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Abstract:  As the scale and complexity of software increase, it becomes more difficult to ensure its quality and reli-
ability. Some of the most important software quality and reliability assurance methods are software fault localization tech-
niques, of which spectrum-based fault localization (SFL) is the most commonly used. SFL calculates the suspicious values
of code statements by analyzing the statement coverage matrix, locating the faulty statements according to the suspicious
values. However, the statement coverage matrix suffers from a serious redundancy problem, which severely impairs the
fault localization performance of SFL. For instance, in more than half of the statement coverage matrices of 395 programs

in the Defects4] dataset, there are other statements with the same coverage information for 90% of the statements. Feature
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selection, a data preprocessing technique, is often used to obtain valuable feature subsets by removing redundant and irrele-
vant features. We propose a software fault localization approach, based on redundant coverage information reduction
(FLRR), by taking the statement coverage matrix as the original feature set and modeling the reduction of redundant cover-
age information as a feature selection problem. First, feature selection techniques are applied to reduce the statement cover-
age matrix, which includes both statement coverage information and test case execution results, to obtain a subset of the ma-
trix. Second, SFL is used to calculate the suspicious values of statements in the statement coverage matrix subset, and the
statements are sorted in descending order according to their suspicious values. The method presented in this paper uses six
common feature selection techniques to perform feature selection and reduction on the statement coverage matrix, to obtain
the subset of the matrix, and then uses four typical SFL techniques to localize faulty statements in the subset. To evaluate
the fault localization performance of FLRR, comparative experiments were conducted with four typical SFL techniques on

the Defects4] dataset, using E, ..@n and MRR (Mean Reciprocal Rank) as evaluation metrics. Experimental results show

inspect

that FLRR can improve the fault localization performance of SFL. When compared with DStar, Ochiai, Barinel, and OP2,
FLRR located 23, 26, 14, and 13 more faulty statements, improved E;,..@n(n=1) by 69.70%, 76.47%, 45.16%, and

38.24%, and improved MRR by 20.08%, 24.94%, 17.45%, and 19.15%, respectively.
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t, 0 0 0 0 0 0 0

1 1 1 1 1 1 0 0

tg 0 0 0 0 0 0 0

t 0 0 0 0 0 0 0

tg 0 0 0 0 0 0 0

ty 1 1 1 1 1 0 0

tho 1 1 1 1 1 0 0

SFL-value 0.001 93 0.001 93 0.001 93 0.002 03 0.002 03 0 —

SFL-Rank 3 4 5 1 2 6 —

FS-value 0 0.002 26 0.013 85 0.000 95 0.008 07 0.13073 —

FS-Rank 6 4 2 5 3 1 —

FLRR-Rank(k=1) - - — — _ 1 _

FLRR-Rank(k=2) — — 1 — — 2 —

3 KIWKITEM

SCHGIE AT BE P FR B 4 - Intel (R) Xeon(R) E5-2678
v3 @ 2.50 Hz .64 GBINAE ; A F RS R : Windows 10,
Ubuntu20.04 .JDK1.8.0 . Python3.7.0.
3.1 =Efhigit
3.1.1 #FR[EE

i T VAl FLRR J5 35 09 20 A SCH i 2 5

(IR, 1% 3 2 ANF 5T M UFE Defectsd] BE4E b f750
B, I Epype @n FTMRR WA 48 5 WEAl FLRR J7 32
PR R 57 o M

RQ1: /A 5 (5 B P R B FAEIUR? TURTE
Bl anar?

R ) 5 5 B S D A T 45 R R
P (1) Pearson AH ¢ 2R 0S5 AP ITAT 845 , TFAL Defects4)
B AR il ) R (S B B R AR AE ORI i
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TUARTEDL .

