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ABSTRACT

This research studied-the two-stage stochastic programming for supply chain
network design problems-involving the selection facility location to maximize profit
under natural disasters.-The solving process.is divided into 2 steps: (1) Simulated
Annealing algorithmis used for finding the location selection strategy for related parties
within the supply chain and (2) Sample Average Approximation (SAA)-method is used
for estimating the average maximum profit using sampling techniques. We collect the
statistics of catastrophic occurrences at global level to create a set of interruption
events. Then, the Latin hypercube sampling (LHS)and Improve distributed hypercube
sampling (IHS) techniques-were applied.in the SAA. Next, the results were compared
with those of traditional supply chain designs with (Monte Carlo Sampling: MCS) and
without disruption events. Three sample sizes of disruption events: 20, 50 and 100, are
studied for each situation. In-addition, 3,000 disruption events are generated to
evaluate the set of facility-location. It was found that the IHS techniques with samples
size 100, provided the highest objectives but least efficient. To trade-off between the
quality of the solution and computation time, IHS with sample size 20 yields the most
desirable outcomes{(computation time reduced 60%) compared with LHS with sample
size 50, and MCS with sample size: 100.
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WnsuAdyyminsaseunauwuualniaadn (Stochastic Set-covering Problem) Tunisidien
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v inATavnnaInAeRTRNsTIR nansguiAnanuued Largunsaldisn Tne
MyunLuustaesautiinuanissauvaudy e dunuunas. (Mixed Integer Nonlinear
Program model, MINP) 4 aflgadszaadifieyndrinbssaluldguniuiigefian uagsian
WM sunUgm1aNTTANIUILULUUKDU (Lagrangian relaxation) wayowsiugnssulunis
wwﬁwauﬁiﬂé’lﬁmﬁmaummsauﬁq@ﬁm%‘uﬂzgmﬁﬁwmiwwj

Klibi and Martel [21] ﬁﬂ‘l‘%ﬂLL‘U“UﬁﬁaaﬂﬁWM%JU{]QJJW]ﬂ’ﬁLaaﬂﬁg?ﬂ NNIVUAIFIMTUNIS
senuviaIeveldgumunieldmmiliidueu Ssaniwwandoulusunaruaalnetisly
Qﬂmuﬁ?u%uagﬁummﬁmmiLLUU?juLLazngmizﬁqumz%’ﬂﬁLﬁmmﬂmmlajlmuawum
ANYATIEUAILAEATTUIVNITAIINABINITABYN LAEVIINIstUTeuLleuITNITUAUgyyn
wuudaesalyuaain wudhmsldmadassvnnisaldmsutymalnuaannlvinadwsia

AN TsAnwATeRRe e suIsHRUmnTeenuUUAT U8 g Unuaznui
Tudunounisdansmmnisaintsveavsinenifodiuunndentfiadufiinsuanuasiuy
onjUnsamelanIsguileg RLUULauRATslalunstIae Mg sal wavienAuulaz iy
voungnsaimang v ndululddiunnllldlddeganisadafiintuaie {35034
vmsfnwieuidefiiedesfumetanisduiiogiaiiui lnsdseazidenauided
Aendeafuimaiianisduiesng fail

M.D. Mckey et al. [22] vUFgutiisumatian1sgusiiagiskuutaumnisla (Monte
Carlo Sampling or Random Sampling) tNATANITAUAID LU UULU S Fu (Stratified

1 Y 1

Sampling) wagwmadanisduilageiuuafulaasAav (Latin Hypercube Sampling) lng

lgdunatiansguiegims 3 Banldlunisidenmdmsudinusdunn Mnuuwinisieses
v san v ! ! ! N :5 ada 1 I v PN !

HadnsRlanuINMsUsEanaAresAtadeana 3 B/llawiniu Turaeinisussanaeves

drudsavunesgrunuiwadnsilannmedianisduiegauuuaiiulaweiiiidivoy
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'
a

fign uaziilodlunaasulasldnisuszunurvesguuuunisuanuasnuitmaiansdy
fetnauvuaiuleiesinlvinadnsaiimnuutiugwnndige

J.C. Helton et al. [23] tUSeuifisunisldiavdy (Random) wagn1sdudiageuuy
anfulalasAiv (Latin hypercube sampling) 31nuan1siAszianliLuiuoulazaul
YaIHadNTINLUUIIRRINIsivavesvatlaluvasna (Two-phase fluid flow) lagusay
Bl maunisdusiegiaidy 100 wag 300 1813 LagnAaDITIUIL 3 AT Nudma
melenesimmiliuiuouaranubhiiildands 2 Bialndifestu

M. Liefvendahla and R. Stocki [24] wWiguilgulsednsnimvesionisiliguiigy
\Wee-nadu (Columnwise-pairwise) LLazﬁfjgumaﬁ%‘L%qﬁuqmim (Genetic algorithms) i
sz dvBamlviumsguiiegnauuuaniuleositd wuivisnsissuiiiouiBeg-nedunl
sz ansnmidlumsduiesuuuaulaosfaduunndn wazauianans dviuvung
TngnuinfuneuisideiugnssadussAnsnniiang

Randall D Manteufel [25] Lauatunaudsnisyilsinmsdusoseilinnsnszaiadh
wwulswlesitesiaatimasimessunnitosiensgmedafiaiiauemniu Bonisnsi
1 madusaediinsnsziedauulaieiaa Distributed Hypercube Sampling) dainas
Wauuanmsduiaegnuuanaulaiaiaid (Latin hypercube sampling) lngasvinnis
ﬁﬂmmmiz83‘1/1N'ﬁsmw\méf’mﬂwﬁa@ﬂé’ﬁu wagldRsn1suwanien (Swapping method)
Wevanihlfaseemduiian waedddulszaninisulsusiuvasndud g9 fitendian
TngwuaiBnsniaauesmsoiluszgnaldlunisadsd andsuvuduamn 16 fuus
dnsutlymuuusiasinsivavesenataslinadns7udug

Brian K. Beachkofski and-Ramana V. Grandhi [11] tduatnadan15dusiee14
Usulssnnsnszresauuuleidasfad (Improved Distributed Hypereube Sampling) 71
Wauannnsduiednimsnszanefnuulaesiad lasnsiduienloinszeema
seninagareslngldssniolinfusssnsiimingaudian LazianaswSeuliiouisnisd
laue AUNISdURiIRE 1 kUULBUARISIA tazN15dufog1muuataulaloshal wudn
wadnsilaainnasidismadusaeisuiul nisnseareimluuleiesarvanunsarili
wadnsTlaTTeuTei uagdulseanivednuulsuTuiites nimadansdusiedig
39

nnMsAnwaAfeiiiedestumaianmsgusedunuiinaiansgusegiauuy
anfiulaasAtvnazinalianisdudiegnanisnszaiedinuulalasArvaiuisatun

Ussgndlfiieusuugnnninuesdney wastaiiinaussauglunmsmaneulgwula
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2.2.1 mymanuihazdulunsiamgnisalniswgayedn

EM-DAT: The Emergency Events Database - Université catholique de Louvain
(UCL) - CRED, D. Guha-Sapir - www.emdat.be, Brussels, Belgium. [26] lalvidraSune
AeafuSefivhced Sefivfansaudseantdidu 2 ndulng) léun Sefivinissssumni
(Natural) kazdeitAn1analulad (Technological)

AefUAN1ETILIR dusauvslssinvmudnyazesnsiindeivRoenidu 5 nau
lawn ssdifldnd (Geophysical) gnllsuInegn (Meteorological) ann3nen (Hydrological)
n#91n1# (Climatological) 33381 (Biological) waruusseInAuenlan (Extraterrestrial)
TneluusianauazannsouisssimussfoRoR Iassd

1. s36ifAnd utseemdu 3 Usziom Toun ukuRulvg (Earthquake) nsindeusves
wWaenlan (Mass movement) LLﬁz@ﬁUﬂWimﬁﬂ (Volcanic activity)

2. gaflosAnea uuseenidu 3 Usvian Wiun samaiige-aegisiiauni (Extreme
temperature) vian (Fog) Lazw1e (Storm)

3. gVinive) wusesnilu 3 Usswan laun 1ivian-(Flood) iHuAunaY (Landslide)
LagARL (Wave action)

4. giiennne udseaniu 3 sz laud. feuds (Drought) n1aswilineanvesinfin
Nansaa sl GladalLake Outburst) waglwth (Witdfire)

5. F3iven wlseondu 3 Usgan laun Tsaszurn (Epidemic) nstilounsons
Wvanguasiiag (Insect infestation) waglsaason19dn (Animal Accident)

6. FuusseInAuenian wuseendu 2 Ussian Tau Hansznuanduussennauen
lan (Impact) tazaninainialusanie (Space weather)

Aufvfnranelulad awnsanususyiamamuanvazdesnisiiansivdeenidu 3
nau baun gUFvnnlseuenamnIsy (ndustrial accident) aURLvgINNN1TUUES
(Transport.accident) LLazqﬁaLwﬁl%lﬂ (Miscellaneous accident) dngluwiaznauazanunse
wUsUssLavDeERTR Tl

1. gUifmganlssntgnanyngsy wseenidu3 vila Tiud asiafisalva (Chemical
spill) N150au (Collapse) nsszidn (Explosion) billwd (Fire) whash (Gas leak) ansfiw
(Poisoning) fusfunnm$ad (Radiation) Washusa (O1l spill) wazduq (Other)

2. gURwmnn1suuds wuseanidu 4 Uszuam leun n13enier (Air) meauu (Road)
19579 (Rail) wazmnth (Water)

3. gidmaialy wiseenidu 4 Uszian 1éun n1sadu (Collapse) n1s5eLln
(Explosion) wlwsl (Fire) LLﬁS’S‘L!‘?] (Other)

dmsuniseenuuuedetieldgunmuandunsnaunuiotunisidenidnely
woteldguyu dsunmsmarniasndunsfamemssinivgassinayldtoyaaifves
nsAndemesTsunAvinty TnefRslunsmenueadu fa
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Azl (Probability) Ae Teniaiiazifamanisaifiaulafinuluweulasaiy
TngAranuinaziluvennanisallag (4) szdiawvirduituiandnveannnisal 4 w1s
eI IuaIn Uk Uaaeiaran@aldnnuyiiiu N asaunisi 2.1

P(4) =% (2.1)

lne?l P(4) Ao puthaziluivzfaugnisal 4 uaz », AodnuuaunTnveannnisal 4

2.3 Bnsuidgmalnueainlaenisanassmanisal
ImﬂﬁaiﬂgﬂLL‘UU"TJ%miLL?'T{]cuymaiwL.Lﬂaaﬂim8miﬁi’ﬁamamumiaiﬁm%’umiaamwu
w38UelggUnT (Scenario-based stochastic program for SCND) meldanulauiueuid
wmsfiposalnuaaanegluwvudassdadusnvesaaunisaiilidelies uansuda
it anwaseutseanfiluaesngundn fo Bnnsudtaualnueafnuuuassiuney
(Two-stage stochastic program) waisnsuidamalnuaaintuunaisdunoy (Multi-
stage stochastic-program) [27] lun1suszandlilun1seanuuuiasetielgguniuaainiy
ehennlutumauresmaastsamunsaiiasnisnicmaaesduiiientosaganizesnids
Tutlgminseeniuuiasevis Uy uluafingss wagmsmannugaunsaidmzauLilo
WuUsganammvessmauiladmsuntsuiUamififvunivel

2.3.1 FBmsuttymalnueafnuuussstuney

Fnsuddaymalnueafnuuuasstunen (Two-stage stochastic program) 14357
T Hlodgmmseenivueiorislsaumu Tasdguusiumeunisdaaulasenduass
fupou lutupenusnig dutnpoudmsunsdaddladanagnsviessaseniufideninden
fige unzidinianan uagtumeuissndudumeudwiumsdaaulasunisiiiunu uas
gnsIRuffensi vEaUSIN AU AIARS USnaInIHAR YinannTILEs uagiduniens
yus InvagdiasnnssuitiluvasiBnsudtamidlnueanuuuasttunou faunisi 2.2

Mixn cx+0(x) (2.2)

g ceR™ A9 LIAMBDSNNTIUAN
xeR" A9 LIAMBINNSANAULA L UTUNDULTA
X e R™ An wavasrnauiidululsdmsunisdndulaludunaunsn

0(x) Ao flsidunisvenutiemas (Recourse function) Fefifertaiieradnis

sndulailsvaannisdndulanienisusulsedeyalvdtunauwsn
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NaunI1sN 2.3 aundd ¢ Wumsmiwesalnuweainfidenuliseidesiuvestoya
wazidunamesiuudiin lnedauluuiiaveananesiinandswufomgnsaiiaunse

& o

Anduld s e wavenusnisainauadulule way |S| fie S1uwveswsnisal Aeiu

¥
=

£, VseS Ao winilmeialnuaainiildanmsdndula wavien {£',¢,..¢" A iui

faee1a (Sample space) dmsunisilmesalnuaaindelinnuuiasluwindu 7', 22, .., 7

ANUANU TRgANNTATEUHINTUNISVDAMUTIUNAD LARIFUNISA 2.3

0(x) = E.(Q(x,¢") =D w'x O(x,¢") (2.3)

seS

° ) ¢ = | ¢ @ ¢ al o a )
dmiuwmanisain s ArilidugaUssasanunzaulutumeunassveslymninaly
anunsaaulefsaunisy 2.4

Q¢ ) = min{(¢) ) Iy b= T'x, 5" >0} (2.0)

[

laedl 3° e R=, Vs e S Ao 1awnasnisandulaludunsungesdmsumenisal s

lej 1 6 %4 = 6 a L% a
vandndlugdazingnisal s szdsznoulifranisidinasalaiagfin ol
g e R™. W e R T e R Uag h° e R ansnsodiousauduliidu & =fg" w71}

11150350 15un Uy malnueainiuudesdunsutudanuinazivuldivaiia
Araulwddu (Decomposition techniques) tunisiityu Inswadiaidoudiuildui ey

U wedauuresaneslnadu (Bender’s decomposition) 1 Tumu

2.3.2 nsufdamainuadnnuuunatsdunay

F3n15uAdymalvnaRnLuuastuRel (Multistage stochastic program) (28]
zutsduneunsiaduleeemiu . £ funsudsuseno tlUiewinfinesuuuda
6ol &, diSuniseonuyuieSotneldguny ¢ daef i =1,2., T -1 azifunaines
yoswsdmesuuualnuaain Wy Fuvn Ko 15de pmFeIn1s1s ATNETANSalY

N150AS LUUAY TAeNLAaE UMDY i FSUNIBDINIT TR0 SLUvAlNLAaRNN TR

o [y o

dmsunisivuagUkuumsdwesalnuaainluudas tunoutud nudoinnsaniadiuds

fnaulaluTunaun UL LN ILUUTIABINANNEDARRRIN Y tnenua el sAnaulaly

TUADU 1 D9 TAD x,, x,, ..., x,_,, x, TIAWITAUEAIGE1AUTUTDIARAUlILAZN1TARITAUN

(%

WTROTUUUFNVD Az TURBULlARIgUN 2.2
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X X RS X X1y X
fulsinaula —>

> > : o o
7] 7] a 7] 7]

FURBUN 1 JURDUN 2 JURDUN 3 JURDUN t JUADUN T-1  TUROUN T

oo T
Pooe i

soudsdnaulanounin —»  Lifl X A% XpaXpewn X XL Xy ew Xyl N Xg..nXpg

madieiuvugy  —» 1 4 &4 Golpnnln  Grlanlas Ginlannlira

JUN 2.2 drdutuvesndulanarnisiasannnsiwesuuuduuedismsuitaymalnuaasin
wuuvanetuneu

2.3.3 A5n13531800mansaldniuldayninaseanuuuiasadnelaguniunuy
alnuaain

WBn1sdnasungnisaldwmsutuninisesnwuuaIaliglgaunukuualnieAain
(Scenario generationfor stochastic SCND problems) Az Junasin35nsdassngnisalin
At dymamunainuuuassdunsy wagisnsuidamalnunainuuunaneduno
Andnmdnedn 39380159 ae unmnasalivan ez desasisadias smnnisalldedig
asouagu welianinsath Wlfuseivludunuaniazenudsdimessneuld neisns
frneuvanisaifdemiunlede 3EnsUssuinauaianguiiogng (Sample Average
Approximation method) @aiuignatisatisansagamgnnssiildiunisudtymils

2.4 Fnaswilaymsuudsannd

2.4.1 3531809n150UdRU

n150U88Y (Annealing) unssuaumsiitintudvlae ngiludlalansgminluly
Ausou vxlinnsvaeliduatodiee aulitaumnlies astvmruioudulansazyinli
ozmoumelulangindeudiluinlsiognsdasy uaznsudeslvigavnianasesisdng azvaels
ozmaumelulavedintsdnSessaiinty Tnsvasiiouuairidanasesedeiiles Aavdenaly
anuAgestIlumsindeuiive e menanasme- aulifigalolansTgamgiivifugamgiivies
avmauvadlavzaziinisdnsosiuuuense (Array) Afinnuasinae Jsazasandesiunng
Jalsuefveserneungsum FadmiunszuIun1TYU (Quenching) lanzazgnyinly
punnianateseTInidy avdwalinsindesenonay biaunsouninsyagluldviislany
vilvioznonveslansiinsiFosiiiliainame uavanmsafinnisunninliie Ssmseudeu
swywldliiAndeRanaindanga
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Tud 1980 Kirkpatrick et al. wag Cerny latuuiAnassnisevesunldlunis
Widamiilefinyszansamlumsmmmeudmiudamiitauelne [29] Tneasiiduneuly
svha 2 Sunou il

1. ivgamailuimmasuauisangegaiviliiudsuaniuzanveudsnareilu

YDA

2. angumgiluimmasuegnatng sunszisoyniavedlansiinnsinizeadage

fesluaniuzfiurosouds

(%
=~

Immﬁ"mﬁaeﬂuamumaqmmawmﬂﬁu’wmazi’]’mﬁméfumL.Lweju Tuvauzdianugity
yosvandsazdniFoainluguuvvredassasrmeneiiiusdamioagslaslindanu 4q
nsftagvinliegluantusiuvesvosudsldiusndudioslifunsfivgungd uagnisan
guvgiioghamingau ieldlivesudiayegluaniug meta-stable state unu dadunouy
W/N3IEBINITEUBBUAINTUNITNIANG IR Witupousi

1.0 MUURAINISINWe5SUAY

start

c, HAE_ L,
2. MAUAMA k=0 UWog i=i
3. el L= 1 Taeflseunisvindiie 1

a. @309 j M8,

b, Goulausn 81 ) 2 1) wdn i=7

¢ Heuludug i exp[@)>mndom(0,]) Ua i=j

k
AAUALA & 1=k +1
AMUUALA =L,

MAUAA ¢, =c,

T 2aHo

AUAANITVINAUD L= L,

2.5 F/N1TUTTUUAURALNFUADENN
3‘§m3ﬂismm¢hLaﬁ'aﬂajuﬁaasm (Sample Average Approximation method) [30]
A¥7NTNANTNIINFUL LU A Uayvnalvueafin aedl

Min {f(x)=E[F(x,5)]} (2.5)

e F(x, &) Wuilanduraanames 2 uUs xeR” uway EeR? X e R" Ao 1oaf
Jululivianue waz & e £(o) Aovmwmasuuug lunismaaanidluaunisi 2.5 duduses

Y 1 [ = d' ) ad
‘1/15’]‘UE‘ULLUUﬂ’]iﬂi%Q’]EJG]’Jﬂ’N@Ju’WSL‘Uusll’e]\‘i & PIANUITOUDIAUNITN 2.5 LJuUIsNIT
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LLﬁﬂmﬁﬂaImLmaamwuaaa%umaulé’ el F(x,&) way & ﬁamﬁmmzauﬁqm LAy
nAwesdeyanudidiu SrrasnadestuTBnsuitymuuuasstunouiinarililuside 2.2

flsidudadonguiietne (Sample average function) amnsaideuluguiuuves
aunsladsaunisd 2.6

Fo0 =13 F g 2.6)

e xeX oy el
lunsasiediegruuemsaivise ¢ 91 Nawgnisaiiu lnemnluagldmaiinng

duiREgRUULBUAANT LA

2.5.1 wallANIguR3a8 WRUUNaURAI3Lla

wirdansdudiagiuutoudnsla (Monte Carlo Sampling technigue, MCS) 1u
vildhunaiansduirestitoaldlunsistoymanwaainidaunlvg lagagvinisaing
LU iidintsnszatesuuulensy (Uniform distribution) aglutia [0, 1) uaziinaudu
daszsionu

Tunnsepnuuumainnsgufegianuuteuinisla ndaiumind MCS(N,S) 7l
A N xS Tagil-N-Ae Sruashatnuay S Ao Sruauiiusdass wning MCS(N,S)

wYNAFNTUNMNBVENRUUUNR o, ~ U0, 1) IneN k=1, Nwee j=1..8 lnefiax

Y 1

all

1 (% = @ a -
guilavsiinntudassrenu

LAYilA10819N1T 88N L UL ATANITHUAI0E 1 UUNBURAIT LaTuNR 10X 2 %30

(Y] [J

MCS(10,2) #sil vimasasaansng, MCS(10,2) 2 navdudaniu 20 wdy aegnuandling

ANUANY

[0.16019.. 0.893262
0.01913. 0.599004
0.82717--0.010714
0.52777 0.136971
0.52787 0.739587
0.48078 0.723678
0.47893 0.787273
0.61325 0.988694
0.35614 0.282042
10.39307 0.575263 |

MCS(10,2) =
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TngusnuAmNNINTEefvoaunIng MCS(10,2) azuansiaguil 2.3 91nguazwui
fisuaugaiegisianun 10 aegluumuawmanszsedalagldmaudduuiasuoiua
uiazndnoandu 10 deslasaziidnauianun 100 Yesdwsiuiluusasumuasuindnas
fiimnugafediannnii 1 90 wagilunuamFounmdnilifandesng

1.0 °
0.9 °

0.8 o

0.7

0.6~ ® .

