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MO DAU
1. Ly do chon dé tai

Theo thoi gian, lugng tai liéu dugc tao ra, luu trir va chia sé trén Internet ngay cang
nhiéu hon. Tuy c6 nhiéu thuan loi cho viéc tiép can kho tri thirc m&, nhung rd rang ciing da
nay sinh nhiéu van dé: cac ¥ tudng, cac doan vin thim chi toan vin ban duoc sao chép mot
cach tran lan ma khong c6 chu thich ngudn hay tac gia. Diéu nay khong chi anh huéng dén
quyén s hiru tri tué, ban quyén cua tac gia ma con anh huong dén viéc danh gia chat luong
clia cac tai liéu bdo cdo, tiéu luan, luan van va trinh d6 cua nguoi tao ra chung, dac biét 1a
trong moi truong gido duc noi chung va dai hoc noi riéng.

Ngoai ra trong linh vuc gido duc ddo tao, viéc sao chép mi ngudn ciing c6 nhitng anh
hudng nhit dinh téi chat luong dao tao nhan luc Cong nghé thong tin. Van dé nay phd bién
ddi v&i nhidu truong dai hoc trén thé gio1, va cac truong dai hoc tai Viét Nam cling khong
phai 12 ngoai 1&. Cac sinh vién s& sao chép ma ngudn cua sinh vién khac sau d6 sta chira di
mot vai diém dé chuyén thanh san phiam cua minh.

So véi viéc sao chép cac bai luan, cac dé tai, nghién ctru khoa hoc ma hinh thurc biéu
hién ¢ duéi dang ngdn ngit vin ban thong thudng, viéc sao chép ma ngudn lap trinh ¢ nhiéu
diém khéc biét va dic thu. Dé giai quyét thuc trang ndy, trén thé giéi di c6 nhiéu phan mém
duogc phat trién dé danh gia sy trong tu giira cac bd ma ngudn. Viéc nghién ciru cac phuong
phap dé t6i wu hon viéc phat hién viéc sao chép ma nguff)n 1a mot bai toan thuc sy tha vi va
¢6 nhiéu ¥ nghia ciing nhu tmg dung trong thuc tién.

Nhu vy c6 thé thdy, thuc trang sao chép mi ngudn xuit hién trong ca nganh cong
nghiép phat trién phan mém ciing nhu trong cong tac dio tao sinh vién nganh cong nghé thong
tin. Pham vi nghién ciru ctia dé tai nay sé& tap trung sdu hon vao van dé sao chép mi ngudn
trong cong tac dao tao sinh vién nganh cong nghé thong tin tai gidng duong.
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1 CHUONG 1: TONG QUAN VE BAlI TOAN PANH GIA MUC PO TUONG TU
GIUA CAC MA NGUON

1.1. Téng quan vé sao chép va sir dung lai ma nguén
1.1.1 Vdn dé sao chép va si dung lai ma nguén

Lap trinh vién trong thoi dai ngay nay dugc tiép can véi mot luong tai nguyén khong
16 va gan nhu khong gidi han. Néu nhu trude kia, cac tai liéu cta cac ngdn ngir lap trinh hay
sy hd tro tir cong dong 14 han ché, thi ngay nay, nhiing cong dong 1ap trinh trén toan thé giéi
(stackoverflow, github...) cho phép lap trinh vién nhanh chong hoc hoi va tan dung lai tri
thirc tir nhitng nguoi di trude. Doi khi mot bai toan trude day can nhidu thoi gian suy nghi,
thi ngay nay c6 thé da dugc lap trinh vién di trudc chia sé cong khai, chi can sao chép vé va
dua vao du an cua minh.

Gio ddy viée tiép cn cac ngdn ngit 14p trinh méi, cac thu vién/framework c6 do truong
thanh cao duoc cong dong chia sé, gitip cho sinh vién du chua c6 nhiéu kinh nghiém ciing c6
thé dé dang xay dyng nén mot phan mém tuong d6i hoan chinh. Viéc nay rat ngan thoi gian
tao ra san pham, tuy nhién diéu nay s& lam giam kha ning sang tao, dao sau tim toi giai phap
ctia sinh vién. Trong khi ddy 13 yéu tb rat quan trong trong giai doan sinh vién cong nghé
thong tin duoc dao tao tai truong.

1.1.2 Nhing tic dpng cia sao chép va si dung lai ma nguén

Vi¢c sao chép, st dung lai cdc ma nguén cling c6 nhirng nhuogc diém nhat dinh can
quan tam.

Poi v6i cong tac dao tao:

e Giam kha ning sang tao cia sinh vién: tir 46 giam chét luong cua cong tac dio
tao.

e Két qua dao tao khdng khach quan: tir d6 gido vién khé danh gia chat lugng két
qua dio tao dé dua ra phuong hudng, diéu chinh cho noi dung giang day cua
minh.

Poi v6i quy trinh phat trién phin mém:

e Ting kha ning 15i tiém 4n trong nhirng doan ma ngudn giéng nhau, tir d6 gay
kho khian cho cong tac bao tri, phat trién mé rong.

e Gay kho khin cho ¢6ng tac toi vu ma ngudn, cac doan ma ngudn tuong tu nhau
13p di 13p lai trong Ung dung.

1.1.3 Y nghia ciia viéc ddanh gid mive d¢ twong tw giira cac ma nguon

Doi véi cong tac dao tao:

e Phat hién sao chép.

e Phan tich va danh gia

Poi véi quy trinh phat trién phin mém:

e Phan tich va ci tién hiéu ning cia nhirng doan ma ngudn twong tw

e Tim ra nhirng doan ma nguon khéng tot

e Phat hién sao chép ma ngudén ma khong dwoc phép

1.1.4 Gigi thiéu céc kiéu sao chép ma nguén phé bién
Duo¢i day 1a danh sach mot s6 kiéu sao chép ma nguén phé bién, duogc liét ké theo thu



tir tir don gian dén phuc tap:
1. Thay d6i dinh dang hodc thém/sira cac “comment code” (ghi chi).
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. Thay ddi tén ctia cac ham hoic cac bién.

. Thay ddi thir tw cac toan hang trong céac biéu thie.

. Thay ddi kiéu dit liéu cta cac bién.

. Thay mét biéu thirc bang mét biéu thirc trong dwong
. Thém céac doan code du thira (deadcode)

. Thay doi thir tu cta cac doan ma nguén doc lap.

