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ABSTRACT

A mature version ot OLISP Is described. QLI5P permitstree intermir)qlinq nf ddvanced language constructs with
those of INTFRLISP It provides an ssoclatlve data base,
viewed from perspectives controlled by a powerful context
mechani sm A cces.s to t he data bas e can be select lve ly aidedhy teams of progra from which me bers are hosen by a
pat t er mat chi n per at ion. Ten tat 1 ve com P tat 1 on facilitated by backtracklnQ facility which can 
triqqered by directed (or undirect d) failure. It also
provides for partial evaluation and includes special
features to expedite handling of transitive relations and
equivalence relations. All these lanquaqe features are
embedded in a programminq system which 1s very smoothlY
1ntegrat into the proqrammina environment provided by
INTEPLI
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PPEF'ACE

QLISF is many thinas: collection of concepts, 
proqtammjna languacp emoodvlnq the concepts, and 
proqramm1nc system providin a friendly environment in whichto use tnp proara minq !anquaqe. This document will
descri e GLISP several times in succession, once from eachof thesp perspectives. The first major section will
describe the concepts as they are peculiar to QLISP: it will
describe onlY as uch of the proqram lnq lanquage as 
necessary to fix ideas. Then there is description 
GLISP as proaramminQ language: it dSsumes that you know
the concepts involved and merely attempts to describe the
1 an g u a 9 e j. n a c 1 e an d con cis e way. The 1 a s t m a j 0 r see t ion
tells how the programming environment of INTERLISP has been
extended and mOdified so that it is friendly and sympatnetic
to QLISP.

To atlv expe lte matters, I aSSUme you are familiar
with the basic concepts of 1 j st processlna and witM LISP 

fam! lV. of 11st process inq lanquaoes and systems. QLISP
hap pen s t e imp men t e d in r N ' r E R LIS P, and S 0 me r e fer en e to the host langua of GLISP be particular 
TNTERLISP as a faft1cular dialect of LISP. For instance,
IN T E P IJ I 5 P t r a t s s t r 1 n q s an d n u m be r s in way s not nee e s s a r 11 y
shared by other LISP 1ialects, and sny such description 
QLISP must specifically allude therein to INTERLISP.
Moreover T\JT lllSP provldes unique programming
environment which lends oreat power and flexibility 
QLJSP: many Implementatjonal details of QLISP stem directlY
from particular aspects of that environment. For the
reasons, (NTPRLISP is specifically mentioned quite often this manual; if you are unfamiliar with INTERLISP as a
specific LISP, you will miSs rich contact with the etal1sof QLISP. This is esppclal1y true of Section IV, which
describes QLJ P as a system and so necessarilY depends quite
str6nQlY on INTERLlSP being the 50eclfic host language.
Otherwls thouah, you will not cut yourself off from the
broad Sweep of QLl5P by reading LISP for TNTERLISP.

I have made a habit af usina pronouns In the first and
second persons hecause this is not tome left by an
impersonal " the duthor" tor some impersonal "the user" : down
at the bottom of it, re are onlY two people involved: you
and "me.
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I . troductlon

QLISP j proqra minq lanauaqe and a . programming
system: it extends the INTERLISP proaramming environment 
waYS that are especiallY ful tor the dPPlications rtifici l intelligence. It includes a dRta base that canstore compos ite data items, such as sets , which are awkward
to handlp in INTEPLISP. The aata base is organized to
s i u 1 ate ass 0 cia t 1 v e re t r i e val, to p e r i t property 1 i s t s 
be at tached to t he pos 1 te items, and by means of powerful cont xt mechanism, to coherently manaae separate
views into the data hase. It also lricludes unification
progta to deco pose complex data items, to aid In 
associst1ve storage d"d retrieval, and on occasion to selectappllcahle functions fro a large team. rinallv, it adds a
thjrd ode of interpretation to the two Occurrlnq in LISP,where a alven form can be interpreted literallY (quoted) 
t u 11 y val u ate d : in Q LIS P it can also be part 1 a 11 y evaluated
( " 1 ns tan t i at p d" ) .

The centr l cnnstruct of the QLISP lanquaqe IS what call a " 5tat ment" hich is conceptuallY similar to a LISP
form hut differs from it in several respects. The parts state ent are usually instantiated rather than beinQpvaluated. A statement usuallY has one crinclpal operand
and several ootional operands which siqnificantlY modify theway the statpment handles its principal operand The
opt lonal operands are de 1 imi t d by key words and can come 
any order 1he carsinq ethod is also siQnlficant from
considerations of efficiency: it is p rsed the first time 
Is encount red, 3nd the result 1s saved as a LISP function
call which ts subsequently used direct' IY.

QLISP is an outqro th of QA4, proorammlng language
developed for artificial intell1qen e at SRI around 1970.
In fact, it was oriqlnally an alternative implementation the Q A 4 con e p t S hie h sac r i f 1 c e d S 0 m e e n era II t y to 1 n factor of 30 in efflci "cy. From there, it has proceeded evolutionary steps for sever years. The concepts have
chsnged under the pressure of experience and the changing
nee of the Artificial Intelligence Center, but they are
stj IJ fUndamentally tho5e of QA4
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II. Concppts

A . Data O jp.cts

OL.ISP operates on all data tYPeS provided bY INTERLI5P.
Moreover, it provides additional data types, toqether with

means tor constructinq and analYzino them. sectionIII. A enumerates the constructors and tells how to use them:
this section merely discusses the conc pts involved.

QLISP extendS the INTERLISP notion Of proPerty lists.
1 N l' E P LIS P pro v ide pro per t V Ii s t s for 1 i t era 1 a tom s, and the
INT PLlSP property list Is glObal to all references. QLISP
provides its version of property lists for all of Its
own data types and for most of thosp of INTERLISP. It also
provides a powerful context mechanism by which the user cancontrol access to its property lists The following
sections on instantiation, the context mechanism and the
statements whic store nd retrieve procert1es tell how all
this can he 

The inset par oraphs outline the special treatment
QLISP elves various of the data types.

A literal atom (in the INT RLISP sense) whose
fIr s t c h a r act e 1 s e 1 t he r - or s i s d QLI 5 P va r i ab 1 
The next section expands on their special rOle and
treatment.

It numbers and strings are equal (In the
INTE LISP sense), QLISP reckons them as identical.
They an have OLISP procerty lists.

tucl IS equivalent to dn INTERLISP list, but
1 t ea n a 1 so na v e a Q LIS P pro per t Y Ii st. tu p 1 e 0 fthe form (f at a2... an) will normally be stored
internallY as (TUPLE f at a2... an). See sectIon
II I. f. 4 on D FTYPE for exceptions.

vector 15 S 1m! lar to tUPle. It alsocontains an ordered seqUence of elements. However,
it 1s loser to the ordinary mathematical conceptionOf n-tuples in its valuation rule. A tuple EVALslike the corresoondina INTERLISP list: its first
element is apPlied as d function to the values of thesucceeding elements ,5 arquments. However, theresult of EVALinq d vector is simply a list of the
values of the elements. vector containing the
elements el, 2,... en Is stored Internally 

CTOR e1 e2... en).

bag impl ments the conv ntlon81 mathematical
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concept of a mUltiset: it IS an unordered collectionof elements that av be ducl icated. For ex mple,
(BAG A B) Is equivalent to (BAG A A) and distinct
from (8AG A B).

A class is an unordered collection of elements
wi thout dUP11 ation (in mdth matlcal terms, a set).
For eXdmpl , (CLASS A A R) is quivalent to (CLASS 
B) or (CLASS B A).

Values, Instantiation, 1 Evaluation

QLlSP statements tYPicallY instantiate their parameters
(rather than evaluating the , as do functions). Thatis, variables are replaced by their values, but functions
are not aD p 11 e d to the i r a r q u men t s as happens 1 n LISP
evaluation. Any symbols which are not QLISP variables
remain unchanqed. The distin tion between GLISP variables
an d ot her sy m b 01 s 1 s ma de b y q i v 1 n g va ria b 1 es $ pre fix, 
that , for example, sX 1s a variable with the S prefix, while
X is ' 1ust the symbol X. Then, if $X had the value 
1 nS tan t 1 a tin q ( CON S $ X) w 0 u 1 d q 1 v e (C 0 N S X B). val u tin g

Q L 5 P s v a ria b 1 e produces its value, jus t the sam e a 
1nst nt iat t nq j t. It SY had the va lue 0, then eV81uat lng
(CONS SY SX) ould give (D . B), while instantiating 
would simply produce (CONS B) without applyinq the
function to its argum nts.

This of course raises the question of how QLISP
variables obtain their values. I' ll answer it In the next
section but one: it s normally done by the pattern matching
ope r at i on . Howe v e r , c an say her e that va ria b le
sionities its wl11inoness to ccept a value by sporting the

prefix (e.

g., _

X). The distinction between the prefixes -
and is stronoer than t: When an expression
containinQ an - variable 1s instantiated, the - variable
does not produce value but instead remains unchanged. The
arav1ty of that fact is just this: preparatory to matching
one xpr ssion aqainst another, one or both of them Is
typically instant iated, and you should understand that an
- varlab) es wi 11 survive that process unchanged. FinallY,
;her is the question of evaluation: when an - variable is
evaluated, it still remainS UnChanqed. There ' are speCial
modes, operators and other prefixes to modifY this simple
picture, but it' s correct as far as It g 0 e s a n d 111 $ u f fie e
for the mom nt.

We shoulrl note in passinq that QLISP variables have
definite scopes, i plemented via the context mechanism
(discussed in sec. II.F). That 1s, their values are storedtheir property lists and can differ from one
computational context to another. Thus, given variablecan 1ndependPntly take different values in different
conte ts nd, Wh n i stantlated, produce the value visible
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in appropriate conte t. While the motivation Was to
avoid namino conflicts between different parts of 
(pOSSiblY larqe) system of proqrams, the upcoming discUssion
Of contexts implicitly shows that ls locality can be usedto advant a in con j unc t Ion wi t h cent ex t generated

xp 1 ic i t 1 y by cont ext de 5 lq"ator s as we 11 as those gener ated
implicitly by the structure of the program.

c. ktrack1nq and failure

Often, proqram acting on a comPlex sitUation (orreasonlnq ahout one) comes to pass where several
alternatlv actions (or lines of reasonlnq) ' present
themselvps with no clear criteria to choose amonq them. Itis sometimes useful In such a case to arbitrarilY pick one
of thpm and tentatively proceed onward, if further analysis
shOWS the choice to be clearlY wrong, we would like the
proqram to fOfQet those teotatlve ' actions, return to the
c h 01 c e poi n t d n d con t in u wit h iff ere n t al t ern at 1 ve .
That Is ssence ot " backtrackino" : QLISP contaIns a slightlymodified concept. 

There are other aPPlications for thiS notion tentative execution with baCktracking. We generalize this
notion of a choice point to what we call "backtrack
point" the description (tn later sections) Of the QLISP
proqramminq lanqu will point out other circumstances
under ' which a backtrack point 1s established. At any epoch
In the execution of a prbgram

, .

there will typicallY be 
many backtrack points to which control can return. They are
hier&fCh1callv related In this sense: suopose backtrackpoint to he established and the computation to be at work 
one of the alternatlv s: further backtrack points can 
pstablished "inside this on , but when ontrol returns 
the onter backtr ck point, all the sUbordinate ones will
vanish.

The mechanism bY whicn computation returns to 
backtr ack PO 1 nt is Samet h 1 ng we call " t i lur e" jus t because
that kind of return 1s usually invoked when computationdiscovers that its current choice falls to be appropriate.
A fa! lure usuallY takes the computation back to the nearest
( " j n n e r m 0 S t 

II ) b a C k t r a c k pol n t bUt can be Ire c t e d to r e t urn
to any currently open backtrack point. backtrack point
previoUsly establiShed by an ambiguous cho1ce also generates
8 failure n all it 5 a Iternat lves fail. Thus we alsohave notion of failures propagat tOg \ back from one
backtrack point to another, with the ofopagation stopping atthe nearest (i e., innermost) backtrack p lnt which stlhas som alternatives to try. Propaqatlnq _ failure dIfferent from directed failure: directed failure passes
over (and thus closes off) backtrack points until it findsits tar et reqardless of whether they still have untested
alternat ives. Only then does the fdi lure start propagating
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rrossiblV turtner) back until it finds a backtrack point
with further alternatives to try out. Directed failure,
then, is intended for situations In Which a computation can
a$suredly say that a wrong choice was taken at level
(POSsibly) much higher than the backtrack points which
surround it very closely.

There is final notion implicit in . the idea of
backtrackinq - d this 1s the one from which it derives itsmp.. a computation fai 15 back to a backtracK point,
it does more than just turn1ng control there to try
another possitle choice. The side effects of the execution
over whicn it 1s hacktracklnq will also vaniSh. This isn.t
a1wavs desirable, thOUgh: sometl es the computation will
discov r something worth remembering 1n spite of poss1ble

cktrackl over the branch that discovered it. There 
prov1 s1cn for just such case: the context echanlsm
(discuss d i the section after xt) provides a way 
record data tn M manner immune to eras ore by backtracking.

Patter Matching

The CLISP pattern matcher 1s one focal point of the
concepts outlined so tar. It understands and can
disassemble tuples, vectors, bags and classes. It is the
principal pans by whiCh QLISP variables attain the values
they produc on instantiation. It can generate QLISP
tallurp if it is unable to oerform an ass1qned matching. It
also uses backtrackinq In two slightly different ways: oftenit will decompose an assigned matching into sever
subordinate matchlngs and try a different decomposition if
one of t he sub 0 r din ate at temp t s fa 11 s : or It can de 11 v e r . a
successful match to the user s program tOr deeper analysis
and try to aenerate an alternate matchlnq the user
proqram falls.

The pat t er n mat C he r 1 s us e d un d e r va r IoU s ire u tan c e S
QLISP. Retrieval from the QLISP data base is directed the patt rn matcher. Functions can be defined with a
QLAMBDA construct, which uses a pattern to be matched with
the arouments sUPPlied. Details are torthcomlng In Part IV,
which descrlb QLISP as program lnq lanquage: this
s e c t i on me r el y ou t 1 i n es t he con c e p t s In vOl v e d .

The eSsencp of the pattern matcher is this: given two
data, it determines hOW (and whether) they match one
another: if they can t be completely unified, the pattern
atcheI fails (in the QLlSP sense). If both data contain

onlY constants, then the pattern matcher simplY determines
whether they are equIvalent. The story changes considerablY
if one or both of the data happens to contain QLISP
va ria b 1 e s w 1 t h t he - pre fix : the pat t ern matcher will
substitute anyth1nQ at all for such variable if that
substitution will make the two data unifY. If the matCh
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sue c e d 5, any - va ria b 1 e will be q i v en 1 t s required
substitution as a value. (Keep clear in your mind, however,
that the substitution takes Place only to the extent that
- va ria b 1 e s are ass 1 g n d val s: the d a ta t hem s 1 v e s are no 
altered 1n the unification process.

