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Introduction 

BCPL is a proqr-'l.mmi.nci l,~nqnilq"" d0.siqnE''1 rrim;.:irily for 11on­
numPrical applicc1tions ~.uch ,1.s cornPil(~r-wC'itinq ard q1~n•::>r.dl 
svstems proqramminrr. T+- has h"",m 11sp,~ :1ucc0.s.sfullv to i.mplem.-~nt. 
compilers, intPrprnters, t0xt e~itors, qam~ olayin~ proqrarns and 
OPPratinq svstems. Th 0 OCP~ comuil~r is writt~n in BCPL and 
rnns on sev 0 r~l machines includinq the IRM 370/168 at the 
anivPrsity of Rritish Columbia. 

Some of th~ distinquishinci features of BCPL are: 

The synt~x is rich, allowinq a Vlrietv of wavs to 
write condition-11 hranches, loops, and subroutine 
~efinitions. This -'lllows one tn write quite readahlP 
proq rams. 

rr- h P h-'l. s i c <'i a +-. c1 o o i "'c t i !, a w o C" r1 ( 3 2 b i t s on t h P 

170, 16 hi+-s on '!lanv m·inicompnt:ers) with no particular 
nisposition -'l.S to type. ~ word mav he tr~ated as a 
bit-pattern, a number, a subroutine entry or a label. 
Neither thP compiler nor th8 rnn-time system makes any 
attempt to enforce tyPR r~strictions. In this resp~ct 
BCPL has ~n~h the flexihility and oitfalls of machina 
lang,rnqe. 

M;:=inipulation of point~rs and vectors is simple 
~na straiqhtforw~ra. 

All snhrout in~s mriv °tlP call~d rPc:11rsi vely. 

This manual is not int'?nr~11 i:iS a prim,,r; th0 c:onstrurt.s of 
t.he lanq•taqr_, arP. pr-,-"sent.(''1 with sc:-rnt motivation and f,-:,w 
~xamples. F'nr a rnore t:11tori.al pr-es,,.ntdtion '.-;c>r- t.h~ RCPL Primer 
(DPpt. of CnMpllt(~r Science, [J[3C\. To llSP RCPI effectiv,::,ly on,:;, 
must have a qooa u~derst:anJjnci of how th 0 m~~hin~ works ~nd he 
frimiliar wit-}1 it~, opera+inq syst.~m. 1'0 tJ,p P.JCpf'r.ienced and 
,Hsciplin"'n proqr,rnmer. i+-. is c1 powr-~rful and ns<=--ful lanqu"\,10, hut 
th~re are few provisions for t:h0 nrotection of rdive users. 

The mcii:1 hodv af this manui'!.l dE!scrihes thp "official" 
standard subset of 3C 0 L which will he supported at most BCPL 
installation~. Manv implementations orovid? AXt~nsions to the 
lanquaqe ;:i.nrl ri s11mrBry ,Jf th!? •·'XtP.nsions availahle on th1~ 170 
implemPntatiori can be founr'l in .1\prendic9.s D and i:;. IJ:,ers are 
stronqlv rPcomm8nde1 to rAmain within the ~tandard subset unl~ss 
th@re arP exceotion~lly stronq r~asons For not doinq so. 

Acknowle:ig_~mn,n + s 

Thf' over-111 lavo11t c1nr1 orqanisation oF this manu1.l is b.1S('•d 
on a mannal writ.+:00 hv J.H.Morris of the TJniv!?rsity of 
Californi~, RerkelPv, which it~alf wa~ based on 1 well-written 
mPrnorannum by r-.n.C'lna<hy a:1d l).NJ.'htchi=- of R~ll Tel?nhon0. 
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LahoratoriPs. 

ThP initi~l ~esiqn an~ lmplem~ntation of nrpt wAs donP. on 
CTSS at Proi~ct M~C in 1q~7 hy M. Richards and since then the 
lanquaqP has ~~velopei and bP 0 n transf~rced to many machinPs 
around th~ worl<l. 

Anos machine codP libr~rv was implem~nted for th? 170 ~Y 
J.K.M.MooJy an~ manv of ~he lanquaq~ extRnsions for th~ 370 were 
implemf>nt.~<l with thi- assistancr> of IJ.C.1'1.Meek.i,nqs. Many of the 
e xtensions were first 1esiqn~d an~ implemented by J.L.Dawson. 

'T'h"' lanquaqe cl':'siqn w~s s+:,:-onqlv inflaencP<l by th8 ':\llthor•s 
0 xperience wi..t.h r. 0 r.. 'T'h i..s lanquaqe is 1escribed bv n. w. !3ar:ron 
Pt al. 5. n ":'h,., Majn F~i\tnr~c:; of CilL", 'rhe Comput8r Journal, 
Vol. 6, p.134. 

A numher of PXtPnsions to BC"L hav~ b~en m~de over the last # 
few vears. ThPSP ~xt~nsions, which ar e found i..n a numb~r of # 
impJementations, ~r~ flaqq~ri in this manual hy placinq a sharp # 
(#) to thP ri<Jht o.io t.hr-- text. # 

ThP MTS <t <laption , of BCPL is t .he ·work of V.S.Mnnis and 
M.nuMont ~t rrnc, Vancouver, an <l thA MTS mo.chine codP. lihraL"V is 
patterned after thens vPrsion. somp ~xt~nded features of the 
lanquaqe and a~ditional lihr~rv routin~s availabl~ onlv in the 
~TS version ar0 inclu~e~ in this revis~d document tut are 
e vPrywherP idn.ntifLf•ri as belonqin'l to RCPL-V. Use rs ilre warnen 
that use of such features r0iuc~s portability of proqr1ms. At 
!JDC, furt.hP.r. work on BC?L has hePn none hv ,John Pr.>ck ·; K~nnv 
Wor,q, Steph Pn M<1, Ivor Lad'l, Stenh<:-r. n;:i_n<l, Grant Weddell, Noo.1 
Kalich~r,rn, navi1 Low<=>, Daviri "'i 0 lkt", Dill W~bb and otheri'. 

Modifications made at UD C are denoted in this manu3l by a 
colo11 (:) to t.h(" r.i.qht nf t .b ·-:> t. e xt. A stick ( I) in the ci.qht 
marqin in~ica+Ps th~t thP lanquaq0 feature is availahl~ in a 
number of othPr implement~t.ions, but. ?erhaps in a different 
form. 

Portability 

On e o f nCP L• ~ ma i n qo~ls i s po r t ah i lit y. Fo r t hi s r e a on, 
t hP ~omri l ~r c~n prod uc-:~ a n int ~rm e rl idt~ c o~e which i s th e 
l a nquaq e of~ h ypothe ti ca l com put ~r; a r ns la t or f ro m thi s 
int e rm Pdi a t 9 l a n e uaq 0 tn d s pecif i c m chine l a nqu aqp i s 
r "=' l tivPly e r1 sv to r.o n .:, tru c +-. Int .r i:?c; t. ed r,;, de rs ar e r l':' f E:• rr ~d 
to "Thf> Essence of . ::omp11ter s i ~ nc<?", b y J. r, . L. P€> r:lr . • r.JRC 
D~~~rtment bf c6mnuter ~cience TM

0

75 - 7. 

A nun,ber · of DCPL compilPrs C>J<ist. ,at UBC, includinq on~ on a 
12K Nova runninq rnos a-+: F.lpctrical P.nqineerinq; on<? on a '16K 
~oro · PDP-11/UO r11nninq TTNIX at Animal Resource Ecoloqy; ~nn 

. . 
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(soon) one ,,n -1 · 1'.>K wor,'1 1-JPwl~tt-Packard 21MX runninq R'1'E-II at 
computer Sci~nc~. For i~tails, the read~r is rPferred to the 
appropri~t8 11scr's manual. 

r-------------------------------------, 
I 
I 
I 
I 
I 
I 

Part I 

L-----------------------------------------' 

'"!ds nart in beinq revi.se-1. 

r------ --------------------------, 
t 

Part II I 
I 

~h~ RCPL Lanquaqe and Portable Lihrary I 

L---------------------------·--------

Language Defi.nition 

I 
I 

At tho out 0 rmost levAl, a BCPL proqram consists of a 
seqttence of ~ 0 clardtions. To understanl the meaninq of a 
proon,m, it i~ n1:>cessary to 11ndP.rstr'tnd th~ meaninq of the more 
basic con:c;trncts 0f thP. lanquaqe from which it. is made. We 
thereforo choose to JescribA the lanquaqe from the inside ont 
starting wit~ ono of the most basic constructs, namely the 
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1 f'lern~~nt 1 • 

.. -.. - <i1~ntifier> I <nu~b0r> 
<strinq cnns+~n• I 
<charact2r co~Stijnt> 
"!'PnF. I Fl\LSE I 

? 

Paqe .1 

hn <iden+ifi'°'r> consist:; of ,l se1uence of letters, diqitf;, 
points, and unde~linPs, the first char~cter of which mus• b~ ~ 

l<=>t+er. 

In sonsihle ~nvironments, th~ use of lower-casr lett9rs in 
i a f' r. t i f i •~ r s i s p " r m i t t 0. t'l ( a n j e n c o tir ·HJ P ·'l ! ) . ca s e i s s i q n i f i ca n t. 
in identifiers, hut n,t in ..:;y•:;tem words. In other words, the 
idn-ntifiPrs 1 Fnn•, 'foo', an!l '?'.)O' ar~ tiff0.rent, while thP 
system w0r~s 1 'T'PTJR 1 anr'l 'true' a.r9 the Sii!11':'. 

Examnl~'5 ::>f iclcnt ifiPrs are: GE1'3Y1'~, P1, iiYTF.S_PER_C~LL, 
but- not 1P (do0.s not h 0 (Jin with •'l lf>t+-er) or GET 3YTF. (contains 
,l space). (f10cans..., ()f th!:' 11s~ of point.s to r.emarcate s1:1ctions, 
an Prroneou,.; ir:'l,~ntificr. t,nqinnin-:J with a point will cat1S'"! a 
fatal compil~tion 0rror.) 

# 

A <numher> is ~ithPr an inteqor consintinq of a sequence of 
oPcimal r:'liaits or an ortal constant consistinq of the sharp •t• 
followed hy oct~l ~iqits. ~umbers may als() hF written in binary # 
or hexadc-cim"ll, bv prf>ce~itHl th 0 m wi+h th-"' wcirninq s,~quencPs # 
1 #R' anc1 'tV:', r 0 spec<:ivf'1 v. f'or conc.i,,t-"ncv, th~ 'W(\rninq # 
SP(!Uf'flC'? 1 #0 1 is :,q11ivc1l;,nt to •it•. t 

F.xamples o~ nu'Tlbers arE 

255, o, #3'.71 
it':3101001, #0477, #Y)Pt1CE 

The r>?serV•':l "I p r , l s 1' IHJ E a n I~ nL.SP. denote -1 iinrl 0 
C€Spectiv 0 ly and arn nseri +:o r'?present the two truth values. 

~ <strinn ~onstant> consists of up +() 255 (OP the HO) 
characters E>r:C':'lof' 0 o i.n strinq quotes ( 11 ). Th0. 
character s-=>+- i:5 EBC!HC' (on •h"" 170). Th0 charact~r 11 

rPpresP.ntPn onlv hv •.hP pair *" :'lnn th:~ character * ccin 

internal 
mav be 
on 1 y be 
m-1y be represent.:>rt by th9 oair **· other spPci;:il charJ.cters 

I 

represent.Pd ~s follows: 

*N is n,.,wlin<?, 
*,r, is horizontl1 t-;,t,, 
*S is spdc 0 (u.l3o r.-:•prc,si::>r.ten by it,;Pl.f), 
*C is c :~rrinflt"· r"'+nrn, 
*Eis E'SCcl.09, 

* B l. S U ,1 Ck SP •3 Cr> , 

# 

. . 



*P is 11~wn::\qe. 
*Xnn is •h~ character whose hexad~cimal 

col~ is nn. 

Paqe 4 

Within ;1 strinq, a ~:;equ0nc:~ consistinq of an asterisk, some # 
n11mber of STFIC'°'S, n0wlin0s, ,rn,1 i:ahs, and another asterisk is # 
completelv iqnorea. ~his pPrmits a strin~ constant to extend I 
over a numher oF lines. For examplA, we may ~rite # 

# 
11 1'I!IS STRING * # 
*contains newlines* i 
* t'l.~111 SPAC~S" # 

# 
wl,ich is 0x<1c+lv .-~0,1:i V"l1 8nt +:o # 

# 
"'T'HTS sr-qrNr. r.ONT/\INS NEWLINBS llND S[>ACE<i" # 

# 
# 

E~dmnla strjn1s are H*~END OP T~ST*N" and "THIS IS A 
()llOT E* "". 

The m~chine r?present~tion of a strinq is the address of 
~he reqion of store where the lenqth an<l characters of the 
strinq are oack?~. ~he f0+chinq and storinq of characters in 
[;+t:inqs mav he '1on'=' usinq the> machinA i~pead2nt lihra:rv routinE>s 
GFTP,YTE and PU'T'DY"' 1~, or hv +:hP hyt.e opPrator ''.".'. 

A <ch~ract~r constant> consists of i sinqle character 
~nclosPrl in apostronh~s ('). The apo~trophe character' can be 
represent~~ ir a c~aracter const~nt only by the pair*'• Other 
escane conv0ntions ~r~ th~ saroP 3s for a strinq constant, except 
for ""• A crarrlct•~r c'.lnst;int. is riqht ;ust.ifier'l in a word. 
'T'h1s 'P\' = 1'11 (or th •:' )70). P.xampl~::; of character constants 
a r E:' ' f\ ' , • (' t , '*'', '*N' i'\11'1 

I II I 

. . 

'T' h P i':' l e m O n t ' " ' ma v b P u s e d i n a n v co n t ext in w h i ch a • 
variablr is ucrmit+o~. ? yiPlds no oarticular value, and is # 
thus 11s"-'ful f0r :,nch pllrposes as leavinq variablP.s ft 
unini..tia]isP~, or fillinq a ''hole" in a param'?'t.er list to a # 
rout j nP. # 

i;,x.21:essions 

Reci111se a!; iJ;..,n+ifi""r hiis no type information associater'l 
with it, th•" tyn -~ ~f an -~l"'rn~nt. (and hencf! an expression) is 
r3ssuin~cl to match tli 0 i:vp~ r~quir,:?d by i.ts context. 

All 2xprPssions arn liste~ hglow. E1, ~2 and B3 r~present 
arbitrarv ~xpr~ssions 0 xcept ~s notPd in the descriptions which 
follow th0 list, ~nrl K0, K1 and ~2 r~presAnt constant 
expressions (whos~ valuPs ~an be det0rminPi 1t co~pile time; see 
thP s~ction on Constant ExnrPssions). 
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primary <el~ment> 
P'1) 

fn Crill ~, () 

E1(F.2,F.1, ••• ) 

ad rfressi nq F1 ! P. 2 suhscript inq 
@F, 1 i:iddress qeneraton 
! 'P.1 iniirection 
P.1 1 E?. hy~e select ion 

ari 4: hme+ ic E1 * E2 
'!:' 1 I P2 
P, , ~EM E2 i ntr.>qpr remainier 
F1 + F. 2 
+ ~, 
F.1 - r-'2 
- ~, 
P\13~ F.1 

rela fiona 1 F. , = F. 2 
'P.1 ,= F.? not eq11 .=i 1 ~, < ~2 
;:: 1 <= E?. :", > E? 
r:1 ') = ~? 

shift -r:", << E~ l :. hi ft ( loqi. C=i 1) F.2 hits 
r.'.1 >> F'?. I' ~,hi ft (logical) ~2 bits 

( E2 ~ 0) 

loq ica 1 ., F1 not (compli?m~nt) 
F.1 & P. 2 ;:in J. 
E1 E?. incl1rnj ve or 
F' 1 R(W E2 bit wise ~qui val E: n ce 
1:1 N EQV F. 2 hitwisc not.-~qllivalencc 

(exclnsiv~ or) 

conai+ion~l F', -> E2, F' 1 

t.abl 0 'T'ABLF. f<"0,¥1,K2, ••• 

VI\LOF VU.OP <command> 

the rPlativo hindinq pow~r of the opArators is as follows. 

(highes+, most bindinq) f1inction call 
r, 

j) ! 
* I p F.~ 
+ -
r 1~l-'ltion~ls 
s'1ift!=. 

. . 

• . 
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.. 
I 
P.:Q V .N EQV 
-> 
'!'A BLf. 

(lnv~st, least hindinq) VALOP 

Paqe 6 

Operators of equal bindinq pover associate to the left. 
For. examr,1.e, 

X + Y - 7 

i!'; equivalf:rnt to 

( X + Y) - Z 

In or~er tha• the rulP. allovinq the omission of most 
semicolons ~honld work prop~rlv, a ~yadic operator mav not he 
+he first symbol or a line. 

'· 
The funr.tion r.~11 is d~scrih~d in the section on function 

oefir.ition~, and •he V~Lor expression is d~scribed vith the 
RFSUL~I~ cnmman1. 

A pow~rful pair of operators in BCPL are those vhich allow 
on~ to qenPr~t~ an1 use addres~es. An address may he 
manipulatPd usinq inteqer arithm~tic an1 is indistinquishable 
from an int~qer until it i~ used i~ a context vhich requires an 
a~~r~sn. If th~ valu 0 of a variable Xis the address of a word 
in storaqP, then X+1 is the andr~ss of the next word. 

If Vis a vari~hle, then associated with Vis a sinqle word 
of m~morv, which i~ callP.d a cell. The content of the cell is 
c~lled tlp . val\11? l')f V and thi:i- id1re!lis of the c~ll is called the 
~ 11 tl res s n f V. 

,n art~ress may b~ us~d by applyinq the indirection operator 
(!). 'rhe expression 

! F. 1 

has, as value, thP. content of ~h~ ~ell ~hose address is the 
valuP. of the ~xpression E1. (On the 370, onlv thP. lov order 22 
hits of R1 are used.) 