. Thay ddi mot vong lap boi mot vong lip khac

. Thay ddi céu tric cua cau lénh lva chon

10. Thay thé viéc goi ham m&i bang ndi dung ham

11. Két hop ma ngudn sao chép véi ma ngudn cua ban than.

1.2. P& xuat b tiéu chi danh gia mirc dd twong tw gita CAC ma nguon
1.2.1 Khai niém ma trgn nham ldn (Confusion Matrix)

Confusion Matrix hay con goi la Ma tran nham 13n, ma tran 13i (Kohavi va Procot,
1998) 1a bd cuc bang cu thé cho phép hinh dung hiéu suat ctia mot hé thong phan loai. Hay
xem xét vi du thyc té dudi day:

Vao mot ngay nao do, Bénh vién A c6 100 bénh nhan dén kham bénh, gia su thyc té la
trong 100 bénh nhdn cé 60 nguwoi mdc bénh, 40 nguoi khéng cé bénh. Sau khi tham khdam,
bénh vién dwa ra két qua:

e Trong 60 ngudi c6 bénh that gom:

o 50 ngudi chan doan c6 bénh
o 10 ngudi chan doan khong mic bénh.
Trong 40 nguwdi khong c6 bénh gom:
o 25 ngudi chan doan khong mac bénh
o 15 ngudi chan doan 1a mac bénh.
Bang 1.1: Két qua ma tran nham Ian sau khi chan dosn

Duwong tinh (P) Am tinh (N)
Dwong tinh TP (50) FP (15)
Am tinh FN (10) TN (25)

Tu ma tran co ban nay, ta s€ c6 mdt s6 thuat ngit sau:

Condition positive (P): Tong sb ca duong tinh thuc té.

Condition Negative (N: Tong s6 ca 4m tinh thuc té.

True positive (TP): S6 cac ca dy doan duong tinh diing hay dwong tinh that.
True negative (TN): Sé céc ca du doan 4m tinh ding hay 4m tinh that.
False positive (FP): S6 cac ca du doan duong tinh sai hay dwong tinh gia.
False negative (FN):: S céc ca dy doan 4m tinh sai hay am tinh gia.
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Dé danh gia két qua kham bénh cua cta bénh vién trén, chung ta c6 cac chi s6 danh
gié& quan trong sau:
e Do chinh xac ACC (Accuracy)
_ S6dydoadnding TP +TN 50+25
ace = Téngsémidu  P+N 100

e Do nhay TPR (True Positive Rate - Ty 1€ duong tinh thurc)

0,75

TP TP
TR = =TpyFN 50410 5%
e FPR (False Positive Rate - Ty 1¢ duong tinh gia)
FP FP 5
FPR = — = 0,375

N FP+TN 40
e Do dac hiéu (B9 dac trung)
b6 dachiéu=1 — FPR=1- 0,375 = 0,625
1.2.2 Biéu dién dwong cong ROC
Khi biéu dién 2 chi sé6 TPR va FPR trén d6 thi voi truc tung 1a TPR va truc hoanh 1a

FPR, chung ta c6 khai ni¢m khong gian ROC.
Bang 1.2: So sénh két qua cac phép danh gia khi chan doan

A B C D
TP 63 77 24 76
FP 28 77 88 12
FN 37 23 76 24
TN 72 23 12 88
TPR 0,63 0,77 0,24 0,76
FPR 0,28 0,77 0,88 0,12
ACC 0,68 0,50 0,18 0,82
Theo d6 két qua thu dwoc nhu sau:
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Hinh 1.1: Khéng gian ROC

Nhitng phép du doan cho két qua nim phia trén duong chéo duoc danh gia 1a c6 két
qua tot hon so vdi cac phép du doan cho két qua nim dudi dudng chéo, phép do co két qua
cang gan voi dinh trén bén trai (0,1) thi cang tiém can toi phép do “hoan hao”.
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Hinh 1.2: Pwong cong ROC

1.3. Pé xuat phwong phap danh gia mirc d§ twong tw giira cAc ma ngudn
1.3.1 Téng quan vé cac cdng nghé so sanh ma nguén phé bién

Dura trén phan tich viin ban thuin thy (string-based): Mi nguén duoc chuyén thanh
cac chudi lién tiép ky tw. Hai ma ngudn dugc coi 14 twong ty nhau néu ching bao gdm cac
chudi ky tir gidng nhau. Thuat toan chinh dugc st dung trong cong nghé nay 1a thuat toan tim
chudi con dai nhat (LCS).

Dwa trén phan tich chudi ky tw dai dién (token-based): Cong nghé nay dugc cai
tién tir viéc phan tich ma ngudn dya trén van ban thuan tay trinh bay phia trén. M ngudn
chuong trinh lic ndy dugce tach tir thanh chudi cac token, sau d6 thuc hién quét va kiém tra
cac chudi token tring nhau dé xac dinh kha nang xay ra lap, sao chép ma ngudn. Tuy nhién
cac cong cu nay déu co6 nhuoc diém khong thé phat hién khi ma ngudn c6 su thay d6i nhu
thay d6i tén ham, bién, tht ty cac doan code ddc 1ap, hay chén thém cac doan code vo nghia.

Duwa trén céu tric cay (tree-based): Pay 1a cong nghé moi duoc dé cap va phat trién
nhanh trong nhitng nam gan ddy. Viéc so sanh cac ma ngudn dya trén ciu tric ciia né 1a hudng
di rat hop 1y, khi ma né cé thé bang cach nay hay cach khac dé loai bé sy anh huéng boi
nhiing thao tic nhu: doi tén ham, tén bién, thu tu code. ..

Do uu diém ctia phuong phap tiép can nay, nén cac thuat toan trong luan van nay tap
trung vao viéc phan tich ma ngudn dya trén cau triic cay.

Dua trén biéu d6 phu thudc (Program Dependence Graph - PDG): Mot s6 nghién
ctru chi ra rang céac thi thuat sao chép ma ngudn khong lam thay d6i nhiéu ddi véi biéu do
phu thudc cia ma ngudn goc.
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1.3.2 Khai niém vé cay ct phap trieu twong (AST, abstract syntax tree)

Trong nganh khoa hoc may tinh, cay ci phap triu tuong (AST, abstract syntax tree),
1a cu trac dit liéu dugc sir dung rong rii trong trinh bién dich, AST thuong 1a két qua cua
giai doan phan tich ct phap cua trinh bién dich.

Hay cung xem xét vi du doan ma ngudn sau (ngon ngir C++):
void funl () {

int a = 2;

int b = 5;

fun2 (a, b);

}

V¢é co ban doan ma ngudn nay c6 cay AST nhu sau:

I Function Declaration
(funcl)

l Parameter l Function Body
(NULL) funcl)

Variable Declaration | Variable Declaration
(a) (b)
q Assignment ! Assignment ! Parar(nat;ter 1 ! Pararz’t\]e)ter 2 }

Hinh 1.3: Cay cl phap triru twong ciia ma ngudn ham func
1.3.3 Céc phan mém sinh ra cay ci phap AST

Moi ngdn ngit 1ap trinh c¢6 nhitng cong cu complier khac nhau (vi du Java c6 Java
Complier Complier — JavaCC hoac JJTree, Javascript c6 JIT, C++ c6 GCC hoac Clang. Tuong
g v&i modi cong cu ndy, s& co cac cong cu xay dung cdy cu phap AST khac nhau.

