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O
verview

: H
ow

 H
LA

S
M

 C
an H

elp

•
T

hings H
LA

S
M

 can help w
ith:

−
Inform

ation available in the listing

—
T

h
e

 p
ro

g
ra

m
 b

e
in

g
 a

sse
m

b
le

d

—
T

h
e

 a
sse

m
b

ly e
n

viro
n

m
e

n
t

—
H

o
w

 to
 re

ve
a

l p
o

ssib
ly-h

id
d

e
n

 in
fo

rm
a

tio
n

−
U

seful
options

−
O

ptional
diagnostics

−
M

acro-related inform
ation and problem

 solving

−
O

ther things w
orth noting

•
T

hings H
LA

S
M

 can't help w
ith: (S

orry!)

−
P

roblem
s w

ith program
 structure, logic, or style

—
H

L
A

S
M

 T
o

o
lkit co

m
p

o
n

e
n

ts ca
n

 h
e

lp
 w

ith
 th

e
se

−
P

roblem
s w

ith using the w
rong files (such as libraries)

−
R

esource constraints (but H
LA

S
M

 can som
etim

es cope)
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Inform
ation in the Listing

•
O

ptions
S

um
m

ary

•
A

ssem
bler S

ervice S
tatus (IN

F
O

)

•
E

xternal S
ym

bol D
ictionary (E

S
D

)

•
S

ource and O
bject C

ode

−
A

ctive-U
S

IN
G

s
H

eading

•
R

elocation D
ictionary (R

LD
)

•
O

rdinary S
ym

bol and Literal X
R

E
F

−
U

nreferenced S
ym

bols in C
S

E
C

T
s

•
M

acro and C
O

P
Y

 C
ode S

um
m

ary

−
M

acro and C
O

P
Y

 C
ode X

R
E

F

•
D

S
E

C
T

X
R

E
F

•
U

S
IN

G
M

a
p

•
G

eneral P
urpose R

egister X
R

E
F

•
D

iagnostic X
R

E
F

 and A
ssem

bler S
um

m
ary

2
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O
ptions

S
u

m
m

ary

•
Listing show

s options in effect, and options hierarchy for overrides

Overriding ASMAOPT Parameters ─ NODXREF,NODECK
�── ASMAOPT file

Overriding Parameters─ asa,noobj,exit(prtexit(prtx)) �── ASMAHL command
Process Statements─

OVERRIDE(CODEPAGE(X'047B'))
�── *PROCESS

 
NOESD 

�──
*PROCESS

Options for this Assembly
NOADATA

ALIGN
3

ASA
BATCH

1
CODEPAGE(047B)

NOCOMPAT
NODBCS

2 NODECK
2 NODXREF
5 NOESD
3

EXIT(PRTEXIT(PRTX))
─ ─ ─

etc.

•
N

um
eric tags in left m

argin indicate the origin of the override

•
C

heck: correct options; exits; B
A

T
C

H
; A

P
A

R
 status (line 1)

3
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A
ssem

bler S
ervice S

tatus (IN
FO

 O
ption)

•
H

LA
S

M
 prints its service status, other useful inform

ation

•
E

xam
ple of the printed text:

The following information describes enhancements and changes to the
High Level Assembler Product.

The information displayed can be managed by using the following options:
INFO

─ prints all available information for this release.
INFO(yyyymmdd) ─ suppresses items dated prior to ″yyyymmdd″.

 
NOINFO 

─
suppresses

the
product

information
entirely.

19981104 APAR PQ21028 Fixed
Some machine opcodes incorrectly no longer accept literal operands.

19990113 APAR PQ22004 Fixed
The message ASMA138W is being issued at the end of a compile when a
PUSH/POP stack is not empty. The option FLAG(NOPUSH) is provided to
allow this message to be disabled.

•
C

heck: current service status; language changes

4
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E
xternal S

ym
bol D

ictionary (E
S

D
 O

ption)

•
T

he external nam
es defined and referenced by this assem

bly

−
N

orm
ally in upper-case letters

−
E

ach item
 (except LD

s) is assum
ed to be independently relocatable

•
E

ach sym
bol has a type and an identifying num

ber (its “E
S

D
 ID

”)

−
S

ection definitions (types are S
D

, C
M

, P
C

)

—
P

C
 se

ctio
n

s m
a

y ca
u

se
 M

O
D

E
 p

ro
b

le
m

s, e
ve

n
 if ze

ro
 le

n
g

th

−
E

ntry point definitions (type LD
)

—
L

D
-ID

 p
o

in
ts to

 th
e

 se
ctio

n
 in

 w
h

ich
 th

e
 sym

b
o

l is a
n

 e
n

try

−
E

xternal references (types E
R

, W
X

)

—
N

a
m

e
s o

f sym
b

o
ls re

fe
re

n
ce

d
 b

y th
is a

sse
m

b
ly b

u
t d

e
fin

e
d

 e
lse

w
h

e
re

−
E

xternal D
um

m
y definitions (type X

D
)

—
S

ym
b

o
ls n

a
m

in
g

 D
X

D
 in

stru
ctio

n
s, o

r D
S

E
C

T
 n

a
m

e
s in

 Q
-co

n
s

—
O

th
e

r p
ro

d
u

cts (su
ch

 a
s P

L
/I, b

in
d

e
rs/lo

a
d

e
rs) ca

ll it “P
R

”

