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In1s doou~ent is ~ triet tut com~lete descri~tion of ~ 
new lanauege invented end irorlemented tv the ~uthots. Th1s 
lonli1ulQf;l ,1,$ :i.ntenceo to ce a sUitac1.e vehi.cl.e tor h'rCl~·1.:r6nl~ 
wh1cn ~oulo otnerwise be written in machine lanauaqe fOr 
reasons of efficiency Or flexi~111ty. It is rart of a 
systero which else includes a comeiler ea~8tle of ~reduc1nc 
reasonatly efficient oeject cOde Bnd e runtime which 
irnclerrents the 1n~ut-outcut an6 string-handling featUres ot 
the lanaU~ge as well as a fa1rly e'aborate storsqp 
allocater. the system automat1c~11V ta~es care of pacin9 
arrays end tlocKI from the drum if they n8V~ teAn so 
W,;;:clf'lc:tec. 

1\ Y R lr)", ~a:cg r a ro cons i sts Of a.t.ill.:t.eJXi.e.Q.:ts set:: at'PI t.ed by 
Sem1Qclons. Carriage returns and ~lanxl h~ve no 
sianificance in the langUage except that they: 

1. Act as wc~d (and comment) delimiters. 

2. Are tnken literally in string and character 
OQn~)'t;e1"'lt.:; • 

Wfrriny: Tn1& is ene of the ~any featurel of the languaGe 
which can ceUse trou~l€ for the unweIV rrOqIRmmer. It is 
0u1t~ resslele to write two statementl withewt thp 
seceretin9 sem1cclcn end ~in¢ u~ wit.n Icmeth1nq which i, 
legel, tut not at all what was intended. It 1s a general 
char~cteri~tic cf QSPL that it 1s very peruissive, nsny 
tl11n;lS ere lf~q~J. \'ihlcl"l ar~ not at all reaSOrH!It:le. 

k statement rr~y be: 

1* A oeclar~t1Cn. 

2. A 11stlng cont~cl statement. 

J. A~ end statement. 

4. A function oeflnition. 

---.~-
-----_._,,_._._-----
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~, A co~ment, which il e ti~e Qeg1nninq 
(afteI ~ semicolon or another comment) 
with an asterisk ("."1 end end1na with a 
'cll.:t:.tJ.a.Qe :r;.e.t.lJl:U (net ","). 

Meet staterrents are expressions, ~o we will di$c~Sfi 
tne!" fl!st. 

) -

r f " 
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An eX~Ie.siQn is made uc of o~erands se~aret.d ty 
opeI~tcIs. Parentheses aTe allowed to any reaBon~ble ~erth. 
fhe c~eretors nre arranged in a hiererchv of bindinq 
stren9th er crecedenee. Tnose at the to~ of the followin9 
list ere executeo latest, so that a+b*c 1s e+Cb.c). 

& denotes suceSSlve eveluatlon. The value of the 
~.Iult is the value ot the lestexcresa10n in 
the strlrg. Thus 

or more rlaus1bly 

which caUses CQth functions to te c~lled 1n tne 
order 1n ~h1ch they are written. 

1$ similer to &, cut c~useB the followinq 
excressicr to te evaluated f1rstM It mav not be 
1 teI'€iteo II Th.us 

r,"CR,¥lHIL1" 
ta )f,e,$ thtr:' form 

<~x~re.s1on) fOF (fer clause>, 

(exrre$sion) WHILE (extreseion>, 

The ex~ress1cn is evaluated reteltedly under 
control of the for clause (see telow for the 
5yntex ot this construct). The final value of 
the ex~reSAion is ciscarded, en~ the value of 
en extression involving POF or ~HILf is 
undefined. Of course, scmething like 

ts legal. 

ta II.;~S tht:: fCtUi 



(€x~re.s1on> IF (ex~ression> E~SE 
<exr,;ression) J. 

The secane excression is evaluatea. It it 1& 
non-zerc, tne first expression 1s evaluated. 
Its vHlue ~ecomes tne value of the whole thing, 
end the third expression (which, by the way, 
may contain another IF) is skit~ed. Otherwise 
the first excress10n is s~1~~ed, end the third 
is eval~Rted. Thus 

If tne tinel ELSE 16 o~1tte~, 0 ~111 be 
SYf,;r:·lieo. 

:t~ the ('I$sj,gnment ot::erator _ It :ranKS on tbe 
Rawe level 81 '.' for its left-hand ocerand, 
and just telow IF fot its right-hand one. The 
ri9ht-hend orerand 16 evaluated, and its value 
heco~ea the value of the ~eft-h~nd one. The 
whole excression is then treated as though onlv 
the left-hand side had been written. 

Is the logical .0.. It eltnet orerand is f~ 
relation (er an eXQress10n ccntaln1nQ loqical 
ocerators cenneotina at least one relation), 
then the result is 0 or 1 6e~end1n9 on whether 
both o~eren6s Hre true (non-zero). If both 
o~erands have ordinary values, these values are 
comt1ned with the m!chine's MF~ instructicn. 
Ttn.lS 

1s true if eltner relet10n holds, 

is true 1f 4(4 or 1f X+l is not zero. In toth 
thes~ CAses, th~ second ocerand 1s not 
evaluMte~ if t~e first one is true. But 

1s the 2i-t1t loq1ce~ Q~ of Z an6 the value of 
the funct1cn call. The o~erands of an OR ete 
never ~e·cr~er@d. 
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,~U:o 1s the log1c~1 .a.tlQ, It is exactly the senne 
81 O~ 1n the way it treats its o~prands, 
~1tfer1nq only in the result. 
EC~ alwavs converts its C~.Iends to values Hnd 
uses the tC~ lnstruct1on. 

Ne'l' is t:ne l09lcal .t:l.Q~. If its single oper1!lnd .15 a 
relation (see the a1scuBI1on of O~) its value 
is inverted (0 tecomes 1, 1 teco~el 0) • 
otherwlse, a 24-b1t comclement is taKen (w1tn 
~;c}~ =-1). 

;.; i:j. < <= > >= 
axa the relations, gach one evaluates its 
o~erands and then ~erform. the ind1cete6 test. 
'P'CI tt·jese ano :'!Ill tr~e ar lthr\1et1c o):';l!rations, 
the o~erands ~ay be Ie-ordered if it suits th~ 
co 11er's convenience. 

MOD A roc e 1s the re~8inder of A/S. 

+ - rftrform 24-tlt lnteqar addition Or suttraction. 

• I ~S~ RSH LeY ~CY 
"",,, ~no "/" l'")€;;rforn: 24 .. blt l!"lte~~t~r 
rnU!t1~11catlon and division. ~o teAt 1s ~!de 
for overtlow on division. 
The shift o;er~tions shift the first ocer~nd 
the nuroter of claces indicated by tne lecond 
o~etand. Vacated tits Bre reclaced ty zeros. 
Tne cycle o~er~ters do en end-arcu!"l6 snlft. 

+ - Gel0 ~ETU~N SRETWri~ DO {unary cceretors) 
The urerv "+" end "-~ ae tne ocviou~ thing. DO 
is a neise word !!"lO is ignored. It way be 
convenient for constructions such 61 this: 

~CIO transfex. to the address whioh 11 th. 
velue of its Oter~nd (see the discussion at 
le:cels cllow). 
Rtf URN end S~eTU~N evaluate their orerand's), 
ot which there may be at most 3. They leave 
the values In tne A, 8, an~ X registers 
reB~ectlvelv and return tnrcu9n the return link 
of the most recently defined function (see 
below). If this 1s not desired, the ReTURN may 
be modified oy following it with FRO~ 
<ex~res&lcn). In th1~ case the return is to 

I 
·r 
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the address whicn is 1 • the value of the 
excress1or. Inul 

~!TU~N X+Y FROM reNL, 

Th~ ~rcgre~met sncul~ ce sure th!t PCNL Has a 
~rQ~er return ~ddress in 1~, sino! the compiler 
wlll net Check this. The o~erand of ~~TURN may 
l~e owitt:E:d. !-<E'lUR.; is a norrnel :ret<J.:rn, or a 
nc·ski~ return (failUre return) from functions 
c"lled With ~ failure location (see furction 
c a ,U, S t~ e lew). S fi t '1 U ioi N 1 Sf!\ Sk l J: r E': t urn , or ~ 
nermal teturn fro~ functions celle~ with a 
failure lccation. 

( ) (;filJr)cticr, ca 1 J. s) • 
Tha arquroents of the function ere enclosed 1~ 
the carentneses, senlrated ty caroms!. ThuR 

~cte that the function may te srecif1ed ~y an 
excression, tnuR 

(A+B) (A,Y+5,1,) 

18 ~erfectlY legal. It causes ~ontrol to ce 
tr~nsfer!ed to the location which is the v~lu. 
of the excression AtE with the Bcecified 
at!l\ll'r1ent.s. .. .bal6laz.e.. The ltAl.JJ.es of the first 
three function arauroents ere transw1tt.d in the 
A, Band i registers resrect1vely. The 
addressEs of tne values of further arguments 
ar~ cut lntc ~OP lnstructions which creeede tne 
function call. the functlon is called with ft 

PO~ which leavMs the link in 0 end trensfers to 
tne location addressed by it. T~u. 

LOA Pr ADD =1, STA 1:+1, LeA y, ADD =5, CAS, 
LC~ A, LOX Z, NOP 0, NOP 1:+1, CAt~. 
fi 1 .. 

1n i!\odit.lcn to 0 or ,(lOre a.rq\J.Inents, Fl £unct,i,on 
C'.$ 11 11'I a val s" h a vee .f.a.1.l.1JJ;.e .lQ,c4.tJ..Q.o. 'n'll IS 
corresr,::oX)(,,1S to ~ 110 S.Kit~ Ie'turn (RET1.Hh 
operation) from ! function which elao has a 
skit return (SRE1UWN o~eret1on). The failure 

~--- --.--- -- ---·---'--·-·-----r---· ---------"_._---,---
i 
I 

I 
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locetion comes efter the arguments end is 
crecede6 ty a colon, thus: 

Th" fallu[e location may be either a label, in 
whlCh cese centrol will gO thete in case of 
failure, or N~lURN or SR!TU~N ~o~s1tlY followed 
by a .~~gl& eXrresslon, wn1ch will ~e executed 
in cese of failure. A function normally 
returns just one value, which is ~essld in the 
A-register. nowever, it ~~y return no vnlues, 
or we tc three: additional values are rut in 
tne a-ano X registers, The first value is 
~lAays the one used tor further CO~tutation 
(e.g. in situntions like F(X)+l), tut ~ny 
sutset of the values can ~e saved ty outt1nQ a 
s.all.e J..1a.t. afte;t;' the tei 1 ure lecat ion, rrecer5e.:~ 
hy another colen, thus: P(X,Y:M:Vl,V2,V3) or 
even F(~,~;:X,¥, Z) 1f there is no f~ilure 
location. rh~ save list must be e list of 
siro~le vlIiatles. It is all right to nave d 

ccmrea ~lth no name: the corIe.~cnd1ng return 
ve~ue just gets lost. Eee ~elow fer ~ 
discussion of function declarations. ~ct~ that 
teLlS CD 11 ing convention i (is .Q.Q.t the serre as 
POriTRAN'I. In ~art1cu18r, 1n the etove exam~le 
nothinq the functlcn dees {within reason) oan 
aftect the value of A or 2. It is cossi~le to 
tx'(wsi(llt the .adal:.ells of .A 0'1:' Z 'ilith tne 
reference Oter~tcr, hcwev~r (see telow), 

(t~ilingl. lhe. must ~e followed ty e fiela 
n8me (see discussion of declaration, below). 
The resulting Object reter. tc the sreoif1ed 
field xelative to tne add[es~ whioh is the 
value ot the first ooerand. Thu~, if we hav~ 

~nj 1f X contains 143, then X.A refers to 
lccation 144, X.8 to 146, X.A.B to 2 + tne 
contents cf. locatlon 144. A t.ai,l eo o~ereJ")r! wav 
a~~e.r on Eitner side ot an assianrpnt. Cf the 
~1&cussicn ot PAGED declaration for the 
treatment ct c~qed tlocke. 

