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Abstract: Software Defect prediction is always one of the most active research areas in software engineering. Researchers have
proposed a lot of defect prediction techniques. These techniques consist of module-level, file-level and change-level defect prediction
according to the granularity. Change-level defect prediction can predict the defect-proneness of changes when they are initially submitted.
Hence, such a technique is referred to as Just-in-Time defect prediction. Recently, Just-in-Time defect prediction becomes the hot area in
defect prediction because of its timely manner and fine-grained. There are a lot of achievements in this area and there are also many
challenges in data labeling, feature extracting and model evaluation. More advanced and unified theoretic and technical guidelines are
needed to enhance Just-in-Time defect prediction. Therefore, in this paper, we present a road map for prior Just-in-Time defect prediction

studies in three folds, data labeling, feature extraction and model evaluation. In summary, the contributions of this paper are: (1) We
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conclude the data labeling methods and their advantages and disadvantages. (2) We conclude and classify the feature categories and
computing methods. (3) We conclude and classify the modeling techniques. (4) We conclude the model validation and performance
measures in model evaluation. (5) We highlight the current problems in this area. (6) We conclude the trends of Just-in-Time defect
prediction.
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Fig.2 Research framework of Just-in-time defect prediction
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HESTEYMHTHZ MEEAGWN A FEHATHEE, MREHREN, ik, AR ERB S 2R R
B 22 24 4 0 25 F A A SF 448 568 RIY A S50 6 000 14 BE, 491 40 MicIntosh A1 Kamei B R I H KD 7 25 R G 3R BURY
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JERFALAAG TS, iy F IR I E xR B A ) 2, X e TR o & R G R E B &
W, TESESETAEF, XLRHER REBRIE 2 N .
222 HHERM

A TR, HFAFRR T RERHER TRIEARM AT . /N1 7L S — /N7 JE Al 6T 30 A B B 5k B T
TR FLH% A AR — 2D A gl , B — /NI A R BV R ERHE g — 22 9 DNEE, QHE IR
(Size). 1054345 (Diffusion). H AR(Purpose). FF K # & K (Developer Experience). & 4%/ (Complexity). 3L
A (Text). UL ZE M (Structure) . SCAFE 27 52 (File History) F1{ A% # £ (Code Review).

BT AT CHE AR E AR ARG AT . HARFIT R FE LR ERHE4EE . R 2 AN T R TLHE

T HCR (R RRAE LA R B AT FE 3L
Table 2. Summary of features based on meta-data of changes

2. T ARG TR AR AE A A

RAEERE FRAEA i L FHRICER
LA/LD A 5 R L ek AC AT AT i (added | A8 T AN RE > A6 AD 4T | Mockus and
lines and deleted lines) WZ, WA A | Weiss?]
i
CA/CD AR I ek ARG B B (added | AFTE N, k(GG | Shihab et al.[t®]
s chunks and deleted chunks) BZ, MR
LN S EENEI: S DN
i
LT AR OGSO AE AR ARSI | SCERERR, W SR Mockus and
RAG 17 ¥ (lines of code of files | MSECEA T A3 NGk | Weissi)
touched by the change)
NS BEABNMN T RAHE BT REML AT | Mockus and
(number of subsystems) A T RE BN B Weiss!?]
ND AEAS AR H & BRI E ML A | Kamei et al it
(number of directories) TR T RE D] N BRI
PR 4 A NF E%Efﬂ%ﬂzﬁ’ﬂiﬁ:ﬁi(number EECCH BRI Z 19738 | Mockus and
of files) A T A I BRG Weissl2)
Entropy 16 AR BS 76 2R B8 AH O SO Y SRR, HEARY | Hasssan!t
A (G BMEiH5ED TEAE I SCA R 43,
FFR# T B ERTE 2 AR
i, R AT ARG NBRRE .
FIX (7% L RN ] BE AT NE | Mokus and
L EIPN Weissl2)
B s NBR S5z H ARG B EIR S SR | MR RIR S 2, Shihab et al.['®!
(number of bug reports) AR B B AL M EE 2T
i, FEA ] ARG NEREG
EXP FFR# CARAS AR T A BHEZZRMIFREA | Mockus and
(experience) 25 5l Nk Weiss*?
REXP FF R I W3R A AR T 4 IS FAESRES I FF | Mockus and
(recent experience) RENTEF R E s | Weiss!?)
B, ARG IR
7 SEXP TFkE R PRI | JPREXN BN T A4 | Mockus and
AT R AR HATIBE, AEHIIA | Weissl
(subsystem experience) fir A
Awareness | JFR#H CIRASAET o A BIAH | X T RG &2, JF | Mcintosh and
KF RGBT EFIHMMX | REXFREMME, | Kameild
L7 RGUR T A A 5 51 NG