0.5

0.4

0.3 °

0.2

0.1

O BN -— : ; g \f) Lirg-l
0.0 0.1 0.2 03 0.4 05 06 0.7 08 09 1.0

sUfl 2.3 drunwmsnsvatedauss MCS(10,2)

2.5.2 walian1sgualegnuuuatnulaasfad

wmAlANSUfed NwuuaAulawasAIY (Latin Hypercube Sampling technique,
LHS) Qﬂﬁmﬁusﬁuuﬂ@s McKay et al., [31] Lﬂwﬁﬂumﬂﬁﬂmiajuéhasmﬁﬁwuﬂ%’ﬁm%’u
N59eNLUUNININARIN AL TILNEsL B AInauInLLUT et Inewindansdudaoens
wuuadulawesiitargeliiilaliiduiidusunuvesgasiomunue sl sBunmudas
fhazgniden aniadeinliirmauulsUnueseAsnauiegn fitosniunaianisdy
Aog L UUNBUARA1SIABARYY

lun1seenuuumeiianisduiisgniuvatfulaasAivouin N xS niawunind
LHS(N,S) fflvuin NxS lagil N Ao druudnegauas § fe Srutudiuusdase audl
fumeuiBniseenuuuimeiiansduieauuuaiulawesing fal

Sunoudl 1msnd P(N,S) azgnadratuanlnsluusozaeduiveauming p

Usznaumensisesduilasunuuguuasdiunuiuiden 1 83 ¥
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Pii 7 Pis
P(N,S)= :

Pni 0 Pus

Yunauil 2 wming U(N,S) sxgnasrsusnanavduluisueuinislay,  ~U(0, 1)

loefl k=1, N uaz j=1,..5 Buavduildaziianududasedonu

VUABUN 3 L3NG LHS( N, S) IgNa3139UNRMNaUNTN 2.7 Feaginun3ndila

TutuneuilUldlunisdiseunanisel
LHS(N,S) = %[P(N, $)—U(N,S)] (2.7)

lngfisiagnenisoeniuunatiansduiiagisuuaaulawssfvuin 10x2 3o
LHS (10, 2)¢191l viamsasaanuning P(10.2) 91nmsisesduaeuuudnuaiiavauiu i

{1,2,.710} waga¥raamsnd U(10,2) 1niaveuanu iy 20 avds segnuandlinaniuans

[0.78828  0.26573 |
9 0.88091 0.45388
10 0.40278 .0.40963
0.15111 0.49880
0.77641 0.52223
0.50390 0.04614
0.11723 0.74228
0.18544 0.64897
0.55755 0.15557
0.68550  0.76004

P(10,2) = U10,2) =

— 0 N W N B

INUINTASINSNG LHS(10,2) 21naunisi 2.7 Fegnuanalifasuans



1
LHS(10,2)=—
(10.2=15

2 37 [0.78828
5 9| |0.88091
6 10| |0.40278
3 41 [0.15111
1 21 |0.77641
4 5| 050390
8 7| 011723
10 6] |0.18544
7 8| |0.55755
9 1] |0.68550

0.26573 ]

0.45388
0.40963
0.49880
0.52223
0.04614
0.74228
0.64897
0.15557
0.76004

[0.12117

0.41191
0.55972
0.28489
0.02236
0.34961
0.78828
0.98146
0.64424
0.83145

0.27343 |

0.85461
0.95904
0.35012
0.14778
0.49539
0.62577
0.53510
0.78444
0.02400

21

LPUNUAMAISNTEEAWBNUNTNG LHS(10,2) hanInegun 2.4 21nguasnud

f91uugadieg1aianue 10-geegliugainisiatavianisuualivienie 100 Yesfilivuin

WihiudsRziu I ustasumlazas ANz T IUILRRIBLIA-1 ALY

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0001 02 03 04 05 0.6 07.0.8 09 1.0

gﬂﬁ 2.4 LNUNNN3NIEANEMVRY LHS(10,2)

dusuniseenkuumallan1sduilteg usuuanisnssekuulalesail all

JURBUNITEBNLULNIAA1BAUNIsEaNWUUMATIAN SFuAIBgLULaIAUlawasAd weay

o oA o a ¢ aa !
O ARINNUNNTITEINNENNING P(N, S) Vlmmimiwsmﬂiwmmm
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2.5.3 watian13gualegnsliuuamsnszatenauwuulauasfod

Randall D. Manteufel [25] LARnAUATANITHUAI9E19N15NTEA18AILUY
lawofAlnonsinmadanisgudaegrsnvuardulawesiuniudoulalunism
et wl’mw’mﬁ;ﬂsﬁqazi%’ﬂﬁimszazwwizﬁ'jm;mLL‘U‘UE;ﬂé‘ﬂ (Euclidean distance) @1u130
frunildarnaunisii 2.8 91nthy Brian K. Beachkofski [11] Iévinisusuusamnaiianisdy
frogrensnszaeinutleawosing Tngvimsiiudoulvinszoznsszninagamsiian
TndLAssvSohfussesmeinsauvse d,, Faanusomialdainaunisi 2.9 aziSen

wallan1sgudieg1eilin wedianisduiiegrausulsenisnsganednuulaesaiid a1n
Weulegniiinduuduvi lvimedanisquaiag11Usudansnsgateimwuulawes il
duuszAnsanuduwdsng In13n3znefivegaiiedlmsauaquuifieg1 iWunidly

wiatian1sdudregtanieudantdlunisiivausiauslunsmidney
s 5 172
d(x,.,xj):dij:{2|xl,k—-xjk|} el (N=Dhjeli+ Ny (2.8)
k=1

(2.9)

opt

==

g x, 0 fe SnuaulduRidus i veadauUs k
o & Ao i ; Y
X0 R TUAANTIAIAL VeI k

d(xl.,x‘

J

=

2 ] o . X
) Fio 3wBEMIeTEUINg X, AU x, 0ed i
=
A

d 9 STULMITLANT A

ol
luniseonuuumelianisdufregausulsimsnszaeiuuulawesAivuin
NxS viouning HS(N,S) Aflvurn Nxs Iagdl N Ao d1uiud10819 waz S Ao
Sl 18asy delitumerlumseanuuudad
Tumauil T musmTigefilowu (V.S D) Tasp Ao Sruugaiiaviiadisi
Tunaudl 2 a¥raunind P,s (N-S) 1amgnangavngann1seenkuumatianisgy
feganuuafulalasfin
Tumauii 3 s TnesiSuiy r= N -1
sunaud 4 el uuseuiimun (r<2)
= dwsuamindmmey shtumeudendelui
1. a¥rauning 4(cS) g c=r(d-1)+1,..,rd uag d=1,...D Fsluuday
M d waind 4 awUsyneumensssduiuAsunuuduuassiuuiuiiie

189 N wazdalignidenannuming Py (N, S)
Y



23

2. MNTLYENNTENINAAVOY By (r+1,8) U A(LS) 9naunsi 2.8 Tng
I=1..rd

3. davdwuddluwaind 4 dwmis 1 filiaszegmeseninega
InalAesiuan d

opt

(91naun s 2.9) snitgaaldluming B (r, S)
Sumaudl 5 avdwawdudiie 1 5 N wazdalignidenainumsng P(N, S)wan
gavnesntdluamsng P (1S)
Yumauit 6 arauming IHS(N,S) anaunsii 2.7

lneififiaganiseentuumaiansdudiag 19UsUUTINsnsEaemuulawesi g

WA 10x2 N30 IHS(10,2) 791 Mn1simuantsiseasilosiuld D wirdu 2 vinis

A51UN3NG Pyg (10,2) anisvidngaving wasslinaniuan

P(10,2)=

R O P 1C 'Oh O
SaCF Tl © S YO 840

—
S

L4

INUNYIINITATINNENDG A(78,2) wagrinIsnIseesN19seNINALUNENgATNE
VOUUNIAG Be (10,2), Ausuning 4(18,2) Tnsldaundsi 2.8 Gz lassosn19uaning

WN3NG d,



4 3
3 8
6 4
55
10 6
77
&8 9
11
A(18,2) = ; i
47
5 4
7.5
66
19

8 8
10 2
L 2 1_

[ 8.6023]

6.3246
6.7082
6.4031
4.1231
3.6056
1.4142
12.0416
10.0000
9.8995
5.8310
7.2111
5.3852
5.0000
8.0623
2.2361
8.0623

1114018
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INUNEND- 4, A3NUINTIYARDIN 6 YBLUNTAD A(18,2) ANaf19v895 8N

i U 10 £ i ) o v i a
FENINRANVEN d,, = ~— =3.1623 Uaean ssludniitfayaunay 6 vesunsng 4(18.2)
a 2/10 ] U

Wbl aning Py (10,2) wanabinariuans

Bus(10,2) =

O N O © O O O o o o

)

~N O O OO o oo O

—_
(=)
L

imsafrauning 4(18,2) Tnad uagyinn1smseeen1eseninegavedoyaunii 9

VOUUNING Py (10,2) fusn3ng A(18,2)



A(18,2) =

—_
0 AN B LW LN = 0NN O R W W

=
—_— N O

10

—_— DN = 00 O N AW NN = 0O NN W

[4.4721
5.0000
3.6056
3.1623
2.2361
5.0990
6.0828
6.0828
5.3852
5.6569
4.2426
2.2361
5.0990
3.6056
5:0990
8.4853
5.8310

| 7.8102
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FIVENUINVONAUDIN 4 VRLUNTNG A(18,2) HiHasessesnNgeningaive d,,

1%
v o =

Y 6o ! [~ | asaa
b11AY-0 mam%ﬂumwwqmmum

AW 4 vouavsng 4(18.2) wldluaming

P (10,2) a1nduinauasutouluseunasviandanue agldwndng P (10,2) Miada

ANYTOLLAL TTUSNITENTINA Al

Pus(10,2) =

Ndwinsassavsng L(10,2) 9naun1si 2.7 degnuanl Inaninuang

8 1
1 4
6. 3
2 8
5.9
32
4 5
10 6
7T 7
9 10

[7.6158
5.0990
6.4031
31623
7.2801
31623
6.0828
3.1623

3.6056

|



[0.78828
0.88091
0.40278
0.15111
0.77641
0.50390
0.11723
0.18544
0.55755
0.68550

1
IHS(10,2)=—
(10.29=15

A W L NN —

—_
S
~N O L DO 0 W R =

-

o)
—
()

0.26573 |

0.45388
0.40963
0.49880
0.52223
0.04614
0.74228
0.64897
0.15557
0.76004

[0.72117

0.01191
0.55972
0.18489
0.42236
0.24961
0.38828
0.98146
0.64424
0.83145

0.07343 |
0.35461
0.25904
0.75012
0.84778
0.19539
0.42577
0.53510
0.68444

0.92400 |
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LUK UAMNATSNTEALAWBNUNING THS(10,2) Aguandsaguil 2.5 n3UasnuId

UIUAFIBYNNIMNA 10-9nagludasmielavianisudelinmun 100 Yoslagusiazyedl

YU AUTIV$AY I URA AR INAZUA ENANAZTIIUIUAFIBEI WA 1 JALVINTY

wilauduiumetianisduilagauuuanfulaeifay win1snIyetufiveigniied199y
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1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2 °
0.1

0.0 S— =

0.0 0.1 0.2 03 04 05 0.6 0.7 0.8 09 1.0

gﬂﬁ 2.5 UWHUNIWATNTE8AUN THS(10,2)



27

2.6 unazUINNsANEMgERuazeATeTiisades
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Faegasaupnuitalan warwuIEsuftymalnuaainlaenisiiseumnsiid s n e
Twalinnisdusnegniuutsufnslatunissiaedivnmsalnisngnaein dedldedinfodos
finsdumgnsaiivindiuinn ieliifnanmaomadnsia anstssandliinadanisdu
Metatuuafulaesay uagmalanisguizegnusudTnsnszMefuuulawesfad

Jagnihanltiiieantedininan ey
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3.1 Uggnuasevieldgununlinegau
TugnAdelllaviinisfine wagiwuudtasseietielgguniuwuy 4 d1auduain
11338049 Rienkhemaniyom K. and Pazhani S. [9] FaUsgnauluierindaingiu dudn

Y q
v
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nAaingAy JWan InTEedua uazdmUanuenaunIy

MY Handeingiu | Eiwan Knszangium §AUan
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S5, S8, S10, R25-R28, R33-Ra4,
- A W11, W14, W15,
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lnguuuiasuasevieldguniuilinaaey szedneldauusign dail
1. waansnlannnisuidymdsifenisideninvesdndeingiu wazgnszane

a U

audnazgnlfidunagnslunsesnuuuiaietieldgumu lnsanudesnsvesdianiuas
gnimuslidumsdinesdauiuey (Deterministic) iitelineron1sguansznuainnns
Anwnn1sainsvigAvedn

2. wnmssinsvgazinazanusaintuldtudadetngiv dudn viodnszane

duan Tunsguansenuliinduainmenisalnveave inluluuiasuesenglgguniutiy

a

Joagsinisirasnugnisal lagldguuuunisuanuatarnuiiaziduveunnnisainig

el

3
vegavzinildannsivnunsdeysaiivommaiadefitinisssued uazdmuslidy
fudsuuuluu3 (Binary) @99z5ia1 0 fu 1 lneileiinmgnisainiseavsinfiusemalely
\e3otneldguniuardmaliifertaslulsguniufiegluussmetuiansngnas i ua
anuhasdulunsfamgniseinsmens filuudasisadudasedeu

3 Agnvamgnisainiivy s Snfifui i o Bunuudida Feas i
ANISEaVERYINAY 2" d Sl iaesaiet e inaaoutiuas i uuymn sl

Adululdiviaf 2 vide 268,435,456 vansal

3.2 MsUTIUsIndoyananUaNIeeTIuYIR

Tugnuidedldvimafivsausa wavi1UoyaanAveIN AN NUANI9ST TR
112797 1900 892018 370 EM-DAT The International Disaster Database Centre for
Research on the Epidemiology of Disasters (https://www.emdat.be/) %QLﬁug’lu%yjaﬁ
finsftususaadone fofivhnss i waemanaluladiiatuslanunldluns
fuuaaanIuinsdulunsfagnasainisvgnwsinvetusas Ussine lasauddedls
ﬁﬁmmt,awwﬁa;ﬂaaﬁ@ﬁummnﬁﬂﬁaﬁﬁ’ﬁmqﬁiiwm(?\wi’nfu esonduanmaudniivivly
fuszneumsvseiigatesnelueiadsldgUmuiianmsvgeusin

Inedoya Aofitfinissssuvantemazeglusunupyeslid’ csv uazilsuuuuvos

v o =

ToYARANIAINITINN3.3 BausingvanazUsenoulusisteyal a.a: (year) ssaUsewme (iso)

'
IS awa

PoUszne (country name) Useknnvadiaiin (disaster type) 311uns39LAA (occurrence)
J1uuideTin (Total deaths) ITUIMFLATUUIALAU (njured) Iwrudlasunanseny

1 L

(Affected) Sruauglaififiegede (Homeless) Sruaugldsunansenusianmn (Total affected)

Y

uagyafANMEETIavdn (Total damage (000 USS$)) asa1siu



A15199 3.3 (ﬁhaaiw%’amﬂaaﬁaﬁummmﬁmfw’aﬁﬁ’amwﬁﬁmﬁ

year | iso | country name | disaster type | occurrence | Total deaths | Injured | Affected | Homeless | Total affected | Total damage
1900 | JPN Japan Volcanic activity 1 30

1901 | JPN Japan Earthquake 1 18

1902 | JPN Japan Volcanic activity 1 125

1907 | JPN Japan Earthquake 1 41

1910 | JPN Japan Flood 1 1379

1912 | JPN Japan Storm . 1000 20000
1914 | JPN Japan Earthquake 2 129

1914 | JPN Japan Volcanic activity 1 140 20000
1917 | JPN Japan Storm 1 4000 50000
1923 | JPN Japan Earthquake 2 145144 103733 100000 203733 600000
1923 | JPN Japan Landslide 1 200

1923 | JPN Japan Storm 1 3000 10000
1926 | JPN Japan Volcanic activity 1 144

1927 | JPN Japan Earthquake 2 5850 80000
1930 | JPN Japan Earthquake 1

1933 | JPN Japan Earthquake 2 6064 25000
1934 | JPN Japan Storm 1 3006 50000
1938 | JPN Japan Flood 1 933

1943 | JPN Japan Earthquake 1 1083

29



34

91NA9199 3.3 Aeiuingluuuvesdeyadilianusatunldaulddndusedinig

Jnsunuuresteyalul dnviadoyanevuaiidiuiunindauseunas 10,000 wod Felaldnis

Weowlusunsun1w Python [32] iiandagludnnisteyaiieliaunsaindeyaluldlunis

Mruaamansainsrgasednle Ineduneuusnagldynmds GroupBy Tun1sdnngudeya

AuUsEIANYBIdaYa country name kaw disaster type F93zhusdunaulunisiangs

sonlu 3 Tumau Ao nswendoya Nssiunadnsvestoyaluusazngy waznissudeya

Inefitunaudell Yuneuusnazideyadaisliuuvestoyanioglun1sed 3.3 uvinig

wendoyasendungunulszinvvetefviiduanananisnad 3.4 ntudeyaluusazngu

99QNUNNYIINITTINNAGNSTINARITINTT1IN 3.5 waztuneuanvnevzlusiudeyadende

nsideyailianpassaamadnsluusasnguansaudmdumsafedfiuduananised

3.6

M19199 3.4 Mg relaiaiilaainnisiendeya

Split year-| iso | country_name disaster type | occurrence
1901 | JPN Japan Earthquake 1
1907 | JPN Japan Earthquake 1
1914 | JPN Japan Earthquake 2
1923 | JPN Japan Earthquake 2
Group 1
1927 | JPN Japan Earthquake 2
1930 |-JPN Japan Earthquake 1
1933 | JPN Japan Earthquake 2
1943} JPN Japan Earthquake 1
1910 [-JPN Japan Flood 1
Group 2
1938 | JPN Japan Flood 1
Group 311923 | JPN Japan Landslide 1
1912.| JPN Japan Storm 1
1917 | JPN Japan Storm 1
Group 4
1923 JPN Japan Storm 1
1934 | JPN Japan Storm 1
1900 | JPN Japan Volcanic activity 1
1902 | JPN Japan Volcanic activity 1
Group 5
1914 | JPN Japan Volcanic activity 1
1926 | JPN Japan Volcanic activity 1
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M99 3.5 feeadeyaiilannnsTiunainsvesayaluusazngy

Split country_name | disaster type | occurrence
Group 1 Japan Earthquake 12
Group 2 Japan Flood 2
Group 3 Japan Landslide 1
Group 4 Japan Storm a4
Group 5 Japan Volc.a.nic: a4

activity
M5197l 3.6 hogstoyailinnnssadieya
country_name disaster type occurrence
Israel Drought 1
Israel Epidemic 1
Israel T 2
temperature
Israel Flood 4
Israel Landslide 1
Israel Storm a4
Israel Wildfire 4
Japan Drought 1
Japan Earthquake 62
Japan Epidemic 3
, oot Extreme i
temperature
Japan Flood 53
Japan Landslide 22
Japan Storm 176
Japan Volcanic activity 16
Japan Wildfire 1

Induagliynarde-GoupBy lunisdangudeyaniudszinnvuesdeya

country_name LilovinAsTmNaansAsRTRAsITUALAazUszianiiiatulul seimetiug

eefiu Inefieg197eLanaIn1sIANgUUaAITLANIRINNT NN 3.7
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v a wa a

M13197 3.7 Megretayaatifvesnsiiadefivaniesssunavdinisdangudeya

country_name occurrence Total Injured Affected Homeless | Total affected Total damage
deaths ('000 US$)
Afghanistan 183 24432 70744 9403734 219090 9693568 603320
Armenia 9 5 0 3895750 144 3895894 201453
Azerbaijan 15 68 680 2401744 172849 2575273 211200
Bahrain 1 111 0 0 0 0 0
Bangladesh 347 2993421 1066316 4.31E+08 14426930 4.47E+08 19812780
Bhutan 10 304 28 86341 1000 87369 3500
Brunei Darussalam 1 0 0 0 0 0 2000
Cambodia 39 2473 167 23515994 333755 23849916 1559110
China 899 12744406 | 1685089 3.2E+09 63982915 3.27E+09 5.31E+08
Cyprus 14 106 745 4990 150 5885 14440
Georgia 22 76 322 878910 8726 887958 700856
Hong Kong 136 24575 4066 100271 42361 146698 1335943
India 710 9132521 247281 2.37E+09 34625127 2.4E+09 93428006

PndudeyaaiinvesnsiadefiianIesTsNyAnlaiansingueuuwdiasgninluly
AtumIAIALUIazulagldaunsa 2.1 Lot llasdannuiivansnuaeatd e slunng

a v a

Aanefivinnessuaflegldlusunsu ArcMap dnsunisidseuiisudeyaluszaunivuay

o

seauidssme wazldlunisiuunign mauthaziluvesnisifauanisainisneags nainde

AN wessuvIadmsuldlunisdnassuanisainisneassinludaminiseanuuueriovy

leguniusaly

o a S

3.3  LLUUNATININAUAFAEAT
TusuwAdeillaunddnasuadamalnueaainuiudestumouuildlunisundyninis
sanuuulesevtelYgununtelfmnisalnsneasin Tagnszuiunissndulanusesnidy 2

TUADY TUNBULINALLABNTIAIUBIINANINGAU WAz ATLarIUINYRIRNTEAeFUALTBIAY
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WuUNOUAAIILa
N/S 1 2 3 4 5 di, ) | deG, j)
1 45 8 39 48 3 47.96411 | 25.09886
2 21 a7 40 24 51 22.27433 | 0.590926
3 48 36 19 3 28 27.88784 | 5.022583
q 3 22 38 51 1 31.38679 | 8.521536
5 26 41 25 1 32 12.51848 | 10.34678
6 22 23 10 36 44 18.60298 | 4.262277
7 11 50 36 20 26 0.86207 | 22.00319
8 5 10 14 43 25 5.82435 17.0409
9 8 14 20 12 19 13.64937 | 9.215878
10 9 4 26 20 6 11.75232 | 11.11293
11 13 28 %) 22 17 10.70492 | 12.16033
12 0 49 18 35 7 2.80893 | 20.05632
13 11 3 25 49 4 3.05266 | 19.81259
14 2l 2 9 51 7 2919677 | 6.331514
15 37 34 16 39 36 1.92560 | 20.93966
16 25 24 39 27 34 11.09797 | 11.76729
17 14 26 8 22 45 23.48793| 0.622673
18 30 3 26 8 22 4.35693 | 18.50832
19 45 17 50 33 26 1.71309 | 21.15217
20 8 4 33 39 24 11.98047 | 10.88478
21 51 26 49 6 36 6.89286 | 15.97239
22 8 11 40 29 29 28.19647 | 5.331213
23 32 6 8 32 1 10.28640 | 12.57885
24 28 45 27 11 12 5.02812 | 17.83713
25 43 a7 44 33 7 28.23580 | 5.370545
26 8 20 0 50 35 27.80462 | 4.939369
27 17 46 19 44 7 25.31521 | 2.449959
28 9 43 4 50 32 4.48100 | 18.38425
29 28 46 42 10 37 19.32959 | 3.535661
30 36 19 31 26 17 3.82533 | 19.03993
31 32 5 32 32 21 19.11721 | 3.748044
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N/S 1 2 3 4 5 di, j) | deG j)
32 a5 a5 43 19 40 29.38629 | 6.521033
33 26 43 33 34 11 28.96811 | 6.102853
34 a5 40 a3 21 40 3.61922 | 19.24604
35 29 33 7 29 aq 10.25048 | 12.61477
36 a6 22 36 36 33 23.90023 | 1.034981
37 18 10 40 I 9 25.84198 | 2.976725
38 2 51 38 27 35 4.98789 | 17.87736
39 49 0 X9 10 30 2462637 | 1.761115
40 24 33 46 12 6 33.35774 | 10.49249
41 3 a4 50 21 39 1.57977 | 21.28548
42 13 30 37 <) a1 10.46064 | 12.40462
43 aq 15 18 0 30 797994 | 14.88531
44 ar 30 39 13 s 27.43514 | 4.569887
45 48 11 24 49 50 30.77054 | 7.905291
46 1 46 24 43 19 24.30234 | 1.437086
47 25 val 17 28 43 2.92258_| 19.94267
48 34 ) 28 18 40 20.49005+| 2.375202
49 24 39 21 17 20 29.58003 | 6.714779
50 37 24 13 10 49 3 -

Anedy 16.57183 | 10.91401
Andudeavuinsgu 11.47894 | 7.113449
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A13197 4.4 LaRAMUNING P(50,5) wazszezrinasenineganlaainmalinnisdusingig

wuvafulaileasmild
N/S 1 2 3 4 5 di, j) | deG j)
1 33 45 5 21 9 61.91930 | 39.05405
2 35 4 28 39 45 14.62874 | 8.236514
3 36 Y 30 45 32 42.53234 | 19.66709
q 38 38 17 33 46 24.61707 | 1.751815
5 28 44 35 28 35 49.10193 | 26.23668
6 19 8 12 a7 23 56.09813 | 33.23288
T 29 23 21 1 48 40.23680. | 17.37155
8 12 13 20 36 50 47.78075"| 24.9155
9 43 28 42 18 35 29.05168 | 6.186425
10 34 33 22 5 20 43.61192 | 20.74667
11 44 17 45 29 41 34.78505 | 11.9198
12 45 31 39 25 10 61.04916 | 38.18391
13 5 18 10 4 36 57.05261 | 34.18735
14 8 9 15 50 4 45.82576 | 22.9605
15 27 6 19 17 29 28.33725 | 5.472002
16 11 7 3 34 30 45.31004 | 22.44479
17 16 12 34 > 21 38.91015 | 16.0449
18 15 34 48 10 49 17.43560 | 5.429657
19 14 20 43 9 40 47.56049 | 24.69524
20 40 19 25 15 5 48.38388 | 25.51863
21 7 46 24 6 26 38.53570 | 15.67045
22 25 42 38 24 1 45.92385 | 23.0586
23 32 50 44 38 43 54.03702 | 31.17177
24 9 25 50 19 6 59.94164 | 37.07639
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N/S 1 2 3 4 5 di, j) | deG, j)
25 37 35 2 37 15 26.38181 | 3.516559
26 23 26 13 20 18 35.45420 | 12.58894
27 13 11 37 30 2 61.22908 | 38.36383
28 41 49 1 a2 11 67.08204 | 44.21679
29 48 1 16 11 a2 33.34666 | 10.48141
30 39 10 6 14 13 45.80393 | 22.93868
31 4 27 14 32 ¥4 55.22681 | 32.36155
32 42 a7 23 2 12 54.65345 | 31.7882
33 18 3 26 '€ 17 30.03331 | 7.168062
34 2 9 9 40 25 60.74537 | 37.88012
35 ar 29 36 b 4 19 61.85467 | 38.98942
36 6 a8 8 48 37 41.26742 | 18.40217
37 10 14 11 21 28 38.18377 | 15.31851
38 22 39 32 a1 31 40.58325. | ' 17.718
39 46 30 4 31 24 48.79549 | 25.93024
40 30 36 46 16 14 36.24914 | 13.38389
41 31 32 40 35 44 44.40721 | 21.54195
42 26 24 29 a4 3 47.52894 | 24.66369
43 20 37 ar 7 22 2158703 | 1.278219
44 24 22 49 12 8 46.15192 | 23.28667
45 1 a1 31 8 38 51.06858 | 28.20333
46 50 40 a1 13 ar 59.16925 | 36.304
a7 17 15 18 a6 34 40.01250 | 17.14725
48 3 a3 32 26 39 54.64430 | 31.77905
49 21 21 7 49 7 36.41428 | 13.54903
50 49 16 27 43 16 - -

Aady 44.29676 | 22.04148
Frudsauunnsgu 12.42985 | 11.28854
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A157199 4.5 uansAnuving P(50,5) uazszesnineseninganlaainmaianisdudiiegi