Consider some examples:
X will unity with anvthinq.
Fno will unify only with (the INTERLISP literalatom) FOO (or, Of courSe, with 

- variable).
(BAG A) a d (CLASS A) won 't unify because they are

of dl t ferent types.
( BJ G B) and ( RAG A C ) won' t Un 1 f , because t helr

elements are different. 
( BAG A B) and (8 A G A _X), 0 n th e the r and, 111

unifY. . That unification would assign the
value 8 to _x, so that (8AG A $X) would then
instaot1ate to (BAG A 8). (Of course, (BAG
$X A) will then also Instantiate to (BAG A B)
because bags are indifferent to the order 
their elements.

(BAG A _X) and (BAG B _Y) will unify, assigning
the valu s A to -Y and R to _X, respectively.

(CI. A5S _x _Y) and (CLASS 1) will unifY, assigning
the value 1 to both _X and _ because class
elements can be repe.ated without
significance.

(BAG _X _Y) and (BAG 1) Won t unify because they
contain different numbers of elements.

(BAG _X _X) and (RAG A B) Won t unifY.
(RAG _X _X) and (BAG A A), howev r, will. The

fir s bag wIll un i f Y w 1 t h precisely those
baqs whose two elements are the same.

Teams of funct ions

Teams of functions give QLISP a great deal of power.
Many QLISP statements take a team of QLAMBDA functions which
ay be app ied to statement' pr Imary operand. The
tatempnt wi)1 attempt to mdtch a team member' s QLAMBDA

pattern with the oper nd: if the match succeeds, th the
function s hody will be supplied the bindings resulting from
the match. 10 any qiven QLISP fement, the team can 
any QLISP expression, so that the statement need onlY embodY
enough Informatlon to permit calculatIon of the set of 
me m b r 5 . Tn us, a pro q ram sin q LIS P tea m s can be e x t rem e 1 
modular an flexible.

am s h a v e many uses: w h en a d at u m 1 s 1 n g 1 n s e r t e d
the data hase, they can cheCK its con istencY with data
already present, or they can also insert some simple
corsequences: or they can be used to dedu fact not
expl cltlY available. In fact, some programs do the main
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work of their deductlv Interenc by using team members: any
team member will do a highly specialized analysis and then
voke some team, whicn often is the same as its own team.

for example, a QLISP statement whose goal 1s to oroye
some theorem could first ch ck the dat base to ascertainther theorem has already been Proven. If not, the
statement could invoke functions from a tea of deduction
function in an ttempt to prove it. Eacn of the functions
could be hlahlY specialized to prove theorem of onlY very speciaJ format: each would specify the format in its
QLAMBDA pattern, and onlY the correct ones wOUld be entered.
If the ' th orem can indeed be proved, then it cOUld be
asserted with 8 QL1SP statement specifying a different teamof functions to enter additional sUbsidiary facts into thedata base. 

world Models and Contexts

The environment in whl program oPerates WilltypicallY include modef of Some wor d. For example, a
proqr m modell inq a proc ss will maintain model of that
process state, and a sentence understanrler will wadel its
understAndlnq of a sentence s content It 1s often
necessary to separatelY p track of the varjous states of
the world model or even to separatelY model alternative
worlds fer planning or hypothetical reasonlna. Facilitiesto accornp) ish this are provided by the QLISP context
flechanisTf.

cent r notion is that of a " context" it 'prof1tahlp to thtnk of context as a viewpoint on the
n t ire Q I, I S P d a ta b a s e . ( The l) LIS P tj a t a a s e st 0 res LIS P
roperty lists and the values of QLISP variables. That is,

any qtven expression can effectively have different propertylists When viewed trom different viewpoints, and QLISPvariables can similarly nave different values. Some
understanrlinq of this is accomplished can be gleaned
from a more detailed consideration of th interrelation 
thes viE?wpolnts There 1s dlstino111shed viewpoInt

presehtinq the basal st te of the data base: otherwise,any vipwooint is refinement ot som other (prevIously
extant) viewpoint, with the refinement process UltimatelY
leadinq hack to the 11stinguished view on the world. The
viewootnts (contexts), ther, form tree with this
dist1noutshed vlewpoint as Its root node.

With the idea of the context tree clearlY In mind, one
easj ly understand hoW the context mechanism wOrK

Whe me property is dssianed to some pxpresslon in
some context, the assiqnment is recorded in the (unique)
node 0 t t h p CO" ext t r e e cor res p 0 n din q to t he g 1 v e n context.
Whenever some rroperty of s6me expression must be retrieved
tth respect to some co"text, then simp le search takes
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place. Starting witn the qiven (correspondinq) node, the
context tree is searche1 back tow rd the root node until
some record Is found of an assignment to the given property
of the given xpress1on: if none Is found, then the desired
property is constder d to nave the value NOSUCHPROPERTY. 
coursp, p procerty of an eXPfPssion Can be deleted 
some context bY assiqnin it the valUe NOSUCHPROPERTY 
that context: one should erstand that such an act doesndisturb that property value In any context not derived
from the qlven context. This kin of deletion works becausethe N(lSUCHPFOPERTY masks dny other occurrences of its
Indicator in any context closer to the rOot node.

10 aive you an explicit handle on the context
mechanism, GIJ ISP provides contexts as a distinct data type,
instances of which are tokens ot the divers wpo1nts 
t he d a t a has e New context s are Q e n er ate d 1 m P 1 i c 1 tl Y by thestructure of program or explicitly by a QLISP construct
ca 11 ed the cent ext des iqna tor

" . 

The cont ext des 19nator can
pro due t r. e an c est 0 ' 0 r des c end ant 0 f an y q 1 v 
contex t .

context tum is sljahtly more complicated than thuS
far implied. Recall that when QLISP backtracKS over fruitless (or erroneous) branch of .:: Computation, its side
p f f e c t s d i sa par. his 1 s n ' t al way s desirable: 
computation may produce valuable partial results but
u 1 t 1 mat e 1 y t a 1 1 . To s e le c t i vel Y per m it per s 1 s t nee 0 f S 1 

e t feet s t h r 0 u q h fail U res, a context datum can also contain a
flag to sp clfy that changes ma1e under its influence should
he permanent.

SDeclal Rp13tions

QLISP incorporateS extensions to efficientlY handle the
s p e cia cas e 0 f e au i va 1 en c e re 1 ation s and t ran sit i relations. In both these cases, information is clearlY
resent which hasn t been directly asserted For example,it and C are known, then a practicing mathematician
would think nothinq of deducing C: similarly, A=B and B=C
lead quite direct lV to A=C. sucn deductions are readilY

v a 11 a h r c a Q LIS P pro q r d m . Not 0 n 1 V are there special
mpchan!sms to nandle transit ive relations and equivalence
relations, but there . are further . special mechanisms to
hand) e t ne imoortant special case of str1ct ordering. For
e x amp 1 P, 0 nee V 0 U k now A C R , the n you c an e a s 11 y de due e t h
A=R is false.

This special caSe is the primary way QLISP handles
s pee 1 a 1 r e 1 a t 1 on s ( i . p. , t ran sit 1 v e re 1 a t i ons ah d
equivalence relations). That 1s, you c declare and useset5 of 'six connected orderinQ nd equivalence relations
(analogous. to =

, (, 

and and their denIalS). Special
reI at i 0 os qui re s p e cia 1 boo k k e pin q which i s handled
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automaticallY) when You insert statements into the database. This extra infor atlon is used to make the deductive
retrieval of data Which can be deduced from the data base
even tho u gh t h r e not s t or e d d 1 r e c t 1 Y .

You can qet $peclal relations in their fUll generalitywhen yOU declare set of six connected relations: you
edn t use all six Of them. For example, you get. perfectlY

general irref1exive translt1ve relations if you only use the
ana loques of and and ignore the other four. By the sametoken, you don even need to declare a full set of six
reldtlons: YLJSP needs all six tor its internal bookkeeping,but it' 11 makp up names for any you don t supply. 
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J 1 I . The QL 1 SP Language

Constructors
A QLISP prOgram can generate tUP1 S, bags, vectors, andclasses by uSing the correSPondinq constructors supplied In

the lanquaqe. That s, a form such as (VECTOR A C) will,
upon instantiation, produce the correspondlnq datum, (VECTOR
A R C). ore precisely, a datum of one Of the four types
TUPLE, CTOR, BAG, or CLASS can be produced 
instantiating a form whose first element Is ne of thosetour names. The succeedinQ elements ar all instantiated,
and their instantiations are the elements of the datum being
constructed.

These constructors ve a few properties beyond thoseiust mentibned. For starters, theY are indifferent to the
distinction between instantiation and evaluation In thetMat evaluating one Of them will produce the same
result as instantiating it. Also, baqs and classes do not
preserve the orderinq of their ele ents, and so they will
not necessdrily come back with their elements in the order
specified by the program Moreover, classes are insensitive
tc the numb r of times (greater than zero) that any qlv
element appears: a class constructed bY QLISP might contain
each element only once.

There is Yet another twist: fraqments. As the elements
are instantiated to oenerate elements of the (possibly new)
datum, some of the instantt tlons will be taken as produc1nQ
veral elements instead of 1ust one- A variable is flagqedto produce one lement bv ivinq it the $ prefix: it

produces several elements (i. e., it 1 s a fraqment) when ithas the SS prefix. . The distinction Is crucial: if 
instantiates to (VECTOR 8 C), then (VECTOR SX) will
InstantlBt to (VECTOR A (VECTOR B C)), but (VECTOR A $SX)
-11 J i stantiate to (VECTOR C), Please note that
fraqments make sense only In the context ot constructors: a
composite datum can contribute its ments to another
compos! t but LISP has no notion of several data items
apart from the notion ot their composite.

The constructors are quite prepared to handle fragmentsof types other thao their own: after InstantiatlnQ 
fragment, they use its elements and ignore its type. In the
above example, j f $X were instead to instantiate to (CLASS B
C ), the n (V E. C TOR $ X) W 0 u 1 d 0 f co u r s e q 1 ve (V E C TOR A ( C LAS S
B C)), but (VECTOR A S$X) WOUld sti.ll yield (VECTOR A B C).
There Is definite limit to this flexibility: a fragment
shoUld always be a rUPLE, VECTOR, BAG, or CLASS.

The $$ prefix 1s onlY defined tor variables, but you
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can make fragment from any expresSion with the
! operat or. It behaves like a unary COnstructor: the form

(! 

SX) ould instantiate (or evaluate) just the same 
would $$X. Tnus, the form (VECTOR (1 (VECTOR A B)) 
(VECTUP B e))) will instantiate to the vector (VECTOR A B 
C) .

In summary , then , one 0 f t he forms
(TUPLE 1 a2... an),
(VECTOR at a2... an),
(CLASS a1 a2. .. an), or
( RAG a 1 a 2 . .. an)

wi 11 bu 11 d tuple , vector, lass , or bag respectively,
when it is instantiated or evaluated. The elements Will the instantiations of all the a1, with bags - and classes
possibly failing to preserve their order and with class
representing each element only once Fragment variables - are
marked by the SS pref ix, and general fragment expressionsare built with the ! operator: fraqments contribute their
plements but not their types.

Pattern Matching

The QLISP pattern matcher takes the task of unifYingone datum with another. It Is also the usual mechanism by
which QLISP variables are assigned their values. In fact,
those two activ1tles are closelY allied: usuallY, one of the
data supplied the pattern matcher will contain - variablesewhere within it: the implied unification will 
possible (if at all) only if the - variables tak certain

1 u e S die ta t E' d by hat the ot her at\) m con tal oS at t he
corresponrling positions. When a unification is Possible,the pattern matcher shows its result by 8ss1anlng the
- variables those required values.

The pattern matcher can handle fragments in a manner
c 1 0 s e 1 y res em b li n g t hat 0 f the c ons t rue tor s . hat s, i tuple (or vector, bag, or class) contains a variable with
the -- pre f 1 x, the n th e -- va ria b 1 e w 111 ate h a f r a 9 men t 0 fthat tUPle (or vector, bag, or class), I. e., it will match
several elements instead of just one.

The un1t1catlon of fragments does not always give a
U 0 1 que an s we r . For P. x amp 1 e, ( BAG _X -- Y ) will un 1 f Y wIt h
(RAG A B C) 1n several ways: _X cOUld be matc ed with A, e,
or C: and -_V wou ld then match bag containing whichevertwo elements were left over. Proqrams usuallY must reject
son!e of the possible matches, Sectlot' II. shows how
acktrackinq and failure can be used to reject the undesired

p 0 ss i b i 11 tie s A 1 So, ( BAG A. _X.) w 0 u 1 d un i f Y w 1 t h
( RAG R -- Y ) , but new f rag men t m u s t be en era t e represent the common part of the fragments: $X and SY wouldrecelve values like (BAG B _QLIsP:GENVAR:17) and
(BAG A __OLISP:GENVAR: 111, respectively.
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context Operators

This section discusses two of the mechanisms bY meanS
of which 1 program can explicitly use the context mechanism:

cont xt des 19nator and the context dat um it produces.
Later sElctions treat LAMBDA, aPROG, QOECIJAHE, and WPT
clauses: the first two qenerate new contexts, and the other
two provide the principal means of eXPlicitlY uslnq them.
ronte.xts have two uses: access to the values of variabl
(1nstantl tion and the three MATCH statements): and access
to the world model (via the property list statements). All
of these are tre ted 1n later sections.

The context designator instantiates to a context datum.It takes an arqument specifying some (already extant)
context and an optional additional argument directing it 
return the ancestor or a new descendant Of that context. 
can also bP. directed to return a non-hacKtrackable context,
which be used in a branch of a Computation to enSure
t hat its noteworthy d 1 S C 0 v e r i e 5 persist even If the whole
branch fails.

The torm of context designator 1s exemplified 
(CQNTEXT PUSH LOCAL). Its first element is (th INTERLISP
literal atom) CONTEXT, and it instantiates to context
d a t u ni . 1 t res e m b 1 es t h e Con s t r u c tor s ( e . g ., V eTa R ) 1 n t 

res p c t s : it evaluates and instant i ate s den ti call y : and It
instantiates ttle succeeding elements, of which there are one
or two. It ttlE're is only one additior'al element (e.g.,
(CO"\TEX r LUCAL)), then the context deslQnator prod ees
either the local context or the global cOntext: it may flagthe contpxt as non-backtrackable. The addltlonal element
can instantiate to . one ot these " context ' names" each
eo r res p d 1 n g to o n f the four cases:

L OC A L 

.. .. 

the cur r en t (l 0 C a 1) COn t ext:
GLOBAL -- the toP (qlobal) context:
ETERN AL -- a non-hac kt rackabl e ve r510n of LOCAL,

UNIVERSAL -- a non-backtrackable version 
GLOBAL.

the other hand, if it has two additional elements, the
context desionator will produce d, neiqhbor of some context
sJ ready 1n the context tree The first adrlitlonal elemetells it which neighbor to produce, and the second tells 
where to start. The second (i. e., the start1na point) can
instantiate 

one 0 f t f 0 u r " con t ext " a m e s" jus t men t ion ed, 0 r
context datum resulting from some previous use

o t a con t ext des i q at 0 r .
The first (i. e., the direction) can Instantl te to either

POP, which produces j ts ancestor, 
PUSH, which produces a new descendant.

