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1 Inmtroduction

BCFL  dis 3 erogramming landguade desidgned Frimarily for
non-ramerical arrlicstions such as comriler-writing and deneral
sysltems rFrogramming, It has been wused successfully to

imelement comrilerss interrreterss text editorsy dame rlawing
rrodramsy and orerating swstems. The BCFL comriler is written
im BCPL arnd runs on 3 wide variety of machines inmcluding the
IBM 360/370 series. This document describes the imelementation
available on ~the Iata Germeral Nova series rrocessors at
Finmning,

Some of the diétinsuishing features of EBCFL are:

The suntax is richy a3llowing a3 variety of waus to write
conditional breanches:s loorsy and subroutine
definitiorns., This @llows one to write cuite readable
FTOHETEMmS

The basic date obdect is a word (16 bits omnm the Nova)
with no Particular disrosition as to ture., A word may
be trested a3s a3 bit-ratterny 3 numbery & subroutine

entry or & label. Neither the comriler nor ‘“the
rurn—~time sustem makes asnw asttemrt  to enforce ture
restrictions. In this resrect ECFL has both the

flexibility and ritfalls of machine lansuade.

Manirulation of rointers and vectors is simele and.
straightforward,

All subroutines maw be called recursiveluy. .

This manual is nmot intended as & rrimers the constructs of the
languade are rpresented with scant motivetion and few examrles.
To use BCFL most effectivelw on the Nova one should have 2 sood
understanding of how the machine works and be femiliar with its
orerating sustem. To the exrerienced and discirlined
cerogrammer it is 8 rowerful and wuseful lansuadge but there are
few =rovisions for the srotection of nasive users,

e eees [P ping BCFL Sustem Referernce Marnial - oo



2 Landuadge Defimition

2.1

Frosram

At the outermost levels a3 BCFL =rodram consists of a3 secuence
of declarations. To understand the meaning of & rrodgramy it
is necessary to understand the meamning of the more basic
constructs of the languadge from which it is made. Weys
therefores choose to describe the language from the inside
out starting with one of the most basic constructs? the
‘element’. ‘

Elements

elementr 1= didemtifier:r N\ <number:> \
TRUE N\ FALSE \ 7 \
“gtring comnstamnt> \ <character constant>

An <identifier> consists of a2 secuence of lettersy diditss
reriodsy and underliness the first charascter of which must be
a letter.,

A <number:> is either an inteder consisting of a seauence of
decimal digitsy an octal comstant cornsisting of the sumbol
‘g7 followed by octsl digitsy or a hexadecimal constant
consisting of the character rair #X followed by hexadecimal
digits. The reserved words TRUE amd FALSE dermote -1 amd O

resrectively {om 3 27s comrlement machine) and are used to
rerresent the two truth values. The sumbol "7/ maw be used

anwwhere in an exrression when rno srecific value is requireds
3s ins

LET QF» & = Ty T

A <string constant> consists of ur to 255 characters enclosed
in string uotes (®*), The internal character set is strirred
ASCII (omn the Noval). The character " may be rerresented only
he the rair X' and the character X can only be rerresented bhw
the rair XX, 0Other charzcters may be rerresented as Tollows:

XN is newline

xC i carriadge return
T is horizontal tab
XS is srace

XER is backsrace

*F is newradge

(These are considered standards additiomnal escare seauences
are described in sectionm S5.31) :

Within a8 strindr the sequence
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¥ “newliner [ <esracer N\ <tabi 1 X
is shkirpred, Thusy the string

"THIS STRING X
XCONTAINS NEWLINESX

¥ AND SFACES®
is rrecisely eauivalent to
"THIS STRING CONTAINS NEWLINES AND SFACES®

The machine rerresentation of a strinmg is the address of the
redion of store where the lensth and charscters of the string
are rached. The racking and unracking of strinds may be done
usinmg the machine derendent library routines FACKSTRING and
UNFACKSTRINGy and individusl characters in a strinmg can be

zecessed  and urdated using the library routines GETRBYTE and

FUTRBYTE (see section 2.82). i

A <character constant:> consists of &8 single character
ernclosed in character auotes (7). The character ¢ can be
rerresented in s character constant onlw by the rair X7,
Other escare conventions are the same a8s for & string
constant. A character constant is right Jdustified imn &
word., Thus ‘A7 = &3 (on the Nova).

2:3 Exrressions

Because an identifier has no ture information associated with
ity the ture of an element (and hence an exFression) is
assumed to match the ture required by its context.

All exrressions are listed below. Ely E2 and E3 rerresent
arhitrare exrressions excert as noted in the descrirtions
which follow +the listsy and KO0y K1 and K2 rerresent constant
gxrressions (whose values can be determined st comrile times
see section 2.38).

Frimary element
(E1)

function call E1¢)
El(EQrE3:...)

addressing EL1IE2 subscerirting
CE1 address dgeneration
TE1 indirection

arithmetic El % E
EL 7/ E2
El REM E2 inteder remainder
El1 + E2

+3
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+ El
E1 - E2
- El ; ;
AEBS E1 , absolute value
relational El = E2
El "= E2 rnot ecual
El1 < E2
El <= E2
El1 = EZ2
CE1 = E2
shift El << E2 left shift by E2(:>=0) bhits »
El =» E2 right shift bw E2(}=0) hits
logical | ~ E1 v rnot (comrlement)
El1 & E2 v and
E1.\N E2 ‘ inclusive or
El EQV E2 bitwise eaqivalence
E1 NEQV E2 bitwise not-equivalence
. o ‘ (exclusive or)
conditional El1 -» E2y E3
field selection SLCT KOIKI1IK2 srecification
‘ ‘ Ki OF E1 arrlication
table TARLE KOsK1sK294 44
valof VALOF command

The relative binding rower of the orerators is as follows?

(highesty most bimding)  function cell
I (subscrirting)
@ ! ARS OF
X / REM
+....
relationals
shifte (see section 2.34)

&

\

EQV NEQY

TARLE
(lowesty lezst binding) VALOF

Orerators of ecusl binding rower associate to the left. For
examrle, X + Y -~ Z is eauivalent to (X + Y) ~ Z.

In order that the rule 3llowing the omission of  most
semicolomns should work srorerluy 3 diadic orerstor maw rmot be
the first sumbol om 2 lire.

The furnction call will be described with the furction
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defimition 4in section 2.66» and the VALOF exrression will be
described with the RESULTIS commarid in section 2.3535,

2:31 Addressing orerators

A rowerful rsair of orerators in EBCFL are those which allow
one to denerate and use addresses. An address maw be
manirulated using inteder arithmetic and is indistinguishable
from an integer wuntil it is used in 8 context which recuires
an address. If the value of a3 varisble X is the address of a
word in storasdgesy themn X+1 is the address of the rnext word.

"If V is & variables, thern associsted with V is a single word
of memorws which is called a cell. The contents of the cell

is called the wvalue of V and the sddress of the cell is:
called the address of V. '

Arn address may be used by arrluing the indirection orerator:
(1)Y:2 The exrreéssion JE1 has» as valuesy the contents of the
cell whose zddress is the value of the exrression El. 0Only
the low-order 19 bits of El are used (on the Nova).

An address maw be generated bw means of the orerator @.“The
exrression RE1l is only valid if El is orme of the following!

(1) Amn identifier (not declaredg by a manifest
declaration)y in which case BV is the address of
V.

(2) A subscrirted epréssionv in which case the value
of BE1'EZ2 is E14EZ2.

(3) - An _ indirection HEPTESSLOnN in which case the
value of @IE1l is El.-

Caze (1) is self-euxrlanatorg, Case (2) is 8 consequence ;of
the waw vectors are defined in BCFL. A vector of size n is a
set of n + 1 contiguous words in memorys numbered Os 1y 29
seer e The vector is identified by the azddress of word 0.
If V is an identifier associasted with & vectorr thern the
value of V is the address of word 0 of the vector. ‘

i 0O

i1

Y

3*
o
H
T

r

i
'
1
'
3
'
1
1
[} [}
1
1 1
1 1
H 1
t 1
1 [}
1 1
| R |
' 1

The value of the expreésion VIEL is the contents of cel.
rimber E1 of vector Vs 3s orne would exrect.  The address of
this cell is the wvalue of V + El hence : :
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GVIELY = VU + EI1

This relation is true whether or not the exrression VIEIL
harsens to be valids and whether or not V is an identifier,

Case (3) is a consecuence of the fact that the opefatora @
and ! 3re inverse. ‘ '

The interrretatiomn of {El derernds on contexts as follows?

(1) If it arrears a5 the left-~hand side of an
assigriment statemernts e.d.

IE1 3= E2

El is eveluated to rroduce the address of a cell
and E2 is stored in it

(2) @('E1) = E1 a8s noted sbove.
(3) Im any other context El is evalusated and the
contents of that values treated as an addressy is

taker,

Thusy the | orerator forces orne more °‘contents~taking® than
is normally demanded by the context.

As & summarizing examrley consider the four variables Ay E» C
arna D with imitisl wvaslues @Cy Ry 5 and 7 resrectively.
Theny after the assidrnment

A = B
their values will be @Dy @Dy S5y 7.
Ifs instesd, the assignment

A 1= IR

had been executeds then the values would have been 7y'@D;159
70

Finallws if
A = B

had bheen executeds then the velues would have bheen BCs Ly
@D’ ?0 X

Note that
@A = B
is not mesningfuly since it would ecall for changing the

adaress associated with Ay andg that association 18
rermanent. )
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2:22 Arithmetic orerators

The arithmetic orerators Xs /» REMy 45 -+ and ABS act on 16
bit euantities (on the Nowva) interrreted as inteders.

The orerators %X and / denote inteder multirlication and
divisior. The orerator REM wields the inteder remainder
after dividing the left hand orerand bw the right hand one.
If hoth orerands are rositive the result will be rositives it
is otherwise imrlementation derendernt (but both remainder and
dividend have the same sign on the Nova)d.

The orerators + and —- maw be used in either & monadic or
diadic context amd rerform the arrrorriate inteder arithmetic
orerations.

The monadic orerator ABRS wields the absclute value of an
integer number.,

The treatment of arithmetic overflow is undefined.,

2:.23 Relstions

A relationasl orerator comrares the inteder values of its two
orerands and wields a truth-value (TRUE or FALSE) as result.

The orerators are as follows!?

= equal
T= rnot eausal

: less than '
less thamn or equsal
dgreater than

= greater tham or equsal

W

The orerators = snd 7= make bitwise comrarisons of their
orerands  3nd €0 maw be used to determinme the ecualitwe of
values regardless of the kind of obdects thew rerresent.
Arn extended relational exsrression such as

‘B = CH = 727
is euivalent to

‘A = CH & CH <= ’2°

Note +that +the exression between the two relations maw 6e,
evaluzted twice! o

2+.34 Shift orerators

Im the exrression EI1 << E2 (E1 >> E2), E2 must evaluate ‘ﬁo
#ield s non-nesative inteder. The value is El, taken as a
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hit-ratterny shifted left (or right) by E2 rlaces. Vacated
rositions are filled with O bits.

Suntacticallysy the shift orersators have lower srecedence on
the left thamn relational orerators but greater srecedence on
the ridght. Thusy for examrles : '

A 2 10 = 14
is eauivalent to
(A10) = 14
but
14 = 4 - 10
is eauivalent to
(14=a) =< 10
2:.3% Logical orerators
The effect of s logical orerator derends on context. fhere
are two logiczl contexts?! “truth-velue’ and ‘bit’. The

truth-value contex exists whenever the result of the
exrression will be interrreted immediatelwy zs true or false.
In this case each subexrpression is interrreteds from left to
righty in truth-value context until the truth or falsehood of
the exrrecssion is determined, Then evaluation stors. Thuss
in 3 truth-value contexts the evaluation of

El1 N E2 &8 TE3
‘is as follows:

El iz evaluateds if true the whole eurression is
truey ntherwise E2 is evaluzted; if false the whole
exrression is falser otherwise E3 is evaluateds if
false the whole exrression is truey otherwise the
whole exrression is false.

Im a3 “bit’ contexts the orerator 7 (NOT) causes bit-buw-bit

comrlementing of its orerand. The other orerators combine
their nrerands bit-buy-bit sccording to the following table!

e Fimning BCPL Sustem Reference Manual - —-eeeomee



H i Orerator H
i Orerands | H
H H & \ NEQV EQV |
H H '
i 0 0 ! 0 0 0 1 ;
; 4] 1 H 0 1 1 o |
H 1 0 H 0 1 1 o
H ! H
H 1 1 H 1 1 0 1 H
| : H

2.36 Conditiomal orerator
The exrression
E1 ~-» E2y E3
is evalusted by evaluating El1 im truth-value context. If it
wields truer thern the exrression has value E2y otherwise E3.
E2 and EZ are never both evaluated.
2.37 TAELE
The value of the exrression
TAEBLE KOs Kly K25 4o
is the address of a static vector of cells initislised to the
values of KOsy K1y K2 vos which must be constant
exEressions.
. 2.38 Constant exrressions
A constamt exerression idis  anw  eXrression involving only
rnumberss character constantsy names declared by manifest
declaratiornsy TRUEs FALSEs sanrndg 311 arithmetics relationzly
shifty lodicaly and conditionzl orerators.

2,39 Field selectors

Fireld selectors zllow auantities smaller tharm a8 whole wora to

be accessed with reasonzble convenience and efficiencw. A
selector is arrlied to s rointer wusing the orerator OF (or
M JN The selector has three comronents? sizey shifty and

offset. The size is the number of hits in the fieldsy the
shift is the rnumber of bits between the rightmost bit of the
field and the right tand end of the word comtaining ity the
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offzet iz the rosition of the word contazining the field
relative to the rointer.

The rrecedence of 0OF is the same ss that of the subscristion
orerator (1)y but its left orerand (the selector) must be a
constant exrression. A selector is srecified using the
orerator SLCT» whose suntax is as follows:

seconstant exrression> $i= SLCT <sizerxi<shiftri<offsets \
°
L]

SLCT <gizerxi<shift> \

SLCT <sizex
where Teimelry Sohiftxe and “offsetr are constant
EMFTRSSIONS, Unless exrlicitly srecifiedy the shift and
offset values are assumed +to be =zero. A size of zero

indicates that the field externds to the left hand end of the
word., Selectors are best defined using manifest declarations
(see section 2.62).

A selector arrlication maw be used on the left hand side of
an assigrnment and in anw other contex where an exrression

mag bhe useds excert as the orerand of @. In the assidgrnment
F OF vV &=

the arrrorrizte number of bits from the right hand end of E
are assidned to the srecified field. When

F OF V

is evaluated in amgy other contexty the srecified field is

wtracted and shifted so as to arrear at the right hasnd end
of the result. .

Judicious wuse of field selectors rather than inline shifting
(e.d.5 FLAGS OF WORD rather tham (WORD ! 2) x> 6 & #17) will
incresse readsbilitys znd can substantizlly decrease sroblems
in rearranging dste structures or transferring to a machine
with a2 different word size. Orrortunities for comriler
ortimization are zlso imrFroved.

s

2+4 Section brackets

Blocksy comsound commands s and some other suntactic
constructions wuse +the sumbols $(¢ amd %) which are called
orening angd closing section brackets.

