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200. 
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o. 
40. 

(i so. 
60. 

670. 
680. 
Gqo. 
700. 
710. 
720. 
730. 
7 40. 
750 . 
760. 
77. 
780 . 
790. 
800. 
810 . 
820. 
8 o. 
840 . 
850. 

60 . 
870 . 

80. 
8 o. 

o. 
10 . 

920. 
9 (). 
q40. 

50. 
60. 
70. 
80. 

9 o. 
1000. 
1010. 
1020. 
1 3 . 
1 
10 o. 
10 o. 
1070. , o. 
10 o. 

100. 
10. 

112 . 
11 
, 1 o. 
1 
1 1 
1 1 7 . 
, 1 
1 

1200. 
1210. 
12 
12 
1l 

(B 1 1) 
(BNE l) 
(B L l) 
(BL 1 l} 
(BH 1 b 1) 
(B H 1 bol) 
(B la el) 

ATO 
FWD 

Er nch 
ch 

Branch 
Pr nch 
Ilt:anch 
Branch 
Branch 

(BTYPE <NOT> NIL Rn labPl) 
FLOAT 
LC'IC 

UMBER 

i eg 1 
if 0 oqu 1 
if 0 low 
if lo 
if t, i 
if not hi g l 

uncondi ionally 

Eranch to "l tel" if 
S-expression addre s 
regis er Rn is/isn't a 
a o, fullword, IL , 
lea in - oint nu her, 

loqic 1 number, or n 
r spec ti vely . 

(DCN n v l) Exp nds o ( DC v al} (DC v 1) ••• 
r pea n times . 

ere e panding functio1s .********* ***** ** 

A aero func ion is efined by put in a l b - r sion on th 
property-Ii of he func ion with one of four prope ti 5 •- co~ 
•-MACWEISS, •-MACEXPR , • - ACFEXPR , pen ing on the 
type of cro . DE IN h s been rewri en to firs ca 1 a function 
*-MACSRCH , which exa ·nes he unctio for c 11s to functions wi h 
one of he bove four pro rties . If such a func io 1 re , 
*- CSRCH x s th 0 ero nd epl ces he expan ed co h 
function efini ion . 

The fur ypes of acres are explained elo : 

( ) CWEISS. cro-func ion of t type 1AC' ISS 
c 11·n th op-lev 1 function C EISS , si il r o 
This p o m cro works ex·c ly lie he er s de c 1 w • s n's LISP 1. Pr·mer , a is expanded in h~ s 
This fe ha~ be n incl ded or co patability with 0 

k • of doubl ts 
u he l bda-exp 

p p r "*- AC 'Erss•1
• 

0 r en which is he f 

s *SE'IQ s a CWEISS wit : 

s 
)) 

(C DR ) 
*S )(CDOR ))))))))) 
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1700. 
1710. 
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17 o. 
17ijQ. 
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1 7 0. 
1770. 
17 o. 
1790. 
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00. 
1810. 
18 20. 
1 o. 
1840. 
1850. 
1860. 
1870. 
1880. 
1890. 
1goo. 
1 9 10. 
1920. 
1 o. 
1940. 
19 50. 
1 60. 
1q10. 
19 o. 
1990. 
2000. 
2010. 
2020. 
20 o. 
20 o. 
2050. 
2060. 
207 . 
2080. 
2 90. 
2100. 
211 . 
2120. 
21 o. 
2140. 
2150. 
2160. 
2170. 
2180. 
21go. 
2200. 
2210. 
2220. 
2230. 
2240. 
.2 2 0. 
22 o. 
l.210. 
2 80. 
22 o. 
2300. 
2 10 . 
2320. 
2 o. 
2 40 . 

o. 
o. 

70. 
o. 
o. 

