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Abstract: As software delivery increasingly emphasizes speed and reliability, continuous integration (CI) has attracted more and more
attention these years. Developers continue to integrate working copies into the mainline to realize software evolution. Each integration
involves automated tests to verify whether the update introduces faults. However, as the scale of software increases, test suites contain
more and more test cases. As software evolves, the coverage and fault detection ability of test cases also change among different CI

cycles. As a result, the traditional test case prioritization techniques may be inapplicable. Techniques based on reinforcement learning can

« K& H: ER B AREERE 4 (61872008)
ORI ) 2021-07-13; A& U IA]: 2021-09-08; K A I [71): 2021-10-08; jos 74k Hi RN A]: 2022-11-16
CNKI 4575 &I Ta]: 2022-11-18

©

“FEEAFIFSEIT  http:/ Wwww. jos. org. cn




MU — AT BT 3 6935 R R IREE K R ) HE A K 2709

adjust prioritization strategies dynamically according to test feedback. But the existing techniques based on reinforcement learning proposed
in recent years do not comprehensively consider information in the test suite during prioritization, which limits their effectiveness. This
study proposes a new test case prioritization method in CI, called pointer ranking method. The method uses features like history
information of test cases as inputs. In each CI cycle, the agent uses the attention mechanism to gain attention to all candidate test cases,
and then obtains a prioritization result. After test execution, it obtains the updating direction from the feedback. It constantly adjusts its
prioritization strategy in the process “prioritization, test execution, test feedback” and finally achieves satisfied prioritization performance.
This study verifies the effectiveness of the proposed method on five large-scale datasets, and explores the impact of history length on
method performance. Besides, it explores the model’s effectiveness on datasets which only contain regression test cases and the model’s
execution efficiency. Finally, the study comes to the following conclusions. First, compared to existing techniques, pointer ranking method
can adjust its strategy along with the evolution of the software, and effectively enhance the fault detection ability of test sequence in CI.
Second, pointer ranking method has good robustness to history length. A small amount of history information can make it achieve the
optimal performance. Third, pointer ranking method can handle regression test cases and newly-added test cases well. Finally, pointer
ranking method has little time overhead. Considering its better and more stable prioritization performance, pointer ranking method is a
very competitive method.

Key words: continuous integration (CI); test case prioritization; reinforcement learning
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B3 AT M4

T T BIHER 058RS P90 R A0 30 52 A S P 4 8, R A% SC M T Bi-LSTM 48 R0 {4
9% W 4 FTR, 76 Bi-LSTM Ht, 45— AN IRIL, K0l 25 b 1 RS 93407 R 19 LSTM i 46 S F ke ok,
By = (), 5CRE MR AN I D25 B 05 ) 5 35000 A\ (030 22 A RIS 3 B, 90/ T A 3 5 SR R 1 5
0, B A BT — B HOGE (),

.
X "i{/ ﬁ“

A A A

b ) DR o )

ey Lo g

o ) n_J b

A A A
Lo X Xt

K 4 Bi-LSTM

AR GEIA 51 2 Py SRR ¥t 10 X0 0 R I 5 1), SEHR gk T B0 vk 1 i E SO B e B 9 e i B
A5, DRk s 9 4 v 0k P 81 A AN 1D, T AN RO AR N PP 9K BE, AR G R 7 47 31 e B A 7R 0
SEEAT TSR, IXANM TS B AR SO BRI 1) i SR B mT AR ), LR MO T AP I E. D T
PRI A i L, AR SR AR B A R AL, K ) 2 RS B, R AP L MR A, SRR RN A
PP A TR AE IR Z0 IR, SRt X ) 5 B T M ke T N P A7) R 8, AR g e 6 58 RO AN TR P 471
KRZIREA IR K A

Fopsth, SR R LRI T BATESO0 T2 B i i g, B I () OVE R A, T2 vl BURE B BUE
PESRE, THA OB R (R B i A5 2 T 2, RIS 1 I 2 B X I R N I A% A 2 0 U B AR R
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SR, 0T ) i g, B & IR AR TS U R

