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53920843: MAJOR: MASTER OF INDUSTRIAL ENGINEERING; M.Eng.
(INDUSTRIAL ENGINEERING)
KEYWORD: INTERNET SHOP SERVICE/ CUSTOMER SATISFACTION/ QUALITY
FUNCTION DEPLOYMENT/ COMPUTER SIMULATION
PANIT PIGULTHONG: SERVICE IMPROVEMENT USING QUALITY
FUNCTION DEPLOYMENT AND COMPUTER SIMULATION: CASE STUDY OF

INTERNET SHOP SERVICE. ADVISOR: RUEPHUWAN CHANTRASA, Ph.D. 123 P. 20]2.

The objective of this independent study is to improve a service of internet shop to
respond satisfaction of customers effectively. This study applied Quality Function Deployment
(QFD) to establish technical requirements of the service, as well as, computer simulation to
determine appropnate number of the computers in the shop for reducing risks of decision
muistakes. The study began with studying current conditions and problems eccurring in the
service. After that, survey of customer needs and behavior were conducted and QFD were applied
to translate customer needs into technical requirements of the service. This study also performed
benchmarking in the service among the case study shop and the others. Results from the QFD
revealed 3 significant service issues, which should be addressed in the improvement; distance
from a main road to the shop, internet service rate fee; and number of computers provided in the
shop. Results from the computer simulation showed that the optimal number of computers in the
shop was 29 units. From computer simulation analysis, 29 units of computers created 162
customers daily, 75% computer utilization rate, and 3 minutes average customer waiting time. As
the results, improvement of the intemnet service shop by determining distance of the shop 100
meters far from the main read, reducing internet fee rate, and increasing number of computers
from 17 units to 29 units location of the shop 100 increased customer satisfaction from 3.82

points to 2.98 points, or 4,19% increasing.
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At ¥a and) W ani | [ audi| via ani 1o o | | audi|vh (i) | 119 ()
1 0 120 3] 7 133 61 1 201
2 2 133 32 14 125 62 I 106
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i5 2 60 45 0 95 75 0 23
16 4 93 46 1 152 76 1 153
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Auh |1 () | 16w (i) A |1 i) | 189w (u) aut| v i) 159 (wan)
91 0 64 122 3 49 153 I 163
92 3 148 123 0 122 154 0 209
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118 2 170 149 0 70 180 4 52
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Analyzer Tuldsunsw Arena

=2 ¢ by =
2.1 181NN IUYBIYNAT (Customer Arrival)

Han1snaaeuA1nN1sunLed 1ae 1y Input Analyzer 24 ¥33R1EDTU 95% (52610

oy A 1 = [~ =
Waddey = 0.05) awsoagd lanmsuenuasvesgnmfiindeduilunuy Lognormal Tagdl

r é 1 Qt ar 2] ar
Expression Fu 0.5+ LOGN(S.15, 8.31) A1 p-value =0.228 43U1NNNTEAVUBTIALY 0.05

AUNINT 4-14

Elstnbumon: Lognormal
Square Error: 0.002855

Chi Scquare Test
Number of intervels
Degrees of freedonm
Test Statistic
Corresponding p-value

[ R TRI |
(=T R
~oN

Dara Summary

umber of Data Polnts =
in Data Value =
ax Data Value -
Sample Hean -
Sample Std Dev -

Histogram Summacy

istogram Range
umber of Intervalid -

Discribution Jummary

Xpression: -0.5 + LOGH(5.15, 8.31)

184

56
4. 54
6,88

-0.5 to 56.5
57

a ' v
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g W = e Y . P '
HAYBUIAINIT IFNUNOUR AN DIVBIYNAT (Using Computer) (BN15NAXDUAT
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Pistribution: Triangular
XKpresaion: TRIA(2L, 62.2, 235)
Sgquare Error: 0.005158

Chi Square Test

Number of intervals =9
Degreea of Ereedon =7
Tesc Scatiscic = 10.7
Corresponding p-value = 0,164

