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ln v r i t i n g  t h i s  ilocunrent. the authors have reliea hcavily on t h e  
matkrial that appedred in o t h e r  d o c u e e n t s  on the L l S P  p r o y r a i a i n q  
l a u g u o y e  a o n  i m p l e n n n t a t i o n s  of LfçP, In p a r t i c u l a r .  t h e  
s y s t e ~ n  a e s c r i p t ~ o n  rests h e a v i l  y un t h e  f o l l o w i n q  docu~lrt.nts: 

1, idcCarthy, duhn,  et al. 
LLSP d -5  Broyram~ers nanual 
The d . Z , T .  VLC- W U  I 
CWHbI<SDGE,, 5962 

L, EtE&\iad C ,  Bcruk.eZy and ~ r a n i e f .  6, %obr.aw 
"filie L ~ s p  Progr-axtaming Ldnguaye: 
Tes O p e r a t i o n  and Bpplîcations 
The i Y , I . T ,  P r e s s ,  
CABbhZBGE,,  7964 

3. Various t iocunents  des- i b i n g  the specif i c a t i o n  
and i a p f e ~ e a t a t i a n  of LfSP 2 ,  

b ,  Yhe &44/44". L I S F  S p s t e a ,  
Prrvate  doctz~exits by t h e  author.: 
P a u l  Whrahaas 
Courant I n s t i t u t e ,  
H e w  York Univ, ,  1966 

In d ~ a i t i o n ,  uany  of t h e  f u n c t i u n s  p r e s e n t  in t h e  s g s t e m  are 
ciae ~ x a  p a r t  tu t h e s e  p r e v i ~ u s  ilréylenentcatious and. E x s P  perçons  
tao numerouv tu ~ e n t k o n .  



The beyinniny E f S P  user i z  u i x e c t e d  ta t h e  "LXSP 7 -5 Priaerm by 
Cf arik rieisrrtan (aickinsosz h%ubPishirry Co., I n c ,  , Belrùont ,  C&.f ., 
Wb-f) , or "ZPSE 1.5 Fragraamer @ s  d s t n ~ s r 3 ~  by Sohn Elc-Carthy, et 
Li1 * 

$kt-. c o n v e n t i o n s  ittr the specif i c a t i o n  of syntax  cire qlvefn in 
Allf'ENÙJIX P. 

A s  a y u i d e  tu the user it Es sugyestea that ënapter X ,  be r a d  
2 nrc. ,t and  C i k a y t ê i -  XI, rea& o n l y  vhcn required for a c l u a f l y  
~ ~ t z i n ~  on t h e  % & c h i n e .  



< chapter  is hest read &tex  Chapter  X i r  the reader is 
reat;s.ng 2rs-r beginlmrg ta e n a .  

Nor~~ial.i,y L I S P  r u n s  afe d o n e  i n  t h e  f o l l o w i n g  i a n n e r :  
8, B LXSP &adule is loa.dcru anci qPven control in one 
of the f o l l s u l n u  audes: 

hot-start : T h i s  i% t h e  usesrci moae of' 
operat ion ,  aa jor p a r t s  of the s y s t e ~  (those 
gt.nrrated by the cure-iiage yeueration process) are 
reaci i n t o  a large area reserved hy the L I Ç P  lilodule, 
f rora U. dunitpeu corc-isactgc "OSTAY) , 

B s  the uuisped core-iaage wüs wfitten o u t  in a 
r-ef d t i v i s e d  f sr@, the hot-star0 (or boatlloader) 
u e r d d t î v i s e s ,  This p s o c e s s  y i e x d s  the state of the 
sys tera  at the t i ae  of dumping, T h u s  if the gystern iiaç 
a u ~ p e d  by evaBuaung the d o u b l e t :  

t h e  hot-stan-t ~9.11 cause exeeut ion  to c o n t i n u e  w i l h  the 
r e t u r n  f r o n  FTLELISP in which case,  

VALUE = *Ber (ubore qener is the c u r r e n t  seneration 
i 1 be p r i n t e a ,  and *SUPY the atai.n LISE 
s u p e r v i s o r ,  v i l 1  contirrue on Qo the n e x t   onb blet- 

The  hot-start  yxacess causes  cil1 fïiles- v h i c h  uere 
opened at tirne u t  tlurayinq to be reopened- T h i s  i r a p l i e s  
t h a t  anp s y  -fie@ b e y a d e n  t+ f i1.e def in ié . i .an  rttguirements 
mus t  have b e e ~  net  before c o n t r o l  is qiven  to t h e  LXSP 
~odule, 

colci-start= fn t h i s  sude, vhich is used  fax  systea 
.Ii1uI 

ganerat ian,  LTSP f oads t h e  cure-l~.age-qenerate$ parts 
02 t e  L I S P  çystes f r o ~  a f i l e  of patch-cards 
(SOSCQH)  , The cafe-image fs t h e n  drrmped to  for^ d 

b i n à r y  cor@-ititxagt. file {SOSTAP) &or. f utvrcl bat-stnrits, 
T h e  s t a t e  of this dunped s y s t e n  i.s s u c h  th& upon 
l o a a ~ n y ,  the sys t era  i n p u t  and t h e  s y s t e m  o u t p u t  
f iPes (LXSPïT  and ZXSPOT) are  opened anci 
*SUpkbf"~~Pi (the 0veLP1o1d OE *SUPV) ZS execl;2ted, 
*SOYEkRAjtJ s u p p i i c i s  t h e  i n p u t  and output  f x l e n c t ~ e s  &or 
*SUkY ana exits o n f y  when *SUPV doet an e x i t  
K E T U K N  npoa e n c o u n t e r i n ~  a FXW d o u b l e t ,  

B. T h e  checkpo int  (YILELIÇP . .. ) l a c i l i t y :  



f i l e ,  provides t h e  u s e r  v i t h  t h e  a b i l i t y  to capture  
the s t a t e  of the LXSP syste~t  on a tempsrrary %&.le* T h i s  
f i l e  Bay then b e  ased  a s  SOsTBP in the h o t - s t a r t  &ode. 
The a r g u ~ e a t s  ai PXLEEISP, shovn above as Vary 
with t h e  sgstem t h a t  L I S P  is run an. On OS/360 there i s  
one aryuuent ,  a adnâae ( u s a a l l y  SOÇTBPj . Un CP/CBS 
t h e r e  are ehxee d r g n ~ e o t s :  f i P e n a m e ,  filetype ana 
Liile~otie, 

Tn osdex ta run L I S P  an 8 S / 3 6 0 ,  t h e  correct J Q ~  
Uontrof. Lanytrdyri. (JCL) cards rrrust be supplliacr, 
T h o s e  uho are u n f a ~ i l l a r  wPth J C L  s h a u l d  seek e x p e r t  
h e l p .  The f s f l o v l n g  9CE caras Bay be use& to run 
EHSP at t h e  IbE SûWKTO&M HSS RESEARCM CTB, on the 
S/36O-41 w r t h  BY'TJtBSk, (note :  words  w r i t t e n  I n  
l o u e r  case are s u b j e c t  to change, the local  EPSP 
expert w l Z P  n o r ~ a l l g  suppXy an up-ta-ddte set of t h e ç e  
car a s )  

//jubnaa d5"B . , , 
/*FORRAT PkB,ÇONTROL=SfNGtE;,DDNB~E=LLSPQT 
//utepnm EXEC PGH=ETSEEDR .PAH 6=W, jtTIEt;GIOW=3f)bWw 
J/STE13LI% X i 1  DXSiJ-SHB , iüikI'f=23 14 ~VOL=S1i:li=55555-5,BL)iV=tLSPLfitB -60 115 
/ / S C ~ S ~ A Y  LID DSNAEE=LlSI~TElP ,GO 715, 
/I UH;tt'ïz=231f-rr V Q L U ~ ~ X E = S E K = ~ ~ ~ L ~ E S . ~ S ~ @ ~ Z S P ~ -  {(SESR *KEEk) p 

/ /  BCB= (BECFM-a, EiXIMSXZE=1O24) 
/'/SQSLLY GD WMET=23i4 .SPACE= (CIL, (1.1) ) 
J'/SOSFfiQfP DD DSHABE=youffiP, 
// DLb= (~iÉI ;KSZ2E=lOS~,~Et"Pl l f=U) , 
/ /  VOLUH&= (PKZVAYE,B&TAX%iI ,SE;if=yourdisk] , 
if/ U N f  T=2314,LtXSP=(HEY ,KEEP) ,SPACE= (CPL, (3,1) ) 
/"JSYSUDDHP DD SYSOUCE-Il 
//ZPSP;;OT Df) SPSOB""-B .riCb= ("LK%EZE==ISO * kECFEiB=P .LbECL=iSO) 
J/L1S@TT DU * 

The above 3CL illustrate t h e  ho t - s t a r t   ode s e t u p ,  

Hote: Eecaiuse or law interest, this Sect ion  hcts no't been 
u p i a t e d ,  in anp rewisian later than B A Y  18, 3 Y 7 l .  

. amider ta r n n  LZsV on Z"SSJ36U. the uses nttust have soBe 
f aa i l i a r i t y .  w i t h  tire T S S  Cûmf~cbnd Eanquage and terminai 
oh+c;.ratiny conventions. For those who are u n w i l l i n g  ta r-tutiy 
T S S  Ly r:eading the TÇ~/360 Sys tem Beference Library, the 

C bect  d l t e r u a t i v e  is the iSS/36û p u i c k  Guide and the t u t e l a g e  



o~ a n  expert USEE,  T l i e  USCIE. As Ijart ieularly  encouragea tu 
fearc  ta use o n e  02 t h e  iivaPS&bfe d a t a  s e t  ealtars ,  he %ust 
d s o  ljie clpjrltnre of t.Ke Orxten Hauugement; Ç o ~ i ~ a . n d s  - 
A .  The n e t h o ù  for acquir inp  L I S P  that is t u r r e n t l y  p o p u l a r  
i s ;  au f oPJaws: 

1. L U C G ~ ~  LP%P e z p e r t  "t?k~B:.'Ts" hls Jiite2.t; 
coxe-image and LX SY m o d n L e ,  
2. Yhe user s h a r e s  these d a t a  suiLs, 

~ h a r e .  li3t.s,blcair,cort46 - 
s h a r c  Ilïb,bl.ciir , u s e r l i h  
-iI 

3 ,  .t'ha usex X O Y ~ , F  the  LXSP ~csdzsle into hi.$ USERLZL 
dde i  f ro~lrb,up, 1PS - 
adef taXib,vp, u s e r l i a  -. 
~ m v p r g  - 

wher. rht: s y s t a r n t  proscrpts lrot t h e  maaule uafne: 
a t n f  isEs 

4, T h e  user m K e s  hls own csyy sk c o r f 4 6 :  
uv fis,corl4G 
111) 

5 .  Yhe usex a e P e t e s  a i s  ref erences to t h é  shared  da-kd 
sets: 

d e l e t e  P x s  - 
delete Zib 
a#"- 

. The  user: can f . k e ~  hot-5tdr-f; the a q u i r e d  i y ~ ~ t e r z t  by: 
udei sustap,vs,cort46 - 
f k p  

vKich uilï p u t  him i n  t h e  L I S P  sapervisor with h i l ;  keyboaro 
i~nXcack.ea awditirzy the next  à o u b l e t .  The user Eay e x i t  by 
typ ir tg :  

YfM 

Cüutron : Yhe LESY faoduf e Pç nrat reevsrtrané, therrefaxe, tii3 

user  %us6 u ~ l o a d  ar abent.i bezore r e p e a t i n g  the above 
hot-star t  proceuure , 

C. "rilie LXSE d t t e n t i a n  c o n v e n t i o n s :  

lt l u  p o s s i h f e  to n n t e r f a p t  L I Ç P  whnle  it Zs rnnning. This 
is U O X ~ ~  by hittiny t h e  ATTWI k e y  fin t h e  case of 2741 
t e r a i n a l ) ,  En wBich case L1.SP w l . 1 1  resyond: 

r, X 
t h e  u s e r  m g  then  t y p e :  

t" which colse he will g o  ts t h e  Colriraand Languaqe 
moue* ( t y p l n g  60 shou la  Xhen r e t u r n  hi& to LISP, )  

U aa UWYXHD is c a u s e d .  Phls will g e t  the user out of 
sost severe y r o b l e ~ s ,  

2: t h e  EBiROR roakine is e%ecwte& 
5 t h e  s u p e r v i s o r  *SWPV is c a l î e d .  S h i s  Sap be used to 

t u r n  un kurnction trracin-y or s i ~ p 1 y  to fr.x tmp g l o b a l  
panmeters.  A 2'1 td wilX cause executian to resuw f ru& 
the p o i a t  of interruption. 

2, T h e  OhEY k u n c t î o n :  O h y  is a L l S P  f u n c t i o n  of 



P A G E  8 

o n e  ar-gui~ent ,  t h a t  aryu&rnt Loing a LISP s t r i n g  datusi, 
w h i c h  c o n t a i ~ i s  any legitimate T55/360 comana ; the 
ekfeçt af the ;tunct;i.on As t c r  operate, t b a t  c o ~ m a n d *  The 
va lue  of UUEY IE: GO-QN, HeIaw 1~ i l f u s t r a t e d  t h e  u s e  
ar UGEP ta m k s  t h e  datd set ch&r&cteristics, ai a 
Y13.e nawed s o s t ~ p ,  knoun to the TSS,/360 syste~: 

obey t#bbtîL ~ast&$p~vs .d l ;raa~f ie  , d c b =  (Treclt=lOZ4 .n*ecf m=f) Si) 

TEib f okl.owi.11g describes t.he ûperïatiûn oi LISk an CRS, The c u r r e n t  
iretnod a i f o ~ s  any user xho  lias at f east 5 32K of v ir tua l  we@ory +o 
u s e  LTSk i n t e r a c t i v e l y  or 1% affows -ny  user  ta use kt in the CWs 
i;at;ch. 

LXSP cor Y ~ ~ S K  iaode 
LZSPlt5 193 

whene: cor --- is t h e  filenamit o f  the L E P  s y s t e s  
h a g e  that you e u h  tù use, or it is the dcFauXt, 
LXSE i l 5  the s t d n u a r d  LESP s y s t e m ,  

Nat&: Afl such "cure i&ageosm tire the r . e s n l t  of soae 
y ~ t . v i o u s  c h e c k p o i n t  ai t h e  LSSP s y s t e i n .  Thus, r u n n i n g  LIS2 
cdn ba t i i o u g h t  of as a reçtart. I r i  o p e r a t i o n s  which concern 
cure  kmaye f i l e s  t h e  à i l e t y y e  mSQSTAPw is assu~ed. u n i e s s  
oaherwise  %tatea. 

v d i s k  --- xs the wirtual. d i s k  dbdress that you vish 
LPSP to u s e  2ox a read aa ly  extensicm to your P-d~sk, 
1 you have no ~ i s k s  curren.t-Pp r i t tached  t h e n  t h e  
d e f  a u P t  a l s k  193 shou ld  work,  

&ode ---- z ipec ir i r s  the riletaode (B ,LI ,C ,T)  you w i s h  the 
e x t e n s i o n  tu k&v@- The a e t a u l t  i s  ~ a $ e  &. 

EXkf l&t&:  ZPSk 
In thhis case the user s i ~ p l y  w l ç h e s  to run t h e  stanadrd 
LXS% s y s t e B ,  a d  is unconcerned about #Lat a i s k s  anu 
&ode6 are u s e d ,  

The f v l l o w l n y  lines u i f $  be p r i ~ t e d :  
** (193) iikoAH;-Ofsf;P ** 
XXECUTION k E t l . & S , e -  
Lnsr vEkismow 175-0 
CoWE; IHAG&<:  LXSPll5 SQSTAE F ?  
VALUE = '1 

at vhxch t iee your k e y b o d r d  v i l 1  unlock  and you beyia 
to e n t e x  d o u b l e t s  to t h e  *SUPV s u p e r v i s o r  w h i c k  ç a l l s  
EVZSLQOCtTg t u  t - v a k ~ a t e  each duub1e-É. Note: The 



s u p e r v i s o r  reaus two s-~rpross ions  and APPLY @s the 
Irrst to t h e  s ecoud-  

1-L contiauex éo rewi the d o u b l e t  t r r s t i . 1  aZ1. p a r e n t h e s e s  
&re baïancra  in t h e  second S-expression,  t h e n  skips the 
resQ 02 the r.nput secara, 
Yrru &a.y eecape frcrrrr t h e  L P S P  ;.,trptirvlssr hy t y p i n g  YJLPI", 

2 h e  tine Bessd-e  is p r i n t e d  and you are xetnrned tu 
CRS, 

EXAHPLLE LXSY 394 
ThPb case is the sase a s  &bave except t h a t  t h e  u s e r  
u a n é s  to  US^ f 134 as t h e  d i s k  tdx-t-elli~;ion addreçs, 
yrobably because h @  already ha5  a 393 attacheci. 

EXAEELE: L l S k  794 A 
T h e  u s e r  a l r e a d y  h a s  193 f o g g e d  i n  as B, theretare he 
w ~ s h e s  LISP to use 394 au  A. 

-. the b k n e k i t  uf systex~i proyxa9aart=rs a.$ other i n s t a l l a t i o n s =  A 
0% t h e  L I S P  EXBC i i l e  can be xound in APPEMDIE E, 

gote: The LXSP c o ~ s â n d  links t h e  user to the f i L e s  si the 
user B L A Z b i  (in the cdse oi OUM insta1latlo-11) for  t h o s e  
files whuse l i l e n a ~ e s  are L J S P f 1 5 ,  The files th& u s e r  
bLBXk1 nus% aust  h a v e  allowed to B e  readsh&réd are: 
B ,  LISE115 SOSTAPP? --- t h e  EESP spstertt standard cor@ 
r.aage, 
b L k S P f t S  TEX% P l  --- t h e  staudord moduf e, 
C ,  L I S P I  15 EXEC YI --- axi exec file consistiny of tRc 
PolPowing  r 

CTY PEOUT OFF ftux-ns off CES coamand t y p e o u t )  
i Y f . i ~ & f f ~ " !  T (ao s p e c l a i  character for tals) 
ClfARDEF $ (no ç p e c i a l  character i or backspace) 
t X !Y E:NU [carrier return is t h e  onfy  f i n e  end) 
LUWG L X P f l S  
STWRT E I S P f i O 1  G? C L  C 3  

LfSkOPF i n  ou car s i%v 

r- o u t  LXSPl75 #O - i .Ir 



u h e r e :  H a  --- is the L l l e n a ~ e  of d n  input f l P e  uhose 
i i l e t y p i  is SPSIN alid whiçh c o n t a i n s  a s eouence  oi L l s P  
a o u b l e t s  kermioate6 by a YXN carde There is no d e f a u l t  
f o r  t h i s  y a r a & e i e r ,  it ~ u s t  be ~ . u p p l i e d .  

--- is f i l enaae  for t h e  output .  T h i s  f i l e  wiPl 
be crehted w i t h  f i l e t y p e  OUT ana u i X E  be t r a a s m i t t ~ à  by 
Batch  back to the user, Ih DSSK LOAD wil .3.  be reguixea 
to put t h e  f i l e  on the  u s e r s  p - d i s k ,  The d e l a u P t  OUT 
?or t h i s  pafaaeter  causes an UPPLfWE PHINT OUT OUT to 
ùe executed by batch and the output  is not t x a n s a i t t e u  
back to the user ,  

cox --- s y e c i f i e s  the cure baye f r o ~  which t h e  user 
wishes tu f e s t a r t ,  The d e f a u l t  L X . Ç P l f f l i s  th@ bas ic  
L f S P  systen, 

sdv --- Xs ta .e  t î l e n a ~ i e  for a c h e c k p o l n t .  care i & a y e  
whlch  #il1 be have8 at the end of t h e  rune The l i f e  
F%isr6 SQSlP'Ar P l H  w i Z X  be created and t r r a n s ~ i t t e b  tu the 
userœ T h e  defanlt HO assumes thal the u s e r  does aot  
w l s h  ta save t h e  core iaoge at the end of his run, 

Note: A s  is gkacrrallyl txue for the user of  B a t c h ,  t h e  
user nrust have ar f i . l e  csntainrntg: hi2 CP n s e r l d  
f o l ~ u w e d  bp at Peast  o n e  b h n k  followed by his account 
~ u r a b e r  follawc-ü by at Icâs-t, one blank, This f i l e  faust 
h a v e  t h e  kilenaae u s e r i d  and t h e  f i l e t y p e  bAlCB.  

B û r  the b e n e f i t  of s y s t e m s  programmers at o t k e r  i n s t a l l a t i o n s :  

8 .  Contact  C .  J, Stephenson,  l .B& Researich Ltr., Yorktown 
Heights, about the CJÇ Ratch I a c i l i t y .  

1. T h e  f Arc LZSPOBP EXEC can be fuunil in APPENDTX E œ  

C .  The file LISPBCB bATCH is raguirea and is a l so  found i n  
BJiLEM"E.A. E* 

for t h c  usex- of EISP at If$& B@searcXr a t t e n t i o n  in terrapt s  are 
cxeoted by t h e  naated i n t e r r u p t  f a c i l i t y .  It is invoked  bg 
a t t e n t i o n i n y  t u i c e ,  t y p i n y  ZZ, and carrier return. This facility 
is sur to W X D i m i e l s  a k  the Reuearc6 c e n t e x  and i n t e r e s t e a  
p a r t i e s  s h a u l d  c o n t a c t  hlm, For ather ZnstaPXations t h e  externa1 
;;tuter.rupt teaturc of CRS ftiust be U S ~ I ~ .  This ~ e a n s  Xkat  one  na 

i" n g t t r  ends up in QEaUG ùnd t 6 a t  one e n t é r s  the L l S I  i n t e r r u p t  
ndier i u s t e a ü .  

\ -  



9 e L f S P  Bnter fupt  fiandleif o n l y  v i y n a l s  that an interrupt has p zurred. The LLSP i a t e r r u y t  services rout ine  9s yiwen coatrul on 
the nexd runction c a l i ,  Lt is gossibfe t h a t  a prugrcam Is in so 
t ~ y 2 i . t  d Paup that thcro Is no tBnex.tw caZl! In this rare 
c l r c u m ~ t a n c e  trie u s e r  hau no xecourse but to r e - i p L  

'lue L E P  in t erruyt  service r o u t i n e  when called, responds by 
t y p n n y  w%H- (The respsnse  Bay bo a e l a y e d  by CES stacked output . )  
Pi t h e  user: then hits carf ier  r e t a r n ,  he w i 1 , l .  be prompteci as ta 
what  h e  Bay r e q u e s t .  If t h e  u s e r  is f aml l i ar  uith the a t t e n t i o n  
recfuest=., he &ay t y p e  the  SesS~ea rçrquest iaatebiately,  in ahlch 
case there I s  no yroapt ing* 

?.%e a v d i l a b l e  r e q u e ç t s  are as Sollows: 

C" Ynts the user En C B S  s u b s e t  c o m a n d  languaye.  
Tù U n v l u 6  to the Xast errorsLop, 

Bas the eff ect of cance2irmy the I a s t  operat ion,  
E Calf EBRO& for backtrace a d  diagaastlcs. 
S hecursivefy reenter t h e  TZSk supervisor *SUPEKHAH, 

A subsequent  FIN causes the interrupted proyfam to 
T'eLUIilb - 
fb Places  the u s e r  ln C&S h & U G .  

B &ET causes hiia to resuBe, 
P Fo ignore i n t e r r u p t  and proceed, 



PAGE 12 

1 .  BATA* TYPES A N D  TOKEMS 

(- 
i- 

3 .3  ~,lertf;i~auf.~g y 
-_II-- 

F i e l d :  An arfa ,  container.  or box cayabie of 
h o l d i n g  in iorrnat ion .  For ex.aaiple, a cornputer 
word, 

S e t t i n y :  The c o n t e n t s  of a f i e l d .  

Locator: A s e t t i n y  £foiri which  a t i e l d  or cal lect ian 
0% Iields Ray be tound.  ( e . g . ,  an aadress 
constant) * 

p o i n t e r :  a 3 2 - b i t  f i e l d  uhoçe 24 low order b i t s  a r e  a 
lacatar . Euinters are  b y t e  aadressas, 

MalT-word ward-Jacator: A 16-b i t  field on a kaff-uord 
boundary froa which a p o i n t e r  eay be 
Beterstinecî, (Note: Xn thfs s y s t e m ,  the List 
nodes  are pairs of hal f -word  word-Pocdtors, 
not pointers, Mawever, the hâl i -word 
vûrd-f oçators are  always  t r a n s l a t e d  i n t o  
correspondiny p o i n t e r  v a l u e s  by GAN and 
Cl)& .) 

T h e  LTSP Lanyuaye  uea lç  w i t h  d a t a  objeets ,  The 
externa1  r e p r e s e u t a t i o n  of an o h j e c t  n i . f l  5re czrlled a 
datuw, daeu& is u s u a l l y  a seguence of c h a r a c t e ~ ç  but 
it conPd conce ivab ly  Be a sequence of s a u n a s  or 
p l c t u r e s ,  A d a t a  structure+ is the representation of 
a n  abject vithin the LXSP s y s t e i  as a collection of 
I x e l d s  wlêh s e t t i u y s -  a vâfue is a setting thht is eltber 
t h e  locatcrr ox a d a t a  s tructure or is iLselX a daCa 
stsucs-hure, S a  t h e  l a t t e r  case t h e  vinlue is said ta be 
7ji.teral, 

T t  is t h e  21SP B E A D  and  PhIHT f u n c t i o n s  wkich prov ide  the 
interface capable  of recogn izbg  the d a t a  and transforming them 
i n t o  data  structure^., 

W coilrpiete ztehseriptian ot a cicltunt l a  t h e  sense af the iiE&D 
dnd P H M T  k u n c t i u n s  çdn be found  in BPPEHDIX P .  

The functionS (8DCTtB) and (f.&l.HTCE XJ pxowide an iuteriace by 
uhiçf i  any sequence of characters Bay be .cead anci prinCed u i t h o u t  
regard to I h a t  s y n t a x .  

2he  runçf;ions [*kEULI&) and ( % E & Y 6 T )  allov t h e  reception and 
t r a n s ~ i i i z s i o n  of a r h t r a r y  records froa/to cufrent f  y selected r iuput a n c i o u t p u t d e v i c e s .  

1- 



Wu should be e x p e c t e d ,  data s t s n c t u r e s  show a çtrong 
correspondence io data .  This correspondence is n o t  . however, one  
to one. Par eraaple, i n t e g e r ~  are r e p r e s e n t e d  in three ways; one 
i o r  -1024 < integer < 1023; t h e  other for a l 1  o t h e r  positive and 
n e q a t i v e  k n t e y e r s  in the i n t e r v a l  

arid yt?t n n o t h e r  f o r  p o s i t i v e  and n e g a t i o e  i n t e g e r s  outside 
t h i s  %ange Dut less  t h a n  9000 d e c i i a l  digits. 

Xt is thereiore cemenient ta c l a s s l f  y d a t a  s t r n c t n r e u  on a 
çaaewhat differenl basis thdu i a  terms of t h e i r  datd cfass. 
Pr  i n c i p a l l y ,  this ic; iiy their storaye ataintenance proper t i e s .  

8 ,  I d e n t i f i e r  structures 

1, f n t e g e r s  
2 ,  P P o a t i n y  p o i n t  reals 

1. Those wrjl~.ch c a n t a r n  no locators 
a .  ~ k r l s n g s  
b. a s u e ~ h i r x d  progfalxrs 
ce i n t e y e r  vectors 
d reaX vectors 
e*  large  integers 

2 .  T h s s e  v b i c h  c o n t a i n  lacators 
a .  yeueriitl wrtctors 
b. n - t u p l e s  

l a e n t i f  ier ù a t a  are r e p r e s e n t e d  u n i q u e l y  by i d e n t i f i e r  aata 
s t ruc tures ,  vhich c o n t a i n  t h e  inf oreation c o u i o n l y  f ound on 
ukucrkptlun Iîstiî in certain other iap iementat lons ,  

The identifier data  c tructure  consis tç  of t h r e e  one-coaputer- 
uesu subf i e l d s .  T h e s e  t h r e e  words are nut  cont iquous  but there 
is a r u l e  for f i n d i n g  dny two words qiven t h e  t h i r d .  It w ~ l l  ùe 



conven iemt  to refkr tu these as Nd-1 os the id-head, Md-2, ana 
,. y-  

~ d - 3  or the v a l u e - c e A l .  
'.- 

'The Pd-hecl.a contains 2 haLi - w û r d  word-locators naaned b- l i s% itrid 
p - o p k i s t ,  respectivefy- 

T h e  feXt hana Eocatox ( b - l i s t )  serves to loçatte 
the a e x t  

iaerst.iLiex: an the bucket  cilain , A p o i n t e r  vector of 
~ u c k e t s  OBLPST serves 
to prooi.de a iaechanisra for raapping an i d e r i t i f i e r  uatnat 

irmtcç a 
u n i q u e  ia-head,  

p r o p l i s t  is the v ù l u e  of the p f o p e r t y  lis% associate& w i t h  the 
i d e n t i f  ier , 

1 ,  t y p e  - t h i s  & - b i t  f x e l d  c o n t a i n s  t h e  f o l l o w i n g  b i t - f i e l a  
setlîamys: 

7 =, Mo meaningkul s e t t i n y  as y e t  reserved. 

2 = 3 - fL this i d e n t i f i e r  is a literak-real vaBuea f u n c t i o n ,  

3 - 7 - i k  t h x s  nuent i fner  is a free v a r i a b l e  ar 
P u a c t i o n  naBe, ref erenceb à y  ccmyiÉed code, 

4 = 1 - if this n a e n t i t r e r  Is t h e  naRe of a t u n c t l o n  which 
s e t u r n s  a l i t e r d  va lue ,  

5 = 1 - i 9  t h i s  i d e n t i f i e r  I s  t h e  name ok a functnon which 
h a s  a n  Indef P n l t e  nuaber of arguments, 

6 = 1 - if t h i s  i d e n t r f ~ e r  3s t h e  name of a f u n c t i o n  whlch 
receives i é s  aryufuents unevaltuiited, 

L.  n-i-aryi - t h i s  4 - b i t  f i e i d  c o n t a i n s  t h e  nuaber 02 1Lheraf 
d r y u ~ e n t s  t h a t  thiu f u n c t i o n  expects ,  ~ t h e r u i s e  O ,  

3 ,  n-p-arq - t h i s  4-bit  field contains t h e  n u ~ b e r  of p o i n t e r  
aryuaents t h a t  this f unct iori  expects ,  o t h e r u i s e  0 .  

4, puaae - t h i s  h a 1  f -wax& word-f acator besignateç  t h e  string 
a.ata s t x u c t u r e  ttiat contiiir.ns the EMCD3.C" r e p r e s e a t a t i o n  of 
t h e  identifier- datus ,  



u a  3 - This f i e l d  is d p o i n t e r  v h o s e  biyb order ir bit s u b i i e l d  
is non-zero o n l y  if this i d e n t i f i e r  is the name of a function 
wtiich h a s  been calieù s i n c e  t h e  last yarbage col lect ion,  The 24 
low order bits contain a p o i n t e r  value  which is either the value 
aesociated w i t i b  t h i s  i l t eu t i i  rer ( t h e  su c a l l e d  SPECIAL value) "' -? ~ . s  t h e  locator ok t h e  assembled proyraia a s s o c i a t e d  w l t h  this . 
L w n t i f i e r ,  

LL&b Lcw4 (4+& --! 7 7 

1IJa 
44ri$.( ld! *,p, k, [  ':+:?& ' 

€ f asx f igz' 1 -.-. t 
I o  E 1 #ci-3 - v a l u e  cexi 

F i g u r e  4, The i d a n t i f  %er structure, 

Any p o ~ n t e r  va lue  wh. i c i i  ks a I o c ~ ~ o ~  of' &np b y t e  below t h e  s p a c e  
reservtad i..oi- large lnttsgers m d  above that reservt3~ for s t â c k s ,  
11; treated (2s a sma.11 integcvr by t h e  a ~ î t h i ~ i e t i c  f u n c t i û n s ,  and ( a l s a  by XehY and Prinr. The l i teral  s a l u e  of the soriII i n t e g e r  
is cowputed by subtracrlng QUOTE,  and s h i 2 t b u . j  right by 2 ,  (See 
Pis* Xi) 

Smcrll i .n tegers  axe thus u n q u e  and u n a i t e r a b l e ,  As yau ~ ; i g h t  
have guessed, s a a i l  i n t e g e r s  are an i x t i p l e m e n t o r * ~  t r i c k  for 
c o n s u ~ i n y  tinte i n s t e a d  of space, avolding garbaye coPlectnons, 
and t h u s  saving ti$ie, 

Two r e y i o n s  o f  a e l a o r y  are a l l o c a t e d  to h o l d  t h e  rruuieric 
v a l u e s  a& a c t i v e  s i n q f e - p r e ç i s î o n  i n t e g e i - s  and Il.oatiniy 
p o i n t  r e d s .  Egoal  nuteerie values Ray occurfiore t h a n  
once, that 1s they aSc not unique, Unlike other progrmaing 
s y s t e ~ s  t h e s e  c c - P l s  are never inkeetianally a l t e r e d  i r m  
place., 

lm hoth L b e s e  r ieyr r ras ,  i n a c t i v e  va lues  are reclaiatrible, %.ee ,, 
garbage ccrf lectabrrir , 

0. CONYIGUOOS W O B A G E  YECTURS A region of meaory bounûca in the 
low address f e y i o n  by the location FSTVEC and on t h e  h i y h  snd by 
ava i l ab l e  space ,  b o l d s  t h e  aata s t ruc tures  câlfeà vectors. (See 
f i y .  6 )  Vectafs a-@ n û t  unique ana e x c e p t  Ior a s ç e ~ b f e d  



prograwrs, t h e y  are afit.erable. 

f--- ----ll 
Uhrre g is a srarring bit (gânera l ly  ignore&) . 

t Xs a 3 Bit type code:  
and L = O Hf s is a character s t r ing ;  

t = 1 If s is da asseabled prograra; 
t =. 2 II s I s  a vtictctr of literiil integer is ;  
t. = 3 Zf s iç rs. vectar: of l i t e x a l  relmPs; 
t = & PZ s is a Barge i n t e y e r s ;  
t = 5 Unass igned;  
t = 6 If s Za an n - tup le ;  
t = 7 X-E s i1~ a vector of pointer: vcxiuest;,  

3L--432-1 - ( O  < < 4096) , where n Ir; the vectoz. 
aengtb in w o r d s  (not eount ing  the hea&erf . 
S Its the hzil.2 -word. Pocator e g u i v a l e n t  of se 

Lhta haimder wûrti uust never be a l t e r ~ f - d  by t h e  u s e r  (Rote: the 
sy stero does not p r o h i b i t  s u c h  a l terations.  t h e r e k o r e  this 
coaventian is in the h a n a s  of the uuerf . 

Mûaes, c t û m ~ a n l ~  calied. Pist norjreu or. fisic cells, sre oue wora 
f i e l a s  consisting oi two haU-wûrd vord-focatars. The CAR k i d d  
zu the LeTt-rmtost os fuwer addres sed  one. Let it be emphasized 
a y a i n  t h a t  the valut of the Function CAR ir a p o i n t e r .  not a 
r-ta 12-ward uord-locator., 

Once aga in  the i ~ p l e a e n t . o r  chose to c o n s ~ d e r  space as the Bore 
valuabie resouxce . 





