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Lisp: Basically Speaking—

Part |

by Randy Beer

nterested in a language that uses objects
instead of numbers? Lisp is a symbol-manipu-
lation language that uses lists of objects.

Lisp is a programming language,
usually considered to fall somewhere
between machine language and higher-
level languages such as Basic, Pascal,
APL, or Fortran. Its syntax and data
structures differ from more traditional
languages. Much of today’s research in
symbolic math systems, natural lan-
guage interfaces, and artificial intelli-
gence is being done in Lisp, or in a
higher-level language based on Lisp.

However, writing a program in Lisp
no more guarantees that it will be intel-
ligent than having a truckload of mate-
rials guarantees that you will be able
to build a house. The basic building
blocks appear to be there, but more
work is necessary to even begin to as-

semble them into programs that exhibit
intelligent behavior.

Perhaps because of its association
with such abstract things as artificial
intelligence, a stigma of complexity has
been associated with Lisp. People who
have seen a Lisp program without un-
derstanding it remember only the
seemingly confusing syntax and end-
less parentheses. These things that tend
to confuse the uninitiated are what
makes Lisp powerful in the hands of an
experienced programmer.

Understanding Lisp

Lisp is a symbol-manipulation lan-
guage, Where many languages work
with numbers, Lisp works with objects

User input is next to the § Rasic Lisp prompt,
with interpreter response on the next line, as in
all examples in this article. Note that all
messages from the interpreter are preceded by a
semi-colon, The OB LIST is where new atoms
are stored.

§ (MUL2)
; MUL2 INVALID FUNCTION NAME

$ (%)
; MUL2 DELETED FROM OB LIST

$ (MUL 22)
4

Fig. I Tvping Error Correction

$ (ADD 1251 -3)
51

$ (SUB4 2}
2

S MUL4321)
24

$ (DIV22T)
3.14286

$ (POWER 2 3)
8

§ (MUL (ADD 2 3) (POWER 2 .5))
707107

Fig. 2. Arithmetic in Basic Lisp

such as “‘chair’’ and ‘‘block.” Rela-
tions between objects are represented
as lists; hence, it is a list processor
(from which Lisp gets its name). An ex-
ample of a relationship between a chair
and a block would be shown as: (ON
BLOCK CHAIR).

These words or objects are called
atoms. Numbers are also atoms. Sym-
bolic atoms, however, cannot begin
with a number, but can contain one.
Thus FACT, ARGI, ONE, 12 and
—3.14159 are all atoms; FACT, ARGI,
and ONE are symbolic atoms; and 12
and —3.14159 are numbers. Two spe-
cial atoms come predefined in every
Lisp system; they are the atoms T and
NIL, and can usually be thought of as
logical true and false, respectively.

Lists are built out of atoms and
other lists, with a left parenthesis to
mark the beginning of a list and a right
parenthesis to mark the end. (A B (),
(MUL 23, (A(B(CDYE)YFG), and{()
are all examples of lists,

The atom NIL serves a dual purpose
in that it is also used to represent the
empty list. NIL and () are equivalent in
all respects.

Lisp works with symbolic or s-ex-
pressions composed of atoms and lists.
Thus, anything that’s an atom or a list
is also an s-expression. In the eves of a
Lisp interpreter, programs and data
are nearly identical. This fact contrib-
utes greatly to the power of Lisp, be-
cause it allows one program to write
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another program and then execute it.

Using Basie Lisp

It has been proven time and again
that the best way to teach almost any-
thing is to let the student get his hands
dirty from the beginning. A Lisp inter-

preter written in Basic is included in
Listing 1. Type in the program and try
all of the examples given in this series
and any other ideas you may have,
Though it may seem contradictory to
write an interpreter for such a symbol-
ic, recursive language in Basic, it may

Program Listing

5 REM * BASIC LISF VER 1.1 *

14 REM * BY RANDY BEER; AUG., 198l *

15 CLS:CLEAR325:DEFINTA-E,G-V,X-%:DEFSTRO:DIMLK(1188) ,PL{1188) ,0

B(98) ,PT{94) ,ST{358) ,FP{56) ,T1(15) ,X1{15) :N=3820

22 PRINTTAB(23) "BASIC LISP VER l.1":PRINT:PRINT"INITIALIZING . -
. WAIT":PRINT

%;]FORJ=BT048:READOB(J),PT(J):NEXT:PEE&B:FE=1:OB(4E)=CHR$(13):FP

=MEM

26 FORJ=1TOl£99:PL{J)=J+1:KEXT:PL{11088)=N:AS=1

éng=3ﬂﬁl:LP=3ﬂ43:RP=3B44:CC=33:Nl=58:N2=44:LB=3931:QU=3@3B:NB=3

30 A=0:0T=0:J=0:PRINT: PRINT"S ";:0ONERRORGOTO26000:GOSUB5E:GOSUB2

65:GOSUB21R: GOTO3 B

58 J1=F:PRINTCHRS(14) ; : GOSUB99

55 GOSUB1A@: IFX<>LPRETURN

68 J1=J1+1:X1(J1)=AS:T1{J1}=AS:LM{T1(J1)}=8:AS=PL(AS) : IFQRETURN

65 GOSUB55:IFX=RPGOTOS8H

78 IFLM{T1(J1}) <>BTHENPL{T1(J1})=AS:T1({J1)=A5:A5=PL(AS)

75 LM{Tl{Jl))=X:IFQRETURNELSEGS

88 PL{TL{J1))}=N:X=X1(J1):IFLM{X) =BANDPL({X) =RTHENPL{X}=AS:AS=X:X=

2|

85 J1=J1-1:RETURN

90 AS=INKEYS:IPAS=""THENYPELSEPRINTAS$; : KK=ASC(A§} :RETURN

10@ IFKE=48THENX=LP:GOTC200

185 IFEK=41THENK=RP:IFJ1=10RJ1=2ANDQTRETURNELSEZ0H

118 IFKK=39THENQ=-1:0T=0T+1;GOSUB6@:IM(TL{J1)})=QU:Q=08:G0SUBIB:G0
SUB55:0=-1:CG08UB76:Q=0:G0OSUBE8 : QT=0T-1:RETURN
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help make Lisp available to as many
people as possible.

