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Lightweight Representation and Operation of Holonized Objects for Systems

Integration on Smart Factory

Yeo-Jin Jeong

Graduate School of Management of Technology, Pukyong National University

Abstract

As the competitiveness of manufacturing increasingly becomes significant to cope
with the era of the fourth industrial revolution, a lot of researches have been
strived to develop and deploy Smart Factory. For the pursuit of Smart Factory
which ensures flexibility and efficiency in manufacturing, it is vital to develop
Cyber-Physical Production Systems (CPPS) that embody bi-directional mirroring
between physical and cyber manufacturing objects. CPPS are recognized as the
advanced model of Smart Factory in that they enable manufacturing objects to
perform autonomous and collaborative decision—making. In CPPS, the information
exchange in-between the objects is a fundamental requirement; however, it shows a
limitation due to various and heterogeneous representations about the objects. This
thesis presents the design of a structural and unique representation method that
provides manufacturing objects with an open and seamless information exchange
environment using Java Script Object Notation (JSON), which is a light-weight
data interchange format. For such the purpose, this thesis includes the design of
manufacturing objects’ data, workflow and message models under the paradigm of
Holonic Manufacturing Systems. It also includes a prototype implementation to
demonstrate the feasibility and validity of the proposed models. The deliverable of
the present work is expected to facilitate the systems integration in heterogeneous
smart factory systems through gaining simplicity, commodity, openness and

interoperability on manufacturing objects’ representation.
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—HEY ®MA -=AODEZE I=7|Y Mz MM -=ADEZE F=7|Y

149 2vtES AR 27704 ZAHHEI837) AF S /31810570 AF S5

sk 2014, 2015 Ak o7 de] e AEAR das 9, Al

Sl AP we 28007 T4 FANAEANAN 2v)

of We gk A ANSE T 9 Ao R Vel

2
ok
>
w
S
o
o
2
ofs
ol
s

E I T A A, 2017).
NeE 9 Q016 ~uETGe] Bresw HA AMAY L AoE

Al B wdolE odelg s
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(Big Data Analytics)S ¥ttt

212 Aol H EFAZAI 2=H

CPS(Cyber Physical System)® “&A A A o] thekst sy t)jxd Aol
WA A7 71884 2378 Al ~"olth ICT 7]&9)

7F st CPSke Aol f-4dskar glvt IoTek CPSw= FARRE 7l o]
ARk ToTE AAAA, CPSe= AtelHAAl THE & zkol7F i, 4
AlA e Aol Al Al S AAd3 Ad F FAA-THY AHEECEY s3-E4 3
A HelHE dAd =Y st A S Fa vk (o] Fo}, 2015).
CPSe] 71 & 37FHA] 7]+=4 24+ communication, computation, control
°|t}.  communication< HEeAl  EASE  dHeoHE S 7E,
computationS FHE HoHE HlY o2 oju ALAS EaA FHS Ao
stAY ARgAM Al YAFAAR S AYsHr] 913 AR E AFete TEolH,

control 1 AR =Z Al FHS Aojstr] 93k 7]=o|t),

durA o2 CPSO F 7FHA F87|5S 7HA AL Aok AA, AAzte=Z o
ol & F st A s F
AbolH] F3He FAstE AT d dolE #Eet E47]% ol
Lee at al. (2015)% 5C oF7|d A= Axde] CPSe T84y WEe 4
o5 #l&f AAlste] 19 2-12 YEFWHTH

ﬂl

4) TCPSE A58 A" 5 7|74 dss 4 +4, |, Td=y,
2016 7€ 11¢,

http://www.hellot.net/new_hellot/magazine/magazine_read.html?code=201&sub=00
2&1dx=29783
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W
it}
N
N
@)
T
(%)
4
ror
mjo
do

gt 5C ol7|El X (Lee et al., 2015)

+ Self-configure for resilience
# Self-adjust for variation
= Self-optimize for disturbance

= Integrated simulation and synthesis
* Remote visualization for human
\ *Collaborative diagnostics and decision making

WZO0—-=-OZC™
mnmHC@W—-—A-44p

* Twin model for components and machines

* Time machine for variation identification and
memory

= Clustering for similarity in data mining

= Smart analytics for
» Companent machine health
* Multi-dimensional data correlation
* Degradation and performance prediction

* Plug & Play
* Tether-free communication
= Sensor netwark

2
of
2
X
o
)
[-'O
2
4
N
L)
N
e,
ofr
ol
O
B
ro
>
(@
[}
Q
=5
S
o
Cy
_‘
.1
=
>
rir
ok
4
r
Y

(Configuration) @Al ol A &= BE 7IAE A 4 2 485 & F JIEH
A7k 7153kt (Lee et al., 2015).

AEA As st et =o A 7Hd ol AR E] EeF Fels AlA, &
A, dHY= AFH YENT 2N A T AT, gF T
&, Axkzt Aw o)z gtk CPS W AEdtE E4td Mujlas F
l M= vE ASoA 28 et ArEo] AFHA ga A7



O8] 2—2 CPS7|Ht At H|A (Monostori, 2014)

[Enterprise resource
planning level

Plant management
level

Process
control level

Control
{PLC) level

[Field
level

000000 ?:f.‘:;.m Doodom

Automation hierarchy CP5-based Automation

Ao wHow o, A4, dely 1 Asg L AFE vEda

H
Ao EoAWA 2 EY el FHOR A3 o BE T

X
ofo
oX,
i)
o,

=
o)
i)

Hrlee TS HFLE UoHih O 232 AA9 MEAR
stel 7IA ] AREo] A& Skt A HHolH 2t Eo= tHEFe HelH
7 A& oz A HT(Shi et al, 2011).

