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The Macro Assembler

This document provides a brief description of the
DGC Macro Assembler. This assembler is upward com-
patible with the RDOS Relocatable Assembler. It is
written to take full advantage of the RDOS file sys-
tem. Expansion of the symbol table and definition
of macros is limited only by disk storage capacity.
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The DGC Macro Assembler provides a number of major advancements over the
Relocatable Assembler. In brief, these advancements include:

1. Expanded expression syntax that provides for
implicit as well as explicit precedence. The
class of operators has been expanded to include
all logical comparison operators.

2. An assembly repeat feature for producing many lines
of source from a simple repeat construct. This
facility, given a repeat constant of zero, also
provides for conditional assembly. Unlike the
Relocatable Assembler, conditionals may be
nested to any depth.

3. An assembler variable replacement scheme, allowing
the programmer access to assembler variables using
appropriate source 1line references. This facility
enables the programmer to, for instance, define
macros having no fixed argument list, generate
unique labels, and access the assembler error
flags.

4. A powerful macro facility which allows complete
recursion as well as nested macro calls and which
provides virtually no limitation upon the number
of macro definitions. An extensive macro library
is provided by DGC including macros for often used
operations such as shifts, byte operations, logical
operations, and signed comparisons.

S. Use of literal references with any memory refer-
ence instruction. BAll literals will be optimally
resolved in page zero. Optionally, the assembler
will eliminate all address errors by literal
indirect references through page zero. Literals are
not restricted to absolute numeric quantities and,
in fact, may consist of any legitimate expression.

The DGC Macro Assembler is completely compatible with the DGC Relocatable
Assembler. The additional capabilities of this assembler will be briefly
summarized below.

Equivalence Redefinition

A most important addition of the Macro Assembler allows for equivalence re-
definition. Given that the symbol appears to the left of an equal sign (=),
it will be permissible to redefine its value. The evaluation will be sim-
ilar to a FORTRAN assignment statement, Z.e., every occurrence of the
symbol to the right of the equal sign implies the symbol's current value.
The evaluation then replaces the current value with the new value. For



Equivalence Redefinition (Continued)

example, the following statements are legitimate and define "A" as given:

Statement " Value of A
A=1 o
A = A+3 4
= *
A 2*%A 108

Expressions

Six logical operators have been added to the set of available operators.
Logical comparisons yield the numeric value 1 for true and 0 for false. 1In
addition, implied precedence has been implemented. Note, however, that
because of the left to right evaluation of the Relocatable Assembler the
operators +, -, *, /, &, and ! have been given equal precedence. A com-
plete list of operators is given below in order of decreasing precedence:

‘Precedence Level Symbolic Operator Operation
3 (highest) B Bit alignment
2 . Logical OR
& Logical AND
+ Addition
- Subtraction
* Multiplication
‘ / Division
1 (lowest) == Equality
<3 Inequality
> '~ Greater than
>= Greater than or equal
v Less than
<= "Less than or equal

To enable flexibility) parentheses can be used to explicitly determine the
precedence of evaluation. Parenthesized expressions are, naturally, eval-
uated first. The following statements illustrate this evaluation.

-

00R230 A= 10,%(7+2)
¥op330 Bs A+3B9
©2vRey Cs= (B=A)B(16,=1)/(B=A)B15s3}

000361 D= Ce(a+(B*C))
Do Loops | »

In addition to the .IF_.ENDC construct, conditional assembly as well as
assembly source loops have been implemented using a new .DO_.ENDC construct.
All source statements between the pseudo-ops .DO and .ENDC will be assembled
the number of times specified by an absolute expression.. The form of the
.DO statement is '

.D0 <absolute_expression>

2



Do Loops (Continued)

All source lines between the .DO and the corresponding .ENDC are assembled

<absolute_expression> times.
assembly whatsoever.

