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LOI CAM POAN
T6i xin cam doan luan van dé tai “Nghién ciru phwong phdp xdc dinh mirc dj twong
tw giita cdc mé nguon dwa vao cdy cii phdp” 13 cong trinh nghién ctru ctia c& nhan ti.
Céc két qua tim hiéu néu trong Luan vin nay 1a trung thue va khong phai 1a sao chép

toan van cua bat ky cong trinh nao khac.

Ha Noi, ngay  thang  nam 2022

Tac gid luan van

Nguyén Thanh Nam



LOI CAM ON

Trong sudt thdi gian hoc tap, nghién ctru va hoan thanh luan van, t6i da nhan dugc rat
nhiéu su gitp d&, dong vién tir cac thay co, gia dinh va ban bé tai Hoc vién Cong nghé Buu
chinh Vién Thong.

Loi dau tién, toi xin bay t6 sw cam on dic biét téi TS Nguyén Duy Phuong, nguoi thay
d3d dinh huéng cho t6i trong viée lwa chon dé tai, ciing nhu ludén dua ra nhitng nhan xét quy
bau va truc tiép hudng dan t6i trong sudt qua trinh nghién cru va hoan thanh luan vin t6t
nghiép.

Tiép theo, t61 xin gur1 101 cdm on chan thanh téi tat ca céac théy, cac ¢6 cua Hoc vién
Cong nghé Buu chinh Vién thong da giang day va diu dat toi trong trong thoi gian toi hoc tap,
nghién ctru tai Hoc vién.

T6i cling xin gui 101 cam on téi gia dinh va ban bé, nhitng nguoi da luén & bén canh

dong vién, ung hg, tao di€u kién cho t61 hoan thanh luén van nay
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MO PAU
1. Ly do chon dé tai

Trong nhitng thap ky vira qua, nhan loai di chtng kién su phat trién vuot bac cia cong
nghé thong tin. Sy phat trién cta cong nghé thong tin cing nhitng cong nghé dot pha, da danh
diu con ngudi bude vao mét giai doan phat trién méi, giup cho cude séng cua con ngudi ngay
mot hién dai hon, thong minh hon. Tuy nhién bén canh nhiing ti€n ich ma cong nghé mang lai,
cling ton tai nhitng anh hudng tiéu cuc dén cudc sdng ching ta.

Cong nghé thong tin cing voi Internet ngay cang phat trién va phd bién tao diéu kién
cho viée chia sé kién thire duoc dé dang hon. Theo thoi gian, lugng tai liéu dugc tao ra, luu trix
va chia sé trén Internet ngay cang nhiéu hon. Tuy c6 nhiéu thuan loi cho viéc tiép can kho tri
thirc mé, nhung rd rang ciing da nay sinh nhiéu van dé: cac y tudng, cac doan vin tham chi
toan vian ban duoc sao chép mdt cach tran lan ma khong c¢6 cha thich nguén hay tac gia. Picu
nay khéng chi anh hudng dén quyén sé hiru tri tué, ban quyén cua tac gia ma con anh hudng
dén viéc danh gia chét luong cia cac tai liéu bao céo, tiéu luan, luan vin va trinh d6 cta nguoi
tao ra chung, dic biét 1a trong moi trudong gido duc noéi chung va dai hoc noi riéng.

Ban than nganh cong nghé thong tin cling dang chiu tac dong bdi viée sao chép nay.
Viéc sao chép ma ngudn 1a mot van dé dang duoc luu tdm t6i bai tinh hai mat cia nd. Trong
truong hop ma nguén dugc sir dung lai nham muc dich tan dung, ké thira va giam thiéu thoi
gian phét trién viét méi, kiém thu, thi c6 thé coi phan niao d6 13 hitu dung. Tuy nhién trong néu
bi lam dung, viéc str dung lai tran lan va khong kiém soat cac doan mi ngué)n 6 thé dan té6i
viéc kho khin cho giai doan bao tri va phat trién méi sau nay.

Ngoai ra trong linh vuc gido duc ddo tao, viéc sao chép ma ngudn ciing c6 nhimng anh
hudng nhét dinh t6i chat lugng ddo tao nhan luc Cong nghé thong tin. VAn dé nay phd bién doi
v6i nhiéu truong dai hoc trén thé gidi, va cac trudng dai hoc tai Viét Nam ciing khong phai 1a
ngoai 16. Céc sinh vién s& sao chép ma ngudn cua sinh vién khac sau do sira chira di mot vai
diém dé chuyén thanh san phiam ciia minh.

So voi viée sao chép cac bai luan, cac dé tai, nghién ctru khoa hoc ma hinh thirc biéu
hién ¢ dudi dang ngdn ngit vin ban thong thudng, viéc sao0 chép ma ngudn 1ap trinh c6 nhiéu

diém khac biét va dic thu. Dé giai quyét thuc trang nay, trén thé gidi di c6 nhiéu phan mém



duogc phat trién dé danh gia su twong tu gitra cac bd ma ngudn. CAc phan mém nhu vy thuc
hién nhiém vu khé khin 13 giam thiéu sd lvong am tinh gia va dwong tinh gia cing mot luc,
tirc 1a tim ra s6 lugng ban sao cao nhit trong khi tranh nhitng ban sao khong dung. Viéc nghién
ctru cac phuong phéap dé tdi wu hon viéc phat hién viéc sao chép ma ngudn 1a mot bai toan thuc
su thil vi va c6 nhiéu ¥ nghia ciing nhu tng dung trong thyec tién.

Nhu vay c6 thé thdy, thuc trang sao chép ma ngudn xuit hién trong ca nganh cong
nghiép phat trién phan mém ciing nhu trong cong tic dao tao sinh vién nganh cong nghé thong
tin. Pham vi nghién ctru ctia dé tai nay sé tip trung sau hon vao van dé sao chép mi ngudn

trong cong tac dao tao sinh vién nganh cong nghé thong tin tai gidng duong.



1 CHUONG 1: TONG QUAN VE BAI TOAN PANH GIA MUC PO
TUONG TU GIUA CAC MA NGUON

1.1. Tong quan vé sao chép va sir dung lai ma ngudn
1.1.1 Vin dé sao chép va si dung lai ma nguén

Cudc cach mang cong nghiép 1an thtr tur duoc nhic dén trong nhitng nam giy day duoc
trg gitp rat 16n tir phat trién vuot bic cua linh vuc Cong nghé k§y thuat sb, Cong nghé thong
tin. Trong d6, nganh cong nghiép phét trién mém ciing dong gop khong nho véi viée lién tuc
nghién ctru ra nhitng cdng nghé, ngdn ngir 1ap trinh, thu vién hay framework mdi.

Lap trinh vién trong thoi dai ngdy nay duoc tiép can vi mot luong tai nguyén khong 16
va gan nhu khong giéi han. Néu nhu trudc kia, cac tai liéu ctia cac ngdn ngit 14p trinh hay sy
hd tro tir cong dong 13 han ché, thi ngay nay, nhiing cong dong lap trinh trén toan thé gidi
(stackoverflow, github...) cho phép 1ap trinh vién nhanh chong hoc hoi va tan dung lai tri thirc
tir nhitg ngudi di trude. Poi khi mot bai toan trude ddy can nhiéu thoi gian suy nghi, thi ngay
nay c6 thé da duoc 1ap trinh vién di trudc chia sé cong khai, chi can sao chép vé va dua vao du
an cua minh.

Tuy nhién, viéc ndy ciing c6 thé gdy ra nhitng hau qua xau trong giai doan bao tri va
nang cip phan mém. Chang han nhu mot 16i dugc phat hién trong mot doan ma ngudn di bi
sao chép, tat ca cic doan twong tuy nhu né s& phai duoc kiém tra va stra cho ciing mét 18i nhu
vay. Cac doan ma ngudn tring lip s& lam ting dang ké cong viéc can thue hién khi can bao tri
hodc chinh stra — nang cap M ngudn. Piéu nay sinh ra nhiéu nghiép vu trong phat trién phan
mém chang han nhu hiéu va chuyén giao chuong trinh, phan tich chét lwong ma ngudn (it 1ap
hon ¢6 nghia 1a ma ngudn chat luong tot hon), kiém tra tinh duy nhét ciia bd ma ngudn khi
dang ky ban quyén, phén tich cai tién phin mém, phat hién cac doan ma ngudn khong tét. Do
vay, viéc phat hién mirc do twong tu gitta cic ma ngudn 1a mot phan quan trong va co gia tri
16n trong phén tich phain mém.

Céc sinh vién nganh Cong ngh¢ thong tin trong thoi dai mai cling dugce thira hudng mot
mdi trudng sinh dong va da dang hon nhiéu so véi cac thé hé sinh vién trude. Gio day viée tiép

can cac ngdn ngir 1ap trinh mai, cac thu vién/framework c6 do trudng thanh cao dugc cong



d6ng chia sé, gitp cho sinh vién dui chua c6 nhiéu kinh nghiém ciing c6 thé dé dang xay dung
nén mot phan mém twong dbi hoan chinh. Viéc ndy rut ngan thoi gian tao ra san phim, tuy
nhién diéu nay s& lam giam kha ning sang tao, dao sdu tim toi giai phap cua sinh vién. Trong
khi day 1a yéu t6 rat quan trong trong giai doan sinh vién cong nghé thong tin duoc dao tao tai
truong.
1.1.2 Nhing tdc dgng ciia sao chép va si dung lai ma nguén

Mic du viée sao chép va ké thira lai ma ngudn thuong c6 chu dich va cé thé mang lai
gia tri & mot s6 mat nhu: tiét kiém thoi gian, nguén lyc phat trién lai, giam thiéu 18i do cac ma
ngudn duoc sao chép di chay tot va duoc kiém chimng.

Bén canh nhitng vu diém trinh bay ¢ trén, viéc sao chép, su dung lai cic ma nguén cling
c¢6 nhitng nhugc diém nhét dinh cin quan tam.

Poi voi cong tac dao tao:

e Giam kha ning sang tao cta sinh vién: tir d6 giam chét luong cta cong tac dao
tao.

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

Poi voi quy trinh phat trién phian mém:

e Ting kha ning 15i tiém an trong nhiing doan ma ngudn giong nhau, tir d6 gay
kho khan cho cong tac bao tri, phat trién mé rong.

e Gay kho khin cho c6ng tac t6i vu ma nguon, cic doan ma ngudn twong tu nhau
lap di lap lai trong Gng dung.

1.1.3 Y nghia ciia viéc danh gid mirc dp twong tw gifra cac ma nguon
Péi véi cong tic dao tao:

e Phat hién sao chép: Ho tro cho giang vién trong viéc dua ra mirc do tuong tu

nhau giita cac cap ma ngudn, tir d6 giang vién cé danh gia va nhac nhd sinh vién

chu dong thyuc hién bai tap ctia minh.



e Phan tich va danh gia: Gilp giao vién phan tich tinh tring lap gitta cac phuong
an cua sinh vién khi trién khai thuat toan (trong trudng hop sinh vién vé tinh c6
cung y tuong).

Péi véi quy trinh phat trién phin mém:

e Phin tich va cai tién hiéu ning cia nhitng doan mi ngudn twong tu: Tir
nhimg doan mi ngudn tuwong ty, 1ap trinh vién c6 thé tong quat hoa dé chuyén
thanh cac thu vién dung chung, viéc ndy vira giam tai dung luong ma ngudn,
d6ng thoi dam bao tinh tinh gon va d& bao tri.

e Tim ra nhitng doan mi ngudn khéng tét: Trong qué trinh phat trién dy an, doi
khi 1ap trinh vién tim kiém va sir dung nhiing doan mi ngudn duoc cong dong
chia sé. Poi khi nhitng doan mé nay tiém an nhiéu rai ro va can tim kiém dé thay
thé. Viéc sao chép chinh xac dugc vi tri nhiing doan ma nguén tuong tu nhau
nay 1a rat can thiét.

e Phat hién sao chép ma ngudén ma khong dwoe phép: Cung v6i sy phat trién
cua Internet, ma nguén mo, viéc chia sé va tai sir dung cac doan code la vo cung
phd bién. Diéu nay din dén c6 kha ning viéc sao chép chua dugc sy cho phép
clia tac gia ma nguodn goc. Viée xac dinh mire do twong tuong tu gitta cac doan
ma ngudn, ciing 14 co sé giup phan dinh cho cac co quan quan 1y trong viéc dam
bao ding ky ban quyén ma ngudn.

1.1.4 Gidi thigu cac kiéu sao chép ma nguén phaé bién

Khi mét sinh vién sir dung lai ma ngudn duoc viét boi mot ngudi khac, sinh vién do
thuong co6 thoi quen sé diéu chinh lai mot chut nham muc dich tranh cho giao vién co thé nhan
biét su sao chép nay. Bang cach van dung su sang tao va kién thirc d c6 vé ngon ngit 1ap trinh,
sinh vién c6 rat nhiéu cach khac nhau dé tao ra mot phién ban mdi ctia ma nguén ma minh vira
sao chép.

Duéi day 1a danh sach mot s kiéu sao chép ma ngudn pho bién, duoc liét ké theo thir
tir tir don gian dén phuc tap:

1. Thay d6i dinh dang hodc thém/sira cac “comment code” (ghi chu).

2. Thay doi tén cua cac ham hodc cac bién.



. Thay ddi thir tw cac toan hang trong cac biéu thic.
. Thay dbi kiéu dit liéu cta cac bién.

. Thay mét biéu thic bang mot biéu thirc trong dwong
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6. Thém cac doan code du thira (deadcode)

7. Thay ddi thtr tu cua cac doan ma nguén doc lap.

8. Thay d6i mot vong lap boi mot vong lap khac

9. Thay ddi céu tric cua cau lénh lya chon

10. Thay thé viéc goi ham méi bang ndi dung ham

11. Két hop ma ngudn sao chép véi ma nguodn cia ban than.

Duéi goc nhin dao tao, viéc tim hiéu va tham khao ma ngudn ctia nguoi khac 1a rat binh
thuong va khong dang phé phan (trong truong hop bai tap nay dugc giang vién cho phép). Day
cling 1a mét cach dé sinh vién hoc hoi va ghi nho kién thirc mét 1an nita.

Sau khi hiéu thuat toan, néu sinh vién cb ging ty viét lai giai thuat bang ngdn ngi cta
minh cling 1a mét 1an hoc tap. Vi du cho viéc nay chinh la kiéu sao chép s6 11 duoc liét ké trén
day. Trong khi d6 cac kiéu sao chép tir 1 dén sé 10, phan nao d6 thé hién khia canh sinh vién

co tinh str dung tha thuat sau khi da sao chép ma dé tranh gido vién phat hién.

1.2. Panh gia chwong trinh xac dinh mirc d§ twong dong giira ca&c ma nguon

Dé xac dinh tinh hiéu qua ctia mot chuong trinh danh gia muc d6 twong dong giita cac
mi ngudn, ngudi ta thudng st dung khai niém ROC (Receiver operating characteristic), con
goi 1a dudng cong dic trung hoat dong. Khai niém dudng cong ROC bat ngudn tir mot phan
cua linh vuc dugc goi la thuyét phat hién tin hi€u. Tt cac tin hiéu nhan dugc, may s€ phan tich
va v& dudng cong ROC, dé phan biét tin hiéu cia may bay dich va tin hiéu nhiu (noise) trong
thé chién thir hai. Tir sau nhitng nam 1970, ROC duoc dung pho bién dé dién dich két qua cac
test trong chan doan y hoc [1].

Véi dic tinh 1a mot do thi dugc tao ra bang cach bicu dién ty 1& du bao Duong tinh gia
(true positive rate - TPR) va ty 1& du bdo Am tinh gia (false positive rate - FPR) tai cic ngudng
(threshold) khac nhau, ROC goi y cach so sanh hiéu suét cua hai chuwong trinh dénh gia do

tuong dong ma ngudn [2].



Trong phan trinh bay tiép theo dudi ddy, chiing ta s& gidi thiéu vé khai niém Ma tran
nham 14n va tmg dung cua dudng cong ROC trong bai toan phan tich mtc do twong tu giira

cac ma nguon.

1.2.1 Khai nigm ma trgn nham Idn (Confusion Matrix)

Confusion Matrix hay con goi 1a Ma tran nham 13n 1a b6 cuc bang cu thé cho phép hinh
dung hiéu suat ciia mot hé théng phan loai. Mdi hang trong ma tran sé& biéu dién thong tin cho
mot truong hop ciia mot 16p cu thé. V&i mot ma trdn nham 13n, c6 thé d& dang nhan ra li¢u hé

thng phan loai ¢6 gin nhin nham giita 16p nay voi 16p khac hay khong [3].
Hiy xem xét vi du thue té dudi day:

Vao mot ngay nao do, Bénh vién A co 100 bénh nhan dén kham bénh, gia sur thuc té la
trong 100 bénh nhan c¢é 60 nguoi mdc bénh, 40 ngueoi khong cé bénh. Sau khi tham khdam, bénh

vién dua ra két qua:

e Trong 60 ngudi cO bénh that gom:
o 50 ngudi chan doan ¢ bénh
o 10 ngudi chan doan khong miac bénh.
e Trong 40 ngudi khong c6 bénh gom:
o 25 ngudi chan doan khong mic bénh
o 15 ngudi chan doan 14 méic bénh.

Bang 1.1: Két qua ma tran nham Ian sau khi chan dodn

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

Tir ma trdn co ban nay, ta s€ c6 mot s6 thuat ngir sau:
e Condition positive (P): Téng s ca duwong tinh thuc té.
e Condition Negative (N: Tong sb ca am tinh thuyc té.
e True positive (TP): S6 cac ca du doan duong tinh diing hay dwong tinh that.

e True negative (TN): S céc ca du doan 4m tinh ding hay 4m tinh tht.



e False positive (FP): S6 cac ca du doan duong tinh sai hay dwong tinh gia.
e False negative (FN):: Sb cac ca du doan am tinh sai hay am tinh gia.
Dé danh gia két qua kham bénh cta cta bénh vién trén, chung ta c6 cac chi s6 danh gia
gquan trong sau:
e Do chinh xac ACC (Accuracy)

S6dw doanding TP+ TN 50+ 25
ACC = > —— = = = 0,75
Tong s0 mau P+ N 100

e Do nhay TPR (True Positive Rate - Ty 1¢ duong tinh thuec)

TPR=E= " = = 0,833
P TP+FN 50+10
e FPR (False Positive Rate - Ty 1é duong tinh gia)
=t = TP 159

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 s6 TPR va FPR trén d thi véi truc tung 13 TPR va truc hoanh 1a
FPR, ching ta c6 khai niém khong gian ROC.
Xét vi du sau, biéu dién 4 diém A, B, C, D tuwong tng cho 4 phép danh gia c6 két qua
lan luot nhu bang dudi day:
Bang 1.2: So sanh két qua cac phép danh gia khi chin 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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Pudng chéo nét dut tir toa do (0,0) toi (1,1) dai dién cho phép du doan ngiu nhién, chia
khong gian ROC thanh 2 phan theo 2 chiéu hudng tot hon va xau hon. Tuc 1a nhimg phép dy
doan cho két qua nam phia trén duong chéo dugc danh gid 1a co két qua t6t hon so voi cac

phép du doan cho két qua nim dudi dudng chéo, phép do co két qua cang gan véi dinh trén

FPR or (1 - specificity)

Hinh 1.1: Khdng gian ROC

bén trai (0,1) thi cang tiém can t&1 phép do “hoan hao”.

