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Loi cam on

Trude tién, toi xin gui 101 cam on va long biét on sdu sdc nhat téi Pho Gido su
Tién si Ha Quang Thuy va Thac sy Nguyén Thu Trang, ngudi di tan tinh chi bao

va hudng din toi trong sudt qua trinh thuc hién khod ludn tot nghiép.

T61 chan thanh cam on cac théy, c6 da tao cho t6i nhiing diéu kién thuan loi dé hoc tap
va nghién ctru tai truong Pai Hoc Cong Nghé.

Toi cling xin guri 101 cam on tdi cac anh chi va cac ban sinh vién trong nhém “Khai pha
dir liéu” da giup toi rat nhiéu trong viéc thu thap va xu 1y dir lidu.

Cubi cung, toi mudn gui 10i cam vo han t6i gia dinh va ban be, nhitng ngudi than yéu
ludn bén canh va dong vién toi trong sudt qua trinh thyuc hién khoéa luan tbt nghiép.

To61 xin chan thanh cam on !

Sinh vién

Nguyén Song Ha



Tém tit ndi dung

Hé tir van (recommender system) dd tré thanh mét trong nhitng linh vuec nghién ciru
quan trong Ké tir khi bai bdo dau tién vé loc cong tdc (collaborative filtering) xudt hién
vdo gitra nhitng nam 1990. Hién nay, si quan tam déi Véi hé tw vin dang rt cao vi sw
can thiét cia nhing ing dung cé thé giip nguwoi ding xir Iy véi tinh trang qud tdi
thong tin & dwa ra nhirng ngi dung hoac loi khuyén phi hop cho tung ca nhdn. Mgt
vai ¥ng dung néi tiéng nhue: hé tw vin sach, CDs ciia Amazon.com, hé fe van phim cua
MovieLens... Nhung so véi sdch, phim... thi sé lwong website biing né méi ngay con
l6n hon rdt nhiéu. Khéa ludn dé xudt phwong phdp xdy dung mét hé thong tw van
website duwa trén viéc khai phd query logs ciia mdy tim kiém. Cdc website dwoc tw van
la két qud c6 dwoc diea trén phdn tich nhing lwa chon cia hang nghin nguoi ding
triede dé. Thuc nghiém ban dau cua hé thang cho két qud khd tot.
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Loi mé dau

Trong thoi dai bung nd thong tin, khi nguoi dung thuong bi ngap trong khéi lwong
thong tin khong 16 thi hé tu van ngay cang cé vai trd quan trong. C6 kha nhiéu hé
thdng tu van noi tiéng, nhung hau hét chi tap trung vao mot sb linh vuc hep nhu: sach,
phim, ca nhac...Cac hé théng d6 thuong dua vao danh gia cta cac chuyén gia
(reviewer) véi nhitng bo tiéu chuén cu thé, hoic dua trén viéc chim diém san pham
boi nguoi dung. Nhung cac linh vuc trong cudc séng rat phong phu, sé lugng chang
loai san pham rat [on. Dé c6 hé tu van dya trén chuyén gia hay nhitng bo tiéu chuan cu

thé nhu vay trén moi linh vuc, moi san phﬁm 1a diéu khong thé.

Khi can tim thong tin v& mot san phdm nao 6, giai phap duoc hau hét ngudi
dung str dung 13 dua cau hoi vao may tim kiém thay vi tim dén nhirng website/forum
chuyén nganh. Tuy nhién, may tim kiém khong phai ltc nao ciing hiéu qua. May tim
kiém chi co thé dua ra mot danh sach cac lya chon (co thé 1én dén hang triéu) chu
khong thé néi duoc lra chon nao 1a tét nhat.

Vi dy, mot du khach 1an dau dén Ha Noi, muén tim khach san bang query:
“hanoi hotel”, s& nhan duoc tir Google gan hai triéu két qua tra vé. Hau hét moi khach
san trong danh sach két qua déu xa la va tu quang cdo minh 1a tot nhat, lam cho du
khach bdi réi trong bién thong tin. Khong thé co thoi gian dé tim hiéu lai vé tung
khach san (du chi 1a trong 10-20 két qua dau); nguoi khach can 10i khuyén cho truong
hop nay. Nhitng nhu cau nhu vay c6 thé bat gap rat nhiéu trong cudc séng hang ngay,
ngay ca khi nguoi ta tim kiém nhiing san pham don gian nhu mét chiéc dau DVD, mot
hang son, mgt cong ty taxi ..., ma vi khong c6 thong tin nén véi ho moi thuong hi¢u
déu nhu nhau. Can c6 mot phuong phap c6 thé dwa ra goi ¥, tu van cho ngudi dung du
t6t dé ap dung cho nhiing chua dé rat da dang cua cudc song.

Mot giai phéap rat tot va hiéu qua 1a goi ¥ dwa trén chinh kinh nghiém cta nhiing
nguoi di timg tim vé chii dé nay trude d6. Nhitng thong tin duoc luu lai trong log caa
may tim kiém s& cho biét nhitng nguoi tim vé chi d& d6 thuong hay truy cap vao
website nao. Nhitng website ndy di qua hai 1an “loc”, mot cia may tim kiém va mot
ctia nguoi dung (khong phai ngau nhién ma nhidu ngudi dung lai ¢ ciing mét lya
chon). P6i khi nhitng két qua nay con tot hon ca két qua may tim kiém tra lai. Vi du:
nhitng website tin tac 16n,dugc nhiéu ngudi im & truy cap nhat cua Vietnam nhu:
VnExpress, Vietnamnet, Dan Tri... déu khong xuat hién trong top 10 khi im “vietnam
news” trén ca Yahoo & Live Search (phién ban méi cuia MSN).



Vi li do d6, khéa luin dé& xuit viéc xay dung mot hé théng tu van website cho
may tim kiém dya trén khai pha query log. Bai toan khai pha query logs 13 bai toan
phai xtr 1y khédi luong dir liéu rat 16n (1én toi hang gigabyte) nén viéc chon duoc mot
thuat toan tot va hiéu qua vé thoi gian 1a rat kho khan. Hé théng nay dugc phat trién tir
dé tai nghién ctru khoa hoc vé hé tu van website ciia nhém chung t6i [1] (thudc phong
thi nghiém Sislab — dai hoc Cong Nghg). [1] tap trung vao viéc thong ké website va
khai pha méu c6 tht tu (tim ra quy luat gitra tir khoa trong query va url duoc click) dé
dua ra tu van. Khac voi [1], hé thong duoc dé xuat trong khoa luan tap trung vao viéc
xéac dinh tap website c6 gia tri va xép hang lai chung theo query ngudi dung dua vao.
Y tuéng chinh cua hé thong gém ba budc:

Budc mot: nhom cac query twong déng vao cac cum. Mdi cum twong Gng Véi
mot chu de.

Budc hai: tim ra tap nhitng website (url) tt, dai dién cho tirng cum. Tap website

nay goi 1a tap website tu van.

Budc ba: khi nguoi dung dua vao mot query méi, query nay s€ dugce phan cum.
Hé thdng s& phan tich, va dua ra cac website trong tip website tu van thich hop nhat

V&1 query do.

Phan con lai ctia khoa luan duoc chia thanh bon chuong:

Chuong 1. Tong quan vé hé s van: Trinh bay nhitng noi dung co ban vé hé tu
van (cac hé théng noi tiéng, mo ta bai toan tu van, phan loai cac hé tu van theo phuong

phap xay dung). Gidi thiéu hé tu vin website duoc xay dung trong khoa luan.

Chuwong 2. Khai phd query log va iing dung: Gidi thiéu vé cu trac query log cta
may tim kiém, cac thong tin c6 thé khai ph4, phuong phap khai pha va cac tng dung
cua viéc khai pha query log.

Chuwong 3. Hé thong tir van website cho mdy tim kiém duwa trén khai phd query
log: Trinh bay mé hinh hé thdng tu van website do chiing t6i dwa ra va cac cong trinh
lién quan.

Chwong 4. Thuc nghiém va danh gia: Xay dung, thir nghiém va danh gia hé¢
thdng vai cac query lién quan tgi mién san pham dién tir.

Phan két luan téng két noi dung chinh cta khoa luan, céac van dé con ton tai va
dinh hudng phat trién cua hé thng.



Chuwong 1. Tong quan vé hé tw van
1.1. Gidi thigu vé hé tw vin

Trong cudc séng hang ngay, trong rat nhiéu trudng hop, ngudi ta dua ra cac lwa chon
dua trén nhitng ¥ kién hay 1oi khuyén ctia moi ngudi xung quanh, c6 thé qua 15i noi,
cac ban danh gia san pham, khao sat thi truong, thu gidi thiéu ...v..v. Nhung trong ki
nguyén thong tin, hang triéu thong tin dugc dua Ién internet mdi ngdy, diéu nay dan
t6i yéu cau phai ¢ cac phuong phap ty dong thu thap thong tin va dua ra 11 khuyén
dé hd tro cho cac phwong phép truyén thong trén . Hé tu van (recommender system) 1a
mét giai phap nhu vay. Hé thong nay dwa ra goi y dua trén nhimg gi nguoi ding da
lam trong qua kht, hoic dua trén tong hop y kién cua nhitng nguoi ding khac. Hé tu
van da tré thanh mot ung dung quan trong va thu hit duoc Sy quan tam 16n cia cac

nha nghién ctru cling nhu cac doanh nghiép.
M6t vai hé tu van ndi tiéng [8] :

o Phim / TV/ am nhac: MovielLens, EachMovie, Morse, Firefly, Flycasting,
Ringo...

Tin tirc / bao chi: Tapestry, GroupLens, Lotus Notes, Anatagonomy...

Sach / Tai liéu: Amazon.com, Foxtrot, InfoFinder...

Web: Phoaks, Gab, Fab, IfWeb, Let's Browse ...

