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Abstract

In an era where the industrial sector is faced with intense competition and rapid technological
advancement, the strategic adoption of artificial intelligence (Al) technologies has become essential for
enhancing production and management efficiency. However, selecting the most suitable Al technology
tailored to the specific context of each organization remains a complex challenge due to the diversity
of available options, each offering different capabilities and limitations. This study introduces the
application of the Hybrid GRA-MARCOS technique, which integrates the strengths of Grey Relational
Analysis (GRA) noted for its ability to handle incomplete and uncertain data with the MARCOS method,
which ranks alternatives based on both ideal and anti-ideal solutions. This hybrid approach facilitates a
systematic and transparent decision-making process for Al technology selection. The research employed
expert input from 15 industrial engineers to evaluate 14 Al alternatives using 6 key criteria: accuracy,
coding capability, system integration, processing speed, cost-effectiveness, and real-world reliability. The
analysis revealed that Gemini (by Google) emerged as the most suitable alternative, followed by
Microsoft Copilot, IBM Watsonx, and Grok. These results affirm the robustness of the Hybrid GRA-MARCOS
method in supporting multi-criteria decision-making in complex industrial environments with high

precision and credibility.
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1-K" 1-K. ®
1 + 1

f(Ki):

AfildnnnisAuatuansdenumanga
LagANALRAYRWNAeNUAaziLEen Tagend
ganinziduddenivunzaunindmiunis
AndAula

1%
Y

TURDUN 8: N15INERUNINGDA (Ranking)

FARIAUNIILE DNY INUARTLALLUY
(MARCOS: f(K,)) Immuﬁaﬂﬁﬁﬂmmugqﬁqm
zQnindudugean (Suau 1) laasluauis
madeniifnzuuusiiian
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4. Nan1538

n13Usvgnelginaila Hybrid GRA-MARCOS
dwsunisandulaifenmalulag Ugyausehvg
e uUszdns arnnnsndauazni1sdanisly
Tssrnugmaminssy Stuneudaseluil

4.1 wamsnvuadgymuazszynaden

msdennalulad Al fivanzauiigalunis
HinUszansnmnisanwasn1ssanistulsaeu
9 MAINNITN dAN19Ldon (Alternatives) 14
maden fal (A) DeepSeek (A;) ChatGPT (As)
Claude Al (Ag) Microsoft Copilot (As) GitHub
Copilot (Ag) Mistral Al (A7) MANUS Al (Ag)
Gemini (Ag) Cohere (A;g) Qwen (A1) IBM
Watsonx (A;,) Perplexity Al (Aj3) LLaMA (A;q)
Grok vnaui(Criteria) Aiazldlunnsimduladssl
(Cy) Auuiugn (Accuracy) (C) AEILTa Y
n15LU vula a(Coding Capability) (Cs)
AwansalunsyYIANMIsAUTEU Uy A
(System Integration) (Cq)ma1u1s 2lunas
Uszuiana (Processing Speed) (Cs) AIINAUAT
N1aLASEFN 9 (Cost-Effectiveness) (Cg) A3NY
Ferulunisldauase (Real-World Reliability)
uazfilemgyUsznousie Imnsfiiiuszaunisal
1na891ui199 Tulsanugaamnssy denis
NAM 5 AU NT1TIIUNY 5 AU LagR83LATIEY
Toya 5 AU TINIUIU 15 AU

4.2 wan1suszyne tdinad A Hybrid GRA-
MARCOS

4.2.1 as1uningnisenaula (Decision Matrix)
AIbERIlUAIS199 3
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A19719% 3 AzluuRdYy Al 91NN1581579 15 AU

maden | C; | G | G | G | C | Cs
A 5 4 4 4 4 5
A 4 5 4 5 4 5
As 5 4 4 4 4 5
A 4 5 5 5 4 5
As 4 5 4 5 4 5
As 4 5 4 5 4 4
A 4 4 5 4 4 5
As 5 5 5 5 5 5
As i i i 4 4 4
Aso i i i 4 4 4
An 5 4 5 5 4 5
Asz i i i 4 4 4
Az 4 5 4 4 4 4
A 4 5 5 5 4 5

NANTNT 3 WEANIPLLUULRALVDINALULAE
Al (A = Arg) RASUNNSUSEEUINAFAINS 15 AU
Tu 6 vneua

4.2.2 nsUsudeyalmluuinsgiudie3s GRA

(Normalization by GRA)
Udayafuunusuiluuinsgiudieds GRA

Ingldaunisn 2 dananslunisedn 4
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A131991 4 nsusuteyalinduuinsgiuaieds
GRA

maden | G | C; | G | Ci | Cs | Cs
Aq 1 0 0 0 0 1
Az 0 1 0 1 0 1
As 1 0 0 0 0 1
Aq 0 1 1 1 0 1
As 0 1 0 1 0 1
As 0 1 0 1 0 0
Ar 0 0 1 0 0 1
As 1 1 1 1 1 1
Ao 0 0 0 0 0 0
A1o 0 0 0 0 0 0
A11 1 0 1 1 0 1
A1z 0 0 0 0 0 0
A1 0 1 0 0 0 0
A1 0 1 1 1 0 1

