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Abstract

A program query language, PQL for short, described in this paper is asource
language-independent notationsjeecify program querieand progranviews. We usd’QL as an
interface to Static Program Analyzers (SPA), interadtatdsthat enhance program understanding
by answering queries about programsPIQL, we canquery on globaprogram design awell as
search for detail code patterns. Program queries and patterns supported by other detatrdyes
in literature andhose supported by commercial tools knowrthe author, can be writtesimply
and naturally ifPQL. Being driven by a conceptual program model and based oraS@attribute
abstract syntaxgrammar concepts,PQL is a high-leel and intuitive notation for querying
programs. Program modelirand PQL notations described ithe paper form dasis for an SPA

generation system.

l. Introduction

With maintenance consuming increasing share of compuabsts, attention is drawn to
methods and tools for program understandidgring program maintenance, programmers
often extract programmiews thatare relevant to aaintenancéask in hand. However, in a
huge, undocumented program ritay not be easy to findprogram views in question.
Extracting relevant programews manually is timeonsuming andnay lead toerrors. A

Static Program Analyzer (SPA) extracts program views automatically (Fig. 1).
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Fig. 1 Architecture of a Static Program Analyzer



An SPA front-end parses an input program intordéernal representation arstores it in a
Program Knowledge Base (PKB). A user interface compaog®ws a programmer to input
program queries andew queryresults.Usually, we design a8PA in thefollowing steps
[10]:

1. identify a class of program queries to be answered,

2. model program information that is needed to answer queries,

3. define physicalepresentation for programs in tR&B; common representationglude a
relational databas@4,14], object-oriented databadd,12], attributessyntaxtree [7],
dependency graph [12,15] and a hybrid PKB [9,10,11],

design an SPA front-end to generate the PKB from source programs,

decide how the programmer will enter queries,

design the query resolution mechanism,

N o o b

design program view projector to display query results.

A simple solution to step 5 is to implemerfbed set of prograngueries for a programmer

to use. A better solution is to provideeansfor a programmer tcspecify queries. We

designed a generpurposeprogramquerylanguagePQL for short, to write program queries.

PQL has the following unique features:

1. High expressive power and simplicily.PQL, we can

* query on global system-level design,

» search for syntactic program patterns,

* constrain syntactic patterns with semantic conditions,

» combine global queries with code patterns using the same notational conventions.
PQL queries are natural, as we writeem in terms of amxplicit conceptual program
model.

2. Hierarchical queries Complexprogramviews can be expressedterms ofsimplerones.
This feature makes it possible to formulate quetiesughlevels ofabstractioneading
from code structures up to the level of program conceptualizations.

3. Language-independence of PQISame program adeling conventionsare used
independently of a source languaB&L queries are driven by the program model.

4. Conceptual program models aR@QL described in thigpaper facilitate the systematic

design scenaridor Static ProgramAnalyzers[10]. The objective of this scenario is to

better link tool capabilities tthe needs of tool users, anddesigntools in aflexible and

generic way.



We comparedPQL's expressivepower with other notationsdescribed in literature
[1,4,7,12,14,16] andith programviewssupported bgommerciakools [19,21].Comparison
is favorablefor PQL. All types of queries that we found in these sources can be expressed in
PQL In theremainingpart of the paper, weescribe relatedork andexplainhow wemodel

programs. Then we describe @L and its implementations.

. Related work

Examples of SPAs thatore prograninformation in a relational databaselude CIA [4]
and OMEGA[14]. The advantage afsing a relational database is tpabgraminformation
can be queried usinf§QL [5]. CIA storesonly globaldescriptions of programs. Experiences
with OMEGA show that if westore too much detail informationabout programs in a
relational databaséhe performance of SPAay bepoor. REFINE [1] stores programs as
syntaxtrees in an object-oriented databd3@L described in thipaper hasimilar expressive
power to REFINE'squery language. GENOAY] uses abstracsyntaxtrees and provides
specification methods and algorithms that allow one to traggregaxtrees toderive any new
type of information from them. Attribute evaluatiorechanism has beenterded fronsingle
to multiple, inter-related syntatxees [9].Using these extensions, we canalyze and query

families of programs [10,11]. A notation for C code pattern specification is described in [16].

