T.C.

ORDU UNIVERSITESI
FEN BILIMLERI ENSTITUSU

SEZGISEL NEUTROSOPHIC ESNEK GRAFLAR

ONUR ZiHNi

DOKTORA TEZI
MATEMATIK ANABILIM DALI

ORDU2022



TEZ BILDIiRiMi

Tez yazim kurallarina uygun olarak hazirlanan ve kullanilan intihal tespit
programinin sonuglarina gore; bu tezin yazilmasinda bilimsel ahlak kurallarina
uyuldugunu, baskalarinin eserlerinden yararlanilmas1 durumunda bilimsel normlara
uygun olarak atifta bulunuldugunu, tezin igerdigi yenilik ve sonuglarin baska bir
yerden alinmadigini, kullanilan verilerde herhangi bir tahrifat yapilmadigini, tezin
herhangi bir kismimnin bu tiniversite veya baska bir tiniversitedeki baska bir tez

calismasi olarak sunulmadigini beyan ederim.

ONUR ZiHNIi

Bu ¢alisma Ordu Universitesi Bilimsel Arastirma Projeleri Koordinatorliigiiniin
B-1915 numaral projesi ile desteklenmistir.

Not: Bu tez de kullanilan 6zgiin ve baska kaynaktan yapilan bildirislerin, ¢izelge,
sekil ve fotograflarin kaynak gosterilmeden kullanimi, 5846 sayili Fikir ve Sanat

Eserleri Kanunundaki hiikiimlere tabidir.



OZET
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MATEMATIK ANABILIM DALI

DOKTORA TEZIi, 122 SAYFA

(TEZ DANISMANI: DOC. DR. YILDIRAY CELIK)

Cesitli alanlardan kaynaklanan belirsizligin tek bir matematiksel yaklasimla
ele almamayacagi acgiktir. Belirsizlik igeren problemlerin matematiksel olarak
modellenmesi ve buna gore ¢oziimlerin gelistirilmesi disiplinler arasi aragtirmalarin
en 6nemli konularindan biridir. Bu nedenle belirsizlik igeren problemlerin ¢6ziimii
icin bir ¢ok teori gelistirilmistir. Bunlardan bazilar1 bulanik kiime teorisi, sezgisel
bulanik kiime teorisi ve bulanik esnek kiime teorisidir. Ote yandan neutrosophic
kiime, eksik ve belirsiz bilgilerle basa ¢ikmak i¢in gelistirilmis yeni bir matematiksel
yaklasimdir. Neutrosophic kiime, sezgisel bulanik kiime teorisinin bir genellemesidir.
Neutrosophic kiimeler dogru, belirsizlik ve yanlis tiyelik fonksiyonlar: adi verilen iig
tyelik  fonksiyonu yardimiyla ifade edilir. Diger bulanik modeller ile
karsilastirildiginda, neutrosophic esnek modeler karmasik sistemler i¢in daha hassas
degerlendirme saglar.

Bir ¢ok farkli alanda karmasik problemlerin ¢éziimiinde kullanilan graf teori
Oonemli bir matematiksel aractir. Graflar, verilen kiimedeki elemanlar arasindaki
iliskiyi ortaya koymak igin kullanilir. Graf teori ve bulanik grafik teori sagladiklar
kolayliklar nedeniyle karmasik sistemlerin modellenmesinde birgok uygulama
bulmaktadir. Teorik bakis agisiyla degerlendirildiginde, graflar ozellikle esnek
kiimeler, bulanik esnek kiimeler, neutrosophic kiimeler, neutrosophic esnek kiimeler
olmak tizere farkli kiime yapilari iizerinde bir¢ok kez degerlendirilmistir.

Bu tez calismasi, graflarin ve sezgisel neutrosophic esnek kiimelerin bir
kombinasyonu olan sezgisel neutrosophic esnek graf kavrami ile tasarlanmistir. Bu
calisgmada biz sezgisel neutrosophic esnek graf kavramini veriyoruz, sezgisel
neutrosophic esnek graflar {izerinde bazi yeni islemleri tanitiyoruz ve bunlar1 sezgisel
neutrosophic esnek kiimeleri de kullanarak uygun orneklerle detaylandiriyoruz.
Ayrica verilen kavramlar araciligiyla sezgisel neutrosophic esnek graflarin bazi
dikkat ¢ekici ozelliklerini arastirryoruz. Ustelik, bir karar verme probleminde
sezgisel neutrosophic esnek graflarin uygulamasini tartistyoruz.

AnahtarKelimeler: Esnek Kiime, Neutrosophic Kiime, Sezgisel Neutrosophic
Esnek Kiime, Sezgisel Neutrosophic Graf, Sezgisel
Neutrosophic Esnek Graf



ABSTRACT
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It is celarly state that uncertainty arises from various areas cannot be captured
within a single mathematical approach. Mathematical modelling of problems with
uncertainty and development of solutions accordingly is one of the most important
issue in interdisciplinary research. For this reason, many theory have been developed
for solving problems involving uncertainty. Some of these are fuzzy set theory,
intuitionistic fuzzy set theory and fuzzy soft set theory. On the other hand, the
neutrosophic set is a new mathematical approach which is developed for dealing with
incomplete and indeterminate information. Neutrosophic set is a generalization of the
intuitionistic fuzzy set theory. The neutrosophic sets are expressed with the help of
three membership functions named truth, indeterminacy, and falsity membership
function. As compared to the other fuzzy models, the neutrosophic soft models
provide more sensitive evaluation for the complex systems.

Graph theory which is used to solve the complicated problems in many
differentfields is an important mathematical tool. Graphs are used to put forth a
relationship between elements in given set. Graph theory and fuzzy graph theory are
finding an many number of applications in modeling complicated systems because of
its provide conveniences. Theoretical point of view, graphs have been many times
evaluated on different set structures especially soft sets, fuzzy soft sets, neutrosophic
sets, neutrosophic soft sets etc.

This thesis work is designed with the concept of intuitionistic neutrosophic
soft graph structure which is a combination of graphs and intuitionistic neutrosophic
soft sets. In this study, we give the notion of intuitionistic neutrosophic soft graphs,
introduce some new operations on intuitionistic neutrosophic soft graphs and
elaborate them with suitable examples by using intuitionistic neutrosophic soft sets.
Also, we investigate some remarkable properties of intuitionistic neutrosophic soft
graphs via given concepts. Moreover, we discuss the application of the intuitionistic
neutrosophic soft graphs on a decision-making problem.

Keywords: Soft Set, Neutrosophic Set, Intuitionistic Neutrosophic Soft Set,
Intuitionistic Neutrosophic Graph, Intuitionistic Neutrosophic Soft
Graph
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1. GIRIS

Uzun bir seriivene yayilan bilim, kendisi gibi stirekli geligen farkli dallardan olusur. Bilim
dallarinin amaclarindan biri de degisen ya da degisecek olan yasam sartlar: sonucu olugan
ihtiyaclara cevap verebilmektir. Bu degisime paralel olarak bir¢ok problemde ayni hizla
ilerlemektedir. Biitiin bilim dallarim1 ortak bir ihtiyac paydasinda toplamaya kalkarsak
bu paydanin adi giinliik yagam olur. Hepimiz giinliik hayatimizda sayisiz karar verme
problemiyle karsilagiriz. Bu tip problemlere c¢oziim iireten bilimin evrensel dili
matematiktir. En dogru ¢oziimii bulabilmek icin bizleri en dogru karara gotiiren diigiinme

bicimi de matematiksel modellemelerdir.

Iktisadi bilimler, mithendisligin cesitli dallar1 ve iklim bilimi gibi bir ¢ok saha,
aragtirmalarini devam ettirebilmek icin dil bilimsel degerleri ve belirsiz durumlar
matematiksel modellemeye ihtiyac duyarlar. Ik kez 1965 yilinda Zadeh tarafindan
tanimlanan bulanik kiime kavrami bu amacla ortaya atilmigtir. Klasik kiimelerde eleman-
larin tiyelik degerleri iki degerli sarta bagh olarak 0 ve 1 ile ifade edilirdi. Klasik kiimeleri
kabaca ifade etmek gerekirse bir kiime igerisinde bir elemanin varlik - yokluk durumunu
ifade etmeye yarayan kiime tipidir. Buna kargin kiimedeki elemanlarin iiyeliginin dereceli
olarak degerlendirilmesini saglayan kiime ise bulanik kiimedir. Bu degerlendirmeyi tiyelik
fonksiyonu yardimu ile yapar. Bulanik kiime, evrensel kiimedeki elemanlar [0, 1] araligina
gotiiren bir tiyelik fonksiyonu yardimi ile karakterize edilir. Bulanik kiimeler, bilgilerin
yetersiz oldugu ya da kesin olmadigi biyoinformatik gibi cesitli alanlarda kullanilabilir.
Zadeh in ardindan Bellman 1970 de bulanik kiimeleri karar verme problemlerine uygu-
ladi. 1985 de Maiers ve Sherif bulanik kiimeler iizerine yaptiklar1 farkli uygulamalar:
yaymladilar. 1996 yilinda Zadeh bulanik kiimeleri modelleme de ve kiime analizinde
kullandi. 1996 da Young bulanik alt kiime kavramini ortaya koydu. 1998 de Yao bulanik
kiimeler ile kaba kiimelerin kargilagtirilmasini yapti. 1999 yilinda Chiang ve Lin bulanik
kiimeler tizerinde korelasyon incelemesi yapilabilecegini gosterdiler. 2002 de de Ramot ve

ark. karmagik bulanik kiimeleri tanimladilar.

1986 yilinda bulanik kiime kavramindan yola ¢ikan Atanassov sezgisel bulanik kiime
kavramini, bulanik kiimenin genellestirilmig bir versiyonu olarak ortaya atmigtir. Sezgisel

bulanik kiime kavrami, belirsizligi bulanik kiimeyle tanimlamak i¢in mevcut bilgi yeterli



olmadiginda alternatif bir yaklagim olarak goriilebilir. Sezgisel bulanik kiimelerde bir
elemanin iiye olma derecesinin yani sira liye olmama derecesi de dikkate alinir. 1996 da
Bustince ve Burillo sezgisel bulanik kiimeler ile bulanik kiimelerin ortiigtiigiini gosterdiler.
2001 yilinda De ve ark. tip tamsinda bir takim uygulamalar geligtirirken yine 2001
de Szmidt ve Kacprzyk bu kiimeler tizerinde hem entropi kavramini incelediler hem de
caligmalarinda tibbi uygulamalara yer verdiler. 2006 yilina gelindiginde Xu ve Yager

sezgisel bulanik kiimeler tizerinde geometrik operatorler tamimladilar.

