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ABSTRAC T

This paper presents a functional overview of the features and
capabill! les of QLISP, one of the newest of the current oeneration 
verY . hiqt1 level languages developed for use in artificial
i n tel 11 g e nee (AI) research

Q(, ISP 1 S both programming language and interactive
programming environment. It embeds an extended version 9f QA4, an
earlier AT lAnguaqe, in INTERLISP, a widelY available version of LISP
with a variety of sophisticated programming aids.

The lanquaoe features provided by QLISP include variety otuseful data types, an assoclativ data base for the storag andretrieval of xpressions, the ability to associate prop rty lists
with arbitrarY excressions, powerful pattern matcher based on a
unification alqoritnm, pattern-directed function invocation, " teams"
of pattPrn inVoked functions, a soPhisticated mechanism for breaking

dat.a base into contexts, generators for associative data retrieval,
and easy extensibility. 

System features aVailable In QLTSP include very smooth
interaction with the \JnderlYinq INTERLISP lanquaae, a facility for
agqreoat1na multirle pattern matches, and features for interactive
control of proara

A number of the in1plemented applications Of QLISP are brieflY
discussed, and some directions for future develOpment are presented.
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I NTPDDUCTION

AD important byproduct of research In artificial intelligence

(AI) has been the development of programming languages that permit
qlvina instructions at a very high level to a computer. A second

important byproduct has been the development of hiqhly sophisticated,

stipDortive interactive programming environments. Tools of this kind

very important for develoPing AI programs , which tend to b
large, complex, and subject to frequent alteration. believe that,
as the needs of the computing community grow, and the computation
s p e d 0 f h a r d war e imp r 0 v e s , the pro g ram m i n g too is that have been a
n e c e s s i. t y t 0 A I w i 11 0 e com e lm po r tan t toolS 0 f general a 
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Ii cab ill t Y .

This paper presents a functional overview of the capabilities
and features of QLISP, one of the newest of the current Qeneratlon 

VerY hiah leVel A I anquage s that includes MICROPLANNER (1),
SAIL (2), CONNIVER (3J, POPLEP (4), and others. Thus, it will serve
both to introduce the lanquaqe to the computing community and to

briefly review t e features available in the new generation of AI
1 a 11 q aoe s . more extensive treatment of QLISP is available
elseWhere (5).

QLISP 1s both programming language and interact! ve

prOQram inq environment. It qrew out of the QA4 lanquage (6) that
was developed at SRI from 1969 to 1972. Many of the basic concepts
of the language are derived trom the QA4 work. QLISP embeds an

. -

ext e" rl p rl V e r s ion 0 f Q A 4 1 n I N 'f E R LIS P 7), a wl del y a v a 11 a b 1 e ve r s 1 on

of LISP witt' variety Of SOPhisticated programming aids. 



addition, it orovldes manY new features not present in other
languaaes.

In the fOllowing section, we will describe the language features
of ULISP, with special emPhasis on those not available 1n other

lanquaaes. (Bobrow and Raphael (8) giVe a comparative description 

a n u m be r 0 f the s 1 an 9 u age s . Then we shall describe the programming

environm nt provided by QLISP and the underlY1nq INTERLISP. FinallY,
we s h a 11 q i ve 5 0 m e x am p 1 0 f the way s in w hie h t he 1 an 9 u a qe has

b e en use d to rea te e om p 1 e x s 0 f t war e s Y s t ems .

I I LA NGUAGF: F"f: TURFS

This section will discuss the more notable features of the QLISP
lanQu-3Qe. Most of these are derived from features present In QA4.
Some ar derived from other languages. Most have been extended 

greater ease of use, compatibility with the underlying INTERLISP
lanauaqe, or increaSed generality.

Da ta Tyoe s

OLISP provides a very rich set of data types and facilities
for manlpulatinq them. In addition to the range of types provided by
INT R(, JSP (lncludinq numbers, arrays, strings, and list and binary
tree structures), GLISP provides data of type tUPle, vector, bag, and

class.

