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ABSTRACT

Digitization has been the main driving force of manufacturing efficiency and quality
improvement in recent years. Combined with the Cyber-Physical System (CPS) which connect
physical object and computational capabilities, the manufacturing industry facing the global
trend of intelligent manufacturing. To enable manufacturers to gain competitive advantage in
the global manufacturing environment, the Advanced Planning and Scheduling (APS) system
utilizes advanced information technology and planning techniques to change production
planning, scheduling, forecasting, capacity load assessment, and communication between
customers and suppliers. Most of manufacturing still heavily rely on the excel-based production
planning and scheduling of ERP systems are widely used today in Taiwan, because the
production characteristics and the number of machines of each process are very different. This
way causes the system can't ensure the planning result is effective use of the machine capacity
and accord with the actual production status. Although use APS can satisfy the specific
production characteristics and planning constraints, the company need to pay the high
implementation cost and lack a great modeling approach. The small and medium-sized
manufacturing enterprises (SMEs) import advanced planning and scheduling systems have
difficulty challenge.

This paper combines the characteristics of cloud computing and the information
integration ability of APS, to proposes a cloud APS architecture and system functional modules
suitable for the current requirements of industry. Then develops an appropriate modeling
method based on the existing production planning process. Finally, applied in a well-known
automotive parts manufacturing company in Taiwan, to verify that this method can solve the
problems in imported the APS in SMEs. So the industry can achieve more accurate scheduling
according to market dynamic change, greatly reduce the time of system import and the cost of
human resources.

Keywords: Cloud Computing Framework, Modeling Method, UML
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Machine Machine Machine
tool tool tool
Manufacturing Manufacturing Manufacturing
cell cell cell

Equipment control
layer

] 2.4 Cloud platform architecture of cloud-based MES
(F#L %R : Wang et al., 2018)

ZHE LR YL EFT M k2 iRk > Elragal ef al. (2012)r i ig 5t
ERP ¥ Z 4 ERP > &% 87 2+ ERP ¥ » i > S A" M > @ % 3 {4
% #% ° Al-Johanietal. (2013)3 & Z =3 ERP e joud & 01— Bi=2E » 77 {8
212 =4 ERP 7 1 5 30-40%2. B % = A& o Duan ef al. (2013)7% At i 2 =3
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ERP &2 i@ s ERP P[5 & AT % » %0 S8 2 Pl { AT e
Petri et al. (2014)% & &1 - 2 =8 MES & So@ R0 H iRgL | Hjieig fe & "% 1
2% MA B FHT 3.7 TERK 5 HH 2 TR 45 MR (T2 A
12 o Seethamraju (2015)# 3 SaaS JR#+#-;% 2. ERP ¢ /] &£ ¥ g B 12> %
5 k557 SaaS JRAFH;N2Z ERP 5 ¢ ) f ¥enb 3EH - L#FF AL > £8
LR e M PR FH 2 Py T Eaed HEE R f‘v?ﬁ?i‘f‘g% & iy @ 45

EELERF CERE R R CAMKRART CEAFERETHEE

2.4 %- ¥HE
- ¥ #3% 3 UML(Unified Modeling Language) » 5 Rational = & & &

Booch (1999) ~ Rumbaugh and Jacobaso (1999) @ #% ) chde i2 o 22 50 % 1
T B AR 2 B e R R RSE T o Y R Y
* UML %k £ :F s %enrt iy » i * 'ﬁ}‘j”& S ELIT R K E *3 - BB
B en f3 o g kAT ER > T ou g UML ki 3deh i st fEena
B ML RET > T A% UML XS E F 8 ok A 48t
AP E 2B g2 M e P p By ¥ Ed UML %
FEAMA I A2t FERYE FA) o d 3 UML B8 6% 42k
BEFZ > FIMBREF &Y R AR B R o

