
BRF-LINKER 
User Manual 



NOTICE 

The lnfarmat~on ~ f l  t h ~ s  document I S  sublect to change w~thout  notlce Norsk Data 

A.S assumes no respons~b+lity for any errors that may appear In thjs document 

Norsk Data A.S assumes no respons~b~l~ty  for the use or r e i ~ a b ~ l ~ t y  of ~ t s  software 

on equipment that is not furn~shed or supported b y  Narsk O a t a  A S 

The information described in this document is protected by copyr~ghr It may not 

be photocopied, reproduced or translated w~thout  the prlor consent of Norsk 

Data A.S. 

Copyright @ 1984 by Norrk Data A.S 



This manual is in loose-leaf form for ease of updating. Old pages may be 
removed and new pages eas~ly  insened ~f the manual is revised. 

The loose-leaf form also allows you to place the manual in a ring binder (A) 
for greater protection and convenience of use. Ring binders with 4 rings 
.corresponding to the hores in the manual may be ordered in two widths. 30 
m m  and 40 mm. Use the order form below. 

The manual may also be placed in a plastic cover ( 0 ) .  This cover IS more 
suitable for manuals of less than 100 pages than for large manuals. Plastic 
covers may also be ordered bejow. 

A: Ring Binder B:  Plastic Cover 

Please send your order to the local ND office or (in N o w a y )  to 

Norsk Data A.S 
Graphic Center 
P.O. Box 25. Bogerud 
0621 Oslo 6, Norway 

- * + _ * - _ _ _ _ _ _ - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + - - < - - - - - - - - - - - - - - - - - - - + - - . - - - - - - - - - - - - - -  

ORDER FORM 

I would like to order 

...... Ring Binders, 30 mm, at  nkr 20,- per b~nder 

...... Ring Binders, 40 mm, a t  nkr 25,- per b~nder 

Plastic Covers at nkr 10,- per cover ...... 

Name .............................................................................................................. 
Company ................................................................................... 
Address ................................................................................................................... 



HRF-LINKER User Manual 
Publ.No. NO-60.196.01 
A ugua 1 984 

PRINTING RECORD 

*a. a*. .a* ..a. 
om*. me.  am*..... 
e m e a *  me. .m*..**r* NORSK DATA A.S 
..*.*I**. .., m e *  
..*.a**.. *I* **. .....m..m P.O. Box 25. Bogerud 
me* *a*. a*.***** - 

m.0 .....m. 0621 0 5 1 0  6 ,  Norway 

- 

Printing 
08/84 - 

Notes 
- y ,  

VERSION 01 

- 
I 

0 

1 
! 

! 



Manuals can be updated in two ways, new versions and revLslons. New lversions 
consist of a complete new manual which replaces the old manual. New verslons 
incorporate all revisions since the previous version. Ravisions consist of one 
or mare s~ngle pages to be merged into the manual by the user, each revised 
page belng listed on the new printing record sent out with the rev~sion. The 
old printing record should be replaced by the new one. 

New versions and  revisions are announced in the ND Bulletin and can be 
ordered as described below. 

The readar's comments form at the back of this manual can be used both to 
report errors in the manual and to give an evaluation of the manual. Both 
detailed and generai comments are welcome. 

These forrrrs and comments should be sent to: 

Documentation Department 
Norsk Data A.S 
P.O. Box 25. Bogerud 
0621 Oslo 6, Norway 

Requests for documentation should be sent t o  t h e  local ND office or (in Norway) 
to: 

Graphic Center 
Norsk Data A.S 
P.O. Box 25, Bogerud 
0621 Oslo 6, Norway 



P r e f a c e :  

THE P R O D U C T  

T h i s  m a n u a l  describes t h e  B R F - L i n k e r ,  N O - I O f Z l A ,  running under 
S I H T R A N  111. 

The B R F - t i n k e r  i s  used t o  read  Binary R e l o c a t a b l e  Format (or ' B R F " )  
o u t p u t  f r o m  t h e  M A C  assembler and f r o m  the HD compiiers ( F O R T R A N ,  
C O B O L ,  P L A N C ,  B A S I C ,  P A S C A L ,  e t c . ) .  It will t h e n  l l n k  t h i s  o u t p u t  into 
a program file and make it e x e c u t a b l e .  

N o t e  t h a t  the Hultisegment Load f ea ture  described in c h a p t e r  3 i s  only 
a v a i l a b l e  u n d e r  S I N T R A N  1 1 1  v e r s i o n  I or l a t e r  versions. I t  is 
therefore n o t  available on t h e  NORO-10.  

THE READER 

This m a n u a l  is written f o r  programmers using t h e  BRF-linker to load 
and link programs t o  b e  r u n  i n  t h e  time-sharing mode, ( F o r  l o a d i n g  o f  
real time programs, see the R e a l  T i m e  Loader  m a n u a l ,  NO-60.051.) 

P R f R E P U I S l T E  KHOULEDGE 

No p r e v i o u s  knowledge o f  t h e  BRF-Linker is assumed i n  t h i s  manual. 
However, some b a s i c  knowledge o f  SINTRAN 111 commands and o f  t h e  
principles and commands for compilation is recommended. 

THE MANUAL 

This m a n u a l  describes t h e  b a s i c  commands for loading i n  c h a p t e r  1 .  
Overlay l o a d i n g  is d e s c r i b e d  in c h a p t e r  2 ,  and multisegment l o a d i n g  in 
c h a p t e r  3. In c h a p t e r  4 ,  can b e  found some commands f o r  inspection and 
modification, and in c h a p t e r  5 ,  the commands f o r  e d l t i n g  are  
explained. A detailed description o f  t h e  B i n a r y  Relocatable F o r m a t  i s  

found i n  c h a p t e r  6 .  

A summary o f  t h o  commands is g i v e n  i n  append lx  A and a summary o f  t h e  
various error  messages in a p p e n d i x  6 .  F u r t h e r m o r e ,  a l l  commands and 
error messages are i n c l u d e d  i n  t h e  i n d e x .  

S I N T R A N  I 1 1  Reference M a n u a l  N O - 6 0 . 1 2 8  
R e a l  T i m e  Loader  N D - 6 0 . 0 5  1 
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BRF-LIFiKER G S E R  MANUAL 
The F u n c t i o n s  of t h e  B R F - L i n k e r  

The BRF-Linker is a subsystem which i s  able t o  c o n v e r t  t h e  o u t p u t  f r o m  
l a n g u a g e  p r o c e s s o r s  (compilers and assemblers) i n t o  e x e c u t a b l e  
p r o g r a m s  t h a t  can r u n  under SINTRAN 111. The o b j e c t  files c r e a t e d  by 
t h e  l a n g u a g e  subsystems a r e  i n  8inary Relocatable F o r m a t  (described in 
d e t a i l  i n  chapter  6 1 ,  otherGise known a s  BRF. 

The BRF-Linker maintains a symbol  table i n  w h i c h  a l l  d e f i n e d  
intermodule r e f e r e n c e s ,  s y m b o l s ,  and l a b e l s  appear together w i t h  t h e i r  
addresses. I f  t h e  address o f  a symbol h a s  n o t  been d e f i n e d  before 
be ing  used ,  t h e  s y m b o l  e n t r y  i n  tne table i s  m a r k e d  a s  u n d e f i n e d .  A l l  
s y m b o l s  m u s t  be d e f i n e d  b e f o r e  t h e  program can be e x e c u t e d .  

1 .1  Command Formats 

BRF-Linker is s t a r t e d  b y  typing its name to SINTRAN 111: 

Whenever BRF-Linker  is ready  to process a user command, i t  w i l l  t y p e  
a u t  t h e  command prompt :  

8RF-Llnker commands follow t h e  same rules a s  S I N T R A M  111 commands: 

- All commands c o n s i s t  o f  a command name, followed by zero o r  more 
parameters. 

- A space or comma may be used a s  a separator between the  command 
name and t h e  parameters. or between t w o  parameters. 

- Command names a n d  parameters may be a b b r e v i a t e d  a s  l o n g  a s  t h e  
abbreviation is u n i q u e .  

- A missing parameter is i n d i c a t e d  by t y p i n g  t w o  consecutive c o m m a s .  
D e f a u l t  v a l u e s  w i l l  be used f o r  a n y  missing parameters. 

- Some parameters are termed o p t i o n a l .  These  parameters may  b e  
specified i n  t h e  command, b u t  i f  l e f t  o u t  t h e  BRF-Linker w ~ l l  n o t  
a s k  for them, i t  will j u s t  u s e  t h e  d e f a u l t  v a l u e .  

- A carr iage  re turn  m a y  be used anywhere i n  t h e  command s t r l n g .  The 
B R f - L i n k e r  will a s k  for any  parameters, e x c e p t  o p t i o n a l  o n e s ,  t h a t  
were n o t  s p e c i f i e d  b e f o r e  t h e  c a r r i a g e  return. 

- Numerical parameters may be given I n  o c t a l  or d e c l m a l  m o d e .  The 
d e f a u l t  1 s  O c t a l  mode. A d e c i m a l  number m a y  be specifled by  a 
trailing 0, a n  o c t a l  number b y  a trailing 0 .  S ~ g n e d  numbers m a y  be 
used. 
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The Functions o f  t h e  BRF-Lrnker  

- A l l  c o n t r o l  c h a r a c t e r s  available f o r  e d i t i n g  S I N T R A N  111 commands 
can a l s o  be used to e d i t  commands t o  the BRF-Linker. 

T h u s ,  i n  t h e  commands: 

Brl : 
Brl : 

LOAD FILE-?,FILE-2,FItE-3 
EXIT - 

t h e  words L O A D  and E X I T  are command names. The E X I T  command h a s  n o  
parameters, whereas t h e  L O A O  command has t h e  t h r e e  parameters F I L E - ? ,  
F I L E - 2  and F I L E - 3 ,  s e p a r a t e d  by commas. 

I n  t h e  command f o r m a t  d e f i n i t i o n s  t h e  parameters are  s p e c i f i e d  r n  
a n g u l a r  brackets ( <  . . .  > I .  O p t i o n a l  p a r t s  o f  the command are enc losed  
in square b r a c k e t s  ( t  . . . I ) .  A sequence o f  full s t o p s  following a 
parameter moans t h a t  t h e  parameter m a y  be r e p e a t e d  a n y  number o f  
times. 

Thus,  t h e  command definition: 

Brl: LOAD <fiLe naae>[,<file name) . . . I  

means t h a t  t h e  L O A O  command t a k e s  a s  parameters a n y  number o f  file 
n a m e s ,  o f  w h i c h  a l l  b u t  t h e  f i r s t  a r e  o p t i o n a l  ( t h a t  i s ,  only t h e  
f i r s t  one w i l l  be a s k e d  for  if n o t  s p e c i f i e d ) .  

T h r o u g h o u t  t h i s  m a n u a l ,  t w o  d i f f e r e n t  terms are used to d e n o t e  
q u a n t i t i e s  o f  memory, in a d d i t i o n  t o  the  u s u a l  terms b l t  and b y t e .  The 
symbols are:  word which denotes  one 1 6 - b l t  NO-100 word ,  a n d  page w h ~ c h  
is an NO synonym for 1 0 2 4  1 6 - b i t  wards. 

1 . 2  Loading 

The loading o p e r a t i o n  c o n s i s t s  o f  f e t c h i n g  r e l o c a t a b l e  prngram u n i t s  
produced by language processors (compilers and assemblersl, placing 

t h e m  in t h e  c o r r e c t  p l a c e  w l t h i n  t h e  address space ,  linklng t ~ g e t h e r  
t h e  re ferences  between t h e  d i f f e r e n t  u n i t s  a n d ,  f i n a l l y ,  writing t h e  
completed p r o g r a m  o u t  t o  a program f i l e .  

The r e l o c a t a b l e  program u n l t s  contain i n f o r m a t i o n  t h a t  m a k e s  i t  
possible t o  p l a c e  Ilocate) them anywhere within t h e  address s p a c e .  
T h i s  means t h a t  t h e  d i f f e r e n t  u n i t s  may be p l a c e d  i n  t h e  address s p a c e  
i n  a n y  sequence. #hen BRF-Llnker  h a s  p u t  a program u n i t  i n  t h e  c o r r e c t  
p o s i t i o n ,  it m u s t  go t h r o u g h  t h e  p r o g r a m  u n i t  and change a l l  a d d r e s s e s  
t h a t  depend on where t h e  u n i t  is p l a c e d .  

