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Development of Web-based Simulator for an Automated
Warehouse System : Web-SAW

Dae-Jin Lim, Yang-Byung Park

Abstract

Simulation has been recognized as one of major application areas of world wide
web. Over the last several years, most research has been focused on the
development of web-based simulation languages mostly using JAVA and validation
of simulation modeling on web with the newly developed languages. In this paper,
we develop a tentative web-based simulator for a simple unit-load automated
warehouse system, named Web-SAW. In constructing Web-SAW, we program a
user interface program, a simulation logic program, and an animation program with
JAVA while utilizing the class libray functions and embodiment environment of
existing web-based simulation languages. Web-SAW simulates the automated
warehouse system with the user input about system operation, displays the
animation on a static background representing the system, and generates the various
textual outputs after simulation.
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T2 A dRE <a¥ £ A

public Model (String wmodelMawe, ModelBean milean)
<

this (modelMame, mBean, B.8);

Y : /7 model

lputlic Model (String modelName, ModelBean aBean, double slowness)
i

super (modelMame):
trc = aew Trace (“Model”, modelHame);
ass):

stopTime =
startSim = false;
stopSim = fFalse;

public ahstra;t class EntityMaker
i}

public final Hodel enu;
public EntityMaker (Model env)
<

this.eau = enu;
¥: // EntityMaker
public abstract SimObject makeEntity ();
Y: 7/ class

public class ;rnductmker extends EntityMaker
public ProductHaker (WebSaw env )
{

super (epu);

S
public SimOdbject makeEntity ()
€

return new Producti (WeoSaw.this);
¥
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el 7] 98] znte]l AWT 20N 2893
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AgdE &€ 4 A= Campus HEJVES 2n}
o] ¥ wAiAx= FoA Paint, Repaint,
Update, Point A& Alg3e T2 S
A grk. <ad 6> =289 wxE Y
Bule 2d9g Z2 el

public ¥shidaw (Propf] plist, NodelBean mbean)
H
super (“Fabhlau”, mbBean)

Productl = pew Source {phist [T}, mew Point {310, 7403, thie,
Bew ProguctBuRer (this), ProductiEs)

Hachinel = new Fagality ipList [i), mew Point {230, 1&), this,
new FIFC Quewe (510}, Machineiks):

Hachine2 = new Facility {plist [.), new Poinc {73,
new FIFC Queue (i), MachinaZEs):

25}, this,

RACkl = new Factlity {pList {i], new Point (300, 123%), this,
new VIFG Guewn (3, Rockife):

RackZ * new Yacility (phist [41, aew Poinmt (.0, ..5), this,
few FIFG Quave ('}, Rack2Es);

Exat = mew Sink (phimc [:], new Poine (4ofl, 225}, this,
nall)

1 XNed

<19 5> Algdold Wize oy
WAize A 223y

<E 2> duuolHo] AHER e~ s
WA A wE

- GAHAT A2l
g SOURCE Producti .,
Machinel: A %2}
S/R71 A SAX{AE Fytahis
S/RA | SERVER |\ tines: Baate) AW eE
S/R71A
Rackl: 24 #1 SAAYE ARz
AgMw | FACILITY RackZ AW #2 A we
&1% SINK Exit H%j;“j :jf U

private vold paintbynamic {Node n, Int 17

{
DynamicNode dn = env.getDynNode (1)
Poinv token = mew Point {}:

int qlength =
int tCount =
int eCount = 7

switoh (n.nodeType) {

came Node.SERVER:
token.x = dn.location.x + Node.T_SERVER.x:
token.y = dn.location.y + Node.T_SERVER.y;
tCount = ((Server) dn).tokenV.getNumTokens {():
break:

case Node.FACILITY:
token.x = dn.location.x + Node.T_FACILITY.x:
token.y ~ dn.location.y + Node.T FACILITY.Y:
tCount = ((Facility} dn).tokenV.getNumTokens {):
glength = ((Facility) dn).queuelength () :
break;

case Node.SOURCE:
token.x * dn.location.x + Node.TOK RADIUS:
token.y = dn.location.y + ° * Node.TOR_RADIUS;
eCount = ((Source) dn).getEntitiesCreated {):
break;

case Node.SINK:
token.x = dn.location.x + . * Node.TOK_RADIUS:

token.y = dn.location.y + % * Node.TOK RADIUS;

eCount = ((Sink) dn).getEnticiesConsumed ():
break:
<Y 6> wE=E9 wjx @H
gl

ol Mel A MA zEL 4
W7l s s Judd Euge

X

| et
2 W

M

Asgom, A4 2 S0 247 & gy

o d& 7MY SR 71AE &34 F A
B A% 7S 4 422 1079 3N
A2 Fog FFSAG agm A" W9
AEFH F2 AAe 44 HH3 4 FL
Hoz FEsgow, dAdAN HFG
Ao e A% AT AF ¢ F g A
= AA AE AXAHY <2 9>& Fus
Al Q.