FIBLERE . 1248 E R R AL S SRS B . Moser %5 A WL%E 2148 545 UG R LK, kA ]
RE ST NBRIEIS) BUA A b, BIF 02 A T P22 S 0 < Il A AT Bk B 4 28 B AR, 17.18,19.20.21.22.23.24.28]
BEAh . WF T AT P E Atk B AR A R HEAT B Ak . Shihab & A\ i M FH 72 5 38 A gk /b A9 BL
(chunk) HCRE AL B, Kamei 55 A A AR 5 52 58 AT A2 3 AH 5 SO ARG AT B AL A2 SEHUBEDL,
I, Kamei 58 A& ILAR S48 AT BOMk A AR AT B0 R BEAH ORI o D 17 36 G 3 At A O A2 0] TG 28 3



FFE 5 BP R AR A He 1 TN A R R 9

SN, Kamei 55 AN4R R ARG BI0AT ORAE XS 9 D AT SR AL TE R . AR 38 AT 2. AR el AT By
P RAR ST S ORI L 9 AT B AR T AR AT AT A SR SRS AT B ELAE T

B ATLERE . %L PSR RAEAL S AR EM RS i A . W R, X TE SRS 4 A 2
ZA AR, HOFRHE T EBRE 20D, I R 5 04 00 AR S T A W] RE N BRI 48], Kamei
SENRBAAATEERN SR M RAEN T RAHESREREN R TR0, Hassan 12 H
{88 FA 78 58 ARG 43 AT 1445 B8 (Entropy) TR SR I, I BLIGIE TZAFAE G 20, Bk, Kamei %5 A$2HAE
FHAZARFALE X A7 5k B A S8 HEAT T 1)

EARERE . 2485 R RAEFE AU AL ) H bR JFRFH IR TR H A BB R oI BB D Re
H L HINSCRYSESL, BRI, A8 U RE AR A b H AR SR T AR B R A gk, BT AT RE TN GREE 0. Kt
AE R RPN g B TR0 A b, T 90 R AR O T AR S G B A D9 SRR AR L1819.22.24281 ik Ab, - Shihab 55 NiE 4 Hh
A8 FH 7 BE A G R B A 2 1 25 R R A ARRE AR BE H ARSI,

FRECWBERE . 24ROk BACHY AT IR E 28 BEFERY], JFR 258 2 5 O i 550,
TE BV I e B TR0 AR A, B A R AR B R RS R AR B AT R AR 1718.19.2021.22.23.048] i,
A, Kamei 55 A $& A5 B JT 35 3 S04 22 A8 B8 (R 880 LA R AR AR ZSHT, TR & R AR T AP s R % A8 B AH 9K
TFRENBEHE SN KEHELKI), McIntosh M Kamei $2 H (FFHAZFRACH, A H OIS T 20
FAEMRT REMWLE HRAER REPIERX LT REDRER LG, REMTREIN XL T RR
BT R 2 B (281,

ST AR TACHS PO R AL 3 K A SO RO LE S R A . % 3 oIS T IE T AR AR P 2
HIAREAE LA e AT A 3.

Table 3. Summary of features based on changed code

R 3. FLT AR GACHS A A R AE ] A

BIEEE | B R Bl HHSRICHR
Complexity | AFE A CAEAEAFIRAH G | A FERME L, AT | Kimetallt
B BIREIRPRINZEM, BAEHE | Al NG
2k FRIALHS £ 47 5 (LOC)  TEREA
AT H. PR TS
LogTF AR T H 3 1R AR R AE BEHEMHNAEESEER | Kimetall]
4 5] N BRREAH %
FileTF AEMK AN AEELERS | BEESREARSEHE | Kimetal
S A J5 VA SRR AE 1 22 B ST 5 N BB AR 9%
FilenameTF | 28 s &k H R4 FSCHEZ I | R A4 kRS | Kimetal.M
B FAE B s BAE UE R, X
defE B AR T R G NH
(ELEES
Structure AP MRS T IRACHIE | A H 5 i 5iE%As k| Jiang et al.?%
IG5 FIESTRER RS T RE 5T TS 5| NELA
JEES

