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ABSTRACT

\
A
The description of macro instructions for structured pro-
gramming and the organization of their processor are presented.
The macro instructions generate if-then-else, repeat-while, and
for statements with the assembly language programming, and the

processor translates these macro statements into the assembly
codes.
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1. INTRODUCTION

There have been a number of papers published during the
last several years on the use of macro instructions as a means of
practicing structured programming with assembly languages (Refs. 1
through 5). The authors of these papers have all experienced
marked improvement in program readability and productivity through

the judicious practice of structured programming using macro in-
structions.

It is interesting to note that most of these writers devel-
oped macro instructions for small computers. Assembly languages
are popular among programmers of small computers in spite of the
known low productivity associated with them. This unfortunate
situation results from the fact that inadequacy and inefficiency
of the high-level languages and their compilers are more strongly
felt for many small computer applications. More specifically:

1. Most high-level languages are for general purpose use,
yet they are not general enough to meet easily the

needs of the variety of tasks for small computer appli-
cations.

2. High-level languages do not let the user directly take
advantage of the host computer facilities.

3. High-level language programs are frequently translated
into machine codes with unacceptably inefficient core

utilizations and execution speeds for many small computer
applications.

Ref. 1. C. W. Barth, "STRCMACS — An Extensive Set of
Macros to Aid in Structured Programming in 360/370 Assembly Lan-
guage," SIGPLAN Notices, Vol. 22, No. 8, 1976, pp. 30-35.

Ref. 2, G. S. Herman-Giddens, R. B. Warren, R. C. Barr,
and M. S. Spach, "BIOMAC — Block Structured Programming Using PDP-

11 Assembler Language,'" SOFTWARE: Practice and Experiences, Vol. 5.
Ref. 3. 8. W. Kahng, "Structured Programming and Debugging

Aids with MACRO-11 Assembly Language for the PDP-11 Computer,"
APL/JHU TG 1294, April 1976.

Ref. 4. C. Pepper, "SMAL — A Structured Macro-Assembly

Language for a Microprocessor," IEEE COMPCON Fall Digest of Papers,
September 1974, pp. 147-151.

Ref. 5. G. E. Riens, "Structured Programming in Assembly
Language," Datamation, July 1976, pp. 79-84.
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To overcome existing problems, machine-oriented high-level
languages (MOHLL) have been developed for several computers (PL-360
for the IBM 360 computer is the best-known MOHLL). They are high-
level languages that are oriented to the host computer to take ad-
vantage of all or most of the facilities with a sacrifice in pro-
gram transportability with other types of computers. MOHLL is
superior to the macro instructions. However, it suffers from a
few disadvantages. The most important one is the unavailability
of good MOHLL for most computers. When such MOHLL are not avail-
able, macro instructions can be developed easily and can satisfy
many of the advantages of MOHLL. This paper will describe examples
of macro definitions that can collectively satisfy the objectives
reasonably well. It is believed that they are not original contri-
butions; the use of similar macros has already been described
(Refs. 1 through 5). However, we believe this paper is still rele-
vant for the following reasons:

1. The contents of Section 4 of this paper are not readily
available to practicing programmers, and

2. It is not yet widely known that a substantial benefit
can be derived from the use of these macros at an in-
significant cost.

In Section 2 we discuss further the MOHLL and macro in-
structions. In Section 3 the constructs of three macro instruc-
tions are defined, and in Section 4 each subprogram of the proces-
sor is described. Concluding remarks are given in Section 5. A
processor program for the PDP-11 computer is listed in the Appendix.

s — — -— — - - A —— “— — — -

-l




THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL MARYLAND

R

2. MOHLL AND MACRO INSTRUCTIONS

It has been claimed (Refs. 6 through 8) that the disadvan-
tages of high-level languages as systems languages are mostly
overcome through MOHLL. Productivity with MOHLL is higher than
that with the assembly languages; the compiled machine codes are
more efficient than those from the general purpose high-level lan-
guages. In fact, some of the MOHLL and their compiled codes are
so impressive that MOHLL was proposed to replace assembly languages
for programming purposes (Refs. 6 through 8).

Advantages of using MOHLL are not limited to these.
Through the suitable MOHLL, a programmer can practice structured
programming and produce readable codes. If, in addition, the
MOHLL compiler can be easily modified by the users to add new pro-
cessing capabilities, or if it has an extensive macro capability,
then further programming conveniences can be gained through tail-
oring the MOHLL for the given task. As an example, if a program-
ming task frequently requires double-precision integer arithmetic,
it is desirable to add such arithmetic expression processing capa-
bility to the MOHLL. These capabilities need not be general pur-
pose. A simple and efficient special purpose processor that meets
the need of the specific task will be more desirable. Through
this process one can modify and extend the MOHLL to suit the given
task. The advancages of extending MOHLL in this way are:

1. The program becomes more readable.

2. There will be less need to modify the algorithm to fit
the programming language.

3. Coding will be made, or nearly made, as the end product
of the successively refined program-design process, and
not as a separate effort from the design.

Ref. 6. R. Conradi, P. Holager, Ol Solberg, and G. Green,
"A System for Software Development on Minicomputers,'" Minicomputer
Software, North-Holland Publishing Co., 1976, pp. 15-29.

Ref. 7. H. Lehessaari, "A Family of Machine Oriented Higher
Level Languages (MOHLL)," Minicomputer Software, North-Holland
P“bli.hm CO.. 1976. ppo 231-237.