Bulanik kiimeler ve sezgisel bulanik kiimeler iiyelik ve iiye olmama fonksiyonlar: ile
aciklanmasina karsin belirsiz iiyelik fonksiyonu ele alinmamistir. Buna ¢oziim getirmek
isteyen Smarandache 2005 yilinda neutrosophic kiimeleri tanitti. Ayni yil neutrosophic
kiimelerde bir takim uygulamalar barindiran caligmasini yayimladi. Neutrosophic kiimeyi,
bos neutrosophic kiimeyi, evrensel neutrosophic kiimeyi ve neutrosophic kiime iglemlerini
belirsizlik derecesinin durumlarina gore tanimladi. 2013 de Zhang ve ark. aralik degerli
neutrosophic kiimelerin uygulamalar: iizerinde farkli bakig agilar1 gelistirdi. Majumdar
2015 yihinda aralik degerli neutrosophic kiimelerin karar verme problemlerindeki
uygulamalar: ile ilgili caligmasini yayimnladi. 2016 da Karatas ve Kuru neutrosophic
kiimeler iizerinde alt kiime, esit kiime, birlesim, arakesit ve tiimleyen kavramlarini

tanimlamiglardir.

Belirsizlige farkli bir bakig acis1 olan esnek kiime teorisi 1999 yilinda Molodtsov tarafindan
ortaya atildi. Parametreli bir kiime ailesi olan esnek kiimeler genig bir uygulama alanina
sahiptir. 2006 yilinda Molodtsov ve ark. esnek kiimelerin bir uygulamasini
degerlendirmiglerdir. 2007 yilina Aktag ve Cagman esnek gruplar1 ve bu gruplarin bir
takim ozelliklerini incelemisglerdir. 2002 yilinda Maji ve Roy esnek kiimeleri karar verme
problemlerine uygulamiglardir. 2008 yilinda neutrosophic kiimelerde benzerlik oOlctisii
Majumdar ve Samanta tarafindan tanimlanmigtir. Yine 2008 de Zou ve Xiao veri analizi
i¢gin esnek kiimelerden faydalanmiglardir. 2010 da Acar ve ark. esnek halka kavramini
ortaya koymuglardir. 2011 yilinda Sezgin ve Atagiin esnek kiimelerde bir takim yeni

uygulamalar yayimlamiglardir.

2013 yilinda Maji esnek kiimeler ile neutrosophic kiimeleri iligkilendirerek neutrosophic

esnek kiime kavramini ortaya atmistir ve bu yeni kavramin ozelliklerini incelemistir.



Ayrica, bir¢ok arastirmaci neutrosophic kiimeler tizerinde ¢aligmigtir. Yine 2013 yilinda
Broumi genellegtirilmis neutrosophic esnek kiimelerle caligarak bu
kiimeleri karar verme problemlerinde kullanmigtir. Ayrica Deli ve Broumi 2015 de
neutrosophic esnek matris kavramini ele almiglardir. Bera ve Mahapatra 2015 ve 2016
yillarinda neutrosophic esnek fonksiyonlar ve gruplar tizerine calismalar yapmislardir.
Ulugay ve ark. 2018 de genellestirilmis neutrosophic esnek kiimeleri tanimlayip karar

verme problemlerine uygulamiglardir.

2009 ve 2010 yillarinda Bhowmik ve Madhumangal sezgisel neutrosophic kiime kavramini
tanimlamiglar ve ilgili 6zellikleri incelemiglerdir. Ayrica sezgisel neutrosophic kiimelerin,
neutrosophic kiimelerin 6zel bir hali oldugunu gostermislerdir. 2013 yilinda Broumi ve
Smarandache sezgisel neutrosophic esnek kiimeler tizerinde gesitli ¢caligmalar yapmiglardir.
2021 yilinda Debnath sezgisel neutrosophic esnek kiimeleri oyun teorisinde kullanarak

farkli uygulama alanlar1 kesfetmistir.

Graf teori, 1736 yilinda Isvicreli matematikci Leonhard Euler tarafindan cahsilarak bilim
diinyasina kazandirilmigtir. Graf Teorinin kokeni Euler’in ” Koningsberg in Yedi Kopriisit”
( Die Sieben Briicken von Koningsberg ) problemi iizerindeki galigmasini temel alarak
yayimladigi makalesine dayanir. Hikayeye gore kasaba, iginden gecen Pregel nehrinde
bulunan Kneigh adacigi ile ikiye ayrilir. Nehrin tizerindeki yedi koprii sehrin dort pargasini
birbirine baglar. Kasabanin farkli noktalarindan hareket eden kasabalilar yedi kopriiyi
birer defa gecip baslangic noktasina geri donmeyi dener ancak hi¢ kimse bunu bagaramasz.
Kentte bliylik merak uyandiran bu problem iinlii matematik¢i Leonhard Euler in ilgisini

ceker ve graf teorinin temelleri atilir.

Graf teori, giinliik hayatta kargilagilan bircok problemi mantik cercevesinde kurdugu
iligkiler ile ¢ozen bir ag yapisidir. Temel bilimlerde problemi ¢izim yoluyla gorsellestiren,
yol giizergahlarinda navigasyonun gelistirilmesini saglayan ve miihendisligin cesitli
dallarinda devreler ve aglar ile kolaylik saglayan matematiksel bir aragtir. Kullanim
alanlarindan bazilarini yukarida belirtigim graf teori koseler ve bu koseleri birbirine
baglayan kenarlardan olusan gelismis bir ag yapisidir. 1959 da graflarin olasiliktaki
uygulamalar1 Erdos tarafindan yayinlandi. 1990 yilinda Leeuwen graf algorimalarini ve

2007 de de Schaeffer graf kiimelerini tanimlamiglardir.



Genig bir bilimsel alanin temelini atan Fuler’in ¢aligmalarimi takiben 1975 de Rosenfeld
bulanik graf kavramini ortaya atip diigiinme stirecleri tizerinde degerlendirmeler yapmistir.
1987 de Bhattacharya, 1994 de Mordeson ve Peng bulanik graflar iizerine bazi yeni
ozellikler tamimlamiglardir. 1975 yilinda Yeh ve Bang, 2008 yilinda iselmrich ve ark.

graflarla alakali farkli ¢caligmalar yayinlamiglardir.

2014 yilina gelindiginde Thumbakara ve George c¢aligmalarinda esnek graflardan
faydalanarak bu yapiya bircok yeni ozellik kazandirmiglardir. Bunlardan bazilar1 esnek
alt graf, esnek graf homomorfizmasi ve esnek tam grafdir. 2015 de Akram ve Nawaz esnek

graflar iizerinde bir takim yeni cebirsel iglemler tanimlamiglardir.

Kandasamy ve ark. 2015 yilinda neutrosophic graf kavramini tanimlamiglar ve bu kavrama
ait ozellikleri incelemislerdir. 2016 da Broumi ve ark. neutrosophic graflarin tiimleyeni
kavramini vermiglerdir. 2019 da Mullai ve ark. giiclii neutrosophic graflar1 tanimlayip,
izomorfizm ve homomorfizm yapilarini incelemiglerdir.  Yine 2019 yilinda Sahin
neutrosophic graflarin uygulamalarini ele almistir. 2016 da Akram ve Shahzadi
neutrosophic esnek kiimeler ile graf yapisini birlestirerek, yeni bir yapi olarak neutrosophic
esnek graf yapisini ortaya koymuslardir ve bu yeni yapi iizerinde bir takim
uygulamalar1 incelemiglerdir. Shah ve Hussain (2016) ile Celik (2020) neutrosophic
esnek graflar tizerinde baz1 ozellikler tanimlamiglardir. 2017 de Akram ve Sitara sezgisel
neutrosophic graf kavramini tanimlamiglar, temel 6zelliklerini incelemisler ve karar verme

problemleri iizerindeki uygulamalarini degerlendirmiglerdir.

U¢ boliimden olusan bu tezin birinei boliimiinde, bulank kiime, neutrosophic kiime, esnek
kiime, neutrosophic esnek kiime, graf, esnek graf, neutrosophic graf ve neutrosophic esnek

graf kavramlar1 verilerek bunlara ait temel 6zelliklerden bahsedilmistir.

Ikinci boliimde, sezgisel neutrosophic kiime kavramini verilerek bu kavrama ait ozellikler
aragtirilmigtir. Daha sonra sezgisel neutrosophic kiimeler graflar ile birlikte ele alinarak,
sezgisel neutrosophic graf yapisi tanimlanmigtir. Ayrica bu yapiya ait bazi temel 6zellikler

verilerek sonuclar1 arasindaki iligkiler degerlendirilmigtir.

Uglinci bolimde, sezgisel neutrosophic esnek kiime kavrami verilerek bu kavrama ait

ozellikler arastirilmigstir. Daha sonra sezgisel neutrosophic esnek kiimeler graflar ile



birlikte ele alinarak, sezgisel neutrosophic esnek graf yapisi tanimlanmistir. Ayrica bu yeni
yapiya ait bazi temel ozellikler verilerek sonuclar1 arasindaki iligkiler degerlendirilmistir.
Ustelik sezgisel neutrosophic esnek graflarin karar verme problemlerinde uygulamas: da
incelenmigtir. Bu sekilde sezgisel neutrosophic esnek graflarin teorik bir yapi iizerine inga

edilen uygulamali bir yap1 oldugu gosterilmistir.



2. TEMEL KAVRAMLAR

2.1 Bulanik Kiime, Sezgisel Bulanik Kiime, Neutrosophic Kiime,
Esnek Kiime, Neutrosophic Esnek Kiime

Tamim 2.1.1 (Zadeh, 1965) X # ( bir kiime olsun. x : X — [0,1] doniigtimi ile
gosterilen ve p = {(m, wz)):xe X, u(x)elo, 1]} ile ifade edilen kiimeye bulanik kiime

denir. Ayrica X {izerinde tanmimlanan tiim bulanik kiimelerin ailesi F'(X) ile gosterilir.

Tanim 2.1.2 (Zadeh, 1965) p,v € F(X) olsun. Her z € X icin p(x) < v(x) ise v ye p
yil kapsiyor denir ve p < v ile gosterilir. (uV v)(z) = p(z) V v(z)=max{u(x),v(x)} ve
(uAv)(z) = p(r) Av(z)=min{u(z),v(x)} seklinde tammh bulanik alt kiimelere sirasiyla

(4 ve v niin birlegimi ve arakesiti denir.

Tamim 2.1.3 (Atanassov, 1986) X # () bir kiime olsun. A sezgisel bulamk kiimesi
A= {<x,uA(x),0A(x)> L x € X} seklinde ifade edilir. Buradan ps : X — [0,1] ve
o4 @ X — [0,1] doniigiimleri ile tanimh ve her z € X igin 0 < pa(x) + oa(z) < 1
kogulunu saglayan fonksiyonlardir. g4 ve 04 foksiyonlarima sirasiyla tiyelik fonksiyonu ve

tiye olmama fonksiyonu denir.

Tanmim 2.1.4 (Smarandache, 2005) X # 0 bir kiime olsun. Ay neutrosophic kiimesi
Ap = {(:C,TAN (@), La (), Fap () : @ € X} seklinde ifade edilir. Buradan Tay, La., Fi,
X7 den |70, 1*[ tanimh ve her z € X i¢in ~0 < Ty (x) + a,(x) + Fa,(z) < 3" kogulunu
gercekleyen fonksiyonlardir. X de tanimlanan biitiin neutrosophic kiimelerin ailesi R(X)
ile gosterilir. Tezimizde standart uygulama olan [0, 1] kafesi kullamlacaktir. Burada
T4y, La,ve Fa, swrasiyla tiyelik fonksiyonu, belirsiz iiyelik fonksiyonu ve iiye olmama

fonksiyonudur.

