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DENG Siyu', LIU Fulun', HUANG Yuting', WANG Min’

(1. School of Computer Science, Southwest Petroleum University, Chengdu 610500, China; 2. School of Electrical Engineering and
Information, Southwest Petroleum University, Chengdu 610500, China)

Abstract: In many classification tasks, there are a large number of unlabeled samples, and it is expensive and time-con-
suming to obtain a label for each class. The goal of active learning is to train an accurate classifier with minimum cost
by labeling the most informative samples. In this paper, we propose a PageRank-based active learning algorithm (PAL),
which makes full use of sample distribution information for effective sample selection. First, based on the PageRank the-
ory, we sequentially calculate the neighborhoods, score matrices, and ranking vectors based on similarity relationships in
the data. Next, we select representative samples and establish a binary tree to express the relationships between repres-
entative samples. Then, we use a binary tree to cluster, label, and predict representative samples. Lastly, we regard the
representative samples as training sets for classifying other samples. We conducted experiments on eight datasets to
compare the performance of our proposed algorithm with those of five traditional classification algorithms and three

state-of-the-art active learning algorithms. The results demonstrate that PAL obtained higher classification accuracy.
Keywords: classification; active learning; PageRank; neighborhood; clustering; binary tree
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Table 1 Example of decision system

U a; a, as ay d
Xo 5.1 3.5 1.4 0.2 is
X1 4.9 3.0 1.4 0.2 is
X, 4.7 3.2 1.3 0.2 is
X3 4.6 3.1 1.5 0.2 is
X4 5.0 3.6 1.4 0.2 is
X5 54 3.9 1.7 0.4 is
X6 7.0 32 4.7 1.4 v
X7 6.4 32 4.5 1.5 v
Xg 6.9 3.1 4.9 1.5 iv
Xg 5.5 23 4.0 1.3 v
X10 6.5 2.8 4.6 1.5 v
X1 6.3 33 6.0 2.5 it
X12 5.8 2.7 5.1 1.9 it
X3 7.1 3.0 5.9 2.1 it
X14 6.5 3.0 5.8 2.2 it
Xi5 7.6 3.0 6.6 2.1 it
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y = (b by b,] B S IR
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sun(x,y) = m (3)
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girh sim(xo, x6) = 0.13, sim(xs, xp,) = 0.127
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n(x,0) = {y € Ulsim(x,y) > 6} 4)
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TR B ARG LI A 1 n(x,0.5) =
{x1,x2, X3, X4} o
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Fig. 1 Hyperlink network
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(ji)eE J
Kb O, F/mM T j . AT, PageRank 73 1H
) n 4EAT i) P 3RoR, B
P = [point(1) point(2) --- point(n)]" (6)
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Wil 52N accuracy;

HREH U=UUU,

MICB#R  m KK accuracy, HJ
accuracy = |U,I|;Je|rr0r x 100% (10)

K |U IR EE RN (U EE KN error
SR BRI a7 Rl A R A bR A R
N, W U|=n-N.
2.2 PAL EE#id

PAL 5360l LA 73 o 3 A T 53005, 0 il 2
PageRank 4% TR L | — UM A= iSRRI — X
MR RIS E Lk 2.

x2 HSEX
Table 2 Symbol definitions

e & S
U TR REAAES
U HEZHT R MFEARRES
T RS
P GanACIEs
Rank HE2 1 &=
X It FREA
X, HETREAR
U, EE5 U CU N x MFEARES
U, 45 U, CU A x, BWHAES
setChild () BE T (RRED
cluster () R (K%
cn SRR = A
bl EINE IEISEN

2.2.1 PageRank #F.% i+ F F ik

FI ] PageRank 574 A FEA I SME, 1253 (1
VRS REAS S B 1 B S A o, B (R A
Jr B {5 I

BERKEBRRS S =UCd), W TEE
i) x,x €U, H xenx,0) o #4550 4). 58 (5) 57
FEAR x 7 PageRank #8354 9 434K point(x):

point( = " RO (1)

In(x’,0)|
xe(x',0)
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Fow, Hrp:
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1/In(x;,0)l,  x; € n(x;,0)
a[j:{o, W (12)

Bk 1 PageRank HEZ 1T A 1

WA RRFERRLES=(U,C d);

MWl HE4% & Rank,

1) for (each x € U) do

2) for (each y € U) do

3) RHE R (2) HE dis(x y);

4 MRPE (3) THE sim(x, y);

5) end for

6) RHE R (4) HE n(x);

7) end for

8) MR (12) THASBHEAE L 4;

Nk=1,;

10) T=yA" + (1 — y)E/n;

