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P

ro
g

ram
 M

an
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en

t D
ata an

d
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o
n

tro
l F

lo
w

┌────────────┐
┌─────────────┐

┌───────────────┐
│ Translator ├──�│ Old (OBJ)

├──�┬─�─────────────────────�│ Batch Loader
├────────────────────┐

└────────────┘
│ Object File │



└──────┬────────┘

│
└─────────────┘

│
�

│
�

│
┌────────────────┐

│
│

┌──────┴──────┐ 
│ 

│
Linkage

│
┌─────┴───────┐ 

┌─────────┐
│

│
Prelinker 

│ 
├──�│

Editor
│
──�│

Load
Module

├──�│
│



└─────────────┘ 

│ 
└────────────────┘

│
Library

│ 
│

│ 
┌───┴────┐

�
│

┌────────────────┐
│ (PDS)

│
│ Program │

│
│

┌────────────┐ 
┌──────┴──────┐ 

└──�│
│
──�│

│ 
│
Loader

│ 
│
Loaded

│
│ C/C++,

│
│ XOBJ

│
│

Program
│

└─────────────┘
│

├──�│ Module │
│ OO COBOL

├──�│ Object File ├──────�│
Management

│
┌─────────────┐

│
│

│
│

└────────────┘
└─────────────┘

│
Binder

│
│ Program

│
│

│
└───┬────┘

┌─────────────┐
│

│
──�│ Object Libr.├──�│
│

�
┌────────────┐

│ New (GOFF)
├──────�│

│
│ (PDSE, HFS) │

└─────────┘
│

│ Translator ├──�│ Object File │
└─────────────┬──┘

└─────────────┘
│

└────────────┘
└─────────────┘

└───────────────────────────────────────────┘

Note: Arrowheads indicate direction of data flow.

───� means a component can be produced as output or read as input.

•
LM

s reside only in P
D

S
s; P

O
s reside only in P

D
S

E
s or H

F
S

 files

•
C

an m
ix O

M
 and G

O
F

F
 to produce P

O
 or LM

 (LM
 restricts features)

−
“S

o
u

rce→
O

M
→
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E

D→
L

M
” e

q
u

iva
le

n
t to

 “S
o

u
rce→

O
M

→
B

inder→
L

M
”

−
“S

o
u

rce→
O

M
→

LK
E

D→
L

M
” e

q
u

iva
le

n
t to

 “S
o

u
rce→

G
O

FF→
B

inder→
L

M
”

•
C

an bind P
O

 and LM
 to produce either (LM

 restricts features)


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B

inder and P
rogram

 Loader: H
istory

P
M

1
D

F
S

M
S

/M
V

S
 V

1R
1: “M

odern” program
 m

anagem
ent

•
N

ew
 B

inder and P
rogram

 Loader
•

S
upport for P

D
S

E
 libraries

•
Linkage E

ditor com
patibility support

P
M

1.1
D

F
S

M
S

/M
V

S
 V

1R
2: S

upport for H
F

S

P
M

2
D

F
S

M
S

/M
V

S
 V

1R
3:

•
E

nhanced P
O

 structure
•

S
plit-R

M
O

D
E

 m
odules, distributed loading

•
G

O
F

F
/A

D
A

T
A

 support
•

F
ast-path data retrieval A

P
I

P
M

3
D

F
S

M
S

/M
V

S
V

1R
4:

•
B

inder includes C
/C
++ P

relinker functions, new
 options, control

statem
ents

•
S

upport for D
LLs (including H

F
S

, A
rchive files)

•
D

ynam
ic Linklib and D

ynam
ic LP

A
 support for P

D
S

E
s

P
M

3.1
O

S
/390 V

2 R
10: X

P
LIN

K
 support

•
M

angled/dem
angled nam

es table, external-sym
bol and H

F
S

-file attributes


 IB

M
 C

o
rp

o
ra

tio
n

 1
9

9
5

, 2
0

0
4

. A
ll rig

h
ts re
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rve

d
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ro
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je
cts



6
B

inder and P
rogram

 Loader: H
istory ...

P
M

4
z/O

S
 V

1R
3: B

C
P

 com
ponent 5695P

M
B

01, F
M

ID
 H

P
M

7706

•
64-bit virtual support: A

M
O

D
E

(64), 8-byte adcons, quadw
ord alignm

ent
•

E
xternal-nam

e m
axim

um
 length extended to 32K

•
S

aves dynam
ic-bind inform

ation across rebinds
−

INCLUDE
-ATTR,-IMPORTS,-ALIASES co

p
ie

s in
fo

 fro
m

 in
p

u
t m

o
d

u
le

•
R

educed P
O

 size (m
ainly for C

/C
++ program

s)
•

D
efault P

O
 form

at: m
inim

um
 needed to support options/features in use

•
N

ew
 m

anuals: old B
inder m

anual split into
−

z/O
S

 M
V

S
 P

ro
g

ra
m

 M
a

n
a

g
e

m
e

n
t: U

se
r's G

u
id

e
 a

n
d

 R
e

fe
re

n
ce

 (S
A

2
2

-7
6

4
3

)
—

In
tro

d
u

cto
ry m

a
te

ria
l, o

p
tio

n
s, co

n
tro

l sta
te

m
e

n
ts, JC

L
—

O
ve

r 2
0

0
 ch

a
n

g
e

s, 3
7

 n
e

w
 g

ra
p

h
ics, 4

5
%

 p
a

g
e

s ch
a

n
g

e
d

−
z/O

S
 M

V
S

 P
ro

g
ra

m
 M

a
n

a
g

e
m

e
n

t A
d

va
n

ce
d

 F
a

cilitie
s (S

A
2

2
-7

6
4

4
)

—
P

ro
g

ra
m

m
in

g
 in

te
rfa

ce
s, d

a
ta

 a
re

a
s, re

co
rd

 fo
rm

a
ts

—
O

ve
r 2

5
0

 ch
a

n
g

e
s, 2

6
 n

e
w

 g
ra

p
h

ics, 3
0

%
 p

a
g

e
s ch

a
n

g
e

d
•

Load m
odules support A

M
O

D
E

(64), 8-byte adcons (no quad alignm
ent)

P
M

4.2
z/O

S
V

1R
5:

•
Im

proved error recovery via new
 E

S
P

IE
 exit, especially for A

P
Is

•
M

ore data retained about origins of program
 object's com

ponents
•

Initial R
M

O
D

E
(64) support for C_WSA64


 IB

M
 C

o
rp

o
ra

tio
n

 1
9

9
5
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0
4

. A
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d
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B

in
d

er
F

eatu
res

•
E

xternal nam
es to 32K

 bytes

−
C

haracter set X'41'-X'FE', plus S
I/S

O
; optional case sensitivity

−
Long nam

es O
K

 for autocall, control statem
ents, A

P
Is, all resolutions

•
P

O
s support m

ultiple text classes, total text length up to 1G
B

−
U

niform
 treatm

ent of A
ssociated D

ata (“A
D

A
T

A
”), other non-loaded classes

•
S

upports new
 G

en
eralized

 O
b

ject F
ile F

o
rm

at, O
B

J, and X
O

B
J

−
G

O
FF

: produced by C
/C
++ and H

igh Level A
ssem

bler; defined by B
inder

−
O

B
J: traditional O

bject M
odule

−
X

O
B

J: produced by C
/C
++, O

O
-C

O
B

O
L; extension of O

M

—
B

in
d

e
r co

n
ve

rts X
O

B
J in

te
rn

a
lly to

 G
O

F
F

 fo
rm

a
t; o

u
tp

u
t o

f b
in

d
 m

u
st b

e
 a

 P
O

•
E

xtended support for O
S

/390 U
nix S

ystem
 S

ervices


 IB

M
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o
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o
ra

tio
n
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. A
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ts re
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B

in
d

er F
eatu

res ...

•
P

relinker elim
ination enhances usability, efficiency

−
R

ebindable output: no need to relink from
 object

—
S

im
p

le
r se

rvice
: ca

n
 sh

ip
 o

n
ly th

e
 n

e
ce

ssa
ry o

b
je

ct file
s

•
Integrated processing for specialized C

/C
++ features

−
C

370LIB
, H

F
S

 archive files for autocall resolution

−
P

relinker control statem
ents, renam

ing, new
 classes, m

angled nam
es, etc.

