TRUONG DAI HOC BACH KHOA HA NOI
VIEN TOAN UNG DUNG VA TIN HOC

BAIHOC

BACH KHOA

BAO CAO
THUC TAP KY THUAT

THUAT TOAN PAGERANK VA UNG DUNG

Chuyén nganh: Toan Tin

Chuyén sau: Tin hoc

Sinh vién thuyc hién: Nguyén Diic Thang

Ma s6 sinh vién: 20166769

Lép: KSTN Toan Tin K61
Giang vién phu trach: TS. Nguyén Canh Nam

Co s6 thuce tap: Grooo International

HA NOI, 07/2020




Muc luc

1 Dat van dé
[2 Co sG ly thuyét|
[2.1 Céc kién thitc ve dai s6 tuyén tinh|
[2.1.1 Tri riéng, vector riéng . . .
[2.1.2  Phuong phéap luy thial . . .
[2.2  Xich markov va phan b6 dimg . . .
2.2.1 Khai niem xich Markov|. . .
2.2.2  Ma tran xac sudt chuyen| . .
2.2.3 Phan b dimg . . . .. ...
[2.3 Thuat toan PageRank| . . . . . ..
231 Y tudng thuat toan| . . . . .
[2.3.2  Thuat toan PageRankl . . .
13 Xay dung chuong trinh va dng dung|
3.1 Chuong trinh| . . .. ... ... ..
3.2 Thuc nghiem| . . ... .......

[\

© © 00~ OO T R

12



Trong nhitng ndm gan day, sit lén ngdi clia cac mang xa hoi va gia tang vé s6 luong
cac trang web trén internet doi héi nhitng thach thic 16n cho viéc xép hang cac trang
web, phan tich mang x4 hoi. Viéc gia ting dang ké khoi lugng dit lieu nay doi héi con
ngudi can c6 nhitng cach tiép can thong tin tot hon. Néu nhu khong c6 cac cong cu tim
kiém nhu Google thi viéc tim kiém dit lieu va tiép can dit liéu 1a vo ciing khoé khan.

Thuat toan Pagerank 13 mot trong nhitng thuat toan nén moéng xay dung lén dé ché
ctia Google. Tuy don gian nhung da dem lai nhitng hiéu qua trong viéc danh gia diém
cho cac trang web dé c6 thé cai thien tim kiém cho ngusi dung. Pagerank khong ding
lai 6 mitc don thuan la xép hang cac trang web, ma con c¢é thé ing dung trong nhiéu
linh vire khac nhu xép hang diém tin dung, danh gia cac cudc goi spam, gadi ¥ két ban
trén mang xa hoi, ...

No6i dung béo cao duge chia lam 3 chuong;:

1. Dat van deé: Tong quan vé thuat toan pagerank va tng dung.
2. Cd sé 1y thuyét: Céc kién thiic co sé toan hoc, ¥ tudng ctia thuat toan pagerank.

3. Xay dung chuong trinh va ing dung: Xay dung chuong trinh cho thuat toan
pagerank trén bo dit lieu mau, nhan xét va danh gia két qua.

Em xin chan thanh cdm on cong ty Grooo International, thay TS. Lé Chi Ngoc va
cac anh chi trong cong ty da tan tinh gitp dé em trong qué trinh thyc tap. Bao cao
van con nhiéu thiéu s6t, em mong nhan dudc sy gop ¥ ciia thay co va phia cong ty dé
bao céo hoan thién hon. Em xin chan thanh cam on!



Chuong 1

Dat van dé

Vao nam 1989, mang toan cau (World Wide Web) ra doi da bat dau mot cudc cach
mang trong luu trit, truy cap va tim kiém thong tin. Mang toan cau, goi tat 1a Web
la mot phat minh ctia nha khoa hoc ngusi Anh Tim Berners-Lee vao nam 1989. N6 1a
hé thong thong tin ma trong dé cac van ban va cac tai nguyen khac duge nhan dang
biang cac duong dan (URL - Uniform Resource Locator) va c6 thé lien két t6i nhau
bang cac hyperlink (siéu lién két) va c6 thé truy cap qua Internet. Berners-Lee ndy ra
v tudng vé Web sau khi cdm thay rac r6i mdi lan ong muén tim kiém thong tin trén
nhiéu may tinh. Trong ¥ tuéng ban dau ctia minh, 6ng mo ta mot hé thong quan ly
thong tin dua trén cac dudng lien két duge gin vao trong cac van ban, dé khi ngusi
doc gaip céc tai lieu tham khao trong mot van ban thi ¢ thé chuyén tic thoi dén tai
lieu duge deé cap chi véi mot ct kich chuot vao cac duong dan.