An aldress may be generat~d by ~eans of the op~rator ~. 
'T'he ~xpr~!=ision 

/ 
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roF. 1 

is only valii if ~1 is onP of tha followinq. 
(1) An H~n+ifi~r (not rleclar•~i bv a manif~st 
a Pc Li r a t ion) , i 11 w h i ch r. a s e ~ V i .s +- h e a i o re s _,; of v • 
(2) A suhscr-ipted P.Xpression, in which case the value 
of @E1!E2 is ~1+E2. 
(3} An innirpct.ion expreJssion, in which case the value 
of iiHE1 is -:1. 

case C,l is self.-~xplana.t.orv. CasP., (2) is a conseqnence of 
the wav v~ctors ar0 definPri i.n BCPL. A vPctor of sizP n is a 
.si=>t of n + 1 con+.iquous wor1s in memorv, numbered O, 1, 2, ••• , 
n, as shown in Fiq11re R. "'hP .vector is ider.tified hy th~ 
address of word O. If V is an identifier associated with a 
vPc~or, then the value of Vis the adriress of word O of the 
vector. 

r 
I 
I 
I 

V 

------------------------------------, r------, r------, I 
---+--------> I I O I 

'L_.:.__· _J 1--------~ I 
I I t 
L ______ J 1 I 
r-----, I 

,-------, 
' t_ _____ J n 

Figur~ R -- A Vector with n Elements 

I 
I 
I 
I 
I 

' I 
J 

The valu 0 of the Pxpr~ssion 

V ! F.1 

is the c6nt~nt. of cell numh~r B1 of v~~tor v, as one would 
expect. '!'he a(1clrGss of this c:P.11 is the vr1.l11e of 

V + E1 

hence 

iil(V!E1) = 11 + F:1 

'!'his relation is tr111? wh8ther. or not th~ P.xprc-ssion 

V ! f 1 

hanpens to hi? va] iri, dnd whet.h'°'r or no<: V i :.::; an identifir:r. 
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casP. (1\ is" r-on~~.?q11e>nc,~ of th~ fact +-.hat the operators@ 
i'\n<i ! ar~ irvnrsi:,. 

"'he internrn.tation of 

! F: 1 

depends on context dS follows: 
(1) If it nppears as the left-hand side of an 
-¼Ssiqnm~nt s+-atem0.nt, e.q., 
! P.1 := ~2 , 
E1 is evaluat~1 to produce th~ addr~ss of a cell and 
E2 is st0re1 in i+. 
( 2l irl ( ! "R 1 l -= F 1 a!. noted above. 
( -~) T n ., n y o t h c r con t. c x t. .F. i is e v a 1 u at. e d an d t he 
cont~nt oF t~at valuP, treated dS an address, is 
talu'n. 

Thu~, forcRs onR moro content-takinq than is normally 
a~manded by thn contPX~. 

As a snmm-,risinq <->xample, c:>nsider the four variables A, B, 
c and D with i~iti~l values ~c, ~D, 5 ~nd 7, respPctivelv. 
Th0n, after the as~iqnm~nt 

" : = tl 

thPir. valuPs wi 11 b<? :;:in, 'l)D, S, 7. If, instead, t.he iissiqnment 

A : = ! A 

ha~ heen axecutpd, then the values would have been 7, iD, 5, 7. 
And if t~e ~ssiqnrn°nt 

! A : = B 

ha<l been ex~~uteJ, thPn +-he values would have been iC, @D, @D, 
7. Notr.> that 

:vA : = B 

is not meaningful, sinca it would call for chanqinq the address 
associatei with A, ar<l that nssociation is p~rmanent. 

The opPratnr ~ has the same priority as !, and allows for 
th~ sPlection or assiqn~ent of a bvtP in a strinq (or vector). 
An ~xample of this is 

't; ( LFT S = "ABCDE"F' 11 

S % 1 := S 't 5 
Wl1!'!'E5(S) $) 

whi.ch wnul" writ::-- thr> characters BBCDEF'. 
tt~P Sdme as 

Thus, the effect is 

. . . . . . 

. . . . . . . . 
: . . 
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t( LJ.;'1' S = "~BCDEf'" 
PflTBY'T''R(S, 1, r.E'T'~Y'T'F.(S, S)) 
w P I 'T' F s ( c; ) :S) 

Paqe 9 

in whir,h the nrocedur,=.,s PrJTBY7P. and GETBY'T'E arc l.ibratY 
procedures discnss9d in t.he cio.,-;cription of thA portabl?. lihrarv. 

Arithmetic O2erators 

The arithwetic operators*, I, rEM, +, 
appenrHx D) act. on l2 bit. ·q1nnt.ities (on th,a 170) 
siqr.ed in teqers. 

c.1 na A BS (see 
inter:pr~ted as 

The opprators * arrt / jenot3 int~qer multiplication and 
division. 'T'hP opPrator R~~ vi 0 lds th0 intai~r remainder after 
dividinq the 19ft. hanJ oper~nd bv the riqht hand one. If hoth 
op~rands are positivn the result will be positive, it is 
otherwisA impl?mentatinn depenient. 

~he operators+ and - mav be used in either a monadic or 
dya~ic context ~n1 perform th~ approoriate inteqer arithmetic 
operations. 

on m ,'\ n y mar, h in~ s i n which two • s c 0 m P le m f': n t i s used , the 
relation 

al ways holos, b11+: if B 
(nu~ber theorists may w8ll 

is n~qative thun A RE~ Bis neqativc 
sh u -~ rl (~ r ) • 

The treat~~n~ of arithm~tic overflow is undefined. 

J'l A l 1'! t. i on s 

A relational OPPrator compar~s the integer values of its 
two operands and viel ls a truth-vrilue ('!'RUT;; nr FALSE) as r,~sult.. 
The operator~ ar 0 as follows 

= e<111al, 
-,: II O t P.q It a 1, 
< l.c.ss than, 
<= l~)c:;s t.han oc- ~q11al, 
> qr 0 at.er than, 
>= ' qre ,'ltE.'r than or 9qual. 

The opprator~ = and~= m~ke bitwise comparisons of their 
opP-rands and so m;:iy hr:> 11s~d to iieter'.lline the equ.=tlitv of values 
rPqardless of th~ kind of obiects thAV r~pr~sRnt. The other 
tests are for ~iqn~J arithmetic comparisons. 

An ~xtend~d r 0 lational expression such as 

: 
: 
: . . 
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'I\' (:: CH <= ''l' 

is 0quiv.::ilent to 

'A' <= CH & CH<= 'Z' 

~n examnl~ of ~n ~xtend~1 relational ~xpression in use is 
in 

~HILF. '0' <= CH <= '9' DO 
S1Jlli\ := SIJM * 10 + CH - 1 0 1 

Shift o,eer.at:ors 

tn th~ ~xpression P.1 << E2 (~1 
vi~ld a non-ne~ative inteqer. The 
pattern, loqically shif~ed left 
Vacated position~ are filled with 0 

>> 82), E2 must evaluate to 
value is E1, taken as a bit­
(or riqh t) by E2 places. 
bi ts. 

svntactically, the shift op~rators have lover preced~nce on 
the left than r~la~ional operators but greater precedence on the 
riqht. ~hus, for example, 

A << 10 = 14 

is Pquiva.lent. to 

(A<<10) = 14 

but 

14 = A. << 10 

is Pquivalent to 

(11l=Al << H' 

Logical o~erators 

The ~ffec~ of a loqical op~r~tor dGpends on context. TherP. 
aH.' ~wo loqic-'31 con+.exts: •truth ... value• and 'bit.•. The truth­
v~lue context ~xists whenevPr the result of the expression will 
h~ interprPtP.d i~m~dia•ely as true or false. In this cas~ each 
subeypression ts interpr8t.e~, from l~ft to riqht, in truth-value 
contPxt until •h~ truth or falsehood of th~ expr~ssion is 
d0terminP~. T~en Pvaluation stops. Thus, in a truth-value 
~ontext, i:h<1 Pval11atjon of 
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F.1 I "87- f; F.1 

i.s as follows. 

The expr0i;si()r. E1 is .-,,a.1,nter1, J.f1 ,l if true th(' whol0 
PXpression is tr,1--", otherwisP B2 is 8Valu ,1t~,l, ,1nJ if f~l,.;e th0. 
whole expr0ssion is false, otharwise P] is Avaluaterl, and if 
f~lse ~he whol2 expression is true, otherwise the whole 
PX oress ion is fa ls 0. Lovers o-f s id~ ef fee~ s should bewar!?.. An 
ex a m pl e of a t r. u t h v i'\. l 11 ~ co T' t P x t 1. s i n 

WHTLF. CH = '*S' 
CH := l"lDCH() 

CH= '*N' l)O 

In a ' bit ' c ont0 xt, t h"' ope r a tor --. r.aus,~s bit-ov-bit 
comple mRnt tinn oF it s opor n1. The oth?r op0rators combine 
their operan:i~ hit-h y-- tdt acc:ordinq t thE> t<'lhl.:> below. r-.n 
~ x a m p 1 P of il ,t,j t (':on +: ext is i r C !I : = Iii' !U' f, 7 5 5 • 

r------------,------------------~ 
' ' I nP~R~TnP I 
1 n n g':? J\ N ns t I 
I I r, I Ni.: 0 V ~ 0 V I 
r----------1 --------------------~ 
I O O I 0 n I) 1 I 
I I I 
Io 1 I 0 1 1 o I 
I I I 
I 1 0 I O 1 1 O I 
l I I 
I 1 1 I 1 1 f) 1 I 
t I I 
L------------L--------------------J 

The loqic~l 0perat0rs ~ an1 I miV 11s0 be reoresentPd hy /I 
a n a I / r 0 s p"' c- + i v ,-=> 1 v ( 1 '.> '1 i c: i r1 n s ma v pr~ f 0 r +. h i s ) • Th e o p Pr ct tor s 
R0V Hnd VE0V ffidV h~ replacP1 hy -- and >< CPSp 0 ctivclv 
(loqicians mav wince). 

ORerations camhin~<l with assignment • 
# 

T~ 0 assiqnmPnt ooPrator .- ~1y b2 pr,:,ced~~ hy- arv # 
arith•etic, r~lati0nal, shift, or loqical operator. # 

# 
'!'he meaniTJ(J of 

E1 <op>:= F2 

is the sam~ as that of 1 

P1 : = P.1 <on"> p? 

' e x c: e pt t h a t 111 ::i n v i m p 1 e !Tt (:' n t i1 t ion s w i 11 oft O n "'Valunte F1 only 
onc-c., rPsnl+inq in increase<l ~fficiencv. Side effPct~ mav or 
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1onctitional oger~to:. 

'T'bp f:'Xpression 

f1 -> R?, Fl 

is evaluat0~ hv evaluatinq E1 in truth-value context. rt it 
viclcts true, then th~ expression has value E2, otherwise El. ~2 
~nn I-:3 i'lr~ rtPVPr hoth ~valua+ei. 

An exampl0 ns~ of a con~itional operator is in 

-,,. . - CH = 'N' -> ' * N' , . -
err = 'p' -> '*fl' , 
CH -= ' 'T'. -> I *'!' I , 
r H = I ') I -'> I *SI , 
C if 

... 
is the ad~r~ss ~f ~ static V?c+or of cells initialised to thP 
V<'tlues of KO, K1, r.:2, ••• , which must. b8 constant expressions. 

An eYampl~ of l tahle is in 

W RCH (N ! {TA RI. E '0 t , ' 1 ' , ' 2' , I _1 I I 

' u' , ' c;' , t 6' , ' 7' , 
I 8 Ir I 9 I r ' A', ' 0' , 
t (". I , 'DI , ' E' , ' pt ) ) 

Not~ a possihl0 arnhiquitv: if Pis a routine, then P(1, 
,. A R L E 1 , t.J , ? ) i s i s a c r\ 11 w i th t w o pa n m ~ t:! rs • o t. h er mean in q s 
mav bn obtain~~ bv usinq rar~n+hes~s. 

A ronstant cxnrPssion i~ ~ny expression involvinq only 
numhPrs, charnr:tr~r r:onstirnts, namP.s ,'leclan:d by mr!nifest 
1eclaration, 'l'Q!JF., FI\Lsr.-, an(1 ari-t:hm~tic, r?ldtional, shift, 
lord ca], ann conniHon,-:il ooPrators (for 1\BS :,ee Appendix ~) •. ~n 
~xample of d constant expression is 'A' - •0 1 • 

# 

~arv BCPL co~pilP.rs will optimise con~itional expr~ssions # 
r!n~ conaitional romm~n~s in which the con~ition is a constant # 
Pxpression. "'his is q11it.-2 convl'!nic-nt, as for example, in the # 
.,:,xr,re.ssi on # 
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CODE•- PDPA -> SIXRI~, 
rnM]70 -> EBCDIC, 
IT 1 1 (l q - '> FI EL n I\"' A, 
I\SC:II 
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# 
Tf the m~nifcst constants PDPRr I0~1 7 0, an<l U110R are defin@d # 
appropriat~ly, thP above comman1 will compile into a simple # 
assignment command. NotP tha+ no semantic difference occurs # 
with this optimisation {although somP incorrect proqrams may # 
run--those with unrlefin~i iientifiers in the parts that are # 
op+:imisedout.). # 

Floating 2oint arithm~tic # 
# 

A floatinq-potnt constant m=iv have one of the followinq # 
forms: # 

i. "iF.k 
i.i 
i Fk 

# 
# 
# 
# 
# 

wh 0 re i an~ i are nnsiqn~d inteqers and k is a (possiblv siqned) # 
in+:eqPr. T!-'. 0 val,12 is reore::;ented on the 170 as a J;>, bit # 
floatir,q-noin+- n11mher. Note thrlt .c:; is not a float_inq-point # 
constant--the point is taken as meaninq the end of the proqram # 
s£>,1ment, anri thu ·s s11ch a "constant" hns a ''lisastrous ~ffr.ct upon # 
comoilation. # 

# 
The arithm0+-ic and rPlational operators tor floatinq-po~nt # 

quantiti~s are as follows: # 
# 

#* #/ # 
#+ #- #A9S # 
t = ft = f < = 11: ">= It < # > # 

# 
They have the same precedence as the correspondinq inteq0r # 

on0rators. There are, als0, two monadic operators FIX and FLOAT # 
for conversi0Ps b1?twe0n inh'qP.rs and flcntinq-point nnmbers. # 
They have the sa~e prec 0 dence as~. H 

# 
The Pxt~nsion invalvinq flnatinq point may not be # 

imrlement~n on som,.,, minicamn11+.E:0 rs, due ~-o th,~ short worn lenqth. # 
9hserve that since BC 0 I. cioe.s no t . ypA checkinq, the expression # 
1.0+2.0 may nnt vield the rRsult exo~cted when 1.0 #+ 2.0 was t 
in+-en(1c-n. It 

# 
Fiel~ SPlPctors # 

# 
Field selectors 1llow quanti_ties smaller than a whole word # 

to be accessed with reasonable conv~nience and efficiency. A # 
selector is r1ppliea to ;:i pointer usinq +-hp operator OF (or ::) • # 
I+ has thr8e ~nmron°nts: the size, the shift and the offset. # 
'l"hP size;:, is t:ht? n11mh~:- '.'lf bits in th~ field, the shift. is the # 
nu~ber of bits bA~W 0 Rn thP riqht-most hit of the fiel~ and thP # 
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riqht han~ en~ of thP word c~ntaininq it, ani the offset is the 
pn~ition of th 0 ~or~ contffininq the field relative to the 
pointer. 

ThP prer.Prl r nc~ of OF is 
s11rscrip~i.on on0rfft:or(!), but 
rn11st be a constant expr'?ssion. 
sc l Pct.or i s t o II s P. t h f'.'> o per at or 

<constant expression>:~ 

th~ sam~ as 
its left. operand 

A convP-nient way 
SLCT whose syntax 

SLC~ <sizc>:<shift>:<offset> 
SLC~ <size>:<shift> I 
Sl.C'!' <si z0 > 

th at of the 
( the selector} 
to specify a 
is as fol lows: 

where <size>, <shift> anrl <offset> are constant expressions. 
Unless explicitly qpecifi~d the shift and offset are assumed to 
hP zero bv ~Pfault. A size of zero indic~t~s that the field 
?Xtends to the left hdnd end of the word. 

Sel~ctors arc b 0 ~t defined using manifest declarations, 
e.<1., MANTFP.:',T t( FLAGS= StCT 7:6:2 $). 

~ selActoc aonlication may be use~ on the left hand side of 
an a~siqnm~nt dnJ in anv other context where an expression may 
hP ns~d, except dS t:he opArand of ~. In the assiqnment 

f' ()'I:' p : = E 

the, c!pproprir1t.E' number '.:>f hits from the riqht hand end of E are 
assiqned to thP spPcified field. When 

F O'F' P 

is eval11at. P,l in <'ln'f othe>r context. , the specified field is 
extracted and shiftod so as to appear at the right hand end of 
th€' t'PSUlt. 

On the 370, fi 0 1Js correspondinq to half-words and hytBs 
an, treat,,.:, efficiP.ntlv. Field selectors are an exception to 
the , earlier commP.nts on the machine dep~ndence of the 
r>xtPnsions. ,'Tndicious 11sP. of fielci selP.ctors rather than inline 
shiftinq (e.q., FT.JIGS OF WORD ra+:her than (Wn~D ?) >> f; f, 

127, usinq th0 ~~clar~tion of FLAGS qiven above) can 
substantiallv d~creasP problems in transferrinq to a macbine 
with a diffqr 0 nt ~ord sizA, or in rearranqinq data structures. 
It will also incrPas~ r9adabilitv an1 may improve the chances 
for the r.ompilPr to optimi~0. 

S(-!ction brackets 

Blocks, com po1Jn cl com r.iand s an~ 
cnnstruc~inns us~ ~hP symbols $( and$) 
an~ closinq s0ction hr~c~ 0 ts. 

some other syntactic 
which are called openinq 
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A s~~+ion bracket m~y bP t~qqed with~ sequence of l~tt~rs, 
diqits anJ und0rlin9s (thR samR ch1ract~rs as are usei in 
id~ntifi~rs). ~ spction brack?t immediately follo~ed by a SPdCe 
or n e w 1 i n P i s , i n e ff ,~ct. , i: a ~ q 2 ·i w it h n 11 11. 