[Il.  Conceptual program models

In this section, we descriltleree components of a program modejl@bal programdesign
model, progranstructuremodel and detail program design moddl. threemodels use the
same notational conventions of an extend@MT [18]. To facilitate explanations, we
introduce a simple source language, L, with procedures, global and local vaRabtesiures

are grouped into modules. We use L to explain program modeling rules and quegs in
A. Global program design model

Suppose we want to support program queries listed in box 1.

|Q1. Which file contains module “Stack”? |
| Q2. Which procedures are declared in module “Stack”? \
| Q3. Which global variables have their values modified in procedure “Push”? |
| Q4. Which procedures are called from “Push”? \
| Q5. Find procedures that are called from more than 10 other procedures |

Box 1. Global program queries.
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The global design model (Fig. 2) showlssign entities(in rectangular boxes), their

attributes (above the entity box) and entity relationslijjogs stand fofmany’ connectivity in

a relationship linkThe meaning of a relationship link is clarified by@e nameattached to a

link. Relationship ‘Calls’ describedirect procedurealls, while ‘Calls* is atransitive closure

of Call: Calls* (p, q)iff Calls (p, p1)and Calls* (p1, q) for some p1l.
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Fig. 2. A global program design model.

With the information model of Fig. 2, we cadentify someother useful queries such as

“Which procedures that call Push modify global variable X?".

B. Program structure model

Suppose now that, in addition to global queries, we wish to search for code patterns:

Q6. Find assignment statements where variable X appears on the LHS.

Q7. Find statements that contain sub-expression X*(Y+Z).
Q8. Find three while-do loops nested one in another.

Q9. Find all program statements that modify global variable X and use a global variable

the same time.

2 Y at

Box 2. Queries about program structure

To answer these armther queriesabout program structure, weeed to access program

information atthe detail level. The required program information is best modeled by an

abstract syntax grammar and then represented by syeé&sx Agrammar in graphical form is

given in Fig. 3a.
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Fig. 3a. Program structure model.

We build aprogram structurenodel usingsimilar conventions as those we used in the
global design model. Grammar symbols (in boxes) repregatdax entitiesSyntax entities are
classified usingsA relationship (a triangle with general entity above and specialized entities
below). Tuples of elementre identified by 1-to-manyaggregation relationshilnk. There
aretwo types of tuplespamely atuple oflocally declared variables (connectivity O above the
‘var’ box indicates that this tupleay beempty) and a tuple of statements (this tuple must
contain at least one statement)fafily of relationships ‘RefersTo’ complemethie program
structure definition. For example, relationship ‘RefersTo’ between ‘var’ and ‘varDecl’
indicates that each reference to a variable is likethéocorresponding declarati¢a.g., an

entry in thesymboltable). Attributeqdisplayed abovéhe syntax entity boxspecifytypes of



information that must bavailable at syntakee nodes. (At the adeling stage, we are not
concerned with hovhis information is actuallgomputed or stored.) Attributessigned to a
parentapply to allits children.Box 3 shows thgrammar in predicate fornCode patterns in

PQL queries are expressed using predicate grammar rules.

Abstract syntax grammar rules
procedure (<varDecl*>, <statement+>)
assign , procCall , while-do, if-goto, 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+>)
. 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

©CoOoNoeORODdRE

Box 3. Abstract syntax grammar for L.

We extend the program structur@del with additional classifications of syntax entities and
relationships describingrogram structure. Later on vgball findthem useful in formulating

program queries.
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complexStat

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

Fig. 3b. Extensions to the basic program structure model.

