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ABSTRACT

A macro process0r which implements both trigger and syntax
macros is described.
Trigger macros are implicitly called by the
~ppearaDce
of certain character sequences called triggers in the
input text, while syr.tax macros are explicitly called fro_ other
macros. Local trigger aacros aay be defined in order to restrict
th~ context i n which they may be called.
Macros of all types Bay
be called recursively.
The syntax of the macro patterns allows
nesting of patterns, alternation, negation, optional matching,
and iteration. Any of these constructs may be nested within any
others to whatever degree desired.
The replace~ent text is generated by procedures which
support integer, string, and symbol table data types: the
appropriate operations for each of these; and conversion between
d~t~
types.
Re piacesent text can be directed to the input
stream , output files,
or other macros.
The DorBal control
statements such as IF-THEN-ELSE,
WHILE, FOB,
and ::iOTO are
present.
The language in which macro definitions are written is
e~sily extensible and if desired can be made to
conform to the
syntax of whatever language is being processed. Except for a few
li,aitations
and a few extensions the capabilities of the
processor are much the same as those specified in the ISft
L~Dgu a ge Point 22 57 proposal.
The macro processor itself is distributed as an ANSI
standard FORTRAN program a nd so can be implemented easily on any
medium to large size computer.

I.

INTRODUCTION

The ST EP processor belongs to the class of teEt processing
programs known as macro processors. It is designed pri_arily to
~ll o w user d efined l a nguages or language extensions to be
easily
and quic kly i~pleMented.
Text processing by STEP can be thought
of as being table driven, with the data elements contained in the
t~ble being called macr o s.
Each of these macros can be thought
of as a
form u la or rule for transfor~ations to be performed on

-.:?the input data being read by

could,

the

processor.

This

input

data

for example, be the source of a computer program which is

written in a specialized language and must

be

transformed

into

text 3uitable for input to a specific compiler or assembler.
The macros, which are user defined, can be thought of as the
(the STEP processor)
in the
performance of its task. A simple exaaple of the definition of a
m~~ro
and the actions that it would cause the processor to take
will DOV be described.

software which directs the hardware

Wben no macros are defined, the

p~ocessor

simply reads

text

from its input file and writes that tert unchanged to its output
file.
A simple text replacement macro could be defined by the
appearance in the input of the string

:HCRO TRIGGER: 'INTEGER': P.ESCAN 'REAL'; END l!IACRO;

(1. 1,

The string MACRO TRIGGER:

can for the present be thought of
simply as an indicator to the processor that a aacro definition
follows.
When this or any other macro definition is encountered
in the input it is recognized by another macro, which removes it
fram the input stream,
possibly
translates
it
into
an
inter~ediate
form, and passes it to internal compilers. The
intern~l compilers translate the
macro definition int~ object
code vhicb is stored in the processor's tables.
The macro
definition in this case consists of three statements each of
which is terminated by a semicolon. The significant portion of
the macro is its first and second statements, while the third
serves ta indicate the end of the definition.
The first
statement of a macro definition is alvays a pattern matching
statement and indicates the type of text in the input that is to
be transformed.
In this case it is the string INTEGER. This
string is delimited by apostrophes in order to separate it from
the various control symbols and other entities that might appear
in the first statement of a more complex macro definition.
The
keyword RESC1N in the second statement indicates that the string
which follows it (REAL) is to replace any occurrences of the
pattern in the input.
Thus the input

INTEGER X,Y,Z;
"AeRO TRIGGER: 'INTEGER'; RESCAN 'REAL'; END MACRO;

( 1. 2,

INTEGER A (1, ,B,C (INTEGER, ;

vill appear in the output as
( 1. 3,

INTEGER X,Y,Z;
REAL A(l"B,C(REAL,;

The first occurrence of the string INTEGER is not transfor.ed
since it appears before the macro is defined.
Actually the
output of the processor may have slight differences in for.atting
from (1.3), but for the present discussion these are unimportant.
It should be emphasized that the macro defined in

(1.2)

is

an extreme simple case of the types of .acros that can be defined

using

STEP.

Summary of Contents

The primary purpose of this manual is to instruct the reader
in how to define and use .acros vith the ST~P processor.
Examples vill be used whenever possible to help crystalize in the
re~der's
mind the various rules and concepts as they are
introduced.
While at first the examples given may seem trivial,
as more of the features of the processor are defined and made
available for their use, the examples vill take on a aore
practical flavor.
Many of these examples vill demonstrate vays
to extend aD existing language.
Unless otherwise stated, the
h~se languaqe that is extended is similar to PORTRIN, except that
it is free field, with statements being separated hy semicolons.
section II begiLs with a discussion and examples of siapler
types of macros and then attempts to motivate the need for some
of the more complex ways in which STEP .acros can be used.
Explanations
given
will
aid
the
reader's intuition in
understanding the examples in this section.
This understanding
can then be cospleted by the more detailed discussions of macro
definition and usage given in later sections. The two types of
STEP macr~s, syntax macros and trigger macros, are introduced and
a short description of their behavior and some possible uses
co.plete this section.
Section III presents an overview of the STEP processor.
First its structure is briefly outlined and then the method by
which it reads, transforms, and writes text is explained in a
little m~re, althougb not yet complete, detail. The various I/O
files used by the processor are also briefly described.
Section IV discusses the input
readers
aDd
several
aiscellaneous details of the STEP processor vhich could not
conveniently be explained elsewhere.
The next two sections constitute a reference .anual for STEP
mscro pattern definitions. The first of these deals with the
elements from which all macro patterns are constructed: the
pattern string and the syntax macro call. Section VI defines the
various control symbols used in constructing co.plex patterns
from the5e elements. A detailed account of an exa~ple .atching
process is also given.
The next three sections are a reference manual for the
replacement procedure compiler. Section VII discusses data types
and the expresions which can be for~ed from them. Section VIII
discusses the s~ateMents in the replace.ent procedure language.
The ~ext section co.pletes the discussion of the co.piler with
intrinsic functions, listing for.at, and a few suggestions on how
the compiler should best be used.
section X completes the formal
discussion
of
macro
definition with rules for defining and using local trigger
a~cros.
Also included is a discussion and example of using STEP
.~cros
for extending the macro definition language itself. The
section ends with a discussion of the protect option, which
allows the invocation of certain classes of STEP macros to he
temporarily inhibited.
The text that has been transforaed by the matcher is
formatted for output by the output processor, which is described

-

~-

in section XI.
The STEP output processor is soaevhat unusual in
th~t
it effectively performs so~e limited lexical scanning
operations on the text that is input to the macro processor.
Section XII is a relatively unstructured collection of hints
and techniques for vriting and using .acros.
Finally. the

conclusion in section XIII describes a nu.ber of changes that the
processor has yet to undergo.
This

~aDual

is directed toward the macro writer who vill

be

using
the STEP processor to implement or extend computer
programming languages and not the end user of a language which is
defined by a particular set of STEP macros. The macro writer is
expected to be an experienced programmer with knowledge of more
th~D one high level language.
Depending upon the complexity of
his task, a
knowledge of some of the techniques of compiler
cons~ruction may also be helpful.
This is not to say that users
of languages implemented by the macro writer cannot write macros,
because even though the full capabilities of the STEP processor
m~y be more than they wish to learn, the macro writer, using
the
ability of STEP macros to process the definitions of other STEP
m~cros, can easily i.ple.ent a simpler sacro definition
language
to accompany the language being defined or extended.
Such a
m~cro language would perhaps use only a small subset of the
full
c~pabilities
of the macro definition language and could be made
to have a syntax similar or identical to that of the language
being defined or extended.
~any existing general purpose macro processors are
somewhat
elegant in the simplicity of their macro definitions and as a
result of this require complex combinations of interacting macros
in order to perform some tasks. STEP makes no claims to elegance
or simplicity; it does, however, claim practicality.
There are
m~ny
different statements, control sy.bols, and aatching rules
th~t must be learned in order to use the
processor effectiYely,
and the functioning of the recursive matching process is at tiaes
difficult, although not impossible, to understand.
Once the user
h~s learned to use the processor, however, he will find that aany
of the complex things that
he wishes to do can be done in a
straightforward m~nner without
the necessity of resorting to
various tricks or complex constructions of macros.

Notation
~hen portions of a macro definition, keywords, or characters
are used in the coding of macro definitions or input text
for
the processor are included directly in the text of this
manual they viII normally be distinguished easily enough and not
need to be delimited by quotation marks or any other special
sy~bols.
In those few instances vhere confusion could arise,
h~wever,
quotation .a~ks will be used as deli~iters and should
not be considered as part of the actual text that would be passed
to the processor.
th~t

II.

MACRO PROCESSING

- sTrigger Macros

In its simplest form, a macro processor is a progra~ which,
upon recognition of certain strings in an input text steea.,
substitutes for these strings corresponding strings
called
replacements.
The
recognition, or triggering, process 1s
accomplished by matching a prefix string of the current input
stream against patterns, wbich are text strings stored in the

To increase the flexibility of this process the
may be allowed to contain formal argu.ents, so that
p~rtioDS ~f the input text might be required to match identically
those parts of a pattern before and after the formal ~rgu.ent,
pr~cessor.

patterns

While another portion of the input, called the actual argument,
has only a fev restrictions on its content.
For example, a macro
pattern

for

the

STEP

processor

could

ADD' A1:BAL 'TO' A2:BAL 'AND STORE INTO' AJ:BAL ' ; '

have
(2. 1,

where the text delimited by apostrophes must be aatched literally
and the SAL terms denote for~al arguments which are distinguished
from each other by the labels A1, A2, and A3.
The occurrence in
the input text of
(2.2,

ADD 32 TO fAR AND STORE INTO INT;
t

would match the above pattern and cause its corresponding
replacement to be produced. The production of the replace.ent
can be governed by a template of the for.
13

'='

A1

'+'

(2.3,

A2 ' ; '

where items delimited by apostrophes can be thought of as
character
string constants and items not so delimited as
chiracter string variables representing the actual arguments.
The replacement is then formed
by substitution of the actual
arguments 32, VAR, and INT, for the occurrences in the template
of A1, A2, and A3, which correspond to the first, second, and
third formal arguments occurring in the pattern. The replacement
for the above example would then be
(2.4,

INT = 32 + VAB

In order to define this macro one would then write
~ACRG

TRIGGER;
'ADD' Al;BAL
REselN A3 '='
END MACRO;

'ro'
A1

A2;BAL

'+'

'AND STORE INTO'

A2 ' : ' ;

A3;BlL

,. ,.

• •

(2.5,

The pattern appears as the first statement of the definition
while the replacement template appears in the second. The
necessity of delimiting the pattern and parts of the replacement
template by apostrophes is in part demonstrated by the fact that
the semicolons which appear in both the pattern and in the
replacement template Eust not become confused with the semicolons
which terminate statements in the macro definition.
The macros
(2.5) and (1.1) are called trigger macros because their activity

is triggered by the appearance of strings in the input
which match their patterns.
EleMentary

~acro

strea~

Writing - Exaaples

A few examples of the practical use of some of the macro
concepts thus far introduced are now given for the benefit of the
reader vho is new to macro processing. The more experienced
reader will find these examples siMilar to those arising from
cOllman usage of other macro processors and may wish to skip this
section.
The first example illustrates how common declarations in a
FORTRAN progra. can be centralized by the use of aacros of
the form
l~rge

MCRO TRIGGER:
'COMMON/PLOTID/;';
RESCAN 'CCMMON/PLOTID/VAR(3,6,32),IDENT(B,B),'
'FCENTR (2,20,36) , QLOG (100, ;'
'LOGICAL QLOG; INTEGER VAR,IDENT;' :
END MACRO;

(2. 6)

The F0RTRAN programmer may define this aacro, and others like it,
~t the beginning of a large group of FORTRAN routines in order to
save vriting the same co~.on declarations again and again in each
routine, ~nd indeed, to insure that the common declarations in
each routine are the same.
If a · proqra. modification requires
t~~t a common declaration be changed, then the change
need only
be appli~d to one place in a macro and it viII be propagated
throughout the rest of the program.
For really large prograllS,
macros like the following could then be defined

TRIGGER:
'INCLUDE GRAPHICS COftHONS;';
RESCAN 'COMMON/PLOTID/; COMMON/PLOT2D/;'
'COMMON/CHARS/; COMMON/SCOPEC/;';
END MACRO;

~ACRO

(2.7)

Note that the text produced by this macro is placed back into the
input stream where it is further converted by .acros like
(2.6).
When writing a graphics subroutine the appropriate co •• on blocks
c~n nov be declared by one statement.
The second example illustrates how a macro vhich !lakes use
of a single formal argument can be used to provide a shorthand
notation for a common type of program statement.
In some
programs it is often necessary to increment or decrement a
va.riable by one. This is normally done by coding a statellent
like

ISCOPE (IAR RAY, JABRA y064+ 3B, KARR AT 0 32-16) =
ISCOPE(IARBAY,JARRAY*64+38,KARRAY*32-16) + 1:

(2. B)

This extreme exa.ple suggests that writing the ISCOPE array vith
all of its subscript expressions only once would lessen the
chanc~ of a coding error, not to mention saving wear and tear
on
the prograllmer. The new syntax might be

+

ISCOPE(IARR~y,JARRAY·64+38,KARPAY·32-16):

(2. 9)

- 7So

i!l

state.ent beginning with a

'.'

(or

'_')

lIeaDS

that

the

variable in the statement must be incremented (or decre.ented, by
one.
The macro implementing the increment statement could be
written
MACRO TRIGGER:
';+' 81L ' ; ' ;
RESCAN

':'

END MACRO:

BAL

'='

(2.10)

BAL • ... 1;·;

Note that the terainating semicolon of the previous state.ent

used

to

ensure

is

that the '.' operator is the first character of

the statement that it appears in. Also, since only one foraal
argument appears in the pattern of (2.10), it does Dot need to be
labelled.

Extentions Needed for Macro Language processing
suppose nov that the macro writer has produced a special
purpose language having statements 5i.lIar to (2.2) for a certain
user com~unity.
The state.ents are translated by a macro
processor into a FORTRAN like base language having statements of
the form (2.4). The me.bers of the user co •• unity have decided
not to learn FORTBAF, but instead prefer to progra. entirely in
the macro defined special purpose language.
If one of these
progra~mers were to code the incorrect state.ent
ADD A TO B AND STORE INTO 38;

it would be translated without complaint
incorrect base language statement

by

(2.11)

(2. S)

38 = A + B :

the

(2.12)

Later, upon reaching this statement, the base language
will retuen to the user the following diagnostic:

STATEMENT SYNTAX ERBOR:

into

38=A+B:

compiler
(2. 13)

Since the object (FORTRAN) code, with which the user
is
unfaailiar, appears in the diagnostic, it .ay be difficult to
trace the error back to the faulty source statement. Indeed, the
translation process for a single statement in so.e aacro defined
languages may involve a Dumber of macros, some of which may be
considerably more complex than (2.5), so that tracing an error in
the macro produced object code back to the source may be
i.possible for one who is familiar with neither the base language
nor the translating macros.
~hile the macro
processor can simply insert the actual
arguments into various parts of the replace.ent as in the eIa.ple
ab,Ye, it may also have the ability to make decisions as to the
niture of the
arguments
and
formulate
its
replacement
accordingly.
Por example, if the actual argu.ent represented by
A3 is inspected and found to be a number rather than a variable,
instead of the normal replacement action an error message could
be sent to a diagnostic file. In order to direct the operation
of this and various other replacement functions available in such

-3'an extended processor,
the replacement template must instead
be=OMe a
replacement procedure with perhaps arithmetic and

logical as well as text handling facilities.
If the type of text acceptable as an actual argu.ent could
the above problem could also have
more specific pattern could be
written:
be appropriately restricted
heen avoided.
For example, a

'ADD' A:BAL 'TO' B:BAL 'AND STOBE INTO' ID ';'
where ID is a new kind of formal argument whose actual argument
8USt be an identifier.
Nearly anything vas allowed to be the

actual argument corresponding to BAL. So while (2.2) would still
83.tch the above pattern, (2.11) would not, and so would be passed
as written by the user to the base language compiler which vould
nov produce the diagnostic

STATEMENT SYNTAX ERROR:

ADD A TO B AND STORE INTO 38;

(2.15)

which the user will more readily understand.
Syntax Macros
Because the ID formal argument is so specific as to what its
actual argument must be, it can be thought of as a pattern in its
own right, which in this case generates replacement
text
identical to that which it matched.
So the pattern in (2.1lf) can
be said to have an explicit call to the ID macro fro. which it
re=eives the replacement text that it will use as its third
actual argument.
In addition to macros which lIatch identifiers,
it would ~lso be useful to have macros with patterns capable of
matching other syntactic eleaents such as integers or even aore
complex constructs such as arithmetic expressions.
these syntax l
.3cros vould be activated by explicit call froa other macros, as
in (2.14), and would return their replace.ent text to the calling
sacro.
The two types of macros basic to the STEP processor have nov
been introduced. The first of these is the trigger macro,
exa.ples of which are
(1.1)
and
(2.5,.
A trigger Ilacro is
implicitly called by the appearance in the input of a string
matching the first quoted string in its pattern.
After its
pattern m~tches, the aacro's remaining statements generate the
replacement text, which is
normally returned directly to the
input stream where it replaces the string which was .atched. The
processor's scan of the input stream then resumes at the
beginning of this replacement.
The second type is the synta.x
macro.
Each syntax .acro is given a name (for exa.ple - IO) and
must be explicitly called by the appearance of that naae in the
p~ttern of another syntax or trigger macro.
After the pattern of
the
syntax macro ~atches the input the macro's re.aining
st~te~ents
generate the replacement text which is
usually
~eturned
as an argument to the calling pattern.
The state.ents
of a trigger macro definition ~ust be preceded by the text "KACRO
TRIGGER:'I
while the syntax Ilacro definition statements are
preceded by "MACRO SYNTAx:name", where nalle is an identifier
which will be used to explicitly invoke the new macro.
To better
understand the distinction between these two types of macros the

follo~inq

two examples are given.

The base language is to be extended by a
will allow any scalar variable to be negated.
is defined as

statement which
The NEGATE macro

TRIGGER:
'NEGATE' 10 ';';
RESCAN 10 t=_, 10 ': t:

(2.16)

END MACEO;

The identifier ~ACRO indicates to the processor that a macro
definition follows. The next identifier tells what type of .acro
is being defined, and, as .entioned earlier, the final statement
signals the end of the definition.
For the lIoment the ID syntax
macro will be assumed to exist, to have a pattern which aatches
any identifier, and to produce that same identifier as its
replacesent text. Note that the appearance of 10 in the pattern
of (2.16) is a call to the 10 syntax macro, while its appearance
in the replacement template is as a string variable which has
been initialize d to the text matched by the 10 macro. The input
text to be scanned consists of the statements
(2.11)

CALL FCN (NEGATE,VAR);
NEGATE VAR;

The scan of the input text begins under the control of the
processor, which causes the scan to proceed on an atoll by ato.
basis. For the present an atOll is defined to be any identifier,
integer
(sequence
of
digits), or single non-alphanu.eric
character. The atoms in the first line of (2.11) are then
CALL

FCN

(

NEGATE

,

VAR

)

.•

The atom CALL is first scanned, and when no .atchin9 lIacros are
found is passed to the output file. In the same way the atoas
FCN and II ( " are scanned and passed to the output file.
When the
processor begins to scan the next atoll it passes control of the
scanning process to the NEGATE macro which aatches character by
character the string NEGATE in its pattern with the saBe sequence
of characters in the input. The NEGATE macro then passes control
of the scanning process to the 10 syntax macro which finds a
cOlima instead of the beginning of an identifier and so fails to
.~ech
the input. The 10 .acro then returns control and word of
its failure to the pattern of the NEGATE macro. causing it to
fail also. The NEGATE macro then returns control of the scan to
the processor which restores the environment to what it was
before the NEGATE .acro vas called. The processor then passes
sc&n control to other trigger .acros which have not yet been
tried and when these fail passes the atom NEGATE to the output
file.
After the next four atoms are scanned and passed to the
output file the processor again encounters the atom NEGATE and
passes control to the trigger macro which again matches the
character string NEGATE in the input and passes control to the IO
syntax
macro.
This time the syntax macro finds a valid
identifier (VAR), matches it, and returns control of the scanning
process to the NEGATE macro.
The NEGAT! macro resumes by
matching the semicolon in its pattern with one that it finds in
the input.
With the successful completion of matching, all text scanned

uniar control of the NEGATE macro and macros called fros it is
re~oved
from the input and the second state.ent of the NEGATE
macro is executed. The keyword RESCAN indicates that the text
produced from the following template is to be retarned to the
input stream to replace the text tbat the pattern matched.
10
appears in the second statement as a string variable representing
the text string argullent ret'Jrned to the NEGATE lacro as a result
if its first state.entls call to the syntax macro 10. Thus the
string variable ID has the value VAR. The replacement text is
then the concatenation of the strings 10, 1=_', 10, and I:' so
that the result of the appearance of (2.17) in the input is tbe
production in the output of the statements
CALL FCN (NEGATE, VARI ;
VAR=-VAR;

(2.191

The next exa.ple illustrates how a siaplified arithmetic
expression can be parsed using syntax .acros and converted to
another form.
A trigger macro is used to find the expressions to
be converted.
Arithmetic expressions baving tbe infix operators add (+,
and multiply (*) must be converted to reverse polisb notation in
which each operand and operator is separated from the others by a
coama. The precedence of the mUltiply operator in the original
expre3sian
is higher than that of the add operator, aDd
parentheses can be used in the normal way to change the order of
evaluatio~.
The expressions to be converted will appear in a
statement preceded by the identifier POLISH and ter.inated by a
semicolon.
This stateaent is replaced by a stateaent containing
the polish expression. The following trigger aacro is used to
find the expressions.
MACRO TRIGGER: 'POLISH' EXPRESSION
RESCAN EXPfiESSION ' ; ' ;
END HCRO;

I

4

I •

• •

(2.201

The syntax macro EXPRESSION is called to recognize the original
expression, and must return the converted expression to the
PlLISH trigger macro. This macro and two otbers it aust call are
defined
~ACRO

SYNTAX: EXPRESSION
TrRM '+' EXPRESSION I TER"2:TEB" ;
I f TER~2 THEN
ANSWER TERM2;
ELSE

ANSWER TERM

I,'

EXPRESSION 1,+1 ;

END IF
END "ACRO;
MACRO SYNTAX: TER"
FACT2:FACTOR;
FACTOR I • • TERM
IF FACT2 THEN
ANSWER PACT2;
ELSE
ANSWER FACTOR 1,1 TERM. • ,*'
END I f
END MACRO;

(2.21,

;

~ACRO

SYNTAX: FACTOR
• (f EXPRESSION')' I 10 I NUfi! :
IF EXPRESSION THEN
ANSWER EXPRESSION;
ELSE
ANSWER SOURCE;
END IF
END ~ACRO;

A Dumber of new items are introduced in

the

definition

of

the

EXPRESSION syntax .aero.
The pattern for EXPRESSION is really
tvo patterns which are separated by an alternation symbol
(I).
If the first patterc fails to .atch the input the second will be
tried. The EXPRESSION .aero will fail if neither of these two
subpatterns

can

match the input.

The pattern of the EXPRESSION

_aero has tvo calls to the TER" syntax .aero.
In order to
distinguish between these it is necessary to give one of thea the
h.bel TERI12.
The tel:t returned to the EXPRESSION macro by its
second call to TERI'!. can then be referred to in later state_ents
by the string variable TERI12.
If a syntax aacro call 1s not
labelled a default label the same as the naae of the macro is
assumed.
Note that the pattern for the EXPRESSION .acro calls
itself recursively. The second to the last statements of the
EXPRESSION
macro
definition form what is now called the
replacement procedure.
The first of these statements tests for
tha existence of the TER"2 string variable.
If the second half
of the pattern matched the input the TERJil2 variable viII exist
and the statement immediately folloving the IF clause viII be
executed.
Other vise the first half of the pattern must have
.~tched
successfully and the ANSWER statement following the ELSE
cl3use is executed. The keyvord RESCAN has been replaced by
ANSWER, which indicates that the text produced by the following
te~plate is to be ret~rned to the calling macro
as an argu.ent
rather than to the input stream. In the third definition a call
to the NU~ syntax macro appears.
NOK, like IO, is assUlled to
h~ve
beeD defined and to have a pattern vhich matches a
contiguous sequence of digits.
The text .atched by NU" is
returned unaltered to the calling .acro.
The keyvord SOURCE is
introduced in an ANSWER state.ent of the FACTOR macro.
SOURCE is
a string variable vhich alvays equals the text matched by the
entira pattern of the lIacro.
Its use avoids the need for tvo
ANSWER statements
one to execute if the call to 10 was
successful, and another for the call to NO".
If the expression macro EXPRESSION is activated with the
text A.B in the input, it vill activate the TER" .acro, which
vill activate the FACTOR macro,
which viII search for the
ch5.racter
If (It.
Upon
failing#
FACTOR will try its next
aiternatiYe and call the IO priaitive which would successfully
mitch the A and return it to TER".
-r ER" viII then lIatch the It."
character and then call TER"# and so on.
Eventually the first
half of the EXPRESSION pattern viII search for a "+" and fail,
c5.usinq this entire process to be redone# this tille successfully,
using the second alternative in the EXPRESSION pattern.
The conversion to polish notation is quite easy.
Each
execution of each replace.ent procedure assumes that the syntax
.acros called by it return polish expressions.
If necessary, the
replacement procedure vill move an infix operator from betveen to
behind the two polish expressions it receives# thus making the

entire expression that it returns polish also.
If the first
alternative of the pattern of the FACTOR macro aatches the input,
the parentheses, which can be thought of as surrounding a
polish
expression, are simply reaoved. The stateaents
POLISH
POLISH
POLISH

A+B;
(2. 22)

A +B*C;
U+V* (X+Y, +Z;

will then appear in the output as
A,B,+;
A,B,C,*,+;
U,V,X,I,+,*,+,Z,+:

As an exercise, the reader may wish to trace
the first two statellents in (2.22).

(2.23)

the

conyersion

of

Top Down Compiling
l'he synta x macros in
(2.21)
can be called reca.rsi Yely,
althougb only right recursion is used in their definitions.
Because most eKpressions in higher leyel languages associate to
the left, it is difficult to use a right recursive gra •• ar for
their definition. In order to avoid this proble. one aight think
of using left recursion in the definition of the EXPRESSION macro
and write
~Acao

SYNTAX: EXPRESSION
EXPRESSION ' . ' TER" ITER" ;
etc.

(2.24)

The first thing that EXPRESSION will do upon being called is to
call EXPRESSION, which in turn vill imaediately call EXPRESSION,
and so on until the processor's stacks fill causing a diagnostiC
to be printed and the first alternatiYe of the original call to
EXPRESSION to fail (except for this action, processing would then
continue unaffected).
This
problell
is
typical
of
the
construction of a syntax recognizer for a recursive descent
compiler, and is normally elillinated by the introduction of
iterative notation for syntax definition. z A simple eKample of an
iterative pattern can be written
(2.25)

<3, ID>:

This pattern will match any sequence of three or more identifiers
which !lust be separated by blanks.
Thus the pattern
• BEGIN' <3, ID)

will Match each of the first two lines
third.
BEGIN A BB CC;
BEGIN FORTRAN ALGCL PL1
BEGIN THIS THAT;
Tha pattern of
replaced by

the

EXPRESSION

.. ,

of (2.27),

THIS

raacro

(2.26)

•

in

THAT

but

OTHER;

(2.21)

can

not

the

(2.27)

then

be

(1, TERlI! /

(2.28)

'+');

The integer appearing 1ust inside the left bracket indic&tes that
at least one TER~ must be found in the input in order for the
whole pattern to be considered successful.
The part of the
pattern occurring after the slash is considered a separator or
delimiter which must appear between successive appearances of the
PQrtions of the input .atched by the TERM macro. Control of the
.atching process ca& be thought of as passing out of the
iterative construct at the slash, or exit symbol, rather than at
the right hand end. Thus the sequence of three TEBMs and two
separators
(2.29)

A + B-.c + 0

will be matched by the pattern (2.28), while the
except for the slash would only match the sequence

saae

A + B*C +

pattern
(2. ]0)

The string variable TERM in the replacement procedure for (2.28)
must now becoae an array of strings, so that TERK(2) will
represent the teIt returned by the second aatching of the TERri
syntaI macro.
The pattern of the TERM macro can also be
rewritten using iteration, so that the .inus sign can now be
safely added to the EXPRESSION macro and the division operator to
TERM without anT undesirable effects. The iterative pattern is
useful for .any otber purposes. For example, if the syntax .acro
s "rATE1'lENT has be en written which will aatch any statement in a
given language, a block of statements might be aatched by the
pattern
'BEGIN' (1, S'lATEfiENT) 'END' ;

(2.]1)

If the syntax macro patterns can
be
called
syntax
recognizers and their accompanying replacement procedures called
se~antic
routines, the STEP processor becomes
a
top-down
recursive descent compiler generator. One trigger macro (whose
trigger could be, for example, SOBROOTINE)
would be needed to
star~
the compilation process, which could thereafter proceed
through calls to syntax macros. The example in appendi~ C shows
how a FORTRAN preprocessor was implemented in this way. The
"master" Bacro in this exallple is triggered by the appearance in
the input of the string
BEGIN PROCESSOR SCAN

(2.32)

and then passes control of the scan to the pattern
<0, SUBROUTINE I FUNCTION

"AIN_PROGRA"

>
(2. H)

The above pattern will atte. pt to find zero or more occurences of
SUBROUTINE, FUNCTION, or BLOCK CAT A subprogram or a aain
program in the text that it scans.
The syntax macros for
SUBROUTINE, etc. must neIt be defined, then the synta~ macros
th~t
they will call are defined, and so on, so that the
definition of the language proceeds from the topmost general
cQnstructs down to the more detailed parts such as the syntax for
8

-/'1statements,
f~cilities

etc.

then
variables.
operators, etc.
The
needed by a co.piler, such as stacks, symbol

variolls
tables.

have not yet beeD mentioned but are implemented in the STEP

processor.
When operating as a co.piler generator. use is often
.ade of the OUTPUT statement, which is similar to ANSWER and
RESCAN except that it causes text to he passed directly to the

output file.
A syntex sacro might then be called to recognize a
term in an arithaetic expression, generate asseably code to
calculate the term and store it in a temporary variable.
The
~ssembly

code would then be written to the output file while the

nalle of the teaporary variable containing the result
to the calling macro via the ~NSWER statement.

is returned

Recursive Hatching
Because of the recursive nature of the STEP processor, it is
possible for the input text to activate a trigger .acro at any
ti.e, even during the matching of another trigger or syntax
macro. To illustrate this recursive matching the following macro
is defined.
HCRO TRIGGER:

'SUH OF' A:FORTEXP 'AND' B:FORTEXP :
RESeA N '(' A ' .. ' B I ) ' ;

(2.34,

END MACRO:

Where FORTEXP is assu.ed to be defined as a syntal: macro which
vill recognize any valid FORTRAN arithmetic expression and return
it unchanged to the caller. The input

=

x

SU~

OF VAR AND IHT'C :

(2.35,

vill then appear in the output as

x =

(2.36,

(VAR+INT*C):

If instea d the user writes

x =

SUH OF SUl1 OF X AND Y AND C :

I

I

I

1

2

3

(2.37,

the SUM macro viII be called when the input scan pointer reaches
position 1. The SUH macro then controls the progress of the scan
until the scan pointer reaches position 2, where, just before the
c~ll
to FORTEXP, the status of the current matching process for
the SUH macro is saved and the SUH macro is reinvoked. When the
scan pointer reaches position 3 in (2.37) the second inyocation
of the su~ macro viII bave terminated vith the input text and
s c an pointer postion shovn below

x =

SUM OF

{X+Y,

AND C :

{2.38,

I

The original invocation of the SUH .acro now resu.es vhere it
left off by calling FORTEXP, which viII .atch the string (X+Y,.
The state~ent finally appearing in th e output viII be

x

= {(X +Y, +C) :

{2.39,

Note that (2.34) is soaething like a converse of (2.21): it
translates
what
are
essentially
prefiI
polish not&tioD
expressions into infix notation. It is interesting that FORTEXP,
which was written to parse expressions in the base l&nguage, is
effectively called by the first invocation of the SO~ macro to
recognize an expression
(SO" OF X AND Y)
of the extended
language.
To be technically correct, the matching process for
the trigger macros should be called reentrant rather than
recursive, since a trigger macro cannot call itself: it can only
call syntax .acros.
The STEP processor allows for the definition of both global
and local trigger macros. Yhether any macros of either type are
active or not, if the input scan pointer reaches the beginning of
tha occurrence of th~ patterD of one of the global trigger
macros, the status cf the current aatching process, if any, will
be saved and that macro will be activated. The protect option,
which is described in section x, allows trigger macro activation
to be suppressed by other macros when desired.
Local trigger
8!CrOS are activated in the same way that global trigger _acros
&re except that their definitions must have
been
nested
i~mediately within the definition of the macro (either trigger or
syntax' that is currently active. All syntax macros are globally
known.
Although it is difficult to think of using trigger .acros to
produce a true bottom up syntax recognizer, the matching process
for the global trigger macros is certainly bottom up:
macros are
activated as the input text scan pointer reaches the appropriate
strings in the input. The "ORTRAN macro processor 3 , which allows
only nonrecursive global trigger macros, is a good illustration
of the power of this type of ~atcbing. The use of local trigger
macros will allow for more control over the context in which
trigger macro activity takes place.

