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M u c h  a t t e n t i o n  h a s  b e e n  d i r e c t e d  to  p a g i n g  
a l g o r i t h m s  a n d  l i t t l e  to  t he  r o l e  of  t he  u s e r  in 
t h i s  e n v i r o n m e n t .  T h i s  p a p e r  d e s c r i b e s  a n  
e x p e r i m e n t  w h i c h  i s  a n  a t t e m p t  to  d e t e r m i n e  
the  s i g n i f i c a n c e  of e f f o r t s  b y  the  u s e r  to  i m -  
p r o v e  the  p a g i n g  c h a r a c t e r i s t i c s  of  h i s  p r o g r a m .  

T h e  p r o b l e m  of  t h r o u g h p u t  in  a c o m p u t i n g  
s y s t e m  i s  p r i m a r i l y  one  of b a l a n c i n g  the  f l ow  
of d a t a  a n d  p r o g r a m s  t h r o u g h  a h i e r a r c h y  of 
s t o r a g e s .  T h e  p r o b l e m  i s  c o n s i d e r e d  s o l v e d  
w h e n  f o r  e v e r y  a v a i l a b l e  p r o c e s s o r  c y c l e  t h e r e  
i s  a m a t c h i n g  d e m a n d  f o r  t h a t  c y c l e  in  t h e  
p r i m a r y  ( e x e c u t i o n )  s t o r e .  S i n c e  p r o g r a m s  a n d  
t h e i r  d a t a  u s u a l l y  o r i g i n a t e  in  a l o c a t i o n  o t h e r  
t h a n  the  e x e c u t i o n  s t o r e ,  t h e r e  i s  a d e l a y  a s -  
s o c i a t e d  w i t h  the  m o v e m e n t  of  d a t a  a n d  p r o g r a m s  
to  t he  p r i m a r y  s t o r e .  T h e  d e l a y  h a s  two  c o m -  
p o n e n t s ,  t he  o p e r a t i o n a l  s p e e d  ( d a t a  t r a n s f e r  
t i m e )  a n d  the  p o s i t i o n i n g ,  o r  a c c e s s  t i m e ,  of  
t he  s e c o n d a r y  s t o r a g e  d e v i c e .  S i n c e  the  a c c e s s  
t i m e  u s u a l l y  e x c e e d s  t he  d a t a  t r a n s f e r  t i m e  b y  
a n  o r d e r  of  m a g n i t u d e ,  t he  p r o b l e m  of t r a n s -  
f e r r i n g  i n f o r m a t i o n  to  t he  p r i m a r y  s t o r e  h a s  
b e e n  n a m e d  the  " a c c e s s  g a p "  p r o b l e m .  

P r e v i o u s  s o f t w a r e  s o l u t i o n s  to  the  a c c e s s  
g a p  p r o b l e m  d i v i d e d  the  p r o b l e m  in to  two  a r e a s  
of  r e s p o n s i b i l i t y .  F i r s t ,  t he  p r o b l e m  p r o -  
g r a m m e r  w a s  r e s p o n s i b l e  f o r  b u f f e r i n g  and  
b l o c k i n g  h i s  d a t a  s u c h  t h a t  h i g h  C P U  u t i l i z a t i o n  
w a s  r e a l i z e d .  S u b s e q u e n t  s t u d i e s  s h o w e d  t h a t  
t h i s  a l o n e  w o u l d  no t  r e s u l t  in a s i g n i f i c a n t  o v e r -  
a l l  i n c r e a s e  in s y s t e m  t h r o u g h p u t .  A s  t e c h n o l o g y  
i m p r o v e d  and  C P U ' s  a n d  e x e c u t i o n  s t o r e  c y c l e s  
w e r e  s p e e d e d  up ,  i t  b e c a m e  a p p a r e n t  t h a t  j o b  
s e t - u p  a n d  i n i t i a l i z a t i o n  w a s  r e s p o n s i b l e  f o r  low 
t h r o u g h p u t  p e r f o r m a n c e .  A s e c o n d  s o l u t i o n  to  
t he  " a c c e s s  g a p "  p r o b l e m ,  m u l t i p r o g r a m m i n g ,  
w a s  t h e r e f o r e  i m p l e m e n t e d .  In  t h i s  a p p r o a c h ,  
t he  s y s t e m  p r o g r a m m e r  i s  g i v e n  the  r e s p o n s i -  
b i l i t y  of  b u f f e r i n g  p r o g r a m s  in  m u c h  the  s a m e  
w a y  the  u s e r  ( p r o b l e m  p r o g r a m m e r )  b u f f e r s  
d a t a .  