1_- UII- --- I_L CI 1 ~ 1 g . 5  1 1 Garltrage coflector 1 1 
1 2jtcoraye 1 1 fiootlaader, and f 1 
\ organizat ion[  1 other a s s e m b l y  f E 
1- j langusye prugraas, 1 f 
*VALUE1 f P l 8  b lacks ,  etnc. 1 f + value tells t t 

1 
j the BELXIQW 

1 IYd-202 i d ' s )  
*&bS -------- D 

3 f AbSalute s t a c k  f 
l- - 1  l 

*pop -------- 1 t t 
>f ,  ,f t 

E f 1 
*FI X 5vrrtbaPP.c s t a c k  [- , 1 _.... 

1 P I X E D  p4a space 1 1 [ 1 1 Neg. s a a l 1  i n t e g e r s  

71 - , I ,  - 3  2 2 -1024 
1 Quote celXzi 1 f 1 1 1 Los, s ~ a i f  Pntegers  
1- -.i,t,lt,LL..- 
t f E t f  
= Large  lntegexs = f f t 
f , - _ . . .  l-l-f-l-- f n tegers -  
1 E t C  f 
= Pl udting pt reals= 1 1 1 b e d l s  

* H l L . ,  1 ._.... - _ . . . . _ .  n u ~ b e ~ a  - 
f t l  f 
[- ( r d - 1  of i d . ' k [  1 t I d e n t i t i e r s  
t i f  I 

' P ~ ~ v E C - - . I - -  
t t I: 1 S t r i n g s  
= Varlâbie P e a q t k  = 1 1 Assembfed prograBs 
1 da&& I t 1 vectors 
f. 

Hxra.ipec--j ------------------ I l  f 
I - t ----- E ----------- AXl0 I i - i ~  

L n  t h i s  irapferrteratatlon a sehexaa for using t h e  CPB 
Negisters a n d  part i cukar  l a y - u t  of core Remery have been 
chosen, T h i s  we c a l 1  t h e  &turage organization (See Fig , 5 )  

Secduse h a 1  f -uorb word-locatorç are used i u  nodes, o n l y  
2**36 varas Bay be Iucated beyund t h e  addreçs  g iaen  in 
*PfXe Rny word rithin this range is salà tu be Inside, 
T h e  s t i ï c k s  as shovn In P3.g- 5 are beluw, anci çeftaixi 
athez features 02 the s y s t e ~  are also B e X a w ,  P o i n t e r s  
sr@ usu i a l l y  but aot rme~%ssari..ky restricted to the I n s i d e  
A u f  a b j e c t  uhich Is o u t s i d e  (above or bePow) is not  



s u b j & . c t  te> reclamatkcrn, nor c a r t  its v a l u e  be CtltEi.JSedt 

C The s e c t i o n  an ctata s t r u c t u r e s  e x p l a i n s  t h e  c o n t e n t s  02 
sorae of. the lnuarory. p a r t i t i o n s .  an6 Pig. 5 illustrates 
t h e l r  re lat ive  or&rœ The b l a c k s  l a b e l e d  AbSoZute stack, 
Syrnbslic s fack.  Q u o t e  ce31s, Pixetf Pgrrt- Spaoe ,  Z/Ci> 
blacks, WvallaBle S p a c e ,  and the BELO&, n e e d  t u r t h e s  
expianation. 

A STBCKS 
1. T h e  WbsoXnxe S tack:  

The a b s o l u t e  s t a c k  is a f i e l d  i n  aeaafy uhfck  is 
rtuerl' for t h e  t ër~pûrarg  storci.ge oi non-lacator data  s t r u ç t u r c s  ci&& 

$or the transelss ion of non-locator arguwents  tu f u n c t i û n s ,  It 
is houndeci oa the iow address end à y  the f i x e &  location AbSSTACK, 
T h e  current  pointer to the stacx is g i v e n  by EABS = *BDS + 2048, 
uh.sxa * A B  fs the AiiScrl.ute s t ~ k  rosyister:. PABS is a value which 
d e t e r m i n e s  the stacic -regPor~ h l s n g i n y  ta the ccrlling i u n c l i o a -  
PABS i s  su d e s i y n e d  su that rterferences Bay be ~ a d e  in both 
kavitive and n e q a t i v e  d i s p l a c e ~ e n t s  froa it- Each stack regioa 
c o n s l s t s  of a n  i n t e y r a f  n u ~ b e r  of double  rardu.  The absofnte s t a c k  
should  not be used by the casual u s e r ,  It is used by the systeu 
in special and soaeti mes non-spsteratic way S. The current  L I S &  
L U & P l t E  funcr ion  d u c s  n o t  use it a$ aJZ, 
P i y  * 2 i l l u s t r a t e s  the ABS s t a c k ,  
Laid RIWPIORY 

WbSLiTACR - --- {begins  on double ward) 
t 5 
f - - f - - 

*&BS (& fL) ---O- > ! ( s lways  a aouble ud boundary) 
t t t 

2048 b y t e s  = - 
1 t 

PASs ( f )  -----) [ -------------- f ( t h e  off -set s t a c k  p o i n t e r )  - - -- - - -- - -- -- t 
1 forger +ABS-i {in the odd t u l l  word.) 

1 ( c l r y u ~ e n t s  of g )  
1 A r 9 7  of g i 
I 9 - - t - 

œ - 
1 O 1 ( s tack  region b e l o n y i n y  tu y )  
1 8ryn crf g C 
t - -  E 
1 teapt af y 1 - - œ 

O = (tenpoxarry va lues  for g )  
i * 

pa&L3; ( g )  -----) -- -----------. f 
t 

*AaS If2 1 (f orwer ç t a c k  ptr s a v e a )  f-- - 
t C 
D - - 1 

= ( g  uses t h i s  reg ion  tu p a s s  
1 1 argnaents or as te iporary 



1 -.._...-- storage not ~ a i e  aver eall) 
t 
-. - t - - 

A B S A ~ X - ~  ------- > f  -------------- f ( %ut si stackM uhen: 
1 f *PUL < WBSBAX nhere: - - - - ABSMBX = * k B S  + &O96 ) 

*p'jL ---- ------- t f 
> t  C 

( see  f i y  3 far p o i n t e r  stack d e t a i l )  



2 The P o i n t e r  S%ack z 
/- 

'L b p o i n t e r  is a 32-bit field uhose 24 l o v  order b i t s  are  a 
subf ield contairr.kng a uettlng whlich 1s a locatar, P o i n t e r s  are 
b y t e  adaresses. Thus,  the p o i n t e r  stack is a f i e l d  vhose 
s u b f  ie ld- :  are all p o ~ n t e r ç ,  T h i s  s t a c k  is boundeit on its h i g h  
addrass ead by a t i x e d  aaüress permanently kept in register 
*FlX.  a d  on l i t s  IOW a~daress end hy t h e  current  p o i n t e r  stack 
p o i n t e r  c o n t a ~ n e d  in register *PDL. This s t a c k  is useai for t h e  
txcans~lrl.rsion of p o i n t e s  argulnents to functions, f o ~ '  t h e  tertlpuraxy 
storage of p o i n t e x  v a l u e s .  and ta p r o v i d e  a sys te t sat ic  spethod for 
t r a n s i e x r i n g  control f roa t u n c t i o n  to f u n c t i o n .  P î g *  3 
illustrates t h e  P o i n t e x  StacK . 

f, -- I 
for. g ------- >f-*REL f o r h l  

1 *&ET for rE 1 ( re turn  b lock  sf y )  
1 *PDL for f f 
1- Ars1 af q 
- -. 

1 
-- - -- 1 (al*cju~ent.s si g )  

1,- = f 
L-ryn&q_f 
1- Tenipl of 4 1 
1- * -- 1 ( ç tack  reyion for y) 

( s t a c k  region fer g ]  - - - O t f 

E f I 
f F a i n t e r  s t a ç k  f 1 (teatyorlsries for f) 
1 qrovs rn high - - - - 
1 eu Eow d i r e c t . i . o n ,  [-__._- 1 
t f - - t 
1 -- ( s t c r c k  used  by utber 

M I G H  mnol$Y 1- i: active f u n e t i o n s )  
*pxx ----------a- * -  > 

A f i e l d  of 1024 uorGs  h a s  been pernanent ly  reserved 
i o r  the purposé  of holuing d i r e c t l y  addressable  
p o i u t e r  values of coinpi ler  generated data structures. 
T h e s e  pomters a r l s e  froe quote express ions  v h i c h  the 
compiler ancounterr: and. are c a l l e d  quote  cells. 

Quote cells are u n i g u e  and unalterable. Bunning out ok 
quoEr ce115 would be a catastrophic  error Mere it 



not l o r  t h e  Quotes e x t e n s i o n  keature .  This e x t e n u ~ o n  
fedture uses vector.  $Face for a d u i t i o a a l  ouates.  The f i r s t  C 1024 q u o t e  c e l l s  arf u i r e c t l y  adbressab le  becausc t h e y  a 1 1  
lie w i t h i n  4096 bytes of the address g i v e n  by the reyister 
eadf ed mQUOTEH. 

8:.I v a l u e s  c o n t a i n ê . d  En quote cel3-u tire cons-iciereii acrk~ve  
ay the garbaye col3i.&ctuic, 

P i x e d  Vr:ayr*aar S y a c e  1.b d one?. paye (QO96 b y t e s )  f i f c h i  

w t i c n  is peraanent ly  a l l o c a t e u  ana for v h i c h  a d d r e s s a b i l i t y  
is yuaranteed by * F I L  Routines and f u n c t i o n s  which wera 
d ê e ~ e a  a ~ a s t  v l t a P w  share  t h i s  page, TBere i u  a l s o  a 
~ k x b k i e l d  of l i t e r a l  anid p o i n t e r  c o n s t a n t s  w 1 1 i c - A  are 
needed  by the systenr yr i ia i i e iues ,  The c o n t e n t s  st 
5 ixed program space  vexe  haad-coGe& in US/360 

Assermblg Language , 

A region has been all,ociîtr& 5s n h a t e v ç r  Isd.put- tltutytmt 
contro l  b f o c k  r h a t  t h e  operat ing  systeE requfres, In t h e  
case of OS/3613 t h i s  a l l o v s  rooni for b iLnCBEs, This area 
is naw i u  the BkL8h.  

i t e q u e s t ~  for neu n o d e s  or vectors must be s a t i s ~ i e b  
L n o m  a v a i l a b l e  space  or else a reçlamalion occurs, 
because of t h e  campacting nature of t h e  r e c l a i ~  f unction, 
avtti .PaSïe s p a c e  is aXways a conticpoins b l o c k  of w o r d s .  

T h e  BELOW c o n s n s t s  of the reclaim i u n c t i o n  and 
crf 1 I t s  subf u ~ z c t i o n s . ,  t h e  buotPaader, and varioab 
ather f u n c t i a n s  aLE w r i t t e n  in OS/Bsse~)b ly  Eangnaye, 
~ h n P ê  asmc L Z S I  d a t a  s t f u c t u r e s  ~ é i y  occur in t h e  
outsuie, t h e y  arc undef ined  as ~ e ~ b e x s  of a noue (f ,e., 
t h e y  c a n n a  Be canseed), A I L  objects ia the oatside âre 
rmat reclaisaclbfe a n d  a r e  i n  S a c t  i~aaaabl.le, 

- *NIL or *;D ; c s ~ t a i n s  #IL; s s i y i n  of i d e n t i t i e r s .  
R ?  - *LLNKà; u s e &  to & a k e  a f u n c t i o n  c a l l ,  (Ray be use& by 

s u b r o u t i n e u  (certa in  LAPS60 c o d a i  f u n c t l o n s  v h ~ c h  c a l  
no ather f a n c t i o n s  and nçe no p o i n t e r  stacK s p a c e )  as 
a base  aadress , )  

HL - QUOTE or *PWAG;  pkr~anently loaded register u s e d  to 
pfov i .de  aüdressability for q u o t e  c e l l a ;  
saall r~ teqer  aE"ng;in {zero) , 



*VALUE3)  
) peraanentBy  luaded r e y i w t e r s  used to 

*VAZUEk) provide t rddrcsssab i f i ty  for. t h e  firat 2046 
$ va3ue ce1 3.5, 

*PIX ; periiianeFl y ïoadecl to p r o v i d e  a d d r e s s h b i l i t p  i n  
f i x e d  pxoqru@ space , 
*BbS; t h e  a b s o l u t e  shack regizter, 
*lFtEL; usecl to provide a u d r e s ~ ü b i l i t y  w leh in  the 
f u n c t i a n  currently in emecutiun, 
*MET; rise& vken c a l l i n g  a f u n c t i o n  ta prûvirrre c f  

r e t n r n  abdsess. 
*PDL or +PDP; t h e  polnter s tack  registem. 
+Be; u s e 4  to t r a n s a i t  the f P r s t  argument of a functmon, 
and ts t f a n ~ ~ - ~ t i f =  rn f n n c t i a n  value., 
*EQ; useà ta transmit  t h e  secunci argug~ent of a f u n c t i o n ,  
*SC&% scra tch . 
*SCRF scratch . 
*SCBf or *k;MABE; scratch. 
*SÇEh or *BWABG; vcratek ,  

%$ES, * N I L ,  QOOFE, *VALUEl,  *VALUE2,  and *PIX are afl 
yêsmanentPy Poaded; *&ES, *BEL, and *PDL are  safe over Iunclion 
caJls; and the rest are uusaf  e over c a l l s  and glay be used  ds 
scratch registers,  

>The P l o a t ~ n g  Y u m t  hegisters 

C O - f l o d t i u g  p o i n t  accu~ulatsr, used to t ~ a a s ~ i t  
one literal vaiued seaf value, and the v a l u e  of a 
real-walwea l i t e r : a l - v a l u e d  t u ~ c t i a n  is returned In 
it , 

2 - u s e d  fur f l o a t m g  paxnt  calculation. 

6 - scratch x e g i ~ ~ t e r  u s e d  in aoviny a r g u ~ e n t s  to 
t h e l r  r e s p e c t i v e  s t a c k s  . 



Y ,  L X N K A G E  CONVENTIONS 

7- 1.i. one is to unders tana  or intes2ere with t h i s  LIS& z y a t e u  
i- at the asçemblp lanyuage  PeveS, it iu aecessary to 

u n d e r s t a n d  the f inrkacge coavent ions .  Linkaye c o n v e n t i . o n s  
axe the Banner in whlch contra1 Pç p a s s e d  iroa e a l P i n y  
f u n c t i o n  to calle$ i u n c t î o a ,  and v h a t  conditions e a c h  is 
expec ted  to f u l f i l l  i n  orùer that the s y s t e i  fernain vell 
uehaved, 

As t h e s e  convent ions  b e a  d i r r e t l y  on hou e f f e c t i v e l y  
o n e c a n  compile code, considerahle thought  kas been 
p u t  into the c o n v e n t i o n s .  The aenalcgasn of coriipfoaises 
whieh has  r e s u l t e d  Z1 due to the tolf  owiay cons iderat ioas  : 

ha Br;semble& progïairti: were required to,,reentrant, to naed no 
address constant  aodiTication uhen &oued, tu be as saaPf as 
p o s s i b l e ,  to be reclai~able, to be r e d e f  i n a b l e ,  ana as 
e f  f iclent as p a s s i b l e ,  Reeutrancy of course beyot the 
s t a c k s  Tor a i f e r a b l e  storage. %t P s  p s s s i b f e  to share snch  
pregrams provide& that when ~eeuterea ather a l t e r a b l e  
storage areas p e r t a r n  , The t v o  stack d e c l s i o n  waa ~ a a e  
to s i n p l i f y  t h e  ~ a r k i n ~  and relocatiag p h a s e s  of the 
RECLAIR f u n c r i o n ,  This cost an addi t ional .  regrster 
[*AB$),  Hov it appears t l r c l t  there are b a s l c a l l y  twa 
rntethods af intaiatainincr s t crcks .  llxl one rrsethod, t h e  
c a l l i n y  procyraai iv r e s p o n s i b l e  for puljhing or bugpi.- (in 
any case opdating) the s t a c k  by jiis't the aaount reqirised 
a t  the time oT a call. The o t h e r  aethod i s  t h a t  the 
cc~.Bled f tnlictian b u ~ i p u  t.he s t a c k  t h e  rnzlxi~ai aaount  
r e q u i r e b  by Itseff jast  once when c a l l e d ,  On one hdna 
t h e  irrst ~ e t h o d  reguired anXy the aaeunt ot stack 
c u r r e n t k y  h o l d i n g  stored fnkor~âtion while t h e  second 
üretho-d vorrfd ssxaetiiues aPPaca te  ztyace t h a t  wcrs not  
~ e q u i r e a  in t h a t  p a r t l c u l a r  pbus throuyh the f u n c t i o n -  
On t h e  other kanu the f E r s t  methoà reguirea a f onger 
c a l l l n y  sequence  to encowpass the v a r i a b l e  vtack busp. 
The second  &ethua was chosen because s t a c k  spacf;' was 
r e ï i i t i v e l y  choaper than hinrizy proyrÉîw spacr ,  that 
is. i t s  peratanent requirearerit tor s p a c e  v a s  smaller. 

Assemuleci p r o y r a ~ s  conta fn  no adaxess: con& &nits ; 
theratore require no addr ess relacation, Tbey do, 
rkoweoer , c o n t a i n  ï t - l c t t i ve  abriiresser, EBase-61s~) of 
vd lue  ceLls of x d e n t i i l e r s ,  and of yuote  cflls. but 
f h e s e .  a n c e  reierenteed by asserabled code, KeItltarn in 
place  (i .e., their relative location never  changes) . 
Note: trihile d c s e ~ b l y  languaye  yrograss can be exchanqed 
fsom one copy of the uyste~ tu anolher ,  asse&bled p m y r a B s  
ctnnnot , 

The r e g u i f e n e n t  for redef i n e a b i l i t y  and subsequent 

C 
reclamation oL ' d e a d '  assenblea  progrdns q i v e s  rise to 
s t o r i n q  t h e s  as vsctos datd s t r u c t u r e s ,  and accesslny 

'..- 



the@ V ~ G  the valut;: ce i l  of gCb43 f t lnct i08 *S iQt -nt l f  i e f :  
Thns r e d ê f i n l t i o n  3 s  m e r e l y  the reassiynffient of t h e  

C v a l u e  ceil to a new v d l u e ,  The Locatar value o f  such an 
assemblod  prograia vector data-s tructure  is a pointer to 
the hedder  of the v e c t a ~ ,  The c a f l i n g  mechaalsa t a k e ç  
t h i s  i n t o  account Ety trctns£erri.ng contra1 I r i to  the vectaf  
juut  beyond the h e a d e ~ ,  

k l ir ikage r o u t i n e  e x i s t s  at t h e  location s p e c i i i e d  by 
the register * F I L  T h e  05/360 v e r s i o n  of t h i s  rout ine  
C B F P S ~ S ~ S  ai 

5-13 u sec 

a d  t h e  c a l l i n g  seGuence is as short as ~t ~ a l f  be ( 3 ~  
b i t s )  : 

where  sr n s  a ha1.f-word constant  w h 9 c h i . s  a l o c a t o ~  
for  t h e  rdentifler value cell. The SYC i n s t r u c t i o n  is 
nor n e c e s s a r y  for f i n k a g e  but iz useu in c~njunction v i t h  
t h e  RECLAfH funcéian to %kasure the a c t i v l t y  of a 
f u n c t l o n  , The autonatic e x p u l s i o n  of assesbled prograias 
w h i c h  t a k e s  p l a c e  d y n a m i c a l l y  when vector storaye space 
becows scarce, B a k e s  use of t h i a  a c t î v i t y  aeasure, T h e  CMS 
dnd TSS vers ions  oT t h e  l i n k a g e  routxne c o n t a i n  an 
aacéitioncxl i n s t r u c t i o n  for f i ~ l d i n g  a t t e n t i o n  interrugts, 

i f 
n / 

1 " 
i. 

r" , ' c j / q c * :  .?,A *.: &, 

Th€ t o t a l  t î a e  for t h i s  sequence is aboat  6 - 3 3  u sec. 

T h i s  ia nat  s i y n î P i c a n t  for f nnct ioas  v h f c h  reguire  a h n y  
t i . ~ e  tfieatselves b u t  it is fst r e r y  sfnurt o n e u ,  As dbcrut 
20% oi Qne c a d e  yroduced ù y  t h e  coapifer  ç o n s î s t s  si 
calls to t h e  fist accessiny f unct io lns  (CAR,  CDht . , 
C k D B  .,, ., etc,)  anci t h e s e  funck ions  o f  t e n  occur irns ide  
t i g h t  l o o p s ,  t h e y  uere treated s p e c i a l l y  and r e q u i r e  
only  a 1-2 u sec callirrg aequence= {The @Ah r o u t i n e  
recpzxec9 = 6 , ! id u sec )  The d e c l s i o n  to u.se kalf - w r d  vurd 
pûinterw has zesuPted i n  a factor of 6 lass ia t h e  iox 
Iist accessinq. The overal l  Poss i n  time is probabfy 

(C less t h a n  i a c t o r  of 2 or 3 .  Bopef ully, t h i s  can be 



1 
ovçrcome cairtpletely by t h e  a d d i t i o n  of a new i n s t r u c t i o ~  Vk-. , 
in the ~iccr'.opxograri~ o f t h e  51360. 

The c a P l i n g  seyuence o n l y  trdnsfers control ta the 
t i e s i r e d  k u a c t i s n  , The l i n k a y e  cûnueat lons  r e q u i r e  a 
s y s t e m a t i c  metBod of t r a u s a i t t  i n y  a r q u ~ e n t z ,  re turn ing  
v a l u ~ ç ,  returning control to t h e  ç a l l i n g  program, and for  
rrtai.ntaininy the s t a c k  , 

The  coraventioa fur pcnssirng poi-mrter ctlxgirmextç is t h a t  the 
Lirst and secaud a re  p a s î e i i  In Regiuters *AC and *BQfl 
#hile the third through %th aust be. stored in f i x e 6  
y r o g r a ~  space  Bocatfans ARE3 ,., ARGl6, This 
c o l s v e n t i o n  d a t e s  t.û t h e  7494 I f ~ p l t h ~ e ~ t a t i o n  ~ 4 ~ i . i  is a 
d e s i g u  krrûs in t h l s  S / 3 6 Q  v c x s i o n ,  Fortnaately, it is n s t  
i e l t  &or Tuuct lon;  oP O ,  1,  er 2 arguBents. A better 
schelrie wouPd be one sirai3.a~ tu the one  used %or: thk  
a b s d u t e  çtack, in w h i c h  the A B G r s  bfoçk i.5 unnecessary,  

Upon eaterlng a f u n c t ~ o n  G c a l l e d  by a functxen P, G 
s h a u f d  reserre a n  area suff iclent fof its c o n t f o l  
i n f o ï a a t i a n ,  a z g u ~ e n t s ,  and t h e  a a x i ~ u ~  number o f  
t e m p o ~ a r y  locations that i t  may regulre, To a c c a ~ p f  ish 
this, the a s s e ~ b l e x  recognizes u %&cru [*HOVE gtn gg) 
uhere is t h e  nuraiber of b y t e s  re-uired fsr t h e  s t a c k  
regian çif' G and gg i u  8 tïniec t h e  n u ~ b e r  of p o i n t e r  
argurrtentç t h a t  G t - x p e c t s *  {Thus, if G has 4 p o i n t e r  
a.rguments, g~ =: 3 2 , )  

C The *@OVE; mdcro p~tezforns ç e v e r a 1  f u n c l i o u s ,  1t 

1 .  reserveù a s t a c k  region for 6 .  

2 e saves *REL, *RET, and * k W  which must be 
s-es to~ed  

when r e t u r n i n g  control to P ,  

3 ,  c u p i c s  the pointer a r y u ~ e n t s  of G i n t o  its stack 
region, 

4 c h e c k s  f o r  out of ~ t a c k  c o n ù i é k o n .  

6 e s - t a b l i s h e s  a new *WEI, and *PDL fur  6 .  

The s t a c k  is restored and control returned by the 
f o l lowinq  uey u e n c e s  : 

T h e  f u n c t i o n  G is r e s p o n s i b l e  for r e t u r n i u g  a pointer 
v a l u e  in *AC. T h i s  coinpletes t h e  d e s c r i p t i o n s  of t h e  



aiakage conventions w i t h  reqaru to p o i n t e r  v a l u e s ,  but 

f -  
si&if ar canveatti .ons a r e  requ ired  bar hterraf à r g ~ a e n t ~ ,  

L t e ~ i p a x a r k ~  and valueu, 

s t a c k  o r  iEteraI values (absulute  s t a c k )  is a l s s  
h s e d  on the cunvenkion that ca13.e~ f u n c t i o n s  are 
responsible f ar a l 1  ocat in  y a stack r e g i o n  
S U . - L ~ : P C ~ ~ B ~  r o r  t~~e3ir I R ~ X S B E & ~ ~  r e q x i é z ê ~ ~ ~  f i t ,  T h i s  ueack 
i.s ssrnewhat netter-  Oeslgnetf than  th@ p o i n t e x  s t a c k  as 
i t  u t l l l z e s  an offset  s t a c k  p o i n t e r  PBbS f r u ~  whlch i t  is 
possible tu re f e s  i n  hoth d i r e c t i . o n s ,  Therefare, no BbGns 
bXoek is n e c e s s a r p .  See P i g ,  d whlch illustrates t h e  
d b s o l u t e  staick,  T h e  mcro (*AbSPUSM IB) where is t h e  
n u ~ i b e r  of bytes xwpieeb  for t h e  vtack region, is used i u  
the sazlsre tlnanner d ç  f*HVIOVli ;, ,.) , EiteraB values are 
r e t u r n e d  in the BRGZ stack y u s i t i o n .  The a b s o l u t e  s t a c k  i s  
r~s tored  by: 



P X ,  THE CGEYJLER ABU LAP 

C 6.1 HistorlcafLy EPSP h ~ s  proven to be saaevkat slow when 
avaluateti  i n t e r p r e t i v e l p .  s xs due in soie  p a r t  to t h e  
5-expressioc aiociel oi t h e  evaluat inq nachine  and a l s o  ia soae 
p a r t  to t h e  Rany features t b a . t  have Been adriea to the -l-anyud.ge, 
[i.& . the FHQG f eature,  a s u i g n ~ e n t  , go tots, z u n c t i o n a l  
arguraents. etc.). Irr dny case, it has b e n  p o s s i b l e  to i s p l e s i e n t  
a c u ~ p i l e r  u h i e h  c ~ e a k e s  code vhLch n f r o u  4O to 300 t h e s  
h s t e r  than interpreted co&~ Zt b a s  a l s a  been t h e  case t h s t  
coerpiled code o s u a l l y  requires less  space than the s-express ion 
reprssentation of the f unctxan,  

6.2  The Co~piPer P n n c t i o n  

The c o ~ p i f e r  for L I S P  is i t s e l f  a LTSP tunctron, or r a t h e r ,  a 
whole i a g i l y  of f u n c t i o n s ,  The arguaent of the COaPILE f u n c t i o n  
is a list of delinrvd Eunction names, T h a s  I l a t  is iil.so the valute 
uf the f u n c t i û n ,  The important side effect o f  the COHPILE funetxan 
is t h a t  for each aryunent  f u n c t i o n  FtarerlEt an assembleci or blnorry 
prograrrr itetaye {BPX) of execut able  Inçtrucirioaç lias been created 
and  the propert ies  associate4 v i t h  the naae ( i d e n t i f i e r )  have 
been  a l t ered  to ref fect thât t a c t ,  Subveqnentfy that fiunction 
w i X J  be executed r a t h e r  than i n t e r p r e t e d .  

Et is a characteristic O t h r i ,  compiler  that normcxlly unPy 
read-unfy code i s  generatea- The e x c e p t i o n s  to this conld 
~ e s u i t  f ~ o a  usiny i h e  +COLE f u n c t i o n  ta create i ~ b e d à e d  asseably 
lanyuage instructions. 

Pn this s p s t e ~  it is p o s s l b f e  to s i x  c o ~ p i l e d  and nnterpreted 
£ u n c t i o n s .  

6 - 3  EAE360: The L X S P  Asse~bler  

fLWP360 L i s t i n g  s y n )  

Tbe f u n c t i o n  LAP360 asse&bfes t h e  i n s t r u c t i o n s  in listing, 
p l a n t s  th.eat in core, and ~ a p  a l Z e r  certain properties a& 
i i ient ik' ieru,  

Case 1: ( & s s e ~ S P i n q  a patcft) 

If prologue is a nuaber t h e n  t h e  i n s t r u c t i o n s  f o l l o w i n g  
w i l i  be orlglnated the location compnteù by addiny the nutber  
to t h e  systea û r i y i a  y i v e n  in reyister  *F3X. This is u s e f u f  for 
a s ç e ~ b i i n y  absolute p a t c h e s ,  



the instructions w i l l  be planteci in a vector wnich t h e  
asse ib ler  gats d y n a a i c a l l p .  Tne i a e n t k f i e r  data structure 
Tor naae v i l 1  be i o d i r i e d  to ref lect clsss and nuaber of 1- 
6 c ~ y u a e n t ~ .  

l n u i c a t k n g  whether t h i s  function h a s  a d e f i n i t e  nnnber of 
arguxltents, eva luated .  ( S D B n )  or unevaluatea [PSUBb) ; or wlzetfrer it 
hau an i n d e f i n i t e  au~ber OS arguaents,  eaaluttted fISBBk*) or; 
trneaaJuated (FSUBRZ) . 

WRen assenLl inq functions an asre~bled pragraa vectox 
oI the reqnîreci s i z e  is creaied, and a v a l u e  p o i n t e r  for t h a t  
vector is p l a n t e a  in t h e  v a l u e  e l 1  for t h e  i d e n t i f i e r  yivea as 
pi.aae, Ln imddition, the iderrt i f ier  structure is f lflt-ct in w P t h  
t h e  rest oi the proPogue infoztrnation. 

The for~at uf t h e  asse~bler*~ i n s t r u c t i o n s  is 

i n s t r u c t i o n  = label 

( rrop reg addr reg ) 

( s s o p  r e g  addr reg addr ) 

f a b e l  is a litexal-atom d e s l g n a t i o n  for the location of 
e h e  x o l l o w l n g  i n u t r ,  All f a b e l s  are  PocaX to the current 
l i s t i n g ,  

aaacrro -: ( atsc-nalrae r 4 saac-na~e 2s t h e  naraa of 
a p r e v i o u s l y  dePlne& asçe~bler mero, Such aacrùs can aé 
d e f i n a i  by the f u n c t i o n  MACLBP, t h e i r  erfect is to i n s e r t  a 
sequenee of i n s t r u c t i o n  i n t o  the l i s t i n g ,  

ca l1  - ( CALL fnarae nunber) 
k h e r e  f a m e  is the c a f f e d  functian's identifier, 

pueuGu-i.nstr = ( =F nuaiber ) for: f u l l  warict  c o n s t a n t s  



( *DATAS adar 1 for base 3 i s p  c o n s t a n t &  

/LA BEL f abei.) 

The a d d r  f i e l d  produces  a 1 6 - b i t  f i e l d  by ç h i t t i n y  t h e  reg i i ~ l d  
value left 12 and OR-iny it with t h e  sum of the d i s p  v a l u e s -  

( QUOTE datunt ) cre<îites t h e  base-oksylacennent s e t t i n g  appropriate  
ta locate a pointer value  for t h e  s - e x p  aatua Note - such  
q u a t e d  s t r u c t u r e s  are shared and ~ u s t  not be a l t e r e d .  2024 such  
QUOTE v a l v e  cefls have been feservea and vhen they are a l 1  used 
t h e  assenbler  resorts to lesç e f f i c i e n t  a e t h o d s ,  Naaely the use 
ok a QUOTES-extension vector , 

( FUBCTfON I d  f creates the basé-d i sp lamaent  s e t t î n g  a y y f o p r i a t e  
to locate the value ce l l  of i d .  Blso bit 3)of the i d e n t i f i e r  
t y p e  code is set Xo 1, 

In yeneral  t h e  s y ~ ~ h o l s  &or : 
rrap, rxop, ssop, reg, dispr and 3L~lbe1 arie a11 either 
numbers os id, The i d  a r e  eva lnated  by Zookup in the symbol 
t a b l e  envlron~ent y i v e n  by ç y ~ ,  

f.f i1. vyltibol does n a t  occur on syain, the prsperty Ilist is 
i n s p e c t e d  for a permanent s y ~ b s l  v a f n e  (ea l led  XNTSPH) . 
See APYEMliXX G for a List of t h e  a s s e ~ b l e r s  y e r ~ a n e n t  synbaP 
v a l u e s  * 



r ', - L I Ç P  relier heawily on t u e  operat ing  s y s t e i  for its I / O  
ç ~ p a b i l i t i e s .  I / O  f u n c t i o n s  cire e s sen t ia l  ço that e x i s t i n g  data 
c a n  be reaii ana data s t r u c t u r e  i n  s e ~ o r y  c a n  be p r l n t e d ,  Data 
e x i s t  in records whick occur En P i l e s ,  t h e  f i l e  belng a seguence 
of records, T h e  i n d i v i d u a l  Z / O  f u n c l i o n s  are bescr ibeo  in 
BkEEWGEX C .  

The usez ~ â p  process  s n l y  t h o s e  f i l e s  u h i c h  have been ~ a d e  knawn 
tu LXSP via the [OPEH*SEQ,..) funct;kctn, Uhen t h e  user &gins 
LXSP e x e c u t f o n  tuo files are autû~nat l ca l l g  made kaown: 
EXSPXT, the standard. i n p u t  L i l e ,  a n d  LTSPûT, the standara 
output  f ife.  

The functicrn fSEU4 x ~ i s p )  xr; pravi.cled tu l e t  t h e  s y s t e r s  forget 
about a file, 

O p e r o t i n y  sgste~s aay iapose deaands and requ irements 
tor f i l e s  before t h e y  Ray be p r o c e s s e d ,  vhen r u ~ n i n g  u n d e t  05/360 

DU cards d e s c r i b i n y  any f i l e  rhieh ~ l y h t  be used 
aust be inclurfety En the doP, Contriol Cards w h i c h  d e s c r i b e  t h e  t l S P  
Job*, The LISP f i l e  naines correspond to t h e  XiLnanrre paranteter, 
Wf.1 2 i . k  and record character i s t i c s  ~ u u t  be s y e c i f  i e d  on thiç 
car&, The one great gooCr thért cornes is t h a t  the LXSY progxaas 

C then becawe q u a t e  devlee independeut ,  

*Needles- tu say t h a t  under O S  it may b e c o ~ e  neceçsary for t h e  
u ser  to s u p p l y  these caras,  see V r i n c i p l e s  of Operation SKL. 

