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We examine a three-machine flow shop sched-
uling problem in which two overlapping wait-
ing time limits exist between the first and sec-
ond machines and the first and third machines,
respectively. The objective is to minimize the
total completion time. We first present a mixed
integer linear programming (MILP) to mathe-
matically model the problem and obtain opti-
mal solutions. Due to the high computational
complexity of the problem, large-sized prob-
lems cannot be solved by the MILP within a
reasonable computation time. We therefore de-
velop a heuristic scheduling method based on
the genetic algorithm. Finally, the perform-
ance of the proposed algorithm is numerically
tested.
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Data envelopment analysis (DEA) is a tool for
identifying best-practices when multiple per-
formance metrics or measures are present for
decision-making units (DMUs). As big data is-
sue becomes an important area of supply chain
and operations management, DEA is evolving
into a data-oriented data science tool for bench-
marking, performance evaluation, composite
index construction and others. As the number of
DMUs increases, the running-time to solve the
standard DEA model sharply rises. Such sit-
uations are appearing more frequently in the era
of big data. This issue could be an important
challenge particularly when real-time data
stream in at extremely high rates and the DEA
analysis needs to be performed very quickly.

Therefore, there exist practical needs for devel-
oping an efficient way of solving large-scale
DEA problems. In this paper, we propose a
practical approach for speeding up the DEA ef-
ficiency estimation process based on machine
learning. In this approach, a sample of DMUs is
selected from the population as a training data
set, based on which a machine is trained to pre-
dict the efficiency scores of unselected or newly
streamed-in DMUs. We also suggest a data
augmentation technique to enhance the learn-
ing process under severe data class imbalance.
The superior performance of the proposed ap-
proach over the conventional one in terms of ef-
ficiency prediction power as well as model
computation time is shown through a series of
computational experiments using randomly
generated data.
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This study aims to check whether Digital
Supply Chain Management practices has pos-
itive effect on company’s performance by using
sample consisting of companies in Chinese
industry. Furthermore, the authors check if
companies’ utilizing either Al related tech-
nologies or Big Data analytics have positive
moderating or accelerating effect on the rela-
tionship between DSCM and the performance.
To achieve these goals, the researchers con-
ducted surveys and empirical researches using
validity check, reliability analysis, regression
model and moderate regression model. Results
of further research showed that DSCM practi-
ces affects the performance positively in
Chinese sample companies. As the further re-
search results, utilizing Al related technologies
has positive moderating effect on relationship
between DSCM practices and the performance,
while utilizing Big Data analytics does in lim-
ited range. From these research results a mana-
gerial implication that implementing DSCM

practices and Al related technologies at the
same time gives Chinese companies more im-
provement in performances due to the syn-
ergetic effects between them
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We consider a hybrid manufacturing system that
produces components based on both long-term
contract with higher priority and short-term con-
tract with lower priority. The manufacturer oper-
ates production on a make-to-stock mode for the
long-term contract and on a make-to-order mode
for the short-term contract. Recently, hybrid
manufacturing has received attention from aca-
demia and industry because it can contribute to
profit enhancement through revenue channel
diversification. In this paper, using a Markov de-
cision process model, we study the structure of
capacity rationing and admission control poli-
cies under the assumption of non-preemptive
batch production and compound Poisson de-
mand process. We also investigate the effective-
ness of backlogging short-term contract orders
on profit and examine the impact of long-term
contract demand sizes on profit with varying
probabilities of each demand size and variance
of demand.
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Industrial robots are manufactured as robot
products by utilizing parts including sensors,
actuators, controllers and consist of a supply



chain provided for end-users through ro-
botics system integrator. This study was ana-
lyzed with a social network analysis(SNA)
by using corporate trade data to find the
characteristics of the industrial robot supply
chain in Korea. The network of the industrial
robot supply chain consist of 3200 nodes and
3488 edges and the key types of demand in-
dustry have found to be automobiles, elec-
trical and electronic equipment, and metal
and machinery. The characteristics of the
supply chain of industrial robot industry in
Korea were analyzed that foreigner-invested
robot companies are very influential. The
size of sales and importance of the network
do not accord with each other. It is analyzed
that the companies are classified into the
ones related to robots, but their sales in the
robot sector is remarkably low or there are
transactions with the ones which have noth-
ing to do with them. In order to improve the
Korean industrial robot industry’s com-
petitiveness, the implementation of the sys-
tems for specialized in robot fields and sys-
tematic management of information on ro-
bot-related companies are required and the
existing quantitative polices for supplying
and diffusion industrial robots need to be im-
plemented with qualitative polices for utiliz-
ing and promoting them.
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With the changing lifestyle of humans, the use
of technologies increases, thus increasing the ne-
cessity of energy demand. Owing to limited non-
renewable energy sources, the demand for re-
newable energy is growing gradually. On the
other hand, the waste generated increases with
the increasing population rate. Wastes can be a
useful source of energy demand, and environ-
mental pollution can be reduced. This study ex-
plains a renewable energy production system.
The proposed production system uses wastes as

a source of raw material. Wastes are collected
and transported from the collection center of a
city to produce renewable energy. An autono-
mated inspection policy is used in the production
system. The random rate of unusable wastes is
scraped from the system, and the rest are sent for
energy production. The total cost of the energy
conversion plant is optimized analytically by a
classical optimization method. Three numerical
examples are given for uniform, triangular, and
beta distribution of random scrap rate. The re-
sults show that adopting beta distribution for the
proposed study is required to obtain the max-
imum amount of renewable energy at the mini-
mum cost. The transportation cost is found as the
most sensitive cost parameter among all cost
parameters. The proposed study fulfills both the
aims of renewable energy production and waste
management.
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We develop a modified version of deep de-
terministic policy gradient(DDPG) algorithm,
which is one of the most popular deep reinforce-
ment learning algorithms dealing with con-
tinuous action spaces, and apply it to the in-
finite-horizon newsvendor problems with con-
stant lead time. Reflecting the key features of
the inventory management problems, our algo-
rithm, named as Inventory based DDPG
(IDDPG), is differentiated in the state varia-
bles, action spaces, and cost functions com-
pared to the DDPG. By conducting numerical
experiments and comparing the performances,
we found that when applied to the inventory
management problems, IDDPG is able to find
the near-optimal solutions and outperforms the
DDPG in most cases. We also found that our
IDDPG can be applied to a inventory manage-
ment problem whose optimal solution is not
known.
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3-Machine Flow Shop Scheduling with Overlapping Waiting Time

Constrains to Minimize Total Completion Time

Jun-Ho Lee** - Hyun-Jung Kim***'

**School of Business, Chungnam National University, ***Department of Industrial & Systems Engineering, KAIST

We examine a three-machine flow shop scheduling problem in which two overlapping waiting time limits exist between the
first and second machines and the first and third machines, respectively. The objective is to minimize the total completion time.
We first present a mixed integer linear programming (MILP) to mathematically model the problem and obtain optimal solutions.
Due to the high computational complexity of the problem, large-sized problems cannot be solved by the MILP within a
reasonable computation time. We therefore develop a heuristic scheduling method based on the genetic algorithm. Finally, the
performance of the proposed algorithm is numerically tested.
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< FA%e FAAES HlEo R wiah o] 55 F
3 2skE FAAES dolxtths Holth mekA o
Ao 2 2V|RHAES FAStE fiaAEe] 8
FE O mE AZE o HAs ) ZHT HE FE
o] Hoprltha &  Jltk £ AFelA e 3
27| RS T 93 1% AFES Faste]
o}z <Table 1>¢] 8/ &a8]&S ALE3IHTE F44
o2 of 2/hE 749 YEIHE ol 3] 2w

oy =

A AT BE3 SAARSS 229 (random)
WA oz AT

Table 1. Algorithms for Initial Population

Algorithm Description
Al SPT with p;,
A2 SPT with p;,
A3 SPT with p,,
3
A4 SPT with Y p,,
k=1
AS Algorithm by Rajendran & Chaudhuri(1991)
A6 Algorithm by Aldowaisan & Allahverdi(2004)
A7 Algorithm by Laha & Sarin(2009)
A8 Algorithm by Gao et al.(2013)

Gd ] ~AET A= SPT(Shortest Processing
Time) 745 o] &3t FABANE HAs + 3
o] &HA Ut o]o ZAkste] <Table 1> Al-A4

7F A&E AT Al-Ade 247 2 A Ao 49
SRR, T A ARl Mo FAFAZE, Al WA A
Hlo| A o] FAAZL A HARE A WA 3480 S

W-‘ll FAANTY T3S 710 E SPTE A¢<EA
AR ARE A= <Fig DI o] FAAR
FHTh AS-A8S ¥ AE ol st en,

2P FAEAL HAsE S A

2§ dagFselt &, AlFA A

ATolA BF= EAS i Aol
A Aldowaisan & Allahverdi(2004)] 7% &4
ANZHE 3834 ¥ no-wait EE94FS
o obA AW uhol o] B AFolA OF
a; 9k b0l wek no-wait EZ-94F 4171 2
7 AIZE Aleke] fle T4V 2 = e
Al Aot} metx EA &7l A= Aldowais
Allahverdi(2004) 2] ?—iiﬂzoi E%@ si7F ¢
BeE BY 7540l ¢

1 4 TP

Ay

o i rlo - - rBL
N rh:: SE mln
o

rlr ok
Pt go mi f1oMo 3L

A/t T < (A A O

=
B e

g2l

3

4.3 AMEH(Selection)

2 GA] A %Z“}EQ
°H NE2E FAAES st 713
t}. o] & ‘ﬁ%‘ HAe T3 dA A FHAAE F
YEI} g AU 2 ADE e A oA theFst
55 &8 4 9rHMoon, 2003; Lee, 2020; Lee et
2021) Lee(2020)= th7] A7t A eFo] Qe 2-4dH] &
Sk 2AEY EANA EY E go] 5% 4
% s AdH o= 1 0}935} Ol 2g 71E A4
5 ngos B

H].F)r oF W

=odA e &2 2 HAE ARES

EY & AL 7|EHo R 95 A&, 2 AT
A R TAY 2SS A2 TSNS e A
o o Aol AelE &2 g&& Fogit} Hd vln
A T FUEANE 2 AR 9 gES 9
st S fAg B Aol 4] fHA
of &5 Fosts WAS ofeel 2ol Aotk
P = i an

e
PE A4 7 v AU E A2E gEolH, fe

DA 1 19U 20 A= 7, FHEADE ol
gk oo @ AT BE GRS 2 AR
F Hoighe Avidth B ATl N Telshs BH4e
AR Aol BR AFE(F, FREA} R
Bojsjor @}, o2 Slal £,7} ohd
% @A) Aol a4 AG

4.4 1 xHCrossover)

WAL F RE G4 28E 5 A
FAAE wEe] Wi Igolth. wAE 9

2\_]'
2]
(one-point) 2}, ] (two-point) 22} 5 Tht WHE
al.
el

:x:z[:lo
e 2L

o] AF&FtHMoon, 2003; Lee, 2020). Hosseinabadi et
(2019)3 Hasancebi & Erbatur(2000)& fH ¢ 18]S
el ARREE Tekst wak H S A8t HluAds

5ol 2AEE EAA A wApE 4T s B
%‘% ZRlsttt Lee020)o - = L wat w2 o] o
ZIXZE Aleke] Q= 2-4H] F2AF 2AIETY EA0NA

NEE 95 A5 2L HAUAT & Ak olH@



v 1]4]2[5]3]
[1]4]2]5 3|[>14|2|55 1]4]2]3]5]
[1]2]3]4]5] V[1]2]3]4]3 1/2[5]4[3]

112|3[4]5]

Fig. 2 One-point Crossover
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Z 4700 A4 SRR A AT
T Rl TFATE o5
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Aol 5 7he] Br 4AAE 2ATl A T 44
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46 X|2IE}M(Local Search)

Feloy daeEel 4% P4 8 Fxos
A 710 S BT AP 02 s AL A
7ol F43) 271k AL WA S8l o) AopE
HYE F, FHBALE 71F0E 958 10% FA7
Sl Aol 2 85 25 tlAlsIgT Ay
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Step 2. j=no]™ Step 302 o]F3It} 18] ¢Fow
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Fig. 3 Flowchart of the Proposed Algorithm
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Ate Fel2g dugFL Javag FHSAL B
21§-& PC(ntel Core i7-9700, 32GB RAM)<ll A %13}

5.1 mf2fole| MY

A& Hho) o] B Aol 4 Aok FelaE ga
JEE FAYLYZS WO E Ik FRLTLF
ALY AH2E 2ATY 27K A0
3 1 80), Mol HEGn)o] YTk YA o2 13

= A 544 A3t gerHES A 0}71 SME]
HAY S &8ttt 2 dFdAE 7|& dFeEs
st o5 22 detvE SRES Lﬁﬁ skich:
Ne{n, 2n, .., 10n} (n2 ZY9 ), G={100, 200,
., 1000}, ¢=1{0.3, 0.5, 0.7, 0.9}, me<{0.05, 0.1, 0.2}

(Eroglu et al., 2014; Tseng & Lin, 2009; Lee et al., 2021).
Az gefn|E] SRS gl AuAES 8o
o] W) o] F n& 5002 TAI}HPL FAHATE 19
A1 50 /\POH ATE FANE WA T4 tir1A
ZF Aeke YER = o, ¢ b= 3RAIE 286ty o
I o] FAE AAPATH o, €40, 1, -+, 50}, bE
{ai, a;+1, -, 100}.