I t  i s  e v i d e n t  t h a t  t he  c r i t i c a l  p a r a m e t e r  in  
t h i s  m u l t i p r o g r a m m i n g  e n v i r o n m e n t  i s  t h a t  of  
b l o c k  s i z e ,  s i n c e  t h i s  w i l l  d e t e r m i n e  the  n u m b e r  
of  b u f f e r s  w h i c h  c a n  b e  c r e a t e d  f r o m  a v a i l a b l e  
m e m o r y ,  w h i c h  i s  the  s a m e  a s  t he  l e v e l  of  
m u l t i p r o g r a m m i n g  p r e s e n t  (i .  e .  t he  n u m b e r  of  
p r o g r a m s  w h i c h  c a n  s i m u l t a n e o u s l y  r e s i d e  in  
p r i m a r y  s t o r a g e ) .  T h e  u s u a l  b l o c k i n g  f a c t o r  
in a m u l t i p r o g r a m m i n g  e n v i r o n m e n t  i s  ' o n e ' ;  
t h a t  i s ,  t he  p r o g r a m  i s  t r e a t e d  a s  one  b l o c k  
a n d  a c o r e  b u f f e r  s p a c e  i s  r e s e r v e d  f o r  t h i s  
a m o u n t .  In  m u c h  t h e  s a m e  m a n n e r  t h a t  t he  
p r o b l e m  p r o g r a m m e r  f i n d s  w h e n  h e  b l o c k s  d a t a  
t h i s  w a y ,  w e  f i nd  t h a t  p r o g r a m s  w h i c h  r e s u l t  in  
l a r g e  b l o c k  s i z e  u s u a l l y  h a v e  low c o r e  u t i l i z a -  
t i o n  w i t h  a r e s u l t a n t  r e d u c t i o n  in  t h r o u g h p u t .  
T h e  low c o r e  u t i l i z a t i o n  c o m e s  a b o u t  in  two  
w a y s .  F i r s t ,  a p o r t i o n  of t he  p r o g r a m  i s  
n o r m a l l y  n e v e r  e x e c u t e d ,  a n d  h e n c e  i t s  p r i m a r y  
s t o r e  o c c u p a n c y  i s  n o t  r e q u i r e d .  S e c o n d ,  s e c -  
t i o n s  of  t he  p r o g r a m  a r e  l i n e a r  in e x e c u t i o n  
w i t h  r e s p e c t  to  t i m e ,  a n d  o n c e  t h e y  h a v e  b e e n  
u s e d ,  t h e y  a r e  n o t  r e q u i r e d  a g a i n ;  bu t  in  s y s t e m s  
in w h i c h  p r o g r a m s  a r e  b l o c k e d  in  one  un i t  t h i s  
u n n e c e s s a r y  c o d e  m u s t  r e m a i n  in  t he  p r i m a r y  
s t o r e .  

A m e t h o d  of  a r t i f i c i a l  b l o c k i n g  h a s  b e e n  d e -  
v i s e d  in  an  a t t e m p t  to  s o l v e  t h i s  b l o c k i n g  f a c t o r  
p r o b l e m  i n c u r r e d  w i t h  p r o g r a m s .  T h i s  t e c h -  
n i q u e ,  p a g i n g ,  f i r s t  u s e d  to  e x t e n d  t h e  a d d r e s s  
s p a c e  of a s m a l l  p h y s i c a l  c o r e  , i s  n o w  u s e d  
to  r e d u c e  t h e  p h y s i c a l  c o r e  r e q u i r e m e n t s  of  
p r o g r a m s  w r i t t e n  in  a v e r y  l a r g e  a d d r e s s  s p a c e .  
T h e  a l t e r n a t i v e  to  t h i s  a p p r o a c h  i s  f o r  t he  p r o -  
g r a m m e r  to  u t i l i z e  o n l y  a s m a l l  p o r t i o n  of t h e  
a d d r e s s  s p a c e  a v a i l a b l e  (wi th  r e s u l t a n t  i n c r e a s e  
in t he  c o r e  a v a i l a b l e  f o r  r n u l t i p r o g r a m m i n g )  a n d  
to  s u b s t i t u t e  a n  o v e r l a y  s t r u c t u r e  f o r  p a g i n g .  
T h i s  i s  d i s t a s t e f u l  f o r  t w o  r e a s o n s .  F i r s t ,  i t  
r e q u i r e s  a p r e - p l a n n i n g  of r o u t i n e s  - -  w h i c h  to  
o v e r l a y  a n d  w h i c h  to  l e a v e  r e s i d e n t .  P r e -  
p l a n n i n g  in  l a r g e  p r o g r a m m i n g  s y s t e m s  i s  
u s u a l l y  i n a d e q u a t e .  S e c o n d ,  if  o n l y  a s m a l l  
p a r t  of  t he  a v a i l a b l e  a d d r e s s  s p a c e  i s  u t i l i z e d  
a n d  t h e r e  a r e  no  j o b s  to  b e  m u l t i p r o g r a m m e d ,  
t h e n  the  r e m a i n i n g  p h y s i c a l  c o r e  i s  n o t  u t i l i z e d  
p r o p e r l y .  S o l u t i o n  t i m e  f o r  t he  p r o b l e m  i s  
t h e r e b y  n e e d l e s s l y  i n c r e a s e d .  
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T h e r e  is  in a p a g i n g  s y s t e m ,  h o w e v e r ,  one  
g r o s s  s o u r c e  of e r r o r .  I t  i s  f ound  in the  v e r y  
p r e m i s e  w h i c h  m a k e s  p a g i n g  in a l a r g e  a d d r e s s  
s p a c e  a t t r a c t i v e  in the  f i r s t  p l a c e ,  n a m e l y ,  the  
b l o c k  s i z e .  I d e a l l y ,  a m u l t i p r o g r a m m e d  p a g i n g  
s y s t e m  a t t e m p t s  to  p i c k  a p a g e  s i z e  w h i c h  c l o s e l y  
e m u l a t e s  a n a t u r a l  g r o u p i n g  of i n s t r u c t i o n s .  
S i n c e  the  n a t u r a l  g r o u p i n g  is  u s u a l l y  found  to be 
qu i t e  s m a l l  , a c o m p r o m i s e  p a g e  o r  b l o c k  s i z e  
m u s t  be d e r i v e d ,  a s  a s o l u t i o n ;  o t h e r w i s e  the  
m a p p i n g  h a r d w a r e  o r  the  s t o r a g e  r e q u i r e m e n t s  
f o r  m a p p i n g  t a b l e s  i n v o l v e  c o n s i d e r a b l e  e x p e n s e .  