T h e  dettutsd. and record readiny fuxïc-tions are a l 1  w r l t t e n  to 
operate upon t h e  c u r r e n t l y  seiectea inpot f i l e .  The funct ion  
( H U S  tilr-naïdef is a v a i l a b l e  for s e l e c t i n g  any known opened Iile 
a s  t h e  currentt input f i l e -  L i k e w i s e ,  (ia&S f l le-nage)  selects an 
outku-t file, The f al lowinq s p e c i a l  vaxlabf es tiescribe t h e  
sclected i n p u t  file: 

= f i l e - n a n e  

@U&X#BUF = s t r i n g  data s t x u c t u r e  vHich received t h e  
r e c o r d ,  

CUBXMDCB = fscazion oi t h e  DCB, data cantfol  b lock 
i 

c"tXl;rfSioI, =$j --> n coluisn of C u w x A H  

L T h e  output f i B e  state is ~ P v ~ E  by: 



C U R O U T B U ~  = s t r i n q  for output  record 

CUBOUTCL = 3 --2 n c u r r e n t  output calu~n 

The\ funçtiolm C*NEwLfN) b r i i n g ~  i n  t h a t  y a r t l o n  of t h e  n e x t  record 
oi the c u r r e n t l y  selected i n p u t  f i l e  t h a t  w i l l  fit in t h e  
CUKfHhUF vector- Thi s  a l l o v s  one  to r e a d  the n i n i t i a l  
ckiaracters ok a recora by s p e c i f y i n g  a CUHIWBUF veclor oi n 
cl~ikracterr;, Un t h e  other hdnd, (TERPBX) f i l ls  in bltanks fronr. 
tUWUTCL ta the eaa o f  the COBOUPbUP buf fer and then a u t p u t s  t h e  
record, 

7 .Y Character Stream Processina 
RDWQ .9-- 

2he xunctians (&EWDCH) and (VXXHTCB) allow o n e  t proceeu 
charactç-r by character throuqh a file as tkough it were &LI one 
s t ~ k n y  a d  thé x e c û r d s  dlcinRt exxst,  In th& aanner arb i trary  
ckaracter s t r i n g s  ~ a y  Zde processeci v i t h o n t  regard to the s y n t a x  
ai LHSP h t a -  

C 7.5 Pile P ~ s i t i o n i n y  - not y e t  ava l fab le ,  

7 , 6  (REAL) the datum reader 

(HÉAB) is the functjlcrn u h i c h  star-és at CUfiXPICOZ and c o n t i n u e s  
reaa lny  ckaracters u n t i l  an e n t i r e  LXSP datua h a s  been passed,  
t h e  val.ue of (KEAD) is t h e  corfesponding data-structure* Çee 
S e c t i o n  3 .  (&ë&D) emplopes  (*RATOR) to recûgnlze one tuken , 
Gnness t h a t  t o k e n  uasl or the va lue  of READ 1s the datd 
s t ruc ture  for t h a t  t a k e n ,  X f  Q was errcauntered (B&ADi) is 
usea ta collect a l 1  the f o l f o w i n y  data i n t o  a data  s t r u c t u r e  
u n t i P  an unbalanceil 1 ar a token is ~ . ~ c s o u n t e r e b ,  

t o k e n  = f 1 1 literal-atoaa # nnmber 1 s t r i n g  1 fi 1 
%J 

(PNXlirT x f  crutyuts t h e  tlatuia w, f i l . l i n g  out the f i n a l  fine with  
traiXXng b l a n k s  . 

[I?I<'PNl x )  - outputc; any litexal-atom, auiber or str ir ig  u i t h o u t  
t z a i l i ~ g  blanks ,  



\ 
Ln t k i s  i ~ p l e ~ e n t a t i o n  of LXSk9 it i ç  yosslbPe tu use L A P Z 0  coaea 
e x p r e s s i a n s  d i r e c t l y ,  Thls i s  p o s s i b l e  throuyh t h e  use of a 
code-exp where 

code-exp = (I cuete-ap i n s t r - c *  ) 

code-op = *@ODk. 
*ïCUDE 
*&CODE 

currerryonding tu poirrter  vafued ,  i n t e y - P  1i . teral  vaïrneii, aud rrud 
XiteraX valued code-exp, 

A cade-exy can oçcus in any c a n t e x t  that an exp xe aPlaw&, but 
~ i i u s t  obey the s t y l e  c o n v e n t i o n s  iaposed by the reyister 
a l l o c a t i o n  s c i ~ ~ m c i ,  t h e  çtoraqe organization, and the scnerwa for 
vaPuau t r a n s m i s s i o n .  

The  code iastr are jnst l l ~ e  regular LAP360 i n s t r u c t i o n ;  
u i t b  the f a l l o w i n g  a d d i t i o n a l  addr  field a l l o u e d ,  

c addr-c = ( *sLSt-;tCâTE i d  ) 

@Hich a l l s u s  t h e  i n s t r  tu refcrence rari.able v a l u e s  thae accur 
in the context sf the LXSk f u n c t i o n  l a  which t h e  code-exp 
accurs. HU p r o v i s i o n  c u r r e n t l y  e x î s t s  for interyxeting 
c o d e - e x p ,  Nor is anp envlsioned. The code feature  is t h u s  
y u r e f y  a corripiler a r t i f a r c t e  
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tETTTNC4 ALONG IN LEZ ON CHS 

The CES c o ~ m à n d  that pues  ane in t h e  e n v i r o n ~ e n t  or t h e  
h s i e  LSL s u p e r v i s o r  is: 

-il2 this C O I J ~ R ~ B ~  does not .  vork,  then  LPL iç not a v a i l a b f  e tu 
C R S ,  {you Ray make dismete Inqulres  in this case) 

fi LEFE 9s a v a i l a b l e  and vorkiny ,  you Bay i n p u t  one LPL 
e x p r e s s i o n .  Assuniny  tha t  t h e  e x p x s s s i o n  is syntactically o h l i d ,  
it wkïl be e v a l u a t e d .  Ail LPL e x p r e s s i o n s  produce a v a l u e  which  
is y r i n t e d ,  or t h e y  cause t h e  E&ROR routine ta be e n t e r e d ,  or 
t h e y  c o n t i n u e  runninq,  

T h i s  process iç repeated  u n t f l  t h e  expression: 

*PX Ig 
rollowed by a 2:'ina.l: 

b r i n g s  o n e  back ta t h e  envlron&ent 02. C85- 

Yhxa explaination cjiver riset to t h e  f û l l o w i n q  q u e s t i o n s :  

1 -  What are EPL express ions? 
2 .  HOM dses one k n y u t  an LEL expression? 
4, &bat if aiy input lu not s y n t a c t i c a i f y  correct? 
4 ,  What if the e v a l u a t f o n  canses EBROB ts be calfeu? 
5 ,  haw can I i n é e r r u p t  the ev&lrtation. priscess? 
6 ,  #bat are the b u s i c  p r i a i t h e s  and k i u i l t l n  f u n c t i o n s  
awaiPabië in LPL? 

#e treate the above q u e s t i o n s  h r i e f l y ,  in sections 1-6, anQ 
ihhen raturra to a f u f l e r  a i s c u s s i a n  of t h e  aertning of LPL 
exprtssious l u  section 7, 

1, k n & t  are LPL exyressiûns? 

T h e  f a l l o w i n g  s y ~ b s P s  a r e  usea k o r  spntax  d e s c r i p t i o n :  

{ and 1 are used tor m e t a l i n q u i s t i c  groapinq.  
[: and J art. use& to kndicate  o p t i o n a l k t y .  \ 



* l u  useu to i n d i c a + e  one ûr Etore. 
1 is usea to separate  a l . ter .nat ives ,  
Vertical a l i g n w e n t  is also a s e d  for a l t e r n a t i v e s .  

Express ions  are the p r i n c i p a l  linguistic Ior i  of t h e  LPL 
1.anyuay e .  An expression nay be g i v e n  an in t erpre ta t ian  through 
evci lua.t ion.  This nev interpretat iori  or the expression. is in a 
strictty nar-rov sense .  merely a new sytnbol. The hutrtctn interpfeter 
ot. this çgmbol gay t h i n k  of it a s  denotkng  an objecte He aiay 
cons ide r  t h e  e x p r e u ç i o n ~ ~  thease lves  as d e n o t i n y  abjects ana 
zt.rauld do so u h e n m e r  p o s s i b l e .  

B conversation Ln LPL c a n s i s t s  of a sequeace o l  e x p r e s s i o n s  
received Erûa  a texalnal or f i l e .  The LPL superwisar t rans la tes  
each e x p r e s s r o n  i n t o  a data-abject (a LISPI .5 S-expression) - It 
t h e n  evaluates  that object, o u t p u t s  its value ,  and repeats t h i s  
process o n t i l  a terminâtion is signaleci.  Should the e v a l u a t i o n  of 
a n  express ion  require  t h e  r e a d i n g  of us+r i n p u t .  then that l n p u t  
must  precede t h e  next expression tu be eva luated .  In a d d i t i o n ,  
y r i n t i u q  oay occur before t h e  enpressiones value is pzinteû. 

The v a l u e  of an exprekiuion 2s a data-abject. Gata-ubjects 
ars  ch ixacter lzeb  by t b e i r  Pucation and type, Data-ob-jects aay 
have dssociatrd properties, suae OF which are Bore d i r e c t l y  t iea  
to the lscatiûni for pur'poseç of ef f : i c l e n c g .  Data-sb-jects are  0% 
Lve classes: 

J- 
constants :  IdentESlelçs, nuiabers, and s t r l n y s ;  
aqgregdtes: pairs, f ists and vectors 

Ht 2 s  canvenient  to g l v e  da ta  obgects a Zinear 
rrepreserntatiorn (Lor i n p u t  &na output) ; t h i s  y i v e s  rise ta a data 
P a n g ~ a y e .  The data  objeçts in t h i s  rêpresentat ian are 
traditiuncuPCTy ca l l ea  synbaPîc  e x p r e s s i o n s  (S-eruressîons) In 
LlSirfiI.5 slpsterrrs c o n s t a n t s  ana vectors are  u s n a l l g  refexed Lu as 
a t o ~ s ,  k e  shall yerpetuate the  use of this ter&, r e a l i z i n g  t h a t  
iC has the k o l l o w l n g  oyerational d e f i n r t i o n :  An atoa  is an ob-ject 
for w k i c h  the list seleetors CAB and CD$ are not applicable, 0 5  
a . l l  the data  ob jtocts the s i n e  qua non h a s  proven  to be t h e  p a i r .  
Thus ,  the f of l owiny  de2 i n i l i o n  ok s-express ion : 

A dbta-ubject is either an atom or a p a i r  of data-objects .  

We xeserve a s p e c l ~ i Z  i r t w  #IL (atlso " ( ) "  ) to denote t h e  
empty Irçt. ke preIer to use list notation u h i c h  resalts &rom 
repkacinq a f l  occurrences a2 dot fsllowea by a ieEt p a r e u t h e s e s  
w i t h  a b i a n k ,  anci u e l e t i n y  the balancing right parentheses .  

[A , (8 fti" . 0 )  ) )  is the Xist (A C') 

Héraess may bt? asscrchted with v a l u e s  [d.ata-ab.jiects) and are 
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rexerred to as P ~ I - i a b 1 . e ~  - F u n c t i o n s  faore prroyerly 
- f u n c t i o n  closures) a r e  parasieterizeu d e f i n i t i o n s  of their v a l u e  
( objeçt. lney a r e  denateci I n  the LE5  langua~e by 

prsckrture expressions ana are thaaselves ob jects The 
a p p l i c a t i o n  of a f u n c t i o n  closure to argoeents is calleci an 
operator -operands c o ~ b i n a t i o n  , Conbinations in LYL are 
f r p r e s e n t e d  by i n f i x  operators or by juxtaposition as describeci 
firelow . 

E a c h  e x p r e s s i o n  in t h e  L ï L  lanyuage  not denotes  a uata 
abject but also h a s  a reprssentat ion  as a S-express ion .  rhese 
datd.  r e p r e s e n t ~ t i o n s  i n c l u l l e  t h e  v e l l  knovn L I S P I .  5 Ç-expresçxon 
l a n y u a y e .  idhile n o t  e v e r y  S-express iou  is t h e  r e p r e s e n t n t i o n  .for 
a n e a n i n g t u l  LPL e x p r e s s i o n ,  it ic p o s s i b l e  to represent  every  
LISV1.5 express ion  in E P L  Par exasple:  

Ii + ki 
hau t h e  d a t a  representaaon 

(PLUS A B) 

The q u o t e  operator { f o l l o v e d  by an LPL expression is oseu 
ts d e n o f  e the reyresestation of the express ion-  

* (a.t8) 
Lsausla tes to 

(fipUOYE (PLUS" A XP) f 
u h i c h  evaluates to 

(PLUS A b) 

Une Bay write expressions d i s e c t l p  as an S-espressron by 
p r e r i i i n g  the S-expression vith t h e  escape charactrr fH) ,  e.y. 

H(FLtIS 3 4) e v a l u b t e s  to 7, 

h x p r e u s l s n s  in LVL are w r i t t e n  as çeguences  sk - o l r e ~ s -  
mukens are r~presented by t h e  ~ a c h i n e  d e p e n d ~ n t  character set 
v h i ç h  P s  assuued to c o n t a i n :  

let ters,  d i g i t s ,  swce ar blank, and a h o y e f u l f y  large set 
uk s y e c l a l  chasdcters c a l i e b  marks, 

Yhere ace t h r e e  classes of tokeas: 

Identifiers j w h i c h  are strings of letters ana 
6îcjit;s that start wlth a letter- and are terrainateil bp a 
space or a nsark. The exclaraimtion xàark ( 1 )  has been 
preenpted  fro& t h e  set of ~ a r k s  tû p l a y  a s y d a l  rare. Any 
charactex I t  precedes vil1 be cans idered  a lettex,  h e n e e  we 
cal1 it the s t t e r i x s .  

L i tera l s  - ~ïnaieric constants and t h e  s t r i , n q  c o n s t a n t s .  
Afl uu&eric  c o n s t a n t s  s t a r t  w i t h  a d i g i t  and s t r i n g  
c o n s t a n t s  ~ u ~ f ~ t ~ ~ f d e d  by ($1 'se 

Rask-s~nboPu - marks and known s t r i n g s  of characters 
t k a t  s tart  with a aark, Cuapuna a a r k - s y ~ b o l s  are ~ a d e  knavn 
to the token recognlzer  au a special  proper ty  of the initial 



mark. The LPL s y s t e n  c a n t a i n s  t h e  f o l l o w i n g  coipouna 
,,--- mark -syn bof s : 
i { JL* :=: := .EQ .HE ,GT *GE .LE 3 

T o k e n s  are used as =erat.org and delizalters, O p e r d t o s s  are  
used to fora express ion$ ,  They Bay t a k e  other expressions as 
p e r a n d s  and they Ray recjnize cestain defireite~s. There are two 
k i n d s  af operators: Thuse which  reguire an e x p r e s s i o n  o n  the l e f t  
and L h o s e  which do not, 

Z P E  is saià éo have an operator yrecedence gfammar because 
preceaence f u n c t i o n s  are use& to determine the s c o p e  of 
operators,  Each operator or delidter has a l e f t  bineting power 
1 i addition, operators whir;.B take r i y b t  a p e ~ a n d s  h - v e  a 
rxyht  b i n d i n g  power (rbv)  . Operators v h i c h  have lef t operands 
kiavfc an in terpre t i z t ian  u h i c h  iç c a l f e d  a feft denatatiion (Eed).  
Operatari u i t h  no left operand have  a null denotat ion  (nuiif . In 
e i t h e r  case an operator ~ a y  have a y t i o n a l l y  saBy right aperands . 
Bn operator  nay have a l c d  or au& or both ,  

Takens vhich are  nnknown to the graBrnar a r e  a s s n ~ e d  tu be 
v a r i a b l e s -  T ~ E  juxtapos i txoa  of e x p r e s s i o n s  i n d i e a t e s  Euac t ion  
a p p l l c a  t i o n  (coathknation) , Combinat ions  associate tu t h e  r i g h  t 
For exawple, 

A L C  - - (a (B CC1 f f 

fn the case of t a k e n s  u h i c h  are knovn to the g r a m a r  as r opercttors the i u t e r p r e t a t i o n  of the operator requirinq a l e f t  
\- wperana is aiways  ~ e f e r r e d .  F o r  exaaple ,  

a -  intdicates subtract ion,  
a (-b) Pndiccztes a.pphicatior% of a to minus b- 

Xf r is an operator t h a t  h a s  a r i y h t  operand, s a token wi th  
a l a p ,  an& E Ps an express ion  in rEs, t h e n  if 

rbp ( r f - lbp  (ç) r yets Eo 

A se t  of name-vùlue relations [the enviroaraent) g i v e s  vsjilues 
to v a ~ i a b f e s ,  Enrichiag  the environ~ent w i t h  new naae-salue 
relationships 1s known as b i n d i n q .  When f u n e t i o n s  are applied to 
arguments the parimeter: variab%es of t h e  funetfan are bound to 
t h e  âryaaeat values. B î n d l n g  Bay also uccur by SPECfAZ 
decîaration. T h i s  establishes a global  or shared binding  v h ~ c h  
per sirsts u n t i l  axy l i c i . t r .y  rerrioved , 

Variables aay be a s s ~ q n e d  any type of data ob ject. provided 
t h e  n a ~ e - v a Z u e  relatiûn $or t h a t  v a r i a b l e  has been estabPlshed in 
the euvironntent.  A s  a laetter ot c o n ~ e n i e n c r  t h e  superv i sor  
creates SEECIAL d e c l a r a t i o n s  isplicitly for variables that are 
the çubject of  top l e v e l  a s s i y a i e n t s .  For exa~ple, 
The expression 

X := 7.2 
is n s e d  to a s s i g n  the va lue  7 , ~  ta t h e  var iab le  X, 



PBXMT X;  
wouPa p r l n t  out c- 7-2 

A r i t h r s f t i c  operators are ind ica tec t  in t h e  usual  way. For 
e x a ~ p l e ~  

X*2-4,Q 
X*2-4 .Q/S-2.2 
x+-x+5*5-75 
~/'Z"p;X/q 2s 10 
(3.0/2-0.5) *X+2.8 

dl1 e v a l u a t e  to 10-0 , The ar iéhaet i c  i n f i x  o p e r a t o r s  useû abave 
aff associate tu t h e  left, Exponentation iç i n d i c a t e d  by the 
coiapound ntark-symbol ** which  as soc la tes  to the right. The use or 
the t o k e n  N-m above i l l u s t r a t e s  the use of an operator with two 
pousi  blc cienot atiuns . 

En~reçsiou sequences are tno or Bore e x p r e s s i o n s  separate& 
by sem~coïons .  The e pressions of the sequence are e v a l u a t e d  in " ~ & O L i 6 V ' '  
I e L t  tu riyht order The value is t h e  value uL t h e  l a s t  
e x p r e s s i o n  eva luated ,  

The 5-expres s ion  selectûrs ÇWW and CDR a r e  nsea tu select 
the first elesirent ot a llst and the 1ist of SUCC~SSOI'S ta the 
f irst elegent respectively, k o r  e x a ~ p x e ,  

a:=itr:(fi s zi(u V I ) ;  
w ~ u r d  e ~ a X u a t e  ta 

(lx s T (U V)) 
Anil thcn, 

CBK @DR W ;  
would. e v a l u a t e  to 

S I, 

The S -expres s ion  constructsr, CONS,  Is a v a i l a b l e  e i t h e r  as a 
function or a s  t h e  i n f i x  operator per îod ,  for eaaaple, 

A:= @ K  , ' 5  . @T. r (*U . #IL) . NIL ; 
e v a l u a l e s  to 

(& s s ((ra V ) )  

T h e  list cunstructor,  LEST, f s  aîso avai l .ab le  ~ i t h e r  a s  a 
function or aa the i n f i x  opecator caBiaa, for emaatple, 

A==(#& , * S  . ('0 , *Y)) ; 
or e9u iua lentXy  

B := LI .ST(IB  . '5 . @S' I L T S T ( g U  , * I f ) )  
eva2uates  ta 

(h S T (U Y) 
d I . i ~ i p  A , ;  L I S T ( & )  ; t 

Yector uatd-ots-&cts are dencrtt-d in a manner s l ~ i l a r  to --- 
Irsts, except that anyle brackets are use& instrad of 
p x e a t h e s e s ;  t'or exaaple  b a t h  

fi:= rM<D & P CF E D>> ; 
and  

C b:= < @D / B  , r F  ,@<Y E D>> , 
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crvcklu a l e  ta 
- <D E F <P E D>> 

k + l e ~ t ? n t s  oi sectors and iists are çelecteb by zero-sriyiu 
i n a e x i n y :  for e x a ~ y l e ,  

zrsrsf(~cr>,be~>) ; 
evcif.uates ta 

(2 <f z D>) 

ri@ctar: and i .zst f-lenaents may a l s o  be assnyned:  for c3xaapl.e 
as a r e s u l t  of 

6<3,1>:= OB ; 
B cvaXuaten to 

<B E P CF R D>> 
The result is a chdnge ta t h e  e x i s t i n g  structure banoted bg b 
(ail var iables  ref  e r e n c i n g  t h a t  structure are  iiffecteiif . A 
s i i i l a r  eftect may he a c h i e v e d  on lists by use of the well known 
L I S P  Punct ioaç  rErPtàCÂ aad KYZBCD. 

A character strioq of arbr i tary  l e n g t h  i a y  be denoted by 
surroundiny it vith the character P for e x a ~ y f e ,  

A:= CA TPPYCBL STRINGS ; 
The cûncatenat ian of s tr ings  is ach ieved  by t h e  u s e  of t h e  

dyaa fc  oyeratar - for examyle, 
b:= A - #FOLLUM&U BP TkISX ; 

wouEa evaiucite to 
tA 'EYEICAL STRIHGPOLLQWED bH SkiIS% 

f n  a d d i t i o n ,  
C:= SUBSTb fb, 12,4)- % it - SUBSTB (R,S1,6)  

uouid e v a l u a t ~  ts 
&lrHXHG YED E % Y I  

A procedure is a parimeterized e x p r e s s i o n  used to d e f i n e  a 
E u n c t i o n .  It may ùe a p p l i e d  to zero or &are arguEents and gay 
u6e a s  y e t  undefineci functions and variables ,  A procedure 
e x p r e s s i o n  eoaluates ta à funct ion closure which has an 
appropriate i n t e x n a 1  data f o r m ,  As an e r a ~ p l e ,  the r ight -hanu 
sîde uof: 
Sul%:=' (&&OC X , Y * X ;  

CUHD(ai .EQ Z : X, 
AT0M fiPI : E l  
2" : !5QBB(X,Y,CAB Z) - SUb{X,Y,CDk % I f  1 

is d procedure to be assignai  to the v ~ r i a b P e  SUb The variable 
can t h e n  be useü %o eaoke the proceduxe in t h e  u s u a l  wap* 

SUB ( ' A  , @ B  , [ @ C  . WB ,'D , @ B )  ) 
e v a l n a t e s  to 

(C  B D A )  

Xn t h e  pfocedurr S U b  above n o t i c e  t h e  use 02 the L i s p  
c s n b i t ~ &  C D W L  LPL pruoides the IF ,,, FEbM ,,, eZSE,,, 
express ion  b u t  COND Bay afso be u s e d  in t h i s  direct  maaner. The 
use 0% t h e  &l-t-representation sperator coiton w:m is af.so 

C i l l u s t x a t e c l .  This operator i.s introduced in p u r s u i t  of the goal 
ut b t i n g  able to have  an LI% rapresentat ion for every  p o s s i b l e  
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C The symbol :=: is p r s v i d e d  as b s i t i tple  wag to d e f i n e  new 
t u n c t i o n s .  It causes the Lnsp representa lron  ta be prettyprinted, 
c o m p i l e s  the P&OC e x p r e s s i o n  and associates  the code w i t k  the 
f u n c t i a n  name as a g l û b a l  be .k in i t ion .  

The black expression in LPL i n t r s d n c e u  the s e q u e n i l a 1  aode 
of $jrogxa~&ing vhere sta leaents  are executed oue after a n o t h e s ,  
Labe1.s  anid GO stateaents alX.aw the usna1 a l t e ~ r a t k o n  of Slow aE 
eantrol, BETUkN s t a t e ~ e n t s  anable  t h e  user to I n d i c â t e  t h e  v a l u e  
oi the  block on exit, 

As well as t h e  efemeatary l o o p i n g  statements, the 
GO-expression is ~>for ided .  T h i s  Bay be used ta g i v e  prograns a 
Giure understandable appearance Lhrouy h the eli.~inatiûn of l a b e l s  
ana W-statensertts, The 120-expression is u s e d  to e x p r e s s  t h e  
v a r m u s  classes of l o o p v  u h i c h  one ralghk o t h e r u i s e  caristruct 
w f t h  l a b e l s  and GO-statef~slimks. 

I n  the s i s n p l e s t  case no loupin-;  occurs and the DO-expression 
is e q u i v a l e n t  to a block-axpression kor exaapf e, 

DU; X:=Y ;Y:=2;&HD; is e g u i v a l e n t  to : 
QE&XM;X'=Y;Pg=ZtE#D; * 

THE UMTSL and Wii1LE phrases  dre used as  ~ û d i f i e r s  u h i c h  proauce 
loops vith e x i t  c o n d i t ~ o n i ,  e .9.  

DO MBPZX N .GT 0;URTlL P=CWB X ; UtiLESS H O R E A N K ;  
PkiPFlI &LANki ;  N:=N-~;XZ=CD~ X;  END ; 

is e q u i v i i l e n t  ta: 
BEGIN; 
A; ZP BULL (H ,GT O)ThEXik GO b; 

1P H06LBkg TNEM GO C ;  
PEIMI BLAHK; 
N:,-84-1; 
X :=.CU& X; 

C ;  IF NULL(P=CAh X)TBEN GO A ;  
b; E H D ;  

Tho __.YI Mkkf LE-phrases generate top-of -the- loop exit-tests. Thr 
U Y ' r l L - ~ X r a ~ e s  yenerate  bottom-of-the-loop ex i t - tas t s .  The -- 
UNLES-hrases a r e  used to c a n d l t i o n a l l y  execute t h e  s t a t e n e n t s  
of t h e  DO-luop, 

A DO-expression gray be preceded by a POlcrnpres s ion  whica 
consists  of  FOH and a sequerice of i t era t ion  contra1 clauses. E a c h  
i t e x a t i o n  rontrol cf aure s p e c i f  ieç a contfol v a r i a b l e ,  and 
possibly its initialization, the exit test, and t h e  i a n n e r  in 
%hich  they are reset for each r e p e t ~ t i o n .  

S p n t a c t i c a l p :  
POR ( ndaie f := express ion  [ @Y-phrase 

bY -y Arase C 1 
L M  e x p r e s s i o n  1 
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,--- 

c, where, bl -phrase  = &Y e x p r e s s i o n  [ 10 1 UNTIL expression * 

The syntax  and s e i a n t i c c  of LPL are conpletely speciliea by 
t h e  LEL tu L i s p  cranslator and by the s e i a n t i c s  of l i s p .  The 
user of LrL s h o u l d  pursue s u c h  d e t a i l e ù  infornation as he i a y  
r e q u i x e  to thuse  sources. 

2, Hou does one i n p u t  an LEL e x p r e s s i o n ?  

The P n P t l a l  s t a t e  ai' the LPL s y s t e ~  Inta which t h e  user 
enters  rmpon redmialr5terlny thta CCZS comntand EXSI" LVL, is as 
ioPf ous: 

A c e r t a i n  asount  oL é y p i n g  occurs whiçh  Bay u s u a l f y  be 
ignoxea * 

Xi the t lysteg~ is r u n n î . ~ t g  in the a h l s t o r y  kc3eplnge mode a 
sequence  nugher f a l l o w e d  by cl cd031 is prirrted. In rhi .ch case a 
record 02 csmputed v a i u e ~ c  and user t e x t  is kept- T h i s  file h a s  
t h e  x i i c t y p e  H I S Y O R P  ana the d e f a u l t  f l l e n a s e  0% LELHPSF, Text 
and v a l u e s  Bay  fie recal led  f rom t h P ~  f i l e ,  

The keyboafd  at the users t e r ~ h a l  u n f o c k s  alfowing t h e  user 
to type an APL e x p r e s s i o n .  

The yfûbai free v a r i a b l e  SXPGLXHEgODE h a s  t h e  value Lsue 
which k a p l i e s  t k a t  a carrier return 2s s u f f i c i c i n t  ta end the 
ex y r e s s i u n ,  

f" Yhe undersuore n-m a %  t h e  end of ô I i n e  i8 t h e  currently 
L defined exprersion-continued-on-next-1ine s y a b o l .  



[- 
The values  of expres.-:i.on~: v i l 1  be p r i n t e d  at t h e  t eza ina l .  

f 
T h e  L l s p  translation of t h e  express ion  Bay be p r i n t a d  if t h e  

BLATEFLAG is ;û set, 

3 .  Uhât if m y  i n p u t  is not syntacticaILlqr correct? 

Shoulu the LPL e x p ~ e s s i o n  i n p u t  be syntacticâlly incorrect, 
an i n d i c a t i o n  oi the error is presented and t h e  LPL editor i.s 
e n t e r e d ,  The  b e h a v i o ~  an& use of the LPL e d l t u r  is d e s c r i b e d  
beHs~r, 

The ea i tûr  Ps eutereci with a segment  af  L e x t  ehat the u s e r  h a s  
pst t y p e d .  That s e g n e n t  is reveafed  to the user by e l l l p s i s  
p r i n t i n g ,  that Is, a s  ~ n c h  of the s e g ~ e n t  as  can be p r i n t e d  in 80 
columns 1s d ï s p l a y t - d  w i t h  ~ a i s s i n g  p a r t s  i n d i c a t e d  by . .- . If 
t h i u  dici. n o t  y r e s e n t  the- useri w i t h  extougft t e x t  tu correct the 
error, t h e  user nag t y p a  FBIL,  in v h î c h  case â larger cantext  
u i f i  be presented .  T h a t  beiug the case t h e  user gay use the 
etiitor co@mands to focus in upon a fragaent of the  o r i g i n a l  
s e g ~ e n t  and perfora d e ~ e t i o a s ,  inser t ians ,  and substitutions, 

I h e  l e f t  baundariy CLH) of t h e  mrrent fraigrrtftnt (FR) Pç 
rit lvaced n places ,  The defauw value of n iç 1 aad n Bay be 
negati,ve. The  meani.ny of  platce is es tab l i çhea .  by t h e  ictçt 
oryu~ent : 

i): X f  anp cltsaracter is a p l a c e ,  
P lf t h e  s t r i n g  p is a p l a c e .  

Equnvafent ta # F i n &  pw f o f l o w e d  by wSubsta.tutt-  En] sn - ZF y 
is n o t  f ound the comiianu Bas no effect - 

The c u r r e n t  f r a y r a e n t  is doleteci froei t h e  whole  segatent. 

The echu f'faq iç i f . i p p e d =  If aN then al1 eclitar conmands 
@hich wouid not  have o t h e r v i s e  caused p r i n t i n g ,  will cause 
Pli to be printeci  e l f i p t î c a l l . p ,  



K e t u r n  frvm the ed i tox  an& I.e i+dTSf? t h i s  segment- 

këturrn f x o ~  the editur for a retry with a larger xegsaent, 
T h i s  qxvrs  a larger contert in which tu repalr a bad 
express ion .  

P h e  s t r i n g  y mag be an e l l i y s i v  s t r i n g ,  e . g m  
%ab.,=rst# 

FE as seoircrbed For t f a ~  i n a i c a t e d  s t r i n g ,  If not found tkere 
is no change, if f ound LB is readjosted and a new FH is t h n s  
w f  i r r e d .  

The characters of s are iaserted ta the Z e I t  aX Fb, A new FR 
r e u u l l s  w h ~ e b  i n c l u s e s  S .  

B neu FX rs d e f i n e d  which conçists of ev-~.ryt ihing in the 
#hale s e g ~ e n t  to t h e  r l g h t  o f  PR. 

Pk; l u  extencied ta i n c l u d e  the s t r ing  E Inçer ted  on t h e  
r i y h t . :  

S u b s t i t u t e  s for Fi% n t h e s .  The d e f a u l t  value of a îs 1, 
n ~ u s t  be p o s i t s v e ,  

PB as set to the e n t i r ê  s e g s e n L  



I h e  r i g h t  bonndary (Hb) of PH is extenaed n p l a c e s .  (sea 
adiva.nce) 

The t e x t  tor  p r e v i o u s l y  w r i t t e n  expressions say be retrieved 
froa the c u r r e n t l y  selected h i s t o r y  f i l e .  Tu retr ieve  the tent 
fox expression M n w  one uses the fora * f n )  i n s t e a d  of an e x p l i c i t  
string f o r  "sm in any o f  t h e  above co~taands. Bg this sleans olil 
express ions  aay be r e v z s e d  ana reevaluated or t h e y  i a y  be 
i . n s e x t e d  into new express ions .  

Y,  Mhat i k  t h e  ewaluatiora causes LRKOli ta be ccfl led'? 

At t h e  time EBROB is c a l l e d  you v i l 1  be so i n f o r ~ e d  and you 
h a v 6  severa.3t r%ytk.oxrs. 

1, Ysu B a y  h i t  carrier r e t u r n  ta be y r o ~ p t e d  about what 
yous o p t i o n s  are. 
2 .  You iay t y p e  i e a n i n g  onolau.  In vh ich  case you w i l l  
be in the LPL ebitor w i t h  t h e  a b i l . i t y  to corlrecit or delete 
t h e  P a s t  expressnon cva luated .  
3 .  fou  may get a d i . sgnost îc  backtrme by l y p i n g  #km for an 
abbreviated une or @lfl for a long  one, 

9 -  How can 1 P n t e r r u p t  the eva luat ian  process? 

The LPL attention htilndfilr is invcsked throuyh the extemina1 
i n t c r r u y t  Peature of CRS, Ta use nt: 

1, &l.t Attent ion once, 
S .  T y p e  L af &X'T.XRNBÏT, 

&ben t h i s  externaf- lntexr~pét  is f'elt by LTPE/Lisy a prompting 
message is typed at u h i c é  t i i e  the user aay i n d i c a t e  which 
Snterrupt  service he desirez or Be Bay hit carrier return i o ~ .  
asre pr-a~pt iacy ,  

The avaliable reyues t s  are  a s  f o l l aus :  

C V u t s  t h e  u ~ e r  in C d S  subset c o ~ m a n d  ldngudge. 
Q' Unwind ta the i a s t  errarstoy. 
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Bas the effect of cancelIUfy k b e  Las t  ewecution,  
s C a f X  J3fiBOh for L a c ~ t ~ d c e  and d i a g n o ~ t l c s .  
S l i e e u r s i v e l y  reenter the L15P s u p e r v i s o r  

A subsequent F I M  w i 2 . 1  cause the i n t e r r u p t e a  
program to reuum. 
A subsequeut  RET qcts hi% back, 

p Ta i gnare  the i n t e r r u p t  and pxoeeed.  
3 Types an expanded p r o ~ p t i n g  sessage - 

In s u c h  4 s i t u a t i o n  one shan3.ù t r y :  
P. fiit a t t e n t i o n  auce, 
2. Type--- B fA790 

6 ,  w h ~ t  are t h e  bas ic  p r i m i t i v e s  and b u i l t h  L u n c t i o n s  a v a i l a b l e  
in LPL? 

T h e  b a s ~ c  yrimitf ves and b u i l t i n  f unctioas are e x a c l l y  those 
a v a l l a h l e  A n  the Lisp s y u t e ~ ,  These are d e ç c r i b e d  in APPENDXCES A 

B , C r  and Itj, 



(. Pu section 1 an Inrxar&slal otïervieu oz LPL was giaeni,  A 
somew!~at Bure coipléte and more t o r i a l  d e f i n i i l o n  w i l l  be given  
in this s e c t i o n ,  

Hecal l  t h a t  everg  L W  e x p r e s s i o n  uas s a i a  to have a àatk 
representatlon and that f o r @  of t h e  expression uas calleci an 
t x p r e s s i o u  oI t h e  Lispl.5 language. T h e  Lispl .E> l anguage  is an 
attempt  to e x p r e s s  proyraiming languages in a q u i n t e s s e n t i a l  
fom. It p r o v i d e s  us v i t h  an e v a l u a t i o n  aadel which  e x p l i c a t e ç  
the n o t i o n s  of iunctioa aud variabXe, 

The. s y n t a c t i c  for i  of t b e  Lispl.5 language  is p r a c t ~ c a l l y  
devoici  of syntdctic n i c e t i e ç .  f nf orlsally t h e s e  a i c e t i e s  a i d  in 
the huatan r e c o g n i t i o n  procesis, Srnetintes In la.ngucfqes t h e y  are 
&Aere %o dia in so@e s t h e r  recognition procezs and coula  h a r d l y  
be t h s u y k t  of as ~ i c e t i e s ,  The s y n t a x  of LSspl,S c a n  be t h o n y h t  
of a s  one which e i ~ y l i f i r i s  t h e  recogrriti.on processes O$. t h e  
e v a l u a t o r ,  

Thrz corresponàenee between LPL e x p r e s s i o n s  and Lispl.5 
expressions Ps what î s  d e s c r i b e d  by t h e  EPL ta Lispl-5 
t r a n s k a t o r ,  T h i s  toxnaX s y s t e ~  vil1 be d e a i t  witB efsewhere, By 
cartaktal.5.y d e s c r i b i n g  the sp'ntax of Lisp3.5 rectçt of these 
correspaadences w l l l  beco~iie a p p a ~ e n t .  

