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Abstracts

In modern system development, monolithic architecture has been the mainstream
approach. However, developing systems using a monolithic architecture can lead to
several drawbacks, such as higher post-development costs and increased code depen-
dencies. As the system reaches completion, long-term maintenance and continuous
development to meet new requirements become necessary. As new requirements
keep coming in, the system can become larger and more complex, posing challenges
for subsequent development. Therefore, in the face of these challenges, we need a
method to prevent or reduce the potential issues arising from a monolithic architec-
ture.

Therefore, in this research, we propose a process that can automatically trans-
form open-source C++ projects into service components. The goal is to break down
the monolithic architecture into individual methods, allowing the entire system to
be more efficiently maintained and reassembled as services. This process includes
the following steps: identifying interdependencies between the code, parsing method
information from the source code, partitioning the program’s main structure, and

reassembling the service components.
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Chapter 1

Introduction
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CHAPTER 1. INTRODUCTION 2

1. CSoot - #2 X fBAT I EL A .
2. CReveal - A AKE.

3. Code Splitting - 714 42 X, £ (body).

w2 —

4. CRepack - JRFF B L E 4.

LA ERMPAAREG AT > F—FiEd CSoot 89T T ARAZ X 89 48 AR
.4 Class > Field ~ Method ~ Stmt ~ Expr® %= A& % CReveal &fMieiz
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Chapter 2

Related Work

2.1 Background Work

2.1.1 Clang AST

sbat e b o &AM A dh %38 R Bt (Abstract Syntax Tree)E 5 B A4S LG kgt » 57 %
b RAMER Clang B F £ A R F 32 FA09 L 25F S > Clang [1] £ LLVM [4]
B A% o TARARHEFE C~ C+4 > OBJECT-C ¥7 35 o £ 3558024 T
ZRAMMGHI AR a2 ARXAFH Class ~ Field >~ Method > Stmt
~ Expro AAE KM A BB AR LG FERBPOTHAZR -

2.1.2 Dependency

Dependency 45 #9 & 42 X X F € 1% 38 2] L4642 X 69 4 (Object) & 7 % (Method)
Bl de 77 R OGREF M 0 RS BOGWER B G N o A G H A8 2 4242 XRAZ XA
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FTROAAKRMG > mARMATOARLT » LK T SHEGMRMERA > £IF R
P EAT AL BISSAE B AR AR M 17 0 A BT GRS IR A A b HHE

#948 1% B (Dependency Graph) ©

2.1.3 Web Framework

Crow [3] £ —EE 44 C++ @ARARXAER » Ak WA 500 8%
JER o CARRFAMBEGAMER » BT ARGS b ~ FREE BRE R F
gk > i X% RESTful &4 ° Crow £ — 18R A42 % (header-only) HER » & &
RECRFROLS—EAMF TR > £FHFREBFIGEIE o

2.2 Related Work

2.2.1 Soot

Soot [5] A& — 184t # Java & Android f& AR X M2 XA EITESR » 3
F g F AL 4 Dexpler #84F Android APK 89 Dalvik bytecode & #83% » it @ #F
Z # B Soot 89 % M & 74 X:Jimple » Scenek T FEEAZ X » SootClass# J& 5| #2
KX P 894 %] » SootMehod » ¥ J& 2|42 X F 89 7 % > SootField#t B 2| 2 X F 49 B
Tt > JimpleBody &7 Method ¥ ¥ M % » #Locals * Traps ~ Units 48 » £ F
Locals R&A 7 ZF BB EE > Traps K& 7 & FHIIMRZGIRM > Units K&
kARG o KM T AE T Soot #BEEY API 2T MEXG &K ERELH
M~ RERI T ERMAEMZ MG % s xR EAMKRE o
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2.2.2 Reveal

Reveal 1 & %~ #7 #2 X /L & (program element) M 48 1% B 1% (dependency rela-
tion) 89 T B A H Soot # Java bytecode #% 5 ¥ M 7% Z (Internal Rep- resentation)
Jimple, B ¥ Jimple EATR G5 54 B 10 A4 XL & (program element) & 85
#842 X I 14 (program relation), & # 2 R 46 #5 8 4R M B (dependency graph) ©

2.2.3 Repack

Repack 8 £& B 8 & M 2|4 A & AT 48 £ 49 service components X% » & i#—
o 0 AAE R E A — B A8 5945 T AT 33 Hservice componentsty 4 0 HiZEE

S RBBAPATYR D ES WA RS2 T TG @ 2ETIE A H A KB 694 R R
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Chapter 3

Service Component from C++

Open Source

RS LT RS Y2 BEYEE SRS O £ SR CTE LR
1R BB AT AT B AR 60 B » LT 5] h P AT B AR 4 -
EAGRBET » KAVEEE RSB

1. CSoot - #2 X A7 47 1 BL & 2R
2. CReveal - 440K .
3. Code Splitting - 72 X 8 (body).

w2 —

4. CRepack - JR#% £ 1 F 4.
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CHAPTER 3. SERVICE COMPONENT FROM C++ OPEN SOURCE 7

3.1 System Architecture
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CHAPTER 3. SERVICE COMPONENT FROM C++ OPEN SOURCE 8