A sixteen-word bit table can be generated by the following:

The assembly listing produced is:

0000y
'TTL
00eR2
IITE)
80004
TILE
po2es
00087

11 R Y

0oe00e
vapozo
jeoave
11113

B4vove
pegeee

vaueoen
0eueed

vipope
poyoe4

084000
000005

po2000
0eQ0R6

eoi000
veeoe7

vog4pe
0opei0

o00200
ooyl

Is

Is

Is

Is

Is

Is

Is

Is

Is

Is

181
Ie+}
+ENDC
181
I+}
+ENDC
iBI
I+t
«ENDC

18I

I+
«ENDC
181
Ied
«ENOC
18I
Ie}
«ENDC
181
Ied
«ENDC
181
I¢}
+ENDC

a

«D0
18I
Iet
«ENDC

16,

o001l
eeete
vauts
vevi4
poov1s
00U16‘

geel17

vRpiee
pavele

Pove4e
@eve1d

vewvoce
0ouvR14

¢Queio
QQu0aLsd

vovop4
Vope16

wooR0o2
voeuoy?

vovagl
gopaza

Zero is a legal value, and provides for no

Is

Is

Ia

iBl
Ie}
«ENDC
18l
I+d
«ENDC
181
Ie}
«ENDC
i8l
I+1
«ENDC
181
I+1
s ENUC
181
I}
181
I}
+ENDC



Do Loops (Continued)

Nested DO's are permitted. An n**2 bit table (from n = 1 to 4) can be
generated by the following:

Is 1
«00 4
Js a
WORD= 2
<D0 Iv]
WORD = 1BJ+WORD
Ja Jel
sENLC
I= Ied
WORD
«ENDC

The table generated, in binary, is as shown below:

1

1111

111111111
1111111111111111

Assembler Variable Replacement

The Macro Assembler provides for string replacement of certain predefined
symbols with assembler variable information. The occurrence of a replace-
ment symbol in an assembler source statement is replaced by the appropriate
string before being processed. Replacement symbols are always preceded by
the character ¢. Thus the form is:

S<symbol>

The <symbol> is first matched against a table of predefined symbols. If
recognized, the $<symbol> is replaced, before being processed, by an
appropriate ASCII string. If the <symbol> is not recognized, it is searched
for within the user symbol table itself. If found, the numeric value of the
symbol, in ASCII, replaces the $<symbol> of the source statement. A table of
predefined symbols is given below.

Symbol Value

BREAK Last assembler break character

FLAG Last assembler error flag

LCMD Location counter mode (0-> absolute,
1-> nrel, 2 =>zrel)

NOARG Number of arguments of current macro

NOCAL: Number of calls of current macro

DEPTH Current macro depth

PASS Current assembler pass



Macro Definitions

Macro definitions take the form:
.MACRO <macro_name>
<macro_definition_string>!

Two special characters are interpreted within the macro definition string.
The first is a single quote ('). This character is ignored and causes the
next character to be stored as part of the definition without any interpre-
tation. An example of the use of this character will be given below.

The second special character is an up arrow (4). This character, if
followed by a numeric (1-9) or an alphabetic (A-Z) is a representation of
a formal argument. If the character following the "4" is a numeric, n,

4n will be replaced by the nth argument specified within the call. If the
argument is an alphabetic, this single character symbol will belooked up
at the time of the call and its value, v, will be used to replace the vth
argument within the call.

Macro calls may appear anywhere within a source line and take the following
form:

<macro name> [<actual_ argument >,<actual argument2>,...<actual_grgumenti>... ]
— A - 1 -

Substitution of actual arguments is accomplished by using actuaZ__argument1
to replace every occurrence of 41 (or t<alpha> where <alpha> has the value
1), <actual_argument;> to replace every occurrence of 42, etc. If no formal
arguments were specified within the definition, no arguments may be speci-
fied by the call. If more arguments are given by the call than specified,
they are ignored.

A number of macro examples follow. Note the use of the added assembler
features, the recursive property of the macro FACT and the use of the
special character ' within VFD.