CFEXPR((( L MB 
( (L BEL EXP lD (L 

(COND (( Ul (CR 
( (LIST C 

( AR 
(CDR 

) ) 

FCR ) 
0 11)))) 

A ter short inspec 
form (*SEQ A C 
form (* PROG2 (P I 

(PROG2 (PRI T 

ion, o c 
C) o (SE Q 

T ) (PR 
) (P OG2 (P 

) ) 
( 'P D 

a 
B ( 

T C) 
(PRI 

F (CD 

Two final exam les: 
(* co s 1 2 3 4) ------> (CO 1 (CC S 2 
(* any hinq A) 

( ) ACR . The t ur 
The top 1 funct 
under o y 
not eva la 
for he n fo 

on 

ype o cro s 
ACRO, which 

O. I his cs, *
r c:sion bu use 

MACRO(((CAA R(lA EL (X) ( R(C AR )))))) 

h n (CA AR ( 0 IT (C Z))) -------> (C R (C 
(CAAAAR X) -------> (C (C 

In many c s 
to a aero, 
" ACRO". 
ote howev 

to swi ch func ion c 
tha s n c cs ry is 

a if en 

I 

MACRO ( ( (PRI 'IQ { B IX ( R T ( U , ) ( p 

ha (PRI Q (CAR Y il 

(P OG2 (P 

ING: i o 
ACRO ( { (DOUBLE (L 
n 
(DOU LE (F 

x p n s to 
(CO S (F V 

If DOUDL r 
one . 

0 

s
Th 

) Th s 

U E ( R ) ) 

in , y 
D ()(OSX )))))) 

) ) 

, 

0 

o: 

(C 

C 
1 

) ) ) 

)))))) 

he 

) ) ) 

ion 

) ) ) ) 
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000 . • J010. 
020. 
0 o. • 0 o. 
OCi O. 

rn o. • 3070. 
080. 
090. • 100. 

3110. 
3120. • 1 o. 

140. 

• J150. 
31 o. 

170. 
31 o. • 190. 

200. 
210. • 2 20. 

32 o. 
240. • 3250. 
26 . 
270. • o. 
290. 
300. • 3 10. 

3 20. 
3 30. • 3340. 
3 50. 
j 60. • 70. 

80. 
3 90. • 4 00 . 

410. 
4 20. • 4 o . 
4 o. 
4 50. • 460 . 
4 70. 
480. • 3uqo. 
00. 

510. • 520 . 
o. 

40. 

• 50 . 
0. 

70. • 5 o. 
3c; 0. 

Th to ... i us d io (as w l s uts ir conju ion ·i h s ys ... exp sion d op 1 l, hen fir t r X nd in h qivE> r ss , n th n i s Thus a op 1 V 1, C n : 

.... ( FO F I : = ( 1 10) X 1S'I I) 

nd v lue r urn d y v lquo will e ( 10 8 7 b S 

-. is in a as an FSUER. 

(g) the •- CPFCG fe>a ur.-e: 
In som cases, one wises a ere to pand, not 

into on form, bu intc many: for exa pl, it 
one n e a aero call d REPE T, wh re 

se 

3 2 1) 

( ••• (R FEA 5 (CAR X)) .•. ) ould Pp nd 
o ( ••• (C R X) (C R X) (C R X) (CAR X) (C~R X) ••• ) 

Tis can be acccmflishe y having the ini i l 
expansion of h macro o be (*-M CPROG ... 

<in this c se, (*- ACPEOG (CJ\ X) (CAR X) (C R 
> CSRCB will hring "in line" ny for 
wi h •- ACHiOG--

ACEXPR ( ( (REPEA'I (LA BCA( EXPR) 
(CO NS al -M ACPROG 

) 
) ( 

Stat 

((LABEL N (LA BCA(M) {CC D{(ZERCf ) IL) 
(T(CCNS EXPR( T(SUB1 )))))) 

) ) ) ) ) ) ) ) ) ) 

Thus ( ••. 
( ... (REPEA 2 (F VAR)) ... ) fir ·t 

chang d to ( ... 
(*- ACPllO (F VAR) (F V R)) •••) 
(FN VAR) (F VAR) ... ) 

N TE: I CC EXP NSIC', THE I ER OST ACROS ARE 

** ****** * ****** ****(4) 
( ) 
(b) 

( C) 

V 

ST DARO 

p 

CROS ** ** 

s n 
IL . 

ch l. 

l I 0 

t 

g 
) (CAR X)): 

s to 
.LC I is h n 

D D FIR ! ! ! ! 

itr: ry 

ia 
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0 • h 
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• • 

DO f r 
n ) , .... 

OR 

. 
70. l. 0 , 
o. h C 

3 o. h . 
000. 
010. 

4020. ( 

0 o. C 0 p 
0 o. 

40 o. Td 
0 o. 

4070. 
40 o. 

0 o. 
4100. 