2R

RERARRBE T » RIMVEG R4 CSoot ¥ » T A 342 @ &AM § L2 &
AST » &t CSoot 8 247 » kAR T A& %] Class ~ Field ~ Method > Stmt ~

Expr B3 * T —% % T CReveal & » €82 X 8948 B A3 » £ & Mapping
Relation 12| 7 A1K B » AA AR E & 2 4 & F » Code Splitting ¥ & & &
AST & 09 F R > Bl AR BATEH AR » ARy X IH > SR AF3F
# B CRepack £/ » K2R 4& F—F » CRepack ## Controller 7F & AL4s B

# Controller AT Invoker 2|89 7 % (Method )k A2 R G35 €641k » &L @K
B—A R B — 8 2 THATH IR & o

3.2 (Generate Dependency Graph

3.2.1 Clang - Create AST Tree

Fo BB FIEEBAT RN L ARG RET AR RY) » W R R b %35
ERR R RN FAERTK 0 2 Clang A4 8 ¥ B & RATHE W 235k

BE BOAT 8RR T e 4 3B B8 T S H 3 9
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CHAPTER 3. SERVICE COMPONENT FROM C++ OPEN SOURCE 9

< > class definition
p=t=—pass_in_registers aggregate standard_layout trivially_copyable pod trivial 1
nstructor exists trivial constexpr needs_implicit defaulted_is_constexpr
or simple trivial has_const_param needs_implicit implicit_has_const_param
chcnstructor exists simple trivial needs_implicit
opyAss nt simple trivial has_const_param needs_implicit implicit_has_const_param
MoveAss 1qm nt exists simple trivial needs_implicit
estructor simple irrelevant trivial constexpr needs_implicit
RecordDecl < B > implicit class

H — sDecl < , > public
Fleld ______ %*FlCldDCCl < B > referenced int!'

—CXXMethodDecl < B >

| “-CompoundStmt < B >

| ‘-BinaryOperator < , > 'int 1=t

| | -MemberExpr < > 'int!' ->a

Method-~_ | \ '—CXXThisExpr < > 'Test *' implicit this
______ | ——Integ jteral < > ‘tint!

< , >

'
—Declstmt < B >
-VarDecl < ) > int' cinit
‘-IntegerLiteral < > 'int

Figure 3.2: Clang AST

[Figure 3.2] - Clang AST # B F T A& 5 » 4+ AST & #948 B Fan > A
T & ) #2 X 89 AST & > CXXRecordDecl R & 9 & Class #8 Bl 89 27 85 &
# » FieldDecl RA&# & Field # % 8 &4 > CXXMethodDecl & #9% Method
B ER BEEAT 0 F AR T2 EA JEF %1% Stmt SR Expr F T2 H 3T WUBAT o

3.2.2 CSoot - CPP Code Parser

CSoot &AM 4% Java Soot [5]#) RAET AM A > L FHMEET Soot AT
T & 09 £ B4 Class ~ Field ~ Method ~ Stmt ~ Expr® &FITAF#E T g%
B A2 X #F (Object ) Bk 4 4 (Object) X B 89 B 14 & 7 % (Method )3k 7 i (Method ) X
Bl 9 °F ] (Invoker) M 4% © & Clang & A3 3554814 - K% & CSoot A AEA %
FAAh R 3B R AL B 35 (Node) B AT » & deiz L A A EAR A & CReveal M
REAAIKE o

G FBIEBE A TR 0 R T AL A CSoot A AEAT KA AT BT E A 89
AST > A &RMATE R KR ERLR  BLFELT L Class ~ Field ~
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CHAPTER 3. SERVICE COMPONENT FROM C++ OPEN SOURCE 10

Method B# A Stmt ~ Expr® Fl B2 & 5 A% CSoot 42 °

CSoot

CSootClass
CSootField

CSootMethod

Body
Stmt

Expr

Figure 3.3: CSoot Structure

[Figure 3.3] - CSoot Sturcture # A L&) CSoot RAEF T AL » ERHARF L
A2 X #74 Class ~ Filed ~ Mehtod #99M8 AMEA — R & » LA REZRMT
VASE 5y 30T AR B BOAR B ARG AL A 0 4F b Method — & & 4 Class 72 Filed L€
£ Class#® » BT VA4 F CSoot T VAR EBLEI T class.field & class.methed #4348
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CHAPTER 3. SERVICE COMPONENT FROM C++ OPEN SOURCE 11

B8 Bp B F AR o

class_id :0x14c@ee3f@ class_tag :class class_name :Test is_template :@ is_inner :0 innerFrom_id : innerFrom_name :
Class include 1lib : iostream
Field field_modifier_id :0x14c@ee598 field_modifier_name :public isReferenced :1 hasInClassInitializer :0
field_type:int field_id :0x14c@ee5d8 field_name :a storageClass :

method_modifier_id :0x14c@ee598 method_modifier_name :public

method_type:void () method_id :@x14c@eeba8 method_name :methodl storageClass : is_override : @ override_class : i
stmt_id @x1l4c@ee8e8 stmt_name :CompoundStmt
|- operator_id @x14c@ee8c8 operator_name := operator_type : int in_Loop : @ is_Lambda : @ is_Delete : @