In t h e  past the s e ~ a n t i c s  of Sisp h a s  been g î v e n  by the 
pracess oh self d e s c r i p t i o n ,  P e r k a p s  t h i s  ç t ~ ~ s  f r o ~  a d e s i r e  to 
i f l u s t r a t e  the power of t h e  L l s p  1 a y u a g e  or Bore pragm(rtical.ltp 
because  this Ps the %ethoci u s e d  in a bootstrap i@pTe&entation of 
Lispl,Sœ MeedPess %a say t h l s  approach bas soae shortço~inqs f r o ~  
the p o i n t  or v iew of d e r i n i t i o n ,  B tacit understanding o k  L i s p  is 
r e q a i r e a  ta read the  d e f i a l t i o n  of Z ~ s y  and at h a s t  a p r i m i t i v e  
L i s p  sys lem ie regu ired  ta bey in  t h e  b o t s t r a p .  

Le s h a l l  capy the wethod or V ,  Landin in c ~ e a t i n g  a 
m e t d l i n g u i s t l c  d e s c r i p t i o n  of a % & c h i n e ,  The ~ a c h i n e  i t s e l k  ia 
descr ibed  as a coaplex syace c o n s i s t i n g  of #statesW and t h e  s t a t e  
t r a n s i t i o n s .  The  ~ e a n i n y  of an  e x p r e s s i o n  is given bp eabedàins 
X t  in the i n i t i a l  s t a t e  ai t h i s  machine and when a t e m i n a l  s t a t e  
I s  reached aftex  repeated t r a n s n t i o n s  the ~ e a n i n q  of t h e  
express ion  Say be extraeted, The states of the a a c h i n e  are 
q u a d r u p l e s  G D  whose csrtrponents irre ealXed Stack, 
Envm.rurr&t.rnt, Contro l  ctnd ffuap r e s p e c t i v e l y .  The p r i ~ a r y  purpose 
of t h î e  state langu-ye  is to g l v e  meaning ta the e x p r e s s i o n s  of 
Lispl -5 .  The model is a lso  suggesti.re of i.iapleraentation 
&,ltra.P;ey ies, 

In t h e  Pol . lowing sqrrrtdx alrd seraantics t h e s e  ad.iii.t;ional 
n o t a t i o n a l  conventions w i  ll be usrad : 

r 
lL w ( w  n t w  , and b l a n k s  are a 1 1  u s e d  as  sptrçial. 



syabols in f orminy s -express ion  r e p r e s e n t a t i o n s  vhere  an 
ç-erpresriou f a l s o  s - e x p  or de3.t.u~) is: 

(iu 1 1 O ( s - e ' ~ ~ +  [ . s-exg 1 1 1 

";" is used as a a e t a P i n q u i s t i c  sepamtur ,  

S u p e r s c r i p t s  v i l 1  be u s e &  with brackets  to i n d i c a t e  a 
reguired one to one  cû fre spondence ,  

3, PIC iii'i L o w e r  castu i t 3 e n t l ~ l . é - s  aile trsed a s  r r n e t a l i n y u i s t l c  var iables  
--. * ' xanying over s -exyxesç i sns ,  

t ) C  0 r -5 -  
r, Non s-exprr-ession c û n u t a n t s  of the ~etafctnyuage are  inaicaleci 

bg oreii-prlntiny or bola italic, They are: 
top, ap, lîst, eval, prea, strt ,  popI and go), 

S y n t a c é i c  classes axe represented by underfinesi l o u e r  case 
i u e n t i x i e r s  os by i t a l f ç ,  

T d e n t i f i e r ~ ;  f @ a ~ e s )  qiven  i n  crfl upper case lettess are  
LPsyS.5 Qata ab-jccts, 

Uuaerlined or i ta3 i . c  npper ca se  letéers wilf be usea tu 
a e s n y n a t e  the ~etalinguiutic s t a t e  c o ~ g o n e n t ç  They are : 

S - The value S t a c k ,  r e p r e s e n t e d  as a L i s t ,  - 
c 

E = T h e  ~ n v i r o n i ~ e n t ,  a n  u p d a d b l e  f u n c t i o n  f roat to C+ - - 
va1u.e~  (s-exp) , In what lo l lows this f u n c t i o n  wirl be 
r e p x e s e n t e d  as a 31st.: d 

either () or ( * tr: f Y--' * 
where &g = [ G-* s - ~ ~ x E ]  * - '  6nt.i ,L . . 

te  is an g ,  
The l.ist n o t a t i o n p i s  lteant tu be suygestkve, t h e r e  is 
rnc, decree that 2 rrnust be o. 1is-t- 

D = The Duap of a prev ious  s ta te ,  uhich is e i t h e r  ( f  or - 
u previous s t a t e  Gr;-' ; g * ; g 8 j  , 

Yne e l l i p s i s  i-: used to denote zero or more objects. 

A Lisp e x p r a s s i o n  g is one of : 
c a c o n s t a n t ,  - 
id is a v a r i a b l e  uabe or I d e n t i f i e r ,  - 
a laittbda-xp u h i c h  is either a a t a c o  represented  by: 
[B*iLAPIBI)A i. 250dl) or a procedure (LANIDB body) 

v h e r e  & t h e  bound var iables  i s  ([id]*) dnd 
body is an go f 

( Z ~ i i L l .  1 3 -  @i *) a label-ex p r e s s i o n ,  
(crli:r~ g) assiq m e n t ,  
(COHD [ (ni g) 3') a c o n d i t i o n  al-expression 



uhere the predicctte i8 an g t  aXla 
t h e  çonseguent y i -s an g, 

(PMOG p/.v igj*) a psogram-expression 
where pv- the pxoyrarn-variable p a r t  is (f'gj*) , ana 
each statement g iz a: 

l a b e l  whlch is à n  idr or 
an g u h i c h  is n a t  an && 

(GO idf cf. g o - t ? ~ r ) ~ ' e ~ ~ i . u r i .  
{BETWRB g )  a return-expressio~ . 
(YuFC%81üN 2) * 

(0U0Tk s-expressian) a guotea %-expression 
[rator- f r a n d  ]*) a r=o&bina.tion 

where t h e  opkrator xator i~ an 2, ana 
e a c b  operand r a n d  is an 2. 

ft s h û u h ,  be nated that e x c e p t  f u r  constants and var iab le s  
e v e r y  ~ i s p  e x p r e s s i o n  1s a combinâtion, S o ~ e  of t h ~ s e  
c o ~ h i n a t i o n s  a r e  d i s t i n g u a s h e d  for s e ~ a n t i c  reasons.  

It- skroulc~ a l s o  be notecf t h a t  t h e  &&.ta lancjuaigt- of: Lisy1.5 
s-expgs kc; soiaeuhat richer than is g iven  above. The f u l l  s y n t a x  
of s-exp is q i v e n  in l ~ y f e a e n t a t i o n  burruaents, The s y n t o x  as 
yiat=oa iz; ::ufficîent for t h e  representatlon of Lispl.5 stnd for t h e  
e x y f a n a t i o n s  af  t h i s  s e c t i o n ,  

( The  i o l l o u i n g  is a l i s t i n g  ot the state t r a n s i t i o n s  tor  the (5: 
fi;; G ;  Q) a a c h i n e ,  - 

Value ~ e t u r n  restoriag the f o r ~ e r  sta te  

bvaPuation ot a v a r i a b l e  

; : & :  ===> (val[&; &}6; g; C: &) 
wherc~  v a l  f E ;  iélf is; a sematic funct lon  uhich  
y i v e s  the S-EXP v a l u e  denoteci bby & vhen it is d e i i n e d  
by g, 

Zn t h e  case thcft  t h e  va .r iable  && is net detinetif. bg 
f4 a new stitte I s  producecf tu rertlect the ftxr5r)- - 
c a ~ d i t i ~ n ,  T h i s  s t a l e  1s af t h e   for^: 
{ ;  g;  (GO ELIRBOB) *CI; Ill) 



L a b e l  expression $or se l i  -rekerence 

tg; g; x*g; Es) 

@; &; (ratof [ xdnd]*) *C;  Il) 
--- -.--> Cg; g; ratal-*op* (ra tor f rand ]*) *c; DJ 

i4cpebta. i  e v a l u a t i o n  of operator u n é i i  a closure v a l u e  results 

( ~ 6 ;  g; OP"@; DJ =-=> 12; g ;  X Q O P ' ~ ~  1)) 

whi-re x # (FUPIàBG g SB) or- c ,  

Constant  operator e x p r e s s i o n s  Tar~  Tistç, 
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C f ) ;  EH; bodv * () ; tg; g; g ;  
where = pairlrc;{&; 2; 

p a i r l i s  I s  a s e m a n t i c  funct iun w R k h  creats a new 
e n v i r o n i e r i t  Es. It p a i r s  the nailfes oi & vith 
corresponuing values glven  hy t h e  list x. 'I'hese 
p a i r s ( c a l l e d  FIE) a r e  appended to the left of t h e  olci 
environaent g e  ta produce 

3asi.c P u n c t l o n  application 

(m. (FUMABG $d- & * )  S ;  &; ap * a 
--- ----> 
$24. '@ 2; &; g :  21 

vhn-cr z is t h e  undeirstooci value of i ~ { x ] g ' .  

The LWAL function 

The APYLY k u n c t i o n  

C ( ( Z n  arys I l  * fFUt4AkiG Fi%-%P gg) 6 ;  If; cip*g; Il) 
==-> (an-cg5 * (PUNAIfG I n  35) *S; 3 ;  ap*g; 

C o n a i t l û n a l  Expression 

12; &; (COILdD(i31 a) (& g) r r + ) * g ;  of===> 
&; &; ~2 * pred * pt * (CONT) e2) . , ,) *Cf f)] 

C 
i i v a l u a t e  t h e  consequent  wnen the value of t h e  p r e d i c a t e  is t r u e  



tg ;  g ;  (PR06 ([ 1s) f II*) *@; 9 --- - -  ; ; S R  . * @ O ; {Z; g ;  C: El 1 
wfxere &* = 
([ ( % l a b e l 1  * labe l -c losure l )  . . . X  (& * ( 1 ) .  --*]&) 

where R is a unique character reserved for  t h i s  
purpose  aFfd 
Litbel-closurrr =: (LABELCLUSt3HE y,gC , CS; if; CI; DJ ) 
y = the list of stateients f o l l o w i n q  the l a b e l .  

S l a l e ~ e n t  v a l u e s  are iqnared 
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It is assu$eti t h a t  t h e  b a s i c  f u n c t i o n s  CA&, C M ,  HULL. EU, 
e t c ,  are tmnd~zrstood~ The, +urncrt.ion hYLbCD r e q u i s e s  the concept  of 
a s tore  as an a d d i t i o n  ts the ~ o d e f ,  

A I 1  the é ~ a n s f o x m a t f o n a  gkven abave are ia the  for^: 

These ~ g ~ e ~ o r y  c o n c e p t s  ark describeci befow, 

2 h e  basic L i s y  aescribeb above b a s  everg  var iab l e  treated  in 
t h e  sdsne aianner. Tkeg  are c t l f  e q u a i f y  cylûbaf anci dyn&&i.c fiecause 
oi t h e l r  é~eat&ene in v a r i a b l e  evaluation , apy l i c a t l o n  , and 

( statemant context. 

The & o d e 1  ~ â k e a  no ordlnance ahout the prwcfo-ss of 
d e i  i . n l t i o n .  Operatsr vax iaà les  Bay have  clostnres a&; v a l u e s  or 
they gay  ha,ve Pamhda-expressions u h i c h  evaluate to closures in 
t h e  run t i a e  e n v l r o n ~ e n t ,  

Xn the I n t t i z a c t i v e  &ode sf pr'o9ra.m development new operators 
a r e  s e p a x a t e l y  def ineà and c o ~ p i l e d ,  r e s u l t i n g  in an updated 
rnv i ron i t i en t .  The c u r f e n t i y  popular s t y l e  of U e ï u i i t i o n  ic: by 
Icar;llb8ci--exgressiof~ rather- than by closisre- WRen such adef irs i t iunsw 
eanta in  f ree var iab le s  the *f unct fonw def l.ned. canaot be &nom 
u r % t J I  run tirne, Such d e f i n i t i o n s  v l t h  free var iab le s  w h k b  aust 
be bouraa at rua tiae are said to 33e Bore difficult ta realci and 
undexstand than t f g h t l y  Bûund def i n a t i o n s .  A contrary p o s i t i o n  to 
k h i -  is t h a t  sneh d e f i n i t i o n s  are ciaply a short hand for ipplied 
paraaetcrs  and ar& easier tu %rite, and y i e l d  a less v e ~ b o s e  
priograa, 

As the ~ o & e l  y i v e n  above dictates t h a t  a kree var iable  is 
bound tu the Patest occurrence on &, the ZofXaainq probhem Ray 
a i s e :  The b i n d i n y  is n o t  t h e  desima3 one but rather an 
i n a u v e r t e n t  binding af the saBe name, This ûccurs  nhea a bound 
v a r i a b l e  has the s a i e  nawe as an i i p l i e d  parameter and because oi 
t h e  s h o r t h a n d  the conF1ic-k went u n n o t i c e d .  The usnal p r o p h y l a i s  

C ir the use of Lexical var iables .  l e x i c a l  variables are t e x t u a l l y  



bound ana are s u p L y  i n v i ~ i b l c  tu s e p a r d t e f y  c o m p i l e d  func tkans ,  

(- 
Such vctrictbles h a v e  been t h  d e f a u l t  fur L i s p  corupilers for some 
t ise, &nt% t h e  Xnterpreter made1 [to ay knawf edgef has never beerit 
extendeai  to i n c l u d e   the^, 

An extenàed L i s p  hdu b ~ e n  d e f i n e d  in teri~s of the bas ic  
Lisp anci dues ~ n c f u d e  lexical variables. Certain other casman 
features  of Lisp s y - t e ~ s  are afso S ~ Q W ~  to be de f inab le  
e x t e n s i o n s  to the basic Eisy ~ o d e l ,  T h e s e  ather Leatures incrude 
kunct lc ins  witfr uneva lua tea  arguaen ts ,  aunctiuns with inde f  b i t e  
nuiabers 0% aryuaents ,  l e x i c a l  anc speelal v a r i a b l e s ,  2unction.s 
w î t n  restrictions on their argugent values, and func l i ons  v i t R  
structures as argumeuls, 

AS1 t h e s e  extensions result froa renaiaing LARBDa ia t h e  
âbove r u l e s  to LAEBDhà a n d  creating a nacro operator LAMBDA. 
T h i s  micro PS of the for& : 

where & @  = (var ( (var* . var) ([var]+)$ 

anci whese vax i  = i d e n t  
1 structure 
1 (: i d e n t c  { 2 :] [ s t r u c t u r e  3 3 )  

ana i c i e n t  =, { 1 (LOCAL (SPECXAL id] ] 
and s truct -  - (vari*) 1 (vari* * var i )  

and unaeryoes t h e  I o l l o v l n g  express ion ta express ion  t r a n s i t i o n s .  

L e x i c a i  v a r i a b l e  renastincj (alpha-conversion)  

(LnHBDA (id*) b o d ~ )  ===> ( E R M B D R *  (si +) M a p )  

where , lsis obta ined  by applyirig the ntapping: 
LEXHiShB:ïJ % IoE whlere 
id g , and 2%' p' - 
and f @ is e r p t  y .  

The inverse  I n n c t i a n :  %--- 
U N L E X I A N : O m  3 i s  a l s o  provideci ,  

ailci bodyE results froln s u b s t i t u t i n q  for each free 
occul-rence of &ci- in body, for each in a* = 

note: S u b s t i t u t i o n  n e v e r  proceedes i n s i d e  of (JPECIAL & ) 
iin6 (QUOl'E s-ex& f - 

G10bdiz.i are not senamed. 

(LAHBL'A f t-iPECIAL &) ) body) ===> (LABBDRII (id) bobp) 

C 
Y i x e d  l e x i c a l  ana g loba l  var iables ,  
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(LAabbÈi ( fQULI2E v a r i )  ) bor;Yy) ===> 
(BEAMBGA x x t(LaasuAn Cr zt ( L O ~ S  

(COfilf3 ( (IIDENTF Y f  (REDGPg Y Zf ) (T Z) ) 
fers2 ( ~ o o - ~  Q~SWEK) (CADK XI 1 )  

(CA& X) (QUOTE (LAMQDA (vari) body) ) ) f 

wners BEBEFX = (ZAHBDX(& B) (PROG(B)  
((L0HD ( (5E'f"Q U {"ET A (OUOYE REûEFX) ) ) (RETURN U) ) ) 
(S%TQ D (fiKtfPiXQB&ir;lf)* A )  ) 
(BAKEPKOP 51 [QUOTE hEDEPZJ U) 
(CoBPXLX (DEPXaE (LXST ( L I S T  tf B) ) ) ) 
(KETUHM U) ) )  

and BKOWIQUEIDX produces a unique r e n a i i n g  of its 
argunent 

and {QtfOS"E# s-exfie) ===> (QUOTE s - e w )  
v h e f e  each  Sc i n  s-expe beco~es 
id = (UHLEaNAE da) in s - e x p ~  

Hote: Xn the f oilowiag t r a n s f s r ~ a t i o n s  only the rator u s e  1s 
shown.  

It ~ . h o u l S  be anderstaoïl khat t h e  Ldlt l lBE)A-~acro Tirst proamces 
an BLWBBDA-expression , 

Generrci-k korn for syecific arguments uaevci luated.  

( ( L A ~ B D B  ([ (SPfrCiaZ &f 1 (Q~UOTE vara 3 1 ]*) body) [: fglgtg3 "*f 
-.-- --- 3 
( (LAaBLlk ([ lid 1 (SPICIAL &) 1 varil F) body) 

[ jgjgl (QU023339 ~ f 3 ~ 3 * )  

L n a ~ k E n ~ Ê e  n u ~ b e r  of e v a l u â t e d  t r a i l l n g  arguments, 

( (zta&BüA t [var*] 1 * - oari) bodnr) tg*) 3 g*) ===) c- (. (LREI1UA ( par*)  3 v a r i )  body) i ~ * )  (LIST g*) ) 
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( {LAISBDA ( (var*) (QUOTE v a r i )  ) bocixj &*) g*) === > 
( (LAEbDA ( (var*] lvari) body) Je*) 1 (QllOTEZ (g*) ) ) 

( [LAREr>A ( { [ i d e n t  1 (: ident [ s t r u c t u r e  3 ' )  1 1 structur@J 
-y.) { & ~ e j ~ t e j  J*) =--> 

f {LaaBua ( ( c i d ~ n t  f ideat) " f  x k ]  3 + )  

Qt-onD ( ( a m  IF*) 
( (LAMBDA (: {[ s t r u c t u r e  ]%tructuxe) a*) baayf 

f[ i a e n t  3f x#] 3* )  ) 
{Y {EntKÜR [QUOTE Eh U - A R l G U B m  ) ) ) ) 

{ CG?[-) "Ci) 31) 
whére t h e  xk are u n l y u e l y  yenerated names 

anfi is an g. L i s t  s t r u c t u r e d  arguments, 

( (LAMbDW. ( @cf%tructuref  r*) b o d ~ )  & l e ]  g*) 

vhere g is ang var1 o t h e r  than structure 
ana structure = (vari*) (vaci*  , vari) 

===> 
( (Lfaanoa ( QIXJ*) f*) 

( (LAHtrrjA ( { @as-i*] 2 ( fvarx*) 3 vari] *) body) 
E (cna -s#t (cm (SETQ SB (CDIK *j ;E 

1 i. ( c m  (CAB (SBTQ ( ~ 9 1 ~  1) *j 19: (-BI) a * )  

Zhese baroy ue e x t e n s i o n s  have l e e n  incPuded Decause t h e y  are 
commonf y preueat  in Li . sp  s y s t e ~ s ,  They s h o u f d  in n a  way ibe 
t h o u y h t  of as p a r t  of t h e  q u i n t e s s e n c e ,  

Xn ûraer to aodef t h e  storage organization and n - n a g e ~ e n t  
concepks  of the L l S P  s y s t e n ,  it w i f l  be c o n v e a i e n t  ta exyand sur 
concept  of a adta abject. Thci ~ e t h a d  used 9s sa inPg  due to Kurt  
Wafik (ref , SIGPLAI Hotices, Prrb. 1971) * T h i s  expandecf c o n c e p t  of: 
a value ob-ject s h a l l  exmcapipass the ltact that t h e  abject i i c ;  

rtspresented in a séaxe of ue-orly g. It w i l l  Be c o n v i e n e n t  to use 
c a l 1  i0 m e m r y  ta auoid confus ion  wlék t h e  state 

cornpurment @g"(stat"k) , 

Y e  c o n s i d e r  t h e  s tate  of a BeBory  d e s c r i b e a  by a aappiay  & : 

Froa a set & 02 J a e a t i o n s  tu a set  of v a l u e s ,  He ulay 
t .ht  ïf e & the va lue  Y E x, 03~ i ~ *  r ~ r ~ s ~ c i a t e d  w l t h  V ,  uli. h a s  r t h e  p r o p a r t i e s  v ,  if 
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The d a t a  objects of L l S P  and also the ZISr e x p r e s s i o n s  are 
c a l l e d  s - express ion-  whkch are e i t h e r  atotits or orderea pairs of 
s-expresuruns c a l l e d  p i s  The ~e - % -  are d ~ n o t e d  by tvû k l n d s  0% 
lacatlûus : ato~zc-9oca t l o n s  aud ~ a o r - l o c a  tiunu. 

ktr cal1 the two co~ipa.ryents of & pair: t h e  car anil cdx, 
resyectively . 

We gay c k a f a c t e r i ~ e  E, the set of v ~ l u e s  fur Lisp, aç: 

Vûe set of rûoted labefeà drrected gfayBs w i t h  vertices 
with O otntya~uy edyes (atoras) , and vertiCes s i t h  2 
o u t y a i n g  ecicges [pa isr i ) ,  each vertex l a b e l e d  w i t h  n unîque  f 
e li, and t h e  edqes labt.iled w i t h  the caangoneat selectcsrs car 
ancl câr, crnd w i t f i  e x â c t k y  one dis . ê ; inquisbed  roût v e r t e x m .  

--3 '-3 

L = - 1  or ILI for the aatofn Z a t  locatisrt 1, 
L-J 

1: (sr * y f  = --% (1) for the pair  car (1) =w, 
/ t car (1) =-y at loçatlali 1. 

car/ tcur 
TA) Tu? 

a: (b: (sec:  ( A * l f ) ] . * ~ )  = --+ {a) 
P I 

car/ t c d r  
4w ta 
/ c ' f  

t-7 r-? ïOL--l 
1x1 t J z t  CW 
L A  &-A L f  

Uy tu + B i s  p a l n t  WP have charâcterïzed V a s  d set ai 
uniqüe  r l e m e n t ç .  It is usual  t h a t  we provide funciions on and 
t h e s e  y i v e  rise ta t h e  not ion  of e q u i v a l e n c e  r e l a t i o n s ,  (rrf . 
s i r k h o i k ,  l ac lane ,  Algehra) . 



G l v e n  an ey .u iva l eace  r-efati.oxl B on a set _Br, the 

.r oquivaleuce-clasç under & of any elelaeik x 42 k:  
i 
'L- p x =. ÇylyEg and y&) 

b 
-C 

The set  of a l 1  po3;sible eguivalence  classes for is 
~ x i t t e r x  a s :  

g/h = (SIC is a s u b s e t  o I  and x tor soirie xEVJ 
3 
I 

an& 1% caPled t h e  quotient set  of by g ,  

Each ttquivalonce re lat ion & p a r t i t i o n s  i n t o  e q u i v a l e u c e  
classes and w e  onten choose ts c o n s i d e r  each  ok t h e s e  cZasses au 
a datd abject ,  ide s h d l  c a i Z  ehese the &-classes, 

~olcl exaayle 
--% ta) and 
I E 

car/ 1 cdr 
r-f Cb) 
t h 5  I t 
t-f c a r  (cdr 

r-+ ?Y 
fb l  
t-4 

t / C  
t-4 

they buth r e y r e s e n t  t h e  Pnst  

--+ (c) are llst equlvalent, 
1 t OP BQUAL î& coaaon 

car,/ / cdr pariance* 
r-.3: t d )  

/' f 
i---t /car f çdr 

r*Q %--E 
ib f  
L 

VI 
t-3 

T h i s  brinys us to t h e  q u e s t i o n  of l i n e a r  f o r ~ s ,  U n t î l  now 
LlSP h a s  survi 'sed un a X i n e a r  form data def i n i t i a n  a s  follows: 

but t h i s  definition o n l y  a l l o v s  +faes. The  s h a r i n q  of 
rubcoatponents is undef ined .  I n  p r a c t i c e  s h a r i n q  was a l l o v e d  but 
not r e v e a l s d ,  



--9 (ci) 

/ 1 
car/*; i c d f  
te) 3s  ) Cth+ r-3 

/ t f I B f  
car/ fcdr /car L-f 

t-4: (2 P: T - 7  
I Mt 

t - J I / C i i ~ - f ~ d r  L.-J 

s-t 9 - 7  
t u  
t d  

tbf 
t-J 

ana they bath had the f o l l o w i n g  1iiiea.r forw on p r i n t o u t .  

k e  cal1 t h i s  reprusentat ion t h e  tree fora of a list 
s t r u c t u r e  w i t h o u t  cycles, Ou i n p u t  t h i s  fora  WOU^^ qenerate a 
s t r u c t u r e  siwtifar t0 Qdj rratheri t h a n  [a) 

Thcre is one equiwalelice relation namely EQ v h i c h  is 0% 
s ~ n g u l a r  iapcsrtance because i.t totkes  eaclr elelaeat of nnto a 
s e p a r d t e  eguivalence class . 

i . 2  and o n l y  if (12) = (22) - 
B l i n e d r   for^ iar the :BQ-cLass objects r e y u i r e  that 

each node pair  Mas appropriiiiti;fp Pi.s.f;st?led, 

---$ (1 a 1 wuuld r e y u i r e  the EQ-for@: 
J 1 3 a r :  (xr . y.') 

car/ cds f uhere  x e ,  y a r e  the Xinear 
fxp f a  1 f o z ~ s  fur x , y ;  and E~"s 

sûac uniqueneçs preserviny 
car~onltcaf repsesentat ion  of 12, 

kt;,-fora exprass ionç  wotzla zegulre l a b e l s  1.sçrator~thic ta 
Pucatlaus- Xhus, EQ-foras expXicate  not o n l y  the i n t r i n s k c  
p r o p e x ~ i e s  of a value a b j e c t  b u t  a l s o  t h o s e  grayerticts a t t e n d a n t  

- to its a d d r e s s a ù l l i t y .  For t h . i s  reason and for reasons  of stardge 
C' 

\.- 
&arrayezir;.i~t, - O  ;ts ~ l u t  suppurted. a s  aa ex tern i i l  
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\ 
Phr g-classes Ior o t h e r  equiv i i l cnct l  re lax ions  can  be s i i a p l y  

understooo  xn ternts of a nev l i n c a r  forai fg-fora) w h ~ c h  i s  t h e  
reauBé of S O ~ E  transf  oraiieianu an the EQ-f o r ~  

For i n s t a n c e  in the cdse a& Iist structures w i t h o u t  c y c l e s ,  
labels Iuay be urogped and l a b e l  reterences f e p l a c e d  by a copy  of 
t h e  a e n u t e d  sub2orm. T h i s  g i e l d s  t h e  tsee-f ara. 

T h e  f o l l o w i n g  trançiorinationr w i l l  be a p y l i e d  tu go-class 
e b j e c t s  to prsauce t h e  EQUbL-form z 

L Label r e n a a i n q  - The location f X )  of I: fx * y )  iz 
r e p l a c e d  ùg a l a b e l  (LI) according to some rule. S n c h  a rule 
i i r i l . 1  usuilltly be &sli.rable as Xr takes one frogt t h e  ao~airn of 
l o c a t i o n v  to the d o m i n  of structures- UnPess otherwlse 
stateu t h e  canvent ion  wi5f be t h a t  f a b e l s  w i P 1  be 
syste&atically renawed by R E A D  and PKXNT, Labe l s  wizf be 
i ç s u e d  frsa L e t t  to r ight .  f r o ~  the list (Lf ,Lz, ,e,) by 
PRlWT, RE&& oa t h e  u t h e r  han6 v i l 1  u n i f o r ~ l y  s u b s l î t u t e  new 
ftcations for Pabelu,  

2 U n ~ e n t i o n e u  PaaeX r e ~ o v a l  - any Label u h l c h  oçcurs unly  
o n c e  ri11 be reaovea, 2 ,e .  it naaes a b r a c k e t  but Xs n o t  
z e f  erencea elsewfiese in t h e  s-expression , 

Y, A c y c l i c  l a b e l  rr?~wwa.;f - a n y  f a b e l  Mhich is not ~ t . n t l . o n e d  
r i t h i n  t h e  scope of; p a r e r i t h e s i s  l a b e l e d  by that l a b e l  tuap be 
remuved, aad t h e  resu1t;ing e x p r e s s i o n  s u b s t i t u t e à  for clny 
accurrenees of that l a b e l  as a reference a u t s i d e  t h a t  scûpe.  

T h i s  transioraation uill be cons idered  o p t i o n a l .  if oaitted 
a l l  sharing is rev~aleà. If a p p l i e d  o n l y  the or ianted  cycles 
ore reoealed.  Pur noraa.1 Lisp usage t h e  a p p l i c a t i o n  of this 
t r a n s f o r ~ a t i o n  is qqiropiate. Indeed one muçt a p p l y  it to 
r e s a i n  c o n s k s t a n t  with p a s t  usage. We cal1 t h i s  
ZlsQc-4;-trt;zctur.e for&. 
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has the f o l l o w i n y  list-structure foxi rith canonical  l a b e l s .  

i n t . e n ~  tthat. the ZXSP fun@t iana  READ, PBfEIT, anCf EQUfsL 
s b a u l d  be uygraded as foi8ûws: 

HEAD shoult a P l o w  a ~ b i t r â r y  use ai l a b e l s *  

T h e r e  are  three major laperations an storage : (~XXocrr t ion ,  
E r e e l n ~ ,  and s tûr inq,  

Al locat ion  is t h e  i n c i u s i o n  oz' new l oca t ions  in t h e  set &. 
eP current  locat ions  o f  $, ALXocatïon is desçrihed au au 
operat ion  on an i n i t i a l  -0,  Let I be a location which is 
indeventlent of a l l  l oca t ions  in -20 O& &a* 

go@ (2) i k i  u n d e f i n a i  --- Le. no v a l u e  5s assigned. 

Yhe r.ntiepenrterrce ref atiorrrsfnip (irrtleyf between t r o  locations 



1 ana f h a s  the f o l l o w i n y  p r o p e r t i ~ s :  

the aajor problen of a l l o c a t i o n  is that i e n o r y  is f i n i t e .  su 
t h e  s u p p l y  of new I becornes exhausted.  The s o l u t i o n  to this 
pronlem is reclamation,  v h i c h  is described later.  Al locat ion is 
otherrisise u e l P  beitaveîa, l 'he  set 0f v a l u e  ob- jec t s  rearxin 
unaffected, 

Free ing  a l oca t ion  1 8  Lu correspondingly is d e f i n e d  by: 

EgW(lt) = P p ( i B t  for 7 F I  i E : p  - {X) e - 

HO' - - HO 
T h i s  is ùecause v gay c o n t a i n  a snbconiponent v v h i c h  is 

x g  a 
no Songes def ineâ, 

The process or rec lanat ion  s c c u r s  when the set of i o c & i o n s  
froa v h i c h  ue are allocat~ny beco~es exhaus ted .  The set La is 
ü e t i n e d  cis -fi . inUep (2:E;C;E) ) and If LJ - The avc l i lah le  
tells ~ i x e  then & - &.O. 

Sturlnq a vcllue v in a location I of &, v e r a n y e ( 1 ) .  l e 2,  
is u e f i n e a  by: 
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In L i s p  two storing i u n c t i o n s  HPLACR and hPLBCD are providei l  
and aezîned by: 

where 1 2  is ~f pa l s - l oca t ion ,  iïnd 2 becoses Be ana, 

Sssues and Cumaents 

The &ode1 g i v e a  abave  i s  ln tended  to ~ o 6 e l  the LPL-LÏsp 
k : p s t e i &  i n  its presen-t state ( ex tend ing  s f f y h t l y  into tSte f t r t u ~ e )  . C C a - é a i u  iapartant  n o t i o n s  n a ~ e P y ,  val , p a i r l i s ,  and error 
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,- 

i. The in t r o c i u c t i s n  ai two classes  of f u n c t i o n  
abctfactiun(LAdBTjtESI and i%LA&BSiA) hd& led t.o a @tore coap5iex f a ï & a i  
deiinitian tha.n is usuaf iar  Lisp. Pt seeisrs i ~ p o r t à . n t  horever to 
Srir1.g t h e s e  long  ter^ aerri.zerts of Lrçp systrnrs to f i r s t  c l a s s  
Y Z ~ ~ U S *  

The ;.adel aescribed abooe tredts G O ,  and K E T U R N  as k i l i s t  
c l a s s  abjec t s .  This is a t  variance v i t h  c u r r e n t  pragmatics v h e r i n  
t h e y  are  treated as s t ~ i e t l y  local to a H K O G -  

Xt I s  n o t e d  t h a t  the forrtiatiun of label-cs2oaltn-eu in t h i s  
forbialiçftt is soaewhat restxicterf au& that a label-cfosizre f'orrning 
express ion  s h o u l d  be arideci to the Xanyuage ta sake labels first 
c l a s s  c l t i z e n s ,  

1.t h a ç  been sngyestr=d by B. P, Leagard (ref, ;-.LAC-TB-60 
('3_"kesis) ) thert t h e  lambda-calculuns f orsaXisnt s b o u l d  be cortrbined 
with a rew~ite or- proauctiorn s y s t e ~ .  Thar thesri  "Botrkav 
a lyvxi tbmsw explicate the aotlon of an a l g o r i t h n  operating on a 
s t r l n q  and, are i d e a l  for d e s c r i b i n g  s t r u c t u r e  trancforaatians, 
T h e  pxoauctions are naea to define p r i m i t i v e  s t r u c t u r e  
transfor~ttzations, anci the P lr~nt?iMa-caleuP1ps 3s ~ s e d  to d e f i ~ f e  Ixev 
e u n c t i o n s  PTOB these p r i ~ ~ t î u e s ,  The c u r r e n t  atudel does not 
aescribe such a eoiabined foriadllçm beeuuse  p r a y ~ i a t i c a f l y  it does, 
n ~ t  get exist* It shuufd .  

r 
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Cornnaon L I Ç P  Punction D s s c ~ i p t i o n s :  In t h e  followinÿ descr ip t ion  
c t l l  func-tiens a re  s k o w n  as -&or (opeliator) nn a ( ratar rand* } 
c o ~ t b i n a t f o n  , 

(ABD x' t  x2 ,.- xn) Preciicate 

A N D  is a s p e c i a l  f o r i  with an i n d e f i n i t e  n u i b e r  of 
arguitlents. It-: arcjuglents a r e  e v a l u o t e d  in s u c c e s s i o n  
untir one of t k i a  is f o ~ n d ,  tu be MIL, In t h i s  case the 
valute of AND Px N l L  (faifse),  Tf no aryuaent  eea luates  
to N U ,  t h e  v a l u e  of AkD i s  not H L œ  The va lue  of 
(AHD) w i t h  no arquments, is L m @ ,  

Pf x is n o t  a n  &sa, BPPEBB r e t u f n s  a capy  of x 
Zn whîch  y replaces khe Ca@ o l  t h e  Iast celX at t k c  
t o p  fevel, II x P s  an ato@, BPPEWD r e t u r n s  y. 

