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Abstract
We describe a program query and transformation languR@&.L for short, a
general-purpose, end-udevel language to specifprogram transformation®QTL
provides a basigor automating program transformations in software evolution,
conversion and re-engineering. RQTL, we specifyprogram transformations in
terms of thdogical program design model. Separationtloé logical programdesign
model fromthe actuamechanisnused to compute arsglore prograndesigns allows
us to design a generic program transformationl. The generic tool can be
customized to the needs ofspecific program transformation project, i.e., to the
source language,tgpecificprogram transformation rules and toiaternal program
representationPQTL is an extension ofPQL, a program query language, that we
use to specify program queries in the interactivanalysis of programs for

understanding.

Introduction

Two types of program transformations are needed in software evol@aue-to-code

program transformationsrestructure code tamprove programreadability or re-engineer

programs to new software/hardware architectures. In softwagrgineering [4], which is the

most complex coe@-to-code prograntransformation task, prograntesign itself is modified

and the program code is re-generated according to thelesgn plan. Examples ebftware

re-engineering projects include migration from COBOL filas to arelational database, re-

designing programs into the client-server architecture aranging the implementation

technique(e.g., re-designing a procedural program int@ Object-Oriented architecture or

migrating COBOL programs into a CASE tho Reverse engineering program

transformations extract design abstractions frontode for the purpose of program

understanding, modification or re-engineering. We observe thahyirbut trivial program



transformation task, weneed some program design information to guide program
transformation process.

Generally,the more sophisticated program transformation taskhititeer levelprogram
design information is needed to accomplish task. Fig. 1 depicts programansformation
tasks of various degrees @dmplexity. A PKB(Program Knowledge Base) is a repository of
low level program design abstractionsuch as program syntax trees attributed with semantic
information, controflow graphs,dataflow relations,procedure a&ll graphs, etc. ThRefronte
(Fig. 1) is areverseengineeringfront-end that extracts lowevel designabstractiondrom
source programs and stores them in the PKB.

The PKB assists in recoveringigh level design abstractions(stored in Design
Knowledge Bases, DKB in Fig. 1). These design abstractioase recovered bwypplying
heuristic rules, byiltering lower level desigrabstractions and with theditional input from a
domainexpert. Anexample of aheuristic rule is mapping of files t@ntities and foreigkeys
to entity relationships in recovering Entity-Relationship (ERYa models [2] from file
structuredefinitions [10]. An example of areverse engineering filteris slicing a possibly
huge procedure call graph, based ondhalysis ofdatacoupling betweerprocedures [10]
(the objective heremay be to identifyprocedures that should be packaged into a module). An
example of annput from a domain expert is the selection of meanifuly namesfor data
during data restructuring odeciding which filesrepresentwell defined application domain
concepts and should be mapped to entities in thel&&model. As indicated in Fig. 1, the

design abstractions stored in the PKB and DKBs assist in program transformations.
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Fig. 1. Types of program transformation projects

We developed a notationalledprogramquery language RQL for short), forspecifying
program patterns and program quer{&s3,9]. PQL provides a user interface for static
program analysis tools that help in program understanding by answering programmer’s queries
about programs. Inhis paper, wedescribe an extendedQL, called program query and
transformatioianguageRQTL for short) to specify program transformatioRTL provides
a basidor building tools toassist in program transformation projects. The main contributions
of the PQTL are itssimplicity and generality. Weseparated the program transformation
mechanism fromthe actualmechanismused to compute andtore the prograndesign
information. We express program transformations in terms oflaieal program design
model. Toolsbuilt on the PQTL are adaptable tdifferent source languages, cavork with
different program design representatioredia andprovide aflexible mechanism to define
program transformation rules.

Most programconversion and re-engineeritasks cannot baccomplished irone shot.
Therefore, we assume arcrementalprogram transformation process, witldamainexpert
participating in the process and providing additional inputs [10].