UML %28 1 4 28 2 2352 2407 b hs 2 B 25 - REDRED
ED ks B kiR gL Tsai(2013) - A k8 1 AR EF B F 2 % UML &
A e - %A 5 = 84l ¢ %4 Bl(structure diagram) ~ {7 & [Rl(behavior
diagram) " 2 3 # [l (interaction diagram) S5 HE Bl 1 & 33 & il o dofe

gl

£ Bl(class diagram)¥2 = i+ B](component diagram) & o @ {7 5 BlAk i@ * 3ty it
BN ® P o doiF 6 Bl (activity diagram) £ # % 4 5 G §] (use case
diagram) ¥ - ¥ # [§](interaction diagram) Pz p? i 2. B Rk o dof B
Bl (sequence diagram) % /& if B](communication diagram) o
1. %4 B(structure diagram) 4 &
(1) # ©* Bl(classdiagram) : & & 7 — BR* 25 3 L ALE) 0 7 W 3%
GEAEE Ru - I TR St IR - S E AR Rl 1
AR e s FJHERI R > - B = BINA D TERMD LR P
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Feahih il 2 RItengk (T 3 % > fo 12

ch FEAE T 0 4o 2.5 o

Bl 2.5 2

i

27 e enBl ad 2 e oRg

(F#L kR : https://creately.com/blog/diagrams/uml-diagram-types-examples/)

(2) - i* Bl(component diagram) :
¥ éﬁé%f#?gé o e R fpikin i
S kpE s VLR E
/J~ e j= .&r’g] 2_6 o

4

1=

L 3G

¥4 R e # o

%

é‘@—j’b /‘a— /J‘E

Z

SRR = E AR O

. o
Lo T

Yeanrt gy oom Ay

Component
Product
item code
w
Order
ws;mer Details
Required
Interface E
Customer
AN
1
1
1
1
i
|
PaYIent: B o e e e
Account details
Provided
interface {l

Account

B 2.6 =M@

(F 4 %k : https:/creately.com/blog/diagrams/uml-diagram-types-examples/)
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2. {7 % Bl(behavior diagram)
(1) %% Bl(activity diagram) : &6 B #:8 7 £ i ik £ &
UML B] > A fcfE B¢ > '7#" * AN A B R fod (T4 iB

EonAew U o FOUE T Fen s 4ol 2.7 o

Insert Card Enter PIN [Invalid PIN] Confiscate PIN

[Valid PIN]

Display Menu

B 2.7 F# B
(?‘7}—' &R : https://creately.com/blog/diagrams/uml-diagram-types-examples/)
(2) @& * % % ] Bl(use case diagram) @ % 7 5 Bl¥ B F LB X8 o
@ EEGIRTEE R R rs (AR e R 2R )

=
P
‘25’*‘,5‘ TR R H AR TR B Ao ip S T 4o 2.80

b

9

Traved agent Pay for tour

Bl 2.8 @& % —‘F'T';%’L’vl]%]
(F 4 %k : https:/creately.com/blog/diagrams/uml-diagram-types-examples/)
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3.

I # BB]((interaction diagram))
(1) #a 5 Bl(sequence diagram) :

30X P HP KA RIS heiPAp 3
FA VTR o JH K ABAIRBT LB

Bt xRl
ML TICE 7)) 58k n Q\,

fo it — B K60 R R 2 B en

T I TH G NEHGF

LT3 0 o] 2.9 o

(2) /#:ii Bl(communication diagram) : i % B 23S 5 (B> & iﬂ' LB 4
'5'\}3?.;1“’]4 rbﬁfm,}i ,E,“'E‘}%- E—*—?‘if;l?]# ol /,, lﬁu%’i’f—“’lj‘é‘ﬂ{
R R E A RARE AL R R R ARk Rk

Obj1:ClassA

Obj2:ClassB

Message2()

2.9 %% B

(F#L kR : https://creately.com/blog/diagrams/uml-diagram-types-examples/)

A 0 4-® 2.10 ¢

i 1: Create Contact 4.‘_@

\ View Contact
\
r/ } er \ list

1.1: Create Coll\sctl

\\\ T2 2: Make Persistence
2.1: Save contact —} Q
‘ 1.2: Open Contact

Contacts

Persistence
Manager

\ lz.z: Insert Contatct
\
= Savel \
\

Edit Contact Contact Manager

Bl 2.10 &L B

(74 %R : https://creately.com/blog/diagrams/uml-diagram-types-examples/)
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252H3 3