Usulsansnsganesanuulaasn

N/S 1 2 3 4 5 di,j) | deG, j)
1 17 19 19 16 37 | 3232646 | 9.461207
2 19 14 5 a2 25 | 27.85678 | 4.991524
3 40 20 12 29 16 | 59.24525 | 36.38
q 3 44 32 11 45 49.77951 | 26.91426
5 a4 26 a6 25 36 | 51.14685 | 28.28159
6 35 36 1 8 47 | 3186427 | 8.599013
7 45 23 25 20 48 41.18252 | 18.31727
8 12 1 26 31 49 ['59:95832 | 37.09307
9 27 27 49 38 3 | 37.06751 | 14.20225
10 39 a1 a4 15 24" | 4511097 | 22.24572
11 5 28 24 1 9 | 5814637 | 35.28111
12 13 10 18 47 38 | 5213444 | 29.26919
13 37 17 28 4 26 1| 215318 | 4666547
14 33 11 43 13 614565085 | 22.7856
15 4 39 30 14 231 36 01389' | 13,14863
16 37 32 38 2 39 ["43.06971 | 20.20446
17 36 50 37 19 a. /| 45.01114-| 2214586
18 30 9 29 26 18 | 44.50843 | 21.64317
19 46 45 16 12 10| 44.50843/| 21.64317
20 38 471 a4 39 30~ | 60.9754 /| 38.11015
21 31 16 10 3 a6 ~|58.50641 | 35.64116
22 14 49 20 6 2 5496362 | 32.09837
23 50 21 34 30 15 57.66281 | 34.79756
24 6 15 42 22 50 26.4764 | 3.611152
25 21 24 45 17 31 42.0119 | 19.14665
26 8 33 50 48 8 49.56813 | 26.70288
27 23 7 48 32 44 24.97999 | 2.114739
28 20 5 39 9 43 36.48287 | 13.61762
29 49 3 21 18 34 32.64966 | 9.784403
30 43 2 23 49 42 50.75431 | 27.88906
31 22 12 6 10 27 39.24283 | 16.37758
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A15199 4.5 (919) ULanIALuvSNg P(50,5) wagsveeiiaseninegailaainmalinnisdy

fegrusulinsnszateduulaasan

N/S 1 2 3 4 5 di,j) | deG, j)
32 18 29 35 23 12 | 48.46648 | 25.60123
33 42 13 11 33 41 | 6220932 | 39.34407
34 7 4 a7 5 19 | 55.19058 | 32.32533
35 28 35 9 7 5 | 54.69004 | 31.82478
36 10 6 40 24 29 | 47.92703 | 25.06178
37 16 42 31 a4 7| 39.68627 | 16.82102
38 | 8 27 a1 20. | 22.86919 | 0.003941
39 9 25 36 36 28 |'35.04283 | 12.17758
40 2 30 3 40 o1 | 22.84732 | 0.017933
41 11 40 4 28 350 | 30.21589 | 7.350637
42 26 22 22 34 33 | 2286919 | 0.003941
43 15 18 13 o7 17 |.36.20773 | 13.34248
44 24 34 2 45 40 | 32.46537 | 9.600114
45 25 37 14 21 22 130.08964 | 16.22439
46 a8 33 8 50 1112529822 2.432969
47 29 31 17 43 1 3052868 | 7.663422
48 47 a5 33 35 13 | 22.86919- 0.003941
49 34 a8 15 37 14| 22.84732 | 0,017933
50 a1 46 7 46 32 : .
ATLage 41.16955 | 18.30576
’s‘i"amﬁﬂsuuummg'm 12.10916 | 12.1069

I1INANTNA 4.5 BaaInamsng. 2(50,5) wavszeerinngenineganlannmaianis

guitegeusulenisnszatefwuulailasfau aenuinssesrineseninageitaegailen

WU 22.84732 uazgeanilanvinfiu 62.20932 lagdanadewardiudeduuiinsgiuves

FYEENINTENINANINY 41.16955 Wag 12.10916 AUa1AUTULBNIITUIRAT deli, j) A%

NUTIANRAY ward U TAUULINTTIUYDINAANTLELIINTENTINNNUTE L TNZaY

VigndANYINiy 18.30576 war 12.1069 MUAIRU TINUIANAREVBITLYENNITENTNYALAL

de(i, j) fadeaninnealinnisdgudiegrsnuvafulaosfaidninligadied1anszaiusn

ATEUARLNUTINITAUAIDE 19NN IMIFRITTNNA 1IN0
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4.3 wan1siU3puiiguNadnsann1saanLuuLAIadnelggUunIu

Mniwhmsisuieunadnsildanniseenuuueietneldguniuuuudaiingin
471U4AT8YD4 Rienkhemaniyom K. Pazhani S. and Janjarassuk U. [10] FelaifinrsRarsan
wnnnsainsngavzin waznisesnuuuiaieveldgUnIuniin1sfinnsamgn1sainis
NeABEINNANTAN9ETTUR InedlTnguszasAnanvesnisesniuuLAIedielgguniuy
witeuffutiufe ileldeniisevesdiieatesmelunietnsldguniuivinliedodneldgunu
fuinrilsgeqn

43.1 mamalGsuifisunadnsanniseenuuuisietisldgununuuaia

Tnedmeufimaifianreinisesnivmaiotreldgunuuuuraiudiliainnis
uitlymilagllusinss CPLEX ApasvhnindendifevesdndsTngiusuau 13 918910 20
578 YNI¥AGFUAITIUILS 9890 25 318 kaznanduiu 5 518 laelidlsaegaves
wIeveldaunuiniy 13,248,679.26 FeldaanlunsiiAmo Ui 3.5 Juit Tneudns

[ a

T18a3La8AInAIINgAU KnTra1gdu Lasinanngnidonkenn1lUsenaainisen 4.6

e

Y
1 @ a

LAZA IV BIEINATINGAY HKE WagnnseauaunLanIfagUi 4.15

kY

1 a A

A3199 4.6 JAndln06U ANTEUAUAT UazHNAATIALEBNIINNNTRBNUUULATEY Y

U Y

Togununuuiad
Uszine HIndeingau | AnszRedudl | AwEn
\vaLe S11 < -
ULSBSLaUA S14 . z
Watd e - r -
Sngln $13 W12 ’
LI S7 2 <
WALINY sa - 4
wansnla 516 - M3
TAniy . - -
Tne S17 - -
Au - - M1
G 510 . .
f3n - - -
UT%a - - .
Unfannu - - -
ENGE S6 w8 -
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M151991 4.6 (9i9) KIndeIngAU Hnsrnedu LavinaniignidenannnNisesnLuuLATevNy
L9 gUnuLUUALAY
Uszine Jindeingiu | fnszanedudl | dudn
HAUUud - - -
UNALTY - - -
Sende S15 - -
GRtaM - - -
An3geLsn - w23 M4, M5
AMIIVRINNINT - - -
RN - - -
BRGIHGE, - - -
BRE(H] - - -
D13HIUAU S1 - -
ol 59 - :
UL S8 - M2
dulailigy - - ;
37U 13 5 5
\ AT ) Iy Y o J2
S\ AR Bl g s@f R
S & A .t
“MfMA_% £0 % .?C?"S?‘f \"ff s A y "»;f 510
'('Q&\.-MZ' s o ~ sfs AN 7 P S
W29 NN N'?z \-yjf“ .
S15 O .. ST
) @R e 17 B
B ag C”“ A )
N 53 L "
i~ e Y HA‘ U‘
51 o s
S16
52
b T e
..... =" &
AU HEn LaghnszaneduA1nnsesnuuuLATeY

l9guniu
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mﬂe‘hl,mmﬁﬁgﬂugﬂﬁ 4.15 WUIENIELFUAALYNIFBNLNEILA 3 Ui Heifile
wilididunuasilumadasiiiumsdesiign Snsdwinsdendnszaredudiaoud
froglndiugnandnieifioassilidunulunsudsduieiign dmuluiBnisuitoym
dlnunainuuuaesumeutiummevludniandumpouniosuusindulaludunouusn
TneflUinansvudsingivanngdndeingauludsduanuansfannsei 4.7 Uuna
Msvuddumangnanluainssaneauiuansisnnd 4.8 Ysunansvudeduiiang
nszapAuMlUSafUanuansfinned a1 uazaziiviinaduiigydelonialunisng
YBIEAIUAN R25 11U 59 T éauﬁﬁwﬂﬁﬂ3?8Suawmniaﬁﬂmﬂ;nﬁauimﬂawmﬁaqﬂWi%émaa
FEanld dmsuluisnsuidyweniraintuvdesiuneutusneuludniandumnou

e

y3afwlsindulalutunsuiiany

LY

M15199 4.7 YSuaunasuudsingiuainddndedngauludange

' ¥ aran M1 M2 M3 M4 M5

WINEIINNAU
S1 0 0 3969 0 0
S4 0 0 0 0 6295
S6 0 0 0 5788 0
ST 0 0 0 2936 0
S8 0 6882 0 0 0
S9 0 0 2308 0 0
S10 3767 0 0 0 0
S11 3670 0 0 0 0
S13 0 0 0 0 6188
S14 0 0 3604 0 0
S15 0 4048 0 0 0
S16 0 0 6597 0 0
S17 0 3453 0 0 0

a a | a v Y a v v a v
M1919% 4.8 ﬂimqmﬂqimuaﬂaUQqﬂqﬂﬁﬂwamlﬂﬂﬂﬁ&ﬂﬁgﬁnﬁlﬂu@q

HHAR
" = v M1 M2 M3 M4 M5
fnszanedum
W8 3143 0 16478 0 0
W12 0 0 0 8724 12483
W23 4294 14383 0 0 0
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PntuinMalIsuiisunaansilaannisundgymleglituneuisinasiniseusou

A o = @ ada a a ¢ v o sa = Ay v ¥
Miauedluisdizaind Aunadusimuizaunaaflaannsuwidgymilagldlusunsy

CPLEX 911914398999 Rienkhemaniyom K. Pazhani S. and Janjarassuk U. [10] Nan1s

W3BuieuLansfinn3ed 4.9 nuiwadniildanniisiasinseugousinnsnasen 10
afa fiddesgauiniy 12,947,235.31 Ageaauinfu 13,128,362.27 waganadeuiif
13,073,903.86 Guiliesidudnaraszyinanadnsimmnzauiigaildanmsuityvlagly
TUsunsu CPLEX wirfu 2.28 0.91 uaz 1.32 wWosifudmuddu wazdinanadslunism

Ameulagldiginansn1Tousauiniy 26.04 Ui Tasdiusunisuitgyminisesnuuu

A3 gldgUmuuuaLALaznud lUSENTE CPLEX gnunsamiAme Uiz aunianla an

yadaldnalun1smiaIneuiiisInI13531a99N199 U0 0 U MIULNISI1a09n150 U0 UL LA

meeunlnalAiuAneUNmRIaLTdn

A

AN5199 4.9 WSgUWgURaansAtaannskEluswnsy CPLEX wagiSa1aain1sausou

L | Anfimanzay 591899 , ,
ASNARBIN| , WNARIS NanN19(%)
ngn (CPLEX) N1358UaaY
1 13,076,228.45 172,450.81 1.30%
2 13,085,655.93 163,023.33 1.23%
3 13,050,508.22 198,171.04 1.50%
4 12,947,235.31 301,443.95 2.28%
5 13,012,821.51 235,857.75 1.78%
13,248,679.26
6 13,119,363.01 129,316.25 0.98%
7 13,093,557.64 155,121.63 1.17%
8 13,100,206.36 148,472.90 1.12%
g 13,128,362.27 120,316:99 0.91%
10 13,125,099.92 123,579.34 0.93%
ﬂ"]LQ’S'EJ 13,2048,679.26 13,073,903.86 174,775.40 1.32%

& o = = o sal v o vao v a
nHwihnsseuiisunadnsnlaannisundymilegldisuidamalnueainwuy
ao9tunau Aunaansimunzauigailaainnisundymilagldlusunsy CPLEX nanis

WSH UG ULARIAIRIS197 4.10
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A15197 4.10 Wisuisunadnslaanisundgmalniaadnuuuassiunsu nulusunsy

CPLEX
nsneaasii | Original design N = 20 N = 50 N = 100
1 13,096,522.68 | 13,051,966.74 | 13,184,154.53
2 12,920,227.45 | 13,155,981.66 | 13,180,699.57
3 12,942,537.45 | 13,003,074.42 | 13,057,226.19
i 13,171,893.86 | 13,089,908.03 | 13,073,942.27
5 13,065,948.69 | 12,983,362.65 | 13,007,254.34
13,248,679.26
6 13,149,727.224-12,932,378.48 | 13,193,867.37
7 13,027,280.15 | 12,974,604.06 | 13,074,024.28
8 13,154,910.60 | 13,168,145.63. | 13,149,428.82
9 13,103,.227.15 |- 13,070,412.66 | 13,091,222.72
10 13,149,634.13 { 13,123,011.48 | 13,060,618.83
Aade 13,078,190.94 | 13,055,282.58 | 13,107,243.89
doudesiuu
89,409.60 80,567.36 64,753.36
mmg’lu

d' i o ! a U eav v ad b4 a

31019999 4.10 lorARRgve Had nsnlannIsundymalvaaAnuuuass

YURDUN ATIINISNARD 11T 10 AT UUSBUE UAUATTIMMISELUNZAN LEI8 CPLEX
| 1 a o/ [ Y o 1 % 1 ! (%

WUIIANAALUaI NS NATNARBlael T TN duRI8gTaiU 20 50 Way 100
frpgng fAvnAU 13,078,190.94 13,055,282.58 way 13,107,243.89 anud1sy Hiuosidus
HAAIWYINAY 1.29% 1.46% Waz 1.07% M1d16u Lag 3enuIn9Iduun1 sdum ey
100 f13981991A1dLL T8 ULLA STIUTINAAN SR TR T 9dlA 191U 64,753.36 Tae
Tganagslunsymirine uii I uInn TEuABE1I U 20 50 Ay 100 fegraviiu
22.69235 62:17371 Wag122.8201 AMUaWY

4.3.2 wan1suSeuiisuraawsaInnIseantuuesaltgldgununieldignisal
nsugavedn

lun1seenwuuin3stieldgumunelsmgnisalnisugayzinlauiAinnnuiiazdy
mMaAnAeRTANssIINTIANAIT 4.2 wildlumsivuamaninesduielddmsu
nsdrananisifamgnisaintsugavein Tnowadnsilaannmadanisdudaegiauuy
wauRAsla wadanisgudlegrsuuaifulaesmy wazmallan1sduiiogausulanig
nszefuuUlaemtuanidinged 4.11 4.12 way 4.13 Ssludurosdnoutuazuans

[ a

nzinesuludunouwsnifenisidonfiniuesindsingiu wasgnszatedua 1llesain

Y

rmoulutuneuiigesziiulinanisuudyingivuasdumilunzanigalulsazvinnisel



M19199 4.11 maansnlaannmsldinaiianisgusiegisuuuteusiaisia

AsNAaBdd N = 20 N = 50 N = 100
1 12,926,743.17 | 12,936,504.50 | 12,418,851.37
2 12,418,814.86 | 12,537,833.87 | 12,125,486.15
3 12,919,320.51 | 12,464,742.63 | 12,274,587.18
4 12,586,105.51 | 12,504,353.57 | 12,059,285.24
5 12,288,548.63 | 12,366,851.17 | 12,412,839.32
6 12,846,196.02 | 12,621,856.67 | 11,995,844.01
7 12,952,681.61 | 12,346,809.29 | 12,403,648.33
8 12,797,331.73 | 12,415321.97 | 12,493,808.13
9 12,882,444.22 | 12,569,969.87"| 11,953,054.86
10 12,006,506.97 | 11,823,100.12 | 12,280,738.77
ALRde 12,658,469.32 | 12,456,734,37 | 12,241,814.33
drudsquumnnsgiu | 327,145.91. | 278,571.02 | 195,392.62
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91NA13197 4,11 wananadnsilaainmetinnasdudiognsnuuysuini§la nuin

ALRAYYTINAANTNIIUIUAIDE 1 WNHATAILYINAY 20 6388298 A1UNaRLN U

12,658,469.32 nadldrutigwnsguuiany 327,145.91 luvaznaniafevowaa nsnanuiu

AIDE1UNANITAIIITU 100 Aregtdatpangainiv 12,241,814.33 Tnedidiuides

WIAIFIUNIU195,392.62 zinulsnidioldinusiegunanisaliunnud g uazdi

WDewnsguvednadnsaziAidesas Invaziitagnadelunisnaaineuiidiuiudiegng
winnsalinfiu 20 50 way 100 #3819 1¥inAU 23:4268 63.7586 Lar 131.9066 Fu1l

o U o lﬂl b4 g Q{I
a9 Lnelananauiliaslanssns1ei.a.2 A3 wag A4 TunaNuan .

a v a‘e‘ v a ! U ' a £a 6
N19199 4.12 Naﬁ‘WﬁVI‘lﬂﬁ]"lﬂLV]ﬂu@ﬂWiEjiJﬁ]’J@EJNLLUU@WW‘HISL‘U@?WJU

AINAGDs] N = 20 N = 50 N = 100
1 12,642,518.12"12,366,938.00 | 12,361,466.82
2 12,733,552.23 | 12,350,100.60 | 12,395,395.96
3 12,889,892.29 | 12,596,252.39 | 12,144,992.79
4 12,618,137.62 | 12,245,459.46 | 12,145,819.64
5 12,829,700.50 | 12,230,005.34 | 12,337,473.02
6 12,451,608.42 | 12,267,053.54 | 12,235,948.35
7 12,662,216.00 | 12,516,111.08 | 12,095,806.17
8 12,784,819.79 | 12,416,559.89 | 12,376,100.96
9 12,725,576.22 | 12,304,294.31 | 12,312,008.01




M19199 4.12 (si0) raansilannmealianisdudlegauuuataulaasa

AsNAaBdd N = 20 N = 50 N = 100
10 12,845,273.92 | 12,267,006.76 | 12,159,280.17
ARl 12,717,929.51 | 12,355,978.14 | 12,256,429.19
Ei'ml,ﬁ'mmummg'm 130,617.31 121,918.61 112,858.22
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1NANTNN 4.12 uansraansnlaanmaiianisguiegauuuaiuleiasfiay wui

ALRAEYBINAANTNIIUIUAIDEIUNANITANNAY 20 Arog13diA1uINgALYINAY

12,717,929.51 Inefiduigauansguiiny. 130,617.31 lurueiaaasvoinaansnaiuu

A798191AN5AIIU-100 fegdA1tdeeigainiiv.12,256,429.19 Taeildiuides

WAIPIUIAY 112,858.22 Fuiulainiloldsinaudiediunanasalinnnduaiady wag

drudvamsgruvamaansiziidtoas lngaziivnanadslunismineuniiuiudiosa
WIRN1FNAU 20 50 Lay 100 A8 1iaiu22.1242 58.3204 uaz 126.2866 Fu1il

ANUARU TneLnARRUNTAALLANIRINITID A5 @6 WAL A.7 JN1ANLIN A,

A13191. 4.13 waawsalaanmealinmsdumes 19U TuYTINsAsETeAuU oAy

nIsMAaasd N = 20 N = 50 N.2 100
1 12,667,922.72 |\ 12,447,920.82 | 12,656,825.03
0 12,493,816.03 | 12,415,280.28. | 12,374,974.29
3 12,885,094.19 | 12,832,035.92|.12,451,776.01
4 12:870,805.02 | 12,531,119.61 |- 12,473,585.73
5 12,383;552.65 | 12,730,438.28 | 12,556,064.49
6 12,786,065.:83 | 12,611,572.5¢ | 12,436,350.29
7 12.557,801.48. | 12,542,831.53 | 12,408,204.56
8 12,737,479.30 | 12,461,034.63 |12,188,605.54
9 12,981,165.99 1112,369,792:39"| 12,498,946.70
10 12,799,825.98"12,621,321.79 | 12,403,965.72
Al 12,716,392.92 | 12,556,734.78 | 12,444,929.84
drudsquuanasgiu | 189,310.93 | 14581312 | 122,353.16
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N7 4.13 uanswadnsildanmaiiansduiegiaufuusnsnszaefnuy
lawe sy wuidedsvesnadnifid uiudiegamnnisaivindu 20 fegreiAuings
Wiy 12,716,392.92 Taefdnidewmsgiuviniu 189,310.93 luvagiiAiadevossadniy
Suaudenamgmsalivinfy 100 fegeidtiosianvindu 12,444,929.84 Tnefldudes
AUV 122,353.16 azfiuldiudeliinusedangnisaifiinniudiade uasdm
Joansgiuressadniaziaiesas Insazdinanadslunisudineuiisiuiudiedn
WRN138ivIAY 20 50 Wag 100 f198149 iU 23.1523 63.6837 uar 131.4701 Fu1¥
auddu Inslndmeuiildazuanifanised a.8 a.9 uay A.10 lunianuan A,

MndudnevitldainarsesniutindetaeligUniuiuudain uagn1seonLUY
ww3etnelagununielfmemsainnsmeaveinlnelfinadanisdusegiei 3 inaan
Hresuazgninanuszifiudaneulnslisiuuieg g nisaliviaAu 3,000 fega ieg

ANUENNFA LN TN UNIUGRLMAN SN SMEATEINVBIANBURLAANIMAETS

A13799 4.14 NaansnnsusLliua1nnRnaunlaaInnisaantuuLase v e lga unukuy
aaAslagldduausnegugnisalviafiu 3,000 faeg

NIRRT NAANS
1 11,950,373.24
2 11,838,016.30
3 11,831,140.24
4 11,780,590.92
5 11,789,481.46
6 11,895,626.39
I 11,886,468.32
8 11,880,323.77
9 11,838,575.11
10 11,801,826.73
ALady 11,849,242.25
drudsauuinnsgiu | 53,573.30

31A157991 4.14 wanIHadNSn1TUsTIdUAI NERRIRBUTLFaINN1SEEN LU
oteldguymuuuuiai Tneldsunusegiangnsaliviniu 3,000 feghs nudiwadns
ﬁﬁﬁqmwhﬁ’u 11,950,373.24 Taeilaade LLam'aul,ﬁENLuummgmmawaa"’wﬁmﬂms
AABIYINNAY 11,849,242.25 uaz 53,573.30 AUa6U
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A19790 4.15 Nadnsn15UITiuA19INEAAINaUNLAININATANITANAIDE1TLUY

vaudnslalagldiuiudieg1amsnsadvintiu 3,000 Aieg19

AsNAaBdd N = 20 N = 50 N = 100
1 11,621,036.69 | 12,125,437.22 | 12,009,805.94
2 11,851,151.56 | 11,947,473.61 | 11,981,417.92
3 11,448,720.92 | 12,049,300.08 | 12,004,185.16
4 12,045,964.41 | 11,935,091.85 | 11,830,527.34
5 12,239,861.49 | 12,065,857.69 | 12,118,408.82
6 11,982,653.16 | 12,273,107.33 | 12,027,116.72
7 11,991,857.49 | 11,834,090.51 | 11,922,442.47
8 11,894,812.90 | 11,923,011.41%| 11,960,271.74
9 12,107,121.93 | 12,013,970.80 | 11,982,746.14
10 11,990,353.93 | 11;905,938,10 | 12,314,238.09
Aady 11,917,353.45 | 12,007,327.86 | 12,015,116.03
drulsauuannsgiu | 231,904.94 | 127,375.64 | 128,360.49

31NN 4.15 LandHadnsn1sysziiuaianaaainayilnaninadanisdy

fpgakuuNauRAIsla taglddnuiuiiegamgn13aivinny-3,000 G881 WUIWAGNSNA

NLERARDUIREITIIUINAIBE AN SIAY 100 Feg Y TidueduvemaansN g

WINU-12,015,116.03 Iﬂaﬁﬁ’;ulﬁmwummgmﬁuawaé’ws‘wiﬁu 128,360.49 Tuvauzh

'
a

HaanstaaneaninaulaelginuIudIeg AN e IIAY 20 Feg7e TiAndeves

HaaNSUaeNaavinny 11,917,353:45 lngfdauidounaninsgiulauadnsviny

231,904.94 FInuImaansnsUszEIuAe IR mMAo U LEd 1uumeg 1R saluInn g

Y o v i a o eal 3 ] ~ ~ Y A
LLuﬂumwﬁ]ﬂMmLQaEJGUEJ\‘iNaaWﬁVlmmuIusumwmmuwmLuummgmuLLqu:l,m%a@aﬂ