Az Aol CPSE £uHLE AxE Adst7] A Ai7son S
=, IoT, HldlelE e} 22 7ley 943 dds 23 d75Ha ok A
oko] CPSAT+= oA 27] @Alel dom e A4+ Addrt

mdg fdst &8 Add 382 FHlee et al., 2015).

’

BN Ho

rr

CPPS(Cyber Physical Product System)+= 7]£9 #A&3 AF+%
(automation hierarchy)®t+= HFEAH o2 ttE F %2 E4tH AojF+z2E 7}
A a1 dthH(Kang et al., 2016).
7o ® Az ICT 7&s st 2ntES 3o Mg T2
2 10T /Mde CPS7l<=¥ HE

= g GAbE F3 Folvk(o] &+, 2017).

AN = ol7]F AH It HsAES AT B4 3 AFol

solEFA B

o,

_19_



A= 9 (2017)o = =rtEFES 98 CPPS A5 vEdY Zd ¢
AE Acts] AntEFA A CPPSY F2AS 735t

213 TEYAZA2H

Aol g 4= dtH(Brussel et al., 199%).
- Z&(holon) : X % =4 EAE WY, F AY e 248 s

Holo] Wele Axd Az Fpe Fpzi ANE

FHU
g
[¢)
wn
o
&
o
(@)

holon), A% <& (product holon), =& (order holon)°] ATt}

- 24 (autonomy) @ E2 A AY, ALFL QAL EAT 5 9=

olr
R

_20_



- dd A (cooperation) : EHFHe E2E 7+ FzAEste] AYS At

=R

rr

- ZEX 4 (holarchy) : HxEAS 98 dHstes 8 A", 28224

of ola) B AgAel AT 5 91,

Z1EEEo oA Au|EE(resource holon)e E# 4 HE = A%

Ark Adn], o] AR A e Fdeth &, 714, 1)

>
by
Dm
Lo
O::

o], BAE, 9E, T, AARE, AGAY, AUA 5 Egsta 9l

7l d o] T (Brussel et al., 1998).
A =% +Z(hierarchical organization structure)®] @4 2SS ¢
A A AlzdEe] NMAE TEOE HOH dolHER FA A o oA
AR AGe B dsFgozN T2Y AR A Aojr|s AA A g
Aol o8 MLSAHAET &, 1999). 24 A A" F44
M= A x3 7 (shop floor)ell A&7 913 Al2=dl AA g ko] gt
AT Ao, FE AoaEst, AgE", Fef5E, AAZE Ao,
A A 2 2AEE T okl €& H 3 Ao A5 3k (automation) &=
TAAEE 9ste]l AFFElow leve)ol o] EAAOlE 7|5g] =

% n5E(high leve) I F2 1 3548 @ FPTEE AAdE 2

>

o]t} (Babiceanu et al., 2006). Colombo et al(2006)2 AA|ZF FEAF Ao =
3t MAEZY A AFXUE 579 Ao] ZHES 3311, Barbosa

et al.. (2015)> 9 H(disturbance) J &2 HAsE 9 P& 18l Fx=

_2']_



2o 7|Qlgk HaEA A7F 74 AfFx2E FASAT 2T (task
allocation)& 7hH& AH| &l HZA A9 FHlE 9t ARE FFstY
7Ise Fdste Ao =, Hd(bidding) Z2A~E F3 2HS et
Contract Net Protocol (CNP) 7|&& BEHA o= &8 3% thH(Babiceanu et
al., 2006). Babiceanu et al(2004)> of&to] LTAJES wf FF% FHA 3 2
AN WSS A% AJEFo] o]FofA= FrY Ao x5 AHsA
o} Owliya et al(2013)2 2o AL 5= oo]HE EEZX] RuS

Wala ABACl A Fokel PuEe, nE 3 BEY FUA /)

o|N
Z
-
@]
2
o)
=
s,
=2
lo
o,
N
N
ol
o3

al.,, 2006). Leitao(2011)= A 2 FEH

e 5oy s JIWAoR dst=s B4 x5 AAE
E

E ARtttk AAZE Aloj= Fol X AZEA| SFfjol] o]ME] W35 dl=
Aoz, AtAkS =3HS o

realtime), FXHet= HHAZE A% FS AFE A4 AAH(soft
realtime) &2 &% 4 S tH(Babiceanu et al., 2006). 714+ AAIZE A
o= 93k A el Ak Ao} Fx AAZF 5235, Brennan et al(2002)

