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1. INTRODUCTION

A Program Design Langunge is a tool applicable to the practice of software
. engineering.

In order to relate 1ts use to the practice of softvare engineeriny, a - . s
perepective is given oni- . 2 4

% softvare design

~ softvare engineering

- iypleal design tools . %

Somé backgronnd s given on current tech in compiler This =t .
is directed towards those techniques relevant to building a Program Design
Langusge Processor.

This is folloved by an overviey of the processors design, conclusions reached
in this project, a bibliography, and an appendix contaiting the user manual of
the program design language processor.

s




SOFTYARE DESIGN
2.1 Definition of Boftware Design

Software lg a changeable part of a computer system. Software conglsts of
programs and data; It provides the character of the system. It Eorms & major
part of the system, and its design forms a majpr part of the design of &
systen.

In order to define the scope and content of softvare design, it is relevant to
exanine engineering design as a whole,

According to Asimov ( 1962 ), "Engineering design is a purposeful activity
directed tovards the goal of £ulFilling human needs, particularly these which
can be wet by the technologleal factors of our culturel.

These needd are not met by existing solutians - thus the goal exists. The
achievemant of the goal is the availability of known
and practice,

Restating this definition:- Software design i the process of fuifilling needs
by the creation of programs and data.

A nunber of alternate definitions and vievs of software design exists.  Some
examples ave:-

roricoimm a2 en dntopual process of problen dofinition and sotutdon ¢
Peters ). This £

cotim,ss the ereatton of n soburion provides insight to the pxohlem,
&0 hé problen tnsight directs che solution.

o

+++ design is not a formulatable activity, It does not lend itself
to prescriptive or sequentisl steps that will ensure success ... It i
not possible to exhaust all reasvhable variations and avenues of inquiry
to reach an acceptable design. One could go on essentially Forever.'!
¢ Pater:

» The model of design as a wicked problem ( J G Jones, B ¥ J Rittel and
M M Webber, elaborated by Peters ). Some properties ara!

- & wicked problem cannot be definitively stated

- There is no rule or guideline to determine vhen & wicked problem
iz solved




- Wicked problems do hot have right or wrong solutlons, only good
or bad enes

~ A wicked problem cannot be definitively tested o

-Solutions te wicked problems are too significant to be
experimentud with

-~ Neither the number of possible solutions nor the mesns of v
obtatning them is limited

« Bach wicked problem is a singularity

: Vicked problems can be vieved as symptoms of other higher-leval [ s
problens N ]
The concepts of softvare design are covered more fully by Freeman ( 1984 ), R .

and design representations by Peters, and Peters and Tripp ( 1976 )
2.2, History of Softvara Design

Iu the history of softvare design there is a distinct watershed. The dividing
line 15 the of

Structured programming is the vriting of programs with a significant emphasis
of its form, in particular wilh the use of fixed constructs such as sequence,
selection, iteration and abstraction.

2,241, Before Structured Programming - Pirst Phase

fhis phase represented the selution of well established Functions using
computers and software,

The design activity consisted of force-fitting the tried aud tested algorithms
onte the computets of the day, Critical comstraints vere often execution
speed, and program and data size. No enphasis wasoplaced on the form of the
codes

The code was generally sreated by epplication specialists of a high calibre,
for their gole use. The effort was gensrally minimal in comparison to the
valve of the result,

2,2,2, Before Structured Programmin. levond Phuse

This phase represented the usage of computers and software to solve
significant, new prablems.

These problems were orders of magnitude more complex than those of the first
shasa, vithout known selutions, and requiring teans of people for axtended
utations.

o emphasis vas placed on the form of the code, and little on general
technigues and methods.




The results vers o recyriing swyusice of saberzassing fatluies. This scanario
1s extensively exanined in Brooks ( L

¥ Widld systems llke the Wright brothers bulle airplanes « bulld the whole
thing, push { £ a c1iff, let it crash, and start over again® ( R M Graham
in Nﬁur, Randell 1969 3o

Once these failures vare as general and dietabl tl stage vas
set for strustured programning,

2,2,3, The Re-living of Bistary

*Thoze who do not leafn from history ave doomed ro re-live it.' The tvo phases
definied abave should be relegated to histoxy, yet they are still common today.

Typital cases in widch the Slrat phase still oeuss are applications recently
turning te computer based solutions or where the computer capabilities are
very iimited, These include calculators, single chip micro-computer based
randam logic replacement, peripheral and mass storage controllers, and signal
processors.  As hefore, they ara characterised by established slgorithme, and
-execution speed, program and data limitations, With effort, they are
suecessful.

Typical aress in which the second phase still occurs are outgroyths of
successful first phase areas. These include more complex peripheral
controllers ( SWA, X25 ), more Vpowerful® hardyare and operating systems (
Dijkstra 1972, and ited terntrale, | These products are still often
fallures, because of the lack of use of software design methodology by the
designers.

22,4, The Advent of Structured Programming

Structured programming is the disciplined practice of writing programs wheve
emphasis s laid on the form of the program.

It can be regarded as the flrst structured technique ( Shooman 1983 ).
Typical forn aspects arei~
~ The Use of a restricted number of control constricts
« The use of indentation to indicate contrel struciure scope
- 'The use of meaningful symbols
« $ize Lwits of progrem modules
Definitions of structured programming includes- 5
= "Structyred programming theory deals with converting arbitrarily large
and complex floweharts into standavd forms o that they can be

reprasented by iterating and hesting a small number of basic and
atandard contrel logle §tructures" ( Jensen 1981 )




- "Struccured programming is a manner of organising and coding programs : i)
that makes the programs easily understosd and modiffed" ( Jensen 1981 ) .

- "rhe fund 1 concept [ of }isa proof of .
correctness” ( Sohsen 1981 ) . L

fructured ©ds the of prograns as
hieturchical truct of and  objects of
computationt ( Rty 1971. )

2,2.5. The Basis of Structured Programming

In the IPIPS Congress of 1965, Dijkstra proposed that the G0 T0 statement was
not necassary in programming languages, and further that the reduction of GO ,
T0's vas related to improved programs. NP

In 1966 Bohm and Jacopini published s historlc peper,  This paper vas a R ]
1 proof of the suffl o formation rules. In practice this : :

ipplied that any program could bo et ustng nininom control structures of . -

{ seqvence, ) seloction and iteravion. CO

In parallel, many programers found it vas also practical to write prograns in
this manner ( di.e. without explicit transfer of control using GO TO -
statements ). A number of experimental projects veve performed, and also . ;
languages vere desigmtd, to demonstrate this point. pe

Pinally, in a classic letter titled "GO T0 Statements Considared Harmful®,
Dijkstra provided a strong argument for the reduction of GO TO statements ( <

1968 ), He found that the quality of programs reduced as the number of GO :
T0's increased. “The GO TO statement 'as it stands is just too primitive, it "
& too much an invitation to make a mess of one’s program".

In practice this implied that programs showld be written using only control 3 v
stroetures such as sequence, sulection and iteration. B

4 paper by Curtis ( 1980 ) provides s survey of tests performed on tha use of
GO0 T0's and varisus structured constructs.

Many further articles and papers contributed to the GO TO controversy. For . -
exanple DPetersen, Kasami and Tokura ( 1973 ), vho state "Recently there has Vo
been considerable interest in the possibility of replacing the uwse of G0 T0 .
statements in programs with interactive constructs such as FOR and VHILE -

because the latter ave nora easily understood, less arrox prone, and mare =
easily proved corréct?. Other discussions are in Shooman ( 1983 ).

Even vhere the language and hnovledge existed, these construets were often not E
applied. Por example, in one survey of 100 PL/I programy of a total of 100 - b o
000 1inus of code, only 11 DO « WHILE statements were used, and 20% of
programe tiged no IF - THEN - ELSE statements ( Yourdon 1979 p 124 ).

The practice of structured programming initially met with a meastrs of
obposition. It vas generslly condemned ofi the basis of reduced creativity,
afficiency in code size, execution Speed, and its conflict with facilities
provided by the langvage ( Shoomen 1083 ).




As a result languages were develeped to be efflcient within these constralnts
¢ Wirth in Wasserman 1980 ).

An interesting comparirin can be drawn betveen the initial opposition of
vs ), end the use of high
level languages ( vs assembly languages ).

In current practice; whilst G0 TO’s still exist ( Jensen 1981 ), structured
progranning is the accepted methad.

2.2.6, The Bxtension to Structured Methods of Design

- applied - is no better than traditional
methods of program design® ( Jensen 1981 ).

A cause of the GO TO controversy vas the failure o eorrelate the synptom of
the excessive use of GO T0's Vith poor designs. & mechanistic method of
converting arbitrary programs to "structured programs! wes developed - ie. the
hsheroft - Hanna technique. ( Yourdom 1975 ). However, this seldom increassd
Logte visibility, and did nothing to improve the design itself.
The correct starting point for good programs, is a good design uninfluenced by
the technology of the day.  This would then be implemented in the most
appropriate technology ( Walker 1986 ).
As a tesult of this avaremess, a nev forn of design was developed, which
tended to produce structured programs naturally { Peters, Wirth 1974, Welsh
and Hekeag 1980, Jackson 1975 ).
2.3, Design Hethodologies
The spectrun of design methodologles Includes:-

- Structured Analysis

- Top-down Design, Coding and Testing .

- Structured Design

- Structurad ¥alkthroughs

- Modular Programming

- Various Logic Presentation Hethods

2.4, Structured Analysis

Structured snalysis i a set of technigues to define the functions of a
aystem.

A detatled model of structursd analysis is given in ( Ross 1977,
Yourdon 1979 pA§, Wasserman 1980 ), Rigorous mnslysis is an important tool to
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mininise error costs and to prepare for design. An ervor removed during the
analysis phase can cost twa orders of magnilude Jess than if removed during
acceptance testing ( Yourdon 1979 p 53 )

The items are:-
- data flow diagrams
- data dictionaries
- written documents

2.4,1, Data Flov Diagrams

Data flov disgrams ave & graphicsl representation of systems ( Yourdon

157% p 39, Shooman 1983, Ross 1977 )

Selated nethodologlas ave Structured nalysis and Design Teohniques ( SADY )
( Peters, Wassernan 1980, Ross 1985 ), Systematic Activity Nodeling Method
¢ "Shi 'y ( Fatora ), which have formalism For inputs ostputs control nd
Zeedback.

The value of data flow diagrams lies in their ability to describe general
systens in the form of abstract, logical models. By the use of hierarchical
decomposition, the detail in each diagram can be limited. "Evevything worth
saying about anything worth saying something about must be expressed in six or
fever pieces' ( Ross 1977 ). They can thus be used to define existing or
proposed systems, msnual or computer based.

A stmple, but adequate, form is described by Gane ( 1980 ) and Gane and Sarson
(1979 ).

Data flow diagrams define the data flows, dsta stores, data transformerg
{ processes ), and external entities.

Data lows ave paths along vhich data is passed,

Data stores are repositories For data. These can be fixed { look-up tahles ),
or can contain varying amounts of changeable data.

Processes transform data, They may consume or produce data.

External entities define processes vhich are outside the scope of the diagiam.
They may also produce or consume data.

Mo timing or synchronisation is indicated in these diagrams.




2.4.2. Dats Distionaries

The data referenced in dats floys or data stores is defined in data
dictionaries. The entries may take the form of tofidown logical definitions
of the data items, derailed only to the level required for the design.
Atrributes such as ranges and logical types may also be incorporated.

References include Peters, Gane ( 1980 ), Gane and Sarson 1979 ).
2.4.3. Written Documentation

Tho transormations pecforned by the gcestes nead 1o bo defined.  fho mewns
of definitions include el

Engish ( Yourdon 1979 p 4 ), psuedo sode or progtam design language
speqificarions.  These individual definitions form 7mini-specs”, describing
the detalled requirements and logie in terns of the defined data items
( Tourdon 1979 p 47 ).

Structured Emgllsh 1s a form of control-structured procedural ot logleal
specifications, These specifications are intended to be concise, clear and
complate definitions ( Yourdon 1979 p 42, Crre 1980, Gane and Sarsonl979 3,

The wveitten specifications can be avgmented by design trees ( Balley 1982,
Peters ); decision tables ( Bailay 1992, Peters, Hurley 1983 ), cause-effect
graphs ( Myers 1976 ), Petri Nets { Agervala 1979 ), State Disgrams  Valker
1986 ), graphs, and fornulas.

The written documentation can also be used to define inter-procass
dependenieies such as timing, synchronization, priorities and data flow
volumes.

2.5, Top-Down Design, Coding and Testing
2.5,1. Top-Down Design

Top-doyn design is an spproach where the major functions are {dentiffed and
deffned  before the sub-Functicns. This 1is then {terated with the
sub-funétions.

Alternative generation and selection is performed at each step.

¥hilst a particular Functional level is being considered, the sub-functions
can be regarded as hidden or available functions on a hypothetieal system
( Shooman 1983 ). The final sub-functiobs are small solvable units.

Top-down design is known by a numbar of names including "programming by
svepiite reflienent' ( Wirih 1571, Myars 1976,  iierarchical doslgn’
{ Constantine in Yourdon 1975 p ), and "levals of abstractionh. A
practical guide is given by Ledgard oo o 17y,

It may oceur that thls process x‘es\tlts in a function which must be assumed as
avdilable; that in fact s dowbiful. A check must then be performed. This
Gheck  can toke the foumn of detaiied analysis, of a small test program. The
intent of the check 12 to increase confidence, or to continue the search for a
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suitable design slternative. The test program should not form part of the
desig.

The breakdown of & design for a particular level should not exceed & page
( Yourdoh 1975 ). This ensures that the major sub-functions only are defined.

This process is terminated when all the lovest level sub-functions have a
trivial iuplementation.  This implins that no design decisions are required
during coding,

Intarfaces and data wust be defined at each level of function. The information
includes the data passed to and from a function, as vell as tining and data
avallability constraints. The data 4% defined in terms of the minimum detail
applicable to that level. The data items are considered in logical terms, not
inplementation issues { such as vord sizes or byte allgnment )

25,2, Top Down Coding

This approach has major function level code wriften before that of the
sub-functions. This can take place in parallel with design. Confidence in
the final Solution ls increaved, particularly if this code is run, perhaps
with simplified sub-functions.

2.5.3, To Down Testing .
The classical approach to testing is to test each lovest level function using
test driver routines,  Once all the sub-functions for a function have been
tested, the function itself is tested. This produces canfidence in the lovest
lavel functions, but vesults in the top level belng tested last and least.
Problems encountered at the top level may thus invalldate a major part of the
f\gx?éiunctinns at a very late point in the project ( Yourdon 1979, Myers
3

In opposition, in top-down testing the msjor funetions are tested first,
perhaps by simulating the lover level funcrions by test stubs.  The result is
that the problems encountered are itkely to affect ®2 smaller part of the
design, and that the most crucial functions are tested most often. Where a
sub-funetion is suspected to present problems, this fay be checked in a
simi}a: manner as anticipated design problems, then reverting back to top-down
testing.

2.6, Structured Design

Structured design is a design approach vhere the hisrarchies of the program
parts have emphasis. One such method is top-doyn design. Other forms o
struatured design result Efrom decomposmon using criteria of cohesion and
coupling, transform-centred design ( Yourdoh, 1979 p 94 ), lavels of
abstraction ( Hyers 1976, Fassoman 1980 ) or intm.mation hiding ( Parnas
1972, Peters ),

Structured designs are typically illustrated by structure charts ( Yourdon
1979 p 147, Peters ), or HIPC { Peters, Vasserman 1980 ),
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Structure charts are hierarchical diagrams, with rectangles demonstrating
modules, connected by ventors augmented by explicit data and control passing.
Selection and iteration are Indicated, but not in detail, 4s a result of
defining the data and control passing, module interfaces ave defined,

2.7, HIrO

o
BIPO { H{erarchy, plus Input, Process, Output ) s a documentatfon package
extensivaly used ond promoted by IBH ( Yourdon, 1979 p 145; 153, Peters,
Shooman 1983, Freaman 1980 ). The compoment parts are a hierarchy chart of
the nodules, and a module-by-module definition of inputs and outputs called a
detailed HIPO diagran or functional BIPU diagram.

2.8, Varnler-Orr Method

The Warnler-Orr method is & graphical mnethod of illustrating designs by
bracketed sequence, selections, repetitions basad on output data ( Shooman
198

2.5, Jackson's Nethodology

Jackson’s methodology is a systematic comstructive approach to programming.
The 1input and output data of a process is defined using & graphical model of
sequence, selection and iter..ion. A combined program structure is formed by
the use of some defined teclnigues. The program structure is also given in
terns of sequence, selection and itsration, Procedural fragments are defined
for each operation and assigned to the structure. These fragments are
combined into a pseudocode format called METACODE. The main reference is
Jn:‘.:sun {1975 ).  Others are ( Peters, Yasserman 1980, Cameron 1983, Jackson
1976 ).

2.10. Structured Walkthroughs

The concepr of walkthroughs iz to check design or code in a systematic manner.
The programmer hinself, as well as people not necessarily directly concerned,

orm . & team td check that the Iogic {s correct, specifications will be
satisfied, snd that standards are met.

the uss of structured yalkthrooghs results in the shift of responsibility of a
progran from an indfvidual to a group. The group has a responsibility to
assist the designer in Einding errors or omisslons, and indicating
non-cenfoxmance to group norms and standarde. The design s given high
visibility, As a result the designer also tends to minimise nom-conformance.

Structured valkthrouzhs are particularly effective st ﬁndmg systemauc
errors. A designer may make an error, believing it to be corr As
tesult, he is unlikely to find the error himself.  Similarly )ue may omit tu
check & particular item as he is convinced of its correctness.

This psychologleal "set® or attitude is thus incorrect to find an error in l
that item. These problems are unlikely to be shared by the rest of the team, [ N
and the errors cah note readily be found. ° H
Welnberg ( 1971 ), 1in his "Psychology of Compyter Programming’ covers i
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structured valkthroughs and related methods such os ego-less programming.

Valkthroughs are often related to the phases of design used for a projact.
Thus specification, demign, code and test valkthroughs, or systam design,
prelininary design, detall design and code walkthroughs may be defined.

Valkthrough teshniques are well defined in the literature ( Yourdon
1979 p 188, Shooman 1983, Fresmen 1973, Pagan 1976, zZalkowitz, Yeh, Hamlat,
Gannon ard Basili1984 ).

The results of walkthroughs are the early reduction of errors ( by & factar of
about five Yourdon, 1979 p 193 ), improved quality, and improved design
techniques { Fegan 1976, Boehn 1983 ).

This techpigue can readily be implemented in any organisation, provided that
‘stmple rules, such as impersongl checking, and timely checking, are followed.

A quantitive study of the eftecciveness of structured walkthroughs was made by
Hyers ¢ 1978 ). ethods wers used hy 59 highly experienced

profesaionals.
OWR erkors.
Einding  method.

The tes( vas on s single PL/I program of 63 statements vith 15
Code walkthtoughs vere as effective as any computer hased error
Greatest Success vas found by using two independent persons

performing walkthroughs vho then compared results. Significantly, even with
thiz method & mean of only 8,3 of the 15 errers were found,

The term “structured relates the design and code revievs to the stratesy of
the design and coding itself.

2,11, Hodular Progxamming

This iz one
972 )
modules. Th:

sub-division s
constraints (

of the earliest approaches tovards structured programuing.

?outdnn described podular programming in simple terms in 1972 { Yourdon

Hodular progranming consists of the division of programs into entities called

is rather inadequate definition 15 supplemented by various
trategies. Por example, the strategy can be based on size
e 512 bytes or 409 vouds ) ( Shoonen 1963 ), comlexity

single function packaging

cofistraints ( eg. page of design or code },
{ Ross, Goodengugh, Teving 1675 ) ete.

A typleal definition iy "The term T'module’ is ysed to describe a largaly
self-contained secton of the program which pexforns's specific functlon or
sub-fustetion { Shooman 1983 ).

Useful guidelines in module definition are those of coupling and cohesion .
{ Stzvens; Myars and Constantine 1974 ). "

Coupling is the degree of interdependence of the modules. The greater the
independence of the modules, the greater the ease of understanding, designing,
testing and maintalning the modules. Various levels of coupling are defined :
{ Shooman 1983, Myers 1976 ). i
Gohesion is the degree of interdependence of the components of & module. The
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greater the degree of dependence, the greater the likelihood that the module
performs & single function. Where the cohesion is low, the module is not a
single Eunction. Benefit would be derived by sub-dividing further ( Shooman
1983, Myers 1676 ).

The principle of informetion hiding as a guideline ls given in Parmas
(1972 ).

The prineiple of dastgntng for subsat and superset Saplemsntation 1s coverad
by Parnas { 1979 )

The result of modular progremning is a set of relatively small modules ( 5

- 50 statements ). The strict specification of number of pex
module does not necessarily result in the best coupling and cohesion.

An analysis of sodular progransing is given in Shootan ( 1993 ), and dts use
on complex systems by Parnas et al ( 1985 ).

212, Design Logle Presentations

once components ( top-dovn design ), modules ( modular programming ),
processes ( data flov dlagrams ), or functlons ( structured design ) are
isolated, thelr destgn details must be put to paper,  The procedural
definitions s addressed directly in the structured design method.

A concise exposition of a number of methods used is given by Petsts ( 1980 ),
and in more detall in his book ( Peters

many cases the design logic 15 not directly documented, The logle is
defined obly in the implementation directed code { Privitera 1982 ).

Techniques to define these detsils are:~ °

- flowsharts

- praudocode

- Nagsi-Shneideiman charts

~ program design languages
Plowcharts
Flowcharts are the traditlonal manner of indicating logic. They are used for
softvare documentation as vell as a number of other uses. These include
hardwars logie, protess deseriptions, test and mssembly procedures.  As

result, they are not only widely used, but aiso  readily understood by
non-computer peopla.
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Unfortunately, £lowcharts are less suited for design than for documentation,
Flowcharts are often 4llogical and complex as a result of arbitrary cemtrol
£lov.

