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Chapter 1

INTRODUCTION

This report was conéerned with the implementation of the
General Purpose Macrogenerator (GPM) as described by C. Strachey.l
Although originally designed as a macrogenerator to be used in
conjunction with a symbolic assembler, GPM is actually a symbol
string processor having the capabilities of function evaluation
and function definition. Thus, one can consider that the
collection of all the permitted input data forms the domain of
GPM and the collection of all possible results forms the range
of GPM,

The basic concept of GPM is that a program consists of
strings containing sequences of functions which can be indef-
initely nested. Evaluation of these strings proceeds from the
innermost level to the outermost level, and from left to right
within a level.

Function evaluation in GPM occurs as a result of a macro-
call which contains the macro’'s name znd possibly a set of actual
parameters to be substituted for the formal parameters in the
definition of the macro. One unusual feature of GPM is that macro

or function definition is the result of a macro-call to a primitive

luphe General Purpose Macrogenerator", The Computer Journal,
VITI, 3 (October 1965), 225-241.




or machine macro in which the macro-call includes the macro name
and macro body as parameters. Both the data strings and the
strings specifying function calls, the macro-calls, are inter-
mingled in GPM.,

Unlike most macrogenerators, GPM evaluates the parameters
of a macro-call before substitution takes place, hence, allowing
functions to be nested. Substitution involves physically sub-
stituting the actual pafameters for the formal parameters in the
definition according to the following rules as stated by Wegner.

1. The actual parameters are substituted for the formal
parameters.

2. The resultant definition of the function is substituted
"at the point of the macro-call',

3. With regards to the context of the macro-call, the
macro definition 1s evaluated.2

GPM was written for the specific purpose of writing a com-
piler for CPL (Combined Programming Language) and differs from
other macrogenerators principally in the primitives that are
used. The term "general" is the result of (1) GPM being a sep-
arate program and not part of a symbelilce assembler, and (2) GPM
allowing the nesting of function calls.

The purpose of this report was to implement the General Pur-
pose Macrogenerator, GPM, using an appropriate programming lan-

and modifying the program to be operable on the IBM 360/50 at

2"Macro Generators and the Lambda Calculus", Programming
Languages, Information Structures, anéd Machine Organization
(New York: McGraw-Hill, Inc., 1968), p. 147.




Kansas State University. Implementation involved adjustments

to the program due to the particular machine used, and additions
to inerease the efficiency and clarity of the program. Chapter 3
discusses the considerations involved in implementing GPM. The
program was tested using examples given by Strachey and functions
that were specifically designed to test varlous capabilities

such as recursive functions and conditional expressions. The
results of the various functions and symbol strings used to test
GPM are included in Appendix II with a summary of these tests
given in Chapter 4,

Before the imp’ementation of GPM 1is discussed, a general
description of the program is given in the second chapter. The
structure, the specific control features and characters, zand
the various actions that GPM can perform while processing in
one of its specific operation modes are covered. A listing of

the program can be found in Appendix I for reference.



Chapter 2

DESCRIPTION OF GPM

GPM is a powerful symbol string processor that uses
substitution techniques for processing. The input stream
consists of arbltrary sequences of characters which are
secanned left to right and directly copied to the output stream.
The evaluation of a function (macro) call results in a macro
being expanded, a macro being defined, or both.

GPM evaluates and defines macros using a single push-
down stack, a few primitive symbols, which are the control
characters, and a few primitlve macros, which are the
machine or system macros. Each action 1is determined by a
primitive symbol encountered in the source stream while GPM
is in one of its specific operation modes. Scanning a con-
trol character in any of the various source streams may
change the operation mode as well as the source and/or tar-
get streams. A description of the primitive symbols used
in this report and their effect is given in Table 1.

The input stream, which will sometimes be called the
input string, forms the most important source stream. Other
source streams are formed by scanning various sections of
the stack with the processing results being placed either on

the stagk or in the output stream.



In order to describe GPM and its operation this chap-
ter is divided into two sections. The first describes the
stack, the pointers to the stack, and the uses of each.
The second section proceeds to explain the operation of
GPM in relation to the various operation modes that it

may assume.