|- value_type int value_id O@x14c@ee8a8 value_name :6 value_ref_id : value_ref_class : in_Loop : @ is_Lambda : @
value opSide : op_right opId : Ox14c@ee8c8 callExprParentId : inController : @ Controllerld :
Method expr_id O@x14c@ee878 expr_name MemberExpr

|- value_type int value_id @x14c@ee878 value_name :a value_ref_id :0x14c@ee5d8 value_ref_class :Test * in_Loop
alueCategory : lvalue opSide : op_left opId : Ox1l4c@ee8c8 callExprParentId : inController : @ ControllerId :

method_modifier_id :0x14c@ee598 method_modifier_name :public
method_type:void () method_id :@x14c@ee768 method_name :method2 storageClass : is_override : @ override_class : i
stmt_id @x14c@ee9b8 stmt_name :CompoundStmt
stmt_id @x14c@ee9a® stmt_name :DeclStmt
|- value_type int value_id @x14c@ee980 value_name :7 value_ref_id : value_ref_class : in_Loop : @ is_Lambda : @
value opSide : opId : callExprParentId : inController : © ControllerId :

Figure 3.4: CSoot Dump

[Figure 3.4] - CSoot Dump & &A1 24 A Dump * # CSoot AT A &M F
0 B B AR T R 0 RIAR 09 R SPER B9 Class RF T vAF H A 3E 89 Field &
A > & Mehtod #2469 F#F > B F AL T L3 Method M3 AZEL €4 Stmt ~ Expr
A ARG AL TP o

3.2.3 CReveal - Mapping Relation

CReveal & &1 4-% K 52 £ Java Reveal [6] @ B4 C++ 8988 K » CReveal &
1k B 5 #7 #2 X 7L % (program element) B 48 1% Bl 1% (dependency relation)#9 T A » &
PI# B CSoot BATAEAT®BE A X H) Class ~ Field ~ Method ~ Stmt ~ Expr ¥
#At > CReveal A#| A 75 M H 4 X (Visitor Pattern) #8542 48 1% (Dependency) H
BpAe R o A DN A BARKE o RPILEHEBEETREATHETF o
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Encapsulation
include
include-lib
class
field-in-class
method-in-class
nestedClass-of-class
struct
field-in-struct
method-in-struct
nestedClass-of-struct
union
field-in-union
method-in-union
nestedClass-of-union
template
field-in-template
method-in-template
modifier
access-modifier
non-access-modifier
field
initialized-by
gets
read-before
written-before
field-type

Encapsulation
lambda
lambda-return
lambda-perform-op
lambda-use
lambda-write
lambda-flow-info
lambda-loop-read
lambda-loop-write
lambda-return-type
lambda-argtype-N
lambda-tparams-N
lambda-attribute-N
method operation
perform-op
perform-op-overload
static-cast
dynamic-cast
reinterpret-cast
const-cast
returns
use
writes.
delete
flows-info
loop-read
loop-write
return-type
argtype-N
data type
element-type
expression-type

Abstraction
abstraction
extends-N
override
override
override-virtural-method
overload
overload-nonStatic-method
overload-Static-method
Delegation
invoker method
order-N
lambda-order-N
invoker concreate method
invoker-nonStatic-method
invoker-Static-method

lambda-invoker-nonStatic-method

lambda-invoker-Static-method
delegation
delegation
self-delegation
recursive-delegation
receiver
access class
read-classfield
calls-classmethod
access struct
read-structfield
calls-structmethod

Delegation
access union
read-unionfield
calls-unionmethod
access attribute
access-nonStatic-nonConstant-attribute
access-Static-nonConstant-attribute

lambda-access-Static-Constant-attribute
creation
creation-class
eager-creation-class
creation-struct
eager-creation-struct
creation-union
eager-creation-union
creation-lambda
reference
Ivalue-reference-type
rvalue-reference-type
pointer
pointer-type
null-pointer-type
pointer-to-member
point-to

Table 3.1: Dependency Table

[Table 3.1] - Dependency Table #& v 2 & AF169 5 %, > f£JR K Java FRIRE F >

M C++ M RBET Ik EBIsHE AR > Amig L P 0B A4 X REH TR L

T A8 B £ 8945 7L » 4F 1L inner Class & import 5 3F C++ 8 & T 8948 1k 4 — 4

%r
£ A EMAEte Lambda 894 RE A AER > B EA T struct > union >

templete 2 & B ARAE C++ B9 IRMmEER »

12

anl,

£ B4R

BRI -
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CHAPTER 3. SERVICE COMPONENT FROM C++ OPEN SOURCE 13

CXXMethodDec

CXXMethodDec
— i —
+ Simia ompoundStmt Cal I er 'd + compoundstmt: CompoundStmt
T
\
s
Compoundsum VarDecl
+id: Slnng +id: String
+var: VarDecI + membercall: CXXMemberCallExpr MerpberExpr
‘ +

+ id: Striny . .
__[[FeeesmermresTa] | Callee-id

A

__ -CXXMemberCallExpr

-~ 7|+ id: String
+ memberexpr: MemberExpr

[ Map<caller,callee> }

Figure 3.5: Dependency Mapping

[Figure 3.5] - Dependency Mapping /& &A1& & & T AR M 4% » ARRK G
Rl e MM BA g > 4 LB & AST ERF T AR, » Invoker 89 & 35 A Al €
5 W Invoker 89 K3 » B ARMFRME AST 92 &R CEFRNETRR
1418 Method A& Filed Invoker 2| F{E Object # M » M KM R FAFiz e F
A NE] Map F o #4948 430E Caller id 3R Callee id °

