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! Tim ki€m va trinh dién thong tin

Bai 5. MO hinh nhi phan doc lap
IIR.C11. Probabilistic information retrieval

B6 mén Hé théng théng tin
Vién CNTT & TT



& NOi dung chinh

= Ung dung ly thuyét xac suat trong tim kiém



Ly thuyét xac suat trong tim

kiém thong tin

Nhu cau théng =) Bi€u dién
tin ngu'gi dung logic truy

Van ban Biéu dién logic
van ban

Khong bao toan
ngir nghia

So sanh Van ban tra ve

khong chac chan la
van ban phu hgp

Co6 thé rng dung ly thuyét xac suat trong tim kiém thong tin.



Ly thuyéet xac suat trong tim
kieém thong tin (2)

= Bai toan tim kiém thong tin:
= Cho mdt cau truy van va moét biéu dién cta bo dif liéu van ban, hé thong
phai xac dinh liéu van ban co6 dap &rng nhu cau thong tin hay khong;
= M6 hinh Boolean lua chon nhirng van ban théa man biéu thirc
truy van; mo hinh khong gian vec-tc xép hang theo do tucong
dong cosine.
= Hé thong tim kiém nam bat nhu cau thong tin ngu’dl dung o
mirc dé khong chac chan, va khéng chac chan vé kha niang
van ban dap &'ng nhu cau thong tin;
= Ly thuyét xac suat la nén tang suy dién trong diéu kién
khong chac chan néi chung, va dua ra quyét dinh van ban la
van ban phu hgp trong cac mo hinh dua trén xac suat noi
riéng.




Tong quan cac md hinh xac suat

* Cac mo hinh xac suat co dién:
= Nguyén tac xép hang xac suat
= Mo hinh nhi phan doc lIap, BestMatch25(Okapi)

= Tim kiém van ban sir dung mang Bayes;

= Cac mo hinh ngon ngir
* Hudng nghién ciru mdi, hiéu nang cao;

Phuong phap xac suat la mét trong nhirng phucng phap da ton
tai tur Iau nhung van la deé tai nong trong tim kiém thong tin
hién dai.



* Xép hang xac suat

= Ky hiéu R, .: la mat bién nhi phan ngau nhién:
= R;, = 1néud phu hgp véi q;
= R,, = 0, néu ngudgc lai.

= Theo phuong phap xép hang xac suat, cac van ban
dugc tra veé theo thir tuv giam dan gia tri xac suat
van ban phu hop véi truy van: P(R=1|d, q).



& Nguyén tac xép hang xac suat

= PRP gian lugc:
= Thir tu’ giam dan xac suat van ban phu hgp vai
truy van la thr tu toi vu cho danh sach két qua
tim kiém.
= PRP day du:
= TIR 11.2

Nguyén tac xép hang xac suit: PRP: The Probability
Ranking Principle



* Trong so tu

“Tu xuat hién trong nhirng van ban da biét la
phu hop phai co trong so cao haon so vdi trong
sO cua tu do trong truong hop khong biét
nhirng van ban phu hop nay.”
“Cé thé xay dung cach tinh trong sd tu dua
trén gia thuyét ve phan bo tu vung va luat
Bayes.”

[Van Rijsbergen]

Xép hang xac suat: Probabilistic Ranking



i NOi dung chinh

= M6 hinh nhj phan doc lap



* Ly thuyét xac suat cin ban

= Quy tac nhan xac suat (luat chuoi):
p(AB)=p(AAB]
p(AB)=p(A|B)p(B)
p(AB)=p(B|A)p[A)

= Luat Bayes

B|A)p(A)

p(B)

p(AIB)=p(
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* Ly thuyét xac suat cin ban (2)

= Quy tac phan tich xac suat (luit phan tich):

p(B)=p( A

B) +p(A,B)

= Két hop luat Bayes va luat phan tich

p(A[B)=

p(B|A)

Giong qua trinh cap nhat xac suat:
+ Bat dau vGi xac suat tién nghiém p(A);
+ Suy dien xac suat p(A | B) sau khi quan sat B trong

hai truong hop xuat hién A hoac khong.

| 2. p(BIX)p(X)]

p(A)
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i Ly thuyét xac suat cin ban (3)

= Co héi (0dds):

_plA)_ plA)
Ol @) " T-plA

/,
/

- —'——'—_"_cl.';_'__'__- CI.I4 — CI.I'E — CI.IE\ — l.ll:l Lién hé gifra 0 Vé p
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* M6 hinh nhi phan doc lap

= Nhj phan: Van ban dudc biéu dién nhu vec-

to nhi phan danh dau su’ xuat hién cua tu
d=(x;,...X,)
= x. = 1 néu thuat ngir th{r i xuat hién trong d, 0
néu ngu'cc lai

= Poc lap: Su xuat hién ctia moi tir trong van
ban la doc lap vai nhirng tu con lai;