−
LE

 runtim
e routines load (non-reentrant) W

ritable S
tatic A

rea (W
S

A
)

•
D

ynam
ic Link Libraries (D

LLs) (m
ore at slides 51-54)

−
N

ew
 functions in B

inder, P
rogram

 Loader, LE
, C

ontents S
upervision

−
D

efer linking/loading to run-tim
e decisions

•
B

inder Interface E
xit

−
A

llow
s m

odifying existing resolutions, renam
ing, forcing new

 autocall search


 IB

M
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o
rp

o
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tio
n

 1
9

9
5

, 2
0

0
4

. A
ll rig

h
ts re
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P

ro
g

ram
 L

o
ad

er F
eatu

res

•
P

age-fault loading (“page m
ode”) or pre-loaded (“m

ove m
ode”)

−
P

age m
ode (default):

—
P

O
s m

ap
p

ed
 in

to
 virtu

a
l sto

ra
g

e
 u

sin
g

 D
a

ta
 In

 V
irtu

a
l (D

IV
), e

xce
p

t fro
m

 H
F

S
 file

s

—
E

n
tire

 m
o

d
u

le
 virtu

a
lize

d
 if sh

o
rte

r th
a

n
 9

6
K

 b
yte

s,
o

r if b
in

d
 o

p
tio

n
 F

E
T

C
H

O
P

T
=

P
R

IM
E

 w
a

s sp
e

cifie
d

—
O

th
e

rw
ise

, se
g

m
e

n
ts (u

p
 to

 6
4

K
 e

a
ch

) virtu
a

lize
d

 a
s re

fe
re

n
ce

d

•
F

a
ste

r in
itia

tio
n

, le
ss ce

n
tra

l sto
ra

g
e

 a
llo

ca
te

d
 “im

m
e

d
ia

te
ly”

−
M

ove
m

ode:

—
P

re
lo

a
d

s a
n

d
 m

a
p

s e
n

tire
 m

o
d

u
le

 in
 in

te
rm

e
d

ia
te

 sto
ra

g
e

, th
e

n
 m

o
ve

s to
d

e
stin

a
tio

n

—
A

cco
m

m
o

d
a

te
s d

ire
cte

d
 lo

a
d

s, “p
a

cke
d

” m
o

d
u

le
s, o

ve
rla

y, V
=

R

•
C

an load/delete “deferred-load” classes on request

•
P

O
s (including D

LLs and deferred-load classes) can be staged in LLA

•
P

D
S

E
s, P

O
s, D

LLs support and exploit “D
ynam

ic LP
A

”

•
U

nder U
nix S

ystem
 S

ervices, P
O

s in H
F

S
 are w

ritten/read as “flat files”


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A
 B

rief R
eview

 o
f O

ld
 O

b
ject

an
d

 L
o

ad
 M

o
d

u
les

C
om

patibility w
ith new

 form
ats described at slides 25- 31

(O
ld form

ats detailed in S
ession 8169)


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M
 C

o
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o
ra

tio
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9

9
5
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0

0
4

. A
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h
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d
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Traditional

Term
inology

•
C

ontrol S
ection (C

S
E

C
T) (W

as often called just a “S
ection”)

−
T

he basic indivisible unit of linking and text m
anipulation

—
A

 co
lle

ctio
n

 o
f p

ro
g

ra
m

 e
le

m
e

n
ts b

e
a

rin
g

 fixed
 p

o
sitio

n
a

l re
la

tio
n

sh
ip

s to
 o

n
e

a
n

o
th

e
r; its a

d
d

re
ssin

g
 a

n
d

/o
r p

la
ce

m
e

n
t re

la
tive

 to
 o

th
e

r C
o

n
tro

l S
e

ctio
n

s d
o

e
s

n
o

t a
ffe

ct th
e

 p
ro

g
ra

m
's ru

n
-tim

e
 lo

g
ic

−
O

rdinary (C
S

E
C

T) and R
ead-O

nly (R
S

E
C

T
) have m

achine language text;
C

om
m

on ( C
O

M
) and D

um
m

y (D
S

E
C

T
) have no text

•
E

xte
rn

a
l S

ym
b

o
l (“p

u
b

lic”; in
te

rn
a

l sym
b

o
ls a

re
 “p

riva
te

”)

−
A

 nam
e know

n at program
 linking tim

e, w
hose value is intentionally not

resolved at translation tim
e

•
P

seudoR
egister (or, E

xternal D
um

m
y S

ection)

−
A

 special type of external sym
bol w

hose value is resolved at link tim
e to an

offset in an area (the “P
R

V
ector”) to be instantiated during execution

•
A

ddress C
onstant (“A

dcon”)

−
A

 field w
ithin a C

ontrol S
ection into w

hich a value (typically, an address) w
ill

be placed during program
 binding, relocation, and/or loading


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se
rve

d
.

z/O
S

 B
in

d
e

r a
n

d
 P

ro
g

ra
m

 O
b

je
cts



12
Translator O

utput: O
bject M

odules

•
F

ive types of (card-im
age) records:

E
S

D
E

xternal S
ym

bol D
ictionary (C

/C
++ generates a variant, X

S
D

)

TX
T

M
achine Language instructions and data (“T

ext”)

R
LD

R
elocation D

ictionary (for address constants)

S
Y

M
Internal S

ym
bols

E
N

D
E

nd of O
bject M

odule, w
ith ID

R
 (Identification R

ecord) data

•
A

t least one control section per object m
odule

•
“B

atched” translations m
ay produce m

ultiple object m
odules

•
F

or the fascinating details, see:

H
igh Level A

ssem
bler for M

V
S

 &
 V

M
 &

 V
S

E
 P

rogram
m

er's G
uide, S

C
26-4941

z/O
S

 M
V

S
 P

rogram
 M

anagem
ent A

dvanced F
acilities, S

A
22-7644


 IB

M
 C

o
rp

o
ra

tio
n

 1
9

9
5

, 2
0

0
4

. A
ll rig

h
ts re
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rve

d
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O

bject M
odule E

xternal S
ym

bol D
ictionary (E

S
D

)

•
D

escribes four basic types of external sym
bols:

S
D

,C
M

S
ection D

efinition: the nam
e of a control section

(B
lank-nam

ed control section called “P
riva

te C
o

d
e

,” P
C

;
zero-length P

C
 sections discarded by LK

E
D

/binder)

LD
L

abel D
efinition:

the nam
e of a position at a fixed offset

w
ithin a C

ontrol S
ection; typically, an E

ntry P
oint.

(T
he only sym

bol type having no E
S

D
ID

 of its ow
n)

E
R

,W
X

E
xternal R

eference:
the nam

e of a sym
bol defined

“elsew
here” to w

hich this m
odule w

ants to refer
( W

X
 =

 “W
eak E

X
ternal”; not a problem

 if it's unresolved)

P
R

P
seudoR

egister: the nam
e of a P

seudoR
egister

(T
he A

ssem
bler calls it an “E

X
te

rn
a

l D
um

m
y S

ection,” X
D

)

P
R

 nam
es are in a separate “nam

e space” from
 all other

external sym
bols, and m

ay duplicate non-P
R

 nam
es w

ithout
conflict.

•
T

w
o external sym

bol scopes:
library (S

D
, LD

, E
R

); m
odule (P

R
, W

X
)


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O

ld E
xternal S

ym
bol Types and O

w
nership H

ierarchy

•
F

our external sym
bol types:

S
D

S
ection D

efinition: ow
ns LD

s

LD
Label D

efinition:
entry point

w
ithin an S

D
; no E

S
D

ID
 of its

ow
n

E
R

E
xternal R

eference

P
R

/X
D

P
seudoR

egister/E
xternal

D
um

m
y:

this section's view
 of

(contribution to) the P
R

V

•
Lack of ow

nership of E
R

 and P
R

 item
s can

cause problem
s w

hen relinking

•
C

ontrast this w
ith the new

 (slide 26)

O
ld E

xternal N
am

e
O

w
nership H

ierarchy

┌──┐ 
┌──┐ 

┌──┐
│SD│ 

│ER│ 
│PR│

└─┬┘ 
└──┘ 

└──┘
 
�

┌─┴┐
│LD│
└──┘


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A

ssem
bler E

xam
ple of O

bject M
odule E

xternal S
ym

bols

•
A

 program
 w

ith each
sym

bol type:

Sect_A
Start

0
(SD)

DC
5D'0.1'

Entry
A_Entry

(LD)
A_Entry

DC
Q(My_XD)

Extrn
External

(ER)
Wxtrn

Weak_Ext
(WX)

MyCom 
COM 

,
(CM)

DS
12D

My_XD 
DXD 

3D
(XD)

Sect_B
CSect

(SD)
Entry

B_Data
(LD)

B_Data
DC

7D'1.0'

CSect
,

(PC)
DC

A(MyCom)
End 

Sect_A

•
E

xternal S
ym

bol D
ictionary:

Symbol 
Type 

Id
Address

Length 
LD

ID

SECT_A
SD 00000001 00000000 0000002C

A_ENTRY
LD 

00000028 
00000001

EXTERNAL
ER

00000002
WEAK_EXT

WX
00000003

MYCOM
CM 00000004 00000000 00000060

MY_XD
XD 00000005 00000007 00000018

SECT_B
SD 00000006 00000000 00000038

B_DATA
LD 

00000000 
00000006

PC 00000007 00000000 00000004

−
A_ENTRY is in SECT_A (LD

ID
=

1), at
offset X'28'

−
P

rivate C
ode has blank section nam

e

•
C

ontrast w
ith new

 form
at (slide 28)


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L

o
ad

 M
o

d
u

les: A
 “R

efresh
er” V

iew

•
Load m

odules have a one-dim
ensional “block form

at” structure:

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


──── Loaded Text ────�

──── Unavailable Data ────�

│
│

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

│
│

│ CSECT │ CSECT │ CSECT │
│ SYM

│ IDR
│ RLD

│ ESD
│

│
│ 

│ 
AA

│ 
BB

│ 
CC

│
│
Data 

│
Data

│
Data

│
Data

│ 
│

│ 
└───────┴───────┴───────┘

└───────┴──────┴──────┴──────┘ 
│

└───────────────────────────── ─ ─ ──────────────────────────────────┘

•
A

ll loaded text has a single set of attributes

−
O

ne R
M

O
D

E
, one A

M
O

D
E

; entire m
odule is R

/W
 or R

/O
 (“R

E
N

T
”)

−
A

ll text is loaded relative to a single  relocation base address

−
E

ffectively, a sin
g

le-co
m

p
o

n
en

t m
odule

•
O

ther m
odule data not accessible via “norm

al” services


 IB

M
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o
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o
ra
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9
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N
ew