Ref. 8. R. D. Russell, "Intermediate-Level Programming
Languages for On-Line Data Acquisition and Control," Computer
Physics Communications, Vol. 5, 1973, pp. 89-97.
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The first item is obvious. A simple case of algorithm
modification (the second item) is the use of 0 as a subscript. It
is not allowed in FORTRAN while it can be desirable in the descrip-
tion of the algorithm. The third item needs explanation. We
assume that the program design is made through a language whose
syntax is adapted from that of the MOHLL. If the adaptation is
very loose at the top level of the design but becomes successively
closer to that of the MOHLL with the progressive refinement of the
design, we will end up with (or almost end up with) the program
code. Such smooth transition should be possible if the MOHLL is
well tailored to the programming task.

So far we have discussed many advantages of a desirable
MOHLL. Unfortunately there is no language that provides all these
advantages. However, we can fairly easily produce macro instruc-
tions that provide many of them.

In order to realize these advantages it is desirable to
e a good macro language and its processor. Many macro languages
versatile, but most are not suitable for producing easily read-
macro definitions. Those for small computers are often inade-
uate. On the other hand, for a special type of macro instruction

(as described in Section 3), a high-level language like FORTRAN
can be used, along with a few subroutines, for developing their
processor with relative ease. In fact, its versatility, code read-
ability, and processing speed surpass those of many macro process-
ors. For these reasons and for portability it is frequently desir-
able to develop a special macro processor rather than to rely on
the available general purpose macro processors.

The relative ease of the special purpose macro processor
development enables us to add new conveniences to the host lan-
guage (assembly language in this case) to suit the given software
task. One example is the arithmetic formula processing capability
(e.g., A= (B+C * D)/E). One can also include the program de-
veloping aids such as the tracing option (Ref. 2) or a partial
program verification procedure in the processor. These may be
used as necessary.

10 =
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3. MACRO CONSTRUCTS

Macro instructions considered here are if, repeat-while,
and for statements. Their constructs are shown below; they also
show which terms of the statements can start new lines.

IF STATEMENT

<if clause> ::= <if> sd <logical operator> sd,

where sd is the source or destination of the assembly language
instruction.

<if> ::= IF | IFB | IFF

<if chain> ::= <if clause> | <if clause> <if chain>

AND:
OR

<if statement> ::= <if chain> THEN <one assembly instruction>
or <if chain> THEN
<a block of instructions>
ENDIF
or <if chain> THEN 1
<a block of instructions>
ELSE <one assembly instruction>
{ or <if chain> THEN
<a block of instructions>
ELSE
<a block of instructions> §
ENDIF
<logical operator> ::= GT|GE|EQ|LE|LT|NE
The distinctions between IF, IFB, and IFF are that the terms

in the clause are taken as words, bytes, or floating point numbers,

- 11 -
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respectively. A block of instructions contains one or more assem-
bly or macro instruction — if, repeat-while, or for statements.

The terms AND, OR, and THEN can also start new lines. For
example:

IF A NE B THEN CLR X

IF A GT B AND IFB C EQ D OR IFF E EQ F THEN
CLR X

ELSE
CLR Y

ENDIF

IF AGT B
AND
IFB C EQ D
OR
IFF E EQ F
THEN

CIR X
ELSE

CLR Y
ENDIF

REPEAT-WHILE STATEMENT

We divert from the ordinary while statement and use the
repeat-while statement. The difference is shown in Fig. 1. The
reason for using the repeat-while statement is that, unlike in a
high-level language, we only allow very simple logical expression
here. Consequently an expression like

WHILE ABS(A) LT D DO
(which means: while the absolute value of A 1is less than D, do
the following) cannot be expressed easily by an ordinary while

macro in a readable and simple manner. The following repeat-while
statements are acceptable:

k) el md e wEe eaad T RN RS SN RIS MY BRGSO BEEN e e e
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<while clause> ::= <while> sd <logical operator> sd
<while> ::= WHILE | WHILEB | WHILEF
<while chain>

::= <while clause>|<while clause>

ggD} <while chain>
<repeat-while statement>
::= REPEAT
<a block of instructions>
<while chain> DO <one assembly instruction>
or REPEAT
<a bilock of instructions>
<while chain> DO
<a block of instructions>
ENDWHL
The terms AND, OR, and DO can start new lines also. For example:

REPEAT
WHILE A GT B DO CLR X

REPEAT

CLR X

IF A LT X THEN NEG A (negate A)
WHILE A LT D DO

INC A (increment A by 1)

CLR Y
ENDWHL

w13
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a. Ordinary while statement b. Repeat-while statement

Fig. 1 Flow Diagrams

FOR STATEMENT

UPTO blank
pownTof ¢ ;BY ad} Do

<a block of instructions>

<for statement> ::= FOR sd FROM sd {

ENDFOR

The block of instructions is executed repeatedly with the
value of the first sd varying from the second to the third sd, in-
clusive, with the increment (decrement for DOWNTO) of the fourth
8d (or 1 if it is not specified) provided it does not pass over
the third sd. New lines may be started only by FOR and ENDFOR.
For example:

Al -
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FOR A FROM B UPTO C DO
CLR X
ENDFOR

FOR A FROM B DOWNTO C BY D DO
CIR X
ENDFOR

PR

-15-
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4, MACRO DEFINITIONS AND THE PROCESSOR ORGANIZATION

1f, repeat-while, and fror statements mentioned in the pre-
vious sections are constructed through a number of macro instruc-
tions. They are as follows: IF, IFB, IFF, THEN, ELSE, ENDIF,
AND, OR, REPEAT, WHILE, WHILEB, WHILEF, DO ENDWHL, FOR UPTO,
DOWNTO, ENDFOR, and macros for the logical operators. The special
processor mentioned earlier can be organized in a similar manner
(one subroutine for each macro). In addition, the processor re-
quires the main program and a subroutine that scans a line of code
to separate the terms. We will describe the processor and use the
macro names for the corresponding subroutine names also.