The issue of computing lowevel desigrabstractions and storing themtire PKB by no
means is a triviabne. However, thehysical medidor the PKB will not beaddressed ithis
paper.Many authors [1,5,6,7,11,13] described, evaluated and compared vaniedia to

represent program design, such as relational databases, special-purpose databases, Object-
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Oriented data bases, PROLOG, attribaytetax tress, program dependence graphshyoad
media thatintegrate relational databasé@® store global program designs) with attribute
syntaxtrees(to storedetailed program design information). We rdfez reader to the above
sourceslin this paper, we shall describe a method for specifying program transformations in
terms of logical program models rather than in terms of their physical representatien.
reasonwhy we address program transformations at the progdamsign representations-
independentevel is that weare looking forgeneric solutions to program transformation
problems. In [9], we described how progrdesign queries can be addressetth@language-
independent way and [A0] we described thelesign of a generic reverse engineetog. In
development of database applications, we discovered longagmeéhebenefits of separating
the physicaldata representatiofiom the logical datamodels. By doing this, we can write
flexible database applications independentlyth@ physicalstorage for datarhe aim of this
paper is to present a program transformation language that is based on the logical program
design model. Wehow howthis language facilitates the design of a generic and flexible
program transformation system.

The paper is organized as follows: in the next section alassify program

transformations. Then, we describ®TL and examples of program transformationB@TL

2. Classification of program transformations

Program transformationsnvolve program code and a progranmdesign model.
Code-to-coderansformations have the following formats:
(1) ccTrivial : Code— Code
or
(1a) ccTransf: Codex PKB - Codex PKB
or
(1b) ccTransf: Codex PKB - Codex PKB x DKB
or
(1c) ccTransf: Codex PKB x DKB - Codex PKB
or
(1d) ccTransf: Codex PKB x DKB — Codex PKB x DKB
We observe that even simple transformations such as renamvagiaifle X to Y in a
program require some knowledge of program design. In the casmarhing variables, we

must distinguistoccurrences of X as adentifier fromother occurrences of X in the program



text. We may also need tatake into the account prograstoping rules. Code-tcode
transformationgmay involve low level designabstractions (PKB) and/drigh level design
abstractions (DKB). Transformatiomsay affect PKB, DKB orboth. Variants lald of
code-to-code transformationgflect these situations. Transformations la and llallysu
correspond to simple program conversiomBile transformations 1c and 1d reflect software
re-engineering projects.

Reverse engineeringor: code-to-desigh transformations havene of thefollowing
formats:

(2a) revTransf Codex PKB - PKB

or
(2b) revTransf: Codex PKB - PKBx DKB
or

(2c) revTransf: Codex PKB x DKB - PKB x DKB

Reverse engineering transformationsrohid modify designabstractions alreadstored in
the PKB and DKB. Reversengineering either filters information to provide a selective,
focused design view or creates new design abstractions. If required, we shalilel tostore
filtered design views and new design abstractions in the PKB and DKB for future use.

We formally specify program transformations by:
a) defining logical program design models (i.e., logical models for the PKB and DKBS),
b) defining a formal notation to specify a class of code and design patterns, and

c) defining a notation to specify mappings between patterns.

3. Specifying program transformations inPQTL

Programdesign modeling conventions apdtternspecifications irPQTL are thesame as in
PQL We refer the reader to [7,8,9] for tdetails, but for theeonvenience, we included a
summary ofprogram modling conventions angrogram desigipatternspecifications in the

appendix. In examples below, we refer to program models described in the appendix.
3.1 Code-to-code program transformations

Code-to-code transformations modify specified code patterns:
source-patterReplaceWith target-pattern

Example 1 Renaming variables



Suppose wewish to renameall the references to global variable X with Y in the

statement part of all the program procedures.

globVar vX, v¥
SelectvX with vx.varName = “X"from stmtPart
ReplaceWith vY with vY.varName =*"Y”

Explanation The Selectclause specifies source pattern. ThReplaceWith clause specifies

the target pattern that is treplace the source pattern. Notice that in transformation
specification, wereat avariable as a meaningfpfogram entity - see program modeld~.

