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1. iQirgdustjon.

This manual describes the programming language 0 ac­
cepted by the compiler written at the University of Waterloo 
by R. Braga. It also introduces the runtime package written 
at the University of Waterloo/ largely by T.J. Thompson.

A derivative of BCPL, B was designed and first imple-
mented by D.N. R i t <chi e and K.L. Thompson, of Bell Telephone
Laboratories, Inc. , Murray Hill, N.J. The ori ginal impiemen-
tation of the runtime package is due to S.C. Johnson, also 
of Bell Labs.

The present version of the compiler differs from the 
original by incorporating an expanded SWITCH statement, ad­
ding floating point operators, adding proper logical opera­
tors, and altering the order of evaluation of operators.

The runtime package works in both TSS and batch and 
will read almost any "media code” found in the GCOS environ­
ment. It uses EIS instructions whenever it is appropriate. 
Note that the language itself has no constructs for 
input/output J all i/o is done by function calls.

B is a tygele^S language, in which the compiler always 
assumes the type of a variable is suitable to the QQfiiatQf 
acting upon it. B has a large set of operators, providing
integer? bitwise/> log i c a I and floating point operations.

The machine word i s the basic unit of computation. The
word size on the Honeywell Series 60 Level 66 or Series 6000 
machines is 36 bi t s.

A B program consists of procedures called fynctipn^. 
Any function may call another function or, since local vari­
ables are allocated on a stack, call itself recursively. All 
functions may selectively access a global pool of gxlgrnal^.

A function is composed of a set of one or more 
ffignis. A statement is composed of permissible combinations 
of ke^wQEdS and £X££££S12DS.

Although this is a reference manual, and definitely not 
a tutorial, it is organized such that you will often find 
examples which involve material covered later on. This is 
intentional. Such examples should be ignored at first read­
ing, but will hopefully be beneficial when you refer to the 
manual again.

You should try to keep your first efforts at B program­
ming as simple as possible, in order to minimize the diffi­
culties you may encounter. If you are ever unsure of some 
feature of the language or run-time package, try it out by 
writing and running a simple little program which exercises 
only that feature. The time you take to do so may save you a 
lot of trouble in the long run.

Before starting on your first major 0 program, you

idea of exactly how things are done.

would be well advised t 0 have a c lose look at the source
code of a well-written 0 program or two in order to get some
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2. Sasic

B is very much oriented towards use of the ASCII char­
acter set in which each character occupies nine bits (four 
characters per word). There is support for representing 
character constants in the BCD character set/ in which one 
character occupies six bits (six characters per word).

Certain characters/ such as •<* or •}•/ do not appear 
on some terminal keyboards. Escape sequences for these are 
defined in Appendix A. _ 

The compiler treats its input as an unbroken stream of 
characters. Any form feed/ tab/ or newline character is con­
verted to the space character/ except when it occurs inside 
a string or character constant. Newlines are counted/ so the 
compiler can tell you on what line it detected an error. 
Line length may be arbitrary. The compiler knows nothing a- 
bout any ’’sequence field”/ such as is supported by certain 
card-oriented compilers.

Line-numbered source files are permitted. If the first 
character of the first file is a digit/ the compiler assumes 
the program being compiled has line numbers. If so/ on each 
line of the file/ it attemots to form a line number by col­
lecting numeric characters until a non-numeric character is 
found. The number is used in error messages pertaining to 
that line.

2.1. IdSQtll•
An identifier or name is formed from the characters a- 

Z/ A-Z/ 0-9/ underscore ( *  1 ) or dot (’.’)/ and must begin 
with a non-digit. Since the run time package uses names con­
taining at least one dot/ you should avoid conflicts by not 
using the dot character in names defined in your program.

Names may be arbitrarily long/ but only the first eight 
characters are significant. For external names or external 
references/ only the first six characters are significant/ 
due to the restriction imposed by the GCOS and TSS loaders.

Normally/ the compiler ignores case distinctions/ so 
that the identifiers "SUM”/ ’’sum” and "Sum” would be con­
sidered to be the same thing. You may specify an option to 
the compile command which forces the compiler to respect 
case distinctions/ but then all keywords must appear in 
I owe r case.
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2.2. tawinsQXs.
The beginning of a comment is signalled by the appear­

ance of a *’/**• in the input stream. It is ended with the 
first occurrence of a "*/" any number of characters or lines 
later. For example/

/ *
* this is a comment
* /

Comments may not be nested.

2-
B uses 15 keywords# which may be categorized as fol­

lows:
1) identifier scope keywords:^  ,

AUTO EXTRN
2) execution flow control keywords:

IF ELSE FOR WHILE REPEAT SWITCH DO
3) transfer keywords:

RETURN BREAK GOTO NEXT
4) switch statement keywords: __

CASE DEFAULT

The compiler does not allow you to use any keyword as an 
identifier. In particular/ beware of inadvertent ly using 
NEXT as an identifier.

2.4. Lonstaots.
You may define octal/ decimal/ floating point/ ASCII 

character/ BCD character/ or string constants in your pro­
gram. The form of a constant is we I I-defined/ in that it is 
oossible to unambiguously differentiate between the various 
types of constants.

2-4.1. £££101 £Qns£ants.

A decimal constant consists of an integer number/ which may 
not contain leading zeroes. For example:
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Z.ft.Z* QiXal iposianlx.