Nha hang: Adaptive Place Advisor, Polylens, Pocket restaurent finder...

o O O O O

Du lich: Dietorecs, LifestyleFinder ...
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Hinh 1. Giai thuong 1 trieu USD cua Hinh 2. Ba h¢gi nghi cua ACM vé
Netflix cho ai dua ra dwoc thudt,todn hé tur van dwoc to chuc ¢ chau Au
giup tang do chinh xdc cua hé thong tur va My [3]

van phim cia ho thém 10% [21]




1.2. Bai todn tir vén

Theo Adomavicius va Tuzhilin trong [4], trong hau hét cac trudong hop, bai toan tu van
duge coi 1a bai toan wdc luong trude hang (rating) ciia cac san pham (phim, cd, nha
hang ...) chua dugc nguoi dung xem xét. Viéc udc lugng nay thuong dua trén nhiing
danh gid da co cua chinh nguoi dung dé hodc nhiing ngudi dung khac. Nhitng san

pham cé hang cao nhat s€ dugc dung dé tu van.
Mot cach hinh thire, bai toan tu van dugc mo ta nhu sau:

Goi € 1a tap tat ca nguoi dung; S 13 tap tat ca cac san pham co thé tu van. Tap S
c6 thé rat 1on, tir hang tram ngan (sach, cd...) dén hang triéu (nhu website). Tap €
trong mot s6 truang hop ciing c6 thé 1én téi hang triéu.

Ham u(cs) do 6 phu hop (hay hang) caa san pham svéi user ¢ u:C xS —» R
V6i R 1a tap duoc sap tha tu. Voi mdi ngudi dung ¢ € €, can tim san pham s € S sao

cho ham u(s’ ¢) dat gia tri 16n nhat: V¢ € C,s’. = argmax s u (¢, )

Trong hé tu van, do phu hop cua mot san pham thudng duoc cho bang diém, vi
du ngudi dung A danh gia b phim “Star war 3” dugc diém 7/10. Tuy nhién, nhin
chung do phu hop c6 thé 1a mot ham bat ki tiy thudc vao wng dung cu thé. Gia tri caa

ham u ¢ thé duoc xac dinh boi nguoi dung hodc duoc tinh toan boi cong thirc nao do.

Mdi nguoi dung trong khong gian ¢ duoc xac dinh boi mot ho so (profile). Hb
so nay c6 thé gom rat nhiéu loai thong tin: tudi, giéi tinh, thu nhap, ... hoic c6 thé chi
gom mot trudng ma sd ngudi dung (user id) duy nhat. Tuong tw, mdi san pham trong
khong gian S ciing duoc xac dinh bai mot tap cac dic trung. Vi du, trong hé thng tu
van phim, dic trung ciia mdi bo phim c6 thé 13 : tén phim, thé loai, dao dién, nim san

xuat, dién vién chinh ...v...v.

Vian d chinh ctia hé tu van 1a ham v khong dugc xac dinh trén toan khong gian
C x § ma chi trén mot mién nho cua khong gian d6. Didu nay dan ti viéc ham u phai
dugc ngoai suy trong khong gian € x S. Thong thuong, d6 phu hop duoc thé hién
bang diém va chi x4c dinh trén tip cac san pham da ting duoc nguoi dung danh gia tir
trude (thudng kha nho). Vi dy, bang 1 13 déanh gia cua mot s6 nguoi dung véi cac phim
ma ho da xem (thang diém tir 0-10, ki hiéu @ nghia 14 bd phim chua duroc ngudi ding
cho diém). Tir nhitng thong tin d6, hé thong tu van phai dy doan (ngoai suy) diém cho
cac bo phim chua dugce nguoi dung danh gid, tir d6 dua ra nhitng goi y phi hop nhat.



Harry potter Star trek Xmen Transformer
A 5 1) 7 9
B 9 3) S 1)
C 6 6 1) 8
D ) 1) 8 9

Badng 1. Pdanh gid cia nguoi ding vé mét s6 bé phim da xem

1.3. Phén logi hé tw vin

C6 rat nhiéu cach dé dy doan, uéc lwong hang/diém cho cic san pham nhu sir dung
hoc may, li thuyét xap si, cic thuat toan dua trén kinh nghiém... Theo [4], cac hé
théng tu van thuong duoc phan thanh ba loai dua trén cach né ding dé ude luong hang
ctia san pham:

o Dua trén noi dung (content-based): nguoi diung duoc goi y nhitng san pham
tuong tu nhu cac san pham ting dugc ho danh gia cao.

o Cong tac (collaborative): nguoi dung duoc goi y nhitng san pham ma nhiing
nguoi cung so thich vai ho danh gia cao.

o Lai ghép (hybrid): két hop ca phuong phap dua trén.

1.3.1. Phwong phap dwa trén ndi dung

Theo [4], véi phuong phap tu van dya trén ndi dung, d6 phu hop u(c, s) cua san pham
s VOi nguoi dung ¢ duoc danh gia dua trén do phu hop u(c, s;), trong dd s; € Sva
“twong ty” nhu s. Vi du, dé goi y mot bd phim cho nguoi ding ¢ hé théng tu van s&
tim cac dic diém cua nhiing bo phim ting duoc ¢ danh gia cao (nhu dién vién, dao
dién...); sau d6 chi nhitng bo phim twong dong véi so thich cua ¢ mai duoc gisi thiéu.

Huéng tiép can dua trén noi dung bat nguon tir nhitng nghién ciru vé thu thap
thong tin (IR - information retrieval) va loc thong tin (IF - information filtering). Do
d6, rat nhiéu hé théng dua trén noi dung hién nay tap trung vao tu van cac di tuong
chta dir liéu text nhu van ban, tin tirc, website. .. Nhitng tién bo so véi hudng tiép can
cii cua IR 13 do viéc sir dung hd so vé nguoi dung (chta thong tin vé & thich, nhu

cau...) . H6 so nay dugc xdy dung dua trén nhiing thong tin dugc nguoi dung cung



cap truc tiép (khi tra 1oi khao sat) hodc gian tiép (do khai phé thong tin tir cac giao
dich cua nguoi dung).

Thong tin san pham
thich 9 P

= 0 A

tw van chon dac truwng

o0 -
Mau: do

. . Hinh: tron, tam giac

San pham twong tw Hé so ngui dung

Hinh 3. Tw van dua trén ngi dung [17]

Dé cu thé hon, dit Content(s) 1a tap thong tin (hay tap cac dic trung) vé san
pham s. Do hé thong dua trén ndi dung dugc thiét ké cha yéu dé danh cho cac san
pham 13 text, nén ndi dung san pham thuong dugc biéu didn boi cac tir khoa
(keyword): Content(s) = (Wis ...Wks), Vi Wis..Wks 13 trong s6 cia céc tir khoa tir 1
t6i k (c6 thé duoc tinh bang TF-IDF). Vi du, hé tu vin website Fab biéu dién noi dung
cac trang web bang 100 tir quan trong nhéat. Tuong tu, hé thdng Syskill & Webert biéu
dién van ban bang 128 tir c6 trong s6 cao nhét.

Dit Profile(c) 1a ho so vé ngudi ding ¢, bao gom cac thong tin vé s& thich cua
c. Nhing thong tin nay c¢6 duoc bang cach phan tich noi dung cuia cac san pham ting
dugc ¢ danh gia (cho diém) trudc d6. Phuong phap dwoc sir dung thuong 1a cac ki
thuat phan tich tir khoa cua IR, do do, Profile(c) cling c6 thé duge dinh nghia nhu mot
vector trong sé:

Profile(c) = Wio ...Wke) VGi X biéu thi do quan trong cua tir khoa i v6i nguoi

dung c.



Trong hé théng tu van dua trén ndi dung, d6 phu hop u(cs) dugce xac dinh bai
cong thuc:

u(cs) = score(Profile(c), Content(s))

Ca Profile(c), Content(s)déu c6 thé duoc biéu dién bang vector trong sé tir TF-
IDF (twong tg 13 W,, W,) nén co thé do d6 twong dong cua chung bang do do cosin:

— — we Wy
u(c,s) = cos(w,,wy) = m
c S

Vi du, néu ¢ doc nhiéu bai bao thudc linh vuc sinh hoc thi cac tir khoa lién quan
ti sinh hoc (nhu gen, protein, té bao, ADN...) trong Profile(c) s& c6 trong s6 cao. Hé
qua la véi cac bai bao s cling thudc linh vuc nay sé c6 do phu hop u(cs) cao hon véi

nguoi dung ¢

Bén canh cic phuong phép IR, hé tu van dua trén ndi dung con sir dyung nhiéu
phuong phap hoc may khac nhu: phan 16p Bayes, ciy quyét dinh, mang noron nhan
tao... Cac phuong phap nay khac véi cac phuong phap cua IR ¢ chd no dua trén cac
mo hinh hoc duoc tir dit liéu nén. Vi du, dya trén tip cac trang web di duoc nguoi
dung danh gia 1 ¢6 noi dung “tot” hodc “xau” c6 thé sir dung phan 16p Bayes dé phan

loai cac trang web chua duoc danh gia.

1.3.2. Phwong phap cOng tac

Theo [4], khong gidng nhu phuong phép tu van dua trén nodi dung, hé théng cong tac
du doan d6 phu hop u(cs) caa mot san pham s véi ngudi ding ¢ dya trén do phu hop
u(c, s) gitta nguoi dung ¢ va s, trong d6 ¢ 1a ngudi cé cing sé thich véi ¢ Vi du, dé
goi y mot bo phim cho ngudi ding ¢, dau tién hé thong cong tac tim nhitng ngudi ding
khac co6 cung sé thich phim anh véi ¢. Sau d6, nhitng b phim dugc ho danh gia cao sé
dugc dung dé tu van cho ¢

C6 réat nhiéu hé théng cong tac da dugc phat trién nhu: Grundy, GroupLens (tin
tie), Ringo (4m nhac), Amazon.com (séch), Phoaks (web)... Cac hé thong nay cé thé
chia thanh hai loai: dya trén kinh nghiém (heuristic-based hay memory-based) va dya
trén mo hinh (model-based).



cung s& thich

R Panh gia ; )

Hinh 4. T van duwa trén c¢éng tic [17]

1.3.2.1. H¢ thong céng tic dwa trén kinh nghiém

Céc thuat toan dua trén kinh nghiém du doan hang ciia mot san pham dya trén toan bo
cac san pham di dugc danh gia trude d6 bai nguoi dung. Nghia 13, hang cua san pham
s Voi ngudi dung ¢ (rss) dugc tong hop tir danh gia cia nhimg nguoi dung khac vé s

(thudng 14 N ngudi c6 s thich trong ddng nhét véi o).
1., = aggrr. ¢ Voi ¢’ € C (tap N ngudi dung cung s& thich véi ¢)

Mot s6 vi du vé ham tong hop (aggregate):

1
(a) es = N z T s

c'eC
(b)1r.s =k x z sim(c,c’) X 1 ¢
c'eC
(Ors=7+kX z sim(c,c) X (T s — 7))

c'eC
Véi:  k=hé sb chuan hoa
sim(c, ¢’) = d twong ddng (Vé s& thich) giita nguoi dung cva ¢’

7., 77 = trung binh cua cac danh gia dugc cho béi nguoi dung cva ¢’

C6 nhiéu cach dé tinh d6 tuong dong (vé sé thich) giira hai nguoi dung, nhung
trong hau hét cac phuong phap, do twong dong chi duoc tinh dwa trén cac san pham



duoc ca hai ngudi cung danh gia. Hai phuong phap phd bién nhat 1a duva trén d6 twong
quan (correlation-based) va dua trén cosin (cosine-based).

bitS,, ={s €S| n, # 0 &mr,; # 0} 1a tap cac san pham dugc danh gid bsi ca

hai nguoi dung x, y.

