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I. LOTMO PAU

Ngay nay chung ta dang chimg kién mét su phat trién manh m& chua tirng c6 cua
cac cong 1ap trinh truc tuyén. Cac cong 1ap trinh cung cp cho ngudi ding mot moi
truong 14p trinh da ngdn ngir dé co thé 1ap trinh, két qua lap trinh duoc chAm mét cach
tu dong. Pong hanh cing voi ngudi dung trén cong 1ap trinh truc tuyén 14 cac truong
dai hoc, céc tap doan kinh té 16n nham muc tiéu dao tao va tuyén dung nguén nhan luc
chat lugng cao vé cong nghé théng tin vi du nhu cac tip doan 16n vé cong nghé
Microsoft, Google, Facebook, Apple, Samsung... O Viét Nam thi c6 FPT, Viettel,
VNPT, céc tap doan nay khong chi xay dung riéng cho minh cac cong lap trinh truc
tuyén ma con bao trg vé tai chinh va cung cip kho ndi dung sé cho cong lap trinh truc
tuyén cta cac truong dai hoc khac. Mot sb truong dai hoc nhu MIT, Stanford, Baylor
xem cong 1ap trinh tryc tuyén nhu mot cong cu quan trong trong giang day, rén luyén
va danh gia ky nang lap trinh cia k¥ su nganh cong nghé thong tin. Nhan thirc dugc
tam quan trong va hiéu qué trong cong nghé 1ap trinh truc tuyén, mot sd trudng dai hoc
& Viét Nam nhu Dai hoc Qubc Gia Ha Noi, Pai hoc Qudc Gia thanh phé HCM bai
hoc Bach Khoa, Hoc vién cong nghé Buu Chinh Vién Thong da xay dung riéng cho
minh cac cong lap trinh truc tuyén va da ing dung thanh cong trong giang day va rén
luyén k¥ nang lap trinh cta sinh vién.

C6 nhiéu coéng nghé khac nhau dé xay dung nén cac cong 1ap trinh tryc tuyén. O
cap do trung hoc co s¢ hay pho thong trung hoc hau hét cac qudc gia chon céng nghé
PC2 hoic CMS trong giang day, luyén tap va cic to chirc cac ky thi lap trinh qubc gia
(NOI) hoic qudc té (I0I). O cac cp bac cao hon, cic trudng dai hoc thuong Iya chon
céc cong nghé Domjudge, Katis hoic DMOJ trong giang day, luyén tap va to chirc cac
ky thi lap trinh qudc gia hodc qudc té theo chuan ACM/ICPC. Sy khac biét gitra cac
cong ngh¢ nay la kha nhé va chi dugc phan biét khi ta trién khai ung dung dya vao
quy md nhé hay 16n, nhiéu hay it nguoi dung, d6 16n dit liéu cta cac test hoic phuong
phap danh gia giai phap ctia nguoi 1ap trinh theo mirc timg phan hay toan phan.

Dbi v6i cac cong lap trinh tryc tuyén, tai nguyén quan trong nhét 1a kho noi dung
s6 duoc nap bén trong mdi cong 1ap trinh. Kho ndi dung sd dugc thé hién dudi dang
tap cac bai toan cung voi cac b du licu kiém thur twong tng. Mdi bai toan can duoc
xay dung nhiéu bo dir liéu kiém thtr, mdi bo dir liéu kiém thtr xac dinh mét tinh chat

dung ma giai phap 1ap trinh can dat duoc. Mot giai phap 1ap trinh dugce xem 14 t6t nhét
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néu né théa man duoc tat ca cac bo dir liéu kiém thir véi thoi gian va khong gian nhd
xac dinh. Kho noi dung sé duoc xay dung boi cac chuyén gia, to chirc s hitu cong 1ap
trinh tryc tuyén. Kho ndi dung sé ma cang 16n thi cang thu hat duge dong dao ngudi
dung tham gia.

Mot yéu td rat quan trong tiép theo ctia cong 1ap trinh truc tuyén 1a nguoi dung.
Néu chung ta c6 mot tip tai nguyén 1a cac bai toan vo cing da dang va phong phti ma
lai thiéu mét di nhiing ngudi tham gia giai quyét kho tai nguyén 4y thi cong lap trinh
truc tuyén s& danh mat di muc dich chinh ctua nd duge tao ra 1a nham phuc vu, nang
cao trinh dg, k¥ nang 1ap trinh cua lap trinh vién hay sinh vién tai cac truong dai hoc.
Tap ngudi cang 16n chimg to kho ndi dung sb cua cong 1ap trinh truc tuyén rat co gia
tri. Phan 16n trong s6 ngudi dung sit dung cong l1ap trinh dé hoc 1ap trinh, mot phan
trong s6 ho tham gia sir dung v6i myc dich nang cao k¥ nang 1ap trinh, phan con lai dé
chting t6 ban than, khang dinh kha ning ctia minh trong viéc lap trinh va ciing dua vao
d6 dé thu hat cac nha tuyén dung. Pic diém chung nhit cta cac cong lap trinh truc
tuyén 1a kho noi dung s6 va sb luong nguoi dung phong phu va da dang. Mot sb cong
1ap trinh tryc tuyén nhu CodeForces, TopCoder, ICPC Baylor, CodeLearn, SPOJ.... da
thu hut hang trim ngan lap trinh vién trén toan thé gidi tham gia. Chinh vi vay, viéc
xay dung mot hé thong goi ¥ (Recommendation Systems) 12 mot diéu rat can thiét dé
c6 thé tu van, goi y cac bai toan phii hop v6i kha ning 1ap trinh ciia mdi nguoi dung.
Pay ciing 1a mot diéu tdi quan trong trong cong 1ap trinh truc tuyén vi nd gitip ngudi
dung c6 thé giai quyét nhitng bai toan phu hop véi kha ning cia minh nhdm giy hing
tha véi 1ap trinh vién trong qua trinh 1ap trinh.

Mot trong cong nghé 16i ciia cong 1ap trinh tryc tuyén 1 hé théng tu van kho noi
dung s6 dén véi ngudi dung. Mot hé tu van tdt c6 thé tu van, goi y nhirg bai toan phu
hop v6i kha nang ciia lap trinh vién voi sai s6 thap nhat. Trong nhiing nim gan ddy c6
rat nhiéu phuong phap duoc dé xuat sir dung trong hé tu van nhung dai da s6 lai chi
tap chung vao hai kiéu tu van:

- Tu vén dua theo ndi dung (Content — Based Systems): Ngudi dung s& duoc tu
van dua theo nhitng san pham tuwong ty v6i nhitng san pham ngudi dung d6 di ua
thich. C6 thé hiéu rang phuong phap ndy dua ra goi y dua trén dic tinh cua san pham
do.
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- Tu van cong tac (Collaborative filtering): O phuong phép nay hé théng s& goi ¥
san pham dua trén do twong quan (Similarity) giita cac ngudi dung voi san phim
(item) hay nguoi dung (user) hodc san pham (item). C6 thé hiéu don gian ¢ nhom nay
mot san pham (item) duoc goi ¥ téi mot ngudi dung (user) dua trén nhitng ngudi ding
(user) ¢6 hanh vi twong ty v&i san pham (item).