Trong pham vi luan van nay, do chi tap trung vao ngdén ngit C++ nén chon lya trinh
bién dich Clang trong bd khung bién dich LLVM dé phuc vu cho viéc xay dung cay AST tu
cac mi ngudn viét bang ngdn ngir C-++. Dudi day 1a mot sb thong tin tong quan vé LLVM va
Clang.

1.3.4 Téng quan vé LLVM (Low-Level Virtual Machine)

LLVM 12 mot bo khung bién dich (compiler framework) duoc st dung dé t6i wu hoa
maé cho nhiéu ngon ngi 1ap trinh khac nhau. N6 cung cdp nhimng cong cu manh mé dé xay
dung phan front-end (parser, lexer) cling nhu phan backend (phan chuyén phan code trung

l Function Call

func2)

gian LLVM sang ma may), cho cac ngdn ngir 1ap trinh maoi.
1.3.5 Téng quan vé Clang
Clang 14 mét trinh bién dich (compiler front-end) sir dung co so ha ting trinh bién dich
LLVM cho cac ngdn ngit 1ap trinh C, C ++, Objective-C va Objective-C ++.
Pic diém va muc tiéu cia Clang:
e Ddi v6i Nguoi dung cudi:
o Bién dich nhanh va sir dung it b6 nhé
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o Chén doan nhanh (vi du)
o GCC tuong thich
e Dbi voi Tién ich va Ung dung:
Kién tric mo dun héa
HG tro da dang “client” (tai ciu trac, phan tich tinh, tao ma, v.v.)
Cho phép tich hop chat ché véi cac IDE
Str dung Gidy phép LLVM Apache 2
e Thiét ké noi bo va Trién khai:
o Trinh bién dich chét lwong ap dung duoc &p dung vao thuc tién
o Mot co s& ma ngudn don gian va dé hiéu, dé tiy bién
oMbt trinh phan tich ci phap hop nhat cho cac ngdn ngir C, Objective C,
C ++ va Objective C ++
o Tuan thu C/ C ++ / ObjC va céc bién thé caa ching

O
O
O
O

Machine
Code

Source
Code

Frentend Optimizer Backend

Hinh 1.4: Cac pha ciaa trinh bién dich CLang
Cac cach sir dung Clang

e (Cai dat va st dung truc tiép Clang thong qua bo thu vién ma Clang cong khai
trén trang chu tai dia chi: https://clang.llvm.org/get_started.html. Luu y viéc
trién khai nay phu thudc méi truong cai dat cia may tinh.

e Cai dat va sir dyng gian tiép thong qua API cua bd thu vién tich hop LibClang
trén cac ngdn ngit ap trinh phd bién (Python). Pay 1a cach duoc trién khai trong
noi dung luan van nay.

1.3.6 S dung Clang vai Python

Python 12 mdt ngdn ngir 14p trinh pho bién va dwoc cong dong hd tro nhiéu trong
cAc nim gin day.

Thong qua cac API cua thu vién LibClang trén Python, chiing ta ¢ thé sir dung mot
cach dé dang nhung dam bao twong d6i day du cac thao tac ddi véi cay AST.

Hay ciing xem xét cay AST tao ra tuong tmg voi doan ma ngudn trong phén 1.3.2 boi
LibClang, duoc thé hién dudi dang ciy nhu sau:

C:\U in\AppD hon\Python37\python.exe D:/CaoHoc/LuanVan/source_code/Compar

L —UNEXPOSED_E

f—oE

L —gVERLOAD

L_DECL_REF_EXPR b [line=4, col=9]


https://clang.llvm.org/get_started.html
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Hinh 1.5: Hién thi mét cdy AST sinh ra béi ma nguén

1.4. Sosanh cay AST khi ap dung cac tha thuat sao chép khac nhau
M3 ngudn gbe dé sir dung cho muc nay 13 bai tap xdy dung ham tinh chudi Fibonacci:

#include <stdio.h>
#include <conio.h>
int Fibonacci (int n) {

if (n ==1 || n == 2)
return 1;
return Fibonacci(n - 1) + Fibonacci(n - 2);

}

1.4.1 Thay déi dinh dang hodc thém/sira cdc “comment code”

Do dic tinh cua cay ch phap triru tuong AST, cac khoang trang va ghi cht (comment
code) bi loai bé khi trinh bién dich xay dung cay AST, vi vay viéc thay ddi dinh dang hoac
ghi chu s& khong 1am anh huong t6i cau tric ciia AST.

1.4.2 Béi tén cdc dinh danh (ham, tham sé va bién)

Véi tha thuat sao chép nay, khi so sanh cau tric AST, ching ta chi cdn bo qua gia tri
tai cac node, chi st dung loai node va cAu tric AST dé so sanh. Khi d6 ciu tric AST ma
ngudn gdc va ma ngudn da sira doi 1a tuong duong nhau.

1.4.3 Thay déi thir tir cac toan hgng trong biéu thac

Mot thu thuat khac cling tuong ddi dé thyc hién va dam bao khong lam thay ddi tinh
dung dan ciia chuong trinh 14 thay d6i thir ty cac toan hang trong mot biéu thie. Vi du thay
d6i biéu thuc trong ma ngudn sau:

void int void int
return 3 3 return

chuyén thanh
Chung ta thu dugc 2 cay AST tuong trng nhu sau:




TRANSLATION_UNIT

FUNCTION_DECL
(funi)

11

[
HHH

PARM_DECL (n) COMPQOUND_STMT
RETURN_STMT

UNEXPOSED_EXPR

BINARY_OPERATOR (+)

! INTEGER_LITERAL

INTEGER_LITERAL

BINARY_OPERATOR (*)

|

]

UNEXPOSED_EXPR (n)

DECL_REF_EXPR (n)

il

Hinh 1.6: Cay AST sinh ra sau khi thay déi thit tw cac toan hang

2>

FUNCTION_DECL
(fun1)

TRANSLATION_UNIT

PARM_DECL (n) COMPOUND_STMT

RETURN_STMT

UNEXPOSED_EXPR

T

BINARY_OPERATOR (+)

INTEGER_LITERAL

INTEGER_LITERAL

[

BINARY_OPERATOR (*)

|
i

UNEXPOSED_EXPR (n)

il

DECL_REF_EXPR (n)

C6 thé thay rang con ciia hai cdy AST bat nguon tir node BINARY OPERATOR (+)
da duge dbi vi tri cho nhau (node trai = node phai, node phai = node trai). Twong tu nhu
vay voi node BINARY OPERATOR (*).
1.4.4 Thay déi kiéu dir ligu (data types)

Mot thi thuat khac thudng duoc ap dung 1a thay doi cac kiéu dir liéu trong cing nhom.

Viéc thay d6i nay hoan toan khong lam thay d6i ciu trac va type ciia node ciy AST.
1.45 Thay thé gi@a céc biéu thirc twong dwong

Trong cay ct phap AST, cac loai toan tir ndy duogc biéu dién tuong tng cac loai
node trong cdy AST, cac toan tir logic, toan tir quy chiéu,... duoc quy vé chung loai

BINARY_OPERATOR.