RIRBERERE . 24 R RAL A A AT I B 2% - (R AR SEsk B B0 TAE b, B FU AT T8 & S
1 B AR (1 52 2% JRE R TN SC A B A e 2 75 A A R B 14351, Tk 78 3 e IR AR % IO AR 7 5 ST
GRIAEA . Kim 55 KRl SO AR 52 2% B2 (0 5 0 51 N 380 B IR 8 B 0000 £ AR vh 071, SRy B4k A8 58 51 g i AR A
R, AR XA IR AT 5 %A MRS WA B T 61 NEREESRRR, tHEX N E
2% BEHE AR I 22 (EA'E DR AL A e b 2 BB AT T

AL . 2R A 28 (Bag of words) B8R AR SEAZ AR L H 3 RSO 44 Ho 38 HOR IR AFAE . 1]
SRR S — T SOA IR 9 Al AR () B D7 A3 Kim 85 AR A8 B8 SCACRRAE 51N 31 BIV IS S5k B F000 45 A
U7 b FAR S H AR H 34 SUF 4, AR R TR AR R e AT Homia iR f & . O 17 R 5
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ERACED 284K, A 5 0 A8 B R S5 12738 SEAH O SO I AR P 25 43 0 ok BRI AR AR AE v SR AH R 3R] AR 114
ZEMH, FF BLAE F X e 75 M8 AR D9 78 TEARFAE .

RIBEWERE . Z48 T2 AT 5B I Z 5. BB SR BE T AT 7238 85 40 G052
(Abstract Syntax Tree, AST)REAATSIEEH, M EACTD AL TE 7 f5 FIARID 25 4 22 e 2023) i RAFVEM
e —MFREARI R E T AP, FERGIEER b, FEAARE D R EMEE . GG AR B HRRA
AR ZEAY (AT /R o Jiang 5 NS A I E AR AR AT AT 5, 12788 B AH O S il GBI bl R 2R RS i 2 i
2 WA AR ) R I ACRS 45 44 AR A 20,

T T A 3 3 R R S SCARAE T ST o 3R 4 TP TR T RO AR A RRAE LA B EATT I
B,

Table 4. Summary of features based on software evolution process

R 4. FE TP R K REAE fi

BMELE | IER i AL FHRICER
NDEV o 1% A8 B A ST EAT I B 2 Xof SCHEREAT I A e F R 3 Shihab et al.[*®!
I FF 3 $ i (number of %, BEOZCHF AR TR RS
developers) N

NUC X% E AT B | O BB S, JFRENHZ | Shihab et al.l®]
F9 745 5 $ & (number of unique S O T B AR T 2 ARG, AR
X changes) B A B SR T R 51N R

bl

= NFIX XHZAE A RS AT I B | SO B IGRZ, fB %% | Shihab et al.l®l
PR R B 15 52 78 BE 4R (number of | A4 (19728 B R 2% 5 51 N BRI
fixes)
AGE BEGTIZEE M RTIE | IR AR A 5 5 NS | Kamei et al i)
AR T 5 1% AR B I (] 22 - 3548

Table 5. Summary of features based on different artifacts of multiple repositories

RS, HT B YR B R AR T S

SRR | BIEL #ik Al e
Iterations | ZHEHGAHBTHMRLC | AEHBMENRECE R, ZF Mclintosh and
JE 2 BB IE 1 R 5 16 TF 22 VI 1 BN BB 1 7T i Kameil2el
Reviewers | tf %48 BT o & 0 N B | AT @ A A B i, @i# Aft | Mcintosh and
AT U B 4R B & ), Kameil?®!

R AR 5 5]\ BRI A TT s
Comments | %745 7 i 7 & W3 TR AA TS, %ATR | Mcintosh and
RPN A Kameil?®!
Review PAATARD G AN ], B | JFRFH AT H AN WA, %% | Mcintosh and
Window | Az ey gk SR AOF | S HUA RS SN BRIG Kameil?®!

