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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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s A conment, whiech 18 » line peginning
(etter a4 semicolon or another comment)
with an asterisk ("«") and ending with a
farriase rerurn (net "),

Most statements are expressions, s we will discuss
ther first,




(m“ QEFL Manua) | Pace 3
]
Exsxagaiong
in expressicn is made ur 0f operands serarated By
eweraters, Parentheses are allowed to any reasonatle derth,
The crerators are arrandged in a hierarchv of binding
strenuth ¢r rrecedence, Those at the tor of the folleowing
list sre executed latest, 80 that atbrc is a2+ (nwg).,
& denctes sucessive evaluation, The value of +he
regult 1  the value of the last expression in
the string, Thus
hep & CeDy
or more rlausinly
F(A)B) & G{L,Y)s
which causes potn fungticns to ke called in the
order in wnlch they are written,
WHERE le similer +to &, but causes the fellowina
B exrressior te te evaluated first. It mav not he
( | iterateq, Thus
,./
E{X,Y) WHERF Neld:
FLRyMRILE
takes the fornm
cexpressiond FOr <fer claused:
[y
<exrressiond WHILE <expression:
The expressicn is evaluated rerestedly urder
centrel <¢f  the <for clause (see pelow for the
syntax oi this ceonstruect). The f£inal value of
the expression is discarpded, end the value of
an  eaxecression invelving POR  or WHILE ias
undefined, (f course, semething like
(ALI] ) 1J]e0 FOR Il T0 N FOR J=1 TO by
is lecal,

o IF takes the foro
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Ok

{expressiond 1F <exgression) ELSE
{exnressinondi.

The secold expression ls evaluated, 1f 1t is
non~zerc, the first expresgsion is evaluated,
Its velug becones the valug of the whole thing,
and  the +third expression (which, ky the way,
may contain another IF) 1=z skicped, thervwise
the f£irst expresgsion 1s skipped, and the third
is evalusted, Thus

Ked 1F Y=me MLEE Xe8 IF Y =(Q ELIL Xebg

1£ +fthe ¢final FL3E 18 cowmitted, © will bLke
sunrliec,

ig the assianment ovarater., It ranks on  the
aane level am ',' for ilts left~hand orverand,
ang tust peleow IF for its right=hang one, The
risht=hand orverand is evalueted, and its velue
hecones the value of the lefv-hang one, Thae
whole exvression 1s then treated as though only
the left~hand side nad peen written,

Is the logical gX. It elither orerant is a
relaticn  {(cx an exasression contsining leglical
opayaters connaoting at  least one relation),
then  the result is 0 or 1 depending on whether
both operands are true (Hon=zero)., 1€  poth
orerands have ordinagy values, these values are
poskined with the machine's MR instruction,
Thus '

E<4d DR BKEB
is true if eltner rvelstion holds:

A4 OR K+l
is true 1§ a4 or iLf ¥+]1 18 rnot zero, In both
thaga CABES, the gecond operand 1s non
avalvated 1f tne first one is true, RBut

FiX,Y) OF 2
is the Za=nkit loaical g% ¢f 2 and the valua ©f

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

4
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}P’%?}inp u[ H
Ao is the logical and, It is exactly the sana
ag 0Ok 1In the way it <reats its arerands,
Airfering only in tha result,
BCw alwave converts its cperands to values and
uses the FOR lnstruction.

NET la the lovical pat. If its single operand is a
relatien  (see the discussion of k) its value
ia dnverted becones L, 1 Lleconmes D),
ﬁtmarwise, & 4=cit complement is taken (with
FLR ==1),.

o
Z

w4 £ <= P o=
are the relations, Fach one evaluates its
operands and then nmerforns the indicated test
For these ano all tne arithrmetic ors2rations
the orerands way e rem~ordered 1if it suits tnﬁ
conriler's convenience,

HOD A FCR B ls the remainder of A/B,
- rertorm 44=kit inteder additien or subtraction,

* / LER REW LCY KCY :
Mt apg My nerforn 24=pit integer
multivlicaticen and division., %o test ig mace
for avertlow on divisicon.
The shift orerations shift the first orerand
the npumber of uglaces indiceted by the gecond
orerand, Vacated kits are replaced py zeros,
The aycle opersters <o an ende=arounc shift,

* o= GOYO <ETURN SRETURN DO {unary corerators)
The urary Y+" angd "=" deo the ckvious thing. DO
is a2 nolse vord ang 18 ignored, It way T
sonvenient for ocnsvyuatioﬂs sguch ag this

G OF(ErY)s

ATL transfers t¢  the address whiech iz the
valua ¢f its oQrerarnd (see the discussion of
larels kbelow),

RETURN anc BRETURN avaluate their orerand(s),
of which +there may ke at most 3, They leave
the wvalues 1n the A, 8, and ¥ registers
respectively and return throuoch Yhe return link
of the mnost recently defined function (aee
Delow). 1€ this 1Is not desired, the RETURN nay
ke  modifiec by foliowing it with PROM
{exrressicony. In this case the return is to
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the address which ig 1 + the value of the
aXrression.  Thus

HETURN X+Y FROM FCHL3

The pregrammer should rce sure thet FENL Has a
rropery return address in it, sinee the compiler
will net check this., fThe orerand of RETURN nmay
e opitted, RETURH  1s a normel return, or a
Ne=skir return (tallure return) from fupetions
called with s failure locatiorn (see funretion
calls relow), SKRETUKN is 4 skip return, or a
nermal  retyrn  from functiong called with a
failure lecoation, :

(funaviech calls). v
The araunents of the function are encleosed in
the parentheses, serarated ryv cowmas, Thus

FAZsX+E,2)

¥ote that the function mav re specified rv an
exnrassicn; thus

(E+B) (A, Ye8,4)

is perfectly legal, 1t causes rcontrol to e
trangferred <t the looation whieh iz ¢he valua
of the expression A+ with the areclified
aruyuments, Bguare. The yalues of the first
three furcticn arounments are transmitted in the
A, B and 4 ryealsters resrectively, The
acdresses of the values of furtrer arguments
are put intc NOP anstructions which pracede the
furcticn call, 7The function is called with =&
POF which leaves the link in ¢ arnd transfers to
the location addressed by it, Trhus

FLA,Y+5,2,P+1,Q)
cerrlles

LA FPr ADD =13 STA Ti+ls LIDA Y ADD =851
LERE Ay LDX Uy NOF Q3 NOP Tiels COALLw
Fin

In addition t¢ 0 or wore arouments, s function
call way alse have a fallure logatign. This
corresvonds  to o oa nNo skin return {RETURS
eperaticn) f£rom a funetion which also hag a
gklip return (SEETURE operetion)., The failure

Paue

6
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locaticn comes sfter the argunents ang 1is
nraceded by a golon, thus:

F{AL,AZ2L)

The fallure locption mayv pe either a label, in
which c¢ege c¢control will 90 there in cagse Of
faillure, or RETURN or B8RETURN rossirly followed
by A Sibgle exrression, waich will ke executed
in oesse of fallure, A functioen normnallv
returns just one vaiue, which ls rassed in the
Aeregister. nowever, 1t may return no values,
oy JUp  te three: additional values are rut Ip
tNEe B oandg X reglsters, The first value Iis
alvays the one used for further computation
(e.ca in situations Like F({X)+1l), Lut any
subset of the values can pe gaved by sutting a8
saxve lisit after the fallure lecarion, rrecedey
ry  anctner colen, thus: F(X,YsMiVi,Vve,v3) or
eyen F{lF:sR1:%XeY, 2) 1f there 1s no feilure
lecation. The gave lilst wnust be a list of
sirple varlakles, It ig all riakt to have 3
conra  with no nana: the corresponding return
vaiue fust gets  lost, fee Yrelow fer ]
discussion ¢f funetion declaraticons, Hote that
this calling conventicn 1z DEE the sare as
FORTRAN'S, In partioular, in the akove examrle
northing the function dees {(withirn reason) can
aftect the value of 3 or ¥, [t i& vossikle to
transmit the address of B or % with +ths
reference Qrerator, hewever (see kelow),

(¢milingl). The , must re followed by »& £ileld
nane (gee discussion of declarastions helow).
The resulting oriject reters tc the grecified
field relative +o the address whish 1s the
veiue ¢f the first operancd, Thus, 1f we have

RECLARE FIELD A(1), B(Z):

and 1f X ecocntains 143, then Y.h refers to

cuation 144, ¥.EB o 14B, K.h.B t0 2 + the
contents of location 144, A talled operand may
aprear on eltner side of an asslanpent, of the
Ajasgussion ot PARGED denlaration for the
treatment of paged klocks,

Pece

7
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(cinary, sane gprecedence as ,), The agonstruct
TSy 18 #8lmcst equivalent t¢ €T.F. l.€., Lt
reters 1o the tits of T (pet the werd acdressed
Ly 1) selected py F, fThe word disrlacenent of
P ls ignered, and F  npust not corcss a woard
boundary.