IA15197 4 wanan1susudeyaliidy
1INIFIUAIELTS GRA (Normalization by GRA)Y®Y
walulad Al(A - A Tild3unsUsduann
Ang 15 au Ty 6 nua

4.2.3. mMsAwanAdulszans S edumug (Grey
Relational Coefficient: GRC

AUANAUUTEANSITaduNUS Taeldaunis

a

7 3 pakandlum1s1en 5
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151990 6 LunSngn1sdndaulanuunlsinn
(%9)

4.2.4 n15as1unsngn1senaulawuunledinin
(Weighted Normalized Decision Matrix)

YN0 39U NU NV ILA ALLN U9 LI B LA
donnadNUAINAIA VB Az Lagly
a4un1sN 4

A15199 6 LunsnTnIsaraulanuuaiun

n9dan G G, G Cs Cs Cs
Ay 0.167 | 0.056 | 0.056 | 0.056 | 0.056 | 0.167
A 0.056 | 0.167 | 0.056 | 0.167 | 0.056 | 0.167
As 0.167 | 0.056 | 0.056 | 0.056 | 0.056 | 0.167
As 0.056 | 0.167 | 0.167 | 0.167 | 0.056 | 0.167
As 0.056 | 0.167 | 0.056 | 0.167 | 0.056 | 0.167
As 0.056 | 0.167 | 0.056 | 0.167 | 0.056 | 0.056
A 0.056 | 0.056 | 0.167 | 0.056 | 0.056 | 0.167

mudan G G Cs Cq Cs Cs
Ay 1.000 | 0.333 | 0.333 | 0.333 | 0.333 | 1.000 Maden G C G Cq Cs Cs
Az 0.333 1.000 | 0.333 1.000 | 0.333 1.000 Ag 0.167 | 0.167 0.167 | 0.167 | 0.167 | 0.167
As 1.000 | 0.333 | 0.333 | 0.333 | 0.333 1.000 Ay 0.056 | 0.056 0.056 | 0.056 | 0.056 | 0.056
Aq 0.333 1.000 1.000 1.000 | 0.333 1.000 Ao 0.056 | 0.056 0.056 | 0.056 | 0.056 | 0.056
As 0.333 1.000 | 0.333 1.000 | 0.333 1.000 An 0.167 | 0.056 0.167 | 0.167 | 0.056 | 0.167
As 0.333 | 1.000 | 0.333 | 1.000 | 0.333 | 0.333 A, 0.056 | 0.056 | 0.056 | 0.056 | 0.056 | 0.056
A7 0.333 | 0.333 | 1.000 | 0.333 | 0.333 | 1.000 Az 0.056 | 0.167 | 0.056 | 0.056 | 0.056 | 0.056
As 1.000 1.000 1.000 1.000 1.000 1.000 A1g 0.056 | 0.167 0.167 | 0.167 | 0.056 | 0.167
Ay 0.333 | 0.333 | 0.333 | 0.333 | 0.333 | 0.333
Ao 0.333 | 0.333 | 0.333 | 0.333 | 0.333 | 0.333 ° \
4.2.5 nsAueAn (Utility Score: S,)
A 1.000 | 0.333 1.000 1.000 | 0.333 1.000
Asz 0.333 | 0.333 | 0.333 | 0.333 | 0.333 | 0.333 ﬂo"]u’(]mﬂl’] Si ERT N LLmlagquLﬁaﬂ(ﬂng Y
r o035 | 1000 | 053 | 033 | 033 | 0333 mai’;mamz},muﬁ dsdwdnudilusdazinud
y 4 o 4
o o35 [ 100 1000 [ 1000 T035 [ 1000 Togldaun1sh 5 Aanslunisnem 6

4.2.6 N1SAIUIUAIAUN NS K waz K,
(Relative Utilities)

a a 1 = U
Wigulisu S, 199uaazn1daniu S, ves
a Aaa | al v q' 'Y}
madeninnanuazuenan lagldaunisn 6-7 fs
WAAIIUAISI9N 6