--·----·-·--'--'--'--------·-'--·---·--1-'-----'---·--,.-.--,-.-,-.. --.-,--.--.. --,-------.. -----,--.---.-.-------.-.-------.. 
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5 (Clnary, same ~recedence I' .). Th~ construct 
T$~ 15 almcst equ~valent to ~T.F. I.e., it 
't'€:ter;s to the t:it$ of l' (.tlQ.t the weI'c' ""cd'resse,~ 
by £) selected cy F. lhe word 61s~18oement of 
F 18 ignOred, and F must not cross 8 word 
boundery. 

@ , (reference an1 indirection). The reference 
o~eratcr ~@n takes an c~erand which rrust be an 
address li.e. ecce~~able on the left si~e of 
an ass1~nment) Bod returns this adcress as its 
velue. ~cte that this lm~lles that iteration 
of the reference acerato! is illeoal f1n fect 
it does net maKe any sense). The in1irection 
O~ftr8tcr "~" evaluates its operRnd and returns 
th.is val'U€ <:'s ~m .ad'tt:eaa .. T!1€ SE!'quence "~$" il11 
equiValent t~ no c~lrat1o", excert th!t "$" on 
an address 11 comsiled with the ~.ch1nftls 
ili1jirect ti.t, ~no 'I'lll)' therefore be affected })v 
the ~resence of indirect or lndey tits 1n the 
oontents of aOdress. If we have written 

tFCLA~E PIELO S(O). 

then (E).S is eQu1V31ent to $(E),. with the 
exce~t1cn noted ~tove. 

lJ (S\Jk~scri.r:ting) .. A s.i.u.Q.J..e sutscr1rt:ts al,lo~1ecj .. 
As with function cells, the ot1ect being 
~utscr1rted may te an art1trary e~~resR1on. If 
it has teen dec18red as en array, the oo~ciler 
lOH6. the sutscIltt into the X-reg and comc11e~ 
~n indirect teference through the array name. 
I.A., it ex~ects the array nerre to cont~in the 
bale address of the array ~ith index bit on. 
Fer any ether excression tne "(1" cceretcr 1s 
eoUivalent to "$~+".". lhU~ 

cC;lirj,H~s as 
LeA 0, ~HG D, STA r, LOA A, sua e, JDD T, XXA, 
LOA 0,2, ADD =1, 

! -.-.- -"'_.---- ---,-
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the trimer1e! fer excress10ns may te nu~ters, neves, 

str1nQ constsnts, or CMar!cter constants • 

.A nUli!l:er mEl y ce an inte:~er constant o:r a y:ee 1 con8t~Hit. 
An integer constant 1s a string of d1g1t$, ros!lclv fo~lc~ef 
ty B or 0, ross1tly followed by e 11n~le-d191t scale factor. 
S rr~kes the nu~ter octal, 1f it 18 absent, decimal 1~ 
assu~ed. Thus 100e = 1D2 = 144B = 182+448 = 100, A real 
constant 1s of the form xxx.xxx!xxx. Either the do~ or thp 
! must ce cresent. If the dot is rresent, there must be 
scme <Jir.:'l1ts l:.eJ,;.cJ:: . .e itJ if the E 15 r:resent, t.here must: r,;e: 
soro~ ci11t! after it. Per further cetl11s, consult tne 
descr1~tion in ~·21 of toe SIC sysccp, which 1s use~ te 
oonvert real constants to binary form. 

~ name is a string of ~ny numter of letters and d1~its 
heqinnina ~ith a letter. Only tne first ~ix cheracters of 
the n~rue ate significant. , name must be declared <see 
be10w). All names exceet cararoeters and fields are treeted 
in exactly the serre way when tnev cceur 1n ex~ress1cn~ 
(excect for sutscr1~ting). E.Q. a strine ~8me refer. to thp 
po1n~er to the string descrictor which 18 the velue ot thp 
nBme. 1hus, 1f b 1s B str1nq 

s1m~lY stores A+l 1nto S, this is crobably not 
Functions are trOVlded to convert tetween 
numtf;):.s. 

reeSOI'~t Ie. 
strings P,"T'lC 

There are stOyt eo reserved words (see Accend1x 8) 
whicn ~8y not te used as narres, l~ addition, about 20 
locations in the runtime (see Artend1x C) ere cre6eclareo as 
external, attem(ts to declare thew for other rUIcoses ~111 
fail. 

A character constant hel the ferm 

-- -- - - ---- ~-.- - -.-.- - ---.-. - -.-- - -1---- -.-- .----.---.---.----.. -.-.. ------.-.----.---.. ----------.-.----_._-.---' 
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;P~CJe :1. 0 

'<three or fewer ~S~Udc-chlracters>' 

and rn~y te ueec wherever • constant is usee. 
pseu~c-.hlr~Qter is any cneracter other th~n "&", or 
tcll~weo tv one Of tne follo~1n9: 

1. Another "&" or a "1"_ The two eIe e~u1valent 
to a lingle "&" or "'" in the constant. 

2. ~hree octal digits. The numter thus ~efined, 
truncated to a tits, counts as one cnareoter* 

3. t\ letter. lne ASCll (internal) code for the 
letter + 1008 1s the value of the 
cseudo-cheracter. 

A. 
"&" 

The ch~racters are ri9nt-justif1ed 1n the 
fillec out witn b1.n~s (0) on the left. 
have more th~n 3 eseudo·characters 1n the 

conat6nt~ whic~ i~ 
It is ,n error to 

const!l:l,nt. 

A st~1nQ constant nAS the form "<anY nu~ter nf 
~seudo-ch8racterB)". It is legal 1n any context in wnich ~ 
string name is lee!l. A desorittol will te created which 
points to the constlnt string. If the string con.t~nt 
~~cears alone 1rowed1ately after a left 8~row, the VB~1~~lp 
to wnich the constant is teing assigned is essumed to hold ~ 
pOinter to ~n already existinq string descriQtor, 1" ell 
otner cRBes, s~ace for a desorictor will te allo~~ted for 
the constant ty the compiler. In any case, wrlting into thA 
strlna will alt~! the conRtnnt. 

~ variety ct o~erationl are ~rovided far convert1nq 
field n.~es into constlnts: 

1. ?lexcress1on) has the value of T after the 
I\,taternents 

have teen eXldcuted. F' must nct cross word 
,\;:cundar ies. 

2. 1he function FShIFT(P) hes 23-the ~1ghtmcst 
it rcs1tlon occupied ty F a! its v~lue. F 
ust net cross word toundaries. The value of 

PbHIFT is B constant. 
3~ IM~ function FMASK,P) has as velue e constant 

Which has one bits in ccsit1cns selected bv 
the field as its v~lue. It is ecu1v~lent to 
F (-1). F must not cross word toundaries. 

4. 4 £1e1o name F eccelring in any context ether 
tbi''H1 

f ( 

--r-'------- --"-----------,. 
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.EI' 
$F 

15 eoulvalent to a const~nt w~o!e vnlue 1~ 
the word dlsclaoement of the field. 

Any exrressicn involving operators of rrecedenc. hiaher 
than feR and ccnstdnt coerands will be ev~lueted Cy the 
com~11ex yield1nQ "result whioh tehaves ex~ctlv like ~ 
con:;:~·tant • 



Qtd?t., flimua:I 

Varietles Ble declared 
stftteroents or tv accear1nq 
varl~tle DECL~~E is 

with DECLARE or 
as lltel,_ Tne 

f"UNC'r rON 
synt"'lx Qf 

Ol:fCLAF<E 1.1' IXEl.I or PA,JE'l)] (IN'n:GE:~ or: ;;C',;AL or 
i:'l'!ll:Hi:-i<.n (Af\~Al:] [2'Y,T~~FlNAL or FNTFY ·~r 
L 0 C A LJ < n I:U'\\ ~~ 11 s't >(.:\ f~ 

Th! stuff atter the D~OLARE ruay te repeated as ~anv times IS 
desirtd. Cnce FIXED, PAG~D er A~~AY has been usee it 
remains in effect fer the remainder of the current DECLARF 
statement. IN1EGEG is assumed if it is emitted, but once 
STRING hes teen used it remains in effect until INT~G~P 
appears a9~1n. Bach ~~me in the n.mel1st may be trecerleo by 
"~" (~hich ~akes it en entry) or ty ~.~ (which m~kes It 
e~t~rn;'l,. :~e. ,~:r:events stor¢!\ge_~';~l'n being aSSi~ned f~t: it). 
I:t PI)~r.,t aIJO A~.kAY are cotn a...s~;h""resent., a f.t1,rne IH~V te --'-"" 
followec ty an ex~r.ss1on in carentheees (or brackets). 
'I'hl,,H-:; 

D~CLA~!~IXfD AR8AY A[121, B[X*2+14], 

The excresa10n (which must be B constent) ~111 be evalueteM 
and tnat many cells aSsignee for the array at compile ti~e. 
The case edarels of the region assigneo, with the index tit 
set, will ~e stored in the na~e. If a name is declered 
A~HAV without any stoIBge ~e1ng ass1qnea, the system will 
~ssuroe th3t its value is a tointer to an .rrev wlth the 
~,ndex l:;L t i~e·t. 
1,,12., ,'it 11,),11 ccn:it,11e 

LOX I, LCA- A, STA B 
for i<"'i(!J~ 

E '}(pmr 1.e' t 
~~CLAhE l~r~G~~ A, S STFING 0, $Gl, 82, 
I~ATE:R~"H. (;3, (;4, ) 
AHRAY ~;(X+Y(4]/i>, il,','l'ILGE·fI C(lC) f 

oechn::es t'I10 sea lsr 1nt€"~ers, one ,integet ernw whicJi ~!i 11 
te ~s91aned 10 locations wnen the declaration il executed, 
two lccal scaler strinqs (0 ~nd G2), one 10ce1 strino ~rray 
w~lcn wlll te ~s.1gnea X+Yl4j looations when the declaration 
is ex~cutej, one scalar strinq which is Rn entrY (Gl), eno 
two scaler stri~qs Wh1Ch ere essu~ed to ~e def1ned elsewhere 
(~.3 '3n(; (34) .. 



A nAm~ 01 an array mey be aeclaree raged cv cuttina ~he 
word PAGED in frent of its declaration. This attribute, 
oree mentioned, e~r11es to all the names 6eclated fQllc~1n0 
it ~n th~ same statement. If en arrRY 1s aeelared PAGED 
(~a= 8 fIX~t err!y, at course), all references to it will 
be ~ade to the drum. Correct aocess to the ~rray will ~e 
ottelnec cnly it it 1s sutscr1~ted 1n the usual way~ All]. 
It is .tla: tr\H~ that (.1\+1) tIJ 1s equivalent to A D+lJ, to! 
exa~cle, ~s is the cas. for core arrays. 

If 8 ne~e oeclared caged 1s net er err~y, the only 
effect is that when it is tailed the svstem will e.sume it 
ocnt~ln& ~ 6rum .ddrsss. such an address can only t~ 
ccrrectly obtalned with PMAKEIsee telcw). It 1~ thp 
~rcarem~er's re&~cnsibi11tv to see thet: 

~. It does ccnt1in a ~rum address qenerlted with 
2~)}HUi • 

t. The field name US80 fOl t!illna has a war~ 
displacement 1'&1 than t~e block size 
srecified b~ toe P~AKE. Un~redicteble errors 
wlll occur if tnis rule is not otserved. 

