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T
h

e T
w

o
 A

ssem
b

ler L
an

g
u

ag
es

•
S

ystem
/360/370/390 assem

blers support tw
o (nearly) independent

languages

−
“o

rd
in

a
ry” o

r “b
a

se
” a

sse
m

b
ly la

n
g

u
a

g
e

:
you program

 the m
achine

—
tra

n
sla

te
d

 b
y th

e
 A

sse
m

b
le

r in
to

 m
a

ch
in

e
 la

n
g

u
a

g
e

—
u

su
a

lly e
xe

cu
te

d
 o

n
 a

 S
yste

m
/3

6
0

/3
7

0
/3

9
0

 p
ro

ce
sso

r

−
“conditional” assem

bly language: you program
 the assem

bler

—
in

terp
reted

 a
n

d
 execu

ted
 b

y th
e

 A
sse

m
b

le
r a

t a
sse

m
b

ly tim
e

—
ta

ilo
rs, se

le
cts, a

n
d

 cre
a

te
s se

q
u

e
n

ce
s o

f sta
te

m
e

n
ts

O
ve

rvie
w
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W
h

y is th
e C

o
n

d
itio

n
al A

ssem
b

ly L
an

g
u

ag
e In

terestin
g

?

•
A

dds great pow
er and flexibility to the base (ordinary) language

−
Y

ou w
rite program

s that w
rite program

s!

−
Lets the language do m

ore of the w
ork

•
L

e
ts yo

u
 b

u
ild

 p
ro

g
ra

m
s “b

o
tto

m
-u

p
”

−
R

epeated patterns becom
e m

acro calls

−
E

nhances program
 readability, reduces program

 size

−
R

educes the gap betw
een abstraction and expression

•
H

LLs: you m
ust m

ake the problem
 fit the language

•
M

acros: you can change the language to fit the problem

−
E

ach application encourages design of its ow
n language

O
ve

rvie
w
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h
e C
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n

d
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n
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b
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C
o

n
d

itio
n

al A
ssem

b
ly L

an
g

u
ag

e

•
C

onditional A
ssem

bly Language:

−
general purpose (if a bit prim

itive):
data types and structures; variables;

expressions and operators; assignm
ents; conditional and unconditional

branches; built-in functions; I/O
; subroutines; external functions

•
A

nalogous to preprocessor support in som
e languages

−
B

ut the A
ssem

bler's is m
uch m

ore pow
erful!

•
F

undam
ental concepts of conditional assem

bly apply

−
outside m

acros (“open code,” the prim
ary input stream

)

−
inside m

acros (“assem
bly-tim

e subroutines”)

•
T

he tw
o languages m

anage different classes of sym
bols:

−
ordinary assem

bly: o
rd

in
ary sym

bols (internal and external)

−
conditional assem

bly: variab
le and seq

u
en

ce sym
bols

—
va

ria
b

le
 sym

b
o

ls: fo
r evalu

atio
n

 a
n

d
 su

b
stitu

tio
n

—
se

q
u

e
n

ce
 sym

b
o

ls: fo
r selectio

n
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itio
n

a
l-2


 C

o
p

yrig
h

t IB
M

 C
o

rp
o

ra
tio

n
 1

9
9

3
, 2

0
0

4
. A

ll rig
h

ts re
se

rve
d

.
H

L
A

S
M



E
valu

atio
n

, S
u

b
stitu

tio
n

, an
d

 S
electio

n

•
T

hree key concepts of conditional assem
bly:

1.
E

valuation

−
A

ssig
n

s va
lu

e
s to

 variab
le sym

b
o

ls, b
a

se
d

 o
n

 th
e

 re
su

lts o
f co

m
p

u
tin

g
 co

m
p

le
x

e
xp

re
ssio

n
s.

2.
S

ubstitution

−
Y

o
u

 w
rite

 th
e

 n
a

m
e

 o
f a

 va
ria

b
le

 sym
b

o
l w

h
e

re
 th

e
 A

sse
m

b
le

r is to
 su

b
stitu

te
 th

e
valu

e o
f th

e
 va

ria
b

le
 sym

b
o

l.

−
P

e
rm

its ta
ilo

rin
g

 a
n

d
 m

o
d

ifica
tio

n
 o

f th
e

 “o
rd

in
a

ry a
sse

m
b

ly la
n

g
u

a
g

e
” te

xt
stre

a
m

.

3.
S

election

−
U

se seq
u

en
ce sym

b
o

ls to
 a

lte
r th

e
 n

o
rm

a
l, se

q
u

e
n

tia
l flo

w
 o

f sta
te

m
e

n
t

p
ro

ce
ssin

g
.

−
S

e
le

cts d
iffe

re
n

t se
ts o

f sta
te

m
e

n
ts fo

r fu
rth

e
r p

ro
ce

ssin
g

.
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V
a

ria
b

le
S

ym
b

o
ls

•
W

ritten as an ordinary sym
bol prefixed by an am

persand (&
)

•
E

xam
ples:

&A
&Time 

&DATE 
&My_Value

•
V

ariable sym
bols starting w

ith &
S

Y
S

 are reserved to the A
ssem

bler

•
T

hree variable sym
bol types are supported:

−
A

rithm
etic: values represented as signed 32-bit (2's com

plem
ent) integers

−
B

oolean: values are 0, 1

−
C

haracter: strings of 0 to 255 E
B

C
D

IC
 characters

•
T

w
o scopes are supported:

−
local: know

n only w
ithin a fixed, bounded context; not shared across scopes

(m
a

cro
s, “o

p
e

n
 co

d
e

”)

−
global: shared in all contexts that declare the variable as global

•
S

om
e variable sym

bol values are m
odifiable (“S

E
T

” sym
bols)
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D
eclarin

g
 V

ariab
le S

ym
b

o
ls

•
T

here are six explicit declaration statem
ents (3 types ×

 2 scopes)

•
E

xam
ples of scalar-variable declarations:

LCLA
&J,&K

GBLB
&INIT

LCLC
&Temp_Chars

•
M

ay be subscripted, in a 1-dim
ensional array (positive subscripts)

LCLA
&F(15),&G(1)

No fixed upper limit; (1) suffices

•
M

ay be created
, in the form

 &
(e) (w

here e is a character expression
starting w

ith an alphabetic character)

&(B&J&K)
SETA

&(XY&J.Z)─1

A
rithm

etic
Type

B
oolean

Type
C

h
aracter

Type

Local
S

cope
LC

LA
LC

LB
LC

LC

G
lobal

S
cope

G
B

LA
G

B
LB

G
B

LC

Initial
V

alues
0

0
null
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D
eclarin

g
 V

ariab
le S

ym
b

o
ls ...

•
A

ll explicitly declared variable sym
bols are S

E
T

table

−
T

heir values can be changed

•
T

hree form
s of im

plicit declaration:

1.
by the A

ssem
bler (for S

ystem
 V

ariab
le S

ym
b

o
ls)

−
n

a
m

e
s a

lw
a

ys b
e

g
in

 w
ith

 ch
a

ra
cte

rs &
S

Y
S

−
m

o
st h

a
ve

 lo
ca

l sco
p

e

2.
by appearing as sym

b
o

lic p
aram

eters (dum
m

y argum
ents) in a m

acro
prototype statem

ent

−
sym

b
o

lic p
a

ra
m

e
te

rs a
lw

a
ys h

a
ve

 lo
ca

l sco
p

e

3.
as local variables, if first appearance is as target of an assignm

ent

−
th

is is th
e

 o
n

ly im
p

licit fo
rm

 th
a

t m
a

y b
e

 ch
a

n
g

e
d

 (S
E

T
)
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S
u

b
stitu

tio
n

•
In appropriate contexts, a variable sym

bol is replaced by its valu
e

•
E

xam
ple: S

uppose the value of &A is 1.

T
hen, substitute &A:

 Char&A DC
C'&A'

Before substitution
+Char1

DC
C'1'

After substitution

•
N

ote: '+' in listing's “colum
n 0” indicates a generated statem

ent

•
T

his exam
ple illustrates w

hy paired am
persands are required if you w

ant
a single &

 in a character constant or self-defining term
!

•
T

o avoid am
biguities, m

ark the end of a variable-sym
bol substitution w

ith
a period:

Write:
CONST&A.B DC

C'&A.B'
&A followed by 'B'

Result:
+CONST1B

DC
C'1B'

Value of &A followed by 'B' !!

Not:
CONST&AB

DC
C'&AB'

&A followed by 'B' ??
No: &AB !

** ASMA003E Undeclared variable symbol ─ OPENC/AB

−
O

P
E

N
C

/A
B

 m
eans “in O

pen C
ode, and &

A
B

 is an unknow
n sym

bol”
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S
u

b
stitu

tio
n

, E
valu

atio
n

, an
d

 R
e-S

can
n

in
g

•
P

oints of substitution identified only by variable sym
bols

−
H

LA
S

M
 is not a general string- or pattern-m

atching m
acro processor

•
S

tatem
ents once scanned for points of substitution are not re-scanned

&A
SETC

'3+4'
&B

SETA 
5*&A 

Is
the

result
5*(3+4)

or
(5*3)+4

??
** ASMA102E Arithmetic term is not self─defining term; default = 0

(Neither! The characters '3+4' are not a self=defining term!)

•
S

ubstitutions cannot create points of substitution

•
A

nother exam
ple (the S

E
T

C
 syntax and the &

&
s are explained later):

&A
SETC

'&&B'
&A has value &&B

&C
SETC

'&A'(2,2)
&C has value &B

&B
SETC

'XXX'
&B has value XXX

Con
DC

C'&C'
Is the result &B or XXX?

** ASMA127S Illegal use of Ampersand

T
he operand is '&B', so the statem

ent gets a diagnostic
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A
ssig

n
in

g
 V

alu
es to

 V
ariab

le S
ym

b
o

ls: S
E

T
 S

tatem
en

ts

•
T

hree assignm
ent statem

ents: S
E

T
A

, S
E

T
B

, and S
E

T
C

−
O

ne S
E

T
 statem

ent for each type of variable sym
bol

&x_varsym
SETx

x_expression
Assigns value of x_expression to &x_varsym

&A_varsym
SETA

arithmetic_expression
&B_varsym

SETB
boolean_expression

&C_varsym
SETC

character_expression

−
S

E
T

A
 uses fam

iliar arithm
etic operators and “internal function” notation

−
S

E
T

B
 uses “internal function” notation

−
S

E
T

C
 uses specialized form

s and “internal function” notation

•
Internal function notation:

(operand OPERATOR operand)
for binary operators

(OPERATOR operand)
for unary

operators
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A
ssig

n
in

g
 V

alu
es to

 V
ariab

le S
ym

b
o

ls: S
E

T
 S

tatem
en

ts ...

•
T

arget variable sym
bol m

ay be subscripted

&A(6)
SETA

9
Set

&A(6)=9
&A(7)

SETA
2

Set
&A(7)=2

•
V

alues can be assigned to successive elem
ents in one statem

ent

&Subscripted_x_VarSym 
SETx 

x_Expression_List
'x'

is
A,

B,
or

C

&A(6)
SETA

9,2,5+5
Sets &A(6)=9, &A(7)=2, &A(8)=10

−
Leave an existing value unchanged by om

itting the expression

&A(3)
SETA

6,,3
Sets &A(3)=6, &A(4) unchanged, &A(5)=3

•
E

xternal functions use S
E

T
A

F
, S

E
T

C
F

 (m
ore at slide C

onditional-22)
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E
valu

atin
g

 an
d

 A
ssig

n
in

g
 A

rith
m

etic E
xp

ressio
n

s: S
E

T
A

•
S

yntax:

&Arithmetic_Var_Sym 
SETA 

arithmetic_expression

•
F

ollow
s sam

e evaluation rules as ordinary-assem
bly expressions

−
S

im
pler, because no relocatable term

s are allow
ed

−
R

icher, because internal functions are allow
ed

−
A

rithm
etic overflow

s alw
ays  detected!

(b
u

t a
n

yth
in

g
/0

 =
 0

!)

•
V

alid term
s include:

−
arithm

etic and boolean variable sym
bols

−
self-defining term

s (binary, character, decim
al, hexadecim

al)
−

character variable sym
bols w

hose value is a self-defining term
−

predefined absolute ordinary sym
bols

−
arithm

etic-valued attribute references
(C

ount, D
efinition, Integer, Length, N

um
ber, S

cale)
−

internal function evaluations (shifting and “m
asking”)

•
E

xam
ple:

&A 
SETA 

&D*(2+&K)/&G+ABSSYM─C'3'+L'&PL3*(&Q
SLL

5)

C
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A
rith

m
etic E

xp
ressio

n
s: In

tern
al A

rith
m

etic F
u

n
ctio

n
s

•
S

hifting
functions

−
W

ritten
(operand Shift_Op shift_amount)

−
Shift_Op m

ay be S
R

L, S
LL, S

R
A

, S
LA

&A_SLL 
SetA 

(&A1
SLL

3)
Shift

left
3
bits,

unsigned
&A_SRL 

SetA 
(&A1

SRL
&A2)

Shift
right

&A2
bits,

unsigned
&A_SLA 

SetA 
(&A1

SLA
1)

Shift
left

1
bit,

signed
&A_SRA 

SetA 
(&A1

SRA
&A2)

Shift
right

&A2
bits,

signed

•
M

asking functions A
N

D
, O

R
, X

O
R

−
W

ritten
(operand Mask_Op operand)

−
P

roduces 32-bit bitw
ise logical result

&B
SETA 

(&B 
AND

X'F0')
AND

&B
with

X'F0'
&A

SetA
(7 XOR (7 OR (&A+7)))

Round &A to next multiple of 8

•
M

asking function N
O

T

−
T

akes only one operand, w
ritten (NOT

operand)

−
P

roduces bit-w
ise com

plem
ent; equivalent to

(operand
XOR

−
1)

&C
SETA

(NOT &C)
Invert all bits of &C

C
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S
E

T
A

 S
tatem

en
ts vs. E

Q
U

 S
tatem

en
ts

•
N

ote differences betw
een S

E
T

A
 and E

Q
U

 statem
ents:

S
E

TA
S

tatem
ents

E
Q

U
S

tatem
ents

A
ctive only at conditional assem

bly
tim

e
A

ctive at ordinary assem
bly tim

e;
predefined absolute values usable at
conditional assem

bly tim
e

M
ay assign values to a given

va
ria

b
le

 sym
bol m

any tim
es

A
 value is assigned to a given

o
rd

in
a

ry sym
bol only once

E
xpressions yield a 32-bit binary

signed (non-relocatable) value
E

xpressions m
ay yield absolute,

sim
ply relocatable, or com

plexly
relocatable unsigned values

N
o base-language attributes are

assignable to variable sym
bols

A
ttributes (length, type) m

ay be
assigned w

ith an E
Q

U
 statem

ent
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E
valu

atin
g

 an
d

 A
ssig

n
in

g
 B

o
o

lean
 E

xp
ressio

n
s: S

E
T

B

•
S

yntax:

&Boolean_Var_Sym 
SETB 

(boolean_expression)

•
B

oolean constants: 0 (false), 1 (true)

•
B

oolean operators:

−
NOT (highest priority), AND,

OR,
XOR (low

est)

−
U

nary NOT also allow
ed in AND

NOT,
OR

NOT,
XOR

NOT

•
R

elational operators (for arithm
etic and character com

parisons):

−
EQ, NE, GT, GE, LT, LE

•
E

xam
ples

&A 
SETB 

(&N
LE

2)
&B 

SETB 
(&N

LE
2
AND

'&CVAR'
NE

'*')
&C 

SETB 
((&A

GT
10)

AND
NOT

('&X'
GE

'Z')
OR

&R)

C
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E
valu

atin
g

 an
d

 A
ssig

n
in

g
 B

o
o

lean
 E

xp
ressio

n
s: S

E
T

B
 ...

•
W

arning!
C

haracter com
parisons use E

B
C

D
IC

 collating sequence, but:

−
C

om
parisons don't stop at end of shorter string

−
S

horter string not blank-padded to length of longer string

&B 
SETB 

('B'
GT

'A')
&B

is
1
(True)

&B 
SETB 

('B'
GT

'AA')
&B

is
0
(False)

→
S

horter
strings

alw
ays

com
pare

LT
than

longer!

→
'B'

>
'A',

but'B'
<
'AA'

•
N

ote: cannot com
pare arithm

etic to character expressions

−
O

nly character-to-character and arithm
etic-to-arithm

etic com
parisonsC

o
n

d
itio

n
a

l-1
5


 C

o
p

yrig
h
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M
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E
valu

atin
g

 an
d

 A
ssig

n
in

g
 C

h
aracter E

xp
ressio

n
s: S

E
T

C

•
S

yntax:

&Character_Var_Sym 
SETC 

character_expression

•
A

 character constant is a 'quoted
string' 0 to 255 characters long

&CVar1
SETC

'AaBbCcDdEeFf'
&CVar2

SETC
'This is the Beginning of the End'

&Decimal SETC
'0123456789'

&Hex
SETC

'0123456789ABCDEF'
&Empty

SETC
''

Null (zero─length) string

•
A

ll term
s m

ust be quoted, except type-attribute references
(and opcode-attribute references)

−
T

ype-attribute references are neither quoted nor duplicated nor com
bined

&TCVar1 
SETC 

T'&CVar1

•
S

trings m
ay be preceded by a parenthesized duplication factor

&X
SETC

(3)'ST'
&X has value STSTST

&J
SETA

2
&Y

SETC
(2*&J)'*'

&Y has value ****
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E
valu

atin
g

 an
d

 A
ssig

n
in

g
 C

h
aracter E

xp
ressio

n
s: S

E
T

C
 ...

•
A

postrophes and am
persands in strings m

ust be paired

−
A

postrophes are
 paired internally for assignm

ents and relationals!

&QT
SetC

''''
Value of &QT is a single apostrophe

&Yes 
SetB 

('&QT'
eq

'''')
&Yes

is
TRUE

−
A

m
persands are n

o
t paired internally for assignm

ents and relationals!

&Amp 
SetC 

'&&'
&Amp

has
value

&&
&Yes 

SetB 
('&Amp'

eq
'&&') 

&Yes
is

TRUE
&D

SetC
(2)'A&&B'

&D has value A&&BA&&B

−
U

se substring notation to get a single &
 (see slide C

onditional-19)

•
W

arning! S
E

T
A

 variables are substituted w
ithout sign!

&A 
SETA 

─5
 

DC 
F'&A'

Generates
X'00000005'

&C 
SETC 

'&A'
&C

has
value

5
(not

─5!)

−
T

he S
IG

N
E

D
 built-in function avoids this problem

&C 
SETC 

(SIGNED
&A)

&C
has

value
─5
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C
h

aracter E
xp

ressio
n

s: C
o

n
caten

atio
n

•
C

oncatenation of character variables indicated by juxtaposition

•
C

oncatenation operator is the period (.)

&C 
SETC 

'AB'
&C

has
value

AB
&C 

SETC 
'A'.'B'

&C
has

value
AB

&D 
SETC 

'&C'.'E'
&D

has
value

ABE
&E 

SETC 
'&D&D'

&E
has

value
ABEABE

•
R

em
em

ber: a period indicates the end of a variable sym
bol

&E 
SETC 

'&D.&D'
&E

has
value

ABEABE
&D 

SETC 
'&C.E'

&D
has

value
ABE

•
P

eriods are data if not at the end of a variable sym
bol

&E 
SETC 

'&D..&D'
&E

has
value

ABE.ABE
&B 

SETC 
'A.B'

&B
has

value
A.B

•
Individual term

s m
ay have duplication factors

&J 
SETC 

(2)'A'.(3)'B'
&J

has
value

AABBB
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C
h

aracter E
xp

ressio
n

s: S
u

b
strin

g
s

•
S

ubstrings specified by
'string'(start_position,span)

&C 
SETC 

'ABCDE'(1,3)
&C

has
value

ABC
&C 

SETC 
'ABCDE'(3,3)

&C
has

value
CDE

•
span m

ay be zero (substring is null)

&C 
SETC 

'ABCDE'(2,0)
&C

is
a
null

string

•
span m

ay be * (m
eaning “to end of string”)

&C 
SETC 

'ABCDE'(2,*)
&C

has
value

BCDE

•
S

ubstrings take precedence over duplication factors

&C 
SETC 

(2)'abc'(2,2) 
&C

has
value

bcbc,
not

bc

•
Incorrect substring operations m

ay cause w
arnings or errors

&C 
SETC 

'ABCDE'(6,1)
&C

has
null

value
(with

a
warning)

&C 
SETC 

'ABCDE'(2,─1) 
&C

has
null

value
(with

a
warning)

&C 
SETC 

'ABCDE'(0,2)
&C

has
null

value
(with

an
error)

&C 
SETC 

'ABCDE'(5,3)
&C

has
value

E
(with

a
warning)

Note: warning disabled in AsmH, HLASM R1; option control was added in HLASM R2
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C
h

aracter E
xp

ressio
n

s: S
trin

g
 L

en
g

th
s

•
U

se a C
ount A

ttribute R
eference (K') to determ

ine the num
ber of

characters in a variable sym
bol's value

&N
SETA

K'&C
Sets &N to number of characters in &C

&C
SETC

'12345'
&C has value 12345

&N
SETA

K'&C
&N has value 5

&C
SETC

''
null string

&N
SETA

K'&C
&N has value 0

&C
SETC

'''&&'''
&C has value '&&'

&N
SETA

K'&C
&N has value 4

&C
SETC

(3)'AB'
&C has value ABABAB

&N
SETA

K'&C
&N has value 6

•
A

rithm
etic and boolean variables converted to strings first

&A
SETA

─999
K'&A has value 3
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C
h

aracter E
xp

ressio
n

s: In
tern

al C
h

aracter F
u

n
ctio

n
s

•
C

haracter-valued (unary) character operations:

&X_Up
SetC

(UPPER
'&X')

All letters in &X set to upper case
&Y_Low 

SetC 
(LOWER

'&Y') 
All

letters
in

&Y
set

to
lower

case
&Z_Pair

SetC
(DOUBLE '&Z')

Ampersands/apostrophes in &Z doubled
&CharVal SetC

(SIGNED &A)
Convert arithmetic &A to signed string

&EBCDIC
SetC 

(BYTE 
X'FF')

Create
one─byte

character─variable
value

•
A

rithm
etic-valued (binary) character operations: IN

D
E

X
, F

IN
D

−
IN

D
E

X
 finds position in 1st operand string of first m

atch w
ith 2nd operand

&First_Match SetA
('&BigStrg' INDEX '&SubStrg')

First string match
&First_Match SetA

('&HayStack' INDEX '&OneBigNeedle')

−
F

IN
D

 finds position in 1st operand string of first m
atch w

ith any character of
the 2nd operand

&First_Char 
SetA 

('&BigStrg'
FIND 

'&CharSet') 
First

character
match

&First_Char 
SetA 

('&HayStack'
FIND 

'&AnySmallNeedle')

−
B

oth return 0 if nothing m
atches

−
T

hese tw
o functions m

ay not be recognizable in all S
etA

 expressions

—
M

a
y h

a
ve

 to
 w

rite
 se

p
a

ra
te

 sta
te

m
e

n
ts
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E
xtern

al C
o

n
d

itio
n

al-A
ssem

b
ly F

u
n

ctio
n

s

•
Interfaces to assem

bly-tim
e environm

ent and resources

•
T

w
o types of external, user-w

ritten functions

1.
A

rithm
etic functions: like &A

=
AFunc(&V1,

&V2,
...)

