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ABSTRACT

The description of macro instructions for structured pro—
gra~~ing and the organization of their processor are presented.
The macro instructions generate if—then—else, repeat—while, and
for statements with the assembly language progranm~ing, and theprocessor 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 programsing with assembly languages (Ref s. 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 inadequa~y and inefficiencyof 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 a~al1 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. V. Barth, “STRcMACS — An Extensive Set of
Micros to Aid in Structured Prograimaing in 360/370 Assembly Lan—
guags,” SICPLAN Notices, Vol. 22, No. 8, 1976, pp. 30—35.

Ref.  2. G. S. Rerman—Giddens, R. B. Warren, R. C. Barr ,
and M. S. Spach, “BIOt4AC — Block Structured Programming Using PDP—
11 Assembler Language,” SOFTWARE: Practice and Experiences, Vol. 5.

Ref. 3. S. W. Kahng , “Structured Programming and Debugging
Aids with MACRO—ll Assembly Language for the PDP—ll 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 Paper s,
Septemb.r 1974 , pp. 147—151.

Ref. 5. C. F. Liens, “Structured Programming in Assembly
Language ,” Datamation, July 1976, pp. 79—84.
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I
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— Iable, 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 obj ectives
reasonably well. It is believed that they are not original contri-
butions; the use of similar macros has already been described
(Rife. 1 through 5). However, we believe this paper is still rele-
vant for the following reasons: I

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

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—ll computer is listed in the Appendix.

1
I
I

S 1
I
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2. MOHLL AND MACRO INSTRUCTION S

It has been claimed (Ref a. 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 (Ref s. 6 through 8).

Advantages of using MOHLL are not limited to these.
Through the suitable MOHLL , a programmer can practice structured
progra~ ning 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 advantages 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 th. successively refined program—design process, and
not as a separate effort from the design.

Ref .  6. R. Conradi, P. Holager, 01 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
Lave~. Languages (MOHLL) ,” Minicomputer Software, North—Holland
Publishing Co., 1976 , pp. 231—237.

Ref. 8. R. D. Russell, “Intermediate—Level Programming
Languages for On—Line Data Acquisi tion and Control ,” Compu ter
Physics Co~~~mications, Vol. 5, 1973, pp. 89—97.

- 9 -
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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 poss ible 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—
£nacro definitions. Those for small computers are often m ade—

~sate. 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.

