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Solving an Advanced Planning and Scheduling Problem with Preventive Maintenance

Time Window Constraints by Mixed Integer Programmming Models

1 2 .
Thanyapon Udom  Pupong Pongcharoen and Kwanniti Khammuang ’
Department of Industrial Engineering, Faculty of Engineering
Naresuan University, 99 Moo 9, Tha Pho, Mueang Phitsanulok, Phitsanulok 65000

Abstract

This research studies and develops a mixed integer programming model for an Advanced Planning
and Scheduling (APS) problem which is a technique for planning and scheduling for production systems
that incorporates various constraints into planning such as machine capacity constraints, operation
sequences and due dates in a multi-machine, multi-order environment in which each order has a multiple
step product structure and requires multiple items where each item can be processed on any one of a
given set of eligible machines and we extend the model to include preventive maintenance time window
constraints. The objective is to find the production and preventive maintenance schedule that minimizes
total penalty cost which consists of production idle time, tardiness and earliness penalty costs. A
numerical example for four different versions of the model is also presented.

Keywords: Advanced Planning and Scheduling, Preventive maintenance, Mixed integer programming

* Corresponding author. E-mail: E-mail: kpopk@yahoo.com
? pssistant Professor, Department of Industrial Engineering, Faculty of Engineering, Naresuan University
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Corrugated Package Plant Layout Design for the Problem of Uncertain Demand

*1

Watunyou Sanpote Chompoonoot Kasemset
Department of Industrial Engineering, Faculty of Engineering, Chiang Mai University
239 Huay Kaew Road, Muang, Chiang Mai 50200

Abstract

This research aimed to design a plant layout for reducing the total transportation distance of
material handling under an uncertain demand environment. A corrugated package factory was selected as
a case study. Corrugated packaging requires a flexible production process since the product demand is
uncertain during a year. Currently, the factory needs to re-layout the plant many times during a year to
handle the uncertain demand. The Simulated Annealing (SA) algorithm and robust layout design concept
were applied to find a single plant layout without re-locations during a year. Beginning with data
collection, related data were used to develop a From-To Chart for each time period. Then, SA was applied
to find a practical plant layout and this layout was evaluated again based on the robust plant design
concept. The improved plant layout gave a total penalty cost (TPC) of 0.76% confirming that this layout
was practical for the implementation. Finally, the results showed that the total transportation distance can
be reduced from 5,343,338 meters per year to 4,089,541 meters per year which is a 1,253,798 meter per
year reduction or a 23.46% improvement.

Keywords: Plant Layout Design, Simulated Annealing, Robust Layout Concept, Uncertain Demand

Problem

* Corresponding author. E-mail: chompoonoot.kasemset@cmu.ac.th

! Assistant Professor in Department of Industrial Engineering, Faculty of Engineering, Chiang Mai University
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Algorithm for Solving the P-center Problem via Upper Bound Development

*

Supalin Saranwong1 Sittipong Dantrakul’ and Chulin Likasiri ©
Department of Mathematics, Faculty of Science, Chiang Mai University,
Mueang, Chiang Mai 50200

Abstract

The uncapacitated location problem in this work was studied via the p-center problem where the
distances between p chosen facilities and their farthest customer were minimized. Propositions were
proposed to reduce the feasible region and hence the upper bound of the solution was decreased. A
heuristic was constructed around the propositions in order to obtain a better upper bound of the
problem. An  example is given regarding the increase of the processes of the proposed
algorithm. Computer simulations were conducted on problem sizes up to 5000 x 1000 (customers x
facilities) using the proposed algorithm where the best solution was found to be less than 22
minutes. The optimal solution was found only with problem sizes up to 300 x 30. The results showed
that the differences between the optimal solutions and the solutions obtained using the proposed

algorithm were at most 1% in all cases smaller than 200 x 20 and at 17% for 300 x 30 instances.

Keywords: Location problem, P-center problem, Heuristic algorithm
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100 x 10 5 [10, 250]
200 x 20 10 [10, 250]
300 x 30 10 [10, 250]

35




213a13inen1s3deaniliueu U0 4 atui 1 (unsax-dquiey 2559)

NANSNAABUUTLANS A NVRITUABUITALA
dnausluluiiden 3 wanslusuresraiisvesdn
laiduinguszasd Weoslduivasszeginsanuanasia

'
a

ygn (Optimality gap)
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(nxmx p) WULaue (%) g (undl) Iodnaue (Gund)
10x6x3 44.2 a4a.4 0.5128 30.888 4.3992
30x 10 x5 40.4 40.4 0.0000 45.7707 1.3104
50x 10 x5 46.1 46.3 0.3902 36.5042 5.2416
100 x 10 x5 74.0 74.2 0.2740 36.3170 7.5816
200 x 20 x 10 ar.7 48.1 0.8788 26.5826 13.1977
300 x 30 x 10 71.2 82.7 16.1898 62.1070 7.7688
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£
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| Aaa | a ) Ad Al Yo
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¥
a v