A19199 4.16 HaawSA1IUTTINAIRNNLER AW UBLANWMATIAN SANFAI0 1L UURAIRY

laweosmilagldduaudiegiwnanisalmaiu 3,000 fro81

AsNAABI N = 20 N = 50 N = 100
1 12,021,276.56 | 12,084,566.77 | 12,205,660.98
2 11,803,161.93 | 12,001,033.19 | 12,025,548.87
3 11,764,893.29 | 12,102,797.52 | 12,253,177.27
i 11,900,538.30 | 11,933,895.06 | 12,036,425.55
5 12,069,740.39 | 12,005,124.05 | 12,108,325.88
6 11,965,995.91 | 12,240,113.63 | 12,018,966.35
7 11,850,312.59 | 11,970,434.28 | 12,021,044.73
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M19199 4.16 (s18) nadnsn1sUsEliuAmANERMABUnlAINmALiANTTEufIeE1wUUATRY

lawesmulagldinuusingamgnisaivindu 3,000 faee19

N1SNAADIN

N =20 N = 50 N =100

8 11,923,637.15 | 12,107,842.53 | 11,991,006.18

9 11,895,807.91 | 11,959,351.78 | 12,030,475.50

10 12,181,880.13 | 11,962,579.32 | 12,086,241.92

Al 11,937,724.42 | 12,036,773.81 | 12,077,687.32
dautﬁmmummgm 126,393.21 95,338.11 87,563.27

d' v s a ! o av v a !
INNA1T NN 4.16 LLE‘WNNaaWﬁﬂqﬁﬂigLMUQ’HﬂﬂL%G]ﬂ’]@]@UVIl@ﬁ]’]ﬂLVlﬂuﬂﬂ’ﬁ?!M

foganuuafuleUesiid laglddnuauiisgrunnnisaiviniu 3,000 A10819 WUIHAANS

d‘ 1% o d‘ o v i L4 Voo U 1 Y1 Qll v 6 dl
Vliﬂﬁ]’]ﬂL‘ZIW?]’](?]E]UV]‘\]WU'JMG]’JEJEJNLﬁﬁlﬂ']'imwl']ﬂU 100. 939879 Iwﬁ%aawmwaa%qum

WiNU12,077,687.32 1aafdrubdoduui1nggiuaesmannsyiniu 87,563.27 Tuvms

LY e‘r-d‘ ¥ o Q‘I o o/ [ 6 | v v 1 Y o1 e‘ v s
maawwlmmm%mmauwﬁ]’m’mmamummimmmu 20 $18819 1AALRABVDINAGNS

UasNgainfiu 11,937,724.42 Taenear il LuusinnsgIuvsNaa nslinnu. 126,393.21 33

WU HAENTNISUTERNAY TN AR LN I WIUATR MmN IsaluAn Ifiuu i iagln
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ALRAYVDINAANWINNINVU IUGUNS‘VIWWQUL‘U‘ENL'Uu&l’miﬁ']u&lLL‘L!’JI‘IJLLI‘VH]%@@G\T

ldl U s a ! o Qll 14 a I % 1 o/
A19190. 4.17 Naa‘Wﬁﬂ"li‘UigLlIUﬂ'V\]"IﬂL"EW]ﬂ'W]E]‘UV]bLWU'TﬂLVIﬂUF’]ﬂ’ﬁa}JG’I?@‘EﬂQ‘Ui‘U‘lJtiﬂ'ﬁ

nsvaefuuulalesAtlngltdnnudieg 1 mannsaliyiiu 3,000 Faeg

NsNARB N =20 N =50 N =100

1 11,995,022.96 | 12,100,972.52 | 12,216,896.39

2 12,035,209.45 | 12,058,604.49 | 12,164,074.23

3 11,978,127.91 | 12:081,895.29. 1 12,160,618.86

4 12,028,525.72 | 11,926,934.64 |12219,163.85

5 12,137,617.15 1112,026,091:44°| 12,215,308.00

6 12,013,732.8112,006,984.89 | 12,303,932.34

7 11,974,524.30 | 12,030,005.17 | 12,120,805.43

8 12,214,891.49 | 12,039,252.00 | 12,129,939.93

9 12,159,551.67 | 12,074,781.63 | 12,167,503.29

10 12,034,294.78 | 12,088,767.38 | 12,121,436.02

ARAeY 12,057,149.82 | 12,043,428.94 | 12,181,967.83
drudsauuinnsgiu | 83,321.90 51,052.38 57,433.51
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NANT197 4.17 wansnadndnisusziiuAranieadineudildainimaianisgy
fagelagdanszatediuulaasfal Inglddnuiudiegiamnnisaivindu 3,000 faees
wuhmadwsildaneadaeuidauiiogiamngnsaiviaiu 100 fegs Tanadeves
NadNSINTiaAntU 12,181,967.83 Tasfidaudoauusnnsgiuvessadnsiviiiy 57,433.51
Tuvaziinadnsildnnwammeufisiuiuiiogiamgnisalivindu 20 feens Iieadees
nadnSesfiaaviiiy 12,057,149.82 Tnefidrudssuuanmsgiuveamadndviniu 83,321.90
FanuiwadnsmsusziiuAmeendnouildduiusegiangnisalinnninduuliuae

Tradsvemadnsnuindu luraeiadudsavunnsgiuieuiltunzanas

4.3.3 wan13A3eAlaglyas Dunnett Multiple Comparisons

dieldrsenisimaluiinsisitasnadaiuazyinasaueliadnildainns
LLf’ﬁ]ﬁgmm%asdwiéziqﬂmul,l,uuﬁu'mﬁmLmuéf’m Original Desien waglfnadnsildainnis
Lt nasevgldarumeldmanisainisngnveinlnaldinaianasgudiogiauuy
ueufarslafdiuruiiegraivnnsalvndy 20150 uag 100 fog1atinusag MCS-20 MCS-
50 L9y MCS100 sy wadan1sdusagisiuuaifulaaffadi suausiedig
WMANIIAMIAY 20 50 kag 100 AI8EIWNUAE LHS-20 LHS-50 WAy LHS=100 pud sy
uLazinaliansdufiegUSudssnnnssatefmuuuleluesmatil s uiusiag 1amanisal
Wifiu-20 50 Lag 100 §38g19ununag IHS-20 IHS-50 Lay HS-100 muamy

dmiun1nTsuiieuaedeuswadniainnsussiuailagliduiuiiegis
WANITRIVINGY 3,000 2061991038 RNEENHY 9xian1INeaeURa87F One-way
ANOVA AauilUaaTgnlaeldas Dunnett Multiple Comparisons Lagis Fisher Pairwise
Comparisons Ineruunauufsmiidlunismaaau @il

H,: ARAgvadRaansamnnIsysylivrlagldiuaudiog1mmnnasaiviany 3,000 §7ae19
1nYNIBEANAI Y
H,: AN880maansaInnsUseiiiualagldduinited1amanasaiyiniu 3,000 §ee19

aaa v R PR Y]
f\]qﬂﬂ/‘]ﬂjﬁm@Sqﬂuﬁ]ﬂ%u@ﬂwgiﬂq@qﬂﬂu

a a ¢ aa zs a ' a Y a !
A1519% 4.18 HaNIFIATILIN@DANISUS U BUALRAEYRINAANTIINNNSUST LA LAY
TguuieguuAnN15alvniU 3,000 FaE19lagTs One-way ANOVA
Source | DF | Adj SS Adj MS F-Value | P-Value

Factor | 9 | 7.78E+11 | 86487722195 6.41 0.000

Error 90 | 1.21E+12 | 13493039018

Total | 99 | 1.99E+12
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NA15197 4.18 WanTAATIEInsaRRnsUTsuLisuAedsuesnadnsainns
Uszifiualaglidruauiegannnisaivindu 3,000 #og13lags One-way ANOVA 7t
AsBesiu 95 Wesldud ilefiansanen P-Value Ui P-value fiduvindu 0.000 Fsdlen
fonni 0.05 Meduisfasanufsundn Reject #,) duiifefriadsvosmadniains
Usziuanlnglddrunusegamsmsaivintu 3,000 fhegrsegrstiosmisgiinsinediu

Mndulfimadnsainnisuszfudlagldsuiuiegiananisaivinfy 3,000
Frog19uUSsuTioufulanald3% Dunnett Multiple Comparisons with a Control &4
ualiadnsnsdssidiuamildannnsineureamsosnuuuiaietnelsgununuuaai
ogluszfungualuny Feuansmanisilaszinsgniewesioyaainnisnaoniay
AaALAAEY (Residual Plot) AsgUTl 4.16 4.17 uay 4.18-4agNan1sIanguLansfans1ed
4.19

Normal Probability Plot
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MNMAeEEnmgnieswesdeyaInmANunaInAdou (Residual Plot) 9105y
7l 4.16 way .18 linumnuiaunivesdoyaiesanndeyaiinisnszanedudngidu deal
Normal uagdrmmeaaadeuiinsnszaneduduwuuunivie Normal (id~N0, o2 ) a1n
Ul 4.17 wudAanuaaiaiedeuiiafiosninvesAiauul U fadunadwsannns
Usgiliualaelddnuiudiegiamgnisaliviadu 3,000 Aregeanunsadiliiiesiesinag
wUsusula

M15797 4.19 HaN15IANENINTE Dunnett Y39ANNTDIIY 95 Woslaus

Factor N Mean Grouping
Original Design (control) 10 11849242 A
IHS-100 10 12181968
LHS-100 10 12077687
IHS-20 10 12057150
IHS-50 10 12043429
LHS-50 10 12036774
MCS-100 10 12015116
MCS-50 10 12007328
LHS-20 10 11937724
MCS-20 10 11917353

MAA3197 419 WudRadusnsUssluAvesgafnouilliainnisesnuuy
wn3ednsldauniunelsivanisainsnenysdnlagldmatinn sduiangruvsauiaiila
uazinadamsduseguuuaRulawe MU nauine S sl 20 feehagn
Fneglunguidaiuiuradndnisusz iumildanwndineutesmsoenuuuiaietield
qﬂmmwuﬁguau Fauananan53LA3191910 33 Dunnett Simultaneous Tests for Level

Mean - Control Mean §a@1571e#-4.20
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A15199 4.20 HANISIATIEIN9@DRRINID Dunnett Simultaneous Tests for Level Mean -

Control Mean

Difference of Difference SE of Adjusted
95% ClI | T-Value
Levels of Means Difference P-Value
MCS-20 - (-74281,
68111 51948 1.31 0.715
Original Design 210503)
MCS-50 - (15694,
158086 51948 3.04 0.022
Original Design 300477)
MCS-100 - (23482,
165874 51948 3.19 0.014
Original Design 308266)
LHS-20 - (-53910,
88482 51948 1.7 0.43
Original Design 230874)
LHS-50 - (45140,
187532 51948 3.61 0.004
Original Design 329923)
LHS-100 - (86053,
228445 51948 4.4 0
Original Design 370837)
IHS-20. - (65516,
207908 51948 4 0.001
Original Design 350299)
[HS-50 - 59
194187 51948 3.74 0.003
Qriginal Design 336578)
IHS-100 - (190334,
332726 51948 6.4 0
Original Design a75117)

= =~ =~ o g A 1Ay w °

39N919999%,4.20 NAIINNITUTIULTBUHAEWEN15USTIRNANLAIINLTRAIM B UYRY
N1300NLUURTB8IRUN UL UUAIRAY NUNTeRNLULLATEYELdgUnuneldvgnisal
nsngavzinlagldinaianisdufied1swuunauiaIsla nalani1sdudlng19huuaifiu
lalosAaU wavimallnnisduegislsulginisnsganesnuulaasiiingennuiet
95 Wasidud wuinisesnwuumsetialdgUmunielamanisalnismeasinlagldmaie
nsguiagkuuNeuAnsla wasmallansgudlegwuuaAulawesmundiuiudiedi
wansalviniu 20 segnalvien P-Value Winfiu 0.745 uag 0.43 AUAWU Lavinafeves
ANRABLYINAU 68,111 way 88,482 AUAIAU LBNA1TUIAT P-Value wundiAiuinnia 0.05
v & A @ ~ = Y a P A 1 Ay aal
senuliindngruiisamenvagulainaaievsmadnsainnisussliuailianassis
YU UAUANRAEYRINAENENTUTHIUA1YBINITRNIUUAT O8I QUM ULUUAILAY

FIUARIHANTUTBULTIBUIINTS Dunnett Simultaneous Tests AIgUN 4.19
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MCS-20 - Original Des -

MCS-50 - QOriginal Des -

[ 2

MCS-100 - Original Des -

LHS-20 - Original Des - I

»

LHS-50 - Original Des

LHS-100 - Original Des

L ]

IHS-20 - Original Des

IHS-50 - Original Des :

IHS-100 - QOriginal Des
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If an interval does not contain zero, the corresponding mean (s significantly different from the
control mean.

g‘l.lﬁ 4,19 nan15US8ulNeuaInio Dunnett Simultaneous Tests

4.3.4 §an15As1eilaeleis Fisher Pairwise Comparisons

500000

nunlgihpLdevemwaaneIINNITY sl nan lagliTuIuA g wn N SavinU

3,000 fpgNEUSHUiBURulaglyds Fisher LSD Method aHan153NNGNKAAIAINITIN

4.21

M199991 4.21 1HANTIANGUAINTD Fisher LSD Method M193audesiy 95 1Wesidus

Factor N Mean Grouping
IHS-100 10 1112181968 | A
LHS-100 10 | 12077687 B

IHS-20 10| 12057150 B

[HS-50 10 | 12043429 B
LHS-50 10 | 12036774 BC
MCS-100 10 | 12015116 BCD
MCS-50 10 | 12007328 BCD

LHS-20 10 | 11937724 CDE
MCS-20 10 | 11917353 DE
Original Design | 10 | 11849242 E
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NAINT971 4.21 wudmadnsnsUszfiumatnendinauves Original Desien MCS-
20 uaz LHS-20 gnimeglungy E dadunguillidnadovestadwsiiosiigniniu 11,849,242
11,917,353 Wag 11,917,353 Tuvauedl 1HS-50 IHS-20 wag LHS-100 gnaneglungu B dadu
nauidALeAsvesHadNEnty 12,043,429 12,057,150 waz 12,077,687 Fsgaidususiuf
a0a luwaedl HS-100 gnineglungu A Fudunguiiiaadsveanadnsunniigaivitiu
12,181,968 BIUERINANTIATIZIAINIT Fisher Individual Tests for Differences of Means
Famsnedl 4.1 Tuaamian <.
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5.1.2 msssuiisumatian1sgudiegia

nnMsisuiiisunisnszaed uavszepvinsseningaildaininaianisduinesng
wuuauAnsla welian1sdudiegawuuaiiulaosi wazwalinn1sduiiegausuyss
n13n322180UUlaUa3AIU 31NAITHITUIMNUAINANTNTEAEAINUIUNATANTHY
fegsuuuteuiniflanisnsyaieivesgaielifisuuuuiiniusulinseuaquitud
#egna ilesannlundazunuazusaznanidiuugamegefilivindu uasdisyozvinesening
nilndfu TuvarfmadanisguioduuuaAulaleddad uazimaiianisdusedig
Usudgimsnszanesuuuleresininisnssanesvesgadiogislizuuuuiiniueuilesan
Tuwsazunuazuiazndnazddmmniiogisiviady InewdeTouifisuaadovessaing
syogiesEingafuTEassinzanignvie d,, Mlseimwadanisduietauuuaiu
lawes@ wesmalianisgusnagialfulsamsnsgatoinuileiesaninuinddiade
Wiy 22.04148 uaz-18.30576 iRy FrdudeasUldimetanisdafaognsiulsing
nsznefuulaeimdiinnsyeshroedesiinsouanuiiuiihogwnnninaie

nsguiegwuualauletlesa

5.1.3 MIWTHUEUNAENS

Mnmssuiiisumedninliamnnsudtymnnsesnuuutaieigligunuuuy
daalarilUsunss CPLEX funadwsiildainiuneisinanniseuseuda JuissBannad
Wluasnosudamalnuaadnuuoaesssunenitiiavslusudde wuinadnsdlgan
TUsunst CPLEX Slanuinfu 13,248.679.26 Tunaisiina g silaa nins 18a940150U801aN
MMINAADIT 10 AYa TATadgEingy 13.073.903.86 G9fiuar9vIHagnELvaTU 174,775.40
wagllesiduinadamadnSmIAy 1.32% wasnsiuisuliisunadnsiiannisuddym
adlvuaafniuuasstussuiildluaitonuiiAniomadnsannmaasddaeldsuon
N58RI8E19.20 50 wag 100 LNy 13,078,190.9413,055,282.58 uay 13,107,243.89 Uay
LS UARAN 19381 19N AaN5IINLUTNTU CPLEX 11111U-1:29% 1.46% waz 1.07%
aEdy Tngwuanfidmannsduiogiasiniu 100 dudsaiuusnnssuvossadniazilen
ﬁaaﬁqmwﬁﬁ’u 60,753.36 9nNANSvisasII NasnEAldanTUsuAsy CPLEX dunay
Fsaeenisevdeu uayinisiitgmalnurafnuuuaostuneuiinuninrewadnsi
IndAesiu

InRan1snaaeun1sUssendldinaianisdudiegisiuuatfulaasfl wasinaia
n1sguflegnUsuUTIN1snsgateduulalesAtluisnisuilymalnierainuuuass
fumeufuiiyminiseanuuuieiedieliguniunieldianisainsvgaes indldnaaouly
el wuhdiadsuardudonuunasguvemadnsildaniinsudtymalnuaain
wuasstumeulaeldimaiianisduiegauuuteuiin1ila imadanisdudednanuuaiiu

lawesifnd waswmallanisdudiagnalsuusinisnsgaiednuulaesiad idauiunisd
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M9814 20 50 wag 100 Mege duwiliuinanas ieldduiunisdusegreanuniuy
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NnmsFeuifisunadnsiilinnnnisuszanamlnglisuusiogiavnnisaliviiiu
3,000 F878 venemfmaUINMILATymMsanuuuieieteldgUn LR AL TAL Y
TUsunsu CPLEX waztannoudildainnisuidaminisesnuuuiadetieldgumunield
wgnssinangaveinlagliisnisuitymalnuaainuuuassdunouitldfnisssgndld
wallansguiegsuuaiulaiesfil uasimallansdudieg 19 UsulTin1snsenesn
wuulawesAniisuaunguiegnaminfu 20 50 uag 100 fegrs HamsiUTsuLisuaInis
Dunnett Multiple Comparisons wugnadnsfildainnisuszunaeivessndinouiildain
Original Design MCS-20 Uag LHS-20 gninaglunduifiedny uaznanisiTeuiiieuains
Fisher Pairwise Comparisons wudmradnsiiliannisussanaeveaandmneuiildan IHS-
100 gninoglungu AdslaiA1adsAaanisweaiilslulaioreldguniuiigsgaindu
12,181,968 nadwsldannnisuszanmaiusendneuilaain LHS-100 IHS-20 IHS-50
LHS-50 MCS-100 wag-MCS-50-gndnaglungs B waamsillgainnisussanuveieniiney
fils1n/ LHS-20 LHS-50 MCS-50 wag MCS-100 gndnoglungs C Hadwsildannnisuszana
ANvg s nATEe U LA LHS-20 MCS-20 MCS-50-tay-MCS-100 gndneglungu D way
nadnETliannnisUssanaAveueRmAauTian LHS-20 MCS-20 (ias Original Design an
notllunay E dauandliiiubennsnumisdonnissinveaesinussisnisuitiyvusiay
®

AnHanITMeastaninsaagdlidilendimouilianmavszandldinaianisdy
e iuUsinmanigaesuulaesioidurunguiieg 100 foghsannse
nunusteansaimvgaveinlafnas Tasldalunsmannatwindu 131.4701 Juni
Tz itenmaauitliainnisusygndliinatanisduiadnafuusenisnsganeduuy
lawlosAifidnnunauiogavintiy 20 fegrsansnsanunreInnsain1sveaveinlia
seaaa lngldnanlunissidmeuiiniu 23.1523 Aundl dasleoi3euiigunadlunism
Fmeuiumadanmsguiegtnuuafulawesifditiunsdudieguiviniu 50 fogis
Belinadwsaglunaufientu ulinailunswmnauvindu 583204 3w wuianunsaan
naiildlunismdnevadldia 60.30 Wesudlutus Mwavasineunienadns il
AMNINLYILAY
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nsuseynaldimalinnisgudiega aursadunaianisdudiegaisn1saus 11
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sazidgniuvanIeEingvaslunTeveldauniu

M13197 n.1 Yaya

LAZNISINLASN LT IUNSNAEDU

A
o

N BRAREER )

0
Hindeingau | Ainashyn | WinaaRyn
1 -28.468991 | -65.778972
2 -42.881903 | 147.323815
3 -11.409874 | -41.280858
4 46.23824 -63.13107
5 39.90403 | 116.407526
6 48.956682 4.363073
7 52.375892 9.73201
8 12971599 | '77.594563
9 45.734955 7.313076
10 40.825421 | 140.736668
11 35.179554 | 1129.075642
12 19.286814 | -81.37207
13 16.863794 |-99.881614
14 51.697816 5.303675
15 53.716667 91.45
16 -33.924869 | 18.424055
17 15.865923 | 104.635463
18 37 35.321333
19 56.114073 -3.791896
20 40.714353 | -74.005973




M13197 .2 Vayail

A
Y

RV NTEALAUA

BN3zANEHUAT WNpazAgn WNARDIAYN
1 -26.185201 -58.17537
2 -12.462827 130.841777
3 47.070714 15.439504
4 49.685136 5.81048
5 -1.455021 -48.502368
6 48.428421 -123.365644
7 36.625604 114.539085
8 49,182863 -0.370679
9 13.052414 80.250825
10 -6.914744 107.609811
11 5.976474 116.115777
12 20.02772 -104.653176
13 53.201233 5.799913
14 31.54505 74.340683
15 13.24034 123.540001
16 S5 .5
17 -28.72929 24.75404
18 60.60646 15.6355
19 24.915712 121.673937
20 15.865678 104.625777
21 36.88414 30.70563
22 53.584441 -2.428619
23 32.912624 -96.638883
24 40.036426 -88.957026
25 16.991202 103.238976




M13197 n.3 Vayail

A
Y

A15197 N.4 Toyail

RAVDINER
BWAR WNpazAgn WNARDIAYN
1 31.820587 117.227239
2 19.075984 72.877656
3 -25.837762 25.594752
4 44.071581 -111.44829
5 39.729432 -104.83192
éi’jmaq;}:ﬁmﬁﬂ
{AUAn NnnazAgn NNAARIAYA
1 -32.890183 -68.84405
2 35.686975 -105.937799
3 -31.527273 -68.521408
4 -40.811909 -62.996204
5 -31.953004 115.857469
6 -33.867487 151.20699
7 -45.4804893 170.714887
8 -27.471011 153.023449
9 47.80949 13.05501
10 47.269212 11.404102
11 48.20353 15.63817
12 47.50075 9.74231
13 51.054342 3.717424
14 50.467388 4.871985
15 50.632557 5.579666
16 50.454241 3.956659
17 2.819538 -60.671401
18 33.588689 -117.664182
19 -5.794478 -35.210953
20 -5.089212 -42.801627
21 63.75 -68.54917
22 53.544389 -113.490927
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Y

M13197 n.4 (R) Yeyaninaves

HATUAN

KAUan WNpazAgn WNAADIAYN
23 52.939916 -73.549136
24 62.453972 -114.371789
25 37.394253 126.956821
26 34.516839 110.894206
27 320.176768 111.779894
28 31.723248 119.597897
29 28.549445 -81.772854
30 50.62925 3.057256
31 43.296482 5.36978
32 48.583148 7.747882
33 23.259933 77.412615
34 26.846511 80.946683
35 15.299326 74.123996
36 10.786999 79.137827
37 -3.328499 114.589203
38 -1.596672 103.615799
39 -3.972201 122.514903
40 -0.502183 117.153801
41 4.61175 101.113506
42 42.091211 19.089904
43 3.043061 101.440657
44 1.530976 110.34422
45 20.522222 -100.812222
46 22.29448 -97.853415
a7 26.910278 -101.422222
48 19.245226 -103.733455
49 52.383626 4.635956
50 51.498796 3.610998
51 52.516775 6.083022
52 53.219383 6.566502
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M13197 n.4 (R) Yeyaninaves

HATUEN

KAUan WNpazAgn WNAADIAYN
53 30.209459 67.018173
54 35.898333 49.772222
55 24.893379 67.028061
56 25.169511 75.85399
57 13.324096 123.645139
58 14.852739 120.816038
59 8.947538 125.540623
60 10.652141 124.852563
61 43.30191 45.67228
62 54.551858 36.285097
63 58.52557 31.274193
64 59.083333 159.933333
65 -29.600607 30.379412
66 -23.896171 29.448626
67 -25.465833 30.985278
68 -33.924869 18.424055
69 65.58389 22.153174
70 55.604981 13.003822
(1 56.879004 14.805852
12 63.825847 20.263035
73 24.957619 121.298783
74 23.4611 120.242
75 24.833333 121.011944
76 22.7158333 121.144444
77 14.353236 100.568967
78 6.541102 101.280408
79 14.589605 100.455052
80 15.865678 104.625777
81 19.209401 73.093948
82 40.946667 43.781389
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HATUAN