RQ2: #f It T 3 #E 3 R DStar. Ochiai . Barinel Fll
OP2, FLRR & (v 4k o 1 14 B A 4] 2

FLRR {8 FH R AE B8 B 4 AR 24 13 o 4] 7 25 15 B K
e AT B € A7, AH L FE HEHE R DStar , Ochiai , Barinel
F1OP2 7 {or B Ak g i PR e an ] 2
3.1.2 EEHWH

ST G R AL 32 I T A S o 2 A 9 1Y)
BHR4E Defects4]. FEAME BN 2 Fi7R . Defectsd] 7%
KA 6 AN FFIRTI H 1) 395 4~ A BB YRR A, 4351k
Chart (26 P AS) . Closure (133 P RAS ) \Lang(65 AR
) \Math (106 AL ) . Mockito (38 4~ A% ) I Time (27
AWAR). FER 2SS 15 R H #AFR, 5 8 R H
M RAS B i, B O A 2= b — NG L 5 3 810
B H B BT 8, R I R AR — 4
T & N G il 1, 265 4 50 2 A4~ 3 AT
P A F 0 1)

R2 Defectsd] HEE (V1.4.0)

it H 2% JiAS B e ST | DU R
Chart 26 104 k 5k
Closure 133 2200 k 446 k
Lang 65 52k 6k
Math 106 241 k 18 k
Mockito 38 67 k 25k
Time 27 139 k 68 k
Sum 395 2804 k 568 k
3.1.3 iFMIERR

VA FLRR B A Z0rE , 38 A7 76 #F 58 b 2Rk H
E i peci@n F1 MRR (Mean Reciprocal Rank)2 ARz Al
BTN AT

E jypec@n 45 1T SE EAELHELE FIT 0 (975 R0 A7 £ BB
R A B 08N B E, o @n PIRBRK , 1 2 052 7
PP RE LS . Kochhar %5 A& B, IF & A B 7E 7%
— A 45 e S R D R R T A R R B A 2k
FEMH O T IR BRER A f Ay, B B AT . JXSRET, AT
SETIN ST e B R A2 77 125 R 7 S e i ) £ T B 571
FPRERTAE . I AR LR TR T E, e @n(n =
DAV E b

MRR 5 — Ffr i FH 8 % e g o o 16 A7 DFAk 19 48
b, B A A 4R AT BES 3 A — AR B T D O TR
R BB ER AL SR B E AL i PERE . B0, HEA 561
{1 T BE T ) A R T ) U MRR A 1, HE44 45 2 (9 7T B8
TR A B DU MRR {EK 0.5. MRR B K , 367 B o
BEEA P RE B LS.

3.2 KEERSH
3.2.1 RQI%R

KT Defectsd] B 4 i ifi ) B 5 45 B M 1 T
AEDL, SEH A T Pearson A1 ¢ 2 B[R 7 55 15 8,
AR PR R bRk T R

Ry 3 B v A A N 0 IR 9 AT 5 SR A G
e, 2 3Gt T AR A 5 I B 0T 45 R 1Y Pearson
FH I R B HUE 3 AT I O . 385 A, Pearson AH ¢ R 4L
FELTE 0.8~1.0 Bl 3 AH G , 0.6~0.8 S 38 AH 3G , 0.4~0.6
Ry AERREE AR G, 0.2~0.4 S 5 AH S, 0.0~0.2 S 55 AH G
BUJCAH G . Pearson AH ¢ R AICH P 2408008 Z 18] B P 05 25
FbR i 22 e B HUARL . AE 1153 Pearson #H ¢ RELET , #57
— R AR HE2E 0 0, B — 41800 AH [R]85, 23 Pearson
FHR RN BB R 0, BRI AL . fln, ZEHAT
I3 51 P, 4 P8 000 3 P 407 49 A 2 o B A i A — O
A WA A T A5 AR 0380 1, 78 X A I 4
T TCIE T REZAE ) 5 I B0 T 45 SR ] 1Y Pear-
son AHOC R EL . SL 5 i T U5 A9 Python 55235 & Scipy
TH5 Pearson #HC 4, X T IR T0H: 5. Pearson AHC
ZBORIENL 1R 015815218 NaN (Not a Number).
3 Defectsd] HIBEIEAEERE B SNIX AHIHITLE RAI Pearson

