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TOM TAT— Ngay nay, ¢6 rat nhiéu tai liéu van ban cé thé truy xudt dwoc dé dang duéi dang tai liéu ky thudt $6 va vi vy nguoi ta
co thé truy cdp va sao chép dé dang. Vin d@é dao van néi chung va sao chép ludgn vin, do an néi riéng cé thé néi la nhitng mdt tiéu
cwee phé bién hién nay can dwoC phdt hién va ngan chan. Cdc phuwong phdt phat hién sao chép tai lidu méi nhdt dwoc cong bé trong
Cac Hoi thao PAN Workshop vira qua thuong dya trén ldp chi muc nghich dao cho cum 4 tir (4-gram). Viéc xdc dinh mot tdp hop
con cdc tai liéu tiém nang (cé thé bi sao chép) dua trén nguong 56 4-gram chung cho thdy mgt s6 han ché nhw tdp tiém ndng cé thé
rdt 1om va khong thé xép dé wu tién theo s6 lieong 4-gram chung nén c6 thé dan dén viéc tim kiém sao chép lau. Trong bai béo nay,
chiing t6i dé xudt mét phirong phdp phdt hién ra tdp tiém nang co sir dung thudt t0an tach gia tri don theo mé hinh ldp trinh song
song. Cac cai dat va thi nghiém ciia chung toi da cho thay c6 thé dp dung phuwong phap aé phat hi¢n ra cac tap tiém ndng bi sao
chép va sdp xép (ranking) chiing, tir dé co thé han ché sé lwong tap tin can phan tich, so sanh dé phat hién ra cdc doan bi sao chep
Pong thoi phirong phdp dwoc dé xudt ciing cé thé song song héa dé chay trén mot cum mdy tinh, nho do cé thé ap dung trén cdc tgp
dit liéu co6 dung lwong lom nhu la mét thw vién dién tir thuc thu.

Tir khéa— Daqo van, tach gia tri don, xu Iy phdn tan, tinh toan song song.
I. GIOI THIEU

Vén dé (hay van nan) sao chép tai liéu (dao van) ngdy nay dang la mot van dé nghiém trong trong moi truong
gido duc, Vi su phat trién manh mé& cua cong ngh¢ thong tin va cac ky thuét luu trir, tim kiém nhu Google, Bing, ...
thi viéc sao chép s& duoc thuc hién mot cac dé dang hon. Sy sao chép ngay cang pho bién & moi cap do tir dd 4n, tiéu
luén, luan van tét nghiép dai hoc cho dén luan van tién si. Nhiéu sao chép khac nhu gido trinh, bai giang ciing con khé
phd bién. C6 rat nhiéu bai viét trén cac béo c6 uy tin cong khai tinh trang sao chép bira béi ludn van® 2

Ngay nay, di c6 nhiéu phan mém hd tro cho viéc phat hién dao vin. Pa phan 1a cac phan mém thuc hién kiém
tra sao Chep mot tai liéu tr “kho tai liéu” trén internet, tirc 1a kiém tra véi tai liéu ngudn tir internet. Cac phan mém ‘nay
¢6 wu diém 1a kiém tra v6i mot ngudn hét strc _phong phu. Tuy vdy, ¢ nudc ta khong co nhiéu phan mém duoc biét rd
hd tro kiém tra trén mot CSDL dong ctia mot to chire, vi du thu vién ciia mot truong hay kho luan vin ciia mot truong.

Trong bai bao nay chung toi xdy dung mot ing dung cho phép kiém tra phat hién sao chép trén mot CSDL dong
cua mot t6 chirc va bai bao nay ciing tiép can theo cac giai phap duoc trinh bay tai hoi thao PAN Workshop [18] va dé
xuét thém cac cai tién véi su tich hop giai thuat tach gia tri don dé co thé rat ngin thoi gian phat hién sao chép bang
cach han ché s6 luong tap tin tiém ning va sy song song hoa.

II. PHAT HIEN SAO CHEP THEO GIAI PHAP PAN
1. Phat hién sao chép theo PAN Workshop

Theo Meuschke va Gipp [1], sao chép la viéc s dung cac suy nghi, y tuong, hodc phat biéu ciia ngudi khac [2,
3] va trinh bay nhu 14 tac phiam gdc ctia chinh minh ma khong chi thich, trich ddn phu hop.

Ta dinh nghia mét trudng hop sao chép s = {sg, Usc, Sng, Ung}, trong d6 mot doan van ban s, trong tai liéu dy 1a
sao chep tir mot doan vén bdn sy trong tai liéu dng. Vi mot tai liéu d cho trude, nhiém vy cia mot hé thong phat hién
sao chép 1a phat hién ra s bang cach chi ra mot truong hop sa0 chép 1 = {rs, dsc, Ing, d ng} bao gom mot doan van ban
duoc cho la sao chép ry trong tai lleu dgc va doan van ban ngudn cia nd I'ng trong d’g xap xi nhét c6 thé v6i s. Chung ta
két luan rang r phat hién dugc s néu va chi néu se N 1y # @, Sng N Tng # VA g = d’pg.

