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M

 O
ptions: O

verview

•
H

LA
S

M
 accepts option specifications from

 several sources:

−
*PROCESS statem

ents in the program
 being assem

bled

−
an external ASMAOPT file

−
invocation param

eters

−
installation defaults

•
O

ptions apply to various assem
bly activities:

−
A

ssem
bly:BATCH, PROFILE, SIZE

−
S

ource file: DBCS,
OPTABLE,

COMPAT,
SYSPARM

−
O

bject file: GOFF,
TEST,

TRANSLATE,
CODEPAGE

−
A

ssem
bler I/O

: EXIT,
ADATA,

DECK,
OBJECT,

TERM

−
Listing:ASA, ESD, FOLD, LINECOUNT, RLD, PCONTROL, INFO, LIBMAC,
LIST, USING(MAP), THREAD
—

M
e

ssa
g

e
s:ALIGN, FLAG, LANGUAGE, RENT, RA2, USING(WARN), USING(LIMIT)

—
C

ro
ss-R

e
fe

re
n

ce
s: sym

b
o

ls, g
e

n
e

ra
l re

g
iste

rs, m
a

cro
/C

O
P

Y
 m

e
m

b
e

rs, D
S

E
C

T
sO
P

T
S
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N
ew

 O
rdinary-A

ssem
bly S

tatem
ents

•
H

LA
S

M
 provides m

any new
 assem

bler instruction statem
ents:

*PROCESS
S

ource-file assem
bly options

ACONTROL
D

ynam
ic control of certain options

ADATA
U

ser data kept w
ith the S

Y
S

A
D

A
T

A
 file

ALIAS
M

odifies external sym
bols in object file

CEJECT
C

onditional control of listing pagination

CATTR
A

ssign class nam
es and attributes

EXITCTL
P

rovide control data to I/O
 exits

XATTR
A

ssign attributes to external sym
bols

L
A

N
G
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E
nhanced O

rdinary-A
ssem

bly S
tatem

ents

•
E

xisting statem
ents are enhanced by H

LA
S

M
:

AMODE/RMODE
E

xtended to support 64-bit addressing

COPY
S

upports variable-sym
bol operand in open code

DC
M

any new
 constant types:

EB,DB,LB
IE

E
E

 F
loating P

oint
EH,DH,LH

H
ex F

loating P
oint

AD,FD
8-byte address, binary

CU
S

ixteen-bit U
nicode

J,R
Length, P

S
E

C
T

 A
ddress

B
lanks allow

ed in quoted nom
inal values (except C

, G
)

N
o nom

inal value needed if duplication factor is zero

PRINT
A

ccepts M
C

A
LL, M

S
O

U
R

C
E

, U
H

E
A

D
 operands

PUSH/POP
A

ccepts A
C

O
N

T
R

O
L operand

RSECT
D

eclares a read-only section

USING/DROP
E

xtended for labeled and dependent U
S

IN
G

s

L
A

N
G
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C
onditional A

ssem
bly E

nhancem
ents

•
N

ew
 conditional-assem

bly statem
ents have been added and enhanced:

AEJECT/ASPACE
C

ontrol form
atting of m

acro definition listing

AINSERT
P

lace constructed records into “pre-input” buffer

AREAD
S

upported operands: C
LO

C
K

B
, C

LO
C

K
D

, N
O

P
R

IN
T

,
N

O
S

T
M

T

SETAF,
SETCF

Invoke externally-defined conditional assem
bly function

•
O

ther enhancem
ents include:

−
M

any new
 system

 (&
S

Y
S

) variable sym
bols

−
S

im
pler variable sym

bol declaration

−
E

nhanced substring notation

−
P

redefined absolute sym
bols in conditional assem

bly expressions

−
E

asier scanning of m
acro-argum

ent sublists

L
A

N
G
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O
ther U

seful Language E
nhancem

ents

•
U

nary m
inus supported in arithm

etic expressions

•
D

X
D

 operand alignm
ent rationalized

•
N

O
P

R
IN

T
 operand supported on several statem

ents

•
A

ttribute-reference extensions

−
O' (“O

peration C
ode”)

−
I',

S' in open code

•
Literals as m

acro operands treated m
ore sensibly

•
Literals in m

achine instructions treated m
ore as “ordinary sym

bols”

•
A

ttribute references to literals return reliable values

L
A

N
G

-6


 C
o

p
yrig

h
t IB

M
 C

o
rp

o
ra

tio
n

 1
9

9
5

, 2
0

0
4

. A
ll rig

h
ts re

se
rve

d
.

H
L

A
S

M
 F

e
a

tu
re

s



M
ixed

-C
ase

Input

•
A

ll IB
M

 m
ainfram

e assem
blers accept m

ixed case in:

−
rem

arks fields of assem
bler and m

achine instruction statem
ents

NAME
OPCODE

OPERAND,OPERAND
Remarks may be in mixed case

PRINT
DATA

PRINT all generated text

−
com

m
ent

statem
ents

*
Comment statements may also be in mixed case

−
quoted character strings in character constants and self-defining term

s

MIXCON
DC

C'AbBbCcDdeE'
Character

Constant
SELFDEF LA

R1,C'a'
Character self─defining term

−
m

acro instruction statem
ent operand values.

MACCALL MACOP
Positional,KEY=KeyValue

Macro call operands

L
A

N
G
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M
ixed-C

ase S
ym

bols and O
peration C

odes

•
H

igh Level A
ssem

bler perm
its low

ercase characters in

−
sym

bolic operation codes

−
ordinary sym

bols

−
variable sym

bols

—
lo

ca
l a

n
d

 g
lo

b
a

l

—
system

 (&
S

Y
S

)

—
m

a
cro

-in
stru

ctio
n

 p
o

sitio
n

a
l a

n
d

 ke
yw

o
rd

 p
a

ra
m

e
te

r n
a

m
e

s

−
sequence

sym
bols

•
O

peration codes and sym
bols treated as identical to their uppercase

equivalents.

label 
a 

reg9,storage_operand(indexreg) 
))

These
are

Label 
A 

Reg9,Storage_Operand(IndexReg) 
))

equivalent
LABEL 

A 
REG9,STORAGE_OPERAND(INDEXREG) 

))
statements

•
S

ym
bol T

able displays each sym
bol as it w

as first encountered.

L
A

N
G
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M
ixed

-C
ase M

acro
 A

rg
u

m
en

ts

•
M

ixed-case sym
bols do not change m

acro argum
ent handling:

−
C

haracters in m
acro argum

ents are alw
ays left in their original case

−
M

acro calls using m
ixed-case characters in argum

ents w
ill w

ork in H
igh Level

A
ssem

bler just as in previous assem
blers.

LABEL
MACCALL

Positional_Value,KEYWORD=Key_Value
All

assemblers

Label
MacCall

Positional_Value,KeyWord=Key_Value
HLASM

only

•
K

eyw
ord and P

ositional values are unchanged

−
P

assing m
ixed-case values m

ay require internal m
acro changes if such values

m
ust be recognized.

—
U

P
P

E
R

 fu
n

ctio
n

 ca
n

 h
e

lp
!

