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<?xml version="1.0" standalone="yes"?>

LERE/SA VB (T TL— )

<Equipment-Behavior-Catalogue>
<equipment type="I3A ZENRIH">

<var name="1temID” type="String” />

<var name="ItemType” type="String” />

s §F muwe
ETAF;?]%%/”; Jrigede]

BEE: WESF VS 2]
279 bR - B
(ETILEE - BR)

WiE S S YA RS RT L

<var name="SubstrateWidth” type="Decimal” />
<var name="Substratelength” type="Decimal” />

RBRES 1>
(YSalb=va>DP)

EEETIRR

Elfﬁ%ﬁﬁﬁ%
1

it
#1

Pyl

EISERET T i

BHRHEREETIV 51473

<var name="PartsCount” type="Decimal” />
<var name="PasteAmount” type="Decimal” />
<var nane="ProductMakingTime” type="Decimal” />
</dictionary>
<dictionary file="scheduleDictionary. xnl” type="schedule” alias="4EHE">
<var name="ScheduleStartTime” type="Decimal” />
<var name="ScheduleEndTime” type="Decimal” />
<var name="CleaningCount” type="Decimal” />
<var name="IsStartedPr inter” type="Boolean” />
</dictionary>

<var name="ProductionStartTime” type="Decimal” />
<var name="ProductionQty” type="Decimal” />
<var name="PreparTimePrinter” type="Decimal” />
<var name="PrintTime” type="Decimal” />
<var name="CurrentEquipment” type="Decimal” />
<var name="SubstratelD” type="String” />
<var name="TransportSpeed” type="Decimal” />
<var name="MaskE|evatingSpeed” type="Decimal” />
<var name="SqueegeePr intSpeed” type="Decimal” />
</dictionary>
<statics>
<var name="*—H—=R" type="String">YAMAHAS/var>

EBETNER - B

dvar name="#$#84&" type="String">YSP20</var>
<var name="ENRIAR" type="String” />
<var name="ENRIFEE" type="String” />
dvar name="44 & JLR A 1" type="Decimal” />

<dictionary file="productDictionary. xml” type="product” alias="71) > FH&iR">

<dictionary file="operationDictionary. xnl” type="operation” alias="fE&iEm">

<var name="BEMRY A X (BN 7
<var name="BIGERY A X (B&K)

type="Decimal” />
type="Decimal” />

HHRERARF—<
EBhAQT (FoTL—F)

dvar name="ET R Y H 4 X
dvar name="lET R Y ¥4 X

(BN “ type="Decimal” />
(|&X) ” type="Decimal” />

“ type="Decimal” />
dvar name="ERMH (RIEM)
<var name="$t# T 7iR" type=
<var name="$k~t" type="String” />

<var name="A{KEE" type="Decimal” />
H#BEN (LL) "
BB ()
dvar name=";HEEH (BE) ~

type="Decimal” />
"String” />

type="Decimal“>40</var>
type="Decimal“>8</var>
type="Decimal“>50</var>

X 4.2-7 @hpHlEE T L 0 523
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<var name=";4%EEAN (ERI) ~ type="Decimal”>120</var>
<var nam ﬁ%tl (CD] —:/7') ” type="Decimal ">30</var>
<var nam (3LF) “ type="Decimal”>0</var>
<var nam “Decimal”>10</var>
<var name ecimal“>10</var>
<var nam =V JHER” type="Decimal >1</var>
<var name="#§i£#& K" type="Decimal” />
<var name="#IRT X MEE” type="Decimal” />
<var name="~R—2X M#FER" type="Decimal” />
{/statics>
<variables>
<var name="IR¥E4KAE" type="Status” />
<var name="{21L#2BFFRR" type="Decimal”
<var name="fg1L R&HEFRH" type="Decimal”
<var name="3L E#Z:BEFR" type="Decimal”

I EREHEEM” type="Decimal”
HEZBIFRY" type="Decimal”
T REHEER" type="Decimal”
BXEARIBEER” type="Decimal”
BXERREHEER” type="Decimal”
ENRIFZBFFRN" type="Decimal”
ENRIREHEFRA" type="Decimal”
D) —Z U RBERET typ
S U—= VT REHM" typ
TR type="Decimal”
LT REESE" type= Decma\"
I ERRHAEHE"
FRAHEAEHE"
Eﬁm?ﬁ'ﬁﬁ%ﬁl"

2
e

" type="Decimal” />
ﬁ%‘%)}g type="Decimal” />
RAEHHEEAN" type="Decimal” />
RIEENRIEL" type="Decimal” />

REENRIEIE" type="Decimal” />

RtV V—=UJEEK" type="Decimal” />
RER—X MEFARE" type="Decimal” />
RARWBIRARM" type="Decimal” />
WEWS" type="List” />

<var name="#3FRM@¥FM" type="Decimal”>
<param ="3 FRETEFHE" ref="variables”
<param HHREEERY" ref="variables”

<param EXERREHEERY" ref="variables”
<param name="ENRIR&EFR" ref="variables” ope=’
<param name="% \)—=1 4 REtEER" ref="variables” ope="+" />
<param name="3L T R&tBM" ref="variables” ope="+" />

</var>

<var name="#HEEHE" tyne “Decimal”>
<param name="3L
<param name="73
<param name=".
<param name=""
<param name="4 Y —=LJ REHHBRBHE"

="variables”
“variables”

ref="variables” ope="+"

<arg>

<param name="ScheduleStartTime” ref="schedule”

{/arg>
<arg>
<param name="@SystemTime” type="Time" />
{/arg>
</condition>
<{/source>
<pre>
<dynamic name=" RFERAE" r
<param name="@3Z " type="String” />
</dynamic>
<dynamic name="3 b#Z:@i%R" ref="variables”>
<param name="@0" type="Decimal” />
</dynamic>
<dynamic name="ER7E;HFEH" ref="variables”>
<param name=";4FHEH (L) ” ref="statics” />
</dynamic>
<dynamic name="IsStartedPrinter” ref="schedule”>
<param name="@True” type="Boolean” />
</dynamic>
</pre>
<do>
<dynamic name="3L b#Z:i@i%R" ref="variables”>
<param name="3L L#ZBEFRI" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="3L kREtH5M" ref="variables”>
<param name="3L T REtEFR" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="3 EREHHEBHE" ref="variables”>
<param name="BIEHEEN" ref="variables” />
<param name="3Z £ REEFRI" ref="variables”
<param name="83600" type="Decimal” ope="/" />
</dynamic>
</do>
<{/status>
{status name="%¥
<source status="3ILt">
<condition ope="8gt:
<arg>
<param name="3L L#%:BFFRR" ref="variables” />
<farg>
<arg>
<param name="3 LE§f" ref="statics” />
{/arg>
</condition>
</source>
<source status="ERl"
<condition ope="8gt;
<arg>
<param name=".

>

RIAR:BESR" ref="variables” />

/>

ope="%"

<param name="3 FREHEBHE" ref="variables” ope="+" />
<fvar>
</variables>
<activity>
<status name="fZ1£">
<source status="Initial” />
<source status="3ILF">
<condition ope="&gt;=">
<arg>
<param name

“@SystemTime” type="Time” />

<param name="ScheduleEndTime” ref="schedule” ope="-"

<farg>
<arg>
<param name="3L TB§fE" ref="statics” />
</arg>
</condition>
</source>
<pre>
<dynamic name="HRFEIKAE" ref="variables”>
<param name="@f#1L" type="String” />
</dynamic>
<dynamic name="{ZiL#2:BEFME" ref="variables”>
<param name="@0" type="Decimal” />
</dynamic>
<dynamic name="HR¥E;HB®EA" ref="variables”>
<param name="@0" type="Decimal” />
</dynamic>
<dynamic name="85t4 1) —=> S E¥" ref="variables”>
<param name="@1 Decimal” />
</dynamic>
</pre>
<do>
<dynamic name="{Zi-#%:BEFME" ref="variables”>
<param name="{F1L #Z:BEFRT" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="{®1t RETEFRY" ref="variables”>
<param name="{&1L REEFR" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
</do>
</status>
<status name="3 t">
<source status="fEit"