Entities may participate in more than one Isélassification. Entity ‘anyNode’ represents

syntaxtree nodes. Faanytwo nodes nl and n2 in a syntare,relationship Brent (n1, n2)



holds if n1 is the direct parent node of n2. Parent* is a transitive closure of relatioasdmp, P
i.e., Parent* (n1, n2) if there is node x such that Parent (n1, x) and Parent* &inm2yly,
relationship Followgn1, n2) holds if n2 appears next to the right of nl1 isyataxtree.
Follows* is a transitive closure of Follows, i.e., Follows* (n1, n2) if there is node xtkath

Follows (n1, x) and Follows* (x, n2).
C. Detail program design model

Suppose we want to answer the following questions:

Q10. Is there a control path from statement #20 to statement #6207

Q11. Which assignments that modify variable X affect value of X at statement #1207

Q12. Which program statements affect (directly or indirectly) value of X at statement #1207

Q13. If | change X:=5 to X:=10 in statement #20, which other program statements can be
affected?

Q14. Find all assignments to variable X such that value of X is subsequently re-assigned a
value recursively in an assignment statement that is nested inside two loops.

Q15. Find “dead code” in procedure “Parse”.

Box 4. Detail program queries.

To address such queries, we extentr program model with detail progrardesign

information, as illustrated in Fig. 4.
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Fig. 4. Detail program design model.

Relationship Next (s1, s#pwType) involvingtwo program statements s1 and s2 holds if
s2 can be executechmediatelyafter s1 in some program executionld@enship Next has an
attributeflowTypethat we treat as thiird relationship argument. Thagtribute describes the
type of control flow:

sequential - if s2 appears after s1 and is executed upon normal completion of s1,

true - conditional control transfer that occurs when a condition in sl is satisfied,

false - conditional control transfer that occurs when a condition in sl is not satisfied,

loop-exit - loop exit

loop-iteration - starting a new loop iteration.



Some languages provideop exits (such as break or continue in C) gussibility of
entering a procedufgody withoutactually callingthe procedure (‘flow-through’ in COBOL).
They all form different types of control flow that are recorded in attrithodel'ype

Relationship Next* is a transitive closure of relationship Next, i.e., Next*(s1,si ftthgre
is statement x such that Next(s1,x,ft2) and Next*(x,s2,ft3). Cofiowl typesareirrelevant
to Next*. Rdationship Next* describespossible computationgbaths through procedure
statements and complements relationship Calls in a global design model that describes possible
sequences of procedure activatiéor agiven statement s, relationshipgodifies and Uses
define sets of variables modified amsed in s, respectively. Attributa@rRefis a reference to
a variable (syntax entityvar’). For given statements sl1, s2 andriable reference ‘v’
relationship Affects(s1s2, v) holds, ifvalue of ‘v’ at s1 can be actuallysed whenv’ is
referenced at s2 (i.e., there must be a computationalfjoaths1 to s2 on which ‘v’ is not
modified). Like in case of aattribute ofrelationshipNext, we include attribute varRef of
relationship Affects ashe third argument ofthis relationship (which, in fact, is a ternary
relationship). Relationship Affects*(s42, v)identifies allthe statements affected tglue of
‘v’ at s1. Aslice on variable ‘v’ astatement siSlice(s1,s2, v), containgll the statements s2
that contribute to value of ‘v’ at s1.

When building aprogram model, wadentify types of program information that vehall
need to answer program queries. We ao¢ concerned with issues diow modeled
information wil be actually stored nor how it W be computed (of course, we should not
modelthe information that isnot computable). Foexample, some ahe attributesnay be
persistent (i.e., pre-computed by the SPA front-end)heave their valuestoreddirectly at
the syntaxtree node or in a databasehile others - computed odemand during query
resolution.Similarly, relationships can bstored in the databasmnplemented asree node
attributes or computed on demand, dependingcamvenience and whethamplicity or
efficiency ofthe solution is a factor. Aeasonable solution, in case of the discussed program
model, would be to make relationshifgext, Modifies, Uses and Affects persistent and to
compute Next*,Slice and Affects* on demand. These decisions belong to implementation
domain andare of concerrwhen we design a physicBKB and an SPA front-end, but not

during conceptual modeling of program information.