A RE 2FE 18T 49 F 1200(=10x 10
x4 x3) 7N A2 =7} 210, Lee et al202D)S
st o2 Iy e 71E ATl AHE fte
2 IAII N> Goeom TAHZ SAZOE g
e AgYsle] HA FARANE F= FJH #HE
< AA3 A HF AAE debvE e o 2ok
N=3n, G=300, c=0.5, m=0.2. ZAA|3 du|Ad 2
= B A7 FH Yol of EBE ATNE At

Oherol T FEAIE fols} vin|E Aol are)
2o BHEE BHE WHOE seEE ARG S
& B

Table 2. Experimental Settings

52 HEME

B AFoA 1HEE= T8 8452 JY9 +, 34
AIZE d7IAZE Al ekolth, 2Hy ol WE daelE
I MILPERE =249 sote] vus 9fs) &g 7t
1074, 2071, 307H, 4074, 5070%) A& 1k &H
AZEE 104 50 Abe] 9] zé?i T2 2 A8kt
A 2R vke} o] B ATl A OF = EAE W)
AZE Aok S A Aeko] AAL 79 no-wait =5
A FAIA AL, B & A ofo] =T - 7] AIZE

o Aleko] §le YutA <l Z2 4 fASHT wfhehA
olgg A& BT sty sl FAHAL HAE vy
S & <Table 2>%} o] Al 714 F3 9 th7|AZE Aok
a1 FH 7N AkS OE 7€ AFNAE
A A A" o] AHEEATHKIm & Lee, 2019; Lee

et al., 202D).
53 27| 2FE TYS 5 TS Y KIEHY
7Y sty AS

(Table 32 27| 2AT 7S A% dargf+ 5 A
& =

ofgta) 7)ol BAL AFe] 98 49 AnE
ERT} <(Table 3>2] HAL, HA2, HA39] 9r]= v}

ot
« HA3: AlQtehs % dmelE @golA
H]—lﬁ 3
+ HA: HA3oI 4 A5y 7
« HAL: HA20| A 27125
404 #m) A F, 27
2 74

CTatle el 3 WA ¢
AAEE ovls £ WA
o}, Zhzte] zge) o) 20749
I 77k Tjsl HAL-3S

A 27014 Aok
& 2] & Lhera
AAHAE FAE A
2 g3te] Wt FHRA

Waiting Time Limits

Experimental Setting

10}, b,E{a,a, +1,--

,20} 1)

,50}, b E{a;q, +1,---,100}

@

Processing Time Range
a,€{0,1,---
p,;E{1,2,+,100} a,€{0,1,-
aiE{OJ.y .

,100}, bE{a;a; +1,--

,200} ?3)
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HICDH % 9] 9] ALAIZHCT)E <Table 3>l 7
Stk FALRYZ 5 2L A2E 2 S
A £E5E 7k 2l 4 ons s

AFE 93] HA1-3& 7 Ql2~'d 2of tf3f 103] 4
g3l YRS BEIQT AT T ge 2
HA2¢} HA1 122 HA39 HA2Z2 R E] =54 39 54
2 o) 8 % eItk A0 R BE 7904 HAL
oM HABL.Z 245 FABAHEA Y gho] Za
e & 4 Uk U7 AR Alekel B AR S

ﬁ
i/

2 242 HA2S} HA3Ol 9% sl] 7lale] S71he &

F SiT AW 0.2 AZHAISk] QATFE EAY

o7} FolAltke HolA, ofel e EAUSSE HA2S)
A9

HALZ} HA2E Blas| R 24je) 4= no] AZTE =
5 FEEAIY Aol7t AZE & F Uk ol A
o] 71 AL A e fFALuYE HoRE S
& AE dS F Jou A4 FUF ALFE EAVE
oAH YA I B =R A Ak 71 HES 53
dagFe] A iAol asttar T 4= it 9
2 o] AFAEQD slollA n=1091 7% HA27} HAL®]
Hal 0.6% NAE FLEANE FAT, n=50% A%
52%2] 7|Ao] dolde & 4= Utk AFAHH @9 Q)
M= fARE ES B2 4= 9l o]F T3l £ Al
A 271BHT TS A AR daelaEel Y

Table 3. Comparison between HA1, HA2, and HA3

Aol 3529 BAE ehie & 4 9lek HA3SH
HAZS) M Eate] AR Aigha) el oS
SQ1@ 4 itk 941 HAZS} HALS) mlms) frAfalA] 2
Qo) 57k ARFE 22E FAEARIY Aol7h A=
Age nalk og o} APAH O sl n=109
7% HA37) HAZSl M3l 03% 7|E 2B NS 54
7, n=5091 9 21%¢] )Ade] dojuith. APAHE)
S QANE FAR TS FAT 5 Yok
AREAIZE ZR01A) A5 5 HALOI A HA3S.2 2
5 ARAZ] F7KE & 4 k. AR Ao 507}
QW= HASE B9l B 152 o2 38 228 4
2L & 5 Utk AN BANAE FAH0E
eate] FF Aol A A el

54 MILPRl2| H|IE E8t Ms HS

Table H= & =X HFH L2 Agkshe= darg
=91 HA39} 2 =F9] 33oA &7)E MILPS| vlwZd 7}
£ HoFth Z4474e] Whgol thaf] 2070 l2xf 0] Bt
FAFAT ARAZE <Table 4>o 7193 Th
MILPE Z7]$¢3] Gurobi (Version 9.1.2)E AF&31.° ™
INZES ALAIZE AlokS FaL APE st 14
2k ool HAs 7t =EEW s H A3 542 gt
< o] 833, I o A9 1A AHE AR elA
A o] A EZ2)(current best solution) 7+ ARE-FTh

Exp. HA1 HA? HA3 Gap(%) Gap(%)
Setting n TCT CT TCT CT TCT CT HA2 vs. HA1 | HA3 vs. HA2
10 3822.7 0.02 3798.1 0.02 3786.4 0.16 0.6 0.3
20 11909.2 0.03 11714.6 0.03 11554.5 1.10 1.6 1.4
(D) 30 26328.2 0.03 25586.6 0.05 25222.0 3.01 2.8 1.4
40 45060.1 0.04 43157.5 0.08 42483.1 6.91 42 1.6
50 70123.7 0.05 66485.6 0.13 65111.9 13.38 5.2 2.1
10 3502.0 0.02 34973 0.02 3481.8 0.14 0.1 04
20 11271.0 0.03 11162.6 0.03 11034.0 1.00 1.0 1.2
2) 30 24486.8 0.04 23913.2 0.05 23580.2 3.13 2.3 1.4
40 41256.6 0.05 399334 0.08 39290.2 7.14 32 1.6
50 62470.2 0.06 59735.8 0.13 58794.1 13.70 4.4 1.6
10 3567.2 0.02 3560.9 0.02 3547.9 0.15 0.2 0.4
20 11068.6 0.03 10980.1 0.03 10846.4 0.99 0.8 1.2
(3) 30 23561.9 0.04 23154.1 0.05 22870.1 3.14 1.7 1.2
40 41884.7 0.05 40801.2 0.08 40259.4 7.17 2.6 1.3
50 62691.3 0.06 60618.6 0.14 59763.4 14.20 33 1.4
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Table 4. Comparison between HA3 and MILP

Exp. HA3 MILP Gap(%)
Setting " TCT cT TCT cT INO(%) HA3 vs. MILP
10 3786.4 0.16 3785.5 0.13 0 0.02
20 11554.5 1.10 11506.7 82.98 0 0.42
(1) 30 25222.0 3.01 25045.4 3461.22 95 0.71
40 42483.1 6.91 42360.2 3600.00 100 0.29
50 65111.9 13.38 65154.6 3600.00 100 -0.06
10 34818 0.14 34783 0.11 0 0.10
20 11034.0 1.00 10996.1 23.49 0 0.36
2) 30 23580.2 3.13 23349.1 1854.61 35 0.98
40 39290.2 7.14 389524 3435.79 95 0.85
50 58794.1 13.70 58444.9 3600.00 100 0.61
10 35479 0.15 35475 0.11 0 0.01
20 10846.4 0.99 10807.1 13.27 0 0.36
3) 30 22870.1 3.14 22673.3 2272.00 50 0.87
40 40259.4 717 39960.5 3444.52 95 0.75
50 59763.4 14.20 59326.2 3600.00 100 0.75
<Table 4>¢] 78 INO(%)= 1417t Yol MILPE E3) & Bol= IAZE ool s & =2 + Utk Y& <
7t E2EHA @2 JAxE 29 HlEE 9u|git) vhA 2B 20 tisf 124709 AlIZE Aleks Fa MILPE 4§
of Ao HASSH MILPRRE E28 544 gtol Aolg o mekor} RE A$ 1247k ool Al E =2
%= eI F glaee ua

£ MILPS] AAIHE 2528 A ROl
thal o] 571 407) ool Hw A] mE A 14
ZF el AHalE E2eA 2E & 5 ek 53] 49
AR 5, AzEAICk] QAT 79 MILPe] A2HAzko]
2010 o 4 Ak W HAZS] A9 A4AITE] A

S AN E & —5—}1 MILPZ 5

@ 1% ol Ao|7t e &
(D, n=50%1 73-%- HA39| A 1&&&% MILP2] 0
EFsAIT 03] 4% 38 T2 ¢ 4 At

55 n0| 2 &2 HA3Q| AHAA[ZE

B AoM= nol 2 79 HA3Q| Al4bAztel thdk A
o A3E gt FAH S E ne (100,200,300 7
5 159, 47k AFAEQ) st 10712 Q1
2B 28 R E AAstY ot AXMIH RIS =2
3}al <Table 50 71984t nol AZAGFE A HGehA
SO 2 Qs AL o] §43] F7FAIT, n=300%1

Table 5. Computation Time of HA3 with Large n

n HA3 Computation Time (s)
100 104.48
200 913.14
300 3181.71
6. 4 &

B =2oA e SURARE HA5E 98 T3 )
AZE A kS 2t 3-8 FEAY 2AEE ZAE O
FAT HAd =& A% MILPE &/819a, we
AR Qb H A e AR E 25 e FrElzE
W g ARk AT AdS Bkl B ATt A] ARt
gk g Eol ohsh o] S JF3HAth =3 A
ME FrE|2~E darg]Eo] WE AR viell HAs)et 1%
ngke] Alol & M= ¢ E 52T T Ues
ARE T UG

FF A A Al 7HA e E s & 4 Sk
ANE, TR oo ¥ 54 24S aeske ¥
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ok, B ATl 2 A9 W18 125 wsk
ou @718 nEste] AQA Hash AA AY &
A28 5¢ BAH0E 1Y + Utk A O
Quka|ol AALA 8ol TS $AIE A2 S ik B
Ao E 34 B4 2AEY BAE GRS
U QuEEel modl T3 B T $ 1A%
Aok #74¢ nelstel ATANE FHY Y2 Ao
2 A9 s o, daelEe A BEHE B
ot YEOT ATE AW T 5 Atk T AHR 2
28 Qelzo] U0l FAE v WE A st
2 7bs AT, AW B3 2ol uheh o] 2
7k ARGRE ARAZE| A3 FIHeTE AL 25
ZOUAE $58 S8 9L 5 9k WEe s
A ER FF FL AT WPl B & Urkn BT
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Application of Machine Learning to DEA with Big Data

Nguyen Thuy Duong** - Sungmook Lim**’

**Dongguk Business School, Dongguk University-Seoul

Data envelopment analysis (DEA) is a tool for identifying best-practices when multiple performance metrics or measures are
present for decision-making units (DMUs). As big data issue becomes an important area of supply chain and operations
management, DEA is evolving into a data-oriented data science tool for benchmarking, performance evaluation, composite index
construction and others. As the number of DMUs increases, the running-time to solve the standard DEA model sharply rises.
Such situations are appearing more frequently in the era of big data. This issue could be an important challenge particularly
when real-time data stream in at extremely high rates and the DEA analysis needs to be performed very quickly. Therefore, there
exist practical needs for developing an efficient way of solving large-scale DEA problems. In this paper, we propose a practical
approach for speeding up the DEA efficiency estimation process based on machine learning. In this approach, a sample of DMUs
is selected from the population as a training data set, based on which a machine is trained to predict the efficiency scores of
unselected or newly streamed-in DMUs. We also suggest a data augmentation technique to enhance the learning process under
severe data class imbalance. The superior performance of the proposed approach over the conventional one in terms of efficiency
prediction power as well as model computation time is shown through a series of computational experiments using randomly
generated data.

