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v Model to Model
v Model to Text
v Text to Model
v 22X ™9l
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(1) MDA(Model Driven Architecture)
(2) ADM(Architecture Driven Modernization)
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(1) MDA(Model Driven Architecture)

> MDA (=3&¢h
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(2] ADM[Architecture Driven Modernization]
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(1) Model to MOdeI

/ ar2ag EAREE HES B
v HoiEel, Faol olof7t 9l

v OCr=o| 2 E Azl A0{7F O 7|0 SHESHATL, MTL, ETL &)

|

H|Ef 2 & B HE 7 H|Et 2 &

A I\

Conforms to . Conforms to

A A DO Cll LH3S il
a2 o etk Al EfA R

module PersondContact ;

create OUT : MMb from IN : MMa -

rule Start {

from

p : MMalPerson |
plunction = "Boss

ATLS 0188 D 812k &1 ZA (f

C: MMblContact (
name =- p.frst name + p.last name 13
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[(2) Model to Text
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(3) Text to Model

> T2 10| grammar®t MEFZ RO T3 Bst AR
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= S0l
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D e 3 H| Ef = &
a
. Conforms to
AABAE 2H s A Efzim e
thodDeclaration: rule ‘example’
mr'-.leamue "[?Cpaarrzrl:l:l:l" from methodDeclaration mDec MEthﬂE.l
to Method name : String
: queries
GraZMOLE Olg?_* ql : /mDec/{/#param;
EI_% Eﬂ H | ZII-A 01“ param: mappings 0..% | params
Type Name param? name = mDec.Name; Parameter
' params = ql; name : String
end rule 15
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(2] 233 Z2 HE AN

» TGG(Triple Grape Grammars)
v o= 2 o|238l0] Qutst mel H3to| 7Hs

v QUDEIO| RASL AFQ|CIE2H M Al E| A& Q1S

» QVT-R(Query View Transformation Relations)

v YBEO| FMB £F0| 120 HE &4 = 4 US

» JTL(Janus Transformation Language)
v FE A Z M85 % +=F0| CHE I 2AK = Het 7t
v ™ZsEX| o o E Azl AT o2 7Y

> O|= 3AEZ H 0
MEZ R Hat 910(7
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(3] =Xl 9

> dH =49 =X
v ES3 470l BHL J|E YUY O0IS AT 2H 8IS
v OdejLt T &0 OHE HES ArEotH HIA| & &4
Sample Sample
+Test() : void +Test() : void
12} 2} g

class Sample

{

public void Test () {
}

class Sample

{
public void Test () {

printf (Y“Hello”);

}

class Sample

{

public void Test ()
}
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> Meteh =8| ¥e 3

v (ZZM2A) MDAR} ADME Hatst ZZ H A
v () MM, M>T, TOM2 SHLEQ| A0 A 7ts

v (§0]) FetsE mEl S 910 : ASTMIt Hidden Model & AFE
ol dEEH HX|

UML Tree Tree ASTM use
Metamodel Model Model }_ Metamodel
/N N

L Transformation i _
iconsist of Rule  consist of

: Tuse | 7 cice+ 1O |
. £ Parser '
Transformation
> Engine < |
/ N Java /O
Parser €

Hidden xCodeParserNGeneratof
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v o d&Ea A AT MO Z |0 QU0 LOLET| O{HS
v SN EE 22O R47F OfX[L[0{OF 51 7| W= 0f
HEtZEO =& € T = AC{OF &
H TreeModel
= name : EString
Metamodel(*.ecore)
D.."'I subMode
E Node
= name : EString
GenTreeModel parent = upperBound : EInt
n1 | = lowerBound : EInt
= isRecursive : EBoolean
[ TreeModel(*.xmi) } I 0.
0.*| attr subMode
E attribute
= name : EString type B Type
Model Transformation — e 17} = hame - EMIINg
Rule

TreeModel Metamodel



(1] M2t S 22 HE A0

> Tree Model2| == (EBNF)

<NODE> := [ “[“ <MULTIPLE> “]” ] [<NAME>] “” <TYPE> “(“<VARIABLES> *)”
<MULTIPLE> :=“0..17 | “0..*” | “1..*”

<VARIABLES> := <VARIABLE> ( “,” <VARIABLE> )*

<VARIABLE> := <NAME> “:” <TYPES>

<TYPES> := <TYPE> ( “|” <TYPE> )*

Example)

Node Variable
[0..*] name : Type|(jattrl : AttrTypel | AttrTypeZ , attr2 : Type2)

[0..*] name : Type (attrl : AttrTypel | AttrType2 , attr2 : Type2)

Sub node

28




XM

Metamodel

Tree Model

cad
(1] H|toh Fdier 3l
> Tree Model g S
r--<RootTag attribute="data”>----------:
<SubTag attribute="data” >
<SubSubTag />
</SubTag> i

</RootTag>

<SubTag tiribute=*“data” />

| ]

> H RootTag !
= attribute : EString | €----F----- Lommmmmmm oo

! 1

[} ! |

I 1

I 1

i ; ! 1

- 0.*)5SubTag <-----"* v,
E subTag subsubTag_ | B subsubTag

= attribute : EString [* 0.1

RooTag(attribute:EString)
[0..*]subTag:SubTag(attribute:EString)
SubSubTagSubSubTag()

Metamodel XMI

Tree Model

EI -t <Tagl  id=1"  ref=2”
S <Tag2 =27
| | S S
3 : ;
Z| 1, [ Hiaa e[ Hrag
p= 1
8 S
“ O
=S| Tagl(ref:Tag2)
<RootTag>
§<type Xsi:type=“Tagl”-/>-:
<type xsi:type=“Tag2” /> !
</R00tTag> ! i
v'/ e
H RootTag |le type [ B Taglype | E
0.* /—% /—% :
H Tagl H Tag? i
" s
RooTag() D EEEEEEEE PP EPEPY

