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A Microprogrammed CSECT Monitor 

E .  F e i l m a i r ,  K .  S t a d l e r  

I n s t i t u t e  f o r  1nform. l t i c s  
J .  Kepler U n i v e r s i t y  Linz 

L inz ,  A u s t r i a  

A b s t r a c t :  
In o r d e r  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  of d i f f e r e n t  
programming t e c h n i q u e s  on t h e  paging behaviour  of t h e  
r e s u l t i n g  o b j e c t  program, a  moni to r  t o  o b s e r v e  t h e  dynamic 
t r a n s i t i o n  of c o n t r o l  between c o n t r o l  s e c t i o n s  ( C S E C T S )  was 
imp1 emented i n  f  i  rmwsre. 
The paper  d i s c u s s e s  t h e  genera l  d e s i g n  ph i losophy  and 
p r o p e r t i e s  of t h i  s  t o o l  , d e s c r i b e s  t h e  spec:  f i c  
implementa t ion  and shows some r e s u l t s  of  i t s  u s e .  

1.g C O N T R O L  SECTIONS (CSECTS) A N D  PAGING BEHAVIOUR - - 

1.1 C O N T R O L  SECTIONS 

A n  e x e c u t a b l e  l o a d  module (/IBM10/ ) a s  g e n e r a t e d  e . g .  
by t h e  IBM PL/I c o m p i l e r s  ( / 1 ~ 1 1 / ,  / I B M O ~ / )  u s u a l l y  
c o n s i s t s  of  s e v e r a l  s o - c a l l e d  ' c o n t r o l  s e c t i o n s '  ( 'CSECTS') .  
CSECTs a r e  a  means t o  combine ( l i n k - e d i t )  programs compiled 
a t  d i f f e r e n t  t i n e s .  They c a t e r  f o r  d i f f e r e n t  l i f e t i m e  o f  
v a r i o u s  o b j e c t s  ( e . g .  STATIC v e r s u s  AUTOMATIC v a r i a b l e s )  and 
i n c r e a s e  t h e  f l e x i b i l i t y  o f  l o a d i n g  code i n t o  s t o r a g e .  

A Control  S e c t i o n  i s  a  p i e c e  of  code ( i n s t r u c t i o n s  o r  d a t a ) ,  
which forms a  u n i t .  All p a r t s  of a  c o n t r o l  s e c t i o n  a r e  
loaded wi th  c o n s t a n t  o f f s e t s  from one t o  a n o t h e r .  T h e r e f o r e  
a  CSECT i s  t h e  s m a l l e s t  r e !oca tab le  u n i t .  To g e n e r a t s  an 
e x e c u t a b l e  l o a d  module'  t h e  1  inkage  cd i  t o r  (/IBM10/) 
combines a l l  c o n t r o l  s e c t i o n s  and r e s c l v e s  a l l  r e f e r e n c e s  
between a d d r e s s e s  i n  d i f f e r e n t  c o n t r o l  s e c t i o n s  J / I B M 1 8 / ) .  

1 . 2  PAGING 

When t h e  l i n k a g e  e d i t o r  p r e p a r e s  t h e  load  module i t  i g n o r e s  
t h e  l o c a t i o n  o f  CSECT wi th  r e s p e c t  t o  page boundar ies  a n d  
l o a d s  t h e  CSECTs wi th  minimal space  between them i n t o  
s t o r a g e .  CSECTs a r e  u s u a l l y  o r d e r e d  i n  t h e  sequence  i n  
which t h e  1  inkage  edi  t o r  r e s o l  ves t h e  e x t e r n a l  r e f e r e n c e s .  
Th i s  i s  n o t  n e c e s s a r i l y  a d i s a d v a n t a g e  s i n c e  t h i s  sequence  
oTten correspor tds  -to t h e  a c t u a l  dynam-ic sequence ,  i t  i s  - on 
t h e  o t h e r  hand - n o t  opt imal  s i n c e  t h e  r e s o l u t i o n  of 



r e f e r e n c e s  f o l  lows s t a t i c  c r i t e r i a .  