Muc dich nghién ctru cua dé tai 1a nghién cru phuong phép tu van cong tac ing
dung cho cac céng 1ap trinh tryc tuyén. Pé thuc hién duoc nhirng muyc ti€u trén dé tai
can phai dat dugc mot s6 nhiém vu nghién ctru sau:

- Nghién ciru tong quan vé cac cong nghé 1ap trinh tryc tuyén

- Nghién ctru phuong phap loc cong tac Gmg dung cho hé tu van

- Pé xuat phuong phap tu van cong tac cho cong 1ap trinh tryc tuyén

Déi tuong nghién ctru ctia dé tai 13 cac phwong phap tu van loc cong tic va cac
cong nghé xay dung cong 1ap trinh truc tuyén. Pham vi nghién ctru 1a cac phuong phap
tu van cong tac cho dit liéu nguoi dung va dit lidu san pham cua cong 1ap trinh tryc
tuyén, phuong phap nghién ciru dugc chia lam 2 huéng:

- Nghién ctu 1y thuyét: Tap trung vao cac cong nghé xay dung cong lap trinh
truc tuyén, dac biét quan tdm dén viéc trich rat dit liéu nguoi dung va két qua lap trinh
tryc tuyén ctia mdi 1ap trinh vién. Nghién ctru cac phuong phap tu van cong tic ap
dung trén cong lap trinh truc tuyén dya trén nguoi dung hodc san pham.

- Nghién ctru thuc nghiém: Xay dung bd dir liéu thir nghiém riéng cho cong lap
trinh truc tuyén ctia PTIT. Thuc hién thir nghiém phuwong phap dé xuét trén tap dit lidu
da dugc xay dung

Noi dung ctia luan vin bao gém 3 chuong véi cau tric nhu sau:

CHUONG 1: TONG QUAN VE CONG LAP TRINH TRUC TUYEN VA
HE TU VAN CONG TAC

Noi dung chinh cta chwong 1 1a tap trung nghién ctru vao nhitng van dé co ban
clia cong lap trinh tryc tuyén va cac phuong phap tu van cong tac. Noi dung cua
chuong bao gdbm:

- Gi6i thiéu vé cac cong nghé 1ap trinh truc tuyén: O phan nay sé trinh bay vé

cac cong nghé 1ap trinh tryc tuyén, tai nguyén cua cong lap trinh truc tuyén va

nhirng thach thirc, khé khin cia cong 1ap trinh truc tuyén hién nay



4

- Gi6i thiéu vé hé tu van va mét s6 van dé lién quan: Trinh bay vé cac hé tu
van, cac phuong phéap xay dung nén hé tu vin va mot s van dé lién quan

- Phwong phap cdng tac baseline: Trinh bay cic phuong phap tu van cong tac
co s& va duge dung trong viée so sanh, danh gia voi phuwong phap dé xuét cua
luan van

- Mt s6 van dé ciia phwong phap loc cdng tac: Trinh bay mot sé van dé cua
phuong phap loc cong tac va mot sé nghién ciru giai phap

- Két luan chwong: Tom tat lai nhig két qua nghién ctru ciia chuong

CHUONG 2: PHUONG PHAP TU VAN CONG TAC CHO CONG LAP

TRINH TRUC TUYEN

Noi dung chinh ctia chuwong trinh bay phuong phap tu van cong tac cho cong lap

trinh truc tuyén. Dy kién néi dung cua chuong bao gom:

- Phat biéu bai toan: Mo hinh hoa bai toan tuw van cong tac cho cac cong 1ap
trinh truc tuyén.

- Phwong phap tu van cong cho cong lp trinh tryc tuyén: Trinh bay phuong
phap tu van cong tac bang cach biéu dién mdi quan hé giira nguoi ding va céac
noi dung sd trén cong 1ap trinh tryc tuyén nhu mot do thi hai phia.

- Két luan chwong: Tom tat lai nhitng két qua nghién ciru ctia chuong.

CHUONG 3: THUC NGHIEM VA PANH GIA

Noi dung chinh ciia chuong trinh bay phuong phép tu thir nghiém va danh gia két

qua cai dat. Dy kién noi dung cua chuong bao gom:

- Dir li¢u thyre nghi¢m: Trinh bay phuong phap thu thap dit lidu tir cong 1ap trinh
truc tuyén cua Hoc vién Cong nghé¢ BCVT.

- Phuwong phap thwe nghiém: Trinh bay cac phuong phap danh gia sai s6 du
doan ap dung cho hé tu van cong tac.

- Két qua thwe nghiém: Dua ra cac két qua thuc nghiém va so sanh, danh gia két
qua so voi cac phuong phap khac.

- Két luan chwong: Tom tit lai cac két qua da dat duoc cta chuong
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CHUONG 1: TONG QUAN VE CONG LAP TRINH TRUC TUYEN VA HE
TU VAN CONG TAC

1.1. Gid6i thiéu vé cong nghé 1ap trinh truc tuyén

1.11. PC2
pc? (P-C-Squared) 1a mot hé thong phan mém dé quan 1y cac cudc thi lap trinh

may tinh dugc phat trién tai Dai hoc bang California, Sacramento.

1.12. CMS
CMS 13 phan mém t6 chirc cac cudc thi lap trinh twong tu nhu cac cude thi ndi
tiéng nhu IOL Puoc viét va nhin dugc sy dong gdp boi nhitng nguoi to chire cac cude
thi twong ty & cap qudc gia va qubc t&.CMS 1a mot giai phap dugc coi 1 hoan chinh va
d3 duoc thr nghiém va chimg minh t6t d&é quan 1y cac cudc thi. Tuy nhién n6 chi cung
cép cac cong cu han ché dé phat trién dir liéu, nhiém vu thudc vé cudc thi, Hé théng
duoc to chitc theo cach Modular véi cac dich vu khac nhau chay trén cac may khac

nhau va cung cap kha nang mé rong thong qua cac ban sao dich vu trén mot so thiét bi.

1.1.3. Domjudge
DOM JUDGE la mot hé théng giam khdo ty dong dé diéu hanh céc cudc thi 1ap
trinh. N6 c6 mot co ché dé gui cac giai phap van dé dé chung dugc danh gia hoan toan
tu dong va cung cip giao dién cho cac nhom, giam khao.
Hé théng c6 quy mo kha tt véi s6 luong ngudi ding 16n nhung lai can mot tai
nguyén server di manh. N6 ¢6 dy du cac tinh ning ctia mot OPJ bao gom:
- May test 1a mot hé théng chay doc l1ap so voi giao di¢n
- Sandbox:
- H¢é dich:
- Test case:
- H¢ danh gia:
- Giao dién:
1.1.4. Kattis
Diy 1a mot bd cong cu kha méi nhung cang ngdy to ra uy tin trong cong viée to
chirc cac contest cham thi ACM/ICPC. Website nay c6 doi ngii chuyén gia danh gia dé
bai rat khit khe va chuyén nghiép.
1.1.5. SPOJ
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Pay 1a mot website luyén tap truc tuyén rat 16n. Website ndy cung cip cac API
mé cho phép céac trudng hodc cac to chirc trén toan cau diang ky sir dung céc site con
va cong cu cham thi trén do.

1.1.6.DLab

Day 14 hé thong cong lap trinh tryc tuyén cua khoa Cong nghé thong tin 1 thudc
Hoc vién Cong nghé Buu chinh Vién thong véi muc dich phuc vu qua trinh hoc tap va
luyén tap cho sinh vién trong Hoc vién.