Cong thirc dya trén d6 twong quan cua Pearson [27]:

Ses,, (Fes = 72) X (15 = 75)
\/zsesxy (Tes = T2)2 X Tses, (hys — 52

sim (x,y) =

Vi phuong phap dya trén cosin, hai nguoi ding duoc biéu dién boi 2 vector m
chiéu, véi m = /Syy/. Do twong dong gitta 2 vector duoc tinh bdi cong thirc:

><¢

ZsESxy x,s

||x||><||3’|| \/mx\/m

1.3.2.2. H¢ thong céng tac duwa trén mé hinh

sim(x,y) = cos(X,y) =

Khac véi phuong phap dua trén kinh nghiém, phuong phép dua trén mo hinh (model-
based) sir dung ki thuat thong ké va hoc may trén dit liéu nén (cac danh gia da biét) dé
xay dyng nén cac mo hinh. M6 hinh nay sau d6 s& dugc dung dé du doan hang cia céc
san pham chua dugc danh gia.

Breese trong [14] dé xuat hudng tiép can xac suét cho loc cong tac (collaborative
filtering), trong d6 cong thirc sau udc luong danh gia ctia ngudi dung ¢ vé san pham s
(thang diém danh gia tir 0 dén n):

n
ne=E(n,) = Zz X Prifr, = ilr., ,s' €5,)
i=0

Billsus va Pazzani trong [12] d& xuit phuong phap loc cong tac trén nén hoc
may, trong d6 rat nhiéu cac ki thuit hoc may (nhu mang noron nhan tao) va cac ki
thuat trich chon dic trung (nhuw SVD — mét ki thuét dai s6 nham 1am giam sé chiéu caa
ma tran) c6 thé duoc st dung.

Ngoai ra con nhidu huéng tiép can khac nhu mé hinh thong ké, mo hinh bayes,
mo6 hinh hdi quy tuyén tinh, mé hinh entropy cuc dai. ..



Hé thdng tu van cong tac khic phuc dwgc nhiéu nhuoce diém cua hé thong dua
trén noi dung. Mot diém quan trong 13 n6 c6 thé xir Iy moi loai dit lidu va goi ¥ moi
loai san pham, ké ca nhitrng san pham méi, khac hoan toan so véi nhirng gi ngudi ding
tirng xem.

1.3.3. Phuwong phap lai ghép

Mot vai hé tu van két hop ca phuwong phap cong tac va dua trén ndi dung nham tranh
nhitng han ché caa ca hai. C6 thé phan thanh bdn cach két hop nhu sau:

o Cai dat hai phuong phap riéng r& roi két hop dy doan cua ching.

o Tich hop céac dic trung cta phuong phap dua trén ndi dung vao hé thong cong
tac

o Tich hop céac dic trung ctia phuong phap cong tac vao hé thdng dya trén dic
trung

o Xay dung mo hinh hop nhat, bao gom céc dic trung cua ca hai phuong phap.

1.3.3.1. Két hop hai phwong phdp riéng ré
C6 hai kich ban cho truong hop nay:

o Céch 1: Két hop két qua cua ca hai phuong phap thanh mot két qua chung
duy nhat, st dung cach két hop tuyén tinh (linear combination) hoic voting
scheme.

o Céch 2: Tai mdi thoi diém, chi chon phuong phéap cho két qua tét hon (dua
trén mot s6 d6 do chat luong tu van nao d6). Vi du, hé théng DailyLearner
system chon phuong phap nao dua ra goi v vdoi dd chinh xac (confidence)

cao hon.

1.3.3.2. Thém ddc trung ciia mé hinh dwa trén nji dung vao mé hinh cong tic

Mot s6 hé thong lai (nhu Fab) dya chil yéu trén céac ki thuat cong tac nhung van duy tri
hd so vé nguoi dung (theo dang ctia mé hinh dya trén ndi dung). Ho so nay duoc ding
dé tinh d6 tuong ddng giita hai nguoi dung, nhd d6 giai quyét duge truong hop co qua
it san pham chung dugc danh gia boi ca hai nguoi. Mot loi ich khac 1a cac goi v s&
khong chi gi6i han trong cac san pham dugce danh gia cao boi nhitng nguoi cing s
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thich (gian tiép), ma con ca véi nhitng san pham c6 d6 twong dong cao véi so thich cua
chinh nguoi dung d6 (tryc tiép).

1.3.3.3. Thém ddc trung ciia mé hinh cong tdc vao mé hinh dwa trén ngi dung

Huéng tiép can phd bién nhat 1a dung cac ki thuat giam sé chiéu trén tap hd so cua
phuong phap dua trén ndi dung. Vi dy, [29] sir dung phan tich ngir nghia an (latent
semantic analysis) dé tao ra cach nhin cong tac (collaborative view) véi tap hd so
ngudi dang (Mdi hd so duoc biéu dién boi mot vector tir khoa).

1.3.3.4. M6 hinh hop nhit hai phwong phdp

Trong nhitng nam gan day da c6 kha nhiéu nghién ciru vé moé hinh hop nhat. [10] dé
xuat két hop dic trung ciia ca hai phuong phap vao mot bo phan 16p dua trén luat
(rule-based classifier). Popescul va cong su trong [25] dua ra phuong phap xac suat
hop nhit dua trén phéan tich xac suat ngit nghia an (probabilistic latent semantic
analysis). [6] gigi thiéu mo hinh hoéi quy Bayes sir dung day Markov Monte Carlo dé
udce lugng tham sb.

Do chinh xac cua hé thong tu van lai ghép c6 thé duoc cai tién bang cach st dung
cac ki thuat dya trén tri thic (knowledge-based) nhu case-based reasoning. Vi du, hé¢
théng Entrée dung nhitng tri thirc vé nha hang, thuc pham (nhu: d6 bién khong phai 1a
thirc 4n chay).. dé goi y nha hang thich hop cho ngudi dung. Han ché chinh cua hé
thdng dang nay 1a n6 can phai thu thap du tri thire, day cling 1a nut that ¢6 chai (bottle-
neck) cua rat nhiéu hé thong tri tué nhan tao khac. Tuy nhién, cac hé thong tu van dua
trén tri thirc hién dang dugc phat trién trén cac linh vye ma mién tri thirc ciia nd c6 thé
biéu dién ¢ dang ma may tinh doc dugc (nhu ontology). Vi du, hé théng Quickstep va
Foxtrot str dung ontology vé chu dé cua cac bai bao khoa hoc dé goi ¥ nhitng bai béo
phu hop cho nguoi dung.

MOt vai bai bao nhu [9] da thyc hién so sanh hiéu nang cua hé thong lai ghép véi
cac hé théng dua trén ndi dung hodc cong tac thuan tiy va cho thdy hé thdng lai ghép

¢6 do chinh xac cao hon.

11



Cac ki thuat sir dung

Phuwong phap
Dua trén kinh nghiém Dua trén mo hinh
Dua trén ndi dung | +TF-IDF +Phan 16p bayes
+Phan cum +Phan cum
+Cay quyét dinh

+Mang noron nhan tao

Cong tac +k-Lang giéng gan nhat +Mang bayes
+Phan cum +Phan cum
+Li thuyét do thi +Mang noron nhan tao

+Hoi quy tuyén tinh

+Mb hinh x4c suat

Lai ghé +Két hop tuyén tinh két qua | +Tich hop dic trung cua mot
ghep

phuong phap vao mo6 hinh cua
phuong phap con lai.

+Xay dung mé hinh hop nhét hai
phuong phap.

Bdng 2. Ba phwong phdp tw van [4]

1.4. So bé vé hé tw vin trong khéa lugn

Hé thong duoc xay dung trong khéa luan 1a mot hé théng tu van website. Nhung thay
vi ding nhu mot ing dung riéng 18, hé thong s& duogc tich hop ngay vao may tim kiém
dé truc tiép dua ra nhirng tu van phu hop véi noi dung query ciia ngudi ding.

Phuong phap dugc str dung dé dua ra tu van cho mot query 1a dua vao céc lya
chon cta nhitng ngudi dung da timg tim vé chu dé do. Vi thé, c6 thé xép hé thong vao
nhom cac hé tu van cong tac (collaborative).

Vi hau hét cac hé tu van cong tac thuong thay, timg ngudi dung cu thé dugc xac
dinh 13 rang (qua hd so ca nhan) va cac san pham thudng duoc ngudi dung danh gia
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tryc tiép (vi du: cho diém). Nhung trong hé tu vin website cho may tim kiém, ca hai
viéc trén déu khong thé thuc hién dugc. Hau hét tt ca cac may tim kiém hién nay déu
khong yéu cau ngudi dung phai ding ki tai khoan vi viéc budc phai ding nhap hé
thdng 1a mot can tré khong dé chiu. Do d6, khong thé phan biét duge ngudi dung véi
nhau ma chi ¢ thé “cb giang” phan biét cac phién s dung (session) cua ho bang cach
phan tich log cia may tim kiém (dua vao cac thong tin vé IP, trinh duyét, thoi gian
...). Hon nira, do tim kiém d3 tré thanh mét viéc rat phd bién va duogc thyuc hién lién
tuc nhiéu lan, nguoi dung luén mudn nhan duoc két qua that nhanh va khong mudn
vudng vao cac chi tiét rudm ra nén viée yéu cau ngudi dung chim diém hay danh gia

céc két qua duoc tra vé ciing khong kha thi.