D u r i n g  e x e c u t i o n  o n l y  t h e  n e c e s s a r y  pages a r e  r e s i d e n t  
( / 1 ~ M 1 3 / ) .  I f  t h e r e  i s  a  C S E C T  w i t h  8 b y t e s ,  s a y ,  s t i l l  t h e  
whole page c o n t a i n i n g  t h i s  CSECT must be l o a d e d ,  a l though  
t h e  r e s t  of t h e  page m i g h t  no t  be needed.  

I t  has been shown HA71/ /FE74/1 /FE76Ai /FE76e/)  t h a t  by  
rearranging t h e  c S L s  a lmos t  a  ways t & number of  page 
f a u l t s  can be reduced .  A b a s i s  f o r  such a performance 
improvement i s  t h e  d e t a i l e d  a n a l y s i s  of t h e  L inkage-Edi to r  
Cross r e f e r e n c e  1  i s t ,  which shows a1 1  r e f e r e n c e s  between. 
eve ry  p a i r  of CSECTs ( c f .  /PR78/ ) .  

A l o g i c a l  consequence of such i n i t i a l  improvements i s  t h e  
~ o n i t o r i n g  of  t h e  a c t u a l  dynamic behaviour  of  t h e  program i n  
o r d e r  t o  f i n d  i n f o r m a t i o n  on t h e  o r d e r  i n  which CSECTs a r e  
r e f e r e n c e d  (and t h u s  b u i l d i n g  a 'CSECT r e f e r e n c e  s t r i n g ' )  
and which CSECTs a r e  r e f e r e n c e d  ' c o n c u r r e n t l y '  (where 
' c o n c u r r e n c y '  means ' r e f e r e n c e d  w i t h i n  a  s p e c i f i  ed t ime 
i n t e r v a l ' ) .  Based on t h e s e  d a t a  a b o u t  t h e  dynamic program 
behav iour  one can t r y  t o  r ea r ra r ige  CSECTs i n  such a way t h a t  
' c o n c u r r e n t l y  u s e d '  CSECTs a r e  l o c a t e d  i n  a s  few pages a s  
p o q s i b l e .  

- - 

One shou ld  p o i n t  o u t ,  however, t h a t  t h e  s u c c e s s  of such a  
r e o r d e r i n g  of CSECTs i s  h e a v i l y  dependant  on t h e  d a t a  used 
by t h e  monitored program. I t  i s  a  n e c e s s i t y  t o  moni tor  
' r e  r e s e n t a t i v e '  p r o g r a m ,  o t h e r w i s e  t h e  paging behaviour  P c o u  d b e  improved f o r  some s p e c i a l  d a t a  and d e t e r i o r a t e  f o r  
o t h e r s .  Based upon an a p p r o p r i a t e  s e t  of d a t a ,  however, one 
can a c h i e v e  improvements f o r  a l l  p o s s i b l e  i n p u t  d a t a .  

2.0 MEASURING CSECT-TRANSITIONS - - 
C 

2 . 1  FIRF7k1ARE MONITORING 

Firmware Moni tor ing  a t t r a c t s  i n c r e a s e d  a t t e n t i o n  due t c  t h e  
f a c t  t h a t  i t  combines many a d v a n t a g e s  of  hardware and 
s o f t w a r e  rnoni t o r s  w i t h o u t  e n t a i l  i n g  many o f  t h e i r  
d i s a d v a n t a g e s  (/AR79/, /BA74/, /DE77/, /CH80/).  A main 
advan tage  of f i rmware moni to r ing  w i t h  r e s p e c t  t o  a  C S E C T  
moni tor  i s  i t s  speed ( t h e  t e s t  f o r  C S E C T  change must be made 
a t  e v e r y  i n s t r u c t i o n )  a n d  i t s  a b i l i t y  t o  d i r e c t l y  a c c e s s  a l l  
i n t e r n a l  r e g i s t e r s  ( e s p e c i a l l y  a d d r e s s  r e g i s t e r s ) .  

