YAAB (Yet Another AST Browser): Using OCL to navigate ASTs
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Abstract tice of code bhybwsing becomss a very complex and resource

In the last decades several tools and environments de- nvironments (e.g., Microsoft
fined and introduced languages for querying, navigating i » ahd 4+ Builder™™ /JBuilder™ , etc.)
and transforming abstract syntax trees. These environments g supporting developer basic opera-
were meant to support software maintenance, reengineering ions. sver, thesg’tools have limited customization and

and program comprehension activities. ing Capabiltyand thus they play a little or no role

Instead of introducing a new language, this paper pro- MNqcated in large software system.
poses to adopt the Object Constraint Language (OC
express queries over an object model representing
stract syntax tree of the code to be analyzed. OCL
of the UML lingua franca and thus several advantage
be readily obtained. Central to the idea is to shift
analysis paradigm from a tree-based to an object-oriented
paradigm, and to provide a meta-model decoupling the
query language from the target language

f/ler, Rigi and many others. These tools have very
Ful and well-known capabilities, though they have

For example, CodeSurfer [9] is particularly indi-
\ for point-to analysis and slicing, Rigi [10, 11] was

Bilities, Semantic Designs Source Code Browser [13] helps
program comprehension by allowing navigation of source
code extracted documentation and hyperlinked Java code.
The drawback is that these tools may be difficult to integrate
with traditional programming environments/languages to
build custom tools.

Several categories of languages/toolkits for source code
analysis and transformation have been developed during
the last decade. Among all, those providing a powerful
language oriented to program comprehension and transfor-
mation are the Design Maintenance Systems (DMS) pro-
duced by Semantic Designs Inc. [14, 15], the TXL pro-
gramming language produced by TXL Software Research
Inc. [16, 17], Refine [18] produced by Reasoning Systems



Inc., and FermaT by Martin Ward [19, 20]. These tools
have powerful analysis capabilities, if compared to stan-
dard development environments; e.g., they provide pattern-
matching languages and a way to query and transform the
Abstract Syntax Tree (AST) produced by a parser. By pro-
viding mechanisms to query and transform an AST, they can
be used to fulfill several analysis and comprehension tasks,
as well as to carry out maintenance and source code trans-
formation tasks. However, such tools require trained and
skilled people, in that they define proprietary languages.

This paper proposes to adopt the Object Constraint Lan-
guage (OCL) [21] as a specification language to browse,
navigate, and query, via an underlying programming lan-
guage object model, ASTs.

OCL is a formal language easy to read and to write,
developed to specify constraints and more general expres-
sions; OCL has been used in the UML Semantics docu-
ments and could be considered part of the UML users’ back-
ground. It is not the intention of the authors to create yet
another language, or a language similar to those already
defined and available in the aforementioned transformation
and reengineering environment.

By adopting OCL several other advantages are read-
ily available. First and foremost, the analysis paradigm
changes: the focus is no longer an AST or parse tree
paradigm, rather an Object-Oriented (OO) paradigm. The

clean and elegant OO approach to develop compilers is pre-
sented even if the author position is clear and, due to porting

interpreter capabilities and, in the meantime, developing a
C object model and parser.

The remainder of the paper is organized as follows: Sec-
tion 2 presents the language - AST object model; a brief
overview of OCL basic notions is reported in Section 3.
Section 4 discusses, presenting some examples, how OCL
can be used as an AST navigation and query language. Sec-
tion 5 presents the experience of fsauthors in developing

4ss is extended by one or more sub-
sach grammar rule in which the ab-

there are more grammar rules with the same
left-hand side, they may be expressed using the
6ption ‘ ‘|'’ operator, e.g., cond._statenent
= if statement | for _statenent |

whi | e_st at enent ; this, again, is mapped, in
the object model, in a class hierarchy where the
left-hand side is the superclass and the options on the
right-hand side the subclasses; and

Sequences and options are expressed using the + (one
ormore), * (zeroor more)and [ ] (optional) operators,
e.g., argunent 1ist = expression (‘‘,"’
expr essi on) *. Such sequences and options will
be translated, in the object model, in associations with
target multiplicities 1. . *, 0. . * and 0. . 1, respec-
tively.

