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Body shop in an automotive factory consists of many sub-lines, and the sub-lines are merged in many assembly
operations. There is no buffer in a sub-line and finite buffers are allowed between two successive sub-lines due to the
limited space and investment cost. To design a body shop, the layout concepts based on welding technologies and the
material handling systems should be considered and optimized. Two types of layout concepts and two part transfer
policies in a sub-line are compared by simulation. Optimal buffer allocation problem is also considered for
increasing the production rate of the system.
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Fig.1. Abstract layout structures of automotive body shops

B 50| B30 Rigure 1914 AAE A28 tfsf Hj X
HO le)

5
P} ol 4] THE 790] RS vlwek Aoltt
O

o] w] AAEFS w9 st Ao o3 Walslitt weba z+
A5 Hluws] flaiie HH Y| F pifE fAIsHHA 2A 9
B S sljof gttt BE o] F o] HeliA Qs o 7w
H9o| 27|15 Yt dl= Zo] A& (Production Rate)s 2]
A 4 Qe AR ol Bt A= okek 2ol Xu“ =
ek o] W N= wH i8] &3S nsi | B= & ## 9] &
ojtt, 3t ¢= A AA st Fert,

max PR=&(N,, N, .., N,)

"

5.t EN, =B

i=1

Aol Aastelzol v A3} A5 sf2s)] ?—]'5}0“1
Gradient Search, Genetic Algorithm, Ant Colony ¥ 5
o B Eo] AREE, shAT ZAlE 2 =melA E"—r“
A28} o] B35 Ao = ¢ Fegke 45k Aol

61‘/\%)\—2. Zé'(}-_Q_

] 2 ]-_9.6‘1— 2 0] 1;]_
A7 i} Al LFoA ez BtE YA A HEQ

o o]5& Ao Farete AEeRRIE AQeh vlwA] 7hdgt

Al7tol| Ak
z}x% o] 011:}

A2BoI 2R Akl o) $e AAkETH A|Se o] Ho
ofa] A WAETHE 5% o4 Aol7k & 4 T Wang
(0014)9] AolA) B8 vk ok, web & o e A
00% kﬂﬂmugmﬂﬁgq&d@@4°
P2 o] 85 2257

# LgolAE Ble] chape
B AR B o

A 71 217 g slotok s,

Hﬁ

¢

MU}
1=
OE‘-

i
:I:i
iih)
o
H'
ACh

EHC"_}(Altematlves) A4 =g
712](Step Size) 24 =]

4

n)S{L n)S{L B flo

4

© ® 6 n

AHEAF A 2
o gttt whehA] v*}i Tz2E =
(Grouping)ste] FYet ¥H &2 AFdl= WS
uj ok 289 At Table 19 AAE Ble} 2},

Table 1. Results of buffer grouping

Gl G2 G3 G4 G5
B1,B2,| B3, B7,
Modular B8 -
B3,B4 | B6 B9

B1,B2 | B3,B5| B4

Layered B6,B8 B7
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Table 3. Search alternatives in modular build layout (4=4)
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Table 4. Simulation results for the modular build layout with same buffer capacities

Asynchronous Synchronous
Total Buffer
Production Rate Flow Time Production Rate Flow Time
®) Mean CI Mean CI Mean CI Mean CI
45 (5)* 0.3567 0.0012 76.32 0.2357 0.2996 0.0011 108.99 0.3747
72 (8) 04125 0.0013 84.26 0.2472 03717 0.0012 106.48 03119
90 (10) 04418 0.0013 89.77 0.2618 0.4080 0.0011 108.28 0.2840
144 (16) 0.5062 0.0013 106.73 0.3284 0.4840 0.0011 119.53 0.2366
216 (24) 0.5596 0.0013 129.97 04377 0.5450 0.0010 13936 0.2805
288 (32) 0.5937 0.0013 153.62 0.5641 0.5829 0.0009 161.17 0.4223
Infinite 0.7318 0.0010 3778.00 250.88 0.7302 0.0015 3425.10 293.34
% Number in parenthesis means the capacity of each buffer
Table 5. Simulation results for the layered build layout with same buffer capacities
Asynchronous Synchronous
Total Buffer
Production Rate Flow Time Production Rate Flow Time
® Mean CI Mean CI Mean CI Mean CI
48 (6)* 0.3590 0.0012 81.48 0.2623 0.3029 0.0010 118.10 04210
72 (9) 0.4004 0.0013 88.61 0.2748 0.3646 0.0011 113.94 0.3489
96 (12) 0.4437 0.0014 94.03 0.2823 04107 0.0010 115.04 0.3412
144 (18) 0.4982 0.0014 107.71 0.3558 0.4755 0.0010 123.03 0.3813
216 (27) 0.5511 0.0012 128.90 0.4941 0.5375 0.0011 140.27 0.5190
288 (36) 0.5853 0.0012 150.39 0.6530 0.5738 0.0011 159.67 0.6778
Infinite 0.7314 0.0010 3492.50 22998 0.7297 0.0010 3259.10 215.64

% Number in parenthesis means the capacity of each buffer
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Fig.2. Behavior of production rates (Same buffer capacities)
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Fig.3. Behavior of flow times (Same buffer capacities)
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Table 6. Flow time ratios with same buffer capacities

Layout | Length of Total Buffer Size
-Transfer | Longest
Policy Path 72 144 216 288
Mod_A 21 4.01 5.08 6.19 732
Mod_S 21 5.07 5.69 6.64 7.67
Lay_A 24 3.69 449 5.37 6.27
Lay_S 24 4.75 5.13 5.84 6.65
FTR 9:00
8.00
7.00 —
6.00 e --'“" - = + —Meodular. n
5.00 {:’1\,‘%1"’ Modular_Asyn
"’.:_,,.—" —a— Modular_Syn.
400 = --x--Layered_Asyn.
L I —E Layeres Syn.
2.00
1.00
0.00 T T T ! Total Buffer Size
72 144 216 288

Fig.4. Behavior of flow time ratios (Same buffer capacities)
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Table 7. Effects of system expansion (N=5 and 6)

SEERE Y

tote

[e]
Al of &

Asynchronous Synchronous
Layout Production Rate Flow Time Production Rate Flow Time
Prev. This DEV1 Prev. This DEVI Prev. This DEV1 Prev. This DEVI
Model | Model (%) Model | Model (%) Model | Model (%) Model | Model (%)
Modular | 04154 | 0.3567 | -14.1 | 50.89 | 76.32 50.0 | 0.3756 | 02996 | -20.2 6470 | 10828 | 674
Layered | 0.4086 | 0.3590 | -12.1 | 51.81 | 8148 573 103643 | 03029 | -169 7327 | 118.10 | 612
DEV2(%) 1.64 -0.64 -1.81 -6.76 3.01 -1.10 -1325 | -9.07

% DEV1(%) = (This Model ? Previous Model)/Previous Model X 1003 DEV2(%) = (Modular - Layered)/Modular x 100