T . . . . 1 / i i [
" = { v -tanh(Wy,, - ki + W, -q), ifi# 71'(]) forall j<i fori=1.2.....k ©)
—00, otherwise
A(key, q; Wiey, Wy, v) = Softmax(u) (7

o, Wiy ~ W, Rl IAL TR FE, v el IR SN &, w 328 T Bl & g W8 Rk 0 O0ERE,
Softmax VAEA— Ak ) u 45200 S A B )RR ) 4. R, SEREHEAE S A 1A 5 i, A3 481
IERRMMER BN LLEE 7 DA a8 104 AR Al g =, LR D & — iR & (58— AN X R 17E =
JIRUE, vHEA T
pr(Pin(< j),s) = A(ency,, dec)) ®)

o, enc; WS i P, dec; NARTBIRMEE j P4, p A &AM BITEES 720 HEw I 4 e £ 1 i 2.
322 THRE ML

Wi 5 PR, VPRE WS I gnit s . ACFRREHURI AL A 3 B AL, Snit A5 2 Bi-LSTM, AbFAH A =
JIWUEIE IR R AE AT 5 6 VL, R 88 2 AR P M 2 (— A2 11 ReLU M & W 4%). 5 AT 5 W 45
ARTR], W3R G REAE ) 52 1 S B 2 ok i) 4 1) i 0 2 B 95 bR A5 T 91, R 300 o 00 A AL B (1) - 5, AR 1 Ak
FRREHRT I AR, T8I T ST i B A5 AU i H ) BB IR 2 i 2 B, AR R MR U A T B T S R meR A A A 2k
PEALE, SR RRIECIRAS, o 28 (0 AL BT 45 TR Re 08 AR i M A B A DG 1K 22 A5 8., BB i S A G
BB AR A 6). A (7)1,

p = Alkey,q; Wy, W5, v*) )
k

G(key,q; Wy, Wi, V%) = Zk,-p,- (10
i=1

g =9 an

81 =Glkey,gi-1; W, , W5, %) (12)

Hot, Wigy ~ Wy JTINZRIOBCE R FE, ve 0T 2RI 2800 &, G 2 B A B BUE I BUS I 4L &, 1
NERACHEAEH, bR A PE R gy W LMD N R AL B R R b ) B 5 1 AR g0 IR A B g, %0t
FETT DAREAT B0 LU AP s SR S AN AR B 2 BN B RS, g OB AN PR YERE 73 d AN 1 IR e 25 fif
7= AL VPR E (R B SEZ TUAE), 1% PR 8 BUSEAB SR P J7 1R 2 i A/ A 15 2% bR U LA I 4%, SR 199 2% 2 40
PR W0 2% T (1 300 201 S HE A

Process block —— —_

------------ A

; - - Neural network
'Bi-LSTM i

E Embedding

EFeature 1
| vector tcl tc2 tc3 tcd !

K5 PReEMSE
3.3 R
N TG PRI (0 S, 515 2 AL S (K, T B 5 2E 10 2 il R K, AE IR I R A A 2030
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AT )G, BEBAKHEMAPAT 45 2R, WA B AL AT A, FUREAS B4 50 1947 D, R BE B T B LA (4)), &
2 3] B4 RT3 R R S AN R T RETECS! TR AN IR 105 il o7 S A0 AN 5 (0 03 4510 48
TNETZR AR T, A SO P 2 B 25 A HE 3 I 1 DSk P 0 S A by AR5 T 22, TR (1) Ak 2 R R DU 18 5 A
A, AL A I3 60 7 AS R D3 A 461 4 R RT e A AN [R) R AR 26 2, AR REAE 45 7 SR AN DU 461 22 5l vl e 2= A AR
X LA FH ) 4B 4 R T IR IR, O B, B LAl A9 B A A A 45 T 22 i R % LA HE 3 R A B0 A 22 b A5 8,
B B AR, TRASCHE A A W A s 2ot 55 22 i

E M 1. NAPFD™,

Zmlm rank(t) »

NAPFD(TS;)=p- - +
T80 =P g milrsy " IxITS]

13)

fail
Hr, p= % rank(t) ARG ¢ FAERLIR, TS K908 81 41 v e 0 48 < 5 5 (K sl 4017 4, PRI
DK BIASE G R EIAT, A AEBA BRI 1R, DRI A S 65 Lid] p BEAT T bdfELL.

XTI B PR — AN HE R, 238 (0 DX B A 80 i o, e o ) sl A 49 e R 28 0 i, AT T A S XA 281
REMEEAT S0 /D DI B R 44 T, IS 22 B 158, NAPED it 4l oAl 1t 3 1R B ) — AN b, AN SCAE
NAPFD 1 4 32 il 68 250, 7 8 B 169 D00 910K RE 8 460 70 PR R 5 B 22, 96368 10 D00 1 491 4 HE A BRI 18, NAPFD
(B, 2 W I F A O P B B, 125 il SR 2 4 T A5 Y SRR I S Tt

FE X 2. NAPFDc.