<param name="1sStartedPrinter” ref="schedule” />
</arg>
<arg>
<param name="@False” type="Boolean” />
</arg>
</condition>
<condition ope="&lt:=" conjunction="AND">

/>

</arg>
<arg>
<param name="PrintTime” ref="operation” />
</arg>
</condition>
</source>
<source status="%1)
<condition ope="8gt;
<arg>
<param name="% 1) —=> 7 $2iBER" ref="varia
</arg>
<arg>
<param name="% 1) —= S B5R" ref="statics”
{farg>
</condition>
</source>
<pre>
<dynamic name="ERFEIKAE" ref="variables”>
<param name="@f§#" type="String” />
</dynamic>
<dynamic name="ff{##2:BESM" ref="variables”>
<param name="0" type="Decimal” />
</dynamic>
<dynamic name="IR#ESH|EAN" ref="variables”>
<param name=";4FHBEH (FH#) ~ ref="statics” />
</dynamic>
</pre>
<do>
<dynamic name="ff{%#2:BESM" ref="variables”>
<param nam HEAEIBRSRA" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="#§#REHEFM" ref="variables”>

P
=">

bles” />

Vo

<param nam W RETEER ref="variables” />
<param name: ” type="Decimal” ope="+" />
</dynamic>
<dynamic name="ff#REHEBHE" ref="variables”>
<param nam “variables” />
<param nam “ ref="variables” ope="x"
<param name="@3600" type="Decimal” ope="/" />
</dynamic>
</do>
<{/status>

<status name="EXHL">
<source status="#H">
<condition ope="8&gt:">
<arg>
<param name="HRFEBME" ref="variables” />
{farg>
<arg>
<param name="@0" type="Decimal” />
{farg>
</condition>

- ]_’7' -




</source>
<pre>
<dynamic name="IR#E4KAE" ref="variables”>
<param name="@FXER" type="String” />
</dynamic>
<dynamic name="EXER#E:BEFRA" ref="variables”>
<param name="60" type="Decimal” />
</dynamic>
<dynamic name=""
<param name:
</dynamic>
</pre>
<do>
<dynamic name="E¥ER#Z:BAFRI" ref="variables”>
<param name="EXERAEBEFRA" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="EXER SRETEFRR" ref="variables”>
<param name="EXERFZETEEM" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="BXERREHHEENE" ref="variables”>
<param name="FXEX REHEFR" ref="variables” />
<param name="IRTEHRBEH"
<param name="E3600" type="Decimal” ope=
</dynamic>
</do>
</status>
{status name="E[RI">
{source status="E¥ER">
<condition ope="&gt;=">
<arg>
<param name="EXER#Z:BEERN" ref="variables” />
{farg>
<arg>
<param name="PreparTimePrinter” ref="operation” />
{farg>
</condition>
</source>
<pre>
<dynamic name="IRFEIRHE" r
<param name="@ENRI" ty
</dynamic>
<dynamic name="ENRI¥E:BIFAA" ref="variables”>
<param name="@0" type="Decimal” />
</dynamic>
<dynamic name="BRFEHEBA" ref="variables”>
<param name=";H#|EBAH (FIRI) ” ref="statics” />
</dynamic>
<dynamic name="R&X—R FMEMAE" ref="variables”>
<param name: FR—X MMEAE" ref="variables” />
<param name="PasteAmount” ref="product” ope="+" />
</dynamic>

TEHBEN ref="variables”>
HEEH (BRI 7 ref="statics” />

“variables”>
String” />

</pre>
<do>
<dynamic name="FNRI¥E:BESM" ref="variables”>
<param name="FNRI#Z:BEM" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="ENRIR&HEEM" ref="variables”>
<param name="ENRIRFHEMH" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>

<param name="@3600" type="Decimal” ope
</dynamic>
</do>
<post>
<dynamic name="IRFEENRIEI%" ref="
<param name="HEENRIEH" r
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name: ENRIEIZ" ref="variables”>
<param name="REHENRIEH" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="CurrentEquipment” ref="operation”>
<param name="CurrentEquipment” ref="operation” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="R MR IZE A" ref="variables”>
<param name="0" type="Decimal” />
</dynamic>
<dynamic name="HRFEBE" ref="variables”>
<param name="$Pickup” type="" />
</dynamic>
</post>
<{/status>
{status name="%
<source status=
<condition ope="8&gt:">
<arg>
<param name="CleaningCount” ref="schedule” />
{/arg>
<arg>
<param name="@0" type="Decimal” />
{/arg>
</condition>
<condition ope=
<arg>
<param name="REENRIEK" ref="variables” />
<farg>
<arg>
<param name="R&%7 Y —=2FEH" ref="variables” />

” con junction="AND">

<param name="CleaningCount” ref="schedule” ope="%" />
</arg>
</condition>
</source>
<pre>
<dynamic name="HR7E{KAE" ref="variables”>
<param name="@% ') —=2> %" type="String” />
</dynamic>
<dynamic name="% ') —=> 7 #2BEFR" ref="variables”>
<param name="@0" type="Decimal” />
</dynamic>
<dynamic name="HIRIEHBEA" ref="variables”>
<param name=";HEBAH (¥ Y—=7%) " ref="statics” />
</dynamic>
</pre>
<do>

<dynamic name="% ') —=> 7 #2BEFR" ref="variables”>
<param name="% ') —=> 7 #ZiBER" ref="variables” />
<param name="@1" type="Decimal” ope="+" />

</dynamic>

<dynamic name="#4 1) —= 4 REtEEM" ref="
<param na D)= REEER" ref="variables” />
<param name="@1" type="Decimal” ope= />

</dynamic>

<dynamic name="% \)—=2 4 REHHEBEHE" ref="variables™>

BEHREN" ref="variables” />

JY—=U T REEER" ref="variables” ope="¥" />

@3600” type="Decimal” ope="/" />

<param name="
</dynamic>
</do>
<post>
<dynamic name="8&§%5 1) —=> 4 E¥" ref="variables”>
<param name="%&t4 1) @ ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
</post>
{/status>
<status name="3LTF">
<source status="fH">
<condition ope="8&gt:="
<arg>
<param name="@SystemTime” type="Time” />
</arg>
<arg>
<param name="ScheduleEndTime” ref="schedule” />
{/arg>
</condition>
</source>
<{pre>
<dynamic name="BRZE{RAE" ref="variables”>
<param name="@iLF" type="String” />
</dynamic>
<dynamic name="3L F#%:BE§ME" ref="variables”>

<param name="@0" type="Decimal” />
</dynamic>
<dynamic name="IRFE;HFEEH" ref="variables”>
<param name=";HEEAH (ILTF) " ref="statics” />
</dynamic>
</pre>
<do>

<dynamic name="3L T#%:BE§R" ref="variables”>
<param nai I T#RBEER” ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="3L TR EtEFRE" ref="
<param name="3L T REt#§f" ref="variables” />
<param name="@1" type="Decimal” ope="+" />
</dynamic>
<dynamic name="XL FRELHEEHE" ref="variables”>
<param name="R7EHEBEAN" ref="variables” />
<param name="3 T REEM" ref="variables” ope="*" />
<param name="@3600" type="Decimal” ope="/" />
</dynamic>
</do>
<{/status>
</activity>
</equipment>
</Equipment-Behavior-Catalogue>
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4. 2. 5 HEBATLIHNETNVOT T L — L

V3ialb—rvalrETOBICE, F#REEEOBECHEN Y e oMzt AT D
A TERC, EEHBE L VWS T —FBERZERTHALERDH DL, 20T — X EEIT
~—J 7T v 7 EED1DOTHD XML (Extensible Markup Language) #fffH L., 77 L —
FeWwosETERZL., ®E VX o FJREEEIC Microsoft Office Excel BB R GIZFH R
TA—ZHEANITEDRE LI,