< [EC 61499 7|5 &5 2AS 83k AAZE BAbA o] Alx=€ls AA
o™ Indriago et al(2016)= AAIZF =l Aoj7) 7Edtes: E2Y 7]
TS AA 2 FEE AASAT A AE 2 2ASH LS SEXAY
HAZ 9 st =250 AMAE 2 2AZFHS AAYs= &F0l

tH(Babiceanu et al., 2006). Gou et al.(1998)&= &= 7j¢] AR FAH &
|

FE ez ZE R 27N 2AE
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Shen et al(2000)= A, A%, =AEd, AlEHold 2 A3
st TAA ColHEE & obIEAHE JNdetdth. %3 Gamboa
Quintanilla et al(2016)> A4F A1 B 2AE" o FA48 SRS 915+
HEZ WEE o] &3 A Afr(deadlock—free) Tt FAHAE A= 9 =

4 Az A4 A% T2y Ao F2E Awsge”

Lo
of
ot
ftlo
L

2.2 do]HE A"

2.2.1 JADE

JADE(Ja Agent DEvelopment Framework):= ©]2] FIPA ©|o|dE 79

2AS AREESI, doldEZRS FAS &olstA e FAAAR

t}. FIPA-OS(Foundation for Intelligent Physical Agents-Open Source)=
ZIWko 2 3Fal 9o, AMS(Agent Management System), DF(Directory
Facilitator), MTS(Message Transport System) 2.2 A% o] tHF Bellifemine
et al., 2013).

5) http://jade.tilab.com

7}) Shin, S. J., Woo, J. Y. & Seo, W. C.(2017), Development of a Data and
Model-Interconnected Holonic Architecture for Intelligent Decision-Making
on Cyber-Physical Production Systems, Journal of the Korean Institute of
Industrial Engineers, 43(6), 451-463
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a2 2—-3 JADE O}7|E8lX (F.Bellifemine et al., 2013)

Multi-agent distributed application

IR

JADE

JAVAVM LAYER

fF7]ell A3 HES #AgstH oo]HdE ZHF gk HZ3} ARl o
g dAEls shvbe] ZAFel shuhe] AMSHRO] EAISTE DF= ol o] [ Eof
3k A2 Ho]x AH]~(Yellow page service) 7152 A& odo]dE
ZUe ce]HEES] Alwgste THolvt AHzol dE ARE 7 o
JRENA AFsts IS oy MTSE 22 ZP3F ¥ ofyz &
S YollA w3E = wAAE #E o= 8 9 2007; F.Bellifemine
et al.,, 2013).

=AE 9] (2007)= JADE®] A&Aeolal PPAA FAAAE o] &5k
JADE Z & & BEdts A&4olar AA A HE oo]dE Al2dl

Aukg g7 9

=
=

)

o

f

Al2~"l A (MAEMS @ Multi-Agent based Emergency

_24_



Medical System)S At AG-gich g 9 (2011)«= AstE Al 2A] 2=
e (EMS : Evolvable Manufacturing System)¢] 7HHS 9af <l o o] A
E&= PCol AA¥l JADE ZH3% 7|0t 2 F5E™, do]xdE 7he] HA]
Ak BlodolE HES 9 xWow XML, do]HE ke FAldo]
2= FIPA-ACLZF AREH o] T+ E . dAE 9 (200714 JADE
7175 A8kl JDK 145 ol &3 ZdF 7d& &3 =H¥ E-Beam
system®] & Alz=d ¥ olyz} 7k el

AzgoR F8F & A HelFE A7 Ak

2.2.2 FIPA

FIPA(Foundation for Intelligent Physical Agents):= oo]HE 7|ut 7<%
9 EFS 0E /&%) 45 $842 F7es IEEE 3FY ¥9 BF
Aotk 1996 2929 HGdARE AFEo] o]7]F 9 oo]HES]
AL, o] HE 7|uk Al 2" digk AZE Y] ZF AMYS RHEIT.

1229 HlgeldA= 2005 S A o] [EEE 91937 Aok
Y 2-4= FIPA 97 oo E Fxrdo|t),

o
fol
X

>

M

6) http://www.fipa.org
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T8 2—4 FIPA 97 O|O|ME & X 2H (Poslad et al., 2000)

software

FIPA-OS Agent Framework

Agent | Agent IOP
Management il Directory i Comms . "
System Facilitator Channel

'\ A A

P ] l

@nal Platform Message Transp} e O

HTTP etc

doldes] £97 44 % ACL EA& Agdr) 98 tael AR o
oJAE U QAT ¥

S ¥ %3l 9ty DF(Directory Facilitator), olo] W E ¥
Al 2~"l(Agent Management System), °llo]H{E &4l 'd(Agent Communication
System), IPMT(Internal Platform Message Transport) 5©]t}.
DF+ d2% do]A Mu|=R oeoldEe AMS 9%
o AMSE Co]FJE =, xS FEdH. ACC

A A2 e ZHFA 3 &84

-

-

S8 AMH| =& AFs i (Poslad et al., 2000).

FIPA %3 = 71 o] A5 E= AL oo

%
[m
i
AL
ha
2
S
2
[m
of
>

o] (FIPA-ACL)o T}, A A2 ool dEE A&}, A2~
< dgstr] A A= T4 T G Qdojof st dojHdE F4l Ao
(Agent Communication Languages : ACL) ©]Z}

&3 FEAEa] BN A Y wol ATHI AEHE o]

_26_



Ea do]E FIPA ACLolth FIPA ACLY F&o EAL Az Aazrg
ZREFS S gYgd doe distE #E & F due Aotk
(Dagkakis et al., 2007).