Kolmogorov-Smirnov Test
Test Statistic = 0.0703
Corresponding p-value > 0.15

Data Summary

umber of Data Points = 184
in Data Value = 21

ax Data Value = 235
Sample Mean = 103
anple 3cd Dew = 48.1

Histogram Summary

"

2l to 235
13

stogram Range
er of Intervals

P 1 = o
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Customar Exit
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3.3 gninndeduiiaz 1 AuRe8R3T -0.5 + LOGN(S.15, 8.31) Wit Aanwil 4-17

Name: Entity Type!

Cuistamet Ayl v | Customer | |
|

Time Between Arrivals |

Type: £ xpression: Units: i

Expression v -05+L0GN[515 + | Minules v

Entities per Arrival: Max Arrivals: First Creation:

1 Infinite 0.0

[ ok ][ Cancel |[ Hep

MW 4-17 SasIMsudeduveagnm
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[Recource Computsr 1 ] Add..

<End of hsty =

| Delete

Delay Type: Units: Allocatior:

Triangular v Minutes ¥  VYalue Added -
Minimum: ValueMost Likelp): Maximum:

21 | 1622 1235

7| Report Statistics
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4. M3INIVAOV (Verification) UAza@UNIU (Validation) tuudian

#5390 ULULT1a09 AN Animation TaimuagUniwaudmsy Enity Atlu

Customer A401WH 4-20

Ertty Type |infial Piciure Holding Cost £ Hour |inflial VA Cast [infisl NvA Cost |inNiel Wetting Cast |intial Tran Cost |intiel Other Cost [Report Sististics |
1) ustomer 3 Picture Person 00 Do o0 a0 a0 0.0 ~

o o . ) ) o d
AN 4-20 NMINTHMUR Animation UNUH Entity itu Customer
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BRAZ TN Animation 1Y TU Resource NUNDUNUNDT AINTWN 4-21

Identifier: Compt ] - Current Library:;
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Ficture |D:
~add | (Im Bl -] [oadd] [l -]
) (o)
o9y | Copy | | SSE
= : @] Busy [ Dot | ’B
elete i Delele .
.%]r‘yacu’ve << | 3’_>! EB
A —_—
~ 1 4.Faited | New | g
A | Open.. | [
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| Save. | ==

Size Factor:  2.8646 Ao Beala

AWA 4-21 MINTMUA Animation LNY Computer

o 4 r o o | ¥
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03:03:07

= 3 ir— = _.F'J.

| Customer Arrival ——r———||JsingComputery——— & customer Exit

. | | L

24
14

24 9

AWH 4-22 115 Run LYYT1889 Step By Step

5. M9 Run Model
51 Run LYUUS1a0eaonaInsilaminisueddiu fe 14 5210y U 1 uvins

AINTWN 4-23 LAy 4-24



Run Speed i Aun Coniral i Reports

Project Parameters | Aeplication Paramelers | Ay Sizes

" Initiahi icati
Nisibai of Pephcations: nitiahize Between Beplcations

I /| Stalistics V| System

Start Date and Time:

Warm-up Penod: Time Units:

0.0 | [ Hours v
Replication Length: Time Units:

14 1 Hours v
Hours Per Day:

(14

Base Time Units;

Minutes v

Terminating Condition:

AW 4-23 1DA1N31AYA5YD51U 1 Replicate

00:00:00

i

Using Computer

Custormer Arrival

{:f Customer Exit

b

‘aﬁ

30

1038

AW 4-24 ¥aN15 Run Model 1 Replicate
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d A a A& a 40 ¥ = 2 ¥
HAUBINTT Run Model A537 1 1ipllinTosnoununed 1dusn1s 17 w509 duia
madlavhnisuoad i 14 ¥ Tuy/ Ju Replicate 1 3usi1n15 gndwnlfdusmsawadwdionn’y
= o W = P ¥ 4 s v oA 4 4
91n31m A0 108 AL/ T A1 i 4-25 Suaugnauafenunsel#iaseq § auuaznauRALh
b y A a o =
gnAsolEAIed 45 UM AIMWA 4-26