[0..*]tag1:SubTag()
[0..*]tag2:SubTag()




4 ASTModel( )
a4 compilationUnit:CompilationUnit{ )

o I. 6 I_ o t I, 6 t H I ﬁ Q 4 [0_*limportStmtImportStatement( isOnDemend:EBoolean )
[ 1 ] HI — o E i — [1.*Iname:Mame( nameString:EString )

4 [0 *]definition:Definitionvariablel
[1.*Iname:Name( namestring:EString )

> Example storage:Static( )

typelnteger( isUnsigned:EBoclean )

typevoid( )
Tree MOdeI type:Char{ isUnsigned:EBoolean |
type:Long( isUnsigned:EBoclean |
a4 typetArray( sizesHnt )
) > subType:Array( size:EInt )
» subType:Pointer{ )
typednteger( isUnsigned:EBoolean )

H asTmodel

1 | compilationUnit

=] Compilationnit type:Void( ,J .
- type:Char{ isUnsigned:EBoclean )
; B typecLong( isUnsigned:EBoclean )
H statement 4 typePointer( )

- subType:Array( size:EInt )

0* ) Q o definition > subType:Pointer] )
importstm . typelInteger{ isUnsigned:EBoolean )
H importstatement E Definition typevoid( )
= isOnDemend : EBoolean type:Char{ isUnsigned:EBoclean )
1 type:Long( isUnsigned:EBoclean )
alluls subType
B Name H Definitionvariable
= nameString : EString - 0.1
e
" 1 lype 1 ; ™ H AggresteType
1y storage B Tpe
H Storage ]
% B void B NumberType H Array H pointer
Metamodel H static = isUnsigned : EBoolean = size - EInt

T T 7 30

H Integer H char = Long




(1) Xj2tet S

St I BB 010]

| -

(name EString)| d1

[O *] Typel(name:EString)

(name:EString) d2

» Graphical
Name]
Rule A
q /
Narre?
> Textual

/
I

[0..*]Type2(name:Estring)

1

1
1
I

domain ml: "metamodell ecore";

doméin m2 : "mdtamode12 ecore";

rule A{ /

I
1
1

dl: ml!Namel.name

1
1

d2: m2!Name?Z?.name

1

mapping {
dl <--> d2

31



(1] M2t S 22 HE A0

» Language Format

[ domain <DOMAIN NAME>:"<FILE NAME>"; ]+
[ rule <RULE NAME> {

[ <NAME> : <DOMAIN NAME>!<CLASS NAME>.<ATTRIBUTE NAME> ]*

mapping {
[ <NAME> <-=[<CONDITION>]=-> <NAME> [:: <ACTION_NAME>] ] *

[ do(<ACTION NAME>) {@
[ <CODE> ]*
@}y I~
} oI+
32



(2) Moot BT HE HE A X

> D3 He Aol 72

Source Refersto ___Refersto Target
Metamodel Metamodel

AN A

Conforms to Conforms to

Source g BMMLGemwmor | ws Targe
Model Refersto |- (based-on EMF) - Model

< .
Hidden
Model 9 Java VM

Transformation Engine

33
BMTL.: Bidirectional Model Transformation Language, EMF: Eclipse Modeling Framework, AST: Abstract Syntax Tree



(2) HIOHSH st D HI2t QX

» BMTL AST Metamodel

H NamedFlement

= name : EString

/_? Ja Y A
H pomain 1.* ?
= file_name : EString [~ ) L BT
domains
1..*"'Irule5 H attribute
H Rule ‘M = domain_name : EString
n* | = type : EString
H statement

= left_name : EString 1 | mapping
= right_name : EString |  « H Mapping does H Do
= cmjmtu:m : EStrlng_ < - o+ = code : EString
= action_name : EString | statements )

34



(2) HI2tet 8 F 3 BHE X

> Bidirectional Model Transformation Language (BMTL)2| EBNF

<BMTL> ::= <domains> <rules>

<domains> ::= ("domain" <domain>) +

<domain> ::= <name> ":" <LITERAL STRING> ";"

<rules> ::= "rule" <name> "{" <attributes> <mapping> <does> "} "
<attributes> ::= ( <attribute> )*

<attribute> ::= <name> ":" <name> ":" <type>

<type> ::= <name> ("." <name> )*

<mapping> ::= "mapping" "{" <statements> "} "

<statements> ::= ( <statement> )*

<statement> ::= <name> "<-" [" (" <expr> ")"] "->" <name> ["::" <name>]
<does> ::= ( <do stmt> )*

<do stmt ()> ::= "do" " (" <name> ")" "{@" <CODE STRING> "@}"

<name> ::= <IDENTIFIER>




[2) HIorot Qkulst gl BBt Ol Xl—um 3=

e L [ — =20 o O
domain <DOMAIN NAME> "<FILE_NAME>" ]+
[ rule <RULE_NAME> {
[ <NAME> : <DOMAIN NAME>!<CLASS NAME>.<ATTRIBUTE NAME> ]~*
mapping {
[ <NAME> <-[<CONDITION>]=> <NAME> [:: <ACTION NAME>] ]*
}

do(<ACTION_NAME>) {@
[ <CODE> ]*
@} 1~
} o1+
public class <RULE NAME> {
private boolean direction;
private Resource <DOMAIN NAME>
private <CLASS_NAME>.<ATTRIBUTE_NAME> <NAME>;
public <RULE NAME> (boolean dir) {
<DOMAIN NAME> = emf load (<FILE NAME>); btml mappiing() ;
direction = dir; o N N
}
private btml mapping () {
if (direction) {
1f (KCONDITION>) {<NAME> = <NAME>; btml <ACTION NAME> () ;}
} _ _

else{
1f (KCONDITION>) {<NAME> = <NAME>; btml rev <ACTION NAME> () ;}
| _ _ _
}

private void btml <ACTION NAME> () { <CODE> }

private void btml rev <ACTION NAME> () { <CODE> } 36



' domain ml:"metamodell.ecore";| a ¢*__|§=_F'g“|_'_f[-__|:'_~_ﬂ_'§it_['v_“|_'§[2|_l§'!_5_--§_r[1F'|E' bl
 domain m2:"metamodel2.ecore"; \ 4 Domain ml
ruleA . 4 Domain m2
{ a4 4 RuleA
U , i Attribute m1
' dl: ml!Namel.name —