An octal constant consists of an integer number, preceded by 
a zero and formed only from the digits zero through seven. 
For examole:

01 077 026 0400000 0777777777777

2.4.3. Floating 22101. decimal CQnstants.

A fIoatinq-point constant is any number containing a decimal 
point. It must not begin with a decimal point/ but may have 
leading zeroes and may be followed by the letter ’e* and a 
possibly signed integer exponent. Examples:

3.2 1. 0.5 1.e5 3.e5 4.987e-2

2.4.4. ASCH £Qn$ian£s.

An ASCII character constant consists of from one to four 
characters inside single quotes. The result is a word which 
contains the internal form of the ASCII characters/ right* 
adjusted and left-padded with zero bits. Some examples:

•a* ’abc’ ’abed’

The compiler 
and issues an

counts characters inside character constants 
error message if there are more than four.

2-4.5. £h£ra£t£r £Qns£an£s.

A BCD constant consi sts o f from one to six characters en-
closed by grave accent characters. The result is a word con-
taininq the characters transIiterated to BCD# right justi­
fied# and left-oadded with zero bits. Characters which do 
not have an exact equivalent in the BCD set are converted to 
BCD blanks. Here are three examples of BCD constants:

a

like an AS-
a s

i n

$’123456’

providesNote

t i on

a •

have a g
y write a
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2.4.6. Slrins

A string constant is any string of characters enclosed in 
double quotes. For example:

’’this is a string” 
tr »*

’’the above is the null string”

When processing a string# the compiler packs the characters 
of the string four per word and always appends one extra 
character# an ASCII null (000)# to mark the end of the 
string.

The value of a string is quite different from the other 
types of constants. The value of a f loating-point# octal# 
decimal or character constant is a word containing the 
internal representation of the given constant. The value of 
a string constant is a word containing the of the 
s t r i ng .

In constructing the string# the compiler gobbles all 
characters it sees# translating escape sequences if neces­
sary# until it finds a closing# unescaped double quote. The 
rule which says tabs and form feeds are ignored does not# of 
course# apply in this case# but real newlines (as opposed to 
escaped newlines) are treated specially. If a real newline 
is preceded by a •*'# both and newline are thrown away# 
so you can enter a very long line. If the newline is not 
preceded by a ’*•# it is kept# but a warning message is is­
sued# on the grounds that you probably forgot the closing 
string quote. To get a newline in a string without drawing a 
warning# use the escape f*n’.

2-4-Z-

Escape sequences# beginning with the character ’*’# are de­
fined to allow you to use# in a string or character con­
stant# characters which would otherwise be inconvenient or 
impossible to enter. For example# if you wanted to place a 
double quote inside a string constant# you would use the es­
cape 1The special end-of-string character (ASCII null) 
is escaped as ’*0’. The newline character is escaped as 
•*n’. A newline is taken as a carriage return and a line 
feed when output to a terminal. Arbitrary nine-bit charac­
ters can be generated with ,*#nnn’# where nnn is one to 
three octal digits. The complete set of escape sequences is 
given in Append i x A.
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2.5. SQU£££ ills inslusiQQ.
If the compiler encounters in the source program a 

line of the form

% f ilename

it suspends processing of the current file and begins col­
lecting input from the specified file. When end-of-fi I e is 
encountered in the included file, processing in the original 
file resumes at the next line following the file inclusion 
request. Such included files may themselves contain 
’’^filename” requests pointing to other files.

The ’%* character must be the first character on the 
line/ not just the firstnon-blank character. If the line 
has a line number/ the must immediately follow the line 
number. ■ _ _

The file name given may be in any of the forms accept­
able in the TSS environment/ such as

X t e m p
%/ma i n . b
% f bagg i n s/d i f.b
%fbaggins/s/dif.b
0102ofbaggins/s/di f.b

This allows you to keeo parts of a large module broken 
up into easily manageable files/ while retaining the ability 
to compile the files together. File inclusion is also often 
used to bring in a file of manifest definitions/ such as TSS 
Derail equivalences/ which a variety of possibly unrelated 
programs might find useful.

Any line whose first character is a is assumed to 
be one of the compiler directives shown below. In each case/ 
”<text>” denotes a string of characters which begins with 
any non-blank character.

//title <text>

will place ”<text>” in the comments field of any $ OBJECT 
card written from the time the directive is encountered.

# I b I < t e xt >

will place "<text>"/ truncated to eight characters if neces­
sary/ in the ’’deck name” field of any $ OBJECT or $ DKEND 
card written from the time the directive is encountered. If 
this directive has not been encountered when it comes time 
to generate an object deck/ then the current file name is 
used instead.
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#11 I da t <text>

After being truncated to six characters if necessary/ 
”<text>” is used to fill in the "ttl" date field of any $ 
OBJECT card written from the time the directive is encoun­
tered.

^copyright <text>

is taken as comments.
Here is an example of the use of all four directives:

fltitle tss login subsystem - .tslog 
fllbl tiga 
flttldat 771209 
flcopyright (c) by the University of Waterloo/ 1977.

3. The buildincj bl££kj 2f a B 2122182!.

A complete B program consists of at least one/ but 
usually many/ A module is any of the following:

1) a manifest constant identifier definition.

2) an external (global) variable definition.

3) a function body definition.

Modules may appear in anv order at all/ with the sole pro- 
viso that the definition of a manifest identifier must ap­
pear before the identifier is first used.

Manifest definitions are used to associate a name with 
a compile time constant.