A very simple example, logical OR, is given below. The definition is:

! LOGICAL OR MACROD

) CALL?
) OR (<0Pe@>,<0P=1>)

} WHERE THE RESULT I8t

! <«0P=0> ,0R, <«QPe=i>
«MACRO OR
COM Alyal :
AND XYY ) CLEAR "ON" BITS OF ACal
ADC 'IYLY ) OR RESULT TO ACa2
! :



Macro Definitions (Continued)

Three separate calls assemble as:

peea0
veonl
povezs

eauved
neovaq
eeevas

©peeas
gavez
0001y

A macro to compute n! iteratively is given next.

where the result is

GR (1,2)
124000 COM 1,1
133400 AND 1,2
1320060 ADC 1,2
OR (3,0)
174000 COM 3,3
163400 AND 3,0
162000 ADC 3,0
OR (2,3)
18-1°1-1"]%] COM 2,2
1574¢p0 AND 2,3
156200 ADC 2,3

FACT [<variable>,n]

The definition is:

A2SE

Ing

A2S
Inley

|

Acﬁﬂl for 5! expands as:

eouoeel
oagael
eQuees
povavl
eoeouv2

eoedee
e2eae’

000005
pe0eV4

povale
000006S

eaeyve
L

Js
Isy .

Js
Inlel

J=
Ialel

Js
Isled

Js
Inleg

Js
Inlel

<variable> = n!

«MACRO FACT
i

00 Al
ag2e]

+ENDC

FACT (5,J)
i

«00 S
Jel

«ENDC
Jrl

+ENDC
Jel

+ENDC
Jel

+«ENDC
Jel

+ENDC

The

) CLEAR “QON" BITS QF ACHY
) OR RESULT TO AC2

) CLEAR "ON" BITS OF AC3
) OR RESULT TO AC®

) CLEAR "QON" BITS OF AC2
)} OR RESULT TO AC3

form of the call is: -



Macro Definitions (Continued)

The same computation can be made using the recursive prcperty of macros.
Here the definition is:

«MACRO FACT

«00 Ajuny
'Y i
+ENDC

«00 Aler»y

FACT (al=],n2)
A2N (Al)wa2

+ENDC

|

The complete listing for a call of 6! is:

: _ FACT (6,J .
0oo0oee ,00 t '51.1 poovoel .00 Crimieiwic>]
Js ' FACT [6eieimiein],])
0000014 Do Cujeiwieinixs]
«ENDC 0ouBel Ju |
LELTR DO 6<>1 «ENDC
FAC 6=1,J v
9Qe00092 .DOT é-l::li voyege D0 6'1.1-1.1.1()‘
Ju ¢ FACT [buielejminial, )]
3 Js (6eleleiajey)e]
«ENOC | JENDC
1111} ,D0 6eia>y
‘FACT 6eiel,J) )
eopeend - D0 :.111-:1 0000082 Js (6miejeiei)wy
Js ‘ +ENDC
«ENDC
poeeel .00 Guimi<r] 0@0eU6 Js (b=jeimi)w]
| FACT (6eiei=1,J] +ENDC
eovoge +00 Seimiwizny
Js g .
N 020e32 Js  (6=1e=1)w)]
~ «ENDC JENDC
900001y .00 Guimiwic>y
FACT (6elotatel, ) | ;
eogoue 00 Geimiof{elisny 0001702 J= (6'1)'J
J. l .ENDC
: +ENDC
001320 Js  (6)wy
+ENDC




Macro Definitions (Continued)

The use of t<letter> is shown below. The macro ODD accepts a call having

any number of arguments, producing a table of all the odd values.