3) BPPEBB ( ( A  , .&) C) = {& . C) 

Par both af:gutttsnts in t h . e  f orrn of lists [Exaixryle 3 )  . 
the sesu1.t Zs  the sarite as i a  7090 LJSP,  The other 
cases are undef ineu  and cause errars in 7090 L I S P .  

AkPLX a y p l y s  the 2 u n c t i o a  fn tu the aryumeuts ynven in 
P i s t  args ,  The a r y u ~ e n t s  axe not evaiuateû but -se 
yiven to fa directly* If * a  does not d i r e c t l y  
denote a funetion 2 -  e it is n o t  t h e  aarrae of a 
a s s e ~ b l e d  yrogra&, or if it h a s  no çuch proper ty  
a s  E X W ,  EXPR*, PEXPP.:, or FEXPB*) , then  fn is 
txeated as an express ion  (forrtl) ta be evaluated ana 
that value is &PPLX%ed to ârgs, 

During thPu a p p l r - a t i o n  t h e  SPECTBL free 
v a r i a b l e  BALPST d e f i n e s  t h e  e n o i r o n ~ e n t ,  

AYPLY d p p l y s  fn to args in t h e  environaent a .  C 
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n'l'a& r e t u r n s  *Y* (true) x is any atoar, and 
PrlL o t h e r u i ç e .  (ATOB x) eva luateç  to dll if and o n f y  if 
x is a noûe. 

(iBT'a"Rft3 x xe) SUBH 

ATTRXB c o n c a t e n a t e ç  x tu e n s i n g  NCONL, The value 02 
ATT&IB is. e. 

CA& glves the £k~t e l e ~ e u t  of a X i s t x ,  or 
more precisely, the i e f t  e l e ~ e n t  of a node [node 
aieans d o t t m i  p a i r ) .  CAR assuaes t h a t  x rs a noçre, i,e- 
a pair of con tiguous h a l f - v o r d  word-locator f ielus ; 
t h e  v a l u e  o f  CBh is the pointer e q n i m l e n t  or the 
c o n t e n t s  of' the f irs t  of t h e s e  fieldsœ 

ÇABK - CDDbDK are &Xi û e f i n e d  in EZSP as co&posilioa 
2uncLions of CA& and CD&, 

( C h S É G o  e (q 1 Zbf) (q2 Lù2f , . . (gn Ibn) ) EACbO 

This CASEGB û p e r a o r  i s  equTvalent  ta the e x p r e s s i o n  
(COMDt(EQ. E: (QUOTE gl)) [GO Ibl)) 

( (EQ ;O [QUOTE $2)) (6;0 l b 2 f )  . , - ( (EQ Ti  (QUOTE qn) ) (GO Ibn) ) but î s  soae what rtrorrt 
@f f i c i e n t ,  Bs CASEGO expands i n t o  a *CODE express ion  
it canaot Be executed ~ n t e r p r e t i v e l y .  

CDki gives the ti3,i.l of a fnst x ( t h e  r e s t  of the Z i . - t  
after the ilxst ele~ent)  . fiore prec i . se fy ,  Cbfi 
gives the r i g h t  eleiaxent of ca nodece CDW assumes  t h a t  
x Ps a p o i n t e r  ta a pair af cont ignous  half-vuru 
worci-Tacator fieIds, The vcf1.u~ of CDR il; p a i n t e r  
s q u i v a f e n t  o I  the c o n t e n t s  of the second of t h e s e  
f f e f d s .  

T h e  fast x c o u t d n s  t h e  nages  of variables that are to 
be dec3arrrd CUHHOH * The f Zag CUB&ON is pur; on t h e  
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If CON9 is nuecl anyvherc except  s a Pop feveP 
s t a l eaen t  wîthir?,  PROG,  t h e n  a% leasf;  onte of t h e  pi nus% 
be true ( t y p i c t l l y ,  the l a s l  pn is t h e  itto~i 'Sf) * If 
nene are t r u e ,  an exrox u i l J  be tietreeted ut oyexata 
t m e *  (Id noue of t h e  p i  a r e  the atog Y, t h e  c o ~ p i l e r  
i n s e r t x  the paix-  (T (*C"QND2:~R)) at the enci of t h e  
CowD,) 

X i  COND xs use& a t  the t o p  H e w e P  û k  k£$OG, t h e n  it iu 
ci staterrrent executrea for effect not v a l u e  (exctipt; r h e n  
an ei is of the f o r @  (NETUEN value)), and t h e  i a P l a w i n g  
d i x  f erences occcr ; 

7 ,  3'- regrsireraevt th-t one of t h e  p i .  be Grue is 
u a i v e & ,  TT a l 1  pi are NIL, t h e  COND f d f s  t k r ~ u q k  to 
the n e x t  alateiueat, 

2, Any of the f UPIIPS tli aay km of the fora (RETOHM V) r 
rhare v. î.s axt e x p r e s s i o n  to be evaluatem ana is the 
v a l u e  of' the PRBG, 

3 ,  hny of t h e  i s r a s  ei aay be a s t a t e p e n t  on t h e  form 
(GO P) where 1 nust be Xabef v h i c h  is used  in 
this PROG (see PROG) .  

C O S S  is thru b a s i c  f u n c l i o n  f o x  af lacat irry  XE.&% nodes ,  
P t  creates a noae vhose CAR is x and whose @DR is y and 
reéurns  t b a t  node  as I t s  value, Bure p r e c i s e l y ,  CONS 
t a e s  a full ward f i e l a  frog avctrl9.ab3te spactr, Bapù 
the pointer v a l u e s  x and p into ha l f -uorb  
uurd-Iocdtors, and places t h e s e  In the leit and r i g h t  
halk-uard p o r t i o n s  ak t h e  usxd ,  r e u g e c t i v e f y ,  and 
retnrns  the p o i n t e r  to t h e  vord as valne ,  

%hi$ funçtîon makes a copp of the list x ,  
{COkY (ZA&IXBDA (X) (COWU 

( (mon x) x) 
(2 ( c s ~ s  (t-opsr (CAR x) (copn (CD& x )  1 )  1 ) 

h i  f u n c t i a n  2s used tu e s t a h l i s h  a zero-feveP 
specia l  blndinq OS an i d e n t i f i e r ,  aPço creates an 
AlEBVbL yraperty fsee Çhapter X, section crrr the AItg'YAL 
klfuage) , 



CShZ" (Pl: 3,14139) sets t h e  value  a& the id f.1 ta t h e  
v a l w  3.34159, (Hate .Eh& both axrguaents cd CSET &Xe 
quoéed by k v a l y  uate. 

T h e  f a r n  (CSET ci J I )  produces the f ulHuwing results: 
Xë a is nut ctn id file., daes not. have a Ik ter i e l  id as 
its value) an error fs d e t e c t e d ;  o t h e r u i s e  a is treatea 
X i k e  a S p e c i a l  and the value ç e l Z  of the ia which is 
the v a l u e  of a is given the saiue of P, 

T h i s  specral foxxi î s  l i k e  CSET except that it guotes 
Its tirs& arguatent whickt raast be a 8  ~ ~ t ~ a r  

The a r y u n e n t  O& G E Y X N E ,  x I s  a L i s t  af k pairs 

The f irst arguaent of DEFLXST r i s  a List oî p a i r s  ( (ul 
d7) (n2 d 2 f  .. .) , as ksr L)EFINE, and the second 
argument i a c f  is an &tu%, DEFEISf ~ ~ ; ~ * T c E ? s  eaeh 
e x p r e s s i o n  di on the property list of the corresponding  
f d  n i  undex the i n d i c a t o x  ind, 

92 ESkFLTS2' i s  used ttcice un t h e  sctnae kd w i t b  t h e  s&@e 
i n d i c a t o r ,  t h e  old e x p r e s s i o n  on t h e  property list is 
rt3.pl.aclçsa by the new one,  DEFLXST places new 
proyerties an the property Pise to the l e f t  of al1 old 
p r o p e r t i e s .  

r e s u l t s  in the f d f o w i n g  s t r u c t u r e  for i d  A l  
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zero-urig ineu.  i..e. the I ~ r s t  elestent of a vector i s  
g i v e n  hy t h e  index 0, Xnbex n ahoufd be less than 
4095 for s t r l u y  dotd, otherwise l e x s  than 3023. 

The PfidED i u n c t i o n  provides an unusual facility 
whereby one Bay r e d e f i n e  a k u n c t i o n  whose naae is Lname 
and yet to use t h e  alu d e f i n i t i o n  of fname in the  
r e d e t i n i t i o n .  The r e d e ï i n i n g  LBBBDA-erpression is 
y i v e n  as the u - e x p r e s s i o n  va lue  of redei, Purtheraore, 
t h e  UHFAACE f u n c t i o n  v i P i  ciruse t h e  yrsoious d e g i n i t i o n  
to b e  restored, P o r  exaaple ,  to cause the s i n g l e  
a-guaeat of a i u n c t i o n  MllO to y r i n t  out before 
executian, m e  ~ i g h t  issue the foPlowing double t :  

To Pater reaowe t h i s  exiùedaed definition one issues 
UNTRACE ( (B00) ) . 

EQ testa f o r  e y u a l i t y  of two p o i n t e r s .  f f the values  x 
and y are t h e  çaEe p o i n t e r ,  the r e s u l t  is T, 
O t h e r u i s e ,  the resuEt 02 EQ 3s NIL, 

f3'QUAk tests x and y for; e q u a l i t y .  Two data s t l i u c t u r e s  
are EyUBL if and onfy if : 

x and y are the s m e  pointer value ,  
or if x and y are nurabes,  then (*EQP x y) is true,  
or if x and p are P i s t  noiles,  then [EQUkL (CBR x) 

& A &  y ) )  and (EQOBL (CDH x) [CDM y ) ) ,  
or If x and y are vcctors uhûse type, l e n g t h  and 

c o n t e n t s  are P a e n t i e a l ,  
or x ana y are p o i n t e r .  vectors o i  t h e  udme l enc j th  

whose çurrespûnding e l e w e n t s  are EQUAL, 
or x and y a n - t u p l e s  and (B*TUPEEQ x y )  1s t r u e ,  
or x and y axe vectors of reals uhose carresponcting 
e l e n e n t s  are *EQP, 

ERkOh causes t h e  value  of itç Errgulrient rnsg to ber 
p r i n t e d  arrd t h e n  i n â u c e s  an esror uurrind o f  t h e  L f S P  
systern, 
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-- (BXKCrBk BsCJI ~ t s g 2 )  SUEE 

i 
EEROk causes t h e  value of bath of its arguaentu to be 
p r i n t o a  and then i n d u c e s  an exfor u n u i n a  of the LlSP 
systerp, 

E Y A  3 perforas t h e  c v a l u a t i o u  of the &-express ion  exp, 
t e  evaPaatPon is y e r f o r ~ e d  with respect tu the 
environntent (as rcpresentrd  by the cur r e n t  s t a  te of 
s p e c i a l  v a l u e s ,  A P Y B k ' s  and &ALXST) . 

(EVAL exp  a )  SUBR 

EY&L sirriyly sets IPIALZST to a a.nd xe l t lrns  ( & V A 5  exp) 

Yne l i teraf  âtoa id is d e s t r o y e d  and its syace is 
re turned  to t h e  llst of awaiXabLe l a e n t i f  rers EXCISE 
is u s e d  in te l l i . gyentXy kiy the UHTEACE frxnct ion,  U s e r - s  
bew are.  

PLAG put's the Lind on the p r o p e r t y  list of every i c i  
In t h e  Zist k, The va lue  of fXay is B I L ,  No praperty 
llst ever. recieves u drrplieate  f l a g ,  (see IiEHPLBG) 

PUWCTXQH is used to trsinsruit ftnnc%ioeal vafues .  f n  can 
be the naxae of a t rue  f u n c t i a n  (Bot a &acro or Speciclï  
Form) or. a LAfilrXBDA or LABEL ex-pressiaa for: cl frmnction . 
T h e  v a l u e  of such a F U H C T I O N  e x p r e s s i o n  is the 
closure : 

whe-e $ a l n s t  iu t h e  value 02 the  s p e c i ü l  variable 
U L X S T  at the t2ae the çlo,z;;ure was for~ied, gote, this 
is n o t  il. corntp1.e'l.e adequute r e p r e s e a t a t i u n  of t h e  
e n v i r o n a e n t  as it c a p t u r e s  o n l y  a -Lis t  or COH&OH 
v d r i a b l e s .  E e f  er tu t h e  section on LABBDB e x p r e s s i o n s  



for namiag couventiuns which  skauld uvexca%e the 
s y s t e ~ s  P n a b i l i t y  to capture thé mate-value 
relationship f u r  other thon a - P i s t  varnables  . 
PUNCTIDN e x p r e s s i o n s  Ray occur an y whef  e an expression 
ZF; allowed, 

Each ca l f  to (GERSYfi) g t i n e r a t e s  it f r e s h  and d i s t i n c t  
a t o n i c  s y ~ b û 2  ok the f o r a  IG;00001. GkNSPBS are not 
p l a c e d  ua t h e  OBZIST and. are  coflected bp the garbage 
caliector if t h e y  axe n o t  in use, The i n i t i a l  l e t ter  y 
for g e n s y a s  is y i v e n  Sy  t e  s p e c i a l  v a l u e  GkSSYbCB 
which 1s n a r ~ a l l y  G* 

&ET searches list x for an ele~xrent EQ to y Li t h e  
t es t  succeeds, GkT r e t u r n s  the CADR of t h e  P i s t  f i , e - ,  
thta n e x t  e l e ~ r i n t  on the- fist) . If the t e s t  Pa i l s ,  CET 
returns  t h e  v a l n e  NXL- GET treats t h e  pruperties, 
&YTBB&, PNBRE, SUBW, SiOBB*, FSUBR, FSUbB* i.n a s p e c i . a l  
a a n n e r  a t h e y  are indicated i^R the i d e n t i f i e r  
s t r t r c t u ~ e  ltsdf i n s t e a d  CI* ûccurrlng on t h e  property  
list, The use of GEE dues not change becanse sf thzs, 
but the user ~ u s t  r e f r a i n  &rom altering t h e  prvyerty 
l ist  directly to cnchieve t h e s e  p r o p e r t i e s .  The sirtzplest 
advice  is ta use HAKEPBOP for a t t r i b u t l n y  s a l a e s  to 
ideatxf  iers , 

GkXBPk yets ffom avaiPabPe vector s p a c e  ae e g p t g  
asseable& proy-aa vectar s u f f i e l e n t  to accamaaaate n 
b y t e s  of code, (see sectron P an Cantigious Sturaqe 
Vectors) , 

(GEFIL'CIH strug rr.) SUBR 

GLPCki i r ;  a character s t r i n g  indexing tunction. n = O 
to retrxeve the initial character of t h e  s t r i n g ,  The 
v a l u e  of GETCki' i s the c o r r e s y o n d i n y  character object, 
No ctreck 2 s  %ad@ ta see if n is tao farqe. 

lieturias a uyàtbo1i.c: vector of n/4 e r l e ~ t r n l s ,  &ach e1.ernierr.e. 
iu I n i t i a l i z e a  to MIE, 
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h e t r i e v e s  and auf ines  t h e  d e f i n i t i o n s  ~f the k u n c t i a n s  
whose naaes are g i v e n  in t b o  list 1. The d a f i n i t i o n s  
are retrreveii f r o ~  t h e  l i re  naaeu by t h e  special 
var iable  XNPLLE. The vclfue of INFXLE is oX t h e  ifors : 
( f i l e n m e  {fiLe t y p e  / * 3 f 

Note: EU Peavns THPXLE seleetet3 to the l a s t  f lle 
eaited . 

GETIYZC qeta frûa ava i labke  vç-ctar space an eagty 
vector sut f n c i e n t  to acco~idate n/4 integers. The 
aector: Is of t y p s  2 (a vector af i n t c - g e r  l i t e r a l s )  . 

S a m  as GETIPVEG except t h e  rceturrned vector I s  o f  t y p e  3 
fa vector ai l r t e r a l  rea luf  , 

* 

GETSTR f e e u r n s  as v a l u e  a s t r i n g  vector snfficient to 
ho18 n characters, The l a s t  word of t h e  Yectar î s  
i n i t i a l ~ z e d  to zeros, the £il1 code for s t r i n g s .  

&eturns an  u n i n k t i a l r z e d  puinter  vector, See GETCY EC, 

i;G is a s p e c i a l  fora v a l i d  o n l y  w i t h i n  PkOG. (GO 1) 
causes the flow of the program to Rave to the l a b e l  i 
wîthin the Y E O G ,  S e e  PROG. 

IBEHTk i s  *T* 2 2  id is an i d e n t i f i e r  else @IL, C 
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I#TEKPBCE 1s a routine whiciz afl.uws the contpiled code 
to cal1 I n t e r p r e t e d  I u n ç t 9 o n s .  

UEPLW& p u t s  the adareçs of IWTLRFACE i n t o  t h e  s p e c i a l  
valut- celî for eacfs i d e n t i f i e r .  belny derine4. 

Yhe cumpiler treatr; al.1 c a l l s  a s  thougii t i i ey  were tu 
c o a p r l e d  k u n c t i o n s .  INTLHPACE asskmes control and 
performs t h e  in ter fac ing  taskz.  

ZABLE is a s p e c i a l  Iorra used  to give a 
LAEBUA-express ion  a naae so t h a t  it c a n  be col le4 
recurs ive ly  fron; w i t h i n  the LLLBBUA-expression. LABEL 
causes  cotapilation tu occur in a i a n n e r  s i i i l a r  to 
DEFPNE i n  LSSP,  but w i t h  two ciifferences: 

1 ,  the naae used in LBBEL is local, and. can ke seen 
ouly withxri this LABEL i o r ~ .  It thus can cause no 
conLlict u i t h  0 t h ~  f u n ç t i a n s  ar atoas WSed in the 
systCI?ZB. 

2 ,  LBbEL detAnes a single f unct ion ,  rhîle &EPPME can 
take rnany f unct iort  arpressioni;. 

(LAMUDA (bv*) body) L A B ~ D  A-expression S p e c i a l  forai 

A LABBDA-exyressron b used to s y e c i f y  a LUI. '  
f u n c l i o n .  T ~ E  bv are bound varidble  naDes, which  are  
l d e n l l i l e r s  in the n o r ~ s 3 .  case where t h e  çorraspunding 
argument expression as assuaed to be p o i n t e r  valned.  

# U~~BDA-expression is n a t  bg i t s e l f  a eonrpîete (or 
closed) s p e c i i i c a i t i o n  af a f unctiorn, Variables # h i c h  
oecur free in body must have their n a ~ e - v a l u e  
relataan-hip specif  ned lar the f unct lon s p e c i i i e a t l o n  
tu be close&. 

The LAffbDA-~xpressfon cân be consldered as dn 
cxpresszon uhich  e v a l u a t e s  ts a c l u s u r e .  The cloawe 
is giwtsn as t h e  sleixyressian fora (FUNAB& 
LAM bDA-expression e n v l s o n n e n t j  uhach co~ibines the 
LA&E3ifA-expressioxn v k l h  t h e  en viranment  , T h e  enuironanent 
gives. t h e  n a ~ i e - v a l w  r e l & t k o n s h i p s  f o r  var iab le s  which 
occur iree In b o d y ,  



In i n t ~ r p r e t e a  LIS&, variables are ùound on the a-List. 
The a - l i s t  ha.% c e v e ~ a l  des izable  chd.racterist9c  as ;t 
~wotrct.X ûk t h e  canvlronarxr~t: P i x s t l y ,  aJ.1 nime-valrre 
r e l a t ~ o n s h k p s  w h i c h  perts i in are captured by a single 
p o i n t e r  value. T h u s .  saving the environment is d 

si.aq.de xikûttex of s a v i n g  t h i s  p o i n t e r .  Seconcily . 
bi.nii ing &oes nat d r s t r o y  e x i s t i n g  environraent but j n s t  
appenas ne% na ie -va lue  relationçhips to it. The 
dravback of usiny the a - l i s t  is t h a t  e v a l u a t i o n  of a 
v a r i a b l e  r e g u l ~ e s  a xeaxcb.  

In compilsd LlSP var iab l e s  are t r e ~ t e d  in several 
ways: 

"t &ound v a r i ~ b l t c s  w h i c h  ar@ ~ o t  declare& SPECIAL or 
LOBROM are t.reaéed as pure3.y l o c a l  (ar duamy) 
variabSes. T h e  contp3Pe.r a s s i g n s  a s tack  lacat ion  
r e n a t l v e  tu the stack froetler to c s n é a i n  t h e  salue o2 
t h e  local variable, Such variables are sznià tu occur 
vacuousPy and cansot be referenced by nane as free 
variables  in Eunct ions  ca-LTed. by the defineci f u n c t i o n ,  
The use of: thesa var iab le s  by coarpl led f u n c t h n s  is 
very direct  and efficient, 

2, Variables aeclared SFECXBL h a v e  t h e i r  values 
assoc iateü  n i t h  t h e l r  cûrresponding iüent niier 
striucture io the value celf . T h e s e  i d e n t i f i e r  v a l u e  
tells clan be rtsferencrsb dlrectlp $y' a.ny f u n c t i o n  and 
thus p r o v i d e  on ebflclent d e v i c e  for free v a r i a b l e s  for 
c u s p i l e d  cade. It is necessory  t h o t  any c o ~ p i l e d  
f u n c t i o n  which binds s u c h  a v a r i a b l e  musr first save 
t h e  016 value anCi reçtore II uyon exit, W h i l e  this 
y i v e s  this g l o b a l  e n v i o r n ~ e n t  the sa@e bind iny  
c~aracteristic as the &-List, a q i v e n  eovironnent  
cannot be cagtured so e a s i î y ,  

X4eraiirjç: T h i s  presents r a t h e r  serious yr-oblern in 
f o r ~ i n y  c J o s u r e s .  The t r a à i t i a n a l  s o l u t i o n  i n  LYS@ haç 
been ta r e g u i ~ e  t h a t  the user decfared COBMOB any 
var iable  uhich reqnired the correct ç L o s u r e  ~echaniçn, 

3 Yciriables u h i c h  occur f ree a s  operator in 
colobinations are treated by corspiled func t iox i s  as if 
t $ e y  uere SPECIAL, a n d  fur.tkr;r;more t h e y  vrre a s s n ~ e d  tu 
have a v a l u e  whlch I s  an a s s e s b l e d  yrograB. 

4 Variables v h i c h  bave been declared C0Ha6M are bouuti 
on the a-List anci the interpreter i s .  usrd to e v a l u a t e  
thenfi, The iorm (SET[) 1 d) where E h a s  beerz declararrf 
CüRRO& is efausfor~ed ts (SETC (QUOTE' 1.1 9) which uses 
t h e  a -Lis t ,  

&@mark* Pi ûnly unusual nases are used for SPECPAL 



v a r i a b l e s  u h i c h  a r e  boufnd by f u n c t i o n s  havlny  
k u n c t i o n a l  &zry u n e n t u  (arguments t h  cat arc3 
closures j r t h e n  t h e  urer avoids conflict.;; with 
ÇPiiCIAL var iables  t h a t  R a y  he bound a t  the tima the 
closure i-. a p p ï i e d ,  If ~ u c h  is t h e  case the riecessity 
of c a t c h i n y  the environment a t  axgurnent 
e v d l u a t i o n  time is removed* 

(LnP36O .. . 1 see c h a p t e r  VX,  The C o e p i l e r  and L A Y .  

EAST s a n s  a L i s t  x and r e t n r n s  the lasé e f e ~ e n r  at 
t h e  top level of the Iist, Zt will cause an errm if 
a p p l i e d  to an atom or to a list terminated  by a 
non-Hf l a t o ~ .  

LWST ( 8 )  - LAS" ( jC , Pi) 1 = LAST f (A  b , C )  ) - errer, 

Z H G T K  appfied tu a fsçt x r e t u r n s  an integer eguaf to 
the nuaber ok e l e ~ e n t s  i ~ f  the top levef oi the List. 
AppPiea tû an a t o g  it y i e U s  zero. 

(ZI*;NG"n'& (231ktBDA (&) [PRO6 (N) (SEYQ Bi Q û )  

Pf vec  i& a vector, ana k is the nuiaber ok b y t e s  in 
v e c  t k e u  ZEHGTkiLQDE r e t u r n s  t h e  va lue  k-7, ff vec  iu 
not a veetar datum, t h e  v a l u e  will be soae unexpecteâ 
i n t e g e r  x ,  v h e s e  05x54095 

(LfS'X xl xZ ,. , xn) S p e c i a l  Porm 

L i S T  t a k e s  an â x b i t r u r y  nuaber  of arguments,  aaa 
constructs  rj. fist out of the&. The c o ~ p i i e r .  hamiles  
t h e  s p e c h l  S ~ Z E  L I S T  by c o n s t r u c t i n g  s p e n  c o d e  usrng 



the f uncziorn *Ll.S"f". 

* L I S T  c a h l s  CORS ana t h e  effect is th& sa&e ac; 

(CCrifgS x'f (CORS x2  {COFSS xn, R f E )  

bemark: t h e  a c t u a l  aethod e ~ y l a y e d  iç consldexably  Bore 
efficient;. En tertots of leiitgth of caslapileiri. code anci 
speed of operation if n > 2 ,  

ZXSYPes  v a l u e  is *T* i2 x is a node, atkerwise NIL. 
Thus L f S T P  is faIse Ior numbers, s t ~ i n g s ,  vectors, 
n - tup le s ,  Piteral ato~s, ana HEL. 

C r e u t e s  an integes:  vector ukost i  e l . e w e n t s  are t h e  
Piteral v a l u e s  oT t h e  in tegers  of t h e  Pist 1, Nû 
i.rréeger vector aaf be 1omjer than 7023 eleacrnts ,  

C f e u t f c s  a seaf vect;or W ~ O S E C  e 1 e ~ e a - t ~  are t h 4  li itteral 
v a l u e s  of the c e a b  of t h e  list 1. 4;la r e a f  vector nta.y 
be ranger than 1023 e f e n e n t s .  

Cr-eates a p o i n t e r  vectarr whose e 1 . e ~ e n t . s  are the 
ePegigents of t h e  List 1, Wu p o i n t e r  veetor Bay be 
longer than 1023 e l e m e n t s ,  

T f a u s f o ~ i n s  a L i s t  1 ot t h e  iofra: 
7 ,  (XNTEGEk x ?  x2 ,, , xn) 

where t h e  x i  are iategers Inko a vector of a 
lateral f n t e y e ~ s .  
2. (&EaL r l  rZ , *. trn) 

where  the ri arc recnl~, inta a vector of n recxfs, 
3 ,  (SPBBUL sl 22 ,,, un) 

where the ui are any S-expxess ion  v i i lues ,  
i n t a  a s y ~ b o l i c ( p o l n t e r f  wectar of n ~ l e a e n t s .  

4 ,  ( s h 2  0 , .  &Il) 
vhere sf  is nut IMTEGE&,HEAL, or SYHBOL, 
into a s y ~ a b o f i c  veetor a2 n e b a e n t s ,  



r (BACILAE $ i s t i r ~ y )  SDbh 

k- - 
Yx?~cinds t h e  LAI fiACROÇ wftich occur a s  i n s t r u c t i o n s  in 
i i e t i n +  LBP EOCEcO d e f i n i t i c r a s  axe  one axguntent lalrrtfrda 
expressions which produce a 31st ai ~ n s t r u c é i o n s  ds 
v4.f u.e , These ilrsstxpretiorz.;" isre in tura exparMe& tf, 

RAgEPhOY aakes v a l  t h e  value of t h e  a é t r i b u t e  a t t z  on 
the p r o p a r t y  iîst 0% id* The a t t ~ i b u t e s  PRAAE, 
S U b R ,  SUBR*, PSWE3 , and PSUdK* do n e t  occur on the 
pxopes ty  fist, but t h e l r  vafue& are e ~ b e d d e d  in 
the three vasd i d e n t i f i e r  d s t d  s t r u c t u r e  as i l P u s t r a t e c i  
for UEPLIST, (see also sec, 131-Ç ) 

(MBP x f a )  SUBA Purnctionak 

BA& a p p l i e s  t h e  f u n c t i o n  tn to x and  to s u c c e s s i v e  
C D R s  of x u n t i r  x 1s r e b u c e d  to a s i n g l e  ato& ( u s u a l l p  
@PL) vhich is returnea as t h e  value 02 flalL-, 

&AP cannot  input as t h e  top  XeveP f u n c t ï o n  ta 
&v;cilguote s i n c e  the funckiona l  argument muse biu 
eua luated ,  unXasç vrlttea as in t h e  %oPPouiny 
examykeç: 

A ( (A ki C )  (FUWAHG P&-i%S" ( / )  ) 
proauces the follow2ng l i n e s  of y r i n t a u t :  

( A  B C )  
[B C )  
(Ç) 
V A L V E  = ( ) 

BAPCAR c s n s t r u c t z  a new List vhose v a l u e  is a List ok 
e l e g e n t s  e a c h  of vhich is obtainea by a p p l y l n g  the 
i u n c t i o n  f u  te the correspondlny e l e ~ e n t  o f  the P i s t  
x,  HAYCAR is non-xeeurs ive ,  and uses ASOB ta f And the 
end of the liste BAPCWB cannot  be i n p u t  as t h e  t o p  
l e v e k  funct ian  to kvalqnote ,  e x c e p t  as i l lustratec i  k o r  
BAV, Exaaples af the use of HAkCBR are: 
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(LAPIBDA (Lf (MAkCRH L [FUHCTIOM ( L R P I B D A  (2) fCOND 
((ATOf4 J) (QUOTE ATC3B)) (T N I L ) ) ) ) ) )  ( ( A  B ( C )  D)) 
=: fATOE AYOH H X J I  APOM) 

aBPCQrj maps list r onto a iiau list fffn ri) *) u s i n g  
HCOLC, so t h a é  t h e  r e x u l t i n g  Xnst I s  t o m e d  by 
cancatenat lon,  and ases A Y O S  to f i n a  t h e  -nu of fist x, 

(EAPCfPN {LAHBDA (X FN) (cri#u (fftWPr X) X) (T (MCOWC [PH 
a)  (aapcoH (CD& x t  1 )  1 ) . 
The top leweï r e s t r i c t i o n s  on t h e  use of i u n c t i o n a l  
v a l u e s  as if L u s t r a t e d  nn BAP BoZ,d fur P1ISkt"AM afso .  
Because ax the use af NCOkC, BAPCIP& vil1 dctaage the 
systen or vil1 cause An e n d i e s ç  100p  or b a t h ,  unPess 
the tunetion f u  is chosen carefully * (Sec DaLEPgL fax- 
an exaaiyle of the use of BAkÇOH ,) 

(WAPLfST x tfntf SUBR Funct iona f  

, I"IB;EPLISP aaps the Iist  x onto t h e  llst ( (f n ni) *) , It 
perXosBs the saae f u n c t i o n  a s  KAP except t k a t  it 
produces an o u t p u t  Iist bg CONSing together  al1 of t h e  
results 02 t h e  for& (fa  x i )  conzptnted durring t h e  
rttayyiratg , 

EftPLZST is non-recursive, and uses &TOB to f i n d  t h e  end 
oz :'~nst x *  BAPLESP. h a s  func2Li.onal argu~iatents su  th^ 
xxzstrlctiuri on i t s  use at t h e  tap IaveS is the saBe a s  
MAP, 

{LAHBUA (X) (HliPLfSbL" X (PUBCTXOP) {LaiBBfaA (a) (CONS 
(Qi.raTk.+ bb) 3) ]r ) ) ) ( ( A  B iC D)) - ( (E A b C D) (a ki C D) 
( a c n )  (B D)). 

The e x p r e s s l a n  exy I s  ~acra-xpanded.  The r e s u l t  1s 
ttliit expansion,  (Sec c h a p t e r  X ,  If 1. HWCROS) 

M&HdEE is a y x e d i c a t e  w h k h  is trne ii' a is a &esber 
of Iist b, and NXE .cr.tlner#ise* EQUAL is uzced ta 
perform t h e  e g u a l i t y  test, Bence réF%BT$K (?,O (A Ei 1 



2 = Y *  
<-- 

i 
(P1STUB.LE;Q ntuplef ntupPe:k) SUER 

T h e  corre spond inq  l iteral r l e n e n t s  of ntapre l  and 
n t u p l e 2  are coipared Zor exact  i d e n t i t y .  The 
corresponding p o i n t e r  e l e m e n t s  are conpared to çee i5 
t h e y  are ËQUAt. If a l 1  elements correspond in t h i s  
aanaer hrl*TWPLEI;Q fins the a a l u e  t m e ,  uthorwise MIL, 

NCONC appendu list y o s t o  the end  of f i u t  x %&thout  
coyyiay x. The va lue  of NCOWC is the new v a l u e  of x. 
The k P O B  test is vseu to fxnd t h e  end of t h e  List x t  
Xf x is a t s ~ i c ,  WCQWC appends a +y s n t o  the end of the 
y r o p e ~ t y  L i s t  of atom x ,  

(HCONC (LABBUB f x  Y) ~ R O G  (n) (COND ( (HULL XI (&&~;T"U~$NI 
Y )  ) ) ( S E T 8  PP IL) B (COHI) ( (&TOT3 (CDN H )  ) (GU B) 1 1  (SET& 
ri (CDh Pi)) [GU Il) B (PÉkLWLD Ef Br) CRETUKH X )  ] ) ) .  

T h i s  is regardeu d s  a S p e c l â l  Forw by t h e  Campaler and 
is a I v a y s  c h a n y e d  to t h e  clguivalent  f o r &  (ROLL x )  . 

S u b s t i t u t e s  x f o r  a i l  occurrances oi p in z ,  except 
when z is i n s i d e  a QUOTE express ion ,  Exaayle: WQSUBST( 
A B [A B -i;(QIIUTE ( B  b) ) A b)) = f A  A ("UOYE {A 6)) A A )  

BULL is coiapi1w.i as open csae when useu as a p r e d i c a t e .  
Yor other uses, the de£ irt&ttky, useci is: 

j:+ 4 .x 5 J " 

(EULL (LaaBwA (x) (conu ( ( B U L L  XI TI (I: N I L )  1 )  

T h e  string s t r n g  c o n t a i n s  a cosamana of' the corunaand 
l a n y u a q e  fo r  the t h e  shared s y s t e ~  On cy67-CBS one 
musé  nut use thoxe  comaands v h i c h  ûverwrkt- aelwry 
citave lfiOf30x. The cornlitanci is sbeyed (operateci) . 
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%%e? arguments of Oh are  evaluate i i  rroai left to r i g h t  
u n t i i  t h e  f irst t f u e  (nan-@IL) preciicate is f onnd. If 
a trur p r e d i c a t e  is found, t h e  v a l u e  of OH ~s T; ir t h e  
end of the l i ~ t  ot a r g u r e n t s  is reached, the value of 
OI( is NIL.  T h e  ~ ï d ~ a  af (OB) o f  no arguments is NIL. 

i n p u t s  r a n 6  y to be lists oi egual PAIR reguires i t e  
Zenyth,  

â s  fts v a l u e  i k  this c o n d i t i o n  i.s n e t ,  

If the tuu Pists are o f  unegual. f e n g t b ,  PAfk  induces  
an error. 