External definitions are used to create a global pool 
of possibly initialized identifiers. This pool might be used 
to declare large blocks of memory/ or to declare identifiers 
that must be accessible to more than one B function. Since 
an external is global in scope/ any 9 function may use it/ 
but only after declaring its intention to do so in an EXTRN 
statement.

A function definition is used to declare a component of 
the executable code of the program. The definition includes 
the name the function will be called by/ the arguments it 
will be called with/ and the statements which define what it 
will reference and what it will do.
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J.1. Manifest constants
•ww *■» <WB» -«■» «-S» -«» WW «S* WSB» —!» "«■» «M>> <MB» . «SB* «•»

A manifest constant has the general form

name text ;

where ’’name” is any valid identifier and ’’text" is the col­
lection of characters between the equals sign and the semi- 
co Ion. ... ................... .... ... ..... ....... ’. ........... .. ............._....

When a manifest is defined# the compiler enters the 
identifier in the symbol table and associates it with the 
"text”# which it keeps in an internal buffer. Absolutely no 
processing of the "text" is done at the time of definition.

When the compiler reads an identifier# it first checks 
to see if the identifier is a manifest. If so# the action 
taken is to substitute the text of the manifest for the 
identifier. For this reason# it is not possible to speak of 
redefining a manifest and any inadvertent attempt to do so 
will usually result in a syntax error. Substitution effec­
tively takes place before the syntax analyzer scans the 
line. Manifests may be used anywhere# including inside later
m a n i ’fest definiti ons.

Because the c omp iIe r does not anal y ze the text of the
manifest until substitution takes place# it is possible for 
the text to refer to a manifest which is defined after it# 
as long as the definitions of both appear before the first 
use.

The use of manifests has no effect on the order of ex­
pression evaluation. For example# look at the definitions

1 ;
a + a ;
B * B r

A
B
C

When "C" is used somewhere else in the program# the compiler 
will actually get "1+1*1+1"# which will be evaluated as 
three and not four# as one might mistakenly assume.

The compiler permits nesting up to 10 levels deep of 
manifests inside other manifests.

Normally# however# you will find manifests quite natur­
al to use. Here are some examples of manifests:

VECSIZE =65; 
vec C VECSIZE ];

0; i <= VECSIZE; ++i ) sum += vecCij;

The manifest "vecsize" is used to establish the size of the 
vector "vec" at compile time# and later used to control 
iteration in a FOR statement.

Waterloo March 1979



/★ binary list structure */
NULL = -1; EMPTY = 0;
CONTENTS = 0;
LEFT PTR = 1;
RIGHT PTR = ?; 
• • • 
printree( ptr )

i f ( ptr != NULL) 
{

printree( LEFT.PTR[ptrJ );
print„contents( CONTENTSCptr] ) /’ 
printree(RIGHT_PTRCptrJ ):

}
! * end pri ntree */

Here/ manifests are being used to make the code involved in 
traversing a binary tree more meaningful. Manifests are 
often used in this way to give names to the elements of a
s t ruc1Jure/ which may be an array of fixed size# or a dynami
c a I I y allocated block of storage.

A common convention/ used in this document/ is to dif­
ferentiate manifest identifiers from other identifiers by 
always showing the manifest identifier in upper case/ and to 
show all others in lower case. It is also considered good 
practice to group all manifests for a program together at 
the beginning of the source code.

3-2. External d£f2011120$.
We will first look at the possible forms of external 

definitions# then look at several examples.
If an external is defined and possibly initialized in 

more than one place# the first one encountered during load­
ing is the one which is used.

These are the possible forms of external definitions: 

name/
A single word is allocated and initialized to zero.

name < i va I }/
’’Name” is defined as a single word and initialized with 
the single value ivaI.

I^al rosy any legal constant expression# in 
which case ’’name” has the value of its result. A constant 
expression may be either a string constant or an expres­
sion formulated with any legal combination of numeric or 
character constants# binary operators# unary operators 
and parentheses# following the rules in the chapter on 
expressions. Alternatively# ival may be a name# in which 
case the value of the ival is a word containing the ad­
dress of the name given. A function name may be used.
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name < ival# ival# ... };
Allocates space for as many words as there are ivals. 
This is in effect a vector which does not have a word set 
aside as a oointer to it; its address is ”&name”# rather 
than just ’’name”# which in this case refers to the first 
ival. This is the way a vector is set up in FORTRAN# but 
is not the same as a 9 vector.

name £ const-ex or J#
This is the first of several forms of B vector declara­
tions. ’’Name” is defined as a pointer to a vector whose 
length is a number of words which is the value of the 
constant expression plus one (since all B vectors start 
subscripting at zero). The zeroth element of the vector 
is initialized to zero; the initial contents of the 
remaining cells are undefined.^ __ 

The const-gx^r in brackets may be any expression 
which is a legal combination of numeric or character con­
stants# unary operators# binary operators# and 
parentheses. It is up to you to make sure the value of 
the expression is reasonable# since the compiler’s gram­
mar lets it accept things like floating point constants 
and negative numbers# which give absurd results. For all 
practical purposes# ”const*expr” must be such that it 
gives an integer result.

name £3 < ival# ival# ... };
’’Name” is defined as a pointer to a vector whose length 
is the number of initial values.

name £ const-expr J < ival# ival# ... >;
’’Name” is defined as a pointer to a vector whose length 
is the maximum of the result of the constant expression 
plus one and the number of initial values. The contents 
of those vector elements# which do not have corresponding 
initial values# are undefined.