AEHol A AYPHAAFAN ==k AR
o olFAdEE Iy S8 JSIM
PROCESS &2 ¢ TRANSPORT ®l4A=g
AH&-3 ] o TRANSPORT HAEE
Transport(x, y, x, y, x, y)J& EAF=H, A
HA AR x¢ yE olFY AR, F WA x
% ye A, AT x9 y= EHE vy
Aok, <Oy 7> =S8 dF83ld o)FAE
g 18 F& a8y T2 aYolr}
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Transport Product1E0 = new Tramsport (i%:, Gs6, 200, Jib, 755, 445);
Transport {} Productifs = (ProductlZ0):

Transport HachinelEQ = new Transport (‘?
Transport Hachine1Z1 = new Tramsport (:i¢
Trapsport [) MachinelEs = {Bachinelf0, lachmel!l)

Transport Nachine2EQ = mew Tramspart (4o, cif, 838, 238, @4, 186):
Transport [] Machire?Es = {Machine2EQ};

Transport RackiE0 = new Tranmsport (£:i0, 153, oiw, i%3, 730, 260);
Transport {] RackiEs = {RackiED}:
Transport Reck2EQ = new Transport (<1, i3, €30, 133, 730, el

Transport [) Rack2Es = {RacKZEQ};

<AY 7> oAz Yy g9

35 Algeliold &8 ==Y

AEYold 9L AFAAH F3H BN
(Trace Report), A3ZA3 F A H(Statistical
Results Window), 8¢ R 31X (Summary
Report)2 T4 AT Al E# oMY F3HL A
Feold Z2a%9 o7 o TRACE o
AEE AYTezy AddEdg. o A3 AE
A AlEHC)A A BRE APFFS
Hux gz =23tddA B = o,

ANEHolH 27 Zz Ao MATH 2

25 o83 FAAR £33 L AL Zzay
< FAAToZN, A gFolXo] £8H Fo
A 2 EEZAY o)A o) 37,
BEFHa, HdA, 2, F4d5834, F34
E534, S/R 7149 AFgAnte] Ha o4
F T g oYy FHE FAR U=
HAFEER 3. S/R 71A19 o] &&& S/R
2147 & 2dg vpd wwuich aExn A
o] o] 888 A wE EFEo] 24T du}
o} Ztz; Adeld Algdlolde Fgy Ald 3
#AE FTHEF S, d3dd BAREE
B2 ARE st ol 5% E3st7] &
o] AL&zF7} olsdly] HA] &k A=A, <2
d 8> AZANI S/R 7149 ol &E AL
< % T2y d¥o

Lo HuMe AyPdn FAZ=RH A
HE #3ste 89kt Burolt, o2 $i3)
A9 dHojEHo]AE o] &3l FARzH

public double confidence (double level)

double Of = nobs - L.i
if (df <= o) {

// degress of freedom

tro.tell (Uooafidence”, Mpust Leve at Least L obpervasicns”);
return . o
1
double p = (: = - level) / .7; /oeg., .95 -> 025
double t = InverseT.tValue (p, 4f):
tre.show (“confidente”, “p = M+ p + Mgl = T 4 df + " T F T 4or);
if (t == NAX_DOUBLE) {
trc.tell (“contidence”, “eszentially infinire interval”):
return t;
Y osr it
return {t * stdDev ()) / Math.aqrt {dr);

}: // confidence
publip double confidence ()
{
return confidence (CONF_LEVEL):
¥:
public double precision (double level)
{
return (nobs > ') ? contidence {level) / mean () ; ©.°;
}: // precision
public double precision ()
<
return precision (CONF_LEVEL}:
}Y: /4 precision

