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Abstract

Abstract: Data mining were employed for the optimization of material release of PCB (Printed Circuit
Board) template. PCB scrap ratio related parameters were specified and prediction model variables were
chosen according to hypothesis test. Multiple linear regression (MLR), Chi-squared automatic interaction
detector, artificial neural network and support vector machine approaches for the prediction of scrap ratio
were employed. Evaluation indictors called as superfluous ratio, supplement release ratio and weighted
sum of the two were presented, the material release simulation was conducted and then the four
approaches were compared and MLR was taken as the preferred one. Adjust coefficient was introduced
and optimized according to factory’s cost model. Finally, material release tool were developed and
verified. Comparison results shown that superfluous and supplement release ratio has significant
reduction which indicates that the approach can systematically reduce the cost of material release, waste
of inventory, tardiness and so on.
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Abstract: Data mining were employed for the optimization of material release of PCB (Printed Circuit
Board) template. PCB scrap ratio related parameters were specified and prediction model variables were
chosen according to hypothesis test. Multiple linear regression (MLR), Chi-squared automatic interaction
detector, artificial neural network and support vector machine approaches for the prediction of scrap ratio
were employed. Evaluation indictors called as superfluous ratio, supplement release ratio and weighted sum
of the two were presented; the material release simulation was conducted and then the four approaches were
compared and MLR was taken as the preferred one. Adjust coefficient was introduced and optimized
according to factory’s cost model. Finally, material release tool were developed and verified. Comparison
results shown that superfluous and supplement release ratio has significant reduction which indicates that the

approach can systematically reduce the cost of material release, waste of inventory, tardiness and so on.
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x1 H
Tab. 1 Parameters specification
75 SRR s 3R (B Y ) p-fH

1 HRIE Pt PCB #J5(0.3~6.1) <0.001"
2 214 Ln PCB 48 J241(2~10) <0.001f
3 MR EL Plfr BRAE T E MK (0~4) <0.001"
4 T4 Noo 5E PCB MR T 75 4 7 L7 5(4~55) <0.001°
5 AR N NPP J2 HE I TSR )2 i 46 B 5 410(0~20) <0.001f
6 AR Photb JEHMCA 1, RZH 0. <0.001"
7 ST R AR Highfb RS 1, RN 0. <0.001°
8 JE 75 IPCIII FRifE IPCHI K IPCHIL B bsvfEI 1, 22N 0 <0.001°
9 WIZ BN Mwil )2 U 22 i 85 /IMEL(0.9~137.8) <0.001"
10 W2 BNk TR Msil B2 R Hh 2 1) B 5 /MEL(1.0~99) <0.001"
11 AN RN TR Mwol N2 HE 1k T B ME(3-140) <0.001"
12 AhZ BN A ER Msol TR A b S ) B g /MEL(3~140) <0.001"
13 ST I Crd RHRER TP 1L, R2H0 <0.001°
14 LA IESON Arcr PN A 91 25 B R 22 3404E.(0.15%~95%) <0.001f
15 R NG Dfil KHATHETELZAL, RZH0 <0.001"
16 SETA U HLE Nflp HHRAHEER L, RZH0 <0.001°
17 SALE Noh R FLFLE(0~116 406) <0.001"
18 DU LR L Hddr HUBEERT LA ] L (0.816~12) <0.001"
19 R A Secd TE AN, RZ M0 <0.001"
20 T2 Phwr HHHRRESLA 1, RZH0 <0.001"
21 RE A Bedr HEE 1, RZAHO0 /
22 A LR Bbuv AHELRL 1, KZH0 /
23 HHWI Haslwl RHEABHWBRMmMACES 1, KZH0 <0.001f
24 TCEEE Haslol KATCHW AR 1, RZH0 <0.001"
25 ST bl Osp KRS IER AL EE A 1, RZH0 <0.001°
26 P A 4 Cnapp K FH B AR S R T AL FE 1, [RZA 0 <0.001"
27 W 4Tie Gfp KA STHRFRAETL 1, KZH0 <0.001"
28 R B R 4 Godp KA AR SR I F A 1, RZh 0 <0.001°
29 HAE 4 Snap KA R R EA 1, RZA0. /
30 2R A4 Imnpa KANF R SRS 1, RZH0 /
31 U4/ lasa KHUIE JUR. DB —Fch 1, K2R 0 0.001°
32 ST A Choil Higmh 1, 2Hh0 0.285
33 R R TAHHTEN Chaprt RATHHE AN 1, RZH0 <0.001
34 TR PSR ZEFL Srph KPR 1, RZH0 <0.001
35 PrinE |5l TGN KHAEGMERE N 1, R2ZHM0 <0.001f
36 Panel W HICHE  Duap NI ICAN R T Panel MEAT AL, %) RA = PR (1~1 008)  <0.001'
37 AR B Suprt [l —iT B 5 BRI HL-1 (1~9)
38 BRA PR Reqq PR AT B B -5 | AR S (1~42 000) <0.001"
39 GAERNEGE Relg A pE AT BT BN B T ET i (6~45 360)
40 R Scraq T AR £ (0~1 040)
41 NS Qualg FAT A RS N R (5~44 688)
42 RENEEH Surfq N JEH R -BER AL T HUH(0~4 480)
43 B HITIAR Punita FAT AT B TR (0.001~0.267) <0.001"
44 BER AR Reqa ReqgxPunita (0.054~41.553) <0.001"
45 ZEE PN Rela RelgxPunita (0.175~76.532)
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F5 ZH AR (R Hid (AU G ) p-fi