Tanim 2.1.5 (Karatag ve Kuru, 2016) Ax,Bx € X(X) olsun. Her z € X i¢in
Ty () < Tp(x), Iay(x) > Ip(x) ve Fa(x) > Fp,(x) sartim saghyorsa Ay, By nin

neutrosophic alt kiimesidir. Bu durum Ay Cyx By notasyonu ile ifade edilir.

Tamim 2.1.6 (Molodtsov, 1999) X bir evrensel kiime, E # @ ve A C FE olsun.
F: A — P(X) doniigiimiiyle gosterilen (F, A) ikilisi X de bir esnek kiimedir.



Tanim 2.1.7 (Molodtsov, 1999) (F, A) ve (G, B) birer esnek kiime olsun. Eger A C B
ve her e € A igin F(e) C G(e) sartlarin saghyorsa (F, A) ya (G, B) nin esnek alt kiimesi

denir.

Tanim 2.1.8 (Maji, 2013) X bir evrensel kiime olmak tizere R(X), X iizerindeki biitiin
neutrosophic kiimelerin bir ailesi, E kiimesi de X in elemanlarini niteleyen
parametrelerden olugsan bir kiime ve A C F olsun. F : A — X(X) doniigiimi ile
verilen (F, A) ikilisine X {izerinde bir neutrosophic esnek kiime denir. Bir neutrosophic es-
nek kiime parametre kiimesini X {izerindeki tiim neutrosophic kiimelerden olusan
aileye gotiiren bir doniigtimdiir ve bu dontigiim X evrensel kiimesinin neutrosophic alt
kiimelerinin parametrelestirilmig bir ailesidir. Ayrica e € A igin F(e) goriintii kiimesi

(F, A) neutrosophic esnek kiimesinin e-yaklagimh elemanlarinin kiimesidir.

Tanim 2.1.9 (Maji, 2013) (F,A),(G,B) € R(X) olsun. Eger A C B ve her e € A
ve v € X igin TF(e)(:B) < Tg(e)(ﬂf), IF(e)($) > Ig(e)(:v), FF(e)(:lj) > Fg(e)(fﬁ) sartlari
saglaniyorsa (F, A) ya (G, B) nin alt kiimesi denir. Bu durum (F,A) Cyx (G, B) ile

gosterilir.

2.2 Graf, Neutrosophic Graf, Esnek Graf, Neutrosophic Esnek
Graf

Tamim 2.2.1 (Vasudev, 2006) G* grafi kége ogeleri V' = {vy,vq,...,v,} olan ve kenar
ogeleri E = {ey, eq,...,e,} olan kiimelerden meydana gelerek G* = (V, E) ile ifade edilir.
Eger u ve v koseleri ile olugturulmus bir e kenar1 G* grafina ait ise u ve v kdseleri bu
kenar1 birlegtiryor (baglantili) denir ve e = wv ile gosterilir. Higbir kose ile birlesmeyen

(baglantili olmayan) bir kdge varsa o kdseye ayrik koge denir.

Tanim 2.2.2 (Vasudev, 2006) Herhangi bir grafta iki kdseyi birlegtiren birden ¢ok kenar
oldugunda bu kenarlara coklu kenar denir. Icinde coklu kenar barmdiran graflara da
goklu graf denir. Coklu kenar barindirmayan graflara basit graf denir. G* grafinin alt
graf tanimi, tiim elemanlar1 G* tarafindan kapsanmig graf olarak verilir.

Bu tez galigmas1 boyunca basit graflar G* = (V, E) ile gosterilecektir.



Tanim 2.2.3 (Imrich ve ark., 2008) G} = (V4, Ey) ve G5 = (V4, Es) iki basit graf olsun.
G7 ve G5 1 kartezyen carpimi ve bilegkesi sirasiyla agagidaki gibi tanimlanir.

G* = (Vi x Vo, E = {(uvy,uvg) | u € Vi, vyvg € Ex} U {(ugv,ugv | v € Vo, ujug € E1})
G* = (Vi x Vo, E = {(uvy,uvy) | u € Vi, vivg € Eo} U {(uv,ugv) | v € Vo, uqgus €
E1} U {(uqv1, ugve) | ugug € Ey, vy # va})

Tanim 2.2.4 (Sahin, 2019) G* = (V, E) bir basit graf olsun. G* {izerinde tanimlh bir
Gy = (G*, Ay, By) neutrosophic grafi agagidaki kogullar: saglayan bir graftir.

i. Ay, V lizerinde bir neutrosophic kiime olsun. Ty, 14, ve Fa, swrasiyla v; € V igin
Ay kiimesinde tiyelik, belirsiz iiyelik ve iiye olmama fonksiyonlarini temsil eder ve her

v, eV (i=1,2,...,n)igin 0 < T, (v;) + La, (v;) + Fa,(v;) < 3 durumu gergeklenir.

it. By, E tizerinde bir neutrosophic kiime olsun. T, Ip, ve Fp, sirasiyla v;v; € E i¢in
By kiimesinde tiye olma, belirsiz iiyelik ve iiye olmama fonksiyonlarini temsil eder ve
her vv; € E (4,5 =1,2,...,n) i¢cin 0 < T (v;v;) + Ip, (vivj) + Fp, (vv;) < 3 durumu

gerceklenir.

iii. Gy = (G*, Ay, By) nin koge noktalarinin ve kenarlarimin iyelik degerleri arasinda her

v;v; € ' icin

Tp, (vivy) < min{Ta,(vi), Tay(v5)}
I, (viv;) > maz{la,(vi), La,(v;)}
Fp,(vivj) > max{Fa,(vi), Fay(v)}

esitsizlikleri verilir.

Tanim 2.2.5 (Broumi ve ark., 2016) Gy = (G*, Ay, Bx) bir neutrosophic graf olmak

tzere her v;,v; € V icin;

Tpy (vivy) = min{Ta, (v), Ta, (v;) }
I, (vivy) = max{la,(vi), L, (v;)}

Fp, (viv;) = max{Fa,(vi), Fa,(v))}

sartlar1 saglanirsa Gy ye tam neutrosophic graf denir.



Tanim 2.2.6 (Mullai ve ark., 2019) Gy = (G*, Ay, By) bir neutrosophic graf olmak tizere

her v;v; € E icin;

Ty (viv) = man{Ta (vi), Tay (v;) }
[BN (Uivj> = ma’x{IAu (Ui)v IAN (Uj)}

FB& (Uivj> = maﬁ{FAN (Ui)7 FA& (Uj)}

sartlar1 saglanirsa Gy ye giiclii neutrosophic graf denir.

Tanmim 2.2.7 (Broumi ve ark., 2016) Gy = (G*, Ax, Bx), G* = (V, E) da bir neutrosophic
graf olsun. Gy grafinin tiimleyeni Gy = (G*, Ay, By) seklinde gosterilen ve asagidaki

kosullar1 saglayan bir neutrosophic graftir.

i. Her v; € V icin TAN (v;) = Tay (v4), I_AN (v;) = La,(vy), FAN (v;) = Fau(v;)
ii. Her (v;,v;) € E igin
Ty (viv;) = min{Ta,(v;), Ta, (v;)} — Ty (viv;)

Ip, (viv;) = maz{la,(vi), Ly (v5)} = Ip, (viv;)
Fp, (vivj) = max{Fa,(vi), Fa, (v;)} = Fp, (viv;)

Tanim 2.2.8 (Akram ve Nawaz, 2015) Eger bir G = (G*, F, K, A) dortlisii agagidaki

sartlar1 saglarsa, bu G yapisina bir esnek graf denir.

i. A # () parametre kiimesi

ii. (F,A) kilmesi V {izerinde her z € A igin  F(z) = {y € V|zRy} seklinde tammh

bir esnek kiimedir.

iii. (K, A) kiimesi £ tizerinde her x € Aigin = K(x) = {uv € E'|{u,v} C F(x)} seklinde

tanimh bir esnek kiimedir.
iv. Her e € A igin H(e) = (F(e), K(e)) G* = (V, E) grafinn bir alt grafidir.

G = (G*, F, K, A) esnek grafi G = (F, K, A) olarak da yazlabilir.



Tanim 2.2.9 (Akram ve Nawaz, 2015) G = (F, K, A) ve G’ = (F',K',B), G* = (V,E)
lizeinde birer esnek graf olarak verilsin. Eger A C B ve her x+ € A igin
H(z) = (F(z),K(z)), H'(z) = (F'(x), K'(z)) in alt graf olma sartlar saglanirsa G ye

G’ niin esnek alt grafi denir.

Ornek 2.2.1 (Akram ve Nawaz, 2015) Sekil 2.1 de verilen G* = (V, E) basit grafim ele

alalim.

n m

Sekil 2.1: G* = (V, E) basit grafi

A = {k,m,n} C V parametre kiimesi olsun. F : A — P(V) ile verilen (F, A) esnek
kiimesi her x € A i¢gin F(z) = {y € V |tRy <= d(x,y) = 1} seklinde tanimlansin.
F(k) ={l,p}, F(m) ={l,n,p} ve F(n) = {l,m,p} oldugu kolaylikla goriiliir.

K : A — P(FE) ile verilen (K, A) esnek kiimesi her z € A i¢in K(z) = {uww € E |{u,v} C
F(z)} seklinde tanmimlansm. Buradan K (k) = 0, K(m) = {in,np}, K(n) = {lm,mp}
bulunur. G* 1n alt graflari her # € A i¢in H(x) = (F(z), K(z)) seklinde olup her z € A =
{kym, ) icin H(k) = (F(k), K(k)), H(m) = (F(m), K(m)) ve H(n) = (F(n), K(n))
G* = (V, E) basit grafinin alt graflaridir.

D [ ,
[} ® P [ P l
n m
H(k) alt grafi H(m) alt grafi H(n) alt graf

Sekil 2.2: H(k), H(m) ve H(n) alt graflar

Agikca G = {H(k), H(k), H(n)} kiimesinin G* = (V, F) da bir esnek graf oldugu goriiliir.
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Cizelge 2.1: G esnek grafi

AV k|l |m|n|p
k 0/1]0 |01
m 0j1(0 |1]1
n 0Oj1(1 |01

A/E |kl | lm | mn | np | pk | In | mp
k 010 0 0O |0 |0 |0
m 010 0 1 0 |1 1]0
n 0|1 0 0O [0 |0 |1

Tanim 2.2.10 (Celik, 2020) G* = (V, E) basit graf olsun. Eger bir Gy = (G*,a, 3, A)

graf agagida verilen kosullar saglarsa, bu Gy grafina bir neutrosophic esnek graf denir.

i. o, V iizerinde her z € V i¢in afe) = . = {(z, T, (2), 1o, (x), Fo (2)) | © € V}

seklinde tanimli bir neutrosophic esnek kiimedir.

ii. 8, E iizerinde her zy € E icin B(e) = 8. = {(zy, Ts.(wy), Is.(zy), Fs.(zy)) | zy € E}

seklinde tanimli bir neutrosophic esnek kiimedir.

iti. Her xy € E ve her e € A i¢in agagida verilen durumlar gergeklenir.
T/Be (‘ry) S min{TC‘fc ('T)7 Tac (y)}

Is. (wy) > maz{la, (), Lo, (y)}

Fs.(zy) > maz{Fy, (), Fo.(y)}

Bir Gy neutrosophic esnek grafi neutrosophic graflarm parametrelestirilmis bir ailesidir.