HXBRBATSIT
SH Pearson #H ¢ R %L
0.0~0.2 02~04 | 04~0.6 | 0.6~0.8 | 0.8~1.0

Chart 44 860 4796 1172 1375 3254

Time 1510362 27728 6 663 2936 2842
Closure 26 159 1 140 947 765 485

Math 61 640 9312 2349 1 635 1362

Lang 49 429 1472 443 376 360
Mockito 101 488 1135 387 541 50

Sum 1793 938 45 583 11961 7 628 8353

F 3B T A H T TS R PR
1745 3 7] Pearson A1 3¢ & B0 4 A 1 0, Ho b R &1t
Pearson FH 56 2500 NaN [iE4) . MNERITF T IFH, 5
W R A T 435 SR A 555 4 DG 58 T8 AH 56 (X /] 24 0.0~0.2)
AR ECR 1793 938, 55 AH G (IX ] 24 0.2~0.4) ()15 41
Bk 45 583, H AR A & (X JH] 2N 0.4~0.6) 415 A B0
11961, #AHE (X 8] 24 0.6~0.8) HTE A4 N 7 628 , 15
AHE (X [E] 2 0.8~1.0) (Y TEAIEIN A 8 353, il 55 4H
KB TCAH S A o5 LR 11 96.06% , X % BTG A
e SR v 24 R 22 0 A 5 0 481 FRUE T SR G
PEIRES .

N T =538 Defectsd] B P4 5505 BAE
FER AR O, % Fe i FLAT AR 1) 3 55 45 8 i i ) B ik
FFA3HT . ORTRE A I3k FH 5] 46 Hh 5 4 — 20 it
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BIATHS AKX B A B R E SR B . &4rp
ST AT B b B A R 50 B e A g R
TR A5 H A ) 7 A B AR AR R AT A R
=50 5 2~5 Zil ) B AR 5 A5 8 s R 2R
Y A K5 6~10 2RI 10 4518 4) HAT M R 78 2l B
BB 55 758 — N0 H b B A R 251 S
LR . BIAN, Closure 51 H H A 5 HAh B ) A
ARV 3545 BB AT BCA 159 214 4%, 5 2~5 KiEH HA
A w5 B RTE RO A 349 472 45, 5 6~10 4B R B
ARV F 5 B RIE BN 224 485 4%, Sl 10 &1 A
H AR S5 BB BN 1466 460 4% . HoH, Closure-

107 FRASH A 16 910 F5iE 4] 0 3 2605 BARTR], iy B
AR 48.35%. AN, BiiTid & IUAE Defects4] KU dE 4
A TR AR SRR 3 188 693 ki) 5 A
AR R B AAHIR], B BT 6.73%,
R th R ZH s m R e 5 HA w5 AR TR A H:
B .

XFRQ1 I Geit45 SRR WA 55 05 SRR
el B AN S . 180078 5545 B -5 I R
1745 R 1Y Pearson A 5C R B0 A 1% Ol 7w , 1 96% 1Y
) 55 I A T 48 2R 5 JE G Bl 59 AR OG . A
1 90% i A) 5 AR A HAT MR A S5 E R

R4 Defects4] HIEEPEABERFESHERKNIEANHESRIT

T SURHIA L S 3 O U IR 36 £ L i
1 2~5 6~10 KF10
Chart 1143 5680 4 888 93 027 12 289
Time 14 390 37 802 52286 34 578 3794
Closure 159 214 349 472 224 485 1 466 460 16910
Math 3327 9075 7 368 221 653 5998
Lang 2205 7079 7 255 35750 1 690
Mockito 8414 18 525 8 542 32072 2701
Sum 188 693 427 633 304 824 1 883 540 16910