Table 8. Search stpes and alternatives for buffer allocation (Layered build layout, asynchronous transfer policy)

Groups, Buffers and Allocations
. Gl Gl G2 G3 G2 G4 G5 G5
Step | Alternatives Sum PR FT
S1 S2 S3 S4 S5 S6 S7 S8
N, N, N, N, N; N, N, N;
0 3 3 3 9 3 3 12 3 39 0.3456 86.225
1-1 4 4 3 9 3 3 12 3 41 0.3497 89.298
1-2* 3 3 4 9 4 3 12 3 41 0.3511 85423
| 1-3 3 3 3 9 3 4 12 4 41 0.3494 84.085
1-4 3 3 3 11 3 3 12 3 41 0.3508 89.40
1-5 3 3 3 9 3 3 14 3 41 0.3495 86.706
1-6 3 3 3 10 3 3 13 3 41 0.3503 88.017
2-1 4 4 4 4 3 12 3 43 0.3554 88.328
22 3 3 5 5 3 12 3 43 0.3558 84.896
5 2-3 3 3 4 4 4 12 4 43 0.3551 83.220
2-4* 3 3 4 11 4 3 12 3 43 0.3562 88.484
2-5 3 3 4 9 4 3 14 3 43 0.3551 85979
2-6 3 3 4 10 4 3 13 3 43 0.3558 87.198
3-1 4 4 4 11 4 3 12 3 45 0.3603 91.498
3-2* 3 3 5 11 5 3 12 3 45 0.3609 87.842
33 3 3 4 11 4 4 12 4 45 0.3604 86.152
3 3-4 3 3 4 13 4 3 12 3 45 0.3606 91.641
3-5 3 3 4 11 4 3 14 3 45 0.3603 88.997
3-6 3 3 4 12 4 3 13 3 45 0.3606 90.280
4-1 4 4 5 11 5 3 12 3 47 0.3651 90.726
4-2 3 3 6 11 6 3 12 3 47 0.3649 87.447
4 4-3 3 3 5 11 5 4 12 4 47 0.3652 85.490
4-4 3 3 5 13 5 3 12 3 47 0.3653 90.887
4-5 3 3 5 11 5 3 14 3 47 0.3650 88.427
4-6* 3 3 5 12 5 3 13 3 47 0.3653 89.621
5-1* 3 3 5 13 5 3 13 3 48 0.3674 91.141
: 5-2 3 3 5 12 5 3 14 3 48 0.3673 89.916
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Table 9. Best results of buffer allocation

Buffers and Allocations
Transfer
Layout o S1 S2 S3 S4 S5 S6 S7 S8 S9 TB PR FT
Policies
N, N, N, N, N, N, N, N, N,
Asyn 2 2 2 10 10 3 11 3 45 0.3667 84.81
Modular
Syn 2 2 2 10 10 3 11 3 45 03139 | 116.26
3 3 5 11 5 3 12 3 45 0.3609 87.84
Asyn
3 3 5 13 5 3 13 3 48 0.3674 91.14
Layered
S 3 3 5 11 5 3 12 3 45 03064 | 124.57
n
Y 3 3 5 13 5 3 13 3 48 0.3151 126.57
42 HH TS A7 A 5. A

% olsle] ol SAT v ARuis) 2 A @
e H 99 Dl ouls 2 A dz 54
o ukeh A W] gk HAS A7) Aol BALE Fo)
8417 4= Qlck, whebA] T ER) HXbIA BT F S
4572 YA Foll 2710 chel BAEE Fefet A7) A
A eo) G AN 3EolA A whel o) TAsc
o] T A WAEHE BAL AlLgo] B uio] A%

ol A el Syt ARk AT
the ol
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Z|Qoll A Wm o] F §FE 45712 PGS o AkeE 2
& sh= 24 Wudg 2uE gAsks e HolEth
AL 3eA oA FRECH, dieh 3-27F HFSE A=
o}, JE30Y] AAAES 0.3609¢1, o] g2 48712 & T &
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Design of reverse logistics networks: optimization of the minimum
collection quality level, location and capacity

Byung Duk Song’ - Yong Hui Oh™ - Kyungsu Park™"
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“Department of Industrial and Management Engineering, Daejin University

“"Busan Institute of Science and Technology Evaluation and Planning

With legislations and customers’ increased attention to environment issues, interests on reverse logistics have been
increased. In this paper, we address a design issue of reverse logistics network with the objectives of minimizing
total establishment cost of collection centers and transportation cost of collected end-of-used product by determining
the locations of centers, reverse logistics network and minimum quality of end-of-used product to be collected. We
propose mathematical model and genetic algorithm to support such decisions. Validity of the proposed genetic
algorithm was tested via numerical experiments with various distributions on the quality of end-of-products.

Keywords: End-of-used product, collection center, location and allocation, minimum collection quality level,
genetic algorithm
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7}A ol sk 3 Aol (OECD, 1999). é 97189 o
A oS ABESEE iAo A oFE Fost AL,

PRO(Producer Responsibility Organization)$} Z< A=
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& A e =0l g2 meta Frle) AR gut &
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Table 1. Information of 30 regions in numerical example

x| % y R N x y R

Hs IHE IHHE ' Hs IH IHE '
1 643 2 477 16 744 | 722 | 425
2 205 | 261 410 17 966 | 570 | 441
3 762 | 848 | 440 18 890 | 397 | 436
4 254 171 496 19 274 27 418
5 238 | 932 | 411 20 680 | 218 | 451
6 688 947 440 21 704 513 433
7 292 584 465 22 147 399 426
8 699 333 456 23 245 246 405
9 120 212 402 24 324 571 440
10 157 271 486 25 354 929 474
11 732 571 441 26 660 573 491
12 921 860 | 491 27 478 | 721 495
13 590 150 | 469 28 81 571 480
14 765 | 647 | 449 29 701 300 | 437
15 810 | 579 | 464 30 243 | 614 | 443

Table 2. Information of candidate locations for collection center

FEx 2 y A ™
HS EE:S E1%:4 b b
1 802 651 113 1200
2 223 479 200 1300
3 907 355 109 1500
4 929 602 157 1300
5 891 981 166 2000
6 328 269 144 1200
7 354 636 165 1800
8 904 876 173 1500
9 54 266 142 1400
10 118 368 149 1300

2|31 (854, 872)°1 $IAI3f 31k,
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Planning Process Cluster Prediction Using Artificial Neural Networks

Byeong Jun Joo

- Hye Rim Bae'

Department of Industrial Engineering, Pusan National University

In order for recent manufacturing to meet customer demand in the complex production environments, many

conditions need to be satisfied. In such environments of the increased order requirements of the production, the
frequent change of the production process may occur. With current production technology, it is difficult to prepare an
exact process plan due to the uncertain customer demand. In this paper, we develop a method to prepare a production
process by utilizing artificial neural network (ANN) to classify the process into a cluster group considering the
various requirements. As a result, we expect that it can contribute to improving the efficiency of real steel

manufacturing company, of which we will show a case study.