 E
xecu

tab
le S

tru
ctu

res:

P
ro

g
ra

m
O

b
jects


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N

ew
 Term

inology for P
rogram

 O
bjects

•
S

om
e new

 term
s are introduced, som

e old term
s are used differently

−
N

o “C
ontrol S

ections” in a P
O

 (traditional C
S

E
C

T
s are m

apped to elem
en

ts)

•
S

ection
: a

 “h
a

n
d

le
” o

r a
 “cro

ss-se
ctio

n
”

−
N

either a C
S

E
C

T
 nam

e nor an external nam
e

−
U

sed in control statem
ents to m

anage B
inder actions

•
C

lass:
attributes are im

portant; nam
e is rarely referenced

•
E

lem
ent: indivisible unit of text (analogous to an O

M
/LM

 C
S

E
C

T
)

•
P

art: M
ultiple identically-nam

ed external-data definitions are “m
erged”

−
T

ranslator-defined P
art R

eferen
ces (P

R
s) are bound into

P
rogram

 O
bject P

art D
efin

itio
n

s (P
D

s)

•
F

ive E
S

D
 sym

bol types:
S

D
, E

D
, P

R
, LD

, E
R

 (see slide 26)
−

C
om

pared to O
M

's four:
S

D
 different; E

D
 new

; P
R

 generalized; LD
, E

R
 sam

e (see slide 14)
—

P
R

 ca
n

 n
o

w
 m

e
a

n
 e

ith
e

r “P
a

rt R
e

fe
re

n
ce

” o
r “P

se
u

d
o

R
e

g
iste

r”

−
F

our sym
bol scopes:

S
ection (new

), M
odule, Library, Im

port-E
xport (new

)

•
T

w
o binding attributes and binding m

ethods:
C

A
T

 and M
R

G


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M
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o
rp

o
ra

tio
n

 1
9

9
5

, 2
0

0
4

. A
ll rig

h
ts re
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A

 P
rogram

 O
bject: S

om
e B

asic D
efinitions

•
M

ost easily visualized as a tw
o

-dim
ensional structure:

Class
X

Class
Y

Class
Z

┌─────────┬─────────┬─────────┐
│ 

│ 
│ 

│
Section A │ Element │ Element │ Element │

│ 
│ 

│ 
│

├─────────┼─────────┼─────────┤
│ 

│ 
│ 

│
Section B │ Element │ Element │ Element │

│ 
│ 

│ 
│

└─────────┴─────────┴─────────┘

•
O

ne dim
ension is determ

ined by a section nam
e

−
A

nalogous to O
M

 C
ontrol S

ection nam
e (but not the sam

e!)

•
S

econd dim
ension is determ

ined by a class nam
e

−
A

nalogous to a loadable m
odule's nam

e (but not the sam
e!)

−
A

ttributes (e.g. R
M

O
D

E
) assigned to each class (m

ore at slide 22)

•
T

he unit defined by a section nam
e and a class nam

e is an elem
en

t


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se
rve

d
.

z/O
S

 B
in

d
e

r a
n

d
 P

ro
g

ra
m

 O
b

je
cts



20
S

ections

•
A

 section
 is the program

 unit m
anipulated (replaced, deleted, ordered, or

aligned) by user control statem
ents during binding

−
O

perations on a section apply to all elem
ents w

ithin the section
—

In
clu

d
in

g
 re

je
ctio

n
!

(O
n

ly th
e

 first o
ccu

rre
n

ce
 o

f a
 se

ctio
n

 is ke
p

t)

•
E

ach section
 m

ay supply contributions to one or m
ore classes

−
A

ccording to their desired binding and loading characteristics

−
A

ssem
bler Language exam

ple (slide 49) illustrates this

•
S

ection nam
es m

ust be unique w
ithin a P

rogram
 O

bject
−

A
s for Load M

odules

−
N

o
te: S

ection nam
es are not external nam

es or im
plied labels

—
N

o
t u

se
d

 to
 re

so
lve

 e
xte

rn
a

l re
fe

re
n

ce
s

—
L

a
b

e
l D

e
fin

itio
n

s (L
D

s) w
ith

in
 e

le
m

e
n

ts a
re

 u
se

d
 to

 id
e

n
tify p

o
sitio

n
s in

 te
xt

•
B

inder-created sections “ow
n” m

odule-level data
−

E
.g.

E
S

D
 data, class m

aps, S
Y

M
 data, m

odule-level A
D

A
T

A
, P

art D
efinitions

−
Y

our code should avoid section nam
es starting w

ith IE
W

B
 (see slide 40)


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C

lasses

•
E

ach class has uniform
 loading/binding characteristics and behavior

−
A

ll section contributions to each class are bound together in a segm
ent

−
M

ore than one class m
ay have identical attributes (e.g., R

M
O

D
E

(31))
—

B
in

d
e

r m
a

y p
u

t cla
sse

s w
ith

 id
e

n
tica

l a
ttrib

u
te

s in
to

 o
n

e
 se

g
m

e
n

t
(T

h
u

s, cla
ss o

ffse
ts m

a
y b

e
 d

iffe
re

n
t fro

m
 se

g
m

e
n

t o
ffse

ts)

•
C

lass loading characteristics determ
ine the load-tim

e placem
ent of the

segm
ents in virtual storage

−
Loadable segm

ents are loaded as separately relocated non-contiguous entities
—

N
o

t a
ll se

g
m

e
n

ts a
re

 n
o

rm
a

lly lo
a

d
a

b
le

 (e
.g

. ID
R

)

−
P

O
s m

ay have m
ultiple class segm

ents (each analogous to a Load M
odule!)

•
C

lass nam
es (m

ax.
16 characters) are purely m

nem
onic, and are

rarely externalized
−

N
am

ing conventions provide for class sharing, and avoid class-nam
e collisions

am
ong independent com

pilation units

−
N

am
es of the form

 letter_symbol are reserved!
—

E
xa

m
p

le
: n

a
m

e
s like

 C_xxx re
se

rve
d

 to
 co

m
p

ile
rs,

B_xxx to
 B

in
d

e
r

B_MAP
d

e
scrib

e
s n

a
m

e
s a

n
d

 co
n

te
n

ts o
f e

a
ch

 cla
ss

B_ESD
co

n
ta

in
s e

xte
rn

a
l n

a
m

e
s

B_IMPEXP
co

n
ta

in
s im

p
o

rte
d

/e
xp

o
rte

d
 e

xte
rn

a
l n

a
m

e
s (fo

r D
L

L
 su

p
p

o
rt)


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C

lass
A

ttributes

•
S

eparate attributes m
ay be assigned to each class, such as:

−
R

M
O

D
E

: indicates placem
ent in virtual storage of a loaded segm

ent

−
Loadability

—
L

O
A

D
: T

h
e

 cla
ss is b

ro
u

g
h

t in
to

 m
e

m
o

ry w
h

e
n

 th
e

 p
ro

g
ra

m
 is in

itia
lly lo

a
d

e
d

•
S

a
m

e
 a

s L
o

a
d

 M
o

d
u

le
's u

su
a

l b
e

h
a

vio
r

—
N

O
L

O
A

D
: T

h
e

 cla
ss is n

o
t lo

a
d

e
d

 w
ith

 th
e

 p
ro

g
ra

m
; m

a
y n

o
t co

n
ta

in
 a

d
co

n
s

•
N

o
n

-te
xt cla

sse
s a

re
 a

lw
a

ys N
O

L
O

A
D

; a
p

p
lica

tio
n

 lo
a

d
s via

 B
in

d
e

r A
P

I

—
D

E
FE

R
R

E
D

 LO
A

D
: T

h
e

 cla
ss is p

re
p

a
re

d
 fo

r lo
a

d
in

g
, in

sta
n

tia
te

d
 w

h
e

n
 re

q
u

e
ste

d

•
U

se
fu

l fo
r b

yte
-stre

a
m

 d
a

ta
 su

ch
 a

s p
re

-in
itia

lize
d

 p
riva

te
 w

rita
b

le
 sta

tic d
a

ta
a

re
a

s in
 sh

a
re

d
 (re

-e
n

tra
n

t) p
ro

g
ra

m
s

−
T

ext type:
B

yte-stream
 (m

achine language) or R
eco

rd
-like (ID

R
, A

D
A

T
A

)

•
A

M
O

D
E

 assignable to entry points

•
O

ther attributes are accepted by the B
inder for future use:

−
R

ead-only/R
ead-w

rite; M
ovable/N

onm
ovable; S

hareable/N
onshareable;

R
E

F
R

/R
E

U
S

/R
E

N
T


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S

ketch of a M
ulti-C

lass P
rogram

 O
bject


──────── Default─Loaded ────────�

─ Deferred─Load ─�


──── Demand─Loaded ────�

─────────── Classes ────────────�


──── Classes ────�

─────── Classes ───────�

┌───────┬───────┬───────┬───────┬────
─┬────────┬─────┬──

─┬─────┬─────┬───────┬────
Classes───�│TEXT24R│TEXT24W│TEXT31R│TEXT31W│etc.

│Writable│
etc.│

│SYM 
│IDR 

│ADATA 
│etc.

│(R/O) 
│(R/W) 

│(R/O) 
│(R/W) 

│etc.
│Static 

│
etc.│

│Data
│Data

│Records│etc.
 