23 Hloy &d

2.3.1 XML

XML& eXtensible Markup Language® 2344 umla9] ¢lojojt}. FA4 4
g5 Adst7] A EA¢d FrhE= JE A ARE 38 st= Ao
oltt. 74 WA Yy wpayd 2dojel SGML(Standard Generalized Markup
Language)< dRF wla g Ado]E Aestal 7]=3sl7] 3 AdoJ=(FE&3,
2001) 54 EAE Aosted 83 gaE dg= AAE #A4 FERE
gold 4 ot YH BFete] &&str] oyl ol Adste AZEY

% AMerI7t ST EA AZHEAD AGE BANS S
=

of AFFcHFE3t 2001). HTMLS Fa 49 Aoz AbgH vz &
=%

>
i
2

B
)

K
it
_0|L
1y
rr
e
4
¥
By
=
M
>
1o
-]

7) 715843, (2008). 7158 §o] AR, HARH] AL
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lo
Fl
['18{.:
=
g
Ac)
)
)
o
=)
ui
g
2
X
lo
& =
op
o
i
(2
)
i
D)
2
0,
Ru)
M
|

AbEsE 52 9l Aol ok XML HTML#] wlaz @tttk 2000
Z%E HTML® &5 XMLo] thAstHA, Bt s5Aola i

dol 945 T3l TR tHAEE 9, 2014). ol¥g XMLe] &&Fof
= AEHUAA, AA, A RoklAe &% & B F AtHFES)

2001). FHol e wE dior FFstu HHAsv= He 5 7 Ao

f

Zragr Aoy dolE o]z Al=®lS dHetr] fjs XMLES ¥
(Mapping)8t7]7F ol g iz, dlo]g 7t 54 ofEeAoldd %3 +x3td A
T d 7tgEsith 28a B2 o HagE &7 594 SHo] =¥
A=A 9, 2016) = 5 4ol HE JSONo| 7§zt AteololA o
Asta we FAow A= Advk(Patrizio, 2016).

2.3.2 JSON

JSON-=2 Java Script Object Notation®] <¢fFojo|t}. 20018 ©i&=gx~ =25

Eoe grE 402 HoHE AYs: Auiage B

R

)
o
N
w
O
Z,

olg} o]& o]l ¥A3 Fr}(Rausschmayer, 2012). AHIAIHE oo
71kl A ®7), F AMpAIAHE <Aoo o RS Fa Qo] thE o
o= JSON¢ @45 olsf & « 7] wiol gelBejejs dA § A&
7beetnh v AEstE dlolH g xeo] Ao, A, ugkE 93 dF9

AR Eog RE Za g o] 7he] FxsE dHolE WIS Lo
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SHAl AFE 4 e d2E Aottt XML vlaYd ddojx 7 JSONR=
AdF9] vlady Aoz vladEHS MR8 A, 2016).
JSONS XML¥} A5 H]uE = w3 E¥olth JSONS XMLET uj

$ pAstel Amygst damygel AR on weA YAt olele 14

%.
TE gofolA 71E XMLE ZFgE Y B Y250 HA JSONS &
™

(A 37, 2016) JSONL A}l Aol

5

a8 2-5 T2 Y JHs6t @ ClHEE| XML JSONS| HIE
(Vander, 2013)

XML vs JSON as Percentage of ProgrammableWeb Directory

OO0

70.00%

BOLDO

50.00%

40 DN o

—

20 00%

iy DO

005 2006 T0uT 008 0% aoio i o 1013
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JSONel v XMLo|UE =42 10d3ke] =2 e
shirtolth, XML 19961 dF-E Ao¥ F+3 22 FHol 2 7H#] AR
JSONe¢] A#ste maAdwo] HaswA 20099 Fwke] & XML Hlo]
B FAo] gAasta 3 JSON2 8Wzt A4 F7ksta vk 19 2-6&
2005 TH-E JSON¥ XMLS A 93}= ProgrammableWeb t] 2 E 2]
F7hd AP ¥ &€& HoFtH(Vander, 2013). XML 55 & vt
W JSON2 F7hete As & 4 vk

XML# JSON& Hlusts d55 ofgfd dxol grh Ads
(2016)9 4 "zAo] tiupo] 28t d2A

Wk, WAIA A T FA T desittal 7lsste] @20 o
Hto]~eF OM2M &% 1+ 384 A5 il tig B7tE Ha X
I JSONZF whe] A gage] sfzl Aloj=9t AF 7l & & w483
th. 7 A3 XML ®th JSON ARE A #& gl

2 A& &<, JSON HAe] XMLWYA R A3Hes 821319
Nurseitov et al(2009)= @A FA A AF-E= 1L

gk 219l XML# JSON<S Hlete] tlojy dAE Href d5s Hlusto]
o Zo] B EE&EA YIS mEA dAFste], £ 2-4, 2-5¢ A AH
HolH = dEs = Ze = A CPU ARE-Fel A JSONe| o & g
ATAHE =AU

riu
-LN
ol
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# 2—4 JSON, XML OI0|E T &%= (Nurseitov et al., 2009)

JSON XML
Number Of Objects 1000000 1000000
Total Time (ms) 71825279 4546694.78
Average Time (ms) 0.08 455

F 2-5 JSON, XML&l CPU AtEZk(Nurseitov et al., 2009)