2 . 2  P R O G R A M  E V E N T  RECORDING ( I B M )  

One method t o  r e c o r d  proqramyin behav iour  i s  t o  u t i l i z e  
IBM's 'Program Event Recora ing ~ " P E B "  , c f .  / I B M O ? / ) .  I t  1 s  
a  s t a n d a r d  f i rmware  u t i l i t y  o n  Model IBM/370-115. P E R  
a l l o w s  o p t i o n a l l y  t o  moni tor  t h e  f o l l o w i n g  e v e n t s :  

- 



- s u c c e s s f u l  e x e c u t i o n  o f  a  jump/branch i n s t r u c t i o n  

- change of  t h e  c o n t e n t s  of s p e c i f i e d  g e n e r a l  purpose  
r e g i s t e r s  

- e x e c u t i o n  of i n s t r u c t i o n s  i n  s p e c i f i e d  ranges  of main 
s t o r a g e  

- change of t h e  c o n t e n t s  o f  s p e c i f i e d  r a n g e s  o f  main 
s t o r a g e .  

P E R  i s  a c t i v a t e d  by s e t t i n g  c e r t a i n  b i t s  i n  Contro l  R e g i s t e r  
9 and one b i t  i n  t h e  Program S t a t u s  Word ( P S W ) .  Depending 
on t h e  s e t t i n g  of t h e s e  b i t s  P E R  w i l l  recogn-ize an e v e n t  and 
w i l l  upon on o c c u r r e n c e  of  t h i s  e v e a t  g e n e r a t e  a  program 
i n t e r r u p t .  

The a c t u a l  t y p e  of  t h e  e v e n t  w i l l  be remembered by s e t t i n g  
s p e c i f i c  b i t s  i n  main s t o r a g e  l o c a t i o n  1 5 0 .  In a d d i t i o n  
l o c a t i o n  152 c o n t a i n s  t h e  a d d r e s s  of  t h e  i n s t r u c t S o n  which 
caused t h e  P E R  i n t e r r u p t .  

, 

A p p l i c a t i o n  of P E R  c a u s e s  c o n s i d e r a b l e  r e d u c t i o n  i n  
e x e c u t i o n  t ime f o r  a l l  i n s t r u c t i o n s .  I t  i s  t h e r e f o r e  w i s e ,  
t o  a c t i v a t e  P E R  o n l y  f o r  t h o s e  p a r t s  of  t h e  program, w h e r e i t  
i s  a c t u a l l y  needed ( b y  changing t h e  ' P E R t - b i t  i n  t h e  P S W ) .  

I t  has t o  be noted t h a t  t h e  P E R - i n t e r r u p t  has t o  be handled 
by a  u s e r - s p e c i f i e d  I n t e r r u  t - S e r v i c e - R o u t i n e  ( I S R ) .  The 
r e g u l a r  ISK s u p p l ~ e d  wi th  t R e  system does no t  c a t e r  f o r  
hand l ing  of  P E R  i n t e r r u p t s .  A t  f i r s t  we used P E R  t o g e t h e r  
with a s e r v i c e  r o u t i n e  t o  handle  t h e  g e n e r a t e d  i n t e r r u p t s .  
For p r a c t i c a l  usage i t  t u r n e d  o u t  t h a t  t h e  e x e c u t i o n  t ime 
i n c r e a s e  ( i n c l u d i n g  t h e  ISR) amounted t o  a  f a c t o r  of  8 t o  
1 0 .  S ince  we wanted t o  i n v e s t i g a t e  l a r g e  programs t h i s  
f a c t o r  was very s e r i o u s .  We recogn ized  t h a t  f o r  o u r  
i n v e s t i g a t i o n  o f  t h e  CSECT r e f e r e n c e  s t r i n g s  a  i r o n i t o r  was 
needed vihich r e g i s t e r s  o n l y  t h e  e n t r y  and e x i t  from C S i C T s .  