(reference and indirection). The referencs
overater "a" takeg an crerand which nust e an
acdress {l.e, agceptanle on the left =side of
an  assisnment) and returns this address ss its
velue, h~ete that this implies that iteration
of the reference operator is illeaal (in fact
it does net maxe any sense), The 4indirection
overatcr "§" evaluates its oprerand ard returhs
thie value as an address. The sequence "e$" is
2guivalent to ne onaration, excert that "S" on
an  agdress 1s comsiled with +the machinaetg
indirect kit, angd will therefore ke affected hy
the presence of indirect or index kits in +the
nentents of address, If wa have written

LECLARE FLELD S(0)a

then <E>.& 18 eoulvalent to $<E>, with the
exgenticon noted arove,

(subscrirting). A single surscrict is allowed,
Asm with tunction c¢alls, the obdect relng
subsoripted may te an arkitrary expression., 1If
it has teen declared as an array, the conpiler
losdas the subserirt intc the X=reo and conplles
Aan  indirect referepnce through the array nare,
Tattes 1t exrects the array name +0 contain the
hege address of tre array witr index bit on,
For any @ther exeression tne "{1*"  oreretor is
ecyivalent to Ys"a" V. Ihus

(EwE) LG Ok DIa)
cenplles 28

LDa Qp MEG Ly STA [y LDA A: SUB Ry ADD Ty X4Ay
LA ©,2; ADD =l

Fage

i
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ktinazice

The wrimsries £C1r expressions way te nunbers, nsres,
strino constants, Or ¢harazcter congtants.,

RUIALELE

4 pumter may ke an inteder constant or a real gonstent,
An integer censtant is 8 string of dlaite, rossiply follcwed
By B ooy D, peossikbly tollowed by a gincle=diait scale factor,
B rmakes the rnunker octaly 41£ 1t dg absent, declimel is
gagumes, Thus 100D = 1D2 = 1448 = JRZ2+44E = 100, h real
constant 1is of the form xuX.xXxxExxi., Fither the dot or the
B omuat e present, If the dot is rresert, there must pe
seme  ololts lrelpre ity 1f the ¥ 1s present, there nust ke
sone olgits after it. For furthexr cetalls, consult the
deaorivticen in k=21 of tne B81¢ sysrer, which ie uased te
aonvart resl constants te binary form,

RaIes

B name is a string of any numper of letters and diglts
meginning  with a letter., Only the filrst six characters of
the neane are sigrificant, A naxe nust re deqlared (sae
nelow), 41l nares exqeprt parapetrers and fields are trested
in exactly the sare way when they c¢oeur In expressions
(excart for sutscriptingl. H.6., a gtring nrame refers to the
pointer to the string descriptor which 1s the velue o©f fthe
name, Thys, if & 18 a string

Re i+l

gimply stores a+l into 8y this 1s nrobably neot reasonable,
Functicns  are  provided to convert Lrketween strings  snd
numbens.,

LESELNEL-BETds

There are abcut 80 reserved woras (see Avpendlx §)
whicrn may not te used as nanreg, In addition, 2oout 20
jeostions Iin £he puntime (see hinrendix ) are nredeclarec as
externals attencts to declare ther f£or other purpeoses will
fall, ‘

ShAraclErwmtRatans

A oharsoter constant hasg the f£ornm
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and  may
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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

b2y
15 egulvalent to a constant whoge value 1s
wha word disulacemant cf the field,

canarant.g3sressions

Apy exrression invelving operators ¢f rrenedence hinher
than FOCR  end ceonstant omerands will ke evaluated Ly the
compiler vielding a result which Ekehaveg exactly like »
ponstant.
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Reclarassions

» Varianies are declared with DECLARE or FUNCTION
gtatanents o1y Ly avnearing =ass  lakels, Tne sgsyntax of
varisble DECLARE i3

DECLAKE [FIXEDL or PAGER] [INTEGEF or RHAL or

STRING] [ARRAY) [¥YTERNAL of ENTRY or PR
LOCAL] <pamalistd. -
The gatuff after the DECLARE may ke rerested as many timeg as
degired, nee  FIXED, PAGED ©r ARKRAY has [een Useo it
remalins In effect fcr the remainder of the currert DECLARE

statament. INTEGER is assumed if it is omitted, zut once
STRING nas keen used Lt remains in effect until INTEGER
arpears again. fech name in the nanelist may ke precedec by
Us" (whiech makes it an entrvi or gy "*"  (which nmakes it
external, lL.e, rrevents stovage from kelrng sssianed for 1t),

1£ FIXFL and ARkAY are poth d&/ Tresent, a name may be —

followvee by  an eXxpression Lo parentheges (Qr prackets),
Thig '

DECLARE FIXED ARRAY Al12], BXw2+14]))

The expresslion (which nust be 2 constant) will ke evaluated
anrd  that oeny cells assigned for the arrayv at cowpile tine,
The nase adcoress of the reaion assivned, with the index i+
get, will ne stored in the nare, If 2 name ls declered
AREAY without eny storace pelnd asslignea, the gystam will
Agsuxne that 1ts value 1is a gointer to an array wilth the
index it sget,

Ie€es 4t will ccwnile

LDX I3 LDAw &5 STA B
Loy HeA (1)

Fuemplet

DESLARE  INTEGER A, B  STRING I, 3G1, &2,
EATERMAL G3, G4, St

ARRAY B (X+Y (417, INTEGER C(1C):

neciares twWwo gcelar intefers, one integer array which will
ke assioped 10 leocations when the declaraticon ls executeq,
rtwe lecsl scalar strinags (D oand G2), one lecal string  array
whicn will ke assigned X+Y {41 locations when thne declaration
igs executesd, one scalar string which is an entry (al), ano
twe dcelar strings which are asssured te re defined elsewhere
(63 and G4,
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geclarad..Lageas

A nAama Q1 &N arrav may be declared raged LV rutting the
worad  FAGEL in  frent of its declaratien, This attrikcute,
orce nentioned, srplies to all the nares dealared folloving
it Aan  the sape statement, If an arrey is declared PAGED
(pot & FIXeD arrasy, ot coursa), all references to it will
be made 4o  the drun, Correct access +o the array will ke
okbtaiped cnly 1f it is subscripted in the usual ways A(1].
It is Rax true that (A+1)[I) is eguivalent to AflIxil, for
exarole, as ls the case for core arrays,

If & name declared paged 1s net ar  srray, the only
effect 1s that when it is talled the svetem will mzsume it
montaling s dryn . sddrsas, such  an  address can onlvy L[e
cerractly  eoptaibed with PHAKE (see relow), . It ig the
rrogramnrer's resconsibllity te see that:

A 11 dCeF Qontain a drul address gererated with
FMARE,

. The fleld nare used for tailinc hag a word
gisplacement laessg than tre block size
srecitled by the PiAKE. Unpredictakle errers
will eccur 1f this rule is not okserved,

neclaratiens ¢f flelds are not sffected by PRGRE,
Indirecticn ($) and subscrioting ([]) will werk procerly on
a8 PRGED rainter, Arithretgl may ke done on PAGER rnointers
in  the usual fashion, rroviaed the result is within e hicok
allooeted vy & single oall +o FHMAKE. thus atter

DECLARE FAGED Py FIELD FO(O),F1l(1),F2(2)
PobMAKE (2)

the stateraents

AeF o Fly he(F+1l) ,F0y AelP+l) (0]
have the assne effect, nut

Aer ,Fisy Pe(P+2)1[0]:
are sll erroneoyus, since only twe werds were alloceted in
the block pointea wo by ¥,
geclared.siring

wnen a1 nave lg declared +4¢ e 8 string, a sinale

storacre  locaticn 1s reserved for it unless FIXED has been
WEed, Strinas sre srecifieq, NOWEVET , ny Fourweord

descriptors, ihe address of such a descriptor must ke put
inte the string variakle befor it is usged in any strinc
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oreratien, For nen~FIXED strings, this is usuallv dene with
the ESETUF  function, rogsikly rreceded iy a MAKEE s
alternativaely, the address of a descriptor ckteined 1in scune

other wav osn ke yused, If a string varisbkle 1s noet rroverliul.