2, 3 and 4a in appendixnot just a string of characters. As a result, the transformation does
not put the syntax tree into an inconsistent state.

Example 2 Suppose we want to change “a+b” to “a*b*c” in all the expressions that appear as

loop or if-goto conditions.

var va, vb, vc
Selectplus (va, vbwith va.varName="a’and vb.varName="b"
where (while-do (expr, _)pr if-goto (expr))such that Contains* (expr, plus)
ReplaceWith times (va, times(vb, vc)yith vc.varName="c”
Example 3 Suppose now that we want to perform the above transformatigrior those

expressions that are affected by assignments to variable “a” that appears within a loop.

var va, vb, vc
exprel, e2
Selectplus (va, vbwith va.varName="a’and vb.varName="b"
where (while-do (el, Yr if-goto (el))such that Parent* (el, plusand
exists[assignwhere assign (va, eXuch that Parent* (e2, vaand Affects* (assign, el)]
ReplaceWith times (va, times(vb, vc)yith vc.varName="c”

3.2 Specifying reverse engineering filters iPQTL

In this section, we showow we specify reverse engineering filters IRQTL PQTL
allows us to build complex patterns out of alreaedystructedsimplerones. Wh hierarchical
patterns, one casystematicallyprogresdrom low level code patterns tbigher levels design
patterns. Each prograemtity denotes aet ofits instances. Binary relationshiptieated a set
of the pairs of interrelatedntity instances. R@rns are typed (Tablg). Built-in operations

(such as CARD) apply to sets and tuples (Table 2).



pattern pattern type

Selectprocedure a set of procedures

procedure pl, p2 Select <pl,| set of pairs of procedures

p2>

Select<assign, procCallywhile- | triples of statements o§pecified
do> types

Selectassign* lists of assignments

Table 1. Examples of pattern types

Operations on sets and lists the meaning

CARD (s) the number of elements in s

IS-IN (e, S) TRUE, if e is in s; otherwise, FALSE

NOT-IN (e, s) TRUE, if e is not in sptherwise,
FALSE

Other operations on lists
SUB-SEQ (11, t2) TRUE, if t1 appears in t2

FIRST (s, t), LAST(s, t) TRUE, if s iirst (last) element olist
t

Table 2. Operations on sets and sequences

The result of pattern atching is called a view. Views can be named. Views retrieved in
one Selectclause can be used in specificationsotifer patternsHierarchicalpatterns and

views can be constructed in that way. Here is an example:

view use-X

Selectproceduresuch that Uses (procedure, globVaahd globVar.varName="X"
view mod-X

Selectproceduresuch that Modifies (procedure, globVagnd globVar.varName="X"
view use-mod-X

Selectproceduresuch that1S-IN (procedure, use-Xand IS-IN (procedure, mod-X)
view ref-X

Selectproceduresuch that1S-IN (procedure, use-Xr IS-IN (procedure, mod-X)

A procedure call graph (also called a structure chart diagram) for the whole system can be
defined as:

view pcg
procedure p1, p2
Select<pl, p2>such that Calls (p1, p2)

In case of dig system, this viewnay consist of thousands of interrelated procedures. So
we might want to compute alice of the procedure call graph showing, fxample,only

those procedures thedmmunicatehrough aglobal variable X. We assume thtae Refronte



builds a procedure call graph, computes data usage informdtiobaged on thanalysis of a
source program. In the PKB, the procedure call graph is represented imarieo-many
relationship Callgprocedure, procedurelRelationships Modifies and Usescord data usage

information. We can specify the first-cut slice of the procedure call graph pcg-X as follows:

view pcg-X

procedure p1, p2

Select<pl, p2>such thatCalls (p1, p2and IS-IN (p1, mod-X)and IS-IN (p2, use-X)