Turuildsldnanlunisauintiosnit 14 Jui Tuveg
fimsmualaaeiiafigelinannniian 63 Jui

Lﬁa{]z:gvmﬁLszjuma%ﬁai’mauqﬂﬁmasamu
Twusnswindu 500x50 Tusunsy AIMMS ldasnsan
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fumaﬂﬁmaausﬁgumu’“g%'ﬁlﬁﬁwLauaaummiugﬂﬁuaa
Analdsvesileiduinguszasduaznanitlilunism
fmaulneldtuneuiafildinaueluenuised mseil 3
LaTANTT 4 waneAMdmesuaznan INAndey
FunewiEilsvauedmiulymisumesuunlng
nsad 4 ssdiuldntuneudtilainauelunudde
Hanursamdnevvesilymwumedldniesluian
Uszana 22 unit 1o 1,290 Junit luvasfinaaas i
fignliarusamenldnelddmuniianlunisiy
TUsunsa 24 9919 o 86,400 undl

A15197 3. ATNNTIADTUALYNVBINTAUNIT NS
dwsulymilimunes

IUIUGNAT x uUENY JTYLNNTENIN
anuliuinms | Wsnsidiesns | gnfuazanny
(nxm) Wa (p) lusng
500 x 50 20 [10,500]
1,500 x 100 50 [10, 1500 ]

3,000 x 1,000 100 [ 10, 3000 ]

A19°9% 4. Wan1svaasutuneulsdmsulayniauin
gy

gweveslamiay | Auadeves naildlu
1903 Aty | nsuAImeU
(nxmx p) TonUszasn (i)
500 x 50 x 20 91.4 1.6864
1,500 x 100 x 50 126.6 17.3270
3,000 x 1,000 x 100 123.4 1289.6135

6. d3U

mu%%’aﬂiﬂumiﬁﬂmﬂmmmﬁlﬁaﬂﬁwLmu'q
Fidsaauliusmsuuulgmilwunesiodesnisiden
fumbefmnzandmsumsdnseaniliuiniss o
D Wi Lﬁéﬂﬁi:wvmiwdwamuiﬁﬁmiﬁugﬂé”]ﬂuﬁ
oglnafigaiidesdian lnsfiarsaniymiuvulad
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13111) uuszinelnelagliisloudendeya (Data Envelopment Analysis: DEA) wagiiieviiausuuinisdiniy
FusznaunslunsuiuUssussanBamnisddueu ususudeyanisniainnsulsanugnamnssy dadu
Tssnuiifinsaansdeunarldsvougndasidunslud 2558 Tnsuvdlssnugaamnssulunmsinuidesnidu 2
nqufe nguasesinsliiu 50 usuhddlifinswendondswau 9 Tsenu uaznguiadesdingiiu 50 uswhvide
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UszAvsnmiaau 6 Tssu Aoy 67% Turneilssnunguil 2 ssnuiiisedndamitedy 1 Tssnu dadu
1.6% ewFeuifisunetaiuiiinelideauufnaneuumusevuinduuys (Variable Returns to Scale: VRS)
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Performance Measurement and Efficiency Improvementfor the Preparation
of Textile Fiber Manufacturers Using Data Envelopment Analysis (DEA)

WalailakAtthirawong1 KanogkanLeerojanaprapa*2
King Mongkut’sInstitute of Technology Ladkrabang (KMITL),
1 Chalongkrung Rd. Ladkrabang, Bangkok, 10520 Thailand

Abstract

This study aims to compare the level of the relative efficiency of the preparation of textile fiber
manufacturing companies (ISIC CODE 13111) in Thailand using Data Envelopment Analysis (DEA), and to
provide a guideline for manufacturing companies to improve their efficiency. Secondary data were
acquired from the Department of Industrial Works, where all manufacturing companies were registered
and had obtained an approval permit for doing business in 2015. These manufacturing companies can be
divided into two groups using the size of their manufacturing establishments as a criterion, i.e. less than or
equal to 50 horsepower, comprising 9 manufacturing companies and more than 50 horsepower or any size
of their manufacturing establishments that have dyeing processes, comprising 307 manufacturing
companies. Seven input variables included the following: land investment, building investment, assess,
building areas, factory areas, and the size of the labour force, whereas output was the electric horsepower
operated. The results of the study revealed that all of the manufacturing companies in the first group had
average relative efficiency score equal to 0.769, while all of the manufacturing companies in the second
group had an average relative efficiency score equal to 0.482. There were 6 manufacturing companies in
the first group, accounting for 67%, which exhibited efficiency; on the other hand, 14 manufacturing
companies from the second group accounted for 4.6%. Under the assumption of variable returns to scale
(VRS), the average percentage of improvement of the building areas and building investment was the

highest in both groups in comparison with all of the input variables.

Keywords: Relative efficiency, Data Envelopment Analysis(DEA), Preparation of textile fiber manufacturers
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1. UNUI
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AMENTTUNSAUESUANTAU (Board of Investment:
BON[1]

fausfonamnssudmenaziadosainaylasy
nsafuayumeldioulviifsunaivuaudgnannnssy
ﬁé’aéfaaLm%mﬁuﬂaiaﬁdqmam’aﬂsz%w%mwmqms
wdadunenann 1wy ReulvansusslovinanSilae
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(Generalised Scheme of Preferences: GSP) gnenian
Tnefnaldssdufoud 1 unseu 2558 iflesandseina
Inefuusemeafignindusulassuaslaniveglungud
4 GNI per capita f?]gal,wiﬁzﬁumuﬂawﬁawﬁwqq
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ndafedeiniunisnisalusduuunisan
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1#5udsiungnisananuaiunsalunisudsdud
nsmanafudseinaguasdy o Adandldsuansuselovd
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lunsguumsiauseananmn1snanaiunse
dldvateitudeuidedagndinfaaniznisia
UsedAnSarmiadisuiiisvluseauniiondn lae
fvuansiiFeuiieulsgansamainaunnsguild
MNMENITHANTIRTIGR (Best Practice) 91NVIENAR
Fuunfinuiun Saedonmheiifinsuaniiafiand
\umbenaedieglunuamii (Frontier) daumiiondn
dusziiunimulenaniiduszansainiidinin
(Inefficiency) [4]