1 10. 
Ll 2 . 
41 0 . 
4140. r 1 0 1 . 

150. Th I i 
1 o. incr . 
170. 

0. Th i no l 0 h u r 0 C r g s: , o. 
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200 . 
4210. 
4 20. 
4230. 
4240. 
4250. 
4260. 

270. 
4280. 
4290. 
4300. 
4310. 
4 20 . 
43 30. 
4340. 
4 50 . 
4360. 
4 370. 
4 80 . 
4 90. 
4400. 
4410. 
4 4 20. 
4430. 
4440. 
4450. 
4460. 
4470. 
4480. 
4490. 
4500. 
4510. 
4 520. 
45 o . 
4540. 
4550. 
4560. 
4570. 
4580. 
4590 . 
4600. 
4610. 
4620. 
4630 . 
4640. 
4650. 
4 60. 
4670. 
4680 . 
4690,. 
4700. 
4710. 
4 720 . 
47 30. 
4740. 
47'10 . 
4 760. 
4 770 . 
4 780. 
4790. 

4 800. 
4810. 
4820. 
48 o. 
4 o. 
850. 

** **** ESTED B GES: 
(FOR I Y 

FOR Z I . . . . . ) 
If Y ·s list of lis s, this executes te loo ore 

each el men of each le en of Y. 

** ** * E VARIABLES: 
In order o say (FOR X IN Y ••• ) , X ust lrea y b 

available s a PROG or LAMBDA variat::le. If 1t isn't, o 
(FOR NE X IN ... ) nd X will be decl red loc 

this is lso useful in enabling the uspr c use 
which might have di Pren meaning els where in 
locally to a for sta emen . 

****** ADDITIONAL TERMINATI G CCNDITIC S: 

(FOR NEW SEED IN PO PKI 
AS E FORS : =(EA WORSE) 

WHILE {NOT (EQUAL FORS HORRIEL ) ) DO 

The loo will er in e wh@n 
( 1) The end of PU FKI J is r~ached 

or (2) FORS is greater than ORSE 
or ( 1) FORS is EQUAL o HO RIELE 

whichever co PS first . 

. ... 

(FOR EW FE ATUR 15 ( A D 1 FE TU E) UNTIL (U BE 

Here is an 
the loop will 

xa ple of h IS coupled with r 
rminate when (UIB RABLE FEATD 

NOTE: 
of 

U TIL differs fro 
he loop nd WHILE 

WHILE in tba U TIL 
ests a the be i n1ng. 

** ******* t e I claues 
(FOR I: (1 10) IF (NOT(EClJAL I 5)) ••• 

will execu e he loop q imes, as It kes o h 
1,2,3,4, ,7,8,9,10. 

*** * ****SPECIFYING A VALUE TC THE FOR: 

If one says 11 00 11
, he FOR sta e en 

However, he FOP can use for "buil 
ne value of h last of hes at ens 

(FOB I :=(1 10) PLUS I) r:eturns 
one to ten. 

(FOR NE I := (1 10) 
AS NE J IS ( l .S I I) 
lIST 

r urns 
u F" 
th 
SU 

(CO~S I J)) 
Returns hP li of h v lu s o (CO s I J): 

(( 1 • 1) ( 2 • 4) ( • 9) ( 4 • 16) ..... ) 

Notice h 
and h value 

n c n occ r b 

(FO wc~c I Es G 
FOR EW LE T T ( PLOD O D 

n 

LIS 
(P RI 1 
( co ) ) ) 

) 

n 

t 

tor 

variable 
c n say 

OR. 
s 

r. TURE) 

UE • 

n 

0 

C 

. .. ) 

or 

~ 
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)) ) ) 

) • 
0 

o. • 1 

I t 8 

V 

• n h 
I t l. 9 C 

1 • . 0 . . • . L n X . • . 
51 . TI ES 
51 n . . 
51 40. 
51 o. 

160. MAX h on n 
170. .0 77 
1 o. 

51 o. I n . 
2 o. 

5210. . RO 2 u . 
21.JO. 
250. D V urn r: 2 o. 'I • I 

l. 270. 
52 80. R 0 l. 0 r s . l t r d r . . . L S Th C p E 1 , h S 0 . h i u :..s li 40. 

o. ny oh [' 

5360. 
5370. 