46 R AR Scraa ScragxPunita (0.000~20.976)

47 NCHIEA Quala QualgxPunita (0.14~75.842)

48 RN PETH R Surfa SurfgxPunita (0~47.092)

49 N5 Suprr — 5 A T AR B AT BRI 100%

50 R = Scrar Scraa/Relax100% (0%~39.394%)

51 A EEE Qualr Quala/Relax100% (60.606%~91.66%)

52 REUNEH Surfr Surfa/Reqax 100% (0%~91.67%)

53 PR A Hquar 2 RN Al — AL B S 2R G i 2R IR HE{E(2.903%~100%) <0.001"

VE: MRS ESE/RIEE. R AL B mmy mil, OZ 1 mP. PRI CRFS A IFOR FARIGAT RGN T 0.05, <
RoRELE SRR R BOL /N NS HOP B LB R p-EoN B FRR RSB MG .

BLES 2 ) F 2 H b 2 RO BT A5 o S AL e
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Fig.2 Flowchart for the calculation of indicators
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#2 VHMRR RS D Surfr _Pd; il i AL
Tab. 2 Evaluation indicators related parameters i
?WiﬁWﬁ Sﬁid FEBE IR L 3O\ SRR 0 T ()
A E S U] crar_ s
ORI Relq_Pd JIBUARE S
Bk} Panel ZHTIIE Relp_Pd WSum =w, x Surfr _Pd +w, x Suprr _Pd,
BORHEAA TINAE Rela_Pd
- WoAw, =L0<w <L0<w, <1 (10)
R SR T Reqq_Pd 1P = LU= .
LR A AR TIAE Rega_Pd TSR I XoF 42 BN P 28 R AN 223X 0 Pareto
SR TR U i Scraa_Pd HARIIZE G s 200 EEAS RTINS ANy, an SReik iR
REE TN Surfr_Pd E S BRI H AR L B0E T BRI, AL
VI EAME IR AL TIAE Suprt_Pd s o N ‘
A ZE TR Suprr_Pd ﬁ:IEﬁ/jé EI’WE% o ﬁﬁﬁﬁﬁf&ﬁ‘ﬂﬂfﬁ? ’ ﬁﬂ*ﬂ%uﬂj{

N HER} Panel ZCFINIEE I F 204
qu_Pdw

Duap
P Duap A% 1 HfE XH— Panel 0%
A BT
FESEIEA b, BORHECRR BB
Relqg _Pd =Relp PdxDuap 3)
PR PO B BB T8 1E S BB
L

Relp _Pd :[ 2)

Rela Pd =Relg Pd x Punita “)
VA AR AS UCIIER G BU NS IR G F
Scraa_Pd =Rela Pd x Scrar %)
5E SR IR PN BORE AT SANBECEL
Suprt_Pd=

LLRela_Pd-Rega_ Pd-Scraa Pd<0 (6)

{ 0,2

S SR AR A TR A

Reqq_Pd =[Relq_Pd-Scraa_Pd/Duap |(7)

VAP A N STV SR

Surfr_Pd =

D Rela_Pd-Rega- ) Scraa_Pd

Rega

D Rela_Pd 2 i A Bk B0 A 2 A,
D Scraa_Pd b A R AL 2 F

n AT AR T A -

Suprr  Pd :(ZHZZSurfr_Pdi)/nxloo% 9)

i=l

x100% (8)