13
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CHAPTER 3. SERVICE COMPONENT FROM C++ OPEN SOURCE 14

class Server_Class{
public:
static void methodC(){

"relationInfoList": [

g {
}; _ Ilall: II5II'
- - _ ubu . "6",
. - :
class Client_Class{ ~-~ _~-7 "f2": "invoke-static-method"
-~ - }
public: = - - 1
Server_Class *server = gewrégrver C}a§§()
- -
- -~
void methodA(){ P -

server->methodC()7

3

Figure 3.6: Dependency Graph

[Figure 3.6] - Dependency Graph & & & ¥ A L 8§ F B¢ » &M A2 B 6948 4%
Bl (Dependency Graph)#h € £ X L&k F » A% B — BRI L X » &% 85
JSON R & ZF gk E » "a” KRAF caller > "b” REF callee > "f27 KA Z
PrB gtk il fh c EARATH LR ERARELE  ABAMBEZ R B ATA 941K
% EMMERELERTE > BLELAEART §F LG MG—Hy -

3.3 Code Splitting

Code Splitting 9 £ & B 692 # AT 2| B & 242 K45 » B 692 KRR T A
FTAHGMBEA > mEEE G IS T ATRERKY Link ~ Definition ~
Global ~ Class ~ Field ~ Method ~ Function ° & #ig &7 K69 LR )7
BAFEAET o ZRAKT E@RFE

14
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CHAPTER 3. SERVICE COMPONENT FROM C++ OPEN SOURCE 15

£ Code Splitting #9 £ 247 » T XBHERBERMAT T ROB XN LB LB
20 ATEME R BRXIMGTEEER > A4 A7 FA X (Visitor Pattern)

FETRX G o
1. Link

2. Definition

3. Global

4. Function

5. Class
6. Field
7. Method

F RN B RA LR ERAE 0 PG ZR (Body) #7138 B FAHE & o

Link Definition Global Class Method & Function Field
#include #define bool class void "Fundamental'
using namespace typedef char sturct auto "User-defined"
#undef char8_t union "Fundamental' "Pointers"
#ifdef char16_t template "User-defined" "References"
#ifndef char32_t "Pointers" "Arrays"
#if const "References"
#elif double "Arrays"
felse float
#endif int
#error long
#pragma short
signed
static
unsigned
wchar_t

Table 3.2: Code Body Sturcture

15
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CHAPTER 3. SERVICE COMPONENT FROM C++ OPEN SOURCE 16

[Table 3.2] - Code Body Structure *A LB & &M € K89 C++ RFELIM  RE
FERMAER R R BRG IR AT B IE G IR > L F Link REREE
include & X A48 i 89 244 » Definition X & 49 preprocessor #8 I 89 58 » 12 A
B preprocessor B & 4 AST AR I » ATVLIZ I 4 2L VA regex LRI 5 Class
R4 T class ~ sturct > union # £4% s> Method #» Funtion 2| &K & AST

# & CXXMethodDecl PT VA 87 86 & — 4589 » iR Filed B g1k o

3.3.1 Code Struture From AST

LR K LA RIVRE Ld AT T &6 ZMAEH > Lt 3B HB 5
B EHIBATZ MO XATREH » £ BT WS £EIRASHREL—E

I R385 A8 B 25 (Node)

// Linking Section // Definition Section

#include <iostream> ! #define msg "FACTORIAL\n"
using namespace std; typedef int INTEGER;
Link Section e [ N Definition Section
Global Declaration Section ... € . ) )
) - Function Declaration Section

// Global Declaration Section // Function Section
INTEGER num = 0, fact = 1, storeFactorial = 0; INTEGER factorial (INTEGER num)
{

}

| tion
Class Sectio Main Function

// Class Section

class Test{ // Main Function

INTEGER main()
} {
return 0;
}

Figure 3.7: Code Body AST

16

doi:10.6342/NTU202303414



CHAPTER 3. SERVICE COMPONENT FROM C++ OPEN SOURCE 17

[Figure 3.7] - Code Body AST /& #41% & #H42 XA In 21 A1 » mE R0 7 %
AT AST ¥ RM » L F S 36 RMEIn6y L8 2B AT AST AREG7%
ko EEA AST ME BRIFT Z AR ENENRLIET 5 > PToAiEf 5L &M
THAERMEEZBERG LM RBR AST M—EHE > AL T BRMATEEN L
AR HIEE] AST 4269 AL E B » AR R o
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Visitor

* section): virtual void

+ VisitLir fion(Lir
+ VisitDefintionSection{DefinitionSection* section): virtual void
+ VisitGlobalSection(GlobalSection* section): virtual void

+ VisitFunctionSection(FunctionSection” section): virtual void

+ insar{ASTNode node): Void
+ update(ASTNode node): Void
+ delete(ASTNode node): Void

+ VisitCl 1(Cl ion* seclion): virual void

+ VisitAccessSection{AccessSection® section): virtual void
+ VisitFieldSection(FieldSaction* secticn): virtual void