Basic Lisp is only a subset of a full-
blown Lisp system, but it should prove
useful in teaching basic aspects of Lisp
programming. All the examples in this
series will be geared toward Basic Lisp,
but important differences between it
and more standardized versions will be
pointed out along the way.

Typing an expression to the inter-
preter is easy. After entering a state-
ment like (ADD 1 1), there is no need
to hit return. As soon as you close all
the open parentheses, the expression is
evaluated and answered. In this case, a
2 is returned. One important thing to
remember is that atoms must be sepa-
rated by a space or a carriage return, so
that (ADD11) is not at all the same as
(ADD 1 1).

Since Lisp is a more highly interac-
tive language than Basic (it actually
processes some of your input as you’re
typing it in) and since Basic Lisp is an
interpreter written in another lan-
guage, speed typists beware! Trying to
type too fast will only get you into
trouble. A moderate, steady pace is
best. Note that this speed problem
stems from the fact that Basic Lisp i3
written in Basic, and is not a problem
inherent in Lisp itself.

When you make a typo, it is best to
delete it immediately to avoid filling up
the interpreter’s internal memory with
mistakes. A special function is provid-
ed in Basic Lisp to make these dele-
tions. You should immediately close
the remaining open parentheses.
{Backspacing will not work.) When the
prompt returns (usuvally after an error
message warning you that a mistake
has been made), type (%) and the mis-
take is deleted. Figure 1 shows an ex-
ample of the complete routine. Again,
a more sophisticated Lisp system sup-
ports far easier methods of correcting
mistakes.

The actual operation of a Lisp inter-
preter is simple. It reads and evaluates
an s-expression and prints the result
(also an s-expression).

An s-expression is evaluated using a
few simple rules. The value of T is T,
the value of NIL is NIL, and the value
of any number is itself. The value of
any other atom is the s-expression it is
bound to (bound and unbound atoms
will be explained shortly). Type in
some atoms and let the interpreter
evaluate them for you.

When a list (ADD 1 1) is evaluated,
the first atom is treated a a func-
tion and the rest of the elements of the
list are treated as arguments to that
function. This is known as prefix nota-




115
12@
125
134
135
145
159
288
219
215
225

238
235
237
249
245
258

255
265
278
RN
275
280
285
298
FLM{
315
95,4
14,
324
4359
33p
335
T{A)
337
EXT:}
348
345
359
155
368
365
58
545

s51e

4984
49@5
4396
4987
4a1@

4617
4028
4B25

4035
40449

4854
+FP{

48749
4875

4488
4985
*FP|
4099
4095
4190
4185
4119
4115
4120
) -N}
4125
KELS
4138
4135
A=l:
4is@
S5E41
4155

Listing contimied

IFKK<CCGOSUBIR : GOTO100ELSEL25
IFEK<CCORKK=400RKK=410ORKK=3 STHEN135

I$=I$+A$: GOSUBIM : GOTO120

IFASC{I$} <NLANDASC(IS) >N2THENL54

FORJ=0TOPE: IFOB(J) =T STHENX=J4+N:I$="":J=0 : REPURNELSENEXT
J=0:PE=PE+1:0B(PE) =15:X=PE+N;I%="":RETURN

WW=VAL{I$) :GOSUB1UARZ:I$=""+RETURN

GOSUB Y@ : RETURN

IFAS<>CHRS(13) PRINT

J1=1:X1{J1)=X;GOSUB225: PRINT: RETURN

IFX>3BBEPRINT" ; UNPRINTABLE MACHINE CODE™;:RETURNELSEIFX>40d

APRINTFP(X-4000) ; CHRS(24) ; : RETURN

IFK>=NPRINTORE [ ¥%-N] ; ; RETURN

IFX=@RETURN

IFLM(K)=QUPRINT"'”::x=LM(PL(x]):GOSUBZZB:RETURN
J1=J1+1:X1{J1) =X:PRINT"(";

X=X1(J1) :X=LM (X} :305UB225
K=K1(J1]:J1=J1—13X=PL(X):IFX=NPRINT"}';:RETURNELSEIFX)NPRINT
';:GOSU3225:PRINT")";:RETURNELSEIFX=BTHENX=1/G
JI=J1+1:X1{J1) =X:PRINT" ";::G0T0245
FP{1)=MEM:IFX>4800ANDX <588 10RX=NORX=TRETURN
IFX)NTHENV=X:X=PTLX—N):IFX=3AND&=BTHENER=6:GOTozsﬂﬁﬂELSERETU

ST(A+1)=TT:ST(A+2]=AL:ST(A+3]=C:ST[A+4)=E:A=A+4
AL=PL{X) : E=X:X=LM{X} : GOSUB265
IFX)=N&NDK(4951THENER=1:GDTOZS@@B

IFX>600BTHENI 20ELSEIFX >SBH@THEN3 1 SELSETFLM (X =LBTHEN335ELSEI
X) =NBTHEN337ELSEER=1;GOTO25880 &

TT=X:GOSUB508 : ONTT-SB8dGOSUBAPG0 , 4810 ,4025,4935,4068 , 4870 ,42
291 ,4985,4895,4130,4170,42P0,4228,4230,4245,4255,4308,4315,4
445d:G0T03348
R=X:X=AL:ONR-6828GOSUB4A050,50,4128,4150, 4190 ,4285,4265,4275,
,4500,4600,4650,4700,4750

E=8T(A) :C=3T(A-1) :AL=ST{A~-2} : TT=ST{A~3) : A=A-4: RETURN
TT=AL:E=PL(X) :AL=LM{E) : GOSUR58# : AL=TT: GOSUBS B : C=LM(E) : A=A~5
:GOTO3 448

TT=AL:E=PL{X} : AL=LM (E} : GOSUBS00
ST{A+1)=TT:ST{A+2)=1:C=LM{E) :A=A+1
IFC<>NTHENPT(LM(C) -N)} =ST{A) : A=A+1:C=PL(C) : GOTO348

