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UNICOEN: A Unified Framework for Code Engineering

Supporting Multiple Programming Languages

KAZUNORI SAKAMOTO, ™! AKIRA Onasur, ! Darcur Ota, 2
HIRONORI WaASHIZAKIT! and YosHIAKI FukazawaTl

As programming languages continues to evolve and become more multi-
faceted, software development with multiple programming languages becomes
popular. To aid software development, many analysis and transform tools for
source code such as metrics-measurement tools are being developed.

1234

However, there are two problems because these tools support only one pro-
gramming language. P1: Enourmous development costs are required to imple-
ment all conbinations between programming languages and tools because there
is a many-to-many relationship between them. P2: It is hard to introduce the
tools for software development with multiple programming languages because
there are differences of implementations and specifications in the tools.

In this paper, we propose a framework for processing source code support-
ing multiple programming languages named UNICOEN (UNIfied source COde
ENgineering framework). UNICOEN simplifies the many-to-many relationship
between programming languages and tools to one-to-many relationships be-
tween programming languages/tools and UNICOEN. It drastically reduces de-
velopment costs and prevents differences of implementations and specifications
between tools. Conclusively, we evaluated UNICOEN developing 3 tools which
supports 7 programming languages.
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Fig.1 A simplification for the many-to-many relationship between programming languages and
tools
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Table 1 A catalog of targetted tools by UNICOEN
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Fig.2 A difference between Python version 2 and 3
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public aspect Logger {
pointcut allMethod() : execution(x x.*x());
before() : allMethod () {
System.out.println(thisJoinPoint.getSignature() + " is executed.");
s
¥
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Fig.3 A logging code for executing methods in AspectJ

<?xml version="1.0" 7>

<aspectsetting>

<function functionname="/*" pointcut="execution">

<before>
<![CDATA[console

</before>

</function>

</aspectsetting>

.log ( __name__ + " is executed ."); 11>
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Fig.4 A logging code for executing methods in AOJS
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Fig.5 An overview of UNICOEN
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Fig.6 A unified code object of (142)*3
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Fig.7 A unified code model of the while statement

Expression = If(Expression condition, Block body, Block elseBody)
| While(Expression condition, Block body, Block elseBody)
| DoWhile (Expression condition, Block body)
| For(Expression initializer, Expression condition, Expression step,
Block body, Block elseBody)
| FunctionDefinition(ModifierCollection modifiers, Type returnType,

Identifier name, ParameterCollection parameters, Block body)
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Fig.8 The part of unified code model in ASDL
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Fig.9 A process of conversion and reverse conversion between source code and unified code objects
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var filePath = "code.java";

var ext = Path.GetExtension(filePath);

var progGen = UnifiedGenerators.GetProgramGeneratorByExtension(ext);
var uco = progGen.GenerateFromFile(filePath);

// 0000000000000 O0DO0O00O0Db0O0OO0DODO0O0OO0ODbOO0OO0OOO0O0
var code = progGen.CodeGenerator.Generate (uco);
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Fig.10 A code to inter-convert between source code and unified code objects in C# with
UNICOEN
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Fig.11 A automatic generation of syntax analyzers with Code2Xml
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var xml = XDocument.Load("code.xml");
var ifs = xml.Descendants("if");

Console.WriteLine ("The number of if: " + ifs.Count());

012 if00000000000000000 CH#000
Fig.12 A code to enumerate elements with ’if’ name in C#

var uco = UnifiedGenerators.GenerateProgramFromFile("code.java");
var ifs = uco.Descendants<UnifiedIf>();
Console.WriteLine ("The number of if: " + ifs.Count());
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Fig.13 A code to enumerate unified code objects of ’if’ statement in C# with UNICOEN
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Fig.14 A class diagram of the unified code model and the API for tool developers
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Fig.15 A processing of measurement tool for the number of statements

var uco = UnifiedGenerators.GenerateProgramFromFile("code.java");
2 | var count = uco.Descendants<UnifiedBlock>().Sum(e => e.Count);
3 | Console.WriteLine("The number of statements: " + count);

016 UNICOENOOOOODOOOODOOOOOOOOOO C#OOOOO
Fig.16 A code to count statements in C# with UNICOEN

XMLOOOOOOOO XMLOOOOOOOOoOOOoOoOo boMOoOoooooooo
gbobooboooodoboooboooobooooboooobooboboOobOoOoboOobOooDo
000000000000 000C00OUNICOENODOOOOOOOOOooOOoO APIOOO
goooooooooooooooooooboobo0oboooooooOobooOobooDboOoboOobo
oobooooobooooooooboooooobboooOoOooboooDbbOOoboboOooDoo
gobooooooocoooboooooobcooobOoOo0oOoboooooobooOoboOoooOooDooo
0000000000000 000000000O00000ODO0O00000O0O00AddDO

000000000 0000000 Vol No.1l 1234-1249 (Jan. 2008)