III.

OVERVIEW OF THE STEP PROCESSOR

Internal Structure
The STEP processor consists of about 1400 lines written in a
special i.plementation language.
An ANSI FORTRAN prograa of
about 3500 lines is produced after this iapleaentation language
is processed by a set of STEP macros, thus insuring portability
of the processor.
The user, at his option, may write .acros
which will translate the languages he iapleaents into ANSI
FJRTRAN, so that his programs, as well as the processor# are
portable.
The processor consists of the following major components:
1.

Input reader - input on cards is
suitable for the main processor.

transforaed

into

input

-/1..-

2.

Matcher - perforl<s all pattern aatching as
macro invocation.

3.

Executi ve
an interpreter
replacement procedure.

Q.

Output processor - the code produced by the .aiD processor is
written to the code file.

5.

Pattern com.piler - the pattern portion of a macro
is translated and checked.

6.

Replacement compiler - the replaceaent procedure portion of a
macro definition is compiled and cheCked.

7.

Linker - the compiled macro is linked to contained macros,
other trigger aacros, and perhaps the syntax macro sy.bol
table.

8.

Symbol Table Facility - a collection of subroutines
allocate, search, and update symbol tables.

9.

Miscellaneous - various utility subroutines used to convert
integers to text, do garbage collection, initialization, and
other odd jobs.

which

well

eJtecutes

as
the

trigger
macro

definition

used

to

Basic FUDctioning of the Processor
When the STEP processor begins execution, the input file is
and reformatted by the input reader and sent to the matcher.
Tbe lIatcber attempts to find trigger lIacros which will aatch the
input text which starts at the location indicated by the input
SC!ln pointer.
If none is found, the output processor is called
t~ write out one or
more of the characters, after which it
updates the scan pointer.
This process will continue until a
trigger macro matches or the end of the input is reached.
re~d

When a trigger macro (or a macro called explicitly or
implicitly from it or its descendents) is in control, no aore
characters are passed to the output processor (unless a type four
output statement is executed).
Characters are still received
froa the input reader as the aatching process requires thea.
For each of these macros which successfully matches the
input, a corresponding replacellent procedure is activated which
normally returns the replace.ent to the point fro. which the
aacro was called.
If, as is the case for a trigger _aero, the
call originates from the input tezt then the replace.ent is
nor.ally substituted for the text which vas aatched, the input
sc~n poin~er is reset to the beginning of this replacement
tezt,
an.i the matching pr~cess resumes.
If, as is the case for a
syntax macro, the the call originates froa the pattern of another
.~cro, the replacement is returned to the
calling .acro as an
argu~ant.
Text can also be generated br the replace.ent
pr~cedure which, by means of
the OUTPUT statement, is passed
directly to the code or an auxiliary file.
match

When an outer level trigger .acro (the one that began to
when no other macros were active) has successfully matched

and finally terminates, it normally vill have generated text to
~ e place
the input text which it (and the macros called from it,
.~tched. and will have
reset the input scan pointer to the
be~inning
of thi3 text, after which the process described at the
be ginning of this subsection resa.es .
Initial Conditions
The only macros initially present in the processor are five
primitive syntax macros (described in section V) and the ftACBOOT
trigger macro.
The KACBOOT lIacro vill aatch and pass to the
internal compilers any text string beginning vith the string
~ACBOOT followed by a base language STEP
macro definition, the
format of which is described later.
Among the first macros
defined using this "bootstrap" lIacro will noraally be a aore
sophis't.icated macro defining macro.
Macro definitions say appear
anywhere in the input, but will affect only the input tezt
processed after they are co.piled.
Input/Output Files
Th e five fil e types presently used by the STEP processor are :
1.

All input, including
STEP
control
cards
and
sacro
definitions, is read froa the source file.
This file aust
include a special control card which terainates the input.

2.

The listing file contains a listing of the source file, which
will include macro definitions along with any diagnostics
vhich the processor generates. In the left margin Of each
source lin e are:
(1) a character which vill be an apostrophe
(I) or quotation mark ("' if the beginning of the source line
is within a quoted string of either type; and
(2)
the nest
level count, which is described in the next section. If
appropriate flags are set by macros or control cards, special
macro definition listings and macro ezecution traces will
also appear in the listing file.

3.

All text produce d by WARN statements in aacro replacement
procedures is written on the warning file.
Noraally this and
't.he li s ting file are lIIerged
(sase unit numbers used for
each) •

4.

The code file vill contain the "object
macro translation of the source.

5.

There aay be up to six au%iliary files. Text may be written
to these by means of an OUTPUT stateaent. These files aay
then be rewound and copied into the code file in any order
desired
through the use of the KERGE statement.
The
auxiliary files are written in an internal fo~mat and so .ay
only be used as "scratch U files by the processor.

IV.

INPOT BEADER

code"

produced

by

-/? -

General Input Formattinq
The input reader serves as the interface between the teEt in
columns 1 to 72 on input cards, and the continuous stream of
characters received by the pattern aatcher. The current input
reader allows comments to be enclosed in quotation .arks (~,.
Comments are changed to a single blank by the input reader and so
are never seen by the aatcher.
By includinq the appropriate
c~ntrol card in the input the user can cause the input reader
to
supply
the closing quotation mark for those co •• ents not
otherwise closed by the end of a card.
except for those contained in quoted strings, all multiple
contiguous blanks, including those resulting froa the conversion
of a comment, are changed to a single blank.
Blanks are
co. pressed in order to save space in text storage areas and to
allow the processor tc run a little more efficiently.
~ultiple
blanks may still appear in the input as a result of input teEt
replacement by trigger macros.
The nest level count, mentioned in the previous section, is
siaply an integer whose value is printed in front of each line of
the source listing.
This number is normally controlled by the
.acros in a way to be described later.
It aay be convenient,
however, to use the bracket symbols
('<' and ')' on most
.a~hi~es),
as in the language iaple_ented by the
HORTRAN
pr~cessor, to delimit groups of statements.
This is identical to
the use of the DO-END group in PL/I. As an aid to the use of
this symbol, the nest level count can be updated by the input
re~der.
In this case the nest level is incremented each time a
left bracket «) is encountered and decremented for a right
bracket. To be counted, a bracket must not be in a com.ent, in a
quoted string, or nested within parentheses. It is also possible
to allow the nest level count to control the indentation of the
source listing. Instructions on how to control the nest level
count are given in the description of the GLOBAL array in section
VII.
Control cards are written with '/C' in the first two
COlU.DS.
The entire control card is intercepted before it
reaches the input reader, and so is not passed on to the .atcher.
The input to the processor must always be terminated by ICE in
the first three coluans.
The onlT other type of control card
currently allowed is of the fora

/C(INTEGER). (INTEGER)
where the second integer may be preceded by a minus sign.
purpose of this control card is given in the description of
GLOBAL array in section VII.

The
the

Processor Initialization
The first five cards encountered by the input reader contain
special initialization information used by the processor and are
here shown in the form assumed by this manual.
62

9

10

37

- / 90123456789ABCDEfGHIJKL~NOPQRSTUVWXYZ_$
0123456789ABCDEFGHIJKL~NOPQRSTUVVXYZ_S

,.+-./()=;:·"'~?I&~<>!'
,.+-./()=::I"'~?I&~<>!%··

0123456789ABCDEPGHIJKLHNOPQRSTUVWXYZ S , •• -./()=;:·"'~?I&,<>rl··

6

9

6

1

2

3

4

7

8(4. 1)

Tha first four of these cards are discussed in the next
subsection.
The fiftb card contains up to nine Duabers in 9I4

format

which

listing,

code,

respectivaly.

are

used

to set the FORTRAN unit nUBbers for the

warning,

and

up

to

six

auxiliary

files

The unit Du_ber for the initial source file cannot

he set in this way and so BUst be set at processor generation
t1.e. The processor as initially received is a FORTRAN prograa
for which the first routine is a BLOCK DATA subroutine. The last
st~tement
of this routine is a DATA statement in which the
variable IIU, which is the unit nu_ber for the initial source
file, is initialized to 5. This is easily changed if necessary.
Character Set
Char~cters

are divided into four .ajor classes in the STEP
These are
(1)
the digits; (2) the letters, which
d~pending upon the initialization, .ay contain a
few additional
ch3.racters; (3) special characters used by the processor, such as
"I", "<", and n>n, vhich are used in Ilacro pattern definition;
and (4) all other characters. Characters in classes three and
four ~re also called delimiters.
processor.

Each character that is to be accepted as input to the
is mapped into an integer ranging from zero up to soae
aaximull number r.. If X is the aaximum positive inteqer allowed
in the type of storage locations chosen to hold the lapped
ch3.racters, then the relationship between ~ and X can be
expressed
pr~cessor

M

(=

(X-3)/2

(4.2)

The input character set and its internal .apping are
determined by the first fev cards read when the processor is
started. The first of these contains four numbers in 414 format,
as shovn in the first line of
(4.1). Let th e se nUllbers be
r e presented by A, S, C, and D.
A then is the total nu.ber of
distinct input characters. The internal nu.bers representing the
character$ vill then range from zero to A-l.
The Du.bers
representing the digits vill range from zero to a, which vill
usually equal nine.
If, for ela.ple, B is equal to seven, all
integer arithmetic and conversion to text done by the processor
will be in octal. The lowest number representing a letter vill
be C and the highest D. The twenty four characters
(including
blank) after the dollar sign
(S) are required for use by the
processor (actually"'", "%", "!H, and "?" are n'Jt used for
anything at present). The ordering of these characters or their
substitutes is important, but they are in no vay reserved from
any other possible use.
The following relationships must hold:
B>=C-l

C(=D

D+24<A

(4.4)

These twenty four characters are called special characters as
mentioned above.
~ore
characters can easily be added to the

character set beyond these special characters if desired, as long
as the value of A is increased accordingly.
The characters Eaking up the input set are read starting
from the second card in the input. If more than 6q characters
will be used then multiple cards must be used with characters
starting in the first column and 64 characters on all but the
last. The positions of the characters on the input card(s)
correspond to their position in the internal lap with the
character in the first column of the first card being aapped into
zero.
In (4.1) the input set consists of 62 characters and is
given by the second line. Note that the characters' S' and' •
(internal values 36 and 37) are considered to be letters.
SPECIAL N.JTE: In the current processor the four numbers of
first initialization line are fixed to the values given in
until futher modifications are completed.

the
(~. 1)

Note that while characters can be switched and substituted
on this card, the results can be confusing if it is not done with
c~re.
For example, the coding and actions of arithmetic
expressions in macro definitions might be difficult to correlate
if the positions of the characters Nt" and "*ft were exchanged.
If 'I!" were mapped ieto the number Dt16 (D=31 for (4.1)
so this
is 53 in the internal map and column 54 on the input card) in
place of 11111, the user would ha ve to remember to separate
alternative portions of a macro pattern by"!" and that "!" would
then be used to denote the IIOR" operation in the replacement
procedure base language.
Each of the characters appearing on the input mapping cards
be distinct.
This includes the character blank. Any
ch~racter not on this initialization card(s) that
appears later
in the input will produce a diagnostic and be ignored.
must

Following the cards describing the input character set come
those for the output set. The internal character set is aapped
into the characters given by the appropriate columns on the
output card (5) before being written. These cards follow the sase
formatting rules as do the preceding cards and make use of two
additional columns which will be described
in
the
next
subsection.
Ex.cept for these last two, the columns of this
card(s, are normally identical to the corresponding col~.ns of
its predecessor (s), but this is not necessary.
For example, to
gain the flexibility of having two characters, "." and "!",
represent I I . II the user could change coluan 61 on the output aap
c3.rd in (4.1) to II.". The two characters woald then be treated
differently by the processor antil they are written into the code
file, where they would both appear as ft.".
The output aap is
also used to transform the internal characters for all other
foras of output except the listing file.
These vill include
traces of the matching process and listings of the macro
compilers.
The characters in the o~tput aap need Dot be
distinct.
The fourth line in (4.1, is a second output character set
which is used to map any text produced with the NOTRIG option
(see the RE5CAN statement in section VIII) that appears in output
produced by the trace facility.
The first output character set
is used vhen NOT~IG text is written by the output processor. In

-,:u(tj..l) the second output character set is the saae as the first,
but it need not be.
The letters in the fourth line of (4.1)
could be lover case, for example.
Quoted

St~ing

conversion

A quoted string consists of a string of characters delimited
(I). The characters within a
quoted string aay
include quotation ~arks or multiple contiguous blanks, all of
which vill be passed on to the matcher.

by apostrophes

The ~anipulation of quoted strings is coaplicated by the
fact tha~ these strings will often contain an apostrophe, which
is the same character as that used to deli.it a quoted string.
The usual method of inserting an apostrophe into a quoted string
is to codd it as two adjacent apostrophes.
Thus, in order to
form a qu~ted string from the characters
DON'T

(4. 5)

the user would code
'DONUT'

(4. 6)

The four apostrophes in the above quoted string are norllally
The first and last
interpreted
differently by the user.
apostrophes are string delimiters, while the other tvo represent
the single character apostrophe.
In order to make character strings easier to handle, the
input reader changes two adjacent apostrophes that are contained
by a quoted string into a single apostrophe.
The apostrophes
used to delimit the quoted string are changed into internal
string delimiter characters. After this is done, the string
(4.6)
vill contain five rather than six characters and the
substring and string length functions (to be introduced later)
vill work as the user intends. If the internal string delimiter
character is represented by a lover case d and the characters to
the left of each example are not in a qnoted string then the
following examples illustrate the transformation made by the
input reader.

'DON"T'
-)
dDON'Td
"'STRING'"
-)
d'STRING'd
X='STRING:"ABC'"
->
X=dSTRING:'ABC'd
TRIGGER: 'X="STRING:""ABC"""';
->
TRIGGER: dX='STRING:"ABC"'d;

(4.1)

In addition to having the quoted string contain the nuaber of
characters intended, the conversion of quoted strings will sake
the matching of quoted strings simpler:
after aatching the
opaning string delimiter the matching process proceeds until the
closing string delimiter is found.
since they are a different
cn~racter,
any apostrophes that aight be contained by the string
Clnnot stop the matching process prematurely.
Thus the sacro
MACRO TRIGGER:

'···BAL····;
etc.

(4.8)

will ~atch an entire quoted string including
the
string
delimiters, even if the string contains apostrophes.
It is
perhaps confusing at this point to note that the apostrophes
which are to match the string deliMiters must be doubled since
they are contained i~ a quoted string, but this fact vill be
clarified shortly.
The last line in

(4.7, is actually a pattern to match the
line in
(4.7), but since patterns to lIatch specific
ch~rac~ers must be eLclosed by apostrophes it
was necessary to
double all of the apostrophes in the third line to produce the
pattern in the fourth.
If the string in the macro pattern is to
m~tch
the string as it would appear in the input, however, its
internal representation must be identical to the string in the
input.
Therefore it is necessary to "undoubleN the apostrophes
in quoted strings appearing in macro definitions twice.
Por
example,

pr<!vious

TRIGGER: 'X="STRING:""ABC"""';
is converted by the

in~ut

reader to

TRIGGER: dX='STRING:"ABC"'d;
which is converted hy the

(4. 91

~acro

(4. 101

co»pilers to

TRIGGER: mX=dSTRING:'ABC'dll;

(4.111

The string delimiter Hd" is converted by the m.acro compilers to it.
pattern string delimiter "a". Single apostropbes are converted
by the macro compiler to a string delimiter in the same vay as
they are by the input reader.
The string deli~ited by the
p!ttern string deli.it~rs in (4.11, is now the same as the third
string in (4.7) after it is converted by the input reader.
This
second conversion is done for all quoted strings in a macro
definition. Thus if the user codes the replacement procedure
statellent
RESCAN "'DON' "'T"':
the cOllpiled RESCAN

state~ent

(4. 121

would contain the (delimited' teEt

mdDON'Tdm

(4.131

When executed, this RESCAN state_ent would place the string
dOO N' Td

(4.141

into the input.
Quoted strinqs which were converted at input must be
converted back by the output processor. Thus the quoted string
in (4.14), if not further converted by the lIacros, will appear in
the output as
'DONflT'

(4.151

Apostrophes in (4.14' are changed to two adjacent apostropbes and
string delimiters are changed to single apostrophes. The output

processor
is not concerned with the macro pattern string
delimiters since these occur only in compiled macro definitions.
Other functions of the output processor are described in section

XI.
conversion of quoted strings then occurs in three places in
the proce ssor:
the input reader, the macro compilers, and the
output processor. Text returned to the input via the RESCAN
statement does not pass through the input reader since it is
ne cessarily derived fro. text that has already been processed
there.
The last tvo columns on the output ~ap card(s) contain the
into which the internal representa~ions of the string
delimiter and macro pattern string delimiter characters will be
converted on output.
Since these characters are internally
ge nerated they ~ill never appear in the input and so do not
appear on the input map card(s).
Although these two characters
are never written into the code file, they can appear in the
listing file as a result of the ~race option, which causes the
text produced by macro replace.ent procedures to be listed.
An
apostrophe
is
normally
used to represent each of these
ch~racters, as shown in (4.1).
If extra information is needed
from the trace output, however, these two internal characters can
be m~pped into a different external representation, such as a
lower case "d" and He".
cb~racters

Normally it is not necessary to give any thought to the
conversion of quoted strings that occurs within the processor.
All that the user normally needs to reme.ber is that if an
apostrophe is needed, normally an apostrophe should be coded. If
the apostrophe must be in a quoted string it should be coded as
two adjacent apostrophes. If an apostrophe must be placed into a
quoted string that is contai~ed by another quoted string it must
be coded as four adjacent apostrophes, etc. This description has
been included for those few occasions when the user vill need to
know exactly what is happening to quoted strings during the
m~tching process.
Identifiers
All identifiers used by the STEP system must begin vith a
letter (see the above character set subsection) and contain only
digits and letters.
Embedded
blanks
a~e
not
allowed.
Identifiers are used as syntax macro names and labels in the
p!tterns, and as statement labels, variable names, and function
names in the replace.ent procedures. The IO pri~itive macro,
which is described later. viII match any identifier.
Text Atolilization
The input processors of .any compilers contain le%lcal
which transform the stream of input characters into a
stream of tokens, or atoms, which vould he identifiers, integers,
perhaps floating point numbers, and so on. These functions are
not performed by the STEP input reader, so that the pattern
m!tcher will deal with the input on a character by character
basis.
Because of the way in which the scan is cODt~olled both

an~lyzers

by the processor when no macros are active (see section XI) and
hy the macros the_selves (see section VI) an effective fora of
text atomization usually exists. Por this reason an ato. is
defined to be any contiguous sequence of alphanumeric ch~racters,
any contiguous sequence of blanks, a quoted string, or any
non-alphanumeric non-blank character.

V.

PATTERN DEPINITION -

~ACRO

~ATCH

ITEftS

The syntax used for the definition of .acro patterns has
been to a great extent borrowed from that used by the IB~
L~nguage Point 2257 4 •
It bears so.e rese.blance to BMP notation,
with the significant addition of iterative notation.
The
necessity of usi~g right recursion in the syntax definitions for
top-down parsing is thereby avoided.
The only ite~s within a pattern that will cause matching to
take place are calls to syntax macros (which are written as
identifiers) and quoted strings. These two constructs, calls to
syntax macros and quoted strings, will be called match items.
All other syntactic symbols in the pattern control the way in
which matching occurs, and are therefore called control symbols.
Fxample (2. llf), which is reproduced here, is a pattern which
contains four quoted strings and three syntax macro calls.
'ADD'

A:BAL

'TO' B:BAL 'AND STORE INTO' ID ';'

(5. I)

A macro pattern is then d~fiDed as a collection of match items
together
with control symbols which appears as tbe first
statement of a macro definition. Later this definition will be
modified with the introduction in section VIII of tbe SCAM
statement, which allows macro patterns to appear
in
the
replacement procedure.
Pattern strings
A quoted string within a pattern is called a pattern string,
and is matched on a character by character basis with the input
text.
Exceptions to this character by character .atching occur
for blanks in the input. One blank in a pattern string will
.~tch
one or more contiguous blanks in the input. One or aore
blanks in the input for which no corresponding blanks in the
p~ttern
string exist are allowed if (1) the blanks occur before
the character in the input which matches the first character in
the pattern string.
(2) the blanks are deliaited on at least one
side by a non-alphanumeric character.
Consecuti.e blanks in
p~ttern strings
are COl pressed to a single blank when the
p.!tterns
are
compiled.
Por example, the pattern string
'ABC (123) I will match the input strings
ABC(123}

ABC

(

123

(5.2)

but will not match
AB C(123}

ABC

( 1 2 3 )

(5.3)

The pattern string 'GO TO 123'

will .atcb the input strings

GO TO 123

GO

TO

123

but viII not match

GO

GOTO 123
The pattern string 'HERE
strings

TO

T0123

(5.51

THERE' viII match the input

HERE TO THERE

HERE

TO

THERE

(5.61

In order that pattern string latching terainate at what will
normally be an atom boundary in the input an otherwise successful
match is made to fail if the last input character latched is
alphanumeric and the character immediately following it is also
alphanumeric. This requirement may be relaxed by coding an
aste~isk immediately after a pattern string when a macro is being
defined. Thus the macro
MACRO TRIGGER:

'PI'; RESCAN

'3.14'; END

PtACRO;

(5.7)

will convert the input

PI SPIN

PIN

(PI+PIT)*A;

(5.8)

3.14 SPIN

PIN

(3.14+PIT)*A;

(5.9)

into

Tha sale input, if processed by the .acro
f'lACRO TRIGGER:

'PI'.; fiESCAN '3.14'; END "ACRO;

(5.10)

would beCOlle

(5.11)
The PI in SPIN vill not be converted unless the input scan
pointer is left pointing to the P in SPIN by some other .acro
whose patter~ could, for example, end with'S'..
Normally this
will not be the case.
Pattern strings of zero length are
the
processor to generate a
encountered in a macro definition.

c~use

not allowed and will
diagnostic message if

~xceptions to some of the
rules given above for pattern
string .atching occur when quoted strings or portions of quoted
strings are being matched. Those portions of a pattern string
occurring after an odd number of apostrophes (each of which was
originally coded in the pattern string
as
tvo
adjacent
apostrophes)
are treated somewhat differently during macro
definition in that multiple contiguous blanks are not co. pressed.
When thes~ portions of a pattern string are being matched against
the input, blanks are treated as any other character (e.g.
three
blanks in the pattern string are required to match three blanks

in the i~put) •
These rules would then apply when the pattern
string begins matching outside a quoted string in the inpult and
then entars the string by matching its left string deli.iter.
tlo['raal matching conditions would again prevail if the patte['n
st['ing ~atched the quoted string's closing delimiter.
A pattern string can be considered to slaply return
surrounding pattern an unaltered copy of the text
.a tcbes.

to the
that i t

Syntax Macro Calls
,

A syntax macro call will itself match no text unless it 15 a
call to one of the predefined STEP primitive syntax Dacros.
Otherwise control will be passed to the pattern of the syntax
macro that is called.
Eventually, of course, control Dust be
passed to either a pattern string or a primitive syntax macro.
Priaitive Syntax Macros
Primitive syntax macros have been implemented primarily for
reasons of efficiency.
While each of them could be replaced by a
syntax sacro using only pattern string match ite ms, the patterns
of such macros would have long alternative sequences of single
character quoted strings that would take considerable amounts of
time when matching. As an example, the ID primitive macro could
be replaced by the following three syntax macros.
MAGRO SYNTAX:

ID

(P=2)

LETTER <0, .,<, ,> <LETTER I DIGIT
ANSWER SOORCE:

» :

END MACRO:
MACRO SYNTAX:

LeTTER

'A'· I 'B ' ·
'G'· I 'H'·
'M'· I 'N'·
'5'· I 'T'·
'Y·· I 'Z'·

I 'C ,. I
I 'I ,. I
I '0'· I
I ,'0'· I

I

ANSWER SOURCE;
END MAGRO :

MACRO SYNTAX: DIGIT

,.

'0'. I '1'. , '2'.
'6'. I '7'. I '8'.

I

'0'·
'J'.
'p'.
·V'·

'E'·

'S'· .•

·W·· ·X··

'l'.

'4'. I '5'. t

, 9'· ;

'K' •

'Q'.

'F'·
'L'·

(5.12)

'R'·

ANSWER SOURCE:
END ~ACRO:

The reader should
not
concern
himself
with
co.pletel,
unierstandinq the first of these three example .acros at this
point. since it makes use of SOBe as yet undefined constructs.
The pattern for the ID Macro defined in (5.12) .ust first aatch a
letter, after which it may aatch zero or more letters or digits
which May not be preceded by a blank.
Currently five STEP
pri~itiv e
macros are available, but aore can easily be added if
required.
ID :

- ::nThe 10 .acro will

~atch

any identifier, which is defined

as

a string of one or .ore letters and digits beginning with a
letter and containing no embedded blanks.
The character after
tha identifier vill be a deli.iter.
Note that there is DO
requirement on the character immediately before the identifier.
In otber vords. when the ID macro begins to scan the input to

look for an identifier it starts at the current location

of

the

input scan pointer and viII Dot consider any characters which
occupy preceding locations in the input.
Thus if the input
contains the s~ring
(5.13)

ABC001

t

with the input scan pointer at the position shown, the

ID

.aero

will successfully ~atch and return the identifier coo,. Note
that no match item that can be defined in a STEP lacro caD test
vhether or Dot it begins to match on an atol boundary, although
.ost Match items do test that the .atching process co.pletes on
one.
Normally this should not be a problem, because if the
previous matching process terminates with the input scan pointer
on an atom boundary, as it normally will, the next matching
process must then begin on an atom boundary.
The NU~ macro vill latch any string of one or more decimal
digits.
~atching terminates when a character other than a diqit
is encountered.
Again, there is DO requirelent OD the character
preceding the matched string.

SXR:
The STR macro will match any quoted string. It vill latch
the entire string including the deliltting apostrophes, even if
the string contains an embedded apostrophe (which must have been
coded as tvo adjacent apostrophes).

DEL:
rhe

DEL aacro will latch any single
non-al phanuaeric
Multiple blanks are latched as ODe whether they occur
inside of a quoted string or not.

ch~racter.

CHAR:

The CHAR macro will match any single character.
Multiple
blinks are matched as one whether they occur inside of a quoted
string or not.
Except for CHAR and DEL, all of the above primitive .acros
(:lod also the pattern strings'
will additionally "match" any
leading blanks that light occur as they begin to scan the input.
Trailing blanks are not matched, since a call to DEL or CHAR, or
a pattern string expecting a blank, could occur in the pattern
iMMediately following one of the calls to a primitive syntax
macro.