&A
SetAF

'AFunc',&V1,&V2,...
Arithmetic

arguments
&LogN 

SetAF 
'Log2',&N

Logb(&N)

2.
C

haracter functions: like &C
=
CFunc('&S1',

'&S2',
...)

&C
SetCF

'CFunc','&S1','&S2',...
String

arguments
&RevX 

SetCF 
'Reverse','&X'

Reverse(&X)

•
F

unctions m
ay have zero to m

any argum
ents

•
S

tandard linkage conventions
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C
o

n
d

itio
n

al E
xp

ressio
n

s w
ith

 M
ixed

 O
p

eran
d

 T
yp

es

•
E

xpressions som
etim

es sim
plified w

ith m
ixed operand types

−
S

om
e lim

itations on substituted values and converted results

•
Let &

A
, &

B
, &

C
 be arithm

etic, boolean, character:

V
ariab

le
Type

S
E

TA
S

tatem
en

t
S

E
TB

S
tatem

en
t

S
E

TC
S

tatem
en

t

A
rith

m
e

tic
no

conversion
zero &A becom

es
0; nonzero &A
becom

es 1

'&A' is decim
al

representation of
m

agnitude(&A)

B
oolean

extend &B to
32-bit 0 or 1

no
conversion

'&B' is '0' or
'1'

C
haracter

&C m
ust be a

self-defining term
&C m

ust be a
self-defining
term

; convert to
0 or 1 as above

no
conversion
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S
ta

te
m

e
n

t
S

electio
n

•
A

llow
s the A

ssem
bler to select different sequences of statem

ents for
further processing

•
K

ey elem
ents are:

1.
S

equence
sym

bols

−
U

se
d

 to
 “m

a
rk” p

o
sitio

n
s in

 th
e

 sta
te

m
e

n
t stre

a
m

−
A

 “co
n

d
itio

n
a

l a
sse

m
b

ly la
b

e
l”

2.
T

w
o statem

ents that reference sequence sym
bols:

AGO
conditional-assem

bly “unconditional branch”

AIF
conditional-assem

bly “conditional branch”

3.
O

ne statem
ent that helps define  a sequence sym

bol:

ANOP
conditional-assem

bly “N
o-O

peration”
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S
eq

u
en

ce
S

ym
b

o
ls

•
S

equence sym
bol: an ordinary sym

bol preceded by a period (
.

)

.A 
.Repeat_Scan 

.Loop_Head
.Error12

•
U

sed to m
ark a statem

ent

−
D

efin
ed

 by appearing in the nam
e field of a statem

ent

.A
LR

R0,R9

−
U

sed
 as target of A

IF
, A

G
O

 statem
ents to alter sequential statem

ent
processing

•
N

ot assigned any value (absolute, relocatable, or other)

•
P

urely local scope; no sharing of sequence sym
bols across scopes

•
C

annot be created or substituted (unlike ordinary and variable sym
bols)

−
C

annot even be created by substitution in a m
acro-generated m

acro (!)

−
N

ever passed as the value of any sym
bolic param

eter
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S
eq

u
en

ce S
ym

b
o

ls an
d

 th
e A

N
O

P
 S

tatem
en

t

•
A

N
O

P
: conditional-assem

bly “N
o-O

peration”

•
S

erves only to hold a sequence-sym
bol m

arker before statem
ents that

w
ouldn't have room

 for it in the nam
e field

.Target
ANOP

&ARV
SETA

&ARV+1
Name field required for target variable

•
N

o other effect

−
C

onceptually sim
ilar to (but very different from

!)

Target 
EQU 

*
For

ordinary
symbols

in
ordinary

assemblyC
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T
h

e A
G

O
 S

tatem
en

t

•
A

G
O

 unconditionally alters norm
al sequential statem

ent processing

−
A

ssem
bler breaks norm

al sequential statem
ent processing

−
R

esum
es at statem

ent m
arked w

ith the specified sequence sym
bol

−
T

w
o form

s: O
rdinary A

G
O

 and E
xtended A

G
O

•
O

rdinary A
G

O
 (G

o-T
o statem

ent)

AGO
sequence_symbol

Example:
AGO

.Target
Next statement processed marked by .Target

•
E

xam
ple of use:

┌────────
AGO

.BB
│

* (1) This statement is ignored
└� .BB

ANOP
* (2) This statement is processed
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T
h

e E
xten

d
ed

 A
G

O
 S

tatem
en

t

•
E

xtended A
G

O
 (C

om
puted G

o-T
o, S

w
itch statem

ent)

AGO
(arith_expr)seqsym_1[,seqsym_k]...

•
V

alue of arithm
etic expression determ

ines w
hich “branch” is taken from

sequence-sym
bol list

−
V

alue m
ust lie betw

een 1 and num
ber of sequence sym

bols in “branch” list

•
W

arning! if value of arithm
etic expression is invalid, no “branch” is

taken!AGO
(&SW).SW1,.SW2,.SW3,.SW4

MNOTE 12,'Invalid value of &&SW = &SW..'
Always a good practice!
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T
h

e A
IF

 S
tatem

en
t

•
A

IF
 conditionally alters norm

al sequential statem
ent processing

•
T

w
o form

s: O
rdinary A

IF
 and E

xtended A
IF

•
O

rdinary A
IF

:

AIF
(boolean_expression)seqsym

AIF
(&A GT 10).Exit_Loop

•
If boolean_expression

 is

true:
continue processing at specified sequence sym

bol
false:

continue processing w
ith next sequential statem

ent

┌──────── AIF
(&Z GT 40).BD

│
* (1) This statement is processed if

(NOT (&Z GT 40))
└� .BD

ANOP
* (2) This statement is processed
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T
h

e E
xten

d
ed

 A
IF

 S
tatem

en
t

•
E

xtended A
IF

 (M
ulti-condition branch, C

ase statem
ent)

AIF
(bool_expr_1)seqsym_1[,(bool_expr_n)seqsym_n]...

•
E

quivalent to a sequence of ordinary A
IF

 statem
ents

•
B

oolean expressions are evaluated in turn until first tru
e one is found

−
R

em
aining boolean expressions are not evaluated

•
E

xam
ple:

AIF
(&A GT 10).SS1,(&BOOL2).SS2,('&C' EQ '*').SS3
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L
o

g
ical O

p
erato

rs in
 S

E
T

A
, S

E
T

B
, an

d
 A

IF

•
“Logical” operators m

ay appear in S
E

T
A

, S
E

T
B

, and A
IF

 statem
ents:

−
A

N
D

, O
R

, X
O

R
, N

O
T

•
Interpretation in S

E
T

A
 and S

E
T

B
 is w

ell defined
(see slide C

onditional-23)

−
S

E
T

A
: treated as 32-bit m

asking operators
−

S
E

T
B

: treated as boolean connectives

•
In A

IF
 statem

ents, possibility of am
biguous interpretation:

AIF
(&A1 AND &A2).Skip

Let &A1 = 1, &A2 = 2; then, evaluate
AIF 

(1 
AND 

2).Skip

−
A

rith
m

etic evaluation of (1
AND

2) yields 0 (bitw
ise A

N
D

)
−

B
o

o
lean

 evaluation of (1
AND

2) yields 1 (both operands T
R

U
E

)

•
R

ule: A
IF

 statem
ents use boolean

 interpretation

−
P

rovides consistency w
ith previous language definitions.

AIF 
(1 

AND 
2).Skip

will
go

to
.Skip!

C
o

n
d

itio
n

a
l-3

1

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o

p
yrig

h
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D
isp

layin
g

 V
ariab

le S
ym

b
o

l V
alu

es: T
h

e M
N

O
T

E
 S

tatem
en

t

•
U

seful for diagnostics, tracing, inform
ation, error m

essages
−

S
ee also discussion of m

acro debugging (slide C
oncepts-41)

•
S

yntax:MNOTE
severity,'message

text'

•
severity m

ay be

−
any arithm

etic expression of value betw
een 0 and 255

—
o

m
itte

d
 (if th

e
 fo

llo
w

in
g

 co
m

m
a

 is p
re

se
n

t, se
ve

rity =
 1

)
—

va
lu

e
 o

f severity is u
se

d
 to

 d
e

te
rm

in
e

 a
sse

m
b

ly co
m

p
le

tio
n

 co
d

e

−
an asterisk; the m

essage is treated as a com
m

ent

—
o

m
itte

d
 (if th

e
 fo

llo
w

in
g

 co
m

m
a

 is a
lso

 o
m

itte
d

, tre
a

t a
s a

 co
m

m
e

n
t)

•
D

isplayed quotes and am
persands m

ust be paired

•
E

xam
ples:

.Msg_1B MNOTE
8,'Missing Required Operand'

.X14
MNOTE

,'Conditional Assembly has reached .X14'
.Trace4 MNOTE

*,'Value of &&A = &A., value of &&C = ''&C.'''
MNOTE

'Hello World (How Original!)'

C
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
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E
xam

p
le: G

en
erate a B

yte S
trin

g
 w

ith
 V

alu
es 1-N

•
S

am
ple 0: w

rite everything by hand

N
EQU

5
Predefined absolute symbol

DC
AL1(1,2,3,4,N)

Define the constants

−
D

efect: if the value of N
 changes, m

ust rew
rite the D

C
 statem

ent

•
S

am
ple 1: generate separate statem

ents

−
P

seudocode:
DO for J = 1 to N (GEN( DC AL1(J)))

N
EQU

5
Predefined absolute symbol

LCLA
&J

Local arithmetic variable symbol, initially 0
┌� .Test

AIF
(&J GE N).Done

Test for completion (N could be LE 0!)
│

&J
SETA

&J+1
│

Increment &J
│

DC
AL1(&J)

│
Generate a byte constant

└───────
AGO

.Test 
│ 

Go
to

check
for

completion
.Done 

ANOP 
�─────────┘

Generation
completed

C
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
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E
xam

p
le: G

en
erate a B

yte S
trin

g
 w

ith
 V

alu
es 1-N

 ...

•
S

am
ple 2: generate a string w

ith the values (like '1,2,3,4,5')

−
P

seudocode:
Set S='1'; DO for K = 2 to N (S = S || ',K'); GEN( DC AL1(S))

N
EQU

5
Predefined absolute symbol

LCLA
&K

Local arithmetic variable symbol
LCLC

&S
Local character variable symbol

&K
SETA

1
Initialize counter

┌────────
AIF

(&K GT N).Done2 Test for completion (N could be LE 0!)
│

&S
SETC

'1'
Initialize string

│┌� .Loop
ANOP

Loop head
││

&K
SETA

&K+1
Increment &K

││
AIF

(&K GT N).Done1 Test for completion
││

&S
SETC

'&S'.',&K' │
Continue string: add comma and next value

│└──────── AGO
.Loop

│
Branch back to check for completed

│
.Done1 DC

AL1(&S.) �─┘
Generate the byte string

└─� .Done2 ANOP
Generation completed

•
T

ry it w
ith 'N

EQU
30',

'N
EQU

90', 'N
EQU

300'
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E
xam

p
le: S

ystem
-D

ep
en

d
en

t I/O
 S

tatem
en

ts

•
S

uppose a system
-interface m

odule declares I/O
 control blocks for M

V
S

,
C

M
S

, and V
S

E
:

&OpSys
SETC

'MVS'
Set desired operating system

─ ─ ─
AIF

('&OpSys' NE 'MVS').T1
Skip if not MVS

Input
DCB 

DDNAME=SYSIN,...etc... 
Generate

MVS
DCB

─ ─ ─
AGO

.T4
.T1

AIF
('&OpSys' NE 'CMS').T2

Skip if not CMS
Input

FSCB
,LRECL=80,...etc...

Generate CMS FSCB
─ ─ ─
AGO

.T4
.T2

AIF
('&OpSys' NE 'VSE').T3

Skip if not VSE
Input

DTFCD LRECL=80,...etc...
Generate VSE DTF

─ ─ ─
AGO

.T4
.T3

MNOTE 8,'Unknown &&OpSys value ''&OpSys''.'
.T4

ANOP

•
S

etting of &
O

pS
ys selects statem

ents for running on o
n

e system
−

A
ssem

ble the m
odule w

ith a system
-specific m

acro library
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C
o

n
d

itio
n

al A
ssem

b
ly L

an
g

u
ag

e E
ccen

tricities

•
S

om
e item

s described above...

1.
C

haracter string com
parisons: shorter string is alw

ays less (see slide
C

onditional-14)

2.
D

ifferent pairing rules for am
persands and apostrophes (see slide

C
onditional-17)

3.
S

E
T

C
 of an arithm

etic value uses its m
agnitude (see slide C

onditional-17)

4.
C

haracter functions m
ay not be recognized in S

etA
 expressions (see slide

C
onditional-21)

5.
C

om
puted A

G
O

 m
ay fall through (see slide C

onditional-28)

6.
Logical operators in S

E
T

x and A
IF

 statem
ents (see slide C

onditional-31)

•
N

orm
al, every-day language considerations:

−
A

rithm
etic overflow

s in arithm
etic expressions

−
Incorrect string handling (bad substrings, exceeding 255 characters)

•
R

em
em

ber, it's not a high -level language!
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P
art 2: B

asic M
acro

 C
o

n
cep

ts

C
o

n
ce

p
ts-1


 C

o
p

yrig
h
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W
h

at is a M
acro

 F
acility?

•
A

 m
echanism

 for extending a language

−
Introduces new

 statem
ents into the language

−
D

efines how
 the new

 statem
ents translate into the “base language”

—
W

h
ich

 m
a

y in
clu

d
e

 e
xistin

g
 m

a
cro

s!

−
A

llow
s m

ixing old and new
 statem

ents

•
In A

ssem
bler Language, “new

” statem
ents are called

m
acro instructions or m

acro calls

•
E

asy to create application-specific languages

−
T

ypical use is to extend base language

—
C

a
n

 e
ve

n
 h

id
e

 it e
n

tire
ly!

−
C

reate higher-level language appropriate to application needs

−
C

an be m
ade highly portable, efficient
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B
en

efits o
f M

acro
 F

acilities

•
R

e-use: w
rite once, use m

any tim
es and places

•
R

eliability and m
odularity: w

rite and debug “localized logic” once

•
R

educed coding effort: m
inim

ize focus on uninteresting details

•
S

im
plification: hide com

plexities, isolate im
pact of changes

•
E

asier application debugging: few
er bugs and better quality

•
S

tandardize coding conventions painlessly

•
E

ncapsulated, insulated interfaces to other functions

•
Increased flexibility and adaptability of program

s

−
G

reater application portability
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T
h

e M
acro

 C
o

n
cep

t: F
u

n
d

am
en

tal M
ech

an
ism

s

•
M

acro processors rely on tw
o basic m

echanism
s:

1.
M

acro
 reco

g
n

itio
n

: identify som
e character string as a m

acro “call”

2.
M

acro
 exp

an
sio

n
: generate a character stream

 to replace the “call”

•
M

acro processors typically do three things:

1.
T

ext in
sertio

n
: injection of one stream

 of source program
 text into another

stream

2.
T

ext m
o

d
ificatio

n
: tailoring (“param

eterization”) of the inserted text

3.
T

ext selectio
n

: choosing alternative text stream
s for insertion
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B
asic M

acro
 C

o
n

cep
ts: T

ext In
sertio

n

•
T

ext insertion: injection of one stream
 of source program

 text into
another stream

Macro
Definition

Main
Program

Logical
Effect

Name = MAC01
┌──────────────┐

┌────────────┐
┌──────────────┐

│
AA

│
│

AA
│

│
CC

│
│

BB
│

│
BB

│
│

DD
│

│
MAC01

│ ──� │
CC

│
└──────────────┘

│
EE

│
│

DD
│

│
FF

│
│

EE
│

└──────────────┘
│

FF
│

└────────────┘

•
T

he processor recognizes MAC01 as a m
acro nam

e

•
T

he text of the m
acro definition replaces the “m

acro call” in the M
ain

P
rogram

•
W

hen the m
acro ends, processing resum

es at the next statem
ent
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B
asic M

acro
 C

o
n

cep
ts: T

ext P
aram

eterizatio
n

•
T

ext param
eterization: tailoring of the inserted text

Macro
Definition

Main
Program

Logical
Effect

Name = MAC02
┌──────────────┐

┌────────────┐
Parameters X,Y

│
│

│
│

┌──────────────┐
│

│
│

AA
│

│
BB

│
│

AA
│

│
BB

│
│

X
│

│
MAC02 CC,DD │ ──� │

CC
│

│
Y

│
│

FF
│

│
DD

│
│

EE
│

│
│

│
EE

│
└──────────────┘

│
│

│
FF

│
└──────────────┘

│
│

└────────────┘

•
P

rocessor recognizes MAC02 as a m
acro nam

e, w
ith argum

ents CC,DD

−
A

rgum
ents CC,DD

 are asso
ciated

 w
ith param

eters 
X,Y

by position

−
A

s in all high-level languages

•
T

he text from
 the m

acro definition is m
odified during insertion
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B
asic M

acro
 C

o
n

cep
ts: T

ext S
electio

n

•
T

ext selection: choosing alternative text stream
s for insertion

Macro
Definition

Main
Program

Logical
Effect

Name = MAC03
┌──────────────┐

┌────────────┐
Parameter X

│
│

│
AA

│
┌────────────────────────┐

│
AA

│
│

JJ
│

│
JJ

│ 
│

MAC03
0 

│ 
│

LL
│

│ if (X = 0) skip 1 stmt │
│

BB
│ ──� │

BB
│

│
KK

│ 
│

MAC03
1 

│ 
│

JJ
│

│
LL

│ 
│

CC
│ 

│
KK

│
└────────────────────────┘ 

│
│ 

│
LL

│
└──────────────┘ 

│
CC

│
└────────────┘

•
P

rocessor recognizes MAC03 as a m
acro nam

e w
ith argum

ent 0 or 1

•
C

onditional actions in the m
acro definition allow

 selection of different
insertion stream

s
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B
asic M

acro
 C

o
n

cep
ts: C

all N
estin

g

•
G

enerated text m
ay include calls on other (“inner”) m

acros

−
N

ew
 statem

ents can be defined in term
s of previously-defined extensions

•
G

eneration of statem
ents by the outer (enclosing) m

acro is interrupted to
generate statem

ents from
 the inner

•
M

ultiple levels of call nesting O
K

 (including recursion)

•
T

echnical D
etail:

Inner m
acro calls recognized during expansion of the

outer m
acro, not during definition and encoding of the outer m

acro

−
C

an pass argum
ents of outer m

acros to inner m
acros that depend on

argum
ents to, and analyses in, outer m

acros

−
P

rovides better independence and encapsulation

−
A

llow
s passing param

eters through m
ultiple levels

−
C

an change definition of inner m
acros w

ithout having to re-define the outer
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M
acro

 C
all N

estin
g

: E
xam

p
le

•
T

w
o m

acro definitions: O
U

T
E

R
 contains a call on IN

N
E

R

Macro
Definitions

Main
Program

Logical
Effect

Name = OUTER
┌──────────────┐

┌────────────┐
┌──────────────┐

│
│

│
AA

│
│

BB
│

│
AA

│
│

BB
│

│
INNER

│
│

OUTER
│ ──� │

CC
│

│
EE

│
│

FF
│

│
DD

│
└──────────────┘

│
INNER

│
│

EE
│

Name = INNER
│

│
│

FF
│

┌──────────────┐ 
└──────────────┘ 

│
CC

│
│

CC
│

│
DD

│
│

DD
│

└────────────┘
└──────────────┘

•
E

xpansion of O
U

T
E

R
 is suspended until expansion of IN

N
E

R
 com

pletes
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M
acro

 D
efin

itio
n

 N
estin

g
: E

xam
p

le

•
M

acro definitions m
ay contain m

acro definitions

Macro
Definitions

Main
Program

Logical
Effect

Name = OUTER
┌──────────────┐

┌────────────┐
┌──────────────┐

│
│

│
AA

│
│

BB
│

│
AA

│
│

BB
│

│ MACRO
INNER │

│
OUTER

│ ──� │
EE

│
│

CC
│

│
FF

│
│

CC
│

│
DD

│
│

│
│

DD
│

│ MACEND INNER │
└──────────────┘

│
FF

│
│

EE
│

│
│

│
INNER

│
└────────────┘

└──────────────┘

Name = INNER
 

┌──────────────┐ 
┐

│
CC

│
│ This definition is created

│
DD

│
│ only when OUTER is called.

