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Abatract . p ol

-Conventional data abstraction techniques enbance severat aspects of a software sys-

tem, its developement, maintainability, reusabiliiy and compfehensibility. However,

using conventional techniques one must manually implemtnl a data abstraction and it's

optrators, which may mult in an inefficient implementation. *

This paper_introduces a_program tranformation techmque which mechanically
e

_implements a fixed"data abstraction with a imited set of eﬂ'cmnt implementations.

R 4

Within the limited scope, the event based technique has all jhe advantages of the

conventional methods, as well as, automatic :md effitient implementation by
>

_inline cadmg techmqut which. is has:d on the properties (amlbule:) of the data represen- *

tation being ustd to ifplement the .nm abstraction.
e LT ° s s
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(i) Hie

Introduction s,

\ The concept_of data abstraction is widely accepted as a useful paradigm in software
design. Its use allows . programmer to clarify bis view of 3 software systqfii by the
supression of irrelcvant .‘k{u [13,14,27). However, the concept of data abstraction daes
nothing ta support directly the ie’:erallon of the pmgnm code required to provide the
implemeptation details; this i b performed mnnually by the prograrhmer.

Methodologies have been developed that have proven useful in the design snd

implementation of datyabstractions: . . )
=- ki

- Prnudurd lmpllmenblhtlnn of tha dat R abstraction and Its set of

i C i ing languages, such as Pascal, C and For-

- tran, ‘bave been used us the implementation languages of major software sys-

tems. In. these languages, the T (lu;cl.ian,’ ism is
commonly used when implementing operations that are to be used in many
places, such as data abstraction operations.

(ii) Encapsulation of design declsions.: A auii'ﬁ decision is implemented;By pro-
71ing collection of subprograms (modules). These subprograms can be invoked

from olher subpro;r:\ms, but their lmpltmmlalwn details are hidden from the

rest of the system [27]. This is to prevent incorrect use qf these modules.

rchieal structuring of modules. The modules or énm»«n_enu that
make up the software system are implemented using a hierarchical structure.
“The software ‘system is created by implementing low fevel modules which are
integrated into the next ns;he;.@eu'or this aystem-vad wouns, This beips clarify _

the system and allows the programmer to move easily !rné)m one level of abstrac-

tion to another.




The above techniques, at the implementation level, enhance the ‘software’s develop-

7 ment, sibility, reliability, maintainability, and reusability. However, in using
;Homwever; n

Y
the above techniques there are two problem areas:

) tlon of the data. and Its set of. When

_ given a general solution in terms of a data abstraction, the programmer must

“manually provide the implementation details. Depending on the structure used,

this can be a trivial or non-trivial process.

(i) - Efclency of the resulting Implementation. Conventional techniques use
dynamic or subprogram approach to implement a data absiraction. Using the

ideas’ of ion and hi i ing, further dynamic or subgm-

gram levels are introduced. The implementation of a data abstraction and its
e e
assaciated set of operations can be eficiently implemented by most program-

mers. lnefliciency with respect to space and time arise, when these subprograms

are used throdghout the software system. A subprogram to perform an action

,
will have ealls to mani the data’ ion ; these subpro-

grams may have further subprogram calls and so on. To perform bny operation
s s
b]

requires a large communication overhead [4,7

‘into the autbmation of i ing dat 2
il .o P

in a conventional programming language ; the abstraction under coasideration is the

Thig work is an investig;

string or sequence (6,29,30). The implementation derived should have the advantages of

data i ibility, reliability,
ity, and reusability. Furth¥rmore, there should be mechanical translation and efficient

implementation of the data abstraction.

v e




Much of the mechanics of the system implemented is based on the use of an event: .

. 'omd pedgram transformation technique [26]. The dmmm shown i Fl;ure uepmsrnu a

sxmphﬁed ducnphon of (he |mplzmenuuon of the sysl.:m

// . -
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_Figure 1 General structure ov the systém " . . “ ®

v Tlu system usgs a nofation called an abstract al;omhm to Iapresent. the m«m to

—— B¢ Ferformed. The abstract algorithm contains events, which are- embedded in the algo-

T T 4
rithm to act as markers to show. where data abslr:‘t!mn Opetations are to be performed

. ; “ .
Ouce given a data descriptor of the structure to be used (array record listring,

the system generates the code llagmcmn These code rmgmems represent ihn mml«mcn-

tation mde for the m:. abstraction opmuum (optrator m) uuM:e apcnllml data
\
structure. T ‘




into the final.

/ The absigact algorithms are by using the event

( based program traasformation techaique. The ransformations v\ e oot secibons
-

titutions for the specific event and its implementation (code fragment), rather
B
1 than the more commonly used tree-fc

itutions used in other ion sys-
27 tems [18,23]. :
e . I
v
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2. Survey @

In the automatic programming fiefd there are four main research efforts: high level
languages, process model, transformation/program synthesis, and knowledge based pro-
gramming.

2.1. High level languages -

. The term used #o identify this section covers a broad range of languages. However;

. i
most’ of the research being performed can be classified uggler two headings:
: ’

nonprocedural/functional programming and support-of advanced programining features.

/F (

Languages developed using this approach are concerned with allowing the program-
mer to specify a goal to be achieved, rather than having him give  speciflc method of
p <
solugion.

Many nonprocedural/functional languages have all or most of the following features:
() Assoclative Referencing: The ability to access data based on some intrinsic
property of the data. This is important because the programmer does not have
to specify access paths explicitly or program an algorithm to perform 3 search

for a ﬁp‘e::iﬂc data structure [21].

(i)  Aggregate Operators: The ability to perform convoluted operations in a sin-

: gle step. / '
(i) of Arbl The eliminatiob’of all not
required by the data i ] T ional programming,

data dependencies are shown explicitly by the operand-operand structure of the



(iv)

program. There is no assignment o goto, the outcome desired is specified as a
fuaction of inputs, rather than indicated by a step by step sequence of program
steps.

F and Paral

The ability to perform

the following types of operations is réquired:

(3) A choice function which conceptually executes all paths in parallel,
with each path baving a choice a5 an argument.

(b) A;uc:e!s ‘function as the termination of computation.

{c) A failure fyction as the termination of computation.

When performing a choice ‘operation, only those paths that return a success are *

: considered to be computations of the algorithms. Languages with the choice
function may imply the use of the following: automatic backtracking, pattern

directed®ata base searches and pattern directed invocation of functions.

Some languages which fall within the nonprocedural/functional classification are FP

2], SETL [21] and PROLOG [g). }

2.1.2. Support of advanced programming features

This approach is concerned with moving from conventional type languages (pro-

cedural), such as Pascal and Fortran, to bigher level languages (procedural) which readily

support abstractions and other advanced features.

; o
Alphard [35] and Clu [22] are two of many such languages. Iggthese two languages a

data abstraction is represented as a set of objects aad a set of operations for manipulating

these ojects. The-abitraction mechanism and the formal verification of programs is

7 3 -
b/ens( supported by using Alphard’s form and Clu's cluster to constrain the operations

5



that may be performed on the data and the of the i

tion details [22,35].

The introduction of new programming features, such as, sérimgs"6,20,30] and con-

current programming (5] are also considered to fall within this area.

2.2. Transformation/Program synthesls

This approach is concerned with the derivation of eficient implementations of pro-

grams by a trap ion process. The ions commonly are production rule
based, If the left hand of a production rule is matched, the right hand substitution is

madé for that occurrence, These produttion rules are normally concerned with optimizing

the control abstractions (loops, Sefection, branching, ...) used [18,23] but there are others .

. that are conceraed with optiimizin the data abstraction implementation [4,7]:
The transformational process is used to eliminate, the overhead commonly assaciated
with modular design or structured programming. Efficiency is the major concern of this

approach.

. Process model

™ ‘The basis of this approach is the relationship gelween data and the program slruc-‘

ture. A decompasition of a program into distinct prycesses can be obtained by making

_the program and data structures used represent a model of the real world situation. The

decomposition directly reflects real world beb:

r.and thereby is easy Lo maintain and

logically correct[15].

The Jackson design/r{mnodnla;y |15] is appropriate only to the class of problems
- ’ 4

which are strongly and inherently sequential, such as data processing, The Jackson design *

method has been automated dad is currently in use by many companies to perform their

= PR




—8- .

data procesing needs |14].

2.4. Knowledge based programming 7

This approach is concerned with reprebenting knowledge so that it can be, used

throughout an automated process to develop solutions to problems within the symbolic
programming domain. '
. ' -

PSI [3] is such a system 3nd was implemented, by using two phases: an acquisition
phase and’a synthesis phase. The acquisition phase through a natural Janguage dialogue
aad traces, develops a program skeletcn of the ‘solution to the problem. The synthesis
phasg takes the program skeléu\n\n as input. Usipg a-rule based representation of
Knowledge and through the interaction’of 5 coding expert (PECOS) o] snd an efficiency
expert (LIBRA) [8,15, yothifszes Lisp progeams which impleiment the program skeleton.

“ The PSi system has been used to solve the following problems; membership test,

concept formulation, sorting, finding primes, reachability and simple classification [3].

i
1



3. Event Based Program Transformatlons

The event based program-transformation techique presented in this paper falls
under the Transformation /Program Sypthesis heading of the previous section.

The technique uses an abstract algorithm notation to epecify what action must be
petformed. The abstract algorithm is written in pseudo Pascal and contains markers
b(evem) which are used to specify the type of operation that must be perforr;mt.

Coneider a print algorithm which prints the contents of a sequence (string). The
solution involves the iteration e i string and the printing of the contents of the
current state of iteration until the ed of string is determined.

5 ;

e.
The print algoritbm is the following:

<INIT> : ’ .

WHILE NOT (<EOF>) DO BEGIN
WRITE(<NOW>)
<MOVE>

END

WRITELN

with the following notation: ,

<INIT> initialize for iteration over sequence - /

produce contents of current location in uqzem

o
SEOF> A~ test for end of sequence |
L, <Now>. .~ )

~~

<MOVE> move to next location in sequence 2

v ’ ‘/
[}
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The print algorithm coasists of a sequence of steps which will result in the contents
of the string eiag printed. The events in the abstract algorithm are normally parameter-
ized to name the objects to be mavipulated. -

]
The print algorithm becomes:

<INIT : SRC> ~ Bl
WHILE NOT (<EOF : STSRC>) DO BEGIN
g WRITE(<NOW : STSRC>)
<MOVE : STSRC> o .
END e .. o ‘

WRITELN o, *. &

. with the following notation: ..

(i) SRCis the source sequence to be printed.

The prefix ST denotes a state variable which is needed to access the source

L I sequence and is used (o indicate the curremt status of iteratiod.

The print algorithm contains the operations (events) that must be performed to
solve the print problem. Depending on the actual data representation used, the program
code (implementation) representing the Algorithm can be quite different.

For example, if an array representation with the ‘0" symbol as ead of sequence

marker is used, the print algorithm becomes:




~“fiie

STSRC := 1

WHILE NOT (SRC[ST#RC] = '0’) DO BEGIN
WRITE(SRC|STSRC]);
STSRC := STSRC + 1

END;

WRITELN

with the following declaration being generated:

Vi P
SRC_: ARRAY [1..10] OF CHAR;
o * STSRC: INTEGER;

"If a singly linked list with a pointer to the first element (SRC) is-used as the data

_representation, then the following declaration would be generated:
TYPE : .
LINK = "BODY; :
BODY = RECORD
DATA : CHAR;
FWDPTR : LINK
END;

VAR

SRC : LINK;
STSRC : LINK;

and the print algorithm would be transformed to the following:
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,STSRC := SRC; 4
WHILE NOT (STSRC = NIL) DO BEGIN
WRITE(STSRC" DATA); )
STSRC == STSRC" FWDPTR

END;
WRITELN . '

“The code fragments representing the-events in the print algorithm are shown in
Table 1. The events in the abstract algorithm act as markers in the abstract algorithm at

which abstract operations are performed, such as, initialize {or it

ion over sequence,
test. for gnd ‘of sequence,.... . As’shown in Table 1, the implementation code for the
abstract operations invoked by the same event are significantly diflerent. The implemen-

tation code is dependent upon the data représentation in use.
Tablé 1 Code fragments representing the 5 =

; eventsin the print algorithm

Name Array Linked List
v s i P
“lemms | sTsRo =1 STSRC = SRC
<EOF> | SRCSTSRC| ='@' | STSRC'.FWDPTR = NI
‘| <nows | sréjsTsrel STSRC™.DATA - -
<MOVE> | STSRC := STSRC + 1 | STSRC := STSRC' FWDPTR

The above examples introduce the ideas of abstract algorithms (data representation
independent) and events (operations). They show it is possible to specify a solution to a
« problem without having to consider specific data representations. When given a specific

data representation, ‘it ‘is, possible to transform the abstract algorithm so that it
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implements the required-process using the specified data represeatation.
The remainder of this paper is dedicated to providing an explanation of the the

event based techuique and answering some basic questions:

[0} How does the technique automatically generate programs which implement the
sequence (string) abstraction?
(i)  How does the technique i knowledge conéerning the ion in
use? A
: . . ‘
(i) Are eflicient implementations derived? e
— ;



4. Automatic Code Generatlon

- ‘This section introduces the unninnl:ﬁinoeinud with the event based program

transformation technique and shows how the Pascal implementation is generated.

4.1. Abstract algorithms

An abatract algorithm is 3 notation used to describe 3 process to be performed. It is

| written in pseudo Pascal and contains evenls [26] which are used to indicate the points in

" the algorithm at which abstract operations must be performed. The events (operations)

which a typical general algorithm could contain. are: initialize for iteration over sequence, 1

4 v
test for end of seqnencqproduce contents_of current location in sequence,... . A list of the

basic events available :n\Pe seen in Table 2. :

Tihle 2’ Badl eveata i s abitinct algorkhicns
Name : Description
<INIT> initialize for teration over sequeiice
<EOF> test (o; end of sequence
<NOw> produce conteats of current location in sequence
<MOVE> ll:ove to next location in sequence
<CLEANUP> | perform cleanup operation at the end of iterati

For example, aa algorithm which will convert from o sourcy” representation (SRC)

toa destination representation (DST) is the following:

<INIT : SRC>

<INIT : DST>

WHILE NOT (<EOF : STSRC>) DO BEGIN
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<NOW : STDST> := <NOW : STSRC>
<MOVE : STSRC>

<MOV'E : STDST.