40



25a13men1s3deatiueu TN 4 atui 1 (unsau-tguiey 2559)

HatUNSIAUSEANTAMTLUS B ULTIBUANNNSD
Aunllaanansesil

output

Efficiency = (1

input

weighted sum ofoutputs

Relative efficiency = weighted sum of input

2)

2.2 Felavdoudeya
(Data
Wudsnisuseuaanflisa
Method)  lun19im
ﬂis?{‘w%m‘wma‘vm'*;Emﬁmimahjﬁwumgml,uwaa

Tlovdaudaya
%30 DEA)
W1918Lm o5 (Nonparametric

Envelopment

Analysis

flaffufiuiueudmduveuiunussaniaam (Efficient
Frontienusiwauiuayszansamazgnauiniulagld
sufeuisnsneedinanansioninlusunsudadu
(Linear Programming) ntuarimsiuIamen
ArkuulTzdnsanlaglUSeulNneuAuvouLYn
Uszansamiiadrstusenannlusasinsnisussunm
AMIS1AmeS  (Parametric  Method) %L‘%Iumﬂmi
munamilsitureuwaUsEansamitnualy

wuaAnnsTaUsEans mnwuseanilu 2 du
AonTiaTznutateit Tetaden1snds (Input
Orientation) Aan1smuauduyulviesiianlngnisan
Paensnanlnefisiununandndnsiiuaznisiingz
funandn (Output Orientation) wiawiunandnniels
Hadun1sudniifegdesansdruifudauiilitn
Uszansnmmiameila (Technical Efficiency) [4]

YoAUNALUNITANNUANARNBULNY 2 LUUAD
SnsHanaULNUALH (Constant Return to Scale: CRS)
Tnel¥Snnsdfifnanouunusovuiansiivieiionias
wAnvneiinsddunsudn  seduiianzan 8n
sUuvunilsfednsnanouunuuysiy (Variable Retumn
to Scale: VRS) lngldinnsdififinsuvstulsiauysaids
vildmsegsAondalalddniunisudneglusedud
WANNEEN [5]

PNNLWIAANTInUTEANS A INLazToaNuRTY
NIAMUARaRBULNUAINAITRWIN I N s A sy
sUuvunsaesneldtoauufiang 1 i 4 uuuldds
3797 1

M13°99 1 wuudnaessigTsloudeudeyaneldvoauui

AN

CRS & Input orientation

CRS & Output orientation

MinQ’AH

Tnedi

J

—Yrk +Zyrj/1jk =0
=
J

Oxy — Z ik = 0

Jj=1

Ak =0

Max(p,,lgo
Tnef
J
—QYrie + z Yrjhje 20

j=1
J
j=

Xik —inj/ljk >0

1

A =0

VRS & Input orientation

VRS & Output orientation

Ml'ng_ag

Tnedi

Max, ;¢

Taed

, J
~Vrk +Zyrj’1jk20 _‘py”‘-"zy”ljkzo
= =
; J

Oxy — Zx,-,ﬂjk =0 Xik —Z XijAje =0

j=1 j=1

J

J

o

=1 =1

o . a o a 4d
il i Ao Uadeunisu@nd i
r Ao Ueduwandni r
L oa LA o
j Ao wihewdn 15990 9
kAo wihendafiniasiansan
x; Ao Fuuvesladunisuanil i veslendnT
v Ao Puuvesladenaninil r vomiendnd j
0,p Mo ATUULUSEEYBNINVBIVUIUKER

A fAe dwminveslady

HAINATTIATIENAINALA DEA awiingns
agUradauIMIM iU sEAnEamuedlsanudauds
Tendu 3 uwans [6] Ao

1) HANBURNUAST (Constant Returns to Scale:
crs) levuavenmasnuii o wanzauiug
vieLdumhsauiioguuuumih

2) NAMOUWNURBVUIALANTY (Increasing

Returns to Scale: irs) dlovwavesmisanud

yundniiuluiloieuiumiisauiieguy

w1 fofuntisauansadiiunievens

Aan15lA 1nednTINanDUUNUNAIve1Y

mheruddinsiiiuiu

41



25a13men1s3deatiueu TN 4 atui 1 (unsau-tguiey 2559)

3)  NARBULWNUADUUIAaNaY (Decrease Returns
to Scale: drs) lavuinvaswmtheauivuin
TngjAuluidefioufumsnuiieguunumih
Fatumbheauldasveneiansisizagsild
SRTINANDULNUNIENRAINTVEIUNUIBIUTAT
anes

2.3 quai’ﬂaauwuNamammwia%mmﬁuuﬂs
(Variable Returns to Scale: VRS)

