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S u m m a r y  

T h i s  p a p e r  d e s c r i b e s  a m e a s u r e m e n t  t o o l  t h a t  
h a s  b e e n  u s e d  to  a n a l y z e ,  t u n e ,  a n d  r e d e s i g n  in  
p a r t  t h e  i P L / I - F O R M A C  S y m b o l i c  M a t h e m a t i c s  
I n t e r p r e t e r .  I n  a n u m b e r  o f  e x a m p l e s ,  d e t a i l s  a r e  
g i v e n  b o t h  on  t h e  F O R M A C  s y s t e m  a n d  o n  t h e  
a p p l i c a t i o n  o f  t h e  m e a s u r e m e n t  t o o l .  T h e  b a s i c  
t o o l ,  c a l l e d  i n v o c a t i o n  c o u n t  m e a s u r e m e n t ,  i s  
s i m p l e  b u t  q u i t e  e f f e c t i v e .  I t s  a p p l i c a t i o n  e n a b l e d  
u s  to  i m p r o v e  F O R M A C  c o n s i d e r a b l y .  

1. M e a s u r e m e n t  a n d  O b j e c t i v e s  

M e a s u r e m e n t  i s  e s s e n t i a l  to  d e s i g n ,  t e s t ,  a n d  
i m p r o v e  a s y s t e m .  F o r  a l g e b r a i c  m a n i p u l a t i o n  
s y s t e m s ,  i t  w a s  p o i n t e d  o u t  b y  T o b e y  [10] t h a t  
s t u d y i n g  t h e  b e h a v i o r  o f  e x i s t i n g  s y s t e m s  i s  a v a l -  
u a b l e  r e s o u r c e  a n d  t h a t  a n u m b e r  o f  v e r i f i c a t i o n  
m e t h o d s  s h o u l d  a n d  h a v e  b e e n  u s e d  to  d e t e r m i n e  
t h e  b e h a v i o r .  F i t c h  a n d  G a r n e t t  [ 4 ]  d e s c r i b e  a 
m e a s u r e m e n t  t o o l  t h a t  h a s  s u c c e s s f u l l y  b e e n  u s e d  
to  i n v e s t i g a t e  t h e  i n n e r  w o r k i n g s  o f  C A M A L .  I n  
t h i s  p a p e r  w e  s h a l l  p r e s e n t  a d i f f e r e n t  t o o l  t h a t  h a s  
s u c c e s s f u l l y  b e e n  u s e d  t o  s c r e e n  a n d  t u n e  F O P . M A C .  

Our objective was twofold: First, the existing 

PL/I-FORMAC system as released by IBM [9] was 
to be extended by new features [2] and the effec- 

tiveness of the implementation was to be monitored. 
Secondly, FORMAC was to be improved in its over- 

all speed and measurement was to provide criteria. 
Different measurement tools have been used, e.g. 
(i) run-time measurement of an entire program, 

program parts, or system modules; 
(ii) measurement of usage percentages; 
(iii) measurement of the invocation count of 

system modules; 
(iv) a trace of list storage space in use; 

(v) a check on unintentional garbage accumulation. 
We want to focus a~ttention on the invocation count 
measurement. It is a simple, but ~luite effective 

tool, that serves best to observe the performance 
of algorithms, for either of our objectives. 

In applying it, we proceed from the premise 

that the system under study is well structured into 
modules. A module is a self-contained part of the 

whole system that performs a well-defined task in 

the overall logic, such that the task of a governing 
module (i. e. one at a higher level in the structure) 

can be equally-well described in terms of the tasks 
performed by its submodules. Invoking a module 

means requesting that a certain task be accom- 
plished. During a computation, the invocation count 
will furnish information on the activity of a task, 

i.e. it will tell if and how the task is actually exe- 

cuted. The efficacy of the invocation count is strong 

if the modules reflect significant logical steps, and 
it becomes weak if tasks are ill-defined and modules 

are arbitrary. 

2. The Module Invocation Count 

T h e  i n v o c a t i o n  c o u n t  i n  i t s  s i m p l e s t  f o r m  
e m e r g e s  f r o m  t h e  w e l l - k n o w n  t e c h n i q u e  o f  c o u n t i n g  
h o w  o f t e n  c e r t a i n  c o d e  s e c t i o n s  a r e  b e i n g  e x e c u t e d ;  
b u t  i t  i s  a p p l i e d  to  t h e  l o g i c  r a t h e r  t h a n  t h e  c o d e  
l e v e l .  I t  i s  o b t a i n e d  b y  i n t r o d u c i n g  c o n d i t i o n a l  i n -  
s t r u c t i o n s  a t  t h e  e n t r y  t o  e a c h  m o d u l e ,  f o r  t h e  p u r -  
p o s e  o f  i n c r e m e n t i n g  a c o u n t  i n  a g i v e n  m e a s u r e -  
m e n t  t a b l e .  T h e  i m p l e m e n t a t i o n  i s  b y  a m a c r o .  T h e  
c o u n t  r e f l e c t s  t h e  n u m b e r  o f  t i m e s  a n y  g i v e n  m o -  
d u l e  h a s  b e e n  i n v o k e d .  T h e  t a b l e  m a y  be  s e t  u p  f o r  
s o m e  o r  a l l  m o d u l e s  a n d  m a y  be  r e s e t  a t  a n y  t i m e  
d u r i n g  e x e c u t i o n .  C o u n t i n g  c a n  be  t u r n e d  on  o r  of f ,  
s o  t h a t  w e  a r e  a b l e  t o  c o u n t  i n v o c a t i o n s  g l o b a l l y ,  
selectively, or incrementally. The fact that FOR- 
MAC is embedded in a general-purpose host lan- 

guage, PL/I or FORTRAN, is of great convenience: 
All measurement control is naturally put in the same 
source text that makes up the algebraic computa- 
tions program; there is no need to resort to language 
or other artifacts. Thus, output and management 
of the measurement table and the measurements 

are controlled through PL/I and if desired, depen- 
ding on algebraic results, loop parameters, and 
other conditions. To examine for example the sys- 

tem performance during an algebraic computation 
consisting of initialization, iteration, and final 
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e v a l u a t i o n  i t  w o u l d  be  p o s s i b l e  to  s e l e c t  m e a s u r e -  
m e n t  o f  t h e  e x p a n s i o n  a c t i v i t y  i n  t h e  i n n e r m o s t  l o o p ,  
t h e  s u b s t i t u t i o n  a c t i v i t y  d u r i n g  t h e  e n t i r e  i t e r a t i o n ,  
o r  t h e  r e - s i m p l i f i c a t i o n  a c t i v i t y  d u r i n g  t h e  f i n a l  
e v a l u a t i o n .  