1
I
I
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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> ad,

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

<if> :: IF IFB 1FF

<if chain> : :— <if clause> I <if clause> 
~~~ 

} <if chain>

<if statement> ::= <if chain> ThEN <one assembly instruction>

or <if chain> THEN

<a block of instructions>

END IF

or <if chain> THEN

<a block of instructions>

ELSE <one assembly instruction>

-
~~ or <if chain> THEN

<a block of instructions>

L ELSE

<a block of instructions>

I ENDIF

I <logical operator> ::— GTIGEIEQ I LEI LTI NE

The distinctions between IF, IFB, and 1FF are that the terms
a in the clause are taken as words, bytes, or floating point numbers,
I•

1 

-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

I
IF A GT B AND IFB C EQ I) OR 1FF B EQ F ThEN

CLR X 1ELSE

CLR Y

ENDIF

IF A GT B
AND

IFB C EQ D
OR

1FF E EQ F
THEN

CLR X I
ELSE

CLR Y IENDIF

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 simpl, logical expression
here. Consequently an expression like

WHILE ABS (A) LT D DO

(which means : while the absolute value of A is lees than D , do I
the following) cannot be expressed easily by an ordi nary while
macro in a reada ble and simple manner . The following repeat—while
statsusnts are acceptabl e:

-12 -
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<while clause> : :—  <while> ad <logical operator> ad

<while> :: WHILE WHILEB WHILEF

<while chain>

: :—  <while clause>I<while clause> <while chain>

<repeat~whjle statement>

REPEJIT

<a block of instructions>

<while chain> DO <one assembly instruction>

or REPEAT

<a block of instructions>

<while chain> DO

<a block of instructions>

ENDWHL

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

- 1
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

I
P 

-13 -
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a. Ordinary while statement b. Repeat-while statement

Fig. 1 Flow Diagrams

I
I

FOR STATEMENT I
cf or statement> :: FOR sd FROM ad ad ~b1aflk

} ~~

<a block of instructions> I
ENDFOR

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

-14 - 
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FOR A FROM B UPTO C DO
CLR X

ENDFOR

FOR A FROM B DOWNTO C BY D DO
CLR X

- 

ENDFOR

I

b

:~
- 1

$
$
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4. MACRO DEFINITIONS AND THE PROCESSOR ORL ANIZATION

I
If , repeat—while, and f~,r statements mentioned in the pre—

vious sections are constructed through a number of macro instruc-
tions. They are as follows: IF, IFB, 1FF, 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. ISQ 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 is called .

A new statement is identified by examining the new state-
ment switch, NEWST, immediately af ter IF, IFB, and 1FF 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 i~ set to no (or 0) in IF, IFB, 1FF, WHILE, WHILEB,
and WHILEF subroutines. It is always a new statement when REPEAT
or FOR is called. I

The labels generated by the preprocessor consist of three
alphabetic characters followed by numeric characters. The leading
three character. 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 subprogriims follow. The
subprograms are simple and not for producing “opt imal” codes .
codes. I

-16 - 1
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1. 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 wil l
know if it is called as a part of if statement or
repeat—while statement.

Set the switch MODE to 0.

MODE is set to 1 in IFB and WRILEB subroutines for the
byte mode, and is set to 2 in 1FF 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 DTERN, and to provide the number
of terms in the line in INAR.

If IMAR 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 bac k to rea d the next line .

2. Subrou tine 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.

p Return.

- I
-17 -
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3. 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) — ISQ

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 DTERII(IPT) and
DTERN(IPT-s-1). Now DTERM(IPT) has a logical operator.

Return.

4. Subroutine IFB

Set MODE to 1 for the byte m3de.

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

Call IF subroutine .

Return.

5. Subroutine 1FF

Set MODE to 2 for the floating point number mode.

Call IF subroutine .

Return. J
6. Subroutine TEEN

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 destine—
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 + l.

Write the label QTR—ISQ.

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

Write the remaining terms.

Set INAR to O.

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

Else call ENDWHL and set IFWHSW(ILEV) to 0.

The switch IFWHSW(ILEV) is set to nonzero if THEN is
called from DO subroutine for the repeat—while state-
ment.

Return.

7. Subroutine ELSE

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

Set NEWST to 1.

Write the uncond itional jump instruction with the
destination QID.-ISQ, or the instruction following
ENDIF. This j ump instructio n is the last line of code
in the instruc tion block following THEN .

I Writ, th. label QEL—ISQ .

If INAR is O, thsn return.

Write the remaining term.

Call. ENDIF subro utine .

- 1 9 -
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~1Set INAR to 0.

Return.

8. Subroutine ENDIF

If IEL(ILEV) is 0, 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 11EV — 1.

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

Return.

9. Subroutine AND

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

Return.

10. Subroutine OR

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

Writ, the label QOR—ISQ.

Set IOR to IOR + 1.

Return.

11. Subroutine RZPEAT

S.t ISQ to ISQ+l.

Set ILEV to ILEV+l. 1
Set ISTAI(ILEV) to ISQ.

— 2 0 —
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Write the label QRP—ISQ.

Return.

12. Subroutine WHILE

Set NEWST to 0.

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 j ump instrur~tion to QRP—ISQ,
which is the beginning of the repeat—while statement.

Write the label QEL—I SQ .

Set ILEV to ILEV — 1.

Set NEWST to 1.

Return.

I
- 2 1-
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17. Subroutine FOR

(When this subroutine is entered, the terms in the
array DTERN 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 DTER}1
array .

Set INAR to IWAR — 2.

Set IPTR to IPTR + 2.

Return.

Notice that DTERN(IPTR) is now UPTO (or DOWNTO).

18. Subroutine UPTO (or DOWNTO) I
If IMAR — 3, then set N to 1.

If INAR — 5, then set N to DTERM(IPTR + 3).

Set INAR to 0.

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 th. second , then go to QFR—ISQ,
else go to QFD—ISQ” .

Set NEWST to 1. I
Return.

Ii
— 2 2 -
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19. Subroutine ENDFOR

Write the unconditional jump instruction to QFR—ISQ.

Write the label QFD—ISQ.

Set ILEV to ILEV— l .