V 0 h 5 
5 90. , 0 0 0 
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5400. 
5410. 
5420. 
54 o . 
5440. 
5450. 
5460. 
5470. 
5480. 
54 90. 
5500. 
5510. 
5520. 

5 30. 
5540. 
5550. 
5560. 
5570. 
5580 . 
55cm. 
5600. 
5610. 
5620. 
56 30. 
5640 . 
5650. 
5660. 
5670 . 
5680. 
56<:lO. 
5700. 
5710. 
5720. 
5730 . 
57 40. 
5750. 
5760 . 
5770. 
57BO. 

7 90 . 
5800. 
5810. 
5820 . 
5830. 
5840. 
5850. 
5860. 
5870. 
5880. 
5890. 
5900. 
5910. 
5920. 
59 o. 
5940. 
5950 . 
5960. 
5970 . 
5 80. 
5990. 

60 o. 
6010. 
6020. 
6030. 
6040. 

r n n s to ol r tu I Vdlu s he firs 
ew v o the f 1 1 e xpr ssion s the QU e 

second rgu o fin hen rt rn v lue. 

a y func ion of WO argu n s FIRST ex 

ot s: 

If h oop is never ent r 
Rach i e through he looF, 
a plied o he old return v 
expression o find he new re 1 

XLIST 
M X 
MI 

I S 
PLUS 

Ihe ini ial cld return v lue 

CONS 
AX 

MIN 
TI S 
pus 

FIRST IL 
FIRST -1. 77 
FIRS'I 1.e77 
FI FST 1 
FIRST 0 

********* * * *G NER L SYN AX 

C list 

GSE! 

APC 

(FOR <NEW> V r I' lis 
:= (n1 n2 < 3>) 

< S <NEW> v r ... > 
<UN IL prEdica e> 
<WHILE predica > 
<IF predica e> . . . . 

I D 
I LIST 
I PLUS 
I T ES 
I EROG2 
I XL ST 
I D 
I OR 
I AX 
I M 
I < ny func ion of two rs> 

<FIRST ex ressicn> 

<st te n ><st ~ n > ... expre sion 

***• ** * * (5) se ul Lisp functions . 

( .. ,. 

o s t h 
bl h 

h sp ci 1 c 11 

i 
p 

, 

xpression is re urne . 
of wo r uments is 

ne · valu of he inal 

I T expression . 
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• 
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70. 
6U80 • . . . 

y 

LO 
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I E 

EQ 

A 
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( 1) 

C 

' ))))) 

n 

. 
n 

R's 

u 

u id 

E I?) ) 

) I 

d or 
pr 
th t 
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6 00 . 
6 10. 
6620. 

610. 
640. 

6650. 
6660. 
6670. 

80. 
6690. 
6700. 
6710. 
6720. 
6730. 
6740. 
6750. 
6760. 
6770. 
6780. 
6790. 
6800. 
6810. 
6820. 
6 30. 
68UO. 
6850. 
6860. 
6870. 
6880. 
6 90. 
6 9CO. 
6910. 
6920. 
6930. 
6 940. 
6<3'>0. 
6960. 
6970. 
6980. 
6990. 
7000. 
7 010. 
7020. 
7 030 . 
7 40. 
7 050. 
7 060. 
7070. 
7 080. 
7090. 
7100. 
7110. 
7120. 
7130. 
7140. 
7150 . 
7160. 
7170 . 
7180. 
7190. 

LE 

GEQ 

APPREV 

PUTPROP 

D VIDE 

PRINC 

ASSOC 

FULL ORDP 

LENGTHEXPLOD 

ABS 718 

A D, *OR , 

(- - 0 . '> 1 0 A BB IL X 
(1 • ) l (1 • Xl (1 2) (1 
( ( B C 

si 11 r t o 
t he f in,t 

e abo v e or d 
L i the t i 

xcept 
cnt is less 

1.1 g, EQL if he 
t ar-1u e nt is 

urns Ht if 
s con, EQ L i hey 

lie t 1 r .., t argumen 
re e Ud ana GRT if 

F prop 
(FUTPE0 
\'Len 

h 

(DIV 1 D 

h n he seccn . 

s s 

he e rg n 
L I D) pu 

prop r y li~t of 
y I D. 