For compatibility with a previous version of the com­
piler# B also accepts an ival or ival list which is not sur­
rounded by braces. In this case# the compiler does not per­
mit a constant expression to appear. Only a numeric# char­
acter or string constant is acceptable# although a numeric 
constant may be prefixed by an integer unary minus sign.
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Here are some examples of external definitions: 

a < 10 >;
One word of storage is allocated/ initialized to the de­
cimal constant 10 and associated with the name ”a”.

b E J < 'ab’z ’cde’z ’fqhi’ >;
One word is associated with the name ”b” and initialized 
with a pointer to a vector of three words. The first ele­
ment of the vector/ referred to as ”bE0J”z is initialized 
with the character constant ’ab*. The other two elements/ 
”b£1J” and ”bE23”/ are initialized with *cde* and ’fghi’z 
respecti ve I y.

c { ’ab */ ’ abc ’ } #
”c” is defined and associated with a word containing 
’ab’. The word immediately following is initialized to 
the constant ’abc1/ but is not associated with any name. 
This is in effect a vector which does not have a word set 
aside as a pointer to it.

dE63J;
Defines ”d” and associates it with a word containing a 
pointer to a vector of 64 words/ whose initial contents 
are undefined.

e C10 J < a/ b/ c/ d 
Declares "e" and associates it with a vector of 11 words. 
Words zero/ one/ two and three are initialized with the 
addresses of the externals ”a”z ”b”z ”c” and ”dM/ respec­
tively. The contents of the remaining elements are unde­
fined.

f < ” a string” >J
This is the usual way of defining an external string with 
an initial value. "f” is defined and initialized with a 
pointer to the storage occupied by the string constant ”a 
string”.

gE] { ”pascal/library”z ”pascal/compi ler”/ -1
This sets up a vector of strings with an end marker. It 
defines ”g” and associates it with a word containing a 
pointer to a vector of three words. The cell ”gEOJ” is 
initialized with a pointer to the storage occupied by the 
string constant ”pasca I/Iibrary” . The cell ”gE1]” is ini­
tialized in a similar manner/ while ”gE2]”z the last ele­
ment of the three-word vector/ is initialized to the de­
cimal constant -1•

B does not allow you to explicitly declare arrays with 
more then one dimension. Usually if you need more than one 
dimension/ you build it at run time by calling the library 
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function GETMATRIX/ which will obtain storage/ construct the 
necessary edge vectors and return a pointer to the array. 
However/ in spite of the fact that you cannot declare such 
an array/ it is possible to construct one as an initialized 
external! The secret is that any ival (inside braces) may be 
replaced by an ival or ival list surrounded by braces. The 
compiler then constructs the ival list and places a pointer 
to it in the original ival list. The maximum nesting depth 
is seven. For example/

xC K
< 00/-01 / 02 >/
{ 10/ 11/ 12 }/
< 20/ 21/ 22 }

In this case/ ends up being initialized as a pointer to 
a vector containing three pointers. Each pointer points to a 
vector of three words. In an expression/ the value of ”x[0]” 
is a pointer to the first vector of three words/ while the 
value of ” x C 1 J C 2 ] " is 12.

3.2. fuDiXiDD delioiXlDD.
B functions serve a purpose similar to the subroutine 

in FORTRAN or the procedure in ALGOL. The mechanism of the 
function call involves very little cost in overhead and per- 
mi ts recurs ion.

A working B program always contains at least one func­
tion/ called MAIN/ and usually others/ since the language is 
designed to encourage modular or structured programming.

The general form of a function definition is

n a m e( a r g 1 / ar g 2/ ... ) statement

The name must be a valid identifier and is automatically de­
fined as an external by the compiler.

The formal arguments consist of a possibly empty list 
of identifers separated by commas. Each argument is impli­
citly declared as an automatic (local) variable and storage 
for it is allocated on the runtime stack frame. Note that/ 
although you may not declare a vector as a formal argument/ 
you can always use an argument in a subscripting operation/ 
as if it were a vector pointer.

"Statement” defines what actions the function will 
take. Most often/ it is a compound statement/ consisting of 
a set of statements enclosed by braces. The rules for formu­
lating statements are presented in the next chapter.

When writing the code for a function/ there are a few 
things you should keep in mind.

The caller will always pass its arguments strictly by 
yalug. This means that altering an argument has no effect on 
the state of the caller. However/ if an argument is a 
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SQlntgr/ you can change the state of the caller by 
indirecting through the pointer using either the unary in­
direction operator or subscripting.

The function may at any time return a one word value 
using the RETURN statement. The caller and the callee do not 
have to aaree on whether or not a value is returned. If a 
value is returned/ but not expected/ the value is ignored. 
If a value is expected/ but not returned/ the value is unde­
fined.

A function can determine the actual number of arguments 
it is called with by invoking the library function NARGS. 
For instance/ the statement

x = n a r q s () /'

would assign to the variable "x" the number of arguments 
supplied to the current invocation of the function.

The availability of NARGS lets you write functions 
which may take a variable number of arguments. Most of the 
time/ this means that such a function is called with fewer 
arguments than are defined for it/ in which case one of the 
first things such a function does is to establish default 
values for the arguments it does not have.

The other c a s e/ in which a function is called with more 
arguments than are defined for it/ is somewhat trickier/ and 
should be avoided/ unless you know precisely what you are 
doing.