4 Aftribute m2

1 d2: mZ!NameZ2.name | 4 4 Mapping
mapping { / _____ 4 Statement dl

dl <-(dl == "name")-> d2 :: add -:} Do add
s M
'do(add)
(e
. d2 =dl + " fix";
@)

37



public class A {
private boolean direction;

‘private Resource ml;

‘private Resource m2;

———— e _ -

i« Domain ml '
.4 Domainm2
4 4 Rule A

<= Attribute m1

<= Attribute m2
4 <4 Mapping

}

< Statement d1 —_

& Do add

ml = emf load("metamodell.ecore") ;|
mz2 = emf load("metamodelZ.ecore") ;|

direction = dir;

if (dl == "name") {
dl = d2;
btml add() ;

}

} else {

if (dl == "name") {
d2 = di;
btml rev add();

private void btml_add() {

d2 = dl + " fix";
}

private void btml rev_add() ({

d2 = dl + " fix";
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» xCodeParserNGenerator

ASTM
Metamodel |

icon5|st of

i ASTM
| Translator € E 110
! C/C++
C/C++ AST Parser

Translator
\ ASTM @

Translator Java /O
Java AST Parser
Translator

xCodeParserNGenerator

Translator Framework
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(1) Abstract Syntax Tree Metamodel

Q Abstract Syntax Tree /\//ez‘amoa’e/ (ASTM) - OMG's &%
v 7|E AU =2 abstract syntax tree 7tA|11 U1
IE ddg
v gLt Anorde| S0fCh AST| 27t "Hel O|F ZE dde
o4 =20] U=
v ASTMZ O] 7}X| 10| &2 StLIQ| ASTE AFRE = /LS
ST HE
> ASTMO| X
v =112 AE AO[2| HEMHO|HE EHA &=2F5t7| |
v & = *EE"JICH cACizl, E3E, 24 0[5 =t
v A& 7hsth 210]
o« C C++, C# Java, Ada, VB/Net COBOL, FORTRAN, Jovial &
> ASTMS EZE M0 EX317| 120 13 & 2

O|Aol

v ASTM2| 193 Y2|HEE TE {35t X0 E22 7




(1) Abstract Syntax Tree Metamodel

» Abstract Syntax Tree Metamodel (ASTM)

» GASTMObject (that is, a Root: the general ASTM)
v Consists of SourceObject, SementicOjbect, and SystaxObject.

B GASTMObject

] I 1

H GASTMSourceObject H GASTMSemanticObfect H GASTMSyntaxObject

? f A AR n 7
E Project H Preprocessorleme.. 0>

. T preProcessor Elemen ts
H compilationUnit -

= language : EString files B MinorsyntaxObject |
\ [
fragment
B DefinitionObjact
jﬁ B Expres. H statemea
E DeclarationOrDefinition | B TvoeDedarati P .
= linkageSpecifier : EString S— u DEfI n |t|0n & DGClaratlon
L] H mype .
Zle ZF = isConst : EBoolean d Of Va”able Or funC.
eclaration |

H Definition ElE A
0.1
defRef u Type
01 N = Expression for AND, OR...
definitionType 0.1 Oy

H pererance " - = Statements for IF, FOR

expressionType




(I M 00 00 [0 [0 @0 [0 00 [0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0 00 00 00 0 0

H

(1) Abstract Syntax Tree Metamodel 193 meta

GASTMObject

GASTMScourceCbject -= GASTMObject
GASTMSemanticObject -= GASTMObject
GASTMSyntaxCbject -> GASTMObject
ScurceFile -= GASTMScurceCbject
SourceLocation -= GASTMSourceObject

CompilationUnit -= SourceFile, MinorSyntaxObject

SourceFileReference -= SourceFile
CrefiniticnCbject -= GASTMSyntaxObiject
Frogram5Scope -= Scope

Project -= GASTMSemanticObject

Scope -= GASTMSemanticObject
GlobalScope -= Scope

FunctionScope -= Scope

AggregateScope -= Scope

BlockScope -= Scope

PreprocessorElement -> GASTMSyntaxObject
AnnoctationExpression -= Expressicn

Type -= GASTMSyntaxObject

Expression -> GASTMSyntaxOhbiject
Staternent -= GASTMSyntaxObject
MinorSyntaxObject -= GASTMSyntaxObject
Dimension -= MinorSyntaxObject

Mame -= MincrsyntaxChbject

SwitchCase -= MinorSyntaxObject
CatchBlock -= MinorSyntaxChbject
StorageSpecification -= MinorSynta=zObject
VirtualSpecification -= MinorSyntaxObject
AccessKind -= MinorSyntaxChbject
ActualParameter -> MinorsyntaxObject
FunctionMemberittributes -> MinorSyntaxCbject
DerivesFrom -= MinorSyntaxObject
MemberCbject -= MinorSyntaxObject

I 10 0T I0 00 00 00 00 00 00 00 00 07 00 00 00 00 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0