42.7 A1SATUIUAZLUY MARCOS (MARCOS
Score: f(K,))

UAIFUANS K waz K, w1AIuIMAzLUYY
MARCOS LaumIAINISINduAUBIUUTE U LDl

'
a [

Tnelgaunsy 8 Adwandlumisnan 6
4.2.8 NM3IaIAUNILEen (Ranking)

TARNAUNIILA BN SNUARTUAE b UY
(MARCOS: f(X,)) lngmudeniidazuuugeiian
WONINDUA VAR AauanIlUnTIN 6

Fszwa unNA warane, n1sUszendldinailn Hybrid GRA-MARCOS dmsumsinaulaidenimalulad iy vseavg

eI sy aN5n MNITHaAUAYN159AN U IR N TIY



. &

d Joumal of Engineering

and Industrial Technology

NINTIFNTIkazmAlulagana sy anningndeniwaus U9 3 atun 5 dugieu - aaiau 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 5 September — October 2025

UNAUIY (Research Article)

M99 6 NARTUIUAT S,

K' K, f(K,)uay

Rank
Alternatives | S; K' | K; | f(K;) | Rank
Aq 0.556 | 0.556 | 1.667 1.587 8
Az 0.667 | 0.667 | 2.000 2.667 5
Az 0.556 | 0.556 | 1.667 1.587 8
Aq 0.778 | 0.778 | 2.333 4.356 3
As 0.667 | 0.667 | 2.000 2.667 5
As 0.556 | 0.556 | 1.667 1.587 8
A7 0.556 | 0.556 | 1.667 1.587 8
As 1.000 | 1.000 | 3.000 12.000 1
Ag 0.333 | 0.333 | 1.000 0.444 13
A1 0.333 | 0.333 | 1.000 0.444 13
A11 0.778 | 0.778 | 2.333 4.356 3
Aiz 0.333 | 0.333 | 1.000 0.444 13
A1z 0.444 | 0.444 | 1.333 0.889 11
Aig 0.778 | 0.778 | 2.333 4.356 3

A151991 7 MsUSeuiieu MCDM Method

A15199 6 wansliiiuiunaila Hybrid GRA-
MARCOS @1315auenugzniadon Al fingay
Igogedaau Tnslanizdl oflvansinadifigos
Na1suITmiu nsldrdsziduszuon F(K,)
PIgALNDUANNALAATBIAAZNILEONLAR YW
ausnInsunuLaranaulalaegelinannisuay
WJ937y As aaslasunisiarsaduaiauusn
dwm¥unsldauaislugramnssy tiesand
mmamgaaﬁﬁﬂum’?qLwﬂﬁml,azmsaauﬁ’u As,
Aus, A Winzdnsuusundidesnisuszansam
TnaAee Ag uATTDIIN AR IUIVUTLUIUNS B
NTNYINT sf?umauqmﬁwﬁmaﬁwmmm S K
K, f(K,)%8% Rank tU58uLy 8y MCDM
Method srauanslun1sefl 7 wazwadwgnis
furAduUsEaNS anduwug (Correlation
Coefficient) fauandlunisndi 8

PSI Rank | MAUT | Rank GRG Rank | MARCOS | Rank | Hybrid Rank
Alternatives | Method Method Method Method GRA-
MARCOS
Ay 0.987 7 0.333 8 0.556 8 1.811 9 1.587 8
Az 1.022 5 0.500 5 0.667 5 2.025 6 2.667 5
As 0.987 7 0.333 8 0.556 8 1.811 9 1.587 8
Aq 1.060 3 0.667 3 0.778 3 2.262 4 4.356 3
As 1.022 5 0.500 5 0.667 5 2.025 6 2.667 5
As 0.986 9 0.333 8 0.556 8 1.811 9 1.587 8
A7 0.986 9 0.333 8 0.556 8 1.811 9 1.587 8
Ag 1.140 1 1.000 1 1.000 1 2.813 1 12.000 1
Ao 0.912 13 0.000 13 0.333 13 1.440 14 0.444 13

Fszwa unNA warane, n1sUszendldinailn Hybrid GRA-MARCOS dmsumsinaulaidenimalulad iy vseavg

eI sy aN5n MNITHaAUAYN159AN U IR N TIY

53



. . a = = o a ¢ aa o o o
d.EI'I' NINTIFNTIkazmAlulagana sy anningndeniwaus U9 3 atun 5 dugieu - aaiau 2568
bl

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 5 September — October 2025

Journal
and Industrial Technology

UNAU3IY (Research Article)

A15797 7 NsiSeuiieu MCOM Method (s19)

