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Abstract

The amount of text data is rapidly increasing with the development
of information technology, and document retrieval is expected to become
more sophisticated. The task of finding relevant documents is known as
document retrieval. It can also be defined as a task to find as many
relevant documents as possible, even if there is a load on the user. This
latter task is the focus of our study. Document retrieval systems that use
information from interactive user feedback have been studied in many
ways.

Since a user generally rarely describes a query precisely on the first
attempt, an interactive approach has been proposed to modify a query
vector with a user’s evaluation of documents in a list of retrieved docu-
ments. This method is called relevance feedback and is used widely in
information retrieval systems.

Another approach has been proposed in which relevant and irrelevant
document vectors are respectively classified as positive and negative ex-
amples for a target concept based on classification learning. Some studies
have proposed that Support Vector Machines (SVMs) which have an ex-
cellent ability to classify input data into two classes be applied to classi-
fication learning for relevance feedback. They did not evaluate the useful
selection rule for displayed documents at each iteration to a user.

We propose a heuristics which improves learning efficiency and retrieval
efficiency in interactive document retrieval for selection of displayed doc-
uments to a user. This heuristics is based on the extreme bias between
positive and negative example.

We conducted experiments to evaluate the effectiveness of our proposed
heuristics for active learning. We use a set of articles which is widely used
in the text retrieval conference TREC. For comparison with our approach,
two information retrieval methods were adopted. The first is conventional

il



Rocchio-based relevance feedback. The second is conventional selection
rule for SVM-based active learning. Then we confirmed our proposed
system outperformed other ones.

Ordering of displayed documents is accomplished by calculation of the
degree of relevance in interactive document retrieval. In SVM-based inter-
active document retrieval, the degree of relevance is evaluated by signed
distance from optimal hyperplane. It is not made clear how the signed
distance on the SVMs has characteristics in Vector Space Model which is
used in Rocchio-based method. We show that SVM-based retrieval has
an association with conventional Rocchio-based method by comparative
analysis of relevance evaluation.

As a result of their analysis, equation of weight vector of relevance
feedback based on SVMs is equivalent to update equation of query vector
of Rocchio-based method. The degree of relevance on SVM based method
evaluates scalar product of norm of target document vector and cosine
similarity of weight vector. On the other hand, the degree of relevance
on Rocchio-based method evaluates cosine similarity of query vector.

From this knowledge, we propose a cosine kernel equivalent to cosine
similarity that is suitable for SVM-based interactive document retrieval.
The effectiveness of a method using our proposed cosine kernel was con-
firmed, and it was experimentally compared with conventional relevance
feedback for the Boolean, term frequency (TF) and term frequency-
inverse document frequency (TFIDF) representations of document vec-
tors. The experimental results for a Text Retrieval Conference data set
show that the cosine kernel is effective for all document representations,

especially TF representation.
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Rtz H0 RI BE 24

FIRIEA% f(x) =0
flgx)=wlegx)+b=0

024 000000000000

O0¢:R"—R"OODO0OO0OOODOOOOOOOODOOOOODOO
ggooood
0000doUoooooooooooooooooo (2)yO0O

f(o(x)) =w-o(x) +b
00000 (2.3)00

flo(x)) = Zaiym(x) c(x) +b

00000000000000000¢(x)00000000 K(x,x)=
o(x)-¢(x)000000000000000

Fo(x) = K (x,%:) + b
000000000000 oooo (27)oO0

1
max ; o, — 5 Z Oéi@jyiyjK(Xia Xj)

a ..
17.7

subject to 0<a<C (@':1,...,]\[)’2%%:0
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goooooooboobobuobo KOoobobebhoboooooo
ggbobobuoogobbbooooobbooodgboooa
obobobobobobUo¢ebbObObObDOOObOOOOO
gbobdoboobobbobobobuobobuobouobuobbebOon
ggbobobooogbbboooobbbooad

ggoooo
K(x,x)=x-%
pUdgnoooong
K(x,x')=(a+x-x)?