EHD = g
. B
<CLEANUP ; STSRC>

<CLEANUP : STDST> <

With the following notation:
() SRCis the source sequence of the.convert and DST is the destination-sequence
which receives a copy of the data contaimed in the SRC.
(i) The prefix ST denotes a state variable which is needed to access the source or
2 destination sequence and is used to indicate the current status of iteration.
It Was found more convenient to represent the abstract algorithms 3 a procedure or

function, as below:
PROCEDURE vCO'VV'ERT ( <PARAM> )
<LOC_VAR>
BEGIN _
<INIT :‘SRJ>
<INIT : DST>; v ) .

WHILE NQT( )<EOF : STSRC> ) DO BEGIN

<NQW : STDST> = <NOW : STSRC>

<MOVE : STSRC>

* <MOVE : STDST>

END
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<CLEANUP : STSRC>
<CLEANUP : STDST>
. END
+Tn the_convert algorithm there are two new events introduced, <PARAM> and

—<LOC_VAR> which stand for parameter list and local variable declarations respec-

tively. A complete list of all events can be found in Table 3.

Table 3 Events available for use in
: * the abstract algorithms e

Name | iy . Description
S

<INIT> . initialize for iteration over sequence *

<EOF> test for end of sequence - .‘ .

<Now>) produce contents of current location in sequence

<MOVE> ‘ move to next location in séqUence”

<CLEANUP> perform cleanup opemliu‘n at tfeend of iteration

<ACCESS_SIZE> | access size of sequence

<ACCESS_LAST> | access last location in sequence

<PARAM> 5 generate parameter declaration for basic dlgorithm
: <LOC,VAR> generate local variable declaration

<NULL_ADD> generate empty sequence representation

<FN_TYPE> generate function type required by data representation

_The events shown in Table 3.represent a small but useful subset of the abstract

V operations that can be performed on the sequence (string) abstraction. Using the eveats

.\\

P~

= 4



shows in Table 3 the abstract ‘algorithms ia Tsble 4 weré implemented and represent 3

minimel set of routines for manipulating the sequeace (string) abstraction. The actaal.

representations of the abstract algorithms can be seen in »\ppe-éix Ased Appendix B, *
#Table4  Abstract .umum for uwmnunl I %
. . ‘ - the string sbstraction s i
-
Name Description
APPEND append bue string to another . i
CONVERT | convert from one representation o another
e &
COPY copy a string (special case of convert) e
¢ ' .
DELETE delete a substring, given its position in a parent string and its |
leogth Y :
EMPTY produce the empty siring
EXTRACT | extract a substefig, given its posmo- ina plrenl string and ft¢'
.| tength .
.
FIND search for a .ul:um; within 3. p‘aunl wug 2
INDEXOF | findex the string (as a.vector), ie. give address of Gfc® character
: in the string .
- g {
INSERT £t one string in another )
PRINT rint 3 string ' [ —_
PUTSTRING | add a single element to the end of a string :
RELATION | compare”strings lexicograghically {one of EQ.NELT.LE,GT.GE
supplied 35 3 parameter) i
SIZE return size of i K
SHIFT shift elements left of right in on array representation *
( internal algorithm, not available to the user)
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42. Events

The events shown in the previous section were used in the abstract algorithms to
show where a certain type of operation should take place. '

Consider the CONVERT algorithm from-the previous section.

PROCEDURE CONVERT ( <PARAM> )
<LOC_VAR>
BEGIN
" <INIT : SRC>™
<INIT : DST> o
WHILE NOT ( <EOF : STSRC> ) DO BEGIN_
« <NOW:STDST> i= <NOW : STSRC>

<MOVE : STSRC> "

<MOVE : STDST>
END

<CLEANUP : STSRC>

<CLEANUP : STDST>
END E ¢

The abstract lgorithm is specified_.in terrns of the string (sequence) abstraction.
"The actual data re;;n‘uenl;tion used for the string or sequence affects the code fragments
et peEaeat The events (operations). Consider the conversion from an array
representation (SRC) to a singly linked list representation (DST). Figure 2 shows a simple

example.
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where HEAD s a pointer tg the first cell in the linked list 4nd the '@" is used to

Figure 2

Conversion of an_array representation
to a singly linked list representation

mark the ead of sequence for the array representation.
5 A ¢

The following type declarations would be generated:

TYPE'

NAME = ARRAY][1.7] OF CHAR;

LINK = "BODY;

BODY = RECORD

The following code fragments representing the events would be genérated: -

<PARAM>

“<LOC_VAR>

<INIT : SRC>

<INIT : DST>

DATA : CHAR;

(+ charagtef field )

FWDPTR :LINK (* forward pointer +)
END; o

e

=2
j"
=

SRC : NAME; VAR DST : LINK

VAR

‘STSRC : INTEGER;
PREVDST.SIDST + LINK;

STSRC = 1;

NEW(STDST);
DST = STDST;

¢
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' PREVDST := NIL;

<EOF : STSRC> SRC|STSRC| = '@"

<NOW : STSRC> SRCISTSRC)

<NOW : STDST> STDST".DATA

_ -<MOVE : STSRC> ’ STSRC := STSRC + 1
PREVDST := STDST;
NEW(STDST);

PREVDST* FWDPTR := STDST

<MOVE : STDST>

<CLEANUP : STSRC> (* EMPTY SEQUENCE +) -

RIS R IR R

<CLEANUP : STDST> E IF PREVDST = NIL THEN _

PRM@T FWDPTR := NIL;
DISPOSE(STDST) __

{An explanation of how the system generates the dle fragments which represent

the events will be givea in Section 6.0.)

The code fragments generated by most of the events should be obvious from the
data representation in use and the type of operation being performed. The code for the
event <CLEANUP : STSRC> is not obvious; the code fragment generated is the empty
sequence. In the CONVERT algorithm the atray representation (SRC) is passed as a
value parameter and the algorithm is performing ajnon-destructive iteration over Im
array representation, therefore e bsnsimeed foees cleanup operation and the empty

sequence is generated.

4.3, Code generatlon ‘ .

The previous sections 4.1 and 4.2 have introduced the ideas of an abstract algorithm

and events. - .



How'does the technique generate the program implementation given the abstract
algorithm and the code fragments representing the events?
The, transformation process is production rule based and takes the form of text sub-

o
stitution for the specific instance of an event.

Given the abstract algorithm:, s

PROCEDURE CONVERT ( <PARAM> )
<LOC_VAR> .
BEGIN

<INIT : SRC>

<INIT : DST>

e

WHILE NOT ( <EOF : STSRC> ) DO BEGIN
<NOW : STDST> := <NOW : §T$RC>
<MOVE : STSRC>
<MOVE : STDST>

END

<CLEANUP : STSRC>
[
<CLEANUP : STDST>

END

Using the code fragments shown in section 4.2, the abstract algorithm is transformed by

the inline coding of the code fragments representing the events.

The final Pascal implementation after the inline coding action is the following: .

PROCEDURE CONVERT (SRC : NAME;: VAR DST : LINK);

VAR
ST4RC : INTEGER;
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EVDST.STDST : LINK; . ;
BE:I% ’ ' )
STSRC = 1;
NEW(STDST);

DST := STDST;
PREVDST := NIL;

WHILE NOT (SRC|STSRC| = '@") DO BEGIN
STDST".DATA := SRC|STSRC];
STSRC := STSRC + 1;

NEW(STDST);
PREVDST" FWDPTR = STDST

IF PREVDST = NIL THEN ..
DST = NIL —z

i
|
- PREVDST := STDST; ;
1

Pm;vns’r FWDPTR := NIL; »
DISPOSE(STDST) o

END; (+ CONVERT +)

|

i

i

i

|

I

The above is the Pascal implementation of the conversion algorithm, using an array |
(SRC) and a singly linked list (DST). 1
i

|

{

|
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5. Cholce of Representations

In Pascal there are two basic types of data structures available to represent a string:
a static and a dynamic data structure. The static structures involve the allocation of
storage for the string at compile time, examples are arrays a0d user-defined static record
structures. The dynamic structures invglve the allocation of storage at run time, exam-

-ples are any user-defined dyuamic structujes: lists, rings, trees,

The string representations that werefallowed in the system are the following:

»
() Optionally, a string can have a header which could contain a nonempty subset
—
of the following:
§ L]
(a)  The position of the Grst element of the string. This is a compulsory
component unless the the header and the data body coexist in the same

storage aggregate.

(b) The position of the last element in the string.
(c) The size of the string.
(i) All strings have a data body which contains the actual elements of the s

The following representations are allowed for the data body:
+ (a) Array s

(b) Singly Lioked List J

fc) -+ _DoublyLinked List

(4)  Siogly Lioked Ring

' ()  Doubly Linked Ring
[ 4

Figure 3 contains a graphical view of the available string representations.
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Figure3  Avaliable string representations”
. .
[2[=]c]o]
5 Array X
pointer [ ] sointer [ ]
Bl LAl e el el
saassns [] — -
- (A]_T-{e[ J-{c[J—c]e] . AT 3o J-{c[J~{o[]
@ : m
=] e[ J-{c[{ce] . *DIHIEIEI
N e ———
(el Pl -{ole] ‘HIIZIIEIBI
e ot
; L -E-E-ER T -ELE-ED

e e ]
Singly "Linked Ring

Singly Linked List

Doubly. Linked Ring
.



The above is far from 3 definitive collection of possible string representations, but is
adequate to make the central points contained in this paper. The use of conventional data
abstaction techniques does nothing to support directly the generation of the program code
required to provide the implementation details; this must be performed manually by the
programmer. Depending on the data structures used, this can be a trivial or noa-trivial
task. Even if the dita structure is frivial it is still a tedious process where the program-

——mer bas to concera Bimself with a myriad of miscellaeous information. It i far better for
the programmer to develop a solution to the problem (algorithm ).mnd let the implemen-

, tation details be provided by an automated process. . .
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8. Derlvation of Program Code for an Event

The events in the abstract algorithms are used as markers to drive the transforma-
tion process. The :anulnrmalinnl take the form of an inline deig of the code fragments
tepresenting the operations invoked by the events. s

This section introduces the idea of decision trees and shows how they can be used to

look "after both compile-time and run-time operations required by the implementation of

the abstract algorithm. /
B f
- /

[ s .

6.1, Declsion trees./ conditlonal compllation ' .
2 e y -

- Conditional compilation is a mechanism used in some programming languagesto

suitch on or off various statemenits in a program. This is useful in that it allows the same
program to be run on diflerent computer systems, aids debugging and tracing of the pro-

gram,

- The conditi ilation process can be as an explicit sequence
of steps or a graphical representation (decision trees). 4

"The decision tree graphical representation aows a user to visuslisg easily the con-

ditional compilation process. The decision tree is a tree representation conkisting of -(3)
concatenation nodes(?) decision nodes and leaves which correspond to programi code. Fig-

ure 4 shows a simple decision tree.




. B  Fiure 4 Decision tree for x
° code generation g
X
with the following notation: ¥ £
@ concatenation of code fragments ‘
QO choice between different code fragments |
€ condition which must be tested at a decision node
ABDEF prognm code which is used to build the role o
fragments which represent the events .
> -
Thé code fragments afe generated by post order traversal of the decision tree,
N
: where at/a decision node (D) , the left subtree is traversed if the condition ¢, T true, oth-
(a5 e
/ erwise the right subtree is traversed. 2
”

For example, in the decision tree shown in Figure 4, if the conditions' co and ¢,

were bt true (¢ ), the decion ree in Figure 4 would reduce to the allowivg: :



s Ay '
Figure 5 Reduced decision tree coc 1

After the concatenation is performed, the code generated is ABE.

If in the decision tree,shown in Figure 4 the conditions ¢ and ot ¢, were true

(¢4e 1), the decision tree shown in Figure 4 would reduce to the following:

Figure 6 Reduced decision tree ¢ e,

After concatenation is performed, the code generated is ABF. Likewise, if the conditions

Hot ¢q and ¢, were true (Mcqcy), alter the concatenation process the code ADE would be

’ generated. If the conditions not ¢o.and not ¢, were true (eqncy); after I.I;e concatena-
tion process the code ADF would be generated. J

The above examples show, by testing if a condition (¢, ) is true or false and using a

concalenation process, the decision tree generates code,h:gmenu which are appropriate

for the given values of c,.



6.2. Attributes
For this project, conditions in the decision tree.depend on the-sttributes toraperfes) ©
of the data representation in use and the particular event. £,
To determine the code representing an event involves the following decisions:
() What type of event is being derived? Each type of event, whether <INIT>,
<MOVE>, <NOW>, <EOF>, ..., involves different decisions which depend

= upon the attributes of the particular event.

(i) What type of data ion ig being used to r t-the data

Each data representatation has attributes which distinguish it:
(a) Static or dynamic representation.
(b) Typeof Heration:
(1) Nondestructive.
(2) Type of destructive iteration:
() Insertion.

v

(i) Deletion.

(

Any attributes which need special consideration:

(1) * The size of a string. .

i (2) The position of the last glement in the string.
»

(3) The position of the first elgmenl in the string.

v
. 8.3, Operator set events and overhead events
An operalor set event is an event whose amociated operation is performed at run-

ime. Examples of operator set events are: initialize for iteration over sequence, test for

Y] -



end of sequence, ...

Table 5 contains a list of all events which ate called operator set

events. °
. 4
Table 5  Operator set events
Name < Description
4
’ N
<INIT> injtialige for iteration over sequence §
<EOF> .| test for end of sequence
<NOW> produce cotents of current location in sequence
<MOVE> *move to next location in sequence
<CLEANUP> perform cleanup operation at the end of iteration |
<ACCESS_SIZE> | access size of sequence ~ . .
<ACCESS_LAST> | access Igst location in sequence

Overhead events are events whose operation is performed at compile-time. Examples

of overhead events are: parameter specifications, local variable declarations, function type

declarations,... . Table 6 contains a list of the events which are called overhead events.