1) Po=[11---117,,;

12) while (JP, — P,,| > ¢) do

13) P,= TP, ;

14) kt++;

15) end while

16) Rank = sort(P,);

17) return Rank;

TR AR TREAS RS 1) B TS
1)~7) 38 i AR AR ] AR AL, B0 7 B FEAS Y
B 10) RIE (9) THREARESH BRI T 11)
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HHE I P; 16) XA AR P 3EAT R HET o
222 ZSIHA R E

F g A B B e O B AT, O T ke
T SR T2 B Bebn 28 A 3 L TN 1Y 52, fR TR A )
B AR 2 B Bom A5 B i, AUR R 44 i
R PR FRFEA My 3t — S RIS, A JE 45 44
% 56 73 VR B B TR KOG &, 8T s o i, A
MG 4 RELER

TR AR R A SRR U R o A
AR AP SRE T A, RIEZ T A
5y 84 o HRE5 A root [ # T 5502 U iR
FRALRY WS REAS, AR Y A5 x 72 441 2 i 4k
G5 x AR FEA x, 505 SR Y ATE S
5 x S AHIA 9 A5 X0

k2 XA A
wmAN HEAET RWIRELES U,
MY M root.

1) while (U’ = @) then
2) if (root) then
3) A AR — XA x, x, € U

4) root. setChild (x;, x,);

SHYU =U - {x, x};

6) else then

7) 5 root F M IIRER x, e U';

8) I x, AU AEA x, e U

9) root. setChild (x,, x,);

1)U =U — {x,x,};

11) end if

12)U,=0,U,=0;

13) for (each x e U") do

14) if (sim(x, x;) > sim(x, x,)) then

15) U=U U {x};

16) else then

17) U,= U, U {x};

18) end if

19) end for

20) X x,, U, kL8 53312 2;

21) X x,, U, k&8 2% 2;

22) end while

23) return root;

3)~5) T4 root 4% 115 &L, B U e A HH A
() —XFEAS 5 7)~10) TR root 5 £ B %75 55
12) 5 o, Ml x, BFEASE B3 13)~19) il id 4R
B UTRHEARS x, x FAUE RN, SEEES R X
33 20)~21) VA IH % 2.
223 ZXHREHE

— R, RERBMK SRERELRE
DI, SRR 2 BUR 505 HAE il i 42 56 a1l
18 E TR Ko A SOR FH— B AT i o) B R SR 2R
HME, AT ZH K AR5 A, T AR SO Y
N BB 4 AR o3 7 o

3 3o AR SORRE S A R) 8RR BLBE R SRR
80 53 o B ECE AR I . RS R
g R, TR % 3% e SCRAR 7 Fl i, 2 5E X
Ny E . X0y 07 AT — A A
— R A, A SRR 3 715 5 TR)AE fBLEE 1Y

e/ MHE
BiE3 CXWERKEE
BN T URARTY M root;

Eﬁbl]l':l:'l géjéfﬁ‘%\ﬁ% bl = [bll blz e 'blk]o

1) clusterT (root.lc, count, threshold) start

2) cn[root.Ic] = count;

3) if (root.Ic.Ic! = null) then

4) if (sim (root.lc, root.Ic.Ic) < threshold)

5) clusterT (root.lc.lc, ++count, threshold);
6) else then
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7) clusterT (root.lc.Ic, count, threshold);

8) end if

9) end if

10) if (root.lc.rc! = null) then

1) £ 5K 4).5).6). 7);

12) end if

13) end clusterT (root.lc, count, threshold)

14) for(i = 0 to count) do

15) tempNum= 0;

16) for(j=0to N) do

17) if(cn; = 7)then

18) bl(i, tempNum) = j; tempNum ++;

19) end if;

20) end for

21) end for

22) return bl;

3 TR TR T R RS A
i 3 3k AR Y, [ RO en 12 SRS RUADAR
TR E, le RRLEEZLT, B re R
F o count FFid i H B R KR 1) &
SCIRZE KR 2) 0 31 FER S5 3)~9) MR AE AH B
JE R AR HN B G, NE /Y A S ERE T A
A AHALBE /N T B {E threshold, count F 3§ J5 #£47 F
— Wk 5 14)~21) B3 on 15 3] 43 PefF B3R bl
W7 LU e R N TE K Y
[R) R
224 ¥

F 5 BB, M SO SRR Y
7R bl X ACRFEA ST IR IS AT

1) bl AR o B AR, U A3 bl
PageRank {H 4 i i — A8 0 FEAS A BR 45

2) Wbl E o FERIRE AR LK (P > VI
H AR 3, W AT 0 i e s AR AR A B hR 4%

3) 4 K {H threshold, #E4T F—42H 2% | Frid
A o 35 B bR 25 A7) B FRJE, XSRS e, R
B SR 05 0 E R AR BRI AR A I BR 2

