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Problem Definition

o Computer monitors arrives at the Shipping Boxes Unlimited on average every 15 minutes
according to the exponential distribution.

° Then they are sent to the packing table.

o Similarly, empty boxes arrive at the factory at the rate of one every 15 minutes,
exponentially and they are sent to the packing table.

o At this station, monitors are packed into boxes.

> Then packed boxes are sent for inspection. The inspector checks the contents of the box and
tallies with the packing slip.

° Inspector loads packed boxes on an empty pallet.
° The loaded pallet is sent to the shipping dock and waits in the shipping queue.

o At the shipping dock, the packed boxes are unloaded from the pallet and they are prepared
for the shipment.

° The empty pallet is returned, via pallet queue, to the inspector. There is only one pallet
used in the system and this way it is recirculated.



Problem Definition

> Processing times are given in Table 1:

Process Time (min)
Packing Normal (5, 1)
Inspection Normal (4, 2)
Loading on the pallet Uniform (3, 1)
Unloading from the pallet Uniform (3, 1)
Preparing for the shipment Uniform (5, 1)

o Make a simulation model and estimate the number of monitors shipped and the amount of
the work-in-process (WIP) of the monitors.

o> Run the simulation model for 100 hours.



Implementation on ProModel

o Define the locations

Icon | Hame Cap. Units DTs. .. Stats Rules...

Honitor Queue INFINITE 1 None Time Series Oldest, FIFO
Box_ Queue INFINITE 1 Hone Time Series Oldest, FIFO

==l Packing Table 1 1 Weone Time Series Oldest

m Inspect_{ueue INFINITE 1 Hone Time Series 0ldest, FIFD

a Inspector 1 1 None Time Series Oldest

m Shipping Queue INFINITE 1 Hone Time Series 0ldest, FIFD

ﬁ Shipping 1 1 Hone Time Series Oldest
Pallet Queue INFINITE 1 Hone Time Series Oldest, FIFO
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Implementation on ProModel

o Define the entities

. Entities

Icon Hame Speed (fpm) Stats
il‘iuﬂitur 150 Time Series
E;' Empty Box 150 Time Series
. Packed Box 150 Time Series
@ Empty Dallet 150 Time Series
f&t{:’ Loaded Pallet 150 Time Series

o Set entity arrivals

FH Arrivals

| Entity. .. || Location. .. || Oty Each. .. || First Time. .. Qcourrences Fregquency
MHonitor Honitor {uesue 1 fu] INF E (15) MIN
Empty Box Box Queue 1 a INF E (15) MIHN

Empty Pallet Pallet Cueue 1 a 1 a




Implementation on ProModel

o Define variables in order to estimate the number of monitors shipped and WIP of the monitors
* Puticons on the layout

Variables (global)

Icon ID Type Initial walue
Monitors shipped Integer a
Tes WIF Integer
HMonitor Queue
Packing Table
Inspect
1 Queve
i ooooc
Shipping Cueue &
moescs QNS [TTTTITITITITOITOTIT

Inspector

Monitors
SHEEEEL Pallet Queue




Implementation on ProModel

> Processing for Monitor: Monitor Queue = Packing Table

B Process [1] E\@ W Routing for Monitor @ Monitor_Queue [1] EI@
| Entity. I Location. || Operation. . | [B1k | Output.. . [| Destination... Move Legic. ..

Monitor Monitor_Queue INC WIP ~ 1 HMonitor Packing Table ~

Empty Box Box Queue

Empty Box Packing_Table Join 1 MonitorWait N(5, 1) MI!

Packed Box Inspect_{Queus

Frmtr Pallet Pallet Mueue hd e

EOperation EIE Routing Rule EMG*.*ELogic EI@
daBrcAl ;Y 0 e [ Start New Block oy [T |pRBYCHR[FAISO
1 INC WIP

[ mMew Entity 1
() Eirst Available () Most Available
() By Turn () Random
(®) If Join Request () If Load Request
(_) If Send () Longest Unoccupied
() Until Full () IfEmpty
() Probability:
() User Condition:
() Continue
As Alternate As Backup Dependent
Ok | Caneel || tep |

Pallet Queue




Implementation on ProModel

° Processing for Empty Box: Box Queue = Packing Table

}Prcces: [21] E\@
| Entity. . - Location. . . || Operation. . . |
Monitor Monitor_ Queue INC WIP =
Empty Box Box Queue
Empty Box Packing Takle Join 1 MonitorWait M(S5, 1) MI!
Packed Box Inspect_{Queue

W

Ermtyr Pallst

Pallet Mesus

» Routing for Empty_Box @ Box_Queue

1 o [& =]

Blk | output. .. I

Destination...