Table 6 Overhead events

Name

—\ . Description
'

<PARAM>

generate parameter declaration for abstract algorithm
Enerate local variable declaration By

generate empty sequence representation

generate function type required by data representation




Opcnl.ar set events are bandled easily by tolvenhonl ata :\M«ll‘uuon techniques .

by using the

. bowéver, thére is a mu
dyrumi’ overhead associated with such a2 implementation. ‘Overbead events cannot be
handled easily by conventional data astraction techdiques because compile-time opera- -

tions are not supported by guages (ao compile-time fuactigas). $

In the methodology presented in this project, overhead events 3ad operator set
cvents are handled by the same (decision tree) mechanism. The methodology is used to

generate lul which bappens to be the mpl!menutlon code of an }helrul sr;omhm

using a pm.culn data repnnnl\mon The text (enenntd isa prl’mm u;m;ut whicli
* handles both compile-time (overhead évents) and run-time (dpefator m) aspects of code . g

generation, this being a requirement for automatic program generation. /
g ? »

P S

_ 6.4, Derivation of the implementation code using a decislon tree s

The derivation of the implementation, code'répresehting an event depends upon the
v 4 . .
attributes of. the data representation and the eveat. Dilemz operators depud on ¥
difgregt mnu (attributes) of the data representation (.m every attribute aflects

v e oo . o e .

The easiest way of showing the derivation,of the cole representing ‘an event is to e

consider an example: Consider the CONVERT example of Section 4.0, lI.ILAJ;!RfI'inn -

from a0 array representation (SRC) to a singly, linked-list representation (DST) without a .

% header cell. . . a

¥ —
The following typg declar: is generated: i 4 ‘

-
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. TYPE &
. NAME = ARRAY|1..7| OF CHAR;
a
h LINK = "BODY;

BODY = RECORD °
* DATA : CHAR; (* data field *)
FWDPTR : LINK (* forward pe
END;

ter *)

The system then}comiden the abstract algorithm for the CONVERT:

PROCEDURE CONVERT ( <PA'RAM? )

.- <LOC_VAR> o s : e

BEGIN oY e .
INIT : SRC> .
© <INIT :DST> ’ ¥
WHILE NOT ( <EOF : STSRC> ) DO BEGIN
MNOW :STDST> := <NOW : STSRC> c
<MOVE:STSRC>
“ <MOVE :STDSTS’
AEND ’
" : <CLEANUP:STSRC> ~ *
) <CLEANUP : STDS;I‘? N
END e \ <
The events are extracted }:{n{‘}ﬁﬁi;uact ml;oyith’m; Table 7 contains a list
. of the gvents in the covnver(algo‘rilh!n that néed their code fragments generated.
Each :;nl is coded using lt"ihute‘s;‘leﬂ\le_ed_'hom the data descriptor and the

abstract algorithm. N

-



v

Table?  Events used in the convert algorithm
Event Description

<PARAM> parameter declaration for abstract algorithm
<LOC_VAR>. local variable declaration for abstract algotithm
<INIT:SRC> initialize source sequencé for iteration .
<INIT : DST> | initialize destination sequence for iter
<EOF : STSRC> _' test for end of source sequence !
<NOW : STSRC> produce contents of current state of source sequence iteration
<NOW: STDST> ;lmam contents of current state of destination sequence iterge:

= . - e e
<MOVE : STSRC> move to next location in sourcy sequence
<MOVE : STDST> move to next location in destination sequence «

<CLEANUP : STSRC> | perform clean up operation required for source sequence

<CLEANUP : STDST> | perform tlean up operation required for destination sequence

A decision tree umc\u[:xd to derive the code fragment representing an
vk, I T o i deckon; e avolved i detiviag) e pegrams ods
Yepresenting the <INIT> eveat in the convert algorithm.
\ The decisions involved are basically the followings,
i (i) The type of, data structure: dynamic (run time allocation of storage) or static
(compile time allocatjon of storage). This information is determined from the

descriptor of the dafa structure .

0 be used, represeats thu oternal form called 3 data

iven the data epiesen
ix C.

N
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(ii)  The type of iteration: destructive (change made to the values stored or

This i ion is d i from the

type Bf routine: Destructive (APPEND, CONVERT, COPY, ...) or Nondes-

tructive (EMPTY, FIND, INDEXOF, RELATION, .
"(ii)  Autributes which need special consideration: size or header cell, This infor-
mation i determined from the data deseriptor.

' The decision tree shown in Figure 7*is used to generate the code fragment
throith a coneatenation sad selection process based on the presence or absenc of
required attributes (propen}es) ) furcasbiaroien by napeitionof Figire.7. NG Wk
generation of the code fragment for the <INIT> event can depend on the following
attributes:

(i) Is a static or dynamic data lepre;enlalion being used?

(ii) I destructive (change of values stored or representation) or nondestructive

“iteration being performed? .

(iii) Is a header cell present? . F
(5 Is a size present or must one be computed?

It can be seen by observation, that even a very simple event such as <INIT>

(initialize for iteration over sequence), can involve quite a few of the attributes of

the data representation and the abstract algorithm.

val implemeatation 13 a list structure with list coneatenation L] .
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W

The derivition of the <INIT : SRCS event follows a path as shown in Figure

/

EMPTY

Figure 8 Derivation of the code fragment representing
<INIT : SRC> event in. the convert algoritbm
P

where the n, are usgd as labels to aid in the explanation of the code derivation pro-
-

The derivation of the code fragment which represents the <INIT : SRC>
event starts at the root of the decision tree shown in Figure’8, node no. The cond’i-
tion tested at the decision node mo.js Whether 3 T
being used. From the data du&i._;ﬁr, it i defermioed that sa array seprescatation
is being used, and as such, in’l static representation. The right path from the node

-~ -

no is traversed. t

The traversal of the right path leads to the concatenation node n, (post order

traversal). The left path of the node n, is traversed and a leaf is met. At the leaf




e

the code fragment
L
STARG := 1

is found. The decision tree is traversed upward uatil the concatenation node n, is
met again, The x}m path at the c;n::tenztion node n is then traversed.

Thtraversa of the right path leads to the decision mode ng. The condition

tested at the decision node ny is whether a size is present or required. From the

data descriptor it is determined that no size is required and the left path of the

sode ng is trayersed. A leal is met and it contalos (ke emply code fragment, Tiie

empty code fragment is used when no statement needs Lo be generated.

The decision tree shown in Figure 8 reduces to:

Figure 0. Reauced decision tree required by <INIT : SRCS
.’ -
Alter the concatenation process and the substitution of the string. "SRC” for the

-
string "ARG", the following code fragment is generated: \ ;

: N o
<INIT : SRC> =5 STSRC := 1




NEW (STARG )
PREVAR

oo ~
o " | an.riRsT:zsTARG [u"v':ﬁ 120

Figure 10 Derivation of the code fragment representin
<INIT : DST> event in the codvert ﬂgotith’ﬁ

The derivation of the code+fragment representing the event <INIT : DST>
starts at the root of the decision tree shown in Figure 10, node no. The condition
tested at the decision node node n is' whether a static or dynamic representation is

being used. From the data descriptor

is determined that a singly linked list
=~} representation without a beader cell s being used and as such, is a dynamic data

representation. The left path from the node n g is traversed.

The traversal of ,L?DM‘ path leads to the decision node n,. The condition
g



tested at the decision node n, is wmmyienﬁuu (a change made to the value
SRR R R ESOR ) Sok OSSRl IOSFSLIGHTHS GOV SRR .me the

parameter specification of the CONVERT algorithm it s determined that s ot

* parameter is passed as a T changes to

the values passed, therefore deStructive iteration is being performed. The left path

is traversed from the decision node n .

The traversal of the left path leads to the concatenation node n,. The left

pathi s traversed and a leaf is met. The leaf contains the code fragment
? +

NEW(STARG)
PREVARG := NIL '

The'decision tree i traversed upward unti the concatenation node n is met again.
The right path of the concatenation node 1 is then traversed.

The traversal of the right path leads to the concatenation node n. The left
path is traversed and the decision node n, is met. 'The condition tested at the deci-
sion node n  is whether 2 header cell is preseat or not. From the data descriftor it
is determined that no header is present and the lefC path of the decision node n 4 is

traversed. A leaf is met which contains N

ARG := STARG

The decision tree is then traversed upward until the concatenation node ny is met

again and the right path Gf ihe concatenation node ny is then traversed.

The traversal of the right path leads to the decision o P —
tested at this decsion node ny Is whether » size is requited af preseat, From the
data. descriptor it s determined that no size is required, and the right path n

traversed. A leaf is met and it contains the empty statement,
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The decision tree shown in Figure 10 reduces to the following:

Figure 11 Reduced decision tree required by <INIT : DST>

After the concatenation process and the substitution of the string "DST” for the

string "ARG", the following code fragment is generated:

-

<INIT : DST> = NEW(STDST);
d PREVDST := NIL;
DST :=STDST;
The derivationg show, by breaking the problem of code generation into one of

determining requited properties (atiributes), the code fragments can be derived in a

.
logical and systematic. manner.




N

o

7. Efficiency of Implementation
.

Conventional data abstraction tecbniques, such as procedural implementation.

and hierarchi ing of modules, tend to enhanee several
aspects of a software system: development, comprebensibility, reliability, maintaina-
bility and reusability. However, usiog conventional data abstraction techuiques it is

A fpoor

possible to derive i

To derive il jons with better

optimization operations. There are two places in the creation of the software system

that these operations can occur:

0} At the development phase, with the selection of eficieat algorithms and
representations. )

(i) At the impleentation phase, by makiog code optimizations based on

equivalence preserving traosformations. :

The general problem of code optimizations is beyond the scope of this paper,

however, the implementations generated .by the eveat based technique must have

reasonable time and space complexities. |
Code optimiiation can be petformed citber maswally or anlothu.lly
[3.4,7.18,23,27]. Both techniques un_ﬁ'mromnwnl system based on equivalence

preserving jons.  The versions of the i stion are

Tmproved relative to some measure (time or space), while preserving program

(pints of invari Typical ions which are pprformed

are: collapsing of looy

mplifying selection, inline coding of the representgtion of a

procedure or function , breaking encapsulation, ... . 2




Y

The problem domain under consideration is the automatic generation of
software systems ri/n»hml which support the string (sequence) abstraction, using
various ““i. representations. ’

Let us consider the PRINT algorithm as 3 Bisis for comparison between the *

conve:

al data abstraction techniques and the event based technique presented
in this paper. ) ([
The print algorithm is used to print the contents of the string (sequence).

~“PROCEDURE PRINT (<PARAM>)

<LOC_VAR> » ¥
BEGIN .
<INIT : SRC> w9
WRITELN ’ to 3
WHILE NOT (<EOF : STSRC>) DO BEGIN™
WRITE (<NOW : STSRC>)
<MOVE : srsnc:)
n- END [}
WRITELN ‘ .
WRITELN .
END )
Table 8 contains a list of events in the print algorithm that need to be gen-
erated. . ’
. P ~ »
.
. " a
\
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Table 8 Events in the print algorithm’
that need to be derived

<EOF : STSRC>'
<NOW : STSRC>

<MOVE : STSRC>

Event Description >
g s
<LOC_VAR> focal variable declaration for abstract algorithm
<INIT : SRCY

initialize source sequence for iteration
test for end of source sequence

v
produce contents of the current state of sourece sequence iteration

move To next lochtion in the destination sequence -

The data representatation used for the comparision is a singly linked list with

a header cell which contains a pointer to the first element, a size and a pointer to

the last element. The following

TYPE"

type declaration is generated:

LINK = ‘BODY;

HEADER = RECORD
SIZE : INTEGER;

LAST : LINK;
FIRST : LINK
ND; -

BODY = RECORD
DATA : CHAR; (* data field *)
. FWDPTR : LINK (* forward pointer *)
END; .

If ‘the conventional data abstraction” techniques were followed (separation of

implementation from use), the events (operations) should be implemented as procedure

or function calls, as in the followidlg:
s

PROCEDURE INIT, (SRC : HEADER; VAR ST?RC : LINK);
BEGIN =
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A v
' ' -
STSRC := SRCFIRST o
END;
FUNCTION EOF (STSRC : LINK) : BOOLEAN;
BEGIN
IF STSRC = NIL THEN »
EOF := TRUE
ELSE *
EOF := FALSE °
END; 3 ¢
FUNCTION NOW (STSRC : LINK) : CHAR; . *
BEGIN i - .
NOW := STSRG"DATA s
END; | - i A
o
PROCEDURE MOVE (VAR STSRC : LIN#);!
BEGIN , - 5
STSRC := STSRC".FWDPTR “
END; _
PROCEDURE PRINT (SRC : HEADER); ,
VAR .
STSRC : LINK;
’

BEGIN
INIT(SRC,STSRC);
WRITELN;
WHILE NOT EOF(STSRC) DO BEGIN .
:  WRITE(NOW(STSRO))
" MOVE(STSRC)
WRITELN:
WRITELN
END;
JThe implementation geSr:ud by using conventional data abstraction techniques .
has a large dynamic or interconnection overhead (poor time and space utilization).
If the event based technique were used, the code fragments which implement the .

abstract operations to be performed are derived usiag a deduétion mechanism (decision

-
trees) and are coded at ihe point of call using a techpiquevalled module expansion [4,22].

¥
The implementation derived is the rolhyllnl: el
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\
PROCED PRINT (SRC : HEADER): N\
mac LINK: ‘
BEGIN
STSRC := SRC.FIRST;
WRITELN; -
a WHILE NOT (STSRC = NIL) DO BEGIN
WRITE(STSRC" DATA);
STSRC := STSRC" FWDPTR %
END;" |
WRITELN; '

'WRITELN “
END;

‘The implementation code 3enemed by the event based technique was, found i:&enenl to

run 6fty percent faster lhnn the lmplzmenlauon code generated by cnnvenuonml data
'

Tie-fmplen ion code generated by the event Dased L:clmnquc
did not have the large communication overhead associated with the code ,;.nmw‘uuiu

the i data

An argument against the above statement is that in such a simple case a program-

mer who was implementing the print (algorithm would use the same implementation.