A tUPle is similar to a LISP list, but can be accessed via



associative retrieval as described in Section I1-B below. A vector

1 s 1 i k e t l. pIe, " ut i s t rea t e s 0 f\ e w hat d 1 f fer en t 1 Y hen e val u ate d 

b a g is a m U 1 tis e t , an unordered co 11 e c t ion of elements
that may be duplicated. For example, (BAG A A B C) is equivalent to
( BA G B A) but 1 5 d 1 f fer en t fro m ( B A G C ) . BagS are

particularlY useful for describing the argument lists associativ.
commutative relations. For example, if we defined the relation PLUS
to take a baa as its araUment, then the expressionS (PLUS A A B C)
and (PLUS A e A) (which would both be stored internallY as (PLUS

(BAG A A

))) 

WOU) rl be equivalent by definition.

class is an unordered collection Of elements, without

dupljcation. for example, (CLASS A A B C) IS aqu!valent to (CLASS C
B A).

Assocj at j ve Data Base

Expressions composed of any of the data types mentioned
above may be placed in a data base. The data base Is designed for

ass..Q i..a.t.i1la LaJL.aJLa , the fetching of data by content rather than by

name or address. A request for' an item of data may specify values
for any of its constituent elements, leaving the rest to be matched
bY thp values in the retrieved item. The data base is maintained in

the form of a discrirolnation net, a tree-like structure in which the

nod e s r e pre s en t ' t est 5 t a P plY t 0 an ex pre s s iOn, and the bra n C h

represe t he Val UeS returned bY the tests. In general, these tests
are set up to find the first difference, scanning left to right,
between two expressions.



Canon i RepreSent at ion 0 f Exp reS s ion 5

By storinq all data In a common discrimination net, QLISP
can represent eOliivalent expressions uniquely, In the QLISP net,
onlY ne instance of an express ion may occur. Before an expression
1 s ent e r p rl i n to t he t, i t is t rans f armed into a canonical form.

new datum i) 1 not be created if the expression already occurs in the
net. Thus, continuina our example about the PLUS relation, (PLUS A A

B C) and (PLUS A C H A) are not anI y equ! valent: they are exact lY the
same pointer into the data base,

Property Lists

Artitrarv expressions are represented uniquelY In QLISP,
ust as atoms are represented uniquelY in LISP. Therefore it 

posSible to assiqn properties to QLISP expressions in the same way 

LISP ato!'s. For instance, we may execute the command

( (.) 

PUT (r L US A B ( M 1 NUS A)) S IMP L I FIE ST 0 B),

which will put t e value B under the indicator SIMPLIFIESTO In the
property list tr\e express Ion (PLUS M I NUS A) ) . If thi 

expression, or any equivalent expression (SUch as (PLUS 8 (MINUS A)

A)), 1s ever encountered ag ln, we can look on its property list and

find a simpljficat10n tor it.

One pc?rtic .11ar indicator the property lists 
pressions Is used to represent truth value. When this indicator,

MOD E L v A L U E, has a val u T, the S y s t em in t e r pre t s t hat ex pre s s Ion 
"trIJe. SimilarlY, value of NIL represents " f a 1 s e 



expression. Special statements exist for maniPulating this
particular oropertv. for example, the statement

(ASSERT (AT SRI MENLO-PARK))

0 U 1 d s imp 1 PIa c e the a t t rib ute - val u e air ( MODE L V A L U E T) 0 n th e

property list of the tuple (AT SRI MENLO-PARK). * The semantics of the
statement is that S8l is In Menlo Park. Similarly, the statement

(IS (AT THING MENLO-PARK))

would c,:=)1JS? a search of the data ase for something that was known
(i. W ':1 5 in the rlata base with MODELVALU8 equal to T) to be in
Menlo Park.