A=A-5T{A) -1:TT=PL[E)
IFTT<>NTHENX=LM{TT} : GOSUB265 ;: TT=PL {TT) : COTC358

C=LM(E) :A=A-5T(A)
IFC<>NTHENPT(LM{C} =N} =5T{A} : A=A+1:C=PL{C] : GOTQ360
A=A-ST(A)-1:GOTO338

C=P: IFAL=NTHENIFC=0THENA=A+1:5T{A) = : GOTO518ELSE510

K=LM(AL) : GOSUB265:C=C+1 :A=A+1:5T (A} =X: IFPL (AL} <>NTHENAL=PL(A

L) :GOTO565

A=A+]1:8T{A) =C:RETURN

IFST(A) <>1THENER=2:GOT025d00

A=A-1:IFST(A) =NTHENX=N:A=A~1:RETURN

IFST({A) <200LANDST(A) >BATHENX=LM(ST(A) } :A=A-1:RETURN
ER=4:GOTO25884

IFST{A) <>1THENER=2:GOTCO25000

4615 A=p-1:TFST{A)=NTHENX=N:A=A-1:RETURN

IFST(A) <2001ANDST(R) >@THENX=PL(ST(A)} : A=A-1:RETURN
ER=4:G0TO25p84d
IFST{A) <>2THRNER=2:GOTO25008

4930 A=A-1:T2=AS:AS=PL{AS)}:LM(T2)=ST{A-1) :PL(T2)=ST{A) :A=A-2:¥="T
2:RETURN

IFPST{A) <>2THENER=2 : GOTO25098
A=A-1:TFST({A~1) <RORST(A-1) >4900THENER=3: GOT025080

4645 PT(ST(A-1)-N)=ST(A} :A=A-2:RETURN

X=LM(AL) :RETURN

4068 WW=P:FORJ=1TOST{A) :A=A-1:TFST(A) >40BGANDST(A) <5081 THENWW=WW

ST(A)-40060) :NEXTELSEER=5;GOT025000

4665 A=A-1:GOSURLPBHA: RETURN

IFST(A) <>2THENER=2:GQTO25800
A=A-1:TFST({A) <4BPLORST(A) >580BORST (A-1) <4BB1ORST(A-1} >5060T

HENER=5:GOT025289

WW=FP(ST{A-1)-49F8) -FP{ST(A)-4802) : A=A-2:GOSURLOPAE ; RETURN
WW=1:FORI=1TOST{A) :A=A-1:TFST(A) >40BPANDST(A) <SHHLTHENWW=WW
ST(A)}-4000) : NEXTELSEER=5:G0T025804

A=A-1:GOSUBl@@HB2 : RETURN

IFST(A) <>2THENER=2:GOTD25000
A=A-1;IFST(A) <4PB1ORST(A) >S5PPRTHENER=5:GOTO2580@
A=A~1:IFST(A) <400@LORST(A} >5080THENER=5:GOT025000
IFFP(ST(A+l) -4800) =0THENER=T : GOT025008

WW=FP(ST(A)-4688) /FP{ST(A+1)-4808) :A=A-1:GOSUB1@0A0E: RETURN
IFLM{AL} >=NANDLM (AL} <4B@8THENX=LM(PL{AL} } : GOSUB265:PT{LM{AL
=XELSEER=3:GOT0256P0

AL=PL{AL) : IFAL=NTHENER=2:; GOTO2500FELSEAL=PL (AL} : IFAL=NRETUR
E4120

IFST({A) <>1THENER=2:GOTO25E08

A=A-1:IFST{A) >=NANDST(A) <G@#dTHENX=T:A=A-1:RETURNELSEX=N:A=
RETURN

C=LM(AL} +X=LM{C) : GOSUB265: IFX=NTHENAL=PL{AL) : IPAL=NRETURNEL
1)

AL=PL{C)

Listing confimees

tion and, though awkward at first, it
becomes easy to read with some
practice.

Figure 2 contains some examples of
arithmetic in Basic Lisp. Type them in,
along with a few of your own, to better
understand this notation.

Note that ADD and MUL work with
any number of arguments. Note also
that, in the last example, the arguments
to a function can be another function
call. In that case, the inner function
call is evaluated first, and the results
are returned as arguments to the first
function. In the example, the results of
(ADD 2 3)and (POWER 2 .5) are then
multiplied together to obtain the final
answer. This ability to nest expressions
in Lisp is very important and c¢an be
carried to any reasonable depth (up to
13 in Basic Lisp).

Manipulating S-Expressions with Lisp

Before delving further into Lisp, you
must know the process of quoting. An
apostrophe is used to quote an s-ex-
pression in Basic Lisp. By quoting
something, you are telling the inter-
preter not to evalute any further. In ef-

$ (SET 'BROTHERS "(RALPH JOHN))
(RALPH JOHN)

$ (SETQ SISTERS '(SHERRY BETTY))
(SHERRY BETTY})

$ BROTHERS
(RALPH JOHN)

% SISTERS
(SHERRY BETTY)

3 (SETQ GIRLS SISTERS)
(SHERRY BETTY)

§ GIRLS
{SHERRY BETTY)

$ (SETQ GIRLS *51STERS)
SISTERS

% GIRLS
SISTERS

$ SISTERS
(SHERRY BETTY)

$ SHERRY
; SHERRY UNBOUND ATOM

$ (SETQ ONE 1 TWO 2 THREE 3)
3

$ ONE
1

Fig. 3. SET and SETQ

wSea List of Advartizers on Paga 403
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1 ésfrag eontined

4160 x=LM(AL):GOSUstS:IFPL(AL)=NRETURNELSEAL=PL(ALJ:GDTO4165
4165 AL=PL{C)

4178 IPST{A)<>2THENER=2:GOTO25080

4175 A=A-1:IFST{A)=5T(A-1) THENX=TELSEX=N

4188 A=A-2:RETURN

41949 PL(E)zRS:AS=E:X=LM(AL}:PT(X—N):AL:IFLM(PL(AL))=NTHENLM(AL)=
LB:RETURNELSEIFLH(LM{PL(AL)))=LBORLM(LM(PL(AL)))=NBTHENPT{K—N)=L
M(PL{AL) ) : RETURNELSELM (AL} =LB : RETURN

4200 IFST(A)=ﬁTHENx=N:A=A—1:RETURNELSEX=A5:F=ST(A):A=A~F:FORJ=1T
OF:IFST(A}=@THENER=4:GOTOZSBGBELSEG=AS:AS=PL(AS):LM(G)=ST(A):A=A
+1:NEXT:PL{G} =N:A=A~ST(A)~1:RETURN