When a line of code is read, it is scanned and processed to
determine if it is the beginning of a new conditional statement
(if, repeat-while, or for statement). If it is, a unique sequence
number, ISQ, is assigned to that statement and we give its nesting
level, ILEV. 1ISQ is then stored in ISTAK(ILEV), or the ILEVth
entry of the array ISTAK. Through this array the sequence number
of a statement can be found through its nesting level until the
statement is terminated. This sequence number plays an important
role in forming the destination of the jump instructions and
labels. As an example, when the new line of code starts with
ELSE, we can find the sequence number ISQ for the if statement
from ISTAK(ILEV) and assign a label QEDXXX, where XXX is the se-
quence number. The nesting level, ILEV, is incremented when a
new statement is entered and is decremented when ENDIF, ENDWHL, or
ENDFOR 1is called.

A new statement is identified by examining the new state-
ment switch, NEWST, immediately after IF, IFB, and IFF subroutines
are entered. This switch is set to yes (or 1) when the main pro-
gram is entered, and after THEN, ELSE, DO, ENDIV, and ENDWHL are
called. It is set to no (or 0) in IF, IFB, IFF, WHILE, WHILEB,
and WHILEF subroutines. It is always a new statement when REPEAT
or FOR is called.

The labels generated by the preprocessor consist of three
alphabetic characters followed by numeric characters. The leading
three characters are QOR, QEL, QTR, QRP, QID, QED, QFR, and QFD.
In the program descriptions, the labels are denoted, for example,
as QOR-IOR. (If IOR has the value 123, this is QOR123).

The descriptions of the processor subprogrums follow. The

subprograms are simple and not for producing "optimal" codes.
codes.

[S—
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1.

2.

Main Program
Set the new statement switch NEWST to 1.

Set the switch array IFWHSW to 0. This array is used
by the subroutine THEN.

DO subroutine sets IFWHSW(ILEV) to 1 and calls subrou-
tine THEN. Through this switch, subroutine THEN will

know 1f it is called as a part of if statement or
repeat-while statement.

Set the switch MODE to O.

MODE is set to 1 in IFB and WHILEB subroutines for the
byte mode, and is set to 2 in IFF and WHILEF subroutines
for the floating point number mode. It is examined in

the LOPR subroutine to provide the correct comparison
instruction.

Call subroutine SCAN to separate the label, to store

each term in the array DTERM, and to provide the number
of terms in the line in INAR.

If INAR is less than 1, then write the input line of

codes on the output device and go back to read the next
line.

While the first term in consideration is a control term
(macro name), increment the term pointer IPTR, decrement
INAR, and call the appropriate subroutine to process

it, and repeat the process. If the terms are not
exhausted, then write the remaining terms.

Go back to read the next line.

Subroutine SCAN

Separate the label, if any, and store each term of the
line in the array DTERM separately.

Disregard the comment.
Set the term pointer IPTR to 1.

Set INAR to the number of terms.

Return.

* 17 -
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3.

4,

5.

6.

Subroutine IF

If the new statement switch NEWST is 1, then

ISQ = ISQ + 1 (increment the sequence number by 1)

ILEV = ILEV + 1 (increment the nesting level number)
ISTAK(ILEV) = I8Q

Set NEWST to 0

End.

Set IEL(ILV) to 0 to initialize the else-switch for
this if statement. It is later set to 1 when ELSE
subroutine is called. This switch is later examined by

ENDIF subroutine.

Interchange the first two terms DTERM(IPT) and
DTERM(IPT+1l). Now DTERM(IPT) has a logical operator.

Return.

Subroutine IFB

Set MODE to 1 for the byte mode.

Mode will be examined in LOPR subroutine to provide the
correct instruction for word compare, byte compare, or
floating point number compare.

Call IF subroutine.

Return.

Subroutine IFF

Set MODE to 2 for the floating point number mode.

Call IF subroutine.

Return.

Subroutine THEN

Set NEWST to 1.

Write the conditional jump statement with the instruc-
tion code from INST1 and the destination to QTR-ISQ.

- 18 -
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INST1 and INST2 are set by the logical operator handling
subroutine LOPR. The sequence number ISQ is always
found through ISTAK(ILEV).

Write the label QOR-ISQ and the unconditional jump in-
struction with the desitnation QEL-ISQ. The destina-
tion is the instruction immediately following the ELSE
term in the statement, or ENDIF or ENDWHL if there is
no ELSE in the statement.

Set IOR to IOR + 1.

Write the label QTR-ISQ.

If INAR 1s 0, or if there is no more remaining term in
the input line of codes, then return.

Write the remaining terms.

Set INAR to 0.

If IFWHSW(ILEV) is 0O, then call ENDIF.