Set NEWST to 1.

Return.

20. Subroutine CT (or GE, EQ, NE , LE, or LT)

Set IINO to 1 (or 2 , 3, 4, 5, or 6).

Call LOPR(UNO).

Return.

21. Subroutine LOPR(IINO)

I Write the instruction ‘ Compare the first two terms
DTERM(IPTR) and DTERM(IPTR + 1)”.

I The comparison instruction can be either compare
words, bytes, or floating point numbers according to

i the switch MODE — 0, 1, or 2 , respectively.

Set MODE to 0.

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

Conditicu IIND INST 1 INST2

I 
CT 1 go to if > go to if~~
GE 2 go to if a go to if <
EQ 3 go to if — go to if~~I NE 4 go to if # go to if —

LE 5 go to if~~ go to if >

I LT 6 go to if < go to i f I

I
— 23 —
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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. I

If , in addition, the software development is initiated with
its design using a suitable design language, its successive ref m e —
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.

I

1
H I

I
I
I
]

- 2 4 - p
t



THE JOHNS HOPKINS UNIVERSITY

APPLI ED PHYSICS LABORATORY
LAUREL MARYLAND

L

REFERENCES

1. C. W. Barth, “STRCNACS — An Extensive Set of Macros to Aid
in Structured Programming in 360/370 Assembly Language,”
SIGPLAN Notices, Vol. 22, No. 8, 1976, pp. 31—35.

2. C. S. Herman—Giddens, R. B. Warren, R. C. Barr, and M. S.
Spach, “BIOMAC — Block Structured Programming Using PDP—ll
Assembler Language,” SOFTWARE: Practice and Experiences,
Vol. 5.

3. 5. W. Kahng, “Structured Programming and Debugging Aids
with MACRO—li Assembly Language for the PDP—ll Computer,”
APL/JHU TG 1294, April 1976.

4. C. Pepper, “SMAL — A Structured Macro—Assembly Language for
a Microprocessor ,” IEEE COMPCON Fall Digest of Papers, Sep-
tember 1974, pp. 147—151.

5. G. E. Riens, “Structured Programming in Assembly Language,”
Datamation, July 1976, pp. 79—84.

6. R. Conradi, P. Holager, 0. Solberg, and G. Green, “A System
for Software Development on Minicomputers,” Minicomputer
Software, North—Holland Publishing Co., 1976, pp. 15—29.

7. H. Lehessaari, “A Family of Machine Oriented Higher Level
Languages (MOHLL),” Minicomputer Software, North—Holland
Publishing Co., 1976, pp. 231—237.

8. R. D. Russell, “Intermediate—Level Programming Languages
for On—Line Data Acquisition and Control,” Computer Physics
Communications, Vol. 5, 1973, pp. 89—97.

I
I

- I 
— 2 5 —

I



THE JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY
LAUREL MAR YL. ND

APPENDIX

The macro processing program for MACRO—il, the PDP—ll Corn—
puter Assembly Language, is listed here. The program performance
is different from the description in Section 3 as follows:

1. IFB, 1FF, 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 Sf1 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.

I

I

I
I
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I
C MACRO PREPROCESSOR FOR POP—li
C *** * **S* * ***
C
C
C LOGICAL UNIT 5 FOR THE INPUT MACRO CODES
C LOGICAL UNIT 8 FOR THE OUTPUT OF Tt~E EXPANDED CODES
C
C TO ADD A NE~ FUNCTION
C
C 1. ADD TWO INSTRUCTIONS NEAR THE END OF MAI IJ PROGRAM aS FOLLOWS
C NN CALL SUBR
C WHERE NN IS THE LABEL tJUMBER.AND SUPR IS THE SURHOUTIHE h ARE
C THAT PERFORMS THE FUNCTLOR,E.G. IF~ENDFOR.C
C ~. ADD A DATA CARD Ih THE !3LOCK DATA AS FOLLOWS
C DATA DA(NN) /8HxXXXXXXX/
C WHERE NN IS THE SAME AS IN 1. ABOVE .AIJD
C XXXXXXXX IS THE FIJNCTII)N NAME USED IN TrIE PROGRAM . IT
C IS A STRING OF ATMOST 8 CHARACTERS INCLUDI~1G
C TRAILING BLANKS
C ALSO INCREMENT THF: DATA VALUE OF MACPlO
C
C ~. ADD SU9R SUBROUTINE . THIS PE.(FORMS THE REQUIRED FUNCTION.C

COMMON DLARL,DTER~,(50),DA (3P).DC iU (2O),DCNr)C (20),DIp4ST1,DINST2,
1 ICL)IMC 8O).ISTK(100),I,~AP,ItIO,
2 LAbLSW,MACHO .NEWLIN. j~,o. ILV . lOB’ LSTRT (50) • IPTt~
DOUBLE PRECISION OLABL,DTLR;4,DA.fl~NO,DCNDC,OINST1.DINST2
LObICAL .1 ICOIM

C
DIMENSION IEOF(2)
LOG1CALs1 ICOF
LIATA IEOF /LH/,1H*/

NEv.LIN~ lC
C READ A CARD
C
200 RLAD (5.lO0) IICDIM (I).I~~l,OO)100 FORMAT (80A1)

IF(ICD1M (l) •EO. IEOF (j) •A tlO. ICJI~’(2J .EO. IEOF(2)) GO 10 1000
C
C SCAN ICDIM AND SET POINTERS ISTRT a I.TOP
C ALSO TAKE CARE OF LABEL AND COMitEPIT. INAR: OF ARS
C

CALL SCAN
IFCINA N •LE. 0) GO TO 600

C
IPTR~ 1
IP1O:i

C
C GO TO 600 IF NO MORE TO PROCESS
C
300 IF (INAH .LE. 0) 00 TO 200

IFIINO .LT. 1) GO TO 600

C
C SEE IF iT IS IN THE MACRO TABLE. INO $VES TIlE SEQ. NO. OF THE TAbLE
C

V-

- 2 8 - 
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C
C SEE IF THE TERM IS IN THE MACRO TEt3LE
C

DO ‘400 I~~l,MACNO
ZF(DA(I) .ME. DTERM (IPTR)) GO TO 400
INO:I
IPTR:IPTR +1
INAR :INAR—i
GO To ‘410

l600 CONT INUE
I N 0— 1
GO TO 600

‘410 CONTINUE
C
C
C

IFILABLSW .EQ. 0) 60 TO 310
~RITE(8.50) DL.ABL50 ~OKMAT (1X .A8)
LABLSW:u

310 COkIINUE
C

IF(IuO .LE.0) GO To 600

C IF INO ) 0 A MACRO IS FOUND. GO PRL)CESS jT
C
C IPTh POINTS To THE FIRST ARGUMENT OF THE MACRO
C INA N GIVES THE NU~R(R OF ARGU~IEPTS OF THE MACROC INO 6IVES THE SEQ. NO. OF THE t’ACRO Iti THE TA~3LEC

GO TO (1.2.3,’4.5.6.7.8,9.iO,11, 12,13,14,15. 16.17.18.19.20.21.22.
I 23.2’4.25,26),INO

C
C
1 CA LL IF

60 To 300
2 CALL TiIEN

GO TO 300
3 CALL ELSE

GO TO 300
‘4 CALL EIiDIF

GO TO 300
5 CALL AND

60 TO 300
6 CALL OR

j GO TO 300
7 CALL REPEAT

GO TO 300
8 CALL WHILE

GO TO 300
9 CA .L DO

(,O TO 300
10 CALL ENDWHI..

I
11 CAL L FOR

• 60 T0 300
12 CALL ENDFOI~

GO TO 300
13 CALL UPTO

60 TO 300

I 

1 -29 - 
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14 CALL DOW NTO
60 To 300

15 CALL GT
60 TO 300

16 CALL GE
GO To 300

17 CALL EQ
GO TO 300

18 CALL NE
60 To 300

19 CALL LE
GO To 300

20 CALL Li
60 TO 300

21 CALL HI
GO TO 300

22 CALL HIS
60 TO 300

23 CALL LOS
60 To 300

24 CALL LO
GO TO 300

25 CALL SETI N
GO To 300

26 CALL OISJNT
GO TO 300

C
C
600 IF(IPTR .EO. 1) WRITE (8.110) (ICDLN(I).!:1,72)
110 FOMMAT (9X.80A1)

JJ ISTRT( IPTR )
IF( IPTK •GT . 1) W RIT E(8,11O) (ICOIM(I).I:j J,72 )
GO TO 200

1000 STOP
END

C •*S4* * * *S* * * *S* * * * * *S* * * *SS.
SUbROUTINE SCA;I

C SCAt-INS ICDIM(1—72).A tlO STORE EACH TER:.IS IN DTERM(1—!0 .
C SETS INAR TO M OF TERMS.
C

COS4MON DLABL,DTERM(5O).DAI3O ) ,OCIID(20),ccNDc(20),oI usTl,01pJsT2,
1 ICOIM (80),I5TK(1OU).I~JAR ,I~IO.
2 LA5 LSW,W AC~I0,HEW LIN.IS0.ILV .IOR.1STRT(5O),~ PTR

DOUbLE PRECISIO~I DLAOL.DTERM,OA.DCM),OCP,.tIC,OIp’ST1,UI?15T2
LOGICAL .! ICOIM
LOGICALsI COf’NT,LAI3EL .GLAIIK ,COMMA
DOUBLE PRECISION OITEM.D6LUK
LOGICALsI ITEM
DIMENSION IT!M(8)
I~QUIVALENCE (DITEM,ITEM (i)-)DATA DSLNK /8K
DATA COMNT /1111/
DATA LABEL /1115/
DATA BLANK /114 /

• DATA COMMA /IH./
C IBC:O IF PREVIOUS CHARACTER WAS A SEPARATER ; BLANK OR COMMA
C IBC:i IF PREVIOUS CHARACTER WAS P~OT A SEPARATER
C

IBc=O
JPTR~ O

BEST AVAILABLE COPY
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r INAR :0
LAULSW:0
DO 1000 1:1.30
OITEM :OBLIII(

99 J J I
100 CONTINUE

.IPTP:.JPTR+1
t IF(.JPTR .GE. 73) GO TO 110

IFIICDIM (JPTR ) .NE. COMNT) GO TO ~Oo

k 
C C0Mt’~NT
110 IF (lbC .NE . 0) GO TO 150

INAR :I—1
RETURN

150 COI-4TINUE
INAR~ I
RETURN

C
C A LAi.~EL<