Vi nhitng 1y do trén, thay vi xac dinh déi twong 1a nguoi dung, hé théng duoc dé
XUit trong bao cao xac dinh ddi twong 1a cac query. Hai query tuong dong cé vai trd
nhu hai nguoi dung cung sé thich. Nhitng website (url) dugc click tuwong tng Vi
query c6 vai trd nhu nhitng san pham duoc ngudi dung danh gia cao (vi chi c6 mot vai
website duoc click trén tong sé két qua tra vé). Cac thong tin vé query twong dong va
url duoc click dugc khai thac tir query log cia may tim kiém.,
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Chuong 2. Bai toan khai pha query log va ing dung

2.1. Cdu tricc query log

Query log bao gdém thong tin vé nhiing luot tim kiém cia ngudi dung duoc may tim
kiém luu lai. Khic véi server log thong thudng, query log c¢6 thém thong tin vé noi
dung query va cac website dugc ngudi dung click. M&i may tim kiém c6 mét cach luu
log khéc nhau va thuong rat it khi cong bd ra ngoai (mét 1i do 12 vi vi pham sy riéng tu
ctia nguoi dung). Hinh 5 & 6 1a mot phan query log cia AOL dugc cong bd nim 2006

[7] va cdu trac log cua Google, duoc cong b trén website ctia cong ty nay [18].

AnonID Query QueryTime Rank ClickURL

479 family guy movie references 2006-03-03 22:37:46 1 http:/fweww familyguyfiles.com
479 top grossing movies of all ime 2006-03-03 22:42:42 1 http://movieweb.com

479 top grossing movies of all ime 2006-03-03 22:42:42 2 http:/fwww.imdb.com

479 car decals 2006-03-03 23:20:12 4 http://www.decaljunky.com

479 car decals 2006-03-03 23:20:12 1 http://www.modernimage.net
479 car decals 2006-03-03 23:20:12 5 http://www.webdecal.com

479 car window decals 2006-03-03 23:24:05 a hittp://www.customautotrim.com
479 car window sponsor decals 2006-03-032 23:27:17 3 http://fwww.streetglo.net

479 bose 2006-03-03 23:30:11 1 http:/f/www.bose.com

479 bose car decal 2006-03-03 23:31:48 1 http://stickers.signprint.co.uk
479 bose car decal 2006-03-03 23:31:48 1 http://stickers.signprint.co.uk
479 bose car decal 2006-03-03 23:31:48 7 http://www.motorcitydecals.com
479 chicago the mix 2006-03-04 22:11:31 1 http:/fwww.whmx.com

479 chicago the drive 2006-03-04 22:14:51 2 http:/fwww.wdrv.com

Hinh 5. Mét phan query log cua AOL [7]

q = cars
URL = www.google.com/search?g=cars

IP = 72.14.253.103

Cookie = PREF=ID=03b1d4f329293203:LD=en:NR=10...
Browser = Firefox/2.0.0.4;Windows NT 5.1

Time = 25 Mar 2007 10:15:32

Hinh 6. Cdu triic log ciia Google [18]

Tuy khac nhau nhung query log thuong c6 cac truong sau:

Query:

Truy van ma nguoi dung guri téi may tim kiém. Vi du: “race cars”, “vietnam
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landscape”, “swine flu” ...Mot s6 may tim kiém gidi han sb tir trong query (Google
cho phép query dai ti da 32 tir).

Url dwoc click va vi tri cua url
bia chi url nguoi dung click va vi tri ctia no6 (truong ItemRank caa AOL query

log) trong danh sach két qua may tim kiém tra vé& cho query vira duoc giri.Vi du, véi
query “champion league”, cac url duoc click la: www.uefa.com (¢ vi tri 1) va
soccernet.espn.go.com (& vi tri 4, theo két qua cua Google).

Diachi IP:

bia chi IP cua nguoi dung (vi du:141.243.1.172) hoac tén DNS (vi du: wpbfl2-
45.gate.net). Tir IP c6 thé biét duoc dia chi (qudc gia, ving) cta nguoi dung va nha
cung cap dich vu internet cho ho (Internet Service Provider). Khi cong bé query log ra
cong chung, cac may tim kiém budc phai “nic danh hoa” (anonymizing) truong nay dé
khong 1am 16 danh tinh va céc thong tin ¢4 nhan cua nguoi dung. Nhu & trén, trong
query log dugc AOL cong b, trudng IP duoc thay thé bang AnonID (dinh danh an).

Phdn mém si¢ dung 6 mdy ciia nguwoi diing (user agents):

Truong nay luu thong tin vé tén, phién ban cua trinh duyét cling nhu tén, phién
ban cua hé diéu hanh dugc nguoi dung sir dung. Vi du:“Firefox/2.0.0.4;Windows NT 5.1

Thet gian:

Thoi gian ngudi dung giri query téi may tim kiém. Thong thuong, nhu trong
Google hay AOL, thoi gian dugc ghi theo dinh dang [DD/Mon/YYYY/: HH:MM:SS
offset] vai:

DD/Mon/YYYY: chi ngay thang nam.

HH:MM:SS : thé hién 24h trong ngay.

Offset: chi d6 1éch mui gio so véi gio GMT (Greenwich Mean Time).

Vi du:” 22/May/2009:16:03:00 +0700” chi thoi diém 16:03:00 ngay 22 thang 5
nam 2009, tai mai gio GMT+7 (Bangkok-Hanoi-Jakarta). O mot s6 may tim kiém
khac, nhu AltaVista, truong thoi gian duge luu & dang timestamp, 1a sé milli gidy tir
mot méc thoi gian trong qua khir (baseline) dén thoi diém query duoc giri. Vi du, néu
chon méc thoi gian 1a 00:00:00 ngay 1/1/1995 thi thoi diém 12:00:02 28/10/2004 ¢
timestamp = 20822005
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Cookie:

DPuoc may tim kiém luvu ¢ may nguoi dung dé nhan biét mot sb thong tin vé ho.
Vi du, trudng cookie cia Google luu sé thich cua ngudi dung vé ngdn ngit tim kiém
va s6 két qua mong mudn trong mdi trang.

“Cookie = PREF=ID=03b1d4f329293203:LD=en:NR=10...”

Theo [18], dé dam bao tinh bi riéng tu, sau 18 thang, Google s& x6a thong tin vé
cookie va IP cua nguoi dung. Vi du, cic théng tin d6 s& dugc dwa vé dang
IP=72.14.253.XX va Cookie=PREF=XXXXXXXX.

2.2. Khai pha query log

Tir nhitng thong tin trong query log, c6 thé ap dung rat nhiéu cac phwong phap théng
ké va khai ph4 dir liéu (nhu tim luat lién két, tim mau c6 tha tu ...) dé phan tich thoi
quen st dung, xu hudng, so thich... ciia nguoi dung. Nhitng thong tin thu dwoc khong
chi hitu ich cho viéc cai tién chat luong tim kiém ma con giup nghién ctru hanh vi cia

nguoi dung trén internet.

2.2.1. Mot so dang thong ké

e Théng ké so bé: tong hop nhitng thong tin co ban vé toan bd bo query log nhu
d6 16n, thoi gian thu thap, sé ban ghi, s6 query ... Bang 3 va 4 1a vi du vé thng
ké so bo Véi bo query log duge AOL cong bd nam 2006 [7] va bd query log luu
hanh ndi bg cua AltaVista [28]:

Do 16n ~500MB

Thoi gian thu thap 01/03/2006 — 31/05/2006
Tong sb ban ghi 36.389.567

Tong s6 query 21.011.340

S6 query riéng biét (sau khi chuan hoa) | 10.154.742

S lan click url 19.442.629

S6 query khong click vao url ndo 16.946.938

S6 lan mé trang két qua tiép theo 7.887.022

S6 nguoi dung riéng biét 657.426

Bang 3. Thong ké so bé trén query log cia AOL [7]
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Do lon ~280GB

Thai gian thu thap ~6 tuan

Téng sb ban ghi 993.208.159 (~1 ti)
S6 yéu cau co do dai > 0 843.445.731

S6 query c6 do dai > 0 575.244.993

Sb query riéng biét (46 dai > 0) 153.645.050

S phién lam viéc 285.474.117

Badng 4. Thong ké so bé trén query log cua AltaVista [28]

e S tir trung binh trong query: Theo [28], d6 dai trung binh cua mot query trong
bo log cua AltaVista 1a 2.35 tir. Voi AOL, do dai nay 1a 2.34 (theo [7]). C6 thé
thiy query thuong c6 do dai rat ngin, chi yéu tir 2-3 tir. Sau khi phén tich
query log caa MSN, [15] phan loai cac query dai (tir 5-12 tir) vao 5 nhom nhu

bang 5:
>3 )
el v 20.6% Tong sb query: 14.921.286
S6 query dai (5 dén 12 tir): 1.423.664
3tlr, 15%

Logi Sé lwong | Ti l¢

1 Cau hoi 106.587 | 7.49%

tlr, 25.8% 78.331 5.50%

Query c0 chtra toan tir
Gop céc query ngdn 018.482 | 64.52%

320.263 | 22.50%

Cum dNanh tir dai hoac cau
trich dan (quote)

Hinh 7. Ti l¢ ti"/que_ry trong Bang 5. Phdn loai query dai trong MSN log [15]
query log cua AltaVista [28]

e Nhiing tir dwec search nhiéu nhat: thé hién sy quan tdim va xu hudng cua
ngudi dung trong tim kiém thong tin trén internet. O cac quéc gia khac nhau
hay tai thoi diém khac nhau, ngudi dung c6 thé c6 nhitng mdi quan tdm khéc
nhau. Bang 6 12 nhitng tir dugc tim kiém nhiéu nhét trén Google vao nam 2006,
tai Anh nam 2008 va tai Brasil nam 2008 [19]:
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Google 2006 =~ Google tai Anh, 2008 Google tai Brasil, 2008
1. facebook 1. orkut
1. bebo .
2. myspace 2. bbc 2. jogos
3. youtube 3. download
3. world cup b ;
4. metacafe |4 €bay 4. fotos
5. radioblog 5. games 5. y(_)dutube
6. wikipedia |5 News 6. videos
. 7. hotmail 7. musicas
7. video .
8. bebo 8. musica
8. rebelde H
9. mininova 9. yahoo 9. msn
10. wiki 10. jobs 10.globo