RELBEOET VITIT, BBES A XACHERIBSH SRR EOHNRT —FERNLE LR
L, flELT, MA4.2-9IC\AT LTV v NEKROBEETLVOT T L — NERT,

AERE/ 4 VER (T TIL—hF)
[rp——— — -— — ——
et TNy e DRI
begwany g.
W MBS US
279 FERK - BE
—
(ETILHER - ER)
BERETILRE
5 1 [
1
BEHREE R fEkER
# #1
)L #n
Lo AL #2
BRELERE T TIUH g artisocRATOI54
T
E)
S it
(BAFEENBIR A 2017/10/26 08:00:00 = 2Y-=>JSR(#]
HIAB/ XXX ¥ SENTHH  2017/10/26 17:00:00 =
SoEm _
w222 e
5 AmE . GERE  GERW  AERW  AERN  BRRE  SERE
o2 uas sEn pARE BE  GAER () ] ) ) ®)
B/ YYY v RR) - (@91) (952) (¥9453) (R9734) o-4F)  (o-F)
L, — =92 _ BAR/YYY - 4 B (N i 10 2017/10/26 08:00:00 30 30 120 180 50 54 300 300
EM’E 12 A $ X 1imm A q—- fRE/ THARNAL BiE (P) i 20 2017/10/26 08:00:00 30 30 300 240 60 54 300 300
i - j — ) BiR (X) Y, 15 2017/10/26 08:00:00 30 30 360 360 52 60 300 300
BENEOT (FTL—F e -
BiR () ¥) 25 2017/10/26 08:00:00 30 30 120 180 57 56 300 300
B (X) ¥ S 2017/10/26 08:00:00 30 30 360 300 61 55 300 300
B () M 30 2017/10/26 08:00:00 30 30 50 65 57 58 300 300
B (N b 14 2017/10/26 08:00:00 30 30 120 180 58 58 300 300
B (P) i 15 2017/10/26 08:00:00 30 30 300 240 60 61 300 300
SRR
mne/z22
YJo0-#
SEHO Systems / D-97892

<?xml version="1.0" encoc
<{products>
<{product type="7 1Y v FEKR"D
<{params>
{param name="%! G ID” type="String” />
{param name="%!FZFER " type="String” />
{param name="%#xH 4 X : 18" type="Decimal” unit="mm” />
{param name="£txHY 4 X : E&” type="Decimal” unit="mm” />
{param name="$EEHE RZ = : BESEH” type="Decimal” unit="@" />
{param name="$EEHE B2 : THPEHK" type="Decimal” unit="@" />
{param name="R— X FMEHEE" type="Decimal” unit="g” />
<{/params>
<{/product>
<{/products>
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F 2 L] |JD BESORANT  (HHARESREL ML T —RICR Rl RES )
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EFEEEF C [RGB ESEE
BELE EUNRELE UOFEESHCHARBROE ], 8L JE3ERD
LEDMHLEES vz BELAFy AT —LBEREERE
= = iHHH LAY = TRl
min [ER s cflEecs
min EYETRAST -0 REY
min |EUEFAETETONIAERER
mg._t-twr AL ny, FEREPLOH, HHEBRODIZHE DN
i |[REAAEEYSRETRELERT
R B cal/gEMATS, RITF-ICLEES
BRI RBIRE) B | ERAETREARN AEICE-TREMBILRBOAEIENUERLE
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5.2.3 HEEHIZnrsoERE (FRETT L)
BHRT Y EEZON, FHREBOMABEICKRIEBHA2Y I a2 —Y 3 v ETHRE VR
"ANNTF—2E L, AANTFT—2%2K5.2-30EBEI 20 JEOFRTEEHHICRKT,

ST R EHLaORyE £ R:B A
[ x-n-% |[ String || | [ *—p—%& |[ string || | [ 1% |[ String ||
[ meies |[String ]| | [ #ma |[string | | [(wiEs |[Sting ||
[ TrBR |[ Decimal |[ # | [ ZEtEm |[ Decimal |[ # | [ itwm |[ Decimal |[ ®
[ ST FEsEI |[ Decimal |[ # | [ ZrEsmM |[ Decimal |[ # | [ iIrem |[ Decimal |[ #
[ EEBH GLE) || Decimal |[ kw | [ E#i@H (zt) |[ Decimal |[ kw | [ &&=H GIL) |[ Decimal |[ kw
[ A®BH (Bt) [ Decimal |[ kw | [ H#@H (&) || Decimal |[ kw | [ BE®H (@) || Dedmal || kW
| BE®EH (@WzR) || Decimal || kW | [ EEEH (BRE) |[ Decimal |[ kw | [ &&EZH GBE) |[ Decimal |[ kw
| KEEH (@B-—|| Decimal || kW | [ E@EmH (55 |[ Decimal |[ kw | [ BEZEH @T) |[ Decmal |[ kw
[ mEBH V- [ Decimal || kW | [ HE@mH (IT) |[ Decimal |[ kw |
[ AESEH () |[ Decimal |[ kw |
[ &8®H @RS |[ Decimal |[ kw |
| 58®H (E#L) || Decimal ][ kw |
| &®®hH (E%L) || Decimal || kw |
[ E&BH GIT) |[ Decimal ][ kw |
[ EEBH (Bib) |[ Decimal |[ kw |

=
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5.2.4

B HY 7 7 — 4

MER) %
FID T

R REET LTS L — hDERK
EROWN, % E L E N A HE
MH L, 72—

F5.2-2 ¥EEH KX S

MANEHRL LT, KSb.2-20EBEIZ a7 (H
Bl LT, BHEEEEIET T VAR 5.2-4 O & H kKT
7 — hRER 2R T,

(B Y 255 )

No. SIS, >—57Y B4z |
1 IRTEIRRE Status
> 1= FFEISBFRT Decimal L
3 1=1-S2E1T85RT Decimal F
4 17 HEEISBERS Decimal L
s 37 SRS TESRS Decimal F
= IFEFEIBESFRT Decimal 2
7 ISBESAS TSR Decimal F
8 S RYSFITAREIS IR Decimal FL
= S RYSFIuSASTASFRT Decimal 2
8 SHRYDY— = D FEiBEERT Decimal F
o SRYDY——> /) SAStTIERS Decimal L
8 SIS —DO)— = DFEiBEERT Decimal F2
o S AH—Y —:/0 SRETEERS Decimal F
10 St aiERT Decimal L
11 54 S25HEERT Decimal o
10 RUBH=FEiBEERT Decimal L
11 RUBH=S2s1ESERT Decimal 2
10 Eo USRS BSERS Decimal 2
13 Eo U S2S TSRS Decimal L
10 S =UREIBBERT Decimal 2
1% o =US2sTESRT Decimal o
123 37 FAEEEERT Decimal 2
13 37 SAstEERA Decimal o
14 37 EREUEEEIOS Decimal kKwh
is5 TSFBESASTHEBSE e Decimal kKwWh
16 SERUSHIASASTIEHEBE O Decimal kKWh
17| SAWOY—_SDSRBETEEBEHE Decimal kWh
17 SIS AH—LOV—_S DSRETEEBEHE Decimal KWh
17 ST SRS THE SIS Decimal kKWh
17 BUBH=SR 5ﬁ§%bﬁ Decimal kKWh
17 E USRS TTEEEE D Decimal kwh
17 Eo =USRETS ﬁﬁ%ﬁﬁ Decimal kwh
i8 M TFSRETHERES Decimal kKwh
19 IRAESHERSE D Decimal KW
20| IRTFHISE Decimal
1 FRASURIBFRT Decimal F
22 FMOHEBSEHEE Decimal kwWh
23 %un:ﬁxljﬁujja Boolean
24 1= -SRETTHEREE Decimal kKWh
<?xml version="1.0" encoding="UTF-16" standalone="true"?>
- <Equipment-Behavior-Catalogue>
- <equipment type= "SR >
product” alias="p&" file="productDictionary.xml">
i name="ItemID"/>
<var type="String" name="ItemType"/>
<var type="Decimal" name="{a{@RY"/>
<var type="Decimal" name="%5¥%"/>
<var type="Decimal" name="5 7 #"/>
</dictionary>
- <dictionary type= schedule" ahas—"iE‘fE" file= schedulechtlonary xml">
<var type="D me="S tTime"/>
<var type="Decil " name="Schedul dTime"/>
<var type="BooIean" name="IsStartedInjection"/> - <variables>

