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Abstract

Multi-Criteria Decision Making (MCDM) is to find a way to find alternatives of decision.
The best alternative is acquired by multiplying weighted values and chosen criteria. The
alternative with the highest values of the sums of the multiplying results of both values is
the best one. Thus, beginners or decision makers need to understand about the acquisition
of these two parts. This article studies four different methods of weighting: a ranking
method, a rating method, a pairwise comparison method and a trade-off method. The study
found that the ranking method was the simplest method and the pairwise comparison
method was highly accurate and most popular. In addition, it was found that determining
the weights of the four criteria were similar: comparing each criterion and then determining

levels of liking or satisfaction by the decision makers.

Keywords: MCDA, Ranking, Rating, Pairwise Comparison, Trade off




NsnFInmamaluladgnamnssy aniendessiguisug Ui 1 aduil 2 nsngnas - Sune 2562
Journal of Industrial Technology Buriram Rajabhat University, Vol. 1, No. 2, July - December 2019

1. uni

ﬂagmﬁwﬁ’aujﬁLﬁmsﬁuiumﬁﬁmﬁuiwzLﬁwﬁaaf“f‘ummﬁuuﬂimaq@ﬁmﬁuhimlﬂﬁﬂ%”’umaumﬁlﬁm
Farnenahmin (Weight) wnangnaimdniivuldlunsieseildinaniinsivnanuindede
udnsindulanfaiuflienafusufisaniiowmssldadanimiinanaiuveu (Preference) w03
dndulavienngideangfissnuioisouvunaisyanaszgninnliiiionsussidufiuansds
Arwduiusvesmdninasifutimne (Goal)  fidesnislunsfmuadnimdnifiossdunaden
(Alternatives) 819f1R15NIRANA1IAUYRIANTRUYRIRnaUlY MadenluuliianudiAninnie
grlsiendasmiingnn wae Tunendufumadeniflienuddnyliosazgnlimdanintniies udly
AMIduaswasEAuANLANAYeInNd AgTnardinudlaialun1suUarunueA1als
ihmdnanmiinldtuegfudduremadendaiufinduladwiosdauidlalundninasifium
finrsanduogned SnviadesAnunidnisliadrsdmdnlidlasssdaauunanuiaginane
wAnLagin1st et mtnvemdninusiie Ul luiiesginnsdadulauuurans
nantnast (MCDA : Multi-Criteria Decision Analysis) 4 38lan [1] 38n159ma19U (Ranking) 35015
Jnsediu (Rating) FBvUSeuLiisuilug (Pairvise Comparison Method) uaznisitasiziiwuulaedng
\d@o0e19  (Trade-off  Analysis) e?fwmiwiﬁﬁﬁmﬁuﬁﬂmLﬁﬁﬁﬁ'%ﬁéf@ﬁﬂﬁ]memwé’ﬂmmsﬁlﬁ
Wihlaneuyinsiasien

2. nmsandulanvunanenaninue : nsaukuIARTUNITAATIER

Asdmdulanvunanendninar i duisnsmidunsuiledgmideniluldiiednse
madenivanzanlaeifunsimadeniinssaumdninast (Criteria) anEesaduiiieliigindula
dondeimunzaniignduneulunmsiinsghiiemmadonfimnzauduiituneuiuanmsiiue
doiflelinaudeyatiugruvestiymanvniianmundesvestindgilugnindendoyanie
ndninauiitldlumsliesgindinduishdayad 4 luadnseamindveamsdndula [2)5]
edoyanFendninausiving 1 fuiluldduasdauddliuhiulsfesdinslidshminvesdoya
usiazSosnoufiaziily

3. psUszanaAnaasivinvamannast (Criteria Weighting)

WhvneveansdndulanuunatsnudnuazAensissddumadeniivanzalasnadenia
fanitldunanuasmmemdninasinsdnaulanaisegispusmingeisnslfedsmingg
fvaneFedsdl

[

3.1 38nN1siman

[y

(Ranking Method)

U
[d aaa A a °o w J J H o = [ 1 o w
Wuitndiengalunisuseiiiuanudifgresdidlsdmingignineglusudaidulaeyn

naninugiazgninseiunglanisiiansanvesdinduladininisdndiulaense (Straight Ranking)