3.2.2 RQ2&R

SYGAIE FLRR A4 5k B4 52 7 PERE , IT 0 W AS [R1 4 AIE
P A B 5 7 Pk B BRI, 2 T S RERAE 1
FEARFN DU BB AR EAT L . SCI S0 E o REAE
BEFE, 43 I BEEL Defects4] Fh 6 N0 H Y15 A1 555 BUH
B A S HE 44 B 1 21 200 FOTE ) A G ) S5 1
SRR P TR E E L . SRS 5 Al P R
AR HEAT BB E LI ORI E e @n(n=1) FI MRR 45 5
PEATXTEE .

I3 A 4 Hp FRATTH “RRAE 1 R4 AR 44 - BB 2 o7
HAR A7 R FR A R RHE B AR B H TR R SFL 4
A B FLRR J53E, U0, P-DStar 2 7~ FH Pearson $E474
T B, SR 5 i FH DStar FE 17 B 6 22 17 14 52 56 25 S RF-
Barinel 7~ A RF $EATH-E L £E , 28 )5 1 Barinel #F
F7 B 3 5 AL 1Y 5206 45 B . 1l DStar ., Ochiai . Barinel Fll
OP2 I 3 7 T4 (7 P DU ol 366 v 3 A A7 B o o 1 52
EaE R T AE A SN LR IR B AR = A,
BN E e @n(n=1) FI MRR F5 45 72 ] 3 FIIE] 4 1Y
J— KRR . b, ZE I 3 AL 4 ol FLRR J5 ik
TE R B U B ke 9 U RN B E e @n(n = 1) ) MRR
FEbR BB AT T hRvE . B0 : B 3(a) Py (12,56) %
7% RF-DStar (1 E, .. @n(n=1){E7E k=12 i 5 &5, 24 56,
E 4(a)HFAY(113,0.227 3) /R, MI-DStar ) MRR {H7E &
=113 B 5 4 0.227 3.

& 3 4 FLRR 5 B #%ffi Fi DStar . Ochiai , Barinel Fll

OP2 AT BA E ST L E, oo @n(n = D) FEFRI RS LGB .
SR A bR s O RRAE e R AR AT B 8 ) B S5 A
SRR T iE ) RO kR R B A e HE S
Ik BTE A, IF k200 AT 4L RE ) B 56 15 BRI T
B PAA bR FR R K A W] BEFE (A HE 5B LB Ay, AT K
T 5 5 3] 0 G B B . NI 3 Rl DLE T il
E e @n(n = DAEHRES i JH RF MIFI DT #E1 7 HRFAEZE2E
0] DL 5 DStar . Ochiai . Barinel F1 OP2 [ i 52 37 7
fE , 1M {di J] Pearson . REF .REFCV 47451 126 8 U A R
P DA b FE R R i B o R e

ELHEAT F DStar 17 6 6 %2 7 I, A6 T BE 51 R HE
1 RYIE A AT DL E AL R 33 S BRFATE 4] . RF-DStar £l
MI-DStar 7F & {84 1 2 200 i [ N BT 58 22 167 21 Sl g £
55 T DStar. Hrf, RF-DStar 78 k=12 I} & AL 8508 B i,
G A 1] BE G e HE A A 1 AR B AT 7 B 56 AR BRI
], MI-DStar 7£ k=137 B} 2 o7 805 5 4, A A o] B 91 5%
HEA S5 1 B8 ) ] LLE 47 3] 47 25 BB 18 4) . DT-DStar
TE kB R 30 28 200 ¥ ] P BT fE 2 Ao 21 Bk i 45 i 2 T
DStar, H7E k=133 B 22 {0 850 R fe -, UG 25 7T 6571 36
HE2 S5 1R A AT DL 037 31 37 2k Bl i)