However, it must be remembered that the abstract operators are to be used throughout
: . SR

the software system aad as such would be implemented using the function and procedure

mechang lting i the large dynamic or communyication overhead. There are possi-
bly more Jllnizations that could be performed on the mplementation derived by the
event b

hoique; Ilnweve!. the mdc generated met the opgfational requirements, it
dxd nul ‘waste excessive amounts of space nr time (rnlonshly eflicient) :md had all of the

tages of the code generated by the convenlmna\ techniques.
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8. Implementation Examples )

In the implementation phase of program "deveolpment, the abstract algorithm is

by the events. The codé Tyagments are then substituted inline for the event occunuces in
the abstract algorithm. The reslt s the implementation of the abstract algorithm 83
a particular data representation.
This section will show the generation of the implementation code representing the
abstract algorithms: CONVERT, IBERT and RELATION, using various data represen-
8 m

tations. N

8.1. Convert algorithm
The convert algorithm has been introduced in previous sections as a means of show-
N °
ing how the event based techniques workqgThis section will show the generation of imple-
mentations of the sonvert algorithm using various data (epresenmio}s,
‘The convert algorithm is used {g convert from one representation, (SOURCE - SRC)
. i
to another (DESTINATION - DST). The convert algasithm is the following:
- A . A
PROCEDURE CONVERT ( <PARAM> )
« ;
<BOC_VAR> ¥oom,
BEGIN . . .
<INIT : SRC> . -
“ <INIT : DST>- 5
: -
WHILE NOT ( <EOF : STSRC>*) DO BEGIN
<NQW : STSRC> oy

<NOW : STDST>

<MOVE : STSRC> .
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<MOVE : STDST>

END

<CLEANUP : STSRC>
1

<CLEANUP : STDSTS:

L END

Thble 9 contains the list of events in the convert algorithm that need their code

oY .

fragments generated. 4
Table 9 Events in the convert algorithm
. that need tS be derived
.
Event . Description
T
<PARAM> parameter declaration for abstract algorithm
. <LOC_VAR> Tocal.variable declaration for abstract algorithm

<INIT : SRC>
# | <INIT:DST>
<EOF : STSRC>
<NOW : STSRC>

<NOW : STDST>

<MOVE : STSRC>
<MOVE : STDST>
! <CLEANUP . STSRC>

<CLEANUP : STDST>

initialize source sequence for iteration

.

initialize dbstination sequence for iteration
test for ed of source sequence § .

produce contents of current state of source sequence iteration

produce contents of current state of destination $equence itera-
5 g .

<
tion

move to next location in source sequence
move to next location in destination sequence ,

perform clean up operation required for source sequence

perform clean up operation fequired, for destination sequence

The first example-shows the conversion from a singly linked list representation with

v
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00 header cell to a doubly linked ring with a header cell that coMtains the following infor-

mation: first (pointer to first cell), last (pointer to last cell) and a size fuumber of items in
the ring).

The diagram shown in Figure 12 shows a simple example:

S

e
convert . —
to
HEADER

‘ Figure 12 Conversion from a singly linked list
toa doubly linked list

Where FRONT is a poipter to the frst element in the singly linked list and

gjinle-
ment and a site of the doubly linked ring.

tlEADEn is a record which contains: pointer to the frst element, pointer to th
'



The following type declaration must be generated:

TYPE
LINK = "BODY

BODY = RECORD
DATA : CHAR; (¢ data eld +)
FWDPTR : LINK (* forward pointer +)

END;

HEADER2 = RECORD
SIZE2 : INTEGER; (* size field #)
LAST2: LINKZ;  (+ pointer to last #)

END;

BODY2 = RECORD
DATA?2: CHAR; (* data fleld *)
.. FWDPTR2 : LINKZ; (* forward pointer *)
. BKPTR? : LINK2 [’ backward pointer ‘L
END;

The code fragments representing the events in Table 0 would be derived in a

manner described in Section 6.0. Using a decision tree structure, determine the aunbu:rs
that hold for the given dala representation and support these altributes by generating the
code fragments to perform the required abstract operations.

The code fragments generated for the convert algorithm using \\singly linked list

¥ representation (SRC) and doubly liked ring represeatation (DST) are the, falluwlng

* <PARAM> SRC : LINK; VAR DS’ INK2
<LOC_VAR> VAR
: INTEGER;
STSRC LINK;

PREVDST, STDST : LIM\’.’.

iy

<IlIT : SRC> STSRC = SRC;

LINK2 = "BODY2; | . N -

FIRSTZ : LINK2  (* pointer to first +) =
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<INIT : DST> e NEW/(STDST); #
DST.FIRST2 := STDST;
1:=0;
PREVDST := NIL;

<EOF : STSRC> ——>  STSRC=NL

<NOW : STSRC> Soms (STSRC".DATA

<NOW : STDST> —>'  SIDST'DATAZ ~-

<MOVE : STSRC> - STSRC := STSRC" FWDPTR;

<MOVE: STDST> = PREVDST := STDST;
NEW(STDST); .

. STDST".BKPTR2 :4 PREVDST; '
- . Li=141;
. PREVDST.FWDPTR := STDST
' <CLEANUP : STSRC> — (* EMPTY SEQUENCE *)

<CLEANUP : STDST> = DST.SIZE? : X
DST.LAST?2 := PREVDST;
IF PREVDST = NIL THEN

DST.FIRST? := NIL
ELSEBEGIN o
S PREVDST* FWDPTR2 := DST.FIRST2;
] DST.FIRST2' BKPTR2 := PREVDST
s END;
s ;
. = DISPOSE(STDST)
\ . !
‘,\- . . The.code fragments representing an event can be quite complicated S’ to the data
—

Ttepresentation in use and the type of operation being performed.
’

The convert algoritbm is transforiied ‘into the final implementation by the inlive

coling of the code fragments represenfing the events. . «

o

" PROCEDWRE CONVERT (SRC : LINK; VAR DST : HEADERZ);

VAR v ]
1: INTEGER;
STSRC : LINK;

\ : PREVDST, STDST : LINK2; -
-
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BEGIN
STSRC := SRC; -

NEW(STDST);
DST Fms‘rz = STDST;

PREV‘DST = NL;

WHILE NOT (STSRC = NIL) DO BEGIN 9
STDST".DATA :=s/'rw ,
STSRC := STSRC" FWDPTR; L/\
PREVDST -sms-r; )

NEW(STDST)
2 '/smsx BKP’I‘R" := PREVDST; 3

-~

PREV‘DST FWDPTR2 := STDST 5

END

DST SIZE2 :=1;

DST.LAST2 := PREVDST;

* IF PREVDST = NIL THEN
. DSTFRST2:=NL

ELSE BEGIN
PREVDST " .FWDPTR? := DST.FIRST2;
DST.FIRST2" BKPTR2 := PREVDST

END;

DISPOSE(STDST) K ¥

END; (+ CONVERT +) ) -

Auother example, is the conversion from a. doubly linked ring with a header cell

which contains a pointer to the first cell, a pointer to thé last cell, and a size to an array s

3,

representation with a size. The diagram showa in Fi shows a simple example. A
, i

‘. % '
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Figure 13 Conversion from a doubly linked ring
to an array representation

With the following type declaration being generated:

TYPE'
LINK == "BODY;

HEADER = RECORD

: SIZE : INTEGER; (# size field +)
"2 LAST : LINK;  (* pointer to last #)
‘ .. FIRST:LINK (= pointer to first +)

v
BODY = RECORD
DATA : CHAR;  (+ data field +)
BKPTR: LINK:  (* backward pointe:
FWDPTR : LINK  (* forward pointet

END;

RECORD2 = RECORD
. NAME? :' ARRAY(1..5] OF CHAR; .(+ data fleld *)
SIZE2 : INTEGER (¢ size field +)




The code fragmeats generated for the convert algorithm. using 2 doubly linked ring

representation (SRC) and aa array veplese/nl;tﬁ (DST) are the following:

<PARAM> SRC : HEADER ; VAR DST : RECORD?
<LOC_VAR> VAR .
: STDST : INTEGER;
STSRC : LINK;
<INIT : SRC>._ STSRC := SRC.FIRST; -
_<INIT : DST> STOST o= 1;
<EOF : STSRC> STSRC = NIL \\\
<NOW : STSRC> STSRC'.DATA ;
<NOW : STDST> DST.NAME2|STDST| i

UL UUBLUL bU

\MOVE : STSRC> STSRC := STSRC" .FWDPTR;

“IF STSRC = SRC.FIRST THEN
STSRC := NIL;

<MOVE : STDST> STDST := STDST + |

<CLEANUP : STSRE> (+ EMPTY.SEQUENCE +)

<CLEANUP : STDST> DST.SIZE2 := SRC SIZE

The convert algorithm is transformed by the inline coding of the code fragments
repsmmi.'; the events: ) - &
PROCEDURE CONVERT (SRC : HEADER; VAR DST : RECORD2);
VAR - . N
STDST : INTEGER; s
STSRC : LINK; =
BEGIN®
STSRC := SRCFIRST;
STDST = 1 ==t .

" WHILE NOT (STSRC = NIL) DO BEGIN
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DST.NAME2({STDST| := STSRC".DATAy

+STSRC := STSRC" .FWDPTR;
[F STSRC = SRC.FIRST THEN
STSRC :== NIL;

e

STDST :m sTDST +1
END

DST.SIZE2 ;= SRCSIZE

END; (+ CONVERT +)

The examples using the convert algorithm show, by changing the data representa~
tion, that the code fragments representing the events change dramatically. The convert
algorithm implementations performs the same action, however its implementations are

data representation dependent. -

_ 8.2, Insert algorithm
The insert algorithm is used to insert a string (PAT) into another string (DST) after

a specifled position (POS). The insert algorithm is the following:

PROCEDURE INSERT ( <PARAM> )
¢ <LOG_VAR> . !
BEGIN ' .
IFF POS <= SIZE(DST) THEN BEGIN
<INT:DSTPOS>
<INIT: PAT>
WHILE NOT ( <EOF : STPAT> ) DO BEGIN
<NOW !STDST> = <NOW : STPAT> . “

<MOVE : STDST>




-

<MOVE : STPAT>

END .

The IFF - ENDIFF notation shown in the insert algorithm, represents a/condi-
tional statement. The statement is only generated if a specified condition is thue. In
this case, the statemeat is generated if the data representation used is an array.
The conditional statement is included because it is an error to-try to access h com-
ponent outside the bounds of an array. ~ ;

Table 10 contains a list of the events in the insért algorithm that need to be

generated.
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S Table 10 Events in the insert algoritlm
that need to be derived

Event Description

.
<PARAM> parameter declaration for abstract algorjthm
<LOC_VAR> local variablg declaration for abstract algorithm

<INIT : PAT> initialize pattern sequence for iteration

~+ <INIT : DST POS> initialize destination sequence for iteration,

. spesified position® ) i
<EOF : STPATS test for end of pattern sequence 5 g
<NOW : STPAT> produce contents of current state of pattern sequence iteration
<NOW : STDST> produce contents of current state of destination sequence itera-
tion :
’| <MOVE : STPAT> move to next location in pattern 'sequen;e e
<.MDVE : STDST> _move to next location 'i\dzstinmion sequence :

<CLEANUP : STPAT> | perform clean up operation required for pattern sequence

<CLEANUP : STDST> | perform clean up operation required for destination sequence

- p TN
Consider insertion in an array representation which has a size associated with

it., The following type declaration would need to be gencrated:

| TYPE o -
RECORD2 = RECORD :
NAME : ARRAY(1..80] OF CHAR; (+ data field +)
SIZE : INTEGER (+ size feld +)
END

The code fragments generated for the insertion of a string (PAT) into another
r P

L .
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©

string (DST) after a specified position using the insert algorithm and an array

represenlation ate the following:
Ldlachii,

VAR DST : RECORD1; PAT : RECORDI;
POS : INTEGER

<PARAMS

<LOC_VAR> VAR
STDST.STPAT ¢ INTEGER;

<INIT : DSTPOS> 'STDST := POS + 1; B
SHD‘"T(D_ST,STDST.SIZE(PAT). )

<INIT : PAT> STPAT := 1} ,

<EOF : STPAT> STPAT > PATSIZE P

<MOVE : STDST> STDST := STDST + I;
<MOVE : STPAT> STPAT :=VS:I;4PAT L | 1
<NOW : STDST> DST.NAME[STDST|
<N0-W : STPAT> ; PAT.NAME[STPAT]

' KCLEANUP : STPAT> (* EMPTY STATEMENT ¢)

LULUUBELY U

<CLEANUP : STDST > (* EMPTY STATEMENT +)

The code fragments generated by most events should be obvious from the
data representation in use and the operation being petformed. The code fragment
generated by the event <INIT : DST,POS> is not, and the following code is gen-

erated as the fragment representing the event:

STDST := POS + I;
SHIFT(DST,STDST,SIZE(PAT),1);

The first statement is generated because the insertion is performed after a certain
position. The second statement is a call to the procedure SHIFT, to shift right the

elements after a specified position to make room’ for the insertion. A complete

Ay

% oo



specification/of all abstract algorithms can be found in Appendix A and B.

The <CLEANUP : STDST> generates the empty statement. A destructive
iteration is being performed and in the array representation case, this operation has
been performed as part of the SHIFT algorithm. When using abstract algorithms

.
which call other abstract algorithms, there is a need to know the attributes of the

called algorithms.

The insert algorithm is transformed to the final implementation by the inline

coding of the code fragments representing the events:
PROCEDURE INSERT (VAR DST : RECORDI; PAT : RECORDI;
POS : INTEGER);

VAR )
STDST,STPAT : INTEGER;
BEGIN ?
/,'/tp POS <= SIZE(DST) THEN BEGIN
.
®  STDST:=POS +1;
SHIFT(DST, STDST, slz"m, 1);

STPAT := I;

WHILE NOT (STPAT > PAT.SIZE) DO BEGIN
DST.NAME[STDST] := PAT.NAME[STPAT};
STDST := STDST + ;

. STPAT := STPAT + 1

END

END
END; { INSERT }

. ‘
.
- Consider the insertion in a doubly linked list without a hender cell. The fol-

lowing type declaration mugt be generated:
TYPE - =3
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s

LINK = "BODY:

BODY = RECORD
©  DATA:CHAR; (*datafleld?)
BKPTR : LINK; (+ backward pointer )
, FWDPTR:LINK (* forward poiater ) .
END; .