BAL:
The BAL syntax macro, or formal argument as it was called in
II, requires either a pattern string or an alternative
sequence of pattern strings to i •• ediately follow it.
For the
present this discussion vill assuae that BAL is followed by a
single pattern strirg.
When a BAL syntax macro is called during
se~tion

- :<rtne ~atchinq of a pattern string against the input, it vill .atcb
any string (possibly of zero length) up to the first occurence in
the input of a string matching its folloving pattern string. BAL
returns the string that it matches unchanged.
The folloving
examples illustrate the use of BAL.
PATTERN

INPUT TEXT

ABe(' BAL ' ) '
'ABC'BAL'123'

'ASe'BAL'I23'

ABC (123)
ABC DEF 123
ABCJ21

BAL','BAL';'

A,B,C,D:

t

SECOND
BAL
RETURNS

FIRST
BAL
RETURNS
123
DEF

(5.14)

zero length
A

8,C,O

BAL viII not aatch a string containing a
sellicolon,
unbalanced parentheses, or part of a quoted string. It lIay match
text containing an entire quoted string, however. The following
exa.ples illustrate these restrictions.
PATTERN

INPUT TEXT

BAL','BAL';'

A(4,6 B(3):
A(4,6),B(3):
ABC:XYZ

BAL','BAL';'
'AS'BAL'XYZ'

'AB'BAL'XYZ'
'AB'BAL'XYZ'

ABC'XYZ'D XYZ
AB) (HZ

FIRST
BAL
RETURNS

*** NO

SECOND
BAL
RETURNS
~ATCH

•••

(5.15)

A (4,6)
B (3)
*** NO MATCH

•••

'XYZ'D

*** NO

~ATCH

•••

An exception to the above rules arises when the text aatched
by BAL contains a quoted string.
This te~t ~ay then contain
unbalanced parentheses a'nd semicolons if these characters are
also contained by the quoted string. For e~a.ple, the pattern
'AB'* BAL 'XYZ' vill match the input ABC')); ('XYZ. In this case
8AL will return the text C ' ) ; (' _
In addition to the restrictions mentioned above, the point
io ~he input at which the BAL ceases and its trailing pattern
string begins to match must be an atom boundary. In other words,
at least JDe of the characters adjacent to this point .ust be a
deli.iter.
For example. if the pattern BAL 'ABC' is used to
match the input 123ABC*ABC, the BAL syntax _acro vill match the
text 123ABC* and its trailing pattern string vill match the
sacond occurrence of ABC.
A quoted string is considered for this
purpose to be an atom, so that, as mentioned above, BAL is not
allowed to match across the left boundary of a quoted string
without matching the entire quoted string_ In the fourth example
of (5.15) the first XYZ is in a quoted string, and if the pattern
string trailing BAL aatched it. BAL itself would have matched
only the lef~ quote of the quoted string 'XYZ'.
It is also possible for BAL to be folloved by an alternative
sequence ~f pattern strings which must appear within brackets.
BAL will then match all te~t up to the first occurrence in the
inpu~ of text matching anyone of the alternative pattern strings
that follov it. provided, of course, that the above described
restrictions on unbalanced parentheses, semicolons, and atoll

bJundaries
are
satisfied.
For
example,
the
pattern
B&L('STOP'I ' : ' ) will match the text "ONE TWO STOP:" except for
the semicolon aod BAL itself will return the text "OHE TWO".
If
the sa.e input were to be matched by the pattern
BAL<A:'STOP'IB:'STO'*>

(5.16)

BAL would return the same text and the pattern string labelled A
would match the identifier STOP, since the left.ost pattern
strinqs in the alternative sequence are tried first.
If pattern
(5.16)
were used to match the input "ONE TWO STOPPED" then BAL
would again return the same text as before and this time the
pattern string labelled B would match the first three characters
in STOPPED since it is not constrained by the lack of an ato.
boundary as is the first pattern string in the sequence.
ArOMS:

The ATOMS syntax macro behaves exactly as does BAL, except
that it is allowed to match strings containing se.icolons and
unbalanced parentheses.
Because of this more care aust be taken
when using ATOMS than when using BAL, since there is nothing to
stop ATOMS from matching the entire input stream if
the
appropriate terminating string is not found there.
ATO"S will
fail only if it attempts to match beyond the end of input.
ATO~S can be used to match a portion of the input
incorrectly coded. For example, the macro

that

was

MACRO SYNTAX: STATEMENT
DO_STATE
I
IF_STATE
I
ASSIGN_STATE I

•
•
•
WRITE_STATE

ATOr.S ':'
IF

(5.17)

.•

THEN
ANSWER MATCH:

~ATOMS

ELSE

WARN '**ERROR-'

ATO~S

'-DELETED':

END IF
EHD UCRO;

will always match either a statement of vhateyer language is
defined by tne syntax macros that it calls, or will match an
arbitrary string of text up to and including a semicolon and
declare it to be an incorreo_ly coded statement. using the
SIATEMiNT macro a pattern to match a subroutine haYing no
arguments can now be written
MACRO SYNTAX:

SUBROUTINE

'SUBROUTINE;'
BODY: (0, ;('END:') STATEMENT>

(5.18)

'END:' :
ANSWER 'SUBROUTINE;' BODY 'END:':
END MACRO;

Tne negation

sy.b~l

(;), which is explained in the next

section,

_ 30~

will cause tbe 5ubpattern in loop brackets to fail if "END;" is
en=ountered in the input.
It is assumed that any conversion of
the input teEt that might he done is performed by the macros
D~_STATE, IF_STATE, etc.
vhich are called by STATEMENT.
The
above macro vill match the subroutine declaration and all
stateMents, correct or incorrect, up to and including the END
state.ent. Incorrect statements are deleted from the ANSWERed
text and cause diagnostic messages to be printed.
TEXT:

The TEXT macro is similar to the BAL and ATOMS synta~ macros
except that there are no restrictions of any kind on the teEt
that it vill aatch.
The TEXT .acro will match tbe input on a
ch!racter by character basis up to the first occurence of the
specified string.
The text that it returns viII contain all of
the matched input and may include unbalanced parentheses, quotes
and any number of semicolons.
Like ATOMS, TEXT vill fail only if
it attempts to match beyond the end of input. The pattern string
(or strings if an alternative sequence is used) that follows TEXT
is trea~ed differently than a normal pattern string in that
multiple blanks are always retained. At match time this pattern
string Is) must .atch character by character with the input. TEIT
anj its following pattern string Is)
have no regard for atom
boundaries.
i\n asterisk following a patt.ern string
vhich
terminates a TEXT macro vill be ignored by the Macro compilers,
since in any case this type of pattern string need not terminate
.atching on an atom boundary.
An example of
the
use
of
TEXT
is
the
pattern
T!XT'E'TEXT'IJ', which vill match all of the text "ABC'DEF'GHIJ",
with the first call to TEXT returning ABe'n and the second call
returning P"GH • The pattern
TEXT<A:'" ·IB:"····)

(5.19)

could match text that begins within a quoted string, and would
terminate after matching either the closing string deli.iter (A,
or an apostrophe coded vithin the quoted string (B,.
If this is
confusing one should reread the portion of section IV dealing
with quoted string conversion.
Note that TEXT and AtOMS are
interchangable as far as the matching process of (5.19) is
concerned.
Note that each of the BAL, ATO~S, and TEXT synta~ aacros
mU3t alvays be immediately followed either by a pattern string as
defined at the beginning of section v, or by a sequence of
pattern strings which are separated from
each
other
by
alternation symbols.
If the latter is the case the entire
sequence must be enclosed in angle brackets ("(" and ">",. It is
permissible to label a TEXT, BAL, or ATOMS syntax .acro call, and
is also legal to label either the single pattern string following
it or any of the pattern strings in an alternative sequence. The
entire bracketed sequence of pattern strings folloving ODe of
these syntax macros may not be labelled, hovever. The folloving
patterns should illustrate these rules.
LAB1: BAL LAB2:'STOP'
A:TEXT (';'IB:'EUD'IC:'RETURN;')
ATOMS LABEL:<'THIS'I'THAT')

LEGAL
LEGAL
ILLEGAL

The exact meaning of these labels vill be described in the
Variable" portion of section VI I.

~"atch

In later versiots of STEP, it is intended that the priaitive
.acros can be defined by the user at processor generation ti.e.
Thus, for example, if Many floating point nu.bers vere present in
the input text, a primitive macro might be installed to aatch
them more efficiently .

VI.

MACRO PATTERN DEFINITION -

PATTEBN CONSTRUCTION

Simple Patterns
The si.plest fora of macro pattern is composed of one match
item, which would be either a pattern string or syntax macro
call. Next in complexity is a pattern composed of a sequence of
match items.
Such a pattern will successfully match the input
only if its first match ite. can match a portion of the input
which begins at the location indicated by the input scan pointer
when the pattern was activated, and if each following aatch item
can match a portion of the input which begins immediately after
the p~rtion matched by its predecessor. If anyone of the match
items fails to match the input, the whole pattern vill fail.
An
example of this type of pattern is seen in (5.1), which has three
lIatch ite!Rs.
The Alternation Control Symbol
The alternation control sy.bol is coded as a vertical bar
and is used to divide one pattern into tvo or more
alternative patterns.
The whole pattern is considered to have
successfully matched the input if anyone of its alternative
patterns
succe ssfully matches.
The leftmost member of an
alternative sequence is alvays matched against the input first.
If it f~ils, the i~put scan pointer backs up to the position it
held when the failing me~ber began to match and the next
alternative is tried.
This process continues until one of the
alternative patterns .atches or all fail.
When a meaber of an
alternative sequence aatches the input all remaining aembers to
its right are ignored and the entire sequence is considered to
h~ve
successfully matched. The FACTOR syntax macro in (2.21) is
a good example of a simple alternative sequence in a pattern.
(I)

MACRO SYNTAX: FACTOR
• (. EXPRESSION'"
etc.

I ID , HUPI :

(6. 1)

The first alt e rnative in the above pattern consists of three
m~tch
items:
a pattern string folloved by a syntax macro call
wnich is in turn followed by another pattern string.
The next
tvo alternatives each consist of one syntax macro call.
Note
that the scope of the alternation symbol in (6.1) is delimited by
either a boundary of the whole pattern or another alternation
symbol. Thus the alternation symbol in the pattern
ABC

D

E

F

(6.2)

does Qot apply to C and 0 only,
o E F.

but to the patterns

ABC

and

The Bracket Control Symbols

A group of match ite.s and control sy.bols enclosed in
brackets is viewed by the rest of the containing pattern, as well
as by the rest of this manual unless otherwise stated, as a
single match item that as a unit viII either succeed or fail to
.3tcb the appropriate portion of input text.
For example, the
pattern
ABCDEP

(6.31

consists of six syntax macro calls, each of
which
must
successfully match the input if the entire pattern is to be
successful.
This pattern can be rewritten as
A

B

(C

DE>

P

(6. 41

This new pattern viII match a certain portion of the inp~t if and
only if (6.3) is capable of aatching the sallie text.
While
(6.31
consists of six match ite.s, the new pattern consists of four.
The six syntax macros are called to match the input in the same
sequence as before.
and the failure of anyone of the six to
match viII still cause the entire pattern to fail, although in a
different way than before. If one of the bracket ted syntax macro
calls were to fail,
its failure will now cause its containing
pattern, consisting of the three bracketted syntax macro call9,
t:) fail.
The failure of the bracketted aatch item viII then in
turn cause the entire pattern to fail.

Joe of tbe chief uses of the bracket sy.bols is to deli.it the
scope of the alternation syabol. Thus it is possible to rewrite
(2. 5) as
"A=RO TRIGGER:
'ADD' TERK1:(ID I NUK> 'TO' TERK2:(ID I NUK>
'AND STORE INTO' RESULT:IO ' : ' ;
RESCAN RESULT
TERMl '+' TERM2 ' ; ' ;
END MACRO:

(6.5)

.=.

vhere the match item <IDINUM> can be thought of as a call to a
syntax macro which will match either an identifier or a string of
digits.
Note that a bracket ted match item may be labelled as if
it vere a single match item (which. as far as the surrounding
pattern is concerned, it isle
Again, the label is used by the
.a~rols
replaceaent procedure to access and manipulate the te~t
(vhich in this case vill be either an identifier or a string of
digits)
returned by the .atch item labeled.
If the brackets
were absent the above pattern would aatch successfully anyone
of the following statements:
38 TO NAKE
ADO VARIABLE
123 AND STORE INTO ABC:
Bracketted expressions in a pattern .ay

(6.6)

be

nested

to

any

- )3 level desired.
'ADD'

Thus the pattern
I NUH) 'TO' TEBK2:<ID I NUH)
, FANGE:NUft 'ELEMENTS OF' ARRAY:ID>

<TER~1:<ID

lAND STORE INTO' RESULT:ID ' : '
etc.

(6.7)

;

allows extended ADD state.ents to be written in wbich it is DOW
additionally possible to sum a specified DUlber of ele.ents of an
array and store the result.
Thus either of the following
state~eDts can be matched by (6.7).
ADD !YAR TO 123 AND STORE INTO K;
ADD 43 E LnENTS OF ARRAY AND STORE INTO IVAR;

(6.8)

While th e number of nested brackets in a macro definition is
not limited, there is a li.it OD the amount of nesting allowed
during the matching process.
The Dumber of .acros activated but
not yet terminated plus the SUI of the nUlber of bracket ted
expressions entered but Dot yet exited for each of these calls is
at any qiven instant limited to the value of the parameter
$MATCHSAV. The default value of this parameter is 100 and can
easily be changed at processor generation time. Any macro or
bracketted match item which causes this 1i.it to be exceeded viII
be forced to fail by the processor and a diagnostic message vill
ba printed. Except for this action, however, the normal matching
process will continue.
Detailed Description of the Matching Process
Enough of the syntax for writing patterns has nov been
illustrated to enable the reader to understand the following
description of the aatching process.
Because of the detail
iv~lved
in the following description, the casual reader .ay vish
to skip to the next subsection describing the bracket control
symbols.
If the ADO macro in (6.5) has been defined, the processor,
after its scan pointer reaches the first character of the string
ADD IVAR TO 123 AND STORE INTO K ;

(6.9)

vill try to match it against the local trigger macros whose
definitions were i mmediately contained in the definition of the
.acro that is currently active. If no local macros match, none
exist, or no macro is currently active, the global trigger macros
are then tried.
After perhaps trying and failing to match
se veral other trigger macros
(macros defined after the 'ADD'
macro are tried first), the processor begins to aatch the pattern

in (6.5) .ith the text in (6.9).
The string ADD in (6.9) is matched character by character
with the first match item (which for a trigger macro must be a
quoted string) in (6.5).
After the first item (or "trigger")
of
the
pattern is matched. and vith the input scan pointer
positioned immediately after the ADD. the processor looks to see
if the ADD macro has any local trigger .acros that can be
mltched, and failing this, looks for global trigger macros that
consist of, or start with, the string 'IVAR'. If none are found

the 10 syntax macro is entered but not activated.
At this point
the processor checks for any trigger macros local to 10 that
.ight be ~ried, bat since 10 is ODe of the primitives there are
none, so ~hat the 10 macro is finally activated.
The processor will not try to aatch any other trigger macros
until the 10 macro co.pletes, successfully or not, its task.
After 10 has successfully .atched IVAR plus all leading blanks,
the alternation symbol is encountered in the pattern and all
remaining items, including other bracket ted eEpressions, within
the brackets are skipped.
with the
input
scan
pointer
i.mediately following IVAR, the .acros local to the ADD .acro and
then the global trigger .acros are searched for one which vill
.a~ch the text "TO 123 AND ••• ".
When (hopefully) none are found
the pattarn string fTO' will be aatched with the corresponding
text, plus leading blanks, in the input.
With the input scan
pointer at the first of the leading blanks before the ~123" the
usual search through the local and global trigger macros will be
made, after which the ID syntaE .acro is activated and fails,
returninq control to the pattern of the 'ADO' macro. Any pattern
items, including bracket ted items containing alternation symbols,
that might have followed the second occurrence of 10 in
(6.5)
will be skipped over until the alternation symbol is reached.
The input scan pointer hacks up until it is at the location
occupied before the current bracket ted expression in the pattern
was entered (before the "123"), and the processor prepares to
call the HUM sy~tax macro. The global trigger macros and those
local to the ADD macro are not checked at this point because they
already were before ID was called.
If NU~ vere to have any local
trigger macros they would be matched against the input, however.
This matching process vill continue until the semicolon at the
end of (6.9) successfully matches the corresponding item in the
pattern, after which the replacement procedure of the ADD macro
is called.
Normally, the replacement procedure for a trigger macro
generates what is called rescan text. This te~t effectively
replaces the text that the aacro matched, and the input scan
pointer is reset to point at its beginning. The input text is
n~t actually replaced, however, since a ~atch failure
may cause
the input scan pointer to back up to a location before that at
which this trigger macro was activated, upon vhich the original
input whould be reinstated.
If at some point the ADD macro had failed to match the input
in (6.9), the input scan pointer would have backed up to the
p03iti~n
it occupied when the ADD macro was first called, that
is, before the ADD i~ (6.9), and any relaining global trigger
.a=ros would be called.
Activation Points
When a macro pattern has control, implicit calls to trigger
.acros may only take place just before a pattern string match
item become3 active or a syntax macro is called.
Before a
p~ttern
string becomes active, trigger aacros local to the
containing pattern and then the global trigger macros are tried.
The 3ame is done just before a syntax .acro call is reached,
af~er which the syntax macro is entered and its local macros
are

tried.

Finally the syntax .acro itself is activated. If at any
a trigger macro is successful, it will
generate
a
replaceMent for the input text that it aatched. after which both
l~cal and then global trigger .acros are retried.
Finally when
all trigger ~acros available in the current context are tried and
none are successfully matched by the current input teEt. the
pr~cessor continues with either the match of the
pattern string
or the syntax ma.cro call.
Note that the pattern string 'AND
STORE INT')' in (6.5, is one string, or lIatch item. in the pattern
afid will be matched as a unit, so that trigger macro activity can
t~ke place only when the input scan pointer is positioned
before
the AND and not when it is before the other two identifiers.
This could be altered by writing the pattern in (6.5, as
ti~e

.

'AD 0' TERM1:<ID I NUM> 'TO' TERM2:<ID I NUM>
'AND' 'STORE' 'INTO' RESULT:ID , .,
•
•

(6.10)

The locations of the input scan pointer for which trigger aacros
can be invoked are called activation points.
Although the
activation points are in the input text, their locations depend
upon the macro pattern which currently controls the scan. If no
macros are active the activation points are defined by the output
processor (see section XI, to be at the beginning of each atoa in
the input. There are then no activation points within any of the
input matched by a single pattern string or any of the pri.itive
syntaK macros, including TEXT.
The interaction of syntax and trigger macros described abo.e
indicates that language extension could be made into a tvo stage
pr~cess.
suppose that the base language being extended is
PORT RAN. The first stage could then involve the definition of an
extended base language for which a top down parse is conducted by
a set of syntax aacros. This set could be activated by one
trigger macro as described in section II. The extended base
c~uld possibly be defined to be
a
structured PORTRAN such as
RATFOR~,
IFTRAN., or ftORTRAN3. Further extensions could then be
lIade by trigger macros. Note that these trigger macros, and any
syntax macros vhich they call, vould be inVOked for any gi.en
portion of the input before the corresponding extended base
syntax macros are, and thus should produce code in the extended
b~se, not the base, language.
The two stages could then be quite
independent, since as far as the trigger ~acros are concerned,
the extended base language is the base language.
The

Parentheses Control Symbols

Parentheses are used to delimit optional aatch ite.s in the
p3ttern. The match items within parentheses viII be matched as a
unit if they appear in the input text, but need not be there for
the entire pattern to match successfully.
If EXPR aatches
arithmetic expressions, then the pattern
'FOR' 10 '=' !XPR 'TO' EXPR ('BY' EXPR)

'DO'

(6.11)

will match both
FOR I=A+1 TO A'C BY 3 DO
FOR I=A+l TO I.e DO

(6.12)

-3.Note tha~ both the 'BY' and its accompanying expression .U5t be
present or both must
be absent for the optional satch item to
match. The pattern
'FOR'

IO

'='

EXPR 'TO'

EIPR

(fBY")

(EXPRl

'DO'

(6.13,

would allow for the (probably undesirable, possibility of one of
either the BY or its aceo.panying expression appearing in the
input vithout the other. The parentheses will also delimit tbe
scope of the alternation control sy.bol. so that
(ID I

NU~'

could be considGred by its containing pattern as a call to a
syntax macro which would match an identifier. or an integer, or,
if neither of these items appeared at the appropriate place in
the input, a null string.

Tha Negation Control Sy.bol

The negation (,) sy.bol is used in conjunction with the
symbols to insure that a giYen portion of text is not
present in that which is currently being matched.
The bracketted
pittern following a negation symbol viII signal a failure to the
surrounding pattern if it matches the input successfully.
If it
fails, however, the input scan pointer will back up to its
po sition previous to the negation sy.bol being encountered in the
pattern, the bracketted item viII be considered
to
have
successfully matched, and the matching process viI resume with
the next item in the surrounding pattern. The pattern
br~cket

'BEGIN'

~<'FOaTR1N't'ALGOL'>

10 'END'

(6.15,

will match an occurrence in the input of the string 'BEGIN',
followed by any identifier except 'FORTRAN' or 'ALGOL', wbich
then ~ust be followed by the string 'END'. Only the first two of
the following four strings can then be successfully matched by
(6.15,.
BEGIN

PASCAL

BEGIN

FORTRA
END
FORTRAN END
ALGOL
END

BEGIN
BEGIN

END
(6.16,

A left bracket .ust follow the negation symbol; a parenthesis or
a loop bracket (described below) may not. The definition of 10
in (5.12) is a good exasple of the use of the negation control
syobol.
Iterative Matching
Iterative syntax rules and patterns to match multiple
occ urrences of a given construct in the input text can be vritten
by enclosing the appropriate match ite. s and control sy.bols
within loop brackets .
Loop brackets are distinguished by placing
after the l e ft bracket symbol «) an integer, wbich in turn must
be followed by a co •• a.
The inteqer gives the minimum number of
tiaes that the pattern within the loop brackets must successfnlly

match the input before the loop construct as a whole is
considered successful. The loop brackets may optionally contain
the exit (I) control symbol which specifies the point at which
c~nt[ol is passed out of the loop pattern.
The pattern
'INTEGER' < 2, ID I ', t
aatches the text (ignoring

n~rmal

> •••
•

(6.17)

recursive trigger activity)

INTEGER ABC,I001, X;

(6.18)

by first matching the string INTEGER in the normal sanner.
The
ID syntax macro next matches the ABC after which the com.as in
the pattern and input are matched.
When the closing loop bracket
is encountered in the pattern, the pointer into the pattern kept
by the processor (hereafter called the pattern pointer) is reset
to point to the ID syntax macro call. This time 1001 will be
Iu,tched by the 10 lIacro. When the pattern pointer reaches the
exit symbol for the second tiae the loop is considered to have
successfully been matched the minisus nu.ber of ti.es (2)
specified in its pattern, whereupon the current input scan
pointer value is saved and a flag is set.
If, after this,
further attempts to match the pattern within the loop brackets
f~il, the input scan pointer will be reset to the saved value and
the flag being set will cause the loop construct to signal the
completion of a successful match to the surrounding pattern.
As matching continues the co •• as in the input and pattern are
m~tched
and the pattern pointer is reset for the second time.
After X matches the ID macro the exit symbol is encountered and
the saved input scac pointer is replaced by the current ODe. The
se~icolon
in the input will now fail to match the co •• a in the
pattern, causing the input scan pointer to back up to its most
recently saved value
(immediately after the X). The matching
process now reSUEes with the first
match item past the loop
brackets and the semicolons in the pattern and input are
successfully matched.
Loop patterns may be nested; thus the
pa t te;:n
'DIMENSION'" <1, ID

'(f

<1, NUI'V','>

f)'

I

f,f

>

(6.19)

will successfully aatch any FORTRAN DI~ENSIOH state~ent.
If the
exit symbol is OMitted in defining a loop construct, the
processor will insert one just before the closing loop bracket.
rbe exit symbol and right loop bracket will delimit the
of an alternation symbol. The left loop bracket will not
deli~it the scope of an alternation sy.bol unless no eKit
symbol
lHS
coded for that loop.
Thus the brackets within the loop
brackets are redundant in tbe first line below while in the
second they are not.
scape

<1, ID / <'+'.t_'»
<1, <ID I NUI1> I ',f>
This "fault" of the left loop bracket could be removed by
the patterc compiler convert the construct
<

num~er,

subpattern I subpattern

>

having

into
< number, <subpattern> / subpattern >
if the first subpa~tern contained alternation symbols which were
not in turn ccntained by brackets of any type. This may be done
if the author determines that it is worth the trouble.
Ther~

is an implementation defined li.it for the nu.ber of
loops allowed in a single .acro pattern which can be
e~sily changed by altering the SLPNEST parameter
(default value
is eight)
at processor generation time. The number of lIacros
activ~ted but not yet terainated plus five ti.es
the nu.ber of
loop match items entered but not yet exited is limited to the
v!lue of the parameter S~ATCHLOOP.
The default value of this
parameter is 200 and is also easily changed.
nested

Backup and Match Retry
Although the input scan pointer May be backed up when
alternative portions of a pattern are being matched, the pattern
pointer always moves forward through the macro pattern during
matching.
The one exception to this rule is that of loop
D't!.tching which has been described above. Thus, eKcept for siaple
alternation, the matcher will not seek out alternate paths
through th.e pattern if one path fails.
Thus the pattern

<

10 I

102: 10 '(' EY.PR ')'

> 1 =' EXP2: EXPR •••
•

(6.20)

will not lila tch the text
ARRAY (3) =4+A:

(6.21 )

because the first 10 syntax macro call will aatch 'ARRAY', after
which the pattern pointer will jump out of the bracket ted Batch
icem, try to match '=', and fail. Since the pattern pointer is
now past ~he alternative in the brackets, that alternative cannot
be tried.
To avoid this problem, alternative sequences should
begin with the match items that will match the most teKt, one or
.ore of the ~atch items following the alternative sequences can
be ins~ead included after each me.ber of the sequence, or
optional match items might be used to avoid part or all of the
alternation. Each of these three ideas are applied to the aboye
pattern as follows:

<
<

IO ' ( ' EXPR ')' I 102:10
ID '=' 1 ID2:10 1 ( ' EXPR

10 ( ' ( ' EXPR ' ) ' )

> '=' EXP2:EXPR ' . '
')=' > EXP2:EXPB ' : '

'='

(6.22)

EXP2:EXPR ' : '

While in chis case the last is preferred for both speed and
space, any of these patterns should perform in a satisfactory
m~nner.
It should nearly always be possible to write patterns in
which backup is uanecessary.7
~
description of the syntax
definition is given in appendix A.

Trigger Macro Patterns

rules

for

macro

pattern

A few restrictions should be observed when writing patterns
for trigger macros.
A trigger macro pattern must begin with a
pattern string which is called the trigger. The trigger may be
as short as one character, may not begin with a blank, and may
not be nested wi thin brackets,
parentheses, or loop brackets.
The trigger should have no alternative, that is, any alternation
symbol appearing in a trigger macro pattern must be nested within
at least one level of brackets, parentheses, or loop brackets.
Failure to observe any of these rules will result in a diagnostic
and refusal to compile the offending macro.

A trigger macro is called and given control of the scan only
when its entire trigger appears in the input.
The aser should
therefore be c~reful about using trigger macros having very short
triggers,
because such macros can be more easily called by the
input, and once called there is a certain amount of processor
overhead involved in passing control of the scan, stacking the
environment, etc. even if the lIacro fails.
Another danger
ariSing from short triggers is discussed in section XII.
The

P~ttern

Compiler

During macro definition, patterns are thoroughly checked for
syntactic correctness and are stored in the macro buffer in a
translated form.
Syntax macro calls are linked to appropriate
locations in the syntax symbol table, whose members viII in turn
be linked to the syntax macros themselves by the LINK routine
when these macros have been compiled. This level of indirection
allows macros with references to syntax macros to be co_piled
before the corresponding syntax macros themselves are defined.

VII.
~ACRO REPLACE~ENT PROCEDURE DEfINITION INTRODUCTION, DATA TYPES, AND EXPRESSIONS
Each macro defined consists of an initial pattern and a
replacement procedure.
As viII be seen in the discussion of the
S:AN statement in section VIII, the replacement procedure may
contain
additional patterns.
The replacement procedure is
activated upon the completion of a successful JIIatch of the
p~ttern
vith the input text.
When a macro is defined a FORTRAN
subroutine compiles the replace.ent procedures from a
higher
level language, vhich is hereafter called the replacement base
l~nguage or just base language, into
a reverse polish string.
The
polish string is then
interpreted by another FORTRAN
subroutlna whenever the replacement procedure is activated.
The
base language cannot be compiled directly to machine code if the
pr:>cessor is to remain machine independent.
In order to keep the
coapiler subroutine to a managable size, the only control
sc~tement currently implemented
in the base language is the
conditional branch, or IF statement as in
IF (1=1) LABELl:

(7. 1)

If the expression is true the statement labelled by LABELl is the
next executed, otherwise control passes to the next state_ent

after the IF.
Since a logical expression evalua tes to the
integer 1 if true, and unconditional GOTO lIay be codgd

IF(l) LABELl;

(7.2)

Since the recognition and passing of a aacro definition to the
pattern and replacement base language co~pilers is done under the
control of macros, it is natural to allow these aacros to process
the macro definitions before they are passed OD. Although the
user is certainly free to write a set of .acros to extend the
replacement base language anyway that he chooses, a "standard"
set of base language extension .acros is supplied with the
processor and appears in appendix B. Although these .acros serve
several minor purposes, they are pri~arily designed to i.ple.ent
and check for the correct use of the control structures

IF - ELSEIF - ELSE - END IF
FeR -

END FOR

WHILE - END WHILE
LOOP - END LOOP
GO TO
EXIT, NEXT
(for loops)

(7.3)

All base language state.ents except
KENO
are
valid
st!teaents in the extended language, but soae, such as the
conditional branch are rarely used.
Hereafter references to the
IF state.ent, unless qualified, will refer to the IF construct in
the extended language.
In the remainder of this sectioD and the
two following sections, care will be taken to point out those
pr~perties
of the replacement procedure language which are
i.plemented by aacros in the "standard" set and are therefore not
c~nnected with the processor in any other way.
The integer, string, and .atch variables used by the
replace.ent procedure are local to the procedure and temporary;
being
allocated
up~n
activation and deallocated when the
pr~cedure terminates.
The GLOBAL and symbol array variables and
text produced by ANSWER and REseAN statements are not affected by
macro actiVation and termination, although they may be altered by
statements vithin a replacement procedure.
Integer Data Type
An integer constant is a string of numeric characters
containing
no
blanks, co •• as,
or decimal points.
It is
interpreted as a deci.al integer whose yalue Bust lie betveen
i.plementation
defined
limits.
Integer constants may be
preceded by a plus or minus sign, but these do not change the
value of the stored constant: they vill be interpreted as
operators in the normal fashion when the statement containing the
constant is executed.
Integer variables
An identifier appearing in a replacement procedure is
assumed to be an integer variable unless it is
declared
otherwise.
An integer variable may assume any value valid for a
P'RTRAN integer variable on the machine on which STEP is running.