The final p r o g r a m  r e s u l t i n g  f r o m  t h e  l o a d i n g  i s  bound to t h e  L o g l c a l  
addresses where it w a s  p l a c e d  by B R F - L i n k e r .  It i s  t h e r e f o r e  re f erred  
t o  a s  an a b s o l u t e  program. It may a l s o  be c a l l e d  an e x e c u t a b l e  p r o g r a m  
or a s u b s y s t e m .  
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D u r i n g  loading, t h e  BRF-L inker  c a n  o p e r a t e  i n  different modes: 

1 1 Normal mode : 
The loading is done o n t o  a f i l e  o f  t y p e  : P R O G .  T h i s  is t h e  
" n o r m a l '  way o f  l o a d i n g  a p r o g r a m .  Programs must  f i t  i n t o  t h e  
o r d i n a r y  64-page  lone -bank )  o r  120-page ( t w o - b a n k )  address space.  

2 )  Overlay mode: 
When t h e  program is t o o  l a r g e  t o  fit into 1 2 8  p a g e s ,  t h e  o v e r l a y  
mode m a y  be used t o  enab le  d i f f e r e n t  p a r t s  o f  t h e  p r o g r a m  t o  be 
r u n  alternately i n  t h e  same address space. 

3 )  Multisagment mods: 
Used t o  prepare p r o g r a m s  w h i c h  occupy s e v e r a l  S I N T R A N  111 
segments.  It makes i t  posslble t o  u s e  programs e x t e n d ~ n g  beyond 
t h e  normal 128-page b o u n d a r i e s ,  and also t o  i m p r o v e  execution 
times b y  a v o i d i n g  r e a d i n g  from a : P R O G  f i l e  when t h e  program z s  
s tar ted .  It can NOT b e  used w i t h  one-bank p r o g r a m s .  

Mu symbolic source code r n d d i f l c a t i o n  is necessary i n  o r d e r  to switch 
from one o f  t h e s e  modes o f  loading t o  a n o t h e r .  

There  a r e  some s i g n i f i c a n t  differences between rnu l t isegrnent  l i n k i n g  
and overlay l i n k i n g :  

1 1  The S y m b o l i c  Debugger can be u s e d  with o v e r l a y s ,  b u t  i s  n o t  
available i n  t h e  multisegment mode. 

2 )  The f i n i s h e d  o v e r l a y  s y s t e m  uses t h e  monitor c a l l  R F I L E  t o  r e a d  
c o d e  and d a t a  d u r i n g  e x e c u t i o n  o f  t h e  l o a d e d  program. Hultisegrnent 
l i n k i n g  uses t h e  demand p a g i n g  facilities w i t h  named two-bank, 
segments t h a t  i s  a v a i l a b l e  i n  S I H T R A N  111 v e r s i o n  I and  Later 
versions. 

3) It t a k e s  about  5 milliseconds t o  s w l t c h  Detween segments i n  t h e  
rnul t isegment  mode, while it t a k e s  a t  l e a s t  5 0  millisecands b e f o r e  
e x e c u t i o n  o f  a new overlay can start a f t e r  it h a s  been c a l l e d .  

4 )  I n  rnultisegrnent loading, segments c a n  be b u i l t  d u r l n g  several 
l o a d i n g  sessions, When b u i l d l n g  overlay systems, t h e  entrre s y s t e m  
m u s t  be b u i l t  i n  a single 8 R F - L i n k e r  sessron. 

5 )  Hultisegment l o a d i n g  requires t h e  u s e  o f  special S T N T R A N  I 1 1  
commands which a r e  only available t o  user S Y S T E M .  O v e r l a y  l o a d l n g  
m a y  b e  done by a n y  user. 

6 1  S u b r o u t i n e  c a l l s  within an overlay structure a r e  r e s t r i c t e d  i n  
t h a t  one r o u t i n e  may call another r o u t i n e  only i f  b o t h  are i n  
memory a t  t h e  same time. T h u s ,  t h e  user must  be c a r e f u l  in 
organizing t h e  overlay s t r u c t u r e .  No restrictions o n  r o u t l n e  calls 
a p p l y  to multisegment s y s t e m s .  

7 1  I n  rnultisegment systems, care m u s t  be t a k e n  wlth d a t a  a r e a  layout 
t o  a v o i d  d a t a  f r o m  one segment b e i n g  overwritten by  d a t a  f r o m  
a n o t h e r  segment. 
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1 . 3  Noxaal Mode Loading 

An executable, or absolute program is a l w a y s  built on a file. The file 
i s  specified using t h e  command 

Brl: PROGRAM-FILE <file name> 

where <file name) is t h e  name o f  the f i l e  o n t o  w h i c h  t h e  p r o g r a m  is 
l i n k e d  and l o a d e d .  The d e f a u l t  file type i s  : F R O G .  I f  t h e  file does 
n o t  a l r e a d y  exist, t h e  user should instruct the BRF-Linker to m a k e  a 
new f i l e  by e n c l o s i n g  t h e  f i l e  name i n  double q u o t e s ,  t h u s :  

Brl: PROGRAM-FILE * < f i l e  name>* 

PROGRAM-FILE should be  t h e  first command g i v e n  a f t e r  t h e  BRF-Linker 
h a s  been started. 

The BRF-Linker c a n  load B R F - u n i t s  from one or more f i l e s .  The loading 
is i n i t i a t e d  by t h e  command: 

where <file-name> is t h e  name o f  a file the B R F  units should be l o a d e d  
f r o m .  The d e f a u l t  file t y p e  is :BRF. 

When loading from a file, a l l  r o u t i n e s  on t h a t  flle will normally be 
loaded. Any or a l l  rout ines  on t h e  f i l e  m a y ,  however, h a v e  been 
compi led i n  t h e  so-called library-mode. Such r o u t i n e s  will o n l y  be 
loaded if t h e y  a r e  called from a previously l o a d e d  r o u t i n e ,  otherwise 
t h e y  will be ignored. 

Debug i n f o r m a t i o n  on B R F  files can be i n c l u d e d  or i g n o r e d  th roughout  
t h e  l o a d i n g  process b y  t h e  command: 

Brl: DEBUG-MODE <ON/OFF> 

D e f a u l t  is ON - debug information will b e  i n c l u d e d .  

Program units from library files (compiled w i t h  t h e  " L I B R A R Y - H O O E "  
O H ) ,  can  be l o a d e d  without being referred to f r o m  units a l r e a d y  l o a d e d  
by us ing  t h e  command: 

Brl: LIBtAaY-MODE <ONIOFF> 

The default v a l u e  for t h i s  command is O N ,  l i b r a r y  u n i t s  will only be 
l o a d e d  i f  referenced.  
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I f  t h e  p r o g r a m  is i n  a h i g h - l e v e l  l a n g u a g e ,  t h e  run tme  s y s t e m  
r o u t i n e s  f o r  t h a t  l a n g u a g e  m u s t  also be  l o a d e d .  T h e s e  routines a r e  
faund on file5 with names like: 

w h e r e  x x x x x x x  is t h e  name o f  t h e  programming l a n g u a g e ,  for e x a m p l e :  

Use  t h e  l B A N K  or Z B A N K  version o f  t h e  runtime system d e p e n d i n g  on 
whether t h e  program i s  a ona-bank or a two-bank program. 

T o  l e a v e  t h e  BRF-L inker  and return t o  S I N T R A N  111, give t h e  command: 

8rl: E X I T  

The BRF-Linker will t h e n  close t h e  p r o g r a m  file s p e c i f i e d ,  t h e r e b y  
m a k i n g  it r e a d y  f o r  execution f r o m  S I N T R A M  111,  and r e t u r n  you t o  
S I N T R A N  111. 

The program can now be started f r o m  SINTRAN 111 by g i v l n g  a RECOVER 
command with t h e  program file name a s  p a r a m e t e r .  For example, if t h e  
user h a s  l o a d e d  executable code onto t h e  file EXAMPLE:PROG, t h e n  the  
program could be s t a r t e d  by t y p i n g  t h e  command: 

A s  l o n g  a s  there is no conflict between t h e  program f ~ l e  name and any  
S I N T R A N  111 command names we may [ a n d  u s u a l l y  do1 Leave o u t  t h e  word 
R E C O V E R ,  so we would j u s t  t y p e :  

If we want to debug t h e  program we m a y  instead type t h e  command: 

@DEBUG EXAMPLE 

w h i c h  w i l l  s tart  up t h e  p r o g r a m  u n d e r  c o n t r o l  o f  t h e  
Symbolic Oebugger. 

I f  we want t o  run the l o a d e d  program ~ m m e d i a t e l y ,  we could lnstead 
exit from t h e  B R F - L i n k e r  w i t h  t h e  command: 

8 r l :  RUN 

T h i s  command p e r f o r m s  an exit from t h e  B R F - L i n k e r  and  t h e n  s t a r t s  
e x e c u t i o n  o f  t h e  program file opened w i t h  t h e  PROGRAM-FILE command a t  
the  b e g i n n i n g  o f  t h e  L o a d i n g  s e s s l o n .  

Hote t h a t  t h e  BRF-Linker cannot l o a d  p r o g r a m s  directly t o  m e m o r y .  
Hence, a program file m u s t  h a v e  been specrfied r n  order t o  u s e  t h e  RUN 
command. 
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1 . 4  Example: Compiling, Loading and Running a Program 

@FORTRAN-100 
ND-100/NORD-10 ANSI 77 FORTRAN COMPILER - 203053D 
FTN: 

ND-100/NORD-10 ANSI 77 FORTRAN COMPILER - 2030530 
SOURCE FILE:  TESTP:SYMB 

1 * PROGRAM TESTP 
2 * WRITE(l,*J 'THIS IS A TEST PROGRAM' 
3 * END 

- CPU TIME USED: 0.8 SECONDS. 3 LINES COMPILED. 
- NO MESSAGES 
- PROGRAM SIZE-69 COMMON SIZE=O 
FTN: EXIT 

0- 
- BRF Linker - JULY 3 ,  1984 
Brl: PBOGRAM - F1T.F- 
Brl: m T E S T P , F -  - 
FREE: P 000105-177777 
FREE: P 035043-177777 
B r l :  EX.U 

THIS IS A TEST PROGRAM 

1 . 5  fnspacting and Changing the  Symbol Table 

Procedure names. variable names, labels and s o  on w h l c h  a r e  d e f i n e d  
and needed i n  t h e  user's p r o g r a m  are known a s  symbols. Symbols m a y  be 
up t o  seven characters  long. In order  t o  make a l o a d e d  and  lrnked 
p r o g r a m  f u n c t i o n  p r o p e r l y ,  t h e  B R F - L i n k e r  m u s t  flll i n  t h e  c o r r e c t  
symbol address wherever  t h e r e  is a reference  t o  a s y m b o l .  B y  symbol 
address i s  meant t h e  address o f  t h e  w o r d  or w o r d s  i n  memory that a r e  
associated with t h e  symbol. Furthermore, t h e  B R F - L i n k e r  w r l l  keep 
t r a c k  o f  t h e  p l a c e s  where symbols a r e  referred t o ,  b u t  n o t  y e t  d e f l n e d  
and g i v e n  addresses. Thus,  it is a b l e  to f i l l  i n  t h e  n e c e s s a r y  
i n f o r m a t i o n  about  these  addresses when t h e  symbols get d e f l n e d .  

T o  t h i s  end t h e  BRF-Linker keeps a l i s t  o f  a l l  s y m b o l s  e n c o u n t e r e d  
d u r i n g  L i n k i n g .  T h i s  l i s t  i s  known a s  the symbol t a b l e .  The symbol 
t a b l e  m a y  b e  inspected and m a n i p u l a t e d  b y  t h e  user d u r i n g  L o a d l n g .  

