
References
Am arase , N . (2 001 ). W arehouse D es ign  fo r  a P la s tic  Resins T ra d in g  C om pany. 

C h u la lo n g k o m  U n iv e rs ity , T ha ila nd .

C eda rlea f, J. (1994 ). P lan t L a y o u t and F lo w  Im p ro vem en t. U S A : N e w  Y o rk . M cG ra w -  
H i l l .

C h a ro jro ch ku l, T . (1 999 ) Im p ro vem en t o f  m a te ria l h a n d lin g  ro u tin g  in  warehouses and  
tra n spo rta tio n  ope ra tions  in  an au tom o tive  parts  in d u s try . C h u la lo n g k o m  
U n iv e rs ity , T ha ila nd .

F ranc is , R . (1 974 ). F a c ili ty  L a y o u t and L o ca tio n  an A n a ly t ic a l A pp roach . U S A :  
P re n tic e -H a ll.

H e ragu , ร . (1 997 ). F a c ilit ie s  D es ign , (n .p .): PW S.

K am onpa tana , K . (2001 ). A  L a y o u t Im p ro vem en t o f  P las tic  U te n s il P rocess ing L in e . 
C h u la lo n g k o m  U n iv e rs ity , T ha ila nd .

Lee, Q . (1 997 ). F a c ilit ie s  and W o rkp la ce  D es ign , (n .p .): E ng in ee r in g  and M anagem en t 
Press.

P h ill ip s , E . (1997 ). M a n u fa c tu r in g  P lan t L a you t, (n .p .): S oc ie ty  o f  M a n u fa c tu r in g  
Eng ineers .

T a n tra ko o l, ร . (2 000 ). P lan t re - la yo u t des ign : a case s tudy  o f  m o to rc yc le  parts  
m anu fac tu re . C h u la lo n g k o m  U n iv e rs ity , T ha ila nd .

T om p k in s , J. (1996 ). F a c ilit ie s  P lann ing . 2nd e d itio n . U S A : N e w  Jersey. W ile y .  
Y ia n g k a m o ls in g , c. (1998 ). A n  a p p lic a tio n  o f  gene tic  a lg o r ithm s  in  p la n t la yo u t design. 

C h u la lo n g k o m  U n iv e rs ity , T ha iland .



Appendices



Appendix A
Existing plant layout’s simulation program

A R EN A  S im ulation  Results 

Sum m ary for R eplication I o f  1

P ro ject:E xisting  P lant Run execution date  : 8/15/2004
A nalyst:Jobshop M odel revision  date: 8/15/2004

R eplication ended at tim e ะ 75850.0

T A L L Y  V A R IA B L E S

Identifier A verage H a lf W idth M inim um  M axim um  O bservations

avgflow tim e 12998. (Insuf) 6510.0 14500. 80
cycletim e 877.72 (Insuf) 245.33 1325.3 79
overallid le tim e 186.25 13.058 .00000 6998.6 2800
actualavgflow tim e 12998. (Insuf) 6510.0 14500. 80
idletim eql 631.14 (Insuf) .00000 4560.0 160
idletim eq3 136.55 (Insuf) .00000 9 2 0 .๓ 80
idletim eq5 142.55 (Insuf) .00000 960.00 80
idletim eq8 162.86 (Insuf) .00000 945.33 80
id le tim eq io .00000 (Insuf) .00000 .00000 80
id le tim eq l 1 .00000 (Insuf) .00000 .00000 80
id letim eq l 2 .00000 (Insuf) .00000 .00000 80
id le tim eq l4 .00000 (Insuf) .๓ 0 0 0 .00000 80
id le tim eq l 5 .00000 (Insuf) .0 0 ๓ 0 .๓ 0 0 0 80
id letim eq l 6 .00000 (Insuf) .0 0 ๓ 0 .00000 80
id letim eq l 8 .00000 (Insuf) .๓ 0 0 0 .๓ 0 0 0 80
id le tim eq l9 .00000 (Insuf) .00000 .00000 80
idletim eq22 .00000 (Insuf) .00000 .00000 80
idletim eq24 .00000 (Insuf) .๓ 0 ๓ .00000 80
idletim eq26 .00000 (Insuf) .๓ ๓ 0 .0 0 ๓ 0 80
idletim eq28 .00000 (Insuf) .0 0 ๓ 0 .00000 80
id letim ecraneq l 37.358 (Insuf) .0 ๓ 0 0 64.666 80
idletim ecraneq5 3.0000 (Insuf) .00000 20.000 80
idletim ecraneq8 12.733 (Insuf) .00000 54.666 80
id letim ecraneq l 2 8.5583 (Insuf) .00000 24.666 80
idletim ecraneq l 6 6 .0000 (Insuf) .00000 20.000 80
idletim ecraneq22 8.8000 (Insuf) .00000 44.666 80
idletim ecraneq l 9 6 .2416 (Insuf) .00000 14.666 80
idletim ecraneq24 9.3416 (Insuf) .0 0 ๓ 0 4 0 .๓ 0 80
idletim ecraneq3 1.6500 (Insuf) .0 ๓ 0 0 14.666 80
id letim escanq l 4720.3 (Insuf) .0 0 0 ๓ 6998.6 80
idletim escanq3 .05833 (Insuf) .0 0 0 ๓ 4.6666 80
idletim escanq5 .00000 (Insuf) .๓ (>๓ .๓ 0 0 0 80
idletim escanq8 .05833 (Insuf) .0 0 ๓ 0 4.6666 80
id letim escanq l 2 .00000 (Insuf) .๓ 0 0 0 .๓ 0 0 0 80
id letim escanq l 6 .00000 (Insuf) .0 0 ๓ 0 .00000 80
id letim escanq l 9 .00000 (Insuf) .00000 .00000 80
idletim escanq22 .38333 (Insuf) .๓ 0 0 0 16.000 80
idletim escanq24 .02500 (Insuf) .๓ 0 ๓ 1.3333 80

D ISC R E T E-C H A N G E  V A R IA BLES

Identifier A verage H a lf  W idth M inim um  M axim um  Final V alue

m achine! utilization .91773 (Insuf) .00000 1.0000 1.0000
m achine3 utilization .91773 (Insuf) .00000 1.0000 1.0000
m achine5utilization .75953 (Insuf) .0 ๓ 0 0 1 .๓ 0 0 1 .00๓
m achine8uti!ization .72788 (Insuf) .00000 1.0000 1 .00๓
m achine 1 Outilization .72788 (Insuf) .0 ๓ 0 0 2.0000 1 .๓ ๓
m ach ine l 1 utilization .79117 (Insuf) .00000 2.0000 1 .๓ ๓



m achine l2u tiliza tion 1.1708 (Insuf) .00000 3.0000 1.0000
m achine 14utilization .91773 (Insuf) .00000 3.0000 1.0000
m achine 15utilization .79117 (Insuf) .00000 2.0000 1.0000
m achine 16utilization .79117 (Insuf) .00000 2.0000 1.0000
m achine 18utilization .66460 (Insuf) .00000 2.0000 1.0000
m achine 19uti! ization .79117 (Insuf) .00000 2.0000 1.0000
m achine22utilization .82281 (Insuf) .00000 2.0000 1.0000
m achine24utilization .85445 (Insuf) .00000 2.0000 1.0000
m achine26utilization .72788 (Insuf) .00000 2.0000 1.0000
m achine28utilization .72788 (Insuf) .00000 2.0000 1.0000
craneutil ization .1285 .02597 .00000 1.0000 .00000

COUNTERS

Identifier C ount L im it

jobdo ne  80 Infinite

Sim ulation  run tim e: 0.00 m inutes. 
S im ulation  run com plete.

Experim ent
Begin;
Pro ject,E xisting  P lant, Jobshop; 

Begin;

V ariables: Batchsize,80:
P rocesstim e 1,240:
Processtim e3,240:
Processtim e5,90:
Processtim e8,60:
P ro cesstim el0 ,6 0 :
P ro cesstim el 1,120:
P ro cesstim el2 ,4 80 :
Processtim e 14,240:
P ro cesstim el5 ,1 20 :
P ro cesstim el6 ,1 20 :
P rocesstim e 18,0:
P ro cesstim e l9 ,I2 0 :
Processtim e22,150:
P rocesstim e24 ,I80 :
Processtim e26,60:
Processtim e28,60:
Paintw aiting7,30:
P a in tw a iting 20 ,1080:
Paintw aiting27,480:
P a in tw a iting 29 ,1440:

crâneuse 1,0: 
craneuse3,0: 
craneuse5,0: 
craneuse8,0: 
crâneuse 12,0: 
crâneuse 16,0: 
c râneuse 19,0: 
craneuse22,0: 
craneuse24,0:

cuttingpart,0:
sandblastingpart,0:
paintingpart.O :
m achim ngpart,0 :
fitupareapart,0:
w eldingare  apart,0:
pain tingareapart,0:
sto rageareapart,0 :



num ber:
w orkingm inutes,480:
idlem inutes,960;

A ttributes: process3done,0:
process20done,0:
process22done,0:

tim ein:
tim eq l:
tim eq3:
tim eq5:
tim eq8:
tim eqlO :
tim eq l 1:
tim eq l 2:
tim eqM :
tim eq l 5:
tim eq l 6:
tim eq l 8:
tim eq l 9:
tim eq22:
tim eq24:
tim eq26:
tim eq28:

tim ecraneq l:
tim ecraneq5:
tim ecraneq8:
tim ecraneq l 2:
tim ecraneq lô :
tim ecraneq22:
tim ecraneq l 9:
tim ecraneq24:
tim ecraneq3:

tim escan q l:
tim escanq3:
tim escanq5:
tim escanq8:
tim escan q l2 :
tim escan q lô :
tim escan q l9 :
tim escanq22:
tim escanq24;

Q ueues: l ,p ro cessq u eu e l:
2 , processqueue3:
3 , processqueue5:
4 , processqueue8:
5 , processqueuelO :
6 , p ro ce ssq u e u e ll:
7 , p ro cessqueue l2 :
8 , p ro cessqueuel4 :
9 , p ro cessqueue l5 :
10, p ro cessqueuel6 :
11, p ro cessqueuel8 :
12, p ro cessqueuel9 :
13, processqueue22:
!4 ,processqueue24:
15, processqueue26:
16, processqueue28:

17, c ran eq l:
18, craneq5:
19, craneq8:
20 , c ran eq l2 :
21 , c ran eq l6 :
22 , craneq22:



23 , c ran eq l9 :
24 , craneq24:
25 , craneq3:
26 , scanq8:
27 , scanq I2 :
28 , scan q l6 :
29 , scanq l9 :
30 , scanq22:
31 , scanq24: 
scanqO: 
sca n q l: 
scanq3: 
scanq5:

p reem p tq l: 
preem ptq3: 
preem ptq5: 
preem ptq8: 
preem ptqlO : 
p reem ptq l 1: 
p reem p tq l 2: 
preem ptq l 4: 
p reem ptq l 5: 
p reem ptq l 6: 
p reem ptq l 8: 
p reem ptq l 9: 
preem ptq22: 
preem ptq24: 
[5reemptq26: 
preem ptq28;

R esources: 1,m achine 1,1:
2 , m ach ine3 ,l:
3 , m ach ine5 ,l:
4 , m ach ine8 ,l:
5 , m ach ine l0 ,4 :
6 , m ac h in e ll ,4 :
7 , m ach ine l2 ,4 :
8 , m ach ine l4 ,4 :
9 , m ach ine l5 ,4 :
10, m ach ine l6 ,4 :
11, m achine 18,4:
12, m ach ine l9 ,4 :
13, m achine22,4:
14, m achine24,4:
15, m achine26,4:
16, m achine28,4;

S tations: l.cu ttingarea:
2 , m achiningarea:
3 , fituparea:
4 , w eldingarea:
5, pain tingarea:
6 , sandblastingroom :
7, storagearea;

T ransporters: 11crane,2 ,1 ,1 .5 , cuttingarea-A cti ve .cuttingarea- A ctive;

D istances: 1, cuttingarea-m achiningarea-45, 
cuttingarea-fituparea-60, 
cuttingarea-w eldingarea-67, 
cuttingarea-paintingarea-75 , 
cuttingarea-sandblastingroom -30, 
cuttingarea-sto ragearea-97 ,

m achiningarea-cuttingarea-22, 
m achin ingarea-fituparea-15, 
m achiningarea-w eldingarea-52, 
m achin ingarea-pain tingarea-60 , 
m achiningarea-sandblastingroom -82,



machiningarea-storagearea-82,
fituparea-cuttingarea-60,
fituparea-m achiningarea-7,
fituparea-w eldingarea-l 5,
fituparea-paintingarea-15,
fituparea-sandblastingroom -37,
fituparea-storagearea-37,

w eldingarea-cuttingarea-67,
w eldingarea-m achiningarea-52,
w eldingarea-fituparea-7 ,
w eldingarea-paintingarea-l 5,
w eldingarea-sandblastingroom -22 ,
w eldingarea-storagearea-45,

pain tingarea-cuttingarea-75 , 
pain tingarea-m achiningarea-60 , 
pa in tingarea-fituparea-l 5, 
|3aintingarea-w eldingarea-l 5, 
pain tingarea-sandblastingroom -22 , 
pain tingarea-storagearea-45,

sandblastingroom -cuttingarea-30,
sandblastingroom -m achin ingarea-82,
sandbIastingroom -fituparea-37 ,
sandblastingroom -w eldingarea-30 ,
sandblastingroom -paintingarea-22 ,
sandblastingroom -storagearea-O ,

sto ragearea-cuttingarea-97 , 
sto ragearea-m achiningarea-82 , 
storagearea-fituparea-3 7, 
storagearea-w el di ngarea-3 0, 
sto ragearea-pain tingarea-22, 
sto ragearea-sandblastingroom -O ;

C ounters Jobdone;

tallies: 1, avgflow tim e:
2 ,cycletim e:
overallid letim e:
actualavgflow tim e:
id le tim eq l:
idletim eq3:
idletim eq5:
idletim eq8:
idletim eqlO :
id le tim eq l 1:
id le tim eq l2 :
id le tim eq U :
id le tim eq l 5:
id le tim eq l 6:
id le tim eq l8 :
id le tim eq l9 :
idletim eq22:
idletim eq24:
idletim eq26:
idletim eq28:

id le tim ecraneq l: 
idletim ecraneq5: 
idletim ecraneq8: 
id le tim ecraneq l 2: 
id le tim ecraneq l 6: 
idletim ecraneq22: 
id le tim ecraneq l 9: 
idletim ecraneq24: 
idletim ecraneq3:
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id le tim escanq l:
idletim escanq3:
idletim escanqS:
idletim escanq8:
id le tim escanq l2 :
id le tim escanq lô :
id le tim escanq l9 :
idletim escanq22:
idletim escanq24;

dstats:n r(m achine I ),m achine 1 util ization:
nr(m achine3),m achine3utilization:
nr(m achine5),m achine5utilization:
nr(m achine8),m achine8utilization:
nr(m achinelO ),m achinelO utilization :
m fm ach in e l l fm a c h in e l  1 utilization:
nr(m achine 12),m achine 12utilization:
nr(m achine 14), m achine 14util ization:
n r(m ach in e l5 ),m ach in e l5u tiliza tio n :
nr(m achine 16), m achine 16utilization:
nr(m achine 18),m achine 18utilization:
n r(m ach in e l9 ),m ach in e l9u tiliza tio n :
nr(m achine22),m achine22utilization :
nr(m achine24),m achine24utilization :
nr(m achine26),m achine26utilization :
nr(m achine28),m achine28utilization :
n t(crane),craneutilization;