MsinUseansammanaiinnielaveauuf
wuv VRS thullunsiaussansamlunsdidnsurety
Aladanysaidaduanngivinlimisogsanislald
dufunswdneglussdvimnzanluvaziinisia
Usvansnmmamaianielddoanufinuy  CRS v
wdoaidodnfniiimuigndnynuiigazfeadinng
fflunisuansesufinzay (Optimal Scale) watfu
Usgdnsninmanadanigladeanun
Usenaulusie  Scale

Constant
Retune to Scale (TEggs)
Efficiency (SE) wag Pure Technical Efficiency (TEzs)
Fagmnmbendaunmbellldiuiunsuds o sedu
Tnvaum TEge way TEme aedianldviifuuas
TEe/TEre %M Scale Efficiency (SE) @sanunsa
oSuolddasuil 1 Weaundlymienaniinislitade
msuan 1 vilallanandn 1 vda

Y
CRS Frontier /— |NIRS Frontier
PPp g
A PC T LN
/— VRS Frontier
0 X

g‘l.l‘ﬁ 1 1@ uUszdndan (Efficiency Frontier)
YDIRMLUUAN
#ix: Coelli, Rao and Battese [7]

TEg= APJAP  (3)

TE o= AP /AP (3)

= A
SE = AP/AP, dsfifle TE s/ TE, xs (5)
Tae?
CRSTE fo AzuuuUssd@nsainmanaia
ielivomuuinanauwnuasivie TE g

VRSTE fa azuiuudssansaimmanaia

Weldeauufnanauwnuiuwlsnie TE, o

Scale A ATLUUYTLEANTAINAIUIUIA
(Scale Efficiency: SE) Aruamlaann
CRSTE/VRSTE

lagerves TE TE, s 4oz SE e

(5) uansI TE pe =

CRS’
GNLL(?] 0991 ﬁ]']ﬂﬁllﬂ?i‘ﬂ( ) -

TE, g X
AUUG

SE gaiudszansnmmaneadanielive
(TEcrs) 9%
Usznausiy Pure Technical Efﬂaency (TEyrs) LAz
Scale Efficiency (SE) vonanifluuusiass VRS 4
Ynauetredudunuusiassfiaunsavenlésmiae

Constant Retune to Scale

nantuilnalanevuINTU (Increasing Returns Scale
irs) viselnalaneauinanas (Decreasing Returns
Scale : drs) Wissanlunuuitassssnanlalddadnnin

J
E:xm:
=1

FauIEIUNTMAUSEANS A NLA LU Non

- Increasing Returns to Scale (NIRS) sl

01 TErs = TEyrs 170 TErs # TE g ka1
THanauULNUABYUINaAAY (drs)
TENIRS i TEVRS "3 TENIRS = TECRS

LAAIINTNANBULNURBIUIALALTY (irs)

av o d P

2.4 UWYNNYIVD

aigws s [8] WisuifsuuszavEaimeiu
wiadlavasngugnamnssuvnanatsuazvnagesly 4
NAUYAAIMNTTUUTENOUAIY NITHAAYIUBAKATEIN
MsHARENIBUY NMsHAnNAnSuenataRnuazn1SHAN
ufuazndnduginng Inglddadeundilaun dunsne
017583 wazA1LINIuTI Inedoenvieidudiuys
Hanan Tutael WnuIlssnuIUINNaIe 2549-2547 A
wavvuIngeufiAuszansarmadsdeudieiina 4
gnavinsaulanudgmmiFosnislininenslimnzan

42



25a13men1s3deatiueu TN 4 atui 1 (unsau-tguiey 2559)

Asau duAnnls 91 duneiianislevasy
Joya (DEA) intelunisdndendnnateieasvesuiem
gUnsaldidninsinduwvionila Ineldlagldtadonndn
Tawn Yaduaiusian (snAnsevtieg:  UInRenuIe)
A (Fasveade: %) uazauudedelunisds
1OU (IMINNITEIUOURATIUIL: %) lAgNalaINns
UsuiiiuUsyavisnmuesdnmaneteadia 7 srewuingl
Useansaim 3 519 wazdn 4 s1elufiuszanSain wa
MNNMTIATziignisasanagnsiienisresesiiy
FRnaeLens

AufTu nInausTutde wasamy [10] U1
wiaidanisleudendeyaunldinusydnsamaudnszae
Fufveeusem Tnledn vowmed Ussinelnesis 4 uit
1193501591809 UUNARDULNUADYUIALUSAY
(Variable Returns VRS) Taguuansin
Uszansanarulladenisuda (Input  Orientation) &
HadutdUszneudie fuft Surundnay Aldine
Tunsdstle Ardreusanu andevanin Arvhgesne
warAlddnedu 9 Wnefisnelddusuusnandn naan
mﬁmeﬁww’hﬁ@uéﬂizmaﬁuﬁuﬁmumLﬁmﬁlﬁﬁ
Useansnmn

Zhao uag Ang [11] Wisuigulszansnin
Tunrsanfiunisvesuseniniesauiululssinaiu
9ndeyad a.a. 2001-2010 ngrudouariievsziiiy
Usednsnimuuunadn (Dynamic Efficiency) lagvinnis
Wiguiey 12 uTem gidenivuadadednidn
Usenaudie dunindlagsiu duvunisianis aldane
AMTUSMS wuAul wazivualiselmdududs
NaWAR Haa1NN1SITEluTLUTusuUsEANS AN
senInusEnlunasUnuinuan suseiliuussansnin
vesusTusazdlained usnanddfinisiusuiioudy
iwﬂfjmmmiﬂw%agaﬂgq 12 USENUTANGUAY
sUsuumstansmusumisiisclneudatu 4 ngu T
nuInsianaudimanausednsaimlunisinnistes
110

to Scale:

Udwed doonuaius wazusrdng Junsasa
[12] dunaian1sloudeudeya (Data Envelopment
Analysis: DEA) unlglunisinusg@nsnimmameaiia
wAZUSEAVBANINIATLYLIAYDIQAAIMNTTUVUIANG
LagrLngoungugsdmeluniany Tusenideanile
Jruau 47 Tseau Swunidugeaimnssunisve 2
T5901u gramnssuntsnandmedifagy enfuaies
W98 2 199ULALERANVNTTINTNAALAT DIUAINY

43 15304 lnaifiusiusiudeyannsuiauigsia
n15A1 nsgnsramaed laeldaunistusielsenined
W.A. 2552-2554  Lazyinn1sIitAs1gvinsdadeiinane
UsgAnsnmmamaiinyes SMEs naugsiadmelunia
prTueeniuunienioluudiasslnis (Tobit Model)
HAN1SANYINUIIQAAINNTTUVUIANANUALIUIAL DN
nqugsnadenelunianzfusenidoaniedevin
Uszdnsammmanaialuninsiy lngnwuinlsesny
gnnIsesay 50 Huszansninlunisanduauunds
yansUiulgmiemaiimaluladiviuadodhunldlu
Msnan Iuilrnsudsuulamannmeglusauilsl
winnzay @ruilasefifinaren1uszaniammianaia
maqqma’mﬂﬁmmmmaLLazﬂuumaiauﬂfjuqiﬁaéwa
luniangiusenidoaniie laun onsrd@rudunsng
quuﬁEJusiwﬁﬁumuﬁau Shsnduniauusodiy
Youdwes SnsdumiiauTmdedunIndsiy Sas1dau
lsavissodunindsn uagiineoaiants nan1sfinw
Intaiauswugdmivgusznounistunisdndulaluns
Ysudsenmsaniiunuresiansiasiiauddgiu

¥
d

nlduvesnanis Wesanfanisdrulugidadiuves
nildudefunsndsiuievay 80 wazilunilauszezen

FrazihliRansiiflsanaunszasdesinenonidody
$raunnlundazddndteinliionisiianude ey
VINNU

Sasnad sunes uay feassi vazen [13]
1§vi1n1539ei3een1sidieuifisvanssouzuay
UszdnSainnisanliuaiuvesgsfnaaln laed
TnuszasdifierIouiflsvanssousiazuszansam
nsfidunuvesgsieailasldfidaussidunanis
Aufluruuagldis DEA My Slacks-Based Measure
(SBM) of Super-Efficiency Ussiiluuszansninnig
Adunuvesgsiaauiduan 21 wis Swuniduneg
aUn 7 udwazlafawouniaosvaln 14 wis wa
nsAnwInvingsAeauriiinanisdidusiuiiian
annsolininensiidegliegefiuszaninmuas
nseulvidnirindudnniwlunisliuinisadan il
wdauazlafausunsassnaurfivsz@nsainnisg
anfdunulidunnasiusgsiidedrAgnisads nisan
Funuatnandusiaundundslutadoddgiviale
qiﬁaaUWﬁUisﬁm%ﬂWWﬂwsﬁ’]LﬁuawuLﬁmsﬁu uananil
NAN1INAFBUANLAFIUNUINgIAaaU Adnanis
fnfiunufdenivssaniannisdudusuiifdae
TOLAUDL UL VDI UIILADAITAUATUAITHAIUI N Y
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nsbiuinisvestinUrlauasnsedulvigusenaunsly
WINNNSUTENENINVUIALUNTARAUYUATNER 9
ath udaasuliinnsdanisanuslugeainssy
aunlneiitenszduliiAnnsiiousanngiiuuimisnig
Ujtafduadlugaamnssudsezihungnisonsedu
ANuasatun1sutsduvesgaamnssuaullnely
auNAs

3. YUABUNTANYN
3.1 yauwANsAnEuAziluvesdoya

mieudalunsfnuniAelssnugaamnssy
nswismduledme (SIC CODE 13111) il
fudunslud 2558 Sedoyaiifvsvmaiudutoys
vfegdl (Secondary Data)ifidnwazidudeyadnuig
(Cross-sectional Datallsss1us1s q tnatdule
aanelfoudunsulsaIugnaInnNs Ty NTENIIe
anaminssy lnelddoyauvadu 2 nguauvuinves
15991UgRaMNTIY AD
1. 1nFeadnslaiiAu 50 wssh Adlsidnswendond
2. \n3eadnsiAu 50 uswh vislssnunnuunngs
finswendoud
nnsnsandeudeyanisgiifostunuin

Y 9
v v

Tsauiifimsaangfousiuvisau 741 Tssem udiiites
316 Tssuhduiifinstufindoyansuiulaglaii
doyagame (Missing data) Suunidulsanunguil 1
$1uru 9 Tseau uastfulsanungud 2 fisiuau 307