Tap hop két qua cac lan dy doan ctiia mot hé théng du doan sé tao thanh mét dudng cong

trong khong gian ROC, thuong dugc goi la “duong cong ROC”.
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Perfect
classifier ROC curve
10e

True positive rate

1.0

False positive rate

Hinh 1.2: Pwong cong ROC
Mot s6 tinh chat ctia duong cong ROC:

e Puong cong cang di doc theo bién trai va roi di doc theo bién phia trén ctia khong
gian ROC, thi chung to két qua kiém tra cang chinh xéc.

e Puong cong cang tién t6i thanh dudng chéo 45 d6 trong khong gian ROC, thi do
chinh x4c cta kiém tra cang kém.

e Hé sb goc cua dudng thang tiép tuyén tai mot diém cutpoint cho ta ti 18 likelihood
ratio (LR) ctia gié tri cutpoint d6 ctia bai kiém tra.

e Di¢n tich phia dudi dudng cong, gidi han trong khong gian ROC, 1a thudc do
cho dd chinh x4c ctia bai kiém tra, chéng han: 1 1a t6i wu, 0.5 12 kém. Phan dién
tich nay c6 ¥ nghia la thudc do cho kha ning phan biét (discrimination) tot hay
khong.

Duya vao tinh chat trén, chiing ta c6 thé so sanh két qua ctia nhiing chuong trinh danh
gia mirc 6 twong tu bang cach vé duong cong ROC twong tng voi mdi chuong trinh, chuong
trinh nao cho dudng cong ROC nam trén thi duoc danh gia c6 kha ning dy doan chinh xéac

hon.
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1.3. Cay cu phap triru twong (AST, abstract syntax tree)
1.3.1 Téng quan vé cac cdng nghé so sanh ma nguén phé bién

Trong giai doan du nghién ctru vé van dé sao chép, cong nghé cha yéu dé phat hién ra
mot ban sao 13 dua trén ndi dung cua vin ban. Phuong phap nay rat don gian 13 xac dinh xem
hai tép twong tu bang cach so sanh cac gia tri duoc tinh toan cua cac tép. Nhung giai phap nay
chi c6 thé phat hién khi sao chép ma khong c6 stra d6i. Vi su phat trién cia cong nghé, nhiéu
nghién ctru trong linh virc nay di dé xuét rat nhiéu thuat toan va phuong an khac nhau. Pén
nay c6 nhiéu phan mém, cong cu giup phan tich va phat hién trung lap trong mi ngudn, tuy
nhién vé co ban déu thudc mot trong 4 trudng phai sau:

Dura trén phan tich vin ban thuén tay (string-based): Ma ngudn duoc chuyén thanh
cac chudi lién tiép ky tu. Hai ma ngudn dugc coi 13 twong ty nhau néu chiing bao gdm céc
chudi ky tu gidng nhau. Thuat toan chinh dugc str dung trong cong nghé nay 1a thuat toan tim
chudi con dai nhat (LCS). Nhung rd rang thuét toan c6 nhitng han ché, chi khi tat ca cac chudi
giong nhau, hai ma ngudn méi c6 thé duoc coi 1a twong tu.

Duwa trén phén 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. Ma ngudn chuong
trinh IGc nay duoc 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. So véi hudng tiép can
trén, hudng tiép can nay manh hon trong viéc phat hién cac doan ma ngudn lip cho du ma
ngudn di duogc stra chita d6i chit. C4c cong cu phat hién sao chép mi ngudn tiéu biéu theo
truong phai nay gdm: CP-Mine, CCFinder, Jplag. Tuy nhién cac cong cu nay déu c6 nhuoc
diém khong thé phat hién khi ma ngudn c6 su thay doi nhu thay doi tén ham, bién, thir ty cac
doan code doc 1ap, hay cheén thém cac doan code vo nghia.

Duwa trén ciu tric ciy (tree-based): Pay 13 cong nghé méi duge dé cap va phat trién
nhanh trong nhitng nim gan day. Viéc so sanh cac ma ngudn dua trén cau triic ctia né 13 huéng
di rat hop 1y, khi ma né co thé bang cach nay hay cach khac dé loai bo sy anh huéng boi nhitng
thao tac nhu: d6i tén ham, tén bién, th tu code. ..

Do wu diém ctia phuong phap tiép can ndy, nén cac thuit toan trong luan vin nay tap

trung vao vi¢c phan tich ma nguon dya trén cau trac cay.
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Dua trén biéu d6 phu thude (Program Dependence Graph - PDG): Mot sb nghién
ctru chi ra ring cac thi thuit sao chép ma ngudn khong 1am thay doi nhiéu ddi v6i biéu do phu
thudc ctia md ngudn gde. Do d6 viée tiép can PDG trong phan tich danh gia mirc do twong tu
giita cac ma nguon 1a mot y tudng rat tha vi.

Trong khuon khd cua luan vin nay, tac gia khong trinh bay vé cac giai thuat lién quan
dén phuong phap tiép can nay.

1.3.2 Khai nigm vé cay ct phap trieu trong (AST, abstract syntax tree)

Trong nganh khoa hoc may tinh, cay ct phap triru tuong (AST, abstract syntax tree), la
cau trac dit liéu dugc sir dung rong rai trong trinh bién dich, do thudc tinh dai dién cho cAu truc
ciia mi chuong trinh. AST thuong 14 két qua cta giai doan phén tich ¢t phap cua trinh bién
dich [11].

AST 4 ciu triic cdy ma cac nit gde cua cdy dugce gan nhin bang cac toan tir va cac nit
la cta cay la cac toan hang. Trong cdc cong doan ctuia chuong trinh dich, cay AST nay duoc
dung trong bd phan tich cti phap nhu 1a mot trung gian gitta cay phan tich ct phap (concrete
syntax tree) va cdu tric dir liéu. Cay ct phap triru tuong khac véi cdy phan tich ca phap 1a ¢
chd n6 khong chi quan tam dén cti phap ma con quan tim dén ngit nghia cia chuong trinh.

Hay cung xem xét vi du doan mi ngudn sau (ngodn ngit C++):

void funl () {

int a = 2;
int b = 5;
fun?2 (a, b);

}

Vé co ban doan ma ngudn nay c6 cady AST nhu sau:
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Function Declaration
(funcl)

l
I |

Parameter Function Body
(NULL) (funcl)

\
I 1 |

Variable Declaration Variable Declaration Function Call
(a) (b) (func2)

|
‘ ‘ \ \
! Assignment ! Assignment ! Pararz:;ter 1 ! Para?:jter 2

Hinh 1.3: Cay cl phap triru tweng ciia ma nguén ham func

1.3.3 Céac phan mém sinh ra cay ct phap AST

Mbi ngdn ngir 1ap trinh c¢6 nhitng cong cu complier khac nhau (vi du Java co Java
Complier Complier — JavaCC hoac JJ Tree, Javascript ¢ JIT, C++ c6 GCC hodc Clang). Twong
g véi mdi cong cu nay, s& co cac cong cu xay dung cay cu phap AST khac nhau. Ngoai ra
hién nay trén internet da c6 nhiing cong cu truc tuyén cho phép xem tryc tiép cay cti phap cua

mot doan ma ngudn ngay trén trinh duyét web tai dia chi sau: https:/astexplorer.net/. Cong cu

nay hd tro nhiéu ngén ngir 1ap trinh nhu PHP, Python, Lua, Javascript.

Trong pham vi luén van nay, do chi tap trung vao ngdn ngir C++ nén chon lya trinh bién
dich Clang trong b khung bién dich LLVM dé phuc vu cho viéc xay dung cay AST tir cic ma
ngudn viét bang ngdn ngir C++. Dudi day 1a mot s6 thong tin tong quan vé LLVM va Clang.
1.3.4 Téng quan vé LLVM (Low-Level Virtual Machine)

LLVM Ia mét bo khung bién dich (compiler framework) duoc st dung dé t6i wu hoa ma
cho nhiéu ngdn ngir 1ap trinh khac nhau. N6 cung cap nhiing cong cu manh mé dé xay dung
phan front-end (parser, lexer) ciing nhu phan backend (phan chuyén phan code trung gian
LLVM sang ma may), cho cac ngdn ngir 1ap trinh mai [12].

Xuat phat tir khai niém Low-Level Virtual Machine - May ao cap thdp, LLVM thudng
dugc xem la mot khung dé tao nén cac trinh bién dich duoc thiét ké dé hd tro phan tich va

chuyén d6i chuong trinh suét doi, sut doi cho cac chuong trinh tiy y, bang cach cung cap


https://astexplorer.net/

thong tin cap cao dé chuyén ddi trinh bién dich tai thoi diém compile-time, link-time, run-time
va idle time giita cac lan chay. LLVM cung cép nhitng cong cu manh mé dé xay dung phan

front-end (parser, lexer) ciing nhu phan backend (phan chuyén phan code trung gian LLVM
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sang ma may), cho cac ngon ngtr 1ap trinh mai.

LLVM d3 duoc str dung dé xay dung nén nhiéu trinh bién dich (compiler) ciia nhiéu

ngon ngir 1ap trinh cép cao phé bién hién nay, vi du nhu C, C++, Python, Java, Ruby, cling nhu

Objective-C va Swift.

Objective-C

& python

s

#Scala

y

—

LLVM

—> Typed SSA —5 7
Front IR
Ends l

Optimizations/
Transformations

&

" Analysis |

Code -
Gen/Jit

Hinh 1.4: Kién trac nén tang bién dich LLVM

Nhu duoc thé hién trong hinh trén, mdt hé sinh thai chuong trinh dich LLVM gém 3

phan:

e Front-end: nhan ma ngudn viét trén cac ngdn ngir lap trinh va chiu trach nhiém
thuc hién 3 budc gdm Lexical analysis (phan tich tir t6) - doc timg ky tu thanh

c4c token, syntax analysis (phan tich ct phap) - Parser chuyén cac token & budc

trude thanh AST va semantic analysis (phan tich ngir nghia) - kiém tra cac thong

tin khac. Pau ra cua Front-end 1a ma trung gian.

e Middle-end: duoc biét dén véi ci tén "LLVM Optimizer", sir dung mot ngdn
ngir 1ap trinh cp thip goi la intermediate representation (IR) lam mé trung gian.

IR duoc str dung nham muc dich chuyén d6i giita két qua cta phan Front-end

sang Back-end dé c6 thé tao ma may.
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e Back-end: chiu trach nhiém tao ra md mdy tir ma trung gian cho timg kién trac
CPU cu thé.

c x86

Front-end
N
Co+ — ARM

. = Middle-end Back-ery .
oo —ffomm]| [ e

-
LLVM IR —# LLVM optimizer +—» LLVM IR —lb{ LLVM static compiler [
g

Rust ——»f rustc b 4

. \\: MIPS
Toy --1m toyc , \,owerPC
e e it

Hinh 1.5: Ludng xir ly tir frontend = middle-end = back-end

Nho thiét ké doc 1ap cia 3 thanh phan dang module, LLVM gitip cac nha phat trién rat
dé hd tro thém ngdn ngir front-end méi, cling nhu hd trg cho cac kién traic CPU moéi ¢ phia
back-end, ngay ca nhitng kién tric khong ton tai ¢ thoi diém Gmg dung ra doi. Cung véi nhidu
cong cu manh mé khéc, dy &n LLVM mang dén strc manh, tdc do, an toan cung voi tién loi
cho hau hét cac ngdn ngit hién dai ngay nay.

1.3.5 Téng quan vé Clang

Clang 12 mét trinh bién dich (compiler front-end) sir dung co s ha tang trinh bién dich
LLVM cho cac ngdn ngir 1ap trinh C, C ++, Objective-C va Objective-C ++ [13].

Clang duoc thiét ké dé hoat dong nhu mot su thay thé cho B6 trinh dich GNU (GNU
Compiler Collection - GCC). Clang duoc dong gop va hd tro bai cac to chirc uy tin nhu Apple,
Microsoft, Google, ARM, Sony, Intel va Advanced Micro Devices (AMD). Py 14 phin mém
ngudn ma, voi ma ngudn duge phat hanh theo Gidy phép ctia Pai hoc Illinois / NCSA.

Pic diém va muc tiéu cia Clang:

e Dbi voi Nguoi ding cudi:
o Bién dich nhanh va sir dung it b6 nhé
o Chan doan nhanh (vi dy)
o GCC tuong thich

e DAi véi Tién ich va Ung dung:

o Kién triic mé dun hoa
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o H0 trg da dang “client” (tai ciu trtic, phan tich tinh, tao m4, v.v.)
o Cho phép tich hop chat ché véi cac IDE
o Strdung Gidy phép LLVM Apache 2
o Thiét ké noi bo va Trién khai:
o Trinh bién dich chét luong ap dung duoc &p dung vao thuc tién
o Mot co s& ma ngudn don gian va dé hiéu, dé tiy bién
o Mot trinh phan tich ct phap hop nhét cho cac ngdn ngit C, Objective C,
C ++ va Objective C ++

o Tuan thi C/ C ++/ ObjC va céc bién thé cua ching

Source Machine
Code Frontend Optimizer Backend Code

Hinh 1.6: Céac pha cua trinh bién dich CLang

Cac cach sir dung Clang
e (Cai dat va st dung truc tiép Clang thong qua bd thu vién ma Clang céng khai

trén trang chu tai dia chi: https://clang.llvm.org/get_started.html. Luu y viéc trién

khai nay phu thuoc moi truong cai dat cuaa may tinh.
e (Cai dit va sir dung gian tiép théng qua API cua bo thu vién tich hop LibClang
[14] trén cac ngdn ngir 1ap trinh pho bién (Python). Pay 1a cach duoc trién khai
trong ndi dung luan van nay.
1.3.6 S dung Clang vai Python
Python 12 mét ngén ngir 1ap trinh phd bién va dwogc cong dong hd tro nhiéu trong
cac nim gan day. Python 1a mot ngdn ngit 14p trinh bac cao cho cac myc dich 1ap trinh da
ning, do Guido van Rossum tao ra va 1an ddu ra mét vao nim 1991. Python duoc thiét ké véi
wu diém manh 1a d& doc, d& hoc va d& nho. Python ¢6 hinh thirc rat sang sua, cAu trac 1o rang,
thuan tién cho ngudi méi hoc 1ap trinh va 1a ngdn ngit 1ap trinh dé hoc; dugc dung rong rii
trong phat trién tri tué nhan tao.
Thong qua cac API cta thu vién LibClang trén Python, chung ta c6 thé st dung mot
cach d& dang nhung dam bao twong d6i day du cac thao tac dbi voi cay AST [4].


https://clang.llvm.org/get_started.html
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Hay clng xem xét ciy AST tao ra twong tmg véi doan ma ngudn trong phan 1.3.2 bai

LibClang, duoc thé hién dudi dang ciy nhu sau:

C:\ nin\AppData\Local ython\Python37\python.exe D:/CacHoc/LuanVan/source_code/CompareAST/ast_viewer.py
}—TP ATION_UNIT tes
L—FUNCTION_DECL funi

L_INTEGER_LITE

L_0VERLOADED_DECL_REF f
j—nEcL_REF [line=4, c
L _DECL_REF_EXPR

Hinh 1.7: Hién thi mét cay AST sinh ra béi ma nguén
Mot cach tong quan, ciy AST duoc tao thanh boi 2 Class (16p) rat linh hoat: Decl va
Stmt. C6 nhiéu 16p con ciia mdi 16p, mot sd vi du:
e FunctionDecl — Dai dién cho mot khai b4do hoac dinh nghia ham.
e BinaryOperator — Biéu thic logic, toan tir... vi du “x +y” or “x <= y”.
e CallExpr — Dai dién cho mot 1énh goi ham, chang han nhu foo (x, 2)
Hau hét cac Class trong AST déu kha dé hiéu, nhu ForStmt, IfStmt va ReturnStmt. Do
tai liéu duogc viét rat khoa hoc va chi tiét nén mot ngudi moi co thé dé dang tiép can duoc AST

sau khi thot gian tim hi€u ngan.

1.4. So sanh cay AST khi ap dung cac tha thuat sao chép khac nhau

Khi sinh vién sao chép va sir dung ma ngudn cua ngudi khac vao bai tip ctia minh, sinh
vién thuong c6 thém bude thay d6i ma nguén mot chat nham muyc dich che gidu hanh vi sao
chép nay. Nhitng stra d6i nay thuong gay ra sy khac biét giita cdy AST ciia ma ngudn goc va
mi ngudn dugce stra d6i. O chuong 2 di chi ra mot s6 phuong phap dé do mirc do tuong tu
nhau giita cic AST, trong chuong niy s& xem xét cdy AST cua mi da sira doi tuong tng véi
AST cta mi gbe nhu thé nao khi st dung cac thu thudt sao chép khac nhau.

M4 ngudn gbc dé str dung cho muc nay 1a bai tap xay dung ham tinh chudi Fibonacci:
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#include <stdio.h>
#include <conio.h>
int Fibonacci (int n) {

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

Cay ct phép triru tugng sinh ra cho doan ma trén nhu sau:

FUNCTION_DECL
(Fibonacci)
! PARM_DECL (n) ! COMPOUND_STMT

IF_STMT RETURN_STMT

[
BINARY_OPERATOR RETURN_STMT Bl NARY_(iP ERATOR

BINARY_OPERATOR BINARY_OPERATOR INTEGER LITERAL CALL_EXPR CALL_EXPR
(=) (=) — (Fibonacci) (Fibonacci)
|

UNEXPOSED_EXPR BINARY_OPERATOR UNEXPOSED_EXPR BINARY_OPERATOR
(Fibonacci) - Fibonacci -

DECLTREFiE.XPR ! UNEXPOSED_EXPR ! INTEGER LITERAL DECl_iREFiE.XPR UNEXPOSED_EXPR TS (el
(Fibenacci) (n) - (Fibonacci) (n) —

DECL_REF_EXPR (n)

I

1

DECL_REF_EXPR (n)
Hinh 1.8: Hién thi mdt cay AST sinh ra b&i ma nguén

1.4.1 Thay doéi dinh dang hodc thém/siza cdc “comment code”

#include
#include
// Ngay 20/04/2022 - NamNT
// Ham Fibonacci dau vao la 1 so nguyen duong n
int int
if 1 2
return 1

// Return noi dung can tim F(n) = F(n-1) + F(n-2)
return 1 2

Maé nguén dwoe bo sung thém ghi chii, thay doi dinh dang, thém khodng trang
Do dic tinh ctia cdy ca phap triru tuong AST, cac khoang tring va ghi cht (comment

code) bi loai bo khi trinh bién dich xay dung cdy AST, vi vay viéc thay doi dinh dang hoic ghi
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chu s& khong 1am anh hudng t6i cdu tric cia AST. Pay 14 tha thuat pho bién va dé ap dung
nhit cta sinh vién khi sao chép bai ctia nhau. Thong qua AST chung ta hoan toan da loai bo
hét cac diéu chinh nay. Cay AST ma ngudn méi khong hé thay ddi so voi cdy AST ma ngudn
gbe.

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

#include

#include

int int
if 1 2) return 1
return 1

N

Péi tén ham Fibonacci() = Fbne(), tham sé dau vao n = a

TRANSLATION_UNIT

FUNCTION_DECL

(Fbnc

PARM_DECL (n) COMPOUND_STMT

IF_STMT RETURN_STMT

[
— i

BINARY_OPERATOR
BINARY_OPERATOR Fol INTEGER_LITERAL CALL_EXPR CALL_EXPR
(=) (=) (Fbnc) (Fbnc)

|
UNEXPOSED_EXPR BINARY_OPERATOR UNEXPOSED_EXPR BINARY_OPERATOR
(Fbnc) - Fbnc! -
[ |

DECL_REF_EXPR UNEXPOSED_EXPR ! e T DECL_REF_EXPR UNEXPOSED_EXPR TR (Rl
(Fbnc) | (: - (Fbnc) @) -

DECL_REF_EXPR (a) DECL_REF_EXPR (a

Hinh 1.9: Cay AST sinh ra sau khi thuc hién ddi tén ham va tham sé dau vao

I

1

1

e

Hinh trén cho thay viéc thay di tén cua cac dinh danh ciling s& khong anh huéng gi dén
ciu tric va loai node cta cay AST. Thay d6i cac dinh danh chi 1am thay ddi gié tri ctia node
dinh danh chtr khong 1am thay d6i loai node va giita node nay voi node cha va cac node con

(néu c6). Chung ta s& van c6 cung mdt loai node, nhung bay gid véi mot gia tri khac.
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V6i thu thuat sao chép nay, khi so sanh ciu tric AST, chiing ta chi can bo qua gia trj tai

cac node, chi sir dung loai node va cau triic AST dé€ so sanh. Khi d6 cau trac AST ma nguon

gbc va ma ngudn da sura doi l1a tuong duwong nhau.