−
U

se COMPAT(MACROCASE) option if existing m
acros expect uppercase operands

abend
13,dump

Works correctly with CPAT(MC)

L
A
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G
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O
rd

in
ary U

S
IN

G
 S

tatem
en

ts

O
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A
ddressing H

alfw
ords and E

ffective A
ddresses

•
M

any instructions generate addresses from
 addressing halfw

ords:

 �─4 bits─� �──────────12 bits──────────�
┌──────────┬─────────────────────────────┐
│base digit│

displacement
│

└──────────┴─────────────────────────────┘

 Effective Address = displacement + if (b =/ 0) then C(Rb) else 0

•
F

or R
X

-type instructions, an index m
ay be used:

8
bits

4
bits

4
bits

16
bits

┌──────────────┬────────┬────────┬────────────────────────────────┐
│ 

opcode 
│operand

│
index

│
│

│ 
01xxxxxx 

│register│register│
addressing

halfword
│

│
│

digit
│

digit
│

│
└──────────────┴────────┴────────┴────────────────────────────────┘

 Effective Address = displacement + if (b =/ 0) then C(Rb) else 0
+ if (x =/ 0) then C(Rx) else 0

O
L

D
U
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M
anually-S

pecified B
ase and D

isplacem
ent

•
C

onsider assigning bases and displacem
ents sym

bolically

−
D

isplacem
ents derived “m

anually” for each sym
bol reference

Location
Name

Operation
Operand

0000
BASR

6,0
0002

BEGIN
L

2,N─BEGIN(0,6)
0006

A
2,ONE─BEGIN(0,6)

000A
ST

2,N─BEGIN(0,6)
─────── 22 bytes of stuff ───────

0024 
N 

DC
F'8'

0028 
ONE

DC
F'1'

−
E

ach storage address specifies tw
o item

s: an origin and a register

•
P

refer to specify those just once

•
H

ence, the USING statem
ent!

O
L

D
U
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A
ssem

bler-C
alculated B

ase and D
isplacem

ent

•
U

S
IN

G
 com

bines base-register and base-location inform
ation

−
R

elation to actual addressing instructions is unknow
n!

BASR
6,0

USING
BEGIN,6

BEGIN
L

2,N
A

2,ONE
ST

2,N
───────────────────────
N 

DC 
F'8'

ONE
DC 

F'1'

•
B

enefits:

−
S

im
plified references to addressable operands

−
A

ssem
bler assigns registers and calculates displacem

ents

−
Im

proved readability and m
aintainability

O
L

D
U
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O
rdinary U

S
IN

G
 S

tatem
ents: S

um
m

ary

•
Y

our prom
ise to the assem

bler:

−
A

ssum
e this location w

ill be in that register
−

C
alculate base-displacem

ent resolutions
−

R
un-tim

e addresses w
ill be evaluated correctly

•
Lim

itations

−
S

ym
bolic addressing requires U

S
IN

G
s

—
W

h
e

th
e

r o
r n

o
t ru

n
-tim

e
 a

d
d

re
ssin

g
 re

q
u

ire
s d

istin
ct re

g
iste

rs
−

M
ultiple resolution problem

s
−

B
ase register resolution and selection rules are too easy to forget:

 1. S
earch

U
S

IN
G

T
a

b
le

fo
r

e
n

trie
s

w
ith

re
lo

ca
ta

b
ility

a
ttrib

u
te

m
a

tch
in

g
th

a
t

o
f

th
e

e
xp

re
ssio

n
 to

 b
e

 re
so

lve
d

 (n
o

 m
a

tch
: A

S
M

A
3

0
7

W
)

 2. S
elect

e
n

try
(o

r
e

n
trie

s)
yie

ld
in

g
sm

a
lle

st
va

lid
d

isp
la

ce
m

e
n

t
(b

e
yo

n
d

 U
S

IN
G

 ra
n

g
e

: A
S

M
A

0
3

4
W

 in
d

ica
te

s h
o

w
 fa

r)
 3. S

elect
h

ig
h

e
st-n

u
m

b
e

re
d

re
g

iste
r

w
ith

th
a

t
sm

a
lle

st
d

isp
la

ce
m

e
n

t
 4. If

a
n

a
b

so
lu

te
e

xp
re

ssio
n

is
u

n
re

so
lve

d
,

try
R

0
w

ith
b

a
se

ze
ro

•
It's very easy for you and the assem

bler to m
is-com

m
unicate...!

O
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N
ew

 U
S

IN
G

 S
tatem

en
ts

N
E

W
U

-1


 C
o

p
yrig

h
t IB

M
 C

o
rp

o
ra

tio
n

 1
9

9
5

, 2
0

0
4

. A
ll rig

h
ts re

se
rve

d
.

H
L

A
S

M
 F

e
a

tu
re

s



G
oals of A

ny A
ddressing M

ethodology

•
Increased opportunities for clear, sim

ple coding

−
E

asier to w
rite, understand, and m

aintain

•
S

upport efficient coding

−
M

axim
ize perform

ance w
ithout devious obscurities

−
M

inim
ize need to rem

em
ber arcane language rules

•
Let the A

ssem
bler assign registers and displacem

ents

−
B

etter controls over resolutions

−
M

ore understandable and m
aintainable code

•
E

ncourage fully-sym
bolic references to all objects

N
E

W
U
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P
roblem

s w
ith O

rdinary U
S

IN
G

 S
tatem

ents

•
O

rdinary U
S

IN
G

s have several shortcom
ings:

1.
C

annot m
ake sim

ultaneous references to m
ultiple instances of a given control

section

−
U

n
le

ss yo
u

 w
rite

 “to
rtu

re
d

” co
d

e

2.
C

annot m
ap m

ore than one D
S

E
C

T
 per register

−
U

n
le

ss yo
u

 w
rite

 “to
rtu

re
d

” co
d

e

3.
C

annot specify fixed relationships am
ong D

S
E

C
T

s at assem
bly tim

e

−
U

n
le

ss yo
u

 w
rite

 “to
rtu

re
d

” co
d

e

•
N

ew
 U

S
IN

G
 statem

ents in H
igh Level A

ssem
bler

−
A

lleviate all these problem
s

−
C

oding can be sim
pler, cleaner, m

ore understandable

−
Less need to understand com

plex assem
bler rules

−
A

void encoding data structuring info in referencing instructions

N
E

W
U
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N
ew

 U
S

IN
G

 S
tatem

ents in H
igh Level A

ssem
bler

 1. Labeled
U

S
IN

G
s

•
S

im
ultaneous reference to m

ultiple instances of an object

•
O

ne object per register

 2. D
ependent

U
S

IN
G

s

•
A

ddress m
ultiple objects w

ith a single register

•
G

reater program
 efficiency (few

er base registers required)

•
D

ynam
ic structure rem

apping during execution

 3. Labeled
D

ependent
U

S
IN

G
s

•
C

om
bines benefits of Labeled and D

ependent U
S

IN
G

s

•
S

im
ultaneous reference to (possibly m

ultiple) occurrences of m
ultiple objects

w
ith a single register

•
E

asier m
apping of com

plex data structures

N
E

W
U
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Labeled U
S

IN
G

 S
tatem

ents and Q
ualified S

ym
bols

•
S

om
e

definitions:

1.
A

 qualified sym
bol is of the form

 qualifier.ordinary_sym
bol

2.
A

 qualifier is an ordinary sym
bol also

−
Q

u
a

lifie
rs m

a
y n

o
t b

e
 u

se
d

 a
s sym

b
o

ls in
 o

th
e

r co
n

te
xts

3.
A

 qualifier is defined as such by appearing in the nam
e field of a U

S
IN

G
statem

ent:

qualifier 
USING 

base,register

•
E

xam
ples:

A
USING 

Z,5
Qualifier

A
Use:

A.B
LEFT

USING 
BLOCK,9

Qualifier
LEFT

LEFT.DATA
RECORD1

USING 
MAPPING,3

Qualifier
RECORD1

RECORD1.FIELD4

•
Q

ualifiers perm
it “directed resolution” to a specific register

N
E

W
U
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M
anaging Tw

o C
opies of a D

ata S
tructure

•
W

e w
ish to copy a field F

2 betw
een tw

o active copies of a D
S

E
C

T
:

New instance (R5)
Old instance (R7)

A
DSECT

A
DSECT

F1
DS

─ ─ ─
F1

DS
─ ─ ─

F2
DS

CL(FLen)
�─── copy ────

F2
DS

CL(FLen)
─ ─ ─

etc.
─ ─ ─

─ ─ ─
etc.