15997 FeaztunlglunisAnwasedl

3.2 n1sn1uuadadeudn INPUT) waztadenanan
(OUTPUT)

Tuns¥nUseansnnesesdnsiuasAileds
nslinsneansisiogesrsdualaglaliinninugy
Wan Felaeialundatadeluniswde (nput) 9
Usznoudiedadenig o 1wy S1uiuuseny 1n3eadng
Ruyunyuiey dadiurulassasisnunuiazanliang
fiasmu iudu 114 Telusmafotdldimueiadodi
Tunuusiassd Tase 7 dwdudadonananluuusiass
f5t990A 1 suswhdniunisdaiiie@uuseii(Hp)
(1 HP = 746 W %0 0.746 W)dmSunisanwiased
donldusuhaniunisduiladonandnidesanndy
mirevenvuaidmweaaiesinsgunsalitldlunisuan
meldteauuAtinlulssnuiindndudussamiiemin

fluswhendiunisunfasuansindinnsldiniesdnslunis
wdnun wazilugnislinananiiuandoiguiu 9
HadousaiHP)dudaseenfiisatosiunisin
UsgAnsnmesAnsiiinistuiinlilugiudeyaveansy
Iinmuqmamﬂﬁuwhﬂ?u Taem15197 2 wansdade
NananLarUadeuan

A1519% 2 Yadunanantaztaduingn

Uadonandn |Aauus Jaduddn Auls
wsagnewduns| Y, | L ﬁuamumﬁau (v ) X4
(HP)
2. Quamuiueians (wm) | X
3. Ruamuaneioadns X3
()
4. Ruyunyudsu (Um) X4
5. ﬁuﬁmmi (M919LUAS3) Xs
6. fuAlseu (M51993) Xe
7. PWAULTINUY (AL) X,

3.3 NISNINUARLUUNITIATIZN

dmSunsanuaseagldidnnuneduilaedy
Y mdetadensuaniiofiansaninarsnanatalsls
Titadenisndntesfigndnlénandariifulsanudu
(input Orientation) lngdeyaiidnTnanauunuuwlsiu
(Variable Return to Scale: VRS) unlglunisdnen uag
wdenlilusunsy DEAP 2.1 Tumsiasigriusednsaw
mesn1sleudaudeya (DEA)

4. Nan1SAN®EN

v

HAINNITIATIEN oY anI83TN1Tlauday
foya (DEA) ilewFouifivuuszdnsnmveslssay
gnamnssunsiieuduledmelulsemealnelnona
N153LATIENATRAnIAIATLUUYTEANT AN (Scale
Efficiency: SE) ImEJIiNmﬁﬁiJiz?m%mWﬁqmsﬁ
AZLUUUIZANSAN (Scale Efficiency: SE) winAu du 1
Tssandlsifuseansnimaziinzuuudseansnim (Scale
Efficiency: SE) $ioen31 denansnzuuululda 1
WIHUBUNE1MADIZADIUILTINIUAN o) W NTBULAES
fulssruiisdueuldffian vonniasdnauena
n15itasiesiidusiefaiuusiiiotudouifiounis
WasuwaswsEavsnwdiasufulsaderfiouiudia
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nian Falun1sfnwieitiaviSouiisunungulssnu
Tngtauenansfinyfwiitesaluil

4.1 Tsanungudl 1

TssunguiiUsenoudelssnuiifiniesingls
WA 50 wseihdslidfinnsvendoudsiuau 1sea1u 910 9
ATATITMUT B UL UUSEENTA1ND 9 59UAINE?
wuilsanugaamnssumaassaduledmeluuszing
Inelunguilfinzuuulszavsndusunaadewinfy
0.769 FeUszfiulginfinnadeseiuUssansnmaeutig
a9 Tnowdulssnuiifiussavsnmiiedu 6 Tsamu (ssnu
7112456 uaz 7) Andu 67% wazilswu 3 uradilyl
fluszansan Assudt 3 8 waz 9) esniazuuu
Uszan5n1n (Scale Efficiency: SE WU TEcpe/TEyrs)
Poanii 1 Ineanulidussd@ndninainaniinainnis
1¥tladensnan (input) inauluuenainiiin 3 Tseeu
An15ALduy a;mﬁlaimmzam 199970 TEq WAy
TEyre S1A16198U TA8T TEpe H08NT1 Ty LA8T
SnuEHanaULUAIUALANTY (Increase Return to
Scale: irs) maneds Isenuins 3 wisiluuianswand
vuansnantiosnigaiiunzan fuuieiannsn
a$reeldfuduludedrufiunnniinisifiudadenis
uan lnesuasdnuanssimIsed 3

A13197 3 AzluLUIEANSN MBI (ndy 1)

AgendmIewirfuaniiafian) Ineifisutuatagiu
wandldFaniaed 4 wudlssond 3 Snrsiuiionans
wazliuamusueiasganidiafiaaanidu 93.95%
WAz 80.24 % sud iy tuminedlsanud 3 awnse
anmslduiionasuazfuamudueinsasdlaedd
Mdanandadsindoussidiiunsinfuviols
anasndagiu

meil 4 masuifleustiagtulagaiinianuas
Yovaytaduinirfiaasuiuugilaetadslundazfuds
yodlsaa1uil 3 (ngu 1)