B0 B AR 6 I ) 22

XAFE P R Y4B o e L HIOR B AL AR A S B U S o SRAERT FUR T, SO S sk iR 2
(Blange 2 KB B B2 DIPRE BN , HBCH aT REAF AR SR [ 1555300 38Tk, RIVA i i T 7 3 2
HH A FE A B 4 5 i A2 SR SR ST K8 BSOR B AB SO B ST KT 53 N R ik AL SR AB 2 p S xd A
SR AR S AT TN 18192224281 Jh A, Shihab S8 AR A S 25088 SRR SR ST IR ) S A o rh sk B 42 R AR
{1 B e P A S AR DR SO AR T s S 08T, Kamed S NS H Ao FH 22 5 9 50 B2 202 2 S A 50 SO 1 B 22 5
5 %A S (R N ) 2 4 D R I B AL AR B SR IR AE 5 s T

Fe T Z YRR AR QAR S A AR . R 5 RGN TR T 2 PR R AE DA S e AR A
Zpl.

ARG B B . %4 T R A A T A 6 0 B T F RS @ P A AQRD B B A . AR AR, AR o
B2 R BT IR S AL e SRR SR, AR B RS IR BREE A DG BT. (A, Mclntosh
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A Kamei $¢ACRD 87 21 1 72 A9 RFAE 51N S0 B SR B T 0F 52 v o 1 5 32 th A T AR S0 o B i R vh AR B A T 18
IERRE . H A AN o R B DL o A N ) S5 AR A A B x4 B A AR o 28

2.3 REME

LA B B S B T R A TR vk R E AR A A . IS B (Supervised) 45 H R LG IS B
(Unsupervised) B AR 17 AR 27V, A T4 53 53l %58 A7 Mg 5 R0 0 s B B B oG5 o o 00 798 o S S R R R AT 4 o
231 fUHEEH

A M B SR B T S 8 R A M B LR 25 2 v, N CRITAR B (B 25 R 75 A7 T8 SRR ) I A AT A% B 4
e s3], AT R R T ASE B () A R . B AR, R 2 BRI R A TN TARAE A T BB RR
(17,18,19.2022,23.04.28] | — s 3ot F A0, 45 -

(1) BEbRE. FIRBIEAREBOR, A4 Py s ARE AR B8 AR 10 4 ik b B G B,

(2)  FHESREL. MARTESARTE AR £ BE SR BURRAE,  IF FARAE M & ok R on MR AR T

(3) BEZLYIZr. FIFAEBBEHASYIHEA, MhrifE RS2 T8 55 b 22 5], Mg S ek ml A s sy;

(4) MBI S4B AT ARTE SRR, R T AR B T 12 A A AR T A AR A (Y T Bk .

BEAL, ARAE VIR B RIEAS ], A M B B 5t B 00 AT BA 43 5 1R 35T H (Within-Project) R sy &k B T
WA T B (Cross-Project) BV A i 5 T 5 Fob AR HE R

BB B B E e R o (5] 300 5 BB i B TR F I S B s SRR SR B R — AN E , B A RH
B 5 S AR AR 8 B AT I SR, A 2% o 50 R ) o T A Y 117,18.19,20.21,23,28,26,271 - L A 5 | 46 784 Y 4
RIFmPERE, HATH A= 700 B brl B R A 298 2 10 57 e 86 . IR B34 T B £ E KA T
i, v [T E RIS e e T AR R B AL T A o T R — AN AR SN SR AR A e L % AR R
A5 FH TN B AR T E 1 5 s i Sk g TR R Y W LA B s e e o DRIk, DR BV R B B R 1 R I 9
HR T R T00E R A e o T £ AR [18:19:20.21,23,28]

SRTAT, (R T0 R R B TR ISR AE T, W R BN B AR I & E , XA E JEE e R H
BT RF R B T B AR $ kA i L N 25 1Y) 7 sk s T U R AR B 22,240

ST B BY RTINSy SO0 T E Py BB R 56 T 4 AR TE 6 0 E TR R = 1 SR I e A, B
A TR SRR PR A 4R e T RN i e o) e AR R (2224 T RPN SR B o0 e AR B R S i I R
gk B AR ITE , B A AR DT E P 5 AR SR I SR AR A, R AR AR BRI E SR
22241,