U n f o r t u n a t e l y ,  t h o s e  who  e m p h a s i z e  p a g i n g  
as a s o l u t i o n  to the  m u l t i p r o g r a m m i n g  p r o b l e m  
fa i l  to  d e f i n e  the  r e s p o n s i b i l i t y  of  the  u s e r  in 
t h i s  e n v i r o n m e n t .  

I t  h a s  b e e n  s t a t e d  t h a t  t he  p r o g r a m m e r  ~ a n  
do n o t h i n g  e a s i l y  to  i m p r o v e  the  s i t u a t i o n .  I t  
i s  the  c o n t e n t i o n  of  the  a u t h o r  t h a t  t h i s  i s  no t  
so  and  tha t ,  in f a c t ,  i t  i s  the  r e s p o n s i b i l i t y  of 
a p r o g r a m m e r  who  e x e c u t e s  in  an  a l g o r i t h m i c a l l y  
m a n a g e d  s t o r a g e  to  a d j u s t  h i s  p r o g r a m s  to  the  
p a g e  s i z e  if  t h e y  a r e  to  be  r u n  f r e q u e n t l y .  

To  p r o v e  t h i s  c o n t e n t i o n ,  the  C a m b r i d g e  
M o n i t o r  S y s t e m  (CMS) w h i c h  w a s  w r i t t e n  to  
t a k e  no a d v a n t a g e  of  a p a g i n g  e n v i r o n m e n t ,  w a s  
p i c k ~ - f o r  e x p e r i m e n t a t i o n  b e c a u s e  i t s  a u t h o r s  
w e r e  r e s i d e n t  and  b e c a u s e  it  w a s  the  c o n v e r s a -  
t i o n a l  m o n i t o r  w h i c h  w o u l d  r e c e i v e  h i g h e s t  u s e  
on o u r  s y s t e m .  We f i r s t  a s k e d  one of the  
k n o w l e d g e a b l e  s y s t e m s  p r o g r a m m e r s  to a r -  
r a n g e  the  n u c l e u s  s u c h  t h a t  the  r e s u l t i n g  l o a d  
l i s t  w o u l d  p l a c e  r o u t i n e s  d e p e n d e n t  on e a c h  
o t h e r  in the  s a m e  4k b y t e  b l o c k ,  the p a g e  s i z e  
of  the ' v i r t u a I  m a ~ i ~ e '  s y s t e m  of the  C a m b r i d g e  
S c i e n t i f i c  C e n t e r  ' . The  r e s u l t  of t h i s ,  the  
a l i g n e d  d e c k ,  i s  s h o w n  in F i g u r e  1. S u b s e -  
q u e n t l y  a d a t a  r e d u c t i o n  p r o g r a m  PSTA (Ap- 
pendix A) w a s  w r i t t e n  w h i c h  p r o d u c e s  a m a p  of 
c o r e  ( s e e  F i g .  Z) a s  p a g i n g  d e m a n d s  a r e  i n -  
c u r r e d  in p r o g r a m  e x e c u t i o n .  In  o r d e r  to  p r o -  
d u c e  t h e s e  d e m a n d s ,  the  a m o u n t  of p h y s i c a l  
c o r e  a v a i l a b l e  to the  p r o g r a m  w a s  r e s t r i c t e d  to  
64K (16 p a g e s ) .  

A s e c o n d  CMS p r o g r a m m e r  w a s  g i v e n  the  
P S T A  ou tpu t  and  to ld  to s t r u c t u r e  h i s  l o a d  l i s t  
(i. e. , to  r e a r r a n g e  the  l o a d  s e q u e n c e  of s u b -  
r o u t i n e s )  so  as  to  r e d u c e  the  t o t a l  p a g e  r e q u i r e -  
m e n t .  In t h r e e  p a s s e s  of d a t a  r e d u c t i o n ,  ( P S T A  
ou tpu t )  a 50% r e d u c t i o n  in the  n u m b e r  of p a g e  
t r a n s f e r s  w a s  a c h i e v e d  in t h i s  JAS a r r a n g e m e n t  
f r o m  the  a l i g n e d  v e r s i o n  (F ig .  1). 