An c)pfrninq sr•c:t.ion brr1ck ,~t can b~ match2d only by dn 
idPntically +aqqe1 ~l osinq hrack~t. When +he compiler finds a 
closinq section hracket with a non-null taq, if the nearest 
open inq hcackP.t {sm;:i llest currently open section) does not 
match, that section is close1 and the process repe1ts until a 
matchinq openinq ·sec+ ion hracket is fo•ind. While the 11se of 
taqqed com~and hrack~ts is qood proqramminq practice, the usa of 
the multiple bracke• cl~sure feature is not r~commended. 

It is impossible to write sections which are ~verlappinq 
(not nested). 

An examp1P of the nse of section brackets is in 

L~T WPI~EOC'T'(N, 0) RE 
1-( TF D > 1 "'HEN 

WPI'fE()C'l' (N >> 1, !) - 1) 
~rnCH(N r,? + '0') ~q 

On ASCII t0rminals, s9ction brac~~ts may b~ cepresent~d hy r and t 
1 • t 

'l'he compl0te set of cornm~n~s is shown h~re, with ,. E1; E2 
and K ~en0tinq exnr~ssions, c, c1 and C2 d~n~tinq comman~s, ~nd 
D1 an~ n2 ~~notinq declarations. 

routin-? C'!all 

assiqnment 
con,l i + ional 

reoetit.ivr> 

rPsultis 
switchon 
transfer 

E(F1, EJ, ••• ) 
~ () 
<l?tt hand side list> := <cx:pr list"> 
IF' ~ 'l'l-fr.:N C 
TJ NL-: S S E 'I'!! 'P. N C 
"'F.S'T' F. "'HF.N ci OR C2 
,if-!ILE E no C 
rJN'T' IT.. E DO C 
C: 1EPEA'l' 
C REPP.!1\'l'WrIILB B 
C PF: PF, AT UNTIL E 
""OP N = E i ';' 0 -:2 BY I( D!1 C 
FOP N = E1 TO E2 no C 
11'-:STJL'!'TS F. 
SW!TCHON E INTO <compound command> 
GOTO E 
fl'I NISH 
Hl?'!'rT~N 
RRE.!\l( 
LOOP 
i:::NDC1\SP, 
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compoun1i 
bloc-:k 

1:( C1; C2; 
$( D1; D2; ... $) 

C1; C2; ••• $) 

njscnssion of the routinf'I call is 4.eferred to the section 
whrirP function ~n,1 r.ou+ine dGclara+.ions art? rlescribed. 

Assignment 

Thp com111an11 

cau~PS the valu~ of EJ to be stored into the cell specified by 
F.1. P.1 'l\ust. ha,,2 one o~ ~he followinq forms: 

(1) t.he identifi,,n• of a v;:i.t'iable, 
(2) r! ~11hs~riptP1i expression E3! P.4, 
(3) iin indir.<?ction Pxpression !E3. 
(4) if E1 js ~1 % P.4, then t.he riqhtmost. byte of E2 is 
s•or~d in th~ R4-+h bvt~ of the vector (or strinq) E3. 

In case (1) t-.h':! ce11 l:i~longinq to the identifier 
11prJc=itqd. C:=t~es (2), (1), ~nd (4) have been described earlier. 

A list of assiqnm0.nts ma.v be writt-:?n thus: 

F.1, P2, ... , F.n := F1, l.1'?., ••• , Fn 

where Ei iln-i Fi ;ire exni:-essions. 'l'his is equivalent to 

F1 . - F' 1 . -
E? . - F:> 
. . • 
F.n . - Pn . -

An example of an ~ssiqnment is B := TRUE, or 

C, D, P. := 1, "HELLO", 'C' • 

Conaitional cn~m~n<ls 

IF E 'T'HF:N C1 
UNL F.SS F. 1'HEN C2 
T~ST P. 'T'H~N C1 OR C2 

is 

FxpresRion Fis ~v~lu~tP~ in truth-value contPxt. Command C1 is 
0xPr11ten if F. is +:r11e, :->therwi.~,e the commi\nn C2 is executed. An 
exampl0 of~ con~itional comm~n<l is 

. . 
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IP' CH .= '-' '!'HE~ 
$ ( g := 'l'RUE; ' 

CH:= ~OCR() $) 

'FOR N = I-: 1 TO E2 RY K DO C 
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"'he N is +.he defininq occurrence of an ident.ifier and K 
mu~t be a constant ~xpression. This command will be describ€d 
hy showinq an equivaient block. 

$( L:P.T N, t = E1, E2 
lJN"'IL '-1 > t no 
If; ( C 

N := N + K $) $) 

If the value 
replaced by N < ~-

of K is neqative 
'!'he declaration 

L F.'J' N, t = E 1 , E 2 

the relation N > .t , _is 

declares two ne~ c~lls with i~~ntifiers N and t, t beiriq a new 
irlo?ntifiPr that does not occur in _c. Note that the control 
variable N is not availahle outsidq the scop~ of the command. 

The command 

FOR N = E1 TO E2 DO C 

is equivalent to 

f'OR N = Y.:1 'T'Q F.2 f3Y 1 DO C 

\n ~xample of a FnR commann is 

FOR J = T+1 'T'O n DO 
WRCH('*S') 

WHILE F: no C 
UN'T'IL E DO C 
C RF.PF.A'!' ' 
c· RF.PEA'i't.lHILE E 
C REPEATIIN'T'TL F. 
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Cn~mand c is execut~~ reneat~~ly until condition E becomes 
true or f,ilsP rts impliP.d by the ccn1man:L If the condition 
precPdes the command (WHILE, nN""IL) the test will be made before 
each execution of C. If i.t follows the command (REPEATWHILF, 
BBPFATttNTTL), +h0 t~st will be ma1P after ~a=h execution of c, 
~nrl soc is ex~~ut~~ ~• lPas• once. In th~ case of 

C RFPEllT 

th@rP is no con~ition and termination must be by a transfer of 
cottrol or RrSUL""IS comrnan~ inc. C will usually b~ a compound 
command or block. 

Within REPEA~, REPEA~WHILE and ~~PEA'r'UNTIL. C is taken as 
Rhort as possihlP. Thus, for example 

IP E '1'HF'N C RFPPAT 

is t. he S lffl f' as 

If F' THEN $ ( C 'REPEA'r' $) 

and 

F: ·- VALO-P C REP~A'T' .-

is the s '\ mf: as 

E ·- VALOF .$ ( C R EPEA'!' $) .-
An example of a repeat command is 

en •- 1DCH () 
rEPPh'I'WHIT.E CR = '*S' 

PESULTIS CO!Tlmnn:1 i.!22 .Y.ALOf: PX_Eression 

'T'he expr!?ssi.on 

VALOP C 

where C is a comm~nJ (usually a compound command or block), is 
callen a VAT.OF' ~,cprAssion. · rt is evalui\ted hy ex43.cutinq the 
~ommands (and neclarations) in C until a RRSULTIS command 

is 0 ncounterPn. 'T'he ~xpression E is PVdluated, its value 
hf'comes the v;ilue of th<=> VI\LOF expression and execution of the 
commandR within C c~as~s. 
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A VALOF ~xpression must contain on" or more RRSULTIS 
commands an~ on~ must be execut~1. In the c1se of nested VALOP 
expressions, thq PBSULTIS comman1 terminates onlv the inn@rmost 
VALOF expression containing it. 

An exa mp lP. of a VA l,OF ex pr PS sion is 

VALOF 
! ( L ET CH = RD CH () 

nESULTIS •0 1 <=CH<= ,g, -> CH - •o•, 

SWITCHON command 

'A' <=CH<= 'P' -> CH - 'A' + 10, 
0 $) 

SWITCHON E TN~o . <compound comman1> 

wher~ the compoun ,1 commanrl contains labels of the form 

CASE <constant expression>: 

or 

The expre>ssion F. is first evaluate<l an,1, if a case exists which 
has a constant ~ith the same value, thqn execution is resumed at 
that label; otr.-""rwise, if th1?.re is 'i d~fault label, then 
execution is continued from there, and if there is not, 
execution is resumei j~st after the end of the SWITCKON command. 
A common error is to forqpt an ENDCASR, c~usinq control to flow 
to the next c,s~. 

'T'h~ switch mav b~ imnl~m~nted as a 1ir~ct switch, a 
sequential s~arch or a hinary search deoendinq on the number and 
ranqe of casP constants and th~ whim of the particular compiler 
in USE'. 

An Pxample of a SWI~CHON comman~ is 

SWITCHON C1{ INTO 
$( CA.SP '*S 1 : CASF' '*T': C/\SE '*N': RNDCASE 

Cl\SF 1 - 1 • NP.G :: '!'RUE 
C/'\SE 1 + 1 : CH:= RDCH() $) 

GO'T'O E 
FINI5H 
BE'T'URN 
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BHRl\.K 
LO()P 
Et-J ncAs P. 
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ThF cnmmand GOTO E int~rprets the valu~ of Ras an address, and 
+r1nsfPrs control to th~t ad~ress. (HowevPr, the desiqn of BCPL 
is such that th~ comm~nd GOTO~ is sel~om needed. Moreover, the 
library routine LONGJUMP is often needed in those few places in 
whi<":h a r.o,,..o commann miqht. be worthwhile). The command FINISH 
caus"s an implem~ntation dep~nient termination of the entire 
proqram; nsually it causes all currently opened files to be 
closed. RRTUPN causes control to return to the caller of a 
routine. BREAK causPs execution to he resumed at the point iust 
aftPr the smallest textually enclosing repetitive command. The 
repetitiv~ commands Br~ those with the following key words: 

UN'!'It., WHILE, REPEA,,,, RRPEA'J'WHILE, REPEATUNTIL and 
FOR. 

Th~ comman~ LOOP causes execution to be resumed at the 
point iust before the end of the body of a repetitive command. 
Por a FOR commnnn it is the point where the control variable is 
increment~~, ~n~ for the other repetitive commands it is where 
the condition (i.f anv) is tested. F.NDCASF. causes execution to 
be resumed a+ th~ point iust after the smallest textually 
Pnclosinq SWI~CHON comman~. 

An 8Xample ~ontaininq three transf~rs of control is 

$(CYCLE 
C l{ : = ~ n C H () 
SWfTCHON CH INTO 
$ ( Cl\SE '*S': Ci\SP. '*N': C1'SE '*"'': LOOP 

CASE '-'! NEG := '1'RfJE 
C 7'. S F. ' + ' : CH : = R DC H {) 

F.NOC~SE 
Cl\S"!: 'Z': 9RF:l\K $) 

$} CVCL E R BP'F.A'I' 

Com£ound comman~ 

A r.ompound c,')mmand is a sequenc?. of commands enclosed in 
ser.tion hrackPts. 

$( C1; C2: ... 
'T'h<=> commands C1, C?., ••• are executed in 5equence. An example 
of n compound comm~nd is 

$ { B := T11U'F' 
CH := ROCH() 
WHtLF: FOO() DO 

R~P. () $) 
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A block is a sequence of dRclarations followgd bv a 
sequ~nce of commands enclosed toqether in section brackets. 

$ ( D 1 ; D 2 ; ••• ; Dn ; C 1 ; C 2; ••• ; Cm $) 

The declarations n1, n2, ••• and the commands Cl. c2 •••• 
are executed in sequence. Th~ scope of an identifier (i.e., the 
reqion of proqram wher~ the identifier is known) declare~ in a 
declaration is the declaration itself (to allow recur.:;ive 
defjnition), th~ subsequent declarations and the commands of the 
~lock. Notice that the scope docs n~t include earlier 
declarations or Pxtend ~utside the block. 

An example of a block is 

$( LE'T' A= REAON() AND 8 = READN () 
P F. S UT, TT 5 A > B - > A , A $) 

OhsP.r.Ve that 

LET A(N) 
LF.:T 8 (N) 

BF: TEST N > 0 THP.N D (N-1) OR WRI'l'ES ("A") 
RF TEST N > 0 'l'HE N A ( N-1) OR WRITES ("B") 

identifier Bis unknown in the dRclaration 
(ridiculous) in~P.nt. can be recoven,d bv 
LRT to AND, ther~by makinq it one 

"Simultangous declar~tions"). 

is illegal, since the 
of A; however, the 
chanqinq the second 
dPclarati.on (sf>e helow, 

The OEerator <> • 
• The operator<> has a simil~r meaninq to that of semicolon, i 

but is syntactically more binainq than no, REPEAT, OR, etc. Por t 
example, i 

# 
IF F DO C 1 <> C?. t 

# 
is Pquivalent to # 

t 
IF F. no$( C1; C2 .$) t 

neclarations 

Every id~ntifier used in a proqram must be declared 
explicitly. There are 1() oistinc+.. aeclarations in BCPL: 

qlobalr manifPst, static, dynamic, vector, function, 
routine, formr¼l parrtmetEff, lahel and for-loop control 
variable. 

• • 
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nf +h~s~, for-loop cont~ol variabl~s have been described 
ahovP. The scon~ of idRntifiPrs J0clare1 at the head of a blo~k 
is described in the pr 0 vious s~ction. 

A P~PL program nee~ not h~ compiled in one piece. The sole 
mPars of communication b~twe~n separately compiled seqments of 
proqram is th~ qlohal vector~ 

Alti:>rna+ivP-ly, 
var i ah l'c:> s. 

programs may communicate via ei:ternal 

'T'h~ declaratiol"\ 

GLOBAL~( N~me : constant-expression$) 

a~sociates th~ i~en~ifier Name with the specified location in 
thP qlohal vector. Thus Name identifies a permanently allocated 
~ell which mav be acc~ssed by Name or by any other identifier 
a~sociatP~ with the same global vector location. 

Global aeclarations may h~ combined. 

GLOBAL -,; ( N1:K1; N 2: K 2; . Nn:Kn $) • • • I 

is £'quivalent t.o 

GLOBAL $ ( N 1: K 1 $) 
GLOBAL <1i ( N 2: K 2 $) 

. . . 
GLORI\L ~ ( Nn: Kn '!q 

An example of a global ~eclaration is GLOBAL$( WRCH:14 $} • 

Note that in snmP. implementations, particularlv those with 
strAnqe loaders, th~ globals mav not be considered consecutive 
as in a vo.ctor. ~hPy ~re implemente~ instead as entries and 
extE"0 rnals to be linkP1. by th~ loader. Thus, proqrams which deal 
with addressPs of globals ar~ implementation dependent. 
Furthermore, some implemFntations may require extra-linqual 
specific~t.ions of qloh~ls (e.q., durinq linking). 

Globals may he rerlac~a entirely by entries and externals, 

. . . . 

.: 

~ ~oncept which is o~rhaps cleaner and more. easily handled by : 
most load,::,,rs. : 

hn "'ntry declarati~n has the forN 

and defin~s the name of a routing, function or variable which is 

: 
: 
: 

. . 
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<l.eclan~a (or 
this seqment. 
the loader. 

for a variable, is usP-1 and is to be stor~d) in 
~he string is t~e name by which it is known to 

As a convenience, the form 

is permit+.ed and means that the name used wi~hin the seqment is 
the same as the name known to the loader. 

An external declaration has the form 

F.X'l'F.RNAl 1>( nam~ = s+.rinq .$} 

and defines a n~me of a routine. function or variable, in 
another separat~lv ctimpilei segment (which mav not even be 
written in BCPt). The strinq is the name by which it is known 
to the loader. 

As a convenience, the form 

EX'I'F.RNAL t( name $) 

is also o~rmitted with the same meaninq as for F.NTRY. 

. . . . 

. . . . 
: 
: 

: 
: 

: 

: 

. . 

: 
As an ~xamole, the followinq seqment will define a function : 

to be use1 by othPr segm~nts. : 

ENTRY ~ ( I NVOLU'l'ION = "t NVOL 11 $) 
L 'P, '1' IN VOL 1J 'T' JON ( F , X) = F ( F ( lC) ) 

The following program fragment is a seqment which uses the 
function defined in the last example. 

EXTF.RNI\L $ ( INVOLU'rION = "INVOL" 
WRIT~= "WRNU~001" ~) 

LET_G(~) = f*~ + T + 4 
ANO S1'1'\R"" () BF 

FOR I= 0 TO 10 DO WHI1'E(INVOL!JTION (G, I)) 

An idPntifier mav he a~sociated with a constant by the 
declaration 

M~NIFP.ST $(Name= constant-P.xpression $) 

An identifiPr dPclared hy a manifest declaration mav only be 
used in contexts where a constant would be allowable. It may 
not, for instance, appear on the l~ft hand side of an 
assiqnment. Like global declarations, manifest declarations mav 
be combin~d. 

. . . . 
: . . . . . . 
: . . 
: 
: . . . . 
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. . . ' N n=Kn $) 

is Pquiv;:i_lent to 

M/1.NIFP.S"' '!, ( N1=K1 $) 
M!\NIF'~S~ $ ( N?=l(2 $) ... 
MANTF-PST $ ( Nn:r<n $) 

/1.n exnmple of a manifest ~eclar;:i_tion is 

MANIFRST $( CFLL_SI~f = 32 $) 

Note tb~t <constant-Pxpression> Joes not include <strinq>. For 
PXi'!mple, r-111.NTP'P.S"l' ¢: ( 111SG = "HP.T,10" $) is illeqal. 

A vHriahle may h~ ~eclared and qiven an initial value by 
t h e a ~ c 1 n r n t i. on 

S~ATIC t( Nam@= constant-expression$) 

The varinblP. that is d~clared is static, that is it has a 
cell, in its seqm9nt, permanently allocated to it throughout the 
8XE'Ctition of the proqram (even wbP-n control is not dynamically 
wi•hin tha scope o~ the declaration). Like global declarations, 
stvtic oeclarations mav he combine~. 