BEAR G 3F 5 22T A TR HEA] > 2 4245 Len Silverston (1997) ¥
FAEEH R a o f A T (Bottom-up models)fep T @  (Top-
down logical data models) :

prom A AR B B s (View Integration) ) ¥
oo Ui P ARG BB AE > R A BER T 2,
%:-ﬁJﬁ#mhﬂm’%*”@?ﬁﬁﬁw1fﬁﬁ¥ﬁ%§%ﬁﬂj

1 H
!

v

i
il
<

& »w

PR AL og B EY R R 0 R EAck v P AL
ZElra ;F{:—r‘fﬁ"}\i‘mo ¥- 3§ > pt R;Tm\%iﬁﬁt}}?
%ir%m& FRADEBZ L0 decn™ VAo k7 A ﬁ\iéfg‘?migéﬁ
FH o BRI T TR TESE o FF R A A
SRRl B BT AR Pl B Ao 1R ks
* i&&viéﬁ?ﬂ'l o R R hE o AFF S RE Y BEE R ot R
Az B eng B A ik o gtk > — = CASE (Computer Aided Software
Engineering) 1 & 7 % 4 B 4E{rd iy 53] -

2.6 x4 L

#e iz A £ (Digital Twin) E4p 4 & & % sten d ~ o] > SRl E &
@R {Rendr 22 % SLehE R et VA5 7 e P i 7 0t Digital Twin
H AT SR A ﬁ*’&%ip@w% ﬂﬁﬁ’%ﬁ%ﬁﬁ¥D®m
Twin > I E sz = - 2HEERT A > 7 3 4 82 2RFK H PRAE 0 R
Wl fe ~ &M ?“gfi 1R 0 M B SRR K D 235&" iR RN R
&0 ¥ 33 g @ sa (Negri, 2017) o

B SR TR AT CIRIREE A RIERIZ BIA
PARET A G R Wi TR B RAgE
Kritzinger et al. (2018) #-&* fflid ¥ ez & 3k~ 0 13457

Koo X A LT 2 AT

\4
Py

7

hd

AnS
)
T
4
\-m

P
3
put
I}-

*“3}%

P L e

1. #ci=#-4]) (Digital Model, DM) @ #-37 7 R % W e o0~ 3% Gl 4
TP Bt AR A 2 W R Pl Y
4R 4ol 2,11 -
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e

Physical
Object

+

mem=eeie banual Data Flow
e ——— = Automatic Data Flow

Bl 2.11 #=#-7] (Digital Model)

(F#L kiR : Kritzinger et al. ,2018)
2. #cixt4 #(Digital Shadow, DS): 35 7 8 ¥ % ‘ff’ﬁtfi“ﬁ %2 B3 A p
B H e fcp g FME LR AL

ERPELCH R oF
2.12 -

Phygi(al ;

Object

Digital
Object

==w==ee fanuzl Data Flow
—pe Automatic Data Flow

sy

B 2.12 #ci2 % (Digital shadow)

(F# kiR - Kritzinger et al. ,2018)
3. #i= /A £ (Digital Twin, DT): .3 ¥ 8% % frgu:%t %2 B eBicdhn