KAUan WNpazAgn WNAADIAYN
83 37.856041 27.841631
84 50.009826 12.920558
85 42.373616 -71.109734
86 56.469718 -2.988098
87 57.649454 -3.318485
88 56.643558 -2.889062
89 32.814018 -96.948894
90 37.804364 -122.271114
91 25.788969 -80.226439
92 33.953349 -117.396156
93 37.562992 -122.325525
94 11.466402 -72.7172516
95 29.061947 -98.473375
96 4.983826 -61.729958
97 10.241361 106.37626
98 44.694705 8.193115
99 40.610562 109.96745
100 36.50204 102.104287
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a 4 v 174
W1IIUNDI A3 FUkuUvaya
AUYUTINVDIFUA pp 750
FIANEUA np 900
AU T IngAU pm,, ~Unif (60, 65 %) * pp + (dissm /250)
AUNUNTHERFUAT pe, ~Unif (8, 12 %) * pp
AUYUNTYUEIRONUILINANE R ,
Oy - . . ~Unif (5.5, 6.5 %) * pp
Tdsinszanedum
AUYUNTVUE ROV ING ,
v o v tr,, ~Unif (8.5,.9.5 %) * pp
nra1edumlUgAIYEn
ANURBINIIHARN T VR ILAIUER d, ~Unif (500, 700)

A13199 1.6 AUNUNITAED

o

o

a

[

MAN1INEN VD IHAREA INQAY-AIRIN1THAN LG SAUNUNITHER
VDINAR
AUNUNTHER ML | M2 | M3 | M4 | M5 Adennswanvasiangdaingau
S1 508.78|514.72/474.87503.67|477.98 3,96
52 486.66(476.62(494.57|515.11|497.16 5,483
0% 496.18/503.00/1481.71{489.27503.19 3,113
54 482.22|502.98486.841481.18/461.25 6,295
S5 466.21|486.01|492.10/489.031479.46 5975
S6 498.06]485.64/505.89(472.90(473.15 5,788
ST 505.111497.65/490.10/474.56|481.14 6,900
S8 494.95|458.171491.42|511.33|521.52 6,882
S9 492.791485.13|476.75|489.09|499.79 6,990
510 462.62{490.70(503.81|490.97|496.66 3,767
S11 453.20(486.09|492.611500.56|483.09 3,670
512 495.56(492.78|509.75|478.51|485.36 5,646
S13 516.55/491.81|491.99|479.30|465.88 6,188
S14 486.67/490.83|472.78|493.42|490.51 3,604
S15 490.16(470.87|496.63|482.15|502.01 4,304
S16 508.98|472.37(457.84(506.45|519.29 6,597
S17 482.13]469.72/504.41|505.41|496.63 3,453
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A971991 N.6 (#i) éfmqumié"a%a MAINsHanveEindaingiu MaensndnuazAunuIg
HARYBIENER
AUNUNITHER ML | M2 | M3 | M4 | M5 Mdenswanvasidndeingfiu
518 490.39(491.91|501.77|497.74|481.54 4,538
519 495.06(498.61|488.26|494.26|486.26 5,057
520 516.22|494.49|488.89|484.91|493.27 4,578
AUNUNTNANEUBINER| 82.56 | 76.70 | 62.24 | 76.57 | 83.73
MAININARVOIEINGR |17,442(18,262|16,478|11;029|12,829
M5197 0.7 szegvndsvinggindaingRuiudian
M1 M2 M3 M4 M5
S1.0112,1431 9,756 {5,466 | 5,782 | 5,338
S2. | 5502 | 6,363 | 6,417 | 8,647 | 8,803
S3 110,4r18,038 | 4,446(.5,816 | 5,383
S4. | 7,043 7,154 | 7,428 | 2,322 | 2,129
s 560 112,947 | 7,380| 5,915 6,351
S6 115,498 14,264 | 5,331 | 4,932 | 4,945
ST |.5170 14,055 15,488 | 4,912 | 4,965
S8 2,824 | 525 | 4,405 8,454 | 8,791
S9._1.5,51914,113 | 5,076 "] 5,189 | 5,195
S10 | 1,442 | 4,221 8,639 | 5,060 5,513
S11 720 | 3,580 |/7,9457 5,774 |6,226
S12° 48,696 | 9,262+ 7,812.4.2,435 | 1,983
S13..1 8,270 19,904 18,897 {1,997 1,607
S14 | 5,351 14,236 15,496 | 4,822 | 4,855
S15 | 1,977 | 2,589 | 6,747 | 5,545 | 5,907
S16 | 7,856 | 5,121 | 704 | 9,699 | 9,324
S17 | 1,356 | 2,101 | 6,038 | 7,711 | 8,152
S18 | 4,533 | 2,579 | 4,387 | 6,461 | 6,562
S19 | 5,446 | 4,620 | 5,919 | 4,344 | 4,377
S20 | 7,373 | 7,790 | 7,838 | 1,907 | 1,619




A15197 N.8 TLEENNITENINHINATINYAU

S1 S2 S3 sS4 S5 S6 ST S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20
S1 |100000| 7076 | 1972 | 5164 | 11636 | 6868 | 7190 | 9852 | 6865 | 10714 | 11450 | 3459 | 3873 | 7004 | 10346 | 4846 | 11372 | 7942 | 6876 4808
S2 | 7076 |100000| 8645 | 10928 | 6037 | 10626 | 10389 | 5842 | 10470 5797 | 5514 | 9185 | 8150 | 10579 | 7446 | 6226 | 4878 | 8909 | 10868 | 10323
S3 | 1972 | 8645 |100000| 4207 | 10041 | 5008 | 5340 /| 8316 [ 4966 (10400 | 10686 | 3456 | 4452 | 5167 | 8538 | 4050 | 10129 | 5971 | 5138 4163
S4 | 5164 | 10928 | 4207 |100000| 6484 | 3044 | 3168 | 7674 | 3264 | 6243 | 6759 | 2130-| 2921 | 3011 | 5370 | 7502 | 8078 | 4788 | 2572 664
S5 | 11636 | 6037 | 10041 | 6484 |100000| 5033 4701 | 2999 | 5077 | 1278 765 8189 | 7871 | 4877 | 1503 | 8050 | 1805 | 4231 | 4939 6827
S6 | 6868 | 10626 | 5008 | 3044 | 5033 |100000| 333 4786 261 5688 | 5706 | 5031 | 5963 193 3531 | 5791 | 5847 | 1752 600 3708
ST | 7190 | 10389 | 5340 | 3168 | 4701 333 1100000 | 4580 471 5361 | 5373 | 5215 | 6084 193 3200 | 5985 | 5556 | 1630 602 3831
S8 | 9852 | 5842 | 8316 | 7674 | 2999 | 4786 | 4580 [100000( 4631 | 4236 | 3543 | 9787 | 10367 | 4760 | 2915 | 5057 | 1819 | 3087 | 5145 8305
S9 | 6865 | 10470 | 4966 | 3264 | 5077 261 471 4631 100000 5801 | 5772 | 5211 | 6177 421 3573 | 5547 | 5780 | 1562 862 3927
S10 | 10714 | 5797 | 10400 | 6243 | 1278 | 5688 | 5361 | 4236 | 5801 |100000| 744 7482 | 6876 | 5506 | 2418 | 9290 | 2758 | 5288 | 5424 6395
S11 | 11450 | 5514 | 10686 | 6759 765 5706 | 5373 || 3543 | 5772 744.1100000| 8176 | 7618 | 5539 | 2214 | 8574 | 2014 | 4995 | 5548 6991
S12 | 3459 | 9185 | 3456 | 2130 | 8189 | 5031 | 5215 | 9787 | 5211 .| 7482 | 8176 100000 1226 | 5040 | 7374 | 7497 | 9973 | 6773 | 4643 1543
S13 | 3873 | 8150 | 4452 | 2921 | 7871 | 5963 | 6084 | 10367 | 6177 | 6876 | 7618 | 1226 |[100000| 5931 | 7513 | 8468 | 9624 | 7708 | 5484 | 2256
S14 | 7004 | 10579 | 5167 | 3011 | 4877 193 193 4760 4az1 5506 | 5539 | 5040 | 5931 |100000| 3379 | 5968 | 5750 | 1777 479 3675
S15 | 10346 | 7446 | 8538 | 5370 | 1503 | 3531 [ 3200 | 2915 | 3573 | 2418 | 2214 | 7374 | 7513 | 3379 |100000| 7451 | 2710 | 2869 | 3473 5854
S16 | 4846 | 6226 | 4050 | 7502 | 8050 | 5791 | 5985 | 5057 | 5547 | 9290 | 8574 | 7497 | 8468 | 5968 | 7451 |100000| 6613 | 5019 | 6356 7807
S17 | 11372 | 4878 | 10129 | 8078 | 1805 | 5847 | 5556 | 1819 | 5780 | 2758 | 2014 | 9973 | 9624 | 5750 | 2710 | 6613 |100000| 4432 | 5990 8526
S18 | 7942 | 8909 | 5971 | 4788 | 4231 | 1752 | 1630 | 3087 | 1562 | 5288 | 4995 | 6773 | 7708 | 1777 | 2869 | 5019 | 4432 |100000| 2232 | 5452
S19 | 6876 | 10868 | 5138 | 2572 | 4939 600 602 5145 862 5424 |-5548 | 4643 | 5484 479 3473 | 6356 | 5990 | 2232 |100000| 3233
S20 | 4808 | 10323 | 4163 664 6827 | 3708 | 3831 | 8305 | 3927 | 6395 | 6991 | 1543 | 2256 | 3675 | 5854 | 7807 | 8526 | 5452 | 3233 | 100000
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STAUNIAINISNAAN 1

STAUNIAINISHANN 2

STAUNIAINISNANN 3

fdan1snan | Fuyuasil | Masnsean | dunuadi | Massadn | dunuaei
W1 10704 429710 13972 484574 20815 599472
w2 9221 404814 16831 532581 18571 561788
W3 11475 442658 16286 523435 23349 642000
w4 8217 387955 16900 533729 20054 586685
W5 7982 384007 14727 497248 20575 595437
Wé 8451 391883 13892 483239 18241 556251
W7 6244 354828 16988 535214 22484 627484
W8 10030 418406 15965 518043 19621 579420
W9 5969 350216 17592 545354 22075 620613
W10 9303 406197 lade67 492889 21678 613955
W11 10930 433503 15089 503333 19982 585475
W12 8310 389518 17200 538780 21201 606052
W13 6841 364853 17675 546755 22429 626558
W14 10844 432061 15275 506460 21700 614329
W15 11362 440753 17524 544214 19656 580012
W16 7181 370575 12708 463363 20022 586151
W17 7347 373362 17101 537118 21393 609170
W18 8648 395190 15305 506954 19381 575390
W19 9152 403661 14547 494239 23218 639801
W20 7691 379137 14665 496211 22235 623307
w21 6931 366364 16977 535030 23565 645632
W22 10637 428585 12036 452082 21585 612395
W23 9518 409799 13224 472028 18677 563570
W24 7578 3772271 15985 518368 19037 569619
W25 8287 389135 17718 547476 18519 560910
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M19197 2.1 YeyansiinfeivAdeunasty 1900-2018 vasniuuensn

AMANUIN V.

Usewne U nnAgnU ihjj ”""f;ﬂ%,;g“f: ? Snwouglaisy
IANYWUR NANIENU
Drought 1 0
Earthquake 20 1367579
Epidemic 2 568
Extreme temperature 2 125000
Algeria Flood 50 806025
Insect infestation 2 0
Landslide 1 696
Storm 4 10122
Wildfire 2 0
Drought 8 5863900
Epidemic 19 143660
Angola
Flood 38 1245773
Landslide 1 0
Drought 2 2215000
Epidemic 25 25073
Benin Flood 19 3186547
Storm 1 800
Wildfire 3 9959
Drought 6 1344900
Epidemic 3 36897
Botswana Flood 11 178584
Insect infestation 1 0
Storm 1 400
Drought 13 12413290
Burkina Faso
Epidemic 25 207368
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M13197 2.1 (sid) YoyansiindeidRgoundal 1900-2018 veawnIUwensnm

o aom $uuATang FUIU AU
Usznd UTLLANAYNUR . o aoem Y
LNANYNUR NaNSENU
Flood 20 649957
Burkina Faso
Insect infestation 3 0
Drought 6 3062500
Earthquake 1 120
Epidemic 15 1378259
Burundi
Flood 23 110417
Landslide 2 3680
Storm 6 49365
Drought 10 40000
Epidemic 2 32491
Flood 1 150
Cabo Verde
Insect infestation 2 0
Storm 9 1722
Volcanic activity 2 8806
Drought 5 598900
Epidemic 24 53782
Flood 16 388266
Cameroon
Insect infestation 2 0
Landslide 1 100
Volcanic activity 3 13447
Drought 1 0
Epidemic 11 6156
Central African
, Flood 16 185146
Republic
Storm 10 37096
Wildfire 2 835
Drought 11 9742800
Chad Epidemic 22 82085
Flood 17 1437542
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M13197 2.1 (sid) YoyansiindeidRgoundal 1900-2018 veawnIUwensnm

o aom $uuATang FUIU AU
Usznd UTLLANAYNUR . o aoem Y
HNANYNUR AGREERA U]
Insect infestation 5 0
Chad
Storm 3 1445
Drought 1 0
Earthquake 1 10000
Epidemic 6 7562
Comoros (the)
Flood 2 67637
Storm 7/ 124863
Volcanic activity 6 309200
Drought 2 800000
Earthquake 5 23161
Epidemic 72 719324
Congg g Flood 28 169672
Democratic Republic
Landslide 6 2093
of the)
Storm 5 103036
Volcanic activity 3 170400
Wildfire 3 59898
Drought 1 0
Epidemic 16 16747
Congo (the)
Flood 9 173114
Landslide 1 668
Drought 1 0
Epidemic 14 9050
Cote d’lvoire
Flood 12 41100
Landslide 1 10006
Drought 9 1188008
Epidemic 5 4047
Djibouti
Flood 7 689300
Storm 2 25775
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M13197 2.1 (sid) YoyansiindeidRgoundal 1900-2018 veawnIUwensnm

Uszwnea Ussandgnda ﬁqjj °Eﬂ§“f: ’ Sruauglaiiy
INNYWUR WNANISNU
Earthquake 5 92996
Epidemic 3 143
Extreme temperature a4 171
Eeypt
Flood 12 234498
Mass movement (dry) 2 997
Storm 8 47860
Equatorial Guinea Epidemic 1 946
Drought 3 5600000
Flood (A 7013
Eritrea
Insect infestation 1 0
Storm 1 15675
Drought 16 77141879
Earthquake 7 585
Epidemic 25 192447
Flood 54 3145176
Ethiopia Insect infestation a 0
Landslide 3 211
Mass movement (dry) 1 0
Volcanic activity 3 11000
Wildfire . 5
Epidemic 8 18708
Gabon Flood 2 87845
Storm 3 4330
Drought 9 1321100
Epidemic 4 909
Gambia (the) Flood 9 93469
Insect infestation q 0
Storm 4 16806
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o aom $uuATang FUIU AU
Usznd UTLLANAYNUR . o aoem Y
LNRNYNUN NANTENU
Gambia (the) Wildfire 1 5000
Drought 3 12512000
Earthquake 1 0
Epidemic 22 91471
Ghana
Flood 20 4889990
Storm 1 12
Wildfire 1 1500
Drought 2 0
Earthquake 1 21436
Epidemic 16 40070
Guinea Flood 13 409341
Landslide 1 492
Storm 1 0
Wildfire 1 7T
Drought 6 132000
Epidemic 8 105380
Flood 4 58542
Guinea-Bissau
Insect infestation 3 0
Storm 3 16966
Wildfire 1 1500
Drought 15 51800000
Earthquake 2 0
Epidemic 35 6889875
Kenya
Flood 55 3464110
Landslide 4 26
Storm 1 0
Drought 7 3715015
Lesotho
Epidemic 3 4196
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M13197 2.1 (sid) YoyansiindeidRgoundal 1900-2018 veawnIUwensnm

Uszwnea Ussandgnda ﬁqjj °Eﬂ§“f: ’ Sruauglaiiy
INNYWUR NANISNU
Flood 5 185000
Lesotho
Storm 7 9351
Drought 1 0
Epidemic 12 34353
Extreme temperature 1 1000000
Liberia Flood 6 53841
Insect infestation 1 500000
Mass movement (dry) 1 200
Storm 2 5500
Earthquake 1 0
Libya Flood 2 2000
Insect infestation 1 0
Drought 8 4675290
Epidemic 7 44469
Madagascar Flood 1 188210
Insect infestation U 2300000
Storm 55 10334219
Drought 8 28278702
Earthquake 3 70836
Malawi Epidemic 15 64153
Flood 38 2847713
Storm 3 6358
Drought 11 6927000
Epidemic 19 28196
Mali
Flood 23 288827
Insect infestation 5 0
Drought 13 11315681
Mauritania
Epidemic 6 3694
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Flood 16 183319
Mauritania Insect infestation a4 0
Storm 3 2517
Drought 1 0
Epidemic 2 2661
Mauritius
Flood 1 82
Storm 19 1039263
Drought 5 412000
Earthquake 3 38465
Epidemic 1 2942
Extreme temperature 6 2477500
Morocco Flood == 638455
Insect infestation a4 0
Landslide 1 12216
Mass movement (dry) 1 0
Storm a 117000
Drought 13 20057500
Earthquake 1 1476
Epidemic 28 373781
Flood 36 9783753
Mozambique
Insect infestation 1 0
Landslide 2 2800
Storm 24 4441128
Wildfire 1 3023
Drought 8 2143200
Namibia Epidemic 7 13174
Flood 14 1101952
Niger (the) Animal accident 1 5
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Drought 15 27374486
Epidemic 43 270381
Niger (the) Flood 26 2046197
Insect infestation 6 0
Storm 1 1253
Drought 1 3000000
Epidemic 61 318197
Extreme temperature 2 0
Nigeria Flood 46 10413929
Insect infestation 2 0
Landslide 3 1800
Storm 6 17012
Drought 6 4156545
Earthquake 2 2286
Epidemic 12 7399
Rwanda
Flood 15 2012104
Landslide 5 11949
Storm 2 6553
Sao Tome and Drought 1 93000
Principe Epidemic 3 2412
Drought 10 9038702
Epidemic 12 36178
Senegal Flood 21 1210857
Insect infestation 5 0
Storm 3 96853
Earthquake 1 4830
Seychelles Epidemic 2 5714
Flood 2 5672
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Seychelles Storm 2 9800
Epidemic 16 50580
Flood 8 245507
Sierra Leone Landslide 2 11921
Storm 3 10003
Wildfire 1 2257
Drought 15 18419124
Earthquake 1 105083
Somalia Epidemic 29 126427
Flood a1 3492678
Storm 5 816380
Drought 9 20175000
Earthquake 9 3450
Epidemic 7 112385
Extreme temperature 3 20
South Africa
Flood 36 580356
Landslide 1 0
Storm 28 651451
Wildfire 10 12880
Drought A 7900000
South Sudan Epidemic 6 12133
Flood 10 1142791
Drought 9 27210000
Earthquake 2 8015
Epidemic 39 244810
Sudan (the)
Extreme temperature 1 0
Flood 34 7096317
Insect infestation 5 0
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Sudan (the) Storm 2 30
Wildfire 1 0
Drought 6 2122000
Epidemic 3 3677
Swaziland Flood 3 274900
Storm 3 640185
Wildfire 1 1500
Drought 10 12737483
Earthquake 11 148592
Epidemic 2 174350
Tanzania, United Flood 43 1187730
Republic of Insect infestation 2 0
Landslide 1 150
Storm 5 8894
Wildfire 1 0
Drought 3 550000
Epidemic 12 12170
Togo
Flood 12 595212
Storm 1 15
Drought A 31400
Earthquake 1 0
Tunisia Flood 15 555267
Insect infestation 2 0
Wildfire 1 2000
Drought 9 4975000
Earthquake 6 58100
Uganda
Epidemic a1 345720
Flood 20 1072859
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Landslide 5 20593
Uganda
Storm 4 10152
Drought 5 4173204
Epidemic 19 69916
Zambia Flood 18 5179908
Insect infestation 2 0
Landslide 1 150
Drought 7 19122618
Epidemic 22 622789
Zimbabwe
Flood 11 344022
Storm 6 115498
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Drought 6 6558000
Earthquake 32 722748
Epidemic 20 254317
Extreme temperature 7 370952
Afghanistan Flood 84 1419055
Insect infestation 1 0
Landslide 24 336780
Storm 8 31716
Wildfire 1 0
Complex Disasters 1 3500000
Drought 1 297000
Earthquake 1 15000
Armenia Extreme temperature 1 12000
Flood 3 7144
Landslide 1 750
Storm 1 64000
Drought 1 0
Earthquake 5 734973
Azerbaijan Extreme temperature 1 0
Flood 7 1840300
Landslide 1 0
Bahrain Epidemic 1 0
Complex Disasters 1 128400
Drought 7 25002000
Earthquake 9 19395
Bangladesh
Epidemic 31 3043218
Extreme temperature 23 414200
Flood 94 332243089
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Landslide 5 136470
Bangladesh
Storm 177 85995682
Earthquake 2 20028
Epidemic 2 741
Bhutan Flood 3 1600
Storm 2 65000
Wildfire 1 0
Brunei Darussalam Wildfire 1 0
Complex Disasters 1 900000
Drought 6 9050000
Cambodia Epidemic 9 417938
Flood 19 13297587
Storm 4 184391
Drought 39 530000000
Earthquake 164 76409029
Epidemic 10 9829
Extreme temperature 14 81220002
Flood 290 2084208875
China
Insect infestation 1 0
Landslide 71 2481215
Mass-movement (dry) 7 5475
Storm 297 496234552
Wildfire 6 56616
Drought 2 0
Earthquake 2 1965
Cyprus Epidemic 2 280
Extreme temperature 3 500
Storm 4 3140
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Cyprus Wildfire 1 0
Drought 1 696000
Earthquake al 30212
Georgia
Flood 14 153078
Storm 3 8668
Drought 7 0
Epidemic 1 1456
Extreme temperature 1 7
Hong Kone Flood 25 57563
Landslide 6 4287
Storm 64 74382
Wildfire 52 9003
Complex Disasters 1 710000
Drought 15 1391841000
Earthquake 32 28565623
Epidemic 68 421473
Extreme temperature 59 250
India Flood 289 868119689
Insect infestation 1 0
Landslide a9 3848421
Mass-movement (dry) 2 0
Storm 190 108077732
Wildfire q 0
Drought 10 4804220
Earthquake 118 9227912
Indonesia Epidemic 35 689029
Flood 191 10641729
Landslide 58 497942
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Mass movement (dry) 1 701
Storm 13 32283
Indonesia
Volcanic activity 57 1504877
Wildfire 10 3444142
Drought 2 37625000
Earthquake 110 2930370
Epidemic 3 2500
Iran (IslamicRepublic |-Extreme temperature 1 0
of) Flood 81 4121964
Landslide 4 144
Storm 13 206794
Wildfire 1 0
Drought 2 500000
Earthquake 2 6469
Irag
Epidemic i 8041
Flood 12 548511
Drought 1 0
Epidemic 1 139
Extreme temperature 2 0
Israel Flood a 1000
Landslide 1 13
Storm 4 2003610
Wildfire aq 80399
Drought 1 0
Earthquake 62 1819337
Japan Epidemic 3 2000534
Extreme temperature 13 127267
Flood 53 9132243
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Landslide 22 25773
Storm 176 8080054
Japan
Volcanic activity 16 100048
Wildfire 1 222
Drought 2 330000
Earthquake 1 0
Epidemic 1 715
Jordan Extreme temperature 2 12
Flood 6 24321
Insect infestation 1 0
Storm 3 225
Earthquake 1 36626
Epidemic 3 873
Extreme temperature 3 605012
Kazakhstan Flood 12 151147
Landslide 1 0
Storm 1 0
Wildfire 1 8000
Complex Disasters 1 8000000
Drought 3 21000000
Korea (the Democratic Earthquake 1 0
People's Republic of) Epidemic 3 129774
Flood 26 13015663
Storm 8 729690
Drought 2 2800000
Korea (the Republic Earthquake 2 34889
of) Epidemic 5 41607
Extreme temperature 2 0
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Flood 37 3261963
Korea (the Republic Landslide 9 7714
of) Storm 54 686052
Wildfire 3 5150
Epidemic 1 1
Kuwait
Flood 1 200
Drought 1 2000000
Earthquake 9 176063
Epidemic 3 935
Kyrgyzstan Extreme temperature 2 50
Flood a 21623
Landslide 9 68216
Storm 2 9075
Drought 5 4250000
IR Epidernic 9 55929
Democratic-Republic
Flood 26 4564611
(the)
Storm 6 1436199
Earthquake 1 200
Flood 3 18500
Lebanon Mass movement (dry) 1 0
Storm 6 1106267
Wildfire 1 15
Epidemic 1 1
Macao
Storm 6 4186
Drought 2 2205000
Earthquake 2 5073
Malaysia
Epidemic 13 32047
Flood a8 1630780
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Landslide a4 291
Mass movement (dry) 1 0
Malaysia
Storm 8 58372
Wildfire 4 3000
Earthquake 1 27214
Epidemic 2 12547
Maldives
Flood 2 1949
Storm 1 23849
Drought 1 450000
Earthquake 1 0
Epidemic 3 3268
Extreme temperature 4 2155113
Mongolia
Flood 6 286650
Landslide 1 0
Storm 9 2011000
Wildfire 3 5061
Earthquake 9 39775
Epidemic a 800
Flood 30 5241342
Myanmar Landslide 7 147582
Mass-movement (dry) 1 0
Storm 21 4143320
Wildfire 2 78588
Drought 6 4903000
Earthquake 8 6372100
Nepal Epidemic 20 174797
Extreme temperature 8 25210
Flood a9 5513577
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Landslide 25 450630
Mass movement (dry) 1 0
Nepal
Storm 7 359
Wildfire 3 54000
Flood 2 200
Oman
Storm 9 32879
Drought 1 2200000
Earthquake 31 7275388
Epidemic 11 18978
Extreme temperature 18 80574
Pakistan Flood 94 79383822
Insect infestation 1 0
Landslide 22 34154
Mass movement (dry) 2 0
Storm 27 2604699
Epidemic 1 943
Palestine, State of Flood 4 14500
Storm 3 81121
Drought 9 6734894
Earthquake 32 5857237
Epidemic 18 149422
Flood 150 33510034
Philiopines (the) Insect infestation 2 200
Landslide 30 317546
Mass movement (dry) 3 0
Storm 349 165259751
Volcanic activity 27 1881508