•
A

LIA
S

inform
ation

−
A

LIA
S

 instruction changes an existing external nam
e to another

−
Linkers and loaders see the changed nam

e, not the original

•
C

heck: correct nam
e/length/type; m

ixed-case aliases; private code

5
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S
ource P

rogram
 and O

bject C
ode Listing

•
S

ource and object code listing

−
A

ctive U
S

IN
G

s heading lines

−
LO

C
, C

-LO
C

, D
-LO

C
, R

-LO
C

 location counter headings

—
In

d
ica

te
s typ

e
 o

f se
ctio

n
 a

ctive
 a

t sta
rt o

f th
e

 p
a

g
e

−
U

S
IN

G
 resolution details: registers, offsets

•
S

tatem
ents and options affecting the source and object code listing

−
P

R
IN

T
 instructions control various portions of the listing

−
P

C
O

N
T

R
O

L can override P
R

IN
T

-instruction controls (see slide 18)

−
U

S
IN

G
 and F

LA
G

 control various diagnostics (see slides 18, 28)

•
T

o suppress the source and object code listing

−
S

electively: use P
R

IN
T

 instruction operands (see slide 17)

−
C

om
pletely: use N

O
LIS

T
 option (but it suppresses the entire listing!)

•
C

heck: code in correct sections; E
N

D
-nom

inated execution entry

6
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D
iagnostic M

essages and S
everities

•
A

ll m
essages prefixed w

ith '**
ASMA'

•
F

inal letter of ASMAnnnS is a severity indicator:

•
If F

LA
G

(R
E

C
O

R
D

) is specified, all m
essages are follow

ed by another
indicating the source record to w

hich the m
essage applies

Letter
S

everity
M

ean
in

g

I
0

Inform
ation

N
2

N
otification

W
4

W
arning

E
8

E
rror

S
12

S
evere

E
rror

C
16

C
ritical

E
rror

U
20

U
nable to proceed

7
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R
elocation D

ictionary (R
LD

 O
ption)

•
Inform

ation about relocatable (and Q
, C

X
D

) address constants

•
P

osition ID
: E

S
D

ID
 of the section w

here the constant resides

•
R

elocation ID
: E

S
D

ID
 of the nam

e w
hose value the adcon w

ill contain

•
A

ddress: the address or offset at w
hich the constant resides w

ithin its
section (as specified by the P

 pointer)

•
F

lags:

1.
T

yp
e: w

hether it's an A
-type (data), V

-type, Q
-type (P

R
 offset), or C

X
D

 (P
R

“C
u

m
u

la
tive

 L
e

n
g

th
”)

2.
Length

: the constant's length (in bytes)

3.
D

irectio
n

:
for A

-type adcons, w
hether to add or subtract the relocation value

•
C

heck: intended relocatable item
s; overlapping R

LD
s

8
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O
rdinary S

ym
bol and Literal C

ross-R
eference (X

R
E

F O
ption)

•
X

R
E

F
 has three sub-options:

−
X

R
E

F
(F

U
LL) for all sym

bols, referenced or not

−
X

R
E

F
(S

H
O

R
T

) for referenced sym
bols only

−
X

R
E

F
(U

N
R

E
F

S
) for unreferenced non-D

S
E

C
T

 sym
bols

—
Ig

n
o

re
d

 if X
R

E
F

(F
U

L
L

) is sp
e

cifie
d

•
D

isplays inform
ation about each sym

bol:

−
S

ym
bol, length attribute, value

−
R

elocation ID
, relocatability tags, sym

bol type, w
here defined

−
R

eferences, including tags indicating use:
B

ranch, D
rop, M

odification, U
sing, eX

ecute

•
S

ee the exam
ple on slide 10

−
S

ym
bol Batch_Init is a branch target (B tag)

−
S

ym
bol Err_Buff m

odified (M tag); a U
S

IN
G

 base (U tag)

−
S

ym
bol Move_Msg is executed (X tag)

−
S

ym
bol R1 appears in U

S
IN

G
 (U tag) and D

R
O

P
 (D tag) instructions

•
C

heck: usage tags; relocation ID
 and type; attributes; duplicate literals
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O
rdinary S

ym
bol and Literal C

ross-R
eference E

xam
ple

Symbol
Len

Value 
Id 

R
Type

Defn
References

...
Batch_Init

2 00035C 00000001
H

493
399B

490B
�── note B tag

Batch_Len
8 000018 FFFFFFFF A

U
772

497
Batch_Msg_1

39 0006A1 00000001
C

681
469

469
716

...
Err_Buff

1 000000 FFFFFFFD
J

787
127U

517M
789

Err_Msg
255 000000 FFFFFFFD

C
788

277M
397M

469M
476M

481M
486M

...
ESD_Amt

2 00000A FFFFFFFC
Y

797
347

ESD_Data
48 000010 FFFFFFFC

C
800

348
ESD_ESD

3 000001 FFFFFFFC
C

795
342

383
ESD_Item

1 000000 FFFFFFFB
J

804
349U

831
�── note U tag

...
Move_Msg

6 0004A6 00000001
I

645
641X

�── note X tag
...
...

┌─────┬──── note U,D tags
...

�
�

R1
1 000001 00000001 A

U
53

123U
128D

132M
133M

133
135

...
215D 

248M 
262

348M 
349U 

373M 
...

460
560M 

574M 
578M 

582M 
586M 

...
 