─ ─ ─

•
W

e'd like the assem
bler to understand statem

ents like

MVC
F2

N
E

W
,F2

O
L

D
or

MVC
NEW_F2,OLD_F2

•
S

olutions w
ith ordinary U

S
IN

G
s have som

e shortcom
ings...

−
likely to be harder to understand and m

aintain

−
m

ore opportunities for incorrect or inefficient code

−
harder for assem

bler to diagnose potential problem
s

−
require deeper understanding of com

plex instruction and language rules

N
E

W
U
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M
anaging Tw

o C
opies of a S

tructure (The H
ard W

ay)

•
S

om
e exam

ples of solutions w
ith ordinary U

S
IN

G
s:

1.
Incorrect usage:

USING
A,5

USING
A,7

USING
A,7

or
USING

A,5
MVC

F2,F2
MVC

F2,F2

2.
W

ith m
anually-calculated displacem

ents (1):

USING
A,5

map new instance of A
MVC

F2,F2─A(7)
move from old to new (Correct, but ugly)

3.
W

ith m
anually-calculated displacem

ents (2):

USING
A,7

map old instance of A
MVC

F2─A(5),F2
move from old to new (WRONG!)

4.
W

ith m
anually-calculated displacem

ents (3):

USING
A,7

map old instance of A
MVC 

F2─A(,5),F2 
move

from
old

to
new

(Correct,
but

uglier)

N
E
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M
anaging Tw

o C
opies of a S

tructure (The H
ard W

ay)...

5.
W

ith (strangely) m
anually-calculated displacem

ents (4):

USING
A,5

map new instance of A
USING

0,7
map old instance of A (somewhat...)

MVC
F2,F2─A

move from old to new

─ ─ ─
more statements (forgetting to drop R0)

LA
1,100

Resolved on R7! (X'41107064')

6.
W

ith (desperately) m
anually-calculated displacem

ents (4):

USING
A,5

map new instance of A
USING

0+X'F999',7
map old instance of A (differently)

MVC
F2,F2─A+X'F999' move from old to new

7.
M

anual assignm
ents m

ay be w
rong

 if the size of D
S

E
C

T
 A

 exceeds
4K

 bytesUSING
A,5,6

map new instance of A
*

USING
A,7,8

implicit map of old instance of A
MVC

F2,F2─A(7)
F2─A might exceed 4095?

N
E

W
U
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M
anaging Tw

o C
opies of a S

tructure (The H
ard W

ay)...

8.
W

ith an interm
ediate tem

porary (1):

USING
A,7

map old instance of A
MVC

TEMP(FLen),F2
move from old to temp

USING
A,5

map new instance of A
MVC

F2,TEMP
move from temp to new (WRONG!)

9.
W

ith an interm
ediate tem

porary (2):

USING
A,7

map old instance of A
MVC

TEMP(FLen),F2
move from old to temp

DROP
7

must DROP register 7 first
USING

A,5
map new instance of A

MVC
F2,TEMP

move from temp to new (RIGHT!)

10.
W

ith a duplicated copy of the D
S

E
C

T
:

B
DSECT

B is a copy of A
G1

DS
─ ─ ─

G2
DS

CL(FLen)
─ ─ ─

etc.
─ ─ ─

USING
B,7

map old instance of A (named B)
USING

A,5
map new instance of A

MVC
F2,G2

move from old to new

•
E

ach of these exam
ples is not untypical of current coding styles...

N
E

W
U
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Labeled U
S

IN
G

s: The B
est S

olution

•
Labeled U

S
IN

G
s provide a sim

ple solution:

OLD �1� USING
A,7

map old instance of A

NEW �2� USING
A,5

map new instance of A

MVC
NEW.F2,OLD.F2

move field from old to new

�4�
�3�

−
Q

ualifier OLD
�1� resolves sym

bol �3� and qualifier NEW
�2� resolves �4�

•
A

dvantages of labeled U
S

IN
G

s

−
data objects need only one definition

−
all references are fully sym

bolic
−

no m
anually-specified displacem

ents and registers
−

efficient solution is also the m
ost natural

−
no need to understand obscure details of A

ssem
bler Language

•
Y

ou can address m
ultiple instances of C

S
E

C
T

s also!

N
E

W
U
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E
xam

ple: D
oubly-Linked List S

tructure

•
Insert a N

E
W

 elem
ent in a doubly-linked list:

Before:
After:

┌──┐
┌──┐

┌──┐
│R2│

│R3│
│R5│

└┬─┘
└┬─┘

└┬─┘
│

LEFT
│

RIGHT
│

NEW
LEFT

NEW
RIGHT

 └�┌──────┐ └�┌──────┐
└�┌──────┐

┌──────┐�1�┌──────┐�2�┌──────┐
�──│ Lptr │�──│ Lptr │

│ Lptr │
�──│ Lptr │�──│ Lptr │�──│ Lptr │

 
├──────┤ 

├──────┤
├──────┤

├──────┤ 
├──────┤ 

├──────┤
│ Rptr │──�│ Rptr │──�

│ Rptr │
│ Rptr │──�│ Rptr │──�│ Rptr │──�

 
├──────┤ 

├──────┤
├──────┤

├──────┤�3�├──────┤�4�├──────┤
│ Data │

│ Data │
│ Data │

│ Data │
│ Data │

│ Data │
:

:
:

:
:

:
:

:
:

:
:

:

•
Labeled U

S
IN

G
s provide clean, understandable solution

−
M

any com
plex, obscure solutions possible w

ith ordinary U
S

IN
G

s

N
E

W
U
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Labeled U
S

IN
G

s: D
oubly-Linked List

•
C

ode w
ith labeled U

S
IN

G
s is very sim

ple:

BLOCK
DSECT

Lptr
DS

A
Pointer to left

element
Rptr

DS
A

Pointer to right element
Data

DS
XL24,D,E etc.

Data fields within BLOCK
─ ─ ─

RNew 
Equ 

5
R5

points
to

New
element

Left 
USING

Block,2
Labeled

USING
Right

USING
Block,3

Labeled
USING

New
USING

Block,RNew
Labeled

USING
─ ─ ─
MVC

New.Lptr,Right.Lptr 
�1� 

Qualified
symbols

ST
RNew,Right.Lptr

�2� 
Qualified

symbol
MVC 

New.Rptr,Left.Rptr 
�3�

Qualified
symbols

ST
RNew,Left.Rptr

�4�
Qualified

symbol

•
A

dvantages: clarity, sim
plicity, readability, efficiency, m

aintainability

N
E

W
U
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Labeled U
S

IN
G

 S
tatem

ents: a S
um

m
ary

•
R

esolutions done only for sym
bols w

ith m
atching qualifier

•
N

orm
al resolution rules still apply

−
M

atching relocatability attribute
−

D
isplacem

ent cannot exceed 4095

•
M

ay be concurrent w
ith ordinary U

S
IN

G
 for sam

e register

USING
A,9

Ordinary
USING

Q
USING

A,9
Labeled

USING
─ ─ ─
LA

0,A+40
Resolved only with Ordinary USING

LA 
1,Q.A+40 

Resolved
only

with
Labeled

USING
DROP

9
Drop ordinary USING; labeled still active

LA 
2,Q.A+40 

Resolved
only

with
Labeled

USING
DROP

Q
Drop labeled USING

•
C

are is recom
m

ended!