Sering Data Type
A string is a sequence of zero or more characters which is
treated dS a unit.
A
string constant is written simply by
enclosing the characters in the string with apostrophes.
If an
apostrophe is desired in a string it must be written as tvo
consecutive apostrophes. Thus the string
DON'T 00 THAT

(7.4}

is written as the string constant
'DON"T 00 THAT'

(7.5)

String constants may be of any length. A string constant of zero
length .ay be written as two adjacent apostrophes provided that
it is not contained in another quoted string.
String Variables
An identifier viII represent a string variable if its first
appearance in the procedure is in a STRING declaration statement.
which is defined later. The length of a string represented by a
string variable is not limited and viII be equal to the length of
wh3.tever string is assigned to it.
A string
variable can also
hive the value null,
vhich is not the same as a zero length
string, but can be thought of as a string having negative length.
All string variables are initialized to null upon procedure
en tr y.
Platch Variables
Text matched by the pattern of a .acro is accessed in its
replacement procedure by means of match string variables, which
are hereafter called lIatch variables. A match variable can be
used in the replacement procedure like a noraal string variable.
A aatch variable is declared in the macro pattern by vriting its
associated identifier,
followed by a colon. in front of a match
item. left loop bracket. left parenthesis. or left bracket
(except for the left bracket delimiting an alternative sequence
of pattern strings folloving a BAL. ATOMS, or TEXT syntax macro).
Tha matching process will cause the values of each match variable
declared in the pattern to be initialized by the replace.ent
text, .inus any leading blanks. returned by the aatch item that
it labels.
It is not necessary to delete trailing blanks froa a
a~tch
variable
because normally none are matched by the
corresponding match ite ••
If

a

appropria te
character.

string
match

containing only blanks
variable is initialized

1s
to

matched
the
a single blank

rhe match .. ariable vhich labels a syntax macro call will be
set to the text returned by that macro. A syntax aacro returns
all text to the calling macro by aeaDS of the ANSWER state.ent.
d~scribed
below.
If a syntax .acro call is not labeled it viII
be as~umed to have a label identical to its Dame.
Thus the tvo
patterns

IFORI 10 '=' EXPR ITOI EXPR 'DOl
'FOR' ID:ID 1=1 EXPR:EXPR 'TOI EXPR:EXPR 'DO'

(1.6)

are identical to the processor.
The text returned by a bracketted itea r for
nor.al,
optional r or loop brackets r
is composed of the replacement
strings produced by each matching of each match ite. within the
brackets
concatenated together in the order in which the
.~tchings occurred .
It is possible, for exaaple, to have a match
variable represent an entire pattern string including arguments
by simply enclosing the string in brackets and labeling the match
item thus formed.
Although leading blanks are re.oyed from the
text returned by the bracketted match itea r any blanks between
the
portions of text returned by the various iteas contained by
th e brackets are not.
In each pattern in (7.6) the match variable 'EXPBI
is used
to label tvo match ite.s.
When lIlatch variables are aultiply
declared the last declaration occurring in the pattern is the one
recognized.
Thlls the text returned by the first call to the EXPB
syntax ma c ro viII be inaccessible by the replacement procedure
for
(7.6), although the lIatching process for the pattern is
unaffected.
This pattern could instead be written
'FOR' 10

1='

EXPR ITO' EXP2:EXPR 'DO'

whi c h allows the text returned by all three
accessed.

macro

(1.7)

calls

A single match it ell may not have lIultiple labels.
101:

102:

ID

to

be

Thus
(1.8)

is not legal, while
101: (102:10)

(1.9)

iS r since the syntax aacro call 10 and the bracketted construct
are considered to be two different aatch items by the processor.
Any match variable whose declaration appears inside loop
is declared to be an array of strings whose dillension is
equal to the number of loops within which it is nested. These
match .ariables must have the appropriate nuaber of subscripts
separated
by commas in order to be accessed in the replace.ent
pr3cedure.
Each subscript must be an inteqer elpression r
which
is defined below.
Following the FORTRAN cODventioD r the first
subscript vill refer to the innermost looPr and so aD.
For
elample r in a replacement procedure for (6.19) the match variable
NUH (2,3) will be initialized to the second subscript of the third
v~riable
in the DIMENSION statement being .atched.
permissible
values for a subscript range from one up to the number of times
the loop referred to is successfully matched.
The highest
permissible value for a given subscript in a aatch array variable
is found by substituting an asterisk (.) for that subscript and
omitting any subscripts to the left .
The array .atch .ariable
viII then hav e an integer rather than a string valae and will
equal the subscript lillit.
Again using (6.19) as an exallple r
br~ckets

KU~(.) and ID(.)
viII each be integers vhose values viII be equal
ta the number of variables appearing in the DIMENSION state.ent
th~t
was matched r vhile NUM(.r2}
viII equal the Du.ber of
subscripts appearing in the second variable .
If the DIMENSION
statement did not have a second variable r NO(llt (.r2) would be zero.

E~istence

of r.atch variables

Any non-array match variable declared in the pattern will
but may be initialized to null if its corresponding match
item matched no input text.
A .atch variable array element r
however r will not exist if anyone of the loops in which its
declaration is nested does not match successfully the nu.ber of
times indicated by the appropriate subscripts. Note that while
an iteration of the loop containing the declaration aust match as
a whole, the match item corresponding to a particular variable
declared in the l oop need not. In other words, it is possible
for a match variable array element to exist and be initialized to
null.
e~ist,

The number of ti.es a nested loop pattern will match viII in
general vary with the match iteration of the outer loopsr so that
tba maximum permissible value for a subscript will depend upon
the values of the subscripts r if any, to its right.
An atte.pt
to access a non exist ant array element will return a null string
and a runtime diagnostic.
If tbe left.ost subscript is an
asterisk r however r no diagnostic will be issued and the integer
v~lue
returned will be zero if the remaining subscripts are out
of bounds or if the containing loop did not match at all.
For
example r if only four variables are in a DIMENSION statement
Ililtched by (6.19) r then NUM (.rS) vould be zero, and no diagnostic
is issued.
The GLOBAL Array
GLOBAL is an integer array whose size is iaple.entation
defined.
A GLOBAL array element may be used anywhere and in the
sa~e way that a normal integer
variable is used.
The values
assigned to the GLOBAL array will remain until another assignaent
is done or a control card (see below) is read. These values are
not affected by procedure activation and backups.
Each ele.ent
of the GLOBAL array is initialized to zero when the processor is
started.
Values in the GLOBAL array are also cbanged by control cards
of the forI!

/C[INTEGER}. [INTEGER)
where the beginning slash 8ust be in column ODe and no e.bedded
bl~nks
are allowed.
The second integer .8oy be preceded by a.
minus sign. The value of the second argument is stored in the
GLOBAL array element whose index is the first argu.ent.
The lower limit for GLOBAL array indices is zero while the
upper li=it is implementation defined. A diagnostic is printed
if the index is out of this range in a replace.ent procedure or
control card.
The value returned in a replacement procedure

w~uld

then be the zeroth element of the array.

eleMents one to twenty of the GLOBAL array are used as
control variables by the processor.
These eleMents can be
thought of as svitches which have the yalue one when on and zero
vhen off. The locations currently used are
1.

2.

3.

4.

5.
6.

7.
8.

COMPILE. If this switch is turned on by the replacement
procedure of a trigger macro then all of the teKt produced by
the ANSWER statements of that procedure is considered to be a
macro definition and is passed to the pattern and replace~ent
procedure compilers. The ANSWER text returned to the caller
is then a string of zero length and the switch is turned off.
There is no effect upon any REseAN text produced by the saae
macro. This switch should nat be set by a control card.
QUOTE.
Normally a comment must be enclosed in double quotes
(U) •
If this switch is on then comments Dot closed by a
double quote before the end of the card vill be closed by the
processor.
TRACE. If this switch is on any ANSWER and RESCAN text
produced by a replacement procedure vill be dumped into the
listing file along with the words "ANSWER" or "RESCAN" and
the name of th£ macro if it is a syntax macro, or its trigger
if it is a trigger macro.
The normal disposition of the
ANSWER and RESCAN produced teKt is not interferred vith.
LISTING. The pattern coapiler vill output the pattern of the
.acro being compiled to the listing file if this switch is
on.
The replacem.ent procedure vill also be listed on a
state~ent by statement basis.
Note that compiler diagnostics
are listed regardless of the status of this switch.
OBJECT.
When this switch is on the object code produced for
each statement by the replacement compller will be listed
after that statement.
NBST SWITCH. As described in section IV it is possible for
the input reader to update the nest level count when bracket
symbols are encountered. This will be done if GLOBAL(6) is
set equal to one.
NEST COUNT. The nest count itself is kept in GLOBAL (1)
so
that it may be easily accessed by the macros.
The nest count
value is printed in front of each source listing line.
INDENTATION AMOUNT.
This, as all other elements of the
GLOBAL array, is initialized to zero, so that no nest le.el
related indentation appears in the source listing. Each line
of the source listing will be indented by an amount equal to
the nest level count multiplied by the indentation asount.

Elemants 21 tc 30 of the GLOBAL array are by convention
reserved for the use of macros extending the lIacro definition
language.
Syntax Descriptions for the Replace_ent Procedure Language
For the re.ainder of this manual, STEP macro patterns are
to define the syntax of the various expressions and
statellen~3
that are introduced.
In order to do this, the
existence of several syntax macros vill for the 1I0ment be
assumed.
INTVAR, STBVAR, and f'iATVAR vill .atch the nalle of any
integer, string, or match Yariable, respectively.
~ny
of these
macros could be defined using a pattern which consisted of a call
used

to the ID syntax macro and a replaceaent procedure whicb looked
up the resulting identifier using the sy.bol table facility,
which is described later. If the identifier did not represent
the proper class of variable, a FAIL state.ent, which is also
described later, could be executed and the macro would act as if
its pattern bad never ~atched the identifier in the first place.
Integer Bxpressions
An integer expression is a COMbination of
arithaetic
operators, integer constants, integer variables, and functions
which have integer values. The syntax of and the operators used
in these expressions is identical to that allowed by FORTRAN with
the exception of the exponentiation operator.
The arithmetic operators, listed in descending priority, are

(UNARY OPERATORS)

+ ,

o , /
+ ,

where operators on the same line have equal priorities.
An
expression may not contain adjacent arithmetic operators, nor .ay
it
contain adjacent operands.
When two operations in an
expression have equal priority the leftmost one is done first.
Parentheses are used in the normal manner to cbange the order of
evaluation.
Examples of integer expressions are:
1

-A

- (NUft (0,2) +A)*B/ (I-B)

(1.10)

It is assumed that A, B, and I were not declared as match
variables in the pattern and were not declared as string
v~riables
in the replacement procedure. Except for declaration
statements, an integer expression may appear anywhere that an
integer constant would be allowed in a replace.ent procedure
sta tement.

The pattern INTEXP which Batches all integer
accepted by the base language COMpiler is vritten
M!CRO SYNTAX: INTEXP
<1, TERft / '+'
ANSWER MATCH;
END MCRO;
MACRO SYNTAX: TEF"
<1, FACTOR / ,.,
ANSWER MATCH;
END MACRO;

expressions

, -, >;

I 'I'>:

(7. II)

MACRO SYNTAX: FACTOR
('+'1'_') < 'GLOBAL(' INTEXP '"
I INTVAR I NUl! I
"ATVAR '(.' <0, ' , ' INTEXP> ')' I
'(' INTEXP ')' I INTPCN I SYPlPNTR I S'tI'lBEF>:
ANSWEF HTCH;
END PlACF.O:
The definitioL for INTFCN, vhich aatches any function that
returns an integer value, viII be given in section IX. The
definitions of SYMPN'rl\ and SIPlREF viII be given in the subsection

on the symbol array facility.
The pattern
('.'1'-')
in PACTOR
will match both unary operators, while the infix ' . ' and ,-, will
be matched in the INTEXP pattern.
Again, note that a match
variable having an asterisk as its first subscript is treated as
an integer. The above macros have been written so as to reflect
operator precedence rules.
String EKpressions

A string element is defined as a string constant, a string
variable, a lDatch variable or array elellent, or a function which
evaluates to a string. String expressions consist of one or more
string element separated by the concatenation operator
(II),
which is the only string operator available.
various string
fu~ctions
that are available, such as substring, will
be
described in the section on functions.
The concatenation infix
operator operates only on variables, constants, or expressions
having string data type.
The res~lt is the creation of a new
string formed by joining the operands in the order written.
P~rentheses are allowed in string expressions and will change the
order in which the concatenations are done, but are of little
pr~ctical use.
The priority of the concatenation operator is
higher than that of the arithmetic operators although this is
seldoa of importance since autoconversion between the string and
integer data type is never done. Its priority is also higher
than those of the relational, logical, and
symbol
array
(described later) operators.
If 0 and V are string variables,
the following are valid string expressions:

v

VIIUII'ABC'

('ABC'lIi) IIU

(1.12)

The pattern STREXP to match all string expressions
by the base language compiler is written
~ACBO

SYNTAX: STREXP
<1, <STRELEMENT I '(' STREXP ,)',) /
ANSWER MATCH ;
END ~ACRO;

'II');

MACRO SYNTAX: STRELE"ENT
5TH I STRVAH I STRPCN I KATREP I SYKBEF;
ANSWEF MATCH;
END HCRO;
~ACRO

accepted

(7.13)

SYNTAX: MATREP
MATVAR

( ' ( ' <1, INTEXP /

' , ' ) ')' );

ANSWEE MATCH;
END MACRO;
The definition of STRFCN, which matches any function which
evaluates to a st~in9, will be given in the section on functions.
Again, the definition of SYMREF is given in the subsection on the
symbol array facility.
Logical Expressions
A logical expression always evaluates to an integer.
The
of this integer may then be interpreted as false (zerol or
true (non ze~o).
A logical expression can be an aritbaetic
v~lue

- 17expression,

d

relatio&al expression, or, in the proper context, a

match variable.
A logical expression may also be cOflposed of
other logical expressions separated by the
infix
logical
operators It&" or III", or preceded by the prefix operator II., . . .

A relational expression is composed of a relational operator
with an expression on each side. Both expressions .ust eYaluate
t)
an integer or both must evaluate to a string. The relational
operators are

=

<

<=

>

>=

all of which have the sa.e priority, which is lover than that of
the arithmetic and string operators. A relational expression
will eyaluate to a 1 or a 0, depending upon whether tbe relation
is satisfied or not.
Strings are co.pared by a left to right
ch~racter by character
comparison according to the collating
sequence defined by the internal character .apping (see section
IV).
In the event that all of the characters in one string are
the same as the first characters in another the longer string is
considered to be qreater.
A null string or match variable viII
alvays compare as strictly less tban a string of zero lengtb. In
the future, it may be possible to introduce more flexibility in
the ordering of the internal character map in STEP so tbat the
collating sequence at co.pile time could be adjusted to coincide
with that at run time, which viII in general be .acbine
dependent.
A match variable is considered to be a logical expression if
it appears as the sale argument of an IP statement or is directly
operated on by one of the three logical operators.
It viII
ey~luate to zero if its value is null, and to a non zero value if
it 1S not null.
This allovs for a conyenient vay to check
vhether or not a qiven portion of the macro pattern matched tbe
input or not.
'Xhe logical operators are, in order of decreasing priority,
".,11, U&", and nl". The priorities of the logical operators are
lower than those of the arithmetic, relational, string, and
symbol array operators.
The result of operation by a logical
operator is always 1 or 0, depending upon vhether the expression
is true or false.
Logical and relational operations of equal priority are
perfor.ed left to right. Parentbeses can be used in the norsal
_anner to change the ord a r
of evaluation.
Note tbat the
expression
7>6>5<3

(7. 141

i~ perfectly acceptable to the
base co.piler.
The operations
would be performed fro. left to right: 1 > 6 evaluates to 1,
than 1 > 5 evaluates to 0, and finally 0 < 3 evaluates to 1. The
extension macros will not, however, allow such an expression as
the ar9u~ent cf an extended IP, ILSEIP, or WHILE state~ent. A
plus or ~inus sign i~mediately following a relational or logical
operator is interpreted as a prefix operator. If NUM is a two
di.ensional match variable array, 10 is a match variable, S, T,
and U string variables and all other variables are of integer
type, then example logical expressions can be written as

(S < T I I = 6) & J
ID) 'ABCD' I HUM(2,3)
NOM(.,2) ) 6

I

1=6
NUM(2,3)

I 1=6

<

ID
(7.15)

Note that while NU~ is used as a logical variable in the third
it is used as a string variable in the fifth, even
though it occurs adjacent to the "I" logical operator.
The
higher peiority of the "<" operator prevents the "1M fro.
directly operating on the NUH match variable.
NO"(*,2)
is, of
course, ~reated as an integer.
ex~mple,

The way in which logical and integer

expression

have

been

mixed is perhaps unfortunate but cannot
be avoided without
introducing a separate logical variable type along with the
appropriate
declaration
statement
into the base language

compiler.

Except

for

a

restriction

to

binary

relational

expressions in certain contexts, the extension macros do not
place any further restrictions on the mixing of logical/integer
ex pressions.
the pattern tOG[XP which matches all
accepted by the base compiler is written

logical

expressions

MACRO SYNTAX: LCGEXP
(1, LOGTEBM / 'I'>:

ANSWER lIiATCH;
END MACFO;
MACRO SYNTAX: LCGTERM
(1, LOGELEHENT /
ANSWER MATCH;
END MA(:PO;

t&'>i

MACRO SYNTAX: LCGELEMENT
(7.16)
('~')
<RELATION I INTEXP I MATBEF 1 ' ( ' LOGEXP ' ) ' )
ANSWER r.ATCH;
END MACRO;
MAcao SYNTAX: RELATION
<I, INTEXP / RELOP) I STREXP R2:RELOP S2:STREXP ;
ANSWER ('lATCH;
END MACRe;
MACRO SYNTAX: RELOP
'=' , '..,=' I '(=, I '('
ANSWER MATCH;
END MACRO;

I

,)=,

I ')';

The three calls to INTEXP in the pattern for the FACTOR _aero in
(7.11) and the call to INTEXP in the pattern of the ~ATaEF macro
in (7.13) must now be changed to LOGEXP in order to coincide with
the way in which the base language compiler operates.
For this
reason
LOGEXP
will
appear many places in future syntax
definitions where the reader might at first expect to see IMTEXP.
The text matched by LOGEXP in these cases viII still be referred
t:> as dO integer expression.
Note that the order in which so.e
of the relational operators appear in the pattern for RELOP is
important.
The restrictions on the use of a match variable as a
logi~~l variable are not given by the above macros.
In practical

work, this extension of the meaning of the match variable has
praven very convenient, although it is particularly messy to
place into the grammar, or patterns, which describe the language
syntax.

VIII.

~ACRO

PROCEDURE DEPINITION -

REPLACE~ENT
STATE~ENTS

The statements currently i.ple.ented in the base language
replaceMent procedure compiler are the STRING, Assignment, IF,
ourpUT, FAIL, MARK, DROP, SCAN, MERGE, RETURN,
and
MEND
st~tements.
All of the above vords except Assignllent are
reserved by the co.piler and lIay not be used in a macro
definition for any other purpose. The identifiers THEN, NOTRIG,
USING, RONEW, and LOCAL, vhich are options of various state.ents,
are also reserved. The statements iaplemented by the extension
macro set are discussed after those of the base language.
STRING Statement
The STRING statement can be matched by the pattern
'STRING' <1,10>

1;1

:

All of the identifiers appearing in a STRING state.ent are
declared to be variables having string data type, and must not
appear in any statement previous to the STRING state.ent.
The
compiler vill issue a diagnostic and the macro will be deleted
after compilation if any variable appearing in a string state.ent
has appeared previously anywhere else in tbe macro definition.
The STRIN G state.ent produces no executable code.
Arithmetic Assignment Statement
A pattern to match an arithmetic assign.ent statement can be
written
<'GLOBAL(' LOGEXP

I)'

I INTVAR>

'='

LOGEXP

I;'

.•

The expression on the right side is evaluated and stored into the
integer ~ariable. Automatic type conversion between integer and
string data types is not done upon assignment or under any other
conditions.
The following are valid arithmetic
assignment
statellents:
1=6

1=6

* (J+K/31

1=1=6 1 NU" (* ,21

(8. 11

String Assignment Statement
A string assignment statement will match the pattern

<STRVAR 1 MATREP)

'=' STREXP ':' :

The quantity on the right hand side is evaluated to for_ a string
which is thereafter re~resented by the variable on the left.
Note that the match variables are only initialized by the pattern
match~ng
process, and may be reset to other string values in the

replaceme.Jt procedure.
Any non array match variable declared in
the pattern exists and can have values assigned to it, even if
the match item it corresponds to did not aatch anything.
Match
variable array elements can have strings assigned to thes only if
they exist.
IF Statement -

(Base Language)

.. , .

The format of the base language IF statement is
'IF(' LOGEXP ')' 10

•

•

The arithzetic or logical expression is evaluated.
If it is true
(Q~n zero) control is
transferred to the state sent which is
preceded by the label .
If it is false control transfers to the
next statesent after the IF. If a match variable appears alone
as the IF expression it will be evaluated as a logical expression
as described above. Thus if NU~ and IO are match variables
IF

(NU~)

LABELl ;

(8.2)

is legal vh e reas
IF

are not.

(NUM+ID)

LABELl;

IF

(NU~>6)

LABEL;

(8.3)

Example IF stateMents are:
IF (3 = I) LAB l;
IF (38-I> (8+J))
IF (NUM(3.2) > STRING))STR2) LAB2;
IF( " NUM(3.2)) LABl;

LAB3;
(8.4)

where the last of these makes use of the match variable as a
logical variable.
While the IF statement may be used in the
extended language, it almost Dever is. If it must be, the target
label should never be the identifier THEN!
rhe base language compiler does
statelllent.
Instead of the stateMent

not

recognize

a

GO

TO

GO TO LABELl;

(8.5)

IF(l)

(8.6)

one may c.:>de
LABELl;

SCAN Statement
The SCAN statement can appear in either of the two folloving
forms:
'SCAN' MACRO_PATTERN ' ; ' :
'USING' STREXP 'SCAN' MACRO_PATTERN ' ; ' :

(8.7)

The tvo types of SCAN state.ent shown above vill be called types
one and tvo,
respectively.
The SCAN stateaent allows the
replacement procedure to gain direct access to the STEP pattern
m~tcher.
The type o~e SCAN statement causes the input tezt~
startinq from the current location of the input scan pointer, to
be matched against the ma c ro pattern following the keyword SCAN.

Tbe match variables declared io the pattern are initialized by
the results of the match just as they are for the first pattern
in the macro.
In the following macro definition the syntax
macros NORMAL_LIST and CCNVRT_LIST viII each match a list of
items
following
a DIMENSION stateMent,
but will generate
different code.
The value of a flag stored in GLOBAL (25)
indica tes whicb of these syntax macros is to be used.
MACRO SYNTAX: DIMENSION
'DI~ENSION';

ANSWER MATCH:
IF GLOBAL(25) =1 THEN
SCAN NORMAL_LIST:
ANSWER NORMAL_LIST:
ELSE
SCAN CONVRT_LIST:
ANSWER CONVRT_LIST:
END IF
END "ACRO:

(8.8)

In the next example, the syntax macro STATEMENT is assu.ed
to exist and to match any statement of a given language, after
which it writes the statement, perhaps in a modified fora,
directly to the code file via the OUTPUT statement. A simple
~acro to match a subroutine can then be written
MACRO SYNTAX: SUBROUTINE
'SUBROUTINE' (' ('ARGLIST') I,'; ':
OUTPUT HTCH:
SCAN <0, STATEMENT>:
SCAN END: • FNO;' :
IF ~END THEN
WARN 'MISSING END INSE1I:TEO':
END IF
OUTPUT' END;';
END MACRO:

(8. 9)

After the subroutine declaration and argument list have been
m~tched
tbey must be im.ediately inserted into tbe code file so
th!t they will appear before the code generated by the calls to
the STATEMENT macro, so the SUBROUTINE macro must "break out" of
its pattern matching process in order to do this.
The scan
state~ent
in this case simply allows the matching process to
resullla wh~re it left off.
Note that a subroutine containing
thousands of statements can be matched as a unit by tbe above
m!cro~ since the text produced by the
matching process is not
stored in the processor's buffers, as it would be if STATEMENT
ANSWERed all of its text back to SUBROUTINE.
The concept of a distributed pattern makes it necessary to
modify the definition of a STEP macro as a pattern followed by a
replacement procedure.
A macro definition then consists of
pattern matcbing and other replace.ent procedure statements. The
first statement of a ~acro must be a pattern and is called the
initial p!ttern.
The initial pattern must always be successfully
matched against the input if the reMaining state.ents of the
macro are to be executed. If a subsequent pattern is activated
by a type one SCAN statement and fails to match, the input scan
p~inter
~s
reset to its value before the abortive match started
and all of the match variables declared in that pattern are set

to null. Except for this action the execution of the replacement
procedure continues with the next state.ent. The syntax of the
pattern appearing in each SCAN statement Bust follow the rules
already specified for the initial pattern of a syntax sacro.
Match variables must not appear in a replacement procedure before
they are declared i~ either the initial pattern or a SCAN
statement. If the same match variable name is declared more thaD
once in any pattern, or in .ore than one pattern, a warning
diagnostic is printed and the .atch variable will refer to the
text matched by the last match item appearing in the replacement
pr~cedure which corresponds to that match
variable.
lny match
v~riable
that has not matched text or is nested within part of a
p~ttern that failed to match text will be initialized to null.
A
pattern in a SCAN statement may be repeatedly .atched against the
input. Thus the previous exa.ple can be rewritten
MACRO SYNTAX: SUBROUTINE

'SUBROUTINE'

(' (' ARGLIST ')') ';';

OUTPUT MATCH:
LOOP
SCAN STATEMENT:

!F

~STATEHENT

(8.10)

THEN EXIT; END IF

END LOOP

SCAN END:'END;':
etc.
All match variables in the SCAN statement's pattern will reflect
the progress of each successive match as if it were the first.
Note that if the match variable STATEMENT exists, it will be a
strinq of length zero since STATEMENT does not answer any text,
but only does OUTPUTs. If for some reaSOD STATEMENT does ANSWER
text back to SUBROUTINE, that teIt is deleted just before the
s~me SCAN statement is executed again.
This is necessary if the
srATEKENT match variable is to be initialized to the text to be
aatcbed in the next iteration, or initialized to null if the text
ca~not be matched.
If STATEKENT produces aESCAN text then that
text is placed into the input exactly as it would be by (8.9).
The production of RESCkN text in this particular instance would
cause a call to the STATEnENT macro in either type of loop to
SC~G the text produced by its predecessor.
The type tvo SCAN statement causes the scan pointer to be
teaporarily
redirected
to
the string resulting from the
e,aluation of the string expression following the keyword USING.
This string is matched exactly as if it were the entire input to
the processor; trigger macros can be activated and syntax macro
c~lls nested to anJ level during the scan.
The end of the string
is treated as the end of input, so that any pattern atteapting to
move the input scan pointer beyond the end of the string will be
forced to fail.
The type two SCAN 5t~te.ent does not affect the
v~lues
of the ~ATCH and SOURCE functions (these are defined in
tha next section). When the pattern of the SCAN state.ent,
su~cessfully
or unsuccessfully , completes .atching, the scan
pointer reYerts to the input and is reset to the value it held
before the type two SCAN statement was encountered.
ANSWER Extension Statement
The format of the ANSWER statement is

'ANSWER'

('NCTR1G')

(1, STRELEMENT> ':1 :

whare the keyword NOTR1G is optional and each of the string
elements when evaluated have string data type. As seen above, a
string ele.ent is a string expression with the exception that no
operators that are not nested within at least one level of
p1rentheses are allowed. The only operator which could be used
in violation of this rule is the string concatenation operator,
whose use in this way in an ANSWER stateMent would be redundant.
If af~er its evaluation, a string element is neither null nor of
zero length and does not have a leading blank, one is inserted.
The elements are concatenated together in the order of their
appearance to form one string.
Before the replace.ent procedure
terminates, all text strings thus formed are concatenated in the
order in which their corresponding ANSWER statements
were
executed. The resulting text is returned to the calling macro if
the Macro that is terminating is a syntax macro. If it is a
trigger macro the text is simply deleted unless it is to be
passed to the macro definition compilers.
The insertion of the leading blanks in front of any item is
suppressed by placing a dot (.) in front of that item. If 5 is a
string
variable
and 10 and NUM are aatcb variables and
ID='FORTiiAN', NU!'I='123 1 , AND 5='T' then
ANSoAER 'L'.NUM ID;
ANSWER .S'NOW· S S.5;

produces
produces

• L123 FORTRlN'
'T NOW T TT'

(8.13)

It is necessary to separate tvo adjacent match or string
variables and two adjacent string constants appearing in an
ANSWER s~atement by blanks in order to avoid confusion as to
their Illeaning.
It is not necessary to insert blanks between a
string constant and string variable or any other two ite.s which
C1n be distinguished. The NOTRIG option is described with the
definition of the RESCAN state~ent belove
The ANSWER statement is actually an extended statement, and
vill not be recognized by the base language compiler. The only
conversion made by the macro definition macros is to convert
'ANSWER' to 'OUTPUT(1}', hovever.
See the section on the OUTPUT
statemnt for a further description.
RESCAN Extension Statement
The format of the RESCAN statement is the same as that for
the ANSWER statement except that the keyword 'ANSWER' is replaced
by 'RESCAN'. One text string is produced from all of the RESCAN
st1tements executed in the replace.ent procedure in the same vay
as
for
the ANSWER statement, but this text string then
effectively replaces the text which the macro pattern matched,
after WhlCh the input scan pointer is set to its beginning_
Subsequent text llatchin9 will commence with this "replace.ent"
text being scanned. Should the input scan pointer ever back up
P1St the beginning of this replacement text, however, the text
matched by the pattern which produced the replacement text, which
.1Y itself be original input or replacement teEt generated
earlier, will be reinstated. Botb trigger and syntax .acros may
produce RESCAN text, although the majority of it vill normally be

produced by the trigger macros.
ANSWER and RESCAN statesents sa,
appear in the same replacement procedure and vill not interfere
with each other.
If the HOTBIG option is coded for either an ANSWER or a
statement the text produced is altered so that it can
never cause trigger macro invocation.
In all other respects,
however. this alteration of the text is undetectable. The
altered text can then be matched in the nor_al way by any aatch
item of any .acro pattern except for the trigger of a trigger
macro pattern.
A trigger can never 1D8tch altered text.
The
alteration is permanent. so that even if the altered text is
broken up or assigned to string variables in a replacement
procedure and passed up through several levels of .acro calls via
ANSWER st!tements before being placed into the input via a RESCIN
statement. the text originally altered will resain so. Por
example, it may be desirable to abbreviate calls to a certain
subroutine which nearly always has the sase arguments with the
help of the following nacro.
REseAN

IUCRO TRIGGER: 'CONVRT' ;
RESCAN 'CA LL' ;
RESCAN NOTRIG 'CONVRT';
RESCAN '(132.I,J)';

(8. U)

END MACRO;

If text produced using the NOT RIG option is underlined, the
ststement CONVfiT becomes CALL ~Q!!RI(132,I,J) with the input scan
pointer reset to the beginning of CALL.
When the scan resu.es
and the scan pointer finally reaches CONVRT, the rein vocation of
the above trigger macro vill now be inhibited.
The .acro
IUCRO TRIGGER:
etc.