3 .  T h e  A u g m e n t e d  I n v o c a t i o n  C o u n t  

T h e  i n v o c a t i o n  c o u n t  i n  i t s  s i m p l e s t  f o r m  
g i v e s  o n l y  a q u a n t i t a t i v e  s t a t e m e n t  on  t h e  a c t i v i t y  
o f  a m o d u l e .  T h e r e f o r e ,  i t  i s  a u g m e n t e d  b y  t o o l s  
t h a t  g i v e  a m o r e  ~ u a l i t a t i v e  i n f o r m a t i o n  i n d i c a t i n g  
p u r p o s e  a n d  e f f e c t  o f  a n  a c t i v i t y .  W e  h a v e  c o n c e n -  
t r a t e d  o n  t h e  f o l l o w i n g  q u e s t i o n s :  

a W h y  i s  a m o d u l e  i n v o k e d  o r  f r o m  w h a t  o t h e r  
m o d u l e  i s  i t  i n v o k e d ?  

b W h a t  i s  t h e  i n p u t  a n d  o u t p u t  t o  t h e  m o d u l e  f o r  
a n y  i n v o c  a t i o n  ? 

c D i d  t h e  m o d u l e  a c t u a l l y  p e r f o r m  a t r a n s f o r m a t i o n ?  
d W h a t  c o n d i t i o n s  d i d  t h e  m o d u l e  s e t  f o r  s u b s e -  

q u e n t  p r o c e s s e s  ? 
e H o w  m u c h  t i m e  d i d  t h e  m o d u l e  c o n s u m e ?  

T h e y  a l s o  e n a b l e  t h e  i n v e s t i g a t o r  t o  s p e c i f y  c o n d i -  
t i o n s  u n d e r  w h i c h  a n  a c t i v i t y  i s  t o  be  m o n i t o r e d .  
F o r  e x a m p l e ,  h e  m i g h t  be  i n t e r e s t e d  i n  t h e  n u m b e r  
o f  c a l l s  t o  t h e  s u b s t i t u t i o n  m o d u l e ,  b u t  o n l y  i f  n o  
s u b s t i t u t i o n s  a r e  m a d e ,  a n d  i n  t h e  t i m e  t a k e n  i n  r e -  
l a t i o n  to  t h e  t o t a l  t i m e .  

Q u e s t i o n  (a) i s  a i m e d  a t  t h e  r e a s o n i n g  o f  t h e  
g o v e r n i n g  m o d u l e ( s ) ,  t h a t  i s ,  w h a t  c a u s e d  t h e  s y s -  
t e m  to  a c t i v a t e  a c e r t a i n  s u b t a s k .  S o m e  a n s w e r  i s  
o b t a i n e d  f r o m  a t r a c e b a c k .  B u t  t h e  s t a n d a r d  t r a c e -  
b a c k  g i v e s  i t  i n  t e r m s  o f  s t a t e m e n t  n u m b e r s  o r  ad -  
d r e s s e s ,  w h i c h  i s  u n s a t i s f a c t o r y  b e c a u s e  i t  r e l a t e s  
t o  t h e  r e l a t i v e l y  l o w  l e v e l  o f  c o d i n g  r a t h e r  t h a n  t h e  
h i g h e r  s t r u c t u r a l  a n d  c o n c e p t u a l  l e v e l  [ 1 0 ] .  W h a t  
w e  w o u l d  l i k e  t o  s e e  i s  a t r a c e  o f  t h e  l o g i c  t h a t  c o n -  
s t i t u t e s  a n  a l g o r i t h m i c  i n t e r p r e t a t i o n .  ~Ye d o  n o t  
h a v e  a s a t i s f a c t o r y  l o g i c a l  t r a c e b a c k  y e t  b e c a u s e  
t h e  n e c e s s a r y  p r o v i s i o n s  h a v e  n o t  b e e n  b u i l t  i n t o  
t h e  s y s t e m  w h e n  i t  w a s  d e s i g n e d .  V e r i f i c a t i o n  b e -  
y o n d  t h e  b i t  l e v e l  c a n  o n l y  t a k e  p l a c e  i f  o n e  c a n  g e t  
a r e a d o u t  t h a t  i s  b e y o n d  t h e  b i t  l e v e l .  

For the purpose of point (b), a routine has been 

written that prints out an expression or part of it 

from anywhere in the middle of the system, together 

with some identification. Care has to be taken that 

temporary structures which may not (yet) represent 

a valid well-formed expression do not result in ab- 

normal termination. This measurement tool proved 

useful e.g. in checking the scan across a chain of 

terms, watching the progress of a sequence of sub- 

stitution passes, and verifying the return of an ex- 

pression to the free list (erasure). 

Q u e s t i o n  (c) i s  to  e x a m i n e  m o r e  c l o s e l y  t h o s e  
m o d u l e s  w h o s e  m a i n  t a s k  i s  to  p e r f o r m  a c e r t a i n  
t r a n s f o r m a t i o n  ( l i k e  s i n ( - x )  ~ - s i n ( x )  o r  a u t o m a t i c  
s i m p l i f i c a t i o n  i n  g e n e r a l ) .  O n e  w a y  t o  t e s t  i f  a t r a n s -  
f o r m a t i o n  t o o k  p l a c e  i s  to  c o m p a r e  i n p u t  a n d  o u t p u t  
o f  t h e  m o d u l e .  D i s a d v a n t a g e s  a r e :  

(i) i t  i s  t i m e  c o n s u m i n g  a n d  e x p e n s i v e ;  
( i i )  i t  m e a n s  b e i n g  a b l e  t o  r e c o g n i z e  t w o  ( p o s s i b l y  

t e m p o r a r i l y  n o n - c a n o n i c )  s t r u c t u r e s  a s  i d e n t i -  
c a l  o r  e q u i v a l e n t ;  

( i i i )  d i f f e r e n t  c r i t e r i a  h a v e  t o  be  a p p l i e d  a t  d i f f e r e n t  
t i m e s ;  e . g .  t h e  g e n e r a t i o n  o f  a n  e x a c t  d u p l i c a t e  
m a y  be  c o n s i d e r e d  a s  n o  t r a n s f o r m a t i o n  a s  f a r  
a s  s u b s t i t u t i o n  g o e s ,  b u t  a s  a t r a n s f o r m a t i o n  a s  
f a r  a s  d u p l i c a t i o n  i s  c o n c e r n e d ;  

( iv)  i t  c a n n o t  d i s c e r n  i d e n t i t y  t r a n s f o r m a t i o n s ;  t a k e  
e . g .  " s u b s t i t u t e  x f o r  v i n  v + w " ,  w h e r e  x i s  a 
p a r a m e t e r  t h a t  h a p p e n s  t o  be  x = v .  