The  e x p e r i m e n t  i n v o l v e d  the  a s s e m b l y  of a 
s i n g l e  d e c k  in a l l  r u n s .  On ly  the  n u c l e u s  w h i c h  
c o n s i s t e d  of 64 m o v a b l e  s u b r o u t i n e s ,  w a s  r e -  
s e q u e n c e d .  The  a s s e m b l e r ,  w h i c h  r u n s  in c o n -  
j u n c t i o n  w i t h  the  n u c l e u s ,  w a s  no t  c h a n g e d .  

The  t o t a l  m a c h i n e  t i m e  i n v o l v e d  w a s  a p -  
p r o x i m a t e l y  Z0 m i n u t e s ,  and  the  n u m b e r  of  m a n  
h o u r s  t o t a l e d  a p p r o x i m a t e l y  24, f o r  the  JAS d e c k  
The  a l i g n e d  d e c k  r e q u i r e d  o n l y  . 5 m a n  h o u r s  to 
a r r a n g e .  

S i n c e  t h e r e  h a d  b e e n  l i t t l e  w o r k  in s t r u c t u r i n g  
p r o g r a m s  to  r u n  in a p a g i n g  e n v i r o n m e n t ,  t h i s  
e f f o r t  w a s  c o n s i d e r e d  w o r t h y  of f u r t h e r  i n v e s t i -  
g a t i o n ,  n a m e l y ,  in to  the  e f f e c t  of a p p l y i n g  no  
e f f o r t  to  a c h i e v e  o p t i m i z a t i o n .  S i n c e  t h e r e  w e r e  
64!  p o s s i b l e  a r r a n g e m e n t s  w i t h  CMS n u c l e u s ,  i t  
is  i m p o s s i b l e  to  d e t e r m i n e ,  if  a d e c k  w a s  a r -  
r a n g e d  in a r a n d o m  m a n n e r ,  the  p r o b a b i l i t y  of  
do ing  b e t t e r  t h a n  the  JAS  a r r a n g e m e n t ;  t he  
f o l l o w i n g  two  e x p e r i m e n t s  d id  show,  h o w e v e r ,  
t h a t  i t  c o u l d  be s i g n i f i c a n t l y  w o r s e .  T h e  d e c k  
w a s  s e q u e n c e d  in a r a n d o m  m a n n e r ,  and  in an  
a l p h a b e t i c  f a s h i o n  (wh ich  is  a c o m m o n  a r r a n g e -  
m e n t  t h a t  f a c i l i t a . t e s  d e c k  r e p l a c e m e n t  w h i l e  
d e b u g g i n g ) ;  t he  r e s u l t s ,  a s  c o m p a r e d  to  the  
e a s i l y  a c h i e v e d  i m p r o v e m e n t  a r e  r a t h e r  s i g n i f i -  
c a n t  (F ig .  1). 

To  r e s t a t e  the  c o n d i t i o n s  of the  e x p e r i m e n t  
s h o w n  in  F i g u r e  1: 

Alphabetic: t he  d e c k s  w e r e  a r r a n g e d  in the  
a l p h a b e t i c  s e q u e n c e  s of the  n a m e s  
p u n c h e d  in c o l u m n s  7 3 - 8 0 .  

Random: d e c k s  w e r e  g i v e n  s e q u e n t i a l  n u m -  
b e r s  f r o m  the  JAS  a r r a n g e m e n t ,  
t h e n  r e s e q u e n c e d  b y  a r a n d o m  
n u m b e r  t a b l e .  

Aligned: the programmer rearranged his 
decks based on a knowledge of 41K 
b y t e  p a g e s .  

JAS: p r o g r a m m e r ,  g i v e n  a m a p  of p a g i n g  
a c t i o n s  g e n e r a t e d  w h i l e  h i s  j ob  w a s  
in  e x e c u t i o n ,  r e s e q u e n c e d  h i s  l o a d  
l i s t  f o r  an  i m p r o v e d  p a g i n g  p e r -  
f o r m a n c e .  

The  s a m e  e x p e r i m e n t ,  r is ing a F o r t r a n  job ,  
w a s  r u n  to  m e a s u r e  the  d i f f e r e n c e  b e t w e e n  a l -  
p h a b e t i c  and  JAS.  

A l t h o u g h  the  d i f f e r e n c e  of  3. 1 in t h i s  c a s e  i s  
l e s s  s i g n i f i c a n t ,  i t  m u s t  be  n o t e d  t h a t  a l e v e l  of 
o p t i m i z a t i o n  w h i c h  w a s  a c h i e v e d  in  one  e n v i r o n -  
m e n t  (i. e. , the  a s s e m b l y )  h a d  a b e n e f i c i a l  eft. 
f e c t  in the  o t h e r .  T h i s  i s  w h a t  one  w o u l d  e x -  
p e c t  s i n c e  the  s e c t i o n  of c o d e  o p t i m i z e d  c o n -  
s i s t e d  of the  i n t e r r u p t  and  d a t a  m a n a g e m e n t  
r o u t i n e s  u s e d  by  b o t h  the  a s s e m b l e r  and  F o r -  
t r a n .  

In view of such significant results, it must 
be emphasized .that no code has been rewritten; 
only the relative order of the subroutines with- 
in a deck has been changed. 