PSI Rank | MAUT | Rank GRG Rank | MARCOS | Rank | Hybrid Rank
Alternatives | Method Method Method Method GRA-
MARCOS
Ao 0.912 13 0.000 13 0.333 13 1.440 14 0.444 13
A1 1.062 2 0.667 3 0.778 3 2.262 4 4.356 3
A1z 0.912 13 0.000 13 0.333 13 1.440 14 0.444 13
A3 0.949 11 0.167 11 0.444 11 1.616 12 0.889 11
A1 1.060 3 0.667 3 0.778 3 2.262 4 4.356 3

1.000000

NPT NA 7 MU IULNIURAAWE NN 5

aa U a

5n1sandulanuunangnaet (MCDM) WuU3n Ag

0.999975

0.999950

lAsuguAY 121135 wansdaanumuzay

AIANDYNADAAADINY VAUEN Ag, Apy HAY Arg 191

q

0.999925

&

v v A

DUAUA D19 LY 99910118835 UI¥ D9AIU
ADAAA DIUDILUUINADY bUNIIATIAUT 1Y

NBABN Ag, Arp bag A, LTUAUAIZAINNNNTE

v = PR P2 - 0.999850
azvipuiaUsEanEAmMAI lun NN SUTEEY

-0.995825

Hybrid GRA-MARCOS  MARCOS

0.999800

~ v ¢ ° Y a £
M15194N 8 NAANTNITANUIUAIAUUTEA NS

ANEUNUS . .
= a I3
- SUN 2 AFNUTLEANTANEUNUS
Hybrid v
Method PSI MAUT GRG MARCOS GRA-
MARCOS
PSI 1 0.9998 | 0.9998 | 0.9998 0.9998 mﬂ'éjﬂ‘ﬂd 2 wansA1duUseans andunus
o 1 a a Q.glj a o 1 aaa
MAUT | 00908 | 1 ) ) . F¥1211995 MCDM 14 5 78 WU 1M NI58 4
o o & a % 1
are | o998 | 1 ) ) 09999 mmauwuﬁmeﬂiuiwqum Im{ﬂz
U [ s 1 1 = a =
VARCOS | 09998 | 1 ) . 09999 mmauwuﬁa&gﬁlpmﬂ 0.9998 919 1.0000 &<y
yord AxvaulNadnsAlaanLAazIsiANuanAA D
GRA- | 09998 | 0.9999 | 0.9999 | 09999 1 AUDYIITALIU LU ITIVANNITHAYT UADUNNST
MARCOS o 1 o U v} 6 o dyl S L%
ATUIUILHNNAY AIUAUNUTTLAUUBIYYUYTY

oA A o - Yoy
ANULTRNBLATAINIUAIYBINTSRENLYIENTS
Tasnsnilslunisadvayunisindulaluusun
\WIREAINNTTU
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5. afUseuazasUNa

HANSIT8AINAITUTEYNALTINATA Hybrid
GRA-MARCOS 1l aafuayun1sdndulaiden
walulad Tgygrusedud (A) fuduLiia
UsgdnSarnnisuaauaznisdnnistulssany
9naIvngsy nudnadedarusadadudy
madenlaegeluse@nsain lngRa15w1ann
naminsUszdiune 6 du leud Aty ns
WJeulan 1159119Us WA UTEUU ANLSAtUNNg
Uszanana ANNANAT Wz ostulunisly
UITINNTUTEUIAHATDYANI8TT GRA e
Fansiuteyadiliauysaluazliuiueu sy
n15UsIuLUU MARCOS TS suliisumiainy
TndiAssfumadongauninazyadeniiugiige
inlrlanadnsfidanudaeunazannsathlule
advayunsiaduladanaynslaase nanis
FAEIFUINANTT 6 TLiuq1 Maden Ag
(Gemini lng Google) taAzkuugIgalunnau
warlasunsdmsunulususu 1 e £(K,)
Windu 12,000 wanslfidiudaaulaaiausisly
AumAla ANAINITALUNITYININTT AL
AuAn wazmnudesiuangldanu Femslasunns
Narsaunduaiduwsnlunisdiluldlulsanu
QMANMNTTU NFUNINEBN Ag, Ay, WAE Asg Fadlan
f(K,) Wiy 4.356 wavdFususUT 3 waned
Anumnzanlusziugs a1 viuesAnsd
foan1sUsEaNSAINlnaLABeyU Ag wadUedninly
Frusulszanamsofoinisiadendidauaniy
F1u Maden A, uay As asl@susui 5 Sfnenw
Flusnunisideuldnuazn1sieusiusussuy
K23 mmz‘ﬁ'ﬂq’m Ao, Ao, BT Asy lé’é“mﬁ’wé’wq@
(Rank = 13) wansdsnumnzalunisldud
a7 g aluufunvesinms i 19 Usziiiu
A Ted azvouldiiudumaiia Hybrid GRA-
MARCOS @13150h8NLEZAITULANA 190D
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