H DeclaraticnCrDefiniticn -= DefinitionObject
Typelefinition -= DefinitionObject
MameSpaceDefinition -= DefinitionObject
LabelDefinition -= DefinitionObject
Typelreclaration -= DefinitionChbject
Definition -= DeclaraticnCrDefinition
Dreclaration -= DeclarationOrDefinition
TypeReference -= Type

FunctionDefinition -= Definition
EntryDrefinition -> Definition
DataDefiniticn -= Definition
EnumLiteralDefinition -= Definition
FuncticnDeclaration -= Dreclaraticn
WariableDeclaration -= Declaration
FormalParameterDeclaration -= Dreclaration
External -= StorageSpecification
FunctionPersistent -= StorageSpecification
FileLocal -= StorageSpecification
PerClassMember -= StorageSpecification
MoDef -= StorageSpecification
FormalParameterDefinition -= DataDefinition
Wirtual -= VirtualSpecification
WariableDefiniticn -= DataDefinition
BitFieldDefinition -= DataDefinition
MamedTypeDefinition -= TypeDefinition
AggregateTypeDefinition -= TypeDefinition
EnumTypeDefintion -= TypelDefinition
MamedType ->= DataType

AggregateType -= DataType

EnumType -= DataType

MameSpaceType -= Type

LabelType -= Type
AggregateTypeDeclaration -= TypeDeclaration

H
=

(I (I 071 07 [ [0 071 07 00 00 07 07 00 [0 07 00 00 00 00 00 00 00 00 00 00 0

H
E|
H
E|
=

EnumTypeDeclaration -= Typeleclarati
Includelnit -> PreprocessorElement
MacroCall - PreprocessorElement
MacroDefinition -= PreprocessorElemer
Coemment -= PreprocessorElement
FunctionType -= Type

DataType -= Type

PrimitiveType -= DataType
ConstructedType -> DataType
ExceptionType -= DataType
FormalFarameterType -= DataType
MumberType -= PrimitiveType
Woid -= PrimitiveType

Boclean -= PrimitiveType
IntegralType -= MumberType
RealType -= MumberType

Byte -= MumberType

Character -= MumberType
Shortinteger -= IntegralType
Integer -= IntegralType
Longlnteger -= IntegralType

Real -= RealType

Double -= RealType

LongDouble -= RealType
CollectionType -> ConstructedType
PointerType -= ConstructedType
ReferenceType -> ConstructedType
RangeType -= ConstructedType
ArrayType -= ConstructedType
StructureType -= AggregateType
UnicnType -= AggregateType
ClassType -= AggregateType
AnnotationType -= AggregateType



(1) Abstract Syntax Tree Metamodel 193 meta

ByWalusFormalParameterType -= FormalParameterType

Public -= AccessKind

Protected -= AccessKind

Private -> AccessKind
UnnamedTypeReference -= TypeReference
MamedTypeReference -= TypeReference
ExpressionStatement -> Statement
JumpStatement -= Statement
BreakStatement -= Statement
ContinueStatement - Statement
LabeledStatement -» Statement
BlockStatement -= Statement
EmptyStatement -= Statement
IfStatement -= Statement
SwitchStatement -» Statement
ReturnStatement -= Statement
LoopStatement -= Statement
TryStatement -= Statement

H DeclarationCrDefinitionStatement -= Staternent
H ThrowStatement - Statement

H DeleteStatement -> Statement
TerminateStatement -= Statement
LabelAccess -= Expression

CaseBlock -= SwitchCase

DefaultBlock -= SwitchCase
WhileStatement -> LoopStatement
DowhileStatement -= LoopStatement
ForStatement -= LoopStatement
ForCheckBeforeStatement -= ForStatement
ForCheckafterStatement -= ForStatement
TypesCatchBlock -= CatchBlock

H WariableCatchBlock - CatchBlock

[0 07 00 [0 07 07 [0 00 01 00 00 00 00 00 00 00 00 00 00

0 00 070 00 00 00 00 00 00 00

E

[0 0T 00 00 00 00 00 0

E|

H IdentifierRefrerence -= NameReference

H QualifiedidentifierReference -> NameReference
TypeQualifiedidentifierReference -» MameReference
QualifiedOverPointer -= QualifiedIdentifierReference
QualifiedCOverData -= QualifiedldentifierReference

(0 0D 07 00 [0 07 07 00 00 07 00 [0 00 00 [0 00 00 00 00 00

Literal -= Expression

ByReferenceFormalParameterType -= FormalParameterType | CastExpression -= Expressicn

Aggregatebxpression -= Expression
BinaryExpression -= Expressicn
ConditionalExpression -= Expression
RangeExpressicn -= Expression
FunctionCallExpression -= Expression
MewExpression -> Expression
MameReference -» Expression
ArrayAccess -= Expression
CollectionExpression -= Expression

IntegerLiteral -= Literal

StringLiteral - Literal

CharlLiteral -= Literal

ReallLiteral -= Literal

BooleanLiteral -= Literal

BitLiteral -= Literal

EnumLiteral -= Literal
UnaryExpressicn -= Expression
UnaryOperator -= MinorSyntaxObject
UnaryFlus -= UnaryOperator
UnaryMinus -= UnaryOperator

Mot -= UnaryCperator

BitNot -= UnaryOperator

Decrement -= UnaryOperator
PostIncrement -= UnaryOperator
PostDecrement -= UnaryOperator
BinaryOperator -= MinorSyntaxObject