RBroogno

Ik =xP

K (x.%) = exp(—1 )

g

222 QJUO0booooobbouood

0000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000 (x,4)00000000 P(x,y)000000
00000000000000000000000000000000
000000000000000000000000000000 f(x)
0000000000 Qx,y)00000000000

0 yf(x)>0

Qx.9) :{ 1 yf(x) <0

guddboooooooobbbbobbbbbooduduoooooon
ggooood

RN = [ [ @) ixdy

000000 R(/)000000 (expected risk) 10000000000
0000 FOOOOOOODOOO0O0OO0OOOR()00D0O0O0O0O0OOO
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feF0D000000D0D0ODOODOOODOOOOOOODOOO P(x,y)0
00000000000 R(fH)OOOO0O0OODOOO0O0OOOOooOoO
O0D00000000ooO0oO0O0OO000goOn (emprical risk)

1 N
Remp(f) = N ZQ(X’Hy’L>
=1

000000000000 NDOOO0O000O0O0O0O00OO0O000000
0 Remp, 0000000000000000000 (Emprical Risk Mini-
mization) 0 00000

0000000000000000000000000 f00000
0000000 FOOOOOOOOOOO0O0O00000 000000
00000000000000000000000000000000
000000000000000000000000 F0000000
0oo

D0000000000000000000R(f)0 Renp(f) 0000
00000000000000 FO VC(Vapnic and Chervonenkis) O 0
00000000 FOVCOOAOODOOOOOOOOODOOOOO
00000000000000000000000000000000
000 (capacity) 000O0VCODO ROOO0A<NOOOOL—-600
000000000 [Vapnik 98]0

h(log 2¥ + 1) — log

R(f) < Rey() + \/ <

gobooooobooboooboooooooobovcoo Ahboobooo
oobooooooobo0oooo FObOOODOODOOOOODYVCO
ggbobobogoobboboooobbbuooaoboo

O000000000000000000000 (Structural Risk Mini-
mization) 0 00000000000 COOO0OVCOOOOOOOOO
gogooood

FiCFH C---CF

gogoobbbbbobotbodooooooobbbbbbbogoogonn
ggboboboogogbboboooon

goggobbbbbbouodoooogobbbbbodoooaan
ggboooogd

Fo={lf(x) =w-x+b,[lw]| <w}
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gboobobooboobxgbdg pboboobooobobooon
ooor, 0000000000000 VCOOOOOOO

h < min(D*w? n) + 1

oot dn0Ud0O00ooooooon

gooooooooooobobobooddooonooooog
O0000|w||DO0OO000O0O0000O000O0ODOO0OOOO0oD o0
gooooobogoboo FOo0boooobbooobooobboooo
oooooooooooooooooooooooooooooon
0000000000000 000D00O0 PAC(Probably Approximately
Correct) DO OO OO

2.3 O0OO0OO

iU xbouuuouoo
goooobobobbyobobbbbbbbuooooooog

ggobbbdoooobboooobbobuoooubbboooobooo
b xbbobbooogooobbouooouoobboooooon
yuoooooooboboboboobboooooooouobboooooo
gobbobodoooobobbibdxbggooooboooooon
dtdydoooooouoboooobbbooooo

oot xgbbobboboooooouobnbibibiy
gobbboooobobbuooooobobuoooobboouooooo
gogododdodddddoddodduuuuUuUuUuUuUuUuUuUUo o
gobbbooooobbuooooobobuoooobobuooooon
000000000000 [Cohn 90000

0000000000 Query by Committee[Seung 92] O uncertainty
sampling[Lewis 94| 0 0000000

2.3.1 Query by Committee

Query by Committee[Seung 2] 00 0000000000000 2k0
gobotdooooootuoooooodouonoououooooogo
gooduodoooououooduoooooououooooogo
gbdboooodooouooboooooobooboooboooouoo
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ggoobbbobbbouodgoooooobbobbbbodooooon
gogogobboboobbodoooooooboobbobuoooooan
ggobbbbbbouoooooobbbobbbobouoooaon
boboooboboboboobbooobo2k0obobouoobon
ggbobobooodgboboo

