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~BSTRACT 

This paper describes a methodology for app l i ca t ion  
software development, the object ive being the 
reduction of volume of code and ease of 
maintenance. I t  is shown that constants as well as 
rules and regulations typical ly  found in business 
applications should be factored out and stored sep- 
arately from the application programs in a data 
base. De f in i t i ona l  equations are proposed as a 
method for specifying such rules and regu]atlons. 
The equations can be used as parameters to various 
types of interpreters to be used by application 
programs. 

As an i l l us t ra t ion  of the methodology, one such 
Interpreter has been imp]emented. This paper shows 
Its application to a screen handling program; other 
uses are discussed. The interpreter and Its imple- 
mentation are outlined. 
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1. INTRODUCTION 

There Is widespread consensus that progress in pro- 
grammers' product ivi ty has not kept pace with the 
rapid technologlca] advances in computer hardware. 
D. Mc. Cracken [43 estimates a factor of two to three 
In performance Improvement for programmers over the 
past 25 years; In contrast, the signi f icant charac- 
te r is t i cs  of hardware, such as storage capacity, 
speed, and price performance, have been improved by 
orders of magnitude. Many applications that could 
well be jus t i f i ed  on the basis of hardware cost 
remain uneconomic as a consequence, much to the 
regret of users and manufacturers al ike. 

A related phenomenon Is the fact that the percent- 
age of programming personnel devoted to the mainte- 
nance of ins ta l led  and operat ional appl icat ions has 
s tead i ly  increased, leaving a decreasing percentage 
of programmers and other resources for the develop- 
ment of new applications. 

* Thls work was done whi]e Tore Risch was v i s i t i ng  
scient ist  at IBM from UPMAIL, Uppsala University, 
Computer Science Dept., Box 2059, 750 02 Uppsala, 
Sweden. 

The underlying hypothesis of the methodology pro- 
posed In thls paper is that the volume of code typ- 
ical for business applications Is unnecessarily 
large. More precisely, i t  Is claimed that the ove- 
ra l l  application code as i t  exists In an insta l la-  
tion or an enterprise contains conslderabIe useless 
redundancy. Avoiding thls useless redundancy 
should reduce the vo]ume of code for the benefit of 
production and maintenance cost. 

Redundancy has di f ferent  sources: 

a. repet i t ive  programming of the same function, 

b. fa i lure to generalize, 

c. encoding of essential ly the same Information In 
d i f ferent  forms for d i f ferent  purposes. 

The f i r s t  I tem represents a management problem to 
be solved by g]oba! management of l ib rar ies of pro- 
grams and specifications together wlth the neces- 
sary administrative procedures to ensure that 
commonly useful functions are not re-programmed. 
The above Issue is not further addressed In thls 
paper which Is solely concerned with Items b. and 
c. 

The la t te r  two issues are more subtle; their  sat is- 
factory resolution requires a programming style 
hitherto not widely used for business app]Icatlons. 
For i ] lus t ra t lon  of the programming style necessary 
addressing Items b. and c. I t  Is useful to consider 
a well known example: syntax driven parsers. 

A special parser takes a character string as argu- 
ment and produces a parse tree; the parser's proce- 
dura] b o d y  encodes the underlying grammar. 
Conceptual!y, a generalized parser takes two argu- 
ments: a syntax and a character string; i t  produces 
a parse tree according to the specified syntax. 
BNF or one of Its variants Is typ ica l ly  used as the 
specif ication language. 

The step of generalization leading from special 
parsers to general parsers Is analogous to the gen- 
era l izat ion proposed for business applications. 

The following observations characterize the 
analogy: 

a. Generalized syntax parsers separate spec i f ic  
methods of parsing from the def in i t ion of the 
syntax of specif ic languages. Having accom- 
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p l l s h e d  th i s  separa t ion  one may f r e e l y  combine 
methods of pa rs ing  w i t h  any language whose syn- 
tax is s p e c i f i e d .  For example, three 
implemented pa rs ing  methods and four  language 
s p e c i f i c a t i o n s  are In e f f e c t  equ i va len t  to 12 
d i f f e r e n t  spec ia l  parsers .  C o l l e c t i v e l y  these 
parsers would con ta in  redundancy tn the form of 
repeated s p e c i f i c a t i o n s  of syntax as we l l  as 
methods of pars ing .  

b. BNF ls a s imple equat iona l  form of s p e c i f i c a t i o n  
which ts not b iased towards p a r t i c u l a r  uses. 
The same s p e c i f i c a t i o n  can not on ly  be supp l ied  
to gene ra l i zed  parsers  but can a lso  be used in 
conjunction wlth other algorithms, for example 
for analysing BNF specifications for interesting 
properties. 

c. Changing a BNF syntax Is eas i e r  than changing 
one or  more spec ia l  parsers ;  the maintenance 
c h a r a c t e r i s t i c s  have t he re fo re  been improved. 

d. The ra t io  of volumes of code between a set of 
special purpose processing programs and the same 
functions implemented with generalized programs 
and separate syntax specifications depends on 
the number and complexity of the specified lan- 
guages and the processes to be app l i ed .  
Dramat ic e f f e c t s  on the volume of code can be 
expected as the number of languages and process-  
ing programs Increases. 

There are many opportunities to ca r ry  the analogy 
In to  the area of business a p p l i c a t i o n s .  Examples 
are: the separa t i on  of gene ra l i zed  d ia logue  pa t -  
terns from p a r t i c u l a r  d ta ]ogue content ,  e.g.  a gen- 
era l  f i l l - i n - t h e - f o r m - a n d - s t o r e - i n - t h e - d a t a - b a s e  
d i a l o g  a p p l i c a b l e  to some la rge  c lass of  forms, the 
separation of generalized formatting procedures 
from specif ic format specifications for classes of 
documents~ etc. 

The quest ions as to which procedures are in need of 
g e n e r a l i z a t i o n  and what In fo rmat ion  is u s e f u l l y  
f ac to red  ere not e a s i l y  answered. In our op in i on  
t h l s  is the cen t ra l  techn ica l  ques t ion  in a p p l i c a -  
t i on  development. Program genera tors ,  such as 
IBM's ADF[7] and DMS[8], are c o n t r i b u t i o n s  in t h i s  
d i r e c t i o n  and so are knowledge based systems. 

The specif ic problem addressed here Is the factor- 
Ing of ru les  and r e g u l a t i o n s  t y p i c a l l y  found In 
business a p p l i c a t i o n s .  Examples are: tax ru les  
[ income tax,  sa les tax,  e t c . ) ,  and company regu- 
] a t l o n s  p e r t a i n i n g  to over t ime compensations and 
t r ave l  expenses. 

D e f i n i t i o n a l  equat ions are proposed as a method fo r  
s p e c i f y i n g  ru les .  The ex te rna l  s p e c i f i c a t i o n s  and 
some Implementat ion d e t a i l s  of  an equat ion  I n t e r -  
p r e t e r  are presented.  The i n t e r p r e t e r  supports one 
particular use of  d e f i n i t i o n a l  equat ions ( i . e .  is 
analogous to a gene ra l i zed  syntax parser  in the 
previous discussion). The Interpreter would be 
useful as part of an interactive program Implement- 
Ing the completion of forms that has been mentioned 
before. I t  has been developed as a part of the IBA 
project, a research project at the IBM Research 

Center, San Jose, C a l i f o r n i a ,  focus ing on a p p l i c a -  
t i o n  development methodology. 