Dpcl!IBticnR ot fields ara net effected ~v PA0!O. 
Indir~ct1c~ ($) end 6ubscri0t1nq I[l) will work rrccerly on 
~ ? AGE D pOinter. Ar i thrr.etS1 !'!H:W be tiona on PAGED t::otnters 
in the usual fashion, ~rovided the result 1s ~1th1n a bleck 
allocated CV e sinGle cell to PMAKt. thus aft.r 

DJ:;(~LAr;E fAGhO P, r'IEt.D FOH)),Fl(l),F2(2), 
P"P:M}\rd'. (:2) , 

heve the s~rre effect, tut 

are all erroneouB, since only two Nerds were elloceted in 
the tlcc~ co1nteo to tv P. 

~nen ~ name is declared to te e strln9, B sinqle 
storace location is reserved for it unless FIXfD hal teen 
use~. Stxinns ere spec1flea, however, cy fQUr"~orM 
descri~torB. lhe sodress Qf such a descriptor must be ~ut 
into the string variable hefor it is uled in any strlno 
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oteI~tion. For ncn-fIXED strings, this 1s vsually dene ~1th 
the ~'E'IUF funct·ion, r:os!~il:;lY r.receceo i?V" a i"ItlKE, 
elterratively, the address cf e descriptor obt~ined 10 Fcm~ 
?t"~er ,wav ,~lin 1:;;(:'. used~ If i,'\ ~trin" oVBr1et:le is not r:ror:€!J£Sl)_~ 
lnltl~llZej, tne conseouences of using it eny stIln~ 
orer.ticn ~re llkely to ce serious. 

If a string declaration is creceded bv FI~ED, th~ 
tcu~.wcrd oescr1~tor is assigned ty the compller end its 
address is the lnltial value of the strlna. If ~ FIX~D 
STR! G is followed tv a tlrenthes1ze6 expression, tnat meny 
ch~racters are allocated for the string and the desQri~tcI 
1H 1nit1~11zec to roint to the area thus allocated. 
EJ<arrcl'S: 

~11ooetes string desorlptoIs for Bernd r, they ~ust be set 
u~ to cClnt to strings by SEtUP. It also ellccates 5 
characters for U en~ 240 for Vend sets up the desorictors 
prop('!t:1 v. 

)\n tnteger rr:~v te i.rlJ,:tJ,aUzac cy followln9 lts N\jrn~ 
wltrl "+" (constant) or n4-" <n~1l'e>" Thus. 

makp9 3 the initial value of A, 14 the initial value of B. 
at course, any ex~ress1on which can te ev~lUftted ty the 
COMcller IT:~V l:e used i~H!l ~i constant" This is .Q.Q.t the s(\Tt.€: a~ 
a ~ARA0FTE~ decl~rat1on (see below). The use of th1~ 
construct is not recommended if the rro;raro chanqea the 
values ot the variables, since the ~roqr~rn must thpn be 
relo~~~o in order to be resturted. 

A ~IXEC A~RAY can be initialized 1n the same·way: 

The first six elements of A ere ln1t1alzea ~s indlce~~~. 
Tne rem~inlnq four elements ere initialized to O. 

~ fixed string or a fixed string array may tP 
initiB11zeO 1n the same waY, but the 1n1t1el values roURt be 
strine constants. w~rninq: writina jnto 1n1~1e11zed 
strin9s will destroy tne contents. 



If any dec15rat1on causls .~ace to te allocated at the 
~c1nt 1n the ~rc~rern where the declaration occurs, ~ tr~nch 
over it is eoro~11ed. Declarations may tMerefore te freely 
1nterrolateo in the program. 

DEOLARE fIELD (narne) 
((conltant)[:<constent),(ccnltent)l) 

wh1cn defines a field. Lote of fields can tl defined if 
desired. lhe first constant specifies the word dlstlace~ent 
at tne t18l¢, the other two the tit costions in the word~ 
Bit ~ositlcns can take on values tetween 0 end 4'. A t1eld 
m~v stan two werds, cut it may net te more th~n 24 tits 
lcn~~", thUS: 

DECLARE FIELD A(O)(B(11,C(2),Cl(2:0,5), 
C2(2:l,20),XYZ(2:12,23) , 

aeflne, ~1x f1el~s. The last three might te thOUght of BP 
sutflelos of c, tut they do not have to te use1 in this ~8Y. 
It P were ~ cclnter to ! three-woro cat! o~1eot, fer 
exancle, then F.XYZ would refer to the last 12 tits at toe 
tnir4 ~crd of the otject. Such cbiects cen be oreated fro~ 
nowtH~re wlt,n tt'le flAKE functl,on or, ot CO\'ltse, iH''IY b(7:' 
.llooeted tv the rroQremmer. 

N~~es declared as FIBLD are out~ut to DDT w1tn their 
wero displacements as Value. If they are€er not following e 
".", theY are treatec as corstants equal to their wore 
d1sr18cementl. Thus, 

eoulv $ (P'Ih+l) • 

A full-word f1eld may be aeclare &E~L or fAGEC~ 1his 
~eans that wherever it is used fer teilin;, the resultinc 
Qu~ntity jl considered FEAL or FAGED resrect1vely. 



Ci 
fiHfk~/,:g tnt;' l'll~m€:s Cl,C2,C3 eCHlivalent in a~J. .l;,la,~.s to t!H~ 
oon~~entffl 1, 2,J for the rest of the ~rcgram. Any constant 
l!lay ~r:pe·er on ttl!;' r 19ht of tlH!e """. Note again that any 
constant @Xtression m~y ce used where a constant is 
requ1r~c. Pera~eters, unliKe other names, may ~D 
redeclereo. 7 . 

iA leg~l only if T has alreaay teen declared as ~ fixeo 
~:r:n~v.. !t ceu~~es Q .to te ;ass1gned to the same locat1of') a$ 
~, s to tne same location as 1[3]. 

l tunot1on 1s defined by 

It the word REAL ap~ears, the function i~ assu~ed to returr 
~ tlcatino pOlnt value, otnerwise, it is essumed to return 
inteqer values, if any. If a $ crecedes the function nerr!, 
the ne~e 11 ~e6e an entry. Excert when Qompiling unoer 

'" NCtJ·:3'1 LOCAL (oe'scribeo be,lCw), there is no dlffer~nc€ 
between !U~C1IC~ and !~TRY. Each arguwent 1n the argllst 
can ce ~receded ty INTEGE~, bTRING or AF~AY en~ 1s decl~reQ 
automatically. INTEGER 1s assureed unless otner~lsp 
Sreclfled. If A~FAY is srec1tied, the index tit will be 
mergeo into the value lucp11ed. A name can te redeclared in 
a function oefinition (this 1s illeQal 1n eny cthe~ 
context), tut only if the redecl~ret1cn exactly matcheR any 
prev10us claretion. The system c~eates A retur~ link ty 
~teti)(1nq tht'! function l'li!Hlle 'lit.fl X. 'l'ne stete;[1E'nt 

BTA A,C~A'M~G =2a7~STA e,srx C,LtX Orsrx 
X (FNAJ'iJD , 

It alolticnel arguments INT!8ti C,~ wet. supr11ed, the cede 

,-----_ .. __ ._---



1ne function name itself 1s ftlso declared by thl, 
staterrent. A storage location is reserved for it, and thr 
eodress of the tirst word of the funct10r (STJ J atcve) i~ 
rut into tnis a6dress. 

The linK m~v te &~ecif1ed exrlicitlv, if desired, BP 
foUo\~',\i: 

A tunct10n may te declared reoursive ty 

[\-I ":AL] i~~CUr<SnE' FUNCPJION or EN'}';;;Y lS) P'(A, 
fq, S/IVE E, 

'lna ~tfE';ct \>:: 111 te that whenevet tt"l.e functlon is callEK1 the 
link ~n~ the current values of A,B and E will be saved. 
When thP fUMction returns (via a R!TU~N or SPETU~N with no 
P'J:.dJl':,~ c,o:J. f ier an" on 1. 'l erie VB J. us r~t\J:r.nej) , the S f'ilver 
ver1atle values ere restored. 

~~ece for s~v1ng the variable! is ottained 
tne function in the reservea location ~!CSTK. 
1n1tlalize~ to te a call to MAKf, tut the user 
hlS o~n function. rhe call 

bv 0;#\111,1")0 
'I'hls cell 1~ 

Tl"ay surrly 

TO~~ST • P!CSTK(N) 

where N cent_ins the numcer of words reQuired Ind the 
functlon returns the address of the first word. 

and ~b~U~~ is in1tiallzed to fREE. 

ina cell 1l~~SI, Which lS allo reserved (1.e. 
into the r~rtinej contains the address of the current 
the reoursion stecM. Its ola value 15 seved in the 
werd of tne steck entry. 

built: 
tor 0:1:: 
secon":i 

It e tunoticn oell a;~ears in 8 comc11ed eXtrels1on, it l! 
net safe to re-execute the extressicn inside the function, 
81nc~ the ex~reSllcn may use tem~orery lccetlons whlch are 
::l.o.t saved when tne function :ls ca lied. Hewer.e. 
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A svmccl 1s ceclared a~ a label ty wrltin1 it at thp 
beq1nninq ct ! stetement tollcwe6 cy a colon. It 1s treeted 
~xactly like 8 function name: e storage location is teserve~ 
fer it and initialized to the eddress Of the flrst 
instruction of tne statement. Any stete~ent c~n be labeled. 
A lat!l is assumed to be an 1nte~er scalar. If we have 
A: ••• r GelO A: this will comrile 

so tnat the rlght th1nq happens. If the SY~bol is crecedeO 
~y ~ $, the letel is m~de an entry. 

lhasa convention~ fot ~rrBYs, str1nas and lebels ~BKe 
it velV ellY tor them to be trens~1tted ftS erqu~ents~ 

I 
I 

_I 
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~@el numbers occu~y two words of stotage rather thaD 
c~e Ene ther~fcr€ have e somewhat anomalous status 1n QbFL, 
which otherwise taKes the positicn that any k1n~ of oUBntltv 
only occu;1es e single word (lntegers, strings. llcela, 
functions, en6 arrays III have this property). ~e define ~ 
.t;~al .c::;.e.x:a.o~ dS a real neme (cossitly subscripted it 131"1 
arrav). ~ re!l constant, e real function, a rell excreSSlcn, 
or In excres$lC~ tailed ty a real field. A r.~l exrress10n 
m~v ~e forxed in the follOwing ways: 

1. 8y ccmtining two reel orerands with any of 
the following ~inary oceratoIl1 ., ., MeD, ., 
I. It any of these operators is e~~lled to a 
real c~etand and an integer co~st~nt, it w1ll 
ccnvert the constant to a reel numtpr. A real 
ocerand and eny other ~ind of integer Oter~nd 
will troduce en error. 

2. By unery • or ~ applle1 to e real operand. 

~. 8y tne construct <real operand) IF (inteqer 
e~C[eSSlcn> [ELS! (reel operand)1. 

In addition, two reel o~eranQs may te co~peted by any of thp 
relationAl cperetcrs \=, *, ), (, )=, <=). The test is ~Ade 
bY 601n9 e fleeting luttrection end testing the result 
against zelO: cewate of round-off errOr 1n testlna for 
eauelity. Alsc, e re8l c~erand mav ap~eer 1n a ~F1U~N or 
S~ETUHN rrovidec it is the only arQument of the oreret1on~ 
Theta is no restriction on mixing real ~nd non-Teal 
qrguments of tunct10nel howevet, the tyres of the ~ctu~l 
arqu~ents in a cftll must correspond to thoee in the function 
~et1nition. The comc11er does net check this, end an error 
will ~xcba~ly cause Ch~OS at run t1~e. 