THE STACK AND POINTERS

The stack consists of the macro definitions, partially
evaluated macro-calls, and strings of characters resulting
from completed macro-calls, These items are kept organ-
ized with single-linked lists and are referred to as
chains. Accessing the stack is by means of pointers. The
bottom of the stack contains, as a chain, the primitive
macro definitions. The purpose of the primitive macros
is to perform the operations of macro definition, redefining
macro definitions, control of the evaluation of the source
stream, and simple numerical conversions. The rest of
the stack contains the items formed as the program executes,

The stack is composed of sequentially arranged ele-
ments, or items, called cells. Each contains either a char-
acter, a pointer (which is the address of another cell on
the stack), or a cell count (which is the length of a string).
Since the basic objects handled by GPM are strings of char-

acters with various lengths, several cells are required to
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hold the string. These cells must be preceeded by a cell
that contains the length of the st¢ring including 1ltself.
For instance the string ABC is represented by the four
cells {4;AB,Cy

The length of the incomplete string when forming the
target stream at the top of the stack 1s indicated by the
pointer variable H. The string being scanned as the source
stream is sent character by character to the output stream
as long as H equals zero. Otherwise, the string is added
to the stank. The pointer variable, C, designates the
string of characters forming the source stream. If C equals
zero the source is the input stream; otherwise, C points
to the stack cell where the next character is to be scanned.
The pointer S 1s used to indicate the next available cell

on the stack.

The macro-definition table is contained in the environ-
ment list or E-chain and is headed by the pointer E. The
primitive macros are stacked on the bottom of the E-chain
with the name-value pairs formed during the processing of
the macro-definitions placed on top. Temporary macro def-
initions, to be used only dufing a macro-call, will be
added to the macro definition table and deleted from it

upon completion of the macro-call. Any permanent definitions



that might have been formed on top of the stack are copiled
back onto the E-chain. In other words, the difference be-
tween permanent and temporary macro definitions is whether
or not the macro definition remains on the E-chain after

completion of the macro-call,

Partially evaluatéd parameters of a macro-call com-
prise the F-chain., If a nested macro-call is encountered
during evaluation, the F-chain is pushed doﬁn and the pointer
to the chain is appropriately adjusted. The PF-pointer con-
tains three parts, unlike the pointers above. The first
papt contains the value of H when a macro-call occured.

The second is used to point to the next member of the F-
chain. The third is set to zero and exists only for com-

patibility with the pointer to the P-chain.

The fully evaluated parameters of a macro-call are
stored on the P-chain. It is formed from the F-chain by
popping up the top member of the F-chain and pushing the
popped-up member down on the P-chain. The P-pointer requires
three items as does the F-pointer. The first of which 1is
the length of the evaluated parameter list including the
terminating symbol, the marker. The second and third con-
tain the values of P and C, respectively, to be used when

the macro-call is completed.
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OPERATION OF GPM

GPM begins operation in the Copy Mode which con-
sists of scanning from left to right the sequences of
symbols in the input stream. In the Copy Mode, GPM dir-
ectly coples the symbols to the output stream in their literal
form, unlike other transliterative processors that perform
transliterative encoding. Upon encountering a primitive
control character in the input stream, the scan is inter-
rupted and control is switched to another mode of opera-

tion.

Encountering a dollar sign in the input stream sig-
nals a macro-call zand GPM prepares for the evaluation of
that macro. A macro-call is formed by a dollar sign
followed by the macro name and the actual parameter list,
if any. A comma is used as a separating symbol if the
macro-call contains more than one parameter becaﬁse in GPM
the macro name itself can be considered to be a parameter.
The terminating symbol of the macro-call is a semicolon
which signals the end of the parameter list, and starts

the procedure for entering the Macro-expansion Mode.

Nesting of macro-calls occurs when the actual para-

meter list contains other macro-calls. The only limitation



1l

is that the domain and range of the functions do not over-

lap. Several examples of macro-calls are given in Figure 1.

When the dollar sign is scanned, the run-time stack
is pushed down creating a new member of the F-chain and
initiating the Parameter Evaluation Mode(PEM). The F-chain
along with i1ts corresponding pointer is used during the
evaluation of the actual parameters in the macro-call.
If one of the parameters contains or is a macro-call the
F-chain on the stack is once more pushed down and PEM for
that macro-call begins. Evaluation takes place from left
to right with the results being sent to the target stream,
the F-chain. For simple string values of the macro name
and/or actual parameter strings the result is a string
of characters. Enclosing the symbol strings in quotes
will delay, if nested, or totally inhibit the evaluation
of the string within. The evaluation of the actual para-
meters occurs before substitution for the formal parameters
in the macro definition unlike'most macrogenerators that

evaluate afterwards.