I t  i s ,  t h e r e f o r e ,  t h e  a u t h o r ' s  o p i n i o n  t h a t  the  
u s e r  o p t i m i z a t i o n  i s  no t  o n l y  e a s i l y  a c h i e v e d ,  
bu t  a b s o l u t e l y  n e c e s s a r y  f o r  f r e q u e n t  o p e r a t i o n  
in a p a g i n g  e n v i r o n m e n t .  E f f o r t  i s  now b e i n g  
d i r e c t e d  to  c o n s t r u c t i n g  an  a l g o r i t h m  and  p r o g r a m  
to  p e r f o r m  t h e  l o a d  l i s t  r e s t r u c t u r i n g  m e c h a n i -  
c a l l y .  

T h e  a u t h o r  is  m o s t  g r a t e f u l  to  t he  CMS p e o p l e  
w h o  p a r t i c i p a t e d  in t h i s  e x p e r i m e n t ,  e s p e c i a l l y  
to  M r .  J .  B. H a r m o n ,  t he  p r o j e c t  m a n a g e r ,  
w h o  p r o v i d e d  the  a b l e  a s s i s t a n c e  of M r .  J .  A.  
S e y m o u r ,  w h o  s t r u c t u r e d  the  JAS  d e c k .  
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A P P E N D I X  A 

P A G I N G  S T A T I S T I C S  P R O G R A M  

- P S T A  - 

T h i s  p r o g r a m  t a k e s  t h e  o u t p u t  t a p e  c r e a t e d  b y  C P / 4 0 5  w h i c h  i s  a 
r e c o r d  of  s i g n i f i c a n t  i n f o r m a t i o n  p r e s e n t  w h e n  a d e m a n d  f o r  a n e w  
p a g e  i s  i n c u r r e d  in  e x e c u t i o n  by  t h e  " v i r t u a l  m a c h i n e .  " T h e  o u t p u t  
i s  p r i n t e d  o n e  l i n e  p e r  p a g e  d e m a n d  in  t h e  f o l l o w i n g  m a n n e r :  

INPAG t h e  p a g e  r e q u e s t e d  by  t h e  v i r t u a l  m a c h i n e  

OUTPAG t h e  p a g e  p ~ c k e d  by  t h e  a l g o r i t h m  to  be  o v e r -  
l a i d  by  t h e  i n c o m i n g  p a g e  

I N S T R  the instruction counter of the "virtual 
machine" when the page demand occurs 

Page Map This is a record of the actual pages in the 
core storage when the demand occurred. 
The swap is already indicated. Page numbers 
proceed from left to right with each asterisk 
representing a page (Page numbers 0-3F). A 
plus indicates the used bit is one, a zero in- 
dicates used bit equals zero, and a space (blank) 
indicates that page is not now resident in core 
storage. 



"11 

INPAG 

0 1 3 0 0 0  
0 1 4 0 0 0  
0 1 5 0 0 0  
0 1 6 0 0 0  
01AO00 
O1BO00 
0 0 2 0 0 0  
0 1 0 0 0 0  
01C000 

0 1 0 0 0 0  
O1EOO0 
01FO00 
020000 

0 2 1 0 0 0  
0 2 2 0 0 0  
0 2 3 0 0 0  
0 2 4 0 0 0  
025000 

0 2 6 0 0 0  
0 2 7 0 0 0  
0 2 8 0 0 0  
0 2 9 0 0 0  
02&OOO 

O12000 
0 0 7 0 0 0  
0 0 5 0 0 0  
0 1 1 0 0 0  
0 0 2 0 0 0  
003000 

0 1 0 0 0 0  
01AO00 
0 1 3 0 0 0  
006000 

0 0 4 0 0 0  
OOEO00 

OOFO00 
0 1 4 0 0 0  
0 1 5 0 0 0  
0 1 6 0 0 0  
03FO00 
0 1 2 0 0 0  
OlBO00 

0 0 7 0 0 0  
0 0 2 0 0 0  
0 0 3 0 0 0  
0 1 0 0 0 0  
02JO00 

0 1 3 0 0 0  
0 1 8 0 0 0  
02B000  
00~000 

01AO00 
015000 

0 1 8 0 0 0  
0 0 ~ 0 0 0  
0 1 0 0 0 0  
0 1 3 0 0 0  
0 1 ~ 0 0 0  
028000 

0 0 2 0 0 0  
0 0 3 0 0 0  
02AO00 
01AO00 
0 1 6 0 0 0  
0 0 0 0 0 0  
0110OO 
0 1 2 0 0 0  
0 0 2 0 0 0  
0 1 4 0 0 0  
00~000 

01C000 

0 1 0 0 0 0  
O L E O 0 0  
0 1 F O 0 0  
0 2 0 0 0 0  
0 2 1 0 0 0  

OUTPAG 

OOBO00 
0 0 1 0 0 0  
0 0 9 0 0 0  
0 0 8 0 0 0  
OOEO00 
0 0 2 0 0 0  
0 1 0 0 0 0  
03F000  
0 0 6 0 0 0  
0 0 5 0 0 0  
0 1 1 0 0 0  
0 0 7 0 0 0  
0 0 3 0 0 0  
00~000 