V~ricu. s~eclil tunctiens are ava11~tle for doing the 
lame things to real numbers that one can do to integers. 
RIN ~nd RCU7 provide fleating co1nt input/output, CSR an~ 
C~s rroviJe conversion between rells end str1n~s, FIX ~nd 
FLO~1 convert tetween reals end integers. These are all 
disoyssed 10 detail 1n the later sectionl on speCial 
functions. There is B 11~rary of mathematical routines with 
q3PL-coITcatlble calling seauences evaile~le, lnclud1nq eIN, 
CCS, 'lido,)', Art'JUi, EXi?, LOG, LeG10, ano ranaom nurrter 
g~n@ratlonl t~is is descrlted in B se~ar~te document. 



c 

lhe ccnstructicn 

It <e~~ress1cn) DO • 
.. 
.. 

~LS!If (excression> CO, (0 or 
li'd.loiNE:'o) 

• 
• 
'" HiSE l:a.f 
.. 
.. 
, 

fU~ lH P', 

is le~el ~ith tne o~vious meaninq. Any seouence of 
statetl'ents x:elanc:eo IAlitn resr:ect 'to IF end EN1)lF' may arrear 
in r.l.e'lce of the acts. at: Course, Il' may be nested, .e.t,c.;;.e.r 
lJ.Ii.e .Q.t J,..Q.g.eD.taJ.:..1.c.o.1.Q aiJ:'tn.g.l.~ ':':.i,c.QJ.11.J;li.etl.o.ea.. 'rn e f 1 r. a 1 f LSI 
J1HlV .,~e emitted .. 

lhe construction 
fOR (fer clause> DO, 

• 
hr~D!:"CJ:.i , 

is also allowed. The arbitrary secu@nce of stetemente 
talancea wlth :rEscect to FOR and !NCFCR which 18 symbolized 
bY tne oots is eXEcute6 rece~tedly under control of the fer 
cl~use, whoee synt~x has t~ree forms: 

wh1cn C0US~S tht value of the first eXcr,ss1on to bP 
uIs11neo to the name and the second eXrresslon tested Eact 
time etcurd the leot. when the test tail$ (value of thp 
excre&~ion~O) retftit10n stoos. The ~8B~gnWent and test erp 
r. erfO!Hie('1 once tf:,fo:re the lCQf;,) 115 executeo, 

.. - --- -- _. ---·--··---·---·---·-c.-·---r--·------·---·--· . .-.--------.------ , -------
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<n!~.>~<eXPIeIS1on> LEY <ex~ress1on)J TO 
<expl:ess;lcn) 

w1tn the ObvioUB meHn1nq. If the ev is c~itted, an 
increment of 1 is assumed. Re~etitiQn continues until th~ 
value at tne name is greater then the to eXrression, unless 
t.he latter 1s s neqet1ve .I:.c.cat.a:U:, in wn1cb case .t.t 
contlnuE~ Yrt11 the name is less. A test 1s r@rforrr~r 
before the loce 11 exeouted for the first time. The sceciel 
c~eJses 

and 

ere reeoan1zeo end Qcm~iled more etf1ciently. 

1he slmilar construction 

~~IL! <ex~ress1on> DO, 
• 
• 
• 

1s alsc ~llowea. The bOdy of the 
receatedlv as long as evaluation of the 
true (nonzero) result. The ex~ressl0n 
before the laoe is entered for the first 

looe is exeeute~ 
exrressicn vlelo~ p 

is ev~lueteo cnc~ 

t:irne .. 

-- .~ .. - --- ---- ----~----------·-T-'-'--·-----··-----'---------·---- -,-.,--.--,---,-----------------.-------
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L1et1n~ ~AV te controlled witn the Itetero~ntl LI51 ~nd 
~lr::;;Ll:n, hi.ther rosy be foll'~wea bv SOURCE, corn;;, or BU1\k¥, 
~nd turns on or off toe scecified for~ of cut~ut. It 1s ~ct 
a goed ioe! to turn bln~ry out~ut on and off, since th1B 
\<rill in aeneral r:roouce i~n tlnloeaa:cl~ reElult. 

1wc st€c1al options concerning allooation of varietIes 
ere also eontlclled by NOLIST. HeLIST fREE ~111 prevent 
L~O'3 for uninit1alized sQeler. from eppe~r1nq on the 
essemtly-l~n~uage listinq, this may te useful if re-entrent 
prccrerrs ere desired. NaLlS! !X1EWNAL will cause undeclared 
var1erles to tl treated BS externali nor~allv they are 
tre~ted as errOIS and M~!Ce is ess1qned fer thero_ 

~CLtST PAGEt cuts the ccmc11er into a mode wh~re th~ 
code crocuced ter tailing e ~aged co1nter no lonqer assumes 
that the tlock 11es within ~ slngle pege. It is intende¢ 
for ~rcar~ms where the user i8 !llocating paged stor~~€ 
nima@lf without reqard to caqe boundar1el. 

INCLUDE "<fl1e name)", 

hea the ~ftect of ~lac1ng the entire contents of the ne~ed 
fil~ in the ~xc;ram et that pOint. This process may te 
nest , i.e. the file beinq insetted maY itaelf contain 
INCLUCEs. Note that since the file is inserted vertetlm, it 
should ~Qt end w1tn an EMt statement. 1hs INCLUDE feetYre i$ 
meant pr1rarilv for groups of ~rcgr~ms with cororocn 
declarations, 10 this end, the statement NOLIST INCLUD~ is 
prCV1CIC with tne tcllowina effect: if lt occurs in th~ 
oric1nal source tile, it has no effect, w~11e 1f it occurs 
in an INCLUDEd file, it terminates creeesline of thet tile. 
Thus n ~a1n ~rC9t~m could have the forro 

.. 

• ~OLIST INCLUDE, 

• 

• Irewa1nder of croara~) 

• 

-- ,- -- - -- - -- -----i-'-------'-------r--'----'--'---------'-'-'-'-'-,----------,-- -.---,------,-,-,--'-'-"-'----.---
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and ~ny sutrroqra~ COUld use its declarations cy I~CLUPtln~ 
it. 

will cau~. the newe to be outrut to OCt es the nrcgrem ne~ •• 
NO ~ore th~n one IDEN1 may lopelr in a ~rcgrem. 

i"e. 
A ~rcqr!m should te terminated by en E~~ stetem~nt, 

~ ~- -,---'~---:-'----'-'-------r-
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1hp tormat of e m~crc ~ef1nit1cn is: 

J).E.:,:LAl~E kLACFiO 
(na~e>«dumroles».<def1nit1cn>, 

where <name) is the name of tne mscro teine ~et1ned, 
(Q~mm1Re> 1s the list Qf d~mmv a~gu~ent nemes, and 
(definition> is the d~f1n1tion. (nAme) must be hitherto 
~nment1oned identifier. (dummies) may te an empty list, if 
,it 1$ nClt 1'i;)!T1):::ty, it is a sea\,lence of identifiers sepifu:f!teo 
by coromas. These identifiers serve only to lndic~te thp 
pl~ce ~1thlr the cefin1tlcn where actual arguments ere tc be 
sutstituterl: their use here does net conflict with their 
previcus or su~seouent ua~s for any purpose. lhe 
«(le:tlt1iticl"'l) is .a~~ se"uence ot taker-a (identlf1E;.tS, 
numbers, operators, character oonstants, or strine 
~onstf'~nts) !lQJ:_---1..l1.clllain-9.!\\I semlCQ.1Qn. It: need not te a. 
lege 1 $taten:ent, €!1oq;;ressicn, or an'\it~hin9 else" 

~ macro call lOOK! almost like a function call, 1.e~ 
has tne form <naue> I(at9Uments»), However, the <arqument~) 
are net reouireo to be legal expressions: they need only he 
seouenceR of tokens balanced with resrect to ~arenthe&e5, 
not Qontaining sen1colons, end delimited by commas wnich ere 
not enclosed in inner p~rentheses. for exaroele, ST~I~G 
XI~O), ~, end (h,e) ara leaal arguments. The effect of th. 
macro call is tnat the definition, with the actUAl 
erq~ments, re~laCBS tne cftll before any further crocessino 
is done on the Bt~tement. ~ macro call mey appear 8nVw~ere 
1n toe statement, not just 1!1!'lere 1:3 function call '110101.116 bf;' 
legal. Macros may cell otner maoros. If 11stinQ is heine 
(ione, stateri'lents \Ii 111 t:e listed .t:.e.t.cu l'!)ftoro sutst1 tutJ C1")s 

heve teen ~erfcrmedJ tnis 15 elsc t!~e when ~ statement 1$ 
11ste6 1n res(onse to ~n error. 

A word of ~~rn1nq for those eccustoroed to the ~~~F 
m~cro facility. Since SUbstitutions exe cerformed or the 
basia ct tokens ratner than characters, no SUbstitution 
occurs within cherctcter or string constants 1n the 
d@f1nition~, e.g. 

will net c~use a sutst1tutlon. Also, concetenation 1s 
aVll15tl~. Finolly, e~cn aummy dIQuruent has B narue of 
own ftnd the crc~er nuroCer of arguments must be suprlied 
~aoi'l call. 

1~c eXBm~lel of useful mB~rOs: 

not 
.1 t;~ 

f'~t 

,-----,-_ .. _-,- -.-- --'----·--------·-~·---"--·-·--·--r-
, 
; 



oauses 'lWe,lx+)') tc :te e01.l1velent to (X+'~) *2. :~ote that if 
the ~eflnitlon h~d teen simply X*2, then T~O(X+Y) would have 
teen eouivalent tc X+Y*2, Wh1ch is cresuroatly not what i~ 
Wl"lnt<~c: • 

- ----------·-----·-·-"------"-'-r-"-'---I----·-'-'--'---.--------.------.-------,-,---.. -.. -.---,-,,-,--,-,----.---,-,-.-------I 
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.a~.e.c.1.a J._ fJ,jl;Q.c.;.t.1.Q!./ . .s 

~he fallowing s~eCi!l functions ere a atan6ard cart of 
t~e 1~nqu8qe. Thev crovlde all th. built-in storeae 
allocation, strlna handling ~nd 1nnut-cutput facilities. If 
~ore ela4crate faCllitlel are recuired, recourse mav be had 
to m~oh1n.·langu~ge ro~tines. The necessary 11nkaces ere 
descr1te~ under tunct1an calls and declarations above, 

creates ~ tlcck of storage at the length Irecified bv the 
ex~ress1om l tut of at least two cells) and returns ~ 
pcln~er t¢ this bloCK as its value. In fect, one eytra cell 
1& aBslq~eo ty the system, the user s~ould Kee~ his hpnds 
Off ~hie tell which is the one before thp one cointea to by 
the veluenf the ~AKE function. An alternate form is 

M~~!(ex~reSSlcn>,<!rrBV naroe») 

wh1cn ~~s1an! the tlock out of the srecif1ed array, whlC~ 
must h!v~'teen ~lcperlv 1nitlallzed befo!ehend by a call of 

stTARRAY'(e~~r~ssion),<array nlm~», 

only tlccks of the size specified 1n the call of SETAh~A~ 
C1"m eta ~~sioned, in thi,;s we\Y. f~lcck/lt of: en\! sl:zt~ O(l1\"! t~~ 
~H~,'3l,r.'m~~CI ~~v '-1 SiJJ'r le fI.J.I:Ke' .. 

~o ellccate space on the drum the function PMAK~ anould 
be i/$eo .. ' It ,is eXi:H:tly like t1A1'<E, excet:"t~ the.t th<e SE'CCnCi 
~rq1..i.J\€:rlt,· if ~::re$ent, should be a caqed r~o1nter to ~r otje,ct 
ne~:r lJ.,l[Jit':.n the new S'Gl!oe shoulo be as;s19ne', 1f rO$sir-le .. 
Pro~!r u~@ of this feeture will greatly imrroye the 
effioi~nc~ wlth which caged objects arl eccessed. See tn~ 
~is~uss1on of the PAG~D decl~rat1on tor further information 
a:t::out, tbe, proy;;er \~se of addresses ottained f:r:01.1~ Pl'\,l\f{f. 