+ VisitMethodSection{MethodSection™ section): virtual void

v v

+ void nodeClassification()

T

+ accept{Visitor” visitor): void

+ accept(Visitor™ visitor): void

+ accept{Visitor” visitor): void

ASTNode
Saection
+ accept(Visitor* visitor): void
LinkSection DefinitionSection GlobalSection FunctionSection
- nodes: vector<ASTNode> - nodes: vector<ASTNode> - nodes: vectoi<ASTMode> - nodes: vector<ASTNode>

+ accepl{Visitor™ visitor): void

g

-

IS

BodylnsertVisitor

+ VisitLinkSection(LinkSection* section): void

+ VisitDefin tionSection{DefinitionSection” section): void
+ VisitGlobalSection(GlobalSecticn® section): void

+ VisitFunclionSection{FunctionSection™ section): void
+ VisitClassSaction(ClassSaction” sacticn): vold

+ VisitAccessSection{AccessSection” section): void

+ VisitFieldSection(FieldSection* secticn): void

+ VisitMethodSection{MathodSection™ secticn): void

ClassSection

- nodes: vector<ASTNode>

AccessSection

- nodes: vector<ASTNodes

FieldSection

- nodes: vector<ASTNodes

MethodSection

- nodes: vector<ASTNode>

+ accept(Visitor* visitor): void

+ accept(Visitor* visitor): void

+ accept(Visitor* visitor): void

+ accepl(Visitor® visitor): void

Figure 3.8: Code Splitting Class Diagram
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[Figure 3.8] - Code Splitting Class Diagram /£ LB Class Diagram &1 & T

— 18 visitor * element 93] & &M Z A7 € & 4 Link ~ Definition ~ Global >

Class ~ Field ~ Method » #t #3322 88 » K45 §de AST A B AT A7 » A
BRI BMERGHE s kB CMBEATHE T o

3.3.2 Code Splite

& R Fo B Yy B8 B B4R 0 KAV EAT > M ERBAME 2 L

R R NS P EX &

// Documentation Section
/* This is a C++ program */

// Linking Section
#include <iostream>
using namespace std;

// Definition Section
#define msg "FACTORIAL\n"
typedef int INTEGER;

Structure of C++ Program

// Documentation Section
»°/* This is a C+#+ program */
7/

// Global Declaration Section
INTEGER num = 0, fact =

1, storeFactorial = 0; |7~

// Function Section
INTEGER factorial(INTEGER num)

~o ’,
~o ,
S~o -~ . // // Linking Section
~ Documentation - _ #include <iostream>
T~ - e “ Uusing namespace std;
-~ -
~ Link Section r // Definition Section
=~ ~o _- #define msg "FACTORIAL\n"
RN 4 typedef int INTEGER;
N 3 Definition Section -
S // Global Declaration Section
~d ,,’ INTEGER num = 0, fact = 1, storeFactorial = 0;

{

+

~
. . -
~< Global Declaration Section ~

~ -
~ -

-
~ ~ Function Declaration Section- =~ T

// Class Section
class Test{

>

Class Section

// Main Function
INTEGER main()
{

return 0;

Main Function So

+

~

Figure 3.9: Code Body Splitting

/7 Function Section
INTEGER factorial(INTEGER num)
{

}

// Class Section
class Test{

}

/7 Main Function
INTEGER main()
{
return 0;
}

[Figure 3.9] - Code Body Splitting #& gy A £ 89 % 5 » &30 T LUK BB E & 89
IMAMST 0 AR A BRI > KIMAA G A RBIARL > F

M B B &AM AT

TR EIEEMH I T Link ~ Definition ~

19
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Class > ABEE R B ARG RBIINZRK > R LG AL 2B 2 B R TR -

3.4 Code Body Database

IMEAHAROEL  FERRBRSBABROIHARN I > HEAHLELT

id ~ body F E&ZEA o

20
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e gLl ' Documentation
// Documentation Section Stroge
/* This is a C++ program */ e —
o ——— T > | Link Section

/..f Llﬂkll’lg.SECthﬂ Stroge
#include <iostream> —_—
using namespace std;

Definition Section ' > | Definition Section
// Definition Section Stroge

#define msg "FACTORIAL\n" T
typedef int INTEGER;

. ' N Global Declararion Section
Global Declaration Section [
o Stroge
// Global Declaration Section - o
INTEGER num = 0, fact = 1, storeFactorial = 0; T T
Function Declaration Section P Function Declararion Section
// Function Section
INTEGER factorial(INTEGER num) - Stroge
a - -
}
Class Section P Class Section
/1 Class Section Stroge

class Test{ i — -

} .