Bang 6. Nhiing tir diroc tim nhiéu nhdt trén Google [19]

e Tilg lap lai ciia query: cho biét s6 1an 13p lai cia mot query. Hinh 8 1a thong ké
cua AltaVista [28] trong thoi gian 6 tuan. O day, hai query duoc coi 13 giéng

nhau néu chung chtra nhitng tir giéng nhau, khong quan tim t6i thir tu tir va cac

toan tu.
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63.7%

11an

16.2%

6.5%

13.6%

2 1an

31an

>3 lan

Hinh 8. Ti I¢ lap lai query trong log cua AltaVista [28]

e Phdn bé query theo gio trong ngay: Hinh 9 13 phan bd query duoc gui t6i
may tim kiém AOL [24]. Nhan thay ti 1& query cao nhét 1a trong khoang thoi
gian tir 20h téi 24h.,
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Query Frequency

Hinh 9. Phdn bé query trong ngay cua AOL [24]

e D¢ dai méi phién: thong ké s6 lugng query trong mdi phién tim kiém (session)
ciia nguoi dung. Hinh 10 1a thong ké cua AltaVista [28], s6 query trung binh
trong mot phién 1a 2.02 (gan 78% cac phién chi co 1 query)

90
g0 | 77:6%
70
60
50
40
30
20 13.5%

10 4.4% 4.5%
0 B .

1query 2query 3query >3query

Hinh 10. Sé query trong mét phién trong query log cuia AltaVista [28]

e Ngi dung query: phan loai ndi dung query theo cac chii dé. Thong tin ndy gitp
nam bat dugc thoi quen tim kiém va nhitng nodi dung dugc nhiéu nguoi quan
tam. Bang 7 va 8 1a phan loai noi dung query cua 2 may tim kiém AOL va

Excite. Co thé thiy cac cha dé vé giai tri luén chiém ti 18 Ion.
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Giai tri 13% Giai tri 19.9%
Mua sim 13% Sex 16.8%
Sex 10% Thuong mai, kinh té, du | 13.3%
Nghién cau | 9% lich
May tinh 9% May tinh, internet 12.5%
St khoe 504 Suc khoe, khoa hoc 9.5%
Nhi cira 504 Con ngudi, dia diém 6.7%
Du lich 504 Xa hoi, van hoa, ton gido | 5.7%
Game 506 Giao duc 5.6%
Tai chinh 3% Ngh¢ thuat 2.4%
ThE thao 3% Chinh phu 3.4%
Dia didm & My | 3% Noi dung khac 4.1%
LZ hoi 1% Bdng 8. Phdn loai chu dé query cua
i Excite [8]
N1 dung khac | 16%

Bdng 7. Phdn loai chu dé query
cua AOL [8]

2.2.2. Khai pha luat

Phéan tich cac mau thuong xuat hién (frequent pattern mining) 1a mét trong nhiing
phuong phap nghién ctru trong nganh khai pha dir li¢u (data mining) véi da dang cac
rng dung. Mot trong nhitng tng dung cta chinh 1a viéc kham pha ra nhitng mau
(pattern ) hay gap trong dir liéu log. Muc dich cua viéc khai pha log nay nham lay
duogc nhiing thong tin lién quan dén ngudi dung dwa vao nhiing viéc ho da lam. N6 ¢o
thé phuc vu t6t cho muc dich tu van, quang cdo, tao ra nhirng thong tin mang tinh dong
d6i v6i ngudi dung.

Hai thuat toan thuong dwoc st dung 1a Tim ludt két hop (Association Rule
mining ) va Phdn tich mau cé thir tw (Sequential pattern mining).
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1

Lam sach dir
liéu

Tién xu ly Xac dinh cac phién
(session)

Thay déi dinh

—

Khai pha Tim luat Tim mau
luat lién két c6 thir ty

" = Phan tich
B = i

Hinh 11. Khai pha ludt trong query log [1]

e Ludt két hgp 1a luat thé hién nhiing lién két an giita cac thudc tinh. Mot luat két
hop c¢6 dang “Néu co A thi c6 B”. Phuong phap tim ludt két hop duogc ap dung
trong [1] dé dy doan quy luat tim kiém cua nguoi ding. Vi du: néu query trudc
tim vé cha dé “chinh tri” thi c6 45% kha ning query thir hai s& tim vé chu dé

“kinh té”.

e Mdu c¢é thir tw ciing gan gidng nhu luat két hop nhung quan tim dén t6i tha tu
Xuat hién cua cac thanh phan trong luat. Khai pha mau c6 thu ty duoc dung
trong [1] dé tim ra nhitng url nao thuong xuat hién sau nhirng tir khoa nhét dinh.
Vi du: rit nhiéu query chua tir khoa “game” click vao url computergame.com
thi luat dang game - computergame.com c6 y nghia cao va phan anh dwoc sé

thich ctia nguo1 dung.
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2.3. Ung dung ciia khai phd query log

Nhitng két qua co dugc tir khai pha query log dugc wng dung rat nhiéu khéng chi trong
may tim kiém (Google, Yahoo, AOL...) ma cOn trong cic website thwong mai
(Amazon, Netflix...) dé phuc vu muc dich cai tién chat lvong tim kiém ciing nhu dé
kinh doanh, quang cao... Mot vai ing dung nhu:

Mg rgng query (query expansion):

Query thudng rat ngan (chi tir 2-3 tir) nén nod thudng khong cung cap du thong tin
can thiét dé co thé chon ra website phi hop voi mong muén cua nguoi dung. Tir d6
dan téi yéu cau phai dy doan va mé rong ndi dung query. Cac phuong phap md rong
query trude do thuong tap trung vao Vviéc phan tich cac van ban. Hang Cui va cong su
trong [16] da dua ra mot phuong phap maéi dya trén cac thong tin twong tac cua nguoi
dung duoc luu lai trong query log. Y tudng chinh ciia phuong phap nay 1a tim ra su
tuong quan giita cac tir trong query va cic tir trong vin ban bang cach phan tich quan

hé gitra query va website duoc click .

Tim mdu query (query template):

Hién nay, hau hét cac may tim kiém déu 1a dang duwa trén tir khoa (keyword-
based), mot van dé duoc dit ra 13 1am sao hiéu duoc ¥ nghia cua cac tir khoa trong
query? Kevin-Chang va cong su trong [5] di dé xuat bai toan tim ra cac mau (Cau tric)
thuong gap cua query, tir d6 gitp hiéu dugc muc dich ma nd hudng téi. Vi du, query
“jobs in boston” c6 muc dich tim vé& cong viéc va “boston” 1a dia diém mong mubn
(#dia_diém). C6 thé bit gap rat nhiéu nhitng query co céu tric tuwong ty theo mau
“jobs in #dja_diém” chi khac gi tri cua #dja_diém.

Khi hiéu duoc muc dich ma query huéng téi, may tim kiém co thé dua nguodi
dung dén thing trang web phu hop du c6 thé no khong chira cac tir khoa co trong
query. Hon nita, khi biét cu tric ctia query (vi dy, #dia_diém = “boston”, #thong_tin
= “thoi tiét”), may tim kiém con co thé thuc thi ngay yéu cau cua user (st dung cac

thong tin trong query dé 1am tham sd).

Xép hang lgi két qud:

C6 hai van dé thuong gip trong may tim kiém: 1) cac két qua co thtr hang cao
nhat d6i khi khong chira nhitg thong tin phu hop véi muc dich ctia nguoi dung va 2)
cac trang web méi xuat hién tuy phu hop nhung lai khong c6 thir hang cao. Do do,
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Zhuang va Cucerzan trong [31] da dé& xuat mot phuwong phap xép hang mai (Q-Rank)
dé xép hang lai (rerank) két qua ciia may tim kiém dua trén viéc xac dinh ngit canh cua
query nho query log.

Tu vin website:

Viéc xay dung hé tu vin website cho may tim kiém dua trén khai pha query log
d3 duoc chung t6i dé xuit trong nghién ciru khoa hoc nim 2009 [1]. Hé théng duoc
xay dung trong khéa luan 1a mot bude phat trién cta hé théng cil.
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Chuong 3. M6 hinh
3.1. Cdc cong trinh lién quan

3.1.1. Phan cum query

Viéc phan cum mot tap query gip nhiéu khé khin hon viéc phan cum mat tap van ban
thong thuong (vi du: ndi dung cua trang web), do query thudng ngin, mang it ¥ nghia
nhung lai c6 do nhap nhang cao. Ta c6 thé thiy, cing mét query gui dén may tim kiém
nhung lai huéng dén nhitng muc dich hoan toan khac nhau.Vi du : query “java” c6 thé
tim vé dao Java hodc ngdn ngir lap trinh Java. Hay cac query khac nhau nhung lai ¢6
cung muc dich tim kiém.Vi du: “dai hoc cong nghé” va “college of technology” cing
hudng tai trang coltech.vnu.edu.vn.