Else call ENDWHL and set IFWHSW(ILEV) to O.

The switch IFWHSW(ILEV) is set to nonzero if THEN is
} called from DO subroutine for the repeat-while state-
unt .
i Return.

7. Subroutine ELSE

Set the switch IEL(ILEV) to 1 to signify that there is
an ELSE term in the if statement.

Set NEWST to 1.

Write the unconditional jump instruction with the
destination QID-1SQ, or the instruction following
ENDIF. This jump instruction is the last line of code
in the instruction block following THEN.

Write the label QEL-ISQ.
If INAR is 0, then return.
Write the remaining term.

Call ENDIF subroutine.

B e W & Sl e e
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10.

11.

Set INAR to 0.

Return.

Subroutine ENDIF

If IEL(ILEV) is O, then write QEL-ISQ label. This
means that ELSE was not called for the if statement,
and we need to add the QEL-label.

Write QID-ISQ label.

Set INAR to 0.

Set ILEV to ILEV - 1.

The nesting level is decremented since an if statement
is finished and the level is lowered.

Return.

Subroutine AND

Write the conditional jump instruction where the in-
struction code is taken from INST2 and the destination
is QOR-IOR.

Return.

Subroutine OR

Write the conditional jump instruction where the in-
struction code is taken from INST1 and the destination
is QTR-IOR.

Write the label QOR-ISQ.

Set IOR to IOR + 1.

Return.

Subroutine REPEAT

Set 1ISQ to ISQ + 1.

Set ILEV to ILEV + 1.

Set ISTAK(ILEV) to ISQ.

- 20 -
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Write the label QRP-ISQ.

Return.

3
3
o
y
%

12. Subroutine WHILE
‘Set NEWST to O.

,(‘ Call IF subroutine.
Return.

13. Subroutine WHILEB
Set MODE to 1.
Call WHILE.
Return.

14. Subroutine WHILEF
Set MODE to 2.
Call WHILE.
Return.

15. Subroutine DO
Set IFWHSQ(ILEV) to 1.
Call THEN.
Return.

16. Subroutine ENDWHL

Write the unconditional jump instruction to QRP-ISQ,
which is the beginning of the repeat-while statement.

Write the label QEL-ISQ.
Set ILEV to ILEV - 1.
Set NEWST to 1.

Return.

- 21 -
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17. Subroutine FOR

(When this subroutine 1s entered, the terms in the
array DTERM are sdl FROM sd2 UPTO (or DOWNTO) sd3 DO.)

Set ISQ to ISQ + 1.
Set ILEV to ILEV + 1.
Set ISTAK(ILEV) to ISQ.
Write the instruction "move sd2 to sdl".
Move the fourth term, UPTO (or DOWNTO), to the third,
and move the first term, sdl, to the fourth in DTERM
array.
Set INAR to IWAR - 2,
Set IPTR to IPTR + 2.
Return.
Notice that DTERM(IPTR) is now UPTO (or DOWNTO).
18. Subroutine UPTO (or DOWNTO)
If INAR = 3, then set N to 1.
If INAR = 5, then set N to DTERM(IPTR + 3).
Set INAR to O.

Write the instruction '"decrement (or increment) the
first argument by N",

Write the label QRF-~ISQ.

Write the instruction "If the first argument is not
greater (or less) than the second, then go to QFR-ISQ,
else go to QFD-ISQ".

Set NEWST to 1.

Return.

“« 32 -
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19.

20.

21.

Subroutine ENDFOR

Write the unconditional jump instruction to QFR-ISQ.
Write the label QFD-ISQ.

Set ILEV to ILEV - 1.

Set NEWST to 1.

Return.

Subroutine GT (or GE, EQ, NE, LE, or LT)
Set IINO to 1 (or 2, 3, 4, 5, or 6).
Call LOPR(IINO),

Returs."’

Subroutine LOPR(IINO)

Write the instruction "Compare the first two terms
DTERM(IPTR) and DTERM(IPTR + 1)".

The comparison instruction can be either compare

words, bytes, or floating point numbers according to
the switch MODE = 0, 1, or 2, respectively.

Set MODE to 0.

Store the instruction codes in INST1 and INST2 accord-
ing to the table below:

Conditicn IIND INST1 INST2
GT 1 go to if > go to if S
GE 2 go to if 2 go to if <
EQ 3 go to if = go to if #
NE 4 go to if ¢ go to if =
LE 5 go to if & go to if >
LT 6 go to if < go to if 2
-’28 -
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5. CONCLUDING REMARKS

The macro instructions described here can substitute for
machine-oriented high-level language and can help one improve the
assembly language program productivity through (a) the reduced
number of lines of code, (b) improved program readability, and
(c) structured programming. One can implement additional macro
instructions and use them to adapt the language to the given task
and enjoy the above advantages even further.

If, in addition, the software development is initiated with
its design using a suitable design language, its successive refine-
ment could result in the final program code.

Development of the processor for the above-mentioned macro
instructions is not difficult. Macro language processors for
small computers are frequently inadequate. For these reasons the
development of the special independent macro processor may be ad-
vantageous.

.~
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APPENDIX

The macro processing program for MACRO-11, the PDP-11 Com-
puter Assembly Language, is listed here. The program performance
is different from the description in Section 3 as follows:

2. IFB, IFF, WHILEB, and WHILEF are not implemented.

2: Two logical operators on bits, SETIN and VOIDIN, are
added.