Bule...

Mowve Logic..-.

Empty Box

Packing Table

FIRST 1

E Operation

P N I N N RN )

1

(= =]=]

Pallet Queus

E Maove Logic
daBmcAlF;Y L0

1

(= =]=]




Implementation on ProModel

o Processing: Packing Table = Inspect Queue

} Process [3] E\@ » Routing for Empty_Box @ Packing_Table

1 = E]=]
| Entity. .. ” Location. . . || Operation. .. | Blk | Qutput. . - ” Destination... || Bule. .. || Move Logic...
Monitor Monitor Queue INC WID ~ Packed Box Inspect_ Quesue FIRST 1 "
Empty Box Box_ Queue
Empty_Box Packing_Takble Join 1 MonitorWait N(5, 1) MII
Packed Box Inspect_{Queue
Emmtw Pallet Pallet fuerues ~

E Operation EI@ E Maove Logic
sdamoeR Y o0 damoenl Y o0
1 Join 1 Menitor
2 Wait N(5, 1) MIN

~

1

Packing Table

W T
v'Join 1 monitor into an empty box
v'Pack them together

Pallet Queue




Implementation on ProModel

° Processing for Packed Box: Inspect Queue = Inspector

N\
W Process [4] E\@ W Routing for Packed_Box @ Inspect_Queue [1] EI@
| Entity. I Location. || Operation. . | Blk | Output.. . [| Destination... Move Legic. ..
Monitor Monitor_ Queue INC WIP = Packed Box Inspector &
Empty Box Box_Queue
Empty Box Packing_Table Join 1 MonitorWait N(5, 1) MII
Packed Box Inspect_Jueue
Emmtv Pallet Pallet fueus 5 7

EOperation EIE Routing Rule EMG*.*ELogic EI@
daBrcAl ;Y 0 e [ Start New Block ey [T |pRBYCHR[FAISO

1

[]Mew Entity 1
() First Available () Most Available
()By Turn () Random
() If Join Request (®) If Load Request
() 1f send (_) Longest Unoccupied
() Until Ful () If Empty
() Probability:

() User Condition:
O Continue
As Alternate As Backup Dependent
0K | Cancd | e |

Pallet Queue




Implementation on ProModel

> Processing for Empty Pallet: Pallet Queue = Inspector

B Process [3] E\@ W Routing for Empty_Pallet @ Pallet_Queue [1] EI@
| Entity. .- ” Location. - - || Operation. .. | Blk | Qutput. . . ” Destination. .. || Rule... || Move Logic. ..
Empty Box Box_Queue ~ Empty_Pallet Inspector FIRST 1 M
Empty Box Packing Takle Join 1 MonitorWait M(S5, 1) MI!
Packed Box Inspect_{Queue
Empty_Pallet Pallet_Queue
Emmtw Pallet Tnsnertnr Wait Wid 21 MTN /* dincsmercti rwv N
N
B Operation [==]=] [ Move Logic [==]=]
Y NI Y NI
1 1
Packing Table
‘R.;T I
= |
Shipping Queue
B T
-.__b _'_'_,_,_,-'—""
Pallet Queue
€ > < >




Implementation on ProModel

o Processing: Inspector = Shipping Queue

} Process

el e j@jr=]

Empty Pallet Pallet_ Queue

| Entity. - - ” Location. . . || Operation. .. |
Empty Box Packing_Table Join 1 MonitorWait M(5, 1) MI1™
Packed Box Inspect_{Queus

Empty_Pallet Inspector

cading on the pallet */Load 1

T.naded Pallet Shinmina faerue

W

} Reuting for Empty_Pallet @ Inspector

1 o [& =]

Blk | Output. . ||

Destination. _ . ||

Bule._ _.

Mowve Logic. ..