‘The following form'of the abstract algorithm for the insert is used:

wPROCEDURE INSERT ( <PARAM> ) v 3

' <LOC_VAR>

beon® - -
<INIT : DST,POS> . )
g INIT : PAT> <
WHILE NOT ( <EOF : STPAT> ) DO BEGIN
<NOW : STDﬂ>‘ = <NOW : STPAT>

<MOVE : STDST> -
<MOVE : STPAT> ) ’
.END

<CLEANUP : STPAT> ¥
< CLEANUP : STDST>

~ END 5 s

. \ . .
This version of the insert algorithm does ot need conditional statements because in

« a dynamic structure it is possible tq insert past the end of the string, and as such,

# there is no limit on the bounds.
—_—
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linked list representation are the following: :
e e <
PARAM> == VAR DST : LINK; PAT : LINK;
. POS : LINK
. — R
<LOC_VAR> = VAR® * 5
- s . STDST,PREVDSTFRONTDST BACKDST,
oL STPAT : LINK:
<INIT:DSRPOS>  '§&=> PREVDST := POS;

- NEW(STDST); & -
. IF POS = Ni THEN BEGIN :

- N ey "+ BACKDST :=={DST; *
dia FRONTDST t#= STDST -
‘s - p END ELSE /Z™\
: . _J . BAGKDST := POS".FWDPTR;
; {
- <INIT:PAT> . =  seaTAam \
<on= STPATS L= SPAT=NL )
<MOVD stosTS —> IF PREVDST, & NI TIEN BEGIN
. - g STDSTZBKPW = PREVDST:_ *
s PREVDS' DPTR := STDST -,
&y . ' PREVDST := $TDST;
= * NEW(STDST); .
<SOVE : STPAT> ——> = STPAT:=STPAT'FWDPTR
<NOW’: STDST> . /=Y  STDST'DATA
4 i / .
" <NOW:STPAT> . =N » STPAT"DATA i Lo
. * % " o -
';CLEAWP (STPAT> e | (-EMPTY STATEMENT +)
*<CLEANUP : STDST> S 10 DISPOSE(STDST) :
- . A IF.PREVDST <> ROSSTIIEN DEGIN
4 L } PREVDST".FWDPTR ™ DACKDST;
. i . ¢ IF BACKDST <> NIL THEN
K -, BACKDST* BKPTR := PREVDST;
i ) IF,BACKDST = DST THEN BEGIN
o . Ct . ‘FRONTDST" BKPTR := NIL;

#. DST = FRONTDST
© END
- END -
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The <CLEANUP : STDST> event needed to be generaled in this case
because the cleanup operation was not performed in another abstract algorithm.

The final implementation is generated by the inline coding of the code frag-

méats. ‘ ! %

PROCEDURE INSERT (VAR DST : LINK; PAT : LINK:
POS: L 3 P

VAR . .
STDST, PREVDST, FRdNTDST. BACKDST, .
STPAT : LINK; 5 ~

BEGIN

PREVDST := POS;
NEW(STDST);
IF POS = NIL THEN BEGIN -
BACKDST := DST;
" FRONTDST :=$TDST *
END ELSE

BACKDST := POS* FWDPTR;,
STPAT := PAT;

WHILE NOT (STPAT = NIL) DO BEGIN
- STDST'.DATA := STPAT".DATA: :

“ IF PREVDST <> NIL THEN BEGIN
STDST" BKPTR := PREVDST:.
PREV'DST' FWDPTR := STDST

EN
PREV'DST == STDST
NBN(STDST) b

¢ STPAT: = STPAT® FWDPTR .
END; i : e

~

DISPOSE(§TDST):

IF PREVDST <> POS THEN BEGIN
PREVDST".FWDPTR := BACKDST; 2
[F BACKDST <> NIL THEN

BACKDST".BKPTR :»= PREVDST;




-62-

IF BACKDST = DST THEN BEGIN
FRONTDST ' .BKPTR := NIL.
DST := FRONTDST 3
END .
END - K

END; { INSERT } . .

The examples using the insert algorithm are different from those of the con-

“
vert, in that only one data representation is used and it introduces the idea of con-
~

ditional statements. As before, the algorithm petforms the same action, but using

different data representations, the implementations derived are significantly

different.
s - - . 4 .
; 8.3. Relatlon algorithm
The relstion algorithm fs used o return  boolesn value i one string (SRCY) -
i Eqnl (EQ), Not Equal (NE), Less {Thaa or Equal (LE), Less Than (LT), arend:
Thaa or Equal (GE) or Greater Than (GT) t6 a second string (SRCZ). The opefa-
tion to be performed is determiaed by the operator (OPER) parameter The relation
N algorithm is the faHowing: : .
FUNCTION RELATION ( <PARAM> ) BOOLEAN: -
.
3 <|.OC VAR>
BEaIN ¥
‘. CASE OPER OF
£
EQ: BEGIN
. FF <ACCESS SIZE : SRC1> <> <ACCESS_SIZE :SRCZ> JHEN .
y ; - RELATION := FALSE
ELSE BEGIN
- s EFLAG :=TRUE; | a ¥
<INIT : SRC1>
. <INIT : SRC2> .
oo WHLE NOT (<EOF STSRF!)) AND NOT (<EOF : STSRC2> ) AND
J 1
, \ J
\ K PY ) s o
3 ’ :

[y



EFLAG DO BEGIN Ny
IF <NOW : STSRC1> <> <NOW : STSRC2> THEN $
s EFLAG := FALSE:
<MOVE : STSRC1>
<MOVE : STSRC2>

END;
IF (<EOF : STSRC1>) AND (<EOF : STSRC2>) THEN
RELATION := EFLAG ’

E i
RELATION := FALSE N
ENDIFF A Y
END;

LT: BEGIN
GFLAG := FALSE; . %
LFLAG := FALSE;
<INT RC1>,
<INT RC2>:
WHILE NOT (<KEOF : STSRC1>) AND NOT (<EOF : STSRC2>) AND
NOT LFLAG AND NOT GFLAG DO BEGIN
[F <NOW : STSRC1> < <NOW : STSRC2> THEN
- ‘LFLAG := TRUE )
. ELSE I[F <NOW : STSRCI>.> <NOW STSRC2> THEN
}

GFLAG := TRUE; )
<MOVE ; STSRC1>, /7
<MOVE : STSRC2>

END;
IF <EOF : STSRC1> THEN
[F <EOF : STSRC2> THEN
RELATION := LFLAG »

ELSE
RELATION := NOT GFLAG

RELATlON := LFLAG
E"m

GT: BEGIN s
GELAG := FALSE;
LFLAG := FALSE; *
<INIT : SRC1>
<INIT : SRC2> -,
AVHILE NOT (<EO! 1C1>) AND NOT {<EOF : STSRC2>) AND
NOT LFLAG AND NOT GFLAG DO BEGIN
IF <NOW : STSRCI> > <NOW : STSRC2> THEN
GFLAG := TRUE
ELSE IF <NOW : STSRCI> < <NOW : STSRC2> THEN
LFLAG := TRUE;
<MOVE : STSRC1> N

'
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<MOVE : STSRC2>
END; i .
IF <EOF : STSRC1> THEN S (
. RELATION := GFLAG : .
ELSE IF <EOF : STSRC2> THEN
RELATION = NOT LFLAG
ELS|

RELATION = GFLAG-

NE: RELATION = NOT RELATION(EQ,SRC1,SRC2);

LE: RELATION := NOT RELATION(GT,SRC1,SRC2);
GE: RELATION := NOT RELATION(LT,SRC1,SRC2)

END - 5 —_ .

% ’ w <
END; pam.mt‘v )

The IFF - ENDIFF notation in the relation algorithm , represents a condi-

tionaltafatement. The.statement is generated oaly if the data representation used

contains a size componeat.
, Table 11 contains'a list of th events i the relation algorithm that need their

representations generated.

P



Table 11 "Events in the relation algorithm
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that need to be derived

<INIT

<INIT :

<EOF :

<EOF :

<ACCESS_SIZE : SRC1>

<ACCESS_SIZE : SRC2>

SRC1>

: SRC2> '

STSRC1>

sTsre2> Y

<NoW: sTsRe1>
- | <NOW : STSRC2>
<MOVE : STSRC1>

<MOVE : si'sRczR

]
Event 7 Description
<PARAM> ) parameter declaration for abstract algorithm
g -
<LOC_VAR>

local variable declaration for abstract algorithm.
:cce'u size component of srcl ggquence
access size .tumponent of sn:Zequence
initidi;; srel sequénce for iteration
fnitialize sr? seqi¥nce for iteration
test for end of srci'sequence

‘st for énd of src? sequence

produce contete of cucrent state of srel sequence iteration
produce eonlel;u of current state of m; sequence iteration
move tp next location i srel sequence

movs to next location in sre2 sequence

*Consider using a singly linked list representation with a header cell which con-

taios a pointer to the first céll and a size as the data representation. The following

type declaration must be generated:

0 :

TYPE " ¥
LINK = "BODY; N L.
HEADER = RECORD

SIZE : INTEGER; (sgite field «)’
FIRST : LINK" (* ter to first )
i .
?  BODY -$RECORD ' & ¢
) ~
. .
AN
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Y . DATA : CHAR; (* data field +) ,
FWDRTR : LINK (+ forward poiter ) )
END;

.

The code fragments generated for the relation alggjithm using a siogly linked

list representation are the following:

-
<PARAM> { —>  .OPER:OP; SRCI,SRC2 : HEADER
<LOC_VAR> = VAR .
STSRC1,STSRC2 : LINK;

_ EFLAG,GFLAG,LFLAG : BOOLEAN;
<,\ccés.s_sgzx~:':' sre1> = sreLsize 7 >
<ACCESS_SIZE:SRC2> > SRC2SIZE

E <INIT:SRCI> > STSRCI := SROLFIRST;

<INIT : SRC2> e STSRC2 :== SRC2.FIRST;
<EOF : STSRCI> o STSRCI = NIL .

. <EOF : STSRC2> —> “smsRez=nL .
<NOW : STSRC1> - STSRCL DATA

. <NOW : STSRC2> = STSRC2 DATA -
<MOVE : STSRC1> =% STSRC := STSRC1" FWDPTR;
<MOVE : STSRC2> — STSRO? 1= STSRCZ" FWBPTR;

. %
The relation algorithm._ is ’ to the final i ntation by the .
. . inlige coding of the code fragments. P 5

FUNCTION RELATION (OPER : OP; SRC1,SRC2 : HEADER) : BOOLEAN:

VAR
STSRC1,STSRC2 : LINK;
. EFLAG,GREAG,LFLAG : BOOLEAN; .
BEGIN - e ' .




gt :

CASE OPER OF

EQ: BEGIN
IF SRC1SIZE <> SRC2.SIZE THI.'N - - L]
RELATION := FALSE
ELSE BEGIN
EFLAG := TRUE;
STSRCI := SRC1.| FIRST
STSRC2 := SRC2.FIRS’
WHILE NOT (STSRCl = NIL) AND NOT (STSRC2 = NIL) AND
EFLAG DO BEGIN
IF STSRC1°.DATA <> STSRC2'.DATA THEN
G "ALSE;

STSRCL
» STSRC2
END;
IF (STSRC1 = NIL) AND (STSRC" = NIL) THEN
RELATION = EFLAG

STSRCI".FWDPTR; * L
STSRC2".FWDPTR;

B RBLATION i FALSE
END “ @
END; — "

LT: BEGIN Lo
GFLAG := FALSE;
LFLAG := FALSE; : '
STSRC1 := SRCLFIRST; ’
STSRC2 := SRG2FIRST: o
WHILE NOT (STSRC1 = NIL) AND NOT (STSRC2 = NIL) AND
NOT LFLAG AND NOT GFLAG DO S&
IF STSRC1°.DATA < STSRC2".DATA THEN
'LFLAG ;= TRUE
"ELSE [FSTSRC1".DATA > STSRC2' DATA THEN
GFLAG :== [TRUE;
.STSRCI = STSRC1" FWDPTR
- "sTSRC2:= STSRC2' FWDPTR
END;
IF STSRC14= NIL THEN
{ IF STSRC2 = NIL THEN
% RELATION := LFLAG
ELSE
RELATION := NOT GFLAG

.