1.4.3 Thay déi thir tir cic todn hgng trong biéu thirc

Mot thu thuat khac ciing tuong dbi dé thyc hién va dam bao khong lam thay d6i tinh

dung ddn ctia chuong trinh 13 thay ddi thi tu cac toan hang trong mot biéu thirc. Vi dy thay doi

biéu thirc trong ma nguodn sau:

void int
return 8 3

chuyén thanh

void
return

int

Chung ta thu dugc 2 cay AST twong (rng nhu sau:

TRANSLATION_UNIT

FUNCTION_DECL
(fun1)

11

PARM_DECL (n} COMPQUND_STMT

l
HHH

RETURN_STMT
UNEXPOSED_EXPR

BINARY_OPERATOR (+)

! INTEGER_LITERAL

INTEGER_LITERAL

BINARY_OPERATOR (*)

|

UNEXPOSED_EXPR (n)

]

|

DECL_REF_EXPR (n)

>

TRANSLATION

FUNCTION_DECL

(fun1)

_UNIT

[
PARM_DECL (n)

T

COMPOUND_STMT

RETURN_STMT

UNEXPOSED_EXPR

BINARY_OPERATOR (+)

INTEGER_LITERAL

i

|
! BINARY_OPERATOR (*)

! INTEGER_LITERAL

UNEXPOSED_EXPR (n)

DECL_REF_EXPR (n)

il

Hinh 1.10: Cay AST sinh ra sau khi thay ddi thir tw cac toan hang
C6 thé thay rang con cua hai cidy AST bat ngudn tir node BINARY OPERATOR (+)

dd duoc d6i vi tri cho nhau (node trai > node phai, node phai > node trai). Tuong tu nhu vay

véi node BINARY OPERATOR (*).
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Nghia 13, phép bién ddi duoc ap dung trong trudng hop nay bao gdm mot hodc nhiéu

phép quay cay con, trong d6 s 1an quay phu thudc vao sd toan hang chuyén déi vi tri. Tha

thuat nay tao ra mot s6 khac biét giita cac AST cua hai mi ngudn, vi cac phép bién dbi hoat

dong trén céac cay con thuong c6 kich thudce nho.
1.4.4 Thay doi kiéu di liéu (data types)

Mot tha thuat khac thudng duoc ap dung 1a thay d6i cac kiéu dit liéu trong ciing nhom.

Data types

[

Primitive type

—char

—int

| float/
double

—void

I

Derived type

|

—signed
F—signed

—signed

—signed

char
short
int

long

unsigned

—unsigned
—unsigned

—unsigned

—unsigned

long double

char
short
int

long

1

User defined type
R

—struct

—union

—2num

Hinh 1.11: C4c kiéu dir liéu trong ngdn ngir 1ap trinh C++

Pé dam bao tinh logic ctia chuong trinh ma khong can stra nhiéu, co ban thu thuat thay

doi kiéu dir li¢u tap trung vao céac kiéu dir li¢u thudc cung nhom (vi dy cung nhom 1a s6, nhom

chudi ky tu...). Viéc thay doi nay hoan toan khong 1am thay doi ciu triic va type ctia node cay

AST.

1.45 Thay thé giia cac biéu thirc tirong dwong

Trong C++ c6 mot sb loai toan tir phé bién nhu sau:

e Arithmetic Operators (toan tir s hoc): La cac Toén tir duoc sir dung dé thyc

hién céc phép tinh toan hoc 18n toan hang. Vi du: (+, -, *, /, %,++,—). Toén ti sd

hoc duoc chia lam 2 loai:

o Unary Operators (todn tir don ngoi): La operator tac dong tai mot toan

hang duy nhat. Vi du: (++, -)

o Binary Operators (toan tir da ngoi): La cic operator tac dong dén hai

toan hang. Vidu: (+,—,*,/)
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Relational Operators (toan tir quy chiéu): Relational operators duoc dung dé
so sanh gié tri gitra hai toan hang véi nhau. Vi du nhu: dé kiém tra xem toan hang
nay c6 bang vai todn hang kia hay khdng, toan hang nay c6 16n hon toan hang
kia hay khong,... Vidu (==, >=, <=).

Logical Operators (toan tir logic): Pugc dung dé lién két hai hoic nhiéu diéu
kién/han ché, hoic dé bd sung danh gia diéu kién can can nhic ban dau, két qua
dau ra 1a gia tri boolean true/false.

Bitwise Operators (toan tir cho bit): duoc dung dé thyc hién thao tac cip-bit 1én
cac toan hang.

Assignment Operators (toan tir gan): Assignment operators dugc dung dé gan
gia tri cho mot variable (bién). Toén tir gan c6 thé ké dén: =, +=, -=, *= /=

CAc Toan tir khac: vi du sizeof, toan tir diéu kién, toan tir phay

Trong ciy ct phap AST, cac loai toan tir nay duoc biéu dién twong Gng céac loai node

trong cdy AST, cac toan tir logic, toan tir quy chiéu,... duoc quy vé chung loai

BINARY_OPERATOR.

Biéu thirc goc Biéu thirc twong dwong
n=n+10; n +=10;
n=n+1; n++;
n=n-10; n-=10;
n=n*10 n *=10;

Bang 1.3: Vi du thay thé cac toan tir twong dwong

1.4.6 Bé sung cdc dogn ma nguén khong co gia tri (dead-code)

return return

"ERROR: ..."

chuyén thanh
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|—TRANSLATION_UNIT test data 2/test 8.cpp [line=0, col=0]
|—FUNCTION_DECL func3 wvoid (int) [line=1l, col=6]

—PARM DECL 1int [line=1, col=13]

——COMPOUND STMT [line=1, col=14]

L_1F STMT [line=2, col=5]
L_COMPOUND STMT  [line=2, col=19]
L_RETURN STMT  [line=3, col=9]

Hinh 1.12: Cay AST trwéc khi thay thé biéu thirc twong dwong

—TRANSLATION UNIT test data 2/test 8.cpp [line=0, col=0]
—VAR DECL debug int [line=8, col=9]
——FUNCTION DECL func4 wvoid (int) [line=9, col=6]
—PARM DECL int [line=9, col=13]
——COMPOUND STMT [line=9, col=14]

L_1F 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]
—RETURN STMT [line=14, col=9]

Hinh 1.13: Cay AST sau khi thay thé biéu thirc twong duwong

Nhu vay c6 thé thay so véi ma ngudn gbc, cdy AST ciia ma ngudn sira d6i di bo sung
thém mot s6 node dugce boi mau nhu anh trén, con lai cau tric chinh cia ciy ci phap khong
thay doi. Trong truong hop ndy, dé xac dinh su gidng nhau giita hai cdy AST, ching ta can tap
trung vao cac cdy con ma chung c6 diém chung. Déi vé6i thi thuat sao chép nay, sb luong khéc
biét c6 thé nhan duogc gitra cac AST cia hai ma nguén phu thude rat nhiéu vao loai va sb luong
ma du thira d3 duogc chén vao. Vi du, viéc chén mdt cau 1énh thira hodc khai bao bién cuc bod
s& tao ra mot sd khac biét, trong khi vi¢c chén mdt phuong thirc hodc 16p du thura co thé tao ra
su khac biét 1on.
1.4.7 Thay doi thir tw ciza nhitng dogn ma nguén déc lap

Trong mot “khdi ma ngudn” (code block), chung ta c6 thé thay doi thi tu ctia cac cu
1énh doc 1ap va cac khai bao bién cuc bo ma khong 1am thay ddi ban chit cua doan ma ngudn.
interface- va enum la khong quan trong. Vi du, trong mét khai bao 16p, thr tu cia cac ham

khéi tao va cac thudc tinh, cac phuong thue la khong quan trong.



Hay xem vi du dudi day,

16p “Car” nhu sau:

24

chung ta thay doi tht ty mét thudc tinh va phuong thic cua

class Rectangl

public:
double widt
double
double ¢ .
return width height;

double getPerimeter () {

return (width + height) 2;

Sau khi thay d6i tht ty cac thudc tinh va phuong thirc, doan ma chuyén thanh:

class Rectangle

public:
double height;
double width;
double getPerimeter () {

return (width + height) 2;

double getArea () {

return width height;

Cay cua phap triru tugng AST ctia doan mi ngudn gde nhu sau:

CLASS_DECL

(Rectangle)

FIELD_DECL FIELD_DECL CXX_METHOD
(width) (height) (getArea)

[ |
CXX_METHOD
CXX_ACCESS_SPEC_DECL o
(getPerimeter)

COMPOUND_STMT

RETURN_STMT

BINARY_OPERATOR (+)

COMPOUND_STMT

RETURN_STMT
BINARY_OPERATOR (*)

UNEXPOSED_EXPR PAREN_EXPR UNEXPOSED_EXPR
theight) (double)
|
MEMBER_REF_EXPR (height) BINARY_OPERATOR (+) e —

UNEXPOSED_EXPR
(width)

UNEXPOSED_EXPR
(width)

MEMBER_REF_EXPR (width)

I

UNEXPOSED_EXPR
(height)
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Hinh 1.14: Ciy AST truéc khi thay ddi thir tw cac doan ma nguon

CLASS_DECL
(Rectangle)

FIELD_DECL FIELD_DECL CXX_METHOD
CXX_ACCESS_SPEC_DECL -
(height) (width) (getPerimeter)

CXX_METHOD
(getArea)

COMPOUND_STMT

E——

COMPOUND_STMT

RETURN_STMT RETURN_STMT

BINARY_OPERATOR (*)

I

BINARY_OPERATOR (+)

PAREN_EXPR UNEXPOSED_EXPR UNEXPOSED_EXPR UNEXPOSED_EXPR
(double) (width) (height)

BINARY_OPERATOR (+) MEMBER_REF_EXPR (width)
INTEGER_LITERAL

[ |
UNEXPOSED_EXPR UNEXPOSED_EXPR
(width) (height)

Hinh 1.15: Cay AST sau khi thay d6i thir tw cAc thugc tinh va phwong thic cia l6p

MEMBER_REF_EXPR (height)

Trong doan ma khai bao Class Rectangle, ching ta c6 khai bao cac thudc tinh width,
height va cac phuong thirc getArea() va getPerimeter(). Néu chung ta thay doi thi tu cta céac
khai bao nay, ching ta s& nhan duoc mi ngudn méi. So sanh 2 cay AST sinh ra boi hai ma
ngudn, cho thay su khac biét duy nhét giira nhiing ciy nay la chiing t6i da thay doi thi ty cua
cac con cia CLASS DECL. Phép bién d6i da duoc ap dung 1a phép quay cac ciy con. Néu
chung ta thay ddi thir tu cta cac cau 1énh va khai bao bién cuc bd trong mot khéi, thi chung ta
s& ap dung cac phép quay. Mit khac, néu chung ta c6 thé di chuyén mot cau 1énh hodic mot
khai bao bién cuc bo ra bén ngoai khéi, thi chung ta st dung mot phép bién ddi trudc tién loai
b6 cy con cua cau 1énh / khai bao bién cuc bd va sau d6 chén ciy con nay vao mot chd khac
trong AST.

Trong vi du trén, chi thtr tu ctia mot sb trudng khai bao dugc thay do6i, néu chiing ta thay
d6i thtr tir ciia khai bao 16p hodc khai bao phuong thirc, thi sy khac biét giira hai cdy s& 16n hon

nhiéu. Sy khac biét giita hai cy tiy thudc vao loai cdu trac duoc thay doi vi tri.
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1.4.8 Thay thé mét cau Iénh lap bang mét cau énh twong duwong
Vong lip for c¢6 thé duoc thay thé bang vong lap while (do-while hodc while-do) va

nguoc lai. Hay xem xét ma trong vi du dudi day:

int int
int 0
for (int 0
return

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

int int
int 0
int 0
while
return

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

5 v N v .
Vong lap For Vong lap While
[line=5, col=5] |—DECL, STMT  [line=5, col=5]
—DECL_STMT [line=5, col=9%] LvaR DECL i int [line=5, col=9]
L VAR DECL i int [line=5, col=13] L _INTEGER LITERAL int [line=5, col=13]
o __INTEGER LITERAL_  int [line=5, col=1T7] _______ —WHILE_SIMI___Iline=€._col=8l . _________,

H—BINARY OPERATOR < bool [line=5, col=20]
I—UNEXPOSEDiEXPR i int [line=5, co0l=20]

1

! | —UNEXPOSED EXPR i int [line=6, col=12]
i | L—DECL REF EXPR i int [line=5, col=20]

H

1

1

1

1

1 1
1 1
|1 L_DECL_REF_EXPR i int [line=6, col=12] !
i i
1 1

L_UNEXPOSED EXPR n int [line=5, col=24] L _UNEXPOSED EXPR n int [line=6, col=16]

int [line=5, col=28] LLCOMPOUND_STMT  [1ine=6, col=181 1
L_DECL REF_EXPR i int [line=5, col=28] ! |—BINARY OPERATOR = int [line=7, col=9]
H—COMPCUND_STMT [1ine=5, col=33] ! |—DECT, REF EXPR sum int [line=7, col=9]
! L_BINARY OPERATOR + int [line=7, col=15]
H I—U‘NEXPOSEDiEXPR 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]
—UNARY_OPERATOR int [line=8, col=9]
L_DECT REF EXPFR i int [line=8, col=9]

i L_BINARY OPERATOR = int [line=6, col=9]

! |—DECL REF EXPR sum int [line=6, col=3]

H ‘—BINARYJ)PERATOR + int [line=6, co0l=15]

: I—UNEXPOSEDiEXPR sum int [line=6, col=15]

! | L—DECL REF EXPR sum int [line=6, col=15]
: I—UNEXPDSED_EXPR i int [line=6, col=21]

! L_DECL_REF EXPR i int [line=6, col=21]

—RETURN_STMT [line=8, col=5] L_RETURN STMT [1line=10, col=5]
L _UNEXPOSED EXPR sum int [line=8, col=12] L _UNEXPOSED EXPR sum int [line=10, col=12]
L_DECL REF_EXPR sum int [line=8, col=12] L_DECL REF EXPR sum int [line=10, col=12]

Hinh 1.16: Cay AST sau khi thay thé vong lap for bang vong lip while
Két qua cho thay 2 cay AST c6 nhitng sy thay doi nhit dinh, nhung vé co ban 1a khong
nhiéu, cac nhom node dai dién cho cau 1énh so sanh trong diéu kién dung cua for va while, cau

1énh bao gdm cic toan tir toan hang trong cac vong lap ciing khong thay d6i. Mot diém dang
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cht y nhu khi chuyén sang vong lap while, ciy AST c¢6 thém mdt nhanh khai bao bién i ngay

trén vong lap while, phép tu ting bién dai dién vong ldp 13 i ciing thay doi vi tri.

Trong trudng hop thay md ngudn gdc bang do-while, két qua cay AST sé ciing khong

cho nhiéu khéc biét. Do dic diém thuc hién “do” trude “while” nén di€u kién so sanh cling can

c6 su thay ddi tir “i < n” thanh “i < n-1”. Trén cdy AST thay thé WHILE_STMT bing

DO_STMT, th ty 2 nhanh nam trong DO_STMT ciing nguoc lai so véi WHILE_STMT.

int int
int 0
N

int V)
do

while
return

1.4.9 Thay doi cac cau I¢nh ré nhdnh twong dwong

Céc cau 1énh if 16ng nhau d6i khi c6 thé duoc thay thé bang mot chudi cac cau 1énh if.

Chiing ta ciing c6 thé sir dung cau 1énh if thay vi cau 1énh switch hodc nguoc lai.

void

D

int
switch

"Today is Saturday"

"Today is Sunday"
break
default
"Looking forward to the Weekend"

R& nhanh v4i switch-case
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void
int
if 6
"Today is Saturday"
return
if 7
"Today is Sunday"
return
"Looking forward to the Weekend"
return
R& nhanh vai if
void
int 4
if 6
"Today is Saturday"
else if 7
"Today is Sunday"
else
"Looking forward to the Weekend"

R& nhanh véi if-else
Chung ta co thé thay rang hai cAy dau tién va hai cdy cudi cuing khong quéa giong nhau,
nhung ching c6 mot sé ciy con gidng hét nhau (ciy con mau xam). Sy khac biét nhan duoc
gitra hai AST bﬁng cach thay thé cac cau 1énh lya chon bﬁng cac cau I¢nh lya chon khac phu
thudc nhiéu vao kich thudc cta cac ciy con c6 mau xam. Cac ciy con ndy cang 10n thi sy khac
biét cang 16n.
1.4.10Thay thé cac Iénh gei ham bang chinh ngi dung cia ham

Hay xem xét 2 doan ma nguon dudi day dé hiéu rd hon vé co ché sao chép nay:
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void int
switch
case 6
"Today is Saturday"
break
case 7/
"Today is Sunday"
break
default
"Looking forward to the Weekend"
void
int 4

Poan md goc, ¢é 1oi goi ham getDay() trong ham main()

void
int 4
if 6
"Today is Saturday"
else if 7
"Today is Sunday"
else
"Looking forward to the Weekend"

Poan ma da thay thé goi tén ham bang chinh néi dung ham
Cac phép bién doi co thé dugc st dung, phu thudc vao doan ma nguén duoc thay thé.
Trong vi du nay, chiing ta c6 mét ham khong tra vé gia tri nao. Su khéc biét nhan dugc gitta
hai AST khi str dung chién luoc nay phu thudc vao kich thudc cta phan than phuong phap
duoc di chuyén. Trong vi du nay, phan noi dung cta ham khong qua 16n, nhung ddi véi cac

ma nguodn khac, ¢6 thé c6 phan ndi dung ciia ham 16n hon nhiéu.
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I—TRANSLATION_UNIT test_data_Z/test_ll.cpp [1line=0, col=0] I—TRANSLATION_UNIT test_data_Z/test_ll.cpp [1ine=0, col=0]
l—FUNCTIONiDECL getDay void (int) [line=1l, col=6] |—FUNCTION7DECL main void () [line=1, col=6]

| F—PARM DECL day int [line=1, col=17] L—COMPOUND_STMT  [line=1, col=12]

L_COMPOUND STMT  [line=1, col=21] —DECL_STMT  [line=2, col=5]

| L—VAR DECL day int [line=2, col=9]

| L_INTEGER_LITERAL int [line=2, col=15]

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_INTEGER LITERAL int [line=15, col=15]
L_CALL_EXPR getDay void [line-16, col-5]
l—UNEXPOSEDﬁEXPR getDay void (*) (int) [line=16, col=5]
| L—DECL REF_EXPR getDay void (int) [line-16, col=5]
|—UNEXPOSED7E.XPR day int [line=16, col=12]
L—DECL REF EXPR day int [line=16, col=12]

Hinh 1.17: Cay AST sau khi thay thé loi goi ham bing ndi dung ham
1.4.11Két hgp doan ma nguén sao chép véi ma nguén tee viét
Nhu di phan tich & phan mé dau, thi thuat sao chép nay ngoai viée kho phat hién, kho
danh gia mtrc d6 twong tur, con kho danh gia rang hanh dong nay cé can phai ngan chin hay
phan dbi hay khong. Vi¢c sinh vién sur dung lai ma nguén mot cach chu dong c6 van dung kién
thirc ctia ban than ciing gitp cho sinh vién hiéu bai hon va c6 trai nghiém sau sic voi ngon ngir
1ap trinh hon nhiéu so véi viéc sao chép thu dong. Do d6, viéc dua ra thuat toan dé danh gia

mirc do twong tir ctia 2 ma ngudn khi st dung thi thuat nay 12 khong can thiét.