B)=(LIS ( UOTIE T 

lu 
n er 

B) (RE 

PRI C is like 
ccep ee t:bi 

its onP acqu 
cu pu buffer 

PRI '1 
t:y s

nt. I 
wi hou 

e cep h i 
ressions for 

pu s he in h 
ending the lin 

ASSOC akes ht:e argu ents. 1 is si 1 r 
o SASSOC in its workings. I ~€ ccne 
hrouqh the seccnd rgumen, a 11s, 0 

an element whos CAR is EQUAL o be • lI-.,t 
rq11 men . (S ASSOC us s EQ nste o 

A b) ) 

EQUAL). 5 
rf uch an ele en is found, h tutn d. 

C herwi~e, he third r u ent is ex 
Tr.e hied argumen may either tP 
cf no rguments or a value. It ou, 
it is evalua e • In any c se, hir en 
is then re urned. 

(ASSOC ii: A ( (1 • 2) (A . B)) IL)---> 
(l\SSCC 1 ((1.0 • 2) (A . )) L)--) l 
(ASSCC ( (1 • 2) (B ) ) a; X) --> 
( A S SOC A w ( ( B C) ( C D) ) ( FU N CT IC 

(LAMBDA(} (PRI T HELP)))) ---> I els 
e11 as printing HELP. L ' 

FULL ORDP re urns Ti its rq en 1 
(C0ND (FULLWORDP X) NIL) (T (C R X))) • 

tak s s i s en ny lite 
~-ex ression m e onl y of li 
r urns hP nu e of eel 

r n +hat S- xpr s sicn 

b r r rn 
cl t e va 0 h 

0 
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• 
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• • 
• 
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• • 
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• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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7 
7 • 
7640. 
7 o. 
7 o. 
7670. 
7 80. 

0. 
770 • 
771 • 
7720. 
77 o. 
77 o. 
77 o. 
7760. 
777. 
77 o. 
77 o. 

, 

u 

•••• 

SO EV L, 
in o h 

R y 
n 
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l s t 

lu 
ll1 • . ( on • 

u 

• 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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7800. 
7810. 
7820. 
78 o. 
78UO. 
7850. 
78 o. 
7 70. 
78 o. 
7890. 
7900. 
7910. 
7 20. 
7930. 
7940. 
1 so. 
7960. 
7970. 
1 80. 
7990. 
8000. 
8010. 
8020. 
80 o. 
8040. 
8050. 
8060. 
8070. 
8080. 
8090. 
8100. 
8110. 
8120. 
8110. 
8140. 
8150. 
8160. 
8170. 
8180. 
8190. 
8200 . 
8210. 
8220. 
82 o. 

//J77 8 0 

A RAY (T [> ('> ) LIST 'IL) 
DE IE((( LL F(L ,8D () 

( R l ~ = ( 1 5) 
OR J :=(1 5) 
DC 
(SET (T PI J) (TI ES I J)}})))) 

is th wa to ~tore in o an array. 

B. The Timing Fea ure 
TI ETOT, GETIME, RF IE: 

'T'hese ar 
ke he OS 

fu nc ions for loc 11. zing those parts o 
time,. 

T ey all ake a 1 is of fu c ion names as their or. 

TI TOT redefi es he unctions iven it Hi 

k ep tr ck of he a moun of ime frcm when they r 
hey are f>Xi ed; as wel as he num er of cc s•es p 

the num er of times the func ions re call~ . 
TIM OT uses LAF and so must be c lle be Ot 

it requires 7 3 words ct Binary Progra Space per 

GETI E is called a he nd of a run, iin d it 

of he infor a ion h t TI,ETOT direc ed the unc io 

RETI E rPinitializes 1' coun crs f t: l 

Example of 1~e: 
DEFI E(((TEST(LA DD (X) 

(PROG NIL (P1 X) (F2 X) (F3 X) (F4 X) (F5 X))))))) 
TIMETOT (TEST F1 F2 Fl 4 F'i)l 
CLEANUP () 
T ST((THIS IS TEST}) 
GETIME ((TEST F1 F2 F F4 F~)) 

c. Fixdefine 
D. Cl nup 

D H SP D 

o . 

(' 

C 

I:. V CE 

• 
• 
• 
• 

or pcogra hich • n • 

ha hey • hPn 
ween n • 

• out. SU ry 
cc ula te. • 

0 y V n. 
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• 
• 
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• 
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