














ERRORS AND MESSAGES

Table 8-2
MACRO Single-Character Error Codes

Code Explanation

A Argument error in pseudo-op. This is a broad class of
errors that can be caused by an improper argument in a
pseudo-op. The A errors include:

1. Symbol used is improperly formed.

2. IFIDN comparison string is too large.
3. OPDEF of macro or SYN.

4. Invalid SIXBIT character.

5. Byte size in BYTE more than 36.

6. RADIX50 code not absolute.

7. End of line of IF reached before < character seen.

8. Assignment made in an address field; for example,
MOVEI A=10. (However, MOVEI <A=10> is valid.)

9. Assignment of a label; for example, TAG: TAG=1.
10. Missing symbol in SYN.

11. Unknown symbol in SYN.

12. Missing right parenthesis in an index.

13. Missing left parenthesis in a BYTE statement.

14. No comma after repeat count.

15. IRP or IRPC not in a macro.

16. Argument for IRP or IRPC is not a dummy symbol; for
example, DEFINE GO (A) IRP B.

17. IRP or IRPC argument is a created symbol.
18. STOPI not in IRP or IRPC.
D Multiply defined symbol. The statement contains a tag

that refers to a multiply defined symbol. The first
definition is used for assembling the statement.

(Continued on next page)
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Table 8-2 (Cont.)
MACRO Single-Character Error Codes

Code Explanation

E Improper use of an EXTERNAL symbol. The E errors include:
1. Symbol both EXTERNAL and internal.
2. EXTERNAL symbol used as accumulator register éddress.
3. EXTERNAL symbol used with IF.

4, EXTERNAL symbol used as address for LOC, RELOC, PHASE,
HISEG, or TWOSEG.

5. EXTERNAL symbol used for array name or size in ARRAY,

6. EXTERNAL symbol used as REPEAT count.

L Literal generates less than 1 or more than 99 words of
data.

M Symbol defined more than once; retains its first
definition. If a -'symbol is first defined as a variable

and later as a label, it retains the 1label definition.

This error can be caused by multiple appearances of TITLE,

or TITLE with UNIVERSAL.

N Number error. The N errors include:

1. Number exceeds the permitted range.

2. B shift not absolute.

3. Digits exceed current radix. If radix 1is 8, the
single character 9 is acceptable but the number 19 is
not acceptable.

4, Character after up-arrow not B, 0, F, L, D, !, or -.

5. 1Illegal expression after E.

(0] Operation code undefined. It is assembled as zeros.
P Phase error. In general, the assembler generates the same
number of program locations in Pass 1 and Pass 2. Any

discrepancy causes a phase error.

Phase errors can be caused by incorrect literal
allocation.

If a symbol is used as a macro to generate code in Pass 1,
and is used as a label in Pass 2, a phase error can occur.

A relocatable label that is defined in a literal and then
used in an arbitrary expression; MACRO generates a Polish
expression instead of treating the label as EXTERNAL.

(Continued on next page)
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Table 8-2 (Cont.)
MACRO Single-Character Error Codes

Code Explanation
Q Questionable. This is a broad class of warnings in which
the assembler finds ambiguous 1language. Statements
causing Q errors may not generate correct code. The Q
errors include:
1. Too many ASCII characters in double quotes ("). Only
the first five are used.
2. Too many SIXBIT characters. Only the first six are
used.
3. Value too large; high-order bits are lost.
4., TIllegal expression after E.
5. 1Illegal control character.
6. Comma detected after all required fields filled; for
example, MOVE 1,2,.
7. HISEG or TWOSEG found after relocatable code
assembled.
8. Instruction memory address operand does not have
either all O0's or all 1's in its left half; for
example, 1,,0 or -4,,-1.
9. More than 18-bit values used in XWD.
R Relocation error. The R errors include:
1. Expression neither absolute nor relocatable.
2. LOC or RELOC used improperly.
3. Relocatable BLOCK size given.
4. Relocatable accumulator address given.
S PSECT usage error. The S errors include:
1. More than 64 distinct PSECT names used.
2. More than 16 levels of PSECT nesting used.
3. PSECT name given with .ENDPS is not the name of the
current PSECT.
U Undefined symbol.
\Y Symbol used to control the assembler is undefined. Make
the definition precede the reference.
X Error in defining or calling a macro during Pass 1.
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8.3 MCRxxx MESSAGES

The MCRxxx messages are issued to the terminal during assembly. (The
XXX represents a 3-letter code.)

Any MCRxxx message that is preceded by a guestion mark 1is normally
fatal under batch processing. A few MCRxxx messages are
informational; these are issued within square brackets.

Table 8-3 gives all the MCRxxx messages. Each 3-letter code and its
message are printed in boldface type. For some messages, an
explanation is printed in lightface type.
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Table 8-3
MCRxxxXx Messages

Code Message and Explanation

ATS LINES/PAGE ARGUMENT TOO SMALL

The argument given must be greater than three to allow space
for the page heading. -

CAP CORE ALLOCATION PROBLEM WITH MEMORY-RESIDENT UNIVERSALS
UNIVERSAL programs assembled with the /U switch must have
the same output specifications as succeeding files. (See
the pseudo-op UNIVERSAL in Chapter 3.) However, if none of
the memory-resident UNIVERSALS are to be searched by
subsequent files in the command sequence, you can clear the
UNIVERSALs and force the needed memory allocation by typing
CTRL/C, followed by START.

CFU CANNOT FIND UNIVERSAL

Correct the request for the UNIVERSAL file, or assemble the
required UNIVERSAL file.

CME COMMAND ERROR
The last command string contains an error.
CTL COMMAND LINE TOO LONG

The last input command étring contains more than 200
characters.

ECF ERROR READING COMMAND FILE
This is a file status error.
EP1 END OF PASS 1

Manual input is required to begin Pass 2 because input is
from cards or terminal.

EPP EXPRESSION PARSING PROBLEM
An expression was misinterpreted because MACRO interpreted a
slash as a division operator, or a hyphen as a subtraction
operator.

ERU UNEXPECTED END-OF-FILE READING UNIVERSAL FILE

EWE ERROR WHILE EXPANDING

MACRO has an internal error in expanding a macro. Rewrite
the macro, and submit a Software Performance Report.

(Continued on next page)
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Table 8-3 (Cont.)
MCRxxx Messages

Code Message and Explanation
IBL INPUT BLOCK TOO LARGE DEVICE
An input block from the specified device is too large.
ICP INPUT CHECKSUM OR PARITY ERROR DEVICE
This is a hard-data error.
IDE INPUT DATA ERROR DEVICE
This is a hard-data error.
ISC ILLEGAL SYNTAX IN CONDITIONAL OR REPEAT
ISD ILLEGAL SYNTAX IN MACRO DEFINITION
The macro is improperly defined.
ISIT ILLEGAL SYNTAX IN [IRP or IRPC] INSIDE MACRO
ISR ILLEGAL SYNTAX IN REPEAT
LNF LOAD THE NEXT FILE
The command string specifies the next file device as card
reader or terminal. Input the file through the appropriate
device.
LRE (?) LOOKUP, RENAME, OR ENTER ERROR
LRE (0) FILE WAS NOT FOUND
LRE (1) NO DIRECTORY FOR PROJECT-PROGRAMMER NUMBER
LRE (2) PROTECTION FAILURE
LRE (3) FILE WAS BEING MODIFIED
LRE (4) RENAME FILE NAME ALREADY'EXISTS
LRE (5) ILLEGAL SEQUENCE OF UUO'S
LRE (6) BAD UFD OR BAD RIB
LRE (7) NOT A SAV FILE
LRE (10) NOT ENOUGH‘CORE
LRE (11) DEVICE NOT AVAILABLE
LRE (12) NO SUCH DEVICE
LRE (13) NO TWO RELOC REG. CAPABILITY

(Continued on next page)
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Table 8-3 (Cont.)
MCRxxx Messages -

Code Message and Explanation

LRE (14) NO ROOM OR QUOTA EXCEEDED
LRE (15) WRITE LOCK ERROR
LRE (16) NOT ENOUGH MONITOR TABLE SPACE
LRE (17) PARTIAL ALLOCATION ONLY
LRE (20) BLOCK NOT FREE ON ALLOCATION
LRE (21) CAN'T SUPERSEDE (ENTER) AN EXISTING DIRECTORY
LRE (22) CAN'T DELETE (RENAME) A NON-EMPTY DIRECTORY
LRE (23) SFD NOT FOUND
LRE (24) SEARCH LIST EMPTY
LRE (25) SFD NESTED TOO DEEPLY
LRE (26) NO-CREATE ON FOR SPECIFIED PATH
LTL LITERAL TOO LONG
MDE MONITOR DETECTED SOFTWARE INPUT ERROR DEVICE
The input file is not in a valid mode.
MPA MISSING CLOSE PAREN AROUND ARG LIST
NEC INSUFFICIENT CORE
Not enough memory is available to assemble the program.
NES NO END STATEMENT ENCOUNTERED ON INPUT FILE
NUF NOT A REAL UNIVERSAL FILE
No such UNIVERSAL file was found.
OBL OUTPUT BLOCK TOO LARGE DEVICE
This is a file-status error.
ocp OUTPUT CHECKSUM OR PARITY ERROR DEVICE
This is a hard-data error.
ODE OUTPUT DATA ERROR DEVICE
This is a hard-data error.

OQE OUTPUT QUOTA EXCEEDED ON DEVICE

OUF UNIVERSAL FILE DEFAULT ARGUMENTS LOST, REASSEMBLE

(Continued on next page)
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Table 8-3 (Cont.)
MCRxxx Messages

Code Message and Explanation

PDL PDP OVERFLOW, TRY /P
See the /P switch in Table 7-1.

PET INPUT PHYSICAL END OF TAPE DEVICE

PGE PRGEND ERROR
See the PRGEND pseudo-op for proper use of PRGEND.

PTC POLISH TOO COMPLEX
A Polish expression is too complex for MACRO to handle.
Restructure or split the expression.

sOC STATEMENT OUT OF ORDER .COMMON
The .COMMON pseudo-op must precede all statements that
generate code, and all references to the COMMON block.

STO SEARCH TABLE OVERFLOW, CANNOT SEARCH UNIVERSAL

TMU TOO MANY UNIVERSALS
Too many UNIVERSAL files are being searched. The number
permitted 1is an assembly parameter; it can be increased by
reassembling MACRO.

uvs UNIVERSAL VERSION SKEW, REASSEMBLE UNIVERSAL
The UNIVERSAL file was assembled with a later version of
MACRO than you are using now. Reassemble the UNIVERSAL
file.

UWU UNABLE TO WRITE UNIVERSAL FILE

WLE OUTPUT WRITE-LOCK ERROR DEVICE







CHAPTER 9

PROGRAMMING CONSIDERATIONS

The previous chapters of this manual define the MACRO language
elements. In particular, the pseudo-op definitions in Chapter 3
define many of MACRO's most important features. However, the
usefulness of some pseudo-ops can be seen only in the context of a
"family" of pseudo-ops.

In this chapter, we discuss three such families of pseudo-ops. The
programming features concerned are:

1. Program segmentation
2. UNIVERSAL files

3. Conditional assembly

9.1 PROGRAM SEGMENTATION
MACRO's relocation counters can accommodate three types of programs:
1. A single-segment program uses only one relocation counter.

2. A two-segment program also uses one relocation counter, and
is characterized by its use of the TWOSEG pseudo-op.

3. A program with PSECTS can use many relocation counters, and
is characterized by 1its use of the (PSECT and .ENDPS
pseudo-ops.

9.1.1 Single-Segment Programs

A single-segment program uses only one relocation counter. This
counter can be used to assign any address from 0 to 777777. The
initial setting of the counter is 0.

As MACRO assembles your program, it places code and data at the
address given by the current wvalue of the relocation counter,
incrementing the counter's value for each word assembled.

For example, a statement can require assembly of one word of code,
incrementing the relocation counter by 1. Another statement can
require assembly of five words of code, incrementing the relocation
counter by 5. Still another statement may not generate code, leaving
the relocation counter unchanged.
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You can reset the wvalue of the relocation counter by wusing the
pseudo-op RELOC with an argument. For example, using RELOC A sets the
value of the relocation counter to the value of A.

In the following example, 100 words are allocated for a table,
incrementing the relocation counter by 100. Then the table length is
calculated as TABLEN. A RELOC TABLE returns to the top of the table,
where the first three words are initialized. Finally a RELOC
TABLE+TABLEN sets the relocation to the foot of the table to continue
assembly.

000000° TARLE? PBRLOCK 100 iAllocate table
000100 TARLEN=,~-TARLE $Table lendth

000000 RELOC TABLE iTor of table

000000° 000000 000001 EXF 19253 $Init first 3

000001’ 000000 000002
0000027 000000 000003
000100° RELOC TARLE+TARLEN $Continue

9.1.2 Two-Segment Programs

By using the TWOSEG pseudo-op, you can divide your program into a high
segment and a low segment. This pseudo-op must precede any statement
in your program that generates code.

The TWOSEG pseudo-op tells MACRO that there will be two segments, and
MACRO generates a REL Block Type 3, which tells LINK to expect two
segments for loading.

You can use TWOSEG either with or without an address argument. There
are important differences between the two:

1. TWOSEG without an argument specifies that the high segment
begins at the address 400000. The initial value of the
relocation counter is at the address 0 in the low segment.

2. TWOSEG with an argument specifies that the high segment
begins at the given address, and further specifies that the
initial value of the relocation counter 1is that address.
(The given address is reduced to the next lower multiple of
2000 octal; if this result is 0, MACRO treats the TWOSEG as
if no argument were given.)