1.1.7.Tong két

Viéc xay dung nén mét cong 1ap trinh tryc tuyén hoan chinh bao gdm bd cong cu
kiém thir, website quan 1y, hé théng tu van cho sinh vién ludn 1a mot nhu thiét yéu tai
cac truong dai hoc trén thé gidi ndi chung cling nhu Viét Nam noi riéng, nhat 13 tai cac
truong chuyén dao tao nhan lyc trong linh vuc CNTT.

1.2. Gi6i thiéu vé hé tw vén
1.2.1.Phwong phap loc noi dung (Content Filtering)

Loc ndi dung 1a k¥ thuat loc dua trén su phan tich vé ndi dung cua dit liéu ch
khong phai 12 tim hiéu vé ngudn gdc ciia nd hay céc tiéu chi khac. Loc theo ndi dung
dugc thuc hién trén co s so sanh ndi dung thong tin hay mo ta hang hoéa dé tim ra
nhimg mat hang twong ty v4i nhitng gi ma ngudi dung di ting quan tim dé gidi thiéu
cho ho nhitng mat hang nay. Loc dya trén ndi1 dung thuc hién hi€u qua trén céc ddi
tuwong dir liéu biéu dién dudi dang vin ban va dugc st dung rong rii trén internet dé
loc email va truy cap céac trang web.

Trong phuong phap tu van dya trén ndi dung, ham tién ich u(c,s) cua item (san
pham) s img vé6i nguoi dung ¢ dugc danh gia dwa trén nhitng ham wdc luong u(c,si)
duogc gan bdi nguodi dung € voi nhitng item S € S tuong tu voi item S.

1.2.2.Phwong phap loc cong tac (Collaborative Filtering)

Loc cOng tac hoat dong bang cach thu thap phan hoi (Ratings) ctia ngudi dung
dudi dang xép hang cho cic mit hang, sin pham trong mot mién gia tri nhat dinh c6
thé tir (-1,1) hay (0,5) tuy thudc vao bai toan ctia nha phat trién. Vi gia tri danh gia
nay, hé thong s& khai thac cac diém twong déng vé hanh vi xép hang gitta mot sb
ngudi ding dé xac dinh cach dé xuat mot san pham dén véi ngudi dung.

Céac phuong phap loc cong tac (CF) c6 thé dugc chia nhé hon nita thanh hai
phuong phap sau:
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- Neighborhood-based (Memory-based):
- Model-based:
1.2.3.Phwong phap loc két hop (Hybrid Filtering)

Dé tan dung thé manh cua hai phuong phéap loc cong tic va loc ndi dung di cé
mot s& phuong phap lai duoc dé xuat két hop ca hai. Mot cach tiép can don gian 1a cho
phép ca phuong phap loc cong tac va dua trén ndi dung dé tao ra cac danh sach dé xuit
dugc xép hang riéng biét va sau d6 hop nhét cac két qua cia chiing dé tao ra mot danh

sach cudi cung.

0 o -

Item recommended

Hinh 1: M6 ta phuwong phdap Hybrid Filtering
1.3.  Phwong phap tu van cdng tac based-line
1.3.1.Phwong phap tw van cong tac User-based
Phuong phap nay tinh toan su tuong tu gilra 2 nguoi dung X va y st dung cong
thirc do twong quan Person hodc dya trén Vector Cosin sau d6 hé thong s& xac dinh tap
céc gia tri trong s6 ciia ngudi dung trén tt ca cac item dya vao d6 tuwong tu giita cac
ngudi dung tir d6 1dy k item c6 trong sb hay danh gia cao nhit dé dua ra goi y,
1.3.2.Phwong phap tw vin cdng tac Item-based
Phuong phap nay tinh toan su twong tu (similarity) gitra 2 item i va j. Sau d6 trén
co s& nguoi ding can tu van, hé thong sé 1ay ra k item ma ngudi ding c6 kha ning
quan tAm nhét. Sau d6 hé théng tu van s& xép hang k item nay dua trén trong sb da tinh
toan dugc dé dua ra quyét dinh kién nghi cho ngudi dung. Pé tinh su twong dong giira
2 item va trong s6 danh gia gitta ngudi dung u trén item i, chung ta st dung do tuong
quan Pearson hoic vector tuong tir Cosin dé tinh toan.

1.4, Mgt so van dé cia tw van cOng tac
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Trong phan nay, t6i s& trinh bay mét sd trd ngai pho bién trong tu van loc cong
tac ciing nhu trinh bay mot sé nghién ctru giai quyét chung

Sw thwa thét (Sparsity):

Cold-start:

Gian 1an (Fraud):

1.5. Kétluan

Mic du cac phuong phéap dya trén ndi dung thuan tay tranh duoc mot sb cam bay
da thao luan & trén, loc cong tac van c6 mot s6 wu diém chinh so véi chung. Thu nhét,
CF ¢6 thé thuc hién trong cac mién khong co nhiéu noi dung duogc lién két v&i cac muc
hodc trong d6 mdy tinh kho phan tich ndi dung, chang han nhu ¥ tuéng, quan diém,
V.v,.. Thit hai, hé thong CF c6 kha ning cung cip cic tu van co tinh bat ngd, tirc 1a nd
c6 thé d& xuit cac muyc c6 lién quan dén ngudi dung, nhung khong chira ndi dung tir ho
so cua ngudi ding. Chinh vi vy ma phuong phéap loc cong tac dugc dé xuat lam
phuong phap trong hé théng tu van cta cong lap trinh truc tuyén cling mot phan do
tinh dic trung ciia cong lap trinh truc tuyén kho cé thé gian lan trong danh gia van dé
ma loc cOng tac rat kho gidi quyét v4i nhiing ratings khong chinh xac. O chuong 2,
luan vin sé& trinh bay vé phwong phap loc cong tac cho cong 1ap trinh truc tuyén nham

nang cao hiéu qua tu vén.



CHUONG 2: PHUONG PHAP TU VAN CONG TAC CHO
CONG LAP TRINH TRUC TUYEN

2.1.  Phat biéu bai toan

Tu vén loc cong tac (collaborative filtering recommendation) 1a phwong phap
phd bién trong xdy dung cac hé tu van duoc tng dung rong rii trong thuong mai dién
tu, Phuong phap duoc xay dung tir tap nguoi dung U = {us, Uz, ..., Un} VA tap cac san
pham P = {p1, pz,..., Pm}. Mdi ngudi ding Ui U dua ra danh gia ctia minh cho mét s6
san pham pxEP bang mot s6 rixEQ (2 cb thé 1a tp cac sd nguyén hodc tap cac sd
thuc). Ma tran danh gia R 12 dau vao duy nhét cila cac phuong phap tu van cong tac
[5]. Dé thuan tién trong trinh bay, thay bing viét uiEU va pxEP ta viét ngan gon
thanh 1&Uva x&P. Dua vao ma tran danh gia R = {rix: i=1, 2,.., n; x =1, 2,,., m},
cac phuong phap tu van loc cong tic khai thac nhitng khia canh lién quan dén cong
dong dong nguoi dung c6 cing chung sé thich dé cung cap cho ngudi dung nay nhiing
san pham phu hop nhit véi ho. Tu tudng chu dao cua loc cong tac 1a nhitng ngudi
dung c6 s¢ thich tuwong ty nhau trong qua khir thi ho c6 thé c6 chung so thich trong
tuong lai. Mdi ngudi dung trong hé tu van loc cong tac 1a doc 1ap voi ngudi ding con
lai.