R eplicate, 1,0,75850;

M odel
Begin;

create,batchsize;

queue, scanqO; 
scan:cu ttingpart<8 ; 
sta tion ,cuttingarea;

B ranch, 1:
if, p ro c e s s 3 d o n e = l,P ro 5 :  
if, p ro cess3do ne= = 0 ,P ro l;

P ro l assign :cu ttin gpart= cu tting part+ l;
queue,processqueue 1 :m ark(tim eq 1 );

tally  : idletim eq 1 ,int(tim eq 1 ); 
tally  :o veral 1 idietim e, int(t I m eq 1 ) ;

se ize :m ach in e l :m ark(tim ein);

tally  : idletim eq 1 ,in t(tim eq 1 ); 
ta lly :overa l!id ie tim e,in t(tim eql);

D e lay :p rocesstim el;
R e lease :m ach ine l;

queue, scanq l :m ark(tim escanql);
scan:sandblastingp£irt< l .A N D .N T(crane)<2.A N D .craneuse 1 <=0;

ta lly :id le tim escan q l,in t(tim escan q l); 
tally  :overallid letin ie ,in t(tim escanq 1 );

a ss ig n :c ran eu se l= l;

q u eue ,craneq l :m ark (tim ecraneq l); 
request: crane(SD S) ;



ta llyndletim ecraneq 1 ,in t(tim ecraneql ); 
talIy:overallidietim e,int(tim ecraneq 1 );

assign :cuttingpart= cu ttingpart-l ; 
transport:crane,sandblastingroom ;

freex ran e; 
assign:craneuse3=0; 
assign :pain tingpart=pain tingpart+ I ; 
queue,processqueue5:m ark(tim eq5); 
seize:m achine5;

tally:id letim eq5,int(tim eq5);
tally:overaIlidietim e,int(tim eq5);

D elay:processtim e5;
Release:m achine5;

queue, scanq5: m ark(tim escanq5);
scan: m achiningpart<4 .AND. N T (crane)< = l .AND. craneuse5<=0;

ta!ly:idletim escanq5,int(tim escanq5);
tally:overalIidletim e,int(tim escanq5);

assign: c ran euse5= l;
queue, craneq5:m ark(tim ecraneq5);
requestx ran e(S D S );

tally :id le tim ecraneq5 ,in t(tim ecraneq5);
tally :overallid Ietim e,int(tim ecraneq5),

assign :pain tingpart= pain tingpart-l;
transportx rane .m achm ingarea;

sta tion ,m achiningarea;

fre ex ran e;
assign:craneuse5=0;
assign :m achin ingpart= m achin ingpart+ l;

D elay :paintw aiting7;

queue,processqueue8:m ark(tim eq8); 
seize:m achine8;

tally :id letim eq8 ,in t(tim eq8);
tally:overallid ietim e,int(tim eq8);

D eIay:processtim e8;
R elease:m achine8;

queue,scanq8:m ark(tim escanq8);
scan:fitupareapart<4.A N D .N T (crane)<2.A N D .craneuse8<=0;

tally :id le tim escanq8,in t(tim escanq8);
talIy:overaIlid letim e,in t(tim escanq8),

assign :cran euse8= l;
queue,craneq8:m ark(tim ecraneq8);
requestx rane(S D S );

tally :id le tim ecraneq8 ,in t(tim ecraneq8);
tally :overallid le tim e,in t(tim ecraneq8);

assign :m achin ingpart= m achin ingpart-l;
transport:crane,fituparea;
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queue, processqueue 14:m ark(tim eq 14); 
se ize :m ach in e l4 ;

tally  :idletim eq 14,in t(tim eq 14); 
tally :overa llid ie tim e,in t(tim eq l4);

D elay  :processtim e 14;
R elease :m ach ine l4 ;

queue,processqueue 15 :m ark(tim eq 15); 
se ize :m ach ineI5 ;

ta lly :id le tim eq l5 ,in t(tim eq l5 );
tally :overallid ie tim e,in t(tim eq l5);

D elay :p rocesstim el5 ;
R elease :m ach ine l5 ;

queue,processqueue 16:m ark(tim eq 16); 
se ize :m ach in e l6 ;

tally  :idletim eq 16,in t(tim eq 16); 
tally :overa llid le tim e,in t(tim eq l6);

D elay :p rocesstim el6 ;
R elease:m ach ineI6 ;

queue, scanq 16:m ark(tim escanq 16);
scan :pam tingareapart< 4 .A N D .N T (crane)< 2 .A N D xraneusel6< = O .A N D xraneuse22< = 0;

tally  : idletim escanq 16,in t(tim escanq 16); 
tally :overa llid le tim e,in t(tim escanql6 );

a ssign xraneu se  16=1 ;
queue,craneq 16:m ark(tim ecraneq 16);

requestx rane(S D S );

ta lly :id le tim ecran eq l6 ,in t(tim ecraneq l6 );
tally :overallid le tim e,in t(tim ecraneq l6 );

assign :w eld ingareapart= w eld ingareapart-1 ;

transportx rane .pa in tingarea;

Pro22 assign :cran euse l9 = 0;

M C 22 queue,processqueue22:m ark(tim eq22);
seize:m achine22;

tally  : idletim eq22, int(tim eq22) ; 
tally:overaH idietim e,m t(tim eq22);

D elay:processtim e22;
R elease:m achine22;

assign :process22done= l ;

queue,scanq22:m ark(tim escanq22);
scan:pain tingareapart< 4 .A N D .N T (crane)< 2 .A N D xraneuse22< = 0 ;

tally :id le tim escanq22,m t(tim escanq22);
tally:overaH idletim e,int(tim escanq22);

assign :craneuse22= l ;

queue,craneq22:m ark(tim ecraneq22); 
requestx rane(S D S );

tally :id le tim ecraneq22,in t(tim ecraneq22);
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tally:overaIlid letim e,in t(tim ecraneq22);

assign :w eld ingareapart= w eld ingareapart-l;

transport:crane,pain tingarea;

station , pain tingarea;

free: crane;

assign :pa in tingareapart= pain tingareapart+ l;

Branch, 1:
if, p ro c e ss2 2 d o n e = 0 ,P ro l8 :  
if, p ro c e s s2 2 d o n e = l,P ro 2 4 ;

Pro 18 assign :cran euse l6 = 0;

M C I 8 queue,processqueue 18 :m ark(tim eq 18);
se ize :m ach in e l8 ;

tally: idletim eq 18,in t(tim eq 18); 
tally :overa llid ie tim e,in t(tim eq l8);

D elay :processtim e 18;
R elease :m ach ine l8 ;

q u eu e ,p rocessq ueuel9 :m ark (tim eq l9 );
se ize :m ach in el9 ;

tally ùd letim eq 19,in t(tim eq 19); 
ta lly :overa llid ie tim e,in t(tim eq l9);

D elay :processtim e 19;
R elease :m ach ine l9 ;

D elay:paintw aiting20;

assign :process20done= l ;

queue, scanq 19:m ark(tim escanq 19);
scan:\veld ingareapart< 4 .A N D .N T (crane)< 2.A N D .craneusel9< = 0 ;

tally  :idletim escanq 19, in t(tim escanq l9 ); 
tally  :overalIid letim e,in t(tim escanq 19);

a ss ig n :c ran eu se l9 = l;

queue,craneq 19 :m ark(tim ecraneq 19); 
request: crane(SD S);

tally  :idletim ecraneq 19 ,in t(tim ecraneq 19); 
ta lly :overaU id letim e,in t(tim ecraneq l9);

assign :pa in tingareapart= pain tingareapart-l;

transport:crane,w eldingarea;

Pro24 assign :craneuse22= 0;

M C 24 queue,processqueue24:m ark(tim eq24);
seize:m achine24;

ta lly :id le tim eq24,in t(tim eq24);
taIly :overallid ietim e,in t(tim eq24);

D elay :processtim e24; 
R elease:m achine24;

queue, scanq24:m ark(tim escanq24);



scan:sto rageareapart<4 .A N D .N T (crane)< 2.A N D .craneuse24<=0;

tally :idletim escanq24,int(tim escanq24); 
tally :overallid le tim e,in t(tim escanq24);

assign :craneuse24= l ;

queue,craneq24:m ark(tim ecraneq24); 
requestx rane(S D S );

tally :id le tim ecraneq24,in t(tim ecraneq24);
tally :overallid le tim e,in t(tim ecraneq24);

assign :pain tingareapart= pain tingareapart-1 ; 
transportx rane .sto ragearea;

station ,sandblastingroom ;

free: crane; 
assign :cran euse l= 0; 
assign :sandblastingpart= l ;

queue,processqueue3:m ark(tim eq3); 
seize:m achine3;

tally :id letim eq3 ,in t(tim eq3); 
tally  :overallidietim e,int(tim eq3);

D elay :processtim e3;
Release:m achine3;

assign :process3done= l ;

queue, scanq3:m ark(tim escanq3); 
scan:pain tingpart<4.A N D .N T(crane)<2.A N D .craneuse3<=0;

tally :id le tim escanq3,in t(tim escanq3); 
tally  :overallidletim e,int(tim escanq3);

assign :craneuse3= l ;

queue,craneq3:m ark(tim ecraneq3); 
requestx rane(S D S );

tally :id le tim ecraneq3 ,in t(tim ecraneq3);
tally :overallid le tim e,in t(tim ecraneq3);

assign :sandblastingpart=0;
transportx rane .cu ttingarea ;

station ,storagearea; 

ffe ex ran e;

assign :craneuse24= 0; 
assign :sto rageareapart= sto rageareapart+ l ;

queue,processqueue26:m ark(tim eq26); 
seize:m achine26;

tally :id le tim eq26,in t(tim eq26);
tally :overallid le tim e,in t(tim eq26);

D elay:processtim e26;
R elease : m achine26 ;

D elay:paintw aiting27;
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queue, processqueue28:m ark(tim eq28); 
seize:m achine28;

tally :id le tim eq28,in t(tim eq28);
tally :overallid ietim e,in t(tim eq28);
D elay:processtim e28;
R elease:m achine28;

D elay:paintw aiting29;

assign :sto rageareapart= sto rageareapart-1 ;

talIy:avgflow tim e,in t(tim ein);
tally :cycletim e,B ET ;
tally :ac tualavgflow tim e,in t(tim eql);

co u n tjo b d o n c ;
dispose;

c rea te ,! ;

C H EC K  1
scan:pain tingareapart>= 4.A N D .nq(scanq24)<=0.A N D .nr(m achine24)<=0.A N D .nq(processqueue24)< =0.A N D .w eidingar 

eapart>=4. A N D .nq(scanq 19)> = 4.A N D .nq(scanql 6)+ nq(scanq22)>=4; 
branch, 1 :

if,n q (sc an q 2 2 )= 0 ,p ic k  16: 
if,nq(scanq22)> =0,pick22;

pick 16 delay:20;
d u p lica te :l,A A ;

p ic k u p :sc a n q l6 ,l,l ;
dropoff, 1,1 :M C 18:next(C H E C K  1 );

A A  p ic k u p :sc a n q l9 ,l,l ;
dropoff, บ : M C22; 
dispose,

pick22 delay:20;
duplicate: 1,BB;

p ick u p :sca n q 2 2 ,l,l;
dropoff, 1,1: M C 24:next(C H E C K  1 );

BB p ic k u p :s c a n q l9 ,l ,l ;
dropoff, 1,1:M C22; 
d ispose;

c rea te ,1;
fa ill D elay:w orkingm inutes; 

q u eue .p reem ptq l; 
p reem p t:m achin el ; 
D elay 'id lem inu tes; 
R elease :m ach ine l :next(fail 1 );

c reate , 1;
fail3 D elay:w orkingm inutes; 

queue,preem ptq3; 
preem pt: m achine3; 
D elay:idlem inutes; 
R elease:m achine3:next(fail3 );

create, 1;
fail5 D elay:w orkingm inutes;

queue,preem ptq5; 
preem pt:m achine5 ;
D elay .idlem inutes;



Release:m achine5:next(fail5); 

create, 1;
fail8 D elayiw oricingm inutes;

queue,preem ptq8; 
preem pt:m achine8; 
D elayiidlem inutes, 
Release:m achine8:next(fail8);

c rea te ,! ;failio D elay:w orkingm inutes;
queue,preem ptqlO ; 
preem pt:m achine 10; 
D elay.idlem inutes; 
Release:m achine 10:next(fail 10);

c rea te ,1;
f a i l l i  D elay:w orkingm inutes;

queue ,preem ptq l 1; 
p reem pt:m achinel 1 ; 
D elay.idlem inutes; 
R elease:m ach inel l:n ex t(fa ill 1);

create, 1;
fail 12 D elay:w orkingm inutes;

queue, p reem p tq l2 ; 
preem pt:m achine 12; 
D elay.idlem inutes; 
R elease:m achinel2:next(fa iI12);

create, 1;
fa il l4  D eIay:w orkingm inutes;

queue,preem ptqM , 
preem pt: m achine 14; 
D elayiidlem inutes; 
R e lease :m ach ine l4 :n ex t(fa ill4 );

create, 1;
fail 15 D elay:w orkingm inutes;

queue,preem ptq l 5; 
preem pt:m achine 15 ; 
D elay.idlem inutes; 
R elease:m ach inel 5:next(fail 15);

create, 1;
fail 16 D elay:w orkingm inutes;

queue ,p reem ptq l6 ; 
preem pt:m achine 16; 
D elay.idlem inutes; 
R e lease :m ach ine l6 :n ex t(fa ill6 );

c rea te ,1;
fa il l8  D elay:w orkingm inutes;

queue ,p reem ptq l8 ; 
preem pt:m achine 18; 
D elay.idlem inutes; 
R elease:m ach inel 8:next(fail 18);

create, 1;
fail 19 D elay:w orkingm inutes;

queue ,p reem ptq l9 ; 
preem pt: m ach ine l9 ; 
D elay.idlem inutes; 
R e lease :m ach ine l9 :n ex t(fa ill9 );

c rea te ,1;
fail22 D elay:w orkingm inutes;

queue,preem ptq22; 
preem pt:m achine22; 
D elay:idlem inutes; 
R elease:m achine22:next(fail22);



create, 1;
fail24 D elay:w orkingm inutes;

queue,preem ptq24; 
preem pt: m ach ine24 ; 
D elay 'id lem inutes;
R elease : m ach ine24 :next(fai 124) ;

create, 1;
fai!26 D elay:w orkingm inutes;

queue,preem ptq26; 
preem pt: m achine26 ; 
D elay .id lem inutes; 
R elease:m achine26:next(fa il26);

create, 1;
fail28 D e!ay:w orkingm inutes;

queue,preem ptq28; 
preem pt:m achine28; 
D elay .id lem inutes; 
R elease:m achine28:next(fa il28);

End;



Appendix B
Process layout plant’s simulation program

A R EN A  Sim ulation  Results 

Sum m ary for R eplication 1 o f  1

Pro ject:N ew  L ayout Run execu tion  date  : 8/15/2004
A nalystrProcess L ayout M odel revision  date: 8/15/2004