 
└──────────────┘ 

┘

•
E

xpanding O
U

T
E

R
 causes IN

N
E

R
 to be defined

−
IN

N
E

R
 can then be called anyw

here
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T
h

e A
ssem

b
ler L

an
g

u
ag

e M
acro

 D
efin

itio
n

•
A

 m
acro definition has four parts:

┌─────────────────────────┐
(1)

│
MACRO

│
Macro Header (begins a definition).

├─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─┤
(2) 

│
Prototype

Statement 
│ 

Model
of

the
macro

instruction
│

│
that can call on this definition;

│
│

a model or “template” of the new
│

│
statement introduced into the

│
│

language by this definition.
│

│
A single statement.

├─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─┤
(3)

│
Model Statements

│
Declarations, conditional assembly

│
│

statements, and text for selection,
│

│
modification, and insertion.

│
│

Zero to many statements.
│

│
├─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─┤

(4)
│

MEND
│

Macro Trailer (ends a definition).
└─────────────────────────┘
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T
h

e A
ssem

b
ler L

an
g

u
ag

e M
acro

 D
efin

itio
n

 ...

 1. D
eclares

a
m

acro
nam

e
representing

a
stream

of
p

ro
g

ra
m

text

 2. M
A

C
R

O
and

M
E

N
D

statem
ents

delim
it

start
and

end
of

the
definition

 3. P
rototype

statem
ent

declares
p

a
ra

m
e

te
r

variable
sym

bols

 4. M
odel

statem
ents

(“m
a

cro
b

o
d

y”)
provide

logic
and

text

•
D

efinitions m
ay be found

−
“in

-lin
e

” (a
 “so

u
rce

 m
a

cro
 d

e
fin

itio
n

”)

−
in a library (C

O
P

Y
 can bring definitions “in-line”)

−
or both

•
R

ecognition rules affected by w
here the definition is found
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M
acro

-In
stru

ctio
n

 R
eco

g
n

itio
n

 R
u

les

 1. If
the

operation
code

is
already

know
n

as
a

m
acro

nam
e,

use
its

definition

 2. If
an

operation
code

does
not

m
atch

any
operation

code
already

know
n

to the assem
bler (i.e., it is “possibly undefined”):

a.
S

earch the library for a m
acro definition of that nam

e

b.
If found, encode and then use that m

acro definition

c.
If there is no library m

em
ber w

ith that nam
e, the operation code is flagged as

“u
n

d
e

fin
e

d
.”

•
M

acros m
ay be redefined d

u
rin

g
 the assem

bly!

−
N

ew
 m

acro definitions supersede previous operation code definitions

•
N

am
e recognition activates interpretation of the m

acro definition

−
A

lso
 ca

lle
d

 “m
a

cro
 e

xp
a

n
sio

n
” o

r “m
a

cro
 g

e
n

e
ra

tio
n

”
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M
acro

-In
stru

ctio
n

 R
eco

g
n

itio
n

: D
etails

•
A

 m
acro “call” could use a special C

A
LL syntax, such as

MCALL
macroname(arg1,arg2,etc...)

or
MCALL

macroname,arg1,arg2,etc...

•
A

dvantages to having syntax m
atch base language's:

−
F

orm
at of prototype dictated by desire not to introduce arbitrary form

s of
statem

ent recognition for new
 statem

ents

−
N

o special characters, statem
ents, or rules to “trigger” recognition

−
N

o need to distinguish language extensions from
 the base language

−
A

llow
s overriding of m

ost existing opcodes; language extension can be natural
(and  invisible)

•
N

o need for “MCALL”; ju
st m

a
ke

 “macroname” the operation code
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M
acro

-D
efin

itio
n

E
n

co
d

in
g

•
A

ssem
bler “edits” a m

acro definition into an efficient internal form
at

−
M

acro nam
e is identified and saved; all param

eters are identified

−
C

O
P

Y
 statem

ents processed im
m

ediately

−
M

odel and conditional assem
bly statem

ents converted to “internal text” for
faster interpretation

−
A

ll points of substitution are m
arked

—
In

 n
a

m
e

, o
p

e
ra

tio
n

, a
n

d
 o

p
e

ra
n

d
 fie

ld
s

—
B

u
t n

o
t in

 re
m

a
rks fie

ld
s o

r co
m

m
e

n
t sta

te
m

e
n

ts

−
S

om
e errors in m

odel statem
ents are diagnosed

—
O

th
e

rs m
a

y n
o

t b
e

 d
e

te
cte

d
 u

n
til m

a
cro

 e
xp

a
n

sio
n

−
“D

ictionary” space (variable-sym
bol tables) are defined

−
P

aram
eter nam

es discarded, replaced by dictionary indexes

•
A

voids the need for repeated searches and scans on subsequent uses

•
R

e-interpretation is m
ore flexible, but m

uch slow
er

−
A

IN
S

E
R

T
 statem

ent provides som
e re-interpretation possibilities
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N
ested

 M
acro

 D
efin

itio
n

s in
 H

ig
h

 L
evel A

ssem
b

ler

•
N

ested m
acro definitions are supported by H

LA
S

M

•
P

roblem
: should outer m

acro variables param
eterize nested m

acro
definitions?

Macro ,
Start of MAJOR's definition

&L
MAJOR &X
LCLA

&A
Local variable

─ ─ ─
Macro ,

Start of MINOR's definition
&N

MINOR &Y
LCLA

&A
Local variable

─ ─ ─
&A

SetA 
2*&A*&Y 

Evaluate
expression

(Problem:
which

&A
??)

─ ─ ─
MEnd

,
End of MINOR's definition

─ ─ ─
MNote *,&&A = &A'

Display value of &A
MEnd

,
End of MAJOR's definition

•
S

olution: no param
eterization of inner m

acro text

−
S

tatem
ents are “shielded” from

 substitutions (no nested-scope problem
s)
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M
acro

 E
xp

an
sio

n
 an

d
 M

E
X

IT

•
M

acro expansion
 or generation

 is initiated by recognition
 of a m

acro
instruction

•
A

sse
m

b
le

r su
sp

e
n

d
s cu

rre
n

t a
ctivity, b

e
g

in
s to

 “e
xe

cu
te

” o
r “in

te
rp

re
t”

the encoded definition

−
P

aram
eter values assigned from

 associated argum
ents

−
C

onditional assem
bly statem

ents interpreted, variable sym
bols assigned

values
−

M
odel statem

ents substituted, and output to base language processor

•
G

enerated statem
ents im

m
e

d
ia

te
ly scanned for inner m

acro calls

−
R

ecognition of inner call suspends current expansion, starts new
 one

•
E

xpansion term
inates w

hen MEND is reached, or MEXIT is interpreted

−
S

om
e error conditions m

ay also cause term
ination

−
MEXIT is equivalent to “AGO

to
MEND” (but quicker)
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M
acro

 C
o

m
m

en
ts an

d
 R

ead
ab

ility A
id

s

•
A

ssem
bler Language supports tw

o types of com
m

ent statem
ent:

1.
O

rdinary com
m

ents (“*” in first colum
n position)

−
C

a
n

 b
e

 g
e

n
e

ra
te

d
 fro

m
 m

a
cro

s like
 a

ll o
th

e
r m

o
d

e
l sta

te
m

e
n

ts

2.
M

a
cro

 co
m

m
e

n
ts (“.*” in first tw

o colum
n positions)

−
N

o
t m

o
d

e
l sta

te
m

e
n

ts; n
e

ve
r g

e
n

e
ra

te
d

MACRO
&N

SAMPLE1
&A

.*
This is macro SAMPLE1. It has a name─field parameter &N,

.*
and an operand─field positional parameter &A.

*
This comment is a model statement, and may be generated

•
T

w
o “form

atting” instructions are provided for m
acro listings:

1.
ASPACE provides blank lines in listing of m

acros
2.

AEJECT causes start of a new
 listing page for m

acros
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E
xam

p
le 1: D

efin
e G

en
eral R

eg
ister E

q
u

ates

•
G

enerate E
Q

U
ates for general register nam

es (G
R

0, ..., G
R

15)

MACRO
(Macro Header Statement)

GREGS
(Macro Prototype Statement)

GR0
EQU

0
(First Model Statement)

.*
─ ─ ─

etc.
Similarly for GR1 ── GR14

GR15
EQU

15
(Last Model Statement)

MEND
(Macro Trailer Statement)

•
A

 m
ore interesting variation w

ith a conditional-assem
bly loop:

MACRO
GREGS
LCLA

&N
Define a counter variable, initially 0

┌� .X
ANOP

2 points of substitution in EQU statement
│

GR&N
EQU

&N
│

&N
SETA

&N+1
Increment &N by 1

└─────────
AIF

(&N LE 15).X
Repeat for all registers 1─15

MEND
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M
acro

 P
aram

eters an
d

 A
rg

u
m

en
ts

•
D

istinguish param
eters from

 argum
ents:

•
P

aram
eters are

−
declared on m

acro definition prototype statem
ents

−
alw

ays local character variable sym
bols

−
assigned values by association w

ith the argum
ents of m

acro calls

•
A

rgum
ents

a
re

−
supplied on a m

acro instruction (m
acro call)

−
alm

ost any character string (typically, sym
bols)

−
providers of values to associated param

eters
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M
acro

-D
efin

itio
n

P
a

ra
m

e
te

rs

•
P

aram
eters are declared on the prototype statem

ent

−
as operands, and as the nam

e-field sym
bol

•
A

ll m
acro param

eters are (“read-only”) local variable sym
bols

−
N

am
e m

ay not m
atch any other variable sym

bol in this scope

•
P

aram
eters usually declared in exactly the sam

e order as the
corresponding actual argum

ents w
ill be supplied on the m

acro call

−
E

xception: keyw
ord-operand param

eters are declared by w
riting an equal sign

after the param
eter nam

e
−

C
an provide default keyw

ord-param
eter value on prototype statem

ent

•
P

aram
eters exam

ple: one nam
e-field, tw

o positional, one keyw
ord

MACRO
&Name

MYMAC3
&Param1,&Param2,&KeyParm=YES

─ ─ ─
MEND
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M
acro

-In
stru

ctio
n

A
rg

u
m

en
ts

•
A

rgum
ents

are:

−
O

perands (and nam
e field entry) of a m

acro
 in

stru
ctio

n

−
A

rbitrary strings (w
ith som

e syntax lim
itations)

—
M

o
st o

fte
n

, ju
st o

rd
in

a
ry sym

b
o

ls
—

“In
te

rn
a

l” q
u

o
te

s a
n

d
 a

m
p

e
rsa

n
d

s in
 q

u
o

te
d

 strin
g

s m
u

st b
e

 p
a

ire
d

•
S

eparated by com
m

as, term
inated by blank

−
Like ordinary A

ssem
bler-Language statem

ent operands

−
C

om
m

a and blank m
ust otherw

ise be quoted

•
O

m
itted (null) argum

ents are recognized, and are valid

•
E

xam
ples:

MYMAC1
A,,'String'

2nd argument null (omitted)
MYMAC1

Z,RR,'Testing, Testing'
3rd argument contains comma and blank

MYMAC1
A,B,'Do''s, && Don''ts'

3rd argument with everything...
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M
acro

 P
aram

eter-A
rg

u
m

en
t A

sso
ciatio

n

•
T

hree w
ays to associate (caller's) argum

ents w
ith (definition's)

param
eters:

1.
by position, referenced by declared nam

e (m
ost com

m
on w

ay)

2.
by position, by argum

ent num
ber (using &

S
Y

S
LIS

T
 variable sym

bol)

3.
by keyw

ord: alw
ays referenced by nam

e, arbitrary order

−
A

rg
u

m
e

n
t va

lu
e

s su
p

p
lie

d
 b

y w
ritin

g k
e

y
n

a
m

e
=

v
a

lu
e

•
E

xam
ple 1: (A

ssum
e prototype statem

ent as on slide/foil C
oncepts-21)

&Name
MYMAC3

&Param1,&Param2,&KeyParm=YES
Prototype

Lab1
MYMAC3

X,Y,KeyParm=NO
Call: 2 positional, 1 keyword argument

*
Parameter values: &Name

= Lab1
*

&KeyParm = NO
*

&Param1
= X

*
&Param2

= Y
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M
acro

 P
aram

eter-A
rg

u
m

en
t A

sso
ciatio

n
 ...

•
E

xam
ple

2:

Lab2 
MYMAC3 

A
Call:

1
positional

argument

*
Parameter values: &Name

= Lab2
*

&KeyParm = YES
*

&Param1
= A

*
&Param2

= (null)

•
E

xam
ple

3:

MYMAC3 
H,KeyParm=MAYBE,J 

Call:
2
positional,

1
keyword

argument

*
Parameter values: &Name

= (null)
*

&KeyParm = MAYBE
*

&Param1
= H

*
&Param2

= J

−
N

ote: it's good practice to put positionals first, keyw
ords last
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C
o

n
stru

cted
 K

eyw
o

rd
 A

rg
u

m
en

ts D
o

 N
o

t W
o

rk

•
K

eyw
ord argum

ents cannot be created by substitution

•
S

uppose a m
acro prototype statem

ent is

 &X
TestMac

&K=KeyVal,&P1
Keyword and Positional Parameters

•
If you construct an “apparent” keyw

ord argum
ent and call the m

acro:

 &C
SetC

'K=What'
Create an apparent keyword

TestMac
&C,Maybe

Call with ″keyword″?

•
T

his looks like a keyw
ord and a positional argum

ent:

TestMac
K=What,Maybe

Call with ″keyword″?

•
In fact, the argum

ent is positional, w
ith value 'K=What' !

•
M

acro calls are not re-scanned after substitutions!

−
T

he loss of generality is traded for gains in efficiency
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E
xam

p
le 2: G

en
erate a B

yte S
eq

u
en

ce (B
Y

T
E

S
E

Q
1)

•
R

ew
rite previous exam

ple (see slide C
onditional-33) as a m

acro

•
B

Y
T

E
S

E
Q

1 generates a separate statem
ent for each value

MACRO
&L

BYTESEQ1 &N
Prototype statement: 2 positional parameters

.*
BYTESEQ1 ── generate a sequence of byte values, one per statement.

.*
No checking or validation is done.

LclA
&K

┌────────
AIF

('&L' EQ '').Loop
Don't define the label if absent

�
&L

DS
0AL1

Define the label
├� .Loop

ANOP



&K
SetA

&K+1
Increment &K

│
AIF

(&K GT &N).Done
Check for termination condition

│
DC

Al1(&K)
│

└────────
AGO

.Loop
│

Continue
 

.Done 
MEND

�────────────┘

•
E

xam
ples

BS1a
BYTESEQ1

5
BYTESEQ1

1
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M
acro

 P
aram

eter U
sag

e in
 M

o
d

el S
tatem

en
ts

•
P

aram
eter values supplied by argum

ents in the m
acro instruction (“call”)

are substituted as character strings

•
P

aram
eters m

ay be substituted in nam
e, operation, and operand fields of

m
odel statem

ents

−
S

ubstitutions ignored in rem
arks fields and com

m
ent statem

ents

—
C

a
n

 so
m

e
tim

e
s p

la
y tricks w

ith
 o

p
e

ra
n

d
 fie

ld
s co

n
ta

in
in

g
 b

la
n

ks

—
A

IN
S

E
R

T
 le

ts yo
u

 g
e

n
e

ra
te

 fu
lly su

b
stitu

te
d

 sta
te

m
e

n
ts

•
S

om
e lim

itations on w
hich opcodes m

ay be substituted in conditional
assem

bly statem
ents

−
C

an't substitute ACTR,
AGO,

AIF,
ANOP,

AREAD,
COPY,

GBLx,
ICTL,

LCLx, MACRO, MEND, MEXIT, REPRO, SETx, SETxF

−
T

he assem
bler m

ust understand basic m
acro structures at the tim

e it encodes
the m

acro!

•
Im

plem
entation trade-off: generation speed vs. generality
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M
acro

 A
rg

u
m

en
t A

ttrib
u

tes an
d

 S
tru

ctu
res

•
A

ssem
bler Language provides som

e sim
ple m

echanism
s to “ask

questions” about m
acro argum

ents

•
B

uilt-in functions, called attribute references

−
M

ost com
m

on questions: “W
hat is it?” and “H

ow
 big is it?”

•
D

eterm
ine properties (attributes) of the actual argum

ents

−
P

rovides data about possible base language properties of sym
bols:

T
ype (

T'), Length (L'), S
cale (S'), Integer (I'), D

efined (D'),
a

n
d

 “O
p

C
o

d
e

” ( O') attributes

•
D

ecom
pose argum

ent structures, especially parenthesized lists

−
U

se N
um

ber (N') and C
ount (K') attribute references

—
D

e
te

rm
in

e
 th

e
 n

u
m

b
e

r a
n

d
 n

e
stin

g
 o

f a
rg

u
m

e
n

t list stru
ctu

re
s (N')

—
D

e
te

rm
in

e
 th

e
 co

u
n

t o
f ch

a
ra

cte
rs in

 a
n

 a
rg

u
m

e
n

t (K')
−

E
xtract sublists or sublist elem

ents
−

U
se substring and concatenation operations to parse list item

s
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M
acro

 A
rg

u
m

en
t A

ttrib
u

tes: T
yp

e

•
T

ype attribute reference (T') answ
ers

−
“W

h
a

t is it?
”

−
“W

hat m
eaning m

ight it have in the ordinary assem
bly (base) language?”

—
T

h
e

 a
n

sw
e

r m
a

y b
e

 “N
o

n
e

” o
r “I ca

n
't te

ll”!

•
A

ssum
e the follow

ing statem
ents in a program

:

A
DC

A(*)
B

DC
F'10'

C
DC

E'2.71828'
D

MVC
A,B

•
A

nd, assum
e the follow

ing prototype statem
ent for M

A
C

T
A

:

MACTA
&P1,&P2,...,etc.

−
Just a num

bered list of positional param
eters...
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M
acro

 A
rg

u
m

en
t A

ttrib
u

tes: T
yp

e ...

•
T

hen a call to M
A

C
T

A
 like

Z
MACTA A,B,C,D,C'A',,'?',Z

Call MACTA with various arguments

•
w

ould provide these type attributes:

T'&P1 = 'A'
aligned, implied─length address

T'&P2 = 'F'
aligned, implied─length fullword binary

T'&P3 = 'E'
aligned, implied─length short floating─point

T'&P4 = 'I'
machine instruction statement

T'&P5 = 'N'
self─defining term

T'&P6 = 'O'
omitted (null)

T'&P7 = 'U'
unknown, undefined, or unassigned

T'&P8 = 'M'
macro instruction statement
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M
acro

 A
rg

u
m

en
t A

ttrib
u

tes: C
o

u
n

t

•
C

ount attribute reference (K') answ
ers:

−
“H

ow
 m

any characters in a S
E

T
C

 variable sym
bol's value (or in its character

representation, if not S
E

T
C

)?” (see slides C
onditional-20 and C

onditional-23)

•
S

uppose m
acro M

A
C

8 has m
any positional and keyw

ord param
eters:

MAC8
&P1,&P2,&P3,...,&K1=,&K2=,&K3=,...

•
T

his m
acro instruction w

ould give these count attributes:

MAC8
A,BCD,'EFGH',,K1=5,K3==F'25'

K'&P1 = 1 corresponding to
A

K'&P2 = 3
ABC

K'&P3 = 6
'DEFG'

K'&P4 = 0
(omitted; explicitly null)

K'&P5 = 0
(implicitly null; no argument)

K'&K1 = 1
5

K'&K2 = 0
(null default value)

K'&K3 = 6
=F'25'
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M
acro

 A
rg

u
m

en
t A

ttrib
u

tes: N
u

m
b

er

•
N

um
ber attribute reference (N') answ

ers
“H

ow
 m

any item
s in a list or sublist?”

•
List: a parenthesized sequence of item

s separated by com
m

as

Examples:
(A)

(B,C)
(D,E,,F)

•
List item

s m
ay them

selves be lists, to any nesting

Examples:
((A))

(A,(B,C))
(A,(B,C,(D,E,,F),G),H)

•
S

ubscripts on param
eters refer to argum

ent list (and sublist) item
s

−
E

ach added subscript references one nesting level deeper

−
P

rovides pow
erful list-parsing capabilities

•
N' also determ

ines m
axim

um
 subscript used w

ith a subscripted variable
sym

bol
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M
acro

 A
rg

u
m

en
t L

ist S
tru

ctu
re E

xam
p

les

•
A

ssum
e the sam

e m
acro prototype as in slide C

oncepts-31:

MAC8
&P1,&P2,&P3,...,&K1=,&K2=,&K3=,...