−
A

void m
ixing qualified and unqualified sym

bol references

N
E

W
U
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D
ependent U

S
IN

G
 S

tatem
ents

•
Let you address m

ultiple D
S

E
C

T
s w

ith one base register

−
P

rovide im
proved w

ays to m
anage data structures

•
S

yntax is the sam
e as for ordinary U

S
IN

G
s:

USING
symbol,base

•
E

xcept that the second operand is interpreted differently:

ordinary:
second operand is absolute, betw

een 0 and 15

USING
symbol,register

dependent:
second operand is relocatable, addressable

USING
symbol,anchor_location

•
F

irst operand is “based” or “anchored” at second operand location

N
E

W
U
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D
ependent U

sing S
tatem

ent E
xam

ples

•
E

xam
ple: D

S
E

C
T

s B
 and C

 anchored at different offsets w
ithin A

R:F
00000

9
USING

A,15
Ordinary: Addr(A) in R15

F 020
00000 00020

10
USING

B,A+32
Dependent: B at A+X'20'

00058 4100 F028
00008

12
LA

0,B2
B2 at offset X'28' from A

F 030
00000 00010

14
USING

C,B+16
Dependent: C at B+X'10'

0005C 4100 F080
00050

16
LA

0,C2
C2 at offset X'80' from A

00000
18 B

DSECT
00000

19 B1
DS

D
Offset

0
from B

00008
20 B2

DS
D

Offset
8

from B

00000
22 C

DSECT
00000

23
C1

DS 
CL80 

Offset
0

from
C

00050
24 C2

DS
XL8

Offset X'50' from C

00000
26 A

DSECT
00000

27
DS

XL256

N
E

W
U
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D
ependent U

S
IN

G
 E

xam
ple: C

ontiguous C
ontrol B

locks

┌────────────┐
 │ CB1

│
�

 │
│

│
 │

│
│

 ├────────────┤
│

 │ CB2
│

│
 │

│
│

 │
│

│
 │

│ LCB
 │

│
│

 │
│

│
 ├────────────┤

│
 │ CB3

│
│

 │
│

│
 │

│
│

 │
│

│
 │

│
│

 │
│

�
 └────────────┘

Contiguous
 Control Blocks

CB1
DSECT ,

Define control block 1
CB1F1

DS
D

CB1F2
DS

CL40
LCB1 

EQU 
*─CB1

Length
of

block
1

CB2
DSECT ,

Define control block 2
CB2F1

DS
24F

LCB2 
EQU 

*─CB2
Length

of
block

2

CB3
DSECT ,

Define control block 3
CB3F1

DS
XL8,CL80

LCB3 
EQU 

*─CB3

LCB
EQU 

LCB1+LCB2+LCB3
Total

length

N
E

W
U
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C
ontiguous C

ontrol B
locks: O

rdinary U
S

IN
G

s

•
O

rdinary U
S

IN
G

s require a register for each D
S

E
C

T
:

 *
GET (LCB bytes) STORAGE FOR ALL 3 BLOCKS, BASE ADDRESS IN R7
─ ─ ─
USING CB1,7

Anchor the first storage block
LA

6,CB1+LCB1
Calculate address of second block

USING CB2,6
Anchor the second storage block

LA
4,CB2+LCB2

Calculate address of third block
USING CB3,4

Anchor the third storage block

•
D

efects:

−
E

xtra base registers

−
A

dditional initialization overhead

•
D

evious coding techniques:

USING CB1,7
Anchor the first storage block

L
0,CB1+LCB1+(CB2F1─CB2)+8

3rd element of CB2F1 array
─ ─ ─

•
D

efects:

−
C

om
plex coding that is hard to understand and m

aintain

−
R

elationships am
ong C

B
s is em

bedded in each referencing instruction

N
E

W
U
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C
ontiguous C

ontrol B
locks: D

ependent U
S

IN
G

s

•
D

ependent U
S

IN
G

s require only a single base register:

 *
GET (LCB bytes) STORAGE FOR ALL 3 BLOCKS, BASE ADDRESS IN R7
─ ─ ─
USING CB1,7

Anchor the full storage block
USING CB2,CB1+LCB1

Adjoin CB2 to CB1 (dependent USING)
USING CB3,CB2+LCB2

Adjoin CB3 to CB2 (dependent USING)

STM
14,12,CB2F1+12

Addresses resolved with
XC

CB3F1,CB3F1
... just one base register (R7)

UNPK
CB1F1,CB1F2(4)

... for all these instructions

•
A

dvantages:

−
M

inim
al num

ber of base registers needed

−
N

o run-tim
e initialization overhead

−
Independently defined data structures

N
E

W
U
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D
ependent U

S
IN

G
 E

xam
ple: N

ested S
tructures

┌───────────┐
┌───────────┐

A
│A1

│
A
│A1

│
├───────────┤ ─ ─ ─ ─ ┌───────┐

├───┬───────┤
│AB

│
B │B1

│
│AB │B1

│
│

│
├───────┤

│
├───────┤

│
│

│B2
│

│
│B2

│
│

│
├───────┤

│
├───────┤

│
│

│B3
│

│
│B3

│
├───────────┤ ─ ─ ─ ─ └───────┘

├───┴───────┤
│A2

│
│A2

│
├───────────┤ ─ ─ ─ ─ ┌───────┐

├───┬───────┤
│AC

│
C │C1

│
│AC │C1

│
│

│
├───────┤

│
├───────┤

│
│

│C2
│

│
│C2

│
├───────────┤ ─ ─ ─ ─ └───────┘

├───┴───────┤
│A3

│
│A3

│
├───────────┤

├───────────┤
│A4

│
│A4

│
└───────────┘

└───────────┘

DSECT A
DSECTs B,C

Nested DSECTs

A
DSECT

A1
DS

24F
AB

DS
CL(LB)

A2
DS

6CL80
AC

DS
CL(LC)

A3
DS

XL16
A4

DS
CL256

B
DSECT

B1
DS

CL44
B2

DS
6D

B3
DS

4A
LB 

EQU 
*─B

C
DSECT

C1 
DS

96D
C2 

DS
4XL20

LC 
EQU 

*─C

N
E

W
U
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N
ested S

tructures w
ith M

ultiple O
rdinary U

S
IN

G
s

•
E

ach D
S

E
C

T
 requires its ow

n base register:

*
Assume address of A is in R7

USING A,7
Ordinary USING for A

LA
5,AB

Address of AB in R5
USING B,5

Ordinary USING for B
LA

4,AC
Address of AC in R4

USING C,4
Ordinary USING for C

•
D

efects:

−
Loss of efficiency: extra registers, execution-tim

e setup

−
P

recise relationship of instructions to structure elem
ents is not as clear

N
E

W
U
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N
ested S

tructures w
ith D

ependent U
S

IN
G

s

•
D

ependent U
S

IN
G

s allow
 these to be addressed w

ith a single register:

*
Assume address of A is in R7

USING A,7
Ordinary USING for A

USING B,AB
Dependent USING: anchor B at AB

USING C,AC
Dependent USING: anchor C at AC

•
B

enefits of dependent U
S

IN
G

s:

−
M

ore efficient solution

—
M

in
im

a
l n

u
m

b
e

r o
f re

g
iste

rs n
e

e
d

e
d

 fo
r a

d
d

re
ssin

g

—
N

o
 e

xe
cu

tio
n

-tim
e

 re
g

iste
r se

tu
p

−
S

im
pler, clearer code

—
C

le
a

r se
p

a
ra

tio
n

 o
f d

a
ta

 d
e

fin
itio

n
s a

n
d

 in
stru

ctio
n

s

N
E

W
U
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N
ested S

tructures w
ith O

ne O
rdinary U

S
IN

G

•
C

an m
ap nested structures w

ith a single ordinary U
S

IN
G

−
C

alculate D
S

E
C

T
 offsets “m

anually”

*
Assume address of A is in R7

USING A,7
Ordinary USING for A

─ ─ ─
L

0,AB+(B3─B)
Field B3 within DSECT B

C
0,AC+(C2─C)

Field C2 within DSECT C

•
W

ill need to w
rite a lot of this if m

any references to D
S

E
C

T
 fields

•
D

ependent U
S

IN
G

 is clearer, easier to w
rite and m

aintain

USING A,7
Ordinary USING for A

USING B,AB
Map DSECT B into A at AB

USING C,AC
Map DSECT C into A at AC

─ ─ ─
L

0,B3
Field B3 within DSECT B

C
0,C2

Field C2 within DSECT C

•
Let the assem

bler do the hard w
ork!