Fukushima 5 N 42 0 78 1 5 00 RIS B T0 B R 221, 4 35 72 )5 28 TAR P iX — HR 34T 1
HE— o T2, IX LS BT SR I, A EL R I B SRR IR, 5 T B B B e T 4 R AE R 2
OUFFAEENERE ST A T NS ITE BT SR A TR I PERE B 3, MEE IR T =Fh 7w A SR
P55 H R SR R BB OR B PERE 1) A8 AR B T B AR B BARAE AN SR E 2) (EHZATEMEG S
AR AN G E: 3) MHZADUE WAL EYE 5 A E AN GE N ZAER, 7200 e DA 77 23K
AR 25 B o I BRI e R SR D Sz e v 9 T R AR SR B 0 1 L BRI T 4R

232 BB

A MBS RIT R e e T B R ¥ it RS E T T AR ORI BEUR, RO AT B @A B R T R KR O AR
U ZR B SR ZR TR B (251, Sy 8% 3k — PR, P 0 3 2t O M D sl s T 00 s R 251,

0 B RIT 5 8 TR 2 i R A s 2 A B AR Ay S T R TR 1) B AR o A LA M B R o T 0 g A
oA, T 1 B R a5l o T A ARG AR 1A s 7E T 8 A B S s A5 P O A 1 7 2 o G M B ) T A B T A R I
AT EAE A RENEE, FLTE T HIERE 0. R e
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(1) LS. MRS AR S AN [R] ffy BE SR IBCRFAE s I FIARAIE 7] SR R S MU AR 3
(2) MRy, FET AR EREM @RI B R . BT, 78R GhiE T, B R T AR R
AEHEFP 1T i, 3R Ah 5 8 FriR S I AR S, 0 I R AR S AT R, T R A
8 AR I DL PR 2 B, B A 5 R A R R o I

Yang 5 A E K 0 B RIS SRR TN A AR R ), SRR SR, AR A7 E SR HCR S AR R
HAXHR AR, Bk, M E KRS AR, i /N SN R BB I s TAE R D, Yang S8 A
BT IZR, RMETRERIEHFRIE, T RE B ZH TR, £ EHaTFEET
REE L G, o, AR RO SRR A HE P IR, R SO RO D 1028 SEHELE S e A S
Yang 55 AXS 12 A GERFAE 70 ) 2 SRR e I B, ARG 1E 6 DNIUH it B AT IR IE)E KB, Bk
S A TR B A M DI ke o I A8 20 B 5 X0 O o AN o A AR REAT S B L . R REAS L N
AR AT H 20% A ARRS . AR EU A B R BF Sk o TR 2R, A M R i o U A TR e 8 T A E A R
EZ N CEIDNGR

Yang 5 N4 H )0 B RIS i Bl T SR 51 RS T AR G FEF K93, Huang S5 AH1 Fu 55 A 205504
Yang 55 A F TG MBS BIVIR g5k e T S A AR Al T HE — 2 g 2 A 26270, K S AT B o R TR M B R A B
TR M3, W7R 70 MBS B R o T e A R R SR, 2 BRI AR JLAS TS L B 5, FIFER A 20%
(AR, TG M e ey T AL 2R [ T A 3 4 75 14 AT B 51 N 5k B 11 72 S o o s e A B I I st B R
B, Tk £ 5E ARG AR SRR EHAEE 2 Ny, W00l LR, 0 B O e TN R R A e LA R T
R AR 2226, Fu 55 A4 2 68 F A AR 22 IO I SR B L % A @& O RFAE , AR5 S0 Yang 558 A0 70 1 B 7
%, REIS B4 AR,

JE Yang S A\ H 10 J0 MR RIDI 5 o N0 A AR B R AT R BRI, AT S AR T A N B I 5 o T
DN SRR A T T s )8 kA2 7 BT T AL, I ELAdATT 5 Hh A M R A e o ) S A8 5 R R BAAE Dl i
it 75 RAESERR I

3 BNESERPATIUNTEME 750

T RIT AR d5h B TR0 14 A A, D 7 SR IE FR X AR 2 AR, T S T NS 4R (14 R T AR B AT SR8 0 E
FE I8 AN 5] B VEAN i b 5o A5 B P B R AT PPl o A T 0 F 40 A 28 8 BV SR B T AT 9 e A P AR S B8 UE g VR
PEREFEAR -
3.1 SLIGIETE