Classes representing the grammar are derived from a su-
perclass Node; Node is the supertype for all nodes in the
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Figure 1. AST object model example: Method/Declarator

language object model and it factors out the elements useful ancestors/and descendants is Built on the fly, when needed,
to query and navigate the AST. The following associations using appropriate visitors.

and attributes are defined via the superclass Node: tigating the overhead imposed by

the navigation strcture. For the Java programming lan-

o Each node is associated to (all) its children. This will guage and moderate‘system sizes, it does not constitute a

allow to consider the children of a node as an OCL limit. For other 1a es such as C and very large appli-

Sequence (as described in Section 3, something similar
to an array), and to iterate through it;

cations (i.e., a main piu
ions may be required.

o For similar reasons, each node is associated with\(al ndi ava-method declaration as represented in
its descendants; as shown in Section 4, this kind

links are particularly useful to locate, inside an AS? ¢/at fhie JavaCC gr.ammar repository [22] . The grammar
all the nodes satisfying a specified property; ’

be"a local variable declarator, an unmodified class declara-
tor or a statement.

line and 3 OCL Overview
thenode

OCL is a formal language used to express constraints on
a UML model, i.e., conditions that must hold on the system
being modeled. OCL was created to overcome the limita-
tion of UML to provide all the relevant aspects of the spec-
ification. In particular, UML does not have a formal mech-
anism to express constraints on diagrams and to specify pre
and post conditions for class methods, class invariants, nor
guard conditions on statecharts and interaction diagrams.

and itS children. The Sequence of OCL is a pure expression language, therefore OCL ex-

associated to its paren




pressions are guaranteed to be without side effects, i.e.,
any OCL expression simply returns a value, and it cannot
change anything in the model.

Providing an extensive description of OCL is out of the
scope of this paper; we will limit ourselves to highlight
the OCL characteristics that are the most relevant to define
an AST navigation language. Further details can be found
in [21].

In order to express constraints, OCL allows navigability
among classes in a UML meta-model. OCL supports two
navigation forms. The first is indicated by “.” (the same for
accessing to a class attribute or method or to apply a feature
to a single object), while the fact that a feature is applied on
a Collection (see below) is indicated by the symbol “— >”
When navigating through an object model, class names are
indicated in lower cases.

Given the AST object model shown in Figure 1, from an
object mof type Met hodDecl ar ati on one can access
to the line where its Met hodBI ock begins, simply writ-
ing m met hoddecl ar at or. begi nli ne. As shown
in Section 4, this formalism is particularly useful for navi-
gating from an AST node to its children (i.e., from a class
to its associated classes).

A useful feature is the ability to verify if an ob-
ject is an instance of a given type, or if it is of
one of the supertypes of the given type. This can
be done by applying to an object, respectively,/th
features ocl | sTypeX and ocl | sKi ndCOf.
given a node v of type St atenent,

the expression m.ocllsKindOf(BlockStatement).

Another interesting  feature is the
to access all the instances of a class, e.g.,
Met hodDecl aration. al | | nst g In this
case, the class name has to be writje j
of the class diagram.

provided with a set of ths
basic String manipulation T&

our choice of OCL to express thefavigation and the query

of an AST. The idea is not new, for example, a powerful
set of operators to handle collections and sets was present
in the Reasoning Software Refinery language [18]. The fol-
lowing is a brief summary of the OCL available constructs
operating over collections:

e Extract from a collection all the items (not) verifying
a given property - sel ect (»sj ect); perform a pro-
jection (col | ect);

e Universal quantifiers: |, exists;

o | ter at e througj aII he itexgs of a collection veri-

Yava grammar available at [22].
n particular, we will discuss how to implement the fol-
owIRg features:

Returning some subtrees of an AST: e.g., all the classes
declared in a Java file or all the method declared inside
a Java class;

e Matching subtrees;

e Searching for all AST nodes having a given prop-
erty and, in particular, computing some metrics. We
will show how some of the metrics used to perform a
metric-based clone detection [25, 26, 27] can be com-
puted.

AST navigation languages, as mentioned in the introduc-
tion, are very often integrated with construct to help AST
transformation. However, OCL is a pure expression lan-
guage, and thus it cannot be used to describe transforma-
tions. An extension of OCL for AST transformation is part
of our future works.



extractClasses(cu: CompilationUnit):Sequence(UnmodifiedClassDeclaration)
post: result=cu.descendants—->select (oclIsTypeOf (UnmodifiedClassDeclaration))

extractMethods(cu: CompilationUnit):Sequence(ClassBodyDeclaration)
post: result=c.descendants—>select (oclIsTypeOf (MethodDeclaration)
or oclIsTypeOf (ConstructorDeclaration))