0

initielized, the cgongsovences of using 1t any  gtrinc
operaticn are likely to e serious,

If a atring declaration 18 vgreceded kv FIXED, the
feurmwerd ceseriptor is  assioned py the compliler and ite
acdress 1s the 1nitlal value of +the gtrine, If & FIXED
STRIGG 1ie follecwed ky a8 varaenthesized expression, that pany
mharactersg are allecated for the string end the descorliphor

18 initializes o wveoint +t0 the ares thus allocated,
Examnle:s

NECLAKE FIXED STRING E,T,U(5),V(240)

allonates string descriptors f£for 8 amd T: they rust ke set
U te  peint o strings by SETUPR, It also allocates B
characters for U and 240 for Vv and sets upr the desorintors
provariv.

Inliiadized.declarasians

An integer may ke lnltialized cy following its nane
with "e" <oonstant> cr "«" (naped, Thus,

NECLARE hed,Beld,Cedy

makes 3 +the initiz]l value of b, 14 the initial value of §,
0t oourse, any expression which can ke evalusted by the
comeller may ke uUged as 4 constant, Tnis 1s DAt the same ag
B FARANPETHER declaration (see Lelow). The uge of this
gonstruct is net reccommended if the program chances the
valuee of the wvariables, since the rrogran mugst then ke
reloacden in order to ke restarted,

5 FIXEDL ARKAY can ke initialized ip the same wave
NECLARE FIXFD ARRAY A4[10]el,3,5,7,11,13s

The first six elements of A are inltialzed as indicatred,
The remaining four elexents are initiamlized to 0,

» Fixed string or a fixed string array may e
initrislized in the same way, btut the initiel valueg Iust ke
strinne constants, warnings writing into initialized
strings will destroy the contents,
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‘ 1€ any declaration causes sgace te ke allocates at  the
peint  An the prodram where the declaration ocours, a opranch
evar it is conplled. DLeclaravions may therefore be freelwy
intervcliated In the program,

field.declekaticns
anctner form of LDHECLARE ig tha folleowina:

DESLARE FIELD <nane>
(constant) {1<eenatant), {censtant>])

whicn defines a field, Lots of fields can ke defined ifF
desired, Ihe first constant specifies the word disrlacenent
ot tne fielg, the Qther two the kit restions in  the word.
Bit positicons can take on values ketween 0 and 47, A fleld
may aran twe werds, put it may net ke mere than 24 rits
lona, thus:

DECLARE FIELD A(0),.8(11,C(2),Cl(2:0,5),
C2(2:3,20) ,XY4(2212,23)

cefines =ix fielss, The last three might ke thought of as
subtielece of ¢, but they do not have ¢ re used in this vay,
1t P were a rvointer to a threawwerd Qata obidect, for
exanple, then F.iYZ would refer tc the lest 12 kits of the
third word of the okjent, Buch ckhiects cen ke created frorx
rnowhere - with the MAKE functien o¢r, of course, wmayv be
allooated v the rreogrammer,

names cdeclsred as FIELD are gutput to DOT  with  thelr
wera displacenents as value, If they aprear not following g
t.", thev are treateg ag acongtants  ecual to  thelr wore
dlsylacements, Thus,

S{FTR+B)  eoulv S(PTE+1) equlyv FrR.BE .

A fullweword field may ks declare KEAL or FAGED, This
rmeans +that whenever 1t is used for talling, the rasyltinc
guartity ig considered REAL or FAGED resvectively,
parageter.denlarations

The declarstion

NECLAKE FARAMETER Clel,C2e2,C3¢3,y
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makes the nemes €1,C4,03 eduivalent in 2ll uaxs to the
censtents 1, 2,2 for the rest of the prearan, Anv congtant
may arcear on the riant ot +he "ev, Note again that anvy
congrant eXpression may ke used where a constant is
required, Parareters, unlike other names, ray Le

redeclarec, - o o

SouiMELEDCRLdELlEzaLion
The geclaretion
DECLARE INTEGEWR Q=R, S=7[23),
i1g legal cnlv if T has already Lkeen declared as a filyec
BIYE, It cauges ( to Le asmighed to th@ gamne location ag
Ke & t0 the same lacatign as T(3).
funcripn-setfiniticn
B ofunnticn is defined ny
[EehL) FUNCTION Or ENTRY [8] nsne(arglist)s
It the word RFEAL appears, the function is essurned tc returr
A tieatine peint values otherwise, it is agssumed to returr

integer values, 1f any, 1If a § rrecedes the function neane,
the nane 48 nsde an entry. FExcert when compiling urcer

L NOLITAT LOCAL  (gescrikec beicw), +there 1s no difference

between FUNCTICE and ENTRY, Fach argument in the arnlist
can e preceded Ly INTHGER, &STRING or AKRAY and is dealared
avtomaetically, INTEGER is assunead Unlass othervlse
specitiad, If krFAY is specified, the index rit will ke
meryec inte the value surplied, A nare can ke redeclared in
a function definition (this is illezal in any crher
cenrtext), rut only if the redeclaraticn exsctly ratches any
rravicus declaretion, The system creates A yeturr link v
rrefixing the functicon npane with X, The statejent

FURCTICN <FNAME> (R, ARRAY B, STRING C)q
would cemplile

STA AjCEAPMKG =2B7:8TA Ba&TX CLTX 081X
XKFENANEDy

1 ascltlonel arvuments [NTEGER L,E were suprllied, the ccde

Lhas =l,de ETA Dy LDAx =2,29 8TA By
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weuls ke adoed,

ipe functleon name itself 1s also declared Ly  this
staterent, A storage location 18 reserved for it, and the
address of the first word of the furection (&T2 3 abova) ie
rut irte this acdress.

The link mey ke scecified exrlieitly, if ocesired, ae
follows:

FUNCTICK F(QeR), LINK U,

rEsuLslyeLunotiLng
A function ray ke declared recursive py

[REAL] FECURSIVE FUNCTIUN or ENTRY (&) F(A,
BY, EAVE Es

Ine etfect will e thet whenever the functicn is called the
link and the current values ¢f A,k anc¢ F will be saved,
when the functicon returns (via a KETURN oy SRETURN with neo
FrOr  aodifier and  only one value returned), the savec
variable valuyes are restored,

tfrece foy saving the variakles is oktained ky calling
the functicn In the reserved location KECS8TK., This cell ie
initialized to ke a call to HAKE, but the user ray surrly
his own functicn. 7The call

TOFRST ¢ HECSTE(N)

where & contains the numper of words reguired and the
functien returns the address of the first werd,

Srace ls released v
DO RECUNS(TOFKRST) s
and =ECUNS is initialized to FREE,

Ihe cell TUREST, which is alse reserved (l.e. bpuilt

into the rurtinel ccntaine the address of the ourrent tor of
the recursicen steck. Its ola value is savec inm the seconn
word of the stack entiv,
I & tunotion call aprz2ars in a compiled exyression, it le
not  safe 1t re-exequte the expression inside the function,
glnea the expressich may use tengorary lecetions which are
nut saved when tne function is called., PReware,
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declaration.gflarels

& syipel 1s declared as a label by writine 1t at the
meginning of a statement tollicwed kv a colon, It is trested
axacrly like a function name: a storage location ls regerved
for it and initialized +te the address of +the f£irst
instructicon of the statement, ANy staterent can ke lakeled,
A lacel 1s& assumed to ke an integey scalar. I[f we have
Alasas § GLIO Ar this will conrlle

sh BSE Q) ,aestRUw A2 L.e74 ZEC s8Ry

so tnat the raaht thing happens, (£ the gyrpol is oreceded
pv o2 &, the lakel is made an entry,

ihese conventions f£or arrays, strinss and labels ake
it very easy fcr them to he transmitted as arguments.
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Beal..Jilgaiing.piintl.ousbers

Feal nunkers occupy two words of storsge rather than
ore anc therefcore have & gomewhat anchmalous status in QEFL,
whieh cthervise takes the positicn thaet any kind of cuantity
only ecoupies & single word (anteders, strings, lakels,
functiconas, and arrays all have this property). We define p
real grerand as a real name (possikbly subscripted if an
arrav), a real constant, & real functicn, a real exrpressicon,
or  an  exgrassicn tajled kv a real field, B repl exrression
may be forzed in the £0llcowing ways:

1, By complining two real orerands with anv  of
the  fellewing Einary oreratorss +, =, NOD, *,
/e 1f &ny cf these Qrarators is appliad +e 2
resl crerand and an integer constant, it wilil
oonvert the consteant to a real numker, & real
ergrand and sny other kind c¢f integer oversnd
will vreduce an arror,.