Keyword : Data envelopment analysis, Large-scale, Big data, Machine learning, Support vector machine
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Table 1. Classification Performance Comparison between Different Settings (p =0.5)

Size DEA Den Accuracy F1 Balanced accuracy

(n,m,s) Model -sity SWM RF LoR SVM RF LoR SVM RF LoR
Rad VRS | 27% | 09736 | 09684 | 09685 | 0.5276 | 0.5330 | 0.4473 | 0.7755 | 0.8147 | 0.7298

(1000, CRS | 0.8% | 09917 | 09891 | 09877 | 0.5202 | 04682 | 0.4296 | 0.7793 | 0.7850 | 0.7903
2,2 bir VRS | 29% | 09748 | 09664 | 09683 | 0.4943 | 0.5188 | 0.4118 | 0.7366 | 0.8135 | 0.6908
CRS | 1.0% | 0.9888 | 09832 | 09862 | 0.4610 | 0.4277 | 0.4633 | 0.6785 | 0.7790 | 0.7709

Rad VRS | 8.6% | 09364 | 09179 | 0.9030 | 0.6729 | 0.5902 | 04572 | 0.8612 | 0.8138 | 0.7113
(1000, CRS | 38% | 09642 | 09586 | 09553 | 0.5263 | 04712 | 04653 | 0.7718 | 0.7414 | 0.7515
3,3) bir VRS | 8.6% | 09369 | 09236 | 0.9068 | 0.6584 | 0.5981 | 04603 | 0.8479 | 0.8117 | 0.7110
CRS | 3.8% | 09678 | 09635 | 09586 | 0.4908 | 0.4957 | 0.4319 | 0.7230 | 0.7394 | 0.7125

Rad VRS | 31.6% | 0.8353 | 0.7860 | 0.7442 | 0.7837 | 0.7227 | 0.6407 | 0.8632 | 0.8093 | 0.7346

(1000, CRS | 244% | 0.8596 | 0.8189 | 07748 | 0.7556 | 0.6709 | 0.5872 | 0.8725 | 0.7984 | 0.7343
59 bir VRS | 345% | 0.8372 | 0.7680 | 0.7127 | 0.7963 | 0.7178 | 0.6223 | 0.8543 | 0.7817 | 0.6970
CRS | 235% | 0.8655 | 0.8229 | 0.7858 | 0.7522 | 0.6565 | 0.5736 | 0.8665 | 0.7866 | 0.7253

Rad VRS | 1.0% | 09857 | 09845 | 0.9843 | 0.4961 | 0.4986 | 03522 | 0.8316 | 0.8651 | 0.7013

(3000, CRS | 04% | 09950 | 0.9945 | 0.9944 | 0.5218 | 04598 | 0.4726 | 0.8111 | 0.7907 | 0.7899
2,2 bir VRS | 1.1% | 0.9893 | 0.9873 | 09875 | 0.5749 | 0.5508 | 0.3561 | 0.8336 | 0.8538 | 0.6618
CRS | 03% | 09961 | 09952 | 09953 | 0.5137 | 0.4923 | 04427 | 0.7968 | 0.8222 | 0.7671

Rad VRS | 3.8% | 09643 | 09600 | 09541 | 0.6141 | 0.5256 | 0.3890 | 0.8658 | 0.7861 | 0.6850

(3000, CRS | 1.7% | 09827 | 09834 | 09787 | 0.5510 | 0.5074 | 04194 | 0.8315 | 0.7577 | 0.7249
3,3) Dir VRS | 3.6% | 09707 | 09673 | 09608 | 0.6652 | 0.5865 | 04048 | 0.8936 | 0.8159 | 0.6796
CRS | 1.6% | 09853 | 09841 | 09814 | 0.5449 | 04781 | 04121 | 0.7958 | 0.7301 | 0.7108

Rad VRS | 202% | 0.8901 | 0.8557 | 0.8010 | 0.7732 | 0.6923 | 0.5337 | 0.9044 | 0.8320 | 0.7081

(3000, CRS | 122% | 0.9198 | 0.9023 | 08769 | 0.7267 | 0.6203 | 0.5152 | 09076 | 0.7946 | 0.7309
5.9 bir VRS | 19.8% | 0.8920 | 0.8564 | 0.8090 | 0.7718 | 0.6854 | 0.5163 | 0.9026 | 0.8275 | 0.6972
CRS | 132% | 0.9191 | 0.8987 | 0.8676 | 0.7374 | 0.6296 | 04932 | 0.9014 | 0.7963 | 0.7073

Rad VRS | 07% | 09918 | 09908 | 09910 | 0.5346 | 04891 | 03373 | 0.8377 | 0.8241 | 0.6684

(5000, CRS | 02% | 09969 | 0.9968 | 0.9968 | 0.5338 | 04581 | 0.4442 | 0.8490 | 0.7815 | 0.7449
2,2 bir VRS | 0.6% | 09937 | 09929 | 0.9931 | 0.5796 | 0.5584 | 03759 | 0.8639 | 0.8773 | 0.6845
CRS | 02% | 09973 | 09968 | 09967 | 0.4745 | 04142 | 04418 | 0.7706 | 0.7654 | 0.7508

Rad VRS | 27% | 09742 | 09734 | 09660 | 0.6256 | 0.5506 | 0.3691 | 0.8886 | 0.7942 | 0.6748

(5000, CRS | 1.1% | 0.9889 | 0.9896 | 0.9866 | 0.5710 | 04743 | 0.3989 | 0.8587 | 0.7276 | 0.7085
3, 3) Dir VRS | 29% | 09757 | 09712 | 09658 | 0.6505 | 0.5489 | 0.3489 | 0.8880 | 0.7932 | 0.6518
CRS | 12% | 0.9887 | 0.9874 | 09861 | 0.5683 | 0.4602 | 0.3891 | 0.8198 | 0.7275 | 0.6897

Rad VRS | 15.6% | 09128 | 0.8866 | 0.8418 | 0.7657 | 0.6739 | 04930 | 09193 | 0.8302 | 0.6977

(5000, CRS | 85% | 09432 | 09307 | 09138 | 0.7239 | 0.6020 | 04862 | 0.9198 | 0.7900 | 0.7167
5% Dir VRS | 15.6% | 09116 | 0.8853 | 0.8494 | 0.7665 | 0.6744 | 0.4859 | 0.9194 | 0.8326 | 0.6879
CRS | 87% | 09422 | 09316 | 09105 | 0.7242 | 0.6030 | 04681 | 09163 | 0.7830 | 0.7027
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Table 2. Regression Performance Comparison between Different Settings (p = 0.5)
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Size DEA Den R? Spearman correlation RMSE
(n,m,s) Model -sity SVR RF LR SVR RF LR SVR RF LR

Rad VRS 2.7% 09141 | 0.8162 0.7302 0.9610 | 0.9139 0.8760 0.0431 | 0.0596 0.0658
(1000, CRS 0.8% | 09085 | 0.8284 | 0.8003 | 0.9541 | 0.9141 | 0.9055 | 0.0447 | 0.0606 | 0.0642
2,2) it VRS 29% | 0.9296 | 0.8258 | 0.7684 | 0.9682 | 0.9130 | 0.8752 | 9.0228 | 13.5404 | 13.6483
CRS 1.0% 0.9331 | 0.8444 0.8777 0.9715 | 0.9241 0.9358 9.5913 | 14.1650 | 11.6503
Rad VRS 8.6% 0.8971 | 0.7272 0.6575 0.9550 | 0.8589 0.8178 0.0361 | 0.0519 0.0539
(1000, CRS 3.8% 0.9104 | 0.7551 0.7394 0.9611 | 0.8721 0.8636 0.0378 | 0.0563 0.0539
3,3) i VRS 8.6% | 09031 | 07356 | 0.6530 | 0.9547 | 0.8539 | 0.7986 | 8.6571 | 12.7943 | 13.4832
CRS 3.8% 09228 | 0.8068 0.7693 0.9677 | 0.9034 0.8721 9.1480 | 14.1488 | 13.1869
Rag VRS | 316% | 08467 | 05957 | 04888 | 0.9202 | 0.7325 | 0.6842 | 00314 | 00484 | 0.0485
(1000, CRS 24.4% 0.8473 | 0.5459 0.5032 09255 | 0.7137 0.6927 0.0281 | 0.0451 0.0432
5,95) Dir VRS 34.5% 0.8199 | 0.5418 0.4307 0.8873 | 0.6802 0.6181 54077 | 8.3410 8.3921
CRS 23.5% 0.8464 | 0.5779 0.5406 0.9229 | 0.7325 0.7153 6.4614 | 10.0452 | 9.5070
Rad VRS 1.0% 0.9374 | 0.8659 0.7944 0.9706 | 0.9373 0.9144 0.0320 | 0.0426 0.0507
(3000, CRS 04% | 09509 | 0.8930 | 0.8266 | 0.9751 | 0.9484 | 09189 | 0.0313 | 0.0447 | 0.0544
2,2) it VRS 1.1% | 09606 | 0.8935 | 0.8226 | 0.9817 | 0.9490 | 0.9077 | 8.4381 | 12.9187 | 14.5997
CRS 0.3% 0.9579 | 0.9152 0.9183 0.9796 | 0.9612 0.9568 | 12.2077 | 16.3358 | 14.1900
Rad VRS 3.8% 09319 | 0.8174 0.7131 0.9703 | 0.9152 0.8595 0.0288 | 0.0417 0.0475
(3000, CRS 1.7% 0.9369 | 0.8144 0.7659 0.9704 | 0.9059 0.8840 0.0326 | 0.0487 0.0511
3,3) i VRS 3.6% | 09442 | 0.8444 | 0.7278 | 0.9740 | 0.9246 | 08522 | 7.7219 | 11.7569 | 13.3009
CRS 1.6% 0.9506 | 0.8655 0.8193 0.9774 | 0.9346 0.9041 7.9798 | 11.8693 | 11.8587
Rag VRS | 202% | 08889 | 06508 | 05155 | 0.9523 | 0.8015 | 0.7047 | 00252 | 00401 | 0.0433
(3000, CRS 12.2% 0.9099 | 0.6682 0.5973 0.9625 | 0.8165 0.7669 0.0274 | 0.0460 0.0455
5,5) Dir VRS 19.8% 0.9084 | 0.6823 0.5166 0.9560 | 0.8120 0.6974 5.3507 | 9.0719 9.9465
CRS 13.2% 09108 | 0.6883 0.5943 0.9604 | 0.8230 0.7543 5.2343 | 8.8918 8.9578
Rad VRS 0.7% 0.9421 | 0.8917 0.7697 0.9694 | 0.9525 0.9014 0.0362 | 0.0462 0.0605
(5000, CRS 02% | 09453 | 0.8988 | 0.8301 | 0.9705 | 0.9495 | 09195 | 0.0291 | 0.0414 | 0.0536
2,2) it VRS 0.6% | 09627 | 0.9277 | 0.8323 | 0.9816 | 0.9674 | 0.9124 | 9.3003 | 12.9303 | 15.7681
CRS 0.2% 0.9628 | 0.9217 09112 0.9814 | 0.9636 0.9533 9.7827 | 13.7791 | 12.8037
Rad VRS 2.7% 0.9380 | 0.8339 0.7132 09716 | 0.9237 0.8618 0.0306 | 0.0441 0.0516
(5000, CRS 1.1% 0.9517 | 0.8481 0.7826 0.9783 | 0.9272 0.8939 0.0278 | 0.0434 0.0485
3, 3) i VRS 2.9% | 09504 | 0.8184 | 0.7208 | 0.9767 | 0.9057 | 0.8490 | 6.4999 | 10.0265 | 11.4096
CRS 1.2% 0.9471 | 0.8520 0.8067 0.9741 | 0.9256 0.8974 8.1962 | 12.0472 | 12.3477
Rag VRS | 156% | 09097 | 06884 | 05412 | 0.9637 | 08318 | 0.7279 | 0043 | 00404 | 00444
(5000, CRS 8.5% 09314 | 0.7200 0.6260 0.9719 | 0.8480 0.7873 0.0242 | 0.0436 0.0448
5,95) Dir VRS 15.6% 09235 | 0.7117 0.5438 0.9662 | 0.8380 0.7195 5.2906 | 9.1541 10.1447
CRS 8.7% 09325 | 0.7413 0.6528 0.9708 | 0.8600 0.7988 5.3279 | 9.1580 9.3668
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Table 3. Classification Performance when p=0.7
Size DEA Den Accuracy F1 Balanced accuracy
(n, m, s) Model -sity | SUM RF LoR SVM RF LoR SVM RF LoR
Rad VRS | 3.8% | 09750 | 0.9698 | 0.9628 | 0.6779 | 0.5695 | 0.4096 | 0.8649 | 0.7754 | 0.6759
(3000, CRS | 1.7% | 009875 | 09855 | 0.9829 | 0.6465 | 0.4820 | 04313 | 0.8548 | 0.7173 | 0.7056
3,3 Dir VRS | 3.6% | 09726 | 0.9661 | 0.9557 | 0.6883 | 0.5807 | 0.3420 | 0.8615 | 0.7742 | 0.6333
CRS 1.6% 0.9884 0.9854 0.9834 0.6386 0.4503 0.4213 0.8131 0.6877 0.6805
Table 4. Regression Performance when p=0.7
Size DEA Den R’ Spearman correlation RMSE
(n, m, s) Model -sity | SVR RF LR SVR RF LR SVR RF LR
Rad VRS 3.8% 0.9506 0.8475 0.7164 0.9799 0.9319 0.8629 0.0231 0.0382 0.0482
(3000, CRS | 1.7% | 09639 | 0.8547 | 0.7823 | 0.9842 | 0.9306 | 0.8940 | 0.0203 | 0.0387 | 0.0448
3,3) Dir VRS | 3.6% | 09592 | 08310 | 0.7013 | 0.9818 | 0.9132 | 0.8356 | 42350 | 7.9380 | 9.8739
CRS | 1.6% | 09650 | 0.8732 | 0.8244 | 09844 | 09372 | 09071 | 53343 | 9.9798 | 10.8238
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Table 5. Computational Time Improvement of the Proposed Approach
Size Computation time (seconds) Ratio (%)
(n,m,s) @ DEA with all data (2 DEA with training data + SVR @/
(1000, 2, 2) 04113 0.1414 (0.1221 + 0.0193) 344
(1000, 3, 3) 0.6628 0.2041 (0.1759 + 0.0282) 30.8
(1000, 5, 5) 1.1676 0.3268 (0.2884 + 0.0384) 28.0
(3000, 2, 2) 3.7658 1.0414 (0.9719 + 0.0695) 277
(3000, 3, 3) 6.2002 1.6117 (1.4778 + 0.1339) 26.0
(3000, 5, 5) 12.0139 3.1085 (2.8258 + 0.2827) 259
(5000, 2, 2) 10.0035 2.6040 (2.4636 + 0.1404) 26.0
(5000, 3, 3) 17.3081 44543 (4.1584 + 0.2959) 25.7
(5000, 5, 5) 47.8801 12.3843 (11.1475 + 1.2368) 25.9
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Table 6. Classification Performance without Data Augmentation

