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1. INTRODUCTION

A Program Design Language i s  a  to o l app licab le  to  the  p rac tic e  of software 
engineering.

In order to r e la te  i t s  use to  the p rac tic e  of softw are engineering, a 
perspective  i s  given oni-

• software design

- software engineering

• ty p ic a l design tools

Some background i s  given on cu rren t technology in  compiler c onstruction . This 
i s  d irec ted  towards those techniques re levan t to  bu ild ing  a Program Design 
Language Processor.

This i s  followed by an overview of the p rocessors design , conclusions reached 
in  th is  p ro jec t, a  bibliography, and an appendix con tain ing  the  user manual of 
the  program design language processor.



2. SOFTWARE DESIGN

2,1 . D efin ition  of Software Design

Software i s  a changeable p a rt of a  computer system. Software c o n s is ts  of 
programs and data, I t  provides the character o f the system. I t  forms a major 
p a rt o f the system, and i t s  design forms a majgr p a rt of the design of a 
system.

In order to define  the scope and content o f softw are design , i t  is  re levan t to 
examine engineering design as a whole.

According to  Asimov ( 1962 ) , "Engineering design i s  a purposeful a c tiv i ty  
d irec ted  towards the  goal of f u l f i l l i n g  human needs, p a r tic u la r ly  those which 
can be met by the technologica l fac to rs  of our c u ltu re" .

These needs a re  not met by e x is tin g  so lu tio n s - thus the  goal e x is ts .  The 
achievement o f the goal is  dependant on the a v a i la b i l i ty  o f known technology 
and p rac tice .

R esta ting  th is  d e f in i tio n :-  Software design i s  the process o f f u l f i l l i n g  needs 
by the crea tion  of programs and data.

A number of a lte rn a te  d e fin i tio n s  and views of software design e x is ts .  Some 
examples a re :-

- Design as an in te g ra l process o f problem d e fin i tio n  and so lu tion  ( 
Peters ) .  This h igh lig h ts  the  in te r re la te d  and in te ra c tiv e  nature  of 
design, as the c rea tion  of a so lu tion  provides in s ig h t to  the  problem, 
and the problem in sigh t d ir e c ts  the so lu tion .

- " . . .  design i s  not a form ulatable a c t iv i ty ,  I t  does not lend i t s e l f  
to p resc rip tiv e  or sequen tia l s teps th a t w ill  ensure success . . .  I t  is
not possib le  to exhaust a l l  reasonable va ria tio n s and avenues of inquiry
to  reach an acceptable design. One could go on e s se n t ia lly  fo rever."
( P e te rs  ) .

• The model o f  design as a wicked problem ( J  C Jones, H W J  R i t te l  and 
It N Webber, e laborated by P e te rs  ), Some p ropertie s  aroi

• A wicked problem cannot be d e f in i tiv e ly  s ta te d

• There i s  no ru le  or gu ide line  to determine when a  wicked problem 
is  solved



• Wicked problems do not have rig h t o r wrong so lu t io n s , only good

- A wicked problem cannot be d e fin i tiv e ly  tested

-S o lu t io n s1 to  wicked problems a re  too s ig n i f ic a n t to be
experimented w ith

- N either the number of possible so lu tio n s nor the  means of 
ob ta in ing  them i s  lim ited

- Bach wicked problem is  a s in g u la r ity

- Wicked problems can be viewed as symptoms of o the r h ig h e r-le v el 
problems

The concepts of softw are design are  covered more fu lly  by Freeman (  1984 ), 
and design rep resen ta tions by P e te rs , and P eters and Tripp ( 1976 ).

2 .2 , H istory of Software Design

In the h is to ry  of softw are design there i s  a  d is t in c t  w atershed. The dividing 
lin e  i s  the emergence of s tru c tu r 'd  programming.

Structured programming is  the w riting  of programs w ith a s ig n i f ic a n t emphasis 
on i t s  form, in  p a r tic u la r  with the use of fixed c onstructs  such as sequence, 
se lec tio n , i te r a t i o n  and ab strac tio n .

2 .2 .1 . Before S tructured  Programming - F irs t Phase

This phase represented the  so lu tion  of w ell e stab lished  functions using 
computers and softw are.

The design a c t iv i ty  consisted  of fo rc e - f i t t in g  the  tr ie d  and te sted  algorithm s 
onto the computers of the day, C r itic a l c o n s tra in ts  were o ften  execution
speed, and program and da ta  s iz e .  No emphasis way placed on the form of the

The code was g enera lly  c rea ted  by a pp lica tion  s p e c ia l is t s  o f a high c a lib re ,
fo r th e ir  so le  use . The e ff o r t  was generally  minimal in  comparison to  the
value of the r e s u l t ,

2 .2 .2 . Before S tructured  Progranmin, "econd Phase

This phase represented the usage of computers and softw are to solve
s ig n ific a n t , new problems.

These problems were o rders o f magnitude more complex than those of the f i r s t  
phase, without known so lu tio n s , and requ iring  teams of people for extended 
durations.

No emphasis was placed on the form of the code, and l i t t l e  on general
techniques and methods.



The re su l ts  were a recurring  sequence o f  embarrassing fa i lu re s .  This scenario 
i s  ex tensively  examined In Brooks ( 1975 ).

"We build  systems lik e  the Wright b ro thers b u i l t  a irp lan es - bu ild  the whole
th ing , push I t  o f f  a c l i f f ,  l e t  i t  c ra sh , and s t a r t  over again" ( R M Graham
in  Naur, Randall 1969 ).

Once these  f a ilu re s  were recognised as general and p red ic ta b le , tl s tage  was 
s e t  fo r s truc tu red  programming,

2 .2 .3 , The Re-living of History

’Those who do not learn  fron h is to ry  arez doomed to r e - l iv e  i t . ’ The two phases
defined above should be relegated  to  h is to ry , ye t they a re  s t i l l  common today.

T ypical cases in  which the f i r s t  phase s t i l l  occurs a re  app lica tions recen tly  
turning to computer based so lu tions or where the computer c a p a b iliti e s  are  
very lim ited . These include c a lc u la to rs , sing le  chip micro-compute- based 
random lo g ic  replacement, p e riphe ra l and mass sto rage  c o n tro l le rs , and s igna l 
p rocessors. As before, they a re  c h arac terised  by e stab lished  a lgorithm s, and 
•execution speed, program and da ta  lim ita tio n s , With e f f o r t ,  they are 
successfu l.

T ypical areas in  which the second phase s t i l l  occurs are  outgrowths of 
successfu l f i r s t  phase areas . These include more complex pe riphe ra l 
c o n tro l le r s  ( SNA, X25 ) ,  more "powerful" hardware and operating systems ( 
D ijk stra  1972 ) , and emulated term inals. These products are  s t i l l  o ften 
f a i lu re s ,  because of the leek  of use of softw are design methodology by the 
designers.

2 .2 .4 . The Advent o f S tructured Programming

Structured programming i s  the d isc ip lin ed  p rac tice  of w riting  programs where 
emphasis i s  la id  on the form of the program.

I t  can be regarded as the f i r s t  s tru c tu re d  technique ( Shooman 1983 ).

T ypical form aspects a re :-

-  The use of a r e s t r ic te d  number of c o n tro l construc ts

-  The use of indentation  to in d ic a te  con tro l s tru c tu re  scope

- The use of meaningful symbols

-  Size lim its  of program modules 

D efin itions of struc tu red  programming in c lu d e :-  »

- "Structured programming theory deals  w ith converting a rb i t r a r i ly  la rge  
and complex flowcharts in to  standard forms so tha t they can be 
represented by ite ra t in g  and nesting  a small number o f basic and 
standard contro l log ic  s tru c tu re s"  ( Jensen 1981 )



- "Struoiut'ed p rogram ing is  a manner of organis ing and coding programs 
th a t makes the programs e as ily  understood and modified" ( Jensen 1981 )

- "The fundamental concept |  of stru c tu red  program ing ) is  a proof of 
correc tness" ( Jehsen 1981 )

" ’S tructured Programming' i s  the form ulation of programs as 
h ie ra rc h ic a l , nested s tru c tu re s  of statem ents and ob jec ts  of
computation" ( tf ir th  1974 )

2 .2 ,5 . The Basis of S tructured Programming

In the IFIPS Congress of 1965, D ijk s tra  proposed th a t the GO TO statem ent was 
not necessary in  programming languages, and fu rth e r tha t the reduction of GO 
TO’s was re la te d  to improved programs.

In  1966 Bohm and Jacopini published a h is to r ic  paper. This paper was a 
th e o re tic a l proof of the suffic iency  of two form ation ru le s . In  p rac tic e  th is  
im plied tha t any program could bo w ritte n  using minimum con tro l s tru c tu re s  of 
( sequence, ) s e lec tio n  and i te r a t i o n .

In  p a ra l le l ,  many programmers found i t  was a lso  p ra c tic a l to w rite  programs in  
th is  manner ( i . e .  without e x p lic i t  t ra n s fe r  o f con tro l using GO TO 
statem ents ) . A number of experim ental p ro jec ts  were performed, and a lso
languages were design!d, to demonstrate th is  po in t.

F in ally , in  a  c la s s ic  l e t t e r  t i t l e d  "GO TO Statements Considered Harmful", 
D ijk stra  provided a strong  argument fo r the reduction of GO TO statem ents ( 
1968 ) ,  He found tha t the q u a lity  o f programs reduced as the number of GO 
TO’s increased . "The GO TO sta te m en t'as  i t  stands is  ju s t  too prim itive , i t  
i s  too much an in v ita tio n  to  make a mess o f one’s program".

In  p rac tic e  th is  implied tha t programs should be w ritten  using only contro l 
s tru c tu re s  such as sequence, se le c tio n  and i te r a t io n .

A paper by C urtis  ( 1980 ) provides a survey of te s ts  performed on the use of 
GO TO’s and various s truc tu red  constructs .

Many fu rther a r t i c le s  and papers con tribu ted  to the GO TO controversy. For 
example Petersen, Kasami and Tokura ( 1973 ) , who s ta te  "Recently there  has
been considerable in te re s t in  the p o s s ib i l i ty  of rep lacing  the use of GO TO
statem ents in  programs with in te ra c tiv e  constructs  such as FOR and WHILE
because the l a t t e r  a re  more e as ily  understood, le s s  e rro r  prone, and more 
e a s ily  proved c o rrec t" . Other d iscussions a re  in  Shooman ( 1983 ).

Even where the language and knowledge ex isted , these constructs  were o ften  not 
applied . For example, in  one survey of 100 PL/I programs of a to ta l  of 100
000 lln<,s of code, only 11 DO - WHILE statem ents were used, and 20% of
programs used no IP - THEN - ELSE statem ents ( Yourdon 1979 p 124 ).

The p rac tic e  of s truc tu red  programming in i t i a l l y  met with a measure of 
opposition. I t  was generally  condemned on the basis o f reduced c re a tiv ity ,  
e ffic iency  in  code s iz e ,  execution speed, and i t s  c o n flic t with f a c i l i t i e s
provided by the language ( Shooman l 0Ii3 ).



As a r e su l t languages vere developed to be e ff ic ie n t  w ithin these co n stra in ts  
( Wirth in  Vasserman 19B0 ).

An in te re s tin g  comparirm can be drawn between the i n i t i a l  opposition of 
s truc tu red  program ing ( vs unstructured  programming ) ,  and the  use of high 
le v e l languages ( vs assembly languages ).

In  cu rren t p ra c tic e , v h i ls t  GO TO's s t i l l  e x is t ( Jensen 1981 ) , struc tu red  
programming I s  the accepted method.

2 ,2 .6 . The Extension to  S tructured  Methods of Design

"Structured Programming • Improperly applied - Is  no b e tte r  than tra d i tio n a l 
methods of program design" ( Jensen 1981 ),

A cause of the GO TO controversy was the  f a ilu re  to co rre la te  the symptom of
the excessive use of GO TO’s  w ith poor designs. A m echanistic method of
converting a rb it ra ry  programs to  "s truc tu red  programs" was developed - ie .  the 
Ashcroft • Hanna technique. ( Yourdon 1975 ) . However, th is  seldom increased 
log ic  v is i b i l i ty ,  and did nothing to improve the design i t s e l f .

The co rrec t s ta r t in g  point fo r good programs, i s  a good design uninfluenced by 
the technology of the day. This would then be Implemented in  the most 
appropria te  technology ( Walker 1986 ).

As a r e s u l t  o f th is  awareness, a  new form of design was developed, which 
tended to produce s truc tu red  programs n a tu ra lly  ( P e te rs , Wirth 1974, Welsh
and HcKeag 1980, Jackson 1975 ).

2 .3 . Design Methodologies

The spectrum of design methodologies in c lu d es :-

-  S tructured Analysis

- Top-down Design, Coding and T esting

- Structured Design

- Structured Walkthroughs

- Modular Programming

- Various Logic P resen tation  Methods

2 .4 . S tructured Analysis

S tructured analy sis  is  a  se t of techniques to define the functions o f a 
system,

A de ta iled  model o f s tru c tu re d  analy sis  I s  given in  ( Ross 1977, 
Yourdon 1979 p46, Vasserman 1980 ) , Rigorous analysis i s  an im portant too l to



minimise e r ro r  co sts  and to prepare for design. An e rro r  removed during the 
analy sis  phase can cost two orders o f magnitude le s s  than i f  removed during 
acceptance te s tin g  ( Yourdon 1979 p 53 ) .

The items a re i-

- da ta  flow diagrams

- data  d ic tio n a rie s

- w ritte n  documents

2 ,4 ,1 . Data Flow Diagrams

Data flow diagrams a re  a  g raph ica l rep resen ta tion  of systems ( Yourdon
1979 p 39, Shooman 1983, Boss 1977 ) ,

Related methodologies are  S tructured  Analysis and Design Techniques ( SADT ) 
( P e te rs , Vasserman 1980, Ross 1985 ) , Systematic A ctiv ity  Modeling Method 
( SAHM ) ( Pe te rs  ) ,  which have formalisms fo r inpu t, ou tpu t, con tro l and 
feedback.

The value of da ta  flow diagrams l i e s  in  th e ir  a b i l i ty  to describe general 
systems in  the  form o f  a b s tra c t, lo g ic a l models. By the use of h ie ra rch ic a l 
decomposition, the d e ta i l  in  each diagram can be lim ited . "Everything worth 
saying about anything worth saying something about must be expressed in  s ix  or
fewer pieces" ( Ross 1977 ) . They can thus be used to define e x is tin g  or
proposed systems, manual o r computer based.

A sim ple, but adequate, form i s  described by Cane ( 1980 ) and Gane and Sarson 
< 1979 ) .

Data flow diagrams define  the da ta  flows, da ta  s to re s , da ta  transform ers 
( processes ) ,  and ex ternal e n t i t i e s .

Data flows a re  paths along which data  i s  passed.

Data s to re s  a re  r ep o s i to rie s  fo r da ta . These can be fixed ( look-up tab les  ), 
o r can contain varying amounts o f changeable data.

Processes transform da ta . They may consume or produce data.

External e n t i t ie s  define  processes which a re  ou tside  the scope of the diagram. 
They may a lso  produce or consume data.

Mo timing or synchronisation i s  ind icated  in  these diagrams.



2 .4 .2 . Date D ic tionarie s

The data  referenced in  data  flows or da ta  s to re s  Is  defined in  data  
d ic tio n a rie s . The e n trie s  may take the  form of topfl-dovn lo g ic a l d e fin i tio n s  
o f  the da ta  item s, d e ta iled  only to the le v e l required for the design. 
A ttr ib u te s  such as ranges and lo g ic a l types may a lso  be incorporated.

References Include P e te rs , Gane ( I960 ) ,  Gane and Sarson ( 1979 ).

2 .4 .3 . W ritten Documentation

The transform ations performed by the .recesses need to be defined . The means 
o f  d e fin i tio n s  include non .structured  w ri tte n  sp e c if ic a tio n s , s truc tu red  
E nglish (  Yourdon 1979 p 42 ) ,  psuedo code or program design language 
sp e c if ic a tio n s . These ind iv idual d e fin i tio n s  form "m ini-specs", describ ing  
the  de ta iled  requirements and log ic  in  terms of the defined data  items 
( Yourdon 1979 p 42 ) .

S tructured  English i s  a  form of c o n tro l-s tru c tu red  procedural o r  lo g ic a l 
sp e c if ic a tio n s . These sp e c if ic a tio n s  are  intended to be concise, c lea r  and 
complete d e fin i tio n s  ( Yourdon 1979 p 42, C:re 1980, Gane and Sarsonl979 ),

The w ritten  sp e c if ic a tio n s  can be augmented by design tree s  ( Bailey 1982, 
Pe te rs  ) , decision tab les  ( Sa lley  1982, P e te rs , Hurley 1983 ) ,  cause-effect 
graphs ( Myers 1976 ) , P e tr i  Nets ( Agervala 1979 ) ,  S ta te  Diagrams ( Walker 
1986 ) ,  graphs, and formulas.

The w ritte n  documentation can a lso  be used to de fine  in te r-p rocess
dependencies such as timing, synchronisation , p r io r i t ie s  and data  flow
volumes.

2.5 , Top-Down Design, Coding and Testing

2 .5 ,1 , Top-Down Design

Top-down design is  an approach where the major functions are  id e n tif ie d  and 
defined before the sub-functions. This i s  then ite ra te d  with the 
sub-functions.

A lte rna tive  generation and s e lec tio n  is  performed a t  each s tep .

W hilst a  p a rtic u la r  functional le v e l i s  being considered, the sub-functions 
can be regarded as hidden or av ailab le  functions on a hypo the tical system 
( Sboooan 1983 ) . The f in a l  sub-functions ace sm all so lvable u n its .

Top-down design is  known by a number of names inc luding "programming by 
stepw ise refinement" ( Wirth 1971, Myers 1976, "h ie ra rc h ica l design" 
(  Constantine in  Yourdon 1975 p 36 ) , and " lev e ls  of a b strac tio n " . A 
p ra c tic a l guide i s  given by Ledgard and Chmura ( 1973 ),

I t  may occur tha t th is  process r e su l ts  in  a function  which must be assumed as
a v a ila b le , th a t in  f a c t i s  doubtfu l. A check must then be performed. This 
check can take the form of d e ta iled  a naly sis , o r a  small te s t  program. The 
in te n t o f  the check la  to inc rease  confidence, o r to continue the search fo r a



The te s t  program should not form p a rt o£ the

This p rocess is  terminated when a l l  the 
t r iv ia l  implementation. This im plies 
during  coding.

i a t  each le v el 
3m a functioiv 

a defined
function , as w ell as timing^ and^ data

s word s iz es

This approach has major (unction le v e l  code w ritte n  before th a t o f the 
sub-functions. This can take p lace  in  p a ra l le l  w ith design. Confidence in  
the f in a l  so lu tion  i s  increased, p a r tic u la r ly  i f  th is  code i s  run, perhaps 
w ith s im p lified  sub-functions.

2 .5 .3 , Tor, Down Testing

The c la s s ic a l  approach to te s tin g  i s  to te s t  each lowest le v e l function using 
te s t  d r iv e r  rou tines, Once a l l  the sub-functions for a function have been 
te s te d , the  function i t s e l f  i s  te s te d . This produces confidence In  the  lowest 
le v e l functions, but r e su l ts  in  the top le v e l being te s te d  la s t  and le a s t .  
Problems encountered a t the top le v e l may thus in v a lid a te  a major p a rt o f the 
sub-functions a t  a very la te  point in  the pro jec t ( Yourdon 1979, Myers

In  opposition, 
perhaps by simu

2.6 . S tructured Design

S tructured  design is  a design approach where the h ie ra rch ie s  o f the program 
p a rts  have emphasis. One such method i s  top-down design. Other forms of 
stru c tu red  design re su l t from decomposition using c r i t e r i a  of cohesion and 
coupling, transforns-c&Titred design i Yourdon, 1979 p 94 ) , le v e ls  of 
a b strac tio n  ( Myers 1976, Vasserman 1980 ) o r inform ation h iding ( Barnas



Struc tu re  c h a rts  are  h ie ra rch ic a l diagrams, w ith rec tang les  demonstrating 
nodules, connected by vectors augmented by e x p lic i t  da ta  and contro l passing. 
Selection  and ite ra t io n  are  ind icated , but no t In  d e ta i l .  As a r e s u l t  of 
defin ing  the da ta  end con tro l passing, module in te rfa ce s  are  defined.

2 .7 . HIPO

HIPO ( H ierarchy, plus Inpu t, Process, Output ) i s  a  documentation package 
ex tensively  used and promoted by IBM ( Yourdon, 1979 p 145; 153, P e te rs ,
Shooman 1983, Freeman 1980 ) . The component p a rts  are  a hierarchy ch art of 
the modules, and a module-by»module d e fin i tio n  of inputs and ou tputs ca lled  a 
d e ta iled  HIPO diagram or functional HIPO diagram.

2 .8 . V arnier-O rr Method

The V arnier-O rr method i s  a g raph ical method of i l l u s t r a t i n g  designs by 
bracketed sequence, se le c tio n s , re p e titio n s  based on output da ta  ( Shooman

2 .9 . Jackson’s Methodology

Jackson’s methodology I s  a system atic constructive  approach to  programming. 
The input and output da ta  of a process is  defined using a g raphical model of 
sequence, se le c tio n  and ite r .k io n , A combined program s tru c tu re  i s  formed by 
the use of some defined techniques. The program s tru c tu re  i s  a lso  given In 
terms of sequence, s e lec tio n  and i te r a t io n . P ioeedural fragments a re  defined 
for each opera tion  and assigned to the s tru c tu re , These fragments are
combined in to  a pseudocode format ca lled  METACODE, The main reference  i s
Jackson ( 1975 ) . Others are  ( P e te rs , Vasserman 1980, Cameron 1983., Jackson

2.10. S tructured Walkthroughs

The concept o f walkthroughs i s  to check design or code in  a system atic manner. 
The programmer h im self, as v e i l  as people not n e ce ssarily  d ire c tly  concerned, 
form a team to check th a t the log ic  i s  c o rre c t, sp e c if ic a tio n s  v i l l  be 
s a t i s f ie d ,  and th a t standards are  met.

The use of s truc tu red  walkthroughs re su l ts  in  the  s h i f t  of r e sp o n s ib ility  o f a 
program from an ind iv idual to a group. The group has a r e sp o n s ib ility  to 
a s s i s t  the designer in  find ing  e rro rs  or omissions, and ind ica ting  
non-ci'nformance to group norms and standard?1. The design i s  given high 
v i s i b i l i t y .  As a r e s u l t  the designer a lso  tends to minimise non-conformance.

Structured walkthroughs are  p a rtic u la rly  e ffe c tiv e  a t  find ing  system atic 
e rro rs . A designer may make an e rro r, be liev ing  i t  to be c o rrec t. As a
r e s u l t ,  he i s  un like ly  to fin d  the e rro r  hlm seli. S im ilarly  he nay omit to
check a p a rtic u la r  item as he i s  convinced of i t s  c orrec tness.

This psychological " s e t” or a t t i tu d e  is  thus in c o rre c t to f ind  an e rro r  In
tha t Item. These problems are  un like ly  to be shared by the r e s t  of the  team,
and the e rro rs  can more rea d ily  be found, fl

Weinberg ( 1971 ) , in  h is  "Psychology of Computer Programming11 covers



Structured  walkthroughs and re la te d  methods such as ego-less programming,

Walkthroughs a re  o ften  re la te d  to the phases of design used for a p ro jec t.
Thus sp e c if ic a tio n , design, code and te s t  walkthroughs, or system design,
prelim inary design , d e ta i l  design and code walkthroughs may be defined.

Walkthrough techniques are  v e i l  defined in  the l i t e r a tu r e  ( Yourdon
1979 p 188, Shcoman 1983, Freeman 1973, Pagan 1976, Z elkovits, Yeh, Hamlet,
Gannon ard B asilil984  ) .

The r e s u l ts  of walkthroughs are  the early  reduction  o f  e r ro rs  ( by a  f a c to r  of 
about fiv e  Yourdon, 3979 p 193 ) , improved q u a lity , and improved design
techniques ( Fagan 1976, Boehm 1983 ),

This technique can read ily  be implemented in  any o rgan isa tion , provided tha t 
sim ple ru le s , such as impersonal checking, and tim ely checking, are  followed.

A q u a n titiv e  study of the effec tiveness  o f s tru c tu re d  walkthroughs was made by 
Myers ( 1978 ) .  Seven methods were used by 59 h ighly experienced
p ro fessiona ls . The te s t was on a s in g le  PL/I program of 63 statem ents w ith 15
known e rro rs , Code walkthroughs were as e ffe c tiv e  as any computer based e rro r
find ing  method. G reatest success was found by using two independent persons 
performing walkthroughs who then compared r e s u l ts .  S ig n if ica n tly , even with 
th is  method a mean of only 8,3 of the 15 e rro rs  were found.

The term "structu red"  r e la te s  the design and code reviews to  the s tra teg y  of 
the  design and coding i t s e l f .

2 .11. Modular Programming

This i s  one of the e a r l ie s t  approaches towards s tru c tu re d  programming. 
Yourdon described modular programming in  simple terms in  1972 ( Yourdon

Modular programming c o n sis ts  of the d iv is io n  of programs in to  e n t i t ie s  called  
modules. This ra th e r  inadequate d e fin i tio n  i s  supplemented by various 
sub -d iv ision  s tr a te g ie s .  For example, the s tra teg y  can be based on siz e
c o n s tra in ts  ( eg. 512 bytes o r 4096 words ) ( Shooman 1983 ) ,  complexity
c o n s tra in ts  ( eg. one page o f  design o r  code ) ,  s in g le  function packaging
( Ross, Goodenough, I rv in e  1975 ) e tc .

A ty p ic a l d e fin i tio n  i s  "The term 'm odule' i s  jjsed to describe a  la rge ly  
s e lf-con ta ined  section  of the program which performs a  s p e c if ic  function or 
sub-function" ( Shooman 1983 ),

U seful gu ide lines in  module d e fin i tio n  a re  those of coupling and cohesion 
( Stevens, Myers and Constantine 1974 ) .

Coupling i s  the degree of interdependence of the  modules. The g rea te r  the 
independence o f  the modules, the g rea te r  the ease of understanding, designing, 
te s tin g  and maintaining the modules. Various le v e ls  of coupling a re  defined 
( Shooman 1983, Myers 1976 ).

Cohesion is  the degree of interdependence of the components of a  module. The



g rea te r  the degree of dependence, the g rea te r  the like lihood  th a t the  module 
performs a s in g le  function . Where the cohesion is  low, the module i s  not a 
s in g le  function . B enefit would be derived by sub-div id ing  fu rth e r  ( Shooman 
1983, Myers 1976 ).

The p r in c ip le  o f information h id ing  as a gu ideline  i s  given in  Parnas 
( 1972 >.

The p r in c ip le  of designing fo r subset and superse t implementation i s  covered 
by Parnas ( 1979 ).

The re s u l t  o f modular programming i s  a s e t  o f r e la tiv e ly  small modules ( 5
- 50 statem ents >. The s t r i c t  sp e c if ic a tio n  of number of statem ents per 

module does not necessarily  r e su l t in  the best coupling and cohesion.

An an aly sis  of modular programming i s  given in  Shooman ( 1983 ) , and i t s  use 
on complex systems by Parnas e t a l  ( 1985 ),

2 .12. Design Logic Presen tations

Once components (  top-down design ) , modules ( modular programming ), 
processes ( da ta  flow diagrams ) ,  o r  functions ( s truc tu red  design ) are 
iso la te d , th e ir  design d e ta i l s  must be put to paper. The procedural 
d e fin i tio n s  i s  addressed d ire c tly  in  the stru c tu red  design method.

A concise exposition of a  number of methods used is  given by P eters ( 1980 ) , 
and in  more d e ta i l  in  h is  book ( P eters ) .