−
It calculates the sam

e displacem
ents as you did (w

ith difficulty)

N
E

W
U
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M
ap

p
in

g
 M

essag
e F

ield
s w

ith
 th

e M
essag

e Itself

•
S

uppose your m
essage has several fields to fill:

Messages CSect ,
Msg1

DC
C'This message for '

Msg1To
DC

C'xxxxxxxx'
Modified field

DC
C' from '

Msg1From DC
C'yyyyyyyy'

Modified field
Msg1L

Equ
*─Msg1

Length of message

•
M

ove the m
essage to a buffer, then m

ap the constant onto the buffer:

Push
Using

Save USING status
L

10,=A(Messages)
Point to messages

Using Messages,10
MVC 

Buffer(Msg1L),Msg1 
Move

to
buffer

Drop
10

Don't reference original
Using Msg1,Buffer

Map original onto buffer
MVC

Msg1To,ToName
Move ″To″ name

MVC
Msg1From,FromName

Move ″From″ name
Pop

Using
Restore USING status

•
N

o need for separate D
S

ects describing the m
essage's fields

N
E

W
U
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D
S

E
C

T N
esting in an E

m
ployee R

ecord
Employee ┌──Employee─────────────────────────1─┐
│ EPerson │┌──Person─────────────────────────2─┐│
│ │ PFName ││ ││
│ │ PGName ││ ││
│ │ PInits ││ ││
│ │ PDoB ││┌──Date─────────────────────────3─┐││
│ │ │ Year │││ │││
│ │ │ Month │││ │││
│ │ │ Day ││└──End of Date────────────────────┘││
│ │ PAddr ││┌──Addr─────────────────────────3─┐││
│ │ │ AStr# │││ │││
│ │ │ APOBApDp │││ │││
│ │ │ ACity │││ │││
│ │ │ AState │││ │││
│ │ │ AZip ││└──End of Addr────────────────────┘││
│ │ PPhone ││┌──Phone────────────────────────3─┐││
│ │ │ PhArea │││ │││
│ │ │ PhLocal │││ │││
│ │ │ PhExt ││└──End of Phone───────────────────┘││
│ │ PSSN ││ ││
│ │ PSex │└──End of Person────────────────────┘│
│ EHire │┌──Date───────────────────────────2─┐│
│ │ Year ││ ││
│ │ Month ││ ││
│ │ Day │└──End of Date──────────────────────┘│
│ EWAddr │┌──Addr───────────────────────────2─┐│
│ │ AStr# ││ ││
│ │ APOBApDp ││ ││
│ │ ACity ││ ││
│ │ AState ││ ││
│ │ AZip │└──End of Addr──────────────────────┘│
│ EPhoneW │┌──Phone──────────────────────────2─┐│
│ │ PhArea ││ ││
│ │ PhLocal ││ ││
│ │ PhExt │└──End of Phone─────────────────────┘│
│ EPhoneF │┌──Phone──────────────────────────2─┐│
│ │ PhArea ││ ││
│ │ PhLocal ││ ││
│ │ PhExt │└──End of Phone─────────────────────┘│
│ EMarital │ │
│ ESpouse │┌──Person─────────────────────────2─┐│
│ │ PFName ││ ││
│ │ PGName ││ ││
│ (omitted) :: (and so forth) ::
│ │ │ │└──End of Person────────────────────┘│
│ E#Deps │ │
│ EDep1 │┌──Person─────────────────────────2─┐│
│ │ PFName ││ ││
│ │ PGName ││ ││
│ │ (omitted) :: (and so forth) ::
│ │ │└──End of Person────────────────────┘│
│ (omitted) : (and so forth) :
│ │ │
│ └──End of Employee────────────────────┘
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L
ab

eled
 D

ep
en

d
en

t U
S

IN
G

 S
tatem

en
ts

•
Labeled dependent U

S
IN

G
s com

bine the benefits of labeled and
dependent U

S
IN

G
s:

−
labeled: m

ultiple copies of an object m
ay be active sim

ultaneously

−
dependent: m

any objects m
ay be addressed w

ith a single base register

•
S

yntax com
bines elem

ents of labeled and dependent U
S

IN
G

s

label
USING operand1,operand2

Operand2 is relocatable

•
E

xam
ple: overlay tw

o instances of D
S

E
C

T
 D

Z
 w

ithin A

Z1
USING DZ,A+12

Overlay DZ at A+12, qualify with ″Z1″
Z2

USING DZ,A+82
Overlay DZ at A+82, qualify with ″Z2″

N
E
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Tw
o N

ested Identical S
tructures

•
N

est tw
o instances of A

A
 w

ithin B
B

┌───────────┐
 BB │BBF1

│
├───────────┤ ─ ─ ─ ─ ┌───────┐
│BBA1

│
AA │AAF1

│
│

│
├───────┤

│
│

│AAF2
│

├───────────┤ ─ ─ ─ ─ └───────┘
│BBF3

│
├───────────┤ ─ ─ ─ ─ ┌───────┐
│BBA2

│
AA │AAF1

│
│

│
├───────┤

│
│

│AAF2
│

├───────────┤ ─ ─ ─ ─ └───────┘
│BBF5

│
└───────────┘

DSECT BB
DSECT AA

AA
DSECT

AAF1
DS

XL5
AAF2

DS
XL8

LAA 
EQU 

*─AA

BB
DSECT

BBF1
DS

XL17
BBA1

DS
XL(LAA)

BBF3
DS

XL11
BBA2

DS
XL(LAA)

BBF5
DS

XL7
LBB 

EQU 
*─BB

N
E
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A
ddressing Tw

o N
ested Identical S

tructures

•
W

ith ordinary U
S

IN
G

s

�censored�

•
Labeled U

S
IN

G
s require 3 base registers, “setup” overhead

USING BB,10
R10 points to BB

LA
11,BBA1

R11 points to 1st copy of AA
A1

USING AA,11
Labeled USING for 1st copy of AA

LA
12,BBA2

R12 points to 2nd copy of AA
A2

USING AA,12
Labeled USING for 2nd copy of AA

•
Labeled dependent U

S
IN

G
s require only one base register

USING BB,10
R10 points to BB

A1
USING AA,BBA1

Labeled dependent USING for 1st copy of AA
A2

USING AA,BBA2
Labeled dependent USING for 2nd copy of AA

•
E

ven if B
B

 exceeds 4K
 bytes, this is still better

N
E

W
U
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M
ultiple N

ested S
tructures

┌────────┬────────┬────────┐
 │ E

│ D
│ F

│
│ 

│ 
├────────┤

│ 
│ 

│
F

│
│ 

│ 
├────────┤

│ 
│ 

│
F

│
│ 

├────────┼────────┤
│ 

│
D

│
F

│
│ 

│ 
├────────┤

│ 
│ 

│
F

│
│ 

│ 
├────────┤

│ 
│ 

│
F

│
│ 

├────────┼────────┤
│ 

│
D

│
F

│
│ 

│ 
├────────┤

│ 
│ 

│
F

│
│ 

│ 
├────────┤

│ 
│ 

│
F

│
└────────┴────────┴────────┘

F
DSECT

,
X1

DS
XL5

X2
DS

XL5
LF

EQU
*─F

D
DSECT

,
F1

DS
XL(LF)

F2
DS

XL(LF)
F3

DS
XL(LF)

LD
EQU

*─D

E
DSECT

,
D1

DS
XL(LD)

D2
DS

XL(LD)
D3

DS
XL(LD)

•
P

roblem
s:

−
M

ultiple instances of structures D
and F

−
O

rdinary or labeled U
S

IN
G

s
require 13 base registers!