1.5. DPanh gia sw khac nhau giira cac cay AST véi méi thia thuiat sao chép

Sw khac biét Thi thuat
giira 2 cay AST

Khong thay doi - Thay doi dinh dang hodc thém/stra cac “comment code”

- Poi tén cac dinh danh (ham, tham s6 va bién)

Thay d6i nho - Thay ddi thir tr cic toan hang trong biéu thirc
- Thay ddi kiéu dir liéu (data types)

- Thay thé gitta cac biéu thirc trong duong

Co thé thay doi nhiéu - B6 sung cac doan code khong cé gia tri (deadcode)
- Thay ddi thir tr ctia nhitng doan ma ngudn doc 1ap

- Thay thé mot cau 1énh 13p bang mot cau 1énh twong duong
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- Thay ddi cac cau lénh r& nhanh tuong duong
- Thay thé cac 1énh goi ham bang chinh ndi dung cua ham

- Két hop doan ma nguon sao chép vé1 ma ngudn cua ban than

Bang 1.4: Sw khéc biét gitra 2 cidy AST twong @ng voi cac tha thuét sao chép khac nhau

1.6. Két luan chwong 1

Két thuc chuong 1, luan van da nghién ctru, gidi thiéu tong quan vé van dé sao chép va
st dung lai md ngudn, cic phuong phap danh gia mirc do twong tu gitta cic mé ngudn, trinh
bay tong quan vé cdy ch phap triru tuong AST va ung dung thu vién Clang voi ngon ngir
Python dé tao ra cdy AST tir ma ngudn viét bang ngon ngir C/C++.

Trong chwong nay, ludn vin ciing da phan tich va danh gia su thay doi trén cady AST
tuong g véi cac cach sao chép khac nhau. Sy thay doi gitta cac ciy AST di tir it dén nhiéu,
don gian dén phire tap khi ma phuong thirc sao chép ma ngudn trd nén phic tap hon.

Céc van dé nghién ctiru ¢ chuong 1, goi ¥ vé viée can c6 budce tién xur 1y cdy AST dé
tinh gon va t6i wu trude khi duoc sir dung. Sau bude tién xir 1y ndy, viéc danh gia do tuong
ddng gitta 2 ma ngudn twong duong véi viée danh gia do twong dong giita 2 ciy AST.

Trong chuong tiép theo, ludn vin s& nghién ctru cac phuong phap danh gia muc do

tuong tu gitta cac ma ngudn dua trén dit lidu tir cay AST.
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2 CHUONG 2: PHUONG PHAP PANH GIA PO TUONG TU GIUA
CAC MA NGUON

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

Dung cay AST Tién xtr ly AST Thye hién so sanh

Hinh 2.1: Cac bwéc thuc hién so sanh giira 2 ma nguon
C6 2 ly do chinh can thuc hién viéc tién xtr Iy cdy AST trude khi so sanh, danh gia:
e Cay AST gbc do trinh bién dich (cu thé trong trudong hop nay la Clang) sinh ra
chtra nhiéu thong tin hon mirc can thiét néu chi dé phuc vu cho muc dich so sanh.
e Cay AST gdc phirc tao va nhiéu di liéu, nhiéu nat, nhiéu cap, viéc so sanh tryc
tiép trén cau tric cay AST tn nhiéu tai nguyén va c6 hiéu nang khong cao.
Y tuong & ddy 1a myc tiéu cua cong doan tién xir 1y 1a chuyén tir cau tric cdy thanh
chudi (sequence) trong khi van giit dugc cac thong tin quan trong cé y nghia trong viéc danh
gia murc do twong dong giita 2 ma ngudn.

Cong doan tién xir 1y cdy AST co ban gom 3 budc:

GOp thong tin cac nut Tinh ma hash (v&i AST-CC) Chuyén AST sang dang chudi

Hinh 2.2: Cac bwéc thuc hign tién xir ly cay AST
Lueu y: Riéng d6i véi gidi thudt AST-CC ¢6 thém bude tinh todn ma hash tai méi mit (sé
dwoc trinh bay chi tiét trong phan 2.3.4).
2.1.1 Ggp théng tin tei cac nut

Déi véi cay AST do Clang sinh ra, 2 thong tin quan trong tai mdi nut gom:
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Loai nGt (Cursor kind): Dé biéu dién thong tin vé loai biéu thirc/cau 1énh tai nat.
Vi du 1 cau 1énh khai bao ham/bién/Igp, 1a cau Iénh diéu kién r& nhanh if/switch;
la toan tr 2 ngdi(cong/tri/nhan/chia), 1 ngbi, vong lap (for/while) ...

Loai kiéu (Type kind): Dé biéu dién loai cua kiéu dit liéu khai béo trong truong

hop nut 1a loai khai b&o. Vi du: int/double/string/char...

Gia thuat chuyén tir cau triic cay thanh chudi s& can phai gitr lai 2 thong tin niy nham

dam bao viéc so sanh dat hi¢u qua cao nhat.

Mot sb luu y khi thuc hién gop:

Cac loai kiéu dit liéu cung 1a dang sé (short, int, long, float, double, ushort, uint,
ulong, ...) duogc gop lai dudi cung tir khoa “num”.

Céc dinh nghia ham dwoc dic trung boi hau té “func”

Cac khai bao bién duoc dic trung bai hau té “var”

Cac tham chiéu dugc dic trung boi hau té “used”

Cac 101 goi ham/bién duoc dic trung boi hau té “called”

Céc gia tri tinh duogc dac trung boi “num_literal”

Céc tir khoa caa ngbn ngir lap trinh dugc gitr nguyén “this”, “throw”, “new”,
“delete”

7

Céc doan ép kiéu (casting) dugc dic trung bang tién td “cast”
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N
N

Duyét cay (pre-order)

Duyét nit e

Kiém tra Cursor Kind (CK) va Duyét cic nit con ves
Type Kind (TK) tai niit (néu cd) e

W

Mhdn tai nét:
const_func/ static_func

Mh#n tai ndt func

L |

Mhan tai nét: 3 khai ba loai bién
RANSLATION_UNIT i&n? dang
207

1=

Ves I MNhan tai not:
num_var Fi

Nhan tai not:
{TK}_var

1+

Mhan tai not:
num_par

.
]7!
Vo e
1]
-

1=

1=

=

MNhan tai not:
num_called

15

MNhan tai not:
{TK}_called

Mhan tai nét:
duyét get_token() va ghép
spelling

A

A

Mh&n tai not:
Duyét get_token() va ghép
spelling v&i offset
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Hinh 2.3: Tom tit giai thuat tién xi ly cay AST

2.1.2 Chuyén AST sang dgng chudi (xau)
Cay AST sau khi duoc tién xir 1y dugc duyét dé quy dé ghép vao mot mang 1 chiéu luu
cac chudi gia tri tai cac nut.
N

\T/

Binh nghi'a mang Iwru xau:
Sequences =[]

L&y ra danh sach
nut con

Mut
hién tai
c6 nut
con?,

Thém gia tri nhﬁntfli
nut hién tai vao cuoi
Sequences

No+| Lay mit cha

™
Hinh 2.4: Giai thuat chuyén cay AST thanh chudi

2.2. Cac phwong phap danh gia mirc dd twong tw giira cAc ma nguén
2.2.1 Tim xau con chung dai nhdt (LCS - Longest common subsequence)
2.2.1.1 Ly thuyét vé LCS

Bai todn tim xau con chung dai nhat (LCS) [5] dugc st dung khi chung ta mudn tim Xau
con dai nhat giita hai hodc nhiéu Xau (trong pham vi nghién ctru ndy, chi xét dén LCS giita hai
chudi). Bai toan xau con chung dai nhit 1a mét trong nhitng bai toan khoa hoc may tinh cb
dién, 1a co s& ciia cac chuong trinh so sanh dir liéu nhu diff trén moi truong Unix. LCS con ¢6
cac ung dung trong ngdn ngtr hoc tinh todn va tin sinh hoc. LCS ciing duogc st dung rong rai
boi cac hé thdng quan 1y phién ban nhu Git dé diéu chinh nhiéu thay dbi dugc thuc hién cho
mot bo suu tap tép duoc kiém soat stra doi.

Phéat biéu bai toan: Cho hai xau ky tu Ala,, a,, ..., a,1; B[b1, by, ..., by] c6 do dai lan

luot 1a m va n. Tim x4u con chung dai nhét ciia hai Xau nay.
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Vi du: Vi dy, hily xem xét 2 xau (ABCD) va (ACBAD). Chung c6 5 chudi con chung
c6 d6 dai bang 2: (AB), (AC), (AD), (BD) va (CD); 2 chudi con chung c6 d6 dai bang 3: (ABD)
va (ACD); va khong con chudi con chung nao khac c6 do dai 16n hon nita. Vi vay (ABD) va
(ACD) la hai ddy con chung dai nhat ctia hai chudi ban dau.

Phwong phap xir ly

Ap dung nguyén ly quy hoach dong ta cé thé giai quyét bai toan LCS. Goi L [i, j] 1a d6
dai xau con chung dai nhat cta hai xau Alay, a,, ..., a;]1 Vi < m; B[by, by, ..., bj] Vj < n, diéu
nay c6 nghia 1a L[, j] 12 d6 dai xau con chung dai nhat cua i ky ty dau cia xau A va j ky tu
dau cua xau B. Do d6 L[m, n] chinh 14 d6 dai xau con chung dai nhat ctiia A va B.

L = (1,1, ..., 1) 12 xdu con chung dai nhét ciia A va B.

e Néua,, = b,thil, = a, = b,vaL,_,laLCScuaA,, ,VvaB,_,.
e Néua,, #b,val, #a,thiLIaLCScuaA4,, ,VvaB,.
e Néua,, # b, val, # b, thiL1aLCScuaA4,, vaB,_;.

Cong thirc truy hoi

Truong hop i = 0 hodc j = 0 thi d6 dai xau con chung dai nhat ctia A va B 1a 0, nghia 1a
L[0, j] = L[i, 0] = 0.

Truong hop xét ai = bjthi tathém [, = a; = a; vao L va do dai xau con chung dai nhat
L[i, ] s& bang do dai xau con chung dai nhét ctia Ai1 va Bj1 14 L[i-1,j-1] cong thém 1.

Nguoc lai néu aj # bj ta phai tim LCS cua Ai; va B va LCS cia A va Bj1 1a L[i-1,j] va
L[i,j-1]. Xau nao 16n hon s€ la LCS cua A va B.

0 Vi=0,j=0

Taco:L[i,jl=4 Lli-1j—-1]+1 Va; = b;
max(Lli — 1,/ Llij — 11} Va; = b

2.2.1.2 Phwong phdap LCS
M6 ta: Bit dau tir vi tri L[n][m] va dirng lai khi L[i][j] == 0.
e Bit dau duyét tiri = n,j = m. Phan tir thir i ciia xau a s& 1a a[i — 1], thir j cua
xau b s€la b[j — 1]
e Néua[i—1] == b[j — 1] ta s& luu lai con chung a[i — 1] va giam i va j di 1

don vi
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e Néuali—1]! = b[j — 1] ¢6 2 trwong 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

Ma gia:

function LCS(A[l..m],B[1l..n])
L = array(0..m,0..n)
for i:= 0..m
L[i,0] =0
for j:= 0..n
L[O,3j] =0
for i:=1..m
for j:=1..n
if A[i] = B[j]
L[i,]j]:= L[i-1,3-1] + 1
else

L[i,]j]:= max(L[i,j-1],L[i-1,3])

return L[m,n]

2.2.1.3 Ung dung LCS dé so sanh 2 cay AST
Tir y nghia LCS da néu & phan trudc, chung ta ¢ thé thay 2 cdy AST twong dong khi

xau twong tmg s& c6 xau LCS ¢6 kich thudc 16n va ti 1¢ phu cao. Dé sir dung LCS trén hai cay
AST, chung ta can chuyén 2 cay nay vé dang chudi nhung vin phan anh céu tric cia hai cay.

Diéu nay co6 thé dat duoc bang cach duyét ciy AST theo thr tw xudi (pre-order) hay nguoc

(post-order).

Tt xau con chung dai nhét tim duoc, ta xay dung cong thirc ham tinh mrc do tuong tu

giita 2 cAy AST. Goi 2 cay AST lan luot 1a T, = (V,, E;,) VAT, = (V,, E,) twong Ging véi 2 cap

ma nguon can so sanh 1a p va g. Khi 6 ham d(p, q) dé do mirc do twong tu giita p va q dugc

dinh nghia nhu sau:

_ Vil + V2| =2 % LCS(p, q)

d(p,q) =

Trong do:

Vil + V2l

e d(p,q) la ham do muc do twong tu, cO giatriter 0 > 1

e |V,] 146 luong dinh caa cdy Ty, |V,| 14 s6 lugng dinh cua cay T,

e LCS(p,q) 1a d6 dai xau con dai nhat cua 2 cay AST
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2.2.1.4 Ddanh gia hiéu qud s dung LCS

Dé sir dung phuwong phap LCS, chung ta can thue hién duyét qua timg AST. Sau d6 tim
xau con dai nhét giira hai xau tuong ung 2 cay AST.

Mot van dé & day la thtr tu cia cac doan ma nguén doc l1ap cé thé d3 bi thay ddi & mot
trong céc cay AST. Néu thir tu cua cac khai bao nhu 16p, phuong thire, v.v. da duoc thay doi,
thi chiing ta c6 thé nhan duoc ti 16 trong dong giira hai cdy thap. Diéu nay 1a do thyc té 1a LCS
12 mot phuong phap dugce st dung dé tim su lién két giita hai chudi da duogc sip xép, trong khi
chudi ctia chung ta chira cac chudi con khéng c6 thir tyr lam cho cong viée dbi chiéu giira 2 cay
AST tré nén phtrc tap hon.

Pé sir dung phuong phap nay, chung ta can tim sy lién két gitta mdi khai bao 16p trong
AST dau tién va mdi khai bao 16p trong AST thir hai. Bang cach d6, chung ta ¢ thé tim thay
cac khai bao 16p c6 thé dugc can chinh voi nhau tot nhat. Hon nira, dé tim su lién két gifra hai
khai bao 16p, chung ta can tim su lién két gitra mdi khai bao phuong thirc trong 16p dau tién va
mdi khai bao phuong thirc trong 16p thtr hai. Chung ta c6 thé tiép tuc néu chung ta mudn tim
su lién két tot nhat giira khai bao phuong thirc khdi tao va khai bao trudng.

Mot thuat toan phét hién sao chép ma nguon sir dung phuong phap twong ty nhu LCS
|a Sim [6]. Thuat toan nay duogc thuc hién cho danh sach chuong trinh duoc viét bang C va nd
tim thay sy lién két t6i uu gitta hai chudi ma thong bao. Ngoai ra, d6i voi thuat toan ndy, can
phai tim sy lién két t6t nhat giita cdc chirc ning khac nhau trong hai danh sach.

Uu diém chinh cia LCS 1a né c6 thé tim thay diém tuong dong giita cac cdy con ma
nhan cia cac nut gdc khac nhau, chang han nhu ciy con ciia cac vong lap khac nhau hodc ciy
con cua cac cau 1énh lya chon khac nhau. Vi du cac thu thuat thay thé cau 1énh 1ap bé“mg cac
cau 1énh twong duong trinh bay ¢ muc 2.1.8 ¢ thé duoc phat hién t6t qua thong qua LCS.
Khi n6i d@én viée can chinh cac cau 1énh va / hodc khai bao bién cuc bd cua hai khodi, LCS sé&
tim thay su lién két t6i wu giita cac Xau ciia hai cdy con bat ngudn tir cac nut thé hién code
block COMPOUND_STMT. Sy lién két nay 1a su lién két tdi uu giira hai chudi c6 the tu,
nhung n6 khong nhat thiét phai 1a su lién két tot nhat gitra hai cay con. Khi sir dung phuong
phap nay, diéu quan trong 14 phai quyét dinh nat nao trong s6 cac nut dugc cin chinh trong hai

chuoi 1a mot phan lién két gitra hai cay con.
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2.2.2 TF-IDF va D¢ twong tw Cosin
2.2.2.1 Ly thuyét vé TF-IDF

TF-IDF (viét tat cia Term Frequency — Inverse Document Frequency) [7] 1a mot
phuong phap thong ké thuong duoc sir dung trong truy xuat thong tin va khai pha dit liéu van
ban dé danh gia mirc d§ quan trong ciia mot cum tu ddi v&i mot tai licu cu thé trong mat tap
hop bao gdm nhiéu tai liéu. Khai niém nay da xuit hién tir rat sém trong cac linh vic nghién
ctru khac nhau, chang han nhu ngon ngit hoc va ciu triic théng tin, nhd vao kha ning hd tro xir
1y nhiéu tap tai liéu v6i s6 luong 16n trong mot khoang thoi gian ngan.

Cac may tim kiém thudng sir dung cac bién s khac nhau cia thuat toan TF-IDF nhu 1a
mot phén trong co ché xép hang. Béng cach gan cho céc tai liéu mgt muc diém sb vé do lién
quan (relevance score), chiing c6 thé dua ra cac két qua tim kiém thich hop chi trong phan triéu
giay.

Vi dy, TF-IDF tir 1au d 1a mot phan trong co ché xép hang ctia Google. Google st dung
TF-IDF dé xéac dinh xem nhitng cym tir ndo c6 lién quan (hodc khong lién quan) vé mit cha dé
bang cach phan tich tan sudt mot cum tir xuét hién trén mot trang (term frequency — TF) va tan
suat wdc tinh xuat hién trén mot trang trung binh, trong mot tp hop 16n hon bao gdm nhiéu tai
liéu (inverse document frequency — IDF).

Nhu tén goi, TF-IDF gom 2 thanh phan 1 TF va IDF. Sau déy 14 trinh bay chi tiét vé 2
thanh phan nay:

TF la gi?

TF: Term Frequency (Tan suat xuat hién ciia tir) 1 s6 1an tir xuét hién trong vin ban. Vi
cac van ban co thé c6 do dai ngén khéac nhau nén mot sb tir c6 thé xuét hién nhiéu lan trong
mot vin ban dai hon 1a mot vian ban ngan. Nhu vy, term frequency thudng duoc chia cho d
dai vin ban( tong sb tir trong mot vin ban). Cong thirc TF:

) f(t,d)
ZAC max{f(w,d) Vw € d}

Trong do:
e tf(t,d) tan suat xuat hién cua tir t trong vin ban d

e f(t,d) S6 lan xuat hién cua tir t trong van ban d
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e max{f(w,d) Vw € d} S6 lan xuat hién cua tir c6 sé lan xuat hién nhiéu nhat
trong van ban d

IDF la gi?

IDF: Inverse Document Frequency (Nghich dao tin sudt ctia vin ban), gitp danh gia
tam quan trong cua mdt tur . Khi str dung TF, ta nhan théy réng tat ca cac tir duoc coi co do
quan trong bang nhau. Tuy nhién thuc t& mot sé tir nhu “Tir ndi”: va, nhung, tuy nhién, vi thé,
vi vay, ...; gidi tu: &, trong, trén, ...; tur chi dinh: éy, do, nhi, thuong Xuét hién rat nhiéu 1an
nhung d6 quan trong 1a khong cao. Vi vay dé két qua tim kiém chinh xac, ching ta can giam
d6 quan trong cua nhimng tir ndy xubéng. Cong thirc 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|tbng s6 vin ban trong tap D
e |{d € D :t e d}|thé hién sb vin ban trong tap D cd chira tir t.