<a¥ 8> AFAutia S/R 714 ¢
A ZZ2 a8 98

o4&

4. Web-SAW?| A
41 Ad =Y

Web-SAWE EHRE9 S5HYL 7Ixn
Aol EAGAAY =90l ALEF AN Ak
S UA g3 A" 4 St olAE Auiz
HAY Z2aHe 2ustdv A(Java Virtual
Machine)o] #19d SHEF HAHA 38 =
AT Fdglel 59 PP A
7] B Eolct wetA Web-SAWE Al&39
AFE N v HdmAa 9 Bl sL 43
o] Qejdle] 7Hedt AW FHFo] 9o
H A AUME APF 5 YA A
A, Web-SAWE QEuleo] AAd3sx ¢
BElol A AAE 9 PColA YAt o)A
ARge] HAFEHA AgdNA 7159 &
Nt HAi=rt g8 AFEH FAES59}
¥ A2g 438 FA7) dEd bsst
. EE o2 FAFEHAE 789 S92

rlo rlo
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W25 dAs FA APE & Jdd. A
JHUE &39 FFYU Web-SAWE o] &3}
7] A E UAdolA Web-SAW Z2a388S
AR 7 MY E FFslool doh. AHE 9
;A= & SQL(Structure Query
Language)2 A 93 Aute] JDBC(Java
Data Base Connectivity) ;2 ALL3d
DBMS(Data Base Management System)3}
A8 AN2dg F53tdof g

EF SQLE o]&std o' FHH)
DBMS¢= Ztets] dZo] olFoAd g9
AN, AR, #Y T T+ UA D
JDBC Z2HY2E A&7l AsME Aukst
SQLA wigk ojafi7} 5T "3l zujeA
Tt BARE Az2"EE 75 ¢+ YRS
RMI(Remote Method Invecation) 7]%5& A&
Sttt BANSE Aladol@d HEYaZ d4d

o die] AFHA shte] S Aol
AR B4 AYHEA, =gHozE vt
% sye] TPy LFHos AlAHS

ol gt MW FFH Ao RMI #d Z4
29tog 22 aRg JAFoZA AR A
Aol WA=E vlx 2L AurpdHA o 24
Ao MAiA= HE 3 F YA 9. Au
£ RMI 7]5€& 93 Javarmi #HI|AE X
stk 23y o] #WyIA Y miFdet R ae
Z2aRg JFAH3}77 oy, olzie =4
I f9F AANE FA wEojor &, A
Z2 W R gy A Folok st A
o] wj-$- B7] wWEolth(o]d$- ], 2000).

B AT Web-SAWSY A& FZ3
A %3 o]lf= DBMSS EANAANAHS
TEF3E dol 1x HEZHA Ag "
2 37 gEolth %Y geow AEIY =&
22 DBMS¢ BABAA2EE Z2E My E
T34 dhd Web-SAW ZZ 2388 Ay
o &elFel ALEAIE AHUE T3 Aud
2I8A AA oMy T2 aRe Aayd
T AA 2 Rolr},

42 A& oy

Web-SAWS %Z718HE F dF, A%
1o MAIYES WALE v oudold
2, AHEAe §lE oz FAH . <2
d 9>F Web-SAWY A&z g3 A &9
old A3 Al ofuolAd 2t (snapshot)
& HoFu. Web-SAWE Ad3sl7] fslA
AbERbe W HA A Bl o Had
tolBl & dHslddor Zh o] wh 3240 A
7€ W2 38" gEo disiAut 4y
stefo} gttt Aute] 2= s)Fe o Az
< 00012 E 71E2d9=z 0 AF 19 =%
2 FE ANEEXZEN BF FEELE AY
sta, B¥o Hagtes z+z 300008 st
. S/R 71AI8 FHolFAIZLZ 30008 ¢
Had. a8 A A FIZNezeE 747t
Gd g, dAAPEY, AQAES A

BE Qge] EUd 3 F Add X%
F W7 E d™9do Yol & Z2H
gk ofudeold &£xe]  Z7]g(default)>
‘Speed Up’' 2.2 AAF gloy, ofydolA
&8 W33 dow ‘Animation Speed’ H
ol A ‘Speed Down'& Ed83d ok oy
Hold £&& oL w24 Fzm Hdow
‘Speed Up'S WHE Z3t9 gl ofo)
A EEE AEdolM Y Fox 24T 4
pia= s ‘Simulation Control’ o} 55 of) A
‘Simulation Start’'E& Y3t A& Ao
AZd. AEd ol =5 AgEdolAeE |
F3 4o ’'Simulation Stop’S Z¥3sA =
t}. ‘Toggle Trace'E& Z¥3}lH AlE#old &
B F <a9 1003 22 AEYolA &3 1
1A7F 299
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<% 9> Web-SAWS Z7]3d oA
AL8-A dE g ool d FH1Y