The high-segment starting address divides all code into two segments.
MACRO and LINK consider all code at addresses above the high-segment
address to be in the high segment, and all other code to be in the low
segment.

MACRO always remembers the value the relocation counter had before the
last RELOC found. (This stored value is initially 0.)

Therefore in a two-segment program, you can begin in one segment, and
then RELOC to the other. From then on, you can switch segments simply
by using RELOC with no argument. MACRO will begin assigning addresses
at the first unused location in the opposite segment.
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For example,

400000 TWOSEG

000000’ 000000 000001 EXF 1,2 iLo~sed
000001’ 000000 000002

4000007 RELOC 400000 Hi~se

400000’ 000000 000003 EXF 3v4

4000017 000000 000004

000002’ RELOC ilo-sed
000002’ 000000 000005 EXF Gr6

000003’ 000000 000006

400002~ RELOC tHi-sesd
4000027 000000 000007 EXF 7y10

4000037 000000 000010

9.1.3 Programs With PSECTs

You can construct a program having up to 64 segments by using the
.PSECT and .ENDPS pseudo-ops. These pseudo-ops control switching
among program segments (PSECTs).

Each PSECT has its own relocation counter; each 1is separately
relocated at 1load time. Therefore a program with two PSECTs is
different from a two-segment program in that the PSECTed program has
two relocation counters, while the two-segment program has only one.

The pseudo-op .PSECT specifies that code should be assembled for a
given PSECT. For example, .PSECT A specifies that code is to be
assembled in the program segment (PSECT) called A. The pseudo-op
.ENDPS ends assembly in the current PSECT.

PSECTs can be nested up to 16 levels. 1In a nested PSECT, the .ENDPS
pseudo-op begins assembly in the next outer PSECT; in an unnested
PSECT, .ENDPS begins assembly in the blank PSECT. (You can think of
the blank PSECT as being outside of all your explicitly declared
PSECTs.)

Here is an example showing three PSECTs (A, B, and C):

00000000 000000 000001 EXF 1.2 iBlank FSECT
000001700 000000 000002

000000701 +FSECT A ilat FSECT
00000001 000000 000003 EXF 3,4

000001701 000000 000004

000000702 +FSECT R $2nd FSECT (nested)
000000702 000000 000005 EXF 5¢6

000001702 000000 000006

000002701 +ENDFS R ilst FSECT
00000201 000000 000007 EXF 7+10

00000301 000000 000010

000002700 LENDFS A $iBlank FSECT
000002700 000000 000011 EXF 11,12

000003700 000000 000012

00000003 +FSECT C #3rd FSECT
000000703 000000 000013 EXF 13y14

000001703 000000 000014

000004700 +ENDFS C iRlank FSECT
00000202 +FSECT R $2md FPSECT
00000202 000000 000015 EXF 15,16

000003702 000000 000016

00000400 +ENDFS R iRlank FSECT
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In the example, the blank PSECT surrounds everything. Embedded in the
blank PSECT are:

1. PSECT A (which also nests some of PSECT B)

2. PSECT C

3. Another segment of PSECT B
Each PSECT used in a program generates the PSECT name as a global
symbol. At load time, this symbol will take the value of the origin
specified for the PSECT.
When LINK loads your program, all the parts of the same PSECT are
loaded together. These parts can be in more than one program, or in

more than one file. For details of LINK's handling of PSECTs at load
time, see the LINK Reference Manual.

9.2 UNIVERSAL FILES

A UNIVERSAL file contains direct-assignment symbol definitions. The
symbols defined can have any attributes.

A UNIVERSAL file is convenient because it can contain definitions that
you want for many programs. Those programs can then obtain the
definitions by your use of the SEARCH pseudo-op. This searching adds
to the assembly only those definitions that are needed; other
definitions in the UNIVERSAL file are not used.

To build a UNIVERSAL file from a MACRO source file, insert the
pseudo-op

UNIVERSAL filespec

where the filespec gives the file for output of the UNIVERSAL file.
This file will contain all the symbols and definitions given in the
program.

Another program can obtain these definitions if it contains the SEARCH
pseudo—-op:

SEARCH filespec

where filespec names the UNIVERSAL file. At the end of Pass 1
assembly, MACRO will search the UNIVERSAL file for any undefined
symbols. If a definition is found in the UNIVERSAL file, MACRO moves
it into the symbol tables of the current program.

For example, a UNIVERSAL file can contain definitions for register
mnemonics:

UNIVERSAL REGS

000000 RO=0
000001 R1=1
000002 R2=2
000003 R3:=3
000004 T1=4
000005 . T2=5
000016 - SF=16
000017 F=17
END
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Then another assembly can obtain these by using the SEARCH REGS
pseudo-op:

SEARCH REGSH

000000° 000 00 0 00 000000 Z ROy
000001~ 000 01 0 00 000000 Z Rl
0000027 000 02 0 00 000000 Z R2»
000003’ 000 03 0 00 000000 Z R3»
0000047 000 04 0 00 000000 Z T1,
0000057 000 05 0 00 000000 Z T2y
000006 000 16 0 00 000000 Z 8F,
0000077 000 17 0 00 000000 Z Fy

A UNIVERSAL file can contain definitions for any user-defined symbols.
You may find it convenient to build UNIVERSAL files containing macros,
OPDEFs, and direct-assignment symbols that vyou use often in your
programs. '

An example of a UNIVERSAL program appears in the program examples in
Appendix D.

9.3 CONDITIONAL ASSEMBLY

Using conditional assembly in your programs can make programming
easier, and can make your assembled programs shorter. The pseudo-ops
used for conditional assembly are IRP, IRPC, STOPI, .IF, .IFN, and the
IFx group. IRP, IRPC, and STOPI are discussed fully in Chapter 3 and
Section 5.6.

We will confine the discussion here to a few <c¢lassic uses of the
remaining conditional assembly pseudo-ops. i

The first of these is the use of IFNDEF to establish default switch
settings for a program. The example here is from the MACRO program
itself, and concerns assembly of F40-switch-dependent symbols.

Near the beginning of the code, MACRO has the statement:

IFNDEF F40 <F40==0>

This statement has effect only if the symbol F40 is not defined, in
which case the statement F40== is assembled. This sets the F40
switch to "off."

But if a file defining F40 is assembled with (and before) the MACRO
source file, then the statement F40==0 is not assembled, leaving the
"outside" definition in force.

Therefore the statement IFNDEF F40 <F40==0> serves as a default
definition for F40, and this default is wused only if no other
definition overrides it.

Another application of conditional assembly 1is connected with the
symbol F40. In MACRO's program segments on symbol searching, some

symbols will be defined (and therefore found in the search) only if
the F40 switch is "on."
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Here is how MACRO's code handles these symbols. There 1is a code
sequence as follows:

iMACRO TO HANDLE F40 UUOS

IFE FA40,«
DEFINE XF (SByCD) < sNULL MACRO
IFN F40,<SYN X»XFo SUSUAL X MACRO

The "usual X macro" is merely a macro to set up symbols to be defined
and the code to assemble on finding them. The macro XF will be used
to handle definitions for F40 UUOs.

Now if the F40 switch is on, the macro XF is made synonymous with the
macro X, and the F40 UUOs are defined in the same way as other
operators. But if the F40 switch is off, XF is made a null macro so
that all the F40 UUOs are ignored during assembly and are not defined
to MACRO.

The assembly of the F40 UUOs depends on the value of the F40 switch,
and the wvalue of the switch depends on its definition. If MACRO had
no IFNDEF F40 statement, an "outside" file would have to define the
switch at every assembly of MACRO. But the default definition allows
assembly of MACRO alone, and the outside file is needed only to turn
the switch on.

Examples of conditional assembly are shown in the program examples in
Appendix D.
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MACRO CHARACTER SETS

Table A-1 gives the 101 ASCII characters allowed in MACRO and their
octal ASCII <codes; the 64 SIXBIT characters and their octal SIXBIT
codes; and the 40 RADIX50 characters and their octal RADIX50 codes.

Table A-1
MACRO Character Sets
ASCII SIXBIT RADIX50
Character Code Code Code
(horizontal tab) 011
(linefeed) 012
(vertical tab) 013
(formfeed) 014
(carriage-return) 015
(CTRL/Z) 032
(CTRL/_) 037
(blank) 040 00 00
! 041 01
" 042 02
# 043 03
$ 044 04 46
% 045 05 47
& 046 06
' 047 07
( 050 10
) 051 11
* 052 12
+ 053 13
’ 054 14
- 055 15
. 056 16 45
/ 057 17

(Continued on next page)
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Table A-1 (Cont.)
MACRO Character Sets

ASCII SIXBIT RADIX50
Character Code Code Code

0 060 20 01
1 061 21 02
2 062 22 03
3 063 23 04
4 064 24 05
5 065 25 06
6 066 26 07
7 067 27 10
8 070 30 11
9 071 31 12
: 072 32

; 073 33

< 074 34

= 075 35

> 076 36

? 077 37

4 100 40

A 101 41 13
B 102 42 14
C 103 43 15
D 104 44 16
E 105 45 17
F 106 46 20
G 107 47 21
H 110 50 22
I 111 51 23
J 112 52 24
K 113 53 25
L 114 54 26
M 115 55 27
N 116 56 30
0 117 57 31
P 120 60 32
Q 121 61 33
R 122 62 34
S 123 63 35
T 124 64 36
U 125 65 37
v 126 66 40
W 127 67 41

(Continued on next page)
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Table A-1 (Cont.)
MACRO Character Sets

Character

ASCII
Code

SIXBIT
Code

RADIXS50
Code

Y S N XK

l

O3 HXWR DS QMO QAUQTD

£ <Cc i QT

N X

130
131
132
133
134
135
136
137

141
142
143
144
145
146
147

150

152
153
154
155
156
157

160
lel
162
163
164
165
166
167

170
171
172

42
43
44







APPENDIX B

MACRO SPECIAL CHARACTERS

Characters and combinations having special interpretations in MACRO
are given 1in Table B-1. These 1interpretations apply only in the
contexts described. 1In particular, they do not apply within text
strings or comment fields.

For each usage of special characters, a <cross-reference to a text
discussion 1is given in the rightmost c¢olumn of the table. For
references to pseudo-ops, only the pseudo-op name 1is given; all
pseudo-ops are discussed in alphabetical order in Chapter 3.



Table B-1

Interpretations of Special Characters

Characters Context Form Interpretation Discussed in
Section

B between two mBn causes the binary representation

integer of m to be placed with rightmost

expressions bit at bit n (decimal). 2.2.6
"B before integer “Bn shows that n is a binary number. 2.2.2

expression
°D before integer “Dn shows that n is a decimal number. 2.2.2

expression
E “between floating- fE+n multiplies f by the

point decimal +nth power of 10.

number and signed

decimal integer 2.2.5
°F before integer “Fn shows that n is a fixed-

expression point decimal number. 2.2.4
G after integer nG suffixes nine zeros to n. 2.2.3
K after integer nK suffixes three zeros to n. 2.2.3
“L before decimal “Ln generates the number of leading

integer zeros in the binary representa-

expression tion of n. 2:.2.8
M after integer nM suffixes six zeros to n. 2.2.3

(Continued on next page)
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Table B-1 (Cont.)
Interpretations of Special Characters

Characters Context Form Interpretation Discussed in
Section
e before integer “On shows that n is an octal number. 2.2.2
expression
: after symbol sym: shows that sym is a label. 2.4.2.1, 4.1, 4.5
after symbol sym:: shows that sym is a
global INTERNAL label. 2.4.2.1, 4.1, 4.5
! after symbol sym: ! shows that sym is a label, ’
but not to be output by debugger. 2.4.2.1, 4.1, 4.5
HH after symbol symz:z:! shows that sym is a global
INTERNAL label, but not to be
output by debugqger. 2.4.2.1, 4.1, 4.5
; before end of stext shows that text is a comment.
line 4.4, 4.5
¥ before end of ;i text shows that text is a comment
line (usually to be printed in the macro 4.4, 4.5
in a macro) definition but not at call.
. as expression generates current value of the
location counter. 2.3, 4.6
. embedded in int.fr shows that int.fr is a
numerals floating-point decimal number. 2.2.5

(Continued on next page)

SYALOVIVYHD TVIDAJS OYIOVW



MACRO SPECIAL CHARACTERS

Table B-1 (Cont.)
Interpretations of Special Characters

Characters Context Form Interpretation Discussed in
Section
’ among numbers ' delimits operands, accumulator, 4.3, 4.5
and symbols arguments. 5.1, 5.2
' among numbers 'y delimits a null macro argument. 5.2, 5.5
and symbols
. between two lhw, ,rhw delimits left halfword (lhw)
expressions from right halfword (rhw). 2.5.4.1
! between two AlB generates the logical
expressions inclusive OR of A and B. 2.5.2
"1 between two ATIB generates the logical
expressions exclusive OR of A and B. 2.5.2
& between two AsB generates the logical
expressions AND of A and B. 2.5.2
c- before expression “-A generates one's complement of value
of A (logical NOT). 2.5.2
* between two A*BR generates product of A and B.
expressions 2.5.1
/ between two A/B generates quotient of A by B.
expressions 2.5.1
+ between two A+B generates sum of A and B.
expressions 2.5.1

(Continued on next page)
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Table B-1 (Cont.)