A few examples will illustrate how these aspects of the

1 7
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context
another.

siqnator can be USe in con1unction with one

(CON r XT GLOBAL) is the Q10bal context.
(CO TEXT PUSH GLOBAL) is d brand new descendant 

the global context.
(CONTEXT POP LOCAL) is the context immediatelY

surroundIng the local context.
(CUNT XT PUSH $C) is new scendant of the

context Which is the value of the QLISP
var 1Mb le SC.

(CO TEXT PUSH (CONTEXT POP SC)) is a new sibling
of the context deslqnated bY $C.

lnstantiat10n, Evaluation and Instantiation Operators

Instd tiatjon takes ce in the local context. Thatis, when the value of a variable USt be retrieved, the
curr nt context Is examined for a blndtnq of the variable.If binrlinq Is found , the value In it is usedJ otherwise
the se rcn roceeds to succeedjn ancestors until binding
is found If the search arrives at the global context and
examfnps it without findinq a blndlnQ, then an error 
oener::ted.

Wheth J aD xprpssion is Insta tiated or evaluated
depend5 the structure of the program s\,rrounding it. For
example, L1S functions uSUallY eValuate their uments,
while thp bA Constructor inst ntiates its arquments before
huildinq its However, this Is only the default, and
you an override it with the unary operators ' and , which
let you explicitly specify the mode in w iCh their operand
will be ndled. That is, expression

(, exp) instant 1ates exp, whi Ie
exp) evaluates pxp,

regardless of the default dictated by the environment.
These operators would let you use

( r R 1 NT (' TJ A L, S (P L U 5 1) CP L U S 3 1)))))
to print the expressjon

(EGHfALS (PLUS 3 1) 4).
The and ' operators facilitate the construction of

QLISP expressions containina CLISP vari bles. It can
samet imes he useful to construct sucn an expression and
later alve values to its variables and thpn instantiate it.
If this excression is the value of a QLISP variable, though,
1nstantiatloa the variable will only prOduce the expression,and tne ODerator merely reo laces evaluation instantiation. For repeated instantiation

superinstantiat1on

), 

new operator operator is needed.
This new operator, the - operator simUlates the effect 
repeatedlY instantiatino its operand as many times 
possible:

(- exp) superinstantlates exo: 
constants and QLISP Variables having 
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value remain as theY are:
any OLISP variable, reqardless of itsprefix, which has value 

replac d by that value,the operators and ' force evaluationand ordinary instantiation,
respectivelY: and finally,

if a new expression was produced, thewhole expression 1s again
suoerinstant iated.

Understand that fragm nts (e. g., variables
wi th the pref Ix . $S or -- are correctlY
eXP nden at each teration 
super instantiation.

tement s

1 . st atement Part s and Statement ProceSS ing

The OLISP statei'ents take various forms and are
proce sed in various ways, accordinQ to their " statement
types However, since the forms (and processing thereof)
hnV som overlap and even little unity, some general
remarks ' 3re in order before we proceed to the more specific
discussions. Each QLISP statement takes the form of a list:
evaluati one of them makes it perform its action. The
11st Is headed by a literal atom sceclfYinq its statementtype (e. g., ASSERT), in manner resembllna a LISP torm.
Next in the statement may be one or two QLI5P data
expressions: their meantn1 and number 1s fIxed by the
statement type. Finally, the tail of the statement may
con t at n s 0 opt 1 0 n a 1 add 1 t ion a in for mat ion In a freer
form

Parsinq ot the freeform part of a statement 1s guided
by kpywords. Some keywords take exactlY one parameter the
others take an indefinite number, delimited by the next
keyword in the statement (or its end). Some stateroent typesalso it the inclusion of property list indicators (and
possible dssoci ted properties too). Parslnq them adds sliqht compI icatlon: it is pssential that indicators and
prorerty expressions be different from the keywords.
Indicators are recognized as such by their presence at the
beginning of the freeform part of a statement or immediatelYafter the parameter of one-par meter keyword. The
jndicator' s property follows it immediatety, and then the
situation is the same: the next item can be keyword or an
jndicator (or the statement may end). Another complicationj 5 t ha t s orre statement types can US' t! an indlcat or I'll th 
associated prop rty expression: this is shown either 
placing an indicator at the very end of the statement or by
immediatelY following it with a keyword.

Parsing usuallY followed 11 t t 1e more
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preprocessing betore control is turned oVer to the eXecutionroutine tor t e statement type. Often, the entire contents
t he s tat em en t ot her t h an t he tat em e n. t yp e and the

keywords w t 11 be ins tant i at ed: but on other occas ions, parts
of the st3te ent m1qht instead be evaluated or simplY turnedover to execution routine tor more hiqhly specialized
processing. The choice bet een the alternatives varies from
one statement type to anoth r but 1s always the same for any
aiven type. The onlY ppropri te generalization is that
instantlet ion 1s the most usual caSe, the individual
discussions of the different statement types in the next few
sections will note the exceptions.

For example, one ot the statement tYpes is QGET, the
result of evaluating a QGET statempnt with d CLISP datUm and
an unpaired indicator is the correspondlnq property stored
on t h e d a t u ' s LIS P prOD e r t y list. Evaluation o f the form
(QGET $X COLOR) will instantiate $X to SOme datum and return
its color as thp value of the statement.

There are f i ve d if fer en t keywords : this 1 s how they
bphave.

WRT (one Pdra r). ManY of the stat ment types canbe told to ke their effect in some context
other than the context that 1s current when the
statement is evaluated. The p eter of a WRT
clause in such a statement specifies the other
context to be used: it can instantiate to a
context datum or to one of the words LOCAl"
GLOBAL, FTEPNAL, or UNIVERSAL

APPLY (one parameter) . The APPLY parameter
instantiates to the n me of a QLAMBDA function
or to a tuple, vector, bag, or class of such
names: those functions are collectivelY called
the stat ment' s APPLY team. various statementswill, und various circumstances, execute the
team members 1n turn. It a team member fails,then the backtrack1nQ chanlsm will make its
s1d effects disappear before the next team
member Is tried: the process continues until a
team member returns without fai11nq (or the teamj s e )( h a u s t e d ) . A P P IJ Y a rn s are u sua 11 y use d
with th statements which store and retrieve
QLlSP properties, and the explanations of those
statements will further explain how APPLY teams
wor!c'

N A H r (one parameter). FAIL statement (descrIbedbelow) in member of an APPLY team can
eXPlicitly name the statement to which the

lure Shou11 be directed. If a NAME clause 
in c 1 U de d in a tat em e nt, the 1 n s tan t i a ti 0 n 
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its paramet r Is used as that statement s name.
It a NAME clause is omitted, then the name
rlefaults to the statement' s type, e. g., ASSERT.

THEN (several parameters). Some statement types take
THEN-part: the parameters are forms which are

rassed (Unlnstantlated and unevaluated) to thecorresponding execution rout 1oe. Under Some
circumsta ces, the execution routine willserially evaluate them. tal1s vary from onestatement type to another: they will specified in the descriptions of the apPlicable
t yp e s .

ELSE: (several parameters). Similarly, some
statements dmlt an ELSE-part: the parametersare forms that are passed untouched to the
xecutlon routtne for poSSible later executionr
the ATTEMPT stat ment uses this option.

This is the stylized manner in which describe the
individu tement types. Each statement type will be
descr ibed in one Paragraph or several: heading each
descrirtJon will be schematic representation of t
statement ith all the oPtions shown The SChematicrepresentations will be of the form(type eXP1... inds/props ind kl k2... kn).
The ctUnl statement type will be included where the word
" type " i s s how n her e . The ex D 1 the po sit Ion a 1 and usually
required components) will usually be shown by something lIke"iexpi" or " eexpl" to suqgest that the i-th positionalexpression will be ' instantiated or evaluated as part of the
preproce sjng tor the statement. If " 1nds/crops" or . H inds"is 1nclu erl, then statements of that type wil) handle pairsof indicators and properties or an Unpai ed indicator,
respectivply. finally, any ki included will be among the
W 0 r d s V'J B r -c 1 a use, A P PLY - tea m N41'4 g - par t , THE N - par t , andELSE-part and Indicate that the such a $tatement can handlethe corr sponding keyword (and its parameters). AnY
optional statement parts will be enclosed 1n square brackets
(for emPhasIs.

Pattern MatChing Statements

T h s t at em en t s pro v i de f or ex P 11 c 1 t 1 n v 0 ca t i on 0 f thepattern matching operation. Aside from representing one of
the principal ways that QLISP variables will normally assiqnpd values, they are also useful for testing possible
matches before decidina which way a qiven computation Should
proceed.
(MATCH eexol eexp2 (WRT-clauseJ)
(fv1 TCHO jpx 1 eexp2 (WPT-clauseJ)
(MATCHQQ lexPl ieXP2 rWPT-c!auseJ)
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The only rlifference among these statement types
is the hoice between instantiation and evaluationfor the p051tlon 1 expressions. The reSUlting datanre 1tied, and any new values are dsslqned In the
specified context (if present, or else In the currentcontext). That is, for each - variable 1n thepositional expressions, the Qlven (or current)
context is searched for a bindino and the search
oroceeds to sucCeedingly distant ancestors until binrlinq 1s found. (If no blndinq is found, a new oneis inserted into the qlobal context. FinallY, the
new value is inserte into that blndlnq.

Stat ents tnat Store and Retrieve Properties
The heartwood of CLJSP reSideS In the statements about

to b described They are the onlY means by which the QLISP
prop.rty lists are accessed, aside from ccess to the valuof variables. They are also the principal users of the
APPLY teams and the NAME clauses.

Many of these xolanati6ns will allege that onestatement type Cdn be explained 1n ter of another You
5 h 0 U 1 rl not t a k e t hat t 00 11 t era 11 V The par a ph r a s e s are
onlY intended as comp ct reores ntatlons ' of the explanationsof statements they mention: those statements do not
appear on th control stack and cannot be the referent of FAIL statement, althoUQh the allegations are otherwiseaccurate.

This 15 the Place to eXPlain the issinq detail from
the a b 0 v e d i s c u s s ion 0 t AP P IJ Y tea m s: the a r Q u m f: n t to w h 1 co h

team members are applied. Understand that the princiPal
business of each of these stat ments .ts to store som. datum
1 n th E' CH I I S P d a ta b a s e 0 r to r e t r i v e a d a t u IT 0 r s eve r a 
data from it. Given that, it should be sy to understand,for e a c h at u m en t e r 1 n q 0 r 1 e a v 1 n 9 the d a ta b a s e, the tea 
embets are successively apPlied to it There Will 

further discussion ot this later.
fhp last detail is the context under which these

statement access property lists. There are four cases: 
statement may or may ot include a WRT clause, and In either
cas e the s t at em n t may i t he r tor 0 r r e t r i v e . S t or age by
a statement includlnQ a WRT clause happens In the context
recommended by the WRT clause: retrieval happens there or 
the near st ancestor context containing a property under therequired . indicator. (Retrieval qlves the value
NnSllCHFROPERTY 1 f 1 t fa 11 s to 1 nd or if the search blocked by an occurrence at the proPerty NOSUCHPROPERTY
under the reoulred indicator. If the statement does notcontain WFT clause, then it 1s presUmed to be somewhere
wit n f n a me rn b e r 0 f an A P PL Y tea m 0 f s 0 m e st ate fT e n t t hat doe s
h a v e a W P T el au s e: a t r e com men da t ion 1 5 use d in s tea d . 
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therp are several such enclosinq recommen atlons, thearest one 1 s used. 1 t there is f'O such enclosing
recommendation, the" the global context i used. Note that
hRT GLOBAL may e SUDerfluous, but WRT LOCAL seldom 1s.

These a r € a 11 the pro per tv 11 s t ta t e en t s and how they
WorK.

( t1 PU 1 1 ex p in d s / pro p r \ R T - c 1 a use ( A P P T,; Y 

.. 

tea 11 ) r N A ME - par t J )

q., 

lQPUr (PL.US X 0) SlMPLlrI STO X)
This is the basic statp'ment that inserts neWpropprtips onto QLISP property list. Having

instant i ate ie X p and all ot h p r par a t e r s 1 n themanner descr ibed above, it puts each of the
properties onto the property list of (the datumqenerated by instantlatina) lexp under the
correspondlnq indicator with respect to the context

plied . (If no context is supplied, then thecontext defaults to the one recommended by the
WHT.clause of some enclosing statement, if any, or
lse to GLOBAL. Next, any team members present be appl led to the datum: if the WRT-elause Is
prespnt, it will override any current cnntext
recon1mendation tor the team Y1embers. FinallY, the
datum is returned as the value of the QPUT statement.

(eJGFT iexp (indS/props) llT1d)
(NAMF. partJ)

q., 

GET (PLUS X $Y) SIMPIJ IFIESTLJ)
This statement Is qUite similar to QPUT, except

that it retrieves information trom the QLISP data
bas The ex pre s s Ion i ex p an d any 0 f the prop e r t 1, s
may inst ntiate to any patterns. Some datum Isretrieved whlc matches lexp, and its indicatedproperties are retrieve in the required context (or
one of its ancestors, and NOSUCHPROPERTY 15 used for
any - properties which can "lOt be found.

) '

If a datum
can nd that atches iexp nd whose indicated
properti s match the patterns SUPPlied, then the team

her $ (1 f an y) are a pi! e t c it: the r w I se th e

QGfT statement tails. FinallY, there Is the business
of choosing d value to return as value of the
QGfT s tat ment: it an unma tched in icator 1 s pr es ent,
then the corrpspondinq property (or NOSUCHPROPE Tr)is returned: oth rwlse the datu matching lexp 

t ur ned.

(WRT-clausel (APPIJY-teamJ

rest of this section treats statements concerned
wit h t rut h or f sIt Y n f a pro p 0 s t Ion . They a 11 f 0 11 0 w 
convention of uSing the proposition' s MODELVALUE property 
store its truth value

(ASS :RT lexp (inds/propsJ
(N AM E - par t J )

(WRT-c lause (APPLY-team)
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(I NSTANCES exp l inds /props 
lNAM "part) 

e . q . , ( INS' r A C E 5 (SIMPLIFIED X))
statement Of this statement

class of a11 data for which(QGET iexp (inds/props)
(WRT-clause)
( NAME- P d r t 1 )

wou1 not fall. (The MODELVALUE T
performed if MODEL VALUE is among
supplied.

(DENY

( IS

( I SN T

COPUT iexc (inds/props) MODELVALUE T
rWRT-clause) , (APPLX'-teamJ (NAMF:-partJ)

G., (ASSERT (SlMPLIFl D (PLUS X 0)))
Directed failure can be used In conjunction wIththe APPLY team to effec any desired consistency

checying.

performs

t exp (WRT-clauseJ (APPLY-team)(inds /props 
lNAME- part J)

Pertor COPUT iexp (inds/props) MODELVALUE NIL
(WRT- lauseJ (APPLY.team) (NAME-partl)

(SIMPLIFIED (PLUS X 1)))
the APPLY am can be used to . make sureis consistent before permlttinQ it to

a., (Dt
Aqai.n,the denial

remain.