2. By unspy + or = avplied to 8 real orerand.

3, By the construct <real operandy IF <(integer
exrression? [ELSE <(raal ecperanddl.

Tn aaditicn, twe real operanus may ke corpered by any of the
relational creraters (%, #, », £, »%, £}, 7Thg test iz nmade
gy dGoping & f£leestine subtracticon and testing the resgult
agalinst 2eros beware of rpoundeoff error in testing for
pavaiityv. 2lsc, 2 real orverand may arpesy in & ReTUER or
SEETURN  provideo it ls the cenly arqgument of the oreration,
There is ne restriction on mixing real)l and non=real
argunents of funotions: however, the typres of the actual
arqurents Iin a csll must correspond te those in the funection
Aefinition, The caomgpiler does net check this, angd an error
will prebably cauge chaos at run tire,

Varicus srecial functions are avallasble fovy deoing the
gsame thinus t¢ real numbers that one can d¢ te intedgers,
RIN and RQUT rrevide filicating point input/output: SR and
GRS rrovide cenversion bPetween reals and stringsy FIX and
FLURT convert retween reals and integers, These are all
discussed 1in  detall in the Jlater sections on sSpecial
functicns. There is a library of mathematical routines with
OEEL=concaticle calling seayences avallable, including &Id,
cu8, TaN, ATAN, ExF, LDG, LCGlO, and randon nunker
generation: this 18 descriked in a separate doounment,
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LLREZLL.. Séaepuantes

Lhe. lE.construct
The cunstruation

LF Kexpressiony Lo

FLBELE <expressiond D03 (¢ or AQT e ELBFIFs
mnllowes)

FLEE L0y
»
ENDIF

is  leaasl with the obviouz mneaning, Any  seovyenge Q¥
staterents ralenced with respect to IF and ENDIF may aprear
in rlace of the dets. OFfF course, IF may ke nested, Btﬁ&ﬁ;
Mse &f Jdpoepraiior i1s sfrongly recomnepdes. The firal ¥FLS
unay Le onitted,

the BlE.abimuBlLEi oonstbructs

The ¢onstruetion
FhR <for clause) [0

”
ENDECESs

is alse allowed, The earpitrary secuence of statements
calancea with régrect t0 FOR and ENDFCR which is synpolized
oy the oots is executed repeatedly under control of the for
clause, whose syntax hasg three forws:

{nare>ec<expressiond WHILE <expressiond

wrhiich cauges the value of the first exprassion to ope
pgslanec w0 the nane and the second exrreszion tested eack
tine srounda the lecep, khen the teast taile (value oFf the
exeressiona) revetition stons, The assianhrent and test are
rerforved once refore the loop 1 execytea:

¢
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<namayecexrression> [BY <expressiony] To
<expressicon?

with the ¢hvicus keanina, I£f the BY is omitted, ar
increment of L 18 assuned, Reretiticon continues unrtil the
value 0f tne name ls greater than the 10 exrressicn, unless
the latter 18 & neaative gansiant, 1in whicoh case 1T
pontinues until the name is less, A test is perforrec
refore the loop is exesuted for the first time, The snecial
CERES

I«Qexpragsidn> EY 1 90 M
#no
Iedexpresgion?> BY =1 10 0
are recoanized and cconmnlled wore efficiently,
ihe similar censtruction

AHTLE cexpressicnd Ny
»

ENDFCES

is alesc =»llowed, The ©pody o©f the loop 1is  executed
repeatecly ag long as evaluation of the expregsicn ylelos »
true (nenzaro) result. The exwvression is eveluatead once
pefoere the loor 1s entered for the first tive,
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Blscellabenus..Statenents

Listine may ke contrelled with the statemante LIST and
NOLTAY tither may e followed by SQURCE, CODE, or BINBRY,
and turns on or off tnhne srecified ferm of cutput. It le not
a goncd  ldaea to  turn kinary outwut ¢n and off, since this
will in aenersl rroduce an unleadable result,

Twe seecial options concerning alleocation of varisbles
are also contyxclled ky NIOLIST, NCLIST FREE will prevent
Zrllts  for uninitialized scalare frem  appearing on  the
asgenk ly=language listings this may re useful 1if re-entrant
procrans &re deslred, NOLIST BXTERRAL will cauge undeglered
variaries +to pe treated as exterpalr normslly they sre
trested as erycrs ang space ls assioned for than,

MOLIBT PAGELR nuts the cowpller inteo 2 nmorde where the
code produced for talling a paged rpointexr no longer assunes
that the rlock lles within a single page, It 1ls intendeg
for preoarams where the uger ias sllocating paged storane

nimzelt without redard o pavze bhoundaries.
The statement
INCLUCE "<flle namedh,

hag the effect of placing the entire ccentents 0f the neked
file in the rprogram at that peint. This process may re
nestat, 1.8, Tthe file reing insegted may itself contain
INCLULF&, lNote that since the f£ile is irserted verkatim, 1t
should por end with an END statement, The INCLULE festure is
meant crivarily for grours of rregrams with connon
geclarations, 710 this end, the statempent NCOLIST INCLUDE is
rreviceo with the f£c¢lleowing effect: Af 1t ocours In the
cricinal source file, it has no effect, while if it occurs
in  an INCLUDEG file, it terminates precessing of thet tile,
Thus a naln pregram cowld have the fornm

. ldirclaraticons)
» NOLIST INCLULE

. (repainder of proaranm)
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ang any subrrogran could use ite declareticns ov  INCLULELNG
it

The statement
INEET <nara):

will cause the nane to be output to DLT 28 the rrogran nene,
Neo moye than one IDENT may apnpear in a rrogram,

B ovrearan sheuld ke terminated by an  Eap gtaterent,
L.,

Fhie

L 3

S g
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The format of & nacro defliniticn is:

NECLARE HACRKU
<namey ({dunmiesd)e(definiticnd;

where <named 1g the nare of +tne necre rkaing defined,
riumniesd is the List o¢f dumny argupent names, and
caefinltiond> is the definition, {name» myust ke hitherto
unmentioned identifier, <dummies) may re an empty list: if
1t ig net aopty, 1t 18 a semyence of identifiers separeteo
py  oonnag, These ldentifiers serve only te Indicate the
place withir the cefinition where actual arguments are tc e
substituted: theilr use here does net cenflict with their
nravicus or suypseguent usas for any nurrose, The
Caetinitieond is apy seylence of tokeng (jlcdentifiers,
numhers, creraters, oharacter genstants, or strinc
censtants) pot Ancluding a  semicolen., It need not pe
legel statenent, expressicn, or anvthing else,

A nacre call leocks almost like & funetion call, 1.2,
has the form <name)> (argunentsr): However, the <{arguients)>
are not resuireg t0 ke legal exXpregsicnsi: they need only he
geyuarces of tokens Lalanced with resrect to parentheses,
noet centaining senicolong, and delinited by conmas whioh are
not encloges 10 inner parehtheses, For exanrmle, STHING
X(20), », &and (B,C) are lesal arguments., The eftect of +the
maoro call is tnat the definitien, with the actual
erguaente, reclaces the call kefore any further wrrocessing
ig dene on the statemant, A neacrn call may anresr anywhere
in tnhe statement, not just wnere s function call would be
legal, Macres may call other maaros. If listing is peine
dqone, statapents will ce listed Lefgre magre subkstitutions
nave Lkeen rverforned: this is alse true when » gtatenent 1s
ligted 1n response to an error,