A b e t t e r  w a y  t o  t e s t  i f  a t r a n s f o r m a t i o n  t o o k  p l a c e  
i s  to  t e s t  s p e c i f i c  a c t i v i t y  i n d i c a t o r s .  W e  a s s u m e  
t h a t  t h e r e  i s  s u c h  a n  i n d i c a t o r ,  s a y  a b i t ,  t h a t  i s  s e t  
o n  o r  o f f  b y  t h e  m o d u l e  i n  q u e s t i o n .  I n  m a n y  c a s e s  i n  
F O R M A C  i n d i c a t o r s  e x i s t ,  f o r  e x a m p l e  t h e r e  i s  a 
b i t  t e l l i n g  w h e t h e r  o r  n o t  a n  e x p r e s s i o n  h a s  b e e n  s i m -  
p l i f i e d ,  a b i t  t e l l i n g  i f  r e , - o r d e r i n g  i s  n e c e s s a r y ,  o r  
a n  i n d i c a t o r  t e l l i n g  i f  m u l t i n o m i a l  e x p a n s i o n  t o o k  
p l a c e .  O t h e r s  c a n  b e  i n t r o d u c e d  f o r  m e a s u r e m e n t  
p u r p o s e s  (a  p r i o r i ) .  M e a s u r e m e n t  m a k e s  u s e  o f  t h e s e  
i n d i c a t o r s  b y  e n t e r i n g  t h e i r  s t a t u s ,  t o g e t h e r  w i t h  a 
c o u n t  i n  t h e  a f o r e - m e n t i o n e d  m e a s u r e m e n t  t a b l e .  
F o r  e x a m p l e ,  i n  a p a r t i c u l a r  c o m p u t a t i o n  o f  S I G S A M  
p r o b l e m  n u m b e r  2 [ 3 ]  t h e r e  o c c u r r e d  363  i n v o c a -  
t i o n s  o f  t h e  a u t o m a t i c  s i m p l i f i c a t i o n  p a c k a g e .  M e a -  
s u r e m e n t s  s h o w e d  t h a t  i n  231  c a s e s  n o  s i m p l i f i c a t i o n  
t o o k  p l a c e .  I n  t h e s e  c a s e s ,  t h e  i n p u t  h a d  a l r e a d y  
b e e n  s i m p l i f i e d  b e f o r e  ( w h i c h  t h e  p a c k a g e  d e t e r m i n e s  
a f t e r w a r d s ) .  So ,  t h e  s y s t e m  c o u l d  be  m o d i f i e d  t o  i n -  
v o k e  t h e  s i m p l i f i c a t i o n  p a c k a g e  o n l y  w h e n  n e c e s s a r y ,  
i . e .  132 t i m e s .  

Q u e s t i o n  (d) i n q u i r e s  a b o u t  t h e  c o n t r o l  o u t p u t  o f  
a m o d u l e .  T h e r e  a r e  m o d u l e s  i n  t h e  s y s t e m  t h a t  p e r -  
f o r m  a t r a n s f o r m a t i o n  i n  c o m b i n a t i o n  w i t h  s o m e  
t e s t s  a n d  o t h e r s  t h a t  p e r f o r m  a t e s t  o n l y .  T h e  o u t c o m e  
of  s u c h  t e s t s  w i l l  i n  g e n e r a l  c o n t r o l  f u r t h e r  p r o c e s s e s .  
T h e  e x p r e s s i o n  c o m p a r i s o n  m o d u l e  i s  a t y p i c a l  t e s t  
m o d u l e ;  i t s  c o n t r o l  o u t p u t  a f f e c t s  o r d e r i n g .  O f  m o r e  
i n t e r e s t  a r e  m o d u l e s  t h a t  e i t h e r  do  n o t  c o m p l e t e  a 
t r a n s f o r m a t i o n  a n d  s i g n a l  i n c o m p l e t e n e s s  u p o n  e x i t ,  
o r  d e t e c t  d u r i n g  t r a n s f o r m a t i o n  t h a t  s i t u a t i o n s  h a v e  
a r i s e n  w h i c h  m a y  r e q u i r e  f u r t h e r  t r a n s f o r m a t i o n s .  
F o r  i n s t a n c e ,  i f  d u r i n g  c o m b i n a t i o n  o f  l i k e  t e r m s  i n  
a s u m  o r  p r o d u c t  n e w  t y p e s  o f  e x p r e s s i o n s  a r e  g e n e -  
r a t e d ,  a f l a g  w i l l  b e  s e t  t o  i n d i c a t e  t h a t  r e - s i m p l i f i -  
c a t i o n  i s  n e e d e d .  B e i n g  a b l e  t o  m o n i t o r  t h e  s e t t i n g  
o f  t h i s  f l a g  r e v e a l e d  t h a t  m a n y  c o s t l y  r e - s i m p l i f i c a -  
t i o n s  w e r e  d e m a n d e d  t h a t  d i d  n o t  i n t r o d u c e  a n y  c h a n g e  
at all. A similar situation may occur with certain 

substitutions. Knowing about the control indicators 

is what enabled us to improve algorithms, as discus- 

sed in the following sections. 

In point (e), the execution time for a module has 

to be judged in relation to the total execution time. 

Two methods have been used. One is to employ some 

sort of software monitor to establish a time profile 

and to find out the critical sections in the program, 

that is those that take an outstanding amount of 

time [ 5] . 
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T h e  o t h e r  m e t h o d  i s  to  i n t e g r a t e  t i m e  a n d  i n v o -  
c a t i o n  c o u n t  m e a s u r e m e n t ,  b y  t a k i n g  t h e  t i m e s  a t  
e n t r y  to  a n d  e x i t  f r o m  a m o d u l e  a n d  a c c u m u l a t i n g  
t h e  d i f f e r e n c e s  f o r  e a c h  i n v o c a t i o n  in  a s e p a r a t e  t i -  
m i n g  t a b l e .  T h e  t a b l e  i s  p r o c e s s e d  in  t h e  s a m e  w a y  
t h e  a f o r e - m e n t i o n e d  m e a s u r e m e n t  t a b l e  i s .  T h u s ,  
w e  c a n  s e t  c o n d i t i o n s ,  r e a d  i n t e r m e d i a t e  t i m e s  a s  
d e s i r e d ,  o r  s t o p  w h e n  a s p e c i f i e d  m a x i m u m  i s  
r e a c h e d .  

