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QEEL nanugl pace ]

inis coourent 1s 3 Brier rut cewmplete desaription cf &

new lanoguage invented and isplemented kv the authors. This
lsnguane 1z intended to he a guitarle vehicle for rroorans
whilch woula otherwise pe written in rachine lancuasge for
reagons of efficiency or f£lexikility,. It ig vart of a
gvster  which slae ingludes a complier capable of producine
reasonskly  efficient obdect code and a runtime whigh
litglements  the input=outout and strino-handling features of
the lanouace as well 588 a fairly elaborate gtorage
allocator, The sgysten autcmatically takes rcare of paging
arrave and plecks from the drum Af they nave Lean 30
geolared., :

1he LAnuuBNs?

» L8FL nrecaram consists of grategsenis serarated by
SENLOCLONSG o Carriage returns ang Clanke have ne
glanificance Iin the langusde excert thet they:

1 Aot a8 werd (and coasmpent) delimitéers,

2 Ara  +teken literally in styring and chiaracrer
pongTants,

Werring: Inis is cne ofF the many features o¢f the language
whlen can cause  trourle for the unwary rrogremrer, It 1ls
cuits rossiple to write two statements wvithout the
gerarating  senicclen and  wing up with sompething which ig
legul, cut not ex all what wag intended, It 1s a general
characteristic ¢of (SFL  that it ls very permissive; rany
things are legal whlch are not at mll reagorakle,
h statenent may bes

e A weclarstion,

2. A listing contyrol statement,

3., An end statemsnt,

4, A Eunction definition.
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£ A ceomment, which 1s & line peginning
(eftay a semicolon or another comment)
with an asterisk ("+") and ending with a
farriase reruzn {(net "v),

poat gtaterents are expressiong, s2 we will discuss
ther first,.
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Exseasalong

An expression ls pade yr of orerands serarsted
onerators, Parentheses are allowed to any reasonaple derth,
The crerators are arranged in & hiersrchy of bindging
strenuth 6r rrecedence, Those at the top of the falleowing

list are executed latest, s0 that a+bec is 2+ (nwg),

& dengtes sucessive evaluation, The value of +he
result 1s the value of the lazst expresgion in
the string, Thus

A4 & G+l
or more plausibly

FIA,B) & G(L,Y¥)s

which caUses poth functicns to ke called in the
erder in which they are written,

WHERE ig similar to &, Dut causes the Ffollowing
expression te ve evajluated first, It mav not he

( | iteratec, Thus
- F(X,¥Y) WHERF Neld;
FLRyWRILE
takes the form
CEXpressiond FOR <fer claused;
[y
Lexrression> WHILE <expresgiond
The axpressicn ls evaluated rerestedly under
centrol cf the £for clause (see relow for the
syntar ci this construect)., The £inal value of
the expression ls discarded, end the valye of
an  exrression invelving POR  or WHILE ig
undefined, (f course, semething like
(ALI)1(J)e0 FOR Is1 TO N FOR J%1 TO My
is legal,

_— IF takes the £eru

3
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Ok

fexrressiony 1¥ fexgressiony ELSE
{exuressiondi.

Tha secehd expression ls evsluated, If it is
non~zerc, the first expressicon is evaluestad,
Tts velue becones the valusg of the whole thing,
and  the +third exnression (which, ky the way,
may contein another IF) 1=z skirped, Ntherwise
the first expression 1s skipped, and the third
is evalusted, Thus

Aed IF Y=me PLEE Xe§ IF Y>=Q ELSE Xeby

1£ +fthe ¢final EL3F 18 omitted, 0 will bLe
suprliec,

ig the assianment owerater., It ranks on the
sane level am ',' for lts left-hand orerand,
ang ust pelow IF for its right=hand one, The
riahtehand overand is evalueted, and its value
hecones the value of the lefve=hand one, Thae
whale exeression is then treated as though onlvy
the left=hand side nad peen written,

Iz the logical QX. 1t either orerantg is a
relsticn  (cr an exgression contalining legical
crerateors coennecting at lsgast one relation),
then the result is ¢ or 1 derending on whether
both orerands are true (hon=zero), 1£  poth
operands have ordinary values, these values are
nonkingd with the machine's HMRE  instruction,
Thug )

E<4 DR RBKEB
is true 1if eltner rvelstion holds:

A4 OR XK+l
i true 1Ff 3<4 or i1f ¥+l ig not zerc, In bath
thaga CABES, the gecand operand 1s not
avalyated 1f tne first one is true, Rut

Fid,Y) Ok 2
is the Za=nit loagical px ¢f 2 and the vaelua ©f

+he functicn call, The operands of an OR are
neyver re=croered,

rPace
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A¥D 1s the loglcal apd., It is evactly the sanaz
ag Ok 1In the way it <reats its orerands,
Alcfering enly in tha result,

BCw alwave converts its OQrerends to values aongd
uses the FOR instruction,

18 the logical pot. If its sincgle operand is a
relation (see the discussion of (k) its value
ia dinverted (6 gkecomes 1, 1 Lecomes Q).
Dtherwise, &8 Z4=bit complenent is taken (with
Hﬁﬁ a*l)n
§ <& > o=
are the relations, gEach one evaluates iis
operands and then nerforms the indicated test,
Per these ang all tpe arithrnetic orerations,
the orerands wnay be rewordered 1f 1t sulits tha
conriler's convenleneae, . '
A #OD B 1ls the rermalnder of /B,
rerform Z4=kit inteder additien or subtraction,
LEH REH LCY KOY '
Mu ana My nertformn 2émbit intecer
multiclicetion and divieion, »0 test i made
for averflow on division.
The shift ogerstionsg snift the first orerand
the numrer of places indiceted by the gecond
operand, Vacated bits are replaced by z2eros,
The ayele opersters o an endsarcund shift,
GCTD =ETURN ERETURN DO {(unary orcersters)

The upary Y+" and "=F de dhe ckvious thing, DD
is a nolse word ang 18 lgnored, It may be
monvenient for constructions such as this:

NCOF(XpY) g

ACT0 transfers ¢ the address which 1z the
value of its opersrd (see the discussion of
larels Lelow).

RETURN anc SKETURN evaluste thelr orerand(s),
of which +there may be at nest 3, They leave
the wvalues in the A, #, and X reqgisters
respectively and return through the return link
of rthe most recently defined function (aee
helow), I£ this 1s not desired, the RETURN nay
re modified by folliowing it with RO
RApTressiony. In this case the return is to

Pace
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the addreéss which 1Ig 1 + the value of the
axecression.  Thus

RETURN X+Y FROM FCHL3

Thae grceogrammer shoeuld pe sure thet ¥ONL  Hasg a
Troper retyurh address Iin 1t, sinee the compiler
will net check this., The orerand of RRTURN nav
e owitted, RETURY  L1s a normel return, or a
No=skic return (fallure return) #ron  funetions
aalled with s failure locatior (see furetion
calls relcew). SKETUXN i8 A skip return, or a
nerral  retyrn from functions celled with B
failure lcoation. :

(funetrich calls). :
The argurents ¢f the function are enclosed in
the parentheses, seénarated v coumas, Thus

FALeY+B,2)

Note that the function may ke specified by an
eXLTRSS10N thus

(A+B) (A, Y+, 4)

is perfectly legal, It causes contrel to pe
transgferred to the logation whiech iz the value
of the excgression A+ with the arecified
aruuments, Hguware., The xalues of the f£irst
three furncticn arouments are transmitted in the
Ay B and 4 reaisters resrectively. The
addresses of the values of furtker arguments
are put intce NIP anstructions which pracede the
funecticn call. 7The function is celled with a
FOF which leaves the link in ¢ and transfers to
the location addresssd by it. Trhus

FlaA,Y+5,%,P+1,0)
oorrliles

LIA Py ADD =13 STA Te+ls LDA Y ADD =85
LDA Ay LDX &3 NOF Qp YOP Trels CALLw
Fin

M oedditicn to 0 or wore arounents, a fungtion
eall wmay alse have a falllxe logatrian, This
corresronds  to A no  Skiv return {RETURAN
operaticn) fronm a function which ais® has a
gkip return (HEETURY operation), The feilure

Paue
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locaticn comes mfter the argunents ang is
rraceded by a colon, thus:

FLAL,AZ2L)

The fallure location may be either a label, in
which cage control will 9o there in oage Of
failure, oxr KETURN or BRETURN rossirly folleowed
by & sSibale exrression, winich will re executed
in oase of fallure, A functioen normallv
returns  just one vaiue, which is rassed in the
hepegister, nowever, 1t may returh no veaslues,
or A te  three: additional values are put in
the B ang X reglisters, The first value 1is
alvays the one uzed £or further compytation
(e.c, in situstions Like F(X)+1), Lut any
subset ¢Ff the values can be gsaved by ocuttirg a
saye lisi after the fallure locartion, rreceded
ry ancther colen, thus: F(X,YeF2V1,v2,V3) or
even F(FsR33XsY, 2) 1f there 1s no frilure
lecaticon. The gave llst wmust be a list of
sirple varlakles, It ig all rigkt to have &
conra  With no naves the corresponding return
value ust gets lost, tee Yelow for #
digcussion ¢f function declaraticns, Ulote that
this calling convention 1z net the same as
FPURTRAN'S, In partioular, in the akove examrle
nething the function dees {withirn reason) can
afregt the value ¢f 3 or ¥, It ig& possirle to
transmit the address c¢f 2 or % with the
reference orerator, however (see helow),

(tmilingl). 1The ., must pe fcllowed by & £ileld
name (se€e dilscussion ¢f declarations below).
The resulting apkiject reters tc the srecified
field relative to the address whish 1s the
veiue cf the first overand, Thus, if we hava

REQLARE FIELD A(1), B(2):2

anui 1t X aentainsg 143, then ¥.2 reafers to

coation 144, ¥.B 10 14, ELh«B to 2 + the
centents ¢f location 144, A talled operand may
appear on elther side of an assilanment, of the
Aisgussion or FArEIED denlaration for the
traatment 0L raged blocks,

Pece
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(tinary, sane grecedence as ,)., The agonstruct
T$F 18 8LTCSt equivAalent t¢ €T.F. l.€., Lt
reters ta the rits of T (ppt the word addressed
by 1) gelected py F. The word displacement oOf
Fols ignexred, and F  nmust net coress a8 word
poundary.