The I n t e r p r e t e r  is a v a r i a t i o n  and ex tens ion  of 
the i n t e r p r e t e r  descr ibed  in [10 ] .  

The example presented in the f o l l o w i n g  sec t i on  
i l l u s t r a t e s  the f a c t o r i n g  and s p e c i f i c a t i o n  of  
ru les .  The d e t a i l e d  syntax and semantics of ru les  
are de f ined  In sec t i on  3. The I n t e r p r e t e r  Is 
descr ibed in sec t i on  4. The l a s t  sec t i on  discusses 
the r e l a t i o n  of  the proposed methodology w i t h  
r e l a t e d  pub l i shed  e f f o r t s .  

2. AN EXAMPLE APPLICATION 

2.1 The Display Erame 

Consider a d i a l o g  fragment s t a r t i n g  w l t h  e form 
being d i sp layed  by the machine. I t  Is assumed tha t  
the form cons is ts  of a c o l l e c t i o n  of  l a b e l l e d  sca- 
l a r  f i e l d s ,  some fo r  input  by the user, some fo r  
ou tput  by the machine. To be more s p e c i f i c ,  l e t  
ARTICLE, QUANTITY, and STATE be the names of Input 
f i e l d s ,  and l e t  TOTAL-DUE be the name of the on ly  
ou tput  f i e l d  of  the assumed form. Fur ther ,  l e t  the 
format of  the b lank form be as shown in Fig.  1 
below. 

ARTICLE: 
QUANTITY: .... 
STATE: __ 

TOTAL-DUE: 

Fly. I: Blank Form 

In practice there would usually be various other 
components conta ined by the d i s p l a y  frame, e.g.  a 
command f i e l d ,  message f i e l d s ,  a sur face area v i su -  
a l i z i n g  the cu r ren t  assignments of commands to p ro -  
gram func t i on  keys, e tc .  However, as the 
d i scuss ion  wlll focus e n t i r e l y  on the da~a f i e l d s  
any f u r t h e r  d e t a i l  may s a f e l y  be suppressed. 

2.2 The D ia log  

The contemplated d i a l o g  cons is ts  of  the the f o l l o w -  
ing steps:  

(1) The machine d i sp l ays  a blank form; 

(2) the user responds by f i l l i n g  in some or all 
input  f i e l d s ;  

(3) I f  the use r ' s  input  Is acceptab le ,  I . e .  a l l  
r e q u i r e d  inputs are present  and s y n t a c t i c a l l y  
c o r r e c t ,  the machine c a l c u l a t e s  the outputs  and 
d i s p l a y s  the r e s u l t  using the a p p r o p r i a t e  ou t -  
put  f i e l d s  o f  the d i sp layed  form; the d i a l o g  
fragment under c o n s i d e r a t i o n  then ends; o t h e r -  
wise,  a p p r o p r i a t e  messages urge the user to 
f i l l  in missing inputs and/or correct erroneous 
ones; 

(4) the user mod i f i es  some o r  a l l  input  f i e l d s  and 
the d i a ] o  9 proceeds w l t h  step ( 3 ) ; .  
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S i m i l a r  to the s p e c i f i c a t i o n  of  the d i s p l a y  frame, 
a l l  d e t a i l  cons idered un impor tan t  to  the f u r t h e r  
d i scuss ion  ls suppressed, such as the na tu re  of  the 
imbedding d i a l o g  t ha t  leads In to  s tep (1 ) ,  the con- 
t i n u a t i o n  of  the f ragment,  and v a r i o u s  conven ien t  
o p t i o n s  one might  expect  from a we l l  eng inee red  
I n t e r a c t i v e  program, e .g .  a he lp  f u n c t i o n ,  the pos-  
s i b i l i t y  to leave the dialog unfinished and qult~ 
e tc .  

2.3 A Straightforward Imp lementa t ion  

We proceed to sketch  a program tha t  Implements the 
s p e c i f i e d  d i a l o g  f ragment.  

The c a l c u l a t i o n  of  the t o t a l - d u e  f o r  a g i ven  a r t l -  
c l e  code, q u a n t i t y  and s t a t e  of  d e l i v e r y  Is based 
on the u n i t  p r i c e  of  the s p e c i f i e d  a r t i c l e  and the 
ru l es  In e f f e c t  f o r  comput ing the sa les  tax  depend- 
lng on the s t a t e  o f  d e l i v e r y .  For the sake of  t h i s  
example t t  Is f u r t h e r  assumed tha t  c e r t a i n  a r t i c l e s  
a re  exempt from sa les  tax  by f e d e r a l  law; i . e .  the 
exempt s ta tus  of  an a r t i c l e  Is Independent from the 
s t a t e  of  d e l i v e r y .  As a consequence, the user  need 
not to be prompted f o r  the s t a t e  tn case the a r t i -  
c le  is exempt. 

The BuslnessFactors 

Business factors describe e i ther  characterist ics of 
the environment in which a business operates, such 
as fede ra l  and s t a t e  laws, or  c h a r a c t e r i s t i c s  of  
the business i t se l f ,  such as i ts products and 
o r g a n i z a t i o n  1). 

Since business f a c t o r s  are  of  p o t e n t i a l  use to many 
a p p l i c a t i o n s  they should be kep t  e x t e r n a l  to a p p l i -  
c a t i o n  programs. To avoid dupl icat ion business 
f a c t o r s  should be managed c e n t r a l l y .  

The i r  r a t e  o f  change, a l b e i t  s low, makes I t  d e s i r a -  
b l e  to  keep them in e a s i l y  upda tab le  form. 

Un i t  p r i ces  of  a r t l c l e s ~  t h e i r  exempt s ta tus ,  and 
the tax  r a t e  f o r  each s t a t e  are  business f a c t o r s  
pertaining to the present example. The information 
on unlt prices and the exempt status of the various 
a r t i c les  may be viewed as functions ( f l ,  f2) from 
va l id  a r t i c l e  codes to do l la r  amounts and truth 
values respectively. The sales tax is given by a 
function (f3) from states to percentage figures. 
All three functions are assumed to be represented 
by tab les  as i n d i c a t e d  in F ig .  2. 

f l :  f2: 

a r t i c l e  t uni i -p r lce  a r t i c l e  I exempt 

AO01 I 23.50 AO01 i tJes 
AO02 I 180.05 AO02 I no 

. . .  | . . . . . .  ~ o . ,  

f~;: 

s t a t e  I tax  

CA I 6.00 
. . .  ~ . ° .  

Fig .  2: Business Fac tors  

The Dlalog Procedure 

The fol lowing Is only a sketch of 
ImpIementlng the example dialog. 

a procedure 

prq.c DIALOG; 

dcl  a r t i c l e ,  q u a n t i t y ,  s tate~ t o t a l - d u e ,  
t o t a l ~  t a x r a t e ,  tax  . . .  ; 

o . .  

d l s p l a y  b lank  form; 
walt f o r  response; 

unt i l  a l l  required Inputs are specified 
prompt for missing input and error correction; 

L: taxrate := i f  f 2 (a r t i c l e )  .th.en 0 else 
f 3 ( s t a t e ) / l O 0 ;  

t o t a l  := f l ( a r t i c l e ) * q u a n t i t y ;  
tax  := t o t a l * t a x r a t e ;  
t o t a l  -due := t o t a l + t a x ;  
display form; 
walt for response; 

, o .  