A section bracket maw be tadded with a8 secuence of letterss
digitss reriodsy and underlines (the same characters as are
used in identifierse), A section bracket immediatelw followed
hy 3 srace or newline iss in effeclty tadgded with rmull. '

An oreninsg  section bracket cam be mateoned ornly by an
identically tadgded closing bracket. When the comriler finds
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G911 Assigrment

a2 closing section bracket with 38 norm—rll tagsy if the nearest
orening bracket (smallest currently oren section? does not
matchy that section is closed and the srocess rereats until a3
matching orening section bracket is found.

Thus it is imrossible to write sectioms which are overlarring
(not rnested).,

Commands

The comrlete set of commands is shown heres with E» Ely E2y
angd K denoting exrressionssy Cy Cl and C2 dernoting commandss
and N1 and 12 dernoting declarations.

routine call EELy E2y s4)

EC)
assignment <left hamd side list:» = <exrression listn:
conditional IF E THEN C

UNLESS E THEN C
TEST E THEN C1 OR C2

reratitive WHILE E 0 C
UNTIL E DO C
C REFEAT
C REFPEATWHILE E
C REFEATUNTIL E
FOR N = E1 TO E2 BRY K 0 C
FOR N = E1 TO E2 DO C

resultis RESULTIS E
switchon SWITCHON E INTO <comround commarnd:
transfer GOTO E
' FINISH
RETURN
BREAK
L.OOF
ENDCASE
cComrOuUnG $C Clsy C25 +40e %)
hlock B DLy D2F .45 Cls C23% ces $)

Discussion of the routine call is deferred until section 2.66
where function and routine declarastions are described.

The command E1 3= E2 czuses the vaelue of E2 to be stored into
the ocell srecified by El. El1 must have one of the followins
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formss

(1)  The identifier of & variazble o widentifier:
(2 A subscrirted exrression C E3VE4
{3 A indirection expression v . TE3-

(4) A field selection exrression = K OF E3
In case (1) the éeli'belonging to the identifief: is uﬁdétédo%,‘
Cases (2) end (3) have been described in section ~ 2+31s and -
case (4) was discussed in section 2,39, I : L
A list of assisnments m3s be wfittén‘thus:

Els E2y sses Eri t= Fly F2s s0ese Fn l

where Ei and Fi are exrressions. This is equivalerit to

El t= Fl
ER 1= F2

Em ¢= Fn

+32 Conditional commands

IF E THEN C1
UNLESS E THEN C2
TEST E THEN C1 OR  C2

Fxwrression E is evalusted in truth-value context. Command C1
is executed if E is truey otherwise thne command C2 is
wecuted,

2253 FOR commano

FOR N = E1 TO E2 RY K IO C

N must be an identifier and K must be z constant exrression.

This command will be described by showing an equivalent
hlock.,

<
LET N» t = Els E2
UNTIL N = t DO $¢
C
N = N + K
)
$

If the value of K is regative the relation N * t is rerlaced
by N < t. The declaration

LET N» t+ = El1s EZ2

declares two rnew cells with identifiers N and ts5s t being a
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IO )
rnew identifier that does not occ

control varisble N is mot available
command .

The command

FOR N = E1 TO E2
is éauivalent to
FOR N = E1 TO E2
2:54 Other reretitive commands

WHILE E DO C
UNTIL E D0 ¢C
C REFEAT

C REPEATWHILE

C REFPEATUNTIL

in C. Note that the
outside the score of the

ur

no c

RY 1 10 C

E
E

Command C is executed rereatedly until condition E becomes
true or false as imrlied by the command. It the condition
srecedes  the command (WHILE: UNTIL) the test will be made
hefore each execution of C. ITf it follows the command
(REFEATWHMILEs REFEATUNTIL)s the test will be made after each
execution of C: and so C is executed at least once. In the
nase of

C REFEAT
there is no condition and termination must bhe by & transfer
or RESULTIS command inm C. C will wususlly be 3 comround
commanc or blook.
Within REFEAT,  REPEATHHILE: amd REFEATUNTIL: C is tskern as
short z2zs rossiole. Thusy for examele

TF E THEN C REFEAT
iz the same &

LF E THEN ¢ C REFEAT 42
arnc

E = VALOF C REFEAT ,
i tne same zs

Eole UALOF %0 C REFEAT $)
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s WAL

TIe eomman

The surression
VALOF ©
where  is & command (usuzally 3 comround command or Dlock) is

called 58 VALDF exrression. It i3 evsluzated ny executing the
commands (arnd declarations) in C until s RESWUW.TIS command

REGULTIS E

s ancountered. The exeression B iz evaluateds ite value
thecomes  bhe , the YALOF exrressiorn  z2nd execution of
e oommands within O oosases.

ressbon must oorheln ore or more RESULTIES commanos
=15 I

a WALOF

:
B o

FERCLY

st Vel OF eweressions: tne RESULTIS command
L dmmermnost  VALDF sreasion containins

el

AN commana

SWITOHGHN & INTO - oomeournd oomhancs

Wi e bhe onpesognd cormancd contzinsg lebele of tne fForm

Y

w o

s First  evaluated anos T oz DASE exist
arit. with Lhe samse velues Lhen execution i
Labeld otherwises it there dis a DEFAULT
soution ds contbinued  from theres zng 1T there
rooods resumes Just sfter  the end  of Lhe

The switon iz imrlzmented =28 a direct switons s seauentisl
SRITCN 0T 2 Dinary  searoh derending  or bhe number snod ranse

nf ante .

of control

The ocommand  GOATO E intersrrets the value of E 38 an addressy
and transfers control to that addresss see section 2.467. The

e Finning FCPL Swstem Reference Manual -



command FINISH causes an inrlementstion derendent terminstion
of the entire srogram. RETURN causes contreol to return to
the czller of s routine. EREAK causes execution to bhe
resumesd &t the roint Jdust sfter the smallest textusllw
enclosing reretitive command. The reretitive commands are
those with the following kew words:

UNTILs WHILEs REFEATs REFEATWHILEs REFEATUNTIL» and FOR

LOOF causes execution to be resumed at the roint Just before
the end of the bodw of a reretitive command. For a FOR
command it is the roint where the control variable is
incrementedy and for the other reretitive commands 1t is
where the condition (if any) is tested. ENDCASE causes
execution to be resumed at the roint Just after the smallest
enclosing SWITCHON command.

2:58 Comround command

A comround command 1s 3 secuence of commands enclosed in
gsection brackets.

$C Cls T2% 246 %)
The commands Clsy C2s .4 are executed in seuUence.
The orerztor <> has 3 similar meaning to semicolorn but is
suyntactically more bhindimg than 00 ORy REFEAT: etc, For
examrles

IF E Do C1 <= C2
is equivalent to

IF E N0 $¢ C1 5 C2 %)

2.59 Rloch

A bhlock is & seaquence of declarstions Tollowed by 3 secuence
of commands enclosed todgether in section brackets.,

$C D15 D25 +.0 7 015 025 446 %)

The declaretions Dly D2y +4. and the commands Cly C2s 44
are executed in sequence. The score of an identifier (i.@.9
the region of Frosram where the identifier is krnown) declared
in 2 declaration is the declarastion itself (to sllow
recursive definition)s the subsequent declarations and the
commands of the bLlock. Notice that the score does not
include earlier declarations or extena outside the plock.
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2:6 lNeclarations

Everw iddentifier used 1in a8 srogram must be declared
exrlicitly. There are 10 distimnct declaratioms in RCFL:

globaly manifesty -statics duernamicy vectory functions
routines formal rarzmeters label and for—-loor control
variable, '

The declaration of formal rarzmeters is covered in sections
.66 and 2,67y and the for~loor is described in section 2,353

The score of identifiers declared at the head of a block is
described in the rrevious section.

2:61 Glohal

A EBCFL rrodgram need not be comriled im one siece. The sole
means of communicatiorn between serarately comriled sedgments
of =rogram is the dglobal vector. The declearation

GLORAL ¢$( Name $ constant-exrression $)

associates the idemtifier Name with the srecified location in
the dglobal vector. Thus Name identifies a static cell which
maw bhe accessed bhw Name or by ang other identifier associated

with the same global vector location.
Global declarzstions maw be combined.
GLOERAL %< N1:K1§‘N2:K23 ceed NMIKM $)
is ecuivalent to
GLOEBAL $( N1:K1 $)
GLOEBAL  $( N2IK2Z %)

+ 0

 GLOBAL  $(¢ NrtKn 4

2.62 Manifest

An  didentifier maw be associsted with & constant by the
declaration

MANIFEST $( Name = constant-exrression $)
An didentifier declared by a3 manifest declaration mavy onlwe be
used in contexts where a8 constant would be allowable. It ma=
rots for instance: arrear on the left hand side of an
assignment . Like slobal declarationsy manifest declarastions
mawy be combined.

MANIFEST ${ N1=Kls N2=K25 ...5 Nn=Kn $)
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2.63

2 - 16

ie equivalent to

MANIFEST 4( NI=K1 $)
MANIFEST $¢ N2=RK2 $)

MANIFEST $( Nn=Kn %)

Static

A varizble maw be declared and given anm initial value by the
declaration

STATIC ¢$( Name = constant-exrression $)

The variable +that is declsred is staticy that is it has 3
cell rermanently 2zllocated to it throughout the execution of
the srodram (even when control is not dumamically within the

score of the declaration). Like dglobal declarationss static
declarations mav be combined.

STATIC $( N1=K13 N2=K2% +++% Nn=Kn $)
is eauivalent to

STATIC $( NI1=K1 %)
STATIC ¢$¢ N2=K2 %)

L2 BN

STATIC $¢ Nn=Kn . $)

2:64 Durnamic

The declaration

LET Nls N2y so0v Nn = Ely E2% 4449 En

creates dunamic cells and associates with them  the
identifiers Nls N2y +049 Nne These cells are initialized to
the values of Els E2y +ss9 En. The srace reserved for these
cells is released when the block in which the declarstion
arrears is left.

2:.65 Vector

The declaration
LET N = VEC K

where K is a constant exrressions creates a durnamic vector by
reserving K + 1 cells of contiguous storagse in the stacks
~lus one cell which is asssociated with the idemtifier N
Execution of the declaration causes the value of N to become
the asddress of the K + 1 cells. The storage asllocated is
released when the block is left.
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2,66 Function and routine
The declaration
LET N(Fls F2y see9 Fm) = E

declares a function named N with m rarameters., The
rarentheses are recuired even if m = 0. A rarameter name has
the same suntax as an identifiery and its score is the
exrression E. A routine declaration is similar to a function
declaration excert that its body is 3 command.

LET NCFls F2s sees Fm) BE C

If either declaration is within the score of & global
declaration for N» then the dglobal cell will be initislized
to the entry address of the function (or routine) before
swecution of the =rodgram. Thus the furnction maw be accessed
from anwwhere. Dtherwises 3 static cell is createdy is
associated with the idemntifier N» and is initizlized to the
entry address. ‘ '

The furmctiorn or routime is invoked bw the call
EOCELs E2s vesy Em)

where exrression EO evaluaies to the erntre address, In
rarticulary within the score of the identifier Ny the
furnction or routine maw be invoked bw the call :

NCELs E2y vess Em)

rrovided  the  value  of N has not been changed duringl'the
execution of the =rodgram, ' i ‘ :

Each value rassed as a rarameter is coried into & rewlw
crezted cell which is then associated with the corresronding
rarameter name. The cells are consecutive in store and so
the argument  list behaves like 3rm initislised dgnamic

. vector, The srace  allocated for the ardument list is
released wnen evaluation of the cz2ll is comrlete. Notice
that arduments are always rassed by vaslues the velue rasseds
howeversy maw be an address.

A function ©8ll is & ca2ll in the context  of an exrression.
If 38 function ig heing celledy the result is the value of E.
A routime rcall is 2 call in the context of & command and may

bhe used to cell either 2 functionm or & rowtine. A routine
oall has no resultsy if called as an exrressiony the result is
urnodefined,

No duynamic (or vector or formal) variable that is declared
outside the furnction may be referred to from within E.
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2:67 l.abel

A label mew he declared by

Name !
A lasbel declaration may srecede any command or label
declarations but may mnot rrecede any other fqrm of
declaration. Exactly a3s in the case of & function or

routiners a3 label declaration creates a static cell if it is
rnot within the score of a2 global declaration of the same
identifier. The loczl or €lobal cell is initialised before
xecution with the address of the roint in the rrodgram
labelledsy so that the command

GOTO Name

has the exrected effect.

The score of 3 label derends on its context. It is the
smallest of the following redions of srodgram?

(1) +the command sequence of the smallest textuslly
enclosing blocks

(2)Y the boduy of the smallest temxtuslly enclosing
VAIL.OF exrression or routine

(2) the hodwy of the smellest enclosing FOR command.

l.abels maw bhe assigned to wvariables and rassed as
~arameters., It isy in deneralsy not useful for them to be
declared globalsy but thew can be assidgned to  dHlobsal
variables.

Using 3 GOTO command to transfer to a2 label which is outside
the current furnction or routine will rroduce uncdefined
(chaotic) results. Such tramsfers can only be rerformed

using the librarw functioms LEVEL and LONGJUMF which are
described in section 2.82
248 Simultasrneous declaration
Anw declaration of the form
LET ¢ &0
maw he followed by orne or more declaratiorns of the form
ﬁNIl + & @
wnere any construct which may follow LET maw follow AND, As
far as score 1S concerned:» such 3 collection of declarations
is trested like a3 sindgle declsration. This makes it

oasibles for exzmeles for two routimes +to krnow each other
without recourse to the dglobal vector.
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2:7 Miscellaneous festures

2:.71 GET directive

It is rossible to imclude &8 file in the source text of a
rrodgram using a3 GET directive of the form:

GET °*string”

Orn the Novas text of the GET directive is rerlaced bw the
text of the file whose filename is "string’ (note that the
filename wtemsionm "L .RC® is forceds redgardless of any
srecified)., A GET directive should arrear on a line bw
itself.

2:72 Comments and sraces

The character sair // introduces & comment., All chearascters
from (and including) // ur to but mot including the character
‘mewline’ will be ignored by the comriler. The character
#a3ir /7% introduces a comment which is termimsted bw the rair
¥/, This form of comment maw extend over several lines.

Rlarmbk lines are z2lso isnored,

Seace ana tsb characters mavw be inserted freely excert inside
a8 hasic symboly but srace or tab characters are reacuired to
serarate identifiers or custem words from addoining
identifiers or sustem words.

2:73 Ortional symboles and sunongms

The reserved words [0 and THEN are sunonwms in RCFPL. Most
imerlementations of BCPL z2lso zllow other sumonuems and a8 list
of the suwrnonwms for the Nova imslementation coamn be found in
ArEencix A,

In order to make RBCFL srosgrams easier 1o read and to writes
the comriler 2llows the suntax rules to be relsxed in certain
cases, The word O (or THEN) mag be omitted whenever it is
immedistely followed bHw the Lkewword of & command (e.si.
RESUILTIS) ., Ang semicolon ococcuring ass the last sumbol of &
line maw bpe omitted. As an examrles the following two
Frograms are euivalent?

IF
A 2

it D
oy

= 0 00 GOT0 X

F A =0 GOTD X
1 A -
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274 SECTION and NEEDS directives

2.8

SECTION arnd NEEDS directives can onlws occur at the verw start
of the ECFL rrodgram (before any commandsy definmitionss or GET

directives). Each directive must be followed by a2 string
containing 2 module mname (e.d.y an extermal sumbol in loader
terms) . Arny rumber of these directives can arrear at the

hedinning.