Y
o w o

@fun = 1 drAgaduNass = 2 wazdue) WTaN13INEINULUUNEAUTN (Inverse Ranking) (d1figy

ey = 1 dAgtesasn = 2 uagdue) Indeuldiuuinlaun Rank Sum, Rank Reciprocal, uag
Rank Exponent@siiisnisaruialansil
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1) Rank Sum AndmtinanunsaaulnlaaInaunis (1)

l’l—I'j+1

=Z(n—rk+1) 1)

i
oe?l  w, = AUINUNT Normalized LaIUDILAAERANLATI NI |

n UIUNANLNUIARSUN (k = 1, 2,...n)

I

J = JUAUANUAIALYVINANLNA |

2) Rank Reciprocal 215N AdudunaninasIemuiadlaangunis (2)

1/r]-
AL 2
ASTEVS) @)

3) Rank Exponent agtiiuA1Asdl p lunisiiansuinielaeal p agiiliiinauuaneig
SYWINNSNUNIAMNE AguInuaz naninanndanud Ay deslnennaninaendaudAgann

gdsdAnannIudruvdninanniinnudfytesfaviinnudfyanasazAulnlaainaunis (3)

p
B (n—r]-+1)

i _Z(n—rk+1)p ©)

fannanuLaltunsiietninae s nsanasuatunsalUS su s ulAULa R anN199 1

o = P ac ] H v v  ad v o w
A1919N 1 LU?EJ‘ULVlEJ‘U’Jﬁﬂ']{L‘Viﬂ']ﬂ?ﬂquUﬂﬂfJﬁnﬁﬂﬁlﬁﬂ@aqﬂ‘U

Rank Sum Rank Reciprocal Rank Exponent
Exponent
Weight Reciprocal Weight
Straight (n- Normalized Weight Normalized | (n—rj+ 1) | Normalized

Criterion | Rank (rj) rj+1) Weight (1/1) Weight p,p=2 Weight
1 4 2 0.133 0.250 0.109 a4 0.073
2 2 4 0.267 0.500 0.219 16 0.291
3 5 1 0.067 0.200 0.088 1 0.018
a 1 5 0.333 1.000 0.438 25 0.455
5 3 3 0.200 0.333 0.146 9 0.164
15 1.000 2.283 1.000 55 1.000

3.2 35n139n32AU (Rating Method)
Brsdnsedu 1HuIsRERRaulasdurdsimdndenisivueainalidmthanasa
oeflurne 0 fs 10 vido 0 fa 100 Wnsdasedvanansovinld 2 33dd
1) Fmarsuagn (Point allocation) TmstsioamsligFaduladmungalasdnszduan o
§4 100 39 0 wansdamdninaeiilaiaula waz 100 wansdamdninaeinfanuaulasanfidesnis
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finrsn vevdninaeildiuaauinagdaruddyuindogtutunisfansaniiuiiddssnuds
Aedestu 3 udninous ﬁamsLsﬁwﬁﬂéﬁwmm?wmudﬁé]’wumsﬁa@?ﬂawm uazAulnaTniu
Lmaauﬂmammmau%mwumiwmuuu 30 @UsUNINEelAEURITTUUTUEY 50 mmumu‘wumi
ﬂamiiamuuau 20 dwiumilnddnfuuranimasauuarindy 100 faduddininiies
Smunliusasndninasife 0.3, 0.5 uag 0.2 audduduandunsed 2

2) Fon1sUszanudndiu (Ratio estimation procedure) Tnemsimnuaatdnauay
woladmiundninasinianuddguniigalaodmun 100 Azuuudmiundninasiifinnud iy
INuarSIuaRIAzRLLTitesasu A mTundninaefiiinnud o ainsuuuna N Aid
aruddnytissiianazgninndu Anchor Point dmfuldlumssiuadndinainduth Anchor
Point 1IMSANAZLULYBILAaE AN AT NSRRIy W, /w* Taedl w, AeAIAzLLLYDS
wdnae | wa w* Ferazuuuiitiosfignanniuthemindlévihng Normalize agldamiuing
il lunmseseisely duandunnsed 2

o = P ac ] H v ¥  aa v o w
M1319N 2 LU?EJ‘ULVlEJ‘U'Jﬁﬂ']{L‘Viﬂ']ﬂ?ﬂquUﬂﬂjﬁnﬁﬂﬁlﬁﬂ@aqﬂ‘U

Point allocation Ratio estimation procedure
Normalized Straight Ratio Original Normalized
Criterion | Weight Weight Rank Scale Weight Weight
1 30 0.300 2 75 1.5 0.333
2 50 0.500 1 100 2 0.444
3 20 0.200 3 50 1 0.222
100 1.000 4.5 1.000