Msic dit mang toan cau la mot dot pha trong luu trit va truy cap thong tin, ngudi
dung lai gip kho khan trong viéc tim kiém. Khéi lugng thong tin 1a khong 16 va cang
ngay cang md rong trong khi lugng thong tin ngusi ding muén tim kiém va truy cap
la rat nhé, cong viec tim kiém duge vi nhu mo kim day bé. Hau hét thong tin trén
Web lic bay gio 1a gan nhu khong thé tiép can

Moi chuyén déu thay doi khi phan tich lien két ra doi vao nam 1998. Phan tich lien
két (Link Analysis) 13 mot ky thuat phan tich di lieu ding dé danh gid cac qua hé
hodc cac lien két gita cac nit trong mot mang ludi. Nhitng cong cu tim kiém bat dau
stt dung phan tich lien két dé cai thien két qua tim kiém. Hieu qua dem lai 1 16 rét va
nhiéu cong cu tim kiém dan trd thanh tha vui ua thich ctia nhiéu ngusi diing mang.
Ho sit dung cong cu tim kiém dé tim kiém tin ttc tit khap noi trén thé gisi, dé kiém
tra 16i chinh t4 khi st dung tiéng nudc ngoai, dé tim kiém cac hinh anh. Google 1a mot
trong nhiing cong cu tim kiém dau tién st dung phan tich lién két va dén nam 2004,
Google chiém thi phan 16n nhat trén thi truong tim kiém véi 37% s6 tim kiém dugc
thire hien bdi Google, tiép sau 1a 27% thue hién bdi Yahoo.

Hau hét cac cong cu tim kiém ngay nay déu ap dung phan tich lien két trong cac
thuat toan cham diém vi xép hang cac trang web. Va thuat toan ndi tiéng nhat ciing
da lam nén thuong hiéu Google la thuat toan PageRank.



Thuat toan PageRank 13 mot thuat toan hoc xép hang duta trén phan tich do thi
lien két gitta cac trang web, mdi trang web sé dugc xem nhu mot dinh, méi lien két
sé¢ duge xem nhu mot canh ctia do thi. Muc dich ctia PageRank 14 danh gia tam quan
trong tuong doi clia website trong toan bo hé thong world wide web.

Nha dong sang lap Google, Serge Brin va Larry Page da phat minh ra PageRank
vao nam 1997 nhu mot phan ctia di 4n nghién cttu tai DH Stanford véi mong mudn
céi thien chat lugng hoat dong ciia cac cong cu tim kiém. Brin va Page viét thuat toan
PageRank cuia Google tinh ra popularity score cho cac trang web. Day la thuat toan
rat noi tiéng va mac dit cong cu tim kiém ctia Google con c6 déng gép clia nhiéu thuat
toan khac nhung PageRank ludn la trai tim ctia Google.

Bdi vi vao thoi diém d6, cong cu tim kiém (nhu Yahoo, Altavista) gip phai cic van

N

de:
e Hoat dong khong hiéu qué, thuong dua ra ciac website khong lién quan.
o Tra vé két qua tim kiém khong phit hop véi mong doi ngudi ding.

Va PageRank dugc 1ap nén nham giai quyét 2 van deé nay.

CACH GOOGLE PAGERANK HOAT PONG
PageRank duwoc chia déu cho té-“-ng cac link trén trang

wToew o

we Ry

Hinh 1.1: Cach thuat toan Pagerank hoat dong



Chuong 2

Co sé 1y thuyét

2.1 Cac kién thic vé dai s6 tuyén tinh

2.1.1 Tri riéng, vector riéng

Cho ma tran vuong A € K™ véi K = R;C. S6 X € K dugc goi 1 gia tri rieng
clia A néu ton tai vector x # 0;x € K" sao cho Az = \x. Khi d6 vector x dudc goi 1a

vector riéng cia ma tran A ung vdi gid tri rieng \. Ky hieu o(A) 1a tap tat ca céac tri

riéng cua ma tran A

Tinh chat cua gia tri riéng va vector riéng

1.

Cac gia tri rieng ctia A, x,, 1a nghiém cta phuong trinh da thic dic trung p(A) =
det(A — \I). Bac ciia p(\) bang n vay nén A c6 n tri rieng, tuy nhién mot s6 c6
thé 1a s6 phtic (ngay ca khi ma tran A 1a ma tran sb thyc), hodc c6 thé 1a boi.
Néu ma tran A chi chita s6 thuc thi cac tri rieng phiic clia n6 (néu c6) phai theo
cap s0 phiic lien hgp, titc 1a néu A € o(A) thi X € o(A).

Néu nhu ma tran A c6 tri rieng A = 0 thi ma tran A 1a khong kha nghich. Ngugc
lai, néu moi gia tri riéng ciia A déu khac khong thi A kha nghich.