4 woyrd of warning for those agcustonred to  the NREE
macyro  facllity. Since substitutions are performed on the
kasis of tokens rather +than characters, no supstitutior
OCCUTS witnhin character or string constants in  the
e fIinltionlag, €ee

DECLARE HAGRC S1(X)ewy"
will net cmuse a gubstitution. Alsc, concetenation 1is not
avallable, ¥inally, eacn dumny argurent has a nare of its
own and the sreper huuker of arguments must ke suprlied at
paoh call,

1we exanrles of useful wscres:
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DECLAKE MACKD INC(X)eXeX+ly
causas INC(A) te e eguivalent to AeAtls

DECLARE HRACKD TWO(X)e(X)%%s
cavges TWE(X+Y) te ke eqguivalent to (X+Y)*2, dote that if
the nefinition had been simpiv X*Z, then TWO(X+Y) would have

been ecylvalent te X+Y¥#2, which is rresurshly not what is
WENtTac,
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Speslal.-Eunetions

The fcllowing special funetions are a stancard cart of
the languade., They grovide =all the pullt=in steoraqe
allegation, atrane handling and innut-cutput facilities, If
more elallorate facillties are recuired, recourse mayv he had
to machineslanquace routines, The necessary linkeases are
descrived ynder ftunction calls and declarations akove,

BikiamSETAEERY
ManE (<expressiond)

¢reates a block ¢f storedge of the length srecified by the
expression  ( kput of at  least twe c¢ellg) and returns s
pointer te this kieck as lts value., [n fact, one extra cell
le  sesignea bty the asyvsten; the user should keepr his hends
ntf this eell which is the one kefore the one neointes toe by
the valug of the FAKE function, AN alternate Eorm iz

MAKE (<expressiond,{array nhaned)

whicn assians the klock out of the sprecified array, which
mugt have been picperiy initialized beforehand by a call of

SETARRAY {<expression),<array name))

only rleaks of the size specified In the c¢all of SETARKAY
can ke asslaned  in  this way. Elocks ¢f any size cah Le
amsiunes by a sinple NAKE.

SLAKE

T¢ alleocate space on the drum the function PMAKE should
e usea.: Tt ls exantly like MAKE, except that the asecona
arguasent, 1f present, should ke a raged rointer to ar ohjient
neay wnien +the new space should ke agsioned 1f possikle,
provar use of this feeture will grestly inprove the
efficiency with which raged cblects are sccesesed, SHee the
giscussion of the PAGEL declavation for further information
apout the ororer use of addresses oktailned from PMAKE,

EREL

Te relesse a2 klock of suorace, do
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FHER (<extrassion)) or FREE(<axpression?,
Karray namer)

whers the value 0f the eXpregsion 1s s reolnter to the block,
The function has no meaningful value, The storage allocator
will =attenpt to coalesce freed blocks, wut since it oannot
move kloc¢ks areund, 1t i3 ressikle +t¢ fracment storaqge
hocelessly kty  acguiring and releasina bleoks of many
difterent gizes Iin an indisoriminate manner, If the ayeten

S runs out of sgace, 1t will complein and auit. Note +hat

PREE(MAKE(4))

acnulres $m¢ imnediately releases a bleck of four words, It
is exactly equivalent to NP (except for timing),., FREE 2lsc
werks for grum stace,

SLLEX

Te ceny one pleck ¢f storace inteo ancther one of enual
BlL2e Use

The £irst excression 1s a nointer to the destination, the
aeacona 0 the sSourcs. These nmust ke pointers acnulired ny
MaKE (er parefully fakbricated) since the lengtn of the ploak
1s determined from the cortents of the extys hidden word
nrovived v MAKE., The source kplock must have Lkeen creasted
by A MAKE with & single arounent, If the source tlock does
rnet nave kne hidden word,

BLLUFY (KeXyresslony,{axpregsiony,
{excression>)

may Le ushﬁ, where the third arcumant srecifies the nurrer
of wArdsE Ko Oy
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NEGs20aLSHELRID S LEBLAECAT

Tne geging facilities rrovide a means for the user o
allogceate and access a large (uUp to 2119 words) address
suace, kv buffering rarts of thils sddress Srace between ccre
and srun An fixete~gize racges, The user can syecifv the rage
slze, the amount ¢f coore sgece te allocate for pufters
(which c¢an be chenged dynamically during execution), and the
size of the address spacey inclviduyasl]l vaces may ke locked
inte cere for & time and later allowed to be swarped out
acaing the user'!'s raged data pay pe divided into 2 nupber of
categories, which allows more efficlent allocaticn of srace
py areurini opjects o0f the same category on the samne pace,

At the time that INIT iz called (see the INITIRLIZE
functien in  secticn €), certaln ¢ells in the runtime are
examinec t0 deterrine the setupr ¢f the ragina lcgic,. The
names of these cells are D Fre~declared EXTERNAL. The
celi NFL ¢ontains the tage size as a power of 2, which rust
e metween A and 11, The asll NPG containg the size of the
sesired address Srace as a multicle of 2¢NPLY the size
cannot exoeed 4119, If NPE contalns a zero, 1t 1s assurec
that ne use will ke make of the ranine legle, and any caelis
en it will rroduce error comnents, Tre cell NPB conteines
the nurker of core puffers to be provided, If 1t contains
0O, all avallacle space will be used feor ruffer, The cell
NFC containg the highest category numker which will rhe used,
The cell FM containg a gositive nunker 1f the direct drum
accell nacninery, BRS 124=127, 1s tc ke used for storing
maded  cata, Qr a negative nusker if = random £1lle czllea
FEQFDATRE is tc ke Vsedy; the former i1s  somewhat rmore
efficient, especially 1f the sddress srace 1ls large, put the
lattar cat ke accessed ky other rrograms via the ordinary
£ile wachinery whereas the former cannet,

A felw cther cells are of interest, The aell FCAT s
axanined whenever a call is meoe to PMAKE, If 1t containrs =
non=zere hunkber, the new rlook will be asllocatad en a rage
ragserves  for cata of tne desiunated Cateucrv. 1£ it
containg 8 zerc, the new klogk will ke allocated on gome
convenlient ¢age without raference to csteqory,., A call or
PABRKE with 8 valld drur address as the second argument takeg
rrecedanck over the getting of PCAT,

LECK amdSLOCE

A veaoe may ke locked into oore with
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LOCK (X)

wneve X 18 a8 drul addrass) the value is the corresponcing
core eadress, which 18 guaranteed to remain valld until the
oege 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 (whieh is incremented hy LOCK and  deacremented if
nen=zere kv UNLCCK) as values 1t is all right to unlock an
unloekes btutfer, The cell NUPF always contains the numcer of
buffers which are net locked at the menment,

Fage rufters HTH allocated Adovnwards (tovards
lowsnyarered addresses) ZLrom the initial zmetting of a cell
called FSTCORG; the botveom of the puffer srea 18 put into the
cell EAREAY ky the INIT oreraticn. Tf the user wants to
reduce the amount of space availsble for buffers, he may uge
AQFUT (X1, where % ls & core addresgs in a buffer., The buffer
will ke returned to the pool of space avallakle to the c¢ore
allecater (MAKE), 7The converse oneraticn is B6ET(X), wrkiah
restores the putfer for use py the ragine logia., Note thar
trhe ruffer area is defined st INIT tire (&8s the XPR » ZTAPL
cella 1ust pelow (ESTORG) = 2tHFL and BRFUT and HMEEYT may only
e yseao on addregs in this range, INIT allocates space uy
from pEI0k: for tatvles for the drum allocator, leaving the
first unused eell In BARHAY. Thus SAKRAY and [EAREAY
hracket the core not used by the ragine loaic after and
INIT, while BETORG ang HSTOXG bracket the cora avajlaple to
it before an INIT,
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A strirg 1s descriked bty a four woers desorivtor whieh
srecitles the peginning and end of a the ares assigned to
the strind, the reader pointer, and the writer rointer, Yhe
fungsion

SETUP (<string named,<(sized)

will ocktain a klcek speciflea size and set ur the degcrivtor
peinted To  py the string narme to peint to that klock, fThe
name myst slready contain a reinter to & descrivtery Lf it
containsg & Q0 & zuntine arror will result. The alternate
Eorm ‘

SETUR (<string naney,<sgizey,{exrression’)
will make s descrictor which points to the specified nurper
mf  acharacters starting with the werd gointed te by the
expregsion, The storade allocater is not involked:; it i#
the preoranmer's res-oonsikllity te create the descriptor)y

it is the grogramrer's responsikcllity *¢ ensure that the
proper ancunt ¢f srace 18 in fact avallabkle,

SETSemSETEswSELba LENGIE
Te set the reader ana writer npointers of a string, usge

SEIE (<neved,<exrressiond,<axpressiond),
The £irst expression srpecifies the reader rointer, the
seconu  the writer gointer (which must ke oreater; if it is
not, the reader 4is set esual to the writer pointer),
Characters are nuncered startind at 0, 7o set the rescer
pointer only, use

SETR (<named, <eXeressiond) .