1.4.6 Bé sung cdc doan ma nguon khong co gia tri (dead-code)

void
if 0
return

chuyén thanh

false
void
if 0
"ERROR:

return
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—TRANSLATION UNIT test data 2/test 8.cpp [line=0, col=0]
L——FUNCTION_DECL func3 void (int) [line=1, col=6]
F—PARM DECL int [line=1, col=13]
L_COMPOUND STMT [line=1, col=14]
L_IF STMT [line=2, col=5]
L_COMPOUND STMT [line=2, col=19]
L_RETURN STMT [line=3, col=9]

Hinh 1.7: Cay AST trwéc khi thay thé biéu thire twong dwong

F——TRANSLATION_UNIT test data 2/test 8.cpp
VAR DECL debug int [line=8, col=9]
L——FUNCTION_DECL funcd4 void (int) [line=9, col=6]

F—PARM DECL int [line=9, col=13]
L_COMPOUND STMT  [line=9, col=14]

L_IF STMT [line=10, col=5]
L_COMPOUND STMT  [line=10, col=19]
}—IF STMT [line=11, col=9]

| L—coMPOUND STMT [line=11, col=18]
L_RETURN STMT [line=14, col=9]

Hinh 1.8: Cay AST sau khi thay thé biéu thire twong dwong
1.4.7 Thay déi thir tir ciia nhitng doan ma nguon déc ap

Hay xem vi du dudi ddy, chiing ta thay doi thtr ty mot thudc tinh va phuong thirc cia
16p “Car” nhu sau:

[1ine=0, col=0]

class
public

double

double

double
return

double
return 2

Sau khi thay d6i thtr ty cac thudc tinh va phuong thirc, doan ma chuyén thanh:
class
public
double
double
double
return 2

double
return

Trong vi du trén, chi thu ty cia mot $6 truong khai bao duoc thay doi, néu ching ta
thay doi th tu cia khai bao 16p hodc khai bio phwong thirc, thi sy khac biét gitra hai cay sé
16n hon nhiéu. Sy khéc biét giita hai cay tuy thudc vao loai ciu triic dugc thay ddi vi tri.
1.4.8 Thay thé mgt cau Ignh lgp bang mét cau lénh twong dwong

Vong lap for ¢ thé duoc thay thé bang vong lap while (do-while hodc while-do) va
nguoc lai. Hay xem xét ma trong vi du duéi day:
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int int
int 0
for (int 0
return

Thay thé vong lap for bang vong lap while ta co:

int int
int 0
int 0
while
return

2 cay AST duogc sinh ra thong qua thu vién ast_viewer.py nhu sau:

Vong lap For

[line=5, col=5]
—DECL_STMT [line=5, col=9]
L_VAR DECL i int [line=5, col=13]
L_INTEGER LITERAL int [line=5, col=17]

—BINARY OPERATOR < bool [line=5, col=20]

I—UNEXPOSEDiEXPR i int [line=5, col=20]

| L—DECL REF EXPR i int [line=5, col=20]

I—UI\TEX}?OSEDiE}{PR n int [line=5, col=24]
L_DECL REF EXPR n int [line=5, col=24]

"""""""" int [1ine=5, col=28]
L_DECL,_ REF_EXPR i int [line=5, col=28]

C—COMPOUND_STMT  [1ine=5, col=33]
I L_BINARY OPERATOR — int [line=6, col=9]
|—DECL_REF_EXPR sum int [line=6, col=9]
l—BINARYfOPERATOR + int [line=6, col=15]
I*UNEXPOSEDﬁEXPR sum int [line=6, col=15]
| L—DECL REF EXPR sum int [line=6, col=15]
I—UNEXPOSEDiE)(PR i int [line=6, col=21]
L_DECL REF EXPR i int [line=6, col=21]

Vong lap While

—DECL_STMT [line=5, col=5]

L_VAR DECL i int [line=5, col=9]
L_INTEGER_LITERAL int [line=5, col=13]
|WHILE_STMT___[ling=6._gcol=5l

|H-BINARY OPERATOR < bool [line=6, col=12]

|

|

|

|—UNEXPOSED_EXPR i int [line=6, col-12]

| L-—DECL_REF_EXPR i int [line=6, col=12]
|—U‘NEXPOSED7EXPR n int [line=6, col=16]
=== J==DECI. REF. EXPR_n_Jnt. Jlinesé,.colsl6]
L CCOMPOUND STMT  [1ine=6, col=18]
|—BINARY OPERATOR = int [line=7, col=9]

| |—DECL_REF_EXPR sum int [line=7, col=9]

| L—BINARY OPERATOR + int [line=7, col=15]

| |—UNEXPOSED EXPR sum int [line=7, col=15]
|

|

| L—DECL_REF_EXPR sum int [line=7, col=15]
L _UNEXPOSED EXPR i int [line=7, col=21]
| L _DECL_REF_EXPR i int [line=7, col=21]
T—UNARY_OPERATOR int [Iine=8, col=3]

L RETORN_STMT  [line=8, col=5]
|—UNEXPOSED7EXPR sum int [line=8, col=12]
L_DECL REF_EXPR sum int [line=8, col=12]

—RETURN_STMT [line=10, col=5]

L_DECL_REF_EXPR i int [line=8, col=3]

I—U‘I\IEX}E’OSEDJZ.XPR sum int [line=10, col=12]
L_DECL_REF_EXPR sum int [line=10, col=12]

Hinh 1.9: Cay AST sau khi thay thé vong lap for bang vong lip while
1.4.9 Thay déi c4c cau Iénh ré nhdnh twong dwong

Céc cau lénh if 16ng nhau doi khi c6 thé duoc thay thé bang mot chudi cac cau 1énh if.
Chung ta cling c6 thé st dung ciu 1énh if thay vi cau 1énh switch hodc nguoc lai. Viéc nay

khong lam thay d6i cu tric ciy.

1.4.10 Thay thé céc Iénh gei ham bang chinh ngi dung ciia ham

Trong vi du & truong hop nay, phan ndi dung ctia ham khong qua 16n, nhung ddi vai

cac ma ngudn khac, c6 thé co6 phan ndi dung cua ham 16n hon nhiéu.

|—PARM _DECL day int [line=1, col=17]
L—COMPOUND_STMT  [line-1, col=21]

L_FUNCTION_DECL main void () [line=14, col=6]
L—COMPOUND_STMT  [line=14, col=12]
DECL_STMT [line=15, col=5]

L_vAR_DECL day int [line=-15, col=9]

L_caLL_EXPR getDay void [line=16, col=5]

|—TRANSLATION_UNIT test_data_2/test_ll.cpp [line=0, col=0]
FUNCTION_DECL getDay void (int) [line=1, col=6]

L_INTEGER_LITERAL int [line-15, col-15]

|—TRANSLATION_UNIT test_data_2/test_ll.cpp [line=0, col=0]
L—FUNCTION_DECL main veid () [line=1, col=§)

L—COMPOUND_STMT  [line=1, col=12]

DECL_STMT  [line-2, col=5]

L_vAR DECL day int [line=2, col=9]

L_INTEGER_LITERAL int [line=2,

col-15]

NEXPOSED_EXPR getDay void (*) (int) [line=16, col=5]
L—DECL REF EXPR getDay void (int) [line=16, col=5]
NEXPOSED_EXPR day int [line=16, col=12]

L_DECL_REF_EXPR day int [line=16, col=12]
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Hinh 1.10: Cay AST sau khi thay thé 11 goi ham bang néi dung ham
1.4.11 Két hgp dogn ma nguén sao chép véi ma nguén tee viét
Vi¢c sinh vién st dung lai ma ngué)n mot cach chi dong c6 van dung kién thuc cua

ban than ciling giup cho sinh vién hiéu bai hon. Do do, viéc dua ra thuat toan dé€ danh gid muic

d6 twong tu ciia 2 ma ngudn khi sir dung thi thuat nay 1a khong can thiét.