Bai toan tu van ndi dung sé cho mdi ngudi dung trén cong 1ap trinh tryc tuyén co
thé dugc xem xét nhu bai toan tu van loc cong tac dién hinh. Cu thé luan van nay xay
dung hé tu van bai toan cho ngudi ding trén cong lap trinh tryc tuyén Dlab sir dung
phuong phap loc cong tac. Goi tip ngudi dung 1a U = {us, Up,.., Un}, tip san pham 1a P
= {p1, P2,,., Pm}. Tap U va P lan luot 13 tip nguoi dung va bai tap 1a dir liéu thuc duoc
thu thap trén cong lap truc tuyén trinh Dlab. Két qua 1ap trinh ciia mdi nguoi dung
iEU giai quyét bai toan XEP duoc hé thong ghi nhan mét cach tu dong bang mot sd
rix. Trong d6, rix dwgc ghi nhan gia tri 1 néu giai phap 14p trinh cua ngudi dung 1 EU
thoa man tat ca cac bo dir lidu kiém thir dbi voi bai toan X E P, rix dugc ghi nhan gia tri
-1 néu giai phap lap trinh ciia ngudi diung i €U chua thoa min day di cac bo dir licu
kiém thir d6i voi bai toan X EP, rix duoc ghi nhan gia tri 0 néu ngudi dung 7 €U chua

giai quyét bai toan x &P, Nhiém vu cta phuong phap tu van loc cong tac 1a cung cip
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tap cac bai toan phu hop véi kha nang lap trinh ctia mdi nguoi dung trén cong 1ap trinh
tryc tuyén Dlab.

C6 nhiéu dé xuat khac nhau dé giai quyét bai toan tu van loc cong tac, tuy vay ta
c6 thé phan loai cac phuong phap thanh hai cach tiép can chinh: tu van loc cong tac
dua vao by nh¢ (Memory-Based) va tu van loc cong tac dya vao mo hinh(Model-
Based). Trong ludn vin ndy tap trung vao phuong phap tu van dya vao b nhé. Tu van
loc cong tac dya trén bo nhd duoc tiép can theo hai phuong phap chinh: Phuong phap
tu van loc cong tac dua vao ngudi dung (UserBased) va tu van loc cong tac dua vio
san pham (ItemBased). Mdi phuong phap déu c6 nhitng uu diém riéng khai thac khia
canh lién quan dén nguoi dung hodc san pham. Pic diém chung ctia ca hai phuong
phap nay 1a sir dung toan bo tip dir lidu dénh gia dé du doan quan diém cia ngudi
dung can dugc tu van vé cac san pham ma ho chua hé biét dén. V& ban chat, day 1a
phuong phap hoc luoi hay hoc dua trén vi du dugce stir dung trong hoc mdy. Ngoai hai
phuong phap tu van loc cong tac dua vao ngudi dung (UserBased) va tu van loc cong
tac dua vao san pham (ItemBased) di duoc trinh bay & chuwong 1 thi trong luan vin s&
trinh bay thém phuong phap tu van loc cong duge thuc hién bang cach biéu dién mdi
quan hé giita nguoi dung va cac ndi dung sb trén cong 1ap trinh tryc tuyén nhu mot do
thi hai phia (GraphBased). Phuong phap nay s& dugc trinh bay chi tiét & muc 2.2.

2.2.  Phwong phap tu van cdng tic cho cong lap trinh true tuyén

bé nang cao chét luong tu van, trong muc nay luan van s€ trinh bay dé xuat mot
thuat toan tu van loc cong tac cho cong 1ap trinh truc tuyén. Phuong phap duoc thuc
hién bang cach biéu dién mdi quan hé gitra nguoi ding va cac ndi dung sb trén cong
18p trinh truc tuyén nhu mot do thi hai phia. Loi dung tinh chét nay, ludn van xem xét
bai toan can giai quyét nhu mot van dé tim kiém trén d6 thi. Phuong phép s& dugc tién
hanh nhu duéi day.

2.2.1. Phwong phap wéc lwong mirc d9 phit hop ciia nguoi dung ddi véi

san pham

Gia sir ta c6 hé n ngudi dung U = {us, Uz,.., Un}, M san pham P = {p1, p2,,., Pm}-
Trong do, tap nguodi dung U dugc thu thdp mot cach ty dong ngay tir khi nguoi dung
dang ky tham gia cong lap trinh truc tuyén. Tap san pham P 13 tip cac bai toan clng

véi cac bo dit liéu kiém thir d3 duoc nap trong céng 1ap trinh truc tuyén. Ma tran danh
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gia R = {rix i=1, 2,..,n; x =1, 2,.m} dugc ghi nhan ty dong trong cong lap trinh truc

tuyén theo cong thuc (17).

1 néungwdi dung iU submit ding bai todn xeP
r..=41 0 néunguwdidiung iU chwa submit bai toanxeP (17)

[
—1 néungwdi dung iU submit sai bai toan xP

D@ dang nhan thiy, ma tran danh gia R duoc xac dinh theo (17) duoc biéu dién
nhu mot do thi hai phia (bipart graph). Mot phia 13 tip ngudi ngudi dung U, phia con
lai 12 tap bai toan P trong cong 1ap trinh truc tuyén. Tap canh ctia d6 thi chi bao gdm
cac canh co6 dang e = (i, X), trong d6 i €U va x EP. Khong t6n tai cac canh ndi cac
dinh ¢ ciing mot phia. Noi cach khéac, khong ton tai cac canh ndi giira dinh ngudi ding
va dinh nguoi dung va khong ton tai cic canh ndi giita dinh san pham va dinh san
pham. Vi du v6i ma tran danh gia cua hé gdm 5 nguoi dung va 7 san phdm nhu trong
Bang 3 sé& cho ta biéu dién do thi hai phia twong tmg trong Hinh 2. Trong d6, gia tri rix
= 1 thé hién ngudi dung i 1ap trinh dung bai toan X, rix = -1 thé hién nguoi ding i 1ap

trinh chua ding bai toan X, rix = 0 thé hién nguoi dung i chua 1ap trinh bai toan X.