~~~

‘ 1 200 IF(JCDI,4(JPTR) .NE. LAIJEL) GO TO 250
C YES A LABEL

JK:MINO(JJ.7)
ITê.M(JK) :LAi3EL

I IF(ICDIM(.JPTR+1J .NE. LABEL) GO ro 160I ITEM(.JK+1):LABEL
JPTR:JPTR+1

160 CONTINUE
I 15C 0

DLABL:DI TEN
LAULSW :1
W(I  •~ g. 11 60 TO 210

I SR LTE (hS.90)
90 FORMAT I’ •*‘** LABEL IS NOT AT THE FIRST TERM’)

RETURN
210 LiITEM DBLNK

60 TO 99

I C NOT A LAREL
C A SEPARATER(
250 1F( ICDIM(JPTR ) .NE. BLANK •ANO. ICL,IM(JPTR) .ME . COMMA ) GO TO 300
C YES ~ SCPANATE .4

I C PREViOUS CHARACTER A SEPARATCR<
IF(IaC •EQ. 0) 60 TO 100

C NO. END OF A TERM
DTERM (I):DITEM
XBC:0

I Go To 1000
C
C NOT A SEPA RATER
300 IF(I~C .CQ. 0) ISTKT (I)= .JPTR

I IFIJ,J .I.E. 8) ITEM(JJ):ICOIM(JPTR)
wJ:Jj’si
IBC I
60 TO 100

I 1000 CONTINUFJ.
SRITE (8,10)

10 FORMAT(’ERROR . THERE ARE MORE THAN 30 TERMS’)
RETURN
END

I C •5*S*S**•5*S*5*S*S*$S****~~~~
8LOCK DATA

C NOT INCLUDED ARE BPL.’UMI ,BCC .BVC ,I3CS .Bv5,...

I
i ~‘ B~S~ MMIABI.E COPY
I
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COMMON DLA8L.DTERM (5O).DA (3O),DCIIU(2O),DCN~)C(2O).OINSTt-.OI?IST2.1 ICOZ M(80) . ISTK( 10 U) . IhiA R.I ,~O.
2 L.ABLSW.MACNO.I1EWLIM.ISO.ILV,IOR.ISTRT (’SO),IPTR
DOUBLE PRECISIOIi DLAUL.OTER~4.DA,DCtID,OCNDC,DINST1.DINST2LOGICALs1 ICOIM

C
DATA MACNO /26/

DATA UA ( 1) /8HIF /
DATA DA( 2) /OHTHEII /
DATA DAC 3) /8iIELSE /
DATA DA ( 4) /UHENVIF /

~JATA DA ( b) /BHAt-IU /
DATA OA ( 6) /th OR /

-DA TA DAC 7) /BHREPEAT /
DATA DA ( 4$ ) /8HW HILE /
DATA DAC 9) /bHDO /
DATA OA (1O) /aI-IEUUWIIL /
DATA DA C11 ) /OHFOM /
DATA OA( 12 ) /8IsEtIOFOR /
DATA DA( 13) /8HUPTO /
DATA OA (14) /8HDO~IITO /
DATA (M(15) /BHGT /
DATA DA (Ib) /8HGE /
DATA DA (17) /811E0 /
DATA DA(1d) /RHNE /
DATA DA(19) /8HLE /
DATA DA (20) /8HLT - /
DA1A DA(2 1) /811111 /
DATA DA (2~ ) /8111115 /
DATA OA(23) /k*ILOS /
DATA DA (24) /811L0 /
DATA OA (2b) /8HFETIN /
DATA DA (2ó) /8hOISJOI~iT/C
DATA DCND (1) /8HRGT /
DATA DCIi0 (~~) /8HOGE /
DA~A DCtIO (3) /8HBEU /
DATA DCND(4) /8HI3NE /
DATA DCPID (G) /8HBLE /
DATA DCNO (6) /8HOLT /
DATA OCuD (7) /8110111 /
DATA DCIIO (8) /6H8$IS /
DATA OCNO (9) /8 IRLOS /
DATA DCNO (1O)/BHRLO /