Prototype

MAC8
(A),A,(B,C),(B,(C,(D,E)))

Sample macro call

•
T

hen, the num
ber attributes and sublists are:

&P1
= (A)

N'&P1
= 1

1─item list: A
&P1(1)

= A
N'&P1(1)

= 1
(A is not a list)

&P2
= A

N'&P2
= 1

(A is not a list)
&P3

= (B,C)
N'&P3

= 2
2─item list: B and C

&P3(1)
= B

N'&P3(1)
= 1

(B is not a list)
&P4

= (B,(C,(D,E)))
N'&P4

= 2
2─item list: B and (C,(D,E))

&P4(2)
= (C,(D,E))

N'&P4(2)
= 2

2─item list: C and (D,E)
&P4(2,2)

= (D,E)
N'&P4(2,2)

= 2
2─item list: D and E

&P4(2,2,1) = D
N'&P4(2,2,1) = 1

(D is not a list)
&P4(2,2,2) = E

N'&P4(2,2,2) = 1
(E is not a list)
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M
acro

 A
rg

u
m

en
t L

ists an
d

 &
S

Y
S

L
IS

T

•
&SYSLIST(k): a “synonym

” for the k-th positional param
eter

−
W

hether or not a nam
ed positional param

eter w
as declared

−
H

andle m
acro calls w

ith varying or unknow
n num

ber of positional argum
ents

•
N'&SYSLIST =

 n
u

m
b

e
r o

f all positional argum
ents

•
A

ssum
e a m

acro prototype MACNP (w
ith or w

ithout param
eters)

•
T

hen these argum
ents w

ould have N
um

ber attributes as show
n:

MACNP
A,(A),(C,(D,E,F)),(YES,NO)

N'&SYSLIST
= 4

MACNP has 4 arguments
N'&SYSLIST(1)

= 1
&SYSLIST(1)

= A
(A is not a list)

N'&SYSLIST(2)
= 1

&SYSLIST(2)
= (A)

is a list with 1 item
N'&SYSLIST(3)

= 2
&SYSLIST(3)

= (C,(D,E,F)) is a list with 2 items
N'&SYSLIST(3,2)

= 3
&SYSLIST(3,2)

= (D,E,F)
is a list with 3 items

N'&SYSLIST(3,2,1) = 1
&SYSLIST(3,2,1) = D

(D is not a list)
N'&SYSLIST(4)

= 2
&SYSLIST(4)

= (YES,NO)
is a list with 2 items

•
&SYSLIST(0) refers to the call's nam

e field entry
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M
acro

 A
rg

u
m

en
t L

ists an
d

 S
u

b
lists

•
H

igh Level A
ssem

bler can treat m
acro argum

ent lists in tw
o w

ays:

•
O

ld assem
blers pass these tw

o types of argum
ent differently:

MYMAC
(A,B,C,D)

Macro call with one (list) argument

&Char
SetC

'(A,B,C,D)'
Create argument for MYMAC call

MYMAC
&Char

Macro call with one (string) argument

−
S

econd m
acro argum

ent w
as treated sim

ply as a string, not as a list

•
COMPAT(SYSLIST) o

p
tio

n
 e

n
fo

rce
s “o

ld
 ru

le
s”

−
Inner-m

acro argum
ents treated as having no list structure

−
NOCOMPAT(SYSLIST) option allow

s both cases to be handled the sam
e w

ay
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M
acro

 L
ists an

d
 S

u
b

lists: C
O

M
P

A
T

 O
p

tio
n

•
P

ow
erful scanning techniques alw

ays usable for outer-level m
acros

−
N'&SYSLIST(n) to refer to n-th positional argum

ent

−
N'&SYSLIST(n,m) to refer to m

-th elem
ent of n-th positional argum

ent

−
K'&SYSLIST(n,m) to determ

ine its character count

−
T'&SYSLIST(n,m) to determ

ine its type attribute

−
R

esult: M
any language facilities available to scan a list

•
A

w
kw

ard scanning techniques w
ere required for inner-level m

acros

−
P

arse the argum
ent one character at a tim

e

−
F

igure out w
here sym

bols start and end, w
here delim

iters intrude

−
T

hen decide w
hat to do w

ith the pieces (no attributes available)

−
R

esult: Lots of com
plicated logic, hard to debug and m

aintain

•
NOCOMPAT(SYSLIST) relaxes restrictions on inner m

acros
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G
lo

b
al V

ariab
le S

ym
b

o
ls

•
M

acro calls have one serious defect:

−
C

an't assign (i.e. return) values to argum
ents

—
u

n
like

 m
o

st h
ig

h
 le

ve
l la

n
g

u
a

g
e

s

—
“o

n
e

-w
a

y” co
m

m
u

n
ica

tio
n

 w
ith

 th
e

 in
te

rio
r o

f a
 m

a
cro

:
a

rg
u

m
e

n
ts in

, sta
te

m
e

n
ts o

u
t

−
no “functions” (i.e. m

acros w
ith a value)

•
V

alues to be shared am
ong m

acros (and/or w
ith open code) m

ust use
global variable sym

bols

−
S

cope: available to all declarers

−
C

an use the sam
e nam

e as a local variable in a scope that does not declare
the nam

e as global

•
O

ne m
acro can create (m

ultiple) values for others to use
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V
ariab

le S
ym

b
o

l S
co

p
e R

u
les: S

u
m

m
ary

•
G

lobal V
ariable S

ym
bols

−
A

vailable to all declarers of those variables on G
B

Lx statem
ents (m

acros and
open code)

−
M

u
st be declared explicitly

−
A

rithm
etic, B

oolean, and C
haracter types; m

ay be subscripted

−
V

alues persist through an entire assem
bly

—
V

a
lu

e
s ke

p
t in

 a
 sin

g
le

, sh
a

re
d

, co
m

m
o

n
 d

ictio
n

a
ry

−
V

alues are shared by nam
e

−
A

ll declarations m
ust be consistent (type, scalar vs. dim

ensioned)
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V
ariab

le S
ym

b
o

l S
co

p
e R

u
les: S

u
m

m
ary ...

•
Local V

ariable S
ym

bols

−
E

xplicitly and im
plicitly declared local variables

−
S

ym
bolic param

eters

—
V

a
lu

e
s a

re
 “re

a
d

-o
n

ly”

−
Local copies of system

 variable sym
bols w

hose value is constant throughout a
m

acro expansion

—
V

a
lu

e
s ke

p
t in

 a
 lo

ca
l, tra

n
sie

n
t d

ictio
n

a
ry

—
C

re
a

te
d

 o
n

 m
a

cro
 e

n
try, d

isca
rd

e
d

 o
n

 m
a

cro
 e

xit

—
R

e
cu

rsio
n

 still im
p

lie
s a

 se
p

a
ra

te
 d

ictio
n

a
ry fo

r e
a

ch
 e

n
try

−
O

pen code has its ow
n local dictionary
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M
acro

 D
eb

u
g

g
in

g
 T

ech
n

iq
u

es

•
C

om
plex m

acros can be hard to debug

−
W

ritten in a difficult, unstructured language

•
S

om
e useful debugging facilities are available:

1.
M

N
O

T
E

statem
ent

−
C

a
n

 b
e

 in
se

rte
d

 lib
e

ra
lly to

 tra
ce

 co
n

tro
l flo

w
s a

n
d

 d
isp

la
y va

lu
e

s

2.
M

H
E

LP
statem

ent
−

B
u

ilt-in
 a

sse
m

b
le

r tra
ce

 a
n

d
 d

isp
la

y fa
cility

−
M

a
n

y le
ve

ls o
f co

n
tro

l; ca
n

 b
e

 q
u

ite
 ve

rb
o

se
!

3.
A

C
T

R
statem

ent
−

L
im

its n
u

m
b

e
r o

f co
n

d
itio

n
a

l b
ra

n
ch

e
s w

ith
in

 a
 m

a
cro

−
V

e
ry u

se
fu

l if yo
u

 su
sp

e
ct e

xce
ss lo

o
p

in
g

4.
LIB

M
A

C
O

ption
−

L
ib

ra
ry m

a
cro

s a
p

p
e

a
r to

 b
e

 d
e

fin
e

d
 in

-lin
e

5.
P

R
IN

T
 M

C
A

LL statem
ent, P

C
O

N
T

R
O

L(M
C

A
LL) option

−
D

isp
la

ys in
n

e
r-m

a
cro

 ca
lls
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M
acro

 D
eb

u
g

g
in

g
: T

h
e M

N
O

T
E

 S
tatem

en
t

•
M

N
O

T
E

 allow
s the m

ost detailed controls over debugging output
(see also slide C

onditional-32)

•
Y

ou specify exactly w
hat to display, and w

here

MNote *,'At Skip19: &&VG = &VG., &&TEXT = ''&TEXT'''

•
Y

ou can control w
hich ones are active (w

ith global variable sym
bols)

GblB
&DEBUG(20)

─ ─ ─
AIF

(NOT &DEBUG(7)).Skip19
MNote *,'At Skip19: &&VG = &VG., &&TEXT = ''&TEXT'''

.Skip19 ANop

•
Y

ou can use &
S

Y
S

P
A

R
M

 values to set debug sw
itches

•
Y

ou can “disable” M
N

O
T

E
s w

ith conditional-assem
bly com

m
ents

.*
MNote *,'At Skip19: &&VG = &VG., &&TEXT = ''&TEXT'''
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M
acro

 D
eb

u
g

g
in

g
: T

h
e M

H
E

L
P

 S
tatem

en
t

•
M

H
E

LP
 controls display of conditional-assem

bly flow
 tracing and variable

“d
u

m
p

in
g

”

−
U

se w
ith care; output is potentially large

•
M

H
E

LP
 operand value is sum

 of 8 bit values:

1
T

race m
acro calls (nam

e, depth, &
S

Y
S

N
D

X
 value)

2
T

race m
acro branches (A

G
O

, A
IF

)
4

A
IF

 dum
p (dum

p scalar S
E

T
 sym

bols before A
IF

s)
8

M
acro exit dum

p (dum
p scalar S

E
T

 sym
bols on exit)

16
M

acro entry dum
p (dum

p param
eter values on entry)

32
G

lobal suppression (suppress G
B

L sym
bols in A

IF
, exit dum

ps)
64

H
ex dum

p (S
E

T
C

 and param
eters dum

ped in hex and E
B

C
D

IC
)

128
M

H
E

LP
 suppression (turn off all active M

H
E

LP
 options)

−
B

est to set operand w
ith a G

B
LA

 sym
bol (can save/restore its value), or from

&
S

Y
S

P
A

R
M

 value

•
C

an also lim
it total num

ber of m
acro calls (see Language R

eference)
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M
acro

 D
eb

u
g

g
in

g
: T

h
e A

C
T

R
 S

tatem
en

t

•
A

C
T

R
 specifies the m

axim
um

 num
ber of conditional-assem

bly branches
in a m

acro or open code

ACTR
200

Limit of 200 successful branches

−
S

cope is local (to open code, and to each m
acro)

—
C

a
n

 se
t d

iffe
re

n
t va

lu
e

s fo
r e

a
ch

; d
e

fa
u

lt is 4
0

9
6

−
C

ount decrem
ented by 1 for each successful branch

−
W

hen count goes negative, m
acro's invocation is term

inated

•
E

xecuting erroneous conditional assem
bly statem

ents halves the A
C

T
R

value!

.*
Following statement has syntax errors

&J
SETJ

&J+?
If executed, would cause ACTR = ACTR / 2
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M
acro

 D
eb

u
g

g
in

g
: T

h
e L

IB
M

A
C

 O
p

tio
n

•
T

he LIB
M

A
C

 option causes library m
acros to be defined “in-line”

−
S

pecify as invocation option, or on a *PROCESS statem
ent

*PROCESS
LIBMAC

•
E

rrors in library m
acros harder to find:

−
H

LA
S

M
 can only indicate “T

here's an error in m
acro X

Y
Z

”

−
S

pecific location (and cause) are hard to determ
ine

•
LIB

M
A

C
 option causes library m

acros to be treated as “source”

−
C

an use A
C

O
N

T
R

O
L [N

O
]LIB

M
A

C
 statem

ents to lim
it range

•
E

rrors can be indicated for specific m
acro statem

ents

•
E

rrors can be found w
ithout

−
m

odifying any source

−
copying m

acros into the program

C
o

n
ce

p
ts-4

4


 C
o

p
yrig

h
t IB

M
 C

o
rp

o
ra

tio
n

 1
9

9
3

, 2
0

0
4

. A
ll rig

h
ts re

se
rve

d
.

H
L

A
S

M



M
acro

 D
eb

u
g

g
in

g
: T

h
e P

R
IN

T
 M

C
A

L
L

 S
tatem

en
t

•
PRINT

[NO]MCALL controls display of inner m
acro calls

PRINT MCALL
Turns ON

inner─macro call display
PRINT NOMCALL

Turns OFF inner─macro call display

−
N

orm
ally, you see only the outerm

ost call and generated code from
 it and all

nested calls

—
D

ifficu
lt to

 te
ll w

h
ich

 m
a

cro
 m

a
y h

a
ve

 re
ce

ive
d

 in
va

lid
 a

rg
u

m
e

n
ts

−
W

ith M
C

A
LL, H

LA
S

M
 displays each m

acro call before processing it

—
S

o
m

e
 lim

ita
tio

n
s o

n
 le

n
g

th
 o

f d
isp

la
ye

d
 in

fo
rm

a
tio

n

•
PCONTROL([NO]MCALL)

option

−
F

orces P
R

IN
T

 M
C

A
LL on [or off] for the assem

bly

−
S

pecifiable at invocation tim
e, or on a *PROCESS statem

ent:

*PROCESS
PCONTROL(MCALL)

C
o

n
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p
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
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P
art 3: M

acro
 T

ech
n

iq
u

es

T
e
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M
acro

s as a H
ig

h
er L

evel L
an

g
u

ag
e

•
C

an be created to perform
 very sim

ple to very com
plex tasks

−
H

ousekeeping (register saving, calls, define sym
bols, m

ap structures)
−

D
efine your ow

n application-specific language increm
ents and features

•
M

acros can provide m
uch of the “goodness” of H

LLs

−
A

bstract data types, private data types
−

Inform
ation hiding, encapsulation

−
A

voiding side-effects
−

P
olym

orphism
−

E
nhanced portability

•
M

acro sets can be built increm
entally to suit application needs

−
C

an develop “application-specific languages” and increm
ents

−
C

ode re-use prom
otes faster learning, few

er errors

•
A

void struggling w
ith the latest “universal language” fad

−
A

dd new
 capabilities to existing applications w

ithout converting
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E
xam

p
les o

f M
acro

 T
ech

n
iq

u
es

•
S

am
ple-problem

 “case studies” illustrate som
e techniques

1.
D

efine E
Q

U
ated nam

es for registers

2.
G

enerate a sequence of byte values

3.
“M

V
C

2” m
acro takes im

plied length from
 second operand

4.
C

onditional-assem
bly conversions betw

een decim
al and hex

5.
G

enerate lists of nam
ed integer constants

6.
C

reate length-prefixed m
essage text strings and free-form

 com
m

ents

7.
R

ecursion (indirect addressing, factorials, F
ibonacci num

bers)

8.
B

asic and advanced bit-handling techniques

9.
D

efining assem
bler and user-specified data types and operations

10.
“F

ro
n

t-e
n

d
in

g
” o

r “w
ra

p
p

in
g

” a
 lib

ra
ry m

a
cro
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C
ase S

tu
d

y 1: E
Q

U
ated

 S
ym

b
o

ls fo
r R

eg
isters

•
Intent: W

rite a GREGS m
acro to define “sym

bol equates” for G
P

R
s

•
B

asic form
: sim

ply generate the 16 E
Q

U
 statem

ents

•
V

ariation 1: ensure that “sym
bol equates” can be generated only once

•
V

ariation 2: generate equates for up to four register types

−
G

eneral P
urpose, F

loating P
oint, C

ontrol, A
ccess

T
e

ch
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D
efin

e G
en

eral R
eg

ister E
q

u
ates (S

im
p

ly)

•
D

efine “sym
bol equates” for G

P
R

s w
ith this m

acro (see slide
C

oncepts-19)

MACRO
GREGS

GR0
Equ

0
GR1

Equ
1

.*
─ ─ ─

etc.
GR15

Equ
15

MEND

•
P

roblem
: w

hat if tw
o code segm

ents are com
bined?

−
If each calls G

R
E

G
S

, could have duplicate definitions
−

H
ow

 can w
e preserve m

odularity, and define sym
bols only once?

•
A

nsw
er: use a global variable sym

bol &GRegs

−
V

alue is available across all m
acro calls
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D
efin

e G
en

eral R
eg

ister E
q

u
ates (S

afely)

•
Initialize &

G
R

egs to “false”; set to “true” w
hen E

Q
U

s are generated

MACRO
GREGS
GBLB

&GRegs
&GRegs initially 0 (false)

┌────────
AIF

(&GRegs).Done
Check if &GRegs already true

│
LCLA

&N
&N initially 0

│
.X

ANOP
�────────────┐

│
GR&N

Equ
&N

│
│

&N
SETA

&N+1
│

Increment &N by 1
│

AIF
(&N LE 15).X

Test for completion
│ 

&GRegs 
SetB

1
&GRegs

true
(definitions

have
been

done)
│

MEXIT
└�

.Done 
MNOTE 

0,'GREGS
previously

called,
this

call
ignored.'

MEND

•
If &

G
R

egs is tru
e, no statem

ents are generated

GREGS
GREGS

This,Call,Is,Ignored
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D
efin

in
g

 R
eg

ister E
q

u
ates S

afely: P
seu

d
o

-C
o

d
e

•
A

llow
 declaration of m

ultiple register types on one call:
Example:

REGS
type

1 [,type
2 ]...

as in 
REGS

G,F

•
P

seudo-code:

IF (number of arguments is zero) EXIT
FOR each argument:

Verify valid register type (A, C, F, or G):
IF invalid, ERROR EXIT with message

IF (that type already done) Give message and ITERATE
Generate equates
Set appropriate 'Type_Done' flag and ITERATE

•
'Type_Done' flags are global boolean variable sym

bols

−
U

se created variable sym
bols &(&T.Regs_Done)

•
If &

(&
T

.R
egs_D

one) is tru
e, no statem

ents are generated

REGS
G,F,A,G

G registers are not defined again
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D
efin

e A
ll R

eg
ister E

q
u

ates (S
afely)

MACRO
REGS
AIF

(N'&SysList eq 0).Exit
&J

SetA
1

Initialize argument counter
.GetArg ANOP
&T

SetC
(Upper '&SysList(&J)')

Pick up an argument
&N

SetA
('ACFG' Index '&T')

Check type
AIF

(&N eq 0).Bad
Error if not a supported type

GBLB
&(&T.Regs_Done)

Declare global variable symbol
AIF

(&(&T.Regs_Done)).Done Test if true already
&N

SetA
0

.Gen 
ANop 

,
Generate

Equ
statements

&T.R&N
Equ

&N
&N

SetA 
&N+1

AIf
(&N le 15).Gen

&(&T.Regs_Done) SetB (1)
Indicate definitions have been done

.Next
ANOP

&J
SetA

&J+1
Count to next argument

AIF
(&J le N'&SysList).GetArg

Get next argument
MEXIT

.Bad
MNOTE

8,'&SysMac.: Unknown type ''&T.''.'
MEXIT

.Done 
MNOTE 

0,'&SysMac.:
Previously

called
for

type
&T..'

AGO
.Next

.Exit 
MEND
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C
ase S

tu
d

y 2: G
en

erate S
eq

u
en

ce o
f B

yte V
alu

es

•
Intent: generate a sequence of bytes containing values 1,2,...,N

•
B

asic form
: sim

ple loop generating one byte at a tim
e

•
V

ariation: generate a single D
C

 w
ith all values; check for invalid inputT

e
ch
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G
en

eratin
g

 a B
yte S

eq
u

en
ce: B

Y
T

E
S

E
Q

1 M
acro

•
B

Y
T

E
S

E
Q

1 generates a separate D
C

 statem
ent for each value (com

pare
w

ith slides C
onditional-33 and C

oncepts-26)

MACRO
&L

BYTESEQ1
&N

.*
BYTESEQ1 ── generate a sequence of byte values, one per statement.

.*
No checking or validation is done.

LclA
&K

AIF
('&L' EQ '').Loop

Don't define the label if absent
&L

DS
0AL1

Define the label
.Loop

ANOP
&K

SetA
&K+1

Increment &K
AIF

(&K GT &N).Done
Check for termination condition

DC
AL1(&K)

AGO
.Loop

Continue
.Done

MEND

* Two test cases

BS1a
BYTESEQ1

5
BYTESEQ1

1
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G
en

eratin
g

 a B
yte S

eq
u

en
ce: P

seu
d

o
-C

o
d

e

•
B

Y
T

E
S

E
Q

2: generate a single D
C

 statem
ent, creating a string of bytes

w
ith binary values from

 1 to N

−
N

 has been previously defined as an absolute sym
bol

IF (N not self─defining) ERROR EXIT with message

IF (N > 88) ERROR EXIT with too─big message

IF (N ≤ 0) EXIT with notification

Set local string variable S = '1'
DO for K = 2 to N

S = S ││ ','K
(append comma and next value)

GEN
(label 

DC 
AL1(S)

)

•
C

om
pare to slide C

onditional-34
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G
en

eratin
g

 a B
yte S

eq
u

en
ce (B

Y
T

E
S

E
Q

2)

MACRO
&L

BYTESEQ2 &N
Generates a single DC statement

&K
SetA

1
Initialize generated value counter

&S
SetC

'1'
Initialize output string

AIF
(T'&N EQ 'N').Num

Validate type of argument
MNOTE

8,'BYTESEQ2 ── &&N=&N not self─defining.'
MEXIT

.Num
AIF

(&N LE 88).NotBig
Check size of argument

MNOTE
8,'BYTESEQ2 ── &&N=&N is too large.'

MEXIT
.NotBig AIF

(&N GT 0).OK
Check for small argument

MNOTE
*,'BYTESEQ2 ── &&N=&N too small, no data generated.'

MEXIT
.OK

AIF
(&K GE &N).DoDC

If done, generate DC statement
&K

SetA
&K+1

Increment &K
&S

SetC
'&S.'.',&K'

Add comma and new value of &K to &S
AGO

.OK
Continue

.DoDC
ANOP

&L
DC

AL1(&S)
MEND
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C
ase S

tu
d

y 3: M
V

C
2 M

acro

•
W

ant a m
acro to do an M

V
C

, but w
ith the source operand's length:

MVC2
Buffer,=C'Message Text'

should move 12 characters...
─ ─ ─

Buffer
DS

CL133
even though buffer is longer

−
M

V
C

 w
ould m

ove 133 bytes!