Main Function , Main Function
Stroge

// Main Function —
INTEGER main()
{

return 0;

}

Figure 3.10: Code Body Into DB

[Figure 3.10] - Code Body Into DB 4 [Figure 3.9] F & €4z iz & T 38484
THA EEERTRFONIHULFIMMTHRIG IR TN ETEHS o X

TRAFE LM -

21
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1. Documentation Stroge

2. Link Section Stroge

3. Definition Section Stroge

4. Gobal Declararion Section Stroge

5. Function Declararion Section Stroge

6. Class Section Stroge

7. Main Function Stroge

22
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23

Access FuncMain
PK |id — — Pk |id
bty body
line 5 ine &
line_a ling_a
filaPath FilePath
includeFramPath includeFremPath
created_an isCantroller
crealed_on
Class
PE | — Global
braely | — PK |id
lina & [y
ling_e Dependancy w5
fileFglh [
includeFromPath — m_id_from filaPath
croaled_cn P m_id_to includeFromPaih
type craatsd_on
Fiald
K4 — Link
body . P |ig
line o body
line_g ling_s
fiePatn line_e
includaFromPath P
ereated_an IncluzeFromiPath
creaied_on
Definition
K | 1d — Methadd
sy Pk |id
line_s bady
[T line:_%
tileFath line &
mcludaFromPath filaPath
fileMamea includeFramPath
isDefauli creatad_on
creabed_on
Func
PR |id —
body
ling_s 23
lina_a
fi:Path

IncluceFromPatn

crealed_on

Figure 3.11: Code Body Schema
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[Figure 3.10] - Code Body Schema 3t A4t & 89438 A& » B BAak - H AL
f873] B ofE 88 FH &

1. id - AST #9id

2. Body - 8842 X 45

3. line-s - £ A ALHEATH

4. line-e - £78 & RATH

5. FilePath - 888948 £12 &

6. includeFromPath - # 5] X 8948 K42 &

7. isController - & % & Controller

24
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Chapter 4

Repack Service Components

CRepack %49 B 69,2 KA # Web fromework 49 Entry-Point L%k & Con-
troller B #2 % » ¥A Controller *¥ ™ # (Invoker) 47 % (Method) #9F7 A & &3
Ao BREHARKAF—A > LKL Web fromework 18 Contrller &5 1 $ 4%
— BB 3] B A& > &8 Controller KA —1BRE TR 69 RBFE A o

A B R G A& CRepack PTAE A 5] 69 3% H ik B &AL %4 » & CRepack 8

R BALM— B RGN o

4.1 Web Framework

iz &MER T Crow B &RMERE % Web Framework * Crow #2147
# % Controller # Function * &M#F1 49 £ €42 Crow Controller ¥ & .11 89
Ao 44 Bk o

25
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Global Declararion Section

- I Stroge
Function Declararion Section I/ o
\-777,,,7789677,,,,.( / | Definition Section
N / Pis Stroge
N / P 7 —— S
N -
Controller = = === ———-=—-- (Reveal) - S
~~
Dependency ~ ~| Link Section
— A Stroge
L7 \ S
/
e / \ \
- V4 7 \ \ )
— = L7 / \ -
Class Section |~ L/ \ \ | Method Section
Stroge s v Stroge
Access Section Field Section
Stroge Stroge

Figure 4.1: Repack Controller Dependency

[Figure 4.1] - Repack Controller Dependency /£ Repack &A1 € # & —18 Con-
troller 4kt & » &5 #1218 Controller Invoker #| &9 %18 — 1848 1k (Dependency) AR
HIEAR > FTALB ART » RMRETHBGAA LHKREEAEREAR
32218 Controller FT T VAR EHAT 89 IR & & ©

26
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Code Structure Collection

Link Def Var

[
e 2

Class Field Method

Figure 4.2: Repack Controller

[Figure 4.2] - Repack Controller 4t #f—18 Controller 7 R & 89 IR#; &4 > Tk
A sk /AteAn B 69 Link ~ Def ~ Var ~ Class ~ Field ~ Method i i # A
Collection ¥ » 32474 & 73z f8 Controller T ABE = h R THATHE - R
s SAEAT — B4 B 28 0 A T AL AR TE R AR L o 15 R R AT AT @ AT AR 6Y
Dependency Table 9 & 2 » RAFRMLAZEGR BT A S LEE A

AR o

4.2 Invoker Tracing

% &1 €48 Controller = B R Z B 2094 » KME LE LA P

27

doi:10.6342/NTU202303414



CHAPTER 4. REPACK SERVICE COMPONENTS 28

7| (Adjacency List) /& % & iR & & & 3 F (Depth-First Search,DFS)# 7 % » &

Controller &5 44 418 € PT A 89 Invoker 84E M4 18 & » & %43 3| M Invoker 9 7

% (Method)#& » &AE #3247k (Method)#F 4 X HashMap ¥ °

File_1
Class_A
c1 Z
C2 ~_

/N

P

Ly

M

File_2
Class_B

M_1

M_2

File_5
Class_E

M_6

<

N

File_3 C :Controller

Class_C M  :Method
M. 3 —> : Invoker

M_4

File_4
Class_D

M_5

Figure 4.3: Repack Invoker Example

[Figure 4.3] - Repack Invoker Example i 3% f — 18 5] F 3% @ £2 X & X M 89

Invoker 48 1& » & A4 Filel #24F B A2 B H B & & ¥ {8 £ £ entry-point 72

@ A 248 Controller » MmC1 # Invoker & & & M1 M3 M2 M5 M4 » C2K & 69 A

AM6 > #32 R 0 K189 B 6938 & 8415218 Controller * 2 & 2B 18 5] 15 = &9

THITES ©

28
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- C1 > M_1 > M_2
et -
o M_1
M_4
M_1 > M_3 > M_4
M_2
\ M_3 M_2 M 5
M_5
M_3 > M_2