Average% Average%
Average%
User CPU System CPU o
~ e Memory Utilization
Utilization Utilization
JSON 86.13 13.08 27.37
XML 54.59 45.41 29.69

1dH(2015)= RFIDE o] &3 A=

£ FUbste] dnlE deks WHEHE d¥S Eolv A7 JFHA
Td ¢t==2ol=(Android)tt HIEZ PCE ol&d olF Tolx= ZYHY
g ¢ g TEINS wEArh Javard Bl A= JSONTA S o] &3] <t
cR2olEox AFo] 7hestz] wfiol JSON #HAAF= Fars] A5-35k3
=3

B AFE 9a) JSON XMLS Hlwsle] th&¢ % 2-62 Aelstarh
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# 2—-6 JSON vs XML

JSON XML

A4 7hs
ERaEy Qo] L OSel BRAoR |« BiE Jwow Ay /A BE
Aoldt Azukkel AA mel s | AT
Autsage Be nEnz 9. B 52 olgste] BAY Held
EREE R o 22 W7lsE dold @77
7 Fo BSAT 1B ANE | 9 wag Aol

o

e HTMLET} FH3ta A% A&
A & | o WA AHE o= QI3 JSON div]

SFo] AA A 97 (parsing) A A9 & o] F
Aol Alzke] Q8 A e JSON tju] Exst
dlolg B4 Z AAEE Eojex= |« W3C (World Wide Web
B 4$ fEd Consortium)oll A A A3 T+

A5 Wk Ho]
wae AL GueA g

H
AR EFE
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m. A" AA

3.1 MIg+=x

SLHEE

AzA e 7| BEES 2)EE 2 (product  holon),
A EE(resource holon)oZ A% o] dth(Brussel et
al, 1998). EE8E2 A9 HEE #Agsta A" AAY Bx 3=
P E8ES U8 E899 ArusS 98 +59 Hol

sa felar). 4
H g4 vkl g 9, 1997).

F2y

(order holon),

2 3-1 E2Y HXE AAHQ J|&2 714 (Brussel et al., 1998)

Holonic Manufacturing System

/ Order I
holon

Production
knowledge

Process

Process
knowledge

execution
knowledge

.
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2o oy ARE GA&of stz E FrA Aol A E ARE o
P2 AFafof A, 2 TEET ou BAE A HEA Fo| |
sotA AgelEolof doh AA, &3] dE 2 A4S AT Eo] HEst

Al 7 elx ofokgtri(o] el ¢, 1997).

ag 3-12 2 =19 JET+=xE yErdY Holonic Manufacturing
System®] 7@ w2} product agent, order agent, resource agent 3+ &
d T Al Y olo]dER FdET. WF Al TR clo]HE IF A&
Al wAA Faon sk FEo|th

golg AALo+= AF do]HE AL (Manufacturing Agent

Repository), 2JAFE2A 22 &4 (Decision-making Model), JOSNe| 7]

HES = Az olH A4 (Manufacturing Data Repository)7F 1t} W
- (Internal) ¥ 24 o] = 8] 7| o] A (external applications)AFo]ol] FIPA &3+

=
o ZE| ol dds fs g AU

_34_



II 50N 150N
Message |:> Message

; A Wrapper Parser External

Holgnic Manufacturing System applications

Message JSON <:| MJE‘S?:QE (Ol:MES, ERP)

Repository
/ Model

Repositary
ERASHOTY J50N <::| J50N

Parser Wrapper

1

1

1

1

1

1

JSON |:> sson
Data 1
1

1

|

1

]

1

1

\ A————— I.’:
E Resource II
Agent
1

FIPA

¥
FIPA- ; compliant
Web service Web-Services
Interface

2
M
v
v
o,
2
N
=
rlo
o
f

(1t
-
Y
2
A\
=}
i)
g
i
A\
=}
|o
fr
)
iy
ot
v

SHd A= Goh(top down) WA o2 wAR]/EZFo] AT AlZE

= YR, 483N E B304 30w wAXs A48 A
]

SVIE P 1
R
fl

N
o
P>

n

Z~(instance)E ®.ojFtv}, 1¥ 3-3

o2

5 Bde Web Sequence

¢

Diagrams& &-&3o] 238t t).
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9% 33 85 29

(1]

=
Behavior
74 CA =HA =5B

FEE 21704 180071, H 2 1W20%),

Ld

alt jl'F |

s ol
-
ey

71M A1.2,3 EiHE Z
HEYdiols :

FE2(s 71705 100078, BWE |

alt  JIF8
SEERRERY)
|
ks
LR e
eiey
»

AEgdol= z

FR( 7174 5007, BuETIY)
Ld
alt I8

St s HERY)
|

717 81,2,3.45 S8 E :

PR S
AEgdiol= :
PR . ot T
k| CA SEA BB
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3.3 Hiolg 24

ol mdlao] F3 o]f+= v & (Leverage), B33 AW QFA}

o] 7143 #F 3 (Conciseness), HlolE *#2(Data Quality)= A#d

gk dolE mae FET Axdel Ju eTAGR FAE Y o

Sa HAs BAT & e =rolth,

Contact Agent

EEEES

23 gog

l/ Product Agent
Order Agent 2=5d=
2cus qzEe

LunE

Resource Agent

EI=

Machine Agent
E

| 7
Product Agent 2=
Resource Agent =7
eE
AREB
O]
Machine Agent
1A=
Al
AZ
A3

8) http://www.dbguide.net
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Order Agent

