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ABSTRACT

~ This thesis presents a design and partial implemerntation
of a pcogram family cf extended pretty printers. Factors

that influence tle readability (perception) and unders+tand-

ability (cogniticn) of computer programs are indentified,
1 . previous work is reviewed, and new solutions are suggested.
Extersicns to the previous pretty printer designs includs 2
capatbility to selectively display lavels of control cf a
program. In order tc accommodata differant computer
languages and to allcw for several secondary functions, a
family of pretty printers is designed. This design facili-

+ates easy extension, contrac+ion and modification.
A
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I. INTIRODUCTION

o

Programs are written +*o be r=2ad and understcod by

i reople. The textual representation should be such that it
is easy to read. That is, the representation cf the prcgram

should be such that it reduces the visual burden on *+he user

and allows him to develop and exploit visual clues o aid in

reading. In addi+ica, the text of the program should be |
designed so that it is easy for the reader to grasgp the !
meaning cf the program: that is, +the repressntation of the
program should kelp the ceader understand the progranm.
Fif+een years agc Dijkstra arguad =zha+ "... our in=el-
lectual powers are rather geared to master static relaticas
and cur pcwers to visualize processes evolving in time are
r2latively poorly developed. For that reason we should do
N (as wise programmers aware of our limitations) our utmost *o
shorten the concep*tual gap be+tween <+tha static prograr ard
the dynamic rrocess, +*o make the correspondence between the
program (sgpread out in tex* space) and +he process (spread
out in +time) as +trivial as possible.”" ([Ref. 16]. There is
an addi:icnal conceptual gap between the program spread out

in text and how we represent and manipulate the static
progzam and its dynamic process in our minds. Here also wa
should try tc narrow the conceptual gap so that +the prcgran
is easy tc read and tc understand.

In the computer science literature, readability and
understandability are often used interchangably. Readability g
is related to physical condi+ions, for ins*tance, <the size, ;

~ype foat, color, and clarity of charac:ters, proper indenta- 3
tions, and *the spacing between lines. Understandability is
r2lated tc psychological conditions, for instance, pattern,

memory, logic, and repetition learnings. Precisely speaking,




readability means good perception and understandabilty means
good <ccgnition. The system that will be designed in this
thesis will sezk to improve both readability and understand-
ability by means of reformatting computer programs and
presenting the user with alternative representations <«c aid
understanding.

There is evidence to show +that rzadability and under-
standability of computer programs is an impor+ant issue that
is directly ralated to programmer productivity. Althkough
this has been recognized for some time, further improvements
in the textual reapresentation of computer programs are
possitle. This thesis will review the previous work, analyze
the remaining prcblems, and propose new solutions.

11
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II.

ITENDED PRETTY PRINTER

A. BACKGROUND

In a study of commerical programming prac+tices, Elshoff
(Ref. 5] found that mest programs were poorly written. They
were very large, 2xtremely difficult to read ard unders+tand,
and mcre «ccoplex thanp necessary. Purthermore, the study
detarmined that programming language usage was poor and
incorsistent. The results of the survay by Lientz [Ref. 6]
show that the quality of programming is a genesrally
p2rceived problem. There has beern a major effort to improve
programming practices. But “here still exis* many programs
<hat are difficult tc read and wunderstand and y2t they must
zegularly be corrected and/or modified.

There are many factors connected with <+he readability
and understandability of a computer progran. The reader'’'s
familjarity with the fprogranm, knovledge of the application
area, and cwn programming style are important factors tha+

s

hesis
is concentrated cn +he representation of program <ext tha
impacts its readability and understandability. A readakls

are mcstly independent of the program {Ref. 4]. This

o
l"

orogram always seems to exhibi* a commor set of properties
(Ref. 8] (Ref. 9] (Ref. 10]. Th2 program is well commented.
The logical structure of the program is constructed from a
common <cet of single-~erntry single-exit flow of control
anits. Variable names are mnemonic and refereaces to thena
localized. The program's physicai 1layout makes the salient
features of the algorithm that is implemented stand out
(Ref. 147,

12




Since abstraction is an important mechanism that people
use %0 understand prcgrams, the suppression of de+ails in a
program can aid understanding. Modern design methcdolegies
include tc¢p down design using stepwise refinement. In this
methodology, the programmer designs successive levels of “he
program. These levels are visible during the design but are
often not wvisible in the final program. The understand-
ability c¢f a program can b2 improved by making the levels of
the program structure visible. It is true +that a progranm
may have all these fproperties and still be unreadable and
not understandable; however, the readability and unrder-
tandability of a fpregram are certain to suffer when i+
lacks one or more of the the properties (Ref. 14].