Loaded_Pallet

Shipping_Queue

FIRST 1

-

EOperatinn
dBBICH Y SO

(= =]=]

1-Wait N(4 ,2) MIN /* inspection */

3 Load 1

2EWait N(3, 1) MIN /* loading on the pallet */

v'Inspect packed box

v'Load packed box onto an empty pallet

Pallet Queue

EMD‘.‘ELDgiC
dRBRYCAI Y DO

1

(= =]=]




Implementation on ProModel

° Processing: Shipping Queue - Shipping

} Process

71 = @=]

| Entity. . -

|| Location. . _

|| Operation. . . |

» Routing for Loaded_Pallet @ Shipping_Queue

1 [==E]r=]

Blk | Jutput. . . ” Destination. .. || Rule. .. || Move Logic. ..
Packed Box Inspect_Queue ~ Loaded Pallet Shipping FIRST 1 "
Empty Pallet Pallet_ Queue
Empty Pallet Inspector Wait W4 ,2) MIN /* inspectior
Loaded Pallet Shipping Queue
T.naded Pallat Shinminm Wairt TT{2 1 1 MTN F* unlnading v R4
E Operation

5

1

P N I N N RN )

(= =]=]

Pallet Queus

E Maove Logic
daBmcAlF;Y L0

1




Implementation on

ProModel

o Processing: Shipping = Pallet Queue

} Process [8] E\@

} Reuting for Loaded_Pallet @ Shipping

1 =]

v'Unload from the pallet I

o

[~ —

Pallet Queue

| Entity. .. ” Location. .. || Operatiomn. .. | Blk | Output . - - ” Destination. . . || Bule._ . || Mowve Logic. ..
Empty Pallet Inspector Wait N({4 ,2) MIN /* inspectior™ Empty_Pallet Pallet Queue FIRST 1 =
Loaded Pallet Shipping Queue
Loaded Pallet Shipping Wait U(3,1 ) MIN /* unloading
Packed Box Shipping Wait U(5,1) min /* loading in
L L
=
B operation [=&@]=] B Move Logic [=&@]=]
[
daBIcAl Y 06
1EWait U(3,1 ) MIN /* unloading from the pallet */ A 1
2 Unload 1 Packing Takle




Implementation on ProModel

° Processing: Shipping = EXIT
}Process

-
[2] E@ » Routing for Packed_Box @ Shipping [1] EI@
| Entity. .. ” Location. . . || Operation. .. | Blk | Qutput. . - ” Destination... || Bule. .. || Move Logic... |
Empty Pallet Inspector Wait N(4 ,2) MIN /* inspectio:”™ Facked Box EEIT FIRST 1 6
Loaded Pallet Shipping_Lueue
Loaded Pallet Shipping Wait U(3,1 ) MIN /* unloading
Dacked Box Shipping Wait U(5,1) min /* preparing :
W L

B operation (=== [ Move Logic (===
dadocalrdse dadocalrdse

1 Wait U(5,1) min ~ 1

2 Dec WIP

3 Inc Monitors_shipped

T

ipping Queue

T
"

let Queue




Implementation on ProModel

° Run the simulation for 100 hours and get the results

Simulation Options
Output Path: | c:\users k555u documents\promodel\output | Browse...
Monitor Queue
Run Name: | Bazeline |
———————
i e el e i e
Fun Length Dizable
(®) Time Only () Weekly Time () Calendar Date [ ] Animation [ ]cost Box Queue
D Warmup Period |:| Array Export |:| Time Series m Inspect
ullE"lJ.E
_ At Start
W armup Time™;
[ ]Pause [ |Display Model Notes
=,
Run Time=; 100 | [Jtrace []5how Views Panel
*Time units default to hours unless otherwise spedified.
General
Clock Precision Adjust for Daylight Saving Time
O Second O Haur |:| Generate Animation Script '.'
0.001 A
(®) Minute OiDay [] Commen Random Mumbers Inepector
| Skip R OTs if Off-shift
Output Reporting p Resource OTs i i
Recompile Mappings
(®) Standard () Batch Mean () Periodic
Output viewer(s) to launch o
Interwval Length: B LmEnE
Qutput Viewer
Mumber of Replications: | 1 | [ ] Minitab

Fun K Cancel Help




Thanks!...

Questions?

fatihcavdur@uludag.edu.tr / aslisebatli@gmail.com