4220 A=A-1:IFST{A)=NTHENX=TELSEX=N

4225 A=A-1:RETURN

4238 IFST{A) <>1THENER=2:GOTO25P00ELSEA=A-]

4235 TFST(A) >40BBANDST(A) <5BPPTHENX=TELSEX =N

4244 A=A-1:RETURN

4245 IFST{A—l}>4BBﬁANDST(A—1)<SBBBTHENFORJ=1TOST{A)-1: =A~1:IFST
(B-1} >40PPANDST(A-1) <5@BBTHENIFFP(ST(A) -40B0) <FP(ST(A-1)}-40d8} TH
ENX=T:NEXT:A=A-2:RETURNELSE4252EL5E4250

4258 ER=5:GOT02580p

4252 X=N:A=A-2:RETURN

4258 IFST(A—l)>4aB@ANDST(A-1)<saaaTHEHPORJ=lTDST(A)—1:A=A—1:IFST
{A-l)>4BHGANDST(A—1)<5905THEN1FFP(ST(A)~4aaa)>FP(ST{A—1)—4BBEJTH
ENX=T:NEXT:A=A~2:RETURNELSE426 1 ELSE4 260

4268 ER=5:G0T0O25600

4261 X=N:A=A-2:RETURN

4265 IFAL()NTHENX=LM(AL):GOSUB265:IFX()NTHENAL=PL(AL):GOT04265
4278 RETURN

4275 IFAL<>NTHENX=LM(AL}:GOSUBzﬁs:IFx=NTHENAL=PL(AL):G0T042?5
4280 RETURN

4285 X=E:RETURN

4250 IFST(A)<>1THENER=2:GomozsﬂﬁBELSEA=A—1:x=ST(A):GOsuaZlﬂ:x=§:
A=A~1:RETURN

4265 IFST(A)<>1THENER=2:GOTozsﬂﬂﬂELSEA=A—1:x=ST(A}:GOSUBZGS:A=A—
L:RETURM

4388 IFST{A) <>1THENER=2:GOTO256@0

4385 A=A-1:X=ST(A):IFX>=NANDX<SGBGGOSUB225:X=B:A=A-1:RETURNELSEE
R=3:G0T025000

431@ IFST(A)=ﬂ0RST(A~1)=NTHENX=N:A=A—ST(A)~1:RETURNELSEX=AS:FORJ
=A—ST(A)TOA—1:Y=ST(J):IFY=@0RY>2@EﬁANDY()NTHENER=4:ST(A)=Y:GOT02

{I8fIRgE Comtinue

fect, you're declaring a constant.
Thus, (MUL 2 3) is a function call re-
sulting in a 6 and *(MUL 2 3) is just a
list of three atoms: MUL, 2, and 3. The
apostrophe is actually a shorthand for
the QUOTE function and *(MUL 2 3)
is represented internally as (QUOTE
(MUL 2 3)). The two notations are
identical in all respects, and either can
be used. The single quote mark is more
common because of the increased
clarity.

Much like Basic variables, Lisp
atoms can have values. Atoms that
have been assigned a value are called
bound atoms. Atoms that haven’t yet
received a value are called unbound
atoms. Uunlike regular variables, the
value of an atom can be any Lisp ob-
ject: alist, a number, or another atom.

There are no *‘string’’ atoms and
“integer” atoms. A single atom can
hold either value at different times. As
mentioned earlier, the value of T, NIL,
or any number is simply itself. The val-
ues of predefined function names like
MUL and ADD are unprintable ma-
chine code and are actually pointers to
the Basic subroutines that perform the
functions. One atom that comes prede-
fined in Basic Lisp is the atom FREE.
Its value at any time is the amount of

% e re— e
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CO0SOL COMPUTER PRODUCTS

SANY0 COMPUTER

® OKIDATAB2A CALL ® 834 .. ... ... CALL NEC PC-8001A, PC-B012A, PC-8031A ang ® SANYOMBC-1600 . ......... . .. $i549
$ gmg:mg;a ... CALL ® B2A TRACTOR sgg JB-1201 (NEC SYSTEMS witn et 2 g::;gugc-ggag st e 82500
T 53 ANGBASIC, oo ampsngsonsareess: G140 & 'm%m? ppais s 53909
OTHER PRINTERS ® NEC Other CPU's and Software ... ...... . CALL guive w an
® NECPG8023AC ... . calL MODEMS ® SANYO ACGESSORIES & SOFTWARE ... CALL
SEe it sbisasao 0 AL e wavES swaRTMODEM (soosauD) . 5oy  OTHER COMPUTERS
® NEC7710,7715.7730, 7700, 7725 1 calr ® HAYES SMART MODEM (300 & 1200 BAUD) 8505 ALTOS Computer Systems ............ . CALL
® CIToH 85l10AP 'CALL g BBIIGACD. RS CALL ® RS-232C COMPATIBLE ® ADDS Computer Systems ... ... . . .. CALL
o CITOH15415P CALL o SoniacD . Bl ® FULL and HALF-DUPLEX OPERATION = NEC PC-BOO1 A, PC-80124, PC-80314A, and
o CITOH F10.40P0 & F1od000 - EAT WITH BOTH JB-1201 (NEC SYSTEM) with CP/M
o CITOHFI055PUE F10-55R0 " cart # TOUCH TONE and PULSE DIALOG andBASIC. ... g4
® EPSON MX80 F/T GRAFTRAX PLUS GALL ® AUTO-ANSWER/DIAL/REPEAT ® NEC Other CPU's and Sotware ..., . . CALL
® EPSON MX100 GRAFTRAX LUS ., ChLt ® COMPLETELY PROGRAMMABLE ® DYNABYTES605-6-1 ... ... ... s5g9g
® TALLY MT 1602 t1 | oo ke e & BUILT-IN AUTO MONITOR ® DYNABYTE OTHER SYSTEMS ... .. . ... CALL
o TALLYMT1802 MT1a05 0 5149 ® STATUS AT A GLANGE ® XEROX 820 SYSTEM w/S 1/4" DRIVES ... $2499
® DIABLO 630 and 620 StRES M ® DIRECT-GONNECT DESIGN ® XEROX B20 SYSTEM w/8" DRIVES . ... 52995
o HAYESCHRONOGRAPH ... ... . . 5008 & SOFTWARE FOR THE ABOVE . . CALL
§ OQUME SPRINT 5 45/ROKSR & S55/R0KSH . CALL NOVATION AUTO-CAT AUTG ANS 3519
® ANADEX ADX-9500-P, ADX-0501-P . . . $1295 o cioNALMAN MARK 1 (300 BAUD) . ige
P e LR LR CALL  ® UDS.T030ALP (300BAUD) .. gooe COOSOL SPECIAL DISCOUNTS pL
® BROTHERHR. .. ... cALL ® UDS103JLP{300BAUDY ...... ... = 5199
® DAISYWRITERS .||/ ST e UDS.202SIP(12008AUD) T pan liﬂl;:;gg?ag:l?z..:: .... pses g:tt Us
COOSOL, INC. P.0. BOX 743, ANAHEIM, CALIFORNIA 82805.0743 o T — Ka
COOSO0L, INC. 2845 MESA VERDE DR. E, #1, COSTA MESA, CA. 92626 PHONETDAYS ooy p5a-8438 = ' ] f ooee
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TRS-80 memory remaining and it acts
just like the MEM function in Level IL.