</dictionary>
- <dictionary type="operation" alias="{F¥{5~" file="operationDictionary.xml">

<var type="Decimal" name="ProductionStartTime"/>
<var type="Decimal" name="&XI 5 8¢6]"/>

<var type="Decimal" name="&RIZ}b¥fs]"/>

<var type="Boolean" name="&RIMIER"/>

<var type="Boolean" name="&%")—— J{&R"/>
<var type="Boolean" name="Y)/ % —\)—=J{gxR"/>
<var type="Decimal" name="(i%0) EHEHE"/>

<var type="Decimal" name="(l0) $HRKLT"/>

<var type="Boolean" name="&%")—— J#§fsl"/>
<var type="Boolean" name="Y) 4% —\)—=" ¥la]"/>
<var type="Boolean" name="fH&R"/>

<var type="Boolean" name="$itH#E]"/>

<var type="Boolean" name="RIIEu5{5]"/>

<var type="Boolean" name="t" tHU#¥fs]"/>

<var type="Boolean" name="t"" RU#fal"/>

<var type="Boolean" name=" (&}l BtER"/>

<var type="Boolean" name=" (@0 Bt T"/>

</dictionary>
- <statics>

<var type="String" name="X—1—%&">4——A</var>

<var type="String" name="#8&" >4 7 )L HHLBF < /var>

<var type="Decimal" name="37 L #¥f8]">100</var>

<var type="Decimal" name="37 T#fs]">200</var>

<var type="Decimal" name="/Hf®&H (I L) ">40</var>

<var type="Decimal" name=";H#®EH (¥ ">8</var>

<var type="Decimal" name=";H#%8} (LFIZH) ">50</var>

<var type="Decimal" name=";Hi{®H (&¥/)—="7)">100</var>
<var type="Decimal" name=";HI&®H (/) ¥—H)—="%)">100</var>
<var type="Decimal" name="}##%%& (Hi) ">100</var>

<var type="Decimal" name=";H#%&H (BHE) ">50</var>

<var type="Decimal" name="JHf®H (/L) ">10</var>

<var type="Decimal" name=";lf®"HEVR)">10</var>

<var type="Decimal" name=";H#®H (7 F)">5</var>

I

</statics>
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<var type="Status" name="¥7EIRIE"/>

<var type="Decimal" name="{ 148"/ >

<var type="Decimal" name="§ 1% 5t#E]"/>

<var type="Decimal" name="37_F£88E"/>

<var type="Decimal" name="37_k Bat#¥E"/>

<var type="Decimal" name="{FEHB8E"/>

<var type="Decimal" name="{§# At eE"/>

<var type="Decimal" name="&RI L BIFE"/ >

<var type="Decimal" name="&%I35{h R tEFE"/>

<var type="Decimal" name="&8")—=_ ¥ £:8¥5/8]"/>
<var type="Decimal" name="&%17")—=" 7 Bit¥§E]"/>
<var type="Decimal" name="") 4 —")—=J EB¥61"/ >
<var type="Decimal" name=") 4 —")—= % BEtER"/>
<var type="Decimal" name="$EE@80E"/>

<var type="Decimal" name="$HBEE"/>

<var type="Decimal" name="RI&£86s]"/ >

<var type="Decimal" name="8IF& BateFs)"/>

<var type="Decimal" name="t  tHL 85"/ >

<var type="Decimal" name="t" L Bt#la]"/>

<var type="Decimal" name="t R 885"/ >

<var type="Decimal" name="t' " R B5t#5a"/>

<var type="Decimal" name="37 F&:B#fs]"/>

<var type="Decimal" name="37 F25H#¥]"/>

<var type="Decimal" name="37 L BiHHJRBHE"/>

<var type="Decimal" name="{§f#25H kT HE"/>

<var type="Decimal" name="&R M BHHKREHE"/>

<var type="Decimal" name="&%")——_ 7 BiHUKREHE"/>
<var type="Decimal" name="Y) % —/")—= ) RiHHEBHE"/>
<var type="Decimal" name="fiE BiHHBTHE"/>

<var type="Decimal" name="RIE RiLH®THE"/>

<var type="Decimal" name="t' /L R H&TEHE"/>

<var type="Decimal" name="t' VR BT HE"/>

<var type="Decimal" name="3 TR HERHE"/>

<var type="Decimal" name="IR7OH&®H"/>

<var type="Decimal" name="#&ER&m"/>




- <var type="Decimal" name="§Z#Hs¥s">
<param name="37_F B5t#¥E]" ref="variables"/>
<param name="f§#¥B5#¥s]" ref="variables" ope="+"/>
<param name="&BIZ M BALEFE]" ref="variables" ope="+"/>

<param name ﬁﬂﬁ')—iyﬁﬁ‘ﬂ#ﬁ“ ref="variables" ope="+"/>
v BEteHE]" ref="va mbles" ope="+"/>

<param name="Y")/&—)—=
<param name="$HB5#HE]" ref="variables" ope=
<param name="RIGIE A58¥E]" ref="variables" ope ‘+"/>
<param name="t /{HL Bat#¥E]" ref="variables" ope="+"/>
<param name="t' VRL 25t#¥fE]" ref="variables" ope="+"/>
<param name="3f F#5t#¥fE]" ref="variables" ope="+"/>
</var>
- <var type—"Decumal" name="§HIRBHE">

variables"/>
"variables" ope="+"/>

bR HEEHE" ref "variables" ope="+"/>

<param name="EIFEREHHETHE" ref="variables" ope="+"/>
s

<param name="E L BHHEEHE" ref="variables" ope=
<param name="t' VR BiHH&EHE" ref="variables" ope=
<param name="3; FRiHHEEHE" ref="variables" ope="+"/>
</var>
<var type="Boolean" name="& & A ola757"/>
</variables>
- <activity>
- <status name="IL">
<source status="Initial"/>
- <source status="3F">
- <condition ope="<=">
- <arg>
<param name="37 F#ffa]" ref="statics"/>
</arg>
- <arg>
<param name="37 F£@8§fE]" ref="variables"/>
</arg>
</condition>
</source>
- <pre>
- <dynamic name="H7EIRA&" ref="variables">
<param type="String" name="@f&1L"/>
</dynamic>
- <dynamic name="fF1L£:88fE]" ref="variables">
<param type="Decimal" name="@0"/>
</dynamic>
- <dynamic name="I7EH#M®H" ref="variables">
<param type="Decimal" name="@0"/>
</dynamic>
- <dynamic name="RsIZAo[a757" ref="variables">
<param type="Boolean" name="@False"/>
</dynamic>
</pre>
- <do>
- <dynamic name="{F1L£:@88¥E]" ref="variables">
<param name="I-£:88¥E]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="¢1- 25#¥ME]" ref="variables">
<param name="#1kF 25t#5E]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
</do>
</status>
- <status name="3 t">
- <source status="f1L">
- <condition ope="==">
- <arg>

<param name="IsStartedInjection" ref="schedule"/>

</arg>
- <arg>
<param type="Boolean" name="@False"/>
</arg>
</condition>
- <condition ope="<=" conjunction="AND">
- <arg>

<param name="ScheduleStartTime" ref="schedule"/>

</arg>
- <arg>
<param type="Time" name="@SystemTime"/>
</arg>
</condition>
</source>

ﬁ&ﬁ&#‘h‘ﬁ‘lﬁf}l“ ref="variables" ope="+"/>
ﬁ!é?')-“/ﬁ!., ,Flllhl' ref="variables" ope="+"/>
"variables" ope="+"/>
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- <pre>
- <dynamic name="H7IR#E" ref="variables">
<param type="String" name="@3z_L"/>
</dynamic>
- <dynamic name="37_t £:88¥fs]" ref="variables">
<param type="Decimal" name="@0"/>
</dynamic>
- <dynamic name="H7HI% " ref="variables">
<param name=";H%TH (G 1) " ref="statics"/>
</dynamic>
- <dynamic name="IsStartedInjection" ref="schedule">
<param type="Boolean" name="@True"/>
</dynamic>
</pre>
- <do>
- <dynamic name="37 _t£4@8¥fE]" ref="variables">
<param name="37 L &L BI¥fE]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="37_t ®5t#¥fE]" ref="variables">
<param name="37 k 25t#¥fa]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name= ":ZJ:#:‘hﬁl‘?Jl" ref="variables">
<param name="H{EHI®A" ref="variables"/>
<param name="37 L B5t#¥fa]" ref="variables" ope="*"/>
<param type="Decimal" name="@3600" ope="/"/>
</dynamic>
</do>