Detecting a semicolon in the source stream signals
the completion of the Parameter Evaluation Mode. The top
member or element of the F-chain is popped up and then
pushed down on the P-chain, such that the top of the F-
chain becomesrthe top of the P-chain and the macro can

now be expended, or if a primitive macro-call, executed.
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SMACO; Macro name only

$MAC1, PARM1; Macro Name with One Parameter
$MAC2, PARM2, PARM3; Macro Name with Two Parameters
$A,3A,B;; A Nested Macro-call

Figure 1

Macro-call Examples
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The Macro-expansion Mode (MEM)'is now entered. The source
stream swiltches to the current list of macro definitions, the
E-chain. The szan occurs in reverse chronological order (the
newest entry to the oldest entry, the primitive macro DEF) for
the macro name of the present macro-call. If the macro name
is found the macro body in the E-chain forms a new source stream
for the Macro-expansion Mode. If a negative Iinteger is en-
countered during the scan of the E-chain a primitive macro is
signaled. If the call is for a system macro 1t is then executed.
If it is not a system macro or the macro is undefined and an
error message is outputed,

During the scan of the macro body, detecting a "not" symbol,
- , initiates the Parameter Substitution Mode (PSM) where an
actual parameter is substituted for the formal parameter in the
macro body. The PSM substitutes the corresponding actual para-
meter from the P-chain into the target stream. Upon completion
of PSM, the Macro-expansion Mode is restarted. If the actual
parameter list is too short, an error message is printed. If
the actual parameter list is too long (i.e., more parameters
are supplied than are needed) the extra parameters are ignored.
But, the latter allows for macro-definitions and other macro-
calls to be part of another macro-call.

Processing of the macro body continues between these two
modes until the marker, a question mark, is detected signaling
the end of the macro-definition. The macro in its fully ex-
panded form is sent to the target stream. If the Macro-call

is nested, the target is the run-time stack. If it is the outer-
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most macro-call or an unnested macro-call the results are
sent to the output stream.

Completing the macro-call pops up the run time stack deleting
the top member of the P-chain. If there are no more items on
the P-chain the Copy Mode 1s re-entered. 1If a partially eval-
uated macro-call i1s on top of the P-chain the Parameter Evaluation
Mode begins. If the top of the stack contains a completed
parameter list the processor continues in the Macro-expansion
Mode. Figure 2 contains several examples of macro-calls and
their results.

One unique feature of GPM is that function definition is
accomplished by means of a macro-call to the primitive macro
DEF. The DEF macro-call requires two parameters, the macro
name and the macro body of the macro being defined, and has the
following form:

$DEF, NAME, {BODY >;

The string gquotes enclosing the'bodj of the macro prevent evalf
uation of this parameter. If no formal parameters are indicated
or other macro-calls, then the quotes can be removed as evaluation
would only result in the literal string itself.

In the macro body the formal parameters are preceeded DYy
a "not", - , symbol followed by an unsigned positlve integer
indicating the position of the actual parameter which will be
substituted when the macro 1s calied. The i-th actual parameter
is thereby identified by -~ i. The macro name is substituted
when - O appears as a formal parameter. Examples of some macro

definitions appear in Figure 3.



Macro-call Definition
$B; g
$D,C; ' D- 1D
$6,X, Y3 A la 24241
$D, $D,B; ;
Figure 2

Macro-calls and Thelr Results

$DEF, B, B;
$DEF, ABA,{Y~ l- 2Z);
$DEF, 22, {$DEF, AC, {~ 1ACD; , FF);

Figure 3

Macro-definition Calls

15

Result
Z
DCD
XYyX
DDBDD
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The name-value pair forming the defini;ion is attached to
the E-chain, the only target stream. The body of each macro
definition on the chain is terminated by an internal marker,
the question mark, whose purpose is to signal the end of the
macro body. 7 |

Until completion of ﬁhe Parameter Evaluation Mode, the pro-
cessing of a macro-call to DEF operates the same as for any
other macro-call. Upon entering MEM from PEM, DEF is recognized
as one of the primitive macros, and the Macro-definition Mode
is entered. Then processing switches the target stream to the
macro definition table.