•
M

acro utilizes O
R

G
 statem

ents, forces literal “definitions”

Macro
&Lab

MVC2
&Target,&Source

&Lab
CLC

0(0,0),&Source
X'D500

0000',S(&Source)
Org

*─6
Back up to first byte of instruction

LA
0,&Target.(0)

X'4100',S(&Target),S(&Source)
Org

*─4
Back up to first byte of instruction

DC
AL1(X'D2',L'&Source─1)

First 2 bytes of instruction
Org

*+4
Step to next instruction

MEnd

•
T

he C
LC

 instruction “forces” a literal source operand into the
assem

bler's sym
bol table, so it's available to the L' reference
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C
ase S

tu
d

y 4: C
o

n
versio

n
 B

etw
een

 H
ex an

d
 D

ecim
al

•
C

onvert hexadecim
al values to their decim

al equivalent in a S
etA

variable

Dec
A

Sets global SetA variable &Dec to 10

•
C

onvert decim
al values to their hexadecim

al equivalent in a S
etC

variable

Hex
10

Sets global SetC variable &Hex to 'A'
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M
acro

-T
im

e C
o

n
versio

n
 fro

m
 H

ex to
 D

ecim
al

•
C

onvert m
acro-tim

e hex digit strings to decim
al values;

return values in G
B

LA
 variable

&DEC

Macro
Dec

&Hex
Convert &Hex to decimal

GblA
&Dec

Decimal value returned in &Dec
&X

SetC
'X''&Hex'''

Create hex self─defining term
&Dec

SetA
&X

Do the conversion
MNote 0,'&Hex (hex) = &Dec (decimal)'

For debugging
MEnd

*
Dec

AA
*** MNOTE ***

0,AA (hex) = 170 (decimal)
Dec

FFF
*** MNOTE ***

0,FFF (hex) = 4095 (decimal)
Dec

FFFFFF
*** MNOTE ***

0,FFFFFF (hex) = 16777215 (decimal)
Dec

7FFFFFFF
*** MNOTE ***

0,7FFFFFFF (hex) = 2147483647 (decimal)
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M
acro

-T
im

e C
o

n
versio

n
 fro

m
 D

ecim
al to

 H
ex

•
C

onvert m
acro-tim

e decim
al values to hex digit strings

−
R

eturns value in G
B

LC
 variable &Hex

•
P

seudo-code:

Set Q = decimal value
Set Hex = ''

DO UNTIL (Q = 0)
Remainder = Q mod 16
Hex = Substr('0123456789ABCDEF', Remainder+1, 1) ││ Hex
Q = Q / 16

−
N

ote: DO WHILE
(Q =/ 0)

w
o

u
ld

n
't

w
o

rk
fo

r
decim

al
value

zero
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M
acro

-T
im

e C
o

n
versio

n
 fro

m
 D

ecim
al to

 H
ex ...

•
C

onvert decim
al values to hex digit strings in G

B
LC

 variable
&Hex

Macro
Hex

&Dec
Convert &Dec to hexadecimal

GblC
&Hex

Hex value returned in &Hex
&Hex

SetC
''

Initialize &Hex
&Q

SetA
&Dec

Local working variable
.Loop

ANop
,

Top of reduction loop
&R

SetA
(&Q AND 15)

&R = Mod ( &Q, 16 )
&Q

SetA
(&Q SRL 4)

Quotient for next iteration
&Hex

SetC
'0123456789ABCDEF'(&R+1,1).'&Hex'

Build hex value
Aif

(&Q gt 0).Loop
Repeat if &Q not zero

MNote 0,'&Dec (decimal) = &Hex (hex)'
For debugging

MEnd
*

Hex
170

*** MNOTE ***
0,170 (decimal) = AA (hex)

Hex
16777215

*** MNOTE ***
0,16777215 (decimal) = FFFFFF (hex)

•
E

xercise: extend Hex m
acro to accept negative argum

ents
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C
ase S

tu
d

y 5: G
en

erate N
am

ed
 In

teg
er C

o
n

stan
ts

•
Intent: generate a list of “intuitively” nam

ed halfw
ord or fullw

ord integer
constants

•
F

or exam
ple:

−
F

ullw
ord value “1” is a constant nam

ed F1

−
H

alfw
ord value “−

1” is a constant nam
ed HM1
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G
en

erate a L
ist o

f N
am

ed
 In

teg
er C

o
n

stan
ts

•
S

yntax:
INTCONS

n
1 [,n

2 ]...[,Type=F]

−
D

efault constant type is F

•
E

xam
ples:

 C1b
INTCONS

0,─1
Type F: names F0, FM1

+C1b 
DC 

0F'0'
Define

the
label

+F0
DC 

F'0'
+FM1 

DC 
F'─1'

 C1c
INTCONS

99,─99,Type=H
Type H: names H99, HM99

+C1c 
DC 

0H'0'
Define

the
label

+H99 
DC 

H'99'
+HM99

DC 
H'─99'
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G
en

erate a L
ist o

f N
am

ed
 In

teg
er C

o
n

stan
ts ...

•
INTCONS M

acro definition (w
ith validity checking om

itted)

MACRO
&Lab

INTCONS &Type=F
Default type is F

AIF
('&Lab' eq '').ArgsOK

Skip if no label
&Lab

DC
0&Type.'0'

Define the label
.ArgsOK ANOP

Argument─checking loop
&J

SetA
&J+1

Increment argument counter
AIF

(&J GT N'&SysList).End
Exit if all done

&Name 
SetC 

'&Type.&SysList(&J)'
Assume

non─negative
arg

AIF
('&SysList(&J)'(1,1) ne '─').NotNeg

Check arg sign
&Name 

SetC 
'&Type.M'.'&SysList(&J)'(2,*)

Negative
argument,

drop
─

.NotNeg
ANOP

&Name 
DC

&Type.'&SysList(&J)'
AGO

.ArgsOK
Repeat for further arguments

.End
MEND

•
E

xercise: generalize to support + signs on operands
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C
ase S

tu
d

y 6: U
sin

g
 th

e A
R

E
A

D
 S

tatem
en

t

 1. C
ase

S
tudy

6a:
G

enerate
strings

of
m

essage
text

•
P

refix string w
ith “effective length” byte (length-1)

•
B

asic form
: count characters

•
V

ariation 1: create an extra sym
bol, use its length attribute

•
V

ariation 2: use the AREAD statem
ent and conditional-assem

bly functions to
su

p
p

o
rt “re

a
d

a
b

le
” in

p
u

t

 2. C
ase

S
tudy

6b:
B

lock
com

m
ents

•
W

rite free-form
 text com

m
ents (w

ithout * in colum
n 1)

T
e

ch
-2

1


 C
o

p
yrig

h
t IB

M
 C

o
rp

o
ra

tio
n

 1
9

9
3

, 2
0

0
4

. A
ll rig

h
ts re

se
rve

d
.

H
L

A
S

M



C
ase S

tu
d

y 6a: C
reate L

en
g

th
-P

refixed
 M

essag
e T

exts

•
P

roblem
: w

ant m
essages w

ith prefixed “effective length” byte

┌─────┬────────────────────────────────────────────┐
│ L─1 │�────────────── L Characters ──────────────�│
└─────┴────────────────────────────────────────────┘

•
H

ow
 they m

ight be used:

 HW
PFMSG 'Hello World'

Define a sample message text
+HW

DC
AL1(10),C'Hello World'

Length─prefixed message text
─ ─ ─
LA

2,HW
Prepare to move message to buffer

─ ─ ─
IC

1,0(,2)
Effective length of message text

EX
1,MsgMove

Move message to output buffer
─ ─ ─

 MsgMove MVC
Buffer(*─*),1(2)

Executed to move message texts
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C
reate L

en
g

th
-P

refixed
 M

essag
es (1)

•
PFMSG1: length-prefixed m

essage texts

MACRO
&Lab

PFMSG1
&Txt

 .*
PFMSG1 ── requires that the text of the message, &Txt,

 .*
contain no embedded apostrophes (quotes) or ampersands.
LclA

&Len
Effective Length

 &Len
SetA

K'&Txt─3
(# text chars)─3 (quotes, eff. length)

 &Lab
DC

AL1(&Len),C&Txt
MEND

•
Lim

ited to m
essages w

ith no quotes or am
persands

 M1a
PFMSG1 'This is a test of message text 1.'

+M1a
DC

AL1(32),C'This is a test of message text 1.'

 M1b
PFMSG1 'Hello'

+M1b
DC

AL1(4),C'Hello'
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C
reate G

en
eral L

en
g

th
-P

refixed
 M

essag
es (2)

•
P

F
M

S
G

2: A
llow

 all characters in text (m
ay require pairing)

MACRO
&Lab

PFMSG2
&Txt

 .*
PFMSG2 ── the text of the message, &Txt, may contain embedded

 .*
apostrophes (quotes) or ampersands, so long as they are paired.

&T
SetC 

'TXT&SYSNDX.M' 
Create

TXTnnnM
symbol

to
name

the
text

&Lab
DC 

AL1(L'&T.─1) 
Effective

length
&T

DC 
C&Txt

MEND

 M2a
PFMSG2 'Test of ''This'' && ''That''.'

+M2a
DC

AL1(L'TXT0001M─1)
Effective length

+TXT0001M DC
C'Test of ''This'' && ''That''.'

 M2b
PFMSG2 'Hello, World'

+M2b
DC

AL1(L'TXT0002M─1)
Effective length

+TXT0002M DC
C'Hello, World'

•
Q

uotes/am
persands in m

essage are harder to w
rite, read, translate

•
E

xtra (uninteresting) labels are generated
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R
ead

ab
le L

en
g

th
-P

refixed
 M

essag
es (3): P

seu
d

o
-C

o
d

e

•
U

ser w
rites “plain text” m

essages (single line, ≤
 72 characters)

•
P

F
M

S
G

3: A
R

E
A

D
 statem

ent w
ithin the m

acro “reads” the next source
record (follow

ing the m
acro call) into a character variable sym

bol

•
P

seudo-code:

IF (any positional arguments) ERROR EXIT with message

AREAD a message from the following source record
Trim off sequence field (73─80) and trailing blanks

Create paired quotes and ampersands (for nominal value in DC)

GEN
(label 

DC 
AL1(Text_Length─1),C'MessageText')
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C
reate R

ead
ab

le L
en

g
th

-P
refixed

 M
essag

es

•
A

llo
w

 a
ll characters in m

essage text w
ithout pairing, using A

R
E

A
D

MACRO
 &Lab

PFMSG3
&Null

Comments OK after comma
 .*

PFMSG3 ── the text of the message may contain any characters.
 .*

The message is on a single line following the call to PFMSG3.
LclA

&L,&N
Local arithmetic variables

LclC
&T,&C,&M

Local character variables
AIF

('&Null' eq '').OK
Null argument OK

AIF
(N'&SYSLIST EQ 0).OK

No arguments allowed
MNote

8,'PFMSG3 ── no operands should be provided.'
MEXIT

Terminate macro processing
 .OK

ANOP
 &N

SetA
1

Initialize char─scan pointer to 1
 .*

Read the record following the PFMSG3 call into &M
 &M

ARead
,

Read the message text
 &M

SetC
'&M'(1,72)

Trim off sequence field
 &L

SetA
72

Point to end of initial text string
 .*

Trim off trailing blanks from message text
 .Trim

AIF
('&M'(&L,1) NE ' ').C

Check last character
 &L

SetA
&L─1

Deduct blanks from length
AGO

.Trim
Repeat trimming loop

 .*
─ ─ ─

(continued)
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C
reate R

ead
ab

le L
en

g
th

-P
refixed

 M
essag

es ...

.*
─ ─ ─

(continuation)
.C

ANOP
&T

SetC
(DOUBLE '&M'(1,&L))

Pair─up quotes, ampersands
&L

SetA
&L─1

Set to effective length
&Lab

DC
AL1(&L),C'&T'

MEnd

•
M

essages are w
ritten as they are expected to appear!

•
E

asier to read and translate to other national languages

 M4a
PFMSG3

,
Test with mixed apostrophes/ampersands

─Test of 'This' & 'That'.
+M4a 

DC 
AL1(27),C'Test

of
''This''

&&
''That''.'

M4c 
PFMSG3

─This is the text of a long message & says nothin' very much.
+M4c 

DC 
AL1(63),C'This

is
the

text
of

a
long

message
&&

saysX
+

nothin'' very much.'

•
'+' prefix in listing for generated statem

ents,
'-' for A

R
E

A
D

 records
•

E
xercise: generalize to m

ulti-line m
essages, of any length!
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C
ase S

tu
d

y 6b
: B

lo
ck C

o
m

m
en

ts

•
S

om
etim

es w
ant to w

rite “free-form
” com

m
ents in a program

:

This is some text
for a block of
free─form comments.

•
M

ust tell H
LA

S
M

 w
here the com

m
ents begin and end:

COMMENT
This is some text
for a block of
free─form comments.

TNEMMOC

•
R

estriction: block-end statem
ent (TNEMMOC) can't appear in the text
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B
lo

ck C
o

m
m

en
ts M

acro

•
COMMENT m

acro initiates block com
m

ents:

Macro
&L

Comment
&Arg

LclC
&C

AIf
('&L' eq '' and '&Arg' eq '').Read

MNote
*,'Comment macro: Label and/or argument ignored.'

.Read
ANop

&C
ARead

,
&C

SetC
(Upper '&C')

Force upper case
&A

SetA
('&C'(1,72) Index ' TNEMMOC ')

Note blanks!
AIf

(&A eq 0).Read
MEnd

•
C

an even include “S
C

R
IP

T
-able” text (w

ith .xx com
m

and w
ords) IF

 the
com

m
and w

ords aren't used elsew
here as sequence sym

bols!
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C
ase S

tu
d

y 7: M
acro

 R
ecu

rsio
n

•
M

acro recursion illustrated w
ith:

1.
“In

d
ire

ct
a

d
d

re
ssin

g
”

2.
Integer factorial values: N!

=
N
*
(N-1)

3.
Integer F

ibonacci num
bers: F(N)

=
F(N-1)

+
F(N-2)
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In
d

irect A
d

d
ressin

g
 via R

ecu
rsio

n

•
“L

o
a

d
 In

d
ire

ct” m
a

cro
 fo

r m
u

ltip
le

-le
ve

l “p
o

in
te

r fo
llo

w
in

g
”

•
S

yntax: each operand prefix asterisk specifies a level of indirection

LI
3,0(4)

Load from 0(4)
LI

3,*0(,4)
Load from what 0(,4) points to

LI
3,**0(,7)

Two levels of indirection
LI

3,***X
Three levels of indirection

•
LI m

acro calls itself for each level of indirection

Macro
&Lab

LI
&Reg,&X

Load &Reg with indirection
Aif

('&X'(1,1) eq '*').Ind
Branch if indirect

&Lab 
L 

&Reg,&X
MExit

Exit from bottom level of recursion
.Ind

ANop
&XI

SetC
'&X'(2,*)

Strip off leading asterisk
LI

&Reg,&XI
Call myself recursively

L
&Reg,0(,&Reg)

MEnd
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In
d

irect A
d

d
ressin

g
 via R

ecu
rsio

n
 ...

•
E

xam
ples of code generated by calls to LI m

acro:

LI
3,0(4)

Load from 0(4)
+

L
3,0(4)

LI
3,*0(,4)

Load from what 0(,4) points to
+

L
3,0(,4)

+
L

3,0(,3)

LI
3,**0(,7)

Two levels of indirection
+

L
3,0(,7)

+
L

3,0(,3)
+

L
3,0(,3)

LI
3,***X

Three levels of indirection
+

L
3,X

+
L

3,0(,3)
+

L
3,0(,3)

+
L

3,0(,3)
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G
en

erate F
acto

rial V
alu

es R
ecu

rsively

Macro
&Lab

FACTORAL
&N

.* Factorials defined by Fac(N) = N * Fac(N−1), Fac(0) = Fac(1) = 1
GBLA

&Ret
For returning values of inner calls

 
AIF 

(T'&N
NE

'N').Error
N
must

be
numeric

&L
SetA

&N
Convert from external form

.*
MNote

0,'Evaluating FACTORAL(&L.)'
For debugging

 
AIF 

(&L
LT

0).Error
Can't

handle
N
<
0

 
AIF 

(&L
GE

2).Calc
Calculate

via
recursion

if
N
>
1

&Ret
SetA

1
F(0) = F(1) = 1

 
AGO 

.Test
Return

to
caller

.Calc
ANOP

&K
SetA

&L─1
 

FACTORAL
&K

Recursive
call

&Ret
SetA

&Ret*&L
.Test

AIF
(&SysNest GT 1).Cont

.* 
MNote 

0,'Factorial(&L.)
=
&Ret.'

Display
result

&Lab
DC

F'&Ret'
.Cont

MExit
Return to caller

.Error MNote
11,'Invalid Factorial argument &N..'

MEnd
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G
en

erate F
ib

o
n

acci N
u

m
b

ers: P
seu

d
o

-C
o

d
e

•
D

e
fin

e
d

 b
y F

(0
) =

 F
(1

) =
 1

, F
(n

) =
 F

(n
-1

) +
 F

(n
-2

)

•
U

se a global arithm
etic variable &Ret for returned values

−
M

acros have no other w
ay to return “function” values

•
P

seudo-code:

IF (argument N < 0) ERROR EXIT with message

IF (N < 2) Set &Ret = 1 and EXIT

CALL myself recursively with argument N─1
Save evaluation in local temporary &Temp

CALL myself recursively with argument N─2
Set &Ret = &Ret + &Temp, and EXIT
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G
en

erate F
ib

o
n

acci N
u

m
b

ers R
ecu

rsively

Macro
&Lab

FIBONACI
&N

.* Fibonacci numbers defined by F(N) = F(N−1)+F(N−2), F(0) = F(1) = 0
GBLA

&Ret
For returning values of inner calls

MNote
0,'Evaluating FIBONACI(&N.), Level &SysNest.'

 
AIF 

(&N
LT

0).Error
Negative

values
not

allowed
 

AIF 
(&N

GE
2).Calc

If
&N

>
1,

use
recursion

&Ret
SETA

1
Return F(0) or F(1)

 
AGO 

.Test
Return

to
caller

.Calc
ANOP

Do
computation

&K
SetA

&N─1
First value 'K' = N─1

&L
SetA

&N─2
Second value 'L' = N─2

FIBONACI
&K

Evaluate F(K) = F(N─1) (Recursive call)
&Temp

SetA
&Ret

Hold computed value
FIBONACI

&L
Evaluate F(L) = F(N─2) (Recursive call)

&Ret
SetA

&Ret+&Temp
Evaluate F(N) = F(K) + F(L)

.Test
AIF

(&SysNest GT 1).Cont
MNote

0,'Fibonacci(&N.) = &Ret..'
Display result

&Lab
DC

F'&Ret'
.Cont

MExit
Return to caller

.Error MNote
11,'Invalid Fibonacci argument &N..'

MEnd
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C
ase S

tu
d

y 8: M
acro

s fo
r B

it-H
an

d
lin

g
 O

p
eratio

n
s

•
D

iscuss safe bit-m
anipulation techniques

•
U

se bit-m
anipulation operations to create a “m

ini-language”

•
B

asic form
s: create m

acros to

−
A

llocate storage to nam
ed bits

−
S

et bits on and off, and invert their values

−
T

est bit values and branch if on or off

•
E

nhanced form
s: create m

acros to

−
E

nsure bit nam
es w

ere properly declared

−
G

enerate highly optim
ized code for bit m

anipulation and testing
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B
it-D

efin
in

g
 an

d
 B

it-H
an

d
lin

g
 M

acro
s

•
T

w
o levels of im

plem
entation:

1.
O

ne-pass, “m
em

ory-less,”
 “tru

stin
g

” m
a

cro
s th

a
t m

a
ke

 no attem
pts to

−
ve

rify th
a

t n
a

m
e

s id
e

n
tify b

it fla
g

s

−
va

lid
a

te
 typ

e
 d

e
cla

ra
tio

n
s

−
re

ta
in

 in
fo

rm
a

tio
n

 a
cro

ss m
a

cro
 ca

lls

−
o

p
tim

ize
 sto

ra
g

e
 u

tiliza
tio

n
 o

r g
e

n
e

ra
te

d
 in

stru
ctio

n
s

2.
T

w
o-pass “cautious” m

acros utilize retained inform
ation to provide

encapsulation and abstract data typing:

−
B

it n
a

m
e

s m
u

st b
e

 d
e

cla
re

d
 to

 h
a

ve
 “b

it” typ
e

 b
e

fo
re

 u
se

−
S

to
ra

g
e

 u
tiliza

tio
n

 m
in

im
ize

d
, g

e
n

e
ra

te
d

 in
stru

ctio
n

s o
p

tim
ize

d

−
“S

ym
b

o
l ta

b
le

” re
ta

in
s in

fo
rm

a
tio

n
 a

cro
ss m

a
cro

 ca
lls

T
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B
asic B

it D
efin

itio
n

 an
d

 M
an

ip
u

latio
n

 T
ech

n
iq

u
es

•
F

requently need to set, test, m
anipulate “bit flags”:

Flag1 
DS 

X
Define

1st
byte

of
bit

flags
BitA

Equ
X'01'

Define a bit flag

Flag2 
DS 

X
Define

2nd
byte

of
bit

flags
BitB

Equ
X'10'

Define a bit flag

•
S

erious defect: no correlation betw
een bit nam

e and byte nam
e!

OI
Flag1,BitB

Set Bit B ON
??

NI
Flag2,255─BitA

Set Bit A OFF ??

•
W

ant a sim
pler technique: use a length attribute reference; then use just

one nam
e for all references

−
A

dvantage: less chance to m
isuse bit nam

es and byte nam
es!
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S
im

p
le B

it-D
efin

in
g

 M
acro

: D
esig

n
 C

o
n

sid
eratio

n
s

•
T

w
o sim

ilar w
ays to generate bit definitions

1.
A

llocate storage byte first, define bits follow
ing:

DC
B'0'

Unnamed
byte

Bit_A 
Equ 

*─1,X'80'
Bit_A

defined
as

bit
0

2.
D

efine bits first, allocate storage byte follow
ing:

Bit_B
DS

0XL(X'40')
Bit_B defined as bit 1

DC
X'0'

Unnamed byte

•
Length A

ttribute used for nam
ed bits and unnam

ed bytes

TM
Bit_Name,L'Bit_Name

Refer to byte and bit using bit name

DS
X

Unnamed byte
BitA 

Equ 
*─1,X'01'

Define
BitA:

Length
Attribute

=
bit

value
DS

X
Unnamed

byte
BitB 

Equ 
*─1,X'10'

Define
BitB:

Length
Attribute

=
bit

value
OI

BitB,L'BitB
Set BitB ON

(uses name 'BitB' only)
NI 

BitA,255─L'BitA 
Set

BitA
OFF

(uses
name

'BitA'
only)
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S
im

p
le B

it-D
efin

in
g

 M
acro

: P
seu

d
o

-C
o

d
e

•
G

enerate a bit-nam
e E

Q
U

ate for each argum
ent, allocate storage

•
S

yntax:
SBitDef

bitname[,bitname]...