H Add -= BinaryOperator

Subtract -= BinaryOperator

Multiply -= BinaryOperator

Divide -= BinaryOperator

Modulus -= BinaryOperator

Exponent -> BinaryOperator

And -= BinaryOperator

Or -> BinaryOperator

Equal -= BinaryOperator

MotEqual -= BinaryOperator

Greater -= BinaryOperator

MotGreater -> BinaryOperator

Less -> BinaryOperator

MotLess -= BinaryQOperator

BitAnd -= BinaryOperator

BitOr -= BinaryOperator

BitXor -= BinaryOperator

BitLeftShift -= BinaryOperator
BitRightShift -= BinaryOperator

Assign -= BinaryOperator

H OperatorAssign -= BinaryOperator

H ActualParameterExpression -= ActualPar;
H MissingActualParameter -= ActualParam
H ByValugActualParameterExrpession -= Al
H ByReferenceActualParameterbxrpession -
H Increment -= UnaryOperator

H AddressOf -= UnaryOperator

H Deref -= UnaryOperator

I 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00



> LtA] -
> HzlY

AEE ASTE Bzl
ASTE ASTMO 2 H3Zl

4 | iZ] IASTTranslationUnit: Test.c
C o d e # IASTPreprn::-cessc-rlncludEStatement:
J LASTFunctionDefinition: main
W ICASTSimpleDeclSpecifier: int
a4 & [ASTStandardFunctionDeclarator
IASTMame: main

[

4 :  IASTCompoundStatement

Parser —— 4 ' TASTDeclarationStatement
J IASTSimpleDeclaration: |

4 %' IASTDeclarationStatement

Translator

. @ IASTSimpleDeclaration: sum
4 ' IASTForStatement
. %' IASTExpressionStatement
- B 1ASTBinaryExpression: <
- IASTUnaryExpression: ++
. % 1ASTCompoundStatement
4 ' IASTReturnStatement
# 1ASTLiteralExpression: 0

" "
, -.; -

AST

4 4 SAST Model
4 4 Project
a4 < Compilation Unit C:#UsersitsonDeskiopWl.5N
. < Macro Declaration
a4 < Aggregate Type Definition
. <= Source Location 7
4 Name CData
4 < Class Type false
a4 <4 Member Object &
4 < Function Definition
. < Source Location 10
< Mo Def
< Public
4 Mame CData
4 Unnamed Type Reference false
. 4 Member Object 1
. 4 Member Object 2
. 4 Member Object 3
. 4 Member Object 4
. 4 Member Object 3
. 4 Member Object &
. 4 Derives From
<= Program Scope
4 Global Scope

ASTM
45




(2) Hiotet A& 2l A Wi

> Class definition & function call statement

|
class Figure { M

4 Class Type false

public : /

int x;

|

S

Figure () ;

4

4 <4 Member Cbject 0

- | & Variable Definition

Member Object 1

.| 4 Function Definition

4 4 Member Object 2

-

virtual ~Figure() ;

virtual int getArea();

F

T

};

int main() {
int n = 7;

doOddEvenCheck|(n) ;

return O; \\\\\\\\\\\\5
A

+

-

< Function Definition virtaul

Member Object 3

< Function Definition virtaul

Function Call Expression

-

- «» Source Location 4
a4 <= Identifier Refrerence

& Source Location 4

<4 Mame doCddEvenCheck

4 Actual Parameter Expression

)

<= Identifier Refrerence
- 4= Source Location 4
4 MName n

46



(2) Hiotet A& 2l A Wi

> Variable definition & if statement

F |

#include "stdio.h" “

int main() {

int n = 10if,,,/”””,//,/,””?
if(n == 0)

printf ("zero") ;

. < Variable Definition

< If Statement
. 4= Source Location 6
4 < Binary Expression
. < Source Location 6
< Equal
.4 Identifier Refrerence
. 4 Integer Literal

. 4 Block Statement

} else if(n $ 2 == 0)
printf ("even number") ;

printf("odd number") ;

return 0;

4 < If Statement
. <4 Source Location 8
4 < Binary Expressicn
. <4 Source Location 8
4 Equal
. <4 Binary Expression
. <4 Integer Literal 0

. <= Block Statement

. <= Block Statement

. 4 Return Statement !

& Declaration Or Definition Statement




(2) Hiotet A& 2l A Wi

» For statement

4 (= For Check Before Statement
- < Source Location 7

4 < Binary Expression
. <= Source Location 7
4 Less
4 < Identifier Refrerence
. <= Source Location 7

#include "stdio.h"

int main() {

int 1 4 Mamei
int sum ; . 4 Integer Literal 10
for(i = 0;|i < 10; |i++H) { a4 <4 Block Statement

: 4 Source Location 7
> <4 Expression Statement

4 < Expression Statement
4= Source Location 7
4 < Binary Expression
== Source Location 7
<= Assign
. < Identifier Refrerence
- 4 Integer Literal 0

return 0;

4 < Unary Bxpression
. < Source Location 7
4 Post Increment
. 4 Identifier Refrerence




(2) Hiotet A& 2l A Wi

» While statement

a < While Statement
4 Source Location 7
4 < Binary Expression
4 Source Location 7
4 Less
. <4 Identifier Refrerence
. < Integer Literal 10

#include "stdio.h"

int main() {

int 1 =

a4 < Block Statement

4= Source Location 7
while[(i < 10) { 4 4 Expression Statement
4= Source Location 8

int

sum = sum + 1; 4 4 Binary Expression
} 4 Source Location &
return O; {’Aﬁ@ﬂ :
} . <4 Identifier Refrerence

. 4 Binary Expression
. 4 Return Statement

49




(2) Hiotet A& 2l A Wi

» Do while statement

4 < Do While Statement
4 Source Location 7
4 < Binary Expression
4 Source Location 9
4 Less
. <4 Identifier Refrerence
. 4 Integer Literal 10