<719Y 10> Web-SAWS] F2 B 1A

Algdoldol YPHE ofywo]d Fof
TAIA 2" A9 FAARFG o] A
F3deoz AMEY. Productl ==l A
AAE d9AAE Machinel MBS AA
Rackl = Rack? Al AZH1, FEA A
7} A& Rackl Fi Rack2e] A 3sof
we dHAAT EE5 o Machine2 AW E
A Exit ER olFdtd A xddA 49
A <19 9> AJEH A Al 3401 W o
Aze Age HoFe sdagelth #31a
B8 AF7A F 129709 E9H A
a5, & 120709 ¢ H A7 BEEEHA
& & Ao g A 249 AZAY
Mol EEFYe] div]l FolH, AFAN 1
2Hel) Ztzh 3709k 4709 @A A I A

—
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(L & odo 1 o
£ mlo J*' o

AHo 5S¢ & A
Alggoldel FxHW & HE <Jd
11>3 2 49243 FAR87 stde 44

D]'. o] %7:"3.1‘: ﬁ%z—-}ﬂ 5“—1a %_S_i O}'a‘
Yut AL&zp7E o33 7] wi§- ofHTh A=A,
A Moz a3 A HA  drAdA
-MachinelQ(d)2] MinValuex AZ&YE A2
71 A17F, MaxValue® A& Adidir) Al
7t MeanValue® A2 Hadi71AzL, 2
g3 MachinelQ(oc)®] MeanValuex® &3}
d FBourFE uig. 7+ WA d2oA
Machinel(occ)?l MeanValuet™ S/R 7149
Agzed FdolEES YEdT

<1 11> Web-SAWe AgAx FAR

APA7F FTAR stHo] oo <2¥ 12>
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E A9FF FAXE AEAV o#E] 4
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Me AFFAge AAHIT YA 4U7HE =
2 Aldol Wl A% ko] Qo] Al2d" Wrez
2R AL ¢ 5 gk g3z AlEol A
FEANAA AFddel= 1709 dHHAT
A= des & F Utk F4F HE=Y R
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ANad HEY 7 Aoz Addr



A Il ASEDAMAH AlZ0lEQ) THY -

<19 12> Web-SAWSE Q.9 A

5. 4 4 xnA

ot
o
92

|4 AlEEHolHE F337] 93
719k Al EEolA dolg A]lAH
ol Rdg& FHetoof 3tEH, o
M AMEAZE Aue 2§ T2
ojet A Ed ol B[F HAEHQ A
82 3o olgg ofF= §] 7uk A
Holde B Zldaddz g7 o
ol "¢ " Ao}

2 =FAME Web-SAW o]&9 AFL
9 e AFRFAANLE AL A EHolH
A2 23R Web-SAWE dut A4
27t AlEHol A § T2 Aojo o
& AEFQ A2 flo] WA GUI 715E
T3 AeHie o dd e gy
o8 AFHIALFL AEHNAS & HA
TP F A M FY. Web-SAW 7&&
Al 71ES § 71 AEHOAR dojsER
H 22 golrnely] 49 TIHER F&
AY wrowA AbgA QQEHolA X2,
AlEHolA 24 228 ojudo)ld T2
HE Autz Ay FAAsA

Web-SAWE EHAE 9 5o sz
oAyt A A AEglel AFydr B F
Web-SAWZF XL AARLE Q] PCCﬂW =L
HAxE HREHo A%, DBMSH E487
Al e 2EE Aue FFHo] faHY ALE

o 0Ej_,_>’, Fll‘ﬁé
S o
°P°
rﬂé

Moo 5L ogn o X
e e

Web-SAW 37

AEo] JEUS Fdte AT i) Ao
o] ol £ A B Heolth. Web-SAW
9o MEHRAHNM AAEC] MEF AFFR
Alggold 2HZZ WL FALg A2
ANEdold 2dS 58 o AN S8
et Aoz 444 A AHEE 4 U
Web-SAWE 24dE ¢ 7|4t AlEHolH
ZA, M A T2l FY5E A
2 AL AR 2o s desie A
7t B9 e 45 JAAZAM AEFFF,
AF 2 FEY THAL BE, A4 72
o} 2, S/R 71A olsFHI dF, A€z
S/R 1A 2R3 S dg 459 37
ggdS 5 AEolH 494 FTust
e, o5 fdiAE F ¢ AEHo|xn
=2 559 9 71 AEYHoIA =2y 3}
d ol 8789 ¥ AFAnY AEY