To attach datanterface information tgrocedurecalling relationships, we might start

with the following simplified view:

view first-cut-proc-interface
Select<pl, p2, globVarsuch thatIS-IN (<p1, p2>, pcgand (Modifies (p1, globVar)
and Uses (p2, globVarr Uses (p1, globVarand Modifies (p2, globVar))
To define a view that better approximag@®cedure interfaces, we need to further

constrain the aboveiew addressing reachability afata defiitions. We do this in the
following way:

view pass-value-to

procedure p1, p2

statement s

Select<pl, p2, globVarsuch that1S-IN (<p1, p2, globVar>, first-cut-proc-interfacand
Parent* (p1, sand Modifies (s, globVarand Next* (s, callProc)
with callProc.procName=p2.procName

view pcg-interface

procedure p1, p2

statement s, first

Select<pl, p2, globVarssuch that1S-IN (<pl, p2, globVar>, pass-value-to)

and Parent* (p2, spand Uses (s, globVarnd First (first, p2)and Affects (first, s, globVar)
The last view represents a procedure call graph together with the interface information.

4. Specifying data reverse engineering IRQTL: an example

Suppose ouobjective is to recovehe Entity-Relationshipdatamodel from COBOL 85
file definition structures. Reversengineering oflata is aressentiaktep in reengineering old
data stores (such dat files, hierarchicablatabases, etc.) inteewer database architectures
(such as relational or object-oriented databases).

Reverse engineering museparate thessential program design information from the
implementation details. The DATBIVISION is a goodplace to begin seardbr datadesign
information. Progranfiles are likely candidates for entities as they conteshatively static
data. The recorthyouts in the FILE SECTION provideformation aboutentity attributes.
Another source of datdesign information ithe FILE-CONTROL paragraph. It provides
informationabout thefile organization, thdile records andile access keys. Other sections of

a COBOL-85 program can be assumed to contaplementation-specific information. The



Refronteof our data reverse engineering tool produces descriptions of program data according
to schema depicted in Fig. 2 and 3.

estedin

progName I-fleName
common acessType fleName

logicalFile
O

dataltemDec|

program file

A

indFile seqFile relFile

RefersTo

Fig. 2. Logical model of file descriptions

varName
level
progName section

recordDecl
program Declares varDecl
Red@ dataltemName 0 Y

dataltemDed
external type
global
Type
HasType
recordDecl simpleDecl
simpleField groupField
varName from-to
gobal=TRUE | external=TR global=FALSE & external=FALSE M
var occurs
Dependig dataltemDed
globVarDecl locvarDecl

Fig. 3. Logical model of data descriptions

From Fig. 2 we read that a COBOL-85 prograray usemany files. Whilethere can be
only one physical namdor afile in the operatingsystem, a physicdlle can be referred to
using different logical names jrograms. EntitiesogicalFile andfile model this situation.
Links between logicafiles andphysical filesaredefined within a prgram, in ASSIGNclause
of FILE-CONTROL paragraph (sometimdisks are established in JCL statements and
interactive progranset up procedurespll these sources are useddstablish relationship
RefersTobetween entitiesogicFile andfile. Files can be organized into three categories:
sequential, indexed, and relative. This is modeledisd8y classification,represented by a

triangle in diagrams. Indexddes have a corresponding key that is usedsetectivelyread
records from the files.
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Diagrams of Fig. 3 definghe structure ofsyntax entities such asecordDecl and
dataltemDecl Syntax entities represent language constructs and correspond to algateact
grammar symbols. Syntax entitiase alsoclassified usingsA relationship (represented by a
triangle with a general entity above and specialized entities behttvjbutes (displayed
above thesyntax entity box) assigned toparentapply to allits children. Attributespecify
types of information that are available at syntax tree nodes.