(reference and indirection), The reference
overater "a" takeg an crerand which nust be an
addreass (l.e. aoceptakle on the left =zlde of
an  asgisnment) and returns this address ss its
veiue, »ote that this implies thet iteration
of the reference operator is illeaal (in faot
it does TGt maxe any sensej, The Aindirection
oyvarater  "E" evaluates lts opersnd arnd returns
this value as 2n addresds. 7The sequence "e$" is
eguivalent <o no ounaration, excert that "&" on
an  address 18 conciled with the machina's
indirect kit, and will therefore te affected by
the presénce of indirect or index kits in +the
nentents of acdress, If we have written

FECLAKE FLELD 3(0)1

then <E>,& 18 egulvalent to S<E>, with the
exgenticn noted arove,

(subscrirtingl). A single subscrirt is allowed,
Am with function «c¢alls, the coriegt Lceina
subseripted may ke an arkitrary exrression., If
it has bteen declared as an array, the cempiler
loewds the subkscorint intc the X=req and complles
an  indirect reference through the array nawe,
T, it expects the array nare to contain +he
hege acddress of tne array witk index kit on,
For anv other sexereassion tnpe "[1" coreretor is
ecyivalent to ¥ata YV, Thus

(RwBE)IC Gk D))
conpiies asg

LLA Qp MEG Dy 8TA 1y LDA A; SUB By ADD Ty X#As
LDA 0,25 ADD =i

Fage
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The rrimaries £cr exrressions way re nusters, neres,
gtring constants, ©r character constants,

ANARELE

A numcer may ke an lnteder censtant or a real cohstant,
Ar integer constant is & strino of digite, rossiply follewec
by B oor D, pessibly followed by 2 gincle=dlait scele factor,
B rakes the nrunker octaly 1f it 1e absent, decinal is
aagumet, Thus 100D = 1D2 = 1448 = 1R2+444FE = 100, A real
censtant  1s of the form xxx,.xxxExxx, Fither the dot or the
B nuat ke present, If the daotr is rresert, <here must e
scme  aloalts relgre ity 1f the ¥ 1s rresent, there must be
sone ulglts after it. For further cetalls, censult +the
degoriction in =21 of <the B81¢ sysrer, which ie used te
convart real ¢enstants te binary form,

RE3&s

& nare is a2 strina of any numter of letters and digits
reginning  with a letter., Only the first six characters of
the nanag arve signrificant, A nanme nmust Ye deglared (seg
relow) ., All nates excert paranmeters ang fields are trested
in exactly the sgare way when thney coeur in expressions
(excert for subscriptingl. H.o., a gtring rame refers to thne
pointer to the string descriptor which 1s the value o0f <the
nawe, Thus, 1if & 1s a string

Be b+l

gimevly steres A+l into 8y this is nrobkably not reasonable,
Functicns  are unrovided to convert rketween strings  and
numbers.,

LESELNEL-BELds

There are afcyt 80 reserved worads (see Avpendix H)
whicn may net re used as nares, In addixion, 2bout 20
leamplons in the runtine (seg arrendix ) are predeclarec as
externals attenpts to declare ther f£or other purposes will
fall, ‘

ShArALLERwmtRatalls

LA ocharaater constant hasg the fornm
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'<three cr fewar pseudo~charactergd!

e used whersever a censtant is uaad, A
haracter is any cneracter othker than "&", or "&"
Ly one ¢f the following:
Anothexr "&" or a "1v, The +wo are esuivalent
o a gingle "&" or "'" 4in the constant,
Three cctal digita, The numcer thus defined,
truncated to # rits, cocunts 38 one cnaracter,
A letter, Ihe ASCLI (internal) code for +the
Letter * 1004 is the valyue o0f +he
peeydo=cheracter.,
acters are rioht=justified in the constant, which iz
nut  with planks (0) on the left, It is en arrer to
e than 3 rseudo=characters in the constant,

Qnatants
string  constant has  the form "<anv nunker of
haracters>”, It is legal in anv context in which a

ama ig legal. A descorivtor will te oreatesd which
t¢C the constant string. I£ the string constant
alone innediately after a left arrew, the varisble
the coenstant ls keing assigned isg amgsunmed to hold »
to en alreacy existing string desorinter:; in  zll
ages, srece for a descrinter will ke allormated for
tart by the comrpiler, In any casge, writing into the
11l alter the constant,

ariety of operations are grovided for converting
mas Intc constants:

Flexcression) has the value ¢f T after +the
staterents

TeQs THFeaxpression:

have Leeén exacuted, F must not coross  word
teundaries.
The function FEHIFT(F) has 23=the rightmost
plt pesition ocouplied by F as its value, F
nust net cross word koundaries, The value of
¥EHIFT is8 & oonstant,
the function FHASK(F) hag as value a congtant
which has onea hits in cositions selegted by
the £igld as Jlts value, It ig ecuivalent to
F(ml)a F nust not cross word roundsries,
h Fielo name ¥ aprearing in any contaxt cther
than

F o

Vel Facge 14Q
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o F

5
A8 equlivalent te a constant whose value is
the werd disvlacement ¢f the field,

ganatabl.exsressions

Any exrresslon invelving operators of yprecedence hicher
than FOR  and censtant opersnds will ke evaluated Ly the
compller vielding a result which rehaveg exactly like =
oonstant,.
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seclarsslons

Vvarlarlies are declare:d
Btatenents or Ly avnearing
varvisable LDECLARF 13

DECLARE [FIXED or PAGED]

with
58

RDECLARE
larels,

or
The

[INTEGEF or REAL

STRING) [ARRAY) [#XTERNAL of FNTRY or
LOCAL] <pamelist). -

Pacge 12

FURCTION
syntax of

QY

Tha gtuff after the DECLARE may ke rerested as many times as

degired, tnee  FIXED, FAGED

cr

AKRRAY has

remainsg in effect fcr the remainder of the
statament. INTEGER 1s assumed 4f it is omitted, zut once
until INTEGER
agpears again., £ach name in the navelist may be precedec bv

STRING hag heen used 1t remains

"EY (whiech makes it an entrvi

or

in affect

ey W tt (whimh

been usec it
current DECLARE

makes it

external, l.e, prevents storage from kelng assioned for it),
I FIXEL ane ARRAY are roth ds’ Tresent,

follewecs by an  expression
Thug '

DECLAKE FIXED ARRARY Al

The sxrresslion (which nust bhe 2 constant)

in

21y BlXw2+14)

parentheses

rare may bpe — ..

{or brackets),

will be

evalusted

ard  that weny cells assigned for the arrav at comwmpile tine,
The pase adoress of the reaion assianeo, with the index piv

get, will ke stored in the nave,
AREKAY without any storaae peind assigned,

agsune that 1ts value Iis
irdex pit get,
Iages 4t will cempile

LDX Iy LDAw a5 STA B
fer HeA (1)

FuEmplet
LECLARE  INTHGER &,
EXTERNAL G3, G4,

B 8TRING [y

ARRAY h(X*YE@M{# [ WTEGER C(1C)
meciasres two scalar integers, one integer array which will
e  smssioped 10 locatlons when the declsaration ls exegquted,

two loeal scalsar strindgs (D oand §G21,
locations

wrhiicn will ke assigned xX+Y (4]

the

3G1,

ig executed, one sealar string which is sn entry
two dcnlar strings which are asssured t¢ re defined elsewhere

(¢33 and G4,

1f 8 nane is declared
gyatem will
a pointer o an arrsy with the

158
o %)
-

cne lecal string array
when the declaration

{al), ano
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Heclarad. Lages

A pama Qp an arrav mey e declared raged LV rutting the
wora  FAGED in  frenmt  ef ites deciaratien, This attribute,
orce nentioned, srplies to all the nares declared follovino
it an  the sape statement, If an arrsy is declared PAGED
(nor » FIXEDL array, ot course), all references to it will
be wmade te  the drun. dCorrect access to the array will e
obtained cnly 1f it 1s supscrirted in the usual ways A(I].
It is Rnax true that (A+1)(IJ) is eguivalent to A(1+l], for
exarncle, as ls the case for core arrays,

If a name ceclared caged 1 net ar  srrav, the only
effect 1s that when it is talled the svstem will mssume it
pontaing & crun - sddrsasg, such an  address can only Le
oCIrectly cptalied with PHEKE (see telow). It ig the
programrer's resvensiblility to see that:

#a It deer Qontain a druln address generated with
FMARE,

e The fleld nare used £or talling has a8 word
gisplacenment lass than tre block size
srecified by the PHAKE. Unpredictable erreors
911l eccur if this rule is not okserved,

peclaratiens ¢t fields are not sffected by PAGED,
Indirecticn (§) and subsericting ([]) will work preoverly on
8 PRAGED rointer, Arithretgl may ke done on  PAGER rointers
in  the ususl fashion, rrovided the resuit is within a hlcak
alloceted py B osingle call to PMAKE, thus after

r\aﬁ:LA};E E}%GED -&:, FIEIM'{} ba(%})lf‘l(l),}‘z(?}:),
FoEMARE(2) :

the statenrents

AefF  Fis he(F+l) FOy3 AelpP+l) (0]
have the ssne effect, nut

Ael Py he(P+2) (0]
are all erronecus, since only twe werds were alloceted in
the nlock neinteq o by ¥,
geclared.ssring

When a1 nave is  declared t¢ ke 2  string, a single

storace  locacicrn 1s reserved for it unless FIXED has been
WEed, Strinags are srpecifleq, NOWEVEY , ny Fourweord

descrictors, The address of such a descrintor must e put
inte the string variable befor it 1is ueged in any  strino
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oreration, For nen~FIXED strings, this is usually dene with
the FETUF function, vesslikly rreceded By a MBKE
alternatively, the address of a descriptor oktained in scme

other wav ¢en ke used, If a strina varisble is not zroper u).

initielized, the consecuences of uging 1t any  gtrind
ereraticn are likely to te serious,

If£ a string declaration 1s greceded by FIXED, the
four=werd ceseriptor is  assianed ry the compliler and ite
acdress i1s the initial value of +he strino, 1f & FIXED
STRING 1e follcwed Ly a yarenthesized expression, tnat rany
characters are allecated for the string snd the descariptor

18 initislizec +to roint to the ares +thus allocated,
Examolas

DECLARE FIXED STRING E,7,U(85),V(240);

allocates gtrine descriptors for & amd T: they must be set
U te  peint te strinas ny  SETUP, It alse allocates 5
eharacters for U and 240 feor V and sets up the desorirters
proveriv.

dplsialized. declarasians

An integer mWay ke lpdfialized rcy following its nanme
with "e" {gonstantd> cr "e" (named, Thus,

DECLAKE hed,Beid,Celdy

makes 3 the initisl value of b, 14 the initial value of &,
gt aourse, any expression which can ke evalustesd by the
cempeliler may ke used as a constant, This is Dot the sare ag
B PARARFTHER declaration (see Lelow). The uge of thigx
aenstruct is net recomnended 1f the yprogram chanoes the
valuas of the variables, since the rrogran nust then ne
reloades in order to ks restarted,

& FIXED ARKAY c¢an bhe initialized in the same wav:
DEGLARE FIXED ARKAY Allolel,3,5,7,31,13%;

The first six elements of 34 are initislzed as indicsted,
The remaining four elesents are injtialized +o 0,

& fixed sgtring or a fixed string arrayv nmay e
initisalized in the samne way, but the initisl values myst ke
strina canstants, warnings writing into initialized
gtrineyg will destroy the contents,

1
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‘ It any declaration Causes space tC re allogated at  the
reint.  An the program where the declaration occours, a nyanch
over it is conpiled. Leclarations mey therefore re freely
Intercciated in the program,

fleladeclararicns
Anctnexr forn of DECLARE is tha following:

DEGLARE FIELD <nane)
({constant> (1<conatant),{censtant)))

whicn defires a field, Lots of fields can e defined Lf
desired, 1he first constant specifies the word disrlacenent
ot tne fleld, the other two the rit vostions in  the word.
Hit cositicng can take on values betweer O and 47, & flelc
may agran twe werds, kfut 1t may net ke meore than 24 ritg
long, thuse

DECLARE FIELD A(D).B(11,C(2),Cl(2:0,5),
C2(283,20) p4Y2(2212,23)

defines =ix fields, The last three might ke thought of as
surtieles of ¢, but they do not have ¢ re used in +his way,
It ¥ were a3 rpointer t0 a threswwcord data obdect, foy
axanple, then F.EYYZ would refer fo the last 12 bits of the
thivd word of the obdent, BSuch ¢hiects can be areated fropx
nowhere © witn the MAKE funetien or, of course, wmav be
allceoated pv the rpregrammer,

hames declared as FIELD are guteut t¢ DOT  with  their
woro displacenents as value, £ they aprear not following =
"M, they are trestec as constants ecqual to  thelr wore
dlsyvlacemnents, Thus,

S{FETR+B)  egulv S(PTE+])  enulv FTR.E .

b full~word field mayv ke declare KEAL or FAGED, Thiﬂ
means that whenever it is used for tailing, the resyltinc
guantity iz considered REAL or FAGED resregtivelv.
Larajerer.deslarations

ihe geclaration

NEDLANE FARAMETER Clel ,(2ed,0C3¢3;
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makes the nemes €1,C2,03 eduivalent in a2l]l ways to  the
constents 1, 2,4 for the rest of the prearam., Anv constant
may arrpear on the riaht ot the "ev, Note again that anv
cunstant eXpression may ne ugaed where & constant ie
reguirec, Parareters, unlike other names,  nay Le

redeclared, - B -

BouiMELEDCRLAEclarBEl0n
The aeclaretien
NECLAKE INTEGER Q=H, &S=T7[3),
iz legal cnly if 7 has already reen declared as a» fixed
BIYE, It cauges ¢ to ke asmighed tc th@ game locaticon ag
Ke 8 to tne sanme 1Qcat1@n as T3},
Runerigt-sefinliicn
L Euneticon s defined nby
[REhL) FUKCTION or ENTRY [8] nane(arglist):
If the word RFEAL aprears, the function iz assuned ¢  returr
A tleatino peint valuer otherwise, it is sssumed to return

inteuer values, 1f any, If a 8 prrecedes tre furnction nene,
the npane 13 necde an  entry. Exgert when compilling urdcer

Lo NOLIAT LOGAL  (ceseribec beicw), +there Js no difference

petwaen FUNCTICE ana ENTRY, Each argunent in the arolist
can ce preceded Ly INTHGEER, STRING or ARRAY and is dealared
autometically, INTEGER b3 assuned unlass otherwlse
specitied, If krFAY 18 specified, the index Yit will be
merged intoe the velue surplied, A name can ke redeclared in
a funection getfinition (this 1is 4illesal in eny crher
gontext), rut only if the redeclaraticn exsctly matches any
rravioecus declaretion, The syster creates a returrn 1link v
rrefixing the funhctieon pane with X, The stetenent

FURCTION (FNAMED (A, ARRVAY B, STRING )3
would cemplile

ST ArCEArHEG =2R7:8Th BagTx CiLDX 0pslx
XEENAMED 2

13
pe 2
]

If ageiticonel aruuments INTEGEER L,8 were suprlied, code

LEas =1,é2 GTA Dy LDAx =2,2s STA Ky




(“\

GHRL, MAanusi ‘ Fage 17

woula be added,

ipe functlen name itself is also declared by this
statenent, A storage location 18 reserved f£for 1t, and the
acdress of the flrst word of the furectiorn (&T2 B above) is
rut irto this address.

The link mey ke srecifieq explicitlv, if dcegired, as
follows:

FUNCTICHN F(Gek), LINK Wy

replisslyefungtiong
B ofunction may ke declared recursive by

[REAL] FECURSIVE FUNCTION or ENTRY [$) F(A,
B), EAVE E3

Tne effect will ke that whenever the functicn is called the
1ink =and the current values ¢f A,P an¢ F will ke saved,
When the function returns (vis a KETURN or SRETURN with no
Frork  uweditier and only one vajlue returned)l, the savec
varlabie valuyes are regstored,

trace foy saving the variables 1s obtained by calling
the funeticn in the reservea location FRCSTK, This cell ie
initislized to ke a call to HAKE, but the vuser mray surplv
his own functich. The call

TOFRST ¢ HECSTE(N)

where & contains the numpey of words reguired and the
funetien returns the address of the first werd,

snace 1ls released v
T RECUNE(TOPKET) ¢
and HEGUNS 1s Iinltialized to FREE,

The ceall TUWEST, which is alsc reserved (i.,e. rpullt
into the rurtinel contains the sddress of the ourrent tor of
the recurasicn steck., Its ola value is saved in the mecond
ward of the stack entiv,
1t & function call apresrs in a conmplled expression, 4t is
not safe to re~execute the expresgsion inside the function,
gineca the expressicn may use tengorary lecations which &re
noet saved when tne functieon is called, Beware,
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geclaratic.gt.lakels

A& svympol 1s declared as a laskel bty writine i+ at the
beoinbing of » statement follewed by a celer. It is trested
exactly lixe a funetion names; a storage location is reserves
for 1t eana  initialized +t¢ the agdress of +he first
instruction of the statement, Any staterent can he labeled,
A lacel 1s assumed tC e an intecexr scalar., If we have
Aless 3 GOTO A:r this will conrile

sh

ye

HEE 01 seefBRU® A1 oeajA ZRC :A7

gu tnat the raeht thing haprens, If the synrol 18 sreceded
by & &, the lakel 1s made an entry,

ihese conventions for arrays, strinss andé labels [©ake
it very essy fcr them to ke transmitted as srgurents,
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Beal.lilparing.piintl-bunkers

Feal nunhers occupy two words of storage rather +than
ore anc therefcre have & somewhat ancmalous status in Q&RL,
which ctherwise takes the positicn that any kiné of muantity
only eccupies » single word (antedgers, strings, larels,
functicns, and arrays all have this property). we define a
real grerapnd as a real nehe (cossibly subscoriptad if an
arrav), a real coenstant, a real function, a real expressicn,
or  an  expressicr tailed kv a real field, A resl exrression
may e formed in the f£ollowing ways:

1. By combining two real orerands with any of
tha follewing kinary oceratorss +, =, NOD, *,
/e 1f any cf these orarators 1s sprliad +to a
rezl coperand and an inteter constant, it will
aenvert the constant te a real number, A real
ergrand and sny other kind of integer orersna
will rrecuece an arror,

2. By uneyy + or = arplied tc 2 real orerand.

3. By the censtruct <(real cprerand? IF (integer
exrressien? [ELSE <real eoperanddl,

In saditicn, twe real operanas may be corpered by anv of the
relaticnal cverateres (&, #, », <, 2=, <}, The test is rade
gy daoling & f£lcstine subtracticon and testing the resgult
aqalinst zeros Deware of rpoundeoff err¢r in testing for
aodality, Alsc, & real crerand may appear in a RETUER or
SRETURN  providew 1t ls the conly arqument of the oreration,
There i& no xrestrictien on wixing rea)l and NonNeresl
argunents of functionss howvever, the tyres of the actual
argunents In a csll must correspond t¢ those in the functien
definition, 7The compiler does net check this, and an error
will preobanly casuse chaos at run time,

Varicus srecial functions are available f£or doing the
sane thinus t¢ real numzers that one can do te integers,
RIN and RGUT previde ficating point inputsoutput: o8k and
CR8 rgprovide cenversgion between reals and strinasy FIX and
FLORY convert kbetween reals and integers, Thege are all
discussed 1n devall in the Jlater section® on special
functicns, There is a library of mathematical routines with
pERL=coreatible calling semvences avallakble, including &Iy,
CCE, Tal¥, ATAN, ExrF, LOG, LCGLO, ana randon nunkey
generstiont thlsg 18 descriked in a separate doounent,
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Lontzod..Seaepnants

the. li.construct
The construation

IF <expression? DO

FLBELF <expressiony D0D: (0 or AL e ELEFIF=
mnllowes)

FLEE L0y
»
ENDIF

e leasl with the obvious meaning, Any seoyenaoe Q¥
staterents Lalanced with resgect to IF and ENNIF mav appeéar
Iin rlace of the dets. 0f course, 1¥F may ke nested, Htﬁ&ﬁ;
Nse £& Jpdenfallign is srropgly recgmiepded. The final FLS
way pe onitted,

the . blinahd.d8llE.conskriots

The construction
FOR <for clausey L

”
ENDECESs

s alse allowed, The arbitrery secuence of statenents
balanceda with résgpect t0 FOR and ENDFCR which 1s synkollized
By the oots ls exeouted repestedly undey control of tha for
clauge, whose syntax has three forws:

{namedecexpression? WHILE <{expression)

whiclhi causes the value of +the £irst exrpression to e
pesianec  to  the nane and the second exrresgsion tested ench
time sround the loop,., when the tegt falls (value of the
exuression=0) revetition stons, The assignhrent and test are
vartarved once tefore the loop 1s sxecuteo:

¢
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namadecexpressiond [(BY <expressiond] To
<axpression

with +the obkvicus neanina, 1£f the BY 4is oritted, an
increment of 1 18 assuned. Repetiticn centinues urtil the
value ©f tne name is greater than the 10 exrressicn, unless
the latter 1is & negative gonsiant, in waliah case it
gontinyes until the name is less, A test is rperformecs
before the loor 1s exenuted for the first time, The srecia)
CHRES

I«Qexpraﬁsidn> EY 1 90 W
and
Tedexpression> pY =1 T0 0
are recoanized end conmnlled more etficiently,
the gindllar construction

4B TLE cexrression» L0y
»

ENDFCES

is alsc =llower, The ©bpody o©f the loop is  executed
repeatecly ag long as evaluation of the exrressicn vilelog »
true (Donze2rQ) result. The exXrvression is eveluated onge
pefoere the igov 1s entered for the first time,
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LA

Blecellabenus.Statenents

Listinc may ke controlled with the statemante LIST end
NGLTIAY . bither may ce followed by SOURCE, COPE, or EIMARY,
and turns on or off the grecified feorp of Cutput. 1t lg not
a aoncd  ldea  +0  turn kinary outgut en and off, since this
will in aenersl rroduce an unleadatle result,

Twe srecial cptions concerning allecation of variables
are also contrelled by WNOLIST, NCLIST FREE will nrevent
4xQ's  for uninitialized scslars £roem srpearing on  the
assenklv=language listine; this nay re useful if rewentrant
procrans ere cesglred, NOLIST EXTERNAL will cause undeclared
variacles to fe treated as externals normally they are
trested ag errcrs anc space ls assianed feor thenm,

MOLIBT PAGEL puts the compller into 2 mode where the
cogde  produced £Or talling a raged rointer no loncer assumes
that the kleocek lles within a single rage, It ls intendeg
for preoarams where the user is allocating raced storaae

himselt without regard to rage bhoundaries.
ihse statement
INCLUDE "<fille namedh,

has the effect of placing the entire ccntents of the renec
tile in the ygrogram at that point. This nrocess may ce
nestad, i.£, the file peing inserted nmay i1tself contain
INCLUDF&. lote that since the f£ile is inserted verkatim, it
ghould net end with an END statement, The INQLUDE fezture is
meant  prirarily for grours of rrograms with comnon
declarations, 70 this end, the statement NOLIST INCLUDE is
rroviced with the foellowing effect: 1f it oecours ir the
ericinal source tile, it has no effect, while if it oceurs
in  an INCLUDEd file, it terminates processing of that file,
Thus o nain gregrsm couwld have the fornm

» {dirclarations)
e« DOLIST INCLULE:

. (repainder of proaranm)
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» !"l‘f);

ana any subrrograr could use its declareticns ov  INCLUDEANG
it

The statement

INERT <napa):

will cause the nape tC be outrut to DLT 28 the nrogran nene,

Ne more than one IDENT may appear ib a grogram,

B orregran sheuld ke terminated ky an  EdD gtaterent,
L.,

RHive

L 3
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BaAgromfbaotlity
The format ¢f & nacro definiticn is:

DEOLARE HACRU
<hamer (dunriesd) o<definitiond,

where <name> ig the nare of tnpe mecro keing defined,
Coiummiesd is the list of dummy argument names, ancd
<adefinition> is the definition, {nared wmyst ke hitherte
unmentioned identifier, <dummies) may te an empty list: if
it 1ls not erpty, it 1s a sesyence of identiflers separetec
By oonnag, These ldentifiers serve only to indicate the
place withir the cefinition where actual arcuments are ¢ e
subpstituted: thelr use here does net cenflict with their
nrevicus oy  supsecuent JUses foxr any nurrose, The
Caetiniticond is apy semence of tokens (icdentifiers,
numrhaers, Creraters, oharsacter gonstants, cr strinc
constants) not including a  semicelen. It need not re a
ledgel statewent, expression, or anvthina else,

A macre call lecks almest like a function call, i.e,
has the form <named (<argumentsd); However, the <arcuments)
are not reguired to ke legal expregsicns: they nheed only be
sequaences of tokens Lkalanced with resrvect to parentheses,
net goentaining senjcolong, and delimited by conmas whiok are
noet encleged 4in inner parentheses, For exanmle, STFING
K(2C), », and (k,C) are legal arguments, The effect ©f the
magro call g  that <+he definition, with +he actusl
arguusents, reclaces the call kefore any further precessing
is dene on the gtatement, A mecro call may aprear anywhere
in the statement, not just wnere s function call would be
legal, Macres may call other maoros. If listinag is neing
dqone, statenents will re listed kefgre nacre subkstitutions
nave keen rerformed; tinis is also true when a gtatenent is
listed 1n response €0 an error,

A word of wearning fer those aocustomed %o the NREF
macyo  facllity, gince supstitutions are performed or the
basis o tokens rather +than characters, ne supstitution
DeCuUrs within character or string constents in  the
eBInltionay €etie

DECLARE HAGKC B1(%)enx"
will net cause a substitution, Alsce, concatenation is not
avallable, Finally, each aumny argurent has a name of lts
own and the oreper nuuber oFf arouments nmust ke sunrlied at
eaoh call,

1we exanrles of useful macres:
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DECLAKE MACKQ INC(X)eXeX+1:
aausas INC(A) te e eguivalent +tc Avpely

DECLARE MARCRD THO(X)e(X)wzs
cavsse TWO(X+Y) tc ke equivalent to (X+Y)i*2, Jote <that if
the setfinition had keen simplv X%2, then TWO(X+Y) would have

peen eculvalent to X+Y#2, which 1s rresumably not what is
WENT A,
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Splrlatm ENRLLionS

The fcllowinrg special functione are a stancard cart of
the lanquade. They provide =all the pullt-in storaqe
allooation, atrang handling and insut-cutrcut facltlities, If
more elallorate facilities are reguired, recourse mayv bhe had
o machineslanguace routines, The necessary llnkenes are
degerived ynder function calls and decliayations akove,

BilianSETAEEAY
MARF (Cexrression))

creates a Dlock ¢f storege of the length specified bv the
exrression  ( Kyt of at  least twe cellsg) and retyrpbs »
peinter te this kieck as 1ts value., [n fact, one extra cell
i asessignea Yty the system; the user should keep his hends
ntf thig nell which is the one kefore the one nointes toe v
the value of the MAKE function. An alternate Lorm is

MRKE (<expressiond,{array naned)

whicn mgsiang the rleock out of the srecified array, which
must have been properiy initialized keforehand by a call of