T i m i n g  s h o u l d  o n l y  be  u s e d  a s  a t o o l  in  c o n n e c -  
t i o n  w i t h  o t h e r s .  I t  i s  n e i t h e r  f i n e  n o r  i n f o r m a t i v e  
e n o u g h  to  h e l p  b e y o n d  a g e n e r a l  i m p r e s s i o n .  G i v e n  
a r e a s o n a b l e  m o d u l a r  s t r u c t u r e ,  w e  f o u n d  t h a t  t h e  
i n v o c a t i o n  c o u n t  i s  a q u i t e  s e n s i t i v e  f i n e  c o m b .  E x e -  
c u t i o n  t i m e s  t e n d  to  v a r y  c o n s i d e r a b l y  f r o m  r u n  to  
r u n  d u e  to  t i m e r  r e s o l u t i o n ,  i n t e r r u p t s ,  a n d  b a c k -  
g r o u n d  a c t i v i t y .  A l a p s e  in  t h e  c o d e  of  o n e  m o d u l e  
m a y  n o t  be m e a s u r a b l e  in  t e r m s  of  t i m e  f o r  t h a t  p a r -  
t i c u l a r  m o d u l e  ( a l t h o u g h  i t  m a y  s l o w  d o w n  s o m e  
o t h e r  p a r t  o r  a p a r t i c u l a r  a p p l i c a t i o n ) ,  bu t  if  i t  a f -  
f e c t s  t h e  i n v o c a t i o n  c o u n t  - a n d  i t  t y p i c a l l y  w i l l  - i t  
c a n n o t  be o v e r l o o k e d ,  h o w e v e r  s m a I 1  t h e  d i f f e r e n c e .  

4.  L o c a l i z i n g  W e a k  P o i n t s  

T o  u n d e r s t a n d  o u r  m e a s u r e m e n t s  a n d  m o d i f i c a -  
t i o n s ,  a c e n t r a l  f e a t u r e  of  t h e  F O R M A C  s y s t e m  h a s  
to  be a p p r e c i a t e d .  I t  i s  t h e  a u t o m a t i c  s i m p l i f i c a t i o n  
of  e x p r e s s i o n s  [8 ,  11 ] .  T h e  s t r u c u r e  of  t h i s  s u b s y s -  
t e m ,  a s  f a r  a s  of  i n t e r e s t  h e r e ,  i s  g i v e n  in  F i g u r e  1. 

Figure 1 

A U T  i s  t h e  g e n e r a l  c o n t r o l  m o d u l e  c o n s i s t i n g  of  
a s e t  of  t r a n s f o r m a t i o n  r u l e s  [ 9 ] ,  e . g .  

A *  1 --->A 
s i n ( - A )  ~ - s i n ( A )  
A+A -~ 2*A . 

For sum and product chains, AUT calls upon the le- 

xicographic ordering module, whose task it is to ge- 

nerate a canonically ordered chain. Its control mo- 

dule LXO decides in what way, say a new term is to 

be merged into an already partially sorted chain. The 

actualwork is done lJy PLX and SLX for sum chains 

and product chains, respectively. Both PLX and 

SLX employ a module LXT for expression compari- 

son to find out if a new term belongs before, after, 

or at another term. 

T h e  t e s t  e x a m p l e  d i s c u s s e d  h e r e  i s  t h e  f i r s t  v e r -  
s i o n  of  a F O R M A C  s o l u t i o n  to  S I G S A M  p r o b l e m  n u m -  
b e r  2 [3 ]  a s  g i v e n  in  [1]  . A l l  o n e  n e e d s  to  k n o w  i s  
t h a t  t h e  p r o b l e m  g e n e r a t e s  f a i r l y  l o n g  s u m s ;  t h e  
e o m p I e x i t y  of  t h e  g e n e r a t i o n  p r o c e s s  a s  w e l l  a s  t h e  
l e n g t h  of  t h e  s u m s  i n c r e a s e  w i t h  i n c r e a s i n g  p a r a m e -  
t e r  M.  

A s  a f i r s t  s t e p ,  a s o f t w a r e  m o n i t o r  w a s  u s e d  to  
e s t a b l i s h  a r u n n i n g  p r o f i l e  f o r  t h r e e  v a l u e s  of  M = 
6, 7, 8. S i n c e  w e  w a n t e d  to  b r e a k  the  p r o f i l e  d o w n  in  
t e r m s  of  F O R M A C  m o d u l e s ,  w e  h a d  to  w r i t e  o u r  o w n  
u t i l i t y  p r o g r a m  t h a t  r e - a r r a n g e d  t h e  o u t p u t  w h i c h  w a s  
g i v e n  on  t h e  b a s i s  of  p r o g r a m  a d d r e s s e s .  T h i s  w a s  
d o n e  in  1973 by  T .  K o b i n  a t  t h e  S o u t h e r n  I l l i n o i s  U n i -  
v e r s i t y .  T h e  p r o f i l e  i s  u s e f u l  (i) t o  g e t  a f i r s t  i d e a  
on  w h e r e  t h e  c r i t i c a l  s e c t i o n s  a r e  a n d  (ii) to  c h e c k  
a p r e s u m a b l y  m o r e  e f f i c i e n t  i m p l e m e n t a t i o n .  I t  i s  
n o t  s o  c o n v e n i e n t  to  s i n g l e  o u t  m o d u l e s  o r  g r o u p s  of  
m o d u l e s ,  a n d  to  t i m e  t h e m  o n l y  u n d e r  c e r t a i n  b o u n -  
d a r y  c o n d i t i o n s .  

I. LXO 
2. LXT 
3. PLX 

4. APB 
5. AUT 
6. ENT 
7. INS 

8. Rest 

Z 2 3  
Z 1 2 3  

r u n  t ime 
in see. 

M = 6  

8 . 1 7  6 . 2 4  
32 .17  13 .15  
16 .50  ' 1 4 . 3 7  

2 .67  4 .59  
8 . 5 0  12 ,84  
2.00 5.81 
4.83 10.09 

25.16 32.73 

48.67 27.52 
56.84 33 .94  

13 6 . 4  

old mod 

6.43 13.54 
41.21 10.74 
21.65 21.24 

2.36 5.25: 
5.16 11.44 
1.76 4.43 
2.47 4.90 

18.96 28.46 

62.86 31.98 
69.29 45.52 

43 .4  14 .2  

M = 8  

6.58 14 .82  
43.61 13 .92  
28. I072 23 .79  

1. 6 . 0 1  
3 .99  12 ,62  
1 .30  3 .71  
O. 90 2 .45  

13 .80  22 .68  

71 .71  37 .71  
78 ,29  52.53 

131 1 3 2 . 2  

Figure 2 

Usage percentages and run time, Sigsam 2. 1 

F i g u r e  2 l i s t s  t h e  u s a g e  p e r c e n t a g e s  f o r  a f e w  
m o d u l e s  in  c o l u m n s  u n d e r  t h e  h e a d i n g  " o l d " .  ~ 1 2 3  
g i v e s  t h e  s u m  of  1 . ,  2 . ,  a n d  3 . ,  i . e .  t h e  p e r c e n t a g e  
f o r  t h e  w h o l e  l e x i c o g r a p h i c  m o d u l e .  T h e  p e a k  i s  c o n -  
s p i c u o u s :  F o r  M=8,  78% of t h e  t i m e  i s  s p e n t  in  t h i s  
m o d u l e ,  44~0 i s  s p e n t  in  L X T  a i o n e .  