1exp (tnds/pro!:sJ (WRT-clause) (APPLY-team) (NAME-partJ
l THEN-part J )

PerformS (QGET iexp rindS/props) MODELVALUE T
(vvRT-clauseJ rAPPL ..teamJ (NAME-part1)

(15 (STMPLIFIED (PLUS X SY)))
In addition to performinq the indicated aGET,the IS state ent can use its THEN part to provide 

p r j m i t 1 ve for m 0 f b a c k t r a kin g . Aft e r the QG E Tretrieval has been performed nd the t am members
applied), a backtracK point is established and the

N for s evaluated in turn. (PreSumably, they will
test the lues given QLI5P variables by the pattern
matchlnQ operation in the QGET retrieval. If one of
the THEN torms fail, another d tum will be retrlend the team members applied to it), a backtrack
point est bliShed, and the THEN forms tried again.
This process continues until a datum 1s retrieved for
which none of the THEN forms fail (or no more
QGET-ahle data are to be found). The S statement
returns the satisfactory datum if there Is one, 
else it tails.

Ip.xp (wRT-clausp) (APPLY-team)t inds /props)
(NAME"part) )

Performs (QGET leXP (Inds/props) MODELVALUE NIL
(l-JPT-clauseJ r APPLY- team) (NAME-part))

(WRT-clauseJ (APPLY-team)

type returns a

MODEL VALUE 
(APPLy-team)

check is not
th. Ind1c:ators
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This next one also tests the truth of a proposition,
but it ceeds when the oroposltlon is known to be tru
can be derived from oth r knowledqe available to QLISP.

(GO At. (1nds/props)
(NAME"'part J )

first performs (IS iexp (inds/props) (WRT"'clauseJ
(NAME-part) )

(Notice that the APPLY team is omitted. If 
datum 1s retrieved, it IS returned as the value of
the GOAL statement. Otherwise, the team functionsare apPlied successively to the Insta tlated 1exp
until some team member returns without failing. The
value it returns is returned as the value of the GOALstatement. (If all team members tail, then so does

GOAL statement.

ext: (WRT-clause) (APPLY-team)

for example,
(GOAL (SIMPLIFIED SX) APPLY $SIMPRULES)
will see hether (the instantiation of) $X is true.If it has not alreadY been simplified, then the
functions in (the instantiation Of) SSIMPRULES will

used in an attemPt to simPlifY it. 
Finally, here Is one to delete ' a proposition

MGOELVALUE so that both IS and rSNT will fail on it.
. (DELETE: (lnds/propsJ (WRT-cIBuseJ(NAME.part)) 

resembles (INSTANCES iexp rinds/props) (WRT-clause)
(APPLY.teamJ (NAME-partJ)

The difference is the treatment of the
(lDELVALlIE pr' rty. Immediately upon retrieval,each datum 1s checked for the presence of 

MOUflJ VALUE property. If that proPerty 1s absent, the
dat urn 1 s r e 1 ect ed : other wise the property 1s removedbetore the team members are applied to the datum.The MODELVALUE is deleted by assigning it theproPerty NOSUCHPROPgRTY so that any more global
MODELVALU w t 11 neither be disturbed 1n its context
no r appear in the q i ven conte x t .

exp (APPLy-team)

More El ments of the QLlSP Language

Some Of the statement tYPes do not fit neatlY into the
other cateqories by tnat the statement types are grouped.
These fir st two are c 10s e 1 y re lated to those whleh handle
QLISP property lists, even thOuqh they do not tou h property
Ists the sel ves.

( CAS E, S x p r W Wf - c 1 a use LA P PLY - tea m ( N A ME - par t J )This one Is just like a GOAL, except that itwi 11 not eVen try to retr i eVe anything from the database before apPlying the team memhers to (the
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instantiation of) lexp.
(FAIL (iexp) 

Here lies an entry to the failure mechanism.The component iexp 1s optional and tells where thfailure should occur. failure handling is discussedIn the section on backtraCking 
and failure, under the

AT T FM P T tat e e n t an d d 1 S 0 in t he d 1 s c u S S i on S 0 f theAPPLY teams 
of various ot the statements. The lexpparameter is intended primarilY for use conjunct 10n with APPLY teams and Can take these forms(on instantiation). If it 1s mlssinQ, the failure occurs at site

ot the FAIL statement.
J f it is CALLER, then the failure happens tothe QLISP statement ich invoked thenearest enclosing APPL team member.If it is UTTERLY, then the failure qoes backto the nearest enclosinq execution ofLISPX. In other words, (FAIL UTTERLY) 

programmed - X ; further de t a 11 s will betOund , in Sect10n IV.
the r w i s e , It 1 s the N AM E 0 f SO m e st ate m en twhich invoked some enclos!nq APPLY team

member: the nearest sUch statement failS.
The next statem nt is Cood1tio al statement whosedecision Is dictated by failure or lack thereof In Itspredicate, rather than the more usual truth or falsehood.

(ATrE PT val (THEN-Dart) (ELSE-partJ)
This statement first evaluates val. If theluatlon does not fail, ATTEMPT eValuates the formsin the THEN 

P 8 rt ant returnS the value of the lastone (or the result of evaluatinq val if there is noTHEN Dart). If the evaluation of val failS, ATTEMPTtes the forms In the ELSE Part and returns the
value of the last one (or NIL if there Is no ELSEpart). ATTEMP1 fails only it its its attemptedevaJuation ot the THgN or ELSE part tailS.

ovinq fUrt er afield, we can consider two statementsthat ev J u te and instantiate some eXpr ss1on In a specifiedcontext.
(aDO iexp WPT-Clause)

The WRT-clause Is required: lexp has alreadybeen instantiated in the current context, and QDQeValuates it In the given context with the givencnntext also recommended. QDO expects (theinstantiation of) iexp to be a tuple so that theevaluation Will do something interesting.
(VAL PXP WFT-clause)
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AQain, the WRT-clause 1s required, exp instantidted in the given context. (The statement
type derives its name from its oriq!nal to getthe value of some QLISP variable in any Qlven
context. 

The opxt one is allied.

(TJ ROUNDP exp)
) t evaluates exo and returns a value of T orNIl), accordino to whether any unbOund QLISP variables

were encountered. UNBOUNDP avoids causl g any errors
by usina ERRnFSfT protection When it evaluates exp.

The next three represent a QLISP adaptation of the PROG
featUre of LISP

(format is like PROGThis differs from PROG In only two ways:enter Ina it pushes the current QLISP context and
makes the riew one current as well as entering new
scope for LISP variables: and it admits declaration
o f LIS P va r lab 1 e s among the de 1 a rat Ion s of PRO Gvariables. (Any QLISP varlables among the
decJ arat j ons of local variables are shown to be QLI5Pvariables by having the - prefix,) Analogous to thectlce of qivlnq LISP local variables the value NILby detBult, any QLISP local variables defaulting
their initial values Will be given the (non-) value
NOSUCHPROPERTY otherwise, a QPROG Is exactlY like
any other PROG in LISP.

( (J RE T U N i x p )
other than instantiating its argument ratherthan evaluating it, QRETURN is just like the RETURN

of LISP.

(QD CLAH var WRT-c 1 a use)
The W R T - c 1 a use i s r qui red an va r m U $ t be - aQLJSr riable with an - prefix. The variable 

given a local bindinq in the specified context: it qiven tne value OSUCHPROPERTY in that context. The
effect on var Is the same as usinq it as QPRQGvariable, but QDECLARE is considerably more flexible
(and less highlY automated) than QPROG.

e next one is a LAMBDA function, not a statement. It
1s used tor jts side effect, h1ch is to systematicallY
state an abbreviated notatIon.

dettYPe Lfn: type)
It eclares tn to t ke a si"ole argument of thespecified type, and it declares the spread-out tuplenotat ion to be an abbreviation for the
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5 i h a J. . a r gum e n t no tat 1 0 n . For e x amP 1 e, 1 f E QUA L we r e
decl red to tak a class, then the tuple (EQU L A 
would be regarded as an abbreviation for the tuple
(EQUAL (CLASS A B) 1. The aLISP interfacing mechanism
hanrllps the abbreviations automatically: it expandsthem bu 11 d j nq "ew tuples and abbreviates tuples
when pas sing t he back to LISP. There In Ii eS thed1fficulty: the abbreviation is handled partlY at
translation time and rtly at executIon time. Thishas the effect of requlrinq that all relevant
deftypes be 1n effect whenever any affected functionis compiled or interpreted; , Section IV. gives
another detail on DEFTYPE.

While QGET will search for a proPerty list, QPUT will
not: the search Is needed when some extant property must 
chanqed where it is and cannot merely be hidden in some
des c end a n t c 0 n t ext . This statement f 111 s that need.
( WHEPE lexp)

It performs the usual context search, starting
fro the local context and proceeding . to successiveancestors, terminating In the fJrst contextcontaining property list. Then it returns 
context designator for that context.

QLAMBDA Funct ions

Functions may be defined by uSing the word QLAMBDA in aanner similar to the use of LAMBDA and NLAMBDA. In theplace of the usual LISP-style argument list, QLAMBDAfunctions take pattern, usually contain1nQ - varIables.
Upon f'l1terina a QLAMBDA function, its pattern Is matched 
the d a t u m S lJ P P 11 e d a s an a r q u men t The n th cur r en t con t e 

Is pushed, the new one ade curre t, and any - variables the OLAMBDA pattern take their new values in the new
cont xt. A QLAMBDA function can take advantage of anypossible indeterminacies in the unification of the OLAMSpApattern to the argument sUPPlied: if the QLAMBDA pattern 
tmmedlat lY followed by the word BACKTRACK and a failure
qenerated inside the function propagates out to the level ofthe QL AMBDA, then anot he match 1 s aenerated and the
function body is enter 1 aqaln The failure is propagated
out of the ULAMBDA on ly when there remain no more matches to
be tried.

QLAMBDA tunct Ion will give speciaJ treatment to any
- variables in its argument: they will be distinct from anyvariables 1n the QLAMBDA pattern even though they might
have the sam names. Furthermore, the - variables (if any)the arqument will receive their values 1n the " outside"
context -- the n. which was current just before the QLAMBDAfunction was invoked. For example, if a QLAMBDA functionhas (BAG A _X) for its pattern and (BAG B _X) for its
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argument, then X receiVeS the value A 1n the outside context
and P in the new context generated for the QLAMBDA. In

. additIon, _ variables can be qlven as values to otherarjablesr so if yoU apply QLAMBDA whose pattern 
V _w) to the tuple (X _

y -

Z), then u, w, I, and Z will
qet the values X, _Z, V, and _W, respectively. (In this
example, the outside variables _ and _Z will get their
values in thP outside context, and the inside variables _
and _W will qet their values in the inside context. One
way this " re" mlng" can be used Is to pass values back out
of QLAMbDA via variables in its argument: 
fMATCHQQ $W fOO) would instantiate SW and FOO (to _ and
Fa 0 ) and then un 1 f Y the 1 n s tan t 1 a t Ions, g I v 1 no _Z the val u e
fOO in thiS examPle.

Special Relations

is section cOVers the faCilities by Which QLISP
int er na llV hand les equ iva lence re 1 at ions and trans 1 t ive
r e 1 a t ion s . ( To q e t h r, the se t wo k 1 n d s 0 f r e 1 a t Ion s are
called " special relations" InternallY, special relatIons
are handl d in qroups of six relations which interact In theway as those 0 f linear or der inq: equ valence, tronq
and weak ordering, and their classical negatives.

SPPc tal re lat ionS are hand 1 ed bY spec iallzed
mAnipulations of property lists. Perhaps these
anlpulatlons are best eXPlained by means of an example

whose q nera11zation should be obVious. I will use the
numeric orrl rlng relations LT, LTQ, GT, GTQ, EQ, and NEQ,
and assume ey are deftyped so that:

LI, LTQ, GT and GTQ take vect or SJ and
Q and N E Q t a k e cia s s .I f were to assert (LT A B) (l. e., ACB) 1n some context,

then Q LIS P w ul d tor e B on the proper t y 1 i s t of A In thatcdntext. n a later query of (EQ A B) In the same context
would tind that It could not possiblY be true because (LT B1 is already known. That is the underlYinq idea of QLI
specia1 relations, the next two paragr phs r fine this
scheme, and the remainder of the section describ s how to
use it.

When a special relation is stor d, its form may be
changed to ll1tate these spe~lal deductions. . The six
rei at Ions (and the i r negat ons) are a 11 Co llapsed into tour:
EQ, NEQ, LT, and LTQ in our example. Equivalenc relations
work this way. even from an intultlonlstlc pOint of view,
because QLlSP distinguishes falsity of proposition fromits lack of truth. (Cf. ASSERT, DENY aMd DELETE In SectionIII. fioWever, the restriction Of transitive relations
to linear ordering (in the presence of a CQUPled equivalence
re1atlon) comes from the way it reqards falsity of eLT A 
as e qui va 1 en t to t rut h 0 f ( G T Q A 8), f or ex a rn p 1 e .
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Special relations gain greatlY in Power from the waythey interact with the context mechanism. All QLISP
property list manipulations refer to a specific cootext, andthis applies as well to the manipulations occasioned by the
special relat ions handler. The added pOWer comes from the
deductive retrieval available for special relationsl 
deduction in a context will make use of all pertinent facvisible from that context, reqardless of the contexts 
which the individual facts are stored For example, if (LTQB) 1s known 1n some context and In some hypothetical
subcontext (I,TQ B A) becomes true, then equivalence of A andcan be i mmed late ly deduced 1 n the Ubcontext wi thou.t it 
1 e a kin g 0 u t t 0 any en c 1 0 sin q con t ext.

The Qt. 1 5 P fa c 111 t i s t hat h and 1 e s? e cia 1 rei at ion s work
only with elementary statements about whether specialrelation holds between .items. More speelf.lcallY, all
accesses to the data base are in terms of 2-tuples of particular format. The first element of the tuple 1s the
name 0 t a sp eel r e 1 a t ion ( e . g . , G T Q) , and the secondelement is a vector (or class) ot ele ents in the domain 
t h at i on. The ho ice between vector 8nd c 1 as s must 
as in our example: the equivalence relation arld its negation
take a class: and the other tour take a vector. Wnen the
v e c tor ( 0 r eI ass) has m 0 r e than two e 1 em e n t s, the not a t 19 n
1 s extended coni net 1 el Y . That Is , assert i n g ( L T B C) 1 5
tantamount to asserting both (LT A B) and eLT B C). This
conjunction 1s sUbject to de 'orCJan s law: denying (EQ C) merelY states that A, B, and C are not all EQ. In the
remaInder ot this section, the abbreviation " slexp" willstand for one of these speCial 2-tuPles: the " 1" in the
abbr tion emphasizes that the tuple 1s instantiated
preliminary to its use.

Special r Jations are declared as such to QLIBP 
eans of this LAMBDA function.

s p e cia 1 r e 1 at 1 ons ( r n a me: r e 111 s t JThis function declares the functions contained
on rellist to be soeclal and rname to be theircollective name: rname must be supplied and rell1st
must be a list containing at least one relation name.

role of a relation 1s declared by its position on
r e I11s t: t he r e 1 at Ion S 0 f t he cur r en t x a mp 1 e co u 1 dbe declared by rellist havinq the value (LT LTQ GT
G T t Q N E Q ). The 1 i s t can . be t run cat d , or 1 t ea ncontain NIL f any position you do not wish 
sppcifV: QLISP needs all six and will supplY names
you leave out.