Conditioning(s: Statement):Sequence(Statement)

post: result=s.ancestors->select(oclIsTypeOf (ForStatement)
or oclIsTypeOf (WhileStatement)
or oclIsTypeOf (DoStatement)
or oclIsTypeOf (SwitchStatement)
or oclIsTypeOf (IfStatement)
)

e

Figure 2. Extracting nodes from at

Operations performed with OCL are expressed, in this i er interesting example: given axs{atement
Section, using the standard notation adopted to describe S, one pay Me interested torretrieve the Sequence of con-
post conditions: ditiondl sl i ing its execution. This can be
Met hodName ““ (** [ paramNane '’ :'’ dopé usiQg the functio di ti oni ng that, as shown in

paramiype ([‘‘,’’ paranmnName '’ :"’ Figuee 2, takes advantage6f the association a node has with
paramlype] )* ')’ '’':’’ ReturnType all its angesthay &.
post: ocl Expression

4.1 Extracting NodesHaving a Given Property .
4.2 Matching Subtkees

The first operation to perform, prior to execute al
gram comprehension task, is to extract the AST sub
subject of our analysis. Normally, what we obtain fromXhe
parser is an AST for each source file parsed or, if our parsy
is able to perform a multi-file parsing, an AST forest. Let us
now suppose, for sake of simplicity, that our parser works,
as in the former case, on a single file, ih be inter-
ested to extract, from a source file:

ature that an AST navigation language
should/mplement is the ability to perform some forms of
tree/glibty€e matchimg. In particular, we defined two kinds

¢ An operator to determine if two trees exactly match,
e., if the root nodes of the two trees contain the same
mber of children (both terminals and non-terminals)
and all children match; and

An operator to determine if two trees structurally
match, i.e., if the root nodes of the two trees contain
the same number of children (both terminal and non-
terminals) and all non-terminal children match.

The first operator was associated with the “=" OCL
operator, that returns a Boolean value indicating if
two objects match. For the second operator, we ex-
tended OCL with a feature struct Mat ch(target:
ocl Any) : Bool ean that applies on any OCL object, i.e.,
on only AST node in our case.

To better understand the details, let us consider two ex-
amples. Firstly, given an Expression e, we need the list of
all conditional statements of a method mwhere the condi-
tion is exactly e, i.e., the condition must be expressed on the
same variables with the same constants. Thus, we may write



matchExpression(m: MethodDeclarator e:
post:result=m.methodblock.descendants->select(s:
or
or
or
or

Expression) : Sequence (Statement)
Statement | (s.oclIsTypeOf(ForStatement)

s.oclIsTypeOf (WhileStatement)
s.oclIsTypeOf (DoStatement)
s.oclIsTypeOf (IfStatement)
s.oclIsTypeOf (SwitchStatement))

and s.Expression=e)

detectClones(c:
post: result=c.descendants->iterate(n:

then s-

endif

the function mat chExpr essi on shown in Figure 3. As
shown, the function iterates on all the descendants nodes of
the Method Block of m The feature sel ect providesto re-
turn only the statements s satisfying the enclosed condition,
i.e., s must be a conditional statement, and its conditional
expression must exactly correspond to e.

The second example aims to find cloned methods\¢con
tained in a file. Literature reports several methods to Ye-
tect clones, from metric-based [25, 26, 27] to those base
on matching subtrees [28]. For illustrating the structural
matching feature, we will refer to the latter approach (i.e.,

subtree (rooted in n1). The fun
in Figure 3, the eansts feature
Match feature che

CompilationUnit) : Sequence (MethodDeclarator)
Node; s:Sequence(MethodDeclarator) |
if n.oclIsTypeOf (MethodDeclarator)
and c.descendants->exists(nl: X

>append (n)

. The value is computed
ence by applying the feature

noges derived from the Bl ockSt at ement (i.e., State-
ment, variable declarator, or unmodified class declarator).
Then, as in the previous case, the feature count returns
the Sequence size.

Much in the same way, other elementary metrics such
as the number of return statments (Ret ur nSt at enent s
function) or the number of methods calls can be computed.

The cyclomatic complexity (see function Cyclomatic in
Figure 4) can be computed counting all the decision points
in a block and then adding 1 [29].