Repl ication ended at tim e : 28174 .0

T A L L Y  V A R IA B L E S

Identifier A verage H a lf W idth M inim um  M axim um  O bservations

avgflow tim e 10054. (Insuf) 5590.0 15364. 80
cycletim e 285.87 (Insuf) 24.000 3226.6 79
overallid le tim e 130.26 (C orr) .00000 4224.6 2616
idletim eql 1087.4 (Insuf) .00000 1200.0 80
idletim eq3 1.2833 (Insuf) .00000 34.666 80
idletim eq5 .00000 (Insuf) .00000 .00000 80
idletim eq8 .00000 (Insuf) .00000 .00000 80
idletim eq9 .00000 (Insuf) .00000 .00000 80
id letim eq l 1 .00000 (Insuf) .00000 .00000 80
id letim eq l 2 .00000 (Insuf) .00000 .00000 80
id letim eq l 3 .00000 (Insuf) .00000 .00000 80
id letim eq l 4 .00000 (Insuf) .00000 .00000 80
id le tim eq l 5 .00000 (Insuf) .00000 .00000 80
id letim eq l 7 .00000 (Insuf) .00000 .00000 80
idletim eq20 .00000 (Insuf) .00000 .00000 80
idletim eq22 .00000 (Insuf) .00000 .00000 80
idletim eq24 .00000 (Insuf) .00000 .00000 80
idletim eq26 .00000 (Insuf) .00000 .00000 80
idletim ecraneq2 8.1500 (Insuf) .00000 39.333 80
idletim ecraneq4 5.3833 (Insuf) .00000 27.333 80
idletim ecraneq7 6.3416 (Insuf) .00000 22.666 80
id le tim ecran eq io 8.6166 (Insuf) .00000 30 .000 80
id le tim ecran eq lô 12.726 (Insuf) .00000 35.333 78
id le tim ecran eq l9 11.063 (Insuf) .00000 26.000 74
idletim ecraneq21 9.7807 (Insuf) .00000 40.666 76
idletim ecraneq23 7.1500 (Insuf) .00000 17.333 80
idletim ecraneq27 11.125 (Insuf) .00000 17.333 80
id le tim escanq i 9.1666 (Insuf) .00000 53.333 80
idletim escanq4 72.741 (Insuf) .00000 1947.3 80
idletim escanq7 441.92 (Insuf) .00000 4064.0 80
id le tim escanq io 1039.5 (Insuf) .00000 4224.6 80
id letim escanq i 6 781.93 (Insuf) .00000 3097.3 78
id le tim escanq l9 744.19 (Insuf) .00000 3051.3 74
idletim escanq2I 78.798 (Insuf) .00000 765.33 76
idletim escanq23 1.6833 (Insuf) .00000 31.333 80
idletim escanq27 1.5166 (Insuf) .00000 32.000 80

D ISC R E T E -C H A N G E  V A R IA B L E S

Identifier A verage H a lfW id th M inim um M axim um Final V alue

m achine 1 utilization 1.3407 (Insuf) .00000 2.0000 1.0000
m achine3 utilization 1.3407 (Insuf) .00000 3.0000 1.0000
m achine5uti!ization .91482 (Insuf) .00000 3.0000 1.0000
m achine8utilization .82963 (Insuf) .00000 3.0000 1.0000
m achine9utilization .82963 (Insuf) .00000 3.0000 1.0000
m achine l lu tiliza tion 1.0000 (Insuf) .00000 4.0000 1.0000
m achine l2u tiliza tion 2.0222 (Insuf) .00000 7.0000 1.0000



m achine 13utilization 1.3407 (Insuf) .00000 5.0000 1 .๓ 00
m achine 14util ization 1.0000 (Insuf) .00000 3 .0 0 ๓ 1 .๓ 0 0
m achine 15util ization 1.0000 (Insuf) .00000 3 .0 ๓ 0 1 .๓ 0 0
m achine 17util ization 1.0000 (Insuf) .00000 5 .0 0 ๓ 1.0000
m achine20util ization 1.0851 (Insuf) .00000 6 .0 0 ๓ 1 .๓ ๓
m achine22utilization 1.1703 (Insuf) .00000 5 .0 0 ๓ 1.๓ 0 0
m achine24utilization .82963 (Insuf) .00000 3.0000 1 .๓ 0 0
m achine26utilization .82963 (Insuf) .00000 3 .0 0 ๓ 1 .๓ ๓
craneutilization .2587 (C orr) .00000 1 .00 ๓ .0 0 ๓ 0

C O U N TE R S

Identifier C ount L im it

jo b d o n e  80 Infinite

Sim ulation  run tim e: 0 .00  m inutes. 
S im ulation  run com plete.

E xperim ent
Begin;

Project, N ew  L ayout, P rocess Layout;

V ariables: batchsize, 80:
processtim e 1,240:
processtim e3,240:
processtim e5,90:
processtim e8,60:
processtim e9,60:
processtim e 11,120:
processtim e 12,480:
p ro cesstim el3 ,240 :
processtim e 14,120:
p ro cesstim el5 ,120 :
p ro cesstim el7 ,120 :
processtim e20,150:
processtim e22,180:
processtim e24,60:
processtim e26,60:

pain tw aiting6,60: 
pain tw aiting  18,1080: 
pain tw aiting25,480: 
pa in tw a itin g28 ,1440:

craneuse2: 
craneuse4: 
craneuse7,0: 
crâneuse 10,0: 
crâneuse 16,0: 
crâneuse 19,0: 
craneuse21,0: 
craneuse23,0: 
craneuse27,0:

euttingpart,0:
sandblastingpart,0:
pa in tingpait,0 :
preconstructpart,0  : 
w eldingareapart,0 : 
pain tingareapart,0: 
flnฟpalntingpart,0: 
Storaigeareapart,0:

w orkingm inutes,480 :



idleminutes,960;
A ttributes: process3done,0:

process 17done,0: 
process20done,0:

timein:
t im eq l:
tim eq3:
tim eqS:
tim eq8:
tim eq9:
tim eq l 1:
tim eq l 2:
tim eq l 3:
tim eq l 4:
tim eq l ร:
tim eq l7 :
tim eq20:
tim eq22:
tim eq24:
tim eq26:

tim ecraneq2:
tim ecraneq4:
tim ecraneq7:
tim ecraneqlO :
tim ecraneq lô :
tim ecraneq l9 :
tim ecraneq21:
tim ecraneq23:
tim ecraneq27:

tim escanq2:
tim escanq4:
tim escanq7:
tim escanqlO :
tim escan q l6 :
tim escan q l9 :
tim escanq21:
tim escanq23:
tim escanq27;

Q ueues: l,p ro cessq u eu e l:
2 , processqueue3:
3 , processqueue5:
4 , processqueue8:
5 , processqueue9:
6 , p ro ce ssq u e u e ll:
7, p ro cessqueue l2 :
8, p rocessqueueI3 :
9 , processqueueI4 :
10, p ro cessqueue l5 : 
U ,p ro cessq u eu e l7 :
12, processqueue20:
13, processqueue22:
14, processqueue24:
15, processqueue26:

16, craneq2:
17, craneq4:
18, craneq7:
19, c ran eq l0 :
20 , c ran eq l6 :
21 , c ran eq l9 :
22 , craneq21:
23 , craneq23:
24 , craneq27:



25 , scanq7:
26 , scanq l0 :
27 , scanq l6 :
28 , scanq l9 :
29 , scanq21:
30 , scanq23:
31 , scanq27:

32 , preem ptq l:
33 , preem ptq3:
34 , preem ptq5:
35 , preem ptq8:
36 , preem ptq9:
37 , p reem ptql 1
38 , p reem p tq l2
39 , p reem p tq l3
40 , p reem p tq l4
41 , p reem p tq l5
4 2 , |5reem ptql7
43 , |jreem ptq20
44 , preem ptq22
45 , preem jjtq24
46 , !3reemptq26

100, scanq2:
101, scanq4:
102, scanq0;

Resources: l ,m ach in e l,2 :
2 , m achine3,3:
3 , m achine5,8:
4 , m achine8,8:
5 , m achine9,8:
6 , m achine 11,8:
7 , m achine l2 ,8 :
8 , m achine l3 ,8 :
9 , m achine l4 ,8 :
10, m achine l5 ,8 :
11, m achinel7 ,8 :
12, m achine20,8:
13, m achine22,8:
14, m achine24,8:
15, m achine26,8;

Stations: l,cu ttingarea:
2,sandbl astingroom  :
3 .preconstructarea:
4 , w eldingarea:
5 , paintingarea:
6 , finalpaintingarea:
7 , storagearea;

T  ransporters: 1 .crane,2 ,111.5,cuttingarea-active,cuttingarea-active;

D istances: 1, cuttingarea-sandblastingroom -15,
cuttingarea-preconstructarea-45, 
cuttingarea-w eldingarea-9 , 
cuttingarea-paintingarea-13, 
cuttingarea-finalpam tingarea-26, 
cuttingarea-storagearea-34,

sandblastingroom -cu ttingarea-15,
sandblastingroom -preconstructarea-4,
sandblastingroom -w eldingarea-9,
sandblastingroom -paintingarea-13,
sandblastingroom -finalpaintingarea-26,
sandblastingroom -storagearea-34,

preconstructarea-cuttingarea-4,



preconstructarea-sandblastingroom -4, 
preconstruc tarea-w eld ingarea-18, 
p reconstructarea-pain tingarea-10, 
preconstructarea-finalpain tingarea-22 , 
p reconstructarea-sto ragearea-311

w eldingarea-cuttingarea-9 , 
w eldingarea-sandblastingroom -9, 
w eldingarea-preconstructarea-5 , 
w eld ingarea-pain tingarea-18, 
w eld ingarea-finalpain tingarea-17, 
w eldingarea-storagearea-26,

pain tingarea-cu ttingarea-13, 
pain tingarea-sandb lastingroom -13, 
pain tingarea-preconstructarea-10, 
pain tingarea-w eld ingarea-18, 
pain tingarea-fm alpam tingarea-18, 
pa in tingarea-storagearea-21,

fm alpain tingarea-cuttingarea-26 , 
finalpain tingarea-sandblastingroom -26 , 
finalpain tingarea-preconstructarea-10, 
fm al|3aintingarea-w eldingarea-17, 
fm alpain tingarea-pain tingarea-13, 
findp ain ting area-sto ragearea-18,

sto ragearea-cuttingarea-34 , 
sto ragearea-sandblastingroom -34, 
sto ragearea-preconstn jc tarea-311 
sto ragearea-w eld ingarea-26, 
s to ragearea-pain tingarea-211 
sto ragearea-fina lpa in tingarca-18;

C ounters: I, jobdone;

tall ies: 11 avgflow tim e:
2 ,cycletim e: 
overallid letim e:

id le tim eq l:
idletim eq3:
idletim eq5:
idletim eq8:
idletim eq9:
id le tim eq l 1:
id le tim eq l2 :
id le tim eq l3 :
id le tim eqM :
id le tim eq l5 :
id le tim eq l 7:
idletim eq20:
idletim eq22:
idletim eq24:
idletim eq26:

idletim ecraneq2:
idletim ecraneq4:
idletim ecraneq7:
idletim ecraneqlO :
id le tim ecran eq lâ :
id le tim ecraneq l9 :
idletim ecraneq21:
idletim ecraneq23:
idletim ecraneq27:

idletim escanq2:
idletim escanq4:
idletim escanq7:
idletim escanqlO :
id le tim escanq lâ :
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id le tim escanqI9: 
idletim escanq21 : 
idletim escanq23: 
idletim escanq27;

dstals:n r(m achine 1 ),m achine 1 util ization:
nr(m achine3),m achine3utilization:
nr(m achine5),m achine5utilization:
nr(m achine8),m achine8utilization:
nr(m achine9),m achine9utilization:
nr(m achine 11),m achine 11 utilization:
nr(m ach in el2 ),m ach in el2u tilizatio n :
nr(m achine 13),m achine 13utilization:
n r(m ach in el4),m achin e  U t i l iz a t io n :
nr(m achine 15),m achine 15utilization:
nr(m achine 17),m achinel 7utilization:
nr(m achine20),m achine20utilization:
nr(m achine22),m achine22utilization:
nr(m achine24),m achine24utilization:
nr(m achine26),m achine26utilization:
nt(crane),craneutilization;

R ep lica te ,1,0,28174;

M odel
Begin;

create , batchsize;

queue,scanqO; 
scan:cu ttingpart<8 ; 
s ta tion , cuttingarea;

branch, 1 :
if, p ro c e s s 3 d o n e = l,  Pro5: 
if, p ro c e ss3 d o n e = 0 , Pro I;

P ro l assign :cu ttingpart= cu ttingpart+ l;
queue, p ro cessqueue l: m arlc(tim eql); 
seize: m achine I :marlc(timein);

tally  : idletim eq 1 ,int(tim eq 1 ); 
ta lly :overa llid ie tim e,in t(tim eq l);

delay: p ro cesstim el; 
release: m achine 1;

queue,scanq2:m ark(tim escanq2);
scan:sandblastingpart<3 .A N D .N T (crane)< 2.A N D .craneuse2<=0;

tally  :idletim escanq2, in t(tim escanq2); 
tally :overallid le tim e,in t(tim escanq2).

a ssign :c ran euse2= l;

queue, craneq2: m ark(tim ecraneq2); 
request: crane(SD S);

tally :id le tim ecraneq2 ,in t(tim ecraneq2); 
tally  :overalIid letim e,in t(tim ecraneq2),

assign :cuttingpart= cu ttingp art-1 ;

transport: crane, sandblastingroom ;
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free: crane; 
assign :craneuse4=0; 
assign :pain tingpart= pain tingpart+ l ; 
queue, processqueue5: m ark(tim eqS); 
seize: m ach ines ;

tally :id le tim eq5 ,in t(tim eq5); 
tally  :o verall idletim e, int(tim eq5) ;

delay: processtim e5; 
release: m achines;

delay: pain tw aitingô;

queue, scanq7: m ark(tim escanq7);
scan: preconstructpart<8 .AND. N T (crane)< = l .AND. craneuse7<=0;

tally :id le tim escanq7,in t(tim escanq7);
taIIy :overallid letim e,in t(tim escanq7);

assign: c ran eu se7 = l;

queue, craneq7: m ark(tim ecraneq7); 
request: crane(SD S);

tally :id le tim ecraneq7 ,in t(tim ecraneq7);
ta lly :overallid le tim e,in t(tim ecraneq7),

assign :pa in tingpart= pain tingpart-l ;

transport: crane, preconstructarea;

station , sandblastingroom ;

free: crane; 
assign :craneuse2=0;
assign :sandblastingpart= sandblastingpart+ l;

queue, processqueue3: m ark(tim eq3); 
seize: m achine3;

tally :id le tim eq3 ,in t(tim eq3); 
tally  :overallidletim e,int(tim eq3);

delay: processtim e3; 
release: m achine3;

assign: p ro cess3 d o n e= l;

queue,scanq4:m ark(tim escanq4);
scan:pain tingpart<8.A N D .N T(crane)<2.A N D .craneuse4<=0;

ta lly :id le tim escanq4,in t(tim escanq4);
ta lly :overallid le tim e,in t(tim escanq4).