Wildfire

300
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Epidemic 3 571
Saudi Arabia Flood 20 32049
Storm 2 122
Singapore Epidemic a4 15289
Drought 11 10756000
Earthquake 1 1019306
Epidemic 10 440537
Sri Lanka
Flood 64 16114875
Landslide 6 1927
Storm 10 2339457
Drought 2 1629000
Epidemic Z 4165
Syrian Arab Republic Flood 3 245000
Landslide 1 23
Storm a 3852
Earthquake 15 174513
Epidemic 2 250309
Taiwan (Province of Extreme temperature 1 0
China) Flood 9 68389
Landslide . 134
Storm 81 3457910
Drought 2 3800000
Earthquake 11 48662
Epidemic 6 24046
Tajikistan Extreme temperature 3 2002500
Flood 29 800513
Insect infestation 1 0
Landslide 13 97384
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Mass movement (dry) 1 0
Tajikistan
Storm 2 2330
Drought 11 41982602
Earthquake 5 84546
Epidemic 7 43373
Extreme temperature 2 1000000
Thailand
Flood 79 60141812
Landslide 3 43110
Storm 36 4266063
Wildfire 1 0
Drought 2 120000
Earthquake 1 2003
Timor-Leste Epidemic 2 533
Flood 5 4505
Storm 1 8730
Earthquake 78 6924689
Epidemic 8 204855
Extreme temperature 7 8450
Flood a1 1785020
Turkey
Landslide 12 13487
Mass-movement (dry) 1 1069
Storm 10 13909
Wildfire 5 1150
Earthquake 1 0
Turkmenistan
Flood 1 420
United Arab Emirates
Flood 1 188
(the)
Drought 1 600000
Uzbekistan
Earthquake 2 50000
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Epidemic 1 148
Flood 1 1500
Uzbekistan
Landslide 1 0
Mass movement (dry) 1 400
Drought 6 7860000
Epidemic 11 107958
Flood 86 32908368
Viet Nam Insect infestation 1 0
Landslide 6 39074
Storm 108 53350361
Wildfire 1 0
Complex Disasters 1 1437214
Earthquake 1 40039
Epidemic 6 3972
Yemen Flood 26 428975
Landslide 3 31
Storm a4 125065
Volcanic activity 1 15
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Drought 1 3200000
Earthquake 6 8429
Epidemic 2 292
Extreme temperature 5 237235
Albania
Flood 15 205586
Landslide 1 26
Storm 2 525000
Wildfire 1 75
Earthquake 1 0
Extreme temperature 3 0
Austria Flood 17 61616
Landslide 8 10380
Storm 19 630
Epidemic 2 887
Extreme temperature 6 95314
Belarus
Flood a4 92000
Storm 2 21390
Drought 1 0
Earthquake 2 1030
Epidemic . 104
Belgium
Extreme temperature 9 0
Flood 23 11125
Storm 29 1878
Drought 2 62575
Epidemic 1 400
Bosnia and
i Extreme temperature 4 20347
Herzegovina
Flood 13 1329340
Landslide 1 403
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Bosnia and
] Storm 2 1090
Herzegovina
Drought 2 0
Earthquake 6 3962
Extreme temperature 9 393
Bulgaria Flood 19 60017
Landslide 1 0
Storm 6 5890
Wildfire aq 176
Drought 1 0
Earthquake 1 2000
Extreme temperature 6 200
Croatia
Flood 10 14976
Storm 2 3500
Wildfire 6 106
Extreme temperature 6 0
CzechRepubilic (the) Flood 13 1622332
Storm 7 15
Drought 1 0
Denmark
Storm 15 0
Extreme temperature 3 0
Estonia
Storm 1 100
Flood 1 400
Finland
Storm 2 0
Drought 4 0
Earthquake 2 2
France Epidemic 2 6
Extreme temperature 16 10200
Flood a8 101128
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Landslide 13 338
France Storm 61 4015469
Wildfire 13 18429
Earthquake 2 1675
Epidemic 2 609
Extreme temperature 10 165
Germany
Flood 17 543708
Landslide 1 0
Storm 43 30505
Drought 1 0
Earthquake 34 1038374
Extreme temperature 8 176
Greece
Flood 26 22754
Storm 8 612
Wildfire 14 9223
Drought 3 0
Earthquake 1 1800
Hungary Extreme temperature 5 500
Flood 16 238865
Storm 7 15598
Earthquake 3 205
Flood 1 280
Iceland
Landslide al 83
Volcanic activity 5 5200
Epidemic 2 1375
Ireland Flood 6 4700
Storm 16 200
ltaly Drought 4 0
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Earthquake 37 1087347
Epidemic 2 10001
Extreme temperature 9 0
Flood ar 2880573
ltaly
Landslide 15 19597
Storm 23 7524
Volecanic activity 5 21024
Wildfire 7 320
Epidemic 1 102
Latvia Extreme temperature a 0
Storm 3 0
Drought 3 0
Extreme temperature 6 0
Lithuania
Flood 2 0
Storm 3 780000
Extreme temperature 1 0
Luxembourg Flood 2 0
Storm 8 0
Drought 1 10000
Earthquake . 100
Epidemic 1 200
Macedonia (the former
. Extreme temperature 6 16322
Yugoslav Republic of)
Flood 11 254923
Storm 1 3
Wildfire 2 1000000
Drought 3 216194
Moldova (the Republic _ .
Epidemic 1 1647
of)
Extreme temperature 2 7374
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Moldova (the Republic Flood 7 51957
of) Storm 2 2625580
Extreme temperature 1 4500
Montenegro Flood al 7886
Wildfire 1 200
Earthquake 1 20
Epidemic 1 200
Netherlands (the) Extreme temperature 5 0
Flood a4 315000
Storm &) 250101
Flood 3 6100
Norway Landslide 1 0
Storm 7 600
Drought 1 0
Earthquake 1 1050
Extreme temperature 19 0
Poland
Flood 14 368577
Storm 17 9466
Wildfire 2 0
Drought 3 0
Extreme temperature 5 0
Portugal Flood 14 53534
Storm 9 4291
Wildfire 13 154822
Drought 2 0
Earthquake 13 392850
Romania
Epidemic 3 5271
Extreme temperature 20 10259
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Flood a8 1636151
Romania Landslide 1 330
Storm 11 8593
Drought 5 1000000
Earthquake 11 60190
Epidemic 10 158246
Extreme temperature 21 759198
Russian Federation Flood 61 2314699
(the) Impact 1 301491
Insect infestation 1 0
Landslide 9 2558
Storm 2% 21489
Wildfire 23 116174
Earthquake 1 27030
Serbia Extreme temperature 9 91734
Flood 13 91735
Extreme temperature 5 89
Flood 12 48995
Slovakia
Storm 2 10324
Wildfire 1 0
Earthquake 2 1305
Extreme temperature 2 50000
Slovenia
Flood 3 14550
Storm 2 1050
Drought q 6000000
Earthquake 3 15390
Spain
Epidemic 3 2135
Extreme temperature 8 70
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Flood 31 750695
Landslide 1 129
Spain
Storm 22 60412
Wildfire 16 20227
Epidemic 2 350
Extreme temperature 1 0
Sweden Flood 2 0
Landslide 1 50
Storm 7 0
Epidemic 1 1
Extreme temperature 6 0
Flood 8 5601
Switzerland
Landslide 10 3851
Mass movement (dry) 1 200
Storm 31 252
Drought 1 0
Epidemic 3 6771
Ukraine Extreme temperature 8 147626
Flood 15 2640754
Storm 7 56662
Earthquake 2 4501
Epidemic a4 194
United Kingdom of | Extreme temperature 8 ar
Great Britain and Flood 34 435763
Northern Ireland (the) Fog 1 0
Landslide 1 0
Storm a1 327000




M13197 2.4 YeyansiindefivRdeunasy 1900-2018 vewivawisnunile

128

o aom $uuATang FUIU AU
Usznd UTLLNNAYNUR . o aoem Y
NANYWUR WaNIENU
Drought 1 75000
Antigua and Barbuda
Storm 12 51914
Flood 2 1000
Bahamas (the)
Storm 25 40113
Drought 1 0
Earthquake 1 1
Barbados
Flood 2 310
Storm 8 10617
Extreme temperature 1 0
Belize Flood 5 77600
Storm 15 258925
Drought 5 55000
Earthquake 1 0
Epidemic 7 2008917
Extreme temperature 6 200
Canada Flood a1 307287
Landslide 3 aa
Mass movement (dry) 5 3547
Storm a3 15587
Wildfire 23 217077
Drought 4 0
Earthquake 14 164493
Epidemic 2 16786
Flood 28 642733
Costa Rica
Landslide 1 200
Storm 9 985836
Volcanic activity 7 109771
Wildfire 2 1200
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Drought 7 920000
Earthquake 2 5877
Epidemic 2 50181
Cuba
Flood 24 1081951
Storm a3 22116106
Wildfire 2 0
Earthquake 1 100
Dominica
Storm 14 196283
Drought 1 240000
Earthquake 2 2015
Dominican Republic Epidemic 8 48153
(the) Flood 28 4351575
Storm 0 2912796
Wildfire 3 0
Drought 6 1100000
Earthquake 10 2509991
Epidemic 10 86951
Extreme temperature T 0
EL Salvador
Flood 16 429342
Landslide A 0
Storm 16 288785
Volcanic activity 2 65079
Drought 1 0
Grenada Flood 1 0
Storm 5 61210
Drought 6 4253081
Guatemala Earthquake 17 6450010
Epidemic 9 50785




M1319% .4 (i) Toyan1siindeiin

1%

130

BUNAIU 1900-2018 UpInIUBLUSNWALD

Usznea UszanAgnda ﬁqjj °Eﬂ§“f: ’ Sruauglaiiy
INNYWUR WNANISNU
Extreme temperature 4 12634
Flood 29 1005544
Landslide 11 55091
Guatemala Mass movement (dry) 2 3028
Storm 15 1103675
Volcanic activity 14 1742920
Wildfire 2 0
Drought 9 6905217
Earthquake (A 3700000
Epidemic 8 588177
Haiti
Flood 59 927536
Landslide Z 1060
Storm a4 7193512
Drought 11 1557335
Earthquake 5 52519
Epidemic 9 96049
Flood 36 1789352
Honduras
Landslide 1 0
Mass movement (dry) 1 0
Storm 23 2982172
Wildfire 1 0
Drought il 191545
Earthquake 1 90000
Epidemic 5 580
Jamaica Flood 13 903712
Landslide 1 0
Mass movement (dry) 1 0
Storm 31 1709705
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Drought 7 2565000
Earthquake 34 4114674
Epidemic 3 53212
Extreme temperature 17 136000
Mexico Flood 68 4884328
Landslide 12 320
Storm 104 8615276
Volcanic activity 10 161908
Wildfire b 0
Complex Disasters 1 12500
Drought 5 1013000
Earthquake 10 748175
Epidemic 12 21342
Nicaragua Flood 22 697532
Landslide 1 5769
Storm 22 1758877
Volcanic activity 5 321370
Wildfire 3 16000
Complex Disasters 1 3000
Drought 3 81000
Earthquake 4 21511
Panama Epidemic 5 5554
Flood 37 225373
Storm 6 40800
Wildfire 1 1436
Flood 1 0
Saint Kitts and Nevis
Storm 9 14280
Saint Lucia Drought 1 0
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Earthquake 1 0
Flood 2 21984
Saint Lucia
Landslide 1 175
Storm 14 289950
Drought 1 0
Saint Vincent and the Flood 7 44049
Grenadines Storm 10 28442
Volcanic activity 3 22000
Drought 1 0
Earthquake 1 17
Flood 2 210
Trinidad and Tobago
Landslide 1 1200
Storm 7 51560
Volcanic activity 1 200
Drought 15 0
Earthquake a2 75367
Epidemic 5 406703
Extreme temperature 36 31
United States of
) Flood 182 12403576
America (the)
Landslide 6 1656
Storm 627 100004253
Volcanic activity 2 5000
Wildfire 81 886574
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Drought 3 0
Earthquake 5 246065
Epidemic 2 17249
Extreme temperature 8 28500
Argentina Flood 61 14450131
Landslide 5 35030
Storm 21 143698
Volcanic activity al 66200
Wildfire b 152752
Drought @) 4637744
Earthquake 3 18050
Epidemic 12 51472
Bolivia (Plurinational = | 'Extreme temperature 5 42772
State of) Flood a3 3589336
Landslide 8 182053
Storm U 18740
Wildfire aq 9600
Drought 18 78812000
Earthquake 2 23286
Epidemic 18 1983463
Extreme temperature 38 600
Brazil Flood 135 20206435
Insect infestation 1 2000
Landslide 24 4238314
Storm 19 237993
Wildfire 3 12000
Drought 2 120000
Chile
Earthquake 31 9921984
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Epidemic 1 40
Extreme temperature 9 86100
Flood 34 1657067
Chile Landslide 5 82983
Storm 14 504479
Volcanic activity 9 86650
Wildfire 12 21722
Drought 2 100000
Earthquake 25 1460319
Epidemic 5 41555
Flood 80 16257096
e Insect infestation 1 0
Landslide a2 76082
Mass movement (dry) 3 2411
Storm 9 140415
Volcanic activity 11 56964
Wildfire 3 200
Drought a 744665
Earthquake 19 787832
Epidemic 13 170656
Flood 32 2021313
Ecuador
Landslide 15 81606
Mass movement (dry) 1 0
Volcanic activity 13 1479425
Wildfire 3 2745
Drought 3 607200
Guyana
Flood 8 671048
Paraguay Drought 9 1791290
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M13197 2.5 (sid) YoyansiiadeidRgaundal 1900-2018 veanIvaisnila

Uszwnea Ussandgnda ﬁqjj °Eﬂ§“f: ’ Sruauglaiiy
INNYWUR WNANISNU
Epidemic 8 138199
Extreme temperature 3 0
Paraguay Flood 22 1443620
Storm 8 148057
Wildfire 1 125000
Drought 8 3606104
Earthquake 46 6269328
Epidemic 14 383304
Extreme temperature 12 5392620
Flood 5% 6183906
Peru Insect infestation 1 0
Landslide 32 790678
Mass movement (dry) 2 0
Storm q 661412
Volcanic activity 3 8040
Wildfire 1 1000
Suriname Flood 3 36148
Drought Z 11135
Extreme temperature 4 2400
Uruguay
Flood 17 254333
Storm 6 5112
Drought 1 0
Earthquake 8 88905
Venezuela (Bolivarian Epidemic 7 42871
Republic of) Flood 31 945739
Landslide a4 21518
Storm 4 7630
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M13197 2.5 (sid) YoyansiiadeidRgaundal 1900-2018 veanIvaisnila

Uszwnea Ussandgnda ﬁqjj °Eﬂ§“f: ’ Sruauglaiiy
INNYWUR NANIENU
Drought 10 7080000
Earthquake a4 11430
Epidemic 2 2022
Extreme temperature 6 4602784
Australia Flood 63 315819
Insect infestation 2 0
Landslide 2 101
Storm 107 4154264
Wildfire 39 91128
Drought 3 361455
Earthquake 2 0
y, Flood 2 264825
Storm 38 1470681
Drought 1 84000
Epidemic 1 352
Kiribati
Flood U 305
Storm 2 2200
Drought Z 27384
Epidemic 1 218
Marshall Islands (the)
Flood A 960
Storm 1 6000
Drought 2 128800
Micronesia (Federated Epidemic 1 3431
States of) Flood 1 0
Storm 6 43834
Drought 2 0
New Zealand Earthquake 10 634076
Epidemic 2 1
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M13197 2.5 (sid) YoyansiiadeidRgaundal 1900-2018 veanIvaisnila

Uszwnea Ussandgnda ﬁqjj °Eﬂ§“f: ’ Sruauglaiiy
INNYWUR NANISNU
Extreme temperature 1 0
Flood 38 31387
Landslide 1 600
New Zealand
Storm 13 4180
Volcanic activity 2 70
Wildfire 1 130
Palau Storm 2 1250
Drought 3 3060000
Earthquake 15 189238
Epidemic 7 11001
Flood 15 577193
Papua New Guinea Landslide 11 16103
Mass movement (dry) 2 1000
Storm 7 231225
Volcanic activity 16 234367
Wildfire 1 8000
Drought 1 0
Earthquake 1 5584
Samoa Flood 1 0
Storm 11 391707
Wildfire 1 1000
Drought 3 380
Earthquake 9 18110
Epidemic 2 7912
Solomon Islands
Flood 5 90080
Storm 17 322971
Volcanic activity 1 6000
Drought 1 0

Tonga
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M13197 2.5 (sid) YoyansiiadeidRgaundal 1900-2018 veanIvaisnila

. m oo $ruuATINIg FUELASU
Usene UssAnnanua n v oo wa v
ANYWUR NANISNU
Earthquake 2 6012
Tonga Storm 17 282999
Volcanic activity 1 2500
Drought 1 0
Tuvalu
Storm 6 6163
Earthquake 9 15105
Epidemic 2 3351
Flood 2 3951
Vanuatu
Landslide 1 3000
Storm 28 485143
Volcanic activity 6 29900




M13197 2.6 YeyansiinfeivRdeunasy 1900-2018 vowivesainsidy
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Ussine Ussandgnda ﬁqjj T'f;ﬂia Sruauglaiiy
NMILNANYNUR NANIENU
Drought 10 7080000
Earthquake 11430
Epidemic 2022
Extreme temperature 4602784
Australia Flood 63 315819
Insect infestation 2 0
Landslide 2 101
Storm 107 4154264
Wildfire 39 91128
Drought 361455
- Earthquake 0
Flood 1 264825
Storm 38 1470681
Drought 1 84000
¥ Epidemic 1 352
Flood 2 305
Storm 2 2200
Drought % 27384
Marshall Istands-(the) gdepic ' 7
Flood 2 960
Storm 1 6000
Drought 2 128800
Micronesia (Federated Epidemic 1 3431
States of) Flood 9 0
Storm 6 43834
Drought 2 0
Earthquake 10 634076
Epidemic 2 1
Extreme temperature 0
New Zealand Flood 38 31387
Landslide 1 600
Storm 13 4180
Volcanic activity 2 70
Wildfire 130




M13197 2.6 () Toyan1siindeiin

1%
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UNAIU 1900-2018 U8INIUaadLATHaY

Ussine Ussandgnda ﬁqjj T'f;ﬂi; Sruauglaiiy
NMILNANYNUR NANIENU
Palau Storm 2 1250
Drought 3 3060000
Earthquake 15 189238
Epidemic 7 11001
Flood 15 577193
Papua New Guinea Landslide 11 16103
Mass movement (dry) 2 1000
Storm 231225
Volcanic activity 16 234367
Wildfire d 8000
Drought 1 0
Earthquake * 5584
Samoa Flood 1 0
Storm 11 391707
Wildfire 1 1000
Drought 3 380
Earthquake 9 18110
Epidemic U 7912
Solomon Islands
Flood 5 90080
Storm I 322971
Volcanic activity 1 6000
Drought 1 0
Tongs Earthquake 2 6012
Storm 17 282999
Volcanic activity 1 2500
Drought 1 0
Storm 6 6163
Earthquake 9 15105
Epidemic 2 3351
Tuvalu
Flood 2 3951
Landslide 1 3000
Storm 28 485143
Volcanic activity 6 29900




M19197 A.1 YSunanisvudsduaanngnszateduiludaamuan

AANUIN A.

LAAINDULAZNARNSIINNITNIARD

AN3Z18AUAN

i e wiz | w23
R1 541 0 0
R2 0 581
R3 500 0 0
R4 0 530
R5 679 0
R6 565 0
R7 632 0
R8 638 0 0
R9 0 605 0
R10 0 0 561
R11 528 0 0
R12 639 0
R13 541 0
R14 572 0 0
R15 0 0 585
R16 0 0 654
R17 0 0 620
R18 0 0 538
R19 0 685
R20 0 545 0
R21 676 0 0
R22 641 0
R23 0 0 509
R24 0 567 0
R25 636 0 0
R26 0 646 0
R27 629 0 0
R28 645 0
R29 0 672
R30 510 0

141



a5149dl A1 (da) USunaunsuudeduaanngnseanedui ludesmuan

AN32ANPAUAT
o w8 W12 W23

R31 0 0 561
R32 0 593 0
R33 630 0
R34 0 624
R35 0 537
R36 651 0
R37 0 544 0
R38 0 507
R39 635 0
R40 661 0
Ra1 0 517
R42 0 675
R43 630 0
Ra4 0 658
R45 0 536
R46 609 0
Ra7 500 0
R48 0 538
R49 0 522
R50 0 369 198
R51 0 550 0
R52 0 530 0
R53 0 524
R54 0 636
R55 548 0
R56 0 635 0
R57 568 0
R58 0 563 0
R59 601 0 0
R60 0 666 0
R61 592 0 0
R62 683 0 0
R63 557 0 0
Ré64 0 0 559
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a5149dl A1 (da) USunaunsuudeduaanngnseanedui ludesmuan

AN32ANPAUAT
o w8 W12 W23

Ré65 0 0 653
R66 604 0 0
R67 0 0 655
Ré68 699 0 0
R69 0 0 607
R70 553 0 0
R71 0 0] 663
R72 0 509
R73 336 276
R74 505 0
R75 0 547
R76 0 0 545
RTT 0 640 0
R78 0 0 630
R79 0 697
R80 569 0
R81 0 534 0
R82 0 620
R83 585 0
R84 566
R85 699
R86 0 632
R87 697 0
R88 0 557 0
R89 0 0 663
R90 682 0 0
R91 0 647 0
R92 508 0 0
R93 0 518 0
R94 0 0 549
R95 0 0 666
R96 0 0 556
R97 0 0 673
R98 540 0 0

143
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A1519% A.1 (f0) USunaunsuudeduaanngnseanedui ludesmuan
HNsTa18UAI
vy o W8 W12 W23
wAUan
R99 533
R100 615 0

ludiuvesenmnaunisiiendindsingiu wagknTeaedunuasadnsilaainnig

wilgymlagldinatinnisgudlegrauuvneuiaislaniiuiuiregiangnisalivafu 20

ADYNILANIAINIT N 7.2

A19199 A.2 L[WpA1PeUwaTHaaNSAlAINmAaN1sdUAIBETM UL URAStaNT1UIY

AIDE1MANITANNINY- 20 20874

NNSNNaBIN

LAANDULASHAANS

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0100011000000000000000000
Selected suppliers:

et 1\ Jal Y1(0 15010 K 41 JL 1
Objective value: 12926743.165425
Computation time : 23.3346322 secs.

Opened warehouses:
0000000000000000000000000
0100000000000010000000000
0000000000001001000000000
Selected suppliers:

111111101171 111123111
Objective value: 12418814.862765
Computation time :24.3279047 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0000000010010000000000010
Selected suppliers:
11100101110111111111
Objective value: 12919320.5079

Computation time : 23.5989065 secs.
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M19199 A.2 (siR) LwnAnauLasNaaNsNlnaNIATiANTSduieEUUNaURA1SlaNdIwIY

Avg 1 mMANTalYINGU 20 FeE

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000000
0000000000000000000001100
0000000000001000010000000
Selected suppliers:
11111011111111111111
Objective value:.12546105.508385
Computation time : 20.3954828 secs.

Opened warehouses:
0000000000000000000000000
0000000000000100000000000
0010000000001000000000000
Selected suppliers:

a1 WA 1l it Iplmill 18 1 ¢
Objective value: 12288548.62517

Computation time : 24.7667976 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0000000000100000100010000
Selected suppliers:
1117111110111101101141
Objective value: 12846196.01985

Computation time : 26.8033335 secs.