— RELATION := LFLAG '
END; <

GT: BEGIN .
GFLAG :=FALSE; Ve



LFLAG := FALSE; ~
STSRCI := SRCLFIRST;
STSRC2 :== SRC2.FIRST;
WHILE NOT (STSRC1 = NIL) AND NOT (STSRC2 = NILJ AND
NOT EFLAG AND NOT GFLAG DO BEGIN
IF STSRC1.DATA > STSRC2".DATA THEN
GFLAG := TRUE
ELSE [F STSRC1°.DATA < STSRC2'.DATA THEN
LFLAG := TRUE;
\ STSRCI := STSRC1* FWDPTR;

STSRC2 := STSRCI FWDPTR 4

END;

IF STSRC1 = NIL THEN
RELATION := GFLAG

ELSE IF STSRC2 = NIL THEN
RELATION = NOT LFLAG

. ELS
RELAT[ON . GFLAG
e END, ) 2
NE: RELATION ;= NOT RELATION(EQ.SRCLSRC2);
* LE: RELATION := NOT RELATION(GT,SRC1 SRC2);
GE: RELATION := NOT RELATION(LT SRC1,5RC2)
Y °
END .
END; { RELATION }

. The implementation derived for the relation algorithm Yhows that it is possi-
ble to test properties of the string absttaction by nondestructively iterating over the,
data representation.

e « The algsrithmy shown s this Section 8.0 and Table 4 have been implemented *

R Qe using fhe data repesentations showa i Section 5.0.

r . 1
. o ’
1
1 o
» - - /
; T -
" “
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9. Summary 1

The work preseated in this thesis was an investigation into the automation of

the implemention of a limited data absiraction (string) in a conventional program-
ing language (Pascal). (\

Gonventional data abstraction techniques such as procedural implementation
of the data abstraction and it set of opefations, encapsulation of design decisions

and hierarchical structuring of modules, at the implementation level, enhance the

software . ibility, reliability, and reusabil-
ity. However, with fonal data ion techniques, there are two problem

areas: the manual implementation of the data abstraction and its se¥ of operations,
and the effficiency of the resulting implementation. -
The general structure of the evet based program transformation technique
eda b scen fn Figure 1, An abstract-agorithm aotation is wted to represeat the pros
cess to be performed. The abstract algorithm contains events which are used lo
indicate points in the al;ovith‘ at which abstract operations are to be performed.
The system, when given a description of the data representation to be used, gen-
erates the code fragments which represent the implementation code for the data
shstesction operstins {events): The sbtrset slgorithm s trarstormed fnto the fual
. program by using an event based program transformation technique, where the
transformations take the form of text-for-text subiitutions for the specific instance
of an event and it implementation code (code fragment) n the abstract algorithm.
"The technique presented in this thesis has certaia advagtages: )
- ~ -
) " The event based technique is somewhat like a macro-processing tech-

nique.” However, the technique goes beyond ‘macro-processing in that it




g

(i)

1]

(iii)

=

N

(i)
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utilizes 3 knowledge based approach to code generation, since code gen-
eration is rule-based and depends on the attributes of any chosen
representation. In this context, the use of conditional macro ‘expansion
can be thought 35 3 prmidve form of knowedge cagnerin, based 00

the use of "if-then” rules.

Viewing the event sl jragrasn:sessaformantion tedhniguecas & e}yni-
tive form of knowledge engineering:

(a)  Conditional .code ‘generation is treated more ‘explishy: s

knowledge engineering.
(b)  The koowledge engineering is supported by the extraction of
" attributes from the data representation descriptor. R

The macro facility, which plants the op;l:!or implementation at the
point of call, s waed 0 pwersome the lasge dynamic or communication
overhead required when using conventional data abstraction techniques.
The ability to express an abstract algorithm and bave a system generate
the implementation details) at prmn(‘/(nn only be done for a fixed

abstraction with a lifited set of representations.

The:venll;uedp’nluxl ! ion technique has certain i age

The abstract algorithm at present can be used to traverse the data
abstraction in one dirction caly, ’ B

The abséﬂ algorithm is used to specify a’process ‘w be performed. It
should’ be written in terms of the data abstraction only, however, from

the point of fficiency jt was necessary in some cases to incorporate con-




dition code that was dependent on the data representation in use. The
. »
coce generated by using just the data abstraction form of the abstract

algorithm did mot meet the time and space requirements placed on the VA

B s
software system. For example, in the size algorithm, if the data represerf

tation has a size associated with it, it is easier to access the size com-

ponent rather than calculate a size. - .

There are a few stgps that can be taken to generalize the event b:\se\g,yrogr:\m
. 5 i

tansformation technique:

. (i) The set of available data representations may be extended to take in .

other data representations, such as, group substrings-in groups,

.. .

. (i) The abstract algorithm notation may be extended to incorporate other
‘
methods of iteration, such as backward scanning. -
(ii) A knowledge engincering solution to the problem may be appropriate.
-

implement a Prolog solution with a language independeat rule base and
use language speciflc rules to generate programs in the languages of your
choice. At present the system is implemented in Lisp and is used to gen- ,

erate Pascal programs. y

i (iv) Transformation techaiques to optimize' the resulting implementations,
such as, collapsing of loops, optimising selection, ..., may be incorporated
1o develop more eﬂiticn\l\("mplnmenlnlionu.

v ' A typical implementation can be seen in Appendix C and Appendix D. By

inspection it is obvioufThat many implemeatation decisions were made to derive

the programs. The event based technique presented in this thesis is concerned with

automating the implementation process and removing from the programmer the




.72
¢ AN

task of providing the implementation details of commonly used data structures. The
programming task should be performed at a higher level, where the programmer is
concerned with developing a solution to the problem and then letting an automated
process trasform the solution into ay.implementation in a particular prc‘)‘mmmin‘
lmgulge The programmer is (emovzyom the problem of provi ing the ifplemen-
tation delilll of a solution lnd does. nnl hive to concern hlmkll‘ with the mymxd of

. irrelevant details nq_uy)ud to implement the solution.
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{ mentation details.

the data nbmlmel in use:

'\ raises an impmm' question, Could conveationsl data abstraction technis

" forforther researet,

& T3 .

0. Qgnclusion ¥ 2B

C ional data ion techni

aid-in the algofithm design process

but do notbing to directly support the program code required to provide the imple-
. .
?

-
The event based technique presented in this thesis is concerned with automat-

®

“ing the process of i ing data ina
» s
Janguage. L4 t. > i
The event based" technique uses an abstract algorjthm notation to uprtsenl.
lhe process um. muu bé performed. ‘l‘lu abstract algorithmt is wnuen in terms ol
Sl

n general, data representaton independent. How-

ever, in certain cases, to dmve a more efi uent unplemenmmn. it is written in-

térms of the dau reptesentation mh
El

T & mn»l‘dny Gt i ineorporates Simple knowledge enginevring to

plant the abstract operators at the point of igvocation. L.
The need for both compile-time abstract operators (parameter specification,
focl varibe decharations. .) and run-time abstract opeatoes as requiremeats for

[ data i ism focuses

astomatic code seration; the

prim-rily on the use o& run-time abstract operators even though the compile-time

operators are of critical impbrtance’ from the implemedtation point of view. This ~

es be

wro; should mmpm.uml operators be more’ romnlly .ummdv This-is a wp.=

0.,v' \ ‘_‘--
Lz TeTE F )L/.
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Appendix A N

This appendix contains a jst of all'the routines that make up the string pro- /
-

cessing packag
/ edure append(var srel : tpel; re2 »typell);
{ the string srcl is exhndedw ing sre2 onto the end of srcl }”
=

{ :
. p \
/ procedure convert(sc : typel; var dst ﬁ'ypel‘;. - N %

{ the contents of strhhg sre is copiéd to the new representaion dst. This routine is only
generated when you wish to convert from ong, representation to another®)

x procedure copy(sre :typel; var dst : typel); ;
. . 3
{ the contents of string src is copied to dst string } i %
B . N
procedure delete(var stc : typel; pos : add; logth : integer); *
" { the src string is modified by the deletion of § number Ingth oharacters after a pusition
pos in string. When using Mnyu pos is integér and nlh?y/l}»gos is a pointer. }
‘ ‘
\
procedure empty(var dre : typel); ~
. .
{ the string stc is initialized to the empty s M
. - .
procedyge extract(src : typel; pos : add; Ingth : integer; .
¢ w var dst : type;
Y N .
{ the dst will contain a copy of the charaters in src starting from pos in stc and continuing
for a length Ingth. If an array npmentaunn is used, pos mll contain an integer,
j N - otherwise it will contain a pointer, } -

function Bad(sre,pat : typel) : add; %l
v

ing src is searched for the occurrence of-pat as a substring. The function returns

_~AU% position of Grst character of such an occurence. If an array representation is used, - %
the fanction will return an integer (o if the pattern’is not round] ,olhelwln it will

return a pointer (ail if the pattern is not found). }




function mdexo!(svc typel; pos : |nlqer) pointer;

{ the (nncllon returns the address of the character at thé pos location from the start. I
v.h: function passes the end of the string, nil is returned. Thm runcnnn is only

appropriate for linked representations. } -

R 2
procedure insert(var dst : typel; pat : typel; pos : add); B .

{ inmsert the pagrn pat after a given location in the dst string. Where location pos is cither
a pointer og depending ifn array or linked representation is used. Use 0 2 uil,
a8 approj

r =
procedurs pronvetlae s ypell o . J =
{ will print contents of the converted representation src }
‘ 1 .
procedure print(src : typel); i

{ will print the cgntents of the string representation src }

procedure putstring(var src : typel; value : char);

{ this will insert a single character value, at the end i of the string you are forming . }
[y

function relation(oper : op; stcl,src2 : typel) :-boolean;

{ the function returas the boolean value if'srel is EQ,NELT.LEGT,GE to src2. The Pperollnn
being determined by the oper parameter. }

r J/
procedure shift{var srcl : typel; loc,num,dif : integer); B

{ the function h.q':oprylale for arrays, it is'used to shift the remaining elements in an ~*

array, depending dn pos a certain number num, in either a left shift dir = 0 or ri| i
dir == 1, Used in the idsert and delete routines to make room for insertionor dele| ]

function size(src :’tyvvl) + integer;

{ function nlNﬂnlnuger which-Is a count of the number of items in string src. ) +

' *

s
insert in front of the string. } * -

e
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Note

Not all these routines are needed for every &is represeatation. The ones
4 - .

which may or may got be required are: convert,preavet,indexof aod shift. P

I
i ’
. # ..
» o %
i % -
. 7 “ .
» %
-— ‘ -
\ i
- .
.
¥ - .
& ;
1
Y : Yo R
o am—




i

D
“ END (+ APPEND +)

Appendix B s P

.
This appendix contains the form of the abstract algorithms that make up the

string processiog package. N

’ « . 3 -
The | aotation represeats 3 conlitional statement which is“gencrated if a

spmﬂed condition is true,.it is equmlen: to the conditional notation "ill-endil™
1
nommn shown in Setlmn 8.0. ~

The form of the abstract algorithms are the following: +

PROCEDURE APPEND ( <PARAM> )
nEcLS S

TSRCI := < ACCESS_LAST : SRCI> . =
TSRC1 := <ACCESS_SIZE : SRCI> .
<INIT : SRCI> - i 3
WHILE NOT ( <EOF : STSRC1> ) DO
<MOVE : STSRC1>
[STSRCI :== STSRCI -1 i
SRC1 :== PREVSRC1
{ STSRCL = <NULL_ADD> ) THEN
COPY (SRC2,SRCT) - _
ELSE BEGIN . et )
<INIT : SRC2> 4 4
[<INIT : BODY1>

WHILE NOT ( <EOF } STSRC”) ) DO BEGIN

- [<MOVE : STSRC1>

[<NOW : STSRC1> := ‘<NOW : STSRC2> ¢
’ <NOW : STBODY1> :== <NOW : STSRC2> ®
<MOVE : STBODY 1> .
MOVE : STSRG2>
END

; - )
< CLEMEUP> :

rnocawm«: conv:m-( <PARAM>)
<LOG_ e .
BEGIN ” . : -

<INIT’: SRC> :

<INIT : DST>
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WHILE NOT ( <EOF : STSRC> ) DO BEGIN

<NOW : STDST> := <NOW : STSRC)- i

<MOVE : STSRC> ~ .

<MOVE : STDST> . ™
END

"“<CLEAN_UP>
END (* CONVERT +)

PROCEDURE COPY ( <PARAL1>]
<LOC_VAR>
BEGIN
<INIT : SRC> L
<INIT : DST>
FWHLE NOT ( <EOF : “SRCKI ) DO BEGIN
<NOW :STDST> := <NO! STSRC>
<MOVE : STSRC>
<MOVE; STDST> W

END Iy R
<CLEAN_UP> .
END (* COPY+) _

PROCEDURE m:l:m (<PARAM> )
GIN

IF SIZE(SRC) >= POS + LNGTH THEN
SHIFT(SRC,POS + 1,LNGTH0)
[ <LOC_VAR>
BEGIN
<INIT : SRC,POS>
=1
WHILE NOT ( <EOF : STSRC> ) AND (I <= LNGTIl ) DO BEGIN
<MOVE : STSRC>/ .
Lim D41

END

[F 1 > LNGTH THEN
<CLEAN_UP> '

ELSE BEGIN

., WRITELN
WRITELN('s** ERROR TRIED TO DELETE PATTERN PASS END'|
WRITELN( OF STRING. PROCESS DELETE TERMINATED +++')
WRITELN X . A\

.

| Enp ° 4 re
END (+ DELETE +) LA

g
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PROCEDURE EMPTY ( <PARAM> )
BEGIN . !

<CLEAN_UP>
END (* EMPTY +) .

"' PROCEDURE EXTRACT ( <PARAM> )
<LOC_VAR> .
BEGIN E
—_— SIZE(SRC) < POS + LNGTH - 1 THEN
EMPTY(DST)

4 >
ELSE BEGIN - .
Ii=1
<INIT : SRC,POS>
‘s J <INIT: DST> N
© WHILE NOT ( <EOF : STSRC> ) AND (
1 <== LNGTH

)
DO BEGIN
<NOW : STDST> := <NOW : STSRC>
=1+1 - >
. <MOVE : STSRC> ~
. <MOVE : STDST> P
END ;
IF I <= LNGTH THEN
EMPTY(DST)

LSE - ’ ’ ;
<CLEAN_UP> rg -t

END (+ EXTRACT +) ' L

- ¥,
o B FUNCTION FIND*( <PARAM> ) : <FN_TYPE>
“ <LOC_VAR> .

BEGIN - ¢
LNGTHSRC := SIZE(SRC)
LNGTHPAT := SIZE(PAT)
IF (LNGTHSRG = 0) OR (LNGTHSI‘(C < LNGTIIPI\T) TIEN
@ FIND :m <NULL_ADI
ELSE BEGIN Y ¥ " .
.- P g1 "o % § . . LE
* FLAG := TRUE / Y
ULEFLAGDOBEGIN -
[STSRC :m G” g 4 .
. [STSRC := mnsxonsnc 1T . "
c XTRACT(SRC,STSRC, LNGTuPAT us-r) . N




© END
END (+ FIND *)

FUNCTION INDEXOF ( <PARAM> )}fl’NK
C_VAR CH

IE, (RELATION(EQ,DST PAT)) THEN BEGIN
FLAG :== FALSE
FIND := STSRC 3
END ELSE BEGIN
I=l+1
IF LNGTHSRC - 1 4+°1 < LNGTHPAT THEN BEGIN
_FLAG := FALSE -
FIND := <NULL_ADD> = i 7
END
END 7

<LOC_!