5570

i=1 \j=TF;

NAPFDc(TS ) = ————— = (14)
m Z tj
=1

FErr, n 9 PAT IR BUEL, m A ARAT (R DU 490 T 4B s R (0 R B8, o oI & (9 SEBR AT RS, TF
HeF 5 R A BIEE 2§ AN IR 41

QIET i, NAPFD [THEACHE 1& T 48 A5 91 FTHERL IR, %A 25 I F BB A T (R K, 78 SEBR B B,
e (0B N B) Y 4B 7 H AR, TR 3k BE S DU A3 81 s 1. T2 25T APFD 5 APFDc [F198 R, &304 NAPFD
W—ASMEEREH NAPFDe. A5 T NAPFD M35 & 38 45 3R A 61 (K HE 747 B, NAPFDe B S03E — 252 18 1
TR B BAT A, BT PN 4 R 48 5 1 DU R 4610 1T 5, e A FH I B 7w DU SRV 45 7 HH R, 4R AR
S . R L, R I ST T P R TR 22 (1) 4B A I R 491, 122 HE 7 11 NAPFDe {ERBRK, 45 T2 (1 22l ml il %2 .
NAPFDc #H5 NAPFD & T HATIN K, GE08 5 a7t 7 i HE P 10 I ) AN, S5 55 7 ) P M Rl A 7.
34 EiEHER

B3R L U

For each cycle:
SRAFZA S I A IR BLRAS, BI o AWK G FRAE 8 { S, freas o fien)
FRBRIRAH AN SRAL 57 ST, AN A A, RIDGS B A Dl A 1 264 T HE 7
(HRHE > 25 R TIR)
MRIEHEP SR MAPAT S R, V%R R R 225
Bl SR A v A o SRR, BERUR I B T B SA SR S 4

PALRE R P AR R R b, o TR AN S B 1, B S A B 9 PR R AR A A PR BRS¢
T S A 2 9 2 T SRR B REAT HR Y OnF T A 2 50 R <A A A, B R TR LSS 3.2.1 1%

RPN
), 13 2HE
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FPaf SR, F PP AT IR 51 i, AR P 45 SR DUSCRE IR 1 R B0 T 45 R L R M), 2 8 3K (13) B
2 (14) VS22, 2% 2 il FH AR 00 B 1 A 16 LA SEOBT S50, TR BERERAT 1 BNk e St EREAN F 0, A 2R
SAE TRt (B BEA T U R, LU ORFHE P SR AT 4 2.

4 SCIGIIE

4.1 HWEER

AL I ) G

(1) FEEHHET 522 1 Re A bR T 491 )7 SR e ).

(2) AR 490 D77 s A5 R S i B HE P 5 v R R I s .

(3) FEHHEF T2 AEA S RN 490 P i 2 B e P R

(4) REHEFP 777 AT 2 a0 ).

51 AMIEFT ) R W I Fe A HE P 75705 RETECS FHE P20 R B se, B0l 3 7 V248 Tl Bdi 4 B
PERER I, AL T A 1R I 2 - H 407 S A B BE 0, IR B AR 7R B R AR, 28 2 /NP IR e i
T AR RN T A B AR, BRIV R 25 5 IR SR A T . 28 3 AN 9 il R AR 0 25 B AR B S 393 Pl 3 1)
JEPi SR HAT AR BN B 5, HEP A D0 s A5 B A0 8, 7 R I T, I 8 () B4 U FR B HE P T vk g
AR AT b A IR 5. 5 4 AT ) R BR TUHR £ HE T 5 BT B, TR A B R )
AR VPR T, TTALAe2 ) ik T B — e I TR AT VN 25 5 T, TR Db 75 B I R I AT 35 R R B, LURA R 5 v 1]
P
42 XWWE