Size DEA Den Accuracy F1 Balanced accuracy
(n, m, s) Model -sity SVM RF LoR SVM RF LoR SVM RF LoR
Rad VRS 3.8% 0.9726 0.9645 0.9627 0.5517 0.5228 0.3911 0.7219 0.7373 0.6509
al
(3000, CRS 1.7% 0.9845 0.9843 0.9841 0.1679 0.3775 0.4072 0.5313 0.6548 0.6707
3,3) DI VRS 3.6% 0.9715 0.9648 0.9618 0.5457 0.5462 0.3916 0.7231 0.7557 0.6513
1r
CRS 1.6% 0.9834 0.9829 0.9838 0.1657 0.3773 0.4036 0.5325 0.6514 0.6656
Table 7. Regression Performance without Data Augmentation
Size DEA Den R’ Spearman correlation RMSE
(n, m, s) Model -sity | SWR RF LR SVR RF LR SVR RF LR
Rad VRS 3.8% 0.9319 0.8127 0.7076 0.9714 0.9088 0.8554 0.0317 0.0448 0.0527
a
(3000, CRS 1.7% 0.9302 0.7947 0.7676 0.9704 0.8916 0.8870 0.0284 0.0425 0.0437
3,3) DI VRS 3.6% 0.9422 0.7942 0.7123 0.9729 0.8856 0.8431 6.1336 9.5218 11.1023
1r
CRS 1.6% 0.9457 0.8380 0.8012 0.9762 0.9170 0.8943 6.8388 10.4904 | 10.9691
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This study aims to check whether Digital Supply Chain Management practices has positive effect on company’s performance
by using sample consisting of companies in Chinese industry. Furthermore, the authors check if companies’ utilizing either Al
related technologies or Big Data analytics have positive moderating or accelerating effect on the relationship between DSCM and
the performance. To achieve these goals, the researchers conducted surveys and empirical researches using validity check,
reliability analysis, regression model and moderate regression model. Results of further research showed that DSCM practices
affects the performance positively in Chinese sample companies. As the further research results, utilizing Al related technologies
has positive moderating effect on relationship between DSCM practices and the performance, while utilizing Big Data analytics
does in limited range. From these research results a managerial implication that implementing DSCM practices and Al related
technologies at the same time gives Chinese companies more improvement in performances due to the synergetic effects between
them.
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Fig. 1 Conceptual Model of Research
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Table 1. Sample Classification by Industry

ltem No. Ratio

Construction 75 21.2%

Service 47 13.3%

Physical Distribution 32 9.1%

IT technology 27 7.6%

Industry Fashion apparel 63 17.8%
Beverage 14 4.0%

Chemical 20 5.7%

PC and electronics 75 21.2%

Total 353 100%

Table 2. Sample Classification by Employee Number

ltem No. Ratio

Less than 20 81 229 %

20 ~ less than 40 83 235 %

EmployeeNumber | 40 ~ less than 60 87 24.6 %
Over 60 102 289 %

Total 353 100%
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Construct Survey Item/Question Factor1 Factor 2 Cronbach's a

DSCMI: Trying to maintain long term relationships 748 .165
DSCM2: Cooperation in new product development 735 321

Digital Suppl . . .

g1l SUPPY DSCM3: Sharing information of demand and production 725 .048 .809

Chain Management
DSCM4: Mutual support, meeting and conferences .683 237
DSCMS: Communications, cooperations and trust building .665 136
PERI1: Increase of sales over the last 2 years 145 769
PER2: Increase of operating profit over the last 2 years 353 723

Performance PER3: Increase of market share over the last 2 years .095 677 797
PER4: Increase of return on investment over the last 2 years .148 .685
PERS: Increase of return on asset over the last 2 years 144 .600
Kaiser-Meyer-Olkin measure 0.854

Measures
Bartlett's Test 1365.077

o9 4%
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Table 4. Relationship between Digital Supply Chain Management and Performance and Moderating Effect of Al Usage

Step 1 Step 2
Variable Standard Standard
B deviation LS B deviation o
Constant 1.523" 0.166 9.164 1.298" 0.172 7.543
Digital Supplier Chain Mgt. 0.520" 0.046 11.281 0.457" 0.048 9.583
DSCM * Al Usage 0.060 0.052 1.141
R’ 0.266 0.298
adj-R® 0.264 0.294
adj-AR? - 0.004
F 127.269” 16.109”

“p < 0.01.



34

292 -

Table 5. Relationship between Digital Supply Chain Management and Performance, and Moderating Effect of Big Data Usage

Step 1 Step 3
Variable Standard Standard
B deviation T B deviation RIS
Constant 1.523" 0.166 9.164 1302 0.184 7.074
Digital Supplier Chain Mgt. 0.520" 0.046 11.281 0.481" 0.048 10.039
DSCM * Big Data Usage - 0.100" 0.037 2.680
R’ 0.266 0.281
adj-R* 0.264 0277
adj-AR’ 0.013
F 127.269" 7.184"
“p < 0.01.
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We consider a hybrid manufacturing system that produces components based on both long-term contract with higher priority
and short-term contract with lower priority. The manufacturer operates production on a make-to-stock mode for the long-term
contract and on a make-to-order mode for the short-term contract. Recently, hybrid manufacturing has received attention from
academia and industry because it can contribute to profit enhancement through revenue channel diversification. In this paper,
using a Markov decision process model, we study the structure of capacity rationing and admission control policies under the
assumption of non-preemptive batch production and compound Poisson demand process. We also investigate the effectiveness of
backlogging short-term contract orders on profit and examine the impact of long-term contract demand sizes on profit with
varying probabilities of each demand size and variance of demand.
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Table 1. Description of Model Parameters

Notation Description
R (R) Unit revenue of MTS(MTO) product
D Maximum size of MTS demand
A MTS demand rate
(i) Probability that MTS demand size is 4
Ay MTO demand rate
wt Mean of production time
Cre Setup cost of production
by (by) Backlog cost rate of unit MTS(MTO) demand
G, Holding cost rate of unit MTS product
q Batch size of production
@ Inventory level of MTS product
Ty Backorder level of MTO demand
" No production in process(n =0); MTS in
process(n=1); MTO in process(n = 2)
(z,n) System state where == (2,z,)
€ Two-dimensional " unit vector
~ Transition rate, y=X\, + X, +p
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TVf(2,n) = %[*H(x) +gl)\kaf(x,n) @
+uTyf(an)]
T7f(2,0) =—cpot TVf(2,1) 3
TEf(x,0) =— et TVf(,2) oy
4714

D
T\ f(z,n) :Zp(i)(iRl-i-f(x—iel,n)) )

T, f(x,n) = max{f(z+eyn) +qRy flz,n) } ®6)
,111(1'70)7 n:O
Tyf (x,n) Z{f(l’"'qu,O),n =1
f(l'_eg,()), n=2

)

2 (D AHEFEY JAEE e YERith n=00]
Iz, >0018 LD THI SO TE), n=00°]aL
zy =001 LD T ALY gk A
Aol a7ETh )\ &5 7= LD WA 5o Ao
£ Yehdth 1) 359 F8E ARt Aok A3
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g+f(x,n) = Tf(x,n)

A7 AHEBERT S0FARAL TE
= Ao "k

P(l‘2,0) = max{::;1 : TOf(x,O) > TEf(:E,O)} )]

Atk

C(0,0) = max{z, : 7V f(2,0) < 7% (z,n)} (10)

A(a:17n) = max{a:2 :f(z+e2,n) +qlt, = f(:r:,n)} 1

C(0,0)2 LD BAHTFETE o]l 2, FollA
7V 2 gelth Pa,,0) & AAALEFFO] 2,Y u, LD

Ako] SOUATET o]l 2 TolA 7HE E #helth

Alz,n) & ATFS0 F&0] AFEY o]l 7z, FolA]
7V 2 Fholth

Fig. DF TEEZ ¢=0.0012 Zhe 7RIS aE]
&< B3l 79 HF A 725 AL YUt AR
g dgAE 923 2tk R =15, R,=165, A\ =4,
D=4, p(i)=0.25,4 = 1234, A, =0.35, ' =1, ¢=25,
e =200, ¢, =1, b, =5, b, =15. B k&2 Carr and

Duenyas(2000)¢} Iravani et al.(2012), 18] 3 Elhafsi
20098 FAEPolA AHE eSS FxsATh
Fg DA 2, F2 FEFALTE, 2,5 AGA LT
YRS €(0,0) & AGA7} 91& o DAL 2 A
el & dAlol s ¢(0,0) =150tk Wb 2, < 159]
W LDAAE QR Px,,0) = HZ ARgEe 42
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Fol o, 9 W, 47 n=0, n=1, n=29° H-&3t=
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S AR FYeE etk A& 9, 17,7004 =
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© LDAAHE Zdstal, it sos FE83t
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When x, > 0, When x, > 0,
do MTS production do MTO production

if x; <= B(x,0) if x; > B(x,,0)

i If X, > A(xg,n), A(x4,0)
T [reject an MTO Ax,2)
demand L \ ) ——
5 4

If x, <= A(xq,n), accept
an MTO demand

-5 0 5 10 15 20 M
| C(0,0): Do MTS production if x, <= 15 |

Fig. 2 The Structure of Optimal Policies
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Table 2. Performance Comparison between Model | and Il Varying b, and b,

b,=10 b,=15 b, =20 b,=25 b, =30
% % % % %

b | blaR, | g7 | 660 63.9 62.3 60.9 59.8

35 007 | o | 879 | 332 | 857 | 341 | s40 | 349 | 826 | 355 | 814 | 361
45 0.09 I 71.5 17.4 75.3 17.9 73.6 18.2 722 18.6 71.0 18.8
55 0.11 Nd 68.5 3.8 66.3 3.8 64.6 3.8 63.2 3.8 62.0 3.8
58 0.116 I 66.1 0.2 64.0 0.1 62.2 0.0 60.8 -0.1 59.6 -0.2
65 0.13 I 61.0 -1.6 58.8 -1.9 57.1 -8.2 55.7 -8.5 54.5 -8.8
75 0.15 53.9 -18.3 51.8 -19.0 50.1 -19.6 48.7 -20.1 475 -20.6
85 0.17 I 47.1 -28.7 449 -29.7 433 -30.5 419 -31.3 40.7 -32.0
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o o, F A 2FY (p(1),...p(5))E LHI}AH 2494 Yehs 3541 EAL p(1) =p(5) o]tk o]
(KTable 3> #=). <Table 4>+= <Table 3>2] 4 A 1-5] AHE EWE p(1)H p(5)9 Hl o] AT E B
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Table 3. Setting of p(1), ..., p(5)

Ex (p(1), p(2), p(3), p(4), p(5)) Description

1 (0.05, 0.1, 0.15, 0.2, 0.5) Increasing in ¢

2 0.3, 0.15, 0.1, 0.15, 0.3) Reverse symmetric triangular
3 0.2, 02, 02, 0.2, 0.2) Constant