'CALL' 'CONVRT'

.•

(8.15)

would lBatch the te:r:t produced by
(8.14),
however.
because a
trigger macro is called by the appearance of its trigger in the
input, after which matching proceeds without regard to altered
text.
Altered text need not start or stop on atom boundaries,
nor can it define atom boundaries.
Thus the syntax macro
MACRe SYNTAX:BB

ID ;
ANSWER NOT RIG 'DECL';
ANSWER .'ARE';

(8.16)

END MACRO;

will match any identifier and return the single ato. .QI~~ABE,
where the altered text is again underlined, to the calling .acro.
If a macro to call BB is defined
MACRO TRIGGER:

'START' BB :
STRING S, T;
S=SUBS (BB, 1, 5); T=SUBS (S,2) ;
RESCAN T. 'ABC';

(8.17)

END MACRO;

The text returned t, the input when
successfully matches the input would be

this

trigger

lIacro

(8.18)

where the altered text is again underlined.
When text altered by the NOTRIG option is printed by the
facility it will be mapped throu9h the second output
character set as described in section IV.
tr~ce

As with ANSWER, the RESelN statement is actually an extended

statement and will not be recognized by the base language
compiler.
The only conversion .ade by the macro definition
tn.eros is to cbanqe 'RESCAN' to 'OUTPUT(2) " however.
OUTPU'l' Statement

The format of the OUTPUT statement is
'OUTPUT'

( • (. LOGEXP ')' )

(,HOTRIG',

<1,

STREL.E!!ENT> ' : ' ;

If LOGEXP is present and evaluates to an inteqer between four and

ten then on a statement by statement basis

the

string

eleaents

are concatenated exactly as for the ANSWER state~ent, with the
dot (.) having the saae significance, and the resulting teKt is
written to an output file.
Text is written imllediately after
e&ch OUTPUT statement completes execution,
not
when
the
replacement
procedure terminates.
If the integer expression is
not present or evaluates to four then the teKt is written to the
code file.
If the integer eKpression is present and evaluates to
a
nu.ber
between six and ten the text is written to ODe of the
five aUKiliary files.
The auxiliary file nUMbers six through ten
correspond in order of appearance to the five auxiliary file unit
numbers on the card following the output Rap initialization card.
If LOGEXP is present and evaluates to one, two,
or five,
then the OUTPUT statement behaves as an ANSWER, RESCIN, or WIRN
statement, respectively.
In fact, the ANSMER, RESCAN,
and WARN
statements are just shorthand for particular forms of the OUTPUT
statement.
Thus it is possible to have one OUTPUT statement
behave as an ANSWER, P.ESCAN, WARN, or OUTPUT statement simply by
changing the internal tlunit" number.
Throughout this manual,
if
it is not qualified, the word OUTPUT viII refer to the default
form of the OUTPUT statement which writes directly into the code
file.
If an initial pattern or the pattern of a type one SCAN
statement fails to match the input at SORe point, the input scan
pointer is backed up to the beginning of the text that was to be
processed
by the offending pattern.
Any text produced by the
ANSWER or RESCAN state~ents of the _acros
implicitly
or
explicitly called during the abortive match disappears.
Text
produced by types four to ten of the OUTPUT state.ent will not,
however, disappear because it has already been written to an
external file.
Since it is not logically consistent for a
macro
to cause OUTPUT text to be generated and then fail, back up, and
allow some other macro to independently match the same input and
praduce
output
vf its own, in the future the following
restriction may be placed into the processor.
The input scan
pointer would not be allowed to back up past or iato the input
(or ReSCAN) text that was matched by any initial pattern or type

-Stone

SCAN statement before the last type 4-10 OUTPUT statement has
been executed in any macro replacement procedure. lny pattern
match failure or FAIL statement
(described later)
execution
attempting an illegal backup would be trapped by the processor
and a diagnostic would be issued.
The position of the scan
pointer would not be changed.
Except for this action, processing
would continue unaffected. ~eaDvhile, it is therefore important
that some macros be written so that when their execution passes a
c e rtain point. they never fail.
Consider, for exa.ple, the
following macro

SYNTAX: ~AlN_PROGRA~
<0, DECLARE_STATE>
<0 .. EXEC_STATE>

~ACRO

'END;' :
OUTPUT • END;
END MACRO;

t:

(8.19)

This macro viII aatch a main program consisting of declaration
state.ents, followed by eKecutable statements, which in tarn aust
he
followed
by an END state.ent.
The DECLARE_STATE and
EXEC_STAT~ macros both OUTPUT the
text that they match in a
possibly altered form.
The EXEC_STATE .acro would look so.ething
like
SYNTAX: EXEC_STATE
... <'END:')
(IF _STATE
ASSIGN_STATE
OTHER_STATE

~ACBO

(8.20)

•
•
>••
TEXT • •• •
(replacement procedure)
END ~ACRO:

EXEC_STATE matches anything but an END state.ent.
If the user
neglected to insert an END statement at the end of his code, then
the EXEC_STATE loop in MAIN_PROGRA~ will match right up to the
end of input, where even TEXT will fail, then the 'END;'
pattern
string in ~AIN_PROGRA" will attempt to match and fail, causing
KAIN_paOGBAM to fail.
The processor viII then generate a
diagnostic when the scan pointer tries to back up to the
be ginning of the first declaration statement that was matched.
The solution to this situation is to replace the pattern string
in MAIN_PROGRAM by the pattern END: ( ' END:', and generate a WARN
diagnostic if the .atch variable END does not exist.
The OOTPUT
statement will then insert the END; into the code file anyway and
MAIN_PROGRAM would match the entire input successfully.
Most of
the processor generated diagnostics, such as the one described
above, exist in order to help the ~acro writer debug his macros
and should never be seen by the end users of those macros.
WARN Extension Statement
The format and function of the WARN state.ent on a state.ent
by s~atement basis is again identical to those of the ANSWER
st!tement with the exception of the keyword change. 1s each WARN

- 57statement ends execution, the text formed by it is output to the
listing file, thus allowing the macro writer the ability to
co~pose
and list out diagnostic messages or any other useful
information that he desires.

As with ANSWER, the WARN state_ent is actually an extended
statement. and will not be recognized by the base language
compiler. WARN is a particular instance of the OUT POT state.ent
vh~se argument is 5.
MERGE Sta'tem.ent

The

~ERGE

statement has the format

'ftERGE' <1, LOGEXP / ','> 1.1:

Starting froa the left, each integer expression is evaluated to
form
a
number
that must be between six and ten.
The
corresponding auxiliary file is then rewound and copied into the
code file.
After copying is completed each auxiliary file is
again rewound and is ready to be reused.
The ~EaGE statement
will probably soon be replaced by more general file handling
statements which will in addition
provide
for
aultipass
processing and one or ~ore foras of INCLUDE state.ents.
FAIL Statement
-r he FAIL statement has the format given by the pat.tern
'FAIL:' :
The replaceMent procedure for a .acro vill Dot be activat.ed
unless its corresponding initial pattern has matched the input.
successfully.
If, before any t.ype one SCAN statellent
is
executed, a replacement procedure executes a FAIL statement. it
is immedi~tely terminated with no ANSWER or RESCAN text being
pr~duced, the input scan pointer is reset to the beginning of the
text scanned by the initial pattern, and the .acro containing the
FAIL statement infor~s the surrounding pattern that it has failed
to match. Thus the macro having the pattern
'BEGIN' ID 'END' ;

(8.211

could behave exactly as
(6.15) if the following statements
appeared at the beginning of its replacement procedure:
IF

ID

=

'FORTRAN' I ID = 'ALGOL'

FAIL:

THEN
(8.22,

END IF

If a type ODe SCAN statement was execut.ed before the FAIL,
the input scan pointer is reset. to t.he beginning of the
inpu~ text that the SCAN statement .atched.
If the pattern of
that SCAN statement had failed to match in the first place, the
input scan pointer is not altered.
The execution of the
replacement procedure then continues with the next state.ent.
FAIL allows the macro to "undo" t.he preyious pattern .atcb if the
replacement procedure determines that such action is necessary.

then

The execution of a type two SCAN statement has no affect
subsequent execution of a FAIL statement.

on

the

RETURN Stateaent
rhe format of the RETURN statement 1s
'RETURN;' ;
E~ecution of the replacement procedure is terainated and the tezt
strings produced by the ANSWER and RESeAl statements
are
concatenated and stored.
If the trace switch is set the te~t
produced by the ANSWER and RESeAN state~ents is also output to
the listing file.

MEND Statement -

(Base Language only)

The format of the MEND state.ent is
'nEND;'

.•

This statement performs the same functions as the
BETURN
statement, and in addition serves as a co.piler directive
indicating the end of the replacement procedure.
The PlEND
statement should never appear in a macro written in the extended
l~nguage as it
is generated automatically by the END MACRO
statement which is described later.
Null Statement

A Null statement is written by slaply coding a semicolon .
Its
function
is similar to that of the FORTRAN CONTINU!
statement.
It ~ay be labeled like any other statement and
multiple Null statements may be written.
Thus
(B.23)

LAB1: LABEL2: ;.; LABEL3::A=B ;
is a legal construction and all three labels will
begining of the statement A=B;.

refer

to

the

IF Extension Statement
A pattern matching the IF extension statement can be written
'IF' LOGEXP 'THEN' <0, STATEMENT>
<0, 'ELSEIF' LOGEXP 'THENI
<0, STATEMENT>
(IELSE' <0, STATEMENT»
'END IF' ;
The syntal macro STATEMENT is assuaed to have been defined to
match any statement of the extended macro definition language.
Again, the extended language includes
all
base
language
statements except "END.
The rules for evaluation of the logical
expression in the IF and ELSEIF clauses are are slightly
different from those for the base language IF statement.
These
rules are given by the LEXPR macro in appendiz B, although the
NLEXP ~acro, also in appendix D, is actually used for scanning
tha logical expressions in IF statements.
The two identifiers

END IP are always required as a termination for tbe extended If
statement.
The IF - ELSEIF - ELSE - END IF construct with all
contained statements (some of which might be other extended IF
stateillents,
is considered to be a single state.ent of the
extended language and will be matcbed by the STATEftENT macro.
Note that ELSEIP is a single identifier; when split into two it
becomes an ELSE clause whose first statement is an IF.
This is
quite legal, althougb an extra END IF is required to close the
nev IF statesent.

FOR Exten3ion Statement
A pattern matching the FOR statement can be written
tPORt

INTVAR

t=,

LOGEXP

('TO' LOGEXP)

('BY'

LOGEXP)

'DO';

<0, STATEltENT>
'END FOR' ;
INTVAR matches the loop index,

which will be initialized to the
v!lue of the first integer expression and thereafter incremented
hy the value of the third integer expression.
Before each
iteration the value of the loop index is compared vith that of
the second integer expression.
Control is transferred to the
first statement folloving the FOR loop if the value of the loop
index is greater. If the third integer expression is absent then
the loop index is incremented by one. If the second is absent
looping continues until terminated by a GO TO, RETUBN, or EXIT
statellent.
WHILE Extension Statement
1 pattern matching the WHILE statement is vritten
'WHILE'

LOGEXP

'DO'

<0, STATEMENT>
'END WHILE' ;
Looping vill continue as long as the logical expression, which is
checked before each iteration, remains true.
The rules for
evaluating the logical expression in the WHILE statement are the
same as those for the IF excension statement.
LOOP Extension statement

A pattern matching the Leop statement is written
'LOOP' <0, STATEMENT> 'END LOOP' ;
Lo~ping viII continue until terminated by execution of a
RETURN, or EXIT statement.

GO TO Extension Statement
The GO TO statement is matched by
• GO TO' ID

, .,
•

.•

GO

TO,

A base language statement of the for. IF(1)

10; is generated.

EXIT Extension Statement
The EXIT statement is Batched by
'EXIT;' ;
and must appear vitbin the range of a FOR, WHILE, or lOOP
st~tement.
EXIT viII cause a transfer of control to the first
st~tement following the inner_ost loop vitbin which it is nested.
NEXT Extension StateMent
The NEXT state_ent is

~atched

by

'NEXT;';

and Bust appear within the ranqe of a FOR, WHILE, or lOOP
st~tement.
NEXT causes the next iteration of the innermost loop
within which the NEXT state.ent is nested to be com.enced
immediately.
IX.
MACRO RE~LACE"ENT ~ROCEDURE DEPINITION INTRINSIC FUNCTIONS, LISTINGS, AND OBJECT CODE
The functions currently iBplemented in the replace.ent
procedure compiler are SUBS, INDEX, lEN, CS, CN, "ATCH, SOURCE,
and SCANOK.
All of the above identifiers are reserved by the
co.pilar and must not be used in a macro definition for any other
purpose.
The word GLOBAL, which can be
thought
of
as
representing a function, is also reserved.
Function argo.ents
aay be any expressions, including
those
involving
other
functions, that are allowable by the compiler and vhose data type
is c~rrect.
Arguments are first evaluated, after which the
function is evaluated.
'SUBS(' S'IREXP ' , ' LOGEXP (',' LOGEXPI
result is string

'I'

SUBS produces a substring of the first argu_ent. The second
argument specifies the starting column of the substring while the
third argument specifies its length. If the third arguaent is
o~itted
the remainder of the string after the starting position
is returned.
For exalDple S06S('FORTRAN',4,31 returns the l'alue
'fRA', while SUBS('FORTRAN',4) returns 'TRAN·.
If the second argu.ent evaluates to less than one, it is set
equal to one.
If the third argument is less than zero it is set
equal to zero.
Any portions of the resulting substring which
e~tend beyond the boundaries of the first argu.ent are truncated.
If the entire substring is specified to be outside of the first
ar~u~ent 3 zero length string is returned.
'INDEX (' STREXP ' , ' STREXP 'I'
result is integer

INDEX returns the starting position of the second argument
within the first.
If the second argument is not a substring of
the firs~ the
value
zero
is
returned.
For
example.
INDEX(,FORTRAN','RTR', returns the value J.
'LENGTH(' STREXP '"
result is integer
LENGTH returns the length of the string resulting
evaluation of its argument.

fro.

the

'CS(' LOGEXP '"
result is string
CS returns a string of digits corresponding to its argument.
ainus sign is appended on the
front. There are no leading. trailing. or embedded blanks in the
strings returned by CS.

If the argument is negative a

'CNP STREXP " ,
result is integer
The argument .ust evaluate to a string of digits, with an
opticnal plus or minus sign. Leading, trailing, and embedded
bllnks are allowed, but the string must contain at least one
digit.
If the argument conforms to the conditions it is
cODverted to an integer value.
If the conditions are not
sa~isfied the integer
result is set to zero and a runtime
diagnostic is printed along with the value of the argument.
'PIATCH'
result is string
MATCH is actually a match variable, and returns a result
identical to that which would be returned if the entire initial
pattern were placed in brackets and labelled. Its value is thus
all text strings returned by the syntax macro calls and pattern
strings in the initial pattern of the macro concatenated in the
order in which these items were matched. !'lATCH can be used in
any way that an ordinary match variable can be used.
'SOURCE'
result is string
The original text matched by the initial pattern of the
current macro or. if any have been executed, the latest type one
SCAN statement, is returned. This text may be the original input
to the processor or may be composed in part or entirely of rescan
text produced by trigger macro calls occurring any time before the
p~ttern ia question was
activated.
but will not con~ain an,
rescan text produced after this time.
Assignments can be .ade
into HATCH, but not SOORCE.
'SCANOK'
result is integer
The function SCANOK, which has no arguments and can appear
auyvhere
(except in declaration statements) that an integer
cons~ant is allowed. will return the value true
or false as a
result of the execution of a type two SCAN state.ent. SCANOK

will be true only when the SCAN statement's pattern matches the
entire string.
It is then possible for the pattern to match part
of the string successfully and SCANOK to be false.
Por el:ample~
SCANOK is true for th e first statement that follows and false for
the second.
USING '123' SCAN NU~ :
USING '123ABC' SCAN MUP!

(8.11)

In the second

statement, the call to the HUP! syntal: macro
matches '123', but does Dot match the entire string.
Nate that because the RUM ~acro will not _atch a trailing blank,
S:ANOK is false after the first of the two following state_ents
complete execution and true after the second.
su~cessfully

USING '123 • SCAN NU! ;
USING' 123' SCAN HUP! :

(8.12)

The value of SCANOK for a particular replace.ent procedure is not
defined if the last pattern .atched vas the initial pattern or
that of a type one SCAN statement.

symbol Array Facility
A symbol array is basically a one or tvo dimensional array
in which the first subscript may be an arbitrary string baving
length qr3ater than zero. Macros recognizing a reference to any
sy~bol array variable can be written
MACRO SYNTAX: SY"REF
10 ' ( ' < .~, STBEXP I SYKPHTR
LOGEXP)
( .~' tOGEXP) .). ;
ANSWER MATCH:
END "ACRO:
MACRO SYNTAX: SY~PNTR
ID «'.NONEW') ('.LOCAL') II'.LOCAL') ('.NONEW')
'a' STREXP;
ANSWER MATCH;
END MACEO:

Tbus, to look up tbe fourtb attribut e of the identifier
store it in the integer I~ one would code

>

VIR

and

I=THISYM (a'VAR' ,4):
where THISYM is the na~e of the symbol array being used and any
string expression may follow the a operator. If~ on the other
h!nd, the replacement procedure decides that the fourth a.ttribute
of the identifier matched by 10 ~ust be eqaal to K, the attribute
can be set by
THISY~I~ID.4)=K:

If no entry for the string represented by ID
one will be created by the above statement.

exists

A symbol array may be declared at any point in a

in

THISYP!~

replace~ent

- • .3pr~cedure

as long as its declaration occurs before any useage.
symbol arrays are global in scope.
If the replacement
pr~cedures of two separate macros declare
sy_bol arrays baving

All

the

same name, then they will both access the same symbol array.

The first time a particular symbol array is declared in a
replacement procedure space is allocated and initialized to hold
it and its name is entered into the sf.bol array directory (which

is actually just another symbol array).

Subsequent

declarations

of the same symbol array in other .acras viII be required to be
identical to the first one.

A pattern to match a symbol array declaration can be written
'SYMBOL'

<1,

('STRING',

ID •

(*' (','NU",

The following declaration statement gives an example of
the four possible types of symbol arrays

, ., ,
each

of

SYHBOL TABLE C*). 1'1 AT C*. 6).
STRING RAT (*).

STRING CAT (*.7);

E~ch element of TABLE is a single integer which is indexed
by a
string expression
(indicated by the asterisk). Each element of
RAT is a single string of arbitrary length.
The symbol array MAT
is perhaps closer to the type of symbol table a compiler might
use.
Each element of HAT consists of six integers. which can be
indexed by the second subscript.
This subscript must be an
integer expression whose value can range fro. one to six.
Each
of the ele~ents of the CAT symbol array will consist of seven
strings.
A symbol
array variable !Day be used anywhere that an
integer or string variable of the sa.e type is allowed.

Symbol Array Pointers
1 symbol array pOinter is an integer.
The string preceded
by the !I at !I operator which appears as the first subscript of a
symbol array is evaluated to an integer before being used to
injex the array. If more than one numerically subscripted item
in a single symbol array ele.ent are to be accessed. time and
macro storage space can usually be saved by making use of a
pointer variable. Thus, instead of the sequence

A =HAT (at ' ABC' , 1) ;
;
C=l1AT (iB t ABC' .3) :
B=HAT(~'ABC',2)

one should code
K=ftATiiI' ABC';
A=P.AT (K, 1):
B=MAT (K, 2):
C=MAT (K, 3):

Thus the sYlDbol array name directly followed by the ",jlt, or
symbol array. operator, which in turn is directly followed by a
string expression, viII evaluate to an integer which can be used
as the first index of the sYllbol array. In case the reader is
interested, the expressions

!'!AT (iII'ABC', 1)

and

ftAT(MATi'ABC',l)

are identical as far as the processor is concerned.
It is lookup and not assignment that forces allocation of a
new element of a symbol array. All integers stored in a newly
allocated symbol array element will have the value zero and all
strings vill be null strings. At times it is necessary to see
whether a given element is contained in a sy.bol array without
creating it if it is not there. This can be done by adding the
suffix 'HONEW' which is separated by a dot fro. the sy.bol array
name. The expression
TABLE.MONEW

i

'ABC'

will be nonzero and point to the ele.ent 'ABC' in TABLE if
element exists.
Otherwise i t vill evaluate to zero.
expression

that
The

TABLE at • ABC'
viII never evaluate to zero and vill alvays point to the ele~ent
'ABC'
in TABLE, even if that element did not previously exist.
The NONEW suffix is allowed only in expressions which
determine a symbol array pointer, and is not allowed in an actual
reference to a symbol array element. Thus the statement
I-TABLE.NONEW('ABC') :
viII be flaqged as an error by the compiler.
rhe priority of the symbol array operator 'a' is lover than
that of the concatenation operator, so that in the expression
TABLE~OII'ABC'IIV

the tvo concatenations vill be done before the resulting string
expression is converted into an integer index into the TABLE
arra y.
Great care should be taken in using symbol array pointers as
their runtime values are not checked. The use of pointers can,
however, offer qreat flexibility in sy.bol table construction
since ele~ents of one symbol array may contain pointers into
other symbol 3rrays.
The

~ARK

and DROP statements

Patterns to match a MARK and a DROP statement can be written
'MARK' ID
'DROP' ID

... ,

•
, ...
•

.

•.
•

These statements allov seqmentation of symbol arrays. Each ti.e
a HARK statement for a particular symbol array is executed, the
tree data structure for that symbol array (the current treel is
placed on a stack and a new tree is allocated and beco.es the
current tree. When a strinq is to be looked up, the current tree

-.sis searchad first, then the tree on the top of

the stack, then
the next tree on the stack, and so on until a ~atch for the
string is found.
If no aatch is found and HONEW was not
specified then a new eleaent is allocated in the current tree.
The suffix LOCAL enables the search for a aatching string to be
confined to the current tree.
The suffix NONEW aay be used along

with

LOCAL

order).

if

desired

(LOCAL

and

NONEN may appear in either

Thus

I=TABLE.LOCAL.NONEW(tABC');

will cause only the current tree of the symbol array TABLE to be
se!rched for the string 'ABC' and viII eYaluate to zero of i t
cannot be found there.

Each time a DROP statement is executed for a given S7Bbol
the current tree data structure for that array is deleted
and the space that it occupied is reclai~ed.
A tree is removed
fro~ the top of that sy~bol array's stack and beeo.es the current
tree.
It is possible to DROP a syebol array even if it has neyer
been MARKed, because when a syebol array is first declared it is
"ARKed in the process in order to allocate space for its first
tree.
In this case all of the elements of that SYMbol array are
deleted and the array cannot again be used until it is MARKed.
arr~y,

The keeping of symbol tables for the coapilation of code for
structured languages is one eIa~ple of the usefulness of
the MARK/DROP feature of the symbol arrays.
bl~ck

ReplaceMeat Procedure Co.piler Listings
When the listing switch
(GLOBAL(4))
is equal to one a
listing is produced ' of the replacement procedure being co.piled.
O~e stateMent is listed on each line and is preceded by the
line
number, which starts at one for the first state.ent compiled, and
tha relative offset.
The offset gives the nUllber of storage
locations from the first storage location to be used by the macro
being comp~led to the first of the locations in which the
statement is stored.
Runtime diagnostiC aessages will give the
relative offset at which an error has occurred during procedure
execution so that a compile listing can be used, perhaps with the
aid of an object listing (pI:oduced when GLOBAL (5) = 1). to pinpoint
the source of the error.
Any error found in a replacement
pr~cedure statement is listed imaediately after that state.ent.
Object Code
The replacellent compiler produces reverse polish code which
is interpreted by another subroutine in the STEP processor.
During replacement procedure execution each operand vill be
stacked and each operation executed as they are encountered. All
operands and operators are numbers betveen 0 and 63 so that it is
possible to store them as characters on .ost .achines.
If
necessary, those few nu_bers which are outside the above range
(such
a3
some
integer
constants)
are split up in all
implementation defined way for storage into characters.
After each statement is compiled it undergoes a tdal
execution to insure that none of the runti~e stacks will

overflow, that no data type inconsistencies exist, and that the
stateMent can be properly evaluated. A statement error detected
before this trial evaluation is flagged as a syntaI error, and no
object
listing
can be produced.
An error found by the
evaluation, which occurs after the object listing is produced~
will be flagged as a statement structure error. Some errors,
such as subscripting errors, cannot be caught at compile time.
Errors detected at compile time will usually force the compiled
ma~ro to be deleted from the macro storage buffers~ although
the
compilation will continue on to completion in order that any
other errors in the macro might be detected.
Efficiency
The following rules are
recommended
in
order
that
replacement procedures execute faster and occupy less space. A
.atch variable used more that two or three times should be
assigned to a string variable which then can be used in its
place. The same applies to a Batch array ele.ent used more than
once.
Needless assignments should not be done: if a complicated
integer expression is to be evaluated only once and used as an
array subscript or function argument it may itself appear in the
index or argument list.
syntax Summary
description of the syntaI requirements
A complete
writing replacement procedures is given in appendix A.

x.

for

MACRO DEPINITION

If GLOBAL(l) is turned on in the replacement procedure of a
trigger macro, all of the text produced by the ANSWER stateaents
of that procedure is considered by the processor to be a macro
definition.
Such a definition must consist first of the keyword
'rRIGGER' followed by a colon for a trigger sacro definition, or
of the keyword 'SYNTAX' followed by a colon and the name of the
syntax macro.
Following this, an optional protection level (see
below) may be coded within parentheses. Next must come the .acro
pattern which is terminated by a semicolon. The final ite. in
the definition is the base language replace.ent procedure, which
.ust contdin an ~END state.ent as its last statesent. Tbe syntaI
for a complete base language .acro definition is given in
appendix A.
Lo=al Trigger

~acros

- scope Rules

A trigger .acro will he local to another syntax or trigger
macro if its definition is nested within the other .acro·s
definition.
Thus the first of the three .acros in (2.21)
could
be defined with two trigger .acres local to it by writing
MACRO SYNTAX: EXPRESSION

TERM '+' EXPRESSION I TERM2:TERM
MACRO TRIGGER: 'PARM1';
RESCAN '123';
END MACRO:

MACRO TRIGGER: 'PARn2';

-to 7(10. II

RESCAN 1321';
END MACRO:
IF TER~2 THEN
ANSWEB TERM2 :
ELSE

ANSWEB

TER~

',- EXPRESSION ',+1

:

END IF
END MACRO:

Tae s~rinqs PAR"1 and PARM2 will only be transformed just before
or during the period in which the EXPRESSION macro i.mediately
controls the scan, and then only at an activation point as
defined by EXPRESSION.
Witb the EXPRESSION macro nov redefined,
the trigger !lacro defined in (2.20) would convert input text as

shovn in the followinq example.

->
->
->

POLISH PAP~I+PARM2:
POLISH PARMI. (PAR~2+AI :

POLISH

A+B.PAR~l:

123,321,+;
123,321,.,+,*;

(10.21

A,S,PABPl1,.,+;

Rote that PARM' in the third example vas not converted because
the TER"
macro, and not EXPRESSION, vas in control of the scan

when

PAR"'

encountered.
The
activation
points
for
and FACTOR in the third line of (10.2) can be
indicated as follows:
EXPRESSION,

was

TEB",

BXPR:

POLISH A+S*PARPl1:

TERM:

POLISH A+B*PARr11;

III
I
FACTOR:

POLISH

(10. 31

III

A+B*PAR~1;

I

I I

Tha trigger ~acros, being local to EXPR, could only be in.oked at
tha beginning of each terM in the e~pressions and at an addition
operator.
A more desirable result could perhaps ha.e been
achieved by making the trigger macros local to FACTOR or TERR.
Local trigger _acros may have trigger macros defined local
to the.selves.
Synta~
macros are alvays global and their
definitions should not be nested within other Macro definitions.
If this is done a diagnostic viII be issued by the processor
although the syntax ~acro viII still be correctly compiled.
Note that the definition of the local trigger macro must be
recognized by vhatever .acro defining macro is being used during
tbe scan of another macro definition. This Means that the local
trigger macro definition should start at an activation point
within the containing ~acro definition.
While it is possible to
have several different Macros for recognizing and processing
v!rious styles of macro definitions and passing the I to the macro
COMpilers, a local trigger macro definition and the definition of
its containing macro must be processed by the same macro if they
are to be linked together properly.
In addition to making trigger macro invocation more context
dependent, the use of local triqger .acros can allow the
pr:>cessor to run l!Lore efficiently because the it nor.ally viII
not attempt to match a local trigger macro against the input
nearly as often as it will a global trigger .acro.