Ornek 2.2.2 A = {e,e;,e3} parametre kiimesi ve V = {21, x5, 23} koge elemanlarmin
kiimesi ile verilen G* = (V,FE) basit grafindan faydalanalm. G* da bir Gy
neutrosophic esnek grafi cizelge 2.2 deki gibi verilsin. Burada her x;z; € E\{z122, xox3, x123}

ve her e € A igin Tp, (x;z;) = 0, I (v;2;) = 0, Fg (v;x;) = 1 dir.
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Cizelge 2.2: G neutrosophic esnek grafi

(0 I To XT3

ey | (0.6,0.6,0.4) | (0.5,0.6,0.7) | (0,1,1)
es | (0.1,0.6,0.7) | (0.2,0.4,0.5) | (0.4,0.5,0.6)
es | (0.1,0.3,0.6) | (0.2,0.2,0.3) | (0.3,0.6,0.8)
3 (351952) (952563) («751$3)
e1 (0.3,0.7,0.7) (0,1,1) (0,1,1)
ez | (0.1,0.8,0.9) (0,1,1) (0.1,0.8,0.8)
es | (0.1,0.3,0.6) | (0.1,0.8,0.9) | (0.1,0.7,0.9)

(0.3,0.7,0.7)

(0.6,0.6,0.4)

Sekil 2.3: e; parametresine kargilik gelen RN(ej) neutrosophic grafi

(0.1,0.8,0.9)

(0.1,0.6,0.7) (0.2,0.4,0.5)

(0.1,0.8,0.8)

(0.4,0.5,0.6)

T3

Sekil 2.4: e, parametresine kargilik gelen R(es) neutrosophic grafi

(0.1,0.3,0.6)

(0.1,0.3,0.6) (0.2,0.2,0.3)

(0.1,0.8,0.9)

(0.1,0.7,0.9)

(0.3,0.6,0.8)

T3

Sekil 2.5: e3 parametresine karsilik gelen R(e3) neutrosophic grafi
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Tamm 2.2.11 (Celik, 2020) Gy = (G*,a,3,A) ve G'x = (G*,o/,f,B) birer

neutrosophic esnek graf olarak verilsin. Gy, G’y nin neutrosophic esnek alt grafidir. <=

. ACB

i. o C al; here € Aicin T, () < Tor (), Lo, (2) > Lo (), Fo(x) > For ()

iwi. fe C Bi; her e € A ve vy € E icin Ty, (vy) < Tp(xy), Is.(vy) > Ig(zy),
Fs.(wy) = Fy (vy)

Ornek 2.2.3 Ornek 2.2.2 de ki Gy neutrosophic esnek grafin1 goz oniine alalim. Simdi

baska bir G’y neutrosophic esnek graf cizelge 2.3 deki gibi verilsin.

Cizelge 2.3: Gy neutrosophic esnek grafi
o I i) XT3

e1 | (0.2,0.7,0.6) | (0.3,0.7,0.9) (0,1,1)
ey | (0.1,0.8,0.9) | (0.1,0.6,0.8) | (0.2,0.7,0.8)
g (21, 72) (22, 73) (z1,73)
e1 | (0.2,0.7,0.9) (0,1,1) (0,1,1)
es | (0.1,0.8,0.9) (0,1,1) (0.1,0.8,0.9)

(0.2,0.7,0.9)

(0.2,0.7,0.6) (0.3,0.7,0.9)

Sekil 2.6: e; parametresine karsilik gelen RN(ej) neutrosophic grafi

(0.1,0.8,0.9)

(0.1,0.8,0.9) (0.1,0.6,0.8)

(0.1,0.8,0.9)

(0.2,0.7,0.8)

T3

Sekil 2.7: ey parametresine karsilik gelen R(e2) neutrosophic grafi

Acikca G’y neutrosophic esnek grafi Gy neutrosophic esnek grafinmn bir alt grafidir.
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Tamm 2.2.12 (Celik, 2020) Gy = (G*,a, 3, A) ve G’y = (G*, o/, (', B), G* = (V,E)
da birer neutrosophic esnek graf olarak verilsin. Gy ve G’y niin genigletilmis birlesimi
GrJG'x = (G*,a", 8", AU B) seklinde tammlanir. Gy |J G’y nin koselerini gésteren
o+ C — X(V) dontigimiiniin T, I ve F {iyelik degerleri her e € C ve x € V igin
agagidaki egitlikler yardimiyla hesaplanir.

T, (2) e € A\B

Tor(z) = § Tor () e € B\A
max{T,, (), Ty (x)} ec ANDB

I, (x) ee€ A\B
Ia/e/(l’) = ]a/e (LL’) e c B\A
(min{ly, (2),lv(2)} e€ ANB

F,.(x) e € A\B
Fo/e/(l’) = Fa/e(ZL’) e c B\A
(min{ Fy, (7), For(2)} e€ ANDB

Gy |J G’y nin kenarlarmi gosteren 5" : C' — R(E) doniigiimiiniin 7', I ve F iiyelik degerleri
her e € C' ve x € V i¢in agagidaki egitlikler yardimiyla hesaplanir.
Ts, (zy) ec A\B
T/g(/j/ (l‘y) = Tﬁé (l’y) e c B\A
maz{Tps, (zy), Ts (vy)} e€ ANDB

Is,(zy) e e A\B
Iﬁg(l‘y) = ]&(IL’?J) e & B\A
min{lg, (zy), s (zy)} e€ ANB

Ts. (zy) e € A\B
Fgg(:vy) = T/;/E (xy) e & B\A
min{ls, (zy), Ig,(xy)} e€ ANB

Ornek 2.2.4 V = {x1, 9, 23, 24,25} ve E = {x124, 2324, 123, ToT3, ToTs5, T35} ile
verilen G* = (V, E) basit grafin1 ele alahm. A = {ey, €9, e3} bir parametre kiimesi olmak
tizere z;x; € E\{(z124), (z324), (x123)} icin Tp, (xiz;) = 0, Ig (v;z;) = 0, Fp, (z,25) =1
kosulunu saglayan bir Gy = (G*,a, 3, A) neutrosophic esnek grafi cizelge 2.4 deki gibi
verilsin.
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Cizelge 2.4: Gy neutrosophic esnek grafi

(0 I T3 Ty

er | (0.2,0.3,0.4) | (0.3,0.4,0.5) | (0.3,0.6,0.8)
ez | (0.2,0.4,0.8) | (0.5,0.7,0.8) | (0.2,0.3,0.4)
es | (0.6,0.7,0.8) | (0.7,0.8,0.8) | (0.4,0.5,0.7)
B (7174) (z374) (z173)
e1 | (0.1,0.7,0.8) | (0.1,0.8,0.8) | (0.1,0.9,0.8)
es | (0.2,0.5,0.8) | (0.3,0.8,0.9) | (0.1,0.6,0.8)
es | (0.2,0.7,0.8) | (0.2,0.8,0.9) | (0.2,0.9,1.0)

Burada x5 ve x5 koseleri, bog neutrosphic esnek kiime olarak alindigindan olusturacagi

To3,ToTs Ve x3x5 Kenarlarl da yine bog neutrosphic esnek kiimelerdir.

Sekil 2.8: e; parametresine karsilik gelen R(e;) neutrosophic grafi

Sekil 2.9: e; parametresine karsilik gelen RN(es) neutrosophic grafi

T

(0.1,0.9,0.8)

(0.2,0.4,0.8)

(0.1,0.6,0.8)

(0.1,0.7,0.8)

(0.3,0.4,0.5)

(0.2,0.5,0.8)

T3

T3
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(0.3,0.6,0.8)

(0.2,0.3,0.4)

Ty

(0.1,0.8,0.8)

Ty

(0.3,0.8,0.9)




(0.2,0.7,0.8)

(0.6,0.7,0.8) (0.4,0.5,0.7)

(0.2,0.9,1.0) (0.2,0.8,0.9)

(0.7,0.8,0.8)

T3

Sekil 2.10: e3 parametresine kargilik gelen R(e3) neutrosophic grafi

Simdi B = {eq,e4} parametre kiimesini ele alahm. G* = (V| E) basit grafi lizerinde
zix; € E\{zows, v375, xows5} icin Tp, (v,x5) = 0, I, (z;x5) = 0, Fp, (x;x;) = 1 kogulunu
saglayan baska bir G’y = (G*, o/, 8, B) neutrosophic esnek grafim cizelge 2.5 deki gibi

tanimlayalim.

Cizelge 2.5: G’y neutrosophic esnek grafi
/

Burada x; ve x4 koseleri, bog neutrosphic esnek kiime olarak alindigindan olusturacagi

r124,2374 Ve x1x3 kenarlar: da yine bog neutrosphic esnek kiimelerdir.

(0% i) I3 Ty

es | (0.2,0.3,0.5) | (0.3,0.4,0.5) | (0.5,0.7,0.8)
es | (0.4,0.7,0.9) | (0.6,0.8,0.9) | (0.4,0.5,0.6)
oy (z213) (z35) (zox5)
es | (0.1,0.5,0.8) | (0.2,0.7,0.9) | (0.1,0.7,1.0)
es | (0.1,0.8,0.9) | (0.2,0.8,0.9) | (0.2,0.7,0.9)

T2

(0.2,0.3,0.5)

(0.1,0.7,1.0)

(0.1,0.5,0.8)

(0.5,0.7,0.8)

L5
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(0.3,0.4,0.5)

(0.2,0.7,0.9)

T3

Sekil 2.11: e; parametresine karsilik gelen N (es) neutrosophic grafi




Agikga A = {ey,e9,e3}, B = {es, e4} oldugundan Gy U G’y neutrosophic esnek grafinin

T

(0.4,0.7,0.9)

(0.2,0.7,0.9)

(0.1,0.8,0.9)

(0.4,0.5,0.6)

T5

(0.6,0.8,0.9)

T3

(0.2,0.8,0.9)

Sekil 2.12: ¢4 parametresine kargilik gelen N (e4) neutrosophic grafi

parametre kiimesi A = AU B = {eq, ey, €3, €4} seklindedir.

Diger

Tﬁe <x27 x]) =

taraftan her
O’ Iﬁe(m'“x]) =

esnek grafi agagida verilen cizelgedeki gibi elde edilir.