...
etc.
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M
acro/C

O
P

Y
 S

um
m

ary and C
ross-R

eference (M
X

R
E

F O
ption)

•
M

X
R

E
F

 option has three sub-options:

−
M

X
R

E
F

(S
O

U
R

C
E

) show
s w

here each m
acro/C

O
P

Y
 originated

−
M

X
R

E
F

(X
R

E
F

) show
s w

here each m
acro/C

O
P

Y
 is referenced

−
M

X
R

E
F

(F
U

LL) is equivalent to M
X

R
E

F
(S

O
U

R
C

E
,X

R
E

F
)

•
M

acro/C
O

P
Y

 usage inform
ation

−
Inform

ation about library data sets and m
em

bers

−
C

O
P

Y
 and LIB

M
A

C
 tags, w

here defined, w
ho called

−
Inner m

acro calls captured even if not in listing

−
C

O
P

Y
-reference statem

ent num
bers tagged w

ith 'C'

•
M

X
R

E
F

 data also w
ritten to S

Y
S

A
D

A
T

A
 file

−
A

S
M

A
X

A
D

A
 sam

ple A
D

A
T

A
 exit sum

m
arizes “B

ill of M
aterials” info

•
C

heck: files from
 correct libraries; inner m

acro's callers; duplicate C
O

P
Y

11
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D
S

E
C

T C
ross-R

eference (D
X

R
E

F O
ption)

•
D

X
R

E
F

 option lists all D
S

E
C

T
s defined in the assem

bly

−
D

isplays nam
e, length, relocation ID

, definition-start statem
ent num

ber

•
R

elocation
ID

:

−
S

tarts at X'FFFFFFFF' for D
S

E
C

T
S

, counts dow
n

−
S

tarts at X'00000001' for external sym
bols, counts up (sam

e as E
S

D
ID

)

−
Identifies the section in w

hich each sym
bol is defined

•
E

xam
ple:

Dsect
Length

ID
Defn

AEFNPARM 0000001C
FFFFFFFF

165
(negative ID for internal dummy section)

AEFNRIL 
00000024 

FFFFFFFE
183

B
00000008

00000002
42

(positive ID for external dummy section)

•
C

heck: D
S

E
C

T
s are intended; correct D

S
E

C
T

 and D
X

D
 lengths
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U
S

IN
G

 M
ap

 (U
S

IN
G

(M
A

P
) O

p
tio

n
)

•
U

S
IN

G
 M

ap provides com
plete sum

m
ary of all U

S
IN

G
/D

R
O

P
 activity:

•
S

tatem
ent-location data

−
S

tatem
ent num

ber of the U
S

IN
G

 or D
R

O
P

−
A

ctive Location C
ounter and section ID

 w
here the statem

ent appeared

•
T

he type of action requested (U
S

IN
G

, D
R

O
P

)

•
T

ype of U
S

IN
G

 (O
rdinary, Labeled, D

ependent, Labeled D
ependent)

•
B

ase address, range, and ID
 of each U

S
IN

G

•
A

nchoring register on w
hich the U

S
IN

G
 instruction is based

•
M

axim
um

 displacem
ent and last statem

ent resolved based on this U
S

IN
G

•
T

he operand-field text of the U
S

IN
G

 instruction

•
C

heck: m
ax displacem

ent; last resolved statem
ent; un-D

R
O

P
ped regs
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G
eneral P

urpose R
egister C

ross-R
eference (R

X
R

E
F O

ption)

•
A

ctual register use; does not depend on sym
bolic register nam

ing!

Register
References (M=modified, B=branch, U=USING, D=DROP, N=index)

0(0)
116 

163M
164 

179M
180 

181 
185M

186M
186 

190 
...

374M 
388M 

389M 
389

450M 
456M 

473M 
474M 

475
477M 

...
 

...
etc.

2(2)
116

171M 
174M 

197M 
198M 

199
295M 

357M 
358M 

359
...

419M 
420

421M 
422N 

528M 
568M 

625M 
625

626M 
627

...
 

...
etc.

12(C)
116

117M 
119U 

295M 
528M 

568M 
649D

...
13(D)

116 
178 

180 
181M

293M
295 

309 
311 

312M
524M

...
14(E)

116
295M 

296B 
399M 

490M 
498B 

528M 
529B 

568M 
569B 

...
15(F)

109U
111 

116 
117 

118D
189M

190 
295M

528M
568M

...

•
R

egister 2 used as index at statem
ent 422 (N

 tag)

•
R

egister 14 used in branch statem
ents (296, 498, etc.; B

 tag)

•
Im

plicit references noted (e.g., statem
ent 116: S

T
M

 instruction)

LM
3,5,X

implicitly references (and modifies) GR 4

•
C

heck: low
 utilization; localized loads/stores; based branches
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A
ssem

bly
S

u
m

m
ary

•
D

iagnostic sum
m

ary: statem
ent, origin, severity

−
P

ointers to origins of source statem
ents

•
A

ssem
bler and host system

 data

•
A

ll files used, I/O
 and exit counts

•
E

xternal function statistics

•
I/O

 exit statistics

•
S

torage utilization data, file-I/O
 record counts

•
A

ssem
bly start/stop and processor tim

e info

•
C

heck: I/O
 exits; I/O

 counts; correct library file ordering; storage use;
C

P
U

 tim
e
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A
ssem

bler O
ptions and D

iagnostics

•
T

E
R

M
: strongly recom

m
ended; alw

ays displays a one-line sum
m

ary

−
M

essages displayed (if not suppressed by F
LA

G
 option)

w
hether or not P

R
IN

T
-suppressed in the listing

−
T

w
o suboptions: W

ID
E

 (no com
pression), N

A
R

R
O

W
 (com

press blanks)

•
B

A
T

C
H

: m
ultiple assem

blies w
ith one H

LA
S

M
 invocation

−
N

ote possible “m
odule contam

ination”

•
P

C
O

N
T

R
O

L: m
any suboptions (see slide 18)

−
U

seful for “exposing” hidden listing inform
ation

•
F

LA
G

: controls various useful diagnostics (see slide 21)