(PKOt  v a r s  sl s% , , , sn) S y e c i a l  Fora 
,r 
L YkBG is a Spec ia l  Bor@ that permi t s  LXSP proyraas to 

be w r l t t e n  Zn the fora  oi d series 0% statements ta be 
execuled, In fur%, PR06 l a o k s  f i k e  a f u n c t i o u  of an 
i n d e f i n i t e  nuaber of aryu&ents*  

Xts f x r s t  argument vars aust be eîther an empty fist or 
a fist ai ft0~T.m varicirbkeç (v7 v 2  .,, v a ) ,  ca l f ed  
yrograa variables, Any proyraE variakde u h i ç h  is nok 
in SPkCIBL status at; cotaplle ti.l~ne is arereiy ~n ceIl on 
the pushdown s t a c k .  If a progragi variable is in 
S P E C l A L  s t a t u s  duriny corrtpilation, its p r e v i o u s  SPtCf  AL 
bxa6rng is sclweu on t h e  yushdowxi stclcnk a t  e n t s a n c e  tu 
the YK0G axnd is rveslored at exit, and t h e  curzl-ent 
b lna ing  is storeci in the çcrrrespandlng i d e n t i i i e r  v a l u e  
tell. PAus in e î t h e r  case, the bind ing  of a yrograxi 
v a r i a b l e  Ps v i s i b l e  onPy u i é k i n  the PHUG. However, if 
the v a r i a b l e  is SPECTAL, it is d2so visibke when used 
tsee by any functron c a i l e a  f r o ~  w i t h i n  t h e  Y B O G .  I r  
uot SESECIAL, it is i n v i s i b l e  exceyt in t h e  body of t h e  
VKOG, 

The athsr  argràmen ts S I  uL . - *  srn ofr a EROG can. be 
e3thex  i d e n t i t i e r s  [ia) or s . la te&knts ,  
A utrxte~ ient  Eap be any standard L9SP combination (rator. 
rand*) but. it aay af.st5 i n c P u d e  GO or BETUHW stateeients .  
f h  there are no Gê3 or RETORR etadc@arents, the staterrtenrts 
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IPst whose CAR ns the id QOüTE, Fhus, vhen  e v a f u a t e a ,  

(QUOTE ((a . B I )  = (a ii) , etc,, but 

A quoted express ion s t a n a s  for i t se i r ,  duci is not  
evaPuate8. 

ln coratgiled L I S P  the font  (QUOTE k) is xepresented  by a 
quute c e P l  which contains the p o ~ n t e r  s a l u e  A ;  
s i ~ g i l a r l y  t h e  Eorac (QUOTE ( &  8) ) has  e quote cell which 
c o n t a i n s  t i r e  value ( A  a NUTE:: Quote tells are 
sharea and auut not be altered,  

Corrstants, T, F ante MIL n e e d  nut be quuteiî in L f S P  
"Ë~ .CCUTIS~  such a cons tant  rs is treated as (QUUT& n)  . (F 
b e c a e s  [QUOTE Ef E) ) 

(hECLBf  K )  kseudo-%unet i o n  

r A 1 f l g )  Subit 
\ 

TrESfZAG ile&ovius ct1.X occuxrences UT the f l o y  $19 f r o ~  
t h e  proper ty  T i s t  oL each  i d e r i t i f  ier  in the lise 1, 

T h i s  funetion i.s used by the systent to reRtove l i terai  
ottams which are knawn ta be i n a c t i v e ,  Zt s h a n l d  not be 
used by t h e  ciisual user, 

kemoves the a t t r l b a t e  a n a  va-t.ue of x Tor t h e  a t t r i b u t e  
i d  This runct ion &Iters p r o p e r t p  P i s t s  to unda t h e  
ef f ects oIi srdlrtary &AK&PJiOPbs, 

li (RLTURM exp) i.s encountered in t-vctluation 0% a 
PKOG, the expxess ion  exp is e v a l u a t e d  and I t s  value is 
the value of t h e  PROG, 



f38WF'I' COFP B O T  Y'ET CU&k%ETEU PAGE 86 

(BkVhLlSk< aa) SUb& 

The I u n c t i o n  HBYEHSB ha% for it; v a l u e  a list whose  
e l e i e n t s  are t h e  t o p  kvel e lements  of l i ç t  a taken i n  
reverse srder, e , g , ,  

KkZhCA replaces  t h e  Ciil$ ok t h e  ceEl p o i n t e u  to by x 
w i t h  t h e  haIf-wurd word-ïacator e q u i r a l e n t  to pointer 
y œ  Its value 1s x but x hces beeri r e p l a c e d  by [CONS y 
C E  X )  , 

The use of hPLACB on arci Id or vectar can be 
dlsastraus, Li&ewl.se, a l t e r i n g  cfuotea data s t r u c t u r e s  
can be d i s a s t r o u s ,  

BPLRCD replaces the CBB of the ceIl poknted t o  bg x 
w i t h  the half-ward word P x a t û r  e y u i v a a e n t  to p o i n t e r  
y * X t s  value i v  x But x hau been rqdaci-d in varue by 
(CONS [cwk x) y )  * 

Tho use of RkLACD an an i i i  will a l t e r  its property 
list ünd this Bay be d i s a s t r o u s ,  The use of HPLACR an 
the h k a w  O f  a vector probably will be d i . s a s t r o u s ,  

R'ffECY f e t t r r n s  the v a l u e  true if vec is a wector* o$ 
I.iten-étl reals, Pori any ather asrgu~rserat the v a l u e  is 
f 

SASSUC s e a r c h e s  y v h i c h  is a List of p a i r s  (usua l fy  
but not necessar i . ly  uotted p o l r s ) ,  ior the f i r s t  pa ir  
vbose f i r z t  e l e ~ e n t  is EQ ta x ,  If the seacck 
succeeds, t h e  value of S h S S O C  is the p a i r .  Ti the 
search  f a i l s ,  t h e  v a l u e  o f  SASSOC is t h e  va lue  of (fn) , 
a f u n c t i o n  af no a r g u ~ e n t s .  

&@cause of its f u n c t i o n a l  arguaient, SASSOC cannot $e 
input as a f u n c t i o n  a t  t h e  t o p l e v e l  or Evalguota. 
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(SELtCT aa ( a l  e7) (a2 e2f , . {an en) eo) S p e ç i i d  Y o r ~  

The r x p f e s s i o u  ao is eoaluated,  t b e n  each of t h e  ai 
axe evaluated i n  t u m  an& t e s t e d  uatii t h e  first one is 
kounii. t h a r  sa t i s f l e s  (EG aa k a ) ,  The va lue  uf SELECT 
i s  then the coxxespondkng ek, Xf no s u c h  ai is fonnd, 
t h e  value  of SELECP 2s ea, 

S E L ~ C P  can  be useci at the t o p  l e v e l  a2 YKOG kt auch t h e  
sa&e way as COHL, In t h i s  appXlcaéian GO and RgTUhN 
foras a r e  not Pegal for en and eo. Blso, eo cannot be 
ortti t teu, but  mnilybe HL. The c o ~ p i f e r  converts SBLISCT 
to t h e  eguiva lent  fors 

( (EABBBA ( G )  [GOND ((EQ G & f )  el) ( (EQ G a2) ç2) . . 
( ( E Q  G an) en) (3 es)) ') ao): 

where G is an a r b i t r - r y  gtansyat. (1.f ça0 wex-f- o f ~ i t t e d ,  
t h e  s y n t a x  at the COND v o u l d  be inca~rect,) 

C (LsETC a 5 )  or (SET â b) SUEil.3 

Bay be use& in co~pifed f u n c t i o n s ,  but it only 
alters the v a l u e s  v h i c h  umur on SkEPST. SETC searches 
the Â L f S T  u n t i P  the pair  (a , ç) is fotrna- It t h e n  
uses RPLIICD to change  the p a i r  t c t  fa . b) , 

T h i s  i s  t h e  p r l ~ i t i s e  a s s i g n a e n t  stat.erriî^nt on intager 
vectors. n is t h e  zero-origin index,  v e e  is an integer - I -  

v e c t o s ,  and v a l  is a pointer-valued i n t e y e r ,  S E A H  
c h e c k s  for out  oi range, and for t h e  correct type 0% 

v a l ,  The v a l u e  of SETXB 1s v d ,  

SEYHY is the p r i m i t i v e  a s s i g n s e n t  ~ L a t e ~ e n t  f u r  real 
vectors, n is t h e  zero-urigin i n d e x ,  v e c  ic a real 
vrcta~, antif v a l  is a paintex-wâlued ril.̂ i, SETRI! c h e c k s  
fur o u t  02 raage, and for t h e  correct type uf v a l ,  
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5 
sXTV is the p r i ~ t i t i v e  a s s i g n s e n t  s t a t e ~ e n t  I o r  pointer 
v e c ~ o r s .  n Ps the zexo-oriqin înaex,? vec iv d 

pointer vector ,  and  val is aay datorn, SEgPV c h e c k s  for 
out ok range, 

SET@ is a speciaf for& u h i c h  e v a l u a t e s  its second. 
a r y u ~ e n t  v and a s s i q n s  this va lue ,  which is a l s u  the 
v a l u e  ok SBTQ, to the v a r i a b l e  yiwen as kts f i r s t  
hryuaent  a ,  genaral ,  a is treated as if it sexe 
quote i i ,  Xf a is not an &ton, an error results* Z r  a 
fç n o t  in SPECEAL $ L a t u s  and is bound in a f u u c t i o n  by 
LBHBDB or PROG, SETQ af f ec t s  o n l g  t h e  ce11 o n  the 
yushdaun list of the f u n c t i o n ,  Hn wfich case ~t fu 
saiu to be a XocaE variabXe, 

Xk a is in SPEC3.AL s ta tus  and has had a prev ious  CSET 
bindlay SETQ changes the s a l u e  of t h a t  b i n d i n q .  

SEPQ C ~ R  be useb i a  series to set aany variables  to 
the santtier value as [SETQ X (SET(- P 2)) which  sets botri X 
and Y tu the v a l u e  sf Z, 

(SPLC1AL x )  SU&& 

C The a r g u ~ e n t  ofSSrE"EL"fAS, x is rm Z i ~ t  of i d e n t i f  l e r s .  
SPECIBL sets a t l a g  in t h e  i d e n t i f i e r  s t r u c t u r e  of e a ç h  
fa oi x ,  and p u t s  tne attribuée SPECfhL ou t h e  proper ty  
P i s t  of e a c k  9& of a, and ~ e t u r a s  the list x au v a l u e ,  

The SVECIAL l l a g  on an identifier serves n a i n l y  40 
t e l l  t h e  c o m p i l e r  that if t h i s  d to i  is bound Sy LABBDA 
or V R M ,  the oPd b ina inu  of t h e  a X o ~  ~ u s t  Be saved and 
the current b i n d i n g  stored in t h e  v a l u e  cela (rather 
than In the yushdown f ist) , 

STBCOHC concatenceles t h e  z i t r inq  s g lve f i  a s  aryuaenls and 
creates the resnltant string as va lue ,  

rteturnç the nuaber of non-f il1 character-s in the s t r i n g  



S .  (Fil1 chara.cters are kriaPki-r~g O01 b y t e s , )  

SUbST s u b s t i t u e e s  x foi  each occurrence of the List 
s t r u c t u r e  y in the List s t r u c t u r e  z. The Punction 
Z'QUkL i s  u s e d  to p e r f u x &  t h e  testt se that x. anci y 
can have t h e  most g r n e r a l  fora. But z ~ u s t  be a iist. 

SVLCY is the pretf icate used tu test if v e c  is ri p o i n t e r  
vector. 

XERPUS-PUGIT rf-turns the e . k p s t d  task-the in 
thausandths 02 a s e c o n d .  

( u ~ c t ~ n a o ~  l a )  surh~ 

D e f  rat-d Itg : (ei#Cû&fioN (LRHBrjA (l;) {kh&PLbG II, (QUUT& 
srOaaoi.s) 1 1  

UHSVk!CPAE is siiftif a r  ts SPECfAL. x shouSa be à f zut  
of i d e n t i f i e r s .  P a r  each atum in x, UNSPECIBE removes 
t h e  a l t r i b u l e  SYLCXliL and H t s  vafne  f r o a  the i&WP list. 
"$'hg v s e f ~ e  of UN5PECI:AL is x. 

The p r e d i c a t e  VECP is true if and  onXp if v e c  i~ a 
p o i n t e r  into vector space. 



The s y n t a x  of n u ~ e r i c a l  o l lects  is y i v e n  belov: 

n u ~ b e r  = l n t e y e r  hex f octal 1 real 

octal. - odigit:  o d i g i t *  Q 5 ïnteger 3 

Seuiant icaf ly ,  hex and octal nuabers  axe treâtea f i k e  i n t r y e r s .  
On i n p u t  they  bacorne i n t t g e r s  BOD 2**32. Large inteyers ~ a y  o n i y  
be i n p u t  as i a t e y e r s ,  The reds  are stored a s  I l o a t ; . i n g  p o i n t  
nnabefs  and are c u r r e n t l y  storeci QS 3 2 - B i t  Y O ~ ~ S :  & b i t s  of 

C character p l u s  2 4  bxts oi i ~ a n t i s s a .  

A r y u ~ e n t s  uf a l 1  ruact ians aescribed beÉaw are aâsu@et.i tu be 
numbers unfess atherwlse statea, 

The E o l l o w l n g  arithmetic f u n c t i o n s  af fow an inaef i n l t k  
nunber of a r g u ~ e n t s :  

RAX, E l N ,  EOGOh, LOGAND, ZOGXOB, PLUS and TXfiES.  

UnPess o t h e r w i s ~  s t a t e d  t h e  d r l t h s e t z c  f u n c l i o n s  are 
àef i n e u  k a r  Inteyers ,  reals or c o ~ b i u a t i o n s  of r e a l v  
anY i n t e g e r s ,  The r e s u l t  is real if m y  araurnent Is 
1 i n t e y e r  onfy if all a r y u ~ c n l s  are i n t e g e r s ,  
LUGON, E O G A N D  ana LOGXUh u s e  $FLX an t h e i r  argu&ents 
and proàuce i n t e g e r s  as fanswr.r.u, These logical 
i tunc lzons  a l s o  d nut wark on Xarye integers, 

Other B r i t h ~ e  t i c  Fuact iûas  



Colaputes  the a b ~ ; o l u t c  v ÿ l u e  oi t h e  nueibex x. 

&dises x tu the y pouer. The r e s u l t  is an i n t e g e r  iE x 
Iç an integer and. y i s  a p o s i t i v e  i n t e y e r ;  atterwise 
the value is a f lûa t ing  p o i n t  nusber, 

Coaputes  t h e  hteyer  part or x for p o s i t i v e  x and - 
intrger-part ok -a for  n e g a t i v e  a .  

(EEPTSHIPT rr: y )  protiucit^u an in teger  atinatbeic @quai  to 
t h e  Pitercil va lue  oi x u h i f t e d  TeX't  by y b i t s ,  with 
zero  àrought BB at. the x i y k t  tu reglace the sh i f te tr .  
bits. If: y 1% n e g a t i v e ,  a r i g h t  s h i f t  r iesults  an& 
zeros are brought in at t h e  left end of the worb, Ti 
both x and y are negâtive, t h e  sign of x is not 
e ~ t e a d e d ,  and t h e  resuf C i n q  value a2 LEFTSHXPT vilP be 
positive. The acceptaide range f u r  y i s  -31 < y < 
3 3 ,  

Por  fiaed-point a r g u ~ e n t s ,  t h e  value  is the nugber 
theoretic q u o t i e n t ,  3,4, the v a l u e  is an i n t e g e r  g 
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such that x y y + r  where r is the number theoretic 
rendinaor, O<z<y-1 Xf e i t h e r  x or p îs a f l o a t l n y  
p l n t  nuraber, the riinswer is the IXoatiug yoînt 
qitzotie~t, 

Compultrs the nuaber thearetf c se&ainder for 
i i x e a - p o i n t  a r y u ~ e n t s ,  and i i o a t i n g  p o i n t  res idue  for 
i l u a t i n g -  point arguraents, ( m e  QlBaTIk:HT) 

T e s t s  two n n ~ b e f s  for egaaXity  of r e p r e s e n t a t i o n ,  
TBus 

The l a s t  case h o l d s  because the last d e c i r i m l  place  is 
l a s t  in the i n t e r n a 1  repreçentat ion .  

T e s t s  tua number tor approxi iate  e q u a l i t y .  Xn 
generàl:  
( Y IE l x  - pl < 3.B-6 
t 1 
t T i f x  - y f  1 
f 1 -O--- 1 < 3 , 0 & - 6 ,  ]i 

("-fJQi? x y )  = f t x  + YI J 
1 

f NXL otherwise, 1 
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1.s Oxue if x LS a f i x e d  p o i n t  n u ~ b e r ,  and f a P s e  
otkreuise, 

fs t r u e  if x is a f h t î n g  point nuwber, and. f i d u e  
otherwise 

Ls true  H f  x > y and f a l s e  if x 5 y ,  

Note: that it i s  p o s s i b l e  Ior buth (*&QI? x: y) and 
jGHEA'P'ERIE" x y )  to be t.rucl. sintuitanectnsly,  but (BliafP 
(ZESSP x y f  (GhEB'Xl'&fi:bP x y) rs alwayx N I L ,  

1s t r u e  Ir x < y and f a I s e ,  i t '  x 2 y .  

Note tttat ft is p o s s i b l e  f o r  h t h  {*TS(3P x y )  and (LESSP 
x y)  ta be tfue it eîther x or y is a 2.1.oatinq p o i n t  
nuabsr ,  

X s  êzue if r 1s n e g a t i v e ,  and f a l s e  o t h e r v i s e .  

(ZEHOP x)  

1s %rue if x = O aad f a x s e  o t h e r w i s e ,  

CLErirtP (ZAHBDA (XI (*EQP x 01 1 )  





Cunver t s  t h e  axgkt  c h a ~ a c t f  r abject c to its 
f ired point i n t e g e r  e q u i v a l é n t .  Ondef i n e d  it c is 
lrat a d i g i t .  

Clears the s t r i n g  whicn is the value of s p f c i a i  
variable BOFFU. C f  earing ccsnsiats  02 settr.rig 
contents 02 the string BUFFB to a311 hex ztrros and 
s e t t i ~ g  s p e c i a l  CUWCOLX tu O. CLEAHBUPF is used for 
side eIrects o n l y ,  the v a l u e  returned by it is 
unpred ic tab le  . 

T h e  s tr ing  BUFPO 1s used by EACk, HNT'iBNX., H%;RA& 
ana &U&B9 i o r  the cseatian of n u ~ b e r s  and l i t e s a l  
identifiers, Xt 2s i n i t i a f i z e d  bp *SUVEBHAH as a 
string vector capahïe  of holdiny l 3 Z  characters . The 
v a l u e  of CEEBCOLX is a anaber O , , , .  wh3.ch 
serves as an index p o h t l e q  to the fifst u n u s ~ d  
chaxacler p o s i t i o n  in the s t r i n g  BOPFO, 

{CLOSE dcb o y t )  SlffSh Pseudo-f nmct ion OS, TSS 

CLOSE issues an  OS ar TSS CLOS& mcro and returns  
HEL= CLOSE is use& by S W T  ta close aa i n p u t  os output  
fiLe, &fhe  paraseter dcb is the aadress ok. a UCb (data 
conérsl bltcick) , The pctriimeter o p t  rts DXSP, LLdV3r: or 
REkEID for OS, i r f e l evant  for TSS [HEKEAD being a s s u ~ e d  
regarafess of the value  of opt) , 

CLOSE Es n a f ~ a l l y  nat ta be i n v o k e d  by t h e  user; 
SBUT shanfa  be c a l l e u  ta close files, 

upenç t h  22142 d e s c z i - k d  by the i d e n t i f i e r u  f n ,  ft, 
ta, an& ~eturrrs a L i s t  of the naares (-il the open files. 
Openlng a file c o n ç i s t s  of a s s i g n i n y  s t r i n g  as an X f Q  
b u f i e r  for the t i P e ,  c r e a t i n g  a CWS f i l e  cautrof block, 
and p l a c i n y  i n k o r % a t i o n  about  the t P l e  intu the 
O&EIBEII"ILES I . i s t ,  If f n is t h e  nage  of: ar; dlreacty open 
rile, OU just r e t u s n s  a L i s t  of t h e  n a m s  o k  the opeu 
 ple es, 

An a u t e r i s k  or a NIL is acceptable in any argu&ent 
p o s i t i o n  fa NIL is intel igreteà a .  air a s t e r i s k ]  . lt 
r i f e n a ~ e  1s u a s p e c i f ë e d  zur a new f n l e ,  t h e  d e f a u l t  
f i2tlna~ke is- LISPOXfT. f f f i 1 e t . y  pe is urispeci f  i.ea L'or & 

neï flie, the a e f a u l t  f i l e t y p e  i s  OUT, If f i l e m o u e  1s 
urispec-ëfiê4 ior a ntrw f i l e ,  the d e t a u k t  t i f e ~ o d e  Is P l ,  

19 the t i P e  e x i s t s ,  t h e  f / U  bukfer l e n g t h  Is ab 
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naeae& for the f i l e ,  otherwise it ia set  to t h e  d e f a u l t  
va lue  af 120, ~hrcz u s t s f u l  i n p u t  recortl 2erngth f u r  t h e  
f i l e  ns set ta 71 f-r S r l e t y p e  SYSIH, an& to f u l l  
record leayth $or h.11 other i i l e t g y e u ,  The u s e f  uï input 
record l e e g t h  aeéer~ines the nuaber sf characters reaa  
f - s o ~  each recork. -Tt is i y n a s c d  whi1.e  dokrtg o u t p u t .  

I n p u t  ii1.t-s aüy be 02 f c i ther  P al: V record liol-mat. 
Output  files are alwags oi F xecord f o r a a t -  Input 
recorus may not be Longer t h n  1024 characters- 

The f i l l e t y p e s  LWAD, Tl#, and TOUT are resexveti f sr 
s p e c i a l  pnryo; es . 

The f i l e t y p e s  TZN and TOUT a r e  u s e u  to open 
ter~kinal  input and terminal output  fifeu, respectively. 
B f i lenaae for TZ# ar TBUT f i l e  is needeci su t h a t  
o t h e r  LXSP kunctions csufd rezer ta t h e  f i l e  after it 
is open.ed. Such filenaitie Iras no s i q n i l l c o t n c e  for t h e  
C R S  operat in9  sys tem,  B f i l e m d e  for a TXN or TOUT file 
deLer.mxnrss the zusde of input ur: o u t p u t  P i n e  processing 
bp LaS, as faffows: 

E û i t i n y  , uyper-case  t rans f  d t f  on, 
biank f i P l i n g  

saae as U 
s a n e  as O 

E d i t i ~ g  and bXanh ieiiPi.ng 
EdEtPng a d  upper-case transf  a t î o n  
E a i t P n g  onlg  
I n p u t  l i n e  read e r a c t l y  as  is 

Output  jCfiSf360f : 
K Type fine d i r e c t u  f ro@ CUhOUTBUF 
~ l ~ r  saae as R 
ElXL sâme as Fi 
B Bove line to f r ee  storage befofe typing 

output (i'BS/378] : 
B Type  fine in black  * aame a s  E 
WXL sanie as b 
& Type l i n -  i n  

Piletype ZOWD causes a core àx~aqe ZrHe to be 
opened.  One i s s u e s  a f u n c t i o n  tu open a core iwage f i l e  
in a n  a n t i c i p a t i o n  of **OGNP, **LU&ü or GURVQPERo Care 
4.1~tage f i x e s  a r e  not dëscrnbetr i n  t b ê  OPENtDFZZBS l É u t  
and for t h a t  reason their f ilenantes Bay d u p l i c a t e  t h o s r  
of other open f i les.  tioutver, regaruless of name, only 
one core iaage input f i l e  and o n l y  one core i n a q e  
o u t p u t  file Bay  b r  open s i ~ u l t a n r o u s l y .  



File~aaes other tkaa INPUT or OUTFUT are not 
alloueci with f i l e t y p e  LOAD, 

The fist sf t h e  nases o E  t h e  spen f a f e u  r e t u x n e d  as 
v a l u e  by &D I u n c t i o n  is o b t a i n e d  froa t h e  OPEBBDPI.LES 
List. If a core iiacige f i i e  is being o p e ~ e d  tiie value 
reluraed does nat c o n t a i n  t h e  naBe of that n i l e ,  

PerIorr~s the TSS t=rç)nf&anf-f, 
DDEr strrng 

where s-trrrg Eu a s t r i n g  c s n t a i n i n y  a F S S  pararneter 
list fur the DQEP ccbatrriand. Returns *Y* j_k . S U C C ~ S S ~ U ~ .  
Jn case of an error, p r i n t s  an expfandtosly message and 
retur~ls ii nuaber whlcir ir;. a 25s errror code (See DDLP 
ntacro in TSS ~ucarmuals) . 5rD f u n c t i o n  d e r i n e s  a data .  set 
but m e s  nst open it; to open a daka set, issue UD 
f irçt  and then e i t h e r  51SKDEP or UPEN*SEQ. 

GGfN is a f u n c t f o n  useci to open a LXSL i n p u t  & i P e  
y i v e a  by fi.leoanre a n 1  y -  Ilf a f i l e  natned f n 2.5 already 
open, DBIM just r e t u r n s  NIL, O t h e r u i s e ,  it seasches 
h o r  aa e x i s t i n y  d i s k  ti2e with f i f e n a w e  fn, If noae is 
found it t y p e s  a &essaye ta that effect and ~ e t u r n s  
H l L .  Pf one is found,  t h e  ftznctiari W D  is e x e ç u t e d  to 
open t h â t  f i l e  and @ùXH returns a List of the names of 
the open files, 

lf s e v e r a f  &i les  witn fil en-~rne k n  exii .st ,  t h e  fi .rst 
t a L e  in the order of precadence aL L l f e t y p e s  2s opened,  
T h e  omnaer o l  unncrced.erxce or Pife-typerl  for: D D f N  fs 
deternti.ned By s p e c l a l  v a r i a b l e  3 N T Y Y E t E F . t  whictr i~ 
i n ~ t l . ( i z I l y  set to L I  3 ,  gk-iriny the h i y h e s t  
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precedenct? tu i i l e t p p e  LXSP, i iext h i g h e s t .  to x i l e t y p e  
SXSIN, and the l o v e s t  tu any other f i l e t y p e .  

fDUOOt7iS (LWB-tSbA ( X )  
(COESD t (SASSOC X QPEgEDP1LES WlL) #IL 1 

( T (5- )i (QOQYE OUT) [QOOTk: P l )  1 1 1 ) 1 

The va lue  sk D X b H  is HIL fi c is nst a 
&igit character ob ject, otherwise t b a  v a l u e  is c. 

Fhe arynaents of Df SKUEF are: 

danas the dunaae a& t h e  P i l e  to be o y e n e i i  
QoeaED 1 ~ a A b  (for 0s)  
LrHe  vr 1 vs 1 QueuEu 1 LOAU (for TSS) 

opt 7 I N P U T  OUTPUT / HDBBCK f UFDAP (for  US) 
rnvoT 1 ouTPBr 1 O@T~& f DPDkT (for TSS) 

ayt2  L M Y E  1 fiBR&BD 1 D I S P  (for QS) 
iy norcrd (rur: YsS) 

n t h e  i e n y t h  in b y t e s  of H i 0  bufSer 

DISKDEF opens â i i l e  fox  reading o f  w r i t i n y  and 
r e t u r n s  a Z i s t  o f  the nimes of the open f i les .  The f i l e  
must have been  &ecla,red to the s y s t e ~  by Eeans of a 3CL 
DU stateatent {US) . DE1 @sat&anlir (TSS) , or L1SP 
f u n t c t i o ~  (TSS), Ctpeutinq a f i l e  consiatç  ai- a s s i q n i n g  4. 

s t r i ~ g  as an ltJQ buf fer for t h e  P i T e ,  creatxny a data  
cantrol b l o c k ,  and y l a c i n y  LnÉoraatSsn about the f i l e  
inlo t h e  OPEBEDPf^LÊL) Lis t ,  If ddna.8 is a nane 02 an 
alreaiiy open file, DISKDEF i s  u n p r e d i c t a b l e .  

P f  t h e  v a l u e  af o r g  i.s LOAD, t h e  f i l e  ~yierrcid is a 
LfSP core r@aqe f i l e ,  and its naae ns nat incluaed in 
t h e  IPut of naBes  of open f n l ~ a  returned by DZSKDEF,  
LQWD is ustrd 6 ~ j l l y  b e f ~ l ~ e  ~ ~ s s u ~ B ~ J  **.LOiADR **DtlMPEH Of- 
DUHPfiVEB. Open core Ini&g@ f i l e s  a re  n o t  bescribed fn 
t h e  Ukk8I,NBDFLLl$S list, o n l y  aee core israge f f l ~  Ray be 
open at a tirne, ff ory IS LOAD, u p t t  mu-t be elthex 
1.BPU"lf or QfiVTVUT, {&ne va lue  QUEUED denutes  sequcnli ,ai  i i l e  
o r y a n i z a t i s n  fox 05, ir; a. syaanytü of YS for (&ore 
about T S S  file oryanizat ion  and 0 b n f f e r s  in a 
segarate meau), 

For  the s i g n i f i c a n c e  of' o p t l  5er OPEN aiacro in Us 
ând TSS ~ a n u a l s .  

The value oP ûpt2 is used a s  the second aryu~ent  oL 



ÇHUT when SHUT i r  c a l l e d  ùy  PINCLOS, which  ii; i n v o k e d  
a u t o ~ a t i c a f l y  at t h e  n o r ~ a B  e x i t  fra& LXSk, Far t h e  
siguiticance oI optZ see CLOSE nacro in O S  a a n u a ~ s .  
The o p t i o n  opt2 is ignored if the u s e r  i s s u e s  SUDT or 
CLOSE bcEoxe e x i t i n -  f r o ~  L X S L  

The arguaent  n s h o u l d  be a i u l t r p l e  of 4. II it is 
piût, the nex t  hiyher rnu1tkpf.e of 4 is assumrea, Xi Ê t  is 
éesired t u  r e a d  oaPy a part of each input record, a 
valne or n s~alPer than t h e  record Eength aap bs useà, 
E , g ,  the value 72 is f r e q u e n t l y  nsed while r o ~ a i n y  86 
c a f u ~ n  cara h a g e s ,  Pax EUAû files, n s h o u l d  be 4 
fa l thonyh no LISL buf fer Hs needeii &or LOAL frif es, 

GEfE"S;;Tb in t h e  d ~ s f l n i t i a n  of QISKDEE shoulb. be g i v e n  u 

v a l i d  a r g u g e n t ) ,  

fDXSKDEP fn ft fru tzrec9 n )  SUBW ~ s e u d a - f  u~nct ion  cal; 

~ h i s  fuuctiou syens a file foz i n p u t  ûr output. 
ft 2s s i a i l a r  AB it- operation to 

(DD fa it f@] 
T h e  f l r s t  t h r e e  aryugents  are the saBe as for t h e  

Ù u  kunctiûn , The a d d i t i o n a l  a r y u s e n t s  are= 

ureçl := l n t e g e r  1 W X t  u -=  
-- -.- i n l e g e r  1 k4IL 1 

s t r i n g  1 FILE 1 LOAU--- 

For output  operations anif a l l  ccrre iaâge s a v i n y  and 
l a a d i n g  , u r e e l  I s  i r r d e v i i n  t, For input sperat ions ,  
ureci deteraines the nuarber ot b y t e s  a c t u a l l y  read in 
each record, If ureei i.s NXL or 0 ,  t h e  uurriber aE b y t e s  
read 8s 71 f u s  f i ietgpe SPSIR and egual to the bnffer 
P e n g t h  fur  a l 1  o t k e r  f i l e t y p e s ,  

If n is a. s t r i n g ,  tiiat. s t r i n g  is use& as an I/"O 
fruffer, 1f zn is a p o s i t i v e  i n t e q e r  (not yreater thau  
7024) , Tt: d e t e r ~ i n e s  t h e  length o f  t h e  f / O  butfer .  
a s s i y n e d  to the f i l e ,  If n is not a ~ u f t i p l e  of 4, the 
a c t n a l  bufker i e n g t h  is t h e  next h i q b e r  gultiyle of 4. 
For r n p v t  i i l e u ,  t o e  bufker l e a g t h  s h o u l d  not be P e s s  
t h a n  t h e  record l s n g t h  of t h e  file, Pûr ~ ~ e p u t  f i l e s ,  
the Bvrffer l e n y t h  Eteterrtlirïes the o u t p u t  recartî l eng th .  
Xf PP PS &XE, tPne b u t f e r  l e n g é h  is d e t e r a i n e d  by the 
saae rules as in t h e  DD i u n c t i o n ,  

PL t h e  v a l u e  û& n i s  LUAD,  a L I S E  core image f i l e  
I s  ogened f o r  input. Xf the value of n is FILE, a LXSk 
core b a y e  file is opened for outpu.t .  LQAb snouid  be 
Lsvuea o n l y  befcrre a **LttAD, FTLE: s h a v i d  he i~sued snPg 
beQaxx **DuBk or DU3kOVEW, 

**DUBPBM s a v e s  the curxent  ZlSP cure imdge as a 
nev LfSP sys teg  on t h e  core i s a g e  file open for 
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o u t p u t .  T h e  f i l e  aust have bren open&& v i a  t h e  ItL, 
( C M S ) ,  ü x s k I f t r  or opaa*sea f u n c t i o n .  The f o l l o v i n y  
avalquote  d o u b l e t s  v i l 1  open a ille, Save a cura 
i i a y e  on it and close it: 

DXSFiDEf. (ddname f,OhD OUTPUT NIL 4)  
* * m a i w  
SÉIUT (adna~e LOAD) 

T h e r e  is a global  s p e c i a l  variab1.e GEMEB 
(genera t ion  n u ~ L ~ r ) ,  the v a l u e  of v h i c h  is increased by 
one in e v e r y  s a v i n g - l o a d b y  c y c l e .  The value of  
**DUHFX& îs the y e n e r a t î a n  nu&bef of the s y s t e ~  
c u r r e n t l y  in u s e ,  When t h e  saved s y s t e ~  Is later 
Poaaed, t h e  f irst  occurring YkLUE=n p r i n t o u t  shows the 
yenerat ion n u ~ b e s  i n c x e a s e d  by one .  

(bU;;XMkUV Et.$) SU b& kseudo- f  u n c t  ion 
r 

D U B P O V E B i i s  siailar ta **DUHPEIf, Xt os used. +O 
create owerlaylny systeuis v h l c h  h a v e  t h e  saBe DCti or 
F n l e  Contra1 hlock e n v i s a n s e n t ,  Such ouerf ay cure 
i ~ a g e s  whsn Poaded bg EûADLESE or **EOAD ~o n o t  get 
t h e l r  files reopened. As the DCBs and FCEs af a systea 
a r e  f f b t l l o ~ w  and no2 saved w i t b  a COI-% iatctge, w h x l e  the 
UEBKEBPELES list is saved, s t r i c t  a g r e e ~ e n t  in the 
con troi b l o c k  en vironmen t aust be n a i n t  aineci between 
the syst881 k i n g  owerliayed and t h e  o w r l a y *  One way of 
yuarantêeing thls dsree~ent is ta write a function t.o 
open a l 1  the s h a r e d  f lEes and tu have t h a t  f unct lon  
e x e c u i s d  very ecrirly in the cxea . t ion  t i f e e a c h  uverlay,  

Xf an overlay çcrre iarorqe saved fsy DUBPOYèlg is usrtrd 
i . 0 ~  l r r l t l a l .  faa i l sng ,  t h e n  its f i l e s  a.re alf openeCi, a s  
t h e y  afways: ixrta for r e y d a r  cure irriagt-s saved by 
**DUIitErER. 