B. DEPINITION

Rubin [Ref. 14] defined a pratty p-inter as follows:

"It is a software tool to format programs to make “hem
easier to read and understand." The extended pretty printer
can te defined as: a software tool to improva readability

and understandability by adding level documenta+ion,
commenting and reformatting. These additional ext=ansions to
pretty printers will aid people in understanding <he prcgram
by making more visible *he structurs of the program and
suppor+ing the viewing of the 1levels of the program. The
primary function of an 2xtended pretty printer is +o add
some level documenta“ion and comments, to insert spaces and
linefeeds between *okens - character strings - and to deciie
where and hcw to break lines that ace foo long to fit on the
output aedium.




C. GOCALS

The methods for improving the readability and wunder-
standability of a program use a set of specific transfcrma-
tions that can be applied to *he program text. The
follcwing program tranforma tions can be done by an extended
pretty printer.

1. Reformat

The consistent formating of programs is very impor-
<ant. Elshoff (Ref. 14] said "Just as partagraphing and
sec+icning help written Ernglish, so can irdentatica,
keyvword positioning, and logical grouping aid a programming
language.". Those Jjobs can be done automatically bty a
pretty printer. It will allow *he program to be read more
casily.

2. Add level Siructur2z Dccumentation

In writing about his experments on program ccmpre-
hensicn, Shneiderman [Ref. 17] said "Instead of atsorbing
+he prcgrtam cn a character-by-charactar basis, programmers
recognize <+he functicn of groups c¢f statements and then
riece together these chunks to form ever largser chunks until
+he entire program is comprehanded." This experimen+
suggests that the level documentation (chunks) of a progranm
will help the understandability of the progranm.

3. stapdardizaticn

tandardizaticn contributes understandability cf a
program. Tc understand this, it is helpful to know tha
source of <he expert programming's capacity. The primary

piece ct direct behavioral 2avidance for this is
Shneiderman's replication [(Ref. 26] for programming cf Chase
and Simon's classic study on memory for chess F[position




{Ref. 27]. In both these studies, the experts in a parti-
cular domain could memorize information from that dcmain
i.e. a pregram or a chess position) far better <han
novices, provided that the information was appropriately
structured. If the structure was made random (by shuffling
+*he statements of <the prcgram or rearranging the chess
pieces), the advantage of the expart would be greatly
reduced. That @means that the expert has no better memory
than the novice, but rather an elaborate knowlsdge structuc=
in terms of which ccrrespondingly structured items can be
very efficiently enccded [(Ref. 15].

If +his result is extended to programming, i
suggests that the expert programmer gJets his better kncw-
ledge of programs frcm visible program strtucture. As ro+ted
above, if the textual representation is not structured (e.q.
random), ¢the expert programmer will 1lose part of his caga-
bili“y. Fecple understand something better when they can
integrate it with what they already know. Frem this view,

tandardization helps people ¢c understand other ©peogle's
programs more quickly. The visual cues are important i=
crder to unturden the program =rceader. The final objectives
of ccmputer program standards are +to ensure consistency,
raduce program develorment and testirg time, improve main-
tainability of progranms, and improve changeability of
programs [BRef. 12]. Programming standards are not in<ended
<o stifle the imaginatior of programmers. Experiments of
Godfrey (BRef. 12] have shown that standards simply remcve
the drudgery of coding and allovw programmers t0 concen*ra*e
more ¢n the problem at hand. It should be noted that the
estabishment of standards is a costly process. I%t should be
kept in £ind that prcgramming s+tandards are not a panacea
for eliminating all poorly written programs. Adherence %o
these standards will not automatically produce ‘'good' code
{Ref. 12].

15




Ttere are pultiple 1levels of understanding a
program. It is possitle to follow each line of code withcut
understanding the overall program function. It may also be
possible to understand +the program function but not under-
stand each of the steps. There is also a middle 1level of
urderstanding concerning control structures, module design,
and data structures [Ref. 17]. Skimming for a top down view
is ¢ suppress detail until the overall program is under-
stood. Then the program is read s2lectively and understood
in more detail.

4. Example

The followiang example will show how the reformat-
ting, 1level structured documentation, and “he standardiza-
“ion help the readability and understandability cf a
program.