ELHEH F Ochiai 47 Bl i E (7 B, KA vl 5851 24
55 1 IE A AT LA E 7 B 34 25 Bl 54 . ff F RF-
Ochiai i}, 78 kB4 1 2 200 31 Bl 4 BT 6 52 A7 21 B 1)
B 5 T Ochiai, H7E k=147 I} 2 A ORI, ¥ 4y
AT BEH R HER 2 1 AT 4] AT LUE (5] 60 2k BB 15 )
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——P-DStar —— MI-DStar DStar ——P-Ochiai ———MI-Ochiai Ochiai
—— DT-DStar RF-DStar ——RF-Ochiai DT-Ochiai
— REF-DStar REFCV-DStar —— REF-Ochiai REFCV-Ochiai
60 (147,60)
(12,56) 60
50 (137,47)
- 504 (103.39) (188,46)
I 40 (133,37) =
S 33 o I 40+ W
=5 Eul, JVJ\VWMWW\\_VN\_\J-\.A_/-V'A_\_I_\I'\_IJ
SEE Gt (171,26 (192,23) éggg_r—"“
) 2 9 12
s 20 o 201 (171,31) (189,14)

(188,21)

30 60 90 120 150 180
K

(a) DStar 5 FLRR

——P-Barinel =~ —— MI-Barinel Barinel
—— RF-Barinel DT-Barinel
—— REF-Barinel REFCV-Barinel

504

(103,45)

1)

Einspect @n(n

(179,14)

30 60 90 120 150 180
KE

(b) Ochiai 5 FLRR

——P-OP2 ——MI-OP2 ——OP2
——RF-OP2 —— DT-OP2
——— REF-OP2 —— REFCV-OP2
301 138, 47)
40 1
‘f 34 ST AT TR R i
$307 (56.35) (103, 36)
S
2201
.
104
0 -

0 30 60 90 120 150 180

(¢) Barinel 5 FLRR

30 60 90 120 150 180

(d) OP25 FLRR

K13 FLRR Y DStar, Ochiai, Barinel 1 OP2 St & (v 1 HEXT Hﬁ‘%?ﬂ(Eimpm@n(nZI))

MI-Ochiai 7£ & {EL >} 26 2 200 785 Bl P4 AT i 52 57 2 Bl [ 14
B4 T Ochiai, FLYE k=103 I @ o7 R0CR Be 4, # 25
AT BEHFRHEA ZE 1 ATE ) AT LU E A B 39 2% B F 15 )
DT-Ochiai 7 k1B R 7 2 200 3 il P9 BT 8 5 7 21 kB 1)
B4 5 T Ochiai, FLYE k=188 I 1o 205 e 4, i ok
K 2 T 582 R HEA A 1 B A AT LLE AL B 46 2% BRI
).

B8 Barinel #E 17 BRLBE (67 B, K6 A 1 S5 %
HEZ S 1 1E ) T LLENL 3 31 25 B 1E7) . RF-Barinel
FE KAEA 128 200 3 [l P BT BE S o7 21 BB 1 45 34 v 1
Barinel, H7E k=103 B 22 {3 20 5 &, ko 2 ] S8 571 = HE
£ 585 1 BB AT L SE A 5] 45 45 BRI 1E 4] . MI-Barinel 7E
k=118 B 78 {7 35 fp -, o A v S 9 3R HE 44 55 1 BT )
AJ LLAE A 3] 35 4B 147 . DT-Ochiai 75 k{1 9 2 % 200
$1 L P T R o7 31 35 s 1) 85 4 5 F Barinel , FLYE k=
56 5 72 57 R e -, 30 e A A 1] BE S R AHE A 5 1 s )
Af LLE N 3] 35 S BB iE A .