Initially, all atoms that aren’t prede-
fined are unbound. They can be given
values using the Lisp functions SET
and SETQ. For example, suppose you
wanted the atom BROTHERS to rep-
resent the list (RALPH JOHN), Typ-
ing in (SET ’BROTHERS ’(RALPH
JOHN)) would work, as wouid (SETQ
BROTHERS *(RALPH JOHN)).
Evaluating BROTHERS would return
the list (RALPH JOHN).

Note the difference between SET
and SETQ. SET first evaluates the
atom to be bound, so that the atom
must be quoted if that evaluation is to
be stopped. SETQ performs no such
evaluation,

Study the examples in Fig, 3, and try
a few of your own, to practice using
these two very important Lisp func-
tions. Notice that SETQ can work with
several assignments at once. Note also
that SET and SETQ evaluate their sec-
ond arguments (and fourth, sixth, and
so on for SETQ) so that this argument
must be quoted if that evaluation isn’t
desired. Remember that ’2 and 2 result
in the same thing, since the value of
any number is itself,

Both SET and SETQ actually do

two things. First, they assign the value
of their second argument to their first,
Second, they return the value of their
last arguments. An assignment is
known as a side-effect, because some-
thing has been permanently changed.
Almost all Basic Lisp functions return
a value, but only a few have side-ef-

fects. An example of a function with- .
out a side-effect is (ADD 1 1). This
function call returns a 2, but changes
nothing. Sometimes a function is used
for its returned value, or for its side-ef-
fects (if any), and sometimes for both.
The (SETQ B ’C) in (SETQ A (SETQ
B *C)) assigns C to B and returns C,

§ (CAR (A By (C D))
(AB)

$ (CDR (A B) (C D))
((C Dy

3 (CDR ’(A))
NIL

¥ (CAR NIL)
NIL

$ (CDR (D)
NIL

$ (CAR (CDR '(RALPH
SHERRY

CDR

$ (CAR ’(CDR (A B O))

SHERRY JOQOHN BETTY))}

Fig. 4. CAR and CDR

COPY MODEL IiI, SCRIPSIT / VISICALC®

Only $20

APPARATS
NEWDOS /80 , 2.0
$129.95
Convert Model [ Scripsit and Visicaic to
Model {lI, plus: Renumber program lines

-move program lines - move blocks of pro-
gram lines - duplicate program lines - selec-
" tive variable clearing - program single step-
ping - memory sort multi-dimensioned ar-
rays - swap variables - read and write to
modei I disks - reference keywords - spool
printing - change disk speeds - disable
BREAK and CLEAR - Much, much more!

FREE “Layman’'s Guide to

Newdos 80" included with this
purchase.

Use VISA - Mastercard - Money Orders -
Allow 2 weeks for personal checks.
Kansas residents add 3.6% sales tax.

Works with all model 111 Visicalc/Scripsit and allows unlimited backups of master disks. Works
even if you're already backed up twice. Simple, 17 line program.

And look at these other outstanding values!

HAYES SMARTMODEM?..
$249.95

Talk with other computers over regular
telephone lines. SMARTMODEM can auto
dial - auto answer - repeat - allow for audic
monitoring - programmable - is FCC ap-
proved direct-connect - full or half duplex
capability, (-300 baud - R5-232C interface
- seven status LED's.

VERBATIM®
DATALIFE DISKETTES

5" diskettes come in a reusable plastic
storage box.

CALL TOLL FREE!
1-800-835-0071

IN KANSAS:
316 - 665-3611

This product is for personal wse only. Mot meant for distribution or sales.

ST8O II1%..$ 129,95

Smart terminal communications package.
Allows file uploading/downloading.
Emulates many different terminals. Totat
operator control.  (Written by Lance
Micklus.)

_ FREE
Catalog price list

of all Sales Data Direct-Order merchan-
dise available upan request. Super prices
- . Rapid delivery . . . Quality products.

A ILES
A'THA XN C,

526 E. 4th Hutchinson, Kansas 67501
316/665-3611

Dealer Inquiries Invited.