Co s logarit trong cong thirc nay khong thay d6i gia tri idf ciia tir ma chi thu hep khoang
gia tri cua tir 6. Vi thay doi co sb s& dan dén viée gia tri cua cac tir thay doi boi mot s6 nhat
dinh va ty 18 giita cac trong luong voi nhau sé khong thay doi, (ndi cach khéc, thay doi co s6
s& khong anh hudng dén ty 18 giira cac gia tri IDF). Viéc st dung logarit nham giup gia tri TF-
IDF ctia mot tir nho hon, do ching ta c6 cong thure tinh TF-IDF ctia mét tir trong 1 van ban 1a
tich cua TF va IDF cua tir do.

tfidf(t,d,D) = tf (t,d) = idf (t,D)

Nhiing tir ¢6 gia tri TF-IDF cao la nhitng tir xuat hién nhiéu trong vin ban nay, va xuat
hién it trong cac van ban khac. Viéc nay gitp loc ra nhitng tir phd bién va giit lai nhirng tir c6
gia tri cao (tur khod cua van ban do).

Vi du: ching ta ¢6 2 van ban sau “The car is driven on the road” va “The truck is driven
on the highway” Str dung cong thirc ¢ trén chung ta c6 bang tinh gia tri TF-IDF nhu sau:

Word TF IDF TF*IDF
A B A B
The 1/7 1/7 log(2/2) = 0 0 0
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Car 17 0 log(2/1) =0,3 0,043 0
Truck 0 1/7 log(2/1) =0,3 0 0,043
IS 17 177 log(2/2) =0 0 0
Driven 1/7 1/7 log(2/2) =0 0 0
On 1/7 1/7 log(2/2) =0 0 0
The 17 1/7 log(2/2) =0 0 0
Road 1/7 0 log(2/1) =0,3 0,043 0
Highway 0 1/7 log(2/1) = 0,3 0 0,043

Bang 2.1: Bang tinh toan gia tri TF-1DF cia 2 xau A va B

Tu vi du trén, c6 thé thay cac tir dimg khong c6 nhiéu y nghia trong viéc phan biét 2

van ban nhu “is”, “on”, “the” déu co trong s bang 0. Trong chiéu nguoc lai, cac tir khéa quan

9% ¢

trong nhu “car”, “truck”, “road”, “highway” c6 trong sd khéc 0.
2.2.2.2 Phuong phdap TF-1DF

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

Tinh gia tri TF

In [28]: def computeIDF(docList):

import math

idfpict = {}

H = len{docList)

idfpict = dict.fromkeys(docList[0].keys(}), 0}

for doe in docList:

for word, val in doc.itema():
if val = 0:
idfpict[word] += 1

for word, val in fdfDict.items():
idfpiet(word] = math.loglO(H / float(val))

return idfDiet

Tinh gia tri IDF

In [100]: def computeTFIDF(tfBow, idfs):
tfidf = {}
for word, val in tfBow.items():
tfidf[word] = val+idfa [word)]
return tfidf

Tinh gia tri TF-IDF
2.2.2.3 Ly thuyét vé M6 hinh khéng gian vector (Vector space model)
M® hinh khong gian vector 1a mot mé hinh dai sé biéu dién cac van ban dudi dang véc-

to, cac ph?ln tlr ciia Vec-to nay thé hién mtrc d6 quan trong cua mot tir va ca sy xuat hién hay
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khong xuét hién cta nd trong mot tai liéu. Mdi thanh phan trong véc-to chi dén mét tir twong
{mg trong danh sach muc tir chinh. Khdng gian véc-to ¢o kich thudc bang sb muc tir trong danh
sach muc tir chinh. M&i phan tir 1a 6 quan trong ctia muc tir trong ng trong cau.

Mo hinh nay biéu dién vin ban nhu nhitng diém trong khong gian Euclid n-chiéu, mdi
chiéu tuong tmg v6i mot tir trong tdp hop cac tir. Phan tir thi i, 1a di ciia véc-to van ban cho
biét s6 1an ma tir thir i xuat hién trong van ban. Sy twong déng ctia hai vin ban duoc dinh nghia
1a khoang cach giira cac diém, hodc 1a gbc giira nhirng véc-to trong khdng gian. M hinh khdng
gian vector va nhitng bién thé ctia n6 hién nay vén 1a cach phd bién dé biéu dién vin ban trong

Khai pha dit liéu va Truy van thong tin.

¥
£
8

sentence n

sentence 2

————————————————-’

term 1

& - sentence 1

Hinh 2.5: Biéu dién cac vin ban trén mo hinh khong gian véc-to
Nguyén tic chung dé biéu dién van ban dudi dang cac véc-to la tach thanh cac tir/cum
tir trong van ban di kém theo trong sé clia cac tir/cum tir nay. C6 nhiéu phuong phap dé danh
trong sO céc tir/cum tir trong van ban, nhung TF-IDF 13 phuong phap pho bién dé danh gia va
xép hang.
2.2.2.4 Ly thuyét vé P twong tw Cosin (Cosine similarity)
Do tuong tu Cosin 1a mot cach do dé twong tw gitra 2 vecto khac 0 trong mdt khong

gian véc-to di duoc chuan hoa. Po twong tu nay dugc dinh nghia bang gia tri cosine ctia goc
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giita hai Véc-to, va ciing 1a tich v hudng cua cing cac véc-to don vi dé ca hai déu c6 chiéu dai
1 [15]. Gia tri cosin cta 0° 13 1, va bé hon 1 véi bat ky goc nao trong khoang cac radian (0, =].

Sau khi d4 biéu dién 2 vin ban dudi dang véc-to thi c6 thé sir dung phép do Do twong
tr Cosin dé danh gia muc twong dong giita 2 van ban nay.

Cong thue B tuong tu Cosin dugc tinh nhu sau:
Gd _ 3 _d Ti, g *
ql= 1dl lql Idi \/2141 g2 + JZM 02

cos(§,d) =

Trong do:
e q; latrong sé TF-IDF cua tir thir i trong tai ligu thir nhat
e d, latrong sé6 TF-IDF cua tir i trong tai liu thar hai
o cos(q,d) 1a Do twong tu Cosin gitra § va d , ludn nim trong khodng [0,1].
Pic diém:
e Néu do tuong tu Cosin caa 2 vin ban A, B bang 1, nghia 1 goc hop béi 2 véc-to
biéu dién 12 0 d6. Tuc 14 2 van ban A, B gidng nhau.
e Néu do tuwong tu Cosin cang tién dan vé 0 thi A, B cang khéac nhau.
2.2.2.5 Ung dung TF-1DF va Pé twong tw Cosin dé so sanh 2 cay AST
Sau budc tién xu 1y & muc 1.3.4, cdy AST cua ma ngudn da dugc chuyén thanh dang
chudi, tirc 14 2 vin ban, v6i ndi dung 13 nhén caa cac node cua ciy AST. Pé so sanh do tuong
dong giita 2 van ban nay, chung ta sit dung do twong tu TF-IDF va Do twong ty Cosin dé so
sanh murc d6 tuong dong. Néu do twong ty cosin cho két qua cang gan 1, cang cho thay 2 cay
AST c6 mirc trong dong cao.
2.2.2.6 Ddanh gia hiéu qud s dung TF-IDF va D twong tw Cosin
Khi 4p dung TF-IDF va d¢ tuong ty Cosin vao danh gia do tuong tu gitra 2 cay AST,
c6 mot sb dic diém nhu sau:
e Danh gia d6 tuong tu dya trén tan suit va dé quan trong cua gia tri tai cac nat
e it bi anh huong béi sy thay doi thir tu cac doan ma ngudn (trong khi phuong phap
LCS trinh bay & muc 1.3.5 bi anh huang nhiéu)
e Co4thé gay rati lé duong tinh gia cao néu dat n-gram khong hop ly.
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2.2.3 AST-CC (AST Code Comparison)
2.2.3.1 Téng quan vé AST-CC

Vao nam 2015, tai Hi nghi qudc té 1an thir 10 vé M4y tinh, Truyén thong va Ung dung
Bing thong rong va Khong ddy, nhém tac gia Jingling Zhao, Kunfeng Xia, Yilun Fu dén tir
Pai hoc Buu chinh Vién thong Bic Kinh, Bic Kinh; Phong thi nghiém K¥ thuét Quéc gia vé
An ninh Mang Di dong; Vién nghién ctru dién lyc Trung Quéc, Bic Kinh; da gi61 thiéu mat
thuat toan phat hién sao chép ma ngudn dang tin cay dua trén cay AST [8].

Phuong phéap nay dugc nhom tac gia dat tén la AST-CC (AST Code Comparison).

Y twéng ciia phwong phap nhw sau:

Sau khi ¢6 duoc cdu tric cdy ct phap ciia md ngudn, viéc can 1am 13 so sanh cay cu
phap. Tuy nhién trong thuc té, cac cay ci phap déu kha phuc tap va c6 kich thudc 16n nén viée
so sanh truc tiép giita cac cdy ct phap 1a kho va hiéu qua sé& thap. Vi vay, nhom tac gia st dung
gia tri bim cua ciy cu phap va tinh toan gia tri dua trén loai cia mdi niit va Cac cdy con ctia
cay AST. Sau d6 so sanh cac gia tri bam nay. Nho do, dé kho so sanh dugc giam bdt va thong

tin cta cay ct phap khong bi mat.

So sanh gia tri hash Tinh toan do tuong tu

Tinh gia tri hash tai . N ?
e, Nk tai cac nat co cung so dua trén so lwgng nat

lwgng nut con trung nhau

moi nut

Hinh 2.6: Y twéng cia phwong phap AST-CC
2.2.3.2 Céc budc thuc hign AST-CC
Cac budc thuc hién AST-CC c6 3 budc chinh:

e Poc thdng tin cuia ma ngudn can kiém tra tir HashListArray tai vi tri c6 chi so
bang v&i ngudng (tic 1a sé lwong nit con bang gia tri ngudng), sau d6 so sanh
véi ma géc.

e Duyét qua cac mang cua SuspectHashListArray va OriginalHashListArray luu
trix thong tin cia ma can kiém tra va ma gdc trong tmg. Sau do, sap xép hai mang

nay va dam bao rang chudi cua cac nit duoc luu triv theo sb nat va gia tri bam.
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e S0 sé&nh gia tri bam cua c4c cay con co ciing s6 nut con. Néu chiing c6 cung mot
gia tri bam, thi luu trit vi tri caa ching va ting sb lugng nut tring thém 1.
Vi céc cay con co s6 nut con khac nhau dai dién cho cac cAu triic khac nhau, nén chi cac
cdp cdy con co cting sd nut con méi can so sanh. Do d6 chung ta c6 thé giam s6 1an so sanh va

do phuc tap cua thuat toan.

Root Hash

T 1t t 1

lmx0 | |1 | |[™x2| | 1x3]

Hinh 2.7: M6 phéng viéc tinh toan mé& hash tai cac nat cia cay AST

1)1 6 )6 8 )3

Hinh 2.8: Vi du minh hea viéc ma hash tai cac nit dwoc cong don
Cong thirc tinh do tuong tu gitta 2 cdy AST st dung phuong phap AST-CC dugc tinh
nhu sau:
2 *m
()= .
Trong do:

N 7 7

e m la sO nuit c6 trung ma hash gitra 2 AST
e n, las6 nut cta ciy AST thir nhat

e 1, la s6 nuat cia cay AST thi hai
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¥
Duyét cdy va tinh ma& hash
tai cac nut

-

sach cap nut tring mé

So sdnh va tra vé dénh
hash cla 2 cay

Mrc 96 trong tr 2
cdy AST=10

Duyét danh sach cap
nut trimg ma hash
Pém tong s6 nut cla
2 cdy dwoc so sanh

ML;fc dd tirong tL_I! = [2}‘1t
s0 nut tring) / Tong so
nut cla 2 cay

Travé
da turorng tur

Hinh 2.9: M0 ta giai thuat cia phuwong phap AST-CC
2.3. Két luan chwong 2
Két thiic chuong 2, luan vin di trinh bay dugc vé tong quan vé s thay doi giita cac cay
AST khi ap dung cac thu thuat sao chép ma ngudn khac nhau, ap dung cac ky thuat LCS, TF-
IDF, AST-CC trong viéc so sanh danh gia cac mi ngudn. Trong chuong tiép theo luan van tap
trung x4y dung, thir nghiém hé théng danh gida mirc do twong tu gitta cic ma ngudn theo 3 ky

thuat da trinh bay ¢ chuong 2.
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3 CHUONG 3: THUC NGHIEM VA PANH GIA

3.1. Cai dit hé thong dé so sanh dd twong tw giira cAc m& ngudn
3.1.1 Cai dat Python
Bwéc 1: Tai vé bo cai dit Python 3 cho hé diéu hanh windows

Vi dic th cua bai toan, ching ta chon phién ban Python duoc danh gia 6n dinh 1a Python 3.7

Python »» Downloads »»Windows

Python Releases for Windows

Pre-releases

« Python3

= Download Windov
= Download Windov

= Download Windov

= Download Win

= Download Windoy

= Download Wi

» Download web-based installer

019

= Python 3.4.10

= Download Win

= No files for this release,
= Download Windov

Python 3.5.7 - March 18, 2019
! = Download Windov
Note that Python 3.5.7 cannot be used on Windows XP or earlier.
= Download Win

= Mo files for this release. = Download Windov

» Download Window:

S

Hinh 3.1: Cac géi cai dat Python 3 danh cho H¢ diéu hanh Windows
Budérc 2: Cai dat Python 3 trén Hé diéu hanh Windows

h Python 3.7.3 (64-bit) Setup - X

Install Python 3.7.3 (64-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

® Install Now
C:\Users\Dejan\AppData\Local\Programs\Python'\Python37

Includes IDLE, pip and documentation
Creates shortcuts and file associations

— Customize installation
Choose location and features

python

for 4 Install launcher for all users (recommended)

windows B Add Python 3.7 to PATH Cancel
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Hinh 3.2: Cac géi cai dit Python 3 danh cho Hé diéu hanh Windows
Budére 3: Kiém tra phién ban Python di cai dat thanh cong
Mo cira s6 terminal va g& dong 1énh sau: python --version
Terminal tra vé dung phién ban vira cai dat 1 thanh céng (vi du Python 3.7.3)
Trong trudng hop 6 16i, vui long kiém tra lai dudng din PATH ciia Windows d3 ¢ san

duong dan dén thu muc cai dit Python hay chua.

$ python --version
Python 3.7.3

Bwéc 4: Kiém tra thu vién pip (Trinh quan Iy cac goi thu vién ctia Python) di duogc cai dit

hay chua. Trong truong hop thanh cong tra vé nhu sau:

$ pip --version
pip 22.0.4 from c:\users\admin\appdata\local\programs\python\python37\1ib\site-
packages\pip (python 3.7)

3.1.2 Cai dat thw vi¢gn Clang
Tai liéu hudéng dan cai dit thu vién Clang trén nén ngdn ngit lap trinh Python tai day:

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

Buwéc 1: M terminal trén may can cai dat

Buwéc 2: GO 1énh cai dat clang:

pip install clang

Theo ddi két qua trén terminal tra vé thanh cong:

/d/CaoHoc/Luanvan/source_code/CompareAST

$ pip install clang
Collecting clang

Downloading clang-14.0-py3-none-any.wh1l (31 kB)
Installing collected pac : clang
successfTully installed clang-14.0

Hinh 3.3: Két qua khi chay Iénh cai dit thw vién clang
Budce 3: GO 1énh cai dit libclang

pip install libclang

Theo ddi két qua trén terminal tra vé thanh cong:


https://pypi.org/project/clang/
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$ pip install Tibclang
Collecting Tibclang
Downloading Tibclang-14.0.1-py2

Installing collected pa
Successfully installed Tibclang-14.0.1

Hinh 3.4: Két qua khi chay Iénh cai dat thw vién libclang

Buwéc 4: Kiém tra két qua cai dat:

pip freeze | grep clang

Theo ddi két qua trén terminal tra vé thanh cong;

/d/CaoHoc/Luanvan/source_code/CompareAST (namnt)
$ pip freeze | grep clang

Hinh 3.5: Két qua kiém tra cai @it thw vién libclang
3.2. Xay dwng cdng cu so sanh ma ngudn véi 3 thuat toan 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 séach cac script thuc hién so sanh mire twong tw giira c4c ma ngudn
STT | Tén file Y nghia

1 ast_viewer.py Hién thi cay AST ctia mot ma ngudn trén terminal
2 reduceAST.py Tién xir Iy AST ctia mot ma nguon trude khi so sanh
3 similarity.py Script goi ham So sanh 2 ma nguon va tra vé murc dd tuong

tu (lwa chon gitra 3 k¥ thuat LCS, TF-IDF, AST-CC)

4 Ics.py Script thuc hién so sanh 2 truc tiép 2 ma nguon va tra vé

miurc do tuong ty st dung phuong phap LCS

5 tf_idf.py Script thyc hién so sanh 2 tryc tiép 2 ma ngudn va tra vé

murc do tuong ty st dung phuong phap TF-IDF

6 ast_cc.py Script thuc hién so sanh 2 truc tiép 2 ma nguon va tra vé

miurc do tuong tu st dung phuong phap AST-CC

7 compare_two_code.py | Giao dién cho phép so sanh tryc tiép 2 ma nguon, hién thi
chi tiét mirc d6 twong tu, cac phan ma ngudn duoc xac dinh

tuong tu (Ilua chon gitra 3 k¥ thuat LCS, TF-IDF, AST-CC)
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8 main.py Ham chinh chay so sanh giira 1 tap di li¢u 1a N file ma
ngudn trong thu muc test_data. Két qua tra vé 1a mot bang
NxN, trong d6 cho thdy mirc d6 twong tur gitta cac cap file

ma nguon.