Replications: 1 Tirne Units: Minutes

Key Performance Indicators

System Average
Number Out 108

A 3 \ = =]
A 4-25 SwaugnmnlFusnmsvweSudiesnlueniiu 1 Replicate

Time
Waiting Time hinimum Madimum
furerage Half Width Valye Value
Using Cormputer.Queue 449117 (insufficient) 0.00 120.41
Other
Number Waiting Minimum Maximum
Aurerage Half Width Valye Value
Using Compuler. Queue 7.7088 {Insufficient) 0.00 24.0000

4 o y 4 4 4 g 4 - o ,
NN 4-26 mmugﬂmmamsa:nmmamﬂmsarlﬁm.ﬂSmﬂaummai 1 Replicate

[ 2 & . ar 1A b= o . =1 a g
UARIAAIAARDUNS D Half Width 63 TUiReawo 7905 Replicate Tvuillu 5 Tuvinig

W38 5 Replicate AINTWAN 4-27 Lag 4-28



Run Speed |
Project Parameters

Number of Replications:

g

Start Date and Time:
[&
Wam-up Period:
0.0
Replication Length:
14
Hours Per Day:
14

E’Ese Time Unitsi

Minutes

Terminating Condition:

Reports
Array Sizes

~Run Control |

Replication Parameters

Initialize Between Replications

[4] Statistics + System
=
Time Units:
[Hours -
Time Units:
‘Hours -
o

l UI.<. __] [ Cancel |

AT 4-27 (a1 AYIIN 15199514 5 Replicate

00:00:00

CuslamerArrival\

1232

Using Computer

—

II.
!

IIII
o

2372

NTNA 4-28 N1 Run Model 5 Replicate

(N

L Help -

& Customer Exit

131
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WAWBINTS Run Model A%af 2 ioflintoaneuiiunelvuins 17 wios daenan
n13iElasin1sveadi 14 93 1uy/ T Replicate 5 Suviims gndnnldudnisead adaoon)
vndunin 120 A/ MnTunaimnRouat 10.74 11 120.40 Faiflu 10.74/ 120.40%100 =
8.92% MWNNT 4-20 Fadunismualimanuameniouvssgndriinn 1gunrs lidu 10%

< \ o . a o 5 =) [} ar
ALAAINTIUIN Replicate 5 TUMMINLABIND 11015 Run Model uaziiwadws 111414

Other
Number In Mimimum Maximum
Average H alf Width Aurerage Parerage
Custamer 191.80 49.79 138.00 232.00
umber Out et himum Ma<imum
Aarerage Half Wyidth Arerage Average
Clstomer 120.40 10.74 108.00 131.00
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A 4-29 Saugnamnu lFus mavwaiwadaeen 19ndu 5 Replicate
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Resource

Usage
Instantaneous Utilization Minimum Maximum
Foserage Hal Width Pureraga Purerage
Computer 0.9441 .04 083975 N.9685
Nurmber Busy Minimum M aximum
Pyerage Half Width Awerage Pyerage
Cormputer 16.0497 69 15.0867 16.4653
Nurmber Scheduled Inimum Maximum
Foserage H alf Width Fosatage Farerage
Computer 17.0000 .00 17.0000 17 0000
Scheduled Utilization Minimum Maximum
Fuerage Haif pidth Auerage Ayarage
[Camputar 0.9441 .04 0.8875 0.9685
Total Number Seized Mirimum Maximum
HPoseraga Half \Width Pweraga Parerage
Computer 137.40 10.74 124.00 148.00