ﬂ—\m}_%%\m’&?ﬁip’bfa&l“ﬁ? Pedlg e e
g ity ¥ dﬁ”{l‘*‘ﬂ‘?\ B 4eB 2.13 -

Physical
Object

anssnage Nianuzl Data Flow
4 utomatic Data Flow

B 2.13 # i+~ ¥ (Digital Twin)
(F 4 %k : Kritzinger et al. ,2018)
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B bR ERE- BREIE R E KB T P 4
‘mBE o BB i hiB AR 0 54 Rosen ef al. (2015)F] % #ciz A & ehprd o @
4AE eV kBT E 72 ARS8 H 5 Sustoeral (2015)3 N1 - FERl A
BRAMAL R LA L P PTG TR B R
EFaE g D’Addona et al. (2017)'/}@ RIBEE s L TRy o ok
Al BEFY #2=H A% 5 5 Uhlemanneral (2017)41 % p & {r
Bt oz anldp g it ke f 4 2 L am®in B3] Terkaj et al.
QOIS)M gy kel ~ 2 A3 A BORE R 22 - RE R
FergvEa Ak g o T A fp 7 IR iR - Kuhlenkotter ef al.
(2017) %A e A & PRA: G SLenB AR F2 R % VA2 R ~ RSk i S AT i
F kS DU R AT A RIRTE E 2 B E Ao ik o B3

#

N
FPiHmr T @i s P AUBEPRFT T UL S DA AR B
d

AR EE L AGERT AL AW ARSI A T A
ﬂ?ﬁ$@é1&@ﬁhﬂi Sk ST AU ultss (F A G U REE S
> 4
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B 5 @é A& %% 52 EXCEL #2 A #1482 R3] 2 a0
B2 b i %éf‘ﬁﬁ&@é%ﬁ’*?&T?ﬁ 4 AT
T EE N E RRIFTEL B E o E M L ERES A WEF BFRR Ao
Wang et al. (2018)# 1! 2. Capacity Analysis and Planning Simulation (CAPS) &
AR E AR T AL RE- ZAHRAMEALA S 5 AR M ke
TEIES ASUH]E T 2 a2 0 CAPS #1 % chm#a e e

F}.
o
fais
e
=)
5%
=
&
2

AnS
=1
A’ﬁ
-rx\q;

Wﬁ&mﬁ??/i‘ﬁ Lo S IS
ﬁﬁﬁﬁ%“ﬁ?ﬁﬁ%*ﬁ’;**n%i%w*%ﬁwmﬂﬁw &l

N

1+
SFFORFR SRR AP ENEL SRAA S T g ETan

1. Filfof ot &

2 ;z KF'HF'&A)TL'& P=:3
3. FMATE A

4, BHFAwFTAFEP

2L AR R AR R R

AT G g e kARG kB HE A Wang er al. (2018)
#7# ) Capacity Analysis and Planning Simulation (CAPS) # it 4 17 R3] 4t
joxuie {7 B 0 % £ Amazon Web Service (AWS)Z =48 ¥ » 2411 - 2 24
R RBIRAEL S(C-APS) > B P AP AN SRR @ A A
iﬁﬂﬁ%$ﬂ”ﬂﬂﬁ%ﬂ?iéﬁﬁﬁw4ﬁwwmigxm%&ﬁ\
EAr2 ) s R PRIET A TR R T O R4 A kR o

S - R 2T E R FHOEANFr > AR HRCTLT A
h iR % (Resources layer) ~ FRi% & (Service layer)fr /& * % (Application layer) -

M OAFT Y 0T B R GEAR AR K AL #gg MR iR X R oo
Beipdt 4B fERTR Y K (User layer) » 4o 3.2 #7om o 32T kB p
Lhpe zeagod J I T i/é](Userlayer)}J\ TE T A AR
2R R AR R I TR 4R S AR R R 4 f 2
FriTenE x4 B o &t K (Application layer)# 3 7 Z L iE2RFIRAR & SLep
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R CRELSE A ARB A AT IRF AR LATIHRL T R AT
ARG 2 G REE D kPR E o B F > PRAEK (Service layer) &
TR RS o X T BRI A S TERIECR] B AR
> BET= AP B ARAIRBFRET KRR i o R (S TRA
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(Phys1ca1Resources) BRRERE 72 ARSI TH - TERE R D

KA v 1 2 wugz’,s A & P WAHEFEA S REFA R ST
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. 4
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3.2.1 Z AR PAR L3S ﬁw-ﬁ:sg