2 . 3  THE CSECT-MONITOR 

To i m  rove t h e  e x e c u t i o n  t ime a  s p e c i a l  CSECT Monitor 
( ' C S M ' ?  was deve loped ,  which t r i e d  t o  r educe  t h e  overhead i n  
t h e  f i rmware .  Th i s  proved t o  be f e a s i b l e ,  s i n c e  P E R  i s  a  

g e n e r a l  m o n i t o r i n g  t o o l  and e x e c u t i o n  t ime improvements 
E g C f d  be achieved a t  t h e  c o s t  of  l e s s  f l e x i b i l i t y  and 
genera l  i t y  . 
The key t o  t h e  s i m p l i f i c a t i o n  was t h e  f a c t  t h a t  o n l y  
branches  can cause  a  CSECT change.  Thus o n l y  branch 
i n s t r u c t i o n s  have t o  be s u b j e c t e d  t o  m o n i t o r i n g  a t  a l l .  

CSM has t o  f u l f i l  c e r t a i n  r e q u i r e m e n t s :  



* I t  shou ld  be p o s s i b l e  t o  r e p l a c e  CSM by P E R  any t ime 
w i t h o u t  change t o  t h e  ISR o r  t h e  moni to r  r o u t i n e  , ( t . h i s  
would b r i n g  . . a c e r t a i n  p o r t a b i l  i t y )  . 

* The e x e c u t i o n  t ime overhead shou ld  be a s  small  a s  
p o s s i b l e .  

* A rogram i n t e r r u p t  should  be g e n e r a t e d  whenever a new 
C S ~ T  i s  e n t e r e d .  

* s w i t c h i n  on and o f f  should  be done v i a  t h e  P E R - B i t  i n  
t h e  PSW Q i n  t h e  same way a s  f o r  P E R ) .  

* t h e  a d d r e s s  of  t h e  f i r s t  execu ted  i n s t r u c t i o n  i n  t h e  new 
c S E C T  should  be s t o r e d  a t  a d d r e s s  1 5 2  ( same  a s  P E R ) .  

* B i t  8 of t h e  Program I n t e r r u p t  Code shou ld  be s e t  ( f l a g  
s i g n a l l i n g  a  P E R  ( = C S M )  i n t e r r u p t ) .  

CSM c o n s i s t s  o f  two p a r t s  ( c f .  F i g .  1) which communicate v i a  
a F L A G  ( B i t  0 i n  Con t ro l  R e g i s t e r  5 )  and v i a  a  c o n t r o l  
s t o r a g e  l o c a t i o n  where t h e  f i r s t  ha l fword o f  t h e  c u r r e n t  
nachine  i n s t r u c t i o n  i s  s t o r e d .  

F i g .  1 

Whenever CSM2 d e t e c t s  a branch i n s t r u c t i o n  i t  s e t s  a  f l a g  
f o r  CSM1. When t h e  F L A G  i s  on ( e n d  CSM i s  e n a b l e d ,  a s  
i n d i c a t e d  by t h e  Contro l  R e g i s t e r  9 )  t h e n  C S M l  g e n e r a t e s  t h e  
c u r r e n t  i n s t r u c t i c n  a d d r e s s  (which w i l l  i n v a r i a b l y  b e  one  o f  



t h e  two p o s s i b l e  t a r g e t s  o f  a  b r a n c h ) .  In a d d i t i o n  t h e  / 3 7 0  
e m u l a t o r ' s  STATUS r e g i s t e r  i s  f l a g g e d ,  s i g n a l l i n g  an 
' e x c e p t i o n a l  c o n d i t i o n '  . 

C M S Z  uses  t h e  g e n e r a t e d  i n s t r u c t i o n  t o  t e s t  whether  i t  l i e s  
w i t h i n  o r  o u t s i d e  t h e  C S E C T  boundar ies  r ecorded  i n  Contro l  
R e g i s t e r s  1 0  and 11. The C S E C T  boundar ies  a r e  s e t  by t h e  
ISR when a  new CSECT i s  e n t e r e d .  I f  t h e  a d d r e s s  l i e s  
o u t s i d e  t h e  c u r r e n t  C S E C T  a  change has t aken  p l a c e  and a 
moni tor  e v e n t  i s  r e c o g n i z e d .  Th i s  i s  then  handled by t h e  
r e g u l a r  P E R  microprograms . 
The use  o f  t h e  F L A G  r e d u c e s  t h e  a d d r e s s  compvta t ion  i n  C M S l  
t o  i n s t r u c t i o n s  f o l l o w i n g  a  branch i n s t r u c t i o n  and t h u s  
saves  c o n s i d e r a b l e  overhead .  