- - ~ - -,--.----,-.-,-,-,-.--~-,'--.-,--------,-,----~-----.. -
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F~~h«ex~ressiQn» or fR!E(ex~r~s$1on), 
<arIel\, name» 

where tteyelue of the expression 15 a ~o1nter to the blcck. 
The function h~s no me~n1ngful value. The storage ellocBtor 
will ~tt¢rn~t to coalesce freed blocks, ~ut since it oannot 
move tlo~ks around, it is ~csI1~le tc fraqment stCI8q~ 
[IOee less 1 '+' ty ,;,cquir inq and re leasinq t: lockflii ot: m!'\.nv 
different sizes in en indiscriminate manner. If the sy@teIT 
runs out ¢f ~~ace, it will ca~~la1n and Quit. Note that 

::'Cf'lu.iII!S *r~cj i'11r(,edlate~y releases i') block of four words, tt 
1s exactl~ equivalent to NOP (excEct fer timi~~). f~E! elso 
works fcrdxum scaee. 

10 c¢Cy one tlocK of storage into another one of ecual 
t.)E"e 

BeOPY(ex~ress1on>,<excresslQn» • 

The first excression 11 8 pOinter to th~ deetlnet1on, the 
secane to the soure.. these must te cointers ~cou1red mv 
rAKY (er t!refully fa~rlcated) since the length Of the bloOk 
1s 4eter~lned from the content! of the extre hidden ~or~ 
nroviced tv MA~E. The source blOCK must have teen created 
by ~ M~K~ with ! single eraument. If the source block does 
net have tne hiuden word, 

BCGP~«exrression>,<e~press1on>, 
(ex'C:r:ession» 

may be us~d, where the tnird argument sr~c1fie8 the "urrrer 
of words ~c co~y~ 



bl.J;;.:J~i.l!l .. .J.S~J-2L.1I.A .... J.\j.E.s ... .E~.i;r 

The ~!q1nq facilities crov1de a me~ns for the user to 
allocate and access a large lu~ to 2119 words) address 
IL1ce, tvcuffering carts of this address s~ece between cere 
8n~ OIU~ in f1xeo-slze ~ages. The user can s~ec1fY the reqe 
size, the.8mount cf core sQloe to ellocate for bufters 
(w~ich C~~ te changed dynamically during execution), end the 
11z~ of t~e ~ddress Boace, incividual cageS mav be locked 
into ecr4 for 8 time end later allowed to be IW8~~ad cut 
aamin, tht user's caged dati may te divided into e nuro~er of 
cateQcr1e$, whlCh allows more efficient allocation of arece 
~v crou~i~~ objects of the ~ftme category on the Ie me pSQe. 

At t~e time that INIT is called (see the INITIALIZE 
funct1cnln section 6), certain cells 1n the runtime ~re 
eXl'tn,tnec to deterxr'ine the setu~ of the r:'agin~ logic. 'n1( 
mHl'1(>~':j of· these cells ere @'ttt-:! .. declarea e:X~;ERl'iAL. 1.1'E;~"""-
cell ~fL ¢ontains tne cage s1ze as a po~eI of 2, which rrult 
be ~etwe.n ~ end 11. The oell NFG cent,1n. the size Qf th@ 
~es1~ed a~drels stace"s a mult1cle of 2tNPL: the size 
cannot e*ceed ~t19. If NPG contains a zero, 1t is aSBurred 
th~t no u •• will te ma~e of the caging logiC, ~nd any cells 
on It will Grcduce error com~ent.. T~e cell NPB conta1n~ 
the nurotet of cere tuffers to be ~rcv1ded. If 1t conteins 
0, 111 ,va11atle S~8ce will be used fer tuffer. The cell 
NPC contatns the highest category numter which will te used. 
The cell PM certains a positive numter if the direct drum 
aCC€l.l l)Ia~nj.neIV' B~d 124 .. 127, is to te used for starinc 
P81~~ aata, or a negative num~er if 8 rendo~ file celleo 
ISQPOfoTA late be ~sed, the former 11 scmewh~t rrcre 
effiCient

f
' especially 1£ tne address sceee 1s large, cut thp 

~atter ca. tA accessed ty other crograros via the ordinary 
flle R~ch n~ry whereas the formet oannot. 

A i@W ether cells are of interest. The cell peAT 1s 
e)('~.n'1nec whenever a 08.11 ismeoe t.O tlI7'LAl'tE. If it conta1N~ 1;'\ 

non-zero h~rrter, the new tlock will ~e allocated on a rage 
r~se:t::veG • fox: oete of tne de$l~mateo cate'1ox:v. If it 
cont~1nl ~ zerO, the new tlcck will be 5110cated on some 
conven1en~ cege without referenc~ to c~teqo~y. A cell ot 
PMAK with e valid dtum address as the second ~rqument takes 
~tecedanc~ over t~e setting of PCAT. 

l.,c~Ji ... _JJJilLpCl. 

A c~~e ~eV te lOCKed into core with 

.•. _ ..... __ ._-_._-[------------[ 



LCC¥(X) 

wne~e x 1s e arUlf address, th~ value 1$ t~e correBponoina 
oere ~cdless, w~ich 11 guar&nt~ec to terrain vql1d until thp 
nRqe 1. un!cckeo. the function 

wherJ A i$ B core address, stores the corresponding druw 
address ~n a cell called PADD~ and returns the old loc~ 
count (which 1s incre~ented by LeeK !nd decremented if 

I 

non-zero :Cy U~LCCK) ~s value, it is all riQht to unloc~ an 
unlockQO ~utfer. The cell NUP always contains the number of 
tufters w~1ch aIe net locked at the mcment. 

f~g~ tuft.xs ~re ~lloc!ted downwards (towatds 
lcw·numtet~d addresses) from the 1n1ti~1 settina of ~ cell 
celled PstCk~, the botto~ of the ~uffeI IIe~ is cut into tne 
cell ~AR~A~ ty the I~IT oterat1on. If the user wantF to 
reduce the amount of space available fer buffers, he may use 
BfUl(X), where x is a core address 1n a buffer. Tha bufter 
will ~~ r.turned to the ~OOl of S~ace ev!11ab18 to the corp 
a!lcc~tcr (MAKE). In, converse oneratien is ~GET(Xl, w~1oh 
restores tne tuffer for use by the ~ag1na logio. Note that 
the tutf~r area is defined at lNlt tlme (al tne NPP ~ 2t~Pl 
cells iust ~elcw (ESTORGJ - ZtWfL Bnd spur and BGET may onlv 
be usee on address in thlS ranqe. I~IT allooates apace Ut 
from ES10~G for tables for the dru~ allocator, le,v1nQ the 
first un~sed cell 1n SARkAY. Thus SAGRAY end [EA~~A~ 
br~cket th@ core not used ~y the ~a91na logic after end 
IN!!, ~htle BSICFG and !STO~G bracket the core ava11atle to 
it before an INll. 

------·----·-·-------·-·--·----·-----r---··-·---·---·--'-'--'--'-'-. -.-.--.--.--------.-.----.-.--.---.-.--------.---.--
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A sttlr1 is descrited ty B four word desarirtor which 
steclf1es tne teg1nnlng end end of a the aree assignee to 
the tttln$, the reader reinter, ana toe writer ~o1nter. the 
f\mcH:.1cn 

will ctt~1n • tlcck sClc1fie~ .1ze and set UP the descrictor 
pc1rted to ~V the string n~me to ~c1nt to th~t tlock. The 
neme ~ust elreadY contain a ~ointer to e descr1rtcr, if it 
cont~ins ~ 0 ~ runtime errer w!ll result. The alternate 
form 

stTUi(str1ng n8me),(size),<ex~r.ss1on» 

~111 roeke a descrictor which taints to the spec1fied nu~ter 
ot char!~ters startlng with the word tainted to by the 
.xpressio~. The storaQe allocator is not 1nvolked, it IF 
the ~roqt~~mer's res?ons1bl11ty to CIe~t. the descrictor), 
it 1s t~e crogremrrer's respons1bility to ensure that th~ 
proper amount of space is 1n fact ava11atle. 

Te set the reader ana writer ~o1nters of ~ string, UEe 

The tir $it e J<r;reSSlon sr.:eci fies the reedf'r r,:o.inter, th~ 
secane the writer tainter (~hlCh ~ust te oreater, 1f it is 
not, the reader is set eoual to the wr1t~r ~ointpt). 
Ch!racter. are numbered start1nQ at O. To set the reeder 
pOinter only, use 

To set the write! ~c1nter only, us~ 

'1'(') ot)taln tbe .1enQth of a st:rinq (wrj,ter: :::Jair'te:r:"rE'~{,ie:r. 
co1nter) IJ '!h; 

- --- - - -.- -·--··-·--·-·-·-·--·-----1·---------------.--.. -.-----.--.--.---.-.----.---.---.-.---.-.---.-.. -... 



C) 
~one of theB! tunct10ns exce~t LE~G1H has B meaningful 
val\H~. 

10 aet the next cnaracter from as str1nQ And incre~ent 
the reader ~olnter, use 

G(f L «narne») • 

If tnere is no next 
comm~nt e~d a halt. 

character, there will te an error 
to avoid this, use the alternate forro 

(see 01scUslcn of failure locations ~elcw). This convention 
1s 11so u$ed for the next five functions. 

reads ?l cl/~I ,~ctet fro!)' the end of the atT 1ng and decre~E':nts: 
the write~ rOinter. 

writes th~ character scec1fied 
strine 8~ecifled ty the name. 

ty the exrreas10n on the 
It feils 1f there is no room. 

wr1t~s t~~ character on the front of the strine, at tne 
loc8~lon of the reader reinter, and fails for the same 
reason. tneee functions heve the character wrltten as thei~ 
VI';', 1.',1$. 

APp!~D(name),(name») 

apcendS trte second strinq to the first ene. It fails if 
tnere 15 not enough room. It h~s no meaningful value. 

YlelJs the next character 
Bovnnce tne reader cointer. 
it tne stilnQ is ero~ty. 

of the string, but does not 
It never fails, but yielcs junk 



c) 

c· 

Hl€~ ~;q,;x;eSSl.C1"l A"b (wh~r;e A ano E ere' ;;t.r;ineJ nerJes) 
s1m~lY mcve! tM@ contents of B \~resumablv a pOinter to ~ 
des~rictoll into A. 10 oony the deseriptcT, the BeGFY 
f1JnCtj,cn '~~1·~Jht :ce use(), sj.nct;' strlnq oescrictors are 'just iJ, 

t'lOr.d :t; loclhH 

Ee sura to read the section en !COfY atcve. 
/'lit r J.1"l 0, U $l'!. 

Tna effect is that of SETSCB,O,O) follcwe6 ~y APPENU(9~ AI. 
SCOpy, li~e APFE~D~ fails 1f there is not enouqh room in B • 

.s.tJ:J. . .o.Q"'.tllJ~l:.e.x:_.c.o . .oll.eJ:.sJ..Qll .... .c.A1S ... .cSJll ... .c.w.s.c.sB 

To cq,nve.rt ,~ string S t() a X1U11iCer, write 

C$ (8). 

To convert a nurrcer N to a string S, write 

This conv~rts ~ 11qned number to its dectmel rtcresentlticn, 
prcduclnQi only enough diqits to accurately rerresent the 
number. dxtra arguments may be suc~lied which specify radix 
(10 assu~.d) end the numcer of oharecters in the strinq 
vers1~n I-lor tree forMat assumed). corresponoinq 
o~eraticn$ to! tloltinq coint numters erl 

c$ IS) 

af)() 

C (f~,Sl .. 

I __ ' __ '~~-'--'--'--'--'--'-"--'-'-'-"--'---"-'-'j----._. __ . __ , ___ .... ________ .. _ .. __ ,,_" ____ . __ ~ __ ._._.'_' ___ .. _,-----,--.. - .. --,.-.-,-.----.---'-.-
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A file 1s crenae tor 1nout with 

t~Fl~E(~ltr1nQ name>:<fa11y~e location». 

the str1n~ conteins thn full name of the £ilt_ 1h1& 
:f:unct;.icn • re',1uires the r:resence of €I fa.1..l,ure: J.aa.t.10.tl to 
which ccn1tOl transfers 1n the case the function fa111. Its 
vftlue 1s the file num0er. 