This next function declares a useful special caSe.

number-r e I a tlons ' . t J

It 1n$tates special relations just in the
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example of this section. That is, the relations LT,
LTG, GT, GTQ, EO, and NEQ are declared to be cial
and d€ftyped just as the second paraqraph outlines,

Special relations are automaticallY stored In the database. Tnat 1s, when the lexp" arquroent of an ASSERT,
DELETE or DENY statement happens to be of the special
siexp " form of this section, then QLISP updates the special

deductive information In the data base. (Understand that
1 ex p Is a 1 S 0 tor P d d 1 r e c t 1 y and can be r e t r 1 e v ed by Q GE T

and IS, etc. just as if special relations were not
InVolv

This statement oueries the data base wIthout making any
changes to it.
( ISREL? siexp (WRT-clauSe))If siexp is stored directlY in th data base or

can te deduced from information stored there, thenthp statement returns T: otherwise it fails. The
lSP L? statement works onlY with special relation.:
t hat is, s 1 ex p m u s t be a 2 - t up 1 e 0 f the pee i a 1 t yp e
outlined above.
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IV. The QLISP SY3tem
Since Part IV is concerned with QtIS? as 8 programm1ng

syst m, it essarllY reters to INTERLISP as a programml
system 1h1 s 1s unavo1 dable. reover, a con ern of this
part is to e plaln to the Coqnoscente some of the details of
how QfJISP was integrated into the INTERLISP system. If youmereJy want to find out the thlnas you need to know to use
QLISP, YOU need only read Sections IV. 8 and IV.E, the restOf this Part will becom more interesting to you when (and
if) you make fuller use of the QLISP system. The INTERLISPreference manual contains detailed explanation 
INTERLlSP as d proqr mmlnq system

DWIM Corrections and CLISP Transformations

INTEFLISP errors provide the princiPal meanS by whichcontrol passes into the QLISP system Most elements of the
9LISP lanquaqe are 1nvali INTERLISP constructs, which are
interpreted means Of the maChinery DWIM provIdes 
correct errors. In fact, QLISP constructs are treated 
CLISP: they are transformed into internal calls on the QLISPsystem, and the translations are stored (and laterretileved) by the same facilities CLISP uses to handle itsown transformations. 

If you are not familiar with INTERLISP, You maY beinterested 1n this brief xplanation of DWIM and CLISP asthey relate to QLISP. Whenever the interpreter or the
compiler encounters a construct that Is not valid LISP(e.q., a call on an undefined function), the DWIM machinery
at tempt s to corr ect the suspected err or. I f OW 1M succeeds,
it alters the program so t it will neVer again cause thatparticular error. CLISP 1s a paCkage which uses the DWIMfacilities to interpret various invalid LISP forms iterativestatements or other extended constructs When CLISPtranslates one of its statements into valid LISP, itmodifies the program so that the valid LISP will 
i n t r pre t p d 0 r co m p i 1 ed, but t M e rig i n al e LIS P ill be e d
bY the editor and symbolic file package. QLISP uses those
C IJ I S P fa c i 1 i tie s to t ran for m LIS P st ate men t s to va 11 d LIS Pwhile sti 11 retaining the or1qinal QLISP in the symbolic
tun c t ion de t 1 01 t ion .

Speed motivated this apProaCh. It takes while 
warm UP the DWIM machinery, but then the situation is
analyzed once and the result saved for fast retrieval 1n thefuture. statement body 15 parsed once, and later
executions of the me statement will directlY retrieve the
res u 1 t S 0 f t hat s y n t tic a n a 1 y s i s Con sid era b 1 Y fa s t e r t h 8 n
the statem nt could be reparsed. Tnen, the speed paid foranalysis of a statement the first e JNTERLISP encounters
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it 1s reo lned When it must aqaln be understood.

There are several important consequences of this
approach. The words that correspond to the statement types(P.g., QPU1) are not defined as fun tions and will not
appear on the stack for you (or your proqram) to find.
A 1 so, . Q LISP va r 1 a b 1 e s do not h a v e va 1 u e s tor e d W her e Ll S P

can find thpm, nor will its methods help you find them.80th those facts must remain true for QLISP to function
prooerly: if you give a LISP value to a Variable whose first
character is 

$, 

then it will stop worklnQ as a QLISP
variable.

Tracina FunctionS 1n QLISP

It Is not always possible to trace (or otherwise break)functions In QLISP program because of n unfortunate
interaction betwe n the break package and the implementationof faIl u r p and baCktrack 1 n The f Ix i S s imp 1 e : there 1 s pair of tunetiQos QTRACE and UNQTRACE, which circumvent theproblem. ey are both NLAMBDA nosprea functions taking alist of function na es and operating on the given functions:
UNQTPACE will also accept NIL as an arqUment, in which case
it will unqtrace everythina is qtr ced. QA4:TRACEDFNS
a 1 way 5 con t a 1 n s 1 i s t 0 f the tun c t Ion s t hat are cur rent 1 
qtraced. UNaTRACE is undoable: QTRACE is not because of
some more interactions between failure and un olng. I will
postpone rliscuss1nq those interactions til the lastparagraph of this section: first come the various ways
qtracinq is a richer facility than that outlined just above.

The most consPicuous exception to this simPle picture
i s that i t will not i nor e you e v n i f you i nor e . 1 t . Since
QLISP can otten invoke functions In a somewhat arbitrary
ord r, it ttempts to dispel some of the resultant mysteryby automaticallY qtracinq all QLAMBDA fUnctions (unless you
say otherwise. You have two means by *hich to control thisbehavior: QTRACEALL and UNQTRACE. As tOng as QTRACEALL hasthe value NIL (initiallY T), no function will 
aut mat lea 11 y qt raced. (Do note that QTRACEALL onlY applies
to automatic qtraclnq, nd that explicit use of the function
QTPACE iust 1qnores the QTRACEALL flag. specific
tunet ion can he tlaaged for exclu lon from automaticqtracina by Unqtr3C!ng it at moment when it 1s not
qtracerl: it need not be defined for this flaqglng to takeeffect. This tlaq will be re oved if such a function is
ever qtraced explicitly: you need to unqtrace it TWICE to
restore tnp flaQ.

A fairly SUbtle
paraqraph: what is
qtra inq achinerv
QTPACEALL and theto procepd? There

question is raised in the previousthe ins tan t at W h 1 c h t he aut 0 mat 
looks at QLAMBDA function (and
don t qtrace" flag) and decides whetherare differ nt anSWers for different
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functlon . F'or ptled functions, the decision is made
when the compiled definition is stored: the fOllowisections on the f it c k a q e and COm P 11 e d LIS P detail
further onslderatlons. For interpreted functions, thedecision 1s made when the function 15 translated from a
QLAMBOA to the corresponding LISP function the first time is entererl. When the compiler translates a QLAMBDA 1n orderto compile it, however, it wIll not be tomatlcallY
q t r ace d . The t ran s 1 at ion i s LIS P t r d n s for mat Ion (s e e the

xt section) and ill be discarded if YOU chanqe thefunction hy editing it. Then the function will 
translated again tne next ime yOU enter it, and automatic
qtraclng will be reconsidered then.

The printout qenerated by qtraced f.unctions Is indentedto snow the depth of recursion. After a certain depth 
reached, thouqh, the indent tlon wraPs aroUnd t6 the 
margin. I t your program goes very deep in recurs iOn, 1 t can

con f us 1 ng to Keep track 0 t the number of wraparounds.
The depth of recursion is counted and printed out after the
function name, both on entry and on exit. If yoU find the
n u m b p r s ob i e c t i 0 na b 1 e , you can t urn the m 0 f f by set t 1 ng
OTFACECOU lFLG to NIL: its initial value is T.

Since qtracing and unqtracing a function are done bV
advisinq and unadvising it, you will have a problem if youput you r ow n a d vIe e on a Q LAM B D A f 11 n c t 10 n ( 0 r an y the r
fun c t i on) t hat is or 111 be q t r ace d . r h e problem will showup when you unqtrdce or unadvlse it. Unqtra lng will make
your advice disapp ar too, and unadvising it will make the
qt r acp adv 1 ce van i sh wi thout c 1 eani ng up the other
ookkeeping information maintained bY the qtraclng package.

Beware.

Q t r a c 1 n a uses the A D V T S E paCkage Instead of the BREAKpackage iust because of the unfortunate Interactlo
men t Ion e 1 J) the f 1 r s t par a rap h . hen fun c t ion I 
at raced, j t is advised to print out t ts argument on 
and its value on exit Recall that backtracking 
current IV implemented via the INTERLISP undo mechanism and
that fal1ur is currentlY registered by causing an INTERLISP
error to trigger that undoing. Since tracing 15 implementedvia a sppclal kind of break and since SPEAK! enters the
traced f unct t under ERRORSET protect i on , a fall re' s error
cannot propagate bacK through a call to a traced function.It 1s even worse than that: backtracking is implement d via
UNDO LSETQ, whose eftects are confined to one LISPX event,pven were the error to be propagated baCk from the break,
the event ber miqht well be changed, and onlY part of thedesired backtraCKlna ld actually qet done. Finally,
values of QLISP data re often passed In their internalforms (more about that in Section IV. F) ' and carefully

nslated to their PUblic representations before they leave
QLJSP: by suPPly1no the routines which print the trace
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information we can ensure that the correct version will 
pr 10ted 1 n all cases.

QLISP statements can also be qtraced. Use the
statement name (e.

g., 

ATCH) to QTRACE and UNQT ACE just asif it were function. The ' qtrac!nq machinery Will
aut omat iea 11 y use t he cor resPond! 09 execut Ion rout Ine (e.g.,

ATCH:ER) inst'ead.

c . Variables and Symbolic Functions

Q LAM R D A fu n c t ion s and Q LIS P va r 1 a b 1 e s certainly must treated somewhat d1 fferently from LISP functions and
variables: that Is their motivation The implementationdoes its level best to conceal any inessential distInctIons
f r om t he casu a l Ob 5 e r v e r, but there are some that 5 t 111 show
throuQh. The rest of this section discusses some ot the
orossest ways those distinctions are visible.

QLAMHDA functions are automaticallY translated to LISP
functions ' whenever ne eS5arv: this Act Is tre ted as a CLISPtransformation. There is an added operatIon: any QLAMBDA
functio wIll be automatically at raced (see previous
section) if it 1s translated while th flag QTRACEALL has
the value (its initial value). (ActuallY, automatic
qtraclng Is Sliqhtly mor complicated than that: it onlY
appens to atoms Whose definitions are QLAMBDA expressionsJ

other Ql,AMbDA exoressions simplY can not be qtraced.

EDITf can edit QLAMBDA functionS st the same as itcan edit an ordinary LISP function. If EDITF is given a
atraced tu ctlon, it will automatleallv Unatrace it before
editing it. ember that the translation will be thrown
away when you invalidate it by changing the function andthat automatic qtracing Is consldpred any time a QLAMBDA
function 1s translated upon entry.

LIS P va ria b 1 e s c an be e d 1 t e d by us 1 n g ED I TV I n a 1 m 0 s t
the con v en t 10 n a 1 manner . Such a va ria h 1 e s h 0 u 1 d be giventhe S pre f Ix when 5 UP P lied to E Dr TV. r h value edited will
be the one visible 1n the current context: it Will 
retrieved before the editor is entered and stored back onxjt from the editor. It the editor 1s exited abnormallY
(e.

q., 

the STOP command or -0), the variable s value will
not be chaT'ged.

QLISP variables are saved on files by giving them the
S prefix nd na inq them in the QVARS prettycommand. QVARS
behaves in the e way as the eonventional VARS command,
except that QVARS will save both QtISP Variables and LISPvariables. In the default case, the file packaqe will save
and load the values of QLISP variables with respect to thelobal context. waY to override the default Is to
change the value of the QLISP variable QLlSP:FILECTX. When
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the time comes to ve the value of a QLISP variable on atile (or restore the value), $QLISP:FJLECTX 1s used in a WRTclause of a VAL or MATCHQQ state ent. ThUS, $QLISP:FILECTX
Is instantiated ith respect to the local context at the
t 1 me LI S P v ar 1 a b 1 e ' s value I saved ( or restored);
initiallY it has the value GLOBAL in the qlobal context and
no other values.

Campj 11nq QLISP

There are Certain things yOu have to do to get your
code to compile correctlY. They are as highly automatepossible, 0Ut YOU need to cooperate . to some degree, as the
next parAGr aDh d 1 scus ses . The res t 0 f the ect ion concerns
dwimitication. It is performed automatically to the degree
necessary, but if you know and care) about some of its
i oner wor ki n?5, you can tune t he PI ocedur e to save you r se 1 f

e compilation time. The only way you need to cooperatewith the dwlmificatlon process, thOugh, 1s to compile your
code In A QLISP of the same flavor (see $ectlon IV J) as you
will use to run the compiled code.

The compiler needs to know a lot about QLISP to compile
function containing QLISP. As long as you comptle from a

GLISP syst m, tne compiler will already know abo all the
standard features. However, You still need to inform it of
any additional options or extensions you use, SUCh as
DFFTYPEs (Section III. 4) or any statements you have added
to the lanquage (Sect 10n IV . H) . The waY to inform pl1er is to load all your files containing any of your
own extensions before you compile anything (or at least 

OADF ROM them t 1 r s t) . READ THOSE PRE V IOUS TWO SENTENCES
GAIN and take heed. It 15 an endless source of fascinationto watch p e 0 pIe take f i1 e that use s their own special
DEFTYPEs, compile it without informing toe compiler about

. them, and t hen wonder WhY the comp lled code does not work.
m all tor telepath1e compilers, but this one Is only human
I just naven' t nad the time to raise its consciousness to

those planes.

Any function containing QLISP must be dwlmifiec beforeit is compl1ed bec Use all translations Of QLISP to LISP are
per formed as CLISP transformations. The standard ways to
automate this are 8uamented by a few extensions which arespecificallY oriented toward QLTSP. In fact the preferred
way to force dwlmification tor the sake of QLISP Is to use

. the controls described In this section (rather than, say,
settinq PWIMIfYCOMPFLG to T) because these controls makesure, for examp1e, that NOSPELtFLG and CLISPRETRANFLG are
both set to T during the dWimificatton.

The default assumption is that any fUnction mightcontaip QLISP, ' and so dwimlfication (with QLISP
orientation) is .forced for any function compiled (1n a QLISP
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system). The reasoning, of course, is that YOU would not be
usinq QLJSP system in the first place if the assumption
were not fairly good. Remember that the assumption is onlydefault and that, while this kind of dwlmlflcation 
so met 1 me s nee e s s a r y , 1 t is a 1 ways h arm 1 e s s be c a use
NOSPELLFLG is T whi1e it Is qoing on.

The default assumption is controlled by the variable
QLlSPIFYC()MPFLG If DWIMIFYCOMPFLG Is NIL, then
QLI5PIFYCOMFFLG 1s cheCKed and dw!mlflcation (with the QLISPflavor) is done or not, according to the value 
CLISPIFYCOMPfLG, (initiallY T, of course). All this can modified tor. a specific file if DWIMIFYCOMPFLG is nUll, If
compilation is from 8 file and that file (i.e., the atom
whose print name is the name-part of the file) has the
property QLlSP:fILE, then the property' s value will dictatethe QLISP dwlmif1catlon, reg rdless of the state 
QLI SP IFYrOMPFLG. I f the proper ty 1 s ' or NIL, then the
d w 1 m i fie 8 ti 0 " wi II happen d r not, res pee t vel v , to functions
compl1e from the file. (Note, thOUgh, that absence of the
property Is different from its having the valu NIL).