SD1 SETIN SD2

is true if the bits set in SD1 are also set in SD2;
otherwise, it is false.

SD1 VOIDIN SD2

is true if each bit set in SD1 is not set in SD2;
otherwise it is false.

“ 2y -
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C MACRO PREPROCESSOR FOR POP-11
C *xessndsbken

LOGICAL UNIT S FOR THE INPUT MACRO CODES '
LOGICAL UNIT 8 FOR THE OQUTPUT OF THE EXPANDED CODES

TO ADD A NEW FUNCTION

1. ADD TWO INSTRUCTIOMS NEAR THE END OF MAIN PROGKAM AS FOLLOWS
NN CALL SUBR
WHERE NN IS THE LABEL NUMBER+AND SURR IS THE SURROUTINE HNAME
THAT PERFORMS THE FUNCTIGH('E«G, IFsENDFOR.

Ze ADD A DATA CARD IM THE BLOCK DATA AS FOLLOWS
DATA DA(NN) /BHXXXXXXXX/
WHERE NN IS THE SAME AS IN 1. ABOVEsAND

XXXXXXXX IS THE FUNCTION MAME USED It THE PROGRAM. IT
IS A STRING OF ATMOST 8 CHARACTERS INCLUDING
TRAILING BLANKS

ALSO INCREMENT THE DATA VALUE OF MACNO

l

3¢ ADD SU3SR SUBROUTINEe THIS PEXFORMS THE REQUIRED FUNCTION.

OO OOHOOODOOOOO

COMMON  DLABL »DTER# (50) s DA(30) +DCi i) (20) yDENNC (20) s DINST1+DINST2,
1 ICDIM(80) ¢ ISTK(100) s I%AR Y IHCs

2 LABLSW/MACHOYNEWLINP ISQrILVeIOR? ISTRT(50) ¢ IPTR

DOUELE PRECISION DLABLsDTER:sDAsDCND»DCHDC»DIHST1DINST2
LOGICAL#1 ICDIM

ALV AN, o

¢
DIMENSION IEOF (2)
LOGICAL#1 IEOF
UATA IEOF /1H/»1H&/
c
¢ ]
NEWLIN=1 !
c
C READ A CARD
c .
200  READ(5,100) (ICDIM(I),1=1+80) i

100 FORMAT (80A1) ‘
IFLICDIM(1) JEG. IEOF(1) «AND. ICOINF(2) «EGs IEOF(2)) GO TO 1000

c

C SCAN ICDIM AND SET POINTERS ISTRT & I5TOP

C ALSO TAKE CARE OF LABEL AND COMMENT. INAR= # OF ARG

(
CALL SCAN |
IF(INAR +LE. 0) GO TO 600 |
C {
IPTR=1
INO=1

C

C GO TO 600 IF NO MORE TO PROCESS 1
¢ |
r 300 IF(INAR +LE. 0) GO TO 200

. IF(INO .LT. 1) GO TO 600

C
C SEE IF IT IS IN THE MACRO TABLE. INO GIVES THE SEQ. NO« OF THE TABLE
c

-2 =
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Ty A L o

> i
& C
¥ g SEE IF THE TERM IS IN THE MACRO TESLE
D0 400 I=1,MACNO
IF(DALI) «NE. DTERM(IPTR)) GO TO +00
INO=1
IPTR=IPTR+1
INAR=INAR=~1
60 T0 410
400 CONTINUVE
INO=-1
60 TO 600
410 CONT INVE
C
C
c

IF(LABLSW .EQ. 0) GO TO 310
aRITE(8,50) pLABL

S0 FORMAT(1X»AB)
LABLSW=U

310 COIT INUE

IF(INO LE.O) GO TO 600
IF INO > 0 A MACRO IS FOUND. GO PROCESS IT
IPTR POINTS TO THE FIKST ARGUME!'T OF THE MACRO

INAK GIVES THE MUMAER OF ARGUMEN TS OF THE MACRO
INO GIVES THE SEQ. NO. OF THE MACRO IM THE TASLE

AOOONO

G0 TO (19203¢40506¢70809010011012¢13914915016017018019+20021022¢
1 23+24025026) 9 INO

CALL IF

60 To 300
CALL TileN
60 To 300
CALL ELSE
60 To 300
CALL ENDIF
GO To 300
CALL AND
60 To 300
CALL OR

60 To 300
CALL REPEAT
60 To 300
CALL WHILE
60 To 300
CALL DO

60 To 300
CALL ENDWHL
60 To 300
CALL FOR
60 To 300
CALL ENDFOR
60 To 300
CALL UPTO
60 Y0 300

v ® N o000 & W N =00

- e e e
o N = o
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14 CALL DOWNTO