The function called MAIN is the entry point to your 
program from the 3 runtime initialization routine. If not 
present/ the TSS loader prints the message:

< w > main unde fi ned

For details on how your main function is invoked/ see 
the chapter on the run time library.
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Statements are used to define the actions taken by a B 
function. They may apoear only in the body of a function de­
finition. In certain cases/ the definition of a statement is 
recursive/ in that a statement may apoear inside a state­
ment. In this chapter/ you will see that in many cases/ one 
may use an expression in a statement. Since the rules for 
formulating expressions are discussed in the next chapter, 
we merely note here that an expression may be a statement/ 
but a statement may not appear in an expression.

In every case where a statement is permitted/ it may be 
replaced by a £QmQQjjnd Statement# consisting of one or more 
statements enclosed in curly braces/ as in

< 
statement! 
statement?

The compiler does not permit a null compound statement like

< }

All statements/ except compound -statements/ must end with a 
semicolon.

In the formal definitions which follow/ reserved words 
are underlined and parentheses/ where shown/ are required. 
Also/ "statement” implies either a statement ended by a sem- 
icolon or else a compound statement surrounded by braces.

£.1. Uull SX31£W£ni.

The null statement does absolutely nothing. It is typically 
used to supaly a null body to a WHILE statement/ as in

while( putchart getcharO ) );

or to provide a convenient place on which to hang a label.
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£.2. ExQ££SSiQQ £iat£2£Qt

expression }

Any valid 9 expression followed by a semicolon is acceptable 
as a statement. To be meaningful, the expression will usual­
ly involve an assignment operation or function call, as in

x = mi n (a,b) + x ;
open( "/myfile", "r" );
+ + i;

but the compiler will happily accept statements which do ab­
solutely nothing, such as

a < b, 
open;

Remember that, in 8, assignment is an operator in an expres­
sion, not a statement.  •

4.3.1. Storage tyres.
«!w» **•* w* «K»

Before discussing the statements pertaining to storage de­
claration or reference, we will briefly look at how storage 
is allocated in a B program.

External storage consists of the global pool of exter­
nals declared in the manner described previously. For a 
function to use one of these externals, the name must be 
referenced in an E X T R N statement.

Automatic storage consists of local variables which are 
created anew on the runtime stack each time the function is 
called and which disappear when the function returns. Au­
tomatic storage is unique to each invocation of a function.

Internal (local static) storage is allocated within a 
function body and is common to all invocations of a func-

Constants used inside functions are allocated as inter­
nal storage, but the compiler will not accent constructs 
that would result in directly changing a constant’s value.

t i on . The label , which is never explicitly declared. is the
only permitted instance of i nterna I storage.

Finally, there is a pool of free storage which can be 
dynamically allocated by the library function GETVEC and 
dynamically released by the library function RLSEVEC. This 
free area is automatically grown as required up to the lim­
its imposed by the operating system.
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Any identifier used in a function body must be a formal 
argument# a label/ or previously referenced in an EXTRN or 
AUTO statement. The only exception is a function name used 
in a function call/ since the compiler automatically types 
as external any name immediately followed by a left 
parenthesis.

AUTO and EXTRN statements may appear anywhere in a 
function body/ but you should group them at the beginning of 
the function.

4.3.2 ® mSp* ® Eitc 

£xt£D name!/ name?/ ... ,

This statement allows the function to begin using the names 
previously defined as externals (see chapter 2). Although an 
identifier may be externally declared as a vector/ you 
should not indicate this in the EXTRN statement/ since B 
lets you use any cell in a subscripting operation.

4.3.3. AliXs.

^yX2 namel/ name2Cconst-expr ] / ... ;

The AUTO statement is used to declare local storage/ which 
is unique to each invocation of the function. For example/

auto x/
auto i/ j/ xC13];

A vector declaration is legal in an AUTO statement/ but the 
size of the vector must be a constant expression/ since it 
is established at compile time.

£.20 $ X~is any legal combination of numeric or char­
acter constants/ unary operators/ binary operators and 
parentheses. Make sure what you use is sensible/ because the 
compiler accepts constructs like ’’auto x E -1 J” which lead to 
undefined results. Normally/ one would expect a constant ex­
pression which is not a simple numeric constant to involve a 
manifest constant/ as in

MAX — 10* 

auto x[MAX*21z y C M A X + 7 ] t

If you need dynamic vector allocation/ you must use the li- 
brary function GETVEC to obtain it from the free storage 
area.

An AUTO statement which declares a vector is executable 
in the sense that/ when it is encountered/ it initializes
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the pointer to ”n + 1” words. The initial contents of an AUTO 
vector or other AUTO’variables are always undefined.

Because AUTO variables are allocated on the stack/ and 
because the stack size is finite/ you should be cautious a~ 
bout declaring vectors/ whose size is greater than 64 words/ 
as auto variables. Although the compiler command will let 
you change the default stack size of 500 words/ it may be 
preferable to either use an external/ or else allocate it 
from free storage.

4.^.4. Labels*

Any unique identifier followed by a colon and preceding a 
statement is defined as a label. For example:

again: #
nxt: x = getchar () ;

A statement may be preceded by as many labels as appear 
to be necessary/ as in

I a b 1 : I a b 2 : I a b 3 : printf(”hi there”);

4.4. Ir^QSfgE 21 £2D1£Q1*
The GOTO statement does the obvious thing. The RETURN 

statement is used to exit from a function. The NEXT and 
BREAK statements greatly simplify loop control.