The bubble-scrt algorithm will e introduced for
this example [Ref. 18]. The idea of <he bubble scrt is as
follows: "We go thrcugh & list comparing adjacent items and
exchanging those that are out of order. During such a
compare-and-exchange pass, an i*em moves forward in the list
until it 'bumps up against' a larger item." (Ref. 18]. An
algorithr language [Ref. 18] and structuced FORTRAN will be
used for this example.

THE ALGCRITHM FOF BUEELE_SORT :
ALGORITHM BUBBLE_SORT
PUT N =
PUT LIST(1:N)
PEAT
NO-EXCHANGES <-- TRUE
FOR I <-- 1 TO N - 1 DO
IF LISTéI) > LISTéI*1) THEN
TE I
LIST(I) <== LIST(I+1)
T EMP
CHANGES <-- FALSE

-
m==




UNFORMATTED R

100

~NO
HNEERHOAOZE MO Z OO

ZBOWHOOOMMHEIOOOOOR

200

CREHTE5REUN- JIAERERE 3

AN EROGRAM FOR BUBBLE_SORT :
LIST (100) ,I, N
Noaxé ).IN,

TEMP

The follcwing shows some of the possible outputs of

an extended pretty printer. 1Indentation is used to Improve

readakility. Selective display of the levels of the ccntrol

structure of the prcgram both in
ized programming language is used
standability. The reader selects
tha*t Dbest supports his curcent
needs.

LEVEL IA ¢

INTEGER LISTélOO), %
LOGICAL  NCEX
READ (5,1 N
§§523§:188; LIST

COMPOUND STA TEMENT

UNTIL NOT NOEXG
WRITE (6,200) LIST

100 ?gggar 5)

200 gggmu ﬁx,m

LEVEL IB :

DECLARATION
DECLARATION
SIMPLE STATEMENT

17
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SIMPLE STATEMENT
REPEAT
COMPOUND STATFEMENT
ENDUNT IL
SIMPLE STATEMENT
sSToP
END

This shows the first level of bubble sort program.
Here only the repea+* condition 1is represented, so the
reader of “he program can see simply the highest 1level
structure c¢f +the prcgram and caa understand the overall
I design of <the program more easily. The reader can thern
sel2ct presentations tha* show additional levels until the

completed program is displayed.

LEVEL IIA :

INTEGER 1ISTé100), I, N, TEMP
LCGICAL NOEX
A READ g,wo N
READ 100) LIST
5 CONTINOE
NOEXG = ,TRUE.
POR I =1 TO N - 1
CCMPOUNC STATEMENT

ENDPOR

IF{.NOT.NOEXG GO T0 5

WRITE (6,200) LIST

STCP

100 FORMAT (I5)
200 FORMAT (1X,17)
END
LEVEL IIE :
DECLARATION
: DECLARATION
] SIMPLE STATEMENT

SIMPLE STATEMENT

REPEAT
SIMPLE STATEMENT
DC POR

COMPOUND STATEMENT

ENDFOR

FNDREPEAT

SIMPLE STATEMENT

STOP

END

18




LEVEL IIIA :

INTEGER  LIST (100), I, N, TEMP
LOGICAL  NCEXG
READ 5'"’8; N
READ (57100) LIST
5 CCNTINGE
NOEXG = .TRUE.
DO 777 I =1, N -
IF LIST(I) > LIST (I+1) THEN
COMPOUND STATEMENT
ENDIF
777 CONT INUE
IF{iNOT.NOEXGL GO TO 5
WRITE (6,200) LIST
STOP
100 FCRMAT (I5)
200 E%%“AT 1X,17)

DECLARATION
DECLARATION
SIMPLE STATEMENT
SIMPLE STATEMENT
REPEAT
SIMPLE STATEMENT
DO FORE
IF CONDITION THEN
COMPOUND STATEMENT
ENDIF
ENDFOR
ENDREPEAT
SIMPLE STATEMENT
STOP
ENT

FPcr most exrerienced programmers who are familiar
with top dowr design with stepwise refinement, the fellowing
rapresentations are easier +to read and understand than the
intial prcgraas.

PINAL SOURCE PROGRAM :
INTEGER  LIST(100),I,N,TENP
2 LOGICAL  NOEX
READ s,1oog
READ (5:100) LIST
5 conNTInOE
NCEXG = . TRUE.
DO 777 I=1,N-1
IF(.N8T. (
TENP




= LISTéI+1)
= TEMP
FALSE.