60 To 300
15 CALL 6T

60 To 300
16 CALL GE

60 To 300
17 CALL EQ

60 To 300
18 CALL NE

60 To 300
19 CALL LE

60 To 300
20 CALL LT

60 T0 300
21 CALL HI

60 TO 300
22 CALL HIS

60 To 300
23 CALL Los

60 To 300
24 CALL LO

60 To 300
25 CALL SETIN

60 To 300
26 CALL DISUNT

60 TO 300

C
é 600 IF(IPTR +EQ. 1) WRITE(8+110) (ICOIM(I)s1=1+72)
110 FOKMAT(9X»80A1)
JJSISTRT(IPTR)
IFCIPTR «GTe 1) WRITE(3¢110) (ICDIM(I)sISUJe?72)
60 TO 200
1600 STOP
END
C ‘tt‘.“.““t“l.tt.‘t't‘t“
SUBROUTINE SCAiY
C SCANNS ICUIM(1=72)9,AND STORE EACH TERMS IN DTERM(1-%0)s = —
C SETS INAR TO # OF TERMS,.
C
COMMON DLABL »DTERM(50) +DA(30) oDCHIL(20) yCCNDC (20) +DTHSTL12DINST2,
1 JCOIM(80)»ISTK(100) s INARYINGY
2 LABLSW//MACNOHEWLINY ISO?ILVeIORY ISTRT(S0) ¢ IPTR
DOUBLE PRECISIO!N DLABLDTERMeDA?DCNDeDCNDCeDINSTLoOINST2
LOGICAL«1l ICNIM
LOGICAL#*1 CONTLABEL » BLANK » COMMA
GOUBLE PRECISION DITEM.DBLNK
LOGICAL#1 ITEM
UIMENSION ITEM(8)
EQUIVALENCE (DITEMsITEM(1))
DATA DBLNK /BH /
DATA COMNT Z1H3/
DATA LAGEL /1H&/
DATA BLANK Z1H /
b DATA COMMA 7Z1He/
C 18C=0 IF PREVIOUS CHARACTER WAS A SEPARATER: HLANK OR COMMA
C IBC=1 IF PREVIOUS CHARACTER WAS NOT A SEPARATER
c

18C=0
| JPTR=0

“*" BEST_AVAILABLE COPY |
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INAR=0
LABLSW=0
00 1000 I=1.30
DITEM=0BLNK
99 Ju=1
100 CONTINUE
JPTR=JPTR+1
IF(JUPTR «GE. 73) GO TO 110
IF(ICDIM(JPTR) .NE. COMNT) GO TO 200

C COMMENT

110 IF(1BC (NE. 0) GO TO 150
INAR=I=1
RETURN

150 CONTINUE

INAR=T
RETURN

C

C A LAGELL

200 IF(ICDIM(JPTR) .NE., LABEL) 60 TO 250
C YES A LABEL
VKEMINO (JJ» 7)
ITEM(UK)=LABEL
IF(ICOIM(JUPTR+1) oNEo LABEL) GO TO 160
ITEM(UK+1)=LABEL
JPTR=UPTR+1
160 CONTINUE
1BC=0
OLABL=DITEM
LABLSW=1
IFCI «c@e 1) GO TO 210
WRITE(B,90)
90 FOKMAT(? sssx« LABEL IS NOT AT THE FIRST TERM')
RETURN
210 VITEM=DBLNK
60 To 99
C NOT A LAREL
€ A SEPARATERC
250 IF(ICOIM(JUPTR) (NE. BLANK <ANDe ICDIM(JPTR) +NE, COMMA) GO TO 300
C YES A SEPARATER
C PREVIOUS CHARACTER A SEPARATERC
IF(I3C .EG., 0) GO TO 100
C NO., ENL OF A TER"
OTERM(I)=DITEM
18C=0
60 To 1000

C NOT A SEPARATER
300  IF(IBC .EQ. 0) ISTRT(I)=JUPTR
IF(JY «LEs 8) ITEM(UJ)=1CDIM(UPTR)
VJSJJ+L
isC=1
60 To 100
1000 CONTINUE
»RITE(8,10)
10 FORMAT('ERROR. THERE ARE MORE THAN 30 TERMS®)
RETURN
ENL
C S090000248088880 08880880800
BLOCK DATA
€ NOT INCLUDED ARE BPL-5MIyBCCeBVCIRCS*BYSress
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COMMON OLABL+OTERM(50) »DA(30)»DCHL(20) yDCNOC(20) o DINST1:DINST2,
1 ICOIM(B0) o ISTK(10U) »IHARY INO

2 LABLSW/MACMO'NEWLINYISQeILV/IOR ISTRT(50) ¢ IPTR

DOUBLE PRECISION DLABL.DTERMeDA+DCND»DCNDCeDINSTL100INST2
LOGICAL+1 ICDIM

DATA MACNO 726/

DATA DAC( 1) /8BHIF
DATA DAl 2) /BHTHEN
DATA DA( 3) /BHELSE
DATA DA( 4) /UBHENUIF
UATA DA( 5) /81AND
DATA DAl 6) /8HOR
OATA DAC( 7) /BHREPEAT
DATA DA( 8) /BHWHILE
DATA DAC( S) /b6HDO
OATA OA(10) /38HENDWHL
DATA DA(11) /3HFOR
DATA DA(12) /BHENDFOR
DATA D0A(13) /8HUPTO
DATA DA(14) /8HDOWNTO
DATA DA(15) /8HGT
DATA DA(16) /BHGE
DATA DA(17) /8HEQ
DATA DA(18) /BHNE
DATA DA(19) /8HLE
DATA DA(20) /8HLT
DATA DA(21) /8uHI
DATA DAC(22) /8HHIS
DATA DA(23) /8HLOS
OATA DA(24) /8iiLO
DATA DA(25) /8HSETIN
DATA DA(26) /8HDISJOINT

y UATA DCND(1) /8HRGT
DATA DCiiD(2) /8HBGE
UATA DCWD(3) /BHBEG
UATA DCND(4) /8HBNE
UATA DCND(S) /8HBLE
DATA DCND(6) /BHBLT
UATA DCHD(7) /811DH1
UATA DC1D(8) /BHBHIS
UATA DCHD(9) /81BLOS
UATA DCND(10)/8HBLO