SETW (<naned,expressiond),

Te oktain the lencth of a string (writer nointer-resder
polnter) Use

Lﬁw&fﬁ((ﬂﬁmﬁ>3»
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None of these  functions except LENGTIH hags & meaninotul
valua.,
EETOM NPEEICY 0 S IPIIH" T SPUN F 61 SIPN 8 -3 20 5 S E S PR C T

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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bammiildlzbalind..ENnctions

INEILE am DULEILE g ETY ESa ERROK
E file is crened for irsut with
THFILE (Cgtring named:<failiure location>).
the string conteins the full name of +he £ile. Thie
runction redquires the presence of a failube lacatdon to
whion centrol trensfers in the case the function fails., IJts
value ls the £ilg nunkbsy,

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

doag the game thina f£or output, The exrression is the
option wora which B8RS 16 takes in the hereg, It will te
asguged to ke 0 1f net surplied, Hoth of these oreraticns
leave in  +the lcgation FTYPE the type word returned by the
BRE, 4in ﬂa&@ of failure, the errcr returned pv the BES Is in
location HEROR,
I3HAJEARUZTHANE
Te acouire file names, use

TURAHME (Knamed>:{failure lecationd)
and

QUINANE (<namer:<{failure logationd)
poth of which collect the name from the teletyrne and arrends
it o the =stxing supplied. Both transfer to the givern

logation in the event of failure, and have the ternrinating
oharacter as value,

CLOSELLLDBALL
19 close a £ile, o

CLUBE (€e¥rressiondy),

The excressian's value should be the file nurker, T¢ close
all £iler, do

CLOSALL ) ;
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BameltBELL20UEEME - EUDCELONS

LlinCRLT pmbdlin e ML UL S 0UL S BLE
1a reac a character, use

Old(KeXpressiond) s
Tne value of the eXrression shoula re the file nurcex, This
functicen siocly dcoes a  ¢lC, Its value ls the character
reéact, In write 2 character, use

COUT (Cexrression2 [,{axpressiond] ;g
File 1 1is assumed 1f not asgecified, This function has the
aoharacter . wrltten as arduaent, To read and write a full
word, uyse ol and WOUT An exagtly the sare way, To write =&
gtring, use

SGUT(<naned (,<Eile>]).
Te write garriage returns, use

CRLF (Cexpressiony{,<Eiled>l i

The expnreszion svecifies how many should ke written,

Il d QUL ki L Yt £ G N
o réad a numher, use

T1n({<Eile> [,<radix>l),
Decinal radix is esssuned, To write a nurper, use

Thul (<exoressinn>l,
Extra aroyrents, in order, =2re the £ile (1 =assumed), the
radix (10 assured) and tne nunker of characters tc Le
written (=1 or freg format assunedc). Characters are
dgigscarded frem tne left: the nurtker is filled out on the
jeft with clanke, 2 sien 18 supplied if the nuokher i
neqative, cerresvonding “peratiens feor floating roint
numkers area

Rlu(<eile> [, {Eornatd])

for Flesting input, and
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ROUT (Kexvressiond, <filed[,<formatd])

fgx ﬁ;matim@ Qutrut, The Lormat word i1s explained in
;t it is omittes, it will ke taken as zerec, lasdino to
tornat outout,

K

£

4
T

18

1
ae

t
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N U QPR 0 D 4 4
Twe funetions  are provided  for convearting petwean

integer and f£loating rpoint, To eonvert a Eloating roint
numeay €0 ean int€ger by truncation, use

FIZ{<expressiond),

‘e convert to an inted2r by rounding, use FIX(X+0,5), To
convert an integear to floating geint, uge

FLUAT (Kexpressiond),

SulLIALIZE

There Aare three arguientless specisl functiong of
generel interest. INITIALIZE() initielizes the (QSPL storage
gllocater, takin? all the spage Lbetween the contents of
BaTCEG and the end cof core for itself,

The cempiler provides an  INITIALIZE as the first
instruction of +the user's program, 1If the proararm starts
sonewhere Other than at the rewinning and doeg not becip
with an INITIALIZE, +tne user may say CALLw INIT;Y to DDT
hefore starting the prooran, Failing this, there will he s
tdlsester A8 SOON as the program ¢alls on  any runtime
feature,

AALLaLLLT
The Qther twe funaotions are
HALT (),
wniah halts, and

WALTA) .

which dceg a RRS 10, The compller generates a BES 106
aytonaetically at the and of avery orogran.
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BESesShBLaBLE

To execute 8 BRS, do BrRa(N,A,B,%) which sets up the &,
By, and A registers and doeg the HRES numbered N, Trailino
araquuents say ke omitted, and the adijacent conmes may Le
usad 1t one 0f the reglsters goes net need Lo he gset up, IF
the 468 18 expected te skip, a farlure lecsation may re used,
whilen willk e used 1f the pk& doe#s nct skip, The value of
BES 48 tha contents of A when the REEE returns: the
registers may e gaved by a smave list ss for erdinary
funesien dalls,

io ejacute 3 IBRM do 3BrM(N,A, B, X). Conventions are
exactly the gave as Loy BR3,

Arbitrary mechine instructicns may he generated with
POP(GF, N4 ApBpX). This works like BRE and SKRM except that
the opcode is the value of 08, which nust bhe a c¢onstant,

Thus, ARS{(31,%) and POP(B738,31,¥) are eculvalent,
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thencoinllar

& vroaran  is  corplled with felleowing set of  ttvy
actionss

GIVICH S

T/144649 ithe date or the last (8¢l agsembly)

SOURCE FILE: <file name) <terminating character)
[the terminating charaater 4ig elther "," « asgumne
gefayult fille for BINARY ang LISTING, or "," ar "t
gapana further f£file namnes]

BINARY FILE: <file namad <terminating characterd
fdefault is NQTHING]

LISTING FILE: <f£lle nane> , [defayult is NOTHING)

¥ OSEL L HHEB 263 CELLS (Asnl,LenZ(n3) ,Tind,nE,Tenb,nin7)
@

The "n ZRRE" does not appear 1f there were no errors,
The nuskers printed out in the compllation summary have the
following significances

Ainl, nuskar of symbol table celis rermaining st end of
conpilation., The synkel takle has about 4900 cells,
Symeols take 5 cells, constants take 4 cells,

Lene nunker of literals (oonstanta) in the literal table,
This 1includes constants actually written in the
nyoaran, temporary and f£inal valuyes o©f constant
eirrassions, and otner cosriler-generated constants
aquch ag field maska,

(ni), nyiker ¢f literals whioch were never referencad in an
instructien,

Tin4, nunney ©f indlrect oalls generated ftor lakels,

n#, nunrer of Indirect calls ganerated for arrays and
uncticns,

Ting, total nhunker of Arithnmetic temporary cells
aanerated,

Mn7 gsnallest amcunt of svmbol takle space angounterec at
any noint during compilation, This numizer is swaller
than the "A" nurper by roushly the numner of tokens

it the longeat statement in the program, It is the
test measyre of now ¢lose you sre to  overflowine
Odpl's synbol takle,
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Ihe. Buniise

L subgvsten called ORUY oontains the QSPL  runtire,
When called, 1t gputs the runtinve code inte vage 7,
regd=cnlv,y and inltlalizes the pop transfer vector in rage
Qs it le2aves 1F set after its storage and converts jtself
into LLT. Dumes and continues nay bte performed exactly asg
though 1t were LLT. Tne user may get upr SAERAY to the first
unusec cell nefore callinag IwiT: otherwise, SAKRAY gsts set
e 100k Revend the last none=zero word of the program,

. o o, o o - —_
e . . e i S P S, T, T o S . " « -
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Kuntine peteils
SeLinas

A USHL string cgesarintoar consists of four words, emchk
of which 18 a character pointer (3» word address + 0, 1 or
2) .