D. Attribute domains

Attribute domainsare sinple orcomplex. Simple domains includgrings(STR) and string
subsets, integers (INT), reals (REAL) and booleans (BOOLEAN). String subsstseaifesd
by regular expressions. An attribidemainmayalso be of type “reference to entity instance”,
e.g., attributevarRef of relationships Affect and Affects* is such a reference. @exn
domainsaredefined by(abstracsyntax) grammars [9]. Domains such as enumerations, tuples
andrecord structuresan be created in that waill semantic domainaredefined asabstract
data typeshence they coméogetherwith operations for creating anghanipulating their
values.

The following are examples of attribute domains:

IDENT : [A-Za-z]*[0-9A-Za-z] /I a subset of STRefined by a regular expression in
LEX notation

int, real ISA TYPE // this declaration defines enumeration domain

PROC : @procedure // a reference to instance of entity procedure

PROCS : <@procedure*> // a tuple of references to procedures

VAR : @var

LOCAL, global IsA SCOPE

LOCAL : @procedure

if-true-goto, if-false, goto, loop-exit, loop-iteration ISA FLOW_TYPE

The following are attribute declarations for our program model:

IDENT progName : program
IDENT modName : module
STR fileName : module
IDENT procName : procedure, procCall
IDENT varName : var, varDecl
TYPE type : varDecl, const
SCOPE scope : varDecl
IDENT label : statement
INT stmt# : statement
IDENT targetLab : if-goto, goto
FLOW_TYPE flowType : Next (statement, statement), Next* (statement, statement)
VAR varRef : Affects (statement, statement), Affects* (statement, statement),
Slice (statement, statement)
AttributesflowTypeandvarRefin last two declarations are attached to relationships.

E. The semantics of a program model

The meaning of relationshipand attributes is1ot formally defined withinthe program
model. Usually,the meaning of aprogram model is operationaligefined by actionghat
derive information fronsource programdnferring the semantics of a program modedbm

actions embedded in the SPA front-end code is not easy. It is, hopessihle to specify the
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meaning ofprogram information in descriptiv@ay and in terms ofhe conceptual program
model, rather than in terms physicalPKB schema. This idone by separation gfyntaxtree
construction fronother progrananalysisactions. Prograrmodel derivation rules can then be
described as attribute equations attached to absyatax grammaproduction rules. We

refer the reader to other sources for details [8,9].
IV. Querying programs with PQL

A. Sets and tuples irPQL

Each program model entity representsea ofits instances. Relationship signatfe=g.,
Calls(procedure, procedure)) represents a subsgaics of entity instances thateinvolved
in a relationship. IPPQL, tuples are typed anday be of fixed ounspecified length. Tuples
may involve entity instances as well as attribute values. Here are examples:
<assign, while-do, procCall> - set oftriples of instances of entities assign, while-do and
procCall, respectively,
<assign, procedure.procName> set ofpairs fist of which is an instance of entity assign
and second one is a procedure name,
<statement*> - a set of tuples of O or more statements,
<statement+> - a set of tuples of 1 or more statements,
<statement 3-7> - a set of tuples of 3 to 7statements.
A PQL query specifies elements to tstrieved. Elementmay beentity instances, attribute
values, tuples or a BOOLEAN value. Here are examples:
Selectprocedure
Selectprocedure.procName
Select<assign, procedure, globVar.varName>
SelectBOOLEAN
In most situations, wevish to select @ertain subset of elementsther the wholeet. We
constrain properties of th&arget subset byspecifying conditions to be satisfied by its
elements. Conditions are expressed in terms of:
a) entity instances, attribute values and constants,
b) participation of entities in relationships,
c) code patterns.