S'1'.~TH· <I; ( N1=K1; N2=KJ; . Nn=Kn $) . . . . 
is equivalPnt to 

S1'1\'l'IC $ ( N 1=K 1 $) 
ST A"'IC .'t, ( N2=K2 t) 
. . . 
STA'T'IC $ ( Nn=Kn $) 

T\r exampl• of a st;:itic decl~rat ion is 

S'T'ATIC $ ( CHAR POINTFR = 0 $) -

'l'hP t'lPclaration 

Lf.'r' ij1, N2, ••• , Nn = E1, E?., ••• , Rn 

crPates ~vnamic 
N1, N2., ••• , Nn. 
E1, R2, ••• , r-'r. 
whPn the hlock in 

cells and ~ssociates with them the identifiers 
~he~~ cells ijre initialised ' to the values of 
The spacP r~served for these cells is released 
which the d~claration appears is left. 
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A.n ~xampl~ containing a dyn~mic d~claration is 

$( LE.,. A= l1EI\ON() i\Nf) H = RF.ADN () 
PFSTJJ.1'TS A. > R -> A, R $) 

I-~'l' N = V EC K 

whPre K is a constant PXpression, credtes a jynawlc yectar (but 
not of dynamic size} by res~rvinq K + 1 cells (K · ts a constant} 
of cont.ignous storaqe in the stack, plus one other cell in the 
stack which is associate ,1 with the inPntifier N. Rxecution of 
thP declan1tion causPs the v~l11e of N to b~come the address of 
the K + 1 contiquous cells. The storaq~ allocatgd is released 
wh~n the block · is left. An examole of a v~ctor rleclaration is: 
LET S = VEC 255 • Note that L~T S1, S2 = VEC n1, VEC n2 is not 
permitte~. It can, instead, be written LET S1 = VEC N1 A.ND S2 = 
VRC N2. 

fY]f!1QTI and routine 

The declaration 

LF.1' N(P1, 0 2, ••• , Pm) -= E 

d~clares a func~ion namea N with m parameters. The par~nthesps 
are required even if m = O. h Parameter name has the same 
syn~ax as an inentifier, and its scope is the expression E. A 
routine declaration is similar to a fnnction declaration except 
that its body i~ a commann and the equals siqn is replaced by 
BF.: 

LF:'1' N(P1, P2, ••• , Pm) BR C 

If the declaration is within the scope of a qlcbal 
declaration for N or static declaration for N, then that cell 
will he initial~sed to the entry address of the funttion (or 
routine) hefore exPcution of the proqram. Thus the function mav 
he accessed from any seqment if qlohal, or from anvvhere in its 
own seqment, if st~tic~ Otherwise, a static cell is cre~ted, is 
associated with the idPntificr N, and is initialised to the 
entry address. 

The function or ronti.nP is invokf'~ by the call 

EO ( F.1 , E2 ,. • •• , Em) 

where Pxpressio~ RO evaluates to the entry 
particular, within th~ scop~ of the identifi?r N, 

address. In 
th~ fun ct ion 
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or ro11tiriP may be invokE"a hv th8 call 

N(F:1, r:'7, ••• , fm) 

provi1~d th 0 value nf N has not been changed ~urinq the 
ex~rution of the proqram. 

1-;ach va.lne passed as a parameter is copied into a newly 
created cPll ~hich is thPn associated with the corresponding 
paraffleter name. The cells are consecutive in stote and so the 
arqument list hehaves like an initialised dynamic vector. The 
space allocated for the argument list is released when 
evaluation of thP call is ~omplet~. Notice that. arguments are 
always passed by valu~; however, the value passed may, of 
co11rs~, h•~ an ~ddress, e.q., UPDATE(mX}. 

A f11nc+ion call is a call in the context. of an expression. 
If~ function i~ heinq call~d, the result is the value of E, and 
if a routina is beinq calle~, the r~sult is undefined. A 
routine call is a ca11 in thP context of a command and mav be 
11s12,a to c~ll eith~r c\ function or a routine. l\ routine Ciill has 
no result. 

No ivnamic (or vector or formal) variable that is declared 
011+:sir'le tt-"' function may he referred to from within E. Thus, 
the onlv non-loc~l variahles permitte1 a~e those which are 
declared STATIC or GLOB~L. (This is a frequent source of error 
for be0inners accustomed to more forqivinq languages.) 
Natur.atllv, manifest consti'ints mav h~ us~d in any context in 
which thev are known. 

An e~amnlP of a routine r'lAclaration is 

L E'T' WRITEOC'1' (N, D) BF. 
~( IF n > 1 ~HEN ~RITF.OCT(N >> 3, n - ,, 

wncH(N f. 7 + 'O') $) 

aP~ an Example of a call of this routine is WRITEOCT(N. 6). 
NotP th~· most BCPL implemPntations han~le routine an~ function 
calls efficiently; thus, you should not hesitate to construct 
vour proqram from manv small routines or functions. (On the IBM 
170/168, for ~xamplP, 9CPL routine calls are about twice as fast 
as those of Fortran!) 

A label dPclaration m~v orecede any command o~ label 
declaration, bnt mav nnt orecP 11e anv other form of declaration 
in the same block. Exactly as in the casA of a functicn or 
routinP, ~ l~h~l n~cl~ration cr~ates a stati= cell if it is not 

l 
I 
I . 
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within the srope of a qlohal decl~ratinn of the same idPntifiRr. 
The local or qlohal c~ll is initialiseo b~fore ~xecution with 
the address of t.h~ point in the proqram labelle~, so that the 
command 

GO'l'O NamP. 

has the expected effect, whi~h, of course, a qood proqrammer 
shouln seloom usP! 

ThR scope of a label deoanas on its context. It is the 
smallest of the followinq reqions of proqram: 

(1) th 0 commann sequ~nce of the smallest textually 
enclosinq block, 
(2) the ho1v of the smallest textually enclosinq VALOP 
expression or routine, 
(3) the hody of tlte smallest enclosinq F'OR command. 

Labels mav bA assiqn~d to varidblAs and passed as 
parameters (it.reaofnl thouqht., f>XC?.pt with LONGJUMP! ). It is, in 
qeneral, not useful for them to be declarei qlohal, but they can 
be assigned to qlobal variables (even worse, except for error 
recovery vi~ LONGJUMP). 

nsinq a Go~o command to transfer 
ou+siAe the current function or routine will 
(chaotic) rP.sults. such transf P.rs, if you 
only he performRd usinq the procedures LEVEL 
are describP.d in · the section on the portahlP. 

Simultaneous declaration 

Any dPclaration of the fotm 

LET ••• 

to a label which is 
produce und~fined 

insist on them, can 
and LONGJUMP , which 
libr-ary. 

mav he followP~ hv on~ or more igclarations of the form 

wh~re any construct which may follow LET m~v follow A~D. As far 
as scope is conc~rnPd, such a collec~ion of declarations is 
treat~d likP. ~ sinqle ieclar.ation. This makes is possible, for 
Pxample, for two routin~s to know each oth~r without recourse to 
the qlohal vector. 

rt is possihle to •include a file in the source text of a 
oroq ram usi nq a G F.T cH rect iv~ of the form-: 
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r,-P':'. "S'T'RINr. 11 

This ~ir~ctiv~ is replace~ by the text of the file whose 
name i..s st.rinq. r. qPt directive sho•1l"l appear on a line by 
it .s0 l f. 

'T'he chHractPr pair// a~notes the beginninq of a comment. 
~11 char~cters fro~ (and includinq) // up to hut not includinq 
the charnctPr 'nPwline• will he ignored by the compiler. Blank 
lines arP also iqn~red. 

~s a conveni0nce, the character sequence 'It• is treated as # 
A ~imilar comm~nt ~Pli~iter. Also, it is possihle to embed a J 
comment within the warning marks "I* ••• *I", or "I*... •1 11 • • 

such a commPnt may apoear any~here that a space is oermitted, # 
ana may cont~in nPwlinP characters. # 

SpacP r.haracters may be inserten freely excapt insi~e a 
hasic svmbol; a space character is required to separate 

· idPntifiPrs or syst~m words from adioininq iientifiers or system 
worn s. 

Q~tiQilAl symbols anil synonyms 

'T'he ref.;C>rv0il words DO and THEN are synonyms in BCPL. Most 
implemPnt~+ions of BCPL also allow othAr svnnnvms; a list of thP. 
synonyms for •h~ 170 implementation can be found in Appendix A. 

In ora~r tn m~ke DCPL proqrams easier to read and to write, 
the compil~r allows the syntax rules to be relaxed in certain 
cases. 'T'h~ wor·i DO (or 'l'HF.N) ro1v be omitted whenever it is 
i~m0rliately followP~ hy the keywor1 of a command (e.q., 
?F'SflT.'T'IS). Any s""micolon cccurinq 3.S th?. l'lst symbol of a line 
mav h~ omitted. This featur~ requires that no line may beqin 
with a avarHc operator (s.:>e sect.ion 2. 3). As an example, i:he 
following two Pl<?c0s are equivalent. 

I~ h = 0 no GO~O X; 
A := A - 1; 

I F A -== 0 GO TO X 
A := A. - 1 

Proqrams may be compiled in mote than one seqment. A 
sE>qment, in P.C!>T., <?nrls with a point (". "l • This is useful for 
mainten~nce of l,rqe programs such as th? BCPL compiler itself. 
An essential propPctv of a seqment is that identical qlobal 
,feclarations within ,listinct. s"!qmE>nts refer to the same qlohal 
cell at run time, wher 0 as identical static 1eclarations within 
distinct seqments Pach rRfers to a ~istinct cell within its own 
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s~qment. Thus the only communic3tion betw~en segments is via 
the qlobal cells, or externals. 

A (stupid) example of the use of seqments is 

GLOBAL$( START:1; GRFE'T'ING:101 1i) 
LET START() BF. GF.EETI~G() 

• 
GLOBAL$( WRI'T'PS:6'1; GHE~TING: 101 $) 
LE"' GPF:FTING() RE WRITES( 11 HELLO") 

A reasonable size for one seqment is about 8 pages of BCPL 
source code. 

Segment ,headings 

~ seqment of RCPL nroqram mav start with a directive of the 
followinq form: 

S EC'J'TO N. 11 n am f>" 

where name is a module nam~ acceptable to the loader. It 
defines th0 section name given to the ob;ect module 
corre~pondinq to the control segment of proqram. 

Implementations m~y provide a means for calling routines 
written iri other lanquaqes. In order that these may be callf:,ii. 
it may be necessarv to force them to be loaded. If such a 
routine is called, the directive 

NFF:DS. "nam~" 

may he 
S'PCTION. 

use"! t.o forc;;e loadinq. NEF.ns. directives follow the 
directivq. As an example, a s~qment miqht beqin: 

j 

SEC1'ION. "G'H. PHICS" 
NFF.DS. "SIN:!" 
N F F. T) S • " P L OT " 
LET cr~cr. '8 (-P) RB ••• 

~n ohiect iec~ in another file may he required to be loaded 
toqether with the main proqram (e. q. the BCPL library). The 
directive 

INCLUT>F.. "name" 

may be use:'!. 
dirPctive. e.g. 

SECTION. 
INCL.UT>E. 
LE'r STARi' 

INCL nnE. dir P.Ct iv es must f o llov the SECTION. 

11 MAINPROG" 
"CS:BCPLI.IR" 
(PAR) BE ••• 

. . 

. . 
: . . . . . . . . . . . . 
. . . . 
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*** thi~ m~y not work*** 

rt may bP ~esirabl~ to 
iirectly frnm th~ program. 
usPrl to accomplish this, an1 all 

pJss parameters to the compiler 
The PARAMETER. directive may be 

such directives must follow the 
the PAnAMETER. directive does SEC~ION. directive. On MT~ 

~~solut~lv nothing at pr~s~nt. 

Tbf rur-tiw~ Lihrary 

~his s~ction summarises the library functions and routines 
th~t ar~ availahlg. Some of th~se routin~s may be simulated 
only with qr~at difficulty on operating systems other than MTS. 
Thesn are marke~ in +hP marqin. 

The input/output facilities of ACPL are quite simple, and 
1rP always invokerl by means of function or routine calls. These 
faciliti~s ar~ hased on the concept of character streams in 
which newline an~ newpaqe are also characters. 

El~mentary Ineu• Functions 

ROCH() is a fnnct. ion whose rasult is the next character from 
the currentlv selected input stream. If the stream is 
r:>xha11s+~d, i.t. yi.Pld~ ENDS1'REAMCH (=-1). 

RrADN() is a function whose result is the next decimal inteqer 
from tha current input stream. If the stream is exhausted, 
PFTIDN ret11rns O, and the global v:iriable TERMJNA'T'OR is set 
to ENDS1'~EllMCII. 

WPCH (ch) will write thp character ch to t be currently 
selectf?d output st ream. The ef feet of WRCB on special 
characters is as follows: 

*N - wri tfl t.he output buffer and qo to a new line, 

*P - writ~ the output buffer and qo to a new paqe, 

*T qo to the next tab position (no effect in 
ACPI.-V) , 

*S - a space, 

*R - back space (not for printinq one ch~racter 
ovP.r another}, 

•r - write output buffer with carriaqe return, no 
line fP.ec'l, 

*E - writ9 output huffer, no carriage return, no 
li Mi feeri, 

. . 
: 

: . . 

: 
: 
: 
: 
: 
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*Xnn write the character - -whose hex~decimal 
representation (FBCDIC or ASCtI) is nn, e. q., *X1') 
is equivalent to ~N. 

WRITES (s) writ0s +h~ strings to the current output stream. 

WRITED(n, d) writes the siqned inteqer n to the current 
output st·ream riqht iuatified iri a field of width d places. 
If d · is too ~~all the numb~r is written correctly usinq as 
many charact0.rs as necessary. 

WRITEZ (n, d) . f! 1.s as . :>r WRI'T'ED, hut qenerat es lert dinq zeroes. 

< WRTTEF(format, a, b, ; •• ) is a routine to output. a,b, 
to the curr~nt output stream accordinq to format. 
format strinq is copied to the stream until the end 
reached or the ~~rnii~ character •~• is encounter~d. 
character following the 1 %' defines th~ format of the 
value to be ~rinted as fol1ows: 

1.: print •«{•, 
~sprint as a strinq, 
~c -~rint as a character, 
% N pr i ri t ·· as an i n tP 1 e, r ( mi n i. mu m- w i r1 t h) , 
%In prin+ as an int~qPr wicith n, 
ton print as an octal number of width n wit~ 
lea'rli n q ze'ro es, 
%Xn nrint a·s a h'exadecimal numbPr of width n ltith 
leadinq -zeroPs, 
,zn prints as an inteqPr wid•h n with leadinQ 
zeroef;, wh~rP O ~ n ~ F (one hexadecimal :iiqit.) ·. 

The routine takes the format and up to 11 arquments. 

... 
The 
is 

The 
next 

U·NRDCH{) backspaces the curi"ent innut stream hy one 
character, in DCPL-V up to the las{ newline~ Many 
implementations will not parmit consecutive call~ ot UNRDCH. 

READREC(v) is a function that will reai the remainder of the 
MTS line (or +:hP nr>x:t line) from th~ cur-r:ent input st.re.am 
into · t .he •·vector v packinq four chara~+.ers per word. The 
result rs· 'the numhPr of characters rea

1

d (if limited by 
SETWINOOW thP result is the neqativc> amount). If a line ,of 
lenqth o· is r.=>·a~, RFAD'FFc' rP.turns O and ! v is set to O. If 
the input stre~~ is· ~xhausted, READREC ieturns O and !vis 
set to EN DSTP ~A '1C H. 

SKIPRl-~C() is a i:-oufi•ne which c;rns~s thP. remaininq charact~c-s 
in th~ current record of the currently selected input stream 
Ito , be-.. iq·norei'l. 

. . . . . . 
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Qi!!f! .2!!!I?.!!! rout i no?s --~~---~ 
N¥:WLINF.() ' is ~quivalent t0 ~RCR('*N'). 

NF.WPAGF 0 is ~quivi\lent to WRCH('*P'}. 

WPT1'EN(n) is e q 11 iv al. en t +.o WRI'l'ED(n,O}. 

~PI~tOCT{n, d} writns th~ d least significant octal diqits of 
thP ~nsiqneJ inteq~r n to the current output stream. 

WRTTEO (n) is equivalent to WRT~F.OCT(n, 8). 

WR!'l"EHEX(n, d) writes 
digits of thP, nnsiqn@<\ 
r;tre;,11!. 

TifPI'!'F.X (n) 

the d least siqnificant hexadecimal 
inteq?r n to the current output 

BINWRCU(ch) writes a character as is, i.e., without 
translatinq '*N' to newline etc. 

WPITEPRC(v,n) writes n characters from the vector v to the 
current output stream followed by a newline. The characters 
in v ar9 packPd four p0 r vor1. 

WRITESFG(v,n) writ~s n characters from the vector v to the 
currPnt output str~am. The char~cters in v are packed four 
p~r worri.. 

TIMFOPDAY() is a function which yields a strinq of the form 
"hh:mm:ss" in OCPL-V. 

DATP() is~ function which yields a strinq of the form "vvvv 
mon ~1" in BCPL-V. 

ENf'S'J'RF.AMCH is a manifest constant (=-1) which is produced 
by PDC:11 wh.en th'? input st.ream is PXhausten. 

TIM~(l is a function whose result is the computation time in 
units of about 13.3 micro-seconds on an IBM 370/168. 

INPUT() is i function th~t will return with the currently 
selecte1 input stream (se~ SELECTINPUT). 

onTPUT() is a function that will return with th@ currently 
sc lected out pu + st.re~m (sen S EL ECTOUTPUT) • 

BATCH(} is~ function that r~turns true if the proqram is 
runninq in bat~h mod~ in ~Ts, an1 fals~ otherwise. 

. . . . . . . . 
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USP.RID() ret 11rns a strinq of lenqth 4 which is the current. 
l"ITS user in. 

S~ACKBASF. is ~ qlohal variable which points to the base of 
the runtime stack. 

STACKENO is a ql~bal variahle which points to the end of thA 
runtime s+:ack. 

S'J'ACKHWM{) is 
highest: point 

a function which returns a pointer to the 
nn the runtime stack usei so far, 

LOADPOINT is l qlohal variable which points to toe base of 
the area in which the program is loaded. 

F.NOPOINT is a glopal variaole which points to the top of the 
area in which the proqr~m is loaded. 

PARMS i~ a global variablg holdinq the adiress of a strinq 
which, in BCPI.-V, was in .the PAR= field from the .MTS $RUN 
commann. 

'rFRlHNA'J'OR 
following 
hy READN. 

is a qlobal variable that holds the character 
the last diqit of th? most rRcent number read in 

FINDINPO'r(strinq) i~ a function takinq a strinq which, in 
BCPL- V, is the name of an MTS filA or device (e.q., "-A" or 
"**SOURCE**") and r~turninq a stream-pointnr (a . machine 
i'!ddress) to b~ usPd by SELEC'I'INPU,.. If the file or device 
does not ~xist, th~ result is zero. 