O u r  a p p r o a c h  to  f i n d i n g  t h e  r e a s o n s  i s  d i s c u s s e d  
in  t h e  n e x t  s e c t i o n ,  a f ix  i s  m e n t i o n e d  in  [ 1 ]  . We 
m o d i f i e d  e s s e n t i a l l y  t h e  m o d u l e s  L X O  a n d  P L X  to  t h e  
e f f e c t  t h a t  l e s s  a c t i v i t y  i s  r e q u e s t e d  f r o m  P L X  a n d  
L X T .  T h e  n e w  p e r c e n t a g e  f i g u r e s  a r e  f o u n d  in  c o l -  
u m n s  u n d e r  t h e  h e a d i n g  " m o d " .  We n o t i c e  a c o n s i -  
d e r a b l e  d e c r e a s e  in  t h e  s h a r e  of  L X T ,  a s  w e l l  a s  in  
t h e  p e r c e n t a g e  of  t h e  w h o l e  l e x i c o g r a p h i c  o r d e r i n g  
m o d u l e  ( ~ 1 2 3 ) .  T h e  u s a g e  i s  m o r e  e v e n l y  d i s t i ,  i b u t e d  
t h a n  b e f o r e .  

To analyze the speed-up, we cite the run times 

given in the bottom row of Figure 2. The total run- 

time was decreased by a factor of 2 to 4, going from 

M=6 to 8. The activity of the two particular modules 
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we had aimed at, namely PLX and LXT (see ~23), 

was actually reduced by a factor of 3.5 to 7.7. As a 
consequence, the rest of the system was speeded up 

about 50go'to 80~0. The fotal factor is obtained as a 
weighted sum. 

5. Looking for Reasons 

T h e  o b s e r v e d  p e a k  i n  t h e  L X T  a c t i v i t y  l e d  t o  t h e  
f i r s t  a s s u m p t i o n  t h a t  t h i s  m o d u l e  m i g h t  be  p o o r l y  c o -  
d e d .  I n  a d d i t i o n ,  t h e  o p i n i o n  w a s  f r e q u e n t l y  v o i c e d  
t h a t  F O R M A C  w a s  i n h e r e n t l y  s l o w  d u e  to  i t s  " u n w i e l -  
d y "  i n t e r n a l  d a t a  s t r u c t u r e .  L X T  n a m e l y ,  c o m p a r e s  
t w o  e x p r e s s i o n s  b y  g o i n g  d o w n  a n d  a c r o s s  l i s t  s t r u c -  
t u r e s  w h i c h  a r e  e s s e n t i a l l y  p o l i s h  p r e f i x  r e p r e s e n -  
t a t i o n s  w i t h  n o d e s  c o n t a i n i n g  e x p l i c i t  o p e r a t o r s  a n d  
o p e r a n d  p o i n t e r s  [ 9 ] .  H o w e v e r ,  t h e s e  h y p o t h e s e s  
c a n n o t  be  u p h e l d ,  a s  w e  s h a l l  s e e .  

A n a l y s i s  o f  L X T  a l o n e  d o e s  n o t  t a k e  u s  m u c h  
f u r t h e r .  M o r e  i n f o r m a t i v e  d a t a  i s  o b t a i n e d  f r o m  t h e  
i n v o c a t i o n  c o u n t  t a k e n  a t  t h i s  p o i n t  ( T a b l e  1). 

m o d u l e  c o u n t  

AUT 363 

LEO 10663 
PLX 20723 

SLX 3957 
LXT 43193 

m o d u l e  c o u n t  

AUT 363 

LXO i0663 
PLX 20720 
SLX 3957 

LXT 24677 

Table 1 Table 2 

T h i s  a n d  t h e  f o l l o w i n g  t a b l e s  a r e  g i v e n  f o r  t h e  
s e c o n d  v e r s i o n  o f  a p r o g r a m  t o  s o l v e  S I G S A M  p r o -  
b l e m  n u m b e r  2, f o r  M = 7  [ 1 ] ,  u n l e s s  o t h e r w i s e  i n -  
d i c a t e d .  

A g a i n  t h e r e  i s  a p e a k  f o r  L X T ,  b u t  t h i s  t i m e  i t  
s i g n i f i e s  f r e . ~ u e n t  i n v o c a t i o n  a s  a r e a s o n  f o r  h i g h  
u s a g e .  T h a t  t a k e s  u s  o n e  l e v e l  h i g h e r  to  t h e  q u e s t i o n  
w h a t  o t h e r  m o d u l e s  c a l l  u p o n  L X T  s o  h e a v i l y  a n d  
w h y  do  t h e y  d o  s o .  W i t h  a d d i t i o n a l  d e t a i l s ,  w e  c a n  
i n  t h i s  w a y  c a r r y  t h e  i n v e s t i g a t i o n  h i g h e r  a n d  h i g h -  
e r  i n  t h e  m o d u l a r  s t r u c t u r e ,  u p  t o  t h e  r e a l  c a u s e ( s ) .  
W e  s h a l l  s e e  t h a t  i n  t h i s  p a r t i c u l a r  e x a m p l e  c a u -  
s e s  c a n  be  f o u n d  a t  a l l  l e v e l s  P L X ,  L X O ,  A U T .  

T h e  m e a s u r e m e n t  d a t a  e x h i b i t  a s t r i k i n g  m i s -  
b a l a n c e  b e t w e e n  t h e  n u m b e r  o f  s i m p l i f i c a t i o n s  ( A U T )  
a n d  t h e  a m o u n t  o f  l e x i c o g r a p h i c  a c t i v i t y .  I t  b e c o m e s  
e v e n  w o r s e  i f  w e  r e c a l l  t h a t  o n l y  ]32  o f  t h e  363 A U T  
i n v o c a t i o n s  a r e  " r e a l " .  L o o k i n g  a t  t h e  c o u n t s  o f  
o t h e r  m o d u l e s  t h a t  a r e  n o t  g i v e n  i n  T a b l e  1, d o e s  
n o t  c h a n g e  t h e  p i c t u r e .  T h e  c o r o l l a r y  t h a t  n e a r l y  a l l  
s i m p l i f i c a t i o n  a c t i v i t y  i s  l e x i c o g r a p h i c ,  w o u l d  s u p -  
p o r t  t h e  t h e s i s  o f  a n  i n h e r e n t l y  s l o w  F O R M A C  s y s -  
t e m .  T o  r e f u t e  t h e  t h e s i s ,  w e  h a v e  to  s h o w  t h a t  t h e  
s l o w n e s s  i s  n o t  i n h e r e n t  a n d  t h u s  c a n  be  r e d u c e d .  