4 a A - ¢
AW 4-30 na1fins osnauAAABINI199IU 5 Replicate

iioWes a0 InEve gz wy A1 luMsTegauInyszuIn 98 WiR Atn i

e 4 = ¢ A o
4-31 a8 AT 1 INITTOADUAWNIIAUIAT DINOUAUADS LNDAATIUINUDINDHAY
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|Entity |
Time

vA Time Mirimum Maximum Merimum dadimum

Auerage Half Widh Horerage Purerage Valua Valye

Cuslomer 103 88 3724 98 786 108.71 286 0244 22278

NVA Time lefindmum Maamum Iiowmem Maximum

Forerage Halt Width Fuerage s Filite Y

Cuslomer 0.09 00 000 0.00 ooo D.00

Fait Time Minirmum Maximum Whirmurm: Maximur

Fuerage Half fiiidth Fugrage Poierage Value Valug

Cpstomer 98.1695 49 2§ 37.1581 138.27 0.00 301 24

ransier lime Minimum Madmum Minimum Maximum

Purzlage Hall Width Average Avsrage Valus Valse

Cuslomer 000 ili} oao 000 000 0.00

Other Time Minimum Maximum Minimam Maxirmum

Aol ag2 Hal Wi Auerage Furerage Vaiue Value

Customar goo .00 ooo 000 000 ooo

Total Time Minimum Maximum Minirmum Macmum

Armage Half \Width Auerage Puerage Value Value

Cuslomer 20205 46.97 143,86 238.03 26.22418 438.67

AW 4-31 LDINDEVDIGNA 5 Replicate

7. uumsautiun1slfvdyanuudiaes

o = o 2 ; a 0| ! I :
autiumsdiuilga Tnoninmuassensuiumes 1180 2 m5easmilu 19 m3ea

AN 4-32

Resoucs - Basic Flocess | - :
Hame lType |Capac#y Busy / Hour | idle | Hour | Per UseIStaleSer har‘a|Fa\Iures|Re;cﬂ Stalistics
1) |Computer Fixed Capacty |19 'IM 00 T Drows | W

= 9 = o‘d'
NN 4-32 mmuﬂaummasﬂﬁm
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A
115 19 1799

sai 1d gndunaurieSwdieen lvnirumde 130 A 3u A0 i 4-33
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Other

HNumber In tinirmum helecirmun
Poerage Half VWimh Awerage Average

Cuslomer 192.20 5218 128.00 227.00

NurnGer Qut g Rdinimum PAsimun
Average jalf Wicth Avarage Aversge
Customer 130.00 13.23 114.00 141.00
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ARTER e Aerage Arrgs i e
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EESOU[CE I

Usage

PEtaneOLs LARTEn Lhime WEimem LAPmen e
AiETag2 T uerage Kmrage Yalz i

Comgaer Ik ] or 0320 Do 18 10000

1o et L 3z Vi 1ty n
Fsrane Rl Wi ] Amrage kg e

Computes 17.3273 142 158333 WwIm 0l 190000
amder Schaduien A Ainimam [BEH . F ] Kipbum kankmum
AgErage =it e MErne o ahe Yl

CampaRer 120000 w 120000 19,0200 190 120000

Foreasses LAEsOn IR el e T e
Averege mEpa Himrage Azrags
Caoer 49525 i 2330 1559

TatEl Nomier Balzed kirmam Mzdmum
Ay A Agrage herags
Campuier 143033 1363 @R 15201
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A1919% 4-12 HANT Run Mode! oy awns osnouf nmod 1udu

Suawetos | Suuandwuaunuede | nalunsse | daluanisldiees
souRiuned  |udrvenliindnunde (aw)| voigndt () | ndesneuianed (%)

17 120 98 %4

19 130 72 92

21 143 42 90

23 146 39 85

25 157 2] 85

27 160 6 80

— ——

29 162 3 75

31 174 3 75

33 162 0 66

35 172 0 66
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00:00:00
.

r—— - o | — = S EE—

1 [ i g .