Macro Definition Macros
The bootstrap trigger macro '~ACBOOT', which is supplied
with the processor, vill match a base language macro definition
if i~ is preceded by the trigger string '"ACaOOT'.
The MlCBOOT
Mlcro in compiled form is contained by a data statement in the
processor.
If it were to be coded in base language fora it would
be written
MACROOT TRIGGER: '"ACBOOT'
MACDEP:«'TRIGGEP'f'SINTAX')
<O,~<'~END;') ATO~S ' ; ' ) '"END;');
ANSWER

~ACDEF;

(10. q,

~END;

GLOBAL (1, = 1;

Note tha~ the activation points in macro definitions processed by
MAGEOOT are at the boundaries between their statements, at the
fr~nt
of any labels that aight exist. Because of this the MEND
st~temeLt in a macro definition processed by "ACBOaT must not
be
l~belled
if it is to be recognized and terainate the scan of the
M'CBOOT macro properly.
As described earlier, the "ACBOOT .acro
is rarely used except to define an enhanced .acro definition
language.
A number of base language .acro definitions can be
f~und
in appendix B,
which contains a listing of the standard
macro language extension macros.
A simpler set of extension
macros, using scanning techniques that are perhaps inferior to
those used by the standard set, illustrates the macro definition
llnguage enhanced by IF-ELSE, FOR, and GO TO statements. The use
of the brackets in this example as a DO-END pair bas been
mentioned before in the section on the input reader.
~AC800T

IO

SYNTAX:EXP1

('('<l,EXPJ/',')')')
ANSWER MATCH;

l'JACB00T SYNl'AX:EXP)

~END;

<1,EXP1/

ANSWER ~ATCH; HEND:
tHCBOOT SYNTAX:EXPq EXP3
ANSWER MATCH; ~END;

lUCBOOT SYNTAX:EXP6 <1,
ANSWER ~ATCH; HEND;

('~')

'='

I

'~='

f

~ATCH;

')=' , ,>,

I

,5TH;

'.'1'/'1'.'1'_' );

( RELOP EXP3,

MAcaOOT SYNTAX:RELOP
ANSWER

I NU!t I '('EXP6')'

;

EXP4/'&',',');

'<=' , ,<, ;

MEND;

"ACBOOT TRIGGER: 'MACRO' TYP:<'TRIGGER:'I'5YNTAX : ') (I D)
,<, ATOI1S ';' 5TI1EKT ')' ;
ANSWER TYP 10 A1 ' ; ' ST"ENT '; !tEND;' ;
GLOBAL(1,=l;

MEND;
MAC BOOT SINTAX: STHENT <0,<0, IO ' : ' )

~<')')

TEXT ' ; ' ) ;

TRIGGER: 'YOR' ID '=' EXP3
('TO' TO:EXP3) ('BY' BY:EXP3) ,<, STI1ENT ')';
STRING START1NEXT,S;

~ACBaOT

GLOBAL(211 =GLOBAL (21,.10; I=GLOBAL (211 ;
START='L'IICS (I';
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.=.

NEXT='L'IICS (1+1,:
REseAN ID

EXP3

' : IF (1)'

START ' ; ' ;

IF (BY, LAB 1:
BY='1';

LAS1:

REseAN HExr.':' 10
IF (~TO'

LAB3:

LAB3:

'='

ID

I,

'+'

BY ,., START.':;';

REseAN 'IP(' 10 ' ) ' TO
L'.CS(I+2) ' ; ' ;
RESeAN' STftENT • IF(1)' NEXT '; L'.CS(I+2).':;'

;

~END:

:u,caOOT TRIGGE};: 'IF'
EXP6 ' ( ' STPtENT ' ) '
ELSE: ('ELSE<' M2:STtn~NT ' ) ' ) ;
GLOBAL (21' =GLOBAL (21' + 10:
I=GLOBAL (21, :
REselN .IF( .... '. EXP6 I), L'.CS(I) ' ; ' STftENT ;
IF(~ELSE' IFl:
REseAN 'IF(l, L'.CS(I+l)·;' ;
IF1:RESCAN 'L'.eS(I).':;' ;

IF

(~ELSE'

IF2:

REseAN M2 'L'.eS(!+l).':;' ;

IF2::
KENO;

I1ACBOOT TBIGGEP: 'GO TO' 10 ' ; ' :
REseAN 'IF(l)' ID ' ; ' ; PlEND;

(10.5)

ANSWER MATCH: MEND:
The macro vhose tri9ger is MACRO will be the Dev ~acro defining
m~cro.
The extended statements are all imple.ented by trigger
a3cros local to the STHENT syntax macro.
STMEHT vill match a
sequence of macro definition statements vhich are loosely defined
to be anything folloved by a semicolon.
STftEHT vill also
specifically match any preceding state.ent labels so that the
actiVatio n points in the macro definition being processed are at
the beginning of each label and at the beginning of each
st~tement.
The groups of statements that STKENT is to match viII
alvays be delimited by left and right bracket syabols p so it is
necessary tbat the outermost loop in the ST8ENT macro be
terminated when a right bracket is encountered.

Two of the aore complex language extension trigger macros
are those used to implement the FOR and IF-ELSE statements. Each
of these use the GLOBAL (21)
array element to generate unique
st~tement labels.
The IF-ELSE and FOR state.ents nested within
other such state.ents are processed recursively before their
containing constructs are.
The Protect Option
A macro defined with the protect option specified viII cause
trigger macro invocation to be suppressed from the time that the
m~cro
gains control of the scan up until its replacement
procedure finally ter.inates.
This means that trigger macro
activity is inhibited during the matchinq of the protected macro
and during the aatching of any synta~ lacros or their decendents
to any level which are called from it.
A macro is gi,en a
protection level of one or tvo by coding the string (P=l) or

(P=2) just befo["e its pattern.
th["ee lBac~os

Thus the fi["st of

the

following

MACBOOT SYNTAX:EXPRESSION (P=2)

TERM
etc.

'+' EXPRESSION I TERft2:TEBK ;
( 10.7)

MACBOOT SYNTAX:TERM

FACTOR
etc.

'*'

TERK I FACT2:PACTOB ;

MACBOOT SYNTAX:PACTOR

• (' EXPRESSION .)
etc.

t

I ID I NUPI ;

is defined to have a p["otection level of tvo,
which means that
all t["ig ge[" macro activity is supp["essed vhile EXPRESSI~N, TERK,
or FACTOR (assuming the latte[" tvo a["e called f["o. EXPRESSION)
a["e
being matched.
If (P=l, is instead coded, then all global
t["igge[" macros would be supp["essed, but any t["igge[" mac["os local
to
EXPRESSION, TERM,
FACTOR, 0[" othe[" t["igge[" 0[" syntax mac["os
activated du["ing the matching p["ocess for EXPRESSION a["e allowed
to be invoked as usual.
Note that example (5.12) vas coded vith
P equal to two so that t["igger .ac["os could not be invoked in the
middle of matching for an identifier. Actually, P equal to one
would be sufficient since there are no trigger macros local to
10, DIGIT, or LETTER in (5.12).
The protect level is not additive.
Thus if a macro defined
to have protection level one calls a syntax macro also defined
with protection level one, the protection level is still ODe, and
not tva. The maximum of the protection levels of all active
macros is the one used, so that if two _acros are active, one of
which is level one and the other level two, the protection level
is tvo regardless of which macro called the other.
XI.

OOTPUT PROCESSOR

When no macros are in control and no trigger macros viII
m!tch the text beginning at the input scan pointer, the o~tput
processor is called. starting at the input scan pointer, this
routine viII w["ite into the code file one or aore characters and
than ~pdate the input scan pointer to point to the first
character that vas not written. The number of characters written
1s defined below .
The processor viII then begin again its
attempts to match trigger macros against the input stream which
n~w
begins at a new location.
Those characters written into the
code file are no longer accessible to the processor.
Text Atomization
The number of characters vritten by the output processor is
always det~rmined by the following three rules which are applied
in the order written:
1.
2.

If any leading blanks are present they are written and then
the first non blank character is vritten.
The character just written is examined and one of the
following rules is applied.

- 7 /If the character just written is an apostrophe,
then the
entire quoted string including the trailing apostrophe is
written.
b. If the character just written is a letter or a digit, all
immediately folloving letters and digits are written.
c. If a delimiter, excluding apostropbe and blank, has 1ust been

!.

written no more non blank characters will be written.
3.

Any trailing blanks present are written and
pointer is set to the next character.

the

input

scan

Thus a form of text atomization is present when no macros
are in control, so that the outermost trigger macro viII not
begin matching in the middle of an identifier or quoted string.
Thus nato.s" as defined by the output processor are 1) any quoted
string, 2) any contiguous string of alphanumeric characters, and
any delimiter, except an apostrophe or a blank.

3,

The amount of atomization present when macros are active is
defined by the macros themselves, since trigger macro activation
can only then take place just before a pattern string or syntax
m~c[o
call becomes active. For example, the 5TR, DEL, lD, and
NU~ primitive macros
and normal pattern strings will always
release control with the input scan pointer on an atom boundary.
The CHAR primitive or a pattern string followed by an asterisk
miqht not do this, however.
Output Format
A general output processor and a FORTRAN output processor
are curren~ly available.
The general processor allows the TAB
and NEWLINE directives to be used in OUTPUT state.ent types four
to ten.
Normally text is written in columns one to 72 as
received from the main processor. A string of less th!n forty
c~ntiguous
alphanumeric characters not contained within a quoted
string will, however, Dot be broken at a line boundary but
instead will be moved to the beginning of the next line. NEWLINE
simply causes any following text to begin on a new line. If that
text would have begun on a new line anyway, no action is taken.
TAS must always have a numeric argument ranging from one to 72.
TAa will cause the text which follows to be started in the
specified column. If that column has already been passed one
blank will be inserted before the following text is written.
Note that a dot (.) appearing between a TAB directive and a
string element that is to be written viII have no affect on the
output, thus
OUTPUT TAB (40).' ABC':
OUTPUT TAB (40) 'ABC':

(11.1)

ar2 identical and will both cause the string 'ABC' to appear
starting in colUMn forty. The length of each record produced by
the output processor is eighty characters.
Presently the last
ei:)ht characters will alway be blanks.
'rAB and NEWLINE directives are interpreted by the output
processor, not the matcher or replacement procedure interpreter.
Because of this the directives are not allowed in ANSWER and
RESCAN s~atements:
they cause internal instructions to be
inserted into text that the matcher and interpreter can not
presently handle. While this seems a desirable restriction at
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moment, it may prove otherwise later. It is straightforward
to allow forBat control items in any text strings handled by the
main processor.
Except for being matched by specific priBitive
syntax macros they vould be ignored but passed OD by the matcher
and replacement procedure interpreter.
While the general output processor 1s quite capable of
producing code formatted according to FORTRAN rules~ it is
s~.ething of a burden to do so.
Por this reason a PORTRAN output
processor is available. The text processed by this routine is
converted to FORTRAN statements by interpreting semicolons as end
of statement indicators and adding continuation aarkers where
nece5~ary.
Any decimal digits which are the first characters of
one of these stateme~ts are assamed to compose the label for that
statement and so vill begin in coluan one. The remainder of that
statement and any statements not beginning with digits viII begin
in column seven. ~he length of each record in the code file is
80 characters.

XII.

TECHNIQUES FOR "ACRO DEFINITION AND USE

Four Ways to Implement Language Structure Extension
rhe following examples shov different ways in vhich the saae
extended statement can be added to the FORTRAN like base
language, and should illustrate so~e of the advantages and
pitfalls of each. A~ extended IF statement is to be added to the
b~se language in order to allow more than
one statement to be
executed if the argument of the IF is true.
The syntax of this
statement vill be
'IP LOGEXP ,<,

<1, STATEttENT> ,>,

(12. 1)

where LGGEXP and STATEMENT match and return FORTRAN logical
expressions and statements, respectively.
The bracket sy.bols
are used as a DO-END group, as described earlier.
If STATEttENT
matches only statements of the FORTRAN base language, and the
GLJBAL(21) array element is used to generate unique statement
label numbers, then a trigger macro to convert (12.1) can be
written

"ACRO TRIGGER:
'IF' LOGEXP ,<, GROUP:<l, STATE8EMT> '>';
LABEL=GLOBAL(21).10: GLOBAL(21)=LABEL:
RESCAN 'IF(.NOT. (' LOGEXP '))GO TO' CS(LASEL)
GROUP
CS (LABEL) 'CONTINUE : ':
END !'IACRO;

, ., ,
(12.2)

An extended IF statement which is nested within another extended
IF statellent vill ·be recursively conYerted into a string of
FORTRAN statements, so that the subpattern labelled by GROUP will
always see base language statements.
probleas aay
arise,
however, when large members of state~ents are contained by an IP
construct or many IP state~ents are nested within each other.
The processor ~ust retain all stateaents scanned by the IF
~acro's l~op construct in its internal storage areas.
This say
not be possible if one IF construct encompasses a great nUliber of

-73statements.
In addition, at each level of recursion, all
statements scanned by the above .aero Bust be placed back into
the input where they viII be scanned again, so that a statement

nested
within
seve~al
IF constructs aust be scanned and
recognized a number of tiaes equal to its nesting level.
In a
lannage with several such extended constructs, such as the
extended macro definition language, this continual rescanning
could lead to serious inefficiencies. If these difficulties are
Dot significant in a particular application, however,

macro should work satisfactorily.

the

above

Example (10.5) in section X is

an example of a set of macros which use 50.e of the techniques
illustrated ahove t~ extend the macro definition language.
The
b~sic
conclusion from this example is that trigger macros which
do RESCANs should not be used to match constructs which sight
contain large amounts of text, or which aight be nested within
each other to a high degree.
The next syntax macro provides a second way
(12.1) •
~ACRO

of

translating

SYNTAX, IF_STATE
'IP' LOGEXP ,<, GROUP:<l, STATEMENT) ')';
LABEL=GLOBAL(21) +10; GLOBAL(21)=LABEL;
ANSWER 'IF(.NOT. (' LOGEXP '))GO TO' CS(LABEL)
GROUP
CS (LABEL) 'CONTINOE;';
END ftACRO;

, .• ,

(11. J)

This macro requires the existence of a calling sacro,
which, if
the extended IF statement is to be considered a statement in the
new language, must be the same macro that IF_STATE calls,
namely
STATEt1ENT.
Whereas before STATEKENT match.ed statellents in the
b~se language, it must now match those of the e~tended
language.
srATEMENT must ANSWER text back when called by IF_STATE if the
latter is to work properly. Since STATE"EIT also calls IF_STATE,
it appears that if the type of text matching done by the above
macro is consistently employed then each macro viII ANSWER the
text it produces to the macro that called it.
The buck must stop
somewhere, of course, and in this case a convenient place might
be a trigger macro which recognizes an entire program unit, such
as a subroutine.
Such a _acro might be called by the appearance
of the string SOBROUTINE in the input. The SUBROUTINE macro
would probably OUTPUT the translated source into the code file.
Extended IF statements, or similarly defined constructs, can
still be nested within each other since STATEftENT, which is
called by IF_STATE, will recognize and translate an extended IF
statement. This time, however, each state.ent is scanned only
once, no matter now many extended language constructs that it is
nested within.
The 3tandard replace~ent procedure language extension macros
in appendix A use the above method to convert macro definitions
into the base language, since the final results must be retained
within the processor.
The triqger macro which originates the
mstching process passes the converted text directly to the macro
compilers by executing an ANSWER state~ent and setting GLOBAL(l)
equal to one.
To summarize the second example, the problem of
continually rescanning statements nested within extended language
constructs is solved, but the prohlems that might arise fro.
extended ccnstructs containing large amounts of text remain.

In order to relieve the processor's internal buffers fro.
having to store large quantities of text contained by an extended
language construct, the .acro defining such a construct can be
divided into tvo macros.

MACRO THGGEB:
'IF' LOGEXP '<';
LABEL=GLOBAL (21 I + 1 0: GLOB AL (211 =LABEL:
STACK_POINT=GLOBAL(221+1: GLOBAL(221=STACK_POINT:
IF STACK_POINT>100 THEN
WARN 'LABEL STACK OVERFLOW';
ELSE
GLOBAL (STACK_POINTI=LABE1:
END IF
RES CAN 'IF(.NOT. (' LOGEXP 'IIGO TO' CS(LABELI , • , .•
END HCRO:
(11. ql

.

MACRO TRIGGER:

, >, :

STACK POINT=GLOBAL (221 : GLOBAL (221 =STACK_POINT-l:
IF STACK_POINT<SO THEN
WARN 'LABEL STACK UNDERFLOW':
ELSEIF STACK_POINT<=100 THEN
RESCAN CS (GLOBAL (STACK_POINT) I 'CONTINUE:':
END IF
END MACRe:
Elemen~s fifty to one hundred of the GLOBAL array are being
used
as a stack to keep track of statement labels. The opening
portion of an extended IF statement generates a branch to a label
and stacks that label . The closing portion, which is simply a
right bracket, unstacks the appropriate label and generates a
target statement for the previous branch.
If several extended
language constructs make use of the bracket sy.bols as DO-RND
pairs then a second number describing the statement type must
also be stacked, but the above macros illustrate the basic idea
being discussed .
Label numbers vere effectively stacked for the
previous two examples, but this vas done automatically as part of
the STEP processor's no real recursive operation, and the user did
n~t have to concern himself with it.
The above macros then solYe
both of the problems discussed earlier. Very little space for
storing text is required of the processor because only small
portions
of
extended
language statements are recognized,
converted, and returned to the input fro. where they viII be
passed into the code file. Statements of the base language need
not be recoqnized by any macros at all, and so can be immediately
passed to the code file when first
encountered.
Nested
constructs viII be handled correctly as long as the stack does
not overflov.

There are several disadvantages to the above
method.
however.
First of all, macro writing becomes more difficult and
the resulting macros are harder to read because the .acro .ust
explicitly do work previously done by the processor.
If nothing
else, it is at least aesthetically unpleasing to have to write
more than oae macro to handle a single eKtended language
construct.
This
problem
beeo.es
more
apparent
if an
IF-ELSEIF-ELSE-END IF construct or a CASE state.ent must be
implemented in this fashion.
It is also unfortunate that the

- 7Sright bra?ket becomes a
reserved symbol:
any time d
right
bracket 15 encountered, whether in the proper context or not, a
la.bel is unstacked ar.d a statement is generated.
Assuming that
right brackets are used in the proper context, what happens if a

trigger macro X, vhich belongs to some other part of the language
extension sacro set, becomes active and scans some text which
includes a
right bracket, and then fails at some later point?
When the right bracket is encountered during the scan of macro X,
tha appropriate trigger macro is recursively activated aDd a
label is unstacked and used to generate a CONTINUE state.ent.
When X finally fails, the CONTINUE statement will disappear along
with any other ANSWEP. or RESCAN text produced during the .atchinq
of X.
The unstacking of the label is, however, a
permanent
effect and is not undone. Since the translation process has no
WiY of recovering from such a disaster, the only safe environ.ent
in which to use the above macros is one in which no recursive
trigger macro operation is allowed. This is easily achieved by
codinq all macros with a protection level of tvo.

A STATEMENT macro, which is necessary to the operation of
the preceding two examples, is not needed for the present one.
In fact, it would be awkward to add macros to recognize all
possible statements
(including incorrect ones) to this scheme.
In some ways this could be an advantage:
macros need only be
written for constructs that must be converted, others will simply
be passed on the the base language compiler. This, of course,
means that many of the syntax errors that might exist will be
caught by the base language compiler and so will not be related
to the original source.
The original problems of processor storage space
and
continual rescanning of nested statements are not present in this
third example,
but enough new problems and restrictions on
processor operation have been added to make
this
method
unattractive for many applications.
Perhaps the most satisfactory way in which to ispleaent
extended If statement is given by the macro
MACRO SYNTAX: IF_STATE
'IP' LOGEXP '(':
LABEL=GLOBAL(211.10: GLOBAL(211=LABEL;
OUTPUT 'I1'(.NOT. (' LOGEXP 'lIGO TO' CS(LABELI
SCAN (0, STATEMENT>;
SCAN BRACKET: '>';
OUTPUT CS (LABEL) 'CONTINUE;';
END MACRO;

the

, ., .
• •

(11.51

The S·rATEHENT macro would OUTPUT the text that it
scans
immediately, so that text will not build up in the processor.
Some of the advantages of the above macro are illustrated in the
sections on the SCAN and OUTPUT statements.
The full control of
the scanning process makes it easy to check for various types of
errors.
Por example, if STATE KENT is sl.llar to the EXEC_STATE
macro of (8.20), and if the user of these macros forgot to code
ODe or more closing brackets (a common error when using bracket
notation), then the loop over ST&TEKENT in the above example
.ight be terminated by encountering an END state_ent.
Note that,
without even trying, the above macro will correct this error. It
would be desirable, however, to add

IF

THEN
WAPN • •• KISSING RIGHT BRACKET INSERTED •• ';
END IF
~BRACKET

(11.6)

after the last SCAN statement in (11.5).

Beware of Short Triggers
The author once coded five trigger macros which vere to
m3tch extended fORTRAN statements.
In order to insure that these
.~cros
could only start to match at the beginning of a statement
a trigger string containing only a seMicolon vas used to match

the terminating semicolon of the previous statement.
ea:h of the five macros vas similar to
MAcaOOT TRIGGER:
etc.

,.,
•

(N U~)

The form of

'PATTERN STRING' •••

(11. 7)

The optional NU~ syntax macro call would match a statement label,
if any. Other .acros which would at times place null statements
consisting of only a semicolon into the input vere also present.
Event3 had conspired to place four consecutive semicolons into
the input in front of a macro definition, and when the scan
pointer reached the first of these, the last of the five short
trigger macros to be defined was invoked.
After the trigger of
this ~acro matched the first of the four semicolons in the input,
and before the NUM syntax could he called, the second seaicolon
caused the same trigger macro to be invoked recursively. The
third and fourth semicolons caused two more copies of the saae
trigger macro to be invoked, after which the macro definition was
found which caused the trigger macro which handled that to be
inVOked.
At this point the macro calls were nested five deep.
Finally, after the macro compilers were finished, the scan
pointer was beyond the macro definition and the most recently
invoked copy of the trigger macro which was called by the fourth
semicolon resumed to match the input and quickly failed.
The
input scan pointer then backed up to the fourth semicolon and one
of the other macros having only a semicolon in its trigger was
invoked.
Again, as this macro attempted to match the macro
definition was encountered and co~piled again.
The trigger macro
then failed as before and the scan pointer backed up, etc.
Finally, when the author looked at the listing,
he found the
co~piler listing for the same macro appearing over and over again
until the job exceeded the operating syste.'s line count and was
terminated.
After a moderate amount of time spent tearing his
hair out trying to find ~ loop in the processor, the author found
th~t
the combination of input and macros present at the tise of
the "loop" would cause the macro definition to appear 625
(the
number of macros having a semicolon for a trigger raised to the
power of the number of consecutive seaicolons in the input'
times.
Had it not been for the effects of .acro definition. the
processor would have been able to complete i~s translation of the
input correctly although it
would have worked harder than
necessary to do it.

- 77CONCLUSION

It is probable that this preliminary version of the STEP
processor will undergo a great deal of change in the near future.
M~ny
additions are contemplated, some of which are in various
st~ges of completion.
Comments and questions about the processor
and any of the projected changes listed below
would
be
appreciated.

Changes for the Future
It should be possible to develop macros to aid the

user

in

developing custom primitive syntax macros at processor generation
ti~e.
These could have a significant effect
efficiency under appropriate circumstances.

on

processor

The STEP syste~ performs only a single pass on the source
being processed. It should be straightforward to add appropriate
control
statements
to
allow aultipass processing.
Since
different sets of macros would probably be used for each pass~ a
method of reading macro object code directly into the macro
starage areas from a file might save ezecution time.
An INCLUDE facility is necessary before the processor can be
thougnt of as being complete.
Should it ever prove desirable~ it would be straightforward
to introduce a Dew type of procedure which would have the same
form as a replacement procedure~ bu~ would be called explicitly
from other replacement procedures instead of being activated by a
successful pattern match.
These would serve
as
eIternal
subroutines for the replacement procedures and could be passed
argulllents.
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APPENDIX

A.

- ?J-..
A group of base language STEP macros are given which aatch a
bsse language STEP macro definition and any components thereof.
A ~acro definition is syntactically correct if and only if it can
be matched by the MACDEF syntax macro which is given belOVe
These macros as written all execute an ANSWER "ATCH
(OUTPUT(1)
MArCH)
statement,
and
so only perform the task of syntax
re=ognition.
It should be possible to define a set of macros to
completely process macro definitions into the object form used
internally by STEP, thus eli~inating the need for the pattern and
replacement compilers.
A large amount of macro object code would
hive to be inserted into the system somehow to start the process,

though.

~MATCH A EASE LANGUAGE ~ACBOOT DEFINITION"
MA:SOOT SYNTAX:~ACDEF MACTYP (PROTCT) PATTRN ' : ' REPLAC :
JUTPUT (1) ~ATCH: MEND:

MA:aOOT SYNTAX:MACTYP 'TRIGGER:' ,'SYNTAX:' 10;
OUTPUl' (1) MATCH: UND;
MA;;aO.3T SYNTAX:PROTCT '(P='
OUTPUT (1) MATCH; MEND;

('0'",., '2'> ')' :

"MATCH A STANDARD MACBOOT PATTERN DEFINITION"
MA CaOD T SYNTAX:PATTRN
(1, < (PATLAS ' :') I'IATITM I • . . . (·111TITI1'>' >1"
I 'I' >;
OUTPUT (1) "ATCH; ~END;
'IMATCH A MATCH ITEI'! IN A PATTERN DEFINITION"
MA CBOOr SYNTAX:MATITM
PAT!:iTR t SYNCAL I '('PATTSN')' I '('PATTRN'>'
I '('NUM ',' PATTRN ('I' PATTRN) ,>, ;
OUTPUT (1) MATCH: MEND;
"jATCH A PATTERN STRING IN A PATTERN DEFINITION"
MA:BOOT SYNTAX:PATSTF
5TR

('.')

OUTPUT(l)
MEND;

.•

MATCH;

"MATCH A SYNTAX MACRO CALL"
MA:BOOT SYNTAX:SYNCAL
('10' I 'NUM', 'DEL' l'srR' "CHAR'
I ('BAL'I'ATOMS't'TEXT'> (PATSTRI '(' (l,PATSTR/'I'> ,>, >
I ID ;
OUTPUT (1) MATCH: MEND;
MAC BOOT SYNTAX;PATLAB
ID;
OUTPUT (1) HTCH: MEND;

"MATCH A REPLACEMENT PROCEDURE POPTIOH OF A MACBO DEFINITION"
HACBOOT SYNTAX:REPLAC
(0, (0, LABEL ':'> ~5TATE > 'MEND;':
OUTPUT (1) MATCH: MEND;
HACBOOT SYNTAX:LABEL 10 :
OUTPUT (1) MATCH; MEND;

I
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SYNTAX:MSTATE
STRING I SYMBOL I ASSIGN I
I RETURN f NULL :
OUTPUT II) MATCH: MEND:

~A~BOOT

f'IA:aOOT SYNTAX:STRING

OUTPUT 11)

'SlRING'

IF I OUTPUT I SCAN I FAIL

(1,

ID /

.,.

> ';' :

MATCH: MEND:

MA:BOOT SYNTAX: SYMBOL
'SYMBOL' <1,

OUTPUT (1)
MACBO~T

pSTP.ING')

ID • (••

(I,' NUft)

Ili/',')';';

MATCH: MEND:

SYNTAX:ASSIGN

< INTVAR I 'GLOBAL('LOGEXP'}' > ':' LOGEXP
I < STRVAR I f'l.ATVAR > '=' STREXP ':';
OUTPUT (1)

MATCH: MEND:

!U::SOOT SYNTAX: IF

OUTPUT II)

•••
•

• IF ('

< LQGEXP I I'!ATVAR > .). LABEL

MATCH: MEND:

MA:BOOT SYNTAX: OUTPUT
t

aUT PUT '

OUTPUT 11)

(. (.

INTEX P .) . )

(1,('

MATCH: MEND:

SYNTAX: ~ERGE
<l,LOGEXP / ','>'
OUTPUT (1) MATCH: MEND:

~A::Bovr

'~ERG~'

('USING' STREXP)

•• I •

• •

••••
• •

MACBOOT SYNTAX: SCAN
OUTPUT 11)

·I·.·>STREL~>

'SCAN' PATTERN

MATCH: MEND:

••••
• •

MA:BOOT SYNTAX: MKDP
<'MARK' I IDFOPt> ID ';';
OUTPUT 11) MATCH: MEND:

SYNTAX:FAIL 'FAIL;';
OUTPUT 11) MATCH: MEND:

~A::BOOT

'RETURN; t;
MACBOOT SYNTAX:RETORN
OUTPUT (1) r.ATCH: KENO:

MACBoaT SYNTAX:NULL t;' ;
OUTPUT II) MATCH: MEND:
"PlATCH AN INTEGER EXPRESSION"
MACBCJT SYNTAX:LOGEXP <1, LOGTEBM / tl' > :
OUTPUT 11) MATCH: MEND:
!U':BOOT SlNTAX: LOGTERM <1, LCGELEl'IENT /
OUTPUT I 1) HATCH: MgND:
SYNTAX: LOGELEMENT
I'~') <RELATION I INTEXP I
0UTPUTll) HATCH: MEND:

t&t>;

MA~B00T

MI:BD~T

<1,

~ATREF>

SYNTAX: RELATION
I~TBXP / REL0P) I STREXP R2:RELOP S2:STREXP :

•• I •

• •

OUTPUT (1)

MATCH; MEND;

('+'1'-') <1, "rERM / '+' I '_I >;

I'!A.CBO ·) T SYNTAX:INTEXP
OUTPUT (1)

MATCH:

MACBOOT 5YNfAX:TERn
OUTPUT (1)

MEND:

<1, FACTOR /

'.' I '/' >;

MATCH: MEND:

MAcaOOT SYNTAX:FACTOP
'GLOBAL(' LOGEXP ')' I INTFCN I INTVAR I 5YKBEF
I SYKPNTB I '('LOGEXP')' ;
OUTPUT (1)
MA:BO~T

MATCH:

MEND:

SYNTAX:RELOP
'~='
I '(=' I

'=' I

OUTPUT(l)

MATCH:

,<,

I

'>=' I ,>,

MEND:

"MATCH ANY FUNCTION WHICH RETURNS AN INTEGER VALUE"
rUCBOOr SYNTAX:INTPCN
'INDEX(' STREXP ',' STREXP I}'
t 'LEN (' STF.EXP ')'
I 'CN(' STPEXP ')'
lID '(*' (0, ',' LOGEXP > ')'
I 'SCANOK' :
OUTPUT (1)

MATCH:

MACEOOT SYNTAX:INTVAF
OUTPUT (1)

MATCH:

MEND:

ID;

MEND;

"MATCH ANY STRING EXPRESSION"
MACBOOT SYNTAX:STREXP (1, STF.ELM / 'II' >;
OUTPUT (1)

~ACBOOT

MATCH:

MEND:

"MATCH ANY STRING ELEMENT"
SYNTAX:STRELM

STRFCN
I MATVAE I STRVAB
OUTPUT (1) MATCH: MEND:

I

SYMREF

I

'('STRUP') ' :

"HATCH ANY FUNCTION WHICH RETURNS A STRING"
.u:aOOt SYNTAX:STRFCN 'SUBSet STREXP ',' LOGEXP (I,' LOGEXP) I)'
I 'CS(' LOGEXP ')'
I

MATCH I SCURCE :
MATCH: MEND:

~UTPUT(l)

MACB OO T SYNTAX:MATVAE
OUTPUT (1) MATCH:

, ('

(1, LOGEXP /

,, '

> ')' } :

MACHOOT SYNTAX:STRVAR
OUTPUT (1)

10;
"ATCH: MEND:

M.CBOOT SYNTAX: SYMREF
10 .(. <'€b' STREXP I LOGEXP
OUTPUT (1) MATCH: MEND:
"ACB00T SYNTAX: SY"PNTR
10 q'.NCNEW') ('.LOCAL')
OUTPUT(l) MATCH: MEND:

I

SYKPNTR> (f,' LOGEXP)

('.LOCAL') ('.NONEW'P

,~,

I)';

STREXP:

APPENDIX

B.