F r o m  t h e  s y s t e m  s t r u c t u r e  i s  k n o w n  t h a t  e i t h e r  
P L X  o r  S L X  c a l l  u p o n  L X T .  T h e  s u m  o f  t h e i r  i n v o -  
c a t i o n  c o u n t  i s  2 4 6 8 0  v e r s u s  4 3 1 9 3  f o r  L X T .  T h e  

difference of 18513 means that at least one of the two 
requests more than one comparison, in fact about 

two on the average. To investigate this we have to 
appreciate the logic of PLX/SLX: 
PLX/SLX : = 

if skeleton(a) = skeleton(b) then combine(a,b); 

else if skeleton(a) > skeleton(b) then GT; 
else LT; 

where 

skeleton is a function extracting the part of the ar- 

gument expression that is relevant for 
comparison, 

combine is a function combining like expressions 
and returning EQ, 

LT, EQ, GT are constants indicating the lexicogra- 
phic order (<, =, >) of a relative to b. 

Evidently, an efficient implementation would be 

contended with one comparison, and we conclude that 
PLX/SLX tnay be less efficient. Measurements with 

the augmented invocation count reveal that indeed at 
certain points in PLX the module LXT is called for 
a re-comparison. The reasons lie solely in the par- 
ticular implementation and are of no interest here. 
After elimination of the re-comparisons, we obtain 

the counts given in Table 2. The sum of the counts 
of PLX and SLX is now equal to the count of LXT. 

To further reduce the lexicographic activity, we 
turn to LXO. It attemps to insert a given termx into 
a partially sorted chain of terms and distinguishes 

three cases: 

x is a numeric constant (LXOconst) 
a variable (LXOvar) 

other (ZXOother) . 
Constants are handled by LXO directly and do not re- 
quire PLX and LXT. Insertion of variables is pecu- 

liar: a first attempt is for a new variable to be appen- 
ded at the end of the chain, a second is for variables 
already existing in the chain, a third (= vat retry) is 

a full insertion scan. 

Measurement yields count~l for the system so 
far, and county2 for the system with LXO modified, 
as discussed below, in Table 3. 

module/condition 

AUT 

LXO 
LXOconst 
LXOvar 
LXOother 

PLX 
PLXvar 
PLXvar retry 

PZXother 

SLX 
SLXvar 
SZXvar retry 

SZXother 

LXT 
Tab le 3 

count ~ 1 

363 

10663 
5658 
496 

4509 

20720 

0 
0 

20720 

3957 
496 

i19 
3342 

24677 

c o u n t  ~2 

363 

I0663 
5658 

496 
4509 

6651 
0 

0 

6651 
3384 

496 

0 
2888 

10035 
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W e  o b s e r v e  ( c o u n t  ~1): 
1: O v e r  5 0 %  o f  t h e  L X O  i n v o c a t i o n s  a r e  " t r i v i a l " ,  

i . e .  f o r  c o n s t a n t s  a n d  r e q u i r i n g  l i t t l e  w o r k .  T h a t  
l e a v e s  a r e l a t i o n  L X O - n o n t r i v i a l  to  L X T  o f  a b o u t  
1 : 5 .  

2. A l l  L X O  i n v o c a t i o n s  f o r  v a r i a b l e  i n s e r t i o n  a r e  
p r o d u c t  c a s e s .  H o w  m a n y  of  t h e s e  w e r e  a h i t  o n  
t h e  f i r s t  a t t e m p t  h a s  n o t  b e e n  d e t e r m i n e d ;  b u t  w e  
k n o w  t h a t  119 r e t r i e s  w e r e  n e c e s s a r y  - a f a i r l y  
h i g h  r a t e .  

3 .  F o r  o n e  i n s e r t i o n ,  L X O  c a l l s  P L X / S L X  s e v e r a l  
t i m e s .  H o w  o f t e n ,  c a n  be  m e a s u r e d .  B u t  i n  t h i s  
e x a m p l e  o n e  m a y  a s  w e l l  e s t i m a t e :  T h e  p r o d u c t  
c h a i n s  a r e  o f  a n  e s t i m a t e d  l e n g t h  o f  3.  So ,  i f  o n l y  
1500 of  t h e  4 5 0 9  L X O  i n v o c a t i o n s  w e r e  f o r  S L X  
( a s s u m i n g  a n  a v e r a g e  o f  a l i t t l e  m o r e  t h a n  2 a t -  
t e m p t s  on  p r o d u c t  i n s e r t i o n )  t h e n  a b o u t  s e v e n  P L X  
a t t e m p t s  ( o r  m o r e )  c o m e  on  o n e  s u m  i n s e r t i o n .  
T h i s  i s  g o o d  e n o u g h  to  r a i s e  s u s p i c i o n .  F o r ,  i f  
L X O  e m p l o y e d  s o m e  s o r t  o f  l o g a r i t h m i c  s e a r c h  
t h e  n u m b e r  o f  a t t e m p t s  w o u l d  h a v e  to  be  l o w e r  f o r  
s u m s  o f  t h e  a c t u a l l y  g i v e n  l e n g t h .  

D e s i g n  p o i n t  1: I s  i t  w o r t h w h i l e  to  i m p r o v e  m e r g i n g  
o f  t w o  o r d e r e d  c h a i n s 2  

W e  r e c a l l  t h a t  L X O  i s  u s e d  t o  b u i l d  a c a n o n i c a l -  
l y  o r d e r e d  c h a i n  f r o m  g i v e n  e l e m e n t s .  I f  t w o  a l r e a d y  
o r d e r e d  c h a i n s  a r e  to  be  m e r g e d ,  t h e  e l e m e n t s  o f  
t h e  s e c o n d  o n e  a r e  i n s e r t e d  i n t o  t h e  f i r s t  o n e  w i t h o u t  
u t i l i z i n g  t h e  f a c t  t h a t  t h e y  c o m e  i n  s o r t e d .  T h e r e f o r e ,  
a m o d u l e  L X O 1  w a s  i n t r o d u c e d  t h a t  m e r g e s  t w o  a l -  
r e a d y  o r d e r e d  c h a i n s  i n t o  o n e .  T h e  m e t h o d  i s  o b v i -  
o u s  [ 6 ] .  T h e  s e a r c h  f o r  i n s e r t i o n  o f  t h e  n e x t  e l e m e n t  
n e e d s  n o t  s c a n  t h e  p o r t i o n  b e f o r e  t h e  e l e m e n t  i n s e r -  
t e d  l a s t .  