SECTION "name® defirmes & module mame to be associated with
the entry roint of the current sedment of code. SECTION
directives are only meaningful a3t the start of a segment of

code intended for inclusion inm a8 library.

NEEDS "rmame” srecifies 2 module that is used by the current
segment of code and that this module should be loaded from
ang library scanned unless the name has alreaduy been defined
(in arnother section of code).

The rum—time library

This section summarizes & number of the librare furmctions and
routines available on the Nova imrlementation of RCFL. The
routines decribed here are considered gtandard in that they
will usualle bhe found on 3ny imrlementation. A rumber of
additional routinessy as well as more comrlete descristions of
these routinesy are found in section 7.

2,81 Basic Imeut-0Qutrut routines

The imnput/outrut facilities of BCFL sre auite srimitive and
simrles and are zlwewys invoked by means of furnction or
routine calls.

FINDINFUT(filename) is a function talking a3 filername string as
argument and returning a2 file descristor to be used by the
inFut routines. The file is orened for *"fast® reasdinsg. If
the file does not existy the result is 3 negative error
FUIMDE T

SELECTINFUT(file~descrirtor) is & routine which selects the
srecified ineut file for future reasding.

ROCHCY is & function whose result is the mext character from
the currentlw selected insut file. If the file is exhausted,
it wields ENIDSTREAMCH(=-1). The variable CH contains this
character when the routine exits. See section 7.46 for =z
comment redgarding comratibility with other imrlementaztions.

LINRDICH () ie a routine that will cause the mext czll of RICH

to wiela the same character that it returned on its last csll
for the currentlye selected inrut file.
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REWINDC
sgint to the first record.

ENDREADC)

rerFO0sl

tions the currently selected idnsut Tile Lo

closes the currently selected inrut fTile.

FINDOUTFUT(filename) is s functiom taking s filename strinsg
as argument and returning s file descrirtor to be used by the
outrut routines.
the file already

its otherwise a3 file of the srecified mame is cresated.

The file is orened for *fast® writind. If
swistsy the subseauent outrut is arrended to

SELECTOUTFUT(file—-descrirtor) is 3 routime which selects the
srecified outrut file for future writing,

WRCH(C) will write the character C to the currently selected
outsut file.

ENIDWRITE() closes the currently selected outrut file,

ENDTOINFUT() ¢l
reorens it for reading.

INFUTO)

is a3 fu

oses the currently selected outrut file and

netion that will return with the currently

selected inrut file descrirtor.

DUTFUT O

2:.82 0Other

i a3 functiom that will return with the currently
selected outrut file descrirtor.

useful su

FACKSTRING(V»5)
into S»
subhscrirt

to VIN

Nova)d.

of th

broutines

is a functiorn which racks the charscters VI
where N = UI0 & 253, The result is the
e highest element of 5 used (i.e. N/Z on the

UNFACKSTRING(SsW) is 2 routine to unrack characters from the

string

[ong
for)

into V

and set VIO = N,

GETBYTE(S,1) i
string

of the
strins

is

m iy

its 1

FUTBYTE(S:IsC)
character of the string S with C.

WRITES(S)

NEWLIME ()

writes

writes

1 to VIN when N is the length of the strins

sz function whose result is the Ith charscter
. By convention the =zeroth character of a
I"l?.."t.h 3

1

Ui

a8 routime which will urdate the Ith

the string § to the current outrut stream.

3 mnewline to the curremt outrut stream.

WRITED(N»I) writes the integer N to the current outrut stream
right Justified

small

the

in a fielad of width I rlaces. If I is too

number is written correctly using  as  manw

characters 2% Necessary.
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WRITEN(N) is eauivalent to WRITED(N:O0).

READNC() ig a functiorn - that reads a decimal number from the
current ineut stream leaving the terminating character in
CH.

WRITEOCT(NsII) writes the D least significant octal didgits of
N to the current outrut stream.

WRITEHEX(N-II) writes the I least significant hexadecimal
digits of N to the current outrut stream.

WRITEF (FORMATsA»E>» se+) 1is 8 routine to outrut AYBsy ... to
the current owutrut stresm according to FORMAT. The FORMAT
string is coried +to the stresm wuntil the end is reached or
the warning character X7 is encountereid. The character
following +the ‘%’ defimes the format of the next value to be
rrinted as follows:

LA srint ‘%47

%8 rrint 25 3 string

FAN =rint as a character

AN #rint 3¢ 2 inteder (mimimum widtn)
#2Inm rrint as 38 inteder width n

“Z0n srint 3s an octal rmumber width n

ZXn srint as a3 hexadecimal rmumber width n

In the 1last three cases the width n is rerresented by 3
sindgle hexadecimzl digit. The routirne takes the formst and a
maximum of 11 additional ardguments.

MAFSTOREC() erints 2 mar of the srogram arez including
furnction and routime namesy snd  the values of all dglobal
variables used.

BACKTRACE() wsrints 3 summary of the dumamic stack dgiving the
names of 311 functioms and routimes currently sctive and the
values of the first few local variables of each.

ABORT(CODE) is called asutomatically bw the sustem after most
faults. It can call BACKTRACE s&snd MAFSTORE i order to
rovide the wuser with some rostmortem informatior.

STOF(NY will terminate +the Job sters returminsg a3 comrletion
code N,

LLEVEL () is 2 function whose result is the current value of
the run—time stack rointer for use with LONGJUMF. The stachk
Frointer changes only when a8 function or routine is entered or
left.

LONGUUMF(F5sL) will cause 3 mon—-locsl Jume to the labhel L at
the sctivetion level given by the stack rointer P

AFTOVEC (F N iz a functiom which will arely F  to two
argumerts & znd N where V iz a vector of size N. AFTOVEC
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coula (illegsallw) be defirmed inm BCFL as follows

LET AFTOVEC(F.N) = VALOF $(
LET V = VEC N
RESULTIS F(VsN)

$)
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3 BCPL orm the Nove -- an Overview

The files relzstindg to the sgstem are listed below. Users
link to the files in the rnormal waw or use the CLI commands
LINKECFL.MC which can be executed by turing?

“master—-directorur i LINKECFL

The relevant files are!

LINKECFL . MC

CLI macro for linking

BCFL .SV - the command srogram

BCOMF .SV, 0L~ the comsiler

BXREF . GV - the cross—-reference rrogram
BCGN2,8V - the code denerator

RCIER.RE - the debudding rackade
BECFLIEB.LE - the RCFL library

(XDOLIBHDR . RC - the standard librarwy headers

Further details are diven in section 4.1.

3.1 Comrilation

can

in

The BCFL comriler is usually invoked bw use of the command
srodram RCFL.SV. This =rodgram calls the comriler 4 code
gernerstor + assembler to comrile a BCPL source srodgram into a

relocatable binarw file., A turical command might be
 BCPL/S FROG $LFT/L

Further detasils are given in section 4.1,

3,11 Librars declarations

The directive
GET *LIEHDR®

will imnsert the starndard library declaratiorms from the file
whose filename is LIBHIR.EBC. A listing of the standard
librare header can be fournd in Arrendix Cs Note zlso thsat
manwg of the standard surrort routines reauire the rreserce of
g "NEEDS® directive in order to load them from the librarw,

The use of XLIBHIR is discussed in section 2.5,

2,12 Diasdnostics
The ECFL comriler has three sasses! rarses translate

code-generate. There are corresrondingly three kinds
arror diagnostic,
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A marse diadgnostic oocurs when a3 relatively simrle syntactic
error is detected during the first rass of comrilation, The
message includes 3 rortiom of the source srosram to give the
context and a brief descrirstion of the srobasble error. The
comriler wusually skirs to the end of the line before
continuing +the rarse. Later error messadges should be viewed
with susricion since the sutometic recoverw is oftemn not very
successtul,

Translation rhase diagnostics occur in the second wass of
comrilation and rerort errors such as the wuwuse of an
undeclsred identifier. Each error is briefly described and a
rerresentation of the relevanmt rortion of the sarse tree is
srinted.

Code-generation dizsdgnostics are rare and wususlly result from
tabhle nverflows or comriler errors.

2.13 Comrilation ortions

3.21

z

22

The comrilation of 3 srogsram can be controlled by various
comrilation ortions rascsed to the comriler bw the CLI srodgram

(i  COM.CM) . The ortions for the code-dgenerator are
dgenerally different from thoszse of the comrilers and mot 311
of the orltions can be srecified +to BCFL.SV. Some users maw
therefore meed +to run the comriler (BCOMF.S5V) or the code
generator (BCGN2.SV) serasrately in some circumstances. All
ortions sre srecified by single letters and some are
erimarily debudding 3ids for comriler maintenance. Further
details are dgiven in sections 4.1 ~ 4.4,

Execution

Wher the rsrosgram has been comriled and subseauently loszsded
into a3 save file it can be executed directly. Whern runnins
under the CLI it can e run like any other save Tile. This
gsection describes losding and running & £rog8ram.

L.osdins

l.ogding is schieved by use of the standard relocatable loader
RLIIR,  The librarwe ECPLIEB.LE should be scarnmed last to load
modules that definmne outstazndinsg “termnasl names, Further
details are given in sections 4.6 and 4.7, Note thaet a
minimum of two tasks ("2/K") must be srecified to RLIR: even
if the rrogram is not 3 multi-tasking one.

Execution faults

Im the event of an execution fault such ss division by zero
or stack overflow the routime ARORT is cslled. This will
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#rirmt the fsult number ands
maw bhe followed
out bhw BACKTRACE)
(errinted out by MAFSTORE) .
file °"%LFT®, RCFL rum-—-time
Arrendix D,

3,223 A demonstration rrodgram

Consider the following rrosram
77
NEEDS *ECFLC®
GET °LIEHDR®

/7 THIS INSERTS THE STANDARD

derending
be a8 summarw of the rum—-time

and & mar of the
This

held in

srodgram store
outrut

error messadges

bits set im FM.SET»

stack

or
and dlobals

is slwaus sent to
are listed

the file TESTFROG.EC?

THIS IS A DEMONSTRATION EBCFL FROGRAM

GLORAL DECLARATION

GLOBAL $( TREE$1005 TREEF!101 %)
STATIC $( COUNT=0; MIN=03 MAX=0 %)
MANIFEST 4$( // THE FOLLOWING NAMES WILL
// RE USED AS SELECTORS
VAL=03 LEFT=13 RIGHT=2
$) '
/7 THE FUNCTIONS FUT, LIST AND SUMC(DEFINED RELOW)
/7 OFERATE ON A TREE STRUCTURE WHOSE ROOT IS HELD
/7 IN TREE. IF T IS A RRANCH IN THIS TREE THEN
/7 EITHER T=0
/7 OR T FOINTS TO A TREE NODE AND VAL!T IS AN
77 INTEGER(K SAY)s LEFTIT IS A BRANCH CONTAINING
77 NUMEBERS <K AND RIGHT!T IS A ERANCH CONTAINING
s NUMRERS ==K,

LET FUT(Ks F) RE

/7 THE ROUTINE FUT WILL

AL

(rrinted

the
in

A NODE TO THE

$(F UNTIL !'F=0

$C LET T

Fot=

YaL | TREEF »
IF $= TREEF
TREEF

P e
s =

AND LIST(T) BE //

UNLESS T=0 Do

s

KoVALIT -

LEFTITREEF s

TREEF + 32

Finnming BCPL Sustem

TREE WHOSE ROOT IS FOINTED TO RBY F.

no

P

BLEFT!Ts GRIGHTIT $)

RIGHT!TREEF (= Ks 0s 0

$IF
LIST THE NUMERERS HELD

¢ LIST(LEFTIT)
IF COUNT REM 10 =

IN THE TREE T

0 [0 NEWLINEC)

COUNT 2= COUNT + 1
WRITEF(" XI&"s VALIT)

LIST(RIGHTIT) #)
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AND SUM(T)Y = T=0 -~ Oy
VALITEMIN ~> SUM(RIGHTIT)»
VAL ITH=MAX ~» SUMCLEFTIT)
VAL I THSUMCLEFTITY+SUM(RIGHT ! T)

ANDI START() RE #(1

LET V = VEC 600

TREEs TREEF = 0y V

RICHC) /7 THIS IS A CONVENIENT WAY
// TO ORGANISE A TEST FROGRAM

$( SWITCHON CH INTO $(S8

CASE Q73 CASE ENDSTREAMCH?

WRITES("XNEND OF TESTXN®")
FINISH

CASE “F’: FUT(READN()s @TREE) // FUT A& NUMBER
l.O0OF

CASE “L‘: NEWLINE() // LIST THE NUMBERS IN THE TREE
COUNT =
LIST(TREE)
NEWLINE ()
CASE 7871 MIN = READNQ)
MAX = READNCO)
WRITEF ("%NSUM OF NUMEERS FROM ZN TO ZN IS ZNAN",
MINs MAXs SUM(TREE))
LaoF
CASE ‘M7 MAPSTORE ()5 ENDCASE // FRINT A STORE MAF
CABE “Z7% TREE (= 03 WRITES("XNTREE CLEAREDX¥N®)3 ENDCASE
CASE  "%87 1 CASE “XN’: ENDCASE /7 IGNORE SFACE AND NEWLINE
DEFAULT? WRITEF("XNEBAD CH “XC/%N®» CH)$5 ENDCASE

£ 8

RICH )
$) REFEAT

31 A7 END OF FPROGRAM
A turical console dizlosue to comriles loads and run the

sbove srogram stored inm the file TESTPROG.RC is resroduced
helow.

- BCPL TESTRROG
¥ ¥ ¥ ECFL FILE “TESTFROG.EBC’ COMFILED AT <time/datelX

FINNING EBCFL COMFILERy REVISION 17.7.77
TREE S5IZE = 2713
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]

NOVA 2 CODE GEMERATORy REVISION 7.6.77
FROGRAM SIZE IS 248 WORDS, : S ' '

S JTITLE TESTFROGS MAIN FROGRAM (NO OVERLAYS)
CCOMFILATION COMFLETEDI] , ' -
=x RILDR/ZF TESTFROG BCFLIEB.LER 2/K ’ .
CTESTPROG. SV LOADED RBRY RLDR REV 05,00 AT <time/dste>:

TESTF 000445 i '
"NODER 001424
©BCFLC 001624

BCFILLT 003146
RCFLX - 004337
MULT 0035254

DIVRE 005273
REHIF 005334
DRSCH 005370

TRSCH Q05370
KILlL. 005400
ATCEM 005400
NSACZE 006025

UMMy 006025

NMAX 006034
ZMAaX 000336
LSZE Q00000
EST 000000
68T 000000

=x TESTFROG
Fel P54 F3 FBO F34 F-4 F-3 P10 F20
L.
-4 -3 = 3 10 20 34 54
50 100
SUM OF NUMEERS FROM O TO 100 IS 201
H ‘
BAD CH “H
a

ENDUOF TEST
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Simele use

The *front-end® erodgram BCFL.SV is normally used to comrile
BCFL sowurce srodgrams on the Nova. This rrodgram in turn calls
the comrilery code dgemerators and macro assembler Lo sroduce
rorresronding  relocstasble binarwy files which maw then be
loaded by the standard sustem losder (RLIR.S5V). In the
simrlest casey

RCFL FROG

would he sufficient to comsile the source srodgram  FROG.RC
(rnote thaet the *L.BC" extension is alwaus required) into the
relocastable binary file FROG.RE., Intermediate files PROG.OC
and FROG.SR  are created asnd subsecuently deleted (unless
glohal ortion */I" is srecified) when no longer required,
BCFL .SV references the files RBCOMF.SVe BCOMF.0OLs BXREF.5V»
BCOGN2.5Vy  MAC.5Vy MACXRE.SVy  znd MAC.FS, Erntries for these
files must therefore wist im the current directorwyy s
situstion which is most easilwy achieved by use of the command
LINKRCFL® (see sectiom 4.13).