3.3 Fowseuiieun (Pairwise Comparison Method)

aﬁmiwiwmamﬂumﬂmﬁwwwmim Thomas L. Saaty Tutl 1980 [3]-[5] L“LJ‘L!LUE)W]”U@Q
mﬁlmwwmzmumsmaﬂaamaLUummwu (Analytic Hierarchy Process : AHP) Qﬁﬂﬁu
Rerdeatunmsisisudioudugioatnmssdadiulngldanadiimunly  1-9  Fsezdusiusiv
AVIYEUTENIN 2 NENNAIITEaLBERTERUATIIYEUVE oA INAA TN T01awUafeng 97l 3

nsenATvTnvemdnnae (Computation of the Criterion Weights) fivienun 3
Fumeudio

1) miﬁwmmswm%mﬁwL‘ﬁuﬁ (Development of the Pairwise Comparison Matrix)
Wuahsmndunatiouiisundninusiudazndninusidugqlasldanaiidmunly 19 deaz
Fuiusiuanureusening 2 wdninasiwulunisned 4 aswanddidunisuiouiieu vesnaeisu
indanuddnindreseiu 5 @dunitreutiann) e siandanuddyniinnuasusEiy
2 (fAgymnnu)
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A15199 3 AnadnsunsiuSoueudun

Y

Intensity of Importance Definition

1w

NN

| v =2

WAURIUIUNANS
Yunae
UTUNANNNaAUY9LIN

[

ADUTIIUIN
ABUYNNUINTININAIN
170NN

WNNIRENTgn

Equal importance d
Equal to moderate importance #
n

Mo

Moderate importance

Mo

Moderate to strong importance 1

N,

Strong importance 1

No

B
B

strong to very strong importance

Mo

Very strong importance

Very to extremely strong importance #

O O NN AW N e
e De De De De Ve De e De
2 2 2 2 2 2 & 2 2

Extremely importance # maﬁqm

A15°99 4 nswSeuiieuidug

5781 | 8§ | @eau

1A 1 5 2
g% | 1/5 | 1 6
g | 1/2 | 1/6 1

2) msFaAIn T NN (Computation of the Criterion Weights) @119
furnAdrminlgauddulneisuannismnasulussaraedudaindumsailunisadae
NaTITBIURarAaduY (Normalized Matrix) WasAILIMMIALRASTEUAAZLIWES Normalized
Matrix §3m151971 5

A15199 5 NSAAUAANLNAIN

Fumeudt 1 Fumeuii 2 s 4
o T Junoun 3 ,
Criterion | 5701 | 80 | @g9y | s1e0 | 840 | anedny Weight
371A1 1 5 2 0.588 | 0.811 | 0.222 (0.588+0.811+0.222)/3 0.540
?Jlﬁa 1/5 1 6 0.118 | 0.162 | 0.667 (0.118+0.162+0.667)/3 0.316
GRISNREY 172 1/6 1 0.294 | 0.027 | 0.111 (0.294+0.027+0.111)/3 0.144
1.70 6.17 9.00 1.000 | 1.000 | 1.000 1.000

5197 5 wanddiiiuisnsnsmadimin Tnedunduneudt 1 wiwasuluwdas
AodutiumeuR 2 msenlunsadenasvesuiazaoduy (Normalized Matrx) wazdunoud 3
FUIMN AR AR ILAAZLNYEY Normalized Matrix 3aanunveindila fe 0.540, 0.316, Wag 0.144
azsamdulawminu 1

3) MsUsTINAIAINAenAdDY (Estimation of the Consistency Ratio) 3sn13sindwladnd
frsmtindilgainnisiieuiisuvesinnuaonndssiunazilUldlunsimsyiviellos dasende
AN5RINTUNIN ANALEERA&as Consistency  Ratio  (CR) @3A1 CR azuaniaandndiuniiy

[68]
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danndeturasnsiinzuuunsiUSoudisu mne CR < 0.10 Tusansinfiddndiuiinudonndes
fuluszaufiveusulauadn CR> 0.10 wansdsmdndiudilaliaonadosiuddosnduluinnsanusle
snadidanunsafuinildainaunisi (@) Tnethen CI (Consistency Index) 111388 A1 Rl (Random
Index)

CR=— (4)

ASAUIUANCIALNTRAIUIULARIN AUNIST (5)

A—n

Cl=——
n—1

(5)
Tag A1 n Ao Sraundninaifitihunfiansan uag A AeAladeresannisiiasiziaim
AOAAZDY 3991nAN397 7 ansnsarunilaiviniu A = (4.459+4.076+3.243)/3 = 3.926 uawiilouny
f & adluaunisd (5) agldian O iy 0.463 waganvheagdulua CR Fvindu 0.463/0.58 =
0.798 Adluiiuandiifuanuliaenadesturosmaitisuifioug
Rl #io /1 Random Index Fuagfusnuvewdninamifliiisudisufintsanldfmissd 6