In  many cases the design lo g ic  i s  not d ire c tly  documented, The lo g ic  is  
defined only in  the implementation d irec ted  code { P r iv i te ra  1982 ).

Techniques to  de fine  these d e ta i l s  are.1- c

- flow charts

-  pseudocode

- Nassl-Shnelderman charts

-  program design languages 

Flowcharts

Flowcharts are  the t r a d i tio n a l manner of in d ic a tin g  lo g ic . They a re  used for 
softw are documentation as w ell as a number of other uses. These include 
hardware lo g ic , process d e sc rip tio n s , te s t  and assembly procedures. As a 
r e s u l t ,  they a re  not only widely used, but a lso  rea d ily  understood by 
non-computer people.



Unfortunately, flow charts a re  le s s  su ited  fo r design than for documentation, 
Flowcharts are  o ften  i l l o g ic a l  and complex as a r e s u l t  of a rb it ra ry  con tro l

Flowcharts have lo s t  p opu la rity , in  d ir e c t  re la tio n  to the growth in  
s truc tu red  techniques. They do s t i l l  have a ro le  in  i l l u s t r a t i n g  procedures, 
p a rtic u la rly  to non-computer people ( Shooman 1983, P e te rs , Vasserman 19B0 ).

Pseudocode

Pseudocode i s  a c o n tro l s tru c tu re d  subset o f English. I t  has a relaxed , but 
s im ila r , syntax to  block s truc tu red  programming languages. The degree of 
s y n ta c tic  and semantic exactness i s  matched to  the po in t being demonstrated. 
Most algorithm s are  i l l u s t r a te d  in  th is  manner ( Shooman 1983, Zelkowltz, 
Shaw, Gannon 1979, P e te rs , Jensen 1981 ) .

No standards e x is t fo r pseudocode, but most are  based on sequence, s e lec tio n  
and ite ra t io n  c o n stru cts , with inden tation , In  f a c t ,  the pseudocode format 
u sua lly  bears a close  re la tio n sh ip  to the u s e r 's  favou rite  programming 
language,

W hilst lack  o f  s tandard isa tion  between groups may not be tha t se rio u s, 
unfortunate ly  standards may d if f e r  w ithin one p ro jec t or program.

Nassl-Shneiderman Charts

These charts  are  a g raph ica l method of designing and documenting programs. 
The key d ifference  between Nassl-Shneiderman ( o r Chapin ) flow charts and 
o ther types, i s  the c o n s tra in t to  only s tru c tu re d  constructs and a b s trac tio n .

These flow charts a re  a lso  a powerful syn thesis  too l by encouraging system atic 
decomposition.

These charts  have become w ell e s tab lished  in  many o rganisations ( Siemens, 
UNISA ) and are  w ell documented ( Yourdon, 1979 p 135, P e te rs , Freeman 1980, 
Yoder and Schrag 1978, Chapin 1974 ).

Machine support does e x is t ( eg. AIDS package ) , but i s  not very e ffe c tiv e  
because of form atting problems.

Program Design Languages

Program design languages a re  s im ila r to  pseudocode, They are  a lso  relaxed 
syntax languages. However, they have two components

- a fixed , formal ou ter ( o r con tro l ) syntax

- a free-form , uncontrolled inner syntax.

As a r e s u l t ,  program design languages can be machine supported.

Program design languages may a lso  support da ta  and a b s trac tio n . Furthermore 
the machine supported forms can provide form atting, inden tation  and a v a rie ty  
of referencing  forms,
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3. SOFTWARE ENGINEERING

3 .1 . D efin ition  o£ Software Engineering

"The te ru  softw are engineering is  used today to describe  a loosely  coupled 
c o llec tio n  of p rac tic es , techniques, and methods" ( P e te rs  ).

"Software engineering i s  the ap p lica tio n  of science and mathematics by which 
the c a p a b ilitie s  o f computer equipment are  made u se fu l to man v ia  computer 
programs, procedures and a ssociated  documentation" ( Boehm 1981 ).

Xn the  la te  GO'S, the term "engineering" was Increasing ly  a ssociated  w ith the 
p rac tic e  of softw are. The term "software engineering" was a t f i r s t  a
provocative phrase, to contrast, the formal sc ience to  the  pragmatics of 
engineering.

Software has begun to have a s ig n ific a n t so c ia l impact. By 1985, 40% of
American labour r e lie d  on computers and softw are to do th e ir  w ork,' without 
being d ire c tly  Involved in  softw are or computers ( Boehm 1981 ).

This was, to  a la rge  e x ten t, the r e s u l t  of increasing  awareness o f the need to 
change d irec tio n  from a research or labora tory  science to the  system atic 
success of r e a l p ro jec ts . This awareness came as a r e s u l t  of major fa ilu re s ,  
These are  examined In some d e ta i l  In  a fu rth e r sec tio n . An analy sis  of 
f a ilu re s  i s  e s se n t ia l to find the causes, and how to  prevent o r overcome them, 
The to o ls , methodologies and p rac tic es  must bo chosen and designed e x p lic i tly  
to  avoid them.

Real p ro jec ts  have considerable  c o n s tra in ts  in  terras of c o s t, schedule and 
techn ica l performance ( o r system q u a lity  ) .  These c o n s tra in ts  lead to a 
spectrum of requirements tha t must be s a t is f ie d . Optim isation i s  not normally 
required.

Real p ro jec ts  a lso  requ ire  management v is i b i l i ty .  Evaluation of a  p ro jec ts  
progress in  terms of co st, schedule and performance is  necessary to reduce

" I t  comes as a d is t in c t  shock to  the u n in it ia te d  th a t,  fo r an a c t iv i ty  tha t 
accounts fo r the expenditure o f  severa l b ill io n  d o lla r s  a year in  the United 
S tates alone, the management of computer programming i s  s t i l l  something of a 
black a r t .  For a l l  purposes there  are  no generally  accepted, generally  
av a ila b le , or generally  app licab le  gu ide lines or techniques on which a manager 
can re ly  ( other than the ad hoc experience of techn ica l experts ) in  making 
cost o r schedule e stim a tes, in  weighing the investment of increments o f time 
and money against hoped-for Improvements in  the performance or q u a lity  of the 
computer program end product, o r In a ssess ing  c o s t-to -v a lu e  a f te r  the fac t"  
( Veinwurm 1970 ).

These aspects were not tr a d i tio n a lly  seen as a p a rt o f softw are development. 
A ll s ig n ific a n t p ro jec ts  nov have a t  l e a s t  some management methods associated  
w ith them.

The imposition of management c o n s tra in ts  on the p ra c titio n e r  have often  been 
met with opposition. They are  deemed to in te r fe re  with c re a t iv i ty ,  and not to



be re le v an t to softw are. However, according to Metzger ( 1973 ) ,  the
management of softw are development is  c lo se r  to the management of other 
die'. /L ines than software s t a f f  would accep t, ye t fu rth e r  apart than
tnenegetzent would accept.

Boehm ( 1983 ) has id e n tif ie d  seven pr 'l e s  considered e s se n t ia l for 
long-term success in  software eng ineering :-

-Manage using  a phased li f e -c y c le  plan

- Perform continuous valid a tio n

- Maintain d isc ip lined  product contro l

- Use modern programming p rac tic es

- Maintain c lea r  accoun tab ility  fo r r e su l ts

- Use b e tte r  and fever people

- Maintain a commitment to improve the process

Software engineering extends from the time th a t a problem or need is  
discerned , to the  time th a t the so lu tion  i s  discarded. A number o f phases 
w ithin the development of softw are are  defined. This enables d iscussion  of the 
ro le  th a t design too ls , and program design languages in  p a r tic u la r ,  play 
during each phase, and which needs they f u l f i l .

3 .2 . Management o f Software P ro jects

To c o n tro l p rogress, and report on i t s  achievement, measurements must be 
performed. A ty p ic a l method i s  the use of Work Breakdown S truc tu res, 
Statements o f Work and P ro jec t Planning and Reporting Methods ( Boehm 1981, 
Shooman 19T' ).

The work breakdown s tru c tu re  i s  the h ie ra rch ic a l decomposition of the p ro jec t 
in to  id e n tif ia b le  products or phases. I t  can be re la te d  d ire c tly  to a design 
tree  ( P eters ) .  The statem ent of work defines the con ten ts and ex ten t of 
each of the products o r phases, Coupled with each is  a  d e fin i tio n  of 
p re -re q u is i te s , resources and a budgeted cost.

P ro ject planning and contro l methods can now be applied - fo r example CPU or 
PERT, and the repo rting  of a c tu a l progress and fo recast p rogress against these 
plans and o r ig in a l estim ates.

Up to  50% of unsuccessful p ro jec ts  have fa ile d  because of poor planning 
( Metzger 1973, Boehm 1981 ).

these  fiefhods provide in s ig h t in to  c o st and schedule performance, and can be 
coupled to technical performance. This may re su l t in  fu rth e r  e f f o r t  being 
d irec ted  to lagging items, techniques to improve design and Implementation 
achievements ( Weinberg and Shulnan 1974 ) , and may a lso  be Used to term inate 
sub-optim isation. Project management i s  covered ex tensively  by Metzger 
( 1973 ).



3 .2 ,1 , L ifecycle  Models

The evolu tion  of a  softw are p ro jec t follows i  pat* from need to  an accepted 
so lu tio n . Many models e x is t of the phases witli'.n th is  pa th , and what each 
phase e n ta il s  ( Boehm 1981, Shooman 1983, Boehm 1983 ) . No concrete 
boundaries e x is t ,  end phases may overlap. As in s ig h t i s  achieved, previous 
phases may need to  be amended. As a r e s u l t ,  the phases are  not ab so lu te , do 
overlap , and may be i te ra te d .

Si th in  each phase a number of a lte rn a tiv e s  may be generated, evaluated , and a 
s in g le  choice made.

T ypical s tages in  the life c y c le  from need to t ra n s fe r  of a successfu l so lu tion  
to the customer a re : -

- Spec ifica tion

- Conceptual design

- D etail design

- Implementation

- Testing

These phases are  now examined in  g rea te r  dep th :-

3 .2 .2 . Spec ifica tion

In th is  stage  a concerted e f f o r t  i s  made to  understand the user requirem ent, 
and to  move from a broad based se t o f requirements to a more concrete de ta iled  
sp e c if ic a tio n .

3 .2 .3 . Conceptual Design

In th is  stage  i n i t i a l  s teps are  taken towards the form ulation of a concrete 
so lu tio n . The emphasis is  on what functions the system must provide, Checks 
must be made to  determine whether these  functions are  achievable. A nalysis, 
formal and in form al, may be required to s a t is f y  these question.

The outcome of th is  stage  is  a s e t  of proposals which are  coherent and appear 
to s a t is f y  a l l  the requirements.

3 .2 .4 . D etail Design

Bach function defined during Conceptual Design i s  trea ted  and goes through the 
stages o f S pec ifica tion , and Conceptual Design i te r a t i v e ly  u n t i l  no design 
decisions remain. „

AS a r e su l t o f inve stig a tin g  these functions, fu rth e r  problems may become 
ev ident, and increased knowledge of the functions of the system is  gained, As 
a r e s u l t ,  the p r io r  s ta g es ' output may need to be rev ised .



The output of th is  phase i s  a  sing le  coherent descrip tion  of one so lu t io n , in 
lo g ic a l terms. The d e ta i l  i s  such th a t no fu rth e r  design decisions e x is t .

3 .2 .5 . Implementation

In th is  stage  the lo g ic a l design, v ith  some functions optim ised, must be 
rea lise d  on the system a v a ila b le . In teg ra tio n  of the design concept w ith the 
pe ripherals and opera ting  systems i s  performed.

The adjusted lo g ic a l design must now he coded in to  th e  language, o r languages, 
used on the system.

The code i s  compiled and linked  to form a  package w ith no compilation e rro rs . 

The output of th is  stage  i s  a complete package of softw are.

3 .2 .6 . T esting

"Testing i s  the process o f executing a program w ith the in te n tio n  o f  finding 
e rro rs "  ( Myers 1976 ).

In  th is  stage , the softw are package is  v e rif ie d  o pe ra tiona lly , p a rtic u la rly  
a gainst the system’s requirem ents.

T esting i s  covered in  d e ta i l  in  ( Myers 1976, Shooman 1983 ).

The e rro rs  found a re  reso lved , and the ou tpu ts of each -vlous s tage  updated.

Testing should a lso  be recognised during design. Some considera tion  o f  how to 
te s t ,  and what to  te s t ,  can in fluence  design b e n e f ic ia lly .

Design i s  regarded as the a c t iv i ty  covering the phases of conceptual design 
and d e ta i l  design. Some overlap e x is ts  with other phases. Spec ifica tion  
erro rs  and omissions th a t a re  de tec ted , a re  r e c t i f ie d  in  design.

S im ila rly , c e rta in  implementation c o n s tra in ts  must be recognised during

3.3, Software Design F ailu res

The fa ilu re s  o f la rg e  p ro jec ts  can be spectacu lar. In  the f in a l  account they 
tend to  exceed budget, be la te ,  and net f u l f i l  user requirements ( Brooks 
1975, Vasserman 1980 ) . Furthermore, these f a ilu re s  are  o ften  only apparent 
very la te  in  the p ro jec t.

These are  the two gross symptoms:-

- budget and schedule overruns

- f a i lu re  to  perform to sp e c if ic a tio n

The budget and schedule overruns are  as a r e s u l t  of over-optimism, and lack  of 
planning and repo rting  to plans. The fa ilu re  to  perform to sp e c if ic a tio n s  is  
the r e su l t o f incomplete sp e c if ic a tio n s , lack  of c vunltment to sp e c if ic a tio n s ,



" . . .  softw are i s  too expensive and software is  u n re liab le . Host computer 
p ro fessiona ls  recognise the former problem as la rge ly  a  symptom of the l a t te r  
( Myers 1976 ) .  An example o f the f a t a l i s t i c  v ievi "Hence, plan to  throv one
[ design ] away; you w ill,  anyhow" ( Brooks 1976 >.

Methods evolved to minimise e r ro ts ,  reduce cost o f  e rro r  co rrec tion  end make 
e rro rs  v is ib le .

3 .4 , Human Constra in ts

"The competent programmer i s  fu lly  avare of the s t r i c t l y  lim ited  s iz e  of h is 
ovn sk u ll ; th e re fo re  he approaches the programming task  In  f u l l  hum ility  . . . "  
( D ijk s t ta  1972 ).

A major input in to  the methods to minimise  f a i l u re  vas the increasing  
awareness of the  lim ited  c a p a b iliti e s  of humans.

Studies vere made o f  human c a p a b ilitie s  in  the  area  of design . Clear a reas of
concern vere  found. A programmer’s c ap a b ility  is  quickly exceeded by the
complexity o f the  systems he designs unless sp e c if ic  s te p s  are  taken ( Ualker 
1966, H ille r  2956 ) .  Also h is  c a p a b ilitie s  a re  genera lly  Ear short of h is  own 
expectations.

L im its in  c ap a b ility  include system atic optimism,0 uncontro lled  growth of 
complexity beyond the programmer's c ap a b ility , and the mindset of a designer 
in  m issing h is  own log ic  e rro rs .

"Students and p ro fessiona ls a lik e  tend to be overly o p tim is tic  about th e ir  
a b i l i ty  to  w rite  programs or to  make programs work according to 
p re-estab lished  design goals" ( Ledgard and Chtnura 1978 ) . This i s  fu rth e r  
discussed in  Brooks ( 1975 ) .

Further references to the study of human c a p a b ilitie s  and c o n s tra in ts  are  
covered in  "The Psychology of Computer Programming" by t/ajnberff (  1971 ), 
D ijk stre  ( 1972 ) ,  B a ilie  ( 1982 ) , and design Issues a re  examined by Freeman

3.5 . Cost Versus Phase in  which E rrors are  Removed

A high c o rre la tio n  e x is ts  between c o st o f e r r o r  co rrec tion  and the s tage  of 
development in  which I t  i s  found. Several o rders of magnitude of cost 
separate  e rro r  co rrec tion  during sp e c if ic a tio n  and a f te r  de livery  to  s i t e .  
( A D'Agapeyeff in  Yourdon 1975 p 243, Boehis 1981, Sbooman 1983, Myers 1976, 
Boehm 1983 ) .

A considera tion  o f  f a i lu re  aodas In each phase i s  relevan t.

During the sp e c if ic a tio n  phase, a  semantic gap is  common between the customer 
and designer.

The customer ty p ic a l ly  shows a bias towards h is  ap p lica tio n  area knowledge, 
allow s a maximum scope of acceptable so lu tions to maximise the range of



offered so lu tions, ye t excessive r e s t r ic t io n s  in  so lu tions to  remain w ithin 
h is  r'.rea of comfort.

F inally  the customer generally  provides in su f f ic ie n t inform ation, and is  
ill-equ ipped  to  monitor and con tro l development.

The designers in  turn have In su ff ic ie n t awareness o f  the a pp lica tion  a rea , and 
provide in su ff ic ie n t in sigh t in to  the evolving design from the custom er's 
viewpoint and in  terms of h is  knowledge.

During the conceptual design, in su f f ic ie n t communication takes place between 
customer and designer. At th is  s tage  the wrong system may a lready  be chosen. 
No documentation i s  generally  produced and accepted during th is  phase.

During the d e ta i l  design phase, ad-hoc methods a re  generally  used, w hilst 
o ften  the "design" i s  done w hile coding. C lear, lo g ic a l documentation w ith  an 
appropria te  no ta tion  would make these e rro rs  v is ib le ,  as w ell as ind ica ting  
concrete progress.

At th is  phase the designer generally  becomes lo s t  in  a mire of d e ta il s  
( Walker 1986 ) , and loses h is  perspective  of the importance of h is  decisions.

During the coding phase, poor d is c ip lin e  r e su l ts  in  monolithic masses of code, 
with l i t t l e  support documentation.

In  f a c t,  th is  phase i s  the le a s t  d i f f ic u l t ,  provided tha t a l l  design decisions 
have been made, The gap between design and code should be the  same as between 
the code i t s e l f  and code in  a d if fe re n t programming language,

The phase of te s tin g  is  generally  the one where f a ilu re  becomes apparent. 
This phase then o ften  s tre tch e s  in  du ration , in  many cases to over h a lf  o f the 
to ta l  p ro jec t du ration . E rrors as a  r e s u l t  o f in su ff ic ie n t d isc ip lin e  in  a l l  
the previous phases are  co rrec ted , o ften  re su l tin g  in a cascade of induced 
e rro rs . Studies have shown th a t changes of f ive  to ten statem ents have the 
b est p robab ility  o f being c o rrec t - and tha t is  only 50% for each attem pt 
( Yourdon 1979 ) .

The te s tin g  i s  o ften  undirected, w ith poor e rro r  d e tec ting . This i s  the 
re s u l t  o f not considering what the te s t s ,  and r e s u l ts  o f the te s ts  should be, 
from the e a r l ie s t  phases o f the p ro jec t. Furthermore, the conceptual design 
and de ta iled  designs can be desk checked against requirements from the 
e a r l ie s t  phase.

I f  te s tin g  i s  performed throughout the p ro jec t, a t  th is  phase the bulk of the 
te s tin g  i s  to confirm th a t the code d ire c tly  represen ts the checked d e ta il  
design. C ertain expected and unexpected e rro rs  may s t i l l  su rface  during a
sequence of pre-planned te s t s  v e rify ing  opera tion to sp e c if ic a tio n s .

I t  must be emphasised th a t an e rro r  in  any of the phases must be co rre la ted  
with the  o ther phases' output to  ensure to ta l  correspondence.

This analy sis  in d ic a te s  tha t reducing e rro rs  in  the design phase i s  cost 
e ffe c tiv e . In p a rtic u la r , e rro r  minim isation during the design phases ensures 
minimum e rro rs  during implementation and te s tin g . Consideration of te s tin g



methods and d e ta iled  procedures is  a lso  use fu l.

Although sp e c if ic a tio n  e rro rs  and omissions occur before the  design phases, 
e f f o r t  should be given to analysing the  sp e c if ic a tio n s  during design. C la rity  
and completeness o f the design p resen ta tion  can h igh ligh t sp e c if ic a tio n  
problems.

3 .6 . Techniques to  Reduce E rrors

I t  became apparent tha t the use of c le a r, lo g ic a l design documentation w ith 
technical reviews, o r s truc tu red  walkthroughs, was a major to o l to  weed out 
e rro rs . The re tro sp e c tiv e  approach of try ing  to  remove e rro rs  once in  the 
f in a l  code is  not sim ple. D ijk s tra  summed up th a t s itu a tio n  by "T esting shows 
the presence, no t the  absence, o f bugs" { Yourdon 1975 p 244 ).

Other techniques developed to  remove e rro rs  werei-

- close re la tio n sh ip  to  customer

- use o f s tru c tu re d  techniques

• log ic  emphasis

- complexity management

• m odularisation

- egoless team approach

3 .6 .1 . Customer R elationship

A technique of minimising c e r ta in  e rro rs , p a rtic u la rly  those of requirements 
and functions, i s  to form a combined team o f customers and designers. This 
would Increase confidence and reduce r is k , and tends to  keep both sides 
honest. A g rea te r  knowledge tra n s fe r  i s  encouraged • app lica tion  knowledge to 
the designers, and implementation knowledge to  the customer. The tr a n s fe r  of 
the system to the  customer i s  a lso  eased ( Myers 1976 ).

A ll customer - designer problems a re  not however solved by th is  approach.

3 .6 .2 . Use of S tructured  Techniques

An analysis of fac to rs  a ffec tin g  productiv ity  provides in s ig h t in to  the 
b e n efits  tha t can be expected from the use of struc tu red  techniques. This is  
summarised in  Yourdon ( 1979 p 34 ) i



Range o f  P ro jec ts  in  Survey

Size of System ( Lines of Code ) 
Manpower ( Months )
D uration of P ro jec t ( Months )

E ffec ts  of S tructured Techni r|ues on P roductivity

P roduc tiv ity  Product- 
( Lines of Code iv lty

per Month ) Ratio

Use of Techniques

S tructured Code
Top-down Development
Code Reviews ( Walkthroughs )

E rror r a te s ,  where best use of s tru c tu re d  techniques i s  made, can be reduced 
to  an average of one to f iv e  e rro rs  per 10 000 statem ents ( Yourdon 
1979 p 35 ).

3 .6 .3 . Logic Emphasis

Logic emphasis i s  an approach to  provide an a b s trac t so lu tio n .

In  order to produce a successfu l softw are system, the  design must be 
successfu l. A successful design is  most e as ily  assured by making the log ic  
v is ib le  and c le a r. A design can then be checked again st the  sp e c if ic a tio n . A 
fu rth e r  separate  phase of op tim isa tion  may then be recognised and included, 
once the log ic  i s  seen to be c o rre c t, and th a t the d ire c t  algorithm  does not 
meet speed or space c o n stra in ts .

3 .6 .4 . Complexity Management

Complexity management consis ts  o f a  concious e f io r t  to reduce a so lu t io n ’s 
complexity w hilst recognising the  lower bound of the problem’s complexity 
( Myers 1976 ).

A la rge  p ro jec t i s  more sub jec t to  high complexity - the e f f o r t  is  a 
h ighe r-than-un ity  power of de liverab le  source lin e s  ( Boehm 1981, D ijkstra

"The design and development o f inform ation processing tasks requ ires a high 
le v e l o f s e lf -d is c ip lin e  simply because in  the nature  o f th ings i t  i s  a  human



c h a ra c te r is t ic  to be voolly , unstructured  and i l l o g ic a l  in  our thinking " 
( Walker 19B6 ) .

System atic e f fo r t s  to  reduce the  complexity of a design item 
T his was achieved by reducing coupling, increasing  cohesion, 
lo g ic , d e f in i te  ru les  to minimise module s iz e s ,  and to separe 
implementation ( Walker 19B6 ).

3 .6 ,5 , M odularisation

M odularisation or the use of sm 
standards can minimise problems in  t 
checking can enforce these standards

gan isa tional struc tu  
. regarding h is  "ov 

s evalua tion  and construct! 
E the e ff o r t  i s  intended 
i aref embodied in  the r e su l t!



4 .1 . D efin itio n  of Design Tools

Design to o ls  a re  a ids to the process of design. They are  complementary to 
methodologies and p rac tic es . Design too ls a s s i s t  the de signer, e ith e r  by 
reducing e f f o r t ,  o r by d ire c tin g  e ffo r t .

Key aspec ts  to  design too ls a re :-

-  mechanised support

- user frien d lin e ss

- c om patib ility  to methodologies and p rac tic es  o£ design

- c om patib ility  to  implementation methods

Other a tt r ib u te s  of .,gn too ls a re  machine independence, opera ting  system 
Independence, ta rg e t system independence, ease of use , learn ing  overhead, 
g raphical p resen ta tion .

A design too l can be d irec ted  to design documentation, design syn thesis, 
design view p resen ta tion , and design re la tio n  i l l u s t r a t i o n .

Sone examples of design to o ls  and design rep resen ta tion  schemes a re  given in 
Shooman ( 1983 ).

4 .2 . T ypical Design Tools

The design  phase considered here i s  between the  sp e c if ic a tio n  phase and the 
Implementation ( o t coding )  phase.

Some to o ls  a re : -

• P re tty  P rin te rs

-  Data Plow Diagramiaets

-  N assl-Shneidernan Packages

- Program Design Languages

4 .3 . P re tty  P r in te rs

P re tty  p r in te rs  a re  form atters which take unformatted source and produce 
Indented, paginated output.

Known p re tty  p r in te rs  are  a l l  ta rg e t language orien ted  ( Rubin 1983 ) though 
they could be designed to be more general purpose. As such they a re  not 
cu rren tly  design too ls .



4,4. Data Flow Diagrammers

Various p ro p rie ta ry  documentation too ls e x is t fo r da ta  flow diagrams. Certain 
specia lised  methodologies such as SADT ( 1985 ) have machine supported too ls 
under development. They are  not generally  av a ila b le .

4 .5 . Hassl-Shneiderman Packages e

One package is  known to  produce Nassi-Shneldevman ( or Chapin ) flow charts 
known as AIDS. This package uses a con tro l s tru c tu re  subset of I n t e l ’s  PL/M 
language, possib ly  of a f u l l  PL/H program. According to  the  constructs, the 
a ssociated  cond itiona ls and statem ents . a re  form atted In to  the required 
sequence, se lec tio n  and i te r a t io n  blocks, R e s tric ted  support of G0-T0’s is  
a lso  provided.

This packpge i s  o rien ted  towards the reform atting  o f  source code, I t  i s  highly 
machine and language dependent.

4 .6 . Program Dosign Languages

A program design ( or documentation ) language is  a  sy n ta c t ica lly  formal 
language. I t s  form i s  sim ila r to  pseudocode, o r S truc tu red  or Tight English. 
Two p a rts  e x is t to  the syntax - an ou te r, con tro l s tru c tu re  o rien ted  syntax, 
and an inne r, fre e  format statem ent syntax.

The ou ter syntax supports sequence, s e lec tio n  and i te r a t i o n .  These constructs 
a lso  con tro l the indentation  of the ou tpu t. In  th is  aspect, a  high 
c o rre la t on e x is ts  w ith p re tty  p r in te rs .

The ou ter syntax i s  augmented by form atting c o n tro ls , and da ta  and segment 
d e fin i tio n  c on tro ls .

The inner syntax i s  generally  u n in te rp re ted , but i s  form atted as a r e su l t of 
the surrounding ou te r syntax.

The algorithm ic  lo g ic  of a  design can thus be defined using DO - END, IP - 
THEN - ( ELSEIF - ) BLSli - EHDIF, DO - WHILE, and DO - UNTIL type constructs, 
with English statem ents taking the position  of con d itio n a ls  and statem ents. 
The English statem ents can then be procedural o r fu n c tio n a l d e fin i tio n s .