02 0000 OoCUO00O00UO0U0O0OLDOUOODOUDUODOOOOU
0oo0o0oo0o0OoGee, GCJ, Mono, Rhino, IronPython, IronRuby
Table 2 A comparison of the number of statements between OC mappers and existing
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Fig. 17 A display of UniMetrics which is developed with UNICOEN to measure McCabe complexity
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Table 3 A comparisons of the supported languages and the numebr of statements between Saikuro
and UniMetrics
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var count = UnifiedGenerators.GenerateProgramFromFile("code. java")
.Descendants<UnifiedIf, UnifiedFor, UnifiedForeach, UnifiedWhile,
UnifiedDoWhile, UnifiedCase>().Count() + 1;
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Fig.18 A code to measure McCabe complexity in C# with UNICOEN
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Fig. 19 A visualization of jEdit which is written in Java with CodeCity
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Fig.20 A visualization of JsUnit which is written in Java and JavaScript with UniCodeWorld and
CodeCity
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aspect Logger {

pointcut allMethod() : execution(* *.*x());
before : allMethod() {
QJava {

System.out.println (JOINPOINT_NAME +
}end
@JavaScript {

console.log (JOINPOINT_NAME + " is executed.");
}Yend

" is executed.");

021 0000000000O0DO000O0OO0 UniAspect 000000
Fig.21 A logging code for executing methods in UniAspect
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Fig. 22 Weaving aspect on unified code model using UniAspect
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IElement

= Element

| ElementCollection
| IExpression

Element

= Program(Block body)

Parameter (AnnotationCollection annotations, ModifierCollection modifiers, Type type,
IdentifierCollection names, IExpression defaultValue, IExpression annotationExpression)

Modifier (string name)
| GenericParameter (Type type, TypeConstrainCollection constrains,
ModifierCollection modifiers)

GenericArgument (IExpression type, ModifierCollection modifiers,
TypeConstrainCollection constrains)

Comment (string comment)

Case (IExpression condtion, Block body)

Argument (IExpression value, Identifier target, ModifierCollection modifiers)
Annotation(IExpression name, ArgumentCollection arguments)

TypeConstrain ()

PropertyDefinitionPart (AnnotationCollection annotations, ModifierCollection modifiers,
Block body)

VariableDefinition(AnnotationCollection annotations, ModifierCollection modifiers,

Type type, Identifier name, IExpression initialValue, ArgumentCollection arguments,
IntegerLiteral bitField, Block body)

LingQuery ()

OrderByKey (IExpression expression, bool ascending)

BinaryOperator (string sign, BinaryOperatorKind kind)

UnaryOperator (string sign, UnaryOperatorKind kind)

TypeConstrain

= ValueConstrain(Type type)
SuperConstrain(Type type)
ReferenceConstrain(Type type)
ImplementsConstrain(Type type)
ExtendConstrain(Type type)
EigenConstrain(Type type)
DefaultConstrain(Type type)

ElementCollection

= AnnotationCollection(IList<Annotation> elements)
ArgumentCollection(IList <Argument> elements)
CaseCollection(IList<Case> elements)
CatchCollection(IList<Catch> elements)
ExpressionCollection(IList<Expression> elements)
GenericArgumentCollection(IList<GenericArgument> elements)
GenericParameterCollection(IList<GenericParameter> elements)
IdentifierCollection(IList<Identifier> elements)
ModifierCollection(IList<Modifier> elements)
OrderByKeyCollection(IList<OrderByKey> elements)
ParameterCollection(IList<Parameter> elements)
TypeCollection(IList<Type> elements)
TypeConstrainCollection(IList<TypeConstrain> elements)

[o I e N N

IExpression

= Call(IExpression target, ArgumentCollection args,
GenericArgumentCollection genericArguments, Proc proc)
Cast (Type type, IExpression createExpression)

Indexer (IExpression current, ArgumentCollection create)
KeyValue (IExpression key, IExpression value)

Label (string name)

New (IExpression target, ArgumentCollection arguments,

GenericArgumentCollection genericArguments, ArrayLiteral initialValues, Block body)
Property(string delimiter, IExpression owner, IExpression name)

Slice (IExpression initializer, IExpression condition, IExpression step)

Switch( IExpression value, CaseCollection cases)

Catch(TypeCollection types, IExpression assign, Block body,
AnnotationCollection annotations, ModifierCollection modifiers)

If (IExpression condition, Block body, Block falseBody)

Lambda(Identifier name, ParameterCollection parameters, Block body)

Proc (ParameterCollection parameters, Block body)

Try (Block body, CatchCollection catches, Block elseBody, Block finallyBody)
ConstructorLike <TSelf>(Block body, AnnotationCollection annotations,
ModifierCollection modifiers, ParameterCollection parameters,
GenericParameterCollection genericParameters, TypeCollection throws)
DoWhile (IExpression condition, Block body, Block falseBody)

For (IExpression initializer, IExpression condition, IExpression step, Block body)
Foreach (IExpression element, IExpression set, Block body, Block elseBody)
While (IExpression condition, Block body, Block elseBody)

Fix (IExpression value, Block body)

Synchronized (IExpression value, Block body)

Using (ExpressionCollection expressions, Block body)
With(IExpression value, Block body)