O n e  c a n  c o n s t r u c t  c a s e s  i n  w h i c h  t h e  m e t h o d  d o e s  
n o t  b r i n g  a n y  n o t i c e a b l e  a d v a n t a g e ,  f o r  e x a m p l e  
( A + D + F + I )  + ( C + E + G ) ,  a s s u m i n g  a l p h a b e t i c  o r d e r -  
i n g .  T h e r e f o r e ,  w e  a r e  i n t e r e s t e d  i n  t h e  d e g r e e  o f  
i m p r o v e m e n t  a c h i e v e d .  I n  8 0 %  o f  o u r  t e s t  a p p l i c a t i -  
o n s ,  t h e r e  w a s  a n  i m p r o v e m e n t  a n d  o u r  s t a n d a r d  e x -  
a m p l e  a p p e a r s  t o  e x h i b i t  a t y p i c a l  s i t u a t i o n :  

S u b s e q u e n t  a n a l y s i s  o f  L X O  s h o w e d  t h a t  i t  d i d  i n -  
d e e d  n o t  u t i l i z e  a l o g a r i t h m i c  s e a r c h ,  b u t  a s t r a i g h t  
l i n e a r  i n s e r t i o n .  T h u s ,  L X O  w a s  m o d i f i e d  to  e m p l o y  A U T  
a b i n a r y  i n s e r t i o n  s c h e m e  [ 6 ]  t h a t  l o o k s  a t  s u c c e s -  L X O  
s i r e  m i d p o i n t s .  A t  t h e  s a m e  t i m e ,  t h e  p e c u l i a r  v a r i -  L X O 1  
a b l e  r e t r i e s  w e r e  e l i m i n a t e d :  v a r i a b l e s  a r e  n o  l o n g e r  R E X  
t r e a t e d  s p e c i a l ,  s i n c e  t h e  f e w  i n s t a n c e s  w h e r e  i t  S L X  
w o u l d  be  a d v a n t a g e o u s  do  n o t  j u s t i f y  t h e  o v e r h e a d .  L X T  
T h e  m e a s u r e m e n t  r e s u l t s  a f t e r  m o d i f i c a t i o n  o f  L X O  
a r e  g i v e n  i n  T a b l e  3 u n d e r  c o u n t s 2 .  

module c o u n t  before 

363 
10663 

6651 
3384 

i0035 

count after 

363 
6629 } 
1549 8 1 7 8  

5 8 8 7  
2552 
8439 

T a b l e  4 

T h e  s y s t e m  a t  t h i s  s t a g e  i s  t h e  o n e  d i s c u s s e d  i n  T h e r e  a r e  n o w  1549 L X O 1  i n v o c a t i o n s  i n  p l a c e  
s e c t i o n  4,  F i g u r e  2 .  T h e  a c t i v i t y  o f  L X O  h a s  b e e n  r e -  o f  4 0 3 4  L X O  i n v o c a t i o n s  f o r  c h a i n  m e r g i n g ,  i . e .  a -  
d u c e d  f r o m  a c o u n t  o f  4 3 1 9 3  t o  a c o u n t  o f  1 0 0 3 5 ,  t h e  b o u t  2 . 6  f o r m e r  L X O  c a l l s  a r e  h a n d l e d  b y  o n e  L X O 1  
P L X  a c t i v i t y  f r o m  2 0 7 2 3  to  6 6 5 1 ,  w h i l e  t h e  i n v o c a t i o n s  c a l l .  T h e  L X T  a c t i v i t y  h a s  b e e n  r e d u c e d  b y  a b o u t  
for AUT and LXO remain unchanged. 15%. 

6 .  I n t e r p l a y  o f  D e s i g n  a n d  M e a s u r e m e n t  

W e  s h a l l  n o w  i l l u s t r a t e  h o w  t h e  e f f e c t i v e n e s s  o f  
a n  i m p l e m e n t a t i o n  c a n  be  m o n i t o r e d  b y  i n v o c a t i o n  
c o u n t  m e a s u r e m e n t .  S i n c e  t h e  t o o l  i s  s o  i n e x p e n s i v e  
to  a p p l y  o n e  c a n  r e a d i l y  r u n  t e s t s  to  c h e c k  i f  t h e  d e -  
s i r e d  e f f e c t  t u r n s  u p ,  i f  t h e  e f f e c t  i s  s t r o n g  e n o u g h  
t o  j u s t i f y  a n  i m p l e m e n t a t i o n ,  a n d  i f  t h e r e  a r e  s i d e -  
e f f e c t s .  I t  c a n ,  b e t t e r  t h a n  t i m e  m e a s u r e m e n t ,  p r o -  
v i d e  t h e  d e s i g n e r  w i t h  h a r d  d a t a  on  t h e  p e r f o r m a n c e  
o f  a n  a l g o r i t h m ,  to  c o m p l e t e  a n  i n i t i a l  t h e o r y  o r  
vague feeling. 

F o r  t h e  p u r p o s e  o f  c l a r i t y ,  w e  c o n c e n t r a t e  m o s t -  
l y  on  o u r  s t a n d a r d  e x a m p l e .  H o w e v e r ,  i t  i s  u n d e r -  
s t o o d  t h a t  a v a r i e t y  o f  t e s t s  i s  n e e d e d  to  g i v e  e n o u g h  
e v i d e n c e .  A l s o ,  t h e  i n v o c a t i o n  c o u n t  s h o u l d  be  c o m -  
p l e m e n t e d  b y  o t h e r  t o o l s  s u c h  a s  t h o s e  m e n t i o n e d  in  
t h e  f i r s t  s e c t i o n .  

From our attempt to further improve the FOR- 
MAC system we pick a few design points related 
to  A U  T .  

D e s i g n  p o i n t  2: H o w  d o e s  t h e  R e a u t  s c h e m e  a t  h a n d  
c o m p a r e  w i t h  a s c h e m e  t h a t  s i m p l i -  
f i e s  t e r m s  w h i l e  t h e y  a r e  g e n e r a t e d ?  