(1) B¥m 4 B0 UFHE P 7 A S b 5 0 n] L k, SEEGAE 3 S Tk #E 4 (Paint Control, IOF/ROL,
GSDTSR"™) R A JF 95 90 H %04 4 (Beel, Nfe) EiE4T, Hrr Paint Control I IOF/ROL 3K [{ ABB Robotics
Norway, & & 2% L A IR E i, GSDTSR J& Google 2 ] (117~ il ik # 4, Beel Fl Nfe & M\ GitHub -
WA 1y v B O E R A, o e A A SE o I R T A B, L T IR D s PAT A R TR
EPATIHC . Bk BATI 2] AT BRI I PAT & R, AN SRS Tl 300 AR AR I AGE, Bk
S E AR 1 PR,

X1 DI ER G- EdE
iR TRRFAGIE  SERJRIIE BUTE RS RICE (%) FATSE REMA T BT 45 S8 i

Paint Control 89 352 25594 19.36 287.57 72.71
IOF/ROL 1941 320 32260 28.79 16.62 100.81
GSDTSR 5555 336 1260618 0.25 226.93 3751.83

Bcel 60 308 3114 2.67 51.90 10.11
Nfe 235 318 20090 10.03 85.49 63.18

1, <A B0 R R TE TR AR S 3 o BT e I A [D R 0 R 48 ) e, <R R RO R R AR 2
T 20 T AR BORTIR, “PAT &5 B0 3 m Br A PR 8] £ 4B 40 B 30T AT I S B, < M3 3R R AE
BT AR AT &5 3 A S IR B o be . A Be -2l vT LA Y, Paint Control. IOF/ROL. Bceel. Nfe Z(#i& 1)
FURAHXT /N, B IR 5 R A B GSDTSR b, (H B AT R IR &, Bei8 4845 1l 41 2, 2o+ IOF/ROL 11
RGBSt 1, 1K 28.79%. WEAL, MGEPAT 45 R B/ MK B B, 7T LAA3%0, Paint Control 1 GSDTSR H &AMl
FRGIBAAT (1 P2 IR B 22, 3X 3R B AE X P AN SO0 40 mh U 49 1) g SE AT 45 BV S8 8 %, i fE IOF/ROL. Beel
Nfe Z4f G 50 T 9 Bl AT 1)~ 38 B /D, 3k 3R B A i B A oy, DU A9 1) 7 e AT 15 AR i 20 A
AT 55 BB B R BB T LB HY, Paint Control. TOF/ROL. Beel Al Nfe %4 45 78454 5 W1 b ST
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R E /D, 1 GSDTSR U 4R 7 AN i J8 1T v 75 ZEpAT B B i e 22, A B0 7 e 0 3k 41
%, %53 GSDTSR AHX 5 /DI R IME, F T HE P ROR 1250 5K, & — AN BB (T4 th L 4y aram,
X5 ANEARAE I 22 TR, AR R, SRR MIRR B D st AT R B2 SRR RRT B £ R T i
B, BRS040 HAG W = 3. O T 90D 8L RENL IS )% ), FATIAE Paint Control. IOF/ROL. Beel.
Nfe $dE4E 3T T 30 IR SEIEUFI444, T AE GSDTSR _E#k4T 3 YRSz B L P18 (i T- GSDTSR it ]
BIECRZ, B E I RIIAT S5 R 2L, V5 N TR ZEHAT IR T 1504 3000 LA L, 52 BR TS5 506 A i) A0 o 55 %
I, FRATE LI 3 1K).

(2) M EEEA: RETECS! A f 42 H Ao s A 27 20 I FH 1R sl e R 5 IR A 49 e A0, bt H i e
TP EE f R BUCR S Ak 2 2] R B S A SRR T VA AR IR ) S, RETECS AU FH )2 A R i 22 0 45,
HRAFE BN ) PR AR AE A T L SR WO %, SR 5 145 SR N 23 A 4 Fk D e GdE AT HE e, FEas v 10 52l o Bt =2
o BN T A 45 37 SR AR, A T 0% 1R P 491 582 1) A HE A0 SR 1 k.

(3) ZH I E: S CHR [18], RETECS HE I BGHZ M2 7o HCA 12, T 1226 s 0N R IMBCR B £ 1) TF
W FeEHHE T 7T, N R S 5040 470 IOF/ROL St 4 (1 9286 45 Bt 2 (i NAPFDe 15 H 345
R0, BT IR TR, T T A SEAT T RRER, £ ENRR D, M JZ 4R (4, 8, 16}, B2
S {16, 32, 64}, Bi-LSTM 24 {1, 2}, AbFERBIBEE % (1, 2, 3}, 24> %{0.001, 0.0001, 0.00001}, FI52s 4 1, Tl
W B i N 2 HE S 8, Bek 2 4E 1 0 16, g2 i) Bi-LSTM 2500 2, g4 1) Bi-LSTM 25k 1, KB4
Bl 1, % 225 0.000 1.