The following is a general format of a program query:
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select-cl ::= [name-cl] declaratior8electresult (with-cl | suchthat-cl)* [from-cl] [pattern-cl]*
cond-cl ::= (with-cl | suchthat-cl)*

Clauses in rectangular bracketse optional.Star *' means repetition 0 or more times.
Stepping from leftthe namecl gives a name to aetrieved program view. Declarations
introducesynonymdor entities.Synonymscan be used in themainingpart of thequery to
mean acorresponding entity. Thesult specifies gorogramview to beproduced. A program
view is asubset of entity instances, a subset of tuples, a subset of entity attalug® or a
BOOLEAN value. In the with-cl we constrain attribute values (e.g.,
procedure.procName="Parse”). Thechthatcl, specifies conditions iterms of relationship
participation. Thdrom-cl restrictsthe scope of program to be searched for code patterns and
patterncl describesode patterns to be searched for. Botim-cl andpatterncl may include

condcl, if necessary. We explain program queries by examples.
B. Querying global program design

We start by writing global program queriesHQL (see box 1, section Il A).
Q1. Which file contains module “Stack™?
Selectmodule.fileNameavith module.modName="Stack”
Explanations keywords are in boldot ‘.’ notation means reference the attributevalue of
an entity.
Q2. Which procedures are declared in module “Stack”?
Selectproceduresuch that ConsistsOf (module, procedungith
module.modName="Stack”
Q3. Which global variables have their values modified in procedure “Push™?
SelectglobVarsuch that Modifies (procedure, globVarwith procedure.procName=
“Push”
Q4. Which procedures are called from “Push”?
procedure p, q
Selectq such thatCalls (p, gwith p.procName="“Push”
Explanation variables p and g are synonyms of entity procedure.
Q5. Find procedures that are called from more than 10 procedures
procedure p, q

Selectq such that Calls (p, g>10)
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Explanation constraint “>10" applies to the number of occurrences of a procedure as the
second argument in relationship ‘Calls’. First argument is unconstrained.
Q5a. Find procedures that are called from at least one other procedure.
procedure p, q
Selectq such thatexists[p such that Calls (p,q)with pzq]
Explanation notice use of existential quantifier. Inequaliggpmeans that p and g must
represent different instances of entity procedure.
Select g such that (not Calls (g,q) and Calls (p,g>0)) or (Calls (g,q) and Calls (p,g>1))
Explanation the same query without existential quantifier.
Q5b. Find procedures that call all procedures
procedure p, q
Selectp such that forall [q: Calls (p, q)]
or
Selectp such that Calls (p=CARD(procedure), q)
Explanationsthe same query withotrall quantifier. Built-in function CARD returns the
number of instances of an argument entity, in this case procedure.
Q5c. Find procedures that call only the procedure “Parse”.

Selectp such that Calls (p=1, q1pand Calls (p, gwith g.procName="Parse”
C. Specifying program patterns

We specifyprogram patterns based on progratructuremodel (Fig. 3a an@b), using
predicate notation (box3). For example, pattern assign(var, expr) with unconstrained
arguments is matched kil assignmentstatements. Notationally, syntgatterns are to
relational conditions in global queries.tteans arespecified inpattern clause and can be
further constrained by conditions listed in this clause.

Q6. Find assignment statements where variable X appears on the LHS.
Selectassigrpattern assign (var, _\ith var.varName="X"
Explanation underscore (_) stands for a free, unconstrained entity.
Q6a. Find assignment statements from procedure “Parse” where global variable X appears on
the LHS.
procedure p
Selectassignfrom p with p.procName="Parse”

pattern assign (globVar, With globVar.varName="X"
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Explanation here we us&om clause to restrict the scope of searching for patterns.

Q7. Find statements that contain sub-expression X*(Y+Z2).