The above d e s c r i p t i o n  i s  n e c e s s a r i l y  simp1 i f i e d .  In 
a d d i t i o n  some more t e s t s  on t h e  P E R  enablement  a r e  i n c l u d e d  
t o  s a v e  unnecessa ry  e x e c u t i o n  and a  few p r e c a u t i o n s  a r e  made 
t o  avo id  i l l e g a l  d a t a  t o  be used i n  c a s e  of  i n t e r r u p t s .  

4 . 0  APPLICATIONS - - 
- - 

The CSM has been s u c c e s s f u l l y  used t o  moni to r  t h e  in -house  
developed t e x t  p r o c e s s i n g  system MTVS. I t  i s  a l a r g e  PL/I 
program c o n s i s t i n g  o f  94  CSECTs and a  s i z e  of some 220k 
Bytes ( / M U E ~ ~ / ) .  Based on t h e  d a t a  p rov ide6  by CSM i t s  
CSECTs were r e a r r a n g e d .  The improvements a r e  summarized i n  
Tab le  I .  The d a t a  show t h a t  a  g r e a t e r  improvement can b e  
ach ieved  f o r  l o n g e r  programs ( T E S T Z ) ,  s i n c e  t h e  
i n i t i a l i z a t i o n  and t e r m i n a t i o n  c f  a program was n o t  
r e o r d e r e d .  

CSM has a l s o  been a p p l i e d  t o  t h e  MODULA Compiler  be ing 
developed i n  Linz ( / P 0 8 0 / ) .  To o u r  s u r p r i s e  no improvements 
could  be a c h i e v e d ,  a  f a c t  which seems t o  imply t h a t  t h i s  
c o m p i l e r ' s  C S E C T  o r g a n i z a t i o n  i s  nea r  o p t i m a l .  

5.0  SUMMARY - - 

By s t r i p p i n g  a.n e x i s t i n g  f i rmware  m o n i t o r i n g  t o o l  ( I B M ' S  
P E R )  t o  t h e  a b s o l u t e  n e c e s s a r y  f u n c t i o n s  t h e  CSECT blonitor  
(CSM) cou ld  a c h i e v e  a  r e d u c t i o n  of t h e  slow-down of 
e x e c u t i o n  t ime by a lmos t  h a l f .  The slow-down f o r  
CSR-monitored rograms i s  s t i l l  h i g h  ( a  f a c t o r  of 5 t o  6 ) ,  g b u t  c o n s i d e r a  1 e l e s s  than  t h e  e q u i v a l e n t  PER-moni t o r e d  
program ( f a c t o r  8 t o  1 0 ) .  The  improvement depends on t h e  
t y p e  of moni tored  program: For p r o g r a m  w i t h  many branch 
i n s t r ~ ~ c t i o n s  a n d  f r e q u e n t  CSECT changes CSM i s  n o t  much 
f a s t e r  than  P E R ,  s i n c e  t h e  major p a r t  of  t h e  t ime i s  spend 
i n  h t e r r r u p t  g e n e r a t i o n  and i n  t h e  i n t e r r u p t  s e r v i c e  
r o a t i n e  ( I S R ) ,  which a r e  t h e  same f o r  both CSM and P E R .  



T A B L E .  I 

6 . 0  FUTURE P L A N S  - - 

6 . 1  VERTICAL MIGRATION OF INTERRUPT SERVICE ROUTINE 

6 

% change 
a 

Since  most of  t h e  t ime i s  s p e n t  i n  g e n e r a t i n g  end p r o c e s s i n g  
program i n t e r r u p t s  we c u r r e n t l y  w o r k  on an improved v e r s i o n  
of CSM, where t h e  time-consuming g e n e r a t i o n  of i n t e r r u p t s  i s  
avoided and a t  t h e  same t ime t h e  f u n c t i o n  o f  t h e  ISR i s  
taken o v e r  by a  microprogram. 