Plowcharts have lost popularity, in direct relation to the growth in
structured techniques, They do still have a role in illustrating procedures,
part{culerly to non~computer people ( Shooman 1983, Peters, Vasserman 1980 ).

Pseudocode

Pseudocode 15 & control structured subset of English. It has a relaxed, but
sinilar, syntax to block structured programming languages. The degree of
syntactic and semantic exactness is matched to the point being demonstrated.
Host algorithms are illustrated in this munner ¢ Shooman 1983, Zelkowitz,
‘Shaw, Gannon 1979, Peters, Jensen 1981 ),

No standerds exist for pseudocode, but most are based on sequence, selection
and iteration constructs, with indentation, In fact, the pseudocode format
usually bears a close relatlonship o the user's favourite programming
langlage.

Whilst lack of standardisation betveen groups may 0ot be thet serious,
unfortunately standards may differ vithin one project or program.

Nassi-Shnetderman Charts

These charts are a graphical method of designing and documenting programs.
The key difference betyeen Nassi-Shneiderman ( or Chapin ) flowcharts and
other types, is the constraint to only structured censtructs and abstraction.

These floyeharts are also a poverful synthesis tool by
decomposition,

These charts have become wall established in many organisations ( Siemans,
UNISA ) and are vell docunented ( Yourdon, 1979 p 155, Peters, Freeman 1980,
Yoder and Schrag 1978, Chapin 1974 ).

tachine support does exist ( eg. AIDS package ), but is not very effectrive
because of formatting problems.

Progean Design Languages
-
Program design languages are similar to pseudocode. They are salso relaxed
syntax lpngusges. However, they have two components
- a fixed, formal outer { or control ) syntax

- a fres-form, uncontrolled inner syntax.
As a result, progran design languages can be machine supported.
Pregram design languages may also support data and abstractioh. Furtharmore

the itachine supported forms can provide formatting, indentation and & variety
of tefarencing forms,
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Program design languages sve considered in u. . detall in a further section.




3, SNTLYARE ENGINKERING
3.1. Definition of Software Engineering

The term softvare engineering is used today to deseribe a loosely coupled
collection of practices, techniques, and methods" ( nPeters

"Softvsre engineering is the application of science and mathematics by which
the capabilities of computer equipment ara made useful to man via computer
programs, and 1ated ( Bochn 1981 ).

In the late 60’s, the term vas d with the
practice of softvare. The term 'softvare engineering® wvas at first a
provovative phrase, to contrast the formal seience to the pragmatics of
engineering.

Software has begun to have a significant soctal impact. By 1985, AOX of
American labour relied on computers and sftvare to do thelr vork, without
belng directly involved in software of computers ( Boehm 1981 ).

This was, to a large extent, the result of increasing avareness of the need to
change direction from a research or laboratory sclence to the systematic
success of real projects. This avareness came as & pesult of major fallures,
These are examined in some detail in a further section: An ralysis of
failures is essential to f£ind the causes, and hov to prevent or overcome them,
The tools, methodologies and practices must be chosen and designed explicitly
to avold them.

Real projects have constderable constraints in terms of cost, schedule and
technical performance ( or system quality ). These constraints lead to a
spectrum of requirements that must be satisfied, Optimisation is not normally
required,

Real projects alsp require management visibility. Gvaluation of a projects
progress in terms of cost, schedule and performance is necessary to reduce
risk.

"It coies as a distinct shock to the uninltiated that, for an actlvity that
accounts for the expenditure of seversl billion dollars a year in the United
States alone, the of compliter ing is still £
black art. For all purposes there are no generally accepted, generally
available, o generally applicable guidelines or techniques on which a manager
can rely ( other than the ad hoc experience of technical experts ) in meking
cost or schedule estimates, in veighing the investment of increments of time
and money against hoped-for improvements in the performance or quality of the
computer program end product, oOr in assessing cost-to-value after the faci®
( Veinwurn 1970 ).

These aspects Ware not traditlonally seen as a part of softvara development.
411 significant projacts now have at least some management methods assoclated
with them. .

The imposition of managemént constraints on the practitioner have often been
met with opposition. Thay are deemed to interfere with creativity, and not to
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be relevant to softvare,  However, according to Metsger ( 1973 ), the
the managenent of other

of softyare development iz closer to

nmansgenent
dlg. glines than softvare stalf would accept, yet further apart then
mansgement would accept,

Boehm ( 1983 ) has idencified seven pr «les considered essential for

Jong-term suceess in softvars engineering:-
-Hanage using a phased life-cycle plan
- Parfora continuos validation
- Maintain disciplined product control .
- Use wodern programming practices
- Maintain clear accountability for results
- Use better and fever people
- Halntain a commitaent to improve the process

Softvare englneering extends from the time that a problem or need is
discerned, to the time that the solutlon is discarded. & number of phases
within the development of softwara are defined, This enables discussion of the
role that design tools, and program design langueges in particulsr, play
during each phase, and which needs they fulfil.

2.2, Management of Softvare Projects
To control progress, and report on its achlevement, messurements must be
performed. 4 typical method is the use of Work Breakdown Structures,
Statements of Work and Project Planning and Reporting Methods ( Boehm 1981,
Shooman 1907 )
The work breakdown structure is the hierarchical decomposition of the project
into identifiable products or phases. It cen be related directly to a design
tree { Peters ). The statement of vork defines the contents and extent of
each of the products or phases.  Cospled with each is a definition of
pre-requisites, resources and s budgeted cost.
Project planning and control mathods can noy be applied - for example CPM of
PERT, and the reporting of mctual progress end forecast progress egalnst thess
plans and original estimates.

508 unsuccessful projects have failed because of poor planning
( Metzger 1973, Boehn 1981 ).
These methods provide fnaight inte cost and schedule performance, aud can
coupled to Lechnical performance. his may result in further effort being
directed to lagging items, techniques to improve design and impletentation
achilevements { Welnberg and Shulwan 1974 ), and may also be Used to terminate
sub-optimigation.  Project is covered by Hetzger
(1973 ).
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3.2,1, Lifecycle Models
The evolution of a software project follows # path from need to an accepted !
solution. Meny models exist of the phases witi'n this path, and what each
phase entails ( Boehm 1981, Shooman 1983, Boehm 1983 ). Mo concrete
boundaries exist, aond phases may overlap. As insight is achieved, previous .
phases may need to be amended. As a vesult, the phases ave not absclute, do
averlap, and may be iterated.
Within each phase a number of alternatives may be genevated, evalusted, and a
single cholce made. . . .
Typleal stages in the lifecycle from need to transfer of a sucesssful solution .
to the custemsr are:i- v
- Speeification o
- Goneeptual design -
- Detail design |
- Implementation KA
= Testing ,
These phases are nov examined in greater depthi-
" 3.2.2. Speeification N
In this stage a concerted effort is made to understand the user requirement, 4 .
and to move from a broad based set of requirements to a more concrete detailed A
specification. SN i
3.2.3, Conceptual Design
In this stage initial steps are taken towards the formulation of a concrete AN
solutlon. The emphasis is on what functions the system must provide, Checks N
must be made to determine whether these fusctions are achievable. Analysis,
formal and informal, may be required to satisfy these question. R
The outcome of this stage is a set of proposals which are coherent and mppear . i3
to satisfy all the requirements. N
3.2.4. Detatl Design N
Rach function defined during conceptual Design is treated and gues through the
stages of Specification, and esign { til no design {
deeisions remain. o
A8 & result of investigatisg these functions, further problems may become
evident, and increased knovledge of the functions of the system is gained, As .
a result, the prior stages’ output may need to Le revised. i i
7 i
N . . . ' )
woror . . n
'
o |




The output of this phase is a single coherent description of ome solution, in
logical terms. The detail is such that no further design decisions exist.

3.2,5, Implementation

In this stage the logical design, with some functions optimised, must be
realised on the system available. Integration of the design concept with the
peripherals and operating systems is performed.

The sdjusted logieal design wust nay be coded fnte the language, or langveges,
used on the system.

The code is compiled and linked to form a package with no conpilation errors.
The output of this stage is a complete package of software.

3.2.6, Testing

"Pesting is the process of executing a program with the intentlon of finding

errorsh ( Hyers 1976 ).

In this stage, the softvare package is verified operationally, particularly

agatnst the system’s requirements. .

Testing is covered in detail in ( Myers 1976, Shooman 1983 ).

The errors found ave resolvad, and the utputs of each  ‘wiots stage updated.
"

Testing should also be retognised during design, Some consideration of how to
test, and what to test, can influence design beneficially.

Design 1is regarded as the sctivity covering the phases of conceptual design
and detail design, Some overlap exlsts with other phases,  Specification
errors and omissions that are detected, are rectified in dasign.

Similarly, certain 1 tion must  be ised duping
ign.

3.3, Softwars Desigh Failures
The failures of large projects can be spectacular. In the £inal account they
tend to exceed budget, be late, and not fulfil user reguirements ( Brooks
1975, Vasserman 1980 ).  Furthermore, these fallures are often only apparent
very late in the projeat.
‘These are the two gross symptoms:-

- budget and schedule overruns

- fatlure to perform to specification
The budget and schedule overruns are as a result of over-optimism; and lack of
planning and reporting to plans. The fallure to perform to specifications is
the result of incomplete specificatiens, lack of crumitment to specifications,
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and humen exror,

.., softyare is too expensive and softvare is unrelisble,  Host computer
professionals recognise the former problem as largely a symptom of the latter
( Myers 1976 ). An example of the fatalistic view: “Hence, plan to throw one
{ design | evay; you will, anyhow" ( Bracks 1976 ).

Methods avolved to minimise erroxs, reduce cost of error correction and make
errors vigible.

3.4, Human Censtraints

“The competent programmer is fully avare of the strictly limited size of his
i ova skull; therefore he approaches the programming task in full humility ...?
¢ Difkstra 1972 ).

A major input Into the methods to minimise fallure was the dncreasing
avareness of the limiied capabilities of humans.

Studies vere fiade of human capabilities in the area of design. Clear areas of
concern vere found, A programmer’s capability is quickly excaeded by the
complexity of the systems he designs unless Specific steps are taken ( Walker
1986, Miller 1956 ). Also his capabilities are yenerally far short of his own
expectations.

Limits in capability Snclude systematic optimism,® uncontrolled growth of
complexity beyond the programmer's capability, and the mindset of a designer
in missing his own logie errors

“Students and professionals alike (end m be overly optimistic about their
ability to write programs make programs work according to
pre- es:abnshed design goals? ( Ledgard and Chiute 1978 ). This is further
diseussed in Brooks ( 1575 ).

Purther referemces to the study of human capabilities and constraints are
covered in "The Psychology of Gomputer Programming’ by Walnberg ( 1971 );
Dijkstra ( 1972 ), Bailie ( 1982 ), and design issues are examined by Freemen

»
3,5, Cost Versus Phase in which Brrors are Removed

A high correlation oxists betyasn cost of error correction snd the stage of
developient 1in which 1t 1is fownd.  Several orders of magnitude of cost
separate ervor correction during specification and after delivery to site.
A DAgapeyeff in Yourdon 1975 p 243, Boehm 1981, Shooman 1983, Myers 1976,
Boehm 1983 ).

4 consideration of failure modss in each phase is relevant.

During the specification phase; = semantic gap is common between the customer
and designer.

The customer typically shous @ bias towards his application avea knovledge,
allows 2 maximum scope of scceptable solutiobs to maximise the range of
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offered lutd yet in solutions te remain within
his area of comfort.

Finally the customer generally provides insufficient information, and is
111-equipped to monitor and contrel development.

The designers in turn have insufficient avareness of the application area, and
provide insufficient insight 4into the evolving design from the customer'’s
vievpolnt and in terms of his knovledge.

During the concaptual design, insufficient commnication takes place betveen
customer and designer. At this stage the wrong system may alveady be chosen.
Mo docunentation s generally produced and accepted during this phase.

During the detail design phase, ad-hoc methods are genexally used, whilst
‘often the "design” is done vhile coding, Clear, logical documentation with an
appropriate notation would make these errors visible, as vell as indieating
concrete progress.

At this phase the designer generally becomes lost in a mire of details
( Walker 1986 ), and loses his perspective of the importance of his decisions.

buring the coding phase, poor discipline results in monolithic masses of code,
with 1ittle support documentation.

In fact, this phase 15 the least difficult, provided that all design decisions
have been made. The gap betveen design and code should be the same as betveen
the code itself and code in a different programming langusge.

The phase of testing s genevally the one where failure becomes apparent.
This phase then often stretches in duration, in many coses to over half of the
total projéct duration, Brrors as a result of insufficient discipline in all
the previous phases are corrected, often rasulting in a cascade of induced
errors. Studies have shoyn that changes of five to ten statements have the
best probability of being correct - and that is only 50% for each attempt
( Yourdon 1979 ).

The testing is often undirected, with poor error detecting.  This is the
result of not considering what the tests, and results of the tests should be,
from the earliest phases of the project, Furthermore, the conceptual design
and detailed designs can be desk chacked against vequirements from the
earliest phase.

If testing is performed throughout the project, at this phase the bulk of the
testing is to confirm that the code dire¢tly represents the checked detail
design,  Certain expected and unexpected errors may still surface during a
sequence of pre-planned tests verifying operation to specifications.

It must be emphasised that an error in any of the phases must be correlated
with the other phases’ owtput to ensure tolsl cotvespondence.

This bnalysis indleates that recucing errors in the design phase is cost
effective. In panicular, errer minimisation during the design phases ensures
minimun  errors during & and testing. of tasting
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methods and detailed procedures is also useful.

#lthough speatfication errors and omlssions occur before the design phages,
effort should be given to analysing the specifications during design. Clarity
and _completeness of the design can highlight specification
problems.

3.6. Techniques to Reduce Errors
s

It became apparent that the use of clear, logical design documentation with
technical reviews, or structured valkthroughs, was a major tool to weed o\lt
errors. The retrospective approach of trying to remove errors once
final code is not simple. Dijkstra sunmod ap. that situation by "esting i
the presence; mot the absence, of bugs' ( Yourdon 1975 p 244 ).
Other techniques developed to remove errors vera:-

- close relationship to customer

- use of structured techniques

- logic emphusis

- complexity management

- nodularisation

- egoless tean approach

3.6.1. Customer Relationship

& jfechnigue of windstsing cartain orsors, partiailarly thoss of requtrensnts
and_functions, 1is to Form o combined tean of customers and designers.

vould fncrease confidence and reduce risk, and tehds to keep hoth sides
honest, 4 greater knowledge transfer s

to
to the customer.  The transfer of
the sy.stan to :he customer is also eased ( Myers 197§

Al customer - designer problems are not hovever solved by this approach.
3.6,2. Use of Structured Techniques
An analysis of factors affecting productivity provides insight into the

benefits that van be expected from the use of structured techniques. This is
sumerised in Yourdon { 1979 p 34 )i




(R
Range of Projects in Survey °
Low High Median
Size of System ( Lines of Code ) 900 712 000 21 000
Hanpoyer ( Honths 3 11 760 60
Duration of Project { Konths ) 68 10
Tabla i
Bffects of Structured Technijues on Productivity
Productivity Product~
( Lines of Code dvity
per Month )  Ratio
Use of Techniques Not Used Used
Structured Code 159 301 1,8
Tap-down Development 321 1,6
Code Revievs ( Walkthroughs ) 220 339 1,5
Table 2

Brror rates, where best se of structured techalques is made, can be reduced
to an average of ome to five errors per 10 000 statements ( Yourdon
1979 p 35 ).

3.6,3. Logtc Hnphasis
Logle enphasis 1s an approach to provide an abstract solution.

In oxder to produce a successful softvare system, the design must be
successful. A successful design is most easily assured by making the logic
visible and clear. A design can then be checked against the specification, 4
further separate phase of optimisation may then be recognised and dncluded,
onee the logic is seen to be correct, and that the direct slgorithm does not
meet speed of space constraints.

3.6.4, Complexity Hansgement

Complexity mansgement consists of a conclous effort to reduce a solution’s
complexity whilst recognising the lover bound o the problem’s complexity
( byers 1976 ). i

A large project is more subject to high
highes-than-nity pover of aeliverable souree lings ( Rochn 1681,
1972 3,

the dasign tasks requires a high i
level of sslf discipline simply because in the nature of things it is a human i . ~

complexity - the effort dis i
Disksera
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characterigtic to be woolly, unstructured and illogical in our thinling
{ Walker 1986 ).

Hathods were developed to reduce complexity. fhese included the use of
min{mun control dularigatl b: and modelling.

Complexity metries have been examined in an empirical manner ( Halstead 1977,
HeCabe 1976, Curtls 1980 ).

Systematic efforts to reduce the complexity of a design item vere applied.
This vas mchieved by reducing coupling, incressing cohesion, use of synholic
logic, deffnite rules to minimise module sizes, and to separate logle from
implenentation ( Valker 1986 ).

3.6.5. Modularisation

Modularisation of the use of small modules, and the disciplined use of
standards can minimise problems in this phase. = Code inspections and desk
checking can enforce these standards and £ind many errors.

3.6,6. Bgoless Tean Approach

Egoless teams ( Welnberg 1971, Myers 1976 ) are an organisatjonal structure
and approach which removes the individual’s sensitivity regerding his ‘own"
programs and designs, subjecting them to the evaluation and constructive
eriticism of his peers. The group ovnership of the effort is intended to
epsure that the best talents of all concerned are®embodied in the resulting
designs and code.




4. DESIGN TOOLS
4.1, Definition of Design Tools

Design tools are aids to the process of design., They are complementary to
wethodologies and practices. Design tools assist the designer, either by
reducing effort, or by directing effort. .

Key aspects to design tools ave:- .

« mechanised support
» user friendliness
- compatibility to methodologles and practices of design e
- compatibility to implementation methods !
Other attributes of _,gn tools ave machine independence, operating system ’

target systen ease of use, learning overhead,
graphical presentation.

A4 design tool can be directed to design documentation, design synthesis, ~ ©
design view presentation, and design relation illustration.

Some exanples of design tools and design representation sthemes are given in
Shooman ( 1983 §. .

4.2, Typical Design Tools

The design phase considerad here is between the specification phase and the |
inplenentation  ox coding ) phase.

Some tools are:- .

- Pretty Printers g
~ Data Flov Diagranmets

- Nassi-Shneidernan Packages

- Program Design Languages . - B

4.3, Pratty Printers i

Pretty printers are formatters vhich take unformaited source and produce
fndented, paginated output.

non prebty printers are all target languaga oriented ¢ Rubin 1983 ) though
they could be designed to be moxe gemersl purposes  As such they are ho!

currently destgn tools. N .




4,4, Data Flow Dlagranners

Various proprietary documentation tools exist for data flow dlagrams. Certain
specialised methodologies such as SADT ( 1985 ) heve machine supported tools
undex development, They are not gemerally available.

4.5, Nagsi-Shneldernan Packages R
One package 1s known to produce Nassi-Shneiderman { or Ghapin flowcharts
known as AIDS. This package uses = control structure subset of Intel's PL/W
language, possibly of a £ull PL/H program, According to the constricts, the
associated conditionals and statements.are formatted into the required
sequence, selection and iteration blocks, Restricted support of GO-TO’S is
also provided.

This packege is oriented towards the reformatting of source coda, It is highly
machine and language dependent.

4.6, Program Dosign Languages

A program design ( or documentation ) lawguage is a syntactically formal
language. ZIts form is similar to pseudocode, or Structured or Tight English.
Two parts exist to the syntax - an outer, control structure oriented syntax,
and an inner, free format statement syntax.

These constructs

The outer syntax supports sequence, selection and iteration.
a high

alss contrel the indentation of the output,  In this aspect,
correlat on exists with pretty printers.

The outet syntax is augmented by formatting controls, and data and segment
definition controls.

The inner syntax is genevally uninterpreted, but is formatted as a result of
the surrounding outer syntax.

The algorithmic logic of a design can thus be defined using DO - END, IF -
"THEN - ( ELSEIF - ) ELSH - BUDIF, DO - VHILE, and DO - UNTIL type constriicts,
with English statements taking the position of conditlonals aud statements.
The Bnglish statements can then be procedural or functional definitions,

The use of the free-format inner syntax provides the tolarant richness that
makes a program dengn language such & powerful, genaral purpose tools

The outer syntax provides consistency and standardisation which improve
clapity and understandability.
Abstraction can be provided explicitly ( using CALL statements ) or implicitly
( by naming all defined progfam segments ). The package then relates thess
statements wherevar they ooy,

dats elements and structures can be defined explieitly

it & sinilar nanner,
or fmplicitly { for examplg: by control characters in

(in data definitions ),
thelr names ).
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5. PROGRAM DESIGN LANGUAGES
5.1, Definition

A  progean design language is a two-level language capable of expressing design

gle. n form it is similar to pseudocode or a programming language. One
level - correspundsng to control structure such ,as those for Sequence,
selection or iteration - is formal, like a programming language. Extension to
include concurrency is possible, but is not covared here ( Hoare 1978 ). ‘The
other level is informal, and allows the free expression of design, without
restriction to valid statements and operators as in a programiing language
( Zelkovitz, Shav and Gannon 197, Petevs, Caine and Gordon 1975, Vasserman
1980, Freeman 1980, Wasserman 1982, Buxstin, Porsher, Maimon, and Rotbard
1983, Rainanathan and Blattner 1979, Sutton and Basili 1981 ).

The formal outer syntax allows the design description to be automatically
processad. The processing formats the design according to standards for
indentation and pagination.