I - Fe e £) SR RO R UE = L f#(c -APS) 11 & v A 5 424
fdt ik e (CAPS) ,«»é&’ @d ERP 2 MES  #5fiem & > 2 ¢ CAPS
Pibiife o d T BARFEAMEES (1) FOHET 0 (2) % FHiF
lr’@>%$?%%»’M>§%@Eﬁ%5yé%ﬁm’§ﬁ@w§@
AT ol

D #F bl ™ ¢ 0 2R ARk SREH(C-APS) 5 — £ A2 R3)
#Eﬁi_lj—_‘)’«)% R wu’q:] +T§q+ C'APS @fj‘s\-ﬁﬁjﬁi‘%—% Aj‘-’»i
%ﬁ%%»%”ACA%x‘;w°ﬂ&’&§%i@%%ﬁ

A2k SRR T oRaE 2 - B2 =R 0F 3 P (Cloud storage) 0 I -7 R
—}'mfvlﬁj*xm,}”‘ s R R '*‘T?"”L’Kj g * o
(2) & * iﬂ”i;% T 5 DR n N3 g Jﬂz ApiveniGo oo (bR
SLE PR EI A Rk h Y o
(3)%7“?\7}"@?])‘ : ftkj‘ffﬂ“’i@?‘])‘ P 2 - R ROECE] 0 R/ iE
C-APSi#H % » ¥ ¢4 SR EFEFEF{ 37 s xadd 24
lEAr Y £ £ 3 R SRR RO - BB PR A TR o

BHW GATHEEES B K L F - BRI SC-APS § k2 4 A
FHe 2P PET AT RELT R (l}'ﬁr-t&ﬂg. HASPEF
PR A RAPT AR 45 S8 6% ¢4 MES
Jisugr BRP kiile » MES ¥ st el Ry B chT i

(blde X F | Sl 2 AF I HEI B AR A HIAFR X))
ERP & $uac TP { 3740 g EirE g L (B4 Bf FH THR
PEid 3 B HHEBr TR 373 T ATF Lo T 3.3
FRE M B R e 2 2 N T A > ¥ 34 FHe

ae ?\,i%ﬁ;j\s}éikg&:,g * 3 5o

(M) ZHFH : ZTHEEHAL R LY SR ERE A 28 (b
o ¥R R SR PM) PR T o FR1S > 2 iE B WOHL S Bk
s 2 SR F et AR FRRD ZP A AT R
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FIWIP» feimAef ) fo 78 % (b4 MW A 1 2 > AT A #

I (application programming

Mg R R A 2R

®) ‘*%%] PR iéﬁia?lﬂ'. B A
interface) = _#p % 11 3| #F 3Ry B
7 Excel i {7 2 7o B2 & 7 o $T K SR 2E for i s > ey
B g LB FERFFERFE AR SNEITE
feciiimdy it > ¥ 00 %4 (Wang et al, 2018) > Bl 33+ 4 7 A 2
HAERL| oA B (C-APS) & Suen k Suf2 28 for it o8l > IDPS %
SARBNFS G AAWS 20 x 2P S CAPS ¢ F = B A&
> :(1)@»1@%:’1 Ul (2) =@ * ™ /0 B4 > Bt 3
AAfcdy o KE I oA RS OH L EH > 12 (3) BHRE o
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3.2.2 Z AR SLRBE

P E e R R ARk ALY SaaS (Software as a service)2. PR HE 5
P E-ZHAETM AN TP TEEE N - EER T RO T TS o

#4% Gartner 2018 # 7 Magic Quadrant for Cloud Infrastructure as a Service,
Worldwide 47+ ¢ > AWS @ § 8 £ T = a4 FHFH 2 378 2 A 20 0
ToAeB 340 - H A AT AFETEY AWS 2 2 R ITE AT 2
A ER B EAR & LT B PRI A A# K 25 (TaaS) & 2 g PRFET 5 (PaaS) > v
RA2PZ BT L REFENA - FTHERF PEFIAZAB e f
EHEfex Lz i cAWS B2 N AR 2RI BA R ¢ FEE B
ﬁ\ﬁp@ At EEBCBRFARLIE SERIE ~pmE (o) % 2
Trd FR* 4250 0 4oB] 3.5 ¢