</status>
- <status name="{¥#">

- <source status="3£">
- <condition ope="<=">
- <arg>
<param name="37_t#¥f8]" ref="statics"/>
</arg>
- <arg>
<param name="37_t£885fE]" ref="variables"/>
</arg>
</condition>
</source>
- <source status="£%Izx}#">
- <condition ope=">=">
- <arg>
<param name="&&IZHELBIFE]" ref="variables"/>
</arg>
- <arg>
<param name="&%IZ: 56" ref="operation"/>
<param name="&XI5;86fs]" ref="operation" ope="+"/>
</arg>
</condition>
</source>
- <source status="Y) E = )—=,5">
- <condition ope=">=">
- <arg>
<param name="Y\) & —))—=
</arg>
- <arg>
<param name="Y) & —)——J¥fEl" ref="operation"/>
</arg>
</condition>
</source>
- <source status="EVERL">
- <condition ope=">=">
- <arg>
<param name="E HL#L88¥f5]" ref="variables"/>
</arg>
- <arg>
<param name="ERUFE]" ref="operation"/>
</arg>
</condition>
- <condition ope="<=
- <arg>
<param name="$4%%" ref="product"/>
</arg>
- <arg>
<param name="52 7 " ref="product"/>
</arg>
</condition>
</source>
- <pre>
- <dynamic name="I7cIR&" ref="variables">
<param type="String" name="@7F#%"/>
</dynamic>
<dynamic name="{f##£LB8FfE]" ref="variables">
<param type="Decimal" name="@0"/>
</dynamic>
<dynamic name="I7EH&®EN" ref="variables">
<param name=";Hi® ({58 " ref="statics"/>
</dynamic>
<dynamic name="HsiZ A a[a757" ref="variables">
<param type="Boolean" name="@True"/>
</dynamic>
</pre>

V7 BBEE]" ref="variables"/>

" conjunction="AND">



- <do>
- <dynamic name="{§#ELB8¥E]" ref="variables">
<param name="{§t¥£88f6]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="{F#R#5fE]" ref="variables">
<param name="{f#R5t#¥E]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="fF#RIHHBREHE" ref="variables">
<param name="ff#Rst#¥ME]" ref="variables"/>
<param name="¥{EH#®H" ref="variables" ope="*"/>
<param type="Decimal" name="@3600" ope="/"/>
</dynamic>
</do>
</status>
- <status name="£8IZZH">
- <source status="1FH">

- <arg>
<param name="£&IZMIETR" ref="operation"/>
</arg>
- <arg>
<param type="Boolean" name="@True"/>
</arg>
</condition>
</source>
- <pre>
- <dynamic name="7IR#E" ref="variables">
<param type="String" name="@&%IZK"/>
</dynamic>
- <dynamic name="&&IZZ X B8FE]" ref="variables">
<param type="Decimal" name="@0"/>
</dynamic>
<dynamic name="H7EH®H" ref="variables">
<param name=";H& (R " ref="statics"/>
</dynamic>
<dynamic name="RaIEATIaE7>57" ref="variables">
<param type="Boolean" name="@False"/>
</dynamic>
<dynamic name="£8X%}5R" ref="operation">
<param type="Boolean" name="@False"/>
</dynamic>
</pre>
- <do>
- <dynamic name="£8HELBEFE]" ref="variables">
<param name="&8ZHELBEFE]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="&%I3{ R5t#HE]" ref="variables">
<param name="&RIZB5HEHE]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="£&RZ%BIHHBMBHE" ref="variables">
<param name="£RIZM A EFE]" ref="variables"/>
<param name="¥{EHE®EH" ref="variables" ope="*"/>
<param type="Decimal" name="@3600" ope="/"/>
</dynamic>
</do>
</status>
<status name="&®/)—=5">
- <source status="fF#">
- <condition ope="==">
- <arg>
<param name="&&)——/J{§R" ref="operation"/>
</arg>
- <arg>
<param type="Boolean" name="@True"/>
</arg>
</condition>
</source>
= <pre>
- <dynamic name="H7IRAE" ref="variables">
<param type="String" name="@&£&/")—=J"/>
</dynamic>
- <dynamic name="&&I)—=" 7 £:@8¥f]" ref="variables">
<param type="Decimal" name="@0"/>
</dynamic>
- <dynamic name="¥7oH%®H" ref="variables">
<param name="JHE®H (£FV")—= )" ref="statics"/>
</dynamic>
- <dynamic name="H&amiZAa[at7>7" ref="variables">
<param type="Boolean" name="@False"/>
</dynamic>
- <dynamic name="&&)—=/J {5 R" ref="operation">
<param type="Boolean" name="@False"/>
</dynamic>
</pre>
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- <do>
- <dynamic name="£&I7)—= 7 £:8fs]" ref="variables">
<param name="&&I)—=" 5 EB#E" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="&&I)—=" 5 R5t#5E]l" ref="variables">
<param name="£%I7")——" 7 25t#fE]l" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="&%)—=J RiHEREHE" ref="variables">
<param name="£%I7")—=" 2 B5tEfa]" ref="variables"/>
<param name="H{EHEEH" ref="variables" ope="*"/>
<param type="Decimal" name="@3600" ope="/"/>
</dynamic>
</do>
</status>

- <status name="YYE—H)—=J">

- <source status="F§#§">
- <condition ope="==">
- <arg>
<param name="Y )& —)—="J{g7" ref="operation"/>
</arg>
- <arg>
<param type="Boolean" name="@True"/>
</arg>
</condition>
</source>
- <pre>
- <dynamic name="H7IRE" ref="variables">
<param type="String" name="@>") /¥ —)—=,7"/>
</dynamic>
<dynamic name="YY & —)—=" 7 £:8fE]" ref="variables">
<param type="Decimal" name="@0"/>
</dynamic>
<dynamic name="H7EH&E " ref="variables">
<param name=";HERH )/ Z—9)—=%)" ref="statics"/>
</dynamic>
- <dynamic name="¥si%Acla¢757" ref="variables">
<param type="Boolean" name="@False"/>
</dynamic>
<dynamic name="Y) &% —)—="J$5R" ref="operation">
<param type="Boolean" name="@False"/>
</dynamic>
</pre>
- <do>
- <dynamic name="Y") 8 —)—=" % E:A85E]" ref="variables">
<param name="Y\) /8 —')—="7 £:B¥E" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name=") 8% —)—=" 7 Bite¥la]" ref="variables">
<param name="Y) % —\)—="% Bst#E" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="Y/8—)—=" ) RILHREHR" ref="variables">
<param name="Y) /8 —/')—="% Rit#E" ref="variables"/>
<param name="BIZE;HI " ref="variables" ope="*"/>
<param type="Decimal" name="@3600" ope="/"/>
</dynamic>
</do>
</status>
<status name="$it">
- <source status="1§##">
- <condition ope="==">
- <arg>
<param name="§iLER" ref="operation"/>
</arg>
- <arg>
<param type="Boolean" name="@True"/>
</arg>
</condition>
</source>
- <source status="EVERL">
- <condition ope=">=">
- <arg>
<param name="t HLEBFE]" ref="variables"/>
</arg>
- <arg>
<param name="tVRUFffE]" ref="operation"/>
</arg>
</condition>
- <condition ope=">" conjunction="AND">
- <arg>
<param name="3$L&%" ref="product"/>
</arg>
- <arg>
<param name="52T#&" ref="product"/>
</arg>
</condition>
</source>