Phone or write Sales Data. Inc.

w142

w5ee List of Advertisers on Page 463
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Listing continued which is then assigned to A by the first

5008 ' SETQ. The result of the entire func-
4312 IFY<>NTHENZ=AS:AS=PL(AS) :LM{Z)=LM(Y) :Y=PL(Y) : GOTO4312 tion call is to set both A and B to C.
P e S The function EVAL provides an ex-
4315 IPST{A)<>2THENER=2:GOTO25000 tra round of evaluation beyond the
g%g ij‘%ﬁ;ﬂéﬂ; <4B010RST (A} >560 9THENER=5 ; GOTO25000 one already performed. In other
=A-1:IFST{A) <40010RST (A} >50BOTHENER=5 : GOTO256 50 f evaluti -
4330 WW=FP(ST(A) -4000) [FP (ST (A+1) -4008) : GOSUBLPI@R: A=A-1: RETURK words, the result of evaluting the ar
4399 IFLM(AL)<38@00RLM{AL) >40@0THENER=-1:GOTOA 447 ELSET2=PT (LM (AL) gument is then evaluated again. Fig-
;gg{;};ggg;Zgggglzii;BTHENER=1:GOT0444?ELSEIFLM(T2)<>LBANDLM[T2) <O ure 5 shows an example of how the
4409 PRINT:PRINT:PRINT* (DEFUN ";:X=LM{AL) :A$=CHR$(13) : GOSUB238: P function EVAL is used.
?ﬁf (éézx=;.;1(T21 :GOSUB23#: PRINT" *;: T2=PL(T2) :X=IM(T2) :J1=1:%1 You will find it useful to be able to
=X:GOSUB225:J=0:J2=B i i i
: apart. Li rovides two
4485 T2=PL{T2} s IFT2<>NPRINT: PRINTTAB(3) ; :X1({J2) =—2:X=LM({T2) : GO5SD ;‘ake .hStS P . Sph,p OSAR d
B4418:GOTO4405ELSEPRINT™) ) "; : X=8 : RETURN unctions for doing this, an
4410 TFX>4PO@PRINTFP(X-4806) ; CHRS (24) ; : RETURN CDR. These functions would probably

4415 = N s e :
4420 i?i‘;(ﬁﬁ;ﬁﬁgﬁb‘,’;ﬁlz;gfg?gmn_GOSUBZZS_REMN be more understandable if they had
;g%gsi;gg}(;giégggig;%m i?;gagﬂgiﬁ;f-}0RB=416RB=§1'£HEN4445ELSEI been called FIRST and REST respec-
B<> <>2BANDB<>21PRINT"(";ELSE4435 : : s
4430 X=T1(J) :X=LM(X) : GOSUB4410:X=T1(J} ; J=J-1:X=PL (X} : IFX=NPRINT" tively, b'ut you are left with historical
) "7 :RETURNELSEJ=J+1:T1(J) =X: PRINT™ ";:GOTO4420 convention. CAR returns the first ele-
4435 T1(J)=PL{T1{J)) :PRINTTAB(X1{J2}+2) "(":T2=J32+1:K1(J2} =POS{@ ment of a list: (CAR ’(A B C)) would

) :X=D:GOSUB4415: PRINT 1
4440 X=LM(T1(J)) : PRINTTAB(XL{J2)+2) ; :GOSUB4418:X=T1 (T} : J=J=1 1 X=P return A, CDR returns a list of all of

LéiliéFX=NTHENJ2=J2—l:PRINT") *; :RETURNELSEPRINT : J=J+1:T1(J) =X : G0 the elements of a list except the first:
T )

4445 T1(J)=PL{T1(J)) :PRINTTAB(X1(J2)+2}"(*; :J2=J2+1:X1({J2} =POS (¥ (CDR (A BIC)) fwc:)ulc! reht:lrﬁ (B C).
) :X=D:GOSUB4415: PRINT" ";:X=LM(T1(J)) :GOSUB4416:PRINT: T1{J) =PL (T Some examples of the use of these two

1{J}) :GOTC44440
4447 E=0:LM(E)=LU{AL) : GOTO25000
4458 IFST(A) <>2THENER=2:G0OTO258@PELSEA=A~L: IFST (A) >20QQTHENER=4:

functions are in Fig. 5.
DELETE is a function that removes

GOTO250BPELSEA=A-1: TFST{A) <NORST(A) >4BS@FTHENER=3: GOTCO25B60 dELSET= parts of a list. In Basic Lisp, DELETE
STIA+1) :D=ST(R) : X=A5:2=N takes an atom and a list as arguments
4455 TFJ<NTHENIPLM{J)}=DGOTO446PELSEZ=AS:A5=PL{AS) ;:LM(%) =LM(J) EL ate f the I £ ith all
SETFZ=NTHENX=N:RETURNELSEPL(Z) =N: RETURN and returns a copy of the list wit

4468 J=PL{J) :GOTO4455 top-level occurrences of the atom de-
450@ PRINT:PRINT"; HIT ENTER TO BEGIN"; :GOSUBI0 : PRINT#-1,FE,PE,A leted. Full-blown Lisp systems can de-

8:FORJ=2TOFE: PRINT#-1,FF(J) :NEXT: FORI=49TOPE : PRINT#~1 POB{J} ,PT(J

S : lete any s-expression from a list, but
Listing contintes

Basic Lisp can delete only atoms.

DRAGON DATA

e COLOR COMPUTER

TRS-80

FLEXPLUS DOS ULTRA BOCC
FLEXPLAS 15 2 powerful. easyto use disk operating system. Spectral Associates has adapted (Ed"OﬂASSOI‘_ﬂblGﬂ GREAT BASIC GAMES
TSC's FLEX tar the best DOS comphetely compatible with Radio Shack software for use onthe  MOSt powerful dist-based edlor/assem- ALCATRAZ ||
Color Computer. Elrinate the need for Radio Shack’s TRS DOS - use FLEXPLUS with  bler for the Color Fﬂmpiﬂiﬁf available (re- &.T REGK
Editor; Assembler and have the options of a fult range of utilities. FLENPLUS works an the 32K quifing 32K} and a "'must” for anyone con- GAME FACS
Radie Shack disk systern with 64K memory chips with a High Resclution multi-scresn farmatthar  Siderifg the development of machine GAMBLIN GAMES
supparts a 24 hine by 51 character display! Also mcluded are special enhancerments 1o Radia  |1anguage pregrams. Complete  with PIRATES ALTOY
Shack's Disk system when you are running FLEX with single ar double sided. single of deuble  B8-page documentation. .. .. ... . $49.95 OESERT GOLE
density, 35. 40 and B0 track dnves . ESCAPE FROM PRISON CITY
Ky LEXP1US are: GNT (Graphics 'n Text} SUB HUNT
dvantages of FLEXPLUS are: Gives the Extended Basic Color Com- LASER COMMAND
* Hest prive anywhere puter the capability of intermixing text gz#gﬁ;ﬁ&iﬁ“s
* Easy start-up—ijust type “RUN FLEX « * and graphics on a high resolution screan !
: : ) o . PMOD; a4, ..., LOTHAR'S LABYRINTH
* Allows vou to save RS compalible disk files from FLEXPLLS IRHQPERore GREAT PRICE $19.95
* All FLEX compatible software will run including INTERRUPT  gpac) € (Graphic Moniton) CLONE 80C