012000 

0 1 6 0 0 0  
0 0 2 0 0 0  
0 1 0 0 0 0  
0 1 4 0 0 0  
0 1 8 0 0 0  
0 1 5 0 0 0  
01C000 
01FO00 
O20O0O 
0 2 1 0 0 0  
0 1 8 0 0 0  
0 2 2 0 0 0  
0 1 0 0 0 0  
0 1 3 0 0 0  
01AO00 
0 2 3 0 0 0  
0 2 5 0 0 0  
0 2 6 0 0 0  
0 2 7 0 0 0  
028000 

029000 

024000 

02&O00 

0 1 2 0 0 0  
0 0 7 0 0 0  
0 0 2 0 0 0  
003000 

0 1 0 0 0 0  
00~000 

OOBO00 
O1BO00 
0 1 3 0 0 0  
006000 

OOFO00 

03FO00 

01&O00 
0 1 5 0 0 0  
0 1 8 0 0 0  
0 0 4 0 0 0  
0 1 0 0 0 0  
0 1 3 0 0 0  
0 1 ~ 0 0 0  
028000 
002000 

0 0 3 0 0 0  
0 2 ~ 0 0 0  
Ol&O00 
0 1 6 0 0 0  
0 0 0 0 0 0  
0 1 1 0 0 0  
0 1 2 0 0 0  
0 0 2 0 0 0  
0 1 4 0 0 0  
0 0 4 0 0 0  
0 2 B 0 0 0  
02AO00 
0 1 3 0 0 0  
0 1 8 0 0 0  
0 0 3 0 0 0  
0 1 0 0 0 0  
0 0 7 0 0 0  

INS~R 

002674 

00267~ 

00267~ 
00267~ 

OOoEeC 

013C4C 

002760 
00051C 
0 1 3 ~ 1 0  
0 1 3 ~ 1 0  
0 1 3 ~ 1 0  
0 1 3 ~ 1 0  
0 1 3 4 1 0  
013~I0 

013~I0 

0 1 3 ~ 1 0  
0 1 3 4 1 0  
0 1 3 ~ 1 0  
0 1 3 4 1 0  
0 1 3 ~ 1 0  
0 1 3 4 1 0  
0 1 3 4 1 0  
0 1 3 ~ 1 0  
01345A  
00783C 
0 0 5 1 7 8  
00549A 

0020A8  
0 0 2 0 8 6  
000SAC 
0 0 2 6 8 2  
0 1 3 7 9 8  
006C~0 
0 0 3 5 4 6  
0 0 E 6 8 8  
0 0 0 7 5 2  
0 0 2 6 7 4  
0 0 2 6 7 4  
002674 

002674 
0 1 2 F 3 8  
015634 

007B3C 

0020A8  
0,020B6 
0 0 2 6 8 2  
0 1 6 8 F 8  
012FFE 
0 1 5 6 3 4  
0168F8  
0043A0  
012CE6 
01573A 
0 1 5 6 3 4  
0043A0 

002F2C 
0 1 3 8 2 C  
014DA4 
0 1 6 8 F 8  
0020A8  
0020B6 

O02AA& 

012CE6 
0 1 6 8 7 4  
0 0 5 1 7 8  
00549A 

O07AF4 

0 0 2 0 ~ 8  
014D&4 
0043A0  
0 1 6 2 1 0  
0 1 6 2 1 0  
0 1 6 2 1 0  
0 1 6 2 1 0  
O16210 
O16210 

CORE RESIDENT PAGES (0-63) OF VIRTUAL MACHINE NUMBER 1 

I $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ ~ $ ~ $ $ $ $ $ $ $ $ $ $ ~ $ $ $ $ $ • $ $ $ ~ $ $ $ $ $ $ • $ $ $ $ $ $ $ $ $ $ $ ~ $ $ $ $  
I 