Selectassigrpattern assign (_, exprguch that Parent* (expr, X*(Y+2Z))

Explanation infix expression X*(Y+Z) is used for convenience. It is translated into equivalent
predicate form: times(v1,plus(v2, v3jjth vli.varName="X"and v2.varName="Y"and
v3.varName="Z"

or without nested patterns:
assign(var, times)and times (v1, plus)and plus (v2, v3) with vl.varName=“X"and
v2.varName="Y"and v3.varName="Z"

Q8. Find three while-do loops nested one in another.
while-do s1, s2, s3
Select<sl, s2, s3such that Parent* (s1, s2and Parent* (s2, s3)

Q9. Find all program statements that modify global variable X and use a global variable Y at
the same time.
globVar gX, gY; statement s; procedure p
Selectsfrom p such thatModifies (p, gX)and Uses (p, gY)

with gX.varName=“X"and gY.varName="Y"
such thatModifies (s, gX)and Uses (s, gY)
with gX.varName=“X"and gY.varName="Y"

Explanation this query retrieves all the statements (assignments, procedure calls and complex
statements) that are known to modify global X and use global Y. (Notice that in case of
aliases this query is stronger than just asking about assignments where global variable X
appears on the LHS.) We use global model (Fig. 2)t@mal-clause to optimize query
resolution: only procedures that are known to modify global X and use global Y are

inspected in the search for patterns.
D. Querying detail program design

Q10. Is there a control path from statement #20 to statement #620 in procedure “Parse”?
statement s1, s2; procedure p
SelectBOOLEAN from p with p.procName="Parse”
such thatNext* (s1, s2with sl.stmt#=2@&nd s2.stmt#=625

Explanation the answer is determined based on the truguol that condition.

Q11. Which assignments that modify variable X affect value of X at statement #1207?
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assign a; statement s
Select asuch thatModifies (a, varjand Affects (a, s, vanvith var.varName=“X"and
s.stmt#=120
Q12. Which program statements affect (directly or indirectly) value of X at statement #1207
statement s1, s2
Selectslsuch that Slice (s1, s2, vawvith s2.stmt#=12@&nd var.varName="X"
Q13. If | change X:=5 to X:=10 in statement #20, which other program statements can be
affected?
assign a; statement s
Selectssuch that Affects* (a, s, varwith a.stmt#=2@nd var.varName="X"
Q14. Find all assignments to variable X such that value of X is subsequently re-assigned a
value recursively in an assignment statement that is nested inside two loops.
assign al, a2; while-do wl, w2; expr e
Selecta2pattern al (var, exprand a2 (var, esuch that Parent* (e, var)
with var.varName="X"
such thatAffects (al, a2, varand Parent* (w2, a2and Parent* (w1, w2)
Q15. Find “dead code” in procedure “Parse”.
statement s1, s2; procedure p
Select s2from p with p.procName=“Parse”
such thatnot exists[s1such thatEntry (s1, pand Next* (s1, s2)]
Explanation Entry (statement, procedure) is a predicate that identifies the entry points to a
procedure. Statements that are not reachable from the procedure entry point (in terms of

the control flow) form dead code which is never executed.

E. Specifying reverse engineering transformations with hierarchical program

views

In PQL, we can systematicallprogressfrom low level code views to higher levels of
program understandindfigh-level programviews can be hierarchically buittut of already
constructedsimpler ones. Progranviews are named and typed (TablB). A view can be
included inthe definition of anyotherview by name, as lonthere is no typeonflict at the
point of inclusion. Built-inoperations on sets and tuples (Table 2)haipful in constructing

hierarchical program views.
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PQL query

type of a program view

Selectprocedure

a set of procedures

procedure p1, p2Select<pl, p2>| set of pairs of procedures

Select<assign, procCall, while-do> triples of statements of specified type

U7

Table 1. Types of program views.