Sequences of elemerdse identified byaggregation 1-tanany relationship linkThere
are two sequences in Fig. 3iamely asequence of datdems in arecord declaration
(connectivity O abovéhe dataltemDecbox indicates that this sequenoay beempty) and a
sequence data#ems in asub-record (groupField). Syntax entityccurs is an optional
component of groupField Entities in structure diagrams can be given roles,@epending
is the role of entityar as a component of construatcurs

The following heuristics can besed to generate tHest-cut ER datamodel fromfile
structure descriptions:
files are candidates for entities,
record fields are candidates for attributes for the entities,
sub-records including more than one field are candidates for entities,
repeated sub-records (OCCURYS) including more than one field are candidates for entities,

foreign keys indicate entity relationships,

o gk bR

one-to-many relationshipccurs between aentity containing aepeated group of record

fields and the entity that represents this group,

N

primary key for a file is also the identifier for its corresponding entity.
Below are two view definitions that correspond to the data reverse engineering heuristics:
R1. Extract candidate entities for the ER data model

file, dataltemDeclsA ERentity

view file-ent

Selectfile

view group-ent

dataltemDecl+ dataltems

Select groupField such that Parent* (recordDecl, groupField)
andrecordDecl.section=File-Section
and groupField(dataltemsgnd LENGTH (dataltems) > 1
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view entities

SelectERentitysuch thatIS-IN (ERentity, file-entpr I1S-IN (ERentity, group-ent)
Explanations above, we havéhreeview definitions.Eachview is named. Aset ofcandidate
entities is defined inhe lastview as a union of viewsle-ent and group-ent The firstline
introducesvariableERentityas a super-class 6fe anddataltemDecl(ISA classifications has
usual meaning). Ithe secondview, we introducedataltemsas a synonynior a sequence of
dataltemDed. Then, we seledll subrecords olength more than 1 fromecords declared in
the file section of programs under consideration.
R2. Find record fields that possibly are foreign keys
view foreign-keys
simpleField recField, foreignKey
Select foreignKey such that Parent* (recordDeclforeignKey) with recordDecl.section =
File-Section

such that exists [recField such that foreignKey.dataltemName =
recField.dataltemName

and exists[recordDeclsuch thatHasKey (RecordDecl, recField) ] ]
Explanations the second line declaréso synonymsfor simpleField namelyrecField and
foreignKey Then, we consider records declaredilan sections (those are the recottat
possiblycorrespond to ER entities) and select thes®rdfield whosenamesareidentical to
other recordfields thatare known to be keys. We dwt consider composite keys this
example.

Candidate entities frorine view obtained byapplying rule Rlare presented to gomain
expert. Adomainexpert can further explore the PKB determine whicltfiles represent true
domainconcepts and should be selected as entities in th@aEfRnodel. Similarly, a domain
expert would analyze information selected in foreign-key view to exclude accidentally identical
recordfield names as possibfereign keys. Tue foreign keys would then baterpreted as

relationships between entities. After these steps, the first-cut ER data model can be generated.

5. Mappings across different program design models

In the aboveexamples, we assumed thtae design modeldor the source andarget
programs are the same. In genetlais assumptiormay betoo restrictive. Indeed, we may
need to defineseparatenodelsfor the source PKB and DKB and for therget PKB and
DKB. As an example, consider conversion of FORTRAN programs to Alsky of the
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programming concepts fromDA (such agpackage or module specificatiorse notpresent

in FORTRAN. Even muclsimpler conversions fron€cOBOL 74 to COBOL 85nvolve

similar problems. To formalize transformations across dissimilar language domains, we need to
refine our transformation schema described in section 2 in the following way:

(1a) ccTrivial : Code— Code

or
(1b) ccTranst Codex PKB - Code’'x PKB’
or

(1b) ccTransf: Codex PKB - Code’x PKB’ x DKB’

or

(1c) ccTransf: Codex PKB x DKB - Code’x PKB’

or

(1d) ccTransf: Codex PKB x DKB - Code’x PKB’ x DKB’

where models with primes refer to the target language.