I + ++0$+000 0 +÷++0 

+ •#0++00 0 +•••+0 

+ ++0••0 0 •++÷•+0 

• •+••+• +••••+• 0 
• 0••+• 0+•••00 •0 
+ 0•+•++ ••++•0 •• 

• •+++++ 0•+•+•0 ++ 

+ ++•• • +•++++0 +•+ 

• •+• • + + • + + + 0  •••÷ 

• ••• • • •+•+0 +•+•• 

+ •+• • +•++0 +++++• 

• • • + ++++0 +++++++ 

+ • • ++++0 ++++++++ 

+ • + +++0 +++++++++ 

+ • • +•+ +++++++++0 
+ 0 +00 +00000000+0 

• 0 +00 +00 00000++0 

• 0 + 0 +00 00000+++0 

+ 0 • 0 +00 0000++++0 

+ 0 + +00 0000+++++0 

• 0 + +0 0000++++++0 

I + 0 + +0 000+++++++0 
+ 0 O+ +0 00++++++++ 

+ o o +÷ +o 0 + + + + + + + +  
+ 0 + 0 ++ • 0++++++++ 

• + • 00++ + ++÷+++++ 
• 0 ÷ + +++ + ++++++++ 

0 +0 0 0 O0 0 00000000 

÷ ++ 0 + 000 00000000 

+ ++ • + ++0 0 0000000 

+ ++ + + +++0 • 0 00000 

• ++ ÷0+ ++++ • 0 000+ 

+ ++0+++ ++++ • 0 00+ 

÷ +•+++• 0 ++•+ + 0 O• 

÷ +++••+ +0++++ + 0 + 
• + • • • • +  + + + + + + 0  ÷ • 
• ++0++0 0+++0++0 0 

+ ++0++0 0+++ +++0 0 

÷ +•0•+ 0+++ ++•+ 0 
+ +0++ 0++++++++ 0 

0++ 0 + + + + + + + +  ++ 
+ 0+++ O+ ++++++ •• 

+ 0 ++• O+ +••+++ ++ 

+ +0 +++ + ++++++ ++ 

+ ++ 00+ 00000000 0 

+ ++ +0+ 0+++ 00+ • 0 

+ ++ + + 0+++000+ • + 
+ ++ + + + 4 + + + + •  +0 • 
• ++ + • +++++++ ++ +0 
4 ++0+ 0 ++00000 0 ++ 

• +++• + +++00 0 O0 ++ 

+ ++++ • +++++0+ + ++ 

l + ++ + + +++++++ +0 +0 
+ ++0+ 0 +00000 O0 +0 

i+ ++++ + 0+0 000 O0 +0 

• +•++ + •++0 O+ +0 •• 
i+ ••+• + +++++•• +0 + 
+ •0+ + • • + + + + ÷  •÷  +÷ 
• • O+ ÷ + + + • + • •  • +  ÷ •  
• ++0+ • +++++++ ++ • 
+ •+Or + +++++•+ + ++ 

• ++++ • +++000 O0 ++ 
++++ + ++÷000+ +0 •+ 

0 000+ + 0 ++0++ ++ O0 

+ 000+ + O+ +0++ ++ O0 

• +0+ • 0+0+0++ ++ O0 
• 0+0+ + 0+++ ++ ++ +0 

+ +# + • ++++0++ ++ +0 
+ ••0• + +++÷+++ ++ • 

+ •+++ • +++00++ ++0 

+ + ÷ + •  • • + ÷  0+÷ + • + 0  
• •~+• + +++ 0 • •  • ••• 
+ • + +  • ÷ + +  0 + •  + + • • +  
• • ++ • • +  0 + +  + • • • + •  
• • • ~  + +  0 • +  ÷ + • + + + +  



0 2 2 0 0 0  
0 2 3 0 0 0  
0 2 ~ 0 0 0  
0 2 5 0 0 0  
0 2 6 0 0 0  
0 2 7 0 0 0  
0 2 8 0 0 0  
0 2 9 0 0 0  
0 2 1 0 0 0  
0 1 5 0 0 0  
0 0 7 0 0 0  
0 0 5 0 0 0  
0 1 1 0 0 0  
0 0 3 0 0 0  
O t B O 0 0  
0 2 4 0 0 0  
0 2 3 0 0 0  
0 2 2 0 0 0  
0 2 1 0 0 0  
0 2 0 0 0 0  
01PO00  
O l l O 0 0  
0 1 0 0 0 0  
0 1 C 0 0 0  
0 1 B 0 0 0  
0 2 8 0 0 0  
0 2 7 0 0 0  
0 2 5 0 O 0  
0 2 ~ 0 0 0  
0 2 3 0 0 0  
0 2 2 0 0 0  
0 1 2 0 0 0  
0 0 7 0 0 0  
0 0 5 0 0 0  
0 0 0 0 0 0  
0 1 1 0 0 0  
0 0 2 0 0 0  
0 0 3 0 0 0  
OOPO00 
0 1 0 B 8 0  
0 2 A O 0 0  
0 1 A O 0 0  
0 1 5 0 0 0  
0 1 6 0 0 0  
0 1 3 0 0 0  
0 0 4 0 0 0  
0 2 8 0 0 0  
0 0 6 0 0 0  
I11~00N 

0 1 5 0 0 0  
0 0 5 0 0 0  
0 1 1 0 0 0  
0 1 ~ 0 0 0  
0 0 2 0 0 0  
O I Z O 0 0  
0 1 F O 0 0  
0 2 0 0 0 0  
0 2 1 0 0 0  
0 0 4 0 0 0  
0 2 2 0 0 0  
0 1 C 0 0 0  
0 2 3 0 0 0  
0 1 D 0 0 0  
0 2 4 0 0 0  
0 1 6 0 0 0  
0 1 2 0 0 0  
0 0 0 0 0 0  
0 0 7 0 0 0  
0 0 5 0 0 0  
0 1 1 0 0 0  
0 0 3 0 0 0  
0 1 8 0 0 0  
0 2 7 0 0 0  
0 2 8 0 0 0  
0 2 5 0 0 0  
0 2 4 0 0 0  
0 2 3 0 0 0  
0 2 2 0 0 0  
0 2 9 0 0 0  
0 2 A O 0 0  
0 2 6 0 0 0  
0 1 5 0 0 0  
0 1 i O 0 0  
0 2 8 0 0 0  
0 2 3 0 0 0  
0 2 7 0 0 0  
0 2 2 0 0 0  
0 2 5 0 0 0  
0 2 ~ 0 0 0  
0 1 C 0 0 0  
0 1 8 0 0 0  
0 2 1 0 0 0  
0 2 0 0 0 0  
0 1 F O 0 0  
0 1 8 0 0 0  
0 1 0 0 0 0  
0 1 5 0 0 0  
OTRflO~ 