M6t vai phuong phap phan cum cho query dugc sir dung trong may tim kiém (vi
du, Encarta, AOL), dua trén mi quan hé giira query va url duoc click:

Phwong phdp 1. Theo Beeferman trong [11], viéc phan cum duoc dya vao hai
nhan xét vé quan hé gitta query va url duoc click:

o Nhan xét 1: Néu hai url khdc nhau dwoc click boi cing mét query thi chiing
co quan hé voi nhau . Vi du: hinh 12.

vietham L.
: : “ dh quoc gia

\N /7

Hinh 12. Quan h¢ giita 2 query cung click 1 url

o Nhan xét 2: Néu hai query khdc nhau ciing click vao mét url thi ching c6
quan h¢é vai nhau. Vi du: hinh 13.
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vnn.vn

S GEIREYS

Hinh 13. Quan hé giita 2 url duoc click boi cung 1 query

Phuong phéap nay c6 thé phan cum dong thoi ca query va url. Két qua thu duoc

Bell Atlantic
Mobile, wireless
device, cellular
phones, Sprint
PCS

endangered
humpback whales

Massachusetts
Middlesex County
Courts, Denver
immigration
legal aid

Shreveport Times

O— @

c6 dang : mot cum query tuong ng v&i mot cum url. Vi dy: hinh 14.

members.tripod.com/acor/Eumpback.htm

www.bam.com,
www.miamicellular.com,
members.tripod.com/perfectionsinc/
phones.html, www.sprintpcs.com

findlaw.com/l4firms/legalaid.html

www.nwlouisiana.com/times.htm

Hinh 14. D6 thi phén déi query — url [11]

Do twong ddng giira cac query va url duoc tinh dia vao do trong ddng gitra cac

dinh trong d6 thi phan déi. V&i N(x), N(y) lan luot 1a tap hop cac lang giéng (cac dinh
k&) cua dinh x va y trong dd thi; d6 trong dong cua x va y duoc xac dinh bai cong
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N(x) N N(y)
o(x,y) EINXUN®Y)’
0, ngwoc lai

if IN®) UN(y)| >0

Phwong phdp 2: Pugc Wen, Nie va Jiang dua ra trong [30], phuong phap nay st
dung 2 nhan xét V& ndi dung query va quan hé ctia nd voi url duoc click :
o Nhan xét 1 (str dung noi dung query): Néu hai query chiza cdc tir giong nhau
hodc twong tw nhau, thi chung cé quan hé voi nhau. Vi du: hinh 15.

fastest super car

expensive super car

Hinh 15. Hai query co chva tur twong ty nhau

o Nhan xét 2 (st dung url duoc click): Néu hai query khdc nhau cing click vao
mot url thi ching co quan hé voi nhau. Vi du: hinh 12.

D¢ tuong ty dya trén ndi dung truy van (similarity,, keyword) €6 thé stt dung cac do do
trong cac phuong phap phan cum thong thuong, nhu do do cosin:

5‘:1 cw;(p) * cw;(q)
\[2?;1 w2 (p) * \[zz;lwﬁq)

similarity,,_yeywora @, @) =

Trong do:

o cw;(p), cwi(q) 1a trong sé cua tir khoa chung thi i trong query p va g
o w;(p) 1a trong sé tir khoa thir i trong query g. Trong s tir khoa co thé sir dung
do do TF-IDF.

bo tuong tu dua trén url dugc click (similaritysingie-goc) durgc tinh bdi cong thirc:

RD(p,q)
Max(rd(p),rd(q))

similarityg,gie—doc 0 @) =
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Trong do:

o RD(p,q) 1a sb lugng url cung duoc click bai ca query p va g.

o rd(p), rd(q) 1a sb lugng url duogc click boi mdi query p va q.

Do trong ddng nay rat hiru ich dé xac dinh cac query khac nhau nhung hudéng toi
noi dung gan nhau.

Hai phwong phap tinh do twong ddng trén tuy khac nhau, nhung trong phin cum
query thi hai phwong nay lai b6 sung, hd trg cho nhau. Vi vy ta c6 cong thic do
tuong dong tong hop:

similarity = a * similarity,.keywora + b * similaritysingie-doc

(cac hé s6 a, b dugce xac dinh qua thuc nghiém).

Phwong phdp 3: Dé giai quyét van dé query ngan va it ngit nghia, query duoc
lam giau (b6 sung thong tin) trude khi phan cum [1]. C6 hai cach dé 1am giau query:
o Sur dung url duoc click: Thém cac url duoc click vao ndi dung query nham
lam rd hon muc dich ma query hudng tai.
e Vidu: query “britney spears”, click vao britneyspearsperfume.net > s¢
duoc biéu dién lai thanh: “britney spears britneyspearsperfume.net”.

Nhu vay query nay huéng tgi mot loai my pham chir khong phai thong
tin vé mot ca si.
o Sir dung phan tich cha dé 4n: Xac dinh cac tir trong query thudc vao cha dé
(topic) nao, qua do6 1am rd ndi dung cua query.
e Vi du: query “putin annual income” = dugc bo sung chu dé ma cac tir
thudc vao: “putin politics annual income finance”. C6 thé thay query
nay huéng ti noi dung kinh té (finance) va chinh tri (politics).

Query sau khi dugc bd sung thong tin s& duoc phan cum bai cac phuong phap thong
thuong nhu: Kmean, HAC, ...

3.1.2. Phan tich cha dé 4n

3.1.2.1. M6 hinh phan tich chii dé

Phén tich chu dé 1a mot budc tién quan trong trong md hinh héa vin ban. N6 dua trén
¥ tudng:
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o Madi vin ban (document) 13 mét phan phdi xac suét theo chu dé (topic)
o M&i chu dé lai 1a mot phan phdi theo tir (word).

Biéu di&n tir va vin ban bang phan phdi xac suit c6 nhiéu wu diém quan trong so
véi phuong phap M6 hinh khéng gian don gian (simple space model). Y tudng co ban

ctia mé hinh chi d& 13 str dung mot tién trinh x4c suat dé sinh ra van ban mai.

Dau tién, dé tao mot vin ban mdai, ta chon mot phan phdi chu dé cho vin ban.
Nghia 1a mdi vin ban dugc tdng hop bai nhiéu chi dé khac nhau véi phan phdi khac
nhau.

Sau d6, dé sinh ra cac tir trong van ban, ta chon ngau nhién céc tir dya trén phan
phdi cua tir trén nhitng chu dé da duoc chon ¢ bude trude. Tién trinh sinh van ban

duoc minh hoa trong hinh sau:

Nguoc lai, véi mot tip vin ban cho trude, ta co thé tim nguoc lai dugc tap cha
dé da sinh ra cic van ban d6 va tinh duoc phan phdi caa cac tir trong mdi chu dé. Céc
phuong phap thong ké duoc sir dung dé mé hinh hoéa tién trinh sinh van ban va wdc
luong cac tham s trong mo hinh. Hai vi du vé phan tich cha dé sir dung mé hinh an 1a
Phdn tich xdc sudt ngit nghia dn (probabilitic latent semantic analysis — pLSA) va
Phdn phoi dirichlet an (Latent Dirichlet Allocation).

pLSA con dugc biét dén nhu Pdnh chi muc xdc sudat ngiE nghia an
(probabilistic latent semantic indexing — pLSI), 1a mot ki thuét thong ké dé phan tich
cac dit liéu thuong xuat hién canh nhau. N6 dugc phat trién dua trén LSA va duoc bd
sung thém mé hinh x4c suit. pLSA mé hinh hoa xac suit cua cac dir liéu dong xuat
hién nhu 13 mot phan phdi da thirc doc lap co didu kién (conditionally independent
multinomial distributions).

Theo Blei, Ng [13], dii pLSA mdt budc tién trong viéc mé hinh hoa text theo
xé4c suit nhung n6 chua hoan thién. Li do 13 pLSA chua phai 1d mot mo hinh xéac sut
dugc xac dinh 18 rang & mic van ban (document). Hé qua 13 né gip van dé khi xéac
dinh x4c suat v4i nhitng vin ban nim ngoai tap huan luyén (trainning set). Hon nira,
n6 con dan téi viée ting tuyén tinh s6 tham sé ciia mé hinh so véi do 16n cua tap van
ban (corpus). LDA 1a md hinh phén tich chu dé c6 thé xu Iy duoc nhitng van dé dé. Vi
thé t6i da chon LDA dé str dung trong khoa luan. Hinh 16 gidi thiéu nhitng budc co
ban trong tién trinh sinh cua LDA.
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[2] Per-document topic
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[] word placeholder

Hinh 16. Tién trinh sinh vin ban LDA [2]

3.1.2.2. Phdn phoi Dirichlet dn (Latent Dirichlet Allocation)

LDA 1a m6 hinh sinh van ban duoc gidi thiéu boi Blei, Ng va cong su [13] voi pLSA
vé y tuong co ban la dua trén viéc coi van ban la sy pha tron cua cac chu dé. Nhung
LDA la mot m6 hinh Bayes ba mc: mic corpus, mic van ban (document), muc tu
(word).

Hinh 17 & 18 mo ta tién trinh sinh vin ban bang phuong phap LDA:

X 1 X 2 X N iTV

Hinh 17. Ki hiéu khoi lap lai [13]
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e

—1"' Gk

kel K

Hinh 18. M& hinh LDA [13]

Cac ki hiéu:

M : s6 van ban trong corpus: D={d,,d,,...d,, }

K :sb chu dé

V : s6 tir trong tap tir vung

Np, : 0 dai cua van ban d,

Zmn - chu dé cua tir w, trong van ban dy,

W n : tr thir n trong van ban dp,.

a va B : tham sé & mac corpus

—

&, : phan phdi chir dé trén mdi van ban dy,
@, : phan phéi tir trén chu d& cua k
Trong md hinh trén, mdi khéi thé hién sy lp lai. Khdi ngoai cung thé hién vin

ban (tap corpus gom M vin ban). Khéi trong thé hién su lap lai viéc chon chu dé (zi,)
va tir (W) trong mdi vin ban.Véi vin ban dyy,:

o Chon gm » Dirichlet(o)

o V&i mai tir trong vin ban wy , (n € [1,Np]):
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e Chon topic z,, » Multinomial( 9.)
e Chon tir Wy tir xdc sudt p(Wnmlznm P« ), xac sut da thirc c6 diéu
Kién trén topic z, m.

Nguoc lai, khi ¢6 vin ban cho trudc, viéc suy luan va uée lwong tham sé cho mo
hinh sinh dwogc thuc hién bang phuong phap 14y mau Gibbs véi cong cu JGibbsLDA.