Fig. 3: Dialog Procedure 

The con ten t  o f  the program v a r i a b l e s :  a r t i c l e ,  
q u a n t i t y ,  s t a t e ,  and t o t a l - d u e ,  r e f l e c t  the con ten t  
of the correspondingly labelled f ie lds in the dis- 
play frame, converted, I f  necessary to the internal 
representation required by the operations to be 
applied to the variables. 

At program p o i n t  ' L : '  i t  is assumed t ha t  e l l  
r e q u i r e d  Input v a r i a b l e s  have s u i t a b l e  va lues ,  such 
tha t  the computa t ion  can be completed as programmed 
w i t h o u t  f u r t h e r  I n t e r v e n t i o n  from the user;  t h l s  
Impl ies  tha t  the code fragment i nd i ca ted  by 'prompt 
for missing Input and error correct ion'  has to 
check that the user inputs are val id;  more precise- 
ly, that the a r t i c l e  code occurs in table f l  and 
that the state is l i s ted  in table f3 etc. Further- 
more, i f  the user Is not to  be prompted 
unnecessarily for the state, this code fragment 
must check the exempt status of the a r t i c l e  when 
specif ied by the user. 

2.4 l ~ p l e m e n t a t l o n  using Generalized Procedures 

Two o b s e r v a t i o n s  gu ide  t h i s  second des ign.  F i r s t ,  
the program encodes the ru l es  in e f f e c t  f o r  comput- 
Ing the sa les  tax ,  a p iece  o f  I n f o rma t i on  presuma- 
b l y  use fu l  in c o n t e x t  o t h e r  than t h l s  p a r t i c u l a r  
program. I t  would t h e r e f o r e  appear d e s i r a b l e  to  
r e p r e s e n t  t h i s  I n f o r m a t i o n  s e p a r a t e l y .  Second, the 
genera]  d i a l o g  p a t t e r n  seems use fu l  f o r  c o l l e c t i o n s  
of  da ta  e lements o t h e r  than the s p e c i f i c  sa les  
r e l a t e d  da ta  e lements of  the example. A l l  r e f e r -  
ences to the s p e c i f i c s  o f  the da ta  e lements must be 
pa rame t r l zed  to  ach ieve  t h i s  g e n e r a l l t y .  The con- 
sequences of  bo th  o b s e r v a t i o n s  w i l l  be e l a b o r a t e d  
in tu rn .  

1) The concept and term Is due to Dennis Burk (Mo- 
t o r o l a )  
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Some of  the tax  r e l a t e d  I n f o r m a t i o n  has a l r e a d y  
been separa ted  in the form of  bus iness f a c t o r s .  
These bus iness f a c t o r s  can be used by m u l t i p l e  
a p p l i c a t i o n s  and changed w i t h o u t  hav ing to  adapt  
the a p p l i c a t i o n  code. 

However, t h i s  s e p a r a t i o n  has not  gone f a r  enough. 
Changes In the computa t iona l  r u l e s  f o r  the sa les  
tax ,  r a t h e r  then the percentages or  exempt s ta tus ,  
induce m o d i f i c a t i o n s  to  the a p p l i c a t i o n  code; i f  
these compu ta t i ona l  r u l es  a re  used by seve ra l  
a p p l i c a t i o n s ,  a l l  cop ies  of  the ru l es  have to be 
found and changed ( redundancy) .  I t  would t h e r e f o r e  
be p r a c t i c a l  to separa te  the r u l e s  t o g e t h e r  w i t h  
the bus iness f a c t o r s .  

Next,  a method of  r e p r e s e n t a t i o n  f o r  the tax  ru l es  
has to be found. The obv ious  f a c t o r i n g  o f  the tax  
rules in form of  a subroutine, upon closer examina- 
t ion, is Inappropriate; the reason Is analogous to 
that c i ted in the Introduction in support of BNF 
for syntax specif icat ions, i .e. a representation of 
the essence of the Information without blas towards 
a p a r t i c u l a r  use. D e f i n i t i o n a l  equa t i ons ,  d i s -  
cussed next ,  a re  the proposed s o l u t i o n .  

D e f i n i t i o n a l  Eqva t lons  

The f u n c t i o n a l  dependencies among the q u a n t i t i e s  
i n v o l v e d  can be c o n v e n i e n t l y  d e f i n e d  by the set  of  
d e f i n i t i o n a l  equa t ions  below. 

(1)  exempt : f 2 ( a r t l c l e )  
(2)  t a x r a t e  = I f  exempt then 0 e l se  f 3 ( s t a t e ) / 1 0 0  
(3)  t o t a l  = f l ( a r t i c l e ) * q u a n t l t y  
(4)  tax  = t o t a l * t a x r a l e  
(5)  t o t a l - d u e  = t o t a l + t a x  

F ig .  4: D e f i n i t i o n a l  Equat ions  f o r  Sales Tax 

With f l ,  f2 and f3 bound to  s p e c i f i c  t ab les  (see 
F ig .  2),  the c o l l e c t i o n  of  equa t i ons  de f i nes  a 
f u n c t i o n  from v a l u e  assignments to  the Input  v a r i -  
ab les :  a r t i c l e ,  s t a t e ,  and t o t a l ,  to  the ou tpu t  
v a r i a b l e s :  exempt, t a x r a t e ,  tax ,  and t o t a l - d u e .  
The c o l l e c t i o n  of  equa t ions  Is not  a program, l . e .  
an e x e c u t a b l e  u n i t  d e f i n i n g  a computa t ion  on a rea l  
o r  h y p o t h e t i c a l  machine, but  ts mere ly  a s ta tement  
o f  dependencies.  

The equa t ions  are  used as parameters  to  I n t e r p r e t -  
ers of one klnd or another, which may define any 
desirable dynamic behavior. One example Is an 
interpreter  supporting the example dialog to be 
discussed later.  

The remaining problem to be discussed is the gener- 
a l l z a t l o n  of  the d i a l o g .  As w i l l  be argued, the 
d t a l o g  and e q u a t i o n  Interpreter are  best  imple- 
mented as separa te  tasks.  The ADA rendezvous mech- 
anism [13 w i l l  be used to  p resen t  the example; the 
mechanism Is b r i e f l y  reviewed below. 

ADA-IIke Process Communication Discipl ine 

The mechanism is only sketched as far as necessar~ 
for the purpose of the present example. 

The l i n g u i s t i c  r e p r e s e n t a t i o n  of an independent 
process is c a l l e d  ' t a s k ' .  

A task cons i s t s  o f  a s p e c i f i c a t i o n ,  d e f i n i n g  the 
e x t e r n a l  i n t e r f a c e ,  and a body. The s p e c i f i c a t i o n  
of  a task d e f i n e s  i t s  names, parameters ,  and e n t r y  
p o i n t s ,  each w i t h  i t s  own parameter  l i s t .  