FH S TSR BT 3 ST BB AR s [z
LI NP DIVA /1L e i S

2 #R5T®
2.1 - SHI%E

Bt PR R A e 35 NS 8L
AFIHT MLR  t-46 56 07 5005 40 2K 4 58 AN 2 3% 2
A VRS IR s 2 E A . K 3 PR t
Frde gl A, a1 S MR JRE B
TG CERE B ARG A AR
AT TPCIIL bt S T A7 PR | SRR I fE L 2
AR TR AT S0 i LA DUHE LS
bt REAMIRZESL. AR . o, 9
R BB ER e P TR . . D/
W8 RARHIEZEAL . AR S
ABLHICIA L BERA AL s R % 26 Ml
PRA TN S HL

2.2 TR REXT b

BT EIRTLEIFIOLE S50, R R 5
PR, IR L 2 02 R I R AN T 2k o
XTVIFEAR, £ 4 25 T AR TN 7132
ATLAE Y ANN 307 3% Z b, B A AR
MLR. CHAID 1 SVM.

HE—2D AT L 3 AAEAS 1 AR N 2 22 (Surfr) f £ b
B (Suprn) TNAE, HARZ Rk 5 Prox. Hp
S2.S3 (1) Suprr %2 S1 43338 T 13.17%-+30.84%,
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TAHRNH Surfr 2353 BRI T 28.38%- 52.07%.
FRFk A FAME SR, 2016 421 HA14 H
FFUR 3 AN FREA L S2 S3) 4[] 45 Bl 5in i 4=
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FUEERE, S5 T RO 0 BN R FEAR BRI AL

%3 MLR ZHka K

Tab. 3 MLR parameter testing

Vol. 30 No. 7
Jul.,, 2018

[EIEOREN 51— IR BRI RERE I 2SR A R 1) 9%
A 6%, A 145 A Sz F A2 ) R 4308 SR A
BB AE UL RN DAL A BN R AN

A= AR B SE Beta t Sig.
1 )5 0.075 0.079 0.017 0.949 0.343
2 25 0.632 0.024 0.421 26.582 <0.001
3 R A L 1.012 0.12 0.108 8.405 <0.001
4 T 0.156 0.01 0.564 15.184 <0.001
5 [ 46 % —0.042 0.017 -0.028 —2.455 0.014
6 AR 0.367 0.142 0.013 2.583 <0.001
7 R RN 0.550 0.13 0.013 4.226 <0.001
8 JEF IPCHI ki 0.976 0.087 0.046 11.220 <0.001
9 W2t /N 5 -0.005 0.004 -0.010 —1.188 0.235
10 2 /N R —-0.012 0.01 -0.016 -1.238 0.216
11 AN Z I NER B -0.005 0.005 -0.010 ~1.155 0.248
12 AbE B /NR IR 0.008 0.01 0.011 0.815 0.415
13 ST A ek A 0.587 0.089 0.021 6.564 <0.001
14 VRS SLE] 0.021 0.001 0.211 14.891 <0.001
15 RN, 0.378 0.083 0.013 4.565 <0.001
16 AT U 1.127 0.141 0.115 8.020 <0.001
17 AL 7.49E-005 0.0 0.153 26.154 <0.001
18 YUAE FL R L 0.180 0.02 0.124 9.155 <0.001
19 AT B T -0.058 0.062 -0.003 -0.936 0.35

20 TR -1.104 0.209 -0.025 -5.275 <0.001
21 HHIB 2.631 0.268 0.172 9.809 <0.001
22 PR 2.697 0.271 0.136 9.943 <0.001
23 B 711 2.652 0.282 0.076 9.397 <0.001
24 Pl B 4 3.915 0.274 0.159 14.268 <0.001
25 B4 T8 0.417 0.122 0.010 3.411 <0.001
26 FAENE 4 0.748 0.155 0.027 4.813 <0.001
27 V&M% 2.664 0.266 0.246 10.005 <0.05
28 TR TN 0.125 0.135 0.003 0.927 0..354
29 TR B AR ZE AL -0.389 0.062 —0.045 —6.265 <0.001
30 ST ARSI SR P 0.139 0.065 0.007 2.134 0.033
31 Panel H{ & A2 B oo s -0.004 0.003 -0.011 -1.729 0.084
32 BURA P4 4.08E-005 0.0 0.003 0.542 0.588
33 Eh SIS 37.202 0.903 0.233 41213 <0.001
34 BLRA P TR -0.121 0.006 —0.119 -19.540 <0.001
35 IENEES -0.099 0.003 -1.227 -33.801 <0.001