Operations on sets and tuples

the meaning

int CARD (s)

returns the number of elements in s

bool IS-IN (e, S)

TRUE, if e is in s; otherwise FALSE

bool NOT-IN (e, s)

TRUE, if e is not in s; otherwise FALSE

bool IS-EMPTY (s)

TRUE, if s empty; otherwise FALSE

bool SUB-SET (s1, s2)

TRUE, if each element from sl is in s2; otherwise FALSE

Other operations on tuples

bool FOLLOWS (el, e2, t)

TRUE, if e2 follows directly el in tuple t; otherwise FALSE

bool FOLLOWS* (el, e2, t)

TRUE, if e2 follows indirectly el in tuple t; otherwise FALSH

bool SUB-SEQ (t1, t2)

TRUE, if t1 appears in t2; otherwise, FALSE

FIRST (e, 1)

TRUE, if e is the first element of tuple t; otherwise FALSE

LAST (e, t)

TRUE, if e is the last element of tuple t; otherwise FALSE

Table 2. Operations on sets and tuples.

Here is an example of a hierarchical program view definition:

view use-X

Selectproceduresuch thatUses (procedure, globVanjith globVar.varName="X"

view mod-X

Selectproceduresuch that Modifies (procedure, globVawith globVar.varName="X"

view use-mod-X

Selectproceduresuch thatIS-IN (procedure, use->Xgnd IS-IN (procedure, mod-X)

view ref-X

Selectproceduresuch thatIS-IN (procedure, use-X9r 1S-IN (procedure, mod-X)

Hierarchical viewsare particularly useful in definingeverse engineering transformations. In

case ofbig software systems, reversmgineering must be selective, otherwiseovered

designs are too complex to be usefulP@L, we can specify filters to be appliedrecovered

information to obtain more focused program views. Furthermore, with hierareieea,

filters can be applied isteps and each recovenrgdw - inspected by arogrammer. Wédind

programmer’s involvementvaluable indirecting the reversengineeringprocess. Reverse

engineering of views such afructure charts, structure chalices andorocedurenterfaces

can be described PQL We start by describing a structure chart for the whole system:

view structure-chart

procedure pl, p2

Select<pl, p2>such thatCalls (p1, p2)
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In case of &ig system, this viewnay consist of thousands of interrelated procedures. We

might want to compute alice of the structure charshowing, forexample, onlythose
procedures that refer to global variable X:
view sc-X
procedure pl, p2
Select<pl, p2>such thatIS-IN (<p1l, p2>, structure-chamnd
IS-IN (p1, ref-X)and IS-IN (p2, ref-X)
To attach datanterface information tgrocedurecalling relationships, we mighgtartwith
the following simplified view:
view first-cut-proc-interface
Select<pl, p2, globVarsuch thatIS-IN (<pl, p2>, structure-charnd
(Modifies (p1, globVarand Uses (p2, globVar)r
(Uses (p1, globVarand Modifies (p2, globVar))

To define a view that better approximatesocedure interfaces, we need to further

constrain the aboveiew addressing reachability afata defiitions. We do this in the
following way:
view pass-value-to
procedure pl, p2; statement s
Select<pl, p2, globVarsuch thatIS-IN (<pl, p2, globVar>, first-cut-sc-interface)
such that Parent* (p1, sand Modifies (s, globVarand Next* (s, callProc)

with callProc.procName=p2.procName

view sc-interface
procedure pl, p2; statement s, first
Select<pl, p2, globVarsuch thatIS-IN (<pl, p2, globVar>, pass-value-to)
such that Parent* (p2, sand Uses (s, globVarnd First (first, p2)
and Affects (first, s, globVar)

The last view represents a structure chart togetitbrinterface information. Many revse
engineering viewsare best presented to a programmegraphical form. Wewrote a reerse
engineering front-end for a commercial CASE todP®L. Program views obtained witPQL
are translated into the format of a CASE imgacility, loaded into the CASE repository and
displayed using CASE editors.
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More general views can be obtaingdough parameterizatiofror example, view ‘use-X’
is an instance of the following parameterized view:
view use-global-var (STR name)

Selectproceduresuch thatUses (procedure, globVanjith globVar.varName=name

V.  Evaluation of PQL

We tested expressive powerRQL in the following ways:

1. We comparedPQL to program query/pattern notations developedotiner research
projects [1,4,7,12,14,16]. Theomparison is favorabldor PQL We conveniently
expressed all types of queries we found in those sources.