* Nhirng van ban khac nhau co thé cé cung
mot biéu dién vec-to.
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i M6 hinh nhi phan déc 1ap (1)

= Cho truy van q
= V6i moi van ban d can tinh p(R=1]q, d)
= Chi quan tam téi thir hang

= SU dung co hoi (Odds) va luat Bayes

p(R=1]
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& M6 hinh nhi phan doc 1ap (2)

p(R=1|qd)_ p(R=1|q) p(d|R=1,q)

O(R|q.d)=

‘ _/
Hang soO voi \

mot truy van

= Su dung gia thuyét doc lap
p(d|R=1,q) _yy PlxilR=1,q)
p(d|R=0,q) iz p(X-|R= 0,q)

p |R=1,Q)
=1 — Y,

p(R=0|qd) p(R=0|q) p(d|R=0,q)

Can xac dinh
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* M6 hinh nhi phan doc lap (3)
HP |R:1>Q)

-1 p(x;|R=0,q)

O(R|q,d)=

Vi x; chi nhan gia tri 1

bR38.d)=0 R|q) pr =1|R= 1q)H p(x.=0|R=1,q)

(x=1|R=0,q), = p(x;=0|R=0,q)

= Pat:
pi=p(x;=1|R=1,q); r=p(x=1|R=0,q);
= Gia st v@i thuat ngir khéng co trong truy van thi p, = r;

< <
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& Cac dai lwgng xac suat co ban

pi:p(xizl‘R: 1,q)
1-p;=p(x,=0|R=1,q)
r.=p(x;=1|R=0,q)
1-r;=p(x=0|R=0,q)
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= S —
S~ « »
L > [ ]

Tu truy van co

i Mb hinh nhi phan déc lap (4)

Tu truy van khong

trong van ban c6 trong van ban
- g —
o~ -« >

O(R|qd)=0(R|q)- [] Pi((l—ri).H 1—p,

><i 1_Pi) i

Tat ca tur truy
van

Tu truy van co
trong van ban




i MO hinh nhi phan doc lap (5)

pi(l_ri)
O(R|q,d)=0(R]|q):
X11q.=1 ri(l_pi>

Al
Hang s vdi\
mot truy vé’ry
Ham xép hang

A 1—r.
Rank(d,q)=log |] p(1-r
S S p

Pai luong duy nhat can xac
dinh cho muc dich xép hang

i(l_ri)

o B p)

;= > log?

19



* M6 hinh nhi phan doc 1ap (6)

= Két qua tim kiém du'gc xac dinh dua trén
Rank

p(1-r;) p;i(1-r;)
RSV (d,q)=log = log
B TP S

{1-—r.
RSV(dg)= . c; c.=log pi(1-r)
x=q,=1 ri{1-p;)

C; cO vai tro nhu trong so6 thuat ngir trong mo hinh nay

Tinh c, ntn tir bo dir liéu san co.
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Nhirng so liéu thong ké cc ban

Pai lucng thong keé rng vai tu thir 7

Tu/van ban | Phuhop | Khéng phu | Tong
hop
xi—=1 S n-S n
xi=0 S-s N-n-S+s N-n
Tong S N-§ N
S n—sSs . iy _ .
P~ SN —S Pi-P(Xi—--|R— LQ), r.=p(x,=1|R=0,q);
1= S—
c;=log Pl ) c.~K(N,n,S,s )=log s/(S—s)
ri{l=p;) (n—s)/(N—n—S+sps



& Lam min trong so

= C6 thé thém 0.5 vao moi tham sb6 dé dam
bao cac trong so0 khong tré thanh vo cung
khi S, s nho:

(s+0.5)(N—S—n+s+0.5)
(n—s+0.5)(S—s+0.5)

c,=log
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i Bat diu thu'c hién truy van

= Hoan toan khong biét vé R

N—-n+0.5
n+0.5

c, =log

Tu'ong tu trong so idf.

Co thé sir dung gia tri nay dé tinh hang ban dau
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i Vi du mo hinh xac suat

d Biéu dién vec-to van ban

a | b|lc | d]e f | ¢ | h

1 1

O n | [ [ B | —
—_
[

N—n+0.5)



* Cai thién xép hang

= Néu ngudi dung phan hoi vé van ban phu
hop
= Xac dinh lai p, va r, dua trén thong tin nay

= Hodc co thé két th \Wthqu tlltm?il K« 1a trong
p; = VR|+x Six s6 da biét

= L3p lai dé xac dinh chinh xac hon nhirng
van ban phu hgp
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* Xac dinh p, va r.,nh& vong l3p

Phu hop phan hoi gia lap

=1. Gia st p, la hang s6 véi moi x; trong truy van. Vi du,
p; = 0.5 vai van ban bat ky

=2, Gia su tap V véi nhirng van ban dudc xép hang cao
nhat theo mo hinh nay la nhirng van ban phu hgp.