�

┌─────┼───────┼───────┼───────┼───────┼────
─┼────────┼─────┼── 

─┼─────┼─────┼───────┼────
│

│
AA

│ 
│ 

│element│ 
│

│
│

│
│

│
│ 

│
│

├─────┼───────┼───────┼───────┼───────┼────
─┼────────┼─────┼──

─┼─────┼─────┼───────┼────
Sections│

BB
│element│element│element│

│ 
│ 

│
│

│
│

│
│

│
├─────┼───────┼───────┼───────┼───────┼────

─┼────────┼─────┼──
─┼─────┼─────┼───────┼────

│
│
CC

│element│ 
│ 

│element│
│

│
│

│
│

│ 
│

│
├─────┼───────┼───────┼───────┼───────┼────

─┼────────┼─────┼──
─┼─────┼─────┼───────┼────

: 
: 

:
:

:
:

:
:

: 
: 

: 
: 

:
:


 
└─────┴───────┴───────┴───────┴───────┴────

─┴────────┴─────┴──
─┴─────┴─────┴───────┴────

•
A

ll elem
ents in each class have identical behavioral attributes (e.g.,

R
M

O
D

E
)

•
E

ach loaded class segm
ent has its ow

n relocation origin

−
E

ffectively, a m
ulti-com

ponent (m
ulti-LM

?) m
odule!

(com
pare slide 16)

•
D

em
and-loaded (N

O
LO

A
D

) classes accessible via B
inder services

•
D

eferred-load classes require special P
rogram

 Loader interface


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B

enefits of D
em

and-Loaded (N
O

LO
A

D
) C

lasses

•
Integrated, optional support for any type of program

-related data

−
ID

R
 data, translator's “A

ssociated D
ata” (A

D
A

T
A

), user data

•
P

O
 can keep m

odule-related and user data together in one place

−
O

ptionally, of course!
A

s m
uch or as little as desired

−
S

ource statem
ents (possibly encoded), source-file inform

ation, etc.

−
Internal sym

bols, debugging breakpoint tables, N
LS

 m
essages, etc.

−
U

ser inform
ation, history data, docum

entation, instructions, etc.

•
A

pplication requests data via B
inder's “F

A
S

T
D

A
T

A
” A

P
I

−
D

elivers w
hat w

as “U
navailable D

ata” in Load M
odules

•
A

llow
s problem

 determ
ination and debugging “in place”

−
H

elps tools locate bugs w
hen and w

here they happen

•
R

educes need for com
plex configuration m

anagem
ent tools

−
M

odule-specific item
s (source, object, listings, executables) need not be

tracked separately


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C
o

m
p

atib
ility


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N

ew
 E

xternal S
ym

bol Types and O
w

nership H
ierarchy

•
F

ive external sym
bol types:

S
D

S
ection D

efinition; ow
ns other types

E
D

E
lem

ent D
efinition:

defines the class to
w

hich this elem
ent (and its text, parts,

and/or labels) belongs; ow
ned by an S

D

LD
Label D

efinition :
entry point w

ithin an
elem

ent; ow
ned by an E

D
; only in C

A
T

classes; has ow
n E

S
D

ID
 and A

M
O

D
E

(unlike O
B

J)

P
R

P
art R

eference  or P
seudoR

egister:
this

section's view
 of a contribution to an item

w
ithin a class; ow

ned by an E
D

; only in a
M

R
G

 class

E
R

E
xternal R

eference:
ow

ned by an S
D

•
S

trict ow
nership rules prevent orphaned sym

bols
(O

B
J has orphans; see slide 14)

N
ew

 E
xtern

al N
am

e
O

w
nership H

ierarchy

┌──┐
│SD│
└─┬┘�

┌───┴───┐
┌─┴┐

┌─┴┐
│ER│

│ED│
└──┘

└─┬┘�
┌───┴───┐

 
┌─┴┐ 

┌─┴┐
 

│LD│ 
│PR│

 
└──┘ 

└──┘
 

(CAT) 
(MRG)


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P

rogram
-O

bject M
apping of O

ld O
bject/Load M

odules

•
A

ll functionality of old O
M

/LM
 behavior is retained

•
O

ld code is m
apped by the B

inder as follow
s:

•
A

ssem
bler supports sim

ilar m
appings w

hen G
O

F
F

 option is specified...

•
IE

B
C

O
P

Y
 of LM

 (P
D

S
) to P

O
 (P

D
S

E
) invokes the B

inder

O
M

B
in

d
er's

M
ap

p
in

g

S
D

S
D

; create E
D

 for class B_TEXT a
n

d
 L

D
 a

t e
le

m
e

n
t's o

rig
in

 fo
r se

ctio
n

 n
a

m
e

L
D

L
D

E
R

,
W

X
E

R
,

W
X

C
M

S
D

 w
ith

 “co
m

m
o

n
” fla

g
; cre

a
te

 E
D

 fo
r cla

ss B_TEXT a
n

d
 L

D
 a

t e
le

m
e

n
t's o

rig
in

 fo
r

se
ctio

n
 n

a
m

e

P
C

B
in

d
e

r a
ssig

n
s u

n
iq

u
e

 n
u

m
e

ric n
a

m
e

s (d
isp

la
ye

d
 a

s $PRIVnnnnnn)
P

R
,

X
D

P
R

; create E
D

 for class B_PRV (sp
e

cia
l P

se
u

d
o

R
e

g
iste

r cla
ss)

T
X

T
T

ext
re

co
rd

s

R
L

D
R

L
D

re
co

rd
s

E
N

D
E

N
D

; d
e

fe
rre

d
 le

n
g

th
 (if a

n
y) p

la
ce

d
 o

n
 a

 n
e

w
 re

co
rd

 typ
e

S
Y

M
E

D
 for class B_SYM


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E

xam
ple of O

bject M
apping at A

ssem
bly Tim

e

•
O

M
 E

S
D

 (H
LA

S
M

 O
B

JE
C

T option)

Symbol 
Type 

Id
Address

Length 
LD

ID
SECT_A

SD 00000001 00000000 0000002C
MYCOM

CM 00000002 00000000 00000060
MY_XD

XD 00000003 00000007 00000018
SECT_B

SD 00000004 00000030 00000038
B_DATA

LD 
00000030 

00000004

•
G

O
F

F
 E

S
D

 (H
LA

S
M

 G
O

FF
 option)

Symbol 
Type 

Id
Address

Length 
LD

ID
SECT_A

SD
00000001

B_PRV
ED

00000002
00000001

(new)
B_TEXT

ED 00000003 00000000 0000002C 00000001 (new)
SECT_A

LD 00000004 00000000
00000003 (new)

MYCOM
SD 00000005

B_PRV
ED 00000006

00000005 (new)
B_TEXT

ED 00000007 00000000 00000060 00000005 (new)
MYCOM

CM 00000008 00000000
00000007 (new)

MY_XD
XD 00000009 00000007 00000018

SECT_B
SD 0000000A

B_PRV
ED 0000000B

0000000A (new)
B_TEXT

ED 0000000C 00000030 00000038 0000000A (new)
SECT_B

LD 0000000D 00000030
0000000C (new)

B_DATA
LD 0000000E 00000030

0000000C

•
S

am
ple

p
ro

g
ra

m
:

(based on slide 15
exam

ple)

Sect_A
Start

0
(SD)

DC
5D'0.1'

DC
Q(My_XD)

MyCom 
COM 

,
(CM)

DS
12D

My_XD 
DXD 

3D
(XD)

Sect_B
CSect

,
(SD)

Entry
B_Data 

(LD)
B_Data

DC
7D'1.0'

End 
Sect_A


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P

rogram
-O

bject M
apping of O

bject/Load M
odules

•
O

ld m
odules are m

apped into P
O

s (if S
Y

S
LM

O
D

 is a P
D

S
E

):

┌─────────────────────────────────────────────────────────────────────┐
Classes

│ 
B_TEXT

B_PRV 
B_ESD 

B_RLD 
B_IDRL

B_IDRU
B_IDRZ

B_IDRB
│

│
│

│
┌────────┐

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

� 
│
││ 

││
│ 

││ 
││ 

││ 
││ 

││ 
││ 

│
│

│
│ │├──────┤│ ├──────┤├──────┤├──────┤├──────┤├──────┤├──────┤├──────┤ │

Sections │ ││
││ │

││
││

││
││

││
││

│ │
│

│ │├──────┤│ ├──────┤├──────┤├──────┤├──────┤├──────┤├──────┤├──────┤ │
│ 

│
││ 

││
│ 

││ 
││ 

││ 
││ 

││ 
││ 

│
│



│ │├──────┤│ ├──────┤├──────┤├──────┤├──────┤├──────┤├──────┤├──────┤ │
│
│: 

:│
: 

:: 
:: 

:: 
:: 

:: 
:: 

:
│

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

│
│

Loaded

──────────────── Non─Loaded Classes ────────────────�

│
│Class Segment

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

•
B_TEXT “Loaded C

lass” behaves like traditional LM
's text

•
B_ESD is like LM

 C
E

S
D

;
B_RLD is like LM

 C
ontrol/R

LD
 records

−
B_IDRx classes hold ID

R
 data from

 L
anguage translators (L), U

ser (U
),

S
uper Z

ap (Z
), and B

inder (B
)


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M

ixed
-M

o
d

e M
o

d
u

les an
d

 R
M

O
D

E
(S

P
L

IT
)

•
Link E

ditor: linking m
odules w

ith m
ixed R

M
O

D
E

s forces the LM
 to m

ost
restrictive value

−
O

nly w
ay to split a program

 into R
M

O
D

E
(24) and R

M
O

D
E

(31) parts:

—
L

in
k th

e
m

 se
p

a
ra

te
ly; e

xe
cu

te
 o

n
e

 p
a

rt, w
h

ich
 lo

a
d

s th
e

 o
th

e
r

—
N

o
 e

xte
rn

a
l-sym

b
o

l re
fe

re
n

ce
s a

re
 re

so
lve

d
 b

e
tw

e
e

n
 th

e
 tw

o
 m

o
d

u
le

s!
(L

O
A

D
/L

IN
K

 o
n

ly kn
o

w
 e

n
try p

o
in

t n
a

m
e

 a
n

d
 a

d
d

re
ss o

f lo
a

d
e

d
 m

o
d

u
le

)

•
B

inder: R
M

O
D

E
(S

P
LIT) option creates a P

O
 w

ith tw
o text classes

−
A

ffects only class B_TEXT:
—

R
M

O
D

E
(24) C

S
E

C
T

s (from
 class B_TEXT) m

o
ve

d
 to

 TEXT_24 class,
R

M
O

D
E

(31) C
S

E
C

T
s (from

 class
B_TEXT) m

o
ve

d
 to

 TEXT_31 cla
ss

—
TEXT_24 cla

ss lo
a

d
e

d
 b

e
lo

w
 1

6
M

, TEXT_31 cla
ss lo

a
d

e
d

 a
b

o
ve

 1
6

M

−
S

upports full capabilities of inter-m
odule external sym

bol references

—
A

s if e
n

tire
 p

ro
g

ra
m

 w
a

s lin
ke

d
 a

s a
 sin

g
le

 L
M

 in
 “m

o
st re

strictive
” style

!

−
Internal-sym

bol inter-class references usable (see exam
ple at slide 49)

−
S

im
ple solution to LM

's A
M

O
D

E
/R

M
O

D
E

 com
plexities

—
U

se
r co

d
e

 m
u

st h
a

n
d

le
 a

d
d

re
ssin

g
-m

o
d

e
 sw

itch
in

g
, if a

n
y is n

e
e

d
e

d

•
R

ecom
m

endation: let the B
inder determ

ine A
M

O
D

E
s and R

M
O

D
E

s


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o
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tio
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se
rve

d
.

z/O
S

 B
in

d
e

r a
n

d
 P

ro
g

ra
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R

M
O

D
E

(S
P

LIT) P
rogram

 O
bject

•
B

in
d

e
r “sp

lits” B_TEXT class into tw
o R

M
ode(24)/R

M
ode(31) classes

┌─────────────────────────────────────────────────────────────────────────────────┐
Classes 

│ 
B_TEXT24

B_TEXT31
B_PRV

B_ESD
B_RLD

B_IDRL 
B_IDRU 

B_IDRZ 
B_IDRB

│
│

│
│
┌────────┐ 

┌────────┐
│

│
│┌──────┐│ 

│
│ 

┌──────┐┌──────┐┌──────┐┌──────┐┌──────┐┌──────┐┌──────┐│
� 

│
││AA(24)││

│
│

│ 
││ 

││ 
││ 

││ 
││ 

││ 
││

 
│

│
│└──────┘│ 

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

Sections │ │
│

││BB(31)││
│

││
││

││
││

││
││

││
 
│

│
│┌──────┐│ 

│└──────┘│ 
├──────┤├──────┤├──────┤├──────┤├──────┤├──────┤├──────┤│

│ 
│
││CC(24)││

│
│

│ 
││ 

││ 
││ 

││ 
││ 

││ 
││

 
│

│
│└──────┘│ 

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

 
│

│
│

│ 
││DD(31)││ 

│
││

││
││

││
││

││
││

 
│

│
│┌──────┐│ 

│├──────┤│ 
├──────┤├──────┤├──────┤├──────┤├──────┤├──────┤├──────┤│

│ 
│
│: 

:│
│: 

:│
: 

:: 
:: 

:: 
:: 

:: 
:: 

:│

 

│
│: 

:│
│: 

:│
: 

:: 
:: 

:: 
:: 

:: 
:: 

:│
│
│└──────┘│ 

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

│
└────────┘ 

└────────┘
│

│ 
─── Text Segments ──�

──────────────── Non─Loaded Classes ───────────────�

│
│

Loaded
Loaded

│
│ Below 16MB

Above 16MB
│

└─────────────────────────────────────────────────────────────────────────────────┘

•
Inter-class references resolved autom

atically

•
E

asiest if program
 runs uniform

ly in A
M

ode(31)


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Im
p

ro
ved

 B
in

d
in

g
 T

ech
n

iq
u

es

•
Link E

ditor binding algorithm
s

−
R

etained

−
G

eneralized

−
T

reated m
ore rigorously


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B

inding A
ttributes and R

ules

•
C

lasses have one of tw
o binding attributes:

C
atenate, M

erge

−
D

eterm
ines algorithm

s used to m
ap and bind the class segm

ents

 1. C
aten

ate
(C

A
T

)

•
S

ection contributions (elem
ents) are aligned and catenated end-to-end

−
T

h
e

 fa
m

ilia
r m

a
n

n
e

r o
f te

xt b
in

d
in

g
−

Z
e

ro
-le

n
g

th
 e

le
m

e
n

ts a
re

 re
ta

in
e

d
 (b

u
t ta

ke
 n

o
 sp

a
ce

)

•
O

rdering determ
ined in the norm

al m
anner

•
N

o
te: O

nly the first elem
ent w

ith a given section and class nam
e is retained;

subsequent identially-nam
ed sections are rejected (sam

e as LK
E

D
's C

S
E

C
T

rejection)


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B

inding A
ttributes and R

ules ...

 2. M
erg

e
(M

R
G

)

•
A

 generalization of LK
E

D
/LD

R
 binding of C

M
, P

R
 item

s

•
S

ection contributions to M
R

G
 classes are C

om
m

ons, P
seudo-R

egisters, and
P

arts

−
E

a
ch

 se
ctio

n
 su

p
p

lie
s its o

w
n

 vie
w

 o
f a

n
y n

u
m

b
e

r o
f sh

a
re

a
b

le
 e

xte
rn

a
l d

a
ta

ite
m

s

•
C

om
m

ons and P
seudo-R

egisters are “overlaid” in M
erge binding (they m

ap
the sam

e storage)

•
B

inding parts in M
R

G
 classes:

a
.

D
e

te
rm

in
e

 lo
n

g
e

st le
n

g
th

, m
o

st re
strictive

 a
lig

n
m

e
n

t

b
.

T
e

xt in
p

u
ts fro

m
 la

te
r p

a
rts “o

ve
rla

y” te
xt fro

m
 e

a
rlie

r p
a

rts

•
P

arts are accessible to any section referencing the part

•
N

o
te: A

ll P
art inform

ation is retained for accurate re-binding
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E

xam
ple of E

xternal D
ata M

E
R

G
E

 B
inding

•
P

rogram
s P

R
O

G
A

 and P
R

O
G

B
 are bound to form

 P
R

O
G

A
B

:

−
In addition to the C

_M
Y

C
O

D
E

 and C
_M

Y
D

A
T

A
 C

A
T

 cla
sse

s, th
e

 tw
o

 p
ro

g
ra

m
s h

a
ve

e
a

ch
 d

e
fin

e
d

 e
xte

rn
a

l d
a

ta
 (P

a
rt R

e
fe

re
n

ce
) ite

m
s in

 M
R

G
 class C

_E
X

T
D

A
T

A
:

−
P

R
O

G
A

 h
a

s d
e

fin
e

d
 fo

u
r P

a
rt-R

e
fe

re
n

ce
 ite

m
s: W

, X
, Y

 a
n

d
 Z

.

SYMBOL
DEFINED

LENGTH
W

100
X

80
Y

300
Z

150
(contains initializing text)

−
P

R
O

G
B

 h
a

s d
e

fin
e

d
 th

re
e

 P
a

rt-R
e

fe
re

n
ce

 ite
m

s: W
, X

, a
n

d
 Y

.

SYMBOL
DEFINED

LENGTH
W

100
X

88
Y

200
(contains initializing text)

−
If in

itia
l te

xt w
a

s p
ro

vid
e

d
 fo

r W
, X

, Y
, o

r Z
, it w

o
u

ld
 b

e
 sa

ve
d

 in
 cla

ss B
_

P
A

R
T

IN
IT

 to
e

n
a

b
le

 co
rre

ct re
-b

in
d

in
g

−
O

n
ly o

n
e

 in
sta

n
ce

 o
f in

itia
lizin

g
 te

xt is re
ta

in
e

d
;

a
ll P

a
rts w

ith
 te

xt m
u

st h
a

ve
 id

e
n

tica
l le

n
g

th
 (b

u
t n

o
t a

lig
n

m
e

n
t)

•
In the next figure, only com

piler-defined text/E
S

D
 classes are show

n

−
T

h
e

 re
su

lta
n

t E
S

D
 fo

r P
R

O
G

A
B

 is a
 co

m
b

in
a

tio
n

 o
f th

e
 tw

o
 in

p
u

t E
S

D
 ite

m
s

(a
n

d
 h

a
s b

e
e

n
 o

m
itte

d
 to

 im
p

ro
ve

 re
a

d
a

b
ility)

 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

.
z/O

S
 B

in
d

e
r a

n
d
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ro

g
ra

m
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b
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E

xam
ple of E

xternal D
ata M

E
R

G
E

 B
inding ...