4,11 Globsl ortions

4.1

A zssembly code listing (omlwy if local "/L" sresent)
B hrief listing onlw (do not list BCFL source)

o insert call counting (imrlies "/NT)

F denerate fast code (default = comract code)

I retain intermediate files (~,00y ~.5R)

Lok generate literal 0CODE
MX MAFSTORE after comeilation

N insert routine names

In] comeile a3s overlaw (if */8%"): or to use overlaws
F insert rrofile countinsg (imrlies /70" and "/N")
v rroduce cross-reference list on listing file

i) comrile a3z section (i.e.y not as main srodram)

Y generate stack overflow test code

X guwntax check only (no OCODE sroduced)

Ortions marked with “%° are srimarile of use Tor comriler
maintenances .

2 lLocsl ortions
3 gelt maximum global number to serecified value
(default = 288)
I lizting Tile (default = CONSQLE with °/R" assumed)
g set initizsl steck size to srecified rumber of words

(default = 21] of memorwy sxcest for 1024 words
of free vector srace) "O/8" srecifies 2048

e eeeee i mming BOFL Swustem Reference Manugl -ovesoso



words of stack srace

u use srecified (single) letter to generste uniaue
section labels (default = "A")

Z set maximum ragse zero globazal rnumber to srecified
value {(default = 1355 '

Ar arsument without 3 locazl ortion switch is assumed to be
the EBCFL source filename. The extension ®".BC* is used
redgardless of anv extension swrecified.

4,13 LINKECFL v

The file LINKECFL.MC contains a seacuence of CLI commands to
lirnk 211 the files necessarwy for a BCPL comrilation into the
current directoryg. Assuming that the master directorw
contains the necessary entriesy execution of the followind
command:

“master-directoruys t LINKRCFL

will l=ave the current directory with sufficient facilities
to use all of the RBCFL sustem.

Stades of comrilation

There asre five distinct shases inm 3 BCFL comrilation. These
arer in order?

@) pcomellstion BCFL sowurce to O0CQODE
) oross-reference  (ortiomal) listing of name referernces
o) code deneration QCODE to sssembler source

o) assemblw zesembler source to relocastable binarw
@) lozdinsg relocatabhle binasry to "save’ file
FEach =hase may be rerformed seraratelwy as described in the

remzining rortions of section 4.

A turiczl secusnce of commands  to comrile 2 srodram neld in
the file FOOQ.BC wmizht bel

BCOMF FOO ¢LFPTAL

EXREF FOO

RCGN2AF/7F/7V FOO $LFPT/L

MAC FOo

RLDR/F FOO RBCDER EBCRLIER.LE 2/K

This would result in FOO.8V ("save" file format). Note that
the first four lines of this seacuence (il.e.y everuthing
excert the lozd command) wouwld nmnormzlly be rerlaced bw 3
single simrle commasnd to BCFL.S5V.
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4,3

4,31

Comeidlation

The RCFL comriler is held im the file BCOMF.SVy with overlaus
in the file BCOMF.OL (this mame maw not be chandged)., The
comriler overlasws itself inm two internal shasest: the first
reads the source text imto memorwy and builds 2 suntax tree
containing & descrirstion of +the rsrodgram with a8 set of
accomranging defimitionss  the second translates this tree

into the machine-inderendent intermediate code QCODE. The
same comriler can be used to reroduce OCODE for other
comruters if  their code dgenerators za2re available. The
com~iler reads BCFL source from +the file <sourcer.BC and
writes OCODE to the file <sourcex.0C. Error messages and

informative comments are sent to the listing file (see local
o~tion "L®).

Globzl ortions
AX list AE tree
B brief listins only (do mot list RBCFL source)
Ik set FPIERUG
£ inhibit rage edect at stert of listing
G rno GET directives are obewed

% generate literal 0COLDE
MX MAFSTORE =fter comrilation
T% set FFTRACE

Ortions marked with *%" are srimarile of use Tor comriler
maintenance., ‘

4,33 locsl ortions

A arrend outrut to srecified file
L. listing file {(default = CONSOLE with °"/R" assumed)
] write OCODE outsut to srecified file

Arn arsument  without & loczl ortion switch is assumed to he
the ECFL source filermsme. The extensions ".BC" for ineugt and
L ace for outrut asre used resgardless of anw extensions
aracified,

Cross-reference lizting gereration

A ortional ster im srodraem eroduction is the seneration of &
cross-reference  listing of the source Frogbram. This is
rerformed by & wutility rrogsram held in the file BRXREF .SV,
which rroduces sn alshsbeticsl listinmg of 2311 names used and
the limne number of each occurrence. Note that mo distinction
is mace petween occurrences of the ssme name arrearing  in
different scorss,
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4,41

4.5

lLocael ortions

o festrict outrut line lensth to srecified number of
characters (default = 120)
L. listing file (defsult = “$LFT")

Code dgeneration

The standard (NOVA 2) code generator for the Nova familw of
comruters is held din the file BCGN2.SV. This name mawg be
chandged if desired: excert for use with EBCFL .SV, The code
generator reads OCOIDE from the file <sourcer>.0C and sroduces
an assembly langussge source file in <source>».SR  as outsut.
This file is comrlete in 21]l resrectsy and may be edited bhw
the user if desired. Error messadges and informative comments
are sent to the listing file (see locazl ortiom *"L°").

4,51 Globazal ortions

C insert call counting (imrlies "/N")

b inhibit definitions at start of code

E inhibit *"JEND®* 3t end of code

F generate fast code (defasult = comract code)

L.X accert literal QCODE
MX MAFSTORE after code dgerneration

N insert routine names

0 comrile a2s overlaw (if *"/5")s or to use overlaus
F insert rrofile counting (imrlies "/0° and "/N%)
G comrile as section (i.e.s Pnot as main srosram)

Y generate stack overflow test code

XX rroduce coone senerstion statistics

Ortions merked with "% zare srimarily of uszse for code
genersztor maintensnce.

4,52 Locsl ostions

srrend outeut to srecified Tile
et maximum Zlobsl number to zrecified velues
(default = 235

rg
i3

3}

o
i

l. listing file (default = CONSQOLE)
M write mscroc zssembler source to srecified file
n use srecified mame ss overlswy file title ¢(".,0L®

axtenszion forceds default = same name as

iembler source)

set initisl stack size to srecified rumber of words
{(default = 211 of memorwy excert for 1024 words
of free vector srace) O/5 srecifies 2048
words of stack srzce

T use serecifisd name s% srogram title CLTITL)

{defazult = same meme zs sssenbler source)

B

£

1] use srecified (single) letter Lo senesrate unique
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4.53

4,461

zection lasbels (gefaull = "a4")
set maximum @aze rero #lobasl rumber to srecified
value (default = 1353)

™~

Arn arzsument  without & locel ortion switch is sssumed to bDe
the OCODE filername. The extensions *.0C" for imeut ang *.8R°
for outrut are used redardless of anw extensions serecified,

Code dgernerstion error messases

Arart from errors detected while decoding the command lines
code denerator error messases are relativelwy rare. Fossible
user errors included

a) rcode denerating 2 file that does not contain O0CODE
n) rrogram too larde or too comrlex (i.e.y tables full)

ODther then in these circumstancesy messadges usually indicate
malformed OCOIE (rossibly due to amn error in the comsiler) or
3 bug in the code senerator itself. Full detasilsy including
listings of sources 0OCODEs and code sroduced should he
rerorted.

Ascembly

Assemhly dis mormslle rerformed bw the standard Nova-family
macro sssembler (MAC.SV) . As suchy all the wusual ortions are
availshle as described for this rrograme A turicasl command
therefore: might bel

MAC FOO $LFT/L

As the file FOO.SR will mormslly conmtain 8 END directiver
user-rFroduced assembly code modules casnnot be inserted
following the rrodgram unless code dHenerstor locsl ortion B is
e,

Assenbly error messases

Arart from errors detected while decoding the command lines
assemblw error messases are rare. AN excertion 18 & messade
indicating +that the swmbol 'GNnumber>"  was not defined.
This will occur 1if the values sgsrecified bw code Hernerator
local ortions 6 and 2 were mot sufficientlw larsey and the
code deneration shouwld be rereated with increased values.
Errors can 3lso result from misuse of code dermerator dglobal
ortions I snd  E. Other errors wuwusually indicate code
generstor bhussy which should be rerorted with full evidence.
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4.71

4,72

l.oading to & ssve Tile

Relocatable bimary modules rroduced bw Lhe assembly rhase can
he loaded into executsble save files bw +the standard
relocatable losder RLIR. The run~time sustem is linked in at
this times ard some care is necessary to ensure that modules
are loaded in the correct order, In deneral, the load
command line format will be as follows?

RLIR n/K <all BCFL modules:> ECFLIE.LE <2ll nomn-EBCFL modules}

All BCPL modules (including anw sssembly langusade routines
writtern to the srecifications of section 46.6) must be groured
togethery and must rrecede the reference to the standard BCFL
library (BCPLIB.LE) in order to rrorerly initislize slobals,
The first module in this drour must be the main #rogram
(ise.y comriled without the slobal 8§ switch) to rrovide &
starting address for the szve file.,

The rwumber of tasks srecified imn the load command (r/K)
derends on wuser reauirementssy but must be 3t lesst +two or
grester., The following lozd line? :

RLDORA/7F 2/K FOQ SEC1 SEC2 RCFLIEBE.LE $LFT/L
will creste 2 save file FOO.8V consisting  of the three ECPFL

modules FOD.REy SEC1.REy and SEC2.,REy slus 2311 recuired
comronents of the run—-time libraru. '

In  denerzly losding arnd  linkins iz doverned be .  the

declaration (NEEDS and  surrle (SECTION) of  external

symbols, An additiconal technicue is aveilsbley howevers Lo
force loadinsg of the debusdging esrocedure module ("ECPLI"),

This maw be brought in by imcluding the mame "RCDER®  amons
the f#rour of RCFL moduless which maw oceasionzlly be more
desireable then the usuzl method of comriling 2 NEEDS *RCPLD®

mirective. '

Load error messagses

Most errors are the result of undefined wtermasl nemes. If
these are swstem names it imslies thaet the library was not
rrorerly scermned  {(i.e.sy BCPLIEB.LE wes omitted from or

imrrorerly slaced in the RLIR command). Alternastivelws this
can be caused by the failure of the user to srovide matcehing
SECTION directives for 311 NEEDIS directives. Firmallwys if the
errors concern global sumbols (d.e.r GNRmR) s then either Lwo
or more f(or zero!) of the srecified modules have beern
comriled 25 main rrogramsy or the value srecified by the code
sernerstor loczl ortion G was mot sufficiemtly larde.

l.oading with overlasus

Overlaws are loaded inm the rnormal Fashionm using RLDORs with
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the followinsg srecial considerstions?

1Y the overlswss must arresar in the commarnd line
immediatelyw following +the librarw (BCFLIEB.LE)
srecification.

2y the library must be srecified 2 second time
immediately following the overlay list.

Eogor
RLDOR 2/K FROG EBCFLIE.LE [OVOs0OV1A OVIER,0OV2] ECFLIE.LE

For more information concerning the wuse of overlausy see
section 9.1,
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Turss of code senerstor

The descristion below refers to the stsndard (NOVA 2) code
dgenerator BCGN2.8V. This is a seauentis)l code denerator
sroducing  editable assemblw code as oubeul which maw De
assembled with the standard Nova assemblers.

Cocie for orerators

Thisz section detsils +the code that the code dHenerator
sroduces Tor verious orerations. This is only intended as &
duide and  the code esroduced for some orerations will
undoubtedly chandge between different wversions of the code
dgernerator. Not 311 orerations are dealt withs onlwy those of
sarticular interest are discussed.

521 Flus and minus

£y
e sl

Flus (+) and minus (~) simrly involves losding the two values
inte redisters and then adding or subtrascting the vaslues.
The maein ostimisation on this iz the case § (= 841  which
ganerstes the codel’

I62 &
SME sl

Increment memorw
No oreration

@r cer

similarly uses the 57 instruction. This
snd two instructions  and is worthwiniles  as
4 ds commorn i BOFL. In addition the INC
oreration i3 used when +1 dis meeded zand the value is in &
Lster,

Multirlicati

=
[
e

Mualtisl
uhoaﬁ

I
£
o

(%) is u;uﬂll“ gorne Dy oentry to o a auoruuanw
isoon Q. The values are loaded into
#hd ACLS regsister ACS ie then clesred arg @
woetion  comelled,. The result iz returned in
gzl mzture of the subrodtine derends on Lhe

I
y

LanR i}

C}-—c

HE AT

L BRI S o e e IR 1

hardware lzbile  on the machine znd this method is used io
Bvoid rE bt ode genersbtor Lo take account of

[
£
r!
iy
-

suproutine oslls  bto this rodtine  and to
law in ctions  3.23 and 0,24 are standsra
t. x""nE' Tirmdk im ACE unlike tie stasno

function/routine calls.,

&
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5,23 Division and remsindar

Division (/) arnd remsinder (REM or %) are dgenerated in the
Hame wad 8s multirly =zhove. The dividend is losded into ACH
and the divisor into ACOS redister ACT is clesred and a "JBR
@" instruction =enerated vis s locsastion on msdHe 0, The same
rodtine is used for divide or remainder and the two resulls
are returned’ in resiisters AL (the remasinder) and ACL (the
auotient). The division is & sidgned FORTRAN ture divisions
i.e.y the remainder and the cuotient alwsws have the same
sign and division idis bw truncetion towards zero. Howevers
users who require machine inderendence shiould avaid
sssumetions of thiz nsesture as this is not defined in the
larnguage., Neverthelesss for this imrlementation the eauation

A REM B+ BX(A/B) = A

holds for al11 values of A and B.

.24 Shifts

The lodgical left and right shifts in BCPL sre denerated in s
similar fashiom to the multirlicastiorn sbove. The sattern to
be shifted is loaded into redgister ACO and the smount of the
shift into redister ACL?{ register ACE is Treed and a "JS5R @°
instruction denerated to one of two addresses on pase O
(derending on  the direction of the shift). The exact
definition of the orerstion din terms  of the smount of Lhe
shift is?

zmount <= 0 - no effect
1 <= agmount <= 15 -~& as exrected
14 <= smount - resuylt is O

Constant shift amounts of O0s 1 29 8y znd 15 result in the
dgeneration of one or two in-limne instructions which sre more
afficient than the deneralized subroutine csll.,

S5.2% lLogicszl orerations
BCPL srovides four disdic losgicasl orerations? & (LOGANID)Y» N

(LOGORY s NEQV» ard EQV. These 211 involve loading sny two
redisters with the values involved and then generating 8 code
seauence involving these two resisters. The code for the 3
oreration is trivials fTor the other orerations the code is ss
follows (assuming Lthe values sre in redisters A and Bl

N CLOGOR:

A = TA

Bi= FBE&™A
FResult is in B

cCoM o oAy A
AND A I
ALl @y B

R PER Y

rElwing on the soustion ANE = S&87R 4+ B
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The code for EQV zrd NEQV involves  three  registers  and Lne
third regiszter must be clesred. I this register is denoted
e T then:

NEQV

MOV Ay I s1 = A

ANDZL Rs I 3 1= 2X(ALE)
Al By A

SUR Iy A 3y Result is in A

reluing on the ecquatiorn A NEQV B = A + B ~ 2X(A&E)

FQV is the same seauence followed bw a COM Ay A instruction.