- <pre>
- <dynamic name="7IRAE" ref="variables">
<param type="String" name="@#"/>
</dynamic>
- <dynamic name="$HE.B8FE" ref="variables">
<param type="Decimal" name="@0"/>
</dynamic>
- <dynamic name="I7EH®E " ref="variables">
<param name=";H&®H (FH) " ref="statics"/>
</dynamic>
- <dynamic name="R&aEA 4757 " ref="variables">
<param type="Boolean" name="@False"/>
</dynamic>
<dynamic name="(@%0) FLEGIS" ref="operation">
<param type="Boolean" name="@True"/>
</dynamic>
</pre>
- <do>
- <dynamic name="§ihE:BEFE]" ref="variables">
<param name="$itEEBEfE]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="$ltb B5t#HfE]" ref="variables">
<param name="#$iE R5#¥fE]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="§ BEHHETHE" ref="variables">
<param name="$ii B:t#5E]" ref="variables"/>
<param name="H7EHEEN" ref="variables" ope="*"/>
<param type="Decimal" name="@3600" ope="/"/>
</dynamic>
</do>
</post>
</status>
- <status name="RIGIE">
- <source status="#H">
- <condition ope=">=">
- <arg>
<param name="$EE:@0FfE]" ref="variables"/>
</arg>
- <arg>
<param name="$1{H¥fE]" ref="operation"/>
</arg>
</condition>
</source>
- <pre>
- <dynamic name="H7IRAE" ref="variables">
<param type="String" name="@ZX!E"/>
</dynamic>
- <dynamic name="RIFIEEBKFE]" ref="variables">
<param type="Decimal" name="@0"/>
</dynamic>
- <dynamic name="7EHER®AH" ref="variables">
<param name="7HI%®& (BIHX) " ref="statics"/>
</dynamic>
</pre>
- <do>
- <dynamic name="RIFIEEBE]" ref="variables">
<param name="%IE £.@65fE]" ref="variables"/>
<param type="Decimal" nhame="@1" ope="+"/>
</dynamic>
- <dynamic name="&IFE R5t¥fE]" ref="variables">
<param name="%IEIX R5t#¥fE]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="RIFE REHH\EEHE" ref="variables">
<param name="EIE RA5t#§fE]l" ref="variables"/>
<param name="IR{EHEEN" ref="variables" ope="%*"/>
<param type="Decimal" name="@3600" ope="/"/>
</dynamic>
</do>
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- <post>
- <dynamic name="(@%0) RLIER" ref="operation">
<param type="Boolean" name="@True"/>
</dynamic>
</post>

</status>
- <status name="EHL">

- <source status="EBJE">
- <condition ope=">=">
- <arg>
<param name="HIEIEELBEFE]" ref="variables"/>
</arg>
- <arg>
<param name="&IGIZ#¥fE]" ref="operation"/>
</arg>
</condition>
</source>
- <pre>
- <dynamic name="I{7EIRAE" ref="variables">
<param type="String" name="@t /HL"/>
</dynamic>
- <dynamic name="t HHUE:BE" ref="variables">
<param type="Decimal" name="@0"/>
</dynamic>
- <dynamic name="H7EHE®/H" ref="variables">
<param name=";H®H ({E/HL)" ref="statics"/>
</dynamic>
</pre>
- <dox>
- <dynamic name="t"/HL {2BFfE" ref="variables">
<param name="E", L #AE5fE" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="t"/HL- S5 EffEl" ref="variables">
<param name="E" L BEHEFE]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name=" L REHEBEENE" ref="variables">
<param name="E"s L BEHEE]" ref="variables"/>
<param name="IR{;HEEAN" ref="variables" ope="*"/>
<param type="Decimal" name="@3600" ape="/"/>
</dynamic>
</do>

</status>
- <status name="EVERL">

- <source status="EHL">
- <condition ope="==">
- <arg>
<param name="0(&%0) RE5ET" ref="operation"/>
</arg>
- <arg>
<param type="Boolean" name="@True"/>
</arg>
</condition>
</source>
- <pre>
- <dynamic name="I7IRRE" ref="variables">
<param type="String" name="@tR."/>
</dynamic>
- <dynamic name="t RU£:88¥fE" ref="variables">
<param type="Decimal" nhame="@0"/>
</dynamic>
- <dynamic name="I7EH®H" ref="variables">
<param name=";HEBEHEVRL)" ref="statics"/>
</dynamic>
- <dynamic name="(@%0) MHE5ET" ref="operation">
<param type="Boolean" name="@False"/>
</dynamic>
</pre>

- <do>
- <dynamic name="tE> RU£:885E]" ref="variables">
<param name="t RUH8FFfE]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="E RL %25#¥f6]" ref="variables">
<param name="t RL B5t#¥fE]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>
</dynamic>
- <dynamic name="E'V R R:HHEEHE" ref="variables">
<param name="t RL B5t#5fE]" ref="variables"/>
<param name="I7EHKEH" ref="variables" ope="*"/>
<param type="Decimal" name="@3600" ope="/"/>
</dynamic>
</do>
</status>



- <status name="37 F">
- <source status="#F">
- <condition ope=">=">
- <arg>
<param type="Time" name="@SystemTime"/>
</arg>
- <arg>
<param name="ScheduleEndTime" ref="schedule"/>
</arg>
</condition>
</source>
- <pre>
- <dynamic name="IR7cIR#E" ref="variables">
<param type="String" name="@3z F"/>

- <do>
- <dynamic name="37 F£&:@88¥fE]" ref="variables">
<param name="37 FE&@6¥fE]" ref="variables"/>
<param type="Decimal" name="@1" ope="+"/>

</dynamic> </dynamic> N .
- <dynamic name="37 T 8Fff5]" ref="variables"> - <dynamic name="37 T#5t#¥E]" ref="variables">
<param type="Decimal" name="@0"/> <param name="37 F&5t#¥fa]" ref="variables"/>
</dynamic> <param type="Decimal" name="@1" ope="+"/>
- <dynamic name="I7EHKEH" ref="variables"> </dynamic>
<param name="}H&®5H (I )" ref="statics"/> - <dynamic name="37 FR51HEEHE" ref="variables">
</dynamic> <param name="BEH#E " ref="variables"/>
- <dynamic name="RsIZ A a¢757" ref="variables"> <param name="37 FR5t#He]" ref="variables" ope="*"/>
<param type="Boolean" name="@False"/> <param type="Decimal" name="@3600" ope="/"/>
</dynamic> </dynamic>
</pre> </do>
</status>
</activity>

</equipment>
</Equipment-Behavior-Catalogue>
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Abstract

A digital eco-factory has been proposed by the authors for the simultaneous simulation of environmental
performance, productivity and manufacturability. A virtual production line is constructed as a multi-agent
system by connecting virtual equipment implemented as software agents which are automatically
generated from equipment models. These models are provided as equipment e-catalogues. An e-catalogue
of equipment includes a dynamic behavior model and a static property model of manufacturing
equipment. In the previous papers, the above-mentioned concept was applied to constructions and usages
of a digital eco-factory for PCA (Printed Circuit Assembly). In this paper, the above concept is applied to
the construction of a digital eco-factory for injection molding. A production line consists mainly of an
injection molding machine. An injection mold, a molding extraction robot, and a mold temperature
controller are connected to the injection molding machine. The connection is not a sequential connection.
Therefore, in the virtual injection molding line, more complicated interaction and control among
equipment agents are required. Therefore, e-cataloging of equipment models for injection molding lines is
more complicated. Trial implementation of e-catalogues for the above equipment has been executed for
construction of a virtual injection molding line. On this virtual injection molding line, an environmental
performance simulation in terms of electrical energy consumption simulation can be performed. Because
this virtual line is structured by equipment agents which are generated from selected equipment e-
catalogues, it can simulate environmental performance with various views such as from an equipment

level, a production line level and a factory level.