S0 IE 7 V25 8 FRTE AL VA m 4 ] B0 A K 43 g N 2R AR AR S o AT T 4 A A > i B B Sl 5 TR
WF 50 FF IR 8 B 5 e 92 36 B8 41E 5 ¥R - A8 XU AIE (Cross Validation) A1 %6 I [a] 8 0 (time-wise) IR B8 41E J7 ¥ .
311 R MIIE

A8 NG AIE A L3 2 ST A0 R A A 56 A0 Dy v 08, R 43 4D B BRI T A AR SR T 10 H138 X
I 3iF f 7 72 017:18,19.20.21.22.241 | il b Yang 28 ANAF ] T 10 YK 10 3738 SR AIE 77 92 56 41F Sl [ 1900 A6 20 g i g 1250,
TE 10 Fr22 XEGUEF, HumEMITALEIR L, REREERES v 10 E6r, B 10 47, ZJEX & 1 91#
PERMERAE, 74 9 FENINGREE, IR B e 04T IR T B R da s, —3Lis 4T 10 ks, &Ja
B IRAS B e SR AR R IEAE N 10 $738 NI IEMPEAE &5 . i 7E 10 ¥R 10 Hra8 LERAEH, 2% =
10 #7238 IGIEIBAT 10 ¥k, —3HiZ4T 10x10 KL, K545 k15 20 BE 4R A R IEE )y 10 X 10 758
PE AT R
3.1.2 o [R]ERAN BE

ITAER, W F0 R BRI E SRS TR R 30 0IE 7 VAR T 2 B0 548 2328), Tan 85 A HE H 28 X0 IE 77
of - RIS BB T B AR ANE A I, DR AR SR A B I TR 6 A8 S IE P BE AL AT EL B 4R AT
BARK 5, 22 5 BT A Y oA SR AR A AR B8 A B SR T I 2 AR A AR B AR A, AT R Ak TR ASE B (1 1
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(231, MclInstosh 55 N\ A I 51 N SR B AR 2 5 A 1 57 £ 6 B T e A3 280 3o o 5788 4 52 B0 e o 900 A6 7
Mok RE, Lo st A 1 AR TR AR BE I R R T BT 2 2 PR ARSI AL K 4 BB . McIntosh 55 A SR A B4 FH ik
S0 7 Az 1) A af o xS HEAT TR

Yang S5 N\ A RIS G B T $2 E 7 — ol I T B N PR B E T 92 1250 IR IR IE 5 ik S ke B 4 4 R B
ARG KA, SREX AR A, £ DA NEIEMEBIE A 1 Al KPR TV, I SR Y
B F B Bk 82 A BT F (0 8508 BT RSB S PN A 6 2 1 AR BE R, LR I R B R R T ) ) B T T
AR L A2 AT RN 5 A 6 7&K AL TE X FERUEA LA R S E S
1) REHIH I RE B 6-8 £ 2) A NZGEMMIREZ MH G WA H B2, XGRS
TR BRBE AR I PN T B 2 HCE 2 BOT R E R 3) MEAELEA A I R REN P A 2 2
PR TR, 4) RVFE—ANTH I8 17 2 RSEg ORUE TH 5 A 45 SR AT 51 . Huang 48 AT Fu
SRR T 3 3 Fof o I ) S8 0 F B A 7 35126270,

3.2 NIRRT

BEXTRERS TINS5 R, BIF 50 32 0 A [R] 1R 4 b SR A ABE B F0 0 280 SR A 715 1 4 I3 R 7 B I dgle o FoT 00 AJF ¢ v
B e AR, ELFE ML RS 2 > A F 1 2 7 2. (Precision) « 2 42 % (Recall) F1-measure . IE | % (Accuracy)
AUC AR At LR 45U 1 AF 40 2 4 L 1) L AR B (Effort-aware) T8 47 o
321 FEHER., AAF., IEMZEA Fl-measure

HAER . A2, Fl-measure F1IERH A &L 3 2 =3 GUHCH F VP05 TR0 A8 B 1) ME R F A5 581, KB IR R
I 5 g T 000 AFF 50 R A A T X L 1 R AR AR 7 18.19.20.2023)  HE BR B R R .