Interpretations of Special Characters

Characters

Ht

Context

between two
expressions

before an
expression

around text

around text

adjoining dummy
argument in
macro body

after symbol

after symbol

prefixed to
expression
in macro call

Form

"text"

'text!

text'darg
or
darg'text

sym#

sym##

\expr

Interpretation

generates difference of A and B.

generates the two's complement
of the value of A.

shows that text is a 7-bit ASCII
string, to be right justified
in field of five characters.

shows that text is a SIXBIT
string, to be right justified
in field of six characters.

concatenates passed argument to
text at call to macro.

shows that sym is a variable
symbol, whose address is usually
at the end of the binary program.

shows that sym is a global
EXTERNAL symbol.

directs that the argument passed be
the string for the ASCII value of
expr in the current radix.

Discussed in
Section

ASCII, ASCIZ

SIXBIT

2.4.3

2.4.5.2

5.7.1

(Continued on next page)
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Table B-1 (Cont.)

Interpretations of Special Characters

Characters Context Form Interpretation Discussed in
Section
\' prefixed to \'expr directs that the argument passed be
expression the string whose SIXBIT code is
in macro call the value of expr. 5.7.3
\" prefixed to \"expr directs that the argument passed be
expression the string whose ASCII code is
in macro call the value of expr. 5.7.3
CTRL/— before CR-LF CTRL/_. continues argument to next line; does
(CONTROL- not operate across end-of-macro. 5.2.1
underscore)
— between two A_B shifts the binary representation
expressions of A to the left B positions.
(If B is negative, shift is to right.) 2.2.6
@ prefixed to @address sets bit 13 of the instruction word,
address indicating indirect addressing. 4.7.1
% 1st character ¢darg directs that %darg be replaced by a

of dummy argument
in macro definition

created symbol at macro call; MACRO
will substitute a different symbol
for it on each use of the macro. 5.5.2

encloses index field; encloses dummy

arguments in macro definition;

quotes characters for macro »

argument handling; swaps the two 4.
5

7.1, 5.1
halves of enclosed value. .2.2

.

(Continued on next page)
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Table B-1 (Cont.)
Interpretations of Special Characters

Characters Context Form Interpretation Discussed in
Section
< > {owo nests expressions; encloses
conditional assembly code;
encloses code in REPEAT, IRP,
and IRPC pseudo-ops; encloses 2.5.4
macrobody in DEFINE pseudo-op; IFx, .IF, .IFN,
quotes characters for macro REPEAT, IRP,
argument handling; forces IRPC, DEFINE,
evaluation of symbol. 5.1, 5.2.2
[ 1 [...] delimits literals; delimits argument
in ARRAY, .COMMON, and OPDEF 2.3, ARRAY,
pseudo-ops; gquotes characters .COMMON, OPDEF,
for macro argument handling. 5.2.2
= between symbol sym=exp assigns value of exp to sym. )
and expression 2.4.2.2, 4.5
== between symbol sym==exp assigns value of exp to sym but
and expression sym is not output by debugger. 2.4.,2.2, 4.5
=: between symbol Sym=:exp assigns value of exp to sym and
and expression declares sym as global INTERNAL. 2.4.2.2, 4.5
==: between symbol SYym==:exp assigns value of exp to sym and
and expression declares sym as global INTERNAL,
' but sym is not output by debugger. 2.4.2.2, 4.5
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APPENDIX C

MACRO-DEFINED MNEMONICS

This appendix contains tables showing all of MACRO's defined mnemonics
and the code they generate. These mnemonics, together with the
pseudo-ops and the special characters given in Appendix B, make up the
entire MACRO language.

NOTE

Throughout this appendix, the following
notes apply to the tables:

* Indicates mnemonic defined only if MACRO
is assembled with the KL10 switch on.

** TIndicates mnemonic defined only if MACRO
is assembled with the KI10 switch on.

*** Indicates mnemonic defined only if MACRO
is assembled with the F40 switch on.

C.1 MACHINE INSTRUCTION MNEMONICS

Table C-1 shows MACRO's machine instruction mnemonics and the code
assembled by each mnemonic. See Section 4.7 for a discussion of
machine instructions used in programs.



MACRO-DEFINED MNEMONICS

Table C-1
Machine Instruction Mnemonics

270 00 0 00 000000 ADD - 303 00 0 00 000000 CAILE
273 00 0 00 000000 ADDB 306 00 0 00 000000 CAIN
271 00 0 00 000000 ADDI 310 00 0 00 000000 CAM
272 00 0 00 000000 ADDM 314 00 0 00 000000 CAMA
133 00 0 00 00O0O0OCO *ADJBP 312 00 0 00 000000 CAME
105 00 0 00 0000GOO *ADJSP 317 00 0 00 00000OC CAMG
404 00 0 00 000000 AND 315 00 0 00 00000C CAMGE
407 00 0 00 00O0OCOO ANDB 311 00 0 00 000OGOOC CAML
410 00 O 00 000000 ANDCA 313 00 0 00 000COO CAMLE
413 00 0 00 00O0O0OO ANDCAB 316 00 0 00 000000 CAMN
411 00 0 00 000000 ANDCATI 400 00 0 00 000000 CLEAR
412 00 0 00 000000 ANDCAM 403 00 0 00 000000 CLEARB
440 00 0 00 0060OOO ANDCB 401 00 0 00 0O0O0OOO CLEARI
443 00 0 00 000000 ANDCBB 402 00 0 00 000000 CLEARM
441 00 0 00 000000 ANDCBI 114 00 0 00 000000 *DADD
442 00 0 00 0000OGO ANDCBM 117 00 0 00 000000 *DDIV
420 00 0 00 00OOOO ANDCM 110 00 0 00 000000 **DFAD
423 00 0 00 000CGOO ANDCMB 113 00 0 00 000000 **DFDV
421 00 0 00 000000 ANDCMI 112 00 0 00 000000 **DFMP
422 00 0 00 0000GOO ANDCMM 131 00 0 00 000000 DFN
405 00 0 00 000000 ANDI 111 00 0 00 000000 **DFSB
406 00 0 00 0000O0O ANDM 234 00 0 00 000000 DIV
253 00 0 00 000000 AOBJN 237 00 0 00 000000 DIVB
252 00 0 00 000000 AOBJP 235 00 0 00 000000 DIVI
340 00 0 00 000000 AOJ 236 00 0 00 000000 DIVM
344 00 0 00 000000 AOJA 120 00 0 00 000000 **DMOVE
342 00 0 00 000000 AOJE 124 00 0 00 000000 **DMOVEM
347 00 0 00 000O0OO A0JG 121 00 0 00 000000 **DMOVN
345 00 0 00 0O0O0OOO AOJGE 125 00 0 00 000000 **DMOVNM
341 00 0 00 o00OOOO AOJL 116 00 0 00 000000 *DMUL
343 00 0 00 000000 AOJLE 137 00 0 00 000000 DPB
346 00 0 00 000000 AOJN 115 00 0 00 000000 *DSUB
350 00 0 00 000000 AOS 444 00 0 00 000000 EQV
354 00 0 00 0000OCO AQOSA 447 00 0 00 000000 EQVB
352 00 0 00 000O0OOC AOSE 445 00 0 00 000COO EQVI
357 00 0 00 000000 AOSG 446 00 0 00 000000 EQVM
355 00 0 00 000000 AOSGE 250 00 0 00 000000 EXCH
351 00 0 00 000000 AOSL 123 00 0 00 000000 *EXTEND
353 00 0 00 00000O AOSLE 140 00 0 00 000000 FAD
356 00 0 00 000OOO AOSN 143 00 0 00 000000 FADB
320 00 0 00 000OOO ARG 141 00 0 00 000000 FADL
240 00 0 00 000000 ASH 142 00 0 00 000000 FADM
244 00 0 00 000O0OO ASHC 144 00 0 00 000000 FADR
251 00 0 00 00OGOO BLT 147 00 0 00 000000 FADRB
300 00 0 00 000000 CAI 145 00 0 00 000000 FADRI
304 00 0 00 000000 CAIA 146 00 0 00 000000 FADRM
302 00 0 00 000000 CAIE 170 00 0 00 000000 FDV
307 00 0 00 oo00OOOO CAIG 173 00 0 00 000000 FDVB
305 00 0 00 000000 CAIGE 171 00 0 00 000000 FDVL

0 0

301 00 00 000000 CAIL 172 00 00 000000 FDVM

(Continued on Next Page)



MACRO-DEFINED MNEMONICS

Table C-1 (Cont.)
Machine Instruction Mnemonics

174 00 0 00 000000 FDVR - 547 00 0 00 000000 HLRS
177 00 0 00 000000 FDVRB 554 00 0 00 000000 HLRZ
175 00 0 00 000000 FDVRI 555 00 0 00 000000 HLRZI
176 00 0 00 000000 FDVRM | 556 00 0 00 000000 HLRZM
126 00 0 00 000000 **FIXR 557 00 0 00 0000OCO HLRZS
127 00 0 00 000000 **FLTR , 504 00 0 00 000000 HRL
160 00 0 00 000O0OO FMP 534 00 0 00 000000 HRLE
163 00 0 00 000000 FMPB 535 00 0 00 000000 HRLEI
161 00 0 00 000000 FMPL 536 00 0 00 000000 HRLEM
162 00 0 00 000000 FMPM 537 00 0 00 000000 HRLES
164 00 O 00 000000 FMPR _ 505 00 0 00 000000 HRLI
167 00 0 00 000000 FMPRB 506 00 0 00 000000 HRLM
165 00 0 00 00O0O0OO FMPRI 524 00 0 00 000000 HRLO
166 00 0 00 000000 FMPRM 525 00 0 00 000000 HRLOI
150 00 0 00 000000 FSB 526 00 0 00 000000 HRLOM
153 00 0 00 o000O0OO FSBB . 527 00 0 00 000000 HRLOS
151 00 0 00 000000 FSBL 507 00 0 00 000000 HRLS
152 00 0 00 000000 FSBM 514 00 0 00 000000 HRLZ
154 00 0 00 000000 FSBR 515 00 0 00 000000 HRLZTI
157 00 0 00 000000 FSBRB 516 00 0 00 000000 HRLZM
155 00 0 00 000000 FSBRI 517 00 0 00 000000 HRLZS
156 00 0 00 000000 FSBRM 540 00 0 00 00000C HRR
132 00 0 00 000000 FSC 570 00 0 00 000000 HRRE
500 00 0 00 00COOO HLL 571 00 0 00 000000 HRREI
530 00 0 00 000000 HLLE 572 00 0 00 000000 HRREM
531 00 0 00 000000 HLLEI 573 00 0 00 000000 HRRES
532 00 0 00 000000 HLLEM 541 00 0 00 000000 HRRI
533 00 0 00 00OOOO HLLES 542 00 0 00 000000 HRRM
501 00 0 00 000000 HLLI 560 00 0 00 000000 HRRO
502 00 0 00 000000 HLLM 561 00 0 00 000000 HRROI
520 00 0 00 000000 HLLO 562 00 0 00 000000 HRROM
521 00 0 00 000000 HLLOI 563 00 0 00 000000 HRROS
522 00 0 00 000000 HLLOM 543 00 0 00 000000 HRRS
523 00 0 00 0000O0O HLLOS 550 00 0 00 000000 HRRZ
503 00 0 00 000000 HLLS 551 00 0 00 000000 HRRZI
510 00 0 00 000000 HLLZ 552 00 0 00 000000 HRRZM
511 00 0 00 000000 HLLZI 553 00 0 00 000000 HRRZS
512 00 0 00 000000 HLLZM 133 00 0 00 000000 IBP
513 00 0 00 000000 HLLZS 230 00 0 00 000O0OO IDIV
544 00 0 00 000000 HLR 233 00 0 00 000000 IDIVB
574 00 0 00 000000 HLRE 231 00 0 00 000000 IDIVI
575 00 0 00 000000 HLREI 232 00 0 00 000000 IDIVM
576 00 0 00 000000 HLREM 136 00 0 00 000000 IDPB
577 00 0 00 000000 HLRES 134 00 0 00 00000OC ILDB
545 00 0 00 000000 HLRI 220 00 0 00 000000 IMUL
546 00 0 00 000000 HLRM 223 00 0 00 0000OO IMULB
564 00 0 00 000000 HLRO 221 00 0 00 000OOCOO IMULI
565 00 0 00 000000 HLROI 222 00 0 00 000000 IMULM
566 00 0 00 000000 HLROM 434 00 0 00 000000 IOR
567 00 0 00 000000 HLROS 437 00 0 00 000000 IORB

(Continued on Next Page)
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Table C-1 (Cont.)
Machine Instruction Mnemonics