Cizelge 2.6: Gy U G’y neutrosophic esnek grafi

r;r; €

EN{(2124), (v374), (2173), (T273), (2375), (T275) }

0, Fs,(zs,2;) = 1 oldugu icin Gy|JG’x neutrosophic

o 1 T Z3 Ty Ts

el (0.2,0.3,0.4) (0,1,1) (().3,0.4,0.5) (0.3,0.6,0.8) (0,1,1)

es | (0.2,0.4,0.8) (0.2,0.3,0.5) (0.5,0.4,0.5) (0.2,0.3,0.4) (0.5,0.7,0.8)

es | (0.6,0.7,0.8) (0,1,1) (0.7,0.8,0.8) | (0.4,0.5,0.7) (0,1,1)

ey (0,1,1) (0.4,0.7,0.9) | (0.6,0.8,0.9) (0,1,1) (0.4,0.5,0.6)
B’ ($15€4) (963$4) ($1$3) ($2$3) ($3135) ($2$5)
el (0.1,0.7,0.8) (0.1,0.8,0.8) (0.1,0.9,0.8) (0,1,1) (0,1,1) ((),1,1)
€s (0.2,().5,0.8) (0.3,0.8,0.9) (0.1,0.6,0.8) (0.1,0.5,0.8) (0.2,0.7,0.9) (0.1,0.7,1.0)
es | (0.2,0.7,0.8) | (0.2,0.8,0.9) | (0.2,0.9,1.0) (0,1,1) (0,1,1) (0,1,1)
€4 (0,1,1) (0,1,1) (0,1,1) (0.1,0.8,0.9) | (0.2,0.8,0.9) | (0.2,0.7,0.9)
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(0.1,0.9,0.8)

(0.2,0.3,0.4) (0.3,0.4,0.5)

(0.1,0.7,0.8) (0.1,0.8,0.8)

(0.3,0.6,0.8)

Sekil 2.13: ¢y parametresine kargilik gelen N”(e;) neutrosophic grafi

(0.2,05,0.8)\ (0-3,0.8,0.9)

(0.5,0.7,0.8)

(0.2,0.3,0.4)

Ty Ts5

Sekil 2.14: ey parametresine kargilik gelen N”(es) neutrosophic grafi

X1 T3

(0.2,0.9,1.0)

(0.6,0.7,0.8) (0.7,0.8,0.8)

(0.2,0.8,0.9)

(0.2,0.7,0.8)

(0.4,0.5,0.7)

Ty

Sekil 2.15: e3 parametresine kargilik gelen R”(e3) neutrosophic grafi
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X9 €3

(0.1,0.8,0.9)

(0.4,0.7,0.9) (0.6,0.8,0.9)

(0.2,0.7,0.9)

Ts5

Sekil 2.16: ey parametresine kargilik gelen R”(e4) neutrosophic grafi

Tamm 2.2.13 (Celik, 2020) Gy = (G*a,8,4) ve Gy = (G, 03,B),

G* = (V, E) da birer neutrosophic esnek graf olarak verilsin. Gy ve G’y niin daraltilmg
birlesimi Gy | |G’y = (G*,a”, ", AN B) seklinde tammlanir. Gy | |G’y nin kogelerini
gosteren o' : C' — N(V') dontigiimiintin 7', I ve F {iyelik degerleri her e € C = AN B ve

x € V icin agagida verilen esitlikler yardimiyla hesaplanir.
To () = maa{T,, (x), Tuy (2))
Loy () = min{ Lo, (2), Ly ()}
Foy(x) = min{F, (z), Foy (1)}

Ayrica Gy | | G’y nin kenarlarm gosteren 87 : C' — N(E) doniigiimiiniin T, I ve F iiyelik
degerleri her e € C = ANB ve xy € FE i¢in agagida verilen egitlikler yardimiyla hesaplanir.

Tpy(x) = max{Ts, (zy), Tp, (vy)}
Lgn(z) = min{Ip, (zy), Is (vy)}
Fau(z) = min{Fp_(vy), Fp (zy) }

Ornek 2.2.5 Ornek 2.2.4 yeniden ele alnirsa ackca A = AN B = {ey} olacagindan

daraltilmig birlesim asagida verilen cizelgedeki gibi elde edilir.

Cizelge 2.7: Gy L] G’y neutrosophic esnek grafi

"

o T X9 T3 T4 Zs

es | (0.2,0.4,0.8) | (0.2,0.3,0.5) | (0.5,0.4,0.5) | (0.2,0.3,0.4) | (0.5,0.7,0.8)
B’ (x124) (x324) (x123) (xom3) (x325) (oxs5)
e | (0.2,0.5,0.8) | (0.3,0.8,0.9) | (0.1,0.6,0.8) | (0.1,0.5,0.8) | (0.2,0.7,0.9) | (0.1,0.7,1.0)
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(0.1,0.5,0.8)
(0.2,0.3,0.5)

(0.2,05,08)\ (0-3,08,09)

(0.2,0.3,0.4) (0.5,0.7,0.8)

Ty Ty

Sekil 2.17: ey parametresine kargilik gelen N”(es) neutrosophic grafi

Tamim 2.2.14 (Celik, 2020) Gy = (G5 a,8,A4) ve Gy = (G, 0, B),
G* = (V, E) da birer neutrosophic esnek graf olarak verilsin. Gy ve G’y nin genisletilmis
arakesiti Gy (G'x = (G*, ", 3", AU B) seklinde tanimlamr. Gy()G'x nin kogelerini
gosteren o’ : C' — X(V') doniigtimiiniin 7', I ve F tiyelik degerleri her e € C'= AU B ve

x € V icin agagidaki egitlikler yardimiyla hesaplanir.

eger ec A\B
, eger e € B\A
min{To, (z), Tor (z)}, eger ec ANB

), eger e € A\B
Iy(x) = I, (2), eger e€ B\A
(max{las, (v), o (7)}, eger ec ANB

F,.(x), eger eec A\B
), eger ee€ B\A
max{F,, (v), Fo(x)}, eger ec ANB
Ayrica Gy () G/ nin kenarlarm gostern 87 : C' — R(E) doniigiimiiniin 7', I ve F iiyelik
degerleri her e € C'= AU B ve xy € F igin agagidaki esitlikler yardimiyla hesaplanir.

T, (zy), eger ee€ A\B
Ty (zy) = T (zy), eger e € B\A
min{Ts, (xy), Tp (xy)}, eger ec ANB
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Lgy () =

Far(zy) =

Ornek 2.2.6 V = {z1, 29,23} ve B = {x129, X123, 2223} ile verilen G* =

grafini géz Oniine alalim. A =

Iﬁe (ij),
[/3é ($y)>

maz{ls, (zy), Is (zy)},

Fﬁe (xy)7
Fg (2y),

max{Fp, (zy), Fg (zy)}, eger

eger ee€ A\B
eger eec B\A
eger ec ANB
eger ec A\B
eger ee€ B\A
ec ANB

(V, E) basit

{e1,e2} bir parametre kiimesi olmak iizere

Gy = (G*, o, B, A) neutrosophic esnek grafi cizelge 2.8 deki gibi verilsin.

Cizelge 2.8: Gy neutrosophic esnek grafi

(0.2,0.3,0.4)

(0.1,0.7,0.8)

(0.1,0.5,0.6)

(0.2,0.6,0.8)

T3

(0.3,0.5,0.6)

(0% T i) T3

e (0.2,0.3,0.4) (0.3,0.5,0.6) (0.2,0.6,0.8)
) (0.3,0.4,0.8) (0.5,0.7,0.8) (0.4,0.5,0.7)
B ($1$2) ($1$3) (I2$3)
e1 | (0.1,0.5,0.6) | (0.1,0.7,0.8) | (0.1,0.6,0.8)
ez | (0.1,0.8,0.8) | (0.1,0.5,0,9) | (0.2,0.9,0.9)

(0.1,0.6,0.8)

Sekil 2.18: e; parametresine kargilik gelen R(e;) neutrosophic grafi
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(0.3,0.4,0.8)

(0.1,0.5,0.9)

(0.1,0.8,0.8)

(0.4,0.5,0.7)

T3

(0.5,0.7,0.8)

i)

(0.2,0.9,0.9)

Sekil 2.19: ey parametresine kargilik gelen R(eg) neutrosophic grafi

Simdi B = {eg, e3} bir parametre kiimesi olmak tizere G* = (V| E) iizerinde bagka bir

Gy = (G*, o/, f', B) neutrosophic esnek grafi ¢gizelge 2.9 daki gibi verilsin.

Cizelge 2.9: G’y neutrosophic esnek grafi
/

(0.4,0.6,0.7)

(0.2,0.7,0.9)

(0.1,0.7,0.7)

T3

(0.3,0.3,0.4)

Q X To T3

) (0.4,0.6,0.7) (0.3,0.3,0.4) (().5,0.4,0.8)
es (0.3,0.5,0.6) (0.2,0.1,0.5) (0.2,0.4,0.6)
B ($1$2) ($1$3) (I2$3)

ey | (0.1,0.7,0.7) | (0.2,0.7,0.9) | (0.1,0.5,0.9)
€3 (0.1,0.6,0.6) (0.1,0.5,0.7) (0.1,0.5,0.8)

(0.1,0.5,0.9)

Sekil 2.20: e, parametresine kargilik gelen Y (es) neutrosophic grafi
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Sekil 2.21: e3 parametresine kargilik gelen N (e3) neutrosophic grafi

Gy nin parametre kiimesi A = {e1,e2} ve G’y nin parametre kiimesi B = {ea,e3}
oldugundan Gy N G’y nin parametre kitmesi A = AU B = {e1, €9, €3} olarak elde edilir.
Gy N G’y neutrosophic grafinm T, I ve F degerleri Tamm 2.2.14 e gore hesaplandiginda

(0.3,0.5,0.6)

(0.1,0.5,0.7)

(0.1,0.6,0.6)

(0.2,0.4,0.6)

T3

Gy N G’y aga@ida verilen cizelgedeki gibi elde edilir.

(0.2,0.1,0.5)

i)

(0.1,0.5,0.8)

Cizelge 2.10: Gy N G’y neutrosophic esnek grafi

o 1 To T3

e1 [ (0.2,0.3,04) | (0.3,0.5,0.6) | (0.2,0.6,0.8)
es 1(0.3,0.6,08) | (0.3,0.7,0.8) | (0.4,0.5,0.8)
es | (0.3,05,0.6) | (0.2,0.1,0.5) | (0.2,0.4,0.6)
B" (z122) (z123) (za23)

e | (0.1,0.5,0.6) | (0.1,0.7,0.8) | (0.1,0.6,0.8)
e | (0.1,0.8,0.8) | (0.1,0.7,0.9) | (0.1,0.9,0.9)
es | (0.1,0.6,0.6) | (0.1,0.5,0.7) | (0.1,0.5,0.8)

Sekil 2.22: e; parametresine kargilik gelen X" (e;) neutrosophic grafi

(0.1,0.7,0.8)

(0.1,0.5,0.6)

(0.2,0.6,0.8)

T3

23

(0.1,0.6,0.8)




(0.1,0.8,0.8)

(0.3,0.6,0.8) (0.3,0.7,0.8)

(0.1,0.7,0.9) (0.1,0.9,0.9)

(0.4,0.5,0.8)

T3

Sekil 2.23: ey parametresine kargilik gelen N”(es) neutrosophic grafi

(0.1,0.6,0.6)

(0.3,0.5,0.6) (0.2,0.1,0.5)

(0.1,0.5,0.7) (0.1,0.5,0.8)

(0.2,0.4,0.6)

T3

Sekil 2.24: e3 parametresine kargilik gelen N”(e3) neutrosophic grafi

Tamm 2.2.15 (Celik, 2020) Gy = (G*,a,3,A4) ve G'x = (G*,o/,F,B) sasyla
G* = (V, E) da birer neutrosophic esnek graf olarak verilsin. Gy ve G’y mn daraltilmg
arakesiti Gy [|G'x = (G*,a”, 3", A) seklinde tammlamr. Gy []G’x nin kége noktalarmi
karakterize eden o” : C' — N(V) déniigiiminin 7, I ve F iyelik degerleri her

e C=ANBvex eV igin agagidaki egitlikler yardimiyla hesaplanir.