The use of the free-form at inner syntax provides the  to le ran t r ichness tha t 
makes a program design language such a powerful, genera l purpose to o l.

The ou te r syntax provides consistency and s ta n d a rd isa tio n  which Improve 
c la r i ty  and unde rstandability .

A bstraction can be provided e x p lic i t ly  ( using CALL statem ents ) or im plic itly  
( by naming a l l  defined program segments ) . The package then r e la te s  these 
statem ents wherever they occur.

In a s im ila r manner, data elements and s tru c tu re s  can be defined e x p lic i tly  
( in da ta  d e fin i tio n s  ) ,  or Im p lic itly  ( fo r example by c o n tro l charac ters  in 
th e ir  names ) .  0



se lec tion

fre e  expr

sequence, 
;e. Extension to

r e s t r ic t io n  to va lid  statem ents and operators as in  a programming language 
( Z elkovita , Shav and Gannon 1979, P e te rs , Caine and Gordon 1975, Vasserman 
1980, Freeman 1980, Vasserman 1982, B urstin , Forsher, Haimon, and Rotbard 
1983, Ramanathan and B la ttn er 1979, Sutton and B asil!  1981 ).

The formal ou ter syntax allows the design d escrip tion  to be au tom atically  
processed. The processing form ats the design according to standards for 
indentation  and pagination.

No enforcable standards e x is t fo r pseudocode (or S tructured English or Tight 
English ) .  However, the d e fin i tio n  of a program design language, and i t s  
fo rm atter, do form a standard.

A program design language is  used to express log ic . This function i s  u sefu l 
in  various phases:-

- sp e c if ic a tio n  of d e ta iled  requirements

-  conceptual d e fin i tio n  of ta sk s, da ta  e n t i t ie s

- d e ta iled  design of tasks and data  e n t i t ie s

- implementation of code by p

- te s tin g  of softw are by provi

-  maintenance by providing dealt.n in sigh t

5.3 , Use of Program Design Languages

A program design language can be used as soon as any procedural or functional 
sp e c ific a tio n s  are  tie d  to a p rocess, or as soon as da ta  elements or 
s tru c tu re s  a re  id e n tif ie d . The lo g ic  can then be expanded in  a top-down, or
stepw ise refinement, manner.



The design i s  thus av ailab le  from the beginning fo r design reviews and 
struc tu red  walkthroughs.

The aspec ts  o f design th a t a re  supported a re  the lo g ic , da ta  s tru c tu re , and 
input - output sp e c if ic a tio n .

5 .4 . Form o f  Program Design Languages

5 .4 .1 . Outer Syntax Level

One le v e l i s  a  sem antica lly  exact ou te r /iyntax, which de fines  the s tru c tu re  of 
the language.

This ou ter syntax ty p ic a l ly  defines lo g ic  e n t i t ie s ,  th e ir  con tro l constructs 
and a b strac tio n  { eg. procedure CALL’S ) . The ou ter syntax can a lso  define  
data  e n t i t ie s ,  th e ir  elements, and subservient da ta  e n t i t i e s  (eg. a rrays, 
s tru c tu re s , f i l e s ,  m anifest constan ts ( equates or l i t e r a l s  ) ).

The ou ter syntax i s  ind icated  by use of reserved words ( "IF", "TEEN", "ELSE", 
"BNDIF" e tc  ) , o r by con tro l statem ents ( used, fo r example, to  s e t  the date 
o f a p r in t-o u t ).

Coupled to  the ou ter syntax, i s  the indentation  and pagination  of the output. 
The re la tio n sh ip  between named e n t i t i e s  and th e ir  invocations r e su l ts  in  the 
c a llin g  h ie ra rch ie s  and cross references th a t can be provided.

5 .4 .2 . Inner Syntax Level

The inner syntax c o n sis ts  o f s t r in g s  tha t a re  in te rp re ted  in  terms of the 
surrounding ou te r syntax. The main co n stra in t on the inner syntax i s  th a t i t  
does net c lash  with the ou ter syntax (reserved words e tc . must not be used ). 
Otherwise any free-form at te x t may be used,

The inner syntax, in  conjunction with the ou te r syntax, i s  used to define  the 
lo g ic . As the inne r syntax i s  free-form at, i t  can express any lo g ic  d ire c tly  
o r  in d ire c tly  by Invocation of a fu rth e r  defined e n tity .

5 .5 , Typical Program Design Languages

Four languages are  examined in  some d e t a i l : -

- Van L eer’s

- Caine and Gordon’s

- SupetPDL

- W alker's

5 .6 . Van L ee r 's  Program Design Language



lonnell Douglas Automation Company during the 
i. The company had a number of analy sts  who 
im e rs . The varying approaches, degrees of 
I problems for the  programmers. In o rder to

'! P These

[condition]

UNTIL [condi

The CASE construct i s  a lso  Implemented:- 
* CASE [variab le] OF

[Valueone]s [statem ents] 
[Valuetwo]: [statem ents]

[Valuen]: (statem ents]
ENDCASE

M ultiple values may be given on on 

The constructs may be nested, The

* IP  [condition] THEN DO VHIL

s lin e , de lim ited by colons,

Ition] [statem ents]

7  TT|
' 1 'I 

1 'I,



ENDDO ELSE (statem ents] ENDIP 

A bstrac tion i s  implied by c rea tin g  a rou tine  corresponding to the Invocation.

5 .6 .3 . Data Syntax

Ho data  c a p a b iliti e s  are  provided.

5 .6 .4 . Formatting

A u n it o£ indentation  is  applied c o n s is te n tly  ( eg. 3  spaces ).

5 .6 .5 . Referencing

No f a c i l i t i e s  are  provided

5 .6 .6 . Mode of Operation

No mode of opera tion ( batch or in te ra c tiv e  ) i s  defined.

5 .6 .7 . A v a ilab il ity

No computer support is  defined in the paper.

5 .6 .8 . Special Features

No a d d itio n a l fea tures are  defined,

5 .6 .9 . Formality

Beyond the  constructs , no a d d itio n a l formalism is  defined.

5 .6 .10 . Purpose

The program design language i s  p a r tic u la r ly  targeted  towards d e ta i l  design 
using s tru c tu re d  techniques, fo r implementation in  PL/I o r Cobol.

5 .6 .11 . R esults

No sp e c if ic  evaluation  i s  presented for the program design language in 
iso la tio n . However i t s  symbiosis with the other techniques, and th e ir  
combined success, resu lted  in  a po licy  decision  to  use these methods.

5 .6 .12 . General

This i s  the c la s s ic a l paper on program design languages. The discussion of 
th e ir  a p p lic a b ili ty ,  goals and purposes i s  worth reading.

5 .7 , Caine and Gordon’s  Program Design Language

5 .7 ,1 . H istory

This language was developed by Caine, Father and Gordon during 1973 ( PDL 
Program Design Language Reference Guide 1977 ) . The language was to
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supplement programming techniques by support during the ds 
techniques used were s tru c tu re d  programming, top dc
implementation, c en tra l ised  l ib r a r ie s  and egoless teams.

5 ,7 .2 , Program Syntax

The syntax i s  o rien ted  towards PL/I or A lgol-lilte  languages. 

The standard constructs  supported a re :-  e

a f te r  the matched ENDDO ) ,  or CYCLE (

The syntax i s  augmented by t 

* [ lab e l]  i The colon sia 

The syntax has tvo form s:- 

-  the en try  format

aIs taking the  f

The constructs may 

A bstraction i s  d in  

d e fin ls 'th e

5 .7 ,3 . Data

underlined reserved \

ro u tin e ’s name. The n 
eg. the next ZS ) . Sequ,

( a  )•
rou tine  is  delim ited by the  next 

thus supported.

tned e x p lic i t ly  o r im p lic i tly . A d



be defined s im ila rly  to  the flow segment, by use of a %D p refix . The 
subsequent word I s  regarded as a da ta  Item name. This Is sp e c ia lly  noted.

Data can a lso  be Im p lic itly  defined w ithin flow segments by Including a t  le a s t 
one underscore in  the name. The name w ill then a lso  be noted.

A low -level support fo r e x tern al d e fin i tio n  i s  a lso  provided.

5 .7 .4 . A dditional Syntax

Support i s  a lso  provided fo r te x t blocks. These a re  in i t ia t e d  by a  %T prefix . 
No form atting i s  performed.

Many options e x is t .  Headings, da te s , group Id e n ti f ie r s  may be defined . Line 
and page lengths may be s e t .  P re fixes  and specia l charac ters  may be a lte re d .

5 .7 .5 . Formatting

The l i s t i n g  c o n sis ts  of fro n t page, tab le  of conten ts , group id e n tif ie r s ,  
segment pages, c a llin g  hierarchy  tree  l i s t in g ,  and flow segment and data 
segment indexes.

Only the segment pages are  d ire c tly  entered by the user.

The flow segments are  autom atica lly  indented, reserved words underlined, and 
invocations referenced.

5 .7 .6 . Referencing

The ta b le  of contents i s  au tom atica lly  generated.

The c a llin g  hierarchy tree  l i s t in g  gives an indented l i s t i n g  of flow segments. 
Recursion I s  recognised, and a sho rt tree  option does not repeat common 
sub trees.

The flow and data  cross references provide references to  d e f in i tio n  and usage 
page and lin e .

Lines and pages a re  autom atica lly  numbered.

5 .7 .7 . Mode of Operation

This language i s  supported by a batch o rien ted  processor. A free-form at, 
concise source i s  ed ited . This i s  then processed " (  "compiled" ) by the 
processor. A l i s t in g  i s  then produced, with e rro r  in d ic a tio n s .

5.7.B . A vailab ility

The processor is  commercially a v a ila b le , and is  supported by various 
processors including IBM 370, DBG PDF's and VAX.

5 .7 .9 . Special Features

This language i s  very complete. Many options are  av a ila b le .



5 .7 .10 . Formality

The l is t in g s  are  e as ily  in te rp re ted  as a r e s u l t  of minimal, and s e lf  
e xp lan ito ry , constructs . The use of a  sp e c ia l charac ter fo r da ta  words 
requ ire s  some acc lim a tisa tio n . The perceived form ality  i s  low,

The input format i s  qu ite  form al. Free-format i s  supported. Concise contro ls

5 .7 .11 , Purpose

The language is  o rien ted  to g lobal and d e ta i l  design fo r rou tines  as w ell as

5 .7 .12 . Results

The authors in d ica te  a 50% improvement in  softw are p roductiv ity  with use  of 
the  language. Some a d d itio n a l s t a t i s t i c s  are  provided, Their r e s u l ts  a re  
s im ila r  to the r e s u l ts  I  have experienced with approxim ately 10 man-years of 
usage in  an imbedded system development environment. The comment by the 
au thors i s  however re le v an t! -

"PDl i s  no t a "panacea" and i t  i s  c e r ta in ly  possib le  to produce bad designs 
using i t .  However, we have found th a t our designers and programmers quickly 
learn  to use PDL e ffe c tiv e ly . I t s  emphasis on designing fo r people provides a
high degree of confidence in  the correc tness of the  design. In  our
experience, i t  i s  almost impossible to  "wave your hands" in  PDL. I f  a
designer doesn’ t r e a lly  yet see  how to  solve a p a rtic u la r  problem, he can’ t 
j u s t  g loss over i t  without the r e su l tin g  design gap being rea d ily  apparent to 
a  reader o f the design. This, plus the basic  re a d a b il ity  of a  PDL design, 
means the c l ie n ts ,  management, and team members can both understand the 
proposed so lu tio n  and gauge i t s  degree of completeness.

We haw. a lso  found the PDL works equally  w ell fo r la rg e  and small p ro jec ts .
Because i t  is  so easy to use , persons s ta r tin g  to  work on even a "quick and
d ir ty "  u t i l i t y  w ill  f i r s t  sketch out a so lu tion  in  PDL, In  the past, such 
programs were usually  w ritten  w ith l i t t l e  or no design preceding the a c tu a l 
coding".

5 .8 , SuperPDL

5 .8 .1 . H istory

This language was developed by Advanced Technology Letd as a r e s u l t  of in-house 
needs. A language was needed th a t exceeded the c a p a b ilitie s  of th a t by Caine 
and Gordon ( 1975 ) . The 350 man-year p ro jec t on hand n e ce ssita ted  an 
in te ra c tiv e  system providing oonourrent f a c i l i t i e s  fo r  many users. 
Inter-module in te r fa c e  support was considered highly im portant.

5 .8 .2 . Program Syntax

Sequence, se lec tio n , ite ra t io n  and a b strac tio n  constructs  a re  provided:



named module!



[operator names][operator descrip tions] 
FUNCTIONS!

[function  naises][function descrip tions]

5 .6 .4 . Formatting

V!

improved productiv ity  

in te g ra tio n  time reduction 

reduced documentation e f f o r t  

w e a r 's  Program D efin ition  Lang

This language vas developed by A J  Walker as "The need vas f e l t  fo r a  log ic  
v e r if ic a tio n  a id  which would requ ire  minimal te x t e n try  fo r network 
d escrip tion  and sim ulation execution purposes11 ( Walker 1984, 1986 ) . This

and I s  sy n ta c t ic a lly  and



sem antica lly  more concrete than the o ther languages considered. The language 
is  used as a b asis  for a course In  system design covering a scope from 
hardvare lo g ic , microprogrammed lo g ic , assembly language to high le v el 
language. Concepts such as da ta  flow, p a ra l le l  processing and 
process-resource  a re  are  i l l u s t r a te d .  Several research  p ro jec ts  are  being 
performed and promoted in  th is  area, inc luding an in te ra c tiv e  program 
d e f in i tio n  e d ito r  ( Bassanino and Walker 1986 ) . Future p ro jec ts  are  d irec ted  
towards d ire c t  generation of h igh -level language programs.

5 ,9 .2 , Program Syntax

The standard  constructs a n  supportedi-
* IF  (condition]

[statem ents]

[statem ents]
BNDIFi

* REPEAT!
[statem ents]
UNTIL! [condition]

* WHILE [condition]

[statem ents!
BNDWHILBs 

The "ELSE:" part may be omitted.

The "CASE" construct is  supported:

* CASE [variab le] of:
[valueone):[statem ents]
[valuetw o]: [statements]

[valuen]:(stateiiients]
ELSE: [statem ents]
ENDCASE:

The "ELSE": p a rt i s  optional.

A bstrac tion is  supported by invocation and the re la te d  procedure d e fin i tio n .

* CALL [procedure name] ( (Input parameter l i s t ]  ) [output parameter

A complete syntax i s  defined, including assignment, inpu t/ou tpu t, a rithm etic  
and lo g ic  ope ra to rs , sequential and p a ra lle l execution , and comments.



The support fos da ta  a ttucvo tes  i s  ex tensive. C harao te rig tic s  aeEined ace:- 

• function i constants of va riab les  ®

- type : elementary ( boolean, in te g e r, r e a l  and c harac ter ) or 
composite ( defined in  terms of elementary or o the r composite types )

- s tru c tu re  s "Single11 ( an item of a p a r tic u la r  type ) o r "Array " 
(m ultip le  items of one p a r tic u la r  type )

- scope i a c c e s s ib ility  ( " local"  to procedure, "ex te rnal"  to a 
procedure, and "global" to  pcocedures w ith in  & p a r t i t io n  ) ,  and life tim e  
( "permanent" where the  data  s tru c tu re  values a re  re ta in ed  between 
invocations )•

- name i the id e n tif ie r

th e se  c h a ra c te r is t ic s  are  a l l  r e q u is ite s  fo r data s tru c tu re s .  In  a dd ition , a 
da ta  descrip tion  segment i s  required for programs or procedures. A predefined 
order o f c h a ra c te r is t ic s  e x is ts .

5 .9 .4 . A dditional Syntax

Support i s  given fo r tasks, programs, procedures, processes , resources, e tc .

The syntax i s  complete enough to  map in to  high le v e l languages, and to  model 
systems of various kinds.

5 .9 .5 . P0rsia.ttici2

Ind en ta tio n  i s  used. Because of the degree of da ta  d e f in i tio n , the length of 
procedures i s  not r e s t r ic te d  to a  page.

5 .9 .6 . Referencing

No referenc ing  forms a r v defined,^ These would be implementation dependent.

5 .9 .7 . Mode o f  Operation

The language defined is  not bound to  a  p a rtic u la r  siode of ope ra tion . Manual 
form atting i s  possib le, and an in te ra c tiv e  processor e x is ts  ( fiassanino and 
Walker 1986 ).

5 .9 .8 . A v a ilab il ity

A version  e x is ts  fo r X  E clip se , an6 one i s  under construction  fo r a personal 
computer.



5 .9 .9 . Formality

This language i s  the most formal considered, I t°  may be regarded aa a 
p o te n tia lly  executable language. Automatic ge neration  of an equ ivalen t high 
le v el language program i s  under considera tion .

5 .9 .10 . Purpose

The language i s  used fo r tra in in g , modeling and sim ulation , and to provide 
v e r if ia b le ,  complete designs in  a technology-independent form.

519.11. Results

The language has been successfu l w ithin i t s  a p p lica tio n  a rea . As a r e s u l t  of 
experience, the language is  lik e ly  to grow,

5 .9 .12 . Nodes of Operation

Tvo basic  ope ra tiona l modes a re  app licab le i-

- batch operation

- in te ra c tiv e  operation

Batch opera tion consis ts  o f the "compilation" o f a source containing the 
statem ents as w ell as c e r ta in  con tro ls ( fo r fo rm atting  e tc .  ) . The r e s u l t  of 
the "compilation" is  a  p r in ta b le  f i l e  In paginated and indented form, with 
ei-ror statem ents as requ ited .

In te ra c tiv e  opera tion i s  based on syn tax-d irected  en try  ( Bassanino and Walker 
1986 ) . A syn tax-d irected  e d ito r  knows tl-i sy n ta c t ic  ru les  o f the language. 
To en ter a design , the main construct i s  se lec te d . As a r e s u l t ,  tha t 
construct appears on the screen , with placeholders fo r cond itiona ls and 
sta tem ents. S y n tac tica lly  inva lid  e n trie s  can thus not be made. Other 
commands e x is t to  en ter the conditionals and s ta tem ents, as w ell as to  update 
and modify e x is tin g  inform ation. At every s ta g e , the  constructs  are  indented 
to r e f le c t  th e ir  s tru c tu re .

5 .9 .13 . Batch Oriented Systems

A batch o rien ted  system is  p a rtic u la rly  amenable to  rigorous configura tion  
management, by c o n tro llin g  baselines , A p a r tic u la r  baseline  i s  defined , and 
p rin ted . A ll changes are  then indicated w ith reference  to  th is  version , vhich 
may be d is tr ib u te d  to a  number o f users. At a p a r t ic u la r  point In tim e, these 
changes can be consolidated in to  a new baseline.

A batch orien ted  system, by i t s  na ture , encourages d isc ip lin ed  changes - 
minimising the "design a t te rm inal1' syndrome. a

More soph istica ted  a dd itiona l output I s  a lso  po ss ib le . Line and page 
numbering, l in e -b y -lin e  c ross referencing , c a llin g  h ierarchy  tree  indexes, and 
segment and da ta  c ross references can more rea d ily  be produced.

F in ally , a  batch o rien ted  system i s  e as ie r  to  c o n s tru c t. System u t i l i t i e s



such as screen e d ito rs  can be used to prepare the source, reducing the  e f fo r t 
in  designing th is  c r i t i c a l  man-machine in te rfa ce . The a d d itio n a l e f f o r t  can 
be applied to the indexing and cross-referencing ,

•Attention given to compile e ff ic ien c y  would reduce the  turn-around time 
required.

5 ,9 .14 . In te ra c tiv e  Systems

As in te ra c tiv e  system allow s g re a te r  user f r ien d lin e ss , p a r tic u la r ly  fo r the 
novice or infrequent u se r. Syntax e rro rs  cannot be introduced. A menu system 
can prompt the choice of next construct to  be used. The use of so p h istica ted  
windowing techniques would allow the d ire c t use o f a b s trac tio n . A concurrent 
semantic analyser could r e la te  a tt r ib u te s  and allow viewing of a l l  symbolic 
references. C ertain  e rro r  types r e la tin g  to semantics could a lso  be 
determined - u n in it ia l iz e d  v a ria b le s , unused manifest constan ts.

The in te ra c tiv e  systems lend themselves to preparing quick so lu t io n s , and to 
presenting changes. This may lead  to  ra d ic a l ly  s h if tin g  base lines  and lack  of 
change con tro l. Also the ease of changes may produce unstab le  designs with 
high re s id u a l e rro rs . "Design a t  term inal" may be encouraged.

The ro le  o f  o rgan isa tiona l and s e l f  d is c ip lin e  must not be underestim ated.

An in te ra c tiv e  PDL system i s  described in  Bassanino and Walker ( 1986 ).

5 .10, The Value o f  Program Design Languages

Program design languages a re  e ffe c tiv e ly  the only design to o ls  th a t have 
achieved widespread Use and success ( 63% of companies in  a survey ) 
( Z elkovitz , Yeh, Hamlet, Cannon and B a s il!  1984 ) . In  f a c t ,  the use of the 
programming design language i s  the  f i r s t  choice £oi° a  design too l by the 
authors.

The use of program design languages as design too ls may provide b e n ef its  in  
the areas ofs-

- e a r ly  documentation 

• v i s ib i l i ty

- communication

■ e a r ly  e rro r  removal

- checking procedures

- front-end loading

- p roductiv ity

- reu sa b ility

These a reas a te  discussed in  more d e ta il .



5.11. Early Documentation

Documentation Is generally  regarded as low p r io r i ty ,  u n in te res tin g  and 
revard less work by designers ( Metzger 1973 >, Management is  generally  
concerned v lth  the high cost of good documentation. As m iles:ones are missed, 
the temptation to reduce, ignore o r de fe r documentation is  o ften  ir r e s is ta b le .

U nfortunatelyp Inadequate documentation in  terms of completeness, q u a lity  and 
tim eliness increases r isk  of a p ro jec t enormously. Many p ro jec ts  have been 
re-done or abandoned as a r e s u l t  of inadequate documentation.

Program design languages, w ith da ta  flow diagrams, allow  concise documentation 
Co be produced a t  le v  cost. Also til ls  documentation has d ire c t relevance to 
designer, manager and customer.

The use o f  a program design language thus d ire c tly  provides a kernel o f the 
docuraflhtation as a side-product.

5.12. V is ib i l i ty

Clear, indented, con tro l s tru c tu re s  i l l u s t r a t e  flov  of contro l.

The use of u n restric te d  - leng th  symbols a llo y  tig h t  coupling between the 
model and the system being modeled.

A bstrac tion and module siz e  lim ita tio n s  allow  the reduction of each modulfc’s 
complexity to where the designer, and o the r people, can e as ily  understand the 
opera tion of the modules.

The fa c t th a t the rs are  no "run-tim e" c o s ts  in  th is  form of design allow s the 
c lea re s t algorithm s to be used, and inform ation h iding can be used to 
extremes. During Implementation simple op tim isa tion  techniques can be applied 
where necessary [Shooman],

The machine generated c a llin g  hierarchy , and cross preferences a lso  show logic 
r e la tio n s  not normally v is ib le  during the  design process.

Program design languages are  a simple rou te  to providing v is i b i l i ty  a t low 

S.lSv Communication

Computer programming languages are  used fo r communication, The most 
d iscern ing  re c ip ie n t Is the compiler, A compiler i s  extremely In to le ra n t and 
has a very r e s t r ic te d  c ap a b ility , because of these f a c ts ,  a l l  e f fo r t is  made 
to communicate e ffec tiv e ly  in  terms of a compilers requirem ents. As a r e su l t,  
communication to o the r people and the designer i s  p rejudiced.

Program design languages are  a lso  used for communication, However, the 
p r io r i t ie s  are d if fe re n t.

The key audience I s  the designer. D esigner’s e ffic ien c y  and effec tiveness  is  
d ire c tly  re la te d  to the support tha t to o ls  provide, A program design language



i s  to le ra n t,  allow ing every p a rt defined in  the de.siRp 10 be documented v ith  
minimum e f f o r t .  The re su l ts  can be tightened as required The a lte rn a tio n s  of 
design d iv e rs if ic a tio n  and convergence i s  not r e s t r ic te d  h, the  language.

The v is ib le  format a lso  makes th is  document easy td  use for the designs?.

The next p r io r i ty  in  communication i s  to o ther people. Designs a re  e as ily  
made tran sparen t, to provide maximum access fo r design reviews and 
walkthroughs.

The lowest p r io r i ty  i s  communication to a computer. As no d ire c tly  executable 
code r e s u l ts ,  the designs need only be complete to  the  le v e l required to 
i l l u s t r a t e  the algorithm s. From th is  point o f view, program design languages 
can be regarded as Very High Level Languages,

The o r ien ta tio n  of program design languages i s  to  make the design p a rt of the 
so lu t io n , and no t o f the problem, t h i s  i s  achieved by the  h igh ly  v is ib le , 
simple form, which maximises communication.

5.14. Early E rror Removal

Through the a c t of preparing a design, and p a r tic u la r ly  by reviews and
walkthroughs, a number of lo g ic  e rro rs  are  found.

The indented format of con tro l s tru c tu re s , coupled with package d iagnostics 
show c o n tro l flow construct e rro rs .

The use of c a llin g  hierarchy tree s , and c a llin g  and da ta  c ross references , 
show the s tru c tu re  of the design, and i t s  degree of cohesion and coupling. 
C ertain types of e rro rs  can c lea rly  be seen - uncalled or "orphan" modules, 
modules c a lle d  where not expected, naming c lashes, sp e llin g  e rro rs  in  module 
o r  da ta  names, imbalanced h ie ra rch ie s , and un-used or once-only Used data

Many of these  e rro rs  are  not v is ib le  in  o the r types of design too ls .

F inally  the ease of continuing the  design process to  i t s  lo g ic a l conclusion of 
no remaining design decisions produces complete designs. The syndrome of "any
reasonable programmer should be able to  design th is  code" to fo re -sho rten  the
design process can read ily  be avoided.

The designs can be presented in  such a fo m  tha t customer, end u sers and 
consu ltan ts can v e rify  that im p lic it and e x p lic i t  requirements a re  met. This 
can be done a t any stage of the design refinement.

A ll thess fac to rs  allow ahd encourage the early  id e n tif ic a tio n  and removal of 
design e rro rs .  The e a r l ie r  removal o f e rro rs  reduces costs by an exponential 
r a te .  Confidence i s  high, leading to m otivation of s ta f f ,



5 .15 . Cheeking Procedures

Machine supported packages, v i th  a c e r ta in  le v el of fixed syntax allows 
s ta n d a rd isa tio n . n

S tandard isation  o£ format and approach re su l ts  in  reduction  of e r ro rs ,  and 
e a s ie r  coapreJiension. The deaJgns a re  read ily  checked fo r conformance by a 
cook-book check l i s t  ( Shooman 1983, Fagan 1976 ).

The c a llin g  h ierarchy  provides an opportunity  to  do system atic checking of 
design s tru c tu re .

Data indexes allow orthagonal da ta  flow checking, by fo rc in g  p a r tic u la r  data 
va lues, and verify in g  the opera tions of a l l  modules accessing these  data 
items. In  a  s im ila r  manner, in i t ia l i s a t io n  - before -  use can be checked for 
any li'v  i  o f module invocation.

These fac to rs  allow and encoure • temetic e rro r  checking procedures to  be
b u il t .  These w il l  maximise the e v  /eness o f review and walkthroughs.

5.15, Pront-end LoadIns

In  systems engineering, ty p ic a l ly  90% of life c y c le  cost Is committed w ith in  5 
X of the system design (  S parrlus, Symposium ) .  By evalua ting  a l te rn a te  forms 
o f design e a r ly , I t  I s  possib le  to vary the U :a l  system cost.