Sdn pham
Nguoi dung

P1 P2 P3 P4 Ps Pe p7
U1 1 0 -1 1 0 -1 0
uz 0 1 -1 1 -1 0 -1
us -1 1 1 -1 0 0 1
Usa -1 -1 0 0 1 -1 1
Us 0 1 0 -1 1 1 0

Bang 1: Vi du v6i ma tran danh gia ciia hé gom 5 ngueoi dimg va 7 san pham

Theo tinh chét ctia d6 thi hai phia, duong di tir dinh nguoi ding | €U dén dinh
san pham X €P ludn c6 d6 dai L 1¢ (L=1, 3, 5, 7...). Vi du cac duong di U1-ps-Us-p2, Ui-
P3-U2-P7, U1-P1-U2-P2 1a nhitng duong di do dai 3, cac duong di Ui-pa-Uz-p2-Usz-P7, Uz-Ps-
U1-Pe-Us-P1, U1-P1-Us-P7-Us-P2 13 nhitng duong di do dai 5. Tap tat ca cac dudng di tir
dinh nguoi dung i €U dén dinh san phim x €P dugc chia thanh 3 loai: loai 1 bao gdm
tap cac dudng di chi di qua cac canh c6 trong s6 duong (+1), loai 2 bao gém tip céac
duong di chi di qua cc canh c6 trong s6 4m (-1), loai 3 bao gdm tip cac duong di di

qua cic canh c6 trong sd hodc (+1) hodc(-1). Vi du: Ui-pa-Us-P2, Us-Pa-Uz-P2-U3-Pp7 |a cac
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duong di loai 1; U1-ps-U2-p7, U2-P3-U1-Pe-Us-p1 1a cac duong di loai 2; ui-pi-Uz2-p2, Ui-P1-

Uz-P7-Us-p2 1a cac duong di loai 3.

Hinh 2: Dé thi hai phia twong iing véi ma trdn danh gid ciia hé gom 5 nguwoi ding va
7 san pham

Bang truc quan ta d& dang quan sat duoc, néu s6 luong dudng di d6 dai L tir dinh
i €U dén dinh x €P thudc loai 1 chiém da sb trong ca ba loai duong di thi viéc du
doan san phim X phu hop v6i nguoi dung i ¢6 kha ning ding cao nhat. Trong trudng
hop nay, ta du doan quan diém cia nguoi dung i dbi voi san pham méi X ¢6 gia tri rix =
1. Néu sé luong duong di d6 dai L tir dinh i €U dén dinh x EP thudc loai 2 chiém da
s6 trong ca ba loai duong di thi viéc du doan san pham x khong phu hop véi nguoi
ding i ciing c6 kha ning ding cao nhat. Trong truong hop nay, ta du doan quan diém
clia ngudi ding i doi v6i san pham madi X ¢ gi tri rix = -1. Truong hop cudi ciing, néu
s6 luong duong di d6 dai L tir dinh | €U dén dinh x EP thudc loai 3 chiém da sb trong
ca ba loai duong di thi chung ta khong du doan dugc san pham X c6 phu hop hay
khong dbi véi ngudi dung i. Trong trudng hop nay, ta du doan quan diém cua ngudi
ding i ddi voi san phim méi X ¢6 gid tri rix = 0. Dya trén nhan xét ndy, chung toi dé
xuét phuong phap tinh toan mirc d6 phu hop cia ngudi dung dbi voi cac san pham méi
nhu sau.

Goi W ={w,:i=1,2,..,mx=1,2,,.,m} 1a ma tran lién ké biéu dién dd thi hai
phia cia ma tran danh gid R duoc xac dinh theo cong thac(2),
wh={wl:i=1,2,,.,mx=1,2,,.,m} |a ma tran lién ké biéu dién d6 thi hai phia cho
cic gia tri danh gia duong dugc xac dinh theo cong thic(3),
w2 ={wlk:i=12,,.n;x=12,.,m} 12 ma tran lién k& biéu dién d thi hai phia cho

cac gia tri danh gid am dugc xac dinh theo cong thirc (4). No6i cach khac ta thyc hién
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tach d0 thi hai phia biéu dién ma tran danh gia R thanh hai do thi con, d6 thi con W*
chi bao gém céc canh c6 trong sé dwong (+1), d6 thi con W2 chi bao gdm cac canh co

trong s6 am (-1).

1 néur, =0
W = i 18
[CI otherwise (18)

Wl — {1 néu >0 (19)
0 otherwise

w? = {1 néu ry, < 0 (20)

0 otherwise

Khi d6, s luong tat ca cac dudng di c6 do dai L tir dinh | €U dén dinh x EP trén

toan bo ma tran danh gia R dugc xac dinh theo cong thire (21). Pay ciing chinh 13 s6
lugng cua ca ba loai dudng di tir dinh i €U dén dinh x EP. S6 luong dudng di loai
1(duong di qua cac canh c6 trong sb 1) tir dinh i €U dén dinh x EP duoc xac dinh
theo cong thirc (22) . Sb luong dudng di loai 2(dudng di qua cac canh co trong s6 -1)
tir dinh i €U dén dinh X EP dugc xac dinh theo cong thirc (23) . S6 lugng duong di
loai 3(duong di qua cac canh co trong s6 1 hodc -1) tr dinh i €U dén dinh x P duoc
xac dinh theo cong thirc (24). Trong d6, WT 1a ma tran chuyén vi ctia W, (W7 1a ma

tran chuyén vi cia W', (W?)T 1a ma tran chuyén vi ciia W2,

W néu L=1
WL:{ 21
w.wh . wt—2 néul= 3,5,.. (21)
wi fu L=1
wh* ={ L, e 22)
W= (W) (W) néul= 3,5, ..
L W2 néu L=1
[WZ) :{ 1 2.T 1. L2 o (23)
W= (W=) (W) néul= 3,5, ..
3, L L 14L 2L
(W) = w-—(w") — (w*) (24)

Nhu vay ta da xac dinh dugc sb luong cua tirng loai duong di c6 do dai L tir dinh
i €U dén dinh x €P, Goi MAX 1a s6 luong duong di c6 do dai L 16n nhat tir dinh i €U
dén dinh x EP duoc xéac dinh theo (25). Khi do, phuong phap du doan mirc d6 phu hop
ctia nguoi dung i €U d6i véi cac san phim méi x EP duoc xac dinh theo cong thic

(26).

MAX = max{wl:i=1,2,..,m;x =1,2,..,m} (25)
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( |'v."']l.r‘
Ay ) ix
1 néu T 0.5
2
T = 4 2 W )iy (26)
ix 0 neu ax = 0.5
1 néu e o5
\—1 néu ——~>0.

Trong cong thirc du dodn, dé han ché céc cap (i, X) co sb lugng duong di dg dai L
nhé nhung cé ) luong duong di d6 dai L thudc mdi loai van chiém dai da sb so véi
wk,, Chinh vi vdy, chung t6i so sanh véi gia tri 16n nhat trong ma tran W* dé tién hanh
so sanh. Gia tri du doan quan diém cta ngudi dung i dbi véi san pham méi X 14 rix=1
(v )

ax — 0-5. Difu nay c6 nghia s6 luong duong di d6 dai L tu dinh I dén dinh

khi ti s6

X phai dat gia tri du 16n va sd luong duong di d6 dai L di qua cac canh cé trong sb
duong chiém dai da sb. Tuong tu nhu vay, gia tri du doan rix =-1 khi ) luong duong
di d6 dai L tir dinh i dén dinh x phai dat gia tri du 16n va $6 luong duong di do dai L di
qua cac canh cé trong s6 am chiém dai da s6. Gia tri du doan rix =0 khi sb luong
duong di do dai L tir dinh i dén dinh X phai dat gia tri du 16n va sé lugng duong di do
dai L di qua cac canh co trong sé ca 4m 1an dwong chiém dai da s6. Dwa vao phuong
phap dy doan di duoc xdy dung theo (26) luan vin dé xuat thuat toan tu van cong tac
cho cong 1ap trinh truc tuyén nhu trong Muc 2.2.2.