FghE ) BB R, fOGRFEA Y E RS hR
2o FRARRAEAM N UIZRAE, R kNN S0 H
fEEA BEAT 326
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Pt — A RE) 3 M R ik — 2B T UL PAL
Ak MR MIRRER RS, RrEilpR
KARER N =7, & EBHIE y=0.95, e=0.01, [& 2 il
K 3 s PHUGE AR R Z 5 A AR 2 i1 0 .
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(b) RIAF B

B2 ki

Fig. 2 First iteration of the running example

bl, | 9
bl, | 12
bl [ 11 | 13| 14 | 15
b, | 6 | 7| 8 | 10
by | 0 | 1| 2] 3] 4]s

B3 HIRER

Fig. 3 Second iteration of the running example

1) AR 1A 2 HEA )

Rank=[1237141368101115041259]

AR B0 2 A L OB, i8] 2(a) Bios o i
THAEEW /N, B2 R=100, SHridEH U=09,
WS Um0, RIPKRES UsU,

2) TEFEAY A TE] A BARARALEE 0.196 115 24
Tl B {5 threshold, #4555 1% 3 K] 15 HefF &
bl = [bl, bl,---bl,]; AN 2(b) Fr7n . 4, A ifl bl
bl,. bly Al bl, FEEA x4, X1, x4 Fl xo BIBREE, 5351
JE v, it iv Fllise FEMCUIERUS, UL ={x0, x6, X0, 11},
U =00UU,\ ={x0, %, X0, X1} » Us =Us=U; = {x1, %, %3,
X45 Xs55 X7, Xg5 X105 X125 X135 X145 X5} 3 1E % — K & 'ft =
|U|<7. B4 KB threshold #7465 2 IR,

3) 1% & [# {4 threshold = 0.323, A5 Bk
Wil 3 FizR o #F I bly. bly. bly A1 bl, AEA x5,
X3 Flx, BOARZE, 23 ) it it Al iv o BEEF, U =
{x12, X13, %7}, Uy =U; U U, = {x0, Xg, X7, X9, X11, X12, X13} 0 DL,
U MRCEA B E L Z R Z, HE ik
ABRLE Sy i, A b1, AR A x,, H
x5 FIBRAEA ito [m] BE AT FI B bly R ARAEAR x|
X0 AR R ive Us=U,UU, = {xg,x10, X140 X15} 5
Us =Us = U, = Uy = {x1, X2, X3, X4, X5} o E% 2 ‘{kﬁ’fﬁ
JG, UIZT0 AFHHEATE 3 R,

4) Us ={x), X, %3, %4, %5} 1015 B ZEH TR &
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bl, W oxo BEARIC K ise FTRA x10 x5\ x50 xg Al x5 B HR
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TEAG H, A0 7 DFEARPRZE, FU 4 S
ARIFRZE, 5 DFEAE 8 RS IR % . A
PeARbRIC, I, K5 100%.

3 Ko R4

TEARTT T S EKE PAL Bk 5L 51 4
RBE . B F BRI T R, FE R LU )

1) PAL Bk e B A0 RAEAC 2 A AT T S5,
TSR] = SR HG A R 105 kG B 1 5

2) PAL B30 2 A5 L HAth W B 2 2 S ik EORG A ;

3) PAL B 7L &6 8l 2% ) B 0 28k
b,
3 XBRPRE

SEES 45 4A Weka, 7F macOS Sierra #:4/E R4 T
i A7, HAFE il & M. 2.6 GHz Intel Core i5 4k 3
#%, 8 GB 1600 MHz DDR3.,

SEE R 8 A TR A, I PAL Sk
55 748 . kNN Naive Bayes., One-R il Logistics'
X5 FhAL S0 1) W B o ) Bk R AT e, RIS
QBC. KQBC 1 MADE iX 3 Fft 3 8l 2% ] B3k Xt
Ho o SRR FH 43254 B accuracy 7E M TEALFE R o

545 45 0 Wi B 2 ) 4y R B R S g v

B XTREASBCE S, SER i B GEELL 1% K,
A 1% B2 10%. 16 DI 2k 48 BUEAS [a] ) 5
BT, MR At . 5 R Bk
B LB S8, I SR AR R 1 B R 10%.

BB X ] R e [20%, 50%], BHJE KT
y€[0.65, 0.95], He/MH e=0.01, A T FFEAKSL K AY
BEMLME R 22, SR AR R S 805% & 5 T 10 W & 58
55, BUSFIEAE A S 45 R .