GPM is capable of forming temporary definitions by in-
cluding the macro definition call in the parameter list of an-
other macro-call. This feature, a result of evaluation of
parameters before substitution, allows a macro to be defined
within a eall to itself. For instance, the macro call

$A,X,U,$DEF,A,{~ 11 2~ 1253
defines a macro, A, by interrupting the PEM and them immediately
uses that definition. The definition 1s temporary since upon
completion of a macro-call, definitions which are part of the
parameter list are deleted from the E-chain.

In addition to the DEF macro, GPM has five other primitive
macros eaeh initiated by a macro-call. The first is UPDATE
whose purpose 1ls to save space on the stack when revising a
macro. This primitive macro takes two arguments and forms a
name-value pair as does DEF, except that the value of its second

parameter becomes the value of the macro body associated with
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the first argument of UPDATE, Since the result is placed in
the E-chain in the same position as the original definition,
its length can not be longer than the original macro body.
The length of the string is checked before altering the body
and another terminator 1is added in case the.new body is shorter.
The length established by the first definition 1s not changed.

VAL requires one argument, the name of the macro being
referenced. The call to VAL produces the macro body wilthout
evaluating it. The same effect can be gained by using a double
set of quotes around the second argument of DEF and then
calling that macro. The string representing the macro body
will be copied to the target stream until the first marker 1is
detected as more than one may exist if the macro was previously .
updated,

Simple arithmetic operations can be accomplished through
the use of the BIN, DEC, and BAR primitive macros. External
t£o internal and vice-versa integer conversion is handled by the
use of BIN and DEC. BIN converts a digit string with a possible
preceding sign into a signed binary integer. DEC forms a decimal
digit string with sign if minus from a signed binary integer.
Both require one argument whose maximum length depends on
the cell size of the stack. BAR requires three parameters,
the first of which is the signal character +, -, *, /, or R.
The following two parameters are the binary numbers which are
to be added, subtracted, multiplied, divided, or used to form

the remainder, R, from a division.
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A macro-call is not the only reason fo: an interruption 1in
a processing mode. Detection of the opening quote, the less
than symbol, in the source stream switches GPM into the Quote
Mode. No change in the source and target streams takes place,
but all symbols following the "¢" are copied to the target
without being evaluated. Any primitive symbols that would change
the mode except the matching closing quote, a greater than
symbol, are ignored. Since the outer layer of quotes 1s re-
moved by not being copied to the target stream, evaluation of
the string may only be delayed depending on where the quotes
are used.

A counter, Q, keeps track of the possible nested quotes.
Starting with an initial value of one, it is incremented and
decremented by one for each opening and closing quote that is
scanned. When the scan of the enclosed string is finished,
that is when Q is once more equal to one, GPM then reinstates
the mode that was interrupted by the Quote Mode. Care should
be taken, as an unmatched opening quote glves no error message
and the entire source stream could possibly be copied. Protection
for an unmatched closing quote does exist and is monitored by
an error message,

As can be seen from the above discussion, programs written
for GPM can consist of infinitely nested macro-calls each of

which is bracketed by the primitive symbols "$" and ":;".

These macro-calls may refer to a programmer defined macro or a

system macro. Macro-definition is the result of a macro-call
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to the primitive macro, DEF, and may result in either a tem-
porary or a permanent definition. However, the evaluation of
any macro-call or change of the present operation mode due
to a control character being scanned in the source stream may
be delayed or inhibited by the use of another set of bracketing
characters, the quotes.1
| Thus, the true power of GPM is derived from the use of
only a few primitives and a single push-down stack. Therefore,

recursive functions and conditional expressions become relatively

simple to evaluate no matter how complicated they may appear.

lMention should be made that these two bracketing sets
operate independently and do not nest.
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Chapter 3

IMPLEMENTATION

The implementation of GPM was described using CPL (Com-
bined Programming Language) as the vehicle of presentation,
although the actual program was written in machine code for
the Titan Computer. The present implementation is in assembly
code for the IBM 360/50. Since an entirely different computer
was used, several modifications and additions were required
in the original program description. These changes, such as
the form and means of addfessing the stack and the Input/Output
routines, are described in this chapter. Since many of the
implementation decisions depended on the programming language
in which GPM would be written, the reasons for choosing the
Macro-Assembler over the possibilities of FORTRAN and PL/I
are first discussed. Essentially, the major role in this
decision was played by the peculiarities of machine organizatioﬁ.
Problems involved with this particular choice of programming
language are then elaborated.