2.2.2.  Thuit toan tw van cdng tac cho cong lap trinh truc tuyén

Thuat toan tu van cong tac cho cong lap trinh truc tuyén (ky hiéu 1a GraphBased)
duoc thuc hién thong qua 4 budc nhu trong Hinh 6. Tai budc 1 cta thuat toan ta tién
hanh xay dung cac ddi thi hai phia. D6 thi W dung dé xac dinh sb luong cac duong di
c6 do dai L tir dinh i €U dén dinh xEP. Db thi W! dung dé xac dinh sb luong cac
duong di c6 do dai L tir dinh 1E U dén dinh xEP chi di qua cac canh c6 trong sb
duong. P6 thi W2 dung dé xac dinh sd luong cac dudng di c6 d6 dai L tir dinh 1€U
dén dinh xEP chi di qua céac canh co trong sb am. Trong do, gia tri L dugc xac dinh
thong qua thir nghiém. Trong bai bao nay, ching thir nghiém va 1y L=7 da cho két
qua t6t nhat.

Tai budc 2 cta thuat toan, chung ta tién hanh tim s6 luong duong di c6 d dai L
tir dinh 7 €U dn dinh xEPtrén do thi W. Két qua nhan duoc 1a ma trin W' ghi nhan
s6 luong tat ca cac loai dudng di c6 do dai L tir dinh 1 €U dén dinh xEP. Tiép dén ta

tim duoc s luong dudng di d6 dai L di qua cac canh co trong s6 duong trong ma tran
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(W) va sb lugng dudng di d6 dai L di qua céc canh c6 trong sé duong trong ma tran
(W)L, Cudi cung ta xac dinh duoc ma tran (W*)* ghi lai s luong duong di d6 dai L
di qua céc canh c6 trong sd ca 4m ca duong.

Tai budc 3 cua thuat toan chung ta tién hanh dién cac gia tri du doan rix theo
cong thirc (20). Trong d6, mot s6 nhin lac dau c6 rix = 0 duge thay thé bang gia tri 1,
mot s6 khic dugce thay thé bang gia tri -1, phan con lai c6 gia tri 0 twong Gng véi viée

ta chua thé dua ra du doan. Thuat toan chi tiét duoc thé hién trong Hinh 6.

Thuat toan GraphBased:
Piu vio:
- Ma tran danh gia R dugc xac dinh theo cong thirc (17).
Piu ra:
- Danh sach k san phdm mdi X EP pht hop nhat d6i voi ngudi ding
U,
Cac buéc tién hanh:
Buwéc 1. Xay dung cac d6 thi hai phia tir ma tran danh gia R:
1.1.  Xay dung ma tran ké biéu dién db thi hai phia trén toan bd R theo cong
thire (18):
W = {1 néu 1, ill]
0 otherwise

1.2.  Xay dung ma tran ké biéu dién db thi hai phia cho cac danh gia c6 gia
tri 1 theo cong thure (19):
Wl = {1 néu 1, > 0
0 otherwise

1.3.  Xay dung ma tran ké biéu dién db thi hai phia cho cac danh gia c6 gia

tri -1 theo cong thirc (20):
w2 = {1 néu 1, ::.ﬂ
0 otherwise

Buwéc 2. Tim s6 luong dudng di do dai L ctia mdi loai:
2.1. Tim sb lugng duong di do dai L tir dinh i €U dén dinh x EP trén toan
bd R theo cong thure (21):
Wt = {W ) néu L=1
wW.wT wt=2 néulL= 3,5,..
2.2.  Tim s6 lugng duong di loai 1 c¢6 do dai L tir dinh i€U dén dinh xEP
theo cong thure (22):
e Wt néu L=1
W)= {Wl. (WHT. (wht2 néul = 3,5,...
2.3.  Tim sb lugng duong di loai 2 ¢6 do dai L tir dinh i€ U dén dinh xEP
theo cong thure (23):
ap [ WE néu L=1
(W5)"= {Wf. (WHT. (w?)i2 néul= 3,5,..
2.4.  Tim sb lugng duong di loai 3 ¢6 do dai L tir dinh i€ U dén dinh xEP
theo cong thirc (24):
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[WEI)L = wk— (lei- _ (ij.f_-
Buée 3. Dy doan quan diém cta i €U ddi v6i cac san pham méi x EP:
3.1. Tim sb luong dudng di do dai L tir dinh i €U dén dinh x EP trén toan
bd R theo cong thirc (25):
MAX = max{w?k, 1,2,,.,m}
3.2.  Sinh ra dy doan quan diém i €U ddi véi cac san pham méi x P theo
cong thire (26):

i=1,2,,..m;x =

f(wt ]L

1 néu —= > 0.5
MAX

¢ gL

_ (w®)
e = 10 néu L
MAX

[w® ]IL'r

—1 néu - =05
MAX

=0.5

Budérc 4. Tao nén tu van cho ngudi ding i €U cac san pham mai X EP:
4.1.  Sap xép rix theo thir ty ting dan cia trong s6.

4.2.  Chon k san pham méi dau tién c6 rix=1 dé tu van cho nguoi ding i.

Hinh 2: Thudt toan GraphBased.

Vi du: Xét ma tran trong so sau:

U1 Us Us Us Us Us
P1 1 0 -1 -1 0 1
P2 0 1 1 -1 1 0
P3 -1 -1 1 0 0 1
P4 1 1 -1 0 -1 -1
Ps 0 -1 0 1 1 0
Ps -1 0 0 -1 1 1

Bang 2: Ma tran danh gia R

Budc 1: Xay dung cac d6 thi hai phia

Ma tran ké biéu

1 0
0 1
1 1
1 1
0 1
1 0
dién cho
1 O
0 1
0 O

1 1 0 1
1 1 1 O
1 0 0 1
1 0 1 1
0O 1 1 0
o 1 1 1
cac danh gia c6 gia tri
0O 0 0 1
1 0 1 O
1 0 0 1

Ma tran ké biéu dién d6 thi hai phia trén toan bd R:

—_—




o o
o o
o o o
o r»r O
R
= =

- Ma tran ké bi€u dién cho cac danh gia co6 gia tri -1:

O 0 1 1 0 O
o 0 0 1 1 O
1 1 0 0 0 O
O 0 1 0 1 1
0o 1 0 0 0 O
1 0 0 1 0 O

Budc 2: Xéc dinh s luong dudng di d6 dai L cia mdi loai, & day chung ta xét L = 5.

- Tim sb lugng duong di do dai L =5 trén toan bo R:

Wi=w.wi.w.wi.w

196 171 191 161 169 196
175 175 180 162 175 075
- [199 178 197 159 171 199
241 222 240 201 217 241
125 129 129 122 132 125
188 169 183 163 172 188

- Tim sb lugng duong di do dai L =5 ¢o gid tri 1:

(wt)s = wiwt  wiwtl w!

11 7 8 1 9 17
8 18 19 6 26 16
_ |7 8 13 2 14 18
10 11 7 1 8
2 7 8 6 17
8 9 13 5 20 19

- Tim s6 lugng duong di do dai L =5 c6 gid tri 1:
T T
(W2)s = w2. w2 . wiw? w?