=

& no AR 9847 ARNE SR
A 4, FAQAL, ATt B} B
23 499 A 59 42 AUH AgEol
Tdo) Higd ool i},

Qo 2, AT Web-SAW AAS T2
e BEUz 2o B3 ATFIALHAA
o] AdAY a7t F7td @ Jwk AE A
B HF @499, Z1dAME olg BIA
BA| 23 Adste] AFFarzde] dA
R FEe AT JANEAETEA AFTHA

A F Qg Aol



38 3122 f0jM8s| =2 x| &|13H H1%, 2004. 3

k]

28

(1] #&", XMLE #/¢ JAVA Programing,
7hE AL, 2002.

[2] o185, A=, ¥4, Java Programing
Bible, 8 x&3A}, 2000.

[3] Bray, T. Paoli J., and Sperberg-
McQueen, C. M., Extensible Markup
Language(XML) 1.0  Specification,
http://www.w3.0 rg/tr/rec-xml, 2002.

{4] Groover, M. P., Automation, Production
Systems, and Computer Integrated
Manufacturing, 2nd Ed., Prentice Hall,
336-342, 2001.

[5] Herly, K. J. and Kilgore, R. A., SILK: A
Java Based Process Simulation
Languagé, Proceedings of the 1997
Winter Simulation Conference, Atlanta,
GA, 475-482, 1997.

[6] Howell, F. and McNab R., SIMJAVA: A
Discrete Event Simulation Library for
Java, Proceedings of the 1998
International Conference on Web-based
Modelling and Simulation, Society for
Computer Simulation International, San
Diego CA, 51-56, 1998.

[l Tlazeolla, G, and D'Ambrogio, A, A
Web-based Environment for the Reuse of
Simulation Models, Proceedings o the
1988 International Conference on
Web-based Modeling & Simulation, San
Diego, CA, 37-42, 1998. .

[8] Kilgore, R. A. and Burke, E,
Object-oriented Simulation of
Distributed Systems Using Java and
Silk, Proceedings of the 2000 Winter

Simulation Conference, Orlando, FL,
1802-1908, 2000.

[9] Kilgore, R. A. Healy, K. J., and
Kleindorfer, G. B.,, The Future of

Java-based Simulation, Proceedings of
the 1998 Winter Simulation Conference,
Washington D. C., 1707-1712, 1998.

[10] Klein, U., Strabburger, S., and Beikirch,
J., Distributed Simulation with
JavaGPSS Based on the High Level
Architecture, Proceedings of the 1998
International Conference on Web-based
Modeling and Simulation, The Society
for Computer Simulation International,
San Diege, CA, 85-90, 1998.

[11] Little, M. C.,, JAVASIM Home page,
http://javasim,ncl,ac.uk/, 2002.

(121 Miller, J. A., JSIM: A Java-based
Simulation and Animation Environment,
Prodeedings of the 30th Annual
Simulation Symposium, Atlanta,
Georgia, 31-42, 1997.

[13] Miller, ]J. A, Ge, Y. and Tao, ],
Component-based Simulation
Environments: JSIM As a Case Study
Using Javabeans, Proceedings of the
1998 Winter Simulation Conference,
Washington D. C., 373-381, 1998.

2443 9932
=EF3d 2003 07. 24
=T AANY 2003 08.04(14}), 2003. 08, 21(23}),

2003. 10. 24(32}), 2003. 12. 09(44})

AA B ;2003 12. 15



7t HEFAMLY AIEHOE WY - Web-SAW

39

*

® AN

o

CEE LT E L
FEELE I ENE L LR E L D
#A: BNB(F) Bl g%/ AAddE

BAE ok SCM, ASP, AFE A B 804

—

4

=11 ]

st Ak dF sty AL

Pennsylvania State University AF 33 A A}
Oklahoma State University A&t} vk}
Northeastern University 4t 2 AR F3H3 w4
VPI, UBC A{dus

A Asdistn HaxFstgs AdFsta as
ARk SCM, ER/AA#EE, AFEHAEHA

o, |

¢