•
U

S
IN

G
: controls diagnostics, U

S
IN

G
 M

ap (see slide 28)

•
LA

N
G

U
A

G
E

: S
elect national language for m

essages, headings

•
LIS

T
(133): W

ider listing provides m
ore detail

•
C

heck: T
E

R
M

 option; B
A

T
C

H
 option (dangling statem

ents, m
ultiple

assem
blies)

16
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P
R

IN
T Instruction O

perands

•
P

R
IN

T
 instruction operands affect the source and object code listing

−
O

N
, O

F
F

: control display of source/object code listing

—
B

e
 ca

re
fu

l: P
R

IN
T

 O
F

F
 a

lso
 d

isa
b

le
s m

e
ssa

g
e

 p
rin

tin
g

 o
n

 th
e

 listin
g

—
M

e
ssa

g
e

s a
re

 a
lw

a
ys visib

le
 if T

E
R

M
 o

p
tio

n
 is sp

e
cifie

d

−
D

A
T

A
, N

O
D

A
T

A
: control display of D

C
-generated data

−
G

E
N

, N
O

G
E

N
: control display of conditional-assem

bly generated statem
ents

−
M

C
A

L
L

, N
O

M
C

A
L

L
: control display of inner m

acro calls

−
M

S
O

U
R

C
E

, N
O

M
S

O
U

R
C

E
: control display of m

acro-generated source
statem

ents

−
U

H
E

A
D

, N
O

U
H

E
A

D
: control display of A

ctive-U
S

IN
G

s heading

•
N

O
P

R
IN

T
 operand allow

ed on P
R

IN
T

, P
U

S
H

, P
O

P

−
A

llow
s these statem

ents to hide them
selves!
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P
C

O
N

TR
O

L
O

ption

•
P

C
O

N
T

R
O

L lets you override P
R

IN
T

 operands w
ithout source changes

−
Y

ou can see full details that m
ight have been hidden

•
S

ub-options are exactly the sam
e as P

R
IN

T
 instruction operands!

(C
om

pare slide 17)

−
O

N
,

O
FF

−
D

A
T

A
,

N
O

D
A

T
A

−
G

E
N

,
N

O
G

E
N

−
M

C
A

LL,
N

O
M

C
A

LL

−
M

S
O

U
R

C
E

,
N

O
M

S
O

U
R

C
E

−
U

H
E

A
D

,
N

O
U

H
E

A
D

•
G

E
N

, M
C

A
LL, M

S
O

U
R

C
E

 useful for m
acro problem

s

18
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P
C

O
N

TR
O

L(M
C

A
LL)

O
ption

•
C

ontrols display of inner m
acro calls

•
S

uppose you w
rite these three sim

ple m
acros:

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

Macro
│

Macro
│

Macro
│

│ 
TOP 

&a,&b,&c
│

MIDDLE
&x,&y,&z 

│ 
BOTTOM

&j
│

│
MIDDLE

&c,&a,&b
│&n 

SetA 
&x*&y+3*&z

│
MNote

'&j'
│

│
MEnd

│
BOTTOM

&n
│

MEnd
│

│
│

MEnd
│

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

•
W

hen the T
O

P
 m

acro is invoked w
ith N

O
M

C
A

LL active, no inner calls
are visible:

 *Process PControl(NoMCALL)
TOP

2,3,5
+19

•
W

hen T
O

P
 is called w

ith M
C

A
LL active, inner calls are visible:

 *Process PControl(MCALL)
TOP

2,3,5
+

MIDDLE 5,2,3
+

BOTTOM 19
+19

19
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P
C

O
N

TR
O

L(M
S

O
U

R
C

E
)

O
ption

•
C

ontrols display of source statem
ents generated by m

acro expansions

•
E

xpansion w
ith M

S
O

U
R

C
E

 displays all generated statem
ents

12
MVC2

Buffer,=C'Message'
000000 D500 0000 C090 00000 00090

13+
CLC

0(0,0),=C'Message'
000006

00006 00000
14+

Org
*─6

000000 4100 C006
00006

15+
LA

0,Buffer(0)
000004

00004 00000
16+

Org
*─4

000000 D206
17+

DC
AL1(X'D2',L'=C'Message'─1)

000002
00002 00006

18+
Org

*+4

•
E

xpansion w
ith N

O
M

S
O

U
R

C
E

 hides the m
acro's inner w

orkings

12
MVC2

Buffer,=C'Message'
000000 D500 0000 C090 00000 00090

13+
000006

00006 00000
14+

000000 4100 C006
00006

15+
000004

00004 00000
16+

000000 D206
17+

000002
00002 00006

18+

•
U

nlike P
R

IN
T

 N
O

G
E

N
, you can still see the object code
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A
ssem

bler D
iagnostics: FLA

G
 O

ptions

•
FLAG(severity) controls w

hich m
essages are printed in the listing

•
FLAG(ALIGN) controls checks for norm

al operand alignm
ent

•
FLAG(CONT) controls checks for com

m
on continuation errors

•
FLAG(IMPLEN) checks for im

plicit length use in S
S

-type instructions

•
FLAG(PAGE0) checks for inadvertent low

-storage references resolved w
ith

base register zero

•
FLAG(PUSH) checks at E

N
D

 for non-em
pty P

U
S

H
 stack

•
FLAG(RECORD) indicates the specific record in error

•
FLAG(SUBSTR) checks for im

proper conditional assem
bly substrings

•
FLAG(USING0) notes possible conflicts w

ith assem
bler's

USING
0,0

•
C

heck: A
LIG

N
 m

essages; continuations; im
plicit lengths; page-zero

references
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FLA
G

(C
O

N
T)

O
ption

•
FLAG(CONT) controls checks for com

m
on continuation errors

ABCDE
ARG=XYZ,

Continued macro operands
X

RESULT=JKL
Continuation starts in column 17!