4 (0.1, 0.15, 0.5, 0.15, 0.1) Symmetric triangular

5 0.5, 0.2, 0.15, 0.1, 0.05) Decreasing in ¢

Table 4. Comparison of ¢’ and ¢“ using Examples 1-5 in <Table 3>

N b,=10 b,=15 b,=20 b,=25 b,=30

% % % % %
g 50.3 47.5 453 43.4 419

]on=35 | g | T | 414 | 676 | 425 | 647 | 430 | 6l | 430 | 598 | 428

b,=75 g 394 -21.6 36.5 -23.1 342 -24.5 32.1 -26.2 30.1 -28.1
g" 65.7 63.6 62.0 60.6 594

2| 035 | g | 876 | 333 | 854 | 342 | 836 | 350 | 822 | 357 | 810 | 363

b,=75 I 53.6 -18.4 51.4 -19.1 49.7 -19.7 48.3 -20.3 47.1 -20.7
g 66.0 63.9 62.3 60.9 59.8

30 5,335 | g | 879 | 332 | 857 | 341 | 840 | 349 | 826 | 355 | 814 | 361

b,=75 g 53.9 -18.3 51.8 -19.0 50.1 -19.6 48.7 -20.1 47.5 -20.6
g 66.4 64.3 62.7 61.4 60.2

4] b=35 | g | 883 | 3 861 | 339 | 844 | 347 | 8.1 | 354 | 819 | 359

b,=75 g 543 -18.2 52.2 -18.8 50.5 -19.4 49.2 -19.9 48.0 -20.3
g’ 82.6 81.0 79.8 78.8 78.0

5 b,=35 q 105.0 27.2 103.4 27.6 102.1 28.0 101.1 28.3 100.2 28.5

b,=75 g 69.1 -16.3 67.5 -16.7 66.2 -17.0 65.2 -17.3 64.3 -17.5

Table 5. Examples for Examining the Effect of Demand Variance on Profit

Ex Number of demand size Demand size(i) p() E(7) 1%40)
6 2 1,5 p(1)=p(5)=05 3 4
7 3 1,35 p(1)=p3)=p()=1/3 3 2.67
8 5 1,2,3,4,5 p(1)=p(2) =p3) =p4) =p(5) =0.2 3 2
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Table 6. Comparison of ¢’ and ¢” using Examples 1-3 in <Table 5>

N b,=10 b,=15 b,=20 b,=25 b,=30
% % % % %
g” 65.2 63.1 614 60.0 58.8
6 b,=35 gI 87.0 334 84.8 344 83.0 35.2 81.5 359 80.3 36.6
b, =75 g’ 53.1 -18.6 50.9 -19.4 49.1 -20.0 47.6 -20.5 46.4 -21.0
g’ 65.7 63.6 62.0 60.6 59.4
7 b,=35 gI 87.6 333 85.4 342 83.6 35.0 82.2 35.7 81.0 36.3
b, =75 g’ 53.6 -18.4 51.5 -19.1 49.7 -19.7 48.3 -20.3 47.1 -20.7
g’ 66.0 63.9 62.3 60.9 59.8
8 b,=35 g’ 87.9 332 85.7 34.1 84.0 34.9 82.6 355 81.4 36.1
b, =75 g’ 53.9 -18.3 51.8 -19.0 50.1 -19.6 48.7 -20.1 47.5 -20.6
gee Lp 2719 WEA0l v I3 19 saxd] o] 71%e) o]o) Azl M Aeke BT 54
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Value Chain Analysis on Industrial Robot Supply Chain Using Social
Network Analysis
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Industrial robots are manufactured as robot products by utilizing parts including sensors, actuators, controllers and consist of a
supply chain provided for end-users through robotics system integrator. This study was analyzed with a social network
analysis(SNA) by using corporate trade data to find the characteristics of the industrial robot supply chain in Korea. The network
of the industrial robot supply chain consist of 3200 nodes and 3488 edges and the key types of demand industry have found to
be automobiles, electrical and electronic equipment, and metal and machinery. The characteristics of the supply chain of industrial
robot industry in Korea were analyzed that foreigner-invested robot companies are very influential. The size of sales and
importance of the network do not accord with each other. It is analyzed that the companies are classified into the ones related to
robots, but their sales in the robot sector is remarkably low or there are transactions with the ones which have nothing to do
with them. In order to improve the Korean industrial robot industry’s competitiveness, the implementation of the systems for
specialized in robot fields and systematic management of information on robot-related companies are required and the existing
quantitative polices for supplying and diffusion industrial robots need to be implemented with qualitative polices for utilizing and
promoting them.
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Table 1. Global Industrial Robotics Market Size(IFR, 2021)

Category 2_0_20 year CAGR
(Millions of $) | (2015~2020)
Total 24,257 9%
Industrial robots 13,168 8%
Service robots 11,089 10%
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Value added

Robot components

. Comppsne * Motor, encoder
materials « Cable, connector

+  Wear, friction - Sensors, indicators
« Control, charging

Robot manufacturing

Material & components Mechanigal Electrical &
Electronic components

« Vertical / Horizontal
articulated robot

« Cartesian robot

< Parallel robot

4 47

HE

Robot system integrator

Manufacturing system

« Combination of end
effectors and
sensors suitable for

« CNC, MCT with
Integrated
manufacturing

use and purpose

Base Industry (+]

Manufacturing Industry (+)

. MES, ERP, SCM
>

Supply and service industry

Fig. 1. Supply chain of Industrial robots(22At5|5ZI2], 2019)
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Table 2. Data Collection for Analysis

P Industr
Classification Data sources dus Y ve .
analysis | analysis
Robot components | - Media & policy reports 54 49
* Manufacture of industrial
R Manufacturi 4 2
obot Manufacturing " (KsIC : C29280) | %
quot * Robot SI company 152 138
System integrator | handbook
Total 570 480




50 e
w24, g e) Az Hlole) B4l glo] U 7]

AL 7P 71 B 2 A5 hEAT, A&

5¢ sIste] BAUY 719 TPeIRE BRINGOM,

71447 7] el mhet A1 S0y R g

selsts 5 dlolg A F B wdsignt
42 2MChy 7ol Big

AT 719 A BEE FEACITA L/
el 31T1AKS56%)7F AABH 1ot A 71 <] 2wk
ool $EU YA Y= Ao B

A=A A
[e]

RHoR 2RRE QL

EAxo] A 719 Bxo FARGE BXZ ZALE L
1, 2EAZ 714L A7PDUBADAE £o7 B4
Ho gHAES 2EAZ 7Y YAV FEES A9

Ao g VElgon 202093 7)E ) Alxg 23RAF
Qo] FAAE F 19,0858 0.2 2AE YT 4794l
1091 m]gho] 45.2%2267/MAHZ 71 =9k o, 10-499]
o] 38%(19070Ah= Yebgth FA o2& 5091 gk
719 0] 83.2%4167) AHE UER} =) A 2& 2Hak

c

o

AL ALt o5l o 2,700% o] FAFSEAL o]
El 2|90l vlal] A UEboH, dFHEE 2RIV
o FANAGT B Ao BAFAY I Alxg 2
B7149] 67.5%= Luk HA e 9 7]goz EA=
om ARJAAYAH13.2%) 2k F21 3] AL T AHEE-H o] 120
o] Jof AP ZRE oF-H o= IANAE
Hholok &l 917FHQ1(12.9%)8) o2 BA I 2
HE AT 97 vlgo] Az} ZHS Bk
2 Aol EAAHoE YeltH<Table 3> #=).
KSC ER/Es 255F 79E As7] 2 2x7] Al
2907 == 7ol 78 Bske, ‘1 9] 7)e A
FAZY, Vol 9 FEAGAA] AxF'Y £
2 B oH, 2EAZ 7Y 48 2R A=Y
of 71 B, 2R 7|9 Ak A e FA Al Al
2, ‘1 9 e EFEHE VA ARG, S8 A
Edo] /i 9 354, BHEA] A28

T2 eyt BF AxYe EA4
Az Bohe et 5ol &84
A z3hs 7190] Bk, 2SI 7199
HEHAE 7o) B Ao] EAHoT EAH,

He e oA

43 23 24

THE|A

=

2
=

W Alx=g 2RAE Tske 2RSS 2RAE

& 2719 FA9 Ao BARQD Adue £ 238719 vjlAeh djEA HoEE vees g7
Table 3. Classification of Industrial Robot Company in Korea
Location
Classification e e Daejeon/ Gwangju/ | Busan/Ulsan/ Daegu/ Gangwon
Chungcheong Jeolla Gyeongnam | Gyeongbuk
Total 570 | 317 | 55.6% | 66 | 11.6% | 20 | 3.5% | 84 | 14.7% | 82 |144%| 1 0.2%
Robot components 54 38 | 704% | 7 | 13.0% | 1 [19% | 2 3.7% 5 193% | 1 1.9%
Sectors Robot manufacturing 365 | 185 | 50.7% | 40 | 11.0% | 14 | 3.8% | 66 | 18.1% | 60 |16.4%
Robot SI 151 94 1 623% | 19 | 126% | 5 |33% | 16 | 10.6% | 17 [11.3%
less than 10 people 226 115 | 509% | 23 | 102% | 13 | 58% | 35 | 155% | 39 [173%| 1 0.4%
Number 10 to 49 people 190 98 | 51.6% | 30 | 158% | 5 |2.6% | 30 | 158% | 27 |142%
of 50 to 99 people 36 19 | 52.8% 6 16.7% 5 13.9% 16.7%
workers more than 100 people 48 39 | 81.3% | 2 4.2% 3 6.3% 8.3%
Not mentioned 70 46 | 65.7% 5 7.1% 2 129% | 11 | 15.7% 6 | 8.6%
Corporation 383 | 209 | 54.6% | S50 | 13.1% | 18 | 4.7% | 48 | 12.5% | 57 |149%| 1 0.3%
Private Company 75 37 | 49.3% 5 6.7% 2 | 27% | 18 | 24.0% | 13 |17.3%
External audit corporation | 73 43 | 589% | 7 9.6% 16 | 219% | 7 |9.6%
C":;’;’;ate KOSDAQ 32 | 24 [ 750% | 3 | 94% R 12.5%
KOSPI 3 1 33.3% 1 33.3% 33.3%
KONEX 1 1 |100.0%
Not mentioned 3 2 66.7% 1 33.3%
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Table 4. Top 20 Results of Degree, betweenness and Eigenvector Centrality

Degree centrality analysis Betweenness centrality analysis Eigenvector centrality analysis
No company names Degree company names Betweenpess company names Eigenvegtor
Centrality Centrality

1 Hyundai Motor 27 Korea Yaskawa Electric .000306 Doolim-Yaskawa 1

2 Korea Fanuc 24 Samik THK .000263 Korea Yaskawa Electric 918677
3 Korea Yaskawa Electric 23 CMK .000226 Samsung Display 716635
4 Samik THK 23 G-Tech .000182 LG Chem 657385
5 Samsung Electronics 21 Mykey .000151 Samsung Electronics .637088
6 | Hyundai Heavy Industries Holdings | 20 Rorze systems .000090 CMK .604658
7 Cobosys 18 Toptech .000087 Mykey .586056
8 Mykey 17 NKR .000054 Hyundai Wia 517284
9 Hyundai Wia 17 Daegun Hitech .000037 Korea Fanuc 504712
10 Hyundai Robotics 16 Shinsung ENG 000036 | Tyundai ;ﬁiﬁgiﬂdusmes 482212
11 Modern tech 16 Shinmyung RS .000029 LG Display 456935
12 AM Tech 15 Cymax .000027 RPM 450766
13 Robostar 15 Jungwon ENG .000020 G-Tech 415401
14 Hantech 15 AM Tech .000020 Daegun Hitech 414238
15 Robik 14 Doolim-Yaskawa .000020 A-ra 410647
16 Piezo technology 14 Ulvac Korea .000020 Robostar 377821
17 ABB Korea 13 Mirae Tech .000020 Semes 366494
18 Kia Motors 13 DCT .000018 Doosan Infracore 356958
19 Daegun Hitech 12 Robostar .000011 Hwacheon Machinery 347450
20 Hanyang Robotics 12 Seinflex 000010  |Gyeongnam Electro-Mechanics| .342696
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With the changing lifestyle of humans, the use of technologies increases, thus increasing the necessity of energy demand. Owing
to limited nonrenewable energy sources, the demand for renewable energy is growing gradually. On the other hand, the waste generated
increases with the increasing population rate. Wastes can be a useful source of energy demand, and environmental pollution can be
reduced. This study explains a renewable energy production system. The proposed production system uses wastes as a source of raw
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1. Introduction

Due to the increasing utilization rateof smart technologies,
the energy demand is rising. But there is a limited source
of nonrenewable energy. Thus, renewable energy is another
solution to this problem. There are different renewable energy
sources like solar, wind, water, hydrogen, and waste. Among
those sources of renewable energies, wastes are the most con-
venient because they have very little purchasing or collection
cost as raw material and are easy to get. With the rising pop-
ulation, wastes generation is growing up continuously. Those
wastes can be used to produce renewable energy, which can
be facilitated in two ways: the first one is that the energy
demand can be fulfilled properly. The second one is that wastes
are managed properly, and pollution can be reduced. Sarkar
et al. (2021) established a supply chain network to produce
bioenergy from agricultural wastes.