Meuschke and Gipp [1] da phén loai hé thong phat hién dao vén theo hai hudng sau : mét 1a so sanh do twong tu
cua cac doan van ban, hai la so sanh d6 twong tu cua ca van ban. Trong bai bao nay ching t6i s€ tap trung vao phuong
phap thir nhit dé kiém tra viéc sao chép. V6i phuong phap nay ta phat hién ra s béang cach tim kiém tai liéu d’, g tor mot
tap tai liéu D nao d6 (vi dy kho luén van s0 hoa clia mot trudng) va trich xuit ra I'ng VA I tUr hai tai liéu d’pg VA dg dua
trén viéc so sanh chi tiét giira hai tai ligu.

! http://dantri.com.vn/giao-duc-khuyen-hoc/loan-sao-chep-trong-truong-dh-436609.html
2 http://vietnamnet.vn/vn/giao-duc/143621/tien-si-dao-van-bi-thu-hoi-bang.html
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2. Giai phap bai toan sao chép theo PAN

Hinh 1 chi ra cac budce xur 1y chinh trong cac hé théng phat hién sao chép [4, 5]. Mot cach téng quat, mot hé

thong phat hién sao chép thong thuong s& dugc cai dat trén ba bude xir 1y co ban.

e Thir nhat, tir mot tai liéu kiém tra d va kho dir liéu cac tai liéu nguon D, hé thong s& tim ra mot tap tai lidu tiém
ning Dy € D dugc xéac dinh sao cho Dy 14 nho nhét c6 thé nhung chira nhiéu nhét cac tai liéu ngudn chinh xac
ma d sao chép.

e Thir hai, phan tich so sanh giira d véi mdi t J Dg, dé tim céc doan bj “sao chép”.

* Thur ba, cac cap doan van ban da phat hién duoc loc lai dya trén cac quy tac nao d6 va co thé duoc bicu dién
trye quan cho ngudi dung. Vi du cho bude xtr 1y nay gom ¢6 loai bo cac phat hién qua ngan, chong chéo hodc
g0p cac phat hién 1ién ké thanh mot phét hién duy nhat,..
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Hinh 1. Cac budc chinh trong qua trinh phat hi¢n sao chép

Qua viéc tim hiéu cac giai phap dugc dé xuat tai PAN Workshop, chung t6i thiy rang giai phap dugc dé xuét tai
PAN Workshop nim 2010 [6] c¢6 thé lam mo hinh tham khao co s cho nghién ctru. Cac budc chinh cia giai phap
e Tién xir Iy vin ban:

o Céc tap tin van ban duogc tach tir don, loai bo stopword.

o Cac tai liéu ngudn dugc phan tich va luu trir dudi dang chi muc dao nguoc. Cach kha phd bién trong
hoi thao PAN 1a tach thanh cum 4-gram va 1ap chi muc trén cac 4-gram.

e Tim kiém c4c tai liéu ngudn tiém ning:

o Vi sb lugng tap tai liéu ngudn thuong 1a rat 16n nén trude hét phai c6 mot giai thuat nao do “loc” dé
gid1 han viéc so sanh phat hién sao chép chi trén mot tdp nhd cac tai li€u tiém nang. Cach thuc loc
trong cac giai phap dua ra trong PAN 1a “c6 it nhat 20 4-gram chung”. Céc tap tin trong tai liéu
nguén c6 tir 20 4-gram chung voi tai liéu kiém tra dugc coi 13 “tiém nang” va dugc giir lai dé thuc
hién viéc phan tich so sanh k§ hon.

o S6 lugng tai liéu ngudn tiém ning cho mdi tai liéu kiém tra c6 thé gisi han (vi du 100 tai liéu ching
han) bing cach sip xép giam dan theo sd luong tir 4-gram chung va chon tir cao xudng thap. Con s6
20 4-gram chung 1a mot con s6 mang tinh thyc nghiém.

e So sanh chi tiét cac cap tai ligu: Pdi v6i mdi tai liéu kiém tra, sau khi tim duge mot tap tai liéu nguén tiém
nang, tién hanh so sanh chi tiét gitta cac cap tai liu dé xac dinh cac doan van ban giéng nhau.

e Tinh loc két qua: Cac doan vin ban hop 1& dugc xem nhu cac doan vin ban sao chép. Budc cudi cing bao
gdm viéc loai b cac phat hién chong chép nhau sau d6 biéu dién cho nguoi ding.

III. MO HINH PHAT HIEN SAO CHEP TiCH HQP GIAI THUAT SVD
1. MO hinh dé xuat

Mic du giai phap [6] cia PAN Workshop dugc danh gia cao nhung van con ton tai mot sb van dé can dugc giai
quyét. Theo giai phap cia PAN da duoc trinh bay phan trén, nhugc diém cua giai phap nay xay ra tai giai doan tim ra
tap tai liéu tiém nang.

e Thir nhit con s6 20 4-gram chung do [6] dé xuét hay tong quat hon 1a n 4-gram chung d6 chi la dya vao kinh
nghiém, c6 thé khong ¢ hiéu qua trén nhidu truong hop, nhat 1a trong cac thu vién dong véi chu dé gan nhau,
chang han nhu kho luan van nganh cong ngh¢ thong tin.

e Sau khi tim ra tap tai liéu co s6 n 4-gram chung Néu tap nay l6n thi 1am sao uvu tién xét cac tap tlem nang
nhit? Néu sip xép (ranking) giam dan theo s0 4-gram chung va 4n dinh mot s6 luong gidi han tép tiém ning
thi ciing khong ¢6 co s6, vi du sap xep giam dan theo con s6 4-gram chung rdi liy 100 tai liéu dau tién lam tap
tiém nang. RS rang khong phai ctr nhiéu 4-gram chung hon thi c¢6 kha ning bi sao chép cao hon.