ELIEAEFH OP2 47 5k B 52 67 I, 45 4 7] B8 51 3R HE
A1 I TE AR LLE AL B 34 S5 BRRGIE AT .l RF-0P2
B, 76 KA 1 22 200 785 [ P9 T fi o o7 81 e g 1) 450 2

=T OP2, HAE k=138 Bif 5 7 50 R fe 4f, K A ] S8 41 3%
HEA 58 1 B TE A AT LLE (37 51 47 25 B 15 ) . MI-OP2 75
k=103 i 52 (v 385 S o -, 46 25 1T B8 R HE 44 565 1 B8 )
AL LLE A7 2 36 S5 B G 18 A1) . DT-OP2 1 k=56 I} 7E (7 4%
SRt 38 KA T BE S R HE AL S 1 AT AT DL A 3
35 kiR E ) .

LA E 4380 LA Y 08 RF R4 T RRAE e B A0 R
B AF X T e @n(n=1) #5 b5 , RF-DStar, RF-Ochiai |
RF-Barinel #l RF-OP2 43 51| k. DStar. Ochiai . Barinel £
OP2 fx £ 1] ZE i 3] 23 .26, 14 Fl 13 S B F@iEA), B
T 69.70% .76.47% .45.16% 11 38.24%.

K 4 & FLRR 5 & #{# [ DStar. Ochiai . Barinel
OP2 HEAT il 52 7 15 19 MRR #5470 0F HLAB L . P A
i 5 81 3 1) SCHRTR] , AR AR 2 AN [R) B 2 o7 42 AR 1
MRR{H , RI7E T8 A o] BERE S 6, 26 1 2k B 18 R HE4
FIEIE. B 4518 3 gl AL, 6 RF MIFI DT F
AT AE e 24 ] LR 5 DStar , Ochiai , Barinel F11 OP2 1
T 8 2 DL PEBE , 1 {8 A Pearson .REF \REFCV $E4T471E
TEFR A BESR 2 A b SRR AR (10 B b 2 i M RE

B 3208 F DStar BF, MRR {H 5 0.209 8. RF-DStar 7F k
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fH >4 1 2 200 B, MRR i ¥ & F DStar, 2+, RF-DStar
T k=2 IS} 58 0 ROR 5 i, MRR {8 4 0.251 9. MI-DStar 75
KAEL R 1 22200 6 [ N 140 41800 8 525 SR M T
A7 25 B 4 MRR {8525 T DStar, HL7E k=113 I & £ R4 I
I, MRR f#i & 0.227 3. DT-DStar 7F k {fi & 188 % 200 i
FEl P 9 MRR {8 34 /& T DStar, HLE k=188 I 22 o %05
4f ,MRR{E #0212 7.

B B8 1] Ochiai ), MRR i 3 0.215 63. RF-Ochiai
TE KA A 1 2% 200 {5 N MRR {5245 T Ochiai, I HAE &
=66 i 5E VAU i, MRR {4 0.269 4. MI-Ochiai 7 k
{0 1 % 200 YL I N 77 A1) 7 55 15 BUERE T4 2 00
45 8L MRR {125 F Ochiai, FL7E k=111 B 52 0 % 5 £
4, MRR {84 0.227 3. DT-Ochiai 7£ k {ii 2} 2 % 200 35 [l
N MRR B {3 5 F Ochiai, FL7E k=188 B} 5 o % 5 i
4f ,MRR{E# 0.241 0.

B 3218 F Barinel i}, MRR {E.27 0.205 9. RF-Barinel

——P-DStar ——— MI-DStar DStar
—— RF-DStar DT-DStar
—— REF-DStar REFCV-DStar

0.26

(2,0.251 9 (163,0.205 0O

(113,0.227 3)

0.22 1
& 0.200 8]
=

0.20 -

(188,0.212 7)

(171,0.207 4)
0.18 4 (141,0.208 7)

0.16

3‘0 6‘0 9‘0 léO 1 éo léo
ki
(a) DStar 5 FLRR

——P-Barinel —— MI-Barinel Barinel
—— RF-Barinel DT-Barinel
—— REF-Barinel REFCV-Barinel

0244 (56,0228 2) (1030241 9)