There are two more PoSsibilities tor the property,
however. If it is a list of fUnction names, then, when theti1e is co pl1ed, the dwimiticatlon will happen to those
funct ions and no others. (This opt 10n is intended
principallY f OT large files of which onlY few functions
contain QLISP. The user gains the time not spent in
dw!mifylnq much of the file at the cost Of putting more care
1 n to m a 1 nt a ining t he property' s valUe . ) Finally , the
property can be NOQLISP if there Is truly no QLISP contained
on t f i 1 e . his 1 a s t op t Ion i s d 1 s c u sse d in the ' ext
section, but its bearlnq here is that the file wIll 
compiled just as if the property were NIL.

Comol1ed functions are peculiar in another way:
auto atic atraclnq. Recall that interpreted QLAMBDA
functions are automaticallY qtraced (it QTPACEALL is T) when
t hey are fIr s t entered . Compiled fun c t 10 n s, now v e r , are
translat rl when they are compiled, and it is meaningless 

Ide W the r t 0 at r ace t h em un t il t hey are loa de d in to t he
system in which they will be used. For this reason, t
de cis I on on au tom a tic a 11 q t r a c 1 n q a com pi) e d fun c t 1 on 1 s
applied to the compiled definition at the time it Is stored.Thus, for example, it a file is compiled and the compiled
definitions also stored, . automatic qtracing will be decided
independently on two occasions: When the newlY compiled
de f i ni ti 0 n 1 s tor e d b V the eo m p il e r : and later when It i J
loa de d t rom t he com p 11 e d f i 1 e .

The f i J e Package

fhe file package will (usuallY) modifY your fileCOMS 
various ways to help lUbricate the process of savino QLISP
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proqrams and variables on symbolic files, this sectiondetails the ways in Which the file package behav
differentlY from that of standard unmodified INTERLISP.
These mOrlitications are hiqhly automated and you need notread past this paragraph if you are willing to endure a
certain amount of stumbling, to trust QLISP to do the riqht
things 1n all cases, and otherwise to trust your intuitions.
A 1 ) modi fie at ion 5 n e c s sa r Y wi 11 be per formed automat call y,
includina those necessary to rectifY the action of outmoded
verslo s of QLISP The onlY cooperation needed from you 
that you . maKe your symbolic files via ETTYDEF (or
MAKEFILE, CLEANUP, and their friends) and that you generateyour comriled files by using BCOMPL (or TCOMPL, CLEANUP,
etc. ) rath r than by giving an output file name to COMPSET.

8r oad 1 y speaking, the e are two kinds of th ngs QLISP
may do to your tl1eCO S: it might modify your commands, andit coUlrl add commands of its own. Any of your commands that
are mOdified will stay where they are, and yOu should feel
free to t kp. hatever liberties You Wish with thpm. Its own
comma n d s , how e v r, will be d d de1 t 0 the end 0 f t he li s t 
commands: you could confuse it by mod! fying them, but you
can freely reorder them (or add your own commandS after
them), and it will Make sur they are at the end. (The
po i n t 0 f 1 t 5 C 0 !"! man d s f 0 11 ow 1 n q a 11 0 f yOU r s is, of course ,
that their ettects 111 .take place after the file Is loaded
as you wis it to be. All these modifications are made 
PRETTYDEF just before it writes out the flJe, they all
happ n without comment and without user interaction.

This Paraqr Ph discusses the two things that mignt
happen to your oWn Co mands. Since all Svarlables must in QVARS commands, QLISP will make sure they are. It will
chanqe a VAHS command to a QVAFS command if 1 t , saves thevalue of $variable, and it will wrap a QVARS command
around v atom start tnq with a S which appears at the toP
evel ,of your f 1IeCOMS. Also, since anY DEFTYPE on the file

must b obeypd when th file is compiled as well as whenit' s loa de d , a n y P com and s con t i n 1 n q a DE F T e x pre s s 10 n
at thp top lev (i. e., any command matchlno the edit
pattern (p ..(DFFfYPE _e)_e)) will be embedded 1n a DECLARE:
command of the appropriate form. Chanqe the DECLARE: flaqs
at your hazard: this 1s the onlY way In which you should not
feel fre to chanae its changes to your commands.

T h p r em in d e r ot t his s e c t 1 on descr bes the com man d 5
CLJSP Will add on its own initiatlve and the ways You can
auid it. If You take the default hdndlinq, it will add
1ust one command (of the torm (QLISP:SAVEFILEINFO)) to your
fl1eCO S. That, In its turn, will write out for
IdentitYin aJ 1 the QLAMBDA functions tn tMe file and their
patterns in older to connect the to the comPiler, automatic
atr q (discussed above), and the FILTERPATS machinery
(Sectlon IV.J). Since different flavors of QLISP (Section



01, 1 SP Refere1"ce Manual

IV.J) may com jle given construct differentlY, that
command will lso r i te somethlnq to Save a record of the
QLISP from which you comptl that will be checkedaqainst the QLJSP you load the compiled file into and any
incompatibility reported at that time.

So that your commands will be redd back in at all the
r iQht times, we have a 1 so modi fied LOADfNS to take accountof any functions you load individuallY. It Will
automaticallY acquire the aLAMBDA pattern for anY functionyou read. Also, any compiled aLAMBDA function will be
automati~allY qtraced (it appropriate) and linked in to the
FILTFPPATS mechanisms. Finally, if LOADFNS loads the
tlleCOM5, then it wi 11 load the CLAMBDA patterns for allfunctions on the file. This last 15 of interpst to any one
who might try loading enough hits and pieces of the file 
write it out again without ever doinq a LOADFROM of the
fl1P

the tile s QLJSP:FILE property affects its compilation,
as discussed in the previous section. If the property present, 1 t wj 11 al so be saved automat leally. I f the value1s T, NrL, or a list of function names then it will also saved bv the lULISP:SAVEFILEINFO) command. If the value 
NO Q LISP (s 1 q n 1 f V 1 n a a com P 1 a b S en LIS P f r om the
tile), then it will saved in a Slightly different manner.
In that SP, your f i 1 eCOMS wi 11 contain only one commandgenerated by YLISP, and that command wl1 restore the
prop rty to the file when it Is loaded or compiled.

The t 11 e paCkaqe, then, uses two prettycommands not
1 n c 1 u de d 1 n tan d a r d IN T ER LIS P : the y ea n be ' a 1i sance if You make a ft Ie from QLrSp, load it into astandard INTERLISP, and then try to do ost anything
invo 1 v ina the s t andar d t i 1 pac 8ge. Th is paragraph and the
next are concerned with the means available to alleviatethis problem. If the file contains QLISP variables, then
there are any problems, but there could easily be QVARS
commands saving only LISP rlables. The QLISP:SAVEFILEIN
command Is even worse though, because QLISp will replace 
even if YOU remove it: there 1s no way to get rid of it
without giving your file the LISP property under the
O!J ISP:F'ILE iridlc tor. (There is a bifurcated reason the
defaults are that way: j f you are using aLISP system,there is likely to be some QLISP buried somewhere in yourfunctions: anrl PRErIYDEF would be hard put to find tt,
especla11Y if the file IS not completelY loaded.

It can be son b1e to load a QLTSP file into standard
INTEFLISP it the tile contains no QLISP variables. Forpxamp!e, you may wish to edit a few functions or even enter

. tho free of Q LIS p and the n r e - m a k the file You can Q i v evarIous deQrees Of self-containment to file by changing
thp value of the flaq QLISP:SELFCONTAINEDFILESFLG befor you
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make the tile trom QLISP. This flaq 1s examined 
TTYOFF just before the file Is made: four different

values re dlst1nqulshed.
DUNlbOTH (the initial value) eVokes just the

behav lor 1escr ibed above. That is, the commands
gen rated by QLI5P will be On your fllecoms but
your file will contain nothing to support theThis 15 intended for files which will only be
loaded into QLISP. 1 t is the defau I t becausefiles qenerated bY QLISP uSuallY will be loaded
only into a QLISP system.

NtH ISP causes the commands generated by QII ISP On its
own initiative to be absent from the fileCOMS.
;See the final sentences of this paragraph.

NIL will cause the file to load a primitive bootstrap
from a file in the QLISP directory.

T wIll cause an even more primitive bootstrap to written on the tile itself, so that the file 
as self-contained as could be expected as long
as it still contains QLISP.

SO then, there re five degrees of self-containment which file may have, corresponding to the four values 
QLISP:SELFCONTAINEDFILESFLG and to the file's QLISP:FILEproperty being NOQLISP. The first fOUr are global In the
sense that they hOld for all files made when the flag has
t he a p pro p r i at e et t 1 n 

g . 

The 1 as t one, how eve r, i s sp e c 1 f 1 c
to a .particular file both in the sense that it overrides thefirst four and in the sens that it is saved with the file
1 t s elf and per s i s t Un t li lt Is removed ( 1 . e . , from thefile s prop rty list).
" Data Storage

QL15P data are represented to you in the formSmentioned viouslY. However, their internalpresentatlon differs considerably. This section concerns
Interrplat ions between those lntfrnal and externalforms. The internal form contains pointers to the datum

property lists, to it external forms, and to the internal
forms of its constituents (if any). Whenever a QLISP datum
Is passed from the internal parts of QL!SP to ordinary LISP
functions, its external form is retrieved and passedinstead. Conversely, wh n an external form is presented 
QLlSP, its internal form is retrieved and used internally.Thus, the QLISP system ensures its internal
man1r.ulations are performed on its internal representations
of the data, while your program will onlY have the more
intuitlv external forms with which to cOntend.

The who Ie p r ocedur is ana I Oqou 5 to t he mapp ing betweenatoms and t heir pr tnt names. The ordinary LISP user need
not worry about the internal connection between the two: theprint name is Used for printing and reading, and the
1ntern 1 form Is used for property list maniPulations. The
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translatjon is automatic. It also res robles like CLISP
transformations, here the translation is interpreted 
compiled, while the or1Qinal CLISp is edited 
prettypr inted.

One of the formS will of course be generated before the
other: in tact, the alternate may never be required, so its
aeneration is postponed until it IS called for. While the
external form is stored on th internal form, the former hasno place tor a siwiJar pointer to the latter. The inward
mapping rather uses TNTERLISP hash linkS. A translation 
qenerated onlY when it is required and not found. This is
not qui t e true for an ext ern a 1 for m t hat. doe s not ha v e 
hash link to the corresponding internal form: the hash link
can be absent for an external form that 1s EQUAL but not to an ext al form generated by QLJSP. When the hash link
1 s. absent, t he LISP data base 1s examined to find the
correspond1nq internal form: if none is found, new
interhal form is constructed and inserted into the data
base QLISP maintains an index into its data base to wake
the search auite fast: the index Is currentlY i plemented in
a d set 1m 1 na ti on net.

While computation time is Saved bY storing the external
for m 0 n th e 1 n t ern a 1 for m , t his p r act 1 e h as a Con 5 e que nee
that miaht not be obvious at first: if you destructivelYodlty the external torm, you will oermanently change it.
M a k sur V 0 u r des t rue t 1 v e mod 1 t 1 cat 1 on s are done to a copy
instead.

You have some control over the and generation ofthe hash 1 i oks used for the inward mapping. Whenever an
externBl form is generated from an internal form, the hashlink back will be stored unless QLISP:HASHTRANSFLG 1s NIL(initially T) and QLtSP:HASHTRANSARRAY Is also NIL.
Otherwise QLISP:HASHTPANSARRAY will be Used as a haSh arraY
a r gum en t to P lJ T H ASH . ( I t 1 t Is a 11 s t who s e fir s t el em e n 

I s a numb r, t n t he n u m b e r 111 fir s t be r ep 1 aced by a new
ash array of that size. When the reverse translation 

required, the value of the hash array Is examined. If it 
NIL, t en the hash check Is bypassed, otherwise Jt Is usedas hash array argument to GETHASH. The initial value 
QLISP:HASHTRANSARRAY 1s the dotted pair (200 . 200).

The qtraclng mechanism prints out the external forms of
the arquments and values of any functions it Is monitoring.
occasionallY people interested 10 elng the actual

lues th t are being ssed around, usuallY because they
s u s pee t the pre s en c 0 f a b U Q 1 n th t ran s 1 a t 1 on ec h anI sm.
The translation is ontrolled by aLISP:TRACERESPONDFLG.
Inltiallv it has the value T, but if You set its value to
NIl! then the values will be printed xactlY as they are
passed.
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Restrletions and Caveats

Q (, I S P has 0 e e n i n t e g rat e d in to e LIS P so t hat the two
work very smoothly together. There are, however, fewareas where the interface is not as smooth as might bedesired, and this section tells yoU how to avoid the
difflcultie Most of the awkwardness Is caused by the
hlstorlcal- fact that QLfSP and CLISP rleve!oped concurrentlY
and with Imp rfect communication: the rest comes from our
hay 1 nq u 5 ed I NTERLI SF f ea tu res 1n ways 0 f Wh 1 ch you must
take account to use the yourself.

The most obvious restriction ot the second type centers
around the UNDO features of INTERLTSP. Backtracking 
implemented bY Undoing unwanted Side effects. ClearlY,then, whenever a computation Is backtracked, all traces of
1ts undoa le actions will vanish, sUCh as loading a fll
This can et1mes come as an unpleasant surprise.

INTFRrl lSP provides many places *here the user canaffect its ehavlor: OWIMUSERFN is an example. In three
important cases, the user is the QLISP sYstem itself: this
is " crucial tn the ooth couPling of QLrSp into INTERLISP.
However, our having used these nandles (VIZ., COMPILEUSERFN,
DWIMUSEPFN and LISPXUSERFN) does not preclude your uSing
them also, but you ust ADVISE them rather than justflninq them. Each of them tests its appropriateness and
may perform some dctlon Your advlc should check the value
returned by our function and then Proceed if ours Is
napproprlate (and signifies this by returnlnq NIL.

interactions with CLISP are worse: they generally
requlr that you forego some features of CLISP. The inset
paragraPhs tail the

5 i n cp t h e eft war d a r row 

- ) 

has s p e 1 a 1 s 1 g n 1 f 1 can c e
to LJSP, it ecessarl1Y loses part of its CLISP
meanina That is, if it occurs as the first characterof an atom, then the 3tom Is a QLlSP variable andcannot be part of CLISP asslqoment statement.Mnreover, you can not bUild an assignment statement
usina - as an iSolated atom.

Another problem 1s presented by the QLISP MATCH
statement and CLISP usinq MATCH internally to implement
the CLISP pattern atchlnq feature. The UPshot of that
contI lct is that you can t use the latter " fae111ty. also means that if you clispifY MATCH statement, you
will generate erroneous code for the CLISP feature.
Sjn GLTSP statements must be dwlmlfled to work
Droperly, and since dwtmlflcation Is actuated by 
error, the statement types (e.g., MATCH or ISNT) cannot
have tunctton deflnit 10ns.
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The same applies to QLISP variables: no atom whose
first chdr cter 1 s S should ever navp a LISP value.