OInt ILE «name>, <exr.:reslilion) (: (hd 1 \Jre 
1 oc~t j,.on > J ) 

dees tne .~me thlng for output. The exrress10n is the 
option ware which aRS 16 takes 1n the A-re1. It will ce 
assuued t~ ta 0 1f net sUcplled. doth of these o~erat1cns 
leave In. the lecation FTYP~ the tv~e .ord returned ~y the 
BRB, in ~'se of failure, the error returned by the B~S Is in 
location ~~FH:n:; t 

10 adouire file names, use 

INNA~!(name>:<failure 10c8t1on») 

and 

OUTHAM!(name>:(fe11ure locet1on» 

Coth ct ~.I1:t)ich col>lect the nal'ne from the teletyv.,e ant] ".UJ:lQ.s 
,jJ;; t.c :'~a .sj;.tJ..o~ .s.,u.;;:;J..1.ea... .8 (;) t h t t ~ nsf: e:r. tot.h e ~ j, v tH" 
locetion in the event of failure, ~~d have the ter~inat1ng 
~hardcter ~s value, 

C4CSE«ex~ression>1 • 

The excre$s1on's value shoulJ be toe f11@ number. To close 
a.ll tj.ll:~~~ (~O 

C~OSALL ( ) , 



( 

10 re~o a character, use 

ClJI<ex~ression» f 

Tne value .ot the ex~re!s1on shou16 te the file numbet. This 
1;;unct.lcn isirocly does 1;1 CLO~ Its value is the ctH\recte:r 
read. 10wlite! cnar~cter, use 

'ile 1 is ~ssume6 if not sgec1f1ed. 
char~cter ~r1tten 8S !rgu~ent. 
word, ~se ~IN and wcur 1n exactly 

This function has th~ 
To r~ed an1 write a full 

the sa~e way_ To write e 
str lnO, '..Hl:~; 

CiLf«ex~ress1on)[,<f11e)]1 , 

1he .xcre$s1on srecifies how m~ny should te written. 

oeci~!l r4dlx 1s assuoo@d. TO write I nu~ter, use 

H~!jlJ «exr.:x:esSli'lr») • 

~xtI~ aroU~ents, 1n order, ere the file 11 ~.sumed), the 
radix 110 assu~ed) and tne numter of ch~recteIs to t~ 
written (-lor free tcrmat asaumed). Characters er~ 
a1scatde~ from tne left, thA numter is filled out on the 
left w1thclAnks. A sign 11 sup~11ed 1f the number 18 
neQst!ve. Corres~ond1n9 co.rations for flcBti~q coint 
n\Jroi::~rf:l 8J);(~ 

_ .. _,_. ____ ~ __ ,._,'t_.-.---.-.------,-... ---.. -,-.. '-'-'--'.--.-.-.---.--,-,--.-.------,-.-----.--,--.----------~'-.--
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RC01 «exctess1cn>,<file)(,<farmet)]) 

fer ~loat1ng outcut. The format word 1s excl~1ned in ~-21: 
it it i~ croitteu, it will te taken as zero, 1~ad1na to free 
forrl' :'\.t Qut ~:;ut. 

... ----.- -.-- -·-·----·-·-·--·-·--·---1-·---·-.. -------·---·-------·-· 



1WO tuncticns are Qrovlded fot ccnvert1nq cet~een 
inteqet and floating ;oint. to oonvert a floating toint 
nunu.er to ('In inteqe:r: t''l trunCetior:, "lse 

To c~nvert to an integer ty rounding, lJ,e FIX(X+O.5). To 
convert ~" lnteger to floatina ~cint, USI 

1her~ ~re tnree srgumentless s~eo1!1 tunot1ona of 
qeneral interest. INl~IALIZ~() 1nitle11zesthe QSPL stcraqe 
allocator~ tak1n? all the seaee tetween the contents of 
~6TO~G and the end at core fer itself. 

The comcilar ~rov1des an INITIALIZE es th@ first 
1nstructi~n of the user's ~rogrlm. If the Qrogram starts 
so~ewhereQtheI then at the ceg1nn1ng and does not begin 
with an t~ITIALIZE, tne user may say CALL- INIT,U to DCT 
ceto~e etert1ng the program. Failing this, there will be ! 
disester ~s soon as the ~rcgr~m calls on ~nv runtime 
feat\J:r e. 

Tne Qther two tunQtions are 

HAt'!(), 

which nelts, and 

rqI'r(), 

whicn jee. a BR~ 10. The compiler generates a B~S 10 
ButO~8t1c~11V at the end of every crcgrarr. 

--- --·--------·------'---'-----r---'----------------"-'----.-----.----,----,-,----- -,-,.-._.---



10 execute e B~S, do BRS(N,A,S,X) whieh sats u~ the A, 
h, ~nQ X reqisters end does the B~S numtered N. Trailina 
I!1I'H.Flentsl!a)l J:e omitted, ariel the ad jac~nt conn]! s rn,:W :t:E'" 
used it one of the registers does net ne~d to ~~ set UC. If 
the d~S 1. ex~ected to s~ip, a fa1lure location may te used, 
which ~11~ ce used 1t the ~RS does net sMlp. The va~UF of 
BRS 1S t~1 contents of A when the B~S returns: the 
reqilters· may ce saved by 8 sHye lilt as for ordinery 
i::unC'tlon <!"Jlls. 

B, X) .. conventions 

Artitrary mech1ne instructions m~y be qeneratad with 
POP(Qf, N~ A,B,X). This worKs 11ke BRS end SBRr except that 
the o~ecde is the value at MP, which mu~t be a constent. 
Tnus, d~S(31,X) and POP(5738,31,X) are eou1valent. 

i 

I 
. 1 

I ... ___ ._- __ -.-.. -.--.- -.- .. -.-.- _ - .. - _ .-.-.• - -1-.----.-.. ---.-·--··-.--·----·--·---··-·- --- -.--.-.-.----.. --.. -.-.-.-.-.. --.-.- ---.-.--- ---- _. 
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~ eroaIam 1B coro~11ec with following set of tty 
i,\'! (; t 1 l;;m:; : 

(~q:SPL • 
7/14/69 tthe date of the last CSPL ess~mtlv] 
SOUkCE !ILE: <file name) (terminating ch~recter) 

[tne terminating character 1s either "." - ~SFume 
6ef~~lt file for BI~ARY ana LISTING, or "," or "," -
ceITa~Q furtner file names] 

BINAriY fIL~: <file nama) (terminatlng ch!racter) 
[defo~lt is NOTHI~G] 

LISTING FiLE: (file name). [def~ult 11 NOTH!~G] 

'1 til:'; 'I UcR ~s If IJces not a~::;t'ear .1f there were no errors. 
'~rtle rnm~~e:rs prlnted Ol,Jt in the COlnf:ilati.on surnmary have the 
~ollow1nas1gn1flc'nce: 

n~~ter of symbol table cells remeininq at end Qf 
c~~cil~t1cn. The By~tol tatle hal about 4900 cells. 
SYh1COls ta.k.e :5 cells, o(mstants teJ~e 4 cells. 

L:n~ nUNt~r of literals (constants) in the literal tatle. 

(n J) , 

1:04, 

T~ia includes constants ectually written in the 
ctoqram, temcorary and flnll values of oonstant 
e~~r~ss1ons, 1nd otner co~c11er.gener~ted conltent5 
such as field rossks. 

nvwter of literals whioh were never referenced 1n an 
inst:.t:\,Jct,;tcn. 

n5, n~mter of lndlrect cells generated fOt arrays and 
f\Jilctions" 

~ot'!l i1\.,lrllber 
O'E$neridtet,'l. 

of cells 

s~allest amount of svmbol tacle spIce encounterec at 
Rnv Go1nt dUIlnq comol1ation. This numcer is smaller 
tridn the "A" numcer cy rouqhly the numc~r of token. 
in toe longest Bt~tement in the crogr~m. It 1m th@ 
beRt roeasure of now close you ~re to overflow1nc 
o;:f;H:'s syrrcol ·table. 

------·--------------·--·-------·---'---·---r--·---------.-.---.--.-----.----.------.--.. -.-.-.-.-------.-.-.---.---.-.--------.-.--
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l.\ .;wr,; l-ilY stell' C~ 1l €ij (I RU :'-1 contains the 'JSl?t runt1rl!~.i\ ~ 
en called, it ~uts the runtime code into rBQe 7, 

read-onlv~ and 1n1tlallzes the ~cP trenster vector in rage 
o. It l~BveS,F set after its storage and converts ltRelf 
lnto tOT. Dumcs and continues may be cerfcrmed exactly IS 
thouqh it were DC1. Tne user may set u~ SARRAY to the first 
unused cell oafe!e callina IwIT: otherwise, SA~RAY qat, set 
to loot bevcnd tne last non-zero word ef the progra~. 



/ 

A ~S~L strine aescr1rtor consists of four words, e.c~ 
of 4hich is a oharacter p~inter ,3* word ~ddress + 0, 1 or 
;~, . 
I~L\r1ey art:: 

cClnter tc character before flrst ~hBracter of _race 
allcc~teo to str1nn. 

I8Mder pointer for ~trinq. 
writer cointer fer string. 
COlnter to l!st oharnctdt of srace allocated to string. 

ISO cre8t~s such ! descriptor. RSC, R8~ ANn R!~ set reeder 
end writer tcinters. Characters are countea frorr O. kC~ 
re!o~ thp ch~r~cters cetween rBadet and writer palnter, WC~ 
wxlt@s characters between writer anc end cointers. ~CP 
Re!cs cn~~acters tetween writer and reader cointers. WCb 
writes charscters tetween reeder Ind teo1nn1na pointers. A 
varl-dtle (~!:;clare6 STRING m1J!t contain the ACid • .es:i of ~ 
~escrlcton ~hen It 1s used in a string oreretion. 

)\ V~ l,id dr\.Hi! ~Jdd:res$ !HH:i bi,t J off !!:ind b1 t 4 on, r: 1 t~ 
0-2 ere lpnOIed and tits 6-23 corogris@ the actual virtuel 
address. CEA end eEL ~re use6 to translate such ~ddresses 
lnto corp addresses into core addresses, it the desired rftqe 
15 not in.core, it is xead in (whlch usually 1nvolve~ 
wr lt1nq (jl1Jt SCI;:!? otner P!9€:). Cr.i\S and CE I S do t.he SSll:le, 

exectt th~t they else set a flag 6510clsted with the buffer 
to ensure th~t tne ~age will te rewritten on the drum before 
a ne~ one is brought lnto the ~ufteI • 

.c.Q.t.e_S:. • .c.~.w.e_Jl..l.l,Q.c4~J.C.Q 

A tl¢ck allocated bV a (fixed) errav decl~ration Or ty 
a sinalP. erQupent cell of rlAK! contaln~ one ~ore word than 
wes renwe$ted ty the user. The extra wort, which is tne cnp 



Runtime Dtteilsec~eno1x A41 

1~me~iat@lY cree€ding tne zeroth word of the tlock, contains 
tte ~~~41'lenoth of tno block, inclu6ina the extra word. 
The tOG two blts ere used tv th~ storage alloc~tcr: 

tit C is C~ if the ~loc~ is free. 

tlt 1 is en it tne next lower tlock is free, 
Hlocy;;s all\~cated ty a two ... a!'()\Jment call e£: JI'!A10~ de.tLQ.t bavE: 
ht1s extre ~ord. 