Slightly more complex is the task of counting the num-
ber of variables declared in a block b (i.e., all the lo-
cal variables of that block). This means that, for each
block statement of type Vari abl eDecl ar at or, we
need to count the number of declared variables. Such



Parameters(m: MethodDeclarator): Integer
post: result=m.namelist.formalparameters.formalparameter->count ()

LOCs(m: MethodDeclarator): Integer
post:result=m.methodblock.end_line-m.methodblock.begin_line

Statements(m: MyMethodDeclarator): Integer
post:result=m.methodblock.descendants->select (oclIsKind0f (BlockStatement))->count ()

ReturnStatements(m: MethodDeclarator): Integer
post:result=m.methodblock.descendants->select (oc1lIsTypeOf (ReturnStatement))->c

Cyclomatic((m: MyMethodDeclarator): Integer

post: result=m.methodblock.descendants->select(oclIsTypeOf (ForStatement)
or oclIsTypeOf(WhileStatem
or oclIsTypeOf(DoStateplen
or oclIsTypeOf (IfStagemept)
or oclIsTypeOf (Swi gbel) ) ->count () +1

Locals(b:MethodBlock): Integer
post: result=b.blockstatement->iterate(n:Node; r:Integer |

Bl ockSt at enent and, for each node n of typy
Local Vari abl eDecl ar ati on, it counts all the items
igcrementing

iteration).

4.4 Discussion , ;
. However, to perform composite tasks or tasks with

effects (e.g., clone detection, source code transforma-
on), OCL needs to be complemented/integrated with other
tools/languages. At the time of writing, we identified, as a
suitable solution, the integration with the JavaCC environ-
ment, where the programmer retrieves nodes/properties ex-
ecuting OCL queries with an approach similar to what done
to executing SQL queries from any programming language.

allows easily expressing nawg
This is not surprising, in that th

presentation itself.

ssin OCL all the 5. Tool Development | ssues

We are currently implementing an OCL interpreter with
the purpose of navigating and querying a programming lan-
guage object model. The interpreter must integrate the
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knowledge of the OCL domain while being as independent 1€ etrnsg’an Object that may contain another
as possible from the given target language domain, thus 3

ensuring portability across different languages or program- guage damain is composed by a lexer and
ming paradigms. Furthermore, the mapping of structures S
or, more generally, the variable binding between the OCL of JavaCC) the AST (consisting, as shown in Figure 1, in a

he
An OCL lexer and parser;

OCL domain is composed by:

portable code, while providing powerful structures and al-
gorithms via standard packages. Moreover, the reflection

e YA symbol table; and
An attribute evaluator that works as an interpreter.

According to what described in [23] the symbol table
binds variables to contained values. In our interpreter, to
ease the development task, the symbol table stores interme-
diate and final computation results corresponding to nodes
of the OCL expression AST; it must also provide scope
mechanism and binding. The binding functionality is also
needed to map AST nodes into OCL symbols belonging to
the expression to be evaluated. This, in turn, brings back to
the need of defining an abstract representation for symbol
table entries, corresponding to OCL expressions and sub-
expressions. Working in Java this is readily available in that
the Java Qbj ect class offers the method hashCode() . If
two objects are equal according to the equal s( Obj ect)
method, then calling the hashCode method on each of the
two objects must produce the same integer result, thus they
are mapped, as required, into the same symbol table entry.

guage; and

e A symbol table.



The interpreter semantics is implemented by an attribute
evaluator:; an eval method is provided for each node of the
OCL grammar. Such function evaluates the node according
to:

e The passed symbol table;

e A passed node (that, often, corresponds to the part of
the OCL expression already evaluated), and

e The node local values.

Let us suppose we need to count the number of r et urn
statements inside a Java method m (see the function
Ret ur nSt at ement in Figure 4). A simplified version of
the OCL expression parse tree is shown in Figure 5. Termi-
nal symbols are bold-faced, while some grammar nodes (in
particular, those corresponding to the different precedence
levels of the expressions), for sake of simplicity, are not re-
ported.

From an high-level point of view, evaluating such ex-
pression means to sequentially evaluate all the subtrees of
the node pri mar yExpr essi on on the top of the tree,
except the first (pr i mar yExpr essi on, that simply indi-
cates the access to the node passed as parameter). In each
case, an eval method is invoked.

The eval method of the first pr opertyCal | takes as
a parameter the Object returned by the previous invocagiqn.

node is reached by recursive invocation, from each node, o
the eval method for all its children.

The second eval method takes again an-Qf ect as a pa-
rameter (m net hodbl ock) and p
matches to * * descendant s’
the node in order to retrieve all it

method of thg rlghtmost subtree. 'S
e feature has been ide

case, once as acount, the
eval hined in the Sequence
received

Other,

track of the intermediatawalues.

6. Conclusions and Work-in-Progress

We have shown how OCL can be used for navigating and
querying ASTs. This gives to the maintainer the following
advantages:

1. The language used is not a proprietary language, but it
is a de facto standard;

2. The grammar can be thgught'as an object model, thus
supporting its visualiZatiog' using common UML view-
ers/editors;

red to complete the tool imple-
plement a viewer allowing to
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