The
definition is:
!} THE FULLOWING MACRO PRODUCES A TABLE OF ALL
} ODD INTEGERS WITHIN THE MACRO CALL LIST,
) CALL1Y
! ' 00D (<ARG=LIST>)
+MACRO  0DD
Is i
D0 SNOARG
«00 Alw(Aal/2¢2) s}
al
+ENDC
Is Jey
«ENDC
|
A call generates the following:
OLD [192,3,4,5,6,7,8499,) .
vovoey s : ] ,
pawvoll too SNOARGOORO11 voooee D0 Bm(6/2w2)E=l
LY IR D0 1=(1/2w2)ss] | GENDC
00VeY VopUYl 1tNDc 002ee’ Iciti
v T ENDC
wovoe? I.ighoc. ~ voveel .00 7e(7/2%2) a8l
vovave 00 2=(2/2e2)ss] 000083 veeow? 7
2 v +ENDC
JENDC ‘ Yool Is I+l
ENDC
covaed 1s f;toc 00eee®  ,00 8,=(8,/2¢2)s8!
‘peeoel .00 3= (3/2¢2)s8} GENDC .
[
eod1 woBAES 3 e 020811 Is Iei
+ENDC
eovoed 1s I;;oc 00ve0!t .00 9,=(9,/2v2)ms!
002@0e .00 d4=(4/2¢2) 88} oe04 voeell -9,
. ‘ | +ENDC
JENDC 000012 18 Ie}
©eYRAABS Im led +ENDC
«ENDC
PoV0RY1L D0 Se=(5/2v2)=s}
po0R2 pevees 5
: ‘ -ENDC
WePeE6 Is le}

«ENDC



Macro Definitions (Continued)

A powerful macro, used to associate a specified field layout with a given
name, is now described. The macro VFD is used to define a new macro named
as the first argument in the call to VFD. Subsequent use of the name
given in the VFD call generates a 16-bit storage word having a primary
value to which fields are assembled as described in the call to VFD. The
call is of the form:

VFD [<type_name>, <primary value>, <J"ieZd1 right bit>, <j"7leZdl mask>,. ..
' <field; right bit>,<field, mask> ... ]
The 3rd, 5th, ... arguments specify the rightmost bit positiohs of the
1st, 2nd, ... fields. The 4th, 6th, ... arguments specify the field masks

for the 1st, 2nd, ... fields. To assemble the fields in the proper bit
positions, with overflow and field zero checking, a call is made of the form:

<type_name> [ <field 1 >,<field 2> ... ]

The example below defines a <type_name> of XY2. This name is for words of
the following layout:

0 1 2 3 4 S 6 7 8 9 10 11 12 13 14 15

1 | <field 1> <field 2>

The definition of VFD is:



Macro Definitions (continued)

+MACRO VFD

Isd
+MACRO Al
VALUSA2
Jui

' .
+DO SNOARG/2m={
JMACRO Al «

JIFN al>atay

MASK=Al
DATAm'YAJ
'
Iz]e}
+MACRO at~x*
oD0 15,=A1
MASKEMASK*2
DATASDATAX2
«ENDC
N
Ialel
+sMACRO A} *
«IFN VALUEMASK
ERROR (FIELD NON-ZEROl
+ENDC
+IFE VALUZMASK
VALUE (VALUZ (=MASK=1))+DATA
+ENLC
+ENDOC
oIFE al>»ztay
ERRUR (FIELD OVERFLOW]
+ENDC
LN}
Isl+2
+sMACRO Al «*
RENED!
'y
+ENDC
+MACRO al*
VALU

'y
{

* Definition of a macro previously defined causes the latest <defintt¢0n str¢ng>
to be appended to the previous string.

10



Macro Definitions (Continued)

The call to define XYZ produces:

VFD [XYZ,100000,3,7,15,,17)