!\r1 a:o:ey telng used fOr storaqe a 1) oceti:'T! (;L. e. emf) 
set u; hv SETA~~AY, or tne SAR~AY array) has th~ follo~1nq 
fcrrn: 

~.cJ;Q,,*--------_____ .c.Q.o.t.e . .t:l.:t:.a 

-1 Length + flag bits. see etcve 

o Eeed size, Or 0 fer an array which ~llQc~te~ 
veriatle sizad te"cs lor tleck.). 

1 Aocress of routine to call When trpe space ip 
exheysted. this word roBV be .at bv the 
~Ioara~roer. The svstero does a CALL* threuoh it 

~ ~c1nter to master free list (or just to tree 
list fer arrays allocating fixec size blOCks). 

J ~ree BeBee to ~e allccat~d, 

1hc free list tor a fixe6 block size 8rr~v st~rts at 
the seco~d WOrc of the array, is linked through tne f1ret 
wor~ of e~cn free blOCK, an1 terminates with 8 zero. 

lne m~ster free list fOr! variatle 
uses ene rlock for e~ch clock size. 
t: 1 OC:!'; llJre \.45eO. 

-1 Length + flag tits. 

C"l:rraY. 

tloc~ size mrr!y 
Three words of this 

1 Pointer to s~ave-fee lilt for this blOCk 
pd.ze. 

~ ~c1nter to next tlock en maste~ free list. 

The ~locks cn a s18ve-free list are ell of the same 
Slze. 1wtt words of each are used. 



Runtime CetailsftPpen1i~ A42 

-1 Length + flag tits, 

o ~ack peinter on slave-free list. 

1 forward ~ointer on slave-free list, or o. 

1ne l~st entry on tne ffi8ster tree list may be fer block 
size~. In thll case the thlrd word 11 not ~veilacle, tut 
1t 18 net needeo, since the master free list 18 sotted ~y 
decreaslnq tlcc~ size, and the tne smallest ~css1ble blcck 
~lze 113 2~ 



C .. J 

tit or; rrfH:'T"'!ej:;f"I.1C m(;I'HiS tilett ell centr1:!ll :r~(;fjsters not \.lser; tc 
return re$ults ere destroYed. 

• en mnem¢l11C means thet all central registers ere clear~d. 

loa CALL ~unction call. lne definjt10n is just 4RU* 
o. ~nus '(A,~) com=iles lDA A, LDB B, 
CALL- r. 

101 + N5C ~uroeric to string conversion. (0)::: 
cr1g1nal int~qer, (A) = string Qescrirticn 
<::dcress, on ;;; reei);', (x) ::: nurr.ber of 
characters to write (-1 means free format). 
CNS(A,$) compl1es LOA St LOB =10, LOX :::-1: 

102 

103 

104 

107 

NdC A. 

frint string stert1nq at ~ on teletYre with 
b~S 34. Not output ty corr~11er. 

Cuteut integer to f11e. tAl::: file number, 
( ), (Bl, (X) as for NSe.. rO!Fr(A,~',R,G) 
comciles LDA FJ LeE F, LDX G, FlO A. 

h!un'tlit:Je error. Q (tl,Q,t (Q l) 1s ttH! error 
r:ur(i:;er. 

F.<eed ch~ractel', no root1on. (Q) == $tr In{, 
o8sorictor address. Reads the oharacter 
following the one audressed tv the 
d!aorictor to A. Tne deSc!1~tor is not 
changed. GO(S) ooroc11es ~c~ s. 

~e~d character from strine. (0) = strin~ 
desorictor address. Re~d. the oharacter 
follcwing th~ one addressed tv the 
descricter into A, increments the 
cescrictor to cOint to the character. Skir 
it str1nQ is not eructv. GOlIS:') comc11es 
k~CS S, f:l,RU,* ?'. 

~rite Character (0) en string (~). See 
~ce, tut writes character from Q. SkiP 1f 
arloe l~ft in str1n~. ~CI(C,S:') corociles 
LeA s, ~cs c, BRU* P. 



110 

111 

112 

:1.1. :3 

114 c) 
115 

116 

11'1 

Runtime Deta11satpendix A44 

~eed character backwatcs. 
reeds tne cnaraeter which 
wt1tten by th. last wes. 
~C;B ~j, bRLJ* b'" 

~ee Res, t~ut 
wetJ ld have teen 
GCD(S::f) oO'lljpl.les 

~~1te ohar~cter b!C~W6rds. See ~cs tyt 
wIites (U) into the strina se t~et it will 
te reaa by a tollcwlnq HOE. WCDIO,S:~) 
corrcile. LOA S, WeB 0, BRU. F. 

~eset string descrictar. (0) = Itrin~ 
cescrittor address, fA) :: character numter 
to set re(,1d co inter to, (.\J) :: cnarect~!r 
nurcer to set write cOinter to. S~TA(S,H, 
01 com~11es LUA p, LOB W, RSD S. 

LenQth of strinq. (QJ:: strlnQ descriptor 
aOdress. Numcer cf cherecterl cetween Cas~ 
and wIlte pOinters I.ie. nu~ter of 
characters of u$efUi information) returnee 
in A. r.LENGTH(SI Com~1les LNG Sf STA T. 

~eset strlng read ~o1nter. Saro~ as RS0 ter 
read pOinter only. SE1~(e,~) comriles LLA 
~, ~SJi( is,, 

Reset string write ccinter. S~mp as QbR 
:tor write rointer. SE'l'W U;:"j;ld campi,les !.iDA 
'f1,RSW .,.\ 
E&tatllsh string constant. (OJ es fct 1St. 
rne ~ord after the ~sc conte ins a charaoter 
count, the followinG words the oharacter. 
rec~ed 3/wcrd. The strine descriptor is 
set to coint to this str1~g end contrel 
returns to the word follo~lnq tne last wore 
at tne atrinq. ~.«ABCD" eomc11!B ESC S, 
tATA " ASC ~.ABCC. 

ccro~ute effective address fer ~~ge~ otject. 
I~) = drum address. cere address of ob)ect 
returnee in X. A ~re$erv~~, B destroyed. 
lh! va~1c1ty of tne core ~ddress is 
guaranteed only until tne next oeged 
storage POP. Use C~AS if otjeot is to ~e 
mCd1fied~ A+P.X com~11es CEA p, LOA X,~; 
b'Ll1 A. 

--------------------
I 
I 

'I 

_._l 



120 

121 

122 

l23 

125 

co~cute effeotive address, indexed. ~Bme 
BS CEA exoept that (A) is ad~ed to (01 to 
get drum aadress. Use eElS if otject 18 to 
ce mcolfied. A+P[IJ ccrop11es LOX I, eEl P, 
LDA (),2, S'fA i'\. 

COIDcute effective address for aoove. S~~~ 
as O~A, but for stOtlng into ob1ect. P.X+~ 
ccrr~ile8 LOA AJ C!AS f~ eTA X,2. 

com~ute effective address, indexed into 
array. PlIl+A coro~iles LtA A, LOX J, CEI~ 
F, 131)1 0,2. 

8ecu;r,Slve call entr'l. C ('0''= (0») qJ.ves 
nu~ter Of celLs to el~ocate on .tack tor 
arguments and SAVEd variatles. ~EcUpaIVE 
~UNCTI00 F(X,Y), SAVE Z ccm~iles STA 
~!CRG1' LOA 0, ReAL 3, LD~ I, 5TA 2,2, LeA 
y, STA 3,2, LDA Z, STA 4,2, LOA NECRG1J 81h 
X, S'l B ):'. 

FecurslYe fun~t1on exit. ~e~oves tlocK trorr 
stack and ret~rns. 

toutle X register. Used fer floatina ro1nt 
arrays. If A 15 e RfAL AR~AY, t~en e+ALIl 
com~i!es LOX 1, ~BLX1 LC~. Ar STP B • 

.keel outr,:: l.Jt. Ie), (Q+1) is the rnmber. (A) ;; 
:t;.11e, un := :eormat .. RCU'l"If<dJ,q) comr11'!.Hl 
LC~ NJ LDB 0, POUT ~ .. 

convert reel to strlng. (e), (0+1) is thl 
nurrter. (A) = string descrittor addIelS, 
(B) = torwat. CRS(~,S,C) cornr11ls LOA a, 
LDE 0; CRS fie 

!~--------------'-'----'-"-'-----I--'-'---'-'-'~--'----.--,---.-,---.-.-.-,-.----.--.--.--.. --.---.----.-.---.-.----.---
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l' 

41.1) 
]~PPI~ J,,; 

APPAx 
bCfJPt 
t~GE'1 
BINj\i'<:Y 
BHH 
Bi~S 

8):' 

CHI 
CLO;:;;(~; 

01·01:;; f\l..,L 
CC)!)t': 

O~:~ 
LH:, C l, ;i l:< E 

ELb)~n 
Ef\ 1) 

E:t,l)FtlF 
et'lJ) 1 r 
E,!, 'l'fd 
EOf« 
bXIT 

PiXEL)) 
~jXF:~; 

Ffi,Abl\ 
,~'CJH 

fl'r x 

f,(eserved Words 

FREt; 
1:"1:<:0:1'; 
i"sHH''1' 
FUN(:TH.l1'J 
GC 
(~Cf) 

t,~c I 
'~W'Ia 
HALT 
tDeN!):' 
H' 
UN 
J NCLUD1~ 
XNFILff; 
U~IT!A1JIZE 
INNt.rH~ 
1 NT F,:C3'11;i~ 
LOll~ 
l~CY 
LENG'!''H 
LIN~ 
l~I s'r 
LtlC.AL 
LGCH 

rJACRO 
.A,KF 

"tOr. 
~~ wt. 19'1:' 
t)cn 
OH 
CU'TF'ILi\; 

.I,'LO.J:I! 
1 r~ 

[.;01.1':[ 

OOT}:,,!\l'j! 
P.'A (3E<~D 
fiJ,\ RH1Fnft~ 
J?P'T .. lJSH 
I?Mf,\10! 
POl" 
f<CY 
·~E.:4L 

Hl':.=U PB IVY!; 
Rr:TUx~~ 
RSH 
SAVE; 
S f.i .~ Ji 
SOrJF"t 
SF/flCHRAY 
SE'tF<' 
SrTS 
SE'rUp 
SET;", 
SC.HJPCE 
sourr 
S R ~1'I'tJ R N 
S1':~rNG 

TO 
UNLOCl< 
weD 

WB0:PE. 
'WHU .. ~~ 
w I iiI 

wOUT 

-- - - _. -- -- -- -.- ---.-.-.-.-- -,.- ----r--·---·---·---··--·-·-·-·-·-------·--·----~··----------.------.----.-.. -.. -.-
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EXTK~NAl SYMBOLSIPPEhCIX 047 

atano~rd External symtols 

tAhRAY Last word not used for ~Bqe b~ffers or tatles 
aft(:r IlU r. 

ERR08 ~rIoI codes left here ty INFILF and OUTPILf. 

ES!ORG Last word of storage !vailetle to INIT. 

fTYP~ File tv~e left here by INfltE end CUTPIL~. 

~p Nuwter of core butfers for ~eginB. 0 = all 
~val1acle seeee. 

N9c Desired size of 6ruro address s~ac.(2tNPL)_ 
NFG<=2f(1;~NPL). 0 = ~eq1nc will not te 
US€() • 

NFL Page size as ~ower of 2. a<=NFt<=11. 

~frDD~ Drum address of unloc~ed caoe. 

PC~J category to he used by PMAKP. 0 = don't 
coate. 

)=0= use )RH for ~ag1nc logic. 4d7; use file 
ISQFDA1A. 4B7.F: use file no. F. Any ot 
~tcve + 287: recover old state from fila. 

SARRAY Address of second word net usea for ~age 
tUffers or tables after INIT. 