FINAL STRUCTURE DOCUMENTATICN

STATE MENT

ENDIF

MENT

TAT

RS SrR—
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III. SOME AEPROACHES AMD VARIQUS QBJECTS

A. SCHE APFROACHES

There have been many attempts to improve
understandability and readability. The following are +ypical
examples.

1. Neaterz

Neater2 accefpts a PL/I source program arnd cpera+es
ocn i+ tc rrcduce a reforma*ted version. When in the LOGICAL
mode, it irdicates the logical structure of the scurce
program in the indentation patterr of its output. A numkter
of options are available to give +he user full control over
the cutput format and to maximize its u*ility. ([BRef. 19]

2. Erettyprint

I+ zakes as input a Pascal program and reforma<s ths
pzogram acccrding tc a standard set of pretty vprirting
rulas. The pre*ty rrinting rules ace given i.e., <rixed.
(Ref. 22]

3. Eascal Program Formatter

Fcrmat 1s a flexible pretty printer for Pascal
rrograms. It takes as input a syntactically-correct Pascal
program and produces as outpu* an aquivalent but refcrmatted
Pascal rrogram. The resulting program consists of “he same

sequence of Pascal symbols and comments, but they are rear-
ranged with respect tc¢ 1line boundaries and columns for
readatkili+ty. ([Ref. 20]




The flexibility of Pormat is accomplished by
allowing the user tc supply various directives(options)
which override the default values. Rather than being a rigid
pretty rrinter which decides how a program is +c be
formatted, the user has the ability to control how format-
ting is done, rot cnly prior to a2xecution but also during
sxecution through the use of pretty printer directives
embedded in the frogram. [ Ref. 20]

4. Ccnteour

It is a prcgram whose purpose is “o graphically
illustra*e a program's s*ruc*ure. It operates by Lkcunding
the scope of 1loops and conditionals by sclid (or aearly
s291id) lines. Rhen ccmpound statemsnts are embedded in cther
compound statements, cne obtains, rather than confusiorn, a
rather pleasant display reminiscent of the ccntour lines of
3 topecgrarhical map. (Ref. 22]

S. SyniaxzDirected Pretty Printer

I+ is a language indepencdent pretty printer. It is
divided into two phases: +he grammer processing rhase and
the precgram processing phase. A 1language grammar for tha
specific lanquage must bs provided. It is auch easier and
quicker tc write a grammar for a language “han tc¢ ccde a
new pretty printer for a specific language. I* can work fcr
all struc*ured prcgramming lanquages, and with minor modifi-
cazions, «can work for other 1languages. It can handle such
Ecoblems as comments and error recovery. {[Ref. 14]

6. Qthers

Tte recent availability cf low cost, high quality
computer printers allows additional opportunities to improve
readability and understandability. Iaportant chartac+ers or
words can be reprasented with different fonts: for iastance,
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the keywords can be represented by bpold characters c¢I be
underlined to be recognized more easily than other wcrds.
This can imgrove the readability of prograa.

B. VARIOUS OBJECTIVES

Althotgh the final objective of all approaches is to
improve the readabili+y and understandabilty of +he progran,
thare are many seccndary objectives. The following are
typical examples of them:

Teaching structurs: An automatic system tha+t checks
structure and indentations can help beginning s*udents learn
good ©prcgramming practice. A system +that gives clear
correcticns to mistakes can provide a student with quick
fcedback. Such a system helps a student to learn structured
programming and *to learn a set of prograaming standazds.

Standardization in a programming organization: For
large software projects with wmany prograammers, prograa
standardiza<ion is necessary “o help in communication amcng
Ecogram®ers.

Reforma“ting for maintenanca: There are many programs
tha* are very difficult to read. The maintenance precess
can be helped if prcgrams can be <“r-ansformed into a form
tha+* is familiar +tc the maintenance programmers. The
scoping capability of an extended pretty printer as
described above can alsc help programmers understand
pzograms they are correcting and modifying.

Autcmatic corrections: An extended pret+y printer can
check +he indentatior of progranms, correct indentation

2rrors, and give the user messages o2xplaining %*he errors.