3.2.1 Ma nguén hién thi cay AST

import
import
# List of AST node objects that are function calls
# List of AST node objects that are fucntion
declarations

# Traverse the AST tree
def
str

return

def
# assert cursor.kind == clang.cindex.CursorKind.BINARY OPERATOR
for in
assert len 2
len for in 0
for in
return

def ’ ’
global

for in range (0, 1

if

else

if or
col={ P!

else

col={ P
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# Xu ly ky tu

idx = 0;
tree line gty of char = len(tree line arr)
for tmp line in reversed(tree line arr):
if idx ==
idx += 1
continue

tmp line str = list(tmp line)

tmp line char pos = 3 * (level - 1)

tmp line char = tmp line str([tmp line char pos];

if (tmp line char != " " or tmp line char == "|}" or tmp line char == "lL"):
break

tmp line str[tmp line char pos] = "|"
tree line arr([tree line gty of char - 1 - idx] = "".Jjoin(tmp line str)
idx +=1

def traverseAST (node, level, is last child):
list parent level = []
if node is not None:
level = level + 1
if level == 1 or (node.location.file and node.location.file.name ==
file path):
printASTNode (node, level, is last child)
# Recurse for children of this node
count children = len(list (node.get children()))
3 =0
for childNode in node.get children() :
list parent level.append(level)

j=3+1
traverseAST (childNode, level, j == count children)
level = level - 1

def previewAST (file path):
# Tell clang.cindex where libclang.dylib is
# clang.cindex.Config.set library path("/usr/lib/llvm-6.0/1ib/")

index = clang.cindex.Index.create()
# Generate AST from filepath passed in the command line
tu = index.parse(file path, ['-x', 'c++', '-std=c++11', '-

D__CODE_GENERATOR _'])

root = tu.cursor # Get the root of the AST
traverseAST (root, 0, False)

# print result

print ("\n".join(tree line arr))

if name == ' main
parser = argparse.ArgumentParser ()
parser.add argument ('-i', '--input file', type=str,

default="'test data 2/test 1l.cpp', help="input file C++")
args = parser.parse_args ()
file path = args.input file
previewAST (file path)
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3.2.2 M4 ngudn so sanh 2 cay AST theo phwong phap LCS

from reduceAST import CustomNode, default tree size

def (node, size):
hashList = [[] for 1in range(size + 1)]
def (sub_node) :

if sub node is not None:
n_node default tree size(sub_node, CustomNode.get children)
if n node > 0:
hashList[n node] .append(sub node)
for childNode in CustomNode.get children (sub_node) :
traverseHash (childNode)
traverseHash (node)
return hashList

def (hashList 1, hashList 2, threshold=l):
n = min (len(hashlList 1), len(hashList 2))
pair = []
1s = []
for n sub node in range(n - 1, threshold - 1, -1):

L1l = hashList 1[n sub node]
L2 = hashList 2[n sub node]
L1l sorted (L1, key=lambda x: x.hashnode)
L2 = sorted (L2, key=lambda x: x.hashnode)
i =20
3 =0
while 1 < len(Ll) and 7] < len(L2):
P1 = CustomNode.get parent (L1[i])
P2 = CustomNode.get parent (L2[Jj])
if Pl and Pl in ls:
ls.append(L1[i])
i +=1
continue
elif P2 and P2 in 1ls:
ls.append(L2[3])

j o+=1
continue
if L1[i].hashnode > L2[]j].hashnode:
Jj =1
elif L1[i].hashnode < L2[7j].hashnode:
i +=1

else:
pair.append ([L1[i], L2[j1])
ls.append (L1[i])
ls.append(L2[73])

i+=1
Jo4+=1
return pair
def (hashList 1, hashList 2, threshold=1):
n = min (len (hashList 1), len (hashList 2))

pair = []

for n _sub node in range (threshold, n):
L1l = hashList 1[n sub node]
L2 = hashList 2[n sub node]



def

def

o4

Ll = sorted(Ll, key=lambda x: x.hashnode)
L2 = sorted (L2, key=lambda x: x.hashnode)
i =20

3 =0

while 1 < len(Ll) and 7 < len(L2):

Pl CustomNode.get parent (L1[i])
P2 = CustomNode.get parent(L2[]])
if Pl and P2 and Pl.hashnode

P2 .hashnode:

i +=1
jo+=1
continue
if L1[i].hashnode > L2[]j].hashnode:
j o+=1
elif L1[i].hashnode < L2[j].hashnode:
i +=1
else:
pair.append ([L1[i], L2[311)
i +=1
j o+=1
return pair
ast cc similarity(astl, ast2):
size 1 = default tree size(astl, CustomNode.get children)
size 2 = default tree size(ast2, CustomNode.get children)
hashListl = hashListClassify(astl, size 1)
hashList2 = hashListClassify(ast2, size 2)

res compare (hashListl,
total = 0
for r in res:

hashList2,

threshold=2)

total += default tree size(r[0], CustomNode.get children)

return 2 * total / (size 1 + size 2)

ast cc compare(astl, ast2):

size 1 = default tree size(astl, CustomNode.get children)

size 2

default tree size(ast2,

hashListl
hashList?2

= hashListClassify(astl,
hashListClassify(ast2,

size 1)
size 2)

res
total = 0
if not res:

print ('There aren\'t common')

compare from parent (hashListl, hashListZ2,

CustomNode.get children)

threshold=2)

return 0
print (f'There are {len(res)} reports')
print ('-—-=-———- ASTl--—-=-=—=——— | ————————= AST2-—-——————- | -—-No. Node---")
for r in res:
n node = default tree size(r[0], CustomNode.get children)
print (' (%3d, %3d), (%3d, %3d) | (%3d, %3d), (%3d, %3d) | %5d"

% (r[0].start[0],
r[l].start[0],

r(0].start[1],
r(l].start[1],

r[(0].end[0],
r(l].end[O0],

r[(0].end[1],
r(l].end[1],
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return 2

3.2.3 M4 nguén so sanh 2 ciy AST theo phwong phap TF-IDF

# TF-IDF
from import
from import

def
return

def , , 1, 2

2000 # Can be increased if efficency is not an issue

analyzer="word',

tokenizer ,
preprocessor ,

# Consider unigrams and bigrams only
ngram range ,
sublinear tf=True, # (l+log(tf)) instead of just tf
max features ,
encoding="utf-8",

decode error="ignore",

stop words=None,

lowercase=False,

norm="12" # Each row will be unit normalized
return 0][1 ,
3.2.4 Ma ngudn so sanh 2 ciy AST theo phwong phiap AST-CC
from import ,
def ’
for in range 1
def
if is not None
if 0 ’
for in
return
def , / 1

min (len , len
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for n sub node in range(n - 1, threshold - 1, -1):
L1 = hashList 1[n_sub node]
L2 = hashList 2[n sub node]
L1l = sorted(Ll, key=lambda x: x.hashnode)
L2 = sorted (L2, key=lambda x: x.hashnode)
i=0
3 =0
while 1 < len(Ll) and 7 < len(L2):
P1 = CustomNode.get parent (L1[i])
P2 = CustomNode.get parent(L2[]J])
if P1 and Pl in ls:
ls.append(L1[i])
i+=1
continue
elif P2 and P2 in ls:
ls.append(L2[3])

j +=1
continue
if L1[i].hashnode > L2[]j].hashnode:
j +=1
elif L1[i].hashnode < L2[j].hashnode:
i +=1
else:

pair.append([L1[i], L2[J]1])
ls.append(L1[i])
ls.append(L2[j1)
i +=1
j +=1

return pair

def compare (hashList 1, hashList 2, threshold=1):
n = min (len (hashList 1), len(hashList 2))
pair = []
for n sub node in range (threshold, n):
Ll = hashList 1[n sub node]
L2 = hashList 2[n sub node]

Ll = sorted(Ll, key=lambda x: x.hashnode)
L2 = sorted (L2, key=lambda x: x.hashnode)
i =20
3 =0

while i < len(Ll) and j < len(L2):
Pl = CustomNode.get parent (L1[i])
P2 = CustomNode.get parent(L2[]J])

if Pl and P2 and Pl.hashnode == P2.hashnode:
i +=1
Jo+=1
continue
if L1[i].hashnode > L2[j].hashnode:
j +=1
elif L1[i].hashnode < L2[j].hashnode:
i += 1
else:
pair.append([L1[1i], L2[j11])
i +=1
j +=1

return pair



57

def ’
14
14
, , threshold=2
0
for in
01,
return 2
def ,
, , threshold=2
0
if not
print ('There aren\'t common'
return 0
print (f'There are {len } reports'
print ('-——-—-——--- AST]l-—-—-—————-— | ————————- AST2—-—=——————-— -—-No. Node---'"
for in
01,
print (' (%3d, %3d), (%3d, %$3d) | (%3d, %3d), (%3d, %3d) | %5d"
0 01, 0 11, 0 01, 0 11,
1 01, 1 11, 1 01, 1 1],

return 2
3.3. Thuc nghiém hé théng véi dir liéu dau vao da gan nhan (phan loai)
Dit liéu dau vao dd phan loai gdm 16 ma ngudn gom 10 mi ngudn di dugc gan nhan
(phan loai) theo thu thuét sao chép va 6 ma ngudn khong lién quan dé dam bao tranh truong

hop duong tinh gia (False Positive) [10]



3.3.1 Swr dung phwong phdap L.CS

1
p
3
4
5
6
7
8
9

B R R R R RR
o bk WNR O

Name

€~ 00-original.cpp

c~ 01-variables-and-types-changed.cpp
C~ 02-order-changed.cpp

C~ 03-dead-code.cpp

c~ 04-moderately-plagiarized.cpp

c~ 05-heavily-plagiarized.cpp

c~ 06-different-approach.cop

c~ 07-another-approach.cpp

c~ 08-somewhat-related-dfs.cpp

c~ 09-somewhat-related-bfs.cpp

c~ 10-unrelated-guicksort.cpp

c~ 11-unrelated-mergesort.cpp

c~ 12-unrelated-fibonacci-recursive.cpp

c~ 13-unrelated-fibonacci-matrix.cpp

c~ 14-unrelated-fibonacci-memoization.cpp

c~ 15-unrelated-fibonacci-dynamic.cpp
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Date modified

3/27/2022 4:06 PM
3/27/2022 4:06 PM
4/16/2022 4:34 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 PM
3/27/2022 4:06 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 3.6: B4 ma nguén da gan nhan

Size

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

Hinh 3.7: Két qua phwong phap LCS so sanh giira 16 ma ngudn da gan nhin
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Sir dung phwong phdp TF-IDF
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0.41

=
N

0.45

0.44

0.47

0.45

=
w

0.23

0.23

0.43

0.22

0.37| 0.33| 0.42( 0.37| 0.34| 0.42| 0.23| 0.23| 0.21| 0.34
0.33| 0.43| 0.41| 0.41| 0.45| 0.22| 0.31| 0.22| 0.26

0.34| 0.35| 0.26/ 0.3| 0.32| 0.19| 0.19] 0.25

0.63 0.29| 0.26| 0.31| 0.29| 0.17| 0.19| 0.26
0.34| 0.29 0.33| 0.34| 0.2| 0.26| 0.19| 0.29
0.35| 0.29| 0.8 0.31| 0.23] 0.27| 0.19| 0.31
0.26| 0.26| 0.33 0.36| 0.36| 0.37| 0.33
0.3] 0.31| 0.34 0.66 0.37| 0.34] 0.45
0.32| 0.29| 0.2 0.36| 0.34 0.37| 0.29

=
B

0.3

0.3

033

031

0.19

0.17| 0.26

0.36

0.37

0.23

=
4]

0.22

0.22

031

0.22

0.19

0.19| 0.19

0.37

034

0.37

=
[5)]

0.26

0.25

03

0.26

0.25

0.26| 0.29

033

0.45

0.29

Hinh 3.8: Két qua phwong phap TF-IDF so sanh giira 16 ma nguon di

3.3.3

Sir dung phwong phap AST-CC

1
2
3
a4
5
6
7
8
9

=
(=]

=
=

=
(]

=
w

=
-

=
(5]

=
[=)]

Hinh 3.9: Két qua phwong phap AST-CC so sanh giira 16 ma ngudn di gan nhan
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3.3.4 Nhdn xét, danh gia
Dua trén két qua dit liéu dd gan nhin dau vao, duong cong ROC dugc v& bai 3 phuong

phap LCS, TF-IDF va AST-CC duoc biéu dién nhu sau:

Receiver operating characteristic (ROC)

1.0 4 -
,
”
’
”
-~
s
0.8 - R
”
”
’
b 7
« R
o 0.6 1 ’
’
B 7
@ ’
& L7
g 0.4 ol
'_
R
”
’
”
0.2 -7
: PR ROC curve AST-CC (area = 0.92)
7 —— ROC curve LCS (area = 0.86)
,/’ = ROC curve TF-IDF (area = 0.88)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate
Hinh 3.10: Két qua phwong phap LCS so sanh giita ma nguon chwa phén loai
Do thi trén khdng gian ROC cho thdy theo 1y thuyét, duong ROC tao béi AST-CC ¢6
do chinh x4c cao nhit. Tuy nhién do dir liéu thuc nghiém duogc gan nhan con qué it, nén danh
gia nay mang tinh chu quan va can duoc kiém th véi tap dir liéu 16n hon.
Két qua danh gia tir phan thuc nghiém tir dir liéu da phén loai (d3 gan nhén) cho thiy
mot s6 nhan xét nhu sau:
e V6i céc thu thuat thong thuong nhu thay ddi format md ngudn, thay ddi tén ham,
tén bién, thay ddi kiéu bién. Ca 3 ky thuat hoat dong tét, tra vé do twong tu cao
e V6i thi thuat thay d6i thir tw ma ngudn, bd sung ma ngudn du thira (dead-code)
o LCS khdng con nhay, tra vé do twong tu thap (&m tinh gia).
o TF-IDF va ASC-CC van thé hién d6 nhay cao, tinh dap tng twong déi tét,
khi tra vé d6 twong tu cao (trén 0,8)

e \/Gi viéc trién khai ma ngudn theo hudng tiép can méi:
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o LCS va TF-IDF tra vé d6 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 ning gay ra duong tinh gia cao.
o AST-CC vin hoat dong tét khi cho murc d6 twong tu thap.

3.4. Thuc nghiém h¢ thong véi dir liéu diu vao chwa phan loai

Dt li€u dau vao chua phan loai gobm 49 ma ngudn la cac bai lam cua sinh vién trén hé

thdng code.ptit.edu.vn cho bai tap sau:

Mot xau nhi phan do dai n dugc goi la thuan nghich hay ddi xung néu dao nguoc xau
nhi phan d6 ta van nhan dugc chinh né. Cho sb tw nhién n (n nhap tir ban phim). Hay
viét chuong trinh li¢t ké tat ca cac xau nhi phan thuan nghich c6 do dai n. Hai phﬁn to
khac nhau cua xau thuan nghich duoc ghi cach nhau mot khoang tréng. Vi du véin = 4
ta tim dugc 4 xau nhi phan thuan nghich nhu dudi day.

0 0 0 0
0 1 1 0
1 0 0 1
1 1 1 1
Vi du
Input Output
0 00O
0110
4 1 001
1 111

Bai tap thuc hanh Sinh nhi phan trén code.ptit.edu.vn

Mot s0 bai lam cua cac sinh vién nhu sau:
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#include<stdio.h>

int nextBitString(int a[], int n){

int k;

for (k = n; k >= 1; k--){
if (a[k] == @) break;

}

for (int i = k; i <= n; i++){
a[i] = 1 - a[i];

}

for (k = n; k >= 1; k--){
if (a[k] == @) break;

}

if (k == @) return 1;

else return 9;

}

void printfBitString(int a[], int n){
for (int 1 = 1; i <= n; i++) printf("%d ", a[i]);
printf("\n");

}

int thng(int a[], int n){
for (int i = 1; 1 <= n/2 + 1; i++){
if(a[i] != a[n - i + 1]) return ©;
}

return 1;

}

int main(){
int n;
scanf("%d", &n);
int a[n];
for (int i = 1; i <= n; i++) a[i] = @;
int last = 0;
while (!last){
if(thng(a, n)){
printfBitString(a, n);
}
last = nextBitString(a, n);
}
printfBitString(a, n);
return 0;

Bai lam so 1




63

#include<stdio.h>

int nextBitString(int a[], int n){

int k;

for (k = n; k >= 1; k--){
if (a[k] == @) break;

}

for (int i = k; i <= n; i++){
a[i] = 1 - a[i];

}

for (k = n; k >= 1; k--){
if (a[k] == @) break;

}

if (k == @) return 1;

else return 9;

}

void printfBitString(int a[], int n){
for (int 1 = 1; i <= n; i++) printf("%d ", a[i]);
printf("\n");

}

int thng(int a[], int n){
for (int i = 1; 1 <= n/2 + 1; i++){
if(a[i] != a[n - i + 1]) return O;
}

return 1;

}

int main(){
int n;
scanf("%d", &n);
int a[n];
for (int i = 1; i <= n; i++) a[i] = @;
int last = 0;
while (!last){
if(thng(a, n)){
printfBitString(a, n);
}
last = nextBitString(a, n);
}
printfBitString(a, n);
return 0;

Bai lam cua so 4
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#include<stdio.h>
#include<string.h>
int t,k,i,j,ok;
int arr[1005];
void in(){
for(i=1;i<=k;i++)
printf("%d ",arr[i]);
printf("\n");
¥
int thuannghich(){
int d=1,c=k;
while(d<c){
if(arr[d]!=arr[c])
return 0;
d++; c--;
¥
return 1;
¥
void sinh(){
int i=k;
while(i>0 && arr[i]==1) i--;
if(i<=0){
ok=1;
¥
else{
arr[i]=1;
for(j=i+1;j<=k;j++){
arr[j]=0;
¥

}

int main(){

scanf("%d",&k);
ok=0;
for(i=1;i<=k;i++)
arr[i]=0;
while(!ok){
if(thuannghich()==1)
in();
sinh();
}