The s y m b o l  t a b l e  is b u i l t  b y  t h e  BRF-L inker  f r o m  t h e  s y m b o l s  lt 

encounters in t h e  BRF f i l e s .  I t  c o n t a i n s  a l l s t  o f  t h e  symbols ana t h e  
addresses  i n  the  computer's memory t h e y  will occupy when t h e  p r o g r a m  
i s  r u n .  Whenever a definition o f  a symbol is found i n  a I n p u t  flle. 
the  v a l u e  o f  t h e  current  l o a d  address is stored a s  t h e  a d d r e s s  o f  the 
symbol. The s y m b o l  is t h e n  known a s  a def ined symbol. 
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I f  a referenced s y m b o l  h a s  n o t  yet been d e f i n e d ,  it i s  stored i n  t h e  
s y m b o l  table a s  a n  undefined s y m b o l .  It 19 then e x p e c t e d  to be d e f i n e d  
l a t e r .  For i n s t a n c e ,  t h i s  w i l l  n d r m a l l y  be t h e  c a s e  w i t h  s y m b o l s  
representing c a l l s  t o  external p r o c e d u r e s  w h i c h  h a v e  not y e t  been 
l o a d e d .  

I n  t h e  case  o f  programs l o a d e d  in t h e  two-bank  mode,  t h e  load a d d r e s s  
i s  t o  a L o c a t i o n  in t h e  program bank i f  it i s  a procedure  name o r  a 
l a b e l  and to a l o c a t i o n  i n  t h e  d a t a  bank if  it i s  a v a r i a b l e  name. I n  
t h e  one-bank case ,  a11 references are  t o  t h e  same b a n k .  

T o  list a l l  s y m b o l s  i n  t h e  symbol t a b l e ,  give t h e  command: 

B r l :  LIST-EHTRIES-DEFINED , , , 

A l l  undef ined  symbols i n  t h e  program can be listea b y  g i v i n g  t h e  
command : 

Brl: LIST-ENTRIES-UNDEFINED , , ,  

Together  with e a c h  symbol n a m e  w i l l  b e  l i s t e d  t h e  last a d d r e s s  w h e r e  
t h e  symbol w a s  re f erenced-  

The o u t p u t  from t h e  LIST-ENTRIES-DEFINED a n d  LIST-ENTRIES-UNDEFINED 
commands may be s w i t c h e d  to  a n o t h e r  o u t p u t  d e v i c e  b y  g i v i n g  t h e  
command : 

Brl: OUTPUT-FILE (file name> 

where <file name, i s  t h e  name o f  t h e  new o u t p u t  file. The default 
f i l e  t y p e  i s  : S Y M 8 .  The o u t p u t  d e v i c e  may be reset t o  t h e  terminal by 
giving t h e  OUTPUT-F ILE  command w i t h  a n  empty file n a m e :  

Brl :  OUTPUT-FILE , , ,  

T o  create a new symbol i n  t h e  symbol t a b l e ,  u s e  one o f  t h e  commands:  

611: OEFINE <symbol>,<address),<PiO> 

B r l :  DEFINE <symbol>,<symbol>,<PIO> 

I n  t h e  f i r s t  f o r m a t ,  t h e  name <symbol> w i l l  b e  d e f i n e d  a s  referencing 
t h e  word g i v e n  in Caddress) and i n  t h e  bank specified i n  t h e  p a r a m e t e r  
< P / D ) .  P s p e c i f i e s  a word in  t h e  program b a n k  a n d  D a word i n  t h e  d a t a  
bank .  I f  t h e  P I O  parameter is omitted, t h e  d e f a u l t  1s t h e  p r o g r a m  
bank.  

I n  t h e  second format, t h e  f i r s t  symbol is d e f i n e d  a s  referencing t h e  
same word as t h e  second s y m b o l ,  w h i c h  m u s t  be d e f i n e d  p r e v ~ o u s l y .  
Beware t h a t  if t h e  a l r e a d y  d e f i n e d  s y m b o l  ( t h e  second < s y m b o l >  
parameter) 1 s  l o c a t e d  i n  t h e  d a t a  bank I P I D  parameter s e t  to D l ,  t h e  
P I 0  parameter  m u s t  b e  s e t  to D for t h e  new s y m b o l  t o o ,  atnerwlse the  
B R F - L i n k e r  will output a n  error message indicating a r e f e r e n c e  t o  an 
undef ined symbol. 
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We c a n  f i n d  w h i c h  word a n  e n t r y  refers t o  b y  t y p i n g :  

Brl: DEFINE <symbol>,?,<P/O> 

T h e  B R F - L i n k e r  t h e n  writes t h e  o c t a l  address o f  t h e  symbol on t h e  
terminal. 

I n  order t o  load t h e  program a t  an address which d i f f e r s  f r o m  t h e  
c u r r e n t  address ,  use t h e  command format :  

The parameter <#PCLC/#OCLC> refers  t o  t h e  current l o c a t i o n  counter In 

t h e  program bank I#PCLC) or  d a t a  bank (BDCLCI. Subsequent l o a d i n g  will 
t h e n  b e  performed f r o m  the  specified address. T h i s  command w i l l  a l s o  
s e t  t h e  BRF-Linker i n  t h e  s p e c i f i e d  made ( # P C L C  f o r  Program mode or 
# O C L C  f o r  D a t a  m o d e ) .  

The address o f  a n  entry i n  t h e  s y m b o l  table may be entered i n t o  a 
memory l o c a t i o n  by the command: 

Brl:  REFERENCE <symbol>,<address>,<PID> 

It d o e s n ' t  m a t t e r  if t h e  referenced entry is present i n  t h e  t a b l e  or 
not, a s  t h e  correct address w i i l  be frlled i n  when t h e  s y m b o l  value i s  
d e f i n e d .  The REFERENCE command creates  a n  ' u n d e f i n e d '  s y m b o l  if t h e  
symbol is n o t  a l r e a d y  i n . t h e  t a b l e ,  and t h e  8RF-Linker  e x p e c t s  i t  t o  
be d e f i n e d  Later. 

An e n t r y  is d e l e t e d  from t h e  symbol t a b l e  b y :  

Brl: REMOVE <symbol>,<P/D> 

Symbol names may b e  renamed by t h e  command: 

T o  set t h e  r e s t a r t  address o f  t h e  p r o g r a m  flle specified i n  t h e  
PROGRAM-FILE command. use one o f  t h e  command formats: 

Brl: RESTART <address> 

Brl: RESTART < s y m b o l >  

I f  <symbol> is used ,  t h e n  <symbol> must be a defined t a b l e  entry 
r e f e r r i n g  t o  t h e  p r o g r a m  bank .  The d e f a u l t  restart a d d r e s s  w l l l  be 
e q b a l  to t h e  m a i n  start address. 



B R F - L I N K E R  U S E R  MANUAL 
The Functions o f  t h e  B R F - L i n k e r  

1 . 6  Two-bank Systems Versus One-bank Systems 

To overcome address space constraints i n  t h e  N D - 1 0 0 ,  a t w o - b a n k  s y s t e m  
c a n  be u t i l i z e d  if t h e  compiler ( P L A N C ,  C O B O L ,  F O R T R A N ,  P A S C A L )  is 
c a p a b l e  o f  generating separate output f o r  t h e  p r o g r a m  code  and t h e  
d a t a  p a r t .  The address  space  f o r  each program i s  limlted t o  6 5  p a g e s .  
A two-bank program u s e s  a s e p a r a t e  address  s p a c e  f a r  code  and d a t a ,  
t h u s  m a k l n g  i t  possible t o  h a v e  6 4  pages  o f  program code and 6 4  pages  
o f  d a t a .  

S i n c e  t h e  ND-100 i s  c a p a b l e  o f  addressing d a t a  by u s i n g  a n  alternative 
page  t a b l e ,  programs m a y ,  i n  principle, c o n s i s t  o f  6 4  p a g e s  o f  program 
code  and 6 k  pages  of d a t a .  Programs where code and d a t a  a r e  s e p a r a t e d  
i n  t h i s  w a y  are c a l l e d  two-bank programs, w h e r e a s  programs whose code 
and d a t a  s h a r e  a singie address s p a c e  o f  6 1  pages, are called one-bank 
programs. 

Two-bank object programs may be g e n e r a t e d  b y  a n  o p t i o n  i n  t h e  v a r i o u s  
compilers and can  be l o a d e d  b y  BRF-Linker. The following s h o u l d  b e  
n o t e d :  

- Two-bank programs m u s t  be l i n k e d  with t h e  t w o - b a n k  version o f  t h e  
a p p r o p r i a t e  runtimellibrary s y s t e m ,  f o r  e x a m p l e  P L A H C - 2 0 A N K ,  
F O R T R A N - P B A N K ,  C O B O L - Z B A N K ,  e t c .  

- Care must b e  t a k e n  when l i n k ~ n g  a s s e m b l y  o r  NPL routines with two-  
bank systems. 

- One-bank and two-bank programs m a y  n o t  b e  m i x e d .  

- The code p a r t s  o f  t h e  t w o - b a n k  s y s t e m s  a r e ,  in p r i n c i p l e ,  
completely r e a d - o n l y .  

- Overlay tree s t r u c t u r e s  a r e  still a v a i l a b l e ,  and b a t h  t h e  c o d e  and 
data parts a r e  b r o u g h t  i n  when a link 1 s  r e q u i r e d .  

Two BRF control n u m b e r s ,  PMO a n d  OH0, are used to p u t  t h e  B R F - L i n k e r  
into program or d a t a  mode ( s e e  c h a p t e r  6 ) .  

Programs cornplled i n  two-bank mode are by d e f a u l t  l o a d e d  ~ n t o  two 
b a n k s  o f  6 4  pages e a c h ,  In t h i s  c a s e ,  t h e  p r o g r a m  e x e c u t e s  ~ i t h  a L 1  
accesses t a  t h e  d a t a  bank v i a  t h e  alternate page table. 

All l o a d e r  commands ( D E F I N E ,  REFERENCE,  R E M O V E )  wrll a p p l y  t o  e i t h e r  
t h e  program code or t h e  d a t a  bank a c c o r d i n g  t o  w h a t  is s p e c i f i e d  i n  
t h e  mode ( P I D )  p a r a m e t e r  i n  t h e  commands .  
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1 . 7  Program Information Corvlnds 

The Commands described in t h i s  s e c t i o n  c a n  be used i n d e p e n d e n t l y  o f  
the o t h e r  0 R F - L i n k e r  commands, and have  no e f f e c t  on t h e  p r o g r a m  b e i n g  
loaded. They can e v e n  be used when n o  P R O G R A M - F I L E  command h a s  been 
g i v e n .  

8r l :  PROGRAH-INFOlHATfON <file name> 
I,<Durnp Link Informatian?YES/NO>,<output file>] 

The command l i s t s  t h e  i n f o r m a t i o n  block o f  a program file. f h e  d e f a u l t  
f i l e  t y p e  is : P R O G .  

It will print out t h e  following information: start and restart 
address, lower and u p p e r  bounds f o r :  p r o g r a m ,  d a t a  and debug 
i n f o r m a t i o n .  

I f  t h e  program i s  an o v e r l a y  s y s t e m  or a multisegment s y s t e m ,  t h e  B R F -  
linker will also p r i n t  t h e  file name s p e c i f i e d  ( i n  PROGRAM-FILE 
command1 when t h i s  program f i l e  w a s  loaded. 

If t h e  file contains overlays, it will also p r i n t  o v e r l a y  information. 

For rnul t isegment  program files, it will p r i n t  o u t  lower and upper 
bounds f o r  l i n k  information, and it,will a s k  whether l i n k  information 
shall be dumped [the default answer is ' N o ' ) .  I f  l i n k  i n f o r m a t i o n  is 
t o  be dumped, it will b e  dumped on t h e  specified o u t p u t  file. The 
d e f a u l t  output.file is TERHINAL and t h e  d e f a u l t  o u t p u t  f i l e  type is 
: SYMB.  

A s  an example, l e t  u s  i n s p e c t  t h e  s i m p l e  program we compiled and 
l o a d e d  i n  section 1 . 4 .  