PROGA PROGB PROGAB
┌────────────────┐ ┌────────────────┐ ┌────────────────┐
│C_MYCODE │ │ C_MYCODE │ │ C_MYCODE │
│┌──────────────┐│ │┌──────────────┐│ │┌──────────────┐│
││ ││ ││ ││ ││ PROGA ││
││ ││ ││ ││ ││ ││
││ ││ ││ ││ │├──────────────┤│
││ ││ │└──────────────┘│ ││ PROGB ││
│└──────────────┘│ │ │ ││ ││
│ │ │C_MYDATA │ ││ ││
│C_MYDATA │ │┌──────────────┐│ │└──────────────┘│
│┌──────────────┐│ ││ ││ │ │
││ ││ ││ ││ │C_MYDATA │
││ ││ ││ ││ │┌──────────────┐│
││ ││ │└──────────────┘│ ││ PROGA ││
│└──────────────┘│ │ │ ││ ││
│ │ │C_EXTDATA │ │├──────────────┤│
│C_EXTDATA │ │┌──────────────┐│ ││ PROGB ││
│┌──────────────┐│ ││ W L=100 ││ ││ ││
││ W L=100 ││ + │├──────────────┤│ ──� │└──────────────┘│
│├──────────────┤│ ││ X L=88 ││ │ │
││ X L=80 ││ │├──────────────┤│ │ │
│├──────────────┤│ ││ Y L=200 ││ │C_EXTDATA │
││ Y L=300 ││ ││..150 bytes.. ││ │┌──────────────┐│
││ ││ ││..data text.. ││ ││ W L=100 ││
│├──────────────┤│ │└──────────────┘│ ││ ││
││ Z L=150 ││ │ │ │├──────────────┤│
││..100 bytes.. ││ │ │ ││ X L=88 ││
││..data text.. ││ │ │ ││ ││
│└──────────────┘│ │ │ │├──────────────┤│
│ │ │ │ ││ Y L=300 ││
│ │ │ │ ││ ││
│B_ESD │ │B_ESD │ ││..data text...││
│┌──────────────┐│ │┌──────────────┐│ │├──────────────┤│
││SD PROGA ││ ││SD PROGB ││ ││ Z L=150 ││
││ED C_MYCODE ││ ││ED C_MYCODE ││ ││ ││
││ED C_MYDATA ││ ││ED C_MYDATA ││ ││..data text...││
││ED C_EXTDATA ││ ││ED C_EXTDATA ││ │└──────────────┘│
││PR W,L=100 ││ ││PR W,L=100 ││ └────────────────┘
││PR X,L=80 ││ ││PR X,L=88 ││
││PR Y,L=300 ││ ││PR Y,L=200 ││
││PR Z,L=150 ││ ││ ││
│└──────────────┘│ │└──────────────┘│
└────────────────┘ └────────────────┘
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G

eneralized A
ddress C

onstants

•
A

ddress of “W
ritable S

tatic” (non-shared, private w
ork area)

−
Im

plem
ented in A

ssem
bler Language as R

-type address constant

•
Length of any class or part

−
G

eneralization of “C
um

ulative E
xternal D

um
m

y” (C
X

D
, length of P

R
V

)

—
Im

p
le

m
e

n
te

d
 in

 A
sse

m
b

le
r L

a
n

g
u

a
g

e
 a

s J-typ
e

 a
d

d
re

ss co
n

sta
n

t

•
O

ffset of a part or label w
ithin its class

−
G

eneralization of A
ssem

bler's Q
-type address constant

•
B

in
d

e
r/L

o
a

d
e

r
“T

o
ke

n
”

−
U

sed for requesting P
M

Loader virtualization of D
E

F
E

R
R

E
D

 LO
A

D
 classes

−
N

ot externalized


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B
in

d
er In

p
u

ts an
d

 O
u

tp
u

ts

•
S

om
e pictorial view

s of binding and loading


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M

odule D
ata: B

inder Input (Logical V
iew

)

Key:
┌────────────┐

member
name

│
Module

│
└─────┬──────┘

│││
┌───┼────────┐

Key:
┌─────┴──────┐

│
section

name
┌────────────┐

│─┘
│

Section
│─┘

└───────┬────┘
│

┌───┼────────┐
┌─────┴──────┐

│
Key:

┌────────────┐
│─┘

class
name

│
Element

│─┘
└───────┬────┘

│
┌───┼────────┐

Key:
┌─────┴──────┐

│
part

name
┌────────────┐

│─┘
(MRG classes only)

│
Part Refs │─┘

└────────────┘

P
O

 structure as seen by the translator
and B

inder user:

•
S

ection
 roughly equivalent to a

“co
m

p
ila

tio
n

 u
n

it”

−
C

onsists of elem
ents in various

classes

•
M

R
G

 classes are constructed from
P

art R
eferences and

P
seudoR

egisters

B
inder O

utput view
 is m

ore com
plex!


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M

odule D
ata: B

inder O
utput (Logical V

iew
)

T
ext classes are bound into segm

ents

•
A

 segm
ent m

ay contain m
ultiple classes

if they have identical attributes

B
in

d
e

r re
ta

in
s e

xtra
 “m

o
d

u
le

-le
ve

l”
data for re-bindability

•
P

R
 item

s (and any initializing text)
(class

B_PARTINIT)
•

control inform
ation (e.g. B_ESD)

•
ID

R
 data, m

odule m
ap, etc.

in reserved section nam
es like

•
X '00000001' for B_ classes, orphaned
E

R
 or P

seudoR
egister item

s
•

X'00000003' for P
D

s, linkage
descriptors, initializing data

•
IE

W
B

LIT
 for LE

 support (class B_LIT)
•

IE
W

B
C

IE
 for D

LL support
(class

B_IMPEXP)

Binder─Owned
User─Defined

Classes
Classes

┌────────────────────────────────────
─

Binder─
│┌────┐ ┌────┐

┌────┐ ┌────┐ ┌────┐ ─
Owned 

││ 
│
│ 

│
│ 

│
│ 

│
│ 

│
Sections │└────┘ └────┘

└────┘ └────┘ └────┘ ─
││

┌───────────────────── ─
User─

│┌────┐ ┌────┐ │ ┌────┐ ┌────┐ ┌────┐ ─
Defined

││
│ │

│ │ │
│ │

│ │
│

Sections │└────┘ └────┘ │ └────┘ └────┘ └────┘ ─
│┌────┐ ┌────┐ │ ┌────┐ ┌────┐ ┌────┐ ─
││

│ │
│ │ │

│ │
│ │

│
│└────┘ └────┘ │ └────┘ └────┘ └────┘ ─
│:

: :
: : :

: :
: :

:
│:

: :
: : :

: :
: :

:
│┌────┐ ┌────┐ │ ┌────┐ ┌────┐ ┌────┐ ─
││

│ │
│ │ │

│ │
│ │

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

└───────────────────── ─
│


─ User's View of PO ─�
└──────────────────────────────────── ─

─────── Binder's View of PO ────────�


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M

odule D
ata: P

M
Loader Input (P

hysical V
iew

)

P
O

 structure seen by P
M

Loader:

•
P

O
 consists of one or m

ore class
segm

ents, som
e of w

hich are
loadable by default or on request

•
P

M
Loader loads and relocates

segm
ents

−
E

ach segm
ent is like a LM

: relocated
w

ith its ow
n

 origin address
−

D
istributed

 or scatter loading

•
Library m

em
ber nam

es (entry points
and aliases) m

ust be in sam
e

“p
rim

a
ry” cla

ss se
g

m
e

n
t a

s th
e

m
odule entry point

Key:
┌────────────┐

 member/alias name
│

Module
│

└─────┬──────┘
│

┌────┼────────┐
┌──────┴──────┐ │

Key:
┌─────────────┐ │ │

 class name
│Loadable and │ │ │
│Deferred─Load│ │─┘
│

Segments
│─┘

└─────────────┘
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T
h

e G
en

eralized
 O

b
ject F

ile

F
o

rm
a

t

•
D

ocum
ented in z/O

S
 M

V
S

 P
rogram

 M
anagem

ent A
dvanced F

acilities,
S

A
22-7644


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W

hat Is a “G
O

FF”?

•
G

eneralized O
bject F

ile F
orm

at:
replacem

ent for old O
bject M

odule

−
G

enerated by H
igh Level A

ssem
bler for m

ost architected functions

−
C

/C
++ im

plem
entation starting w

ith O
S

/390 V
2R

10

•
S

upports needs of languages, P
O

 structure, B
inder

−
long external nam

es

−
32-bit length and offset fields (vs. 24 in O

M
)

−
m

ultiple text classes

−
up to 1 m

illion (or m
ore) E

S
D

ID
s and external sym

bols

−
user and associated data (A

D
A

T
A

) in object stream

−
...and m

any other form
s of attributes and descriptive data


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G

en
eralized

 O
b

ject F
ile F

o
rm

at R
eco

rd
s

•
S

ix record types (sim
ilar to the five O

M
 types)

1.
M

odule H
eader (new

): C
C

S
ID

, translator product identification, etc.