No enforcable standards exist for pseudocode (or Structured English or Tight
English ).  Bovever; the definition of a program design lsnguage; and its
formatter, do form a standard.

5.2. Relationship to Lifecycle Phases

4 progran design language is used to exprass logle. This function 15 useful
in various phasest-

- specification of detailed requirements

- conceptual definition of tasks, data entities

« detalled design of tasks and data entities

- implementation of code by providing all design decisions in a concrete
form

~ testing of software by providing a logleal reference of

operations

- mainténance by providing desiyn insight

5.3, Use of Program Design Languages

progran design language can be uzed as soot as any procedical or Functional
specifications are tied a process, or as soon as data elements of
Structires are idsu:ﬁfied The logic can then be expanded in a top-dewn, or

#tepulse refinemsit, manner.

Because of the tolerance of the language, properly formatted design
documeéntation is possible once a fev statements have been defined.

This docunentation can then be expanded; updated and re“4sed as knowledge of
the des' v incredses, and the details are defined,
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The design is thus available from the beginning for design revievs and
strietured walkthzoughs.

The aspects of design that are supported sre the logic, data strueture, and
input - output speetfication.

5.4, Forn of Progran Dasign Languages
5.4:1, Outer Syntex Level

One level is a semantically axact outet ryntak, vhich defines the structure of
the language.

This outer syntax typically defines loglc entities, their control canstructs

and abstraction ( eg. procedure CALL’s ) , The outer syntax can also define

data entities, their elements, and subservient data uentities (eg. arrays,
files, manifest ( equates or literals ) ).

The outer syntax is indicated by use of reserved words ( "IF", "THEN, "ELSE",
UENDI®" ete }, o by control statements ( used, for example, to set the date
of & print-oit ).
Coupled to the outer syntax, is the indentation and paginetion of the output.
The relationship between named entities and their invocations results in the
caliing hierarchies and cross references that can be provided.
5.4.2, Inuer Syntsx Level
The {nner syntax consists of strings that ave interpreted in terms of the
surrounding outér syntax, The main constraint on the inner syntax is that it
does not clash with the outer syntax (reserved vords etc, must not be used ).
Othervise any free-format text may.be used.
The inner syntax, in conjunction with the outer syntax; is used to define the
logic. As the inner syntax is free-format, it can express any logic directly
or indirectly by dnvocation of a further defined éntity.
5.5, Typlcal ¥rogram Design Languages
Pour languages are examined in some detail:-

- Van Leer’s

~ Caine and Gordon's

- Supex®Dl,

- Walkex's

5.6, Van Lesr!s Program Design Langiage
5.6.1, History




This language ves developed by HeDanneld Douglas dutonation Company during the
)

early 70's ( er Tha sompany had & number of analysts stho
prepared specmcmons for The varying degrees of
Somploteness and corestress osad prablans Tor the programmers. | In order to
benefit from the and t dise approach, a policy

vas formsc. This policy spacifled the uae ui susvstured valkehooughs, progean
destgn langusge, top-down

1 d bv the use of HIFO.

The Janguage vas also used for training purposes.
5.6.2. Program Syntax

The syntax was defined to be compatible to PL/I and Cobol. Single entry and
exit routines of no more than one page are defined.

The standard constructs are supported. They have the form ofi-

* I¥ {eondition]
THRN [statements)
ELSE [statements)
BNDIY

* DO VHILE [condition]
{statements]
RNDDO
* PRRFORM UNTIL fcondition]
statements)
ENDLOOP

Hultiple conditions or statements are aligned one below the other. Tha THEN
or ELSE part mey be onitted.

Sequence is implied by concatenation of constructs.
The CASE construct 45 also implementedi-
* GASE {variable] OF
Valusone]! [statemancs]
[Valuatwo]: [statements) o

{valuen]: [stateneats]
ENDCASE

Wultiple valves may be given on one line, delimited by colons.
The constructs may be nested, The cuirent construct reserved word is directly
folloved on the same line by the reserved vord of the nested constrict.  For
examplef -

* IP [condition] THEN DO WHILE {condition] {statements)
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ENDDO BLSE [statements] ENDIP

Abstraction is implied by creating a routine corresponding to the invoeation.
5,6.3. Data Syntax

Ho data capabilitiss ave provided,

5.6.4, Fornatting

A unit of indentation is applied consistantly ( eg. & spaces ).
5.6.5. Referencing

No facilities are provided

$.6.6. Hode of Operatisn

No mode of operation { batch or interactive § is defined.
5.6.7. Availability

No computer support is defined in the paper.

5.6.8, Special Peatures

No additional features are defined,

5.6.9; Pormality

Beyond the consiructs, no additional formalism iy defined.

5,6.10. Purpose

The progiam design langusge is particularly tasgeted toverds detail destgn
using PL/T ar Cobol.

5,6.11. Results

No specifia ¢valuation is presented for the progrem design language in
, isolation. However its symblosis with the other techniques, and their
' combined success, resulted in a poliey decision to use these methods.

5.6,12, General

This s the classical paper on program design languages. The discussion of
thetr applicability, goals and purposes is woth reading. ,

5.7, Oaine and Gordon's Program Design langusge
5:7:14 History

This language was developed by Caine, Farber and Gordon durlng 1973 ( PDL ; .
Program Design Language Reference Guide 1977 ).  The language vas to o
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supplement programming techmiques by support during the design phase.
techniques used were Structured programming, top down design

[
inplementation, centralised libraries and egoless teams.

‘The
and
5.7.2, Program Syntax
The syntax is oriented tovards PL/I or Algnl-like languages.
The standard constructs supported are:- ©
* IF [condition]
[statements]
BLSE
{statements]
ERDIF
* B0 (condition]
[statements]
D0
The BLSE is optional.
The [conditian] of the DO construct may have a prefix of 'while! oz "un(ll“
Use may also vz made of a "case" prefix. The construct may also UNDO
( passing control to after the matched ENDDO ), or CYCLE ( passing control
back to the [condition] ).
The syntax is augmented by the use of explicit lavels teking the form of:-
# {labelj: The colsn may be followed by a normal line.
The syntax has two forms:-
- the entry format
- the iisting format

‘The entry format consists of the

reserved word, followed by appropriate
free-fotmat text.
and B

Tthe veserved words include IF, ELSE, RNDIF, DO, UNDO, CYCLE

The listing Format consists of tnderlined reserved words and text,

formatted
aceording to its rules.

The constructs may be nestsd, but only one reserved vord is given per line.

Abytraction is directly supported.

Routines ( or flow segments ) are
explicitly inftiated by the use of & prefix ( £5 ). The line of text then
defines the routine’s name. The routine is deltmited by the hext control

statement { eg. the next XS ). Sequence is thus supported.
5.7.3. Data Syntax

Data can be defined explicitly or dnplic*tly. A ¢dta definition segment can
30
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be defined similarly to the flow segment, by use of a XD preflx.  The
subsequent vord is regarded as a data item name, This is specially noted.

Data can also be lnplicitly defined within flow segments by 1nu1ud1ng at least
one underscore in the name. The name will then also be noted

4 low-level support for external definition is alse provided.
5.7.4, Additional Syntax

support is also provided for text blocks, These are initiated by a AT prefix.
No formatting is pexformed.

Many options exist, Headings, dates, group identiffers may be defined. lLine
and page lengths may be set. Prefixes and special cheracters may be altersd,

5.7.5, Pormatting

The listing consists of front page, table of contents, group Aidentifiers,
segment pages, calling hierarchy tree listing, and flov segment and data
segment indexes.

Only the segment pages are directly entered by the user.

The flow segments are automatically indented, reserved words underlined; and
invocations referenced.

5.7.6. Referencing

The table of contents is automatically generated.

The calling hierarchy tree listing gives an indented listing of Elov segments.
Recursion is recognised, and a short tree optlon does not repeat common
subtrees.

The tlay and data oross raferences provide roferences to detinition and usage
page and 1.

Lines and pages ave automatically numbered,

5.7.7, Hode of Operation

This language 1s supported by a batch oriented processor. A free-format,
concise source 1s edited: This Is then processed °( 'Vcompiled" ) by the
processor. A listing is then produced, vith eror 1nd1cst1cns.

5.7.B. Availability

The processor is commercially available, and is supported by various
processors including IB 370, DEC EDE's and VAX.

5,7.9. Spacial Peatures
This language is very complete, Hany options are available.
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5,7.10. Pormality

The listings are easily imexpreted as a vesuit of minimal, and self
explanitory, construets. use of =& speclal character for data words
requires some acclimatisation. The perceived formality is low.

The input format is quite formal. Free-format is supported. Concise controls

are used,

5,711, Purpose

‘The language is oriented to global and detail design for routines es well as
ta.

5.7.12, Results

The authors indicate a 50% improvement in softvare productivity with use of

the langvage. Some addiunnnl sta(istics are provided.  Their results are
1 of

sinilar to the results I have
in an imbedded syslem develnpment environment. The comment by the

authors 1is however relevanti-

“PDL is not a "panacea® and it is certainly possible to produce bad designs
using it. Hovever, we have found that our designers and programmers quickly
learn to use PDL effectively. Its emphasis on designing for people provides a
high degvee of canfidence in the correctness of the design.  In our
experience, 1t is alpost impossible o "wave your hands' in PDL. Ifa
designer doesn’t really yet see hov to solve a particular problem, he can't
Just gloss over it without the resulting design gap being readily apparent to
& reader of the design, This, plus the basic readability of a PDL design,
means the clients, nanagement, and team members can both understand the
proposed solution and gauge its degree of completeness.

Ve have alsn fc\md the PDL vorks equally well for large and small projects.
Because is asy to Use, persons starting to vork on even a "quick and
direyt utuity wm first sketch out a solution in PDL. In the past, such
programs were usually written with little or no design preceding the actual
coding":

5.8, SuperPDL

5.8,1. Higtery

This language was developed by Advanced Technology Lid as a result of in-house
needs. A language vas needed that exceeded the capabllities of that by Caine
and Gordon ( 1975 ). The 350 man-year project on hand necessitated an
interactive system providing concurrent facilities for meny  lsers.
Inter-moditle interface support was considered highly important.

5.8,2, Program Syntax

Sequence, selection, iteration and abstraction constructs are proylded:
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- Sequence is implied by concatenation of constructs

- selection is supported by IF-THEN-ELSE and SRLECT

* IF [condttion]
THEN

[statenents]
BLSE
{stotements]
RNDIE

* SELECT [selector]

ON {valuesone]
[statements)

O [valuestvo]
[statements]

OF [valuesn]
[statenents]
OTHERWISE
[statements}
ENDSELECT

- Iteration is provided by FOR, VHILE, UNTIL and EXIT

 WHILE [condition]
{statements]
ENDVHILE

- Abstraction invocation is by explicit CALL and related named module:-

# CALL [module name]
INPUT

{paremeter list]

OUTPUT

{paraneter list]
BNDGALL

5.8.3, Data Syntax

Data and abstract types are supported:-
* DEFINE

TYPE [type nam
[

e}
data itens]{short descriptions]
TYPE [type nan
o

e
[dsta itens](short deseriptions)

ENDDEFINE

* DNTA-TYPE NAME: {nanme]
TITLE: {extended name]
OPERATORS:

iR N .
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[operator names] [operator descriptions]
PUNCTIONS

[function names)[function descriptions]
END-DATA-TYPE

5,8,4. Formatting

Several reports are produced including compoment { external ) definitions,
module ( routine ) deseriptions, strueture chart ( calling hierarchy tree
listing ), cross references, full system deseription ( ordered routine and
.data listing ), and lists of routines with various attributes.

5,85, Referencing

The refarencing capabilitles are equivalent to those provided by Caine
Gordon ( 1975 ).

5.8,6. Mode of Operation

The processor $s an interactive system using a syntax-directed editor
prompting with construet templates. VWhere a CALL template is defined to
correspond to an existing routine, parameter matching prowpting 18 provided.

5.8,7. Availability
This processor is commercially available.

5.8.8. Special Features

The processor is suitable for a concurrent multi-user environment on single
large programs:

5,8.9, Rasults

The results achieved by the designers arer-
- lov training requirement

- immediate acceptance

- improved productivity

- integration time reduction

~ reduced documentation effort

5.9, Vairar's Program Definition Language

5.9.1. History

This language was developed by 4 J Walker as "The need vas felt for a logle
verifieation ald which would require minlmal text entry Zfor network
deseription and simulation execution purposes” ( Valker 1984, 1986 ). This
lariguage has emphasis on modeling and simulation, and is syntactically and
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semantically more concrete than the other langueges considered. The language
is used as a basls for a course in system design covering a scope from
hardvare logic, microprogrammed logic, assembly lamguage to high level
Janguage. Concepts such as data flow, parallel processing and
P are are illustrated, Sevaral research projects are being
parformed and promoted in this area, including an interactive program
definition editor ( Bassanino and Walker 1986 ). Future projects are directed
towards direct generation of high-level language programs.

5,9,2, Program Syntax

The standard constructs ar) supported:-
* IF [condition]
THEN:
[statements]
ELSE:
{statements) .
DIF:

% REPEAT:
[statements]
UNTTL: [eondd tion}

# WHILE [condition}
Do:

{statenentst
ENDWHILE:

The "ELSE:" part may be omitted.
The YCASE" construct is supported:

* CASE [variable] of:
{valueone}: [statements]
{valuetvo]: [statements]

[valuen):{statenents]
BLSE: {staterents]
ENDCAS)

The "BLSE': part is optiohal.
Abstraction is supported by invocation and the related procedure definition.

* CALL [procedure name] ( {input parameter 1ist] ) ([output parameter
st}

A complete syntax is defined, including assighment, input/cutput, arithmetic
and logic operators, sequential and parallel execution, and comments.




5.9.3,

Data Syntsx

The suppott for dats is 4 defined ave:-
- funetion : constants or variables °

type : elewentary ( boolean, integer, real and character ) or
composite ( defined in terms of elomentary or other composite types )

- strugture : "Single" ( an item of a particular type ) or "Array "
(aultiple items of one particular type )

- scope : agcessibility ( ‘“local" to procadure, “external! to a
procedure, and "glabal" to procedives within & partition ), and lfetime
'permanent" where the data structure values are retained between
{nvocations )
« name t the identiffer
‘These characteristics are all requisites for data structures. In addition, a
data description segment is required for programs or procedures. A pradefined
order of characteristics exists.
5:9.4, Additional Syntax
Support is given for tasks, programs, procedures, processes, resources, eto.

The syntax is complete enough to map into high level languages, and to model
systens of various kinds.

5.9.5. Pormatting

TIndentstion is used. Because of the degree of data definition, the lemgth of
Pprocedures 1s not restricted to a page.

5.9.6. Referencing

No referencing forms arw defined. These would be implementation dependent.
5.9.7. Hode of Operatian

The language defined ss not bound to a pirticuler mode of operation., Manwal
fotmatting is possible, and an interactive processor enists ( Bassanino and
Valker 1986 )

5.9.8, Availability

A version e¥ists for DG Bolipse, and one is under construction for a persohal
conputet. .




5.9.9, Formality

This language is the most formal considored,  Ito may be regarded as
potentially executable language. Automatlc generation of an equivalent high
level language program is under consideration.

5.9:10. Purpose

The language is used for training, modeling and simulation, and to provide
veriEiable, complete designs in a teshnology-independent form.

5:9,11, Results

The Janguage has been successful within its application area. As a result of
axperience, the language is likely to grow.

5.9.12. Modes of Operation

Two basic operational modes are applicable:-
- batch operation
- intevactive operation

Batch operation consists of the “compilation® of a source containing the
statements as well as certain controls ( for formatting ete. ). The result of
the “compilation" is a printable file in paginated and indented form, vith
sbror statements as required.

Intaractive operation s based on syntax-directed entry ( Bassanino and Valker
1986 ). A syntax-directed editor knows ths syntactic rules of the language.
To enter a design, the main comstruet iz selacted., As a result, that
congtruct appears on the scresn, with placeholders for conditionals and
statements.  Syntactically invalid entries can thus not be made, Other
connands exist to enter the conditionals and statements, as well as to updete
and modify existing information. At every stage, the constructs are indented
to reflect their structure,

5i9,13, Batch Oriented Systems

A batch oriented system is particularly amenable to rigorous configuration

bageld A particular baseline is defined; and
printed. All changes are then indicated with referemce to this version, which
may be distributed to a number of users. At a particular point in time, these
changes can be consolidated into a new baseline.

4 batch ordented system, by 4t naturs, encourages disciplined changes -
minimising the "design at terminal! syndrome. o

Hore sophisticated additional output 1s also possible. Line and page
numbering, line-by-line cross referencing, calling hierarehy tree indexes, and
segnent and data cross refetences can more readily be produced.

Finally, a batch otlented system is easier to construat. System utilities
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such as screen editors can be used to prepare ths source, reducing the effort
in designiog this critical man-machine fnterface, The edditional effort can
be appiled to the fndexing and sross-referencing.

-Attention given to compile efficiency would reduce the turn-around time
required

5,914, Interactive Systems

4n interactive system allovs greater user friendliness, partictlurly for the
novice or infrequent user, Syntax errors cannot be introduced. A menu system
can prompt the cholce of next comstruct to be used., The use of sophisticated
windowing techniques vould allow the direct use of abstraction. A concurrent
semantic analyser could relate attributes and allow viewing of all symholic
reforences,  Certain error types relatlng to semantics could also be
determined - uninitialized bles, unused manifest const:

The dnteractive systems lend themselves to preparing quick solutions, and to
presenting changes. This may lead to radically shifting baselines and lack of
change control. Also the ease of changes may produce unstable designs with
high residual errors. "Design at terminal' may be encouraged.

The role of orpanisational and self discipline must not be underestimated.

#n interactive PDL system is described in Bassanino and Walker ( 1986 ).

5,10, The Value of Progran Design Languages

Program design languages are effectively the only design taols that have
achieved widespread Use and suecess ( 63% of companies in a survey )
{ Zelkoyitz, Yeh, Hamlet, Gannon and Basili 1984 ), 1In fact, the use of the
programming design language is the first chofce for a design tool by the
authors,

The use of program design languages as design tools may provide benefits in
the areas of:-

- early documentation
- vistbility
= communication
- early error removal
- checking procedures
- front-end londing
- productivity
- reusability
These areas are discussed in more detail,
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5.11. Rarly Documentation

Documentation 1s generally regarded as low priority, uniateresting and
reyaxdless vorl by designers ( Metzger 1573 ).  Management iy gemerally
concerned with the high cost of good documentation, As miles:ones are missed,
the temptation to reduce, ignore or defer s often i

Unfortunately, ion dn terms of quality and
timeliness increases risk of a project encrmously. Hany projects have been
re-done or abandoned as & result of inadequate documentation,

Program design langusges, with dats £low diagrams, allov concise documentation
praduced at low cost. Also fils documentation bas direct relevance to
designer, manager and custamer‘

The Use of a program design langusge thus directly provides a kernel of the
documantation as a side-product.

5,12, Visibslity
Clear, indented, control structures illustrate £lovw of eontrol.

The use of unrestricted - length symbols aliow tight coupling betveen the
model and the system being modeled.

Abstraction and module siza limitations allov the reduction of each modile’s
complexity to where the desigher, and other people, can easily understand the
operation of the modules.

The fact that theve ave no "run-time" costs in this form of decign 2llows the
clearest algorithms to be used, and information hiding can be used to
extremes, During tion simple can be applied
where necessary [Shooman;.

The machine generated calling hierarchy, and cross yeferences also shov logle
relations not normally visible during the design process.

Program design languages 4are a simple route to providing visibility at lew
effort,

5:13, Communication

Computer programiing languages are used for commutication, The most
discerning recipient is the compiler. A compiler is extiemely intolerant and
has a vary restricted capability. because of these facts, =all effott is made
to communicate effectively in terms of a compllers vequirements, As a result,
comminication to other people and the designer is prejudiced.

Progran design languages ave also used for communication. However, the
pricrities are different.

The key audience 4s the desigher. £iciancy dnd is
directly related to the support that tnols “provide, A program design langusge
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4s tolerant, allowing every part defined in the desigy io bo documented with
minimum effort. The results can be tightened as required. ‘he alternations of
design diversification and convergence is not restricted I, the language.

‘The visible format mlso makes this document easy to use for the designsr.

The next priority in communication is to other people. Dasigns are casily
made transparent, to provide maximur access for design revieys and
yalkthroughs.

The lovest priority is conmunication to a computer. As no directly executable
code results, the designs nead only be complete to the level required to
illustrate the algorithms. From this point of viev, progean design languages
can be regarded as Very high Level Languages.

The orientation of progran design languages 13 to make the design part of the
solution, amd nOL of the problem. This it achieved by the highly vistle,
Sinple Forn, vhich mrimises commumication:

5.14, Barly Brror Ramoval

Through tha act of preparing a design, and particularly by revievs and
walkthroughs, a number of logic errors are found.

The indented format of control structures, coupled with package diagnostics
shov contral flov construct errors.

The use of calling hierarchy trees, and calling and data cross references,
show the structure of the design, and its degres of cohesion and coupling.
Certain types of errors can clearly be seen - uncalled or “orphan" modules,
modules called vhere not expected, naming clashes, spelling arrors in module
o« data names, imbalanced hierarchies, and un-used or once-only used data
tems.

Hany of these errors are not visible in other types of design tools.

Finally the aase of continuing the design process to its logical conclusion of
no remaining design decisions produces complete designs, The syndrome of Many
reasonsble progranmer should be able to destgn this code’ to fore-shotten the
design process can readily be avoided.

The designs can be pressnted in such a form that customer, end users and
consultants can verify that implicit and explicit requirements are met, 'Thi:
cen be done at any stage of the design refinement.