@m-rntm 
- BRF Linker - JULY 3 ,  1984 

Brl: PROGRAM-INFORMATION T E S T P , , , ,  
Sta r t ,  Restart : 0000110 - OOOOllB 
Program : 0000008 - 0350423 
Data : 1777778 - OOOOOOR 
Debug : OOOOOOB - 0000003 
Brl: EXIT 

The program file name specified i n  t h e  PROGRAM-FILE command when t h e  
program was loaded, c a n  be changed by the command: 

Brl: PATCH-PROGFILE-NAHE < f i l e  name>,cnew name> 

The file name is o u t p u t  t o  t h e  program f i l e  i n  two-bank programs a n a  
i n  overlay programs. This command will locate t h e  f i l e  name on t h e  
program file and write t h e  <new name> instead. I t  will inform you i f  
an overlaid file name is f o u n d .  The S I N T R A N  111 file is not renamed. 
The maximum number o f  c h a r a c t e r s  i n  t h e  f i l e  name is 1 5 .  
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The usefulness a f  this command stems from t h e  f a c t  t h a t  i n  two-bank 
programs to b e  run  u n d e r  S I N T R A N  I 1 1  version H o r  earlier versions, 
and i n  overlay programs, the program file 1s opened a c c o r d ~ n g  t o  t h e  
name written on the program f i l e  itself. I f  a program file i s  renamed 
by u s i n g  the S I M T R A H  I 1 1  RENAME-FILE command, t h e  program name written 
on the file will not be changed.  Such changes  c a n  be e f f e c t e d  w i t h  t h e  
PATCH-PROGFILE-NAME command, o r  by u s i n g  t h e  COPY-PROGFXLE command 
d e s c r ~ b e d  below. 

Some difficulties may also be caused if execution o f  t w o - b a n k  programs 
owned by another user is a t t e m p t e d  under S I N T R A N  1 1 1  v e r s l o n  H or 
earlier versions. I n  t h i s  c a s e ,  t h e  file name written on t h e  p r o g r a m  
f i l e  d o e s  n o t  c o n t a l n  information a b o u t  t h e  owner or directory. 

Attempts t o  execute  t h e  p r o g r a m  w i l l  therefore n o t  b e  successful. Such 
d i f f i c u l t i e s  c a n  also be o v e r c o m e  by u s i n g  the  PATCH-PROGFILE-NAME 
command. Beware however, t h a t  t h e  file name 1 s  still limited t o  a 
maximum o f  1 5  characters. 

Brl :  COPY-PR06FILE <source file>,<destination f i l e )  
[ , < I n c l u d e  Oebug?YESINO?I 
[ , < I n c l u d e  L i n k  Information?YES/NO>1 

This command will copy  a program file from <source f i l e >  t o  
< d e s t i n a t i o n  f i l e ) .  The d e f a u l t  f i l e  t y p e  i s  : P R O G .  If t h e  source file 
i n c l u d e s  debug information, t h e  R R F - L l n k e r  will a s k  w h e t h e r  debug 
in format ion  i s  t o  be included or not; t h u s ,  t h e  command c a n  be u s e d  t o  
strip a w a y  debug information if y o u  a n s w e r  N O .  D e f a u l t  i s  N O  debug 
l n f o r r n a t i o n  c o p i e d .  

For rnult i segment  f i l e s ,  t h e  BRF-Linker w i l l  a s k  w h e t h e r  link 
information should be included. The default i s  NO l l n k  l n f o r r n a t i o n  
included. I f  t h e  l i n k  information i s  not i n c l u d e d ,  t h e  program file 
c a n  no longer be l i n k e d  t o  a n y  other pragram files. 

I f  t h e  source  file is overlaid or is a t w o - b a n k  pragram, t h l s  command 
w i l l  perform a PATCH-PROGFILE-HAME command using < d e s t i n a t i o n  f i l e >  a s  
t h e  new file name. 

The B R F - L i n k e r  w i l l  p r l n t  o u t  i n f o r m a t i o n  a b o u t  the pages  c o p i e d  a s  
snown in t h i s  example lour simple little p r o g r a m  a g a i n ) ,  

@- 
- BRF Linker - JULY 3, 1984 

Brl: COPY-PROCFILE TESTP,"TESTXm,,, 
Total  no of paqes:170 First page:OB Last page:l60 Bank no:O Program 
Brl: 
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The command: 

Brl: HELP E<command>J 

l i s t s  all available commands m a t c h i n g  t h e  a b b r e v i a t i o n  <command>.  I f  
no command is specified, a l l  B R F - L i n k e r  commands will b e  listed. 
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2. THE OVERLAY SYSTPl 

S o m e t i m e s  a l a r g e  program cannot be run because it is too big to fit 
into t h e  address s p a c e  o f  6 4  pages l o r  6 4  p a g e s  f o r  t h e  program and 6 4  
pages f o r  d a t a ) .  One commonly u s e d  s o l u t i o n  i s  t o  d i v i d e  t h e  p rogram 
i n t a  r e a s o n a b l y  s m a l l  p a r t s  w h i c h  can b e  run one a t  a t i m e ,  a n d  i n  
such a way t h a t  one p a r t  (or s u b r o u t i n e )  c a n  use t h e  space f r e e d  when 
a n o t h e r  routine h a s  f i n i s h e d .  Thus tho  program will o n l y  need t h e  
space for t h o s e  routines t h a t  h a v e  to be i n  memory a t  t h e  same time. 

The s e t s  o f  d i f f e r e n t  rout ines  t o  be l o a d e d  one a t  a time are c a l l e d  
o v e r l a y s  o r  links and t h e  p rocess  o f  loading a n  overlay to replace  a n  
existing se t  o f  rout ines  i s  c a l l e d  overlaying these routines. 

B u i l d i n g  overlays w i t h  the  BRF-Linker is a c o n v e n i e n t  way o f  b y p a s s i n g  
t h e  problem o f  l arge  programs not b e i n g  a b l e  to f l t  i n t o  t h e  address 
s p a c e  because: 

- Programs built a s  overlay s y s t e m s  d o  n o t  need source ' c o d e  
modification. 

- The Symbolic Oebugger is a v a i l a b l e  f or  overlays. 

An o v e r l a y  s t r u c t u r e  c a n n o t  b e  made into a r e e n t r a n t  s u b s y s t e m .  

2 . 1  The Multilevel Overlay S y s t e m  

In order t o  use t h e  o v e r l a y  capability on t h e  N O - I O Q ,  t h e  user must 
u n d e r s t a n d  how h i s  program operates and t h e  r e l a t i o n s h i p  b e t w e e n  the  

modules within it. He s h o u l d  o r g a n i z e  h i s  o v e r l a y  structure Idoscrlbed 
below1 so a s  t o  r e t a i n  in memory t h e  l i n k s  c o n t a i n i n g  commonly used 
routines and p l a c e  t h e  infrequently used routines in  l i n k s  which can  
o v e r l a y  one a n o t h e r .  For e x a m p l e ,  a s p e c i a l  error recovery r o u t ~ n e  
would o n l y  need t o  be brought i n t o  memory when t h e  corresponding error 
occurred. E a c h  l i n k  s h o u l d  be a collection o f  functionally r e l a t e d  
modules and b e  a s  s e l f - c o n t a i n e d  a s  possible. c a l l i n g  o t n e r  l i n k s  a s  
infrequently a s  p o s s i b l e .  I n  p a r t i c u l a r ,  r e f e r e n c e s  to l i n k s  which 
would overlay other l i n k s  s h o u l d  be k e p t  t o  a minimum. 

A tree structure, c a l l e d  an o v e r l a y  s t r u c t u r e ,  can b e  used  t o  
i l l u s t r a t e  t h e  dependenc ies  among t h e  o v e r l a y  l l n k s .  I n  a t r e e  
structure, e a c h  l i n k  h a s  o n l y  one i m r n e d ~ a t e  ancestor, but  it m a y  h a v e  
more t h a n  one immediate descendent .  T h e  l i n k  containing t h e  r e q u i r e d  
p a r t s  of t h e  program and w h i c h  must always be i n  memory during 
e x e c u t i o n  is called t h e  root  l i n k .  Since t h e  root link receives 
c o n t r o l  a t  t h e  s t a r t  o f  e x e c u t i o n ,  i t  does n o t  h a v e  a n  ancestor. The 
remaining l i n k s  branch away from t h e  root li n k  and are structured 
according to t h e i r  interdependencies. 

L i n k s  w h i c h  d o  n o t  have t o  be i n  memory a t  t h e  same t ~ m e  are termed 
independent links whereas l i n k s  which m u s t  be in memory a t  t h e  s a m e  
time are termed dependent l i n k s .  F o r  e x a m p l e ,  t w o  modules w h i c h  d o  n o t  
reference e a c h  o t h e r  or p a s s  d a t a  directly to each other, are 
i n d e p e n d e n t  links. When s u c h  l l n k s  are no Longer r e q u l r e d  i n  memory, 
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t h e y  can be o v e r l a i d  by o t h e r  links w h i c h  a r e  b r o u g h t  in. On the  o t h e r  
hand,  a l i n k  m u s t  have  all t h e  l i n k s  upon wh ich  it depends  i n  memory 
a t  t h e  same t i m e  a n d  cannot  t h e r e f o r e  o v e r l a y  t h e m .  E v e r y  l i n k  i s  
dependent on its a n c e s t o r ,  a n d  c o n s e q u e n t l y ,  on t h e  root l i n k .  

As  an illustration, assume w e  have  a p r o g r a m  consisting o f  a m a i n  
program M A l N P  iind s i x  subroutines S U B R  I ,  SUBR2,  S U B R 3 ,  S U B R 4 ,  S U B R 5  
a n d  S U B R 6 .  The subroutines are r e l a t e d  a s  follows: 

1 )  SUBRl and SUBR6 a r e ' c a l l e d  d i r e c t l y  f r o m  M A I N P  a n d  are independent 
o f  each o t h e r .  

2 1  SUBRZ and SUBRS are c a l l e d  d i r e c t l y  f r o m  SUBRt and are independent  
o f  each other .  

3 )  SUBR3 and S U B R 4  are called d i r e c t l y  f r o m  SuBR2 and are also 
i n d e p e n d e n t  o f  each o t h e r .  

The following tree structure illustrates t h e  s u b r o u t i n e  dependencres :  

M A I N P  i s  t h e  
root l i n k  H A I N P  

S U B R 1  and S U B R 6  
are independent  
overlays 
( f i r s t  Levell 

4 

S iFBR2 and S U 8 R S  
are i ndependent  
overlays 
( s e c o n d  levell 

S U B R  3 and SU0R4 
are i n d e p e n d e n t  
overlays 
( t h i r d  level1 

1 

SUBPC depends on SUBRl a n d  S U B R Z  s o  they  m u s t  be in memory when I n  
order t o  e x e c u t e  SUBR4.  The c h a i n  o f  links w h ~ c h  a l ~ n k  depends on 1 s  

referred  to a s  t h e  p a t h  o f  t h e  l l n k .  The a c t l o n  o f  b r l n g l n g  a link 
i n t o  memory i s  termed path  loading  and t h o  c h a i n  o f  l r n k s  b r a n c h ~ n g  
a w a y  from a l i n k  is known a s  t h e  extended p a t h  o f  t h a t  link. I n  t h e  
previous example, t h e  p a t h  o f  S U B R I  is H A I N P ,  S U B R I ,  and S l J B R 2 .  There 
are t h r e e  extended pa ths  o f  S U B R I :  

1 )  S U B R 2 ,  S U 0 R 3  
2 )  S U B R P ,  S U B R C  
3 1  S U B R S  

t-- SUB!? 1 S U B R 6  

t 
- 

S I J B R Z  

t 
SUBA3 

S U B R S  4 



B R F - L I N K E R  U S E R  HANUAL 
The  Overlay System 

A l i n k  may communicate with o t h e r  l i n k s  t h a t  lle i n  i t s  own p a t h  o r  
one o f  its e x t e n d e d  p a t h s .  The communication i s  t h r o u g h  re ferences  t o  
global symbols. A reference f r o m  t h e  current l i n k  t o  a g l o b a l  s y m b o l  
i n  a n o t h e r  l i n k  i n  t h e  p a t h  i s  c a l l e d  a backward reference, w h i l e  a 
reference f r o m  t h e  current l i n k  t o  a global s y m b o l  i n  a n o t h e r  l i n k  on 
one o f  i t s  e x t e n d e d  p a t h s  i s  called a forward reference. Since a l l  
l i n k s  on t h e  p a t h  o f  t h e  current  link m u s t  b e  i n  memory, a b a c k w a r d  
reference  does n o t  cause a n y  l i n k s  t o  be b r o u g h t  into memory.  W i t h  a 
forward r e f e r e n c e ,  however ,  t h e  r e f e r e n c e d  l i n k  may n o t  be  i n  memory .  
It m u s t  t h e n  be f e t c h e d ,  p o s s i b l y  o v e r l a y i n g  a l i n k  a l r e a d y  t h e r e .  