UU&&OB&H sklouli i  bc use& after  a DISKDkF or BVEN*SEQ 
f u n c t i o n  hâs o p e n e s  a file for s a v i n y  . e . g .  
~ W S  --- (EoXSkDLP i n  ft f a  W TXLE) 
QS --- (DXSKDKF ddxkame LOAD OUTPUT HXZ 4) 

A s  tore i-rrtaye files are mot incPudw.3 in the  iL;rPE#EUPZLES 
L i s t ,  t h e  controf bfock e n v i r o n ~ e n t  restriction does 
noé apply  to t h e @ .  

SpeciaP variable O S I  ZISS 



Contains the nage of a f u n c t i v a  0 5  no ~ P ~ U B ~ U ~ S  
iirhieh will be execrutsa  wbea t h e  end-uf -f k f e  c u n a i t f o a  
is e n c o u n t e ~ e d  

The value of EUDWB I s  reset Ero~t the s p e c i i r l  va1ts.e 
YODAbIB by *NLLLIW before a ntw record is read. EOLAUIW 
is i n i . t i a l i z a d  to 555132Nf)EUl)AETX305* 

The value of XODAD as reset fram the syec ia l  value 
kODADUUT by TPkPHI  pfkor to w r i t i n g  out a record. 
EUDh@OOf has STBBDEUUADOUT as i.ts i n i t i a l  value. Which 
is of no conseyuence s i n c e  QS and 4SS nerer refrect an 
o u t p u t  ena-sf -trie c o n d i t  i o n  to L Z S L  

(EKASE Zn k t  fa) SU Bi3 ftizenda-f uncc=tioli. CR Lf 

Lt a f L l e  @Ln nt kmr exlsts, a CBS cas~ând 
%BASE fn 2t fas 

is typed and obeyea, and 4"* is returned as t h e  value, 
E& no s u c h  rlle e x i s t s ,  &RASE r~turns NIL without  
t y p i n y  a D e s s a g e ,  A s t e r i s k s  and N l L s  are  acceptable  as 
arqrnnents (NPLs beincg cûnves ted  by E A S E  to a ç t e r i s k s f  , 

Causes the b i n a r y  program fur the f u n c t i o n  uaaed 
by the Identifier whose d e l t a  iS ri, tu be 
c o p i e d  from vector spactl to airxiliary starcoye ( O S ,  
CBS) or uyper car- (TSÇ) , The o r i g i n a l  c o y y  of the 
f u n c t i o n  becoaes çubject to r e ~ o o a f  bg the yarb-ge 
cofXector, There are numeruus c o n d i t i o n s  u h i c h  Bay 
b l o c k  e x p e l l i n g  or a f u n c t i o n .  **EXkkL retusns t h e  
l e n y t h  Pa byte; ( i n c h d i n g  the header) of the f u r n e t i o ~  
j u s t  expe l l ec i ,  or 8 if expelliuy d i d  not take place 
(CaS, O s ) ,  Del ta  is t h e  displacenierit: (in bytes) ai the 
i~rttrnrlsd i d e n t i f i e r  froltr @IL, (HKFB id) wilP retinrn t h e  
delta for a g i r e n  Id. ShouÊd t h e  e x y e l f e d  f u n c t i a n  be 
calTe&, st will be a c t o ~ a t i c a l l g  brought back i n t o  
vectsr  syace for erecuti.oa ( U S ,  C M )  or exéculed in 
place (TSS) , binary  prûcgraans reçiaiaty o u t s i d e  of t h e  
LXSP-addressable s p a c e  are never e x y e l i e d ,  

sxyels t h e  b îaary  proyraa fo r  the f u n c t l o n  na&ea 
i r a ,  l ie turrss  its a x y u ~ e n t  wltether t h e  ~trxpelliray occuxreti 
or U ~ S  bb.ïlocked. C a l h  **EXPhL to do the work, 
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Zf EXPLODE% rirqnment is a nn~ibex  (of d ~ r y  t y p e )  or 
dn identifier whi.ch is nut a yensym, rts v a l u e  is in 

l l s t  of the charâcter objects  w h i c h  c o ~ p r k e  the 
printed r e p r e s e n t a t i o n  of the a t o i  a. If the argument 
is a generatea syiabol,  E X F 2 0 D E e s  value is MIL. For afl 
othrr dota t y p e s ,  the argnsent 's hexadeciaal  Iocdt ion  
i s  retnrnefl  as a list of 8 chard.cter abjects-  EXPLODE 
uses U N P A C K  P o r  i d e n t i k i e r  a r y u ~ e n t s  and EXPLUDEI &ox 
&hl others, 

Nste: XI an arguaien& is an a b j e c t  autsiae 0% t h e  
LXSL-aadressahle syace, the h e x  locat ion  1~ correct 
only if t h e  azgumeat h a s  nevt3.r beea COMScd and then 
res tored  by CA& or CLIH, before beiny p a s s e d  tu SXPLODB. 

(EX FZODk 1 n) SUBB Pseudo-f unct  ioa 

BXELOGEI zs used  by p r i a t  r o u t i n e s  to c o n v e r t  
m e  f r u ~  the i n t e m a l .  Z I S P  representatioir ta 
characte- string representation. EX PLODE1 retarns as 
value  à s t r i n g  c o n t a i n i n g  the representation of t h e  
nuaber. n in t e r a s  of EBCUXC charcsicters, 12 la is not cs 
number, it re turns  u s t r i n g  crontcxlniliq ti lt-  
2-eprt3st.utatiotr of t h e  hex location of n In terms oz 
8 8 C D f C  characters, EXPLODE3 user; string natnerf ERlBUF as 
w o r k i e q  s t o r a g e ,  and unPess n is a Lang i n t e g e r ,  
r e t u f n s  its v a l u e  in t h a t  s t r i n g ,  

Mote: 11 an etrgunent I s  amf object o u t s i d e  oL t h e  
Ll.SP-aaciressable %Pace the hex Pocation returnetr fry 
EXELODE1 is correct anly ri t h e  aryulrtent h a s  riever beeo 
CUHSeu and then restoréd bp CAR or Cab, before b e i n y  
pa.%sekt to EX P L O D E  1, 

T h e  e x p l o d i n y  of nuwbers can be c o n t r o l ï e d  by 
cl~ctnging the rs&iue of t h e  free variab1.e PiiTCOHTZ- 

PRTCONTL is a speciai  v a r i a b l e  whose v a l u s  ia an 
inteyef o x  t h e  d c . 3 ~ ~  65536*h+w 
If b u t h  h aud v are 0 ,  t h e  p r i n t  foratat is free (the 
dekaul t  case), The g u a n t i t y  u i n d i c a t ë s  the prknt i i e l d  
wiatfr., Xf a n t r ~ b e ~ :  does not f i t  i n  w co lumns  lés 
high-order d i g i t s  a m  t r u n c a t e L  I f  a namber has Pess 
than u digits, it is j u ç t i t i e d  tu the r i g h t . ,  The 
g u a n t i t p  h c o n t ~ o l s  rrpl.oding of f loating point 
nutabers. ït i n d i c a t e s  t h e  l o c a t i o n  of t h e  decilniil p o i n t  



v i t h i n  the p r i n t  f i e l d  of u coiumns.  If w=O. n iç 
lynored . Houever, If h-255 al1 f l o a  tinq poui t  nuabers 
ara explocied k n t o  t h e  32 tor~at, reqardless of M. If 
Sr=;ooi5, w s h a u l d  be eithcf: O on: a-l P e a s t  a s  large as 10. 
PkiTCOHTL does  not a f f e c t  the e x p l o d i n g  or l ong  
iateqers ,  

(F lEELISk tn Pt. f B) S U  bR kseudo f unct ioa  CES 
(PILELE SP dtfaaae) 2TUBR Pseudo-f u n c t i o n  O S ,  TSS 

A LXSE restart eare i ~ a g e  is sâved, FXLELfSP o p e n s  
the file. p e r f  orrns a ydrbaqe col lection.  i s s u e s  
**DUPXPER, &nu s h u t s  the file, The argpr~ent (sf  i.deutlz_£y 
t h e  sared LXSP file, 

Causes a l 1  open f i l e s  to be shut. T h i s  f u n c t i o n  is 
aatanrt&.ticcklily executed on e x i t  froa L E P .  

Per:%o-r gs C E S  canetaud 
EENES * * * 

thus c i o s i n y  33.3. P i l e s  as £3- as CES Js concerned anci 
v r l t i n t g  out a l l  d.irectonier; f rom core to d i s k ,  The 
f i k e s  remain oyemz as fax as LIST" is C O R C ~ ~ A ~ Q .  Na 
reopt-mlny is n e c e s a r y  tu c o n t i n u e  i n p u t  or output, 
s i n c e  CES wilS r eopen  anto~aticaflg, 

£perPorltis CBS ~E"IP~J-~ f u n c t i o n  on the f i l e  aescriùea 
in the file controP b l o c k  f c b  and r e t u r n s  MIL, *FINIS 
Is useu by NbS ana U R S  k u n c t i o n s  when the operation i~ 
s w i t c h e d  f ru& r e a d i n y  tû writfny or v i c e  versa* 

Generates  a c a l l i n g  srouence for the FOKTbAti 
coapiHeci f u n e t l o a  

namefa3 a% .,, an) 
so that it can be called By LAP i n s t r u c t i o n  

{CALL name n) 
The onl. y p o s s i b l e  a.rguaep-rl +y yr-. are 

s i n y f  e-pracisian f ixed and f l o a t i n g  p o l n t  nusbers, 
Sm11 i n t e y e r u  aay ht3 not u s e d  au ar-uments.  Bny s-al1 
i n é e g e r s  enust bt- eonvextéra by LAP code -4;0 the reyufar 
Li5P i n t e y e r  representation before a ca l1  to nase is 
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rfmade, Long i a t e y e r s  ~ r ç ~  nut; pexntilteu as a x c ~ ~ g t f t i ~ t s  
e i t h s r ,  

T h e  v a l u e  of the FoRTBBM f u n c t i o ~  is r e t n r n e i i  au d 
true integrr i~ *pic, UT &ç iii f f o a t i u g - p o i n t  aul~tbex in 
$Sepoint reyisters 0 , I  , T ~ G  caner  ehauld i s s u e  

(La *5c& I go B f t i l 1  
(BAL * & E t  fEXTL!dNAL $PLA#TN22) ) 

# h e m  6 idrcùtrs an integer aud W i n a i e a t e s  a f l o a t i n y  
p o i n t  n u i b e x ,  in oraer to c o n v e r t  the r e t u r n e ~  v a l u e  to 
LXSP xepreçentut ion ,  

The BORTEAN fmnctlofm s h o u i d  xeçi.Ue i.n a proyrctnt 
l f b r a r  y s u i t a t l y  dekkned to the o y e r a t i n y  ~ y s t e ~ i ,  
FI3&%LOAD uses the operatln9 systern L o l l D  marrxici to brin9 
the FORTRAN f b n c t i o u  i n t o  t h e  core, 

I n  OS and T S S  syz tew,  f u n c t i o n s  e s t a b l i s h e d  by 
FOWTEOBD are not preserved by Ff EELHSP, **DU&PEW or 
DUBPUVEB; PURTLOAD h a s  ta bê i s saed  aqdin  every t h e  a 
LXSP systea Is Boaued, 

Pn C E 5  systess,  f u a c t i o n s  e s t a b l i s h e d  by YOB'lLOAU 
a r e  yreservea in t h e  cûre i ~ a g e s ,  

Hehe t s  t h e  s t r i n g  n a w d  PklBUP to hex zeros, then 
utoxes in it t h e  p r l n . t  ceyresentat ion ut the hex 
l o c a t i o n  of n, &na fetwlns the s t r i n g  a s  the val.ue,  

Bote: X i  3s aa ob-ject a u t s i d e  of the 
LISE3-adasessable space, khe nex location ia correct 
aaly if n hss never been CONSeS and then restared. by 
CBH or W H ,  before being  passed to HEXEXP, 

I&XT%ALOPEN is i s s u e 4  a u t û n a t i c a l f y  at LISk XûadTny 
tiae ( u n l e s s  LISE> is being overlayed by an overlay core 
iaiage, see DOMPOYER) ta open f i l e s  foc laput  anci 
output .  The f i l e s  L l S P l T  and LISPOP are  a lvays  openeh 
by ZMTTIBLOEIEN, The f i l e  R&PLY is alltriays opencd f o r  a 
conversat iona l  t a ç k .  F u r t h e r ~ o r e ,  a l 1  f i l e s  are openea 
v h i c h  were open at t h e  t i g e  t h e  core i&age being h a d e d  
W ~ J S  saued, 
B user Bay e ~ b e d  around PBXTXALOPEN any  o p e r a t i o n s  
rh ich  should occur kt L l S P  l o a d i n q  tiae before aay LISP  
d o u b l e t s  are r e a d .  

Pirids,  and if not found, creates the unique 
i d e n t i k i e r .  whosr print name is g i v e n  by t h e  string 
strny, The V Q L U ~  of PWTE&H 9s thal; i d e n t i f i e r .  
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Sage as TMTEkW e x c e p t  that it u s e s  the current  
c o n t e n t s  ot the string b U F P O  between its beg inn ing  and 
the p o i n t  indicated by the index  CURCOLX, for the p r i n t  
name af t h e  i d e n t i f i e r  rt finds or creates, 

(LxP%Yak.e.HPU'f") 

%ot. longer i n  the syLite&- 

(ILflNTEXE. rt) SUBB ~seudo- f  urxcdion 

Lr n is a large i n t e y e r ,  LIHTEXP r e t n r o s  a s t r i n g  
c o n t a i n i n g  its print representation. I F  n has iore than  
4096 d i g i t s ,  t h e  low-orber b i g i t s  are truncatea ana CA. 

message to tiiat effect i s  p r i n t e d .  II n is not  a Large 
i n t e y e r ,  LINTEXP 15 unpredic tab le  and h a z a r d o u s .  The 
preùicate L I N S L  aay be used  p r i o r  to issuing LiNTEXl? to 
c h e c k  uhether  a n  i t e ~  is a long i n t e y e r ,  LINTEXP uses 
YR7BUP as workiny  storage- 

(+*LUsî.l) SUbB Pseuao-f uuct ion 
,- , 

\<. * * W U  l oads  a LfSP core lmaye f r o ~  a f i l e  whese it 
vas saved, The f i P e  aust have heen opened v i a  the UD 
(CM), ZlfSfcif)kB or OPk%*L;EQ f u n c t i o n .  The f û l l u v r n y  
e v a l q u o t e  d o u b l e t s  uiPl open a f i l e  and l o â d  a L f S E  
core h a g e  I s o ~  it: 

on  cas: 
~ ~ P z s ) ~ ; x ~ ~ P  ( f n  e t  rlta o Lûaa) 
**LUAxi (1 

**LOB@ is u s e d  bath  $or restart core ifmges (saveu 
by FHLbLISI. ar: **I>UMPER) and aoerlay eare i ~ a y e i i  fsfzved 
by DURECaPEB) , iïee bZ;rUHZ-OY ER f ar: t h e  d i s t i n c t i o n ,  **LOB5 
is a u t a ~ a t i c a l l y  xnvokea &or t h e  i n i t i a l  loading oP 
L Z S P .  **LOBD returns  t h €  value of s y e c i a f  v a r i a b l e  
GgNEE, which is at this t h e  greater by one t h â n  P t s  
vaPue at t h e  t h e  the core h a g e  was snaeù ,  ConErol 
re turns  tu t h e  p û i n t  in t h e  new core i . ~ taye  wherl 
*+DUa"PEB, DtrgkOVER or: PIEk%fSP Y ~ S  c a f l e d  wfien the eore 
iaage was saved, 
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( t t l A T j Z Z ~ k  in X t  kafa) S ~ B P ~ P Ç  ~ s e w d o - f  u u c t i o s  CRS 
(LCiADLlSP danage) SUBH ~ s e u d o - f  u n c t i o n  US, T S S  r 

LOWWLISP Lvaas a LLSP core i m g e  k r o ~  a f ike  where  
rt was s a r e a .  It operates by iirst openlny the k i l e  
and then i n v o k i n g  **LUAD. LOADLfSP is used both  for 
rrestrjtrt cofe h a q e s  (saved by PXEELZSP sr **f)-UTakPER) and 
overPay  core iractqes ( saveu  by DBBPUVER) . Çee DUPqYOBèrC 
for t h e  distiactlarn.  SOADEXSP r e t u r n s  the v d l w  of 
s p e c i ü l  v d r i a b l e  G E I g R ,  u h i c h  is at t h i s  time one 
grétatar t h a n  kt was at the tilae the core image w l i s  
satved. Lantr.01 returns  ko the point in the new core 
iiaye rhere **DUnPbB, DUBPOVEH or P l L E L I S P  uas c a l l e d  
uhen core i ~ a g e  was saved, 

T h i s  f u n c t i o n  c o p i e s  t h e  c o n t e n t s  oi the s t r i n g  
BUFFO, betueen its beyinninig and t h e  p o i n t  ind ica t . ed  by 
the index CURCUEX, i n t o  a nev s t r i n g ,  v h i c h  it r e é u r n s *  
BUFFU is cXeareb ts h e x  zeros and CURCOLX ns reset ta 
O. &&&WB %s a subrouLine of INTEKWX. 

SUBH Ps£rudo-function 

*MEWZP& causes a record to be read f r o ~  t h e  f i l e  
vhase name is the va lue  of WURXNBXM,  i-e, t h e  f i l e  
c a r e n t l y  sePecteci Poz i n p u t ,  The recora is read into 
t h e  s t f i n y  CUhINBUF. CUHÇOL is set to O 
rç-radins unchangcd. The value  rettxrned by 
und& r n e a  and Bay e a ç l l y  change from one release of 
LLSP to auother ,  See BBCKCBX for the d e s c n i p t i o a  of t h e  
s p e ç i a l  vc.xriabl.és, 

19 *NE#LflN encounters  an end-of -f ile cana&tisrr,  i.t 
f i . 1 1 ~  the btrf f er CUBINBWF with t h e  r e p e a t e d  occurrences 
of t h e  s t r i n g  X '48 7340 135@@, where X @&O -.S of course it 

g l a n k ,  I C S C e  I s  a r i g h t  paren, and X m 7 3 '  is t h e  V#AEG 
of the character object whlch is t h e  v a l u e  of syeeial 
J E O P $ ,  

Z f  in i s  a uame of an open aisk f i l e ,  NOTE xeturns 
t h e  record seguence nuaber of t h e  l a s t  reçara read sr 
wrl.ttt.ri. arr t h e  f i l e .  fi Pe is ci nafae of un ope2 
t e f a i n a l  f i le ,  NWT& is unaef ined .  ff kn is nok a naBe 
oi an open f i l e ,  there I s  a n  error c o n d i t i o n ,  

(NUBhXk%u , , * Impleaentatîon suùraa t i a e  wita ~ o e - s t a n d a r d  r c a l l i n g  s e g n e n c e ,  
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NOBEXPLD is the u n d e r l y i n g  s u b r o u t i n e  useu 
the e x y l û a i n y  f u n e t i o n s  EfPLODEl and Lf@FEXk ts create 
t h e  p r i n t  representation of n o i b e r s .  The v a l u e  or 
NUriEXPLD i s  the r t r i n g  which  is t h e  v a l u e  oi PH1BOP, 
wiiich s t r i n g  conta . ins  the ex ploded num ber. NUMEXPLD is 
nurnafly not to be i n v o k e u  &y the user. 

Creates the LISE n u i b e r  representat ion  2roa the 
EbCUIC rapresentation o f  t h e  numher datui contained in 
the s t r i n g  BUPPO, D e t u e e n  its beginning  and t h e  p o i n t  
P n d k a t e d  By the i n d e x  CURCOLX, and r e t u r n s  t h e  created 
LXSE n u ~ b e x .  MO@Ob is uscd la conjuaction with PACK bg 
*liATCM tu proauce  nuabers.  

(CtkEN+Srî"Q f n f t 2& urecf s)  SUBB Pseuda-lnnction C S 5  
JOeEN*SÈQ ciana% o r g  o p t  t a p t Z  s) SUbR Pseuda-f u n c t i o n  OS,TSS 

ÜLBW+SEQ openz a f i l e  for input or output and 
returnç t h e  value af OPEHEDPTLES fist desur ib ing  
c u r r e n t . 1 ~  open % u n c t i o n s ,  If the f i l e  being opened is a 
cure image f i l e ,  UPEM*SEQ apens ii: and rsttnrns HIL (OS, 
I S S )  , or a the value of OPENEOPPLES f i ~ t  [CES) . 
OLEH*SEQ AS uçea $y DD (CES) and DISkbEF fuactions tu 
do t h e  actual  u o r k .  the firçt four axyuments ok 
UPEN*SEQ are the saae as for  UXSKDEF. 

Far OS anci TSS, t h e  iifth a r g u ~ e n t  s i s  a s t r i n g  
wfilcfr; uiS1 serve a5 t h e  l / O  buffer .  The jlength of t h e  
s t r i n g  i a y  not enceed 1024 bytes. For output  files. the 
P e n y t h  of s d e t e r ~ i n e s  the output  record sizti. For  
i n p u t  f i l e s ,  the k e n y t h  af s detera ines  the s u ~ b e r  of 
charznctc-rs a c t u a l i y  reaci in e a c b  i n p u t  record, For d 

LDBL, k i l e  (whrther  i n p u t  or o u t p u t ) ,  s is ignozea,  
Far  CKS, 

s := N I L  1 s t r i n g  F I L E  f LOAD 
w i t X t  t h e  sa@e s i g ~ r i f  icance os  in DISKUEP. 

WEN&DFPLES is a s p e c l a l  v a r i a b l e  whose v a l u e  is a 
list o f  d e s c r i p t i o n s  c f  c u r r e n t f y  open f i l e s  (except  
cari=! nuage f i . ies) . Each d e s e r i p t i a n  r s  a list or 13 
items. To c h e c k  whether  a f i l e  is open .  issue 

( S A S O C  f n  OPENEDFXLES WXL) 
If t h e  f i L e  f n  is not open ,  SASSOC w i l . 1  r e t u r n  NIL, if 
it fs open,  ShSSCSC w i 3 . l  r e t u r n  a itist of 73 I t e ~ u  
aescr:i.bing the file. The UPENEfiFZLES xist is maintaineci 
by uiE."E&*s&Q8 WDS, WEiS and SfiUT funct i .ans .  The lormal; of 
the description of an open file is d i F f  erent: xor each 



For CMS: 

ste& 3 :  
item 4: 
i t e ~  5 :  
I t e m  6 :  
i.tem 7: 
i t ea  8: 
i t ea  9: 
~ t e m  70: 
item 1 3 :  

For O S :  

F a r  TSS: 

Item 
i t c i a 1  
Steart 
i tem 
item 
itexa 
i t e a  
ï t e r g  

i t é ~  
item 
i tew 

3: 
4 : 
5:  
6 :  
7 r 
8: 
9: 
le i  : 
11: 
Ti: 
13 : 

iilenarnie (an i d e n t a f i e r )  
dn i d e n t i f i e r  w h o s e  s p e c i a l  value  is f c b  

(a cnç f kfe control bLack) 
f/O buf fer  (a z>tr ing )  
~ a i r s e d  
sclvea CBKCOL [ input)  , unuse4 (output)  
unuseb 
saved CUBiCdBH ( input; ) ,  uaused ( o u t p u t )  
unusedi 
irnuued f h p n t )  saved tlWBOUTCL (output)  
saved UBUPLIN ( i n p u t ) ,  unused (output)  
f ileniode ( d i s k  f i l e s )  . 
CRS ter~wirral contsol  charamer ( t e r m i n a l  f i l e s )  
f i l e t y p e  1 TXW 1 TOUT 
unused 

ctdnarue (an i d e n t k f  ier) 
an i r $ e n t i f i e r  uhose  specP.aP vafur? Is dcù 

(an  05 data contra1 bllock) 
i / a  b u f f  er (a s t r i n g )  
unnlred 
saveci CURCOX, ( input )  , unused {output)  
unuzecâ 
sckved CU&C&E;liBR ( i n p u t ) ,  unuseril (output) 
unuseci. 
U D Q s e b  (input). saved CUBQUTCL (output)  
opt2  (see f i 1  SKliSESp f uwctron) 
op tl (see DISRUEF f anetrian) 
QOEUED (the û n l y  value supported)  
txnustti 

adnane  (an i d e n t i x i e r )  
an ident ir ier  whose s p e c i a l  n i u s  i s  cfcb 

(d TSS d a t a  control black)  
110 buf f e r  (a s t r ~ n y )  
anusea  
savdcd CUliCoZ ( input)  . sca.ved LINEBU (ou tput )  
unnsed  
saved (FUNCWAfrt [ i n p u t ) ,  unused ( o u t p u t )  
tnnte9serÈ 
unusecf (input) , savt-d CUHOUTCL foutput) 
unusea 
o p t " f s e e  DXSKTikY f u n e t i o n )  
~ 1 3 %  vn 1 Y S  1 QUEOED 
uxïused 
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(oSt.Si4 d ç b  optl) SU&& Pseui io-sunet ion US, TSS 

(PSOVR i s s u e s  OS ox T%S ntacro OPEN kar t h e  Uatca  
control  block dcb, See DISAD&F for  the supyurted 
vafues  of oytl. USOPN r e t u r n s  *T* if it uueceeds  in 
openiny  the f i l s  and N I L  o t h e r u i s e .  OSOPM 1% used by 
O P E P S E Q ,  It is n o t  n o r n a l l y  irrvokad by the u s e r .  

PACE concatdnates the cnaracter c to the r i g h t  hana end 
oP t h e  cûmpasPt ian  büf f er BUFPU. Used in c o n  j u n c t i o n  
w i t h  UNPACK, B K W A R ,  NUHUE,  and ZNTEkNX. 

[PEAW"LTD%HRF3 mnre d c b  ) Vsuedo-f u n c t i o a  O S  
(PLAHTBAB8 naae bPock d i s p l  I e n g t h )   sued do-f u n c t i a n  685 

un os t h e  f u n c t i o n  Js use6 ta aoalfy/prepare the duname 
f i e l d  o f  the DCB. On CES it is used to prttpare file 
contsal  b l o c k s ,  
These i u n c t i o n s  are u s e d  by OPEN*SEQ- 

The f u n c t ~ o n  d e k i n i t l o a s  y i v e n  in the List 1 are 
p r i n t e d  in a Bore readable  f a s f k o n ,  I b e  list 1 h a s  the 
saBe  fora as t k s  argument ut DEPINE. 
T h i s  f u n c l i o n  uses 

?' 
t h e  çubIunct ions  PRIN#EF, 

SUPERPhXNT, and EMDEINE, 

The 16 l o v o r d e r  b i t s  of t h e  nuaber n iç printed as 4 
kiex ii~uyits, 

P r i n t s  the atoi x uuless n IÇ EQ to LbRAC or hUKAC. in 
uhich  case % ( or R) ks p f i n t e d .  

PBl fdT prints one S-expression io s t a n à a r d  ioraat  . 





( T k k k k l f  ) ) (YIIiS*g SECON U) r e s u l t s  i n  the f ollovinq 
p r i n l o u  t : 

= w PL [the vi.i.lur> or t h e  PkOrj) , 

Prints al1  vectors e x c e p t  ntuples. It prints s t r i n g s ,  
vectars O£- 1i tc . ra .P  inttryctxs, vectcrzs of Ifteral. r e d ~ ,  
l a r g e  inteyers, p o i n t e r  veetors and NIL. If v e c  is an 
assembled proqrdm vector P X f N V  at teepts  tu p r i n t  it âs 
a string, lf vec às not a vector t h e  l oca t ion  vec is 
p r i n t e c t  as a hex Iocratiost, 

S 

'\ . (ElCPSTi& utzr($') SUER 

L;atr;*c a n  PECXNTEXP, exccipt PBTSTRBG tests u t n l  to see i;t: 
it is ci. string datutu, 

*EiAYOB Ss t h e  EfSP taken reaainu f u n c t i o n ,  v h i c h  
a l w a y s  r e t u ~ n s  a s i a y l e  âtom vhenever  c a l l e d .  *RATOF! 
uses HDCHX to p r o v i d e  it w i t h  a streai o I  input 
chirracters. *RATOM sca .ns  the i n p u t  and returns  a s i n g l e  
a t û a  whickt is e i t h e s  LEBR, BkAB, LbHAC, RBkBC, YEliIOL, 
a n u ~ i b e r ,  s t ~ : i a g  ox uyabol.  An i d e n t i f i e r  n a t  alreaay 
there  is aàdeü to t h e  OBLIST.  (See S e c t i o n  VIX un 
I n p u t  O u t p u t , )  

HDCHR f eaas  t h e  next character Arum the current m p u t  
f i l e .  Returna CUkCHIIH as v a l u e .  updates  CUHCLlL and 
CUkCtaAf3, u s i n g  (*NEULPN) tu brin9 in 8lor.e cficxrrxcters as 
n e e d e ~ .  , 

C 
(hDS in) 
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ï f  in i s  a l reddy  the c u r r e n t l y  selectea input ii16 RUS 
s i s p l y  rrtufni In, o t h e r v i s e ,  HDS puts t h e  CUhCHRh a n ç  
CUbCOL i n f o r ~ i s t i u n  ror the carrent k i l e  ÇUhTMNAB back 
i n  its eutry on the UPEHPILBS firt. (see OPEN*SEQ for  
the foriat of OPENPILES.) XDS then e s t a b l i s h e v  in as 
the c u r r e n t l y  stlected f i l e  by i i l l i n g  in the f o l l o w i n y  
y loba l  v a r i a b l e s  E r o ~  the OPENFILES ~ n t r  y corresponaing 
tu in: 

C ~ ~ ; H I M D C " B  CC"US~;INB.$F~P E O D B ~ X ~  evf;lnwwaa cu-cor, svwsnmw r- 1 
CUhCHAii in any case it returnç t h e  value in. h,b \LQ 

&EAU c a l l s  kor one S-expression to be read i r a i  
L U t t l N N A g ,  u s i a g  f u n c t k o n s  (REBh1) and (*BATU$) = REBb 
c a l l s  LRROR i f  a rioht p a r e n t h e s i s  or period (not a 
deci~al point) occurs, and c a l l s  HEAU1 every tiare it 
sees a P e f t  p a r e n t h e s i s .  

Subi ~nction of hEWD w h i c h  uses t h e  sp % c i a l  v a l u e  GEkL 
unich i s  bouno. by RIEBD. LtEBLtO is the ecur f s ive  p a r t  of S' 
REliu. <;E;EL p r o v i d e s  a I k s t  x h i c h  allowa gens$% vitn t h e  
sdtitc ~ ; y e P l . i n g  to be PIC), Nute: s u c h  gensyxUr; are 
guarauteed  EQ o n ï y  uver a s i n g l e  r e a d ,  and not betuaen 
s-sxpresçnans read ~ e p a f a t e l y ,  

Hk;&L*2 i s  ii kurrcition useci By TrE,kD tû read nodes and 
n o n - s y ~ i b û l  ê l e m e n t s .  H E A D 3  is e n t e r e d  after one reft 
p a r e n t h e s i s  hds been encountered, Tt c c t Z P s  *RBTOB or 
R Ë A M  successivef y until the a a t c k i n  y r i g  h t  par en the si.^ 
is xead and c d Z s  @UNS to t ie  a t o ~ s  togethex- 
a g y r s y r l a t e l y  ta bUlEd t h e  correspsnbîng list structure 
in cûre. If an i l r ega l  s t r u c t u r e  Is encounterei i ,  hEAD1 
pzoùuçes a d i a g n o s t i c  and c a P l s  ENROfi .  WZBUl has breu 
sx4t&nded tu read vectoriç. 

Çiowes the Aile waosc name is d d n m  w i t h  the 
dxsposm.tion op t z .  Retnov'eu t h e  e n t r g  f u r  Gilnaga fzioaa the 
O E M & D F l L E %  l i â t ,  and reutoceu t h e  n a m  ok t h e  d c b  
area ,  (ErOX?) to the Pist EBPT-YbOXk<S. 



Used ois the cidtandart~. enci a£ data set encauntered  on 
input routine. C U b l N B U P  iç k i l l e d  w i t h  the sequence 
blank, tape-aark ,  blank, tape-mark, i . e .  in h e x  
481340ff5d 
This f u n c t i o a  causes t h e  va lue  S E O F $  to be returned a s  
the value oi +#&WLf N and RBÇIWH, 

"beur* skanattrli error routines are executed on input .  ur 
output error r e s p e ç t i v e l y ,  On 05 an efrar &essage ana 
backtrace is p r i n t e d  and a aueip taken. ($On CES the 
erfor code ir; analyzed ana an action irppropiate to that 
cade ttaken. 

Special var iab le  OS 

C o n t a i n s  t h e  uhae of the routine é b a t  is ta be d p p l i e a  
on Input. or o u t p u t  error, 
Baset by 'L'ERPNI f xon the specia l  va lue  ÇYNAUZN. br 
&eset by *NEWLfN from SYNBDQUT, 
The n o g i n a l  v n l u e s  ut S Y N A B X N  an& SYNWbOUT are 
STANDSYNADIN and STANDSYSADOUT, 

SHBPS E s  a c iesyerat ion  delmggin$ d e v i c e  w h i c h  h a ç  
proveci usefuP for tke systeat ûebugqina. Pt g i v e s  a hen 
duolp of t h e  registers, l o c a t i o n s  in aeiaory betweeo 
x+FIXZD and y+PIXED, where x and y ass ZXSP n u ~ b e r ç .  
3 QNULL z) t h ê n  SNAPS w i l l  reéurn @PL, otherwise SMBFS 
w J P P  t e r ~ h n a t e  the t a s k ,  

TEHE&D causes the read bufner  Go be reset so t h a t  the 
next caifl .&O BEAB for: to *RATUE) will c a l 1  (+WEWLI N) , 
Pt kEWD 4s callecl wkthout TEBEAD and i2 at t h e  Hast 
HEAU there were any rPgBt p a r e n t h e s e s  l e r t  in t h e  
buf  f e r ,  hEAD wauid cal1 EBWOB. TBBEAD p r e v e n t s  this, 



C The value a f  TEEEBB is N I L *  

TERPRX causes the c o n t e n t s  of  t h e  g r i n t  buf fer t.a be 
p s i n t e d ,  and resets t h e  yrint buffex. 

Consecutive 2EiiPkI.u result in s k i p y i n g  yrint fines. 
The value of TEHP&I is #PL, 

Returns as a Zast a+ charaeter abjects the conteats  oi 
the s t r i n g  strg, 

Selects o u t  as the çurrently selectcd output f i l e  akter  
first s a v e i n q  the CUROUTCE parameter for the f i l e  
CBROUTWAR, r h l c h  o u t  replaces as t h e  selected eile, 
W & * s  s e t s  t h e  f o l l o w i n g  global.  SpeciaZ v a r l a b f . ~  w i t h  
yaraaeters  obta ined  E r o ~  the OPEBEDFXLES list entry l u r  
out; CUROB'S'BCb CDhOtfTbUF C a R 0 0 T N Â B  EEODADQUT CUROldTCL 
SYWADOUT ,the v a l u e  of MES is t h e  f i l e  aame out. 