N
E
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M
ultiple N

ested S
tructures: Labeled D

ependent U
S

IN
G

s

•
M

apping nested structures w
ith labeled dependent U

S
IN

G
s

USING E,7
1 Top level

*
│

D1E
USING D,D1

�1�
│

2 Map D1 into E at D1
D1F1

USING
F,D1E.F1

�2�
│ 

│ 
3
Map

F1
into

D1
at

F1
D1F2

USING
F,D1E.F2

�2�
│ 

│ 
3
Map

F2
into

D1
at

F2
D1F3

USING
F,D1E.F3

�2�
│ 

│ 
3
Map

F3
into

D1
at

F3
*

│
2 Middle level

D2E
USING D,D2

�1�
│

│ Map D2 into E at D2
D2F1

USING
F,D2E.F1

�3�
│ 

│ 
3
Map

F1
into

D2
at

F1
D2F2

USING
F,D2E.F2

�3�
│ 

│ 
3
Map

F2
into

D2
at

F2
D2F3

USING
F,D2E.F3

�3�
│ 

│ 
3
Map

F3
into

D2
at

F3
*

│
2 Middle level

D3E
USING D,D3

�1�
│

│ Map D3 into E at D3
D3F1

USING
F,D3E.F1

�4�
│ 

│ 
3
Map

F1
into

D3
at

F1
D3F2

USING
F,D3E.F2

�4�
│ 

│ 
3
Map

F2
into

D3
at

F2
D3F3

USING
F,D3E.F3

�4�
│ 

│ 
3
Map

F3
into

D3
at

F3

•
Q

ualifiers indicate w
hich references apply to w

hich instance

N
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M
ultiple N

ested S
tructures: R

eferencing Fields

•
A

ll sym
bol references to individual fields are qualified:

*
Move fields named X within DSECTs described by F
MVC

D1F1.X1,D1F1.X2
Within bottom─level DSECT D1F1

MVC
D1F3.X2,D1F1.X1

Across bottom─level DSECTs in D1
MVC

D3F2.X2,D3F3.X2
Across bottom─level DSECTs in D3

MVC
D2F1.X1,D3F2.X2

Across bottom─level DSECTs in D2 and D3

*
Move DSECTs named F within DSECTs described by D
MVC

D3E.F1,D3E.F3
Within mid─level DSECT D3E

MVC
D1E.F3,D2E.F1

Across mid─level DSECTs D1E, D2E

*
Move DSECTs named D within E
MVC

D1,D2
Across top─level DSECTs D1, D2

•
C

an address structures as fields, sub-sub-structures, and sub-structures

N
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A
rray of Identical D

ata S
tructures

•
S

uppose you have a sm
all array of identical data structures:

Struc
DSect

,
StrF1 

DS 
CL8

First
field

StrF2 
DS 

F
Second

field
StrF3 

DS 
A

Third
field

LStruc 
Equ 

*─Struc
Structure

Length

•
T

hen, m
ap each elem

ent w
ith its ow

n qualifier

EL1
Using Struc,9

Map first element
EL2

Using Struc,EL1.Struc+1*LStruc
Map second element

EL3
Using Struc,EL1.Struc+2*LStruc

Map third
element

EL4
Using Struc,EL1.Struc+3*LStruc

Map fourth element
─ ─ ─

etc.

•
T

hen, you can reference fields am
ong elem

ents:

L
1,EL3.StrF2

Get field 2 from element 3
A

1,EL5.StrF3
Add field 3 from element 5

MVC
EL2.StrF1,EL4.StrF1

Move field 1 from element 4 to 2

N
E
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Tw
o M

V
S

 D
C

B
s W

ithin a P
rogram

•
P

rogram
 fragm

ent containing tw
o D

C
B

s and code:
part of program

 m
ust copy input-D

C
B

's LR
E

C
L to output D

C
B

LA
3,OUTDCB

Point to Output DCB
LA

2,INDCB
Point to Input DCB

USING IHADCB,2
Use DSECT mapping of Input DCB

MVC
DCBLRECL─IHADCB(2,3),DCBLRECL

Copy IN LRECL to OUT
─ ─ ─

INDCB
DCB

DDNAME=..., etc.
OUTDCB 

DCB 
DDNAME=...,

etc.
─ ─ ─
DCBD 

DSORG=PS,DEVD=DA,...etc. 
Generate

IHADCB
DSECT

───────────────────────────────────────────────────────────────────────
USING

*,12
─ ─ ─

IN 
�1� 

USING
IHADCB,INDCB

Labeled
dependent

USING
OUT �2�

USING IHADCB,OUTDCB
Labeled dependent USING

─ ─ ─
MVC

OUT.DCBLRECL,IN.DCBLRECL
Addresses resolved via R12

�2�
�1�

•
O

nly one register needed to address code and tw
o D

S
E

C
T

s!

�─ New Way ─� �───── Old Way ────�

N
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P
ersonnel-File E

m
ployee R

ecord

•
E

xam
ple: a “personnel-file” record describing an em

ployee

Employee DSECT ,
Employee record

EPerson
DS

CL(LPerson)
Person field

EHire 
DS 

CL(LDate)
Date

of
hire

EWAddr
DS

CL(LAddr)
Work (external) address

EPhoneW
DS

CL(LPhone)
Work telephone

EPhoneF
DS

CL(LPhone)
Work Fax telephone

EMarital DS
X

Marital Status
ESpouse

DS
CL(LPerson)

Spouse field
E#Deps

DS
CL2

Number of dependents
EDep1 

DS 
CL(LPerson)

Dependent
1

EDep2 
DS 

CL(LPerson)
Dependent

2
EDep3 

DS 
CL(LPerson)

Dependent
3

LEmploye EQU
*─Employee

Length of Employee record

•
M

any fields are described by other D
S

E
C

T
s:

−
Person, Date, Addr, Phone

N
E

W
U
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P
ersonnel-File E

m
ployee R

ecord: “P
erson” Fields

•
A

n individual is described by the Person D
S

E
C

T
:

Person
DSECT ,

Define a ″Person″ field
PFName

DS
CL20

Last (Family) name
PGName

DS
CL15

First (Given) name
PInits

DS
CL3

Initials
PDoB

DS
CL(LDate)

Date of birth
PAddr 

DS 
CL(LAddr)

Home
address

PPhone
DS

CL(LPhone)
Home telephone number

PSSN
DS

CL9
Social Security Number

PSex
DS

CL1
Gender

LPerson
EQU

*─Person
Length of Person field

•
S

om
e fields are described by other D

S
E

C
T

s:

−
Date, Addr, Phone

N
E

W
U
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P
ersonnel-File E

m
ployee R

ecord: “D
ate,” “A

ddr” Fields

•
D

ates and addresses are described by Date,
Addr D

S
E

C
T

s:

Date
DSECT ,

Define a calendar date field
Year

DS
CL4

YYYY
Month 

DS 
CL2

MM
Day

DS 
CL2

DD
LDate

EQU
*─Date

Length of Date field
ORG

Date
DateF

DS
0CL(LDate)

Full YYYYMMDD date
ORG

,
End of Date DSECT

Addr
DSECT ,

Define an address field
AStr# 

DS 
CL30

Street
number

APOBApDp DS
CL15

P.O.Box, Apartment, or Department
ACity 

DS 
CL24

City
name

AState
DS 

CL2
State

abbreviation
AZip

DS
CL9

U.S. Post Office Zip Code
LAddr

EQU
*─Addr

Length of Address field
ORG

Addr
AddrF

DS
0CL(LAddr)