Below are  s p e c i f i c a t i o n s  of two tasks P, and Q. 

task P(x ) ;  task O(x) ;  
e n t r y  P l ( a ) ;  entry Ql (a ) ;  
entry PZ(b);  

F ig.  5: Task S p e c i f i c a t i o n s  

The o u t l i n e  of  bodies f o r  tasks P and Q in F ig .  6 
below show the  cons t ruc t s  used f o r  I n i t i a t i o n  and 
s y n c h r o n i z a t i o n  of  tasks.  

body of  P: body of  GI: 

,ate  CA, P; 
. • .  . . .  

accept  P l ( x )  . .  end; accept  O l (a )  . . .  end; 
" ' "  

. , ,  

selec~ 
accept  P1 (a)  . . .  en._..dd; 

o__Er 
accep.t. PZ(b) ... end; 

F ig.  6: Task I n i t i a t i o n  and Communication Con- 
s t r u c t s  

Assuming t ha t  task P ts i n i t i a t e d  and runn ing ,  task 
Q ts s t a r t e d  w i t h  the i n i t i a t e  s ta tement  pass ing 
the argument A1. I f  task Q reaches the c a l l  of  the 
e n t r y  P1 be fo re  the e n t r y  ts a c t i v a t e d  through an 
accept  P1 s ta tement ,  task Q wa i t s  f o r  t h i s  event  to 
occur• 

I f ,  on the o t h e r  hand, task P reaches an accept  P1 
s ta tement  b e f o r e  a co r respond ing  c a l l  is issued, I t  
w i l l  wait un t i l  thls event occurs. 

In case the e n t r y  has been a c t i v a t e d  by an accept  
s ta tement  and a c a l l  has been issued, the c a l l e d  
task proceeds by e x e c u t i n g  the  c lause  assoc ia ted  
w i t h  the accept  s ta tement ,  d e l i m i t e d  by a matchtng 
e~d. This sequence of events  is c a l l e d  a ' r endez -  
VOUS'. 

As soon as the c lause is executed,  the c a l l i n g  task 
is released and can proceed Independent ly •  

The se l ec t  cons t r uc t  a c t i v a t e s  seve ra l  e n t r i e s  sim- 
u l t a n e o u s l y ,  e .g .  the s e l e c t  cons t r uc t  con ta ined  
in the body of  P a c t i v a t e s  the e n t r i e s  P1 and P2• 
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g e n e r a l i z a t i o n  of the D ia log  

In the straightforward Implementation of the exam- 
pie dialog, the prompting for missing input Is com- 
pl icated by the fac t  tha t  the s t a t e  of  purchase 
need not be s p e c i f i e d  in case the a r t i c l e  is 
exempt. Thus, in genera l ,  the prompt ing mechanism 
needs to take in to  account dependencies between 
va r i ab les .  One way to accompl ish the e f f e c t  In the 
general case is to s t a r t  the computat ion w i t h  what- 
ever Input the user p rov ides  I n i t i a l l y  and prompt 
fo r  f u r t h e r  i n fo rma t ion  as the need a r i ses .  This 
eva lua t i on  mechanism ls conta ined In a task c a l l e d  
'compute'  whose s p e c i f i c a t i o n  ts d e t a i l e d  below. 

task compute(equat ions) ;  
en t ry  updateCin);  
en t ry  r e q u e s t ( o u t ) ;  
en t ru  cancel;  
en t ry  re t va lueCva ] ) ;  

in: ID->VAL mappings from Ident i f iers  to values 
out: ID-> null mappings from Ident i f iers  to null 
val: VAL one value 

Fig. 7: General compute Task 

The In te r f ace  prov ides  a l a t e  b ind ing  fo r  the c o l -  
l e c t i o n  of  equat ions to be used; The c o l l e c t i o n  of  
equat ions Is passed as argument when the compute 
task Is In i t ia ted.  Which specif ic form the argu- 
ment may take depends on d ic t ionary and date base 
functions for storing and re t r iev ing  sets of 
equations. 

Af te r  the compute task is i n i t i a l i z e d ,  the 
updateCIn) en t ry  ts used to pass a va lue assignment 
to some or a l l  Input variables of the equat ions 
p r e v i o u s l y  bound. The en t r y  r eques t (ou t )  Is used 
to request  computat ion of  some or  a l l  ou tput  v a r i -  
ables of  the equat ions.  

As ind ica ted ,  va lue assignments to v a r i a b l e s  are 
represented as maps from i d e n t i f i e r s  to values.  
The set of  requested output  v a r i a b l e s  is rep res -  
ented as a va lue assignment: a map from the I d e n t i -  
f i e r s  to null values.  

The compute task assumes tha t  the task reques t ing  
I ts  se rv i ce  prov ides  two e n t r i e s :  an en t r y  c a l l e d  
' p romp tcva r ) '  to be used when f u r t h e r  Input is 
needed and an en t r y  ' r e s u l t ( o u t ) '  to be used fo r  
d e l i v e r y  of  the r e s u l t .  

The en t r y  p rompt (var )  is c a l l e d  when the compute 
task needs the value of some input v a r i a b l e ,  vat ,  
which was not I n i t i a l i z e d  by upda te ( i n ) .  The 
value,  va l ,  of  the prompted v a r i a b l e  can be 
re tu rned  to the compute task w l t h  the en t r y  r e t v a -  
lueCval)  con t i nu ing  the i n t e r p r e t a t i o n  where i t  was 
In te r rup ted .  

The en t r y  cancel permi ts  the cance la t i on  of  a pend- 
Ing request ,  and rese ts  a l l  v a r i a b l e s  so fa r  
de f ined  or  computed to n u l l .  

F i n a l l y  the example sha l l  be completed w i t h  a 
sketch of the generalized dialog program, The 
external interface as far as relevant to the dis- 
cussion Is shown in Fig. 8 below. 

task d l a l o g ( f o r m ,  equat ions)  
. , .  

.enlt r y prompt (var);  
entry resul t (out) ;  

o . .  

war: ID one Iden t i f i e r  
out: ID->VAL mappings from iden t i f ie rs  to values 

Fig. 8: speci f icat ion of the Dia]og Task 

The argument ' f o rm '  p rov ides  a l l  i n fo rma t ion  about 
the data elements invo lved In the d i a l o g  necessary 
to d i s p l a y  the cor responding f i e l d s ,  check fo r  syn- 
t a c t i c  cor rec tness  of  the inputs,  and conversions 
from external to Internal representation of values. 
The equations define the dependencies among those 
elements. 

The two arguments are therefore not Independent and 
should be derived from a consistent database rep- 
resentations of the information. 

The two e n t r i e s  s p e c i f i e d  are those expected by the 
compute task. 

Fig. 9 shows the Internal structure of the dialog 
task. 

t.a~k d i a l o g ( f o r m ,  equat ions)  
d i s p l a y  blank form and ob ta i n  i n i t i a l  input ;  
l n i t  fa te computeCequat ions) ;  
update( In) ;  
r eques t ( ou t ) ;  

wh i l e  request  uncompleted 
se lec t  

accept promptCvar);  va r l  := war en..__dd; 
prompt user f o r  a va lue assignment to the 
v a r i a b l e  named war. i f  successful  r e t u rn  
w i t h  r e t v a l  ue(val  ), o therw ise  cancel 
( e . g . ) .  

or" 
.accept r e s u l t ( o u t ) ;  out1 := out end; 

request  completed; 

The task may cont inue w i t h  f u r t h e r  requests fo r  
a d d i t i o n a l  output  v a r i a b l e s  to be computed, o r  can- 
cel ( r e s e t )  the compute task and s t a r t  again w i t h  a 
blank form; 

The types of  re fe renced v a r i a b l e s  are: 
in: ID -> VAL 
out,  out1: ID -> VAL 
vat, var1: IO 
val: VAL 

Ftg. 9: Ou t l i ne  of  I n t e r n a l  D ia log  S t ruc tu re  
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The d i a l o g  task s t a r t s  by d i s p l a y i n g  a b lank  form 
w i t h  the Input  and ou tpu t  f i e l d s  a v a i l a b l e  to  the 
user ,  these correspond,  o f  course to  some Input  and 
ou tpu t  v a r i a b l e s  o f  the equa t ions  on which the d i a -  
log Is to  be based. 