Program design languages allow  th is  evaluation v ith  do commitment to 
p a r t ic u la r  hardware or softw are. To d iscard  one approach fo r  another has le ss  
f in an c ia l and emotional costs.

The c ap a b ility  of refin in g  the design of processes to  any le v e l a llow s the 
explora tion  of a l l  c r i t i c a l  a re a s . I f  timing te s ta  are  necessary, they car be 
coded in  prototype form with l i t t l e  e f f o r t .

F in a lly , fron t-end  loading has value to  management by reducing perceived r is k , 
and inc reas ing  confidence.

5.17. P roduc tiv ity

Program design languages allow and support the use o f s tru c tu re d  techniques. 
The value  o f  stru c tu red  techniques has been mentioned above.

An encyclopedias assessment o f fac to rs  a ffec tin g  the cost ( and schedule ) of 
softw are i s  given by Boehm ( 1981 ).

A summary is  given of fac to rs  a ffec tin g  design, and design w ith program design 
languages in p a rtic u la r,



5.17 .1 . Modern Programming P ractices  E ffo r t M u ltip lie rs

Nomina. 

Very H gh

Very Low : »• m e  o f  m<le - - (.rogi'aimning p rac tic es
Low : vv:iiu ing , e x ^ r lm e n ta l use o f some

t.oderu programming prac tices  
Nominal : Raai-.mably experienced in  use of some

'■v'torn programming p rac tic es  
High ! •'perifincod in  most of

t.- t programming p rac tic es  
Very High i Routine 'j : v .k  a l l  modern programming

5 .17 .2 . Modern p rogtbW ug prac tices

Includes h ie ra rch ic a l

program design languages,

• Top-down increm ental development

- Design and code walkthroughs

- S tructured code

- Pfugran lib ra r ia n

Productiv ity  Ranges of  Ind iv idua l Techniques

Structured  programming 
Design and code inspections 
Top-down development 
Chief programmer teams



5 .17 .3 . Software Tools E ffo rt M u ltip lie rs

1,35
1,15 I':.

l Basic m icroprocessor-level tools 
( assembler, breakpoint monitor )

! M ini-level to o ls  ( compilers, 
macroassemblers, l ib ra ry  a id s , basic  
da ta  base a ids )

: M ulti-user opera ting  system, 
in te ra c tiv e  debuggers 

i V irtua l memory opera ting  systems, data 
ba'-e design a id s , simple program 
design language e tc . 

i Ada APSE le v e l tools

methodologies, and in  p a rtic u la r
tn design languages.

5.18. R eusab ility

A fundamental approach to reduce the cost o f  softw are development i s  the reuse 
of p rio r softw are. The reuse can be based on ob jec ts  ( l ib r a r ie s  ) ,  source 
{ source l ib r a r ie s  ) ,  design ( expressed in  program design language or o ther 
methods ) or documentation ( algorithm s d scribed by te x t ).

The use of a program design language to provide portab le  softw are is  
p a rtic u la rly  successfu l. The algorithm  i s  expressed in  a  concrete form, but 
coding e f f o r t  i s  r e la tiv e ly  t r i v i a l  ( Freeman 1983 ).

5 .18 .1 . Chief Programmer Teams

This o rgan isa tiona l s tru c tu re  i s  intended to minimise complex team in te rac tio n  
and maximise design re s u l ts .  A s in g le  "ch ief programmer" con tro ls  the whole 
p ro jec t, and implements a t le a s t  the major p a rts  him self, w ith the a id  o f a 
dedicated support team. ""he ch ief programmer is  intended to  be an extremely 
dedicated and competent person achieving ten to twenty times average output, 
Whilst th is  method has had tremendous successes, i t  has a lso  had tremendous



fa i lu re s .  R esu lts a re  very dependent on Ind iv idual performance, and have 
proved to be risky  ( Youtdon 1979 p 160; Baker 1977, Brooks 1975, Boehm

One member of the support team i s  the program lib r a r ia n . This ro le  has had 
success ou tside  th is  method and i s  discussed fu rth e r .

5 .18 .2 . Program L ibrarian

This position  has the re sp o n s ib ility  fo r configura tion  management of the 
p ro jec t. B aselines a re  defined, changes and updates a re  con tro lled , Backups 
a re  performed, and versions are  accepted, d is tr ib u te d  and archived, T ests are 
monitored and recorded, F in ally  a ss is ta n ce  may be provided w ith e n try  and 
documentation.

This function can read ily  be combined w ith any design methodologies and 
techniques. The re su l ts  a re  higher output by task sp e c ia lis a tio n ,
documentation con tro l, and r is k  reduction ( Yourdon 1979 p 175, Brooks 1975, 
Myers 1976 ) .

5 .18 .3 , Use of Program Design Languages w ith Data Flow Diagram

The ro le  o f da ta  flow diagrams is  to  provide a macro r e p r e s s .a t i o n  of 
ex ternal e n t i t ie s ,  processes, da ta  flows and data s to re s  ( Gane and Satson
1979 ).

Program design languages a re  p a r tic u la r ly  u se fu l to define behaviour of 
e x tern al e n t i t i e s  and processes, in  lo g ic a l form, and the data  s tru c tu re s  
a ssociated  w ith data  flows and da ta  s to re s .

The use of both data flow and program design using these methods is
p a r tic u la r ly  e ffe c tiv e . Both a g lobal overview and concrete d e ta il s  can be
represented ( Walker 1986 ),



6, COMPILER TECHNIQUES

5.1 . Introduction

6 .1 .1 . Compilers

A compiler is  a form of program tra n s la to r .  A tr a n s la to r  i s  i t s e l f  a program 
which tra n s la te s  from a source language to a ta rg e t language. The tr a n s la to r
i t s e l f  i s  w ritten  in  an implementation language. Various forms of tra n s la to rs

- Assemblers

- Compilers

- In te rp re te rs

An assem bler tra n s la te s  from assem bler mnemonics to machine code.

A compiler tra n s la te s  from a source language ( u sua lly  a  h igh -level language ) 
to a  ta rg e t language ( usually  machine code ).

An in te rp re te r  tran s la te s  from a  source language to  perform the operations 
required  d ire c tly .

A compiler i s  a  batch-mode program. The source i s  prepared and made availab le  
in  a ty p ic a l ly  in  a f i l e .  The compiler i s  invoked, reads the source, and 
produces a  l is t in g  and an ob ject f i l e  of ta rg e t language.

The l i s t i n g  f i l e  is  used to provide ob ject f i l e  inform ation, re la te d  to  the
source inform ation, with e rro r  messages, to  the user.

The ob jec t f i le  i s  used to run the program, and may be d ire c tly  executable.

6 .1 .2 . Relevance to  Program Design Languages

A program design language has two v is ib le  forms s input and ou tpu t. The input 
form can be regarded as a source language, and the output form can be regarded 
as a l is t in g .

The l i s t i n g  has many s im ila r i t ie s  to a  com piler’s l i s t in g .  Some compilers 
even provide s im ila r inden tation  and referencing  f a c i l i t i e s .  However, no 
ob jec t f i l e  is  produced,

The use of formal source d e fin i tio n s  i s  now standard p ra c tic e , They allow 
concise d e fin i tio n  of many of the aspects o f the language. These d e fin i tio n s  
can be used d ire c tly  to design the compiler,

Computer design theory is  v e i l  e stab lished  and documented. I t  i s  probably the 
most defined area  of softw are engineering. The c o nstructiona l aspects are 
a lso  rigorously defined, with the exception of d e ta iled  code construction  
which i s  dependant on the ta rg e t language’s p e c u lia r i t ie s .

The program design language input i s  s im ila r  to a source language to a



compiler, and the  program design language form atter I s  a  subset of a  compiler, 
and the l is t in g  i s  used to p resen t the form atted design.

6 .Z . Phases of a Compiler

The phases of a compiler a res-

- le x ic a l analy sis

- sy n ta c tic  analysis

-  semantic analy sis

- code generation

The le x ic a l an aly sis  phase reads the source f i l e  to  obtain a  sequence of 
tokens. A token i s  a un it o f Input, ty p ic a l ly  an id e n t i f ie r ,  a  number, an 
ope ra to r o r a reserved ward < such a s  "else"  >. These tokens a re  more e asily  
handled by the r e s t  of the compiler than I t s  charac ter form. The token type 
( id e n tif ie r ,  number, opera tor e tc . ) and value ( c harac ter s tr in g , number 
value, "add ition1’ ) a re  made a v a ila b le  to the r e s t  o f the  compiler.

The sy n tac tic  a n a ly s is  phase uses the tokens from the le x ic a l  analy sis  phase 
to  analyse the form of the Input. I t  recognises major p a rts  such as data 
s tru c tu re s ,  procedures and c o n stru cts . During I t s  ope ra tion  i t  checks v a lid ity  
of the  input, and builds In te rn a l tr e e  forms rep resen ting  the program's 
s tru c tu re .

The semantic a n aly sis  phase checks In te r re la tio n sh ip s  w ithin the program 
s tru c tu re .  For example I t  may cheek tha t a l l  procedures invoked a re  defined, 
th a t da ta  types a re  used co n s is te n tly , and th a t format and actual parameters 
match. Various p a r ts  of the  in te rn a l tree  forms a re  compared.

The code generation phase uaes the In te rn a l rep rese n ta tio n s to provide the 
ob jec t language output.

The l i s t in g  f i l e  i s  produced In part by a l l  of the  phases. Error messages can 
be generated as a r e s u l t  of each phase.

In a normal compiler optim isa tion  may be performed to reduce the ob ject code 
s iz e  and Increase i t s  execution speed. This would .pecur both on the in te rn a l 
rep resen ta tion  and the emle.

For the design language form atter the op tim isa tion  and code generation phases 
do not e x is t. The so le  output i s  a  l i s t in g  f i l e .

These phases may take place se quen tia lly , o r may be in te r lea v ed . One approach 
may be to have a syntax analyser, c a llin g  le x ic a l analyser fragments as 
requ ired , fo llovsd  b) a semantic analyser c a llin g  code generator fragments. 
This would be c la s s if ie d  as a two pass compiler.

A number of references are  given an com pilers. S a r tic u la r ly  u se fu l are  Aho 
and Ullman ( 1978 ) ,  Aho, Sethi and Ullme" ( 1966 ) , Bauei" and Blckel



( 1974 ) , Lewis, Rosenkvantz and Stearns 1976, and Rohl ( 1975 ) .

6 .3 . Poreail D efin itions

Programming languages were I n i t ia l ly  designed and defined in  an ad-hoc manner. 
The d e fin i tio n  was in  the form of English d e fin i tio n s  supplemented by examples 
of c o rrec t usage. Ambiguities, ommissions and e rro rs  were very common. In 
p rac tic e , the language standard was what the compiler would accept. The need 
fo r a rigorous formal language d e fin i tio n  method became c lea r.

Both mathematics and n a tu ra l language d e fin i tio n s  were stud ied  to  find 
so lu tions to th is  problem. The major breakthrough was the  ALGOL 60 d e fin i tio n  
by Naur e t  a l  ( 1960 ) ,  This used a simple re -w ritin g  method ( Backus Normal 
Form ) to de fine  syntax, This method used a  number of productions ( or 
ru les  ) .  Each production would ind ica te  how a higher le v el a b strac tion  
( non-term inals )  could be re -w ritten  in  terms of concrete characters
( term inals ) and non-term inals. This method allowed a t  le a s t  the basic  form
of a language to be defined abso lu te ly . Supplementary inform ation in  terms of 
semantics was provided in  English, and by examples. In  honour o f N aur's 
e f f o r t s ,  the method i s  now a lso  known as Backus Naur Form ( BNF ).

Further methods were evolved - Extended Backus N otation, Van Vijngaarden Forms 
( V-grammars ) , Production Systems, Vienna D efin ition  Language and A ttrib u te  
Grammars. A f u l l  d e fin i tio n  of a language and I t s  environment has a lso  been 
achieved - th is  i s  a  complete d e fin i tio n  of syntax, semantics and run-time 
behaviour ( Cleaveland and Uzgalis 1977 ).

The le v e l and type of formal d e fin i tio n  used is  s im ila r to  BNF. Host
references on compilers include a dd itiona l inform ation. However, complete 
references a re  Cleaveland and Uzgalis ( 1977 ) , Harcotty and Ledga.rd ( 1976 ), 
and McGettrlck ( 1980 ).

A s im ila r  approach to input d e fin i tio n  can a lso  be used for in te rn a l and 
output form rep resen ta tion .

6.4 . Parsing Techniques

Parsing i s  the a c t iv i ty  of transforming tokens in to  an in te rn a l rep resen ta tion  
and a symbol ta b le . I t  is  p a rt of the syntax an aly sis  phase.

Assuming thf." ex istence  of a  BNF type d e fin i tio n  of the language, the program 
may be recognised by two main approaches:-

- •. jp-down

- bottom-up

The top-down approach uses a sequence of goa ls , each goal represen ting  
term inals and non-term inals expected, The input i s  then scanned and a match 
i s  sought fo r te rm inals. The parse tree  is  thus b u i l t  fro  m the top and from 
the l e f t  as the input is  recognised. A ty p ica l grammar i t  LL(1 ) . This 
grammar allow s scanning from the l e f t  to r ig h t of the source, and recognised 
from the l e f t  using a sing le  symbol,



A gxammar i s  LL( 1 ) i f  a l l  productions fo r the same non-term inal are
se le c ta b le  by inspection  o f only the f i r s t  symbol. Host languages can have a 
grammar rew ritten  in to  th is  form. This form of grammar i s  p a rtic u la rly  
su ita b le  fo r hand coding with a recursive  descent compiler - Where the program 
has procedures whose bodies represen t the term inals and non-term inals of the 
grammar ( Bauer and Blckel 1974, Lewis, Rosenkrantz and Stearns 1976, Waite 
and Coos 1984, Aho, Sethi and Ullman 198$ ).

The bottom-up approach s ta r t s  w ith the input which i s  stacked u n ti l  a  s e t  of 
term inals and non-term inals on the s tack  a re  recognised. These a re  then 
replaced by the non-term inal rep resen ting  th a t production. This i s  continued 
u n t i l  only the most a b s trac t non-term inal remains on the stack , and the input 
f i l e  has been read . A ty p ic a l grammar i s  LR( 1 ) .  This grammar allows 
scanning from l e f t  to  r ig h t, recognises £r the r ig h t o f the s tack , a s s is te d  
by observing one symbol in  the input.

I t  can be shown th a t LR( 1 ) i s  a  more powerful grammar th a t inc ludes LL( 1 ) . 
However, although both grammars are  e a s ily  used for p ra c t ic a l  languages, 
LR( 1 ) i s  most su ita b le  fo r automated pa rse rs .

A w ealth of references e x is t on grammars, including sp e cia lise d  forms. Good 
references include Aho, Sethi and Ullman ( 1986 ) .  Lewis, Rosenkrantz and 
Stearns 1976, Bauer and Bickel ( 1974 ) ,  and Wai'' '3  ( 1984 ).

6 .5 , Representation

A parse tree  may be b u ilt -u p  as the synttu. a phase proceeds.
Concurrently a symbol tab le  may be b u il t .

The tr e e  is  a lln k e d - l ls t  rep resen ta tion , with nodes represen ting  
non-term inals and leaves rep resen ting  term inals. Various contents can be 
provided -  they may correspond d ire c tly  to the  grammar, o r may represen t only 
the  minimum stru c tu re s  for l a te r  use . In fac t a tree  need o ften  no t be 
generated e x p lic i tly  - the code may be em itted w hile the  analy sis  i s  being 
performed,

The symbol tab le  i s  used to  contain the information gained about symbols. I t  
includes the a c tu a l character s tr in g s , i t s  type and a t t r ib u te s ,  and may 
include Information about scope and u-age.

An extended form of rep resen ta tion  i s  a lso  possib le  - to annotate a parse tree  
w ith a l l  the information r e la tin g  to the symbol tab le , as w ell as o ther 
inform ation from semantic a n a ly s is . The cro ss-lin k in g  re su l ts  in  a  linked 
network. S truc tu re  re la te d  symbol searches are  possib le, and in  p a rtic u la r  
the  generation of 0
rec u rsio n -free  c a llin g  tree s  i s  possib le.

W hilst not re levan t to a program design language processor, the use of such 
" tree s"  as well as tr e e  walking algorithm s allows simple construction  of 
compilers with accu ra te  code generation,

The Use of such represen ta tions i s  covered in  Bornat ( 1979 ) ,  as w ell as 
genera l compiler te x ts .



6 .6 . Selection

In  th is  p a rtic u la r  p ro jec t issues of s tru c tu re d  design and programming are 
regarded a s  im portant. Good design p rac tic e  and compiler design p ra c tic e  are 
o b je c tiv es. The use o£ ta b le  d riven p a rse rs , and automatic parsers 
( compiler-com pilers ) was re je c ted  as not showing p ra c tic e s  app licab le  to 
general softw are engineering problems.

The recu rsive  descent pa rse r was chosen. I t  requ ires  a recursive
implementation language, with i t s  im p lic i t s tack  mechanism. Examples of 
compilers w ritte n  in  th is  method a re  given in  Walsh and HcKeag ( 1990 ) ,  B irth  
'( 1976 ) ,  and Z elkovltz, Shaw and Gannon ( 1979 ),



7. DESIGN OVERVIEW

,7.1. Introduction

7 .1 .1 . Purpose

This design overview is  intended to be used as a supplement to  the Program 
Design Language Processor User Manual and the Program Design Language 
l i s t in g s .

7 .1 .2 . Scope

The design document i s  intended to be read by a  reasonably s k il le d  programmer 
vho has used the Processor ex tensively . The main philosophy and stru c tu re  is  
defined in  s u f f ic ie n t d e ta i l  to allow e a s ie r  understanding of the design. 
F a m ilia r ity  w ith compiler design methods, formal grammars, BNP n o ta tion  and 
uae of recu rsive  procedures on l i s t s  w ill  a lso  a id  understanding.

7 .1 .3 . L is tin g s and References 

The design l is t in g s  are:

- the parser ( PDL - PARSER in  the f i l e  INITA.PDL, and re la te d  f i le s  
defined in  i t  )

-  the  form atter ( FORMATTER - LISTER in  the  f i l e  GBNIND.PDL, and re la te d  
f i l e s  defined in  i t  )

- the  parse tree  s tru c tu re  d e fin i tio n  ( PARSE - TREE in  the f i le  
TRBEDEF.PDL ) 0

- the interm ediate  f i l e  d e fin i tio n  ( PREPARED FILE FORMAT in  the f i le
Prepdef. pdl )

The program l is t in g s  are:

- the menu program ( in  the PDL.PAS f i l e  )

- the parser program ( INITA.PAS an:! re la te d  f i le s  defined In  i t  )

-  the form atter program ( GENIND.PAS and re la te d  programs defined in
i t  )

The references to the code are:
- W irth, N "Algorithms and data  s tru c tu re s"  P ren tice-H all, 1976 ( used 
for the balanced tree  code ).

- Jamsa, K; Nameroff, S "Turbo Pascal Programmers Library" Osbourne 
McGraw-Hill, 1986 ( used fo r the menu package in  the PDL.PAS program for 
the inform ation input ).

The sp e c if ic a tio n  for the input format and the outpv. l is t in g s  is  the User 
Manual i t s e l f .



7.2 . General Program Design

7 .2 .1 . In troduction

The processor c o n sis ts  of three programs:

- the f i r s t  program ( PDL.COM ) requests user Inform ation and executes 
the  second program.

- the second program ( IfiJTA.COM ) reads In the source , parses the 
source generating an in te rn a l tr e e , ou tputs an Interm ediate  f l lo  and 
executes the th ird  program.

- the th ird  program ( GBNIND.COM ) reads in  the in term ediate  f i l e  and 
ou tpu ts the formatted design.

7 .2 .2 . Design Approach

The design is  based on building a comprehensive e x p lic i t  parse  tr e e  in  memory, 
then in te rp re tin g  and augmenting the parse tr e e  and then reading the tree  in  
the  required order to  provide l i s t i n g  data.

The use of an e x p lic i t  parse tree  makes the program's ac tio n s  highly v is ib le  
and provides s tru c tu ra l  Information allow ing more d e ta iled  debugging, as well 
as a  possib le  in te rfa ce  to executable computer language generators.

The pa rse  tree  i s  in i t i a l l y  generated in  a s in g le  pass from the source. 
Further passes a re  made to augment the tr e e  with balanced b inary tre e s  of 
le x ic a l ly  ordered procedure and da ta  Indexes.

The te x t I s  fu lly  cross referenced using and augmenting the binary tree s .

The parse  tree  is  fu rth e r annotated by usage and c a llin g  re la t io n s ,  and lin e  
and page numbers.

No separate  symbol tab les are used - ra th e r  the tree  1 ' augmented by in te rn a l 
lin k s  and da ta . This allows the use o f  a rb i t ra ry  scope ru le s  as v e i l  as a 
backward and forward chaining of references.

The design i s  o rien ted  to be as simple as p ossib le  v ith in  the co n s tra in ts  of 
the problem’s complexity. Use is  made of recursion  in  many cases. This 
provides s im p lic ity  because of the c lose  match to the Inheren tly  recursive  
na tu re  of the input syntax. The recu rsive  procedures®are matched one-to-one by 
s im ila rly  recu rsive  data  s tru c tu re s .

Beyond the use of these recursive  techniques - vhleh a re  app licab le  to many 
design requirements - no e x p lic i t  Use i s  made of s p e c ia l is t  compiler 
construction  techniques. This approach is  s p e c if ic a lly  se lec ted  to i l l u s t r a te  
general design procedures making extensive use of a program design language 
package.

The f i r s t  s tage  in  the design was to define  the Program Design Language 
i t s e l f .  The language is  based on th a t defined by Caine and Gordon (  1975 ) and 
used by the author and h is  team, with enhancements Hi numerous areas including



:lng w ithin lin e s  ( thus including functions ) ,  the maximum size  
ivable, and the improved form atting by allow ing m ultiple

This was done by adding a  d e fa u lt syntax e n try  to  every s e t  o f valid  
a l te rn a tiv e s ,  and by id e n tify in g  a l l  re-synchronisa tion  tokens ( Aho and 
Ullman 1979 e tc . ) . This was s im p lified  by the l in e -b y -lin e  and form atting 
re la te d  syntax of the language.

a rse r  was w ritte n  to consume va lid  and in v a lid  inpu t. This input

a procedure c a llin g  fu rth e r  procedures r e la t in g  to  the next 
and each term inal i s  represented by a rou tine  to consume the

c o n sis ts
s tru c tu re
- fo r example page and lin e  numbers, where used and where defined lin k s  for 
eaU, procedure and each data  item, le x ic a lly  so rted  tre e s  o f procedures and 
data  item s, and design s t a t i s t i c s .

the lin k s  between them.

To allow tree  walks to be performed, each da ta  s t r u c tu re 's  type i s  defined, 
e i th e r  by e x p lic i t  tags, o r im p lic i tly  by i t s  lin k s  to higher le v el data



As input tex t Is read corresponding to a new s tru c tu re , the nev s tru c tu re  is  
c tea ted , in i t ia l is e d , linked to  the e x is tin g  s tru c tu re s  and f i l l e d  v lth  the

Once the i n i t i a l  parse tree  is  c reated  the input f i l e  is  no longer required. 
Various tree-w alks are  performed to provide a d d itio n a l da ta . Sach walk 
performs a separa te  function • no attem pt was made to  optim ise performance by 
comoning walks a t  the expense of confusing the design log ic .

The f in a l  parse tree  includes a network of ca lled  and c a llin g  procedures 
linked  together as v e i l  as a network of a l l  da ta  Item s. Page and lin e  numbers 
a lso  e x is t .  A ll the indexes can be read by simple tree  walks.

The interm ediate  f i l e  i s  generated from simple walks providing tab le  (if 
con ten ts ( sequen tia l walk of groups and segments ) ,  form atted and cross 
referenced te x t ( Sequential walks of groups, segments and te x t,  including the 
references to defined procedures and no ting  the ne stin g  le v e ls  ) , c a llin g  
tre e s  (  a  walk along the procedures used l in k s ,  but te rm inating on cycles ), 
procedure ami data  indexes ( using le x ic a l  walks, and then using the where 
used da ta  s tru c tu re s  in  sequence ) and s t a t i s t i c s .

The f in a l  l i s t i n g  form atter is  a  simple cosmetic rou tine  following the 
top-down form of the output l i s t i n g ,  reading the f i l e  to consume the input, 
and providing ASCII output fo r l is t in g .

The form atter has no s ig n ific an t data  s tru c tu re s . "

The in term ediate  f i l e  which i s  read has a unique id e n t i f ie r  fo r each l in e  or 
p a rt of a lin e  allow ing the form atter to in te rp re t the  input e as ily .

The form atter la  an inverted program - instead  of follow ing the Sequence of 
the  Interm ediate f i l e ,  i t  follow s the lo g ic a l sequence of the l i s t i n g ,  section  
by se c tio n , page by page, and item by item , consuming the  input in  so doing ( 
Jackson 1975 ) .

The form atter provides headers, fo o ters , t i t l e s  predefined form ats end the 
inden tation  - the  cosmetics o f the l is t in g .

7 ,2 .3 , Program S tructure

The program s tru c tu re  i s  tig h t ly  coupled to  the recu rsive  input syntax, A 
sin g le  procedure is  defined fo r each function . This r e su l ts  in  a recursive 
descent parser w ith no backtracking. Each production i s  matched by a data 
s tru c tu re  which i s  c reated and linked to the previous data  s tru c tu re s , 
Po in ters  are  ex tensively  used.

The "var" o r  reference  by address mode o f  parameter p a ssin - i s  extensively 
used. To add a  s tru c tu re  the following step s are  ty p ic a l:

- the procedure is  cu lled , passing the address of the lin k  area  of the 
previous s tru c tu re  ( in i t ia l i s e d  before to n i l  )

- the procedure determines whether a s tru c tu re  i s  to  be created
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- the procedure n i I n i t ia l i s e s  the n ri.th a l l  l in k s  s

- the procedure nov c a l ls  a l l  the n 
the address of the l in k  a reas  in  th 
procedure

- Note th a t recusion can be used with th is  method.

The "var" d e fin i tio n s  may not be omitted - th is  r e s u l ts  in  in c o rre c t lin k s , 
W c h  a re  ty p ic a l ly  only read in  a completely d if fe re n t p a rt o f the code. The 
code would then crash with no obvious cause. This must be c arefu lly  
desk-checked.

A ll Pascal procedures are  w ritte n  as non-nested procedures, unless
sp e c if ic a lly  necessary • such as the balanced tr e e  search and in se r t 
procedures where the life tim e s  of the temporary va riab le s  a re  con tro lled .

In order to f a c i l i t a te  i n i t i a l  debugging, each procedure i s  w ritte n  so tha t 
the f i r s t  executable .line w ill  l i s t  the p rocedure 's name. This fea tu re  can 
e a s ily  be removed o r  re - in s ta l le d  using g lobal e d its .

As f a t  as possib le  to ta l  c om patib ility  of PDL and code i s  maintained.

A ll the In d irec tly  recu rsive  procedures have the forward d e c la ra tio n s .

Use vas made of symbolic constan ts.

ted to minimise the e f f o r t  to  understand the

and the  dereferencing

Reed-ahead vas used to  ensure a new lin e  of te x t was always av a ila b le .

The philosophy of the PDL.PAS program was completely d if fe re n t to the other 
programs - i t  i s  based to ta l ly  on a published package th a t provides a system 
of prompts, read -in  f a c i l i t i e s ,  end temporary help lin e s .

The code fo r th is  program c o n sis ts  only of input to th is  package, v a lid ity  
checks on the paths and filenames given, the checking of program a v a i la b i l i ty ,  
and the generation o f  temporary command f i l e s ,  vftich a re  a l l  to ta l ly  MS-DOS 
sp e c if ic .