NN N N N N S NN N N NSNS S NS SN NS NS SS S S NSNS SN NSNNSNNSNNSNNSNNNNNSN

DATA DCNDC(1) /8HBLE

f DATA DCnDC(2) /8HBLY
DATA DCrODC(3) /GSHUNE

DATA DCHDC(4) /BHBEAQ

DAYTA DC1DC(S) /81BGY

DATA DCNDC(6) /3HBGE
DATA DCNDC(7) /8HBLOS

DATA DCrDC(8) /8HBLO

T DATA DCnDC(9) /8HBHI
OATA DCHDC(10) /BMHBMIS /

DATA 10R 7100/

OATA 1SG 7100/
OATA Ikv 71/

R . ~m. BEST AVAILABLE COPY
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END
C SEEB LSRR AR OB ER RN b XN RSk
SULROUTINE GTEQLT(IINO)
COMMON DLAHLeDTERM(50) yDA(30) #+DCND(20) »DCNDC(20) 9 DINST +1DINST2e
1 ICOIM(B0) v ISTK(10U) o INARYINOY
@ LABLSA/MACMNOPNEWLINS ISOrILVeIORY ISTRT(S50) ¢ IPTR

DOUBLE PRECISION OLABL+DTERM/DA»DCIiDeDCMDCoDINST1sDINST2
LOGICAL=1 ICCIM

WRITE(8,10) DTERM(IPTR) »DTERM(IPTR+1)
10 FORMAT(1Xe8Xs*'CNP *9ABr e 'yA8)
IPTR=IPTR+2
INARZINAR=2
DINST1=DCND(IINO}
DINST2=)CNOC(IINO)
RETURN
END
C 800038805080 RERLEERNKRRESR
SUBROUT INE IF
C IF ABCDE
c CMP AyC
Cc LuvEF
COMMON  DLABLsDTERM(50) DA (30) »DCiiD(20) yDCHNC (20" +DINST1+DINST2,
1 ICDIM(30) o ISTK(L100) » INARPINC,
2 LABLSWeMACNOPNEWLIN, ISQ»ILV» JORP ISTRT(S0)» IPTR

UOUBLE PRECISION DLABL'DTEKM¢DA¢DCHDeDCNDCeDINST1¢DINST
LOGICAL*1 ICOIM

¥
"
3
¥
g

i

-
£
3
.
s
g
i
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g

o

COMMON /CEL/ IEL(50)
CONMMON /COM2/ IFWHSW(50)

IF(NEWLIN EQs 0) 60 TO 100
1S0=1SG+1
ILVEILV+L
ISTK(ILV)=1ISA
IFRHSW(ILV)=0
MNEWL IN=0
100 CONTINUVE
IELCILVS=0
€ INTERCHANGE DTER“(IPTR) AND DTER:(IPTH+]1)
OTERMUIPTR=1)=DTERM(IPTR*1)
OTERMUIPTR*1)=DTERMIIPTR)
DTERMUIPTR )=DTERM(IPTR=1)
RETURN
END
C [ 2T TR PR TR R PR R YIRS T Y |
SUBROUTINE THEN
COMMON DLABL/DTERM(SO0) »DA(30) oOCNL(20) oDCNNC(20) s DINSTTI+OTNST2,
1 ICOIM(B0) o ISTK(L00) o TWAR IO
2 LABLSWoMACHO Y NEWLINS ISGeILVe IOR ISTRT(S0) ¢ IPTR

DOUBLE PRECISION OLABLOTERMeDA»DCNDeDCMOCeDINSTL10DINST
LOGICAL#1 ICDIM

COMMON /COM2/ IFWHSW(50)

NEWL IN=1
c B~6L o*6
WRITE(d,10) DINSTL
10 FORMAT(9X0AR,*,467)
C QORE uMP QEL~150
WRITE(8+20) IOR,ISTKCILY)
20 FORMAT(LXe PQORT o 130789 2Xe * P 9 5X0 *QEL ¢ 1)

c
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C OTR=-ISu&
WRITE(B8,30) ISTK(ILV)
30 FOKMAT(L1X» *QTR*»130%4")
IOR=IOR+1
IF(INAR +EQs 0) RETURN
C REMAINIG TERMS
JUSISTRT(IPTR)
WRITE(B,40) (ICOIMIJ) vu=JJeT72)
IF(IFWHSW(ILY) .EQ. 0) CALL ENDIF
IFCIFWHSWIILY) .EQs 1) CALL ENDW.L
IFwHSW(ILV)=0
INAR=0
40 FORMAT(9X072A1)
RETURN
ENDL
C SRS SRR R ERASERERB RSN 4%
SUBROUTINE ELSE
COMMON DLABLDTERM(50) DA(30)+0CID(20) oDCHDC(20) »DINSTI v DINST2,
1 ICOIM(80) o ISTK(10U) ¢ INARP LiVO»
2 LABLSW oMACHOPNEWLIMe ISQe ILVeIORe [ISTRT(50)»IPTR
DOULLE PRECISION DLABLsDTERMIDA*DUNDeDCHNDCeDINSTLoDINST
LOGICAL»1l ICDIM