Sl A1 ey % hiAs
fiauus Annnan | .
Uagtu T Uuugs
usagnedung
Y 16.38 16.38 0.00
(HP)
Ruasuanfinu
' Xi | 5,000,000 |2,666,988.13| 46.66
(um)
RUAUAIUBIAT
! X5 3,00,000 | 592,951.18 80.24
()
RuUamua
4 e X3 800,000 | 494,710.97 38.16
LATD9ANS (UN)
RunuyUIgu
: ' Xq 200,000 164,744.77 17.63
()
ufionas (Mg
Xs 23,600 1,429.03 93.95
LAT)
PUNLS9U (11919
Xe 288 237.23 17.63
LAT)
TIUIULTNU (AL | X7 30 24.71 17.63

ANAZHUY | BUIN9NTT
15997 | TEcgs TEws | UszanSaw Wiy

(SE) Useansnw

1 1 1 1 -

2 1 1 1 -

3 0.493 0.824 0.599 irs

4 1 1 1 -

5 1 1 1 -

6 1 1 1 -

7 1 1 1 -

8 0.130 1 0.130 irs

9 0.195 1 0.195 irs

Anade | 0.758 | 0.980 0.769 -

dlelddeauufaneuwnusevuawlsiy (VRS)
nA15197 3 wudilssnudt 3 Julssnudeafidasuuu
Usgansnmmavedadloldtoauudnanauunuiunys
i 1 dadlevhnsieseiluseiasensesefiuys
Tagiiaue “% fAmsUsudse” annsmsnsidy
nassszriAdagtiunazeaniinfian @sandaquasdl

4.2 Tsaunguil 2

dwulsanunguil 2 Wulssowdithedesdng
Au 50 usshwdelssnunnuunndedinnswendend 1
Srualssuiithun@nw sty 307 Tseu 910
MIIATIZRUIULEUUTE AN A INURL519URINET7
LanIasU 2 wudimsnszateaziuulsEAnEamues
15997u619 9 TdnwaziUal wienanlainaziuu
Usgdvdnmaedlssnudiulngiapziuuiioy

910915799 5 WuilseUgRAIMNTINANS

wisnduledmelulsewmalnelunguilfivsednsan

'
a

wasdeuay 482 FeUsziiuladnduaadesyau
Useansninasudnasin uananidamuindulseaun
Wulseundluseansaimeiadu 17 lssau Andu 5.5%
° e ° X a Y]
wagluduaudludwiudd 14 Tssnuinegluseduuun
7 (PrwuuUszansaiwdu = 1) Andu 4.6% was
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yenandiilseeu 290 Tssnuitlifussansam Ine
Anulafivssansnmnananiinainnisletadenisuan
(Input) sniuld wenaniidenudt 254 Tssauiing
AU ﬁmﬁhjmmzaﬂmﬁé’ﬂwmxwamauLmusia
ﬁummﬁu"ﬁu (Increase Return to Scale: |rs) PGINN
Tseusia 254 Lmemmmiwawuamwmwmmvau
Fadianunsoatreseldifiutuludnduiiunnninnisiiy
Jadonisudn vaueiidn 36 Tssnuiinsdnduau a g0
PldmurzanlasfidnvasnanouununevuInanas
(Decrease Return to Scale: drs) wunefelsaay
sananilimsvetefanig

MU

> A © N}

Q) Q (v) (o) Q
Q’?? Q?'? A Gl N
Q Ry 09%

S
o o’ o < N

9
9
N
W o 2
< & S

ANAZLUUUIZANTA N

3UN 2 PuUlsURATNTTHTILUNALTEAUAZ LY
Uszansnn

A15197 5 HaN1ITMUNNEULTNIUEAAIMNTTY (NGY 2)
AusEAUATLULUTEENSA W

Ay 1 wagdnd 1 Fadlevnislinseilagnis
\Wisuiisurriagiuuazaniidiaalumedafeniens
61’3LLiJsﬂTiwvﬁmwhﬁ’mﬁaﬁﬂmmuﬂi“ﬁw%mwmq
wAlawinay 1 wag Lﬂuﬁhﬁumnmmumam TUUY
UszAnsammanadianinii 1 usiilesannddiuau
Tssnulunguiiis 307 sy Sehuauenansine
Tusunadesefuusuansdansed 6 uazwuiinas
Yfuusanslddadedndnlundaz Uadelvanasan

TagdunlveglneiafeUszana 60-80%

A13199 6 NsiUIeuLieuARfsvesrtlIgiiunay
ALRluATANgnkaz AR Tavavvesladedd1finns
Yiuugsluusiagiudsvaalsanu (nguil 2)

ALaaeY
Auds ) . b % #A2s
Adagdu | Adnanga |,
Usuuge
usahAniunig
Y, 1,850.36 1,850.36 0.00
(HP)
Ruawmuaniinu
! X4y 8,429,688.69 1,516,343.30 69.40
(U )
SUAMUATY
! X, 12,010,675.53 | 2,476,341.29 75.64
8115 (UM)
RUaMmUAI
4 o X3 47,114,305.09 | 13,180,320.66| 71.54
LATB9ANT (V)
Runumyuiey
o X4 21,268,659.74 | 4,805,192.55 70.71
(U )
ufionans
Xs 19,380.10 4,828.37 73.11
(MF19UAT)
ullsanuy
Xs 4,866.37 1,732.20 71.80
(M919UAT)
TIIULITNY
X, 96.44 32.37 63.06
(A1)