Xuét phat tir nhirng co s& trén trong bai bao nay chung toi déra giai phép moi céi tién cho giai doan tim tép tai
liu tiém nang nay.
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e D& xuét st dung viéc phan tich Singular Value Decomposition (SVD) [7] két hop vé6i khong gian vector dé ap
dung cho giai doan tim tap tai liéu tiém nang.

o Sir dung mo hinh khong gian vector. Mdi tai liéu trong tap tai liéu ngué)n s& duoc mo hinh hoa thanh
mot vector dic trung. Va mdi tai liéu kiém tra sau khi qua bude tién xir 1y tach tir loai bo cac stop-
word I4p thanh ma tran tir - tai liéu. Ma tran nay c6 s chiéu kha 16n do dé sé ap dung giai thuat SVD
dugc 4p dung dé lam giam sb chiéu, loai bo nhimng gia tri nhidu, giit lai nhitng gi4 tri dic trung nhét
va lam tang hiéu qua.

o Tiép theo cac tai liéu s& dugce do do twong dong theo do do cosin va d6 1a co so dé trich loc ra tap tai
lidu tiém nang. Noi cach khac cac tai liéu trong thur vién s& duoc tinh 1 do tuong déng (do do cosin)
v6i tai liéu kiém tra va dya theo do tuong dong do6 s& sap xép (ranking) ciing nhu an dinh ngudng
xem xét theo do tuong dong chir khong theo so luong tép tin. Dleu nay sé tu nhién hon, néu tap tin
kiém tra bi sao chep tur nhiéu tap thi s& c6 nhiéu tap tiém ning, néu khong bi sao chép gi ca thi s6
luong tap tiém nang nho hodc c6 thé 1 0.

o Céc budc tiép theo dé phan tich cac tai lidu tiém ning va phat hién sao chép van nhu giai phap cia
PAN & trén

e Vén dé phat sinh viéc tinh toan SVD c¢6 thé 1au do ma trén tr - ti liéu cho 4-gram 1a l6n dé khéc phuc diém
nay ching t6i dé xuét st dung viéc phén tich SVD trén nén tinh toan song song. Do vy, d& xuat ciing s& bao
gom xay dung giai phap song song, moi may (hay cum may) s&¢ dam nhan mot cong viée riéng biét, tang hi¢u
suat toi da xur 1y.

Do d6 trong bai bao nay chiing toi dé xut viéc dya trén mo hinh tong thé cua PAN dé xay dung tmg dung va dé
xuit ding SVD trén nén tinh todn song song phan tan, mot mit tan dung cac uu diém ciia PAN dua ra mat khac sé cai
tién mo hinh nham cai thién hiéu nang xu ly cua h¢ théng, hd tro cho viéc do tim phat hién sao chép dugc thuc hién
mot cach nhanh nhét.

2. M6 hinh khéng gian vector (Vector Space Model)

M6 hinh khéng gian vector dwoc dé xudt nim 1975 bai Salton va cong su. M6 hinh khong gian vector s& lam
nhiém vu dua tat ca cac van ban trong tap van ban dugc mo ta bdi mot tap cac tir khoa hay con goi 1a cac tir chi muc
(index terms) sau khi da loai bé cac tir it ¢c6 y nghia (stop word).

MB&i van ban d dugc biéu dién bé“mg mot vector mdt chiéu cua céac tir chi muc d= (t1, t2,..., tn) voi ti 1a tr chi
muc thit i (1 <1i<n) trong vin ban d. Tuong tu tai liéu truy van ciing dugc biu dién bang mot vector ¢ = (41, Ja,.. .,
gn). Luc d6 d6 do twong tu cua vin ban d va tai liéu truy van ¢ chinh la d6 do cosin cta chung.

14

»

0 ~1

Hinh 2. Géc giira vector truy van va vector van ban

3. Singular Value Decomposition (SVD)

Giai thudt SVD duoc Golub va Kahan gi¢i thi€u nam 1965 [7], d6 1a mdt cong cu phan rd ma trdn hiéu qua
duoc sir dung @€ giam hang (hay s6 chi€u) ctia ma tran. Ky thuat ndy dugc ap dung vao nhi€u bai toan xir Iy van ban
khac nhau nhu tom tat van ban, phat hién sao chép, 14p chi muc va truy van. SVD cho phép phén tich mot ma tran phirc
tap thanh ba ma tran thanh phan. Muc dich nham dua viéc giai quyét bai toan lién quan dén ma tran 16n, phuc tap vé
nhiing bai todn nho hon.

A=USyT Q)

Trong do

e U 14 ma tran tryc giao cap m xr (M 6 tir chi muc) cac vector dong cua U la cac vector tir chi muc.

e S 1d ma tran dudng chéo cdp r x r c¢6 cac gia tri suy bién (singular value) o > o, >--->0c,, Véi

r = rank(A).