Néu A la tri rieng ctia A thi A¥ 1a tri rieng ctia A*

. Néu nhu X 1a nghiém boi k ctia phuong trinh diic trung thi A 1a gia tri rieng boi

k ctia ma tran A. Néu A 1a bai 1 thi X & gié tri rieng don.

. Néu nhu \ 1a gia tri rieng boi k thi ton tai k vector rieng doc lap tuyén tinh

tuong ng véi A.

Ching minh
Dinh nghia gia tri riéng va vector riéng troi
Cho A la ma tran vuong cap n. Gia stt A ¢6 dt n tri rieng {\;, As, ..., A, } thuc hodc

phtc sao cho

A > Ao = [As] = o = |
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Cac vector riéng tuong tng lan lugt 1a X, Xs, X5, ..., X,,. Khi d6 \; dugc goi 1a gia
tri riéng troi cia ma tran A va vector riéeng X7 tng v6i \; dugce goi la vector riéng troi.

Chi y: Theo dinh nghia trén thi tri riéng troi A; phai 1a mot s6 thuc, vinéu A\, € C
thi \; ciing & tri rieng c6 mo-dun bing ;. Dié¢u nay trai v6i gid thiét [A1| > Ao

2.1.2 Phuong phap luy thua

Phuong phéap luj thita (power method) 1& mot thuat toan lap ding dé tim ra tri
rieng troi va vector riéng troi. Thuat toan bat dau bang viéc chon mot vector x, ban
dau ndo do, o c6 thé 1 ngdu nhien hoaC la mot xap xi ciia vector rieng troi X;. Gia
st cac vector rieng ctia A 1a mot hé doc lap tuyén tinh. Khi d6 cac vector riéng ciia A
tao thanh mot co sé trong R™. Do dé xg ¢6 thé biéu dién thanh:

n
Ty = E CL,L'Xi
i=1

Sau do, ta tinh day:

n

Tr1 = A.Z‘o = Ai CLZ‘XZ' = iazAXz = Z az)\zXz
=1 =1

i=1
(Vi AX; = AX)
Ty = AJ]l = AQIO = AZ al)\ZXZ == Zaz/\sz
=1 i=1

n n )\ k
_ — Ak, — Ay — )\ M X
rp = Axp_1 = Axg = ;az)\i X; = A] [ale + lz:; ()\1> aZX,]
Theo gia thiét tri rieng troi |A| > |N|,Vi = 2,...,n. Suy ra khi k& — oo thi

AN
()\—) — 0,Vi =2,...,n. Do d6 ta co
1

AkQIO
M

= CLle, khi £k — o0

hay khi k du 16n thi
Ak g ~ )\]fale

dong thoi
Ak—HJ]O ~ /\IIC—HCLle

= Ak+1£L‘Q = >\1Akl'0
hay
A(Akl’o) ~ )\I(Akxo)
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Vay A*z, = ¥ 1a vector riéng tng véi tri rieng A\; va A\, dudc tinh theo ty s A\ ~
L. T}
Vay, ta thiy cac vector x; c¢6 xu huéng hoi tu vé mot vector rieng ndo dé trong sd
cac vector riéng ung vdi tri riéng tr01 Dé dam bao x5 hoi tu t6i mot vector duy nhat,
ta théem budc chuan hoéd z, =

vector. Ngoai dé cho qué trinh th tu dén mot vector duy nhat, viec chuéan hoé con dé

—=— véi ||.|| 14 mot chuan nao dé trong khong gian

tranh bi tran so.
Téc do hoi tu: Ta xét phuong phap luy thita cho hai vi du sau

Vidu 1.

A= [4 5] c6 hai tri rieng 1a Ay = 10 va A\, = —1. Vi vay nén ty s6 — | 2 = 0.1. D6i

6 5 A1l
v6i ma tran nay chi can 4 vong lap da thu dugc két qua chinh xac dén 3 chit s6 sau
dau thap phan

~ (1.000 {0818 (0835 (0833 ~ (0.833
0= 11000/ " 7 {1000/ 27 \1.000/ 7" = \1.000) > = \1.000
Vi du 2.