As an example, consider re-engineering of C programsGnte. Suppose wevish to
identify candidate classes in a C program. To achieve this, we magltt@formalize (among
others) a transformatiorule that says that every function that uses a cedaa structure,
saydata-X,should be considered as a candidate methoddes X. Inthereality, the process
that leads to identifying class ¥ay involve applyingheuristics (such aslata coupling
between C functions) andanual analysis gbrograms by alomainexpert. As notions of a
class, methods andata representation for objects aret present in thedomain of C
programs, we need to model C++ prograntkependently of @rograms Simplified program

models that we need to express required transformations are depicted in Fig. 4.
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Cmodule

A

CfunctionGrp CfileGrp

C++module

' C++functionGrp C++ileGrp classGrp
onsistsOf

fleName

DsistsOf DsistsOf

NsistsOf

fleName className

Declares

attrName

attribute

DKB-C: a fragment of the design model for C programs

DKB-C++: a fragment of the design model for C++ programs

Fig. 4. Design models in C to C++ program re-engineering

Mappings across different design models have the following format:

source-pattern CreateEnt designEntitySpec |
[ CreateRelrelSpec |
[ CreateLink linkedDesignEntities ]

In ourexamplethe source-pattern refers to the C progdasign model (DKB-C), while
the righthand side design entities and relationships refeheéoC++ prograndesign model
(DKB-C++). OperatorCreateEnt creates a new instance ofdasign entity,CreateRel
establishes a relationship betwed®ro design entities an@reateLink links design entities
from different program design models for the purpose of traceability.

In transforming a C program design irttee C++ design, wehall applythe following
simple heuristics:

H1. If a data structuresaydata-X, is used in more thawo C functions, then we consider
candidate class X with data-X being data representation for class X.
H2. Functions that refer to data-X are considered candidate methods for class X.

With reference tathe above programmodels and heuristics, weow outline a semi-
automatic process tidentify candidate classes in €édde. Foreach processingtep, we state
whether the task is carriedit by adomainexpert (DE), gorogrammer (PR) or an automatic
PQTL-based program transformation toBITL).

1. DE: Analyze a program applicationdomain andidentify candidate classes in the

application domain.
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2. DE-PRPQTL Identify data structures in C programs timad&y berelevant toidentified
classes.

This step involves a domairexpert, programmer and the automatic program
transformation system. We apyihe heuristic rule H1 tdind data structures that may
be data representations forckass. Thefollowing PQTL transformation reflects the
heuristic H1:

view dataRep

SelectCdataDeckuch that RefersTo (Cfunction, CdataDecl>2)

Selected data structures g@ssible manifestations of classes in a C program. A
programmer and domain expert must validate automatically identified data.

3. PQTL For agivendata structure in set dataRepydata-X,select files thatefer to data-
X.
view files-X
SelectCfile such thatRefersTo (Cfile, data-X)
4. DE-PRPQTL Apply heuristic rule H2 to find candidate methods for class X

view methods-X

SelectCfunctionfrom files-X such that ReferesTo (Cfunction, data-X)

As before, a domainexpert and programmer must review andlidate
automatically selected candidates for methods.

5. PQTL Based ornour findings, we camow define PQTL transformations to create the
first-cut C++ program design.
5a. Create classes in the C++ DKB.
For eachdata in set dataRep, we createlass withthe same namdoperator
CreateEnt):
CdataDecl data
Selectdatafrom dataRep
CreateEnt classwith class.className=data.dataName
5b. Create methods fafass X inthe DKB-C++. Relate methods to the corresponding
class (operatoCreateRe) and link functions (operat@reatelLink) to corresponding
methods for the purpose of traceability:
Cfunction fun

Selectfun from methods-X
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CreateEnt methodwith method.methName=fun.funName
CreateRelDeclares(class, methodjth class.className="X"
CreateLink (fun, method)
5c. Create attributes for class X in the DKB-C++.