¢ V 1a ma trén tryc giao cap r X n (N so van ban trong tdp vin ban) - cac vector cdt ciia V 1a cic vector van ban.

e Hang cla ma trdn A 1a cac sO duong trén duong chéo cia ma trdn S. Gid su hang cua ma trdn A 1a r hay

rank(A) = r thi sé Frobenius cua A 13 |4 = V2i1 ;.
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Ta c6 thé st dung SVD dé xép xi ma tran A véi n gia tri don:
A = A = Ui SV )
Ma tran x4p xi A, = US VY ¢6 hang 1a k v6i k <<r, trong d6:
o Uy, Vi 1a ma trén tryc giao
e Sy 12 ma tran chéo cap k x k
e r la hang ctia A
e k 1a s6 chiéu duoc chon trong md hinh giam luge (k <r).

Giam lugc s6 chiéu, lya chon k 1a t6i han. Pung nhu y tudng, chung ta mudn mot gia tri k du 16n dé phu hop
moi dac tinh cau trac thuc cia dir li¢u, nhung da nhd dé loc ra cac chi tiet khong phu hop hay céc chi tiet khong
quan trong.

Viéc tinh todn phan rd ma tran voi SVD doi hoi thoi gian tinh toan cao, vi vay dé rat ngin thoi gian tinh toan co
thé dung giai phap tinh toan song song. Trong cai dat cu the, c6 thé dung mot khung phat trién tinh toan song song nhu
JPPF.

4. Kién tric phan tan véi JPPF

JPPF [8] 12 mot framework ngudn mé viét bang Java cho phép phat trlen cac Umg dung phén tan co nguon di
lidu 16n. La mot framework cho phép phat trién cac ing dung phan tan, cung cip hé thong cac 16p dé tao két ndi, thuc
hién phan phdi Task va chirc ning quan 1y. Cac tinh nang chinh ctia JPPF:

e D& dang mo rong ludi va thuc thi.

e MO hinh 13p trinh don gian, triru tugng hoa do phirc tap cta xir Iy phan tan va song song.

e HJ tro cong cu truc quan dé quan 1y va theo ddi tac vu.

e Tinh chiu 18i va ty sira 16i cao.

JPPF cung cap nhitng 16p gitip viée tao két ndi giita ing dung va Server Task bao gom cac tinh ning sau:
¢ Quan ly mot hoac nhiéu két ndi t6i Server Task.

e Guri Task tdi Server Task va nhan két qua tir Server Task.

e XU ly nhitng thong bao vé viéc thuc thi Task.

Nodes
Y o~ ( S 1 -
{ 2 (}_ ) - ) C )
Giient >
Cellent
Ccllent” client
cilont
POy Nodes
Callent
Nutwark J Organization boundary
Cclient > — JPPF &
o o - Sarver e L\ WO
cll:rg, ¥ Nodes

Hinh 3. Kién trtic JPPF

Trong kién triic ndy, mdi may chu JPPF Server déng vai trd trung tdm, giao tiép véi cac nat Nodes theo kién
tric master/worker, tai d6 moi may master s€ phan phoi cong viéc cho cac nut worker. Cac ing dung Client dugc két
noi véi mot hoac nhicu may master, taing kha nang chiu 101 va can bang tai. M6 hinh xur ly cong viéc cuia JPPF sé co6 hai
don vi sau :

e Tac vu (task): 1a don vi nhd nhét duoc thuc hién trong ludi JPPF.

e Cong viéc 1a mot nhom cac task dugc gui di cung luc.

Vi sy hd trg cia cum may JPPE, hé théng c6 thé xir Iy cac yéu cau mot cach song song:
e Di véi cac yéu ciu 18p chi muc, viéc 1ap chi muc 1 tai liéu va Iuu vao 1 index nao d6 dugc xem la mét JPPF
job doc lap dugc xtr ly trén cum may JPPF. Tai mot thoi di€m c6 thé cd nhiéu job dugc thuc hién dong thoi
(song song).
e D6 v6i cac yéu cu phat hién sao chép, viéc kiém tra sao chep 1 tai liu v6i 1 index duge xem nhu mot JPPF

job duoc xir 1y doc 1ap trén cum may JPPF. C6 thé ¢ nhiéu job dugc thuc hién dong thoi tai mot thoi diém
(song song).
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IV.UNG DUNG SVD VAO BAI TOAN PHAT HIEN SAO CHEP

Ap dung ky thuat tach gia tri don viéc dau tién sé mé hinh hoa tip vin ban ngudn va vin ban kiém tra bing mo
hinh khong gian vector. Viéc xac dinh mirc do sao chép duogc tinh qua dd twong ty gitta van ban kiém tra va tdp van
ban nguon. So do xu 1y cua hé thong nhu sau :

1. Tién xir 1y van ban, lap chi muc.
Muc dich cua giai doan nay la nhim tang d6 chinh xac cua tap dir li¢u, tr d6 s€ lam tang do chinh xac cia hé
thong. Téach tir: Cac tap tin van ban dugc tach tir. Vi tri ctia ky ty bat dau va ky tu ket thuc ctia moi tir cling dugc luu trit.
Trich ngi dung { Trich xuét ndi dung van ban

Tach tie { Tach van ban thanh cac cum 4-gram tir

Tao gi4 tri bim cho mdi cum 4-gram tir
Ldp chi muc

Luu chi muc cac cum 4-gram

Hinh 4. Cac budc tién xtr Iy van ban, lap chi muc

2. MO0 hinh hoéa van ban

Ap dung mé hinh khong gian vector dé biéu dién van ban. Véi md hinh nay, mdi van ban dugc mé hinh hoa
thanh mot vector déc trung. Khong gian cac ddc trung (tat ca dac trung) cla tat ca cac vin ban dang xét vé nguyén tac
nd bao gOm tat cé cac tur trong mot ngdn ngir, & day 1a tat ca cac tir trong tieng Viét.