—4 1 . .
B = [ O} ¢6 hai tri riéng 1la Ay = 10 va Ay = —9. D061 v6i ma tran nay ty so

7 5
| A2
Al
qua v6i do chinh xac dén 3 chit s6 sau dau thap phan

oo (L1000 - (0500) - (0.941
o= \1.000/) """ \1.000/>"%  \1.000) "

_ (0.715 I 0.714 S 0.714
...... , Teg = 1.000 ) 67 — 1.000 /)’ 68 — 1.000

Dura vao hai vi du trén cing nhu chiitng minh sy hoi tu ctia phuong phap luy thira,

= 0.9 va phuong phéap luy thita phai mat dén 68 vong lap mdi dua ra duge két

. ) . , Ao
ta nhan thay téc do hoi tu ctia phuong phap phu thude vao ty s6 :/\—| Cu thé hon, téc
k
d06 hoi tu ctia thuat toan tuong duong véi toe do ty sb [%] hoi tu vé 0 khi k —» oo

2.2 Xich markov va phan b6 dimng

2.2.1 Khai niém xich Markov

Két qua cudi cling clia thuat toan PageRank ban chat 14 phan phdi ding ctia mot
xich Markov. Vi vay dé hiéu ré6 PageRank, ta can nim dudc mot sb kién thic vé xich
Markov, bat dau bang cac khai niém.



Dinh nghia 1 (Ma tran x4c suat).

Ma tran xac suat la mot ma tran vuong khong am P, ., trong d6 tong cac phan
tl tréen moi hang déu bang 1.

Dinh nghia 2 (Quéa trinh ngau nhién).

Qua trinh ngiu nhién la mot tap hgp céc bién ngiu nhien {X;}2, c6 cing mot
tap gia tri {S1,9,...,S,} dugc goi la khong gian trang théi clia qua trinh. Bién ¢
thudong duge coi 1a bién thoi gian, va X, 1a trang thai clia qua trinh tai thoi diém ¢. Vi
du, ta xét mot qua trinh la sy thay doi ctia thoi tiét qua cac ngdy. Khong gian trang
thai 13 cAc tinh thai ctia thoi tiét nhu ning, mua, lanh, nhiéu may va bién X, 1 trang
thai clia thoi tiét tai ngay thit ¢.

e Theo nhu dinh nghia trén thi bién thoi gian 14 bién roi rac, dong thoi khong gian
trang thai la hitu han.
Dinh nghia 3 (Xich Markov).

Xich Markov 13 mot qua trinh ngdu nhién ma thod méan tinh chat Markov

P(Xt+1 — Sj|Xt — SitaXt—l — Sit—l’ ...,XO — Sz ) — P(Xt+1 — S]|Xt — S“)

Diéu kien nay thé hién tinh chit khong nhd ciia xich Markov, c6 nghia la trang thai
clia xich tai thoi diém tiép theo chi phu thudc vao trang thai ¢ thoi diem hién tai ma
khong quan tam dén céc trang thai truée. Vi du nhu, qua trinh bién doi ciia thoi tiét
1a mot xich Markov néu nhu trang thai thoi tiét ngdy mai khong phu thuoc vao trang
thai thoi tiét clia cac ngay trude day, ma chi phu thuodce vao trang thai ciia ngay hom
nay.

Dinh nghia 4 (Vector phan phoi xac suat).

Mot vector phan phdi xac suat (goi tit 1a vector xac suat) 1a mot vector khong
am AT = (A1, Ag, ..., \y) sao cho >, Ay = 1. Néu ta dat

thi A = (\;) 13 mot phan phoi. Ta nhan thay tai moi thoi diém ¢, xich Markov c6 mot
vector phan phoi xac suat. Ta goi A = P(Xy = i) 1a vector phan phdi ban dau.

2.2.2 Ma tran xac suat chuyén
Dinh Iy 1.

Gia st X, 14 mot xich Markov v6i vector phan phoi xac suat ban dau A, khi dé ta

7
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o P(X, =j)=(AP");

o (X, =j) = P(Xntm = j|Xin = J) ngb)
theo dinh Iy nay, ta thay pin);; 1a xac suit chuyén tit trang thai i sang trang thai j
sau n budc.

Dinh nghia 5.

Ta néi rang trang thai ¢ dén dude trang thai j va ky hieu 1a ¢+ — j néu ton tai
(n)
i< jnéui— jvaj—i

n > 0 sao cho p;;” > 0. Hai trang thai ¢ va 7 dugdc goi la lién thong va ky hiéu la

Dinh nghia 6.

Mot xich Markov dude goi 1a tdi gidn néu hai trang thai bat ky déu lien thong véi
nhau. Ma tran chuyén P dudc goi 1 tdi gian néu xich Markov tuong tng v6i né 1a t6i
gian.

2.2.3 Phan bb ding
Dinh nghia 7 (Vector phan phoi xac suat dimng).

Vector phan phéi xac suat ditng ctia mot chudi Markov c6 ma tran xac suét
chuyén P la mot vector xac suat 7 sao cho 77 P = 77 Néu nhu P la ma tran toi gian
thi P c6 phan phoi ding.