At first, one of the high level languages, PL/I or FORTRAN,
appeared to provide the easiest mode of attack. Since strings
of characters form the input stream for GFM, PL/I appeared to
be the best of the high level languages for implementing GPM,
even though FORTRAN does have limited character manipulation

capabilities. A slgnificant drawback involved in the rejection
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of PL/I was time, both for compilation and execution. The

PL/I compiler has proven to be laboriously slow and the re-
sulting program uses various and assundry subroutines to
execute its "string" functions. FORTRAN was rejected due to
the problems involved in implementing the GPM primitive macros,
and in having to "triek" FORTRAN in order to do some of the
character manipulating operations.

Many problems were circumvented by using the IBM 360
language. The program would run faster than one written in
PL/I and. implementing the primitive macros and manipulating
the symbols would be no problem. The final.deciding factor
was the actual "moves" required by the GPM processor in order
to keep the stack compressed. As with the Titan implementation
of GPM, these seemed to dictate the use of an assembler language,
hence, the 0S/360 Macro-Assembler was sSelected for programming
the GPM processor.

The next considerations were depeﬁdent on the programming
language chosen. Fiyst, how should the push-down stack be
described? What control characters should be used? How should
the primitive macros be implemented? Second, of what should
the input and output routines consist? What media should be
used for the input and output streams? 1In answering these
questions, other questions resulted with respect to protection
against errors and the ability to acquire further information
about the workings of GPM.

After deciding to program GPM with the 03 Macro-Assembler,

the final representation of the stack cell had to be determined.
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The stack cell could be a polnter, a cell count, or could

hold a character. As a pointer, the cell required a fuil

word, four bytes, in order to contain an address. Though

this was larger than needed to store a character all the cells
were designated as full words in order to simplify accessing
the stack. Cell counts and addresses were then right-justified
as full words.' The symbols were left-justifled with blanks
comprising the rest of the word. An example of each follows

in Figure 4.

The pointers or link variables used to mark the ends of
the F-zhain and P-chain were permanently assigned to a specifice
general purpose register. The pointers H, P, F, C, aﬁd S were
assigned to the general purpose registers four through seven,
and ten, respectively. Registers elght andAnine were assigned
as working registers and contained the values of the working
variables A and W, respectively. Generally, A contains the
character from the source strgam being processed. The pointer
E was not assigned a regiéter since it was presumed to be used
relatively. infrequently. E is needed only for adding a new
macro to, or in searching the environment chain.

Since the IBM 360 is a byte oriented machine with a full
word being eguivalent to four bytes, cell counts and pointers
had to be adjusted accordingly. For instance, incrementing
the C-pointer to the next character in the source stream was
programmed as C=C+4 (i.e. LA C,4(c) ) instead of

C=C+l. A cell count of four for the string ABC actually had to



L XX, 40 40, 40, Character
Full Word
(Four Bytes)
. 00, XXy XXy XXy Address or Count
Figure 4

Storage Representation In
the Stack Cell
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be programmed as sixteen since the string would be in the

followling form.l

Lo 2o 60 Ay 1Bia g 4G 0

This particular choice of cell representation formed one
important limitation to programs written for this version of
GPM. Since the internal representation of an external decimal
digit is a zoned number, the integer indicating the position of
the actual parameter to be substituted is stored as FO, Fl,eee;
or F9 followed by three blanks. This 1limits the number of
different parameters specified by a macro-definition to nine.

The choice of the primitive symbols used to implement
GPM was dependent on the available character set of the computer.
The particular control characters mentioned in Chapter 2 were
chosen since they closely matched the descriptive ones in
Strachey's paper and were present in the EBCDIC character set
on the 360/50. The "not" symbol was substituted to indicate
formal parameters. The string quotes did not exist so the 1in-
equality signs were used instead. The less than symbol formed
the opening quote, and the greater than symbol formed the c¢losing
quote. A nonprintable internal marker was used to terminate
macro-definitions on the E-chain. The present implementation
substituted a question mark in order that the marker could be

printed if necessary.

Lrhe long marks are used to distinguish full word
boundaries.