a ssign :c ran euse4= l;

queue, craneq4: m ark(tim ecraneq4); 
request: crane(SD S);

tally :id le tim ecraneq4 ,in t(tim ecraneq4); 
tally  :overallidletim e,int(tim ecraneq4);

assign :sandblastingpart= sandblastingpart-l; 
transport: crane, cuttingarea;

sta tion , preconstructarea;

free: crane; 
assign: craneuse7=0;
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assign: preconstn ic tpart= preconstn jc tpart+ 1 ;

queue, processqueue8: m ark(tim eq8); 
seize: m achine8;

ta!ly:idletim eq8,in t(tim eq8);
tally:overallid letim e,int(tim eq8);

delay: processtim e8; 
release: m achine8;

queue, processqueue9: m ark(tim eq9); 
seize: machine!?;

tally :id le tim eq9 ,in t(tim eq9); 
tally  :overallidietim e,int(tim eq9);

delay: processtim e9; 
release: m achine9;

queue, scanq lO : m ark(tim escanqlO );
scan: w eldingareapart<8 .AND. N T (crane)< = l .AND. crâneuse 10<=0;

tally  : idletim escanq 10,in t(tim escanq 10); 
tally:overaH idletim e,int(tim escanqlO );

assign: c ran euse lO = l;

queue, craneqlO : m ark(tim ecraneqlO ); 
request: crane(SD S);

tally  ùdletim ecraneq 10,in t(tim ecraneq 10); 
tally:overallid letim e,int(tim ecraneq lO );

assign: p reconstructpart= preconstructpart-l ; 

transport: crane, w eldingarea; 

sta tion , w eldingarea; 

free: crane;

assign: w eld ingareapart= w eld ingareapart+ l; 

branch, 1:
if, process 17 d o n e = 0 , Pro 11 : 
if, process 1 7 d o n e = l ,  Pro20;

Pro 11 assign: crâneuse 10=0;

queue, processqueuel 1: m ark (tim eq l 1); 
seize: m achine 11;

tally: id le tim eq l l ,in t( tim eq l 1); 
tally  :overallid letim e,in t(tim eql 1);

delay: p rocesstim e 11; 
release: m a c h in e ll ;

queue, p ro cessq u eu e l2: m ark (tim eq l2 ); 
seize: m achine 12;

tallyüd le tim eq  12,in t(tim eq 12); 
tally  :overallid letim e,in t(tim eq 12);

delay: processtim e 12; 
release: m achine 12;

queue, p ro cessqueue l3 : m ark (tim eq l3); 
seize: m ach in e l3 ;
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ta lly :id le tim eq l3 ,in t(tim eq l3 );
tally :overallid ie tim e,in t(tim eq l3);

delay: p ro cesstim el3 ; 
release: m ach ine l3 ;

queue, p rocessqueueM : m ark (tim eq l4); 
seize: m achine 14;

tally: idletim eq 14,in t(tim eq 14); 
tally  :overallidletim e,int(tim eq 14);

delay: processtim e 14; 
release: m ach ine l4 ;

queue, p ro cessqueuel5 : m ark (tim eq l5); 
seize: m achine 15;

tally  üd letim eq 15,in t(tim eq 15); 
tally  :overallidletim e,int(tim eq 15);

delay: p ro cesstim el5 ; 
release: m achine 15;

queue, scan q lô : m ark (tim escanql6 );
scan: pain tingareapart< 8 .A N D . N T (crane)< = l .A N D . crâneuse 16<=0 .A N D . c ran euse l9 < = 0 ;

tally  : idletim escanq 16,in t(tim escanq 16); 
ta lly :overa!lid letin ie ,in t(tim escanq l6);

assign: c ra n e u se l6 = l;

queue, c ran eq lô : m ark (tim ecraneq l6); 
request: crane(SD S);

ta lly :id le tim ecran eq l6 ,in t(tim ecraneq l6 );
tally :overallid le tim e,in t(tim ecraneq l6 );

assign: w eldingareapart= w eld ingareapart-l; 
transport: crane, paintingarea;

P ro20 assign: c ran euse l9 = 0 ;

M C 20 queue, processqueue20: m ark(tim eq20);
seize: m ach ine io ;

tally :id le tim eq20,in t(tim eq20);
tally:overaH idietim e,int(tim eq20);

delay: processtim e20; 
release: m achine20;

assign: p ro cess20d one= l;

queue, scanq21: m ark(tim escanq21);
scan: pain tingareapart< 8 .A N D . N T (crane)< = l .AND. craneuse21< =0;

tally :id letim escanq21,in t(tim escanq21);
tally:overaIlidletim e,int(tim escanq21);

assign: c ran euse21= l;

queue, craneq21: m ark(tim ecraneq21); 
request: crane(SD S);

tally  :id letim ecraneq21 ,in t(tim ecraneq21 ); 
tally :overallid le tim e,in t(tim ecraneq21);

assign: w eld ingareapart= w eld ingareapart-l;



transport: crane, paintingarea; 

station , paintingarea; 

free: crane;

assign: pa in tingareapart= paintingareapart+1 ; 

branch, 1:
if, p ro ce ss2 0 d o n e = 0 , Pro 17: 
if, p ro c e s s 2 0 d o n e = l, Pro22;

P ro l7  assign: c ran eu se l6=0;

M C 17 queue, processqueue 17: m arkftim eq 17); 
seize: m ach ine l7 ;

tally :id le tim eql 7 ,in t(tim eql 7); 
tally  :overallidietim e,int(tim eq 17);

delay: processtim e 17; 
release: m ach ine l7 ;

delay: pa in tw aiting l8 ;

assign: process 17done=l;

queue, scan q l9 : m ark (tim escanql9 );
scan: w eldingareapart<8 .AND. N T (crane) .A N D . crâneuse 19<=0;

tally :id le tim escanq l9 ,in t(tim escanq l9 ); 
tally  :overall idletim e,in t(tim escanq 19);

assign: c ran eu se l9 = l;

queue, c ran eq l9 : m ark (tim ecraneq l9); 
request: crane(SD S);

ta lly :id le tim ecran eq l9 ,in t(tim ecraneq l9); 
tally  :overall idletim e,in t(tim ecraneq 19);

assign: pain tingareapart= paintingareapart-l ;

transport: crane, w eldingarea;

Pro22 assign: c ran euse21=0;

M C 22 queue, processqueue22: m ark(tim eq22);
seize: m achine22;

tally:id letim eq22,int(tim eq22);
tally:overallid ietim e,int(tim eq22);

delay: processtim e22; 
release: m achine22;

queue, scanq23: m ark(tim escanq23);
scan: finalpain tingpart<8 .AND. N T (crane)< = l .A N D . craneuse23< =0;

tally:id letim escanq23,in t(tim escanq23);
taIly:overalIid letim e,in t(tim escanq23);

assign: c ran euse23= l;

queue, craneq23: m ark(tim ecraneq23); 
request: crane(SD S);

tally:id letim ecraneq23,in t(tim ecraneq23);
tally:overallid letim e,int(tim ecraneq23);



assign: pain tingareapart= paintingareapart-l; 
transport: crane, finalpaintingarea;

station , finalpaintingarea;

free: crane; 
assign: craneuse23=0;
assign: finalpain tingpart= finalpain tingpart+ l;

queue, processqueue24: m ark(tim eq24); 
seize: m achine24;

tally:id letim eq24,int(tim eq24);
tally:overallid letim e,int(tim eq24);

delay: processtim e24; 
release: m achine24;

delay: pain tw aiting25;

queue, processqueue26: m ark(tim eq26); 
seize: m ach ine iô ;

tally  :idletim eq26,int(tim eq26); 
talIy:overaIlid ietim e,in t(tim eq26);

delay: processtim e26; 
release: m achine26;

queue, scanq27: m ark(tim escanq27);
scan: storageareapart< 24 .A N D . N T (crane)< = l .A N D . craneuse27< =0;

tally:id letim escanq27,in t(tim escanq27); 
tally  :overallidletim e,int(tim escanq27);

assign: c ran euse27= l;

queue, craneq27: m ark(tim ecraneq27); 
request: crane(SD S);

tally:id letim ecraneq27,in t(tim ecraneq27);
tally:overallid letim e,int(tim ecraneq27);

assign: finalpain tingpart= finalpain tingpart-l; 
transport: crane, storagearea;

station , storagearea;

free: crane;

assign: craneuse27=0;
assign: sto rageareapart= storageareapart+ l;

delay: pain tw aiting28;

assign: sto rageareapart= storageareapart-l ;

tally :avgflow tim e,in t(tim ein); 
tally:cycletim e,B ET ;

count: jobdone; 
dispose;

create , 1;
C h eck l scan: pain tingareapart> =8 .AND. nq(scanq23)<= 0 .A N D . nr(m achine22)< = 0 .A N D . nq (processqueue22)<= 0 .AND. 
w eld ingareapart> = 8  .A N D . nq (scanq l9 )> = 8  .AND. nq (scanq l6 )+ nq(scan q21 )> = 8 ; 

branch, 1:
if, n q (s c a n q 2 1 )= 0 , P ick l6 : 
if, nq(scanq21)>=0, Pick21;



pickup: s c a n q l6 , l ,l ;
d ro poff,1,1: M C17: nex t(C heck l);

AA pickup: scanq 19,1,1 ;
dropoff, 1,1: M C20; 
dispose;

Pick21 delay: 20;
duplicate: 1, BB;

pickup: s c a n q 2 1 ,l,l ;
dropoff, 1,1: M C22: nex t(C h eck l);

BB pickup: s c a n q l9 , l ,l ;
dropoff, 1,1: M C20; 
dispose;

create, 1;

fail 1 D elay :w orkingm inutes;
queue,preem ptq 1 ; 
preem pt:m achinel; 
D elay.idlem inutes; 
R elease:m achine 1 :next(fail 1 );

create, 1;
fail3 D elay:w orkingm inutes; 

queue,preem ptq3; 
preem pt:m achine3; 
D elay:idlem inutes; 
Release:m achine3:next(fail3);

create , 1;
fa ils D elay:w orkingm inutes;

queue,preem ptq5; 
preem pt:m achine5; 
D elay.idlem inutes; 
Release:m achine5:next(fail5);

create, 1;
fail8 D elay:w orkingm inutes;

queue,preem ptq8; 
preem pt:m achine8; 
D elay:idlem inutes; 
Release:m achine8:next(fail8);

create, 1;
fail9 D elay:w orkingm inutes;

queue,preem ptq9; 
preem pt:m achine9; 
D elay.idlem inutes, 
R e!ease:m achine9:next(fail9);

create, 1;
f a i l l i  D elay:w orkingm inutes;

q u eu e ,p re em p tq ll; 
preem pt:m achine 11 ; 
D elay.idlem inutes; 
Release:m achine 11 :next(fail 11);

create, 1;
fail 12 D elay:w orkingm inutes;

queue, p reem ptqI2 ; 
preem pt:m achinel2 ; 
D elay 'id lem inutes; 
R elease :m ach ine l2 :n ex t(fa ill2 );

Picklô delay: 20;duplicate: 1,AA;



create , 1;
fail 13 D elay :w orkingm inutes;

queue ,preem ptq l3 ; 
p reernp t:m achinel3 ; 
D elay.idlem inutes; 
R elease :m ach ine l3 :n ex t(fa ill3 );

create, 1;
fa i l l4  D elay:w orkingm inutes;

queue,preem ptqM ; 
p reem pt:m achinel4 ; 
D elay.idlem inutes; 
R elease :m ach ine l4 :n ex t(fa ill4 );

c rea te ,1;
fail 15 D elay:w orkingm inutes;

queue ,preem ptq l5 ;
preem pt:m achinel5 ;
D elay.idlem inutes;
R e lease :m ach ine l5 :n ex t(fa ill5 );

create, 1;
fa il l7  D elayiw orkingm inutes;

queue ,p reem ptq l7 ; 
preem pt:m achinel7 ; 
D elay;idlem inutes; 
R elease:m achine 17 :next(fail 17);

c rea te ,1;
fa il20  D elay:w orkingm inutes;

queue,preem ptq20; 
preem pt:m achine20; 
D elay:idlem inutes; 
R elease:m achine20:next(fail20);

create , 1;
fail22 D elay:w orkingm inutes;

queue, preem ptq22;
preem pt:m achine22;
D elay.idlem inutes;
R elease : m ach ine22 : next(fai 122);

c rea te ,1;
fail24 D elay:w orkingm inutes;

queue, preem ptq24; 
preem pt:m achine24; 
D eiayiidlem inutes; 
R elease:m achine24:next(fail24);

create, 1;
fa il26  D elay:w orkingm inutes;

queue,preem ptq26;
preem pt:m achine26;
D elay.idlem inutes;
R elease : m ach ine26 :next(fai 126) ;

End;



115
Appendix c

Modified Process layout plant’s simulation program

A R EN A  Sim ulation Results 
S um m ary for Replication 1 o f  1

Project:N ew  L ayout Run execution date : 8/23/2004
A nalyst:P rocess Layout M odel revision  date: 8/23/2004

R eplication ended at tim e : 30000.0

TA LLY  V A R IA B LES

Identifier A verage H a lfW id th  M inim um  M axim um  O bservations

avgflow tim e 9536.8 (Insuf) 6239.3 10848. 80
cycletim e 264.90 (Insuf) 45.333 1555.33 79
overallid letim e 111.69 (C o rr) .0 0 ๓ 0 2065.3 2640
idletim eql 420.91 (Insuf) .0 ๓ 0 0 12 ๓ .0 80
idletim eq3 .30000 (Insuf) .0 ๓ 0 0 14.666 80
idletim eq5 .0 0 0 ๓ (Insuf) .00000 .00000 80
idletim eq8 .๓ 0 0 0 (Insuf) .00000 .00000 80
idletim eq9 .00000 (Insuf) .00000 .00000 80
idletim eql 1 .0 0 ๓ 0 (Insuf) .0 0 ๓ 0 .00000 80
idletim eql 2 .0 0 ๓ 0 (Insuf) .0 0 ๓ 0 .00000 80
idle tim eq l3 .00000 (Insuf) .00000 .00000 80
idletim eq 14 .0 0 ๓ 0 (Insuf) .0 0 0 ๓ .0 ๓ 0 0 80
id letim eq l 5 .0 ๓ 0 0 (Insuf) .00000 .0 ๓ 0 0 80
idletim eq 17 .00000 (Insuf) .๓ 0 0 0 .0 0 0 ๓ 80
id!etim eq20 .0 0 ๓ 0 (Insuf) .๓ 0 ๓ .๓ 0 0 0 80
idletim eq22 .0 0 ๓ 0 (Insuf) .0 0 0 ๓ .0 ๓ ๓ 80
idletim eq24 .0 0 ๓ 0 (Insuf) .0 0 0 ๓ .0 ๓ ๓ 80
idletim eq26 .0 0 ๓ 0 (Insuf) .0 0 0 ๓ .๓ 0 ๓ 80
id!etim ecraneq2 112.25 (Insuf) .0 0 ๓ 0 277.33 80
idletim ecraneq4 133.52 (Insuf) .0 0 ๓ 0 286.00 80
idletim ecraneq7 137.98 (Insuf) .00000 270.66 80
id le tim ecran eq io 81.266 (Insuf) .๓ 0 0 0 205.33 80
idle tim ecraneq lô 52.908 (Insuf) .๓ ๓ 0 150.66 80
idle tim ecraneq l9 32.266 (Insuf) .๓ ๓ 0 110.66 80
idletim ecraneq21 79.575 (Insuf) .๓ ๓ 0 19 2 .๓ 80
idletim ecraneq23 65.050 (Insuf) .๓ 0 ๓ 172.00 80
idletim ecraneq27 42.916 (Insuf) .0 0 ๓ 0 75.333 80
id le tim escanq i 1116.8 (Insuf) .0 0 ๓ 0 2065.3 80
idletim escanq4 152.30 (Insuf) .0 0 ๓ 0 646.00 80
idletim escanq7 544.43 (Insuf) .00000 1426.0 80
id le tim escanq io 90.250 (Insuf) .0 ๓ 0 0 256.00 80
id le tim escanq lô 226.32 (Insuf) .๓ 0 0 0 846.00 80
id le tim escanq l9 3.3666 (Insuf) .0 ๓ 0 0 112.00 80
idletim escanq21 119.81 (Insuf) .0 0 0 ๓ 482.00 80
idletim escanq23 121.86 (Insuf) .0 ๓ 0 0 444.00 80
idletim escanq27 151.67 (Insuf) .๓ 0 0 0 504.66 80