The d i a l o g  o b t a i n s  some I n i t i a l  se t  o f  inpu ts  from 
the user,  I n i t i a t e s  the compute task,  passes the 
a v a i l a b l e  Inputs  to  compute us ing the update e n t r y ,  
and reques ts  t ha t  the ou tpu t  v a r i a b l e s  o f  the form 
be computed, us ing the reques t  e n t r y .  

The d i a l o g  task then enables the prompt and r e s u l t  
e n t r i e s ,  thus w a i t i n g  f o r  the compute task to  

either come back with the result ,  or prompt for 
further input. 

In bo th  cases, the c r i t i c a l  s e c t i o n  Is used to  copy 
the argument passed by the compute task to  some 
program local variable. 

The g e n e r a l i z e d  program now separa tes  the d e f i -  
n i t i o n  of  the da ta  e lements and t h e i r  f u n c t i o n a l  
dependencies,  a p a r t i c u l a r  e v a l u a t i o n  a l g o r i t h m ,  
and the code accomp l i sh ing  the communicat ion w i t h  
the end user .  

2 .5  Discussion 

The g e n e r a l i z e d  v e r s i o n  o f  the example a p p l i c a t i o n ,  
l a t e l y  d iscussed,  was decomposed In to  t h r e e  major  
p a r t s :  

a .  the d e f i n i t i o n  o f  a set  o f  v a r i a b l e s  and 
t h e i r  f u n c t i o n a l  dependencies,  p e r t a i n i n g  to  
sa les  tax  r e g u l a t i o n s ,  and rep resen ted  in the 
form of  d e f i n i t i o n a l  equa t i ons ,  

b° an e v a l u a t i o n  a l g o r i t h m  capable  o f  comput ing 
the va lues  o f  some a r b i t r a r y  subset o f  
dependent varlables, prompting for needed 
inputs, 

c. a d i a l o g  task which takes r e s p o n s i b i l i t y  to  
communicate w i t h  the end user ,  c a l l i n g  the 
e v a l u a t i o n  a l g o r i t h m  when a p p r o p r i a t e .  

Any one of  these t h ree  p a r t s  is p o t e n t i a l l y  use fu l  
In more than one c o n t e x t .  The equa t i ons  of  p a r t  a. 
can be used In any a p p l i c a t i o n  I n v o l v i n g  the pa r -  
t i c u l a r  encoded r u l e s ,  but  not  n e c e s s a r i l y  w l t h  the 
s p e c i f i c  e v a l u a t i o n  a l g o r i t h m  o f  p a r t  b. 

On the o t h e r  hand, the e v a l u a t i o n  a l g o r i t h m  can be 
a p p l i e d  to  any se t  o f  equa t i ons  as long as these 
conform to  the s y n t a c t i c  and semant ic  r e s t r i c t i o n s  
s p e c i f i e d  tn more d e t a i l  in the nex t  s e c t i o n .  

F i n a l l y ,  part c. embodies the d e t a i l e d  f l ow  of  a 
u s e r - m a c h l n e  I n t e r a c t i o n  bu t  Is Independent o f  the 
sub jec t  o f  the d i a l o g ,  f . e .  the number and k i nd  of  
v a r i a b l e s  i nvo l ved .  The d i a l o g  p a r t  has r e c e i v e d  a 
ske tchy  t r ea tmen t  but  would deserve a more d e t a i l e d  
s tudy I n c l u d i n g  the s p e c i f i c a t i o n s  o f  d i s p l a y  f o r -  
mats, type I n f o r m a t i o n  to  be assoc ia ted  w l t h  
v a r i a b l e s ,  e tc .  

However, here the l a t t e r  s u b j e c t  ts not  f u r t h e r  
pursued. The f o l l o w i n g  s e c t i o n s  d e t a i l  the genera l  
form and meaning o f  equa t i ons  e x e m p l i f i e d  in p a r t  
a. and the a s s o c i a t e d  e v a l u a t i o n  a l g o r i t h m  of  p a r t  
b. 

3. SYNTAX AND SEMANTICS OF RULES 

The language defined below is somewhat r icher than 
was indicated by the examples of the previous sec- 
tion. In par t icu lar  aux i l ia ry  functions may be 
defined as part of a package; large expressions may 
be avoided using variables local to an expression. 

No p a r t i c u l a r  v a l u e  domain o r  type  system ls I n t r o -  
duced a t  t h i s  p o i n t .  I t  Is, however assumed t ha t  
the boo lean  va lues  a re  con ta ined  In the domain. 

3.1 Names 

<fnsymb> 
<variable> 

: : =  < i d e n t i f i e r >  
: : =  < i d e n t i f i e r >  

Names a re  drawn from the s y n t a c t i c  ca tego ry  of  
< i d e n t i f i e r s > .  A l though  I d e n t i f i e r s  do not  have 
any Inhe ren t  meaning, two c lasses of  names are  d i s -  
t i n g u i s h a b l e  by c o n t e x t :  f u n c t i o n  names and v a r i -  
a b l e  names. 

342 Expressions 

<express ion> : : =  <constant>  I 
< v a r i a b l e >  I 
<term> I 
< s e l e c t  exp ress ion>  I 
<where-express ion>  

<term> : : =  <fnsymb>(<argument l i s t > )  I 
<express ion><fnsymb><express lon> 

<argument list> ::= 
<expression> I 
<express ion> , <argument l i s t >  I 
<empty> 

<select expression>::= select; <select body> end 
< s e l e c t  body> : :=  < s e l e c t  c lause> ; I 

< s e l e c t  c lause> ; < s e l e c t  body> I 
o t h e r w i s e  <express ion> ; 

< s e l e c t  c lause> : : =  
when(<express ion>)<express ion>  

<where-express ion>  : : =  
<express ion> where < d e c l a r a t i o n s >  
< d e c l a r a t i o n s >  e_.o_d_ 

< d e c l a r a t i o n s >  : : =  
< v a r i a b l e  d e f i n i t i o n >  ; I 
< v a r i a b l e  d e f i n i t i o n >  ; < d e c l a r a t i o n s >  

< v a r i a b l e  d e f i n i t i o n > : : =  < v a r i a b l e >  = <express ion> 

Each exp ress i on  con ta ins  a set  o f  f r ee  v a r i a b l e  
names and a set  o f  f r ee  f u n c t i o n  names; these sets  
a re  de te rm ined  by the r u l e s  s p e c i f i e d  below. Given 
an I n t e r p r e t a t i o n  f o r  these f ree  names, l . e .  a v a l -  
ue assignment f o r  the v a r i a b l e  names and an ass ign -  
ment o f  p a r t i a l  f u n c t i o n s  to  the f u n c t i o n  names, 
the exp ress i on  denotes a v a l u e  o r  undef ined .  
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Since the va lue domain has not been e labo ra ted  at  
this point, constants are le f t  undefined. 

Terms are constructed from function names and argu- 
ment l is ts .  The interpretation of the function 
name is restr icted to functions whose number of 
formal parameters agrees with the number of argu- 
ments. Inf lx-notat ion may be used for binary func- 
tion names. The set of free names is the union of 
the free names of the argument expressions and the 
function name of the construction. 