There are two types of manufacturing systems available to
produce renewable energy. Traditional manufacturing can pro-
vide renewable energy with less cost, but there is a limitation
of the capacity of the production system. Smart production
can provide renewable energy without having the interruption
during production duration. But the investment in smart pro-
duction is rather high than the traditional production system.
The population of a city is known. Thus, the demand pattern
of energy consumption is also known. Ullah et al. (2021) rec-
ommended with the traditional production system, provided
the energy consumption demand is known . The demand may
vary with time. Saha et al. (2021) showed that the dynamical
investment may need to control the excess energy consumption
demand. Rasti-Barzoki and Moon (2021) described a case
study on competition between electrical vehicles (EV) and gas-
oline-based vehicles. They explained the subsidy and incentive
policy, which the government will pay due to EV use.

Thus, the research gap exists in the following direction:
producing renewable energy to fulfill the market's demand
without shortages, and major investments such as the small
manufacturing industries (SME) can participate in this pro-
duction system. A traditional production system can be used
instead of a smart production systemto avoid more expanses
of the production process. From a long-time data source, a
city's energy demand can be known and is consideredconstant

when there is no big change. This energy demand can be ful-

filled by the renewable energy produced from the city's wastes.
Vandana et al. (2021) established energy effectiveness in a
traditional production system. They proved that renewable en-
ergy is much more beneficial than conventional energy.
Leeuwen et al. (2021) worked with urban biowaste to produce
electricityas renewable energy.

Bhuniya et al. (2021) proved that the maintenance of the
smart production might need a huge amount of energy
consumption. Thus, they recommended a traditional pro-
duction system rather than the smart production system, pro-
vided there is a huge labor cost. If the labor cost is too high,
smart production is recommended for the renewable energy
production system. Habib et al. (2021) explained the bio-diesel
production system as another renewable energy source to
maintain sustainability. They considered a supply chain net-
work and different zones to collect their raw materials. Sarkar
(2019) developed a multi-stage production system with a tradi-
tional production system with a random defective rate of
products. As a result, there is a probability that the production
may be greater or less than the constant demand. But Sarkar
(2019) did not consider any specific product type. That was
a general traditional production model.

That model was extended by Sarkar and Sarkar (2020), who
considered a multi-stage production system for a bio-fuel pro-
duction system as another renewable energy resource. But they
utilized a smart production system with some major investment
but with a reducedsetup cost. The set cost reduction was mean-
ingful as the smart production needs a huge setup cost. Thus,
if a traditional production system is utilized, the investment
may not be required. If the autonomated inspection is used,
then getting defective products is also reduced. Thus, the rec-
ommendation is moved towards a traditional production sys-
tem if the SME does not want to invest huge fundsfor making
a smart production system for automated operation. Ramos
and Rouba (2020) investigated a study on renewable energy
from solid waste. They proved that renewable energy is the
alternative tofossil fuel. Rasti-Barzoki and Moon (2021) con-
sidered a supply chain model with a car manufacturer and
energy supplier under a governmental policy. They optimize
energy consumption and pollution minimization.

Ahmed and Sarkar (2019) introduced renewable energy
as the next-generation energy under a basic supply network.
The major concern of their research is what type of energy

can solve the issue of energy consumption's demand. They
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recommended that bio-energy is the best choice among all
energy production systems. But there was no specification
about which bio-energy can be utilized for the future
generation. Also, there is no mention of the perfect raw materi-
al for future energy resources. Danish et al. (2019) explained
the energy production from municipal solid wastes. But, they
did not discuss the inspection policy. Safarzadeh and
Rasti-Barzoki (2019a) established a supply chain model for
energy-efficient appliances anddiscussed consumer behavior
and government policies. Safarzadeh and Rasti-Barzoki
(2019b) analyzed a duopolistic supply chain for energy
production. They explained the pricing, government policies,
and rebound effects of industry. Lee and Moon (2014) de-
signed a wireless sensor that is energy efficient. They found
the optimum energy-efficient path to minimize energy
consumption. Ducharme (2010) analyzed the facility of plas-
ma-assisted waste to energy process.

The organization of this study is Section 2 contains the
problem description and assumptions of the study. Section 3
explains the model formulation and solution methodology of
this research. Numerical experiments and sensitivity analysis
are described in Section 4. The last, Section 5, concludes this
study.

2. Problem Description and Assumptions

The proposed study aims to produce renewable energy from
waste to reduce pollution and save the environment in environ-
mental sustainability. A renewable production system is con-
sidered to accomplish the energy demand (d,.). The system
works with wastes and generates renewable energy with a con-
stant production rate (2,). The manufacturer collects wastes
(@,) from the collection center and transported propetly to
the production plant. The collected wastes are allowed for in-
spection first at the production plant. The autonomated in-
spection policy is used to maintain the hygiene of laborers.
The inspection policy reveals the random rate (v) of unusable
wastes due to improper methods of throwing trash outside.
Rests (1— Efv]) waste is sent for energy production. Wastes
are converted to energy at a conversion rate A. The produced
energies are stored and supplied to the city as on-demand (see
<Fig. 1>). The total cost of the production system is minimized

with the maximized amount of produced energy (@.).

The following assumptions are considered for this study:

* A single-stage production model is considered to produce
a single type of renewable energy. A renewable energy
production system is contemplated to yield renewable en-
ergies from wastes.

* The production system produces energy at a constant rate
(p.) and constant demand (d,). The production rate is
greater than the demand (2, > d,) that means shortages
do not exist in the production system.

* A traditional production system is used with an autono-
mated inspection policy (Dey et al., 2021) to separate
the unusable wastes. Unusable wastes are detected ran-
domly and disposed of from the system.

* Three types of distributions, uniform, triangular, and beta,

are found for random scrap rate.

i
I

Waste collection
Renewable energy

Renewable energy supply

production system

Renewable energy
production

Autonomated
inspection

Fig. 1 Renewable Energy Production System from Waste

3. Mathematical Model

In this section, the model formulation and solution proce-

dure are explained elaborately.

3.1 Model Formulation

This study consists of a renewable energy production
system. @, wastes are transported from the waste center.
Those wastes are inspected first with an autonomated in-
spection policy, and unusable scraps are discarded from the
system with a random rate v. The expected disposed wastes
are Elv]. Rests (1—E[v]) wastes are sent for energy
conversion. The energy conversion rate from waste is A. Thus,

from the @, amount of waste \(1— E[v]) @, amount of en-
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ergy, which is denoted by @), is produced. The renewable
energy demand d, of the city is fulfilled from the plant. The

costs related to the production plant are explained below.

Raw material collection cost

This study is about renewable energy production systems
from waste. Thus, wastes are the raw material collected at
a center from different zones of a city. The production plant

collects those wastes from the collection center. C_ is the

m
collection cost per ton of the waste for the plant. Hence, the
raw material collection cost (RMCC) per cycle is obtained

as

CH]Q\V _ Cmde
T~ AI-EL] M

e

CC=

Transportation and carbon emission cost for raw material
collection

Wastes are transported from the collection center by suitable
waste transportation trucks. To avoid the spreading of pollu-
tion, proper precautions are taken to transport wastes. The dis-
tance between the collection center and the production plant
is . The transportation cost per ton per unit distance is ;.
Therefore, the transportation cost (TRP) per cycle can be cal-
culated as

HQwi XlK“dc
7 A1-ER)

e

TRP=X

The carbon emissions are held during the transportation of
wastes. x, is the carbon emissions cost per ton per unit
distance. Thus, the carbon emissions cost (CRT) per cycle
is

XQKQUI X?’Vide

CRT= === 1 —E])

e

Hence, the total transportation and carbon emissions cost
(TRCBC) per cycle is

(X1+X2)f‘idc

Inspection cost of raw material
An autonomated inspection policy is used to inspect all

wastes before conversion. An automated machine does this

type of inspection. As a result, the hygiene of human laborers
can be maintained. «, is the per ton inspection cost. Therefore,

the inspection cost (ICR) per cycle can be written as

1Qw alde
RSN (3)

€

o4
ICR=

Raw material scrap cost
After inspection, the random unusable wastes are detected
as v. Therefore, (1—wv) of the received quantities is the
amount of waste used to produce energy. If C. be the per
ton scrap cost, then the expected raw material scrap cost

(RMSC) per cycle can be calculated as follows:
C.EW]Q,

. C.EWld,
RMSC= == S0~ &) @

e

Setup cost of the production system

A renewable energy production system is considered to pro-
duce renewable energy. The production system needs some
initial setup before starting production. The production plant
expands the cost .S, per setup as setup cost. Therefore, the

setup cost (SCPS) per cycle can be calculated as

SCPS= Se_ 5ud 5
RA) ©)

Holding cost of energy
After producing renewable energy, it is very sensitive to

storing energy properly. The average inventory of the pro-

Q

d,
duction system can be written as 7(1 - ?F). G, is the per

€
unit time storage cost for energy. Thus, the holding cost for

energy per cycle is

Q, d
?(1—?)

e

HCE= C, (6)

Renewable energy supply cost

The renewable energy production system fulfills the de-
mand for energy of a city. The energy should be supplied
accurately that customers can get the service properly. Thus,
the supply cost is quite crucial. This cost depends on the
amount of energy produced. The cost per unit amount of en-
ergy is C,. Therefore, the renewable energy supply cost (ESC)

per cycle can be calculated as
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C:'QF
BSC=—5=Cd, ™

e

Expected total cost per cycle

The total cost can be calculated by summing up all costs
of the production system explained above. Thus, the expected
total cost per cycle of the renewable production system can

be expressed as

C,d, (x1 +x,)kd,
TC = Xa=m) " Aa=2W) ®)
ayd, C.E]d,
XA T A E)
S.d, Q d,
) +Ch2(1 Pe)+Csd6

3.2 Solution Methodology

The proposed model is solved analytically by a classical
optimization method. Taking the first-order derivative of
Equation (8) concerning the decision variable @, it can be

obtained as

aTc, G| 4\ sd, ;
Q. 2\ B g ©)

The necessary optimization condition can obtain the opti-
mum value of the decision variable. Equating (9)equates to

zero to obtain the optimum value of () as

(10)

The optimum solution can be called the global optimum
if the sufficient condition is satisfied. Taking the second-order

derivative of Equation (8), it can be written as

&’TC, 284,

Thus, it can be confirmed that the expected total cost is
the global minimum at the optimum Q..

The scrap rate is considered a random variable. Based on
the model of Sarkar and Sarkar (2020), three different dis-

tributions are consideredto find the expected random scrap

wastes. The probability distribution functions for different dis-
tributions are explained below.

The collected wastes are inspected with the autonomation policy.
The scrap rate is considered as random, which follows a uniform
distribution. Thus, the value of £[v] can be obtained as

Bl = [ ap@ae= [ =1

u u U

where the probability density function (pdf) is

0, otherwise

If the random scrap rate follows a triangular distribution,

the value of Elv] can be written as

utvtw

E] = 3

where the pdf is

0, r<u

2(x—u) i
m,u <z<w
f(m)Z 2 r=w

_2(71)—1’)
(v—u)(v—w)
0, v<x)

,aw<ax <wv

If the random scrap rate follows beta distribution, the ex-
u

utv’

pected scraped waste E{v] can be written as Elv] =
where the pdf of the beta distribution is
J/,u*l (1 _:L‘)U*l

f(z) =T Bluw)

> > <zr<I1.
Bluw u>0,v>0,0=z<1

Remark Sarkar and Sarkar (2020) introduced random scrap
production rates in their multi-stage biofuel production system.
They studied three different types of distributions for random
defective items during production, which were scraped from
the system. They compared among the distributions to find
the best result. The concept of random scrap rate with different
distribution is taken for this study to sort out the wastes for
renewable energy production. Both studies are totally different
as Sarkar and Sarkar (2020) considered biofuel production,
whereas this study regarded renewable energy production from
waste. They thought of a multi-stage production system,

whereas this study is a single-stage energy production system.
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The model's validity can be proved through the numerical

experiment in the next section.
4. Numerical Experiment

The numerical experiment has been done by Mathematica
11.3. The data are taken from Sarkar and Sarkar (2020) and
Sarkar and Seo (2021). This section has three examples of
three types of distributions for scrap rate. The data for those
experiments are enlisted in <Table 1>.

Table 1. Data Used in the Numerical Experiments

d, = 600MWh/month
x; = $0.44/ton/Km

a; = $0.05/ton

A = 0.54MWh/ton

G, = $12/MWh/month
C = $3/MWh

G, = $2/ton

X, = $0.04/ton/Km

C = $0.02/ton

S, = $200/setup

P, = 1000MWh/month
£ = 50Km

4.1 Numerical Examples

Examples 1, 2, and 3 are explained here based on the differ-

ent probability distribution of scrap rate of the waste.