Figure 4.4: Repack Adjacency List

[Figure 4.4] - Repack Adjacncy List /321 &M €142 H Adjacncy List R & iE
Method # Invoker 1% » BT VA4 4RI Al &) Controllerl %% Invoker 2|48 Method
M1 M2 M3 M4 M5 > # 2 0 Lig ik B AT A E 8 A &M o AIBRRMATA
DFS & &35 %18 Adjacncy List ©

4.3 Method Dependency Collection

fe 48 38 7 % (Method)Z M #9 Invoker » &A1 € 4t #4 °F = 89 77 7% (Method) &
i#% 48 1k B (Dependency Graph)4t 3 # i3 18 & % (Method) AT 4 J& & 4 89 BT 4 48
& (Dependency) * %142 : Class-in ~ Field-in % » &5 4 13 & F 45 X HashMap °
£ ¥ HashMap 8 key 5 B 4% £ 69 & 4% > List 2 § 24t 4t R

& (Dependency) # 1% (Figure 4.5) °
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Visited Array
A Mt | e C1 | |M1||[M3||/M2||M5]| M4
/ // M2
)M/ " I Collection Container HashMap
_ //& ’ /y
File1——> Class.1 ——> C_1
% M5
~ File. 2—— Class 2 —> M_1 —> M_2
e
)ﬁ( ’y/ File_S}—r Class_3 —> M_3 — M_4

File_4—> Class. 4 —> M_5

Figure 4.5: Repack DFS

[Figure 4.5] - Repack Adjacncy List &8 T DFS &7 > & G4 £ 6989
Method #5948 B Dependecny @38 %X List 4 » B FTAA H C1 €4 Classl
MNIER > M1 M2 §4% Class2 MANER » ZHRENHER Class2 HANER -
WERMGEHAEL Set IARREAGET G HAF2K > M3 MAEH Class3
MANIER 5 RAE M5 G Classd INER » RETRT HEAT

4.4 Code Body Combination

% KA1 A DFS &K i & 18 7 % (Method)Z M #9 48 1% (Dependency) » &AM € #¢
Code splitting & #F & 42 » 1R 5 3K & K ATIE 3] 69 48 4% B 12 09 £2 X £ 8 (Code
body) * LKL > 485 A2 G LK Controller 2| 418 Invoker 7 % (Method)Z &9
7 X 2 (Code Body) » &M 44515 & 2 52 (Body) ik AR » f& 48§ 40 80 47 3
WP > BRAG A E WL M (Body) R L8 (Body) X M 6948 #H42 & Bl 1% - £&

30
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BTRXGWORETIITRE » AT A —BR TS -

File 2——> Class 2 —> M_1 —> M 2
Line : 23 Line : 38 Line : 50
File_2
Class_2 Line : 23

Ascending Order

M_1 Line : 38

M_2 Line : 50

Figure 4.6: Repack Ascending

[Figure 4.6] - Repack Ascending #£ £ —¥ » 8 R KM L LK TR T Dependency
B 2R A —ERAL  KFHFAKG IR TRGE AR RAERMESE
T VAME & AR 208 69 A8 $HAL B KB AL E £ AR 5 f KAV 8 AR LR R 8Y
FAE 0 AR AST &/ &RMG TRATREAR > AR M0E T ZHEHR > R
HGHATE B AR » E B EEE T K& FHAKRMT A AATELEG TR
ke e B 09T b 0 BHER G IR XNE R THIATORIL - mERAE R/
THYED 0 LT G ARBFESR o
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4.5 QOutput

FERfE o AN ERCERERE  RMTAHAR T LT WERANER
L ERXAG EHE L > BHE T Cmake [2)% M 2|89 CMakeList 4 & Crow
Web Framework 89 2 £ £ > AN BEEREO LEA&GELIE L BRE R

LB G AEE o

—_— —_— —_—

———————‘»

crow_test crow_test_1 crow_test_2

Figure 4.7: Repack Output

[Figure 4.7] - Repack Output & # & 8937 & % » 25| § AR 7 £ 49 Controller
B BALARF EHAT 6L o VA L8 crow test £ FWBIR 7 E » crow testl 3R crow test2

AW Repack B R 9 FF o
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Chapter 5

Demonstration

A FEH KM R T REOER > 235 KMAFEA TR ZEATH L6 Bidding
System 1F & &A1 i B 89 $4) » KA €A Controller X2 service » H —18 ser-
vice & userService * &4t # € B 738 A5 fBAL 4L > 5 =18 service & itemService

ST e 0R B BTG AS AR 4 o
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<<include>>

—

Controller

main.cpp ~.