4 . 4 • 1 • £ Q X Q •

2212 identifier ;

will cause a function to transfer control to the statement 
which has the label ’’identifier”.

If ” label” has not already appeared/ it is defined as 
one. It is a fatal error if it is not used as a label in the 
funct ion body.

It is legal to transfer to any location inside a func­
tion body# including into or out of a compound statement. It 
is almost never a good idea to transfer into a compound 
statement# because the action is difficult to follow and be­
cause it can lead to unpleasant surprises.

Because Bis a typeless language/ the compiler has no 
way of knowing whether the identifier you supply in a GOTO 
statement really turns out to be a valid label at runtime# 
so it is perfectly legal# but probably erroneous# to say

e x t r n b /'

goto b;
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Never try to pass a label as an argument to a function 
and use it to transfer to another function. The program will 
end up in one function/ but with a different function’s 
stack pointer/ resulting in immediate or eventual disaster.

4.4.£.

fetyrn ;

££iW£3 ( expression ) ,

The RETURN statement ends the execution of a function and 
results in return to the caller. Upon return# all temporary 
storage in use by the particular invocation of the function 
di sappears.

The first form of the RETURN statement merely returns 
control. The second form causes a one word value to be re­
turned also.

Note that the construct

returnC ) J

is not permitted by the compiler (it gives a syntax error).
A simple RETURN statement is supplied implicitly at the 

end of a B function body.
The library function EXIT is also available/ should 

your program wish to terminate execution at a point other 
than after the last statement of MAIN.

4-4-3- Brsah.

The effect of BREAK is to drop out of the most recent inner­
most enclosing WHILE/ FOR/ SWITCH/ REPEAT/ or DO-WHILE 
statement. The compiler generates a fatal error if a BREAK 
statement is not inside one of these.

4.4.4. N££t•

next #
NEXT is a directive to skip all further statements in the 
most recent enclosing WHILE/ FOR/ REPEAT/ or DO-WHILE loop/ 
and transfer to the test which determines whether looping 
should continue. Note that NEXT is only legal in a SWITCH 
statement if the SWITCH is itself inside one of these loop­
ing s t a t emen t s.
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4-5- iQQiitiQnal

4.5.1. If.

11 ( expression ) statement

If the result of the expression is non-zero/ then the state­
ment is executed. The parentheses around the expression are 
manda t or y.

IF ( expression ) statement ELSE statement

If the result of the expression is non-zero# the first 
statement executes# otherwise the second statement executes.

In the case of nested IF statements where there are 
fewer ELSE s than IF s# the compiler associates the ELSE 
with the closest IF at the same level of nesting.

i f ( . . . ) i f ( . . . ) s 1 e I s e s 2

resolves to

i f ( ... )

Think of IF s and ELSE s being placed on a pushdown stack as 
they aopear. An ELSE which you pull off the stack always 
goes with the next IF pulled off.

Here are some examples of IF statements:

i f ( a ) y = x;

i f ( a < 2 ) y - a i else y= 07

i f( a !=b)z = g(y); 
else

a + = x ;

ixeraxi^e sxaxeasnxs.
A REPEAT iterates a statement until a BREAK statement 

is encountered or a GOTO causes control to pass outside the 
loop. WHILE iterates a statement as long as an expression is 
non-zero# testing at the top of the loop. DO-WHILE iterates 
a statement until an expression is non-zero# testing at the 
bottom of the loop. A FOR uses three expressions to initial­
ize# test and modify in controlling a loop.
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i • 6 • 1 • E £ Q £ $11

r eggJX statement

The REPEAT merely executes the statement forever. The state­
ment is almost invariably compound. NEXT and BREAK state­
ments are legal inside a REPEAT.

If the result of the evaluation of the expression is non­
zero# the statement associated with the WHILE is executed. 
After execution of the statement# the expression is re­
evaluated again and# if the result is again non-zero# the 
statement is executed again. In other words# while the 
result of the expression is non-zero# the statement is exe­
cuted. When the result of the expression is zero# control

ment

passes to the next statement fol.lowing the WHILE stat ement.
BREAK and NEXT statements are legal in a WHILE state

The DO-WHILE provides a loop with a test at the bottom of 
the loop. It is equivalent to:

repeat
<

s t a tenant
if( ’expression ) break/

BREAK and NEXT statements are legal in a DO-WHILE 
statement.

The FOR statement may be used to set# test and increment a 
variable in order to control a loop. The FOR statement is e- 
quivalent to
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f
while ( exp r2

st atement
e x p r 3 f

The first expression/ which might initialize a controlling 
variable/ is evaluated. Then# if and while the result of 
second expression (usually a test) is non-zero# the state­
ment is executed. Before returning to re-evaluate the second 
expression/ the third expression# which might increment a 
controlling variable# is evaluated.

Both BREAK and NEXT are legal in a FOR statement. The 
effect of NEXT is to pass control to the evaluation of the 
third expre ss i on.