All these factors allou abd encoutage the early identification and removal of
design errors. The earlier removal of errors reduces costs by an exponantial
rate. Confidetice is high, leading to motivation of staff,




5,15, Checking Procedures

Machine supported packsges, with a certain level of fixed syntax allows
standaxdisation, ©

Standardisation of format and approach resylts in reduction of errors, and
easler comprehension, The dewigns are readily checked for conformamce by a
cook=book atieck 1ist ( Shooman 1983, Fagan 1976 ).

The calling hierarchy provides an opportunily to do systematic checking of
desigh structure,

Data indexes allow orthagonal data £law checking, by forcing psrticular date
values, and verifylng the operations of all modules accessing these data
items, In a similar mamer, initialisation - before - use can be checked for
aty Inv £ of module invoeation.

These factors &llov and encoure- - -tematie error checking procedures to be
built. These will maximise the e.- venass of reviev and walkthroughs.

5,16, Pront-end Loading

In systems engincering, typically 90% of lifecycle cost is committed within 5
X of the systam design ( Sparrius, Symposiom ). By evaluating alternate forms
of design early, it s possible to vary the Lucal system cost.

Program design languages allow this evaluation with ne commitment to
particular hardware or software. To discard one approach for another has less
Einancial and emotiohal costs.

The capability of refining the design of processes to any level allows the
exploration of all eritical areas. If timing testn ave hecessary, théy car be
coded in prototype form with little effort.

Pinally, front-end loading has valve to management b reducing perceived risk,
and increasing confidence, .

5.17. Productivity

Program design languages allow and support the use of structtired techniques.
The value of structured techalques has been mentioned above.

An_encyclopediac susessmant of factors affecting the cost ( and schedule ) of
softvare is given by Boehn ( 1961 ).

A summary is given of factors affecting design, and design vith program design
languages in particular.
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5.,17.1, Modern Programming Practices BEfort Multipliers

Phase: Hequire-  Detailed Code Tnteg-  Overall
ments Design and ration
and Unit and
Product Test Test
Design
Usage:
Very Low 1,08 L1 1,25 1,50 1,24
Lov 1,00 1,08 1,10 1,20 1,10
Komina 1,00 1,00 1,00 1,00 1,00
#gh 1,00 0,55 0,90 0,83 0,91
Very B gh 1,00 6,90 0,80 9,85 0,82
Table 3
3
Yery Lov + e wse of mader progranving practices
Lov : <yl fng, exporimental use 0f some
woderti progianning practices
Nominel Bussomeidy puoerisiced in use of sone
awrn programsing practices
Bigh : teraul.ai ™ <perionced in nost of
L ) peolvamiing practices
Very High : ¥outine e o7 all wodern progtammix'
Trac K:L!
5,17.2. Modern progeniniug practices
- Top-down reqiverants anzlysis and design.  includes hierarchical

elaboration

- Structyred des¥gn nutatloms such as  program
structure charty and HIZO

- Top~down incremental development
- Design and code walkthroughs

~ Structured code

- Progran 1ibrarian

Produdtivity Renges of Individusl Techniquer

Structured programing 1,98
Design and code inspections 1,5
Top-dovn devalopment 1,64 -
Chief programmr tens 1,86
Table &

S e m
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5,17.3, Softwaxe Tools Effort Multipliers
Phaset

Requires Detailed Code  Integ~  Overall
metits Design md  ration
and Unit and
Product Test Test
Design
Usage:
Very Low 1,02 1,08 1,35 1,45 1,24
Loy 1,60 1,02 1,13 1,20 14,10
Nordnal 1,00 1,00 1,00 1,oss 1,00
Bigh 0,98 0,95 0,90 0,85 0;51
Very High 0,95 0,90 0,80 0,70 0,83
Table 5
Usage: -

- Very Low t Basic microprocessor-level tools

( assembler, breakpoint monitor )

#ini-level touls ( compilers,

wacroagsemblers, library aids, basic

data base aids

- Nominal ¢ Multi-user operating system,
interactive debuggers

- High \ Virtual memory operating systems, data
base design alds, simple program
design language ete.

- Very Hiy' t Ada APSE level tools

- Lov

These studiey indicate the value of modern methodologies, and in particular
the valte of program design languages.

5,18, Reusabllity

4 fundamental approach to reduce the cost of software davelopment s the reuse
of prior softvare. The reuse tan be based on objects ( libraries ), source
{ source libraries ), design ( expressed in program design language or other
methods ) or documentation { algorithms d scribed by text ).

The use of a program desigh language to provide rortable software s
particulatly successful. The algorithn is expressed in a concrete form, but
coling effort is relatively trivial ( Freeman 1983 ).

5,18.1, Chief Programmer Teans

This organisationa} structure is intended to mininise complex team intsraction
and maximise design results. A single fchief programmert controls the whole
project, and implements at least the major parts himself, with the ald of a
dedicated support team. “he chief programmer is intended to be an extremely
dedicated and competent person achieving ten to twenty bimes average oufput,
Whilgt this method has had tremendous successes, 1t has also had tremendous
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failures. Results are very dependent on individual performance, and have
proved to be risky ( Yourdon 1979 p 160; Baker 1977, Brooks 1975, Boehm
1981 )

One member of the support team is the program librarian, This role has had
success outside this method and is discussed further.

5.18.2, Program Librarian

'rhis position has the ity for oz of the

raject, Bagelines sre defined, nhanges end updates are controllsd: . Backups
Hee hatfomet, and versions are accabted, Aistributed and archivad, Tests are
monitored and recorded. Finally assistance mey be provided with entry and
documentatien.

This function can readily be corbinad vith any design methodologies and
techniques The restlts are highex output by tesk speclelisation,
doounentation control, and risk reduction ( Youedon 1975 p 175,  Fosks 1575,
Nyars 1976 )

5.18.3, Uss of Progren Design Languages with Data Flov Diagran

The role of data flow dlagrams is to provide a macro Tepres..ation of
sx;orhal entities, processes, data flows and data stores  Gane and Sarson
1979 ).

Program design languagés are particularly useful to defiue behaviour of
external entities and processes, in logical form; and the data Structures
associated with data fiows snd date stores,

The use of both data flov aud program design using these methods is
partlcularly effective. Both a global overview and concrete deteils can be
rvepresented ( Valker 1986 ).




6. COMPXLER TECHNIQUES
5.1, Introduction
61,1, Conpilers

A compiler is & form of program translator. A translator is itself a program
vhich translates from a source language to a target lanyuage. The translator
1tself &g written in an implementation langusge. Various forms of translators
existi-

- Assenblers
- Compilers
- Interpreters
An assembler translates from assembler mnemoniecs te machine code.

A compiler translates from s source lsmguage ( vsuaily & high-level langusge )
to o target language ( usually machine code

An interpreter translates from & source language to perform the operations
requived directly.

A compiler is a batch-mode program. The source s prepared and made available
in a typically in a file. The compiler is invoked, reads the source, and
produces & listing and an object file of target lenguage.

The listing file is used to provide object file information, related to the
source informatisn, vith error messages, to the user.

The object file is used to run the program, and may be dirsctly executable.

6:1.2. Relevance to Program Design Languages

o
A program design language has two visible forms : iaput and output. The input
form can be regarded as a source language, and the output form can ba regarded
as & listing,

The listing hae many similarities to o compller’s listing. Some compilers
even provide similar indentation and referemcing facilities, However, no
object file is produced,

The use of fornal source definitions s noy standard practice, They allow
coneise definition of many of the aspects of the langiage. These definitions
can be used directly to design the compiler.

Computer design theory 1y well established and documented. It iy probably the
most dafined srea of softvare enginsering. The constructional aspects are
also rigorously defined, with the exception of detailed vode construction
which 1s dependant on the target langlage’s peculiarities.

The progran design language input 1s similar to & sourcs language to a
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compiler, ahd the program design language formatter is a subset of a compiler,
and the listing is used to present the formatted design

6.2, Phases of a Compiler

‘The phases of & compiler are:-
- lexical analysis
- syntactic analysis
~ semuntic snalysis

- code generation

lexteal anlysis phase vesds the source file to obtaln a sequence of
Torene A ohan Jo s it at Input, typlcally an identifier, & number, an
operator or & emetved vard ( such ss "else' ), These tokens are more casily
handled by the rest of the compller than its character form, The token type
( ddentifier, number, operator ete. ) and value ( character string, humber
value, "addition’ ) are made available to the rest of the compiler.

The syntactic analysis phase uses the tokens from the lexical analysis phase
to analyse the form of the imput, It recognises nafor ports such 29 data

and Suring its t checks validity
oF the input, and bullds intermal irea forms representlng the progran’s
structure.

The semantic analysis phase checks Interrelationships within the program
structure, For example {t may check that all procedures invoked are defined,
that data types are used consistently, and that format and actual parameters
match, Verious parts of the internal tree forms are compared.

The code generation phase uses the internal representations to provide the
object language output.

The listing file is produced in part by all of the phases. Brror messages can
be geherated as 8 restlt of each phase,

In & nortal compiler optimization may be performed to reduce the object eode
slze and increase its execution speed.  This would pecur both on the internal
rapresentation and the ende

Por the design language formatter the optimisation and code generation phases
do not exist. The sole output is a listing file

These phases may take place sequentially, or may be interleaved. One approach
may be to have a syntax analyser, calling lexlcal andlyser fragments as
requized, followed by & semantic analyser calling code generator fraghents.
This vould be classified as a tvo pass compiler.

A number of refefences are given on compilers.  YParticularly wseful are Aho
and Ullmah 1978 ), Auo, Sethi and Ullmer ( 1986 ), Bauer and Bickel
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' 1974 ), Lewis, Rosenkrantz and Stearns 1976, and Rohl ( 1975 ).
6.3, Porsal Definitions

Progranning languages vere initially designed and defined in an ad-hoc mannet.
The definition vas in the form of Buglish definitfons supplemented by examples
of correct usage. Ambiguities, ommisslons and errors were very common. In
practice, the language standard vas vhat the compiler would accept. The need
Zor a rigorous formal languege definition method became clear.

Both mathematics and natural langusge definitions weve studied to find
solutions to this problem. The major breakthrough was the ALGNL 60 definition
by Naur et al ( 1960 ). This used a simple re-yriting method ( Backus Normal
Forn ) to define Syntax.  This method used a number of productions ( or
rules ). RBach production vould indicate how = higher level abstraction

non-terninals ) could be re-written in terms of conerate characters
{ terninals ) and non-terminals. This method alloved at lesst the basic form
of a language to be deiined in terms of
sonties vas provided in English, snd by exswples. - I honour of Naurs
efforts, the method is nov alsa known as Backus Naur Porm ( BRF ).

Forther methods vere evolved - Extended Packus Notatioh, Van Wijngaarden Forms
 J-gramsars ), Produstion Systens, Vienna Defiudtion Language and Atcribute
Gramnars. £ull definition of s language and its edvironment has ulso been
achioees - this 1na complete definition of syntax, semantics and tun-time
behaviour ( Gleaveland and Uzgalis 1977 ).

-
The level and type of formal definition used is similat to BNF. Host
references on compilers include additional information. Hovever, complete
references are Cleaveland and Uzgalis ( 1977 ), Marcotty and Ledgard ( 1976 ),
and HeGottrick ( 1980 ).

A sinilar approach to input definition can also be used for internal and
output form representation.

6.4, Parsing Techniques

Parsing 13 the mctivity of transforming tokens into an internal representation
and a synbol table. It is part of the syntax analysis phase.

Assuning the existence of a INF type definition of the language, the program
nay be radognised by two main mpprosches:-

-« sp-down
« bottom-up

The top-dowii approacl uscs a sequence of goald, each goal representing
terninals and non-terminals expected, The input s then scanned and & match
is soupht for terminals, The parse tree is thus built fro m the top and from
the left as the input is recognised. A typical grammer fr LL(1 ).  This
grammar allows scanning from the left to right of the source, and recognised
£rom the left using a single symbol,
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A grammay 45 LL( 1 ) 4f all productions for thé same non-terminal are
selectable by inspection of only the first symbol, Most languages can have a
grammac rewritten into this form.  This form of grammar is particularly
suitable for hand coding vith & recursiva descent compiler - vhere the program
has procedures whose bodies represent the terminals and non-terminals of the
grammar ( Baver and Eickel 1974, Lewis, Rosankrantz and Stearns 1976, Vaite
and Goos 1984, iho, Setli and Ullman 1986 ).

The botton-up approach starts with the inpuc yvhich is stacked unm 2 set of
terninals and non-terminals on the stack are recognised,  These are then
roplaced by the non-terminal that Thts 1s

until only the most abstract non-terminal remalns on the stack, and the input
file has been read., A typical grammar is LR( 1 ). This grawmar allovs
scanhing from left to right, recognises £r . the right of the stack, assisted
by observing one symbol in the input.

It an be shovn that LB( 1 ) 1s a mora poverful grammar that includes LL( 1 ).
However, although both grammars are easily used for practical languages,
LR( 1 ) is most sultable for automated parsers.

A vealth of references exist on grammars, including specislised forms. Good
refarences include Aho, Sethi and Ullman ( 1986 ). leyls, Rosenkrantz and
Stearns 1976, Bauer and Rickel ( 1974 ), and Wai" 3 (1984 3,

6.5, Reprasentation

arse tree may be built-up as the synte. s phase proceeds.
Goncurrently a synbol table may be built.

The tree 1z a ldnked-list with nodes

inals and leaves terninal Various contents can be
provided - they may correspond directly to tha grawmar, or mey represent only
the minimum structures for later use. In fact a tree need offen not be
generated sxplicitly - the code may be emitted while the analysis is being
porformed

The symbol table is used to contain the information gained about symbols. It
includes the actual character strings, its type and attributes, and may
inelude information about scope and urage.

An extended form of rapresentation is ulso posmible - to annctate a parse tree
with all the information relating to the symbol table, as well as other
information from semantic ennlysis. The cross-linking results in a linked
netyork. structure related &ynbol searches are possible, and in partieular
the generation o

tecursion-free callim} troes is possible.

Wailst hot kelevant to & program deslgn language prosessor, the use of such
Mtrees" as well as tree walking algovithms allows simple construction of
compilers vith accurate code genarvation.

‘The use of such representations is covered in Bornat ( 1979 ), as well as
general conpiler texts.
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646, Selection

In this particular praject issues of design and are
regarded as lmportant. Good design practice and compiler design practice are
objectives, The use of table driven parsers, and automatic parsers
( compilex-compilers ) was rejected as nat showing practices applicable to
general software engineering problems.

The recursive descent parser was Cchosen, It requires a recursive
implementation language, with its dimplicit stack mechanism. Examples of
compilers written in this method ave given in Valsh and HeKesg ( 1980 ), Wirth
(1676 ), and zelkowitz, Shav and Gannon ( 1979 3.




7. DHSIGN OVERVIBY

7,14 Introduetion
7.1.1, Purposa

This design overview is intended to bs used as a supplement to the Program
Design lLangusge Procassor User Wanual and the Program Design Language
1istings.

7.1.2, Scope

The design document is intended to be read by a reasonably skilled programmer
who has used the Processor extensively. The main philosophy and structure is
defined in sufficient detail to allov easler understanding of the design.
Familiarity vith compiler design methods, formal grammars, BNF hotation and
use of recursive procedures on listy will also ald understanding.

7.1.3, Listings and References
The design lstings sre:

he pavser ( PDL - PARSER in the file INITA.PDL, and related files
detinen tn 1Y)

- the format(er ( FDRMATTER - LISTER in the file GENIND.PDL, and related
E&lﬂs defined U

- the parse tree structure defipition ( PARSE - TRES in the file
TREEDEF ., PDL ) o

- the internediate file definition ( PREPARED_FILE FORMAT in the file
PREPDEF, PDL )

L

&
E

progranm listings are:
- the menu program ( in the PDL.PAS file )
- the pavser program { INITA,PAS an! related files defined in it )

;¢ fhe fomstter program ( GENIND.PAS and selated prograns defined in
)

The references to the code are:

- Wirth, § "Algorithns and data structures! Prentice-Hall, 1976 ( used
for the balanced tree code ).

K; MNameroff, S “furbo Pascal Programmers Libraty" Osbourne
Nc(hav Hm. 1986 ( used for the menu package in the PDL.PAS program for
the information input ).

The specification for the input format and the outpr. listings 15 the User
Manual {tself.




7.2, Geveral Progran Design
7.2.1, Intzoduetion
The processor consists of three programs:

the first program ( EDL.CON ) requests user information and executes
the second program.

- the second program { INJTA.COM )} reads in the source, parses the
source generating an internal tree, outputs an intermediate £{lu and
exacutes the third program.

- the third program { GENIND.COM ) teads in the intermediate file and
outputs the Formatted design,

7422, Design Approach

The design is based on building a conprehensive explicit parse tree in memory,
then 4nterpreting and augmenting the pavse tree and then reading the tree in
the required order to provide listing data.

The use of an expliet parse tree makes the progran's actlons highly visible
and provides structursl infornation alloving more detailed debugging, as well
as o possible interface to exacutable computer langusge generatoks.

The parse tree is initially generated in e single pass from the source,
Further passes ars made to augnment the tree with balanced binary trees of
lexically ordered pracedure and data indexes.

The text is fully eross referenced using and augmenting the binary trees.

The parse tree is further annotated by usage and calling relations, and line
and page mumbers,

No separate symbol tables ave used - rather the tree ic sugmented by internal
links and data. This allovs the use of arbltrary scope rules as we! as
backvard and foxvard chaining of relerences.

The design 13 oriented to be as simple as possible within the tonstraints of
the problam’s comploxity. Use s made of recursion in many cases, This
provides simplicity because of the close matth to the inherently recursive
hature of the imput syntax. The 1 d one-t by
similarly recursive data structures.

Beyond the vse of these Yecursive techniques - which are applicable to many
design requirements - ho plicit use iz wmade of specialist compiler
congtruction techniques. This appzoach is spacificslly selected to illustraia
genersl design procedures making extensive use of a program design language
package

The first stage in the design was to defina the Program Design Language
itself. The languags is based on that defined by Caine and Gordon ( 1975 ) and
used by the author and his team, with enhancements in numerous areas lncluding
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cross xeferancing vlthin Lines ( thus including functions ), _the maximunm size
L design allovable, and the improved formatting by ellowing multiple
segments on one page.

The langusge was defined by writing a User's Hanual ,ath a formal syntax
wrltten in BNP, and providing full information on the loglcal presentation of
the butput Listings.

Next the syntax wes extended to include a complete error syntax. In other
words mll input - valid or invalld - vas formally defined.

This vas done by adding & default syntax entry to every set of valdd
slternatives, and by identifylng all re-synchronisation tokens ( Aho and
Ullman 1979 éte. ). This was simplified by the line-by-1ine and formatting
related syntex of the language.

This error syntax formed part of the User’s Manual, and related the error
messages that would appear in the listings to the syntax itself,

The next procedure folloved was to genexate an LL - 1 gremmar from the
complete input syntex defined 1in the User’s Manual. This is simply an
upanbiguous form which allovs all alternatives to be selected from input
already read.

Next a comprehensive putput syntax, in logical form; vas defined from examples
of qutput listings anl descriptions, and checked by considering each input in
the language.

4 full input parser was vritten to consume valid and invalid input. This input
parser vas based exactly on the grammer of the langusge - each non-terminsl is
represented by a procedure calling further procedures relating to the next
non-terminals, and each terminal is represented by a routine to consume the
texninal.

This design vas extensively desk-checked, as any errors here wonld have a
correspondingly greater effect during further stages,of development.

An internal data representation was then defined, This data structure set
consists of a data structure for each non-terminal of the language. Rach data
structure wvas then extended to hold 21l of the ltems required for the listing
- for exenple page and line numbers, where used and vhere defined links for
each procedure and each data item, lexically sorted trees of procedures and
data items, and design statistics.

In effect all knowledge of the design i contained in the data structures and
the links betwsen them.

To =ailov tres valks to be parformed, each data structura’s type is defihed,
either by explicit tags, or implicitly by its links to higher level data
structures.

The parser was then updated to consume input and generate the initlal parse
tres contalning all the input text.
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Ag input text is read corresponding to a new structure, the new structure is
created, initialised, linked to the existiag structures and filled with the
dnput text.

Onee the initial parse tree is created the input file {s no longer required.
Various tree-yalks are performed to provide additfonal data. Rach walk
performs a separate function - no attempt was made to optimise performance hy
commoning walks at the expense of confusing the design logic.

The final parse tvee includes a netyork of cslled and calling procedures
linked together as vell as a network of all data items, Page and line numbers
also exist. ALl the indexes can be read by simple tree valks.

The internedfate file is generated from simple valks providing table 0f
contents ( sequential valk of groups and segments ), formatted &nd cross
referenced text { Sequential valks of groups, segments and text, including the
refarences to defined procedures and noting the nesting levels ), calllng
traes { a valk along the procedures used links, but terminating on cycles );
procedure and data indexes { using lexical walks, and then using the where
used date structures in sequence ) and xtatistles.

The final listing formatter is a simple cosmetic routine following the
top-down form of the output listing, veading the file to consums the Imput,
and providing ASCIT output for listing.

The formatter has no significant data structures.

The intermediate file vhich is read has a unigue identifier for each line or
pact of a line allowing the formatter to interpret the input easily.

The formatter s an inverted program - instead of following the sequence of
the fntermediate file, 1t follows the logical seguence of the listing, section
by section, page by page, and item by Ltem, consuming the input in so doing (
Jackson 1975 )<

The formatter provides headers, footers, titles predefined formats and the
indentation - the cosmetics of the listing.

7.2.3. Program Structure

The program structure is tightly coupled to the vecursive input syntex. 4
single procedure is defined for each function. This results in a recursiva
descent parser With no backtracking. Bach production is watched by a data
structure which 1s created and linked to the provious data structures,
Pointers are extensively used.