Select expressions are used as a generalized form 
of i f - t h e n - e l s e  expressions. Given an interpreta- 
tlon, select expressions are evaluated by examining 
each select clause In turn. The expression follow- 
Ing the keyword ~hen must denote a truth value. 
The set of free names of a select expression Is the 
union of the free names of the component 
expressions. 

The where-expression permits the def in i t ion of 
local variable names. All variable names defined 
in the declaration part of the construct are bound, 
their scope Is the where-expression. The set of 
f ree names is the set of f ree names of the 
express ion components minus the bound v a r i a b l e  
names de f ined  in the d e c l a r a t i o n  par t .  

3.3.Rule~ 

<rule package> ::= / *  a set of rules * /  
<rule> ::= <varlabIe definit ion> ; I 

<function definit ion> ; 
<variable definit ion> ::= <variable> = <expression> 
<function definit ion> ::= <fns~mb>(<parms>)= 

<expression> 
<parms> ::= <variable> I <varlable>,<parms> 

Function def ini t ions have  the usua l  meaning. 
Parameters are variable names bound in the scope of 
the function def in i t ion,  i.e. the free names of the 
construction are the free names of the expression 
minus the names of the parameters. The scope of 
the function name defined by the construct Is the 
rule package In which the construct is embedded. 

In contrast, variables names defined by a variable 
def in i t ion are considered free in the context of a 
rule package. The set of free names of a varlab]e 
def in i t ion are the free names of the expression and 
the variable name being defined. 

A rule package Is an unordered set of function 
d e f i n i t i o n s  and v a r i a b l e  d e f i n i t i o n s .  The set of 
f ree names of  a ru le  package Is the union of the 
f r e e  names of  v a r i a b l e  d e f i n i t i o n s  and the union of 
the f ree names occur r ing  tn func t ion  d e f i n i t i o n s  
but exc lud ing  the func t ion  names being def ined.  

Some Important cons t ra i n t s  on r u l e  packages need to 
be mentioned. 

a. The names defined by any two rules of a given 
package must be dist inct .  

b. Let R' be a r e l a t i o n  de f ined  among the f ree va r -  
i ab le  names of a ru le  package as fo l lows:  a R' b 
holds i f  there is a ru le  d e f i n i n g  a and i f  b is 

a free variable of the r ight hand side of the 
def in i t ion.  Let R be the t ransi t ive closure of 
R'. The constraint is that R must be antisymmet- 
r lc,  i.e. variable def ini t ions must not be 
circular. 

Note that thls constraint need not hold for func- 
tion def in i t ions which may be recursIve. 

One may take two quite di f ferent views of the 
semantics of a rule package. We assume that a l l  
free function names are bound to suitable specific 
functions. A rule package together wlth this blnd- 
ing can then be viewed as an open sentence: given 
a value assignment to the free variables, the rule 
package denotes a truth value, i.e. the value 
assignment may or may not sat isfy the equations. 
Due to the p a r t i a l i t y  of the functions there Is of 
course also the poss ib i l i t y  that neither is the 
case. 

Due to the restr icted forms of the equations, with 
a single variable on the ]eft  hand side and no two 
equations defining the same variable one may vlew 
the semantics of rule packages d i f ferent ly .  The 
variables occurring on the le f t  hand side of the 
equations can be viewed as dependent variables 
defined in terms of the other free variables, the 
Independent variables. 

More precisely, let  V be the set of free variables 
of a given rule package. This set of free var l -  
ables can be part i t ioned Into two sets, the set of 
variables occurring on the ]ef t  hand slde of var l -  
able def ini t ions called the set of output variables 
O, and the set of a l l  other variables called input 
variables I. Given Interpretations for the free 
func t ion  names, a ru le  package denotes a func t ion  
from value assignments of the Input v a r i a b l e s  I to 
va lue assignments of the output  v a r i a b l e s  O. 

More fo rma l l y ,  the meaning of a r u l e  package p Is a 
func t ion  M(p) of the f o l l o w i n g  k ind:  

M(p): (F -> Funct) -> ( ( I  -> Val) -> (0 -> Val)) 

where: F . . .  set of free function names in p 
Funct . . .  set of functions on Val 
I . . .  Input variables of p 
Val ... value domain 

0 . . .  ou tput  v a r i a b l e s  of  p 

The I n t e r p r e t e r  descr ibed  in the f o l l o w i n g  sec t ion  
ts based on the l a t t e r  semantic v iew of ru le  pack- 
ages. 

~. A Rule Interpreter 

4.1 problem Statement 

The ru le  I n t e r p r e t e r  implemented In the contex t  of 
the IBA p r o j e c t ,  and descr ibed In t h i s  sec t ion  sup- 
por ts  but one p a r t i c u l a r  use of r u l e  packages. A 
complete d e s c r i p t i o n  of the i n t e r p r e t e r  Is found in 
[12] .  Given a r u l e  package, the I n t e r p r e t e r  com- 
putes the values of  a g iven subset of  output  
v a r i a b l e s  based on a g iven va lue assignment to a 
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subset of the Input variables. The Interpreter 
prompts for further input as needed to sat is fy  the 
specif ied request. 

4.2 External Specif ications 

yal,ue Domain 

The I n t e r p r e t e r  handles data va lues  of  seve ra l  d i f -  
f e r e n t  da ta  types.  For  example, a v a r i a b l e  need 
not be bound only to scalars, but I t  can be bound 
to, e.g.,  arrays and records as well.  The in ter-  
preter  supports an abstract data type system, where 
a few bas ic  da ta  types (e .g .  i n tege rs ,  r ea l  
numbers, and reco rds )  are  b u i l t - I n  and where the 
programmer can d e f i n e  new da ta  types tn terms of  
o t h e r  da ta  types.  A l l  data '  types,  bas i c  as we l l  as 
user de f i ned ,  a re  t r e a t e d  in a un i fo rm way by the 
i n t e r p r e t e r .  The type  system Is s t o red  In a System 
R [23 database.  

The rule in terpreter  In terna l ly  uses four data 
types, named CHARS ( tex t  str ings),  INTEGER, REAL, 
and BOOL ( logica l  values). 

L l te ra ls .  A l i t e r a l  In the rule language Is 
regarded as a typed constant. Therefore every 
l i t e r a l  has an a s s o c i a t e d  da ta  type,  I n d i c a t e d  by 
the format of the l i t e r a l ,  e.g.,  123 is an integer, 
1.23 is a real number, and 'Ape' Is a str ing. The 
l i t e r a l s  a re  encoded i n t o  type  tagged da ta  va lues  
when a r u l e  package ls accessed. 

L t t e r a ] s  may be d e f i n e d  f o r  da ta  va lues  of  any da ta  
type, provided that the programmer has specif ied a 
conversion routine from text strings to data values 
of the data type, as w i l l  be described later.  Once 
that conversion rout ine is defined, I i t e ra l s  of the 
data type may be wr i t ten as a qua l i f ied  l i t e r a l :  

' < t e x t  string>'<type> 
where < t e x t  s t r i n g >  is the s t r i n g  r e p r e s e n t a t i o n  of  
a da ta  v a l u e  of type <type>. For example, the 
l i t e r a l  '1'INTEGER is e q u i v a l e n t  to  1. 