6 1 12 16 5 5
5 1 5 11 1 1
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10 9 1 6 0 O
= ]1 0 15 7 10 10

4 5 0 1 0 O

11 5 6 16 1 1

- Tim sb lugng dudng di loai 3 do dai L = 5:

(WSjE — WE _ (Wijg _ [WZJE

179 163 171 144 155 174
162 156 156 145 148 158
- [182 161 183 151 157 181
230 211 218 193 199 223
119 117 121 115 115 117
170 155 164 142 151 168

Budc 3: Sinh du doan
Vi du ta sinh du doan cua Uz Ién bai toan P4

3
W7y 2 163
—==—=2=0.5
Max 171

Ty, =0 Vi
Diéu d6 c6 nghia 1a chua thé du dodn duoc Uz ¢ thé lam dugc bai toan P1 hay khong.
2.3.  Kétluan
Chuong nay t6i di dé xuat 3 phuong phap cho cong lap trinh truc tuyén, & hai
phuong phap User-based va Item-based, day 1a hai phuong phap phd bién va ching
khic phuc nhitng nhugc diém cua nhau, & phuong phap User-based s& khong co tinh
hiéu qua, thuc té cho thiy néu cong lap trinh truc tuyén c6 mot luong ngudi dung 16n
hon rat nhiéu so v&i s6 luong bai toan thi lic nay hé thong s& gap rat nhiéu kho khan
trong khau tinh todn ma tran tuong ty gitta cac cap nguodi dung vi lic nay ma trdn
tuong quan 1a rat 16n con vé phuong phéap Item-based cho thiy hiéu qua hon & phuong
dién nguoi ding va bai toan boi trén thuc té s6 luong ngudi dung da phan s& 16n hon
rat nhiéu so voi bai toan ciing chinh vi diéu nay s& 1am ma tran danh gia cua ltem-
based s& duoc day du va c6 duoc nhiing ddnh gia chat luong hon tir nhiéu nguoi dung
khong nhirng thé véi sb luong bai toan it hon rat nhidu nguoi ding s& giup hé thong
tinh toan va dua ra goi y nhanh hon so véi phuong phap User-based. Tuy vay ca hai
phuong phap lai c6 nhuoc diém 1a néu dit liéu thua thét s& rat kho dé dua ra phan doan

chinh xac boi dit liéu thua thét s& anh hudng rat 16n dén khau tinh toan do twong quan
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nhu toi di trinh bay hai phuong phap khi str dung cong thirc twong quan cosin, dé ting
dd chinh xac phai can mot luong dir liéu 16n diéu nay rat kho voi hé théng moi chay
giai doan dau chinh vi thé ma ludn vin di dé xuat phuong phap loc cong tac dua trén
mo hinh d thi, phuong phap nay manh mé ¢ diém c6 thé dua ra du doan ngay khi dir
liéu khong dii 10n bang cach tinh toan s6 dudng theo cac loai ma bai toan dua ra tir s6
lwong dudng di tinh duoc ta co thé phan doan quan diém cua ngudi dung va bai toan
theo ty 1¢ s6 loai duong di ma cip nguoi ding va bai toan ¢ thé di dugc. O chuong
sau, ludn van s€ thuc nghi€ém trén céng lap trinh truc tuyén cua Hoc Vién Cong Nghé
Buu Chinh Vién Thong dé thdy dugc su uu viét ciia phuong phép loc cong tac theo md

hinh db thi hai phia so v&i hai phuong phap con lai.
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CHUONG 3: THUC NGHIEM VA PANH GIA

3.1. Phwong phap thuc nghiém

Thuét toan dua trén dd thi (GraphBased) dé xuét duoc tién hanh thu nghi¢m trén tap
dir li¢u dugc thu thap tu céng 1ap trinh tryc tuyén Dlab cua Hoc vién Cong ngh¢ Buu chinh
Vién théng. Phuong phap xay dung bd dit liéu va két qua thir nghiém duoc danh gia va so
sanh vai1 cac phuong phap khéc theo thu tuc duge mo ta nhu dudi day.

Trude tién, toan bd tap ngudi ding duge chia thanh hai phan, mot phan Uy duogc sir
dung lam dir li¢u huén luyén, ph@in con lai U dugce sir dung dé kiém tra. Tap dir licu huin
luyén ding dé xay dung mé hinh theo cac thuat toan loc dugc sir dung. Vi mdi ngudi ding
UE Uy, cac danh gia rup# @ duoc chia thanh hai phan Oy va Py. Oy duge coi 1a da biét,
trong khi d6 Py 1a danh gia can du doan tir dir liéu huan luyén va Ou. Gia sitr phuong phap
loc dua ra du doan cho nguoi dung trong tap Py la Py, Khi d0, sai s6 du doan duoc thuc
hién bang cach so sanh cac danh gia trong hai tap Py 12 P,

P do trung binh gia tri tuyét ddi 15

Panh gi4 sai s6 phan loai trung binh gia tri tuyét dbi 16i (MAE) dugc Breese dé xuét
nam 1998 dugc xem 1a phuong phép tiéu chuan cho loc cong tac. Sai s6 du doan MAE, cho
mdi nguoi dung u thudc tap dit liéu kiém tra duoc tinh bang trung binh gia trj tuyét d6i gitta
hiéu s6 gia tri dy doan va gia tri thuc ddi voi tat ca mat hang thudc tap Pu.

e

A 27)

u

MAE, =

Sai s6 du doan trén toan tap dir licu kiém tra dugc tinh béng trung binh cdng sai )
du doan cho mdi khach hang thudc Ue duge tinh toan theo cong thire (27). Gia tri MAE
cang nhé, phuong phdp du doan cang chinh xac.

> MAE,
MAE ="~———

U

(28)
3.2.  Dirliéu thuc nghiém

Phuong phép tu van cong tac do nhém nghién thu thip truc tiép tir céng 1ap trinh truc
tuyén cua Hoc vién Cong nghé Buu chinh Vién thong, Téap dit liéu thu thap tir thang 8/2020
dén thang 6 nim 2021 dugc 6435 nguoi dung ding ky tham gia cong 1ap trinh truc tuyén.

Kho ndi dung s6 dugc xay dung trong vong 1 ndm véi 1245 bai toan dé nguoi hoc co thé
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1ap trinh va chdm bai tu dong. Tong sb luot giai bai (submission) cta 6435 ngudi dung ghi
nhin trong cong lap trinh truc tuyén dén ngay 20/6/2021 1a 1,151,000. Trong d6, ngudi
ding i 1ap trinh dung bai toan X cong lap trinh ghi lai gia tri 1, nguoi dung i 1ap trinh chua
dung bai toan X cbng 14p trinh ghi lai gia trj -1, ngudi dung i chua giai bai toan x cong 1ap
trinh ghi lai gia tri 0. Mdi nguoi 1ap trinh c6 thé submit mot bai nhiéu 1an va hé thong chi
ghi nhén gia tri 1, -1 cho két qua cudi cung. Trong s6 6435 nguoi dung, luan vin loc ra duge
6120 nguoi dung di tham gia 1ap trinh it nhat 20 bai du dung hodc sai dé tién hanh thu

nghi¢m. Dt li¢u dau vao duge minh hoa & hinh 3.
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Hinh 3: Anh minh hoa dit liéu dau vao
O hinh 3, ¢4t dau tién la thé hién id ctia nguwoi dung, cot thir 2 1a id cua bai tap, cot thir

3 1a trang thai giai bai ctia ngudi dung ddi véi bai tap.