Keywords: Planning Process Prediction, Artificial Neural Network, Trace Clustering, Mixed-Model Production

Systems, Multiclass classification
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Process Trace Cluster
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Model Test
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Group Prediction

Model Performance Test

Fig. 2. Activity Diagram of Prediction Model
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Table 1. Example of ‘Cluster Group 16

No Process Trace

1 PP11,WS41, AN10, CR11, AN11, SP91, SS11

2 PP11,WS21, AN10,CR11, AN11, SP91, SS11

3 PP11, WS21, AN10,CR11,RS11, AN11, SP91, SS11
4 PP11,RW11, WS11, AN10,CR11, AN11, SP91, SS11
5 PP11, WS11, AN10,CR11, AN11, SP91, SS11

6 PP11, WS11, AN10,CR11, AN11, SP91, SS31

7 PP11,WS11, AN10,CR11, AN11, SP91, SS41

o3

ol714 4 Fell &

£ UEta, F WA eAbe 2
£ Yuigith 24 295 2Y 3 ARe A A
Cluster 16 9] 3782 tjF& 45} A =
o] AhWS), £F(AN), H7H AACR)Z AAIBEL THA]
AA(AN) $- 7H W7 4A(Sp), A
+ AEFS Ak 4R FAE de & 4 Tk

AAZ A wlolEollA 195719 CaseID7} EAdte=
Cluster 16" ¢] o[HIE 271 glo|HE 7|fto2 Zo A BY)
S FA5HH Figure, 59 Zt},

IZAA HE 9 7|uke] T2 A B =19l BAB(Best
Analytics of Big—data)®] Heuristic Miner 7|5 AM-3}o

SolGiTh AL R s ZaAA o] tigh

2] EQ} H % 42(Frequency)S YER 1L 2l
=47t wa uigt), 29al 7t R EE 946k ofde o
L g Adys 2ol HEol 9Z L (Dependency) S
o, v & Aol Mekes WY HIETE ok AL
o] AE By 2 22 A7} PPWS—AN—CR—AN—
SP—SS 22 A Eo| FHo A} IA tE=A] Es &

H>

>

Ir

:Cé

o

old

o

1o

Ho mx

>~ jOT lo @
ol

2o

2 o

B
of
-

e
(%)
(@5}
o
of
:?L
N
Mo
=2
pi=Raciyt

Auo] A2 o

147

6
0.857

0.857

163

e,
=Yl $4 W5E AT AE B9 AL ZeAjao] o
F& u]AE o7 2915L 5 W5 AgeH) Hid, 94
AR A Aol W2 AE YA A B ZD A (A,
Z ZPT AF 22 AT AFEE T L B A9
oh E o FES AAG SAANA, $04D9] Ao} A
Z AE YA 3 A EY ER(AE A - 513 AE FHHS A
alo] 2% A8 34 ol asitn dohEE 107149 &
S Ayg—s} o olo] tfalA ojmst 2A LEAAS Alaet
87 379 AAo] & volele] shag B i

Of

sisoll A3,

B Ao A= HE o AW BdE 2] e gy 24 3
S WAsIHA 2ARgo] W2 7P BEH9 2AE F=rt o
714 AHEEE Bee 59 W] Ji4E aEste] &Y k&
9] =& 167014 35709 HYZ AAstA, 7R 7ha 7y
H4:0] A0 mEo] o uFste] 107~107 W99 grog
AAsto] T 4o 23S B8 F 20039 AP AgS X3
SHHEE Figure, 6 24 & 9 7154 4 7 W4 A4
o uhe meo| 23185 ek e olr,

ss41
0
=

Fig. 5. Piocess Model of ‘Cluster Group 16’



164 WE .

" —a— Decay ; 0.0001

=am Docay : 0.0005

= Decay : 0001

e, LT O
T ey
‘-.--!. - -~
Remha o
—

Error of Prediction(RMSE)

15 16 17 18 19 20 21 22 23 24 25 26 27 228 W 30 N

Number of Hidden Node

32 33 4 35

Fig. 6. Learning error of different number of hidden node

CEELELERER IR

N

A 74 w7 #42(Decay) 7t
0.0001, 0.0005, 0.001 Q1 % &Y =9 47} Z7} Hoj et
Sk Lake WIS LE Aol Decay #4ol 0.0001 U o 2
Y 1220] 57} 397421 AHelq Aol 4 Y 1 ol FR
ThA] Q34&0] ARG B 4= I}, Buo] Bywe} o] f g
g EEP‘S] Eo}& [LH T ] UH7H _4 7L& 0.00012 5}*7 2\4
B9 5 32702 st & AR Aol A A e &
;H zsl-/\ 2707 A ;gg].odr,]. :/_g] Et—ﬂ_,] V\ H]- e
nnet” 714]9] 27]¢k¢1 1003156 2000317H4] 52 &3¢
S ARSI 1 ARkl Figure, 73 W 3k HHE 427}
A O2 10009]9] FRHHE eARgol AA| S| = A
2 5 glow] she A7 mde] A7 go2 Ayt

rlo

1

F

é

Error of Prediction(RMSE)

100 200 300 400 500 600 700 BOO 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
RMSE 0.53 038 0.34 031 029 028 027 0.25 0.25 0.24 0.24 0.24 0.4 0.23 0.23 0.23 (.23 023 0.23 0.3

Mumber of Leaming Iteration

Fig. 7. Learning error of number of Learning lteration

LR

MR 71E HYE dAst
g 283 Ui 3
ftt. I A+ Figure.

5 =4=Tralning set

- == faliclation set

Error of Prediction(RMSE)

12345678 9101M2131415161718192021222324 252627 2829301 32
Complaxity of Model(Dacay = 0.0001)

Fig. 8. Prediction Error of Complexity of Model

AIE B AT Bl B Eed A2 kB
o & I~157)olle 4 o] L sk glojEet 43 HlolE
HE AL gashs FAE Holi Jlo] A £AE
ek, 22)a &Y =2 7t 167 E e g oAkl 4

Fo] A o vl A A PR fadte Ade =

Atk ol JHWEH A7 A ¥ A A E 1A

A5 272 w50 5 32 ) Y HEYS Bk £
3] A%S B S AR wdo| 2 A BAAAE 4

44 HZ = A= Z2MA ZE oS

g AollA e sk AEY BEe 57t EolHE 285t
A= ool mhE 7 oIS 2E gt Z2AA F 1
e A5tk e HH 2doR AdE AT 2EofA
B7EHolg Y $4 W@ 2H)E AR F1 WeE A
St s FE7F Rdof Y He W 24 dFe &7
Sk A5 - 71E B7h dlolg 9] S5 W ghEE ghH o
5 2do) &9 ghe vugdo 2y AY REof EF A5 A