000000000000 yw(x)0OOOOOOoooooooooo
00000 y(w:x)000000000000000000O0 {£1}0
O00000000000000000 xO00000y(x)=y(wp:x)O
gbbuodwobooobobogoubbogboogboooboon
000000000 x, 000000y =wkx)00000000000
0oooooopoooooooo ¢y =(x,y) 000000000000
gooobooobooogwyboobooono

Wy=w:yw:x;)=y;,i=1...,N

gbooooowytbbobobobobobuobuowobobobo
O000wOOOOO0O Pw)00000000000O0OO0OO0O0OO0OOO0
ggboboboooobboboooobbbuooaoboo

Vil, we Wy,
P(wwl,...,w):{g DDDN (2.8)

gbogbowiooobobob wyoboooobboooboboooo

O000wODOOOODOO GibbsOOOOOOODOODOOO
gbboobuodb xyp,dbbooboobbobbodoboobd

ggboobobuoooobboooobobboood

P(xy|n, .- n) (2.9)

U0 xyp Uoooouoooooooobbbibibyw0ooooon
gogbbobuooobobbooooboo
O0wOOOOOOO (28)000000000O0O0ODODOODOO

E =logVy (2.10)

gboobuodwdoboobooboobooboobobbo N+1
ggbbbuoooobbbooodobobboooobbbooooboo

IN+1 = -AF=— IOgXN+1 (2].1)
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ggbbobuogobbbooooboo

VN1
= 2.12
XN+1 Va ( )

0000 Iy, 00000 {¢,...,0y1} 0000000000000
gobooboooobooooobood o,..,ywywvp 00000 DO0OO
000ONOOOODOOOODOoODOoDoooowoooooooooooo
000000000 oooooxXxMoooooooooooooooo
ggbobobogoobobogao

(In+1) = —(log Xv4+1)wo 1 (2.13)
oo0000o0o0oooooooOoOO0OO0OO0O0OoOobooboo

VNt
VN

oooobogoobgovy,..., vy OooOooooooooooog
U0 xy 00000000000 WyO200000

P(XN+1|¢17 cee 7¢N) = <6(XN+1 - ))wo,xN+1 (214)

Wt = {(weWy:yw:xyn)=+1} (2.15)
W= = {weWy:yw:xyy)=—1} (2.16)

w'0000000000000000 (213)00000000000
0oo000oo
TSI A TS

Init) = (—~—log ~— — Y log ~—), 2.17
< N+1> < VN 0og VN VN 0og VN> N+1 ( )

000 VEOwW*00oOoO00O0O0Oxy,000000000000000
U0UOyvp Uoooouooooooobbbbyv 00000O0O0OO0O
O00000000oooooovY/Vy0 41000 V- /VyO —-10000
oo0oOoOoOoOoOoOoOoOOoOOOOOOOOOOOODODOOD (2170
00000000000000000000Vtr=V-Oxy 00000
ggbobobooogbbobooooooboooobboboooon
Query by Committee 0 000000000000 OOOODOOODOO
goooobbobobbboboooooooobboobbboooooon
gbogbooboobuogboobuodobbobbobobooboo
gogoobobbobobobbodooooooobboobbbodgoooon
ggbbbuoooobbboooobbbooodabboboo
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2.3.2 uncertainty sampling

LewisO [Lewis 94| 0 000 00000000000 O0DOOOOOOO
ggodogbobbbbbbbobbbooduuodg os0000ggn
O0000000000000000000 (uncertainty sampling) 0 0 O
ERERE

ggbbobuogobobobooooboboboood

1. ogoboooboooon
2.00000bobboooobbbuoooob

() 0000000000000 0OO0DO0O0ODODOOOOOOO
(b DODODOOOODOOODOODOOOOODO/YODOODODOOO
(¢ DOD/¢ODODODOODOOOOOO

)

