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Abstract— This paper describes rapid simulation model building using one of the classification approach called as Cladistics. There
are many problems occurred in cellular manufacturing, and cladistics technique is used to classify all problems identified in this
research. Cladistics is a common technique used by biologist to determine species and specimen based on the evolutionary analysis. In
this research, cellular manufacturing problems are grouped based on their evolution. The purpose of the classification is to develop a
rapid simulation prototype for model building. The prototype provides a user interface that linked to the templates developed and
simulation engine. The prototype can be used to facilitate users in model building to reduce model development times especially for
those who do not have any experience in simulation modelling.
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manufacturing system because it uses evolutionary analysis
I. INTRODUCTION to present the relationship of its subjects. In this research,
cellular manufacturing problems are the subjects and cause

Computer simulation provides a better analysing factors become the characteristic data

technique, especially for complex stochastic systems. Model
building is one of the keys for computer simulation [1] [2].
The objective of this research is to develop a rapid prototype Il. MATERIAL AND METHOD
to build simulation and modeling using cladistics technique. p Stage 1: Data Collection

This paper focuses on the prototype development phase with .
two stages which are template development and user Data were collected by means of document analysis such

interface development. Physical elements and performanc ‘:'] éoslggfclﬁ’S?rg?ge"}'gcua;gﬂeosr’] Esﬁﬁzr%‘gn{ﬁ:sgﬁg ‘T?Spf;
measure elements are clustered to become a template i ome of the l?g words _available used  are ‘c%llular :
order to reduce model-building tim€ellular manufacturing Y

in 21st century obviously faced with various challenging manufacturing’, ‘cell formation’ and ‘manufacturing cells’.

demands. Thus, there are many problems have been reporte;ge results revealed almost 100 of papers were chosen, and

in cellular manufacturing industries. The key findings show collepcrt(i)(?rlwems with 25 factors were extracted from data

that the main issues in cellular manufacturing are related to
the formation of cells and generation of product families [3]. B, Stage 2: Classifications of Problem
In order to solve various problems in cellular manufacturing,

: . . . Stage 2 is a phase which problems in cellular
simulation can be one of the best options available [4]. Sheetmanufacturing are classified using specific software such as

g?r?qtﬁla{?gmgghﬁo?:e CE;;?eAr:gt?gfg;u;g:glén%lisgirﬁzI:t?c')?]g Mesquite and Winclada. It is proved that cladistics has been
gy ' P applied to manufacturing systems in order to distinguish

application is missile manufacturing related to military [22]. : . -
CFI)aFl)distics an extensive tool Whicgh is used in biol)(/)g[;y ]is present from past systems by improving the efficiency of
' manufacturing systems [7] - [13]. In this research,

exploited in this study [5]. In addition, cladistics is also establishing a matrix table is the first step before using data

known as phylogenetlc systems [6]. It is very useful to track as input in the cladogram development. Problems and factors
the evolution of problems in cellular manufacturing as . :
in cellular manufacturing are chosen as taxa and

cladistics technique enable to produce an evolution [7]. o . o
. . ) - . - 1" characteristics of the cladogram. The main objective of
Cladistics technique is the efficient way to implement in
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constructing the cladogram is to generate a cladogram that

TABLE |
CHARACTERS ANDSTATES

has minimum steps and length [14]. Table 1 shows
characters and states used in established cladogram. Table
shows data matrix created based on data collection in stage
From data collected, binary number; 1 represents present of
characters and 0 represent the absence of characters in thie
matrix above was inserted in specific cladogram generated
software to establish a cladogram.
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High machine
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Performance Measure

Absence
Scrap rate
Absence
Rework cost
Absence
Labor efficiency
Absence
Workload
Absence
Labor efficiency
Absence
Production volume
Absence
Production volume
Absence
WIP Inventory
Absence
maintenance cost
Absence
Machine efficiency
Absence
Labor efficiency
Absence
Total cost
Absence
Total cost
Absence
Setup cost
Absence
Backorder cost (delay delivery parts)
Absence
Delivery time performance
Absence
Production volume/ produstion rate
Absence
Total cost
Absence
Total cost
Absence
Total cost
Absence
material handling cost
Absence
material handling cost
Absence
intra/inter cellular movement cost
Absence
Machine efficiency
Absence
Production volume/rate

1

|

Objective: To clazify eellular manufacturing problemsusing cladistics technique in cledozram |

|

|

Stage |- Data Collection: Problams and Issues in Cellular Manufacturing I

|

|

G I

|

|

Stage Il Generzting cladogram I

- - |

Frablems and ssues Sorting ) adogram Estab shmet |

and ClassFication Final Data from Cladogram genzrating |

Classfication Software I

|

|

|

|
I I
| |
I Objective: Develop 2 prototype znd validating cladiztic technigue using protoype I
I Stage Il Prototype develpment I
| I ] : |
| i I GUL{ Graphical |
I : | User  Interface) : |
I | Ilodules and i |
I | | template building |~ VB Panzl protatype I
| | | development I
I | Il odel Simulation | |
: |
I | |
I |
| |
I |
| |
I |
I |
I |
I |
| . |
| Stage IV |
I |
} |
] ‘ |
| iiation W ode| » Use Documentation |
| Testing I
I |
| |
| |
| |
| |
l |