Dinh nghia 8 (Vector phan phdi xac suat bac k).
Vector phan phdi xac suat bac k ctia mot xich Markov 1a
M(k) = (M(k), Aa(k), ..., \u(K)),  trong d6  \j(k) = P(X, = S;)

hay noi cach khac, \;(k) 1a xac sut xich § trang thai thit j sau k 1an chuyén trang
thai.

Qué trinh luét web ctia ngudi diing bing viéc chon céc duong dan dé di chuyén qua
cac trang web c6 thé dude coi 1a mot qua trinh ngdu nhien. Khong gian trang thai sé
la tap hgp toan bo cac trang web. Thuat toan PageRank coi qua trinh nay 1a mot xich
Markov, V6i diéu kién 1a trang web tiép theo ngusi dung chon khong phu thudc vao
cac trang da di qua, ma chi phuy thuoc vao trang hién tai. Tic 13, nguoi dung chon bat
ki mot duong dan tai trang web hién tai dé dén trang tiép theo, qua trinh nay goi la
random walk trén do thi hyperlink.

Cho mot phan phdi ban dau AT(0) = (A1(0), A2(0), ..., A, (0)), cau héi dat ra 1a, xac
suat dé xich & mot trang thai 1a bao nhiéu sau 1 lan chuyén trang thai. St dung cac
quy luat xac suat, ta co.

Aj(1) = P(Xy =5;) = zn:P [Xo = 8] .P[X1 = 5| Xo = 8] = zn:)\i(o)pij
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Tong hop lai cho toan bo cac thanh phan clia vector phan phéi xac suat, ta cd AT (1) =
AT(0)P. Phuong trinh ndy thé hién sy bién ddi ctia phan phdi xac suat ban dau sau 1
budc chuyén trang thai. Nho tinh chat "khong nhé" ctia chudi Markov ma & cudi bude
chuyén thtt nhat, c6 thé coi xich bat dau lai tit dau va lay AT(1) lam phan phdi xac
suat ban dau méi. Vi vay, ta c6 AT(2) = AT(1)P, va AT(3) = AT(2)P,...va cudi cling ta
co

M(k) = AT (0)P*

Té6i day, ta nhan thay biéu thic trén chinh la cong thiic ctia phuong phap luy thita véi
vector ban dau la AT(0). Va néu nhu A7(k) hoi tu khi & tién t6i vo cung thi né sé hoi
tu dén vector phan phdi dimg ctia xich Markov X.

2.3 Thuat toan PageRank

Ké tir khi xuat hién mang internet, da c6 rat nhiéu cach luu trit va td chitc cac trang
web nham muc dich dé dang tim kiém. Trudc d6, Yahoo da luu trit cic trang web
trong cac thu muc, ngudi ding muén tim kiém trang web vé thé loai gi thi ¢6 thé vao
thu muc do. Dé cho két qua tim kiém t6t hon, khéi niem vé link popularity ra doi.
Theo d6, s6 trang lien két t6i mot trang web sé do do quan trong ctia trang web do.
Do d6, mot trang web dudc coi 1a quan trong hon néu cé nhiéu trang web lien két t6i
né. Trai ngude véi link popularity, PageRank khong chi dua trén tong so trang lien
két v6i trang web ma con duya trén rank clia cac trang lien két t6i no.

PageRank 1a mot thuat toan trude day duge Google Search sit dung dé xép hang

trang web trén bo may tim kiém ctia ho. PageRank dugc sang tao béi Brin va Page, 1a
mot thuat toan hoc xép hang dua trén phan tich do thi lien két giita cac trang web,
modi trang web sé duge xem nhu mot dinh, méi lien két sé duge xem nhu mot canh clia
do thi.
Hinh 2.1 mo ta thuat toan pagerank véi 11 trang web. Ta ¢6 11 trang web. Trang web
B c6 nhiéu trang web lién két véi n6é nhat, do dé rank ciia trang web B 1a cao nhat.
Trang web C mac du s6 trang web lien két v6i né it hon trang E nhung ma né duge
trang B lién két t6i, do d6 n6 sé coé rank cao hon trang E. Nhu vay két qua rank cudi
cling clia mot trang web dua trén cau truc lien két ctia toan bo céc trang web. Cach
tiép can nay nghe mac di rat rong va phiic tap, nhung Page va Brin da c6 thé dua né
vao thyc té bang mot thuat toan tuong ddi tam thuong.

2.3.1 Y tudng thuat toan

Tong quat, gia st ching ta c6 n trang web duge danh s6 tit 1, ..., n, PageRank ciia
trang web 7 duge tinh dya trén céc lien két trang web khac dén no (trang web j lien
két tré dén i), nhung khong phai bat ky lién két nao ciing duge tinh diém nhu nhau.
Thuat toan PageRank duge xay dung dua trén hai y tudng nhu sau:



Hinh 2.1: M6 phong thuat toan PageRank véi 11 trang web
e Trang web A tré lien két dén B, néu A la mot trang web xép hang cao thi phai
gitip B xép hang cao hon.

e Trang web A tro6 lien két t6i B, luong trang web ma A tré t6i nghich bién véi
xép hang ctia B hay néi cich khac A tré dén cang nhiéu trang thi giip B tang
thi hang cang it.