DRIVEN SOEFTWARE Excellenl tapc utility tor copyin-gut:Epe

i e Twed of wriling machine language pro- files and mgexing them. . ... ... _. A
NO HARDWARE MODIFICATIONS NEEDED grams wilh na way to dsbug them easily? PRICE §14.85

Warranty will not be voided—no need 10 open computer Yaur problems are soived, the ORAGLE is

Wide range of available software here.................... ONLY§2995 MAGIC BOX
Reguires Supercharger board DISK EDIT Special utility designed to lead MOD 11l
$149.9% for FLEXPLUS. Editor/ Assembler and Supercharger Powerlul disk utility that allows direct ac- t:r:r:cmggt:?nu BASIC pmgran;il;nEI:
cass, viewing. and editing of any part of a e R
SAVE SAVE SAVE aisk availabls for 16K or 32K. ... $19.95 PRICE.324.95
_FLIE?;PLUS DOS is a great vatue for only $149.95. FLEXPLLUS DGS Business Office and Information  For orders only, call toli-frec,
imeludes:
FLEXPLUS ... ... ... .. 399.9% Call 206-565-8483 1-800-426-1830
SUPERCHARGER . .. o 30.95 Office open 8:30-4:30 P.S.T. Bucepr WA, AK, 11
EDITOR/ASSEMBLER ... ... s 59008 We accept VISA, MASTERCARD, AMERICAN EXPRESS.

You get rhis 3199 89 value Tor only $i49.95! Add 3;:? ;ﬁrc:::igpsingéUNb?Dg.O,D.
SUPERCHARGER - Allow machine language access — ;
to all 64K RAM in a Series E PC board. SPECTRAL ASSOCIATES
MNo hardware mods, $39.95
DISK BASED EDITOR/ASSEMBLER - MACROS. 141 Harvard, Ave., Tacoma, WA 98466
CONDITIONAL ASSEMBLY - will work with Super-
charger. $49.95

Call or write for our complete CATALOG, 119
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Listing continued
):NEXT:FORJEITOAS:PRINT#—l,LM(J],PL(J):NEXT:X=5:RETURN
46949 PRINT:PFRINT*; HIT ENTER TOQ BEGIN"; :GOSUB%Y : INPUT#-1,FE,PE,A
S:FORJ=2TOFE:INPUT#—1,FP(J):NEXT:FORJ=49TOPE:INPUT‘—I,OB(J],PT(J
):NEXT:FORJ=1TOAS:INPUT#—I,LM(J).PL(J]:NEKT:X=H:RETURN
4650 X=@:A=A-1:IFPE>43THENPRINT:PRINT"} ":0B(PE) ;" DELETED FROM
OB LIST"; :PT(PE)=0:0B({PE)="":PE=FE-1
4655 RETURN
4788 TT=LM{AL) : E=PL{AL) :AL=E
4785 x=TT:GOSUBZG5:IFX(>NTHENAL=E:GOSUB4BQG:GOTO47@5ELSERETURN
4758 TT=LM{AL) : E=PL{AL) :AL=E
4755 X=TT:GOSUB265: IFX=NTHENAL=F:GOSUB4 866 : GOTC47 55ELSERETURN
48606 IFAL<>NTHEMX=LM{AL) :GOSUB265:AL=PL{AL) ; GOTO48AD
4805 RETURN
19068 FORJ=1TOFE:IFFFP(J) ~WWTHEN18618
10085 HEXT:FE=FE+1:FP(FE)}=WW:X=FE+4880:RETURN
16016 X=J+4P0F:RETURN
25949 X=ST(A):Jl=1:x1(J)=X:IFA$<)CHR$[13)THENPRINT
25891 A$=CHR$(13]:ONERGOTOZSGBZ,25@@3,25354;25@35;25996,25@57,25
aag
25682 PRINT"; ";:X=LM{E):GOSUR238:PRINT™ INVALID FUNCTIOR NAME" ;
1 GOTO25850
25883 PRINT"; IMPROPER NUMBER OF ARGUEMENTS TC SUBR OR NSUBR";:G
OTG25050
25884 PRINT"; ";:GOSUB225:PRINT™ INVALID ATOM";:GOTO25@50
258005 PRINT™; “;:GUSUB2253:PRINT" INVALID LIST";:GOTO25B54
25006 PRINT"; ";:GDSUB236:PRINT" INVALID RUMBER" ; : GOTQ25050
250@7 PRINT®; ";:X=V:GOSUB230:PRINT" UNBOUND ATOM™ ; : GOTO25850
25088 PRINT™; DIVISION BY ZERQ";:GOTO25858
25658 X=0:0NERRORGOTO25@51:P=1/p
25051 PRINT:RESUME3D
26006 IFAS<>CHRS{13)PRINT
26901 IFPE>9@PRINT"; OB LIST FULL":PE=0@:I8$="":G0T027104
26085 IFFE>S@PRINT"; FP FULL":FE=58:I5=""+GOTO271P06
26018 IFAS=NPRINT*; LIST MEMORY FULL":GOTQ271p0
26813 IPERR/ 2+1=9THENIFA>3500RJ1>150RTI2>150RI>ISPRINT"; STACK OV
ERFLOW" : GOTO27000
26415 PRINT"; ERROR"
27008 RESUME3D
27188 PRINT"; HIT ENTER TQ REINTIALIZE, ANY QTHER KEY 10 CONTING
E ":GOSUBSB:IFA$=CHR$(13]PRINTCHRS(ls):RUNELSEZTﬂﬁﬂ
sppen DATANIL,3BBE,T,3Bﬂl,SETQ,EBﬁ3rEQrSBlZpCAR,5Bﬂl,CDR,SBBZ,CU
ND,GBB4,DEFUN,SBBS,ATOM,5511;LIST,5513,RPPEND,SGzﬂ,ADD,BﬂGB,SUB,
5@@6,MUL,SEBQ,CONS,5533,NUMBERF,SHIS,GREATERP,SBIG,LESSP,SBIT,EV
AL, 5R07
S@9d1 DATAPRINTF ,6689,AND, 6067 ,0R, 6008 ,DELETE,5821,5ET,50804,DIV,
591@,NOT,E@IQ,PDWER,5319,PRINT,EBBE,PATOH,SHIB,READrSBBZ,QUOTE,E
ﬂﬂl,LAMBDA,EBBE,NLAMBDA,GEEB,SAVE,Sﬁlﬁ,LORD,GEII,RPAREN,3B44;LPA
REN,3043,0T,3045,CR, 30846
50062 DATASP,3B4?,DOWHILE,6ﬁ13,DOUNTIL,6614,%,6312,(,ﬂ,};ﬂr'p@;c
R,4," ",0,FREE, 4801