TR AT T — ARG A8 B8 (1 TR &5 5 A APl de k. 1) 5 — /N5 BBA 00 RS A2 58 T A Bk A (True
positive, TP); 2)4% — AN B B A A8 58 Fl I 24 1% B (False Positive, FP); 3) 4 —AN&H Sk A KRS A
FE A0 9 ¥ A B Ff (True Negative, TN); 4)4 — AN i B 16 ACRS 48 B8 1500 4 7 6k [ (FalseNegative, FN)o 4R
5 U ASE 2R 0 R e I DY T A5 R, RDRI RSB ER. . IE#IEM Fl-measure HEATIHEL .
EH T BTN f5h e o 00 AT A 5 0 QTG SRR AR B B TR SOR , BRI SO R I B HE R . 4% A Fl-measure
HAE BT 0 A BB ARG AR B

5 E# (Precision) & 48 JT A B LA 73 28 (1A Bk IE AL 5 o5 BT B 20 2R A7 BB A2 SE 1K) EL A1«

TP
TP+FP
42 2 (Recall) 2 45 JT A 1 IE 7 70 28 B0 BRI AR 58 o5 BT 0 1A Bk 0 238 S A EL i«
TP
TP+FN
Fl-measure 2454 TR Z A A BIZR M LEGEMERRTR bR, B 2R i 2 F0 3 51 28 (1) R A0S 35 «
_2x Precisionx Recall
Precision+ Recall

IE#i # (Accuracy) & 15 4 1E A 7 FE R ACHE AR 58 5 B AR S 38 S8 /Y L 4 -

Accuracy = __TPrTN 4)
TP+ FP+ TN+ FN

F T B IR d5t e o000 £ 0 b, A SRR A AR B R KT A ok I AR A T A R, TR
TR 2T REARE mr, AH X AN R R A FOMAS B P R AT o 6 VP Al B B TOASS B0k, O B e s 9000 45 R o 7 3
oA HEEHER . B4R, Fl-measure AIEFRAILE R,

3.22 AUC

75 RV R B T 5, AUC 72 5 FH R R R i B (19212224281 AUC Bl Area Under the Curve of receiver

operating characteristic, #8752 i{# L {F # 2k (Receiver Operating Characteristic curve, ROC) N fi. ROC

Precision =

(1

Recall = @)

3)
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M2k 72 TP 1 L Z (true positive rate, TPR)TEFT A 1 B {H (threshold) I UL FP (1] Lt 2 (false positive rate, FPR)Jy
AR B R A 2 . TN AR B BEAY ] — AN BUE SRS AT A B AR A AT AW . BRE I EUEVE R 0 F 1. 7R
TR AR 2 St — AR RS AR B AT T, 12 A A 2 AR A B L BT AR A . A T S BB &S R (R
AR A R R E BRI, I RN MEERAE 5 i B AT DO, G SR ERAE R T RIME, AR AL AR AL AR B T
MEoAEBG; Rz, WAEAARRDASE NN A B . X, sl UL H TP, FP. TN M1 FN % & . [Hit,
TR, B4R, Fl-measure PL I IEHH R A THE AR AR M- F000AR Y 1y B i 118-221

BT ROC /& TPR 7E A BI{A - DL FPR AR 2 W R 28, Fik ROC AK# T H{E. 1 AUC /& ROC
28 NN, Bt AUC AR T B {E1$22], Lessmann %5 A $8 H AUC X T A P47 1) B8 2 S 1o,
AUC it 8 BEh % e 73R P EE AT . AUC Gt ERIMERENO, 78 RTSHSBe 5 BT se,
AUC A RLPPAify 000 A5 B %o — AN B ATL A0 A 6k A8 B8 T 5 A5 S5 B RE 26 LU X — AN B ATL A BI% A w B 1 AR TS AR B
THEA B IENE R S T Re it o TRZE SEBR R R, R A 2 R T AR 2 B R A Sk AR HEAT R S, AUC
3& A T X A Bl AT VA
3.2.3  LAE® A (Effort-aware)$8 b

At TR AT W F 938 R BUALAS 2 >0 FUS 2 HE 10 M BE 48 BR A BE 52 43 2 A Al e T 480 A4 512 B B2 AR I 179
PEREVPAG oK BT ERBETIMZ N T B AD & 2, fESEBRIT R, JFRE R A A BRI 8] R0 5% 5 SR o
BRI EARIE T, WHfal {5 A 2 52 3 58 2 (1 5k B 2 RV I Sl i To00 ) OGS i) . BRI, AR AR R
1 F T /F & J8 1 (Effort-aware or Cost-effectiveness)¥8br xR s B 5700 35 A HEAT 1 BEVEAS o
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