Tgay ares

neinter ¢ charaQtery kefere first eharacter of srace

allocated to strina,

reader pointer f£or string.

writer rointer £or string,

pointer te lest eharacter of srace allocated te string,
150D areates such a descrintor, REL, REE AND REW set reader
and  writer pointers. Characters are counted from 0, KU
reacs the cnaracters fetween reader and writer nointer, WoE
writes coharacters Letween writer and end pointers, HCH
Reacs onayacters retwean writer and reacer pointers. WO
writes coharacters hetween reader and resinning pointers, A
variakle declared 3TRING Dust contaln the address of »
descrictor when it ls uvsed in a string orerstion,

Baaing.logic

& valld dArus address has bit 3 oFff pnd it 4 ony rits
Nw2 are lonored and bits LHed3 conprise the actual virtual
address, OFEA angd QEI are used 40 translate such addresses
wante core addressges into core addressess; it the desired page
18 not in . cere, it A8 read in  (whigh usually involves
writina out scre cotner pace), CEAS and CEIS do the sane,
exeqrt that they alsc set a £lag associsted with the buffer
Lo ensure that the page will ke reuritter on the drun kefore
a new one ls proueht into the pufter,

COLE. LACFALE Alloca®ion

A kleck allccated by a (fixed) arrav declaration or by
g sirales sraurent call of HAKE contains one more word than
wes reauested ky the user, The extre word, which ig tnhe ¢ne
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)

irmediately rreceding tne zeroth werd of the bloek, containg
the tafal lenoth ¢f the bBlock, including the extrs word,
The tcrn twoe pits are used by the storage allogator:

pit O ia on Af the block is free,

£it 1 1s on If the next lower kleck is free,
Hlocks allocated by a twoearoument call ef NMaKE doe ngr  have
htig extra word,

An arrvay felny used for storade allocatior (i,e, one
get UL kv SETakKAY, ar the SARRAY array) has the following
forms

Yol o I8 fRutants
-l Lenoth + flag kita, see akove

7 Fead size, Or 0 ficr an array which allccetes

variatble sized resas (or rlcoeke),

1 Accaress of routine to call when free space im
B axhalsted, This werd pmav ke set Lv the
< J croaraurer, The sveten does a CALL* throush it

2 Feinter to master free list (or dust to free

list for arrays allocating fixed size rlocks).

3 free soace +o e allocated,

The free list for a fixed klock size arrav starts at
the second wers of the array, is linked through the first
word of each free plock, and terminates with a zero,

Ine mzster free list for a variacle kloex size array
uses one rlock f£or each wlock size, Three words of thie
Llook are used.

-1 Length + flayg blite,
£ pack=pointer, Terminates &t QOth word of
ATTAY .
b Feinter to siavesfee list for +nis blqcx
HlZe,
P rFeinter to next klock on master free list.

) Tne glogks on & slave~free list are all of the s=ame

e s1ze, 1TWe words of each are used,
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- Lendth + flag rits.
£ Eack polnter on slave~free jist,
1 forward polnter on slave=tree list, or 0.

The jmst entry on the master free list mav ke for hleek
glze 2. In this casg the third werd is not avallaple, Lbut
it 18 net needec, since the master free list 48 serted oy
decrasging bleck size, and the the snallest seesikie hlook
plze 18 2, '
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UHEL RUNTIRE POFS

*Cnornerenle means that all central registers not  usac
return vesults are destroved, ‘

* On Tnemenic means that all central registers are cleared,

fetat:
200

lal

102

103

104

108

1¢s

107

whenenie

CALL

+ N&o

+ ME

Rk

*x ROy

Enngalon

Function call, 7Tne definition is 4Yust AnUw
Os Unus F(A,2) comniles LDA Ay LDE By
CALLw §,

bumeric tQ string conversion. (O) =
¢riginal intedger, (&) = string deserirtion
stidress, (B) = radiwx, (X) = numser of
characters to write (=1 means free format).
CuE(b,s) compriles LUA 83 LDB =10: LDX =w=l:
HeC A,

Frint string sterting at » or teletyre with
EFE 34, Mot output by conriler,

CUtgut integer to file, (A) = f£ile numper:
(Cle(B) o (X)) as £Oor UEC. ITCOUT(ASF,R,Q)
comglles LDA Fy LDE Ry LDY Gy FIU B,

KUntlne error.e ¢ {88k (¢)) is the srror
nyuteer.

kead character, ne metien, (¢) = string
cesorivtor adidress, Reads the aharacter
fellowing the one sddresssd ry the
desorivtor to A, Thne descrirtor is neat
¢hanced, GO(5) conemiles HCN R,

kead character frem strina. (@) = strina
degsorivtor address, Reads the sharacterp
fnllewing the one addressed ryv the
degerivtor inte A, lncrements the

Ceserintor to point te the character, Skir

1t string is not empty., ACI{S:F) conriles
HKUS 83 BRU» B,

Write cnaracter (¢) en string (A), SHee
ROE, but writes charscter from 0. 8kip if
grace laft in strinu. WwWCI(C,8:18) cemciles
LLA & WC8 €y BRU= ¥,

v o e,
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112
113

114
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* RO
® Wt
v RED
* LN
+ RER
+ }Q&I’kx
+ F3C

CHa

Runtime Detailsappendix A44

kead character backwarcs, See KOS, but
reads the oharacter which woeuld have reern
written py the last WCE. GCL(8:F) conpiles
ROB 8 HRUx p,

Write character backwards, See ECS but
writes (U) into the strira sc that it will
ke read by a rollewing KCE. WEDIC,S1F)
corplles LDA &y WCB Cy ERUw F,

keset string descrivtor. (Q) = strins
cescrivtor address, (4) » charaoter nunber
te get read pointer to, (%) = onsrascter
nureer to set write rointer to. SETS(8,W,

4

Wi compyles LUA Ry LDB Wy RED S,

Lenath of string. {(Q) = string descriptor
adcress, rnNuncer of characters netween rage
and write pointers (,ie, nurker of
charactars of useful jinformation) returneco
in A. TeLENGTH(&) compiles LNG &3 8Ta T,

keset string read pointer, &ame as RSL for
reasd rointer oanly. SETR(E,F) comriles LLA
ke W3k &,

keset string write geinter. Same as 4B
tor write pointer. SETW(S,W) compiles LDA
Wy REW H.N\

Fstacrlish string constant, (Q) &s for I&r.
ine word after the ESC contains & character
count, the rollowing words the nharacters
recked 3/werd, The string deserictor is
set to point te this strirg and control
TETUINS t0 the word followina the last word
of the string, Se"ABRCD" conriles ESC S
LAaTh 43 ASC 2,ABCD,

Ccerpute effective address for paged ondect,
(W) = drup address, ¢ore address of obiect
returned in %, A pregervecd, B destrovern,
ihe validlty of the core address is
auaranteed only until the next smged
gtorage POF. Use CEAS 1f obdeot 1s to re
meaified, AepP,X compiles CEA Py LDA 4,2
T4 B




<:‘\ QEFL Havual
140 Cwy
121 Cdf‘*fi
122 cHlE
o 1ea4 R
128 DX
146 REUT
127 CHE

Funtime Retsilsanrendix 245

(erpute etfective address, inrdexed, sene
28 CEA axcept that (4) is added +to (0) +o
Gat drun address, Use CEYS if okrdjeet is *o
ce mealfiea, A¢P[{l1] eccwpiles LOX I3 CKEI Fs
LEA 0,23 BTA 4,

corpute effective address for ahove, a&ame
as QEA, put for storing irto obiect, P,iea
conniles LDA Ay CEAS Fi STA ¥X,2.

comrnute effective address, indexed into
array. FBlljeid compiles LIA hy LDX Jp CHIS
Fr 8Th 0,2, :

Kecursive call eptry, ¢ (Ded (0)) gives
nurper of cells t¢ aliccate on stack for
aravrents and SAVEC variatles, BECURSIVE
PUNCTIOH F(X,¥), SAVE 2 cempiles 8Ta
RECRGLy LDE 03 RCAL 3y LDA X3 STh 2,2; LD2
Yr 8Ta 3,2y LDRA %y BTA 4,23 LDA KECRG1; 37k
Xy @IR Y,

FRcursive function exit, kemoves rlook fron

stack and returns.