7 .2 .4 . Data Structures

A ll da ta  s tru c tu re s  are  dynamically generated using GetMem and SizeOf 
functions of Turbo Pascal, and are  e i th e r  e x p lic i tly  defined ( by headers ) or 
im p lic i tly  defined by content o r con tex t. No de -a llb catio n  of s tru c tu re s  is  
performed. The da ta  s tru c tu re s  are  given in  a BNF-like form in  the design 
l is t in g .

A ll fixed siz e  f ie ld s  a re  p a rt o f the nodes, but the v a ria b le  length s tr in g s  
are  separate  da ta  items pointed to bv the main s tru c tu re .

The main s tru c tu re  i s  a parse tr e e  formed from the linked consecutive groups 
in  order o f appearance v ith  an i n i t i a l  d e fa u lt, as using groups i s  o p tiona l in 

':.the language.

Bach group may have consecutive linked segments • procedure, da ta  d e fin i tio n  
or comment segments,

Bach segment c o n sis ts  of i t s  c o n stitu e n t linked p a rts  - the l i t e r a l  and data 
d e fin i tio n  segments are  simple sequences o f lin e s , w hile the procedure segment 
i s  a nested s e t  of sequence, se le c tio n  and ite ra t io n  blocks, w ith general 
s tr in g s , conditionals and comments.

The parse tree  a lso  has a  le x ic a l ly  ordered balanced tr e e  of procedures. This 
i s  c reated by adding lin k s to the e x is tin g  procedure s tru c tu re s .

A sim ila r tree  of da ta  items i s  c rea ted . As the data  items can be in  any 
positio n  w ithin the te x t l in e , the data  item i s  repeated in  e  s in g le  data  item 
node and s tr in g  s e t.

A se t  of "where used" and "procedures used" lin k s i s  generated fo r the cross 
references . These consis t of simple nodes.

Line and page number e n trie s  and lin k s are  a lso  provided.

7 .2 .5 . Implementation Requirements

A f u l l  parse tree  is  generated dynamically. This requ ires  su f fic ie n t memory. 
P o in ter opera tions are  a lso  requ ired . Only a lim ited  amount of s t a t i c  data 
sto rage  i s  required.

A n a tu ra l pass o rien ted  breakdown i s  defined. This encourages the use of 
chained program fragments so no sp e c ia l requirements e x is t on code s iz e  ( 
to ta l  code s iz e  was already pred ic ted  to be well over the lim it of 64K bytes 
o f some compilers ).

A ll f i l e  read and w rite  opera tions are  purely se q u en tia l, requ iring  no 
sp e c ia l opera tions.

Finally  the recursive  nature of the design requires an implementation language 
with e f f ic ie n t  and convenient f a c i l i t i e s  fo r recursion and stack-based lo c al 
v a ria b le s .



This support appears to be f t 
PC or compatible as code l i t  
pare, r e la tiv e ly  small data e 
fo r dynamically generated 
require  a f u l l  complement of

i s  av ailab le  
i t s e l f  would



7.3 . D etailed  Description

The d e ta ile d  design i s  i l l u s tr a te d  by examples taken from the f u l l  design 
l i s t in g s .  They are  s im plified  ac tua l te x t from the  design. Some form atting 
changes had to be made to allow the examples to  f i t  the width of the paper, A 
fu u ll d e scrip tio n  i s  given in  the procdures in  the  f u l l  l is t in g .  Many have 
been removed here because they would dup lica te  the te x t,  and also because of 
d ifferences In the pap tt v id th  would req u ire  changing th e ir  contents. Certain 
•of the concepts requ ire  p rio r understanding of the language and i t s  processor, 
ob ta inab le  from the User Manual.

7 .3 .1 . Parse Tree D escription

The parse  tree  c o n sis ts  o f a number of da ta  s tru c tu re s  which are  a l l  s im ila r 
in  concept. Some main s tru c tu re s  are  given to  i l l u s t r a t e  the methods used.

Parse tree

The top le v e l s tru c tu re  is :

IB 1 PAitSE_TRBB

15B 138 . PROCBDURBJEGMENI TREE
16A HO . DEFINITION TREE
16B 142 . STATISTICS™

Items 2 to  9 re la te  to headings.

From i t e a  13 a l l  groups are  linked .

Item 138 i s  a  po in te r  to the balanced tr e e  of a l l  procedures. I t  points to  the 
s ta r t  of the "middle" procedure. The l e f t  and r ig h t po in te rs  should then be 
followed to any o the r procedure.

Sim ilarly  item 140 points to the "middle" data  item node.

Item 342 i s  the summary of the s t a t i s t i c s  p rin ted  a t  the end of the designs.

The parse tree  is  il lu s tr a te d  below by the a c tu a l design en try ,

Note the conventions used for the  po inetrs and the data  a reas . The c a llin g  
tree  only references the data  areas.

13 ! GROUP,

2 . TITLB 
5 , REVISION,



.This i s  the top le v e l node fo r the e n tire  
design.The main pa rts

.top  le v e l parameters
(TITLE_,REVISION_,TIME_ and DATE_)

The parse the Pascal type defin itio n !



The group s tru c tu re  c o n s is ts  of 
page number ( whole number only, po in te r to  the t i t l e ,  and

The group d e fin i tio n  from the design i s  given below.

...T h e  node gives the  f irs t. PAGB_ and TITLB_

This i s  the corresponding Pascal type d e fin itio n :

The node gives the f i r s t  PAGE_, and the 
and a l l  the le x ic a lly  ordered SEGMENT̂

PULL_PACB

.DEFINITION,

These a re  a l l  the types of segments, Only the procedure segment 
fu rth e r . Below the design en try  is  given.



. . .A l l  types of SBGMBNT_’s .

be of the following: types.1

PROCBDURB_ , 
DATA_DEFINITION ,

SBGHBNT_ (

B_SBGHBNT (

Item 19 po in ts  to the next segment In sequence.

Item  20 i s  the  page and the pavt o f the page where the procedure i s  p rin ted .

The h ighest l in e  number i s  tha t of the f in a l  l in e  in  th is  procedure. I t  is  
used 10 determine i f  th is  ptoceedure can s t i l l  f i t  on the  cu rren t page,

The segment type Is llFROCEDURE_SBQMBNT11.



Items 23, 24 and 25 r e la te  to the  balanced binary tree  of the procedures. The
f i r s t  po in ts  to the "middle" procedure to tl • l e f t  o f the curren t, and the 
o ther to the r ig h t .  A d e p th -f ir s t ,  l e f t  to r ig h t walk w ill  produce a l l  the 
procedures in  le x ic a l order. The balance I s  used to  in d ica te  whether th is  node 
has a longer tree  on the l e f t  o r r ig h t o r whether i t  i s  balanced.

Item s 26, 27 and 28 are  In  the t i t l e  o f the procedure d e fin i tio n .

Item 33 is  the positio n  in  the c a llin g  tree  ( i . e .  the LINE_NUMBBR_IH_TRBB

PROCEDURE 
LEFT PROCE 
RIGHT PROC 
BALANCE

SDURB NAME POINTER »  
OTKff POINTER »  PARA)' 
OF LINE POINTER »  RE 

I USED POINTER »  VHEE

..LAST HHERE USED POINTER 
LINBJJUMBER IN TREE 
PROCEDURE USED POINTER »  PROCEDURE

CONSTRUCTJ'OINTER »  CONSTRUCT,



The Pascal equivalent i i :

E_PART__TYPE T

sbsment' tvpe-
LBFr_PROCEP!JRE_POINTER SEGHENT"POIOT,ER TYPE; 

SEGMENTjOI»TER“TVPE;

PARAMETER-POINTER 
REST OF 'J » 3  TC1OT2R 
WHERE USED POINTER

CONSTRUCT_POINTBR

COHHENT_CONSTRUCT

c o n s tcu t ts . Belov the design e n tiy  i s  given. Only

A ll types of COHStRUCTJ $ •



CASB_CONSTRUCT

. IF_COHSTRUCT 

. . CONSTRUCT ( 38 )

. . CONSTRUCT TYPE ( 41 )

. . CONDITIONAL

. . CONSTRUCT ( 38 )
, . SLSEIF
. . LINE_NUMBBR ( 32 )
. . ELSE LINE STRING
. , CONSTRUCT] ( 38 )
. . LINE NUMBER ( 32 )
, . ENDIP_LINB_STRING

Item 45 po in ts  to the  next construct of th is  procedure.

Item 46 i s  s e t  to IF.CONSTRUCT.

Item 47 i s  a  po in te r  to the cond itiona l associa ted  v lth  the i f .

Item 52 i s  the "then" construct po in te r.

I tem  53 i s  the po in te r to the op tiona l e l s e i f .

Item 58 i s  th -.- op tiona l e lse  lin e  - which must not have a  fu rth e r  s tr in g , but
i f  one e x is ts ,  an e rro r  message is  appended.

Item 59 l in k s  to the  ac tua l constructs  o f the e ls e ,  and item 57 i s  the lin e  
number of the e lse .

Items 60 and 61 a re  fo r the endif l in e .  This l in e  must e x is t ,  and must have no 
fu rth e r  te x t. I f  i t  does not e x is t ,  one i s  generated, and an e rro r message 
given. I f  fu rth e r  tex t e x is ts , i t  is  followed by an e rro r  message,

The i f  desigr. i s  i l l u s tr a te d  below.

IF.CONSTRUCT

7C P 8 CONSTRUCVOINTBR >, „0NSTRUCT_
8A P 9 IF C6NSTRUCTTYPE »  CONSTRUCT TYPE
80 P 10 CONDITIONAL POINTER »  CONDITIONAL,
7C P 11 THEN CONSTRUCT POINTER »  CONSTRUCT,
9B P 12 ELSEIF P0INTER~» ELSEIF
6F P 13 ELSE LINE HUMBER »  LINE NUMBER
9C P 14 BLSE~LINE~STRING P0INTER~» ELSE LINE STRING
7C P 15 SLSB_CONSTRUCT POINTER »  CONSTRUCT “
6P P 16 ENDIF_LINE NUMBER »  LINE NUMBER “
9D P 17 ENDIF_LINE“STSING_POINTER~» ENDIF_LIN.>_STRING

The Pascal i f  type d e fin i tio n  is :



•. coN sm u C T .m tm & m is ;

i CONSTRUCT POINTER TYPE ; 
i ELSEIF_POINTBR TYPE I 
t LINS NUMBER j “
! STRING POINTER_TypE ;
: CONSTRUCT POINTER TYPE ; 
l UHB ;
: STRlffc P6IKTBR_TYPB

BLSB~COHSTR'.JCr_POINTBR
atOlV'_I1INE_NUHB®

. COtiDinoHAL ( 
, LINE NUMBER- (
. PROCEDURE USED

The conditional ( < 
conditional ( i . e .  
Vhich i t  i s  to be i 
po in te r to  tha  a tu

, "expression" in  EbscrI  ) in  item  48 po in ts  to the neJ 
m ultiple lii ie  cond itiona l ) ,  followed by the l in e  c 

id, a  po in te r to which procedure i s  used, i f  any, and

ACTUAL_STRING_j?0INTER »  ACTUAL_STEING

PROCEDURE USED_POINTEP 
ACTUAL_STRING_POI»TSR SlRlNG_5DIiW3R~TYPE



9C 53 . . .  . 2ISRXF
9C 5 4 ..........................ELSBIP ( 53 )
9A 5 5 ..........................CONDITIONAL ( 47 )
7D 5 6 .........................CONSTBUCT_ ( 38 )

S im ilar to the cond itiona l above, item 54 po in ts to  the next e l s e i f ,  i f  any, 
the a ssociated  cond itiona l, and the f i r s t  construct.

The e ls e i f  design en try  i s  given below.

P 1 . . .T h is  node i s  linked to each successive
BLSEIP_ In  le x ic a l order 

P 2 . . . I t  is  pa rt of the IF CONSTRUCT.
9B P 3 ELSEIF POINTER »  BLSBIF_
8D P 4 CONDITIONAL POINTER »  C0NDITI0NAL_
7C P 5 f'ONS?RUCT_POINTER »  CONSTRUCT..

The Pascal is :

BLS8IP_ =

ELSEIF POINTER : ELSEIF POINTER TYPE ;
CONDrriONAL_POINTER : CONDITIONAL POINTER TYPE ;
C0NSTRUCT_POINTER : CONSTRUCT_POINTER_TYPE ;

A f u l l  parse tr e e  d e fin i tio n  i s  given in  the l is t in g .

Data s tru c tu re s  which do not re la te  d ire c tly  to  the  input syn tax  but r a th e r  to 
the l i s t in g  requirements are:

WHERE_USBD ( used fo r cross referencing  )
PR0CEDUKE_U8SD ( used fo r c a llin g  tree s  )
DEPINITION_ ( used for e x p lic i t  and im p lic it d a ta  d e f in i tio n s  )

Thf in te rn a l da ta  s tru c tu re  i s  a complete s y n ta c t ic a lly  c o rrec t s tru c tu re  - 
a l l  input e rro rs  a re  ad justed to provide f u l l  s t ru c tu re s .  For example a 
missing "BNDIF" in  the input is  remedied.

7 .3 .2 . Input D efin ition

The input syntax is  fu lly  defined in  the User Manual, both in BNP and by 
descrip tions and examples of th e ir  use,

Some examples a re :



ntaim a»wimnny»yw

I
■ l

17a ) { tex t ) :

27 ) 

29a )

.  ( comment segment )
( procedure segment ) 
(  da ta  seffsrent )
( jroup )

( procedure segment )

%P ( procedure lin e  ) [(  procedure body )] 

( procedure body ) : :»  ( constructs  )

30a ) ( construct ) :

32 )

33 ) 

37 )

i ( comment construct )
( i f  construct )
( w hile construct )
( u n t i l  construct )
( case construct )
( block construct )
( procedure construct )
( general s t r in g  construct )

( i f  construct ) < i f  l in e  )(  i f  body ) (  endif l in e  )

< i f  l in e  ) : i -  IP ( cond itiona l l in e  )

b )

41 )

42 )

43 )

( then p a rt ) ::=  ( c onstructs  )

( e ls e i f  p a rts  ) :

( e l s e i f  part ) ( e l s e i f  l in e  )[< constructs )J

( e l s e i f  l in e  ) :i=  ELSEIF ( cond itiona l lin e  )

( e lse  p a rt ) s:= ( e lse  l in e  ) [(  constructs  )]

( e lse  l in e  ) ELSE ( end of lin e  )

( end if lin e  ) : i -  ENDIF ( end of l in e  )

< 1
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The s im p lified  c a llin g  tree  gives a p ic tu re  of the  whole system.

I



51C 472 . . .  . CROSS REFERENCE GROUP ( 406 )
6IB 473 . . GENERATE LINE AND PAGE NUMBERS
71B 522 . PREPARE LISTING
71C 523 . . PREPARE FRONTPAGE
72E 528 . . PREPARE TABLB_OF CONTENTS
740 536 . . PREPARE TEXT
740 537 . .  . PREPARE GROUP
75A 536 . . .  . PREPARE SEGMENT
756 538.... .........................  ^2?ARE PROCEDURE SEGMENT
83A 587 . . PREPARE CALLING TREE
660 606 . . PREPARE PROCEDUREJENDEX
87C 613 . . PREPARE DATA INDEX
88B 618 . . PREPARE LAST~PAGB

The design belov i s  of the to ta l  system. Note th a t generate  l i s t in g  procedure 
has no reference  - i t  i s  p a rtitio n e d  in to  another design document.

FORMATTER

3A P 8 Generate PARSEJTRBB
71B P 9 Prepare lis t in g

P 10 Generate l i s t in g

This i s  the procedure tha t c re a te s  the f u l l  parse tree .

GENERATE PARSB_TRBE

38 P 10 Generate i n i t i a l  PARSE TREE °
37B P 11 Generate PROCBDURB_SBGHENT_TREB
44B P 12 Generate e x p lic i tly  defined DBFINITION_TRBE
51B P 13 Cross reference
61B P 14 Generate lin e  and page numbers

The a c tu a l Pascal i s  given belov. Note th a t a dd itiona l debugging d iagnostics 
vere added, and re ta ined  afterw ards to provide user feedback - one of the few 
User Manual changes in  the development.:

Procedure GeneratePARSB_TRBE ;

{XVriteLn( 'GeneratePARSEJTREB’ ) ; J

VriteLn( 'Reading in  te x t from f i l e  - note d isc  a cc esse s .' ) ;
GenerateInitialPARSE_TRBE ;
VriteLn( 'Checking te x t fo r a l l  procedure segm ents.’ ) ;
GeneratePROCEDURB SEGMENT TREE ;
WriteLn(

'Scanning the  tex t fo r the e x p lic i tly  defined da ta  ite m s .’ > ;
GenerateBxplicitlyDefinedDEFlNITION TREE ;
VriteLn(



’C ross-referencing a l l  procedure Invocations and data  usages.' 

CrossReference ;
V rlteLn( 'L ine and page numbers added .1 ) ; 
GeneratellneAndPageNumbers

The t i l e s  associated  with the pa rse r design a re  given below.

INITA FILE

This p a rt of the  design i s  in  f i l e  INITA.PDL.

The f u l l  s e t  i f  f i l e s  fo r the PARSER a re :

INITEXT PDL
INITC PDL
PROTREE PDL
BXPDTREB PDL

NUMBERS PDL
PRBPROC PDL
PREREST PDL

This l i s t in g  should be used in  conjunction
with those of

TRBBDEF.PDL ( parse tr e e  d e fin i tio n  ),
PREPDBF.PDL ( prepared f i l e  d e fin i tio n  ) , and
GENIND.PDL ( fo rm atter design >.

An overview of th is  design can be obtained by
examining the

c a llin g  tree .

Generate I n i t i a l  Parse Tree

This is  a  recu rsive  descent pure tree  generator. I t  provides the c rea tion  and 
in i t ia l i s a t io n  of most nodes. The input te x t i s  sto red  d ire c tly  ( re ta in in g  
upper and lover cases ) , but with w hite space removed,

A pa rt of the design is  examined in  more d e ta i l .  The parse te x t block 
procedure consumes the a c tu a l design source, I t  f i r s t  c re a te s  a de fau lt group 
( groups a re  op tional in  the language ) ,  then c a l ls  a procedure to look for 
a l l  consecutive segments, and f in a l ly  looks fo r a l l  subsequent groups.



PARSE TBXT BLOCK

p 1 . . . I n i t i a l  d e fa u lt GROUP_ - w il l  be l e f t  empty 
i f  iollowed d ir e c t ly  by a group 

12C P 2 Create GROUPJGROUP POINTER)
13A P 3 Parse SEGMENT (SBGMENT_POINTER)
35A P 4 Parse GROUP_(GROUP_POINTER)

The corresponding Pascal i s i

Procedure ParseTextBlock ;

(XUriteLn( ’ParseTextBlock' ) ; }

This i s  the  resin parsing  procedure -  GROUP 's  and 
 ̂ SEGMENT,'s a re  parsed.

w ith PARSB_TRBB_POINTBR* do

I n i t i a l  de fau lt Gr lUP_ - w ill  be l e f t  empty i f  
followed d ire c tly  by a group.

CreateGROUP ( GROUP POINTER ) ;
ParseSBGMENTJ GROUP_POINTBR*. SBGMENT_POINg,ER ) | 
ParseGROUP_( GROUP̂ POINTER’' . GROt)P_POINTBR )

This i s  a ty p ic a l c rea te  rou tine :

CREATE GROUPJATTACHMENTJ’OINTER)

4B P 1 Set ATTACHMENT_POINTER to
Allocate space(Si ze(GR0UP_))

P 2 Sei GROUP POINTER to NULL
P 3 Set FULL PAGE to  0
P 4 Set GROUP_TITLE_POINTER to NULL_STRING_POINTER
P 5 Set SEGMENT POINTER to  HULL



The Pascal equ ivalen t is :

Procedure CreateGROUP ( var AmcHHENT_POINTER :
GROUP_POINTBR_TYPE ) ,

{XVriteLn( 'CreateGROUP_' ) ; }

GetMem( ATTACHMENT POINTER , SlzeOf< ATTACHMENT POINTER" ) ) ;
V ith  ATTACHMKNT_POiNTER" do

GROUP_POINTER :» n i l  ;
PULL_PAGE 0 i
GROUP TITLE POINTER := NULL STRING POINTER |
SEGMENT,POINTER n i l

T his ro u tin e  looks fo r a segment. I t  does th is  by recognising  the  va lid  
segment s t a r t s ,  processing the segments, handling the e rro rs  or by retu rn in g
i f  the  next group or end of te x t i s  found.

PAUSE SEGMENT.(ATTACHHBNT_POINTER)

P 1 . . .P a r s e s  a l l  SEGMENT/s in  a GR0UP_.
P 2 ...E ach  rou tine  r ec u rs iv e ly  c a l l s  th is  ro u tin e .
F 3 ...N o te  th a t f a u lty  te x t is  converted

in to  LITBRAL_SBGNENT’s . 0 
50 P 4 Remove blank l in e s
GAP 5 i f  Symbol(KP)

13B P 6 Parse PROCEDURE_SEGMBRT t a i l
6A P 7 e ls e i f  Symbol(XD)

28B P 8 Parse DATA_DEPINITION_SEGMENT t a i l
6A P 9 e ls e i f  Syrabol(XC)

33A P 10 Parse LITERAL_SBGMENT t a i l
6A P 11 e ls e i f  not Symbol(XG)
6A P 12 i f  Symbol<%)
70 P 13 Accept symbol

34B P 14 Parse Assumed LITERAL SEGMENT
6A P 15 e ls e i f  not Symbol(E0F_)

340 P 16 Parse U nidentified  segment

P IB ...G roup found - no ac tion
P 19 eiidif

P 21 . . .n o  SEGMENT_ found, - no ac tion
P 22 endif

Here a procedure has been found. The procedure l in e  i s  handled ( ihc lud lng  
e rro rs  ) , the constructs  a re  parsed , and the segment parse rou tine  is  
rec u rs iv e ly  c a lle d .



PARSE PROCEDURE_SBGNENT TAIL

P 1 . . .Expect a  PROCEDURE NAME followed by
p ossib le  CONSTRUCT_'s.

P 2 ...m ove over the "XP".
70 P 3 Accept symbol

UA P 4 C reate PROCEDURE SEGHENT(ATTACHHENT_POIKTSR)
5D P 5 i f  REST OF LINE Blank
7C P 6 Adcept~REST_OF_LINE
5A P 7 Set PROCEDUB2_NAHB_POINTER to

A llocate  s tr in g  
(*** H issing PROCEDURE SEGMENT NAME)

P 8 Locate PARSEJFREE
P 9 Increment ERROR COUNT

MB P 10 Parse CONSTRUCT~(CONSTRUCT_POINTER)

26B P 12 T ransfer PROCEDURE LINE
148 P 13 Parse CONSTRUCT_(CONSTRUCT_POINTER)

P 14 endif
13A P 15 Parse SEGHBNT_(SBGHENT_POINTER)

Here a l l  co n s tru c ts  a re  recognised,

PARSE COHSTRUCTJATTACHHEOT_PCINTER)

P 1 ...E ac h  ro u tin e  rec u rsiv ely  c a l ls  th is
ro u tin e  to  parse 

P 2 . . . a l l  CONSTRUCTJs in  th is  SEGMENT,.
SC P 3 Remove blank lin e s
6B P 4 i f  Part Symbol(. . . )

140 P 5 Parse C0MHENT_CONSTRUCT t a i l
6A P 6 e l s e i f  Symbol(IF)"

15B P 7 Parse I f t a i l
6A P 8 e l s e i f  Syaibol(WMLB)

18C P 9 Parse H h ile ta i l
CA P 10 e ls e i f  Symbol(RBPEAT)

19C P 11 Parse R epea tta il
6A P 12 e ls e i f  Symbol(CASE)

20C P 13 Parse C a se ta il
6A P 14 e ls f tif  Symbol(BEGIN)

23A P 15 Parse B eg ln ta il
24B P 16 e l s e i f  not CONSTRUCT, follow er
24C P 17 Parse GBNERAL_STRING_CONSTRUCT

P 19 . . .n o  CONSTRUCT, found - no ac tion
P 20 endif

This i s  a  ty p ic a l construct parse  ro u tin e . A separa te  procedure e x is ts  fo r 
each p a rt of the c o n stru c t.



F in a lly  i t  c a l ls  the parse  construct rou tine  rec u rs iv e ly .

7D P 2 Accept symbol
ISC P 3 Create IF CONSTRUCT(ATTACHMENT POINTER)
16A P 4 Parse CONDITIONAL (CONDITIONAL POINTER)
14B P 5 Parse CONSTRUCT_(THEN COMSTRUCT_POINTER) 
17A P 6 Parse BLSEIF (ELSEIF POINTER)
17C P 7 Parse ELSB_
ISA P 8 Parse ENDIF
148 P 9 Parse CONSTRUCT_(CONSTRUCT_POINTER)

The Pascal i s  given belov.

Procedure P a r s e l£ ta i l (  var ATTACHMENT POINTER : 
CONSTRUCT_POINTBR_TYPE ) ;

[XUviteLn( - P a r s e l f ta i l ' ) ; )

}

AeceptSymbol ;
C reate lP  CONSTRUCT* ATTACHMENT POINTER ) ; 
w ith  ATTACHHBNT_POINTBRMF_ do

ParseCONDITIONAL ( CONDITIONAL POINTER ) ;
ParseCONSTRUCT ("THEN CONSTRUCT_POINTBR ) ;
PatseELSEIP_( BLSEIF POINTER ) ;
ParseELSE ( ATTACHMENT POINTER ) ;
ParseBNDIP ( ATTACHMEN?_POIWfBR ) j 
ParseCONSTRUCT_( CONSTRUCT_POINTER )

Here a cond itio na l i s  parsed. Note the e rro r  m essageocreation. 

PARSE CONDITIONAL^ATTACHHBN?_POINTBR)

P 1 . . .T h is  parses m u ltip le  CONDITIONAL'S by
recu rsive  c a l ls  from 

P 2 . . .E n te r  ACTUAL STRING.
16B P 3 C reate CONDITIONAL (ATTACHMENT POINTER)
5D P 4 i f  REST OF LINE blank
5A P 5 Set~ACTUAL STRING POINTER to

A llocate  String**** No CONDITIONAL FOUND)



7C P 6 Accept REST OF LINE
P 7 Locate PARSE TREE
P 8 Incitement BB50R_C0UNT

ICC P 10 Enter ACTUAL_STRING
P 11 endlf

Note hov the op tional e ls e  I s  handled.

PARSE ELSEIF_(ATTACHHENT_POINTER)

P 1 . . .O p tio n a l CONSTRUCT,.
SAP 2 I f  Symbol(ELSBIF)

17B P 3 Create BLSEIF_(ATTACRM2NT_P0INTER)
7D P 4 Accept symbol

ISA P 5 Parse CONDITIONAL_(CONDITIONAL_POINTER)
14B P 6 Parse CONSTRUCT (CONSTRUCT POINTER)
17A P 7 Parse BLSBIP_'BLSBIF_POINTBR)

P 8 end lf

This i s  a fu l ly  recu rsive  ro u tin e .