STANDARD MACRO

L~NGUAGE

EXTENSIONS

The 3tandard macro definition language extension ~acro set
does not co~pletely parse and check the base language, it only
converts extended language constructs
into
base
language
c.Junterparts.
The folloving
macros only represent a fev day's

work to code and debug, and so can be easily changed if required.
The 21st element of ~he GLOBAL array is used to generate
unique statement labels.
The 23rd element is set to a number
whl.ch indicates (for error checking purposes only)
the type of
ex~ended
construct that the scan pointer is i •• ediately nested
within. Its value is one for the LOOP and WHILE constructs, two
for
the
POR construct, and three for the IF-ELSElf'-ELSE
construct. The 22nd element of the GLOBAL array is used to check
for errors when processing NEXT and EXIT statements.
If these
state!llents do not appear nested (not necessarily i.mediatel"
within a FOR, WHILE, or LOOP construct an error is flagged.
Note
that DeMorgan's rules are fully applied to any logical expressioQ
which must be negated.

62
9 '0 37
O'23ijS6789A8CDEFGHIJKLMN0PQRSTUVWXYZ_$ ••

+-./()=::·nl&11&'<>!~

0123~56789ABCDEFGHIJKLMNOPQRSTUVWXYZ_$

"+-./('=::'"'~?I&~(>!I"

0123456789ABCDEFGHIJKL~NOPQRSTUVWXYZ_$

,.+-./()=::'"'~?I&~(>!I"

6

9

6

,

2

3

ij

7

8

II...........

n...........
.............

. .......... 11

THE STEP PROCESSOR

"...........
BY JA CK W. SIMPSON
"...........
COMPUTATION RESEARCH GROUP
. . . . . . . . . . . . . STANFORD LINEAR ACCELERATOR CENTER
"...........
MENLO PARK, CALIFORNIA

" .•••.•.....
" .......... .
" ........••.

MAceOUT TRIGG~:
'11A::RO' TYPE:ID

PRINTED IN USA

' :'

(ID)

SCAN GROUP:(l,MSTftNT) 'END ~ACRO';
OUTPUT(l) TYPE ' : ' IO GROUP ';MEND;';

GLOBAL(')='; MEND;

LA B:<O,ID ' : ' )
IFST!'!T
'FOR' PORSTM
I WHIL E'
WHILST
'LOOP' LOOPST
'ANSWER' ANSTAT
'RESCAN' RESTAT
'QUTPU ·X ' OUTSTA

<, If'

••••••••••• "

"

••••••••••• "
••••••••••• n
••••••••••• "
••••••••••• "

"

• •••••••••• n

GLOBAL(23)=O: GLOBAL(22)=O;

MA:B00T SYNTAX:MSTMNT

...........
..............
..........

'WA~N'
WRSTAT
OTHeR:«KEY:ID)

IF
IF

I
(TYPE:ID)

ATOMS

(KEY='ELSE1F' f KEY='ELSE')
(KEY='END') lUCENO:

OUTPUT(I)

';'»;
IFSTAT:

LAB IFSTMT FOESTM WHILST LOOPST
ANSTAT RESTAT OUTSTA WRSTAT OTHER;

_ETUBN;
IPSTAT: If (GLOBAL (23) =3) KrAIL;
OUTPUT (5) 'MISPLACED
ELSE/ELSEIf DELETED';
OUTPUT(2) TYPE ATOMS ' ; ' ; RETURN;
~A:END: IF (GLOBAL (23) ,=0 I TYPE=' MACRO') MFAIL;
OUTPUT(S) ,n'.KEY TYPE.'" DELETED - NOTHING TO CLOSE':
oU 'r pUT(2) ATOP.lS ':'; RETURN:
MFAIL: FAIL;
MACBoor TRIGGR:
'NEXT;' ;

ERROR:

I=GLOBAL (22) ;
IF (1=0) ERROR;
OUTPUT(2) 'IF(I) L'.CS (1+1)
RETURN;
JUTPUT (5) '"NEXT" DELETED -

';'

;

NOT WITHIN LOOP';

:1END;
r!ACBoor TRIGGS:
'EXlr;' ;

I=GLOBAL (22) ;
IF (1=0) ERROR;
') UTPUT(2) 'IF(I)

L'.CS (1+2)

';'

;

RETURN;
ERROR:

OUTPUT (5)
JEND;

'''EXIT'' DELETED -

MACBOOT TRIGGR:
'GO TO' ID ';' ;
OUTPUT(2) 'IF(I)' 10

l'IEND:

.. ,

.

• •

MACBOO! TRIGGR:
'IP' SLEXPP.
OUTPUT (2)

NOT WITHIN LOOP';

'tHEN' <'GO TO' 10
' ; END IP';
'IF (' SLEXPR ')' 10;

IF (10) MACEND:
I=GLOBAL(22); IF (1,=0)
I"tOK:
OUTPUT(2) 'L';
IF (B) BE;
JUTPUT(2) .CS(I+l);
IF (1) MACENO;
BE:
OUTPUT(2) .CS(I+2);
l'IA~END: OUTPUT(2)
':'; r1END;

MOK;

I A:'NEXT'

PAIL;

;MEND:

MACBOJT SYNTAX:IFSTMT
SNL?!XP 'THEN' I BAL 'THEN' ;
IF (,BAL) LABO:
OUTPUT(S) 'BAD EXPRESSION IN IF STATEMENT':
LASO: MSAVE=GLOBAL(23): GLOBAL(23)=3;

18:'EIIT')

SCAN
<0,

GROUP1:<O,MSTMNT>
'EL~EIF' EXP2:$NLEXP

'THEM'

GROUP2:<O,~S2:MSTMNT»

('ELSE' GROUP3:<O,MS3:MSTMNT»
'END' ID ;
Ll=GLOBAL(21)+10: GLOBAL(21)=Ll: L2=Ll:
OUTPUT(1) 'IF(' $NLEXP ') L'.CS(L1+1) ';'
GROUpl ;
1=1: EIFN==GROUP2(O):
ELSEIF: IF (DEHNO) ELSE:
OUi'PUT(l) 'IF(1)L'.CS(Ll+2) ';L'.CS(L2+1).':;' ;
L2=GLOBAL(21)+10: GLOBAL(21)=L2:
OUTPUT(1) 'IF(' EXP2(I) ')L'.CS(L2+1) ':'
GROUP2 (I) :
1=1+1; IF(1) ELSEI¥;
ELSE: IF (.GROUP3) ENDIF:
OUTPUT(l) 'IF(1}L'.CS(L1+2) ':L'.CS(L2+1).'::'
GROUP3 :
ENDIF: IF (GROUP3 I GROUP2(O).=0) EXTRA:
OU '£PUT(l) 'L'.CS(Ll+l).'::' : IF(l) CHECK;
EXTRA: OUTPUT(l) 'L'.CS(L1+2).':;' ;
CHECK: IF (ID='IF') MACEND:
OUTPUT(S) '''END IF" INSERTED BEFORE "END' 10.''''
OUTPUT (2) 'END' 10;
MA:END: GLDBAL(23)=MSA'E: MEND:

MACBOOT SYNTAX:FORSTM
10 '=' $AEXPS ('ro' TO:$AEXPR) ('BY' BY:SAEXPB)
I ATOMS <'DO' I 'it> ;
IF (10) LABO:
0UTPUT(S) 'INCORRECT "FCR" STATHENT SYNTAX';
LAaO: I=GLOBAL(21) +10: GLOBAL(21)=I:
LSAVE=GLOBAL (22): GLOBAL (22) =1:
~SAVE=GLOBAL (23): GLOBAL (23) =2:
SCAN
GROUt-:<~,MSTMNT> 'END' ENOID:ID :

;

'DO'

STRING START, NEXT, LAST:
START='L'IICS(I); NEXT='l'ltCS(I+l); LAST='L'lfCS(!+2):
OUTPUT(1) ID ,= , SAEXPR ';IF(l)' START ';' :
IF (ay) LAB 1:
BY='1';
LAB1: OUTPUT(l) NEXT.':' ID '-=' ID '+' BY';' START.':;'
IF (.TO) LAB3 :
OUTPUT(1) 'IF(' 10 ,>, TO ')' LAST';' ;
LAB3: OUTPUT(l) GROOP 'IF(l)' NEXT ':' LAST.':;' :
GLOB1L(22)=LSA'E: GLOBAL(23)=MSAVE:
IF (ENDID='FOR') MACEND;
OUTPUT (5) "'END FOP" INSERTED EEFORE "END' ENDID. In, ;
OUTPUT (2) lEND' ENDID:
MACERD:: .1ENO:

MA CBOJT SYNTAX:WHILSI
SNLEXP 'DO' I ATOMS <'DO'
IF

($NLEXP)

LABO:

I 'i'> i

-1"1OUTPUT(5)
LABO:

'BAD EXPRESSION IN "WHILE" 5THNT';

I=GLOBAL(21)+10: GLOBAL(21)=I:
LSAVE=GLOBAL(22): GLOBAL(22)=I:
MSAVE=GLOBAL(23): GLOBAL(23)=1:
SCAN

GROUP:<O,MSTMNT) 'END' 10:

, .,

STRING NEXT, LAST; NEXT='L'IICS(I+l); LAST='L'I ICS(I+2):
OUTPUTel) NEXT.':IF(' SNLEXP .). LAST
•
GROUP
'IF(1)' NEXT
LAST.':;':
GLOBAL(22)=LSAVE: GLOBAL(2J)=~SAVE:
IF (IO='WHILE') LAB1:

1.'

LA81:

OUTPUT(S)

IIIEND WHILE" INSERTED BEFORE "END' ID.'n'

OUTPUT (2)

'END'

:

10:

:"END;

~A:BOOT

SYNTAX:LOOPST
CHAR :
I=GLOBAL(21)+10: GLOBAL(21)=I:
LSAVE=GLOBAL(22): GLOBAL(22)=I:
8SAVE=GLOBAL(23): GLOBAL(2J)=1:
SCAN

'END' 10 :

GROUP:<O.~ST"NT>

STRI~G NEXT, LAST; NEXT='L'IICS(I+l); LAST='L'IICS(I+2);
OUTPUT(l) NEXT.':;' GROUP 'IP(')' NEXT ';' LAST.':;' :
GLOBA L (22) =LSA VE: GLOBAL (23) = ~SAV':
IF(IO='LOOP') ~ACEND:

OUTPUT(S)

'"END LOOP" INSERTED BEPORE "END' 10. ,n, ;

OUTPUT(2)

'END'

10;

PlACEND:; !'tEND;
MACBO~T

SYNTAX: ANSTAT
ATO!"tS ' : ' :
OUTPUT(l) 'OUTPUT (1)'

MATCH:

MEND:
~ACBOOT

SYNTAX: RESTAT
ATOMS';' ;
OUTPUT(l) 'OUTPDT(2) ,
:1END;

~ACB00T

~ATCH:

SYNTAX: OUTSTA

UNIT: ( • (. BAL ')' )
OUTPUT (') 'OUTPUT':

ATOMS

••••
• •

~ATCH

:

IF (UNIT) LABEL:
OUTPUT (1) '(4)':
LABEL: OUTPUT (1) MATCH:
~END:

MA:B00T SYNTAX: ilPSTAT
ATOl'lS t;l;
OUTPUT (1) 'OUTPUT (5)'

MEND;
~ACBO~T

SYNTAX:SLEXPF

(1,

'1 '>:

SOREXP /

OUTPUT (')

MATCH:

<1END:

MACBOOT SYNTAX:$OREXP
(1, SLOGIC / ·t·>;

OUTPUT(1)
MEND:

MATCH:

MACBDOT SYNTAX:SLDGIC
SRELAT

I

(· ... ·1

$REF

I

'('SLEXPR'I'

I

• ... (·SNLEXP·)·

IF (SNLEXP) LABEL:
DUTPUT(') MATCH: RETURN;
LABEL: DUTPUT(') '('SNLEXP') ':
L'iEND;

MACoD"T SYNTAX:$RELAT
NDT: ('~') A:$AEXPR SRELDP B:$AEXPR :
IF (~NDT) LABEL:
SRELOP=SUBS{' ... == (=( >=) "
INDEX('= ... => >=( (=' ,SRELOP'

,

2,:

LABEL: IF (b='D') NSWTCH:
STIUNG S:

S=A;

1="8: B=S:

NSWTCH:;
IF

(B ... =·O·)

NORMAL;

IF (SRELDP=' ~=')

NEQU:

IF (SRELOP ... =·=' & $RELOP ... ='=
OUTPUT(1, ' ... ' :

NEQU: DUTPUT(')

.)

NOR~AL:

A :

RETURN:

NJRMAL: DUTPUT(') A $RELDP B:
:iEND;

MACBDOT SYNTAX:SAEXPP
(1,SIMEXPI •• '

DUTPUT(')

I

'I'

I

'.'

I

,-,

I

> :

'II'

MATCH: MEND:

MACBDDT SYNTAX:SIMEXP
... ('THEN' I'DO'>($REF

DUTPUT(')
MACBOJT SYNTAX:
10

(

'('

I

NUl'!

t '('

$AEXPR

')'

I

STR> ;

MATCH: MEND:
$REF
(SAEXPR

I

'.'

>

(0,

','

SAEXPR

DUTPUT(') MATCH: MEND:
MACBDOT SYNTAX:SRELDP
'=' I ' ... =' t '>=' I '>'
OUTPUT(') MATCH; MEND:
MACBDOT SYNTAX:$NLEXP
<', $NDPEX I SNDR>:
DU~PUT(') MATCH;
MEND:

MACBOOT SYNTAX:$NDR
•I' ;
DUTPUT(1) 'S':

'(=' I '(' :

> ',. ) :

:

- ,fI;!'lEND;

KA:BOOT SYNTAX:$NOREX
<1, SNTINS SLOGIC I SNANOP>:
IF (SLOGIC(*»1) LABEL:
OUTPUT(1) KATCH: RETURN:
LA.1:H~L:

OUTPUT (1)

I

('

MATCH

')':

KEND:

MACBOOT SYNTAX:$NANOP
t

&t

;

OUTPUT(l}

III:

KENO:

KACBOOT

SYNTAX:SN~INS

N:(· ... " ;

IF (N)

LABEL:

OUTPUT (2)
LA-SEL:; dENO:

...... ;

APPENDIX C. -

GENERAL EXAKPLES

••••••••••••••••••••• * •••••••••••••••••••••••••••••••••••••••••••
EXAKPLE 1. - CONSTANT PROPOGATION IN EXPRESSIONS

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The following macro
set
recognizes
FORTRAN
integer
expressions and folds all constants possible as it does so. Note
that constant folding will take place across a division operator
only if the division can be performed with no remainder or if no
variables appear to the left of the divsioD operator. Local
trigger macros operate asynchronously during the expression parse
to si~plify certain forms.
KACBO SYNTAX:ARIEXP
PREOP:('.'I'-')<1. TERM /

INOP!('.'l

f

_

f

»:

MACRO TRIGGR:
t.(, UNARY:(f.'I'-') ARIEXP f)f ENDOP:(f)'I'.'I'-'>;
IF ~UNARY THEN UNARY='.': END IF
RESCAN UNARY ARIEXP ENDOP:
ENO KACRO:
MACR;> TRIGGR,
1_('

(PI'!.CONV)

ARreON fl' ENDOP:(')II'.','-'>;

IF ,P~CONV THEN P~CONV='_f: END IF
RESCAN PMCONV ARICON ENOOP;
END ~ACRO:

srRING OPERAT,S;
NTERMS=TER~ (0) :
OPERAT=PREOP; SUM=O: ANSFLG=O:
FOR I=1 TO NTERMS DO
S=TERM (I) :
"IF A ~INUS SIGN WAS APPENDED BY
OF OPZRAT."
IF SUBS(S,LENGTH(S),1)='-' THEN
S=SUBS (5,1, LENGTH (5) -1) :
IF OPERAT='-' THEN
OPEP.AT='+';
ELSE
OPERA':::'= 1- I ;
END IF
END IF

TER~,

CHANGE SIGN

"USE SCAN TO FIND OUT IF THIS TER" IS A CONSTANT IF IT IS ADD TO TOTAL INSTEAD OF ANSWERING TEXT"
USING S SCAN NUM:
IF SCANOK THEN
SUM=SU~+CN(OPERATI IS):
ELSE
IF ANSFLG=1 1 OPERAT='_I THEN ANSWER OPERAT; END IF
ANSFtG= 1:
ANSWER 5;
END IF
OPERAT=INOP (I) :
END f::lR

UFINALLY, APPEND THE CONSTANT PORTION TO THE REST"
IF SU~~=O , ANSFLG=O THEN
IF SUH>O & ANSPLG=1 THEN ANSWER '+': END IF
ANSWER CS (SUM) :
END IF
END MACRO:
SYNTAX;ARICON
(PMCONV) <1, TER" /
ANSWER MATCH:
END MACRO:

~A:fiO

P~2:P"CONV>:

HACRO SYNTAX:P"CONV
PLUS:'.' 1 KINUS:'-';
IF PLUS THEN
ANSWER , _ I ••
ELSE
ANSWER 1+1;
tND IF
END MACRO:
MACRO SYNTAX:TERM
INSSf <1, <1, '''' FACTOR) , 'II
MACRO TRIGGR:
1

I (

1 ;

DIVIDE:PACTOB):

RES CAN NOlRIG MATCH:
END "ACRO:
HACRO TRIGGR:
• ('

!UNUS: ('_f)

TERM IHNUS2: ('-')

USING lUTCH SCAN' ('

BAL

I)'

'I' BAL ')

... ( •••• );

I;

IF SCANOK THEN FAIL: END IF
RESCAN TEEM:
1=1;

lP MINUS THEN 1=-1: END IP
IF MINUS2 THEN 1=-1: END IF
IF 1<0 THEN RESCAN '*(-1)'; END IF
END MACRO:

STRING FACSTR,DIYSTN:
PRODU:=1: ALG=O: SIGN=1:
LH2=PACTOR (O) :
"THIS LOOP CORRESPONDS TO THE OUTER LOOP IN THE ABOVE PATTRRN"
"NO MORE THAN CNE DIVISOR IS DEALT WITH DURING EACH ITERATION"
POR 11=1 TO LIM2 DO

LIM=FACTOR(*,II} :
F~R 1=1 TO LIM DO
FACSTR=FACTOR (I,II) :
USING FACSTR SCAN NUPI ,

t

(_t

MNEG:<NUM2:NUl'IIREP) ') ':

IF MNEG THEN FACSTR=HNEG: SIGN=-SIGN: END IP
IF SCANOK & ... REF THEN
PRODUC=PRODUcoCN (FACSTR) :
ELSE
IF A1G~=O THEN ANSWER '.1; END IF
ANSWER PACSTR:
ALG= 1:
END IF
END PO fi
IF PRODUC=O THEN EXIT: END IF
IF DIVIDE (II)

THEN
DIVSTR=DIVIDE(II) :
USING DIVSTR SCAN NUM3:NU" I
'(_,

DNEG:(NUH4:NUPI

f REF2:REP) ') ';

IF DNEG THEN DIVSTR=DNEG: SIGN=-SIGN: END IF
IF SC~NOK & ,REP2 THEN
DIV=CN (DIVSTR) :
RESULT=PRODUC/DIV:
IP RESOLToDIV,=PRODUC & ALG,=O THEN
GO TO KEEP: END IF
PRODUC=RESULT:
ELSE KEEP:
IF ALG=O I PRODue,=1 THEN
IF ALG..,=Q THEN

ANSWER

ANSWER CS(PRODUC):
END IF
ANSWER

'/'

PRODUC= 1:
END IF
END IF
END FOR

DIVSTRi

,.':

END IF

"FINALLY, APPEND THE CONSTANT PORTION TO THE REST"
IF PRODUC~=l I ALG=O THEN
IF AL G,=O THEN ANSWER '.'; END IF
ANSWER CS(PRODUCI:
END IF'
"IF AN ODD NUMBER OF UNARY ~INUS SIGNS HAVE BEEN REKOVBD fROK"
"A TER~~ INFOn~ ~RIEXP OF THIS PkCT"
IF SIGN<O THEN ANSWER. '-'; END IF
END MACRO:
KA:RO SYNTAX:INSST
"INSST IS USED IN ORUER THAT EVERY fICTOR"
CHAR;
"APPEARING IN A TER~ WILL BE PRECEDED BY"
REseAN .*. CHAR : "THE APPROPRIATE OPERATOR. THIS ALLOWS·
END MACRO :
"THE PATTERN FOR TERK TO BE CONVENIENTLY"
"STRUCTUREDu
SYNTAX : fACTOR
<REF I NUM t • (. ARIEXP ') ,> EXPON: ( •••• PACTOR) :
IF ARIEXP THEN
USING ARIEXP SCAN REF2:REF I NU"2:NU" :
IF SCANOK THEN ANSWiR ARIEXP EXPON: RETURN: END IF
END IF
ANSWER MATCH:
END HACRO:

~ACRO

KACRO SYNTAX: REF
10 ( '(' (1,AP.IEXP/
ANSWER l'I.ATCH ;
END "ACRO:

UNJW WRITE A TRIGGER

•• •

> ')

I

}

TO TEST THE EXPRESSION HACRaS M

~ACP.O

MeRO TRIGGR:
• 3TARTEXP' ARIEXP ' ; ':
aESCAN NOT RIG HATCH:
END KACRO:

"NJV CONVERT THE EXPP.ESSIONS IN THE FOLLOWING LINES"
STARTEXP
SrARTUP
STARTEXP
srARTEXP
STAfiTEXP
srARTEXP

A*(B+C/DI:
2* (3+41 :
2* (A+3-B+41*9:
A+2-(8+G*C(3-A+4)}+G-5;
A*S.J/2*4+S.3*4/6.C:
(A+C*4/21/8*C+9-3*R*5/1:

When this macro was
converted to
SURTEXP A * ( B
STARTUP 14 ;
SrARTEXP ( A - B
SrAI<Tr;Xp A
G *
ST'RTRXP
* 15 /
SrARTEXP ( A + C

,

-

tested~

+ C /
+ 71
C(
2 *
* 21

-

01

the above input expressions were

;

·

* 18 •
A + 71 + G -11 •
4 + B * C * 2 :
R * 15 + 9 :
/ B * C

.

-

• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
EXA~PLE

2. SNOBOL PATTERN
MATCRING STATEMENTS IN PLII

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
The following macro set will implement a SNOBOL like pattern
state.ent as an extnded PL/I statement. The .acros were
trausliterated from the IBM Language Point 2251 proposal, exa.ple
3.
Various utility macros, such as REF, LABEL, etc.
were copied
frOB page 10 of the proposal.
The implementation is not
identical to that in the proposal because of various errors that
were corrected.
m~tching

The following macros would process the statement
(SNOBOL):

REPEAT:

A (I)

X '.'

Y =

"

IS (REPEAT) :

In this particular statelllent, A (I) represents a character string
th~t
is searched for the substring XIII.'IIY. If the substring
is found and the equal sign followed by a string expression has
been
coded ther. the substring is replaced by the string
expression on the right side of the equal sign (in this case the
substring is rellloved).
If the slash is coded then one or two
laDels must follow it surrounded by parentheses and preceded by
the letter S for success or F for failure. Control is passed to
the appropriate label depending upon the success or failure of
the pdttern match.
The PL/I code generated from the above state.ent is
REPEAT:

NTEMP$S$=INDEX (A (I), X II'. 'II y):
IF NTEMPSS$~=O THEN DO
A (I) =SUBSTR (A (I) .1.NTEMP$$$1 II . , II
SUBSTR (A (I) .NTEMPSS$+LENGTH (X I I' •• II Y) ) :
GO TO REPEAT:

END:

where

~he

indentatior. has been added by the author.

MA C RO TRIGGR :
, (SNOBOL) : ' (PRnIXI (LABLST)
REP STRNG1 ('=1 STRNG2:STElNG1)
('I' (1, T: (ISII'PI) '('LABEL')
STRIN G STMT1.STHT2:

,>

I • I •

• •

ERROR=O:

"NOW CHECK THE TAR GET LABELS AND GENERATE CODE INTO
INrO STMTI FOR SUCCESS LABEL AND s n n FOR FAILURE LABEL"
FOR 1=1 T O T(O) DO
IF T (I) ='SI THEN
IF STMT1>=" THEN

-1/ERROR=l :
ELSE
ST~Tl=PtEFIX

END IF
ELSEIF T(I)='F'

II' GO

TO

'II LABEL (I) II' : ' :

THEN

IF 5T"T2>="

THEN

ERROR=l:
ELSE
ST~T2='FLSE'IIPREFIXII'

GO TO 'II LABEL(I)

II':':

END IF
ELSE
ERROR=l:
END IF
END F0R

"NOW FIELD ERRORS POUND WHEN LOOKING FOR TARGET LABELS"
IF

ERROR~=O

WARN

THEN
'ERROR IN SNOBOL

OUTPUT 'I • ••••

STATE~ENT

••••

~RROR

.- DELETED

--

STATE~ENT

STATEMENT -

DELETED':

• SOUBCE

*/':

RETU RN:

END IF:
"OUTPu ·r

THE CODE FOR THE STATE"ENT"

OUTPUT PREFIX LABLST
• NTEHP$$$=INDEX (' REF . , .

'IF

NTE"P$SS~=O

STRNG 1 ' ) : '

THEN DO:':

IF STRNG2 THEN
OUTPUT PREFIX

REP '=5U85TR(' REP ',l,NTEMPSSSlll'
STP.NG2 '1ISUeSTR (' REP
',NTE!1PS$$+LENGTH(' STRNGl

nD IF
OUTPUT STf'lTl

'END;

I

'));,;

5T"T2;

END MACRO:

MACHO SYNTAX: STRNGl
<1, ITE!'!.: (REF 15TH> /
ANSWER ITE~ (1) :
FOR 1=2 TO ITEM (.) DO
ANSWER 'II' ITEM (I) :
END FOR:
END MACRO:

"1 SNOBOL STYLE STRING EXPRESSION,·
I

•

>:

A BLANK INDICATES CONCATENATION"IS RECOGNIZED AND TRANSLATED INTO ITS"
"PL/I COUNTERPART. "
"WHERE

SYNTAX:EXPR
"1 PL/I EXPRESSION OF NEARLY ANY TYPE"
<1, PRIMIT / OPERAT>; "WILL BE HATCHED BY THIS AND THE"
ANSWER ~ATCH:
"fOLLOWING HACROS"
END HA.CRO;

~ACRO

~A:RO

SYNTAX:PPIMIT

'(' EXPR I ) '

,

REf , 5TR I NUH
ANSWER HATCH:
~N

D KAC RO:

( · .... ·"+'1 ' _·) EXPR

,

-9~~A~~O

SYNTAX:OPERAT

'··"'·'1'/'
, <. I '..,=' I '= ,

ANSWER

I1A~CH;

"THIS ~ATCHES A PL/I INFIX OPERATOR"
I I _ I I ')=' I ')' , '(=' I
...... )' I ' ... <' I ' l l ' I t&' I 'I' ;

'+'

"IT IS

RETURNED UNALTERED TO THE CALLER"

END MACRO:
~AC&O

SYNTAX:REF
"THIS ~ATCHES A PL/I REfERENCE"
<1,10 ( ' { ' <1, EXPR / I,'> .). ) / '-)' I t . ' > :
ANSWER IUTCH;
"AND RETURNS IT UNALTEPED"
END MACRO:

MACRO SYNTAX:LABLST
(1, LABEL

':'>;

ANSWER !'lATCH.

"THIS MACRO HATCHES A SEQUENCE OP ONE"
"OR HORE PL/I LABELS (IDENTIfIERS)"
"FOLLOWED BY COLONS"

UD HACRO:
"A:&O SYNTAX:LABEL
10;

ANSWER. I1ATCH;
END MACRO;

"THIS nACRO "ATCHES A SINGLE PL/I LABEL,"
"WHICH IS SIMPLY AN IDENTIFIER.
A KORE"
"COMPLEX HACRO ~IGHT ADDITIONALLY CHECK"
I'THAT THE 10 IS REALLY A LA8EL BY USING"
liTHE SYMBOL TABLE PACILITY."

~A~RO

SYNTAX:PREPIX
'(' <1, 10/ ' , ' ) '):1;
ANSWER MATCH:
END MACRO:

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
EXAMPLE 3.