| Custornar Amial ._n—‘ll Usage Time I'IUsmu Computer {Racord Use Ti < Total Time " Custormar Exit |
L | | T

| o]

P = , A w4 Y} a o o o
NN 4-36 ATTLNL Attribute Lwauuﬂﬂn'ﬁ’]ﬂ’]'iclsﬁﬂ’]uﬂ@MW?L@@ﬁﬁﬂqﬂqulnﬂJrl]TﬁEN

° o3| @ ar 1 ar 4
Tnoimuald Use Time idudninfinnaimsldanyeigniunazau daniwh 4-37

Assign

Mame:

e -

Assignments:

Attnbute. Lse Time TNOW Add...
<End of list>

MNarne; Type:
~ | Time Interval >
Attribute Name:
|Use Time v | Becord inta Set
Tally Name:
'Record Use Time -
[_m [ Cancel ] l Help ]

ATWH 4-37 MSIAL Use Time oY uTINNaNs 199mveegniunaza
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! b 1 1
nazfuUA IR Total Time 193 IWIAIMINUANgAM 1T 1IIAT B3ROUR UADT Fanmw

¥ 4-38

T sl Tirne v Count -

Value:

Total Time+Use Time " Record into Set
Counter Name:

Total Time ' - ‘

[ ok }| cCance || Hep |

o a . 3 > = : = a
719¥ 4-38 N34 Total Time RS MMM IMNANgnA IFNwATDIROUAUNDS

wan1sifeuionnarluns 9ins ssnoufiumesszra1e 17 195 890a2 29 19509
Fa0TWT 4-39 1Az 4-40

paluns et ssnouRunes 179509 = 32326 U9/ 5 Tu = 6465 W1F/ Tu
AUTMsTTueas 15 UM 51050 = 6465/ 60*15 = 1616 LN/ U

a1 lums 19 auns pinou RS 29 1930 = 59400 W/ 5 Tu = 11880 W Su
A1 luaag 15 UM 505U = 11880/ 60*15 = 2970 LW/ Fu

SUFVTRNAL = 2970 — 1616 = 1354 LW/ Sl

4 4 X
WIDIWNUL = 1354/ 2970*100% = 45.59%

Counter
Count
Aurerage
Total Time 32326.20

- 3 & = 4 A
NINN 4-39 L?a’]'j’Jl.ls]»uﬂﬁlislaﬁ\‘]'IULﬂSENﬂﬂNngﬁﬂs 17 (A594



Counter
Count
Aversge
Total Time 50400.40

= 9 4‘1 = o d'i
1R 4-40 nansaulumslrnumSesnsuwunes 29 19509
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Swaeser | s1odunsdi

ADUN UADS (110)
17 1616
19 1877
21 2355
23 2394
25 2731
27 2898
29 2970
31 3166
33 2963
35 3151
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510560 T (L)

4000 =
Y =82.95258 X + 455.378

3500 -
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2500
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17 19 21 23 25 27 2% 31 33 35
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] w  ar o ’ o . Y o o
ﬂ'ﬁf\lﬁ 4-41 ﬂ'ﬁ?ﬂkkﬁ@]ﬁﬂ?’]ijﬁuwu‘ﬁﬁgﬁ'ﬂﬁ%']Ll’.]u!.ﬂ%BQﬂE]'lIW'JLG‘]BiHﬁ%T]U'ﬁU

SUMMARY OUTPUT

Regression Statitcs
Mufticke R 0.936083
R Square (.876252
Adjusted R 0.860/83
Standard E 200.2153

Observatio 10
Y =82.95258 X +455.378

ANOVA /

df 55 /MS F ignificance F
Regression 1 227077 2270773 56.64732 6.76E-05
Residual 8 3&)?{40086.15
Total 9 1462

/

wandard Ern ¢ Stat P-valve lower 95%Upper 95%ower 95.0%Upper 95.0%

Intercept | 455.378|293.4697 1.551704 0.159333 -221.364 113212 -221.364 113212044
X Variable | 82.95258]11.02149 7,526441 6.76E-05 57.53698 108.3682 57.53698 108.368171