•
E

xam
ples:

SBitDef
b1,b2,b3,b4,b5,b6,b7,b8

Eight bits in one byte

SBitDef
c,d,e,f,g,h,i,j,k,l,m,n,o,p,q,r,s,t,u,v

Many bits+bytes

•
P

seudo-code:

Set Lengths to bit─position weights (128,64,32,16,8,4,2,1)

DO for M = 1 to Number_of_Arguments
IF (Mod(M,8)=1) GEN (

DC
B'0' )

(Generate unnamed byte)
GEN

(Arg(M) 
EQU 

*─1,Lengths(Mod(M─1,8)+1)
) 

(Define
bit

name)
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S
im

p
le B

it-D
efin

in
g

 M
acro

: S
B

IT
D

E
F

Macro ,
Error checking omitted

SBitDef ,
No declared parameters

&L(1) 
SetA 

128,64,32,16,8,4,2,1 
Define

bit
position

values
 

&NN 
SetA

N'&SysList
Number

of
bit

names
provided

 
&M

SetA
1

Name
counter

┌─� .NB
Aif

(&M gt &NN).Done
Check if names exhausted

│
&C

SetA
1

Start new byte at leftmost bit
│

DC
B'0'

Allocate a bit─flag byte
│┌�

.NewN 
ANop 

,
Get

a
new

bit
name

││
&B

SetC
'&SysList(&M)'

Get M─th name from argument list
││

&B
Equ

*─1,&L(&C)
Define bit via length attribute

││
&M

SetA
&M+1

Step to next name
││

Aif
(&M gt &NN).Done

Exit if names exhausted
││

&C
SetA

&C+1
│

Count bits in a byte
│└───────

Aif
(&C le 8).NewN │

Get new name if byte not full
└────────

Ago
.NB

│
Byte is filled, start a new byte

.Done 
MEnd 

�──────────────┘

SBitDef
b1,b2

Define bits b1, b2
+

DC
B'0'

Allocate a bit─flag byte
+b1

Equ
*─1,128

Define bit via length attribute
+b2

Equ
*─1,64

Define bit via length attribute
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S
im

p
le B

it-M
an

ip
u

latio
n

 M
acro

s: P
seu

d
o

-C
o

d
e

•
O

p
e

ra
tio

n
s o

n
 “n

a
m

e
d

” b
its

•
S

etting bits on: one O
I instruction per nam

ed bit

IF (Label =/ null) GEN (Label
DC

0H'0')

DO for M = 1 to Number_of_Arguments
GEN ( OI

Arg(M),L'Arg(M) )
to set bits on

•
Length A

ttribute reference specifies the bit

−
A

s illustrated in the sim
ple bit-defining m

acro

•
S

im
ilar m

acros for setting bits off, or inverting bits

IF (Label =/ null) GEN (Label
DC

0H'0')
GEN ( NI

Arg(M),255─L'Arg(M) )
to set bits off

GEN ( XI
Arg(M),L'Arg(M) )

to invert bits

•
W

arning: these sim
ple m

acros are very trusting!
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S
im

p
le B

it-H
an

d
lin

g
 M

acro
s: S

ettin
g

 B
its O

N

•
M

acro SBitOn to set one or m
ore bits O

N

•
S

yntax:
SBitOn

bitname[,bitname]...

Macro ,
Error Checking omitted

 
&Lab 

SBitOn
&NN

SetA
N'&SysList

Number of Names
&M

SetA
1

Aif
('&Lab' eq '').Next

Skip if no name field
 

&Lab 
DC

0H'0'
Define

label
┌�

.Next 
ANop 

,
Get

a
bit

name
│

&B
SetC

'&SysList(&M)'
Extract name (&M─th positional argument)

│
.Go 

OI 
&B,L'&B

Set
bit

on
│

&M
SetA

&M+1
Step to next bit name

└───────
Aif

(&M le &NN).Next
Go get another name

MEnd
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S
im

p
le B

it-H
an

d
lin

g
 M

acro
s: S

ettin
g

 B
its O

N
 ...

•
E

xam
ples:

AA1
SBitOn

b1,b3,b8,c1,c2
+AA1 

DC 
0H'0'

Define
label

+
OI

b1,L'b1
Set bit on

+
OI

b3,L'b3
Set bit on

+
OI

b8,L'b8
Set bit on

+
OI

c1,L'c1
Set bit on

+
OI

c2,L'c2
Set bit on

SBitOn
b1,b8

+
OI

b1,L'b1
Set bit on

+
OI

b8,L'b8
Set bit on

•
O

bserve: one O
I instruction per bit!

−
W

e w
ill consider optim

izations later
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S
im

p
le B

it-H
an

d
lin

g
 M

acro
s: S

et O
F

F
 an

d
 In

vert B
its

•
M

acros SBitOff and SBitInv are defined like SBitOn:

−
SBitOff uses N

I to set bits off

Macro
&Lab

SBitOff
.*

─ ─ ─
etc., as for SBitOn

.Go 
NI 

&B,255─L'&B
Set

bit
off

.*
─ ─ ─

etc.
MEnd

−
SBitInv uses X

I to invert bits

Macro
&Lab

SBitInv
.*

─ ─ ─
etc., as for SBitOn

.Go 
XI 

&B,L'&B
Invert

bit
.*

─ ─ ─
etc.

MEnd
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S
im

p
le B

it-H
an

d
lin

g
 M

acro
s: S

et O
F

F
 an

d
 In

vert B
its ...

•
E

xam
ples:

bb1
SBitOff

b1,b3,b8,c1,c2
+bb1 

DC 
0H'0'

Define
label

+
NI

b1,255─L'b1
Set bit off

+
NI

b3,255─L'b3
Set bit off

+
NI

b8,255─L'b8
Set bit off

+
NI

c1,255─L'c1
Set bit off

+
NI

c2,255─L'c2
Set bit off

 cc1
SBitInv

b1,b3,b8,c1,c2
+cc1 

DC 
0H'0'

Define
label

+
XI 

b1,L'b1
Invert

bit
+

XI 
b3,L'b3

Invert
bit

+
XI 

b8,L'b8
Invert

bit
+

XI 
c1,L'c1

Invert
bit

+
XI 

c2,L'c2
Invert

bit

•
O

bserve: one N
I or X

I instruction per bit
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S
im

p
le B

it-H
an

d
lin

g
 M

acro
s: B

ran
ch

 o
n

 B
it V

alu
es

•
S

im
ple bit-testing m

acros: branch to target if bitnam
e is on/off

•
S

yntax:
SBBitxxx

bitname,target

Macro
 &Lab

SBBitOn &B,&T
Bitname and branch label

 &Lab
TM

&B,L'&B
Test specified bit

BO
&T

Branch if ON
MEnd

Macro
 &Lab

SBBitOff &B,&T
Bitname and branch label

 &Lab
TM

&B,L'&B
Test specified bit

BNO
&T

Branch if OFF
MEnd

 *
Examples

 dd1
SBBitOn

b1,aa1
+dd1 

TM 
b1,L'b1

Test
specified

bit
+

BO
aa1

Branch if ON
SBBitOn

b2,bb1
+

TM
b2,L'b2

Test specified bit
+

BO
bb1

Branch if ON
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B
it-H

an
d

lin
g

 M
acro

s: E
n

h
an

cem
en

ts

•
T

he previous m
acros w

ork, and can be put to im
m

ediate use.
T

hey w
ill be enhanced in tw

o w
ays:

1.
C

heck to ensure that “bit nam
es” really do nam

e bits!
(W

e need “encapsulation” and “strong typing!”)

X
DC

F'23'
Define a constant

Flag
Equ

X'08'
Define a flag bit (?) 'somewhere'

SBitOn Flag,X
Set two bits ON 'somewhere' ???

2.
H

andle bits w
ithin one byte w

ith one  instruction (code optim
ization!)

•
M

ore enhancem
ents are possible (but not illustrated here):

−
P

ack all bits (storage optim
ization) (but m

ay not gain m
uch)

−
“H

ide” declared bit nam
es so they don't appear as ordinary sym

bols
(m

ake “strong typing” even stronger!)
−

P
rovide a “run-tim

e sym
bol table” for debugging

—
A

D
A

T
A

 in
stru

ctio
n

 ca
n

 p
u

t in
fo

 in
to

 S
Y

S
A

D
A

T
A

 file
—

C
re

a
te

 se
p

a
ra

te
 C

S
E

C
T

 w
ith

 n
a

m
e

s, lo
ca

tio
n

s, b
it va

lu
e

s
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B
it-H

an
d

lin
g

“M
ic

ro
-C

o
m

p
ile

r”

•
G

oal: C
reate a “M

icro-com
piler” for bit operations

−
M

icro: Lim
it scope of actions to specific data types and operations

−
C

om
piler: P

erform
 typical syntax/sem

antic scans, generate code

—
E

a
ch

 m
a

cro
 ca

n
 ch

e
ck syn

ta
x o

f d
e

fin
itio

n
s a

n
d

 u
se

s

—
B

u
ild

 a
n

d
 u

se
 “S

ym
b

o
l T

a
b

le
s” o

f cre
a

te
d

 g
lo

b
a

l va
ria

b
le

 sym
b

o
ls

•
“B

it Language” the sam
e as for the sim

ple bit-handling m
acros:

−
D

ata type: nam
ed bits

−
O

perations: define; set on/off/invert; test-and-branch

•
C

an increm
entally add to and im

prove each language elem
ent

−
A

s these enhancem
ents w

ill illustrate
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B
it-H

an
d

lin
g

 M
acro

s: D
ata S

tru
ctu

res

•
B

it declaration requires three sim
ple “global” item

s:

1.
A

 Byte_Number to count bytes in w
hich bits are declared

2.
A

 BitCount for the next unallocated bit in the current byte

3.
A

n associatively addressed S
ym

bol T
able --

E
ach declared bit nam

e creates a global arithm
etic variable:

−
Its n

a
m

e
 &

(B
itD

e
f_

M
yB

it_
B

yte
N

o
) is co

n
stru

cte
d

 fro
m

—
a

 p
re

fix BitDef_ (w
h

a
te

ve
r yo

u
 like

, to
 a

vo
id

 g
lo

b
a

l-n
a

m
e

 co
llisio

n
s)

—
th

e
 d

e
cla

re
d

 b
it n

a
m

e
 MyBit (th

e
 “a

sso
cia

tive
” fe

a
tu

re
)

—
a

 su
ffix _ByteNo (w

h
a

te
ve

r yo
u

 like
, to

 a
vo

id
 g

lo
b

a
l-n

a
m

e
 co

llisio
n

s)

−
Its va

lu
e

 is th
e

 B
yte_N

u
m

b
er in

 w
h

ich
 th

is b
it w

a
s a

llo
ca

te
d

•
R

em
em

ber: the bytes them
selves w

ill be unnam
ed!
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G
en

eral B
it-D

efin
in

g
 M

acro
: D

esig
n

•
B

its m
ay be “packed”; sublisted nam

es are kept in one byte

•
E

xam
ple:

 
BitDef 

a,(b,c),d 
keeps

b
and

c
together

•
H

igh-level
pseudo-code:

DO for all arguments

IF argument is not a sublist

THEN assign the named bit to a byte (start another if needed)

ELSE IF sublist has more than 8 items, ERROR STOP, can't assign

ELSE if not enough room in current byte, start another

Assign sublist bit names to a byte
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G
en

eral B
it-D

efin
in

g
 M

acro
: P

seu
d

o
-C

o
d

e

Set Lengths = 128,64,32,16,8,4,2,1
(Bit values, indexed by Bit_Count)

DO for M = 1 to Number_of_Arguments
Set B = Arg_List(M)
IF (Substr(B,1,1) =/ '(') PERFORM SetBit(B)

(not a sublist)
ELSE (Handle sublist)

IF (N_SubList_Items > 8) ERROR Sublist too long
IF (BitCount+N_Sublist_Items > 8) PERFORM NewByte
DO for CS = 1 to N_Sublist_Items (Handle sublist)

PERFORM SetBit(Arg_List(M,CS))

SetBit(B): (Save bit name and Byte_Number in which the bit resides:)
IF (Mod(BitCount,8) = 0) PERFORM NewByte
Declare created global variable &(BitDef_&B._Byte_Number)
Set created variable (Symbol Table entry) to Byte_Number
GEN

(B 
EQU 

*─1,Lengths(BitCount)
)

Set BitCount = BitCount+1 (Step to next bit in this byte)

NewByte: GEN( DC
B'0' ); Increment Byte_Number; BitCount = 1

•
C

reated sym
bol contains bit nam

e; its value is the byte num
ber
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G
en

eral B
it-H

an
d

lin
g

 M
acro

s: B
it D

efin
itio

n

Macro ,
Some error checks omitted

BitDef
GblA

&BitDef_ByteNo
Used to count defined bytes

&L(1)
SetA 

128,64,32,16,8,4,2,1 
Define

bit
position

values
&NN

SetA
N'&SysList

Number of bit names provided
&M

SetA
1

Name counter
.NB

Aif
(&M gt &NN).Done

Check if names exhausted
&C

SetA
1

Start new byte at leftmost bit
DC

B'0'
Define a bit─flag byte

&BitDef_ByteNo SetA &BitDef_ByteNo+1
Increment byte number

.NewN
ANop

,
Get a new bit name

&B
SetC

'&SysList(&M)'
Get M─th name from argument list

Aif
('&B'(1,1) ne '(').NoL

Branch if not a sublist
&NS

SetA
N'&SysList(&M)

Number of sublist elements
&CS

SetA
1

Initialize count of sublist items
Aif

(&C+&NS le 9).SubT
Skip if room left in current byte

&C
SetA

1
Start a new byte

DC
B'0'

Define a bit─flag byte
&BitDef_ByteNo SetA &BitDef_ByteNo+1

Increment byte number
.*

─ ─ ─
(continued)
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G
en

eral B
it-H

an
d

lin
g

 M
acro

s: B
it D

efin
itio

n
 ...

.*
─ ─ ─

(continuation)
Name is in a sublist

.SubT
ANop

,
Generate sublist equates

&B
SetC

'&SysList(&M,&CS)'
Extract sublist element

GblA 
&(BitDef_&B._ByteNo) 

Created
var

sym
with

ByteNo
for

this
bit

&B
Equ

*─1,&L(&C)
Define bit via length attribute

&(BitDef_&B._ByteNo) SetA &BitDef_ByteNo
Byte no. for this bit

&CS
SetA

&CS+1
Step to next sublist item

Aif
(&CS gt &NS).NewA

Skip if end of sublist
&C

SetA
&C+1

Count bits in a byte
Ago

.SubT
And go do more list elements

.NoL
ANop

,
Not a sublist

GblA 
&(BitDef_&B._ByteNo) 

Declare
byte

number
for

this
bit

&B
Equ

*─1,&L(&C)
Define bit via length attribute

&(BitDef_&B._ByteNo) SetA &BitDef_ByteNo
Byte no. for this bit

.NewA
ANop

,
Ready for next argument

&M
SetA

&M+1
Step to next name

Aif
(&M gt &NN).Done

Exit if names exhausted
&C

SetA
&C+1

Count bits in a byte
Aif

(&C le 8).NewN
Get new name if not done

Ago
.NB

Bit filled, start a new byte
.Done

MEnd
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E
xam

p
les o

f B
it D

efin
itio

n

•
E

xam
ple: D

efine ten bit nam
es (w

ith m
acro-generated code)

 a4
BitDef

d1,d2,d3,(d4,d5,d6,d7,d8,d9),d10
d4 starts new byte

+
DC

B'0'
Define a bit─flag byte

+d1
Equ

*─1,128
Define bit via length attribute

+d2
Equ

*─1,64
Define bit via length attribute

+d3
Equ

*─1,32
Define bit via length attribute

+
DC

B'0'
Define a bit─flag byte

+d4
Equ

*─1,128
Define bit via length attribute

+d5
Equ

*─1,64
Define bit via length attribute

+d6
Equ

*─1,32
Define bit via length attribute

+d7
Equ

*─1,16
Define bit via length attribute

+d8
Equ

*─1,8
Define bit via length attribute

+d9
Equ

*─1,4
Define bit via length attribute

+d10
Equ

*─1,2
Define bit via length attribute

•
B

its nam
ed d4-d9 are allocated in a single byte

−
C

auses som
e bits to rem

ain unused in the first byte
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G
en

eral B
it-S

ettin
g

 M
acro

: D
ata S

tru
ctu

res

T
w

o “phases” used to generate bit-operation instructions:

 1. C
heck

that
bit

nam
es

a
re

declared
(the

“stro
n

g
typ

in
g

”),
and

collect inform
ation about bits to be set:

a.
N

um
ber of distinct B

yte_N
um

bers (w
hat bytes “ow

n” the bit nam
es?)

b.
F

or each byte, the num
ber of instances of bit nam

es in that byte

c.
A

n associatively addressed “nam
e table” (variable sym

bol)

•
N

a
m

e
 p

re
fix is BitDef_Nm_ (w

h
a

te
ve

r, to
 a

vo
id

 g
lo

b
a

l-n
a

m
e

 co
llisio

n
s)

•
S

u
ffix is a

 “d
o

u
b

le
 su

b
scrip

t,”
&ByteNumber._&InstanceNumber

•
V

a
lu

e
 (o

f th
e

 sym
b

o
l) is th

e
 b

it n
a

m
e

 itse
lf

 2. U
se

the
inform

ation
to

generate
o

p
tim

a
l

instructions

•
N

am
es and num

ber of nam
e instances needed to build each operand
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G
en

eral B
it-S

ettin
g

 M
acro

: D
esig

n

•
O

ptim
ize generated code using variables declared by B

itD
ef m

acro

•
S

yntax:
BitOn

bitname[,bitname]...
E

xam
ple:

BitOn 
a,b,c,d 

•
H

igh-level
pseudo-code:

DO for all arguments (Pass 1)

Verify that the argument bit name was declared (check global symbol)
IF not declared, stop with error message for undeclared bit name

Save argument bit names and their associated byte numbers

DO  for all saved distinct byte numbers (Pass 2)

GEN Instructions to handle argument bits belonging to each byte

•
P

ass 1 captures bit nam
es &

 byte num
bers, pass 2 generates code
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G
en

eral B
it-S

ettin
g

 M
acro

: P
seu

d
o

-C
o

d
e

•
D

etailed
pseudo-code:

Save macro─call label
Set NBN (Number of known Byte Numbers) = 0
DO for M = 1 to Number_of_Arguments

Set B = Arg(M)
Declare created global variable &(BitDef_&B._Byte_Number)
IF (Its value is zero) ERROR EXIT 'Undeclared Bitname &B'
DO for K = 1 to NBN (Check byte number from the global variable)

IF (This Byte Number is known) Increment its count
ELSE Increment NBN (this Byte Number is new: set its count = 1)

Save B in bitname list for this Byte Number

(End Arg scan: have all byte numbers and their associated bit names)
DO for M = 1 to number of distinct Byte Numbers

Set Operand = 'First_Bitname,L''First_Bitname'
(local character string)

DO for K = 2 to Number of bitnames in this Byte
Operand = Operand ││ '+L''Bitname(K)'

GEN
(label 

OI 
Operand 

);
set

label
=
''

•
E

asy generalization to B
it_O

ff (N
I) and B

it_Invert (X
I)
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G
en

eral B
it-S

ettin
g

 M
acro

s: S
et B

its O
N

•
M

acro BitOn optim
izes generated instructions (m

ost error checks
om

itted)

Macro
&Lab

BitOn
&L

SetC
'&Lab'

Save
label

&NBN
SetA

0
No. of distinct Byte Nos.

&M
SetA

0
Name counter

&NN
SetA

N'&SysList
Number of names provided

.NmLp
Aif

(&M ge &NN).Pass2
Check if all names scanned

&M
SetA

&M+1
Step to next name

&B
SetC

'&SysList(&M)'
Pick off a name

Aif
('&B' eq '').Null

Check for null item
GblA

&(BitDef_&B._ByteNo)
Declare GBLA for Byte No.

Aif
(&(BitDef_&B._ByteNo) eq 0).UnDef

Exit if undefined
&K

SetA
0

Loop through known Byte Nos
.BNLp

Aif
(&K ge &NBN).NewBN

Not in list, a new Byte No
&K

SetA
&K+1

Search next known Byte No
Aif

(&BN(&K) ne &(BitDef_&B._ByteNo)).BNLp
Check match

.*
─ ─ ─

continued
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G
en

eral B
it-S

ettin
g

 M
acro

s: S
et B

its O
N

 ...

.*
─ ─ ─

(continuation)
&J

SetA
1

Check if name already specified
.CkDup 

Aif 
(&J

gt
&IBN(&K)).NmOK 

Branch
if

name
is

unique
Aif

('&B' eq '&(BitDef_Nm_&BN(&K)._&J)').DupNm
Duplicated

&J
SetA

&J+1
Search next name in this byte

Ago
.CkDup

Check further for duplicates
.DupNm

MNote 8,'BitOn: Name ''&B'' duplicated in operand list'
MExit

.NmOK
ANop

,
No match, enter name in list

&IBN(&K)
SetA 

&IBN(&K)+1 
Matching

BN,
bump

count
of

bits
in

this
byte

LclC
&(BitDef_Nm_&BN(&K)._&IBN(&K))

Slot for bit name
&(BitDef_Nm_&BN(&K)._&IBN(&K)) SetC '&B'

Save K'th Bit Name, this byte
Ago

.NMLp
Go get next name

.NewBN
ANop

,
New Byte No

&NBN
SetA

&NBN+1
Increment Byte No count

&BN(&NBN) SetA &(BitDef_&B._ByteNo)
Save new Byte No

&IBN(&NBN) SetA 1
Set count of this Byte No to 1

LclC
&(BitDef_Nm_&BN(&NBN)._1) Slot for first bit name

&(BitDef_Nm_&BN(&NBN)._1) SetC '&B'
Save 1st Bit Name, this byte

Ago
.NMLp

Go get next name
.*

─ ─ ─
continued
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G
en

eral B
it-S

ettin
g

 M
acro

s: S
et B

its O
N

 ...