3.2. Mo hinh

3.2.1. M hinh téng quan

Mo hinh hé tu van website cho may tim kiém gdom hai phan chinh: xir 1y online va
offline.
3.2.1.1. Phén xir ly ngoai tuyén (offline)
Input: Tap query logs
Output: Cac cum query + tap url tu van tuong ang cho ting cum
o Budc 1: Tién xu 1y query va url
e Dua query va url vé mot chuan théng nhat
e Loai bo cac query trung lap
o Budc 2: Phan cum tap query
e Lam giau (bd sung thong tin) cho query
e Phan cac query trong dong vao cum
o Budc 3: Xéc dinh tap url c6 thé dung dé tu van cho tirng cum
e Chon ra tap url tot dé dai dién cho cum

3.2.1.2. Phdn xit Iy trwee tuyén (online)
Input: Query méi
Output: Tap url tu van twong Gng V4i query

o Budc 1: Tién xur 1y query
e Dua query vé dang théng nhat
o Budc 2: Phan cum query mai

e Phan query vao mot trong cac cum da c6
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o Budc 3: Xép hang lai (rerank) tap url tu van trong cum theo query méi.
e Duara N url thich hop nhit (c6 hang cao nhat) véi query dé

Query log o
XU LY NGOAI TUYEN

.l_-E,.a—"
{\:‘ = ]

Trich xuat

i ] '
Tidr xis i Url duoc Phan tich )
Y click chidéan | ! I

|
1

Phéan cum

Wikipedia.org

/

Théng tin
lam giau

/' Bé topic

' N /Tap urltwong /
/Cum query tap U ——=/ (rhg véi tlrng
4 joud cum

| _____________________ —_— ________:_ _____________
I ' -
| = Phan vao - /Téap url tw van
| ‘3“3 cum Rerank url ——— cho query
| Que ;‘I"IO’I
| ry . -
| XU LY TRUC TUYEN
L e e e e e e e e e e e e e e o —— — . — — —— —— ————— J

Hinh 19. So do hé thong tw van website

32



3.2.2. Phan xir Iy ngoai tuyén

(

1. Tién xtr ly 2. Phin cum 3.Xac dinh
query va url tap query tap url tu van

Hinh 20. 3 buéc xit [y ngoai tuyén

A

3.2.2.1. Tién xir Iy
Query va url dugc dua vé dang chuan, théng nhat

o Query:
e Dua vé chit thuong.
» Vidu: “New York Major”-> “new york major”
e Loai bo tir dirng (stop word).
» Vidu: a, an, the ...
e Loai bo cac ki tu dac biét
» Vidu. + - ~ ! ...
e Dua vé tir goc (stemming).
» Vidu: ladies = lady, playing - play, cooked = cook ...

Sau d6, cac query trung véi query da co sé bi loai bo vi ching khong ¢6 ¥ nghia
trong viéc phan cum.
o Url: chi giit lai domain chinh, bé giao thic va cac duong dan phia sau
= Vi du: http://www.vnexpress.net/thethao/... = vnexpress.net

3.2.2.2. Phdn cum tdp query
Query dugc lam giau (b6 sung thong tin) trude khi phan cum. Co6 hai cach cach lam
giau query dugc stir dung:

o St dung url duoc click: Thém céc url duoc click vao nodi dung query nham

lam rd hon muc dich ma query huong téi.
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o Sir dung bo chu dé an: Xac dinh céc tir trong query thudc vao chu dé (topic)
nao, qua do lam rd ndi dung caa query.

Query sau khi dwgc bd sung thong tin s& dugce phan cum béi cac phuong phap thong
thudng nhu: Kmean, HAC, ... O day, Kmean dugc chon vi do phtc tap chi 1a O(n*log
n) (cia HAC 1a O(n?))
o Céc query duoc biéu dién & dang vector trong sé tir TF.
o Do twong dong giira hai query dugc tinh bang d6 do cosin. Xét 2 query:
Q=(01, ..., qn) VAP = (P1, Pa..., pr); trong d6 q; va p; lan luot 13 trong 6
cua tur i trong query Q va P.Khi d6 do tuong tu gitra query P va Q la:

similarity(P,Q) = /(p1 — q1)* + (02 — 42)> + -+ (P — qu)? = 2(101- —q;)*
i=1

o S6 cum duogc xac dinh dua trén khao sat tip query dau vao.

3.2.2.3. Xdc dinh tdp url tw vin
Muc tiéu & budc nay 1a chon ra tap url tot dé dai dién cho mdi cum.

Mot cach don gian 1a chon ra nhitng url duoc click nhiéu hon mét ngudng 0 nao do.
Ko phai ngiu nhién ma nguoi dung lai click vao mot url, ho chi chon khi thdy noi
dung cua n6 sat véi nhitng gi ho dang tim kiém.Vi vay, khi mot url (website) duoc
click nhiéu 1an bai nhiéu nguoi dung, chung to nd c¢6 do tuong ddng cao vaéi ndi dung,
chu dé cua ca cum.

3.2.3. Phan xir ly truc tuyén

1. Tién xtr ly 2. Phan cum 3. Xép hang lai
query query maoi tap url tu van

Hinh 21. 3 bu6c xar Iy tryc tuyén
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3.2.3.1. Tién xur ly query
o Queryduogc:
e Dua vé chit thuong.
e Loai bo tir dung (stop word).
e Loai bo ki tuy dac biét
e Dua vé tir gbc (stemming).

3.2.3.2. Phdn cum query maoi
o Biéu dién query dudi dang vector trong sé tir TF
o Lam giau thong tin cho query.
o Phan query vao mot trong cac cum da c6 bang cach:
e Tinh khoang cach tir vector biéu dién query téi cac vector tim cum
e Query dugc phan vao cum c6 khoang cach gitra n6 véi tdm cym 1a nho
nhat

3.2.3.3. Xép hang lai tdp url tw vin
o Cac url trong tap url tu van dugc xép hang lai (rerank) theo query méi. Bé
xép hang url, t61 dua ra cach xac dinh gié tri hang dya vao:
e Do twong dong giira query méi g véi cac query 0 (i = 1, n) da co trong
cum theo d¢ do cosin, ki hiéu: sim(q, q;)
e Gia sir url u trong tap url tw van, duoc chon (click) bai ngudi dung st
dung query g1, g thi hang cta U dugc tinh bdi cong thic:
1
, + —
sim(q,q1)  sim(q,qz)

Cac url ¢6 rank(u) cang cao thi cang phu hop vai query g va dugc dua 1én

rank(u) =

trude trong danh sach tu van. Hinh 22 mé ta viéc xép hang url dya vao do tuong

ddng gitra cac query.

o Top-N url ¢6 hang cao nhat duoc st dung dé tu van cho ngudi ding
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eurlul
e urlu2
e urlu3

o urlu2

Query moi

g eurlul
o url us

eurlul
e urlu3

Hinh 22. Sir dung quan hé giia cdc query dé tinh hang url

Chuong 4. Thuc nghiém va danh gia

4.1. Méi truwong

Moi treong thuc nghiém:

CPU Core 2 Duo T7500 2.2Ghz
RAM 2GB
HDD 250 GB

oS Vista Ultimate 64 bit

Bdang 9. Moi trurong thuc nghiém
4.2. Dir ligu va cong cu

o Dir lidu: 1 GB query logs dugc ldy tir may tim kiém MSN, vai 12 trigu
query & url dugc click. Cac query déu bang tiéng anh.
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QueryID Query Time URL Pozition
0000003a718649£2 schwak 2006-05-11 08:07:35 http://www,.schwab.com/ 1

000005aac1£6423f shawnee studios 2006-05-09 14:21:29 http://www.shawneestudios.com/contact us.php
000007697d5645ab HARRYS FLOWERS  2006-05-19 05:06:33 http://search.msn.com/local/details.aspx

0000006d43b549c1 wus geocgraphy 2006-05-04 14:23:00 http://www.enchantedlearning.com/usa/ 3
0000006d43b549¢1 wus geography 2006-05-04 14:23:03 http://www.sheppardsoftware.com/states.html 4
0000016aa52ed4fbe  wwf 2006-05-21 09:25:34 http://www.panda.org/ 2z
000002a26e27443f biggercity 2006-05-07 13:30:45 http://www.biggercity.com/chat/ 1
1
5

Hinh 23. Mét phan query log czzia MSN [20]

Qua khao sat tap query logs, nhan thay phan 16n query c6 d6 dai tir 2-3. Query ¢o
d6 dai 1 chiém téi 17.6 %, query c¢6 do dai 2 chiém 25.9% va query c6 do dai 3 chiém
25.1%. D0 dai trung binh cta query 1a 2.79.

30

0,
26% 25%

25
20 18%
16%
15
10 8% 8%
5
0

bédai1 Doddaiz Dodai3 Dodai4 Do6dais5 DO dai>5

Hinh 24. Phdn bo chiéu dai query trong MSN log [1]

o Cong cu:
e Tim chua dé an: JGibbsLDA [22]
e Phan cum: Lingpipe [23]
e Cac thanh phan khac cua hé tu van (tién xtr 1y, xac dinh tap url tu van,

rerank url...): B6 cong cu do t61 ty xay dung.
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4.3. Thuc nghiém

Dé thir nghiém, t6i tién hanh xay dung hé tu van cho cac query lién quan téi mién san
phim dién tir vi:
o Tap 12 triéu query rat Ion va hudng t6i rat nhidu noi dung khac nhau.
o Do han ché vé d¢ phtrc tap nén cac cong cu tim chu dé 4n, phan cum.. chi co
thé xtr Iy duoc vai chuc dén vai trim nghin query.
o Mién tri thirc nho s& cho két qua phan cum tét hon (do cc query trong cum
gan nhau hon).
o Mién san pham dién tir dugc nhiéu ngudi quan tim
Do d6 can c6 thém budc loc ndi dung query.

4.3.1. Loc ndi dung query

o Tap query logs dugc loai bo cac truong khong lién quan (truong thoi gian,
query ID, vi tri ctia url trong danh sach két qua), chi giir lai query va cac url
duoc click.

o Xac dinh tap san pham gom céac loai san pham nhu: may tinh, dién thoai, ti
vi, dau cd, may anh... Mai loai san pham duoc xac dinh béi tap cac keyword

tuong ung.

San pham Tir khéa

May tinh | computer laptop notebook netbook monitor lcd crt hdd “hard

29 ¢

disk” “floppy disk” cdrom “dvd drive” “optical drive” cpu
“dual core” “core duo” amd intel mainboard motherboard vga
“graphic card” ram keyboard mouse webcam linux ubuntu
fedora redhat solaris “mac os” “windows xp” antivirus router
firewwall modem adsl wifi lan wan dell “hp computer” lenovo

asus ‘“sony vaio” ...