1.5. Panh gia sy khac nhau giira cac cdy AST véi mbi thia thuat sao chép

Sw khac biét Thu thuat

giira 2 cay AST

Khéng thay ddi - Thay do6i dinh dang hoac thém/stra cac “comment code”
- Bdi tén cac dinh danh (ham, tham sb va bién)

Thay doi nho - Thay d6i thir tu cc toan hang trong biéu thirc

- Thay ddi kiéu dir liéu (data types)
- Thay thé gitta cac biéu thirc trong duong

C6 thé thay doi
nhiéu

- B6 sung cac doan code khong co gié tri (deadcode)

- Thay di th tu ciia nhitng doan ma ngudn doc 1ap

- Thay thé mét cau 1énh 13p bang mot cau 1énh trong duong

- Thay ddi cac cau 1énh r& nhanh twong duong

- Thay thé cac 1énh goi ham bang chinh ndi dung ctia ham

- Két hop doan ma ngudn sao chép véi ma ngudn ciia ban than

Bang 1.3: Sw khac biét giira 2 cay AST twong wng véi cac tha thuat sao chép khac

nhau
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1.6. Két luan chuong 1

Két thiic chwong 1, luan vin da nghién ctu, gidi thiéu tong quan vé van dé sao chép
va st dung lai md ngudn, cac phuong phap danh gia mic do tuong ty gitta cac ma ngudn,
trinh bay téng quan vé ciy ct phap triru twgng AST va tmg dung thu vién Clang véi ngdn ngit
Python dé tao ra cay AST tir ma ngudn viét bang ngdn ngir C/C++.

Trong chuong ndy, luin vin ciing dd phan tich va danh gia su thay doi trén cdy AST
tuong ing véi cac cach sao chép khac nhau. Sy thay dbi giita cac cdy AST di tir it dén nhiéu,
don gian dén phirc tap khi ma phuong thirc sao chép ma ngudn trd nén phic tap hon.

Céc van dé nghién ctiru ¢ chuong 1, goi ¥ v& viée can c6 budc tién xir 1y ciy AST dé
tinh gon va t6i vu trude khi duge sir dung. Sau budc tién xir 1y nay, viéc danh gia do twong
ddng gitta 2 ma ngudn twong duong véi viée danh gia do twong dong giita 2 cAy AST.

Trong chuong tiép theo, luan vin s& nghién ctru cac phwong phap danh gia mic do
tuong tu giita cac ma ngudn dua trén dit liéu tir ciy AST.
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2 CHUONG 2: PHUONG PHAP PANH GIA PQ TUONG TU GIUA CAC MA
NGUON

2.1. Tién xir Iy cay AST trwéc khi thuc hién danh gia

Dwng cay AST Tién x& ly AST Thuyc hién so sanh

Hinh 2.1: Cac bwéc thwc hién so sanh giira 2 ma nguon
Cong doan tién xir 1y cdy AST co ban gom 3 budc:

G6p théng tin cic nit Tinh ma hash (véi AST- Chuyén AST sang dang
CC chuoi

Hinh 2.2: Cac bwéc thuc hién tién xir Iy cay AST
2.1.1 Ggp thdng tin tgi cac nut

e Y

Ghi lai cdy m&i

A
No

Vi
v
v
Kiém tra Cursor Kind (CK) va
Type Kind (TK) tai nut
Y

Yes
¥
Nhan tai nét:
RANSLATION_UNI

Cé nit cha?

No
Duyét caenitcon |4 o 4
(neu co)

Ham P
- e Nhan tai not:
s mr;i‘;??‘d Yes—> const_func/ static_func }_I

Nn—b[ Nhan tai nét: func

La
loai bién
dang
507

0

v

4 khal bac
bién?

Yes—> MNhan tai nét:
num_var Y
. Nhan tai not
{TK} var
Yes—> Nhan tai not
num_par iy
Nhan tai not
-No- {> {TK) par 7
N = = " 4
) Yes—> Nhan tai nét
dang s0? num_called

Nhan tai nét: f
e > {TK}._called
Todn tlr
2 ngdi?

Nhan tai nét
Yes—{>  duyét get_token() va ghép b
spelling
No - B
Nh&n tai not.
No- > Duyét get_token() va ghép
spelling v&i offset

Hinh 2.3: Tom tit giai thuat tién xir ly cay AST

=
&
>

a tham so
dang so

=
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2.1.2 Chuyén AST sang dgng chudi (xau)
Cay AST sau khi duoc tién xur Iy duge duyét dé quy dé ghép vao mot mang 1 chiéu
luu cac chudi gia tri tai cac nut.

s D
¥T/

Binh nghia mang Iwu xdu:
Sequences =[]

[
I L&y ra danh sach
puend
Thém gid tri nhan tai hig‘rﬁ”tai -
Yes— nut hién tai vao cuoi o nit No Lay nut cha
Sequences con?

Hinh 2.4: Giai thuat chuyén cay AST thanh chudi

2.2. Cac phwong phap danh gia mirc d twong tw giira CAc ma nguon
2.2.1 Tim xau con chung dai nhdt (LCS - Longest common subsequence)
2.2.1.1 Ly thuyét vé LCS
Bai toan tim xau con chung dai nhat (LCS) (Cormen va cong sy, 2001) dugc sir dung
khi chung ta muén tim Xau con dai nhét giita hai hodc nhiéu Xau (trong pham vi nghién ctru
nay, chi xét dén LCS giita hai chudi).
2.2.1.2 Gidi thudt phwong phap LCS
M@ ta: Bat dau tir vi tri L[n][m] va dung lai khi L[i][j] == 0.
e Bitdauduysttyri = n,j = m. Phan ta tha i cua xau a sé 1a a[i — 1], thtr j cua
xau b sé la b[j — 1]
e Néuali—1] == b[j — 1] ta s& luu lai con chung a[i — 1] va giam i va j di 1
don vi
e Néua[i—1]! = b[j — 1] c6 2 truong hop:
o Néu L[i— 1][j] = L[i][j — 1] thi giam i di 1 don vi
o Nguoc lai giam j di 1 don vi
2.2.1.3 Ung dung LCS dé so sanh 2 cay AST
Goi 2 cdy AST lan luot 1A T, = (V,,E;) VA T, = (V,, E,) twong Gng Véi 2 cap mi
ngudn can so sanh 1a p va g. Khi d6 ham d(p, q) dé do mirc d6 tuwong tu gitta p va q duoc
dinh nghia nhu sau:

d(p,q) = Vil + Vo] =2 % LCS(p, q)
p.a TAEA

Trong do:
e d(p,q) la ham do muc do twong tu, cO giatriter 0 > 1
e |V,] 146 luong dinh caa cy Ty, |V,| 1a s lugng dinh cua cay T,
e LCS(p,q) 1a d6 dai xau con dai nhat cia 2 cay AST
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2.2.1.4 Danh gia hi¢u qud sir dung LCS