Tinh TF va TF-IDF

Hinh 5. Quaé trinh tinh trong $6 1ap ma tran van ban

Theo phuong phap TF-IDF trong s6 tir 1a tich cta tin sudt tir (TF) va tin sudt tai liéu nghich dao cua tir d6
(IDF). Trong so TF-IDF két hop thém gia tri tan suat tai liéu nghich ddo IDF vao trong so TF. Khi mot tir xuat hién
trong cang it tai liu (twong Gng véi gia tri IDF nho) thi kha nang phan biét cac tai liéu dya trén céc tir d6 cang cao. Gia
st ta phai mo hinh hoa N tai ligu, ma tir N tai liéu nay tach dugc K tir riéng biét (khong gian dac trung cé K chicu).

Ki hiéu tai liéu thtr i 1a D; (v6i 1 <i<N). Tai liéu nay dugc mé hinh hoa thanh vector sau:

D; = Wiz, Wiz, ., Wik)

v6i trong sb cua tir j (1 <j <K) trong tai liéu i x4c dinh theo cong thirc:

N

Trong d6:

e N: tong sb tai liéu trong tap ngir licu.

e K: tong s tir tach tir N tai liéu, trong thuc hanh s tir tach c6 thé dwoc loai bo cac tir tim thudng.

o TFy: s6 1an xuét hién cua tir thu j trong tai li¢u thu i.

e DF;: tong s tai lidu co chira tir thir j trong s& N tai liéu.

M0 hinh hoéa 1900 tai li€u (N = 1900). Tach dugc 18000 tur tur tap tai li¢u nay. Sau khi loai~b6 cac tr sto,pwogd
con lai 13274 tr (K = 13274). Ta c6 1900 tai li¢u dugc mo hinh hoéd thanh 1900 vector véi moi vector ¢6 sO chiéu
la 13274,

Ta mo ta cho vi¢c md hinh hoa nay béng mdt ma trdn 13274 dong (tir) va 1900 cdt (tai licu). Véi mdi 6 giao
nhau cta hang va cot, tinh mot gia tri goi 1a trong s6 ctia hang va ct tuong tng theo coéng thire (3) & trén.
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3. Tim kiém cac tai liéu tiém ning

Do ma tran tir - tai lidu c¢6 s chiéu 16n va c6 nhidu dic trung du thira gdy nhidu do d6 sé ap dung giai thuat
SVD dé lam giam s6 chi€u ctia ma trdn nay rat gon vé so chiéu nho hon rat nhiéu bang viéc chon k gia tri don dau tién
cuia ma tran gip loai bo cac dac trung gay nhiéu va tang cuong hiéu qua.

Tuy nhién, cac thuat toan ¢d dién cho viéc phan tich SVD 1a cac giai thuéat tudn tu cho mot may don, khong thé
thuc hién song song trong mdt cum may tinh. Pi€u nay dan tdi kha nang ap dung SVD vao cac bai toan dir li¢u 16n rat
1a han ché. Véi 1y do nay nén c6 mdt cach ti€p can khac dé song song hoa giai thuat tach gia tri don.

Khoi dau, mdi van ban dugc mo hinh hoa thanh mot vécto cot trong khong gian xac dinh bdi Apxn. Sau khi
giam chiéu ma tran Any, v€ Ay thi cac tat cd cac vécto dang xét ciing dugce chieéu 1én khong gian Ay d€ cé so chicu k
theo cong thirc:

Proj (x) = xTUS;* 4)

Trong d6 :
o Proj(x): vécto cot thlr x clia ma tran Ay,
e xT : chuyén vi ctia vécto cot thir x clia ma tran ban dau A .
e U : ma tran rat trich cua U theo khong gian k chi€u.
e S;°!: ma tran rut trich nghich dao cua S theo khong gian k chiéu.
Vi q 1a mot tai lidu kiém tra bat ky ta s& 1ap Vector X, Tuy nhién, khi ap dung viéc phan tich SVD ching ta chi

quan tam k khai niém quan trong chir khong xét hét tat ca t thuat ngit. Do d6 dé tim ra p tap tai liéu tiém nang (dy, da,
dp) phu hop véi q dua trén tinh todn d6 tuong ddng gifra tai liéu kiém tra va cac tai liéu ngudn theo do do cosin

trong “khong gian vin ban” (document space) — chinh 1a so sanh cac vector cdt trong ma tran VkT

e Chuyén vector tai liéu kiém tra g nhu mot cot méi vao V, " Ta chiéu g vao khong gian vin ban k chiéu.
e T cong thirc ma tran Ay = Uy S VvV, ta suy ra Sy WA =V i (U Uk =l,)vaytacoV, = ATU, St
e Ap dung tuong tu cho vector tai liéu q: g, = q"U,Si*.

e Cudi cling ta tinh d6 do cosin ciia vector g vdi cac vector vin ban trong ma tran VkT :

cosB; = 7%%)
T |0

(5)

voi (VKT ) 1a vector ¢Ot thir j clia ma tran VkT .