#include "stdio.h"

int main() {

int 1

4 < bloCK Statement

4 Source Location 7
do| { 4 4 Expression Statement
4= Source Location &8

sum = sum +£71; 4 < Binary Expression
} while|(i1 < 10)~% . < Source Location 8
return O; - A
’ . < Identifier Refrerence
}

. 4 Binary Expression

.4 Return Statement

50



(3) Mool A= dy

> HzT| - ASTME ASTE H

> LIA : ASTE T E MM

a4 4 SAST Model
4 < Project
a < Compilation Unit C:HUsersisonWDesktopwl .5
. 4= Macro Declaration
4 <4 Aggregate Type Definition
. <4 Source Location 7
<4 Mame CData
a <4 Class Type false
a <4 Member Object 0
4 < Function Definition
. 4= Source Location 10
< Mo Def

<= Public
<4 Mame CData
4 Unnamed Type Reference false

. <4 Member Object 1

. <4 Member Object 2

. <4 Member Object 3

. 4 Member Object 4

. <4 Member Object 5

. <4 Member Object 6

.- Derives From

<+ Program Scope
4 Global Scope

Translator

=]
=

4 | [Z] IASTTranslationUnit: Test.c
# [ASTPreprocessorincludeStatement:
4 3 IASTFunctionDefinition: main
WP ICASTSimpleDeclSpecifier: int
a4 a [ASTStandardFunctionDeclarator
IASTMame: main
4 =; [ASTCompoundStatement
4 ¥’ IASTDeclarationStatement
J [ASTSimpleDeclaration: i

ASTM

4 %' 1ASTDeclarationStatement
. @ IASTSimpleDeclaration: sum
4 ' IASTForstatement
. %' 1ASTExpressionStaternent
. & IASTRinaryExpression: <
[ASTUnaryExpression: ++
. %' IASTCompoundStatement
4 ' 1ASTReturnStatement
# IASTLiteralExpression: O

N "
1; =

3
4

Parser

AST

Code
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(3) Higtet 3 Wy O

> Class definition & function call statement
a| 4 Class Type false \ :
4 4 Member Object 0 class Figure {

.| 4 Variable Definition \publlc :

a <4 Member _E-bjecthl _ int x;
»| 4 Function Definition \ -

4 <4 Member Object 2 Figure() ;

. | 4 Function Definition virtaul > | virtual ~Figure();

4 4 Member Object 3

};

4 < |Function Call Expression
- 4= Source Location 4
a4 <4 ldentifier Refrerence int n = 7;

- < Source Location 4 / doOddEvenCheck|(n) ;
4 Mame doOddEvenCheck

return 0;

int main() {

a | < Actual Parameter Expression
4 <= Identifier Refrerence

- < S0ouUrce Location 4

4 Mame n

- virtual int getArea() ;
. | 4 Function Definition virtaul M g ()
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(3) M2tet 3

C AHAI I:II-I:I-I
— OO

> Variable definition & if statement

& Declaration Or Definition Statement

. < Variable Definition

< If Statement
. 4= Source Location 6
4 < Binary Expression
. < Source Location 6
< Equal
.4 Identifier Refrerence
. 4 Integer Literal

include

intk main () {

"stdio.h"

int n

= 10;

\if(n == 0) |{

printf ("zero") ;

. 4 Block Statement

} else

if(n $ 2 == 0) |{

4 < If Statement
. <4 Source Location 8
4 < Binary Expressicn
. <4 Source Location 8
4 Equal
. <4 Binary Expression
. <4 Integer Literal 0

. <= Block Statement

. <= Block Statement

printf ("even number") ;

} else

{

}

return

. 4 Return Statement

printf ("odd number") ;

0,
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(3) Mool A= dy

condition

<t For Check Before Statement

- <= Source Location 7

4 < Binary Expression
. <= Source Location 7
4 Less
4 < Identifier Refrerence
. <= Source Location 7
4 MName |

. 4 Integer Literal 10

a < Block Statement
. 4= Source Location 7
> <4 Expression Statement

init

4 < Expression Statement
4= Source Location 7
4 < Binary Expression
== Source Location 7
<= Assign
. < Identifier Refrerence
- 4 Integer Literal 0

iterator

4 < Unary Bxpression
. < Source Location 7
4 Post Increment
. 4 Identifier Refrerence

=]
o

For statement

#include "stdio.h"

int main() {

{



(3) Hotet A& A W

» While statement

4 < While Statement

< Source Location 7
4 < Binary Expression
4= Source Location 7
4 Less
. <4 Identifier Refrerence
. < Integer Literal 10
a < Block Statement
4 Source Location 7
4 < Bxpression Statement
4 Source Location 8

#include "stdio.h"

int main() {

while/(i < 10) {

4 < Binary Expression sum = sum + 1;
4 Source Location 8 }
< Assign return O;
. <4 Identifier Refrerence

. 4 Binary Expression }
.4 Return Statement

55



(3) Hotet A& A W

» Do while statement

4 <= Do While Statement
4= Source Location 7
4 < Binary Expression
. <» Source Location 9
4= Less
. <4 Identifier Refrerence
. <4 Integer Literal 10
4 < BlockK Statement
4 Source Location 7
4 < EBxpression Statement
< Source Location 8

#include "stdio.h"

int main () {

4 < Binary Expression sum = sum + 1;

4 Source Location 8 } while|(i < 10);
¢*Aﬂ@ﬁ , return O;

. < Identifier Refrerence

- 4 Binary Expression }

.4 Return S5tatement
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Simple UML Class Diagram

<Primitive Data Type>

String

<Primitive Data Type>
Book

Integer

title : String
pagesNb : Integer

4 Package
% Primitve Data Type 5tring
% Primitve Data Type Integer
4 4 Class Book
<= Aftribute title
# Afttribute pageshb
4 < Class Author
<= Aftribute name
<= Aftribute surname
a < Class Chapter
<= Aftribute number
<= Aftribute name
4 Association book_chapter
4 Association book_author