435 00 0 00 000000 IORI 471 00 0 00 000000 ORCBI
436 00 0 00 000000 IORM 472 00 0 00 000000 ORCBM
255 00 0 00 000000 JFCL 464 00 0 00 000000 ORCM
243 00 0 00 000000 JFFO 467 00 0 00 000000 ORCMB
267 00 0 00 000000 JRA 465 00 0 00 000000 ORCMI
254 00 0 00 000000 JRST 466 00 0 00 000000 ORCMM
266 00 0 00 000000 JSA 435 00 0 00 000000 " ORI
265 00 0 00 000000 JSP 436 00 0 00 000000 ORM
264 00 0 00 000OOO JSR 262 00 0 00 000000 POP
104 00 0 00 00000OC JSYS 263 00 0 00 000000 POPJ
320 00 0 00 000000 JUMP 261 00 0 00 000000 PUSH
324 00 0 00 0OOOOCO JUMPA 260 00 0 00 o000O0OOC PUSHJ
322 00 0 00 000000 JUMPE 241 00 0 00 000000 ROT
327 00 0 00 000000 JUMPG 245 00 0 00 0060000 ROTC
325 00 0 00 000000 JUMPGE 424 00 0 00 000000 SETA
321 00 0 00 000000 JUMPL 427 00 O 00 0000600 SETAB
323 00 0 00 000000 JUMPLE . 425 00 0 00 000000 SETAI
326 00 0 00 000000 JUMPN 426 00 0 00 000000 SETAM
135 00 0 00 000000 L.DB 450 00 0 00 000000 SETCA
242 00 0 00 000OOO LSH 453 00 0 00 000000 SETCAB
246 00 0 00 000000 LSHC 451 00 0 00 000000 SETCAI
257 00 0 00 000000 **MAP 452 00 0 00 0000COO SETCAM
200 00 0 00 000000 MOVE 460 00 0 00 000000 SETCM
201 00 0 00 00O00OO MOVEI 463 00 0 00 000000 SETCMB
202 00 0 00 000000 MOVEM 461 00 0 00 000000 SETCMI
203 00 0 00 0O000OO MOVES 462 00 0 00 000000 SETCMM
214 00 0 00 000000 MOVM 414 00 0 00 000000 SETM
215 00 0 00 000000 MOVMI 417 00 0 00 000000 SETMB
216 00 0 00 00O00OO MOVMM 415 00 0 00 000000 SETMI
217 00 0 00 00000OC MOVMS 416 00 0 00 000000 SETMM
210 00 0 00 000000 MOVN 474 00 0 00 000000 SETO
211 00 0 00 000000 MOVNI 477 00 0 00 0000C00 SETOB
212 00 0 00 00O0OCOO MOVNM 475 00 0 00 000000 SETOI
213 00 0 00 00O0CGOO MOVNS 476 00 0 00 000O0OO SETOM
204 00 0 00 OGoOOOO MOVS 400 00 0O 00 000000 SETZ
205 00 0 00 000000 MOVSTI 403 00 0 00 000000 SETZB
206 00 0 00 0OO0O0OCOO MOVSM 401 00 O 00 000000 SETZ1I
207 00 0 00 000O0OO MOVSS 402 00 0 00 00000C SETZIM
224 00 0 00 000000 MUL 330 00 0 00 000000 SKIP
227 00 0 00 0O0O0COO MULB 334 00 0 00 000000 SKIPA
225 00 0 00 000000 MULI 332 00 0 00 000000 SKIPE
226 00 0 00 000000 MULM 337 00 0 00 000000 SKIPG
434 00 0 00 0000OO OR 335 00 0 00 000000 SKIPGE
437 00 0 0C 000000 ORB 331 00 0 00 000000 SKIPL
454 00 0 00 000000 ORCA 333 00 0 00 000OCOO SKIPLE
457 00 0 00 00000OC ORCAB 336 00 0 00 0000COO SKIPN
455 00 0 00 000000 ORCAI 360 00 0 00 000000 S0J
456 00 0 00 000000 ORCAM 364 00 0 00 000000 SOJA
470 00 0 00 000000 ORCB 362 00 0 00 000000 SOJE
473 00 0 00 000000 ORCBB 367 00 0 00 000000 S0JG

(Continued on Next Page)
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Table C-1 (Cont.)
Machine Instruction Mnemonics

365 00 0 00 000000 SOJGE 667 00 0 00 000000 TLON
361 00 0 00 000000 SOJL 621 00 0O 00 000000 TLZ

363 00 0 00 000000 SOJLE 625 00 0 00 000000 TLZA
366 00 0 00 000000 SOJN 623 00 0 00 000000 TLZE
370 00 0 00 000000 S0OsS 627 00 0 00 000000 TLZN
374 00 0 00 000000 SOSA 640 00 O 00 000000 TRC

372 00 0 00 000000 SOSE 644 00 0 00 000000 - TRCA
377 00 0 00 000000 SOSG 642 00 0 00 000000 TRCE
375 00 0 00 000000 SOSGE 646 00 0O 00 000000 TRCN
371 00 0 00 000000 SOSL 600 00 O 00 000000 TRN

373 00 0 00 00000CO SOSLE 604 00 0 00 000000 TRNA
376 00 0 00 000000 SOSN 602 00 0 00 0000OCC TRNE
274 00 0 00 00000OC SUB 606 00 0 00 000000 TRNN
277 00 0 00 000000 SUBB 660 00 0 00 000000 TRO

275 00 0 00 000000 SUBI 664 00 0 00 00000OC TROA
276 00 0 00 000000 SUBM 662 00 0 00 000000 TROE
650 00 0 00 000000 TDC 666 00 0 00 000000 TRON
654 00 0 00 000000 TDCA 620 00 0 00 000000 TRZ

652 00 0 00 000000 TDCE 624 00 0 00 000000 TRZA
656 00 0 00 000000 TDCN - 622 00 0 00 000000 TRZE
610 00 0 00 000000 TDN 626 00 0 00 000000 TRZN
614 00 0 00 000000 TDNA 651 00 0 00 000000 TSC

612 00 0 00 000000 TDNE 655 00 0 00 000000 TSCA
616 00 0 00 000000 TDNN 653 00 0 00 000000 TSCE
670 00 0 00 000000 TDO 657 00 0 00 000000 TSCN
674 00 0 00 000000 TDOA 611 00 0 00 000000 TSN

672 00 0 00 000000 TDOE 615 00 0 00 000000 TSNA
676 00 0 00 000000 TDON 613 00 0 00 000000 TSNE
630 00 O 00 000000 TDZ 617 00 0 00 0000OO TSNN
634 00 0 00 000000 TDZA 671 00 0 00 000000 TSO

632 00 0 00 000000 TDZE 675 00 0 00 000000 TSOA
636 00 O 00 000000 TDZN 673 00 0 00 000000 TSOE
641 00 0 00 0000OCO TLC 677 00 0 00 000000 TSON
645 00 0 00 0000600 TLCA 631 00 0 00 000000 TSZ

643 00 0 00 000000 TLCE 635 00 0 00 000000 TSZA
647 00 0 00 000000 TLCN 633 00 0 00 000000 TSZE
601 00 0 00 000000 TLN 637 00 0 00 000000 TSZN
605 00 0 00 000000 TLNA 130 00 0 00 0000600 UFA

603 00 0 00 000000 TLNE 256 00 0 00 000000 XCT

607 00 0 00 000000 TLNN 430 00 0 00 000000 XOR

661 00 0 00 000000 TLO 433 00 0 00 O00O0OOOC XORB
665 00 0 00 000000 TLOA 431 00 O 00 000000 XORI
663 00 0 00 000000 TLOE 432 00 0 00 000000 XORM




MACRO-DEFINED MNEMONICS

C.2 I/O0 INSTRUCTION AND DEVICE CODE MNEMONICS

Table C-2 shows MACRO's I/O instruction mnemonics and the c¢ode each
assembles. Note that I/0 machine instructions are executable only in
executive mode.

Table C-2
I/0 Instruction Mnemonics

7 000 00 0 00 0OO0O0OOO BLKI 7 000 30 0 00 000000 CONSZ
7 000 10 0 00 0000COO BLKO 7 000 04 0 00 000000 DATAI
7 000 24 0 00 000000 CONI 7 000 14 0 00 000O0O0O DATAO
7 000 20 0 00 00000C CONO 7 000 04 0 00 000000 RSW

7 000 34 0 00 0000OO CONSO

Table C-3 shows MACRO's I/0 device code mnemonics. Each is assembled
with the I/O instruction mnemonic DATAI so that the value of the
device code will be in its proper field. 1In the first table entry,
for example, the assembled code is:

7 024 04 0 00 000000

where the 7 and 04 are generated by the DATAI instruction, and the 024
by the ADC device code mnemonic.

NOTE

MACRO leaves these device code mnemonics
as undefined symbols during Pass 1. At
the end of Pass 1, the mnemonics are
found 1in MACRO's tables only if one or
more I/O instructions have been found.

Therefore, if a device code mnemonic 1is
not assembled in Pass 1, or if no I/O
instruction mnemonics were found, MACRO
will not have defined the device code
mnemonic.
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Table C-3
I/0 Device Code Mnemonics

NN NN NN N NN NNN N NNSNNNSN NN YNNNNENNNNNGNSN N NN NNNGNNNNNNNNNa

024 04 0 00 000000 DATAI ADC,
030 04 0 00 000000 DATAI ADC2,
000 04 0 00 000000 DATAI APR,
014 04 0 00 000000 DATAI CCI,
110 04 0 00 000000 DATAI CDP,
114 04 0 00 000000 DATAI CDR,
070 04 0 00 000000 DATAI CLK,
074 04 0 00 000000 DATAI CLK2,
000 04 0 00 0O0OOOO DATAI CPA,
150 04 0 00 000000 DATAI CR,
154 04 0 00 000000 DATAI CR2,
200 04 0 00 000000 DATAI DC,
204 04 0 00 000000 DATAI DC2,
300 04 0 00 0000OCO DATAI DCSA,
304 04 G 00 00OOOCO DATAI DCSB,
270 04 0 00 000000 DATAI DDC,
274 04 0 00 000000 DATAI DDC2,
270 04 0 00 000000 DATAI DF,
130 04 0 00 000000 DATAI DIS,
134 04 0 00 00000OC DATAI DIS2,
060 04 0 00 000000 DATAI DLB,
160 04 0 00 000000 DATAI DLB2,
064 04 0 00 000000 DATAI DLC,
164 04 0 00 000000 DATAI DLC2,
240 04 0 00 0000O0O DATAI DLS,
244 04 0 00 00O00OO DATAI DLS2,
250 04 0 00 000000 DATAI DPC,
254 04 0 00 0O0O0OOO DATAI DPC2Z,
260 04 0 00 000000 DATAI DPC3,
264 04 0 00 000000 DATAI DPC4,
464 04 0 00 0000OO DATAI DSI,
474 04 0 00 000000 DATAI DSIZ,
170 04 0 00 000000 DATAI DSK,
174 04 0 00 000000 DATAI DSK2,
460 04 0 00 000000 DATAI DSS,
470 04 0 00 000000 DATAI DSS2,
320 04 0 00 000000 DATAI DTC,
330 04 0 00 000000 DATAI DTC2,
324 04 0 00 000000 DATAI DTS,
334 04 0 00 000000 DATAI DTS2,
124 04 0 00 000000 DATAI LPT,
234 04 0 00 00O0OOO DATAI LPTZ2,
260 04 0 00 00O00OO DATAI MDF,
264 04 0 00 000000 DATAI MDF2,
220 04 0 00 0O0O0O0OO DATAI MTC,
230 04 0 00 000000 DATAI MTM,
224 04 0 00 000000 DATAI MTS,
010 04 0 00 000000 DATAI PAG,

(Continued on Next Page)
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Table C-3 (Cont.)
I/0 Device Code Mnemonics

NN N NN NNN NN

004
140
144
100
104
340
350
344
354
120
210
214

04

OCOO0OO0COO0OOCOO0OO0OCO

00
00

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

DATAI
DATAI
DATAI
DATAI
DATAI
DATAI
DATAI
DATAI
DATAI
DATATI
DATAI
DATAI

PI,
PLT,
PLT2,
PTP,
PTR,
T™C,
T™C2,
™S,
TMS2,
TTY,
uTC,
uTSs,
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C.3 KL10 EXTEND INSTRUCTION MNEMONICS

Table C-4 shows the KL10 EXTEND instruction mnemonics and the code
assembled by each. All of these mnemonics are defined only if MACRO
is assembled with the KL10 switch on.

See the Supplement to the Hardware Reference Manual for a discussion
of these EXTEND instructions.

Table C-4
KL10 EXTEND Instruction Mnemonics

00 000000 *CVTBDO 015 00
00 000000 *CVTBDT 020 00

00 000000 *MOVST
00 000000 *XBLT

002 00 0 00 000000 *CMPSE 010 00 0 00 000000 *CVTDBO
007 00 0 00 000000 *CMPSG 011 00 0 00 000000 *CVTDBT
005 00 0 00 000000 *CMPSGE 004 00 0 00 000000 *EDIT
001 00 0 00 000000 *CMPSL 016 00 O 0C 000000 *MOVSLJ
003 00 0 00 000000 *CMPSLE 014 00 0O 00 000000 *MOVSO
006 00 0 00 000000 *CMPSN 017 00 0 00 000000 *MOVSRJ

0 0

0 0
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C.4 JRST AND JFCL MNEMONICS

Table C-5 shows mnemonics that assemble both operator and accumulator
fields in the machine instruction. The left side of the table shows
the mnemonics and the code they generate; the right side shows JRST
and JFCL mnemonics with accumulators generating the equivalent code.