TE: B AR SHAREANIE; SE AbsdEfZ; Beta MARMELREG t 0 tRIG(H; Sig. 3 PEE MR S K- -

https://dc-china-simulation.researchcommons.org/journal/vol30/iss7/28
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fre g B
K4 PUTRENL BUAEAR LR, BAALRmE 3 FiR.
Tab. 4 Comparison of mean squared error (MSE)
MLR CHAID ANN SVM = 24} WSumBE MR BB AL A
= )
SE 3.08 3.18 3.05 3.22 E 21— SR
5 = MLR TG A AE
5 RIRITRIELTE RN RN L b
Tab. 5 Comparison of Surfr and Suprr for the four prediction g 15
approaches B 1o
— bR .
FEA  SZBRfi  MLR  CHAID  ANN SVM 2 ¢ —— CHAID TR A0 AU
= —— ANNTIInAUE
17.54% 20.64% 2133% 20.83% 27.97% & 6 —o— SVMTRII AL
S1 i i
1131% 3.77%  3.98%  3.66%  3.05% 01 02 03 04 05 06 07 08 09
19.85% 21.84% 21.38% 21.65% 26.36% A RBUE
S2
8.1%  3.89%  4.01%  3.81%  3.24% (a) S1 fJ WSum Fifi Suprr_Pd A& {b 4
22.95% 21.38% 22.68% 21.63%  26.78% —
s3 ° ’ ’ ’ ’ al WSumBEAMEARUE AL B

542%  387%  391%  385%  3.14%
T AR BT/ N AR R BN 2

21 b —=— SEBRIIAUE
—o— MLRTFIANAL E
WL WA 7R, S2. S3 Tl BNJE %
W BAR T SEBR R BNER, SVM RIFRARHI R %L

APES; (4T S1, 3 MLR. CHAID. ANN B) gamycco THTLE

F ONLE IR S &SI

9 —~— ANNTIJTl?ﬂ'UJMﬂ{E
T SVM A BN e SV 43 ) 6 o SYMBRR
T 66.67%, 64.81%, 67.63%, 73.03%; XIT S2, 0.1 02 03 04 05 06 07 08 09
e T

SUITFET 51.98%, 50.49%, 52.96%, 60%; X

b) S2 ) WSum Fifi Suprr Pd 25 {4 i3
T S3, IR T 28.59%, 27.85%, 28.97%, ® SRt

42.07%. 4 FHFIMALEIE AT g b SRENEZ, T = 1} W SumBiAME H AU A b
WKL ARe . PEAE RIS A §21-+imwﬁ

N . 1% —— M

AR 45 5L R, 4T S1, MLR ,CHAID. % 181 LG LD
ANN. SVM Ji{3 BN AR S bR 530 Bt T =
17.67%, 21.61%, 18.76%F1 59.46%; %I 1 S2, 4 i

U N . 2 ol —a— CHAID T A AEL
Tl U TR BT T AR R AR S 40 ) T T 2 . +ANNﬁ§ij}mm
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30.1 02 03 04 05 06 07 08 09

CHAID L& ANN BT 75 P 8 R 55 52 B A 43 )
TFET 6.84%, 1.17%H1 5.75%, T SVM JIT{5{5 14
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B3 ARG 43 38 TTNME A A AR A 3

RS LT B i TN B LA AL 55 2 Fig.3 Wsum changes along with the weight of Suprr_Pd
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Tab. 6 Specification of parameters related to cost calculation