Uu diém chinh ctia LCS 14 n6 c6 thé tim thiy diém twong dong giita cac ciy con ma
nhin cta cic nut gbc khac nhau, ching han nhu ciy con ctia cac vong 1ip khac nhau hodc ciy
con cua cac cau lénh lua chon khac nhau.
2.2.2 TF-IDF va D¢ twong tw Cosin
2.2.2.1 Ly thuyét vé TF-IDF

TF-IDF (viét tat ciia Term Frequency — Inverse Document Frequency)

TF la gi?

TF: Term Frequency (Tan suét xudt hién cua tir) 13 s6 1an tir xuét hién trong vin ban.
Cong thue TF:

f(t,d)

max{f(w,d) Vw € d}

tf(t,d) =

Trong do:
e tf(t,d) tan suat xuat hién cua tir t trong vin ban d
e f(t,d) S6 1an xuat hién cua tir t trong van ban d
e max{f(w,d) Vw € d} Sé lan xuat hién cua tir c6 s6 lan xuat hién nhiéu nhat
trong van ban d
IDF la gi?
IDF: Inverse Document Frequency (Nghich dao tan suit ctia van ban), gitp danh gia
tAm quan trong ctia mdt tir . Cong thire tinh IDF nhu sau:
|D|
{d € D : t € D}|

idf(t,D) = log

Trong do:
e idf(t,d) giatriidf cua tirt trong tap van ban
e |D|téng so vin ban trong tap D
e |{d € D:t e d}| thé hién sé vin ban trong tap D cd chia tir t.

tfidf(t,d,D) = tf(t,d) = idf (t,D)
2.2.2.2 Ldp trinh theo phwong phdap TF-1DF

In [94)]: def computeTF(wordDict, bow):
tfDict = {}
bowCount = len(bow)
for word, count in wordDict.items():
teplot[word] = count/float(bowCount)
return tibDict

In [98): def computelDF({docList):
import math
idfDiet = {}
N = len(docList)

idfpict = dict.fromkeys|docList[0].keys(), 0}
for doc in docList:
for word, val in doc.itemsj):
if wval = 0:
idfpict[word] += 1

for word, val in fdfDict.items():
idfpiet[word] = math.logll{n / float(val))

return idfDict
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In [100]: def computeIFIDF(tfBow, idfs):
tfidf = {}
for word, val in tfBow.items():
tfidf[word] = valvidfa [word]
return tfidf

2.2.2.3 Ly thuyét vé M6 hinh khéng gian vector (Vector space model)

M6 hinh khdng gian vector 1a mot mé hinh dai s6 biéu dién cic van ban dudi dang
VéC-t0, cic phan tir ctia VEC-to nay thé hién mirc do quan trong ctia mot tir va ca su xuat hién
hay khong xuét hién cia n6 trong mét tai liéu.
2.2.2.4 Ly thuyét vé Pé twong tw Cosin (Cosine similarity)

Do tuong tu Cosin 1a mot cach do dg twong tw gitra 2 vecto khac 0 trong mét khong
gian véc-to di dugc chudn hoa. Do tuong ti nay duoc dinh nghia bang gia trj cosine cua goc
giita hai Véc-to, va ciing 13 tich v6 hudng cua cing cac véc-to don vi dé ca hai déu c6 chiéu
dai 1. Gia tri cosine cta 0° 1a 1, va bé hon 1 véi bat ky goc nao trong khoang cac radian (0,
7.

Sau khi d3 biéu dién 2 vin ban dudi dang véc-to thi c6 thé st dung phép do Do tuong
tu Cosin dé danh gia muc twong dong giita 2 van ban nay.
2.2.2.5 Ung dung TF-IDF va Pj twong tw Cosin dé so sanh 2 cay AST

Sau budc tién xtr 1y & muc 1.3.4, cay AST ciia ma ngudn di dugc chuyén thanh dang
chudi, tirc 12 2 van ban, voi ndi dung 13 nhan ciia cac node ciia cdy AST. Pé so sanh d6 twong
ddng giita 2 van ban nay, chung ta st dung do twong ty TF-IDF va P tuong tu Cosin dé so
sanh muc do twong dong. Néu do tuong tu cosin cho két qua cang gan 1, cang cho thay 2 cdy
AST c¢6 mirc twong dong cao.
2.2.2.6 Ddanh gia hi¢u qud s dung TF-IDF va D¢ twong tw Cosin

Khi ap dung TF-IDF va d¢ tuong ty Cosin vao danh gia do tuong ty gitra 2 cay AST,
c6 mot s6 dic diém nhu sau:

e Panh gia d6 trong tu dya trén tan suit va dé quan trong cua gia tri tai cac nat
e [t bi anh hudng bai sy thay doi thir ty cac doan ma ngudn (trong khi phuwong
phép LCS trinh bay & muc 1.3.5 bi anh huong nhiéu)
e COthé gay rati 1é duong tinh gia cao néu dat n-gram khdng hop ly.
2.2.3 AST-CC (AST Code Comparison)
2.2.3.1 Téng quan vé AST-CC

Vao nam 2015, tai Hoi nghi qudc té 1an thir 10 vé May tinh, Truyén thong va Ung
dung Bang thong rong va Khong day, nhom tac gia Jingling Zhao, Kunfeng Xia, Yilun Fu
dén tir Pai hoc Buu chinh Vién thong Bic Kinh, Béic Kinh; Phon g thi nghiém K¥ thuat Qubc
gia vé An ninh Mang Di dong; Vién nghién ctru dién luc Trung Quéc, Bic Kinh; da gidi thi¢u
mdt thuat toan phat hién sao chép ma ngudn dang tin cay duya trén cay AST.

Thuat toan dugc nhom tac gia dat tén la AST-CC (AST Code Comparison).