ComprehensionBase ()

MapComprehension(KeyValue element, ExpressionCollection generator)

ClassLikeDefinition(AnnotationCollection annotations, ModifierCollection modifiers,
IExpression name, GenericParameterCollection genericParameters,
TypeConstrainCollection constrains, Block body)
EventDefinition(AnnotationCollection annotations, ModifierCollection modifiers,

Type type, Identifier name, ParameterCollection parameters,
PropertyDefinitionPart adder, PropertyDefinitionPart remover)
FunctionDefinition(AnnotationCollection annotations, ModifierCollection modifiers,

Type type, GenericParameterCollection genericParameters, Identifier name,
ParameterCollection parameters, TypeCollection throws, Block body,

IExpression annotationExpression)

PropertyDefinition(AnnotationCollection annotations, ModifierCollection modifiers,

Type type, Identifier name, ParameterCollection parameters,
PropertyDefinitionPart getter, PropertyDefinitionPart setter)
Identifier (string name)

Break (IExpression value)

Continue (IExpression value)

Goto(Identifier value)

Redo ()

Retry ()

Return (IExpression value)

Throw (IExpression value, IExpression data, IExpression trace)
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Fig.23 The unified code model in ASDL
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Fig.24 The unified code model in ASDL(Cont.1)
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YieldBreak (IExpression value)
YieldReturn (IExpression value)
LingExpression ()
ArrayLiteral ()
IterableLiteral ()
ListLiteral ()

MapLiteral ()

SetLiteral ()

TupleLiteral ()

Literal ()

Range (IExpression min, IExpression max)

BinaryExpression(IExpression leftHandSide, BinaryOperator binaryOperator,
IExpression rightHandSide)

TernaryExpression(IExpression condition, IExpression trueExpression,
IExpression falseExpression)

UnaryExpression (IExpression operand, UnaryOperator unaryOperator)

Alias (IExpression value, IExpression alias )
Assert (IExpression value, IExpression message)
Default (Type type)

Defined (IExpression value)

Delete (IExpression value)

Exec (IExpression value)

Pass (IExpression value)

Print (IExpression value)

PrintChevron (IExpression value)

Sizeof (IExpression expression)

StringConversion (IExpression value)

Typeof (IExpression type)

Type (IExpression basicExpression)

Block (IList<IUnifiedExpress> elements)
VariableDefinitionList (IList<VariableDefinition> elements)

ClassLikeDefinition

= AnnotationDefinition ()
| ClassDefinition ()

| EigenClassDefinition ()
| EnumDefinition ()

| InterfaceDefinition ()
| ModuleDefinition ()

| NamespaceDefinition ()
| StructDefinition ()

| UnionDefinition()
ConstructorLike

= Constructor ()

| InstancelInitializer ()
| StaticInitializer()

Import (IExpression name, string alias, IExpression member, ModifierCollection modifiers)

[o I e N N

ComprehensionBase

= IterableComprehension(IExpression element, ExpressionCollection generator)
| ListComprehension(IExpression element, ExpressionCollection generator)

| SetComprehension(IExpression element, ExpressionCollection generator)

Identifier

= LabelIdentifier (string name)

| SuperIdentifier(string name)

| ThisIdentifier (string name)

| Typeldentifier (string name)

| VariableIdentifier (string name)
| VaueIdentifier (string name)

LingQuery
= FromQuery(VariableIdentifier receiver, IExpression source, Type receiverType)
GroupByQuery (IExpression element, IExpression key, VariableIdentifier receiver)

JoinQuery (VariableIdentifier receiver, IExpression joinSource,
IExpression firstEqualsKey, IExpression secondEqualsKey)
LetQuery(Variableldentifier variable, IExpression expression)
OrderByQuery (OrderByKeyCollection keys)

SelectQuery (IExpression expression, VariableIdentifier receiver)

WhereQuery (IExpression condition)

Literal
= NullLiteral ()
| TypedLiteral ()

TypedLiteral

= IntegerLiteral (Biglnteger value)
BooleanLiteral (bool value)
CharLiteral(string value)

|
|
| FractionLiteral (double value, FractionLiteralKind kind)
| RegularExpressionlLiteral(string value, string options)
| Stringliteral(string value)
| SymbolLiteral(string value)
IntegerLiteral
= BigIntLiteral() | Intil6Literal() | Int31Literal() | Int32Literal()
| Int64Literal () | Int8Literal() | UIntl6Literal() | UInt3iLiteral()
| UInt32Literal() | UInt64Literal() | UInt8Literal()

Type
= BasicType ()
| WrapType(Type type)

WrapType
= ArrayType() | ConstType() | GenericType() | PointerType ()
| ReferenceType() | StructType() | UnionType() | VolatileType ()
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Fig.25 The unified code model in ASDL(Cont.2)

000000000 00oDO0OOoOoO0 Vol.1 No.1l 1234-1249 (Jan. 2008)

026 ASDLO0OOOO0OOO0OODOOODOODOOODOOOO 30
Fig.26 The unified code model in ASDL(Cont.3)
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