2.
E

xternal S
ym

bol D
ictionary: long nam

es, rich set of types and attributes

3.
T

ext: object code, ID
R

, A
D

A
T

A

−
O

M
: ID

R
 o

n
ly o

n
 E

N
D

; A
D

A
T

A
 o

n
ly in

 te
xt o

r a
 sid

e
 file

4.
R

elocation D
ictionary: relocation inform

ation

5.
D

eferred E
lem

ent Length (new
)

−
In

 ca
se

 a
n

yo
n

e
 still u

se
s th

is o
ld

 O
M

 E
N

D
-re

co
rd

 fu
n

ctio
n

6.
E

nd: w
ith optional E

ntry-P
oint nom

ination

•
O

pen-ended, flexible architecture; allow
s grow

th and expansion


 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
.

z/O
S

 B
in

d
e

r a
n

d
 P

ro
g

ra
m

 O
b

je
cts



45
H

igh Level A
ssem

bler G
O

FF-S
upport O

ptions and S
tatem

ents

•
GOFF option creates a G

O
F

F
 file

−
E

xisting, unm
odified code w

ill go into special “com
patibility” classes

—
B_TEXT fo

r te
xt, B_PRV fo

r p
se

u
d

o
re

g
iste

rs (se
e

 slid
e

s 2
7

-2
8

)

−
R

equires LIST(133) option for w
ide listing form

at

•
S

ection nam
es specified w

ith S
T

A
R

T
, C

S
E

C
T

, R
S

E
C

T

•
CATTR statem

ent defines class nam
e, specifies C

lass A
T

T
R

ibutes:

classname 
CATTR 

attribute[,attribute]...

classnam
e

a valid P
O

 class nam
e; it m

ust follow
 the rules for nam

ing external
sym

bols, except that:
−

cla
ss n

a
m

e
s a

re
 re

stricte
d

 to
 a

 m
a

xim
u

m
 o

f 1
6

 ch
a

ra
cte

rs

−
a

ll cla
ss n

a
m

e
s o

f th
e

 fo
rm

 le
tte

r_
sym

b
o

l a
re

 re
se

rve
d

 fo
r IB

M
-d

e
fin

e
d

 p
u

rp
o

se
s

attribute
binder attributes to be assigned to the class

•
XATTR statem

ent declares additional external-sym
bol attributes


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H

igh Level A
ssem

bler S
upport for C

lass A
ttributes

•
A

ttributes currently supported by the B
inder:

A
LIG

N
(n)

A
ligns class elem

ents on a 2
n boundary (0 ≤

n
≤

 12)
C

urrently: for text, 3, 11, or 12; for P
V

s, 0-3

M
E

R
G

E
T

he class has the m
erge binding attribute

(d
e

fa
u

lt =
 C

A
T

)

N
O

LO
A

D
T

he class is not loaded w
hen the P

O
 is brought into

sto
ra

g
e

 (d
e

fa
u

lt =
 L

O
A

D
)

D
E

FLO
A

D
R

equests deferred loading of the class

R
M

O
D

E
(24)

T
he class has residence m

ode 24

R
M

O
D

E
(31)

T
he class has residence m

ode 31

R
M

O
D

E
(A

N
Y

)
T

he class m
ay be placed in any addressable storage;

equivalent to R
M

O
D

E
(31)
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H

igh Level A
ssem

bler S
upport for C

lass A
ttributes ...

•
A

ttributes currently accepted (but not supported) by the B
inder:

M
O

V
A

B
LE

T
he class is reenterable, and can be m

oved
(It is adcon-free, and can be m

apped to different virtual
addresses in different address spaces)

E
X

E
C

U
TA

B
LE

, N
O

TE
X

E
C

U
TA

B
LE

 (or null)
T

he class can/cannot be branched to or executed;
null operand m

eans “unspecified”

R
E

A
D

O
N

LY
T

he class should be storage-protected

R
E

FR
T

he class is m
arked refreshable

R
E

N
T

T
he class is m

arked reenterable

R
E

U
S

, N
O

TR
E

U
S

T
he class is m

arked reusable or not
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H

igh Level A
ssem

bler C
A

TTR
 U

sage

•
C

A
T

T
R

 m
ust be preceded by S

T
A

R
T

, C
S

E
C

T
, or R

S
E

C
T

−
A

 section nam
e m

ust be defined first

—
U

n
like

 O
M

, n
o

 b
la

n
k se

ctio
n

 is in
itia

te
d

−
F

ollow
ing text belongs to the elem

ent defined by the section and class nam
es

•
If several C

A
T

T
R

 instructions have the sam
e class nam

e:

−
the first occurrence establishes the class and its attributes

−
the rest indicate the continuation of the class, and m

ay not specify attributes

•
D

efault attributes for C
A

T
T

R
 (if none are specified) are:

ALIGN(3),NOTREUS,RMODE(24)

−
S

am
e as the assem

bler's O
M

 defaults


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E

xam
ple: A

 S
im

ple Tw
o-C

lass A
ssem

bler Language P
rogram

• The module defines one section (Sect_A), two
classes (Code24, Code31):

Sect_A CSect , Start of section 'Sect_A'

Code24 CAttr RMode(24),Executable Define 'Code24' Class
************************************ Portion loaded below 16MB

Entry Start Declare entry point name
Start AMode 24 Entry point has AMODE(24)

Using *,15 Establish addressability
Start Save (14,12),,* Save registers

─ ─ ─ ...set up save areas etc.
LR 12,15 R12 is base register
Drop 15 Drop old base
Using Start,12 Establish addressability

─ ─ ─ Finish init'z'n code

L 15,=A(X'80000000'+MainCode) Point to Code31
BASSM 14,15 Call MainCode
─ ─ ─
LtOrg RMode(24) literal pool

D31Addr DC A(Data31) Addr(data above 16M)
Data24 DC ... ...data below 16M...

Code31 CAttr RMode(31),Executable Define 'Code31' Class
************************************ Portion loaded above 16MB

Using *,15 Establish base regs etc.
MainCode Save (14,12),,* 'MainCode' is INTERNAL!

─ ─ ─
D24Addr DC A(Data24) Addr(data below 16M)
Data31 DC ... ...data above 16M...

End Start Nominate 'Start' entry

• Note inter-element references using internal symbols!

• Note AMODE for entry-point name: LD items have AMODEs, sections don't
(classes have RMODEs)

− LDs in a section needn't all have the same AMODE!
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E

S
D

 From
 S

im
ple Tw

o-C
lass A

ssem
bly

•
T

he assem
bled exam

ple creates this E
S

D
 listing:

External Symbol Dictionary

Symbol 
Type 

Id
Address

Length
LD

ID
Flags

│
(Annotations)

│
SECT_A

SD
00000001

│
(Section

definition)
B_TEXT

ED 00000002 00000000 00000000 00000001
00

│
(Default class; length=0)

SECT_A
LD 00000003 00000000

00000002
00

│
(Label for section)

CODE24
ED 00000004 00000000 00000074 00000001

│
(User class)

START
LD 00000005 00000000

00000004
01

│
(Label in CODE24; AMODE(24))

CODE31
ED 00000006 00000078 00000012 00000001

│
(User class)

•
S

ection SECT_A (S
D

) “ow
ns” elem

ents (E
D

) in three classes:

B_TEXT
“ow

ns” the label (LD
) for SECT_A

−
cre

a
te

d
 b

y H
L

A
S

M
 b

e
ca

u
se

 it d
o

e
sn

't kn
o

w
 if o

th
e

r cla
sse

s w
ill b

e
d

e
fin

e
d

CODE24
“ow

ns” the label (LD
) for START

CODE31
has no externally visible labels

•
LD

 ID
 colum

n show
s “O

w
ning ID

”

•
H

LA
S

M
 requires the G

O
FF

 option for this to w
ork


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D
yn

am
ic L

in
k L

ib
raries (D

L
L

s)


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D

ynam
ic Linking and D

ynam
ic Link Libraries

•
D

ynam
ic linking: binding of external nam

es at execution tim
e

−
D

LLs provide one form
 of dynam

ic linking; LE
 is required

•
D

LL creator identifies nam
es of functions and variables to be exported

−
M

akes them
 available in a “side file” for runtim

e binding to other applications

−
C

om
piler indicates “im

port-export” status in object file

•
D

LL-using application identifies functions and variables to be im
ported

−
U

ser m
ust specify com

piler D
LL option and B

inder control statem
ents

•
B

inder also provides the IM
P

O
R

T
 control statem

ent

IMPORT
CODE│DATA,dll_name,identifier

−
C

om
pilers and H

LA
S

M
 X

A
T

T
R

 statem
ent declare IM

P
O

R
T

/E
X

P
O

R
T

 status

•
B

inder creates side file, im
port-export tables and linkage descriptors

−
D

Y
N

A
M

(D
LL) option required for D

LL creator and user

•
LE

 runtim
e support routines load and link specified nam

es


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D

ynam
ic Linking: P

reparation and U
se

•
E

xam
ple using C

/C
++: create a D

LL, then the application

DYNAM(DLL)
option

┌────────┐ 
┌──────────┐ 

┌──────┐ 
┌─────────────┐ 

┌─────────┐
 DLL

│ DLL
├──�│ C/C++

├──�│ XOBJ,├──�│
Binder

├──�│ Program │
Build

│ Source │
│ Compiler │

│ GOFF │
│

│
│ Object

│
└────────┘ 

└──────────┘ 
└──────┘ 

└──────┬──────┘ 
└─────────┘

Defines 
Specify 

ESD
recs

│
Creates

DLL
exported

DLL and
describe

│ DLL and
functions,

EXPORTALL
exported

│ sidefile
variables

options
fns/vars

│

┌────────────┐ Binder─created
│ IMPORT

│ side file of
│ Statements │ IMPORT statements
└─────┬──────┘ (Exported names)