PARSE GROUP_(ATTACflMBNT_POINTBR)

1 . . . A tteep t to  find  as many GROUP_'s as p ossib le .
2 Remove blank lin e s
3 i f  Symbol(XG)
4 Accept symbol
5 Create GROUP_(ATTACHMENT POINTER)
6 i f  REST OF LINE blank
7 Set“CROUP TITLB_POINTER to

A llocate  s tr ing (***  H issing GROUP TITLE)
7C P 8 Accept REST 0F_LIN8

P 9 Locate PARSE TREE
P 10 Increment BRROR_COUNT

10A P 12 T ransfer RBST_OF_UNE to(GROUP_TITLE)
P 13 endlf

13A P 14 Parse  SEGMENT (SEGMENT POINTER) »
35A P 15 Parse  GROUP_(GROUP_POINTER)

P 16 e lse
P 17 . . .n o  GROUP found -  re tu rn  from Parse GROUP
P IB endlf

7 .3 .5 . Generate Procedure Segment Tree

The procedures re la te d  to th is  tree  provide a group by group, segment 
segment valk  while c re a tin g  lin k s  of a le x ic a l ly  ordered tre e ,



Is based on an algorithm  by W irth ( 1976 ).
trea te d , I f  the c re a tio n  r e s u l ts  in  one path 
longer than o the r pa th s , the  tr e e  is  

f in a l tree  w ith a l l  paths w ith in  two nodes of
le n g th . This im plies a fu tu re  see 
number of procedures defined , w hilst

lesign d e f in i tio n  i s  given below for the search 
i s  a complex s e t  o f ro u tin es ),

in s e r t  procedure (

1CHHBNT- P0INTER,HEIGHT_CH#

)sed by N W irth in  "Algoril 
S tru c tu res  = Programs".

11 treatm ent i s  given in  tl 
book. M odifications a re  mi

ry search  fo r positio n  - nt 
o rder log (n ).

l e f t

E x p lic itly  Defined Data

cmed, as fo r the procedut 
se. This i s  performed as

a l l  e x p lic i t ly  defined data



7 .3 .7 .  Cross Reference

A f u l l  walk I s  performed, f i r s t  attem pting a longest s t r in g  match to 
p rocedures, then to a lready  defined  da ta  i t -  nev da ta  items or non-match 
tokens, These matches are  performed on a l l  „ tio n a ls ,  procedure l in e s  and 
general s t r in g s  a t each token boundary.

Each nev da ta  item d e fin i tio n  i s  added.

Cross reference  link ing  i s  done concurren tly , adding UHERE_USED and
PROCEDURE__tlSED nodes as required .

This ro u tin e  i s  tim e - c r i t ic a l  fo r  the procedures as m u ltip le  maximal s tr in g  
matches a re  performed. Look-up in  the  tre e s  i s  optim ised by  the  use o f  s t r in g

The main ro u tin es are  given below.

CROSS REFGRENCS

P 1 ...C heck  for invocations of
PR0CBDURB_SEGM8NT’S, Im p lic it 

P 2 , , .DEFINITION'S and DATA_ITBH usage.
P 3 . . . S t a r t  search  w ith each GR0UP_.
P A Locate PARSE TREE

51C P 5 Cross reference  GR0UP_(GR0UP_P0INTER)

T his i s  the procedure th a t c ro ss  references the segments w ith in  a group, and 
then the next group rec u rs iv e ly . Note the ty p ic a l tree  walk /  l i s t  processing , 
rec u rsiv e  s t.-uc tu re  w ith a term ination  check.

CROSS REFERENCE GROUP_(ATTACHHENT_POINTER)

P 1 ...S e a rc h  each SEGMENT,.
P 2 i f  ATTACHHENT.POINTBR i s  NULL_
P 3 . . . r e tu r n  - l a s t  GR0UP_ c ross referenced
P A e ls e  o
P 5 Locate GROUP a t ATTACHHENT_POINTER

52A P 6 Cross reference  SEGHBNT_(SEGHENT_POINTER)
51C P 7 Cross reference  GROUPJGROUFJOINTER)

Note the s im ila r i ty  to the  above procedure.



SEGMBNT_(AT’fACHMENT_POINTER)

procedure l in e  i s  checked.

rj-OINTBR)



CROSS REFERENCE CONSTRUCT_(ATTACHMENT_POINTER)

P 1 ...S e a rc h  through a l l  CONSTRUCT̂ ’e type by type.
P 2 I f  ATTACHHBNT_POINIBR i s  NULL. 0
P 3 , . .r e tu rn  -“ la sv  CONSTRUCT_ checked

P 5 Locate CONSTRUCT a t  ATTACHMENT POINTER
P 6 i f  COMMENT CONSTRUCT TYPE

56D P 7 Cross reference  COHMENT_CONSTRUCT
P 8 e ls e i f  IFCONSTRUCTTYPB

57A P 9 C ross-reference  IP CONSTRUCT
P 10 e ls e i f  VHILB_CONSTRUCT- TYPE

57D P 11 Cross reference  VHILEJMNSTRi/CT
P 12 e ls e i f  UNTIL CONSTRUCT TYPE

58A P 13 Cross reference  UNTIL CONSTRUCT
P 14 e ls e i f  BLOCK CONSTRUCT_TYPB

58B P 15 Cross reference  BLOCK CONSTRUCT
P 16 e ls e i f  GENBRAL_STRING CONSTRUCT TYPE

SBC P 17 Cross reference  GENERAL STRING CONSTRUCT

P 19 . . .c a n  only be CASE CONSTRUCT TYPE
5BD P 20 Cross reference  CASE CONSTRUCT

P 21 endif
P 22 endif

Again j u s t  valklngr the subse rv ien t p a rts .

CROSS REFERENCE IF_CONSTRUCT

P 1 . . .S e t- c h  each subpart.
P 2 Locate IF CONSTRUCT a t ATTACHMENT_POINTER

57B P 3 Cross reference  CONDITIONAL (CONDITIONAL POINTER)
56C P 4 Cross reference  CONSTRUCT (THEN CONSTRUCT POINTER)
57C P 5 Cross reference  ELSEIF(ELSEIF_POINTER)
56C P 6 Cross reference  CONSTRUCT (ELSE CONSTRUCT POINTER)
56C P 7 Cross reference  CONSTRUCT (CONSTRUCT POINTER)

A ctually  checking te x t.



CONDITIONAL, (ATTAC1THBNT_P0INTBR)

>nal checked

_POINm to

)ss reference  s tr in g  
(ACTUAL STRING_POINTBR, 
LINE_NUHBER_POINTBR,PRCC: 

iss reference  CONDITIONAL 
(CONDITIONAL_POINTER)

,PROCBDURPtt_USED_POINTER)

irc h ic a l o rder ( c a l l in g  tree

procedure



The data  f i l e  i s  generated by an ordered walk o i the  f u l l  parse tr e e  In the
o .d e r  o f inform ation on tab le  o f con ten ts , te x t ,  c a l l in g  t r e e s ,  procedure and 
d a ta  index, and la s t  page. A dditional Inform ation i s  provided to  allow 
pag ination  and Indenta tion.

The l in e s  a re  se q u en tia lly  w ri tte n  to  a f i l e .

The prepared da ta  s tru c tu re  w ri tte n  to  the  in term ediate  f i l e  is  a  simple 
lin e -b y - l in e  form at. For example each "IF" l in e  i s  an e n t i ty  on i t s  own, and 
i s  se n t se p a ra te ly  from i t s  matching "BNDIP". Each l in e  I s  id e n tif ie d  by a 
su i ta b le  p re f ix  not shown a t th is  le v e l of d e ta i l .

IB ] PflEPABED_FILB
FRONT PAGE 

TITL8_
REVISI0N_

TABLE 0F_C0NTENTS 
TEXT PART 
. CONTENT GROUP 
. contbnt”procedurs SEGMENT 
. CONTENT DATA_DEFINITION_SEGHENT 
. c o n t s n t ' l i t e r a l  SEGMENT 
CALLING TREE_START~INrjICATOR 
PROCEDURE INDEX_START INDICATOR 
DATA_INDEX_START INDICATOR 
LAST_PAGE_STAST_fNDICfiTOR

NlVJAGB

PROCEDURE SEGMENT 
DATA_DEPINVriDN SEGMENT 
LITERAL SEGMENT™
comment”

CONDITIONAL,
NG_PR0CB0URE USED 
PROCEDURE USED 
ELSEIP_

ENDVHILE 
REPEAT, -

GENERAL_STRING 

ENDCASE



. DEFAULT
. DATA ITEM ENTRY
. COMMENT ENTRY
. LITERAL"
CALLING TREE
. treb" entry
. REPEATED TREE ENTRY
PROCEDURE INDEX "
. PROCEDURE INDEXED
. SEGMENT USED
DATA INDEX"
. DEFINITION INDEXED
, , DATA ITEM N A ( 1 2 8 )
LAST_PAGE "

7 .3 .1 1 . Generate L isting

need the parse t s only the Interm ediate

I t  produces a  su ita b le  form atted l i s t i n g  from the da ta , in  accordance v ith  
b a s ic  pagination and ind e n ta tio n  ru le s . The format i s  defined by use of 
sp e c if ic  examples for physical form at, and an output syntax fo r lo g ic a l 
form at. The l i s t i n g  is  w ri tte n  to  a f i l e ,  fo r subsequent e d itin g , d isp lay  or 
p r in tin g , w ri tte n  to the screen  fo r d isp lay , o r i s  p rin ted  d ire c t ly .

A s im p lif ied  c a llin g  tree  r ep rese n ta tio n  i s  given below. The main p a rts  of the 
ty p ic a l l i s t i n g  a re  c le a rly  v is ib le .  I t  must be remembered th a t most p a r ts  can 
be repeated , or a re  o p tiona l.

r  programs,

S ta r t  o f the design for generating  the l i s t i n g  - defin ing  the  f i le s .



'  I ' '

p a r ts  o f the design

ram reads the in te rm ed ite  f i l e  
3d by the 
id form ats i t ,

should be in  conjunction

of the l i s t in g

"OP_CONTENTS

fo r the l i s t i n g  generation .

V
.^



GENERATE

FOR PROCBUURB_SBGMBNT

48rate commbnt_ of
PROCBDURB_SEGHENT

DERATE DEFAULT 
DATA DEFINITION SEGMENT 
LITERAL SE G tfbf

GENERATE PROCI 
GENERATE DATA 
GENERATE LAST"



procedure t 
procedure 1

F i r s t  doing the 
b e n e f ic ia l in  provi of expressing the



. to  go between higher and

da ta  and procedure indexes provided a very u se fu l checking tool

sisted  in  providing a quick overview

ts allowed ready referen c in g  in  e n try  order

ivided a p ro fessio n a l ou tpu t a t  l i t t l e  e f fo r t

the  PDL processor fo r the design of complex data  
s tru c tu re s  as procedures was very su c ce ssfu l. The 
to make use of the processor fo r th is  function,

u r lo g ic  e rro rs  were found in  the e n t i r e  design s ince  the coding was 
s ta r te d .  Of these  only one was se rious -  the method o f  comparing m ultip le  

1th the defined m u ltip le  word procedures - but i t  i s  u n like ly  
aslgn methodology had been

t  in d ic a tio n  of the 

3 o f Turbo Pascal

The proces 
A fter the  d 
p rocessor o

ind po in te r  valu 
Lques, and the d

The data  a llo c a tio n  presented some problems - v a ria n t records were a llo ca ted  
dynamically - th is  aspect was not w ell described  in  the  system documentation, 
bu t was f in a l ly  solved using the GetHem and SizeOf ro u tin e s .



Debugging support was no n -ex is ten t, and emphasised th a t code development and 
debugging should not be attem pted w ithout a symbolic debugger. Methods were 
evolved of p r in tin g  the name of each procedure invoked, and ro u tin es  to  p r in t 
ou t the tre e s  w ith th e ir  physical l in k  add resses . As any e rro r  in  a lin k  
processing  program would cause a complete crash  - ty p ic a l ly  by overw riting  the 
system - find ing  se rious e rro rs  was d i f f i c u l t .  However because the design and 
th e  code was very thoroughly desk checked few e rro rs  were found. The most 
se rio u s e rro rs  were in  recu rsive  ro u tin es  where the passed parameter -  the 
l in k  - was not declared as an address v a ria b le . This re su l ted  in  the  system 
crash ing , but only in  the next tr e e  walk.

A very good public  domain symbolic debugger was located  a f te r  the bu lk  of the 
te s tin g  was complete. This would have eased the task  immensely.

The in te g ra te d  e d i to r ,  compiler and run time environment was good. However the 
development o f a la rg e  program - 8000 l in e s  - was too c lo se  to  the accep tab le  
l im it  fo r a floppy d isc  based system which req u ire s  recom pila tion fo r  every 
e rro r  found.

As the  input fo r the PDL design had f i r s t  been en tered  on the  PC, the i n i t i a l  
s te p s  in  c re a tin g  the code was system atic  e d ittln g  of the  source to  ge t i t  
in to  a Pascal form. This was aided considerab ly  by the use  of Superkey - a 
keyboard macro processor.

L ater the softw are was used on a hard d isc  system. This reduced com pilation
tim es from over e ig h t minutes to :

pa rse r • 7929 l in e s  1:22 minutes
form atter 2915 l in e s  0:19 minutes
use r in te r fa c e  785 l in e s  0:04 minutes

The time required  to compile i s  c le a r ly  a higher than l in e a r  function  o f  the 
program 's s iz e .

Tho use of Lightning - a  d isc  cacheing program - was p a r t ic u la r ly  u se fu l on a 
floppy based system, where i t  reduced d isc  accesses, and thus d isc  accessing  
times by ty p ic a l ly  50%.

Code s iz e  and e ff ic ien c y  appeared to be fu l ly  acceptable - the  s iz e  was in 
l in e  w ith what was o r ig in a lly  e stim ated . This i s  e sp ec ia lly  good fo r a s in g le  
pass, high speed compiler.

7 .4 .3 . Program Performance

The performance of the processor i s  lim ite d  by the speed of a p r in te r .  The 
processing  of the main design, and w ritin g  i t  to d isc  took 7:54 minutes. 
P r in t in g  would take more than an hour on a ty p ic a l dot m atrix  p r in te r  ( 120
ops ) .  About a th ird  o f the processing time would be overlapped w ith  the
p r in tin g . Normal designs would be much sm aller than th is  design - i . e .
p a rti tio n e d  in to  sm aller p a rts , The execution times would be very much sh o r te r  
as a r e s u l t .  Thus the performance of the processor i s  be lieved  to be fu lly  
accep tab le .

The processing time of the pa rse r design to d isc  was 7:54 minutes, req u irin g



i"

288 d isc  reads and 499 d isc  w ri te s .

The form atter design took ju s t  2:10 minutes.

Some design s is e  s t a t i s t i c s  :

p a rse r design was 87682 bytes
the in term ediate  f i l e  332647 bytes
the l i s t i n g  f i l e  449723 bytes

A ll timing done on an XT compatible in  turbo mode 8MHz, w ith a hard d isc , 
w ithout d isc  cacheing ( d isc  cacheing tr ie d  b r ie f ly ,  but appears to have very
minimal e f f e c t  on time in  a hard d isc  d rive  system , but reduces d isc  accesses
considerab ly , which would have an e ffe c t  on d r iv e  l i f e  ).

L ightning was used to gather d isc  access inform ation.

7 .4 .4 .  Programmer E ffic iency

No records were kept of programmer e ff ic ien c y .

The reasons fo r th is  were th a t a l l  design and coding was done p a rt- tim e , a f te r  
work and in  le is u r e  hours. This re su l ted  in  very vide  swings in  p roductiv ity , 
and a lso  im plied in e ff ic ie n t  use of t in e ,  w ith a r e -e s ta b li sh in g  the  s ta te  of 
th e  previous work. Also the designer had reasonable experience in  a program 
design laguage environment, but using assem bler and PL/M. This was the f i r s t  
use  o f P ascal, and o f  a PC.

Sub jec tive ly  the  e ffic ien c y  during the period of a year p a rt time during the 
design , coding and te s tin g  phases ( i . e .  e x c lu d in g  the background search and 
documenting phases ) was what would have been expected of a competent 
programmer working f u l l  time fo r  the same du ra tion . I t  i s  c le a r  from th is  th a t 
th e  e ffic ien c y  was higher than the more conventional methods o f  development.

7 .4 .5 .  Software Used

MS-DOS Version 3,21 by M icrosoft.

Turbo Pascal Version 3,01 by Borland In te rn a tio n a l .

Turbo Source Code Debugger version  1.02 by L. David Baldwin.

SupetKey ve rsion  1.01a by Borland In te rn a tio n a l .

L ightning version  4.16 by Personal Computer Support Group.



8 .  CONCLUSION

6 ,1 , The Role of Program Design Languages

A Program Design Language i s  an im portant to o l. I t  f u l f i l s  a  ro le  of 
oouim.mieatioii, p a r tic u la r ly  to  the designer him self as v e i l  as to  o th e rs . As 
a r e su i t the  design has a high p o te n tia l o f v i s i b i l i t y ,  vhich  i f  exp lo ite d , 
allow s c le a r  lo g ic a l programs to  be constructed .

The sim ple syntax of Program Design Languages, and the  c lea r  design
documentation th a t can be produced using i t ,  allow s fe llo v  designers and 
customers to  rea d ily  examine, d iscuss and propose changes to the  lo g ic a l 
s tru c tu re  of softw are systems. This b u ild s  confidence in  the  team and the 
customer th a t the  system w il l  f u l f i l  both the  e x p lic i t  and im p lic i t 
requirem ents of the system.

Program Design Languages are  compatible w ith  a number of softw are engineering 
methodologies. They are  re le v an t ir r e sp e c tiv e  of ta rg e t computer, language 
and opera ting  system. As a r e s u l t .  Program Design Languages provide a wide 
bas= for softw are re -u se  ( Walker 1988 ) .

A Program D»slgn Language allow s early  inform al d e sc r ip tio n  of algorithm s and 
d a ta . As a r e s u l t  progress i s  seen e a r ly .  I t  a lso  allow s design to  be 
de ta iled  to  any le v e l ,  thus ensuring th a t a l l  lo g ic a l ope ra tions can be 
e x p lic i t ly  defined.

A Program Design Language i l l u s t r a t e s  the  functional decomposition o f  a 
system, and the algorithm s and the da ta  s tru c tu re s  used, I t  I s  supported in 
th is  by the  c a l l in g  re la tio n sh ip  t r e e ,  and procedure and data  cross 
references .

A Program Design Language has a sym biotic r e la tio n sh ip  w ith  o ther to o ls , 
p a r tic u la r ly  Data Flow Diagrams.

Data Plow Diagrams de fine  system organ isa tion  by d isp lay ing  e x te rn a l e n t i t i e s ,  
processes , da ta  s to re s  and da ta  flows. T heir s tre n g th  l i e s  w ith specify ing  
in te rfa ce s  and da ta  coupling. Their weak po in ts - d e ta i l s  o f  algorithm s and 
da ta  s tru c tu re  • a re  complemented by the strong  po in ts  o f  Program Design 
Languages.

A dditional design inform ation i s  s t i l l  requ ired . Major items a re  the 
explanation of opera tion  of l ib r a r ie s  and packages such as m u lti- task ing  
opera ting  systelas, and design decision  h is to ry . These a sp ec ts  may be covered 
by w ritten  support documentation. e



CASE too ls have been gaining prominence in  the  l a s t  few y e ars . CASE (Computer 
Aided Software Engineering ) to o ls  have, as th e ir  main th ru s t,  been a ssocia ted  
v i th  the  sp e c if ic a tio n  and a n a ly s is  phases of softw are. This i s  an a rea  th a t 
had prev iously  been poorly supported by methodologies and to o ls . Prominent 
companies have been Cadre Technologies, Cortex, D ig ita l Equipment Corporation, 
Index Technologies, Promod Incorpora ted , and T ektron ics. Emphasis has been on 
inform ation modelling, s tru c tu re d  a n a ly s is  and design , design management, 
con figu ra tion  c o n tro l, code ge neration  and trac in g , and automatic code 
genera tion . I t  i s  seen th a t program design languages f i t  w ith in  the scope of 
Computer Aided Software Engineering to o ls .

The estab lishm ent of an In teg ra ted  programmer's workbench where the 
sp e c if ic a tio n , an a ly s is , design , im plementation, and management is su e s  are 
addressed in  u coordinated fashion appears to  be a goal th a t may be reached

In  the mean t in e , program design languages perform & methodology independent 
ro le  o f p roviding help In the d e ta i l  design of programs and data.

As f a r  as the fu tu re  is  concerned. Program Design Languages a re  l ik e ly  to 
evolve to In te ra c tiv e  syn tax -d irec ted  e d i to r s ,  w ith in te rfa c e s  to  provide 
program ing  languages support, Some forms of d ire c t  symbolic execution is  
a lso  l ik e ly .  W hilst th is  can p o s it iv e ly  a ffe c t  design p ro d u c tiv ity , there  are  
some dangersi • the  environment may become ta rg e t system sp e c if ic ; a  tendency 
may a ris e  to design a t the te rm inal w ithout adequate p r io r  thought! 
u ncontro lled  changes may rea d ily  be made.

8 .2 . Form atter Design Conclusions

A form atter program fo r a  Program Design Language i s  presen ted .

The technique of bootstrapping was used to c re a te  th is  program. k fo rm atter 
was designed manually, in  a s im p lified  form of the fo rm atte r ’s ou tpu t. The 
e quivalen t input form fo r the fo rm atter was a lso  produced. These two furms 
were the r e s u l ts  o f the f i r s t  phase. The design was then manually tran s la te d  
to Pascal, and debugged in  the second phase of the boo tstrap  process.

N<*v the th ird  phase of the boo tstrap  was reached -  the input form of the 
fo im a tte r was processed by the  fo rm atte r to  produce i t s  own design 
documentation.

An examination of the manually produced s im p lified  form o f  the design , and the 
f in a l  form in d ic a te s  a high le v e l o f consistency . The a d d itio n a l inform ation 
provided by the c a llin g  re la tio n sh ip  tr e e  and the  cross references would have 
s u b s ta n tia lly  eased the design.

The e a r ly  and complete sp e c if ic a tio n  of the . l a t t e r  was a major fa c to r  in 
the success a t  the  p ro jec t. This took the foi.,, o f  a  u s e r 's  manual* and 
d e ta iled  input and output form ats. The input and output form ats were defined 
using c o n tex t-fre e  grammars, supplemented by ty p ic a l samples, This was 
augmented by rigorous d e fin i tio n , in  c o n tex t-fre e  grammar form, of a l l  
expected erroneous inputs . This produced a framework fo r  e r ro r  repo rting  and 
recovery a c tio n s .



The design approach used was to e x p lo it the w ell researched techniques in 
compiler construction . The method se lec te d  was th a t of recu rsive  descen t.

The major achievements were:

- a d e ta iled  study of modern design methodologies p a r t ic u la r ly  r e la tin g  
to  the d e ta i l  design phase

- a  concise sp e c if ic a tio n  of the system v ia  a u se r manual, which 
required no s ig n ific a n t change during the  p ro jec t

- a  complete design before  coding which had only four lo g ic  e r ro rs ,  w ith 
only one being serious

- th is  e rro r  would probably not have been found using  any o the r design  
methodology

- sim ple tra n s la tio n  in to  Pascal -  which the au thor had not used 
previously - instead  of C which was o r ig in a lly  specified

- no fu rth e r  problems found a f te r  i n i t i a l  debugging

- e s tab l ish in g  the value of very rigorous design sp e c if ic a tio n s , formal 
da ta  ..pnu ifica tions, design w alkthroughs, and the use of a good high 
le v e l l&hguage w ith debugging support

- th e  construction  of a h ighly rec u rs iv e  program matching the h ighly 
recu rsive  na tu re  of the program design language

- the generation  of a to ta l ly  top-down design inc lud ing  le x ic a l a n aly sis  
( u sua lly  performed bottom-up )

- the generation  of a s in g le  tr e e  to hold the design, augmented by 
simple tr e e  walks to include symbol ta b le s , a l l  lo g ic a l lin k s , l in e  and 
page numbering, and c rossre fe rences

-  the c rea tio n  o r  a u se fu l tool

A ll the design o b jec tives were achieved.

A to o l has been created  to support softw are engineering methodologies. This 
too l can be used as a springboard to produce enhanced forms of design to o ls . 
I t  i s  a lso  a v iab le  to o l, as i t  stands, fo r the production of major softw are
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1. INTRODUCTION

A program design language i s  a to o l fo r softw are development. Such a  language 
has a s im ila r ro le  to design cools l ik e  f low charts, s t ru c tu re  charts  and HIPO.

I t  i s  a sim ple, u se fu l vay of p resen ting  a design from an e a r ly  s ta g e . The 
design can then be read , reviewed and refin ed . The d e ta iled  design can 
rea d ily  be tran s la te d  in to  code, and remain as use fu l documentation for 
debugging, te s tin g , tra in in g  and maintenance.

The language allow s the  program and i t s  da ta  to be c le a rly  presented in  a 
readable form at. The en try  of the design i s  sim ple. F in a lly , u sefu l 
references and Indexes a re  a u tom atica lly  provided by the fo rm atte r.

I t  i s  assumed th a t the user o f  th is  manual has some knowledge o f  a programming 
language, the e d i to r ,  and s u f f ic ie n t  knowledge of the  ope ra ting  system to  run 
programs and l i s t  f i l e s .



This chapter provides a p ra c t ic a l  overview of softw are design, the ro le  of a 
program design language, and how the language i s  used. A sim ple problem is
defined . A so lu t io n  i s  generated and i l l u s t r a te d .  „

2.1 . Problem

A program i s  required  to check m a teria ls  to bu ild  roof tru s se s . The three 
le n g th s of the tr ia n g u la r  t ru ss  a re  en tered . This program must s ta te  whether 
the t ru ss  i s  scalene  ( no leng ths equal ) ,  iso sc e le s  { two leng ths equal ) ,  or 
e q u ila te r a l  ( a l l  leng th s equal ).

2 .2 . Approach

The problem i s  f i r s t  analysed fo r completeness and co rrec tness . Further d e ta i l  
may be provided: a term inal i s  a v a ila b le  to e n te r  and d isp lay  the r e s u l t ;  the
program w il l  be in i t ia t e d  as p a rt of another 'program; only one a n a ly s is  is
required.

An i n i t i a l  simple so lu tio n  i s  generated . The so lu tio n  c o n s is ts  of p a r t i t io n s  
o f the whole problem in to  sub-problems. I t  is  then examined a t  th a t le v e l. 
I f  no t s a t is f a c to r y , another so lu t io n  may be generated. Once an acceptab le  
so lu t io n  i s  found a t  tha t le v e l, the components a re  considered, This i s  the 
phase in  which the program design language i s  used.

Once the design has been d e ta iled  to a le v e l where no design decisions remain,
i t  can be tran s la te d  in to  code, debugged, te s ted  and used.

2.3 . Using the  Program Design Language

The program design language, and i t s  fo rm atte r , a re  I l lu s tr a te d  using a simple 
examplei The example is 'ta k e n  through se v e ra l s ta g es , re su l tin g  in  a d e ta iled  
design. The form atter ou tpu ts are  d iscussed for th is  example, and some 
explanation is  given for the methods used.



Enter Lengths; Check V a lid ity ; D isplay Type

Tills I s  a lready a  v ia b le  design . I t  may be typed in to  a f i l e .  The procedure ' ’
can be given a  name e .g ,  "Truss Type Analyser". ; .