C
DA~A DCNDCII) /8HBLE
DATA DCiiOC(2) /8HBLT
DATA DCe~OCI3) /&HUNE
DATA OCNOC (’4) /8H0~.QLIAiA DC,,OC(5) /8141161
DATA .DCI ,0C16 ) /3H136E
DATA OCNDC~ 7) /IIHBLOS
DATA DCt.DC (8) /8HBLO

• DATA DCNOC (9) /811GHZ
DATA OC~-iOC (10) /8t~~HIS

C -
~~ -

DATA IOH /100/
DATA ISQ /100/ - 

-

DATA ILV /1/

1 - 3 2 - BEUST AVAILABLE cOPY
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END
C ** * **S* * *** ** *5 S* * * *S* * ** *$*

SUbROUTINE GTEQLT (IINO)
COMMON DLAHL .DTERM(50),DA(3O) ,DC~ D(2O),OCNDC(2O) ,OItIST •DIHST2 .
1 ICDIM (6O).ISTK (100),INAR ,DIO,
a LABLS~ .MAC1IO.t1EWLIN.i5O.ILV,IOR,IS1RT (5O).ZPTR
DOUBLE PRECISION DLABI_,DTERN,DA .DCI-40.DCt-IDC,DINST1.DINST2
LOGICALSI ICDIM
WRITE (8,1O) DTERM (IPTR ),DTERtIIPTH+1)

10 FORMAT (IX .OX .’CMP ‘.A8.’.’.A 8)
1PTR:IPTR.2
INAR:I NAR— 2
D1r.STI:DCND( IINO)
DIt .eST2:UC14~)C (11 110)
RETURN
LND

C •*St** * * * * * * *5***s *** * * * *~ s~
SUbROUT INE IF

C IF A U C O E
C CMP A ,C
C Li t ~~t F

COI~W ON DLABL.DTERM (SO),DA (3O),DCI-iU(2O),DC,Ir)C(20 .DINST1.DItIST2.
1 ICPIM(b0).ISTK (100).1.IAR ,Ir1O .
2 LABLSW,MACNOINEWLIP-J,ISQ.ILV,IOR.ISTRT (50).IPTR

D0UI~LE PRECISIO11 DLABL,DTEKM,DA,OCND.DCPIDC,flINSTI,DINST
LO6ICAL*1 ICOIM

C
COMMON /CEL/ ICL(50 )
COIAMOII /COH2/ IFWHSW (50)

C
1F(NEWLIN •EO. o) GO TO 100
1SIa:ISQ+1
1LW ILV +1
ISTK(ILV ) ISQ
IFIHSW (ILV):0
tEEWL 1I1 0

100 CONTINUE
1EL (ILV )’O

C INTERCHAUGk DTER~ (IPTR) At-aD OTER:.(IPT~
(+1)

(iTLRM (IPTR—1 ):DTERMIIPTN+1)
DTt RM I IpTR+1 I OTERM I IPTR)
DTEI4M( IPTR )DT(RM( IPTR 1)
RETURN
LM)

C SSI$*SSSS******S*5S*S*****s*
SUbROUTINE THEN
COMMON DLAf3L.0TCRM(5O),DA(30).3C,ILj(20I.DCN~)C(2O).0INST1.O1t4ST2.I ICOIM(b0) .IST K(10U),I~IAR.INO ,

2 LA8LS~ .MACHO .IIEWLIN ,ISC ,ILV .I 0R ,ISTRTI5O),IPTR
DOUBLE PRECISION DLABL .OTERM.UA.DCt4rI ,DCNDC,OINSTI,DINST
LOGICAL.1 ICOIM

P COMMON /COM2/ IFWHSWI5O)
C

NEWLIN I
• C 8$L •+6

WRITEId,1O) niuSTi
10 FOfUcAT (9X.AR. ’..6’)

4 C 6044$ .*-P aEL—ZSO
hRIZC (

~~
.20 ) IOR ,ZSTK (ILV)

20 FOI4MAT(1X,’QOR ’.I3.~4E ,2X,~ JAP ’.5.(,.QELP.Z3)

I
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C QTR—1S.~i

WRITE(a.30) ISTK (ILV)
30 FORNAT(IX , ’QTR ’.13. ’$’)

IOK:IOR+ 1
1FIINAN .EO. 0) RETURN

C REMAIN 1G TERMS
.JJ ISTRT ( IPTR)
~iR1TE (b.’4O3 (ICOIM(J) ,.j:.J.J,72)
IFL IFW HSW (ILV ) .CO. 0) CALL ENOIF
IF(IFWHS~ (IL V) .EQ. 1) CALL ENDW.4L
IF~HSW ( ILV) :~3
INsR:0

40 FO,~t-~AT (9X .72A1)
RETURN
END

C 555****$e~ 5*$******$******5*
SUbROUTINE ELSE
COMMON DLARL.DTERM (50).OA (30).OC ID(20).DCNDC(2n).e)INSTI.UINST2.
1 ICDIM (80).ISTK (1OU).INAR,I.~O.
2 LABLS~ .MAC;-I0.MEWL1N.I~ 0.1LV,I0R.1STRTI5O).IPTR
DOUbLE PRECISION DLABL.DTERM,OA,DLND,DCNDC.~~IN~T1.DIPJST
LOGICAL.! ICDIt4

C
COMMON /CEL/ IEL(50 )

C
NEWLIN I

1EL (ILV) 1
C JMP ~IO—ISQ 

-

~R1TE (8.10) ISTK(ILV)10 FOKKATI9X .’JIP OID’.13)
C QEL—1S~&

~R1TEI8.20) ISTK (ILV)
20 FOHMAT (1X. ’QEL’,li.’&’)