Example 1 The random scrap rate follows a uniform dis-
tribution

The interval of uniform distribution is considered as [u, v]
= [0.005, 0.250]. The optimum renewable energy production
is @, = 223.61MWh/month, and the optimum total cost is
TC,=$36050.71/month. The graphical representation of the
optimum value of 7°C, for optimum (), is represented by
<Fig. 2>.

36400

36300
36200
36100
150 200 250 300 350 400 450

Q. I
Fig. 2 Optimum Total Cost and Renewable Energy Production
for Uniform Distribution

~vwoM—o 0 -

Example 2 The random scrap rate follows a triangular dis-
tribution
The lower and upper limit of the triangular distribution is
considered the same as the uniform distribution, and the mode
of the triangular distribution is w = 0.015. Therefore, the optimum
value of produced renewable energy is ), = 223.61IMWh/month,
which is the same as the uniform distribution, and the optimum
total cost of the production system is 7°C, = $34682.59/month,
which is less than Example 1. <Fig. 3> represents the figure

of optimum value of 7'C, for optimum @,.

35000 [
34900

34800

~»nwoON—o o0

34700

Fig. 3 Optimum Total Cost and Renewable Energy Production
for Triangular Distribution

Example 3 The random scrap rate follows a beta distribution
The limit of beta distribution for the random scrap rate is
[u,v] = [0.005, 0.250], which is the same as the other two
distributions. Thus, the optimum value of produced renewable
energy is @, = 223.61MWh/month, and the optimum total
cost is obtained as 7'C, = $32397.09/month (see <Fig. 4>),

the lowest total cost among the three distributions.

32700
32600

32500

~»woMNm—o 0+

Fig. 4 Optimum Total Cost and Renewable Energy
Production for Beta Distribution
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4.2 Sensitivity Analysis

The study obtains the lowest cost for beta distribution for
the renewable energy production system. Thus, the total cost
changes concerning cost parameters have been enlisted in
<Table 2>. The changes are investigated for -50%, -25%, 25%,
and 50% of the cost parameters. <Fig. 5> shows the changes

in expected total cost.

Table 2. Changes of the Expected Total Cost for Changing
of Cost Parameters

Parameters —50% —25% 25% 50%
G, -3.49 -1.75 1.75 3.49
X1 -38.44 -19.22 19.22 38.44
Xo -3.49 -1.75 1.75 3.49
oy -0.09 -0.04 0.04 0.09
G -0.0007 -0.0003 0.0003 0.0007
S, -0.98 -0.45 0.39 0.75
G, -0.98 -0.45 0.39 0.75
C -2.80 -1.40 1.40 2.80

50
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20 ——

[ y — B —
Cm al\\ x1 S /2 Cr: Se Cs Ch
-10 \ - /
-20 \ 4 /
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-50
—f=—-50 =« =25 25 50

Fig. 5 Changes of the Expected Total Cost for Changing
Key Cost Parameters

Based on the sensitiveness of the parameters, the following

comments can be drawn for the study.

* The total cost decreases almost 3.50% with a 50% de-
crease of raw material collection cost, whereas for a 25%
decrease of raw material cost, the total cost decreases
1.75%. The same number of changes happens inthe re-
verse direction. Observing the changes in both directions,
it can be mentioned that raw material collection cost is
a sensitive parameter for the renewable energy pro-

duction system. The energy plant should take care of

the collection process of waste.

As inspection of raw material for the production plant

has an important role. However, the parameter is not too

much sensitive. However, the total cost changes equiv-
alently in both directions with the changes of inspection
cost.

* The transportation cost is the most sensitive cost parame-
ter among all cost parameters. The total cost of the en-
ergy plant changes 38.44% at a positive and negative
direction for 50% changes on both sides. 7'C. increases
19.22% for a 25% increase in transportation cost and
vice versa. From this result, it can be recommended that
waste transportation should be handled very carefully.

* The carbon emission cost for transportation is another

sensitive cost parameter. It is exactly sensitive as raw

material collection cost. Keep an eye on the sensitiveness
of carbon emission. The renewable energy production in-
dustry should consider carbon emission reduction for eco-

nomic and social improvement.

The third and fourth sensitive parameters are the energy
supply and holding costs. The total cost fluctuates almost
3% in both negative and positive directions for changing
supply cost, whereas for holding cost, it fluctuates 0.98%
in a negative direction and 0.75% in a positive direction.
The supply and holding process of energy should be taken

care of properly.

The least sensitive parameter is the scrap cost among
all cost parameters. The energy plant can send those un-
usable wastes for land filling but avoid environmental

pollution.

5. Conclusions

The proposed study developed a renewable energy pro-
duction system, producing energy from a city's wastes. The
process could fulfill the energy demand and the city's waste
management. A traditional production system was utilized with
a fixed production rate. The aim was to reduce the total cost
of the energy production system by reducing pollution from
wastes.

Even though several resources are for producing renewable
energy, wastes were also used to save the environment. The

total cost of the plant was minimized at the optimum value
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of energy production, and it was found as the global minimum
cost. The study was solved analytically and tested numerically
with three types of a probability distribution, uniform dis-
tribution, triangular distribution, and beta distribution. The au-
tonomated inspection process found a random rate of scrap
wastes.

The global minimum cost was obtained from the theoretical
derivation for the closed-form solution of the optimum pro-
duced renewable energy. The closed-form of the optimum en-
ergy satisfied the basic optimum production formula. Thus,
the model was theoretically verified. The numerical study
showed that the optimum renewable produced energy for all
three distributions was the same, but their corresponding total
costs differed. For beta distribution, the total cost was found
to be the minimum. For deciding the most important and least
parameter among all parameters, it was found that scrap cost
is the least effective parameter among all parameters through
sensitivity analysis. Even though three separate distributions
were considered for the random scrap rate, the corresponding
cost was not sensitive. Therefore, the management could man-
age the cost by the necessity of the cost randomly or con-
stantly, as it did not impact the total cost. The sensitivity analy-
sis revealed the importance of transportation cost, which was
the most sensitive cost parameter among all cost parameters.

The study can be extended considering variable trans-
portation costs for waste. The carbon emissions reduction in-
vestment can be another extension of this model. An important
extension of this study is to consider an automated smart pro-
duction system controlled by the robotic system. Then the opti-
mum production rate with the best way of inspection through
the robotic system. As it was found that the transformation
cost was the most sensitive cost, thus an investment can be

utilized to control the transportation cost.
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A WI7IR o] Fo7] W £4E F e 2]
A olgh= EAZF ATk wetA, & AFolAE HA
7F LR e 2AloA ASAEsE daes
9] sjo} A E nlwste] delFe AS ARl
I AAH R HAZFstaA gt

2 d7e 9% ¥F INE uRe A3ANs

dugls F EHEﬂ 2l Deep Deterministic Policy
Gradient(DDPG)E % Aol A-g3le] 45S 7
Sotaa gt 53, & ANA = Aade] Al
DDPGE T A &3dt= otyeh, el ZA
o] EAES 1835 *&
3 %Hstate space), H
Inventory-based DDPG(IDDPG) ool
A58k okl 544 FEA] #4e
ol A5 Adst= Aol of7] widl HAeE 7S
Ae Ay B4 F 2l=Edlo] 447 73t
2-#lH Al (infinite horizon newsvendor problem with
constant lead time)& WEt FALPS IPstAo
DDPG$} IDDPG7F E&3= =< A 259} vl ahe]
e S EA8taA gt o) &
DDPG thH] &3] F2 & == =+
2}, HA o= A =g
2} e wt l 2, B dAFdA
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2. A8 AT

B Ao e A7 #dd H3 AFE do]E]
W A, ASAEeE, 1891 AFAs st E e
283 AuAg A A2 BFste 2AE D vl

A tE dadgs 97 73

dolEl/lu Auee] ATE EAT 509 RES
S YA BET S8 HelEE /o R e 4
2 SRS TR et L QNS 7} 593
SREE O 714 Sol A AE FolET AS
5 woly BAE T duyFEos

SAAE AlRFstth o] W, AE HolE & N/ 7HA| 1
Ae AEjollA SAA dae]E o' ==3 87} epsilon
optimal 2HE9] 3}3HS A A Th Levi et al (20159 A
+ Levi et al.2007) A7-ollA AANG stFRTE F&
15H-S A Ak Ban & Rudin@019) olA& =871 ¢l
Foj| A LAY E = Flo] ofgt EA dlolElo] we} o
XA Y E = ZAoletd SAA dare]Ee] A s
FHsHA] XS Bk o" Exﬂ@oﬂ &t sA 4
9= ERM ¢18F7 KO ¢ gFS A 12,
Prak & unter(2019)oﬂ A& SAA, ERM, KO} & &
252 AE tolH Y 47t Z7HEE H Ao +43
Hots, RS 23 Abo] o] zpolo A BIZH
S 1A Fom AE dolE 7t A —3—
H]-g-2] 71dgkel] tigk 5o vt Z1E HolE
t}. 843} epsilon optimald gH&9] 313k} 2o l 4
Al ZHoA FFT FuYES AASH s F
AN AR o2 Fag v 89 7Yk SHAAM EF
& guE|gol gk A77F Bast, ASAses &
pE]Fo] tite] B 4 Ut

ol

i r-{m

o o 2
Noﬁﬂﬁmﬁl

p

Fo
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2 oJALAA Exﬂe a4t
2 ZAA 34 Markov Decision
Process, MDP) .2 A S 2 &3}3l3 714 gH<=(value
function) =& A& g<=(policy function)oll o AR}
(approximaton) 2 Q1324 &8s S 9n|g
ot} A7 3letre 34 (environment)ol] thgh =l o
ZA) o 5o w2} model-free 7383 model-based
Z3letg o2 FRAET model-based 723et4L dF
(action)ol] whehA 7 o] oj @A WA o Zo] J}s
stal vl WslE ddstal dss Algste] AT &
Atke Aol 7] Wiol A2 Sh59 a&o] ot
(Kumar et al., 2019). Z1&u}, tiF-29] FAEL 879
et mds dohfr] off7] wEel &85 FHH
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(policy-based RL), HE}l-T ¥ %ﬂﬁ%(actor—critic
RLL=E l‘ﬂr%%lﬂr. 7FA 716k ZFsletgele 9rdlE
o A W3 Deep Q-Network(DQN)$} Asynchronous
Advantage Actor-Critic(A3C) €atg]&©] 1tiMnih et
al., 2015; Mnih et al., 2016). G2 7|8k 7F3}8kol = 7]
¥o] 5= REINFORCE €118]E, $53 A%5S Hol=
trust region policy optimization(TRPO) ¥a12]&, TRPO
] Ass HolHA FEo] mfg fa HolE &
91 proximal policy optimization(PPO) ¢31e]

At Williams, 1992; Schulman et al., 2015;
Schulman et al., 2017). A& 79 73}8t<5e Yst= v
Fgow AYH o7 HAg el W S5 A} -3
Aoy AFE7} Foh W, 74A] 7§k sk
self-consistency A4S WEste Q 45 sh&al A
ool E(agent)] < AL Z HAslstal, A
o] "ol x| Al A H o g

dolHE Aged

o]

3L
AE

T = 7FsAol £7] W&o HolE a&840] E=te
Aol k. WA, olel @ FuHd Y3 2L
27] 93l 7HA) Fpsk AR Pl B 2AE BE
g 235t= vsko 2 AAMEo| wdste] g _:;_aal 71—

3}8h<591 DDPG2} soft actor-critic(SAC)e] 7 gt Ach
(Lillicrap et al., 2016; Haarnoja et al., 2018). £ <17tol| A
= A4 &2 A3 (deterministic policy)# Q F+S A=
HAAA FAl 85 A17]= DDPGE 2t A4 of
g5t Wl tisl o2tk =3k DDPGob= 22 o
H U ES A9 I2E VEY A dH ©TE 24
AAste] Fly EA49 E4ES 288 5 =S W
YAZ71 IDDPG L d&S A7) staa g

23 MEZsEES M8 A AT

Z ol ZHF_TJH“JE] theFst EA Sl tsl) AF3ske)
H< H8shs AvF &3 JYs T Stk 80 B
A ok%oﬂ/"]-’] S5 Age] A= It 37 AHE
23} EA(Peng et al, 2019), HIANA 2 3loj A2
oA E e EA(Suetsugu et al, 2019), A B

o - B4 29 - Al Al Ade] EA(Gijsbrechts et

al., 2020), "o} Al4(Oroojlooyjadid et al., 2020; Dittrich

& Fohlmeister, 2021), th&5 ¥ Zmj(joint replenish-
ment) EA|(Vanvuchelen et al., 2020), 3 7153 A&
A 3e] ZA4De Moor et al, 2021) 5 EH R AT4E
o] ZAF HA AAYL F& F JL& BYYh E7,
Oroojlooyjadid et al.(2020)= 710 ?i—?ﬂll AU H
o] Ad FALE] u]ﬂg]zqg_] Z,:?Eg 3= /\L;%Loﬂ/ﬂ
A z=78le s B 2o
oAFt} shA|RE i FEe] At Z—}% OI’& 33
2o olak 22 BRI E /o Z g —’Fi]@_
Y= A o= HAHE Wfow T
o]7] wiiol ‘WA A2 AFA e 5‘78“
o A7 At