A151497 6 Random Inconsistency Indices (RI) forn =1, 2, ..., 15

n RI n RI n RI

1 0.00 6 1.24 11 1.51
2 0.00 7 1.32 12 1.48
3 0.58 8 1.41 13 1.56
a4 0.90 9 1.45 14 1.57
5 1.12 10 1.49 15 1.59

A3 7 NMSMnUAdREIuANNERRARDY (Consistency Ratio)

Criterion %umauﬁ 1 ﬁﬁy’umauﬁ 2
31A1 (0.540)%(1)+(0.316)*(5)+(0.144)%(2) = | 2.408 2.408/0.540 = | 4.459
S (0.540)%(1/5)+(0.316)*(1)+(0.144)*(6) = | 1.288 1.288/0.316 = | 4.076
GRINREY (0.540)%(1/2)+(0.316)*(1/6)+(0.144)*(1) = | 0.467 0.467/0.144 = | 3.243

3.4 MyiATeiwuulaeg1udends (Trade-off Analysis)
BanFengiwuuldeiadeegegninnlilunsussiulaensivesnisldegadeegiaiy
Aemsimundnvasanzyssiniminisduserlfvemdninasiitunsuiieuisnisigeanis
TgnaulaSoudisssrnmdninasifismuasmiingsdu iy Tumsinauladentedudussam
il finsiueli 9901 auaney waz 113u3ns Junasilunisdaduls vnsSeudieulae
Avualvvdninue siandataziudy 100 siam;ﬁﬁﬂﬁu%%gﬂmuL‘ﬁaLU‘%HULﬁaUImaamszﬁ’umm
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mmmau’%aaﬂau@é’@ﬁﬂmzqmmﬁwﬁigmmmﬂﬁﬂzLLuu 60 FaneindudUssnimnisnan
# 100 szduaareliasaingt 60 Fauaidmdniiayldfundninasiaiuaisazindu 60
mamﬂuum‘waﬂLﬂmsmi’]mLﬂiaumamwaﬂLﬂmsmmimmimﬂmmmau%'iuummmﬂmm YU
30 szwmsmal fo99151A1duAT 100 imumimmﬂmmammﬂ 30 §a1a 3 A wnanunse
Normalize mu

wl= 100/(100+60+30) = 0.526

w2= 60/(100+60+30) = 0.316

w3= 30/(100+60+30) = 0.158

4. MswWIEULigULLIAALAZIENSANEN
INN15OTUIBLUIANTURDUKAZITNIAUAEUENTS 4 35 anunsaagulidudssiiusingeg

v
v

$i5adl

4.1 Bmsiidefian Ae Bnsdadiu uridesviinse lunsldnufondninusiuniegisiiszsiu
Auddwanastumneslivinduldansaundassadduiuldmusnsivindu wu nns
Fnduladeduifiordondninast 3 8g1efe 51A1 ALEIBNL KATAITUSANS Hindulaenalv
anuddnpnfundninaeinisuing Inglvimnuemddyduadesiign mnldisnisivuae
faemiinuuunsTasdiu ArdrsimiTnuesnisusnisesia 0.5 wazndninaEisaariinga
dhuin 0.167 uaAngsimtndildenalildmneanuifianuddguansistusziuil fuduens
Fonlditnsuuunsdaseiuwmaiielildmdaimdniiang

4.2 nssanunrdisimiTnvendninmeine 4 33 fdnvazadiofuionisimdninasiun
Wiguiiguiy wagimuassauanuseunienunelalaegindula F935n1sdndduanidunis
Fadrsumnuveulasimunivdninasilainuesweuldususuniadsadduldauiadaniing
WnsTnszavaztdunsinuATEAUANNYOUNTENITIRAZLULAINTDULAREUANINUTILAIYINNTS
Normalized Fpzuuuiiliiundninesi TéuﬁsruLﬁautﬂu@'Lﬁuﬂ’liﬁmumm’lmzé’mﬂmmau?ﬁﬁ 9
sz Tneffnduladesimunszduanurevvemdninasinisinnnnimietdesnindnaninas
szaula wagnishesizuuuldegiadeegradunislddisefuainuveuremdninaeifitau
WiguiguadmeiuisnswSeuiisugudaziinisimuadiseiuanuseulanunumsnzas 1w o-
100 %30 0-10 tJudu