Icus

P

s

k18
=

Product Agent

Scwms

HEFE
E-E RS
24

S8AY

HESSF|

Resource Agent

l Acus
SETB Machine Agent
EE T =2
¢ 713
Product Agent 2=
Resource Agent =T
HEE
R
oEx
Machine Agent

A=




72 ARe] dolgE Beu 2o wAe AdAt wANse £4& 1

A, ID, PASSWORD, 4, H3tHEE 7k vt F&9 A#A=
FEHE, AL IS FELA, FEFE, TETE, AGAEL AL
T AEAE AAFEAE, S FEHE, AMTEIA Ak 4]
HalE RS $A4S AAFEHS, AAFAAE Contact Agent(CA)9]
A= B, S48 AFFET7IdE, #volE. Order Agent®]
A= AEWS, A4S AAE, AFdHED, 184S 2UY, 29

FAR, AAEF A2, 48 F&. Product Agento] 2®Al= ZE=WHE

b fm
o,
rlo

AEFAR, Z2Ax AA, FAHAAEY, AFFHFT7]. Resource
Agent?] AW¥WAE Z=WHS, £4 L Machine Agent, &%, 714, 98, &
7, AdE, AMRF, duUyA. FF ABO A= IHHE, S
Product Agent, Resource Agent. &4A% Machine Agente= 7]
AWzt sty $A48 Al A2, A3, & dB2] Machine Agenti= 7|
Adzt2 3y 442 Bl, B2, B3, B4, BoE ¥ 33sla St

o714 7FE F83% IS sl do]AE = Contact Agent® A &

&S Frh nAe] 233 FEs HANA AEsH AFeTriad

g

T TIge s PLMA&" 9 7524 T7H o752
2 BFg 5 Jduh AA, AF T2 (Product Structure Management),
A, AAwa 2 A3 (Vault & Document Management), A A, T2
AE  #g](Product Management), YA, A2 %  EF(Retrieval &
Classification), B A, & A]2®l 2] (Application Management), 4

A &8 XE(Application Module), dH#, T2A~e AFTFHFA T4

oA AFINEe] FPE = BT AT Rl AY ZEALE X
2o g A3 tH(Bae et al., 2016).
Order Agentt= E & AlFol tish #2& B3t ok 17 F54 5
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A Eule] g xAe] Ak YAV AFE= AH] A= DF
(Directory Facilitator)oll & 5% o] SA(Supply Agent)’} A A3% g AxE
Bt gA S F(parsing) UEFH ok IFEAHRE AYE, ¥, 19
F4 QAo gk A A& FF g rH(Zeichen, 2009).

Product Agent+ ¢4¥ 3 F39 AFS AgsA A2 F+ JEF Z=2
Az B AFANS AL v AFFEF], AR LA, A, F
A8, BOM, #4RSHA} & HANAHY S|t AFAA, T84

W ¥R A dEASR gR: /5AS TR A} e oo

2

Aol Wl vigas] As LrHE 5
vy A A5 depdth 499 549 Ade oa mas: A
54 oojdEs Hass A4 olo]dES] G B4 A oo AE
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% 3-5 HAIX] =2

Order Agent

Order Agent

Contact Agent
—]

L:aarzEe

X2 o AR Q)

FIMAFEE XY HAK
>

8 :%Sx;’A }r%m% 2210
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% 3-6 FIPAZ|EE oA X]|

(request
. sender(Contact Agent)
. receiver(Order Agent)
. language FIPA-SL
. protocol fipa-request
- content
““(( action
(agent-identifier :Order Agent)
b B 0% O
&54d 2017/11/24
w7171 180071)
))&

a8 3-7 JSONZ|EF B Al X]|

{“task” : 1800,“due date” : “20 (??]_ ”,“from?? : “CA”,“tO” : “ v‘g_XO]—AY’,
“message”:“ A Q75 ol F 877}

g ol A4 wBHrkn YZSAS u JSONZIW wE o] Ax
%

t dloly &

fult)
P
\1
o,
=
>,
B
Hed
2,
e
U
rlo
)
&
=
>,
X
fr

N

X,
oX,
ol
i)
38
ftlo
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722KB, JSON7|HF w|A]x] 9] 7§~ 353KB= 28] o]/ zto]7}

# 3-1 FIPA, JOSNZ| gt HA|X] 27| 8|1

FIPA

JSON

7.22KB(7,4001}°] E)

3.53KB(3,6201} 0] E)

8.00KB(8,1921}°] E)

4.00KB(4,0964}°] E)
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42 743

rﬁt

T334 JAVA Eclipes Neono|tl. JAVAlA JSON Al&S 93
JSON Object Library$! ‘json-simple-1.1.jar’ build path 274 % 233}
© 1 Factory, Machine, Factory Management System =5 A3

o ek o] EF YA AxFE Y AR FE(Console) &S U

I o] zteks] A st

(A1)

Day: 1 o {“task”:l8oo’udue date”:“zoo] 2] “from” “CA” ut n.u;g_ ]—A”,
“message” “A A7t H 2F”"}
- {*task”:1800,“due date”:“20¥”,“from”:“Contact Agent”,