The *var® or reference by address mode of parameter passin~ is extensively
used. Te add a structure the following steps are typical:

~ the protédure is culled, passing the address of the link ares of the
previsus structure { initialised bafore to nil )

- the procedure determines whather a structure 18 to be created
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- 1f s0, a memory sllocation funetign is called, returning the stast of
the area in the passed parameter location (i.e. the link which is nov
set )

- the procedure nov initialises the new structure, with all links set to
nil

- the procedure now salls sll the next level procedures, in turn passing
the address of the link areas in the new structure for each specific
procedure

i Nete that recusion ¢an be used with this method.

The "var! definitions may not be omitted - this results in incorrect Links,
which are typically only read in a completely different part of the coda, The
code would then crash with no obvious cause, This must be carefully
desk-checked.

411 Pascal procedires are written as  non-nestsd  procedures,  umless
spacifically feccssary « such as the balanced tree search and insert
procedures vhere the lifetimes of the temporary variables are controlled.

A method of coordinated procedure calls and link address passing is alse used
for the tree walls,

Extensive uss is mdde of variant records. This has necessitated the use of the
GeiMem and $1 0¥ funetions of Turbo Paseal,

In order to facilitate fnitial debugging, each procedure is written so that
the first executsble line yill 1list the procedure’s name. This feature can
easily be removed or re-installed using globsl edite.

As far as possible total compatibility of PDL and code is maintained.

A1 the indirectly recursive procedures have the forvard declarations.

Use was made of symbolic constants,

Full-length symbol names were used to minimise the effort to understand the
progras.

The naning of the data areas, pointers to the areas, and the dereferencing
methods used vere carefully noordinated.

Rend-ghead was used to ensure & new line of text was alvays available.

The philosophy of the PDL.PAS program was ¢ohpletaely different to the other
programs - it 1% based totally on a published packege that provides a system
of prompts, read-in tactlitles, and temporary help lines,

The code for this program consiste only of input to this package, validity
chacks on the paths and filenames glven, the checking of program availability,
and the Eeneration of temporary commssd files, vhich ave all totelly M5-DOS
gpec: cv
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7.2.4 Daty Structures

All data structures are dynamically generatad using GatMem and SizeOf
functions of Turbo Pascal, and are either explicitly defined ( by headers ) or
implieitly defined by content or context. No de-alldcation of structures is

perforned. The data structures are glven in a BNF-1ike Form in the design
sting.

All fixed size fields are part of the nodes, but the variable length strings
are separate data items pointed to by the main structuve.

‘The maln structure is a parse tree formed from the linked consecutive groups

in order of appearance with an initial default, as using groups is optional in
“the language.

Bach group may have consecutive linked segnents - procedure, data definition
ar comment segments.

Bach segment consists of its constituent linked parts - the literal and data
definition segments are simple sequences of lines, while the procedure segment
4s a nested set of sequence; selection and iteration blocks, with general
strings, conditionals and comments.

The parse tree also has a lexically ordersd balanced tree of procedures. This
1is ereated by adding links to the existing procedure structures.

A similax tree of data Items is created. As the data items can be in any
position within the text line, the data item is repeated in ¢ single data item
node and string set.

A Set of lyhere used” and "procedurss used links is generated for the cross
references, These consist of simple nodes.

Lne and page munber entries and links are slso provided.
7.2.5, Inplementation Requirements

A full parse tres is generated dynamically, This requires sufficient memory,
Polnter Operations are slsc required. Only a Limited amount of static data
stotage iz required.

A natural pass orfented breakdown is defined. This sncoureges the use of
chained program fragments so no special requirements exist R
total oode. siza was slresdy prealcted to be well aver the limt ok s bytes
of some compilers ).

ALL Flle read and write operations are purely sequential,  requiring no
special vperations.

#inally the recursive nature of the design requires an implementation language
with efficlent and convenient facilities for recursion and stack-based local
variables.
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Thds support appeass to be fully provided by Turbo Pascal version 3 on an Ik
or compatible as code limlts of G4k bytes nead mot be exceeded per program
p-rt, relattvely small data areas are raquired, snd & large heap is availabls
for dynamically generated data. The processing of the design itself would
require a full complement of RAH. Host designs world need much lass RAM.




7.3, Datailed Dascription

The detailed design is illstrated by examples taken from the full design
listings. They are simplified sctual text from the design. Some formatting
chenges had to be mada to allov the examples to fit the width of the paper, &
fuull description s given in the procdures in the full listing. Many have
. been removed here because they would duplicate the text, and alsa because of
= difforences 4n the paper width would require changing their contents. Certain
k «of ‘the concepts require prior understanding of the language and its processor,
abtatnable from the User Narval.

7.3.1, Perse fres Description

The parse tree qonsists of a number of dats structures which are all similar
in congept. Some main structures ave given to illustrate the methods used.

Parse tree

The top level strueture is:

18 1 PARSE_TRES

28 2 . TITLR

20 5 . RBVISTON,

2% 6, TINE

E 9 . DATE

Py 13 . GROUF_

158 138 , PROCRDURE SEGHENY TRER

16A 140 . DEFINITION_TREE
i6B 142 . STATISTICS.

Ttens 2 to 9 ralate to headings.

Pron item 13 all groups are linked.

Ztem 138 is a pointer to the balanced tree of all procedures. It points to the
start of the "middle’ procedure, The left and right pointers should then be
followed to any other procedure.

Stmilarly item 140 points to the "middle’ data item node,

Iten 142 is the summary of the statistice printed at the end of the designs.
The parse tree is illustrated beloy by the actual design entry.

Note the conventions used for the poinetrs and the data areas. The calling
tree onily references the data areas,
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PARSE_TREE

P 1B P s

P 1 ...This iz the top level node for the entire
design.The main parts

P2 .orer
P 3 ...top level parameters
(TITLE_,REVISION_,TIME and DATE_)
P4 ... the starting node fox all GROUP s
? 5 ...the starting node for the
PROCEDURE_SEGHENT'S and
? 6 ...the DEFINITION 's in alphabetically
ordered binary tress
P 7 ...and STATISTIC 's.
24P 8 TITLE_ a
e 9 RRYISION_STRING_POXNTRR »> REVISION_
28 P 10 TIME
3B Pl DATE
3F P 12 L{\\OUP POINTER »> GROUP
154 P 13 PROCEDU‘RB SEGHENT ' TREE ) _POINTER >>
FKOCEDURE SEGMENT RER
15B P 14 TRRE_POINTER >> |_TREE
150 P 15 STATISTICS

The parse tree is now illustrated by the Pascal type definition:

PARSE_TRER =
record

FIRST_TITLE STRING POINTER
REST_0F_TITLE_STRING POINTER
REVISION_STRING_POINTER

+ STRING POINTER TYPE ;
STRING_POINTRR_TYPR §
STRING_POINTBR PYPE ;

UR_ UR_ 3
MINUTE NowEs, ¢
DAY_ DAY_
HONTH_ ;RONE_
YEAR s YEAR
GROUP_POINTER ! cROUF_fomvman,TveE |
:

PROCHDURE_SEGHENT TRER_POINTER;
DEFINITTON_TREE_POINTER
DEFINITION_POINTER TYP!

SBGMENT_POINTER_TYPE;

PROCEDURE_COUNT COUNT_ §
PROCRDURE_LING_COUNT Ccount” ;
\TA_TTEM_GOUNT 1 COUNT™ §

DATA ITEN USACE t COUNT” ;
ERROE_COUT 3 COUNT
endj

48 13 . GROUP_

44 14 . . erbur, ( 13y
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4B 15 .. FULL PAGE
4 16 . . TLE
4D 17 .. SEGHBNT

The group structure consists of a pointer to the next group in sequence, the
page number ( whole number only, ho part ); a poiater tv the title, and a
pointer to all segrents in the group.

The group definitlon from the design is given below.

GROUE_

3 -P

1 ...This is a node for GROUP_?s linked in lexical

P
ordar.

¥ 2 ...The node gives the firsi PAGE_ and TITLE_
of the GROUP,

? 3 ...and all the lexlcally ordered SEGMENT 's in
the GROI
PP 4 GROUP_POINTER >> GROVE_
4P 5 FULL_FAGE
48P 6 GROUP_TITLE_POINTER >> GROUP _TITLE |,
ier 7 SEGHERT_POIRTER >5 SEGHENT_

This is the corresponding Paseal type definition:

Thig 4s & node for GROUP 's linked in lexical order:
The node glves the frst PAGE_; and the TITLE_ of the GROUP_,
and all the lexically ordeved SEGMENT 's in the GROUP_.

GROUP_ =
racord

GROUP_POINTER * GROUP_POINTER TYPE
il PAGR

FULL_PAGE ¢ TULL_FAGE
GROUE_TTILE POINTER + SIRING_POXNTER TYPE §
SBGNERT_POTNTER + SEGHENT POINTER_TYPE
end; ‘
Segnen

4D 17 . . SEGHENT

SA 18 . . . PROCEDURE_SEGMENT

13 14 . . . DATA DEFINITION SEGHENY

154 18 . . . LITERAL_SEGNENY

These are all the types of ségments. Only the procedure segment is considered
furthar: Below the design entky is glven,
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SEGHENT_

B 4C P
P 1 ...ALL types of SEGHENT 's.

SAP 2 PROCEDURR_SEGHENT
P 3 Lo

126 P 4  DATA_DEPINITION_SEGHENT
P 5 .ior

14B ¥ G LITERAL SRGMENT

Thit s the Pascal definttion:

SEGMENT ‘s can be of the follawing types:

SEGHENT_TYPE =
¢

PROCEDURE_ ,
DATA_DEFINYTION |
LITERAL_
)i
Ergeedure Sagment,
54 18 « . PROCEDURE_SEGMENT
4 19 . . . . SEGHENE ( 17)
£ 20 . ., . PAGE PART
50 2% . . . . HIGHEST LINE NUMBER
64 22 . . . . SEGMENT TYPE
54 23 . . . . PROCEDURE SBGMENT ( 18 )
54 24 . . . . PROCEDURE SEGMENT { 18 )
) 25 . . . . BALANGE
66 26 . . . PROCEDURE_NAME
> 27 . . . . PARAMETRR®
33 28 . + .« REST_OF LINR
o 29 . . . . VHERE_USED
7 33 . . . . LING NUMBBR_IN_'TRRE
w 34 . . . . PROCEDURE USED
74 37 .+ . . LINE NUMBER (  32)
7 38 . . . . CONSTRUCT,

Tthis is exemined i more decatl.
Item 19 points to the next segment in sequence.
1ten 20 is the pags and the part of the page vhere the procedure g printed.

The highest Jine number is that of the final line in this procedure, It dis
used 1o determine if this proceadurs can still £it on the current page,

The segment type 4s “PROCEDURE_SEGHRNT®.
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Tkems 23, 24 and 25 velate tu the balanced binary tree of the procedures, The
first points to the "middle" procedure to ti - laft of the current, and the
ather to the right, A depth-first, left to right waik will produce all the
procedures in lexical order. The balance is used to indicate whether this node
has a longer tree on the left or right or vhether it is balanced.

Ftems 26, 27 and 28 ave in the title of the procedure definition.
WHERE, USED points to the nodes which indicate the procadure in yhich the
curreRt procedure ig used, the line number, and the next WHERE_USED in lexical
order.

Ttam 33 s the position in the calling tree ( i,e, the LINE NUMBER IN TRER
defined on page 7B &y itself number 33 in the parse trvee calling tree j.

Irem 37 15 the line numher of the procedure title - alyeys set to 10K, This
mathod 1s used for congistency with other line numbers for procedure and data
cvoss referencing.

Finally. iten 38 points to the first construct of the procedure.

The design entry is given below.

PROCEDURE_SEGHENT

P- 54

40P 14 SEGMENT_POINTER >> SEGHENT_
58 P15  PAGE_PART
SC P 16 HIGHEST_LINE_NUME
SD P17 BROCEDURE szcnm‘ TeeE 3> SEGHENT_IYPE
SA P18 LRPT PROCEDURE POTNIER 5> PROCEDURE_SEGMENT
5A P 19 nisar PROCEDURE_POTNTER > PROCEDURE_SEGMENT
6A P 20
6B P 21  PROCEDURR_NAME_POINTER >> FROGEDIRE NANE
6C P 22 PARAMETER_POINTER 5> PARAMETI
6D P 23 RESE_OF LINE_POINTER >> RES’[‘ OF LINE
6B P 24  VEERE_USED POINTER >> WHERE USED
P25 ...not used yet
P 26 ...LAST_WNERE_USED POINTER
5P 27 LINE RUMBER IN TREE
7B P28 PROCEDURE USED PDINTER >> FROUKDURE_USED
¥ £ 0 5> LINE NUMBER

7C B 30 GONSTRUCT_POINTER >> GONSTRUCT_




The Pagcal

equivalent i

PROCEDURE_SEGHENT_TYPE =
racord

SRGNENT_POINTER
PAGE_PART

HIGHEST { LIN! DHBER
SBGMENT TYPE™
LEFT_PROCEFYRE_POINTER
RIGHT_PROCEDURE_FOINTUR

SEGENT_POINTER TYPE;
PAGE_PART TYPE }
LINE WONRER ;
SBGMENT_TYPB ;
SEGUENT POINTER TYPE;
sxsnxm' TPOINTER TYPR}

BALANGE_ BALARC) v
PROCEDURE,_NAME_POINTER smms_pommx_-rm 3 B o
PARAMETER_POINTER STRING_POINTER_TYPE .
REST OF LING POTNTER STKING_POINTER TYPE .
WHERE_USED_POYNTER WHERE_USED_POINTER TYPE; :
LINE_NUMBER_IN_TRER LINE NUMBER IN TREE ; S
BROGRDURE,_USED POINTER 3 PROCEDURE USED ¥ PATNYER, TR ; I
LINB ( LINE NUMBE] i
CONSTRUCT_POINTER cnwsmucr_x’ozmxk_nm h Nk
end ; S
Construgt . vl ot
n 38 . . . CONSTRUCT, . s
84 39 . . . . . COMMENT CONSTRUC? A RO
ap 4k . . . . . IF_CONSTRUCY "
104 6 . . . . . WHILE CONSTRUCT N, R
Jtd 6 . . . . . UNITLY coRsTRUCY ' . )
114 76 . . . . . BLOGK CONSTN! - R
g 8 . . . . . GENERAL s'rRmG GONSTRUCE . : E
124 90 . . . . . CASP _CONSTRUOT

These are all the types of constryets.

Below the design entry is given.
the if construet is examined furthex.

omly

CONSTRUCT_

ge 76 -p.

P
P
L1
»
9E P
P
10
P

106 B 10
Pl
1A P iz
P13

Om U N

+o.AlL types of CONSTRUCY 's.

COMMENT_CONSTRUCT
\oor

IP_CONSTRUCT
LoE

WHILE_CONSTRUCT
oot

GRTTS,_CONSTRUCT
ieior

BLOCK_CONSTRUCT

suior
GENERAL_STRING_CONSTRUCT
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1B F 14 CASE_CONSTRUCT

I Construet '
TF_CONSTRUCT -

1] [ I . TCONSTRUCT_( 38 ) .
B 4 .. . . CONSTRUGITIYPE (  41) i
47 . + .+ CONDITIONAL :
D 52 ., .. . . CONSTRUOT_ { 38 ) { .
8¢ 53 . © .+ . . BLSETF 3 "
74 57 . . . ., . LINENOMBER ( 32 ) ,
9 S8 . . , . . . ELSE_LINE smms
] 89 . . . . . . CONSTR 2.
7A 60 . . . . . . LINENU¥BER ( 32) W ey
98 61 PN

ENDIF_LINE_STRING e
Item 45 points to the next construct of this procedure. .

Ttem 46 is set to LF_CONSTRUCT. fat
Tten 47 s a pointer to the conditional associated with tha if. :

Item 52 is the "then" construct pelnter.

Wten 53 is the pointer to the optional elseif.

Item 56 is the optional else line - which must not have a further string, but
if one exists; an error message is appended.

Ttem 5% links to the actual constructs of the else, and item 57 is the line
number of the slse

Ttens 60 and 61 are for the endif line, This line musi exist, and must have no
further text. If it does not exist, one is gemersted, and an error message
given. If further text exists, it is folloved by an error message.

The {f design is $1lustrated belov.

¥_CONSTRUCT

B~ 8C P

7€ P 8 CONSTRUCT FOINTER >+ ONSTRUCT_

BAP 9  IF CONSIRUCT TYPE >> CONSTRUCT_TYPR

8D P 10 COSDITIONAL FOINTER 5> CONDITIONAL_

7GR 1L THEN CONSTRUCT EOLNGR >> CONSYRUCT_

98?12 ELSEER POINTER > B

6F ¥ 13 ELSE_LINE NUMBER >> T TNUMBER. .
9C P 14 BLSE_LINE_STRING_POINTER >> BLSB Love ,_STRING

76 P15 HLSE GONSTRUCT POINTER >> coN

6F P 36 ENDIT_LINE NUMER >> LINE NUM

90 P 17 ENDIF_LINE_STRING_POINTER >> mnlﬁ_um_smma

The Pascal if type definition ig:
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IF_CONSTRUCT TYPE =

CONSTRUCT_POINTER
CONSTRUCT TYPE
CDNDITIONAL FOINTBR
OINTER
ELSEII’ PDINTER
ELSE_LTNE_NUMDER
ELSE_LINE_STRING_POINTER
LS OHSI'R'W!‘ OINTBR

E_HUHE
xnm_mx_sn‘mc_puxmw

‘the condit{onal ( ¢.£. "expression’
conditional ( i.er a multiple line
which 1t {s to be found, a polnter
polnter to the actual string.

CONDITIONAL

80

5
3 LINE_NUMBER
7
8

The Pascal type definition 1st
CONBITIONAL_ =
proses
CONDITLONAL POTACIR
LIN

INE
PRDGBDURB USED_BOTNTER
AGTUAL_STRING_FOINTRR

end;

CONDITIONAL_ (
. LINE_NUMBER ( 32
. FROCEDURE_USED (
.+ ACTUAL_STRING

end;
Conditional
94 47 . .+ . . CONDITIONAL_
w4 L
7SN
I NN
[

The conditional design is given below.

IS -
CONDTTIONAL POINTKR >> CONDITIONAL_ ©

PROGEDURE_USED_POINTER >> PROCEDIRE_LSED
AcTuaL_STRING FOINTER >> ACTUAL _STRING

CONSTRUCE,_POIRTER TYPR ;
CONSTRUCT TYPE }
CONDITIONEL | vomims_TYE: H
CONSTRUCP_POINTER 1YPE ;
BLSETF_POINTER_TYPE §
LINR NTMRER
STRING_POINTER_TYPE ;
cons’mucr Ponrrm TYPR
LINE NUMRER

sTRIfE | PDIM‘ER TYPR

)
)
2y

In Paseal ) 4 iten 48 podnts to the next
conditional ), folloved by the line on
to which procedure s used, if any, and a

+ CONDLTTONAL POINTER TYPE ;
+ LINE_NUHBER

+ FROCEDURR_USED_POINTER_TYPE }
+ STRING, POINTER_TYPR

- ko



Elseif
9 53 . . . . EISRIP_
5C S . . . . . ELSEIF_( 53)
9 5 . . . . . CONDETIONAL_( 47 )
i 56 . . . . . CONSTRUCT_ 38 )

Similar to the conditional above, item 54 points to the next elseif,
the assoclated conditdonal, and the first construct.

if any,

The elself design entry s given belov.
BLSEXF_

P 6B P

P 1 ...This nude 13 linked to each siccessive
BLSEIR_ in lexical order

P 2 ...It is part Of the IF cunsrxucw
9B P 3 BLSBIF_POINTER > RLSEL
8D P 4  CONDITIONAL_POINTER >> CUNDITIDNAL
76P 5 (ONSTRUCT_PGINTER >> CONSTRUCT

The Paseal ist

BLSTLR_ =
Fecord

ELSELF_POINTER
CONDTTIONAL_POINTER
CONSTRUCT_POINTER

¢ ELSEIR POINTER_TYPE ;
+ CONDITTONAL_POTNTER_TYPE §
+ CONSTRUCT_POINTER_TYPE |

end
4 full parse tree definition is given in the listing.

Data structures which do not relate directly to the fuput syntaw but rather to
the listing requirements are:

VHERE_USED ( used for cross teferencing )
PROCEDURE,_USED ( used for calling trees )
DECINITION_ { used fot explicit and mplm: dats defindtions )

The internal data structure is a complete syntactically correct structure -
all dnput extors are adjusted to provide full stpustures. Por ecxample a
ms&ng VENDIF" {n the input is remedied,

7:3:2, Input Defisition

The dnput syntax is fully defined in the User Manual,

both in BNF and by
deseriptions and examples of their use -

Sore examples are:




tta ( comment segment )
( procedure segnent )
( data segment )

¢ proup )

text )

( procedure seguent )
%P ( procadure Line )[( procedure body )]
( procedure body ) tis { constructs )

construets ) tis= ( construct )( constructs )
( construct )
construet ) iia ( comment comstruct )
( if construct
( while construct )
( until construct )
( case construet )
{ block construct )
( procedure construct )
( general string construct )
( 1f construct ) ti= { if line )( if body )( endif line )
( 4f line ) 3= IF ( conditional line )

{ if body ) itm [( then part )][( elseif pans 3
(¢ else pazt )

( then pavt ) t:= ( constructs )

elseif parts ) t:= ( elseif part )( elself parts )
( elseif part

( elseif part ) ::= ( elseif line )[{ constructs )}
( elseif line ) :ix BLSBIF ( conditional Line )

( else part ) ::= ( else line )[{ comstructs )]

( else Line ) ¢:x BLSE ( end of line )

 endif Line ) ::a ENDIP ( end of line )
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7,3,3, Tatal System Structure

The simplified calling tree gives a picture of the whole system.