4.3 Fissuiitsudugduidnsilianugniesgs esanniimsimdninasisnyssuiiio
afuanuuanAvemdninasinn s viliduisensuaziluldenaunsvane [143], [5116],
[7]-[9]

1.4 M3feiBiEsuiisugaznuindieseiilidan CR=0.798 Jauansmulsiaonadesiuves
mMsieuiiey WWunstuduinisnsiianuiisms aunsansivaeuarudenadosiuld Jasidiu
anuAnUnATildnaAInsUTeuisuressmddinud fyuinnindfessdu 5 wasanuaIs
seéiu 2 Fvilsmsuldimdnnaeitvetasiinudfynimsnnasiauaisaliuin Faile
CR fldlsioglunamifioensuls
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5. a3UNanIsAn
v a [ & & a = o o =
n1sdndulanvunarendninaeiidumadanilangniiuldlunisuatedgmlunaisaivias
Usgneumednvarlgmivesnisdndula 2 Yssiandsdgyuuunigdndulanuien (Single
decision maker Problem) waztayyniinisandulawuungu (Group decision maker problem) 113
Usgiliuangaminudninaeidsdesiansantuasgduuuii@ddunsdimsdndulanuietannsavila
WigsymaaLien uinindewinsdndulasuunguiniinainvatsyanaieddesfaznuiymddyi
yzdoslinsdnnislunisiiaudaiuusazaudunddswlunisdndulanisivuaaiassiivin
wiiazdBaaliven venssunnaiunisidenldenadesiiansandsnueindirelunisunluldainy
gneimaszauaudilaludiurefndulawasvguiiuguduiudidnuazldouieuaziinnuina
WNenfunawaziunuissiasdenldnisdnaidu (Ranking) #38n1359n52AU (Rating)  £16B4N13
v P4 I3 ) a A yao = = I3 ] . .
Augnaeanguiiugruidunanlunisiatsuinisidenldisiusouiieuilug (Pairwise
. Gl a 3 1% 1 a 1 . ' [ [ a (4
Comparison) 3eN15itas1giwuulfeg1adeate (Trade-off Analysis) egnalsnaulidinagiasien
Y aa A o v A W ¢ A v A o a aa a a = sy w
megTsnsladsddgfevaninaueiviedeyaniunldlunsussiiuniuss@nsamdananilyazaes
aeanaesiudgymndeinisindulalagenaunainnisAnwinagsiusiudeyaiiieideansaan
ALY IS EN TR ITinsadAuarineigafenisiinansinwilaluasivaeuiiv
ananudussaieduduaugnieuazdetiolivamansfinuisely

LlONE1581994

[1] fudsuu gonszdn.  “mvszndldiinmslieszimuarduturesnssuiunisdadulalunis
fndengliuinsvudsvesnandusidme : viswnsdAnw.”  NsaTivimsauzmalulad
oREVNITUNTINGNdBT AU, U7 8, atudl 1, 2558, wih 1-11.

[2] @ leniauwd. “n1sdindulawuuiansuvianeinmen.” 315asuInIsesna, U7 36, atud]
140, 2556, i1 5-9.

[3] 8Ash asigmns. “msdedulawuuviangndnina: lWIsUgULLIAALAaYITNITTENINe SAW
AHP wag TOPSIS.” MIansuniine duasanamsuns, I 8, atufl 2, wi 180-192, 2550.

[4] J. Malzewski, GIS and Multicriteria decision analysis, New York: John Wiley & Sons, Inc,,
1999.

[5] T. L.Saaty. “Decision making with the analytic hierarchy process.” Int. J. Services
Sciences, 2008, pp.83-98.

[6] T. Evangelos and M. H. Stuart. “Using The Analytic Hierarchy Process For Decision
Making In Engineering Applications: Some Challenges.” Inter’l Journal of Industrial
Engineering: Applications and Practice, 1995, pp.35-44.

[71 aans dunwdy. “nsdeduladenssuunisaniunulasinisndaninuasnisainasiuues
USEmenuulagmTIATgmBadduiu uiunens, 2557, wt2a1-248.

8] 2awal fow. “nsvviunsidutudiiinmer.” msmsuimsgstamelulaBumuns, I7 7,
atiufl 3, 2553, ntih 56-69.

[9] 25735 winded. “nsdadulalpensuiunmsiinnedmudiiuiu sansatuiugd. aunew
AwdinnimnssuyausemulunssususTguaud, 2546, nii 57-76.

(71]