The EMBEIi I u n c t i o n  prov ides  an unusual  'iacility 
whereby one Ray redefine a f u n c t i o n  vhose naeie is fnêiae 
and g e t  tu nse t h e  old d e f i n i t i o n  of fnaae in t h e  
r e d e f  i n i t i o n  . The redefin ing LAPl LIDA-expressïon is 
qiven  as the s-expression vafue of redef.  Furthergare, 
the ONTRACE f u n c t i o n  wifl cause t h e  previouç d e f i n i t i o n  
to be r e s t o ~ d .  

e 

E R R U h c a u s e s  its argument ~ s g  to b e  e v a i u a t e d  and its 
value p r i n t e d  and then I.nduces an error unwind of the 
LISP  systea, 

The aryuaentn n and IR are iqnsred and dre p r e s e n t  o n l y  
f u r  compatab l f i ty  w î t h  7094 LLSB.  If no error oceurs 
t h e n  EHkIKOWSET carr be d e f h e d  as (LIST (EVAL e 8)). 1% 
an el-rsr occurs i n s i d e  of ERRORSET then  t h e  value is 
WPL. 1.f var ia  bf e bind ings  bûund outsîde of ERROgSET 
have  aot been daaaqed by CSET, SET, UEPfM& and other 
such pseudo-f  i f . ~ ~ c t i o n s ~  I t is u s l z a l l y  poss i .b le  to 
c a n t i n n e  w i t h  s o ~ e  o the r  conputat ion , ERRO&Sfo;'l" is 
imssiuf. for b u i l d i n g  superrv isor .~ ,  

RVALQUUTE P s  defined by: 

(BYALQOUTE 
(xmmrla (FN BWGS)  I(CQ~IYB 

( (OB 
(GET PN (QUOTB PBXPR) 
(GET FN (QUOTE FSUBH) ) ) 

fEPAt  (CONS PB ARGO)) MfZ) ) 
(Y (APPLY PR A R G S  #IL) ) ) ) )  



'fils d e f l n i t ~ . û n  shaws t h a t  EVi iLQ~r îTB is capable  of 
hcjendXinq s p e c l a l  f s r s s  [such as COND, EROG,  etc,) as a 
spec ia l  case. Bn alternate d e f i n i t i o n  of EVALQUOTE iç 
s i a p l p :  

SNAPS i s  a riasperation debugging d e v i c e  which has 
pfoved usetu1 for t h e  s y s t e n i  debuggkng. It giwes a hex  
dunp of t h e  reyisters, l o c a t i o n s  i n  ieiory between 
x+PLXEU and y + P E X E B ,  u h e r e  x and y axe LXSP nuabers.  
lk (NULL z) the SNAPS v i l 1  retnrn NIL,  otherwise SNAES 
wifl t e r ~ i n a t e  t h e  task, 

The s u p e r v i s o r  *SUPB selects fiXe a Ior readiny 
avalquote  d o u b l e t s  and for i n p u t  to user R E A D s .  file b 
is selected for printiny t h e  value of the d o u b l e t s ,  
and b I s  selected for u s e r  PRkNTs, 

The user Bay change the f i l e  select& far input to his 
B E A b s  fry execut ing the claublet R D S  (c) , or e v a l u a t i n q  
f B D S  c) frtini v l t h i n  a doublet ,  The users o u t p u t  f i l e  

y I i k e w l s e  be s w i t c h e d ,  in whlch case the f i l e  
selected for doublet i n p u t  rnaains unchanyed as aoes 
t h e  file on vh ich  the donblets value is p r i n t e d .  

Tt i n s t e a a  of a d o u b l e t  the i8ent i f ier  FXH i w  
encountered t h i ç  function returns t h e  value T, A s i d e  
effect of t h i s  f u n c t i o n  is t h a t  the user l l l p u t  auG 
output file selection reaâinç in effect, even though 
the r e t u r n  t o  a o igher  Jevel *SUYV neans  thât doublet 
input and ontpvt fnles rewert tu a f u m e r  s e P e c t i s n .  
*SDPV I s  defined by: 
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(Mas o) 
( S E T 0  X (CRW QEHRORSET ÇLXSZ" 

(QuaTE EvaLQaoTE) 
(LIST ( Q D O T E  QUOTE) XEHBAN) 

( L P S T  (QUOTE QUOTB) YEBRAN) ) 100(5000 T HTL) ) ) 
(serg x cuw3,HNan) 
(SET0 8 CUBOUT@ AB) 
( a m  rxs) 

The arcjasent of TRACE x ,  is a L i s t  of f u n c t i o n  nases 
I f l ,  £ 2 ,  f3 .,, fs). The ttffect of t r a c i n y  is tû 

EPIBED a reàef inrt lon  of f. The r e d e f i n i t k o n  of f is 
s n c h  t h a t  if f is c a l l e d  w h i l e  being traced, a trace 
prirrtout oc eut.^, 

TRACE uses TRACE3 to ef  fec t  a trace o f  this 2arrraaé. 
Tracisg must e dune w i t h  soae caut ion  tu ava la  
exces s ive  p r i n t o u t ,  it is u ç u a l l y  not  possible to trace 
s p e c i a l  foras,  a lso  trac ing  of the p r i n t  functions or 
IAPCAH will s u r e l y  r e s u l t  in i n f i n i t e  p r i n t o u t .  

(TBBCli2 x redef) 

TRACE1 i s  a wore genera l  tracing i e c b a n i s i  than THACL 
as the redefinition p r o t o t y p e  of t h e  f n n c t i o n s ,  vhose 
nameç are  g i v e n  by the list x, is gioen as t h e  
argument redef . reùrf i s  a s-expression representation 
of a L ~ f l ~ ~ ~ - c r r p r e s s i o n  (it is net a f u n c t i o n a l  
argueierit) . The s - ~ r p r e s s i o n  redef may coatain the 
identlfiers ABC*, FUN*, R & G S  and FkAhGS, TRACÈI 
substitutes f o r  AHG*, a list of generated syiybols (yl, 
92, . ..) corresponding ta the nuntber of  arguleents that 
t h e  f u n c t i o n  e x p e c t s .  The nase  of the f n n c t i o n  b e i n y  
r e d e t i n e d  fn for FUN*, (L IST  g ? ,  92, , , ,) for HAGS, and 
(fa,  yl, q2, . for PHARES. The r e s u l t i n g  



r e d e % . i n i t i o n  reaef of fn is enbedde.d for fn by (EBBED 
fn r e d e f )  , 

This is asne ior each furilctian nairned I z s  x 
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% F ~ L E  LPL P A I S E B  
% THIS PWKSEK WBS SOGGESTEU TO RE WY VAUGBAN R ,  FRATT 
% 

k&BSEh:=:PBO@ WBV; BEGIN !@LEFT; 
X E k F T  := NUD (1 ; 

B. , LB &Bk -LT LBP TOK THEN ZXLEFT F LED () ELSE BETU%# !@LEPS' ; 
G 0  E ; END ; 

EBB:=: &&OC A; IF NWRBEkP h Tb&H 99 ELSE 
LI? ! (TER := @ET (A,@LBF) THEM I ITE& ELSE 99 ; 

MUD:=: LbMBDA ; BEGIN ; 
fP NUHBkRE TOK THEN GU A ; 
C&SEC;O(TOK, ("!# S T R )  ,("!" : D A T ) ,  ( m ? -  : DOT)) t * 

k i  IP TOK ,EQ "f$-EOF$ TlikTS (PB382 eENDûIFFILE ; UTiJWfND () ) ELSE 
IF f f TEP! :== GET {TOK, WUD) TNEN W B ELSE 
f F -. G&T (TOR, *ZBP) TBEN @;O A ELSE 
IF GKT (TOlK, 'LkD) TBEM RETUBH ( ( 

PRIWTEXP & EISSILEiIC LT=rPT OPEBAND, ASSUHED N I L ,  TNSèEiTED BEFOBE J ; 
PhfHT TUK ; !jDOBBY ) )  ; 

A; rf.i"E&:=QOK ; WXT-TOK(); 
E; PT WUBBERP TOK THEN G 8  G ELSE 

IF GETCFOK, 'LED) THEW #EZPURR 1J ITEE EZSE 

C IP GET (TOK, 'FÏUD) 'SH8'iS GO G ELSE 
XY GE" (TOK, %BI?) THEN BETOR# t 1 TEH ; 

G ;  alll;rjE.um ( ! [2&?$ 9 wur, () * () ) ; 
; NXTTf)K() ; 

I 1 r e a  := SUBEFWN f O , t 1 TEHI ; GO E ;  
SX4&; ? 1 TEES :=LE"LSTBlNG () ;GO E t  
DAZT;QUUYS'10'3. := VXTCaR; ! (: TLE:=BEBD () ;QUUTSfST:=f) ;MXTIPOH () ;GO E;  
D0T;I.S-P CO1YSn.'SEQ{*"(f. F I B ) )  SHEM UE-SWZBD() ; 68 kl; 
END; 

LEt):-: f.hQC" ; XF A H D  (-NUHBERV TOK, 1 ITE8 :=GET (TOK, *LEZ)-) ) Yf3iEM 
(WXTTCIK f )  ;SUBRFUN ( () , ! 1 TEH) ) ELSE (!GZEFT,PABSE 50') ; 

DEF (HTIIEM ,O) e 9 

EIEF t W E L S g  H 0) . 9 

DEP ( m ~ ~ ~  .O)  . t 

DEI? ("kOL ,O) .). 9 

DEF ('@PH , O )  e 1 

DEF ("ON ,O) rn t 

IDÉrF("&lY ,fi) . s 

DEY ('tTO ,O) - 9 

D&F ("UHTZZ @O) * I 

DEY ("#HILE #O) s O 

DEQ ("UN LXSS , O )  9 

DBF("!) ,O) t 

9kF("f> ,O) t C 

DEF ; 1 , LED, 'PROGN * !&LEPT . (iETLIST P t )  f t 

C DgF(o!s 2 'LIS$  . !&LEPT . G&TLiS3'{"1R R Z f  8 

WUD, *LZSS - NXE , GETLIST(B@t, .S) 1 
DEY("!: . 3,ZED, !GLEPT , G E T L T S T ( @ @ @ I :  ,231 ) - 9 

LEP[*!, '24 ,LEE, ('COBS, 2ELEFT,PAliSE 13) ) 
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I)&F ("! - ,ZOeLBD. (eDIPPhhENCB, IGLEPT=PA&SE 20) , 
L/ 

dWDc (RRZBOS, PARSE 20) ) * * 
DKP ("!*$* ,2S,LED, (eEXPT, !&LEYT,PAWSE 2 1) ) a 

1 

f j E P ( m f : ? -  .3 f i ,ZED,  ('GSETQ.tGLBFT, PARSE 2 )  ) * 
9 

QBP te#: = !=-!: , 4B,LED, (@GDEF ,!E;LEFT, PÀBSE 2 )  1 e 9 

f)EF(fl! ( , 99,8Uf), IF TOK ,Efa sa!) THE# (NXTTOK{),EI[XL) BLSE 
ANDDO( PAESE B,WPARE% ' " T f )  , 

LEU , (I&LEPT , ANDDû(GETL.LST teaL #2) IRPAREN ) ; 
bEP ("!< . 99,WUD. ANDDO(*VECTOR . GETLISTfeD!, ,Z) ,RPBKEN @"!>), 

EED, 'GEEL !!ôtEPT" , BPIUDO (GETLIST ( @ # ! ,  ,2) .RPBWE:'# "D)) 1 ; 
DEP ( " 5  ^bl , 99, WUD, W U D f ) )  I 

DEP('*!m . 99, MUDl HUD()) - I 

DEY (Mk&ntsC ,914,EJOD. (sRLA19Bn>A , DfSLK2C)) 1 ; 
ESEP(sLRIYfLlf)A ,99,#13D,~"LBblXBDA , DCLBS() 1 ; 
DEF ("PPROC ,199, S U D ,  @"BLAEbEeA , DCLBZ () ) ; 
DEP fwFLSBBDSa ,91glNUBl @wFLAPIOBDA BCLM2 () $ ; 
UZF ("IF ,99,NOD, ( 'CORD ,((PARSI1 2,PBOG2 {BPAEEN @aTHE'b-I ,PARSE 2 )  ) . ELSEEXPB ( 1 )  ) 1 ; 
DEP("BEGX# 99, HUD, BEGf& ! IPV ; 

!IPW := XP TOK ,EQ ea; 1HEH PKBGbt(WXTTOK() ,,) ELSE 
ANDDO (GETPAR ( @ " $ ,  1 ,BYAEEjtU[ *#; ') ; 

aETu## (@PBOG , (! ~ P V  , FUT t 1 [ANDDO [GETZXST (la; ,s) , 
HPAREH @EliE#i)) ) ) )  ; END ) 

PKPTX(w! -  , l?#,ST&CONC) 
XNPXX[a$.EQ ,19,EQf 
TPIPXX ( # ?  .BE , fC),RE) 
lHPIX(u!.GT , W , G T )  
ZWPIX( ' * !  ,GE 138,GE) 
X N F X X  (M! .LM , i9,#*LE) 
IPJPXX ( " 1  .LT ,"t,ZT) 
INPLX ("! + . SU ,PLUS) 
I H F X X  cm! * ,2f ,TIRES) 
X N P l X  ,SI ,QPdB"PXEBT)t 
P&EPfX(u!- -  ,IO, NOT) 
PRXPlX (#l ,953, QZJOTE) 
.PIN 

APPENDXX E,  

CES EXEC P i l e s ,  
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EBODI LXSPtfS l l F  G i . M D k X O  ME O CGOTO -EDLOG EXEC E4 G 1  GX 3.c 

O GCQWTIBUE RELEASE ~2 b3 CF DETACH e2 GEXZT E X  
-DDPBB& EE.RIE.%T BAD EYABBBETERS E X  = 1 GGOTO -FI& -BDLX@K 
GPhIM"l BAB L X N K  &X%DEYO I P B I N T  TRY IT B G B X N  GX = 2 GGOTQ 
-PIN -BDBUUE &BRXgT g 3  IS B &AD BODE GP&SHT TBf  IT AGAZN EX 
= 3 LGBTO -FI# -6DLOG EPBXHT BAD LOGXH, ERkOB CODE C f f f û E X O  
G X  Y GGOTO -FTN 

GTYPEOUX OPP GfF G X N Û E P  GT 5 &GOY0 -BDPBhEi CXF 61HQEX EQ 4 
CB&GS E l  C 2  G3 E4 LSSY EXF EIBDEX EQ 3 &hl265 61 CS 83  HU 
L X S P  GfP &INDEX EQ 2 EBHGS E l  G Z  ZPSP11S MO LXSP EXB &ZEBD&X 
EQ 1 @8EGS E l  OUT LXSPIIS WO L I S P  EXF &XmJDXX EQ 0 EGOTO 
-EHE &IF G f  EQ 62 EGOTU -TH2 EIATCB {NOPTLEf LILiPbCki 83 &1 
ES E4 G9 EXXZT GIgDEXO -EBB GPBPNT HO XNPUT FILE YABABETEB 
GPPEN -E2 EPBL#T Y&& CORRECT FORMBT TS : GPBZNT LfSBUFF ZN 
0 0  COR SAY & B R I N 1  WHERE: fM I S  PWPUT P I L E  MARE E E R f N l  OU XS 
OUTPUT FILE NBBE TF ET XS Ta BE REPT, EP&IWT OU DEFAULT XS 
PkiIWT OFFLXHE AS O U F  OUT GPRXWT COR XS LXSF COR& PRaGE PILE 
TRkT YOU WESH TO 80H PKOEf, GPRXRT COB DEFkULT , ., LXSB115 
EYZiXEJT S&V XlsP POU liSAMIT & FILELISP (SAV SlfSS.L'AP P l )  AT THE 
KECID. EPbXNT SAY = WO XS THE DLTAULT GEXST 10 -BDPBHE @PKXW'JLP 
TOU BBMY PBHAaETEHS GGUTO -E2 -TR2 EPRLBT EBROR AB61 = AhG2 
& E X I T  11 

CE LZ'AJK CUSLBTD 191 194 (NÜPBSS) EOQFIW I9Q A,P CBEGSTACK 
CSET (QUIET t) ) 
EBBED (G'ONPEBSATIOMBZ (LAHlaDA f )  f )  ) ) BDP ( EEMD ST&.@i(i GSThCfi 

E2 ESS3BCK E 3  GBEGSTACK ) f )  
U&rbBACE ( (COHVERS&Tlr,O#Az) )i GEHD STACK 61 P G4 EQ MO EGOTO 

-SKP EBEGSTBCK PXZELXSP[ &ENZ, STACE GSTIiCK 54 EBBGSTACK 
SUSTAf" P l  ) @EHB STï1ICK -SKP Z;COWTX#UE EFSTACK FIN GkHRO& 

C68"flCl -EBW EXBC E S  G1 GGûTO -EBD -RER CI. ESG &?f'3SEflHD BlikiQk 
f W  LISP BATCW COHPLLBSllgH-- &IWDBXO GGOLPB -FX# - P l  OFFLIE.Mk. 
YRIHT QOT OUT G G O W  --Pz -EBD GPP 53 EQ OUT ECTOPû -21 DXSK 
UUBP G 3  OUT -PS &CONTINUE CZF &4 EQ HO GGOT8 -FIN DXSK DUHP 
E4 SOSTAY P 9  -PX# E&BhOk &CONTINUE MELEaSE 794 A CP DET 394 
CL HSG EOSE8ID BATCB 308 PINISHED 



DRAF'lr' LUPY NtiT.hf PET COPIEPLEPED PAGE 122 

daturn = a i l  f nacre ( Litexal-cltom [ nio~il-syafboX-eleweriit * r i  

f t . I  
identifier = lettes flettoc f d i g i t  f GjP 
g e n i d  = G diyit*+l 

speci .a l - spei l l iny  = & string 

dy 

7 s$-a$itact = gg a 1 aany-character-ex&pt a L*+l a -Y , 

#"-- f quoted  = character ) guoteii &etter 1 d i g i t  1 -& 
5. s t r i n g  = g $ n o n - s t r i n g - d r l i ~ i t e r  1 ' characterh*+l & 

nun-str ing-tre ï ia i ter  = a n y - c h a r a c t a r p t  { 1 f 

Cr3 non-symbol-elrment = nuoher [ s t r i n g  1 vector 1 n - t u p l e  

vector =- 41( f vector-typer  3 vector-eleatent* 

vector-dernent = dalum 

l ~ vector-typer = SYBBOL f PHTEGEB R M L  

I 
n- tuy le  = -( n-tuple-name aatuia*+l 

1 n - t n p h  nawe - i d e n t i f i e r  1 

I 

1 

1 nualber = i n t e y e r  j octal 1 seal hex 

Fhraughout; t h i s  docuaeat # l m ,  * Em, "1, "f *, "y, **", and H*+tfe 
axe  used  for t h e  specification of s y n t a x .  

Onberfnnes and capitals are used tu denûte I l t e ra l  occurrance. 
f is used to separate a i t e r n a t i v e s ,  
{ and j are use& for ~ e t r r - l i n g u i s t i c  groupers. 
f and 1 are used to d e n o t e  o p t i o n a l i t y .  
* as a s n f  f ix i n d i c a l e s  an indef  i a i t e  na~ber of. 
*+ f as Q saf  f ix i n f f l c a f * ~ ~ ~  une or- Bore - 

I f  bata are required tu be separated by at l e a s t  one b l a n k ,  

-r\ B l a n k s  can  be e l i ~ i n a t e d  Sy the rnles shown in Table f, 



'i. 
'i'dblt: 1. 0ptiom.1 t ransIormat ionr  t o i  t h e  e l i ~ i n a t i o n  o I  spdcc-:  

between ana h ,  

An "Xn i n c ~ l c a t e s  t t a t  r.l. space  iz r e g u l r e d  b e t r e e n  g a ~ c l  h, no 
"XH i n o i e a t e s  t h a t  the ;Face Bay he e1ia inatt .d .  i n d i c a t e s  an&- 
una l luwea  s y n t a w  c o n d i t i o n ,  

/-- 

y.. - 



&sxwiibler  s yiif bof t a b l e  

T h e  asseutbler LAI' ui3kk. a perlznarrent synthctf t a b l e  w r n i e f ~  ;Lu 
i ound  ou t h e  property list of each i d e n t i f i e r -  us the 
d t t r s i b u t e  IMiliSPM, It il; g o s , ~ ~ l b t ç i  to T . P I R Q V ~  tfieçt if the 
ausembler: rs n a t  r ~ a u i r e c i ,  T h e  e u r r e n t  s e t t . r n y s  are gxwen 
in t h e  fûllowiny tdbXe: 

$FLuAT 
*ALlS 
* l O & G  
*ag 
*kEL 
*SC&&= 
*YALff;kL 
k BS 
AL 
k i t6  7 1 
A & G ? 5  
a a t  4 
A R G $ ~  

B 
bCY 
B I-j 
BWE 
BU 
c 
C&AQ.&X% 
U A D B A R  
caD ~ ~ . + i i  
ÇBEf 
CUBAH 
CEbA Et 

(TDIJLlAK 
CD% 
Ch 
CL 
COW S 
BBPLTOWE 
DER 
UStE4SK 
EXZi&RPBBL 
FSkPPX 
FS'fiQrèY 
rs'r"ii78 E4 
FS'3C'kDP 
PtdLPS 
LABEL 
Ef)h 
LXMKH 
LuGDXSR 

06P8 
O O O A  
Cr002 
000 b 
eF0O-r 
0 û O D  
0004 
0006 
SEttb 
O234 
Ok4Q 
OS18 
0226 
47PO 
0700 
4726 
4770 
Y 7  10 
5900 
044;t" 
O 4.6@ 
0548 
044C 
Ofc6 
O 37 E 
04Ci 
0 3 5 C  
4900 
5500 
058C 
0866 
JuO Q 
00.74 
0005 
0 7 h a  
O 190 
0260 
O l A Y  
a I ~ C  
8007 
2800 
aoo 1 
OU40 

BkEAVT%& 
*Pl% 
*LEST 
*p$ia, 
*HW Ab& 
*sc.jz 
&ASYWSKhF 
AB& 
WKG f 
A X G l 3  
A&Gb 
A H 6 6  
ASAVEAEIiE 
b ALB 
dCYM 
k%L 

bXLE 
C31AA5S 
Ç A A U N  
ÇADBE 
CALh 
CDAAAl$ 
CUADUE 
C"LiDADR 
CUDL;YK 
CL 
chAfi306 
CL1 
CV D 
EkiEXENO 
DtllSVdTCH 
E H &  ORSTP 
Fouit 
PSTIlçr 
PSkVALL 
f SIVALb 
Pb 
L 
LC ii 
LEM 
LN&& 
2 p j . f  



L S T I  lj 
t"fASCAV3.D 
EcJV L 
t4 
NIWL 
Mgpi :l&pj~.<b 
kX'P'GVZD 
obE3?caH 
OiTPCi2 
b EL 
sckf 1 
S I X  
Y ECi$ASE& 
S 4t 

S 1% L 
SYE 
TZrXliglMPbL 
YPIZ 
TL1J 
XC 

t s r i i  
pj 9 
E l< 
W 9 .  
1dXWEZsPGII' 
N X.T&'VEolL" 
AXTAVLSZ' 
01 
?BLOC 
S 
S U R  
SLDA 
s kECW ZM LI 
SkA 
sxf 
S 3% 
fE'EMI3W PBL 
TOL&HC& 
UhPK 
%EH0 

L TH 
Pi G ii 
f!l V L" 
HILF 
;liJua zxEa r 3 
N X T B V F X X  
su'X.TAVQXt 
ONE. 
PktKUFIO 
SCA &BI" 
SEb 
SZL 
SEIEChSTH 
SiiihB 
STW 
SY,f  
'kb& EIE: 
TltA PGFP 
Y A L U E I  
&k:h f)DIG3[_"ie' 



BkkJi4;NUl.X d e  
T h e  l.r?r.~~iinen.t knvPr~=rr;~ic:at OX 1LtXSli~ 

.fb t. perwrarrc~i-ii Envirûnarcnl.~ of L f S k  is g i v e n  by the i o x l o u x n q  
t a b l e ,  Ecrch i d e n t i f  i.kr iu qfven k f l a n q  ;r i th i ~ s  a t t r r b u t e z .  2i 
serles oP  F l a y s ,  labtilet; bits 1 - 5 ,  b a v e  the r o P l o w i n q  aeon.incjs: 

f i i t  3 ; 1 ir t m t  i&t :n t i . f i en  i s  a c o m p i l e d  f u n c t i o n .  
Bit 2 r 7 iS ?Lh-r;cxt. lurncti.on: ~ecibo~e& uneealua.tr=a a~gumetnts.  
8i.t 3 : 1 if indefinite numbex (SE d.rgfal~~lents. 

4 s . 1 xf' 2kunctiof.r w i t h  Ilteraït- valbue, 
C i t  5 : 1 ii is usrra f r e e  in a cûmpifed f u n e t i o n ,  

'tiie dast t h i u g  on t h e  iiue Ea t h e  mrren t  speciaX v a l u e  s ~ t t i m j *  
XP t h e  v.âXrre VP*CTO& 12 prirïrted, nt Endi.ccateis a p o i n t e r  i u t o  
veckur space, 9 n  the case of c o n p i l e a  f u n c t i o n s  nt i n u i c a t e s  t h e  
a d x ë s s  oi the assembled. proyraB, if BELO# is q i v e n  I t  i n d i c a t e s  a 
p u i n t e r  %a t h e  arna beluw 8 xxed progras s p a c e .  

I f  t h e  i d e n t i t e r  b a s  it property  list that is p r f n t e t ~  on t h e  
nuf lowiug T P n e .  

VECI%"OH 
bELtr%i' 
bE'LffW 
bELO iia 
VEé"TOE( 
WECTOE 
VECTOH 
VECTOB 
YECTOK 
Y ECTOR 
VE@lf"f)k 
VkC%O& 
VECT8R 
YECTOB 
VECTClkt 
$jr'@IJI'ON 
YELTOli 
Y ECTCltH 
VECTUi4 
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& E X u U  
VECT'Ok 
VECTrtR 

 pi * 
71 

VE;'t="T-JR 7 1 
YECTQR 31 
VECTClk 
VECTffk 

3 
72 lis 

jHXmS BXMb fi+Xu? B X m &  EODAb S Y H A D  
14-z 
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t4995 T O U Q O  1 
~450 11 1 0 0 0 8  8 
~ 5 0 6 2  S C i C s O f P  1 
C5064 7 0 0 0 0  Q 
b52692 I ( f 0 0 U  7 
e;6.~i0 1 O E ) O û  7 
i366304 I Q O O Q  7 
G 7 6 1 1  3 0 0 0 0  1 
ki e : ~  k;x  % l i f U 0 0  1 
9_ 0 0 0 0 7  tl 
XHP'lL& 0 0 0 0 1  O 

fSPhC1 AL (MAL) ) 
~@L'~AL-j&&& t O O t Z U  O 
LN'r"k,&YALE I O U U C )  0 
X&If '%KN 1 G O O O  5 
IHT'EkiBX 1 6 Q O r f  0 
INYfr;$LXb!T *113009 3 
X U N l Y  " 9 0 1  O 
.LU& criZr 7 O U O U I  O 
J O Q O O l  O 
L 8 0 0 0 1  O 

(xwit"srB ~ ~ 5 2 8 )  
LAC j ( 3 S O O  1 

I,-- LAP~VAL ? t ) O O b  2 
'-. LA~LZSTPLAG 0 0 0 0 3  O 

(Ai-"VAL (@IL) S P E Ç X A L  (N-£.L) ) 
1,Ak Ab 0 1 0 0 0 6  2 
ZâhkvEEX PT 1 0 0 0 1  2 
LAS% ? O 0 0 0  I 
%BK k"tP"1.i Ck 1 i f 8 0 0  O 
LfihWC 0 0 0 0 7  O 

(auwsz (cl s P h c l a L  ( P I I L ) )  
LC0h.Y 1 0 0 0 1  1 
ZDZFF 3 0 0 0 7  Z 
Eb.rJPFSki1. PT 1 0 8 0 0  2 
LENiS'ITIi i f 2 0 8 0 8  7 
Lfo;hGyhc'JS;t.& ~ e a o û  1 
-hE"SY t t f Û 0 t  2 
L I N B M O  ~ O O O I  O 
L1 &.ibE?I f+ i ;UY 3 0 0 0 0  0 
tl.h'E'EXE~ l G U Q 3  1 
LIHTP 7 f t O Q 3  1 

(kWCRO %G-TZDI) 
LTH l"2I.N"J' ~ O U O l  1 
Lf 54" 1 t i O " f  2 

(tiACkü %G-1003) 
LTSTLHG. e e i o o i  O 
L%5%OYObdk;CfS 1 0 0 0 1 O 

C Li S 2 P  3 Q O O O  1 
(nhczso SG-770) 

Ll=;f."_L."Ec i O Q o u  7 
%f.SYkAVLC 1 0 0 0 0  3 

Y ~ C T ~ & ~ - L . K  ,,,* p 
HQYA L 

VECfOb 
'iTES.@TO& 
VECTOES 
VEC'SIBk 

Sl 
7-8 

IBECT08 
VECTUB 

78 
O)L 

HOVAL 
VECToM las 
'iltC"f.OK 
VEÇTOlc 

14s 



L3.E.S'S'kSVF:C I U O l t i s  
LZSt%'%t/EC 1 6 0 0 Q  
Li9CQOP 1 0 6 0 0  
L0kLfE;'B l t i 0 G U  
LOAEÉTSk l O U D 1  
LOC 0 8 0 U 7  
LUCATç 1 0 0 0 0  
L u G ~ ~  D 1 6 1 0 0  
ZCaG06 ' I O l Q O  
LQGXfrK " r l 0 8  
EPAh Q 6 0 8 1  

fStik'CXBL (HIE) ) 
LPLUC; 1 0 0 0 7  
LQVOrn? 1 " Z f f 0 0 4  
L.r"nnYfEs I O O B I  
Z"Pl'f MES 1 1011067 
EACLAE " t O O O  
3 ACKU t Q û O O  
fiBhE.:PF;Gk 1 0 0 U Q  
EAk 1 0 ~ Q 0  
3APii"Ab 1 U e a U l  
KPiPCtlN 1 0 0 8 7  
bAkL3Lr"%' 1 0 0 0 0  
YAX 1 0 1 0 1  

(BACRB) $C;-42&2-) 
i3:PlubY f 0 8 0 G  
a%;nbE::k 7 0 0 0 1  
!+3ENG*i-u O O O E g l  
t?.i 1 N l O l O U  

(EACBéPO %&,-420) 
3XNUS 1 0 0 0 1  

(iikd&At9E %&-359) 
;%U$USZ~ &T 7 0 0 0 1  
ï41NUSLf %'YI? 1 0 0 0 7  
I 4 i N O S P  ? O U 0 3  

(a&iE;EJhaz ~ ~ - 3 3 t q  
akNAB I O f t O l  
l4 KflLi" ? O 0 0 0  
SUDE 0 0 0 0 1  
i2 'YGk i i A 5 t k  1 0 0 0 3  
rct*"aPULkÇI t O O O f l  
14 A 3 ki O Q O Q 1  
kG,"OMC" I f â f O l  
MALPH 1 8 f i Z ) O  
HODEf3LESSjES ( 2 U O Q 7  
MOT' t o ( i O U  
t 4 0 V A L  o o o t l i l  

(Sl 'ECikL (gii91E)) 
HCtVALUE 1 0 0 6 2 7  
%g$su&srrx t @ Q O @  
t i ; i9L~ 1 0 0 0 0  
I ~ I S T S ' B ~ E K ~  7 8 0 ( f l  

[ki.k.HAHk %b-411) 
M € lB EXlrLB 3 U Q û O  

VÈCl'Ok 
tf&C1fUH 
VEC'frtlR 
kEZ-ük 
V ECT OR 
NQJVkL 
irEC'_t"t)h 
tJ-toCYOX+i 
YSJCTO5 
VEcyOfi  
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3 MIL ?US3 Rif, H X Z  O 120 
f4UTf) 

9C MIL 333 HXL 

OR. g3 +---------- - 
NOVAL OSQPE.' 109 





. ; t y ~ & y ~ ~  0 6 0 0 1  O YECTUK 

(EVIG~ (LAEBUA ( f i  E I )  [CONU ( [HULL (CDR ~ E Y A  I (CAR nf ) ) 
((EQUAL tl ( E V B I  (CAAi? P i f )  f ( E V A I  (CBDAR a))  ) {T (SELECT2 B [CDE 
kW))))) 
SZTÇ 7 0 0 0 0  2 VECTBW 

3 VECTOB 
24 

SEY3.V 1 0 0 0 0  87 
S&TO I r f t C i O  2 YECTON 9 2 

fP%XPl% (LAaBDA (X Y) (SET (CkH X)  @%VA? (CAB& X )  ') )) ) 
SETdV 1 0 8 0 0  3 VEÇTUR 
SETSY 1 0 0 0 0  3 V'ECTO& 

G 
87 

SHUT 1 0 0 0 1  2 VECTON 4 Q 
SLASl-3 0 0 0 0 1  0 / 
SfikBPS 1 0 0 0 0  3 3ELO kl 
SPECIAL c ,, 3 0 0 9 ) U  1 TirECT0ti 

t S O O U J  fi MOWAL 
% 

flWTSrrB 20480) 
s ~ a ~ a e o a ~ ~ r ~  I Q O O O 0 VECTQB 
s r w ~ ~ ~ u u s u s u r  î O O O O VECTOR 

l lZ  
O 

s ~ ~ ~ u s r ~ n a r g  I a O O O 1 BXCTO~L 
1 13 

STAHGSYHBUUUT 9 O Q Q Q 1 VECTOB 
113 

S T B h  O * 113 
8 0 0 0 3  

(sr3k+cxaL (W ILI 
STUdAE. B O 0 0 1  O NOVAL 
STOWL 1 0 0 6 0  2 YECTOR 
SThCONiY: 1 0 3 8 1  FI WECTO5 
SFJX&XB('+& 1 1 3 0 0 8  1 PBCTQk 8 8  

$38 
(HACkCP %G-734) 

STEZLEWGTPI 1 O O O - l  1 VECTUB 88 
5 i U B k i ~ U t 4 '  l f a Q B ( S  2 VECFX.08 
SUbST 1 0 0 0 1  3 VECTOB 39 
sah l  t o o o . ~  t BECZ'OR 
S'CfPEkPhTgT 7 Q 0 0 8  7 'Cl'ECTOh 

sz 
SUPVXNFILE 0 0 8 6 1  O SDPBQIE. 

LO? 

(SPECIAE (gf 3;) ) 
SUPVUUTFILE 0 8 6 0 7  8 00 U 



'1.1MbS 1 0 l G - i  
(&&.Ckb % i z - 4 2 & ]  

Tf'f\*PXXt#X' 7 8 U O O  
'Th&<& ' 1 0 t ) L I . O  
'PitALkCOL t ) # O O j  
YL%WLEH&RGLN O Q U i O ?  
I'ifWLEI I O 0 0 6  
IfBUFLTk O O O Q l  

(SPkXl" AL. (RIZ) ) 
OMCOEEOW 1 0 & 9 C i i O  
U&kRCir\. I O O f r t ?  
UHSkfjCPAL 1 8 B G d i 3  
UN'TE'bkCE ^ t U ( 1 0 0  
UE4#1#D 4 0 B O ' I  
UPX-PLUAP B U B f i ?  
VECGT k l f i 8 Q I  
v gcp 1 0 0 0 0  

fnwcno %G-76 11 
Y ~ ~ ~ ~ ~ E s s ~  O f 5 0 0 9  
WXS ' f 0 0 0 1  
X O O O Q I  
x a r r . ~ ~ ~  0 ~ ~ o - l  

(SE~ECI BL (Ei-iL) ) 
P'E:Ei&A lu 2 9 d Q 0 1  

(S  f' kiC3.. &L (H t L) ) 
r"‘ LEklt4 AN G O U Q l  
(.- ( S k E C I h L  (NIL)) 

%LhVI1 I O O O ' t  
(NE&AI%E AG-3455) 
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