29 [13

bién thoai | mobile pda “smart phone
mobile” “lg mobile” “sony erricsion” iphone blackberry gsm
cdma ...

cell phone” nokia ‘“samsung

Céc thiét bi | camera recorder nikkon kodak fujifilm “ved player” “dvd

99 ¢¢ 99 ¢¢

khac player” tv television “plasma tv”’ “satellite tv”” “cable tv”...

Bdng 10. Mét s tir khéa lién quan téi mién san pham dién tir
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o Nhiing query chira mot trong cac tir khoa trén s€ tro thanh tap input cho hé
théng tu van. Sau khi loc, tap két qua thu dugc gom 2639 query.

4.3.2. Xir ly offline

4.3.2.1. Tien xi Iy

o Tién xur 1y véi query: dua vé chit thuong, loai bo tir dirng, loai bo cac ki tu
dic biét, dua vé tir goc.
o Tién xt Iy véi cac url: chi giit lai domain chinh (cnn.com, bbe.com...)

4.3.2.2. Phdan cum tap query

o Lam giau (b6 sung thong tin) cho query
e Cach 1: Lam giau query bang cac url duogc click.
e Cach 2: Lam giau query bang bo chu dé an. Hai bo chu dé duoc sir dung:
= B6 1: ¢6 sin, duoc cong bd ¢ [22], xdy dung dua trén cac tai liéu
lay tir en.wikipedia.org.
- Pic diém cua cac tai lidu nay: dai, tir vung phong phu, day
da ngir nghia.
- Gom 200 chi d¢, méi chu dé c6 200 tir
* B0 2: do chiing t6i xay dyng dya trén chinh tap query c6 duogc sau
buéc ndi dung loc trén mién lién quan tdi san pham dién tir (gom
2639 query). Cong cu st dung la JGibbsLDA [22].
- Pic diém cua query: ngan, it ngit nghia, nhap nhang cao.

- GoOm 10 cha d&, mdi cha dé ¢6 100 t.

o Phan cum st dung Kmean (cong cu Lingpipe [23]):
e Dua trén sb lugng tap query dau vao, chung toi chon s6 cum 1a 10 do:
= Néu sé cum qua it = do gan nhau giita cac query trong mot cum s&
giam.
= Néu s6 cum qué nhiéu > sé luong query trong mdi cum giam >
tan suat lap lai cua cac url thdp, dan dén viéc khong tim duoc
nhitng url tét dé dai dién cho ndi dung cua cum.
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o Thuc nghiém phan cum duoc thuc hién véi 3 truong hop:
e Khong lam giau query
e Lam giau query bang url duoc click
e Lam giau query bang bo chu dé an (2 bo)

Nhan xét:

v/ Khi khéng 1am giau thong tin cho query; chat lugng phan cum kém do d6 gan nhau
giita cac query trong cum thap (vi cac query mang it thong tin vé mat ngir nghia) va

do tach roi gitra cac cum la khong cao.

v/ Khi 1am 1am giau thong tin cho query bang cach thém céac url duoc click vao cudi
cua query thi két qua dat duoc 13 tot hon. N6 ¢ thé nhan dang duoc cac query khac
nhau nhung ciing c6 mot muc dich, hoac query giong nhau nhung huéng téi nhiing
muc dich khac nhau. Vi du: voi query “sfnet” va “sourcefore” sau khi qua budc
nay s& dugc chuyén thanh “sfnet sourcefore.net” va “sourcfore sourcfore.net”.

R rang 1a cac query ndy c6 mdi quan hé mat thiét vai nhau.

Tuy nhién phuong phap nay gip mot van dé I6n; véi mot query méi ma ngudi
dung giri dén may tim kiém thi s& khong thé 1am giau thong tin duoc cho nd (vi

khong biét ngudi dung sé click vao url nao) va dan dén viéc phan cum sai.

v' Khi ding chu dé an dé 1am giau thong tin cho query; thuc nghiém dugc tién hanh
trén ca hai bo topic. Mot bo topic duoc sinh tir cac van ban lay tir wikipedia.org;
mot 1 bd topic duoc sinh truc tiép tir cac query trong query logs. Bo topic lay tir
wikipedia do dya trén nhitng vin ban dai va nhiéu thong tin hon nén ngir nghia cia
cac tir trong topic kha gan nhau va tot hon han so vai b topic sinh tir chinh query
logs (do cac query ngan va mang it thong tin).

Nhung khi thuc hién phan cum, bo topic lay tir wikipedia cho mot két qua khong
can xung: ¢6 1 cum c6 690 query (hon 1/4 tong sb query); 5 cum chi ¢6 tir 50-90
query (khong t6i 1/20 tong sé query); 5 cum con lai trung binh 300 query/cum.
Nguyén nhan 1a do céc tir trong tap query it trang 13p véi cac tir trong bo topic 13y
tir wikipedia nén dan dén trueong hop mot luong 16n query khong cé thude tinh

topic dé bo sung va don hét vao mot cum. Luc nay bo topic thir hai (lay tir chinh
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query logs) tuy ngit nghia kém hon nhung lai cho két qua phan cum tot hon. Véi

2639 query dau vao va 10 cum; mdi cum c6 khoang 200-300 query.

Bang tong hop:

Query

U'u diém

Khong lam

giau

B sung url

Phan biét duoc:

Query gibng
nhau nhung
khac muc dich.

Query khac
nhau nhung

cung muc dich

B sung chi dé 4n

Bo cha dé
Wikipedia

Chét luong
(ngit nghia) t6t
hon

Bo cha dé
query logs

Béu: mdi cum
200-300 query

Nhuge diém

D6 gan nhau
trong cum thap.
Do tach roi gitra

cac cum thap.

Khong thé b
sung thong tin
url duoc click
cho query mai

Xuét hién 1
cum dot bién
(700 query) va
4 cum co it hon
100 query/cum

Bang 11. Téng hop thuc nghiém phdn cum query

4.3.2.3. Xdc dinh tdp url tw vin

Tap url tu van cta mot cum 1a tap céac url ¢6 sb 1an xuat hién trong cum 16n hon

ngudng 6. Chon 0 1a s6 1an xuét hién trung binh ciia cac url trong mot cum.

Néu 0 < 2 (s6 lan xuat hién trung binh cta cac url trong cum qua thap) thi dat lai @ = 2.

4.3.3. Xir ly online

Sau khi query méi duoc phan vao cum; cac url trong tap tu vin cua cum dugc xép

hang lai dua trén cong thirc dudi day (da dugc trinh bay & muc 3.2.3.3). Ba url ¢6 hang
cao nhat s& duoc dung dé tu van.

rank(u) =

1

1

, +—
sim(q,q1) sim(q,qz)
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4.4. Dinh gid

Xay dung bo test gom: 10 query, mdi query ¢ 5 url ma ngudi ding mong mudn nhan

dugc. Céac query nay duoc dwa vao hé théng véi vai trd query méi cia ngudi ding.
Bang 11 1a két qua duogc hé thdng tra lai. Po chinh xac cua hé thong dugc tinh bang ti
& url tu van tring voi url mong mudn caa ngudi ding.

. . D¢ chinh
Url mong muon Url dwgc hé thong tw o
X x4dc cia hé
(3-5 url/query) van (3 url/query) .
thong
direct tv guide | directv.com tv.com 100%
direct-tv-guide.org direct-tv-guide.org
online.tvguide.com online.tvguide.com
tv.com
tvguide.com
cell phone | cellpages.com phonedirectorysearch.com 66%
directory phonedirectorysearch.com | cellphoneshop.net
cellphoneshop.net newyorkcellphone.com

reversephonedirectory.com
phoneaddressdirectory.com

live tv guide | tvguide.com tv.com 66%
imdb.com tvguide.com
tvguidemagazine.com imdb.com
wwitv.com

tvguidemagazine.com

internet microsoft.com microsoft.com 100%
explorer msdn.microsoft.com msdn.microsoft.com
download.cnet.com download.cnet.com
en.wikipedia.org
Icd tv reviews | tv.com tv.com 66%
Icdtvbuyingguide.com Icdtvbuyingguide.com
reviews.cnet.com en.wikipedia.org

digitaladvisor.com
Icd-tv-reviews.com

multimedia | reviews.cnet.com microsoft.com 33%
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keyboard en.wikipedia.org en.wikipedia.org
www.computerworld.com | techwarelabs.com
mobile home | en.wikipedia.org mobilehomeworks.com 33%
mobilehomedoctor.com mobilehome.com
mobilehome.com 4-sale-mobile-
home-park.com
digital camera | digitalcamera-hg.com dpreview.com 66%
dpreview.com kodak.com
reviews.cnet.com digicamera.com
kodak.com
mp3 player | creative.com creative.com 66%0
apple.com apple.com
portableplayerz.com anythingbutipod.com
external hard | seagate.com amazon.com 66%0
drive amazon.com seagate.com
pcmag.com wdc.com
tomshardware.com
Bdng 12. Bang két qua thuc nghiém
Nhéan xét:

Do chinh x4c trung binh cua hé thong 1a: 66%. Pay 1a mot két qua kha tot du tap di
liu sau khi loc kha nho, chi vai nghin query.
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Két luan va dinh huéng

o Véi céc két qua da dat dugc, khoa luan da dong gop:
e Xay dyng mé hinh hé tu van website mgi duya trén khai pha kinh nghiém
cua nguoi dung. Cac ki thuat dugc dung:
= Phan cum query logs, st dung phén tich chu dé an dé lam giau
thong tin cho query.
= Ki thuat xép hang website (url) tu van theo query dau vao.
e Thir nghiém ban dau trén mién lién quan t6i san pham dién tir cho két
qua kha tot.

o Nhiing van dé con ton tai:
e Khdi luong dit liéu 16n dan téi viéc nhirng thuat toan tét nhung d6 phic
tap cao khong thé chay dugc. Vi du HAC t6t hon Kmean nhung do do
phtec tap cao hon ( O(n?) so véi O(n*logn) ) nén phwong phap duoc st

dung la Kmean.

o Pinh hudng phat trién:
e Tim cach sir dung cac phuong phap phan cum khac c6 hiéu qua cao hon.
e MO0 rong ra cic mién thong tin khac ngoai san pham dién ti.

e Tich hop hé thong vao may tim kiém.
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