Any or all of the expressions may be null# and they 
need not necessarily involve the same controlling variable# 
if any. Note that the second expression is always treated as 
a logical expression. Some examples:

for( i = 0 ; i < 10; + + i ) x L i ] = j[i J ,

for( i = 10/ i <= xJ i += 2 ) 
f o r( j = 1; j < y; + + j )

g C i J C j ] = f ( i ♦ j ) ;

for( ; i < nJ + + i ) yCi 3 = zCn - i]#

NULL = 0;
NEXT = 1 ;
DATA = 0 ;
• • •
fort p = startlist/’ p != NULL; p = pCNEXT]; ) 

i f ( pC DATA 1 >= x ) break;

The SWITCH provides a conditional branch depending on 
the one word result of an expression. The SWITCH has the 
following formal syntax:

switch ( expression ) statement
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The statement is always compound and special Labels are 
allowed inside the statement to point to where to start pro­
cessing for a given case# as in

( expression )
< 

const-expr: statement
„. ££££ const-expr :: const-expr: statement

break '
<rel op> const-expr: statement _ 

/* rel op. is one of </ < = # > = # > */
: statement

}

The SWITCH evaluates the expression and compares the result
with the constant or cons t ant bounds i n each CASE label. It
selects a case/ if there is one/ and begins executing the 
compound statement at the statement immediately following 
the appropriate CASE label. If the exoression result fits no 
case# execution continues at the label DEFAULT (if supplied) 
or at the next statement following the SWITCH# if DEFAULT is 
not supplied.

Once a case is selected/ execution always falls through
into the next case# unless a statement which alters the cen­
t r o I flow is encountered.

Usually# a BREAK is used. It causes control to go to
the stat ement following the SWITCH.

A stat ement may have more than one label or CASE label#
JUS t as a label o r CASE label may be followed by more than
one statement.

As shown above/ a CASE may be satisfied by 1) a single 
value/ 2) a range of values which include the endpoints/ or 
3) an upper or lower bound. Overlapping bounds draw a fatal 
diagnostic from the compiler.

By we mean as usual any legal combination of 
numeric or character constants# unary operators# binary 
operators and parentheses which can be evaluated at compile 
time as some constant value. String constants are not per­
mitted in this context.

Any attempt to SWITCH on floating-point values will not 
work# since the generated code performs integer comparisons.

The compiler will construct a jump table for the SWITCH 
statement if the ratio of 1) the maximum case value minus 
the minimum to 2) the number of case labels is between one 
and two.
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As an example/ here is a function which uses a SWITCH to 
determine if a character is legal for a B identifier.

alphnumC c )
s w i t c h ( c )

<
case • A• :: • Z * :

/* converts upper case to lower */
/* and falls through to return */
r I - • • •Cl— /

case ’a’ :: ’ z ’ :
case ’O’ :: ’9’:
case ’. ’ :
case ’ _’:

return( c )J
/* would use break if return not used */ 

default:
return( 0 ) /

/* end of alphnum */
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s. EiQieSSiQns

Expressions in B are constructed according to rules 
which govern combinations of operators, identifiers, square 
brackets, and parentheses. B has a large set of operators, 
which are described in this section.

Because B is typeless, the compiler always assumes a 
given operation on a word is appropriate. Although this 
tends to force you to do more checking yourself, it also 
gives you the scope to do almost anything you want. This 
typeless characteristic often causes trouble for beginning 
users of 0, because the compiler happily accepts possibly 
erroneous operations, such as adding one to a function name, 
or using a pointer as a function call. Such is the price of 
f r eedom.

The compiler takes no responsibility for the validity 
of expressions. There is no runtime monitoring of possible 
arithmetic overflows or faults. In the B run time environ­
ment, overflow faults are masked out, but, in the Pascal run 
time environment, they are not. A divide error (like divid­
ing by zero) will result in a fault.

Expressions are evaluated according to an Qf 
bjn^iQg which includes both the hierarchy of evaluation, 
which determines the order of evaluating different types of 
operators, and which determines the order in which 
operators of the same type are evaluated. Me will discuss 
the hierarchy from highest (evaluated first) to lowest and 
mention the grouping rule for each type. The results are 
summarized in Appendix A and the explain file ’’explain b 
binding”.

5.1. Primary expressions.
The primary expression is the basic building block 

used to construct expressions. It is defined recursively as 
follows:

name
A legal identifier is a primary expression, 

constant
Any legal constant constitutes a primary expression. 

primaryC expr ]
A subscripting operation, which is a primary expres­
sion followed by an expression in square brackets, is 
a primary expression.

primary(arglist)
A function call operation, which consists of a pri­
mary expression followed by an open parenthesis, is a 
primary expression. The open parenthesis must be fol- 
lowed by a possibly empty set of arguments, consist­
ing of comma-separated expressions, followed by a 
close parenthesis.
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( e x p r )
Any expression enclosed by parentheses which is not a 
•function argument list is a primary expression. This 
lets you use parentheses to alter the order of bind­
ing.

Here are some examples of simple primary expressions:

x get char() (a + b) 6 x C i J 6 [ x J

In cases where a primary expression is composed itself of 
another primary expression/ grouping occurs from left to 
right. For example/ look at

xti JIj] x C i  ()

In the first case/ "x" is treated as a pointer to a vector 
of vectors. In the second case/ " x " is treated as a pointer 
to a vector of functions/ one of which is to be called. In 
both cases/ "xEiH" is evaluated first/ placed in a tem­
porary/ call it ”y”/ and then the remainder of the expres­
sion is evaluated as " y C j 3” or "y()"z respectively.

5.1.1. iQt 1 ng.

Subscripting is not restricted to use with variables origi­
nally declared as vectors. It is a completely general opera­
tion which may be applied using any two arbitrary expres­
sions.