Nhu vay sau qua trinh 4p dung SVD dé rat trich ma tran dac trung ta thu dwoc mét ma tran déc trung co sO
chiéu nho hon nhiéu so véi ma trén ban dau. Ngoai viéc rit gon sd chidu ciia ma trdn nd con loai bo cac thude tinh
nhiéu, chi giir lai cac thudc tinh ndi trdi clia van ban.

4. Po d6 twong dong cua vin ban kiém tra va vin ban ngudn

Vén dé xac dinh do tuong d@)mg gilta hai van ban hoan toan dya trén viéc xac dinh d6 tuwong dé)ng cua cac doan van
ban nam trong van ban. Tinh ¢ twong dong cta hai doan van ban bang cosin goc cua hai vector bi€u dién hai van ban.

Giai thudt tinh d¢ twong ddng cua hai van ban dugc xay dung nhu sau:

e Gia st van ban kiém tra c6 m doan 1a T={Ty, ...,Ty}; Van ban nguén c6 n doan la S={S, ..., Sy} Tacod thé
tinh do tuong dong cho timg cdp (T, §j),i=1,...m;j=1,...n.

e o la gi4 tri xac dinh ngudng “d6 twong dong”, a mot hiang sd ndo d6, 50% ching han, néu do twong dong cia
hai doan 16n hon hodc bang a thi két luan hai doan van ban giong nhau.

e Sau d6 s€ dugc x€p hang theo thir ty tinh twong dong giam dan cia van ban ki€m tra véi tdp van ban ngudn
sau khi 4p dung SVD.

Trong m& hinh khong gian vector, gia st rang ton tai ¢ dinh tap cac thuat nglr chi muc dé dai dién tap tai lidu
tiém nang Vva tai liéu kiém tra. Tai liéu tiém ning D; va tai liéu kiém tra Qj duorc biéu din nhur hai vector:

® Di = [Ti, Tizeeer, Tiky -+ s Tin]
* QJ' = [ler sz,... ij! Q]N]

trong do, Ti la trong s6 cua thuat ngit k trong tai liéu i, Qjk la trong s6 cua thuat ngit k trong tai liéu kiém tra j,
va N 1a tong s6 thudt ngir sir dung trong céc tai liéu va tai liéu kiém tra.

Céc trong sb thuat ngir Tj, va Qjk c6 thé 1a chi s TF-IDF. Viéc truy tim trong mo hinh khong gian vector dugc
thuc hién dya trén co s tinh twong dong giita tai liéu kiém tra va cac tai lidu tiém ning. P9 tuong dong giira tap tai
lidu D; va tai liéu kiém tra Qj dugc tinh nhu sau:
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N
5 (DuQ;) = Z Tiks Qji (6)
k=1

Dé bu vao d6 chénh 1énh giita kich thudc cua tap tai liéu tiém ning va kich thudc cua tai liéu kiém tra, tinh
tuong dong trén c6 thé chuan hoa véi 0 1a goc cia hai vector (goi la khoang cach cosin) va dugc biéu dién nhu sau:
D; X Q; N T Q;
J k=1"1ik-<jk
S(D;,Qj) = cos@ = = @)

D] x [Q;] VEN_TE. [SN_, Q%

5. Tinh loc két qua

Céc phat hién chdng chéo nhau hodc cc phat hién c6 ti 1& twong ddng giit cac doan vin ban sao chép va doan
van ban nguon (hodc ngugc lai) nho hon ngudng o dugc loai bo ra khéi két qua.

V. THUC NGHIEM
1. Kién trac hé théng thyc nghiém

" Indexing Request
]

Detection Request

A ! | <
Web Service . JPPF drim

JPPF node JPPF node

NV

‘ Read & Write Index

Hyperdex coord

Hyperdex deamon Hyperdex deamon

Hinh 6. Kién trac hé thong phat hién sao chép
C6 3 thanh phan chinh trong h¢ thong:
o May chu giao dién web (Web Server): day la Server chay cac ing dung web giao dién tuong tac gitta nguoi
dung va hé théng. Server nay c6 nhi€m vu thyc thi 2 cong viéc chinh:
o Lap chi myc cho cac tai liéu nguén.
o Thuyc hién viéc kiém tra sao chép.
Thong qua Web Server nguodi quan tri s€ ¢6 nhiém vu cdp nhat chi muc cho cac tai liu cua hé théng, trong
khi nguoi ding binh thudng c6 thé kiém tra viée sao chép ciia mot tai liéu kiém tra bat k}‘/
® Mdy chu img dung (Application Servers): 1a cac Server dugc cai dat JPPF [8]. Hé thong hd trg xir Iy song
song cac yéu cau tir cac Web Server cac tac vu nhu 18p chi myc tai liéu hoac klem tra sao chép. Bén canh do
JPPF con cung cip viéc mé rong hé thong mot cach dé dang (bang viéc két ndi thém may tinh vao cum may
JPPF da o).
e Kho luwu trit chi muc (Index store): & ddy hé théng st dung phin mém HyperDex. Pay 1a kho luu trir chi muc
dang phan tan c6 kha nang luu trit lwgng 16n chi muc tai liéu va cling nhu JPPF né cé thé mo rong dé dang.