2 . 2  D e s i g n i n g  an Overlay S t r u c t u r ~  

The first s t e p  t o  be t a k e n  when designing a n  o v e r l a y  s t r u c t u r e  i s  t o  
draw a d i a g r a m  showing t h e  f u n c t i o n a l  r e l a t r o n s h i p s  among t h e  modules 
within t h e  program. The t r e e  begins w i t h  t h e  root li n k  which contains 
t h e  m a i n  program and remains i n  memory t h r o u g h o u t  e x e c u t i o n .  The 
remainder o f  t h e  program i s  contained in t h e  overlay l i n k s .  

The user should remember several p o l n t s  when d r a w i n g  h i s  o v e r l a y  
s t r u c t u r e :  

1 )  References t h a t  w i l l  o v e r l a y  existing links s h o u l d  be minimized. 

2 1 Independent l i n k s  cannot  r e f e r e n c e  e a c h  o t h e r ;  c o r n m u n i c a t ~ o n  i s  by 
way o f  a common link. 

3 )  A s  a general rule. calls to rout ines  on other  l i n k s  s h o u l d  b e  
forward references, w h i l e  returns f r o m  rout ines  s h o u l d  be b a c k w a r d  
r e f e r e n c e s .  

4 1  If d a t a  is m o d i f i e d  d u r i n g  e x e c u t i o n ,  t h e  m o d i f i c a t i o n  i s  
d e s t r o y e d  once t h e  l i n k  i s  o v e r l a i d .  Therefore,  i f  d a t a  required  
by a n o t h e r  link is modified, t h e n  t h e  d a t a  m u s t  be  r e t u r n e d  t o  
t h i s  o t h e r  l i n k  b e f o r e  t h e  l i n k  containing t h e  c h a n g e d  d a t a  r s  
o v e r l a i d .  

5 )  When a link is t o  be o v e r l a i d ,  no addresses o r  r e f e r e n c e s  t o  it 
s h o u l d  remain.  

61 H a d u l e s ,  r o u t i n e s  or d a t a  areas u s e d  by s e v e r a l  l l n k s  should be 
explicrtly l o a d e d  i n t o  a l i n k  t h a t  is common to a l l  i ~ n k s  u s i n g  
t h e s e  modules or d a t a  areas. F o r  example, a FORTRAN C O M M O N  d a t a  
area s h o u l d  he i n  a l i n k  in t h e  p a t h  o f  all l i n k s  referencing r t .  
Moreover, COMMON s h o u l d  b e  p o s i t i o n e d  i n  such a w a y  t h a t  it never 
g e t s  r e - i n i t i a l l t e d  a f t e r  t h e  f i r s t  call. In o t h e r  programming 

languages u s i n g  t h e  d i s t i n c t i o n  b e t w e e n  l o c a l  and g l o b a l  d a t a ,  
s i m i l a r  c o n s i d e r a t i o n s  m u s t  be done f o r  t h e  d a t a  w h l c h  a r e  g l o b a l  
t o  s e v e r a l  l l n k  ~ a t h s .  

7 )  The Symbolic Debugger s h o u l d  be u s e d  w i t h  some c a r e  on  o v e r l a y s .  
Debugger commands a f f e c t i n g  programldata i n  an o v e r l a y  s h o u l d  n o t  
be given until a breakpoint is reached on t h a t  o v e r l a y .  M o r o o v o r ,  
t h e s e  commands are  i n  e f f e c t  only while t h e  o v e r l a y  r e s ~ d e s  L n  

memory. I n  o t h e r  w o r d s ,  o v e r l a y s  a r e  a l w a y s  b r o u g h t  l n t o  memory 
f u l l y  i n i  t i a l i r e d  . 
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Tree-structured overlay s y s t e m s  c a n  be several levels deep, The amount 
o f  memory r e q u i r e d  t o  r u n  an overlay s y s t e m  is a t  l e a s t  t h e  amount  
needed f o r  t h e  p a t h  u s i n g  t h e  greatest a m o u n t  o f  s p a c e .  T h i s  is n o t  
t h e  m i n i m u m  r e q u i r e m e n t ,  however ,  s i n c e  special t a b l e s  m u s t  be 
i n c l u d e d  when a p r o g r a m  is d i v i d e d  into l i n k s .  

The root l i n k  and t h e  COMMON a r e a s  d e f i n e d  w i t h i n  it r e s i d e  i n  memory 
throughout t h e  e n t i c e  e x e c u t i o n ,  while t h e  overlays and t h e  COMMON 
a r e a s  d e f i n e d  w i t h i n  them reside on a random r e a d - o n l y  file. T h i s  file 
i s  specified with t h e  PROGRAM-FILE command. 

2 . 3  S p e c i a l  Cormands for  Overlay Loading 

Overlay s t ruc tures  are  loaded  u s i n g  t h e  same B R F - L i n k e r  commands a s  
for normal l o a d i n g .  However, we also need t o  s p e c i f y  t h a t  we a r e  
l o a d i n g  a new link i n  t h e  overlay structure. T h i s  i s  d o n e  by t h e  
command : 

Brl: OVERLAY <level>,<entry name I>I,,..,<entry name n > l  

T h i s  command s p e c i f i e s  t h a t  a new o v e r l a y  l i n k  is t o  be generated. The 
parameter <level> is t h e  overlay level, and < e n t r y  name I >  t o  
< e n t r y  name n> g i v e  t h e  names o f  the subprograms t h a t  m a y  be c a l l e d  
f r o m  t h e  previous level. A f t e r  t h i s  Command has been g i v e n ,  t h e  
specified subprograms c a n  be loaded f r o m  one or more BRF files. I t  i s  
recommended t h a t  t h e  overlay subprograms b e  k e p t  on a s e p a r a t e  BRF 

* file compiled i n  library mode. In t h i s  w a y ,  t h e  spec i f - i ed  s e t  o f  
subprograms m a y  be s e l e c t e d  a n d  p u t  i n t o  t h e  o v e r l a y  i n d e p e n d e n t l y  o f  
t h e  c o m p i l a t i o n  sequence. 

The level number i n  an O V E R L A Y  command m u s t  n o t  be more than 1 h i g h e r  
t h a n  t h e  Level number i n  t h e  previous O V E R L A Y  command. 

The special form: 

Brl :  OVERLAY a , ,  

should be used to indicate the start o f  t h e  root link. T h l s  should  be 
the  f i r s t  command following t h e  P R O G R A M - F I L E  command. 

The swecial form: 

Brl: OVERLAY - 1 , 

will append t h e  last overlaid d a t a  p a r t  to the previously appended o n e  
in 2-bank programs. This permits a l l  d a t a  t o  be placed c o n s e c u t i v e l y  
with no d a t a  o v e r l a y .  Make sure t h a t  no previous d a t a  overlays s h a r e  
t h i s  area w i t h  t h e  current d a t a  overlay. 

T O  dump t h e  root l i n k ,  t h e  COMMON a r e a ,  and t h e  l a s t  o v e r l a y  l i n k  o n t o  
t h e  file specified i n  t h e  PROGRAM-FILE command, use e i t h e r  t h e  E X I T  o r  
the  RUN commands. I f  you use the  RUN command, t h e  e x e c u t ~ o n  o f  t h e  

overlay s y s t e m  will start immediately, otherwise t h o  e x e c u t i o n  o f  t h e  

overlay system must b e  started b y  a separate command ( R E C O V E R ) .  
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2 . 4  Example: Creating an Over lay  System 

@EQmLAN 10Q 
ND-t0O/NORD-10 ANSI 77 FORTRAN COMPILER 203053D 

FTN: SEPARATE-DATA ON 
FTN: COMPILE MAINPITERMINAL, "MAINP" 

ND-100/NORD-10 ANSI 77 FORTRAN COMPILER 203053D 
SOURCE FILE: MAINP:SYM3 

PROGRAM MAINP 
WRITE (I,*) 'START MAINP' 
CALL SUBRI(1) 
CALL SUBR6(6) 
WRITE (I,*) ' E N D  MAINP' 
END 

- CPU TIME U S E D :  0 . 8  SECONDS, 6 LINES COMPILED. 
- NO MESSAGES 
- PROGRAM SIZEz53 DATA SIZEa62 COMMON SIZE=O 
FTN: EXIT 

@FORTRAN-100 
AD-100/NORD-10 ANSI 77 FORTRAN COMPILER 203053D 

FTN: SEPARATE-DATA ON 
FTN: LIBRARY-MODE ON 
FTN: COMPILE SUBRl,TERMINAL,"SUBRI" 

ND-100/NORD-10 ANSI 77 FORTRAN COMPILER 203053D 
SOURCE FILE: SUBR1:SYMB 

SUBROUTINE SUBRI(N1 
WRITE (l,*) 'SUBROUTINE ',N, ' CALLED' 
CALL SUBR2[2) 
CALL SUBR5I5) 
END 

- CPU TIME USED: 0.7 SECONDS. 5 LINES COMPILED. 
- NO MESSAGES 
- PROGRAM SIZE=35 DATA SIZE=59 COMMON SIZE=O 
FTN: EXIT 

@FORTRAN-100 
ND-1OO/NORD-10 ANSI 77 FORTRAN COMPILER 2030530 

FTN: SEPARATE-DATA ON 
FTN : LIBRARY -MODE ON 
FTN: COMPILE SUBR2,TEI1MINALlUSUBR2" 
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ND-IUO/NORD-10 ANSI 7 7  FORTRAN COMPILER 203053D 
SOURCE FILE: SUBR2:SYAB 

SUBROUTINE SUBR2(N) 
WRITE (I,*) 'SUBROUTINE ',N, ' CALLED' 
CALL SUBR3(N+1) 
CALL SUBR3 (N+ 1 ) 
CALL SUBR4[N+2) 
CALL SUBR4(N+2) 
END 

- CPU TIME USED: 0.8 SECONDS. 7 LINES COMPILED. 
- NO MESSAGES 
- PROGRAM S I Z E 4 5  DATA SfZE=63 COMMON SIZE4 
FTN: EXIT 

@FORTRAN-100 
ND-100/NORD-10 ANSI 77 FORTRAN COMPILER 203053D 

FTN: SEPARATE-DATA ON 
FTN: LIBRARY-MODE ON 
FTN: COMPILE SUBR,TERM1NAL,*SUBRn 

HD-100/NORD-10 ANSI 77 FORTRAN COMPILER 2030530 
SOURCE FILE: SU0R:SYMB 

SUBROUTINE SUBR3 (N 1 
WRITE (I,*) 'SUBROUTINE ',N, ' CALLED' 
END 

ND-lOO/NORD-10 ANSI 77 FORTRAN COMPILER 203053D 
SOURCE FILE: SUBR:SYHB 

SUBROUTINE SUBR4 ( N) 
WRITE (1,') 'SUBROUTINE ',N, ' CALLED' 
END 

ND-100/NORD-I0 ANSI 77 FORTRAN COMPILER 2030530 
SOURCE FILE: SUBR:SYMB 

SUBROUTINE SUBRS(N1 
WRITE {I,*) 'SUBROUTINE ',N, ' CALLED' 
END 

ND-100/NORD-10 ANSI 77 FORTRAN COMPILER 203053D 
SOURCE FILE: SUBR:SYMB 

SUBROUTINE SUBR6(N) 
WRITE ( I , * )  'SUBROUTINE ',N, ' CALLED' 
END 

- CPU TIME USED: 1.9 SECONDS. 12 LINES COMPILED. 
- NO MESSAGES 
- PROGRAM SIZE=100 DATA SIZE=156 COMMON SIZE=O 
FTN: 
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@BRF-LINKER 
- BRF Linke r  - JULY 3 ,  1984 
Brl: 
Brl : OVERLAY 0, , 
B r l :  
FREE: P 000065-177777 0 000076-177777 
FREE: P 027123-177777 D 007430-177777 

Brl: OVERLAY 1,SUBRI . 
Brl: LOAD SUBR1,FORTRAN-2BANK 
FREE: P 027213-177777 D 007622-177777 DEBUG 000004 
FREE: P 027213-177777 D 007622-177777 DEBUG 000004 

Brl: OVERLAY 2,SUBR2 
Brl: LOAD SUBR2,FORTRAN-2BANK 
FREE: P 027326-177777 D 007720-177777 DEBUG 000010 
FREE: P 027326-177777 D 007720-177777 DEBUG 000010 