(d) 0DDODO0OO0O000D0D0ODDOOOOOO0OOOOoDOoOO

gobs/0D0O0O00O010000D000O00DOO0ODOO0ODOOODOO
gogobobooogobooogo
gogobbbbboduuooooobobbbobbooduoooon
gogoogobbobbbbodoooogoboboobbboooooon
ggbbbuooobboooobbboooobo

24 O0O0OO0OOOOOO

241 0O0O0OOOOOOO

godboboboobboboouooooooobbobbbodooooon
ggoobbbbbotbodooooooobobbbbotbuoooaan
gobobooglibbogbbobbuodobbabogobboboon
gogoobbbbbbbdoooooobbbbbbotbodgoooaann
googobobobbbboodooooobbobbbotodooooon
ggbbbuooobbboooobbbdoaod

gobbuoobbuoogbbooobbboobobobuooobbood
ggoobobbbbbboodooooobbbbbbboboduooaogoon
googoobbbobbbtoooooooooboboobobuoooooon
ggoobbbbbbouodoooooobbbbbbotbodooooaann
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:L—"f( &%

g W

FmEERD AT LIZEKD
eraoam L - |l sr#RoRs

A—HI2kD
HE, JEEE D

g 25 0000000000400b

goobobbodoooobbbodooobobuoooobboooooo
guboooobobooouobbooobbuooobobuooooobo
0 O relevance feedbackO O O O [Salton 71]0
goouooobobbbbuoooooooouooboo

1.

2.

3.

d.

ggbobobuoooobbbuoooobbbuoooooboo

ggbobobuoooobbbuoooobbbuoooooboo

gbobgoououoboboboooboobobobobobad
gboogod

gboboboboboboboboobobobobobobo
goooooood

suguobooodao

ga2sdduoobobobbooooooooood

ggobgoooobobbbboogobobbboooooooobbn
0000000000000000000 [Harman 92] [Rui 98] [Zhou 03]
[Tao 06] [Deselaers 08] [Su 11]0
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00000000000000000000000000000000
000000000 Explicit Feedbackl 00 0000000000000
000000000000000000000000000000000
00000000000000000000000000000Implicit
feedback] 000 000000000000000000000 [Kelly 01
[Kelly 03]0

242 0JUO0OO0Ooooooon

ggobodobobbboooobobbooooonbboooobnon
gobbodobooboobboubouuboobbuoboobooooo
goggbbbodggbobooogubbbooobbooobouobobo
0000000000000 00000000000000 [Buckley 95b]0
goubboooobboooobobooobboooobobouoooobn
gogooooooobbon

gobboooooobbooooobobboooobobuoooon
[Yu 03] [Yan 03] [Cao 08]0

2.4.3 Rocchioll O

guoodoooooooooobobbobobbbbbbbbbooood
0000 RoecchioO OO [Rocchio 71| 0000000000 O0O0OOOO
00 Q,.000000ooonon

Quit=Qn+8 ) x—7 ) x (2.18)
xeDm xeDm
UbodxgboooooboboobooboDroprdbmibobDO
000000ob0obO0o0ooobOoobOoooobooDooooppdyOO
0o0ob0b0ob0ob0ob0ob0ob0obUobUobUobUobUubRocchiod
ooboooooooooooooooo Q.qobooobooooo
goooobbbobboododgd
RocchioDOODOOOOOOODODOOOOODOOO [Joachims 97)000
0000000000000 [Schapire 98] [Muller 00] [Jordan 04] [Uguz 10]0
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2.4.4 RocchioUOUOUOOOOODOO

Rocchio 0 0 0000000000000000000000000
00000000000000000000000000000000
000000 [Buckley 95a][Singhal 97)0000000SVMO0000O0
00000000 RocchioD0O0O0000000000000000SVM
00000000000000000000000

0000000000000000000 RocchioDOOOOO0DO0DO
00000000000000000 breakeven point 00000000
0D0000000000000000 [Moschitti 03000000000
0000000000000000000000000000000C
00000000000000000000000000000000
000000000000000

000000000000000000000000Kullback-Leibler
00000000000000000000000000000000
000000000000000000000«000000000C
00000 [Lv 09)0