Is4
«MACRO XYZ
v e00 Iel=i
Jasucioeeen JMACRO XYZ
{
N - 00 15 .tS'
+00 SNOARG@@OR8/2=1 100 18,213,
JMACRO XYZ DATASDATA®2
+IFN 7334 +ENDC
MASK=7?
Isley
! DATARAJ +MACRO XYZ
| 9 Q)
feres JIFN VALUBMASK
+MACRO XYZ . ERRUR ([FIELD NON=ZERO)
D0 15,3 .
MASKSMASK 2
DATASDATAe2 LENDE
i «ENDC
IFE VALULMASK
Telst ;ALU-(VALU;(-MASK-tJ)toATA
JMACRO XYZ Y EhoC ,
N
JIFN VALUGMASK «ENDC
ERROR [FIELD NONeZERO) JIFE 1758ad
«ENDC ERROR [F1ELD OVERFLOW)
: N
oIFE VALULMASK +ENDC
VALUS(VALUS (=MASK=1))*DATA
Inle2
e OC MACRO XY2
[ ]
.IFE 7.-‘J J.J‘l
ERROR (FIELD OVERFLOW) JENDC
| +ENDC : JMACRO XYZ
Islep
A
+MACRO XYZ VALY
} JaJey
+ENDC
+MACRO XYZ
'IFN ‘7..‘.’
MASKS® Y7
DATAsAJ

11



Macro Definitions (Continued)

and, finally, a call of XYZ for fields having values of 2 and 10 gives:

100000
CLT T3

LI H
v4aY?
veuvdve

vovuid
vouy 16
¥uvuoe4d

820034
vevaia

eovere
kapR20

voui60
©vove40

©¥apv34n
bdoluve

peR790
eoe2pe

0a1600
“ap4¢0

B340
gaioee0

pe7ape
vozevo

AL
0240200

034000
vilveee

XYZ (2,10)

VALUs @@y

‘Js

oIFN 7>82

MASKs7
DATA=2

«00 15,=3
MASKEMASK®2
DATASDATAw2
+ENDC
MASKEMASKe 2
DATASDATA®2
«ENDC
MASKEMASK®2
DATAUDATA®2
«ENDC
MASKEMASKw?2
DATASDATA«2
«ENLC
MASKaMASKe2
DATABDATA2
«ENDC
MASKBMASK®2
DATARDATA®2
«ENDC
MASKeMASK®2
DATASDATA2
«ENDC
MASKRMASK®2
DATASDATAw2
+ENDC
MASKEMASKW?2
DATASDATA®2
+ENDC
MASKRMASK®Q
DATARDATA®2
+ENDC
MASKEMASKe2
DATARDATA®2

+ENDC

v700¢0
v2ooun

UL )]

pouvaut
120000

opesan

peyeue
vorau!
poevl1?
vouale

ooveee

voponl
120010

eeeaed

povee 20010

12

+ENDC

MASKEMASKe2
DATARDATA®2
+ENDC

oIFN VALUEMASK
ERROR (FIELD NONeZERO)
«ENDC

oIFE VALUZMASK
VALU® (VALUL (»MASK=1))+DATA
«ENDC .

JIFE 7>32
ERROR(FIELD OVERFLOW)

+ENDC
JeJey

+IFN 17>810

MASK®17
DATAS10

+ENDC

.Do 15.-15.
MASKaMASKw2
DATASDATAC2
+ENDC

o IFN VALURMASK
ERROR (FIELD NON=ZERO)
+ENDC

o 1FE VALULMASK
VALU® (VALUS (=MASK=1)) +DATA
«ENDC

«IFE 17>s18
ERROR[FIELD OVERFONW)

+ENDC
JuJey
VALY



Literals

Literals are permitted on all memory reference instructions. The format is:
<mem_re ference> [<ac>,] = <expression>

When assembled, the instruction will reference a memory location whose contents
will be the expression given. To accomplish this, all literals will be
"dumped" in page zero, using the first .ZREL location available after pass 1.

An extension of the literal concept is optionally available to resolve
program address errors. All address errors detected on Pass 2 will be
resolved using page zero address constants provided by the assembler.

Listing Options

The Macro Assembler provides, optionally, a number of listing options.
These options include:

1. The octal output from .TXT can be suppressed after two
bytes (one word).

2. Conditional statements that are not assembled can be
suppressed from the listing.

3. Macro expansions can be suppressed from the listing.
4. An expanded address field can be printed, giving the

address of all memory reference instructions relative
to the current location counter.
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