Fig. 1 Framework of prototype development

Fig. 2 shows problems listed in cladogram based on
factors identified. Block of the module in simulation
software is coded as a template as shown in Fig. 3.
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Fig. 2 Cellular manufacturing problem cladogram




TABLE I

DATA MATRIX

PROBLEM FACTORS / CHARACTERS

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2021 22 23 24 25
1 Low productivity 1 1100 1 1 0 1 000CO0 1 1 11L00D00O0TO0TZ1/
2 Poor quality 1 1 100 0 1 0 0 0100 0O0DO0DO0DDNOO0O0 0010
3 Poor performance in cell 0 0 110 1 0 0 1 1 1 00 0 1 1 10 0D o011 1101
4 Poor efficiency in cell layout 0 0 00O O OO O0OUOUOCOUOTI1I 110D 0D01 1 100
5 Poor efficiency of cell formation 0 1110 0 10 0001711 111110111002
6 Low efficiency of utilization machine 0 0 00O O OO 011 100 O00D0O0MDODOO0O0O01/1
7 Low efficiency of workers 0 1011 1 1 0 00 100 O0O0DO0O0MDDOO0OO0O0O0I0
8 Total intercellular & intracellular movement distanceinc 0 0 0 0 0 0 1 0 0 0 0 0 0 1% 0 0 0 O O 01 1 100
9 excessice quantity of operators 0 1 111 0 10 0001100101 1111 1010
10 Total material handling cost increase 1 0 000 0 O0O0 O0O0O0OUOI1IO00D0O0DDNO1 1 1010
11 High Holding inventory cost 0 0 00O OOTZ1 1000CO0O0OO0TI1IO0OMD0DDDOO0O0O0O0I(
12 Backorder increase 0 0 00O O0O0OTU11000O0O011I100MDO000O0O00O0I
13 High reconfiguration cost 0 1000 0011 00110000O0D0DD0D11I0D0DO00O0I|0
14 High investment cost 1 1101 0 00 01 111 1 1 11 1 1111 111
15 High machine setup cost 1 1010 1 10 011000O01D0U111100 00|
16 High WIP 0 1 111 1 01 1100001 1100D0DO01101
17 Low performance of movement flow 1 1 111 1 11 11111 111000111110
18 Poor scheduling system 0 0 100 0 0O 0O0OO0GOCI1IO0O0D0O0D0ODNDO1I 1 0010
19 Unbalanced workload in cell 0 1 111 1 00 0O0O0O0CO0 1L 0D0DO0ODODDOOO000O0I
20 Irrelevant relation between routing flexibility and cormes 0 o0 o o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L 01 1 0010
21 High space requirement 0 0 00O 1 00 0O0O0O0CTZ1IO0O0D0O0D0MDO0O1I 1 0110
22 Changes make-to-stock system to make-to-order system 0 0 0 0 0 01 00000000 0DO0IL100]10

, Fig. 4 describes template development based on the

C. Stage 3: Development of Rapid Prototype cladogram. VB second user interface enables the user to

This section shows the development of a prototype, whichbuild the desired model according to the template. Novice

consists two phases; developing templates and modules ifmodeller does not need to arrange physical elements
simulation panel, and developing user interface using VBA. manually as modules created according to cells.

3 ‘
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Problemsin cellular [ram [ simulation
manufacturing \
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TAVG|EntityL.TotalTime)

Simulation Panel I
Physical Attributes and -
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Fig. 3 Prototype development

Fig. 3 shows the process of prototype development in Fig. 4 Template development based on cladogram

stage Ill. There are two phases, which are template )
development and user interface development. Phase | Fi9- 5 shows the main panel of the prototype developed.

requires physical attributes, performance measures elemenf€W frames specify the functions of the prototype such as

and functions to build a template. Phase Il use Visual Basicmodules, single elements, and simulation panel button.
Application to build a user panel to send input data to Modules created were specifically for cellular manufacturing
simulation panel. which cluster elements based on problems. Performance
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measure button is added to open performance measure panalrival, and arrival rate as shown in Fig. 7. Specific data such
in order to insert an element of the performance measure.
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Fig. 5 VBA main control panel

as resources details must be inserted manually at the
simulation panel.

Fig. 8 shows the appeared control panel after simulation
activity end. The panel allows the user to edit the existing
model or to abort the model.
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Fig. 8 Control the simulation activity

Based on Fig. 6, a model based on high work in process
problem was built using rapid prototype. Based on the
problem, three processes required in the model. From thesimylation activity in the simulation panel. There are three

prototype, cell 3 that consists of three machines andpyttons, which are edit model button, run button and abort
incoming part were select and insert into simulation panel.