A 11 0 f the se a r e s t r 1 c t ions . Some can h a r d 1 Y be not 1 Ce d ,
and som can cause great difficulty: some are fundamental the notion of QLISP, and some could yield to $mall amountsof implementationsl cleverness, Nonetheless, they
definitelY remain s restrictions.

Add1no New Statements to the Languaqe

The statement typeS included 1n the QLISP langUage are
those th t have tended to be useful, If another variantld be more useful, then this section is for you.
De f in 1 n q a new tate men t is a gOOd a 1 t ern a t 1 v e to w r i t 1 function to do the same work: tatemeots are parsed when
they are d w i m i t t ed, nor m a 11 y w h en they are m p 11 e d 
evaluated,

You decJare I"€W 'st.atement type to (J.LI5P with thIs
undoahl e LAMBDA fUnct ion.

newstatement (name: er: recipIt declares e to be the nam of a statementtype, er to be the associ ted execution routine and
recipe to be a functicn used in parsinq statements 
the given type. tt es sure name has no functiondefinition, 1n order to insure dwlm1flcation of any
form whose CAR is namp. The first thinq done 
t ran s 1 a tin q such a statement is t o a p ply the recipe
to the C R ot the statement. The expected value that application Is list of the form (STATEMENTme newtsil), wIth newtal1 d list. Each item oftail 1s tnen translated to code that will, upon
eVdluation, produce the item instantiation. . Thetranslation ultimately prodUced Is a form whose CAR
is er and whose COR is the list of transformedwtatl items. Thus, it Is assumed that er will
evaluate its arquments, and the main work of therecipe is to produce the items Which will 
ins tan t j a t.e d to rod u c e 1 t s r q U men t s .

The statements that store and retrieve properties aJl
take nearlY the Sdm format.. Their recipes all use this
LAMBDA function to help parse them.

parsestatement (tail)
(The argument list Is somewhat different for

Internal reasons. 1 t produces a 11s t s u 1 tab 1 foruse a 5 the " new t a i lit jus t ment i oned . I t ass u me s t h e
ecutlon routin evaluates its rquments and takes

an arqume t list like
tiexp: apply: wrt: name: 1ndspropsJ,where (the normal evaluation of) the p, wrt, and
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name arquments will produce the instantiations of the
corresPonding parts of the stat ment. The apply
a r q urn e n t will produce 11 s t 0 f the member s of the
apply team SimilarlY, the Indsprops argument will
produce an alternating list of all the indicators andproperties in the original state ent In the order
qiven, except that any unmatched indicator Will 
moV to the end nf the list. Instantiation willactuallY t ke place only when necessary, QUOTE willbe used freelY wher onlY constants are involved.

An execut Ion rout ine will normallY be LAMBDAfunction: if it is an NLAMBDA (spread or nospread), then
dwimiflcation might require some extra care. The normal
de tau I t hand 11 n g 111 be correct tor an ex e cut Ion rout in 
which Is n NLAMBDA but still evaluates all its arguments,the rest of this oaraqraph tells how you can cause otherbehavior. Correct dwlmit1cat1on is especially importantwhen a. function Is dwlmified preliminary to compilation: if
compiled code is not dwimified completely as it 1s complIed,then 1 t s subsequent ex e cut 1 0 n will at least require thetime-consumInq intervention of error correctingachlnery. It may well cause an error. If a statement hasan N LAM B D A exec uti on r 0 uti n e , you can c a use 1 t s t ran s 1 d t Ionto be selectivelY dwimifled by uSing an extension Of thenotion of recipes. The "newstdtement function adds 
FEe I P E property to the property 11 s t of its " n am e " a r q u men t J
the property' s value Is list whose only item is therecipe argument. If the list contains a second function,
it is used as a recipe for dwimlfication. This other recipeis applied to two arquments: the CDR of. the translation andthe t r 8 n slat Ion 1 t s elf : the res u tin q value 1 s 11 s t 
forms that are rlwimi fled. 
l . Thinqs That Came (Almost) for Free

numbpr of functions included
enough in their utility for me toencouraqe you to use them. Thisdescribino them. They are all LAMBDA
con t r ar y I s spec i f i c a 11 y no t e d .

10 QL ISP are general
Publicize them andsection 1s devoted to

funet ions unless the

add t 0 v a r q u 1 e t 1 y tva r : new J
It undoablY adds NEri to the tOP level value Of VAR

unless it is already there. If the value of VAP Is not
11 s t , it bee 0 e s is t whose s ole e 1 em en t is NEW.It never t.ypes out a message, even if it changes thevalue of VAR. 

adv1zarounn (tn: Old: This one undoably moves fUnction definitions
around to give the effect of compiled advice. FN is
the name f the function elng advised: NEW is the nameof a fUnction yOU SUPPlY: OLD is the name under Whl
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your function calls the original definition. When
ADVIZARQUND has finished, calls to fN will come to your
NFW function, and its calls to OLD will qo to theorlqinal de.finition. If You suPply NIL for the NEW (or
OLD) argument, it wlll add the word NEW (or OLD) to thefront of t e FN ar ument. 1 t also chanqes names necessary so you can stacK severa! ADVIZAROUNDs on toP
of one another without their qettlnq confused.

filenamepart (name: SUffix)
It SUFFIX is NIL, it returns the namePart of thetile E: if NAME contains anY occurrences ofcontrol-F or ESC, then TENEX is asked to expand thename. If SUFFIX is a string, it 1s packed onto the end

of the name beinq returnerl. If SUFFIX Is T, then thefile' extension stays attached to the name when it isturned. 
NOT f: 5

This prettydefmaCro nores its arguments: since
it wi 11 be printed as part of your fl1eCOMS, its effect
IS to let yOU inclUde comments In your file which 
not oertain to anY particular fUnction.

qlambdap ffn: okpropflq)It FN is a function or a definltion it tells you
w h e the r f N is R Q LAM B D A function. If F N Is atomic undefined, then QLAMBDAP will look on its property list
for a SaVed definition (if OKPROPFLG Is trUe) or for 
QLAMBDA patt rn saved there when YOu LOADFROM its file.

qlambdapattern (tn, checkedtla)I t returnS the aLAMBDA pattern ot : if QLAMBDA?
Is not true of FN, it returns NfL. (It will bypass 
QLAMBDAP cheCk to save some time if CHECKEDFLG IStrue. This one also workS if FN IS definition the name Of a function on a file from which You have
done a l, OADF POM

Qllsp:error (mess!: mess2: obreak: brkexp: brkfn)
This one behaves much like the INTERLISP function

FPROR but 1s som what more fleXible. It si.mulates the
ac t 1 on 0 t ERROR on MESS 1, ESS2, and NOBREAK: B RKEXPand BRKFN are given to BREAK1 If an interactive break
occurs.

Isetq Lx: v) This NLAMBDA function Is cOnsPicuous 
abSenCe from the standard INTERLISP system.

its

smartmovd (from: to: copYflg: props)
QLAMRDA fUnctions have auxiliary information on

their property lists: if PROpS Is NIL, then 5MARTMQVDwill do t he corresPonding MOVD anrl also move those
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proper ties as we 11 as Informing t he q t r ace and
FILTERPATS mechanisms. If PROPS Is list, then
prop rties on PFOPS will b moved.

other Goodies In the QLISP System

To q e t her , the pre c e dIn g s e c t 1 0 n s t e 11 you almosteverythinq you would want to know about QLISP, at least 
this manual's l vel Of detai 1. Each sect Ion concentrates on
a par tic u 1 ar t he me and co v e r s va r i 0 u s top 1 c s uni fie d by t hat
them This section discusses sUbjects that of someinterest to some QLISP users but that are too miscellaneous
for inclusion elsewhere.

You can speed up the processing of Your APPLY teams (at
some cost of storage space) by usInq the FILTERPATS
mechanism. Its central idea caPitalizes on the very feQular
way APPLY teams are used: the team members are successivelyapplied to a given datum. In the most useful appllcaticns
of APPLY teams, the datum will fail to match the QLAMBDA
pat terns of most team members. In most cases, theunsuccessful attempt to enter team member can eliminated by this technique QLAM8DA functions are stored
In such a way that, given a datum, the FILTERPATS machlne
can retri ve (the names of) all the functions to - which it 1s
appljcable On one side of the tradeoff, then, Is the tImerequired to unsuccessfully attempt to enter many team
me m b e r s : on the the r s i de are bot h t he spa re quI red store the f' ILTERPATS information and also the time required
to retrieve (the names of) the apPlicable functions anddiscover which team members are amonq them. The choIce is
eft open sincp it depends so strongly on the particular
problem at hand: you exercise it by uSing this LAMBDA
function.

fl1terpats lswJ
you turn the FILTERPATS mechanism on and off 

applying this tu"ctlon to T or NIL, respectively.
Turning it on has these effects: 

when an APPLY te m 1s used, it 1s filtered 
manner just outlined: andhen a Q LAM B D A fun c t 1 On i s t ran s 1 a te d , 1 t $ name

and QLAMBDA pattern are stored for that
tl1ter1.nQ,

The time and space required to store the FILTERPATS
information is nominal but noticeable. However, thefiltered retrieval ean cost as mUCh as several
unsuccessful GLAMBDA applications.

A special QLlSP feature allows interactive recoveryfrom one of the most freauent user errors. If a required
va J u e 1. s m 1 s s 1 n g fro m S v cd r 1 a b 1 e, the Q.L IS P g e n era t e sppclal error (viz. UNBOUND VARIABLE) and enters the normal

AKCHECK routines. If LISP goes into an interactive break
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and you oive the vartable a value, then you can give the OK
command to continue the operation of your program.

The interrupt character control-D is especiallY
con t r i ve d in L I S P to be h a v cor r e c t 1 W h 11 v 1 n 9 every
appearance of being completely standard. (The special
extensions clean up after any tentative computations andensure that their sld effects vanish. The implementation
of control-D gives it the net effect of successive failures
back to the top level of INTERLISP, thoUgh at a considerable
s av 1 n g 0 f com put a t i on t i me. The m a in 0 b $ e r va b le d 1 f f r en e ebetween the QLISP control-D and the standard one 
INTERLJSP Is Slightly different tVPeout. QLISP alsooffers another interrupt character to largely supplantcontrol-E, whos usefulness is largely vitiated by the factthat failure uses the error mechanisms. You can caus
local failure with control-g, and you can fail clear back tothe top with control-D, but another case 1s often useful.
If you are edlt1nq a program and try it out (e.

g., 

uSing
USEREX C) , you will likely want to abort the trial without
aborting the edit session. Control-X will do preciselythat More particularly, control-X will abort the nearest
enclosing computation you typ d in for evaluation at the toplevel, 1n a break, USEREXEC, or with the editor' s atomic
E command.

QLISP includes variable you can use to d1stlnqul
between its variants. variable you use 
QLISPSYSTEMTYPE: its value Is VANILLA in the standard QLISP
and otherw1sp is Some adjective appropr1 te to the Variant.
Its onlY intent Is to helP You gracefullY handle transitions
between important chanq s in the behavior of QLISP. Withany version, the new value of QLISP5YSTEMTYPE will be
announced: after the transition, the value will become
VANILLA in the new Version. For exampl&, you might wish to
code a proar m to use one strategy when One version of thepattern matcher is present but to use a different one with
d i t fer en t r s ion.

Any 1J A M B D A fun c t 1 0 (t hat s, any at 0 m who S e fun c t Ion
definition cell contains a QLAMBDA function) has its QLAMBDApattern stored Under the property QLISP: QLAMBDAPATTERN.his 1 s t rue w h e th e r the fUn C t i on 1 S com p II e d interpret d: qtraclnQ uses this fact.
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Appendices

An Example

With the goal of creating better world throughcomputer science, we present Small system for mak!ngpeople happy. It as written not with elegance pftlclency in mind but to Qive examples of the features of
QLISP and their interactions with INTERLISP. This examplehas been riticlzed on a more human plane for using values
that are not universally shared: I persist In their 
because 1 expect them to be read! lY understood even by those
nQt holdlnQ them. The examcle 1s perhaps most approprlatalY
taken In same vein as the deductions typically presented1n thp exposit1on of novel mathematical system:well-understood results are duced, but the purpose Is not
to est a b 11 sh the res u ) t s but to est a b 11 s h the system 
showlnQ that (and how) it leads to them

1 . GfN SIS system

ThiS symbOliC file was generated by USing MAKEFILE 
the ordinary manner.

(FILECREATED " 2-DFC-74 20:47:40" QGfNESJS. QLISP:2 6134

previous date: " 26-NOV-74 20:43:09" QGBNES15 QLISP:1)

(LISPXPRINT (QUOTl QGENESI5COMS)

(RPAQQ QGENESISCOMS ((FNS * QGENESISFNS)
(aVAFS $MARRIAGED MONS)
(aVARS SCUMPUTERFLATIONS.)
(OECLAR : DOEVAL LOAD DOEVAL COMPILE DOCOPY

(P (OEFTYPE (QUOTE MARRI ED)
(QUOTE CLASS))))

(QLISP:SAVEFILEINFO)) )
(RPAQQ aGENESISFNS (SETUP MAKEHAPPY HITCH CHECKAGE CHECKHOBBY

PARTNERSEX PICH MAKESPOUSE))
(DEFINEQ



QLISP Feference Manual

( SETUP
(LAMBDA NIL (* INITIALIZATION

POUTINE.
( ASSERT

( ASSERT

(P E. R 5 (l N t-1 A R Y 

SEX fit: ;ALE: AGE 30 HOHBlr. S (CLASS TENNIS NEEDLEPOINT DANCING)

(PERSON ALICE)
SEX FE ALE AGE 72 HOBB I ES (CLASS se USA -Dl VING BIRD-WATCHING)

(PERSUN EV
SEX F' t:MAL,r AGE: 2C) HOBBIES (CLASS SNAKE-CHARMING GARDENING

VOLLEYBALL) )

(.ASSERT

( ASS F R (P E R S n N A D A ,.q
SEX MALE AGr 30 NETt ORTH 500000 HOBBIES
(CLASS HUNTING fISHING GARDENING))

(ASSERT (PERSON SARA)
SEX FE; iAT.; E: AG : 40 NET AJ()HTH 2000000)))

(MAKEHA PPY
(LAMBDA (L)

(* '

L IS A LIST OF
PE:RSONS.
(* TRY TO MAKE EACH
ERSON HAPPY.

( M A PC

(FUNCTION (LAMBDA (X)
(PP 1 

(ATTEMPT (GOAL (HAPPY
PPL 

( TUPLE

(id X))

H I Tt H R Ie H ) ) 

) ) ) ) )

(QUOTE FINISHED)))

(HI TCB
(QLAMBDA (HAPPY _HUMAN) (* CYCLE THROUGH ALL

MEMBERS OF THE OPPOSITE
SEX. )
(* HYPOTHESIZE A
MARRIAGE AND SEE IF IT

ORKS OUT.
(* IF IT DOES, THEN THE
HUMAN IS HAPPY 

. ) 

(IS (PERSON _
SEX

(PAPINERSEX ( (PERSON SHUMAN))))
THEN (ASSERT (MARPIED SHUMAN SY)

APPLY $MARRIAGEDEMONS)
(QPUT (PERSON SH UMAN)

MARRIEDTO $Y WRT GLOBAL
$CO PUTEREL TIO S) )

(HAPP't SHUMAN))))

APPLY
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(CHECK
(QLAMBDA (MARR 1 D __COUPLE) (* MAKE SURE THE WIFE IS

NOT TOO MUCH OLDER THAN
THE HUSBAND.