Brl: OVERLAY 3,SUBR3 
Brl: LOAD SUBR,FORTRAN-2BANK 
FREE: P 027403-177777 D 007766- 177777 DEBUG 00001 4 
FREE: P 027403-177777 D 007766-177777 DEBUG 00001 4 

Brl: OVERLAY 3,SUBR4 
OVERLAY COMPLETED. BLOCK NO: 2001 2 1 3 5 2 - 2 7 4 0 3 / 7 7 2 0 - 7 7 6 6  
SUB83 . . . .  27352 P * . . . . . . . .  27403 P 
*. . . . . . . . .  7766 D 
Brl: LOAD SUBR,FORTRAN-28ANK 
FREE: P 027403-177777 D 007766-177777 DEBUG 000024 
FREE: P 027403-177777 D 007766-177777 DEBUG 000024 

Brl: OVERLAY 2,SUBRS 
OVERLAY COMPLETED. BLOCK NO: 2003 27352-27403/7720-7766 
SUBR4 . . . .  27352 P * . . . . . . . .  27403 P 
* . . . . . . . . .  7766 D 
OVERLAY COMPLETED. BLOCK NO: 2005 27237-2735217622-7720 
SUBR2.,..27237 P * . . . . . . . .  27352 P 
* . . . . . . . . .  7720 D 
Brl: LOAD SUBR,FORTRAN-2BANK 
FREE: P 027270-177777 D 007670-177777 DEBUG 000040 
FREE: P 027270-177777 D 007670-177777 DEBUG 000040 

Brl: OVERLAY I,SUBR6 
OVERLAY COMPLETED. BLOCK NO: 2007 27237-27352/7622-7720 
SUBR5 . . . .  27237 P *. . . . . . . .  27270 P 
t . . . . . . . . .  7670 D 
OVERLAY COMPLETED. BLOCK NO: 2011 27150-27237/7530-7622 
SUBR1 . . . .  27150 P * . * . . . . . ,  27237 P 
* . . . . . . . . .  7622 D 
Brl: 
FREE: P 027201-177777 D 007576-171777 DEBUG 000054 
FREE: P 027201-177777 D 007576-177777 DEBUG 000054 
Brl: EXIT 
OVERLAY COMPLETED. BLOCK NO: 2013 27150-27201/7530-7575 
SUBR6 . . . .  27150 P * . . . . . . . .  27201 P 
*......... 7576 D 
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START MAfNP 
SUBROUTINE 
SUBROUTINE 
SUBROUTINE 
SUBROUTINE 
SUBROUTINE 
SUBROUTINE 
SUBROUTINE 
SUBROUTINE 
END MAINP 

1 CALLED 
2 CALLED 
3 CALLED 
3 CALLED 
4 CALLED 
4 CALLED 
5 CALLED 
6 CALLED 
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3 .  THE WL TISEGNmT SYSTH 

The need sometimes arises f o r  p r o g r a m s  w h l c h  are a s  b i g  and extensive 
a s  t h o s e  built by overlay li n k i n g ,  b u t  which a r e  n o t  organized 
hierarchically l i k e  them. The BRF-L lnker  allows y o u  to b u i l d  s u c h  
programs by using  o f  S I H T R A N  1 1 1 ' s  m e c h a n i s m  f o r  h a n d l i n g  named 
r e e n t r a n t  segments. 

T h i s  mechanism - i s  o n l y  available i n  S I N T R A N  I 1 1  version I or later 
versions. I n  p a r t i c u l a r ,  t h i s  means t h a t  it is n o t  a v a i l a b l e  on t h e  
NORD-10. 

3 . 1  The SINfRAN I11 Segment Fifes 

I n  order to be a b l e  t o  create  and u s e  the rnult isegment l i n k l n g  
f a c i l i t y ,  the  programmer should  g r a s p  c e r t a i n  sides o f  t h e  S l N T R A N  111  
operating s y s t e m .  This is p r o v i d e d  in t h i s  s e c t i o n ,  which may be 
s k i p p e d  by advanced  S I N T R A N  1 1 1  u s e r s .  

The key e lement  i n  the S I N T R A N  111 vlrtual memory system i s  t h e  
segment file. This  is a l a r g e ,  cont iguous  f i l e  on t h e  system d l s k .  The 
segment file is d i v i d e d  into contiguous areas c a l l e d  s e g m e n t s .  A 
program t o  be executed  must f i r s t  be p u t  into a segment  dn the  segment 
f i l e .  The d i f f e r e n t  pages of t h e  program w ~ l l  then be swapped i n t o  
m a i n  memory a s  t h e y  a r e  r e f e r e n c e d .  When t h e  c o m p u t e r ' s  m a l n  memory is 
full, t h e  least r e c e n t l y  used  p a g e s  w i l l  be swapped b a c k  to their  
segments. 

For every terminal connec ted  t o  t h e  computer t h e r e  is a s p e c i a l  
segment, c a l l e d  a background segment, r e s e r v e d  on  t h e  segment file. 
When an o r d i n a r y  program i s  s t a r t e d  f r o m  a terminal, it i s  transferred 
t o  the terminal's background segment. From there it w i l l  be swapped 
i n t o  t h e  main memory a s  n e e d e d .  In this w a y ,  when s e v e r a l  users are  
r u n n i n g  t h e  same program they will st111 h a v e  s e p a r a t e  c o p i e s  o f  it. 

A p r o g r a m  m a y  be either one-bank or two-bank.  I n  a o n e - b a n k  p r o g r a m ,  
bo th  program code and d a t a  a r e  loaded into t h e  s a m e ,  64-page address  
s p a c e ,  . o r  b a n k .  I n  a two-bank  p r o g r a m ,  t h e  program code and d a t a  a r e  
Loaded into two separate 64-page banks;  m a k i n g  p o s s i b l e  a total 
p r o g r a m  size o f  up to 1 2 8  p a g e s .  Two-bank programs a r e  u s u a l l y  
compiled with t h e  S E P A R A T E - D A T A  option in the compiler t u r n e d  O N .  

A background segment may be e i t h e r  6 4  or 1 2 0  p a g e s  long. I f  only one- 
bank programs will be run f r o m  a terminal. then  a 6 4 - p a g e  background 
s e g m e n t  w i l l  suffice. I n  order t o  r u n  t w o - b a n k  p r o g r a m s ,  h o w e v e r ,  we 
need  a 1 2 0 - p a g e  background segment. 

H e a v i l y  used programs may b e  p e r m a n e n t l y  installed on t h e l r  own 
segments  i n  t h e  segment f i l e .  Such p r o g r a m s  a r e  called reentrant 
subsyStems. Their pages will t h e n  b e  swapped i n  f r o m  their segments 
instead o f  f rom background segments .  In t h ~ s  c a s e ,  t h e  s a m e  memory 
copy  o f  a p a g e  will be s h a r e d  between all u s e r s  r u n n l n g  t h e  p r o g r a m ,  
a s  l o n g  a s  it is not m o d i f i e d .  I f  a user t r i e s  t o  m o d i f y  a s h a r e d  
page ,  he will g e t  h i s  own p r i v a t e  copy o f  t h e  p a g e  i n s t e a d ,  a n d  t h l s  
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p r i v a t e  copy will be swapped t o  h i s  b a c k g r o u n d  segment.  T h u s  a 
r e e n t r a n t  subsystem wlll, d u r i n g  r u n t i m e ,  consist o f  t w o  different 
k i n d s  of p a g e s .  Some will be unmodified, shared p a g e s  f r o m  t h e  
r e e n t r a n t  segment. The r e s t  will be modified, p r i v a t e  pages f r o m  t h e  
user's background segment. 

3 . 2  P r o g r a ~ i n g  Considerations Using Multisegment Link ing 

The BRF-L inker  uses  t h e  two-bank named reentrant segments mechanism to 
make multisegment l i n k i n g  possible. This method o f  combining m a n y  
routines on several segments h a s  t h e  advantage  t h a t  overlays w i l l  n o t  
h a v e  t o  be read  from a f i l e  d u r i n g  e x e c u t i o n :  c o n t r o l  j u s t  switches 
f r o m  one segment t o  a n o t h e r  i n s t e a d .  Another  a d v a n t a g e  1 s  t h a t  t h e  
l i n k s  n e e d  n o t  be o r g a n i z e d  h i e r a r c h i c a l l y ,  giving no means o f  
cammunication between l i n k s  on t h e  same o v e r l a y  levels, only along 
d i f f e r e n t  branches o f  t h e  o v e r l a y  t r e e .  I n s t e a d  t h e  program may s w i t c h  
freely between the various links. 

H u l t i s e g r n e n t  l i n k i n g  o n l y  works  on two-bank programs. T h e r e f o r e ,  a11 
routines in a multisegment structure must be compiled with t h e  
S E P A R A T E - D A T A  o p t i o n  t u r n e d  OH. A f t e r w a r d s ,  t h e  programs linked 
together in a m u l t i s e g m e n t  s tructure  m u s t  b e  dumped a s  reentrant  
segments on t h e  segment file. S I H T R A N  I I I  commands r e l a t i n g  to the 
a d m i n i s t r a t i o n  o f  segment files are found i n  t h e  version o f  t h e  
S I M T R A H  111 Reference  Manua l  ( N O - 6 0 . 1 2 8 1  and S I N T R A N  E I I  S y s t e m  
Superv isor  [ N O - 3 0 . 0 0 3 )  t h a t  pertain to your installation. The commands 
f o r  dumping programs o n t o  t h e  segment f i l e s  are p r i v i l e g e d ,  which 
means t h a t  t h e y  are o n l y  a v a i l a b l e  t o  the user S Y S T E M .  

It i s  n o t  possible to cornbrnm multisegment and overlay l i n k i n g  w i t h ~ n  
the same program s y s t e m .  

D a t a  areas whlch must be globally a c c e s s i b l e  throughout  e n e c u t i o n  o f  a 
multisegment program system must fit into areas o f  d a t a  space w h i c h  
are n o t  used f a r  any other purpose i n  any segment accessed b y  t h a t  
program s y s t e m .  Furthermore, such d a t a  areas m u s t  b e  loaded so t h a t  
t h e y  d o  n o t  o v e r l a p .  It i s .  a f  course, also p o s s i b l e  t o  keep a n  a r e a  
g l o b a l  t o  some s u b r o u t i n e s ,  and to use it for other purposes a s  soon 
a s  these h a v e  f i n i s h e d  execution. I t  is n o t  p o s s i b l e .  h o w e v e r ,  t o  
create holes i n  the d a t a  areas; t h e y  m u s t  b e  l o a d e d  consecutively f r o m  
t h e  start address f o r  t h a t  segment.  

3 . 3  ~rganiza*ion o f  a Hultisegment Program System 

The following illustration shows how t h e  m u l t l s e g r n e n t  s t r u c t u r e  1 s  

organized o n  the segments .  Even if the drawing shows one p a r t i c u l a r  
program structure. t h e  ' u s e  o f  segment space  i s  t h e  same h e r e  a ;  l n  
e v e r y  other application of the multisegment, so t h e  i n f o r r n a t l o n  l t  
gives is g e n e r a l .  
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Background Program Program Program 
segment segment A segment 0 segment  C 

T h r e e  program segments p l u s  t h e  user's background segments are  used 
h e r e .  The segments h a v e  been named A ,  8 and C dur ing  l i n k i n g ,  a n d  t h e  
subroutines and programs t h a t  they c o n t a i n  h a v e  been numbered 
accordingly w i t h  capital letters. The d a t a  areas used by e a c h  p r o g r a m  
or subroutine are similarly named in s m a l l  letters. T h e  drawing shows 
one possible call s tructure .  The program numbered A 1  i s  the  r o o t  n o d e ,  
and is started by typing its name a s  response t o  S I N T R A N  1 1 1 ' s  
3 -p rompt .  The program A 1  calls t h e  s u b r o u t l n e  B 1 ,  and f r o m  t h e n  o n  t h e  
c a l l s  may be execu ted  a s  shown by t h e  arrows on t h e  d i a g r a m .  

It is n o t  necessary t o  keep d a t a  a r e a s  a s  s t r i c t l y  s e p a r a t e d  a s  t h e y  
are i n  t h i s  rllustration. I f  one s u b p r o g r a m  and i t s  a s s o c i a t e d  d a t a  
areas are not needed any m o r e ,  t h e  d a t a  areas  may b e  used  f r e e l y  b y  
other  p a r t s  o f  the program. 