IF(1r-IAR •E~. 0) RETURN
C REt4AIt41I4G TERMS

WR1IE(8,30 ) (ICDI~UJ).J JJ.72)
30 FOld.4AT(9X.72~ 1) -

CALL EIiDIF
RETURN
END

C **.*.ss*.s ...****s*s******ss
SUuROUT INE
COMMON DLA~L.DTER.4~5O).DA (30).DC.iU(20).DCL.OC(~ 0).U1NSTt.IJ1NST2.I ICDIM(b0).ISTK(10U).I~lAR.ItiO,
2 LAtsLSm,P4ACNO,MEWLIII.IsQ.ILV.IOR.ZSTRT (50).IPTP
DOUBLE PRECZSIO4~ Dt.A~L .DTERM .DA .OC,4).DCNOC .DINI T 1 .OINST~
LOGICAL*1 ICOIM

• C
COMMON /CEL/ IEL(50)

C
IF(ICLLILV) ,EO.0) WRITE(8.20) ISTI IILV)

C IIEL—lSsa$
20 F Ooø4A T(IX , ’QEL’ .13, ’I ’)

C 610 1561
IRITE (l.10) ISTK (IL.V)

10 FONMAT (1K.’~~I0’.I3.’1’)ILVSILV—1
1NM O

- 
-
~ ~vMth~-~ 
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NE WLIN I
RETURN
END

C •s **s5 *Sss * a* S* Sss s SSss* *s *s
SUBROUTiNE AND
COMMON DLABL.OTERM(50),DA (31)).OC 4)(20),DCNDC(20).D1tiST,,DINST2.
1 ICD IM (d0) .ISTK (i0U) .I.,AR ,ZNO .
2 LA8LS.4,MACNO.NEW LIN,jSo,IL~l,I0R,ISTRT(50).IPT R

DOUBLE PRECISION DLABL,DTERM,DA.OCND.DCNBC,DINSTI .uIIJST2
LOGICAL s1 ICOIM

C
C 8A6L (JOR’IOR

l~R1TE (b.10) DINST2.IOR
10 FORP .AT (1X .dX,A8,’QOR ’.I3)

RETURN
INC• C *.****s.S.*s****sa*****sSs.*
SUBROUTINE OR

- f  COMMON DLABL.DT ERM(50) .OA (30) .DC iDI�O),DCtJQC(20),LaINST I.oIt4S12.
1 1 ICDIM (b0).ISTK(100).Lt~AR,INO.

2 LABLSV~.MACNO ,t IEWL IN ,I5~ .1LV ,I Oq,LSTRT (50),IPTR
DOUBLE PRECISION DLABL,DTERM.DA.D~I-1O.OCNOC.DIt1ST1,OttPS12
LO~jICALsi ICOI M

C
C BGL GITR—ISQ

MRITE(8.10) OIMST 1.ISTK(ILV)
10 FORI’AT(9X,A8,’QTR’.13) -

C QOR—IORS
hRITE(c$.20) IOR

• 20 FORI AT I1X . ’QOR’ ,13. ’$ ’)
I 1OH ION +i

RETURN
LND

C S**$*S* * * *s * *5* * *$*5*5* *4 è~~
SUbROUTINE RE~PEAT

I CO~4MON DLA(L.0TERM(5O).OA(3O).OC iU(2O).OCt~OC (~~(~).~jlNSTI.4jIMST2,
1 1 ICOIM (U0) .ESTK (1OU) ,IL AR .II1O .

2 LABLS~ .MAcw 0.1-IEWLIt1.1so,IL~ .IoR,LSTRT (5O).IPT~
DOUCLE PRECISION DLABL,3T(R4.OA.U~.Iifl,OCHOC,DIt4ST1.OZNST2

I LOGICALs1 ICDIM
I C
I ILV ILV+I

i56:ISg,i
ISTK(IL~ ):ISQI NE~LIN~O

~R1Tt(8.10) ISo
10 FOp(MAY (IX,’ORP’.I3.’SE)

R(TUl(N
I
I C •**5**S*S******S*****s *S*s.s

SUbROUTINE WHILE 
-

COMMON DLAIIL..,)TERM(50) .OA (30) .DC ‘iD(20) .CCNDC (20) .OINSTI.DIIiST2.
I ICDIM (b0 ).ISTK(10u),II~AR ,IuO.
2 LABLSS.MACNO.NEWLIH.lSO ,ILV .IOR.LSTRT (50),IPT ,4i _ I  DOUBLE PRECISION OLABL,DTERM,DA,DCIID,DCP4DC.flZ?ISTI.DIIIST
LOGICAL.1 ICDII4

C
-1 NE~LIN:0
I CAI.L IF

• RETURN

BEST AVAILABLE COPY
1
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END
C SS**SS*s*ss*$s****s•*****~~~~~

SUBROUTINE DO
COMMON DLAF$L,DTER (I(50),DA (30) ,DC~JD (2O) .DCP4DC(20) .DINSTI.DINST2.
1 ICDIM(bO ) ,IST K(10U) ,I~ AR ,IUO .
2 LABLSW ,MACNO .NEWLIPJ .ISO .ILV ,IOR ,ISTRT (50) ,IPTK
DOUBLE PRECISION DLABL.OTERM.DA.DCNU,OCNOC,OINSTI,OINSTP
LOGICALs1 ICOIM
C04qMON /C0112/ IFW HSW (50)
IF~ HSW ( ILV )~~1CALL THEN
IF~HSw I ILV):ORETURN
END

C *s *S* *s **S* *s * * *. ss * *s s s *s *s
SUbROUTINE ENO*HL
CO~iMON 0LA~L.DTERt.1(5o),DA(3O .QCI.O(2o),DCNOC (2O),DIN5T1,OIt15T2,

1 ICDIM(d0) ,IST K( 1O0) , I r~A R.ItIO,
2 LAULSW,MACNO,UEWLIN,!SQ.ILV .IOR.ISTRT(50),IPTR
DOUBLE PRECISION DLA6L.DTERM,DA.DCNO,OCNDC,OINSTi.~)INST2
LOGICALsI ICOIM