5+3 Characters and strings

The character code for the BCFL imelementstion om the Nova is

7 bit ASCII (Americsasn Standard Code for Information
Interchandge) ., A comrlete listing of relevant codes and

associasted dgrarhics is dgiven in arrendix B

This section describes the rerresentation  of characters and
strinss,

5.31 Characters and escares

The rerresentstion of characters is as in standard BCOFL and
the value of & character oenctation is ss dgiven in srrendix B
(.29 ‘A = &3 = F101),. Howevers some cheracters csnnot bhe
directly rerresented in BCFL and these can be sscared into
charscter denotations znd strinss. Thne standard escare
character iz ¥ which in BCPL  is rerresented as "Xk for a
single X character.

Other dgenotstions that can be verressented in escavres areds

i S mull (zerow)d G
KG bell 7
KBS bhacksrace S(H10
KT tab P(E11)
THL line feed 1O0(#12)
kY vertical tab 11¢(#13)

i 4 form feed 12(#14)
CRF form feed 12(#14)
THCS carriage return 13(415)
ThG SRa0e ' I2(H40
i S simzsle " 344425
kT single I E4T

i ¥ 44 single ¥ 42CHG52)
The denotation TENY Qs Lhe standard notatiorn for newline in

this dmelementastion., Currentls this is identicel to %L but
srosrams should not assume ansthing about the wvalue of “¥N7
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Note .

G032

3 bhids maw ohasnge dn Tuture dmelementstions.

Note thet X followed by anw other charsgcter (includinsg  lower
case  letters) is tyreated as that charscter dtself. If =
string is too long to fit on one line of btext it can be serlit
textuslly by inserting the seauence "¥YXoasrriasge controlsitsihsg
or sracesxX"  anvwwhere 1in  the strinsi this is comrletely
idgnored (tabs or sraces are ortional). Utherwise carriase
control characters in a2 string sroduce 3 fault,

Strinmg rerresentation

The standsrd RBCPL string resrresentation is used (see section
2. Characters are packed two to & word with the most
significant character of anw sair in the leftmost bhwlte, The
first bwte of znw string contsins  the count of the number of
characters in the string from 0 to 255y zo the maximum lensith
of 3 string ie 2355 characters. Emetw strings (lensth 0) are

aliowed. The hule index starts from O (38 do vector indices)

50 that the count is held in bwte Oy the first character is
in buwte 1y Lthe second character in bete 2y ang 30 OnM.

The onlwy derarture from standard BCFL is the sdditional
fezture that strinsgs are racked with st least one zero bute
at the end. This bute is not included in the count and Tor
all standsrd BCPL  epurroses is  completels  idgnored, Its
surrpse 18 to allow  for the masnirulation of text elements
that are delimited by s rull bwte (such a3 orerating  suwustem
filenamesl,

string "HATES® will therefore e rerresented bw & rointer
a2 storage veclor racked 2 follows?

b e v v e e ares e e o e
i '
- TS
SO U U U U PRSP |
1 '
LA L T
| PRV o |
i i
24 B e
S b e ese sern i arte sere wnos sers §
' '
I o0 0
B veme e moes e voe vem e e e !
' 1

whers thes 7th bwte is set to zero (full) by cefsult. Note
that wser routines which coreste or core  strinsgs  shoulo
T convention if the mull terminator fescilitw is

Sed Inwmidvection sned addrvess orerators

41

Tmairvection
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The | orFerator in BCFL s3llows Lthe srosrammer to use z vealus

as an address (of @ in assemblw  code). The code currentls
generated for this orerstor is not ortimal becasuse of some
restrictions and difficulties in imrlementstion {(whichy

horefullyy will be elimimated in future versions).

Thus indirection is usually achieved by indexing the value in
redister AC3. This makes comrarisons such as [I=1J uite
inefficient.

S3.42 Addresses

The @ orerator in BCFL 3llows tne srogrammer +to use the
absolute address of a2 variable ss a =arameter. For dlobal or
static wvariables this address is & load-time constant.
Howevers: stack addresses must be calculsted at run—-time by
adding the constant to the stack rointer in ACZ2.
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charter is not wet availsble.
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7 The Steandard Finning Librarw

This charter describes the standsrd library routines: srovided
with the Finning  RCFL system. ~ Manw of these routines  have

identical counterrarts in most  ECFL. sustems (see section. .

2.8)s but 3 rumber are unicue to the Finmning imelementation,

Ileclarations for the standard librarw are normally contained
in the file LIBHDR.RC (althoudgh this maw be changed by the.
user if desired).  Frosgrams that wish to use this header
should contain the directive : ' o

- GET "LIEHDR®

at an srrrorriate wslace. A listing of this standard hesder
can be found inm Arrendix C. '

The, names referenced in this charter are the standard ECFL
furnction/routine names. These may be changed by the user if
desireds srovided that the #lobal declarations reference the
same number as the standard mames (as shown imnm the LIEBHIDR
listing).

In the detailed descrirtions which follows an ®*=" sisn
rreceding & name is indicative of a3 furnctionsy rather than a
routine.

Librarg linkadge

The BCFL librarye is kert in the standard format library file
ECFLIB.LE., It consists of & mumber of necessary and ortionsl
modules which are loasded by the RLIR orerstiomn. The order of
the modules in the library is significantsy and users wishing
to add new modules should rlace them at the bedinming.

l.oading of the modules is directed by "external" namess
rroduced pbw the code denerator bhoth sutomaticelly asnd in

resronse to NEEDNS directives. Call-be~name is not rossible
due to the ordgsnizstion of the BCFL dglobal vectors but the
available rodtines are collected into easily srecified

groursy each loaded with a8 sindgle NEEDNS directive.

Rasic routines

The routines and functioms listed i this section are
considered furndamentsl to the KRCFL rurn-~time envirorments and
are loaded automsticallw from the librarws without the
necessity of a NEEDS directive.
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7+21 BTART

START() is nmot defined by the librarwy and must be surrlied bhw
the user. It is (bw traditiom) sdlobal wvector entry 1y and
this is the routine which is entered (bw & standard routine
call) after run—~time imitialization is comrlete., The slobal
ruamber of START carmnot be re-defined bw the user. Returning

from this routine has the same effect as executing a FINISH
command .

7.22 STOF

STOFCCODE) is a8 routine which never returns. It takes 8
comrletion code s8s its single ardguments if this is zeros then
the =rodram terminates normally (if orerating under RIOSy &
+RTN is rerformed). Non-zero comrletion codes are treated as
error messages (LERTN wunder RDOS)s and maw pe of two tures!
negative values are comrlemented and rassed as orersting
sustem errorsi rositive values are incremented by #10000 andg
rasserd as RCFPL runm—-time errors (see Arrendix IN. AM examrle
of the use of STOF inm an error situation is?

INFILE $= FINDINFUT(*DATAFILE®)
IF INFILE < O THEN STOF(INFILE)
7,23 GETEYTE and FUTRYTE

=GETRBYTEA(VECTOR s INDEX) is a function which wields a8

rarticular bute within s vector. Its first ardument is a
vector or string addresss its second s byte rumber for that
vector or strinsg. The result is the (8-bit) bhute srecifieds

which will alwawus be in the rande 0-255.

On the Novs (a2s in most EBCFL imelementations), butes are

numbered from left to right to corresrond with strinsg
racking?

0 i oI
NP

If the first arsument is a ECFL  strings thern GETEYTE (UsN)
will wield the Nth character of sasmel

GETBYTE("STRING"+2)
will rroduce the value “T7. Also in this situstiorns N=0 will

wield the size of the strimg  (number of characters in the
atring)?
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GETEYTE("STRING"»0)

Wwill =roduce the value 6. Note that this is &lso the highest
bute rumber of the strimg (but rmot including the “invisible®
null terminator discussed in section $5.32). This srecizl
case of accessing the first bute (length) of 2 string is more
rnaturally accomrlished usimg the field selector LENGTH»
defined in the standard library header., Thus:, an exsression
eauivalent to the sbove would be

LENGTH OF °"STRING®

FUTRYTE(VECTOR INDEXs BYTE) is =2 routine which stores a
sracified bute dinto a8 vector or string. The first two
arguments are as described for GETBYTE sabovedy the third
srecifies 2 bute value (the rigshtmost 8 bits of the value are
used). This routine will wusdate the indicated bute to the
new value.

LET STRING = "STRING”
FUTEBYTE(STRINGy 2y "F7)

will chandge the string addressed by STRING from "STRING® to
TOPRING® .

7+24 FPACKSTRING and UNFACKSTRING

These routines zre concerned with the conversiom of strings
netween racked and unracked formats. The normal racked
format of & BCFL string  is ss defimed in section $5.32.
Un=ascked strinss sre structured with one bwte rer word. As
in the sacked formetsy the first element (in this cases the
first word) is used +to contain the string length (i.e.s
rumber of characters), The null bete delimiter convention is
not used in the unracked formaty so a vector of 256 locstions
(VEC 253) is sufficient +to hold the largest unracked BCPL
strinsg, In racked formats 129 locations (VEC 128) are
necessary for the lardest string.

=FACKETRING(VECTOR s STRING) ie a3 functionm which cories 2
string from one vector to anothers converting from unsacked
to =acked format in the srocess, Its result is the subscrist
of the hishest element of the destimation vector wused (N/2 on
the Novsy» where N is the rumber of charzacters in  the
string).

UNFACKSTRING(STRINGVECTOR) is & routine which cories &

string from one vector to snothers converting from racked to
unreacked format in the rrocess.

7+25 LEVELs LONGJUMF, znd AFTOVEC

= EVEL{) returns  as its result a rointer to the stack fTrame
of the calling routine (note that this is the genuine value
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of the sointer rather than the conternts of ACEy which are
offset bw 128), The value maw be used for LONGJUMF or for
dehudgging rurroses such as BACKTRACE.

LONGUJUMF (FOINTER AIRESS) sgrecifies a8 value for the stachk
frame rointer (tyrically as returned bw LEVEL)y and an
address (turically & label) to which control is tramnsferred.
The value of the frame rointer must bhe currentlw active or
the stack will be corrusted when the entered routine attemsts
to return, If the activation level is not arrlicable to the
routines the results are undefined; srodrams should normally
ensure that the value uszsed for the frame rointer was obtained
in the same routine in which the address label was defined.
Ar illustrative examrle!l

GLOEBAL ¢ L3100 5 LABELI101 $)

LET START() BE $(
Ao t= LEVEL ()
LAEREL?  +o00

$)

L]

*

LONGJUMF (L s LAREL)

It is also rossible to srecifw 3 routine or function address
as the second argument (LONGJUMF simulates a routine call to
the address with a8 stack frame size of zero)s so the call

LONGJUMF (SYSTEM(STACKRASE) » START)

might be & useful thimng to do. The calling routine must not
return:  however: ae there is no londger anw slace for it to
return tol

=APTOVEC(FUNCTIONSIZE) 3llows the =rogrammer to declare a3
stack vector whose size is srecified at rum time, This is
rormalls mot  2llowed inm EBCPLy ss the size of anw vector
srecified by VEC must be knowrn at comrile time., A defimition
of AFTOVEC in (somewhat illessl) BCPL terms is?

LET AFTOVEC(FsN) = VALOF $(¢
LET U = VEC N A/ define srecified vectar
RESULTIS F(VsN) /7 arely function to vector
%)

The second ardument must be & rositive idintedger which is not
lardger +then the srace left on the stack (this may bhe checked
by wse of the LEVELO) and SYSTEM(STACKTOF) functions). The
oreration is rerformed bw constructing both  the re;uested
vector and zn arrrorriste calling secuernce for the referenced
function {or routine) on the stack. Anw result returrned bw
the fumctiorm will arrear as the result of AFTOVEC. Note that
stack overflow is checked redardless of the code sernerator
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global "VU® ortion.

GETVEC and FUTVEC

These routines rsrovide s simrle deneral-rurrose memory
management systemsy wusing 3 first-fit method with boundarw
tagssy to coalesce blocks being freed with other blocks
already free. The internal variable SLOF (which is
initialized to 35 its minimum azllowable wvalue) is a rumber
such that if N words are recuested, and if the first free
block of size N or dreater is no lardger than N+SLOFs themn the
whole block will be sllocated instead of being srlit ur,
Lardger wvalues of SLOF (which maw be set using the SYSTEM
function) tend +to reduce fradgmentation at the exrense of
uriised srace in the allocated blocks.

=GETVEC(N) creates a duynamic vector by removing N+1 cells of

contiguous storage from the memorw manadement sustem. The
address of the N+l cells 1is returned as the value of the
furnction. The storadge allocated is released bw FPUTVECy in

contrast to the VEC allocastion described in sectiorn 2.65»
which is released when the execution block is left.

FUTVEC(VECTOR) is 3 routine which takes as its ardument 2
sointer to a3 vector ereviously allocated by GETVEC: this
srace is made available for further allocation. Needless to
sayy grave disorder will result if the srace assidned by
GETVEC 1is overrun or if some random number is handed +to
FUTVEC .

7.27 SYSTEM

=5YSTEM(SFECIFIER»+++) allows access to intermal variables
maintzined by the RCFL run-time sustem. This carability is
turically wused to determine aveilable sraces modifw standsrd
rarsmeters (such z2s the SLOP value wused by GETVEL)y or for
some srecial-rurrose debudgging fumctiorms. The first argument
srecifies +the oreration to be rerformed chosen from the
following :list (the names of which are defimed in the
standard library header):

GLOBALZBASE returns the base address of the .ZREL
globals.

GLOBALNERASE returms +the base address of the .NREL
globals.,

GLORALBREAK returns +the break roint of the global
vector (i.e.» the last globazl rnumber on rsde zZerol.

GLORBALTOF returns the tor address of +the dlobal

vector.

STACKEASE returns the base sddress of the current task
stack.

STACKTOF  returms  the tor address of the current task
stack.

STACKSFACE returns the srace (in words) remsining  on

’
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7. 328

the current task stack.

VECTORSFACE  returns the size of the next vector
immediatelw available from GETVEC (rnote that this is
orly significant =rior to the execution of anw
FUTVELC orerstionss: which maw fragment the available
SF3Ce ).

FROGRASE returns the hase address of the srogram NREL
SF3CR.,

FROGTOF returmns the tor address of the srogram NREL
srace (not including srace wused by stacks or the
memory managsement sgstem).

AIDRESSOFGLORAL YN returns the address of dg€lobal number
N

ANDRESSOF s AIDR» ACZ25AC3  returns the zddress referenced
by a3 memorw reference imstruction (MRI)., The second
argument is taken as the address of the MRI, If
this MRI uses address modes 2 or 2 it is necessary
to krnow the values of registers AC2 and AC3 when the

instruction is executed. Arduments fthree and four
are used for these values resrectivelwy., If these
values are dgrezter than zero thew are taken as
dgiverns if rnedgastives the routine will returm -1

xeert thaty for the comtents of AC3y 2 search is
made to see if the redister was loasded in the
srevious 4 instructionsy in which case the losded
value idi¢ used, Not that the contents of AC2
rerresent the LEVEL when the inmstruction W3s
axecyteds; this is the value that should be rassed
{(rnot the actusl contents of AC2)y a5 Lhe routine
corrects for the 128 discrersnoyg.