“to” X l;(]—A” message X1 x]_o_] B— ]_‘l ”}

A A AL QAT Al 30/ AZ 30/4A8.30

B A -

o

Day:2 %A A4+ ——71A AB4FF Al 30/ A2 30/ A3 30

FAB A% —

Day:3 %A A4+ -7 A4FF Al 30/ A2 30/ A3 30

Day:4d  &7&A A ——7A ik Al 30/ A2 30/ A3 30
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Day:5

Day:6

Day:7

Day:8

Day:9

Day:10

Day:11

- {*task™:1200,“due date™:“20¥” “from™:“CA” “to™:“& A",
“message”: ‘A7 AH 247}

- {“task™1200,“due date”:“204”,“from”:“& A" “to”:“ 4B,
“message”: ‘A7 ol - 247}

- {*task”:1200,“due date”:“20¥”,“from”:“Contact Agent”,

“to”:“ v‘g__xo"_B”,“message”:“ Z_}‘Quj JQLjé‘l ”}

o

A A —-71A AL Al 30/ A2 30/ A3 30
B A4t =717 A4k Bl 20/ B2 20/ B320/ B4 20/ B5 20

o

S HA AN -7 A BAEE Al 30/ A2 30/ A3 30
SAB AL 714 A4 Bl 20/ B2 20/ B3 20/ B4 20/ B5 20

A AL ST | AT AL 30208 306843730
SAB AL ——71A ABAEEF Bl 20/ B2 20/ B3 20/ B4 20/ B5 20

A ALY —-71A A Al 30/ A2 30/ A3 30
SAB AL ——71A AL Bl 20/ B2 20/ B3 20/ B4 20/ B5 20

A ALY —-71A AR Al 30/ A2 30/ A3 30
SAB AL ——71A AL Bl 20/ B2 20/ B3 20/ B4 20/ B5 20
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Day:12

Day:13

Day:14

Day:15

Day:16

Day:17

o

B Aak 717 AAkeE Bl 20/ B2 20/ B3 20/ B4 20/ B5 20

ol

FA A —-7A] AL Al 30/ A2 30/ A3 30
B Aak 717 A4k Bl 20/ B2 20/ B3 20/ B4 20/ B5 20

ol

A ALY —-71A A Al 30/ A2 30/ A3 30
SAB AL ——71A ABAEEF Bl 20/ B2 20/ B3 20/ B4 20/ B5 20

A ALY —-71A AR Al 30/ A2 30/ A3 30
SAB At =714 A= Bl 20/ B2 20/ B3 20/ B4 20/ B5 20

- {“task™:500,“due date”:“20¥”,“from”:“CA”,“to”:“ A",
“message”“ 497 ol 277

- {“task”:500,“due date”:“20” “from”:“F A" “to”:“F B,
“message” ‘A A7Fs ol 847}

- {“task”:500,“due date”:“20¥”,“from”:“Contact Agent”,

“to” 1 l;(]—A” message” “%J_:[L‘g_ i‘1 FI/] .??]: H}\ H 1/] T;]— ”}

A ALY —-71A A Al 30/ A2 30/ A3 30
SAB AL ——71A ABAEEF Bl 20/ B2 20/ B3 20/ B4 20/ B5 20

A ALY —-71A A Al 30/ A2 30/ A3 30
SAB AL ——71A AAEEF Bl 20/ B2 20/ B3 20/ B4 20/ B5 20

A ALY —-71A A Al 30/ A2 30/ A3 30
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Day:18 %A A4+ -7 A4FF Al 30/ A2 30/ A3 30
Day:19 %A A4+ -7 A4FF Al 30/ A2 30/ A3 30

Day:20 %A A4+ ——71A A4FF Al 30/ A2 30/ A3 30

2, 3¢ Factory, Machine, Factory
Management SystemS 2 ¥ AAFEE FAT AHAS 9or] HoF
& g

I 9lth JSONHW A A & o]

= olggol gl AL % 4 AT 4 A B Afoldl 2 sAA 2 o
E3 BAle) hsakn, X Ao Aut g A Weles A
2 gt
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1. Factory &&£3E

package factory;
import java.util. LinkedHashMap;
import java.util.Map;

import org.json.simple.JSONObject;
import org.json.simple.parser.JSONParser;

import Config.SystemConfig;
public class Factory {

/1379 ©1 &
private String factoryName;

//EFe] HAEE
private Map<Object,Machine> machineList = new LinkedHashMap();

//HEERI AL A% eTde] BE
private Map<Object,Factory> factoryList;

//o1E, MAlol &, AALAIZE
public Factory(String name, String[] machineNames, int[] speed,Map
factory){
this.factoryName = name;
for(int i=0; i<machineNames.length;i++){

machineList.put(machineNameslil,
new Machine(
machineNamesli],
speed[il)
)
}
this.factoryList = factory;

public void addTask(String message) throws Exception {
System.out.println(“ - "+ message);
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false;

JSONParser parser = new JSONParser();
JSONObject jsonObj = (JSONObject) parser.parse(message);

int task = (int)(long) jsonObj.get(“task”);
int amount = task / machineList.size();