Full address
ORG

,
End of Addr DSECT

N
E
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P
ersonnel-File E

m
ployee R

ecord: C
om

paring B
irth D

ates

•
E

xam
ple 1: C

om
pare em

ployee and spouse birth dates

−
R

equires tw
o active instances of Person D

S
E

C
T

USING Employee,10
Assume R10 points to the record

PE 
�1� 

USING
Person,EPerson

Overlay
Person

DSECT
on

Empl.
field

PS 
�2� 

USING
Person,ESpouse

Overlay
Person

DSECT
on

Spouse
field

* Example 1: Compare Employee and Spouse Dates of Birth

CLC
PE.PDoB,PS.PDoB

Compare Employee/Spouse birth dates
�1�

�2�

•
E

m
ployee's D

ate of B
irth (PDoB) qualified by P

E
 (�1�), spouse's by P

S
(�2�)

N
E
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P
ersonnel-File E

m
ployee R

ecord: C
om

paring D
ates

•
E

xam
ple 2: C

om
pare em

ployee date of hire to dependent 1 birth date

−
T

w
o active instances of Date D

S
E

C
T

* Example 2: Compare Date of Hire to Birthdate of Dependent 1

EHD �3�
USING Date,EHire

Overlay Date DSECT on Date of Hire

PD1 �4�
USING Person,EDep1

Overlay Person DSECT on Dependent 1
DD1 �5�

USING Date,PD1.PDoB
Overlay Date DSECT on Dependent 1

�4�

CLC
EHD.DateF,DD1.DateF Compare hire date to Dep 1 DoB
�3�

�5�

DROP
EHD,DD1

Remove both date associations

•
D

ependent's Person D
S

E
C

T
 qualified by P

D
1 (�4�)

•
H

ire date qualified by E
H

D
 (�3�), dependent birthdate by D

D
1 (�5�)

N
E

W
U
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P
ersonnel-File E

m
ployee R

ecord: C
opying A

ddresses

•
E

xam
ple 3: C

opy em
ployee address to dependent 2 address

−
T

w
o active instances of Addr D

S
E

C
T

* Example 3: Copy Employee Address to Dependent 2 address

AE 
�6� 

USING
Addr,PE.PAddr

Overlay
Addr

DSECT
on

Employee
name

�1�
PD2 �7�

USING Person,EDep2
Overlay Person DSECT on Dependent 2

AD2 �8�
USING Addr,PD2.PAddr

Overlay Addr DSECT on Dep. 2 Person
�7�

MVC
AD2.AddrF,AE.AddrF

Copy Employee Addr to Dependent 2
�8�

�6�

DROP
PD2

Remove Dependent 2 associations

•
D

ependent's Person D
S

E
C

T
 qualified by P

D
1 (�7�)

•
E

m
ployee address qualified by A

E
 (�6�), dependent's by A

D
2 (�8�)

N
E

W
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S
um

m
ary of U

S
IN

G
 S

tatem
ents

U
S

IN
G

La-
R

egister
O

p
er-

O
p

eran
d

2
O

p
eran

d
2

N
u

m
b

er
of

Type
b

el
U

sage
an

d
1

Location
in

Instances
B

ased
S

torage
of

A
ctive

on
O

bjects

O
rdi-

no
one

register
absolute

anyw
here

in
only

one
nary

register
[0,15]

storage
active

p
e

r
instance

of
object

an
object

at a tim
e

Label-
yes

one
register

absolute
anyw

here in
as m

any
ed

register
[0,15]

storage
active

p
e

r
instances of

object
an object as
registers
assignedN

E
W

U
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S
um

m
ary of U

S
IN

G
 S

tatem
ents ...

U
S

IN
G

La-
R

egister
O

p
er-

O
p

eran
d

O
p

eran
d

2
N

u
m

b
er

of
Type

b
el

U
sage

an
d

1
2

Location
in

Instances
B

ased
S

torage
of

A
ctive

on
O

bjects

D
epen-

no
m

ultiple
operand

relocatable,
w

ith
in

m
u

ltip
le

dent
objects

2
addressable

addressability
active

p
e

r
range

of
objects

of
re

g
iste

r
o

rd
in

a
ry

different
U

S
IN

G
s

types

Labeled
yes

m
ultiple

operand
relocatable,

w
ith

in
m

u
ltip

le
D

epen-
objects

2
addressable

addressability
active

dent
p

e
r

range
of

objects
of

re
g

iste
r

o
rd

in
a

ry
the sam

e or
U

S
IN

G
s

different
types

N
E

W
U
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D
R

O
P

 S
tatem

ent E
xtensions

U
S

IN
G

Type
D

R
O

P
S

tatem
en

t

O
rdinary

B
y register num

ber

Labeled
B

y qualifying label (dropping the register has no effect)

D
ependent

B
y register num

ber (all sub-dependent U
S

IN
G

s dropped
autom

atically)

Labeled
B

y qualifying label (dropping the register has no effect)
D

ependent

•
E

xam
ples:Ordinary:

DROP
9

Labeled:
DROP

QUAL
Dependent:

DROP
12

Labeled
Dependent:

DROP
QUAL

N
E

W
U
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G
en

eralized
 O

b
ject F

ile F
o

rm
at (G

O
F

F
)

•
R

em
oves lim

itations associated w
ith old object m

odule form
at:

−
E

xternal nam
es to 63 characters

−
S

ection sizes up to 2G
B

 (addresses to 31 bits)

−
M

ulti-com
ponent, m

ulti-m
odal m

odules

−
A

bility to retain “A
ssem

bler D
ata” w

ith object code

−
A

nd m
uch m

ore...

•
C

ontrolled by GOFF option

−
Independent of DECK or OBJECT
—

A
sse

m
b

le
r p

ro
d

u
ce

s o
n

ly o
n

e
 typ

e
 o

f o
b

je
ct file

, o
ld

 o
r n

e
w

−
R

equires “w
ide” listing form

at (LIS
T

(133) or LIS
T

(M
A

X
) option)

−
E

nables use of C
A

T
T

R
, X

A
T

T
R

 statem
ents

—
A

ssig
n

 cla
ss n

a
m

e
s a

n
d

 e
xte

rn
a

l sym
b

o
l a

ttrib
u

te
s

—
O

n
e

 a
sse

m
b

ly ca
n

 cre
a

te
 m

a
n

y R
M

O
D

E
(2

4
) a

n
d

 R
M

O
D

E
(3

1
) “se

g
m

e
n

ts”

—
E

n
try p

o
in

ts ca
n

 h
a

ve
 th

e
ir o

w
n

 A
M

O
D

E
s

•
U

tilizes enhanced capabilities of D
F

S
M

S
 B

inder, P
rogram

 O
bjects

−
E

xisting program
s can use G

O
F

F
 transparently

G
O

F
F
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Internal C
onditional-A

ssem
bly Functions

•
A

ll IB
M

 S
ystem

/360/370/390 assem
blers provide four functions:

−
B

oolean connectives (A
N

D
, O

R
, N

O
T

) and character substrings

&Bool1 
SetB 

(&Bool2
AND

(&Bool3
OR

NOT
&Bool4))

Boolean
functions

&Char1 
SetC 

'&Char2'(&Start,&Length)
Substring

function

•
H

igh Level A
ssem

bler provides 16 in
te

rn
a

l functions:
−

A
rithm

etic functions for arithm
etic (fullw

ord integer) values
—

M
a

skin
g

/lo
g

ica
l o

p
e

ra
tio

n
s: A

N
D

, O
R

, N
O

T
, X

O
R

—
S

h
iftin

g
 o

p
e

ra
tio

n
s: S

L
L

, S
R

L
, S

L
A

, S
R

A
−

B
oolean connective: X

O
R

−
C

haracter functions:
—

U
nary operations: U

P
P

E
R

, LO
W

E
R

, D
O

U
B

LE
, B

Y
T

E
, S

IG
N

E
D

—
B

in
a

ry o
p

e
ra

tio
n

s: IN
D

E
X

, F
IN

D
−

E
xtensible to other functions as required

•
. . . and tw

o statem
ents for invoking external functions:

−
A

rithm
etic-valued functions: S

E
T

A
F

−
C

haracter-valued functions: S
E

T
C

F

C
A

F
N
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Internal A
rithm

etic-V
alued Functions

•
A

rithm
etic functions operate on fullw

ord integer (S
E

T
A

) values

•
M

asking/logical operations: A
N

D
, O

R
, N

O
T

, X
O

R

&A_And 
SetA 

((&A1
AND

&A2)
AND

X'FF')
&A_Or

SetA
(&A1 OR (&A2 OR &A3))

&A_Xor 
SetA 

(&A1
XOR

(&A3
XOR

7))
&A_Not 

SetA 
(NOT

&A1)+&A2
&A

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

Round &A to next multiple of 8

•
S

hifting operations: S
LL, S

R
L, S

LA
, S

R
A

&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

•
A

ny
com

bination...