GROUND returns 0 or 1 if the rrodram 1is executing in
the (ROQS)Y backdground or foresround resrectivelu,
Zero is returrned in 2 rmnorn—-RIOOS envirornment.

SETTAEBWIDTHsN sets the outrut tab qidth to N (default

value = 8),
SETSLOFYN sets the SLOF value wused by GETVEC +to N
(minimum 2llowable value = default value = 3J).

Srecisl-rurrose basic routines

OVERLAY is described in sectiom 9.1,

SYS is described in section 2.2,

ARORT and FMEET are described in sectiorn 8.3,

XI0» ITASKs IENARLE: and IEXIT are described in section 9.5,

Character (stream) I1/0 routines

The routines in this and the following section are considered
to be °*standard® ECFL I/0 orerastionss 2nd a8 such Frovidea
comeatibhility with other ECFL  imrlementations. These
routines sasre loaded from the librarwe with & NEEDS *RCPLC®
directive.
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In RCPLy “current inrut® and °current outruat® I70 chamnels
are assumed to be referenced by the read and write orerations
resrectively. These orerations treat the channels as a3
continuous stream of characters (butes).

7:31 FINDINFUT and FINDOUTFUT

These functions sare used to oren srecified files for use as
"standard® ECFL I/0 channels. The file descrirtors which
they return maw be used as ardguments to the SELECTINFUT and
SELECTOUTFUT routines.

=FINDINFUT (NAME) orens the srecified file for inrut in the
"fast® read mode (see section 7.51)s and returns a rointer Lo
8 newly crested file descrirtor  (or an error —-— see gsection
7:3) as its result. NAME must be 3 strindg containing 2 lesal
sustem file name. This function is equivalent: to
OFEN(NAME s 10.FREAD) . ' : -

=FINDOUTFUT (NAME) is similar to FINDINFUT», excert that the ‘
referenced file is orened in the °fast® write mode.  This
function is eaquivalent to OFEN(NAME>IO.FWRITE) » ' :

7.32 SELECTINFUT and SELECTOUTFUT

These routines are used to establish the ‘“current® I/0
channels for use by the read and write orerations. These .
channels default to the console at initialization time and
thenceforth are urdated bw the user a8s desired, '

In each of these routimess the single argument is either a
file descrirtor rointer (such as returned bw FINDINFUTs etc.)
or either of the srecizal descrirtors CONSOLE. or DUMMY» which
are defined in LIBHIR.

SELECTINFUT(FILDES) srecifies the current inrut channely
which is wused Tor 2ll subseuent standard BCFL  resad
orFerations wuntil +the chamnel is changed by a SELECTINFUT
ENDREALs  or ENDOTOINFUT command. InrFut from the [DUMMY file
returns ENDSTREAMCH (defimed inm LIEBHIDR).

SELECTOUTFUT(FILIES) srecifies the current outrut chnannels
which is wused for 23ll subseuent standard RCFL write
orerations wuntil the chennel is chandged bw a SELECTOUTFUT s
ENDWRITEs or ENDTOINFUT command. Qutrut to the DUMMY file is
igsnored.,

7.33 CHs INCHANs and OUTCHAN

These are dHlobsl varisbles which are used bw the RCPFL

character (stream) I/0 routines., They maw be referenced hy
the usersy but should rnot be modified by same (excest
indirectlys throusgh the wuse of routines such as RIOICHs

SELECTINFUT, etc.).
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CH dis &2 dglobsl wvariable containing the character most
recently inrut by the RICH furmctiorn. It should bhe noted that
READIN and READNUMBER (see section 7.46) also modifw CH» as

thew emrlow RICH i their orerations. CH is maintainea for
each serarate I/0 charnnely and is srorerly rreserved bw
SELECTINFUT.

INCHAN is a3 dglobal variable containing the file descrirtor of
the °"current® inrut channel. This is maintained rrimarily
for comratibility with other ECFL imrlementationss its value
should onlw be accessed using INFUT.

QUTCHAN is a dglobal varisble containing the file descristor
of the fcurrent® outrut charnnel. Like INCHAN» this showuld
normally not be asccessed directlwy but rather using OUTFUT.

7+34 INFUT and OUTFUT

These functions take no ardgumentsy snd sre used to access the
current file descrirtors for the inrut and outrut chanrmelss
thereby z3llowing them to be saved and (rossibly) restored at
a later time.

=INFUT () returns the latest file descrirtor rassed by
SELLECTINFUT.

=0QUTFUT () returns the latest file descrirtor sassed by
SELECTOUTFUT.

7.353 REWIND

=REWIND() is 3 function takinmg no ardguments which attemrts to
(redrosition the *currernt® inrut chanmel to the start of the
file. It returns anye error encountered (see section 7.5).,

7+36 ENDREAD, ENDWRITE» and ENDTOINFUT

These functionms orerate onm the currently selected ineut and
outrut channels 38 Necessarw and  return any  errors
encountered (see section 7.5)., Outreut channels are flushed
(see section 7.54) srior to closing.

=ENDIREADC) will close the current inrut channel and "unset®
its selection.

=ENIWRITE() will close the current outrut chanrnel znd "unset®
its selection.

=ENDTOINFUT () will close the current outrut channel and
*unset® its selection. It then reorens the file and selects
same as the current inrut channel.
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737 RDCH end WRCH

These are the basic single-~character read and write
orerations of BCFL. Thew orerate on the currentlwy selected
170 chanmnnels.

=RIOCHC() reads one character from the ‘current® insut
channel. The character is masked with #1777 to remove the
rarity bit and the result coried into CH (see section 7.33)
as well as returmed in the rmormal fashion. Carriade return
is converted +to the EBCFL rmewline character (’%N’)% CTRL/Z
(ASCII value #32) is converted to ENDSTREAMCH? nulls and line
feeds are ignored. These srecial interrretations maw be
avoided if necessary by using GETE (see section 7.33),

WRCH(CHAR) writes its single character ardgument to the
*ourrent® outrut channel. Newlimne is converted to carriasde
return followed bw line feeds horizontzl tabs are simulated
using the "ssrace" character, These srecial intersrretations

maws he avoided if rnecessarw by using FUTE (see section
7:.93),

7.+38 UNRDCH

UNRICH() is a8 routine +to *backsrace” one character on the
currently selected inrut channel., Its effect is such that
the mext call to RICH will return the character currently in
CHe The value of CH following the UNRICH orerstions as well
ss the effect of multirle UNRICH s is rot defimned inm standard
BCFL . (im the Finning imrelementations CH is unchandgeds and
each UNRICH will ®*rut back® one more cory of same). For a
more flexible "un-read” mechanisms see FUTBACK (section
7:54) .,

7439 NEWLINE and NEWFAGE

These routines are used for convenience in writing common
"termination® charascters to the currently selected outeut
channel. Thew have the additional effect of flushing the
channmel buffer (see section 7.54).,

NEWLINE () writes +the newlime character (7%N") +to the
‘current® outrut charnnel.

NEWFAGE () writes the rnewradge character C/XF7) to  the
‘current® outrut charnel.

Formatted (stream) I1/0 routines

As in section 7.3s these routirnes are considered +to be
*standard® EBCFL I/0 orerations» and orerate on the currentlyu
selected I/0 charmnels, Thew are loaded from the librarw with
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8 NEEDS "RCFLC® directive.

7+41 WRITED and WRITEN

These routimes are used to outrut 3 value as 8 sidgned decimal
number,

WRITED(VALUE,WIDTH) will write the decimal value to an outrut
field of the srecified widthy filling in leading sraces if
reauired., Note +that the value will 2lwauws be rrinted
correctlyy even if the srecified field width is too small (in
this case it will overflow into the minimum necessary
width). A field width of 6 will 3lwaus be lardge enousgh to
ensure the correct alidgnment of fields on the Nova.

WRITEN(VALUE) is an imrlementation~inderendent routime which
writes a2 sidgned decimal rumber in the minimum necessarw field
width. It is gauivalent to WRITEDC(VALUE-0).

7.42 WRITEOCT and WRITED

These routimes are used to outrut a3 value 38s an unsigned
octal rumber.

WRITEOCT(VALUE>»WIDTH) will write the octal value to an outrut
field of the srecified width (3lwaus)y truncating or filling
with leading zeroes as required,

WRITEO(VALUE) is a3n imrlementation-inderendent routine which
will write an octal nrnumber in the minimum necessary field
width for +the machine in  use, It is ecuivalent to

WRITEOCT(VALUE,6) on the Nova.

7.43 WRITEHEX and WRITEH

These routines are used +to outrut a value as an unsigned
hexadecimal number.

WRITEHEX{(VALUE>WIDTH) will write the hexadecimal value to an
outrut field of the srecified width (alwaus)y trurncstinsg or
filling with leading zerces as required,

WRITEH(VALUE) is an imrlementation—inderendent routine which
will write 2 hexadecimal rumber in the minimum necessary
field width for the machine in use. It is ecuivalent to
WRITEHEX(VALUE»4) on the Nowva. :

7.44 WRITES
WRITES(STRING) takes a standard (racked) format RCFL string

as its single arsument and cories it one character st 2 time
to the °“current® outrut channel (using WRCH) .
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7 - 11

WRITEF

WRITEF(STRINGsVALUEL»VALUE2s...) takes a standard (eracked)
format RCFL string as its first srgument and cories it one
character at a time to the "current® outrut channel. Within
this °"format string®s occurrences of the secuence Z- cause
outrut of the values contaimed (sequentizlly) in the second
and subseauent ardguments. The following outrut formats are
recosnizedy outrut being rerformed by the indicated routines?

ZN numeric value WRITEN
Zlw numeric value WRITED
70w rumeric value WRITEQCT
Z“Hw rnumeric value WRITEHEX
%8 string value WRITES
%C character value WRCH

'w? in this list refers to a8 field width srecifications which
is any ledsl hexadecimal digit. A maximum of twelve
arguments is rrovided for (the format string rlus eleven
inserted values). Some examrles of the use of WRITEF:

WRITEF(*ZN + %N = ZN"3»125345124+34)
writes 12 4+ 34 = 46°

~ WRITEF(*%02 OCTAL =XI2 DECIMAL,"»%9+9)
writes "11 OCTAL = 9 DECIMAL."®

WRITEF ("%Cr%Cs %S 3659 ‘B’ »"CsD1®)
writes "AyEyCsD”

Note that %Iw calls WRITED and can overflow its field in the
same wayw (see section 7.41).

7+.46 REAINUMEBER and READN

These functions are used to read rmumeric wvalues from the
currently selected irmrut channel.

=READINUMEBER(RADIX) returns the wvalue of a3 sidned numeric
character stream from the "current® inrut channely using the
srecified radix (2-16) for conversion. l.eadinsg sracey taby
newliners and newrasge characters are idgnoreds "+% andg "-"
cause the arrrorriste actiony and didits are read until &
rnon—digit character is encountered. If no digits are
rresenty the result is zeros overflow is not detected,

=READNC() returrns the value of a sidgned decimal character
stream from the °‘current® inrut charnrnel. It is euivalent to
READNUMEBER(10) .

EBoth of the asbove functions leave the termimating character
in CH (as & result of the calls to RICH). Im many versions
of BCFL. this termimator is left im a dglobal variable czlled
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7 - 12

TERMINATOR., To achieve comratibility with this ture of
imslementations it is merely necessary to declare & globsl as
follows?

GLOEAL $( TERMINATOR ¢ 70 %)
where 70 is the dlobal rnumber of CH.

Note also that these furnctionms bedgin reading their first
inFut character from the currently selected inrut channel.,
If the first didit of the rnumber has already been read by 3
srogram (which thus determines that it is a number)s it is
necessare to "sut it back® +to the channel (rrobasbly using
UNRICH) srior to calling the rnumeric inrut function.

RDOS 170 routines

The routines sand furnctions in this section srovide 3
comFrrehensive collection of I/0 facilities which are
comratible with the RIOS/RTOS/etc. rhilosorhy. Some minor

modificetions to the standard RDOS °"rules® have been made in
the interests of RCFL comratibilityy but the user should
recognize that these orerations are non—-standard RBCFLs and as
suuch are not ezsily transrortable to other imrlementations.

Most of these functionms return ortional error codesi; when
#rovidedsy these errors are the booleen comrlement of the RIOS
erraor numbersy and therefore will test as a3 nedative value.
If they are rassed directly a3s am ardument to the STOF
routines 3 rrorer error return will be made to the orerating
sustem (see section 7.22). Functiomns which only returm error
values return zero when no error condition exists.

It should be roted that inasmuch as these orerations interact
directly with the orerating sustems thew form the basis of
all I/0 in thie ECFL imrlementation (i.e.r the "standara®
EBCFl. orerations are definmned in terms of these). If it is
desired to use these routines seraratelysy thew maw be called
from +the librare with a8 NEEDS *BCFLI® directive. In the
descrirtions which follows familisrity with the RIDOS I/0
environment is assumedy 35 this will be necessary to make use
of these facilities at anw rate.

7+31 OFEN and CLOSE

These functions are used to "oren® and "close?® orerating
suystem files in order to zsllow access to same with the read
and write commands.

=0FEN(FILENAME  MODE) is a8 function taking two ardumentss a3
(standard racked format) BCFL strinmg naming the file to be
orFenedy and 8 "mode® indicator (described below). The file
is orenad as srecifieds 2 °"file descrirtor® vector is claimed
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from free storase and initisglizedy 2nd 2 rolinter to tnis
vector {(or an error cone) is returmed as  the fTunction
result. This rointer will alwaws test as a rositive wvaluey
angd  is  therefore easily differentisted from an error
indicator. A file magw be orened in one of five "modes®s and
this determines which orerastions may subsequently ne
erformed, The codes for these OFEN modes are definmned in the
standard library headers thew furnction ass follows?

ID.READI orens a3 file for reading wusing RIOS—-twre
commands (RYTEREADs LINEREADIs etc.). The ROFEN
function is used.

I0.READWRITE  orens a2 file for reading and/or writinsg
using RIOS-ture commands (BLOCKREALD, BYTEWRITE
etced, If the file does not existr» 2 new one is
automatically created wusing  CRANID, The JOFEN
function is used,

IDWWRITE oremns & file for writing wsing RI0OS~ture
commands (BYTEWRITE, LINEWRITEs etc.). If the file
rdoes not existy & new one is asutomatically crested
using JCRAND. The AFFEND function is used,

I0.FREAD and I0O.FWRITE sre iderntical to I0.READ and
I0.WRITE resrectivelwyy but the files are orened for
I/70 using sindgle-byte-oriented commands (GETE: FUTCy
FUTBACK, etc,)+. This is imrlemented by bullding and
using an intermnal buffer for these channels so as
not to suffer from the irnefficiencies of RIOS
single~-bwte I/70. Files orened in this manner are
referred to as "fast® files inm the Firmning EBCPL
documentation.

Note that an sttemst to serform I/0 to 2 file whose orening
mode is incomratible with the oreration ture will result in &
BCFL run—time error (see Arrendix ).