[¢]

filo

ot

N

_O|L

i\%
f -
e

Figure, 9& TFollM AY ZEAA FH 158 &7 9
Z3517] Qigt A mEe] Fejolot, dA Ak A-tolale g



AN
B

)
A

% L
4\.“ i
Cluster
Gronp |

Output

Hidden layer

Final WGT —» . e

Input
layer

Fig. 9. Classification Neural Network Model

52 9 A5l AR AR ZE2 48 B 107, &4
== 3970, 28 =57} 50702l 10-32-50 FEj Q] T2E 71X
ook ERF AA 7S Slel AHSE= B2t HlolHE &
3,627711¢] CaseIDE 7HAL §lom, & gloJgol= F 5071
of 4 IF 5 46709 F4 Lgol Z3tE o] Qlek, AW 2
9 850l AEE A3 $174-E Intel Core 17-4790K Z2A|
A2t 16.0GB RAM 452 PCE A}%}Oﬁ R #7]#¢]
‘nnet & AREsto] Bl g5 BEE =5 100032 AAs%
< 1 oF 3% 20% 7hHgY i%’\liol Q"*E}
H7F dlolgo A ShEE AW BEE AR o &S o Ay}
H 71E9) AA| kel 46709 24 gele $le 50 ol2t
S Sl o &8t F 4709 I IES o153
o590 A Hot ARA oz wdsl] Q) A
P2 e o] FBE(Accuracy), ULE
(Sensitivity), E© ]E(Spec:1f101ty)‘§ 74]*}'6}04 ﬁﬂ7}6} t} o
7|M Ao AA Aol & 359 &
= e A ofulsta, ”17LE£ AA @ﬂ— Xﬂtﬂi o= g
&, Bol=e A 2i7t YA s Aol Atz oS3t
= SEg Ynigith, g oz AA AAY 29 A g F
Cluster 3501 Tt &5 P2 Table 29 T,

H
gl

jina)
[
o
ml

-

r Mc
Ju
i

N <1< ol
to &

d

:(ru

Table 2. Confusion Matrix of ‘Cluster 35’

Pred. Prediction : Prediction :
Obs. Yes No
Actual : True Positive False Negative
Yes (TP)=310 (FN) =7
Actual : False Positive True Negative
No (FP) =28 (TN) = 3282

g 34 Z2AA LA A= 165

Cluster 35 9] (& & o5& AAe] BH Fg=e] 4
99.04%, NA=S] AL 97.79%, E0]=2] 3L 99.15%=
Fo] =2 SES Bt} 1 o]+ True Negative(TN)9|
fol 7} wlolglolAl ‘Cluster 35 7} obd WA 24 159
£ B 23] o] A% 452 AtellA TN gro] &
e = Aot o So|w=9 ghgol w7 AlAbE 4= gl §ict &
A AFAE o &5 5 B ol WE F sk W
of thet &S Sl w= U=

Boox Ao

o >

£ T2 AR =
© AA 2E Adz g5 ﬁg— Z617] ol FA ] o
AoAle AAl F3& ghol ‘Cluster 35 € o 97.79%%] &&=
AAY 2o 1 7HS o Fs}oﬂqig__} 9t}
AR o7 Cluster 35 & 33 AH) ﬂ kgt
2 72 a5 oigh AA g ASEWHE
90.59%% AlF @919 AY Z2AlA #3 I5S oS5st
*ét = 7WE}1 P e ﬂéﬁ glolEE
B % 3,627702] CaselD FollAl 38,5104
31, 01=96.77% SEE AR mdo] B

[¢]

i

0 E\(

~

eR
L

rr o >
oo 2

{o

2

S ru&
QL

=,

é’
L AT oy
¢

£ o mx 3O
Fu
H gy

Al
~
U

[}E il

o N

N
=
2 &
o
o 2

[e:

2
g

%3 6277H4 CaselD
TO]W 3,5107‘]g A2 £573519 93.25% SEZ £5& = 4
S s Yt sk dlole ] 1/39f sidse F9 A% |
olE| & AMgsl BES ﬂéo}oﬂ‘:}h A& Lshhd, Al4w

Bdlo] A HOE HF 7 9leka g 4 glek,

< AR DA Aol A B ol
At AL EEH]& 20| QS mA| chopet @42 Ad
al

S, F S AEo] U ARE S0l uf oyt T2

g 849 g
o)A eZstingt she ZEAL BES SARE Ferle 43
AL ANBte] £4 Wa0] 48 2ol By 30 HTES
B FAG) AT T4 4 A BHET 4 gk A 2
SHT EE R QTN Yolee] Ea3}, 14 sy 249
NA, A= 4% 5 B A% 290 A BAS M

AT 0.2 o 90% oY) B Aol B o2 A



166

N

129 27 ARl Wol AL 712 wstelE %5y 2
B T 5 9 A0 BerEle], ARG ok e chakt At
o O HEE 53 /st 3G Hope ARl A
Ne Bttty we Justa Bt TEALY %S
4 qle Aoz stk

REFERENCES

[1] McCulloch, W. S., & Pitts, W.(1943), A logical calculus
of the ideas immanent in nervous activity. The bulletin of
mathematical biophysics, 5(4), 115-133.

[2] Minsky, M., Papert. S.(1969), Perceptrons.

[3] Hornik, K., Stinchcombe, M., & White, H.(1989), Multilayer
feedforward networks are universal approximators. Neural
networks, 2(5), 359-366.

[4] LeCun, Y. A., Bottou, L., Orr, G. B., Miiller, K. R.(2012).
Efficient backprop. In Neural networks: Tricks of the
trade, Springer Berlin Heidelberg, 9-48

(51833, &of &3 A2, WFAL 2003

[6] Chen, Wen-Chin, et al.(2008), A neural network-based
approach for dynamic quality prediction in a plastic
injection molding process, Expert systems with
Applications, 35(3), 843-849.

[7] Altan, Mirigul(2010), Reducing shrinkage in injection
moldings via the Taguchi, ANOVA and neural network
methods, Materials & Design, 31(1),599-604.

[8] Yeh, I-C.(1998), Modeling of strength of high-
performance concrete using artificial neural networks,
Cement and Concrete research,28(12), 1797-1808.

[9] Bishop, Christopher M.(1995), Neural networks for
pattern recognition. Oxford university press.

[10] Taha, Hamdy A(1982), Operations Research: An
Introduction (For VTU), Pearson Education India.

(1] o], AR, o] F&(2006), = #5712 CPFR
2 g A AFE, Journal of the Korean Society of Supply
Chain Management, 6(1),37-48.

[12] B, 2577, 204, HUZ(2007), Arena & o83 4]
EdJo] 4 4E, McGraw-Hill Korea.

[13]Y. Park, S. Kim, Y. H. Lee(2000), Scheduling jobs on
parallel machines applying neural network and heuristic

rules, Computers & Industrial Engineering, 38(1), 189-

=z.
HE

L

202.