Opened warehouses:
0010000000000000000000010
0000000000000000000000000
0001000000010000000000000
Selected suppliers:
01011101111111111011
Objective value: 12952681.61154

Computation time : 25.5247068 secs.
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M1919% A.2 (A1) LwnAmnauLasNadnsnlaanmealianIsdudieguuuNauRnIslanduIu

Avg1amANsallYNiu 20 Mg

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000000
0000000000000000100001000
0000100000000000000000100
Selected suppliers:
11111111111011111111
Objective value: 12797331.733625

Opened warehouses:
0000000000000000000000000
0000000000000000001000000
1000000000000000000010000
Selected suppliers:

¥l ]\l | b 1)
Objective value: 12882444.22173

Computation-time : 20.3496107 secs.

10

Opened warehouses:
0000000000000000000000010
0000000000000000100100000
0000000000000000000010000
Selected suppliers:

1011111110133 2111111
Objective value: 12006506.96986

Computation time : 21.336518 secs.
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wamnouMsdengindsingiu uazdnszaneduiuaznadnéla annisuidam
Tneldinaiansduinegnanuuneuimslaniuiudiogiavnnisaliviidy 50 fegs wans
Fannsnsii a.3
A15197 A.3 wadimouLarnadwsildainimadianisduieganvuneuiaiflafisiuiy
AoE 1 mMANTAlYINAY 50 g9

AN5NAA9N 1 LUAANNDULAZHNARNS

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0000000000000100001100000
Selected suppliers:

11100111141 1101114101
Objective value: 12936504.498308
Computation time : 75:3380218 secs.

Opened warehouses:
1000000000000000000000000
0010000100000000000000000
0000000000100000000000000
Selected suppliers:

1111111100111 1111111
Objective value: 12537833.873454
Computation time : 68.6424155 secs.

Opened warehouses:
0000000000100000000001000
0000000000000000000000000
0000000000001000000100000
Selected suppliers:
11111001711111110111
Objective value: 12464742.627364
Computation time : 59.6869217 secs.

Opened warehouses:
0010000000000000000000000
0000000000000000010000001
0000000100000000000000000
Selected suppliers:
11111111111111111111
Objective value: 12504353.573938
Computation time : 45.2858772 secs.
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M1919% A.3 (A1) LwnAmnauLasNadnsnlaanmeaianIsdudieguuuNauRA1SlanT LI

Avg 1 mMANTalYINY 50 fegnd

N15NAABIN 1

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000000
0000000000100100100000000
0000000000000000000000001
Selected suppliers:
11111111111101111101
Objective value:.12366851.167674
Computation time : 57.7765644 secs.

Opened warehouses:
0000000000000000000000000
0001000000000000000000000
0.000000000001000000001000
Selected suppliers:

8 /1 WA )0 10N It 18 1 &
Objective value: 12621856.665824
Computation time : 73.808892 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000001000000
0000000001000000000100010
Selected suppliers:
1101111101103+111170141
Objective value: 12346809.29288

Computation time : 70.8589626 secs.

Opened warehouses:
0000000000000000010000000
0000000000000000100000100
0001000000000000000000000
Selected suppliers:
10111111111011011110
Objective value: 12415321.970076
Computation time : 72.7440055 secs.
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M1919% A.3 (A1) LwnAmnauLasNadnsnlaanmeaianIsdudieguuuNauRA1SlanT LI

Avg 1 mMANTalYINY 50 fegnd

N15NAABIN 1

LYAAINDULASHARNS

Opened warehouses:
0000000000000000000100000
0000000000100000000000000
0001000000000000001000000
Selected suppliers:
10001111111111111111
Objective value: 12549969.874648
Computation time : 50.53245 secs.

10

Opened warehouses:
0001000000000000000000000
0000000000000000000110000
0.000000000010000000000000
Selected suppliers:

a1 WA 1 it Iplmilt 1 1% 1 ¢
Objective value: 11823100.118158
Computation time : 62.9119577 secs.

LwRAInBUNNIENHIRdIIngAY uarynTEagduALasHaansN la ann Ik U

Ineldwatinmsduaiog kU utauRmSlafININAIeE LU 13lWTU 100 ABEe uang

L d‘
PRSI A.4

A19199 A4 LaA1R o ULAEHAANT IR LnaTlan1sdNdo g1 uLNauAASlaNd U

fegmAnsalviniu 100 fageha

n1sNAARsT LYNATMDULASHAANS
Opened warehouses:
00000000O0000000000000000O0O0
00000000000000000000000O00O0
. 0010000000000000000000101

Selected suppliers:
11111111111111111111
Objective value: 12418851.371307
Computation time : 165.7603475 secs.
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M1919% A.4 (A1) LwnAmnauLasNadnsnlaanmeaianIsdudeguuuNauRAISlaNT LI

Aog1amANIsalYNY 100 fieg

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000000
0000000000000000100000000
0000000100100000000000001
Selected suppliers:
11111111111111111111
Objective value: 12125486.149609
Computation time : 140.0786019 secs.

Opened warehouses:
0000000000000000000000000
1000000000000000010000000
0.000000000101000000000000
Selected suppliers:

20 WA 1l 1Dieh 'l Intv 13L% 1 L
Objective value: 12274587.176586
Computation time : 122.3456406 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0000010001000001000000000
Selected suppliers:
11171111111101+11101041
Objective value: 12059285.241292
Computation time : 128.5333896 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000001
0000000000000000000101000
Selected suppliers:
01111111111111111111
Objective value: 12412839.318724
Computation time : 152.1971762 secs.
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M1919% A.4 (A1) LwnAmnauLasNadnsnlaanmeaianIsdudeguuuNauRAISlaNT LI

Aog1amANIsalYNY 100 fieg

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000100000000
0000000000000000001000000
0010000000001000000000000
Selected suppliers:
10111111111111111110
Objective value:.11995844.005929
Computation time : 141.:1621606 secs.

Opened warehouses:
0000000000000000000000000
0000000000001000000000000
0000100100000000000000000
Selected suppliers:

a1 WA 1l Wit Iplmill 1R 1§
Objective value: 12403648.32761

Computation time : 101.5656098 secs.

Opened warehouses:
1000000000000000000000000
0000000000100000000000000
0000000000010000010000000
Selected suppliers:

10U IM\BIM)T/LA =1 11 PN1J
Objective value: 12493808.129936
Computation time : 137.1077803 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0000000000000100000010001
Selected suppliers:
11111111111111100111
Objective value: 11953054.85652

Computation time : 138.673775 secs.
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M1919% A.4 (A1) LwnAmnauLasNadnsnlaanmeaianIsdudeguuuNauRAISlaNT LI
Aog1amANIsalYNY 100 fieg

N1SNAADIN LUAANNDULAZHARNS

Opened warehouses:
0000000000000000000000000
0010000000000000000000000
0000000000000000100010000
Selected suppliers:
11111111111111111111
Objective value:.12280738.771419
Computation time : 91.6415415 secs.

10

wnAnauNSaeNHInaIingAu uargnIEAreduALazHadnEnla a1 1suATgm
lngldimalinnisdusisgrsuuuaifiulaasiuninuauieg1umnn15039iiu 20 Aaaeng
LAANAIANT19 A5
i o U A v a [} % 1 a ga e o
AN9197 A5 LA maukAzHaaETIlsAInmeTian sduGTe sl uvatfiulaa T AN UNT Y

AIBERMANITARINAY 20 8819

N15NAaBW LYNANNDULASHAANS

Opened warehouses:
0000000000000000001000000
000000000010000000000000 1
0001000000000000000000000
Selected suppliers:
FTRIANNELI T 1 L&D 1Y
Objective value: 12642518.11831

Computation time : 24.1682865 secs.

Opened warehouses:
0100000000000000000000000
0000000000000000000000000
0000000110000100000000000
Selected suppliers:
11011111111111111110
Objective value: 12733552.2304

Computation time : 19.8107083 secs.
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A151991 A.5 (A9) WwarAmauuazNaansilaanmalinn1sdudtegskuuafulawW e

FIUIUAIBEIUNANTTALYINAU 20 Fgnq

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0000000000000001010000010
Selected suppliers:
11110111011011111111
Objective value:.12889892.289

Computation time : 24.2353852 secs.

Opened warehouses:
0000000000000000000000000
0000010000010000000000001
0.000000000000000000100000
Selected suppliers:

81 AN 1 Wieh N gy 1% 1 &
Objective value: 12614137.61949

Computation time : 19.1747604 secs.

Opened warehouses:
0000000000000000000000000
0100000000000000000000000
0000000000010000001000000
Selected suppliers:
101111111101011110141
Objective value: 12829700.49984

Computation time : 21.4013779 secs.

Opened warehouses:
0000000000000000000000000
0000100000000000000000000
1000000000100001000000000
Selected suppliers:
11111111111011111111
Objective value: 12451608.42016

Computation time : 22.0694301 secs.
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A151991 A.5 (A9) WwarAmauuazNaansilaanmalinn1sdudtegskuuafulawW e

FIUIUAIBEIUNANTTALYINAU 20 Fgnq

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000010000
0000000000000000100000000
0000000000010000000001000
Selected suppliers:
11011110111011111101
Objective value:.12662216.00343

Computation time : 19.6896265 secs.

Opened warehouses:
0000000000001000000000000
0001000000000000000000100
0.000000000000000001000000
Selected suppliers:

a1 WA 1l it Iplmill 18 1 ¢
Objective value: 12784819.790485
Computation time : 26.667469 secs.

Opened warehouses:
0000000000000000001000000
0000010000000000000000000
0000000100000001000000000
Selected suppliers:
11171111111013101.01041
Objective value: 12725576.224474
Computation time : 23.8761458 secs.

10

Opened warehouses:
0000000000000000000000000
0000000000001000000000000
0000100000000000000010000
Selected suppliers:
10111011011101111111
Objective value: 12845273.92148

Computation time : 20.1488291 secs.
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wamnouMsdengindsingiu uazdnszaneduiuaznadnéla annisuidam
Tneldimadansguiegnanuuadulaesmifisuuseammnisalviniu 50 fegis
LANIFINTIT .6
M9l .6 lndmeuLazNadNSTIldnmaTiansdustegawuumALle e fATid LY
Aog 1 mANTalYINAY 50 g

ANSNARDIMN LUAANNDULAZHNARNS

Opened warehouses:
0000000000000000000000000
0001000000000000000000000
0000000000010100000000000
Selected suppliers:

011102472111 11111141%11
Objective value: 12366937.998974
Computation time : 66:8546559 secs.

Opened warehouses:
0000000000000000000010000
0000000000000000000000000
0000010000000001100000000
Selected suppliers:

11111111111 101011110
Objective value: 12350100.596738
Computation time : 60.5247878 secs.

Opened warehouses:
0000010000000000000000000
0001000000000000000000000
0000000000001001000000000
Selected suppliers:
11111111011111111110
Objective value: 12596252.392844
Computation time : 45.8545261 secs.

Opened warehouses:
0000000000000000000000000
0000000100010000100000000
0010000000000000000000000
Selected suppliers:
01111011111111011011
Objective value: 12245459.46495

Computation time : 48.5814982 secs.
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A151991 7.6 (AD) LERAIMBULAzNAaNSTLAINWATIANTTEUAIRE L UUARUlBI oAU

FIUIUAIBEIUNANTTALYINU 50 Fgnq

N1SNAADIN

LYAAINDULASHARNS

Opened warehouses:
0000000000000000000000000
0000000000100100000100000
0000000000000000100000000
Selected suppliers:
11111111111110111111
Objective value:.12230005.340936
Computation time : 45.8038991 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000001
0010000000001000000000000
Selected suppliers:

a1 A0 1@ 100N I~ 1 1LY 1 ¢
Objective value: 12267053.539516
Computation time : 65.8741479 secs.

Opened warehouses:
0000000000000000000000000
0000000010000000000000000
0000000000011000000000000
Selected suppliers:

011100111111 111111141
Objective value: 12516111.075488
Computation time : 68.8040617 secs.

Opened warehouses:
0000000001000000001000000
0000000000000000000000000
0000000000000000010010000
Selected suppliers:
11111111111111111111
Objective value: 12416559.891708
Computation time : 64.436994 secs.
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A151991 7.6 (AD) LERAIMBULAzNAaNSTLAINWATIANTTEUAIRE L UUARUlBI oAU
FIUIUAIBEIUNANTTALYINU 50 Fgnq

N1SNAADIN LUAANNDULAZHARNS

Opened warehouses:
0000100000000000000000000
0000000000000000000000000
0001000000000000010010000
Selected suppliers:
11010111111110111111
Objective value:12304294.30705

Computation time : 64.5171141 secs.

Opened warehouses:
0000000000000000100000000
0000100000000000000100000
0000000000000000001000000
Selected suppliers:

A1 0 Oy pigh' N 1p~ivlt 1 1.2 0 &
Objective value: 12267006.764642
Computation time : 51.9525799 secs.

10

€

a

LwRAInBUNNIENHIRdIIngAY uarynTEagduALasHaansN la ann Ik U

Y
el o 0% I

lneldwatinmsduiiegriuvafiulaosAUnduiudieg g salviaiy 100 faeeng
LERIAIANNTNN A.7

&

A13197 A7 LERAINDULANEANSTILARIN L ANANISENAIBENTLUTAIRLlgUBS AUNd UL

Faodatugnsalyiiu 100 Faet1

N15SNNABIN LYNANRDULASHARNS

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0000000000110000001000000
Selected suppliers:
11111111111111111101
Objective value: 12361466.817242
Computation time : 124.5085165 secs.
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A15199 A.7 (60) LwnAInauLazkaansilanwaliansaustegsLuuaRulaasAUn

UMD IUNANTTALYINAY 100 FIBEe

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000000
0000010000000000000001010
0010000000000000000000000
Selected suppliers:
11111011111011111111
Objective value: 12395395.964838
Computation time : 122.4166651 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0.000010000001000010000000
Selected suppliers:
Y PR 7 o - —— I
Objective value: 12144992.791611
Computation time : 121.437281 secs.

Opened warehouses:
0000000000000000000000000
0000000010000000000000000
0010000000000001000000000
Selected suppliers:
1111111111113101101141
Objective value: 12145819.638716
Computation time : 92.7204715 secs.

Opened warehouses:
0000000000000000000010000
0000000000100000010000000
0000000000000000001000000
Selected suppliers:
11111111111111111011
Objective value: 12337473.018789
Computation time : 122.0020089 secs.
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A15199 A.7 (60) LwnAInauLazkaansilanwaliansaustegsLuuaRulaasAUn

UMD IUNANTTALYINAY 100 FIBEe

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000100
0000000100000000000000001
0000000000000000010000000
Selected suppliers:
11111111101111111111
Objective value:.12235948.352227
Computation time : 116.9594019 secs.

Opened warehouses:
0000000000100000001000000
0000000000000000000000000
0010000000000000010000000
Selected suppliers:

a1 WA 10 Wit Iplmill 1 1% 1 ¢
Objective value: 12095806.172832
Computation time : 201.1065308 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0000000100001000000001000
Selected suppliers:

0111111114111 111110141
Objective value: 12376100.964792
Computation time : 138.7429089 secs.

Opened warehouses:
0000000000000000001000000
0000000000000000000000000
0000010000000001010000000
Selected suppliers:
11011011111110011111
Objective value: 12312008.01262

Computation time : 97.8007313 secs.
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A15199 A.7 (60) LwnAInauLazkaansilanwaliansaustegsLuuaRulaasAUn

UMD IUNANTTALYINAY 100 FIBEe

miwmamﬁ L%ﬁﬁ"lﬁi’JULLa&’Naé’Wé
Opened warehouses:
0000000000000000000000000
1000000000000000010001000
0 0000000000000000000010000

Selected suppliers:
11111111111111111111
Objective value:.12159280.174611
Computation time : 125:1710989 secs.

wnAnauNSaeNHInaIingAu uargnIEAreduALazHadnEnla a1 1suATgm

lngldimatinnisgudtpgredsulsenisnseatenkuulawesfuniiuiuiiegmngnisal

WINAU 20 7D 1LARNAINITIIN 7.8

A13199 7.8 LnAIRULaENaANETLAAINMATANISENAIDE 1S UY 9NN T8 18AILUY

LoosAUNIIWILARE 1WA TANIAY 20 F9eEN

N15NAaBW

LYNANNDULASHAANS

Opened warehouses:
0000010000000000010000000
0000000000000000000000000
0000000000000001001000000
Selected suppliers:

171111711 1101101421 101
Objective value: 12667922.71627

Computation time: 21.3214974 secs.

Opened warehouses:
0001000000100000000000000
0000000000000000000000000
0100000000001000000000000
Selected suppliers:
11111011111111111111
Objective value: 12493816.03444

Computation time : 20.5612041 secs.
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A151991 A.8 (FiD) LWRRINBUKATNATNSNLAIINWALANITdURI0E19UTUUTIN13N LB

wuulawasfuninunuiegiamansalvindu 20 fiegns

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000001
0000100000100000000000000
0000000000000100000000000
Selected suppliers:
11111111111111111111
Objective value: 12885094.192255
Computation time : 24.1047311 secs.

Opened warehouses:
0000000100000000000000000
0001000000000000000100000
0.000000000000000000010000
Selected suppliers:

d /1 QU 1 1Diet ' 1 1YL % O &
Objective value: 12870805.0169

Computation time : 23.565782 secs.

Opened warehouses:
0000000000000000000000000
0000000000000001000000000
0010000000001000000000000
Selected suppliers:

1T MBI =1 11 N1
Objective value: 12383552.65475

Computation time : 23.6599873 secs.

Opened warehouses:
0000000000000000000000000
0000000000001001000001000
0001000000000000000000000
Selected suppliers:
11111111111111111010
Objective value: 12786465.826505
Computation time : 23.8504259 secs.
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A151991 A.8 (FiD) LWRRINBUKATNATNSNLAIINWALANITdURI0E19UTUUTIN13N LB

wuulawasfuninunuiegiamansalvindu 20 fiegns

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000100
0000000000000000000000001
0000000000000000001100000
Selected suppliers:
11111111111111111111
Objective value:.12557801.475595
Computation time : 23.2749749secs.

Opened warehouses:
0000000000000000000000000
0000000000001000000000000
0.000000000100000000100000
Selected suppliers:
111111111102110010110
Objective value: 12737479.30295

Computation time : 24.3291489 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000001
0000000000000000100010000
Selected suppliers:

1 TT]T MBI =1 11 PN1J
Objective value: 12981165.99468

Computation time : 23.8663524 secs.

10

Opened warehouses:
0000000000000000000000000
0001000000000001000000000
0100000100000000000000000
Selected suppliers:
11111111111111110111
Objective value: 12799825.97647

Computation time : 22.9894429 secs.
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LAAINBUNITHEINHINAIINGAU kavdnIzaneduauaznaansnlannsuitam
lngldinatiansgudiegnalsulganisnseaadnuulaasiuniduiuiiegiangnise
Winfiu 50 FI9E19LEaRIRINIT1a9 A9

A135199 7.9 LRAIMBULATNATNSTIAANWATIANTEUAeE19UTUUTINNTNTEAERILUY
lawosAuninuiudeg19mnNITalviniu 50 fees

N1SNAABIN LUAANNDULAZHARNS

Opened warehouses:
0000000000000000000000000
1000000000000000000001000
0001000000000000010000000
Selected suppliers:

1114110111111 2111111
Objective value: 12447920.817258
Computation time +63.4124147 secs.

Opened warehouses:
0000010000000000000000000
0000000000000000000000001
0001000000010000000000000
Selected suppliers:
gty 1 (P01 1
Objective value: 12415280.277806
Computation time :165.7302361 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0010100000000000000010000
Selected suppliers:

11131 1111211101111111
Objective value: 12832035.923312
Computation time : 65.3990991 secs.
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A157991 A.9 (AiD) LWRRIRBUKATNATNSNLAIINWALANTTdURI0E19UTUUTIN13N L8N

wuulaesmuiidnnuimegiamgnisalviniu 50 dee

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000000
0000010000010000010000000
0000000000000000000100000
Selected suppliers:
11110101111111111110
Objective value:12531119.608926
Computation time : 66.614017 secs.

Opened warehouses:
0000000000010000000000001
0000000000000000000000000
1010000000000000000000000
Selected suppliers:

a1 WA 10 Dieh N Il 1R 1 ¢
Objective value: 12734438.283824
Computation time : 62.0785007 secs.

Opened warehouses:
0000000000010000000000000
1000000000001000000000000
0000000000000000001000000
Selected suppliers:

10T MBI/ j=1 11 PN'1J
Objective value: 12611572.544542
Computation time : 60.232231 secs.

Opened warehouses:
0000000000000100000100000
0000000000000000000000000
0010000000000000100000000
Selected suppliers:
10111111111111110111
Objective value: 12542831.525344
Computation time : 65.9021262 secs.
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A157991 A.9 (AiD) LWRRIRBUKATNATNSNLAIINWALANTTdURI0E19UTUUTIN13N L8N

wuulaesmuiidnnuimegiamgnisalviniu 50 dee

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000010000000000000
0000000000000000100000000
0000000000001000000010000
Selected suppliers:
11111111111111111111
Objective value: 12461034.625808
Computation time : 64.9073351 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
1000100100000000000000000
Selected suppliers:

80 WA 1@ Wieh N =il 1% 1 &
Objective value: 12369792.39483

Computation time : 60.4415911 secs.

10

Opened warehouses:
0000000000000100000000000
0000000000001.000000001000
0010000000000000000000000
Selected suppliers:
1101111111108+111 11041
Objective value: 12621321.793486
Computation time : 62.1195642 secs.
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LAAINBUNITHEINHINAIINGAU kavdnIzaneduauaznaansnlannsuitam
lngldinatiansgudiegnalsulganisnseaadnuulaasiuniduiuiiegiangnise
Winfiu 100 A9eauanesianIsei A.10

A13199 A.10 RAMBULATNAGNENLAINIMATIANTTEUAeE19UTUU TININTE LAY
lawosAUninuIumeg19mRNTalviiu 100 fieg19

N1SNAABIN LUAANNDULAZHARNS

Opened warehouses:
0000000000000000000000000
0000000000000000000000001
0000000000100000001000000
Selected suppliers:

1114101111101 2111111
Objective value: 12656825.027322
Computation time :-146.6892948 secs.

Opened warehouses:
0000000100000000000000000
0000000000000000001000000
0001000000000000010000000
Selected suppliers:

11111111 111111110111
Objective value: 12374974.291575
Computation time +141.7712926 secs.
Opened warehouses:
0000000000000000000000000
0000000000001000000000000
0000000001000000001000000
Selected suppliers:
1111111111111
Objective value: 12451776.01052

Computation time : 131.3900365 secs.
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M151991 A.10 (AD) LERAIMBULATRAGNETILAAINMALANITENAIBE1IUTUUTINMINITEE6N

wuulaasmuidnuuimegiumsnIsalvingu 100 fioens

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000000
0000000000000000010000000
0001000000000000001000000
Selected suppliers:
10111111111111111111
Objective value:.12473585.727783
Computation time : 117.2208086 secs.

Opened warehouses:
0000000000000000000000000
0000000000001000000000000
0.000000000010000000100000
Selected suppliers:

a1 WA 1l Wit Iplmill 1R 1§
Objective value: 12556064.48908

Computation time : 131.102833 secs.

Opened warehouses:
0000000000000000000000000
0000000000001.000000000000
0011000000000000000000000
Selected suppliers:

1T TT OM\BIM )L =1 11 NS
Objective value: 12436350.285808
Computation time : 152.013222 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0000000000010100010000000
Selected suppliers:
10111111111111111111
Objective value: 12408204.562923
Computation time : 112.5309047 secs.
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M19199 A.10 (s10) wammaUwazNadNSTLAINmMATiANITANMIBE1USUUTIN1INTERE6N

wuulaosAundnuiuieg1amnnIsalvindu 100 fegnd

N1SNAADIN

LYAAIADULAZHARNS

Opened warehouses:
0000000000000000000000000
0000000000000000000000000
0100000000000000110000000
Selected suppliers:
00101111111111111111
Objective value: 12188605.536563
Computation time : 148.0482386 secs.

Opened warehouses:
0000000000000000000000000
0000000000000000000000001
0010000000000000000001000
Selected suppliers:

a1 WA 10 Wierh Y 1=l 1% 1 &
Objective value: 12498946.702007
Computation time : 99.4579661 secs.