1 AU

T e

00s P e A LU
0.20

é (17,0.174 2)

20.18-

(118,0.234 3)
(191,0.161 4)

(23,0.164 4)

0.16 A

0.14 1

0.12 1

(c) Barinel 5 FLRR

TE kAE 9 1 2 200 {5 FFl 9 MRR {82 T Barinel , 7 H7E
k=103 I 5 A7 8505 B i, MRR {4 0.241 9. MI-Barinel
TE KB R 12 200 JE Y 161 N80 38 2505 B e 74
FE LS5 F ) MRR H 7 T Barinel, H7E k=118 I 5 7 3¢
Bl , MRR M 0.234 3. DT-Barinel 75 k{4 3 & 200
I Bl Y MRR FOME 2 55 T Barinel , HAE k=56 I 52 (2 25
4 ,MRR{E 7 0.228 2.

M B OP2 i}, MRR {E 4 0.202 3. RF-OP2 7% k
{2} 1 %200 75 FBl N A9 199 4~ k{E 9 MRR 27755 F 0P2,
FF HAE k=64 B & A7 B0 e 4f , MRR 24 0.241 1. MI-
OP2 7E k{2 1 2 200 5 Fl P9 111 >4 7 1515 8 0 B
TEEENL AR MRR 5 T OP2, HLAE k=69 I 2 734
Bl , MRR{EH M 0.224 7. DT-OP2 75 kA{E M 1 % 20018
FEL N 75 A ) 7 a5 1 B P 1 46 0 v 45 5% 1 MRR B
T OP2, H 78 k=77 W} & £ 20 S i 4F , MRR i 4
0.2149.

———P-Ochiai = MI-Ochiai Ocbhiai
——— RF-Ochiai DT-Ochiai
~——— REF-Ochiai REFCV-Ochiai
0.30
(66,0.269 4)
B it
025 (111,0.227 3) (188,0.241 0)
= " R
02156
2 0.201
(87,0.164 5) (168,0.143 1)
g 5 3
015 o N
0.05 ; : . - : T
30 60 90 120 150 180
J4IE
(b) Ochiai 5 FLRR
——P-OP2 ——MI-OP2 ——OP2
——RF-0P2 ——DT-OP2
——— REF-OP2 —— REFCV-OP2
] (64,0.241 1)
0.24 (69,0.2247)
0.22 t (77,0.2149) (168,0.188 1)
0.2023 Vaaad w1140 VA e W T
0.20— v '\ W V
£ 0.18 4
= 0. (84,0.199 5)
(153,0.179 6)
0.16 4
0.14
0.12 4
30 60 90 120 150 180
K

(d) OP2 5 FLRR

4 FLRR 5 DStar. Ochiai. Barinel Fl OP2 §lf & (i P AEXS FE A7 0L (MRR)

UL BB o] LLE H fdH RF SEA TR AE 28 3508
07, % T MRR #8 #5 , RF-DStar . RF-Ochiai . RF-Barinel

F1 RF-OP2 43 %1l [t. DStar . Ochiai . Barinel Fil OP2 fz £ 1
T120.08% .24.94% . 17.45% F119.15%.
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Xt RQ2 B [E] 2 S g 4 B, PRl A ZURRIE 3
PR (RF A1 DT) Fl—F ik 8 SCRRAE BE B R (MDD $2
THT i LR SFLE AR RE, M 573 S AP 2 X (REF
1 REFCV ) SR AF 6 48 45 AR Fil—Fb i 3 3 (Pearson ) £ 1
TR A B AT $2TH L SFLE AR pyvEfie . Hodr i ]
RF #EAT R IE BRI X T B @n(n =D FE R,
RF-DStar. RF-Ochiai. RF-Barinel 1 RF-OP2 4 %l It
DStar. Ochiai . Barinel il OP2 fx £ 7] £ £ i 3] 23.26. 14
F13 & 1E A s %0 T MRR #5845 , RF-DStar .RF-Ochiai |
RF-Barinel fil RF-OP2 43 | & DStar. Ochiai ., Barinel 1
OP2 IR Z T T 20.08% .24.94% 17.45% F119.15%.