Table C-5
JRST and JFCL Mnemonics

Code and Mnemonic Equivalent Code and Mnemonic
254 04 0 00 000000 HALT 254 04 0 00 000000 JRST 4,
255 06 0 00 000000 JCRY 255 06 0 00 000000 JFCL 6,
255 04 0 00 000000 JCRYO 255 04 0 00 000000 JFCL 4,
255 02 0 00 000000 JCRY1 255 02 0 00 000000 JFCL 2,
254 12 0 00 000000 JEN 254 12 0 00 000000 JRST 12,
255 01 0 00 000000 JFOV 255 01 0 00 000000 JFCL 1,
255 10 0 00 000000 Jov 255 10 0 00 000000 JFCL 10,
254 02 0 00 000000 JRSTF 254 02 0 00 000000 JRST 2,
254 01 0 00 000000 PORTAL 254 01 0 00 000000 JRST 1,
254 06 0 00 000000 *XJEN ‘254 06 0 00 000000 JRST 6,
254 05 0 00 000000 *XJRSTF 254 05 0 00 000000 JRST 5,
254 07 0 00 000000 *XPCW 254 07 0 00 000000 JRST 7,
0 0

254 14 00 000000 *XSFM 254 14 00 000000 JRST 14,
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C.5 DECsystem-10 MONITOR CALL MNEMONICS

Tables C-6 through (-9 show MACRO's DECsystem-10 monitor call
mnemonics and related mnemonics,

Table C-6 shows DECsystem-10 monitor calls and their assembled code.
Tables C-7 through C-9 show DECsystem-10 CALLI, TTCALL, and MTAPE

mnemonics and their assembled code. These mnemonics are defined only
if MACRO's UUOSYM switch is on when MACRO is assembled.

Table C-6
DECsystem—-10 Monitor Calls

040 00 0 00 000000 CALL 067 00 0 00 000000 OUTPUT
047 00 0 00 000000 CALLI 052 00 0 00 000000 *RDCLK
070 00 0 00 000000 CLOSE 071 00 0 00 000000 RELEAS
077 00 0 00 000000 ENTER 055 00 0 00 000000 RENAME
062 00 0 00 000000 GETSTS 060 00 0 00 000000 SETSTS
056 00 0 00 000000 IN 061 00 0 00 000000 . STATO
064 00 0 00 000000 INBUF 062 00 0 00 000000 STATUS
041 00 0 00 000000 INIT 063 00 0 00 000000 STATZ
066 00 0 00 000000 INPUT 051 00 0 00 000000 TTCALL
076 00 0 00 000000 LOOKUP 073 00 0 00 000000 UGETF
072 00 0 00 000000 MTAPE 100 00 0 00 000000 UJEN
050 00 0 00 000O0OO OPEN 074 00 0 00 000000 USETI
057 00 0 00 000000 ouT 075 00 0 00 000000 USETO
065 00 0 00 000000 OUTBUF




MACRO-DEFINED MNEMONICS

Table C-7
DECsystem-10 CALLI Mnemonics

047 00 0 00 000161 ALLOC. 047 00 O 00 000144 IPCFQ.
047 00 0 00 000016 APRENB 047 00 0O 00 000142 IPCFR.
047 00 0 00 000104 ATTACH 047 00 0 00 000143 IPCFS.
047 00 0 00 000125 CAL11l. 047 00 0 00 000113 JBSET.
047 00 0 00 000156 CAL78. 047 00 0 00 000103 JOBPEK
047 00 0 00 000074 CHGPPN 047 00 0 00 000047 JOBSTR
047 00 0 00 000100 CHKACC 047 00 0 00 000061 JOBSTS
047 00 0 00 000134 CLRST. 047 00 O 00 777777 LIGHTS
047 00 0 00 000130 CNECT. 047 00 0 00 000062 LOCATE
047 00 0 00 000147 COMPT. 047 00 O 00 000060 LOCK
047 00 0 00 000011 CORE 047 00 0 00 000015 LOGIN
047 00 0 00 000065 CTLJOB 047 00 0 00 000017 LOGOUT
047 00 0 00 000105 DAEFIN 047 00 O 00 000111 METER.
047 00 0 00 000102 DAEMON 047 00 0 00 000023 MSTIME
047 00 0 00 000014 DATE 047 00 0 00 000126 MTAID.
047 00 0 00 000005 DDTGT 047 00 0 00 000112 MTCHR.
047 00 0 00 000001 DDTIN 047 00 0 00 000131 MVHDR.
047 00 0 00 000003 DDTOUT . 047 00 0 00 000157 NODE.
047 00 0 00 000007 DDTRL 047 00 O 00 000077 OTHUSR
047 00 0 00 000137 DEBRK. 047 00 O 00 000145 PAGE.
047 00 0 00 000152 DEQ. 047 00 0 00 000110 PATH.
047 00 0 00 0000604 DEVCHR 047 00 0 00 000033 PEEK
047 00 0 00 000076 DEVGEN 047 00 0O 00 000162 PERF.
047 00 0 00 000107 DEVLNM 047 00 0O 00 000135 PIINI.
047 00 0 00 000064 DEVNAM 047 00 0 00 000141 PIRST.
047 00 0 00 000055 DEVPPN 047 00 O 00 000140 PISAV.
047 00 0 00 000101 DEVSIZ 047 00 O 00 000136 PISYS.
047 00 0 00 000054 DEVSTS 047 00 0 00 000030 PJOB
047 00 0 00 000053 DEVTYP 047 00 0 00 000114 POKE.
047 00 0 00 000121 DISK. 047 00 0 00 000021 REASSI
047 00 0 00 000045 DSKCHR 047 00 0 00 000037 REMAP
047 00 0 00 000122 DVRST. ‘ 047 00 0 00 000117 RESDV.
047 00 0 00 000123 DVURS. 047 00 0 00 000000 RESET
047 00 0 00 000151 ENQ. 047 00 O 00 000057 RTTRP
047 00 0 00 000153 ENQC. 047 00 0 00 000035 RUN
047 00 0 00 000132 ERLST. 047 00 0 00 000027 RUNTIM
047 00 0 00 000160 ERRPT. 047 00 O 00 000150 SCHED.
047 00 0 00 000012 EXIT 047 00 0 00 000056 SEEK
047 00 0 00 000155 FILOP. 047 00 0 00 000133 SENSE.
047 00 0 00 000106 FRCUUO 047 00 0O 00 000002 SETDDT
047 00 0 00 000052 FRECHN 047 00 O 00 000043 SETNAM
047 00 0 00 000006 GETCHR 047 00 0 00 000032 SETPOV
047 00 O 00 000034 GETLIN 047 00 0 00 000075 SETUUO
047 00 0 00 000024 GETPPN 047 00 O 00 000036 SETUWP
047 00 0 0C 000040 GETSEG 047 00 0 00 000031 SLEEP
047 00 0 00 000041 GETTAB 047 00 0 00 000042 SPY
047 00 0 00 000066 GOBSTR 047 00 O 00 000050 STRUUO
047 00 0 00 000072 HIBER 047 00 0 00 000146 SUSET.
047 00 0 00 000071 HPQ 047 00 0 00 000020 SWITCH
047 00 0 00 000127 IONDX. 047 00 0 00 000051 SYSPHY

(Continued on Next Page)



MACRO—DEFINED’MNEMONICS

Table C-7 (Cont.)
DECsystem-10 CALLI Mnemonics

047 00 0 00 000046 SYSSTR 047 00 0 00 000025 TRPSET
047 00 0 00 000154 TAPOP. 047 00 0 00 000120 UNLOK.
047 00 0 00 000022 TIMER 047 00 0 00 000013 UTPCLR
047 00 0 00 000044 TMPCOR 047 00 O 00 000010 WAIT

047 00 0 00 000115 TRMNO. 047 00 0 00 000073 WAKE

047 00 0 00 000116 TRMOP. 047 00 0O 00 000063 WHERE

047 00 0 00 000026 TRPJEN 047 00 0 00 000124 XTTSK.

Table C-8
DECsystem-10 TTCALL Mnemonics
051 11 0 00 000000 CLRBFI 051 15 0 00 000000 IONEOU
051 12 0 00 000000 CLRBFO 051 01 0 00 000000 OUTCHR
051 06 0 00 000000 GETLCH 051 03 0 00 000000 OUTSTR
051 02 0 00 000000 INCHRS 051 10 0 00 000000 RESCAN
051 00 0 00 000000 INCHRW 051 07 0 00 000000 SETLCH
051 05 0 00 000000 INCHSL 051 13 0 00 000000 SKPINC
051 04 0 00 000000 INCHWL 051 14 0 00 000000 SKPINL
Table C-9
DECsystem-10 MTAPE Mnemonics

072 00 0 00 000013 MTBLK. 072 00 0 00 000101 MTIND.
072 00 0 00 000017 MTBSF. 072 00 0 00 000001 MTREW.
072 00 0 00 000007 MTBSR. 072 00 0 00 000016 MTSKF.
072 00 0 00 000100 MTDEC. 072 00 0 00 000006 MTSKR.
072 00 0 00 000003 MTEOF. 072 00 0 00 000011 MTUNL.
072 00 0 00 000010 MTEOT. 072 00 0 00 000000 MTWAT.




MACRO-DEFINED MNEMONICS

C.6 F40 UUO MNEMONICS

Table C-10 shows mnemonics that are defined only if MACRO is assembled
with the F40 switch on. These mnemonics generate UUOs, which are
handled properly if the program is running under control of the FORSE
object-time system.

t

Table C-10
F40 UUO Mnemonics

020 00 O 00 000000 ***DATA. 017 00 0 00 000000 ***QUT.
021 00 O 00 000000 ***FIN, 027 00 0 00 000000 ***QUTF.
016 00 O 00 000000 ***IN. 015 00 0 00 000000 ***RESET.
026 00 0O 00 000000 ***INF. 022 00 0 00 000000 ***RTB.
024 00 O 00 000000 ***MTOP. 025 00 0 00 000000 ***SLIST.
031 00 O 00 000000 ***NLI. 023 00 0 00 000000 ***WTB.
032 00 0 00 000000 ***NLO.

C-14



APPENDIX D

PROGRAM EXAMPLES

The following pages contain examples of MACRO programs. Each program
has been assembled with the /C (CREF) switch on; this produces a .CRF
file for the program listing (instead of the usual .LST file). The /O
switch has been used with the CREF program to produce a .LST file that
includes all operators in an operator symbol table.



MACROS  MACRO %Z53¢(1017) 16112 2-Mar-78 Fade 1

EXAMFL.  MAC 2-Mar-78 15103 Examrle One
1 SUBTTL Examsle One
2 UNIVERSAL MACROS
3
4 yThis UNIVERSAL srogram contains the macro QUIT, which uses
) # conditional assemblw to denerate a rrodgram exit monitor
6 ioocall. If the TOFS10 switch is on when QUIT is called (or
7 3 it is undefined)y QUIT denerates "EXIT"3 if the switch
8 s is offy QUIT denerates *HALTF*®,
9
10 DEFINE QUIT =
11 IFNDEF TOFS10y
12 TOFS1Qmm=-1 isllefault is TOFS10
i3 et
14 IFE TOFS10ys-
5 HALTF
146 “
17 IFN TOFS10ys-
18 EXIT
19 i
20 =
21 FRGEND
NO ERRORS DETECTED
FROGRAM EBREAK IS 000000 .

CPU TIME USED 00:00.411

10F CORE USED

if

SATIWYXd WWIDOUd



Second E:xam~le of MACRO Frodram

EXAMFL

22
23
24

=y

55
56
=
~

58
59
60
61

MAC

2-Mar-78 15103

MACRO

Z53(1017)

16112 2-Mar-78 Fade 2

Examrle Two

SURTTL Examrle Two
TITLE Second Examele of MACRO Frodgram

D T R I LR IR LI T TR N T PR I PR PR TS T TR TR T T PR T O T T T T

This ®rodram contains the macros CLEARy CONCAT» and EXFAND.
These can be used to arrend arbitrary text into a buffer,
and to recall the text later. Two sequences of calls
to the macros show rossible uses.

The

1.

following rsoints are of interest!?

The buffer is cleared by calling CLEAR. Text is added
(orn the right side of the buffer) by calling CONCAT.
EXFANDy when used in a context allowed for macro callsy
exrands the contents of the buffer into source code.

A call to CLEAR defines the text buffer, EXFANDy to
contain no text. It also defines the macro CONCAT in
such a8 waw that the first call to CONCAT redefines
EXFAND to contain the first riece of texts and CONCAT
redefines itself so that further calls to CONCAT will
call the internal macro CON1., Following the second
call to CONCAT» each further call merels arrends new
text to the old.

A kew feature of EXFAND is that it contains no carriade
returns. If it dids them each concatenation of new:
text would also insert a8 carriade return into the text.

The first use of these macros shows that EXFAND can be
rlaced in contexts where more tham one ardgument will
result (as in the BYTE sseudo-or). "Note that because
angle brackets are used internally (inside the macros)
to delimit text, 31l concaternated text must contain
matched andle brackets.

Note that carriadge returnsy if desiredy can be easily
concatenated to the buffers this is dome in the second
use of the macros.

SATAWVXT WWIOOHd



Seconrd Examsle of MACRO Frodgram MACRD %53(1017) 16:112 2-Mar~-78 Fade 3
EXAMFL MAC 2~Mar-78 15103 Examsle Two

62 N

&3

64 DEFINE CLEAR <«

&5 DEFINE CONCAT (FTXT) <
b6 DEFINE CONCAT (TEXT)
&7 CON1 “TEXT=y<FTXT>
68 i

69 DEFINE EXFAND <FTXT:

71 DEFINE EXFAND <3

74 DEFINE CON1 (NTXT,OTXT) <

75 DEFINE CONCAT (TEXT) <

76 CONL <TEXT:»<OTXT’NTXT

78 DEFINE EXFANID <OTXT/NTXT:

81 SALL
83 CLEAR

85 CONCAT <

86 CONCAT

87 CONCAT o

a8 CONCAT <y<4—1rrb:817750
89

90 LALL

91  000000¢ 010 101 006 00000 BYTE (7)EXFANDT10s A% y<i~1y, 4817727
92

93 SALL

94 CLEAR

95

96 CONCAT <DEF:

97 CONCAT <INE FOO (>

98 CONCAT <N)*

99 CONCAT <<2%N

100 DEFINE

101 CONCAT + BAR (N) <3%N>
102 i

103

-
.
-
.