PageRank ctia mot trang web P;, ky hiéu la r(P):

rP) =Y T(IDPJ") (2.1)

P]‘GBPZ. |

trong d6 Bp, 1a tap cac trang web tré dén P, |P;| 1a tong s6 lien két di ra tit P;. Cong
thiic trén thod man y tudng trén. Van dé véi phuong trinh (2.1) d6 1a gia tri r(F;),
PageRank clia cac trang P; 1a chua biét. Brin va Page gidi quyét van dé nay bang
phuong phap lap. Ho gid st rang ban dau tat cd cic trang c6 PageRank bang nhau
(cu thé hon 1a 1/n, trong dé n 1a sd trang trong danh muc Web ctia Google). Sau dé
cac gia tri d6 dugc dimng trong phuong trinh (2.1) dé tinh 7(P;) méi cho timng trang P,
trong danh muc. Sau khi tinh dugce cac r(FP;) méi, ching lai duge thay vao (2.1) & vi
tri clia r(P;) trong vong lap tiép theo. Ky hieu ry11(P;) 1a PageRank clia trang P; tai
vong lap thia k£ + 1, khi do,

rest () = Z re(5)) (2.2)

picpp, il
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Trong d6 ro(F;) = 1/n v6i moi trang va qua trinh nay duge lap lai lién tuc v6i mong
mudn rang tit mot thoi diém nao dé tré di, cac gia tri PageRank sé hoi tu dén céc gia
tri ¢ dinh.

Vi du 3. Xét mo hinh internet gom 6 trang web duoc ddanh s6 1,...,6 nhu hinh .
Tinh toan thid hang cho cac trang web sau mot vai vong lap.

Hinh 2.2: Vi du mo hinh lién két clia 6 trang web

Thure hién viéc tinh toan theo thuat toan, ta cé bang sau:

Vong lap 0 Vong lap 1 Vong lap 2 Thit hang & vong lap 2
7’0(P1)—]./6 Tl(Pl):]./18 T2<P1)21/36 5
To(PQ):1/6 7“1(P2)25/36 ’I"Q(Pg):l/]_S 4
ro(Ps) = 1/6 | ry(P3) = 1/12 | ro(Ps) = 1/36 5
7”0(P4>:1/6 7’1(P4>:1/4 T’Q(P4>:17/72 1
7’0(P5):1/6 7’1(P5):5/36 TQ(P5):]_1/72 3
To(Pﬁ):1/6 ’f’l(Pﬁ):l/G TQ(P6)214/72 2

Dé don gian hon, ta sé mo hinh hoa vi du trén dudi dang ma tran. Goi H la ma tran
cap n x n thod man: H;; = ﬁ néu ton tai duong dan tir trang ¢ sang trang j, va bang

0 néu nguogc lai. Trong vi du trén, ma tran H sé la:

P, P Py P P P
P/0 1/2 1/2 0 0 0
Rlo0o 0 0 0 0 0

g P13 13 00 0 1/3 0
plo o 0o 0 1/2 1/2
plo o o0 1/2 0 1/2
B\NO O 0 1 0 0
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Dé thay cac hang clia ma tran c6 tinh chat xac suat. Cac phan tit khac 0 6 dong 4
tuong ting vdi cac lien két ra clia trang thi ¢, trong khi d6, cdc phan tit khac 0 ctia cot
i tuong tng vdi lien két vao clia trang thit i.

Tiép theo, goi 7T 13 vector PageRank tai vong lip tht k.
Khi d6, phuong trinh (2.2) c¢6 thé viét thanh:

LT (0T g (2.3)

Tt phuong trinh (2.3), ta dat ra cau héi la ligu c6 ton tai trang thai 77 nao d6 ma tai
d6, néu tiép tuc thuyc hién (2.3) thi vector PageRank khong thay doi:

al =nTH (2.4)

hay
m=Hn (2.5)

Néu nhin k¥, chiing ta ciing sé thay day la bai toan tri riéng, vector riéng clia ma tran
HT vé6i tri rieng A = 1. Nhu chiing ta da biét, v6i mot tri rieng A c6 thé c6 nhidu vector
rieng va hon nita PT chua chic da c6 tri rieng A = 1. Day 1a van dé phét sinh véi ¥
tudng ban dau clia cac tac gia, dé tit d6 dua ra thuat toan PageRank hoan thién hon.