Bai lam cua so 18




3.4.1 Swrdung phwong phdp L.CS
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a5 10| 11| 12| 13| 1a| 15| 18| 1| 18| 10| 20| 21| 22| 23| 24| 25| 26| 27| 28] 20| 30| 31| 32| ss| sa| ss| 3| 37| 38| 30| ao] 41| 42| 43| as| as| as| 47| a8 ao
1 051|051 036 0.0 | 050 | 0.47 | 0.43 | 050 | 0.42 | 0.49 | 047 | 0.3 | 0.50 | 086 | 0.62 | 0.02 | 041 | 0.32 | 0.35 | 035 | 0.51 | 0.48 | 0.45 | 0.6 | 0.49 | 0.42 | 028 | 0.49 | 038 | 035 | 0.53 | 052 | 048 | 0.40 | 035 | 047 | 054 | 0.48 | 047 | 0.52 | 0.52 | 050 | 0.2 | 050
3 044 023 044 047 | 043 | 0.5 | 050 | 047 | 0.42 | 0.23 | 051 | 0.38 | 0.47 | 047 | 0.28 | 0.61 | 052 | 0.52 | 0.38 | 045 | 0.35 | 0.43 | 045 | 0.47 | 0.45 | 0.40 | 0.48 | 0.47 | 0.41 | 044 | 0.42 | 0.51| 039 | 0.33 | 0.40 | 043 | 0.47 | 086
80 [0a3 044 047 | 043 | 0.5 | 050 | 047 | 0.42 | 0.23 | 051 | 0.38 | 0.47 | 047 | 0.28 | 0.61 | 052 | 0.52 | 0.38 | 045 | 0.35 | 0.43 | 045 | 0.47 | 0.45 | 0.40 | 0.48 | 0.47 | 0.41 | 044 | 042 | 0.51| 039 | 0.33 | 0.40 | 043 | 0.47 | 086
] 100 EEAEES 0.44 | 053 | 045 | 0.4 | 059 | 0.44 | 0.65 | 054 | 0.50 | 0.7 | 087 | 0.56 | 0.29 | 055 | 0.35 | 0.53 | 053 | 0.61 | 0.5 | 057 | 0.54 | 0.61 | 050 | 031 | 0.53 | 0.5 | 0.55 | 0.5 | 0.55 | 0.55 | 0.4 | 0.38 | 058 | 0.51 | 0.56 | 048 | 0.43 | 0.53 | 061 | 0.58 | 056
5 056 RGN 029 | 023 | 044 0246|043 042|043 | 050 062025 058 062 052|032 | 028|035 052|052 056|052 056 023] 071042 030|043 025052048 058|058 022|023 022 050|021 058 04e| 051|029 054] 055
[ 6] 055 | 0.0 JFE) 050 | 061 | 0.46 | 0.50| 061 | 0.50 | 0.56 | 0.58 | 0.59 | 0.5 | 058 | 0.47 | 0.25 | 058 | 0.40 | 0.58 | 058 | 0.60 | 0.44 | 0.6¢ | 0.60 | 0.47 | 057 | 038 | 0.60 | 0.53 | 0.58 | 0.56 | 0.50 | 0.5¢ | 0.51 | 0.42 | 048 | 0.52 | 0.56 | 050 | 0.52 | 0.46 | 057 | 0.48 | 052
7 023 043 | 050 Rl 052 | 0.2 RN 052 BN 0.47 | 0.43 | 055 | 0.50 | 0.27 | 042 | 0.23 | 0.51| 039 | 047 | 0.47 | 0.49 | 0.41 | 0.52 | 052 | 038 | 0.49 | 035 | 049 | 0.45 | 0.47 | 045 | 0.40 | 0.28 | 047 | 041 | 0.44 | 042 | 051 | 0.39 | 039 | 0.40 | 0.43 | 047 | 046
8 050028 | 061 051|054 033|051 054 | 0.51 ] 0.48 | 055 | 0.77 | 0.#5 | 051 | 040 | 0.30 | 073 | 052 | 0.76 | .76 | 0.57 | 0.46 | 0.77 | 0.70 | 0.43 | 0.72 | 053 | 0.54 | 0.54 | 0.76 | 0.48 | 0.43 | 064 | 0.54 | 0.41 | 045 | 045 | 0.43 | 050 | 0.43 | 0.38 | 0.48 | 0.47 | 0.43
9 043 043 | 050 0l 052 | 0.2 JERRN| 0.52 RN 0.47 | 0.43 | 055 | 0.50 | 0.47 | 042 | 0.23 | 051 | 039 | 047 | 0.47 | 0.49 | 0.41 | 0.52 | 052 | 0.38 | 0.49 | 035 | 049 | 0.45 | 0.47 | 045 | 0.40 | 0.58 | 0.47 | 0.41 | 0.44 | 042 | 051 | 0.39 | 039 | 0.40 | 0.43 | 0.47 | 0.5
10 059|044 | 061 052 RN 0.22 | o.52 W 0.52 | 0.60 | 0.51 | 0.57 | 0.51 | 061 ] 048] 0.2 | 062 | 0.37 | 0.58 | 0.58 | 0.56 | 0.50 | 0.61 | 0.65 | 0.52 | 056 | 0.35 | 0.58 | 0.48 | 0.5 | 0.58 | 0.51 | 0.5 | 0.4 | 0.38 | 050 | 050 | 052 | 047 | 0.49 | 0.47 | 055 | 0.5 | 054
11 026 | 0.95 | 0.6 0.45 0.42 W 0.45 | 042 | 0.2 | 044 | 0.43 | 0.37 | 0.#5 | 046 | 050 | 0.21 | 033 | 028 | 0.32 | 032 | 043 | 0.43 | 0.37 | 0.38 | 0.43 | 035 | 023 | 046 | 0.3 | 032 | 0.41 | 0.86 | 037 | 0.36 | 032 | 045 | 053 | 0.4 | 045 | 0.51 | 0.48 | 0.84 | 0.48 | Q.29
32 022 | 033 | 050 0 052 0.4 RN 052 RN 0.47 | 0.43 | 0.55 | 0.50 | 0.47 | 042 | 0.25 | 051 | 039 | 047 | 0.47 | 0.49 | 041 | 052 | 052 | 038 | 0.49 | 035 | 049 | 0.45 | 0.47 | 0.45 | 0.40 | 098 | 0.47 | 041 | 0.4 | 042 051 | 0.39 | 039 | 0.0 | 0.43 | 0.47 | 0.4
13 059044 | 061 052 042 052 052 | 0.60 | 051 | 057 | 0.51 | 061 048 | 0.26 | 0:62 | 0.57 | 0.58 | 0.58 | 0.56 | 0.50 | 0.61 | 0.65 | 052 | 0.56 | 035 | 0.58 | 048 | 0.58 | 0.58 | 0.51 | 0.5¢ | 0.44 | 038 | 0.50 | 050 | 052 | 0.47 | 0.49 | 0.47 | 0.55 | 055 | 054
18 022 043 | 050 | 052 | 0.4 || o.52 BN 047 | 0.23 | 055 | 0.50 | 0.27 | 042 | 0.23 | 051 | 039 | 047 | 0.47 | 0.49 | 041 | 0.52 | 052 | 038 | 0.49 | 035 | 049 | 0.45 | 0.47 | 0.5 | 0.60 | 0.28 | 0.47 | 0.21 | 0.4 | 042 | 0.51 | 0.39 | 039 | 0.40 | 0.43 | 0.47 | 0.26
15 065 | 050 | 056 0.47 | 060 | 0.44 | 0.47 | 0.60 | 0.47 |Gl 055 | 0.56 | 0.6 | 0.70 | 049 | 0.32 | 0.65 | 040 | 0.45 | 0.49 | 0.66 | 0.59 | 0.5 | 0.63 | 0.54 | 0.62 | 035 | 0.66 | 0.64 | 0.49 | 0.68 | 0.52 | 058 | 0.46 | 0.39 | 061 | 0.57 | 0.5 | 0.49 | 0.51 | 0.69 | 060 | 0.59 | 0.63
16 052 052 | 058 0.43 | 051 | 043 | 0.43 | 051 | 043 | 0.5 JFMEN 0.57 | 0.57 | 055 | 0.51 | 0.29 | 058 | 040 | 0.67 | 0.67 | 0.71 | 0.46 | 0.72 | 0.60 | 0.56 | 058 | 0.38 | 0.52 | 0.5 | 0.67 | 0.50 | 0.5 | 0.58 | 0.47 | 0.42 | 051 | 053 | 0.50 | 067 | 0.48 | 0.51 | 051 | 0.50 | 0.5
47 050 045 | 059 055 | 057 | 037 | 0.5 | 057 | 0.5 | 0.56 | 0.57 Wl 0.25 | 052 | 0.45 | 0.30 | 078 | 0.51 | 0.78 | 0.79 | 0.59 | 0.48 | 0.7 | 0.78 | 0.42 | 081 | 052 | 0.63 | 0.61 | 0.79 | 0.5 | 0.43 | 0.61 | 0.59 | 0.44 | 048 | 0.51 | 0.60 | 051 | 0.42 | 0.43 | 048 | 0.52 | 0.46
18 075|058 | 056 050 | 051 | 045 | 0.50 | 051 | 0.50 | 0.63 | 057 | 0.5 |l 0.72] 052 | 0.28 | 048 | 0.31 | 0.51 | 051 | 0.59 | 0.53 | 058 | 0.51 | 0.58 | 0.48 | 030 | 0.58 | 0.52 | 0.51 | 0.53 | 0.47 | 0.56 | 0.40 | 0.38 | 058 | 0.51 | 0.43 | 043 | 0.42 | 0.49 | 058 | 0.56 | 0.54
15 087 | 052 | 058 0.47 | 061 | 045 | 0.47 | 061 | 047 | 0.70 | 055 | 0.52 | 0.72 JFME| 056 ] 0.30 | 058 | 0.37 | 0.53 | 055 | 0.61 | 0.56 | 056 | 0.56 | 0.67 | 050 | 034 | 0.58 | 0.59 | 055 | 0.57 | 0.50 | 0.60 | 0.47 | 0.37 | 058 | 052 | 0.54 | 045 | 0.52 | 0.51 | 062 | 0.63 | 055
20 056 059 | 047 0.42 | 048] 0.50 | 0.42 | 048 | 0.42 | 0.49 | 051 | 0.65 | 0.52 | 0.56 [N 0.25 | 041 | 0.31 | 0.43 | 043 | 0.47 | 0.51 | 0.46 | 0.4 | 0.53 | 0.41 | 030 | 0.48 | 0.39 | 043 | 0.60 | 055 | 0.52 | 0.22 | 0.37 | 049 | 052 | 0.47 | 048 | 0.53 | 0.57 | 047 | 0.53 | 056
21 029|032 ] 055 0.23| 026 021 | 0.23| 026 | 0.3 | 0.32 | 0.29 | 0.30 | 0.28 | 030 | 0.25 JJERU0 035 052 | 0.30 | 030 | 030 | 0.27 | 031 | 033 | 0.26 | 035 | 038 | 0.22 | 0.33 | 030 | 0.35 | 0.28 | 031 | 0.4 | 031 | 026 | 026 ] 0.02 | 032 | 031 ] 0.22 | 038 | 034 0.35
22 053 028|058 051 062 033 | 051 062 | 0.51 | 0.65 | 0.59 | 0.78 | 0.28 | 058 | 0.41 | 0.35 JWNI 052 | 0.73 | 0.73 | 0.65 | 0.51 | 0.66 | 0.79 | 0.47 | 0.76 | 048 | 0.55 | 0.65 | 0.73 | 0.65 | 0.47 | 065 | 0.64 | 0.41 | 050 | 048 | 0.55 | 0.5 | 0.46 | 0.61 | 051 | 0.5 | 0.53
23 035 03 | 040 039 | 037 028|039 | 037 | 0.39 | 0.40 | 0.80 | 0.51 | 0.31 | 037 031 | 054 | 052 RN 0.62 | 062 | 0.39 | 0.35 | 052 | 0.52 | 0.31 | 050 | 068 | 0.36 | 0.43 | 0.62 | 0.8 | 0.35 | 0.49 | 0.67 | 0.42 | 036 | 0.35 | 0.35 | 038 | 0.3% | 0.30 | 036 | 039 ] 0.33
24 053 052|058 0.47 | 058 | 0.32| 0.47 | 058 | 0.47 | 0.49 | 067 | 0.79 | 0.51 | 053] 043 | 0.30 | 073 | 0.62 |FRCMEWHN 0.5¢ | 0.41 | 083 | 0.77 | 0.47 | 0.75 | 054 | 0.53 | 0.53 JFWCN 0.48 | 0.85 | 069 | 0.57 | 0.47 | 040 | 043 | 0.50 | 044 | 039 | 0.37 | 049 | 0.45 | 0.43
25 053052058 047 | 058 032 | 0.47| 058 | 047 | 0.49 | 067 | 0.79 | 0.51 | 053 043 | 0.30 | 073 | 0.62 |ERNERVIN 0.5¢ | 0.61 | 083 | 0.77 | 0.47 | 0.75 | 054 | 0.53 | 0.53 JBWNl 0.48 | 0.85 | 069 | 0.57 | 0.47 | 040 | 043 | 0.50 | 0.4 | 039 0.37 | 049 | 045 | 0.43
26 061 056 | 060 049 | 056 | 043 | 0.49 | 0.56 | 0.49 | 066 | 0.71 | 0.59 | 0.59 | 061 | 047 | 0.30 | 065 039 | 0.5% | 0.5 JPW| 0.52 | 063 | 0.67 | 0.51 | 063 | 035 | 0.59 | 066 | 0.5 | 0.59 | 0.52 | 0.5 | 0.46 | 0.39 | 057 | 054 | 058 | 071 | 046 | 0.50 | 0.60 | 0.53 | 061
27 055 052|084 041 050 043 | 0.41] 050 | 0.41 | 0.5 | 0.46 | 0.48 | 0.53 | 056 | 051 | 0.07 | 051 ] 0.55 | 0.41 | 0.41 | 0.52 |FWel] 0.43 | 0.48 | 0.54 | 0.46 | 030 | 0.51 | 0.50 | 0.41 | 0.51 | 0.50 | 0.8 | 0.41 | 037 | 089 | 054 | 0,50 | 048 | 0.52 | 0.53 | 0.49 | 0.51 | 052
28| 057 | 056 | 064 052 061 ] 037 | 052 0561 | 0.52 | 0.54 | 0.72 | 0.74 | 058 | 056 | 046 | 031 | 0.6 | 0.52 | 0.83 | 083 | 0.63 | 0.43 052 077 | 049 | 063 | 054 | 0.83 | 0.58 | 050 | 0.75 | 057 | 044 | 043 | 0:49 | 055 0.52 | 0.45 | 0.85 | 0.53 | 049 | 050
29 054043 ] 080 052 065 | 038 | 052 | 065 | 0.52 | 0.63 | 060 | 0.78 | 0.5 | 056 | 044 | 033 | 079 0.52 | 0.77 | 077 | 0.67 | 038 | 082 0.65| 085 | 0.47 | 0.65 | 069 | 0.77 | 0.61 | 054 | 0.68 | 055 | 042 | 051 | 0.49 | 055 | 0.51 | 0.45 | 045 | 0.54 | 050 | 057
30 061 071|047 038 | 052 | 043 | 0.38 | 052 | 0.38 | 0.54 | 056 | 0.2 | 0.58 | 067 | 0.53 | 0.06 | 047 | 031 | 0.47 | 0.47 | 0.51 | 0.5¢ | 052 | 0.45 | 0.¢0| 028 [ 0.45 | 0.52 | 047 | 0.65 | 0.63 | 0.5¢ | 0.41 | 034 | 052 | 048 | 0.43 | 054 | 045 | 0.61 | 053 | 0.48 | 057
31 050 022|057 0.49 | 056 | 0.35 | 0.49 | 056 | 0.43 | 0.62 | 0.58 | 0.61 | 0.28 | 050 | 0.41 | 0.35 | 0.76 | 0.50 | 0.75 | 0.75 | 0.63 | 0.46 | 0.77 | 0.86 | 0.40 MW 048 | 0.63 | 0.62 | 0.75 | 0.58 | 0.45 | 0.67 | 0.57 | 0.41 | 047 | 053 | 0.55 | 049 | 0.42 | 0.43 | 050 | 0.28 | 0.29
32 03103003 035 | 035 0.23 | 0.35 | 035 | 0.35 | 0.35 | 038 | 0.52 | 0.30 | 034 | 0.30 | 0.38 | 048 | 0.68 | 0.52 | 054 | 0.35 | 0.30 | 0.49 | 0.47 | 0.28 | 0.43 NN 0.33 | 0.42 | 054 | 0.35 | 0.08 | 043 | 0.53 | 0.40 | 034 | 029 | 0.33 | 033 | 031 | 0.28 | 035 | 03¢ 0.35
33 059 083|080 0.43 | 058 | 0.45 | 0.49 | 058 | 0.43 | 0.64 | 052 | 0.63 | 0.5 | 058 | 0.48 | 0.02 | 055 | 0.36 | 0.53 | 053 | 0.59 | 0.51 | 063 | 0.65 | 0.45 | 063 | 0.33 |JERGl| 0.51 | 053 | 0.57 | 0.48 | 0.55 | 0.25 | 0.34 | 056 | 0.55 | 0.67 | 043 | 0.47 | 0.49 | 059 | 0.5 | 056
34 054085 053 0.45 | 048 | 0.36 | 0.45 | 048 | 0.45 | 0.64 | 055 | 0.61 | 0.52 | 059 | 0.39 | 0.33 | 0.65 | 043 | 0.53 | 0.53 | 0.66 | 0.50 | 0.5 | 0.6% | 0.52 | 0.62 | 042 | 0.51 |JMOl 055 | 0.5 | 0.46 | 051 | 0.25 | 0.38 | 051 | 043 | 0.48 | 052 | 043 | 0.62 | 057 | 0.55 | 055
35 053 052058 0.47 | 058 | 032 | 0.47| 058 | 047 | 0.43 | 067 | 0.73 | 051 | 053 | 043 | 0.30 | 073 | 0.2 |ERCONEUON 0.5¢ | 0.61 | 083 | 0.77 | 0.47 | 075 | 054 | 0.53 | 0.53 JFMIN 0.28 | 0.85 | 069 | 0.57 | 0.47 | 040 | 043 | 0.50 | 044 | 039 | 0.37 | 049 | 045 ] 0.83
36 055 048] 056 0.45 | 058 | 0.41 | 0.45| 058 | 0.45 | 0.68 | 0.50 | 0.5 | 0.53 | 057 | 0.60 | 0.35 | 065 | 0.38 | 0.48 | 0.48 | 0.59 | 0.51 | 058 | 0.61 | 0.45 | 059 | 036 | 0.57 | 0.55 | 0.48 |JPMERl 0.41| 053 | 0.67 | 0.41 | 054 | 0.57 | 0.57 | 045 | 0.61 | 0.43 | 054 | 0.69 | 054
37 053 | 058 | 050 0.40 | 051 | 0.46 | 0.40 | 051 | 0.40 | 052 | 0.55 | 0.43 | 0.27 | 050 | 0.5 | 0.28 | 0.47 | 0.35 | 0.45 | 045 | 0.52 | 0.50 | 050 | 0.54 | 0.63 | 045 | 0.28 | 0.48 | 0.46 | 0.5 | 0.1 UGN 051 ] 0.57 | 033 | 049 | 045 | 0.45 | 056 | 0.45 | 0.57 | 046 | 0.43 | 0.62
38 055 | 059 | 054 048 | 054 | 0.37 | 0.48 | 054 | 0.48 | 0.58 | 0.59 | 0.61 | 0.5 | 060 | 0.52 | 0.31 | 065 | 049 | 0.63 | 0.69 | 0.54 | 0.84 | 0.75 | 0.68 | 0.54 | 0.67 | 043 | 0.55 | 6.5 | 0.69 | 0.53 | 0.5 WG| 0.57 | 0.40 | 046 | 050 | 0.50 | 051 | 0.42 | 0.47 | 088 | 0.49 | 056
39 042 | 043 051 047 | 044|036 | 0.47| 043 | 047 | 0.46 | 0.47 | 0.59 | 0.#0 | 047 | 042 | 0.44 | 068 | 067 | 0.57 | 0.57 | 0.6 | 0.61 | 057 | 0.55 | 0.41 | 057 | 053 | 0.45 | 0.45 | 057 | 0.47 | 0.37 | 0.57 |l 024 | 061 | 046 | 0.45 | 042 | 0.46 | 0.38 | 0.84 | 046 [ 0.43
40 038 043|042 041 038 | 032 | 0.41] 038 | 041 | 0.39 | 0.42 | 0.4 | 038 | 037 037 | 031 | 0:41] 042 | 0.47 | 047 | 039 0.37 | 0.4 | 042 034 | 0.41 | 040 | 0.34 | 0.38 | 0.47 | 0.41 | 033 | 020 | 0.2« WSl 035 041 | 038 | 038 | 040 | 0.31 | 039 | 0.38 | 039
41 058 043|048 0.44| 050 | 045 | 0.48 | 050 | 0.44 | 0.6 | 0.51 | 0.48 | 0.58 | 059 | 049 | 0.26 | 050 | 0.36 | 0.40 | 0.40 | 0.57 | 0:89 | 0.43 | 0.51 | 052 | 0.47 | 032 | 0.56 | 051 | 0.40 | 0.5 | 0,89 | 0.6 | 0.41 | 0.35 W 052 052 | 047 | 0.50 | 0.49 | 050 | 0.51 | 050
42 051 050 052 0.42| 050 053 | 0.42| 050 | 0.42 | 0.57 | 0.53 | 0.51 | 051 | 052 | 052 | 0.2 | 048 | 0.5 | 0.43 | 0.43 | 0.54 | 0.54 | 0.49 | 0.49 | 0.48 | 055 | 0.29 | 0.55 | 0.43 | 0.43 | 0.57 | 0.85 | 0.50 | 0.6 | 0.41 | 0.54 WOl 056 | 049 | 0.52 | 0.50 | 052 | 0.96 | 054
056 | 041 056 051 052] 044 | 051] 052 | 0.51 | 0.58 | 050 | 0.60 | 0.49 | 054 | 047 | 0.22 | 055 0.5 | 0.50 | 050 | 0.59 | 0.50 | 055 | 0.55 | 043 | 055 | 033 | 0:67 | 0.48 | 050 | 0.57 | 0.45 | 0.50 | 0.45 | 0.34 | 052 | 0.54 JEREN 0.85 | 0.46 | 0.51 | 056 | 0.51 | 051
44 045 | 058 | 050 039 | 047 045 | 039 | 047 | 039 | 0.49 | 067 | 0.51 | 0.23 | 049 | 048 | 0.32 | 052 | 0.38 | 0.62 | 0.42 | 0.71 | 0.68 | 052 | 0.51 | 0.54 | 0.49 | 033 | 0.43 | 0.52 | 043 | 0.65 | 0.56 | 051 | 0.2 | 0.38 | 047 | 049 | 0.e5 JBWI 045 ] 0.5¢ | 0.8 | 0.43 | 051
45 049 | 043 | 054 039 | 049 | 0.51 | 0.39 | 049 | 0.39 | 0.51 | 048 | 0.4 | 0.62 | 052 | 0.53 | 0.31 | 046 | 032 | 0.38 | 0.39 | 0.46 | 0.52 | 0.45 | 0.6 | 0.45 | 0.4 | 031 | 0.47 | 0.43 | 039 | 0.61 | 0.85 | 0.0 | 0.46 | 0.60 | 050 | 052 | 0.45 | 0.6 JJWRN| 0.65 | 053 | 0.5 | 055
46 053 | 051 045 0.40 | 047 | 048 | 0.40 | 047 | 0.40 | 0.49 | 051 | 0.23 | 0.29 | 051 | 0.57 | 0.02 | 041 0.30 | 0.37 | 037 | 0.50 | 0.53 | 0.45 | 0.45 | 0.61 | 0.43 | 028 | 0.43 | 0.42 | 037 | 0.83 | 0.57 | 047 | 0.38 | 0.31 | 049 | 050 | 0.5 | 054 | 0.45 [N 049 | 0.45 | 0.61
47 061 083|057 0.43 | 055 | 044 | 0.43 | 055 | 0.43 | 0.60 | 051 | 0.8 | 0.58 | 062 | 0.47 | 0.08 | 051 | 0.36 | 0.43 | 0.49 | 0.60 | 0.49 | 053 | 0.54 | 0.53 | 050 | 0.35 | 0.58 | 0.57 | 049 | 0.5% | 0.26 | 0.48 | 0.4 | 0.39 | 050 | 0.52 | 0.56 | 048 | 0.53 | 0.49 060 | 0.60
48 055 | 052 049 0.47 | 055 | 048 | 0.47 | 055 | 0.47 | 0.59 | 050 | 0.52 | 0.56 | 063 | 0.53 | 0.34 | 055 | 0.35 | 0.45 | 0.45 | 0.53 | 0.51 | 0.49 | 0.50 | 0.48 | 048 | 032 | 0.5 | 0.5 | 045 | 0.6 | 0.43 | 045 | 0.26 | 0.38 | 051 | 0.56 | 0.51| 043 | 0.5 | 0.45 | 0.60 WY 0.50
49 056 055 | 052 0.46 | 054 ] 049 | 0.45| 054 | 0.46 | 0.63 | 0.54 | 0.86 | 0.5¢ | 055 | 0.56 | 0.05 | 053 | 0.33 | 0.43 | 0.43 | 0.61 | 0.52 | 050 | 0.57 | 0.57 | 0.49 | 025 | 0.56 | 0.5 | 0.43 | 0.5% | 0.62 | 056 | 0.43 | 0.39 | 050 | 052 | 0.5 | 0.61 | 055 | 0.61 | 060 | 0.50 e
Hinh 3.11: Két qua phwong phap LCS so sanh giira ma ngudn chwa phan loai
qua p g phap g g p 2
3.4.2 Swd i
4.2 Swrdung phwong phdap TF-IDF
.