Overloaded functions. There is a mechanism in the 
system for ca l l ing  external PL/I subroutines as 
functions from rules, by using o yerloaded functions 
An overloaded function accepts actual parameters o$ 
several d i f fe ren t  data types, and It  has several 
d i f fe ren t  de f in i t ions  depending on the data types 
o f  i t s  ac tua l  arguments. Each ove r l oaded  f u n c t i o n  
Is associated with one or several specif ic subrou- 
tines Each specif ic subroutine Implements the 
overloaded function for a par t icu lar  number of 
arguments and par t i cu la r  types of arguments. The 
specif ic subroutines are defined as separately com- 
pi led PL/I subroutines with standardized formal 
parameters. When the Interpreter encounters a cal l  
to an overloaded function a generic selection mech- 
anism Is Invoked to get the name of the actual 
specif ic subroutine. When the specif ic subroutine 
Is found the subroutine w i l l  be dynamically loaded 
and executed by the Interpreter.  

When an overloaded function is defined, the pro- 
grammer must specify the data t~pe combinations 
which are allowed for Its actual parameters. The 
name of a specif ic subroutine must always be asso- 
ciated w i t h  each comb ina t ion  of  da ta  types. 

The conversion routines mentioned for qual i fyed 
l i t e ra ] s  are implemented as overloaded functions. 

See [12] for a complete descript ion of how over- 
loaded functions are handled by the system. 

System Environment 

The interpreter  can access a number of rule pack- 
ages stored in a data base. In the present imple- 
mentation the ru le packages are stored in f l a t  
f i l es  as sequences of var iable and function def i -  
n l t ions in source form. 

The union of two ru le packages, PI U P2, is defined 
by adding the v a r i a b l e  and local f u n c t i o n  d e f i -  
n i t i o n s  of P2 to those of PI. I f  a var iable or 
local function Is defined in both PI and P2, only 
the one defined In P2 w i l l  be defined In PI U P2. 

A g loba l  r u l e  package, INIT,  Is a v a i l a b l e .  When 
the I n t e r p r e t e r  is I n i t i a l i z e d  f o r  a r u l e  package, 
P, the interpreter  w i l l  perform INIT U P, and the 
Interpretat ion w i l l  be done wlth the package INIT U 
P. 

The global rule package contains some var iable and 
function def in i t ions  which are commonly used, name- 
ly 
- The variables TRUE and FALSE for boolean values. 

- The l o g i c a l  f u n c t i o n s  AND, OR, and NOT a re  
d e f i n e d  w i t h  t h e i r  normal meanings. 

- ~elect expressions are In terna l ly  represented as 
function cal ls to a system function, *SELECT. 

Internal S t a t e  

The Internal state of the interpreter  is defined by 
the fol lowing data: 
1. The interpreter  must have access to a Pule pack- 

age or a union of several rule packages which 
are used for the Interpretat ion.  

2. The I n t e r p r e t e r  must a l s o  be ab le  to  desc r i be  
b i nd ings  between v a r i a b l e  names and t h e i r  
va lues .  

3. F i n a l l y ,  the b i nd ings  between f ree  f u n c t i o n  
names and t h e i r  d e f i n i t i o n s  must be known. 

M u l t i p l e  a c t i v a t i o n s  of  the i n t e r p r e t e r  may e x i s t  
s i m u l t a n e o u s l y .  With each new a c t i v a t i o n  a new 
I n t e r n a l  s t a t e  Is c rea ted  and I d e n t i f i e d  w l t h  an 
a c t i v a t i o n  i d e n t i f i e r .  The I n t e r n a l  s t a t e  can be 
s u c c e s s i v e l y  updated by success ive  c a l l s  to r u l e  
I n t e r p r e t e r  e n t r i e s  r e f e r r i n g  to  the same a c t i -  
v a t i o n  i d e n t i f i e r .  

Opera t ions  

The I n t e r p r e t e r  can be c a l l e d  from a PL/ I  program 
through some e x t e r n a l  e n t r y  p o i n t s .  A number o f  
PL/ I  macros a re  d e f i n e d  f o r  s i m p l i f y i n g  the I n t e r -  
face. The i n t e r f a c e  Is somewhat m o d i f i e d  compared 
to the rendezvous I n t e r f a c e  of  s e c t i o n  2 .6  so t ha t  
I t  can be Implemented w i t h  PL/ I  macros and a 
c o r o u t i n e  e x t e n s i o n  to  PL / I .  
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4.3 The E v a l u a t i o n  A l g o r i t h m  

We begin this section with an Informal descr ipt ion 
of  the e v a l u a t i o n  a l g o r i t h m ,  and i t s  m o t i v a t i o n .  

The I n t e r p r e t e r  t r i e s  to c a l c u l a t e  the ou tpu t  v a r i -  
ab les  us ing input v a r i a b l e s ,  and the the f unc t i ons  
and v a r i a b l e s  de f i ned  In a r u l e  package. Even tua l -  
l y  the i n t e r p r e t e r  may f i nd  tha t  some v a r i a b l e s  are  
undef ined.  When the I n t e r p r e t e r  f i nds  an undef ined  
v a r i a b l e ,  I t  w i l l  caJl  the e n t r y  PROMPT in the rou-  
t i n e  which c a l l e d  the I n t e r p r e t e r .  This e n t r y  may 
e i t h e r  prompt the user f o r  the va lue  o r  get  the 
value from some other source, e.g. the screen. 

Unnecessary p rompt ing  should  be avo ided  du r i ng  the 
e v a l u a t i o n .  The re fo re  the i n t e r p r e t e r  t r i e s  to  
min imize  the number o f  prompt v a r i a b l e s  by m in im i z -  
Ing the number o f  express ions  eva lua ted .  The num- 
ber  o f  express ions  t ha t  need to be eva lua ted  to 
so l ve  a problem using our  method Is g r e a t e r  than or  
equal to the minimal  number o f  express ions .  

The m i n i m i z a t i o n  ts ach ieved in our Imp lementa t ion  
In two ways: 
- Once a v a r i a b l e  ts prompted du r i ng  an e v a l u a t i o n ,  

i t  w i l l  not  be prompted aga in .  In genera l ,  once 
the d e f i n i t i o n  of  any v a r i a b l e  has been 
eva lua ted ,  the d e f i n i t i o n  w i l l  be rep laced  w i t h  
t ha t  va lue .  The I n t e r p r e t e r  has a f e a t u r e  f o r  
unb ind ing  v a r i a b l e s  when, e . g . ,  an I n t e r p r e t a t i o n  
ts cance l l ed .  

- The commonly used methods to  pass arguments to  
f unc t i ons  w i l l  cause too much e v a l u a t i o n .  ' C a l l  
by v a l u e '  w i l l  e v a l u a t e  the arguments be fo re  the 
f u n c t i o n  d e f i n i t i o n  Is e v a l u a t e d  whether  or  not 
the va lue  of  eve ry  argument Is needed f o r  the 
c a l c u l a t i o n .  ' C a l l  by name' may p o s s i b l y  e v a l u -  
a te  the arguments severa l  t imes.  There fo re  a 
method, ' c a l l  by need ' ,  Is used In which the 
arguments are  e v a l u a t e d  on l y  when needed and on l y  
once. 