. I 

FINDINPUTUNIT(strinq) is a function, in BCPL-V, takinq a 
strinq which is the name of an MTS loqical unit (e.q., 
"SCA.RDS" or "0") a.rd returninq a st.r~.am pointer to he u!'>ed 
hv the ino~t routin~s. · 

SFLFCTINPTTT(stream) is a routine which selects the specified 
input str~a~ for f~ture readinq. 

INCCN,.POL(sw) causes the carriaqe control to he iqnored on 
inout if sw :i's falsi:> (in MTS the default is true). 

REWIND() r~positions the currently selected input stream to 
point to th"' firs• rPcord, if possihlE>. 

F.NDFEAD () closes the curr~ntlv selecte4 input stream. 

SETTRIM(s~) sP~s thA control that specifies the treatment of 
trailinq blanks in records read from the currently s~lected 
input stream. If sw is trne trailinq l}lanks will be 
skipp~d, if sw is false they will not (in MTS the default is 

. . . . 

. . 

. . . . . . 

. . . . . . 

. . . . 

. . 
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th-? ll'!'T'S trim s 0 ttinq at thP timR t:h ,1t th~ proqram is run). 

SFTWINOOW(w) limits the readinq on the currently selected 
input stream with RE~DREC tow characters or to the newline, 
whichPvPr is short~r. 

F'INDOU1'PIT,.(strjnq) is a fnnction takinq a strinq (e.q., 11-I" 
or "**'1'!1.PF**") as th~ name of an MTS file or d~vice and 
returninq a stream-pointer to bA us?<i by the routine 
SELEC~OUTPU'l'. If the file or <ievic~ does not exist, the 
result is 7.ero. 

PJNDOTJTPTJT!TNIT(strinql is a filnc+ion, in BCPL-V, takinq a 
s+.rinq •,rhil'.':h is the name of an MTS loqical unit (e.q., 
11 SPHNC'H" or 11 6 11 ) -1.nd rc+. l1rninq a stream pointer to be use<i 
hy the routin° SFLBCTOUT"UT. 

SF.LEC'l'O'!J'!'PU'l' ( streiiml is a routine which s~lects the specified 
output stre~m for Futur~ writinq. 

<)IJ'l'CONTWJL (sw) r:a uses the carriaqe control to ue suppn~ssed 
on thP cnrrently selecte~ output stream if sw is falsP. (in 

'· MTS +hE> ~<=>f'lult is true). 

closes +.he cnrrGntly selecte,l ~utput stream. 

String manipulation 

r.F.TrlY'T'E (S, j) 
strinq s. 

is -"- function 11hich returns th?- i-th byte of the 
In !lCPL-V it is equivalent to s 'll' i. 

PUTPY'l'E(s,1,c) is a roi1tine vhich inserts the character c 
-into the i-th hvt'? of the strinq s. In BCPL-V it is 

. . 

. . . . 

: 
: 
: 

: 

e qui. v ~ 1 en t t o s ??-· i. : = c • : 

~ACrSTPI•~(v,s) is a function which packs the characters v!1 
to v!r into s, wher~ n = v!O ,, 255. The result is the 
subscript oft.hi?. hi.qhest P.lement of s \lS~d (i.e., n/~ on the 
11n, • 

IJNPACKSTRING (s,v) is a routine to unpaclt characters from the 
strings iPto v!1 to v!n when n is the lenqth of the strinq, 
ana c;ct v!O = n. 

Pro_grarnming 211.§ 

MA PSTOHE () 
function 
variabl~s 

print~ n man of 
a n rl r o u + i n P. n i'i m ~s , 
us~~d. 

the proqram area includinq 
an~ th~ values of all qlohal 
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AACKTRAC~(cd-adir) orints ~n error messaqe usinq cd and addr 
followPd by a summary of the iynamic stdck qivinq the names 
of all functions :rn<l routines currently activP and th13 
values of th"' fii-st fP.w l0cal variables of each. If cd = 0 
the arror m~ssaqe will be dis~hled. 

PLOSH() emp•i~s all the input/output buffers (qenerally not 
USf"fU l) • 

AAOFT(cd,addr,ol11stack,~ata) is c~llP.a automatically by the 
svstem after most faults. Here cd is an abort code, which 
is. nisolaye1 to helo i1i1?.ntifv t.hr,, cause of the error; addr., 
oldstack an<i 11r1ta are par~rneters used in internal calls to 

. . . . 

AROR"': t:hPY need not be supplier! in user calls. In BCPL-V, : 
ABORT opPrate~ in thP followinq manner: · : 

1) call USERAHORT - initially a dummy routine, 
2) rlul'!'p a messaqe, 
1) in h~tch mode, call B~CKTRACE an~ MAPSTORE, and 
t.hen v~rminate, 
4) in intP.ractive rooc~.a, return to the open\t.inq 
system: if restarted, accept commands, which are 
single char~cters, with the followinq ~eaninqs: 

~ r.aU RI\CKTRACE 
c att<?.mpt _to con.t.inue as thonqh the error had 
nev.->r 
occurred 
1'I call MAPSTORE 
Q quit 
R forcP an unconditional 
func+ion or routine in 
occur-rP.d 

r et urn 
which 

from the 
t.he err.or 

S call STI\RT, to tr~ to rerun the proqram. 
l\ny other ch~~acter is iqnore~. ABORT terminates 
hy PXPCUtinq STOP (100). 

~ote that, 6y assiq~inq t~e .address of a . procedure to 
USERI\BORT, th~ usPr may proqram any desired termination 
activity. rTSF.Rh!1<'lR'r need not. r,;,turn; however, if it 
doesn't, thgn it should call CLEAR in order to reset the 
interrript syst 0 m, beforP callinq LONGJCTMP. 

An PXample of usrRABORT is 

L F't' S'T'/\RT () RE 
$ ( S 'l' A '1' IC $ (. REC. P: 0; REC. L: 0 $) 

LET MYA.ROR'!'(COnE, I\DDR) BE 
$ ( SELEC'T'OUTPtrT (SYSPRIN'T') 

WPITP.F("PROGRAM FAULT, CODE %X4*N", 
CODE} 

CLEAP(); LONGJllMl?(REC.P, PF.C.L} $} 
REC,. P := LEVP.L () 
TT~iRA.BORT := MYAHORT 

LAB: REC. L : = LAB 

. . 
: 

: 

. . . . . . . . . . 
: 

. . 
: . . . . 
: 
: 
: . . . . 
. .. 
: . . . . 
: . . 

. . . . 
: 



The SCPL Proqramminq Manual Paqe 36 

COMPHTF.() '.fi) 

ClRAR(l rPsets the proqram in~errupt system, so that further 
interrupts ar~ allow~~. 

STOP ( n) will t?rminate the run, returninq a completion code 
n. 

fQH!EA! intPrfac~ in BCPL-V 

SY~BOL(str) yi~lds the address of the svstem roui:.ine with 
If the routine name str, 1r i+ has currP-ntly been loaden. 

caTinot be foun~, SYMDOL vields O. 

CALL(f, a, b, c, ••• ) is a function takinq, for f, a vall1e 
vielde~ by SYMR0L, and, for a, b, c, etc., the par~meters to 
he p~~se~ +~ ~he FORTRAN callahle routine as in, e.g., 

S ':".C'l'IO N. 11 TF.S'J' 11 

Nf:FDS. 11 r-tUNG" 
G iT 11 C''-: BCPLLI '8 11 

LET S'!'n.P'T'(l BF 
$ ( l,P,'1' MUNG = SYMBOL (i'1UNG) 

AND PAR1, PAR?= 6~6, 4004 
T,BT T = CALL (MUNG, 4illPAR 1, 4~PAR 2) 
w R IT F. T<" (" Mn N r. y :i e 1 c, ,1 d % N * N 11 , I) $) 

(note the conversion to 
(r.ont€.'nts of C'eqist.er 1')) 
~ETURNCODE. 

370 addresses). 
is storeii int.he 

The r?.turn code 
qlobal variable 

If somethinq QOes awrv inside the system routine, the 
symptom wj]l qenerally be a program interrupt inside CALL. 

FLOATCALL(f, a, b, C ••• ) is a function similar to CALL but 
sbo111 rl be used in stead of CA LL when the result yielded is in 
float.', nq-point. 

P.CALL(f, a, h) is a routine similar to CALL, which takes 
9xactlv 2 additional parameters to f, and performs the 
assembler R-tvne callinq sequence, loadinq the values of the 
2 parameters into qeneC"al registers O an1 1. 

Note that, for efficiency's sake, CALL, FLOA'rCALL, and 
qcALL do not check that f points to a valid routine. Thus a 
program fault wtll occur if f is invalid. 

Mis eel la neous 

LEVEL() is a function whose result is the current value of 
the r.un-timP. st.ack point~r for use with LONGJUMP. The stack 
pojnter chanqps only when a function or routine is entered 

. . 
: 

. . 
: . . . . . . . . . . . . . . . . 
: . . 
: . . 
: 

: . . . . 
: 
: 

. . 
: . . 
: . . . . . . 
: . . 
. . 

. . . . 
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or left. 

LONGJUMP{p,l) will cause a non-local iump to the label 1 at. 
the activation lgvel qiv~n by the stack pointer p. 
GO~O operations us~ this protedure. 

Most 

APTOVEC(f,n) is a 
arquments v and 
could (illeqallv) 

function which will ~£ply f 
n where vis a YQ£tor of size n. 

be define~ in BCPL as follows: 

LET APTOVRC(F,N} = VALOF 
$ ( L F.: T V = VEC N 

RESrJL'l'IS P(V,N) $) 

It may be used for dynamic storaq~ allocation. 

!Q two 
APTOVEC 

GETSPACE(n) i~ a functiori in BCPL-V which requests n cells 
from the operatinq system' a'nd returns the address of the 
first cell. 

. . . . . . 
FREFSPACE(a) is a r~utine which returns to the opecatinq : 

system the cells oointed to by the address in cell a (which ~ 
must hav~ been yield~d by GETSPACE previouslv). : 

COMMAND(s) passes the strinq s to the host operatinq system, 
which will attempt to execute it as a command. 

. . . . 
: 
: 

SYSTEM() is a routinP which returns control to the operatinq ; 
system without: unloarHnq t.h~ proqram. : 

P.FROR{) oisplavs 
I'Pturns control 
the pr-oqram. 

F.F.RORMESS~GE(strinq) 
calls FRROR. 

the messaqe "ERROR RETURN", ana thRn 
to th~ operatinq system without unloadinq 

prints the contPnts of strinq and then 

CATCHATTENTTON(sw) is a routine which, if call~d with SW SPt 
to TRTTE, will trap att~ntion interrupts. The qlobal flaq 
ATTENTIONPENDING is initially S8t by CATCHATTENTIUN to 
FALS~. The fitqt att~ntion interrupt occurring after 
callinq CATCHATTFN~ION merelv sets AfTEN~IONPENDING to TRUE, 

- an~ the program continues to ~xecute. If ATTEN'l'IONPENDING 
is not reset to FALSE, the next attention interrupt will 
cause th~ proqram to stop Pxecutinq. At this point it can 
be cest~rtPd with thP MTS $RESTART command. tf 
CATrHA'I'TF'N'rIOfll is ,called with '~W set to FALSE, t.h'? attention 
interrupt trao is disabled. 

: 
: 
: 

: 
: 

. . 
: 

. . . . . . 
: . . 
: 
: 
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Com2il~tion an1 ~xecution 

The followirq represents a simple compilation and execution 
of d ACPL proqrdm under th~ MTS opPratinq system. S~e later 
sections for compilation an~ execution options. 

$PUN CS:R.CPL SP!TNCH=ob;cct 
Gf-:'T'. "CS: ACPLHDR" 
l.F.T S'l'h~"'() '3F 
$ ( ••• 
<sourcP prnqram> . . . ., ) 
$P.NDP'ILF 
$RUN ohiect+CS:ACPLLID 
• • • 

. . . 
tENDFILE 

ti~rary ieclarations 

The ~irective of RCPL-V 

G F."' . ••cc:: RCPLHDTl" 

will ins~rt the standard library declarations from the MTS file 
CS:ECPLHDR. Tke qlohal numbers and loader names of some items 
declarRd in this file are shown below. Ry convention library 
vari~bles ~re qiv~n qlobal numbers in the ranqe 1 to 199, and 
loadf:'r namf's beqinninq wi+.h a '#'. !Js~rs should avoid 
allocating qlohals in this reqion, or usinq loader namPs 
beqinning with A '#', f~r their own purposes. 

GLORA.L 
NAMR NTT~BRR 

AROR'l' 20 
.1\ P'l' OV F.C 17 
A~TPNTTONPENDI~3 ?8 

101\DEF. 
NAME 

t A.AORT 
t A.PTOVEC 
t\TTENTI 
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BACKTRAC~ 22 It BACK 'J'H A 

BA'l'CH go # 9A'T'C"H 

BCPLS1'ART. qq # IJCPL S':' A 
BTNWPCH I, 1 # RI NW RCH 

CALL 9{j # CA.LL 
C A TC: H ~ 'T"T' E N 'l' I O N 27 #CA.TCHAT 
CLF'.Af? 2(; #CLEAR 
C'OMMll.Nn q #COMMAND 
01\'J'P. q IJ # DATE 
ENnPOIN'Y' 11 # i::NDPOf N 
ENp1:rn~n 14 #ENDREAD 
END'l'OTNPrJ'T' 4 (i #ENDTO+:N 
P.NDWRITF. 44 # EN DWRIT 

ET?~O~ 7 #E~ROR 
EIHWRMF.SS AGF 2S # ERRO~M E 

EYTT. 6 #EXIT. 
PINDINPUT 30 #FINDINP 
PINTHNPUTUNI'l' 31 #INPll'TUN 
FINDLOG 9 tj iFINDLOG 
FINOnlJ'T'PUT 40 #FI NDOtJT 
FINDOU'!'PT!'T'ONI'1' 41 #OU'T'PTTTU 

FI.OA'l'C"ALL A7 #PLOA1'CA 

FI.USH 5 ft PLUSH 

FRE~SPAC'P. 1 q ltFPFESPA 
G ETBY'~E RO #GETBY'J'F: 
GETSPACB 1 R #GETSPAC 

INCONTROL 1S # INCON'T'R 

INPUT 11 #INPUT 
LEVEL Fi it LEV EL 
LOADPOINT , 0 #LOADPOI 

LONG,JU MP 16 tLONGJIJl1 
MAPS'T'ORF. 73 HF\ PSTO P 
NRWLINE 67 #NEWLINE 
N:8WP7\GR fi8 i NE WP A3 1-: 

. OUTCON'rROL ,, s It OU'l'CON '!' 
OrJ'I'PU'T' 43 ltOU'T'PUT 
PACKSTRING A7. #PA.CKS'l'P 
rA.nMs 2 #PARMS 
PUT 8YT F, 8 1 #PUT~Y'T'E 
IlCJ\LL 8R #RCALL 
ROCH r:;{) # R DCTI 

R EADN S4 # rm A n~r 
REAORF.C r:; 7. #REA OPEC 
READS Cj fi #READS 
RE'T'U RNCO DC ~g ltR~'T'!JRNC 
q'P,WIND 18 #"RRWIND 
SAVEAl)EA. 1 #SI\VEI\RE 
S ~t, f:C'l'TN PU.,., 1 ?. #SEL~CTI 
S F.L EC~Ofl'Y' PUT 42 # SEL EC'!'O 
SF.'J''T'T?IM 3 fi # SE'I"Y'RI M 
SE'T'WTNDOW 17 # SF:T 1HN D 
SK IPR EC c; 1 #SKIP REC 
S"'ACKBASfo'. 1 2 # STACKE.l A 
S'T'ACKF:ND 1 1 #S'T'ACKEN 
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S'l'ACK:HW'1 
STAR'T' 
S'T'O!' 
SYMBOL 
SYS'!'r.'M 
.,.F~'1TNA'1'0~ 
"'TME 
TIM EO FDA Y 
lJNPACKS1'~ING 
Tl"lRDCH 
USF.RTiBORT 
lJSERTD 
WRf'.H 
WRITEn 
r~ rnT f.F 
W~I'l'P.HFX 
't!RT'!'EN 

WRITPO 
WRI'T''EOCT 
WQITPREC 
W'PI'J'RS 
wPITF.SF.!'; 
W PI"!'F.'T'OJ.()G 
!iPH'T'EX 
WR.T'l'f.7, 

D ictgno s+ ic.s 

14 
1 
4 

RS 
p 

'i 'i 
q 2 
q 3 
83 
c; 1 
21 
91 
(j I) 

71 
6~ 
75 
72 
"7 4 
73 
,;2 
f. 5 
61 
9'1 
7F. 
70 
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#STACKHW 
#START 
# S1'0P 
#SYl'IBOL 
# SY ST EM 
ftTERMINA 
#TIME 
tTIMEOFD 
#!JNPACKS 
# UNRDCH 
#USER ABO 
#USERID 
4 WRCH 
ft WRI 1'ED 
# WRITEF 
ltWRI'l'EHE 
#WRI'l'E~ 
# WRI TEO 
HlRITEOC 
#WRI'l'ERE 
J :.JP IT ES 
#WRITESE 
1t W R I T E'T' 0 
#WRITEX 
i WR 11' EZ 

The P.Cfll. 
Colle -qen r>r.1 t (~. 
diaqr.ost.ir-. 

compil0r has three passas: parse, translate and 
Thn.r.e are corre~ponajnqlv three kinds of error 

A par~~ Jiaqnostic occurs wh~n a relatively simple 
syntactic Prror is det0cted durinq the first pass of compilation 
~nd ~n Prror m~ssaqR is interleavei with the listinq. The 
message incl noes a por+.ion of t:he source program to qive the 
c::ontP.x:t ;m i\ i'\ h!"i~f description of ~h P. prohable error. The 
compiler 11s ua lly sl<ins to +he end of the line before continuinq 
the p~r~R. La er Ptror messages should be vi wed with suspicion 
sine~ thP a utom~ti~ recnvPry is often not vPry successful. Note 
~h~t thP comman1 numh~r is not th~ same as th e line number. 