CdataDecl data

Selectdatafrom dataRep
CreateEnt attributewith attribute.attrName=data.dataName
CreateRel Declares(class, attributejth class.className="X"
CreateLink (data, attribute)

6. Conclusions

In this paper we described a program query and transformation langB&geE. (for
short). Wedesignedhe PQTL as an end-user languagesgzecify program transformations in
software conversion and re-engineerprgjects. Pattergpecification mechanism iRQTL is
thesame as iPQL [7,8,9], an end-useriguage to query programs during maintenance. The
PQTLadds program transformation capability to FiegL.

Distinguishingfeatures of thé°>QTL aresimplicity, independence d¢he sourcdanguage
and independence dfie actualmediaused to store program designs. We useR@dL to
design generic program transformatisystems that caautomate siple conversions and
assist programmers in complex software re-engineering projects.

A critical decision in designinghe PQTL was to separate thegical programdesign
schema from the physical representation of program desigred in thé?KB and DKBs. We
use an extended OMT notationrtwdelthe logical structure of the required prograsesign
information. The physical PKBiay be implemented onvariety of media includindROLOG
(very useful inprototyping), arelational database, an Object-Oriented database or as an
attribute syntax tree. Practical systems that must deal wiily sources can use laybrid
representation [6,7] thatombinesattribute syntax trees (to store thedetailed program
information) and a relational databag® store theglobal design information). In the
interactive program transformation situationnay bemore appropriate to pre-compudsly
essential program designs (such as syiitags, controlflow graphs andprocedurecall
graphs) and computether types of detailed information (such dataflow relations) on
demandAll these arerery important, implementation-dependent decisions. [dgeal model

of program information makes it possible to define a gewerie of a progrartransformation
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tool independently athosedecisions, independently tife actuamechanisnused to compute

and store program designs.

Based on the above arrangement,design a generic program transformation tbait
can be customized to the needs @é-&ngineeringroject in hand. During customization of
the program transformation tool tospecific program transformation project, we proceed as
follows:

1. Start by creating logical program design models for the PKB and DKBs.

2. Express the required program transformatio® L in terms of the logical models.

3. Decide upon the physical structure of the PKB and DKBs.

4. Use a compilegenerator tamplementthe Refronteto parse source programs. Write the
PKB generation actions in terms lofgical models, addressing onilge programdesign
information to be permanently stored in the PKB.

5. Implement amterpreter ofogical program models in terms die physicalrepresentation
of the PKB and DKBs.

6. Generate th®QTL translator to convert program transformatiatedined interms of
logical models intathe equivalent transformations ahe physicalrepresentation of the
PKB and DKBs.

We have implementedrogram queriesyiew definition andreverse engineeringart of
the PQTL We arestill experimentingwith specifying coe-to-code and crossdomain
transformationsThis part of thesystem haveaot been implementedey. In future work, we
shalltry to identify and formalize possible widange of program transformation heuristics to
refine the PQTL specification features. Wehall experiment with varioussource/target
languages and various mediastore program design$he ultimate goal obur work in the
area of tools for software evolution is to understanditkerplay betweerstatic program
analysisreverse engineering amuogram transformation methods. Welieve powerful tool
environments for software evolution should addtbssthree methods in an integraisdy.
Form the tool designer perspectieoey experience shows th#te underlying desigrroncepts

and generic solutions are similar for the tree types of tools.
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Appendix. Program models

This appendix containprogram models thaare needed to understamotamples of
program patterns and program transformations in section 3. Coddeamyphpatterns are
expressed in terms of explicit conceptual models of the PKB and DKB. The progrdeting
notation described here is tkame as in case QL [7,8,9]. We use the notation of an
extended OMT [15].