<<include>>

userService.h

itemService.h

Figure 5.1: Demo Example Code Structure

[Figure 5.1] - Demo Example Code Structure £ st #24] ¥ main.cpp # include

1B service * 2% B userService ¥ itemServce *

%, o RE Controller B B4z 699 R o

34

A G HEBEER AREN A
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Monolithic
<<include>>
Controller_1 f=========--- >
<<include>> P
g main.cpp userService.h
userService.h
Controller
<
main.cpp <<include>> ~~
A <<include>>
Controller 2 f--=----cceun=2
itemService.n main.cpp itemService.h

Figure 5.2: Repack Demo Output

[Figure 5.2] - Repack Demo Output ® [Figure 5.1]#9 32/ » &1 & # repack
s2ME &% > A A B 422G A28 Controller » % —18 Controllerl € # userSer-
vice #& Invoker » Controller2 € # itemService #Invocer » $uf] 4 F 430 & B P AT

BEAGUEZE o

5.1 Controller Repack Demonstration

e fg R & RT AA E o RFAT @I Controller A €1 2 br 5
Ko RAW Invoker Bl #) 7 ik (method) 4 €4 &R » 4518 7 % (Method) FT %

J& %] 848 4% (Dependency) ©
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36

main.cpp

#include <iostream>

#include "crow_all.h"

#include "service/userService.h"
#include "service/itemService.h"

using namespace std;

int main()
f
crow: :SimpleApp app;

CROW_ROUTE(app, "/user”)([10){

string result = user->getUsername();
return result;

2H

userService* user = new userService();

CROW_ROUTE(app, "/item")([1(){
string result = item->addItem();
return result;

3

itemService* item = new itemService();

app.port(18080).run();

[Figure 5.3]

8 Controller » 4&i#

TEREER -

main.cpp (Controller_1)

#include <iostream>
#include—" 11k

main.cpp (Controller_2)

#include <iostream>

T L PR

#include "service/userService.h" |

USIngT

pace Sty

int main() {
crow: :SimpleApp app;

CROW_ROUTE (app, "/user")([1(){
userService* user = new userService()
string result = user->getUsername();
return result;

}):

-
appg:orfﬂzow) .run();
-
-

#include "service/itemService.h" |
espace st

© int main() {
crow: :SimpleApp app;

CROW_ROUTE(app, "/item")([1(){
itemService* item = new itemService()
string result = item->addItem();
return result;

)

>
-

jpp.poﬁ(18080) .run();

Figure 5.3: Repack Controller

- Repack Controller # Demo 4R T A& th » & Aif
BRMMEF G MER - FZ2RETHINREKT > R
B EH 4K 69 Controllerl 3% Controller2 > BLi& =T A5 R, & 3
A4 &8 BT A% Invoker %] 89 Method 48 B 89 h 4§ #A NG R >

36

b9 By 746 $o.45)
A7) 4K b Z)
1 #9include 42 g

KA Invoker 3| 4L
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5.2 UserService Repack Demonstration

userService.cpp userService.cpp(Controller_1)
#ifndef USERSERVICE_H_ #ifndef USERSERVICE_H_
#define USERSERVICE_H_ #define USERSERVICE_H_

#include <iostream>

#include <iostream> using namespace std;

using namespace std; - class userService {

public:
* class userService {

int number = 0;
public:

int number = 0;
string getUsername(){

number = 8;

return "This is getUsername";
}

string getUsername(){
________ number = 8;
B return "This is getUsername";

}

b
string getUserIdByName(){

return "This is getUserIdByName";

#endif
}

B
#endif

Figure 5.4: Repack UserService

[Figure 5.4] - Repack userService # Demo # R T A& » W R K69
Bl A2 X > & & Repack & 89 userService R € A getUsername i3 18 Method °
% Controllerl R Invoker iz f8 Method * AT A E & HH AT » KM R g 4
HgetUsernametk & #7 4% © 7 sh 4 T W8 B, getUsername 4L # filed # A% A
B HE - LA AMELE -
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5.3 ItemService Repack Demonstration

itemService.cpp itemService.cpp(Controller_2)

#ifndef ITEMSERVICE_H_ #ifndef ITEMSERVICE_H
#define ITEMSERVICE H_ #define ITEMSERVICE_H
#include <iostream>

#include <iostream> q .
using namespace std;

using namespace std; .
g P * class itemService {

- class itemService { .
public:

public:
string addItem(){

string addItem(){ i return "This is addItem";
return "This is addltem"; | ——=-"—""1 }
}
}:
string deleteItem(){
return "This is deleteItem"; #endif
}
}
#endif

Figure 5.5: Repack ItemService

[Figure 5.5] - Repack itemService # Demo &R T vAA & » tLd /R K 8) Sl #2
X & Repack % 89 itemService R § 4 addltem & 18 Method * B & Controller2
R Invoker iE 8 Method » AT A EF LT » £ R g4t addltem # £ 474

o
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Conclusion

ARBGIRBTHARENAGZEIL s Wy RBEZORFEL > BOLE T M
BAGYOH B BEERBRABHTURTHEN » MEAMREGFTESE - 1.
HASTHAT AR XAG » BB AT A A M AR 2. E4 i3 35 a2 XahE R > Kb
Bt A 4t J& 89 48 1% (Dependency) » & & & 401k B 3. B AST 2 X4 L8 4.
FHAOKIORE A LTERBIAMREGERRFEARTH QRN AL o
6.0.1 Benefits

1. IR GBE5 K
2. REMALETHE.

3. AT EHAA A,
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6.0.2 Future Work
1. Je AL A& 4869 CPP Web Framework.
2. & E % REIAAK (Dependency).

3. EAMME S C++ HIREM (Open source).

40
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