.*
─ ─ ─

(continuation)
.Pass2

ANop
,

Pass 2: scan Byte No list
&M

SetA
0

Byte No counter
┌─� .BLp

Aif
(&M ge &NBN).Done

Check if all Byte Nos done
│

&M
SetA

&M+1
Increment outer─loop counter

│
&X

SetA
&BN(&M)

Get M─th Byte No
│

&K
SetA

1
Set up inner loop

│
&Op

SetC
'&(BitDef_Nm_&X._&K).,L''&(BitDef_Nm_&X._&K)' 1st operand

│┌� .OpLp
Aif

(&K ge &IBN(&M)).GenOI
Operand loop, check for done

││
&K

SetA
&K+1

�
Step to next bit in this byte

││ 
&Op

SetC 
'&Op.+L''&(BitDef_Nm_&X._&K)' 

Add
″L'bitname″

to
operand

│└─────────
Ago

.OpLp
│

Loop (inner) for next operand
│ 

.GenOI 
ANop

, 
�─────────────┘

Generate
instruction

for
Byte

No
│

&L
OI

&Op
Turn bits ON

│
&L

SetC
''

Nullify label string
└──────────

Ago
.BLp

Loop (outer) for next Byte No
.UnDef

MNote 8,'BitOn: Name ''&B'' not defined by BitDef'
MExit

 
.Null 

MNote
8,'BitOn:

Null
argument

at
position

&M.'
 

.Done 
MEnd
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G
en

eral “B
ran

ch
 if B

its O
n

” M
acro

: D
esig

n

•
F

unction: branch to target if all nam
ed bits are on

•
S

yntax:
BBitOn

(bitlist),target
E

xam
ple: 

BBitOn 
(a,b,c,d),Label

•
O

ptim
ize generated code using global data created by

BitDef

•
If m

ore than one byte is involved, need “skip-if-false” branches

┌────────┐ 
┌────────┐ 

┌────────┐ 
┌────────┐

 │ Test a ├───�│ Test b ├───�│ Test c ├───�│ Test d ├───�Target_Label
 └──┬─────┘ T

└──┬─────┘ T
└──┬─────┘ T

└──┬─────┘ T
� False

� False
� False

� False
│�────────────┴─────────────┴─────────────┘
�

 Next Statement (tagged by “Skip Label”)

•
N

eed only one  test instruction for m
ultiple bits in a byte!
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G
en

eral “B
ran

ch
 if B

its O
n

” M
acro

: P
seu

d
o

-C
o

d
e

•
P

seudo-code:

Save macro─call label; Set NBN (Number of known Byte Numbers) = 0
DO for M = 1 to Number_of_1st─Arg_Items

Set B = Arg(M)
Declare created global variable &(BitDef_&B._Byte_Number)
IF (Its value is zero) ERROR EXIT, undeclared bitname
DO for K = 1 to NBN (Check byte number from the global variable)

IF (This Byte Number is known) Increment its count
ELSE Increment NBN (this Byte Number is new: set its count = 1)

Save B in bit name list for this Byte Number

(End Arg scan: have all byte numbers and their associated bit names)
Create Skip_Label (using &SYSNDX)
DO for M = 1 to NBN

Set Operand = 'First_Bitname,L''First_Bitname'
(first operand)

DO for K = 2 to Number of bitnames in this Byte
Operand = Operand ││ '+L''Bitname(K)'

IF (M < NBN) GEN (label TM Operand ; BNO Skip_Label); set label = ''
ELSE

GEN (label TM Operand ; BO
Target_label)

IF (NBN > 1) GEN (Skip_Label DS 0H)
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G
en

eral B
it-H

an
d

lin
g

 M
acro

s: B
ran

ch
 if B

its O
n

•
BBitOn m

acro optim
izes generated instructions (m

ost error checks
om

itted)

•
T

w
o “passes” over bit nam

e list:

1.
S

can, check, and save nam
es, determ

ine byte num
bers (as in BitOn)

2.
G

enerate optim
ized tests and branches;

if m
ultiple bytes, generate “skip” tests/branches and label

Macro
&Lab

BBitOn &NL,&T
Bit Name List, Branch Target

Aif
(N'&SysList ne 2 or '&NL' eq '' or '&T' eq '').BadArg

&L
SetC

'&Lab'
Save label

&NBN
SetA

0
No. of distinct Byte Nos.

&M
SetA

0
Name counter

&NN
SetA

N'&NL
Number of names provided

.NmLp
Aif

(&M ge &NN).Pass2
Check if all names scanned

.*
─ ─ ─

(continued)

T
e

ch
-6

4


 C
o

p
yrig

h
t IB

M
 C

o
rp

o
ra

tio
n

 1
9

9
3

, 2
0

0
4

. A
ll rig

h
ts re

se
rve

d
.

H
L

A
S

M



G
en

eral B
it-H

an
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lin
g

 M
acro

s: B
ran

ch
 if B

its O
n

 ...
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─ ─ ─

(continuation)
&M

SetA
&M+1

Step to next name
&B

SetC
'&NL(&M)'

Pick off a name
GblA

&(BitDef_&B._ByteNo)
Declare GBLA with Byte No.

Aif
(&(BitDef_&B._ByteNo) eq 0).UnDef

Exit if undefined
&K

SetA
0

Loop through known Byte Nos
.BNLp

Aif
(&K ge &NBN).NewBN

Not in list, a new Byte No
&K

SetA
&K+1

Search next known Byte No
Aif

(&BN(&K) ne &(BitDef_&B._ByteNo)).BNLp
Check match

&J
SetA

1
Check if name already specified

.CkDup 
Aif 

(&J
gt

&IBN(&K)).NmOK 
Branch

if
name

is
unique

Aif
('&B' eq '&(BitDef_Nm_&BN(&K)._&J)').DupNm

Duplicated
&J

SetA
&J+1

Search next name in this byte
Ago

.CkDup
Check further for duplicates

.DupNm
MNote 8,'BBitOn: Name ''&B'' duplicated in operand list'
MExit

.NmOK
ANop

,
No match, enter name in list

&IBN(&K) SetA
&IBN(&K)+1

Have matching BN, count up by 1
LclC

&(BitDef_Nm_&BN(&K)._&IBN(&K))
Slot for bit name

&(BitDef_Nm_&BN(&K)._&IBN(&K)) SetC '&B'
Save K'th Bit Name, this byte

Ago
.NMLp

Go get next name
.*

─ ─ ─
(continued)
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en
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it-H
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 M
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s: B
ran

ch
 if B

its O
n

 ...

.*
─ ─ ─

(continuation)
.NewBN

ANop
,

New Byte No
&NBN

SetA
&NBN+1

Increment Byte No count
&BN(&NBN) SetA &(BitDef_&B._ByteNo)

Save new Byte No
&IBN(&NBN) SetA 1

Set count of this Byte No to 1
LclC

&(BitDef_Nm_&BN(&NBN)._1) Slot for first bit name
&(BitDef_Nm_&BN(&NBN)._1) SetC '&B'

Save 1st Bit Name, this byte
Ago

.NMLp
Go get next name

.Pass2
ANop

,
Pass 2: scan Byte No list

&M
SetA

0
Byte No counter

&Skip
SetC

'Off&SysNdx'
False─branch target

.BLp
Aif

(&M ge &NBN).Done
Check if all Byte Nos done

&M
SetA

&M+1
Increment outer─loop counter

&X
SetA

&BN(&M)
Get M─th Byte No

&K
SetA

1
Set up inner loop

&Op
SetC

'&(BitDef_Nm_&X._&K).,L''&(BitDef_Nm_&X._&K)' Operand
.OpLp

Aif
(&K ge &IBN(&M)).GenBr

Operand loop, check for done
&K

SetA
&K+1

Step to next bit in this byte
&Op

SetC 
'&Op.+L''&(BitDef_Nm_&X._&K)' 

Add
next

bit
to

operand
Ago

.OpLp
Loop (inner) for next operand

.*
─ ─ ─

(continued)
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G
en

eral B
it-H

an
d

lin
g

 M
acro

s: B
ran

ch
 if B

its O
n

 ...

.*
─ ─ ─

(continuation)
.GenBr

ANop
,

Generate instruction for Byte No
Aif

(&M eq &NBN).Last
Check for last test

&L
TM

&Op
Test if bits are ON

BNO
&Skip

Skip if not all ON
&L

SetC
''

Nullify label string
Ago

.BLp
Loop (outer) for next Byte No

.Last
ANop

,
Generate last test and branch

&L
TM

&Op
Test if bits are ON

BO
&T

Branch if all ON
Aif

(&NBN eq 1).Done
No skip target if just 1 byte

&Skip 
DC 

0H'0'
Skip

target
MExit

.UnDef
MNote 8,'BBitOn: Name ''&B'' not defined by BitDef'
MExit

.BadArg
MNote 8,'BBitOn: Improperly specified argument list'

.Done
MEnd
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C
ase S

tu
d

y 9: D
efin

in
g

 an
d

 U
sin

g
 D

ata T
yp

es

•
O

verview
 of data typing

•
U

sing base-language type attributes

−
C

ase S
tudy 9a: use operand type attribute to generate correct literal types

•
S

hortcom
ings of assem

bler-assigned type attributes

−
C

ase S
tudy 9b: create m

acros to check conform
ance of instructions and

operand types

−
E

xtension: instruction vs. operand vs. register consistency checking

•
U

ser-assigned (and assem
bler-m

aintained) data types

−
C

ase S
tudy 9c: declare user data types and “operators” on them
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D
efin

in
g

 an
d

 U
sin

g
 D

ata T
yp

es

•
W

e're fam
iliar w

ith type sensitivity in higher-level languages:

−
Instructions generated from

 a statem
ent depend on data types:

A = B + C ;
'=' and '+' are polymorphic operators

−
A

, B
, C

 m
ight be integer, float, com

plex, boolean, string, ...

•
M

ost nam
ed assem

bler objects have a type attribute

−
C

an exploit type attribute references for type-sensitive code sequences and for
operand validity checking

•
E

xtensions to the “base language” types are possible:

−
A

ssign our ow
n type attributes (avoiding conflicts w

ith A
ssem

bler's)
−

U
tilize created variable sym

bols to retain type inform
ation
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B
ase-L

an
g

u
ag

e T
yp

e S
en

sitivity: S
im

p
le P

o
lym

o
rp

h
ism

•
Intent: INCR m

acro increm
ents var by a constant amt (or 1)

S
yntax:

INCR
var[,amt]

(d
e

fa
u

lt a
m

t=
1

)

•
U

sage exam
ples:

Day 
DS 

H
Type

H:
Day

of
the

week
Rate

DS
F

Type F: Rate of something
MyPay

DS
PL6

Type P: My salary
Dist

DS
D

Type D: A distance
Wt

DS
E

Type E: A weight
WXY 

DS 
X

Type
X:

Type
not

valid
for

INCR
macro

*CC
Incr

Day
Add 1 to Day

DD
Incr

Rate,─3,Reg=15
Decrease rate by 3

Incr
MyPay,150.50

Add 150.50 to my salary
JJ

Incr
Dist,─3.16227766

Decrease distance by sqrt(10)
KK

Incr
Wt,─2E4,Reg=6

Decrement weight by 10 tons
Incr

WXY,2
Test with unsupported type

•
INCR uses assem

bler type attribute of &var to create com
patible literals

−
type of amt guaranteed to m

atch type of var
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B
ase-L

an
g

u
ag

e T
yp

e S
en

sitivity: S
im

p
le P

o
lym

o
rp

h
ism

 ...

•
S

upported types: H,
F,

E,
D,

P

Macro ,
Increment &V by amount &A (default 1)

&Lab
INCR

&V,&A,&Reg=0
Default work register = 0

&T
SetC

T'&V
Type attribute of 1st arg

&Op
SetC

'&T'
Save type of &V for mnemonic suffix

&I
SetC

'1'
Default increment

Aif
('&A' eq '').IncOK

Increment now set OK
&I

SetC
'&A'

Supplied increment (N.B. Not SETA!)
.IncOK Aif

('&T' eq 'F').F,('&T' eq 'P').P,
(check base language types)

X
('&T' eq 'H' or '&T' eq 'D' or '&T' eq 'E').T

Valid types
MNote 8,'INCR: Cannot use type ''&T'' of ''&V''.'
MExit

.F
ANOP

,
Type of &V is F

&Op
SetC

''
Null opcode suffix for F (no LF opcode)

.T
ANOP

,
Register─types D, E, H (and F)

&Lab
L&Op

&Reg,&V
Fetch variable to be incremented

A&Op
&Reg,=&T.'&I'

Add requested increment as typed literal
ST&Op &Reg,&V

Store incremented value
MExit

.P
ANOP

,
Type of &V is P

&Lab
AP

&V,=P'&I'
Incr packed variable with P─type literal

MEnd
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B
ase-L

an
g

u
ag

e T
yp

e S
en

sitivity: G
en

erated
 C

o
d

e

•
C

ode generated by IN
C

R
 m

acro (see slide T
ech-70)

 CC
Incr

Day
Add 1 to Day

+CC
LH

0,Day
Fetch variable to be increment

+
AH

0,=H'1'
Add requested increment

+
STH

0,Day
Store incremented value

 DD
Incr

Rate,─3,Reg=15
Decrease rate by 3

+DD 
L 

15,Rate
Fetch

variable
to

be
increment

+
A

15,=F'─3'
Add requested increment

+
ST

15,Rate
Store incremented value

Incr
MyPay,150.50

Add 150.50 to my salary
+

AP
MyPay,=P'150.50'

Increment variable
 JJ

Incr
Dist,─3.16227766

Decrease distance by sqrt(10)
+JJ

LD
0,Dist

Fetch variable to be increment
+

AD
0,=D'─3.16227766' Add requested increment

+
STD

0,Dist
Store incremented value

 KK
Incr

Wt,─2E4,Reg=6
Decrement weight by 10 tons

+KK
LE

6,Wt
Fetch variable to be increment

+
AE

6,=E'─2E4'
Add requested increment

+
STE

6,Wt
Store incremented value

Incr
WXY,2

Test with unsupported type
+ *** MNOTE ***

8,INCR: Cannot use type 'X' of 'WXY'.
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S
h

o
rtco

m
in

g
s o

f A
ssem

b
ler-A

ssig
n

ed
 T

yp
es

•
S

uppose amt is a variable, not a constant...

−
N

eed an ADD2 m
acro: syntax like 

ADD2
var,amt

•
W

hat if the assem
bler types of var and amt don't conform

?

−
M

ism
atch? M

ight data type conversions be required? H
ow

 w
ill w

e know
?

Rate
DS

F
Rate of something

MyPay
DS

PL6
My salary

ADD2
MyPay,Rate

Add (binary) Rate to (packed) MyPay ??

•
A

ssem
bler data types know

 nothing about “m
eaning” of variables,

only their hardw
are representation; so, typing is very w

eak!

Day 
DS 

H
Day

of
the

week
Rate

DS
F

Rate of something
Dist

DS
D

A distance
Wt

DS
E

A weight
**

Following (assembler) types conform!
*

ADD2
Rate,Day

Add binary Day to Rate (??)
ADD2

Dist,WT
Add floating Distance to Weight (??)
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S
ym

b
o

l A
ttrib

u
tes an

d
 L

o
o

kah
ead

 M
o

d
e

•
S

ym
bol attributes are entered in the sym

bol table w
hen defined

•
A

ttribute references are resolved during conditional assem
bly by

1.
F

inding them
 in the sym

bol table, or

2.
F

orw
ard-scanning the source file (“Lookahead M

ode”) for the sym
bol's

definition

−
N

o
 m

a
cro

 d
e

fin
itio

n
/g

e
n

e
ra

tio
n

, n
o

 su
b

stitu
tio

n
, n

o
 A

G
O

/A
IF

−
S

ym
b

o
l a

ttrib
u

te
s m

a
y ch

a
n

g
e

 d
u

rin
g

 fin
a

l a
sse

m
b

ly
−

S
ca

n
n

e
d

 re
co

rd
s a

re
 sa

ve
d

 (S
Y

S
IN

 is re
a

d
 o

n
ly o

n
ce

!)

•
S

ym
bols generated by m

acros can't be found in Lookahead M
ode

−
U

nknow
n or partially-defined sym

bols assigned type attribute 'U'

•
S

ym
bol attributes needed for conditional assem

bly m
ust be defined

before they are referenced

•
C

an use LO
C

T
R

 instruction to “group” code and data separately

−
D

ata declarations can precede code in source, but follow
 it in storage
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C
ase S

tu
d

y 9b
: S

im
p

le In
stru

ctio
n

-O
p

eran
d

 T
yp

e C
h

eckin
g

•
C

heck the second operand of the A
 instruction

−
A

ccept type attributes type F
, A

, or Q
; note others

•
F

irst, save the assem
bler's definition of instruction “A

”

My_A
OpSyn

A
Save definition of A as My_A

•
D

efine a m
acro nam

ed “A
” that eventually calls My_A

•
M

acro “A
” checks the second operand for type F

, A
, or Q

Macro
&L

A
&R,&X

AIF
(T'&X eq 'F' or T'&X eq 'A' or T'&X eq 'Q').OK

MNote
1,'Note! Second operand type not F, A, or Q.'

.OK
ANop

&L
My_A

&R,&X
MEnd

•
N

ote that allow
ed types are “hard coded” in the m

acro
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B
ase-L

an
g

u
ag

e T
yp

e S
en

sitivity: G
en

eral T
yp

e C
h

eckin
g

•
Intent:

com
patibility checking betw

een instruction and operand types

•
D

efine TypeChek m
acro to request type checking

S
yntax: 

TypeChek 
opcode,valid_types

•
C

all TypeChek w
ith: opcode to check, allow

able types

TypeChek
L,'ADFQVX'

Allowed types: AQV (adcons), D, F, X

•
S

ketch of m
acro to initiate type checking for one m

nem
onic:

Macro
TypeChek

&Op,&Valid
Mnemonic, set of valid types

GblC
&(TypeCheck_&Op._Valid),&(TypeCheck_&Op)

&(TypeCheck_&Op._Valid) 
SetC 

'&Valid'
Save

valid
types

TypeCheck_&Op.
OpSyn &Op.

Save original opcode definition
&Op

OpSyn ,
Disable previous definition of &Op

.*
MNote *,'Mnemonic ''&Op.'' valid types are ''&(TypeCheck_&Op._Valid).''.'
MEnd

•
G

eneralizable to m
ultiple opcode m

nem
onics

−
B

ut: requires creating m
acros for each m

nem
onic...
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B
ase-L

an
g

u
ag

e T
yp

e S
en

sitivity: G
en

eral T
yp

e C
h

eckin
g

 ...

•
N

ow
, need to install L m

acro in the m
acro library:

Macro
&Lab

L
&Reg,&Operand

GblC
&(TypeCheck_L_Valid) List of valid types for L

&TypOp SetC
T'&Operand

Type attribute of &Operand
&Test 

SetA 
('&(TypeCheck_L_Valid)'

Find
'&TypOp') 

Check
validity

AIf
(&Test ne 0).OK

Skip if valid
MNote 1,'Possible type incompatibility between L and ''&Operand.''?'

.OK
ANop

Now, do the original L instruction
&Lab

TypeCheck_L
&Reg,&Operand

MEnd

•
N

ow
, use L “in

stru
ctio

n
” a

s u
su

a
l:

 000084
5 A

DS
F

A has type attribute F
 000088

6 B
DS

H
B has type attribute H

─ ─ ─
 0001E4 5810F084

23
L

1,A
Load from fullword

 0001E8 5820F088
24

L
2,B

Load from halfword
*** MNOTE *** + 1,Possible type incompatibility between L and 'B'?

•
Inconvenience: have to w

rite a m
acro for each checked m

nem
onic
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B
ase-L

an
g

u
ag

e T
yp

e C
h

eckin
g

: E
xten

sio
n

s

•
P

revious technique requires w
riting a m

acro for each checked instruction

−
N

ot difficult to w
rite, just a lot of repetitive w

ork

−
M

acros m
ust be available in a library

—
If n

o
t u

sin
g

 TypeChek, d
o

n
't u

se
 th

e
 in

stru
ctio

n
-re

p
la

ce
m

e
n

t m
a

cro
s!