BEGIN *

<INIT : SRC>
LOCSRC := NIL
I:=1
FLAG := FALSE
WHILE NOT ( <EOF : STSRC> )AND NOT FLAG DO BEGIN»
IF I = POS THEN BEGIN .
FLAG := TRUE o
LOCSRC := STSRC .
END ,
=141 .
<MOVE : STSRC>

END 3
IF LOCSRC == NIL THEN BEGIN
WRITELN
WRITELN('*++ ERROR TRIED TO GET ADDRESS OF POSITION')
PASS END OF STRING')
PROCESS INDEXOF RETURNS NIL')

B . S
INDEXOF := LQCSRC % ¥
END (¢ INDEXOF ¢) N !
' s
g ,
Pnocsoum: le:nr( <rifj> )\ e
<LOC_V. )
BEGIN ¢ -

[IF POS <= SIZE(DST) THEN BEGIN .
. <INIT:DST,POS> . . +



\}’
N -

<1NIT : PAT> -
WHILE NOT ( <EOF : §TPAT>) DO BEGIN
<NOW : STDST> :=|\<NOW : STPAT>

<MOVE : STDST>
_ <MOVE;STPAT>
* _END o
END
ELSE BEGIN
WRITELN

WRITELN('+++ ERROR TRIED TO INSERT PATTERN PASS)) .
WRITELN('+++ END OF STRING')
WRITELN('+++ PROCESS INSERT TERMINATED')
WRITELN
END .
<CLEAN_UP> .
END (+ INSERT +)'

- - ‘ .
PROCEDURE PRINT ( <PARAM>) ‘
<LOC_VAR>
BEGIN
<INIT : SRC>.
WRITELN ¥
WHILE NOT ( <EOF : STSRC> )DO BEGIN
WRITE(<NOW : STSRC>)
<MOVE : STSRC> - .
-END
WRITELN
. WRITELN
END ( PRINT #)

PROCEDURE PUTSTRING { <PARAM> )
: <LOC_VAR> - .
BEGIN § )
<INIT : SRC>
[<INIT : SRCBODY > =
IF_<EOF : STSRC> THEN .
[ENOW : SRCBODY> t= VALUE s A
[ENOW : STSRC> :exVALUE
ELSE BEGIN
TSRC 1= <ACCESS_SIZE": SRC> + 1
TSRC :ms <ACCESS_LAST : SRC>
WHILE NOT ( <EOF : STSRC> ) DO
MOVE : STSRC> * L
RC 1= PREVSRC :




[NOW : STSRC> := VALUE
[SNOW : SRCBODY> := VALUE

END

<CLEAN_UI

UP>
END (» PUTSTRING *)

s F F

FUNCTION RELATION ( <PARAM> ) : BOOLEAN
<LOC_VAR> N

BEGIN
CASE OPER OF

EQ: BEGIN

-

LT: BEGIN
GFLAG :

RELATION
ELSE BEGIN
EFLAG := TRUE
<INIT : SRCI>
<INIT : SRC2>
WHILE NOT (<EOF : STSRC1>) AND NOT (<EOF : STSRC2>) AND
EFLAG DO BEGIN
IF <NOW :STSRCI> <> <NOW : STSRC2> TIEN
EFLAG = FALSE - .
<MOVE : STSRC1> . \
<MOVE : STSRC2> :
END
IF (<EOF ; STSRCL>) AND (<EOF : STSCZ>) THEN
RELATION := EFLAG

[F(ACCESS SIZE SRCl> <> <ACCESS_SIZE : SRC2> TllEN

ELSE . -~
RELATION := FALSE B
ND V4

LFLAG := FALSE ' -
<INIT : SRC1> #
<INIT : SRC2>
-WHILE NOT (<EOF : STSRC1>) AND NOT (<EOF : STSRC2>) AND
-NOT LFLAG AND NOT GFLAG,DO BEGIN
\iF <Now : :STSRC1> <"<NQJY : STSRC2> THEN
"LFLAG := TRUE
ELSE IF <NOW : STSRC1> > <NoWw : STSRC2> THEN
GFLAG :=, TRUE
<MOVE : STSRC1> 5 =i
<MOYE; STSRC2> * - :
END ¢ 5

IF <EOF : STSRC1> THEN &
IF <EOF : STSRC2> TIEN
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RLL/\T!ON = LFLAG

ELS|
RELAT ON := NOT GFLAG

ELATION-= LFLAG . "

<INIT: SRCL> . ¢
<INIT : SRC2> - t
WHILE NOT/(<EOF : STSRC1>) AND NOT(<EOF STSRC2>) AND
® - NOTLFLAG AND NOT GFLAG DO BEGIN .
. IF <NOW : STSRCI> > <NOW : STSRC2> THEN
4 GFLAG = TRUE
ELSE IF <NOW : STSRCI>_< <NOW : STSRCZ> TIHEN i
LFLAG := TRUE ~ . v, %
<l(|ovE :STSRC1> 5
<MOVE:STSRC2> .+ ° -
EN ~ : -
IF <EOF 43TSRC1> THEN B
. RELATION := GFLAG
ELSEF' <EOF': STSRC2> THEN
RELATION := NOT LFLAG

ELSE .
RELATION := GFLAG < “

END -
NE: RELATION := NOT RELATION(EQ SRC1 SRC2)
LE: RELATION := NOT RELATION(GT,SRC1,SRC2

GE: RELATION :=NOT RELATION(LT,SRC1,SRC2) . .

END
END (+ RELATION +)

" PROCEDURE SHIFT ( <PARAM>)

<LOC_VAR>>

LGIN

LAST :m <ACGESS_SIZE :SRC>

STSRC 1w

WHILE NOT ( <EOF : STSC> )00
STSRC im STSRC + 1

LAST := STSRC
DIR = 0 THEN sEcuh

STSRC tm LOC;:
*WHILE/STSRC <= LAST - NUW BEG lN \
NUM> R

© % <NOW:STSRC> : :-1<NOW (STSRC +

STSRC == STSRC + ¥ & e




END
END ELSE BEGIN *
STSRC := LAST

WHILE STSRC >= LOC DO DLGIN
+(STSRC + NUM)> : = <NOW : STSRC>

<NOW :
STSRC t= STSRC - 1
END .- .
END . %
<CLEAN_UP> W,
END (» SHIFT ») E

Ul KSIZ ( <PARAM> ) : INTEGER
GIN
ACCESS _SIZE : SRC> |

<LOC.VAR> .

<INIT sRO> 4
1:=0 ‘

*WHILE NOT ( <EOF ¥ sTSRC> ) DO BEGIN
~ <MOVE : STSRC>

Iv=1+1
END . %
SIZE:=1

[END (+ SIZE +) . :
. v e
N
® L.
.
.
. A\
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~ N ‘ ’
P
~ o T
4 - . .
: 4 + - -
kS hl . 4
(] [N w "
- T
weh ey
L

-

3




-3

/

“Appendix C

file modes. =Y :
maces: .

* To run the system, a user must call the lisp interpreter and load the system.

The rnllomng isa ulnple sesgipn using interactivé mode:

. Opus 38.79 8 (
-> (include system ) b

* [load system.l] .

load declaration.l] .

load misc.l) o

load subst.] n

load generaly] :
load oat.l]

load interface.l]

load operators/access.l]

load operators/eof.I]

load operatots/loc_var.l]

load operators/now.|] .

load operators/param.|]

load operators/clean_up.I] ;

load operators/init.]

load opetators/move.l]

load operators/op_set.|| '

t
-> (interface) , © o &
elcome

This system is used to create a string processing
package in Pascal.

The syslzm has the ability to create a string processing
package using various internal data representations,
ie. arrays, lists and rings.

The system bas two ways of interaction with the user.

The user may give a in the internal
ina fle or amenu styley =

Do you wish to use the menu type approach? (y ot a)
y LA

" Do you wish to have etror messages output when you use the package

v This appendix shows the running of the system i either interactive or data




and make a blatant error? (y or n) L .
L] .

Which type of representation do you wish to use? S
/. amay (array)- ~ . .
singly linked list (list)
doubly linked list (dlist) . 5™
singly linked'ring (ring) E 3 §
doubly liaked ring (dring): - .
N dlist

. Do you wish to supply names for the fields of the data . =
/'\} representation? (y or u) _ g . S
LI s

Rt

Do you wish to bavé a header cell? (y orn) - |
y . : .

.
Do you wish to bave 3 pointer to the |m.Qu' (yorn)

Do you wish to have a size associated with the string? (y or n)
- .

Do you wish to convert to a new representation? (y of n)
o %
To control the names on the output fles, please specify a
number to be used in Mrming the names.
. 200 . 5

<< Code generation sequence start >>

<< Code generation sequence end >> %
The resulting program is n fle ‘output/code 0.,
The abstract algorithms used are in le ‘output/algor200',
The code fragments used are in ile ‘output/oper200",

A copy of the systems internal representation can be T B .
found in 'data/data200.1". 3 . .

A copy of the Pascal data descriptor can be found
in ‘output/descrip200', —_—




Have a nice day. Good Bye.

t
-> (exit)
To use the system in dita file modd the following is 2 sample session:

% lisp § .

Franz Lisp, Opus 38.79 . . g 3

-> (include system.l)
loadsystem.l] - v

load declaration.| ||

load mis . ¢

load wubst.]] * = . '

load general.lf | ’

load out.l] - R 2

load interface.]] T e,

-[load operators/access.l] * L
load operatofs/eof.l] ‘

. - [toad operators/loc_var.l| s

load operators/now.I] .

load operators/param.l]

load operators/clean_up.l] -

load operators/init.I] -

load operators/move.l]

load operators/op_set.l] 2

t
=> (interface;
( ) ¥ % ~
‘This system is used to create a string processing +
package in Pascal.

The system hn the ability to create a string processing . N
package using various internal data representations,
sie. arrays, lists and rings.

The system has two ways of Intemclm&wllh the user. |
‘The user may give a in the internal i ] —-—
in a Ble or a menu style. ..

Do you wish to use the menu type approach? (y or n)

o

Input the name of the flle that contaias the speification of

“the data representation to be used: .
5T/ data200.1 B




. To control the namesGa the output files, please specify a°
B number to be used in forming the names.
200

<< Code generation sequence start >> =5

<< Code generation sequetce end >>

The resulting program is in e 'output/code200.p" . .
‘The abstract algorithms used are in-R1& output/algor200"." -

Th code fragments used are in e 'outpul/oper!’DO'A )

A copy of the Pascal data desériptor ca be found
- in "output/descrip200'. ’ —

Have a nice day. Good-Bye.

t &
> (exit) v i
The internal representation for a doubly linked list with a pointer to last and

asize is the following: Y ]

(setqspéc .
'((structure dlist) %
(body1 (name . body) .
(data . data) . : : .
. (*forward . fiwdptr) . -
« ('backward . bkptr)) 3
(header1 (name . header)
. (‘b frst) .
(“last . last) - i
. (size . size))))
V- . i (setq errflag 'nil)

From the field names and the previous example the meaning of the internal &

representation ia obvious.




Appendix D

“This appendix contains the listing of the program generated to implement ‘f

doubly linked-list representation with 2 pointer to last and 3 size, 3 described in
Id .

Appendix C.

The implementation is the following:

program prog(input, output);
type

op = (EQ, NE, LT, LE, GT, GE);
link = * body;
header ="

record

data:'char;

bkptr: link;

twdptr: link
end;

function size(src: beader): integer;
begin 2

size ;= sre.size
end; { size

var
i: integer;
locsc, starc: link;
fag: boolean; <

begin .

* stsre 1= sre.first; -
locsre := nil;
=
fag = false;

while not (stsrc = nil) and not fiag do begin

il i == pos then begin
flag == true;
locsre :w stsre

function indexof(ste: header; pos: integer): link;



stare ;== stsre” fwdptr *
end; . ”
indexof ;&= locsre
o

{ indeof ), “ )

" \
procedure copy(sre: beader; var dst: header);
var -

. sterc, stdst, prevdst: link;
begin

prevdst :m nil;
while not (stsrc = nil) do begin
- stdst”.data :== starc™ data; 5
starc T== stsrc” fwdptr; ¢ k .
prevdst = stdst; i

b By Gl
. new(stdst); 5 =

stdst™.bkptr := prevdst; B Y
prevdst ' .fwdptr = stdst
end;
if pnvdn == pil then begin’
dst.size = 0;
dstdast ;= nil;

- ) dst.first := nil S f
e ———endeeloebegc—— -

dat.sine i src.sine J

* prevdst: fwaptr i il
dot.fimt” bkptr := nil

end; —

dispose(stds)
end; { copy ) .
function relation{oper: 3;
var

stsrel, stare2: link; .

eflag, gflag, 1Bag: boolean;

e - =

stel, sre2: header): boolean;

case oper of
EQ:

belm
ifsrcl.size <> src2.size then
relation :m false
else be;ln >
eflag ;== true;
. starcl = srcl.first;
stare2 :m= gre2.frst;




- * while not (stsrcl = fil) and not
{stsrc2 = nil) and eflag do begin
tsrel“.data <> stsgp2”.data then

= false; .
. o ., c=false;” | -
stsrel 1= srel.first;
. stsre2 t= sre2.first;
" 5 R while not (stsrcl = nil) and not*
: (stsrc2 = uil) and not lfag
and not gflag do begin
stsrcl.data < stsre2”.data then
Ifag-= true .
+_elseif stsrel” data > stsre2” data then

gliag o= true;
"‘ o stsrel i= stsrcl’ fwdptr;
h A # stsrc2 = stsrc2”.fwdptr
: end; .
if stsrcl == nil then
if stsre2 = nil then*

in
= gflag := false;
lfag = false;
starcl ;= srel.first;
starc2 ;== src2.fir
while not (starcl == nil) and not -
’ (stsrc2 = nil) and not lfag
= and not gag do begin
if stsrcl”.data > mnz‘.dm then
glag = true