t 

r e c r d e r e d  
v e r s i o n  

I 

6 .2  MONITORING OF D A T A  C S E C T S  

T E S T  1 

o r i g i n a l  
v e r s i o n  

C u r r e n t l y  t h e  method i s  o n l y  a p p l i e d  t o  program CSECTs, i . e .  
t o  p i e c e s  of code c o n t a i n i n g  e x e c u t a b l e  'code. We s t u d y  t h e  
p o s s i b i l i t i e s  of  i m p 1  e n e n t i n g  a  -- d a t a  CSECT m o n i t o r i n g  t o o l  
on t h e  h a s i s  of  f i rmware m o n i t o r i n g .  B a s i c a l l y  our  approzch 
could  b e  a p p l i e d  t o  d a t a  CSECTs, i . e .  t o  a r e a s  of s t o r a g e  
which c o n t a i n  d a t a  on which t h e  program works.  I t  would be 
n e c e s s a r y  t o  moni to r  a l l  i n s t r u c t i o n s  which a c c e s s  ( r e a d  o r  
w r i t e )  memory. The implementa t ion  e f f o r t  i s  though t  t o  be 
manageable,  s i n c e  operand f e t c h / s t o r e  i s  done i n  a few 
s u b r o u t i n e s  o f  t h e  e m u l a t o r  ( a t  l e a s t  on our  machine ,  b u t  
very l i k e l y  on s i m i l a r  machines ,  t o o ) .  

A 

O u r  c u r r e n t  i m p r e s s i o n  i s ,  t h a t  major improvements of 
p r o g r a m  performance  can be ach ieved  v i a  ----- r e o r d e r i n g  - of -- d a t a  
CSECTs. The r a t i o n a l  i s  t h a t  a n  e x e c u t a b l e  proqram c c n t a i n s  

page--in 
page-su t 
CPU-time ( s e c . )  
S t a r t i s t o p  Tine  ( s e c . )  - 
T E S T  2 

C 
page- in  
page-out  
CPU-time ( s e c . )  
S t a r t / S t o p  Tine  ( s e c . )  

more d a t a  CSECTs than program CSECTs ( L .  R i c h t e r  c i t e s  a  

- 1 5  
- 1 . 5  

3 6 1 3  
9 4 2  

3 9 7 1  
9 2 8  

3 4 3  
6 1 4  

3 3 7  
5  8  0  

- 1 . 5  
- 5 3 

- 2 5  
- 2 6  
- 2 . 8  
- 1 0  

I 

I 
I I I 

8 9 5 4  
2 6 7 2  . 
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r a t i o n  o f  2:l) and t h a t  r e f e r e n c e s  t o  d a t a  CSECTs a r e  
a t  l e a s t  t w i c e  a s  high e s  r e f e r e n c e s  t o  program 

?!!E??dlfurthermore d a t a  C S E C T s  a r e  usual  1  y small  e r  ( c  . g .  
f o r  each P L / I  STATIC E X T E R N A L  v a r i a b l e  a  s e p a r a t e  CSECT i s  
g e n e r a t e d )  and t h u s  can be more e f f e c t i v e l y  combined i n t o  a  
s i n g l e  page.  



8 . 0  REFEREKCES - - 

A r m b r u s t e r  C . E . :  A M i c r o c o d e d  T o o l  t o  S a m p l e  t h e  
S o f t w a r e  I n s t r u c t i o n  A d d r e s s .  SIGMICRO N e w s l e t t e r  
V o l .  1 0 ( 1 9 7 9 ) ,  No. 4 ,  p p .  6 8  - 72  a n d  ACM ( e d . ) :  
P r o c .  MICRO-12. 

B a r n e s  D . H . ,  Wear L .  L . :  I n s t r u c t i o n  T r a c i n g  v i a  r l i c r o -  
p r o g r a m m i n g .  MICRO 7 ,  7 t h  Annua l  Workshop  o n  M i c r o -  
p rog ramr i l i ng ,  A C M  1 9 7 4 ,  p p .  25  - 2 7 .  