A Aol AHgE A
2= AU oZ AL} 71K 7 =
¥} branching DONBDON)©] -85l 31, 4] 7|4
8¢ © 2= vanilla policy gradient(VPG), PPO7} &
Atk AE-=Ze Y 7F3etES ACTT FY A %P
Aoz Bt DON, BDON, A3C, PPO+= o4& ¢
3HE 1o VPGRre] A&A<l F
ST} Peng et al. (2019)°1Wi 7
&2 VPGE AF&3t A&
ot ZA HH BAS

1

ﬂl‘l—@cz

¥ R ool it

aHste Al
o 2] A| °L°k° o, &
a3 ZA g X—*ﬁ‘lo}‘: TELS
(Peng et al., 2019; Gijsbrechts et al., 2020; Vanvuchelen
et al., 2020; Dittrich & Fohlmeister, 2021). De Moor et
al.2021)= DON¢| 14 38 HPAA Fof 715
A e A ANA ] A A
BAA T, Ay A EAS
et ALY ZA Y EAE 1
Hal AsS MAATEE I 5 SHE Suetsugu
et al(2019)= tAlF Alade] TAY EAS 183ty
BDONS 7|Hto 2 AFHE RS dsls 72E F
7}t BDON with reward allocation(BDQN-RA)S A A3}
%tk Oroojlooyjadid et al. (20200= o2} o 2HE0] A
FH7F olel& A elA JAEAR S st Hlo] AY
*é% st HAs| A Al2=Hle o]e)s 1
EE B 45 Ay shaped-reward DON-&

=
=

E
L
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ANSGLE o} 71 2e) ATEE WY P48 WY
S Zlo] 2YS 9E AL B 5 otk L dFlNE
Bg Y55 WIS 2B ool T A
EAE0| Bolt Mot EHE FEsel e W
AU FET AF FHE WINA 43 AP 3
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= C
A F E%W} A =Y z‘i%Bl AZto] AR HE3H

1/]-

w2 A 252 B8] L(holding cost) A7} EAYBEIL FEA]F)
A Z3 o ghE A 58] 8(shortage cost) p7t
At o] W, £8 4,9 BEE EETA 7P

7] 7} AR w) 7] t—19] Z1gA L 1 9 &%
% Ala(outstanding receipts, pipeline vector) ¥
Qo = (Gp Girr )= 7R FEF ¢, >0
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ofi2}, oleld Ao o]z} mefol WA uge) 7]
RS ASSHEr 9T A @] R FUF v}

3z A4 polztal & ¢ vk 5, JH HH 5 &
(S0=4 1+ 51 =@ 14152 =G 1120 0 11 =G 1)

9} o] AoJste] WE ] AYS [+19A max{1,[} &
=

ol BAE 24 0§ AASE 2202 e
BE A 5ol el of| A% o, T HEAE AR
B3 P o AAGS BAZ 2 5 Ik F7] mhh
AelE W e 54 ()7 2ol 3] 19 AEl 59
AF 4,0 BHE ol LI, FRHH F71o14 WA=
B85S 7] 19 @A) 7PN Adkslel AA) vlg A%

2 4y 71| g4(state-value function) o™ (.S,) <k -
85 7} g(action-value function) Q7(S,, a,) & A&
ot Ae 7HA g 0T (5) = AE Sl B 5
FA 771 t5EH B EE vEE2 A 7HAE 9|
st =2 Q9 2t} AEH-AF 7HA] 4 Q7(S, o) &

“31 Soﬂ/ﬂ BE o, 5 F Foll A 75 FHalA DA E
= H&S9 A 7HAE onlsty 4 3)3 2t o
), *J—r ~E (0,1) & &1 Al4(discount facton) S 2] w]s}
o & AR 5 A Y 7d@ AAE oH|gith
HIE (S, a0 ) EFEES 7 290 93 24
HE gEWTolr] Wio] Hgs AEE At
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v (5;) —F[i WJC(Sr,Hv at+j)

s} %)

Q"(S; a,) [Z’Yc e Wg) | S (©))
v'(8) =min, {c(S, a,) @)
1S ges PS8, =8 | 8, a)v' (S)}
Q'(S,, a,) =c(S,, a,) ®)
+’YZSESP(St+1 S| St at)mlna EAQ( 410 a’)
AR e =&57] YA E M5 AAS] IF
<= B3 [ molA 2 B S ol thall v () o shek
v (S)E TFIAY EE FH 59 dF o oiE
Q(S, a,) ¢ FF Q'(S, a,)F TRHOF FTE v (5)E
Tt7] HalM = 4 @] Ank g As ARl 7HA]

Hl-E(value iteration) ¢1g]Z&&
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HFE (policy iteration) & E]lE&S 2 &3tcH(Bellman,
1954), o] w, e} ¥t s= 3§ 7Fs3 AdE HEES
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ZHtarget value) 0.2 A3 0}04 ‘3—‘-_1 g AE A
o] F3E e ARSI 2 (DA 2
el AL Bxa AlZ AARS ;%3};}, AE] Y E
3= Silver et al.(20140)o0 A4 SHE A=A 74 AHpolicy
gradient) W20 42 8)2 53| sh53ioh

T2 (6)2] B e AT ue shgee EYA
o} & F3XE UEY IS AT o] wl, DDPGell A 2k
SY3HA Mnih et al(2013) AFlA AHEH H3E U ES
35 WS 43y FF HEHIE &85t 723

¢ Ex UEYA /IEHE dHo AE VEYAE
BAste] SE WED (57, Q- (5 a) & Bt
1 o] & B3 ¥ ZHtarget value)S AlARITE ZE U

EY AL 7} (weight) 2 #H3Kbias) FeluHES
Hullo|ES o, S48 UES A setvH 99} g0 &
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9[140 ( ASZA)‘ 51 = g

HEl-FY T2 AT VRS FEA77] &0
3HA 3] 98l glZdlo] ¥ H(replay buffer)S AH-&3F
o} glEe o] HuE <5 A oA wf DAstep) ] (B
B 5¢ 8 s4, 8E a, BlE ¢, O JH S9,, T

A 54 ) BES AEs {38 27]9] 7 Al (cache)
£ oW &k} off-policy Yare]Eol7] wiel 2 &g o]
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S =99 =&9 Algorithm 19| pseudo-
code= AAE A= 2ok

AlgOI‘ithIIl 1. Inventory based Deep Deterministic Policy Gradient
(IDDPG)

Randomly initialize critic network Q¢(SC, a) and actor network
11, (S4) with parameter ¢ and 6;

Initialize target network @, (s 54) with ¢ <o and
0 <0,

Initialize replay buffer R;

for episode = 1: M do

¢ a) and 1y

Initialize a random process /V for exploration;
for t=0:7 do

Select action a, = 11,(S) + N, according to the current policy
and exploration noise;

Execute action a, and observe cost ¢, and observe new state
5%, and S

Store transition (S, S, a,, ¢, S, S%,) in Buffer R;
Sample a random minibatch of V transitions

(S°, SA D) from Buffer R,

Set target value y; =c, +7Q, (5%, p, (54 )));

17‘1 Gs ‘91+17

Update the critic network by minimizing:
1

L) = 5,(@Q, (85 a) =y
Update the actor network by using the sampled policy gradient:
vV J0) = Zv Qo (85 g g um iV atta (S iz g5
Update the target networks: 0 <9+ (1—7)0" and
¢ mp+1—1¢;
end for
end for

5 X 4%

B Fol| A= ] Ag-e 53l DDPG} IDDPGY A5
< Mm@ A A7 GeA Y An BA
Q1 YukAQ) FQRE FolA o] BlsEielo] AT T

3-& 53l DDPG$} IDDPGE
EAS BHES Fol 29

4 272 FAHD 2 29
Ak S8, So4a)} ol
}_ 7].

ol IDDPGE 3|
a7k A A o
IDDPGE g7ste] 28
S| H A g

WSO EHR H
ZHIJ&H A dEAE

F gleA 1 7ksA e Fl

=

51 A5 A

AZ78ekES gad] waun EAS 27] YA
= F 7 Aol Basith vlzax A4 3y ndS
vk e A3 34 (environment) & AA 9@ F3st= 7
S AR, A A3e ASAsslse] 2ulHs

(hyperparameter) 24 €71 93] Fd ¥ (tuning
process)= &sfof ot & I

B (S, S48 AWE a, o tEiA B ¢, 9 TR dE
(S5, 84 7F e 2A g8l et AR EHE
543 4L 7E3] A3l —’F& X, 2 TES, 3

Tt ¥F F H8 g 58 AAGoF gt} AHA
el s 4Y 878 $RaL 2 med 1, £

M Wshi 7 o

1€40,2,4,6, 8}, 799 tﬂi*é ={0.5,1.0,1.5,2.0,2.5},

ALFERE peil, 4,9, 16, 25} ] thk 1A% &4 4
& <Table >3} 2o sgsie}, wpebA, 7|2 z719]

FTES AQdstd 137FA ¢ HF s oFATh

T8 BXIE= AFEEL My, 02)E 0,00) THOE A}
YA 72 Z(truncated normal distribution)S w2
o 7MY A 33k dF s T8 £29
ZERY 1o wEbA] HAESHA AA s o] Fa3ith
FF 3L a,=—pu a, =(1+1)p+B1+3)c 2 A

3t Sl 0] 5 ‘TJrE":i st A Sk ol
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Table 1. Sensitivity experiment conditions

fy

<ae

alN

AT 79

Sensitivity Factor Lead Time (1) Demand Volatility (o) Shortage Cost (p)
Lead Time {0, 2, 4, 6, 8} 1.0 4

Demand Volatility 4 {0.5, 1.0, 1.5, 2.0, 2.5} 4
Shortage Cost 4 1.0 {1, 4, 9, 16, 25}
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Table 2. Hyperparameters of the DDPG and IDDPG that require tunning

Hyperparameters

Range for tunning

Number of layers

4

Width of layers

[150, 120, 80, 20]

Activation functions

ReLU

Actor Learning rate (10™ ")

r&4{3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0}

Critic Learning rate (107 ")

r&4{2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0}

Tau (10°)

2E1{2.0, 3.0, 4.0}
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Table 3. Well-performing hyperparameter set
Environment DDPG IDDPG
Lead Time Demqu Shortage Aptor C.ritic Tau Af:tor Critic Tau
Volatility Cost Learning rate | Learning rate Learning rate | Learning rate

0 1.0 4 4.0 4.0 4.0 5.5 3.5 4.0

2 1.0 4 3.5 3.0 4.0 6.0 3.0 2.0

4 1.0 4 3.5 2.0 3.0 5.0 3.0 2.0

6 1.0 4 4.0 2.5 3.0 5.5 3.0 2.0

8 1.0 4 4.0 3.0 3.0 5.0 2.0 2.0

4 0.5 4 4.0 2.0 3.0 4.0 3.0 2.0

4 1.0 4 3.5 2.0 3.0 5.0 3.0 2.0

4 1.5 4 3.5 3.0 3.0 4.5 3.5 2.0

4 2.0 4 3.5 3.0 4.0 5.5 2.5 2.0

4 2.5 4 4.5 2.5 4.0 5.5 3.0 2.0

4 1.0 1 4.0 3.0 3.0 5.0 3.0 2.0

4 1.0 4 3.5 2.0 3.0 5.0 3.0 2.0

4 1.0 9 3.5 3.0 4.0 5.5 3.0 2.0

4 1.0 16 5.0 2.5 3.0 5.5 3.0 2.0

4 1.0 25 4.5 3.5 4.0 5.5 2.5 2.0
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Table 4. Experiment results
Environment Basestock DDPG IDDPG
Lead Time Dema.r.1d Shortage Optimal Average coiiirgs)to Average coiapF;rSﬁ) to
Volatility Cost Expected Cost | Expected Cost Basestock Expected Cost Basestock

0 1.0 4 1.398 1.399 0.1 1.409 0.8

2 1.0 4 2.513 2.596 33 2.529 0.6

4 1.0 4 3.320 3.644 9.8 3.334 0.4

(i 1.0 4 3.994 4.309 7.9 4.041 1.2

8 1.0 4 4.619 5.243 13.5 4.733 2.5

4 0.5 4 1.741 1.854 6.5 1.759 1.0

4 1.0 4 3.320 3.644 9.8 3.334 0.4

4 1.5 4 4.898 5.770 17.8 4.954 1.1

4 2.0 4 6.374 7.134 11.9 6.410 0.6

4 2.5 4 7.715 9.050 17.3 7.758 0.5

4 1.0 1 1.833 2.105 14.9 1.849 0.9

4 1.0 4 3.325 3.644 9.8 3.334 0.4

4 1.0 9 4356 4.836 11.0 4.380 0.5

4 1.0 16 5.256 25316 381.7 5.285 0.5

4 1.0 25 6.101 9.212 51.0 6.102 0.0
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