( QPPOG

( _

5 F X

AGE
MALEAGE fEMALEAGE)

(MAPC (COR SCOUPLE)
(FUNCTION (LAMBDA (SPQUSE)

(QGET (PERSON ( SPOUSE))
SEX _SEX
AGE ..AGE)

(rF (EQ SSEX (QUOTE MALE))
. THEN (S TQ MALEAGE $AGE)

ELSE (SETQ FEMALEAGE SAGE)))))
(JF (GREATERP FEMALEAGE (PLUS MALE AGE 5))

THE N ( F" A I L eA L L E R ) )
(QPETURN OK))))

(CHECKHUBBY
(QLAMBDA (MARRI ED _

(ATTEMPT ( 1ATCHQQ (TUPLE (CLASS _
OTHE:RS)

(CLASS _
OTHEROTHERS) )

(TUPLE ( (QGET (PERSON $X)
HOBBIES))

(QGET (PERSON $Y)
HOBBIES))))

(* FIND AT LEAST ONE
tiOBBY IN COMMON,
OTHERWISE FAIL.

ELSE. (fi AJt CALLER))))

(PARTNER5EX 
(QLAMBDA _

( 5 E L C r Q (Q GE T $ X SEX)
(MALg (QUOTE FEMALE))

MALE (QUOTE MALE))
(ERROR "UNKNOWN SEX "

))))

(* FI NO THE OPPOSITE SEX
OF THE PERSON 
QUESTION

. )
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(RICH
(QLAM8DA (HAPPY UMAN) (* TRY TO ACHIEVE A NET

OPTH GREATER THAN ONE
MILLION. )
(* IF ACH IEVABLE, THEN
THE HUMAN 15 HAPPY.
(* THIS ROUTINE NOW ONLY
MAKES A SIMPLE CHECK
AGAINST THE DATA BASE.

OG (NETWOPTH)
TU NEIWOPTH (QGET (PERSON SHUMAN)

NETWORTti))
(If (GREATEPP (IF Q NETWORTH (QUOTE

THEN 0
ELSE NETWORTH)

100000 )
THEN (' (HAPPY SHUMAN))

ELSE (FAIL)))))

NOSUCHPROPERTY) )

(MAKESPOUSE 

(QLAMBDA (PERSON _ RSON)

t QPROG

( (,_

P(ltJ SE 
(QG T (PERSON $PERSON)

MARRIEDTO) )
SPOUSE:SPOUSE
(SETQ SPOUSESPOUS (QGET (PERSON sSPOUSE)

MARR 1 EDTO) )
(IF (NOT (OR (, EQ SPOUSESPOUSE (QUOTE NOSUCHPROPERTY))

(EQ SPOUSESPOUSE SPERSON)))
THEN (FAIT.; CALLER)

El, SE (QPUT (PE'RSON S SPOUSE)
MARR IEOTO $ PERSON) ) ) ) )

(* TEAM MEMBER OF
SCOMPUTERELATIONs. )

ENsUREs THAT THE
SPOUSE IS NOT ALREADY
MAPRIED. )
(* ASSERTS THAT THE
SPOUSE IS MARRIED.

(MATCHQQ _MARRI AGEDEMONS (C HECKAGE CHECKHOBB 
W P T SQ LIS P: f I LEe T X )

(MATCHQQ _COMPUTERELATIONS (MAKESPOUSE)
WPT $QLISP:FILECTX)

(DECLA E: DOEVAL LOAD DOEVAL COMPILE OOCOpy
( DE F 1Y P E (Q U 0 T E 1 A R R lED )

(QUOTE' CLA 58) 

(QLISP: LOAOCOMS (YUOTE ((HITCH (HAPPY _HUMAN))
(CHECKAGE (MARRIED _COUPLE))
(CHECKHORBY (MARRIED _X _Y))
(PARTNERSEX _X) 
(R rCH (HAPPY _HUMAN))
(MAKESPOUSE (PERSON _PE RSON) ) ) ) )
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(DECLARE: DONTEVAL LOAD DOEVAL COMPILE DONTCOPY COMPILERVARS
(ADDrOVAR LAMS HITCH CH CKAGE CHECKHOBBY PARTNERSEX RICH MAKE5POUSE)

(DECLARE: DUNTCOPY
(FILEMAP (NIL 12 5522 (SETUP 524 . 1162) (MAKEHAPPY 1166 . 1602)

(HITCH I 06 2421) (CHECKAGE 2425 . 3027) (CHECKHOBBY 3031 . 3495)
(PARTNERSEX -3499 . 3830) (RICH 3R34 . 4672) (MAKESPOU5E 4616 . 5519))))
STOP
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A Samp 1 e GENESI S Run

Here is a session at the teletype illustrating the use
and operation of the GENESIS system.

iQlisp

INTERLISP-10 18-NOV-74

...

QLISP-I0 14-JAN-75 09:03:26
(cSUB5YS QLISP. SAV:9 . (SUBSYS LISP. SAV:2t)

Hello, Mike.

1oad (qqenes is . com)
COMPILED o 4-DEC-74 13:20:16
F I LE e REA T F 2 - D EC -, 4 20: 47 : 40
QGENESISCOMS
QGENESIS . COM: 

$marr laqedemOn5
(CHECKAGF CHECKH08BY)

pP hi tch
loading from QGENESIS. QLISP:2

(H I TC 
(QLAMBDA (HAPPY _HUMAN) **COMMENT**

(15 (PERSON
SEX

(PAPTN RSEX (' (PERSON SHUMAN))))
THEN (ASSERT (MAFRIED SHUMAN Sy)

APPLY SMARRIAGEDEMONS)
PtTT (PERSON St-UMAN)

MARRIEDTO $1 WRT GLOBAL
$COMPUTERELATIONS) )

(' (H PPY SHUMAN))))

**COMMENT**

HI TC H 
et Up)

(PERSON SARA)

APPLY

**COMMENT**
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makehapPV (( dam s ar A) )
HI TC H + t:
. 0 = ( HAP PY A D A 

\ )

PARTNF,RSEX + 
#0= (PERSON ADAM)
(PARTNEPS X) - 2 ; F MALE

CHECK AGE + 2:
#0= (MARRIED M MARY)
(CHECKAGE) - 2 = O
CHECKHOBBY + 
#0= (MAR IED ADAM . MAH'i)
CHECKAGE + 
#0= (MARRIED ADAM ALICE)
CHECf( AGE + 2:
#0= (MAPRIED ADAM 
(CHECKAGE) - 2 = OK
CHECKHOBBY + 
'0= (MARP IFD ADAM EVE)

GC: 
5221, 10331 FREE WORDS

(CHECKHOBBY) - 2 = ((CLASS SNAKE-CHARMI 
(CLASS GARDENING HUNTING FISHING))

MAKESPOUS : + 2:
.0= (PERSON ADAM)
(MAKESPOUSE) - 2 = PSON EVE)

(HITCH) - 1 = (HAPPY ADAM)
( HAP PY A 0 AM)
HI TC H 
#0: (HAPPY SARA)

pARTNEFSEX 

+ ,: 

.0= (PERSON SARA)
(PARTNERSEX) - 2 = MALE
CHECKAGE + 
#0= (MARRIED ADA SARA)

RICH + 
#0= (HAPPY SARA)
(RICH) . 1 = (HAPPY SARA)
(HAPPY SABA)
FINISHED

GARDEN I NG VOLLEYBALL)
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Summar les

1 . Prefixes

. A QLISP variable is a literal atom whoSe print namestarts with a special prefix. This oreflx may be a dollarsign ($) or a left arro 1, and it may be doubled (giving
$ s 0 r --

). 

The doll a r pre xes c a use a va ria b 1 e to rod u c e
its value n insts"tlation. On the other hand, an arrowvariable instantiates to itself but will accept a new value
during the unification operation. The double pr flxe cause

va r lab I rod u ( or accept) a f rag men t instead 0 f a
whole compound datum, such s a bag. Here, then are the
r e cog n i zed form s ot a Q LIS P va r 1 a b 1 e :

$X, which produces n element:
x, which accepts an element:
SSX, which produces a fraqment: and

X, whl h accepts a fragment.

Operat.ors

The two un.ary operators used to force
evaluation of dn expressiOn when it occurs
that would normally cause other are:

, wnich forces evaluation: and
which fOrces Instant.iatlon.

instantiation orin construct

A Unary operator that forces rePeated instantiation 
its operand until no further changes will take place 

, thp sup rlnstantiat1on operator.
However, i9 Ql.rSp variable will be replaced by its value
regardless of its prefix, and expressions governed by or '
will be evaluated or instantiated, respectively,

Fragments can be produced from QLISP variables gIving them the $S flx: a unary operator producing a
fraQment from an arbitrary expression 

:, 

the strip operator.

The four n-ary operators used to produce aggregates 
data are:

TUPL , which produces a tup le:
CTOR, Which produces a VECTOR:

BAG, which produces a BAG (or mult1set): and
CLASS, which produces a C LAS S (or set).

Each aqqregate datum is represented to LISP as a list of particular format: tUPle as a list Of its elements: and
each of th others as a list headed by its type name (e,g.,BAG) and then ntalninq its lements. A tUPle evaluates
like a LISP list, and each of the othprs ludtes to itsinstantiation.
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A context rlatum 1s produced bY the context des1qnator,
which takes one of the forms:

(cnNll:XT C'txn), which produces the
context: 

(CONTEXT dir ctxd), which prodUces neighboring
context.

80 t h for m s in s t a. n t 1 ate the 1 r per and s. 1 n th e fir s for m 

the ctxn OPerand tells which context to prodUce and can take
one of th fnrms:

LOCAL .. the current (local) cOntext:
GLOBAL -- the toP (qlobal) context:

. ETERN AL -- LOC AI" bu t non -backt r ackab le: or
UNIVERSAL -.. GLOBAL, but non.backtrackable.

In the second form, the ctxd operand can be:
one of the four " context names" 1ust mentioned' orcontext datum resulting from some previous use

of a context designator.
The dlr operand In the second form tells . which neighbor of
the indicated context to produce. It can be either:

POP - its ancestor: 
PUSH -- a new descendant.

indicated

Default Contexts

When QLISP needs to default a context, this Is how it
behaves:

Moreover,
all lse

MATCHQ' S and instantiation of a variable refer the r1able s nearest enclosing binding, asgenerated by QPROG, QLAMBOA or QDECL PE,
while

property list access happens In the context of the
nearest enclosing recommendation.

the global context is treated as if it enclosed

st. at em

This 11 st sChematicallY ShowS the formats of the
various QL15P statements. The not tlon used is intended be sugQestlve without. beinq unn cessar11Y riqorOUs1 these
abbreviations are used in the schematic statements:
(The fj rst five are Positional.

eexp is an expr es sion to be eva uated:
iexp is an exprp.ssion to be instantiated:exp 1s an expression handled in some way

idiosyncratic to the stateMent In question:
val is an expression to be evaluated:
var . is an arrow variable:

(The other seven are parsed by context.
Ind instantiates to an indicator:
lnds/props 1s a sequence of expressions, paired byalternation, of Which the first, third, etc.instantiate to indicators and the others 

properties:
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WkT-c lause takes one parameter:
APPL Y-team take s several parame ter s 
NAMf-part takes one parameter:
THEN-part takes sev ral parameters: and
ELSE-part takes several parameters.parts of the statements are required,

nclosed 1n square bracketsl are optional.
(A 55 E H T ie x p ( 1 n d sip r 0 P S )

(APPLY-team) (NAME-part))
( A TT F.; i P T val r THE N - par tJ ( E L 5 E . par t ) )
(CASf:S. iexp (WRT-clause) (APPLY.team)
CDEl.ETE 1exp llnds/props)

(APPLY-team) (NAME-t:artJ)
(OENY lexp rinds/props) (WRT-clauseJ

( NAME-part J )
(JoA.JL' (iexp))
( GO A L j, ex p (i n d s / pro p s ( WR T - cIa use 

(NAME- part) 
(INSTANCES iexp (inds/props)

(APPLY-team) (NAME-part))
(IS i ex P ( 1 n d SIP r 0 p s J (W R T - cIa use 

(NAME-part) (THEN-part))
(ISNT lexp rinds/props) rWRT-clauseJ

(NAME-part:) )
(MATCH eexP1 eex (WRT-clduseJ)
( MAT CH Q i e x p t ee x p 2 R T - c 1 a use) )
(MATCHQQ iexpl lexp2 lWRT-Cl use))
(QD CLARE var WRT-clause)
(QDO lexp WRT-clause)
(OGET iexp (inds/props) find)

(APPL.Y-team) (NAME-part))
QLAMBDA (format is like LAMBDA)
QPPOG ifor at is like PROG)
CQPUT iexp 1nds/props (WRT-clauseJ

(NAME-partJ)
( (JP E, T URN ex p )
(UN8C1UNDP exP)
(VAL exp WPT-clause)

Flags and Their Friends

and some

rWRT-clauseJ

(NAME-part J )
(WRT-c lause)

(APPLY-team)

(APPL y-t earn)

(WRT-clauseJ

(APPLy-team)

(APPIJY-team)

rWRT-clause)

(APPLy-team)

Here 15 a list Of the various tlaqs and other variables
you can tJse to communicate with the' QLISP system. Some let
you tell it how to behave. It uses others to record its own
internal data 1n a format that 15 easy to interpret. Mostof these variables are ordinary LISP variables, the onlY
QLI5P var1ahle has a dollar prefix to remind you.

QA4:TRACEDFNS is list of all the functionS that are
currentlY qtraced.

$OLISP:FILECTX is used in a WRT-clause when the value of a
QLISP variable is read from a file Or written on one

QLISP:HASHTRANSARRAY maps objects nf the QLISP extended data
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t Y P b a c k to their internal forms.
LIS P : HAS H T R AN 5 f L G n t r 0 1 s t he tor 1 n g of links 

QLISP: HA5HTRAN5A RAY.
QLISP:Se:Lf' CONT INEDFILE:SFLG tells PRETTYDf how stronglY

files shoul be connected to QLISP. It can 
overridden for individual tile by qivlng the

LIS P : f" J L : pro per t y to t h e f 11 e .
QLl SP: TRAC RfspnNDFLG contro 1 S whether the qtrace pr intout

shows internal for s Of QLlSP data.
Ql,lSPIFycnMPFl,G tells the compiler whether to expect QLISP

in functions .1t compiles. Individual files can 
treated differently if they have the QLISP:FILE
property.

QTRACEALL cant rols
funct.1ons.

QTF CECOTJNTFI,G contrOls the inClUsion of depth counts In the
q t r ace pr in t 0 U t "

the automat Ic qtractnq of QLAMBDA
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