Mot cach téng quat, khi c6 mét yéu cau “Idp chi muc tai ligu” hay “kiém tra sao chép” tir cac nguoi dung goi
dén hé thong thong qua g1ao dién Web, Web Server s€ gui cac yéu cau dang RESTful dén cac may chi tmg dung dé xir
ly. Cac tac vu “ldp chi muc” hay “kiém tra sao chép” déu dugc tién hanh song song tai cac Application Server nay dua
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trén kién trac JPPF nham giam thoi gian xir Iy. Ngoai ra, ¢& doc hay ghi lai cac chi muc Application Server s& tién
hanh truy xuat dén Index Store dé thuc hién céc thao tac trén.
Ut diém ctia kién tric cho hé thng trén:
e Kién tric hé¢ thong nham dén tinh song song cua céc tac vy, mdi cum may Server sé dam nhiém mot cong viée
riéng biét, do d6 cdc cum may nay s€ dugc su dung véi hi¢u suat toi da.
e D¢ dang nang cap, md rdng cac cum may Server khi c6 nhu cau luu trir hay xtr ly tdng cao, ma hoan toan
khong lam anh huong dén cac thanh phan con lai cua hé thong.
o Co thé thém cac may tinh riéng 1€ vao cum Server Index Store dé ting kha nang luu trir.
o Hoéac thém vao cum Application Server d¢ tang kha nang xur 1y tinh toan.

Ngoai ra trong kién triic hé théng & trén con c6 hai thanh phan cung cip dir liéu ngudn (thu vién) 13 cic may chu
CSDL san c6 dang hoat dong, chira cac dir liéu vé luan van va bai bao khoa hoc cua thu vién dién tir ctia mét truong
nao do6 & bai bao nay 1a st dung thu vién dién tir cia Truong Pai hoc Can Tho

2. Dir liéu thyc nghiém
a) Tap dit liéu ngudn

Tai liéu nguén cho hé théng phat hién sa0 chép dua vao hai nguén: cac luan vén sau dai hoc va cac bai bao khoa
hoc cua thu vién dién tu cua Truong Pai hoc Can Tho. Cac tép tin tai liéu nay c6 nhi€u dinh dang khac nhau nhu (.pdf,
.doc‘, .docx,...), voi SO lwong hon 4000 tai liéu nhung trong bai bao nay chi trich lgc ra 1900 tai liéu dé lam dir li¢u
nguon. Céc van ban kiém tra s€ dugc so sanh vdi tdp nguon nay.

Tir tap dit liéu mau qua cac bude xir Iy theo PAN (xir 1y tAt ca cac van ban, tach tir, loai stopword, tinh trong s6
TF-IDF). Sau qua trinh xur ly thu dugc ma tran c6 kich thudc 13274 x 1900.
b) Tap dir liéu kiém tra

Tur 1900 tép tin van ban ngudn, 3 tap kiém tra dugc thiét ké bang cach 1dy mot sd tap tin ngdu nhién rdi thay doi
cho phu hop v6i nhu cau:

e Tap kiém tra gom cac sao chép nguyén van (chép va dan).

e Tap kiém tra gom cac sao chép co sira d6i voi muc do it.

e Tap kiém tra gdm céc sao chép c6 sira di véi mirc do cao.

Bang 1. X4y dyng tap kiém tra

Mikc dé siva doi # Tai lidu kiém tra
1 Chép va dan 10% 30
2 | Sao chép vdi sira doi it 40% 30
3 | Sao chép voi sira d6i nhiéu 50% 30

e Tap kiém tra 1 (Test 1) sao chép nguyén van: gdm 30 tai liéu, d6i voi mdi tai lidu s& thay doi thir ty cac doan
van ban trong trong tai li€u, ghép mét s cau van ngan thanh mot doan van ban dai. Nhu vy tap testl gdém 30
tai liéu dugc coi 1a sao chép nguyén van tu tap nguon nam trong 1900 tai heu

e Tap kiém tra 2 (Test 2) sao chép voi sira doi it: gdm 30 tai liéu, d6i v6i moi tai liéu s& thay dbi th tu cac doan
van ban trong trong tai liéu, x6a mot s6 doan trong cac tai liéu, thém vao mot s& doan khéc twong tmg. Nhu
vay tap test 2 gom 30 tai liéu duoc coi 14 sao chép véi sira doi it tir tap ngudn nam trong 1900 tai liéu.

e Tap kiém tra 3 (Test 3) sao chép voi stra doi it: gdm 30 tai lidu, d6i véi mdi tai lidu s& x6a 1/2 doan trong cac
tai liéu, thém vao mot $6 172 doan khac tuong ung. Nhu vay tap test 3 g6m 30 tai liéu duoc coi la sao chép véi
sira d6i nhiéu tir tip ngudn nim trong1900 tai lidu.

3. Két qua thuc nghiém

Chung t6i danh gia giai thudt phat hién dugc cai dat dua trén cac d6 do da duogc sir dung rong rai la Precision,
Recall.

a) Thoi gian lap chi muc

50 Thoi gian 1ap chi muc

1 2 10 20 100 200 500 1000

Hinh 7. Biéu db thoi gian l4p chi muc
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Hinh 7 cho théy thoi gian thuc hién técvvu 1ap chi myc tai li¢u. Khi ) lugng tap tin tdng 1én, thoi gian thuc lap
chi muc tai liéu tang theo nhung khong dang keé.

b) Lua chon tham sé k

D) thi sau day biéu dién trén tap dit liéu 1900 van ban va 13274 tir. Ung v6i mdi k thir nghiém s& cho két qua
v6i Precision tuong ung.