│

┌────────┐ 

┌──────────┐ 
┌──────┐ 

┌─────────────┐ 
┌─────────┐

Appli─ │ Applic.├──�│ C/C++
├──�│ XOBJ,├──�│

Binder
├──�│ Program │

cation │ Source │
│ Compiler │

│ GOFF │
│

│
│ Object

│
Build

└────────┘ 
└──────────┘ 

└──────┘ 
└─────────────┘ 

└─────────┘
References

Specify
ESD

recs 
Combines

Contains
imported

DLL
option

describe 
sidefiles

import─export
functions,

imported 
of

IMPORT
tables,

variables
fns/vars 

statements
linkage
descriptors


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D

ynam
ic Linking: E

xecution Tim
e

•
E

xam
ple: A

pplication A
 im

ports nam
es from

 D
LL D

:
┌───────────────┬──────────┐ 

(4) 
┌──────────┐

│
│
Linkage

├────────────────────────────�│
│

│
│ Descrip─ │

│
DLL

D
│

│
│ tors

├───────┐
│

│
│ Application A ├──────────┤


(1)
└──────────┘

│
│ Import─

│
┌──────────────────┐

�
�

│
│ Export

├────�│
LE Runtime DLL

├──────┘
│ (2)

│
│ Tables

│ (3) │ Support routines │
(3)

│
└───────────────┴──────────┘

└──────────────────┘
│


─ Binder ─�
�

│
data


 (2)
│

┌──────────────────┐
│

│
PM Loader

├────────────┘
└──────────────────┘

(1)
F

irst reference to an im
ported nam

e passes control to LE

(2)
LE

 D
LL-support routines invoke P

M
Loader to load the D

LL

(3)
Linkage to D

LL nam
e is com

pleted:
−

L
E

 u
se

s im
p

o
rt-e

xp
o

rt ta
b

le
 to

 u
p

d
a

te
 d

e
scrip

to
rs fo

r co
d

e
/d

a
ta

 ite
m

s
−

D
iffe

re
n

t “lin
ka

g
e

s” a
re

 u
se

d
 fo

r co
d

e
 (fu

n
ctio

n
s) a

n
d

 d
a

ta
 (va

ria
b

le
s)

(4)
S

ubsequent application references go directly to the requested
(im

ported) nam
e in the D

LL
−

L
in

ka
g

e
 D

e
scrip

to
rs u

p
d

a
te

d
 to

 p
ro

vid
e

 d
ire

ct re
fe

re
n

ce
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S
u

m
m

ary, G
lo

ssary, an
d

R
eferen
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C

om
paring O

ld and N
ew

•
B

inder and P
M

Loader support both O
ld and N

ew
:

O
ld (Load M

odules)
N

ew
 (P

rogram
 O

bjects)

C
om

ponents
Link E

ditor, P
rogram

 F
etch,

B
atch Loader

B
inder, P

rogram
 Loader

L
ib

ra
ry

P
D

S
P

D
S

E
,

H
FS

E
xecutables

O
ne-dim

ensional;
single

A
M

O
D

E
,

R
M

O
D

E
T

w
o-dim

ensional;
m

u
ltip

le
segm

ents and A
/R

M
O

D
E

s

S
ize

lim
it

16M
B

1G
B

S
ym

bols
8

characters
32K

characters

S
ym

bol
types

S
D

, LD
, E

R
, P

R
S

am
e, plus E

D

M
odule

info
ID

R
 only; no system

 support
A

ny data; B
inder A

P
I

D
LL

support
P

relinker
requ

ired
Integrated

E
xtensibility

N
ot

possible
O

pen-ended
architecture
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S

u
m

m
ary

•
N

ew
 technology for M

V
S

 “executables”

−
E

fficient storage and loading

−
F

lexible program
 segm

entation

−
G

eneralized m
echanism

s for inter-com
ponent references

•
S

atisfies m
any requirem

ents from
 custom

ers, languages, operating
system

s and hardw
are

•
R

etained (but non-obtrusive) inform
ation about program

s

•
A

pplication P
rogram

m
ing Interfaces to all functions/data

•
O

pen-ended designs for all item
s

−
E

asy to generalize, enhance and im
prove

−
E

nables P
rogram

 M
anagem

ent evolution to m
eet future requirem

ents

•
For Y

ou: M
uch  m

ore flexibility in creating program
 structures
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G

lossary and D
efinitions

A
D

A
TA

A
ssociated D

ata: program
 data stored in a P

O
 w

hich is not
required for binding, loading, or execution.

A
P

I
A

pplication P
rogram

m
ing Interface

C
A

T
A

 binding m
ethod w

hereby section elem
ents in a class are

aligned and concatenated.

C
C

S
ID

C
oded C

haracter S
et ID

: identifies a character set used in an
assem

bly or com
pilation.

class
A

 cross-section of P
rogram

 O
bject data w

ith uniform
 form

at,
content, function, and behavioral attributes.

C
om

m
on

A
 C

S
E

C
T

 having length and alignm
ent attributes (but no text) for

w
hich space is reserved in the P

rogram
 O

bject (see P
art V

iew
)

com
pilation unit

A
 “fresh start” of a translator's sym

bol tables.
T

here m
ay be

m
ore than one com

pilation unit per source input file.
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G

lossary and D
efinitions ...

d
eferred

loadA
 class attribute requesting the P

M
Loader prepare the class

(a P
rototype S

ection, or “P
S

ect”) for rapid loading on request
during execution. (U

sually, for non-shared classes.)

distributed loading
S

e
e

 “sca
tte

r lo
a

d
in

g
”

elem
en

t
T

he unit of program
 object data uniquely identified by a class

nam
e and a section nam

e.

extern
al d

ataM
odule data accessible by m

ultiple sections, each defining its
ow

n view
 as a P

art V
iew

.

G
O

FF
G

eneralized O
bject F

ile F
orm

at, a new
 and extensible object file

supporting B
inder and P

M
Loader features.

linear form
atT

he form
at of a P

O
, “loaded” by D

IV
 m

apping.
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G

lossary and D
efinitions ...

lo
ad

ab
le

A
 class attribute indicating that the class is to be loaded w

ith the
program

 object.

lo
ad

 m
o

d
u

le (L
M

)
T

he original form
 of M

V
S

 executable, stored in record form
at.

M
R

G
A

 binding m
ethod w

hereby identically nam
ed P

R
 item

s in a class
are m

erged and aligned before catenation w
ith other P

R
 item

s.

noload
A

 class attribute indicating that the class m
ay be “dem

and
loaded” by the application.

P
art B

indingIn a M
R

G
 class, using C

A
T

 binding

P
art R

eference (P
R

), P
seudoR

egister (P
R

), E
xternal D

um
m

y (X
D

)
A

 nam
ed subdivision of a M

R
G

 class, a P
seudoR

egister or
external data item

 (P
art), having length and alignm

ent attributes.
R

esolved at an offset w
ithin the class segm

ent.
S

pace in the
loaded m

odule is reserved for P
arts, but not for C

om
m

ons or
P

seudoR
egisters.
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G

lossary and D
efinitions ...

P
M

1
T

he B
inder, Loader and related program

 m
anagem

ent services
available in D

F
S

M
S

/M
V

S
 V

1R
1.0 and V

1R
2.0.

E
m

ulates Linkage
E

ditor/Loader function; sim
ple P

O
 structure.

P
M

2
E

xtensions to the program
 m

anagem
ent services delivered w

ith
D

F
S

M
S

/M
V

S
 V

1R
3.0.

S
ignificant m

odifications and
enhancem

ents to P
M

1 P
O

 structure.

P
M

3
E

xtensions to the program
 m

anagem
ent services w

hich becam
e

available w
ith D

F
S

M
S

/M
V

S
 V

1R
4.0.

S
ignificant m

odifications and
enhancem

ents to P
O

 structure and function.

P
M

3.1
In O

S
/390 V

2R
10; X

P
LIN

K
 support, other extensions

P
M

4
In z/O

S
 V

1R
3; 64-bit virtual, 32K

 nam
es, reduced P

O
 size, saved

dynam
ic link info, enhanced archive-file and C

370 library support

P
M

4.2
In z/O

S
 V

1R
5; im

proved error recovery, retained data about
program

 object com
ponents, initial R

M
O

D
E

(64) support
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G

lossary and D
efinitions ...

program
object

T
he new

 form
 of M

V
S

 executable, stored in linear form
at.

record form
atT

he form
at of a LM

, loaded by P
rogram

 F
etch I/O

 operations.

relocation
T

he load-tim
e conversion of address constants from

 m
odule or

class displacem
ents to virtual addresses.

scatter loading
T

he loading of m
odule text into non-contiguous areas of virtual

storage according to class attributes stored w
ith the m

odule.
A

lso referred to as distributed loading.
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G

lossary and D
efinitions ...

section
(1) A

 cross-section of P
rogram

 O
bject data stored under a single

nam
e.

A
 section consists of elem

ents belonging to one or m
ore

classes.
(2) A

 generic term
 for control section, dum

m
y section,

com
m

on section, etc.; a collection of item
s that m

ust be bound
or relocated as an indivisible unit.

segm
ent

T
he aggregate of all section contributions to a single class,

stored in consecutive locations on D
A

S
D

 and (optionally) loaded
as a single entity into virtual storage.

E
ach segm

ent has its ow
n

relocation base address.

text
(1) T

he class(es) of m
odule data containing the m

achine
language instructions and data.

(2) A
 class attribute indicating

that locations w
ithin the class m

ay contain and/or be the target
of address constants.
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S
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