The question mark was also used at the end of the primitive
macros. The object was to protect the primitive macros below
the one that was being used during the "copy back" phase of
operation. Another change involved in implementing the primi-
tive macros was the use of a jump-table to find and execute
the system macro. The primlitives were marked with a negative
integer that would be scanned when the E-chain was searched
for a macro-definition. This negative numbér was then used to
locate the address of the requested machine macro in the jump-
table after the number had been changed to a comparable positive
number.

One of the major conéiderations in implementing GPM was
the design of the Input/Cutput routines. Card input was chosen
to form the input stream and printer output was chosen for the
output stream., The input procedure was handled by the RDSM
routine, output by the PRNTMES and PRINTP routines. RDSM reads .
one input data card at a time and prints the data card as an
"echo check"”. The data card is then ?canned upon request from
GPM and one character at a time is passed to be processed. Be-
cause many blanks at the end of a record are possible and are
only copied to the out-put stream, a signal, the 0-6-9 punch,
was added. This "end-of-line" punch causes a new input data
card to be read when detected in the scan. The "end-of-line"
character is not printable, therefore the pound sign, #, was
substituted for the echo check.

The idea of continuous output is not destroyed by this

addition. Basically, the 0-6-9 punch was an addition to
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inerease efficiency. However, the blanks should become part
of the output stream to increase the readability of the output.
To accomplish this another primitive macro, called EOB, was
added. No parameters were required. The function of this
primitive was simply to indicate that a new output record was
to be started. Placing the macro-call to EOB before a symbol
string resulted in the output string being placed at the be-
ginning of a new output record.

The EOB macro-call sent the message to start a new output
record to the PRNTMES routine. Since GPM sends only one char-
acter at a time to the output stream, PRNTMES waited until the
record was full or an EOB macro-call occured before sending
the output record to PRINTP. PRNTMES alsc set up any error
messages that required printing and requested a memory dump
for terminating errors.

The function of the PRINTP routine was to print the output
record. At the same time the latest image was saved in case a
terminating error occured. PRINTP ordered the output stream on
an eignty column basis for direct comparison with the input
stream.

Had one of the high level languages been chosen for writing
GPM, the I/0 routines would have been able to use the "built-in'
I/0 routines for the physiczal reading of an input data card and
the actual printing of the output record. Since the Macro-
Assembler Language was used these routines had to be written.

They were designed as separate routines providing isolation



for the program, and were not included in Appendilx I since

they are strictly machine:dependent.

27
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Chapter 4

SUMMARY

The GPM processor implemented on the IBM 360/50 was de-
bugged and tested by using some of the mazro examples presented
in Strachey's paper along with some additional macros so as
to include recursive functions and conditional expressions.

The results from these tests together with an "echo check” of
the input stream can be found in Appendix II. The more im-
portant tests and subsequent results are discussed in this
chapter and are used to outline the operating features of GPM.
Program changes that were implemented due to testing other than
the examples presented by Strachey are discussed along with

the particular test. The last section of the chapter contains
suggestions for additional machine macro's and program features
that due to limited time were not added.

Testing began by checking the Copy Mode. A simple input
string was given and then directly copied to the output stream
to be printed. A simple macro definition, 5 BLANKS, was formed
having no formal parameters and resulting in a simple output string.
The definition 1s $DEF,5 BLANKS,B¥¥¥¥; where the "g" represents
a blank. After defining 5 BLANKS the Copy Mode was reinstated
and given a simple macro-call to 5 BLANKS which also involved
two simple numeric strings. For instance, the test consisted

of the input string,
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1235 BLANKS;34
and resulted in the output string 12¥¥B¥¥¥34. Succeeding
tests were built in a similar manner. The rest of the chapter
contains only a discussion of the tests.

One of the first tests was designed to check the isolation
between permanent and temporary macro definitions. A permanent
macro, A, was defined by $DEF,A,(A1 1AY; reguiring one parameter.
Later, a macro-call to A was given centaining a temporary def-
inition of A which requiréd two parameters. The macro-call
as used by Stracheyl was

$A,X,U,$DEF,A,{~ 14 24 1);;
and executed giving the string XUX according to the later def-
inition as expected.2 To check that this second definition
was removed from the E-chain a serles of five macro-calls to

A were formed;

e BA, 0z

2. SA,ACA;

3. $A,34,Cs:

4, $A,XDX;

5, $A,%$A,D,X,$DEF,A,&~ 24 1~ 2);555

lstrachey, p. 227

2nhe Macro-definition Mode has no profection against re-
defining the primitive macros. Any macro that had the same name
as a primitive macro would be placed above the primitive on the
E-chain, and hence be used as the macro-definition.
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The results from these strings were:

1. ACA

2. AACAA
3. AACAA
4, AXDXA
5. AXDXA

obviously using the first definition of A and ﬁroving the second
and temporary definition was temporary.