[




4
>
g o e
5
v
¥
'
./‘

rue; R
stsrel” . fwdptr;
= storc2”.fwdptr

~end;
Y stercl = nil then
relaion ;= gag

*J else ifstarc2 K nil u@.

relation = not Ifiog
else
relation := gflag %
end; v

ulnllou = nnt. nlman(EQ, sl:l src2);
LE:
¢ | relation := not relation(GT, sr:l sre2);
GE:
relation i= not relation(LT, srct, src2)
ent B
end; { felation } ¢
proczdlne putstring(var src: header; value: char);

va
sluc, srébody: link; =
begin .
* stsrc 1= src.first;
new(srebody); -
if stsrc == nil then
srcbody *.data ;= value
else begin
starc 1= src.last;
stcbody".data 1= value.
end;

. sre.size = sre.size + 1;
src.Jast = srcbody;

if stsre == oil then begin

sre.frst := srebody;

k

stcbody " bkptr := nil;
stebody” fwdptr := nil
end else begin
starc” fwdptr. ;== srcbody;
srebody *.bkptr := stsrc;
srcbody ", fwdptr := nil
d

en
end; { putstring }

procedure empty(var src: header);
begin :




stesize = 0; f
stelast = nil;
sto.rst = nil

end; { empty }

procedure delete(var stc: header; pos: link; Ingth: integer);
var .

|fpoﬁ == nil then . 1
stare 1= sre.first \ -
el ek |
stsre 3= pos”.fwdptr;.
=1
while not (stsre = ml)nnd (i <= Ingth) do hegm
ll.uc = stsre .|

> Ingth then begin
sre.size = sre.size - lngth;
if ststc = nil then
sre.last = pos
else .
statc”.bkptr = pos;
it pos = nil then e
src.first i= stsrc
else
pos”Yedptr 1= stsrc

en
end; { delete }

procedure append(var stcl: header; stc2: header);
var
starcl, stsre2, stbodyl, fratbody1, prevbodyl} link;

stsrcl := srcl last;
if stsrel == nil then
| copy(stc2, srcl)
else begin |
stsrc2 == src2.first; rd
new(stbody1); = )
. tmtbodyl = stbodyl; i
prevbodyl iws stbodyl; |
while not (stsrc2 = nil) do begin -
stbody 1" data i= starc2"data; |,
/' prevbodyl e stbodyl;
new(stbody1);




dupole(lldn)
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stbody 1° bkptr :
prevbody 1 fydpti := stbodyl;
stsre2 := stsrc2”.fwdptr
end;
dispose(stbody1);
if frntbody1 <> prevbodyl then begin
= srcl.size + src2.size;
srcl.last := prevbodyl; .
 frntbody1”.bkptr ;== starcl;
starel”.fwdptr := fratbodyl;.

prevbodyl twdptr i= il S
2 N .
end o L s
Jlnd.( -wn\d). o F .
procedure extract(sr: header; pas: B

| link; lngth: integer; var dst: header)
Yar

i ”

suu udu prevdst: lmk ) -0

begin -

iy

stsrc == pos;

new(stdst);

dst.first ;= stdst;

prevdst := ail;

while not (stsrc = nil) and (i <= Ingth) do begin
stdst” data 1= st data;
Premit 1
stare == starc® !wdptr, il
prevdst = std:
new(stds :
Jstdst’ bkptr := prevdst;
prevdst” fwdptr := stdst

end;

if i <= lngth then

o

Wiihony
else if prevdst = nil then begin

end else qu
tsize == lngth; .

fwdpty, == nil;
dnﬂm ‘bkptr im nil




end; { extract }
s / ’
!uncuon nd(sre, pat: header): link;
In;thlr:, Ingthpat, i integer;
: lin
du henler.
lh' boolean; _

. Innhm =
lngthipat == size(pat);
if (Ingthsre = 0) or (In;tlnrc thpat) then

. ﬂmg
whil hag = true do begin
stare ;= indexof(ste, i);
extract(sre, stsre, Ingthpat, dst);
if relation(EQ, dst, pat) then begin
flag := false; °
find = stsre
—end else begin R
. =il
. : if lngthsrc - i + 1 <, Iogthpat thep begin .
——— L flag := false;
find := nil
end
end
~-end -~
end : : -
end; {ind ) ¢ .

procedure print(src: header);

starc ;== src.first;

writelo;

while not (stsrc = ail) do begin
- write(stsre *.data);
starc == stsrc”.fwdptr

) end;
¥ writeln; o
, writeln - b
end; { print }
: . procedure Tnsert{var dst: header; pat: header; pos: link); ‘
-
. -

@




var
stdst, prevdst, frontdst, backdst, stpat: link;

begin

endh
end; (Vibsert }

begin

null

end.

prevdst = pos;
new(stdst);
if pos = nil then begin
backdst := dst.frst;
frontdst := stdst
end else
backdst ;= pos.fwdptr;
stpat = pat.fiest;
while not (stpap == nil) do begin ;
lst" .datd" = stpat" .data;
< if prevdst <> nil then begin
+ ., stdst".bkptr := prevdst;
prevdst” fwdptr ‘= stdst
end; . B
prevdst ;= stdst;
new(stdst);
stpat ;== stpat”.fwdptr
end;
dispose(stdst);
if prevdst <> pos then begin
dat.size == dst.size + pat.size;
prevdst” wdptr := backdst;
if yukdsl<> nil then’
backdst " bkptr := prevdst
else
dst.last ;= prevdst;
if backdst == dst.first thed begin
frontdst” bkptr :== nil;. *
- dst.Brst ;= frontdst




" Appendix E’ g T

This appendix contains the the same program as Appendix D but with.error

messages included. . - =2
The lmnlemantanon generated is the rollawm s . , s -
program pmg(mpul, mu.pm.), w . - . Lo

. = (EQ NE, LT, LE, GT: GE), . .
“lick = * body; . |

P L T
teger! © T . . y
:link;

data: char; 2 . G T R s =
 bkptr: link; N A7
fwdptr: link . . .

end; .

function size(src: header): i.m.% . ° n L v e
begin, _ . '

size 1= ste.size . PN .
end; ( size } i . . ’ 4

. function indexof(src: header; pos:
yar " N . g L5
is integer; G -
Jocsre, stere: link; ”
N flag: boolean; . @ =
begin & . L
starc = src.finst;, . . . . #
locsre ;== nil; o
i1y i .
flag :== false;
while not (stsrc == nil) and not flag do begin
it i = pos then begin 5
- flag = true; ® . o =
locare ;== stirc . *

|41 P
stare'i== state”.fwdptr 8
end;




writeln;

writeln(
writeln(
writela("

if locsre == nil then begin-

- 101 - *

‘

ERROR TRIED TO GET ADDRESS OF %
POSITION PASS END OF STRING 7,

PROCESS I

EX RETURNS NLL ');

writeln .
end; .
= locsre

I end; { indexof }

. procedure copy(sre: header; var dst:
Lo . var il - r <
" starc, stdst, prevdst: link; . 4
: . begin & 3
s . starc me src.fi
. new(stdst);
dt.first = st
. v L . prevést = nil
. ’ = while not (starc = nil) do begin
stdst”.data := stsrc”.data;
stsrc 1= stsrc”.fwdptr;
prevdst-testdst; .
. new(stdst);
 stdst”.bkp!

L

r 1= preydst;
prevdst” fwdptr := stdst

if prevdst = fil then begin
v dst.size ;= 0;

. " 3
end else begin .
dsbsi -src.size;
prevd

. prevdst”.fwdptr ;= nil;
© dst.first”.bkptri=pil ‘-

end;
dispose(stdst) 3
. ; end: { copy'}

function selation(oper: op; stcl, src2: header): boolean;
var [
iy '
starcl, stare2: link; |
eBag, gflag, Ifag: boolean; . -
sin = 5

A case oper of 8

. & B -

< < begfd : N

it srclsize Ag stc2size thién -
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relation := false
else begin .
. i eflag == true;

* . stsrel = srcl.first;
stare2 1= ste2.first;
while not (stsrcl = nil) and not

 (stsre2 = nil) and efiag do begin
ifStsrel” data <> stare2” data tben
- eflag 1= false;
sv.ml lwdpu,
stsfe2” fwdptr

if (stsrcl = nil) and (stsre2 = nil) then
relation := eflag -

Iflag := false;
stsrel = srel.first;
stsrc2 ;== sre2.first; .
while not (stsrcl == nil) and not
» (stsre2 == nil) and not Iflag and
not gflag do begin
if stsrcl-data < stsrc2” data then
. Ifiag 1= true
else if stsrc1”.data > stsrc2” data then
gflag = true; .
. 2 ssgsrel = stsrcl”fwdptr;
starc2 == stsre2”fwdptr
end;
if stsrel = nil then
re if stsrc2 = nil then
) relation 1= Ifiag ]
. else '
g relation :== not gflag

se
relation ;= |fag .

begin
' gag i false]
: Iflag == false;
starcl = srel.first;
starc2 = sre.first; 5
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while-not (stsrcl = nil) and not
(stsre2 = nil) and not lfag and
not ghag do begin
if stsrc1”.data > stsrc2”.data then
T T g = true
= else if starcl*.data < stsrc2”.data then
Iage= true;

if storcl = mil'then *
relation := gflag
else if starc2 = hil then
relation := not lfag 8
else
. relation := gllag

.

. NE: .
"\ relation := not relation(EQ, srcl,src2);

o LE:
\ relation, = not relation(GT, sre, src2);
\GE:

elation :== not relation(LT, ml sre2)
end
end; { relalion }

procedure putetring(var src: header; value: char);
var
stre, srebody: link;

begin
stsrc ;= src.first;
newlsrcbody);
if starc = nil then =
srcbody* data = W
- seclast; § 7

sre.size = sre.size + 1;
stc.last i= srcbody;
tsrc = nil then begin

stebody " fwdptr == il
end else begin

starc” fwdptr == srebody:

srcbody .bkptr ;== starc;

stcbody*.twdptr ;= il
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end
end; { putstring }

procedure empty(var sre: header);

src.first = nll .
end; {‘empty }

procedure delete{var src: header; pos: link; Inglh fnteger)

var A

ic integer; .
: link;

begin
if pos = nil then .
sterc 1= sre.first | 5
dse - 3
st == pos” fwdptr
R
“Shile ot (stare = i) and i <= Ingth) do begin
stsre ;== stsrc”.fwdptr;
=i+ 1

end;
it i > logth then bey
sre.site = sre.size -'ingth;
if stsrc == nil then
ste.last 1= pos
else — §
stsre” bkptr = pos;
if pos == nil then
stedrst i= starc %
else
pos”.fwdptr := stsrc
end el!e begin

. end: ( delete } . : -

procedure append(var srcl header; src2: header);
var

* stsral, starc2, nbndyl frntbody1, prevbodyl link;
begin

stsrel im= srel.last; .




7

- /
if starc1 = nil then .
copy(src2, stcl)
else begin
starc2 = sre2.first;
new(stbody1);
fratbody] := stbodyl;
prevbody1 := stbodyl; .
while not (stsrc2 = nil) do begin
stbody1*.data := stsrc2".data;
prevbodyl == sthodyl; -
new(stbody1); .
stbody1” bkptr = prevbodyl;
prevbodyl®.fwdptr :== stbody1;
- starc2 == starc2’ fwdptr K
end; \
dispose(stbody1);
if frotbodyl <> prevbodyl then begin
srel.size 1= srclisize + src2Fize;
srel.last := prevbody1;
fentbody1” bkptr := stsrct;
stsrel” fwdptr := fratbody1;
prevbody1”.fwdptr := nil

end

end
end; { append }

procedure extract(src: header; pos: link; Ingth: integer;
var dst: be:

var
it integer;

stste, stdst, prevdst: link;
gin

i1
L Stare := pos;
new(stdst);
dstrst 1= stdst;
prevdst c= nil . .
while ot (stsrc = oil) and (i ‘<= lngth) do begin
stdst”.data == stsrc” data;

=il
stsr c= starc”.fwdptr;

prevdst st;
new(stds
stdst”.bkptr == prevdst;
prevdst” fwdptr e stdst
end; —
if { <== Ingth then .
empty(dst)




-106-

else if prevdst = nil then begin
dstsize == 0;
dst.Jast ;= il
dst.first = nil

end else begin
dst.size := Ingth;

dst.first” bkptr := nil

end;
dispose(stdst)
end; { extract }

function find(src, pat: header): link;

ar
Ingthsre, Ingthpat, i: integer;
stsre: link;
dst: beader;
flag: boolean;
begin p
Ingthsre := size(src);
Ingthpat := size(pat);
if (Ingthste = 0) or (Ingthsre < Ingthpat) then
find := nil
else begin
i=1
flag 1= truer
hile Bag = true do begin
T indexoffsre, 1
extract(src, stsrc, Ingthpat, dst); &
if relation(EQ, dst, pat) then begin -,
fibg := false;
find := stsre
end else begin i
=i+l

i Ingthsre - i + 1 < Ingthpat then begin

fag = false;
find := nil
end
end
end
. end .
end; { find } /

procedure print(src: header);
var )

begin
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stsrc ;= src.first;

writeln; '

while not (stsrc = nil) do begin
write(stsre " data);
starc 1= starc”.fwdptr

end;

‘writeln;

writeln

end; { print }

procedure insert(var dst: header; pat: header; pos: link); .
var
stdst, prevdst, frontdst, backdst, stpat: link;

if pos == il then begin
backdst :== dst.first; .
" frontdst ;== stdst
" end else
backdst i= pos”.fwdptr;
stpatim==-pat.first;
while not (stpat == nil) do begin
stdst.data = stpat” .data;
. if prevdst <> nil then begin
stdst” bkptr := prevdst;
prevdst’ fwdptr := stdst
end;
prevdst = stdst;
new(stdst);
stpat == stpat”.fwdptr

dispose(stdst);
if prevdst <> pos then begin
== dst.size + pat.size;
fwdptr :== backdst;
if backdst <> nil then
backdst .bKptr := prevdst g
else °
. dst.last e prevdst; i
if backdst == dst.first then begin
frontdst” bkptr :== nil;
. dst.frst ;== frontdst
end *

end .
end; { insert } o

begin
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