2. We studied programiews supported bywo commercialprogramanalysistools [19,21].
Again, we could formalize these viewsRQL.

3. We specifiedreverse engineering transformations HQL The source language was
COBOL-85 with data stored in flat files. We described structure chart viewsxaamles
in section IV E) anddatamodel views. Werecovered thdirst-cut Entity-Relationship
(ER) data model from flat file structures based on heuristic rules such as:

» candidate entities correspond to files,

» certain sub-records and repeated groups are also candidates for entities,

» record fields are candidates for entity attributes,

» embedded foreign keys indicate entity relationships.
Reverse engineering done in steps, with usdreing involved athe end of eaclstep.
Views to be obtained at eadtep aredescribed inPQL The user (dataanalyst)
accepts/rejects selection made automaticallyth®y tool, before reverseengineering
progresses to the next, higher-level, step. In this experif@itproved to besffective in

specifying reverse engineering transformations.

VI. PKB implementations

Program Knowledge Bases (PKB) can ibglemented on a variety of media such as
generalpurpose relational database[4,14], specialpurpose relational database[13],
object-oriented databag#,12], expertsystem [6], abtract syntaxrees [7,16],dependency
graph [12,15] and @&ybrid PKB [9,10,11]. Weexperiment with PROLOG antybrid
implementations othe PKB. Translation of the programodel into PROLOG schema is

straightforward.
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Fig. 5 PROLOG implementation ofPQL

The hybrid PKB combinesattribute syntaxtreeswith PROLOG[9,10,11]. Global design
program model isstored in the PROLOG databasehile program structureand detall
program design modeége stored as attribusyntaxtrees. Both program representations are
tightly integrated, so that program entities and relationships stored in a PROLOG database can
be traced to syntaxees andiice versa.PQL queries can befficiently resolved on théybrid
PKB. The concept of aybrid PKB for storing programs was developed lmmguage-based
software development environments [Qur experiment shows thathg/brid PKB serveswvell
needs of SPAs.

VIl. Conclusions

We designed Program Query Langua§®l) as a genergburpose queryanguage for

Static Program Analyzers (SPAQL has the following features:

1. High expressiveoowerand simplicity.In PQL we can query oisystem-level design as
well as tosearch for constrained code patterns. A programmer WPEds queries in
terms of an explicit conceptual program model.

2. Hierarchical queries Complexprogramviews can be expressedterms ofsimplerones.
This feature makes it possible to formulate quetiesughlevels ofabstractioneading
from code structures up to the level of program conceptualizations.

3. Language-independence of PQISame program adeling conventionsare used
independently of a source languaB&L queries are driven by the program model.

PQL can be used as an end-user language. However, formulatioangflex queries
directly inPQL maynot beeasy. Therefore, end-user interfacefiétp programmers in query

formulation should be builipon PQL. In future work, weplan to further refine PQL with
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new features (such as parameterized views).ldigeterm goal of thevork described in this
paper is tadefine aframework for systematidesign of static program analyzers. Thepose
of this framework is to study toaapabilities incontext of themaintenancegrocesses and
programmer’s behavior. The premiseooir approach is thanodels of tool environment, i.e.,
of an underlyingsoftware process and programmer behavior, shoukkpieitly formulated
and thoroughly analyzed as an integrait of the toodevelopment cycle. We believe that by
doing so we cabuild bettertools andthat, inlong-term, such aystematic designilvhave a
positive impact on tooflexibility and productioncost [10]. Although we experiment with
maintenancerocesses and SPWols, wefeel thatthe same desigroncepts als@apply to

other software processes and other types of tools.
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