The en try  i s : -  ,

ZP Truss Type Analyser •;
Enter Lengths 
Check V alid ity  
Display Type

The design can now be form atted. The output i s  a  f u l l  l i s t i n g  inc lud ing  a l l  . :
indexes, tab les  o f con ten ts e tc .  . f

Once s a t is f ie d  w ith th is  le v e l ,  the design can be d e ta ile d  by expanding the i* '
s in g le  procedure, or by providing lower le v e l procedures. We have provided •!
the  fu rth e r  p rocedures!- ^

XP En ter Lengths {'
P rin t "Type in  Lengths o f Truss" IS.
Sec FIRST LENGTH to Ntteber Reed
Set SBCOND LENGTH to Number Read L-
Set THIRD_LBNGTH to  Number Read r ' \

XP Check V alid ity  L,
Check Lengths a re  g rea te r  than zero 
Check th a t Lengths form a T riang le

XP D isplay Type
IF FIRSTLENGTK i s  equal to  SECOND LENGTH 
IF FIRST_LSNGTK i s  equal to  THIRD_LENGTH 
P r in t  "E qu ilateral T riangle"

P r in t " Iso sce les T riangle"

C!SEIP FIRST_LENGTH i s  equal to  THIRD_LBNGTH 
W n t  " Iso sce les T riangle"
CLSBIP SECOND LENGTH Is  equal to TKIRD_LENGTfr
P r in t "Tsosceles T riangle" “  *

P r in t "Scalene T tinngle"

Ve have now defined da ta  items ( FIRSTLBNGTH, SliCORD_LENGTH and THIRD_LliNGTH
) by forming one or more words connected by Underscores. A s in g le  word
followed by an underscore is  a lso  regarded as a da ta  item.

Ve have a lso  defined th ree  a d d itio n a l procedures, the l a s t  o f which has nested 
se lec tio n  constructs .
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i  expand the "CheckQur design may again be evaluated and refin ed . He decide 
V alid ity "  p rocedure 's e n tr ie s  by add ing :-

%P Check Lengths are  g re a te r  than zero 
IF  FXRST_LBNGTH i s  g re a te r  than zero \ 
and SECOND_LENGTH i s  g re a te r  than zero\ 
and THIBD_LENGTH i s  g rea te r  than zero 
. . .  A ll Lengths a re  g re a te r  than zero

P r in t "Lengths must be g re a te r  than zero"

%P Check th a t Lengths form a 
. . .  No tr ia n g le  e x is ts  i f  on 
. . .  two s id e s  together 
IF  FIRST_LBNGTH i s  longer than SBCOND_LBNGTH and THIRD_LENGTH 
P rin t "Does no t form a tr ia n g le"

IF SBCOND_LBNCTH i s  longer than FIRST. :RD_LENGTH
P r in t "Does no t form a tr ia n g le"

IF  THIRD- LBNGIH i s  longer than FIRST.LENGr, JOND_LB»GTH
P r in t "Does not form a tr ia n g le"

The use of a comment l in e  and a cond itiona l con tinuato r ( a condition  on an 
i f ,  rh ile , u n t i l  e t c . , th a t covers more than one l in e  ) is  shown in  "Check
Lengths a re  g rea te r  than zero". „

The design can now again be form atted and e valua ted . At th is  s ta g e , the
design would be t r i v i a l  to  t r a n s la te  to a computer language such as Basic.
However, c a re fu l evaluation  shows tha t p rocessing would continue a f te r  an 
e rro r  i s  found.

T his example i s  i l l u s t r a te d  in  the appendix as PDL2A.PDL.

The design i s  changed as fo llo w s:-

IP  Truss Type Analyser 
E nter Lengths
Check T riang le  ,
IF  TRIANGLE VALID 
D isplay Type

%P Enter Lengths
P r in t "Type in  Lengths of Truss"
Set FIRST LENGTH to Number Read 
Set SECOND LENGTH to Number Read 
Set THIRD LENGTH to  Number Read



%P Check Lengthi 
IP  FIRST LENGTH 
and SECOND LSNGl 
and THtRD_LENGTH 
. . .  A ll Lengths 
Set LBNGTHS_VAL,

Set LENGTHS_VAL'J
P r in t "Lengths must be g rea te r  than zero"

XP Check th a t Lengths £orm a T riangle
. . .  No tr ia n g le  e x is ts  I f  one s id e  i s  longer tl

I f ' fIRST LBNGTH0is  longer than SECOND_LBNGTH at 
P r in t "Does n e t form a tr iang le"
Set TRIAHGIB.VALID to  FALSB_
BfcSSIF SECOND LBNGTI! i s  longer than FIRST LBNG1 
P r in t  "Does not form a tr iang le"

than
P r in t "Does no t form a tr ian g le"
Set TRIANGLE VALID to  FALSE

n FIRST LBNGTI

XF D isplay Type
IF raST_LENGTH i s  equal to  SBCOND_LENGTH 
IF FIftST_LRNGTH i s  equal to THIRD_LENGTH 
P rin t "Bqui. a te r a l  T riangle"

P rin t " Iso sce les  T riang le1'

BLSBIP PIRST_LENGTH i s  equal to  THIRD_LBNGTH 
P rin t " Iso sce les  T riangle"
ELSEIF SEC0ND_L8NGT1I i s  equal to  THIRD_LBNGTH

in the  o the r 

i  THIP.LENGTH

1 and THIRD_LENGTH

and SBCOND_LBNGTH

The f u l l  l i s t i n g  i s  il lu s tr a te d  in  the Appendix c a lle d  PDL2B.PDL,



2 .4 , Referencing

A f u l l  l i s t i n g  is  provided in  the appendix vich  a l l  indexes.

The l i s t i n g  inc ludes a tab le  o£ c onten ts , the groups, procedure, da ta  
d e f in i tio n  and comment segments en tered , the c a llin g  h ie ra rchy , and the 
procedure and data  index.

2 .4 .1 . Table of Contents

The tab le  o f  con ten ts  shows the page numbers fo r  the a u tom atica lly  generated 
sec tio n s as v e i l  as a l l  the procedures en tered .

2 .4 .2 . Procedure Segments *

The procedure segments themselves have l in e  numbers fo r the  con ten ts . In 
a d d itio n , where procedures are  invoked vhich a re  defined elsew here, a  page 
reference  i s  a lso  given.

The da ta  items hive  no referencing  in  the procedures, bu t a re  v is ib le  because 
of th e ir  underscores.

Ind en ta tio n  i s  a lso  performed,

2 .4 .3 . C a lling  Hierarchy

An indented l i s t  o f  procedure segments, and the pages on which they a re  to  be 
found i s  produced.

The h ighest le v e l i s  on the le ft-h a n d  s id e . Each procedure i s  followed by the 
procedures i t  invokes, indented fu rth e r  to the r ig h t.

This hierarchy  gives a g lobal overview of the s tru c tu re  of the  softw are. I t  
f u l f i l l s  a s im ila r  ro le  to s tru c tu re  charts  or HIPO hierarchy  diagrams.

2 .4 .4 . Procedure Index

The procedure index l i s t s  a l l  tiffined  procedures a lp h a b e tic a lly . Each en try  
in d ic a te s  the page on which i t  i s  defined , and a l l  procedures, in  order of 
appearance, vhich invoke i t  (  i l  any ) . The invoking procedures’ page is  
given, as v e i l  as each lin e .

2 .4 .5 . Data Index

The data  index l i s t s  a l l  d a ta  items a lp h ab e tic a lly . Each en try  in d ic a te s  a l l  
segments, in  o rder o f appearance, which use the data  item . The procedure’s 
ind iv idual lin e  numbers, vhich access the data  item , a re  a lso  given,

2 .5 . Design Refinement

As soon as a prelim inary version  of. the Csslgn i s  form ulated, i t  i s  entered 
and l i s te d .  As a r e su l t of examining the  l i s t i n g ,  the design i s  modified or 
refined  to show fu rth e r  le v e ls  of d e ta i l .  This ensures e a r ly  documentation and 
a b asis  fo r fu rth e r  work.



At tim es, as fu rth e r  In sigh t In to  the problem and design i s  gained, the design 
may need to  be rev ised . This i s  inheren t in  t i l l  design processes - i f  ve 
i n i t i a l l y  knew the best f in a l  so lu t io n  we would not need to  design a t a l l .

The approach of using  simple nested  procedures a llow s the complexity of a 
procedure under c onsidera tion  to  be lim ite d . Ttos allow s the design to be 
sim ple.



3. DESIGN METHODOLOGY

3 .1 . Purpose

A design methodology I s  a c o lle c tio n  of methods, techniques and p rac tic es . I t  
forms a framework to d ire c t a c t iv i t ie s ,  As a r e s u l t  e f f o r t  is  sy stem atically  
applied  to one aspect of the problem a t a time.

In  add itio n  a framework allow s s ta n d a rd isa tio n  in  approach, design and 
documentation.

A program design language i s  an a id  to  understanding and documenting the lo g ic  
o f designs. I t  p resen ts the algorithm s and da ta  of a design in  a sim ple to 
read and understand form at. The en try  ia  a lso  s im p lified  to  minimise e f f o r t .

F in a lly , a  program design language fo rm atte r  can provide some automated 
support fo r indexing and c ro ss-refere n cin g . E rror checking of the design is  
s im p lif ied . Changes to be made can e a s ily  be c o rre la te d  to  the e x is tin g  
design to in d ic a te  a ffec te d  procedures and da ta  s tru c tu re s .

3 .2 . Scope

Once any fea tu re  of a program i s  known, i t  can be defined  and documented by a 
program design language. T ypical fea tu res  inc lude  comments, w ritte n  
d e sc r ip tio n s , procedures and da ta  s tru c tu re s .

As a d d itio n a l in s ig h t in to  the problem i s  gained, the design can be updated.

Thus a very high le v e l design can be d e ta iled  u n t i l  the implementation in  a 
computer language i s  s tra ig h t- fo rw ard . During th is  p rocess the design can be 
checked and modified.

During implementation the design i s  tran s la te d  in to  the  computer language. 
Minor design amendments can be made to correspond to  languages, ope ra ting  
system and inpu t/ou tpu t device dependencies. e

During debugging and te s tin g  the design provides the lo g ic  whereas the  code 
provides the  implementation d e ta i l s ,  The debugging and te s tin g  c o n s is ts  of 
v e rify in g  th a t the code does correspond to  the design, and se p a ra te ly , that 
the design f u l f i l l s  user needs.

Implementation e rro rs  a re  co rrec ted  in  the code only, w hile lo g ic  e rro rs  a re  
correc ted  in  the design f i r s t ,  end then the code is  r e -w rit ten  to  r e f le c t  the 
changes.

The design i s  re ta ined  to document the program, and to f a c i l i t a t e  maintenance 
and upgrading.

The scope of a program design language thus extends from sp e c if ic a tio n  and 
conceptual design , to maintenance.

3 .3 .  R esults

Program design languages have gained the h ighest acceptance of a l l  design
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The l i s t i n g  produced by the form atter has the follow ing se c tio n s :-

- Front Page

- Table of Contents

- Procedure, Comment and Data D efin ition  Segments

- C alling  Trees

- Prodedure Index 

-Data Index

4 .1 . Front Page

The fro n t page c o n sis ts  o f a  design t i t l e ,  I t s  rev is ion , and time and da te  of 
p rocessing . °

The t i - l e  i s  defined by a  l in e  s ta r t in g  w ith XTITLE. The con ten ts o f  the 
remainder o f  the l in e  a re  reproduced on the fro n t page. Only one t i t l e  is  
a lloved , but i f  iy  o p tiona l. This i s  the f i r s t  l in e  of the design in p u t. I f  
o ft!1 ed, a d e fa u lt of "DESIGN LISTING" i s  reproduced. The f i r s t  32 charac ters  
o i l in e  a re  a lso  reproduced on top of every page.

The rev is ion  l in e  s ta r t s  with XRBVISION. The conten ts '  £ the remainder o f the
l in e  a re  reproduced on the f ro n t page under the  t i t l e .  Only one rev is io n  l in e  
i s  allowed, but i s  o p tiona l. This i s  the second l in e  of the design inpu t. I f  
om itted, a d e fa u lt o f "CURRENT REVISION" i s  reproduced.

The time and date  a re  au tom atica lly  provided by the fo rm atte r. The dace i s
a lso  reproduced on top of each subsequent page.



4 .2 . Table of Contents

This i s  au tom atica lly  generated by the fo rm atter. The groups, and comment, 
da ta  d e fin ifio n , and procedure segments defined by the  design input are 
l i s te d ,  The groups a re  a t  the l e f t  of the pages, w hile the  procedure, comment 
and da ta  d e f in i tio n  segments a re  indented one le v e l to  the  r ig h t.

Page numbers are  given 01 th e  right-hand side .

4.3 , Groups

I t  i s  o ften  u se fu l to p a r t i t io n  a design in to  p a r ts ."  These may be separate  
ta sk s , procedures, or da ta  se c tio n s . The p a rts  are  defined  by group l in e s  in 
the  inpu t. For each group l in e ,  a  page i s  reproduced contain ing  the design 
t i t l e  and the group l in e . The group lin e  i s  a lso  reproduced on the second l in e  
of subsequent procedure or da ta  pages, u n t i l  o v e rw ritten  by the nex t group 
l in e . The group page i s  a lso  indexed in  the ta b le  of con ten ts .

Group l in e s  a re  o p tio n a l, and i f  om itted, the second l in e  of procedure and 
da ta  pages i s  l e f t  blank.

The group i s  defined by a l in e  s ta r t in g  w ith %G.

4 .4 . Procedure Segments

Procedure segments a re  used to define  the procedural o r  functional p a r ts  of 
programs. A procedure may be empty ( i . e .  only i t s  name defined ) , o r may 
have one o r  more l in e s .  The format of these l in e s  i s  defined in  a la te r  
se c tio n . A maximum number of l ih e s  i s  defined to  correspond to  one page.

As many segments o f  the  same group as possib le  a re  reproduced on each page. 
This allow s optimum use of paper.



A procedure is  defined by a l in e  s ta r t in g  w ith %P. I t  i s  term inated by the 
subsequent procedure, da ta  d e f in i t io n , group or end of Input.

The r e s t  o f the l in e  i s  reproduced on the procedure name l in e .

In  a d d itio n , the name p a rt and the  parameter p a rt only of the l in e  is  
reproduced as required , in  the ta b le  o t c on ten ts , c a llin g  h ie rarchy , procedure 
index and data  index.

4 .5 . Data D efin ition  Seenents

Data items nay be defined w ith in  procedures by simply en terin g  a sequence of 
words jo ined  by s in g le  underscores. A s in g le  word followed by a s in g le  
underscore i s  a lso  recognised as a da ta  item . This i s  c a lle d  im p lic i t 
d e fin i tio n .

Data items may be defined in  data  d e fin i tio n  segments. This i s  the  p referred  
method of defin ing  more complex data  Item s, o r these  used by se v e ra l 
procedures. The d e ta iled  data  item  syntax i s  defined in  a l a t e r  se c tio n .

M ultip le  da ta  d e fin i tio n s  may be reproduced on one page.

A da ta  d e fin i tio n  segment i s  defined by a l in e  s ta r t in g  w ith %D.

I t  i s  terminated by a  subsequent procedure, comment segment, da ta  d e f in i tio n  
segment, group or end of input.

The r e s t  o f  the l in e  i s  reproduced on the da ta  d e fin i tio n  name lin e .

In a dd ition , the r e s t  of the l in e  i s  reproduced as requ ired , in  the ta b le  of 
con ten ts and data  index.



4 .6 . Comment Segments

A comment segment i s  defined by a l in e  s ta r t in g  v i th  %C. I t  Is term inated by 
the subsequent procedure, da ta  d e fin i tio n  segment, group, comment segment or 
end of inpu t.

The r e s t  of the l in e  i s  reproduced on the comment segment naraa l in e .

In  a dd ition , the r e s t  o f the l in e  i s  reproduced in  the ta b le  of c on ten ts .

A ll subsequent l in e s  in  the comment segment a re  reproduced, to ta l ly  unchanged, 
with a  l in e  number on the l e f t .  They may thus be used for de sc rip tio n s , 
ta b le s , block diagrams e tc .

4 .7 . C alling  Trees

These a re  generated au tom atica lly  from the procedures defined , and c a l ls  to 
these procedures.

In  g en era l, a  procedure i s  given in  the tr e e ,  followed by the procedures i t  
c a l l s  indented towards the r ig h t .  Each of these procedures in  tu rn  are  
followed by the procedures they c a l l  fu rth e r indented to the  r ig h t.

Two sp e c ia l cases e x ls t : -

-  where one s e t  o f procedures is  invoked from more than one place in  the 
design ( common c a llin g  tre e s  )

-  where a procedure invokes i t s e l f ,  e i th e r  d ir e c t ly  o r  v ia  interme'lj.ate 
procedures ( recursion  )

Common c a llin g  tree s  a re  not repeated fo r each procedure invoking i t .  In stead , 
the f i r s t  invocation would have the tree , and the o the rs  only the f i r s t  common 
procedure. A reference  i s  provided to in d ic a te  where the common tr e e  is  
defined.

In  the case of recu rsion , no tree  e x is ts  fo r c a l l in g  re la tio n sh ip s , but ra th e r  
c y c lic  graphs. A tree  is  s t i l l  provided, but a t  the f i r s t  point where the 
tr e e  i s  repeated an ind ica tion  i s  given and the  search  fo r re la tio n sh ip  is  
stopped.

A separa te  tree  i s  c reated  fo r each s e t  o f  p rocedures. The lower le v el 
procedures may be common to  more than one tre e .

M ultiple tree s  are  presented on one page. A tr e e  may a lso  span nore than one

For each en try  in  the c a llin g  t<ae, the re levan t page number i s  given.

4 .8 . Procedure Index

An a lp h ab e tic a lly  arranged index of a l l  defined procedures i s  generated 
au tom atica lly , with th e ir  page numbers.



?ov each procedure there  i s  g iven, in  order o f appearance, each procedure,
page and l in e  number where i t  i s  referenced .

4 .9 , Data Index

An a lp h ab e tic a lly  arranged index of a l l  defined data  items i s  generated
au tom atica lly . Two types of e n tr ie s  e x is t i -

- e x p lic i t ly  defined data  items ( from da ta  d e f in i tio n  segments )

- im p lic i tly  defined da ta  items

E x p lic itly  defined data items have e n tr ie s ,  in  o rder o f appearance, o f  da ta
d e f in i tio n  segment, page, and lin e  number where they a re  defined , as w ell as
each procedure, page and l in e  number where they a re  used.

Im p lic itly  defined data items only have e n tr ie s  fo r each procedure, page and 
l in e  number where they are  uaed in  order o£ appearance.



A program design language, lik e  any language, i s  composed of c h arac ters , 
w ords, sen tences, paragraphs and s e ts  of paragraphs.

Unlike n a tu ra l languages, a  program design language has a r e la t iv e ly  sm all se t 
of v a lid  c onstructs  with a small s e t  of forming ru le s , o r  syntax.

In th is  chapter an in troduc tion  to  the p r in c ip a l forms fo r procedures and data  
d e f in i tio n s  i s  given.

5 .1 . Procedure Syntax

A procedure c o n s is ts  o f the f i r s t  l in e  and the op tio n a l procedure body. The 
f i r s t  l in e  defines i t s  natto, and i s  explained in  the se c tio n  on Procedure 
Segments In the previous chapter,

The procedure body syntax allow s the d e f in i tio n  of the  design lo g ic . The 
p a r ts  of the  procedure body are  c a lle d  constructs .

The types of c onstruc ts  a re i-

-  comment construct 

• i f  construct

- while construct

- procedure construct

-  general s t r in g  construct

Any number o f these  may be provided in  sequence. However, no procedure should 
extend to over one page. There a re  tvo reasons fo r  th i s ) -

- inden tation  le v e ls  would not he v is ib le

- the procedure would be unnecessarily  complex

Vheneve: a procedure! becomes too long, i t  should be converted to  two or more 
sim pler procedures.

5 .1 .1 , Comment Construct

A oom snt i s  used to  provide a s in g le  l in e  o f a d d itio n a l inform ation which is  
not d i te c t ly  p a rt of the log ic . I t  can a lso  be used to  v isu a lly  separate  
p a rts  o f a procedure.



A comment I s  defined by th ree  consecutive f u l l  s tops on the le ft-hand  s id e  of 
a  l in e .  I t  may contain any o the r ch a rac te rs  in  the r e s t  of the  l in e .  The 
conten ts a re  not analysed. The l in e  i s  reproduced indented but unchanged.

Example

. . .  This i s  a comment lin e
. . .  So I s  th is  and the next l in e  6

5 .1 .2 . I f  Construct

The i f  construct i s  used whenever p a rt o f the  lo g ic  i s  op tiona l dependent on 
conditions.

The i f  c onstruct has the follow ing p a r t s :-

-  then pa rt

- e l s e i f  p a rts

- e ls e  part

-  e n d if  lin e

I t  de fines  the construct, and provides the condition  for the then lo g ic  to be 
used. The l in e  i s  s ta r te d  by an " i f " .  The cond itiona l l in e  can inc lude  one 
or more procedures, data items and opera to rs such as OR, AND, +, .  e tc ,

I f  the cond itiona l lin e  contains procedures, th is  l in e  w ill  be referenced in  
the  procedure index.

I f  the cond itiona l lin e  includes da ta  item s, these  w il l  a lso  be referenced by 
the data  index.

I f  a  s in g le  cond itiona l lin e  i s  not enough to express the design, the cu rren t 
l in e  i s  term inated w ith a " V . This allow s the  next l in e  to be an extension of 
th is  l in e ,

The then p a rt c o n s is ts  o f  zero, one, o r  more constru cts.

Zero, one, o r  more e ls e i f  p a rts  may follow . Each e ls e i f  p a rt c o n sis ts  of the 
e l s e i f  l in e ,  followed by zero, one, o r more c o n stru cts .

The e ls e i f  l in e  i s  s ta r te d  by an " e ls e i f " ,  followed by a cond itiona l l in e ,  
w ith the  same form as tha t in  the " if "  l in e .  The e ls e i f  p t.h e  may be used to 
s e le c t  one of a number of a lte rn a tiv e s .

The e lse  p a rt i s  a lso  o p tiona l, but only one may be used fo r each c onstruct. 
I t  c o n s is ts  o f a sing le  l in e  which may only have the word "else"  on i t ,  
followed by zero, one, o r  more c o n s tru c ts , °



The end if  p a rt i s  the f in a l  pact. One and only —  ___
uo n sists  o f  a  s in g le  lin e  which may jn ly  have the word "endif"

be provided,

i t  construct i s  recognised by s ta r t in g  w ith an i f  3 
i an end if  l in e .  I t  may inc lude  e l s e i f  l in e s  and 
cents between the i f  l in e ,  e ls e i f  l in e s ,  e lse  
snted one fu rth e r  positio n  to the r ig h t .

p r in t "you have chosen 
e l s e i f  N0M8BS_ i s  tvo 
p r in t "you have chosen

Note th a t the i f  construct may nest o the r c o n stru cts , inc lud ing  i t s e l f :

i f  the animal has a  pouch 
p r in t " i t  may be a kangaroo"



used whenever a p a rt c i the  log ic  may be performed

The construct has th ree  p a r ts i-

The w hile lin e  i s  always requ ired . I t  d efines the c o n stru c t, and provides the 
condition  for the lo g ic  to  be performed. The lin e  i s  s ta r te d  by a "w hile".

The c onstruc ts  can be any c o n s tru c ts , including w hile c o n stru cts . 

The endvhile l in e  i s  always required . I t  c o n sis ts  o f only an "ei

w hile construct i s  recognised by a while l in e ,  and i s  term inated 
while l in e . The con ten ts between these lin e s  a re  indented one 
tb e r to the r ig h t.

open door

This construct may part o f  the lo g ic  w ill always

The construct has th ree  p a r ts i-  

- the repeat lin e



:

&

• the  u n t i l  l in e

repeat l in e  i s  always requ ired . I t  defines the  ex ten t o f the u n t i l

in s tru c ts  can be any c o n s tru c ts , inc luding u n t i l  c o n stru cts .

The u n t i l  construct i s  defined by the  rep e -t l in e ,  and i s  term inated by the  
u n t i l  l in e .  The contents between these  l in e s  a re  indented one position  
fu rth e r  to the r ig h t .  “

add p e tro l to the ta iu  
u n t i l  the  tank is  M l

a without another nested construct i s  a lso  u sefu l:

open the  valve

u n t i l  tank i s  f u l l  
c lo se  the valve

5 .1 .5 ,  Case Construct

The construct has these p a r t s : -

- the case lin e

- zero , one, or mo* w itches, each with 2

- an op tiona l d e fa t• l in e ,  w ith Eero, one

- the endcase lin e

, o r more constructs  

e c onstructs

8 lin e  i s  always requ ired . I t  defines the c o n stru c t, and provides the 
te s t fo r the log ic  to be performed. The l in e  i s  s ta r te d  by a case, The
c ond itio n a l l in e  i s  trea te d  as in  the I f  construct.

The sw itches define  p a r t ic u la r  matching conditions 
performed. A switch c o n sis ts  of the "OF", a l i s t  of a 
cond ition , and the app licab le  c o n stru cts , i f  any,

The matching conditions have the same form as a condit

&f!



The d e fa u lt l in e  in d ic a tes  the 1 
matching condition . The d e fa u lt is  
co n s is ts  so le ly  of "defau lt"  on the 1

e  c onstruct may contain a

The case  c onstruct Is  defined by i 
w ith in  the case a te  indented one 1

d e fa u lt
p r in t "only orange, g ra p e fru it , grape or 
endcase

5 ,1 .6 . Procedure Construct

T his s in g le  l in e  construct may be used t 
the cu rren t procedure. The construct 
the procedure body th a t i t  references.

The co n stru ct c o n s is ts  o f i-

- the procedure name

- an op tio n a l parameter l i s t

The procedure name i s  the charac ter s t r in g  up to the  op tio n a l parameter l i s t .

A comparison I s  made with a l l  defined procedure segments to  determine a match 
v lth  th is  s t r in g .  I f  a match Is  found, th is  i s  i l l u s t r a te d  by a reference  to 
the defined procedure on the le ft-h an d  side ,

An op tio n a l parameter U se may be defined . This c o n s is ts  o f a  l e f t  b racket.



aero , one, or more data  items separated  by commas, and a r ig h t b racket.

The parameter H e ld  i s  not checked again st the defined procedure for 
consistency, This a ll'-v s  d if f e re n t da ta  items to be included. The onus i s  on 
the designer to v e rify  parameter consistency.

The input format i s  simply the name and the parameters ( i f  required ) .  I f  no 
match i s  found to a defined procedure, 1t Is  tre a te d  as a general s t r in g  
co n stru c t. I f  a  match is  found, a reference  to i t  i s  given on the le ft-hand  
s id e  t)f the lin e .

ExsmpZe

Output ( CARRIAGE_RETURN, LINEFEED )
. . .  enables feed of n u tr ie n ts  
Open valve

5 ,1 .7 .  General S tring  Construct

This slixyle l in e  construct i s  used to provide a l l  the  general lo g ic , I t  can 
be used fo r statem ents s im ila r to those in  program languages. Any opera tors, 
such as OR, AND, NOT, «■, + e tc .  may be included. I t  a lso  inc ludes the
procedure construct defined above.

A genera l s tr in g  construct may be used as a procedure construct fo r procedures 
which a re  as ye t undefined. Once they a re  defined , the l in e  construct becomes 
a  procedure c o n stru c t, "

A n u ll  l in e  c o n sis ts  o f only a blank l in e . This i s  use fu l to separa te  p a rts  
o£ the input, o r to separate  procedures fo r in p u t. A n u ll  lin e  i s  to ta l ly  
removed in  the l i s t in g .

The general s tr in g  construct i s  examined for da ta  item s. These a re  then 
referenced In the  data  index.

The general s tr in g  construct c o n sis ts  o f zero , one, o r  more c h arac ters . These 
may be any allowed by the system.

Example

Y- " + I
toxr_VALUE -  s in  ( X_ + 0,3 )

P rin t " th is  i s  a  line"



5 .2 . Data D efin ition  Segment

Data i s  a  most, important p a rt o f designs. The da ta  i s  defined in  two ways:-

- e x p lic i t ly  in  a  data d e fin i tio n  segment

- im p lic i tly  by Ju s t using a da ta  item in  procedures

A da ta  d e fin i tio n  segment c o n s is ts  o f a  da ta  segment l in e  prefixed v i th  %D, 
and an o p tiona l da ta  segment body. The da ta  segment l in e  c o n sis ts  o f a name 
of one or more charac ters .