SETARRAY {<expressiony,<array named);

only rlecks of the size specified in tbe call of GSETARKAY
can ke as=signed in this way. Elocks of any glze can ke
ausiones by a sinple MAKE,

elALL

1o allocate space on the drum the function PMAKE should
e useo,: 1t is exactly like MAKE, excert that the gecono
arqguaent,’ if present, should ke 2 raged rointer to ar oplecy
near wnien +the new gspace should ke assioned If posgivle,
propar use of this festure will 4grestly inmgrove thye
efficiapey with which raged cblects are sccessed, GSee the
giscussion of the PAGED declaration tor further information
akout the prorer use of addresses oktalned Lyom PMAKE,

EREL

Te relesse a2 kblogk of storage, do
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FHER (<exprassion?) or FREF (<axpression2,
<array namel)

where the vajue of the expression is a reinter to the block,
The function hasg no meaningful value, The storage allocator
will atterrt tc coalesce freed klocks, rut since it cannot
mave Pkloeke arcund, it i3 rcssikle +t¢ fracment storadge
novelessly hy  acguiring and releasinag Lkleoks of  manvy
diftarent sizes in an indiserimirate manner, I£ the syesten

Cruns out of scvace, it will complain and auit. Note that

PREE (MAKE(4]))

acaulres $m¢ imnediately releases a kleck of four words, 1t
ig exactly equivalent teo ¥OP (except for timing). FREE 2lsc
werks for orum srace,

ALLEX

Te aepy one kleck c¢f storage inte enothexr one of  enusl
gl2¢ Use

RCOPY (Kexpressiony,<expressiond).

The first excression is a rointer to the cdestinaticn, the
aecong  t0  the source, These must ke sointers acaulrec my
¥AKE (er carefully fabricated) since the lengtn of the plock
is deterkined from the contents of the extrs hidoen wora
nroviged by MAKE, The source hlock must have keen Crested
my a4 MAKE with 2 single aroument, If the source kleck coes
net nave tne hicden word,

BLORY (KeXyressiond,<axpressiony,
Cexcressiond)

may e used, where the third argument speaifies the nourrer
of wnrds te onnyas
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Tne yaging facillities rrovide a means for the user 1o
allogate and access a large (WUr  to 2119 words) address
space, kv bpuffering parts of this address srace between ccre
and srun an fixet~gize pages, The uger can syecifv the rage
size, the amount ¢f core space te¢ allocate for bufters
(wnioh can ke chenged dvnamically during execution), and the
size of the address space; inclvidusl vaces mavy ke locked
inte cere for & tine and later allcwea to be gwarped out
acain; the user's paged data nmay ke divided into s nupper of
catesories, which allows more efficlent sllocaticn of srace
py arcurini opjects ©f the same category on the same pace,

£t the time that INIT is called (see the INITIRLIZE
function in  secticen €), certain c¢ells in the runtime are
examinec ¢ deterrine the setup ¢f the ragina leaic, The
names of these cells are EDFree~declared EXVERMAL. The
cell NFL ¢ontains the tage size as a power ¢f 2, which rust
ke netween d and ll. The aell NPG contelines the size of the
nesired address srace as a multicle of ZtNPL: the slze
cannot eXxneed 4tl9. If NP@ contains a zero, it 1s assured
that ne use will ke make of the vaaing legle, and any cells
on it will rroduce error comnents, Tre cell NFB conteins
the nurker of core ktuffers to be proviced, If 1t conteins
0, all availarcle space will be used feor puffer, 7The cell
NFC econtaing the highest category nunker which will ke used,
The cell PM conrtainsg a positive nunker 1f the direct drum
accell maghinery, BRS 124=127, ls tc te used for storing
mnaaed  cata, ©r a negative nupker if s random £ille callea
F5QF0DATE 18 to ke usedy the former is  somewhat rmore
effirient, especially 1f the sddress srace is large, put the
lettar cat re accessed ky other rrograms via the orxdinary
tile wachinery wherxeas the former cannct,

B felw cther cells are of interest, The aell FCAT dsg
exanined whenever a call is ngoe to pHAKE, If it contairs a
none=zere nurker, the new cloak will ke asllccatad en a vage
raegserves for cata of tnhe deslunated catedcry. £ 1ir
sontains 2 zerc, the new rklogck will ke &llocated on gome
convenient gade without reference to category, A call ox
PYAKE with a valld drum address as the second argument takes
precedence over the setting of FCAT,

LECK amdSLECKE

A rane may ke locked into ocre with
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LOCK (X)

whare ¥ 18 & drulr addrass; the value ls the correspancing
core wcdress, wbieh is guaranteed to remaln valid until the
pege g uniockec, The furotion

UHLOCK (&)

whera A 1s » core address, stores the correspending drum
address in a cell called PADDN and returns the old logk
ceunt (which is incremented Ry LOCK and dacremented if
nen=zere by UNLCOK) as values it 1s all right €¢ unlock an
unloekes butfer, The cell NUP always contains the numter of
ruffers which are net locked at the mcement,

Fage rufters AT R allocated downwards (towards
lowsnynperad addresses) f£rom the initial setting of a cell
malled FST0ORGy the bottom of the puffer srea 13 put into the
cell HAREAY ky <the INIT oreraticn. I1£ the user wants to
reduce the amount of space available for buffers, he may use
SFUT({X), where x is a core address in a buffer, The buffer
will e returned to the reol of space avallakle to the core
aillocater (MAKE), 7The converse oneraticn is B6ET(X), whkiah
restores tne rutfer for use py the ragine logie, HNote that
the Ltuffer area is defined st INIT time (85 the NPR » ZTAFL
cella 1ust belew (ESTORG) = 210l and BERUT and ®EET may only
ke ygeo on addregs in this range, INIT allocates space uyp
from rE10ks for tatles for the drum alleoecator, leaving the
first unused cell 1n  BARMAY, Thys SARRAY and [EAREKAY
hracket the ccre not used by the ragine loule after and
INIT, while BETORG angd HESTORE pracketr the cora avajlagle to
it before an INIT,
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A strirg 1s descriced by a four wers desarivtor whiech
srecitles the peginning and end of a the ares assiygnec to
the atrind, the reader pointazr, and tne writer rointer, fYhe
fungeion

SETUP (<string named,<(sized)

will cktain a Llcek specified size and set ur the descrivtor
poirted  to by the string name to peint to that klock, 'he
neme myst slreagy contain a reinter to & descrirvtery 1f it
containg & Q0 m  runtive error will result, The alternate
form

SETUFP (<string namney,<sgizey,{exrressiony)
will make s descrirtor which peints to the specified nurper
mf aharacters starting with the weord ypointed te by the
expresgsion, The storade allocater i8 not  involked; it 4is
the preooaranmer's restonsibility te create tha deseriptor)y

1t 1s the progranrer's responsikcllity ¢ ensure that the
propoer ameunt ¢f space 18 in fact avallarle,

SEl8enSETEm3EThe. LESGLR
Te set the reader and writer pcinters of a string, use

Stic (<nened,<exrressiond,<axpression>),
The first: expression srecifies the reader rpointer, the
secont the writer gointer (which must ke oreatery if it 1s
not, the reader is set ecual to the writer pointer),
Characters are nuncered starting at 0. 7o set the reacer
pointer only, use

SETE (<Narmed,<expressiond) .
Te @&at the writel ypeointer only, use

BETW (<named, Ceipressiond),

Te oktain the lenath of a string (writer oointer-rescer
polnter) Use

Lﬁw&fﬁ((ﬂﬁmﬁ))v
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None of these  functions except LENGTIH hags & meaninotul
valua.,
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te get the next character from as string ang increment
the resder rointer, use

GCL(<named>) .,

If there i3 no hext character, there will be an error
pommant and a halt, To aveid this, use the aglternate forn

GGl idnaneyi<failure location))

(zee aiscusion cof failure logsticns kelow)s This convention
s also used for the naxt five funations,

Gl {<nane))

reads a oharacter fros the end of the string and degrerents
the writer peinter,

WeL{{expressiond,<namned)
Writes the character srecified ky the expression on the
strino sweclfied by thne name, It £alls 1f there ls no room,

Wen(€expressiony, <nNaned)
writas the character on the front of the strine, at the
tocavion of the reader rointer, and £ails for tha same
reagsn, These furctions have the character written as their
valus,

ABPEND (Kname),{nana’)
arrencs tha secend string to the first ene, 1t f£alls if
there 1s not encough room, It has ne rmeaningful value,

ag {<namer)
yields the next charecter of the string, Hut does not
acvance the reacer rointer, It never fails, but vielas Junk
if trne stiing ls empty,
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SITil0mLANLILHLBLLELLSC0ORX
Ihe expressicn Aei: (where A and B ere atring nanes)
simply meves the contents of E (presurably a pointer to a
deserictor) intc A, o copy the deseripter, the BCCPY
funerion miant re used, since string descriptors are just 4
wora blooks:
RCCFY (B, A),

Fe sure to read the section on BCUOPY arcve, T0 ecpy the
String, use

BCUFY (B pa),
The %tﬁ@cﬁ is that ¢f SETS(R,0,0) fellcwed ny APPENU(®H, A).
HCOFY, like APFEWD, fallaz 1f there is not enouah roowm in H,
SErinLdDNLCer. CORNEISLoN LN AL S0 CHB WS8R