Mention should be made that the third macro-call in the
series, $A,3A,C;;, involved a nested macro-call. The result
of the inner macro-call is ACA which then forms the parameter
for the second macro-call-as in the second example in the serles.
In the fifth macro-call, $A,$A,D,X,$DEF,A,<ﬂ 2~ 14 2);:3, the
inner macro-call to A is a temporary definition and produces
the result XDX, which in turn is the parameter in the outer
macro-call to A where the permanent definition of A isrused.

The idea of temporary definition was extended one step
further by being ineluded in a macro-definition. For this the
successor of a digit, r, where r is a positive integer from zero
to nine was used. The SUC macro as described by Strachey is
defined as

$DEF, SUC,{$1,2,3,4,5,6,7,8,9,10,$DEF,1,{~ > »7 133);
making use of the temporary definition of one. On the E-chain,
suC would have the following form,
$1,2,3,4,5,6,7,8,9,10,$DEF, 1,{~ 2 153
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The $SUC,2; macro-call would result in a temporary macro-call
to "1" of the form

$DEF,1,~ 2;
since the actual parameter "2" would be substituted for the
formal parameter 5 1. The second parameter of the macro-call
to "1" is "3"; therefore, "3" is the character placed in the
out-put stream.

Since the E-chain is searched in reverse chronological
order, the latter of two temporary definitions for the same
macro is used. This forms the basis for GPM's ability to eval-
uate conditional expressions. A conditionai expression con-
sists of two temporary definitions nested within a macro-call
which forms the false-true results of the expression. If the
name of a given macro-call evaluates to the same macro-name
as the second definition Ehe later definition is used. This
is equivalent to a true statement resulting. If the macro-
names are not the same after evaluation, the case of a false
statement, the former definition is used. For instance, given
the macro-call

$X, $DEF, X, {G) ; $DEF, Y, LH); ;
the result is G if X and Y are not equivalent, or H, if X and
Y are equivalent where G, H, X, and Y are character strings.

To illustrate the conditional expression capabilities of
GPM the SUCCESSOR macro (Figure 5) as described by Strachey was
used. The SUCCESSOR macro finds the successor of a two digit

positive integer. The successor of the second digit is found
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unless that digit is nine. If the second digit 1s nine the
successor of the first digit is found and added to the output
stream followed by a zero.

The two digits form the first and second actual parameters
in_a macro-call to SUCCESSOR. The macro-call $SUCCESSOR,7,5;
would result in the following macro-calls being formed.

$5,8DEF, 5, 7¢3SUC,» 54 SDEF, 9, $SUC,p~ 14;,0);;
Tn evaluating the macro-call to "5", a macro-call $SUC,5; would
be evaluated returning the digit "6". The result of "7,5"
would then be "7,6". If the digit string was "6,9" then the
macro-call ;

$9, 3DEF, 9, 665uc,) 5 ¢) 3$DEF,9,{8sUC,)~ 1$5,005 5
would result. Since the macro-name matches that of the second
definition, which is on top of the E-chain, the second definition
is used. The definition of "9" results in a macro-call to
SUC whose parameter is "6". The digit returned would be nt
which is placed on the output string followed by nov,

For testing the recursive aspect of GPM the factorial
function was chosen. The desigﬁ of the factorial macro, named
FACT, involved the use of the primitive macros BIN, DEC and BAR
and the programmer defined decimal arithmetic macros "x" and "-".
The actual macro definition is given in Figure 6. PACT reguires
one parameter, N, whish is an unsigned integer between zero
and nine.

A macro-call of $FACT,N; results in a macro-call to L

with parameters $FACT,(N-1); and N causing another macro-call
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to FACT. This process continues until one factorial or zero
factorial, in the case that N equaled one originally, 1s reached.
These return a value of one allowing the inner-most macro-call
to "*" to be executed. For example, three factorial would
generate the following:

$*,$FACT, 2;3, ; $*,$FACT, 1;,2;
Since, $FACT,l; results in the value one, $*,1,2; can be exe-
cuted giving the value "2". This then allows $¥,2,3; to be
executed giving "6" as the final result.