If lists can be taken apart, there
should also be ways to put them to-
gether. CONS, LIST, and APPEND
are three Lisp functions that do just
that. CONS takes a list and a new first
element for the list and returns a list
with the new first element added, LIST
makes a list out of all of its arguments.
APPEND strings the top-level con-
tents of each list given as an argument
into a single list. Figure 5 shows exam-
ples of the functions DELETE,
CONS, LIST, and APPEND.

You now have a good foundation of
basic skills in Lisp programming and
have been introduced to most of the
functions of Basic Lisp. In Part II, you
will put some of these pieces together
as you learn how to define your own
functions. B

Randy Beer, a student of computer
engineering, can be reached at 911
Lex-Ontario Road, Muansfield, OH
44903,

Model 11/16 Conversion

BY JEESE W. BAKER
EDIT THE FOLLOWING LIKMES:

58 Jl=B:PRINTCHRS(O1) ; :GOSUBSD

55 GOSUBLEO: IFX<>LPTHENRETURN

60 JI=J1+1:¥1(J1)=AS:T1{J1) =A5:LN{T1{J1]}}=B:A5=PL[AS} ; IPQ< >PTHENRETURN

€5 GOSUBS55: [IFX=RPTHENGOTOS

5 LMITI{J1))=X:IFQ<>OTHERRETURHELSEGS

185 IFKR=<41THEMX=RP:IFJ1=10RJ1=2ANDQTS D THENRETURNELEEZRD

115 IPRE<CCTHENGOSUBSE : GOTOLABELSEL2S )

218 IFAS<>CURSE{13) THENERINT

225 IFX>5088THENPRINT®; UMPRINTABLE MACHINE CODE";:RETURNELSEIFY>48BEBTHENFRINTED
{X-4000) ;CHRS(2B) ; :RETURN

230 IFX>=NTHENPRINYGB (X-N} ; s RETURN

235 IPX=BTHENRETURN

437 IPLM{X}=QUTHENPRINT"'"; :X=LM[PL(X) ) :30SUB225: RETURN

258 X=X1{J1}:J1=J1~1:X=PL{X) : [IFX=NTHENPRINT"} "; : RETURNELSEIFX >NTHENPRINT . ";:G
Q5UB225:PRINT") "; : RETURNELSEIFX=0THENX=1/9

245 FELL)=MEM: IFX>480@ANDK <50 A10RY =NO RX = TTHENRE TITRN

4625 IFAT(A) <3 2THENER=2:GOTO25688

4125 AL=PL{AL) : IPAL=NTHENER=23:GOT0O25080ELSEAL=FL{AL) : IFAL=NTHENRETURNELSE4] 26
4150 C=LM(AL}:X=LM(C} : GOSUB265; IFX=NTHENAL=PL (AL) : IFAL~NTHENRETURNELSE4159

4168 X=0M{AL}:GOSUBZ65: IFPL(AL) =NTRENRETURNELSEAL=FL{AL) : GOTO4160

4305 AsA-1:X=ST{A):IFX>=NANDX<5008THENGOSUR225 : X=mpd : A=A-1 : RETURNELSEER=3: GOTO2539
8

4338 WW=FP(ST(A)-4896] "FF (ST (A+1) -4080) ; GCOSUB10608 : A=A—~1 ; RETURN

4405 T2=PL(T2} 1 IFT2<>NTHERPRINT: PRINTTAB(I) ; :X1{J2} m=2:X=LM({T2) : GOSUB4 410 : GCOTO44
ASELSEFRINT")} " :X=0 :RETURN

4419 IFX>4@APTHENPRINTFP (X~4B60) ; CHRS(28) ; : RETURN

4415 IPX>=NTHENPRINTOR(X-N] ; ; RETURN

4428 IFLM(X)=QUTHENPRINT"'"; :X=LM{PL{X)) : GOSUB225: RETURN

26E88 IFAS<>CHRS$(13} THENPRINT

26691 IFFE>PPTHENPRINT"; OB LIST PULL":PE=90:I$="":G0T027180

26805 IFFE>SOTHENPRINT"; FF FULL":FE=50:I8§="";COTC271084d

26016 IPAS=NTHENPRINT®"; LIST MEMORY PULL";GOTO27108

26013 1FERR/2+1=9THENIFA>3580RIL>150RI2>150RI>1STHENFRINT" ; STACE OVERFLOW™:GOTO
27080

47180 PRINT"; BIT ENTER TO REINTIALIZE, ANY OTHER KEY T0O CONTINUE ":GOSUBSG;IFAS
=CHR$({13) THENFRINTCHRS({ B2} : RUNELSE27@R0

$ (SETQ GIRLS 'SISTERS)
SISTERS

¥ (SETQ SISTERS '(SHERRY BETTY))
{SHERRY BETTY)

$ GIRLS
SISTERS

$ (EVAL GIRLS)
(SHERRY BETTY)

$ (DELETE "A (A B C))
{BC)

$ (SETQ A-LIST *(A (A B) C A))
(A (A B) C A)

§ (DELETE *A A-LIST)
{ABQ)

$ A-LIST
(A(ABYCA)

$ (CONS*A (B Q)
(ABQ)

$ (LIST A (B C) 'D)
(A(BO D)

$ (APPEND *(A) (B O) (D))
(ABC (D)

¥ (LIST '"MUL 2 3)
(MUL 2 3)

$ (EVAL (LIST 'MUL 2 3)
6

Fig. 5. EVAL, DELETE, CONS, LIST and
APPEND
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