Keywords:

equipment modeling, behavior modeling, cyber physical production system, virtual equipment, multi

agent system

1 INTRODUCTION

For a forecast of productivity and manufacturability,
simulation systems have been used. As a simulation
execution field, a virtual production line which is called a
digital factory is constructed [1] [2]. A digital factory
involves the modelling of an actual factory [3] [4]. A
virtual production line in the digital factory is constructed
by virtual equipment which is a set of models of actual
equipment on the actual production line. A virtual
equipment can be implemented as software such as a
software agent. A virtual production line can be
constructed as a multi-agent system [5]. A digital factory
is the basis of CPPS (Cyber-Physical Production System)

[6].
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A digital eco-factory has been proposed by the authors for
a simulation of environmental performance in addition to
productivity and manufacturability [7] [8] [9] [10]. A
digital eco-factory is constructed as a multi-agent system.
An environmental performance simulation strongly
requires to model dynamic behavior of the equipment. On
the other hand, it is difficult for users of a production
simulation system such as a production system designer
and an operator to write a software program of agents.
Thus, it was proposed that a user constructs a virtual
production line by selecting an adequate equipment model
from a repository. These equipment models are called e-
catalogue of equipment. A preliminary study for a PCA
(Printed Circuit Assembly) line had been done, according
to the above concept. E-catalogues of equipment are
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implemented and a trial construction of a virtual PCA line
and simulations of electrical energy consumption has been
executed [11] [12].

The above concept is newly applied to the construction of
a digital eco-factory for injection molding. The connection
of equipment to construct a virtual line is not a sequential
connection like a PCA. In the virtual injection molding
line, more complicated interaction and control among
equipment agents are required. Therefore, e-cataloging of
equipment models for injection molding lines is more
complicated. Trial implementation of e-catalogues for the
above equipment has been executed for construction of a
virtual injection molding line. In this paper, this new
application to injection molding is introduced.

2 A DIGITAL ECO-FACTORY
2.1  Concept of a digital eco-factory

Environmental performance of the planned production
scenario can be examined in addition to productivity and
manufacturability when the digital eco-factory is used.
Simulation results on the digital eco-factory are used as
references during production execution. There are three
major use cases for the digital eco-factory as shown in Fig.
1 [11]. The first use case is at the period of configuring the
production line and/or the factory. In this use case, a
configuration plan of a production line is determined
and/or performances of newly introduced equipment is
examined by constructing a virtual production line and
simulation. The second use case is used determining a
production plan. After process planning which is
supported by the product design tool such as a CAD/CAM
system, the production plan for the product is evaluated
using simulation on the already constructed virtual
production line. The evaluation is repeated by changing
parameters and plans until satisfactory environmental
efficiency and productivity data are obtained. The third
use case is at the period of executing the production. In
this use case, monitored data from the actual production
line is compared with reference data from the digital eco-
factory. If trouble is detected, a changed operation plan is
generated and validated using a digital eco-factory.

2.2 Construction of a digital eco-factory using
e-catalogues

To construct virtual production lines requires modeling an
actual shop floor and its components, including their
activities. Multi agent technologies are applied. All
component equipment in the production line are
configured as software agents. Fig. 2 shows the procedure
for the construction of a digital eco-factory. When using
the digital eco-factory at first, a user constructs his/her
own virtual production line on the computer. This
constructing procedure starts from the step of selecting
equipment models from e-catalogues, and a user provides
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Machine Data roduction planned
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Fig. 2: Construction of a digital eco-factory
configuration data which describe the connecting

relationship between equipment, control policy and so on.
Then, programs for machine agents and descriptions for
the virtual production lines are generated automatically
[12].

An e-catalogue of equipment is a group of one template
and equipment items which are created using the template.
The equipment template and/or equipment items are
registered in a shared repository. An equipment template
and an equipment item are required to include descriptions
which specify properties, behavior resulting from
equipment's activities, and communications with outside
and/or other equipment. An equipment template is a
schema representing a model for each equipment type
including behavior. An equipment item is an instance of
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an equipment template filled with values. An equipment
item is a model of a specific equipment. Template and
item are implemented using a data description language
such as XML or JSON.

3 PRELIMINARY STUDY ON PRINTED CIRCUIT
ASSEMBLY

3.1 A digital eco-factory for printed circuit assembly

A proposed multi-agent based construction of the digital
eco-factory is applied to a PCA line and a trial digital eco-
factory has been implemented as shown in Fig. 3. An e-
catalogue creation system was prepared for supporting this
trial. E-catalogues for a solder paste printer, an electronic
part mounter and a reflow soldering oven were prepared
using this system. When the simulation on the digital eco-
factory is executed, input of a production scenario such as
product data, schedule and operation data are required.
These data affect the equipment behavior. The digital eco-
factory for PCA is structured on a commercially available
multi-agent simulator “artisoc” [13]. Fig. 4 shows a screen
shot of the simulation execution example using the
generated virtual production of the PCA. In this example,
there are two production lines. The graphs in the left
column show conditions of line 1 and the right column
shows conditions of line 2. The graphs in the second row
show changes in the number of PCBs on the lines and
change in the number of finished PCAs. The graphs in the
third row shows changes in energy consumption of each
machine. The graphs in the bottom row shows the total
amount of energy consumption of each machine [11][12].

3.2 Summary of preliminary study

The trial digital eco-factory was used in a few industries
as an experiment. As a result, the practical usefulness was
confirmed especially about time qualitative changes of
environmental performance. This trial shows how to
construct the digital eco-factory with accuracy and high
usability. This trial also shows prominent maneuverability

Number of®

work-in-process I
and finished

products

e

_____
Humbar oAPCERCA
& s

T TTT TN
Time-series data |
of machine power |
consumptions 1

!

Total energy\I
consumption of |
machines |

Fig. 4: Example simulation using a virtual PCA line

at the usage stage. The user of this digital eco-factory can
easily customize the configuration of the factory, target
production scenario, granularity of simulation parameters,
etc. This comes from modeling of each equipment
including the performance simulation procedure which is
equipment behavior. At this moment, an e-catalogue of a
buffer had been introduced for more precise simulation of
the virtual production [14].

This trial implementation on a PCA also shows how to
make software agents of component equipment on the
production line using an equipment model and how to
construct a virtual production line as a multi-agent system.
On a PCA line, interaction of equipment agents is simple.
In other words, equipment agents are connected in
sequence. The former positioned equipment finishes the
job and then the next positioned equipment starts the job
and finishes the job, and so on. However, in most of the
production lines, there are more complicated interactions
among equipment. Here is a requirement for the extension
of an e-cataloging method.

4 APPLICATION ON INJECTION MOLDING
41 Modeling of an injection molding line

The proposed concept for a digital eco-factory has been
applied to injection molding. The structure of an injection
molding line is shown in Fig. 5. An injection molding line
consists of an injection molding machine, a molding
extraction robot, a mold temperature controller and a
mold. A mold is mounted on an injection molding
machine. a mold temperature controller and a molding
extraction robot are connected with an injection molding
machine. An injection molding machine controls starting
and stopping the actions of a mold temperature controller
and a molding extraction robot. Interactions of all
equipment are shown in Fig. 6 which is a UML sequence
diagram.

Sequence in an injection molding line is as follows. Pellets
which are the raw material of the injection molded part are
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put into an injection molding machine, and are heated and
melted. A mold is set on an injection molding machine.
After these preparations, the injection molding process
cycle starts. An injection molding machine requests the
mold temperature controller to control the mold’s
temperature by heating or cooling. Melted pellets are
weighed. A mold is clamped. An injection molding
machine executes injection and holding pressure. An
injection molding machine requests to stop the mold’s
temperature control. An injection molding machine makes
an opening of mold, requests to a molding extraction robot
to extract the molded part and ejects the molded parts by a
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i
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change mold cylinder
cleaning cleaning
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[send to controller]
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Fig. 8: Activity diagram for an injection molding machine

set of pins. After extraction of the molded part by a robot,
an injection molding machine restores the pins. The
injection process returns to the start of the process cycle
and repeats the process until the order is completed.

42 Virtualization of an injection molding line

A virtual injection molding line is constructed as a multi-
agent system as shown in Fig. 7. Component agents are an
injection molding machine agent, a mold temperature
controller agent, a molding extraction robot agent, a mold
agent and a pellet agent. E-catalogues for an injection
molding machine, a mold temperature controller and a
molding extraction robot are prepared. An injection
molding machine agent, a mold temperature controller
agent and a molding extraction robot agent are generated
corresponding to selected e-catalogue items by referring to
operation data. Operation data includes the injection
molding machine ID with a mold temperature controller
ID and a molding extraction robot ID, a molded part ID, a
number of the molded part, a mold ID, and so on. A mold
agent is generated by referring to the operation data and
the mold data. A pellet agent is generated according to the
product data and the pellet data. The product data includes
a type of a molded part, usable mold IDs, used pellet ID
and so on. The pellet data include material, color, weight,
required  hopper temperature, required cylinder
temperature, and required nozzle temperature.