10

Opened warehouses:
0000000000000000000000000
1010000000001000001000000
0000000000000000000000000
Selected suppliers:

0111111114111 111110141
Objective value: 12403965.719066
Computation time : 134.476464( secs.
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A1519% 4.1 NANITIASILININEDRINTS Fisher Individual Tests for Differences of Means

Difference of Difference SE of Adjusted
95% ClI T-Value
Levels of Means | Difference P-Value
MCS-20 - Original (-35093,
68111 51948 1.31 0.193
Design 171315)
MCS-50 - Original ( 54882,
158086 51948 3.04 0.003
Design 261290)
MCS-100 - Original (62670,
165874 51948 3.19 0.002
Design 269078)
LHS-20 - Original (-14722,
88482 51948 1.7 0.092
Design 191686)
LHS-50 - Original (1 84328,
187532 51948 3.61 0.001
Design 290736)
LLHS-100 - Original (H2eRd4
228445 51948 4.4 0
Design 331649)
IHS-20 - Original (104704,
207908 51948 4 0
Design 311112)
IHS-50 = Qriginal (' 90983,
194187 51948 3.74 0
Design 297391)
IHS-100.- Qriginal (229522,
332726 51948 6.4 0
Design 435930)
(-13230,
MCS-50 - MCS-20 89974 51948 1.73 0.087
193178)
( -5441,
MCS-100 - MCS-20 97763 51948 1.88 0.063
200967)
(-82833,
LHS-20 - MCS-20 20371 51948 0.39 0.696

123575)
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A15719% 9.1 (AB) NANTSILASIZINI9ERRR1NIT Fisher Individual Tests for Differences of

Means
Difference of Difference SE of Adjusted
95% ClI T-Value
Levels of Means Difference P-Value
( 16216,
LHS-50 - MCS-20 119420 51948 2.3 0.024
222624)
( 57130,
LHS-100 - MCS-20 160334 51948 3.09 0.003
263538)
( 36592,
IHS-20 - MCS-20 139796 51948 2.69 0.008
243000)
(-22871,
IHS-50 - MCS-20 126075 51948 2.43 0.017
229280)
(161410,
IHS-100 - MCS-20 264614 51948 5.09 0
367818)
(-95416,
MCS-100 - MCS-50 1788 51948 0.15 0.881
110992)
(-172807,
LHS-20 - MCS-50 -69603 51948 -1.34 0.184
33601)
(-73758,
LHS-50 - MCS-50 29446 51948 0.57 0.572
132650)
(-32845,
LHS-100 - MCS-50 70359 51948 1.35 0.179
173563)
(-53382,
IHS-20 - MCS-50 49822 51948 0.96 0.34
153026)
(-67103,
IHS-50 - MCS-50 36101 51948 0.69 0.489
139305)
(71436,
[HS-100 - MCS-50 174640 51948 3.36 0.001
277844)
(-180596,
LHS-20 - MCS-100 -77392 51948 -1.49 0.14
25812)
(-81546,
LHS-50 - MCS-100 21658 51948 0.42 0.678

124862)
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A15719% 9.1 (AB) NANTSILASIZINI9ERRR1NIT Fisher Individual Tests for Differences of

Means
Difference of Difference SE of Adjusted
95% ClI T-Value
Levels of Means Difference P-Value
( -40633,
LHS-100 - MCS-100 62571 51948 1.2 0.232
165775)
(-61170,
IHS-20 - MCS-100 42034 51948 0.81 0.421
145238)
(-74891,
IHS-50 - MCS-100 28313 51948 0.55 0.587
131517)
( 63648,
IHS-100 - MCS-100 166852 51948 3.21 0.002
270056)
(_-4155,
LHS-50 - LHS-20 99049 51948 1.91 0.06
202253)
( 36759,
LHS-100 - LHS-20 139963 51948 2.69 0.008
243167)
( 16221,
IHS-20 - LHS-20 119425 51948 2.3 0.024
222629)
(2501,
IHS-50 - LHS-20 105705 51948 2.03 0.045
208909)
(141039,
IHS-100 - LHS-20 244243 51948 a.7 0
347447)
(62291,
LHS-100 - LHS-50 40914 51948 0.79 0.433
144118)
(-82828,
IHS-20 - LHS-50 20376 51948 0.39 0.696
123580)
(=96549,
IHS-50 - LHS-50 6655 51948 0.13 0.898
109859)
( 41990,
IHS-100 - LHS-50 145194 51948 2.79 0.006
248398)
(-123742,
IHS-20 - LHS-100 -20538 51948 0.4 0.694
82667)
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A1519% 9.1 (519) NANTISAIATIEINEDRNNTD Fisher Individual Tests for Differences of

Means
Difference of Difference SE of Adjusted
95% ClI T-Value
Levels of Means Difference P-Value
(-137462,
IHS-50 - LHS-100 -34258 51948 -0.66 0.511
68946)
(1076,
[HS-100 - LHS-100 104281 51948 2.01 0.048
207485)
(-116925,
IHS-50 - IHS-20 -13721 51948 -0.26 0.792
89483)
(21614,
IHS-100 - IHS-20 124818 51948 2.4 0.018
228022)
(- 35335,
IHS-100 - IHS-50 138539 51948 2.67 0.009
241743)

91M95197 9.1 wa WS ULIBU MCS-20 - Original Design waz LHS-20 - Original
Desioh ivhimnatitiasiu 95 Wesifus wusifian P-value iady 0.193 tay 0.092 Auasu
Fafidnmnnnda 0:05 setiulilingng e wmeiazasUlddeimdevesuadniainmalsy i
A8 MCS-20 waz LHS-20 ssfufuaadssmadnsnisussidud@es Original Desion

HANITUFHULEU MCS-50 - MCS-20 MCS-100 = MCS-20 wag. L HS=20 = MCS-20 &
A1 Pvalue 100,087 0.063 wa 0.696 ¢ udw Fethilifividngiufisawofiazaguli
AaEEveIHaNSAATTU TETILAIU8Y MCS-50 MCS-100 wae LHS-20 saafuiiupadsves
HaaWSASUTEIUA Y8 MCS-20

NANITUSPUNEU MCS-100"~ MCS-50 LHS-20~ MCS-50-LHS-50 ~MCS-50 LHS-100
- MCS-50 IHS<20"= MCS-50.thaz IHS-50 - MCS-50 #ifn PValue winfiv 0.881 0.184 0.572
0.179 0.340 waz 0:489-auasu fadulifndngiuifsweflazasuliinanadeveswadng
1NN15U52LHUAIY89 MCS=100 LHS-20-EHS-50 LHS-100 IHS-20 wag IHS-50 fnafufiy
AndeveinadnsnIsussiiuaves LHS-50

NaNISIUSEULIEU LHS-20 - MCS-100 LHS-50 - MCS-100 LHS-100 - MCS-100 IHS-
20 - MCS-100 Wag IHS-50 - MCS-100 i1 P-Value 111U 0.140 0.678 0.232 0.421 way
0.587 pudndu feulifindngrufisaeflazaulihanaievemadniainnisuss iue
989 LHS-20 LHS-50 LHS-100 IHS-20 wa IHS-50 safufiuaniadevemadnsnisussidue
U89 LHS-50
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Nan1sUSBUBY LHS-50 - LHS-20 S P-Value Wiy 0.060 fadulsifivdngiu
ifiamediazaguliindadevosnadwsainnisusedliuaues LHS-50 snafufudadeves
HATNEN5UTEUANDY LHS-20

HANTSWIBULTIBU LHS-100 - LHS-50 IHS-20 - LHS-50 Uag IHS-50 - LHS-50 diA1 P-
Value 19170 0.433 0.696 waz 0.898 mudndy fedulifudngiuitssmefiazazula
ALafreINadnsIINNTUTEIIUAYDS LHS-100 IHS-20 Uag IHS-50 Anefufiud1ladeves
HARNSN5UTEIUANYDS LHS-50

HaNI5USEULEY IHS-20 - LHS-100 4ag IHS-50 - LHS-100 {1 P-Value iy
0.694 waw 0511 muddu duulifivdngiufivmeiiazaslfhanadovessadniannis
Uszifiud1es IHS-20- WA HS-50 snaffuiudedsvesnaasnasuszidiud1ues LHS-100

NANSSBUTIEU IHS-50 = IH5-20 TR P-Value iy 0:792 fatulifivdng udies
woflazagulsdndindevasiadwsainmsUssiiudaved IHS-50 dnstufudadevesnadng

ANSUSIUAIVDY HS-20
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Abstraet. In this paper, we focus on-a supply -chain netwerk design problem in determining the number and
location of facilities, as'well as the flows between them, Due to globalization and complexity m supply chain
environment, recent supply chain-network design studies have incorporated uncertainty and disruption risk into
the design’ decisions in order to make supply chain network more robust and resilience. To deal with the
unexpected disruptions, a Latin Hypercube Sampling (LLHS) method is used to generate disruptive scenarios for
model evaluation., We compare the solutions with those from the Monte Catlo Sampling (MCS) technique. The
results show that LHS. provides smaller standard deviation than the MCS technique as it yields a good
approximation of the sample space. This further indicates that LHS use less sample size leading to more efficient

computational time in obtaining solutions.

Keywords: Supply chain network design, Facility disruption, Two-stage stochastic progtam, Simulated annealing,

Latin hypercube sampling

1. INTRODUCTION

Supply chain network. design 1sa crucial strategic
decision as it effects will last for many vears under dynamic
business environment (Klibi et.al, 2010).In-addition;
uncertainties and risks are intensified in the supply chain
network where demand and cost vary and disruptions are
unpredictable. Therefore, the design of supply chain network
should be resilience to uncertainty and possible disruptions in
the network. In many supply chain network design studies,
Monte Carlo Sampling technique has been applied in order to
generate scenarios for model evaluation.

1 :Corresponding Author

In this paper, we focus on the use of a sampling technique
called Latin Hypercube Sampling for supply chain network
designunder facility disruptions.

In thig'study we use a two-stage stochastic programming
model from Rienkhemanivom et al. (2016) that formulated for
a supply chain network design problem considering possibility
of facility disruption. The model is used for a single-product
supply chain network which includes suppliers, manufacturing
plants, warehouses, and retailers where the facilities are
located in different places around the world. The objective
function is to maximize the expected profit under facility
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disruptions. In the first stage, suppliers and warehouses are

selected. Inthe second stage, the quantity of product purchased,

produced and transported between facilities are determined
under disruptive scenarios so that the expected profit is
maximized. A simulated annealing meta-heuristic algorithm
(SA) is used to find near optimal solutions. In terms of
sampling technique, the Monte Carlo Sampling (MCS)
technique is used in constructing the sample average problem
in order to get the estimate of the objective function value.

Beside MCS, there are several sampling techniques
available to reduce the variance of the estimate and to improve
the quality of solutions, for example Latin Hypercube
Sampling (LHS), and Antithetic Variates Sampling (AVS).

In this paper, we apply Latin Hypercube Sampling (LHS)
technique to generate disruptve scenarios. Several studies
have discussed the advantages of LHS, for instance, Fattahi et
al (2014) and Shi eval. (2013) stated that LHS covers more of
domain of the random variables

Hence, the objective of this.study is.to improve solution
of a supply chain network. design problem by using LHS
technigue to sampling disruptive seénarios.

2. LITERATURE REVIEW

For a stochastic- lhnear program, it ecan 'be solved
approximately by generating a subset of all possible random
scenarios. The value of the optimal solution to the sampled
problem provides an, estimate of the true objective function
value. However, the estimator is known to be optimistically
biased (Ereimer et al, 2012). The bias and variance of the
solution are also related to which sampling method has been
used.-Freimer et al. (2012) studied the impact of sampling
methods: antithetic variates and Latin Hypercube sampling, on
the bias and variance reduction in a two-stage stochastic linear
program for a newsvendor problem. The first-stage solution is
to'choose the order quantity, while the second-stage solution
decides on how-much of the available stock after demand has
been realized. The results show that both sampling method are
cffective at reduging  variance;, however LHS samphng
approach-outperforms the antithetic variates method in both
biasand variance reduction.

K.RM dos Santos.-et-al. (2015) presented a benchmark
studies that comparing MCS with four modern sampling
techniques, including Importance Sampling Monte Carlo,
Asymptotic Sampling,  Enhanced  Sampling, and Subset
Simulation. The sampling techniques are combined with three
schemes for generating the sanmiples, which consists of Simple
Sampling, LHS, and Antithetic Vaniates Sampling. The results
from thig paper show that Tmportance Sampling is extremely
efficient for evaluating small failure probabilities but it can be
an issue for some preblems-Subset Simulation yields very
good performance for all problems. Enhanced Sampling has
performance better than Asymptotic. Sampling. LHS

outperforms Simple Sampling and Antithetic Variates
Sampling.

The Latin Hypercube Sampling (LHS) is a stratified-
random procedure where samples are obtained from their
distributions. The cumulative distribution for each variable is
divided into N equiprobable intervals. Assuming that the
variables are independent, a value 1s selected randomly from
each interval. (Yushumito et al., 2012).

LHS has been used in various applications, including
supply chain network design problem as it becomes a very
large and complex problem when disruption is considered
(Garcia-Herreros and Grossmann, 2013). Keyvanshokooh
{2015y has applied LHS to generate scenarios for
transportation gost. Govindan and Fattahi (2015) used LHS to
generate a set.of demand scenarios. Yushumito et al,, (2012).
Deleris et al. (2005) proposed a Monte Carlo based technique
toevaluate supply chamnetwork under risks.

TFrom'the review, we observe that Monte Carlo Sampling
(MCS) is a-common and widely used technique for scenario
generations, including disruption, un supply chain network
design problem. For LHS, it has alse been used to generate
demand ‘and cost scenarios. However, very few studies have
used Latin Hypercube Sampling for generating disruptive
seenarios, In this paper, we use'LHS technique to generate
disruptive scenario fora supply chain network design proposed
by Rienkhemaniyom. et al’ (2016). Then, we compare the
solution quality, n terms of variance, and computational time
with the original wark.

3. SUPPLY CHAIN NETWORK DESIGN

PROBLEM

3.1 Problem description

The original study of a supply chain' network design
problem proposed in Rienkhemaniyom et al (2016) involves a
two-stage stochastic program for-a supply chain network
design under facility distuption for a four-stage supply chain
which gonsists of suppliers. manufacturing plants, warehouses,
and retailers (as show inFigure 1) under single-product supply
chain network environment, The facilities are located around
the-world. Locations of manufacturing plants and retailers are
known, while suppliers and location of warehouses are
decisions to be made. The objective function 15 to maximize
the expected profit—under facility “disruptions. Simulated
annealing meta-heuristic algorithm is used to find a good
solution, and MCS technique is‘used for generating disruptive
scenarios. In this study, a disruption may oceur at any region,
which Teads to disruption of suppliers. manufacturing plants.
or warehouses that are located in the disrupted region. The
decision variables are to select the suppliers and the location
of warehouses so that the expected profit of the supply chain is
maximized.
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Warehouses

Figure 1. Supply chain network

3.2 Mathematical model
The two-stage stochastic programming model of a supply

chain netwerk design - problem- _that " propased | in
Rienkhemaniyom et al. (2016) can be summarized as follows,
Notation:
Sets

& Set of suppliers

M Set of manufacturing plants

W Set of warehouses

C__.Set of retailers

L Setof warehouse capacities

K Setofdisruptive scenarios
Indices

5 Index of suppliers s =5

m Index of manulacturng plants m < M
w Index of warchouses we W

¢ (Indexofretailer c€C

! ' "Index of warehouse capacities [ < L

k- Index of disruptive scenarios k& K

Parameter

cap Production capacity at manufacturing plant m

cap.  Capacity at supplier s

cap',, Capacity at warchouse w of size

d. Demand for products at retailerc

msm_ Minimum transportation quantity form supplier s to
manufacturer m

' Fixed cost of opening a warehouse w of capacity [

P, " Purchasing cost of material from supplier s by plant
m

e Transportation cost per. umit from: plant m to
warchouse w

e Transportation cost per unit from warehouse w to
retailer ¢

P Production cost for a product at plant m

np Price of aproduect

Is. Lost sales cost at retailer ¢

Random Parameters
{1 if supplier s is operated in scenario k&
Co =

0 if a disruption occurs at supplier s in scenario &

if warehouse wis operated in scenario &

if’ a disruption occurs at warehouse w in scenario &

[1 it plant mis operated in scenario k&

if a disruption oceurs at plant m in scenario k

P The probability of disruption occurs in scenario &

First-stage Deeision Variables
e Jl if warchouse wis operated with size /
»7 107 otherwise
1 if supplier sis selected
b {0 otherwise

Second-stage Decision Variables
QOSM.ini- Quantity of raw material purchased from supplier s
by.plant mm scenario k&
QMWawk Quantity of products shipped from plant m to
warehouse wn scenario k
OWC,. Quantity of produets shipped from warehouse w to
retailer ¢ in seenario k
D Quantity of sales lost at.retailer ¢ in scenario k
3.2.1 Objective Function
The objective is to maximize the expected supply chain
profit (Z) which is the difference between the total cost and the
expected revenue. The first-stage cost is the fixed cost of
opening warchouse and the second-stage cost is the difference
of the expected revenue and operation costs,

i _
T S |

\ welv ceQ i

Magamize z== 3 | @/ fhes Z.v{np
welilel bek

b
ft 5 memQSMmJ
seSme M

N
’[ Y ok QMW +0F T OFC oy
meM weld welW e=C 4

= & Pcm( ZQMH/mka

v zI-"CI‘DckJ M
meM el JdveeC

3.2.2 Constraints
Supplier capacity
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LOSM gy < capgeys, Vse S.kek (&3]
meM

Inter-stage flow
msm gy, <OSM,, <capox,y, VseSkek (3)

Production capacity

SOMW oy < CapyBpys YmeM kK (4)

wel¥

Material flow between suppliers and plants

TOSM g = SOMWopy, ¥mEMEER  (5)
welV

se8

Warehouse capacity

FOMW o < T0aRS ik Vw e b & K | (@)
me M el

Nyl Mwelk @]
Il

Product flow between warechouse and retailers

T OMWine = EOWC op, STWEW K s K (8
me CeC

Demand reguirement

FOWC b LDy S g e eCk &7 1)
well

Non-negativity

M o d QM 0, QFC. gDy, 20 )

For disruptive scenarios. the authors usel the number of
disasters from the Centre for Research on the Epidemiology of
Disasters — CRED (http:/fwww.emdat be/) The number of
disasters occurred 1n each region 1s used to estimate the
oceurrence or probability of disruption (as shown in Table 1).
Hence, this probability will be used for. generating disruptive
scenarios by LHS.

Table 1. Number of disasters repeited during 1966-2015:

Region Number of Probability of
disasters occurTence
Africa 3,954 02
Asia 8,560 0.42
Australia 628 0.03

Europe 2.576 0.13

North America 2,575 0.13

South America 1,923 0.09
3.3 Solution Methodology

A simulated annealing meta-heuristic algorithm (SA) is
applied n Rienkhemamyom et al. (2016) for finding the
solution. The first-stage solution is obtained outside the model,
and the second-stage solution is obtained by re-optimizing the
associated second-stage problem from a given first-stage
solution. In this study LHS technique is used to construct the
sample average problem instead of solving problem with all
possible seenarios. This technique is known as the sample
average approxXimation (SAA) technique in A. Shapiro (2003).
The solyer CPLEX 1siused to solve the second-stage sample
average problem in order to estimate the objective function
valug. The general framework of the algorithm is showed in
Figure2

Initialization

¥

Generate 1% stage solution
(Simulated Annealing)

{

Construet 2™ stage problem
with disruptive scenarios
(Latin Hypercube Sampling)

!

Evaluate the sample problem
(GPLEX)

\

Termination

Infermation Update

Figure 2. The general framework of the proposed
methodology

3.3.1 Simulated Annealing

Simulated annealing (SA).is a probabilistic technique for
solving global optimization prablem in Aarts et al (2005). The
algorithm has inspiration come from annealing in metallurgy,
a thermal process involving heating and controlled cooling of
a solid for the particles to arrange themselves in the ground
state,
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Parameter

s Index of iterations

cr Control parameter at iteration

co Initial value of the control parameter
Cmin Minimum value of the control parameter

ab First-stage solution vectors
T Number of solution evaluated in each iteration
N Sample size (the number of sampled scenarios)
Zy Estimate of the objective function value by using
sample size N
P The probability vector of the first-stage variables
(x and y)
T Random number in [0, 1)
P Coefficient of the control parameter update
A Coefficient of the probabilities update
e 5 "
ey ZMD_ZNE) dn
\ “r
AN /s

The parameters g, A, ¢, T, N andthe probability vector 2
are initialize parameters. The algorithm generates & feasible
first-stage solution vector from the probability vector B In
each iteration, the algenthm will search for a better solution.
The objective values are compared between current solution @
and new solution . The new selution b will be accepted if its
objective valueis better than the current objective values or if
the probability of acceptance in Equation (11) is greater than a
randomly generated number . The ¢ontrol parameter ¢ plays
the role of temperature control in the cooling progress, which
controls the probability of accepting selution in the algarithm,
The value of ¢.is decreased by a facter of p in each iteration,
whichreducing the chance of accepting worse solutions. At the
end of each iteration. the probability vector is updated from the
current solution vector. The. algorithm terminates when ¢ is
less than a given valug ¢,

4. LATIN HYPERCUBE SAMPLING

LHS technique was mtroduced by McKat et al. (1979). It
igone of the sampling techniques that has been wused in
computer experiment for finding simulation solution. Tn this
study, we use LHS to generate disruptive scenarios to ensure
that ‘all disruptive scenarios will-be occurred in each input
variables. Due to the advantages of LHS technigue, we expect
to obtain solutions that have a smaller standard deviation of the
sample mean compared to those from the MCS technique m
the original paper.

4.1 Latin Hypercube Design

A Latin hypercube ‘design (LHD) with N samples and §
input variables, denoted by LHD(N, 8), isan N * S matrix (i.e.
a matrix with N rows and.S columns). Hence, a LHS can be

generated by the following steps.

Step 1. The matrix P(N,S) was generated, which each
column of matrix P consists of a random permutation of the
integer I to N.

Pr
P(N,S)=
L PN I PN s
Step 2. The random numbers in Monte Carlo methods
(Simply random sampling) s~ U(0, 1), k=1, ... N,j=1, ...,
§ which are mutually independent are generated to form the
matrix U(N,S).

Pis

Hp
LN, 8) =

Uy |

Uy g

Un s

Step-3. The matrix L(N,S) was generated from Equation
(12); and this matrix is used for generating the disruptive
SCenarios.

LV, 8) = L[P(N. )= D, 8]

(12
¥

Figure 3 shows ascatter plotof MCS for sample size N =
40 with two input variables. There is no pattern of points in
each row and each column. The portions of its range are not
represented in each of the input variables.

Figure 4 shows a scatter plot of LHS for sample size N =
40. We can see that each row and each column contain cight
points, .and the points are uniformly distributed i the
comresponding row and eolumn. Tt shows that each input
variables has all portions of its range covered. For sample size
N=40, when dividing the sample space of LHS into ten regions,
reach region will contain exactly four points,

In this study, LHS technique is used to draw N samples
from the set of original scenarios K. The objective function
value Z in Equation (1) 1s estimated by substituting the first-
stage solution obtained from SA, and then the sample average
second-stage problem is constructed by using LHS technique.
The random vector.in the model is replaced by the sampled
scenarios, and ‘the probability p: is changed to 1/N in the
objective function. The. resulting sample average problem is
then solved by using CPLEX.
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Figure 3. Scatter plot of samples generated by MCS
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Figure 4. Scatter plot of samples penerated by LHS

5. RESULTS AND DISCUSSIONS

Table 2 presents a summary of comparison of the supply
chain profit values under disruptive scenarios between the
MCS and our proposed LHS sampling from running 10
experiment trials in different cases. In most cases, the LHS
provides better objective values and smaller standard
deviations compared to the MCS. For example, at N = 50, the
LHS sampling method yields a standard deviation of profit of
$281,123,69, while it requires N = 100 for the MCS method to
achieve the similar result (the standard deviation of profit
under MCS sampling method is $293,121.62). When
considering disruption with sample size 100, the MCS
technique has an average profit value $9,833,097.05, and the
standard-deviationof profit value is $293,121.62. On the other
hand, the supplyehain network solutions from the LHS has an
average profit valie. $10,023,344.56, and the standard
deviation of profit value 15:$239,643.36. The results show that
the standard deviation of selution when using LHS with
sample-size 100 can be reduced by 18.24 percent, and the
average profit value 1s also improved, but it is not significantly
different.

6. CONCLUSION

This paper presents an application of LHS technique in a
supply chain network design problem. LHS is used to generate
distuptive scenarios. The results show that the standard
deviatiens of selutions arereduced as compared to the results
from the MCE technique when using the same sample size as
m Rienkhemaniyont et al. (2016). In solving large stochastic
programming model for & supply chain network problem, LHS
1s an effective sampling technigue that could provide good
salutions while using small sample sizes. In future study, we
will consider other hew sampling techniques to reduce sample
sizes and standard such as Optimal Latin Hypercube Sampling
technigue to generate disruptive scenarios.

Table 2: Comparison of objective values between two sampling techniques with different sample sizes

Sampling technigue Objective values N=20 N =50 N =100
Monte Carlo Average 11:723,29814 10:870,222.87, 9.833,097.05
© U Standarddeviation v, | A763530. 3215618 /29312162
LatinHypercube Average 11,897,192.75 10,366,350.96 10,023,344 .56
Standard deviation 400,506.95 281:123.69 239,643.36
W V2 AverageDifffeice =  148% o\ © 008 1.93%
Standard deviation Difference -15:26% -26.44% -18.24%
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