3.3 BRESH

SCATT DN ISR e ANER A R A A A 3
AT RE T

(1) A 35

PR AT 80 S AR A 2 St RN S 0 S R Y O
B . FLRR 3 A 5 4R i 226 45 AR O 00 1% 1) Sl
FE LTI A0 BR L R s BB AT S R S R
Scikit-learn 1 Scipy J H1 1 457 A1 6 5 550 0k 1 AT Re AIE 2B
P& BT H A B 72 037 35 R DStar F1 Ochiai , X3 fir
i AR AT T 2N R AL LA iR S e h
DStar 1 Ochiai B & 17 4% 5 5 Pearson 25 A2 ) #H 56 52
Yok P AT T R FCBGUE , LAY 07 435 SR A TE A

(2)HMERA B

HRAT R 3 S S X R AR A . AR
f# FH Defecst4] fE M5 4, B4k H 6 MM EIH
[ 395 A ELSL A . I B SE Bk )1z F I AL S
D75 98 B PE FE 2. Defectsd] B4 BAR A —E W
R B TCEEAIE FLRR 78 A K0 4 L e 15 2 41 [H]
MYE5 R . eAh  FRATAE S2 55 Th 8 ] T DStar Fil Ochiai
S0 i 58 A5 30 SR B - 119 SFL 37 R FlT Pearson . MI . RF 2§
INFPZ AR AR R B R , IR R BAR HA —
8 BYARRAE (BN RE R UESE F At SFL ARRAE e 4R A
PEATHRA Bl B o A7 s LA A R R

(3) P A3 Ak ik

T4 3 A PR 32 95 25 v il A O F8 AR A
3 . AR E, e @n FTMRR WA FLRR 9P i , 35X
S ol R G AP B R 8 M RE AN FE AR L
T, E ppea @ HITGEHH R E RV HER AT RN
DAPERG AT 45 RE AT BE TR ) B ), B SR HEAS SR, FE A
SR AR LRI, BT LSS P B GORIE T E, e @n(n =
1); 1 MRR WU JH T Ge 3Bl o A i A X HE 25

4 MBAXIE
AR R B G T ) e B R T AR R iE i
FEEOR BIAH SR I 0L .

4.1 ETIgmREREEMEAR

[ A AMIF S8 N DUEE XA B 2 A 2 22380 4T TR
ST, W AR AL 3 T O B b s AR
B TR S BB s AR R b e e s o AR
E VSR D e S AW VR N

Jones %5 N g RLAR T L TR 14 fi a2 A B
K Tarantula, {5 75 55 & R0 3 FH 451 407 7 445 S (G it o
AIE AT ) o FE e B SRR A R AT BE EEAE . RS 8 A e
AIBERE S WEE B AR SR T T — SRR AR SFL 4
A . B Abreu % A 32 BRI A AR AL R B )
KB T Ochiai, 82 5 1 8 BB E 71 BE ; Wong 55
NTHEH T DStar, i 1 2 A8 1] 58 B 28 X rh S 50 R
R A e A I B o S PR E

A — S TAE 20 B 20015 B S B S0 17
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FeW] FLPLAR Lo HC Al Bl e 52 A7 5 12 H 5 A e S /D g 40
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s Rl S B P 0 42 52, R T T OBk B 1 SR A
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WA SR B R I R ST B AR
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AT R AT SR . S A R BT TF-IDF
1) A A 3 3 S P A B v S 0 3 481 B 4% 1 ) R AL
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BEXF IR 1Y SFL BRSO I 4G Bl ki AL AR
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PERE.
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Retrieval ) £ AR , i o fiff FH 78 R AR IR 28 B2 0578 R BRITU AR
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PERE.
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