K2 AFRSHBENGR
BNEGEEE BRUR4EE Bi-LSTMRH  WFIBHEH %30%  NAPFDTH(H

8 16 2 1 1E-4 0.410
4 16 2 1 1E-4 0.383
16 16 2 1 1E-4 0.385
8 32 2 1 1E-4 0.387
8 64 2 1 1E-4 0.374
8 16 1 1 1E-4 0.372
8 16 2 2 1E-4 0.384
8 16 2 3 1E-4 0.383
8 16 2 1 1E-3 0.384
8 16 2 1 1E-5 0.382

CL A RO U 2 3K e AL 5 o 1 5 0 B 0 6 9 P I R S — 2 B 8 A0 VT A 1 38 P 4611
FUPRAT, DRl A8 B A5 A Rl S 9 AT DK B R AT I 8 — 21 Tl 2, A A B AT I - B
(KIBARF B1) 4 RERE 43 B BIAT . A SCS IO (MR EA T 5
4.3 1FMIERR

ASCAEH] NAPED 114 PEANHAw, FABBERE NI BIHE 7R AT AN ), T A LA 5K (13). APFD F G #ed
U0, R 9 1 AR (R L e e (U P 491 B 4 HE P 5 L o L SO 57 VKAt e 7 1 R
&, A HE B, SUEDBOR, AR HE A R, (E IR o K 1 RE 6 4x A BT, AT
7 9 Ak FEPRAT IS DL, 110 NAPED JU52 APFD A5 M JE, AL 7 AT 57000 1 F 904G 21 1)
B T R DR 0 B, DRI P T R0 DK 1 BE S A5 2P T R .

UEAh, ASCRAE T TTE (test to fail) {EAF 0 55— MR bR, HE SO HEF A (R G4 1SR4
BT AE RO K, DR F R 7 0 Al )8 - B R, R IR 530 S I A3 21T I B 1l b A i o ) B Tt
(RT3 1 A BEFIR B AOAL ), S 280 2 30 R O AR AT RN IR B . 25 1 AR A DUk P o £
SER, TTF AR08, 2R WIHE 8 R s
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T HAFHE T R, BRI (recall) W& —ANE M R FRAR, R AT H A5 (IR BT RS
KA B A I ) 7 B 0 L, 8 [l 2ok, F MR RS SR 2, e B HE P R T
4.4 TWHERES
4.4.1 XS 1 @b

6+ 7 4751k NAPFDc 2Jili ek £0R1 NAPFD 22 il s B0 5256 25 3R, Y da et HE7 )ik 5 RETECS J7 kA
TR, B A bR R TR R A I R R, AR R IR TE AR S I VEHE R 45 L ) NAPFD i, Wt ihge. 4 ta
M2k sy 9 7R T 484%HHEF )7 (pointer ranking method, PRM) £ RETECS [#HE 25 5 bt 42 s 3 301 5508 b () 22 4k,
BAOSLLEFIRLE R I (A, B 20—k BLG, Fi7r T NAPFD 18 K8 A MR r A, 3R T AL 2
St R T R VR ITE 0 HE R SR, DU A A — AN DR 91 AR A R, S SR i e o, A
eI AT BT HE . ESES T, FATME ] NAPFD 15 4 22 5 sR AN Fia b, &0 T 0 1 b ol 7 28 R B 4
JAIAHER A4 B L 548 H NAPFDe 1E i s debs, i1 vt 58 7 M A R R AT AR, BN 48 1 390
AL AT I B R F A, B ) — /N0 A8 7E A )4 ) S AT I Kt 7 225 0, RIS e 0 PR LY
AR R W HE 7 7 SRS S5UR, 1 NAPFD {E 11 15 DG K2 38 48 X F 1 (0 HE 3 A IR, 3 5 A 42 1
O AT EACY, R ERAT T ] NAPFD 1E i s fabr, PASAR B 70 AN [A) 4R 1 Sl I HE 17 280