SEHS R RO B VR AR (S B2 3 R .

3 HIEEHE

Table 3 Description of experimental datasets

G/ TS FAF TR m K
Iris 4 3 150
Flame 2 2 240
E.coli 7 8 336
Seeds 7 3 210
Diabetes 8 2 768
Jain 2 2 373
Aggregation 2 7 788
Twonorm 20 2 7 400

32 BERMNDERRMFM

FEART R A AL 1) BHE R R — X
B EGA R X SEIRG BE s . % 4 R BT 2 25
LA R BHE Y 10% RIS BN, Br 43K B bl
R A ALAE DL

R4 PALEZEEARZ-XHHEZLILG R THXBERLR

Table 4 Classification accuracy comparisons of PAL based on different Binary Tree ratios R

G 20% 30% 40% 50% 60% 70% 80% 90% 100%
Iris 09630  0.9556 09556 08444  0.8222 0.8222 0.8000  0.7926 0.8222
Flame 0 0.9815 0.986 1 09907  0.907 4 0.879 6 0.898 1 0.856 5 0.9537
E.coli 0.749 2 0.808 6 0.8218 0.8086  0.7657 0.742 6 0.7360  0.709 6 0.7459
Seeds 09000  0.8942 0.8836  0.8783 0.873 0 0.888 9 0.8889  0.6296 0.899 5
Diabetes 0.648 8 0.687 9 0.715 3 06936  0.6517 0.650 3 0.648 8 0.644 5 0.696 5
Jain 1.000 0 1.000 0 09940  0.9881 0.979 2 0.979 2 0.9732 0.967 3 1.000 0
Aggregation  1.0000  0.9859 09930 09225 0.918 3 09324 09732 0.964 8 0.956 3
Twonorm 09710  0.9653 0.961 6 09599  0.9530 09384 09300 09276 0.956 0

M2 4 AT LA, XA R 89 80 4, e
XMW I AR R . (HNVERIERE, FefE
BB AR TR 7E[20, 501X 1]

S0 25 AT A B SR AR Y o A AR, 1R B
o B R A AS T oy | LB /DN o SO L 49 B
RHT, B2 E BB IKNEAS SR = XU
P, — LB HE O L A S I R AE AR, S 5L
SR . AR B, Bt PageRank S E AR AAEA
F R Y B AR AR EAA AT

Iris. Seeds. Twonorm £ HE FEHE AR 5], ANAF
FEAEAS AR} IR) A, — SO SR 2080 1k g 8 AR AT AR 4

9 73 R AR, R e — SO B ] SR A5/ i, BE 8
PRAUE AT 180 B i FE A HS B w5 B, R4 260
JEH .

BRBAESE, W Twonorm . Aggregation, R I
1%/, JT e AR RAE A AL B A0 A4 I 25 ) o REAR 4
Hu SR IREA I JZ A 4, DX 0 b A 2
Ly

TEAR SR SO e T, R BIER RS
Z 5 MR,

33 H5Z2AHEX

TEATT B 012555 — ANl . PAL 7E 8 4>
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BG4 5 J48. Naive Bayes, kNN, One-R Fl Lo-
gistics LML T XL, B 4 JB/R T PAL 5k
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(a) Iris
I —e—PAL
—a— kNN
—e— J48
r —+— Bayes
—«— Onepous
—a— Logistics
0 0.02 004 006 008 0.10
NZRLE Lo ffi)
(c) E.coli
—e— PAL
—a— kNN
r —e— J48
—+— Bayes
—x— Onepous
—a— Logistics
0 0.02 004 006 0.08 0.10
YIZREE LA
(e) Seeds
—e— PAL
—a— kNN
H —e— J48
—+— Bayes
—x— Onepous
—a— Logistics
0 0.02 004 006 0.08 0.10
WIREE L
(g) Aggregation

AR SR AE A YNGR LU B 0 2806 2 78
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Fig. 4 Comparison with classical algorithms
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Table 5 Accuracies of PAL and three active learning

algorithms

G TES QBC  KQBC MADE  PAL
Iris 09370 0.8998 09185 0.9556
Flame 0.9463 0.7144 09861 09861
Ecoli 0.8297 05910 0.7152 0.8218
Seeds 0.8767 0.8458 0.8571 0.8836
Diabetes 0.7088 0.6479 0.6889 0.7153
Jain 0.9607 09182 1.0000 0.994 0
Aggregation  0.8917  0.6272 0.9944 09930
Twonorm 0.9023 09429 09527 0.9616
AveRank 25000  3.9000 2.1000  1.4000
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