Modeling program design

Fig. 1 depicts amexample of a global design model programs in L. Thglobal design
model is expressed in terms adsign entitiegin rectangular boxes), their attributes (above
the entity box) and entity relationshipBots stand formany’ connectivity in a relationship
link. The meaning of a relationship link is clarified by rale name attached to a link.
Relationship ‘Calls’ describedirect procedurecalls, while ‘Calls* - its transitive closure:
Calls* (p, q)iff Calls (p, pl)and Calls* (p1, q)
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progName

program

ConsisgtsOf
modName
fleName

Calls*

Fig. 1. An example of a global program design model

An example of the detail program design model is shown in Fig. 2.

var

varRe

flowType
Next

:

Fig. 2. An example of a detail program design model

Modeling program structure

Program structure is best modeled by an absssadbx grammar and then represented by
syntax trees. A grammar for L in graphical form is given in Fig. 3a.

The program structureodel usesimilar conventions to those used in progrdesign
models. Grammasymbols (inboxes) represergyntax entitiesSyntax entitiesare classified
using IsA relationship (a triangle with a general entity above and specialized entities below).
Attributes (displayed above the syntax entity box) assignegévemtapply to allits children.
Attributes specify types of information that must l@vailable at syntakee nodesLists are
identified by aggregation 1-to-many relationship link. There are two types of lists, nalisely a
of locally declared variables (connectivity O abdhe ‘var’ boxindicates that this tuple may
be empty) and a list aftatements. Relationship ‘RefersTo’ indicates that each reference to a
variable is liked tahe corresponding declarati¢e.g., arentry in thesymboltable). Attribute

‘varName' for variable reference is, therefore, redundant.
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procName
procedure
varName
type 0
scope stmt#
label
varDecl
statement
procName targetLab targetLab
assign procCall while-do if-goto goto
var expr expr statement expr
reference
plus X
times /\
\ varName E/yaﬁge
expr expr expr expr var const

A\

var

RefersTo varDecl
locvar

globVar

procCall

RefersTo procedure

if-goto

RefersTo statement

goto ReferesTo

it

Fig. 3a A program structure model for language L

We extend the program structuredel with alstract entities andelationships that are
useful in formulatingorogram transformations (Fig. 3b). Entitimay participate in more than
one IsAclassification. Entity ‘anyNoderepresents syntaixee nodes. Foany two nodes nl
and n2 in a syntatxee,relationship Rrent (n1, n2) hold#f n1 is the direct parent node of n2
in a syntaxtree. Parent* is &ransitive closure of relationshiarent, i.e., Parent* (n1, n2) iff
Parent (n1, x) and Parent* (x, n&milarly, relationship Followgn1, n2) holds if n2 appears
next to nl in a lis{e.g., in alist of statements). Follows* is a transitive closure of Follows,

i.e., Follows* (n1, n2) iff Follows (n1, x) and Follows* (x, n2).
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statement

A

Q Q

simpleStat controlStat complexstat ollows
assign procCall if-goto goto while-do <statement+>

Fig 3b. Extensions to the basic program structure model

Box 1 shows thegrammar rules irthe predicate form. IPQTL, code patterns are

expressed using predicate grammar rules.

procedure (varDecl*, statement+)

assign , procCall , while-do;gfoto, goto ISA statement
assign (var, expr)

plus, times, reference ISA expr

plus, times (expr, expr)

var, const IsA reference

globVar, locVar IsA var

while-do (expr, statement+)

© 0o N o o A~ DR

if-goto (expr)

Relationships

RefersTo (var, varDecl) (n:1)
RefersTo (procCall, procedure) (n:1)
RefersTo (if-goto, statement) (n:1)
RefersTo (goto, statement) (n:1)
Attribute declarations:

procName : procedure, procCall
varName: varDecl, var

type, scope : varDecl

label, stmt# : statement

targetLab : if-goto, goto

type, value : const

Box 1. Abstract syntax grammar for L