104

SETAWYXE WYIO0Ud



Second Examrle of MACRO Frogram MACRO %Z53(1017) 16:!12 2-Mar-78 Fade 4

EXAMFL HMAC 2-Mar-78 15103

105
106
107
108
109
110
111
112 000001’ 000000
113 000002’ 000000
114 000003’ 000000
115 000004’ 000000
116
117

NO ERRORS DETECTED

FROGRAM BREAKR IS 000005
CFPU TIME USED 00:00.180

10F CORE USED

000004
000006
000006
000011

Examele Two
Fooe e e

LALL
EXFANDITDEFINE FOO (N)-<2XN:
DEFINE ERAR (N) <3%Nx

FOO 272%27
FOO 372%3"
BAR 273%2"
BAR 373%3"

FRGEND

SATAWYXd WWIO0ud



Third Examrle

EXAMFL.

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

55
156
157

MAC

of MACRO Frodram
2-Mar-78 15103

MACRO Z53(1017) 16!12 2-Mar~78 Fade 5
Examrle Three

SURTTL

Examrle Three

TITLE Third Examrle of MACRO Frodram

rThis rrodram uses the macros NUMLST and X to generate rarallel
tables.

T I PR TR TR T IR U TR N T TR M TN O T TR DR A T T DT PR T TR TR TR T TR TR

This examrle dernerates a table that contains keswords suitable

for

comrarison to user inruts the second table dernerated

contains addresses of routines that handle those keswordsi
the third table contains useful values.

The kevword table is arranged alrhabetically to sreed searchings
the other two tables corresrond entrue-for-entry to the
kegword table.

Kew features of this erodgram include?

1.

Chanding the sirze of the tables is easy. For examrler
if 8 rew entrey FIFTHy is neededy adding the word and
a dummg label to the definition of NUMLST will usrdate
both tabless no serarste urdate is re;uired.

The macro NUMLST calls the macro X. Eefore each call

to NUMLSTy X is redefined so that the rrorer kind of
table is built. Note that a definition of X need rot
use both arduments in the macrobody. (Howevers X should
define both arduments.)

The second definition of X uses concatenation to build
mnemonic labels for the table LELTEL.

The rrogram uses the macro QUIT so that it can be used

for either TOFS-10 or TOFS-20. The SEARCH MACROS statement
makes the definition of QUIT available’ since the default
for QUIT is TOFS-10y the rrodgram will rum on TOPS-10 if
either it defines TOPS10=-1 or does not definme TOFS10;

the Frodram will run on TOFS-20 onlw if it defires
TOFPS10=0,

SATIWYXT WYYDOHd



Third Examrle of MACRO Frodram MACRO %X53(1017) 16112 2-Mar-78 Fade é

EXAMFL  MAC . 2-Mar-78 153103 Examrle Three
158 | BN
159
160 SEARCH MACROS
161 +DIRECTIVE SFCOND
1462
163 DEFINE NUMLST <
164 X (FIRST»1)
165 X (FOURTH»4)
1466 X (SECONDs2)
167 X (THIRD»3)
168 =
1469
170 DEFINE X (TEXT»JUNK) <EXF SIXRIT /TEXT/>
171
172 0000007 NAMTEL ¢ NUMLST™
173 0000007 465162 636400 X (FIRSTs»1)TEXF SIXBIT /FIRST/™
174 0000017 465765 626450 X (FOURTHs4)"EXF SIXBIT /FOURTH/"™
175 0000027 634543 575644 X (SECONDy2)TEXF SIXRIT /SECONI/™
176 0000037 645051 624400 X (THIRIDy3)"EXF SIXRIT /THIRD/™
177 000004 TRLLEN==,-NAMTEL
178
179 DEFINE X (JUNKsLAERL) <%’LABL
180
181 000004~ LELTEL?! NUMLST"™
182 0000047 000000 000014° X (FIRST»1)"#17
183 0000057 000000 0000177 X (FOURTHr4)"$47
184 000006’ 000000 0000157 X (SECONDs2)"$27
185 000007’ 000000 0000167 X (THIRDy3) 837
186
187 DEFINE X (JUNKyVALU) <DEC VALU:
188
189 0000107 VALTEL ¢ NUMLST™
190 0000107 000000 000001 X (FIRSTy»1)"DEC 17
191 0000117 000000 000004 X (FOURTH:4)"DEC 4~
192 0000127 000000 000002 X (SECONDy2)"LEC 27
193 0000137 000000 000003 X (THIRD,3)"DEC 3~
194

195

-
-
-
.

SITIWVXT WYIDOUd



Third Ex
EXAMFL

196
197
198
199
200
201
202
203
204
205
206
207
208

amrle of MACRO Frosgram

MAC

000014~
000014
000015
000015/
0000167
0000167
000017~
000017

2-Mar-78 15103

047 00 0 00 000012
047 00 0 00 000012
047 00 0 00 000012

047 00 0 00 000012

NO ERRORS DETECTED

FROGRAM BREAK IS 000020

CFU TIME USELD

10F CORE USED

00:00.142

Examele
Fooe e

XALL
$12

$22

FRGEND

MACRD Z53(1017) 16:12

Three

QUIT™
EXIT
QuUIT™
EXIT
RUIT™
EXIT
QUIT™
EXIT

2-Mar—-78 Fade 7
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Third Examele of MACRO Frodgram MACRO Z53(1017) 14112 2-Mar-78 Fade S5-1

EXAMFL MAC 2-Mar-78 15103 SYMEOL TABLE
EXIT 047000 000012
LBLTEL 000004
NAMTEL 000000
TBLLEN 000004 srd
TOFS10 777777 777777 sed
VALTEL 0000107

$1 000014~

$2 0000157

$3 00001647

$4 000017~

SATIWVX3 WYIDOUd
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Fourth Examsle of MACRO Frogram MACRO %53¢(1017) 16312 2-Mar-78 Fade 8

EXAMFL  MAC 2-Mar-78 15:03 Extamrle Four
209 SURTTL Examrle Four
E}? TITLE Fourth Examrle of MACRO Frodgram
212 This rrodram contains a comrlex and useful macrosr COMMON.
213 The macro allows declaration of variable names for a
214 FORTRAN-com#atible COMMON block. Note that the rseudo-or
215 +COMMON 3llows declaration of a COMMON blocksy but naot of

variable names within the block.
The COMMON macro uses two arduments?
1. The name of the COMMON block.

2. An IRF-style list of the variable names for the block.
The list can contain either variable names only (with
an assumed lendth of one word for each variable)sy or
can contain an andle-bracketed rair divind the name and
the lensgth in decimal.

Kew features of the rrodram include?

1. LlLengths for variables are divern in decimal numbersy
so that the definitions look much like those in the
FORTRAN languade. This is accomrlished by storing
the current radix in a created sumboly and restoring
it at the end of the macro.

J

2., The macro uses the technicue of IRFing more than once
on the IRF list. The first IRF counts the lendgth of
the entire COMMON blocks so that the .COMMON rseudo-or
can be used? the second IRF declares variable names
for each entry in the block,

3, The sseudo-ors XCREF amd FURGE are used often
in the macroé this is to remove references to created
suymbols from the CREF listind and the sumbol table.

W Wh MR P R WP MR W) M WP R W MR MR WS W e R R WE WS W R MR R MR WE WS WS R WE R W R R WS WM NP WP W wh Wb

245

244 4, Created sumbols are used in the macro for symbols that
247 are used only within the macro itself. This minimizes
248 the chance that other definitions will conflict with
249 these sumbols.

250

251 5. Once the COMMON macro has been calleds sumbols in the
252 COMMON block maw be used much as anws other sumbolsi
253 this is shown in the IFIX and ZERO routires.

254

.

255 | IS

SIATAWYXH WWIDOUd
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Fourth Examele of MACRO Frodram

EXAMFL

256
257
238
259
260
261
262
263
264
265
266
267
268
269
270

MACRO %53(1017) 16:12 2-Mar-78 Fade 9

MAC 2-Mar-78 15103 E:zamrle Four

s
y

¢ e e

DEFINE COMMON (COMsyVARS»ZRADsZLENs ZVAL »ZCOMs ZFAS)

+«XCREF ZRADSZLENy ZVAL » ZCOMy ZFAS

Temr macro to strir ome rair of andgle brackets from
a3 macro ardument and rass it to another macro

Vi
Vi
DEFINE 7ZFAS (AyE) <A B>

syTemr macro to comrute length of COMMON

DEFINE ZCOM (VARyLEN<1>:) <ZLEN==JZLEN+LENX

ZRAD==10 Save current radixs use 10
RADIX 10 so defs read like FORTRAN
ZLEN==0 et to count lendgth of COMMON

IRF VARS-<ZFAS XCOM»sVARSG:
»COMMON COMCZL.EN]

.
[
.
H
H
¥
.
i

. W W er

S
Get lendgth of this COMMON
Allocate the whole COMMON

NEFINE ZCOM (VARyLLEN<13) i7Set ur another temr macro
VAR=ZVAL yylefine COMMON block entryg
ZVAL==%VAL+LEN iyIncrement to rnext entru

ZLEN== siReinitialize lendgth

ZVAL==COM ##Start to defire entries in block
IRF VARS<ZFAS ZCOMyVARS: sillefine next COMMON entryg

RADIX ZRAD t tRestore current radix

IF2y<FURGE ZLENsyZRAD>»ZVAL »ZCOMsXZFAS: jiKeer sumbol table clean

SHTAWYXH WYIDOUd
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Fourth Examrle of MACRO Frodram MACRO %33(1017) 146:12 2-Mar-78 Fage 10

EXAMFL  MAC 2-Mar-78 13103 Examrle Four
290 F N
291
292 H INTEGER SNGLEsyARRAY»MULTI
293 F] REAL REAL
294 ] NOURLE FRECISION DOUERLE
295 H COMMON /AREA/SNGLEsREAL s DOURLE s ARRAY (10) yMULTI(S»10)
296
297 COMMON AREA s SNGLEyREAL y “IIOURLE » 2>y “TARRAY » 10y “MULTI » SX10=>"
298
299 $Samrle routine to do SNGLE=IFIX(REAL)
300
301 000000’ 122 01 0 00 000000% IFIX? FIX 1yREAL
302 0000017 202 01 0 00 000000% MOVEM 1sSNGLE
303 0000027 263 17 0 00 000000 FOFJ 17,
304
305 iSamrle routine to set a3ll elements in ARRAY to 0
306
307 0000037 200 01 O 0C 0000077 ZERO? MOVE 1,[XWD ARRAYsARRAY+1]
308 0000047 402 00 0 00 000000#% SETZM ARRAY
309 000005 251 01 0 00 000000% ELT 1sARRAY+7D?
310 0000047 263 17 0 00 000000 FOFJ 17
311
312 000007/ LIT
313 000007’ 000000#% 000000#
314
315 END

NO ERRORS DETECTED

FROGRAM RREAK IS 000010
CFU TIME USED 00:00.228

10F CORE USED

SHTIWVXT WWID0Yd
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Fourth Examrle of MACRO Frogram MACRO Z53(1017) 16:12

EXAMFL

AREA
ARRAY
DOUBLE
IFIX
MULTI
REAL
SNGLE
ZERO

MAC 2-Mar-78 15:03
000001’ ext
000000000000# rol
000000000000% rol
000000’
000000000000# rol
000000000000% rol
000000%
000003~

SYMEBOL TAEBLE

2-Mar-78 Fade S-2
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AREA
ARRAY
DOURLE
IFIX
LELTRL
MULTI
NAMTEL
REAL
SNGLE
TBLLEN
TOFS10
VAL TRL
ZERO
$1

$2

$3

$4

298%
298+
298+%
301+%
1814#
298+
172%
298+
298%
177%
200

189#%
307%
182

184

185

183

298
307

199%
201%
203%
205%

308

309

SITANVXT WYIDO¥d
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EBAR
CLEAR
COMMON
CON1
CONCAT

EXIT
EXFAND
FOO
NUMLST
QUIT

X

++0004
+ 0005

109%
64%
258%
74%
83%
?8
200
83%
108#
163%
10%
170%
193
298
298

114

297
86
85
98%

202
85#

112

172

199

173

298%

115
?4

87
85%
?9
204
86#
113
181
201
174

88
86

100%

206

87%

189
203
175

97
86%
101

88+

205

176

98
87
102#

?1

179%

100
87%

943

182

102
88

6%

183

88%

7%

184

?4%

98%

96

100#

187%

96

102%

190

97

108

191

7%

192

SITANYXE WYID0dd
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BLT 309

RYTE ?1

DEC 190 191 192 193

DEFINE 10 64 74 8% 85 86 a7 88 ?4 ?6 97 98 100
108 109 163 170 179 187 258 298

END 315

EXF 173 174 175 176

FIX 301

IF2 298

IFE 200 202 204 206

IFN 200 202 204 206

IFNDEF 200 202 204 206

IRF 298

LALL ?0 107

LIT 312

MOVE 307

MOVEM 302

FOFJ 303 310

FRGEND 2 117 208

FURGE 298

RADNIX 298

SALL 81 ?3

SEARCH 140

SETZM 308

SIXRIT 173 174 175 1746

SUEBTTL 1 22 118 209

TITLE 23 119 210

UNIVER 2

XALL 198

Xwhn 307

« COMMO 298

+DIREC 161

STTIWVYXE WYYOOdd



APPENDIX E

PSEUDO-OPS FOR PROGRAM COMPATIBILITY

The pseudo-ops in this appendix are included only for compatibility of
o0ld programs to be assembled using MACRO Version 53.



