRITEPRHGS "FILE" ttLENGTti" "FLNM") 
(GRINDEFs all atoms which are MEMBERS of FLNM on DSK:FllE) 
(PRINTs non-atomic MEMBERS of FLNM) 
(ljn~length given by LENGfH) 
<FLNM should be a filename defined for BUILD)) 

DOC) 

(OEFPROP WRITEPROGS 
(LAMBDA {F) 

(PROG {OLOC LW8 Lt 
(EVAL (LIST (FUNCTION OUTPUT) 

'WRITEPROG 
'OSK: 
(CAR f)}J 

(SETO OLDC (OUTC 1 WRITEPROG NIL)) 
(SETO L•B tlINfLENGTH Nil)) 
(LINELENGTH lCAOR f}) 
(SETO L <GET (CAOOR F) •MEMBERS)} 

LOOP lCOND 

FE XPR) 

(L (CONO ((ATOM {CARL)) 
(EVAL {LIST 'GRINOEF (CAR l)))J 

C<TEl<PRI (PRINT (TERPRI (CAR L)JJ)Jt 
tSETQ L (CDR UJ 
( GO LOOP) J) 

(LINELENGTH urn, 
(OUTC OLOC T) 

(RETUl<N <CAR FllH 

- A-6 .... 
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