&Z
SetA

((3+(NOT &A) SLL &B))/((&C─1 OR 31)*5)

C
A

F
N
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B
oolean

O
perators

•
Logical operators: A

N
D

, O
R

, N
O

T
 previously available

&A
SetB

(&V gt 0 AND &V le 7)
&V between 1 and 7

&B
SetB

('&C' lt '0' OR '&C' gt '9')
&C not a digit

&Z
SetB

(&A AND NOT &B)

•
N

ew
 operator: X

O
R

&S
SetB

(&B XOR (&G OR &D))
&T

SetB
(&X ge 5 XOR (&Y*2 lt &X OR &D))

•
S

im
plifies “either but not both” testing:

&NotBoth 
SetB 

((&J
OR

&K)
AND

NOT
(&J

AND
&K)) 

Previously
&NotBoth 

SetB 
(&J

XOR
&K)

With
XOR

•
E

valuation priority: N
O

T
, A

N
D

, O
R

, X
O

R

C
A

F
N
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Internal C
haracter Functions

•
S

even internal character-valued functions

•
U

nary functions: U
P

P
E

R
, LO

W
E

R
, D

O
U

B
LE

, B
Y

T
E

, S
IG

N
E

D

&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

&Blank 
SetC 

(Byte
64)

Sets
&Blank

to
C'

'
&Minus3

SetC
(Signed ─3)

Sets &Minus3 to '─3'

•
B

inary arithm
etic-valued functions: IN

D
E

X
, F

IN
D

•
IN

D
E

X
 returns offset of first m

atch in 1st operand string of 2nd operand
string

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

First string match
&First_Match SetA

('&HayStack' INDEX '&OneLongNeedle')

•
F

IN
D

 returns offset of first m
atch in 1st operand string of any character of

the 2nd operand

&First_Char 
SetA 

('&BigStrg'
FIND 

'&CharSet') 
First

char
match

&First_Char 
SetA 

('&HayStack'
FIND 

'&ManySmallNeedles')

C
A

F
N
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E
xternal C

onditional-A
ssem

bly Functions

•
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 for the listing (as m
ay I/O

 exits)

•
R

eturn code indicates success or failure

−
F

ailure return term
inates the assem

bly

C
A

F
N
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S
E

TA
F E

xternal Function Interface

Primary List
Request Info Area

┌────┐
┌───────────────┐

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

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

│ � WorkArea
├──�

│ Function Type
│

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

│
Reserved 

│ 
│
Number

of
Params

│
├───────────────┤ 

├──────────────────┤
│
Reserved 

│ 
│
Return

Code 
│

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

│ � Message Buf │
│Flg│ 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

C
A

F
N
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S
E

TC
F E

xternal Function Interface

Primary List
Request Info Area

┌────┐
┌─────────────────┐

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

├──────�│ ParmList Version │
└────┘

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

│ � WorkArea
├──�

│ Function Type
│

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

(2)│ Reserved
│

│ Number of Params │
├─────────────────┤

├──────────────────┤
│ � Msg Buffer

│
│ Return Code

│
├─────────────────┤

├────┬─────────────┤
│ � Ret. String

├──�
│ Flg│ 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

area

C
A

F
N
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S
ystem

 V
ariable S

ym
bols: H

istory and 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

A
R

-5
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Input-O
utput

E
xits

•
H

LA
S

M
 supports pow

erful exit interfaces for all user files

−
S

Y
S

IN
, S

Y
S

LIB
, S

Y
S

P
R

IN
T

, S
Y

S
P

U
N

C
H

, S
Y

S
LIN

, S
Y

S
T

E
R

M
, S

Y
S

A
D

A
T

A

•
E

xits have as little or as m
uch control as desired

−
M

odify, insert, delete records

−
M

onitor or assist assem
bler I/O

, or replace it entirely

•
E

xits m
ay produce diagnostic m

essages w
ith each interaction

•
T

hree sam
ple exits provided:

−
P

rint (A
S

M
A

X
P

R
T

): options page deleted or m
oved to end of listing; sum

m
ary

page optionally deleted
−

Input (A
S

M
A

X
IN

V
): accepts V

-form
at S

Y
S

IN
 records

−
A

D
A

T
A

 (A
S

M
A

X
A

D
T

): extracts/form
ats m

acro/C
O

P
Y

 m
em

bers and their
library nam

es

•
EXITCTL statem

ent provides source-file inform
ation to exits

E
X

IT
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Input-O
utput E

xit C
om

m
unication

┌────────────┐
┌─────────────────────┐

│ Register 1 │
┌─�│ PList Version

│
└──┬─────────┘

│
├─────────────────────┤

│
│

│ Exit Type
│

�
│

├─────────────────────┤
┌────────────────────────┐ │

│ Request Type
│

│ � Request Info List
├─┘

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

│ Options
│

│ � Data buffer
│

├─────────────────────┤
├────────────────────────┤ (4): EXITCTL values 1─4

:
│ � Error─message buffer │

├─────────────────────┤
├────────────────────────┤ (2): Return/reason codes :
│ � Exit─specific info

│
├─────────────────────┤

├────────────────────────┤ (2): Buffer lengths
:

│ � DCB
│

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

│ Error severity
│

│ � Assembler Info Block │
├─────────────────────┤

└────────────────────────┘
│ User─defined field

│
├─────────────────────┤
│ Common exit field

│
└─────────────────────┘

•
A

ll
assem

bler/exit
com

m
unication

via
I/O

 E
xit P

aram
eter

List

•
F

ull control
inform

ation

•
C

ontrol
inform

ation
•

D
ata

set
inform

ation
•

B
uffers,

m
essage

area
•

E
xit anchor w

ord

•
A

ssem
bler, exit are

“co
ro

u
tin

e
s”

E
X
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E
xam

ple O
bject-File E

xit: O
B

JX

•
A

dd Linkage E
ditor-B

inder control statem
ents after object m

odules

−
N

A
M

E
 and up to 32 A

LIA
S

es, optional S
E

T
S

S
I

—
B

A
T

C
H

e
d

 a
sse

m
b

lie
s a

re
 p

ro
p

e
rly se

p
a

ra
te

d
 b

y NAME sta
te

m
e

n
ts

—
C

a
n

 cre
a

te
 m

u
ltip

le
 P

D
S

 m
e

m
b

e
rs in

 tw
o

 a
sse

m
b

ly-lin
k ste

p
s

•
Invoked by specifying E

X
IT

 option:

EXIT(OBJEXIT(OBJX[(exit─parm)]))
or

EX(OBX(OBJX[(exit─parm)]))

•
O

B
JX

 exit handles four one-character param
eters in

exit-parm

Q
D

o not w
rite sum

m
ary inform

ation m
essages

R
A

dd (R) to N
A

M
E

 statem
ents

S
P

rovide S
E

T
S

S
I statem

ents w
ith YYDDDHHM date/tim

e
T

P
rovide tracing and debugging inform

ation

E
X

IT
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