1.0 P 1.0 1.0

----- RETECS ---- RETECS ----- RETECS
; — PRM P
0.8 0.8 0.8
206 4o Q06 t o 06
|9} o =2}
% 35 | %
z 04 1O z 04 o z 04
02 i | ‘ 02 [ i 0.2
0 I I I I I O I I I I I O I
0 60 120 180 240 300 0 60 120 180 240 300 0 60 120 180 240 300
Cl cycle Cl cycle Cl cycle
(a) ABB Paint Control (b) ABB IOF/ROL (c) GSDTSR
10— RETECS "0 RetEcs
— PRM — PRM
08 r 08
a 0.6
=
<
z 04
0.2
0 i il 1 I I 1 1
0 60 120 180 240 300 0 60 120 180 240 300
Cl cycle Cl cycle
(d) Beel (e) Nfe

K 6 i NAPFDc /535 pR Bt ¥ £ HE7 7775 5 RETECS S 45 R Lh i

£ 5 MHURAE b, WEE: 2 Zk, BT 6 ATIEL 7 BOHEP J7 i8R IO L T LA Y, 64 NAPFDce 15y 2 il bR
Hos R 10 B A SR S, DR He % rE T U R 0 (KSR A T A, AR T 225 rG 0l A 49k (2. 2K [¥) NAPFD ok
Ui, FALE T B B P AT I, RESS SR AR TR LT BEAG P T I T (103 000 P 91 1R i, T X A T i) B £
DK GIHE R 37 5 REON TE). AR 6, AT AR I BEAT 2% 3 S DR G AT HE P AR, D R IR
B2, WA S RS SYIHR 1R 1 o, S PR R4 e 4 R 5t R SRS, 2 ) B HE P AR ORI ] N A5 PR A2 4L, HE
BORBWHLTT, T ZIL BN T — MBI IIHEPBOR, XU T il 27 X BOR AT LAAEAR AL PR EE 2 2 B HE PR, JF
BEAT SRS ROIE R B AE R 7 7R, 8] NAPFD A1 4 il 5 KGN, $544E/7J7i%A4E Paint Control. GSDTSR. Nfe.
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Beel #dlidk ERBUACRZEH N B, X 0] BE dA R i R AU & SO 225 R ANGE WA, R S0 4 15 T DT &L,
N TSI IR, AR A B AWK T ISR 00— AR, FERE RIS G RN ARG R B BT IS
B, SXAE AR A5 2 1R 2l 85 D i A, A A SR RO 2 5 152 2 39, 4Rl o S0P v i A2 S T 22

10 — —__ 10— 1.0

-- RETECS -- RETECS -~ RETECS
— PRM ! — PRM — PRM
0.8 0.8 0.8
a 06 + | 2 06 a 0.6
[ = [
Z ,, z z
z 04 t z 04 Zz 04
02 L i 02 [ 0.2
0 L L L L L 0 L L L L L 0 i L L
0 60 120 180 240 300 0 60 120 180 240 300 0 60 120 180 240 300
Cl cycle Cl cycle Cl cycle
(a) ABB Paint Control (b) ABB IOF/ROL (c) GSDTSR
10— RETECS LO§ - RETECS
— PRM — PRM
08 08
2 06
=
Z
z 04
02 r
o L_cddodeerg LY T
0 60 120 180 240 300 0 60 120 180 240 300
Cl cycle Cl cycle
(d) Beel (e) Nfe