From the above observations, several ccmmon parts of the
existing approaches car be found. First, most of *he systanms
are fcr a specific programming language, f£or ancther
programming language they would have to be wri%%er again.
The cre exception is the syntex directed pretty prin<tsr; for

h the
language. Defining a correct grammar is no%t an easy task.

each new language it requires a grammar for eac

Second, mwmost of the systems try +o make the pratty princar
flexitle, but the flexibility is limited to a few optiomns
and i+t is not easy tc extend the ragquests. Most ccnstructs
cf the pretty printers are fixed, but the constructs then-
selves can be changed e.g. extended or contracted. New
structures for indentation can te ganerated.
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IV. PROGRA

A. DEFINITION

Program families are d2fined by Pacnas [Ref. 13] as sets
of prcgrams whose common propertiss are so ex*ensive that i+
is advantageous to study the common properties of <he
programs tefore analyzing individual members. Prcgram fami-
lies are analogous tc the hardvwar2s families promulga<ed by
several mpmanufac*urers. Al*hough tha2 varions models in a
hardware family migh<% not have a single componuent in comaon,
almos* everyone tTeads the common 'principles of oprations!
manual before studying the special <characteristics of a
specific model [Ref. 13].

B. [LCESIGN METHOLCOLOGY

Parnas [Ref. 13] shows how module specifications define
a fapily. This 1is an important guide <or selecting the
design methcd. Members of a family of programs defined by a
set ¢f module specifications «can vary in three princirpal

ways.

1. Ioplementation methods used wizhin the modules.

Any ccobina*ion cf sets of programs which meet the
podule sgecifications 1is a wmember of +he program family.
Subfamilies may be defined either by dividing each cf the
main mcdules into sutmodules in alternative ways, or by
using the method of structured psogramming <o describe a
family of iuplementations for the module.

25




2. Variaticn in the external parameters.

; The module specificaticns can be written in terms of
parameters so that a family of specifications resul-=s.
Programs may . differ in the values of those parameters and
still be considered to be members of the program family.

3. Use cf subsets. |
In many situations one application will rsquire only a

subset of the functions fprovided by a systenm. He may
consider programs which consist of a subsat of the progr-ams
described by a set of module specifications to be members of |
2 family as well. f

As discussed above, there are many primary and secondary

objectives for a pretty printer. One approach to these

various demands would be to design a large program with many
| : cptions. Such an approach has several drawbacks: firs<, the
rasul%iag program wculd be large and necessarily ccarlex,
second, <for each srecific use of the program the unneeded
ootions will most likely impose an unnecessary computational
turden. Tre notion c¢f a fprogram family offers an alterna-
tive d=2sign. 4 separate program will be writter for
different demands, hcwever, all these programs will share a
common design and many modules will be comnmon *o several
family members.

The concapt of program familiss provides one¢e way of
considering program structure more objectively. For any
precise description of a program family (either an incem-
Flets refinement of a program or a se:t o€ specifica%«ion or a

combination of both) one may ask which programs have been
excluded and which s+ill remain [Raf. 13]. The criteria of
defining modules can be a way +%o selec* or distinguish scme
design methcdologies [Ref. 3].
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C. PRBOGEAMMING LANGUAGE FOR OBJECT ORIENTED DESIGN

A design methodology alone is not sufficient <«c create
computer solutions [Ref. 3]. Some features of a programming
language can alsc help in creating good software. In the
following table, P. Wegner has categorized some of the
most popular languages into generations, along with scme of

TABLE I
Programming Language Generation Table

Generation languages Periogd
1sT FCRTRAN I, ALGOLSS8 1954 - 1958
2ND FCETRAN II, ALGOL6O 1959 - 1961
COEOL, LISP

3RD PI1/I, ALGOLGS, 1962 - 1970
pasciL

GAP 1970 - 1980

the language features thkey introduced:
ACA wa
+ion gap, 2and sc has been influenced by con‘emporary soft-

[{]

developed a+t the end of the 1language genera-

ware methodologies. The following figures show the
topolcgies cf each generation and ADA. ADA's +topology is
not flat 1like those of +the previous generaticns, but
rathez is multi-dimensional [Ref. 3].
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Subprograms

Figure 4.1 Topology for 1st and 2nd Generation.

Subprograms

i e

Figure 4.2 Topclogy for 2st and 3nd Generation.




/—\/.\\

8 Subprogram

Package

Package

FPigure 4.3 Topology of ADA.

The following key features of ADA will suppcrt the
tools fcr implementirng the object oriented design
[Ref. 23].

1. Prcgramming in the lazge.

Mechanisms for encapsulation, separate compilation, and
library mapagement are necessary for the writing of portable
and maintainable programs of any size.