To help you understand how subscripting works in 8/ 
take a look at the primary expression

aC i 3

One of the variables is supposed to be a pointer/ while the 
other is supposed to be an offset/ but it does not matter 
which! The reason for this is that 8 gets a pointer to the 
cell "a[i3" simply by adding "a” and ” i " together. If the 
value of the cell is required/ the compiler gets it by using 
the pointer. Therefore it is perfectly legal to alternative­
ly say: 

anywhere you could have said "aFi]'’.
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5.1.2. EuosUqd calls.

As you can see above/ the general form of a function call 
is:

primary e x p r1/ e x p r 2 / . . . / exprn )

Most commonly/ ’’primary” is just the name of the function to 
call/ but the generality of expression is there to permit 
you construct and use vectors or lists which contain func­
tions to be called.

A function call primary may always be assumed to return 
a value. It is up to the programmer to make sure that a 
value is returned when one is wanted or that a value is only 
wanted when one is returned.

It is also up to the programmer to make sure that a 
function is called with as many arguments as it needs. It is 
safe to call a function with more or fewer arguments than 
are defined for it/ assuming the called function is prepared 
for such contingencies.

Note that it is the parentheses surrounding the argu­
ment list which tell the compiler the operation is a func­
tion call/ so they must always be present. For instance/ say 
you have a function called PROC which requires no arguments. 
To call it/ you s ay

p roc ()

But if you say only

proc

no function call will take place/ because none is implied.

5-2- Rvalues aod Lvalues-
When we come to the assignment statement/ or to opera­

tors which perform implicit assignment/ it becomes necessary 
to distinguish between the address of a thing and its con­
tents.

An ryalge is the contents of a word. Any expression in 
B may be evaluated for an rvalue. For example/ the rvalue of 
a subscripting operation is the word addressed by the sum of 
pointer and offset.

Everywhere in this manual where we say ’’expression”/ we 
mean an expression whose result is some rvalue.

An ly^lus is the address of a word. Only a name/ a sub­
scripting operation/ or a primary expression prefixed by the 
unary indirection operator may be evaluated for an 
lvalue. The lvalue of a subscripting operation is the ad­
dress formed by the adding pointer and offset.
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It is convenient to think of an lvalue as an expression 
which is legal to the left of an assignment operator and of 
an rvalue as an expression which is legal to the right, as 
long as you remember that both may also appear in other cir­
cumstances.

Context determines whether an expression is evaluated 
for its rvalue or its lvalue. For example, look at the as* 
s i gnment

a C 3 ] " 2 + x

The expression on the right yields an rvalue which is the 
sum of the contents of ”x” and the constant ”2”. ”aC3J” must 
be able to, and does, yield an lvalue which is the address 
of the place to put t ne sum.

Conversely, it is illegal to say either of

6 = x
(a + b) = x

because the expressions which are on the left of the assign­
ment operator are not permitted to have an lvalue. If they 
could have an lvalue, you could then in the first case 
change the value of the constant, or in the second case make 
a meaningless assignment.

5.3- UOary opfir^lQrs.
A unary operator acts upon a unary expression to 

transform it in some manner. A ’’unary expression” is either 
a primary expression or a primary expression already modi­
fied by one or more unary operators. In the definitions 
below, ’’rvalue” or ’’lvalue” must be a unary expression. 
Unary operators are applied from left to right. Except for 
the unary indirection operator# the result of applying a 
unary operator is always an rvalue.

The following unary operators are defined:
^rvalue •

Assumes the value of the expression to be integer and 
converts it to single precision floating point.

# it r v a I u e
Converts single precision floating point to integer, 

’rvalue
One’s complement. Converts all zero bits of its 
operand to ones and all one bits to zeros.

-rvalue
Results in the arithmetic negation (two’s complement) 
of the op er and.
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# - r v a I u e
Results in the floating point negation of the operand 
word.

!r vaIue
Logical not. The result 
non-zero; otherwise/ the

is zero 
result is

if the operand is
one .

★rvalue
The indirection operator. Takes the rvalue but uses 
it as an lvalue. This is the only case in which a 
unary operation returns an lvalue. Thus any primary 
expression prefixed by a may appear on the left 
hand side of an assignment. "★6 = x” stores the con­
tents of x in location six. ”y = ★x" stores the con­
tents of the word pointed at by x into y.

& IvaIue

rvalue. For instance/ ”&x" is an rvalue which con­
tains the address of x in the lower 18 bits/ while

The address operator. Forces the program to generate
the lvalue of the expression/ then use it as an

"&6" is illegal/ because ”6” may not have an lvalue*.
★★lvalue

Adds one to the rvalue/ before using it. Each of the 
auto increment/decrement operators require an lvalue 
as its operand. An lvalue is required/ because of the 
implicit action of assignment/ but the result is al­
ways an rvalue.

I value + +
Adds one to the rvalue/ after using it. 

-lvalue
Subtracts one from the rvalue/ then uses it.

Iva Iue--
Subtracts one from the rvalue/ after using it.

9primary
The at-sign operator is used to force the use of 
Honeywell hardware indirection. Its effect is to OR 
the indirect bit into the last generated instruction 
for an expression (rvalue or lvalue). The instruction 
affected is usually a load or store. It was most com­
monly used to access characters using tallies/ by in­
directing to a word with tally modification and the 
address of a tally word. Normally/ you should not use 
i t .
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