The o p tiona l da ta  segment c o n sis ts  of

- da ta  Item lin e s  used to define  data  items

- comment constructs used to  provide a s in g le  l in e  of information

- blank l in e s  used only to  separate  in p u ts , completely removed frost 
l is t in g s

A d a ta  d e fin i tio n  i s  defined by a %D followed by i t s  name. I t  I s  term inated 
by the  next procedure d e fin i tio n , da ta  d e f in i tio n  segment, comment segment, 
group or end of f i l e .

No inden ta tion  i s  performed on i t s  body.

Example

%D Global va riab le s

5 ,2 .1 , Data Item Lines

A d a ta  item lin e  defines da ta , I t  c o n sis ts  of a  v a lid  da ta  item and a s tr in g  
of zero , one, or more charac ters.

The da ta  item c o n sis ts  of words formed from l e t t e r s  or d ig i t s  separated  by 
underscores. A s in g le  word followed by an underscore is  a lso  a da ta  item.
The longest' p a rt conforming to the form of a da ta  item  is  accepted as i t s  
d e f in i tio n . The subsequent s tr in g  i s  not in te rp re te d .

The da ta  item lin e  consis ts  of a da ta  item and a p ossib le  s tr in g . The page of 
d e fin i tio n  w ill be included in  the  da ta  index.

Example

VALID_ftBCORD_POINTER Used to in d ic a te  next va lid  record 

PERSOHHEL_STARTDATE



5 .2 .2 . Comment Construct

This i s  id e n tic a l to  th a t used in  procedure d e fin i tio n s  above,

5 .2 .3 . Im p lic it Data D efin ition

A da ta  item can be defined in  any non-comment p a rt o f a procedure. I t  w ill  
then be entered in  the data index, but no d e f in i tio n  page i s  given.

5 .3 . Comment Segment

A comment segment i s  defined by a  lin e  s ta r t in g  w ith %C. I t  i s  term inated by 
the subsequent procedure, da ta  d e fin i tio n  segment, group, comment segment or 
end of inpu t.

The r e s t  of the  l in e  i s  reproduced on the comment segment name lin e .

In  a d d itio n , the r e s t  of the lin e  i s  reproduced in  the  ta b le  of c on ten ts .

A ll subsequent l in e s  in  the comment segment a re  reproduced, to ta l ly  unchanged, 
with a  l in e  number on the l e f t .  They may thus be used fo r de sc rip tio n s , 
ta b le s , block diagrams e tc .

5 .4 . General Syntax

In order to s im p lify  input e n try , a d d itio n a l form feeds, blank lin e s  tabs and 
spaces may be used. In  the segments and constructs  where the  inpu t is  
in te rp re te d  ( procedure and data  d e fin i tio n  segments ) ,  tabs and m u ltip le  
spaces a re  in te rp re te d  as s in g le  spaces. Form feeds a re  in te rp re ted  as blank

Whenever a l in e  exceeds the a v a ila b le  width of the paper, the  righ t-hand  p a rt 
i s  trunca ted , and a f in a l  th ree  "+"'s  a re  given on the l in e .
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a dd itiona l techn ica l e 

•rameter Passing 

igram design Is 3 3r  parameter passing . ft

function  ) ,  by defin ing  i t s  name in  the form of a da ta  item and using a 
genera l s t r in g  construct s ta r t in g  with "re tu rn".

Another example i s : -

6 .2 . Recursion

Keeuvsion is  a technique vhere a given procedure invokes i t s e l f .  The 
invocation  may be d ire c t or in d ire c t.  In o the r vords, the  procedure nay 
invoke i t s e l f ,  o r  i t  nay invoke other procedures, which in  tu rn  invoke the

: design i s  Used, i t  may be ref

The form atter si 

number of the lin e

include works defin ing  the u 

recursior
to prevent an endless sequence. At the f 

i t s e l f ,  the procedure 's name i s  entered 
1 on which i t  was f i r s t  l i s te d  in  the tre e .

lify  the c a llin g  tr  
f i r s t  point vhere 

followed by t

h

■ ■ ' : * i



The f a c to r ia l  function  fo r a  number N g re a te r  than one :-

%P FACTORIAL, ( N )
I f  N_ = 1 
re tu rn  N_

re tu rn  N_ * FACTORIAL, ( N_ - 1 )

This can a lso  be performed using  a while construct.

XP FACTORIAL ( N )
RESULT, -  N,"
w hile N , i s  g rea te r  than 1

RESULT] -  RESULT, * N,
endvhile
re tu rn  RESULT,

6 .3 . Scope of Names

The scope of a l l  names is  g lobal l e .  any data  item  or procedure may be 
accessed from any p a rt o f the design,

I f  an implementation language or a design standard  has p a r tic u la r ly
r e s t r ic t iv e  scope, th is  may be enforced by the de signer. The prov ision  of 
c a llin g  tr e e s , and procedure and data index makes checks fo r co n s is te n t scope 
usage sim ple.

A procedure may a lso  be invoked ahead of i t s  d e f in i tio n , or w ith in  i t s  
d e fin i tio n  ( recursion  ).



7. DETAILED SYNTAX

In th is  chapter a d e ta iled  syntax I s  given, I t  must be noted th a t a l l  v a lid  
designs must have v a lid  syntax ( as v a lid  sentences In  English must conform to 
accepted grammar ru les  ) . The use of va lid  syntax is  not s u f f ic ie n t  fo r a 
va lid  design, however ( as a sentence "The bone e a ts  a dog." has the co rrec t 
p a rts  but has no va lid  meaning ) , A va lid  design must a lso  have valid
sem antics, which i s  not rea d ily  defined in  a formal way.

7 .1 . Notation

In  order to define the syn tax , a  no ta tio n  convention i s  u se fu l . A su ita b le  
method i s  BNF ( Backus Naur Form ) .  This c o n sis ts  of a uniform method of
defin ing  f in a l  s e ts  of c harac ters  as en tered  in  the  design, using names for
in term ediate  le v e ls  and meta symbols to  p resent the syntax.

The interm ediate  le v e ls  o f the syntax are  defined as a l e f t  pa ren thes is 
follows.', by a simple d e sc r ip tio n , followed by a r ig h t pa ren thes is : ( design ), 
{ page number ) e tc .

The meta symbols a re  le f t  and r ig h t pa ren thes is ( as above ) ,  the  " is  
r e -w rit ten  as" opera tor of the "op tiona l pa rt"  shown as l e f t  and r ig h t
square b rackets , and the "or" msta symbol

The f in a l  s e ts  o f charac ters  a re  shown d ire c t ly .  Where mure than one option 
e x is ts ,  these ' r e  l i s te d  one below the o th e r, o r separated  by the "or" meta 
symbol "I" ,

For example:- »

( types of f ru i t  ) Orange

( types of f ru i t  ) Orange | Pear ] Apple

This can be read as " 'ty p e s  of f r u i t ’ i s  rew ritten  as Orange, Pear or Apple". 

O ptional p a rts  a re  defined using  the  square brackets 

( signed number ) [< sign  ) ] (  unsigned number )

( s ign  ) ::=  * | -

This de fines  th a t no "sign" need b» used, but i f  i t  i s  Used, i t  must be + or



) « t-  1 |2 !3 [4 |5 |6 |7 |8 !9

This can be read as "a ’page number’ i s  r e -w rit ten  as a ’non-zero d ig i t ' 
followed by an op tio n a l ■digit- followed by an o p tiona l - d ig i t - .  A ’d i g i t '  is  
r e -w rit ten  as a -non-zero d ig i t -  o r a zero . A ’non-zero d ig i t -  is  re -w ritten

In o the r words, wherever ( page number ) i s  found in  the  syntax i t  im plies 
th a t any number from 1 to 999 i s  s y n ta c t ic a lly  c o rrec t, but th a t 0 o r 029 are 
not v a lid .  Further ( semantic ) ru les  a re  s t i l l  needed to  enforce sequen tia l 

from 1, w ithout any m issing numbers.

M V j
K

A

: ) | (  d ig i t  ) ] [ (  d ig i t  )]

i .

■ •



7.2 . Valid Syntax

Reserved v 
"w hile", '

1 )

2 )  ( t i t l e  ) u -  n m s  ( t i t l e  l in e  )

3 ) ( t i t l e  l in e  )

( f i r s t  t i t l e  s t r in g  ) i 

( s t r in g  ) s

( o the r c h arac ter )

( d ig i t  ) ii 

( l e t t e r  ) :

9 ) ( upper case l e t t e r  ) : i=  A]B|C]D]E|F)G
HjX J  KjL M]N
o p | q |r | s |t | u
v | t f j x ' Y ' Z

10 ) ( lower case l e t t e r  ) i i=  a lb lc ld le jS lg
h | l  jik lllD .ih  
o |p ] q ! r |s |t |U  
v |w |x |y jz

1U  ) (  o the r charac ter ) s

12 ) ( second t i t l e  s t r in g  ) is= ( s t r in g  )

13 / ( end o£ l in e  )  ::=  ( carriag e  re tu rn , l in e  feed )

U  ) ( rev is io n  ) i

15 ) { rev is io n  l in e  ) u *  ( s t r in g  )



16a ) ( te x t block > ::=  < tex t ) (  te x t block )
b ) ( te x t )

17a ) < te x t ) ! : -  ( comment segment )
b ) ( procedure segment )
O  (  da ta  segment ) °
d ) ( group )

18 ) ( comment segment ) : :=  %C < l i t e r a l  l in e  ) [ (  l i t e r a l s  )]

19 ) ( l i t e r a l  l in e  ) : i« ( l i t e r a l  s tr in g  ) (  end o f  l in e  )

20 ) ( l i t e r a l  s t r in g  ) : i= ( s t r in g  )

21s^) ( l i t e r a l s  ) i

22 ) ( l i t e r a l  ) ( s in g le  l in e  s tr in g  )

23 )  (  s in g le  lin e  s tr in g  ) [(  s t r in g  ) ] (  end of l in e  )

24 > ( procedure segment )

X? ( procedure l in e  ) ((  procedure body )]

25 ) ( procedure lin e  )

26 )  (  procedure s tr in g  > ■. i -  ( s tr in g  )

27 ) ( procedure body ) ::=  ( constructs  )

28 )  ( parameter t a i l  )

rin g  ) ] (  r ig h t bracket )

29a ) 
b )

30a ) i= ( comment construct )
( i f  construct )
( w hile construct )
( u n t i l  construct )
{ case construct )
( block construct )
( procedure construct )
( general s t r in g  constMict )

31 ) ( comment construct ) s s in g le  l in e  s tr in g  )



( i t  construct ) s := < 4); U no ) (  i t  body ) 
t  end if H lw  )

( i f  l in e  ) IF ( condlH onal lin e  )

( cond itiona l l in e  )

( s t r in g  )(  end of l in e  >
( s tr in g  )(  a d d itio n a l l in e s  )( end of l in e  )

( a d d itio n a l l in e s  )

( a d d itio n a l l in e  )(  a d d itio n a l l in e s  )
(  add itional l in e  >

( a d d itio n a l lin e  )

( con tinuator )(  end of l in e  ) [(  s t r in g  )3

( i f  body ) [(  then p a rt ) ) [ (  e l s e i f  p a rts  )}
[(  e lse  p a rt )]

( then p a rt ) :i=  ( c onstructs  )

( e l s e i f  p a rts  '  i t -  < e l s e i f  pa rt )(  e ls e i f  p a r ts  )
( e ls e i f  part )

( e l s e i f  part ) i t -  ( e l s e i f  l in e  )[{ c onstructs  )]

( o l s e i f  l in e  ) : ELSEIF ( cond itiona l l i n e  )

( e lse  p a rt ) : :»  ( e ls e  l in e  ) [ (  constructs  )]

( e lse  l in e  ) is -  ELSE ( end of lin e  )

( end if  lin e  ) ENDIF ( end of lin e  )

( w hile lin e  ) ( (  constructs  ) ](  endvhile l in e  )

( w hile lin e  ) ::=  WHILE ( cond itiona l lin e  )

( endvhile lin e  ) '■ i -  ENDHHILE ( end of lin e  )

( repeat l in e  ) [ (  c onstructs  ) ] (  u n t i l  l in e  )

( repeat lin e  ) is= REPEAT ( end of l in e  )

( u n t i l  l in e  ) UNTIL ( conditional lin e  )



51 ) ( ease construct )

( case l in e  ) | (  sw itches ) ) [ (  d e fa u lt >]
( endcase l in e  )

52 ) „ case lin e  ) : s= CASE ( cond itiona l linen )

53a ) ( sw itches ) ( sw itch )< sw itches )
b ) ( sw itch )

54 ) ( sw itch ) i := OF ( cond itiona l l in e  ) [ (  co n s tru c ts  )]

55 ) ( d e fa u lt ) : i -  DEFAULT ( end of l in e  ) [ (  co n s tru c ts  )]

56 ) ( endcase lin e  ) ENDCASE ( end of l in e  )

57 ) ( block construct )

( begin l in e  ) [ (  constructs  ) ](  end l in e  )

58 ) ( begin lin e  ) t:=  BEGIN ( end of l in e  )

59 ) ( end l in e  ) i i=  END ( end of l in e  )

60 ) (  procedure construct ) i :»  ( procedure l in e  )

61 ) ( general s t r in g  construct ) ( s in g le  l in e  s tr in g  )

62 ) ( da ta  segment )

XD ( data  segment lin e  ) j { da ta  segment body )}

63 ) ( da ta  segment l in e  )

( da ta  d e fin i tio n  s tr in g  )(  end of l in e  )

64 ) ( da ta  d e fin i tio n  s tr in g  ) : <  s tr in g  )

65 ) ( da ta  segment body ) ::=  ( d e fin i tio n s  )

66a ) ( d e fin i tio n s  ) t:=  ( d e fin i tio n  )(  d e fin i tio n s  )
b ) ( d e fin i tio n  )

67a ) ( d e fin i tio n  ) ( data item l in e  )
b ) ( comment construct )

68 ) ( da ta  item l in e  ) ti»  ( da ta  item ) [ (  s t r in g  )]
( end of lin e  )

69a ) ( da ta  item ) i ( word ) < word t a i l  )
b ) ( word )_- ,



V- > ■. ~ T -

70a ) ( vovd ) i i -  ( word p a rt )(  vord )
b ) ( word p a rt )

73 ) ( group ) ::=  %G ( group l in e  )

74 ) ( group l in e  ) : :< = (  group s tr in g  ) (  «

75 )  ( group s tr in g  ) : i .  ( s tr in g  )

S',

F e uH
■■ 1;

x s '



7 .3 . Complete Syntax

The conplete syntax I s  defined to  consider a l l  p o ssib le  syntax e n tr ie s ,  va lid  
or in v a lid . The syntax is  presen ad, w ith e rro r  ru le s  ind icated  by an 
a s te r is k .

( design ) :

1!
? ) 

8 a )

{ T irst t i t l e  s tr in g  ) t 

( i t r in g  ) :

( :ha rac ter ) :

( o the r charac ter )
( inva lid  charac ter ) *

0 |1 |2 !3 !4 !5 !6 |7 |8 |9

HII jjK IL H 
0 P Q|R s | l  
v|w|x|Y|Z

12 ) 

13 )

( o the r charac ter ) t

( second t i t l e  s tr in g  ) si«  < s tr in g  )

( end of l in e  ) i != ( carriage  re tu rn , l in e  feed )

( rev is io n  ) ii=  PREVISION ( rev is io n  l in e  )
( end of l in e  ) 

m viSIO N  ( end of l in e  > *



< rev is io n  l in e  ) v .«  ( s t r in g  )

( te x t block ) • • '= (  te x t >( te x t block )
(  tex t )

( te x t ) ::=  ( comment segment )
(  procedure segment )
( data, segment )
(  group )

( comment segment )

XC ( l i t e r a l  l in e  ){( l i t e r a l s  )]
X (  l i t e r a l  lin e  ) [ (  l i t e r a l s  ) j  *
< l i t e r a l  l in e  ) [ (  l i t e r a l s  ))  *

( l i t e r a l  lin e  ) ( l i t e r a l  s t r in g  )(  end of l in e  )
( end of l in e  )  *

< l i t e r a l  s tr in g  ) ( s t r in g  )

(  l i t e r a l s  )  : :=  ( l i t e r a l  ) (  l i t e r a l s  )
( l i t e r a l  )

{ l i t e r a l  ) i t .  ( s in g le  l in e  ' 'r in g  )

( s in g le  l in e  s tr in g  ) :;=  [(  s t r in g  ) ) (  end o f  l in e  )

(  procedure segment )

XP ( procedure l in e  ) [(  procedure body )]
XP ( end of lin e  ) [ (  procedure body )', *

( procedure lin e  )

( procedure s tr in g  ) [(  parameter t a i l  )1 
( end of lin e  )

( parameter t a i l  )(  end of l in e  ) *

( procedure s tr in g  ) i :=  ( s t r in g  )

( procedure body ) : :«  ( c onstructs  )

( parameter t a i l  )

( l e f t  bracket ) [(  s t r in g  ) ] (  r ig h t b racket )
U  s tr in g  ))

( l e f t  bracket ) [ (  s t r in g  ) |  *

( constructs  ) ! := ■ (  construct ) (  c onstructs  )
( construct )

(  construct ) i : .  ( comment co n stru ct >
( i f  construct )



( w hile construct )
( u n t i l  construct )
( case construct )
( block construct )
( procedure construct )
( genera l s t r in g  construct )

( comment construct ) : :=  . . . (  s in g le  lin e  s tr in g  )

( i f  construct ) ( I f  l in e  ) (  i f  body )
( end if lin e  )

( i f  l in e  )(  i f  body ) *

( i f  l in e  )  ,•:= IF  ( cond itiona l l in e  )

( cond itiona l lin e  )

( s t r in g  )(  end of l in e  )
( s t r in g  )(  a d d itio n a l l in e s  ) (  end of l in e  )
( end of lin e  ) *

( a d d itio n a l lin e s  )

( a d d itio n a l lin e  ) (  a d d itio n a l l in e s  )
( a d d itio n a l lin e  )

( a d d itio n a l lin e  )

( continuator )(  end of lin e  ) [ (  s tr in g  ) j

( i f  body ) ::=  [(  then p a rt e l s e i f  p a rts  )J 
[(  e ls e  p a rt )]

( then p a rt ) ::=  ( c onstructs  )

( e l s e i f  pa rts  ) i :=  ( e l s e i f  p a rt ){ e l s e i f  p a rts  ) 
( e l s e i f  part )

( e l s e i f  p a rt ) ( e l s e i f  l in e  ) [ (  constructs  ))

( e l s e i f  l in e  ) i s -  ELSEIF ( cond itiona l lin e  )

( e ls e  p a rt ) i:=  ( e lse  l in e  ) [(  constructs  )]

( e ls e  lin e  ) i : -  ELSE ( end of l in e  )
ELSE ( s tr in g  )(  end of lin e  ) *

( end if  lin e  ) ENDIP ( end of l in e  >
ENDIF ( s t r in g  )(  end of l in e  ) *

( w hile construct )

( while lin e  )£( c onstructs  ) ] (  endvhile l in e  )
( while l in e  ) [(  c onstructs  )] *



46 ) ( w hile lin e  ) WHILE < cond itiona l l in e  )

47a ) ( endwhile lin e  ) :i«

( u n t i l  construct )

( u n t i l  l in e  ) i : -  UNTIL ( cond itiona l lif ts  )

( case construct )

( case lin e  ){( sw itches ) ] [ (  d e fa u lt )J 
( endcase l in e  )

( case lin e  ) |{  sw itches ) ] [ (  d e fa u lt ) j  *

(  case lin e  ) ::=  CASE ( cond itiona l l in e  )

( sw itches ) :

( sw itch ) : i= OP ( cond itiona l l in e  ) ( (  c onstructs  )] 

( de fau lt )

( endcase lin e  ) i

i  )  ( block construct )

( begin lin e  
( begin lin e

( begin lin e  ) :

( end lin e  ) : i-

( procedure construct ) i s= ( procedure l in e  )

( general s tr in g  construct ) i :« ( s in g le  l in e  s tr in g  ) 

( da ta  segment )





E rrors a re  recognised a t the  app ropria te  po in ts  in  the  ope ra tion  of the 
program, and se lf-exp lana to ry  messages a re  in se r ted  in  the form atted ou tpu t. A 
minimum amount of e rro r  co rrec tion  i s  attem pted. The l a s t  page provides an

The program used performs standard e rro r  checks using MSDOS and Turbo Pascal, 
in  which i t  i s  w ritte n . These consis t mainly o f checking f i l e  names, pa ths and 
a t t r ib u te s ,  and space a v a i la b i l i ty  on the d isc s .

The follow ing processing e rro rs  are  id e n tif ie d  during the form atting  process :

No CONDITIONAL found

S tring  must no be on ELSE lin e

S tring  must no be on ENDIF lin e

H issing ENDIF

S tring  must no be on ENDVHILE lin e

Missing BNDUHI

M issing UNTIL

S tring  must no be on REPEAT lin e

S tring  must no be on DEFAULT lin e

S tring  must no be on ENDCASE lin e

H issing BNDCAS

S tring  must no BEGIN lin e

S tring  must no END lin e

*** H issing END

*** H issing PROCEDURE NAME before paren thesis

*** H issing RIGHT PARENTHESIS

*** H issing PROCEDURE SEGMENT NAME

*** DEFINITION must s t a r t  with a DATA ITEM or "

*** H issing DATA DEFINITION NAME

*** MISSING LITERAL SEGMENT NAME

*** Missing P, D, C, o r G



*** Missing KG, %P, ZD, or XC 

*** H issing GROUP TITLE 

*** Duplicated PROCEDURE NAME 

**<: DATA ITEM already defined

8 .1 . R ela tion  to  Complete Syntax

The use of in c o rre c t syntax w ill  r e s u l t  in  an e rro r  message. In  order to 
demonstrate what the in c o rre c t syntax usage was, a  reference  I s  given to  a 
d e ta iled  syntax in d ic a tin g  the e rro r de tec ted .

The combined c o rrec t and in c o rre c t syntax i s  given in  the  previous chapter.

6 .2 . E rror Checklist

C ertain  types of e rro rs  occur frequently  in  p ra c tic e . A good method o£ 
Checking designs i s  to  sy stem a tica lly  check the  design from beginning to  end 
fo r each type of e rro r.

The c a l l in g  tr e e , procedure and data  index are  p a r t ic u la r ly  u se fu l fo r
checking c e r ta in  types of e rro rs .

A c h ec k lis t i s  given below:-

• a l l  da ta  items in i t ia l i s e d  before use

-  da ta  items accessed where expected

-  da ta  items not accessed where not expected

- procedures used where expected

- no procedures used where not expected

-  a l l  data items accessed a t le a s t  twice

• each procedure invoked in d ic a tes  a reference  ( did the  names match )

any a l ia s e s  for da ta  items ( eg. SECORD_WMBBR, RECORD NO,
N0_0F_REC0RD )

- the c a llin g  tree  r e f le c ts  your understanding of the design  s tru c tu re

- recursion only occurs where expected

- any "otphans" in the c a llin g  tree  ( procedures defined but not used )

-  any comment segments where procedures were expected



the da ta  index e n trie sd a ta  d e fin i tio n  segments 
d e f in i tio n  reference



9. OPERATION

9.1 . I n s ta l la t io n

The opera tion  of the form atter program i s  defined in  th is  chapter. The 
programs are  supplied  on a floppy d isc . The programs a re  w ri tte n  to  execute on 
an IBM PC or compatible using MSDOS 2.11 or h igher.

The form atter c o n s is ts  of th ree  ".COM" f i l e s  : PDL.COM, INITA.COM, and
GBNIND.COM. PDL.COM checks th a t the o the r two .COM f i l e s  a re  p resen t, then 
requests  inform ation for the form atting, INITA.COM analyses the input PDL, 
preparing an interm ediate  f i l e ,  which i s  then form atted using the GBNIND.COM

These f i le s  a re  expected to be in  the d e fa u lt path.

In  add ition  to these  f i le s ,  the interm ediate  f i l e  ( PDLPRE.PDL ) generated by 
the form atter must be taken in to  account. This f i l e  contains the f u l l  design 
inform ation in  an unformatted form, and i s  approxim ately two th ird s  the s iz e  
of the  f u l l  form atted form. This f i l e  i s  au tom atica lly  generated and updated 
an requ ired .

9 .2 . Processing

I n i t i a l l y  the source  i s  prepared using any e d ito r  th a t produces normal ASCII 
format f i l e s .  T ypical e d ito rs  are  EDLIN, Wordstar in  the  "non-document" form, 
and the  e d ito r  o f Turbo Pascal.

Processing i s  then performed by invoking the PDL.COM f i l e .

The PDL program w ill  then request input and output filenam es, workspace path, 
l in e s  per page and columns per page, and then cause execution of the INITA.COM 
and GBNIND.COM f i l e s .
The input filename request has a d e fa u lt path which i s  the  same with Which the 
form atter was Invoked. Any o ther path can be g iven, however. The s u f fix , or 
ex tension , o f the f i l e  i s  expected to  be .PDL, but any o the r i s  accepted. I f  
the filename i s  not va lid  ( wrong path or m issing f i l e  ) , the  user can e x it 
the program by typing a  carriage  re tu rn .

.The output filename request has a d e fa u lt of the p r in te r  ( type a carriage  
re tu rn  ) . Otherwise the cu rren t path i s  again assumed, as w ell as a su ffix  of 
,LST. Again any o the r su ffix  can be given.

A standard approach can be to use the same filename fo r  the input and output 
f i l e s ,  w ith su ffix es  of .PDL and .LST.

For a screen preview, en ter an output filename of CONi, and c o n tro l sc ro l lin g  
With Control-S.

The workspace path on which the interm ediate  f i l e  PDLPRE.PDL is  w ritten  is  
next requested. The de fau lt i s  on the cu rren t pa th . I f  in su f f ic ie n t space 
e x is ts  on th is  d riv e , any o the r path may be given. This may be u sefu l i f  the 
source i s  on a  floppy , and the  in term ediate  f i l e  i s  put on a RAM d isc , o r on a 
hard d isc ,



d e fa u lt of 72,

the output is

<p lic itly

Preparing the 
P r in t in g  £ror 
P r in t in g  the 
P r in t in g  the 
P r in t in g  the 
P rin tin g  the 
Completed prc



Some general references are  given below.

C lass ica l papers on program design languages a re  by Van Leer and Caine and 
Gordon.

A d e ta ile d  survey of program design a re  given by Kernigan and Plauger ( two 
t.ife rences ) , Welsh and HcK.iag, and Z elkovltz, filiav and Gannon.

Good^prograraming primers are  given by Grogono, Kernigan and R itch ie , and

1. Caine, S Hi Gordon, B K "POL - A Tool fo r Software Design" Proceedings
N ational Computer Conference, 1975, rep rin ted  in  Freeman, P; Vasserman, A I
"T u to ria l on Software Design Techniques" IBBE Computer Society P ress, 4th 
E d ition , 1984, pp 485 - 490

2. De Marco, T "Structured A nalysis and System S pec ifica tion"  P ren tice  H all, 
New Je rse y , 1979 e

3. Gane, C P; Sarson, T "Structured System Analysis i Tools and Techniques" 
P ren tice-H all, New Je rsey , 1979

4. Grogono, P "Programming in  Pascal" Addison-Vesley, 1980

5 . Jackson, M A "P rinc ip les of Program Design” Academic Press, London, 1975
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McGraw-Hill, 1974
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11. P e te rs , L J  "Software Design Methods and Techniques" Yourdon Press,
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12. Van Leer, P "Top-Down Development using a Program Design Language" IB M  
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13. Walker, A J  "Structured Inform ation P rocessing Systems Design" Revision 
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