2.3.2 Thuat toan PageRank

Ma tran H trong giéng ma tran xac suat chuyéen ctia xich Markov. Ta c6 dinh 1y
Perron Frobenius chi ra ring néu nhu ma tran ngau nhién cot (tong thanh phan
tiing cot bang 1) ma ta dang xét H 1a ma tran duong c6 ting thanh phan H;; > 0 thi
ma tran H chi ¢6 duy nhat mot phan bé dimg (duy nhat mot vector riéng tuong tng
tri rieng 1 ). Tat ca tri riéng con lai nho hon 1.

Dua trén dinh 1y nay, Brin va Page da chinh stta H tré thanh mot ma tran xac suat
ctia mot chudi Markov dé qua trinh lap c6 thé hoi tu bang cach thém mot tham s6 d
dugce goi la Damping Factor.

Ly thuyét PageRank cho rang, ngay cd mot nguoi dung gia thiét click ngdu nhién
vao cac trang web cudi cling ciing sé ding lai. Xac suat ngudi ding tiép tuc click trong
bat ctt bude ndo dude goi 1a yéu té6 damping. C6 nhiéu nghién cttu da thit cac gia tri
yéu to6 damping, gia tri uéc lugng bang 0.85 1a ngudi diing sé tiép tuc luét web. Cong
thiic tinh Pagerank c6 tinh dén yéu t6 damping st dung mo hinh khi ngusi diing bat
ky sé cam thay chan sau mot vai lan click v chuyén dén vai trang web khac mot cach
ngau nhién. Nhu vay:

= (1;dE+dH)7r (2.6)

Véi E 1a ma tran vuong n X n ma tat cd phan tit bang 1. Ma tran G = %E +dH
duge goi la ma tran Google.
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Ta cling ¢6 thé biéu dién cong thitc dudi dang sau:

Wpy=1"9q 3 12 (2.7)

Cong thtic trén da lam "mat" cac s6 0 ban dau, sit dung mo hinh khi ngusi dung ngau
nhién cdm thiy chan sau khi click va duge chuyén dén mot s6 trang ngau nhien. Gia
tri Pagerank thé hién nhitng co hoi ma ngusi dung ngdu nhién sé duge chuyén dén
trang d6 bang céach click vao cac duong link. Mo hinh nay cé thé duge hiéu tuong tu
nhu Markov chain, trong d6 céc tinh la cac trang web, qué trinh di chuyén c6 xac suat
ngang nhau dudce coi nhu céc link gifta cac trang web. Néu nhu trang web khong c6
duong link dén cac trang khac, né sé thanh ngo cut va viéc truy cap ngau nhién sé
dimg lai. Nhung néu ngudi diing dén trang khong c6 cic link khéac, thi ngusi diing sé
chon ngau nhién mot trang khac dé tiép tuc truy cap. Khi tinh Pagerank, nhiing
trang khong cé link tré di cac trang khac sé dudc gia dinh cé link tré dén
tAt cA cac trang trong tap van ban. Va nhu vay gié tri Pagerank sé dugc chia déu
cho céac trang khac.
Quay tré lai véi vi du 1, néu v6i d = 0.9, ta sé c6 ma tran:

1/60 7/15 7/15 1/60 1/60 1/60
1/6 1/6 1/6 1/6 1/6 1/6
19/60 19/60 1/60 1/60 19/60 1/60
1/60 1/60 1/60 1/60 7/15 7/15
1/60 1/60 1/60 7/15 1/60 7/15
1/60 1/60 1/60 11/12 1/60 1/60

G:

Va vector PageRank 1a vector phan phéi ding clia ma tran G va bang

1 2 3 4 5 6
7TT:(O.O3721 0.05396 0.04151 0.3751 0.206 0.2862)

Diéu nay tic la, véi m; = 0.03721 c6 nghia 1a 3.721% thoi gian ngudi luét web sé &
trang 1. Vi vay, cac trang trong mang Hyperlink trén c6 thé xép hang theo thi tu
(4 6 5 2 3 1), tic la trang thit 4 1a trang quan trong nhat va trang 1 13 trang
it quan trong nhat.
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Chuong 3

Xay dung chuong trinh va tng dung

Thuat toan Pagerank c6 nhiéu ting dung khac nhau, khong chi trong xép hang cac
trang web ma con c¢6 tac dung trong cac bai toan danh gid nhu danh gia mic do tin
dung, danh gia cudc goi spam, phan tich mang xa hoi,... Trong phan nay, em trinh
bay chuong trinh thuat toan pagerank cho bai toan sip xép thi hang cac trang web
dyra vao cac bo dit lieu cong khai trén internet.