Tag(l’) = min{T,, (z), T, (z)}

Ion(x) = max{l,, (x), 1o ()}
For(x) = max{F,, (x), Fy (x)}

Ayrica Gy [ G’y nin kenarlarmi karakterize eden §” : ' — N(E) doniigiimiiniin 7', I ve

F tyelik degerleri her e € C = AN B ve zy € F i¢in agagidaki esitlikler yardimiyla

hesaplanir.
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Tor(wy) = min{Ts, (zy), Tp (vy) }

Ign(wy) = max{ls, (zy), Ig (vy)}

Fau(zy) = max{Fp, (vy), Fp (vy)}

Ornek 2.2.7 Ornek 2.2.6 yeniden dikkate almirsa A = AN B

daraltilmig arakesit agagida verilen cizelgedeki gibi elde edilir.

Cizelge 2.11: Gy [ G’y neutrosophic esnek grafi

"

(0.3,0.6,0.8)

(0.1,0.7,0.9)

(0.1,0.8,0.8)

(0.4,0.5,0.8)

T3

(0.1,0.9,0.9)

« T To €3

es | (0.3,0.6,0.8) | (0.3,0.7,0.8) | (0.4,0.5,0.8)
5" ($1$2) ($1$3) ($25E3)
ez | (0.1,0.8,0.8) | (0.1,0.7,0.9) | (0.1,0.9,0.9)

{ea} olacagindan

Sekil 2.25: ey parametresine kargilik gelen R”(eq) neutrosophic grafi
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3. SEZGISEL NEUTROSOPHIC GRAFLAR

3.1 Sezgisel Neutrosophic Kiimeler

Tanimm 3.1.1 (Bhowmik ve Madhumangal, 2009) Bir A sezgisel neutrosophic kiimesi
X # 0 kiimesi iizerinde A = {<x,TA($),IA(x),FA(a:)> Lx € X} seklinde tanimlanir.

Burada
min{T;(x), Fi(x)} < 0.5
min{T;(x),1;(x)} <0.5
min{lz(x), Fz(x)} <0.5

esitsizlikleri saglanir ve 0 < T(x) + I ;(x) + F(z) < 2 ’dir.

Ornek 3.1.1 X = {1, 9,23} bir nesneler kiimesi olsun. Burada x; yetenegi, z;
glivenilirligi, x3 de nesnelerin fiyatlarini karakterize etsin. Ayrica x1, o, x3 degerlerinin
[0,1] araliginda oldugunu ve baz1 uzmanlarin bazi anketlerinden alindigini varsayalim.
Nesnelerin ozellikleri uzmanlar tarafindan iyilik derecesine gore, belirsizlik derecesine gore
ve kusur derecelerine gore aciklansin. Veriler dikkate alinarak elde edilen bir A sezgisel
neutrosophic kiimesi A= {< 21,04,0.5,0.6 >, < 22,0.5,0.3,0.7 >, < x3,0.6,0.4,0.5 >}
seklinde verilmig olsun. Burada acikca yetenegin iyilik derecesi 0.4, yetenegin belirsizlik

derecesi 0.5, yetenegin kusur derecesi 0.6 oldugu goriiliir.

Tanim 3.1.2 (Bhowmik ve Madhumangal, 2009) A ve B X iizerinde sezgisel neutro-
sophic kiimeler olsun. A ve B nmm arakesiti ve birlegimi sirasiyla ANB ve AUB

notasyonlariyla gosterilir ve sirasiyla her x € X icin agagidaki sekilde tanimlanir.

26



Tanim 3.1.3 (Bhowmik ve Madhumangal, 2009) A ve B, X iizerinde sezgisel neutro-
sophic kiimeler olsun. Eger her x € X icin T; < Tjs,1; > Iz,F; > Fjp esitsizlikleri
saglaniyorsa A ya B nin sezgisel neutrosophic alt kiimesidir denir ve ACB seklinde

gosterilir.

Tanmim 3.1.4 (Bhowmik ve Madhumangal, 2009) Her € X icin T4(z) = 0 ve
I;(x) = Fi(z) = 1 ise A ya bos sezgisel neutrosophic kiime , Tji(z) = 1 ve
Ii(z) = Fy(z) = 0 ise A ya tam sezgisel neutrosophic kiime denir ve sirasiyla () ve €

notasyonlari ile gosterilir.

Teorem 3.1.1 (Bhowmik ve Madhumangal, 2009) A, B ve C' X iizerinde sezgisel

neutrosophic kiimeler olsun. Bu taktirde agagidakiler saglanir.

ii. AP = A, AUQ =0
iii. (ANB)AC = AN(BAC)

iv. (AUB)OC = AJ(BUC)

vi. AU(BAC) = (AUB)A(AUC)

Tamm 3.1.5 Bir X kiimesi iizerinde A sezgisel neutrosophic kiimesinin tiimleyeni A’
notasyonuyla ile gosterilir ve A' = {{z, Fi(2),1 — I4(z),Ts(z)) : = € X} seklinde

tammlanir.

3.2 Sezgisel Neutrosophic Graflar

Tanim 3.2.1 (Akram ve Sitara, 2017) G = (G*, A, B) grafi asagida verilen gartlar

saglarsa G ye G* iizerinde bir sezgisel neutrosophic graf denir.
i A= {(z,Tx(x),I5(x), F5(z)) : © € X} V iizerinde bir sezgisel neutrosophic kiimedir.

ii. B={(z,Ty(x),I5(z), Fz(x)) : x € X} E iizerinde bir sezgisel neutrosophic kiimedir.
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ii. Her xz,y € V icin G nin kenar ve kogeleri arasinda agagidaki egitsizlikler saglanir.

Tg(xy) < min{Ty(x), Tx(y)}
Ig(wy) = max{lz(x), 15(y)}
Fpay) = max{F5(z), F5(y)}

min{Ty(zy), F(zy)} < 0.5
min{Ts(zy), I5(zy)} < 0.5
min{l(zy), Fz(zy)} < 0.5

Ornek 3.2.1 V = {1, 9, 23, 4, x5} ve E = {x129, xox3, X114, X425, T1X5, Tox5} ile ver-
ilen G* = (V,E) grafim ele alahm. A ve B sirasiyla V ve E iizerinde agagidaki gibi

tamimlansin.
A= {(21,0.4,0.3,0.4), (7,,0.3,0.3,0.5), (23,0.2,0.3,0.3), (74,0.4,0.3,0.4), (25,0.4,0.3,0.4)}

B = {{2122,0.3,0.4,0.5), (x223,0.2,0.4,0.5), (174,0.4,0.4,0.4), (z475,0.4,0.4,0.4),
(2125,0.4,0.4,0.4), (x215,0.3,0.3,0.5)}

I

(0.4,0.4,0.4)

T3

@ (0.2,0.4,0.5)

Sekil 3.1: G = (G™, A, ) sezgisel neutrosophic grafi

Acikca G = (G*, A, B) nmn G* = (V, E) iizerinde bir sezgisel neutrosophic graf oldugu

goriilir.

Tamm 3.2.2 (Akram ve Sitara, 2017) G = (G*, A, B) ve G’ = (G*, A", B') iki sezgisel
neutrosophic graf olsun. G/, G mn bir sezgisel neutrosophic alt grafidir. <=
i. ACA <= Her z €V i¢in T (z) < Ts(x), 15(z) > 1;(2), Fu(x) > Fs(z)
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ii. B'CB <= Her xy € Eigin Ty (zy) < Tz(zy), [5(zy) > I5(zy), Fa(vy) > Fa(zy)

Ornek 3.2.2 G* = (V, E) basit grafi Ornek 3.2.1 deki gibi alnsin. Simdi A’ ve B’

sirasiyla V' ve E tizerinde agagidaki gibi tanimlansin.

A’ = {{21,0.3,0.4,0.5), (25,0.2,0.3,0.6), (23,0.1,0.4,0.4), (24,0.3,0.4,0.5), (x5,0.3,0.4,0.5)}

B = {{2122,0.2,0.4,0.6), (z223,0.1,0.4,0.6), (174,0.3,0.4,0.5), (z475,0.3,0.4,0.5),
(z125,0.3,0.4,0.5), (2215,0.2,0.4,0.6)}

(0.3,0.4,0.5)

Sekil 3.2: G' = (G*, A’, B') sezgisel neutrosophic grafi

Acikca G/, G nin sezgisel neutrosophic alt grafidir.

Tanmm 3.2.3 G = (G*,A,B) ve G = (G" A" B swrasiyla G* = (Vi,Ey) ve
G = (Va, E,) basit graflar iizerinde birer sezgisel neutrosophic graf olsun. G ve G’
niin kartezyen carpimi GG = (G* x G, A, B~”) ile gosterilir. Burada V' = V] x V, ve
E ={(zy1,zys) | x € Vi, y1yo € Ex} U{(11y,22y) | y € Vo, 2129 € E1} olmak iizere AV
{izerinde; B, E {izerinde sezgisel neutrosophic kiimelerdir. G&G’ niin kisge ve kenarlarma

ait T', I ve F' degerleri agagidaki gibi tanimlanir.

i. Her (z,y) € Vi x V4 icin
Tjo(,y) = min{Tx(x), T (y)}
Lin(x,y) = maz{I;(x), 13 (y)}
Fa(,y) = max{F5(x), Fz(y)}

ii. Her x € V; ve her y1y2 € Es icin
Ty (ayr, vya) = min{Tx(x), Tz (y192)}
Ign(@yr, wya) = max{lz(z), L5 (y1y2)}
Fio(xy1, wy2) = maz{F;(x), Fig (y192) }
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iii. Her y € V5 ve her z129 € E) igin
Tn(21y, w2y) = min{Tg(z122), Tx (y)}
Ign(21y, 22y) = max{lg(z122), L1 (y)}
Fgi(z1y, 22y) = maz{Fg(z122), F 5. (y)}

Ornek 3.2.3 G = (G* A B) ve G' = (G* A, B) srasiyla G* = (V4,E)) ve

G = (V,, Ey) basit graflar tizerinde birer sezgisel neutrosophic graf olsun. A A B

ve B’ sezgisel neutrosophic kiimeleri agagidaki gibi verilsin.