FORMATTER
- GENDRATE PARSE_TREE
. GENBRATE INITIAL PARSE_TREE
.« . INITIALISE
. PARSE TT1LE
PARSE REVISTON
PARSE TEXT BLOCK
PARSE SEGHENT_
. . PARSR PROCEDURE_SEGNENT TAIL
. PARSE CNSTRUCT_
. PARSE COMMENT_CONSTRUCT TAIL
PARSE IFPAIL
PARSE CONSTRUCT,
. PARSE ELSEIF_
. PARSE ELSE_
PARSE ENDIF_
- PARSE CONSTRUCT_
PARSE WHILETAIL
PARSE REPEATTAIL
PARSE CASETAIL
PARSE BEGINTAIL
NN . PARSE GENERAL_STRENG_CONSTRUCT
. . . PARSE CONSTRUCT_
. PARSE SEGHENT T 58 )
. | DARSE DATA DEFINTTION_SEGHENT TAIL
. . PARSE LITERAL_SEGHENT TAIL

.+ PARSE ASSUHED I LITERAL_SEGMENT
. PARSE UNIDENTIFIED SEGMENT
PARSE GROUP_
CREATE GROUP_ ( 56 )
PARSE SEGHENT_ 58)
PARSE GROUP_ { 341 )
BNEI'(ATE PROCEDURE_¢ SRGMENT_TRER
SBARCH GROUP FOR PRDCEDURE NANE
«  SEARCH SEBMENT FOR PROCEDU’RE NANE
+ .« . PROCEBSS PROCBDURE NAME
e l"IND POSITIO“ FOR
PROCEDURE_SEGHENT
... shacH SHOAENG PO
PRDCEDURE NEHE { 355)
P H GROUP_ BOR PROCEDURE_NAME
GENERATE EXPLZCITL‘{ DEFINEB
DEFINITION TRE
.. ., SBEARCH GROUP_ Hox mxeuzort
DATA 1 TTEN { 79 )
CROSS REFERENCE
CROSS REFERENCE GROUP_
+ « CROSS RBFERENCE SEGMENT
+  CROSS REFERENCE PROCEDURE_SEGHENT
CROSS REFRRENCE SEGMENT
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« 4. CROSS REFERENCR GROUP,

PRBPARE LISTING

. PREPARE FRONT PAGR

. mpmz TABLE_OF, CONTENTS
. PREPARE TEXT_

. PREPARE GROUP_

. . . PREPARE SEGMENT

. PREPARE CALLING_T1

. PREPARE PROCEDURE_INDEX
. PREPARE DATA_INDEX

. PREPARE LAST PAGE

GENERATE LINE AND PAGE NUMBERS

+ . RERARE PRWEDU‘RB SEGNENT

The design belov is of the totsl system. Note that gemerate listing procedure

has no reference - it is partitioned into another design document.

TBORMATTER
P- 2B -P

AP B Generate PARSE_TRRE
7189 9 Prepare listing
P10 Generate listing

This 1s the procedure that creates the full parse tree.

GENERATE PARSR_TREE

P 34 -P

38 P 10 Generate initial PARSE 1 TREB
378 P 1] Generata PROCEDURE_SEGHENT.

44B P 12 Generate explicitly r)efjned DEFINITION ‘TREE

51B B 13 Cross refarence
618 F 14 Generate line and page numbers

The actual Pascal is given below. Note that additional debugging diagnosties
vere added, and retained afrervards to provide user feedback - one of the few

User Manual changes in the development.:
Pracedure GeneratePARSE_TREE ;
el

(xvmebn( rdeneratePARSE TRER' ) § }

Vriteln{ 'Reading in text imm file - note disc accesses.’ ) }

Generatelni {ialPARSE TREE

Vritebn rChecking Fixt for a1l procadure seguents.’ )

GeneratePROGEDWB SEGHRNT_TRER ;
welrala(

nning the text for the explicitly defined data items.! ¥

Gehera LeBxpli citlyDefinedDEFINITION TREE ;
Writeln(
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all 1 Sons and data usages.’

Y3
CrossReference
Writaln( ‘Line and page nusbers added.’ ) ;
GeneratelineAndpageNunbers

end ;
Tha files associated with the parser design are given below.
INTTA FILE

2

This part of the design is in £fle INITA.PDL.

‘The full set =f files for the PARSER are:
INXTA BDL

INITEXT PDL

INITG EDL

PROTREE_PDL

EXPDTRER PDL

10 CROSSREF PDL

byl NUNBERS PDL

12 PREPROC PDL

13 PREREST FDL

Dt

")
15 This listing should be used in conjunction
with those of

16

17 TREEDEF,EDL ( parse tree definition ),

18 PREPDER.PDL ( prepared file definition ), and
19 GENIND.PDL ( formatter design ).

0

21 An overviey of this design aan be obtained by
exanining the

22 calling tree.

2

Qa0 aococa acaoaacaaaancaan
~ -

7.3.4: Qenerate Initial Parse Tree

This is a recursive descant pure tree generator, It provides the creation and
initialisation of most nodes. The input text is stoved directly ( retaining
upper and lover cases ), but with vhite space removed.

A part of the design is examined 1in more detail. The parse text block
procedure consumes the actual design source. It first creates a default group
( groups are optional in the language ), then calls a procedure to look for
all conseettive sagments, and finally looks for all subsequent groups




o it A e ]

PARSE TRXT BLOCK

P~ 128 -P:

Pt ...Inl(ial default GROUP_ - will be left empry
ollaved directly by & group
e 2 cresta Ghogt > (GROUE_POINTER)
134 F 3 Parse SROMBNT (SEGHEN? POINTER)
354 ® 4 Parse GROUP_(GROUP_POXNTER)

The corresponding Paseal ist
Procedure ParseTextBlock ;

begl)

{Mriteln( 'ParseTextBlock’ ) ; }

This 45 che ratn passiag procsduze - GROLR_'s and
SEGHBNT_'s are parsed.

with PARSE_TREE_POINTER" do
begin

{
Initial default GROUB_ - will be left empty if
folloved directly by a group.

]
CreateGROUP_( GROUP_POTNTER ) ;
ParseSHQMENT_( GROUT POINTER*,SRGMENT POLNFER ) )
ParseGROUP_( GROUP_POINTER*.GROU?_POINTER }
d
end §
This 1s a typical creata routine:
CREATE GROUP_(ATTACHNENT_BOTNTER)
P~ 120 -P;

48P 1 Set ATTACHMENT_POINTER to
Alocate spune(Size(GRﬂUP )
2 Set GROUP_POINT! o NULI
3 Set FULL PAGE to 0
4 Set GROUF TITLE POINTER to NULL_STRING POINTER
5 Set SBGHENT POINTER to NULL




The Pascal eguivalent ist

» ( var ' POINTER :
GROUP_POINTER_TYPE )

begin
{XWriteln( 'CreateGROUZ_' ) | }

GetMen( ATTACHMENT POINTER , S1zeOf( ATTACHMENT _POINIER" ) ) ;
vith ATTACHHENT_POINTER" do

begin
GROUP_PGINTER := nil ;
FULL_| PAGE v O b
GRUUP TITLE I PDINTBR t= NULL_STRING_POINTER ;
SBGMENT POINTER t= nil

end

end

This routine looks for & segment. It does
segrent starts, processing the segments,
if the next group or end of text is found.

this by recognising the valid
handling the ercors or by returning

PAKSE SEGMENT_ (ATTACHMENT POINTER)

P~ 134 -P.
P 1 ...Parses all SEGMENT 's in a GROUP
P2 ..Bach voutine reeursively calls this routine.
F 3 ..Note that faulty text is converted
into LITERAL_SEGHENT's,
5CP 4 Remove blank lines
AP 5 1€ Symbol(¥P)
138 P 6§ Parse PROCEDURE_SEGMENT tail
AP 7 elseif Symbol(¥D)
2887 8 Parse DATA DEFINITION_SEGMENT tail
6AP 9 elseif Symbul(
334 P 10 Parse LITERAL SRGMENT tail
64 P 11 elsaif not SymboL(%G)
6A P 12 if Symbol(¥X)
70 P 13 Accept symbol
348 P 14 e Assumed LITERAL_SRGMENT
64 P15 elself nat Synbol (EOF,
34C P 16 rse Unidentified segment
P17 se
P18 + . Group found - no action
P19 endif
» 20 else
B2l +esno SEGMENT_ fouid, - no action
P22 endif

Here & procedure has been found.
errors ), the construets pre
recursively called.

The procedure line is

handled (

iheluding

parsed; and the segment parse routine is




FORIRR L

'PARSE PROCEDURE_SEGHENT TAIL

P~ 138 -P

P 1 ...Bxpect a PROCEDURE NAMB followed by
ossible CONSTRUCT 's.

P 2 ...move ovet the et
P 3 Accept synb
144 P 4 Create Paocnnum; SEGNENT(ATTACHHENT_POINTER)
P 5 1€ REST_OF_LINE blank
7P 6 Aucept REST_OF_LINE
SAP 7 Set PROCEDURE } NAHE _POINTER to
Allocate string
(i Hissing Pnoczuum; SEGHENT NAME)
P8 Locate PARSE
P9 Increment ERR n oo
148 2 10 Parse CONSTRUCT (cons'mucw POINTER)
Pl else
268 P 12 Transfer PROCEDURE LINE
14813 Parse GONSTRUCT_(CENSTRUCT_POINTER)
Pl

eng
13A B 15 Parse SEGENT_(SEGMENT_POINTER)
Here all constructs are recognised.

PARSE CONSTRUCT_(ATTAGHMENT_PCINTER)

P~ 14B <P

P 1 ...Each routine recursively calls this
routine to pars
++.811 CONSTRUGT_: = f thte SHGHENT_,

P2
5ce 3 Remove blank 1in
6P 4 1€ Part Symbol{.. )
3o e § Parae COHMENT CONSTRUCT tail
AP 6 alself Symbol(XF)
158 % 7 Parse Iftail
P 8 elself Symbol(wHILB)
8P 9 e Whiletail
BB 10 elseif symbvl(RBPEAT)
19 B 11 Parse Repeattail
64 P 12 elseif Symbol{CASE)
200 P 13 arse Casetail
64 P 14 elmf SymboL({BEGINY
23A P 1S Parse Begintall
248 P 16 elgeif not CONSTRUCT_ follower
4¢P 17 Parge GENERAL_STRING CONSTRUCT
? else
B9 «.1no CONSTRUCT_ found ~ ho action }
endif . H

This is a typical construct parse routine. A separate procedure exists for
each part of the construct.




Pinally it calls the parse cohstruct routine recursively.

PARSE IFTAIL

- 158 -P

1 ...move over Wif¥

2 Accept symbol

3 OCreate IF_CONSTRUCT(ATTACHMENT_POINTER)
4 Parse CONBITIONAL (CONDITIONAL POINTER)
5 Parse CONSTRUCT_(THEN_CONSTRUCT _POINTER)
6 Parse LLSEIF_(ELSEIF_POINTER)

7 Parse BLSE

§  Parse GNDII

9 Parse coNsmucT '_(CONSTRUCT_POINTER)

The Pascal iz given below.
r_POINTER

CONSTRUCT POINTBR TYPIZ Y

(fheiteln( *Parsalftatl’ ) ; )
Mave over 'if?,

AcceptSynbol
CreateIP CONSTRUCT( ATTACHHENT_POINTER ) }
with ATTRCHHENT POINTER®.IF  do

bagin
ParseCONDITIONAL_( CONDITIONAL POINTER ) ;
ParseCONSTRUCT ( THEN_GCONSTRUCT POINTER') ;
ParseELSEIF_( BLSEIF POINTER ) 7
ParseELSE_( ATTACHMENT_POINTER ) ;
ParseENDIF ( ATTACHMENT POINFER ) ¢
ParseCONSTRUCE_( CONSTRUCT_POINTER )

en

end

Here a conditional is parsed. Note the error messagescreation.

PARSE CONDITIONAL_(ATTACHMENT POINTER) .
B~ 164 P
P 1 ...This parses multiple CONDITIONAL 's by
recursive calls from

2 ...BEnter ACIUAL STR:
1680 3 Crente CONDITIONAL (ATTACHMENT  POINTER)
g 4f REST_OF_LINE blai

54 P Set” ACTUAL s’mua POTNTER to
Allocate string(xx No CONDITIONAL FOUND)
73
. v * .
i




R 6 Accept REST_OF LISE
P 7 Locate PARSE TREE
P8 Inerement ERROR_COUNT
B9 se

160 P i0 Enter ACTUAL_STRING
P11

Note hov the optional else is handled.
PARSE ELSELF_(ATTACHHENT_FOINTER)
178 -P

.+, Optional CONSTRUCT_.

1f Symbol(ELSBIR)
Create BLSEIF_(ATTACHMENT_POINTER)
Accept symbol”
Parse CONDITIONAL_(CONDITIONAL_POINTER)
Parse CONSTRUCT_(CONSTRUCT POINTZR)
Parse ELSEIP_{RLSELF_POINTER)

dif

SERwSe
TSP
v o g 70

RN

This is & fully recursive routine.

PARSE GROUP_(ATTACHMENT_POINTER)

Pu 254 -P
P 1 ...Atteupt to find  as meny GROUP_'s a5 possibie.
5P 2 Removeé blank 1
AP 3 if Symhol(XG)
mE & Aceept syabo!
1206EF 5 Create GROUP. (ATTACHMENT POINTER)
S0P 6 4£ REST_OF_LINE blan
AP 7 et GROUP_TTTLE_} Porm‘nn to
Allocate string(¥** Missing GROUP TITLE)
cE 8 Accept REST_OF_LINE
B9 Locate PARSE TRER
2 10 Increment ERROR_COUNT
[ 31 else
108 P 12 ‘Transfer REST OF LINE to(GROUE_TITLE)
P13 endif
134 0 14 Parse SEGMINT_(SEGHENT_POINTER) o
54 P 15 Parse GROUP_(GROUZ_POINTER)
P16  else
P17 so.l0 GROUP_ found - retusn frol Parse GROUP_
P18 endif

7.3.5: Generdte Procedure Ségment Tree

The prucedures related to this tree provide & group by group,
segnent walk vhile creating links of a lexically ordered tree.

"

segment by




The insert and balance algoritnm is based on an algorithm by Wirth ( 1976 ),
A node 1s initially matched or created. If the creation results in one path
becoming more than two units longer than other paths, the tree is
reconstrugted. This results in & £inal tree with all paths within tvo nodes of
length, This implies a future search of order log 2 ( N ), where N is the
number of procedues defined, whilst retalning lexical ordering.

The destgn dtinition Ls given below for the search and insert procedure (
iz is @ complox set of routines ).

PIND POSITION FOR NBY_PROCEDURE_SEGMENT
(ATTACHMENT_POINTER, HEIGHT_CHANGE)

p- 38C -P

P 1 ...This algorithn is based un the balanced binary
tree algorithns
«++proposed by N Wirth do "Alyorithws ¢ Data
ctures = Programs'

2
P 3 LA £u11 zreament is given in this
book. Hodificatlions are made
P 4 ...i0 terms of the node structure,
P 5 ...Binary search for position - notei time is
order log(n).

P o6 Af ATTACHMENT_POINTER is NULL

P 7 +..not in PROCEDURE_SEGMENT ‘TRRE yet
394 ; 8 Ihsert NEY_PROCEDURE_SEGMENT

9 €.

B0 Loca:e PROCEDURE_SEGMENT at ATTACHHENT POINTER

el i€ NEY_PROCEDURE_NAME left of PROCEDURE_NAME
38 e 12 Ingert NEW I PROCEDURE SEGHRNT on left

P13 elself NEW_I PROCEDURR S NAME right

of PROCEDURE_NAME

AP 14 Insert NEW_PROCBDURE__SEGMENTaon right

P15 else

P16 +..already in tree
4¢P 17 Process HEW_PROCEDURR_SEGNENT

45 ALREADY_IN_TREE
[t endif
P19 endif

7:3.6: Generste Explialtly Defined Data Tres

4 valk s perforned, as for the procedures, adding all explicitly defined data
items to the tree. This is performed as ahove.




7.3,7- Croms Reference
A full walk is performed, £irst attempting a longest string match to
procedures, then to already defined data it~  new data items or non-match
tokens, These matches are performed on all | tionals, procedure lines and
general strings at each token boundary.
Each nev data item deinition is added.

Oross raference linking 1s done coneurrently, adding WRERE USED and
PROCEDURE USED nodes as required.

This routine is time-critical for the procedures as multiple maximal string
matehes ave performed. Lock-up in the trees 1s optimised by the use of string
trees.

The main routines ave given below.

CROSS REFERENCE

P. 51B -P

P 1 ...Check for invocations of
PROCEDURE,_SEGMENT?!s, implicit
P 2 ...DEFINITION_ ’s and DATA_ITEH usage.
P 4 ...Starc search with each GROUP_.
Py Locate PARSE_TREE
51CP 5  Cross referefce GROUP_(GROUP_POINTER)

This 1s the procedure thut cross references the segments within a grouwp, and
then the next group recursively. Note the typical tree wallk / 1ist processing,
recursive st ucture with a termination check.

CROSS REFERENCE GROUP_(AYTACHMENT_POINTER)

P 510

«++Search each SEGMENI .
Af ATTACEMENT_POINTER is NULL
\..xeturn - last GROUP_ crods referenced
else
Locate GROUP_ at ATTACHMENT } POINTER
Cross reference SEGHENT '_(SBGHENT_POINTER)
crass rveference GROUP, (GROUP, POINTER)
dif

o g v
Do o n

e

Note the similarity to the above procedure.




CROSS REFERBNCE SEGMRNT_(ATTACHMENT POINTER)

P 524 P

+.Search each PROCEDURE_SEGMENT.
1f ATTACHMENT_POINTER is NULL_
.o raturn - last SEGHGNT_ im GROUP_
cross referenced i
elsa
Locate SEGMENT_ at ATTACEMENT POINIER
1f PROCEDURE_SEGMENT TYPR
Gross reference PROCEDURE SEGHENT
endif
diC):a.i! refprence SEGHENT_(SDGHENT_POINTER)
£

528
524

g e e D
Bemsuanvs wee

1 en

This is the Eirst procedure actually to check text, rather than to walk the
tree. The procedure line is chacked.

CROSE REFERENCE PROCEDURE_SEGHENT
P- 52B P

P 1 ...Cross references may cunut in the N:
'PROCEDURE_NAHE 1

2 ..dn the actual CONSTRUCT ’s

3 Locate PROCEDURE_SEGMENT at ATTACHMENT POINTER

4 Set CURRENT SEGMENT POINTER to ATTACHNENT POINTER

5  Gross reference PROCEDURE_NAME line

6 Cross reference CONSTRUCT_(CONSTRUCT_POINTER)

g

520
566

All constructs réferenced. WNote that as the tree lsvalways corrected, even if
the source is faulty, defaults may be assumed.
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CROSS REFERENCR CONSTRUCK_(ATTACHWENT_POINTER)

Actually check:

P- 56C -P.
B 1 ...Search through all CONSTRUCT ’s type by type.
P2 1f ATTACHMENT POINTER is NULL,
P 3 ...return - last CONSTRUCT ~checked
P4 else
PS5 Locate CONSTRUCT st ATTACHHBNT POINTER
P 6 1f CUMMENT_( CONSTRUCE, TYP)
5608 7 ross reference COHMEN’I‘ CONSTRUCT
8 elseif IP_CONSTRUCT_TYPE
57AF S voss reference : IF_CONSTRUCT
P10 elself WHILE CONSTRUCL TYPE
57 P 1 Cross reference VHILE CONSTRUC?
P12 elseif UNTIL_CONSTRUCT T
56A P 13 Cross reference UN"!‘IL OONSTRU(‘T
P 14 elseif BLOCK_CONSTRUCT TYER
588 P 15 rosg reference BLOCK CONSTRUCT
P16 elself GENERAL_STRING_CONSTRUCT_TYPE
s8¢ P17 Cruss reference GENERAL ! STRING CONSTRUCT
P18 els
P19 .s.can only be CASE_CONSTRUCT TYPE
58D P 20 Cross reference CASE_CONSTROCT
P21 endif
P22 endif
Aguin just valking the subservient parts.
CROSS REFERENCE IF_CONSTRUCT
P- 574 -P:
P 1 ...Seavch each subpart
P2 Locate IF_CONSTRUCT at ATTACHMENT POINTER
578 F 3 Cross refarence CONDITIONAL (CONDITIONAL POINTER)
560 P 4 Cross reference CONSTRUCT (THEN CONSTRUGT POINTER)
57C P 5 Cross reference ELSEIF(ELSEIF PUINTER)
5667 6 Cross reference CONSTRUCT (ELSE CONSTRUGT POINTER)
7

Cross reference CONSTRUCT  (CONSTRUCT_POINTER)

ing text.




CROSS REFERENCE CONDITIONAL_({ATTACHMENT POINTERY
P- 57B -P.

«:0nly the string can have references.
1f ATTACHMENT_POINTER is NULL
..ireturn - last conditional checked
else
Locate CONDITIONAL_ at ATTACHMENT_POINTER
Set CURRENT_LINE NUMBER POINTER €5
address of LING NUMBER
598 B 7 Cross refereice string
(ACTUAL,_STRING ] PDINTE
LINE_NUFDER_POTNTER, PROCEDUR, USED_POTNTER)
SIEP 8 Cross raferencs CONDITIONAL
(CONDITIONAL_POINTER)
P9 endif

0y v g v
cate e

7.3.8, Generate Line and Page Numbers

Up to this pass, cross references vere made to logical psge and line numbers
by use of links to data areas. These are now £illed-in with the actual numbers
using an ordered valk.