3.1 Chuong trinh

import networkx as nx
import pandas as pd

if __name__ == ’__main__’:

data = pd.read_csv(’./data/web-Stanford.txt’, sep="\t", header=None,
skiprows=4)

G = nx.DiGraph()

for i in range(len(data)):
G.add_node(data.iloc[i] [0])
G.add_node(data.iloc[i] [1])
G.add_edge(data.iloc[i] [0], data.iloc[i][1])

pr = nx.pagerank(G, alpha=0.85)

print (pr)

Két qua dau ra bién pr sé chita rank clia cdc node trong do thi, chuong trinh trén dang
xét 1a do thi c6 huéng. Bién pr c6 thé duge tuy bién st dung sao cho thich hgp tuy
vao ting bai toan.
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Ngoai ra, thay vi st dung thu vién, ching ta ciing ¢6 thé tu thiét lap thuat toan
nhu sau:

import networkx as nx
import pandas as pd
import matplotlib.pyplot as plt

if __name__ == ’__main__’:

data = pd.read_csv(’./data/web-Stanford.txt’, sep="\t", header=None,
skiprows=4)

G = nx.DiGraph()

for i in range(len(data)):
G.add_node(data.iloc[i] [0])
G.add_node(data.iloc[i] [1])
G.add_edge(data.iloc[i] [0], data.iloc[i][1])

# pr = nx.pagerank(G, alpha=0.85)

N = 1len(G)
d=20.9
rank = {}

for node in G.nodes:
rank [node] = 1/N

for _ in range(10000):
for node in G.nodes:
if len(G.out_edges(node)) ==
for j in G.nodes:
G.add_edge(node, j)
rank_sum = 0
edges = G.in_edges(node)
for j , _ in edges:
outlinks = len(G.out_edges(j))
if outlinks > O:
rank_sum += rank[j]/len(G.out_edges(j))

rank[node] = (1-d)/N + d*rank_sum

V6i chuong trinh trén, sau khi chay thi bién rank sé luu trit thi hang clia cac trang
web dudi dang dictionary.
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3.2 Thuc nghiém

Trong phan nay, ching ta thic nghiém véi 4 bo dit lieu nhu sau:

Tén S6 luong dinh | S6 lugng canh
Example 6 10
Harvard500 500 2636
web-Stanford 281.903 2.312.497
web-Google 875.713 5.105.039

Bang 3.1: Thong tin cac bo du lieu thuc nghiém

Nguon cac bo dit lieu:
1. Example: Bo dit lieu dude thiét lap 6 vi du 3 phan 1y thuyét.

2. Harvard500: https://www.cise.ufl.edu/research/sparse/matrices/MathWorks/
Harvard500.html

3. Stanford: https://snap.stanford.edu/data/web-Stanford.html
4. Google: https://snap.stanford.edu/data/web-Google.html

Thai gian chay thuat toan tang dan theo thit ty cac bo dit liéu trén. V6i bo dit lieu
example ching ta thu dugce vector pagerank nhu sau:

{1: 0.03721312715805474, 2: 0.05395936859791858, 3: 0.04150700697389663, 5:
0.20599776987949375, 4: 0.3750784815111541, 6: 0.28624424587948205}

Két qua nay tuong thich véi két qua ching ta da tim dude & phan 1y thuyét. Mo phéng
do thi dit lieu example nhu hinh S6 di do thi nhu vay vi dinh s6 2 khong dan dén
bat ky dinh ndo khac, nén theo thuat toan, ta cho dinh dé6 dan dén tat ca cic dinh con
lai dé tranh hién tuong rank sink.
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Hinh 3.1: M6 phéng do thi cta dit lieu example

Véi cac bo dit lieu con lai, sau khi chay thuat toan va thong ké pagerank ta thu
dude phan phdi pagerank ctia cidc bo dit lieu nhu hinh , va

0.14
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011
0.08 |-
0.06 [
0.04 |

0.02 L

|

| S LY R T

| | I
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Hinh 3.2: PageRank ctia bo dit lieu Harvard500
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Hinh 3.3: PageRank ctia bo dit liéu web-Stanford
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Hinh 3.4: PageRank ctia bo dit lieu web-Google

Nhan xét: O ba bo dit lisu dau tien, vector PageRank chi ¢6 vai phan tit 16n troi
hon hén céc phan tit con lai. Diéu nay la do day la cdc mang ctia chi 1 tén mién d6
14 tén mién ciia truong dai hoc Harvard va Stanford. Trong cac mang nay cac trang
web thong thuong c6 duong dan dén trang chii va mot s6 it céc trang web quan trong
khac. Con & bo dit lieu ciia Google, cac trang web thudc vé nhiéu tén mién khac nhau,
vi vay nén thi hang cic trang web ciing dong déu hon.
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