5 E-CATALOGUES OF
INJECTION MOLDING

51 An injection molding machine

EQUIPMENT FOR

The behavior of an injection molding machine is modeled
as an activity flow shown in Fig. 8. When receiving an



<Equipment-Behavior-Catal ogue>
<equipment type="InjectionMoldingdachine™>
Cactivity>
<status name= InJectlon >
<source status= Idle >
<condition ope="

start description of “Injection molding” behavior
previous state “Idel”

<arg> <param name=_InjectionInstruction” ref="operation”/> </arg> concﬁﬁop
<arg> <param rame="@True” type="Boolean”/> </arg> </condition» </sourcer _|for starting
<prer
<dynamic name= “CurrentStatus” ref="variables”> )
<param name="@Injection” type="String”/> </dynamic> description
""" . “ . P - for pre-
<dynamic rame= “CurrentPowerConsumption” ref="variables™> .
<param name= “PowerConsumption-Injection” ref="statics”/> </dvnamic> processing
<dynamic name=_“Send-StartinsRequestToTemparetureController” ref="operation”™:
<param mame="@True” type="Boolean” /> </dynamic> <{/pre>
Loy .
...... description
<dynamic name=’ CumulatlvepuwerCOnsumpt|0n k¥h- Injectlon ref="variables”> for main
<param name="CumulativelnjectionTime” ref="variables” /> processing
<param name=_Cur rentPower Consumption” ref="variables” ope="¥"/>
<param name="@3600" type="Decimal” ope="/"/> </dynamic> </do>
{post’ | .
<dynamic name="Send-$toppingRequestTolemparetureController” ref="operation”> description
<param rame="@True” type="Boolean” /> </dyramic> for post
""" ) rocessin
{dynamic name="Inject jonInstructio” ref="operation™> P g

<param name="@False” type="Boolean”/> </dynamic> </post> {/status>
start description of “Injection molding” behavior

<status name= “OpenMold™>
<source status="Injection”>

<factivityr  <Jequipment> </Equipment-Behavior—Catalogue>

Fig. 9: A part of template for an injection molding machine described by XML

injection molding order in the idling state, the injection
molding state starts. Before this, an adequate mold is
prepared and changed. The injection molding process
cycle is repeated until completion of the ordered amount.
There are four processes in the process cycle: injection
molding, opening of a mold, ejection by ejector pins and
restoration of the ejector pins. At the beginning of
injection molding process, the starting of the mold
temperature control is requested.

At the end of the injection molding process, the stopping
of the temperature control is requested for cooling of a
mold. After cooling the mold, it is opened and a request
to the molding extraction robot is sent out. Then the
molded part is ejected by the ejector pins. After receiving
acknowledgement of the completed extraction from the
robot, the ejector pins are restored.

In the template for an injection molding machine, the
abovementioned activity flows are described. The
following parameters are described in the property part of
the template. Properties are referred to by activity
descriptions.

* machine ID

* associated mold temperature controller ID

* associated molding extraction robot ID

* action time (start-up, mold change, cleaning,
weighing, clamping, etc.)

* electric energy consumption (start-up, cleaning,
heating, weighing, ejecting, etc.)

* calculation formula for energy consumption (injection,
holding pressure, cooling)

* calculation formula for cumulative energy
consumption, etc.

A part of activity descriptions in the template for an
injection molding machine using XML is shown in Fig. 9.
The modelling of a specific equipment is to create the
equipment item by filling up the template by value. Some
values of parameter or variable in the calculation formula
can be provided by operation data or product data.

52 A mold temperature controller

The behavior of a mold temperature controller is modeled
as an activity flow shown in Fig. 10. When receiving the
request for starting the temperature control from a
injection molding machine, the controlling of the mold
temperature for keeping the constant mold temperature is
started. Constancy of mold temperature is kept by
repeating heating and cooling/not heating. When receiving
the request for stopping temperature control from an
injection molding machine, the temperature controlling
ends.

In the template for a mold temperature controller, the
abovementioned activity flows are described. The
following parameters are described in the property part of
the template.

* controller ID

* action time (start-up, heating, etc.)

* heating capacity

* electric energy consumption (start-up, idling, heating)

* calculation formula for energy consumption (heat
retention)

* calculation formula for cumulative energy
consumption, etc.
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53 A molding extraction robot

The behavior of a molding extraction robot is modeled as
an activity flow as shown in Fig. 11. When receiving the
request for extraction of a molded part from an injection
molding machine, the extraction process is started. To
extract the molded part, a robot moves to the gripping
position, grips the molded part, moves back to the
releasing position, and sends out a completion notice to an
injection molding machine. At the releasing position, the
runner is cut and the molded part is released. Finally, a
molding extraction robot moves back to the waiting
position.

In the template for a molding extraction robot, the
abovementioned activity flows are described. The
following parameters are described in the property part of
the template.

* robot ID

* waiting position (X, y, z)

* action time (moving to gripping position, gripping of
molded part, moving to releasing position, releasing of
molded part, moving to waiting position)

* electric energy consumption (moving to gripping
position, moving to releasing position, moving to
waiting position)

* calculation formula for cumulative energy
consumption, etc.

54 Mold data

Mold data are prepared in a database not in an e-catalogue
because a mold has no behavior. The following are
described in the mold data.

* mold ID

* molded part ID

* mold size (length, width, height)
* capacity of cavity

* current temperature of mold

* mold set-up time

* pre-heating temperature

* pre-heating time

* cooling time, etc.

5.5 Trial experiment

Trial implementation of the construction system of a
digital eco-factory for injection molding is underway. The
e-catalogue creation system is implemented in parallel.

In the e-catalogue creation system, the abovementioned
equipment templates are installed already. An equipment
item is created by filling up the parameters of the
corresponding template with concrete values, calculation
formula of electric energy consumption, etc. At the time
when a virtual production line is constructed for
simulation, some of parameters of the template are
retained as variables. Their values are provided from
production scenarios, operation data and/or product data.
Equipment items in e-catalogues can be provided by
equipment vendors, and also by production engineers
using practical data from their factory.

A virtual injection molding line is constructed as a multi-
agent system of equipment agents generated from the
selected equipment items in the above e-catalogue. This
virtual injection molding line is a core of the digital eco-
factory for injection molding. Simulation using this digital
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eco-factory for injection molding will provide time series
changes of electrical energy consumption from various
views such as an equipment level, a production line level
and a factory level. This trial digital eco-factory for
injection molding is structured on a free multi-agent
programmable modeling environment ‘“NetLogo” [15].
Fig. 12 shows a part of screen shot of the simulation
execution example using the generated virtual injection
molding line. Changes of electric energy consumption for
the injection molding machine and the molding extraction
robot are shown. This screen shot was taken when one
process cycle finished.

6 CONCLUSIONS

A virtual production line is a core of the digital eco
factory. Environmental performance simulation on a
virtual production system provides useful results for
planning, operation and execution of sustainable
manufacturing. The proposed virtual production line
construction method using equipment catalogues has made
possible a model-based construction.

A virtual production line is constructed as a multi-agent
system. Its components are equipment agents which are
derived from equipment catalogues. In other words, an
equipment catalogue is a static description of an
equipment model including its behavior. And an
equipment agent is an executable model which is derived
from the static description. As a result, a production line is
modeled as a multi-agent system on which simulation is
executable.

In this paper, the method for e-cataloging of equipment
has been extended for constructing a digital eco-factory
for injection molding with more complicated interactions
among equipment. This extension indicates that the digital
eco-factory with proposed e-cataloging method can be
applied to more complicated production systems.

As a future work, by using implemented trial systems,
experimental usage of a digital eco-factory is planned in
industries. The result of the trial usage will show the
feasibility of the proposed method and will lead to further
practical developments in a digital eco-factory.
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