t; -i-J . The Un i tic a t i 0 n P a t t n Matcher

An importAnt activity In AI prOgrams is the construction,
mo d i f i a t ion , and a n a 1 y s i S 0 f com pIe x s y m b 0 1 ic e x pre s s ion s . The m 0 S t

power f u 1 tool for t his i s a p.a.J:a miU , a r' dIg 0 r 1 t h m t hat a 110 W $

one f'xDrpssion be used temolate to break up another
e x pre s 5 i (I!' i n to e 0 fTl r 0 n e n t 5 . QLlSP extends this facility bY providing

a UQ

~~~ ~~~

pattern matcher 1n Which eaCh of two expreSSionS may
act as templates for th other.

S 0 m e- x a rn pI€' s t h i pol n t are pro p r ate . The QLISP

statem nt MATCHQQ invoKes the cattern matcher direct 1 V. The

statement
( "'1 A l' C H Q ( (8 Y ) (A 8))

---.._--

* This DaOer will avoid almost all
QLISP.scec1flc syntax. It sUfficesthe elempnts of expressions are
identified as variable by the
indicatps that the varlahlp is toprefix indicates the previous lue

need for the reader to cope wi 
to say that 1n QLISP statements,
presumed to be constants unl
prefix or 

$. 

The c: prefix
be . assigned new value: the 
of the variable.



Will mateo X to A and Y to B. The statement

(MATCHQQ ( X) (A B1)

will fail, since X cannot be hound simultaneoUSlY to A and The

tat em en 

(MATCHQ( (A ..X) (+Y B))

will tch to 8 and Y to The statement

( f\ t.. TC H (J (A (8 ..X) .. 

y) (. 

X .. Z ( A (B C))))

will match X to A, y to (A (8 C)), and Z to (8 A).

The U L 1 Sf.' pat te r matcher is based extended

unificntjon alooritr, rr that can deal with the variet.y of data types

available in tne l nauaqe. The matcher is not c6mplete tor complex

expressionS ontainina baaS and classes. However, it is adequate 

the kjr)rJs of expressions that are almost always used. Pattern

mat c h 1 n (l i 5 uSe d t n Q L J S P for s eve r al e en t r al P U r P 0 s e s . It Is used
to b i n va r 1 ab 1 e s and decompos expre s 5.1 ons, as we have ment loned.

It used t.o control associative retrieval. It 13 also used to

invoke functions for specified purposeS, as We will now show.

F . Pattern-Directed FUnction Invocation

ManY 0 f t he Al lanquaqes or QV 1 de a featur e, fIrst pr oposed

by Hewj tt 9), whereby funct ions can be inVoked ot onlY by naminq

them, ut also by checking to see if they are appropriate for a Qlven

arqument. This check 1s performed by matchlnq a pattern associated
with each fUT'ction with the given argument. For example, we might.

wr i some functions such the fOllowing for an algebraic



SimPlifjer:*
PLUSSI NGLF: (GLAMBDA (PLUS .X) $X)

PLUSZ RO : ( IJ L BOA (P L U S 0 4-" X) (' ( P L U S S $ X ) ) )

P L U S M1 N ! J S 

( (

L A 1 B D A (P L us .. X Cll1 I NUS 4- X) .. 4f 'i) (" ( P L U S $ $ Y ) ) )

The F' IJ LJ S S J N G L t fUn c t ion say s: g ve n a". a r q men t 0 f the for m

PLUS followed by ny sinale element, return that single elempnt. The

PLUSZERn function says: qive an argument of the form PLUS followed
by any ber of plements, One Of which Is 0, return the form PLUS
fOllowp by all the other elements of the arqument.

At the user s oPtion, if a function s Pattern can match an
arqument in more than one way, all possible matches may be attempted
in turn. When one match leads to a failure, an alternative match is
attemPted. The function itself will not fail until all Possible
matches have been tried. For example, the following program will
find two friends of JOE Who are father and Son:

(QLAMBDA (FRJFNns JOE (CLASS +F "5 ..REST))

(IS (FATHER 55 SF))

RAe fe.. T HAC K )

The proaram will cYcle through all pairs of elements from

the CIa 5 S 0 f J 0 f ' S f r i e rl d s an d 5 e e i f 0 n e 1 s the fat her 0 f the 0 the r .

-----..

* The doubled prefixes (e.

g. 

$$) indicate that the variable refersto a fr arnP'T)t of tt".e expresSion containing it father than a Slngle
element. The quote mark (' ) indicates that the following expression
is to be instantiated (following the semantics of QLISP) rather than
evaluated foll0winq the semantics of LISP).