2. Excepticn handling.

large programs are rarely correct. It is necessary to
provide a nmeans whereby 2 program can be constructed ia a
layered and partiticned way so that the consequences of
errors in cre part can be contained.

3. Data abstraction.

Extra pcrtability and maintainability can be <cbtained
if the details cf <¢te repfesentation of data can be kept
separate frcm the specifications of the logical oprations on
the data.
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4. Taskirng.

For many application it is important that the prcgranm
te conceived as a series of parallsl activities ra+her
than just as a single sequence of actions. Building afppro-
priate facilities 4into a language rather than addirg ttem
via calls to an operating system gives better portability
and reliability.

5. Generic units.

In many cases the logic of part a program is independent
of the types of the values being manipulated. A mechanisa
is therzfore necessary for the creation of reslated pieces of
program from a single template. This is particularly useful
for the creation of 1libraries.
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V. MY SOLUTION

A. PBOBLEM ARD SOLUTION

As shcwn above, most traditional approaches tc gretty ]
printers are for a specific programming langquage. A recent
develcrment is the =syntax directed pret+:

Yy printer <“hat can i

te used £for different languages by providing a 4gramaar of

the lanquage. The requirement to provide a language grampac

represents a non-trivial task. Ther=

are many different

secordary cbjectives for a pretty printer for different

users. The functions of a traditional pretty printers are

not enough to improve both the readability and understand-

ability e.g. the program level construct documentation that

traditicral approaches do no%t suppor: is needed %o help to

programming languages and many purposas,

system that satisfies all those requests and can be modified

sasily.

In the previous section, *“h2 concept of a progranm €family

was discussed. The best way to solve the various demands and

; many programming languages is %o cons:truct a orograwm family
fcr the ex*ended pzetty printer. The characteris+tics of

progran family will permit easy change,

procedural abstracticn will also allow

n

understand a given ©progranm. In short, there ars many

easy extensicn, and
easy contraction. EFach programming language will have a
module for itself and data abstracti
abstracticn will be used to hide AdAesign decisions tha+ will
differ among the memkers of +he program family. Data and

used by all program family members. Por example, the tlank
operations are a important data abstraction. These oprations
can te used for all grogramaing languages and objectives.

butz there is not a ]

on and procedaral

some modules ¢o be




o

g‘

B. GENERALIZED PROGRAMMING LANGUAGE CONSTRUCT

Fcr generalized indentation and level documentation, an
general internal rerresentation of program structure is
required that is independent of any particular programming
language. Let us call it a g2neralized formattsr stucture.
Since there are many fprogramming language constructs in the
many different programming languages, it is too difficult to
define a parfect universal programming languge £ormatter
construct. So, we define here 2 g3neralized programming
language formatter ccnstruct <that can cover cnly a limited
cumber of prcgramming languages - structured FORTRAN, PASCAL
and scme cther structured programming languages. ¥Fer simpl-
icity, <+he detailed repra2sentation of a simple s<acement
will ke cmitted.

The structure of the program will be showa by indenting
+he constructs. Pirst, the «control structure will be
considered. Dijkstra acqued +that control flow should be
limited tc three basic structures - linear s=aquencs2, sStTuc-
tured selection, and structured iteration. But many frogram-
mers use the following five structures - if, case, while,
until, 3c for. Also the block can be a element of *the stzuc-
ture. Second, most prcgram units a2 divided into two pacts:
a declarative part and imperative part. This is alsc impor-
tant for the indentation. The Avpeadix A describas in detail
*he generalized forma% structures.
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C. ANALYSIS AND DESIGR
1. Apalysis

The extended pret*y printer has two basic functions.
The first is ¢to reformat the source progran 2.9.
indent,insert spaces and 1linefeeds between tokens and ¢c
decide where and how to break lines that are tco long te¢ fi:
on the output medium. The second is to produce level struc-
tur2 documertaticn of the sourcs program. The basic require-
ment of the to*al system is that it has o be easy to
change, easy to extend, easy to cont-act, €.g9. it should be
independent of the Fprogramming language and should be able
+c fulfill a variety cf purroses.

Every structured programming language can be repre-
sentéd as Bnglish is - character, word, stata2mert, compound
statement (paragraph), unit program(a paper). What is of
interest is the way to -epresent thess component as lines.
The relationship of these components and lines is very
important fcr +*he extended pretty printer. The follewing
+able represents the relationship of 1line and statenmant.
The other ccmponents have some relation with the state-
ments. So, every comgonent can be represented by lines.