Y twéng ciia thuit toan nhw sau:

Sau khi c6 dugc cdu triic cAy ct phap ctia ma ngudn, viéc can 1am 1a so sanh cay cu
phap. Tuy nhién trong thuc té, cac cay ci phap déu kha phirc tap va c6 kich thude 16n nén
viée so sanh truc tiép gitta cac cdy cl phap 1a khé va hiéu qua s& thip. Vi vy, nhom tac gia
sir dung gia tri bim cua cAy cu phap va tinh toan gia tri dua trén loai cia mdi nfit va Cac cay
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con cua cdy AST. Sau do so sanh céac gia tri bam nay. Nho do, dé kho so sanh dugc giam bot
va thong tin cua cdy ca phap khong bi mat.
2.2.3.2 Gidi thudt theo phwong phap AST-CC

Giai thuat AST-CC c6 3 budc chinh:

e Doc thong tin cia ma ngudn can kiém tra tir HashListArray tai vi tri ¢é chi sb
bang voi ngudng (tic 1a sé luong nat con bang gia tri ngudng, vi luu tri thong
tin cua cay con véi n nut con trong HashListArray[n]), va sau d6 so sanh vai
ma géc.

e Duyét qua cac mang cua SuspectHashListArray va OriginalHashListArray luu
trir théng tin cua ma can kiém tra va ma gdc tuong tng. Sau dé, sap xép hai
mang nay va dam bao rang chudi cua cac nat duge luu trit theo s nat va gia tri
bam.

e Sosanh gia tri bam cua cac cay con cd cing sb ndt con. Néu ching chia sé cuing
mot gia tri bam, thi hiy luu trit vi tri cia ching trong cac tép nguon vao co so
da liéu.

2.3. Két luan chwong 2

Két thuc chuong 2, luan vin di trinh bay duoc vé tong quan vé sy thay doi gitra cac
ciy AST khi ap dung céc thi thuat sao chép ma ngudn khac nhau, 4p dung cac phuwong phap
LCS, TF-IDF, AST CC trong viéc so sanh danh gia cac ma ngudn. Trong chuong tiép theo
luan vin tap trung xay dung, thir nghiém hé théng danh gia mic d6 twong tu giita cac ma
ngudn theo 3 giai thuat di trinh bay & chuong 2.
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3 CHUONG 3: THUC NGHIEM VA PANH GIA

3.1. Cai dit hé théng dé so sanh dd twong tw giira cCAC ma nguon

3.1.1 Caidat Python

Buwéc 1: Tai vé bo cai dit Python 3 cho hé diéu hanh windows

Véi dic thi cua bai toan, chung ta chon phién ban Python dugc danh gia 6n dinh 14 Python
3.7

Budre 2: Cai dat Python 3 trén Hé diéu hanh Windows

Budée 3: Kiém tra phién ban Python d cai dat thanh cong

Buwéc 4: Kiém tra thu vién pip (Trinh quan 1y cac goi thu vién cia Python) di duogc cai dit
hay chua.

3.1.2 Cai dat thw vi¢n Clang

Tai liéu huéng dan cai dat thu vién Clang trén nén ngdn ngir 14p trinh Python tai day:
https://pypi.org/project/clang/

Buwéc 1: M terminal trén may can cai dat

Buwdére 2: GG 1énh cai dat clang:

pip install clang

Buwée 3: GO 1énh cai dat libclang

pip install libclang

Buwéc 4: Kiém tra két qua cai dat:

pip freeze | grep clang

3.2. Xay dung cong cu so sanh ma nguon véi 3 phwong phap LCS, TF-IDF, AST-CC
Cong cu so sanh ma nguén gém cac script thuc hién cac nhiém vu doc 1ap nhu sau:
Bang 3.1: Bang danh sach céc script thuc hién so sdnh mirc twong tw gitra CAc ma

nguon
STT | Tén file Y nghia
1 ast_viewer.py | Hién thi cdy AST ctia mot mi ngudn trén terminal
2 reduceAST.py | Tién xir Iy AST ctia mot ma nguon trude khi so sanh
3 similarity.py | Ham so sanh 2 truc tiép 2 ma nguon va tra vé murc do twong tu (lua

chon gitra 3 giai thuat LCS, TF-IDF, AST-CC)
3 compare_ Giao dién cho phép so sanh truc tiép 2 ma nguon, hién thi chi tiét

two_code.py | muc do twong ty, cac phan ma ngudn duoc xac dinh tuong ty (lua
chon gitra 3 giai thuat LCS, TF-IDF, AST-CC)
4 main.py Ham chinh chay so sanh giira 1 tap dir liéu 1a N file ma ngudn trong

thu muc test_data. Két qua tra vé 1a mot bang NxN, trong d6 cho
thiy mirc d6 twong tu gitta cac cip file md ngudn.

3.3. Thuc nghiém hé théng véi dir liéu dau vao dia gan nhan (phan loai)

Dit liéu dau vao da phan loai gdm 16 ma ngudn gdm 10 ma ngudn di duogc gan nhan
(phan loai) theo thi thuét sao chép va 6 ma ngudn khong lién quan dé dam bao tranh truong
hop duong tinh gia (False Positive)


https://pypi.org/project/clang/

Name

c+ 00-original.cpp

o] 01-variables-and-types-changed.cpp
c+ 02-order-changed.cpp

o] 03-dead-code.cpp

c+ 04-moderately-plagiarized.cpp

o] 05-heavily-plagiarized.cpp

c+ O6-different-approach.cpp

o] 07-another-approach.cpp

c+ 08-somewhat-related-dfs.cpp

o] 09-somewhat-related-bfs.cpp

c+ 10-unrelated-quicksort.cpp

G 1 1-unrelated-mergesort.cpp

c+ 12-unrelated-fibonacci-recursive.cpp

o] 13-unrelated-fibonacci-matrix.cpp

c+ 14-unrelated-fibonacci-memoization.cpp

o] 15-unrelated-fibonacci-dynamic.cpp

20

Date modified

3/27/2022 406 PM
3/27/2022 406 PM
4/16/2022 4:34 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM
3/27/2022 406 PM

Type

C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi
C++ source fi

C++ source fi

Hinh 3.1: B§ ma ngudn di gan nhan

3.3.1 Swr dung phwong phdp L.CS

3KB
4KB
3KB
3KB
2 KB
3KB
2 KB
2KB
2 KB
2KB
2 KB
2KB
1KB
2KB
1KB
1KB

1
2
3
1
5
6
7
8
9

=
(=]

=
[

[
N

=
w

[
=Y

[y
wl

=
(=)

3.3.2 Swr dung phwong phdp TF-1DF

Hinh 3.2: Két qua phwong phap LCS so sanh giira 16 ma ngudn da gan nhin
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Hinh 3.3: Két qua phwong phap TF-1DF so sanh giira 16 ma nguén da gan nhan
3.3.3 Swr dung phwong phdp AST-CC
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Hinh 3.4: K-ét qua phwong phap AST-CC so sanh giira 16 ma ngudn di gan nhan

3.3.4 Nhdn xét, danh gia
Duya trén két qua dit liéu di gan nhan dau vao, dudng cong ROC dugc vé bdi 3 phuong
phap LCS, TF-IDF va AST-CC dugc biéu dién nhu sau:

Receiver operating characteristic (ROC)
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Hinh 3.5: Két qua phwong phap LCS so sanh giira ma nguon chwa phan loai
Két qua danh gia tir phan thyc nghiém tir dit liéu da phén loai (43 gan nhén) cho thay
mot s6 nhan xét nhu sau:
e V6i cac thi thuat thong thuong nhu thay d6i format md nguon, thay doi tén
ham, tén bién, thay doi kiéu bién. Ca 3 giai thuat hoat dong tot.

e V6i thi thuat thay doi thir ty ma ngudn, bd sung ma ngudn du thira.
o LCS khdng con nhay, tra vé do tuong ty thap (&m tinh gia).
o TF-IDF va ASC-CC van thé hién d6 nhay cao, tinh dap tng twong dbi

t6t, khi tra vé do tuong tu cao (trén 0,8)

e \/Gi viéc trién khai ma ngudn theo hudng tiép can mai:
o LCS va TF-IDF tra vé do twong tu cao
o AST-CC trong khi d6 tra vé do tuong ty thap

e Khi so sanh véi nhdm ma ngudn hoan toan khdng lién quan tir 10 cho dén 16:
o LCS va TF-IDF cho thay kha niang giy ra duong tinh gia cao.
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o AST-CC van hoat dong tét khi cho mirc do tuwong tu thap.

3.4. Thuc nghiém hé théng véi dir liéu diu vao chwa phan loai
Dir liéu dau vao chua phan loai gdm 49 ma ngudn 13 céc bai lam cta sinh vién trén hé
théng code.ptit.edu.vn cho bai tip sau:

Mot xau nhi phan d6 dai n duge goi 1a thuan nghich hay ddi xung néu dao ngugc xau nhi
phan d6 ta van nhan dugc chinh né. Cho s tu nhién n (n nhap tir ban phim). Hiy viét chwong
trinh liét ké tat ca cac xau nhi phan thuan nghich c6 d6 dai n. Hai phan tir khac nhau cta xau
thuan nghich dugc ghi cach nhau mdt khoang tréng. Vi du voi n = 4 ta tim dugc 4 xau nhi
phén thuan nghich nhu dudi day. Vi du

Input Output
0000
0110
. 1001
1111

Bai tap thuc hanh Sinh nhi phan trén
3.4.1 Surdung phwong phdap LCS

Hinh 3.6: Két qua phwong phap LCS so sanh giira ma ngudn chwa phan loai
3.4.2 Swr dung phwong phdp TF-1DF
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Hinh 3.7: Két qua pIuro’ng phap TF-1DF so sanh giita ma ngudn chwa phan loai




343 Sw dung Qhwmg phap AST CC
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Hinh 3 8: KetA qsua phlm'ng phap AST CC so sanh glu’a ma nQUOn chua phan loai

et m

3.4.4 Nhdn xét, danh gid

Két hop két qua danh gia tir phan thuc nghiém tir dir liéu chua phan loai va viéc kiém
tra ngi dung cac cap file ma nguén c6 do tuong tu cao (tir 0.8 tro 1€n) cho thiy nhu sau:

N6i chung 3 giai thuat cho thiy cac wu diém va nhugc diém khac nhau, dbi véi bai
toan tinh toan muc do tring lip gitra cic bai tdp cho sinh vién thyc hién trén hé thong
code.ptit.edu.vn, viéc can han ché duong tinh gia I pht hop do tinh chit nhay cam cia viéc
danh gia. Do d6 dé xuit ap dung giai thuat AST-CC dé danh gia murc d6 twong dong gitra cac
giai thuat cia sinh vién ndp trén hé théng, cu thé nhu sau:

Vi du vé viéc kiém tra trung ldp

Bai lam t6t nhat cho CTDL_001

Trinh bién

Kiém tra tring

ID Thai gian Taikhodn Baitap Két qua Thai gian -
ip
2022-01-17 Ny .
267 202201 B17DC\ THUAT TOAN SINH AC 0.00s (khéng cd)
271 2022-02 m20pcC - THUAT TOAN SINH AC 0.00s 596Kb  C/C++ - Ziring kip

Hinh 3.9: P& xuét 4p dung AST-CC trén hé thong code.ptit.edu.vn

3.5. Két luan chuong 3

Két thac chuong 3, luan van da thuc hién dugc mot sb noi dung sau:
e (Cai dat Python va cai dat thu vién Clang
e Viét ma nguon st dung cac giai thuat LCS, TF-IDF, AST-CC
e Thuc nghiém trén dit liéu dau vao da gian nhan
e Thuc nghiém trén dit liéu dau vao chua gin nhan
e S0 sanh - danh gia két qua gitra c4c giai thuat
e P& xut phuong an phu hop dé &p dung trén hé théng code.ptit.edu.vn
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KET LUAN

Luan van nay da nghién ctu, thyc hién va dat dugc mot sb két qua nhu sau:

- Nghién ciru tong quan vé van dé sao chép mé ngudn, trinh bay cac thu thuat sao chép
ma ngudn phd bién, cac phuong phap danh gia mirc do twong tu gitta cac mi ngudn.

- Nghién ctru tong quan vé van dé cay ct phép triru tuong AST va tng dung thu vién
CLang két hop véi ngdn ngit 14p trinh Python dé phén tich ma ngudn viét trén ngodn ngir
C/C++.

- Nghién ctru va dénh gia nhitng diém khac va gidng nhau giira cac cdy AST trén ma
ngudn gdc va mi ngudn can danh gia trong tng véi cac thi thuat sao chép khac nhau.

- Nghién ctru va dé xuit phuong phap tién xir Iy cdy AST dé giam d6 phirc tap, ting
hi€u nang trude khi thuc hién so sanh ma nguén.

- Nghién ctru va tmg dung phuong phap tim chudi con chung dai nhit (LCS) vao viéc
so sanh do twong tu gitta hai ma ngudn.

- Nghién ctru va tmg dung phuong phap TF-IDF vao vi¢c so sanh dg tuong tu gitra hai
ma ngudn.

- Nghién ctru va trng dung phuong phap AST-CC vao viéc so sanh d6 tuong tu gitra hai
ma nguén.

- Nghién ctru, xay dung, thtr nghiém va danh gia khi ap dung cac phuong phap LCS,
TF-IDF, AST-CC dbi véi dir liéu trich xuét tir bai lam cua cac sinh vién trén hé thong
code.ptit.edu.vn;

Trong twong lai, luan vin c6 thé duoc tiép tuc nghién ciru theo hudng xtr 1y loai bé cac
doan ma nguén du thtra trén cay AST trudc khi thuc hién viéc so sanh dé tang do chinh xéc.

Ngoai ra ¢6 thé xay dung coéng cu dong goi va cho phép tich hop truc tiép trén hé thong
code.ptit.edu.vn va cac hé thong Lab thuc hanh dé dua ra khuyén nghi, canh béo cho Giang
vién va Sinh vién khi sir dung dé 6n tap, kiém tra.