[14] Ao, Hi3]H(2015), QEAE LS o] &3 Frtejudo
A 7oA o] v ofF ZrAIL o|Z, Journal of the
Korean Society of Supply Chain Management 15(2), 117-
126.

[15] Yu, H., W. Liang(2001), Neural network and genetic
algorithm-based hybrid approach to expanded job-shop
scheduling, Computers & Industrial Engineering, 39(3),
337-356.

[16] Tang, L., Liu, W., Liu, J.(2005), A neural network model
and algorithm for the hybrid flow shop scheduling
problem in a dynamic environment. Journal of Intelligent
Manufacturing, 16(3), 361-370.

[17] Pyle, D.(1999), Data preparation for data mining 1,
Morgan Kaufmann.

[18] Van Der Aalst, Wil, et al.(2011), Process mining
manifesto, International Conference on Business Process
Management, Springer Berlin Heidelberg, 169-194.

[19] Song, M., Giinther, C. W., & Van der Aalst, W. M.(2008),

Trace clustering in process mining. International

Conference on Business Process Management, Springer

Berlin Heidelberg, 109-120

o153t (2014), ZZ4 mlo]g ol§uF £4 4919 4
4F 3 24, BARThBEL Bt} B9l

[21] Shanker, M., Hu, M. Y., Hung, M. S.(1996), Effect of
data standardization on neural network training, Omega,
24(4), 385-397.

[22] Moody, J., Hanson, S., Krogh, A., & Hertz, J. A.(1995).

A simple weight decay can improve generalization.

[20]

Advances in neural information processing systems 4,
950-957.

[23] Venables, W. N., & Ripley, B. D.(2013),’Modern applied
statistics with S-PLUS, Springer Science & Business
Media.

[24] Ripley, B. D.(2007), Pattern recognition and neural
networks, Cambridge university press.

[25] Ripley, Brian, William Venables, Maintainer Brian
Ripley(2016), Package ‘nnet’ , R package version, 7-3.

[26] Duda, R. O., Hart, P. E., & Stork, D. G.(2012), Pattern
classification. John Wiley & Sons.



NFAALE o] 43t A2 34 Z2AA A 435 167

o 4 9
AF S RAETfstin A BoIst A4t
SHL ARSI} 39) SRR L
L mR A vol, £nlEFY, WA« A Al g ag

% olg £4, 714 & . Wik ZaA2 cloly, 2=g,

&, tlolg whold & @ HlHlolE 24, EFITE
BPM(Business Process
Management), Enterprise
Information System Intergra
~tion, e=SCM & e-CRM &







Journal of the Korean Society of Supply Chain Management ISSN 1598-382X
Vol. 16, No. 2, pp.169~178, October 2016

RBAGAN G G - AL AG g

An Empirical Study on Processes of Supply Chain Quality Management
by Buyer-Supplier Relationship Type

Hyun Jung Kim" - Ji Yoon Son™'

‘Department of Business Administration, Sangji Youngseo College
"Department of Business Administration, Seoul National University

This study investigated the relationship between the relationship management and the efficiency of Supply Chain
Quality Management (SCQM) by an empirical survey through matching buyers and suppliers in actual trades. In
buyers, the characteristics of length of relationship and contract were statistically significantly higher in the efficient
group than in the inefficient group while the information asymmetry was statistically significantly lower in the
efficient group. In suppliers, only information asymmetry was statistically significantly lower in the efficient group
than in the inefficient group. In buyer-supplier dyads, length of relationship was statistically significantly higher in
the efficient group than in the inefficient group while the information asymmetry was statistically significantly lower
in the efficient group. This study has a substantial implication in that it analyzed the efficiency of SCQM by
analyzing separately the efficiency of buyers and suppliers that form supply chain, and subsequently organizing
buyer-supplier dyads. Another implication of this study is that it classified the entire group into the efficient and
inefficient groups based on the SCQM efficiency, and examined the relationship between the relationship
management and the efficiency of SCQM.

Keywords: Supply Chain Quality Management (SCQM), Supply Chain Management (SCM), Quality, Relationship
management, Efficiency

* This work was supported by the National Research Foundation of Korea Grant funded by the Korean Government (NRF-2014S1A5A8019200)

1 Corresponding author: Department of Business Administration, Seoul National University, | Gwanak-ro, Gwanak-gu, Seoul, 08826, Korea.
Tel: +82-2-880-8594, E-mail: imangela@snu.ac.kr

Received : 1 October 2016, Accepted : 15 October 2016



170

o
3-8
o,

1. Introduction

Supply Chain Quality Management (SCQM) involves
delivering the best quality products and services to clients
through collaborative quality management of the supply chain
by its members, such as buyers and suppliers (Kuei et al.,
2001; Robinson and Malhotra, 2005). Robinson and Malhotra
(2005) defined SCQM as the integration of the business
processes related to all the companies within the supply chain
and the consistent assessment and improvement process of the
product and service to give intermediary and final customers
values and satisfaction. In other words, to gain competitive
advantage and improve performance, enterprises must monitor
their internal efficiency and simultaneously manage
companies within their chain or network. Quality management
is not only about finding and correcting manufacturing defects
but also about achieving quality in the entire organization and
its supply chain network, influencing companies within the
network and maintaining relations with them.

Most of previous studies have focused on the impact of
SCQM on the performance (Kaynak and Hartley, 2008), and
little research has focused on the role of members in
improving SCQM efficiency. In addition, there are only few
studies that link the SCQM efficiency with buyer-supplier
relationship despite the importance of this relationship. The
fundamental cause of the uncertainty in the supply chain is
that the supply chain is formed in the relationship among
different companies, and it can be stated that the efficiency of
the supply chain can be reduced due to the sub-optimization in
which different members attempt to optimize their
performance. Therefore, this study investigated the
relationship between the relationship management and SCQM
efficiency by an empirical survey through matching buyers
and suppliers in actual trades.

In order to measure the efficiency of SCQM, input variables
were classified into SCQM infrastructure, SCQM processes,
and SCQM performance (Kuei and Madu, 2001; Lin et al.,
2013). Among variables that explain the buyer-supplier
relationship in a SCQM, length of relationship and contract are
the relationship management variables with positive effects on

performance, whereas information asymmetry and goal conflict
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have negative effects on it (Zu and Kaynak, 2012; Cachon and
Lariviere, 2005; Ozer and Raz, 2011).

This study has a substantial significance in that it analyzed
the efficiency of SCQM by analyzing separately the efficiency
of buyers and suppliers that form supply chain, and
subsequently organizing buyer-supplier dyads. Since the
supply chain is composed of buyers and suppliers, it is more
reasonable to take both into account for analysis. In addition,
it classified the entire group into the efficient and inefficient
groups based on the efficiency of SCQM, and examined the
relationship between the SCQM efficiency and the
relationship management variables.