4L A

IBM

ABILITY TO EXECUTE

COMPLETENESS OF VISION As of April 2018 © Gartner, Inc
Source: Gartner (May 2018

Bl 3.4 2 ARG TSR A 2
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SaaS Software as a service APS(CAPS)

PaaS Platformas a service ‘1 : B

API gateway  Elastic Beanstalk

Cl oudWatch

lato:

Lambda

laaS Instructure as a service

Bl 3.5 2 =5 B RBIEAR b SUPRARHOS

(FH &R 257 K2)

3.1 B 4 I 2 R L (C-APS)#T i * T chA S
ﬁ$0@365%?AWS%:\¢%iﬁﬁﬁﬁﬁWﬁ o T AR A
N 512 AWS A %

AN RERARPRET T SE FE DT ST 0 58
Elastic Beanstalk i3 F s o 2 AF R EF > A L e | A 2440
EC2 2@ IRE L > APl Gateway 7 wiifit * /i 6 2 {58 8 L2 B

lia
F @ﬁ%])}%%;ﬁ’ Bldo: FTRIGTH T FORE g ﬁrﬂﬁéﬂi‘;‘l% AR SR
BAFTHBr I PRI F RS RS IR RET F - 36 K
Management Service (KMS) %k 45241 i¢ # —*‘ém‘ AWS R {eF iRz B4 o
B¥ o @53 HFH{ 55 0 LAMBDA » LAMBDA i & @R
EEIRFE 0 FIP A EREIRE 2L o B F B APL v
LAMBDA ¢ er iy > 975 i A2/ ¢ BT AP 7o R BEL 2 EF Y
s eni % B8 (T % 3538 LAMBDA AT > 3F 8 (4 0% % 13 12 RDS B 5
?%&’%ﬁﬁ?%%%Q’¥@?ﬁﬁﬁﬂﬁ$%ﬁm;i%%mgé
WSIRGEAEEENT L FRAATHFOFLA W ¥ ECS R
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231 ZEAERAIEAE LR Y D AWS A S

A& A AE4 %

AWS Elastic AWS Elastic Beanstalk & — 78 % * erpRi% > % F F @42 V58 o J&_

Beanstalk FEGE S FRTGE fEAFREI R RN EORET 50
¥R % > Elastic Beanstalk TE.’K? 2R P RJdE o

Amazon EC2 Amazon Elastic Compute Cloud (Amazon EC2) & - & Web IR
oV A2 BREL 2 TR ﬁ’f"‘ B R R R o FHIRTE g 'R
MEF A R E{T Web RA0Z =y "i' g R o

Amazon Amazon API Gateway & - f& > % ? FIPRFE 0 VIEE S A R R

API Gateway ZF2 s o~ g ERfeREiE e R APL e

Amazon RDS Amazon Relational Database Service (Amazon RDS) i * & i 59
fi_ "3"‘§1‘;ﬁi\~/’ih Fr B BEMBNTHRE -7 p & J2H 1
iz~ FAER T~ BARSfof P ELFOE EiEiE o

33 S3 & %m&&ﬁb%ﬂ%’ﬁ; ﬁbﬁ%ﬁm¢%*ﬁ°
THRIEEZ CEM > BT A RNR S Aoy EER

AWS Key AWS Key Management Service (KMS) % (G Rtz = 2 ¢ 12 & 4 >

Management Tl 58 AWS PRIFo e * f25t inde B2 * o

Service (KMS)

AWS Lambda AWS Lambda n-\— i PIREEEIRG VRSB RT

]i ETE T Tﬁ’:z&?{ E;:F,x: oo ¥ 0@ * AWS Lambda i3
T&_iﬁ_j\;}% B H @ AWS PRF* o

Amazon Elastic

Amazon Elastic Container Service (Amazon EC S) VB RBE D

Container BT F BRI 0 242 Docker B > VR G {L AWS FiE£L
Service *4(‘ =% ;}%F A Bt A258 o
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