=3. Can xac dinh lai p;va r, st dung phan bo tu trong V.
PatV.latap vanbanco chira x,, chungtaco p, = |
Vil 7 1V]

=4, Gia su khong dudc tra vé dong nghia véi khong phu
hop, r; = (n;— |Vil) / (N—|V]) y

5 1 3an cAac bhircde 0-4 cho il kkhi hol o va fra vae kar



* Vi du trong so phu hgp

d Biéu dién vec-to vin ban
blc | d|]e | | g
| |
2
3 | | |
4 |
5
6 | |
Wi

Van ban so 2 la van ban phu hgp ¢

W

=log

(s+0.5)(N—S—n+s+0.5)

(n—s+0.5)(S—s+0.5)
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* Tong két mé hinh BIM

M6 hinh xac suat dua trén ly thuyét xac suat dé mo
hinh hoa su khong chac chan trong qua trinh tim
kiém

Su dung cac gia thuyeéet vé su doc lap trong qua trinh
u'dc lugng gia tri xac suat

Tu khong xuat hién trong truy van khong anh hudng
tgi tinh phu hgp (co p, = 1)

Trong so ban dau cua thuat ngir khi chua co thong
tin vé van ban phu hgp dudc xac dinh tuong tu' idf.
Phu hgp phan hdi gia 1ap cé thé gilip cai thién xép
hang bang cach xac dinh lai xac suat thuat ngir
Khong sir dung cac tin suat thuat ngir ndi vin bah



i NOi dung chinh

= MO hinh (Okapi) BM25
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& Okapi BM25

= BM25 "Best Match 25"
= Pugc phat trién trong hé théng Okapi (City
University London)
* Hiéu qua da dudc xac nhan trong thuc nghiém
= SU dung tan suat tur va do dai van ban,
nhung khéng bo xung qua nhiéu tham sé
so vai BIM

(Robertson and Zaragoza 2009; Sparck Jones et al.
2000)
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& Trong sO Okapi

VR |+1/2]/(|VNR | +1/2] |
RSV ;=Y [log X {
= _(dft—|VRt|+1/2)/(N—dft—|VR|+|VRt|+1/2)_
6 VR, — tap van
Ll (k1+1)tft,d X(k3+1)tft,q bgn(cphfl hgp
kl((l_b)+bX(LdlLave> L hira t
| 2l ’/ | VNR, — khong
s+1/2)/(S—s+1/2 _ chirat
RSV“’_;[IOg n—s+1/2)/[N—n—S+s+1/2] e
{
) (ky+1)tf g X(k3+1)tft,q] .

kl(( 1-b)+bx(L,/L,,)|+tf,,  ks*tf,
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* Trong so Okapi BM25

= Khi tur xuat hién trong qua ntra s6 van ban
va S = s = 0, thanh phan:
s+1/2]/[S—s+1/2]
n—s+1/2)/[N—n—S+s+1/2|

log

c6 thé nhan gia tri &m
" Trong truéng hgp khong co thong tin vé
van ban phu hdp, co thé su dung cong
RSE/hL:I'g | (k,+1)tf,, X(k3+1)tft’q
’ kl((l_b)+bX(Ld/Lave) +tft,d k3+tft,q 32

teq

N
df,

log




i Trong so Okapi

= Trong so Okapi su’ dung
* thanh phan “tf” tuong tu nhu VSM
= chuan héa do dai van ban va do dai truy van doc
lap
* m@t vai Iham s0 phy thugc ho dir IiFu.

RSdeteq [log n—s+1/2]/[N—n—S+s+1/2] o
8

s (ky+1)tf 4 X(k3+1)tft,q] .
kl((l—b)+b><(Ld/Lave) +tf.,  ks*tf,,
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i Tinh trong so Okapi BM25

d Biéu dién vec-to van ban dl
a|b|lc|d|je|f|g|h]|k]]I
1 | 2 | 2 |1 6
2 11111713
3 | 1 |1 3
4 | 1 2 1 | 4
> 3|1 4
6 | | 2
k. +1)t ky+1jtf, k1=_12
RSV =2, |log le\;t].kl((l—b)iljx(g/ﬁzave))+tft,d ( k3+t1{q’ bki ;;5
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Khi co thong tin vé van ban phu
e "0P

d Biéu dién vec-to vin ban dl
a|b|c|d|e|f|g|H|k]I

1 | 2 | 2 |1 6

2 11113

3 | 1 |1 3

4 1 1 2 1| 4

5 3] 1 4

6 | | 2
RSV,=2, [log (n—s(f;/lzl)i()jx(rs—;sfslii /2] kl=1.2 k3
& [RaT WL LY N b =0.75

k [(1=b)+bX(L,/L,,)|*tf 4 Ks*if g 35

(L. ) avdl = 3.66



* Bai tap 5.1

= So sanh su khac biét giira trong so tf-idf
cua mo hinh khong gian vec-tg va trong so
¢. cua mo hinh BIM (trong trucng hop

khong co thong tin vé van ban phu hap).
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