=CLOSE(FILDES) will close +the file referernced hw its file
descrirtor  ardumenty returning  anw error 2% & results  and
restoring  the file descrirtor vector to free storadge. A
file which has been orened in the *fast write® mode will be
automaticslly flusned (see sectiorn 7.54),

7.2 DELETE and RENAME
=NELETE(FILENAME) tzkes as its single argument a (standard
racked format) RCFL string raming 2 file to be deleted. It

returns any error encountered ss the furnction result.

mRENﬁHE(OﬁDNAHEyNEHNQHE) takes two  arsumentss each a
(standsrd raclked format) EBECFL string, The Tile named by the

first ardument iz remnamed 85 srecified b2  the second
argument. Ang error encountered  is returned as the function
result,

e Pipning BOPL Sustem Reference Manusl - e
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GETHe FUTE, GETC» FUTC» CONSOLEINy sno CONSOLEOUT

These orerations all rerform single-bute I/0 on “fast" files
(i.e.,y fTiles which have been o orened’; see sectionm 7.51).
Thew do not return error codes to the usersy but maw generate
run~time error messages.

=GETE(FILIESY returns the next (8-bhit) bute read from the
file indicated by the (file descrirtor rointer) srgument.

ENDSTREAMCH  is returrmned on end-of-file or reading from the
OUMMY channel.,

FUTRC(FILDESyBYTE) writes the zsrecified bute (the rightmost
eight bits of the second argument) to the file indicasted by
the (file descrirtor rointer) first srdgument. Outrut to the
DUMMY chanmel is ignored.

=GETC(FILIES) is identical +to GETE excert that the returnean
value is treated as an ASCII character {(see RIOCH in section
7437

FUTC(FILDESy CHARACTER) is idemtical +to FUTE excert that the
surrlied bute is treated as an ASCII character (see WRCH in
section 7.37).,

= ONSOLEINC()Y rrovides for direct infrut from the console
(using +G6CHARY without recuiring a file OFEN, It "echoes”®
the received bute and returns it as asn ASCII character (see
RICH in sectionm 7.327).

CONSOLEQUT(CHARACTER) rrovides for direct outerut to the
console (usind JFCHAR) without reeuiring a3 file OFEN., It
rrints the srecified bute as am ASCIT character (see WRCH in
section 7.37).

754 FUTRACK and FLUSH

FUTEACK(FILDES » CHARACTER ) maw onlw reference a file which has
heern orened in the "fast resad” mode (see section 7.51). Its
function is to (rel)rlasce s character (srecified in its secona
argument) "in fromt of® the current rsosition in the file
indicasted by the (file descrirtor rointer) first ardument.
This character is not zctuslly writtenm +to the files but
rather retasimed in & last-inmy first-out (LIFD) listsy which
must be emrtied bhw subseauent read orerations bDefore the
aoctual file datas is sdgain read. DUMMY charmnel references are
ignored,

FLUSHCFILDES) mew onlwe reference s file whicn has been orened
in the "fast write® mode (see section 7.51). Its fumnction is
to "flush® the inmtermzl buffer (see JO0.FWRITE in section
7:91) of anu sccumulated dats. This function is rerformed
automatically whernever the buffer is filleds or in resronse
to such orerztions  as CLOSE, ENDWRITE, NEWLINEs and NEWFAGEs
tut the user maw heve some other reagzon for wisning it to
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DO {much 2z bthe Torced udedating of 2 dats Tilege slosd.
DUMMY cnesnmel references are ignored,

7,53 BYTEREAD and BYTEWRITE

These functions are similar to the °resd/write secuential”
prerations of RIOS, Thew e=ach reauire gsrecification of an
internal bhute address,  which is mnormallwy  accomslished Dy
shifting s word gzddress one bit left (<<1). CONSOLE  =snd
NUMMY chanmmel referernces are illegal.

=RYTEREAN(FILDES s AIDRESS s NUMBER)Y will sttemert +to read the
indicated rnumber of bytes from the referenced file into
memorysy pesinning st the srecified bwlte address. It returns
the zmctuzl ocount of butes read (or anw error code) as the
furction resultr which may be less than the number requested
if sn end-of-file iz encountered,. Note that thie differs
from the RDOS RIS inm that end-of-Tile is not trested as an
arror condition until the file is truly exhausted.

=RYTEWRITE(FILDES s ALDRESS » NUMBER)Y will sttemrt to write the
indicated nmumber of butes to the referenced Tfiler Deginnins
at the srecified bhDute address. Anw error  encountered i3
returned as a fTunction result.

7456 BLOCKREAD and BLOCKWRITE

These functions are similar to the "read/write block®
prarsztions of RIS serforming I70 im Dlocks of 256 words.
Unlike the RDE znd JWURE srror sequencess anw returned error
codes o not comtazin the rartiasl block count. CONSQLE anid
NUMMY chamnnel references are illessl.

=RLOCKREAFILIES » ADDRESS » BLOCK y NUMEBER Y  will attemst to read
the indicated number  of blocks from the srecified file
(stsrting witn the desired relzative blochk? into memorws
hesinnins a2t the srecified WOTT SO0ress. A Brror
encountered is returned zs 2 function result.

=RLOCKWURITE (FILDES » ADDRESS » BLOCK » NUMEER) will sttemst to
write the indicasted rnumber of blocks to the srecified filse
(starting with +the desired relastive black) From memorssy
peginning &t the srecified word  zodress, Ars error
arncountered is e a Tunction result.

757 GETPFOSITION and SETFOSITION

These Tunctions zsre similar to the "GFOS/SPFOS'  prerations of
RIOS . Thew esach mzake use of & two-word ‘“rosition vector®.
the comtents of which describe a 32-bit relative bute address
within the srecified file (inm this vectors the Tirst word is
of  higher significance), CONSOLE srcy DUMMY chnannel
references zre 1llegal.

Firnming BCOPL &
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=GEETRFOSITIONCFILDES »FOSITIONY  will cosw the current sosition
of the sreciftied file into the susrelied rosition vecohtor, A
grror encountered is returned as 2 function result.

=SETFOSTITION(FILDES s FOSITION) will attemst to set the current
rosition of the srecified file +to that indicaeted Dy the
surrlied rosition vector, Ang error encountered dis returned
as s functiomn result.

7.98 LINEREAD and LINEWRITE

These Tfunctions are similar to the ‘read/write line®
orerations of RIOQS. Thew each require grecificetion of &
vector which is constructed as a2 standard (sracked) format
BCFL.  string. CONSOLE  and  DUMMY channel references are
illedgal.

=L INEREADFILIES s STRING)Y  will input = "line® (using the
standard RDOS conventions) from the srecified file into the
sur~lied wvector. Im the string which resullss the line
termination character (which maw be & mull) is included in
the character count. ar Yinvisible® (urncounted) null ie
alwaws arrended Lo the lirnes in keering with the starndsrd
string format (see section S.32). Note that a2 135%-nwle
vector (VEC A7) will alwaws be sufficient to contain an ineul
Lirme. Anw  error encountered  is  returned ss a8 functltion
resitlts

=LINEWRITECFTLDES » STRINGY  will ouwtrut a *"line” (using  Lhe
standasrd  RIODS conventions) Ffrom the surerlied string to the
sracifien fTile. It is the resronsinility of the wuser to
ensure thst 8 line termination chsrecter s supelied st an
arerorriate soint (If the standzard BCOPL racked string format
ie wusedy & terminating rull bwete will slwews exist’. Ar
error encountered is returned zs a function result.

7 E9 CHANGEFHASE

=CHMANGEFHASE (FILENAME » OFTION» AC2) Frovioes  access  to Lhe
SEXED faocilite of  RIOS, It takes three arguments? &
filensme in standzrd (razoked) BCPL string formats an ostion
valug descriping  the oreration ture (mmemonics Tor these are
defined in the standard librarye  header)s and 2 value to oo
=assed in ACH. fny value returmed by tne called srogram will
he returne frmction result,

[nl

e Multitasking routines

The poutines

sk Tunctions in this section srovide convendsnt
fa lovel derarth for moltitssking orerations  whloh TN

comeratinle with the RDIOS/ARTOS LG sl lososhu, All of bthese
orFerastions sre non-standerd  BOPL: z2m0 a8 suon sre nol essilw
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764 FRIORITY

FRIDRITY(LEVEL) is @ routime which redefines the execution
#riority of the issuinmg task to be that value srecified bDuw
its single ardument (range 0-2353).

7+65 SUSFEND and READY

These routines are used to srovide for arbitrary susrension
and (subseruent) readuing of tasksy based on their assidgned
I.0. numbers, Srecifuing an undefined I.0e¢ rmumber will
result inm 2 fatsl run-time error.

SUSFENDC(I .Ile) 1is a routime which will susrend execution of
the task with the srecified 1.0, number wntil subsecuent
execution of a READY oreration. If 8 zero ardument is useds
the issuing task will be susrended.

READY (I JL14 ) is 3 routine which will ready & task with the
srecified I.0I0 rPumber which has been sreviouslwy SUSFPENDed.
If the task is not susrendeds this routime has no effect.

Timing routines

The orerations in this section erovide sccess to timing
information maintasined by the orerating sustem. These
routines are losded from the librarw with a NEEDS *RCFLT®
directive,

7.71 DATE and TIME

Fach of these routines returns information in a (minimum)
three word vector surrlied by the calling =rosiram. I order
that thew returmn velid resultsy it is necessary for the date
and time vzlues Lo have bheen rrorerly initielized bhw the
sustem a3t start-ur time. !

UATEC(VECTOR) causes the current deate to be coried into the
indicated wvector. The order of storase is daw (1-31)y» month
(1-12)y 3rd wear (e.d.9 1977),

TIMECVECTORY causes the current time-of-daw to be coried into
the dndicasted vector, The order of storase is zeconds
Q=59 minutes (0-39)y znd hours (0-23).

773 ELAPSEDTIME

=i AFPSEDNTIME ¢ ) ie s furnction with no srsiuments which returns
aa it paid] b the mamber of seconads whilceh have elarsed sinoce
ot the currvent BCOFL srozrvam. Note thnat inteser
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el Overlasw routine

The RBRCPL overlaw routine sllows for & convenident interface
with the orerzting swzstem overlasy facilities, It is rart of
the standard rurn-time  library  (does mot  require & NEEDS
dirgctive)r andg currently surrortse one overlaw node.,

211 Prearaving the overlasw sections

The simerlest overlaswy is that neld in one source  Tile snd
come i led g sinsle BCOPL section. This is comriled with Lhbe
ilotbal 8 and O switcohes: the former to indicate thset it is =
section (not  the msin  srosram)  and the latter to include
overlasy initizlizstion code at the end of the segment.

It several sections are to be loaded into 8 single overlawy
only the final section shouwld be comriled with the sHlobel O
awitcoh, .z

RLIFE o DA B TolsE FolBl 50
Sections Cy Uy Fe 2o 6 sre the only ones to be comsilled with

the [ switons M1l sectionsr of ocoursey recuire  the
swiltorn.

sloviert ) Arogram whdoh will use the overlaws nust

Lled with the sloosl O switon, In this case
nerastor will recognize that it is the main srogvan and
] roi will  sernerste srecial code  for Lhe
sratior.

T

t.he
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Lire
Tt i

(R tizlis
gt rles VRS- A A
therefore o 2 to share globe .
constart routiness tﬁlﬁ? huuevarv shoulad De gone nul: wth
extreme caution.

(AL}

Some restrictions exist on overlsw code grart  Trom those
maturally dmrosed by the structure (e.z.r no ODVERLAY czslls
from within an overlawy - see the orersting  sestem maruzll.
Ouverlawy sections must mnot contain NEEDIS directives. falsos
unsregictahle feults occur if sglobal routines sre cslled when
the overlay in which thew are defined is mot rresent  in
MEMOT . Sueh faults zre extremelw difficult to getects anod
userg should  exercise aerrorriste caution when sllocstins
routines to overlswus,

Susntem c2ll Ffunction

A srecizl  Ffuncoction srovideds  to  ensble  the  user Lo
communicste directla the orarating swstem without havins

is
Wi kh

to resort to a*wemblw lamsusge  srogrammins, This mecnanismi
ime
t..

izs of courzer hishlw 3ementatimnwmapendenty anc should e
s srarinsle, It i of the standzsra run-time librarw
anc doess not reaudre mirsctive,.

e

rerforms tie iFad
COMMAND srgumsnts 5
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iﬁ (VED 2y will be set Lo
jullﬂanM tne orFeration, &

is returned 4T an oesrror exilt was
stemr: FALSE otherwise.
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of

o osllow the user convenient
Lo ument dineat mechanisms of Lhs
D3 G tirmsg 3 > furmoctionss it reculdrs
from the liorare withn s NEEDDS "ROFPLAY directive

enlts = rncrﬂc1u“ wbordrs (tﬁwicm.
* Lln' mre ot i rs FPOETEM
: ars Ll ronment . Within
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<hBohare  Af bhe  srogsram d in the bam
otherwise, Finallwy 211 zrace ters are rwmu»wd
aodresse of the r Jitant  strins {(the same sd0Tess
original  stringe: which has been wermanently  maooi e

returned as the function result. Thus the sequence

COMJFILE 3= OFENCUNIQUENAME(®*Z FCLI.CM®°)sI0,.READ)
woula oren the arrrorriate CLYI command file.

=COMARGIFILDES s NAMEVEC s SWITCHVEC)Y  is a function to inrut znd
rarse the next srdument from the CLI commzre file. FILDES is
the arrrorriste file descristors NAMEVEC iz & vector of
sufficient size to zccert Lthe arsument name a3 3 standsrd
(rachked) BCOFL strimgd SWITCHVEC is & vector of lensith 32 (VEC
31 to record the bit settings of the two words of switcn
informetion (TRUE = set» FALSE otherwise). SWITCHVED!Q
corresronde to locasl/dglobnal  switoh Ay SWITCHVEC!L to switonh
By and so ons, The mnumber of local or slobsl switch settinss
for the current ardument (di.esy & count of the number of TRUE
entries in the SWITCHVEC vector) is returned ss the function
result. I rmo srguments remzin in the CLI command filer the
grecial value ENDSTREAMCH (defined in LIBHDR.EBCY is returned
as the function result.