No. ZH (inc] i

1 i ZEANBLUCAL TSuprt_Pred REA TR AN R TR E

2 it AT RSupra_Pred ST 45 VT o AL T R

3 AN JEE TR Surfa_Pred [ 1 Fhe X

4 S EEAF R L Ivuger_Pred G AR B A O P T AR TR0 357 77 A2 (R AR BN PR T AR 2 B
5 LR VAR A BRIy Apua_Pred S EM 2000/ m? A4

6 RENERA Surfpc_Pred Surfa_Predx(1- Ivuger_Pred)xApua_Pred

7 HEHE>3 KIIT Ak Anom3d_Pred A4 /4 AMT I T 3 R(—#& 3 REVEL R FRZEEL)
8 AT B E THIAR Aato_Pred SIEL N 5.5 m?

9 H/MTHIEHNT TR Disctpo_Pred HEIT BRI PTERER K 2 200 JU A A

10 BRI )W N Tdc_Pred Anom3d_PredxDisctpo_Pred

12 EIE R dITEA Supra_Pred FET FHEAMEIMAR, 7% 8 Panel |54 5 5 bR 2R OB TR
13 AR Prodinca_Pred Prodinc_PredxApua_Pred

14 ZEHK Compl_Pred Surfpc_Pred+ Tdc_Pred+ Prodinca_Pred

e Hhgeih 45 R T2 2016 4 1-8 H it I s 8

http: // www.china-simulation.com

* 2663 »

https://dc-china-simulation.researchcommons.org/journal/vol30/iss7/28
DOI: 10.16182/j.issn1004731x.joss.201807028



L{ et al.: Optimization of Material Release for Printed Circuit Board Templa

%30 B4 7 ) E R Vol. 30 No. 7
2018 47 1 Journal of System Simulation Jul., 2018
KT RAGER
Tab. 7 Statistic table for the computation of cost
Adjst_coef Surfr Suprr TSuprt RSupra Surfa lvuger Apua Surfpc

0% 3.89% 21.84% 1516 565.3894 1194.2899 48.43% 2 000 1231790.6
0.5% 4.18% 19.97% 1386 5352157 1283.3244 48.43% 2 000 1323 620.8
1% 4.56% 17.74% 1231 503.4056 1399.9902 48.43% 2 000 1443 949.9
1.5% 4.93% 16.24% 1127 481.2172 1513.5859 48.43% 2 000 1561 112.5
2% 5.32% 14.89% 1033 4583401 1633.3219 48.43% 2 000 1684 608.2
2.5% 5.63% 14.19% 985 4412025 17284967 48.43% 2 000 17827715
3% 5.92% 13.39% 929 4259963 1817.5312 48.43% 2 000 1874 601.6

Adjst_coef Anom3d Aato Prodinc Tdc Supra Prodinca Compl
0% 379 5.5 2200 833 800 565.389 4 11307788 3196 369.4
0.5% 346.5 5.5 2200 762 300 535.2157 10704314 3156 352.2
1% 307.75 5.5 2200 677 050 503.405 6 1006 811.3 3127811.2
1.5% 281.75 5.5 2200 619 850 481.2173 962 434.56 3143 397.1
2% 258.25 5.5 2200 568 150 458.340 1 916 680.25 3169 438.5
2.5% 246.25 5.5 2200 541 750 441.202 6 882 405.11 3206 926.6
3% 232.25 5.5 2200 510 950 425.996 3 851 992.65 32375443

TE: %3k Pred ¥l ms; EsRAEF#HB(Reqa) hy 30 701.54 m,
3 4w

ASCER T T A2 R AL PCB FERR PR
PBBLEL . 1 e BRI & X T 5 PCB RIEF:
KA RO SE, FHHE TR IAE T 5
R ZE TR R REAHDC 1) 26 N80 FEALHE 5.
BB REL. TPAR. PR g, Raarbi, &2
AT AT TPCIIL brife . 215 Y
HEME RENETE. REH R EE. L3
DUBEFLIEAR LG AR IRIESL THmTE . L
ERmER . A BIEEER S A TR, AR
G VT R RIS ZESL . RS
B, T RIGTHA ., EORA AT, P R
S, NRRZ IR HT RS EE IR T S,

f# T MLR. CHAID. ANN 1 SVM DU
WRERL; GIN T RENFER L AR LI AR
PN TRAR, TFRBIBOEMA R, X AL MLR i
DHLEL. SIN BB &5 A Al Sebr AR 1t
Tk, wE 0%~3.5% 7 DAFEPETKY, T
MLR AR TR U717 R4, Tl 7 Bk R
L 1% B dne /MG ZE R BORL RS0 5% 70 SR 1,
JF5F MLR F1 1% 381 REOT R BEMEALIE, L

STt () SE B B HEAT B0 F , 45 R BR REBNFER
B ULMAFE A>3 R % 39.62%, 9.78%, MR
BFA% 16.32%, 38.17%, HATH WS TFRLG.

AW FZHE T — DRSS TR
PERE L HHE R — e R RE, bbb v
AR =B ER). 10 ELL B2 8t [
i PCB /=i Ml LESHAR 2 2, HERIINS
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