1 2| 3| a] s| s 3 g o 16| 17| 18| 19| 20 2| 2| 23| 24 2s| 26| 27| 28] 29| 30| 31| 32| 33| 3a| 35| 36| 37| 38| 30| a0| 41| a2 43| aa| as| as| 7] 4| a9
A o025 025 ] 033 | 06 | 00| 0ss] 052 | 05 04| 0.5 054 | 0.9 | 065 | 0.6 | 051 | 0.47 | 050 | 050 050 | 051 | 054 053 | 063 | 09| 036 | 052 | 042 | 050 | 0.28 | 0.64 | 057 | 04| 0.35 | 0.53 | 065 | 047 | 068 | 0.46 | 059 | 051 048] 055
52 045 [ERTRRYTN o0 | 032 [ osa [N o [ER 039 ] 0.54] 058 | 0.6 | 044 0.19] 049 | 041 | 0.8 | 048 046 | 0:24 | 050 | 053 | 032 | 050 ] 0.41 | 056 | 042 | 048 | 0.67 | 033 | 046 | 08| 0.94 | 0.48 | 038 | 05| 091 0.98 | 038 | 01| 06| 045
5] 0.5 [ERNINRN 050 | 0.2 [ o1 RS 0.5 JER 039] 0.5¢] 058 | 0.5 | 044 [ 0.19] 0.4 ] 0.01 | 08| 08| 06| 0.0a] 050 ] 053 [ 032 [ 050 0.41 ] 056 | 042 | 08| 0.67] 033 | 06| 08| 0.3 | 0.48 | 038 | 051] 031 0.38] 038 | 041] 046 045

4 033 050 oso RN 050 ose| 0s0[ 067 050 073 | 062|084 079 | 04| 030] 063 | 050 | 076 | 076 [ 076 | 0.56 | 089 066 | 05| 06| 039 | 067 | 01| 076 | 076 | 046 | oes | 00| 057 | 058 | 058 | 06| 045 0.57 | 047 | 08| 075 050
S o6 | 032 [ 032 050 BTN 052 | 052 | 050 ] 032 | 048 | 05s | 052 043 | 032 | 043|070 02 050 053] 06| 031 ] 01| 043 | 050 050 05| 028 ] 050 | 00| 0e0] 040 | 031 041 ] 041 ] 050 065 | 072 058 0a7 | 03¢ 046 | 05 | ose |0ea] 048] 06 052|050 ] 058
Te 0.54 PN o5t | 073 | 051 072 | 07| 051 072 | 051 063 064 | 0.66 | 0.5 | 06| 0.5 | 0.05| 067 | 048 076 | 0.76 | 071 | 048 | 077 0.69] 050 | 063 | 041 070 058 | 076 | 062 | 050 | 068 | 065 | 033 | 050 | 040 [ 057 | 054 | 0.3 | 04| 071 061 074
| 032 051 RSN 0.5 JEXPN 053 | o1 BTN 0.5 RN 05| 039 ] 0.5 | 058 | 046 04| 0.19] 0.49 | 041 048] 0.48 ] 0.46 | 0.ea | 050 0.53] 032 [ 050 | 041 [ 0.56 [ 042 0.68 ] 0.7 | 033 [ 046 | 0.08| 034 | 048 | 038 [ 051 031 ] 038 | 038 0at | 026 045
) 050 | 073 | 025 |RTN 0.5 | 0es | 02| 0.45| 0.65 | 045 | 058 0.6 0.70| 0.0 | 08| 052 ] 0.08 | 070 | 057 07| 0.78 | 065 | 061 | 079 | 0.66 | 0.47 | 064 | 050 [ 0.65 | 055 | 078 | 055 | 047 00| 065 | 034 00 053 | 06| 0.49] 061 0o 0s2 | 063 | 058
) 032 | 051 R 0.5 JERTN o3 | ozt [ERTN o3 JEERN 025 | 039 0.54] 058 | 046 044 ] 0.19] 0.49 | 041 048] 0.48 ] 0.46 | 0.4 | 050] 053] 032 ] 050 | 0.1 ] 036 | 042 ] 0.48 | 0.7 | 033 046 ] 0.28 | 032 | 048 | 038 | 051 031 ] 038 | 038 | 041 026 ] 045
10 0.9 | 072 053 | 0.65 | 053 BV 05| 0.53 PN 053 | 067 059 | 0.60] 067 | 072] 056 0.90| 071 | 08| 069 | 0.6 | 065 | 048 | 072 | 0.72] 050 | 60| 039 [ 0.64 ] 058 | 069 | 062 | 051 068 | 060 | 036 | 053 | 047 028 | 0.48 | 058 | 04e [ 0sm | 058 | 068
u 0.8 | 047 [ 01| 0.42 [ 0.61 ] 045 JEWE 041 0.65 | 041 ] 05| 0.45] 0.47] 047 | 051 03] 0.09] 0.43] 039 04| 0.04 ] 0.48 | 05 | 042 [ 0.41] 051 | 0.0a] 031 045 046 | 0.04 ] 0.5 | 050 [ 042 050 | 0.28 | 048 | 070 [ 085 | 059 [ 051 | 055 | 0ar [ 08| 053
n 032 | 051 R .5 RN o3 | o1 [TN o3 RN ocs | 030 054 | 058 | 04s| 0ee] 0.19] 09| 041 08| 048 | 0.45 | 0.4 050 053] 032 | 050 | 041] 06 02| 0.08 | 07| 033 05| 028 | 034 048 | 038 | 051 031 038 08| 0a1| 026 045
e 0.9 | 072 | 053 [ 0.65 | 0.53 JENRN 025 | 0.53 BTN 053 [067] 059 | 0.60] 067 | 072 ] 056 ] 0.30| 071 ] 028 | 09| 0.69 | 065 | 028 | 072 0.72] 00| 060 | 039 | 0.64] 056 | 069 | 062 | 051 06| 0:60 ] 036 | 053 | 047] 029 | 0.28 | 059 | 040 08 | 0.8 | 069
T 032 | 051 RSN o.e5 RPN 055 | o TN 0.55 JBPRN o5 0.9 | 0.54 | 058 | 046 04| 0.19 | 049 | 01| 048] 0.48 [ 046 | 024 | 050 0.53 | 032 | 050 | 0.1 0.56 [ 042 | 0:48 | 0.7 | 033 [ 046 | 0:28 | 034 | 0.8 | 038 | 051 031 | 038 | 038 | 0at| 06| 05
15 0.43] 063 045 [ 0.58 | 0.45 | 067 | 045 | 0.45 | 0.67 | 0.5 WM 0.67] 0.64 | 063 | 077 0.53| 0.32 [081] 06| 05| 0.66] 0.79 | 051 | 067 [0.63] 0.46 | 0.70| 038 [ 0.71] 077 | 066 | 082 048 [ 071] 055 ] 032 | 054 | 058 0.6 | 0.66 | 0.60 | 0aa [ 07 ] 075 [ 067
16 070 02| 039 052 039 | 059 05| 039 0.59 | 039 | o7 |MCN 0.57] 09 | 075| 072 ] 0.09| 02| 029 075] 0.75] 079 | 053 | 073 | 0.61] 065 | 057 | 038 | 08| 00| 075 | 066 | 03[ 075 | 056 | 035 | 052 057 055 | 063 | 052 | 0%5 | 0ss | 072 | 08
7 0.42 | 066 | 05¢ | 0.70] 052 ] 060 | 07| 0.54 | 0.60 | 052 | 064 0.57 |ERTN 0.0 | 06| 051 0.07 [083] 04| 077] 0.77] 068 | 053 | 075 | 0.78 ] 0.42 [[08L| 056 [082] 065 | 077 | 064 | 043 | 069 ] 072 ] 032 | 055 | 0se [08L] 0.2 ] 050 053] 060 062 ] 0356
18 050 | 0es | 058 0.50| 056 | 067 | 07| 0.58 | 0.67 | 058 | 063 | 0.69 | 0.0 RN 075 0.6¢ | 0.08 | 058 | 047 | 0.71] 0.7 073 | 057 075 0.63] 043 ] 057 | 039 | 0.64 | 056 | 071 | 068 | 0.46 | 063 | 055 | 034 | 0.62 | 056 | 054 | 0.45 | 052 | 045 [ 03] 077 ] 058
19 053 | 066 | 045 | 0.66 | 0.46 | 072 | 051 0.45| 0.72 | 046 | 07| 0.76 | 0.66 | 075 JBMEN 0.61] 0.3 | 0.7 | 049 076 0.76 | 0.79 | 056 | 075 | 0.69] 054 | 0.6a | 040 [ 0.68 [ 070 0.76 | 075 | 050 [ 075] 0.62] 032 | 053 | 062 058 | 0.¢8 | 0.60 | 0as [ 062 [l088] 0.0
2 064 058 | 04| 052 | 0.4 | 05| 03| 0.44 | 0.56 | 042 | 053 072 | 0.51 | 0 | 01 |MRN 0.07] 052 | 03 08| 058 | 067 | 054 | 060 0.5 063 | 050 | 057 060 047 | 058 | 057 | 067 08| 05| 038 | 05¢] 052 00| 057 | 052 01| 055 | 063 | 06s
2 031 ] 025 | 019 028 015 030 029] 0.19] 0.30] 019 052] 029 ] 0.07] 028 | 034] 0.7 |EEY 031 026 032] 0.32 | 0.08 [ 028 | 030] 0.30] 031 | 031 | 029 03] 037] 032 | 038 | 052 032] 03] 024 028 029 021 | 028 | 036 | 028 028 ] 036 | 027
2 0.41| 067 | 049 [ 070 0.49 | 071 | 043 | 0.49 | 0.71 | 04 [0t 062 |08 058 | 074 0.52] 0.91 BWRN 056 075 | 0.75 ] 074 | 052 | 075 [080] 046 | .79 | 051 079 | 070 075 | 075 | 047 078] 067 | 033 | 054 058 | 08| 0.43 | 057 | 04s [ 04| 072 | 062
2 043 | 048 | 041 0.57] 041 | 048] 039 0.41] 0.68 | 041 | 05| 049 | 0.64 | 0.47 | 049 0.3 0.06 | 0.56 JBWN 061] 0.61] 051 | 0.7 | 060 0.57] 0.41 | 056 | 068 [ 0.51] 045 061 ] 0.4 | 044 [ 05| 065 ] 039 | 049 | 045 [ 052 | 0.04 | 033 | 043 048] 0.8 | 037
2 050 076 | 028 [ 0.78 | 0.8 | 069 | 0| 048] 0.69 | 048 | 08| 075 | 0.77] 071 | 07| 058 032|075 | 081 075 | 052 [ 001 076 | 049 | 073 050 0.71 | 06 Wl 05| 0.48 | 078 | 071 035 ] 0.53 | 052 | 062 047] 053] 048 [ 00| 071 ] 00
25 050 | 076 | 08 | 0.78 | 0.48 | 0.9 | 02¢] 048] 0.69 | 048 | 066 ] 0.75 ] 0.77] 071 ] 076] 058 ] 0.32 | 075 | 0.1 RGN 075 | 052 | 093] 0.76 | 0.49 | 0.73 | 050 0.71] 0.66 JEMSHl| 065 | 048 | 078 ] 071 ] 036 | 053 052 | 02| 0.47] 053 | 08| 070 071 060
2 056 | 071 | 045 | 0.66 | 0.46 | 0.5 | 048 | 0.46 | 0.65 | 046 | 079 0.79| 0.68| 073 | 079 | 0.67] 0.08| 072 | 01| 075 ] 075 055 075 0.73] 049 | 070 042] 0.75] 0:69 | 0.75 | 075 | 050 070 062 | 05 | 058 | 0.60 | 065 | 056 | 056 | 042 | 072] 078 | 062
7 0.6 | 048 | 044 [ 0.61 | 0.04 | 048 | 05| 0.44] 0.48 | 042 | 051] 053] 0.53] 057 | 056 0.5 | 0.08| 052 | 047 | 052] 0.52 | 056 BWEH 054 0.53 ] 0.43] 052 | 039 [ 054 | 044 | 052 | 054 | 047 [ 050] 0.67 | 035 [086| 057 [ 051 ] 0.65| 059 | 051 048] 055 [ 0.8
) 050 077 050 079 | 050 072 | 022 050 0.72| 050 | 07| 0.73] 0.75 | 075 | 075 00| 0:30| 075 | 0.0 |08 001 075 | 054 JEWEN .60 0.47 [ 0.72 | 048 | 076 | 062 081 067 047 078 070 036 055 | 05| 062 | 0.6 | 051 0o 0ss| 071 061
20 0.20 | 09 | 053 | 0.66 | 053] 072 | 01| 053] 0.72 | 053 [[083] 061 ] 0.78 ] 063 | 069] 053] 0.30 [080] 057 076 | 0.76 | 0.73 | 053 | 0.0 MG 043 ] 079 | 051 0] 072 ] 076 | 077 | 046 | 076 ] 02| 033 | 057 052 01| 042 ] 055 | 08| 070 0.6 | 06k
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Hinh 3.12: Két qua phwong phap TF-IDF so sanh giita ma nguén chwa phén loai
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3.4.3 Sir dung phwong phap AST-CC
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Hinh 3.13: Két qua phwong phap AST-CC so sanh giira ma ngudn chua phan loai
3.4.4 Nhdn xét, danh gia

Két hop két qua danh gia tu phﬁn thuc nghiém tir dir liéu chua phan loai va vi¢e kiém
tra ndi dung céc cip file ma ngudn c6 do tuong tu cao (tir 0.8 trd 1én) cho thay nhu sau:

e 3ky thuat tra vé tot vai cac thi thuat sao chép thong thuong ma sinh vién hay ap
dung.

e LCS va TF-IDF c6 x4c suét tra vé do duong tinh gia cao

e AST-CC it bi nhay bai viéc tring lap cac doan ma ngudn vo tinh giira c4c sinh
vién. AST-CC c6 xéc suat cho duong tinh gia thip. Thé hién & viéc khéng co cap
m& ngudn nao cho khoang tréng muc d6 twong ty tir 0.8 dén 1.0.

Két qua nay 1a phut hop khi LCS va TF-IDF chii yéu dua vao mirc d tring lap giita 2
chudi biéu dién 2 cdy AST ma quén di su trong dong ¢ cdp do cdu truc gitra 2 ma ngudn.
Nhuoc diém nay dugc giai quyét tét hon dbi voi ky thuat AST-CC. Tuy nhién AST-CC lai cho
thdy rat nhay cam vé6i viée thém cac ma ngudn du thira. Dé giai quyét didu ndy, & khau tién xir
Iy cay AST can lam t6t hon bang cach loai bo cac doan mi ngudn du thira.

NGi chung 3 k¥ thuat cho thdy cac wu diém va nhuge diém khac nhau, dbi véi bai toan
tinh toan mirc d§ trung lap gitta cac bai tdp cho sinh vién thuc hién trén hé théng

code.ptit.edu.vn, viéc can han ché duong tinh gia 13 phit hop do tinh chat nhay cam cua viéc
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danh gia. Do d6 dé xuét ap dung k¥ thuat AST-CC dé danh gia mtc do twong dong gitra cac
giai thuat cia sinh vién nop trén hé théng, cu thé nhu sau:

Vi dy vé viéc kiém tra trung ldp

Bai lam t6t nhat cho CTDL_001

Trinhbién  Kiémtratriing

ID Thai gian Tai khoan Baitap Két qua Thai gian h 5
3P
267 2022-0117 gipey THUAT TOAN SINH AC 0.00s 596K (khong c6)
271 :292_‘24’3?_’” B20DCC ) THUAT TOAN SINH AC 0.00s 596Kb  C/C++  3tringlip

Hinh 3.14: Pé xuit 4p dung AST-CC trén hé théng code.ptit.edu.vn

3.5. Két luan chuwong 3
Két thac chuong 3, luan van da thuc hién dugc mdt s6 noi dung sau:
e (Cai dat Python va cai dat thu vién Clang
e Viét ma nguon str dung céc ky thuat LCS, TF-IDF, AST-CC
e Thuc nghiém trén dir liéu dau vao di gan nhan
e Thuc nghiém trén dit liéu dau vao chua gin nhan
e S0 sanh - danh gia két qua giira cac ki thuat

e D& xuit phuong an phu hop dé &p dung trén hé théng code.ptit.edu.vn
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KET LUAN

Luéan van nay da nghién ctru, thuc hién va dat dugc mat sb két qua nhu sau:

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

- Nghién ciru tong quan vé van dé cay ct phap triru tuong AST va ung dung thu vién
CLang két hop v6i ngdn ngir 1ap trinh Python dé phan tich ma ngudn viét trén ngdn ngir C/C++.

- Nghién ctru va danh gia nhitg diém khac va giébng nhau giira cac cay 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 xuat phuong phap tién xir Iy cay AST dé giam d6 phirc tap, ting hiéu
nang trude khi thuc hién so sanh ma nguon.

- Nghién ctru va ing dung phuong phap tim chudi con chung dai nhat (LCS) vao viéc so
sanh do tuong ty gitta hai ma ngudn.

- Nghién ctru va ting dung phuong phap TF-IDF vao vi¢c so sanh dd tuong ty gitra hai
ma ngudn.

- Nghién ctru va ung dung k¥ thuat AST-CC vao viéc so sanh d¢ tuong tu gitra hai ma
ngudn.

- Nghién ctru, xay dung, thtr nghiém va danh gid khi ap dung cac k¥ thuat LCS, TF-IDF,

AST-CC ddi v6i dit liéu trich xut tir bai 1am cua cac sinh vién trén hé théng code.ptit.edu.vn;

Trong twong lai, ludn vin c6 thé duoc tiép tuc nghién ctru theo hudng xir 1y loai bo cac
doan ma nguén du thtra trén cay AST trude khi thuc hién viéc so sanh dé tang do chinh xac,
c6 thé mé rong nghién ctru theo hudng biéu dién ma ngudn theo cu tric do thi phu thudce [9].
Ngoai ra c6 thé xay dung cong cu dong goi va cho phép tich hop tryc tiép trén hé thong
code.ptit.edu.vn va cac hé théng Lab thuc hanh dé dua ra khuyén nghi, canh bao cho Giang

vién va Sinh vién khi st dung dé 6n tap, ki€m tra.
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