C h r o u s t  G . ,  K r e u z e r  A . ,  S t a d l e r  K . :  A M i c r o p r o g r a m m e d  
P-age F a u l t  M o n i t o r .  K e p l e r  U n i v .  L i n z ,  I n f o r m a t i  k -  
B e r i c h t e :  SYSPRO 1 9 8 0 .  

d e  B l a s i  N . ,  d e g l i  A n t o n i  G . :  P r o f i l e  F i n d e r  - A 
F i r m w a r e  I n s t r u m e n t  f o r  P r o g r a m  M e a s u r e m e n t s .  
EUROMICRO N e w s l e t t e r  V o l .  3 ( 1 9 7 7 ) ,  No. 1 ,  pp 2 7 - 3 3 .  

F e r r a r i  D . :  I m p r o v i n g  L o c a l i t y  by C r i t i c a l  W o r k i n g  S e t .  
C A C M ,  Vo:. 1 7 ,  No. 11, p p .  6 1 4  - 6 2 0 ,  1 9 7 4 .  

F e r r a r i  D . ,  Lau E . :  An E x p e r i m e n t  i n  P r o g r a m .  R e s t r u c -  
t u r i n g  f o r  P e r f o r m a n c e  E n h a n c e m e n t .  P r o c .  o f  2 .  I n t .  
Conf  on  S o f t w a r e  E n g i n e e r i n g ,  IEEE,  p p .  1 4 6  - 1 5 0 ,  
1 9 7 6 .  

F e r r a r i  D . :  I m p r o v e m e n t  on  P r o g r a m  B e h a v i o u r .  C o m p u t e r  
V o l .  9  ( 1 9 7 6 ) ,  N O .  11, p p .  3 9  - 4 7 .  

H a t f i e l  d  D .  J . ,  G e r a l d  J .  : P r o g r a m  R e s t r u c t u r i n g  f o r  
- - V i r t u a l  Memory.  IBM S y s t e m s  J .  Vol . 1 0 ,  ( 1 9 7 1 ) ,  

N O .  3 ,  p p .  1 6 8  - 1 9 2 .  
IBM S y s t e m  1 3 7 0  Model 1 1 5  F u n c t i o n a l  C h a r a c t e r i s t i c s ,  

GA33-1510-1 ,  1 9 7 4 .  
CIS P L / I  O p t i m i z i n g  C o m p i l e r :  P r o g r a m m e r s  G u i d e ,  SC33- 

0 0 0 6 - 3 .  
OS/VS L i n k a g e  E d i t o r  a n d  L o a d e r ,  GC26-3813-5 .  
OS P L / I  C h e c k o u t  a n d  O p t i m i z i n g  C o m p i l e r s :  L a n g u a g e  

R e f e r e n c e  M a n u a l ,  GC33-0009-4 .  
OS/VSl P l a n n i n g  a n d  Use  G u i d e ,  G C 2 4 - 5 0 9 0 - 6 .  
D S  P L / J  O p t i m i z i n g  C o m p i l e r :  E x e c u t i o n  L o g i c ,  S C 3 3 - 0 0 2 5 - 2 ,  

1 9 7 3 .  
M u e h l b a c h e r  J . R . ,  L o s b i c h l e r  B . :  T e x t v e r a r b e i t u n g s s y s L z m  

MTVS - i n t e r n a l  d o c u m e n t a t i o n ,  K e p l e r  U a i v .  L i n z  1 9 7 8 .  
P o m b e r g e r  G .  : MODULA-Compil e r ,  - r e p o r t ,  i n  p r e p a r a t i o n ,  

1 9 8 0 .  
P r o j e k t :  E f f i z i e n t e s  P r o g r a m n i e r e n  i n  s e i t e n v e r v a l t e t e n  

S y s t e m e n ,  Z w i s c h e n b e r i c h t  Nr. 1 ,  SYSPRO-IRF 2 / 7 9 .  




	102664705.05.01.jpg
	102664705.05.02.jpg
	102664705.05.03.jpg
	102664705.05.04.jpg
	102664705.05.05.jpg
	102664705.05.06.jpg
	102664705.05.07.jpg
	102664705.05.08.jpg
	102664705.05.09.jpg
	102664705.05.10.jpg
	102664705.05.11.jpg