Tests were run with N varying from zero to nine. GPM
performed the evaluation with ease once the macro definition
was ecorrectly determined. One flaw in GPM was discovered when
an error in defining the factorial algorithm caused the stack
to be filled and then proceeded to fill memory. To avoid this
occuring again a "length-of-stack" check was added. Before
the next stack cell was used, the S-pointer (which pointed to
the next available cell on the stack) was compared with the
specified length of the stack multiplied by four since each cell
was four bytes in length. If the length was exceeded, the pro-
gram was terminated.

Although GPM does contain a set of error diagnostics a
more thorough set should be added to these. If GPM were to be
used in a classroom situation or by fairly inexperienced pro-
grammers, those who have only worked with high level languages,
such additions would be manditory. At this time such errors as

an unquoted not symbol in the input stream or an unmatched



semicolon in the definition string are flagged with an error
message and treated as though quoted. Processing then contlnues
in order that as many errors as possible can be found at one
time. Other errors cause termination of the processing and a
memory dump to be given. Termination occurs for the errors of:

1. Impossible character (negative) as the argument of a
number (nonexistant parameter).

2. Not enough arguments in the macro-call,

3. A question mark in a meaningless place.

4, Undefined macro-name.

5. Wrong exit taken (i.e. C#H#O), probably due to an un-
matched "}".

6. The string for UPDATE to substitute being too long.

7. The argument for BIN containing a non-digit other than
a sign.
Before termination a general monitor routine is used to print
the macro-name and the actual parameters on the P and F chains.

Little information is available regarding which routines
in GPM use most of the time. Two counters, KENDFN7 and KENDFNS,
have been added to the "copy back" routine, ENDFN, at this time.
These counters are used to count the number of times the perma-
nent macro definitions on the E-chain have been recopled when
temporary macro definitions are deleted. Other counters added
to the other routines would give further information about the
routines used by GPM. A system macro could then be used to

send the appropriately labeled counts to the output stream upon



request by the programmer. At the time of this report the
system macro is not available. KENDFN7 and KENDFN8 must be
found in %the memory dump in order to obtain the "copy back" count.

Another useful debugging aid would be to list all the macro-
names on the E-chain. This macro should include zn option to
1ist the macro definitions along with the macro-names. This
macro would be used as a result of a specific programmer request
and not due to an error encountered by GPM. This feature would
aid the programmer in finding an error possibly caused by re-
definition of a macro-name or updating a macro with the UPDATE
system macro. PFurthermore, additional information as to the
status of the environment chain could be obtained.

The above suggestions for additions to GPM were the con-
sequence of the testing performed on GPM using both the macros
presented by Strachey and additional programmer defined macros.
No difficulty was found in using Strachey’'s macros, and they
executed giving the predicted output strings. The programmer
defined macros, once correctly defined, also were easily
handled by GPM. It should be noted, though, that execution
speed of GPM is slow due to the procedure used in processing
the symbol stream. The sﬁccessful implementation of these
meecros indicated that GPM does satisfy its specifications and
has proven to be fully capable of evalﬁating functions no matter

how deeply they are nested.
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The General Purpose Macrogenerator (GPM) was implemented
on the IBM 360/50 at Kansas State University. Although designed
as a macrogenerator, GPM is actually a symbol stream processor
capable of function evaluation and function definition.
Function evaluation is the result of a macro-call which may
include parameters. Unlike most macrogenerators, GPM evaluates
the parameters of a macro-call before they are substituted
for the formal parameters in the macro definitlion allowing
for the nesting-of macro-calls. One unusual feature of GPM
is that function or macro definition is the result of a macro-
call to a primitive or machine macro.

GPM evaluates and defines macros using a single pushdown
stack, a few primitive (control) characters, and a few primitive
(machine) macros. Basically, processing consists of copying
the symbols in the input stream directly to the output stream
performing special action when a macro-call is encountered
during the scan,

The present implementation used the 05/360 Maero-Assembler
Language and required several modificatlons in the program,

The results of testing confirmed that this version of GPM does
satisfy its specifiecations, though execution speed is slow.
Testing also indicated that several features should be added to

the program if GPM were to be more widely used.