 ** ASMA430W Continuation statement does not start in continue column.

•
N

ot all diagnosed situations are truly errors; but check carefully!

IF
(X)

Then do this or that
DO

(This,OR,That)
ELSE

Otherwise, do that and this
<── note comma!

 ** ASMA431W Continuation statement may be in error ─
continuation indicator column is blank.

IF
(X)

Then do this or that
DO

(This,OR,That)
ELSE

Otherwise do that and this
<── note no comma!

•
R

ecom
m

end running w
ith continuation checking enabled initially

−
C

ontrol scope of checking w
ith A

C
O

N
T

R
O

L instructions (see slide 41)
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FLA
G

(IM
P

LE
N

)
O

ption

•
FLA

G
(IM

P
LE

N
) option flags use of im

plied length in S
S

-type ops

−
T

arget-operand length m
ay be too short or too long:

A 
DS 

CL99
Wrong

#
bytes

moved?
0000A4 D262 F063 F732 ...

MVC
A,=C'Message'

** ASMA169I Implicit length of symbol A used for operand 1

−
Length attribute of A+1 is that of A:

B
EQU

*
DS

CL99
0000C6 D262 F064 F000 ...

MVC
A+1,B

Moves L'A bytes
** ASMA169I Implicit length of symbol A+1 used for operand 1

−
Length attribute of 1+A is 1:

0000CC D200 F064 F000 ...
MVC

1+A,B
Moves one byte

** ASMA169I Implicit length of symbol 1+A used for operand 1

•
U

sing im
plicit lengths is a good thing!

•
C

heck: instruction length fields are assem
bled correctly

23


 IB
M

 C
o

rp
o

ra
tio

n
 2

0
0

0
, 2

0
0

4
. A

ll rig
h

ts re
se

rve
d

.
H

L
A

S
M



FLA
G

(P
A

G
E

0)
O

ption

•
P

age 0 reference: FLA
G

(P
A

G
E

0) option flags “baseless” resolutions
(potentially very im

portant in A
ccess R

egister m
ode!)

*!
BR

R14
was

intended...
B

R14
Branch to location 14

** ASMA309W Operand R14 resolved to a displacement with no base register

*!
MVC

A,=C'A'
was intended...

MVC
A,C'A'

Move bytes to A, starting at location 193
** ASMA309W Operand C'A' resolved to a displacement with no base register

*!
LA

0,8
was intended

LH
0,8

(What if the 2 bytes at location 8 contained 8!)
** ASMA309W Operand 8 resolved to a displacement with no base register

*!
MVC 

6(,2),B 
was

intended
MVC

6(2),B
Length 2, base register zero

** ASMA309W Operand 6(2) resolved to a displacement with no base register

L
1,0(2)

Possible AR─mode problem?
** ASMA309W Operand 0(2) resolved to a displacement with no base register
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FLA
G

(P
U

S
H

)
O

ption

•
N

on-em
pty P

U
S

H
 stack detected at end of assem

bly

−
N

on-em
pty P

U
S

H
-U

S
IN

G
 stack m

ay be serious; P
U

S
H

-P
R

IN
T

 isn't

−
M

ay have incorrect U
S

IN
G

 resolutions if P
U

S
H

-U
S

IN
G

s don't m
atch

P
O

P
-U

S
IN

G
s

•
U

S
IN

G
-instruction P

U
S

H
-level status show

n in U
S

IN
G

 subheading

Active Usings (1): ...etc...

“(1)” indicates U
S

IN
G

 P
ush depth =

 1

•
C

heck: non-em
pty P

U
S

H
 U

S
IN

G
 stack at E

N
D
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FLA
G

(U
S

IN
G

0)
O

ption

•
H

elps catch accidental use of absolute base address

•
E

xam
ples of U

S
IN

G
s w

ith absolute base addresses that overlap the
assem

bler's im
plicit USING

0,0
USING

12,12
 ** ASMA306W USING range overlaps implicit USING 0,0

4110 000A
LA

1,10
4110 C008

LA
1,20

−
N

ote the different resolutions: one based on register 0, one on 12

USING
─1000,12

** ASMA306W USING range overlaps implicit USING 0,0
4110 C3DE

LA
1,─10

4120 C3F2
LA

2,10

USING +1000,11
** ASMA306W USING range overlaps implicit USING 0,0

4130 B3E9
LA

3,2001
4145 B0C8

LA
4,1200(5)

•
M

essage A
S

M
A

306W
 is controlled w

ith the F
LA

G
(U

S
IN

G
0) option
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U
S

IN
G

 D
iagnostic M

essages

•
M

essage not controlled by an option:

ASMA308W
R

epeated register in U
S

IN
G

•
M

essages controlled by the U
S

IN
G

(W
A

R
N

(nn)) option (see slide 28)

ASMA300W,
ASMA301W

N
ullification of one U

S
IN

G
 by another

ASMA302W
B

ase register 0 specified w
ith nonzero base address

ASMA303W
M

ultiple valid resolutions

ASMA304W
R

esolved displacem
ent exceeds specified lim

it

•
M

essage controlled by the F
LA

G
(U

S
IN

G
0) option (see slide 26):

ASMA306W
U

S
IN

G
 range overlaps im

plicit U
S

IN
G

 0,0

•
C

heck: exam
ine all U

S
IN

G
-related m

essages carefully
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A
ssem

bler D
iagnostics: U

S
IN

G
 O

ption

•
T

he U
S

IN
G

 option supports three sub-options:

•
M

A
P

: controls U
sing M

ap in the listing (see slide 13)

•
LIM

IT
(xxx): sets a checking value for U

S
IN

G
-derived displacem

ents

•
W

A
R

N
(nn): controls U

S
IN

G
 diagnostics

−
W

A
R

N
(1): checks for U

S
IN

G
 “nullification” by other U

S
IN

G
s

−
W

A
R

N
(2): checks for R

0-based U
S

IN
G

s w
ith nonzero base address

−
W

A
R

N
(4): checks for possible m

ultiple U
S

IN
G

 resolutions

−
W

A
R

N
(8): enables checks for resolved displacem

ents exceeding xxx

W
A

R
N

 values are additive

•
C

heck: recom
m

end assem
bling w

ith U
S

IN
G

(W
A

R
N

(15))
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E
xam

ples of U
S

IN
G

 D
iagnostics

•
A

ssem
bler options included USING(WARN(15),LIMIT(X'F98'))

1
START

CSECT
00000

2
USING

*,10
00000

3
USING

*,11
** ASMA301W Prior active USING on statement number 2

overridden by this USING

00000
4

USING *,9
** ASMA300W USING overridden by a prior active USING on statement number 3

00000
6

USING B,0
** ASMA302W USING specifies register 0 with a nonzero

absolute or relocatable base address

00FFA
8

USING *+4090,7
** ASMA303W Multiple address resolutions may result from this USING

000000 4120 BFA0
00FA0

10
LA

2,START+4000
** ASMA304W Displacement exceeds LIMIT value specified

00004
12 B

EQU
4

29


 IB
M

 C
o

rp
o

ra
tio

n
 2

0
0

0
, 2

0
0

4
. A

ll rig
h

ts re
se

rve
d

.
H

L
A

S
M



O
verlapping U

S
IN

G
-R

ange W
arning: S

im
ple C

ase

•
T

ypical w
arning for overlapping U

S
IN

G
s in prolog/entry code:

 1 Enter
Start 0

 2
Using *,15

 3
STM

14,12,12(13)
Save registers

 4
LR

11,15
Set local base register in R12

 5
LR

12,11
Second base

 6
AH

12,HW4096
Add 4096 for second base value

 7
B

DoSaves
Skip over constant

 8 HW4096
DC

H'4096'
Constant

 9
Using Enter,11,12

Provide local addressability
** ASMA303W Multiple address resolutions may result from

this USING and the USING on statement number 2
10

Drop
15

Drop R15

•
F

irst im
pulse: suppress the w

arning

−
M

ay not be the best idea...

•
E

asy to fix: m
ove the 'Drop

15' at statem
ent 10

to precede the
'Using

Enter,11,12' at statem
ent 9
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U
S

IN
G

 R
ange Lim

its

•
M

ay not w
ant U

S
IN

G
 range to extend to “full” value

−
N

orm
ally, 4096 bytes per base register

•
C

an lim
it range by specifying an endloc of allow

ed range:

USING
(baseloc,endloc),regs

•
A

ddressability range restricted to [baseloc,endloc-1]

•
endloc m

ay exceed baseloc+4095 w
ithout w

arning

−
A

ssem
bler uses the default range [baseloc,baseloc+4095

]

•
A

ssem
bler checks for:

−
baseloc ≤

 endloc
(A

S
M

A
313E

if
not)

−
baseloc and endloc have sam

e relocatability attribute (A
S

M
A

314E
 if not)

•
R

ange lim
its can help elim

inate “unavoidable” overlaps
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O
verlapping U

S
IN

G
 R

ange W
arning: U

navoidable C
ases

•
T

ypical program
 structure: separate code and data areas

┌────────────────────────────────┐
│CODE

CSect
│

CODE control section
│

Using Code,12,11
│

Code base registers
│

Using DATA,10
│

Data area base register
│ ** ASMA303W Multiple etc....

│
usual warning

│
│

:
code

:
4K ├────────────────────────────────┤

│
│

:
code

:
│

│
7K ├────────────────────────────────┤

│DATA
DS

0D
│

DATA control section
│

│
└────────────────────────────────┘

•
U

S
IN

G
 ranges overlap intentionally for code and data base registers

•
S

olution: specify a ra
n

g
e

 lim
it for the code base

USING
(CODE,DATA),12,11

•
R

ange of first U
S

IN
G

 does not overlap that of the second!
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O
verlapping U

S
IN

G
 W

arning: C
om

plex E
xam

ple

•
P

rogram
 has grow

n larger, and now
 has an “asynchronous exit”

Offset
0

┌──────────────────────────────┐
│Enter

Start
0

│
│

Using
*,15

│
│

etc.
│ Prologue code

│
Using Enter,11,12

│ Addressed by R11
│

etc.
│

│
─ ─ ─

│ ─ ─ ─
│ ┌──────────────────────┐

│
Base reg 15 │ │

Using *,15
│

│ Addressability for exit
│

│ │ ** ASMA303W ... etc...
Same warning message

│
│ │Exit STM

14,12,12(13)│
│ Entry from operating system

│
│ │

─ ─ ─
│

│ ─ ─ ─
│

│ │
LM

14,12,12(13)│
│ Restore registers

│
│ │

BR
14

│
│ Return to system

	
│ │

Drop 15
│

│
│ └──────────────────────┘

│ Addressed by R11
│

─ ─ ─
│ ─ ─ ─

Offset 4096
├──────────────────────────────┤ Addressed by R12
│

etc.
│

:
─ ─ ─

:
└──────────────────────────────┘
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O
verlapping U

S
IN

G
 W

arning: C
om

plex E
xam

ple, E
nhanced

•
P

rogram
 grow

s; exit starts near offset 4096; w
arning suppressed

Offset
0

┌──────────────────────────────┐
│Enter

Start
0

│
│

Using
*,15

│
│

etc.
│ Prologue code

│
Using Enter,11,12

│ Addressed by R11
│

─ ─ ─
│ ─ ─ ─

│
etc.