Each level is represented by <the source precgranm
structuces. The structures are =:r2presen*ted by statements.
So, each statemen® can have a level degree.

2. Desiom

As noted in the section on program families, the
mos* important aspect of this system design 1is to identify
the objects. Por the indentation, the line and statement are
tasic elements. Blartk is other important object. Por the
construct representation, level has to be a object.

33

P R 5 et e S i i o e




TABLE II
Relationship Table

- R W W WD W W TV D w W VD o D A W D G W W D A D D GD W W =D G =W W " - - -

LINE ( STAT EMENT
“““““ ons | ome
"""" one 1\ many
"""" ome I part
""""

{("pac-t" means part of a statement)
P

The heavily dependent parts should bte encapsulated
in a module +o allow for easy change. The indentation
policy can ke changed variously, 1t needs to be manipulated
independently. To manipulate the input programming languages
independently, the fprogram should be a indepedent module.
The ©program module needs some data structures - STACK,
QUBUE -, Keywords <*atle, and some statement oprations. The
files - input source file and output file - and their forma+
can be changed easily. So, *he inpu+/output files manipula-
tions need ke serarated from other modules.

Fcr convanienca, “he module will be divided intc two
kinds. One is passive modules that are used by other modules
but that do not use other modules, <£for example, tlank,
level, =stack, queue and 1line. The other kind is ac*ive
modules that use the other modules, for example, input,
cutput, program and sc on. ADA will be used for the de+ailed
design of the systea. The following shows the de+ailed

design.
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a. Passive modulsas

(1) . Stack Module. This module prcvides scme
stack opraticns. And i: provides the following p-ocedures
for other mcdules that use them {Ref. 2u].

generic type ITEM is private
package STACK is
type LIST is private;
procedure CREATE (L: out LIST); ’
procedure PUSH(L: in out LIST; I: in ITEMN) ;
prccedure POP(L: in out LIST);
functicn TOP(L: LIST) return ITEN;
underflow : EXCEPTION;
private type NODE;
type LIST is access NODE;
type NODE is reccrd
head : ITEMN;
tail : LIST;
end ceccri;
end STACK;

(2) . Queue Mo
QUEUE oprations. ovides the following procedures
for cther modules that use them [Ref. 24].

le. This modulz provides scme

generic type ITEM is private;
package QUEUE is

-

type LIST
procedure

procedure
== Insert

procedure
== Delete

underflow

is private;
CREATE(L: out LIST);

ENQUEUE(L; in out LIS
the item into the rea

DEQUEUE(L: in out LIS
the item from the fro

¢ EXCEPTION;
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private type NODE;
type LIST is access NODE;
type NODE is record
head TTE NI
tail : LIST;
€nd record;
end QUEUDE;

(3) . Blank Modn
blank opera+*ions that inser
other modules that need the blank operations.

This module providas all

e,
t, <remove, coun* and so on for

generic type INPUT is private;

package BLANK is
BLK ¢ constant CHARACTER := ' !';
type NUM is NATURAL;

procedure INSERT(N,N: in NUM; P: out INPUT);
: The start column of'a iine
The number 2f blanks +“0 be inserted

procedure DELETE(N,M: in NOUM; P: ou* INPUT) ;
: The start ' column of 2
: The numker of blanks to be deleted

prccedur= START (L: in INPOT; N: out NUM) ;
N : The nunker of blanks in a 1line
- from the start column

S_BLANK(C: in CHAR); =

The input character i

ank, return TRUE
zeturn PALSE

W : EXCEFTION;

o} 00LEAN°
an

tus
S bl

8
s PAaH

end BIANK;

). Level Mcdule. This wmodule will provides
the level operations for other modulas that need them. The
operations are:

rackage LEVEL is
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type NUO# is NATORAL;

procedure INCRBASB{L in our NUM) ;
Increa=e the level
-- : input/cutput level number

procedura DECREASE(L: 1& out NUNM) ;
Decrease the leve

proceduﬁe ZERO out NOUM) ;
e the eve zero or starting point.

| cvarflcw : EXCEETION: -
underflew : EXCEFTION: \
end LEVEL;

(5) . Lipe Module. This module manages the line
object. It provides a set of procedures available <o cther
E aodules that use the line.

Generic type LINETYPE is private; ’

package LINE is ‘

b type <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>