C
C .JMP GRP—ISO

)~RiTE (8.10) ISTK (ILV)10 FOplP AT (9X,’JVP ’.5X,’QRp ’.I3)
C OEL—IS (d

l~RITE (8,20) ISTK (ILV)
20 FO.~~AT (1X.’t~EL’,I3,’&’)1LV:ILV— 1

NEWLIN:!
RETURN
END

C •**sss$**s*s.sss*sss*ss*s*s.
SUDROUTINE FOR
COMMON DLAtjL,L)TERM (5O).DA (3O).DC~lC(2O),DCuI)C(20)..)Zt-IST1.uIt~IST2.1 ICCIM (80),ISTK(100).I r.R,IiaO,
2 LA8LS~ .MACUO~NEWLINIISI~•ILVIZOR•ISTRT (50 EIPTU
DOUBLE PRECISION DLA $L,DTEI~M,UA,DCI4D,DCtJDC,DIPIST1,OINST2LOG1CALsI I CO IM

C
C FOR I FROM BEG UPOOWI~ END BY INC 1)0NE~LIN:O

£LV ILV+1
IS~a:1S~+1ISTIC (ILV) :ISO

C NOV BEG.I
~R1TC (o,10) UTERM (IPTR+2),QTERM(IPTP)10 FOI4MAT (9X.’M0V’.5X.A8,..’,A8)

C UPDOWt~ I Elo ~Y IPIC DI
C UPOOWN I EP1O DO

DTEF~M( Ii’TR+2):DTER N ( IPTR+3)
OTERM ( II TR,3) OTERI4( IPTRJ
IPTR:IPTR+2
INAP:INAR—2
RETURN
END

C **S5S**5SS*SS5SSS*Ss5SS*5~~se
SUbROUTINE UPTO
COMMON OLALILPDTERM (50),DA (30),DC 10120),DCM)C(20).DIPSSTI.DII4ST2,
I ICDIMt60).ISTK(10u),I~ aR,Ip4o,
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2 LABLSW.MACNO.NEWLIPr,ZSO.ILV.IOR,LSTRT(50, .IPTR
DOUBLE PRECISION OLA9L.DTERM.0A.OCNO.OCt,~OC.DIN5Tj.DIP:ST2- 

- LOGICALsI
C

IF IINAR .EQ. 3) GO 10 180
1F(IPIAR .EQ. 5) GO TO 200
WRITE(o,1O)

10 FORMATI’ *5 FOR—STIlT ERROR s *s ’ )
INAR:0
RETURN

180 CONTINUE
C DEC I

~RiTE (0.20) DTERM (IPTR)
20 F OhR A T ( 9X . ’OEC ’ . 5X .A8)
C OFR—ISD&

~RITE (8.30) ISTK (ILV )
• 30 FORMAT (IX .’QFR’.I3.’a’ )

C INC I

~RIT E(8.40) DTERM(IPTR)
40 FORMAT(9X , ’IUC ’,SX ,A 8)

GO TO 300
200 COI~TINUE
C SUd INCRM.I

WRI TE Ia,~~O) DTERMIIPTR+3).OT ERM(IPTR)
SO FORMA T (9X . ‘SU3’ ,5x ,A8 , ‘ . ‘.A 8)
C OFR—ISt~&

~RiT E(b,30) ISTP~
( 1LV)

C ADO INCRM.l
WRITE(b.60) OTERM (IPTR+3).DTERM (It’Tp)

- 
• 60 FOkI;AT (9X . ‘ADD’ .SX .A8. ‘ . ‘ ‘A S)

300 CONTINUE
C CMP I.END

*RITE (8,701 DTERM (IPTR),OTER~ (IPT~ +I)
• 70 F0~tv AT (9X, ‘ClIP’ .5X.A8. ‘ .‘ ‘A8)

C 8LOS •+6
W RITE (0.80)

80 FORI4AT (9X ,RBLOSR ,*4X ,R ,+6E )
C ~JMP QFD—ISO

WRITEIo .90) ISTK (ILV )
90 FORMAT (9X,’J.IP’ .SX.’QFD’ .13)

INAR :O
— NEWLIN:i

- - RETURN
END

C * * * *5*S*S*S* 5* *$* 555s*5555~~5
SUBROUTINE DO~EI(TOCOMMON DLAI3L,DTERM(50),DA 130) ,OCSIO(20) .CCNDC(20) ,DZNSTZ. DIuST2 .

• - 1 ICDINIBO).ISTKI100),j:IAR.INO,
2 LA BLS~ .MACNO.NEW L1t1.jSo.ILv,1oR,~~ TRT 5o),IpyR

- 
- DOUBLE PRECISION DLADL,DTERM,DA.DCN1),DCNDC.DINSTI,OINST.

LOGICAL.! ICOIM
C
C OOWNTO I END DO
C OO~NTO I END BY DEC DO

• 
-
,

- IFIIHAK •E~. 3) GO TO 150IF(II~AK .EQ. 5) 60 TO 200

10 FOMNATI’ 5* FOR STMT ERROR *5 5’)
ZPIAR:0
RETURN

-
* 

- 

- 
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180 CONTINUE
C INC I

~RITE(8.2O) OTERM(IPTR)
20 FORMATI9X,’I -IC ’,5X.A8)
C OFR— ISD

WRITE (o ,30) ISTX (ILV )
30 FOKMAT (IX .’OFR ’,13. ’&’)
C DEC 1

WRITE(8.40) OTERM(IPTR )
40 FOptMAT (9X.’DEC’.5X,A8)