D ISC R E T E-C H A N G E  V A R IA B L E S

Identifier A verage H a lf W idth M inim um  M axim um  Final V alue

m achine 1 utilization 1.3040 (Insuf) .00000 2.0000 1 .0 0 ๓
m achine3 utilization 1.3040 (Insuf) .0 ๓ 0 0 3 .0 ๓ 0 1 .0 0 ๓
m achine5utilization .9 0 4 ๓ (Insuf) .00000 3 .๓ 0 0 1 .0 0 ๓
m achine8utilization .82400 (Insuf) .๓ 0 0 0 3 .๓ 0 0 1 .0 0 ๓
m achine9uti!ization .82400 (Insuf) .0 ๓ 0 0 3 .๓ 0 0 1 .0 0 ๓
m achine l lu tiliza tion .9 8 4 ๓ (Insuf) .0 ๓ 0 0 3.0000 1 .๓ ๓
m achine 12utilization 1.9440 (Insuf) .0 ๓ 0 0 5.0000 1 .0 0 ๓
m achine 13 util ization 1.3040 (Insuf) .00000 3.0000 1 .0 0 ๓
m achine l4u tiliza tion .98400 (Insuf) .0 ๓ 0 0 3 .0 ๓ 0 1 .0 ๓ 0



m achine I Sutilization .98400 (Insuf) .0 0 ๓ 0 3.0000 1 .๓ 0 0
m ach ine l7u tiliza tion .98400 (Insuf) .0 ๓ 0 0 3 .0 0 ๓ 1.๓ 00
m achine20utilization 1.0640 (Insuf) .0 0 ๓ 0 3.0000 1 .๓ 0 0
m achine22utilization 1.1440 (Insuf) .0 0 ๓ 0 3.0000 1 .๓ ๓
m achine24util ization .82400 (Insuf) .0 ๓ 0 0 3 .0 ๓ 0 1.0000
m achine26util ization .8 2 4 ๓ (Insuf) .0 0 ๓ 0 3.0000 1 .๓ ๓
craneutilization 0.3347 (C o ït) .๓ 0 ๓ 1 .๓ 00 .0 0 ๓ 0

CO U N TER S

Identifier C ount Lim it

jobdo ne  80 Infinite

S im ulation  run tim e: 1.07 m inutes.
S im ulation  run com plete.

E xperim ent
Begin;

P ro ject, N ew  Layout, Process Layout;

V ariables: batchsize, 80:
processtim e 1,240:
processtim e3,240:
processtim e5,90:
processtim e8,60:
processtim e9,60:
processtim e 11,120:
processtim e!2 ,480:
processtim eI3 ,240:
processtim el4 ,120:
processtim e 15,120:
processtim e 17,120:
processtim e20,150:
processtim e22,180:
processtim e24,60:
processtim e26,60:

paintw aiting6,60: 
pa in tw aiting l8 ,1080 : 
pain tw aiting25,480: 
pa in tw aiting28 ,1440:

craneuse2: 
craneuse4: 
craneuse7,0: 
crâneuse 10,0: 
crâneuse 16,0: 
crâneuse 19,0: 
craneuse21,0: 
craneuse23,0: 
craneuse27,0:

cuttingpart,0:
sandblastingpart,0:
pain tingpart,0 :
preconstructpart,0 :
w eldingareapart,0 :
pain tingareapart,0:
final pam tingpart,0:
storageareapart,0:

w orkingm inutes,480:
idlem inutes,960;

A ttributes: process3done,0:
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processl 7done,0: 
process20done,0:

tim ein:
tim eq l:
tim eq3:
timeqS:
timeqS:
tim eq9:
tim eq l 1:
tim eq l2 :
tim eq l 3:
tim eq l4 :
tim eq lS :
tim eq l 7:
tim eq20:
tim eq22:
tim eq24:
tim eq26:

tim ecraneq2:
tim ecraneq4:
tim ecraneq7:
tim ecraneqlO :
tim ecraneq lô :
tim ecraneq l9 :
tim ecraneq 21 :
tim ecraneq23:
tim ecraneq27:

tim escanq2:
tim escanq4:
tim escanq7:
tim escanqlO :
tim escanqlô :
tim escanqI9 :
tim escanq21:
tim escanq23:
tim escanq27;

1, processqueuel:
2, processqueue3:
3 , processqueue5:
4 , processqueue8:
5 , processqueue9:
6 , p rocessqueuel 1:
7 , p rocessqueuel2 :
8 , p rocessqueuel3 :
9 , p rocessqueuel4 :
10, processqueuel5: 
1 l,!3rocessqueueI7:
12, processqueue20:
13, processqueue22:
14, processqueue24:
15, processqueue26:

16, craneq2:
17, craneq4:
18, craneq7:
19, c ran eq l0 :
20 , c ran eq l6 :
21 , c ran eq l9 :
22 , craneq21:
23 , craneq23:
24 , craneq27:

25 , scanq7:
26 , scanq l0 :
27 , scan q l6 :



28 , scan q l9
29 , scanq21
30 , scanq23
31 , scanq27

32 , p reem p tq l:
33 , preem ptq3:
34 , preem ptq5:
35 , p reem ptq8:
36 , preem ptq9:
37 , p reem ptql I:
38 , p reem ptq!2 :
39 , p reem ptq l3 :
40 , p reem ptq l4 :
41 , p reem ptq l5 :
42 , p reem ptq l7 :
43 , preem ptq20:
44 , preem ptq22:
45 , preem ptq24:
46 , preem ptq26:

cran eq lôb :
cran eq l9b :
craneq21b:

100, scanq2:
101, scanq4:
102, scanq0;

Resources: 1,m achine 1,2:
2 , m achine3,3:
3 , m achine5,8:
4 , m achine8,8:
5, m achine9,8:
6 , m ach in e ll ,8 :
7 , m achine l2 ,8 :
8, m achineI3 ,8 :
9 , m achine l4 ,8 :
10, m achinelS ,8 :
11, m achine l7 ,8 :
12, m achine20,8:
13, m achine22,8:
14, m achine24,8:
15, m achine26,8;

Stations: l,cu ttingarea:
2 , sandblastingroom :
3 , preconstructarea:
4 , vveldingarea:
5, paintingarea:
6 , finalpaintingarea:
7 , storagearea:
8, bufTer;

T ransporters: 11crane,2 ,1 ,1 .5,cuttingarea-active,cuttingarea-active;

D istances: 1, cuttingarea-sandblastingroom -15,
cuttingarea-preconstructarea-45, 
cuttingarea-w eIdingarea-45, 
cuttingarea-bufTer-68, 
cuttingarea-paintingarea-90 , 
cuttingarea-finalpain tingarea-l 13, 
cu ttingarea-sto ragearea-l 35,

sandb!astingroom -cuttingarea-15,
sandblastingroom -preconstructarea-23,
sandblastingroom -w eldingarea-45 ,
sandblastingroom -buffer-68,



sandblastingroom -paintingarea-90 , 
sandblastingroom -final pa in tingarea-113, 
sandblastingroom -sto ragearea-l 35,

preconstructarea-cu ttingarea-23,
preconstructarea-sandblastingroom -23,
preconstructarea-w eldingarea-45,
preconstructarea-buffer-45,
preconstructarea-pain tingarea-68 ,
preconstructarea-finalpam tingarea-90 ,
preconstruc tarea-sto ragearea-l 13,

w eldingarea-cuttingarea-45,
w eld ingarea-sandblastingroom -45 ,
w eld ingarea-preconstructarea-23,
w eldingarea-buffer-45 ,
w eldingarea-paintingarea-45,
w eldingarea-finalpain tingarea-68,
w eldingarea-storagearea-90,

bufier-cuttingarea-68 ,
buffer-sandblastingroom -68,
bu ffer-preconstructarea-45,
buffer-w eldingarea-23 ,
buffer-pa in tingarea-451
buffer-fm aIpaintingarea-45,
buffer-storagearea-68,

pa in tingarea-cuttingarea-90 ,
pa in tingarea-sandblastingroom -90 ,
pain tingarea-preconstructarea-68 ,
pa in tingarea-w eld ingarea-45,
pain tingarea-buffer-23 ,
pa in tingarea-finalpain tingarea-45,
pa in tingarea-storagearea-45,

fm alpa in tingarea-cu ttingarea-113,
finalpa in tingarea-sandb lastingroom -l 13,
fm alpain tingarea-preconstructarea-90 ,
fm alpain tingarea-w eld ingarea-68,
fm alpain tingarea-buffer-45 ,
finalpain tingarea-pain tingarea-23,
finalpain tingarea-storagearea-45,

sto ragearea-cuttingarea-135,
sto ragearea-sandb lastingroom -135 ,
s to rag earea-p reconstn ic tarea-l 13,
sto ragearea-w eld ingarea-90,
sto ragearea-buffer-68,
sto ragearea-pain tingarea-45,
sto ragearea-fm alpain tingarea-23;

C ounters: l .jo b d o n e ;

tallies: 1 ,avgflow tim e:
2 ,cycletim e: 
overallid letim e:

id le tim eq l:
idletim eq3:
idletim eq5:
idletim eq8:
idletim eq9:
id le tim eq l 1:
id le tim eq l2 :
id le tim eq l3 :
id le tim eq l4 :
id le tim eq l 5:
id le tim eq l7 :
idletim eq20:
idletim eq22:
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idletim eq24:
idletim eq26:

idletim ecraneq2:
idletim ecraneq4:
idletim ecraneq7:
idletim ecraneqlO :
id le tim ecraneq lô:
id le tim ecraneq l9:
idletim ecraneq21:
idletim ecraneq23:
idletim ecraneq27:

idletim escanq2:
idletim escanq4:
idletim escanq7:
idletim escanqlO :
id le tim escanqlô :
idle tim escanqI9:
idletim escanq21:
idletim escanq23:
idletim escanq27;

dsta ts:n r(m ach inel),m ach in el utilization:
nr(m achine3),m achine3utilization:
nr(m achine5),m achine5utilization:
nr(m achine8),m achine8utilization:
nr(m achine9),m achine9utilization:
nr(m achine 11 ),m achine 11 utilization:
nr(m achine 12),m achine 12utilization:
nr(m ach in el3 ),m ach in el3u tilizatio n :
nr(m achine 14),m achine 14utilization:
nr(m ach in el5 ),m ach in el5u tilizatio n :
nr(m achine 17),m achine 17util ization:
nr(m achine20),m achine20utilization:
nr(m achine22),m achine22utilization:
nr(m achine24),m achine24utilization:
nr(m achine26),m achine26utilization:
nt(crane),craneutilization;

R ep licate ,1,0,27167;

End;

M odel
Begin;

create, batchsize;

queue, scanqO; 
scan:cuttingpart<8; 
station , cuttingarea;

branch, 1:
if, p ro c e s s 3 d o n e = l,  Pro5: 
if, p ro c e ss3 d o n e = 0 , P ro l;

P ro l assign :cu ttingpart= cu ttingpart+ l;
queue, p ro cessqueue l: m ark (tim eq l); 
seize: m achine l:m ark(tim ein );

tally üd letim eq 1 ,int(tim eq 1 ); 
ta l!y :overallid letim e,in t(tim eql);

delay: processtim e 1; 
release: m ach ine l;

queue, scanq2:m ark(tim escanq2);
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scan:sandblastingpart<3 .A N D .N T (crane)< 2.A N D .craneuse2<=0;

tally:id!etim escanq2,int(tim escanq2); 
tally  [overall idletirne,int(tim escanq2);

assign :craneuse2= l ;

queue, craneq2: m ark(tim ecraneq2); 
request: crane(SD S);

tally :id letim ecraneq2 ,in t(tim ecraneq2); 
tally  [Overall id letim e,in t(tim ecraneq2),

assign :cu ttingpart= cu ttingpart-l;

transport: crane, sandblastingroom ;

Pro5 free: crane;
assign:craneuse4=0; 
assign :pain tingpart= pain tingpart+ l ; 
queue, processqueue5: m ark(tim eq5); 
seize: m achine5;

tally: id letim eq5,int(tim eq5); 
tally:overallid ietim e,int(tim eq5);

delay: processtim e5; 
release: m achine5;

delay: pain tw aitingô;

queue, scanq7: m ark(tim escanq7);
scan: preconstructpart<8 .AND. N T (crane)< = l .A N D . craneuse7<=0;

tally :idletim escanq7,int(tim escanq7); 
tally:overallid letim e,int(tim escanq7);

assign: c ran eu se7 = l;

queue, craneq7: m ark(tim ecraneq7); 
request: crane(SD S);

tally :idletim ecraneq7,int(tim ecraneq7); 
tally :overallid le tim e,in t(tim ecraneq7),

assign: pa in tingpart= pain tingpart-1 ;

transport: crane, preconstructarea;

station , sandblastingroom ;

free: crane; 
assign:craneuse2=0;
assign :sandblastingpart= sandblastingpart+ l;

queue, processqueue3: m ark(tim eq3); 
seize: m ach in e i;

tally:id letim eq3,int(tim eq3);
taIly:overalIid letim e,in t(tim eq3);

delay: processtim e3; 
release: m achine3;

assign: p ro cess3do ne= l;

queue,scanq4:m ark(tim escanq4);
scan:pain tingpart<8.A N D .N T(crane)<2.A N D .craneuse4<=0;

tally :id le tim escanq4,in t(tim escanq4);
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tally:overallid!etim e,int(tim escanq4);

assign :craneuse4= I;

queue, craneq4: m ark(tim ecraneq4); 
request: crane(SD S);

tally:id letim ecraneq4,int(tim ecraneq4);
taIly:overallidletim e,int(tim ecraneq4),

assign :sandblastingpart= sandblastingpart-l; 
transport: crane, cuttingarea;

station, preconstructarea;

free: crane; 
assign: craneuse7=0;
assign: p reconstructpart=preconstructpart+ l ;

queue, processqueue8: m ark(tim eq8); 
seize: machine!!;

tally:id letim eq8,int(tim eq8);
tally:overallid ietim e,int(tim eq8);

delay: processtim e8; 
release: m achine8;

queue, processqueue9: m ark(tim eq9); 
seize: machine!);

tally:id letim eq9,int(tim eq9);
tally:overallid ietim e,int(tim eq9);

delay: processtim e9; 
release: m achine9;

queue, scanqlO : m ark(tim escanqlO );
scan: w eldingareapart<8 .AND. N T (crane)< = l .A N D . crâneuse 10<=0;

tally :idletim escanq 10,in t(tim escanq 10); 
tally :overallidletim e,int(tim escanq 10);

assign: crâneuse 10=1;

queue, craneqlO : m ark(tim ecraneqlO ); 
request: crane(SD S);

tally  ùdletim ecraneq 10,in t(tim ecraneq 10); 
talIy:overallidletim e,int(tim ecraneqlO );

assign: p reconstructpart= preconstructpart-l; 

transport: crane, w eldingarea; 

station , w eldingarea; 

free: crane;

assign: w eld ingareapart= w eld ingareapart+ l; 

branch, 1:
if, process 1 7 d o n e = 0 , P ro l 1: 
if, process 1 7 d o n e = l ,  Pro20;