This paper is organized as follows: section 1 explores the
research purpose; section 2 reviews literature on the efficiency
of SCQM and relationship management; section 3 provides a
description of the analysis method, variables selection, and
data collection; section 4 presents results of analysis; and
section 5 summarizes our findings, describes theoretical and

practical implications of study.

2. Literature review

2.1 Efficiency of SCQM

Studies on the efficiency at the level of the supply chain are
as follows. Wang and Shu (2007) carried out a study on the
composition of a supply chain and stock policy that would
maximize the level of target service and minimize the total
supply chain cost. In the study, they argued that stock policy
in consideration of both customer service and cost needed to
be implemented in order to measure and enhance the
efficiency of the supply chain since there were conflicts
among the level of customer service, product cost and
inventory investment. However, these studies only examined
supply chain in general, and did not investigate the elements
within the supply chain specifically.

Perona and Miragliotta (2004) argued that complex
relations within the supply chain needed to be considered to
enhance the effectiveness and efficiency of the supply chain,
and investigated the supply chain at the level of sales process,

supply and distribution logistics, new product development,
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production process, and production engineering. While their
study revealed specifically what elements existed within a
supply chain, it failed to present the results quantitatively.
Recently, as various input elements including human
resources are emphasized in addition to the operating cost of a
supply chain, and intermediaries and consumers demand fast
supply and delivery, the rates of order fulfillment and delivery
should be considered as an output element in addition to
profits. Accordingly, as a method to measure the efficiency of
a supply chain by considering various input and output
elements has been needed, Data Envelopment Analysis (DEA)
has been mainly used.

Liang et al. (2006) argued that the relationship between
buyers and suppliers also needed to be measured when the
relationship between each entity and performance of the
supply chain. They classified the buyer-supplier relationship
as the leader-follower relationship or cooperative relationship.
In the leader-follower relationship, the efficiency of the leader
is first evaluated, and subsequently, the efficiency of the
follower evaluated using the information related to the
efficiency of the leader. In contrast, the common efficiency is
measured as the average of the efficiency scores of buyers and
suppliers in the cooperative relationship. In addition,
Amirteimoori and Khoshandam (2011) criticized that previous
studies in which the DEA was applied to the efficiency of
Supply Chain Management (SCM) overlooked the buyer-
supplier relationship, and argued that this needed to be
considered since it could reduce the efficiency of the entire
supply chain.

Meanwhile, SCQM efficiency measures comprehensive
efficiency, including corporate external factors, such as
outsourcing and buyer-supplier relationship. Park et al. (2001)
claimed all supply chain stakeholders, from raw material
suppliers to retailers, affect the SCQM efficiency. Because
quality control of upstream suppliers is critical to downstream
suppliers’ efficiency, quality management should consider all
factors that may affect the internal supply chain. The study
contributes to the research by addressing the importance of
buyer supplier efficiency in SCQM, but is limited in evidence
of specific factors influencing SCQM efficiency.

To sum up, there are only few studies that link the SCQM

efficiency with buyer-supplier relationship despite the
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importance of this relationship. The fundamental cause of the
uncertainty in the supply chain is that the supply chain is
formed in the relationship among different companies, and it
can be stated that the efficiency of the supply chain can be
reduced due to the sub-optimization in which different
members attempt to optimize their performance. Therefore,
this study is aimed at deriving the measures for the SCQM
efficiency by identifying the variables of supplier-buyer
relationship management that can reduce the number of the

sub-optimization attempts by the members in the supply chain.

2.2 Relationship management

Among variables that explain the buyer-supplier
relationship, length of relationship and contract are the
relationship management variables with positive effects on
performance, whereas information asymmetry and goal
conflict have negative effects on it (Zu and Kaynak, 2012;
Cachon and Lariviere, 2005). These variables affect
performances of the buyers and suppliers in the SCQM,
influencing performances of each other in dealing.

There are the previous studies on the relationship
management variables with positive effects on performance:
length of relationship and contract. First, in strategic SCM,
buyers build long-term relationships with key suppliers
through interactions, and these allow buyers access to
information about the reliability and performance of suppliers,
increase awareness of specialized capabilities, and establish a
basis for trust (Holcomb and Hitt, 2007). As such,
collaboration also corresponds to one of the key elements in
SCQM (Robinson and Malhotra, 2005). A close relation
between the buyer and the supplier allows the latter to
participate in development of new products, leading to
improvement of the product quality (Kaynak and Hartley,
2008).

Second, a contract within a supply network represents pre-
determination of operation methods in the network, such as
purchase price, order volume, quality, and others. Cao and
Zhang (2011) had studied contracts sharing quality cost within
SCMs, pointing out that the optimal quality chosen by the
suppliers improves their own cost efficiency, while the

optimal wholesale price chosen by the buyers increases their
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own profit margin by reducing the cost efficiency of the
suppliers. They claimed that there exists an appropriate cost-
sharing percentage which would determine the profit margins
of both the buyers and suppliers at a proper level, and that it
should be specified so in the contract.

Meanwhile, there are the previous studies on the
relationship management variables with negative effects on
performance: information asymmetry and goal conflict. First,
information asymmetry refers to a situation when one member
in the relationship has more or better information than the
other (Eisenhardt, 1989). Such information asymmetry within
a supply network would be used by either the buyer or the
supplier to maximize one’s own profit (Ozer and Raz, 2011).
In SCQM, it is important that buyers gather and analyze
information about the quality of their suppliers. Through such
information sharing, the supplier can deliver products with the
quality demanded by the buyer, and the buyer can control the
quality of the supplier (Kaynak and Hartley, 2008).

Second, goal conflict may occur in a supply network as
both the buyer and the supplier prioritize one’s own profit
(Zsidisin and Ellram, 2003). These conflicts can be managed
by cooperation, common interest activation, reduction of
opportunism, and others among the companies. Flynn and
Zhao (2014), while arguing for the importance of SCQMs,
claimed that goal conflicts must be managed to improve the
overall quality, as any recall of the final products would cause

harm to not only the buyer but also the supplier.

3. Method

3.1 Analysis method

DEA is a linear programming based technique that
evaluates the relative efficiencies of Decision Making Units
(DMUs) in the presence of multiple inputs and outputs.
Efficiency is defined as the ratio of weighted outputs to
weighted inputs. Some of the strengths of DEA are that it does
not require assumptions of parametric methods such as
normality and equal variance. It does not need a priori factor
weights to be specified in the evaluation process, and it is
based on best practice (Swink et al., 2006).

rp

ki

DEA is divided in several models using two criteria. The first
criterion examines the relationship between the input and the
output to determine whether a Constant Returns to Scale (CRS)
or a Variable Returns to Scale (VRS) should be applied.
Depending on the input-output relationship, one can use either
the Charnes, Cooper, and Rhodes (CCR) model based on CRS
or the Banker, Charnes, and Cooper (BCC) model based on
VRS. The CCR model assumes that a 1% increase in input
results in a 1% increase in output, whereas the BCC model
assumes that a 1% increase in input results in an output that is
greater than or less than 1%. The second criterion determines
whether efficiency measurement should be based on the input or
the output. The input-oriented model assumes that optimal
efficiency is achieved by minimizing the input level while
maintaining the current output level. The output-oriented model
assumes that optimal efficiency is achieved by maximizing the
output level while maintaining the current input level.