GO TO 300
200 CONTINUE
C ADO INCRM .I

WRI TE ( 8.5 0 )  OTERM (IPTR+3).DTERM(IPTR)
50 FOKIAT (9X ,’AOD’ .SX ,AS, ’.’.Aa)
C GFR—LS~ea

WR1TE (8,30) ISTK(ILV)
C SUB I’ICRM I

WRITEIS,60) DTERM (IPTR+3),DTERM (IPTR)
60 F0RI~AT (9X. ‘SUL3’’SX .A8.’.’.fla)
300 CONTIN UE
C CP-~P I.END

IRITE(8,7O 1 DTERM~ IPTR),DTER~~(1pTR ,i)70 FOHMAT (9X, ‘C tP’ ,5X .A8, ‘i’ ~A8)
C BIlLS .+6

WRITE (8.80)
80 FOHMAT (9K ,’~3HIS’ .kX ,’.,6’)
C ~JI~P ~FD—ISQ

WRIT ((8.90) ISTK (ILV )
90 F0f- MAT(9X. ‘j ~tP’ ,5X,  ‘OP

~L~~~
1l J I

1NAR:O
NIWL !r1:l

RETURN
END

C S*$ S 5 S* *S*S S* *5* *$* *5** S s . .~
SUDROUT INC ErIOFOR
COMMON DLAI3L.DTEKil(5O).DA(3O),QCuu(2Q), DC NOC (~ fl),DINSTi,ui,lST2,

I ICDIM (80),ISTK (100),IjAR ,1 140,
2 LABLSW,MACUO.NE~LIN,IS~ .ILV,IOR.LSTRT 5O ).IPTR
DOUBLE PRECISION DLABL,CTEKM ,DA ,DCND ,DC ,IDC ,DIt-ISTI,DINST)
LOGICAL.! ICDIM

C
C iMP QFR—ISO

WR1TE (is,10I ISTK (ILV )
10 FOftNAT(9X .~ JMP R ,5X,RQFkR .I3 )
C IFU—ISul

l.RITE(8,20) ZSTK (ILV)
20 FORN*T (IX .’QFO’,13.’$R )

IL V :IL V—i
NEWL1NSI -

RETURN
END

C •****.***s.***ssss ..s*s*..**
SUBROUTINE GT
I INOSI

• CALL •TCOLT(IINO )
RETURN

C ***S**I5**55*SS.s*S*SSS**~~~~
SUBROUTINE GE 
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IINO=2
CALL GTEQLT (I IN~ )
RETURN
END

— C •S* s s s *s s s s . s s s s *s . * s s *s s . s s
SUBROUTINE EQ
IIi~O:3
CALL GTEOLTIIIIIO )
RETURN
END

C Ssssss .s . . .s .*sss . .s .ss~~,~~~~
SUbROUTINE NE
IIiiO:4
CALL GTEQLT ( LINO )
RETURN
END

C *******.***.s*s*************
SUBROUIINE LE

• 1INO :S
CALL GTEQLT (IINO I
RETURN
END

C sss* .s . .s .s s . .ss* .sss*s* . .s .
SUBROUTINE LI

• IIIAO:6
CALL GTEQLT(IINO)
RE~URN
END

C ****$***St**5*************s*
SUbROUTINE HI
IU,O=7
CALL GTE QLT (IIr-lo)
RETURN
END

C S** * *S* * * *S* * * * * *$* * * * * *~~$**
SUBROUTINE HIS

I CALL GTEQLT (IINO)
RETURN
END

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SUBROUTINE LOS
IINO:9
CALL GTEOLT (lIrlo)
RETURN
END

C * * * * * * * *5*5*$* *$$5*5S*555$55
SUbROUTINE LO
111 0:10
CALL GTEOLT (IIUo)
RETURN
END

C S********S*****$*S*****~~*~r~~~
SUbROUTINE SETIN
COMMON DLARL.DTCKp4(5O),OA(3O),DCi~u(2O) .DCNoC(2o),oINSTj, oItiST2 .
I ICDIM (5O),I5TK (1OU),~ jj R.~~~o,
2 LABLSW,MACPIO ,NEWLIPI,ISO.ILV ,IOR,ISTRT (50),IPTR
DOUI~L.E PRECISIOn DLA6L .DTLR~4,DA .DCkO ,DCNDC ,DIHST1,DD4ST,
LOGICAL .! ICOIM
VATA 0511 /8HBEI

I
:,

~~

-
~~~~~~~~~~
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DATA DST2 /AHBNE /
MRITE(8.1O) QTEHM (IPIR+1)
WRITE (8.11) OTERM(IPTR)

WRITE (d,12) DTCuM(LPTR+1)
10 FOKMAT (IX,BX,’MOV
ii FOKMAT (IX,BX, ’tJIS
12 FORMAT (IX .8X.’CMP ‘,A8.’. (SP)~~’)UINSTI:OST1

DII.ST2:DST2
IPTR:IPTR+2
INAR:INAR—2
RET URPI

C *s * * * * * * * ***ss ~~s s s a s ~~***S s**
SUbROUTINE. OISJNT
CONRON OLAFIL,DTERM (5O),UA (30),DC-U.i (20).DCNOC (2O),OIUSTI.DIPIST2,
I ICDIM (e0),ISTK (100),IMAR .Ir~.),
2 LABLS,,MACNO,NE~LI,I.ISO.ILV,IOR,ISTRT (5O).IPTF~
DOUBLE I4(ECISI0r~ DLABL,DTER:,DA,OCt~D,DCNDC,DINST 1 .i)IIIST2
LOGICALS1 ICOIM
DATA 0511 /SHBEQ /
DATA 05T2 /8HBNE /
.RITE (8,1O) OTEK 4(IPTR+1)
IRITE I8.11) DTERR (IPTP)

WRITE(a.12) DTERM (1PTR+1)
10 FORMAT (1X,BX ,’MOV
11 FOPCMAT (IX,bX, ’UIC
12 FONMAT (iX.8X,’C~P

DINSTI:OSTI
DINST2:uS12
IPTR:IPTR+2
INAR:IMAR—2
RETURN
END

-I

• 1
- J

*
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