T h e  R e a u t  s c h e m e  i s  t h e  f o l l o w i n g :  T h e  l e x i c o -  
g r a p h i c  m o d u l e ,  t h o u g h  i t  c o m b i n e s  l i k e  t e r m s ,  d o e s  
n o t  p u t  t h e  r e s u l t  i n  a s i m p l i f i e d  f o r m :  

P L X :  C l . X  + c 2 . x  ---> ( C l + C 2 ) , x  
S L X :  x * * e  1 , x * * e  2 - - > x * * ( e l + e 2 )  
c 1 a n d  c 2 a r e  n u m e r i c  c o n s t a n t s .  I n s t e a d ,  s u c h  t e r m s  
a r e  s i m p l i f i e d  a f t e r w a r d s  a n d  L X O  i s  i n v o k e d  a g a i n  
t o  e s t a b l i s h  t h e  c o r r e c t  o r d e r .  W e  s a y ,  L X O  i s  i n  a 
R e a u t  s i t u a t i o n .  I n  o u r  e x a m p l e ,  w e  f i n d  t h a t  1327  
t i m e s  ( o u t  o f  6629 )  L X O  i s  i n  a R e a u t  s i t u a t i o n .  

T h e  a b o v e  q u e s t i o n  c a n  be  a n s w e r e d  in  f a v o r  o f  
t h e  R e a u t  s c h e m e  a t  h a n d .  A s s u m e  a l p h a b e t i c  o r d e r  
a n d  c o n s i d e r  t h e  f o l l o w i n g  e x a m p l e :  A d d  to  a n  a l r e a d y  
s i m p l i f i e d  s u m  W = A + D + E  + F f i v e  t e r m s  
W = W + C + C + C + C + C .  T a b l e  5 i l l u s t r a t e s  w h a t  g o e s  
o n .  M e t h o d  (a) i s  t h e  R e a u t  s c h e m e  a t  h a n d ,  m e t h o d  
(b) w o r k s  b y  s i m p l i f y i n g  a n d  r e - i n s e r t i n g  a t e r m  
r i g h t  a f t e r  i t  h a s  b e e n  g e n e r a t e d .  C o l u m n  s g i v e s  t h e  
n u m b e r  o f  s i m p l i f i c a t i o n s ,  c o l u m n  c g i v e s  t h e  n u m b e r  
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of c o m p a r i s o n s .  M e t h o d  (b) - w h i c h  c a n  be v i e w e d  
as  s i m u l a t i o n  of a r e c u r s i v e  s c h e m e  - n e e d s  m o r e  
c o m p a r i s o n s  and s i m p l i f i c a t i o n s  b e c a u s e  i t  " h a s t i l y "  
pu t s  e v e r y  i n t e r m e d i a t e  r e s u l t  in to  i t s  c a n o n i c  f o r m ,  
w h i l e  m e t h o d  (a) " c o n s i d e r a t e l y "  w a i t s  out t e m p o r a -  
r y  v a r i a t i o n s .  

I method (a)  

s o r t e d  e h a i n l t e r m  

iA+D+E+F +C 

A+C+D+E+F +C 

iA+2C+D+E+F +C 
A+3C+D+E+F +C 
i 

A+4C+D+E+F +C 

A+5C+D+E+F 

re-simpllfication: 

'A+5C +D 

A+5C+D +E 

A+5C+D+E +F 

A+5C+D+E+F 

s [ c  

1 3 

1 2 

1 2 

1 2 

1 2 

1 1 

1 

2 

2 

sum 6 17 

Table 5 

method (b) 

sorted chainlterm I 

A+D+E+F +C 

A+C+D+E+F +C 

A+D+E+F +2C 

A+2C+D+E+F +C 

A+D+E+F +3C 

A+3C+D+E+F +C 

E+4C+D+E+F +C 

E+D+E+F +5C 

~+5C+D+E+F 

s l c  
1 3 

1 2 

1 3 

1 2 

1 3 

1 2 

1 3 

1 2 

1 3 

I. 9 23 

For our Sigsam Z.Z example, the invocation 

count reflects the difference in methods: 

module 

LXO 

LXOI 

PLX 

SLX 

LXT 

m e t h o d ( a )  

6629 

1549 

5887 

2552 

8439 

m e t h o d ( b )  

80Zl 

1549 

7540 

3152 

i0692 

Tabl e 6 

Design point 3: How can the number of Reaut situa- 

tions be reduced? 

The Reaut scan is expensive because it includes 

re-ordering of the entire chain. So, we look for ways 

(i) to improve re-ordering; 

(ii) to avoid a l~eaut scan. 

Concerning (i), note that in a Reaut situation the 

chain to be reordered consists of "old" elements 

that are in correct order, interspersed with a few 

"new" ones that may be out of order. Two changes 

have been made: 

1. In Reaut situations, ZXO will first compare a 

new element with its current predecessor, as the 

new element is likely to be already in the correct 

position. 

Z. Old elements are not reconsidered and only new 

ones are given to LXO for re-insertion. 

Measurement shows (Table 7) that the effect of the 

changes is a more than 10% reduction in the LXT 

activity. 

nlodule before change 1 

LXO 6629 0 

LXO 1 1549 0 

PLX 5887 -764 

SLX 2552 0 

LXT 8439 -764 

change i+2 

-141 

0 

-905 

0 

-905 

Table 7 

Concerning (ii), there are two questions to ans- 
wer: 

I. Are there transformation rules which apply to 

new elements ? 

2. What is the lexicographic position of the new 

elements ? 

As for transformations, we distinguish "common" 

transformations such as e.g. 

Cl*x + c2*x --~ (Cl+C2),x--> c3*x (*) 
and "non-common" transformations which are in par- 

ticular those that are under user control. In the ex- 

ample of Table 5, the term 5C is such a common 

case that should be dealt with on the spot rather than 

in a Reaut scan. If so, method (a) would not require 

re-simplification at all, so that s=5 and c=ll. In or- 

der to obtain a quantitative measure of the effect of 

a change before its full implementation, a test was 

run with PLX modified such as to apply (*) on the 

spot and not to request a l~eaut scan. The difference 

in the invocation count is noticeable (Table 8). The 

figures give a good projection and justification for a 

planned effort. 

module before change 

LXO 6629 - 1267 

PLX 5 IZ3 -465 

SLX 2552 -301 

LXT 7675 -766 

Table 8 

The implementation is now along the following 

lines: The lexicographic module may be allowed to 

tacitly perform common transformations, in which 

case no re-ordering is needed. That takes care of the 

slowness of repeated addition of a term to a sum. If 

however AUT knows about additional transformations 

then it informs ZXO to report back on certain new 

terms, e.g. x**c with power series truncation, or 

x** (sinZu)*x** (cosZu) --> x** (sinZu+ cosZu). AUT 

keeps book if the latter transformation changed the 

skeleton of the new term. If so, a re-insertion is re- 

quested, otherwise it is not. 

The given figures hopefully illustrate how mea- 

surement serves to verify, i.e. support or refute a 

design concept. What has not been illustrated but has 

been experienced is that it also helps to point out 

side-effects, adverse or beneficial ones, in system 

parts that were not taken into consideration. The in- 

vocation count was clearly superior to timing. 
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