Pro 11 assign: crâneuse 10=0;

queue, processqueuel 1: m ark (tim eq l 1); 
seize: m ac h in e !!;
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tally :id le tim eql l,in t(tim eq l 1); 
tally :overallidletim e,int(tim eq 11 );

delay: p rocesstim el 1; 
release: m achinel 1;

queue, p ro cessqueuel2 : m ark (tim eq l2 ); 
seize: m achine 12;

tally : idletim eq 12,in t(tim eq 12); 
tally  :overailidletim e,int(tim eq 12);

delay: processtim e 12; 
release: m achine 12;

queue, p rocessqueuel3 : m ark (tim eq l3 ); 
seize: m achine 13;

ta lly :id le tim eq l3 ,in t(tim eq l3 );
ta lly :overallid ie tim e,in t(tim eq l3);

delay: processtim e 13; 
release: m ach ine l3 ;

queue, p ro cessqueueU : m ark (tim eq l4 ); 
seize: m achine 14;

tally  : idletim eq 14, int(tim eq 14); 
tally  :overallidletim e,int(tim eq 14);

delay: processtim e 14; 
release: m ach in eU ;

queue, p rocessqueuel5 : m ark (tim eq l5 ); 
seize: m achine 15;

ta lly :id le tim eq l5 ,in t(tim eq l5 ); 
tally :overallidietim e,int(tim eq 15);

delay: processtim e 15; 
release: m ach ine l5 ;

qu eue ,craneq l6b ;
request:crane(SD S);
assign: w eld ingareapart= w eld ingareapart-l; 
transport: crane,buffer;

Pro20 assign: c ran euse l9 = 0 ;

M C 20 queue, processqueue20: m ark(tim eq20);
seize: m ach ine io ;

tally:id letim eq20,int(tim eq20);
tally:overallid letim e,int(tim eq20);

delay: processtim e20; 
release: m achine20;

assign: p rocess20done= l;

queue,craneq2 lb ; 
requestx rane(S D S );
assign: w eld ingareapart= w eld ingareapart-l ; 
transport: crane,buffer;



station , buffer; 

free: crane; 

branch, 1:
if, p ro c e s s l7 d o n e = 0 , B l: 
if, process 1 7 d o n e =  I, B2;

queue, scan q lô : m ark (tim escanql6 );
scan: pain tingareapart< 8 .A N D . N T (crane)< = l .A N D . c ran eu se l6 < = 0  .A N D . cran euse l9 < = 0 ;

ta lly :id le tim escanq l6 ,in t(tim escanq l6 );
tally :overallid le tim e,in t(tim escanql6 );

assign: c ran eu se l6 = l;

queue, c ran eq lô : m ark (tim ecraneq l6); 
request: crane(SD S);

tally  :idletim ecraneq 16,in t(tim ecraneq 16); 
tally :overallid le tim e,in t(tim ecraneq l6 );

transport: crane, paintingarea; 

b ranch ,1:
if, p ro ce ss2 0 d o n e = 0 , B3: 
if, p ro c e s s 2 0 d o n e = l,  B4;

queue, scan q l9 : m ark (tim escanql9 );
scan: w eldingareapart<8 .AND. N T (crane) .A N D . crâneuse 19<=0;

tally : idletim escanq 19,in t(tim escanq 19); 
ta lly :overalIid letim e,in t(tim escanq l9);

assign: c ra n e u se l9 = l;

queue, c ran eq l9 : m ark (tim ecraneqI9); 
request: crane(SD S);

tally  : idletim ecraneq 19,in t(tim ecraneq 19); 
tally :overa llid le tim e,in t(tim ecraneq l9 );

transport: crane, w eldingarea; 

queue, scanq21: m ark(tim escanq21);
scan: pain tingareapart< 8 .A N D . N T (cran e)< = l .A N D . craneuse21< =0;

tally : id le tim escanq21 ,in t(tim escanq21 ); 
tally  :overall id le tim e,in t(tim escanq21 );

assign: c ran euse21= l;

queue, craneq21: m ark(tim ecraneq21); 
request: crane(SD S);

tally  :id letim ecraneq21 ,in t(tim ecraneq21 ); 
tally  :overallidletim e,int(tim ecraneq21);

transport: crane, pain tingarea;

station , pain tingarea; 

free: crane;
assign: pain tingareapart= pain tingareapart+ 1 ;
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branch, 1 :
if, p ro c e ss2 0 d o n e = 0 , P ro l7 : 
if, p ro c e s s 2 0 d o n e = l,  Pro22;

P ro l7  assign: c ran euse l6 = 0 ;

M C 17 queue, processqueue 17: m arkftim eq 17);
seize: m ach ine l7 ;

tally : idletim eq 17,in t(tim eq 17); 
tally :overallidietim e,int(tim eq 17);

delay: processtim e 17; 
release: m ach ine l7 ;

delay: pa in tw aitin g l8 ;

assign: p ro ce ss l7 d o n e = l;

queue ,craneq l9b ;
requestx rane(S D S );
assign: pain tingareapart= pain tingareapart-1 ; 
transport: crane,buffer;

Pro22 assign: c ran euse21=0;

M C 22 queue, processqueue22: m ark(tim eq22);
seize: m achine22;

tally :id le tim eq22,in t(tim eq22);
tally :overallid ietim e,in t(tim eq22);

delay: processtim e22; 
release: m achine22;

queue, scanq23: m ark(tim escanq23);
scan: finalpain tingpart<8 .AND. N T (cran e)< = l .A N D . craneuse23<=0;

tally :id le tim escanq23,in t(tim escanq23);
tally :overallid le tim e,in t(tim escanq23);

assign: c ran euse23= l;

queue, craneq23: m ark(tim ecraneq23); 
request: crane(SD S);

tally  :idletim ecraneq23 ,in t(tim ecraneq23); 
tally  :overaIlid letim e,in t(tim ecraneq23);

assign: pain tingareapart= pain tingareapart-1 ; 
transport: crane, finalpain tingarea;

station , flnฟ paintingarea;

free: crane; 
assign: craneuse23=0;
assign: finalpa in tingpart= fm alpa in tingpart+ l ;

queue, processqueue24: m ark(tim eq24); 
seize: m achine24;

tally :id le tim eq24,in t(tim eq24);
tally :overallid ie tim e,in t(tim eq24);

delay: processtim e24; 
release: m achine24;



delay: paintwaiting25;
queue, processqueue26: m ark(tim eq26); 
seize: m ach in e iô ;

tally:id letim eq26,int(tim eq26);
ta!ly:overallidietim e,int(tim eq26);

delay: processtim e26; 
release: m achine26;

queue, scanq27: m ark(tim escanq27);
scan: sto rageareapart< 24 .A N D . N T (crane)< = l .A N D . craneuse27<=0;

tally:id letim escanq27,in t(tim escanq27);
tally:overallid letinie,int(tim escanq27);

assign: c ran euse27= l;

queue, craneq27: m ark(tim ecraneq27); 
request: crane(SD S);

tally:id letim ecraneq27,in t(tim ecraneq27);
tally :overallid letim e,in t(tim ecraneq27);

assign: finalpa in tingpart= finalpain tingpart-l; 
transport: crane, storagearea;

station , storagearea;

free: crane;

assign: craneuse27=0;
assign: s to rageareapart= storageareapart+ l ;

delay: pain tw aiting28;

assign: s to rageareapart= sto rageareapart-l;

tally:avgflow tim e,int(tim ein);
tally:cycletim e,B ET ;

count: jobdone; 
dispose;

crcstc  1 "
C h eck l scan: pain tingareapart> =8 .A N D . nq(scanq23)< = 0 .A N D . nr(m achine22)<=0 .A N D . nq(processqueue22)<= 0 .AND. 
w eldingareapart>=8 .AND. nq (scanq l9 )> = 8  .A N D . nq (scanql6)+ nq(scan q21 )> = 8; 

b ran ch ,1:
if, n q (s c a n q 2 1 )= 0 , P ick lô : 
if, nq(scanq21)>= 0, P ick21;

P ic k lô  delay: 20;
duplicate: 1 ,A A ;

pickup: s c a n q I6 ,l , l ;
d ro p o ff,1,1: M C 17: nex t(C h eck l);

A A  pickup: s c a n q l9 , l , l ;
dropoff, 1,1: M C 20; 
dispose;

Pick21 delay: 20;
duplicate: 1, BB;

pickup: s c a n q 2 1 ,l ,l ;
dropoff, 1,1: M C 22: nex t(C h eck l);

BB pickup: s c a n q I9 , l , l ;



dropoff, 1,1: M C 20; 
dispose;

create, 1 ;

fail I D elayiw orkingm inutes;
qu eue ,preem ptq l; 
preem ptim achine 1; 
D elayiidlem inutes;
R elease : m achine 1 inextffail 1 );

create, 1;
fai!3 D elayiw orkingm inutes;

queue,preem ptq3; 
preem pt:m achine3; 
D elay.idlem inutes; 
Release:m achine3:next(fail3);

create , 1;
fa ils D elayiw orkingm inutes;

queue,preem ptq5; 
preem ptim achine!); 
D elayiidlem inutes; 
Release:m achine5:next(fail5);

c rea te ,1;
fail8 D elayiw orkingm inutes;

queue, preem ptq8; 
preem pt:m achine8; 
D elay:idlem inutes; 
Release:m achine8:next(fail8);

c rea te ,1;
fail9 D elayiw orkingm inutes;

queue,preem ptq9; 
preem pt:m achine9; 
D elay.idlem inutes; 
R elease:m achine9:next(fail9);

create, 1;
f a i l l i  D elayiw orkingm inutes;

q u eu e ,p re em p tq ll;  
preem ptim achinel 1 ; 
D elayiidlem inutes; 
R eleaseim ach inel 1 :nex t(fa ill 1);

create, 1;
fail 12 D elayiw orkingm inutes;

qu eue ,p reem ptq l2 ; 
preem ptim achine 12; 
D elayiidlem inutes; 
R e lease :m ach ine l2 :n ex t(fa ill2 );

c rea te ,1;
fail 13 D elayiw orkingm inutes;

qu eue ,p reem ptq l3 ; 
preem ptim achine 13 ; 
D elayiidlem inutes;
R elease : m ach ine 13 : next(fai 113);

create, 1;
fail 14 D elayiw orkingm inutes;

queue, preem ptq  14; 
p reem pt:m achinel4 ; 
D elayiidlem inutes; 
R e lease :m ach ine l4 :n ex t(fa ill4 );

create, 1;
fail 15 D elayiw orkingm inutes;

qu eue ,preem ptq!5 ; 
preem ptim achine 15 ;
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D elay:idlem inutes;
R elease :m achine 15 :next(fail 15);

create , 1;
fail 17 D elay:w orkingm inutes;

queue,preem ptq 17 ; 
preempt-.m achine 17 ; 
D elay .id lem inutes;
R elease :m achine 17:next(fail 17);

create, 1;
fail20 D elay:w orkingm inutes;

queue,preem ptq20; 
p reem pt : m ach ine20 ; 
D elay:id lem inutes; 
R elease:m achine20;next(fa il20);

create, 1;
fail22 D elay:w orkingm inutes;

queue,preem ptq22 , 
preem pt:m achine22; 
D elay 'id lem inu tes; 
R elease:m achine22:next(fa il22);

create , 1;
fail24 D elayiw orkingm inutes;

queue, preem ptq24; 
p reem pt : m ach ine24 ; 
D elayiidlem inutes; 
R elease:m achine24:next(fa il24);

create , 1;
fail26 D elay:w orkingm m utes;

qu eue,preem ptq26 , 
preem pt:m achine26; 
D elay 'id lem inu tes; 
R elease:m achine26:next(fa il26);

End;



Appendix D
Product layout plant’s simulation program

A R E N A  Sim ulation Results 
Sum m ary  for R eplication 1 o f  1

P ro ject:N ew  P lant Run execution date : 8/15/2004
A nalyst:F low line M odel revision date: 8/15/2004

R eplication ended at tim e : 20856.0

T A L L Y  V A R IA B LES

Identifier A verage H a lf  W idth M inim um  M axim um  O bservations

avgflow tim e 7575.9 (Insuf) 6430.6 8038.6 80
overall idletim e 51.575 10.833 .๓ 0 0 0 12 ๓ .0 2960
cycletim e 182.59 (Insuf) 18 .0๓ 1044.6 79
id letim eq l 1081.2 (Insuf) .0 0 ๓ 0 1200.0 80
idletim eq3 2.5750 (Insuf) .0 0 ๓ 0 56.666 80
idletim eq5 .00000 (Insuf) .00000 .00000 80
idletim eq8 562.04 (Insuf) .00000 958.00 80
idletim eq9 .00000 (Insuf) .0 0 ๓ 0 .00000 80
id le tim eq l 1 .00000 (Insuf) .๓ 0 ๓ .0 0 0 ๓ 80
id!etim eqI2 7.4583 (Insuf) .๓ ๓ 0 97.333 80
id le tim eq l3 .00000 (Insuf) .00๓ 0 .00000 80
id le tim eq l 4 .00000 (Insuf) .๓ ๓ 0 .๓ 0 0 0 80
id letim eq l 6 .00000 (Insuf) .0 0 ๓ 0 .๓ 0 0 0 80
id le tim eq l 8 .00000 (Insuf) .๓ ๓ 0 .0 ๓ 0 0 80
idletim eq22 .00000 (Insuf) .๓ ๓ 0 .0 ๓ 0 0 80
idletim eq24 .00000 (Insuf) .๓ 0 ๓ .00000 80
idletim eq26 .00000 (Insuf) .๓ 0 ๓ .00000 80
idletim eq28 .00000 (Insuf) .000 ๓ .0 ๓ 0 0 80
idle tim ecranel 16.733 (Insuf) .0 ๓ 0 0 62.000 80
idletim ecrane3 14.708 (Insuf) .0 0 ๓ 0 62.000 80
idletim ecraneô 10.750 (Insuf) .0 0 ๓ 0 38.666 80
idletim ecrane9 15.983 (Insuf) .0 ๓ 0 0 78.000 80
id le tim ecran el 4 12.283 (Insuf) .0 ๓ 0 0 5 0 .0 ๓ 80
id le tim ecran el 6 15.058 (Insuf) .0 0 ๓ 0 56.666 80
id le tim ecran el 8 14.216 (Insuf) .0 0 ๓ 0 56.000 80
idletim ecrane20 11.933 (Insuf) .0 ๓ 0 0 50.000 80
idletim ecrane22 13.066 (Insuf) .0 0 ๓ 0 38.666 80
idletim ecrane24 9.5833 (Insuf) .0 0 ๓ 0 24.000 80
idletim ecrane28 11.066 (Insuf) .0 0 ๓ 0 2 6 .๓ 0 80
idletim escanqO 5857.7 (Insuf) .๓ 0 ๓ 12989. 80
idle tim escanq l 13.275 (Insuf) .๓ 0 0 0 92.000 80
idletim escanq2 7.1833 (Insuf) .๓ ๓ 0 36.666 80
idletim escanqô 5.2833 (Insuf) .๓ 0 ๓ 52.000 80
idletim escanq9 11.516 (Insuf) .0 0 ๓ 0 51.333 80
id le tim escan q l4 4.6166 (Insuf) .0 ๓ ๓ 39.333 80
id le tim escanq l 6 14.683 (Insuf) .0 ๓ 0 0 82.666 80
id le tim escanq l 8 14.983 (Insuf) .๓ 0 ๓ 70.000 80
idletim escanq20 7.4250 (Insuf) .0 ๓ ๓ 73.333 80
idletim escanq22 1 1 .8 ๓ (Insuf) .0 ๓ 0 0 94.000 80
idletim escanq24 13.791 (Insuf) .๓ 0 0 0 6 6 .๓ 0 80
idletim escanq28 5.0500 (Insuf) .๓ 0 0 0 61.333 80