FORMAT

FUNCTION

PSEUDO-OPS FOR PROGRAM COMPATIBILITY

HISEG

HISEG address

address = program high-segment origin address. Must be
equal to or greater than 400000 and must be a
multiple of 1000.

Directs the loader to load the current program into the
high segment if the program has reentrant (two-segment)
capability. HISEG should appear at the beginning of
the source program.

HISEG does not affect assembler operation. The code
produced by HISEG will execute at either relocatable 0
or relocatable 400000, depending on the loading
instructions given.

The code following HISEG looks as if it was assembled
to start at relocatable 0.

This pseudo-op has been replaced by TWOSEG.



FORMAT

FUNCTION

PSEUDO-OPS FOR PROGRAM COMPATIBILITY

RIM

RIM

Specifies a format for absolute binary programs (useful
only for PDP-6 systems), and consists of a series of
paired words.

The first word of each pair is a paper-tape read
instruction giving the memory address of the second
word. The last pair of words is a transfer block; the
first is an instruction obtained from the END statement
and executed when the transfer block is read, and the
second is a dummy word to stop the reader.



FORMAT

FUNCTION

PSEUDO-OPS FOR PROGRAM COMPATIBILITY

RIM10

RIM10

Causes a program format in which programs are absolute,
unblocked, and not checksummed. When the RIM10
statement follows a LOC statement in a program, the
assembler punches out each storage word in the object
program, starting at the absolute address specified 1in
the LOC statement. RIM10 writes an arbitary "paper
tape"; 1if it is in the format given below, it can be
read by the DECsystem-10 Read-In Mode hardware.

IOWD n,first

where n is the length of the program including the
ending word transfer, and first is the first memory
location to be occupied. The 1last 1location must
contain a transfer instruction to begin the program,
such as

JRET 4,60

For example, if a program with RIM10 output has its
first 1location at START and its 1last location at
FINISH,you can write

T0WD FINISH-START+1»START

NOTE

If the location counter 1is increased but no
binary output occurs (for example, BLOCK, LOC,
and VAR pseudo-ops), MACRO inserts a zero word
into the binary output file for each location
skipped by the location counter.



FORMAT

FUNCTION

PSEUDO-OPS FOR PROGRAM COMPATIBILITY

RIM10B

RIM10B

If a program is assembled into absolute locations (not
relocatable), a RIMIOB statement following the LOC
statement at the beginning of the source program causes
the assembler to write out the object program in RIM10B
format. This format 1is designed for wuse with the
DECsystem~10 Read-In Mode hardware.

The program is punched during Pass 2, starting at the
location specified in the LOC statement. If the first
two statements in the program are

LoC 1000
RIMIOR

MACRO assembles the program with absolute addresses
starting at 1000 and punches the program in RIM10B
format, also starting at location 1000. You can reset
the 1location counter during assembly, but only one
RIM10B statement is needed to punch the entire program.

In RIM10B format, the assembler punches the RIM10B
Loader, followed by the program in 17-word (or less)
data blocks, each block separated by blank tape. The
assembler inserts an I/0 transfer word (IOWD) preceding
each data block, and also inserts a 36-bit checksum
following each data block. The word count in the IOWD
counts only the data words in the block, and the
checksum is the 36-bit added checksum of the IOWD and
the data words.

Data blocks can contain less than 17 words. If the
assembler assigns a nonconsecutive location, the
current data block is terminated, and an IOWD
containing the next location is inserted, starting a
new data block.

The transfer block consists of two words. The first
word of the transfer block is an instruction obtained
from the END statement. This first word 1is executed
when the transfer block is read. The second word is a
dummy word to stop the reader.






APPENDIX F

STORAGE ALLOCATION

MACRO allocates storage in two directions:
1. User symbols and macronames are entered in the
2. Macros and literals are entered in free space.
A symbol table entry is two words long. The first word
name in SIXBIT. The second word has flags in the

either the value or a pointer in the right half. The £
symbol type and attributes.

symbol tables.

is the symbol
left half, and
lags indicate

The following list shows how symbols and values are stored.

Type How Stored
18-bit symbol Value in right half of second word.
36-bit symbol Value in free storage with a pointer 1in
(includes OPDEFs symbol table.

and negative numbers)

EXTERNAL symbol Pointer in symbol table to a 2-word block in
free storage. The first word is the value

that is the last reference in
references to the symbol; the
the symbol name in SIXBIT.

Polish symbol The symbol table entry points
block:

word 1l: O

a chain of
second word is

to a 2-word

word 2: negative number, ,address

Word 1 is the relocation word and 1is always
Zero. Word 2 gives the address of a Polish
stack in free storage. The Polish stack is

of the form:

word 1: O
word 2: opcode

word 3: relocation constant

word value

word value

4:
word 5: relocation constant
6:



Inter-PSECT reference

Synonym operator
(SYN argument)

Macroname

STORAGE ALLOCATION

Words 3 and 4 designate an operand. If the
operator 1is binary, words 5 and 6 designate
the second operand; if the operator is
unary, the stack contains only four words.

If an operand is EXTERNAL, its two words (3
and 4, or 5 and 6) are:

word i: pointer to EXTERNAL symbol
word i+l1l: O

If an operand is itself a Polish symbol, its
two words are:

word i: Polish pointer
word i+l: O

Polish stack containing:

word 1: 0

word 2: 15

word 3: -2

word 4: referenced PSECT index
word 5: relocation constant
word 6: address

SIXBIT operator name in free storage with a
pointer in the symbol table.

Value in free storage with a pointer to the
text string in symbol table.

The text string is stored in a 4-word block
of the form:

word 1: 1link to next block (0 1if
last),,two characters

word 2: five characters
word 3: five characters
word 4: five characters

However, the first such block 1is
special:

word 1: 1link to next block,,link
to last block

word 2: pointer to default
arg., ,number of args
expected + reference count

word 3: five characters

word 4: five characters

The number of args expected is the number of
dummy-arguments in the macro definition.

The reference count is incremented when the
macro 1is called and decremented when the
macro is exited. When this count goes to
zero, the macro is removed from free space.



Macro arguments

Macros

STORAGE ALLOCATION

Stored in the same linked block, but not 1in
the symbol table. Repeats (two or more
times) are also stored in the same way. The
text blocks are removed when the macro exits
or the repeat exits, since the reference
count has gone to zero.

The addresses of the actual argument blocks
are stored in a pushdown stack in order of
generation.

Default arguments are stored in the same way,
except that the 1list is in free core. The
pointer to the default arg list is stored in
the left half of the second word of the first
block of the macro definition.

The macrobody is stored as 1is, except that
dummy~arguments are replaced by special
symbols. ~

ASCII 177 (RUBOUT) signals that the next
character is a special character, as follows:

001 ;end of macro

002 ;end of dummy symbol
003 ;end of REPEAT

004 ;end of IRP or IRPC
005 ;RUBOUT

If the character is more than 5 and less than
100, it is illegal.

If the character is greater than or equal to
100, it is a dummy symbol; the value of the
character is ANDed with 37 to get the dummy
symbol number, and the corresponding pointer
retrieved from the stack of actual arguments.

If the symbol was not specified (that is, has
no pointer), and if the 40 bit is on, this
symbol requires a created symbol, and one is
created; otherwise the argument is ignored.

NOTE

Verbose macros can use too much
storage space.



Literals

STORAGE ALLOCATION

Four-word block for each word generated

word 1: form word

word 2: relocation bits

word 3: code

word 4: pointer to next block

Form word is the word used for 1listing.
This word is not checked when comparing
literals, so that different forms
producing the same code are classed as

equal.

Relocation bits are 0, 1, or EXTERNAL

pointers.

Pointer is the address of the zero "word

of the next block.

NOTE

Long literals slow assembly and
use storage; they should be
written as subroutines or inline
code.



Number pseudo-ops (Cont.)
EXP, 3-20
oCT, 3-44
RADIX, 3-55
RADIX50, 3-56
SQUOZE, 3-66
z, 3-83

/0, 7-3
"0, B-3
OoCT, 3-44
.OKOVL, 3-16
One's complement, 2-14
Op-code table, 2-9
Opcode table, 6-4
OPDEF (pseudo-op), 3-45
OPDEF operator, 4-2
OPDEF storage, F-1
Operand, 4-2, 4-3, 4-4
Operation,

hierarchy, 2-14
Operator, 4-2, 4-3, 4-4
Operator,

arithmetic, 2-13

logical, 2-13
OR, 2-13
.ORG, 3-46
Output,

assembler, 6-1
Overflow,

arithmetic, 3-16

/Pr 7"‘3
P22, 3-21
PAGE, 3-47
Parentheses, B-6
Pass 1, 3-17, 4-3
Pass 2, 3-17, 4-3
Pass control pseudo-ops,
END, 3-17
PASS2, 3-48
PRGEND, 3-51
PASS2 (pseudo-op), 3-48
Passed argument, 5-1, 5-2
Percent-sign (%), B-6
PHASE, 3-49, 6-2
Plus sign (+), B-4
POINT, 3-50
Pointer,
byte, 3-50
Pol code, 6-4
Polish expression, 2-14

Polish symbol storage, F-1

Pound-sign (##),
double, B-5

INDEX (Cont.)

Pound-sign (#), 6-2, B-5
PRGEND, 3-51
Primary instruction format,
T 4-4
PRINTX, 3-52
Program,
single-segment, 9-1
two-segment, 9-2
Program compilation, 7-1
Program file,
binary, 6-5
Program listing file, 6-1
Program name, 3-73
Program segmentation, 9-1
Program with PSECTs, 9-3
.PSECT, 3-53
PSECTs,
program with, 9-3
Pseudo-op,
format, 3-1
Pseudo-op operator, 4-2
Pseudo-ops,
compatibility, E-1
PURGE, 3-54

/Qr 7-3

Querying bit pattern, 2-6

Quotation marks ("),
double, B-5

Quotation marks ('),
single, B-=5

Quoting characters in

argument, 5-4

Radix, 2-2

RADIX (pseudo-op), 3-55

RADIX50, 3-56

RADIX50 character codes,
A-1

Register,

index, 4-4

RELOC, 3-57

Relocatable address, 3-46,
3-57

Relocatable code, 1-3

Relocatable expression,
2-15

Relocatable symbol, 2-12

REMARK (pseudo-op), 3-59
Repeat,
indefinite, 3-30, 3-31,
3-67, 5-10
REPEAT (pseudo-op), 3-60
.REQUEST, 3-61
.REQUIRE, 3-62

Index-5



INDEX (Cont.)

RIM, E-3 Subtraction, 2-13

RIM10, E-4 SUBTTL, 3-68

RIM10B, E=-5 SUPPRESS, 3-69
Switches,

MACRO compiler, 7-3
Symbol, 2-9

/S, 7-4 absolute, 2-12
SALL, 3-63 created, 5-9
SEARCH, 3-64 direct-assignment, 2-11,
Segmentation, 4-3
program, 9-1 EXTERNAL, 2-12, 2-13,
Semicolon (;), B-3 2-14
Semicolon (;:), global, 2-12, 2-13
double, B-3 INTERNAL, 2-12
Sen code, 6-4 label, 2-10
Sex code, 6-4 local, 2-12
SFCOND, 3-16 relocatable, 2-12
shifting, valid, 2-9
binary, 2-6 variable, 2-11, 3-77
underscore, 2-6 Symbol attributes, 2-12,
Sin code, 6-4 3-23, 3-24
Single quotation marks ('}, Symbol definition, 2-10,
B-5 - 3-70, 4-3
Single-character error code, Symbol pseudo-ops,
8-3 .ASSIGN, 3-6
Single-segment program, 9-1 .CREF, 3-12
SIXBIT (pseudo-op), 3-65 DEFINE, 3-14
SIXBIT character codes, A-1l .DIRECT MACPRF, 3-16
Slash (/), B-4 ENTRY, 2-12, 3-19
Spd code, 6-4 EXTERN, 2-13, 3-21
Special characters, 2-2 INTERN, 2-12, 3-28
Square brackets ([]), B-7 .NODDT, 3-42
SQUOZE, 3-66 OPDEF, 3-45
Starting address, 3-17 PURGE, 3-54
Statement format, 4-1 RADIX50, 3-56
Statement processing, 4-3 SEARCH, 3-64
STOPI, 3-67, 5-10 SQUOZE, 3-66
Storage, 3-2, 3-8, 3-11, SYN, 3-70
3-27, 3-35, F-1 UNIVERSAL, 3-75
Storage, VAR, 3-77
symbol, F-1 .XCREF, 3-79
Storage allocation, F-1 Symbol storage, F-1
Storage pseudo-ops, Symbol table, 2-9, 3-7,
ARRAY, 3-2 3-43, 3-54, 3-64, 3-69,
BLOCK, 3-8, 6-2 3-75, 3-81, 6-4
BYTE, 3-9 Symbol table,
DEC, 3-13 user, 2-9, 2-12
EXP, 3-20 Symbol table codes, 6-4
INTEGER, 3-27 SYN (pseudo-op), 3-70
IOWD, 3-29 SYN symbol storage, F-2
LIT, 3-35
OoCT, 3-44
POINT, 3-50 /T, 7-4
REPEAT, 3-60 Table,
VAR, 3-77 cross-reference, 3-12,
XPUNGE, 3-81 3-79, 6-4
XWD, 3-82 macro, 2-9, 2-12, 6-4
2, 3-83 op-code, 2-9
Subroutine entry, 3-19 opcode, 6-4
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INDEX (Cont.)