00000000000 ¢00000000J0000000000
000000000000

(1 —a)gi(q) + ag2(J)

O000Oee€l0,]0000000O00DOOO0ODg 0 goO00OO0ODOOOO
gbogbuooboobobobobooboobuoobogbuoobon
0000000000 «0000000000 BOOOO a=B(q,J)O
gogooo

O0b000o0bDO0o0bOd Kullback-Leibler DO OOO0O0OOOOOO0O
gboboboboboobouogbobobOodoboboobobobon
ooooge¢uooooooooboe,00000

p(t|9q)

Ulq.d) ==Y p(t|o,)log ==

P(t1%)

000000000 000VOO00000000
4, 0000000000000020000000000000000
0CcOO00D000000 p#c)000000000000000000
0¢,00000000000000000 FccOOODO0000000
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goouoooooo
LLR(F|07) = Y ) " c(t, D)log[(1 — A)p(t|or) + Ap(t|C)]

DeF tey
00000000c(t,q0000¢000000¢000M€E[0,1)000
0000000000000000000000000A0000000
O0p(tl¢y) D000 EMOOOOOOO000000000000000
Op(tlg) 0000000000000

p(tl0y) = (1 — a)p(tlq) + ap(t|or)
000000000 00000000000000000000000
0000000000000 0000000000000 «00000
00 BOD0OO0OOOOOOODOOOOO0
0000000000000 0000000000000000000
000000000000000000000000 30000000
0000000000000000000000000000

()O0D0oooo
lal =) elt,q)

teq

(2)0o0oo0oooooo
qEnty = Z —p(t|0p) log, p(t|0p)

teF’

O0o00F/FO0O0O0O0OOOoOoooo NDDDp(t’HF/):%D
t bl

(S)DDDDDDD
p(tl0,)
p(t[C)
p(t|0r)
p(tlC)

gEntpl = Zp t10,)1

teq

qEntp2 = Z p(t|0p)1
teF!
qEntg3 = log(qEntgl)

qEntrd = exp(qEntr2)

ggobobuoooobbooogn

(H)oooooooooo
|F| = 4(d,F)
d
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000000de FOOO O, F)=1000000 00
(2)000000000
: 1 p(t|0a)
FBRadius = —: p(t|04) log ————
|F| dEZFtEZd p(ﬂecentroid)

oo Dp(t‘ecentroid) = ﬁzdepp(twd)lj oogd
3)00o0o00ooooooooood

FBEnty =Y —p(tlfr)log, p(t|6r)

tel

0000p(tor) = 594550

4)0o0oo0oooooooo

p(t0r)
FBEntgrl = E 1

teF
FBEntr2 = exp(FBEntgl)

p(t0r)
FBEntg3 = p(t|0r) log
2 P(HIC)
goodooooooooooooooooan
(1)oooo
. p(t|0F)
FBDivy = t|0r)lo
oI BDiva = 3 o0 108 g
(2)0000
_— prec(rq)
qFBDwR_E:deF—ﬁ;—

0000r,000d00000000000O00O00O0O 1000 20 prec(ry)
oo 000000 7robbbooobbboooobbbooon
bbbl obooooooooobo
gog
gogobbobooo200d0bbooooobobboboooobooboon
0000000000 TREC(Text Retrieval Conference) 1000000
gogbogobobooboooobbobbooouobbboooooboo
guddodddooodooooodooodduduUuUuUuUuuo o
gogoooobbbbbooooooouooobobbbbuooooo
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gogdoooboobobboogooobbobooboobbboodoooood
000000000000 00000000000oO0O0O0O oo o3jloo
oobooboobogobosvMOOooooooooooboooooo
ggoobbbbbbbodooooobobbbbotbuooogoon
gbobobogboobodgboooobuolggbbooouoboon
ggoobbbobbbotuoduoooooobbbobobboboduoooaonn
gogooobbobobbbodoooogobboobbiouooooon
ggobbbbbuooooooobbbbbbbboooooogoon
goon