Author Chapter

name : String number : Integer
surname : String name : String




Simple RDBMS

<= Schema

Book 4 4 Table Bocok

PK

PK_book

number

title

varchar

pagesNb

number

FK

FK_author

number

FK

FK_chapter

number

Author

Chapter

PK

PK_author

number

PK

PK_chapter

number

name

varchar

number

number

surname

varchar

name

varchar

4 Key PK_Book

< Column PK_Book

4 Column title

4 Column pageshb

4 Column FK_Author

4 Column FK_Chapter

4= Foreign Key FK_Author
4 Foreign Key FK_Chapter

4 < Table Author

4 Key PK_Author

< Column PK_Author
< Column name

< Column surname

4 <4 Table Chapter

4 Key FK_Chapter

4 Column PK_Chapter
4 Column number

< Column name
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Simple UML 2diA OO0 & HEIZE

H uUMiModel/Elament

= name : EString

H package slements |B Packagelement
o.*
A A
type
jf H classifier
H PrimitveDataTyps
H class H Association
H attribute | attributes ’
source
[
destination

a ‘Package( name:EString )

4 [0_*lelements:Class( nameEString )

[0.*]attributes:Attribute( name:EString, type:Class | PrimitveDataType )
[0..*]elements:PrimitveDataTypel name:EString )
[0.#*]elements:Association{ name:EString, source:Class, destination:Class )
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Simple RDOBMS HIEIZ &

H AModelElement

—{ = = name : EString

f* T a)
table g
Table
Hschema |lee—— =
I:I..*
columns H column
- —= & e . EStrin
H Foreignkey 0.* 0.* typ g
] - [ ) ;.3
foreignideys .
gnieey columns | 0. columns
0.*
1 |, refersTo 0.* |keys
H Key

4 Schemal namE.EStnng ]
a [0._*]tables:Table( name:EString )
[0 *]keys Key( name:EString, [0..*]columns:Column )
[0..#]columns:Column( name:EString, type:EString )
[0.*]foreignkeys:Foreignkey( name:EString, refersTo:Key, [0.*]columns:Column )



Rule Package <-> Schema

t1 : name <-> name

Package(name:EString)
0..*]PrimitveDataType(name:EString)
0..*]Class(name:EString)

[0..*]Attribute(name:EString, type:PrimitveDataType|Class)
[0..*]Association(name:EString, source:Class, desitination:Class)

Sehema(name:EString)
[0..*]Table(name:EString)

0..*]Column(name:EString, type:EString)

0..*]Key(name:EString, [0..*]columns:Column)

0..*]ForeignKey(name:EString, refersTo:Key, [0..*]columnsé€olum




Rule Class <-> Table

t1 : name <-> name t2 : ? <-> 'number’

|0
e
0=

x

t3 : name <-> '‘PK "+name

30 HI
[Orin
rg M
02t rlo
P go

Package(name:EString)
[0..*]PrimitveDataType(name:EString)

[0..*]Class(name:EString)
[0..*]Attribute(name:EString, type:PrimitveDataType|Class)

[0..*]Association(hame:EString, source:Class, desitination:Class)

tl

Schema(name:EString)
[0..*]Table(name:EString)—t 2

0..*] CC{ mn(name:EString, type:EStringy——-

0..*]Key{name:EString, [0..%]columns:Column)

0..*]ForeignKey(name:EString, refersTo:Key, [0..*]columnsé&olum




Rule Attribute <-> Column

t1 : name <-> name t2 : name <-> type
‘Integer’ <iff> ‘'number’
‘String’ <iff> 'varcahr’

Package(name:EString)
[0..*]PrimitveDataType(name:EString)y
[0..*]Class(name:EString) \

[O..*]Attribute(name:ESﬂ\'kng type:PrimitveDataType|Class]
[0..*]Association(name:EString, souxce:Class, desitination:Class)

N

Schema(name:EString) t t2

[0..*]Table(name:EString)
0..*]Column(name:EString, type:EString
0..*]Key(name:EString, [0..*]columns:Column)
0..*]ForeignKey(name:EString, refersTo:Key, [0..*]columnsé€olum

g




Rule Association <-> ForeignKey

t1 : name <-> name t3 :? <-> ‘number’
DK Py Q= 22 9lO0] AHA
t2 : name <-> ‘PK_'+name||t4 : name <-> ‘FK '+name| o om mx .
M—L- O-L

Package(name:EString)
[0..*]PrimitveDataType(name:EString)
[0..*]Class(name:EString)

[O..*]Attri'bute(name:EString, type:PrimitveDataType|Class)
[O..*]Association(1ame:EStr\'ng, source:Class| desitination:Class)

t1
Schema(name:EString) t xﬂ
[0..*] Table(name:EString) \ ts

\
0..*]Column(name:EString, type:EString)
0> H<ey{name: EStrln\g} [0—=*}eelumns;Column)

0..*]ForeignKey(name:EString, refersTo:Key, [0..*]columnsé€olum

t2




HE 3.t

| -

¢ Package 4 < Schema
4 Primitve Data Type 5tring a4 4 Table Book

4 Primitve Data Type Integer 4 Key PK_book
4 < Class Book -

£ Column PK_book
< Attribute title <

<4 Attribut Nb - 4 Column title
ey RS —> Column pageshb
a 4 Class Author < pag

4 Attribute name 4 Column FK_author
4 Aftribute surname & Cc-lu.rnn FK_chapter
4 4 Class Chapter £ Fc—re!gn Key FK_author
4 Attribute number 4 Foreign Key FK_chapter
4 Aftribute name / Table Author
4 Association book_chapter 4 Key PK_author
4 Association book_author 4% Column PK_author