. WUAMINSLRY .
AU o U
- Jszandninvaslseau s
Uszansan (SE) N9Un
drs Irs
0-0.1999 0 0 84 84
0.1999 - 0.3998 0 0 69 69
0.3998 - 0.5997 0 7 35 42
0.5997 - 0.7996 0 11 22 33
0.7996 - 0.9995 3 18 a4 65
0.9995 - 1.1994* 14 0 0 14
HASIUN VLA 17 | 36 | 254 307

ANLa8Y TEac= 0.196, TEype= 0.385 way SE = 0.482

* 919 14 159970 Saguuudseansaw = 1

WeltveauufanaulnuABYUIALUSHUNUIN
wiaglsanulungy 2 fazuuuussansammanaians

Lﬁaﬁwumiﬁﬁﬁﬁﬁqmimﬁmwiuaumi
Wasuisussuinsdudstidna 7 muﬂiwmmmi
Im{]ﬁ]%mmmmmmwam TnoAnadsvesdovasi
maﬂiuﬂiaLsmamw\mmﬂﬂuaﬁmu Jaduuiiui
91A15 (75.64%) FuasnuiueIAs  (73.11%) i
159970 (71.80%)
Guyunyudeu  (70.71%) Ruasuaniiau  (69.40%)
WATSIUIULIINY  (63.06%) MINEITU Tununeds
Tsanugaamnssunaadouduledmelungud 2 i
250 Tsaaufinisdniiueny o aitlimmngan fuds
asantadonisuanis 7 Jadesananiaslédeasfanad
M&IN1IWERTSIRdeusadiunisinauns el
anaandaguu

RUAMUANATEIINT (71.54%)
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5. agd

nuIeillddeyanfsgiifstunisdadonds

wUsHAKAAWAEUITBNSHARTIT TR AN18lAa Ny

v
o

Foyaifimaiiururmlinduintu auzdiseldvinig
\dendudsifiiiewinniinsgiifieiloudoudeya
(Data Envelopment Analysis: DEA) Han13AnN®INUIN
Tssnugeaivnssulungud 1 (a3esdnslaitAu 50
Ww393) ﬁﬂizﬁw%mwg_jqﬂ’jﬂiwmﬁﬁﬁummimﬁﬂdwﬁ%’m
oglunguil 2 Taslsssrulunguil 1 fid1azuuy
UszAvSnmiads 0.769 ganinazuuulszdvinimade
voelsasugnamnssulungud 2 AfArazuuy
UsgAvEamiade 0.482 ilesaniesazveslssauiil
Usgandamluwuivihlulsanvlunguil 1 (67%) fige
ninduil 2 (5.5%) Bnitalsssunguiil gniunundae
Fodfnsumdsnsnanuaznineinsilddmivlsany
yunidn Tuvaziilsanungud 2 awnseldninens

nnwazvanvaneilosanidulssnuaunalg) viail

wudillssnugaamnssulunduil 2 Yewas 117 4
UsgAnsnmauvwintdeenin 1 arelddeauufnuy
HARBUWNURBTWINaAa (drs) senanilainduuinnis
wAmALATvIray daiulssnudiduiemsanun
nsndnasunarlsseulunduildnfesay 827 4
Usy %wﬁmwé’hwﬂmmﬂwﬂ’h 1 aelddeauufuuy
mamammumammmwmu (irs) suwmsmmﬂiamu
wantuivunnisudadinigefinzaniansdi
GummmiwamLwamw3mJqqﬂﬁzawanwwmaaismuiwm
Ty

nmaUseuiieuluseladeindiniglanis
Arvualiiddantswdninify (Fefadguseii
Fufiuns) vedlseaud 3 lunguil 1 (Famsedt 4) vide
Anadsfesartladeiiiniimsufuuswedsanulungy
7l 2 (fan15197 6) WU UIENBUNITAIUITOAN

ANNdAFuiuTionAsuasiuamuUiIueIAsadle

dlosnntatets 2 Wudefeiifesifudanuunns
semisenfinngauazartagtuifiouiuartaqiugandi
Hadednddu q lnonisanvunavesiiuiionnnsas
ansaanaidinglunisiigesnwanansadldnig
ognalsfimuneldaniinisainisudedud
suussvesssiadmelutlagtu wwamslumsiiivuue
nandnlimnzantuninensildlududusenaunis
whesdimdsionngnéfidnanegieseiiles Tnonisii

£

HANAUANTANNINLAZUINTFIUNTDATIIAIUUANFI

q

yosAuANAuDs 1y Usemadu Hudu fafudndu
819897 UsEnaUNTIEFoailnsRmunAudiegig
doiiios sauieldnisatuayudiunisifeuagiaun
wianssulug 9 91nmenufiiisades s2uTtan15m7
wmaiazyvandunulussAnslianadlagiuuiin
Woafunisanadnugaiuaiunuszgndld 3
AN TALUAUNITUYITUATUAIAIN ATTLUANAS
Tugandnfasismiaduyuiiannsowteiuld azsil
fusgnountssng q drtuansondadudildiiy
JssAvBnmuasannsouteildened B
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a

Usraun1sallugnannnIsuuagnIsHanINAMITIIA
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