Transla~ion phas~ diagnostics occur in the second pass of 
compilation a n~ reuo~t error3 ~urh as the us~ of an undeclared 
inent.ifi~L F.acb ~rror is hrir--fly described and some 
~Pscriptive ir.form~tion may bP printen. 

cod~-qenPration aiaqnostics are rarP and usually result 
from tahlg overflows or compilPt errors. 

5cP Appenrlix D for a list of compilation diagnostics and 
appropriate actions to take. 

; 
·; 
l ., 
J 

! 
' 

' ,. 
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The comoil~ticn of a program under M~S can be controlled hv 
various options passe~ by th~ MTS $RUN command 

$RUN CS:BCPL SCARDS=sourceproqr~m SPRINT=listinq -
SDUNCH=ob;ect O=ocod~ 1=assemblerlistinq -
PATI='CORE=c'ph1op/ph2op 

where sourceprogram defaults to *SOURCE* and listinq defaults to 
*SINK*. Lf O=ocode is present, then the intermediate OCODE is 
~~nt to ~he file qiven. If 1=assemhlerlistinq is present, then 
ihe assembler iistinq of the obiect program is sent to the file qiven. ' · · 

The option •cnRE=c' is an ~TS interface directive, where c 
is n (bvtes), or nP (pages) or nK (1028 bytes). It is almost 
nev0r ne~neo. fh~ remaining options are directives to phase one 
and phase two of the compiler. '!'he phase two opt.ions, if qiven, 
are seoara t.Pd f com the phase one options by a solid us. Most 
options are specified by sinqlP letters and some are primarilv 
debuqqinq ains for the implementer. 

The phas~~ one (parse and t.ranslatP., options (J::h1op) are as 
follows: 

Ln set the siz~ of work-space area used durinq 
compilation. The best valUP of n is usually between 
nOOO an:l 12000. 
N Disable thP GET directive. 
S Print the sonrc~ proqram. 
O (0uir:>t) 00 not print the source Proqram 
~ Print th 0 parsP. tree of thP. source proqram. 
0 Punch thP OCODE. 
A Input is in I\SCII. 
Rn ~erminatp compilation if morP than n error messaqes 
a re q 0 n ~~rated ( n n e f ~ 111 t. s to 3 0) • 
I S n r, pr es s 1 7 0 c o d e gen·'-~ r a ti on a Id pun c h MC O DE w i t. h 
stack linkaqP of two cells instPa~ of three. 
U Oo not translatP. lower case characters to upper case 
in the listinq. 
Z Suppr~ss 170 code gPncriition. 

The phase two (code qenerator) opt.ions (ph?.op) are as follows: 
C Suppr~:,S q~n8ration of stack ov~rflow chPckinq codP.. 
If this option is givPn, proqrams will run sliqhtly 
faster, hnt maven~ in myst~rious wavs. 
K Compilr instructions with each function and routine 
to connt the numnAr of times they are ?Xecuted. The 
counts ~re nrintad hy MAPSTORE. 
P Compile instructions after labels and conditional 
;umps to iiccumulate P.Xec11tion counts. 'l'hese counts 
ar~ orintPd by MAPSTOR~ and allow on~ to make a 
detailed an~lvsis ·of thP execution of thP proqram. 
D List the obiect cod 0 • 

L Outpu• ~n assemhly listinq of the compiled proqram. 
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N Do not qanPrate an obiect morlule for the pcoqram. 
The default sPttinq of the P~R= field is 1 CORE=10P'L6000/K. 

Fx~cution ontions 

Th~ ohiPct mo~ul~ is invoked by th~ MTS command 

tRUN obiect_+CS:RCPLLIR linkaqe P!\ij='COR'P.=c•parm 

where linkAqe is as usual, P.q., SCARDS=data, vhece 'CORE=c• is 
an optional MTS interface ~ir~ctive option as described in 
section J.1.1 an~ pffrm is p~ssed, as a string, to the routine 
START, as a~~cribed below. Th~ rlefanlt settinq for c is 10P and 
that for. pnrm is the f>mpty strinq. 

In or1ec to execute a BCPL proqcam on MTS, th~ SYMTAB 
system par~metPr must b~ o~. If it is OPP, the messaqe LOADER 
TAriLRS UNAVAILABL~ is displavea. 

When •he complete proqram is loaded and executed, the 
m~chir.e coa~ lihrary initi~lises the run-time svstem and obtains 
space for th~ qlobal vector and stack. The qlobals are 
initi~lisAd t0 their a~oropriate values and then control is 
pass~d to th? nc~t proqram bv calling the routine START (qlobal 
1) which rn11st hi'\V"' bPen defined bv the proqrammer. START is 
pas~~d a string from the PAR= field of the MTS $RTTN command that 
causen the prr)qr:-am 4:o he executed. If 'CORE=xx• is qiven, then 
that part will not be passed to START. 

The siz0. nf the q]ohal vector is the smallest multiple of 
100 words larqe enouqh to accn~modate the highest global number 
.'lctuallv 11se1 in any sA.gment of thP. loaded program. The size of 
tte run-time stack depends on the space availabl~ in the reqion 
in which the nrnnram is run. Some space is retainPd for 
inout/outout bnffers and system use. The limits of the stack 
ar~ h~l~ in STACKB~SR ~nJ STACKEND. 

When STAPT i_s calle~, under MTS, the initial output 
selection is to SP~INT, and the initial input selection is from 
SCAPDS. 

In the ~vent of a" ~xecution fault such as division by zero 
or a protection PXception the routine ABOijT is called when in 
MT~ hatch mo~e. ~his will print the f~ult number and the 
proqra~ address wh0n the fault was detected, followed by a 
summary of the runtime stack (printe1 out bv B~CKTRACE) and a 
map of the proqram stor~ an~ qlobals (printej out by MAPSTOR~). 
Thi.~ infor-mi\tion is outout +:o SRRCOM. 
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When runninq fr0m an · interactive terminal under MTS, an 
P.XPC"Ution error will halt exec:11tion with an error messaqe. Upon 
issuinq a tRP.STAR"', the 11ser is prompted for a lP.tter. Givinq B 
will 1isplay a b~c:ktrdce, ~ will qive a MAPSTORE, 0 will 
tPrminate execution (Onit) and R will restart aqdin. If there 
is a proqram interrupt in &.BOR'r (or, more likely, USERA!JORT), 
thP system displays the message RRCURSIVE PROGRAM INTERRUPT, and 
halts. 

Th~ Profile OQtion 

The profile option is a facility that h?lps the ACPL nser 
to discovPr h~w often any statement in his proqram was obeyed 
when the proqram was run. ~he facility is invoked usinq the 
code qener<ltor option 'P'. It causes instructions to be 
compiled that will maintain execution c:ounts at certain places 
in the comoil~J ~od0 anrl the locations and values of these 
cou n t.s can bG pr intc?.d at th1:> en a. of a run usi nq MA PST() RE. ThfSse 
counts can be related t~ the oriqinal source proqram with little 
difficultv and the rules for doing this are 1iven below. For a 
typical proqra~, th~ cost of the facility amounts to a 201 
increase in program size and a similar increase in exGcution 
time for those SPCtions nf proqr~m which have been compiled with 
the option specified. Studv of the profile out~ut invariably 
leads to ~ qreater unders~an~inq of the proqram and often 
indicates wavs ln which the proqram can be improved. If a 
private post mort~m is s~t up to call MAPSTORE, the profile 
opt.ion may be usefnl as a debuqqinq airi. 

The proflle onti □ n 'P' is best used with thn 'K' option so 
that the out:p11t from M/\PS'l'oRr.: incln1t'S thG print names and 
execution counts of functions an~ routines. Th0 precise rule 
for where rount instructions ar~ inserted is as follows: 

A count instruction is in3ert~n iust before the first 
instruction followinq a label of a conditional iump. 

A label in this cont~x~ is either a proqrammer's label as in 
NEXT: A := n or a compiler inserted l~bPl such as the one 
appearinq in th~ compiled cole f8r IF X>O THf.N X:=O. By this 
-rule, multiple labPl~ at thP same point qive rise to only one 
c6unt, ahd soi~ t:M: ~ := 1 i~ is not possihle to determine 
dir~ctlv thP relativ~ frP.quency of iumos to Land M, but the 
connt of how of+P.11 the assiqnrnr->nt was oheyed is qivPn. The 
detailed specification of wh~re labels and conditional ;umps are 
compiled is qiven belaw. 

Each nc 0 t construction which compiles into code contdininq 
a 1 ah e 1 or con a i ti on al i 11 mp is qi v C?n w it h an out 1 in e o f i t. s 
translatiori. ~h8 followinq n6tati0ri ii used: 

E., F1, F2, P.1 
N 
C, C1, C? 
D 
r Ei 1 

~enotP ~xrressions, 
nenotes a na mt:?, 
!i e n o t, P. co m m a n d s , 
dehot0s , a n~finition, 
~enntes an Pxoression in a Aool2an context, 
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L 1, l 2 1enotP labAls, 
1P note un cn r ~it iona l iumps , 
ie not e c on~iti o nal iump s , 
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J 1, ,J2 
CJ1, r.',J2 
fI. 1 l jen n +.es r1. n optio na l occu rrencE=: of L1, 

c ompi l ~d be ~ore th e nP xt compiled 
in s +ruct ion. 

E~pressions in normal contexts: 

VALOF C C L 1 * 
P.1 -> F2, f'.1 fF:11 * F.2 J2 L1 * E3 L2 • 

Expr?.ssions in Bool?.~n contexts: 

VA I .OF C 
E1 -> E2, ~3 
F.1 II E2 ) 

P.1 I I F2 ) 
(r('rn ember +hat F;1<P.:?<E1 

Commands: 

TF F THEN C ) 
IJNT.F S S E THEN C ) 
WHILE F DO c· ) 
UNTIL E DOC ) 
C RE:PEA'T' 
'fF.S'f F THP.~ 11 OR C~ 
FOR N ::: ~1 '.r() F.2 fBY 

(" L1 * 
r E 11 * ( F.2 l * ,12 L1 • r E31 

r F 1 1 * f E2 l (L 1 l * is E>qui va lent to f.1<E2/I E2<F.1) 

f F.l * C L1 * 

J1 L2 * C 11 * f El * 
T. 1 C * J 1 
f E 1 * C 1 J 2 L 1 * C 2 L2 * 

DO C 

L2 • 

swr~CHON E IN~O C 
E1 ~2 J2 L1 * C N:=N+1 L2 * CJ1 * 
,J 1 C ,1 2 L 1 * E J i L 2 * 

N:C 
C/1.Sf' F.:: C 

) 

) 

) 
L 1 * C 

D f F .A UL 'l': r. 
LE'l' D C if D contains a function or 

routinB definition then D • c * 
nt. herwise D C 

In Practir.e these rules are easv to use since the labels 
an~ conditional iumps occur qxactly where one would expect them 
and since, also, the profile counts contain sufficient 
redun~ancy for nn~ to he confiJent that on~ is attachinq the 
counts to tbP ri1ht source statements. 

As an exampl~, the following portion of profile output: 

MAP AND C 1)HN'rS FROM 131(')862(500238) TO 
111CB~2 S~CmION 0-NOI COMPILED ON 1976 
1310875/HANOI 1310876: 11 1310AA1: 
1310909: 0 111oq15/STArT 1310916: 
131oq11: , 111nq43: 1 1110951: 

131528 fi 
DEC 10; LENGTH 

16 1310884: 
1 1310919: 
0 

118 WORDS 
15 

2 

qiv?.s the counts for the followinq proqram when qiven the 
input u O. 
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S EC 1' IO N • 11 H A N n T " 
GET. "CS:BCPJ.HDP" 
LET HANOI(N, S, l", D) RP/* (31) */ 

${ IF N<=') 1'H~N' /* (16) */ RETURN 
/* ( 1 r;) * / 
HANOI(N-1, S, D, I) 
WRJ'T"F!F("MOVE %N FROM <¥C TO %C*N", N, S, DJ 
HANOI(N-1, I, S, n) $) 

/* (0) */ 
LF'J' S'J'l\i;,.,. () RF. /* ( 1) */ 

$( LF.T N = (1 

~RITES ("EN1'ER NTTMBER*N") 
N := ~P.ADN() 
WPIT~F'("N!P1BER INPTJ'l' WAS ~N*N",.N) 
1f' N<=O Tl-{P.N /* (2) */ ~ ( MAPSTORF: 0 
/* (1) */ 
HANOI(N, 'S', 'T', 1 D1 ) 

$) / * ( 1 ) * / R E 1? F, I\ T 
/* (0) * / 

FI NISH $) 

The counts havP b8en insertPJ into the abov~ oroqram listinq as 
comments in t~e apnropriate places. 

A com2lete j ob 

Th~ followinq is ~n 0.x~mple of a complete DCPL ;ob. 

$RUN CS:BCPL SPUNCH=-U 
II TRIS IS A DF~O~STR~TION 8CPL P~Or.RAM 
GET. "CS:RCPLHDl'l" 
// THIS INS~nmg TijR ST\NDARD GLORAL DE:LI\RATION 

II STA.PT (GJ,ODAl 1) IS TITF. MAIN RO!J'T'INE 
LET STAPT("ARM) BE .t(1 
GLOBAL$( 'T'?F,E:100; 1'PF.EP:101; CH:102 .1) 
STl\'rIC 't ( COHNT=O; MIN=O; M rix=0 $) 
MANIFEST$( II 'T'UE FOLLOWING NAMES WILL 

// nE OSF.O AS SUBSCRIPT SELECTORS 
v,L=O; Lf'FT=1; RIGHT=2 $) , 

II ~HE FUNC~IONS PTT~, LIST AND snM(OEFINFD BELOW) 
II ()PF.?A':''P, ON A TR~P, STP[JC'T'TJRE WHOSE ROOT rs HELD 
II IN 'l'TH'F.. IF 'T' rs I\ BRANC'H IN THIS TREE 'T'HF.N 
II EITHER 'T"=n 
II OR f POINTS '1'0 A 'T'REE NODF AND V\L!T IS AN 
II TNTEGP.R(f.C SAY), LP.FT!'!' IS A BRANCH CONTAINING 
II NUMREPS (K ANn PIGHT!T IS A RRANCH CONTAINING 
// NU MR EPS . >=I{. 

II THP. !H)fl'T'INF. ?TJ'!' WIT.L ADD A NODE TO THE 
II '!'REP. ~HOSE ~oo~ IS POINTF.D ~o BY P. 
LET PU'r(K, D) BE $(P 

TJN'!'IL ! P=() ' DO $ ( 

LET'!'-= !P 
P : = K < V A L ! '1' - > ii) L 'P. F'T ! T , m'H I G H 'l' ! T 
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"') 
VAL!'T'RFEP, LEPT!TREE~, RIGHT!TREEP := K, O, 0 
! P : = 'l' r F' EP 
~n~EP •- TPfP,P + 1 t)P 

$) p 

/I LIS'T' 'J'HE NUMBERS HELD IN THE '!'REE T 
ANO LIST('1') BF: 

rJ NL F, S S 'T' = 0 DO '1i ( 
LIST(T.F,FT!'t') 
IF' COfJN"' RE!"! 10 -== 0 DO NEWLINE{) 
COUN'T' := C0CTNT ♦ 1 
WlU'"EF(" t!,Ifi", VP\L!T) 
LIST {~IGHT! '!') 

AND ~UM ('l') = T=O -> O, 
VAL!T(MIN -> SUM(RIGBT!T), 
VAL!T>MAX -> SIJM (LEF'l'!'T'), 
VAL!T+STTM(LEPT!T)+SUM(RIGHT!'T'l 

U~T V = VEC 600 
TREE, TREEP := O, V 

II THIS IS A CO~VF.NIENT WAY ~O 
II oRr,ANTSF. A 'T'EST PROGRAM 
NX'l': en : = ROCH() 

SW: SWimCHON CH INTO $(S 
// QUIT. 
C'AS~ '0': CASE ENDSTREAMCH: 

WRITFS("*NEND OF TEST*N") 
FINISH 

// PUT A NUMBER IN THE TRF:F: 
CASF: 'P': PUT(RFADN(), @TREE} 

CH:= TERMINATOR 
f:;OTO SW 

// LIST THE NUMBERS IN THE 'T'REE 
CA S P. 1 L • : N EW LINE () 

COUNT := 0 
LIST ('!'REE) 
NEWLINE() 
GOTO NX'!' 

I/ COMPUTE THE SUI"! OF A R~NGE OP NUMBERS 
II IN THF. '1'.'RF.E 
CASF. 'S': PHN : = READN () 

MAY := READN() 
WRITEF("*NSUM OP NUMBERS BETWEEN") 
WRITEP("tN AND IN IS %N*N", 

MIN, I"! AX, SUM (TREE) ) 
CH := ~RRMINA'T'OF 

'· 
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GO'T'O NX'!' 

//PRINT~ STORE M~P 
CASE 1 '1 1 : MAPS'l'OR~(); GOTO NXT 

// ZFRO, 'l'HF .,,_R El'.' 
CASE 1 7, 1 : TREE:= O; WRI'l'ES("*NTREE CLEARED*N") 

GOTO NX'T' 

// rr,NORE LAYOUT CHARACTERS 
CASF.: '*S': CASE '*N': GO'l'O NX'T' 

// FLAG !ijVhLID CHARACTERS 
nEFAUT.T: WRITF:P ("*NBAD CH •%c '*N", CH): GOTO NXT 

$)S 
$ ) 1 / / F N fl OF P R OG RA M 
$FUN -U+CS:BCPLLIB 
P24 P13 pQ6 ~46 P-12 PO P45 
L S10 SO 
Q 
$ENDFTL-i:' 

When th9 o hi P.Ct. code is ex8cu tea it will output 
follovinq: 

-12 0 13 24 45 46 q6 
SUM OF NUMBF.RS BETWFF.N 1 O· 1\Nn c;o IS 12 ~ 
END OF 'J'F. ST 

--------------------------------, 

L_ _____ _ 

I 
Part TV I 

I 
RefP.rence Material I 

I 
I 

J 

the 

The following list of words and symbols are treated as 
atoms bv the syntax analyser. The nam~ of the s~mbol or itR 
standard r~presrJntr'ltion on t.he 370 is qiven in the fit'st·col11mn, 
and examples or synonyms arP qivPn in the se~ond. 