{(21,0.4,0.1,0.5), (22,0.4,0.2,0.7)}

{
{
{(112,0.1,0.2,0.3)}

41,0.1,0.1,0.2), (1,0.2,0.2,0.3)}

A={(
A=
B = {(2122,0.4,0.2,0.7)}
B ={(

x1 2
4,0.1,05)

T
(2129,0.4,0.2,0.7)
(21,0.4,0.1,0.5 (5,0.4,0.2,0.7)

Sekil 3.3: (G*, A, B) sezgisel neutrosophic grafi

Y1
.1,0.1,0.2)

Y2
Y1Y2,0.1,0.2,0.3
(11,0.1,0.1,0.2 (192,01 ) (42,0.2,0.2,0.3)

Sekil 3.4: (G'*, A, B') sezgisel neutrosophic grafi

G&G' sezgisel neutrosophic grafi agagidaki gibi elde edilir.
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1Y T2Y2

(0.2,0.2,0.7)
(0.2,0.2,0.7)

(0.2,0.2,0.5)

(0.1,0.2, 05)@
(0.1,0.2, 07)O

© <01 0'270‘7) ©
(0.1,0.1,0.5) (0.1,0.2,0.7)

T1Y1 T2Y1

Sekil 3.5: G&G sezgisel neutrosophic grafi

Teorem 3.2.1 G = (G*,A,B) ve G = (G, A", B') swasiyla G* = (V},E)) ve
G = (Va, Ey) basit graflar1 tizerinde iki sezgisel neutrosophic graf olarak verilsin.
V=WVixVyve E={(vyr,vy2) | ¥ € Vi, 12 € Ea} U{(m1y,72y) | y € Vo, 1120 € Er}
olmak iizere GRG' grafi da G* x G'* = (V, E) iizerinde bir sezgisel neutrosophic graftir.

Ispat. G&G' = (G* x G"™, A" B") olsun. A" niin V = V; x Vj iizerinde, B’ niin

E 1izerinde sezgisel neutrosophic kiimeler oldugu agiktir. Simdi kenar ve kose kiimeleri

tizerinde ki egitsizliklerin gerceklendigini gosterelim.

Her x € vy ve y1y2 € Es igin

Ty (xyy, zy2) = min{T5(x), T (y132)}
< min{Ty(x),min{T; (). Ts (y2)} }
= min{min{T(z), Ty (y:)}, min{Ts(x), T (y2)} }
= min{T 5 (2, 1), T (2, y2)}

Buradan 15, (zy1, xy2) < min{T z/(x,y1), T jn(z,y2)} elde edilir.

Ign(wyy, wy2) = max{l5(x), I5 (y1y2)}
> maz{1z(x),maz{l5(n), 11 (y2)}}
= maz{maz{I;(x), 1z (1)}, maz{l(x), 15 (y2)}}
= max{l p(x,y1), L (x,y2)}

Buradan g, (xyr, vy2) > maz{l i/ (x,y1), 1 j(z,y2)} elde edilir.
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Fui(zyr, vye) = max{Fa(z), Fz (11y2)}
> mam{FA(x), max{F;(y1), FAI(?&)}}
= max{ma.r{FA(x), Fi(y1)}, maz{Fj(z), FA'(%)}}

= maz{F z(x, ), F iz, y2)}
Buradan Fy, (xyr, vy2) > maz{F ;. (x,y1), F j(z,y2)} elde edilir.

Benzer sekilde her y € V5 ve her x1x9 € F; icin
Tpn(w1y, x2y) = min{Ty(x122), T3 (y) }
Ign(@1y, 22y) = maz{lg(z122), L5 (y)}
Fgi(21y, 22y) = maz{Fg(z122), F 3, (y)} olup
Ty (z1y, v2y) < min{T 5 (x1,v), T i (z2,y)}
I5/(x1y, xay) > max{I j(z1,y), L j(z2,y)}
Fu/(xy, xay) > max{F j/(z1,y), Fju(z2,y)}

esitsizliklerinin saglandig1 gosterilebilir.
Sonug olarak G&G! = (G"*, A", B") kartezyen carpimi G* = (V, E) basit grafinda sezgisel

neutrosophic graftir.

Tanim 3.2.4 G = (G*,A,B) ve G' = (G A" B') swrasiyla G* = (Vi,Ey) ve
G = (Vh, Fy) basit graflar1 iizerinde birer sezgisel neutrosophic graf olsun. G ve G’
niin carpmmi G¥G' = (G* x G'*, A7, B") iel gosterilir. Burada V = Vi x V5 ve F =
{(zyr, zyp) | © € Vi, iy € Eo} U{(21y,22y) | y € Vo, x125 € Ey} olmak tizere A7, V
{izerinde; B, E iizerinde sezgisel neutrosophic kiimelerdir. G#G’ niin koge ve kenarlarma

ait T', I ve F' degerleri agagidaki gibi tanimlanir.

i. Her (zq,29) € Vi X Vi ve her (e1,e5) € A” x B” igin
Tgn(w1,22) = min{ Ty, (1), Tiey) (22) §
Lgn(w1,22) = maw {150,y (21), Loy (72) }

Fg(w1,22) = maz{ Fz.)(21), Fie,)(22) }

il. 1 # w9, y1 # Yo olmak lizere her x1x5 € Fy ve y1ys € Ey igin
Tign(z1y1, 22y2) = min{Tg(x122), T (192) }
I (21y1, m2y2) = maz{lz(z122), 5/ (y192)}
Fgo(@1y1, w2y2) = maz{Fg(x122), Fig (y112) }
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Ornek 3.2.4 Ornek 3.2.3 deki G* ve G'* sezgisel neutrosophic graflarim dikkate alalim.
Bu takdirde G*G’ asagidaki gibi elde edilir.

T1Y2 T2Y2

(0.1,0.2,0.7)

(0.1,0.2,0.7)

T1Y1 T2Y1

Sekil 3.6: GG sezgisel neutrosophic grafi

Teorem 3.2.2 G = (G*, A B) ve G' = (G, A", B') swasiyla G* = (W4, Fy) ve
G = (Va, Ey) basit graflar1 tlizerinde iki sezgisel neutrosophic graf olarak verilsin.
V=VixVyve E={(xy,zy2) | © € V1, 11ys € Ex} U{(z1y,22y) | y € Vo, 2129 € E1}

olmak tizere GG’ carpim da G* x G = (V, E) lizerinde bir sezgisel neutrosophic graftir.

ispat. GiG! = (G* x G’*,A”, B”) olsun. Her zix5 € E; ve her yyy, € Es igin

T (2191, T2y2) = min{ Tg(w122), T (y192) }
< min{min{T;(21), T(x2)}, min{ Tz (y1), T (y2)} }
= min{min{T5(x1), Ty (1)}, min{Ts(w2), T (y2)} }
= man{T (21, y1), Tjn (T2, y2) }

Buradan T, (x1y1, ®2y2) < min{T 4 (x1,y1), Ti(xs, y2)} elde edilir.
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L5 (2191, Toy2) = max{I5(z122), I3 (y192) }
> maz{maz{l(21), Li(2)}, maz{lz(y1), Li(y2)} }
= maz{maz{lz(z1), 15 (y1)} maz{l5(z2), L5 (y2)}}
= max{lp(x1,y1), Lin(22,y2)}

Buradan Iz, (z1y1, x2y2) > max{l ;. (x1,y1), Lin(xa, y2)} elde edilir.

Fgu(x1y1, T2y2) = maz{ F5(z122), Fiz (y192) }
> maz{maz{F4(x1), F5(z2)}, maz{Fz(y1), Fi(y2)}
= maz{maz{F;(x1), Fz ()}, maz{F5(x2), Fz (y2)} }
= maz{F g (1, y1), Fin(v2,y2) }

Buradan F, (z1y1, 22y2) > max{F . (x1,y1), F (22, y2)} elde edilir.

Dolayisiyla G*G/ = (G”*,ff”,g”) carpimi G* = (V, E) basit grafinda sezgisel neutro-
sophic graftir.

Tamim 3.2.5 G = (G*,A,B) ve G' = (G™, A" B') swmasiyla G* = (V,Ey) ve
G = (Va, F3) basit graflar {izerinde birer sezgisel neutrosophic graf olsun. G ve (&
niin giiclit carpim GOG' = (G* x G'*, A", B") ile gosterilir. Burada V = V; x V4 ve
E={(zy,xy2) | * € Vi, y1y2 € Eo} U{(11y,22y) | y € Vo, 1122 € Er} U {(2191, 7292) |
Ty € Ey, 1hyo € Ey, 11 # o, Y1 # Yo} olmak iizere ff”, V' lizerinde; B”, E tzerinde
sezgisel neutrosophic kiimelerdir. GOG’ niin kége ve kenarlarma ait T, I ve F degerleri

agagidaki gibi tanmimlanir.

i. Her (z,y) € V} x V4 i¢in
Tjo(x,y) = min{Tx(x), T (y)}
Li(z,y) = max{Iz(x), Lz (y)}
Fa(z,y) = max{F4(z), Fz(y)}

ii. Her x € V; ve her y1y2 € F» i¢in
Ty (ayr, vya) = min{Tx(x), Tz (y192)}
Igi(zyr, 2y2) = maz{1;(x), Iz (y112) }
Fyo(zyr, wy2) = maz{F;(x), Fg (y192) }
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iii. Her y € V5 ve her z129 € E) igin
Tn(21y, w2y) = min{Tg(z122), Tx (y)}
Ign(21y, 22y) = max{lg(z122), L1 (y)}
Fgi(z1y, 22y) = maz{Fg(z122), F 5. (y)}

iv. xy # 9, Y1 # yo olmak iizere her xyxy € Ey ve y1y2 € Es icin
Tgn (191, T2y2) = min{Tx(v172), T (1192) }
L0 (21y1, 12y2) = maz{lz(z122), 5/ (y192)}
Fgi(@iy1, 22y2) = maz{Fg(2122), Fr(y192) }

Ornek 3.2.5 Ornek 3.2.3 deki G* ve G sezgisel neutrosophic graflarim dikkate alalim.
Bu takdirde GOG' agagidaki gibi elde edilir.

Z1Y2 ZT2Y2

(0.2,0.2,0.7)

(0.2,0.2,0.5) (0.2,0.2,0.7)

(0.1,0.2,0.7)

(0.1,0.2,0.5)
(0.1,0.2,0.

(0.1,0.2,0.7)

(0.1,0.2,0.7)

(0.1,0.1,0.5) (0.1,0.2,0.7)

T1Y1 Ta2Y1

Sekil 3.7: GOG sezgisel neutrosophic grafi

Teorem 3.2.3 G = (G*,A,B) ve G = (G, A", B') swasiyla G* = (Vi,E) ve
G = (V,, Ey) basit graflar tizerinde birer sezgisel neutrosophic graf olarak verilsin.
V=WVxVyve E={(zy1,2y2) | © € Vi, yiy2 € Ex} U{(z1y,22y) | v € Vo, 2129 €
E } U {(zy1,x2y2) | x12e € Ey, y1y2 € Es, 1 # X2, y1 # yo} olmak lizere GOG!
giiglii garpimi da G* x G"™* = (V, E) lizerinde bir sezgisel neutrosophic graftir.
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Ispat. GOG' = (G* x G"™, A" x B") olsun. Her y1y, € Fs i¢in

Ty (x1y1, TaYa) = min{Té(l'le)?TB’(ylm)}
< min{min{Ts(z1), Ti(22)}, min{Ts (v1), T4 (y2)} }
= min{min{Ts(z1), Ty (y1)}, min{T4(22), T (v2)} }

= min{T ;. (x1,91), T (22, 92) }
Buradan T, (x1y1, x2y2) < min{T ;. (x1,y1), Ti(xa, y2)} elde edilir.

Iz (2191, X2Yo) = max{]g(:vla:g), IB~,(y1y2)}
> maz{maz{l;(x),15(x2)}, maz{l 5 (), 15 (y2)}}
= max{mam{lﬁ(xl), I;/(y1)}, max{I(z2), IA/(ZJ2>}}

= max{] {1 (I'l, yl), ]A“/,(ZL'Q, yQ)}
Buradan [ ;, (z1y1, x2y2) > max{I g/ (x1,y1), L (2, y2)} elde edilir.