COMMON /CEL/ IEL(S0)

c
NEwWLIN=1
1EL(ILV)=L
b c JNP wIp=-1S0
WRITE(8,10) ISTK(ILV)
10 FORMAT (9X o *JIP QID*,13)
C QEL-1Su&

WRITE(S8,20) ISTK(ILV)
20 FORMAT(1Xe'QEL 0130 'R")
IF(INAR +Eue 0) RETURN
C REMAINING TERMS
JUYSISTRT(IPTR)
WRITE(E,30) (ICDIM(J) vU=JJeT2)
30 FORMAT (9X»7211)
{ CALL ENDIF
i RETURN
| ENU
{ C 8430452000800t sstetttnee
| SUBROUTINE ENDIF
COMMON DLABL DTERA{50) »DA(3N) ¢DC.iL(20) oDCLNC (20) »LINST1ILINST20
1 ICDIM(B0) o ISTK(L0U) o [iiARY 1100
2 LABLS#oMACHNO/MEWLItI»ISQeILVeIORe ISTRT(S0) » IPTR
DOUBLE PRECISION DLABL/DTERMeDA+DCiNsDCNDCDINSTLoDINST?
LOGICAL#1 ICDIM

COMMON /CEL/ 1EL(50)

IF(IELCILV) LEQ.0) WRITE(8,20) ISTK(ILV)
C GEL-1Su&
20 FORMAT(1X+ *OEL'+13,'4°)

¢ 010-15Ga

WRITE(8,10) ISTK(ILV)
10 FOKMAT(1Xs*Q1D*o13+%8%)
; ILVEILV-1
‘ INAR=0

;_ gt AVALBLE COPY
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NEWLIN=1
RETURN
END
C 2500000804058 8804008888848
SUBROUTINE AMD
COMMON  DLABLDTERM(S0) DA (30) ¢DC'iL(20) yDCNDC (20) #DINST1oDINST2,
1 ICOIM(Z0) s ISTK(L00) o I;JARPINC»
2 LABLSA¢MACHO+HEWLINCISOrILV2IORP ISTRT(S0)» IPTR

DOUBLE PRECISION DLABL/DTERMsDA*DCNDeDCNDCoDINSTLoINST2
LOGICAL»1 ICDIM

Rl O LSRN T syl i

C BacL QOR'IOR
WRITE(b6+10) DINST2,I0R
10 FORMAT(1Xe8XeAB8+"QOR"¢3)
KETURN
END
C 2500884288088 RER SRR Rgn
SUBROUTINE OR
COMMON DLABL»DTERM(50) yDA(30)¢DC'4DI20) yDCNOC(20) v DINST1+DINST2s
1 ICDIM(50) o ISTK(100) e I1ARY INOY
2 LABLSW/MACNOHEWLINYISO2ILVe IOURY [STRT(S0)» IPTR
DOUBLE PRECISION DLABL,DTERMeDADCHNDCNDCeDIHST1»DINST2
{ LOGICAL*1 ICDIM

! C
C B6L GTR=1S0Q
WRITE(8,10) DINST1,ISTK(ILV)
10 FORMAT(9XsAB¢ *QTR*»13)
‘ C QOR~-10R&
WRITE(8,20) IOR
20 FORMAT(1X0"QOR 9y 130%8%)
10R=I0R+1
KETURN
END

C SRR IRARR NS0 NR R hA kA

SUUBROUTINE RFPEAT

COMMON DLABL DTERM(S50) +DAC30) #DC 1U(20) o DCNDC(20) s DINSTI e UINST2y
1 ICOIM(BO) s ISTKC(L00U) o 1/ ARP IO
2 LABLSW s MACNO v HEWLINeISOeILVeIOR [ISTRT(S0) o IPTR

DOUBLE PRECISION DLABLsDTERMeDA2UCI+OCMDCeDITISTLoDINST2
LOGICALx1 ICDIM

ILVEILV+L
ISU=1SG+1
ISTK(ILV)=ISQ
NEWL IN=O
WRITE(B,10) 1ISQ
10 FORMAT(1Xe'QRP* 0130 %3")
KETURN
ENV
C 200 ¢0 8008kt snstsdndsdnss
SUSROUT INE WHILE ]
COMMON DLASL+OTERM(50) »DA(30) ¢DC D (20) »OCNDC(20) 1 DINSTL10DINST2,
1 ICDIM(E0) o ISTK(10U) P IIVARC LIIOY
2 LABLSWiMACNOHEWLIH ISOeILVIORY ISTRT(S0) ¢ IPTR

DOUBLE PRECISION GLABLsDTERMeDA2DCHDYDCNGCoDINSTLeDINST
LOGICAL#+1 1CDIM

"

cessemne oty po— —
(2]

NEWLIN=0
CALL IF
RETURN
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END
C S804 000242 AR SRRERARRN

SUBROUT[NE DO

COMMON  DLABL #DTERM(50) »DA(30) »DCiID(20) yDCNDC(20) »DINST1oDINST2,
1 ICDIM(60) »ISTK(10U) »L;1ARY 11O
2 LABLSW/MACNO/NEWLIMeISQeILVeIORe ISTRT(50) ¢ IPTK

DOUBLE PRECISION DLABL,OTERMsDA»DCND»DCMNDCPDINSTL2DINST2
LOGICAL*1 ICDIM

COMMON /COM2/ IFWHSY(50)

IFWHSW(<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>