0 1 6 2 1 0  
0 1 b 2 1 0  
0 1 6 2 1 0  
0 1 6 2 1 0  
0 1 6 2 1 0  
0 1 6 2 1 0  
0 1 6 2 1 0  
0 1 6 2 1 0  
0 1 6 2 1 0  
0 1 5 9 6 8  
O071BO 
0 0 5 1 7 8  
0 0 5 4 9 A  
0 0 3 3 D 8  
0 1 5 9 9 0  
0 1 5 A 9 E  
0 1 5 A 9 Z  
0 1 5 A 9 E  
0 1 5 A g g  
015AGE 
o15A9~ 
0 1 5 A 9 E  
0 1 5 A 9 B  
015AGE 
0 1 5 A 9 E  
0 1 5 & g E  
0 1 5 A 9 E  
0 1 5 & g E  
0 1 5 A 9 B  
0 1 5 A 9 M  
0 1 5 A 9 E  
0 1 2 B C 8  
0 0 ? 7 4 8  
0 0 5 1 7 8  
0 0 5 1 7 8  
0 0 5 4 9 A  
0 0 2 0 & 8  
0 0 2 0 8 6  
O0051C  
O00CP2 
0 0 2 6 7 4  
0 1 2 C E 6  
) 1 5 9 6 0  
) 1 6 3 6 2  
3 1 3 & C 8  
0 0 4 3 1 0  
O 0 2 A A I  
0 0 6 C ~ 0  

• 4, • 
• 4, • 
4, • • 
4, 0 
• 0 
* 0 
• 0 
4, 0 

• 0 
• 0 • 
• 4, • 
4. 0 • 4, 

• 0 0 0  
¢ 0 0 0  

0 0 0  
0 0 
0 
0 

4, 

I 0  , 4, 
• 4, • 
• 0 • • 
• •0 • • 
• •4, • • 
• 4,4, • # 

4, 00  • • 
4, • •  0 • 
• 00  • 4, 
0 04, • • 
• 0,1,04, • 
0 0 0 0 0  4, 
4, • • 4 " 0 0 0  

I • 0 0 0 • 0 ~  

• • 0 • • 0 4 , # # 0 e •  

4, 0 • 4, • • # • • t • • #  
4, 4, , • • 0 0 0 • 4 , • • 0  

0 • 4, 0 0 0 0 0 0 0 0 0 0 0  
0 4, • O0 0 0 0 0 0 0 4 , 0 0  
0 • • O0 000004,•¢0 
0 4, • O0 0000~4,•4,0 

0 • • O0 0004,•••+0 
0 O•  4, O0 0 0 0 0 • • • ¢ 4 ,  
• •4 ,  4, O 0  0 0 • 4 , + ¢ • •  
• 4,4, • 0 0 0 ¢ • • • 0 4 ,  

0 •  • •  • 0 0 ¢ • • • ¢ 4 ,  
• • 4 , •  4, 0 0 • • • ¢ •  
• • •4, • 0  •¢•••• 
O0 0 0 6  0 • • • + • 6  
0 • • •  0 0 0 4 ¢ 0 4 0  
0 ¢ 4,• 4 , • ¢ • • • • • •  
0 4, • •  0 ¢ • • ¢ ¢ • • 0 4 ,  
O • ¢ •  0 0 ¢ • • ¢ • ¢ • • 4 ,  

• 4,¢ 0 ¢ ¢ • ¢ • • 4 , • • • ¢  
• • •  0 • • • • • ¢ • ¢ • + • •  
• 4, 0¢4,00000000000 

¢ ¢ 0••4,0000000 0 0 0  
• • 0 0 • 4 , • 0 0 0 0 0 0 0  O0 
4, 4 , • • 0 4 , ¢ 0 0 0 0 0  0 0 ¢ ¢  
• • 4 , 4 , + • • 0 0 0 0  0 0 • • •  
• •••••+000 04,4,4,•4, 
• 4,•4,••4,00 0••+••4, 

¢ ••••4,4,00 04,4,••• + 

• ••••••00••••••• 
0 • • • 4 , + 4 , • 4 , 4 , 0 0 0 0  O0 
• •••••4,•4,0000 O0 
• +++••4,•0000 O0 
• • 4 , • • 4 , 4 , • 0 0 0 0  0 

O •  4 , • * • 4 , 4 , • 0  O0 0 

60  4 , • • • • • •  O0 
0 • •  • 0 4 , • • • •  0 
• 0 4 , •  • • 0 0 • ¢ 0  
ee0,+ 0 0 0 0 0 0  0 
0 0 0 0  0 0 0 0 0 0  • 
• • 4 , ¢  0 • 0 0 0 0  • 
• • • •  4,0 4, 0 0 0  • 
0 • 0 0 0  • 0  • O0 4, 
4 , t e e •  04, # 0 • 

0 0 0 0 0  00  • • 0  
0 0 4 , 0 0  • • 4,• 
e e e e g n  n n n 