Drucker O [Drucker 01] 000000000000 SVMOOOOOO
gogoobobobbbboodoooooobbobbotbodooooon
ggoobbbbbbouodoooooobbbbbbododgooooon
gogbbooobbbooobbuooobboobbboobobbuooon
0000000000000 000O0O0000O0O/000000000
gogooood

0000000000 0100000000000 00DOOO00O
gooobobbobobbbbodoooooobbbobobuoooooon
ggoobbbobbbbouodgoooobbbbbbotbouoooaan
googobobbobbodooooooboobbotouooooon
ggbobbbbouooooooooobbbbbbbobouoooaan
obooooosvMOOOooOoOoobOoooobooooboooooo
ggbbbuooobbbooaoboo

O000OTongO [Tong 02] 000000000 OOSVMOOOOOO
gogoobbbbbbbbodoooooobbbbbbodgooaan
gogoooboboouooooooboboobobbboodoooooon
ggoobbbbbbbodoooooooobbbbbboooooan
gogogoobbbbobobbbbtbuoddoogooooooooon
ggbobbooodgbbbooodobobbooodbobon
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000000000 (transductive) 0 O [Vapnik 98]0 00 OO (induc-
tive) 00 0000000000000 0O00OO0O0O0OOOOOOOO0OO
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00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000
0000000000000000000000000000000
[Joachims 03] [Zhu 03] [Blum 04000000000000000000
0000000 [Joachims 9900000000

NOOOOOOOoOOO

(X17y1)7 (X27y2)7 sy (XN7yN)

oooooooobk0obOoboobooboon

*

* *
X1, Xg, ..., Xp,

gooobbobbbodoooooooobbobobbbuoooooon
goooog

* * *
Y15Yas - -5 Yy

ggoboboooobooobog2ebbboooobon
OO0 solve SVM QPODOODOOOOOOOOODOO

N
min - Sflw|P+CY &+CT Y G0 D g
’ i Jiyy=—1 jiyy=1

subject to yi(w-x;+b)>1-¢,6>0, i=1,...,N
yi(w-x;+0)>1-¢, >0, j=1,...,k

oooococ:oc;0oo0o0oooo0oooo0oooonoooon
godogoobbbbobobbbbbooddooouooooooon
ggodoobbbbbbbbbdoouoododoodooooooon
ogoooooooooooooOooooOooo ctocciooooooo
gbobooboobooooooooooobooboooo0oOn while O
oobooooobooboobooobooooegebgbbooooobooo
ggoobbbbbbotuodooooooobbbobbotoduoooaan
OoooboOdwhileDOOOODOOOODOOODOODOOODOOODOOO
ggoobbbbbbotbodooooooobobbbbotbouooogaan
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(w,b,&,_) = solve_.SVM _QP({(x1,y1),--.,(xn,yn)}, [], C,0,0);

(w,)y 0000000 O0DOOOOOOOOO
w-xj+bDDDDDD num—l—DDDDDDDDDDDDD—I—(y}‘:zl)DDD
goooooooooooog —(y;‘::—l)DDDD

C* :=10"°
Ci = 10—5 num+

while((C* < C)||(CT < C*)){
(W, 0,6,8") ==
solve SVM _QP({(x1,y1),--., (xn,yn)} {(x1,91), .-, (xv,yn) }, C, CZ, CL);
while(Zm, L+ (4, % 47 < 0)&(€}, > 0)&(§ > 0)&(E +& > 2)
Ym = ~YUms
Y=Y
(W,0,8,8) ==
solve_ SV M _QP({(x1,y1),--., xn,y~n)}, {(x1,91), ..., (xn,yn)}, C, CEL,CF);
}
C* :=min(C* x 2,C*)
C% :=min(C% x 2,C7)
}

return(yj,...,y;)