7.3.9. Generate Intermediate Pile

This consists of a number of tree valks. The walks can be in order of
appearance ( table of contents and the text itself ), lexical order ({
procedure and data cvoss references ), or in helrarchical order ( calling tree
).

The main procedure is given below.

PREPARE LISTING

P- 718 -P
P 1 ...Beits data for an intermediate file read from
P 2 ...the PARSE_TRE) B
7ICP 3 Prepare FRON:
J2EP &  DPrepare TADLE oF comms
74C P S Prepare TEXT
8IAF 6 Prepare CALLT!
86 ? 7  Prepare PROCEDURE mmzx
87C ¥ §  Prepare DATA_INDEX
88B P 9  Prepare LAST PAGE
? 10  Close PREPAKED_PILE




7.3.10, Prepared Data File

The data file is generated by an ordered walk of the full parse tree in the
aider of infoxmation on table of contents, text, calling trees, procedure and
data index, and last page: Additional Informatfion is provided to allow
pagination and indentation.

The lines are sequentially written to a file.

The preparved data structure vritten to the intermediate file is a simple
line-by-line format. Por exauple each "IFY line is an entity on its own, and
is sent separately from its matehing VBNDIFY. Each line is identified by o
suitable prefix not shown at this level of detail.

13 1 PREPARED_FILE

24 2 . PRONI PAGE

28 3 . . Trilg

28 6 . REVISTON

34 6 . , TIHE_

3 1. . DATE.

4B 15 . TABLE OF CONTENTS

4 % . . " PART

I 17 . . . CONIBNT GROUP

50 2, . CONTRNT PROCEDURE_SEGMENT
6B 30 . . . CONTENT DATA DEFINITION SEGMENT
78 34 . . . CONPENT LITERAL_SEGHENT
78 38 ., . CALLING_TREE START INUICATOR
¥ 39 . . PROCEDURE_INDEX_START INDICATOR
84 40 . . DATA_YNDEE_SPART INDIGATOR
8 41, LAST_PAGE_STARY_TNDICATOR
ac 42 . TEXT

o 43 . . NEW PAGR

9 46 , . crofle_

o 50 . . PROCEDURE_SEGHENT

104 56 . . DATA DERIFIPION SEGHENT

100 60 . . LITERAL SEGNENT™

108 6 . . cohmzm‘

11e 6B . .

AE 0 . . sta_

128 74 . . ENDIF_

128 78 . . CONDITIONAL_

138 82 . . NO_PROCROURE USED

13D 8 . . PROCEDURE_USED

137 8 , . BLSEIF_

143 89 . . WHILE_

14D 91 , . ENDVHILE

154 $5 ., REPBAT_

150 L. UNTIL

157 101 ., BEGIN,

16 105 . . END_ -
16F 109 . . GENERAL STRING

1B 113 0 . casE_

17D 115 , . ENDCASE

184 ng . .oor,




DERAULY
DATA_LTEH_BNTRY
COMMENT_ERTRY
LITERAL

CALLING_TREE

. TREE ENTRY

. REPEATED TRRE_ENTRY

PROGEDURE_THDEX
PROCEDURE_INDEXED

. SEGMENT LSED

DATA_INDEX

. DEFINITION_INDEXED

. . DATA ITEM NATT (128 )

24t LAST_PAGE

7.3.11, Generate Listing

It produces & suitable formatted listing from the data,
basic pagination end dndentation rules. The format
apecific examples for physical format, and am output

be vepeated, or are optional.

of vhich gan easily be incorporated into the listing.
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This program does not need the parse tree, and uses only the intermediate
£ile,

in accordanice with
is defined by use of
syntax for logical

forpat. The listing is written to a file, for subsequent editing, display or
printing, written to the screen for display, or is pyinted directly.

4 simplified calling tree representation is given below. The main parts of the
typical listing ave clearly visible. It must be rememberad that most parts can
It can be seen that the Intermediate file consists of very small items, each
In the GENOBC.PAS file, shared by the parser and the formatter programs, a
definition of the identiflers for each of the items is given.

Start of the design for generating the listing - defining the files.




GENGON FILE

ono cacooca
[N TUNTTYe

8
9
10
¢l

c12

24

This part of the design is in file GENCON.PDL.

‘The other parts of the design ere in GENTEXT.PDL
and GENIND. PDL.

This program reads the intermedite file
prepated by the
parser, and formats it.

This design should be read in conjunction
with the designs
the parser, the tree definition, and the
prepaved ile.
.

The top level design of the listing generator.

GENERATE LISTING

P- 2B P

2BAP 14
P15
? 16

Reset PREPARED FILE
Clear OUTPUT_FFLE
Generate FRONT |
Generste TABLE OF_CONTENTS
Generate TEXT

Generate CALLING_TREB
Generate PROCEDURE INDEX
Generate DATA_TNOEX
Generate LAST PAGE
Close PREPARED_PILE
Close CUTPUT_FILE

el

‘This is the more detailed callifg tree for the listing gemeration,
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23:

&

o
3

1 GENEZRATE LISTING

GENERATE PRONY_PAGE
GENERATE TABLE_OF_CONTENTS
GENERATE TEXT_

GENERATR TEXT_PAGE
GENERATR GROUP_PACE
GENERATE SRGMINT ) PAGE

GENERATE TEXT P

GENERATE PROCEDURE SRGHMENT
. GENERATE HEADING

TOR PROCEDURE_SBGHENT
GENERATE PROCEDURE_PART
. GENBRATE COMMENT_ OF

PROCEDURE_SEGHENT
GENERATE IF
GENERATR ELSE_
GENERATE ENDIF_
BENERATE CONDITIONAL_
GENERATE No_PROCEDURE_USED
GENERATE PROCEDURE_USED
GENERATE RLSEIF_
GENBRATE WHILE_
GENERATE ENDWHILE_
GENERATE REPRAT_
GENERATE UNTIL_
GENERATE BEGIN.
GENERATE END_
GENERATE GENBRAL STRING
GENERATE CAS)
GENERATE EN'DCASE_
GENERATR OF__
GENERATE BEFAULT
GENERATE DATA I DEFINITION SEGHMENT
GENERATE LITEML SEGH

GBNERATE CALLING TREE
GENERATE PROCEDUEE_INDEX
GEHERATE DATA INDEX
GENSRATE LAST_PACE

AT R

HER G Ko St




?14. Results Obtsined
7.4.1, Use of PDL for the Design

A Program Desigo Language was used manvally for the design of the data
structurss and the two main programs. The design and the data structures were
rewritten into the input format for the processor, and once the programs were
written, were processed by the processor.

The sizes of the designs vere :

- parse tree design

procedure count o7
procedure line count 298
data item count 1 136
data item usage cont ¢ 172
.
- intersed s file design
procediize count ©o1m
procedure line count ¢ 27
data item count : 16k
data iten usage comt ¢ 178

- parser design

procedure count + 260
pracedure line count 3 2185
data item count ¢ 314
data item usage count ; 2038
- formatter design
procadure count 78
procedure 1ine count s 755
data item count + 184
data item usage couht ;576

First doing the desigh ih a program design language, even manually, was
beneficial in providing a medium of expressing the cemcepts, and then being
able to evaluate and expand them,




°

Hovever using
superior:

the PBDL processor on the design input proved to be vastly

- Input effort vas much less
+ formatting vas sutomatic
+ updating and changing vas easy

- the procedure eross referencing made it easy to go between higher and
lower level definitions

- data and procedure indexes provided a very useful checking tool
- the calling troe assisted in providing a quick overview
- the table of contents allowed ready referencing in entry order
- the printad forn provided a professional cutput at little effort
It wvas fFelt that using the PDL prncesso: for the design of uumplex data

structures by defining the vas
original intention was not to make vse of the pracessor far thls funcuon.

only four logic errors wexe found in the entire design since the coding vas
started, Of these only one vas serious - the method of compardng multiple
vords in text with the defined multiple word procedures - but it is unlikely
that this ercor vould have been found if another design methodology had been
uged. The other errors were trivial.

That only four errors were found to date for a design with 11616 lines of code
aust be an indication of the merit of the design approach.

7:4:2. Use of Turbo Pascal

The processor was originally intended to be implemented in C on a PDP 11,
After the design had already been completed, it yas decided to implement the
processor oh an IBM BC compatible. Turbo Pascal was selected as the language.
No design problens were encounterad in the change.

Some time was spent i determining the optimum implementation method for the
recursive cells and pointer value transfers and updates, the dynamic data
allocation techniques, and the debugging approach. o

The data allocation presented some problems - variant records were allocated

dynamically - this aspect was not well described in the system documentation,
but was £inally solved using the GetHem and SizeOf routines.
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Debugging support was sion-existent, and emphasised that code development and
debugging should not be attempted without a symbolic debugger. Hethods vere
evolved of printing the name of each procedure imvoked, and routines to print
out the trees with their physiecal link addresses. As any error in a link
processing program would cause a complete crash - typlcally by overwriting the
system - finding sericus errors was difficult, However because the design and
the code was very thoroughly desk checked fey errors were found, The most
gerlous errors were in recursive routines where the passed parameter - the
link - vas not declaved ns an address variable. This resulted in the systen
crashing; but only in the next tree walk.

A very good public domain symbolic debugger vas located after the bulk of the
testing vas complete. This would have eased the task immensely.

The integrated editor, compiler and run time environment was good. However the
development of a large program - 8000 lines - was too close to the acceptable
limit for & Flopsy dise based system vhich requires recompilation for every
error fotnd.

s the dnput for the PDL destgn had first been entered on the PG, the initlal
steps 1in creating the code was systematic editting of the source to get it
into a Pascal farm. This vas atded considerably by the use of Superkey - a
keyboard mecre processor.

Later the software vas used on a hard disc system. This reduced compilation
times from over eight minutes to :
s
parser - 7929 lines 1:22 minutes
formatter 2915 ldnes 0:19 minutes
user interface 785 lines 0:04 minutes

The time required to compile is clearly a higher than linear function of the
program’s size.

Tthe use of Lightning - & dise cacheing program - was pavticularly useful on a
floppy based system, where it reduced disc accesses, and thus dise accessing
times by typically 50%.

Code stz and efficlency appeared to be fully acceptable - the size vas in
line with vhat vas originaily estimated, This is especially good for a single
pass, high speed compiler.

7.4.3. Progran Performance

fhe performance of the processor is limited by the speed of & printer. The
processing of the main design, and writing it to dise took 7:54 minutes.
Printing would take more Lhan an Hour on a typical dot matrir printer { 120
cps ). AboUt a third of the processing time would be ovetlapped yith the
printing. Normsl designs would be much smaller than this design - {.e.
partitioned into smallar parts. The executlon times would be very much shorter
as a rvesult. Thus the performance of the processor is believed to be fully
acceptable,

The processing time of the paxser design to dise was 7:54 minutes, requiring
86




288 disc reads and 499 disc writes.
The formatter design took just 2:10 minutes,

Some design size statistics :

parser design was 87682 bytes
the intermediate file 332647 bytes
the listing file 449723 bytes

ALL timing done on an XT compatible in turbo mode 8MHz, with a hard dise,
without dise cacheing ( dise cachaing tried briefly, but appears to have vary
niniuel effect on time in a hard disc drive system, but reduces disc accesses
considerably, vhich would have an effect on drive life ).

Lightning vas used to gather disc accass fnformatfon.
7.4.4, Progranmer Efficlency

No records were kept of programmer effictency,

The reasons for this were that all design and coding vas done part-time, after
work and in lelsure hours, This resulted in very wide swings in productivity,
and also implied inefficient use of time, with a re-establishing the state of
the previous vork. Also the destgner had reasonable experience in a program

design laguage environment; but using assembler and PL/M. This was the flrst
use of Pascal, and of a PC.

Subjectively the efficiency during the period of a year part time during the
design, coding and testing phases ( i.e. excluding, the beckground search and
documenting phases ) what would have been expected of a competant
programper working full tima for the same duration. It is clear from this that
the efficiency vas higher than the more conventional methods of development.
7.4.5. Softvare Used

Ms-DOS version 3.21 by Hicrosoft.

Turho Pascal version 3.0 by Borland International.

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

SuperKey version 1,01a by Borland Internaticnal.

Lightning version 4.16 by Pursonal Computer Support Group.
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8. CONCLUSION

B»1, The Role of Program Design Languages

A Program Design Langusge is an importsnt tool, It fulfils a role of i
commpnieation; particularly to the designer himself as well as to othars. As .
B resuir the design has a high potential of visibility, which 4f exploited, 4

allovs olear loglcal programs to be comstructed. :

The simple syntax of Program Design Langusges, and the clear design i
documentation that can be produced using it, allows fellow designers and
customers to resdily oxamine, discuss and propose changes to the logical
structure of softvare systems. This builds confidence in the team and the
customer  that the system will Eulfil both the explicit and implieit
requirements of the system.

Program Design Languages are compatible vith a number of softwars engineering
methodologies. They are relevant irrespective of target computer, language
and operating system. As a result, Program Design Languages provide a vide
base for scftvare re-use { Walker 1988 ).

P T AL Sg

& Program Disign Language allows sarly informal description of algortthms and
data,  AS 2 result progress is seen early, It also alloys design to be
detailed to any level, thus ensuring that all loglcal operatlons can he
explicitly defined.

e

A Program Design Langusge 1illustvates the functional decomposition of. a
system, and the algorithms and the data structures used, It is supported in
this by the calling relutionship tree, and procedure and data cross
references.

*

A Program Design Language has a symblotic relationship with other tools,
particularly Data Flow Diagrams.

Dats Flow Dlagrams define system organisation by displaying extemnal entitles,
processes, data ytores and data Elows. Their strength lies with specifying
interfaces and data coupling. Their veak points - details of algorithms and
data structure - are complemanted by the strong points of Program Design '
Languages. N

Additionsl design information 1is still required. Hajor items ave the
explanation of operation 6f libraries and packages such as multi-taslkihg 1
operating systels, and design decision history. These aspects may be covered

by written support documentation. ° N
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CASE tools have been gaining prominance in the last few years. GASE (Computer
hided Software Engineering ) tools huve, as their pain thrust, been assoclated
with the specification and analysis phases of softvare. This is an ares that
had previously been poorly supported by methodologies and tools. Prominent
companes have been Cadve Tectnologies, Gortex Digital Equspment Gorporation,
Index Technologies, Promod and Emphasis has been on
information wodelling, Structures an&lysis and design, design nanagement,
configuration control, code generation and tracing, and automatic code
generation, It is seen that program design languages fit within the scope of
Computer Atded Softyare Engineering tools.

The establishment of an {ntegrated programmer's workbench where the
specifiention, enalysis, design, implementation, and management issues are
addressed in & coordinated fashion appears to be a goal that may be reached
so0n.

In the mean time, progran design languages perform @ methodology independent
role of providing help in the detail design of programs and data,

As far as the future is concerned, Program Design Languages are likely to
evolve to interactive syntax-directed editors, with interfaces to provide
programming languages support. Some forms of direct symbolic execution is
also likely, Vhilst this can positively affect design productivity, there are
some dangers: - the environment may become target system specific; u tendency
may arise to design at the terminal without adequate prior thought;
uncontrolled changes nay readily be made,

8.2, Pormatter Design Conclusions
A Formatter program for a Program Design Language is presented,

The technique of bootstrapping was used to create this program. A formatter
wvas designed manually, in a simpliied form of the formatter’s output,  The
equivalent input form for the formatter vas also produced. These two furms
wvere the results of the first phase. The design was then manvally translated
to Pascal, and debugged in the second phase of the bootstrap process.

Neww the third phase of the bootstrap was reached - the input form of the
foumatter was processed by the formatter to produce its own design
documentation.

An examination of the manually produced simplified form of the design, and the
Einel forn indicates a high level of comsistency. The additional information
provided by the calling relationship tree and the cross references would have
substantially eased the design.

The early s complete spesifiastion of the . inatier vas 2 « major fastor in

the suceess of the project. This took the foun a user’s mafual; and
detailed input and output formats: The input and cutput fornate vere defined
using context-free grammars, asupplemented by typical samples, This was

augmented by rigorous definition, in context-free grammar form; of all
expected arroneous inputs. 'This produced a framevork for exror reporting and
recovery actions.
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The design approach used was to exploit the well researched techniques in
compiler construction. The method selected was thal of recursive descent.

The major achievements were:

- & detailed study of modern design methodologies particularly relating
to the detail design phase

- & concise specification of the system via a user manual, vhich
required no significant change during the project

- = complete design before coding which had only four logic errors, with
only one being serlous

- this error would probably not have been found using any other design
nethodology

- simple translation into Pascal - vhich the author had not used
previously - instead of G which vas originally specified

- no further problems found after initial debugging

- estnb

13shing the vatue of very rigorous destgn specifications, fornal
4 design val and the use of a good high
level lwp\laga vuh debugging supporl

-the construction of a highly recursive program matching the highly
recursive nature of the program design languace

- the generation of a totally top-down design including lexical analysis
{ usually performed bottom-up )

- the generation of a single tree to hold the demign, augmented by
simple tree walks to include symbol tables, all logical links, line and
page humbering, snd crossreforences

- the ereation of a useful tool

ALl tiie design objectives were achieved.

A tool has been created to support software engineering methodologles., This
tool can be used as a springboard to produce enhanced forms of design tools.
It is also a viable tool, as it stands, for the production of major softvare
systens.
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1. INTRODUCTION

A progran design langusge is a tool for softvare development. Such & language
has a similar vole to design tools like flowcharts, structure charts and HIPO.

It 1is & simple, useful vay of presenting a design Erom an early stage. The
design can then be read, veviewed and vefined.  The detailed design can
readlly be translated into code, anhd remain as useful documentation for
debugging, testing, training and maintenance.

The language allows the program and its dam to be ulearly presented in
readable format,  The entry of dasign 45 sinple. Finally, usamd
vefevences and indexes are aummmcauy provided by the focmatter.

It {5 assumed that the user of this manual has some knowledge of a programming
language, the editor, and sufficient knowledge of the operating system to run
prograns and list £iles.




2. SAMPLE SESSION

Tais chapter provides a practical overview of softvare design, the role of &
progran design language, and how the langusge is used. A simple problem is
defined. A solution is generated and illustrated. ,

2.1, Problem

A program is required to check materials to build roof trusses. The three
lengths of the triangular truss are entered. This program must state yhether
the truss is scalene ( no langths equal ), isosceles { two lengths equal ), or
equilateral ( all lengths equal ).

2.2, Approach

The problem is first analysed for completeness and correctness, Further detail
may be provided: a texminal is available to enter and display the result; the
program vill be initiated as part of ancther ‘program; only one analysis is
required.

An initial simple solution is generated. The solution consists of partitions
of the vhole problem into sub-problems. It is then examined at that level.
I not satisfactery, another solution may be generated. Once an acceptable
solution is found at that level, the components are considered, This is the
phase in vhich the program design language is used.

Once the design has been detailed to a level where no design decisions remain,
1t can be transiuted into code, debugged, tested and used.

2.3. Using the Program Design Language

The program design language, and its formatier, ars illugtrated using a simple
example, The example is:taken through several stages, resulting in a detailed
design. The formatter outputs are discussed for this example, and some
explanation s given for the methods used.

15
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2,3.1, Flrat Stege
The £irst level defined may bei-
Enter Lengths; Check Validity; Display Type

This 1s already a viable design, It may be typed into a file. The procedure
can be given & name e.g, “Truss Type Analyser'.

The entry is:-

ZP Truss Type Analyser
Enter Lengths

Check Validity
Display Type

The design can now be formatted. The output is & full listing including all
indexes, tables of contents ete.

Once gatisfied with this level, the design can be detailed by expanding the
single procedure, or by providing lover level procedures. We have provided
the Eurther procedures:~

AP EBater Lengths
Erint "ypa in Lengths of Truss"
Set PIRST LENGTH ta Number Read
Set SRCOND_LENGTH to Number Read
$at THIRD_LENGTH to Number Read

%P Check Validity
Check Lengths are greater than zero
Check that Lengths form a Triangle

AP Display Type

IF FIRST LENGTH 1s equal to SECOND_LENGTII
IP PIRST_LENGTH is equal to THIRD LENGTH
Print BJuilatera) Triangle"

BLSE
Print VIsesceles Triangle!

RTLE

£!SEIR FIRST_LENGTH is equal to THIRD_LENGTH
Uyint WIsoscales Triangle’

GLSEIF SECOND LENGTH {3 equal to THIRD_LENGTH
mm fgosceles Trianglet

?rlnt scalens Triangle"

ENDIF

Ve )mve now defined data items ( FIRST_LRNGTH, SHCOND_LENGTH and THIRD LENGTH
bl forming ore or more ords connected by underscures. A single yord
Toiloved by #n underscore is also regarded ag a data 4

Ve have also defined three additional procedures, the last of which has nested
selection constructs.




After formatting, our Table of Contents is expanded, and we have some
additional entries in sur Calling Tree, Procedure Index and Data Index.

Qur destgn vey again be evaluated and muned ¥e decide to expand the "Check
Validity® procedure’s entries by ad

AP Check Lengths are greater than zero
IF FIRST_LENGTH is greater than zero\
and SECORD_LENGTH is greater than zero\
and THIRD_LENGTH is greater than zero
An Lingths are greater than zexo

BLS]
Princ “Lengths must be greater than zero"
ENDIF

XP Cheok that Lengths form & Triangl

»v» No triangle exists if one side is lohger than the other
+o0 tya sides togethes

IR FIRST_LENGTH is longer than SECOND_LENGTH aud THIRD_LENGTH
Print %Does not form a triangle”

BNDIF

TP SECOND_LENGTH 13 longor than PIRST,
Print "Doe$ not form a triangle"

EHDIF

IF THIRD_LENGTH 1s longer than FIRST _LENG.,
Print “Dges not form a triangle!