•
B

etter:

−
S

pecify a list of instructions to be checked, such as

TypeChek
(L,ST,A,AL,S,SL,N,X,O),'ADFQVX'

−
T

he TypeChek m
acro generates the replacem

ent m
acros as needed
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T
h

e A
IN

S
E

R
T

 S
tatem

en
t

•
A

IN
S

E
R

T
 allow

s generation of fully param
eterized records

AINSERT
'string',[FRONT│BACK]

•
P

laced at front or back of assem
bler's internal buffer queue

−
H

LA
S

M
 pads or truncates string to form

 80-byte record

•
H

LA
S

M
 reads from

 the F
R

O
N

T
 of the buffer before reading from

 S
Y

S
IN

−
Input from

 S
Y

S
IN

 resum
es w

hen the buffer is em
pty

•
O

perand string m
ay contain “alm

ost anything”

AInsert
'* comment about &SysAsm. &SysVer.',BACK

>* comment about HIGH LEVEL ASSEMBLER 1.4.0

−
T

he '>' character in “colum
n 0” indicates A

IN
S

E
R

T
ed statem

ent

•
W

e w
ill use A

IN
S

E
R

T
 to generate m

acro definitions
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B
ase-L

an
g

u
ag

e T
yp

e C
h

eckin
g

: G
en

erated
 M

acro
s

•
G

enerate each type-checking m
acro using AINSERT

TypeChek
(L,ST,A,AL,S,SL,N,X,O),'ADFQVX'

Desired
style

•
S

ketch of revised inner loop of TypeChek m
acro:

&Op
SetC

'&Ops(&K)'
Pick off K─th opcode

&Op
OpSyn ,

Disable previous definition of &Op
.*

Generate macro to redefine &Op for type checking
 AInsert ' Macro ',BACK
 AInsert '&&Lab &Op. &&Reg,&&Opd',BACK
 AInsert ' GblC &&(TypeCheck_&Op._Valid)',BACK
 AInsert '&&TO SetC T''&&Opd ',BACK
 AInsert '&&T SetA (''&&(TypeCheck_&Op._Valid)'' Find ''&&TO'')',BACK
 AInsert ' AIf (&&T ne 0).OK ',BACK
 AInsert ' MNote 1,''Possible type conflict between &Op and &&Opd?''',B*

ACK
 AInsert '.OK ANop ',BACK
 AInsert '&&Lab TypeCheck_&Op &&Reg,&&Opd ',BACK
 AInsert ' MEnd ',BACK
.*

End of macro generation

•
C

om
pare to “hand-coded” L m

acro (slide T
ech-77)
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U
ser-A

ssig
n

ed
 A

ssem
b

ler T
yp

e A
ttrib

u
tes

•
W

e can utilize third operand of EQU statem
ent for type assignm

ent:

symbol
EQU

expression,length,type

−
A

ssem
bler's “native” types are upper case letters (and '@')

−
W

e can use low
er case letters for user-assigned types

•
E

xam
ple (extend the R

E
G

S
 m

acro, slide T
ech-8) to create a T

Y
P

E
R

E
G

S
m

acro:

GR&N 
EQU 

&N,,C'g'
Assign

value
and

type
attribute

'g'
for

GPR
FR&N 

EQU 
&N,,C'f'

Assign
value

and
type

attribute
'f'

for
FPR

•
G

R
nn sym

bols have type attribute 'g', F
R

nn have 'f'

•
C

an use type attribute to check sym
bols used in register operands
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In
stru

ctio
n

-O
p

eran
d

-R
eg

ister T
yp

e C
h

eckin
g

•
Intent: check “typed” register nam

es in type-checking m
acros

•
E

xam
ple: extend L m

acro (see slides T
ech-76 and T

ech-77)

Macro
&Lab

L
&Reg,&Operand

GblC
&(TypeCheck_L_Valid),&(TypeCheck_L_RegType)

&TypOp SetC
T'&Operand

Type attribute of &Operand
&Test 

SetA 
('&(TypeCheck_L_Valid)'

Find
'&TypOp') 

Check
validity

AIf
(&Test ne 0).OK_Op

Skip if valid
MNote 1,'Possible type incompatibility between L and ''&Operand.''?'

.OK_Op ANop
Now, do the original L instruction

.*
Added checking for register type:

&TypRg SetC
T'&Reg

Type attribute of &Reg
&Test 

SetA 
('&(TypeCheck_L_RegType)'

Find
'&TypRg') 

Check
validity

AIf
(&Test ne 0).OKReg

Skip if valid
MNote 1,'Possible register incompatibility between L and ''&Reg.''?'

.OKReg ANop
Now, do the original L instruction

&Lab
TypeCheck_L

&Reg,&Operand
MEnd

•
T

ypical expected output...

L
FR4,F

*** MNOTE *** 1,Possible type incompatibility between L and 'F'?
*** MNOTE *** 1,Possible register incompatibility between L and 'FR4'?
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C
ase S

tu
d

y 9c: E
n

cap
su

lated
 A

b
stract D

ata T
yp

es

•
Intent: declare tw

o user types, and define operations on them

•
T

ypes: D
ate and D

uration (or Interval) betw
een 2 D

ates

−
U

nfortunately, both D
ate and D

uration start w
ith D

—
S

o
, w

e
'll u

se
 “In

te
rva

l” a
s th

e
 sa

fe
r (if le

ss in
tu

itive
) te

rm

•
A

 m
e

a
su

re
 o

f e
la

p
se

d
 tim

e
, in

 d
a

ys

−
W

e w
ill use low

er case letters 'd' and 'i' for our types!

•
DCLDATE and DCLNTVL m

acros declare variables (abstract data types):

DCLDATE
Birth,Graduation,Marry,Hire,Retire,Expire

DCLNTVL
Training,Employment,Retirement,LoanPeriod
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U
ser-A

ssig
n

ed
 T

yp
e A

ttrib
u

tes: D
C

L
D

A
T

E
 M

acro

•
D

eclaration of D
A

T
E

 types m
ade by DclDate m

acro

Macro ,
Args = list of names

DCLDATE
&Len=4

Default data length = 4
GblC

&DateTyp
Type attr of Date variable

 &DateTyp SetC
'd'

User type attr is lower case 'd'
 .*

Length of a DATE type could also be a global variable
 &NV

SetA
N'&SysList

Number of arguments to declare
 &K

SetA
0

Counter
 .Test

Aif
(&K ge &NV).Done

Check for finished
 &K

SetA
&K+1

Increment argument counter
DC

PL&Len.'0'
Define storage as packed decimal

 &SysList(&K) Equ *─&Len.,&Len.,C'&DateTyp'
Define name, length, type

Ago
.Test

 .Done
MEnd

DclDate
LoanStart,LoanEnd

Declare 2 date fields
+

DC
PL4'0'

Define storage as packed decimal
+LoanStart

Equ
*─4,4,C'd'

Define name, length, type
+

DC
PL4'0'

Define storage as packed decimal
+LoanEnd

Equ
*─4,4,C'd'

Define name, length, type
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U
ser-A

ssig
n

ed
 T

yp
e A

ttrib
u

tes: D
C

L
N

T
V

L
 M

acro

•
D

eclaration of IN
T

E
R

V
A

L types m
ade by DclNtvl m

acro
−

Initial value can be specified w
ith Init= keyw

ord

Macro ,
Args = list of names

DCLNTVL
&Init=0,&Len=3

Optional initialization value
GblC

&NtvlTyp
Type attr of Interval  variable

LclA
&NtvlLen

Length of an Interval variable
 &NtvlTyp SetC

'i'
User type attr is lower case 'i'

 .*
Length of an INTERVAL type could also be a global variable

 &NV
SetA

N'&SysList
Number of arguments to declare

 &K
SetA

0
Counter

 .Test
Aif

(&K ge &NV).Done
Check for finish

 &K
SetA

&K+1
Increment argument count

DC
PL&Len.'&Init.'

Define storage
 &SysList(&K) Equ *─&Len.,&Len.,C'&NtvlTyp'

Declare name, length, type
Ago

.Test
 .Done

MEnd

DclNtvl
Week,Init=7

+
DC

PL3'7'
Define storage

+Week
Equ

*─3,3,C'i'
Name, length, type
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C
alcu

latin
g

 W
ith

 D
ate V

ariab
les: C

alcD
at M

acro

•
N

ow
, define operations on D

A
T

E
s and IN

T
E

R
V

A
Ls

•
U

ser-callable CalcDat m
acro calculates dates:

&AnsDate CalcDat
&Arg1,Op,&Arg2

Calculate a Date variable

•
A

llow
ed form

s are:

ResultDate
CalcDat

Date,+,Interval
Date = Date + Interval

ResultDate
CalcDat

Date,─,Interval
Date = Date ─ Interval

ResultDate
CalcDat

Interval,+,Date
Date = Interval + Date

•
CalcDat validates (abstract) types of all argum

ents,
and calls one of tw

o auxiliary m
acros

DATEADDI 
Date1,LDat,Interval,LNvl,AnsDate,AnsLen 

Date
=
Date+Interval

DATESUBI 
Date1,LDat,Interval,LNvl,AnsDate,AnsLen 

Date
=
Date─Interval

−
A

uxiliary service m
acros (“private m

ethods”) understand actual data
representations (“encapsulation”)

−
In this case: packed decim

al, w
ith know

n operand lengths

T
e

ch
-8

6


 C
o

p
yrig

h
t IB

M
 C

o
rp

o
ra

tio
n

 1
9

9
3

, 2
0

0
4

. A
ll rig

h
ts re

se
rve

d
.

H
L

A
S

M



C
alcu

latin
g

 W
ith

 D
ate V

ariab
les: C

alcD
at M

acro
 ...

•
C

alculate Date=Date±
Interval or Date=Interval+Date

−
D

A
T

E
S

U
B

I and D
A

T
E

A
D

D
I are “private m

ethods”

Macro ,
Most error checks omitted!!

&Ans
CALCDAT &Arg1,&Op,&Arg2

Calculate a date in &Ans
GblC

&NtvlTyp,&DateTyp
Type attributes

&T1
SetC

T'&Arg1
Save type of &Arg1

&T2
SetC

T'&Arg2
And of &Arg2

Aif
('&T1&T2' ne '&DateTyp&NtvlTyp' and

X
'&T1&T2' ne '&NtvlTyp&DateTyp').Err4

Validate types
Aif

('&Op' eq '+').Add
Check for add operation

DATESUBI &Arg1,L'&Arg1,&Arg2,L'&Arg2,&Ans,L'&Arg1
D = D─I

MExit
.Add

AIF
('&T1' eq '&NtvlTyp').Add2 1st opnd is interval of days

DATEADDI &Arg1,L'&Arg1,&Arg2,L'&Arg2,&Ans,L'&Arg1
D = D+I

MExit
.Add2

DATEADDI &Arg2,L'&Arg2,&Arg1,L'&Arg1,&Ans,L'&Arg2
D = I+D

MExit
.Err4

MNote 8,'CALCDAT: Incorrect declaration of Date or Interval?'
MEnd

 Hire
CalcDat

Degree,+,Year
+

DATEADDI Degree,L'Degree,Year,L'Year,Hire,L'Degree D = D+I
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C
alcu

latin
g

 In
terval V

ariab
les: C

alcN
vl M

acro

•
D

efine user-called CalcNvl m
acro to calculate intervals

•
A

llow
ed form

s are:

ResultInterval 
CalcNvl 

Date,─,Date
Difference

of
two

date
variables

ResultInterval 
CalcNvl 

Interval,+,Interval
Sum

of
two

interval
variables

ResultInterval 
CalcNvl 

Interval,─,Interval
Difference

of
two

intervals
ResultInterval 

CalcNvl 
Interval,*,Number

Product
of

interval,
number

ResultInterval 
CalcNvl 

Interval,/,Number
Quotient

of
interval,

number

•
CalcNvl validates declared types of argum

ents, and calls one of five
a

u
xilia

ry m
a

cro
s (m

o
re

 “p
riva

te
 m

e
th

o
d

s”):

NTVLADDI
Nvl1,Len1,Nvl2,Len2,AnsI,AnsLen

Nvl = Nvl + Nvl
NTVLSUBI

Nvl1,Len1,Nvl2,Len2,AnsI,AnsLen
Nvl = Nvl ─ Nvl

NTVLMULI
Nvl1,Len1,Nvl2,Len2,AnsI,AnsLen

Nvl = Nvl * Num
NTVLDIVI

Nvl1,Len1,Nvl2,Len2,AnsI,AnsLen
Nvl = Nvl / Num

DATESUBD
Date1,LDat1,Date2,LDat2,AnsI,AnsLen

Nvl = Date─Date
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C
alcu

latin
g

 In
terval V

ariab
les: C

alcN
vl M

acro
 ...

Macro
&Ans

CALCNVL
&Arg1,&Op,&Arg2

GblC
&NtvlTyp,&DateTyp

Type
attributes

&X(C'+') SetC
'ADD'

Name for ADD routine
&X(C'─') SetC

'SUB'
Name for SUB routine

&X(C'*') SetC
'MUL'

Name for MUL routine
&X(C'/') SetC

'DIV'
Name for DIV routine

&Z
SetC

'C''&Op'''
Convert &Op char to self─def term

&T1
SetC

T'&Arg1
Type of Arg1

&T2
SetC

T'&Arg2
Type of Arg2

Aif
('&T1&T2&Op' eq '&DateTyp&DateTyp.─').DD

Chk date─date
Aif

('&T2' ne 'N').II
Second operand nonnumeric

NTVL&X(&Z).I Arg1,L'&Arg1,=PL3'&Arg2',3,&Ans,L'&Ans I op const
MExit

.II
NTVL&X(&Z).I &Arg1,L'&Arg1,&Arg2,L'&Arg2,&Ans,L'&Ans I op I
MExit

.DD
DATESUBD 

&Arg1,L'&Arg1,&Arg2,L'&Arg2,&Ans,L'&Ans 
date─date

MEnd

 Days
CALCNVL

Days,+,Days
Interval + Interval

+
NTVLADDI 

Days,L'Days,Days,L'Days,Days,L'Days 
I

op
I

 Days
CALCNVL

Hire,─,Degree
Date ─ Date

+
DATESUBD 

Hire,L'Hire,Degree,L'Degree,Days,L'Days 
date─date
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E
xam

p
le o

f an
 In

terval-C
alcu

latio
n

 M
acro

•
M

acro NTVLADDI adds intervals to intervals

Macro
&L

NTVLADDI
&Arg1,&L1,&Arg2,&L2,&Ans,&LAns

AIf
('&Arg1' ne '&Ans').T1

Check for Ans being Arg1
AIf

(&L1 ne &LAns).Error
Same field, different lengths

&L
AP

&Ans.(&Lans),&Arg2.(&L2)
Add Arg2 to Answer

MExit
.T1

AIf
('&Arg2' ne '&Ans').T2

Check for Ans being Arg2
AIf

(&L2 ne &LAns).Error
Same field, different lengths

&L
AP

&Ans.(&Lans),&Arg1.(&L1)
Add Arg1 to Answer

MEXit
.T2

ANop
,

&L
ZAP

&Ans.(&Lans),&Arg1.(&L1)
Move Arg1 to Answer

AP
&Ans.(&Lans),&Arg2.(&L2)

Add Arg2 to Arg1
MExit

.Error
MNote 8,'NTVLADDI: Target ''&Ans'' has same name as, but diffe*

rent length than, a source operand'
MEnd

 A
NTVLADDI

X,3,=P'5',1,X,3
+A

AP
X(3),=P'5'(1)

Add Arg2 to Answer
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C
o

m
p

ariso
n

 O
p

erato
rs fo

r D
ates an

d
 In

tervals

•
D

efine com
parison m

acros CompDate and CompNtvl

&Label 
CompDate 

&Date1,&Op,&Date2,&True 
Compare

two
dates

&Label 
CompNtvl 

&Ntvl1,&Op,&Ntvl2,&True 
Compare

two
intervals

−
&

O
p is any useful com

parison operator (E
Q

, N
E

Q
, G

T
, LE

, etc.)
−

&
T

rue is the branch target for true com
pares

Macro
&Label

CompDate
&Date1,&Op,&Date2,&True

GblA
&DateLen

Length of Date variables
&Mask(1)

SetA 
8,7,2,13,4,11,10,5,12,3 

BC
Masks

&T
SetC

' EQ
NEQ GT

NGT LT
NLT GE

NGE LE
NLE ' Operators

&C
SetC

(Upper '&Op')
Convert to Upper Case

&N
SetA

('&T' INDEX '&C') Find operator
AIf

(&N eq 0).BadOp
&N

SetA
(&N+3)/4

Calculate mask index
&Label

CP
&Date1.(&DateLen),&Date2.(&DateLen)

BC
&Mask(&N),&True

Branch to 'True Target'
MExit

.BadOp
MNote 8,'&SysMac: Bad Comparison Operator ''&Op.'''
MEnd
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C
ase S

tu
d

y 10: “F
ro

n
t-E

n
d

in
g

” a M
acro

•
P

ut your code “around” a call to a library m
acro, to:

−
V

alidate argum
ents to the library m

acro
−

G
enerate your ow

n code before/after the library m
acro's

•
U

se O
P

S
Y

N
 for dynam

ic renam
ing of opcodes:

1.
D

efine your “w
rapper” m

acro w
ith the sam

e nam
e

2.
O

P
S

Y
N

 the nam
e to a tem

p, then nullify itself (!)
3.

D
o “front-end” processing, then call the library m

acro
4.

D
o “back-end” processing

5.
R

e-establish the “w
rapper” definition from

 the tem
p nam

e

•
E

xam
ple: “W

rapper” for R
E

A
D

 m
acro

Macro
&L

READ
&A,&B,&C

READ_XX OpSyn
READ

Save Wrapper's definition as READ_XX
READ

OpSyn
,

Nullify this definition
─ ─ ─

...perform 'front─end' processing
&L

READ
&A,&B,&C

Call system version of READ
─ ─ ─

...perform 'back─end' processing
READ

OpSyn
READ_XX

Re─establish Wrapper's definition
MEnd
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S
u

m
m

a
ry

•
E

asy to im
plem

ent “H
igh-Level Language” features in your A

ssem
bler

Language

•
S

tart w
ith sim

ple, concrete, useful form
s

•
B

u
ild

 n
e

w
 “la

n
g

u
a

g
e

” e
le

m
e

n
ts in

cre
m

e
n

ta
lly

•
U

seful results directly proportional to im
plem

entation effort

−
C

reate as few
 or as m

any capabilities as needed

−
C

hecking and diagnostics as sim
ple or elaborate as desired

•
N

ew
 language can precisely m

atch application requirem
ents

•
B

est of all: it's fun!
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E
xtern

al C
o

n
d

itio
n

al A
ssem

b
ly F

u
n

ctio
n

s

•
T

w
o types of external, user-w

ritten functions

1.
A

rithm
etic functions: like &A

=
AFunc(&V1,

&V2,
...)

&A
SetAF

'AFunc',&V1,&V2,...
Arithmetic

arguments
&LogN 

SetAF 
'Log2',&N

Logb(&N)

2.
C

haracter functions: like &C
=
CFunc('&S1',

'&S2',
...)

&C
SetCF

'CFunc','&S1','&S2',...
String

arguments
&RevX 

SetCF 
'Reverse','&X'

Reverse(&X)

•
F

unctions m
ay have zero to m

any argum
ents

•
A

ssem
bler's call uses standard linkage conventions

−
A

ssem
bler provides a save area and a 4-doublew

ord w
ork area

•
F

unctions m
ay provide m

essages w
ith severity codes for the listing

•
R

eturn code indicates success or failure

−
F

ailure return term
inates the assem

bly
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S
E

T
A

F
 E

xtern
al F

u
n

ctio
n

 In
terface

Primary List
Request Info Area

┌────┐
┌───────────────┐

┌─────────────────┐
│ R1 ├───�│ � ReqInfoArea ├─────�│ ParmList Version│
└────┘

├───────────────┤
├─────────────────┤

│ � WorkArea
├──�

│ Function Type
│

├───────────────┤
├─────────────────┤

│
Reserved 

│ 
│
Number

of
Params│

├───────────────┤ 
├─────────────────┤

│
Reserved 

│ 
│
Return

Code
│

├───────────────┤ 
├────┬────────────┤

│ � Message Buf │
│Flag│ Reserved

│
└───────────────┘

├────┴────────────┤
│ Reserved

│
├────────┬────────┤
│ Msg Len│ Msg Sev│
├────────┴────────┤
│ Function Value

│
├─────────────────┤

(n)│ Parameters 1─n
│

└─────────────────┘

•
(n) m

eans the
field is repeated
n

 tim
es

•
H

LA
S

M
 provides

a 32-byte w
ork

area
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S
E

T
C

F
 E

xtern
al F

u
n

ctio
n

 In
terface

Primary List
Request Info Area

┌────┐
┌─────────────────┐

┌───────────────────┐
│ R1 ├───�│ � ReqInfoArea

├──────�│ ParmList Version
│

└────┘
├─────────────────┤

├───────────────────┤
│ � WorkArea

├──�
│ Function Type

│
├─────────────────┤

├───────────────────┤
(2)│ Reserved

│
│ Number of Params

│
├─────────────────┤

├───────────────────┤
│ � Msg Buffer

│
│ Return Code

│
├─────────────────┤

├─────┬─────────────┤
│ � Ret. String

├──�
│ Flag│ Reserved

│
├─────────────────┤

├─────┴─────────────┤
(n)│ � Parm 1─n Str. ├──┐

│ Reserved
│

└─────────────────┘
│

├─────────┬─────────┤
�

│ Msg Len │ Msg Sev │
:

├─────────┴─────────┤
│ Ret. Str. Length

│
├───────────────────┤

(n)│ Parm 1─n Str. Len │
└───────────────────┘

•
(n) m

eans the
field is repeated
n

 tim
es

•
H

LA
S

M
 provides

a 32-byte w
ork

areaE
xte

rn
a

l
F

u
n
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S
ystem
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Y
S

) V
ariab

le

S
ym

b
o
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S
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A
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S
ystem

 V
ariab

le S
ym

b
o

ls: H
isto

ry an
d

 O
verview

•
S

ym
bols w

hose value is defined by the assem
bler

−
T

hree in the O
S

/360 (1966) assem
blers:

&SYSECT,
&SYSLIST,

&SYSNDX

−
D

O
S

/T
O

S
 A

ssem
bler (1968) added &SYSPARM

−
A

ssem
bler X

F
 (1971) added

&SYSDATE,
&SYSTIME

−
A

ssem
bler H

 (1971) added &SYSLOC

−
H

igh Level A
ssem

bler provides 39 additional sym
bols

•
S

ym
bol characteristics include

−
T

ype (arithm
etic, boolean, or character)

−
T

ype attributes (m
ostly 'U' or 'O')

−
S

cope (usable in m
acros only, or in open code and m

acros)

−
V

ariability (w
hen and w

here values m
ight change)

S
V
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