D ISC R E T E-C H A N G E  V A R IA BLES

Identifier A verage H a lf W idth M inim um  M axim um  Final V alue

m achine 1 u tilization  1.5753 (Insuf) .00000 2 .0000 1.0000
m achine3utilization  1.5753 (Insuf) .00000 3 .0000 1.0000
m achine5utilization  1.0000 (Insuf) .00000 3 .0000 1.0000



m achine8utilization .88493 (Insuf) .0 0 0 ๓ 1.๓ 00 1.0๓ 0
m achine9utilization .88493 (Insuf) .0 0 0 ๓ 2 .0 ๓ 0 1 .00 ๓
m achine 11 utilization 1.1150 (InsuO .0 0 ๓ 0 5.0000 1 .๓ 00
m achine 12util ization 2.4959 (Insuf) .0 0 ๓ 0 8.0000 1 .๓ 00
m achine 13util ization 1.5753 (Insuf) .0 0 ๓ 0 6 .0 0 ๓ 1.๓ 00
m achine 14util ization 1.1150 (Insuf) .0 0 ๓ 0 5 .0 0 ๓ 1.๓ 00
m achine 16util ization 1.1150 (Insuf) .0 0 ๓ 0 4.0000 1 .๓ 0 0
m achine 18util ization 1.1150 (Insuf) .0 0 ๓ 0 4 .0 ๓ 0 1 .๓ ๓
m achine22util ization 12301 (Insuf) .0 0 ๓ 0 4 .0 ๓ 0 1 .00 ๓
m achine24utilization 1.3452 (Insuf) .0 ๓ 0 0 4.0000 1 .๓ 0 0
m achine26utilization .88493 (Insuf) .0 0 ๓ 0 3.0000 1.0000
m achine28util ization .88493 (Insuf) .0 0 ๓ 0 4 .0 0 ๓ 1.๓ 00
craneutil ization .4802 (Corr) .๓ ๓ 0 1 .๓ 0 0 .0 0 ๓ 0

C O U N TER S

Identifier C ount Lim it

jo b d o n e  80 Infinite

Sim ulation run tim e: 0 .00 m inutes. 
Sim ulation run com plete.

Experim ent
Begin;

V ariables: B atchsize,80:
Processtim el,240 :
Processtim e3,240:
Processtim e5,90:
Processtim e8,60:
Processtim e9,60:

Processtim e 11,120:
P rocesstim el2 ,480:
P rocesstim el3 ,240:
P ro cesstim e l4 ,I2 0 :
Processtim e 16 ,120:
Processtim e 18 ,120:
Processtim e22,150:
Processtim e24,180:
Processtim e26,60:
Processtim e28,60:

Paintw aiting6,60: 
Pa in tw aiting20 ,1080: 
Paintw aiting27,480: 
Pa in tw aiting30 ,1440: 
transfering31,60:

Cuttingpart,0:
sandblastingpart,0:
F irstlayerpart,0:
Preconpart,0:
W eldingpart,0 :
C leaningpart,0:
lntem alpart,0 :
Curingpart,0:
F inalw eldingpart,0:
S to ragep artl,0 :
FinฝpaIntingpart,0:
Storagepart2,0:
w orkingm inutes,480:
idlem inutes,960:

crâneuse 1,0:



A ttributes:

craneuse3,0:
craneuse6,0:
craneuse9,0:
crâneuse 14,0:
crâneuse 16,0:
crâneuse 18,0:
craneuse20,0:
craneuse22,0:
craneuse24,0:
craneuse28,0;

tim ein:
tim eq l:
tim eq3:
tim eq5:
tim eq8:
tim eq9:
tim eq l 1:
tim eq l2 :
tim eq l 3:
tim eq l4 :
tim eq l 6:
tim eq l 8:
tim eq22:
tim eq24:
tim eq26:
tim eq28:

tim ecranel:
tim ecrane3:
tim ecraneô:
tim ecrane9:
tim ecran eH :
tim ecranel 6:
tim ecranel 8:
tim ecrane20:
tim ecrane22:
tim ecrane24:
tim ecrane28:

timescanqO:
tim escan q l:
tim escanq2:
tim escanqô:
tim escanq9:
tim escanqM :
tim escan q l 6:
tim escan q l8 :
tim escanq20:
tim escanq22:
tim escanq24:
tim escanq28;

T allies :avgflow tim e:
overallid letim e:

cycletim e:
id le tim eq l:
idletim eq3:
idletim eq5:
idletim eq8:
idletim eq9:
id le tim eq l 1:
id le tim eq l2 :
id le tim eq l 3:
idletim eqM :
idletim eq 16:
id le tim eq l 8:
idletim eq22:
idletim eq24:
idletim eq26:



idletimeq28:

id le tim ecran el:
idletim ecrane3:
idletim ecrane6:
idletim ecrane9:
id le tim ecran eH :
id le tim ecranelô :
id le tim ecranel8 :
idletim ecrane20:
idletim ecrane22:
idletim ecrane24:

idletim ecrane28:

idletimescanqO:
id le tim escanq l:
idletim escanq2:
idletim escanqô:
idletim escanq9:
idle tim escanqM :
id le tim escanq l 6:
id le tim escanq l 8:
idletim escanq20:
idletim escanq22:
idletim escanq24:
id letim escanq28;

Q ueues: l,p ro cessq u eu e l:
2 , processqueue3:
3 , processqueue5:
4 , processqueue8:
5 , processqueue9:
6 , p ro cessqueuel 1:
7 , p ro cessqueuel2 :
8 , p ro cessqueuel3 :
9 , p ro cessqueue l4 :
10, p ro cessqueuel6 : 
1 l,15rocessqueuel8:
12, processqueue22:
13, processqueue24:
14, processqueue26:
15, processqueue28:
17, c ran eq l:
18, craneq3:
19, craneq6:
20 , craneq9:
21 , c ran eq l4 :
22 , c ran eq l6 :
23 , c ran eq l8 :
2 4 , craneq20:
2 5 , craneq22:
26 , craneq24:
27 , craneq28: 28 29 30 31 32 33 34 35 36 37

28 , scanq0:
29 , scan q l:
30 , scanq2:
31 , scanq6:
32 , scanq9:
33 , scan q l4 :
34 , scan q l6 :
35 , scanq l8 :
36 , scanq20:
37 , scanq22:



38 , scanq24:
39 , scanq28:

40 , p reem p tq l:
4 1 , preem ptq3:
4 2 , preem ptq5:
4 3 , preem ptq8:
44 , preem ptq9:
45 , p reem p tq l 1:
46 , p reem p tq l2 :
4 7 , preem ptq l3 :
4 8 , preem ptq l4 :
4 9 , preem ptq l6 :
50 , preem ptq l8 :
51 , preem ptq22:
52 , preem ptq24:
53 , preem ptq26:
54 , preem ptq28;

Resources: l ,m ach in e l,2 :
2 , m achine3,3:
3 , m achine5,8:
4 , m achine8 ,l:
5 , m achine9,8:
6 , m achinel 1,8:
7 , m achinel2 ,8 :
8, machine! 3,8:
9 , m achine l4 ,8 :
10, m achine l6 ,8 :
1 l,m ach in e l8 ,8 :
12, m achine22,8:
13, m achine24,I6 :
14, m achine26,4:
15, m achine28,4;

Stations:
1, cuttingarea:
2 , sandblastingroom :
3 , Firstlayerarea:
4 , Preconstructarea:
5, w eldingarea:
6 , C leaninginspect: 
7,Intem alpainting:
8 , Curingarea:
9 , F inalw eldingarea:
10, F inalpaintingarea: 
U ,sto ragearea2 :
12 ,S torageareal;

T ransporters: 11crane,2 ,1 11,5 ,cuttingarea-A ctive;

D istances: 1, C u ttingarea-sandblastingroom -15, 
C u ttingarea-F irstl ayerarea-4, 
C uttingarea-Preconstructarea-8 , 
C u ttingarea-W eld ingarea-12, 
C u ttingarea-C leaninginspect-17, 
C u ttingarea-In tem alpa in ting-211 
C uttingarea-C uringarea-26, 
C uttingarea-F inalw eldingarea-30 , 
C uttingarea-F inalpain tingarea-39, 
C uttingarea-S toragearea2-47, 
C uttingarea-S to ragearea l -36,



Sandblastingroom -C uttingarea-7 ,
Sandblastingroom -Firstlayerarea-22 ,
Sandblastingroom -Preconstructarea-8 ,
S andblastingroom -W eldingarea-12,
Sandblastingroom -C leaninginspect-17,
Sandb lastingroom -In tem alpain ting -21,
Sandblastingroom -Curingairea-26,
Sandblastingroom -Finalw eldingarea-30,
SandbIastingroom -Finalpaintingarea-39,
Sandblastingroom -Storagearea2-47,
Sandb lastingroom -S torageareal -36,

P reconstructarea-C uttingarea-6 ,
Preconstructarea-Sandblastingroom -8,
P reconstructarea-F irstlayerarea-22,
Preconstructarea-W eld ingarea-18,
Preconstructarea-C leaning'm spect-9,
P reconstructarea-In tem alpain ting-13,
Preconstructarea-C uringairea-18,
Precons tructarea-Finalw eldingarea-22,
Preconstructarea-F inalpain tingarea-32,
P reconstructarea-S toragearea2-35,
P reconstructarea-S to ragearcal -27,

F irstlayerarea-C uttingarea-4 ,
F irstlayerarea-S andb lastingroom -l 1,
F irstlayerarea-Preconstructarea-45,
F irstlayerarea-W eldingarea-8 ,
F irstlayerarea-C lean ing inspec t-13,
F irstlayerarea-In tem alpain ting -18,
F irstlayerarea-C uringarea-22 ,
F irstlayerarea-F inalw eldingarea-27,
F irstlayerarea-FinaIpaintingarea-35,
F irstlayerarea-S toragearea2-43,
F irstlayerarea-S torageareal -32,

w e ld ing area-C uttingarea-12,
w eldingarea-S andblastingroom -12,
w eldingarea-P reconstructarea-9 ,
w eldingarea-F irstlayerarea-8 ,
w eld ingarea-C lean ing inspec t-18,
w eldingarea-In tem alpainting-9 ,
w eldingarea-C uringairea-13,
w eldingarea-F inal w eld ing area-18,
w eldingarea-F inalpain tingarea-27,
w eldingarea-S toragearea2-32 ,
w eld ing area-S to ragearea l-22,

C lean ing inspec t-C uttingarea-17,
C leaninginspect-Sandblastingroom -17 ,
C leaninginspect-P reconstructarea-9 ,
C leaninginspect-F irstlayerarea-13,
C leaninginspect-w eld ingarea-9 ,
C leaninginspect-In ternadpain ting-18,
Cleaningins|3ect-Curingairea-9,
C lean ing inspec t-F ina lw eld ingarea-13,
C leaninginspect-Fm aIpaintingarea-22 ,
C leaninginsi3ect-Storagearea2-27,
C lean inginspect-S toragearea 1-18,

in tem alpa in ting-C uttingarea-21,
in tem alpa in ting-S andb lastingroom -21,
in tem alpa in ting-P reconstructarea-13,
in tem alpainting-F irstlayerarea-18,
in tem alpainting-w eld ingarea-9 ,
in tem alpainting-C leaning inspect-9 ,
in tem alpainting-C uringarea-18 ,
intemalpaiกting-Finฟพัeldingarea-9,
intem alpainting-F inalpain tingarea-18,



dstats:
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intem aIpainting-Storagearea2-22, 
in tem alpainting-S torageareal -13,

curingarea-C uttingarea-26,
curingarea-Sandblastingroom -26,
curingarea-Preconstructarea-l 8,
curingarea-F irstlayerarea-22 ,
curingarea-w eldingarea-13,
curingarea-C leaninginspect-9,
curingarea-in tem alpainting-9 ,
curingarea-F inalw eldingarea-18,
curingarea-Finalpain tingarea-13,
cu rin garea -S to ragearea i-18,
curingarea-S torageareal -8,

finalweldingarea-Cuttingarea-30, final weldingarea-Sandblastingroom-30, final Weldingarea-PreCOnStrUCtarea-22, final weldingarea-Firstlayerarea-27, final weldingarea-weldingarea-18, final พ eldingarea-Cleaninginspect-13, finalweldingarea-intemalpainting-9, final weldingarea-curingarea-9, final พ eIdingarea-Finalpaintingarea-8, finalweldingarea-Storageareai-l 7, final weldingarea-Storageareal -18,
fm alpaintingarea-C uttingarea-39, 
final pain tingarea-Sandblastingroom -39, 
finalpain tingarea-Preconstructarea-32, 
finalpain tingarea-F irstlayerarea-35, 
final pain tingarea-w eldingarea-27, 
final paintingarea-C leaninginspect-22, 
finalpain tingarea-in tem alpainting-18, 
finalpain tingarea-curingarea-13, 
finalpain tingarea-F inalw eld ingarea-8, 
finalpain tingarea-S toragearea2-l 8, 
finalpain tingarea-S torageareal -9,

s to ragearea l-C uttingarea-36 , 
s to ragearea l-S andblasting room -36 , 
sto rageareal-P reconstructarea-27 , 
sto ragearea l-F irstlayerarea-32 , 
sto rag earea l -w eIdingarea-22, 
s to rag earea l -C leaning inspect-l 8, 
s to rag earea l -in tem alpa in ting-13, 
s to rag earea l -curm garea-8, 
s to rag earea l -F inalw eldingarea-9, 
sto rag earea l -S toragearea2-20, 
s to rag earea l -Finalpaintingarea-1 8,

sto ragearea2-C uttingarea-47,
sto ragearea2-S andblastingroom -47,
sto ragearea2-P reconstructarea-35 ,
sto ragearea2-F irstlayerarea-43,
sto ragearea2-w eldingarea-32,
sto ragearea2-C lean inginspect-27,storagearea2-intemalpainting-22,
sto ragearea2-curingarea-18,
sto ragearea2-F inalw eld ingarea-l 7,Storagearea2-Storageareal-20,
sto ragearea2-F inalpaintingarea-9;

nr(m achine 1 ),m achine 1 utilization:
nr(m achine3),m ach ine3 uti 1 ization :
nr(m achineS),m achineSutilization:
nr(m achine8),m achine8utilization:nr(machine9),machine9utilization:
nr(m ach inel l),m ach in e l lu tilization :
n r(m ach in el2),m achin el2u tilizatio n :



nr(m ach in el3),m achin el3u tilizatio n : 
n r(m ach inel4),m achine  u t i l i z a t io n :  
nrfm achine 16),m achine 1 éutilization: 
n rfm achine 18),m achine 18util ization: 
nr(m achine22),m achine22utilization: 
nr(m achine24),m achine24utilization: 
nr(m achine26),m achine26utilization: 
nr(m achine28),m achine28utilization: 
nt(crane),craneutilization;

C o u n tersjo b d o n e; 

R eplicate, 1,0,20856;

end;

M odel
Begin;

create,batchsize;

queue,scanqO :m ark(tim escanqO ); 
scan: cuttingpart< 8;

tally:idletim escanqO ,int(tim escanqO );

station ,cuttingarea; 
assign :cuttingpart= cu ttingpart+ l ;

queue,processqueue 1 :m ark(tim eql ); 
seize :m ach inei:m ark(tim ein);

tally: idletim eq 11int(tim eq 1); 
tally :overaIlid letim e,in t(tim eq 1 );