│ More code added here...
│

─ ─ ─
│ ─ ─ ─

│ ┌──────────────────────┐
│

Base reg 15 │ │
Using *,15

│
│ Addressability for

│ │Exit STM
14,12,12(13)│

│ exit routine
│ │

─ ─ ─
│

│ ─ ─ ─
Offset 4096

├─┼──────────────────────┼─────┤ Addressed by R12
Base reg 12 │ │

─ ─ ─
│

│ Thought R15 was base...
│ │

LM
14,12,12(13)│

│ Restore registers
│ │

BR
14

│
│ Return to system

│ │
Drop 15

│
│

│ └──────────────────────┘
│ ─ ─ ─

:
─ ─ ─

:
└──────────────────────────────┘
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Fixing U
navoidably O

verlapping U
S

IN
G

s

•
E

nsure that only R
15 is a base in the exit routine:

Offset
0

┌──────────────────────────────┐
│Enter

Start
0

│
│

Using
*,15

│
│

─ ─ ─
│ ─ ─ ─

│ ┌──────────────────────┐
│

│ │
Push Using

│
│ Save USING status

│ │
Drop ,

│
│ Drop all registers

Base reg 15 │ │
Using *,15

│
│ Addressability for

│ │Exit STM
14,12,12(13)│

│ exit routine
│ │

─ ─ ─
│

│ ─ ─ ─
Offset 4096

├─┼──────────────────────┼─────┤ Now addressed by R15
│ │

─ ─ ─
│

│ ─ ─ ─
│ │

LM
14,12,12(13)│

│ Restore registers
│ │

BR
14

│
│ Return to system

│ │
Drop 15

│
│

│ │
Pop

Using
│

│ Restore USING status
Base reg 12 │ └──────────────────────┘

│ ─ ─ ─
:

─ ─ ─
:

└──────────────────────────────┘
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O
ther H

elpful and Inform
ative D

iagnostics

•
A

S
M

A
019W

 flags length attribute reference to sym
bols w

ith none:

000000
B

EQU
*

000000
...

DS
CL99

00063 
LB 

EQU
*─B

...
0000DE D200 F063 F000

...
MVC

A(L'LB),B
Moves one byte!

** ASMA019W Length of EQUated symbol LB undefined; default=1

•
A

S
M

A
031E

 flags inconsistency betw
een im

m
ediate operand and the

instruction:

... A708 FFF0
...

LHI
0,─16

Operand is arithmetically valid
... 0000 0000

...
LHI

1,65520
Operand overflows arithmetically

** ASMA031E Invalid immediate or mask field

... 0000 0000
...

NIHH
0,─16

Operand is inconsistent with operation
** ASMA031E Invalid immediate or mask field
... A524 FFF0

...
NIHH

2,X'FFF0'
Operand is logically valid

... A711 FFF0
...

TML
1,65520

Operand is valid as a mask
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M
acros and C

onditional A
ssem

bly

•
V

arious options and statem
ents to help find m

acro-related problem
s

•
LIB

M
A

C
 option: puts library m

acro definitions into the source stream

•
U

seful P
C

O
N

T
R

O
L sub-options: G

E
N

, M
C

A
LL, M

S
O

U
R

C
E

−
P

R
IN

T
 operands can also be overridden (slides 17, 18)

•
M

X
R

E
F

 option (see slide 11)

•
F

LA
G

(S
U

B
S

T
R

) option (see slide 21)

•
C

O
M

P
A

T
 sub-options: LIT

T
Y

P
E

, M
A

C
R

O
C

A
S

E
, S

Y
S

LIS
T

 (see slide 38)

•
M

H
E

LP
 instruction

−
B

uilt-in assem
bler trace and display facility

•
A

C
T

R
instruction

−
Lim

its num
ber of conditional branches w

ithin a m
acro

•
C

heck: library-m
acro errors; substring errors; m

ixed-case m
acro

argum
ents
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C
O

M
P

A
T

O
ption

•
C

O
M

P
A

T
 option enforces “old rules”:

•
COMPAT(LITTYPE): Literal m

acro operands alw
ays have type

'U'

NOCOMPAT(LITTYPE): T
he correct type attribute of the literal constant is

used

•
COMPAT(MACROCASE): U

nquoted m
acro argum

ents converted to upper case

AbEnd 1,Dump
Mixed─case argument is accepted

NOCOMPAT(MACROCASE): m
acro argum

ents m
ust be typed in the expected

(upper) case

AbEnd 1,DUMP
Argument must be in upper case

•
COMPAT(SYSLIST): Inner-m

acro argum
ents have no list structure

NOCOMPAT(SYSLIST): Inner-m
acro argum

ents m
ay have list structure
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C
O

M
P

A
T(S

Y
S

LIS
T)

O
ption

•
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

•
C

onstructed lists m
ay be passed as structures

OUTERMAC A,(B,C,D),E
(B,C,D) (&P2) a list

─ ─ ─
OUTERMAC calls INNERMAC

INNERMAC STUFF,&P2
Substituted &P2='(B,C,D)'

* &P2 treated by INNERMAC as a string (COMPAT(SYSLIST))
*

or as a list (COMPAT(NOSYSLIST))