Chon ngau nhién 2000, 3000, va 4000 trong tdp 6120 ngudi dung lam dit liéu huin
luyén. Chon ngau nhién 400, 600, va 800 ngudi trong s6 con lai 1am tap dir liéu kiém tra. Dé
thir nghiém kha ning ctia phuong phap méi dé xuit so véi nhitng phuong phap khac trong

truong hop c6 it dir lidu, ching toi thay do6i s6 lwong bai 1ap trinh ctia mdi ngudi ding trong
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tap kiém tra sao cho sb lwong bai da 1ap trinh 1an luot 1a 5, 10 va 20, phan con lai 13 nhiing
danh gia can du doan.
3.3. K&ét qua thuc nghiém
Phuong phap GraphBased dé xuét trong Muc 2.2 dugc thir nghiém va so sanh véi

nhirng phuong phép sau:

- Phuong phap Userbased st dung d6 twong quan Person, day l1a phuong phap loc cong
tac dua trén nguoi dung duogc trinh bay & muc 1.3.1

- Phuong phap Itembased sir dung d§ tuong quan Person, ddy la phuong phép loc cong
tac dua trén san phém duogc trinh bay & muc 1.3.2

Gia tri MAE trong Bang 10 dugc udc lugng tir trung binh cua 10 1an thir nghiém ngiu

nhién. Két qua thir nghiém cho thay phuong phap dé xuat déu cho gia tri MAE nhé hon
phuong phap UseBassed va ItemBased trong tit ca cac trudng hop dit liéu biét trudce 13 5, 10
hay 20 danh gia. Cu thé, trong truong hop dir lidu rat thua véi sd lugng danh gia biét trude
trong tap dit liéu kiém tra 1a 5 thi gia tri MAE cta phuong phiap Usebased, ItemBased,
GraphBased lan lugt 12 0.2158, 0.2172, 0.208 trén tap dit liéu huan luyén 2000 nguoi ding.
Gia tri MAE cua cac phuong phdp Userbased, ItemBased, GraphBased c6 xu hudéng nhd
dan khi kich ¢& tap dit liéu hudn luyén tang 1én 3000 va 4000 ngudi dung. Tuy nhién,
phuong phap GraphBased van c6 gia tri MAE nho hon céc phuong phap con lai. Diéu nay
chtng t6 phuong phap dé xuat phat huy duoc hiéu qua ngay ca truong hop dit liéu thwa coa
loc cong tac.

Trong truong hop c6 tuong dbi day du dir liéu, cu thé voi sb luong danh gia biét
trude 1 20 thi gia tri MAE ciia phuong phap GraphBased c6 gid tri nhd hon han cac phuong
phap con lai. Gia tri MAE cua phuong phap GraphBased 1a 0.1812, 0.1792, 0.1712, hai
phuong phap Userbased-Graph, Itembased-Graph ciing cho 1 két qua twong déi t6t khong
kém Graph-Based voi MAE trong khoang [0.17,0.19] trong khi d6 cac phuong phap
UserBased va ItemBased déu cho két qua MAE >1.820. Piéu nay chi c6 thé 1y giai cac
phuong phap tu van dya trén d6 tuong quan thuc hién wéc lugng mirc d6 giita cac cip ngudi
dung hodc san pham tryuc tiép trén tap giao cac danh gia vé san phim hay ngudi dung. Tuy
nhién, v&i phurong phap dua vao do thi, chiing ta co thé suy dién mirc do trén tap cac dudng
di c6 trong s6 duong va tap cac duong di c6 trong sb 4m dong thoi khong dua ra du doan
v6i cac duong di co ca trong s 4m 13n duong. Diéu nay cho phép ta tdn dung duoc cac mbi

lién hé gian tiép vao két qua du doan.
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Mic du két qua cia cic phuong phap Graph cho ra 1 két qua t6t hon hin nhimng
phuong phap théng thudng nhung lai gip 1 van dé vé su lién thong giita cac dinh trong cac
d6 thi tirc s& co 1 cap dinh khong c6 canh ndi va hoan toan bi tach ra khoi dd thi néu chung
ta c6 1 tp nguoi dung va bai toan khong 16 nhung dit liéu lai cuc ki thua thét diéu nay s&
dan dén khi ta tich mo hinh db thi tong quat thanh cac d thi con thé hién cac duong am va
duong s& dan dén do thi nay s& khong thé lién thong, khi d6 thi khong lién théng s& anh
huong rit cao dén két qué khi ta tang do dai L =5,7,9 ...

Dé khic phuc nhuoc diém nay t6i di ting cuong loc dit 1iéu cho tip training, c6 thé
thdy rang van dé d6 thi khong lién thong 1a do su thua thét dit liéu gitta cac dinh v6i nhau
chinh vi vy ma t6i da chon ra 6000 ngudi dung da lam it nhat 20 bai toan va mdi bai toan
phai toi thiéu c6 20 nguoi da lam diéu nay khong thé chac chin sé cho chiing ta mot d6 thi
lién thong nhung né c6 thé han ché bot sy khong lién thong gitta cac dinh trong dd thi. Co
thé tang dir liéu 1én 30, 50 dé khac phuc van dé nay. Mot hudng khac 1a chiing ta co thé thay
t6i da thir nghiém moi phuong phap 10 1an dé 13y ra két qua trung binh, diéu nay cling nham
han ché trong 1 vai truong hop c6 thé xuat hién d6 thi khong lién thong nén lay trung binh
két qua ciing 1a 1 cach c6 thé giam thiéu su sai s khi gap d6 thi khong lién thong. Pé ma co
thé chic chan khi tach thanh cac do thi con thé hién duong di 4m va dwong 1a 1 d6 thi lién
thong thi yéu tb dir lidu rat quan trong, véi 2 phuong phép trén chi 1 phan nao han ché dugc

su khong lién thong xay ra chir khong hoan toan khic phuc triét dé van dé nay.

Kifh thu’?’c tap dit lidu Phuong phip S6 luong danh gia biét trudc

huan luyén 5 10 20
UserBased 0.2158 0.2117 0.2042

2000 ngudi dung ItemBased 0.2172 0.2146 0.1992
GraphBased 0.2068 0.1984 0.1872
UserBased 0.2147 0.2012 0.1924

3000 nguoi dung ItemBased 0.2145 0.2116 0.1967
GraphBased 0.2043 0.1877 0.1792
UserBased 0.2037 0.2117 0.1942

4000 nguoi dung ItemBased 0.2012 0.2146 0.1820
GraphBased 0.1987 0.1784 0.1712

Bang 3: Gid tri MAE cua cac phwong phap
3.4. Kétluan
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Nghién ctru di dé xuit mot phuong phap tu van loc cong tac trén cong 1ap trinh truc
tuyén ctia Hoc vién Cong nghé Buu chinh Vién théng nhim cung cap cho tip bai toan phu
hop véi kha niang 1ap trinh cho mdi nguoi ding. M6 hinh dé xuat phat huy hiéu qua ngay ca
trong trudng hop dit liéu thua ma cic mé hinh tr van loc cong tac khac thudng gip phai kho
khan. Phuong phap tu van cong tac dé xuit da dem lai hiéu qua thiét thuc cho nguoi hoc 1ap

trinh tryc tuyén cua Hoc vién Cong nghé Buu chinh Vién thong.