Metwork I/70 function

A srecizl  Turnction dis  erovided to enzable the uwser Lo
communicate wusing tne Finndng network  srotocol CONETCUM™ 3 s
Aire Lardlns of  this srotocol dis  assumed Tor e
following descorirstion,

This mecnsnism  recddres  the ase  of modules dn the NETCOM
librarye  which COPTRSFONG to  the sarbticular Mardwsrs
configurstion  in wuse. These modulesy being non-RBOPL din
originy must De losded following BCFLIELLE in hthe load
COMMESnD SenuUence . The BCOPL NETCOM function iz los i o with
edther s NEEDS °"BCFLNT  directive (which disallows shanton
recelve orFerastions) or & NEEDZ "BCPLFPY directive (whndoh links
the #hnantom recelve commancds into the BCOPL GETVEC fazoility -
duwriamioslly selgEned buffers msw therefore suoseoudentls be
returned sl the FUTVED orerstion). IT potn directives are
grcounterad  during the relocstable  load oreraticons "BECPLF®
Wwill take rrecedence.

aof Lhe
sarfarmed, The oreration
ae manifest oconstan iri
e rambe tes in the trarnsmd Lon
to the srrrorriste os-code. BUFFER is
*xmmnnlnuﬂ ion buffer (supelied t L

i for "etisntomn e i
qur word (mindmum) vector whioh
: rogmber (0. the ressoncdins

ENETOOMIOFCODESLENGTH s STATUS VECTORy BUFFERY ocauses one
I E T MFTfLM orerstions Lo De
rec fdn LIBHIES B

bem Refarence Manusl e



(L e

voand the @
or cwnamicslle sss
NETCOM ds returnen

oo Lenmtn Tollowins
Lhe communicestion i
rea (03, AN Brrod Coe
tne fTunction result. =]

FORT 3= NETCOM(-1)

is srovided to allow determinatiorn of the current MCA rort
ramber

.5 Externded librarys functions

The routines ang Ffunctions  listed in this section are very
sreclgl-rurrose  dn natures and  are not defined in the
standsrd  librare header (LIBHDR.RC). Thew are instesd
described in sn additionsl ("extended®) library hesder
(XLIBHDR.BD)Y  which is listed in Arrendix D, Fersons wisning
to use any of these orerations maw either reference the
gntire extended librarwy with & GET "XLIBHIR® directives or
merely resroduce  the desired function mnemel(z) in a GLOEAL
declaration within the wuser FPosram. Note thalt the same
globhal  rmumber mnust be wused 1f this second alternative is
emelowed,

D251 Btring mandrulastion

At ions

2 manirulate stringes in sternddard
. form ction 95.32). The "invisiole
Lermlnntiun LUHVWHLLOH e meintained  throushout. [

POTRFUNCG® cilrective i necessars to  loaed these
Lionms From the librarw.

=COPYETROSTRINGL STRINGZY  cories the contents of STRINGL to
STRINGZ »  which must  be 2 vector large enoush to contzin
same. The string lensth is returmed s s function result.’

SRCHETRCSTRINGL  STRING2y INDEXY  zearches STRING2  for the
ooourrence (1T snw) of STRINGL: besinning Lhe searon at
Lfided  drcias The incex of the found ~HbﬁLPJu for
thaere mo matoin: i returned }uutilwn

W

FEHAR COHARA

The string iz

If IMDHDX is
o The ingex of
e & function resali,

e o
imsertac

HFTR‘u"TINHJ:bTFJH‘”vlﬁﬂﬂﬁ) inserts STRINGL irm STRINMGZ

2N 1 STRIMNGS s extended with sFrace

P necessard. I INDEX iz wzeros STRINGT i

2 The index  of  the last inserted
s functiorn result.
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i st

Wi arﬁ@ arinugh Lo Hé
lensth  of e addusted Lo (NT tracted

characters, The lensth 0“ STRINGL is returned zs 2 funocltion
result.

=ECANSTRISTRINGL STRINGZySTRINGE) BEaTCHes YNGB from Lihe
pmeginning for  an occurrence  of STRINGZ. Foumoe all
characters to the left of the matoh zre moved t: STRIMNGL &1
ﬂharactmrﬁ to  the  right  of the matoh (onlwd remain LN

STRINGE, If rmot found: 311 characters from STRINGE sre moved
o STRIMGL, leaving STRINGE  esmetu, The furnction resull is
TRUE if & maten ds found: FALSE otherwis

\

hal

_h
b

S

Time roubine

WRITIME(STRIMGY) will write the time znd date Lo the currentle
selected  owubtrut chammel in the format "1.29 PoM. ON 27
Py Followed b STRING, A NEEDS “TlHFJNC" Cadrective  1s
to ] this routine from trhe Librarw.

Double rreci:

cion srithmetic

g Er L
’lGUy
it

Functions return & result of TRUE Gf

arithmetic
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srowloed wndon orerate on

ITro madciitdom
e currently

s, READNOA ) wagivelent of READN (sees
sechion 7.347y e a rolnter  to the two-word  result
vector  must be srovioeod  as osn argsument. This weointer 18
returrecd # function resualt.

= WRITED A WIDTH ie the double srecision eauivalent of
WRITED {(see sectiomn 7.41),

The "0 librarw

»e: Lhis section is not wetlt avellsble,




The follo
the swunt

list of
anslwoer,
o the
BUMOMEME

Wwing

@

WOTas

are sumbhols are
The 1

mame  of Lhe
Hoves ds given
e in
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in the
the Secornid.

first
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Basic swumbol Examrles and so2nondms
igdantifier A
ramie 128 P24 3T
string it e TENTEERT”
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TRUE
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B

LET

AN

BREAK

Lo
EMDCAGE
RETURN
FINISH

GOTD
RESULLTIS
SWITCHON
INTO

REFEAT
REFEATUNTIL
REFEATWHILE
no THEN
LINTIL

WHTLE

FOR

TO

BY

TEST

R ELSE
IF

UNLESS

CASE
DEFAULT
SLCT

[

“o
e
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ABCIY character codes

The following table conteins & list of 81l the ASCII charscters
recognized nw the RBCFL comriler,

Z-bit
lecimsl Qctal Character

? 007 BEL (bhell)

o 010 BS (backsrace)

@ 0l1 HT (horizontal tab)
10 012 NL. (mewline)

1] 013 UT (verticeal tat)
014 FF (form feed)

015 CR {(carriadge return)
040 GF {(srace)

041 I

042 s

043 ki

044 4

045 %

odé &

047 d

GHQ {

o8l )

R
055
(5

.
" ©

Al )

f %

1 <%

I e s B
Sx RS2 IS B )

e e
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1
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T
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SO
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i b p R b

BCFL

ey

Jed TN X E S

(underline)
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v fverticsl
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Standara ]Jhrwr“ hmef r

This arrendix contsins 8 cory of the standard librarwe nesder from
the file “*LIBHDR,EC®,

FILIL IS AT TSI ISP 7 PSS A7 57 7,777 7777
Y Yy
A7 Finnming BCPL Swestem? "Gtandard® Librare Hesder //
/ / s s
7 Frogrammers . Dumenty Finming Tractor s
4 Py,
Z4 0 Rewvision Dated  24/0ulw/77 s
v Y4
SIS TSI 7 87777 7777077777577 7777777777777

GLOEAL 4 {(GLOR

S Tn the comnments describing these slobal entriess
A5 the Tollowing zbhreviations sre usend
e ¥ o~ the #slobsl dis imdtizlized sutomaticallsz

£ & - "RCFLATY {srgument infrut moogule)
e onoo- PROFLECY (cheracter 170 mocdulad

CROFLDY {(debusging mooul e

CRCFLYY (hasic 170 module)

PRCPLMY (multitessking module)?

CEHCPLNY or "RBRCPLP® (network 170 modules
"LFFL(” ’timmr Mol el

the "Q° library

furmetion

—

v i routine
< ; /‘ W

EA to orerati
¥ ort L witn
¥ for i anorbem rouhir

# ctor frUm Tree
'1{-5 o { o - .
ki szt i

]

3 P
3 s
. i
. 1
H * Facken

r Urey H‘
FabRSTRING

ked string
into strd

7 L

-
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iﬁTT

FRIORITY
SUSFEND
REAINY

FEN
CLOS
DELETE
RENAME
GETE
FUTE
GETC
FUTC
FUTBACK
FLUSH

BYTEREAD
BYTEWRITE
BLOCKREAD
BELOCKWRITE
CONSOLEIN
CONSOLEQUT
GETFOSITION
SETROSITION
LINEREAD
LINEWRITE

MAFSTORE
BACKTRACE
PRINTGLOBALS
FRINTENTRIES
FINTFROF T
STHORTEN
USERTERUS

,vur[ﬁ(

Ge e ae aew
o i Bl pd
3

P R R I L R A T T

30

e

A
oy

7r

ot nd

e Be Lo s Sr GG S
4 R

24

=2
wd S
ey
28

29

e S W

4G

42

A

43

4%
44
47
48
49

G v B b GE Nk e P T ad
£
in,
£

?
»
& o
*
+
<
¢
B3
L4

e

I
abiing

1

P

e}

o A4

I T

bt fod e B beed b bed bed b

fr

Fr
Fri
'
i
1

+
4

1
rt

rt

fri
i
r
1
iy
rt
fr
i
fr
i

seadentisl

5 7 " .l‘ O
are dnbereast .
rriovity interrust
interrurt service

OHlt% &
C.r :}"’
1nLermta§k mes
tramsmits & message & wailts
recei an inter~task messade
delaws evecution of current tazshk
changes current task srioritwe
susrends current task execution
mekes readw s susrended tesk

crestes & new
transmits an

HIER

VES

I/0
file

oren & Tile For
close an oren
delete & file
rename 5 file
reard hwte from 3 "fast' Tile
write buwte "faal® file
read char. from & "fast" file
write char. to & "fast" file
return char. to & *fast® file
flush "Tast® file outrut buffer

to oz

file
file

reaag From
Wwirite Lo
file

bwte
sepauentisl bute
block read from
block write to file
resd chsracter from
write cnhnaracter to
read current file
uradate
read &

writs z

console
console
Foslition
current file roszsition
lime from a file

lime to s file
ot ot Bt
LW
write out slobzsl v
wWwrite out sll
write srofile

T E ]

MEmes
btﬁCu

actor
rotod e
L.“H"IL
g routins

clebogsgiog routine

Firh

in s vector
das= in &
tJm@

L B e
et vmcLor
; since start
(FaC0M.OM
wlated
wt@i*nwgmeu,f OIS TN
rasettinsg used

metwark 1.0

4 EA N
constructs
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MY T4

FET

TEround e e WETT-E

overlauws
Tarms

s

coonsracter
: file

ineut

e
‘Ui
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P'F"Eul IHE
EWFAGE

L ﬁiﬁfUH”ﬂ =

FIMDINSUT

FINDouUTRUT

T

e

ce e we

B 2O G CE G S a B o

L e S Ce we S 2o e wo

e B e e

Es)
Ee)

LS LN

Gl Rl 0D

Iss B RS}

LR
s

[t Ryl

feom OIF
RLCH preturn our
# cnasrscter to COF
a newline to COF
g newrastse to COF

ol v

# string Lo COF

z formstted string Lo COF
cecimel number Lo givern widtn
ootel number in siven widbh
Mex mumoer dbnoosiven wialn
cecinszl number Lo COF

ootal nunber to COF
framadecinzl number to COF
JPCJM;J foamoer From CIF

Fescd number Lnodiven racdix

oren file Tor “fc

oren Tile

7 A WY A
arteat

rewinds DIF LF
@red ourrent dneats

,rreut meFuty
;0 r o lul il
CIF des
retirns DOF wauvrlptmr

irEut
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S

S

CHAMGEFHASE

B H:’\ SE L GWAF
FHASE  SUAFPDER
FHASE . CHATIN
FHASE s CHAINDER

£SO BYSTEM

<5 8

Xl

GLOBALZEASE
GLOBALNEASE
GLOBALEREAK
GLOEALTOF
STACKEASE
STACKTOF
STACKSFACE
VECTORSFACE
FROGEASE
FROGTOF
ADDIRESSOFGLOEAI
ADDRESSOF
GROUND
SETTAEWINTH
SETSLOF

FEM

Ll &5

Hu;lF
TO.FWRITE

Ia.

I0VREADWRITE

METCOM

e

HJT

'\\l r f an
}\1 E. T \" f" s
N&Tex,miT =
METQXHMIT =
MET . TERH o
HETFODROCY =
MET  BDRCY =

& HAN

F

cetions

= )

= ]

= £100000
= $100001

acifiers

= Q S/ hase address of ZREL

= 1 A4 bhase address

= 2 /7 break woint of dlobals
= 3 A7 tor address of sflobals

hase

= 5 /7 tor address of current tashk
=G /7 meave avallsble on
= 7 /7 srzce avallable from
= & A7 hase address of srogsram
= 9 A7 tor sddress of srrogsram
i = 10 /S address of slobal N
= 11 7/ memorwe reference address
= 12 F user "dground® iﬁﬂlCntOP
13 /7 outeut tab widith (defazault
= 14 S/ GETVED "efficiencwe®

reEad-only
"fast®

o s

e

= A7 write
= 3 S0 "Tast” write (buffered)
) A5 resd/write

con wed i ee
DL RN

o R R i
S8

FCOITTFT

{177 rECceLve

"directed® receive

toren”

FQOPFFY SS transmit

FQ1LIFT77 A5 hransceive

017777 S5 Mtransrsrent” transmit
ﬂOQZT?/ S "aadock® transmit

*terminate”
"ehartom oFen®
"shantom directed”

#0 ?' FAT
F1OGE?77

BOFL

NI R AR L stemnm Reference Manusl
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of NREL slobsls

address of current tash

current stack

3
£l

e
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{(hiffered)

receive
recelve



Ewxtended librarye header

This arrendix conteins & corw of the extended librarw heeder
the file "XLIBHDR.EC®.

ZEALI ISP S TSP F 777 77 7P A7 Al 7 r7 i rrr7li777777
e s
A7 Fimming BCPL Swustem: '"Evtended® Librsry Header //
v s
/7 Frogrammert . Duments Finming Tractor e
s s
s/ Revision Date: 27/Julw/77 s
s s
AT TS IS A7 S I A A7 777777777777

GLOEBAL $(XGLOE

A7 I the comments dezscoribing these global entriessy

A7 the following zboreviations are wusedd

e S - NEEDS "STRFUNC® (string functions)

o T - NEEDS *TIMFUNC® (time functions)

' I - MEEDRS *HELFUNC® {double srecision functions)
s frio o~ the flobal references & function

i rt -~ the slobel references a routine

COFYSTR 1100 S/ 08 fn cories s strins

SEARCHSTR i101 /7 8 o searchnes string for substring
IMNSERTCHAR 1102 s/ 5 o dinmserts cnsracter in string
INSERTSTR 102 /47 8 oo odnmserts string in string
EXTRACTSTR 104 S 8 P oextracts substring from string
SCANSTR P10% /78 o scans and Yserlits® @ string

WRITIME P10 /T rt erints formstted time and date

e MO
. ADRD
D SR
o MEG
b.ARS
Ire MUL

110 /7 I ' dounle srecision move
111 772 0 o double =srecision sod
197

L2 S I double srecision subtract
S50 T dounle srecision nesate

£ ods fad

S50 o double erecisiorn multislw

G N e 0 G AL G 4e bE BB

PO U TP WA WA S S

n,niy ) S0 T doutle srecision divide
T REM 2050 o double srecision remalinder
DoREADN 2 S0 o double srecision READN
DLWRITED 9 S 0 vt douple srecision WRITED

$)XGLOE

e Fimmdng BCOPL Swsten Reference Manual oo

S0 ' double srecision sbsolute wvalue

from
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BECFL rur-time error messagses

The run-time system will detect various errors under conditions
33 described in this manual. There zre & such errorsy and thew
3ll act =s "RCPFL rum—time" error returns (see section 7.22). As
suchy  thew will be rassed 3s  arguments to ABORT: "STOFs
FOSTHORTEMy or USERDERUG.

¢

5

The sssocistiorn hetweern error numbers and thelr meaning is
®
*

Ervror &1 Stack overflow

Error $#2 Unzssigned slobal or locsl variable
Error $#3 Unimelemented facility

Error  #4 lLibrarzs error

Error  #5 Division overflow .

Error $#4 Insufficient srace for vector {or stachk)
Error &7 lNebus rackadge not losded

Error #10 File use incomratible with °"0OFEN® mode

When these errors asre detecteds the sustem returns to the
Frevi

vious execution level with returm (error) code #10000+4nm,
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