An example of a case where ' ca l l  by need' is useful 
Is when def ining the function sales_tax as In f i g -  
ure 11. I f  fZ (a r t l c le )  is true then the value of 
the function Is Independent on the parameter 
' s t a te ' .  0up cal l  by need mechanism ensures that 
the parameter  ' s t a t e '  is e v a l u a t e d  only when 
f 2 (a r t l c l e )  Is f a l s e .  

sa les  t a x ( a r t i c l e ,  s t a t e ,  t o t a l ) =  
t o t a l , s e l e c t ;  

when(f2(art ic le))  0; 
otherwise f3(state)/100; 

end; 

F ig.  11: I l l u s t r a t i o n  to  c a l l  by need 

I n t e r n a l  r e p r e s e n t a t i o n  

When the r u l e  i n t e r p r e t e r  is I n i t i a l i z e d ,  t t  w i l l  
access the s p e c i f i e d  r u l e  package and s e q u e n t i a l l y  

read the var iable and function def in i t ions  In the 
package. After a var iab le or function de f i n i t i on  
Is read, a parser is cal led which transforms a 
statement In the external rule language into an 
abstract syntax tree. One rule package w i l l  thus 
resul t  in several abstract syntax trees, which are 
stored in the work space of the Interpreter. The 
a b s t r a c t  syn tax  t rees  a re  f i n a l l y  i n t e r p r e t e d .  

The abstract syntax trees are represented as 
s t r i c t l y  binary trees, using a representation simi- 
lar to LIsp's S-expressions. 

Figure 12 shows examples of S-expressions repres- 
enting a v a r i a b l e  and a f u n c t i o n  d e f i n i t i o n  respec-  
t i v e l y .  We use the n o t a t i o n  <el e2 e t c . . >  to 
denote a l i s t  w i t h  the e lements e l , e 2 ,  e t c . .  The 
examples should I l l u s t r a t e  c l e a r l y  the ru l es  f o r  
the t r a n s f o r m a t i o n  from the e x t e r n a l  to the 
abstract syntax .  Conventional LAMBDA expressions 
are used for representing function def in i t ions .  
Variables are represented s imi la r ly ,  except that 
the i r  de f i n i t i on  is tagged VLAMBDA Insteat of LAMB- 
DA. 

The de f i n i t i on  of 

t a x r a t e  = s e l e c t ;  
when(exempt) O; 
otherwise IS(state)/100; 

end; 

Is In terna l ly  represented as the structure 

<VLA~BDA 
<SELECT 

<EXEMPT 0> 
<TRUE </ <F3 STATE> 100> >> > 

The de f i n i t i on  of 

d i f (x ,y)=x-y+1;  

Is i n t e r n a l l y  rep resen ted  as 

<LAMBDA <X Y> 
<- X <+ Y I>> > 

Fig.  12; the i n t e r n a l  r e p r e s e n t a t i o n  of  an equa t i on  
and a f u n c t i o n  

The a b s t r a c t  syn tax  t rees  a re  rep resen ted  us ing 
th ree  da ta  s t r u c t u r e s :  
1. L i s t  c e l l s  a re  used f o r  r e p r e s e n t i n g  nodes of  

b i n a r y  t rees .  L i s t  c e l l s  have the two f i e l d s  
HEAD and TAIL which c o n t a i n  p o i n t e r s  to  any of  
the o t h e r  two da ta  s t r u c t u r e s .  

2. Symbols (atoms) have unique r e p r e s e n t a t i o n s  by 
us ing hash techn ique.  Each symbol have one 
f i e l d ,  the d e f i n i t i o n  c e l l  (DEFCELL), which Is 
used when a v a r i a b l e  o r  a f u n c t i o n  d e f i n i t i o n  Is 
assoc ia ted  w i t h  the symbol. When the interpret- 
er  parses a v a r i a b l e  o r  a f u n c t i o n  d e f i n i t i o n  I t  
w i l l  s t o r e  a LAMBDA or  a VLAMBDA exp ress ion  In 
the d e f i n i t i o n  c e l l .  
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3. F i n a l l y  the a b s t r a c t  syn tax  trees may c o n t a i n  
re fe rences  to  da ta  va lues .  The pa rse r  w i l l  
transform l i t e ra l s  Into such references. In the 
def in i t ion  of the variable ' taxrate '  In figure 
12, '0 ' ,  and '100' are examples of data values. 

The d e f i n i t i o n  c e l l  

The def in i t ion  cell of a symbol is used for assocl- 
atlng rule def in i t ions with the symbol. The def i -  
n i t ion cell contains a l i s t  structure describing 
the def in l t ion.  I f  the symbol Is defined as a 
function or a variable I t  w i l l  contain LAMBDA or 
VLAMBDA expressions respectively. The HEAD of the 
l i s t  structure in the function cei l  (LAMBDA or 
VLAMBDA) is a tag, Indicating the type of the def l -  
n i t ion of  the symbol. The tag informs the 
i n t e r p r e t e r  how to e v a l u a t e  a r e fe rence  to  the sym- 
bo l .  

The f u n c t i o n  c e l l  is a l s o  used f o r  a s s o c i a t i n g  a 
da ta  v a l u e  w i t h  a v a r i a b l e .  I f  the f u n c t i o n  c e l l  
of a variable contains a palr, (VALUE . <obj>), i t  
means t ha t  the v a r i a b l e  is ass igned to  the da ta  
va lue  <obj>,  which is a p o i n t e r  to a da ta  va lue .  

There are also other tags allowed In the def in i t ion  
cel l ,  used for defining internal functions and var- 
iables. 

5. DISCUSSXON 

Lazy e v a l u a t i o n  ts an e v a l u a t i o n  and o p t i m i z a t i o n  
method Introduced by [6]. The pr inc ip le of that 
method Is that cal ls to the constructor of LISP 
(CONS) does not create new obJects, but rather i t  
returns descriptions of what to evaluate in order 
to get the values of each f i e ld  of the objects. 
The selectors (CAR,CDR) know how to use these 
descriptions for gett ing the f i e ld  values. Thus 
a l l  evaluation is performed by the selectors. 

A simi lar technique is used by [53 f o r  APL objects. 
By using this technique they avoid constructions of 
Intermediate objects (e.g. arrays) during the exe- 
cution of an APL program. 

In contrast to  [63 and [53, our evaluation opt i -  
mization method t r ies not to avoid evaluations when 
constructing objects, but rather I t  optimizes eval- 
uations of function cal ls. We do so by evaluating 
variables only once, and by using the 'ca l l  by 
need' mechanism when c a l l i n g  parametrlzed 
f u n c t i o n s .  A s i m i l a r  method was proposed by [153. 

The I n t e r p r e t e r  Is r e l a t e d  to  L i sp  tn t ha t  we use 
the Llsp's S-expresslons for internal represen- 
tat ion of  exp ress ions ,  and a s i m i l a r  c l a s s i f i c a t i o n  
of  f u n c t i o n  types as in I n t e r l l s p  [143. However, 
our  e v a l u a t i o n  a l g o r i t h m  Is d i f f e r e n t .  For 
example, L i sp  does not  use ' c a l l  by need'  o r  g l o b a l  
v a r i a b l e  s u b s t i t u t i o n .  

Other techniques which can be used for interpret ing 
d e f i n i t i o n a l  equa t ions  inc lude  p r o d u c t i o n  systems 
[113, logic programming [93, and programming wlth 
constraints [3,13]. These types of techniques make 
I t  p o s s i b l e  In some cases to use the equa t i ons  in 

di f ferent  directions, I.e. a given set o f  equations 
does not res t r i c t  the possible input, and output 
variables respectively. 
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