— L[ X
Object Rin Window e 8
B o v & By pUbNKn !} N B i) Ak
BeAv @y SvEEmefr @y
N
; Time series chart for
High WIP
performamce measure
Geze! l_ s 1 \
| —l M .
—‘| 103 34 % 60 8 o
1
{ st || el l
\ |
I

Fig. 6 Model development and performance measure

edit data

Part

Entities per arrival |
Maximum per arrival
Arrival rate

Machine

Process Time

—

Click elements at
simulation panel for
further data editing

Fig. 7 Edit data panel

Basic data needed to simulate the problem was inserted
such as; entities per arrival, process time, maximum per
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Fig. 9 shows the enlarged control panel used to control the

button. By clicking the edit model button, edit data panel in
Fig. 7 will appear. By clicking abort button, simulation
activity will stop. Another message box will appear to ask
the user to proceed another model building or exit simulation
panel.

.

UserForm2 lﬂ?'-J

Edit model if needed. Run simulation at
simulation panel. If not, just run the
simulation here

Edit model

abort

Fig. 9 Control panel to run the simulation

Fig. 10 shows a performance measure panel required by
models to analyse the simulation using charts. Based on a
model in Fig.6 WIP performance measure applied
“EntitiesWIP (Entity Type)function expression to calculate
total WIP in the system.
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In addition, the prototype provides inexperienced user to
use required element resources if needed as shown in Fig. 11.
Proper instructions and guidance are provided to bring.

convenience to users.

Fig. 10 Performance measure panel

Instruction Panel

=i

Click elements for guidelines mode! building

Buffer & Operator

7

Fig. 11 Model resource control panel

I1l. RESULT AND DISCUSSION

Mod B: Model Building using Prototype

Masa (min) Evaluation
Exercise 1 5:16 5(Very Easy)
Exercise 2 i Cannot proceed 2(Difficult)
Exercise 2 ii Cannot proceed| 5(Very Easy)
Exercise 2 iii Cannot proceed 4(Easy)
Exercise 3 i 3:02 5(Very Easy)
Exercise 3 ii 4:56 2(Difficult)
Exercise 3 iii 5:09 2(Difficult)

Table 3 shows the result of pilot testing before
improvements of the prototype was made. From the table
above, it is shown that model building time manually takes
longer than using prototype. Besides that, there are few
exercises that cannot proceed by participants because of
certain technical problems. Some of the problems are there
are no elements needed provided in the prototype. Thus
participant had to drag manually from simulation panel.
Besides that, participants enable to understand guidelines
given from the model building exercises.

Participants chosen to participate in the testing had less
than 6 months experiences in simulation and modeling. This
is because the prototype was made to be used by beginner or
novice. Simulation and modeling is a complicated process.
Thus this prototype enables novice modeller to build model
and simulation. Based on the results of evaluation in Table 3
above, evaluation made with two sections, which are the first
section evaluate the ease of use of the prototype. Table 3
shows the respondents of the user testing experienced a little
difficulty when using the prototype because according to

This section briefly shows the result obtained after user them the guidelines prepared was not understandable. Thus,
testing was done. The score was given based on ranking Inost of them gave score 3 for guideline issues. The average
(Totally Disagree) to 5 (Totally Agree). The results obtained score for the prototype in terms of ease of use is 56.67 %.
based on user testing and evaluation. There are two forms However, this prototype is proven can be useful in
provided. The first evaluation is model-building exercises sjmylation and modeling building as the average score for
and the second evaluation is user feedback evaluationysefylness aspect is 76.67%. In addition, it is agreeable that

Participant chosen consisted by the inexperienced user Withynogel-puilding time can be reduced as two over three
less than 3 months model-building experiences.

TABLE Il
PILOT TESTING

Mode A : Manual Model Building

Masa (min) Evaluation
Exercise 1 10:23 4 (Easy)
Exercise 2 i 11:21 2(Difficult)
Exercise 2 ii Cannot proceed 5(Easy)
Exercise 2 iii Cannot proceed | 1(Very Difficult)
Exercise 3 i 12:30 4(Easy)
Exercise 3 ii 6:06 2(Difficult)
Exercise 3 iii Cannot proceed 2(Difficult)
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participants gave (4) and (5 ) score for that aspect. A part
from that, performance measure aspect got average (4) score
which means the participants agreed it is easy to insert
performance measure in order to analyse the simulation
output. Even though performance measure was agreed easy
to use, the usefulness of performance measure got average
scores as some of the attributes and functions of
performance measures need to insert manually. A part from
that, participants involved believed the potential of the
prototype to increase simulation building is 3.33 out of 5
scores. It is because there are few aspects that can be
improved based on the scores given.



TABLE IV manufacturing are classified according to the chosen
RESULT OF EVALUATION characteristics will enable to track down the most critical
. _ factors. Issues in cellular manufacturing are commonly
First | Second| Third Average . -
studentl student! student | Score caused by critical factors. In addition, the prototype can be a
1)Duration involve in simulation and modeling very useful tool to the novice modeler and there will be
contribution to simulation modeling area.

Never
0-6 months . . .
6-12 months ACKNOWLEDGMENT
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