7 A NAPFD 1E22 )5 e B4 775 5 RETECS SE86 45 R HLEL

RETECS #yJ:7E Paint Control. IOF/ROL. GSDTSR. Bcel. Nfe iX 5 MdlidE L)+ NAPFD {E 4374 0.6535+
0.3254. 0.1214. 0.0331. 0.2418, Mf%EHHEF HikAEIX 5 AN Ei 4 LT NAPFD {4 %4 0.4289. 0.4105.
0.6603. 0.3448. 0.4535, f1[& 6 Al NAPFD “F-¥J{fi %1, 7£ IOF/ROL. GSDTSR. Bcel. Nfe iX 4 M4fli4E I, 1§
F NAPFDc 15y 2l B B B0 4541 HE R 5 2 3 BLEF T RETECS, AMXIE NAPFD 3448 5, H IR K 2 Bk
S E R IR T L, BALA I T A L R 2 ) a3 WEVERE k%, RETECS H327E Paint Control.
IOF/ROL. GSDTSR. Bcel. Nfe iX 5 A ¥#ii 4 L # NAPFD {0 5 2474 0.2611. 0.1141, 0.1141.
0.0849. 0.1798, F&EHHEF J7ikAEIX 5 MRS _E I NAPFD 18 ()7 2543 %) 4 0.0805. 0.0709. 0.1293. 0.0939.
0.0706, HII AT SRS HE 570 BT A S A EARIUES 8. 7 Paint Control 4R b, Firt-Hi /v Ik R Iing 2=, °F
¥ NAPFD {H%A%, {2 NAPFD {7 Z 5/, HE PR A e, R 24 B30 i ih 8 F e K ¥ 7 ZE 7T 411, RETECS
LI TR ATE B, /R 2k BR Z 0 HEF 208, RETECS $1vE7E Paint Control. IOF/ROL. GSDTSR. Bcel.
Nfe IX 5 ME4E FR B2 NAPFD {H4 524 0.0707. 0. 0. 0. 0.0015, F55FHERP 7 iEAEIX 5 AN B4E Fi
% NAPFD {4514 0.2804. 0.2611. 0.2965. 0.1147. 0.3502, it al 40, ZE i 4500 F, RETECS 7 5 s
& FIOHE T RO I, 78 A M AR A S R A R S D0 N, S e e, AT IR AR
T2 T REATAS AR, ST B BN G DL T AT R AT 8 0 & BRI HEY, K48 74 5 1038 43 i A
BT SR I T HE, HEP AR WAL 7 AR M S B N R B OGN E SR L L R 22 1
P ] BE A 5 BT R IR R i, BRI 4R ST HE 7 7 72 ] Be A SE B A A o s AL

* 3. RKAJERTENEIELEN TTF AERA B2 0 L, W r s AUE. 38 3 %1, B T Paint Control il
Beel, ZEH MR FIREHHET 7 VEA /NP4 TTF 18, $55 2 7E GSDTSR #dhi I, Fa4l HEP )71k 5 RETECS
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JTEIRIZE R 73 B3, R WIHR Y AR A ROt 28 1 N30 88 1 D0l A 00 HE e A B i, 649 0T A&
REfS S0 R BLAR 2. 3R 4 11, 7EBR Paint Control A Br A Bidii 46 b, $a41-HE /7 5 35 S i i) 4 115, R W4
A IS 1] BRI B0 R, FREFHE ik REMSAS I Y 5 2 (K5 %, 1M 7E Paint Control 244k L, W& RETECS JiVAREW
I 5 2 (R R

R3 OAFUTER TTF FEE AL

Jiik Paint Control IOF/ROL GSDTSR Beel Nfe
RETECS 3.2052 9.4358 665.5383 1.1494 31.5184
PRM (NAPFDc) 6.1885 3.7954 24.4486 1.743 8 7.3589

K4 AFUFRM A PR HAL

7% Paint Control IOF/ROL GSDTSR Beel Nfe
RETECS 0.7761 0.4404 0.1676 0.096 4 0.5053
PRM (NAPFDc) 0.5374 0.5411 0.7239 0.4185 0.5874

4.42 SWHHFCIRE 2 151

AR SO T IR A A N AR 1 D S R BE RS, BRI AN AR R VR R (W 5. [ s A R
SR BN A 25 AT DT A5 45 SR (e D aed s 2R ), 6T B 2 e 8 0 FH AR A AT i 1 2 R G A1
BE, FET D7 S A5 B AR 7 9 OV P 0 90 05 17 52 R AT 4 SR AR DAy IR PP A, FL R A SRR ot 2000 5 2 I 1 )
T2 81 BT, 7RG D kA AR T 48] ) B 2 R A T L

A CAE TIOF/ROL il Paint Control ZHfs £ b A48 A8 H 0 i FH 460 7 sk A A B EAT 5256, 18] 8 R B AR bR KR
{E 7 3045 B, PABFRFRIRTE 18 N A b, AN AN T el 45 SR 2 b, sl 8 & th, Fast % i
0 AT BB M AR B, TERR AN SRR b, P s A R 2 3930 10 Bl R v, R R B R AR R
K, 7E IOF/ROL #fa e I 5045 B R 2 I R AT iA B AL AR, 78 Paint Control £i4li 48 b7 345 BN 5 I
BT A 3 S U (R 8 TR, S DRI A H T PP 5 10 A R e I A B2 18 38 B AN ISR P 81 (IR AIE, 3822 1 oA % FH 491
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