To oenvert » string 8§ to a numker, wrlte

Q$#€S).
Te convert a numcer N o a string 3, write

CHE (N, 8)
This converts a signed number to its decimal rerresentaticn,
producing’ enly encugn diaits  to accurately rerresent the
numpar, IXtra arouments may be suprlied which specify radiv
(10 assuded) and the numper of charescters in the string
version (=1 cr Lree ftormat assumed), Correaponcing
operaticons for tleating goint nunkers are

CSr(d)

ard

QRS (R, 3) .
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JANEILE e DULEILE o ETY B L ERROS
E fila is crened for incut with
THFILE(Cstring naned:<{falliure location>»).

the gtring oenteins the £ull name of +the £ile, Thig
functien requires the rpresence of o failube lacarior to
whicn centrel transters in the case the function fails. Jts
value Lg the £ile numper,

QQTEILE((name),<axnr%s$icn>{;(ﬁailura
location>])

does the game thing £or output, The expression 1s *the
option wora which 3K$ 16 takes in the hereg, It will ke
assuged to ke 0 1f neot surplied. 8eth of thesme operaticns
leave in the lcocation FTYPE the type word returned py the
BRB, 1in case of fallure, the errcr returned by the BRE Is in
location HeREOR,.
LENAJESLUTHANE
To acouire file names, use

TNNANE (Knamedi{fallure lecationd)
and

OUTNAME (Knameys<fallure loaaticond)
poth of which collect the name from the teletyne and agpenbds
it o kbe srrxing supelied. Foth transfer to the givern

location in the evant of failure, and have the terninating
character as value,

CLOSELCLOSALL
Te close a £ile, o

CLUSE (€exrressiony),

The exrression's value should be the £ile number, To clese
all filles, do

CLUSALL () ;
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£18snCOLT ki Ltk BEU T E0UT s BLE

1a reac a character, use

Cli(expressiond) s
Tne value of the expression should re the file numper, This
functicn isiscly dees a  Clq, Ita value 1s the charecter
reac, T0 write 2 character, use

CUUT (Cexpression? [, {axpressiond )
File 1 1s assunmec 1f not specified., This function has the
aharacter . lett%h as Aarguinent, To read and write a Full
wors, use oIN and WOUT An exactly the save way, To write =&
gtring, Usge

SgUT(¢<naxe> |, <Eile>]) .
Te write garriage returns, use

CHLF (<expressiond{,<{fLled] i

The sxpressjion srecifies how many should ke written,

Tl el Gl T e L Y s CWT
io resad a nurher, uyse

Irsi{€Eile> | <radiu>iy,
Peciual radax is sssuned, To write a nurper, use

TguT (<axoressinry),
Extra aroyrents, in order, z2re the £ile (1 agsumed), the
radix (10 assured) and tne nuwpcer of characters tc be
written (=1 or firee tformat assumed), Characters AYE
digonraded . from the leftr the nurtker is filled out ¢n the
lefr with vlankeg, 3 slon 13 supcplied 1f the nusker i
neaative, corregronding overaticns for fleoatirg roint
nunkers ape

BliaqCeElle [, {fornat>])

for rleatine input, and
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RoUT (Cexvressiond, {filed [, <formatd])

for fleating outrut, The format word is explained in
1t Lt is onittes, it will ke taken as zerec, l2sding to
format cutput,

K

£

4
T

18

1
ae

t
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Lewmidscellonecug. functions

ElXwmt o2l

e tunctlions  are  provided f£or converting between
integer and f£leating ypoint, Teo convert a floating roint
T to an int€qer By trungation, usze

Fli{<expressiond),

Te coanvert teo an integ2r hy rounding, use FIX(X+0,5), To
convert an inteqer to floating point, uge

FLOAT (<expressiond),

LulilalIZE

There are three arguientless specisl £unctiong of
aenerel interest. INITIALIZE() initlalizes the Q8PIL storage
allocator,y taking all the spage fetween +the contents of
3aTuaé and the end cf core for itsalf,

The wcompller provides an INITIALIZE as the first
instruction of the user's proorar, If the proaram starts
somewhere Qther than at the keainning and does not Lbecin
with an INITIALIZE, +the user may say CALLw INITj;dJ to DDT
petfore starting the prooran, Failing this, there will re =
tilsester =8 soun a8 the program calls on  any runtine
featyre,

HALiaball
The gther twae funotions are
HALT (),
whiech nhelts, and

RHIT() ,

whicnh doeg a BRS 10, The compliler generatags a BHS 10
aytonetically at the and of every progran.
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el

BRS.SEBLABLE

jo o execute a BRE, do BRa(N,A,B,X) which sets up the A,
By and  } reugisters and dowmg the BRS numkered N, Trailino
araunents vy ke omitted, and the adjacent conmes nay be
used 1L one Of the regilsters dgoes net need to ne set up, IF
the #4rK3 18 expected to skip, a failure lecation may ne usged,
whien wili ke used if the sk does nct skip. The value of
BRS is the contents of A when the ERS returns: the
registers may ce saved by a save list as for ordinary
tunesicn dalle,

19 edacuyte & JBRM do 3BuM({k,ar H, X}, Conventions are
exactly the game as £for BR3,

Arkitrary machine instructicns may ke generated with
PORLGF, ¥4 ApBrX)e This works like BRS and SERIM excspt that
the orcede is the value of 0P, which nust ke a constant,
Thus, #RK3{31,%) and POP(B73K,31,¥) are ecyivalent,
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Lhencoinllar

& vrodaram  1g  complles  with fellowing set of by
actionss

BOBRY, ,

T/L4/649 ithe date orf the lagt CSPL agsembly)

SOURCE FILE: <file name) <terminating characterd
[the terminating charaater is either ",% = agsune
aefault f£ile for BINARY ang LISTING, or "," ar MY =
gamana furtner file nanes]

BINPRY FILE: <file nama> <terminating character>
(default is NQTHING]

LISTING FILE: <f£lle nanme) , [defaylt is NUOTHING)

9 Sk L BExREB 243 CELLE (ANl Len2(n3d) ,Tind,nB, Ten6,mnsn7)
@

Tne "n ERRS" dees not appear if there were no errors,
The nympers printed out in the compillation summary have the
follawing asignificances

Rinl, nysbaer cf symbel table celis rermalning st end of
conpilatien. The synkel takle has about 4900 cells,
Synkals take 5 cells, constants take 4 cells,

Lene nunker of literals (oconstants) in the litersl table,
This 1inclydes oqonstents actually writtern in the
nroaran, temporary and £inal values o©f constant
ejdrrassions, and otner couriler~cenerated constants
auch ag fField masks,

(nd), nuirker ¢f literels whioch were never referencad in an
instructien,

Tind, numpey ©f indirect oalls generatec tor lakels,

ng, nunkar ¢f indivect calls ganerated for arrays and
functicns,

Tiné, total numker of  arithmetlc  temporary  cells
aenerated,

Hin?7 smallest apount of svmbol tarle space angounterec at
any moint during commilation, This number is snaller
than the "A" numper oy rouahly the numeer of tokens
ir  the longest statement in the progrsam, It is the
best messure of now ¢lose you sre to overflovine
Ol ‘e synpol table,
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Lhe Huntlse

4 subayvsten called ORUS contains the U8PL  runtinre,
Whan called, 1t puts the runtire code into vaue 7,
reac=cnlv, and inltliaiizes the pcp transfer vector in rvage
0, It lesves 1F set after its storage and converts itself
into LRT. Dumps and continues may be rerformed exactly as
theudgh 1t owere LLT. Tne user may set up BARRAY to the first
unused cell refore calling IniT: otherwise, SAKRAY gasts set
te 100k kevend the last nonezero word ¢f the rrogram,

————— . —. . —. ) P 7o, T 5 2
. o s o O 1. o A 41 S . S .
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SeLinags

A UBRL string desarivtor consists of four words, e=sck
of which 18 a character pointer (3* word address + 0, 1 or
2) .

Tgay ares

peinter f£C character kefeore first character of srage

allocated to strina,

reader pointer for string.

writar rointer £0r string,

pointer te lest oharacter of syrace alleogated to string,
14D creates such s descriptor, RSD, RSE AND K3W set reader
and  writer pointers. Characters are counted from 0, KOS
reacs the characters petween reader and writer pointer, Wow
writes coharacters Lketween writer and end pointers, KGR
Reacs anayacters ketwean writer and reader pointers, WO
writes coharacters retween reader and kesinning pointers, &
varinakle declared 3TRIsG must contain the address of =
descrictor when it 1s used in a string orerastion,

Badind.logic

Aovalid drum address has bit 4 off snd it 4 ony rits
NDm2 are loneored and bivs He43 connrise the aectual virtual
address, CEA and QEI are used 40 translate such addresses
ANte core addresges into core addressess if the desired rage
18 not in aore, 1t is read in  (whigh usually involves
writing out  scfce  otner nage)., CEAS and CEIS do the gane,
gxeqrt that they a&lsc set a £lag assoclieted with the buffer
o ensure that the page will ke reuritten on the drun bkefore
a new one Ls kroueht inte the pufter,

Core. LAGFAsE Lllocanion

b bleck sllocated by a (filxed) arrav declarstion or bv
&  sinales arourent call of HAEE containg one nore word than
wes resuested gy the user, The extra word, which is tnhe ¢ne
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Irmediately rreceding tne zeroth werda cf the klogk, contains
the rotal lenath ¢f the kloek, including the extrs word,
The wCr two pits are used by the storage allocator:

cit O iz ¢n if the plock le free,

kit 1 is on If the next lower kleck is free,
Hlocks allocated by a twoearoument call of MAKE d¢ pot  have
htis extra word,

An array telng used for storawe allocatior (i.e, one
set up Ky SETARKAY, or the SAREFAY arrav) has the following
forig

Yot if w Y CRukants
-l Length + f£lag bits, see arove
i kead size, Or 0 fcr an array which allcceates
varigble sized btesds (Cr klcoke),
1 Accress of routine to call when free space igm
axhalusted, Thia werd may e set v the

nroaratrer, The svsten does a CALL+ throuch it

i Fointer to master free list (or Just to free
list for arrays allocating fixec gize rlocks),

3 Free scace +0 e allocatsd,

The free list for a fixed rlock size array starts at
the gecond werag cf the array, 1s linked through the first
woerd of eaah free plock, and terminates with a zero,

ITne nzster free list for a variacle kloex size array
uses one rleck £or each nlock size, Three words of this
Llock are usad.