The BCPL Proqramminq Mahual 

Basic-: svmhol 

idPntifier 
number 
!1ttinq constant. 
c-:haracter constant 
TilUE 
FALSE 
( 

) 
i~ 
? 
~ 

* 
I 
R'RH 
+ 

ABS 
:= 

<-= 
>= 
< 
> 
<< 
>> ... 
& 
I 
EQV 
NEQV 
-> 
; 
'l'ABL E 
VALOP 

$ ( 
$) 
VEC 
RF 
LE1' 
AND 

BRE~T{ 
LOOP 
EN.DCII. SE 
RE'l'TJ ~N 
11JN.ISH 
GO'T'O 
RESUJ,TI~ 
SWf'"CHON 

Examples and synonyms 

A H1 PQRST TAX_RATE K~TRUE 
12 6 72 4 q #3 771 
"A" "'l' F~'l'*N" 

' X ' ' ) ' ' *N ' ' "' 

r ., 
LV 
RV 

(ACPL-V onl V) 

{see Appendix ~) 
P.Q 
NE 
LE 
GE 
L5 
G~ 
LS!IIP't' 
RSH IP'T 
NOT 
t,()r. .~ND 
LOGOR 

(== in 
(>< in 

(II in ACPL-V 
(I/ in BCPL-V 

BCPL-V only) 
BCPL-V only) 

onlv) 
only) 

$(AB $(1 
$)ris $)1 

( { BCPL•V onlv) 
{ 11 BCPL-V onl V) 

Paqe 48 
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IN't'O 
REPEAT 
REPEATUN"'IL 
REPEA'T'WHILE 
DO 'l:'H~N 
UN'l'IL 
WHILE 
FOR 
'J'O 
BY 
TF.S'T' 
THEN no 
OR ELSE 
IF 
UNLESS 
CASE 
DEF.A !JLT 
SUB'J'ITLF.'. 
TITL F.. 
SECTION. S F.C'f' ION 
GET. G 'P,1' 

LIS'T'. 
NOLIST. 
Nf,EDS. NFEDS 

!££endix 9: RNF of BCPL 

of 
This 

BCPL. 
appendix presents the Backus Naur Form of the syntax 

~hP whole synt~x is qiven, with the followi~q 
exceptions: 

1. Comments ar~ not inclu~ed, and th~ space character 
is not rPpres0.nten P-ven where r?.quired. 

2. The sFction bracket taqqinq rulP. is not included, 
sine? it is impossible to represent in RNF. 

3. The qr~phic escape sequences allowable in strinq 
ana character constants are not represented. 

4. No account is made of the rules which allow 
droppinq ~f s0micol~n ~nd DO in most cases. It seemed 
that thes~ rules unneces~arilv complicate the BNF 
syntax v.-,t are e;isv to nnaerstand by other means. 

s. BCPL has several synonymous svste~ words and 
operators: for example, DO and THRij. Only a standard 
form of these sv~b6ls is shown in the syntax; a list 
of svnonvms can be foun~ in ~pperidix ~. 

6. CPrtain constructions can be used only in snecific 
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r.on ► 0 x+s. Not all th ese restric~idns are included: 
~or examplq, CAS~ an~ DRFAULT can only be used in 
switch ~s, an~ PRSnLTIS onlv in VALOF expressions. 
Finally, th~c ~ is th necessity of declaring all 
iden~ifi ~rs that ~re ~sR~ in a proqram. 

7. There is ~ syntactic ambiquity relatinq to 
<repeated command> which is resolved in later. 

The brack~ts fl imPlv a~bitrary repetition of the cateqories 
enclosed. 

,~ Identifiers, strinqs, numbers 

<l@t t er> : := A I B I • • • I Z 
<octal diqit> ::= 0 I 1 I •• • I 7 
<di qi t > : : = O I 1 I • • • I 9 
<strinq constant>::= "<255 or fewer characters>" 
<character constant> ::= '<one character>' 
<oct.al number> : := # <octal diqit> i <octal diqit.:t > 
<number> ::= <octal number> I <1iqit> J <diqitt > 
<i~entifier> ::= <l~tt~r> J <letter> I <diqit> I_ I • t 

1. Onera t.or-s 

<arldress op> : := ii) I ! 
<mult op>::=* I / P.~M 
<adc'l op>::=+ I -
<r~l op>::== I = I <= >= I< I > 
<shift op>::=<< I >> 
<and op> : : = r, 
<or op> : := I 
<eqv op>::= EOV I NF,QV 

3. E"l(pression s 

<elem~nt> ::= <~h~r~cter constant> I <strinq constant> I 
<nurnhAr> I <in~ntifiPr> I 
"'RUF. I FA.LSE 

<primary E> ::= <primary E> (<expression list>) 
<pri marv E> ( ) 1 
(<ex press ion>) I <element> 
<vector E> ::= <vector E> ! <primary F.> t <primary E> 
<andr?ss R> :;= <address op> <~1dress E>- I <vector E> 
<mult B> ::= <mult ,> <mult op> <address E> I 

<adrlrE>SS E) 
<and E> ::= <add F) <and op> <mult E> I 

<add on> <mult F> I <mult E> 
<rel E> ::= <and F.> f <rel op> <add R> l 
<shif~ E> ::= <shift E> <shift op> <add E> I <rel E> 
<not E> ::= <shif~ E> I <shift E> 
<and B> ::= <not E> f <and op> <not E> J 
<or E> ::=<and~> f <or op> <and H> t 
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<eqv E> ::= <or F.> ~ <eqv op> <or E> ~ 

<conditional~> ··-
<eqv E> -> <conditional E>, <con1itionJl E> t 
(pqv 1'.."') 

<expression> ·· = <conii+ional E> I 
~nnLF. <const P> f <const E> ~ t 
VAi.OF <commanil.> 

4. Constant expressions 
<c elPment> : := <character const ,lnt> I <number> 

<identifi.(>r) t 1'f.WE t FALSE t 
(<const F.>) 
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<c mult E> ::= <c mult E> <mult op> <c ~l~men+> I <C element> 
<canst E> ::= 

<constant expression~ <ad1 op> <C mult E> I 
<~dd op> <C mult E> I <c ~ult R> 

<~xpr~ssion list> ::= <expr8ssion> <R~P, <expression>> 
<namP list>::= <i~antifi~r> <R~n, <id~ntifi~r> > 

<m~nifPst itom> ::= <ii~ntifiar> = <cons+an~ expr~ssion> 
<~anif~s• lis+> ::= <manifest itAm> f ; <manifest item>> 
<manifest ~~clar~tion> ::= M\NIFEST t( <manifest list> I) 
<static d~clara+ion> ::= ~~ATIC ~( <~~nif~st list> S) 
<qlobal itPm> ::= <irl~ntifier> : <constant Pxpression> 
<qlob~l list> ::= <qlohal it~m> ~ ; <qlohdl iteml > 
< q 1 oh a l -:l •~ c 1 a rat i. :) n '> : : = GLOB A. L 1i ( < q lo ha 1 l i st > .1;) 
<si~rle definition>::= <n~~e list>= <~xorPssion list> 
<vector d 0 firition> ::= <i1entifier> = VEC <constant expression> 
<function dPfi.Pit.ion> :: = 

<irl,.,n4:ifiP:> (<name list>) = <cxpn=>ssion> 
<iJPntif.i~r> ( ) = (P.xnr.-,ssion> 

<routin~ dcfini~ion> ::= 
<id ,"'ntifiPr.> (<namo. li.::,+:>) 3E <commarid> 
< i •1 en• i f i-? r > ( ) BE <corn man i > 

<ch~finition> ::= <simple ·1efinition> I <vector iPf.init.i.on> I 
<function r!~finition> I <routine definition> 

(sjmultan~ous ~eclaration> ::= 
LPT <~=finition> f A.ND <iafinition> ~I 
<manifest ioclar~tion> I <static ieclaration 
<global declaration> 

7. Left hanj sinP 0xpr 0 ssions 

<LHS~> ::= <i~entifiPr) I (vpc+nr F> ! <primary E> t 
<Primary 'P.> 

<l0ft han 1l sine list>::= <L~!S1-''> f <Lt-ISP.>)> 
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<assiqnmPnt> ::= <l.~ft hand siie list> := <expres~ion list> 
<simnlP command"> : := ORFAK I LOtlfl I 'P.NDC.a.si;; I RETIJ~N I FINISH 
<qoto commcin•i> : := r;oTo <expro.ssion> 
<routine commar.;'J> : := <rrimarv F.'> ((:?.Ypression list>) 

< I) rim ,;i L V E> ( ) 
<result.is comman ,1> ::= Rf.STTLTIS ('?Xpression> 
<~witchon commani> ::= 

S WI'rC[ION <Pxnr 0•-.:;s ion> INTO <compound command> 
<n'pPa.tahle comman~"> ::= <a~siqnment> I <simnle commani> 

<qoto cnmmnn~> , <r()nt.i.nP. command> I 
<r~sultis co~mi'!nd> I <repeat~~ command> 
< s w :i t ch on com m ;i n ,i "> I < com po n n c'l com ma n d >. 
<hlock> 

<rq,eate, commc1nr1'> ::== <repeatable comman<l> ~EPF:A'T' 
<repeatabl~ commAnd> RFPE~TUN~IL <exoression> I 
<rPoeatabl 0 con1manrl> -qF,PFT\'TIWHILE <expr~ssion> 

<until com~~nd> ::= TTNrIL <expr~ssion> DO <command> 
<while comma rd> : := WHIT.f:' (P.xpr~~sion> DO <command> 
<for comm~nd> ::= 

F09 <i~ontifier> = <expression> TO <expression> 
RY <constant 0.xpression> no <command> t 

FO~ <idPntifiar> = <expression> TO <expression> 
no <commanr~) 

<repPtitivn cn~~~n~"> ::= <repeated command> I <until commana> I 
<whil~ comman~> I <for comman1> 

< h"s t com ma n,l> : : = 'TIEST < ~xpr ession > TH ~N <command> OR <com mano > 
<if commri.n 1l.> : := IP <ex:pression> 'l'HF.N <comm;:i,nd> 
<unl~~ss comm,rnd> ::= [Yi-lLESS <expression> T~tEN <command> 
<unlahelled commiln~> ::= <repeatable command> I 

<repetitivP comman~> I <t~st comman~> t <if command> 
< 11 n 1 P s s comm 'in rl > 

<laLPl prPfix> ::= <id0ntifi~r>: 
<casP pr0.fix> ::= CASB <con.s~~nt expression> : 
<defa.ult prP:ix> ::= DT:'FAUT.:r: 
<prefix> ::= <labPl prP.~ix> I <case pr~fix> <default prefix> 
< c om m 'lTI n. > : : = < i tn l ~ ti f' 11 ~ rl co rn m a n 1 > 1 

<pr0fix> <comman(D ! (prr->fix> 

10. Blocks and compo11nd comman'1s 

<command li~t> ::= <command> f ; <command> l 
<declaration part>::= <decl~ration> f ; <de~laration>) 
<block> : := 'Ii ( <r'l~<':ldr,ition nart.> ; <command list> $) 
<con,pounn commanrD ::= $( <c0mm.:rna list>$) 
<proqram> =~= <d~claration p~rt> 
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~ahlP c-1 qiv~s the qraphi~~ of th~ I~M ~~ p~~rac~PF apt 
(in h~xailµcimal), whil~ 1'ahlP c-~ show~ (in <lct~l) ~-~~ fHf fr,pt. 
Asrrr stanoarct ~haract?r cod~s. 

Each t~hl~ runs from 10ft to riqht, ~ith the diqit ~bo~e 
each char~ctPr r8presentinq the low or~~r ~iqit 6f it~ CQ~e~ ~nd 
the diqits at the loft repres~ntinq the hiqh-order ~i, tt~ ~f t~e 
cone. Thus, for o.xi\mple, the EBCDIC eo,1e for ~ is 7.C~ · ·· · 

,----------------------
' 0 1 1 ~ 4 
I 
I 00 
I 10 
I 2C 
I JO 
I 40 
I 50 
I fi o 
I 70 
I AO 
I <JO 
I A<' 
I B<' 
I t't1 
t no 
I ,o 
I Ji'O 
I 

' 

r, 

I 

0 

0 

i 
0 s 
1 2 

, 

C 

1 
t 

d 
m 
ll 

... .-
_________ ._..,.~----------r--, 

~ 6 7 R Q A· B C n E ~ I 

e 
n 
V 
s 

f 
() 

F, f 
,r t) 

V W 
~ I\ 

q 
0 

X 
7 

h 
q 
y 

" 
G H 
l' 0 
~ y 
7 fl 

i 
r 

. . 

• 

, 
# 

r 
l 

J 
r , 

( 

r t 
• 
' ;> 1 
= ,, 

t f. 

I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
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r------------------------------------------------ , 
1 rn 01 OJ 01 0. 4 ' 05 06 07 

' I 000 NUL )0 1! 'i 1' X El'X P.O'l' F'NQ ACK BEL 
I 0 , () ~ "i HT LF V'T." pf' CR so SI 
I (':? 0 DL~ o.c, nc2 DC1 OC4 NA.K SYN E'l'B 
I 0 30 (" ~ ~, RM S IJ9 F, SC PS r. s RS us 
I 0 40 ( 1) " t $ o/ r, (2) 
I 0 Ci 0 ( ) * + , I 
I () (, () n 1 ~ 3 4 5 6 7 
I 07() A a ~ 

. < = > ? I 

I 100 .;i A. r1 C D E F' G 

I 110 [I I ,J K I. M N 0 
I 120 0 () ") s T TJ V w ( 

I 130 )( y .., r ( 3) 1 ( 4) I L, 

I 1 !.l() ( r.;) d h C d e f q I 
I 150 h :i i k l m n 0 I 
I , 6 () p 1 r: s t 11 V 'W I 
I 170 X y z r I l (6) DEL I 

' t 
I 1'rthlt::> C-2 I 
I Notes I 
I I 
I (1) SnacP I 
I t 
I (2) .1\~CPn t ~cuto, or apgstroph(~ I 

' I 
I n, A,=t cks li'\ sh I 
I I 
I (4) r.irc11mflPx I 

' I 
I (5) 1\cc0nt qrave I 
I I 
I (6) Ti.lr1e (Pquival~nt to ., ) I 
l------------------------

'T'he compiler pr-o (11lcPs a n11mhPr of diaqnostics when it 
trFlnslat.8s an "?rroneoI1s proqram. It should be emphasised that 
manv 1iaqnnstic mess~q0s may he producerl by the same error; 
thPreforn, on~ ch~nqP to the proqram mav remove many errors. 
'P.rrot:'s ar~ ii<=>ntified hy a number. (which is primarily useful to 
th0 pe>rson who m,1in+-iiins thP IWPI. compiler), and some text. The 
messages, ani a hrief ~xnlanation, are listed below: 

'P.rror ~ '$(' expecte~ 
F.rror 7 • t) • exp?.~tPn 
Error q Na~e expectPd 
F'rror Q UntaqqP.i • :t)' mismatch 
Error. 1c; ')' mi·,,sinq 
r:r: r or 1 g ' ) ' mi s!'l in ri 
Pr ror V) I I , 

t 



• 

The BCPL Prnqri'lmminq l'\,rnual Paq~ sc; 

Frror 12 
F'r ror 33 
Error v:; 
Error uo 
frror 4?. 
l·'.r ror 41 
Frror 44 
F.rror 45 
Error c;o 
Prror c; 1 
Error ,4 
Error S7 
f'rror c;g 

Frror 60 
Error f, 1 
Frror 62 
Error 63 
Error f) 4 
frror q9 

Error <"1<} 

Error 91 
Fr ror ou 
Frror q c; 

F:rror q7 

Error qq 

Error qq 

F'rror 1n1 
F'rror 104 
f.rror 1n5 
frror 10fi 
Frror , h q 

~rror 110 
F'.rror 11 2 
Frror 113 
Frror 1 , c; 
Frror 1 1 fi 
E'rror 117 
Error 11 R 
Frror no 
Frror 1 41 
Error 142 
~rrnr 11n 
Error 144 
Frror 145 
F'rror ,,n 
Prror 1r;n 
r.orror , ~ 1 
Error 1 i:;?. 
F:rror 1S3 
Error 1 qq 

F.rror in n.xpres5ion· 
srror in numbE'r 
Illegal floatinq-point op~rator 
Na!l"~ 13Xpected 
'=' or 'RE' ~xpPCtP~ 
Nam,~ exrecte~ 
'=' or ' (' exp~c .. P.1i 
': 1 or '=' E=>Xp?.ct.e,i 
1crr'.)r :in lah~l 
Error in command 
1 0P' 0XDo?Ct:e<'l 

'=' expected 
'~ o' ()XP e c+ 8 tl 
1 TN'l'0 1 exp~~t<>d 
'·' exr 0 cted 
'• 1 PXpPct.,=d 
'I' or 'I' missing 
"'rroneons 11s~ of' !JNRF.SP.RV~. 
Tnp11t '•.. not provirl"'d for (ir~T 
s i: r i n a -'"' x P"' c + e ~ 
1 8', '(',or')' r->xn0cte~ 
Ille~al charact~r. 
s+rinq too lonq 
Strin1 ':"XP~c+-.~d 
Pro:p:i:\m too l;:irqe 
Incorr~c+ tPrmir~tion 
Tl] ~qal ns 0 of CASI" or DP.FAUL"' 
Tl]e1al use of ~DRA~, LOOP, or R~SULTIS 
T]]~qal us~ of CASE or nEPA1t~ 
~wo c~ses with sa~ 0 const~nt 
L + v o 0 "' x p r r:, ~ s i ,1 n ex p .::;, ct. 8 , l 
U~S ,'l.'1(1 PHS do r-r>t 111,itch 
LR~ anrt PHS do not rn~tch 
T,typp exprPssion P.Xpec•c>(i 
N~m2 not ~ocl;:ire1 
Dynamic fr~e vdriablP d~clarect 
Frror in const~nt cxprPssion 
Err0r in constant 0xpression 
Error · in c~nst.ant ?xpr0ssion 
'!'oo manv cast?s 
Nqm~ aoclar0rl •~ic~ 
Too manv n;:imPs ~~clar~d 
'!'or rnrtnv qloli;:ils 
ocon~ h11ff~r ove>r.flow 
F.rror in ~xnrps~ion 
Tnc0rrPct ~ntrv or extDrnal ~ecl~r~tion 
T00 many ~ntri~s or ~xtern~ls d~cl~red 
~on marv static cells 
Il le> rpl us<:> of chr1ract9r wh,.~n nrooncinq !'1CODE 
Invalid salect0r nxpr~ssion 

Any cod~ qenerat~r 
person who maintains ~h? 

messaqes shnul~ 
RCPL r.ompi.li:>r. 

be reported to t.h8 
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'T'h<-> i:,yt,:-,r:sion:, lL,+:~,1 h•~r''' 0.t'P. wirl•:>lv ri.vailable in a. numh~r 
of !3CPL im11l"'ll'':1t'ltion,:;, -rnn, althourih thi::>y are not in the 
,~t.1nr1iirrl l~nc11Fl'l'', ti:8V sh0111·1 '10 considere<i by othi=>r 
imr1,,m,0•n+-,,r:, of t~rPL pl-1nnipq +_o ex:tenci the lanquaq~. This 
1ppr, 11dix i :, orovi ·~,~-l ir th-~ 'hori~ that it will rPduce needless 
ir~0r11p;1tihiliti 0 s h,.:>tw~•""n niffP.rent implem<:>ntations. 