>- --- -.- - - - -.-- .-.-.-.--.- - -- _ .. - -·-·--1-.-·-.------ -.- ----.-- -.------.- --.--.-.-----~--.--.-.-.-.--.------.---.----.--.--. 
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BNF svntexappenCix S48 

~'>t~)'I'f\ {~ t1-'1 

BNF Syntax of QSFL 

<x~hr) :;; <xtorx> [~H!R~ <xtcrx)l, 

<xfcrx> :;; (xcond) $(FO~ <XfOIC) I ~hILf <xwh11c») J 

(xfcrc> :;; (ijent1fler) ('= I '~J (xccnd) ([ " <xcono)l 
VMI~! <xeend) I [BY <xccn6)l TO <xoon~», 

(xwhile> = (xccnd), 

(xend> = <xnct> ~((ANO I EOR) (xnct»), 

(x~od> = (xodd) $(MOC (xedd»), 

<xmul> :;; (xSlqn) ~(('. I 'I I LSH I RSH I Ley I ROY) 
(xs1qn>l, 

<~Slqn) = [1+ I I~ I GOTOl <xtail) I (SFTUAN I SRETU~~I 
(>lsgn17>, 

<XS1n11) :;; «xcr) " (xor) " (XCI) I <xcr> " <xor) I <~or)] 
l~FCj1 ()(tail)], 

<xfct) :;; <xteil) [' ( <xl~cn) '} J , 

C<:f;CI'D:;; [(f:'XJ:;r> SI', <expr»)) (': [(failure)] [I: 
l(i(jem:.:l..f.ier)! $ (I, r(idE'r:ti.f1er)J) J, 

<fa11u~e) :;; (identifier) I (RETURN I SF!~URN) [(xor)]; 



l) 

(:.! 

I 

<xcriro> ::: '( <expr) ') I (lec) I <xst> I <1dentifer) I 
<constant>, 

<lsC) ::: '" ~i<rSC1'l> ''', 

<~ach) ::: '& (1& I " I '" I <letter) I <oot~l) (octal> 
(octal» I (othercher), 

<~onst~nt) ~ (octal> S(octal) B l(d1qlt)] I (rl1q1t) $(~i~it) [D 
(digit)]] I (charcon>, 

(irlentlter) = (letter> ~(letter) I (digit»), 

<CflarCOr'j)::: " <;;sc.tl) [(r;:;sch> r<r.:scn)J] '1 1 

<cctl'll'> ::: 10 I 11 I ',2 I ':3 I '4 I '5 I 16 I "71 

<lett~:rr> :: '11 I ••• I '21, 

(cthaIchar> = <any character other than t&, ", or '''), 
I \. i. 

(stet) ::: (t£CLA~~ (xaeo) '~~EC~~SIVE (function> <xfcr) I 
I I :: '; <: 1: \,1 n c: t 1 0 n ) < x :t d n > I L! S 'I < lis t ~ r: > I hi 0 LIS 'I 
(' . (nclistcp) / ~NC I IC!~l <1oent1~ier) I ~c~ 

<xforc) DC I WHILE (xwhilc) DO I ELSE DO I 
tbl.: I f I I 'NeL tJLlE <1se> / <ex!;:r» I, I [':~ J 
<loentl.tier> I: , 

(function> = PUNCTIO~ I FNT~Y, 

<llstoC> = SCU~Cf I BI~ARY I COOE, 

(noliston) = <lieto~) I F~E~ I !X~!~hAL I LOCAL I PAGED I 
It'iCL.UDJ:!: , 

(foec;:) == [I $1 (lcil:mtj,fier> I ( [(vtl,ist>J '), 

(qr~fd)::: ~IINr~G!p I STRING I AR~A' I PAGED I AL) 
<identifier), 

<token> = <iac) / (identifier) I (constant) I (c~ar~>, 

I ~ ________ . _. _____ ._._,, _______ "_'_' __ 1_ ----,-.--.--- -.. ".,,-.---.-----__ . ___ ._. __ ...l._. __ ._._ - -'-'-'---'-"-- -.- --.-.-.------
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<Xmd) = (1centitler) [I ( l<1dent1f1er) $\', (identifier»)] 
I) 1 It- S(tok~n>, 

(t;j.elaoJC!(i') = <icenti:!::ier> '( (icon> [': (icon) " <icon>] ') J 

(parade¢) = ['$j (identifier) I. (ieer>, 

(lcoo> = <eXrr which ev~luates to 8 constant>, 

'-'-'.- .--.. ----.--.--------.---r--.---,. 



l) 

blnary, H 
tlr::f!!V, ~~ 

() (t'Ul"Iction c'!lls), 6 

+, 
t;j.narv, is 

+ , 
·I.m~!v r e 

'"', 
C.ltHit'y, :5 

'" , 
IJf;:n;V, ::$ 

• (t.:li ,U.n9 ), ." 

< I b 
(=, '" 

>, :) 
> =, :5 

AND, :5 
,J.\FPf'",\lr,3l 

BCCl?Y, 27, 32 
,;b;S, 37 

(::!IN, 34 
t~LOSf\t,L, 3 ~~ 
Cl,O~~!:, 33 
eNS, 3:2 
ceUl. 34 
OS:L'f, 34 
ChS, 3:2 

CStJ t J~; 
CSl-i, 32 

DC, b 

,t;C"f<', 5 
EFiROFi, 33 
E,XIT, 36 

Fl.X, 36 
FLOAT, 36 
FeR, 

c::cmstru~t, 20 
Ctieri"ltoI, .3 

F.'~~~.E:, 26 
F'! Y l? 1';:, 3 3 

GC, 31 
GCLl, 31 
GC I, 31 
GCTO, 5 

BALl, 36 

H, 
cOr:str\l~t" 20 
or.:erator:, 3 

l!~, 34 
INr:r:L~:, 3~ 
INxrlIALIZ,r, 36 
INNA.!~P;, 3~ 
ICta, 34 

Ley, 1:) 

LENI;;TH, 31) 
LOCr:, ~8 
LSB, 5 

~'lAj<,Jf, :2 6 
X'ICD, !l 

()~, 4. 
OUTFU.f, 33 
OU'lNAt'lE, :~3 

P.M A 1< e' , 2 6 
:pcp, 37 



c 
~(;Y, 0 
.~~.Tlil,r·, ~ 

kIN, .3'~ 
t<UU1, 34 
RSbl, 6 

S!:HHi, 37 
8COF'l, 32 

'IJ\Kf<,~Y, 46 
8E'l'P, 30 
Sf'l'b, 30 
Sf'flJP, 30 
Sf If\ ,~ 0 

UT, .34 

\~ C I), ::. t 
\'JeI, 31 
\11 Ii EJ;i 1:'; , ;, 

"~hlt~:, J 
l~H H,~J cons.t:r,:1,Jct, Z!J 
WIN, :~4 
WCl)'j', . .J~ 

aodlt1cn dceretor, ~ 
a~~&nC1X A, ar~e~dlx A40 
~ss1~nment acerater, 4 

tr~nch o~.retot, 5 

ch"r~cter constants, 9 
CC7nr::.l.llilJ::, 3B 
oonS~Bnt ex~ress1cns, 11 
control st~tements, 20, 

tCH, :;:;0 
If', 20 
iAi14ILc., 2,.(1 

cvcl~~ o~,'e:U."lt\)rs, 5 

decl~r!t1qns, 12, 
eC1J.J,velence, l~ 
:tli;lU:, ~;; 
in.lti~~lj,zed, 14 
t:~qe(~, l,.~ 

r.c:nWf~t(H:, 15 
st,rirH.l, ).3 

sYITit:cls. H1 
division cperator, 5 

eQu~l rel~tion, 5 
eauivalence 

declarations, 16 
exotessiorls, .3 

tielo, 
declarations, 15 

:f1elris, 
word ccerator. 8 

file-neming functions, 33 
t11~~t!1, 

CLCSAlL, 33 
C!"CSf, :~3 
B;f-<FiO~', :33 
j?'rY PE., .~.:.; 

INP'ILE,33 
I NAl'lE, 33 
ChJ1r'IL£:'~ 33 
OlJrt't\iAJ'1E;,33 

tloltin; roint nuroters, 19 
:t;unet1ons, lIS, 

EXIT, .3~ 
hAt:r, 36 
Ldl'IAL!ZE,36 
c,'l!lls, 6 
C'if!finl t:i.on, hi 
1.;1 leoonatf'l.ng, :,3 
r~:l!c\Jrs1ve, 17 
return o~er~tor, 5 
scecial, 26 

greater t~an eoual 
relation, 0 

~reater than relation, 5 

1na1rect1cn acerater, 8 
inr.nJt/outr;ut, 

ell'l, 34 
(:r:H.l'I, 34 
CbiLl", 34 
llN, 34 
H.1'UT, ~~4 
fill'l, 34 
80 1)'1', . 34 
[;::;(;JU1', 34 
wnJ , 34 
~!IJUfr, 34 

'- ---- --- ---'-.-.---.-------------r- ---------.----.----.--- ---



la:C~j,s, 
dechn~at.1on, 11::1 

left cycle c~etetcr, b 
left shift c~er~tcr, 5 
less than ecual relatlon, 5 
less tnan relatlcn, b 
lCHuca:L l!\,~:iij, 0 
lcq1cel exclu~lve or, 5 
lOi.:U,Qi91 nQt, 5 
1 (VU.ca 1 Olf, .4 

macro facility, 24 
mult1~11cl~1on ccerator, 5 

nl'.~(lIi;), ~ 

not e~u.l relaticn, b 
m,.lmb!~rs , 

"6 rr:ima.r les, <;;; 

tr,; strirtJ.c;s, 32 

rea1n9 f~Cl11tv, 79, 
I ~~ f l;t\ T ,~, :a 8 
LCh)h, nt, 
NF:"~, 2~ 

NP\~, ;2,8 
PCAT, ~d 
PI", 21;j 
1) ~i J,,; C Cl\, .~Hl 

deol~ratlcns, 13 
para,Tie'tfi,::r$ t 1 b 
~;:r;:Ln~l!lries, 'ii, 

chaI~cter constants, 9 
constant excresslons, 11 
nennes, 9 
n'lH1t~rs, 9 
reserved words, 9 
strinQ constants, 10 

r (2 a 1 t1\J tl, k:; €l :r: s, 19 
recurS1V~ tunctlcna, 17 
reference c~er!tcI, 8 
relations, :5 
r~mlin~er o~eratcr, 5 
res~rved "lards, 

as ~::r; imaI iel, 9 
rlqht cycle o~eretor, ! 
r1ght shift Qpetator, ~ 
runtime, 8r~endlx A39 

Iunt1me 
details, ar;en~lx Ate 

shift c~er8tcrs_ 6 
st8te1ilent~1 

mlscell.neoul, 22 
storage allocation, 

BeeFY, ~'7 
p' Fd:: t; , ,,~ e 
~lAKE, :U 
P,~)i-\ j\E, ? 6 
SEl}\R~AY, 26 

str1ng/mJ1fber 
conversion, 32 

st:r:lnqs, 
Al?PE}~L, 31 
Beepy, ';:2 
Ct~S, 32 
C.fI'S, :32 
CSN, 3:;: 
C~P, 3~; 
(lC, 31 
GOt:, 3' 
Ge I, 31 
Li:;,NG'lB, 30 
SeCf'x, 32. 
Se'lFi, 30 
be:'l'S,3n 
S~TU1?, ~O 
r:3K:nl1, 31', 

~JCD, 31 
1-(;1, 31 
cQnstants as 

rr1me:r:1es, 10 
declarations, 13 
movinq, 32 
strlnQ descrictors, 30 
to nurn:;~:r:s:, 32 

str1ng defcri~tors, 30 
str.inq handlj,n9 

itmct1ons, ;;~) 
str1ng rocvin;, 32 
sU:CscriJ:;tirAo, 8 
sUbtractien ocer,tor, b 
succ~sslve evaluation, 3 
symtcl declarations, 18 

't.eillng, '1 

unary Cteretors, ~ 

._---_._---_._-- .. _----
j 