Object[] keys = machineList.keySet().toArray();
for(int 1=0;i<keys.length;i++){

machineList.get(keys[il).addTask(amount);
}

public boolean canWork(String message) throws Exception{

System.out.println(“ - 7+ message);
JSONParser parser = new JSONParser();
JSONODbject jsonObj = (JSONObject) parser.parse(message);

int task = (int)(long) jsonObj.get(“task”);
Objectl] keys = machineList.keySet().toArray();
int amount = 0;

for(int i=0;i<keys.length;i++){

amount += machineList.get(keyslil).getAmount();

}

return amount < SystemConfig.maximunTaskTime ? true :

public String getldleFactory(String message) throws Exception {

JSONParser parser = new JSONParser();
JSONObject msg = (JSONObject) parser.parse(message);

//System.out.println(message);

String idleFactoryName = “7;
Objectl] keys = factoryList.keySet().toArray();

for(int 1=0;i<keys.length;i++){
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if(factoryName.equals(keys[i])) {

continue;

}

JSONObject jsonObj = new JSONObject();
jsonObj.put(“from”, this.factoryName);
jsonObj.put(“to”,(String)keyslil);
jsonObj.put(“task”, msg.get(“task”));
jsonObj.put(“message”, A 7ol F £347);
//jsonObj.put(“day” msg.get(“day”));
jsonObj.put(“due date”,“204”);

boolean canWork =
factoryList.get(keys[i]).canWork(jsonObj.toJSONString ());
if(canWork) {
idleFactoryName = (String)keyslil;
break;
}
}

return idleFactoryName;

public void doOperate() {

System.out.printin(“\t%% 7 + factoryName + “ AJaF ——-7);
Objectl] keys = machineList.keySet().toArray();

for(int 1=0;i<keys.length;i++){
machineList.get(keysl[i]l).work();
}

@Override
public String toString() {
return “Factory [factoryName=" + factoryName + *,
machineList=" + machineList + "]”;

}

public int getNumOfMachine() {
return machineList.size();

}
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2. Machine &2 3E

package factory;

import java.util.LinkedList;
import java.util.Queue;

public class Machine {

//7aH] ol&

private String machineName;
private int speed;

private int numOfTask;

public void work() {
if(humOfTask == 0)
return;

if(numOfTask - speed > 0) {
numOfTask -= speed;
System.out.printin(“\t\t 7] Al ”
A" + speed);
telse {
System.out.println(“‘\t\t 7] 7l
AAE” + numOfTask);
numOfTask = 0;

”

}

public Machine(String name,int speed){
this.machineName = name;
this.speed = speed;
this.numOfTask = 0;

public int getAmount() {
return numOfTask * speed;

}

public String getMachineName() {
return machineName;

}

_66_

+ machineName +

+ machineName +

«“



public void setMachineName(String machineName) {
this.machineName = machineName;
}

public void addTask(int amount) {
numOfTask += amount;
}

public boolean hasTask() {
return numOfTask != 0;
}
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3. Factory Management System &~2FE

package system,
import java.util. LinkedHashMap;
import java.util.Map;

import org.json.simple.JSONObject;
import factory.Factory;

public class FactoryManagementSystem({

Map<Object,Factory> factoryList = new LinkedHashMap();
private String firstFactory;

//EAE, F AN 54278
public FactoryManagementSystem{
String[] factoryList = {“FACTORY-A",“FACTORY-B"};

String[ ][] machineList = {
{“Al”,“A2”,t&A3” }’
{“Bl”"‘BZ”’“BS”,‘&B4”’“B5”}

5

int[1[] amountList = {
{30,30,30},
{20,20,20,20,20}
|

firstFactory = factoryList[0];
for(int i=0;i<factoryList.length;i++)
this.factoryList.put(factoryList[i],
new Factory (factoryList[il,
machineList[i],
amountList[i],

this.factoryList
));
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public void start() throws Exception{

//System.out.println(factoryList.get “FACTORY-A").getNumOfMachine());
Integer[][] order = {
{1,1800},
{5,1200},
{15,500}
|8

System.out.println(“ A 2}");
for(int t=1;t<100;t++) {
System.out.println(“day :
int task = 0;
for(int i=0;i<order.length;i++) {
if(t == order[il[0]) {

”

+t);

task = order[i][1];

}

if(task != 0) {

JSONObject jsonObj = new JSONObject();
//jsonObj.put(“day”, t);

jsonObj.put(“from”, “Contact Agent”);
jsonObj.put(“to”, firstFactory);
jsonObj.put(“task”, task);
jsonObj.put(“message”;“ 2 A 7o F 237,
jsonObj.put(“due date”,“20¥7);

String possibleFactory = firstFactory;
boolean canWork =
factoryList.get(firstFactory).canWork (jsonObj.toJSONString ());

if(lcanWork) {
possibleFactory =
factoryList.get(firstFactory).getldleFactory (jsonObj.toString ());
}

if(“”.equals(possibleFactory)) {
jsonObj.put(“message”, “TE&

2

A

155 LT

o

”

System.out.println(“ = 7 + jsonObj);

Jelse {
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jsonObj.put(“message”“ 2 £347);
jsonObj.put(“to” possibleFactory );

factoryList.get(possibleFactory).addTask(jsonObj.toJSONString ());
}
}

Objectl] keys = factoryList.keySet().toArray();
for(int 1=0;i<keys.length;i++){

factoryList.get(keysl[i]).doOperate();
}
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