] Length + flaw bits,.

£ pack=gointer. Terminates at Oth word of
ATTAY .

A Feinter to siave~fee liet for this plook
HlZe,

P Fointer to naxt klock on master free list.

The plocks on & slave~free list zare all of +he sanme
slze, Twe words of each are used,
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- Lendth + flag rits.
£ #ack painter on slave-free list,
1 forward rvointer on slavestree list, or 0.

The lest entry on the master free list mav be for kleak
slze 2. In thils case the third werd is not availatle, kut
1t 18 nct needec, since the master free list s sorted oy
decreaging klock size, and the the stallest gossibie kleook
alze 1s 2, '
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CHEL RUNTIRE POES

* O Inemenye meang that all central registers not usaed
return vesults are destroved, ‘

+ Oh Tnemenic weans that all centryl registers are cleared,

Lode
100

a1

102

103

104

108

1¢s

107

whenenie

CALL

+ N&o

* MG

+ P10

Rk

*x ROy

» RO
L ] gf{:‘g};

Eunoalon

Function call, 7Tne definition is 4Yust “nle
Os Inus F(A,d) compiles LDA Ay LDE R,
CALLw ¥,

Mumerie @ string conversion. (0) =
¢riginal intecer, (&) = string deserirtion
adaress, (B) = radix, (X) = numher of
characters to wrilite (=1 means free format).
CHE(b,3) compiles LUA 8p LDB =10: LDYX =m1:
HEC A,

Frint string starting at 71 on teletyre with
BEREE 34, Hot output by compiler,

Cutgut integer to f£ile, (A) = file number:
(Cle(B) o (B) as for NEC. ICUT(BIFsR,G)
complles LDA Py LDE Ry LDY Gy FIU A,

runtine error. © {(8of (¢)) is the error
nurker,

kead character, ne wmeticn, (¢) = string
cesorirtor address, Heads the aharacter
fellowing the cone adgresssd ry the
gesorivtor to A, Tnhne deserirtor is net
changed, GC(E) compiles KCN 8,

kead character f£rom strinag. (¢) = strina
gdgesorintor address, Reads the oharacter
follewing the one addressed hv the
gesarivtor into A, increments tne

cescrictor to peint to the character, sSkip

1f string 1is not emoty, GCL(E:#) conplles
BGE 83 BRUw P,

wWrite onaragter () on strine (A), Hee
ko8, byt writes chavacter from O, 8kip if
grege laft in strinu., WwWCI(C,8:F) comcilies
LA S WCH Cp BHEU« ¥,
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310

112
113

114

317
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Manual
* RO
® Wt
+ REL
* LN
v RER
+ R&h
+ F3C

CHa
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kead character kackwarcs, See KOS, but
reads the oharacter which would have reean
written py the last WCE. GCL(S:F) conpiles
ROBE 8 HRUx p,

Write character backwargs, See RUS kut
writes (W) into the strino sc¢ that it will
ke read by a fellcewing KCE, WCDIC,8:F)
cerplles LDA &y WCRB Cy BRUw ¥,

keget string descrivtor. (§) = string
cesqricvteor address, (A) = charagter nunbker
te set read pointer to, (%) = conaracter
nurner to set write rointer to. SETS(8,R,
Wi comcyles LLA Wy LDB Wy RED S,

Length of string. (Q) = string cesoriptor
addyess, rNumper C¢f characters netween cpge
ard wrlte polnters (.le., hurber of
charactars of useful informsticon) returned
in A. TeLENGTH(&) compiles LNG &3 &Ta T,

keset string read pointer, Same as R3L for
resd pointer only. EBRTR(E,F) comriles LDa
ke RSk 3,

keset string write gointer. Same ag 4R
tor write pointer. SETW(S,W) complles LDA
Wy REW #H,»\

Egstaclish string constant, (@) && for IsC.
ine word aftey the FEC containe & character
ceunt, the rollowing words the nharacters
recked 3/werd, The string descriptor is
get te woint teo this strirg and control
retuIns to the word followina the last word
of the string, Se"aRCD" ronrilss FSC S
LaTh 43 ASC 2,ABCD,

cempute effentive address for raged ondect,
() = drup address, ¢ore addreas cf obiect
retvurned in X, A pregerved, B destrovend,
The validlty of the core address is
auaranteed only until the next seged
sterage POP, Use CEA3 1f obidect is to hre
nedified, Aep,¥ conpiles CEA Py LDA 4,21
ST B




<;“\ ORFL Maruagl
120 cHl
121 CHua
142 CHis
123 REAL

» 124 R #T
128 DELY
126 RCUT
127 CRE

Euntime Letalrlsappendix A4b

Corpute effective address, irdexed, sane
gs CEA axcept that (4) is added *to (0) +to
gat drun acdress, Use CEYS if obdect ig +o
e medifiea, AeF[]l] compiles LOX I3 CEI Fs
LOB G,2: B5TA 4,

corpute effeative sidress for ahove, darme
ag CEA, but for storing irnto ohidect, P,iea
cennilas LDA Ay CEAS Fp STA X,2.

conrute effenstive address, indexed into
array, Fll)eh covpiles LIR Ay LDX Jy CHIE
Fgr 8Th 0,2, _

kecursive call eptry, £ (0er (Q)) gives
nunker of cells t¢ allcocate on stack for
aruurents and SAVEd variatles, RECURSIVE
PUNCTION F(X,¥Y), BAVE 2 cempiles 87h
FECRGL: LD 03 wWCAL 33 LDR X3 STA 2,23 LDR
Yr 3TA 3,2p LDA 43 3ThA 4,23 LDA KECRGL: BTk
xy #TR Y,

recursive funetion axit, kFemroves nlock fron

gtack and retuyrns,

Loukle ¥ register, isec fer fleating roint
arrays., If A ls & REAL AKEAY, then Rehr(l]
compiles LDX I LBLXp LDFe« Ay STE B,

keal cutputs (C),(C+1) is the numpber. (A) =
tile, (B) = format. KOUTIH,N,C) compilas
LA Ny LDa Q@ ROQUT H,

cenvert real to string. (0),(Q+1) is the
nurter. (A) = strinyg descrirtor address,
(#) = roruwat, CRE(K,2,0) rompiles LDA S
LUE s CRG R,
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A
AFPENE
AMKAEY
BOoEY
BGET
BING =Y
BEUd
BRE

By

GIN
OLOsE
QLo&saLL
CLODE
oy
GhE
ORLE
fimN
DECLAKE
L

EL S
EL&HTE
END
BRRpoE
ENDIF
ERTEY
Bk
EXIT

BATERNAL

VIELD
RIXEL
FEADE
FOK

CES
G
FLX

keserved Wordgappendix B8

APPENDRIX &

kegserved Words

Fron
FSHIFT
FUNCTYON
ele:
acn
Gel
AOTO
HaLT
TDENT
¥
IIN

CINGLUDE

INFILE
INTTTIALIEE
INNAME
INTHSY
pouT

LY

LENGTY
LIWE

LI&T

LUGAL

LLICH

LEH

HAGRO

MAKE

Eanlw
HORLTET
i i T

mR
RUTEILE

FLOAT
HTW
wOuUT

OUIHAKE
FAGED
PRHAMETE
PPLUSH
PMAKE
poie

ROY
REAL
REQURSIVE
RETURNY
RE8H
BAVHE
SEAF
BCOrY
SETAKRAY
SRR
BETS
SETUP
SETw
SCURCE
SOUT
SRATURH
STHING
TO
UNLOCK
Won

WO
WHERE
WHILE
W
WO

SCALAR
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]

BETORG

FAERAY

ERRO R
FETONE
FTYBE

NF

NEBC

el

e Ny L
NGP
PEDOK

FCAI

GARRAY

EXTERNRL BYMEOLSAPPENDIX

APPENDIX ©

Stancard External &synkols

Filrst werd of asatorage avallasble to INTT,

Last werd not used for rage kuffers or tacles
aftter INIT,

Errcr codes left here by INFILF andg QUIFILF,
LABT werd of storage availseinle to INIT,
Fille tyre left nhere pv INFILE and QUTFILE,

wumber ¢f core puffers for ragins,
avallarle srpace,

0= all

Pegirec size of arunm address sraca (2tNFL) .,
NPGSRZT (19=NPL), O = pacing will not e
U;’Ee‘ﬁ-

Faor slze a8 power of 2. BC<asNPI<(=1l1l,
Nunrer of unlocxed rages,
Drulr acdress of unlocked race,

Cateqgory to ke used by FPMAKF, 0 3 dont+e
care,

»=0e use kY for pagling loglc. 4R7: use f£ille
/EGFLATA., 4B7+Fs vge £ile ne, F, Any of

"

atove + 2371 recover old state from f£ile,

rddress of second word net used for rage
ruffers or tables after INIT,.