Table (Cont.) UNIVERSAL file, 6-5, 9-4
symbol, 2-9, 3-7, 3-43, User symbol table, 2-9,
3-54, 3-64, 3-69, 3-75, 2-12
3-81, 6-4
user symbol, 2-9, 2~-12
TAPE, 3-71 . valid symbol, 2-9
.TEXT, 3-72 VAR, 3-77
Text entry pseudo-ops, Variable symbol, 2-11, 3-77
ASCII, 3-3
ASCIZ, 3-4
SIXBIT, 3-65 /W, 7-4
.TEXT, 3-72

TITLE, 3-73
TTCALL mnemonics, C-13

Two's complement, 2-2 /X, 7-4

Two-segment program, 9-2 XALL, 3-78

TWOSEG, 3-74 .XCREF, 3-79
XLIST, 3-80
XOR, 2-13

XPUNGE, 3-81
.XTABM, 3-16

/U, 7-4 XWD, 3-82
udf coge, 6-4

Underscore, B-6

Underscore shifting, 2-6

UNIVERSAL, 3-75 Z, 3-83

Index-7






/A, 7-3
Absolute address, 3-38,
3-46
Absolute expression, 2-15
Absolute symbol, 2-12
Accumulator, 4-4
Accumulator,
implicit, 4-6
Addition, 2-13
Address, 1-3, 4-4
Address,
absolute, 3-38, 3-46
relocatable, 3-46, 3-57
starting, 3-17
Address assignment, 4-3
Allocation,
storage, F-1
Ampersand (&), B-4
AND, 2-13
Angle brackets (<>), B-7
Apostrophe ('), 6-2, B-5
Argument,
concatenating, 5-8
default, 5-8
dummy, 5-1, 5-2
missing, 5-2
null, 5-2
passed, 5-1, 5-2
quoting characters in,
5-4
Argument handling, 5-4
Argument interpretation,
5-11
Argument list, 5-4
Argument storage,
macro, F-3

Arithmetic expression, 2-13

Arithmetic operator, 2-13
Arithmetic overflow, 3-16
ARRAY, 3-2
ASCII (pseudo-op), 3-3
ASCII character codes, A-1
ASCII characters, 2-1
ASCI1Z, 3-4 '
Assembler output, 6-1
Assembly,

conditional, 3-23, 3-24,

3-25, 9-5

.ASSIGN, 3-6
Assignment,

address, 4-3
Asterisk (*), 6-2, B-4
ASUPPRESS, 3-7
At-sign (@), B-6
Attributes,

symbol, 2-12, 3-23, 3-24

INDEX

B, B-2
/B, 7-3
"B, B-2
Backslash (\), B-5
Backslash-apostrophe (\"'),
B-6
Backslash-quote (\"), B-6
Binary program file, 6-5
Binary shifting, 2-6
Bit 0 (sign bit), 2-2
Bit pattern,
querying, 2-6
BLOCK, 3-8, 6-2
Brackets (<>),
angle, B-7
Brackets ([1]),
square, B-7
BYTE, 3-9
Byte pointer, 3-50

/C, 7-3
Call,
macro, 5-2
CALLI mnemonics, C-12
Character codes, A-1
Characters,
ASCII, 2-1
MACRO, 2-1
special, 2-2
Code,
error, 6-3
relocatable, 1-3
Codes,
symbol table, 6-4
Colon, B-3
Colon (:), B-7
Colon (::),
double, B-3
Comma (,), B-4
Comma (,,),
double, B-4
Command level,
MACRO, 7-1
Comment, 3-10, 3-59, 4-2,
4-3
COMMENT (pseudo-op), 3-10
Comment pseudo-ops,
COMMENT, 3-10
REMARK, 3-59
.COMMON, 3-11
Compatibility pseudo-ops,
E-1

Index~-1



Compilation,
program, 7-1
Compiler switches,
MACRO, 7-3
Complement,
one's, 2-14
two's, 2-2
Concatenating argument, 5-8
Conditional assembly, 3-23,
3-24, 3-25, 9-5
Conditional pseudo-ops,
-IFI 3‘23
.IFN, 3-24
IFx group, 3-25
Counter,
location, 2-8, 3-15, 3-38,
3-46, 3-49, 3-57, 3-74,
4-4, B-3
Counter pseudo-ops,
.ENDPS, 3-18
LOC, 3-38
.ORG, 3-46
.PSECT, 3-53
RELOC, 3-57
TWOSEG, 3-74
Created symbol, 5-9
.CREF, 3-12
Cross~-reference table, 3-12,
3-79, 6-4
CTRL/underscore, B-6

“D, B-2
DEC, 3-13
Decimal number,
fixed-point, 2-3
floating-point, 2-4
Decimal point (.), B-=3
Default argument, 5-8
DEFINE (pseudo-op), 3-14
Definition,
label, 2-10
macro, 5-1
nested macro, 5-6
symbol, 2-10, 3-70, 4-3
DEPHASE, 3-15
Device code, 4-6
Device code mnemonics,
I/0, C-6
Direct-assignment symbol,
2-11, 4-3
.DIRECTIVE, 3-16
Division, 2-13
Dot (location counter), 2-8,
4-4, B-3
Double colon (::), B-3
Double comma (,,), B-4
Double equal sign (==), B-7

INDEX (Cont.)

Double pound-sign (##), B-5

Double quotation marks ("),
B-5

Double semicolon (;;), B-3

Dummy-argument, 5-1, 5-2

E, 2-5, B-2
/E, 7-3
END, 3-17
.ENDPS, 3-18
Ent code, 6-4
ENTRY, 2-12, 3-1
Equal sign (=),
Equal sign (==),
double, B-7
.EROVL, 3-16
Error code, 6-3
single-character, 8-3
Error messages,
MCRxxx, 8-7
Evaluating expressions,
2-14, 2-15
Examples,
program, D-1
Exclamation point (!), B-3,
B-4
EXP, 3-20
Expression,
absolute, 2-15
arithmetic, 2-13
evaluating, 2-15
logical, 2-13
nested, 2-15
Polish, 2-14
relocatable, 2-15
Expressions,
evaluating, 2-14
Ext code, 6-4
EXTEND, 4-7
EXTEND mnemonics,
KL10, C-9
Extended Instruction,
KL-10, 4-7
EXTERN, 2-13, 3-21
EXTERNAL symbol, 2-12, 2-13,
2-14
EXTERNAL symbol storage,
F-1

9
B-7

/F, 7-3
“F, B-2
F40-switch-dependent
mnemonics, C-14
File,
listing, 6-1
UNIVERSAL, 6-5, 9-4
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Fixed-point decimal number,
2-3

FLBLST, 3-16

Floating-point decimal
number, 2-4

G, 2-3, B-2
/G' 7_3
Global symbol, 2-12, 2-13

/H, 7-3

Halfword, 1-3, 3-82

Halfword notation, 2-15

Hierarchy of operations,
2-14

HISEG, E-2

. HWFRMT, 3-21

Hyphen (-), B-4

I/0 device code mnemonics,
C-6
I/0 instruction format, 4-6
I/0 instruction mnemonics,
C-6
.IF, 3-23
IF1l, 3-25
IF2, 3-25
IFB, 3-25
IFDEF, 3-25
IFDIF, 3-25
IFIDN, 3-25
.IFN, 3-24
IFNB, 3-25
IFNDEF, 3-25
Implicit accumulator, 4-6
Indefinite repeat, 3-30,
3-31, 3-67, 5-10
Index register, 4-4
Indexed addressing, 4-4
Indirect addressing, 4-4
Informational messages, 8-1
Instruction format,
1/0, 4-6
primary, 4-4
Int code, 6-4
Integer, 2-2, 3-55
INTEGER (pseudo-op), 3-27
inter—-PSECT reference
storage, F-2
INTERN, 2-12, 3-28
INTERNAL symbol, 2-12
Interpretation,
argument, 5-11

INDEX (Cont.)

IOWD, 3-29

IRP, 3-30, 5-10
IRPC, 3-31, 5-10
.ITABM, 3-16

JFCL mnemonics, C-10
JRST mnemonics, C-10

K, 2-3, B-2

KAl0, 3-16

KI10, 3-16

KL-10 Extended Instruction,
4-7

KL10, 3-16

KL10 EXTEND mnemonics, C-9

" /L, 7-3

“L, B-2
Label, 4-1, 4-3

- Label definition, 2-10

Label in literal, 2-8

Label symbol, 2-10

LALL, 3-32

.LINK, 3-33

Linkage pseudo-ops,
.COMMON, 3-11
DEPHASE, 3-15
.DIRECT KAl0, 3-16
.DIRECT KI1l0, 3-16
.DIRECT KL10, 3-16
ENTRY, 2-12, 3-19
EXTERN, 2-13, 3-21
INTERN, 2-12, 3-28
.LINK, 3-33
. LNKEND, 3-37
PHASE, 3-49, 6-2
.REQUEST, 3-61
.REQUIRE, 3-62
.TEXT, 3-72
TWOSEG, 3-74
XPUNGE, 3-81

LIST, 3-34

Listing file, 6-1

Listing format, 6-2

Listing pseudo-ops,
ASUPPRESS, 3-7
.CREF, 3-12
.DIRECT FLBLST, 3-16
.DIRECT LITLST, 3-16
,DIRECT SFCOND, 3-16
. HWFRMT, 3-21
LALL, 3-32
LIST, 3-34
.MFRMT, 3-39
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Listing pseudo-ops (Cont.)
.NODDT, 3-42
NOSYM, 3-43
PAGE, 3-47
SALL, 3-63
SUBTTL, 3-68
SUPPRESS, 3-69
TITLE, 3-73
XALL, 3-78
.XCREF, 3-79
XLIST, 3-80
XPUNGE, 3-81
LITI 3—35
Literal,
3-41
Literal,
Label in, 2-8
Literal storage,
LITLST, 3-16
.LNKEND, 3-37
LOC, 3-38
Local symbol, 2-12
Location counter,
3-38, 3-46, 3-49,
3-74, 4-4, B-3
Logical expression, 2-13
Logical operator, 2-13

2-7, 3-35, 3-40,

F-4

3-15,
3-57,

2-8,

M, 2-3, B-2

/M, 7-3

Machine instruction
mnemonics, 3-83,
Cc-1

MACMPD,

MACPRF,

Macro

Macro

Macro

MACRO

4-4,

3-~16

3-16

argument storage,

call, 5-2

call format, 5-4

characters, 2-1

MACRO command level, 7-1

MACRO compiler switches,

7-3

Macro definition,
nested, 5-6

Macro listing, 5-6

Macro pseudo-ops,
DEFINE, 3-14
.DIRECT .ITABM,
.DIRECT MACMPD,
.DIRECT MACPRF,
.DIRECT .XTABM,
IRP, 3-30, 5-10
IRPC, 3-31, 5-10
PURGE, 3-54
REPEAT, 3-60
STOPI, 3-67, 5-10

Macro table, 2-9, 2-12,

F-3

5-1

3-16
3-16
3-16
3-16

6-4
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MACRO~-defined mnemonics,
2-16, 4-2, C-1
Macrobody, 5-1
Macrobody storage,
Macroname, 5-1
Macroname storage, F-2
MCRxxX error messages,
Memory, 1-3
Message pseudo-ops,
PRINTX, 3-52
Messages,
MCRxxx error,
.MFRMT, 3-39
Minus sign (=),
Missing argument,
MLOFF, 3-40
MLON, 3-41
Mnemonics,
CALLI, C-12
F40~switch-dependent,
C-14
I/0 device code, C-6
I/0 instruction, C-6
JFCL, C-10
JRST, C-10
KL10 EXTEND, C-9

F-3

8-7

8-7

B-5
5-2

machine instruction, 3-83,
4-4, C-1p

MACRO-defined, 2-16, 4-2,
C-1

monitor call, C-11

MTAPE, C-~13

TTCALL, C-13
Monitor call mnemonics,
Cc-11
MTAPE mnemonics,
Multiplication,

C-13
2-13

/N, 7=3

Nested expression, 2-15

Nested macro definition,

5-6

NO (with .DIRECTIVE),

.NOBIN, 3-16

.NODDT, 3-42

NOSYM, 3-43

NOT, 2-13

Null argument,

Number, 2-2,

Number,
fixed-point decimal, 2-3
floating-point decimal,

2-4

Number pseudo-ops,
.ASSIGN, 3-6
DEC, 3-13
.DIRECT .EROVL,
.DIRECT .OKOVL,

3-16

5-2
3-55

3-16
3-16
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READER'S COMMENTS

NOTE: This form is for document comments only. DIGITAL will
use comments submitted on this form at the company's
discretion. Problems with software should be reported
on a Software Performance Report (SPR) form. If you
require a written reply and are eligible to receive
one under SPR service, submit your comments on an SPR
form.

Did you find errors in this manual? If so, specify by page.

Did you find this manual understandable, usable, and well-organized?
Please make suggestions for improvement.

Is there sufficient documentation on associated system programs
required for use of the software described in this manual? If not,
what material is missing and where should it be placed?

Please indicate the type of user/reader that you most neaxrly represent.

Assembly language programmer
Higher-level language programmer
Occasional programmer (experienced)
User with little programming experience
Student programmer

000000

Non-programmer interested in computer concepts and capabilities

Name Date

Organization

Street

City State Zip Code
or
Country
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