S Y S  

-------I - A _ - - -  - - - - -  

600-word 
s y s t e m  
routine _ _ _ _ _ _ - _  

5 ~ 5  

- - - - - - - -  - - - - -  

S Y S  

- _ _ _ _ _ - -  

6 4 - p a g e  
( m i n u s  

600 words) 
code p a r t s  

1 -page 
segment 

SYs 

- - - - - - - -  

Seg i n f o  

C 1 

I 

0 2  - 
A 2 

i n f o  

Seg i n f o  
- - - - - -  

- - - - - - - - -  - - - - - -  

- 
Seg i n f o  - - - - - - - -  

- 

6 4 - p a g e  
d a t a  p a r t s  

-----a 

- -  

- - - - -  

- 

- - - - -  

El 
- - 

Seg i n f o  
- - - - - - - -  

- - - - -  

- - - - - - - -  

- 
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3 . 4  Multisegment Linking Covands 

To c r e a t e  a mu l t isegment  p r o g r a m ,  some s p e c i a l  commands b o t h  t o  t h e  
BRF-Linker  and t o  the  SINTRAN 111 operating s y s t e m  a r e  needed, The 
reason for t h i s  is t h a t  d u r i n g  linking, t h e  information necessary t o  
l i n k  the program p a r t s  together is added t o  t h e  absolute program file 
(with e x t e n s i o n  : P R O G I  t h a t  t h e  0 8 F - t i n k e r  c r e a t e s .  T h i s  information 
is used when t h e  d i f f e r e n t  parts o f  an a b s o l u t e  program are l i n k e d  
together with t h e  L INK-TO command. Dumping o f  a multisegment program 
is done b y  using some of t h e  S INTRAN I I I  commands a v a i l a b l e  t o  user 
S Y S T E M .  

3 . 4 . 1  S p e c i a l  BRF-tinker C m a n d s  f o r  Multisegaant Linking 

A s  ment ioned i n  the previous section, t h e  programs w h i c h  we w a n t  t o  
l i n k  i n t o  a multisegment s y s t e m  m u s t  be t rans f erred  f r o m  a user file 
t o  a named segment in a segment file after loading a n d  linklng. D u r i n g  
l o a d i n g ,  t h e  program file must  be specified u s i n g  a special f o r m  o f  
t h e  PROGRAM-FILE command: 

Brl: P R O G R A M - f I t E  <file nare>/<segment name> 

The <segment name> is t h e  name of t h e  segment where t h e  reentrant  
subsystem will be dumped, T h i s  name m u s t  be used w i t h  t h e  S I N T R A M  111 
commands necessary  t o  p l a c e  t h e  l i n k e d  elements on the segment file. 
These commands are described i n  t h e  next s e c t i o n .  

The l l n k s  between t h e  programs on t h i s  file and t h e  p r o g r a m s  on o t h e r  
files are established w i t h  t h e  command: 

where each < f i l e - n >  is a program f i l e  with l i n k s  tolfrom t h e  c u r r e n t  
p rogram file. The current p r o g r a m  f i l e  i s  t h e  f i l e  specified in t h e  
PIOGIAH-FILE command. Each o f  t h e  f i l e s  t o  be linked m u s t  h a v e  been 
l o a d e d  a s  a multisegment program files. 

When u s i n g  t h e  command L I N K - T O ,  the  BRF-L inker  will link t h e  n files 
so t h a t  programs in t h e  n segment p a i r s  c a n  c a l l  e a c h  o t h e r .  Entrles 
i n  t h e  files <file-I>, ... <file-n> are matched w i t h  t h e  corresponding 

entr ies  in t h e  c u r r a n t  p rogram file. I f  t h e s e  files are now dumped t o  
segment files, r o u t i n e s  i n  the  c u r r e n t  program file m a y  call routlnes 
in t h e  l i n k  files <file-l>, ... <file-n> and v i c e  versa. 

Please n o t e  t h a t  t h i s  matching does n o t  i m p l y  t h a t  programs i n  t h e  
files <file-I>, . . .  < f i l e - n >  will b e  a b l e  t o  call each o t h e r .  I f  t h i s  
is d e s i r e d ,  a new linking session is needed to e s t a b l i s h  t h e s e  l i n k s .  

When the  relevant i n f o r m a t i o n  h a s  been w r i t t e n  on t o  t h e  program 
f i l e s ,  t h e  BRF-tinker will respond  by answering: 

(entry) LINKED FROH {current f i l e )  TO (link f i l e ,  

<en t ry>  LINKED FROM ( l i n k  file> TO (current file>. 
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I f  t h e  B R F - L i n k e r  f i n d s  t h e  same d a t a  or C O M M O N  area in b o t h  t h e  ' 

current program file and in a link file, it will o u t p u t  t h e  message:  

tentry) DEFINED IN BOTH {link file> AND {current file). 

Note t h a t  t h i s  m a y  not necessarily c o n s t i t u t e  a n  e r r o r ,  b u t  you s h o u l d  
check carefully t h a t  it is not m e a n t  t o  be t h e  same data or COMMON 
area. 

I f  o u t p u t  h a s  been r e d e f i n e d  t o  a f i l e  b y  t h e  OUTPUT-FILE command, 
o u t p u t  fram t h e  LINK-TO command will be written t o  t h i s  file. 

The L f H K - f O  command will o n l y  initiate t h e  l i n k i n g .  The a c t u a l  linking 
process takes place af ter  t h e  E X I T  command i s  g i v e n .  

The multisegment l i n k i n g  can be used w i t h  all programs cornpl led i n  t h e  
two-bank mode. The t o t a l  g l o b a l  d a t a  s p a c e  l i . e . ,  d a t a  s p a c e  w h l c h  is 
available f r o m  all segments)  is limited t o  a maximum o f  6 3  p a g e s ,  t h e  
r e m a i n i n g  1 page is used for segment information. Local d a t a  s p a c e  c a n  
be overlapped. I f  a segment using overlapped d a t a  space i s  entered and 
a n o t h e r  segment h a s  used the  same d a t a  s p a c e ,  initial d a t a  will be 
used for t h e  segment e n t e r e d .  

When loading a segment, the  command: 

Erl: DEFINE #DCtC.<address> 

should be used t o  p l a c e  i t s  p r i v a t e  d a t a  i n  a suitable a r e a .  Due t o  
t h e  p a g i n g  system, t h e  d a t a  area cannot  be d i v i d e d  i n t o  smaller p a r t s  
t h a n  20008 ( 2 0 0 0  octal1 words. The d a t a  o f  t h a t  segment w i l l  be p l a c e d  
c o n t i g u o u s l y  f r o m  t h a t  address. The f i r s t  p a g e  ( 2 0 0 0 8  locations1 o f  
the  data space is used t o  s t o r e  segment information, 

External d a t a  may be shared between segments simply by l l n k l n g  t h e  
program files t o g e t h e r .  No entry names need t o  be specified. D a t a  on a 
linked segment w i l l  n o t  b e  a v a i l a b l e  b e f o r e  t h a t  segment h a s  been 
entered  ( m u s t  h a v e  been called f r a m  another s e g m e n t ) .  The d a t a  a p p l i e s  
u n t i l  a n o t h e r  o v e r l a p p i n g  segment is a c t i v a t e d .  

I f  t h e  LINK-TO command is g i v e n  p r i o r  to a LOAO command, t h e  d e f i n e d  
d a t a  entries in t h e  files l i n k e d  will be regarded a s  defined i n  t h e  
current  program file. The e n t r i e s  w i l l  n o t  be d o f i n e d  from any LOAD 
commands following L I N K - T O ,  but will be l i n k e d  f r o m  t h e  l i n k  f i l e s  a t  
EXIT. 

I f  a FORTRAN COMMON a r e a  is t o  b e  l i n k e d  from a n o t h e r  s e g m e n t ,  it is 
defined by linking t h e  program file where t h e  common a r e a  is d e f i n e d  
t o  t h e  current program f i l e .  All common a r e a s  n o t  d e f l n e d  I b y  L O A D  or 
by L I N K - T O ) ,  will be d e f i n e d  when t h e  E X I T  Command i s  performed. 

When u s i n g  the  multisegment s y s t e m ,  t h e  s t a r t  a d d r e s s  i s 0 and t h e  
r e s t a r t  address is 1 f o r  t h e  p r o g r a m s  crea ted .  
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3 . 4 . 2  SINTRAN K K K  Comands for Hultisegrsnt Programs 

When a program f i l e  Iwith e x t e n s i o n  :FROG1 h a s  been c r e a t e d  w i t h  
multisegment l i n k i n g  information on it, it m u s t  be transferred t o  a 
segment file . 
The following commands do t h a t .  They must be performed b y  t h e  user 
S Y S T E H .  

which dumps t h e  p r o g r a m  file f o r  t h e  main  program o n t o  a segment ln 

t h e  segment f i l e ,  and: 

which creates subprogram segments on the s e g m e n t  f i l e .  

These S I N T R A N  111 commands m u s t  be g i v e n  a f t e r  t h e  linking sessions 
h a v e  been f i n i s h e d  and t h e  r e s u l t i n g  p r o g r a m  f i l e s  h a v e  been c r e a t e d .  

The r e e n t r a n t  m a i n  program segment is accessible t o  all users. I f  i t  
i s  pre ferab le  to have  some degree o f  p r i v a c y  f o r  a multisegment 
s y s t e m ,  t h e  user can dump only t h e  subprogram segments and k e e p  his 
m a i n  program on a program , file I w i t h  extension : P R O G ) .  The m a i n  
program will be r e a d  into the user's background , segment when ~t i s  
requested, and t h e  background segment will subsequently be used a s  t h e  
main program segment. It will be difficult for unauthorized users t o  
u s e  t h e  subprogram segments w i t h o u t  h a v i n g  a c c e s s  t o  t h e  m a i n  program.  

The segment f i l e  area may need t o  be c leared  b e f o r e  loading. The main 
program segment is d e l e t e d  by t h e  SIHTRAN 111 command: 

a n d  t h e  o t h e r  segments by:  

I f  t h e  m e s s a g o :  

'Segment Number x x  is n o t  cleared'  

a p p e a r s ,  t h i s  means  t h e  segment is currently i n  u s e .  The S I M T R A H  111 
command CLEAR-REENTRANT-SEGHEHT should t h e n  be repeated a t  a later 
time . 
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3 . 5  Example: Linking a Segmented Program Structure 

U s i n g  t h e  same m a i n  program and subroutines a s  i n  t h e  example in 
section 2 . 4 ,  we now l o a d  t h e  main program (HAINPI and i t s  s l x  
s u b r a u t i n e s  [ S U B R I ,  S U B R Z ,  S U B R 3 ,  S U B R C ,  S U B R S  a n d  S U B R 6 )  o n t o  
d i f f e r e n t  segments and run r t .  

I 

The program h a s  t h e  following call s t r u c t u r e :  

S E G T O  SEGT 1 SEGTP SEGT3 S E C T 4  S E G T S  S E G T 6  

bank 

n -n 
N 
P 

I I I I 

I I I I 1 I I I 

--- 
Segm. Segm.  Segm. Segm. Segrn. 
inPo. i n f o .  info. i n f o .  ~ n f  o . 