ENDIF

*RD_LENGTH

JOND_LENGTH

The use of a comment ldne and a conditiondl continuator { a conditlon an an
1f, -hile, until etc., that covers more than one line ) is shown in "Check
Lengths are greater than zexe!. -

The design can now again be formatted and evalusted, At this stage, the
design would be trivial to translate to a computer language such as Basic.
Hovever, careful evaluatlon shows that processing would continue after an
error is found.

This exanple is 1llustrated in the appendix as PDL2A.PDL.

The design is changed as follovs:-

P Truss Type Analyser
Enter Lengths
Check friangle .

XP Enter Lengths

Print “Type in Lengths of Truss"
Sat FIRST LENGTH to Number Read
Set SRCOND LENGYH to Number Read
Bet THIRD_LENGTH to Number Read




Xp Check Triaugle
Check Lengths are greater than zero
TF LENGTHS_VALID

Check that Lengths form a Triangle

LS|
Set TRIANGLE_VALID to PALSR_
ENDIF

AP Check Lengths ave greater than zero
IF FIRST LENGTH is greater than zaro\

and SECOND_LENGTH is greater than zero\
and THIRD_LENGTH is greater than zero

e+ ALl Langthy greater then zero

Set LENGTHS_VALID to TRUE_

BLSE

Set LENGTHS_VALID to FALSE_

Print "Lengths must be grezter than zero"
BHDIF

X Check that Lengths form a Triang]

+<s No triangle exists if one stae 15 longer than the other

+o+ tvo sides together

IF PIRST_LENGTH i3 longer thnn SBOOND_LENGTH sind "HIRD_LENGTH
Print *Does not form & triangls

Set TRTANGLR_VALID to FALSE_

Bh58IP SBCOND LENGTR 45 longer than FIRST LENGTH and THIRD LENGTH
Print "Does not form u triangle

Set THIANGLE_VALID to FALSE_

Ef SELF THIRD_LENGTH is longer than FIRST_LENGTH and SECOND_LENGIH
Print "Does not form a_ triangle

Set TRIANGLE_VALID to PALSE_

ELSR

vy ALl combinations checked
Set TRIANGLE VALID to TRUE_

XP Displey Type
I¥ PIRST LENGTH is equal to SRCOND_LENGTH
IF VIRST_LENGTH is equal to THIRD_LENGTH
Print VEqui, ateral Trisngle®
Erln! “Isosceles Triangle"

DT
ELSBII’ PIRST LENGTH 45 gqual to THIRD_LRNGTH
Print "Isoscales Triangle"
ELSELF SECOND_LENGIH 1S equel to THIRD_LENGTH
print “Isgsteles Telangle”

L
Print “Sealene Trdanglah
NDIR

The full listing is fllustvated in the Appendix called PDL2B.PDL.
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2.4, Referencing
A full listing is provided in the appendix with all {ndexos.

The ldsting ineludes & table of cohtents, the groups, procedure, data
definition and comment segments entered, the calling hierarchy, and the
procedure and data index

2.4.1, Table of Contents

The table of contents shows the page mimbers for the sutomatically generated
sections as vell as 1l the procedures entered.

2.4:2, Procedure Segments °

The procedure segments themselves have line numbers for the contents. In
addition, where procedures are invoked yhich are defined elsewhere, a page
reference is also given.

The data items have no referencing in the procedures, but are visible because
of thefr underscores.

TIndentation is also performed.
2.4.3. Calling Bierarchy

An indented list of procedure segments, and the pages on which they are to be
found ds produced.

The highest level is on tha left-hand side. Bach pmcedure is folloved by the
procedures it invokes, indented further to the right

This hierarchy gives a global overviev of the structure of the softvare, It
fulfills g similar role to structure charts or HIPQ hierarchy diagrams.

2.4:4, Procedure Index

The procedure index lists all dofined procedures alphabetically, Rach entry

indicates the page on which it iz defined, and all procedures, in order of

appearance, which invoke it ( if any Y« The invcliing procedires’ page is

given, as vell as each line.

2.4.5) Data Index

‘The data index lists all data items alphabetically, Rach entry indicates ail
gments, 1in order of appearahce, which use the data item. The procedure’s

individual line numbsrs, vhich access the data item, are also given,

2.5, Design Refinement

As soon &y a preliminary version of the ign is formulated, it ls entered
and listed. Az & result of examining the Msting, the design s modified or
refined o shov further levels of detall. This ensures early documentation and
o basls for further work,




A( umes, s further insight into the problem and design is gained, the dasizn
e revised, This is inherent in ull design processes - 1f Wt

1n1tin11y knew the best Einal solution e would not nees to design at all,

The approach of using simple nested procedures allows the complexity of a

procedure under consideration to be limited. Tils allows the design to be

simple.




3. DESIGN METHODOLOGY
3.1, Purpose
A design hodol is a collection nf methods, 1

and
forns & fravevork to direct sctivities. As & result effort is systemntically
applied to one aspect of the problem at a time.

In addition a framework allows standardisation in approach, dewign and
documentation, .

A program design language is an aid te understanding and documencing the logic
of designs. It presents the algorithms and dats of 2 design in a simple to
vead and understand format. The entry s also s'mplified to minimise effort.

Pinally, a progran design language formatter can provide some automated
support for indexing and crogs-referemcing., Brror checking of the design is
simplified.  Changes to be made can easily be correlated to the existing
design to indicste affected procedures and data siructures.

.2, scope .

onee any feature of a program is known, {t can be defined and documented by 2

program  design langusge, Typical features include comments, written
i and data

As additional insiglit into the problem is gained, the dasign cen be updated.

Thus a very high level design can be detailed until the implementation in a
computer language ls straight-forward. During this process the design can be
checked and modified.

During implementation the design is translated into the computer language.
Minor design smendments can be made to curt('spand to langiages, operating
system and input/output device dependencies,

During debugging and testing the design provides the loglec whereas the code
ptovides the implementation details. The debugging and testing consists of
verifying that the code does correspond to the design, and separately, that
the design fulfills user needs.

Implementation errors are corrected in the code only, while logic errots are
ngrrecmd in the design first, ond then the code s re-written to reflect the
changes.

The design is retalned to decument the program, and to facilitate malntenance
and upgrading.

The scope of & pragran design language thus extends from specification and
conceptual design; to malntenance.

3.3, Results
Program design languages have gained the highest acceptance of all design

8




tools. They have been used since the mid-70's, and are thus well tested.
Ease of use, clear designs and loy numbers of errors in the final code are the
main advantage of program design languagaes,




4. LISTING FORMAT
The listing produced by the formatter has the following sections:-
- Front Page
- Table of Contents
- Procedure, Comment and Data Definition Segments
- Calling Trees
- Pmt\iedur& Index

~Data Index

4.1, Front Page

The front page consists of a design title, its revision, and time and date of

processing.

Input
The ti-le is defined by a line starting with XTITLE, The contents of the
repaiufer . of the line are reproduced on the front page. Only one title is
auavu;. but it 1z optional. This is the first line of the design ipput. If
!’ 2d, a default of MDESIGN LISTING" is reproduced. The first 32 characters
bi, wn' line are also reproduced on top of every page.

The revision line starts with ¥REVISION. The contents ¢{ the remainder of the
1ine are reproduced on the front page under the title. Only one revision line
is allowed, biit is optional. This the second line of the design input. If
omitted, & default of "CURRENT REVISION" is reproduced.

The time and date are automatically provided by the formatter. The date is

also veproduced on top of each subsequent page.




4.2, Table of Gontents

This is automatically ganerated by the formatter. The groups, and comment,
data deffnition, and procedure segments defined by the design input are
1isted, The groups are at the left of the pages, while the procedure, comsent
and data definition segments are indented one level to the right.

Page numbers are given or the right-hand side,
4.3, Groups

It {s often useful to partition & design into parts,® These may be sepavate
tasks, procedurey, or data sections. The parts are defined by group lines in
the input. For each group line, a page is reproduced containing the design
title and the group line. The group Iine is alse reproduced on the second line
of subsequent procedure or data pages, unril overwrittan by the next group
1ine. The group page is also indexed in the table of contents.

Group lines ave optional, and if omitted, the second line of procedure and
data pages {s left biank.

Input

The group is defined by a line starting with %G.

4.4, Procedure Segments

Pracedure scgments are used to defing the procedural or functional parts of
programs. A procedure ey be empty ( {.e. only its name defined ), or may
have one or more line: The format of these lines is defined in a later
sectton. A maxinum numbes of 1ines 16 Gafined to correspond to one page.

A¢ maiy segments of the same group as possible are reproduced on each page,
This allows optimum use of paper.




Tnput

A procedute is defined by a line starting with B, It is terminated by the
subsequent procedure, data definition, group or end gf fnput.

The rest of the line & reproduced on the procedure name line.

In addition, the name part and the parameter part only of the line is
Teproduced as required, in the table of contents, calling hierarchy, procedure
index and data index.

4,5, Data Deftnition Segments

Data items may be defined within pzocedu:es by sinply entering a sequence of
words joined by single underscores. & le word folloved by a single
underscore is also recognised as a P e eatied npliett
definition.

Data items may be defimed in data definition segments. This is the preferred
method of defining more complex data {tems, or those used by several
procedures. The detailed data item syntax is defined in a later section.

Multiple data definitlons may be reproduced on one page.
Input

4 data definition segment is definad by a line starting with %D.

It is by a d comment segment, data definition
Ssegment, group ot end of input.

The rest of the lina s reproduced on the data definition name line.

In addition, the rest of the line is reproduced as required, in the table of
contents and data index.




4.6, Comment Segments

A comment segment is defined by a line Starting with XC. It is termineted by
the subsequent procedure, data definition segment, group, comment segment or
end of input.

The rest of the line is teproduced on the comment segment namz line.

In addition, the rest of the line is reproduced in the table of contents.

A1) subsequent lines in the comment segment are reproduced, totally unchanged,
with a line number on the left, They mey thus be used for descriptions,
tables, block diagrams etc.

4.7. Calling Trees
ically from the defined, and calls to

These are
these procedures.

In general, a procedure is given in the tree, folloved by the procedures it
calls indented towards the right. Bach of these procedures in turn are
folloved by the procedures thay call further indented to the right.

Two special cases exist:-

- where one set of procsdures is invoked from more than ohe place in the
dasign ( comwon calling trees )

- vhere a procedure invokes itself, either directly or via intermeliate

procedures { recursion )
Cammon calling trees are not repeated for each procedure inveking it. Instead,
the Eirst invocation would have the tree, and the others only the first common
procedire. & referemnce is provided to indicate vhere the common tree is
defined,
In the case of recursion, no tree exists for calling relationships, but rather
eyelic graphs. A tree is still provided, but at the first point where the
tree i repested an indication is given and the search for relationship is
stopped.

.

A separate tree is created for each set of procedures. The lover level
Pprocedures may be common to more than ome tree.

Multiple trees are presentad on ohe page. A tree may also span nore than one
page.

For gach enltry in the calling ltiee, the relevant page number is given.
448, Procedure Index

An alphabetically arranged index of all defined procedures is generated
autoniatically, with their page numbers.




each procedura,

For each procedure theve 15 given, in order of appearance,
page and Iine nuwber where it is referenced.

4.9, Date Index

An alphabetically erranged index of all defined data items 1s generated
automatically, Two types of entries exlsti-~

- explicitly defined data items ( £rom data definition segments )

- Amplicitly defined data Ltems

in order of appearance, of dats

Bxplicitly defined data items have entries,
ap vell as

definition segment, page, and line mumber vhere they are defined,
each procedure, page and line number where they are nsed.
Implieitly delined date items only have entries for esch procedurs, page and
line number vhere they are used fa order of appearance.
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5. EYNTAX

A program design language, like any language, is composed of characters,
words, and sets of

Unlike natural languages, a progran design language has a relatively small set
of valid constructs with a small set of forming rules, or syntax.

In this chapter an introduction to the principal forms Eor procedures and data
definitions is given.

5.1, Procedure Syntax

A procedure consists of the first line and the optional procedure body.
Eirst line defines its nawo, and is explained in
Segments in the previous chapter.

The
the section on Procedure

The procedure body syntax sallows the definition of the design loglic.
parts of the procedure body are called constructs.

The
The types of constructs are:~

- comment construct

- 1if construct

- while construct

- until cofistruct

- cage construet

procedure construet

general string construct

Any munber of these may be provided in sequence.

However, no procedure should
axtend te over ane page.

There are two reasons for this:+

indentation levels would not be visible

the procedure vould be unnecessarily complex

Wheneve: a procedure becomes too long,

it should be convarted to tyo or more
simpler procedures.

3.t41, Comment Construct

4 doiment is used to provide a single line of additionsl informatlon vhich is
ot directly part of the loglc,

It can also be used to visually separate
parts of a procedure.
nput
15
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A cosment 1s defined by three consecutive full stops on the left-hand side of
a line, It may contain any other characters in the rest of the line. The
contents are not analysed. The line is reproduced indented but unchanged.

Example

«»+ Thig is a comment line
.+ S0 is this and the next line

5.1.2. If Construet

The 1f construct is used whenever part of the logle is optional dependent on
canditions.

The 1f ¢onstruct has the following partsie

- Af line

~ then part

- alseif parts

- else part

- endif line
It defines the construet, and provides the condition for the then logic to be
used. The line is started by an "f", The conditional line can include one
or more procedures, data items and operators such as OR, AND, +, = ete.

If the conditfonal line contains procedures, this line will be referenced in
the procedure index.

If the conditional 1ine includes data items, these vill also be referenced by
the data index.

If & single conditional line is not emough to axpress the destgn, the eurrent
line is terminated with a "\V, This allows the next line to be an extension of
this line.

The then part consists of zero, one, oi aore constructs.

Zero, one, or more elself parts wey follow. Each elseif part consists of the
elseif line, followed by zerc, ame, or more constructs.

The elself line iz started by an "elseif", followed by a nonditional line,
vith the same fotm as that in the "£Y line. The elself me. ‘s may be used to
gelect one of a number of alternatives.

The else part is also optional, but only one may be used for esch construct.

It consists of a single line which' may only have the vord “else" on it,
follaved by zero, one, or mote constructs.

16




The enddf part is the final part.

o
One and only one must be provided. It

cansists of & single line which mey only have the word "eadlf" on it.

Tnput

An if construet s recognised by starting vith an if line, and is terminated

with an endif 1ine. It may include elseif lines
contents betwéen the if Line, elself lines,
indented one further position to the right.

Exanple

4f RUMBER  1s one

print Yol have chosen an apple

elself NUMBER_ is two

p;ink you have chosen an orange!
5¢

print “you may only enter a one of a two¥
endif

and an se line, The
else line &nd endif line are

Note that the if construct may nest other constructs, including itself:

1f the animal has fur
if the animal has a pouch
pelnt it may be & kangaroo®
endif

endif




5.1.3. Yhile Construet

fhis construct may be used vhenever a part of the logic may be
ut 8ll, once, or many times,

perforned not

The construct has three parts:-
- the while line
- zero, one, or more comstructs
- the endvhile line
The while line is alvays required. It defines the construct, and provides the
condition for the logfc to be performed. The line iz started by a "while”.
El;:ar.:or\dltionnl line is treated the sape as the if construct’s conditiohal
The constructs can be any constructs, including vhile constructs,
g‘eeendvhue line is alvays vequired, It consists of only an Vendwhile’ on a
ne,
Input

The whils constriet 1s recognised by a vhile line, and is terminated by the
endvhile line. The contents betyeen these lines are indented one positlon

Further to the right.
Exemple

while the child is hungry

give it a biseuit

endvhile

Note that the use without anothar congtruct is alse useful.

£ind door

while the door 1s locked
endvhile

open door

This is a Yyaith eondition,
5.1.4. Until construct

This construct may be used whenever a part of the logic will alvays be

performed at Jeast once.
‘The construct has three purtsi-
+ the repeat line

- 2ero, one. or more constructs




« the yntil line

The reprat line is always required, It defines the extent of the until
constiuct,

fhe constructs can be any constructs, including until constructs.

The wirdl line is alvays required. It consists of the Muntil® and a
conditional line, similar to that of the if construct.

Input
The wuntil construct is defined by the repeit line, and is terminated by the
untdl line. The contents betveen these linex are indented one position
further to the right, e

Example

repeat

add petrol ‘o the tan

until the tank is foil

Hote thar use vithout another nested construct 1s also useful:

open lhe valve
repeal

untll tank iz full
cloge the valve

5,15, Case Construet

The case construct is useful, Instead of tie if construct, when & large number
of identical tests, with differing matching conditions must be performed,

The construct hes these parts:-

« the case line

- zero, otie, or m¢+ :witchbes, each with zero, ohe, or more constructs

« &n optional defat’. line, with Eers, one, or more consirvcts

« the endtasa line
The case line is always required. It defines the construck; and provides the
test For the logic to be performed. The line is started by a case.  The
conditional line is treated as in the 1f construct,
The switches define particular matching conditions, and the logic to be
pezformed, A switch consists of the YOF", a list of st least one Matching
condition, and the applicable constiucts, 1f any,
The matching conditiens have the same form as a condit »ial line.
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The default line indicates the logit to be performed vhen no switch has a
1 matching condition, The default is optional. Only one is allowed. It
eonsists solely of "default" on the line.

The endease line indicates the en: he case cons.ruet. It is always
required. It consists of a line with nnly ”endcnse" on 1ty

iput

The case construct i defined by the case and endcase ldnes. A1l constructs
within the case ave indented ohe further position to the right.

The case constrict may contaln any other nected construets, ineluding the case
construct,

Bxanple

cage frult
of orange, grapefruit

eat

of grepe

plck berries
z

ea
of apple

remove core

print Ponly orange, grapefruit, grape or apple valid?

endease

5.1.6. Procedure Construct

This gingle line construct mhuy be used te invoke sepatataly defined logic into

the curgent #ay be to be equivalent to
the procedure body that it references.

The construct is sctually a subset of the general string comstruct, but is . : L
presented separately because of its importance, R . J

The construct cousists ofie

- the procedure name .

- an optional parameter list

‘The procedure name is the charactar stving up to the optional parameter list. s

comparison is made with all defined procedure segments to determine a match

vith this sering. If a match {s Zound, this {s illustrated by a reference to
the defined procedure on the left-hand side,

An optional parameter List may be defined. This consists of a left brackat, ' o
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zero, une, ot more data tems sepatated by commas, and a right bracket.

The perameter field 1s not checked against the defined procedure for
consistency, This all-we different data items to be included. The onus is on
the designer to verify parameter consistency.

Input

The input format is simply the name and the parameters ( if required ). If no
match is found to a defined procedure, it is treated as a geneval string
construet. If a match is found, ‘s reference to it s given on the left-hand
side uf the line.

Exanple

Output ( CARKIAGE_RETURN, LINE FEED )
«»» enables feed of nutrients
Open valve

5,1.7, General String Construet

This single line construct is used to provide all the general logic,
be used for statements similar to those in program langueges.
such as OR, AND, NOT, =, + etc, may be included.
Drocedure construct defined above.

It een
Any operators,
It also includes the

A general string construct may be used as a procedure construct for procedures
vhich are as yet undefined, Once they arve defined, the line construct becomes
a procedure construct. a

4 null Idne consists of only a blank line. This 1s Useful to separates parts

of the inpub, or to separate procedures for input. A null line is totally
removed in the listing.

The general string construct is examined for data items. ‘These are then
referenced in the data index.

Input

The general string construct consists of zero, one, or more cliaracters, These

mey be any alloved by the system.
Exanple

Yoax_ 41

NERT_ VALUE w sin ( X_ + 0,3 )

Print "this 4z a ldne!

o




5.2. Data Definitlon Segment
Data 1s a most, important part of designs. The data is defined n tvo vays:-

- explicitly in a data definition segment

« izplicitly by just using a data item in procedures
A data definition segment consists of a data segment line prefixed with %D,
and an optional data segment body. The data segment line consists of a name
of ene or more characters.
The optional data segment consists ofi-
- data item lines used to define data items
- comment constructs used to provide a single line of information

- blank lines used only to separate inputs, completely removed from
1istings

Input

A data definition is defined by a XD folloved by its name. It ls terminated
by the next procedure definition, data definition segment, comment segment,
group or end of file.

No indentation is performed on its body.

Example

XD Global variables
5,2.1. Data Item Lines

A data item line defines data, It consists of a valid data item and a string
of zaro, one, or more characters.

The data item consists of vords formed from letters or digits separated by

underscores. A single word followed by an underscore is also a data item,

The longest
definition, The

part conforming

to

the form of a data item is sccepted ay its

string 13 not

Input

The data item line consists of a data item and a possible string. The page of
definition will be included in the data index.

Bxample :
VALID_RECORD_POINTER used to indicate next valid record '
PERSONNEL_STARTDATE C N




5:2,2. Comment Gonstruct
This 1s identical to that used in precedure definitions above,
5.2.3. Implicit Data Definition

A data item can be defined in any non-comment part af a procedure. It vill
ther be entered in the data index, but no definition page is given.

5,3, Comment Segment

A comment segment is defined by & line starting with #C. It is terminated by
the subsequent procedure, data definition segment, group; codment segment or
end of ingut.

The rest of the line is reproduced on the comment segment pame line.

In addition, the rest of the line is reproduced in the table of contents.

ALL subsequent lines in the comment segment arve yeproduced, totally Gnchanged,
with a line number on the left. They may thus be used for descriptions,
tables, block diagrams rte.

5.4, General Syntax

In order to simplify 1np\xt entry, additional form feeds, blank lines tabs and
spaces may be + In the segments and constructs where the input is

interpreted ( pxocndure and data definition segments ), tabs and multiple
spaces are interpreted as single spaces. Porm feeds are interpreted as blank

#henever & line exceeds the avatlable width of the paper, the right-hand part
15 truncated, and 2 final three "+#'5 are given on the line.
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