K=50 K=100 K=150 K=200 K=250 K=300 K=350 K=400 K=450
Hé so k
Hinh 8. D5 thi d6 do Precision voi tham sd k
¢) Thuc nghiém trén cac tap kiém tra
Véi m(,:)i van ban, trong tap Testl, 2, 3 thyc hién kiém tra véi hé théng ndé xac dinh muc do sao chép. Ung véi
moi tap h¢ thong s€ dat mot ngudng o (ngudng do twong dong gitra tai liéu kiém tra va cdc tai liéu) nhimg tai lidu tra
ve€ nao 16n hon ngudng nay mdéi dugce lay dé thuc hién ki€ém tra sao chép va két qua nhu bang sau:

Bang 2. Két qua Precision trung binh v&i ngudng a

Precision
STT Test o =30 o=45 o =60
1 Test1 1 24% 89% 100%
Test1 3 22% 86% 100%
29 | Test3 27 70% 62% 96%
30 | Test3_30 88% 85% 96%
Precision Trung binh 64% 79% 90%

Ngudng a thich hop cho phuong phap nay la 60% hé thépg cho két qua Precision 1a 90% trong trudng hop vin
ban c6 sao chép hodc c6 mire do twong doi giong vai tai liéu nguon.
d) So sanh va danh gia gitta phwong phap méi va phuong phap PAN
e Két qua thuc nghiém trén tap dir liéu dugc thé hién trong Bang 1.

Bang 3. Két qua do chi sb danh gia phwong phap méi

STT | Tap dir liéu Precision Recall
Chép va dan (Test 1) 90.8% 90.9%

Sao chép vdi sira ddi it (Test 2) 88.1% 86.5%

Sao chép vdi sira d6i nhidu (Test 3) 90.4% 84.1%

Téng 89.9% 86.9%

e So sanh gilta phuong phap mdéi va phuong phap ciia PAN

Bang 4. So sanh chi s6 dénh gi4 ciia hai m6 hinh

STT | M6 hinh gidi thuét Precision Recall
1 PAN 91% 89%
2 Cai tién voi SVD 90% 87%

o Két qua cua mo6 hinh méi str dung giai thuat tach gia tri don va d6 do cosin vao bai todn tuy cé két
qua khong bang so v6i mo hinh gidi phap PAN nhung van xap xi voi giai phdp PAN do cé thé chap
nhan duoc.
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o Do chinh xac xap xi gin bang vai md hinh gbc cua PAN tuy nhién da dé xuét dugc cach xac dinh tap
tai liéu tiém nang bi sao chép va sip xép (ranking) chiing, tir d6 c¢6 thé han ché s6 lugng tap tin cn
phan tich, so sanh dé phat hién ra cac doan bi sao chép.

VI. KET LUAN

Vi viée cai dat thanh cong giai thuat tach giad tri don trén mo hinh tinh toan song song, co thé tan dung duogc
suc manh cua tinh toan song song vao viéc tach gia tri don cho mdt ma tran 16n va kich thudc ciia ma tran cé thé duoc
moé rong khi gia ting cic node trong mo hinh, dong thoi rat ngan thoi gian thyc hién giai thuat tach gia tri don so véi
cach cai dat truyén thong 1a cai dat trén mot may tinh duy nhat.

Qua thyc nghiém trén dir liéu cac luan vin sau dai hoc ctia Truong DHCT c6 thé thdy rﬁng viéc ap dung giai
thuat tach gia tri don (SVD) vao hé thong phat hién sao chép da cho phep xac dinh do tuong dong cua hai van ban tur
d6 c6 thé 1am co so cho viée sap x€p va lya chon so tap tiém ning theo do twong dong. Piéu nay khic phuc duoc
nhuoc diém cuia viéc xac dinh tap tiém ning bang s6 4-gram chung dang dung hién nay trong cac giai phap cua PAN.
Vé mit tinh toan kién tric song song voi khung JPPF cho thoi gian tinh todn kha thi. Kién tric nay con dé dang mo
rong vé sau nham ting kha nang luu tri¥, tinh toan va rt ngan thoi gian xir 1y.
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PLAGIARISM DETECTION SYSTEM USING SINGULAR VALUE
DECOMPOSITION ON DISTRIBUTED SYSTEMS

Nguyen Vo Thong Thai, Bui Vo Quoc Bao, Huynh Phung Toan, Tran Cao De

ABSTRACT— Nowadays, most of documents are produced in digital format, which helps us be able to easily access and copy.
Therefore, document copy detection is a very important tool for protecting the author’s copyright. It helps verify and detect
copyright violation. Singular Value Decomposition (SVD) is technique applied in latent sematic analysis to reduce the dimension
thank to the rank cut. Although there are a plenty of researches approve the effectiveness of SVD, it requests more processing time
and internal memory if matrix computed is extremely large. In this paper, we describe SVD based on parallel programming, built to
solve big data problems on distributes systems to apply plagiarism detection. By this approach, the reduction of dimension is
resolved thank to the rank cut and matrix approximation after applying SVD, the processing time is reduced thank for the parallel
computing of a computer cluster.