£ Column name

< Column surname
4 < Table Chapter
<4 Key PK_chapter
4 Column PK chapter
£ Column number
4 Column name
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v  ASTM-> C/C++

v ASTM-> Java
> D EO| A3t

v C/C++ = Graph

v’ Java = Graph
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ASTM

4 4 SAST Model
4 < Project

a4 < Compilation Unit C:#Usersstsonteworksiworkspace_java_keplerstxCodeParserst ssourcefFigure.h

4 Macro Declaration
4 < Aggregate Type Definition
. <= Source Location 1
< Mame Figure
a < Class Type false
a4 4 Member Object 0
. < Variable Definition
4 <4 Member Object 1
. 4 Function Definiticn
4 4 Member Object 2
. 4 Function Definition virtual
4 <4 Member Object 3
. < Function Definition virtual
4 <4 Member Object 4
- 4 Function Definition
< Program Scope
4 Global Scope

69



& 1 Hlu

class Figure class Figure
{ {
private: private:
int x; int x;
public : public:
Figure () ; Figure () ;
virtual ~Figure(); virtual ~Figure();
virtual int getAreal(); virtual int getAreal();
volid doOddEvenCheck (int n); void doOddEvenCheck (int n);
¥ } 7
o= It MM JE

70



Figure: :Figure ()

{

}

Figure::~Figure ()

{

}

void Figure: :doOddEvenCheck (int n)

{
int n = 10;

if(n == 0) {
printf ("zero");

} else 1f(n % 2 == 0) {
printf ("even number");

} else {
printf ("odd number") ;
}

int Figure::getArea ()

{

int n = 7;

doOddEvenCheck (n) ;

int 1i;

int sum = 0O;

for(i = 0; i < 10; i++) {
sum = sum + 1i;

}

return sum;

Figure::Figure ()

{

}

Figure::~Figure ()

{

}

void Figure: :doOddEvenCheck (int n)
{

int n = 10;
if (n == 0){
printf ("zexro");
}else/{
if (n % 2 == 0){
printf ("even number");
lelse{

printf ("odd number") ;
}

int Figure::getArea ()

int n = 7;

doOddEvenCheck (n) ;

int 1i;

int sum = 0O;

for (1 = 0;1 < 10;1i+4+){
sum = sum + 1;

}

return sum; 71



class Figure {

prlyate:. public class Figure {
l?t %7 private 1int x;
public : public void Figure () {
Figure(); }
virtual ~Figure(); public void closeFigure();
virtual int getAreal(); public void doOddEvenCheck (int n) {
void doOddEvenCheck (int n); int n = 10;
) 1f (n == 0) {
Figure: :Figure () {} ) eﬁg;n?f( zero™);
Figure: :~Figure () {} if (n %2 = 0) {

void Figure: :doOddEvenCheck (1int n) {

int n = 10; printf ("even number");

} else {

lf(grzgtfi";eron). printf ("odd number");
} else if(n % 2 == 0) { } J

printf ("even number"); }
} else {

printf ("odd number"); public int getArea () {

}

} int n = 7;
/ . doOddE Check ;
int Figure::getArea () { igt i.ven eck(n)
int n = 7; int sum = 0;
doOddEvenCheck (n) ; for (i = 0; 1 < 10; 1i++) {
nt 1; sum = sum + 1i;
int sum = 0O; }
for(i = 0; 1 < 107 i++) | return sum;
sum = sum + 1; } '

: )

return sum; Java Aong icE re
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[MFC]

AlEdI0Ie HE(C/C++)

CSmultationDoc CSimultationApp CServerCreation CMainFrame CChilSetup CBoxCreateDlg CAboutDlg
(3.0) (8.0) [(9.0) (3.0) {(44.0 : N)
2.0) CSimultationView CExToolBar (28.0) (4.0) | | CWheelRaobot CMotorObject CRobotController
T T - 4 T
{16.0) W (@.0} \(10.0) (21.0)\(7.0) (2.0) \(1.0) {6.0)
e .
4 Y
CGround Camera CSerialCtil CXml CXmlNodes (6.

(2.00\(22.0) ™ (12.0) }(1.0)

LY

CXsl

CXmiNode

A




AUHI0I3 &2 AUaval

kePlusView SnakePlus Activity TtemPoison
(2.0)
SnakePlusMain
(6.0) /(6.0)
RefreshHandler (22.0) StageFactoryPlant
(58.0) 2.00 /(2.0) \(98.0)
{4.0) | StageFactory WallPlant BackGroundPlant
(261.0) Ttem
Wall 6.0y | Snake
(4.0) (20.0)

> StageComponent

TtemObstacle

ItemMouse

TtemApple

SnakePlant

(27.0)

(16.0)

(97.0)

ComponentlinageManager

Coordmate

BackGround

@.0)




C/C++0llAl Javaz HZt X10| A

C/C++ Java H|

virtual abstract virtual ! SEfO| A MES| S E 7} Gls )

const final

~ close XHHbo = 2B 7 S

int a[2] Int[] a= new Iint[2]

external XtHF= externalO| S-S

long long long AHHbE 270 & H&5t= EFRIE 7HK[X] 2

long double double

otdLfe| MAE, £4d | 2ElA WEE 0[5 | C++2 C AEIYE S8 AHEE = U2

struct class XHHbE struct 7} & classE F =

TENPS AT 45 SRS [ o2 QETO|AT} gloBE | EX| &
FHOE # S

include import

bool boolean

TEE] N

goto continue 76




ELAE
> 29 gz S22 219

& Java - EditorTest/text tbm - Ed‘fpse Platfarm ‘ - -_— . - - m u_lmﬁl'
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