D e lay :p rocesstim el;
R e lease :m ach ine l;

queue, scanq l :m ark(tim escanql);
scan :sandblastingpart< 3 .A N D .N T (crane)< = l. AN D . crâneuse 1<=0,

ta lly :id le tim escanq l,in t(tim escanq l); 
tally :overallid le tim e,in t(tim escanq 1 );

a ss ig n :c ran eu se l= l;

queue, craneq I :m ark(tim ecrane 1 ); 
requestx ran e(sds);

tally :idletim ecrane 1 ,int(tim ecrane 1 ); 
tally  :overall idletim e,in t(tim ecrane 1);

assign :cu ttingpart= cu ttingpart-l ;

transport:crane,sandblastingroom ;

station , sandblastingroom ; 
free: crane;

a ss ign :c ran euse l= 0 ;
assign :sandblastingpart= sandblastingpart+ 1 ;

queue,processqueue3:m ark(tim eq3); 
seize:m achine3; 
tally :id le tim eq3 ,in t(tim eq3); 
tally:overaH idletim e,int(tim eq3);



D day:processtim e3;
Release:m achine3;

queue,scanq2:m ark(tim escanq2);
scan :F irstlayerpart< 8 .A N D .N T (crane)< = l.A N D xraneuse3< = 0;

tally  :idletim escanq2,int(tim escanq2); 
tally  :overall idletim e,int(tim escanq2);

assign :cran euse3= l;

queue,craneq3:m ark(tim ecrane3); 
requestx ran e(sds);

tally:id letim ecrane3,int(tim ecrane3);
tally:overallid letim e,int(tim ecrane3);

assign :sandblastingpart= sandblastingpart-1 ;

transport:crane,F irstlayerarea;

sta tion ,firstlayerarea; 
free: crane;

assign:craneuse3=0; 
assign :firstlayerpart=F irstlayerpart+ l ;

queue,processqueue5:m ark(tim eq5); 
seize:m achine5;

tally:id letim eq5,int(tim eq5);
tally:overa!lidletim e,int(tim eq5);

delay:processtim e5;
release:m achine5;

delay:paintw aiting6;

queue,scanq6:m ark(tim escanq6); 
scan:P reconpart< 8 .A N D .N T (crane)< = l.A N D .craneuse6< = 0 ;

tally:id letim escanq6,int(tim escanq6);
tally:overallid letim e,int(tim escanq6);

assign :cran euse6= l;

queue,craneq6:m ark(T im ecrane6); 
requestx ran e(sds);

tally:id letim ecrane6,int(tim ecrane6);
tally:overallid letim e,int(tim ecrane6);

assign :firstlayerpart= F irstlayerpart-l;

transportx rane.P reconstructarea;

sta tion ,P reconstructare a;

freex ran e ;
assign:craneuse6=0;
assign :P reconpart= P reconpart+ l;

queue,processqueue8:m ark(tim eq8); 
seize:m achine8;



delay  :processtim e8; 
re lease:m achine8;

queue, processqueue9:m ark(tim eq9); 
seize:m achine9;

tally :id le tim eq9 ,in t(tim eq9); 
tally  :overallidietim e,int(tim eq9);

delay:processtim e9;
release:m achine9;

queue,scanq9:m ark(tim escanq9);
scan :W eld ingpart< 8 .A N D .N T (crane)< = l.A N D xraneuse9< = 0; 
tally  :idletim escanq9,int(tim escanq9); 
tally  :overallidletim e,int(tim escanq9);

tally:idletimeq8,int(timeq8);
tally :overallidietime,int(timeq8);

ass ign :c ran euse9= l;

queue,craneq9:m ark(tim ecrane9); 
requestx ran e(sds);

tally  :idletim ecrane9,in t(tim ecrane9); 
tally :overallid le tim e,in t(tim ecrane9);

assign: P reconpait= P reconpart-1 ;

transport:crane,w eldingarea;

sta tion ,w eld ingarea; 
freex ran e ;

assign :craneuse9=0; 
assign :W eld ingpart= W eld ingpart+ l ;

queue, processqueue 11 :m ark(tim eq 11); 
se ize :m ach in el 1;

ta lly :id le tim eq l l,in t(tim eq l 1); 
tally  :overallid ietim e,in t(tim eq 11 );

D e lay ip rocesstim el 1; 
R e lea se :m a ch in e ll;

qu eue ,p rocessq ueuel2 :m ark (tim eqI2 ); 
se ize :m ach in e l2 ;

tally  : idletim eq 12,in t(tim eq 12); 
tally  :overall idletim e, int(tim eq 12);

D e lay :p rocesstim el2 ;
R e lease :m ach ine l2 ;

queue,processqueue 13 :m ark(tim eq 13);
seize :rnach ine I3 ;
tally  : id le tim eq 13 ,in t(tim eq 13);
tally  :overaIlid ie tim e,in t(tim eql3 );

D e lay :p rocesstim el3 ;
R e lease :m ach ine l3 ;

q u eu e ,p rocessq ueuel4 :m ark (tim eq l4 );
se ize :m ach in e l4 ;
tally  : idletim eq 14 ,in t(tim eq  14);



D elay :p rocesstim el4 ;
R elease :m ach ine l4 ;

queue,scanq 14 : m ark(tim escanq 14) ;
scan:C leaningpart<8.A N D .N T (crane)<=l .A N D .craneuse 14<=0;

tally  : idletim escanq 14,int(tim escanq 14); 
tally  :overall idletim e, intftim escanq 14);

a ssign xraneu se  14=1 ;

tally:overallidletime,int(timeql4);

queue, c ran eq l4 :m ark (tim ecrane l4 ); 
request: crane(sds);

ta lly :id le tim ecran el4 ,in t(tim ecranel4 );
tally :overallid le tim e,in t(tim ecranel4);

assign: W eld ingpart= W eldingpart-1 ; 
transport:crane,C leaninginspect;

station ,C leaninginspect;

free: crane;
assign :cran euse l4 = 0 ; 
assign :C leaningpart= C ieaningpart+ l ;

queue,processqueue 16:m ark(tim eq 16);
se ize :m ach in el6 ;
tally : idletim eq 16, int(tim eq 16);
tally :overallid le tim e,in t(tim eq 16);

D elay :processtim e 16;
R elease :m ach ine l6 ;

queue, scanq 16:m ark(tim escanq 16);
scan :In te m ip a rt< 8 . A N D .N T (crane)< = l. A N D .crâneuse 16<=0;

tally  : idletim escanq 16,in t(tim escanq 16) ; 
tally  :overallidletim e,int(tim escanq 16);

ass ig n x ran eu se  16=1 ;

queue,craneq 16: m ark(tim ecrane 16); 
requestx ran e(sds);
tally  : idletim ecrane 16,in t(tim ecrane 16); 
tally  :overallidletim e,int(tim ccrane 16),

assign :C leaningpart= C leaningpart-l ; 
tran sp o rtx ran e jn tem a lp a in tin g ;

sta tion , Intem alpainting;

free: crane;
ass ig n x ran eu se  16=0; 
assign :In tem alpart= In tem alpart+ l ;

queue,processqueue 18 :m ark(tim eq 18); 
se ize :m ach in e l8 ; 
tally  :id letim eql 8,in t(tim eq 18); 
tally :overallid le tim e,in t(tin ieq  18);

D elay :processtim e 18; 
R e!ease :m achine l8 ;

qu eue ,scanql 8:m ark(tim escanq 18);



scan :C unng part< 8 .A N D .N T (crane)< = l.A N D xraneusel8< = 0 ;

tally  : idletim escanq 18,int(tim escanq 18); 
tally  :overaH idletim e,int(tim escanq 18);

a ss ig n x ra n eu se l 8=1 ;

queue, craneq 18:m ark(tim ecrane 18); 
requestx ran e(sds);
tally  :idletim ecrane 18,int(tim ecrane 18); 
taIly :overallid letim e,in t(tim ecranel8);

assign :ln tem alpart= ln tem alpart-1 ; 
transportx rane .C uringarea ;

station , C uringare a;

fre ex ran e;
a ss ig n x ran eu se  18=0; 
assign :C uringpart= C uringpart+ 1 ;

delay  :paintw aiting20;

queue,scanq20:m ark(tim escanq20);
scan:F inalw eld ingpart< 8 .A N D 'N T (crane)< = l.A N D xraneuse20< = 0;

tally:id letim escanq20,in t(tim escanq20);
tally:overallid letim e,int(tim escanq20);

a ss ig n x ran eu se2 0 = l ;

queue, craneq20:m ark(tim ecrane20); 
requestx ran e(sds);
tally:id letim ecrane20,int(tim ecrane20);
tally:overallid letim e,int(tim ecrane20);

assign :C uringpart= C uringpart-l ; 
tran sp o rtx ran e , Final w eldingarea;

sta tion , Final w eldingarea;

freex ran e ;
assign xraneu se20 = 0 ;
assign:Finฟ w eldingpa^t=Fi nal w eld ingpart+ 1 ;

queue,processqueue22:m ark(tim eq22); 
seize:m achine22;

tally:id letim eq22,int(tim eq22);tally:overฝlidletime,int(timeq22);
D elay:processtim e22;
R elease:m achine22;

queue,scanq22:m ark(tim escanq22);
scan :S to rag ep artl< 1 6 .A N D .N T (crane)< = l.A N D x ran eu se22 < = 0 ;

tally:id letim escanq22,in t(tim escanq22); 
tally  :overallidletim e,int(tim escanq22);

assign x ran eu se2 2 = l ;

queue,craneq22:m ark(tim ecrane22); 
requestx ran e(sds);

tally :id letim ecrane22 ,in t(tim ecrane22);
tally;overallid letim e,int(tim ecrane22);

assign :F inalw eldingpart= F inalw e!dingpart-l; 
transp ortx rane ,S to ragearea  1 ;



sta tion ,S torageareal ; 

free: crane;
assign:craneuse22=0; 
a ss ign :S to ragep artl= S to rag epartl+ l ;

queue, processqueue24:m ark(tim eq24); 
seize:m achine24;

tally:id letim eq24,int(tim eq24);
tally:overallid letim e,int(tim eq24);

D elay:processtim e24;
R elease:m achine24;

queue,scanq24:m ark(tim escanq24);
scan:F inalpain tingpart< 8 .A N D .N T (crane)< = l.A N D xraneuse24< = 0;
tally:id letim escanq24,in t(tim escanq24);
tally:overalIidletim e,int(tim escanq24);

assign :craneuse24= l ;

queue,craneq24:m ark(tim ecrane24); 
request:crane(sds);
tally:id letim ecrane24,int(tim ecrane24); 
tally :overall idletim e,int(tim ecrane24);

assig n :S to rag ep artl= S to rag ep artl-l;
transport:crane,F inalpain tingarea;

station ,F inalpaintingarea;

freex ran e;
assign:craneuse24=0;
assign :F inalpain tingpart= F inalpain tingpart+ l;

queue,processqueue26:m ark(tim eq26); 
seize:m achine26; 
tally:id letim eq26,int(tim eq26); 
tally:overallid ietim e,int(tim eq26);

D elay:processtim e26;
Release:m achine26;

delay:paintwฟting27;
queue,processqueue28:m ark(tim eq28); 
seize:m achine28; 
tally:id letim eq28,int(tim eq28); 
tally:overallid ietim e,int(tim eq28);

D elay:processtim e28;
Release:m achine28;

queue, scanq28:m ark(tim escanq28);
scan :S to ragepart2< 16 .A N D .N T (crane)< = l.A N D xraneuse28< = 0;
tally:id letim escanq28,in t(tim escanq28);
tally:overallid letim e,int(tim escanq28);

assign :craneuse28= l ;

queue, craneq28:m ark(tim ecrane28); 
requestx rane(sds);
taliy:id letim ecrane28,int(tim ecrane28);
tally:overallid letim e,int(tim ecrane28);

assign:Finฟpaintingpâ t=Finalpaintingpart-1 ; 
transport:crane,storagearea2;



station,storagearea2;
fre ex ran e;
assign:craneuse28= 0; 
assign :S toragepart2= S toragepart2+ l ;

delay:paintw aiting30; 
delay  :transfering31 ;

assign :sto ragepart2= storagepart2-l ;

tally:avgflow tim e,int(tim ein);
taIly:cycletim e,B ET;
countyobdone;
dispose;

c rea te ,1;

fail I D elay :w orkingm inutes;
qu eue ,p reem ptq l; 
preem pt:m achinel ; 
D elay.idlem inutes;
R elease:m ach inel :next(fail 1 );

create, 1;
fail3 D elay:w orkingm inutes; 

queue,preem ptq3; 
preem pt: m achine3 ; 
D elay:idlem inutes; 
Release:m achine3:next(fail3);

create, 1;
fail5 D elay:w orkingm inutes;

queue,preem ptq5; 
preem pt:m achine5; 
D elay.idlem inutes; 
Release:m achine5:next(fail5);

create, I ;
fail8 D elay:w orkingm inutes;

queue, preem ptq8; 
preem pt:m achine8;
D elay :idlem inutes; 
Release:m achine8:next(fail8);

create , 1;
fai!9 D elay:w orkingm inutes;

queue,preem ptq9; 
preem pt:m achine9; 
D elay-idlem inutes; 
R elease:m achine9:next(fail9);

c rea te ,1;
fail 11 D elay:w orkingm inutes;

q u eu e .p re em p tq ll;  
preem pt: m achine 11 ; 
D elay-idlem inutes;
R elease:m ach inel 1 :next(fàil 11);

create, 1;
fail 12 D elay:w orkingm inutes;

qu eue ,p reem ptq l2 ; 
preem pt:m achine 12; 
D elay:idlem inutes; 
R e lease :m ach ine l2 :n ex t(fa ill2 );

c rea te ,1;
fail 13 D elay:w orkingm inutes;

queue ,p reem ptq l3 ;
p reem p t:m ach in el3 ;
D elay.idlem inutes;
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Release:m achine 13 :next(fail 13); 

create, 1;
fail 14 D elayrw orkingm inutes;

queue ,p reem ptq l4 ; 
preem pt: m ach ine 14 ; 
D elay.idlem inutes;
R elease : m ach ine 14 :next(fai 114) ;

create, 1;
fail 16 D elayrw orkingm inutes;

queue,p reem p tq lô ; 
p reem ptrm achinelô ; 
D elayridlem inutes; 
R elease :m ach ine l6 :n ex t(fa ill6 );

create, 1;
fail 18 D elayrw orkingm inutes;

qu eue ,preem ptq l8 ; 
p reem pt:m achinel 8; 
D elay.idlem inutes; 
Release:m achine 18:next(fail 18);

c rea te ,1;
fail22 D elay:w orkingm inutes;

queue,preem ptq22; 
preem pt:m achine22; 
D elay:idlem inutes; 
Release:m achine22:next(fail22);

create, 1;
fa il24  D elayrw orkingm inutes;

queue,preem ptq24; 
preem pt:m achine24; 
D elay.idlem inutes; 
Release:m achine24:next(faiI24);

create , 1;
fa il26  D elayrw orkingm inutes;

queue, preem ptq26; 
preem pt:m achine26; 
D elayridlem inutes; 
Release:m achine26:next(fail26);

create, 1;
fail28 D elayrw orkingm inutes;

queue,preem ptq28; 
preem pt:m achine28; 
D elay.idlem inutes; 
Release:m achine28:next(faiI28);

end;
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