Loukle X register, iUsed feor floatina roint
arravs., If A ls a REAL AEFAY, then Bea(l]
compiles LDX Iy LBLXs LDFe Ry 8T8 B,

keal output. (C),(C+1) 1s the nurmper. (A) =
tile, (#) = formst. ROUT(K,N,Q) compilas
LUA N3 LD2 Qy ROUT &,

convert real to string. (0),(Q+1) is tha
nurker. (A) = string descrirtor address,
(#) = rorwmat., CRE(W,5,C) ecompiles LDA S
LEE (3 CRE R,
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AR
AFPENE
ARKAY
BOORFY
RGET
BINEwY
BEUL
BRS

By

LI
CLGBE
QLo&salL
CODE
oy
CHE
ORLE
(I
DECLAKE
1
ELai
EL&HTE
Ean
BHDFOR
ENDIF
ERTEY
AW
EXIT

ELTERNAL

FIELD
FIXE L
FrALE
FliK
CES

CER
FLX

APPENDRIX &

Keserverd wWords

FREE
FROM
FSHIFT
FUNCTION
ac
acn
Gel
AQT0O
HALT
TDENT
LE
JIN

CINGLUDE

ITRFILE
INTTTALIER
INNAME
INTEG® N
pout
LY
LENGTH
LIWE
LTST
LLGCAL
LOCE

LEH

HOLTST
NNy

R
GUTEIL

WLOAT
BTH
wOuUT

OUYNAKE
FAGED
PRHAMETE
PPLUSH
PMAKE
poiw

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

WL
WHERE
WHILE
W
WO

SCALAR
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i

BATORG

PARRAY

ERROK
ATORS
FIYRE

N

B

el

N NEy
NUp
PeDUOK

FCAL

SARRAY
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AFPENDIX ©
Stancard External synkols

First word of storage avallsble to INTT.

Last werd not used for race buffers cr tapgles
after INIT,

Errer ccdes left here by INFILF and QUIFILF.
L.ast word cf storage availarle to INIT,
Flle type left nere pv INFILE and CQUTFILE,

sumeer of core puffers for ragins, O = all
avallakle srace,

Pegired size of adrum address sraca(2tNFL) .
NFGE=2T (19=NFL), O ® ragine will not re
U;’Ee‘ﬁ-

FPage slze as power ©f 2. B<ENFIL<(=ll.
Nunrer of unlocxed pages,

Drulh acddress 0f unlocked race,

Category to ke ysed by FPMAKY, 0 = dont+
cAare,

>R01 uge JRH for raging logic, 4873 yse file
/SUFDATA.,  4B7+F: use £lle no. F, Any of

"

atove + 24473 raoover old state from f£ile,

rdaress of second werd nct used for rage
ruffers or tables after INIT.
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{ayers
{Kwhys
Cxforxd

xforan

<rwhlled

{noond >

{xor»

<xand>

&«/ <xnot»
<xrel?

CRinodd

{radda

<x¥mulo
LEBLan>
<xeanll»

<xwfel

<xtend

<failure>
e ¢xtall)

" Kxrefd

#

#

L]

i

]

"

B

BNF svyntaxappendiy S48

RPPUNDIX D

iy
Lo

i‘,‘»(‘v’/ﬂ({ m'“, ine
gBnF Syntax of O8FPL

CXWNLD E('E <Xuhrd) )
<xtorxd> [WARRE (Xtorx)];
{xeond) (FOR <xfored / WHILE <xwhilod)s;

(identirierd> ('= / 'e) Kxecondd (f Y, <oona]
WHILE <xeond> / [BY <Xeconéd))] T0 <xaondd)s

<xaendds

<xor> |IF <xor?» [EL&E <(xoondd®)lj

<xend> H{0K <¥and)):

<xriet> S{(AND / BEOR) <xnctd)y

[NCT] <xrel)>:

xmed> [{'= / ta / ' / 1>® 4 1€ 7 1) Kxneddls
<xadd> (MO0 <xaddd),

<XWULD> w({1+ /7 te) xmyld)y

<xalgnd &Y= 4 Y/ 7/ LBH / R8K ¢/ LCY /7 ROY)
<xslansis

[+ /7 Ve /4 GOTH) <Xtailld / (KEETURE / SRETURN)
<¥sgnli»s

[<Xcr> 'y <xor> ', xaerd / <xerd ', <xard> / <yxord]
LFREOH <xtalld]s

<xtelld [Y( <xfend> ')y

[<expx> S(', <exprd)] [': [<tailured] ('
(<identifiexrd>) #(', [Lidertifier>])l:

Cicientifierd /7 (RETURN ¢, SEETURNY (<xXeord>]l:
<xrefd ${(', 4 18) <afieldd>) [<xauns>] ['e <xer>l:

018) ('al] <Aprimd {XsUbLsdg
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Lx8urgy =

CRLT LI

#

<lsc»

E ]

H]

<paohd

<ronstantd

i

ldentitenr> =

{eharcon) =

{eerald =

Cofaidr =

{letter, =

<W) (ctherchar> =

<sEtAt> =
[

¢

CEunction» =
Ciletony =

nulistons =

Cxtdny =
LAY =
{frieer =
LYnlists =

Cyrwidy =

£tolkend =

> BVE syntaxappendiy 8549

8('] <exur '1):

U <exXpx> ')/ (1lsc> /4 <xsf> 4 <idertiferd /
eemstant?s

'hoS<pscny 'y

A (1& /7 MY 7 v s letterd /4 (oatald <octal)d
<actalr>) 7/ <otherchar):

<ectaly 3<octald B [<digitd] /7 <Algied s<aicitd (D

(€aiait>]] 7 <charcony:
<letter) s(<letrerd / <digitd);
P Kgsand> [Kzseh) [Kpaehdl) i,
S A A A A Y A A O A N AV AR D)
{eoctald> /7 '8 7 19,
B/ wee /4 12y

<gny character other than '&, ', or 11>,

I i

l.fk‘ [EE

(DECLARE <xdee)> /ARECURSIVE <funatiend <xferd v
foaCtunction? <xEdnd 4 LIST

Cligtoe> s LUOLIST
nelistop? / END / IDERT <dcentifierd / ¥FUk
Kufore?> DC 7/ WRILE <wwhiled no / FLBE DO 7
ERDTE / INCLURE <isg> / <exprd) 'y / ['a#]
<identifierd '

FUNCTION / ENTMYs

SCURCE 7 BINARY / CLDEs

iistop» / FRER / EXTERNAL / LOCAL / FAGED /
INCQLUDE,

<rdeed (', LINK <addrd)g

CEdecd L', SAVE vhiist)l:

['8] <icentifier> '( [<veglist>] '),
<Grwiad> §(', yrwfad),

SLINTEGER / STRING / ARRAY / PAGED / ®BEALD
Cidentifierd:

Ciged> /7 <identifier) / <corstant® / <cmark):s
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KEMAYU> = <any Cf; "HE&()wh, = 5<EDE (1",

<xme> = <icentifler> ['( |<identiffer> $(', <identifierd)]
"1 ] e s<tokany;
<fielacee> = diventifiderd> '( <iecond [': <iecon> ', <icond] ');
{parasdec) = ['§] <identifierd 'e <icordy
<iconmd = <eXprr whieh evsluates to a congtant);

/i ~ !

ey
)
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Cinaxry,
Urarv, #

by 3

() (tuncticn cails),

inasry, §
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