•
C

an use assem
bler's full scanning pow

er in all m
acros

−
N

o distinction betw
een directly-passed and constructed-string argum

ents

−
S

im
plifies logic of inner m

acros

•
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
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O
ther

Topics

•
A

C
O

N
T

R
O

L
instruction

•
N

on-invariant characters (@,
#,

$)

•
I/O

 E
xits

•
S

Y
S

A
D

A
T

A
 files and the A

D
A

T
A

 option

−
F

ull inform
ation about all aspects of the assem

bly

•
F

O
LD

 option for printed (listing) output

−
Low

ercase characters are converted (“folded”) to uppercase

−
P

rovides readable output for case-sensitive printers (e.g. K
ana)

•
C

onditional assem
bly external functions

•
S

Y
S

U
T

1 block size considerations

•
A

ttribute references and Lookahead M
ode

•
A

bnorm
al term

inations
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A
C

O
N

TR
O

L
Instruction

•
A

C
O

N
TR

O
L

 operands allow
 changing selected options dynam

ically

−
O

perands: C
O

M
P

A
T

, F
LA

G
 (except R

E
C

), LIB
M

A
C

, R
A

2, A
F

P
R

•
C

O
M

P
A

T
: see slide 38 for details

•
F

LA
G

: see slide 21 for details

L
0,X

X is not on a fullword boundary
** ASMA033I Storage alignment for X unfavorable

ACONTROL FLAG(NOALIGN)
L

0,X
X still not on a fullword boundary; no message

•
LIB

M
A

C
: Lets you accurately locate errors in library m

acros

•
R

A
2: T

olerate relocatable tw
o-byte address constants

•
A

F
P

R
: controls recognition of A

dditional F
loating P

oint R
egisters

ACONTROL AFPR
Allow Additional Floating Point Registers

LE
1,=E'6.7'

Float Register 1
ACONTROL NOAFPR

No AFPRs allowed
LE

1,=E'6.7'
Float Register 1

** ASMA029E Incorrect register specification
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A
ttribute R

eferences, Literals, and Lookahead M
ode

•
S

ym
bol attribute reference extensions and enhancem

ents

−
S

cale, integer attributes allow
ed in open code

−
P

ossible errors if old syntax looks like an attribute reference

•
Literals treated m

ore like ordinary sym
bols

−
M

ay be indexed; offsets allow
ed

•
A

ttribute references to literals are treated m
ore uniform

ly

−
P

reviously, could get different results depending on statem
ent ordering

(see slide 38)

•
Lookahead m

ode: sym
bol attributes for conditional assem

bly

−
H

LA
S

M
 “looks ahead” in input file to determ

ine needed attributes
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A
ssem

bler A
bnorm

al Term
inations

S
everal conditions can cause abnorm

al term
ination of an assem

bly:

•
H

LA
S

M
 is unable to load certain m

odules

−
M

ain processing m
odule (A

S
M

A
93), default options, opcodes, exits, functions,

m
essages, translate table, U

nicode table

•
A

 loaded m
odule is found to be invalid

•
M

issing required file(s)

•
Invocation-option errors and the P

E
S

T
O

P
 install option

•
E

xternal functions and I/O
 exits

−
R

eturn codes can request explicit (and orderly) term
ination

−
A

B
E

N
D

s w
ill kill the assem

bly

•
Insufficient virtual storage

•
Internal errors (e.g., m

essages 950-64, 970-1, 976)

−
S

om
e m

ay be correctable w
ith larger S

Y
S

U
T

1 block size

•
C

O
P

Y
 loops: excess D

A
S

D
 or C

P
U

 tim
e
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C
O

P
Y

 Loops and Tim
e/D

A
S

D
 O

verruns

•
C

O
P

Y
 loops can be caused by A

IF
/A

G
O

 instructions in C
O

P
Y

 files

•
E

xam
ple: C

O
P

Y
 segm

ent nam
ed C

P
Y

S
E

G

DC
CL33'

'
AIF

(&TEST).SKIP
DC

C'More
stuff'

 .SKIP DC
XL2'0'

•
If C

O
P

Y
 C

P
Y

S
E

G
 appears m

ore than once in open code...

−
F

irst occurrence of .SKIP defines the sequence sym
bol

−
S

econd occurrence of a successful A
IF

 branch goes backw
ard!

•
H

LA
S

M
blindly copies C

P
Y

S
E

G
 over, and over, and over, and...

•
N

o diagnostic m
essages:

−
T

he listing isn't produced until after the assem
bly is done

•
R

em
edies:

1.
P

ut A
C

T
R

 20 (or so) at the front of the program

2.
E

m
bed C

O
P

Y
 files w

ith conditional logic inside a m
acro (alw

ays)
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4
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S
u

m
m

ary

H
LA

S
M

provides...

•
H

elpful
inform

ation:

−
C

ross-references for sym
bols, registers, D

S
E

C
T

s, m
acros and C

O
P

Y
 segm

ents

−
A

 m
ap of all U

S
IN

G
/D

R
O

P
 activity

•
T

ools for handling possible problem
s:

−
D

iagnostics for program
m

ing oversights

−
O

ptions to provide additional checking

−
O

ptions to control the assem
bler's handling of old code

−
W

ays to trace and locate unusual errors

−
Language extensions providing detailed m

anagem
ent of U

S
IN

G
s

•
Localized controls over assem

bly-tim
e behavior

−
A

C
O

N
T

R
O

L
statem

ent

Let H
LA

S
M

 do w
hat it can to help you!
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F
m

t. 2
8

 O
ct 0

3
, 1

5
4

7
R

e
v. 2

8
 O

ct 2
0

0
3

, 1
5

3
0