This study uses both the output-oriented CCR model and
the BCC model for analysis. If the value of the efficiency is 1,
the DMU is evaluated as efficient. If the value is less than 1,

the DMU is evaluated as inefficient.

3.2 Variables selection

The variables related SCQM were selected since they were
commonly used in previous studies. The index includes
SCQM infrastructure, SCQM processes, and SCQM
performance (Kim and Kim, 2014). First, SCQM
infrastructure refers to a basic structure for the efficient
collaboration between buyers and suppliers. In detail, it is
configured as five elements such as corporate culture (Saraph
et al., 1989), leadership (Robinson and Malhotra, 2005),
organizational structure (Kuei and Madu, 2001), systems
(Kaynak and Hartley, 2008), and budget (Kuei and Madu,
2001).

Second, SCQM comprises seven processes: delivery of
quality, talent development, risk management, support,
communication, evaluation, and benefit sharing. Each process
has its own sub-criteria and each criterion was chosen by
comprehensive quality management factors mentioned in
traditional quality practice and SCQM literature. Among these

processes, since support, communication, evaluation, and
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benefit sharing are buyer-driven activities, they were not
measured from suppliers but only from buyers (Kaynak and
Hartley, 2008).

Third, SCQM performance refers to performance achieved
from the cooperation between buyers and suppliers, and it is
used as one of output variables in research analysis. The
SCQM performance of buyers can be scaled to include
communication and employee training (Robinson and
Malhotra, 2005; Lin et al., 2013). In contrast, supplier
performance is measured using the five SCQM performance
criteria: quality, cost, productivity, safety-environmental, and
ethical performance (Kaynak and Hartley, 2008).

Meanwhile, the variables related to the buyer-supplier
relationship include length of relationship, contract,
information asymmetry, and goal conflict. First, there are the
relationship management variables with positive effects on
performance. When buyers trust suppliers and believe that
they can rely on key suppliers to meet their obligations, the
level of collaboration is improved (Holcomb and Hitt, 2007,
Kim et al., 2010). Building long term relationships with key
suppliers is essential to maximizing the SCQM performance
(Robinson and Malhotra, 2005). Moreover, Cao and Zhang
(2011) had pointed out that the optimal quality through a
contract improves their own cost efficiency.

Second, there are the relationship management variables
with negative effects on performance. In SCQM, information
asymmetry would be used by either the buyer or the supplier
to maximize one’s own profit (Ozer and Raz, 2011). Through
such information sharing, the supplier can deliver products
with the quality demanded by the buyer, and the buyer can
control the quality of the supplier (Kaynak and Hartley, 2008).
In addition, Flynn and Zhao (2014) claimed that goal conflicts
must be managed to improve the overall quality, as any recall
of the final products would cause harm to not only the buyer
but also the supplier.

Variables in previous literature on relationship management

and efficiency in SCQM are summarized in Table 1.

3.3 Data collection

This study is aimed at identifying the relationship between

the relationship management and the efficiency of SCQM. To
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meet this purpose, a dyadic data set extraction method that
Krause et al. (2007) suggested was applied. The specialized
survey company sent out an email detailing the purpose of the
study along with a survey URL to 1,000 purchasing executives
in buyers. Among them, 192 responses were received.
Meanwhile, we matched buyers with suppliers by asking
buyers the key suppliers with the largest trading volume as a
survey question. A survey was emailed to the supplier contact
with a letter describing the purpose of the study. They were
asked to complete a questionnaire that was similar to the

buyer’s.

4. Results

As shown in Table 2, after analyzing the efficiency of
buyers and suppliers separately, both buyers and suppliers
were split into the efficient group and the inefficient group in
order to investigate the efficiency of SCQM. The analysis
showed that the ratio of efficient buyers among the entire
buyers (CCR model 30.2%, BCC model 35.9%) was higher
than the equivalent ratio in the entire suppliers (CCR model
17.7%, BCC model 22.9%). Also, the group in which both
buyers and suppliers were efficient could be deemed the group
with efficient SCQM, and based on BCC model, the number
of buyer-supplier dyads satisfying this definition was 31,
accounting for 16.1%.

Next, in Table 3, correlating the efficiency of SCQM with
the relationship management revealed that multiple
relationship management variables between the efficient group
and the inefficient group were statistically significant in
buyers, but they were not in suppliers. In buyers, length of
relationship and contract were statistically significantly higher
in the efficient group than in the inefficient group while the
information asymmetry was statistically significantly lower in
the efficient group. Also, goal conflict did not show
statistically significant difference. In suppliers, only
information asymmetry was statistically significantly lower in
the efficient group than in the inefficient group. In buyer-
supplier dyads, length of relationship was statistically
significantly higher in the efficient group than in the

inefficient group while the information asymmetry was
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Table 1. Variables selection
Category Variable Measurement Related Studies
Input SCQM infrastructure Organization culture, leadership, Robinson and Malhotra (2005),
organizational structure, system, Kuei and Madu (2001),
and budget Lin et al. (2004),
Wang and Shu (2007)
Delivery of quality Product development, review and Robinson and Malhotra (2005),
approval of production, purchasing, Kuei and Madu (2001)
examination, storage and delivery,
and service
Talent development Education programs development, Flynn and Flynn (2004),
training and assessment Chang and Lo (2005),
Lin et al. (2013)
Risk management Risk management system, Robinson and Malhotra (2005),
risk management manual creation Kuei and Madu (2001)
Support Support system development, human Robinson and Malhotra (2005),
resources, technology, education and Kaynak and Hartley (2008),
training facilities and logistics support, ~ Chang and Lo (2005)
and financial support
Communication Communication channel development, Robinson and Malhotra (2005),
coordination and resolving conflict Kaynak and Hartley (2008),
Lin et al. (2013)
Evaluation Education system development, Robinson and Malhotra (2005),
evaluation feedback and share Kaynak and Hartley (2008)
Benefit sharing Sharing system development, and Robinson and Malhotra (2005),
benefit share execution Kaynak and Hartley (2008)
Output SCQM performance Quality performance, cost Chang and Lo (2005),
performance, productivity Robinson and Malhotra (2005),
performance, safety and Kaynak and Hartley (2008),
environmental performance, and Zhao et al. (2015)
ethical performance
Sales Sales per person Lin et al. (2004)
Buyer-Supplier ~ Length of relationship Number of years doing business Hitt (2007),
Relationship with suppliers Robinson and Malhotra (2005),
Fynes et al. (2005),
Kaynak and Hartley (2008)
Contract Clarity of processes and Van Der Rhee et al. (2010),