Tt rnus+: h., ~tr.-,~,sf~d thc1t these '?Xt<?.nsions should only bE~ 
usei:l. whf:'>r0 a.hs0lut0ly n0.cess,"try, and thf'n as sparinqly as 
possihlP. 1'h2.v t_ 0.n 1 to d0r.r?.c1se the efficicncv and the 
11 r ~ P r st a n r1 a b i 1 i +: v of t h ,-:, P r o qr -1 m d n d oft e n i n d i c at e bad 
proqra.rnmi'lq stvl0. 

follow:i.nq are includE>t1 as "standard 
C>Xtf'nsions": 
• floa+: i nri noint (on '.na~h:i.n"'s with suit:able wo,rd lenqth), 

• lower cas~ 10ttPrs in :i.df'ntifi~rs, 
• th.:> Wr]rninq s0q11~nc.:>s itR, #0, 'lnr:l #Y itt constants, 
• th~J sE"quenr:"' "· •• * <lavon+-> *• •• " in strinq constants, 
• the orPratnrs An~ an~ n~ns; 
• the op2r.:itor <>, 
• o s q i q '1 r1 " n + ,'--, o f + h ~ f o r. m " r~ 1 < o p > : = E 2 " , 
• t h0. c~xnrr:>ssion 11 ? 11 , 

• comJTlr:-!nt for.rns nther +-hr\n "II", 
• the scrTrnN an! NFR~~ dir~ctives. 

numh~r of extensions to the lanquaq~. 
Th0s<> ar,:,,: 
• r->ntrv :=\T~·l PXt ,~:rn.:il d;:-clin-;itions (faund in a few other 
i mple111f>nt,3tions), 
• th0 by+-p opQrrl•nr ~ni thP representations, 
• /I for I.or.urn, 11 for J.OGOR, == for r:ov anil >< for NFQV, 
• thP sp 0 cial char~ct~rs *Xnn an1 *F, 
• con~i+'onal cnmpil~tion, 
• +hp nr~vision for system keyword~ to be sp~lled in either 
upnFr or lower cas~, 
• +_hE' dirPctive:3 T"JCLIJT)f, anr1 PAPAM'PT:::R. 

HCPL-V pr::,vi :iP.s .:i sn°cial ,HrP<ctiv<" "UNRF.SF.RVE." desiqned 
to'Fasc ~iFficul~i 0 s in movinq proqrams nriqinally desiqned to 
run on oth~r i mp1Pm9ntations. If such a program contains a 
BCPL-V svst~m wor~ as ~n iientifiAr, eit:h1?.r a ma~sive edit must 
hP pr>rformr:?·l, or thP rP!,c>rvc?r'J worn 'CP-QIOVC?•L 'l'hus, for RX,1mple, 
i f + h ,~ Pr () q r ii ·n 11 s ,,, s t h P> n i'l m r F T X ;i s ':i n i ri €' n t i f i e r , t h E> d i re c t. i v e 

will r.duse thr r.0~1r:iil""r. ~.o f 1)r<1-~+-. thiit FIX is a system word. 
1'hio~ <lPr:]ar~tiv '. > ::;h1111l1 onlv 1,,v, used in Ci'\Ses of dire P.merqencv. 
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In addition, BCPL-V also includes an auqmented run time 
library. 

*** warninq--this section m~v ch~nqe soon*** 

The compiler may be coerc~d into providinq a listinq of the 
source program. In hatch ~ode, such~ listinq defaults, while 
in t~rmin~l mo~e, no listinq is normally produced. The listinq 
is affect: e d h v the S an ~ Q par:- am et er s. Ea ch 1 is ti 11 q pa q o 
~ontains a ti+.le and a subtitl0 line, follow~d by a number of 
pronram lin;:,c;. on each pr0ar13m linP appear: 

a card numbr:-r (generally not. useful), 
a command numher (vC'!ry us<?.f11l for interpretinq 
translation 8rror messaqes), 
the text of the line, 

thi=> 11TS linP n11mber (occasionallv, +.his linP number is 
incorrect, r.q., with Gr.:T. In such ~ case, it is 
orintea as a row of iash~s). 

Th~ listinq may h~ co~trollP, hy thP followinq options 
TITLE. <strinq> s 0 ts thA oper~ni as titlP. for 
succeedinq paqes, 
SUB'l'I'T'LF.. <st.rinq> sP.ts its operc1nd <is +. he suhtit.l•~ 
and skips to a r~w paqe, 
NOLIST. 'T'nrns off ~ho. list.inq, 
LIS'J'. ~n ,,hlPs listinq if r •~quest~d via th~ pr!rameter 
s, or if rnnninq in batch mo(li:>. 

~ o t P th a t. , i n or 1 r, r + o rH st in q11 is h 
RCPL id~"tificr, t½et o.n~ with 
should appo.ar on~ lin~ hy its0l~. 

these neclar~tions from a 
a point. such a rl.~clarativP. 

*** warninq: th ~ cross referencer is currpn+.ly bei.nq 
t:E'fi;::,siqne1 *** 

Cross ref~rPnceinq of i BCPL uroqram can be obtaine~ hy 
usinq the PAQ=Y option on thP ~TS $RU~ command. ThA C[Q.:,S 

referRncinq routines will prorl.uco a tabl~ of all identifiers 
11sen in th<=> proqr.~m, whi:>re •hP.v w~re rl~clarea. and whP,r.e they 
werE" refererici?d. ThPV will also prorl11c~ list:s of unused qlobals 
ar~ externals. Ad~ition~l cross r~fer9ncinq options ~re 
availabl~. Thev must b8 plac9d within a pair of parenthesP-s 
immeoiately fqllowinq the x in t.he MTS PAR field. ThP,se 
additional ortions are as follows: 

In a1ni+ion to othgr cross referencinq inform~t.ion, produce 
~ header of nnly thos8 ~lobals, ~xtern~ls, and manifests which 
are use~. ~his heairr ~ill he pro~uced on MTS loqical unit 2. 



If loqica1 1111it 7 is not dssiqn~d, th"' ,iefault file is "-hdr#". 

r; 1h not incln,it> thf:' li.r;ts of unnse1 qlobals and 
~xt~rn~l~ in t:h0 rrnss rPferoncinq infor~ation. 
If rrint: no cross r0f<=>r0ncinq inform'ltion, an<l produce 
a h~i~8r of onlv tho~~ qlob~ls, ?Xtern~ls, and 
manifw-.;t:~ wliich ure 11s<=><L ~his header- will be 
oro111r.erl on MTS l'lqica,l nnit 2. If loqical unit 2 is 
not ~~siq~Ad, the iefaul+ file is "-h1r# 11 • 

N (narrow) nrint thP. er.ass · r~feri:>ncinq information 
~uch that it will fit on a R.5 inch wide sheet of 
pap ,"t:. 
sprint +he cro~s rPf~r~ncinq information with sinqle 
spacin1, th 0 nP.fault:. b~in1 ,1ouble-spe1.cinq. 

\S '\n 0X~mplP, nlacinq P~P=X(NG) on the MTS $RUN command would 
print a n~rrow cross r0fPrence t:.ablP without the lists of unused 
qln'!'.>,11s, (~xt.:,rn'll~, ;H1 11 man if~sts. The cross refP.rencinq 
featnrP j:-; v0ry n~, 0 fnl for- oeb•1q1inq proqr3.ms. 

Stream~ in fCPL-V 

A RCPL-V str-gam is r~presented as a pointer to a block 
dP~cribed as follows: 

MANTFF.S"' 
$( N?'('"!"' = () 

rJNI'1'FLA(; = 1 
IHNDOW = 2 
POSI'T'ION = 1 
Cf.JR R EN1'L P.Nr; '!'H 
BUFF~RT.~NG'T'H 
r-1nnRI"':. -= (-j 

LIN F. Nfl MB ~o = 
BIJFF'F.P = n 
NLFLAG = q 

r.;o F ::; 10 
NOC:C = 11 

= 

7 

WINDOW SE'!' = 12 
F DUR 1 = 11 
FD!JR2== 14 
FII.f.NAMF. = 15 

= 4 
~ 

$) 

Therp are o~her fields in a stream block but they are of no 
intPi~st to th<=> usc•r. nf mnst int,~rest are the MODBITS and 
LTNFNUMOEB fi 0 l~s; for ~h~ use of thPSR, see relevant MTS 
~or:um~ntation. Mary of the other fields can chanqe 
nnorer'lictably, .:~sp0r:ially if ~ concatenate<l input file is used. 
Naturallv, r'l~lvinn into a ~tr~am is highly machine rlependent. 
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Maintaining large BCPL 2rngrams 

A larqe proqram shoul1 hA storeri as a set of file~; ccmmon 
cleclaratinns rn,1v iw incl11rio.tl with GF.~. If onlv one section of 
cod~ nf'f'~ ho r0compil P.•i, t.he obiect codP. m~v he placed into a 
tPmporarv fil~, and thP mast~r nbiect file upiated via d utility 
proqram (*'Wl3,J rnav he 11sP.d in ~TS). Of co11rc:;e, proper care must. 
be taken to pnsure that mo~ul~s do not q0t out of step in this 
updatinq proc~ss. 

Calling A.ssembl~r- La ngUe_.!P li21!.ti.!Ht§ Q!l th~ J]g 

Manv Pon-BCrL routines are called with a FOP'l'R~N-compatihle 
cal]inq sequenc~, and can be invoke~ by usinq the routines CALL, 
F'LOA'l'CALL, r1.nr] RCALL. Occasion<'\lly, this is difficult. or 
inconveni 0 nt, an1 a special assemblAr interface must he us~a. 
In order to facilit~to. s•1ch a painf11l tr1sk, a macro-lihrarv is 
available. n~dicated uaers should study th~ source code f~r the 
1/0 interface beforP a+tPmptin~ to cod~ assembler routines. 

Writing B~-enterabl~ codo. 

If a BCPL proqram is to bg us~d r~-enterablv, the followinq 
constrain~s must bP followa~. 

1) St.at ic v" r i ab le s shou l 1 not. be us~d; inst1e>a.a 
q loha ls or locals . s hou l ~ . b~ emp loy~cl (this is because 
of base reqistPr prohlPms on the 170). 

2) 'f'he run-ti1110 library on the 170 should hE:' mo,Hfied. 
sli~htly, sin~e it i~ not ~urrently re-~nt.erahle. 

3) No proqr;1m shoulcl cv8r 0.xce,ed its .st.ack space, for 
the rPsults couli hP ~isastrous on impl~m~nt1~ions 
with in~~0quat~ m~morv prote~tion. 

AE£Rndix H: ThP RCPLfl70 Runtime ~nvironment 

This anpPndix contains information which is ~rcane ani n1t 
+errihlv usef11J to tt,e averaqe BCPL proqrammer. It. is, however, 
usPful to thos~ wishin~ to implem~nt a function or routine in 
Assem~ler. such proqr~mmers will nPed to know somethinq of the 
runtimP orqaniRation us~d bv OCPL programs. 

flCPL proqr'ims, on the .370, livA in ,'\ 11niv1c1rse which 
contains a stack ani a stdtic area. ~ small amount of 
"' s s i st. a n c P. i .,- n r o vi cl ~ n h v ~ r on t i n e w r- it t e n in I\ s s em b 1 y 
Lanquaqe, which allocates and 0rqanises the stack. 

The qen~ral ~tructurP of a ocrt mo~ule is illustrated by 
the followinq example, 



'l' h f~ BC P !. n r o q r a m m i n q M ~ n 11 a l 

SEC,,.IO~ ''~'()()" 
GLOR AL 
't: ( S 1' I\ T{;' : 1 ; 

nAR: :>OO; 
70"': 201 <I:) 

r.wr S'f'A'l1'() OE: ••• 
ANn l:li\P (A, >1) R-::::! ••• 
ANO ZO"' (G, q, I) = ••• 

Paqe fiO 

which transl~tes intn th~ following Assembly Lanqu~qe skeleton: 

FOO ACPI.CS 
S'T'l\Q'T' f3C'PLN,,.R 1 ... 

!'.lrI' L F.X 
D~R 9CPLN~R 200,ARGS=2 

BCPLF.X 
7.01' RC 0 LN:? ?01,\~GS=3 

RC'PI. f.:X 
BCPLC'>ND 
f.N l1 

BCPLCS qen~riites a proloque which is prilllarilv useful for 
mapAtoie, while RC0 tCSND pro1uces a table used in initialisinq 
th0 ~loh~l v 0 ct0r. 'T'he BCPLNTR macro qenerates the entrv 
seauence at the bPqinning of a function or routine (there is no 
1Hfferenc2 hPtween th9 two at the Assembly Lanquaqe level): its 
arquments ar0 th~ global number of the routine, and the number 
of param~+.r,:,,rs. "'h;,, "lumber m11st be qr~ater than or equal to the 
number of pararn~ters us~d when you call tha routine. BCPLEX 
caus~s th~ routine to return to its caller. 

Rl?for(~ nescrihinq thQ. nsaqe of reqistc>rs, it is necessarv 
to mPntion the 1i;,tinction hetwe8n a BCPL address and a machine 
aaareFs. In nc 0 t•s world, consecutive ~ells have addresses 
niffer.in•1 hy 1. Jlowevf':>.r it is unfortnnately true that the 370 
was (mis)d?.siqnen to have word address~s differinq by ~. 
Ther0.forP, a BCPL aa1rPss is equal to the machine address 
c'!ivin~a lw ii. "!'his i~ not narticularlv inefficient (no worse 
than Fortrrtn !) ; for th~ c:oc'!P 

7. := !I 

th0 compilPr prorlnr.~s somethinrr lil<G: 

I. 
l\ -q 

L 
S'T' 

A1,I 
A 1, A 1 
A2,0 (AJ, T>.1) 
~2~Z 

which Ci'!11sPs no !C>x+-.ra memorv ref9rences. However, it is still a 
snllrce of troublt=> wh""n you co,lP an A.ssemhler subroutine to be 
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called from RCPL. 

The reqisters ~re allocate~ in the followinq ~anner: 

rPqist.er mnemonic USP 

numh~r 

n ?0 cont.ains 0 , ~, cont.ains 4096 
2 R2 contains g1g2 
l ~ .3 contains 1228 8 
4 B pro qr am base 
~ SP stack . ~ pol n ... er 
f, 'RE'l' p rocPrlu r"" .r et 11r n address 
7 A 1 procedure parameter, 

or scratch 
A ,2 II 

q 1\1 11 

1 () /\ 4 " , , s su hrout in P li br ar:y has-=! 
12 GLOB points to 1 loba 1 V9ctor 
1.1 P13 CTSPCt: b~SP 

14 P14 t:c>mporarv, system usaqe 
1 '1 P15 II 

'l'~e values in r01is+ers 0-1 are use~ in adiressirq. If vou must 
touch these r~aisters (~.q., by ~allinq an external routine):-~; 
sure to r°-s+orP th~m b@forA exit:inq. 

The 0th8r r~qist~rs which will conc?cn you ar~ A1-A4, which 
are freP for use as scratch. 1Y a fortun3+p coincidence, th~ 
fir~t four p,'lramet 0 rs t'.:> a f11nction. or routine arA fo11nd in 
thosP reqist<=>rs (oth2-r param~t ➔ rs aooear-inq on the stack: sep 
below). F'urt.h"'r, th?. value of i\ function is placell in J\1 (even 
if it's a floatinq-roint number) at e~it time. 

If vou ne?d t~ acce~s a ~lohal, vou mav 
which noints •o thP qlohal VPctor. Thus, 

use r.eqister GLOR, 
if you n~ed the 

content~ of ~lnb~l ?61, ynu mav code 

L A1,?.6l*4(GLOB) 

Peqister s points to a collection of support subroutines used 
for proc~aur 0 callinq ana statistics collection. The 
subroutin~s are locate~ at fi~ei offsets from the addre~s qiven 
in s. You 3.on •t normi\llv neer'i to worrv about s. 

R13, P14, an~ q1S have the ~ormal os siqnificance, 
AJ~ition, R1J points to a dsect which contains 
information ne':'dP,1 hy thP runtime ro11tines, while r14 
may be used freely, wi•hout attv ne8d to restore. 

hut., in 
internal 
and r 15 
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Paqe 62 

··~hE> +hr.0·• rPmrli.ninq r:.:-,qist,-.,s ar c~ used for procedure 
i11kaq0. n ,~rrntains tf-:"! proctrdm base. SP th0 current stack 

poir~+.-=>r, ;,,n,1 pr,;m thP C'P+urn ,-=t(jd,r~ss. I\ s+-nck lev~l consists of 
first th~s0 thr~~ r~qi~+~rs, a ·; th~v wer~ at procedure entry, 
followP•l hv t-h • .., nar;.i,i.,t.~rs, ,'\nd 4:h<:>n onv dilta rlr:iclaren bv tl1~ 
~H" ()Ci:, :l 11 r ,., , l. ::; i '1 t rJ' f O] 1 ow in q n i -l Cl r ,} m: 
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