U026 0000000000000 DOOO0O0OOOOO0O0OnDOD

ogooc:ocioooooooooooooboooooooooooo
ooooc:*oooobooboobooboo
gogogoobbbobobobbobbbbbbotbouoooooooon
gobogobboogbbooobbooobbooobobboonon
gogoobbbbbbbouodgoooobbbobbbotodooogoon
ggogoobbobbbooddgooooboboobbotbdooooon
ggbbbuoobobboooobbboooobo
goggobobbbboodogooobobboboobbboodooooon
gbogboobuoboboobobobbobbobbooboobon
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26 UO0O00OOO0OO

gobbboooobobboooobbuoooooobuoooon
gbobooboobooobboobbbob bbb bobboon
0ooooooobodd0boooooobooboboboooooogon
gbogboodoboobooboobobooboobuooboobon
gobbboooobboooobobobuoooobbououooooo
0000000000 [Crammer 01] [Nallapati 04] [Cao 06] [Sculley 09]0
00000 Ranking SVM[Joachims 02/ 0 00000000

Ranking SVM O O2000000000000000O000DO0O0OOO
ocoboooooboooboobobobOoooOooouoUooobgbOOd,d; oo
gooooobbobbbooooooooooobobbbbuooooo

(div dj) € fw(Q) — W¢(Qa di) > W¢(Q7 dj)

O0000wOO0O0OO0ODDOODOO0O00O0OD0O0OOOO¢(q,d)00D0ODO
U000 Jd00000D000DO000DO0O0DOOODO0OOODOOODOOOD
gbogbooboboooboobuoobodgTMLbOgoooooDooo
gbooboobood

O000O0ORanking SVMOOOOOOOOODOODO

) 1
min §HW||2 + CZ&,M (2.19)

w

subject to  V(d;, d;) € 7 wolqr, di) > wo(qr,d;) + 1 — & ;{2.20)
V(di,d;) €y + Wolgn, di) > wolgn, dj) +1 =& jn

0D000¢,;,00000000CO00000000000
0 (2200000000

W(¢(Qk, di) - ¢(Qk, dj)) >1- fz’,j,k

D000000000000000 ¢(gr,d;) — é(gr,d;) 0 SVMO OO O
0oooooo
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gobbbboooooboooooobbbboooobobboooon
gobbbodooouobobuooooobobuoooobboouooooo
gooog

gobbooouobobbooobbuoooobbuo2b000oon
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0000000000 3.10[00 01]0
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0000000000000 DDOOOvector space modell [Salton 83 O
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gbodgbogbooboboboobuogboboboboobdagooad
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ggbbobooogbbbooooooobbobn
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gbobogbobuogbbobuoobbuoobbuoobbuogoboa
ooooooobobooo sSooooooobooog
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Relevant doc.

I\—/JJ—\ Clasifiication
\ fﬁ s Learning

‘ Non-relevant doc.

"

Retrieval
Retrieved by classifier
doc.

Document DB
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Number 301

Title International Organized Crime

Description Identify organizations that
participate in international
criminal activity, the
activity, and, if possible,
collaborating organizations
and the countries involved.

Narrative A relevant document must
as a minimum identify the
organization and the type
of illegal activity (e.g.,
Columbian cartel exporting
cocaine). Vague references
to international drug trade
without identification of
the organization(s) involved
would not be relevant.
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Rocchio | SVM-S | SVM-A
0.142 0.142 0.142
0.136 0.087 0.107
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M | Rocchio | SVM-S | SVM-A
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= W NN = O

26



0 311: TPFOOOOOOO(P)ODCODO:0000OO 10
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Rocchio | SVM-S | SVM-A
0.197 0.197 0.197
0.171 0.110 0.114
0.158 0.078 0.086
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0.078 0.061 0.071
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041: 00000 S=1000000000 P30