C47
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Layxerns
{K¥why»
Cxforxd

<xforar

<xwhiles
{Roondg»
{xox»
<xand>
<xnot»
<xrel?
CRinndd
<radd?

<xmuloy
LHxBLAN>
<xsanlily

<xwfel

<xtend

<tailure>
o ¢xtall)

- Kxref>

#

#

L]

i

]

"

B

BNF syntaxappendix S48

APPENDIX U
“ i
e o TN

ENF AyntaXx of OSPL

CXWNLD (14 <Xwhrd)s

<xfoarx)> [WHERE <Xtorxdl;
<xeondad E(FOR <xfore> / WHILE <xwhiled);

Cidentitier> ('m / ')
WHILE <xecond) /

‘ <xeond> ([ ', <ygoconc))
LBY <{Xecendd] TO <xoondd):

<xaendds
<xord [IF <xeor> [EL&% <xoond?)];

<xapd) (0K <xand)):

<xnot> S{(AND /4 EOR) <xncetd)y

[raT) <Xreld>:

<xmed> [{'» /7 ta / 1> / 1dr 4 ' /7 '4m) Kxnedd]s
<xadd> 5 (noL <{xaddd),

KREUL> w01+ /7 te) <&myuld)e

xalgny s((Ys £ Y/ 7 18K / KSH /£ LCY 7/ ROY)
xslan?ls
[V 4 'w 7 GOTH] <xtall> / (BEETURN / SRETURN)

<Esgnliry

[<Xerr 1, <xor> ',
[FEON <xtalill>ls

<xer> / <xor> VY, {xnxy 4 <yory]

<xtelld (1 <xfen> 1)1y
[<expr> s(', <exprd)] ['s [<tallured] [t

(<identifiexrd] &(', [<idertifiex>])l:
¢identifierd 7 (RETURN ¢/ SERETURNY ({Xerdl:

<xrefd S{('. / ') <3fieldd) [<xauprsd) ['e <Xerdl;

g(1'8) ('al] <qaprind <XsUbs>:
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CxBUrg> =

#

CALT LM

E ]

lsoa

H]

<pachs

i

Capnstants

identitenr =

Conarcony =

{eerald =

Cofioidr> =

{lettey, =

<W) {ctrerchard> =

CEtaty =

oo

<functiony =
Clistony =

nalistony =

"

CHEan >
CrEAny =
{friegy =
Yrlisty =

Curwfdr =

{token» =

P
nelistop? / END / IDENT <dcentifierd / F(Ok

BYF syntaxappendiy 8449

('] <exur '1):

Y exXpxd ') / <1sc> / <xsfd> / icentifer> /
{monstantyy

U] ﬁ§<'§\:san> ’"?

e (Y& 7 'Y /ey (letternd / Coatald <octald
<octalr») 7/ {otherchar):

<ecraly scoetal> B [<digitd] /7 <ilgited s<aicind
(€aialt>]] 7 <charcon>s

<iettery> s(dletterd /s <dioitd):
P Kpsand> [Kegch) [Kpschd]] 11,
S N L Y TV AR B A VAR N T
{oetald /7 '8 / 193
Y& 4/ aee / 12y

<any character other than '&, '!', or 191>,

[N i

(ifftlixu, |
(DECLARE <xdee)> /ARECURSIVE <(funatiend <xferd /
<tunetiony {xidnd / LIST  <listop) /2 WOLIST
Kfare> DO s WRILE <xwhiled> DO / BL3KE DO o/
ERDTE / INCLURE <isg> /7 <exprd) 'y o/ ('ad]
<identifiexrd> '
FUNCTION / ENTKY:
SCURCE / BINARY / CODE:

iigtows / FRER /4 BEXUTERNAL / LOCAL / FAGED /
INQLUDE

<raeed (', LINK <addry)s

CEdeo> L'y SAVE <vhlist>]:

(18] <lcentifier> '( I<velist>] '),
Sgrwgay #5(1, <yrvwidd),

SLINTEGER / STRING / ARRAY / PAGED / FEAL)
Cloentifier>:

ised /7 4identifierd> / <corstant» /7 <{rmark>s

[
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<pmarad = £any CLi "#8u()wt, =, 5<=D@ e,

<xmep = Licentifder> ['( [<identifier> $(', <(identifierd)]
1 1 'e s<tokand;
(fielacee> = Kicentifierd> '( <iecond [': <ieond> ', <icond] 11
(paradec) = ['8] <identifierd> le <icordy
<lcondy = {exrr which evaluates to & congtantd;
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einaxy,
urany, %

e 3

() (functicn ealls),

Binary,
+
unary,. &

il
Linary, &
il

UrAaryv, %
o (tailingl, 7
fr &

<r B

ﬂ 1“! D ? f}
AFPENL, 33

BCORY, 27, 32
Bk, 27

QIN, 34
CLOSALL, 33
CLOs®, 33
CNB, 32

QLT . G4

CRLE, 34
Ch3, 32

CﬁNo 3¢
CEk, 32

D C: » 5;3

BCk, B
ERRQE, 33
EXLIT, 36

FIXK, 36
FLOAT, 36
FOk,
canstrunt, 20
crerater, 3
PRERE, 26
FIYFE, 33

GG, 31
GGh,y 31
GCI, 31
GCTH, &

HALT, 36

I¥,
construet, 20
Corerator, 3
1IN, 34
INFILE, 32
INITTIALLZE, 36
INKANE, 32
1CUT, 34

LCY, 5 :
LENGTH, 30
LOCH, 28
L8k, &

CR, 4
QUTFILE, 33
QUITHAKE, 33

PHAKE, 26
PLE, 37
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RCY, &
HETURN, B
HIN; 34
HUOT, 34

REH, &

BhERb, 37
BCOFY, 32
BETARKAY, 46
METHR, 30
BRETE, 30
BETUR, 30
HETwW, A0
BOUT, 34

URLOGK, 258

WOD, 331

WHT, 31

WHERH, 3

WHILE, 3

WHILYE econgtruct, 20
Wi“p 2A

WOUT, 3¢

[] (sueseripting), 8
yp i
acdition aperasteor, &

pEpenclx 4, avrendix A40
Aagslannent crerator, 4

hranan crerater, 5

taracter congtants, ©
conpiler, 34
constant axpressions, 11
control statements, 20,
Flik, 20
Iﬁ; 20
WHILE, 20
cvels orelstors, §

declarations, 1Z.
ecyivalence, 1é
Eield, 3@
initislized, 14
rages, 1.4
nerapeter, 18
gtering, 13

Incexsy

sympels, 18
divisicn crerator, 5

equal relation, &

eauivalence
declsrations, 16

eXpressions, 3

tield,
declaraticons, 18
tielidtsa,

word crerator, &
tile=naping functions, 33 .
£llag,

CLUSALL, 33

CLOBE, 33

ERROK, 33

FIYPE, 33

I&VILE, 23

INNANE, 33

QUTFILE, 33

QUITNAME, 23
floating roint nunhers, 1%
funecticns, 16,

FXIT, 3%

KALT, 36

TalTIALIZE, 36

calle, &

detiniticon, 1o

tilem=naring, 33

racJursive, 17

retyurn Qrerstor, %

grecial, 6

areatey than eoual
relation, &
grester thaep relstion, 5

ingirecticon crerater, 8

input/outnut,
CIlN, 34
LT, 34
CRLE, 34
Tid, 44
TGUT, 34
RIN, 34
BOUT, 34
SoUT, 34
Wik, 34
WouT, 34
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lare )&,

deglaration, 18
left cvele operater, bH
lefe shift cperetor, 5
less than saual relation,
legs than relatioen, 5
toaleal and, 5
loglical exclusive or, &
leaienl not, &
loieal or, 4

macro facility, 44

multirlication ceerator, 8

nameg, %
net 2eudal relaticn, 5
numkers,

A% rrimaries, %

to strinas, 32

pading facility, 28,
FEJFLRTA, €8

LOGk, 28
X 28
o8

BOaT, 28

P, 2&

UNLOCK, 28

deaclaraticns, 13
parareters, 158
primaries, %,

character constants, ©

congtant expressions, 11

names, 4

NUBE RS, 9

reserved words, 9

atring constants, 10

real numbdra, 19
recursive functions, 17
reference operator, B
relations, %
renainder orerator, 8
regerved words,
ag primaries, &

riaht cyvole overator,
right shift operator,
runtine, agrendix A3L
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runtine
detalls, aprendis A4

ghift crevators, 5
stetemnente,
miscellsneocus, 22
storage ailocatrion,
BCOEY, 27
FREWK, 2%
MAKE, Z¢
PHAKE, 26
SETAREAY, 26
gtring/nurher
conversion, 32
gtrinas,
ABPPENL, 31
BCCFY, 32
Cﬁbp 33
O8N, 32
8k, 3%
Gee 33
GO, 31
GeL, 33
LENGTH, 30
SCCPY, 3%
BETR, 30
HETE, A0
SuTUR, 20
BHIW, 30
WoD, 31
WL, 31
congtants s
rrimaries, 10
daclarations, 13
moving, 32
gtring descrintors, 30
to nurkers, 3¢
gtring degerintors, ao
string handling
functionsg, 30
gtring nmeving, 32
sukscrirting, &
subtractien cperator, b
suceessive evaluastion, 3
symkhel declarations, 18

tﬁilin@; 7

unary operators, %