STRUCTURED fORTRAN PREPROCESSOR

••••••••• * •••••••••••••••••••••••••••••••••••••••••••••••••••••••
The following ~acro set is quite long, and forms the nucleus
of a
structured FORTRAN preprocessor.
The preprocessor is
written with the aid of the macro language extension set given in
appendix a.
The ~ppearance of the text BEGIN PROCESSOR SCAN in
the
input will trigger the preprocessor, which vill then retain
control of the scan until the end of input is reached.
Main
programs !Dust
begin with the identifier PROGRA!'!.
Language
extensions implemented include IF-ELSEIF-ELSE, SELECT (a type of
c~se statement), WHILE, UNTIL, LOOP, EXIT, and other
statements.
The entire FORTRAN base language, including FOR~AT statements, i3
c:>mpletely parsed and checked for correctness.
In addition to
this, certain conveniences not recommended for general use have
been added according
to the whims of the author.
For e~ample,
one need not code the IF in an IF statement, but simply begin the
st~telDent with a left parenthesis.
This is implemented by a
lo~al
trigger
macro.
Also, to save keystrokes, one may replace
the keyword ~LSEIF by an asterisk, etc.
At present this preprocessor is primarily concerned with the
extension of the control structures of the base lanquage, and for
this purp~se it would not be necessary to do a complete parse,
but only to recognize and convert the extended statements.
With

-93a little more work, however, the symbol table facility could be
put to use and all~v this macro set to be extended so that nev
d~ta types and structures could be added to the language.
The GLOBAL(31) array element is used to generate unique
statement labels, while GLOBAL (32) is used to pass a sy_bol array
pointer from the LABGEN syntax macro, which recognizes statement
label declarations, to the immediately folloving statement. This
infor~ation is presently needed only for
the implement~tion of
the
EXIT:label:; and the NEXT:label:; statements.
Note that the
constant propagation macros ARIEXP, TERM, and FACTOR which appear
in a previous example can easily he substituted for their
counterparts in this macro set.
This is the preprocessor that is used for the developaent of
itself.
To give an idea of the type of language th~t these
macros process, the following routine that performs all of the
MARK and
DROP
functions for the replacement proceedures is
listed from the STEP source.
srE~

SU3ROUTINE f'lKDP(IA,IAS,IER};
I~R=O;

INTEGERALL; CHHNS; SYHCMKNS;

IL=APIIAS>]);

lIA=MRK$)

<

+AP(IAS+2):

{IFBLK=O)<EPR('SH~BOL

J=IFBLK; IFBLK=AP (J) ;

"INCREMENT MARK COUNT IN HEADER"
ARRAY PNTR OVERFLOW'}; STOP;>
"REMOVE BLOCK FROI1 FREE BLOCK LIst"

lAP IJ>l) =1) CALL AGARBG (1) ;"IF DROP MARKED IT, COLLECT GARBAGE"
AP(J>l)=IL; AP(IAS>])=J>l; "HARK LINK NEW TO OLD & HEADER TO NEW"
AP(J)=O; AP(J+l)=O;
"ZERO NEXT BLOCK & TREE ROOT POINTERS"
J=J+4; AP(J-2}=J:

IN=APlIAS>l);

I'LINK FREE LIST HEADER TO 1ST ELEMENT"

IO>IN)

IN=-IN; IN=IN>]; NUH=$ ISBLKLEN-4) lIN;

DO r=l,NUM<JJ=J; J=J+!N; AP(JJ)=J;> AP(JJ}=O;>
ELSE
< -AP(IAS+2};
"DECREMENT MARK COUNT"

IIL=O) (ERftl'NO DROP ON SYMBOL ARRAY'); RETURN;>
AP(IAS>])=APIIL); J=IL-l;
"DELETE BLOCK FROH HARK LIST"
WHILEIJ~O)(JJ=J; J=APIJ);
"SAV ADDR OF NEXT BLOCK IN J"
IN=JJ>SISBLKLEN-l); DO I=JJ,IN(APII)=O;>
·CLEAR BLOCKS"
(IFBLK~O)<AP(IBBLK)=JJ;>

ELSE <IFBLK=JJ;>
IBBLK=JJ; AP(JJ+1}=1;»

"IF FREE BLOCK LIsr EMPTY"
"IF NOT EMPTY"
"PNT TO L1ST BLK & nABK FOR AG1RBG"

RHURN; END;

..........
.......... ..

.............

"

"

•

ft...........
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.............

THE STEP PROCESSOR
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~A:RO

FORTRAN PREPROCESSOR MACBO SET FOLLOWS •••••••• "

TRIGGR:
'BEGIN PROCESSOR SCAN'
<0. < ~AINPR I BLOCKD I SUBROU I FUNCTI I SERROR
WARN •••• PROCESSOR SCAN COMPLETED •••• ;
END MACRO;

~Acao

SYNrAX: MAINPR
'PROGAA"' ROUTIN :
END ~ACRO:

~ACRO

SYNTAX: BLOCKD
'BLOCK DATA' TE~MIN (IPIPLIC) ;
OUTPUT 'BLOCK DATA;' IHPLIC:
SCAN <0,< DCSTAT I ERROES» 'END;' ;
OU1'PUT 'END;' ;
END PI ACRO:

~A:BO

SYNTAX: SUBROU
'SUBROUTINE' 10 ( '(' ARGLST ')' ) TERlUN :
OUTPUT ~ATCH :
SCA N ROUTI N :
END MACRO;

~ACRO

SYNTAX: FUNCTI
(TYPE) 'FUNCTION' 10 ( '(' ARGLST ')' ) TER!IN :
OUTPUT MATCH;
SCAN ROUTIN:
END MACRO:

»:

MACRO SYNTAX: TERMIN
T:(';');

IF

THEN
WARN ' •••
END IF
~T

~ISSING

TERHINA~OR

INSERTED ••• ':

ANSWER':' :
END IUCRO;
~A:RO

SYNTAX: RBRACK
A: (')'):

IF

THEN
WARN 'MISSING RIGHT BRACKET INSERTED':
END IF
END HACRO:
~A

MACRO SYNrAX: TYPE
'REAL'I'DOUBLE PRECISION' I 'INTEGER' I'COMPLEX'IILOGICAL':
ANSWER MA'!'CH;

END I'iACRO;
MACRO SYNTAX: SERROR
'i' I ATOI'IS Ii':
IF ATO~S THEN
WARN

END I P

•• ** STRING

'ATOI'IS'

- -

fOUSD BETWEEN PROGRAM UNITS';

- 9 5END MACRO;
MACRO SYNTAX: ARGLST
<1, 10 / ',' > (0.

-,.'>:

ANSWER MATCH;
END MACRO;
~ACRO

SYNTAX: ROUTIN
(1M PL IC) <0. DCST AT> ;

SynBOL LABEL{*,2)
GLOBAL (J 1) =90; GLOBAL (32) =0;
LOOP

GLOBAL (33) =0;

SCAN SGROUP < .). I END:'ENO;'> ;
IF END THEN EXIT; END IF
WARN t • • • EXTRA RIGHT BRACKET DELETED

END LOOP
OUTPU ·r 'END;' :
DROP LABEL;
MlRK LABEL;
END MACRO;

••••••

MACBO SYNTAX; SGROUP
(0, <0, LA8GEN) STATE">;
MACRO TFIGGR:
'WHILE(' BAl ' , ( ' ;

REseAN 'UNTIL(,(' BAL '»(' ;
END MACRO;
MACRO TRIGGR:
1(1 BALI)';
REseAN 'IF(' BAL .).
END MACRO;

;

lUCiW TRIGGR:

'(*' ,('.+'>:
REseAN

I

LOOP(' ;

END "'ACRO;
~ACRO

TRIGGR:
'>UNTIL(' EAt f,:';
REseAN ';IF(' BAL 'lEXlT:>';

END l'!ACRO;
MACRO TRIGGR:
')WHILE(' EAL .) ;';
REseAN ·;IF( .... (· BAL ') lEXlT;>';

END PlACPO;
"MACRO TRIGGR:
'0='

ATOMS

';';

IF GLOBAL(40)=0 THEN PAIL: END IF
GLOBAL(41)=GLOBAL(41) +1;
REseAN HOTRIG '1001=0; 0=';
': (P(IGL+3)=1,(OUTPUT I001,D,TX(D, ,v,rx(v) ,lA,
IAP,LL,LA,LOF,LF,M: (II •• , CS(GLOBAL(41)) , 'II. ",12I1) :)':
WARN
'MARK--' CSMLOBAL(41));
END MACRO;"

RESCAN ATOMS

"HACRO TR:i:GGR:
'P('

BAL

')=' ATOMS

..,.

• •

I=GLOBAL(~l)+l:

GLOBAL(~l)=I:

RESCAN '1001=' BAL ': (1001=99111001=992)'
'(OUTPUT; (It

STOP AT' CS(I)

RESCAN NOTRIG 'P(I001) =':
REselN ATO~S ';';
WARN

t

HAEK--'

CS (I)

ft.,:

STOP;>';

;

END MACRO:"
"HACRO TRIGGR:

• (f BAL .) ..... <.(.) ATOMS';';
RESCAN IIF(' BAL ')<' ATOMS ';>';

END P1ACRO;"

MACRO TRIGGR:
'ASSERT' ATOMS' (I BAL .) ;';
REseAN 'IF(-.('oBAL.'» t

'(ERR("ASSERTION

'.ATOMS.'

END MCRO:
MACRO TRIGGR:

'+'

ATOMS

1;1:

BRSCAN ATOMS '=' ATOMS 1+1;'.
END MACRO:
MACRO TRIGGR:
I_I

AT0:15

':';

BESGAN ATOMS '=' ATOMS 1-1:';
END MACRO:
HACRO TRIGGR:
• G:' BAL ':;':
REs e AN 'GO TO : '.BAL.

END MACRO:
END MACRO:
HACRO SYNTAX:

DC STAT

·CO.:ol~ON·

CMSTAT 1

DMSTAT 1
'DI"ENSION'
'R81L'
RLSTAT 1
'DOUBLE PRECISION' RLSTAT
'Cu:1PLEX'
FLSTAT 1
'INTt;GER'
IGSTAT 1
'LOGICAL'
LGSTAT I
'EQUIVALENCE'

'DATA'
,'EXTERNAL'
,
•

.

EQSTAT 1
DTSTAT 1
EXSTAT 1

END I'!.ACRO:
~ACBO

SYNTAX: STATEM
'IF'
IFSTAT
OLDIF
'IF'
DOS1'AT
'DO'
• LO')P'
LPSTAT
, UNTIL'
ULSTAT
NEXIT
' GO'·'TO' GOSTAT 1
CLSTAT 1
'CALL'
ASSIGN
1

.•

t:;.:

FALSE") :STOP 12;>'.

-"17'SELECT'

SELECT I

'ourpUT' OTSTAT I

INSTAT I
RUNIT
I
'BACKSPACE' BUNIr I
'ENOI·'FILE' EUNIT I
'ERR'
ERst"AT I
ENSTAT I
• ~NTBY'
• RETURN' aTST!T I
STOPST I
'STJP'*
DCSTlT
I
I
•
ERRORS
•
GLO~AL (32) =0;
END MACRO;
'INPUT'
'REWIND'

,. ,

.

!"!Acse SYNTAX:

II1PLIC

'IMPLICIT' ATOMS
OUTPUT MATCH;
END MACRO;
~A=RO

~A=EO

.. .
,

• •

SYNTAX; CMSTAT
(1, ('I' (BLKNAf'!:ID, 'I')
OUTPUT 'CO""ON' MATCH;
END MACRO;

<',DCLREP/',') / SL5H) TER!!IN :

SYNTAX; SLSH

• II ;
RESCU MATCH;
END l'!.ACRO;
"AC~O

SYNTAX: DMSTAT
DCLGE N ;
OUIPUT 'DIMENSION' MATCH
END MACRO;

MACRQ SYNTAX; RLSTAT
('*4'. I '*S'.) DCLGEN ;
OUTPUT 'REAL' r.ATCH ;
END HCRO;
MACRO SYNTAX; IGSTAT
('*2'. I -*4'.) DC1GEN :
OUTPUT 'INTEGER' nATCH
END MACRO;
MACR~

SYNTAX: LGSTAT
('*1'.

I

'*q'.)

DCLGEN

DurpUT 'LOGICAL' "ATCH :
END !'lACRO;
~ACRO

SYNTAX: EQSTAT
<1,

'"

DeLREF -,-

DeLREF

.).

/

','

> t:

t :

OUTPUT 'EQUIVALENCE' nATCH ;
END !'!ACPO;
MA:iD SYNTAX: DTSTAT
<1, <1, DCLREF / ','> 'I' <1,
OUTPUT 'DATA' r.ATCH :
END I1ACRO;

DTITE"I ','> 'I' /

-,') ••••
• •

- 9!'MACRO SYNTAX: DTITEM
(NUM'.')< ('+'I'-'l<FLTINUt1>ISTCONSI'T'I'.TRUi.'I'F'I'.FALSE.') ;
ANSWER ~ATCH

END "ACRO;
MACRO SYNTAX:

EXSTAT

<1,10/',' > TERMIN:

3UTPUT 'EXTERNAL' MATCR;
END MACRO:
MA:.O SYNTAX:

DCLGEN

(1, "AIN:(ID('(f<1,<NUP!ID2:ID>/',')','»

DATA:('/' B1L 'I')

COMMA:','> TERKIN ;
L=ID (*' :
FOR 1=1 TO L DO
ANSWER M!IN (I, COMMA (I,:
IF DATA (I, THEN
RESCAtl 'DATA' 10(1) DATA(I}
END IF
END FOR

';';

ANSWER' ;'.
END MACRO:
MACRO SYNTAX:

DCLREF

10 ( • (. (l,NUH/','> ')

t

)

;

ANSWER MATCH:
END HACEO:
~A:RO

SYNTAX: FLT
(NUl'!. .,('

'»

t ••

( ..... (. ' ) NU!'!2:NUM) «'E'I'D') ('+'1'_')
IF ,(NUM I NUM21 THEN FAIL: END IF
ANSWER !'!ATCH;
END MACRO:

"ACRO SYNTAX: LABGEN
I:' BAL ':' ;
SY~BOL LABEL (*,2,
:
K=LAHELaBAL: Ll=LABEL(K,I,:
IP Ll=O THEN
Ll=GLOBAL(31, +10: GLOBAL(31,=Ll:
END IF

OUTPUT CS (L 1)

'CONTINUE;

NUM3: HUM, :

LABEL(K,II=Ll:

I:

GLOBAL (321 =K:
END MACRO:
~ACRO

SYNrAX: IPSTAT
• (' LOGNEG ')('
Ll=GLGBAL(31,+10: GLOBAL(31,=Ll: L2=Ll : FLAG=O : FLAG2=0:
OUTPUT 'IF(' LOGNEG ')GOTO' CS(L1+1) ';' :
SCAN SGROUP RBFACK:
LOOP
SCAN ('*(,"ELSEIF(') LOG2:LOGNEG ')(' :
IF ,LOG2 THEN EXIT: END IF
FLAG=I; PLAG2=1:
OUTPUT 'GOTO' CS(Ll+2) ';' CS(L2+1) 'CONTINUE;' ;
L2=GLOBAL(Jl,+10: GLOBAL(31'=L2:
OUTPUT 'IF(' LOG2 ')GOTO' CS(L2+1) ' : ' :
SCAN GROUP2: SGROUP RBRACK:

/

-97SND LOOP

SCAN ELSTAT: 'ELSE(' :
IF ELSTAT THEN
FLAG=I: FLAG2=0:
OUTPUT 'GOt-O' CS(Ll+2)

';' CS(L2+1)

'CONTINUE:'

;

SCAN GROUP3: SGROUP RBRACK;
END IF
IF FLAG THEN
IF FLAG2 THEN OUTPUT CS(L2+1)

'CONTINUE;'; END IF

OUTPUT CS (L 1+2) :
ELSE

OUTPUT CS(L1+1):
END IF
OUTPUT 'C0NTINUE:'
END MACRO:
MACRO SYNTAX: OLDIF
• (I

LOGEXP I)';

OUTPUT 'IF(' LOGEXP 'I';
END MACRO:
"ACRO SYNTAX: ASSIGN
REF '=' ARIEXP TER"!N I LOGREY '=' lOGEXP TERnIN :
OUTPUT MATCH:
END MACRO:
MACRO SYNrAX: SELECT
'USING'

10 '(':

SYMBOL eASYM (0): MARK CASH:
ENDLAB=GLOBAL(31) .10: GLOBAL(31)=ENDLAB:
OUTPUT 'GO TO' CS(ENDLAB)

';';

HAX(;=O:
LOOP
SCAN 'CASE' (1, NUMI ',') BRAC:'(':
IF ~BRAC THEN EXIT: END IF
LOC=GLOBAL(31) '10: GLOBAL(31)=LOC:
FOR 1= 1 TO NUM (0) DO
CP=CASYM.LOCAL~NUr.(I):

IF

THEN WARN '00 CASE LABEL'NUM(I) 'USED TWICE':
END IF
CASH (CP) =LOC:
K=CN (NUM (I) ): IF (K)MAXC) THEN MAXC=K: END IF
CASYM(CP)~=O

l!ND FOR

OUTPUT CS(LCC) 'CONTINUE;';
SCAN SGROUP RBRACK:
OUTPUT

'GO 10'

CS(ENDLAB+2)

I:':

END LOOP
"NJW OUTPu 'r

THE CC.MPUTED GO TO STATEMENT"

OUTPUT CS (ENDLAB)
II

'IF('ID'.GT.'CS(HAXC)')GO TO'CS(ENDLAB+l)';'"

• GO TO

(':

STRING COMMA;
FOR 1=1 TO MAXC DO
(I)
THEN
OUTPUT COMMA CS(CASYM(CP)):
gLSE
OUTPUT CO"MA CS(ENDLAB'I):

CP=CASY~.LOCAL.NONEWwCS

IF

CP~=O

"CDC"

-/00WARN I • • CASE' CS (I) I NOT REFERENCED •• ':
END IF
COMHA=',' ;
END FOR
OUTPUT ' ) , ' IO ' : ' CS(ENOLAB+1) 'CONTINUE:':
SCAN CEL5E: 'CASE EL5£(';
IF CELSE THEN
SCAN SGROUP RBRACK:
"ELSE
PUT ERROR rlESSAGE AND STOP STATEMENT HERE"
END IF
SCAN RBRACK:
OUTPUT CS (ENDLAB+2) 'CONTINUE;';
DROP CASY":
END ~ACRO:
MA:RO SYNTAX:

DOSTAT

PAR~S:(ID

,=, START:(ID2:IDINUM> ',' FIHISH:(ID3:IDINUft2:NUft>
(','

STEP:(ID4:IOINUI'!3:NUf't»> '(' ;

SYMBOL LABEL{*,2) :
K=GLOBAL (32) :
IF K=O THEN
L1=GLOBAL(31}+10: GLOBAL(11}=L1:
ELSE
LABEL(K.2}=1:
L1=LABEL(K.1} :
GLOBAL (32) =0:
END IF
LSAVE=GLOBAL(33}: GLOBAL(3~=L1:
OUTPUT 'DO' CS(L1+1) PAP.!'!S ' : ' ;
SCAN SGROUP RBFACK:
OUTPUT CS(L1'1} 'CONTINUE:' CS(L1'2)
GLOBAL(33}=LSAVE:
END MACRO:
MACRO SYNTAX:

, ('

:

LPSTAT

SYMBOL LABEL(*.2) :
K=GLO BAL (32) :
IF K=O THEN
L1=GLOBAL(31} '10: GLOBAL(31}=L1:
ELSE
LABEL(K.2}=1:
L1=LABEL(K.1} :
GLOBAL (32) =0:
END IF
LSAVE=GLOBAL(33}: GLOBAL(33}=L1:
OUTPUT CS(L1+1} 'CONTINUE:';
SCAN SGROUP RBPACK:
OU'l'PUT 'GO TO' CS(L1+1) ' ; ' CS(L1+2)
GLO~AL(33}=LSAVE:

END MACRO;
~ACRO

'CONTINUE:':

SYNTAX: ULSTAT
'('LOGEXP ') ('
SYMBOL LABEL(*.2)
K=GLOBAL (32) ;
IF K=O THEN
L1=GLOBAL(31}+10: GLOBAL(31}=L1:
ELSE

'CONTINUE;';

LABEL(K,2)=1;
L l=LABEL (K,l) ;
GLOBAL (32) =0;
END IF
LSAV£=GLOBAL(33); GLOBAL(33)=Ll;
OUTPUT CS(Ll+1)

'1Ft' LOGEXP

')GO TO' CS(Ll+2)

':'

;

SCAN SGROUP RBRACK;
OUTPUT 'GO TO'

CS(L1+1)

';' CS(Ll+2)

' CONTINUE;';

GLOBAL(33)=LSAVE;
END "AC RO;
~A:BO

SYNTAX: NEXIT
<A:'NEXT' I B:'EXIT') (,:' BAL ':')
SYf1BOL LABEL(*,2)

';'

:

IF A THEN J=l; ELSE J=2; END IF
IF BAL THEN

K=LABEL.NONEWmBAL;
IP K=O THEN GO TO ERROR ; END IP
IP LA6ELIK,2),=1 THEN GO TO ERROR; END IF
CS(L!BEL(~,l)+J)

OUTPUT 'GO TO'

';';

ELSE
l=GLOBAL (33) :
IF 1,=0 THEN
OUTPUT

'G O TO'

ENROR:

WARN

CS (I+J)

':'

:

ELSE
' •• STATE!'!.ENT'

SOURCE' DELETED •• ';

ENO IF
END IF
END MACRO;

"A:&O SYNTAX: LABREF
I:' 8AL ':' ;
SYI1BOL LABEL (*,2)

;

K=LABEUEAL; Ll=LABEL IK,l) ;
IF L 1 =0 THEN
Ll=GLOBAL(31) +10; GLOBAL(31)=Ll; LABELIK,l)=Ll;
END IF
ANS;/ER CS IL 1);
END MACRO:
~ A:RO

SYN~AX:

GO STAT

LABREE' ':'

, .• , .•

:

OUTPUT 'GO TO' LABREP
END MACRO;
MACRO SYNTAX: CLSTAT
ID

(' ('<l,<ARIEXPILOGEXPISTCONS>

I',') <0, -,&' LABBEF) ') ')

OUTPUT 'CALL' MATCH ;
END MACRO;
~A:RO

SYNTAX: OTSTAT
( '(f

UNIT:<IDINUM> ')'

)

lOllS! ':'

IF ,UNIT THEN UNIT='ILU': END IF
DUTPUT 'WRITE(' UNIT;
IF FaTEXP THEN
Ll=GLOBAL(31) +10; GL 0 8AL(31)=Ll;
OUTPUT

','

CS(Ll)

END IP
OUTPUT

'"

ICLIST

:

, .• , .•

( FMTEXP TERIHN )

:

I.' ;

-/o~-

IF PftTEXP THEN
OUTPUT CS (L 1)
END IP

'FORKAT' PKT!XP

, .,
.•
•

END KACRO;

ftA:SO SYNfAX:

IN5TAT
)

IOLIST

IF ~UNIT THEN UNIT='IIU':
OUTPUT 'READ(' UNIT:

END IF

(

0 (0

UNIT:<ID(NUM>

0) 0

0:0

FMTEXP TERHIN )

(

:

IP PMTEXP THEN
Ll=GLOBAL(Jl) +10: GLOBAL(31)=Ll:

OUTPUT ',' C5(l1)

;

END IF

OUTPUT "

f

10lIST

IF PMTEXP THEN
OUlPUT CS(Ll)

, • f •

• •

'FORMAT' PMTEXP ':'

:

END IP
END MACRO;
MA:RO SYNTAX:

IOLIST

<0,< REF ... <'='> , '(' 10lI5T ',' 10 '='
<NUr:IIO) ',' <NUMIIO) (f,' <NUMIIO»
ANSWER ftATCH;
END HACRO;
JI'IA::;P.O SYNTAX: Pl'!TEXP
'(' «1,'/')(',",

<0, FI'tTITM/FCOKSl>

',')/ ',') ;

«',')<1,'1'»)

')' :

ANSWER MATCH:
END HACRO:
MACRO SYNTAX:

SL1:<0,

PCOr-SL

'I') CDftftA: (',') Sl2:<0, 'I'> ;

IP .SLl & .SL2 THEN
IP .COHHA & GLOB1L(35) =0 THEN FAIL:

ANSWEP

','

END IF

;

ELSE
ANSWER SL1.SL2
END IF
END MACRO:

:

MA;RO SYNrAX: FMTITM
(NUM) FMTEXP (

I N1:NUM 'X, I 'T'.N2:"U" I
(N3:NUP!) <'A'.I 'R'·' 'I'.I'l'*t'Z·*> N4:NDl1 I
(N5:NUI'! 'p'.) (N6:NUK, <'D'*I'E'*I'P'*I'G'.> N1:NUM '.' N8:NDl'! :

STC~NS

IF STCONS THEN GLOBAL(35)=1:
ANSWER MATCH:
lND HACRO:
MACRO SYNTAX: RUNIT
<ID I NUM> TERHN :

OUTPUT 'REWIND' KATCH :
END MACRO:

HA CRO SYNTAX:
<ID

BUHlT

I NUM> TERMIN :

OUTPUT 'BACKSPACE'
END MACRO:

MACRO SYNTAX:

EUNIT

JI'IATCH

;

ELSE GL08AL(35)=0:

END IF

<10 I NUM> TER~IN
OUTPUT 'END FILE'

~ATCH

:

END KACRO;
MACHO SYNTAX: ERST!!
1(' (A:(l,'/'>(','))

<l,<STCONS I 10LIST I:'

«',') B:<l,'/'»

f"l'tTITft> /

":':

Ll=GLOBAL(31)+10: GLOBAL(31)=Ll:
OUTPUT 'WRITE(ILU,' CS(Ll)

I) ' .

L=IOLIST (0): PFLlG=O:
fOR 1=1 TO L DO
IF IOLIST (I) TH EN
IF RFLAG THEN OUTPUT ','; END IF
OUTPUT IOLIST (I) :
RFtAG=I:
END IF
END FOR

OUTPUT ';' CS(Ll)

'FORMAT(' A '11H ERROR ••••

STCONS (1) FMTITM (1):
fOR 1=2 TO L 00
OUTPUT FCOMSL(I-l) STCONS(I)
END FOR

fMTITM(I)

:

OUTPUT B ') ;':

END MAceo:
MA:RO SYNTAX: ENSTAT
10

(. (f

APGLST

"')

TERl'!!N

;

OUTPUT 'ENTRY' HATCH;
END MACkO;
~ACEO

SYNTAX: RTSTAT
(NUM) TERMIN:
OU 'XPUT

I

RETURN'

NU!'!

';

I

;

END MACRO:
MACRO SYNTAX: STOPST
(NUM) TERMIN:
OUTPUT 'stOP' NU"
END MAC80:
MACRO SYNrAX:

I

••

•

•

•

DCWAPN

CHAR: aESCAN CHAR:
~ARN
••• DECLARE STATEMENT OUT OF ORDER
END KACRO:

......

MACRO SYNTAX: ERRORS
~<'>I
I 'END;') ATOMS ';';
WARN ' •• STATEMENT -- • SOURCE' -- PASSEO';
OUTPUT ~ATCH:

END MACRO;
~ACRO

SYNrAX:STCON5
5TR;
STRING S: S=STF:
L=LENGTH (S) -2:
S=5UB5 (5" 2" L) ;
ANSW~R CS(L).'H';
LOOP

•

"

PCOMSL>

I=INDEX (5, I I I I " ) ;
IF 1=0 THEN EXIT; END IF;
IF 5UBS (S,1+1)= . . . . . . THEN
ANSWER .SUBS(S,1,1):
S=SUBS (5,1+2) ;
ELSE
AN 5 WEE • SUB S (S, 1 , 1 -1) • I

, I I , I :

S=SUE!S(S,1+1) ;
END IF

END LOOP
ANSWER. S:
END HCRO;
~lCRO

SYNTAX: LO GEXP
<1, OREXP / OR >;
ANS'ER MATCH ;
END MACRO;

"ACRO SYNTAX: OREXP
(1, ANDEXP / AND >;
ANS'ilER MATCH;
END MACRO;
~~CRO

SYNTAX: ANDEXP
RELATN I (NOT) LOGIC t '(' LOGEXP
IF .,LOGNEG THEN
ANSWER MATCH;
ELSe:
ANSWER

'('

LOGNEG

')

I NOT '(' LO:;NEG

I) I

I)'

:

I

END IF
END MACRO:
MACRO SINTAX; LOGIC
LOG REF I '. TRUE.'

I

I.

FALSE.'

:

ANS'ER MATCH;
END MAcao;
H~CRO

SYNTAX: LOGREP
REP;
ANSWER MATCH;
END MACRO;

MACRO SIN!AX: RELATN
(N~r,
A:ARIEXP RELOPF B:ARIEXP;
IF NOT THEN
RELOPF=SUBS (I. EQ. NE. GT .GE. LT. LE.
INDEX (I. NE.EQ.LE.LT.GE.GT.

I,
t

,RELOPF) ,4);

END IF
ANSWER A RELOPF B;
END MACRO;
~~CR C

SYNrAX:

RELOPF

"NOTE-TWO

TE~PORARY

CHANGES IN THIS HACRO ••• "

,=, I I.,' I ,>=, I ,>, I ,<=, I '(' ;

'.SUB !('EQNEGTGELELE',INDEX ('=
END MAcao;
ANS~ER

~A CEO

I.

SIN!AX: NOT
1.,1

.-,('=');

ANSWER '.NOT.
END MACRO;

I

:

~=>

>=( (=',ftATCH),2).'.';

-/cs~ACRO

SYNl'AX: AND
, &' ;

ANSWER , • ANO. ' •
END MACRO;

.

,

!"!.\::::fi.O SYNTAX: OR
' .... (' I '>;
ANSWER , • OR. ' .•
END M.ACRO:

,

/l!ACP.O SYNTAX: REF
rD ( , (' ( 1.ARIEXPI
ANSWER r.ATCH;
END MACRO;
!'1A::R0

SYNTAX: LOGNEG
<1. ORNEG/NOR>;
ANSilEB ~ATCH;
END MACRO;

~ACRO

SYNUX: NOR
OR;
ANSWER , .AND. ' •
END HCRO;

, ,
•

>

" '

)

:

.

~'\CRO

SYNTAX:ORNEG
(1, NOTINS ANDEXP I NAND>;
IF (ANDEXP (*' >1, THEN
ANSWER' (' !'lATCH ')' ;
ELSE
ANSn R MATCH;
END IF
END MACRO;

~A:RQ

SYNrAX: NAND
AND:
ANSWER' .OR.' ;
END !'I ACRO;

MACf,O SYNTAX: N0TINS
(NOr, ;
IF .... NOT THEN RES CAN ..... '; END I F
END "ACRO;
~A~fiO

SYNTAX: ABIEXP
('.'1'-') (1, TERI'! I '.'1'-'>;
ANSWER MATCH;
END !'IACRO;

~A:RC

SYNTAX; TER~
(1, FACTOR I -.'1'/');
ANSWER MATCH;
END MACRO;

~ACfiO

SYNrAX: FACTOP
( REF I
FLT I HUM I '(' ARIEXP
ANS_ER MATCH;
ElW MACRO;

I)'

)

(, •• '

FACTOR);

- /o ~-

MACtO TRIGGR:
'$('

EVALU I ) ' ;

aZS CAN EVALU;
END lUCRe:

MACRO SYNTAX: EVALU
('+'1 PREFIX:'-')<l, <1, EFACTR/Tlf1ES:'.'I'/'>1
PLUS:'+'I'-'> ;
LIM= E PACTE (") ;
FOR 11=1 TO LIM DO
ELIM=EFACTE(*,II) ;
F=CN(EFACTR(l,II));
POR 1=2 TO ELIM DO
PACTOR=CN(EPACTR(I,II)) ;
IF TIMES (1-1, II) THEN
F=F*PACTOR;
ELSE
F=F/PACTOR;
END IF
END FOR
IF II= 1 IHEN
IF PREFIX THEN P=-P; END IP
5Uft=P;

ELSEIF PLUS(II-1) THEN
SOl'!=SUl'i+P;
ELSE
SUM=SUM-P;
iND IF
END FOR
ANSWER CS (SUM) ;
END MACRO;
MA CFG SYNTAX: EFACTR
(1_') NUH I • (. EVALO t)':
IP NUM THEN ANSWER MATCH;
ELSE ANSWER EVALU; END IP
END MACRO;