{ = o w o ) o 4 = o a
m‘wﬁ 4-42 ﬂ?ﬁ?iﬂ'ﬁ‘]%ﬁﬁ‘]ﬂ?‘]ﬂﬁuwuﬁﬁzTT'J'N‘D']u'JuLﬂ%ﬂ\?ﬂﬂHW'JLWﬂﬁLLﬁzﬁ’lU'ﬁU
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Y =82.95258 X +455.378
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ey X = 9UINAT0IRINRINDS

af = Qd . a é ar ' L] :"J )
Taviiduilszansnisdadula (RY) = 87.63% wadadiagludud (minuiu 90% 399y
=] = b=} ! o a 3 A a =l a o
f971900) sareanan NN udvesmsiauns [ laiRoiuenIemanziunaans
& dy o as 1 ar ¥ o 1 @
Fagunsiig lammuasasiadalus e 15 vmeeda Tus
° ar L] ' 3 1 ar ar 1 4 ¥ =
dwmSuanu luudusueziusgnuvnauaty wu nansndaa e
= 1 d -] 3 A 1 o n ¥ Ve
Wasuwdasld msaammme luadiolins ldanudeiss warllwvhldanuuiudves
o oddy ¥ o w o 3
HAAWDH InnaumMsauduriutanatla
ar d o ar s
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A = I's P dls o 1 a J ar as ar
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2 2
Output Analyzer 1AUAIAUUAT LAY
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Diff

Two-sample-t Comparlson of Means
95%b CL :n;l Yalue
-9@.3
Average Use Time -250 $ e 74.3
0

Two-Sauple T Means Comparison :

IDENTIFIER ESTD. MEAN STANDARD (0.950 C.I. MININUM MAXIMIIH NUMBER
DIFFEREMCE DEVIATION HALF-WIDTH VALUE VALUE OF 0B3

Average Use Times -92.3 54.8 167 538 839 5
£94 840 5

FAIL TO REJECT HO => MEANS ARE EQUAL AT (.05 LEVEL

- LY4 a a i = 4 |
ATWH 4-43 WAMT Compare Mean Haawiuoad 11 u% Tuams IFaum ssnounuseimae

Al e ) . E M A & & o
Hah 1Afe Fail to Reject H, W308015Y H, Ao Aundos g Tuanis 14
=~ PR aa 4 - 4 d Yvod = ]
ADUNAADS IV IAUVUEAT 17 19599158 29 105040610 L@ THIRINIIMS AT B4
aounwes 1z luvh ldiag eenaumiu ldmun 1w 4-43

a P Yo W Y o [
UASYMINIG Compa.re Mean VO Outpul ‘H‘i'E]"l]’lU')HQﬂﬂ'I‘VIE‘ﬂJ'IﬁJ']Gl‘]J"IJﬁﬂ'IiGlu‘i']uLLax

¥ ¥
ponly Tagnseuudgiudail

AUURTIM H,: u, -y, = 0 (AURHY Output neulfulgumenaliudyaumniu)

H,:u, —u, 7 0 (Aundo Output neuUsuaazvasliuyzalumiAw)

.
ar ar e

serufediity € =0.05 uozafian ldmaday T-test
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Two-sample-t Comparison of Means Dilf

9596 CL=  Test Value

-39.4
Number Out -76.6 W-#}zl
0

Two-Sample T Meeans Comparison :

IDENTIFIER ESTD. MEAN  STANDARD 0.950 C.I. HINIMUH MAXIMUM NUMBER
DIFFERENCE DEVIATION HALF-WIDTH VALUE VALUE OF 0BS

rNu.m.ber Out -39.4 13.4 37.2 108 131 5
119 182 5

REJECT HO => MEANS ARE NOT EQUAL AT 0.05 LEVEL
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