64-page  

bank 

- - - * -  - -  

- - - - -  - -  - - - - -  - -  

Note t h a t  the size o f  t h e  illustrated s u b r o u t i n e s  i n  t h e  program b a n k  
does  n o t  i n d i c a t e  t h e  a c t u a l  s i z e ,  but 1 s  chosen i n  t h i s  w a y  t o  g L v e  a 
b e t t e r  view o f  t h e  calling sequence. 
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The following l i n k i n g  session w i l l  c r e a t e  t h i s  structure: 

@FI)BTRAN - 100 
ND-IOOfNORD-10 ANSI 77 FORTRAN COMPILER - 203053D 
FTN: SEPARATE-DATA ON 
FTN : COMPILE MAINP. TERMINAL, 'MAINP' 

ND-100/NORD-f0 ANSI 77 FORTRAN COMPILER - 2030530 
SOURCE FILE: MAINP:SYMB 

PROGRAM MhINP 
WRITE (I,*) 'START MAINP' 
CALL SUBRl(1) 
CALL SUBR6(6) 
WRITE ( 1 ,  * 1 ' END HAfNP ' 
END 

- CFU TIME USED: 1.0 SECONDS. 6 LINES COMPILED. 
- NO MESSAGES 
- P R O G W  SIZE=53 DATA S I Z E 4 4  COMMON SIZE=O 
FTN: EXIT 

@FORTRAN-100 
ND-IOO/NORD-10 ANSI 77 FORTRAN COMPILER - 203053D 
FTN: 
FTN: COMPILE SUBRl.TERMINAL,"SUBRt" 

ND-100/NORD-10 ANSI 77 FORTRAH COMPILER - 203053D 
SOURCE FILE: SUBR1:SYMB 

SUBROUTINE SUBRI (N) 
WRITE ( l , * )  'SUBROUTINE ' , N ,  ' CALLED' 
CALL SUBR2(2) 
CALL SUBRS(5) 
END 

- CPU TIME USED: 1.0 SECONDS. 5 LINES COMPILED. 
- NO MESSAGES 
- PROGRAM SIZE=3S DATA SIZE-59 COMMON SIZE4 
FTN: EXIT 

@FORTRAN-100 
ND-100/NORD-10 ANSI 77 FORTRAN COMPILER - 203053D 
FTN: SEPARATE-DATA ON 
FTR: COMPILE SUBR2,TERMINAL,"SUBR2' 

ND-IOO/NQRD-10 ANSI 77 FORTRAN COMPILER - 203053D 
SOURCE FILE: SUBR2:SYMB 

SUBROUTINE SUBR2(N) 
WRITE ( I , * )  'SUBROUTINE ',N, ' CALLED' 
CALL SUBR3(N+1) 
CALL SUBR3 (N+ 1 ) 
CALL SUBR4(N+2) 
CALL SUBR4(N+2) 
END 
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@FORTRAN- 100 
ND-IUO/NORD-70 ANSI 77 FORTRAN COMPILER - 203053D 
FTN: SEPARATE-DATA ON 
FTN: COMPILE SUBRG,TERMINAL,"SUBR5" 

ND-IOO/NORD-10 ANSI 7 7  FORTRAN COMPILER - 203053D 
SOURCE FILE: SUBR6:SYMB 

SUBROUTINE SUBR6(N1 
WRITE ( I , * )  'SUBROUTINE ',N, ' CALLED' 
END 

- CPU TIME USED: 0.9  SECONDS. 3 LINES COMPILED. 
- NO MESSAGES 
- PROGRAM SIZE=25 DATA SIZE=39 COMMON S I Z E 4  
FTN: EXIT 

@BRF-LINKER 
- BRF Linker - JULY 3 ,  1984  
B r l :  -FILE - 'FILEOm/SSGTP 
Brl: DEFINE #DCLC,2000 
Brl : L , P  . FORTRAN 2BANK - 
FREE: P 000665-177777 D 002077-177777 
FREE: P 027504-177777 D 010561-177777 
Brl: EXrr 
SUBR1 . . . .  27507 U SUBR6 .... 27523 U 
QBRF-LINKER 
- BRF Linker - JULY 3 ,  1984 
Brl: PROGRAM F ~ l m f S E G T 1  
9rl: 
Brl: LQAD S U W  
FREE: P 000643-177777 D 012072-177777 
Brl: LINK-TO FILEO 
Brl: LOAD FORTRAN-2BANK 
FREE: P 027345-177777 D 016474-177777 
Brl: ULL 
SPTAB . . . .  13267 U LINKED FROM FILEO TO FILEl 
SEXCINF.,12071 U LINKED FROM FXLEO TO FILEI 
SESTACR..21375 U LINKED FROM FILEO TO FILE1 
5STACK.,..1077 U LINKED FROM FILE0  TO FILE? 
5FIO,BL..12067 U LINKED FROM FILE0 TO FILEI 
5USFILB..14655 U LINKED FROM FILEO TO FILEl 
SCNCT . . . .  1 4 6 5 6  U LINKED FROM FILE0  TO FILE1 
5ALTREC..22332 U LINKED FROM FILEO TO FILE1 
SUER1 . . . . . .  600 P LINKED FROM FILE1 TO FILEO 
SUBR2 . . . .  27350 U SUBR5 .... 27364  U 

OBRF-LINKER 
- BRF Linker - JULY 3 ,  1984 
Brl: P . 3 2 ' / S E G T 2  - 
Brl: DEFINE #DCLC02200Q 
Brl: LOAD S U B U  
FREE: P 000667-177777 D 022076-177777 
B r l  : LINK-TO FILEO,  FILE1 
Brl: LOAD FORTRAN-2BANK 
FREE: P 027371-177777 D 026500-177777 
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@BRF-LINKER 
- 98F Linker - JULY 3 ,  1 9 8 4  
Brl: - 
Brl: E F I N F  #DCLCr2200Q 
Brl: L- 
FREE: P 000631-177777 D 022046-177777 
Brl: LINK-TO FILE0,FILEl 
B K ~ :  LOAD FORTRAN-2BANK 
FREE: P 027333-177777 D 026450-177777 
Brl: 
5PTAB .... 13255 U LINKED FROM FILEO TO FILE5 
5EXCINF..22045 U LINKED FROM FfLEO TO FILES 
SESTACK..21363 U LINKED FROM FILEO TO FILE5 
5STACK . . . .  1065 D LINKED FROM FILE0 TO FILES 
5FIO_BL..22043 U LINKED FROM FILEO TO FILE5 
5USFILB..24631 U LINKED FROM FILEO TO FILES 
5CHCT . . . .  24632 U LINKED FROM FILEO TO FILES 
5ALTREC..22320 U LINKED FROM FILE0 TO FILES 
SUBRS . . . . . .  600 P LINKED FROM FILE5 TO FILE1 

- BRF Linker - JULY 3 ,  1984 
Brl: PROGRAM-FILE 'FILEGU/SEGT6 
Brl : DEFINE UDCLC, f2000 
Brl: LOAD SUBR6 
FREE: P 000631-177777 D 012046-177777 
Brl: U K  - TO F I U Q  
Brl: LOAD FOR- - 
FREE: P 027333-177777 D 016450-177777 
Brl: EXIT 
5PTAB .... 13255 U LINKED FROM FILEO TO FILE6 
5EXCINF..12045 U LINKED FROM FILEO TO FILE6 
5ESTACK..21363 U LINKED FROM FILEO TO FILE6 
5STACK . . . .  1065 U LINKED FROM FILEO TO FILE6 
5FIOBL..12043 U LINKED FROM FILEO TO FILE6 
5USFfLB..f4631 U LINKED FROM FILE0 TO FILE6 
5CNCT . . . .  14632 If .LINKED FROM FILEO TO FILE6 
5ALTREC..22320 U LINKED FROM FILEO TO FILE6 
SUBR6 . . . . . .  600 P LINKED FROM FILE6 TO FILEO 

Note  t h a t  i n  order t o  g e t  just one copy o f  t h e  FORTRAN runtime system 
d a t a  t a b l e s ,  the command LOAD FORTRAN-25ANK h a s  to be p l a c e d  a f t e r  t h e  
L INK-TO command for  each subroutine. T h i s  is important t o  remember, 
because if each subroutine g e t s  i t s  own copy  o f  t h e  runtime s y s t e m  
t a b l e s ,  t h e  l o a d e d  program may not w o r k .  
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The 88F u n i t s  i n  the source file, s t a r t i n g  w i t h  t h e  (first u n i t >  ahd 
including e v e r y  u n i t  up to and including t h e  < l a s t  unit>, w i l l  be 
appended t o  t h e  destination file f o l l o w i n g  t h e  last BRF u n i t  w h i c h  
appears  i n  it. 

Brl: DELETE-BRF <file narne>,<f irst  unit>,<last unit> 

The specified BRF u n i t s  will be d e l e t e d  f r o m  t h e  file. The 
<first u n i t >  will be t h e  f i r s t  u n i t  d e l e t e d ,  t h e n  all the B R F  u n i t s  
following it, including <last u n i t > ,  will be d e l e t e d .  

5 . 2  Co-nds for Updating 

The command: 

Brl: REPLACE-BRF Csource fils>,<destination f i l e >  

will replace t h e  BRF units i n  t h e  destination file with the  same name 
a s  those i n  t h e  source file by t h e  0RF u n i t s  in the  source file. 

The BRF units in t h e  destination file will h a v e  t h e  same r e l a t i v e  
p o s i t i o n  w i t h i n  t h e  file a f t e r  the REPLACE-BPF command a s  t h e y  had 
b e f o r e .  

BRF units i n  the source file n o t  found i n  t h e  destination file will be 
skipped and a w a r n i n g  message will b e  i s s u e d .  

88F u n i t s  without symbolic names cannot  be r e p l a c e d .  

5 . 3  Addit ional  Syrbal C o a n d s  

The command: 

w i l l  s e t  up a BRF unit containing an index table o f  all t h e  B R F  u n i t s .  
The index t a b l e  is t h e  f i r s t  8RF u n i t  in t h e  new file. Each  element i n  
t h e  i n d e x  t a b l e  consists o f  5 w o r d s :  3 words for t h e  u n i t  name and 2 
words f o r  t h e  byte po in ter  o f  t h e  u n i t .  S e l e c t i v e  l o a d i n g  (search f o r  
referenced library u n i t s )  f r o m  a f i l e  with a n  i n d e x  t a b l e  w l l l  be 
f a s t e r  t h a n  loading the same file w i t h o u t  t h e  i n d e x  t a b l e .  

The i n d e x  t a b l e  is i n v a l i d a t e d  by all commands modifying t h e  c o n t e n t s  
o f  t h e  8RF f i l e  (APPEHO-BRF,  FETCH-BRF, OELETE-BRF a n d  R E P L A C E - B R F ) .  
The t a b l e  must be rebuilt if any of these  commands are performed. 

T h i s  command inserts a message i n  t h e  BRF file b e f o r e  t h e  s p e c l f l e d  
unit. If t h e  file i s  prepared w i t h  the P R E P A R E - B R F - L I B R A R Y - F I L E  
command, t h e  d e f a u l t  position is i n  t h e  f r o n t  o f  t h e  i n d e x  t a b l e .  The 
specified message w i l l  be pr in-d when t h e  file 1s loaded .  I f  t h e  f l l e  
is a library file headed by a n  i n d e x  t a b l e ,  a n y  message i n s e r t e d  ~n 
f r o n t  o f  the index table is printed; all o t h e r  messages ( d e f l n e d  by 
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3 4 20 REF S I N I T  
35 20 REF SEXCEPT 
3 6 2 LR 0 
3 7 20 REF SF10 
40 2 LR 0 
4 1 20 REF 5DAT 
4 2 20 REF SCLS 
4 3 20 REF' SXCLO 

I 4 4 20 REF SLEAV 
4 5 24 LNF 14  
45 52110 LOT ,X 110 
4 6 44523 LDA ,B 123 
47 q 20111 STD * I l l  
50 51440 LDT f ,B 4 0  
5 1 40440 MIN ,B 40 
52 52105 LDT , X  105 
5 3 51524 LOT I , %  124 
5 4 20120 STD * 120 
55 51117 LDT I * 1 1 7  
5 6 43522 MIN , X  I , B  122 
5 7 40515 ,MIN , B  115 
60 2440  ST2 ,X ,B 40 
6 1 2 LR 45 
6 2 1 LF 26 ST2 * 26 
6 3 2 LR 60 
6 4 1 LF 1 ST2 * 1 
6 S 6 AFR 65,40 
6 5 2 LR 63 
6 6 2 LR 6 1 
6 7 2 4  LNF 3 
67 1 ST2 * 1 
70 2 ST2 * 2 

' 7 1  13000 STT , X  I * 
72 6 AFR 72,36 
72 2 LR 70 
7 3 2 LR 6 7 
7 4 1 LF 177606 BOBA 0 DT 
7 5 6 AFR 75,15 
7 5 11 AFL 6 

103 20 REF SFIO-BL 
104 1 LF 0 ST2 * 
105 20 REF SEXCIHF 
106 7 AM 103,77 
106 7 Mi3 103, I00 
I 06  6 AFR O , t 4  
106 6 AFR 6 , 1 6  
I06 16 ENTR label f,O,O 
106 21 END checksum : 72054 

Brl: EXrr 


































