Information asymmetry

Goal conflict

procedures in contract, job
responsibility and results
Buyer-supplier information sharing,

buyer decision-making uncertainty

Cao and Zhang (2011),
Van Der Rhee et al. (2010)
Ozer and Raz (2011),
Kaynak and Hartley (2008)

about its suppliers due to lack of information

Frequency of disagreement and

overall level of perceived conflict

Luo (2002),
Flynn and Zhao (2014),
Hinds and Mortensen (2005)
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Table 2. Comparison of efficiency

Model Group Buyer Supplier Buyer and Supplier
Group [: Efficient
N 58 34 22
CCR Percent 30.2 17.7 115
Model Group II: Inefficient
N 134 158 170
Percent 69.8 823 88.5
Group [: Efficient
N 69 44 31
BCC Percent 359 229 16.1
Model Group II: Inefficient
N 123 148 161
Percent 64.1 771 83.9
Table 3. Relationship management and efficiency in SCQM
Relationship Buyer Supplier Buyer and Supplier
Management Efficient Inefficient t (Sig) Efficient Inefficient t (Sig) Efficient Inefficient t (Sig)
Length of
Relationship
Mean 493 407 3.78 3.85 322 1.29 424 3.38 3.25
SD. 1.16 1.29 (0.00) 1.40 1.56 0.21) 1.36 1.17 0.01)
Contract
Mean 4.56 3.81 3.26 3.36 3.08 093 3.34 3.02 0.58
SD. 122 1.17 0.01) 1.29 1.16 (0.40) 1.34 1.20 0.33)
Information
Asymmetry
Mean 1.53 347 -543 1.37 3.82 -6.56 1.29 403 -6.98
SD. 0.32 121 (0.00) 0.25 1.03 (0.00) 0.40 1.76 (0.00)
Goal Conflict
Mean 2.53 297 -1.78 2.86 3.09 -1.75 3.88 402 -0.79
S.D. 1.10 1.03 (0.26) 1.08 1.25 (0.32) 1.20 1.71 0.29)

statistically significantly lower in the efficient group.

These results suggest that efficient companies among
buyers conclude a thorough contract with suppliers as the
trade partner under a long term relationship, and pay attention
to information sharing. In addition, it can be seen that efficient
companies among suppliers make efforts to share information
with buyers in order to overcome information asymmetry.

Lastly, these results show that efficient buyers and suppliers

put emphasis on the length of relationship and information

asymmetry.

5. Conclusions

This study investigated the relationship between the
relationship management and the efficiency of SCQM by an
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empirical survey through matching buyers and suppliers in
actual trades. In order to measure the efficiency of SCQM,
input variables were classified into SCQM infrastructure,
SCQM processes, and SCQM performance (Kuei and Madu,
2001; Lin et al., 2013). Among variables that explain the
buyer-supplier relationship, length of relationship and contract
are the relationship management variables with positive
effects on performance, whereas information asymmetry and
goal conflict have negative effects on it (Zu and Kaynak,
2012; Cachon and Lariviere, 2005).

The findings are summarized. First, the number of buyer-
supplier dyads in efficient SCQM was 31, accounting for
16.1% in BCC model. This implies that it is very difficult for
both buyers and suppliers to be efficient simultaneously
without attempting opportunistic behaviors such as partial
optimization to maximize buyers’ or suppliers’ own individual
performance, which is consistent with the results of previous
studies (Swink and Zsidisin, 2006; Zu and Kaynak, 2012).
Second, in buyers, the characteristics of length of relationship
and contract were statistically significantly higher in the
efficient group than in the inefficient group while the
information asymmetry was statistically significantly lower in
the efficient group. Also, goal conflict did not show
statistically significant difference. In suppliers, only
information asymmetry was statistically significantly lower in
the efficient group than in the inefficient group. In buyer-
supplier dyads, length of relationship was statistically
significantly higher in the efficient group than in the
inefficient group while the information asymmetry was
statistically significantly lower in the efficient group. This
supports previous studies that emphasized the importance of
information sharing in the SCQM (Juan Ding et al., 2014; Li
and Lin, 2006).

As theoretical and practical implications, this study has a
substantial significance in that it analyzed the efficiency of
SCQM by analyzing separately the efficiency of buyers and
suppliers that form supply chain, and subsequently organizing
buyer-supplier dyads. Most of previous studies on SCQM did
not consider buyers and suppliers simultaneously, but were
conducted on the basis of the stance of the only one side.
However, since the supply chain is composed of buyers and

suppliers, it is more reasonable to take both into account for
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analysis. Particularly, since quality is dependent on materials
and parts supplied by suppliers, quality management of both
buyers and suppliers that form the supply chain is important.

Another implication of this study is that it classified the
entire group into the efficient and inefficient groups based on
the efficiency of SCQM, and examined the relationship
between the relationship management and the efficiency of
SCQM. This study is aimed at deriving the measures for the
efficiency management of the supply chain by identifying the
variables of buyer-supplier relationship management that can
reduce the number of the sub-optimization attempts by the
members in the supply chain. This may provide not only
academics but also executives of companies with a significant
implication about which variable should be intensively
managed among various relationship management variables
with trade partners.

On the other hand, this study has a few limitations and the
direction of future studies to overcome these is as follows.
First, in this study, data that formed dyads between buyers and
suppliers were used, and subsequently, the data size was not
sufficiently large. Thus, since the results are limited within the
scope of data examined in this study, their generalization is
somewhat limited. If more efforts to collect questionnaires are
made in the future studies, more samples will be secured.
Second, various situational variables could not be taken into
consideration in examining the relationship between the
relationship management and the efficiency of SCQM. It will
be meaningful to examine the relationship between the
relationship management and the efficiency of SCQM in

consideration of various situational variables.
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SMEs are an important part of our economy, they have played an
important role in the creatio
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SMESs are an important part of our Economy, they have played an important role in the creation of social wealth, as
well as solving the unemployment problem. Since recently, China’s SMEs have been facing enormous challenges,
such as shrinking external demand, and the plight of internal cost increases, in this situation, the issue of SMEs’
financing becomes more prominent. Specifically, the issue of SMEs’ financing mainly represent by the lack of
financing channels, difficulty to obtain bank loans, increase of financing costs, short financing terms, and the lack of
guarantee system.

In facing the actual status of SMEs in China, this paper proposes a number of solutions, including building
guarantee system, developing multi-level capital market, and guiding financial institutions to financial products
innovation. Supply chain financing (SCF) is a newly innovated financial product which was designed by commercial
banks in recent years. SCF combines SMEs™ upstream and downstream in daily operations, it bases on the core
enterprises, introducing the logistics enterprises into its operation, therefore meets the commercial banks’
management needs for “logistics, cash flow, information flow” of supply chain. SCF is an effective solution to the
problem of asymmetry information between SMEs and banks.
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