M || Boolean | Boolean cos | TF | TF cos || TFIDF | TFIDF cos
0 0.101 0.101 0.137 | 0.137 0.176 0.176
1 0.082 0.108 0.024 | 0.155 0.202 0.208
2 0.162 0.179 0.043 | 0.262 0.290 0.322
3 0.221 0.249 0.090 | 0.323 0.377 0.382
4 0.287 0.295 0.138 | 0.381 0.436 0.459
5 0.327 0.326 0.170 | 0.433 0.497 0.499
6 0.358 0.358 0.212 | 0.475 0.546 0.542
7 0.387 0.381 0.243 | 0.505 0.581 0.583
8 0.412 0.413 0.283 | 0.538 0.616 0.609
9 0.436 0.429 0.305 | 0.547 0.648 0.632
042 00000 S=2000000000 P30
M || Boolean | Boolean cos || TF | TF cos || TFIDF | TFIDF cos
0 0.101 0.101 0.137 | 0.137 0.176 0.176
1 0.117 0.169 0.018 | 0.209 0.252 0.271
2 0.240 0.257 0.065 | 0.323 0.382 0.430
3 0.331 0.332 0.145 | 0.426 0.496 0.509
4 0.387 0.384 0.218 | 0.498 0.585 0.582

ooboOop30000O0OOOO4s004600 4600470005 =10
000 M=200008S=20000M=200000000000
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002000000000 000000000 RocchioOODOOOOODO
gbooboobobooboobuoob pOOODOOO4700 4800
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043 00000 S=1000000000 P

M || Boolean | Boolean cos | TF | TF cos || TFIDF | TFIDF cos
0 0.142 0.142 0.197 | 0.197 0.227 0.227
1 0.107 0.121 0.114 | 0.173 0.208 0.215
2 0.122 0.136 0.086 | 0.201 0.231 0.245
3 0.137 0.156 0.075 | 0.209 0.251 0.256
4 0.155 0.168 0.074 | 0.217 0.254 0.264
5 0.163 0.172 0.078 | 0.220 0.260 0.266
6 0.168 0.172 0.081 | 0.225 0.263 0.265
7 0.172 0.171 0.084 | 0.228 0.263 0.264
8 0.173 0.173 0.087 | 0.226 0.262 0.261
9 0.172 0.171 0.088 | 0.223 0.261 0.258
044 00000 S=2000000000 P
M || Boolean | Boolean cos || TF | TF cos || TFIDF | TFIDF cos
0 0.117 0.117 0.154 | 0.154 0.194 0.194
1 0.100 0.119 0.086 | 0.152 0.188 0.195
2 0.123 0.134 0.068 | 0.170 0.206 0.232
3 0.138 0.146 0.068 | 0.179 0.220 0.236
4 0.146 0.149 0.071 | 0.183 0.229 0.236
4.4 00

4.4.1 0O0O0O0OODOOOOOO
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O 45 TFIDFOOOOOOOO P30(0DOOOO S=10)

M | Rocchio | TFIDF cos
0 0.176 0.176
1 0.244 0.208
2 0.297 0.322
3 0.324 0.382
4 0.356 0.459
5 0.375 0.499
6 0.390 0.542
7 0.394 0.583
8 0.402 0.609
9 0.399 0.632

O 4.6: TFIDFOOOOOOOO P30(0DOOOO S=20)

M | Rocchio | TFIDF cos
0 0.176 0.176
1 0.268 0.271
2 0.317 0.430
3 0.342 0.509
4 0.354 0.582
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047 TFIDFOOOOOODOOO P(ODODOOO S=10)

M | Rocchio | TFIDF cos
0 0.227 0.227
1 0.243 0.215
2 0.251 0.245
3 0.247 0.256
4 0.242 0.264
5 0.233 0.266
6 0.227 0.265
7 0.217 0.264
8 0.208 0.261
9 0.200 0.258

048 TFIDFOOOOOOOO P(ODOOOO S=20)

M | Rocchio | TFIDF cos
0 0.194 0.194
1 0.202 0.195
2 0.201 0.232
3 0.190 0.236
4 0.180 0.236
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049 M=1,5=100000000000000000000000
000000 ||x||000

mean | median | min max SD
Boolean | 23.0 16.1 2.6 118.7 20.1
TF 248.4 7T 3.5 | 12258.6 | 724.2
TFIDF | 29.1 16.2 3.2 | 2284 32.9
SD:Standard Deviation
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