Fg,/(xlyl, ToYo) = max{FB(m@)a Fé/(yl?h)}
> max{max{FA(:vl), Fi(z2)}, max{Fz (y), FA/(CU?)}}
= maz{maz{Fy(x1), F3 ()}, maz{F5(x2), F5(y2)} }

= maz{F i (x1, ), Fi(z2,92)}
Buradan Fj, (z1y1, T2y2) > max{F ;. (x1,v1), F (22, y2)} elde edilir.

Ackca GOG' = (G", A", B") giclii carpimi G* = (V, E) basit grafinda sezgisel

neutrosophic graftir.

Tanim 3.2.6 G = (G*,A,B) ve &' = (G A, B swasiyla G* = (Vi,Ey) ve
G"™* = (Va, E,) basit graflan iizerinde birer sezgisel neutrosophic graf olsun. G ve G’ niin
bileskesi GoG! = (G* x G™*, A, B") ile gosterilir. Burada V =V x V, ve E = {(zy1, zys) |
z € Vi, iy € Ex} U{(z1y, 22y) | y € Va, m122 € B} U{(2191, 22y2) | 2122 € Ev,y1 # Yo}
olmak tizere A”, V {izerinde; B”, F iizerinde sezgisel neutrosophic kiimelerdir. GG’ niin

kose ve kenarlarina ait T, I ve F' degerleri agagidaki gibi tanimlanir.

i. Her (z,y) € V1 x V4 i¢in
Tju(x,y) = min{T4(x1), Ty (y1)}
Li(x,y) = max{lz(z1), 15 ()}
Fp(,y) = maz{F4(z1), Fa ()}
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ii.

1il.

1v.

Her x € V; ve her y1y, € Es icin
Tgn(zy, vy2) = min{Tx(x), T (192) }
Ign(@yr, wya) = max{lz(z), L5 (y1y2)}
Fio(zy1, wy2) = maz{F4(x), Fig (1192) }

Her y € V5 ve her x125 € F; icin

Ty (1Y, x2y) = min{Tz(x122), T (y)}
Ign(21y, 22y) = max{Ig(z122), L3 (y)}
Fgi(@1y, 22y) = maz{Fg(z122), F 5 (y)}

Y1 # yo olmak tizere her y;,ys € V5 ve x129 € F,
T (z1y1, w2y2) = man{ T (1), T (y2), Tp(a122) }
Igu(w1yr, w2y2) = max{lz (1), Lz (y2), Ip(x122)}
Fi(z1y, wayn) = maz{Fg (y1), Fz (y2), Fp(122) }

Ornek 3.2.6 Ornek 3.2.3 deki G* ve G'* sezgisel neutrosophic graflarimi dikkate alalim.
Bu takdirde G6G’ agagidaki gibi elde edilir.

Z1Y2 T2Y2

(0.2,0.2,0.7)

(0.2,0.2,0.5) (0.2,0.2,0.7)

(0.1,0.2,0.7)

(0.1,0.2,0.5)
(0.1,0.2,0.

(0.1,0.2,0.7)

\ (0.1,0.2,0.7)
0.1,0.1,0.5)

T1Y1 T2Y1

(0.1,0.2,0.7)

Sekil 3.8: GsG! sezgisel neutrosophic grafi

Teorem 3.2.4 G = (G*,A,B) ve G = (G, A", B') swasiyla G* = (Vi,E) ve

G = (V,, Ey) basit graflar tizerinde birer sezgisel neutrosophic graf olarak verilsin.

v

= Vi xVove E = {(zy,zy2) | © € Vi, y1ya € Ex} U{(x1y,22y) | y € Vo, 129 €
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E Y U{ (2191, x2y2) | 129 € Ey, 11 # y2} olmak tizere GG’ bilegkesi de G* x G'* = (V,E)

tizerinde bir sezgisel neutrosophic graftir.

Ispat. GoG' = (G* x G'*, A", B") olsun. Her yy» € Es icin y; # y, olmak iizere her
(x1y1, 22y2) € E igin

Tpr (w191, T2yo) = min{Tp(z122), Tar(y1), Tar(y2) }
< mz’n{min{TA(xl), Ty(x2)}, Tar(y1), TA’(IU2)}
= min{min{Ta(z1), Ta (y1)}, min{Ta(x2), Ta(y2)} }
= min{Tar(z1,11), Tar(z2,y2)}
Buradan Tgv(z1y1, Tayo) < min{Tar(x1,y1), Tar(x2,y2)} elde edilir.
Ipn(z1y1, T2yo) = max{fB($1$2)7 Ta (), ]A’(y2)}
> maz{maz{Ia(x1), Ia(z2)}, Lar(y1), Lar(y2) }
= maz{maz{Ia(z1), La(y1)}, maz{la(z2), Lo (y2)} }
= max{la(x1,y1), Lar(T2,92)}
Buradan Ipr(x1y1, Z2y2) > max{lar(x1,11), Lar(x2,y2)} elde edilir.
Fpr(z1y1, B2y2) = max{Fg(x122), Fa(y1), Far(y2) }
> max{maa:{FA(:cl), Fa(xa)}, Far(yr), FA’(y2)}
= maz{maz{F(z1), Fa(y1)}, maz{Fa(z2), Fa(y2)}}
= maz{Fan(x1,y1), Far(22,92)}
Buradan Fgr(x1y1, Tay2) > max{Fan(x1,v1), Far(za,y2)} elde edilir.
Dolayisiyla GeG’ = (G, A", B") G* = (V,E) basit grafinda bir sezgisel

neutrosophic graftir.

Tanim 3.2.7 G = (G, A, B) ve G' = (G, A,B") G* = (V,E) da birer sezgisel
neutrosophic graf olsun. G ve G’ niin birlegimi G’Oé’ = (G*,fi”,é”) notasyonu ile

gosterilir. GUCN?’ nin kose ve kenarlarina ait 7', I ve F' degerleri agagidaki gibi tanimlanir.

i. Her z € V icin
T (x) = max{T;(x), Ty ()}
L (x) = min{15(x), I3 ()}
Fi(x) = min{F5(x), Fz ()}
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1. Her xy € F i¢in
Ty (xy) = maz{T(xy), Tp (vy)}
Igi(zy) = min{l(zy), I3 (vy)}
Fyu(xy) = min{ F(xy), Fg(vy)}
Ornek 3.2.7 V = {x1, 29,23} ve E = {x123, 2923} olsun. Bir G = (G*,fl, B) sezgisel
neutrosophic grafi G* = (V, E) lizerinde agsagidaki gibi verilsin.
A= {(21,0.2,0.4,0.3), (25,0.2,0.4,0.6), (x3,0.3,0.5,0.6) }
B = {{z122,0.2,0.4,0.6, (2123,0.2,0.5, 0.6, (x573,0.0, 1.0, 1.0)}

i 2

<(o.2,oA4‘,(D

((0.2,0.5,0.6))

((0.2,0.4,0.6))

((0.2,0.4,0.6))

{(0.3,0.5,0.6))
T3

Sekil 3.9: G = (G*, A, B) sezgisel neutrosophic grafi

Ote yandan G* = (V, E) tizerinde G’ = (G*, A", B') sezgisel neutrosophic grah agagidaki
gibi verilsin.

A = {{21,0.3,0.5,0.6), {x,0.3,0.2,0.4), (3,0.4,0.5,0.4)}

B’ = {{2122,0.0,1.0,1.0), (x13,0.0, 1.0, 1.0Y, (x23,0.3,0.5,0.6)}

Sekil 3.10: G’ = (G*, A’, B') sezgisel neutrosophic grafi
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A" = AUA’ ve B" = BUB' oldugu icin Tamim 3.2.6 aracihgiyla GUG' = (G*, A", B")
asagidaki gibi elde edilir.

A7 = {{21,0.3,0.4,0.3), (9, 0.3,0.2,0.4), (3,0.4,0.5,0.4)}

B" = {{x12,0.4,0.4,0.4), (z123,0.4,0.5,0.4), (z923,0.4,0.2,0.4) }

Ty T2

<(0.3,o.4‘,(D

((0.2,0.5,0.6))

((0.2,0.4,0.6))

((0.3,0.2,0.4))

((0.4,0.5,0.4))

Sekil 3.11: G’OC:" sezgisel neutrosophic grafi

Teorem 3.2.5 G = (G*,A,B) ve &' = (G*, A", B'), G* = (V,E) da birer sezgisel

neutrosophic graf olmak iizere G| G’ de G* = (V, E) iizerinde sezgisel neutrosophic graftir.

A" = AUA' V dizerinde ve B” = BUB' E fizerinde sezgisel neutrosophic kiimelerdir.
Ayrica her z,y € V igin
Ts(zy) = max{Ts(xy), Ts (zy)}
< max{mm{TA(a:), Ti(y)}, min{T s (z), Tz (y)}}
< min{max{T5(z), T ()}, maz{Ts(y), Tz (y)}}
Buradan T'5,(zy) < min{T z (x), T j(y)} dir.
I (wy) = min{lg(zy), 15 (xy)}
> min{max{l5(z),15(y)}, maz{lz (), 15 (y)}}
> maz{min{lz(z), 15 (x)}, min{l;(y), L5 (y)}}

Buradan I, (zy) > max{I z (), I ;. (y)} dir.
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Fg,,(xy) = min{FB(xy)’ FB’ ({L"y)}
> min{maz{F4(z), Fi(y)},maz{Fy (), Fz(y)}}
> maz{min{F;(z), F3(x)}, min{F5(y), F1(y)}}

Buradan F,(zy) > maz{F . (z), F 7 (y)} dir.

Dolayisiyla éOé’ G* = (V, E) basit grafi {izerinde sezgisel neutrosophic graftir.

Tanim 3.2.8 G = (G*, A, B) ve G' = (G*, A, B'), G* = (V, E) iizerinde birer sezgisel
neutrosophic graf olsun. G ve G’ nin arakesiti éﬁ@’ = (G*, A", B") notasyonu ile
gosterilir. éﬁé’ niin koge ve kenarlarina ait 7', I ve F' degerleri asagidaki sekilde

tammlanir.

i. Her x € V i¢gin
Tji(x) = min{T;(x), T (x)}
Lin(x) = max{l;(x), Iz (z)}
Fi(x) = max{F;(z), Fz ()}

1. Her zy € E igin
Tgi(wy) = min{Tp(xy), Tz (vy)}
g (zy) = max{l(xy), Iz (vy)}
Fgu(wy) = maz{Fp(xy), Fp (ry)}

Ornek 3.2.8 Ornek 3.2.7 de verilen G ve & sezgisel neutrosophic graflarini ele alalim.
Acikca A" = ARA’ ve B" = BAB’ seklinde olup GG’ = (G*, A7, B") asagidaki gibi elde

edilir.

A" = {(21,0.2,0.5,0.6), (x3,0.2,0.4,0.6), (x3,0.3,0.5,0.6)}
B" = {(2125,0.0,1.0,1.0), (z123,0.0,1.0, 1.0), (x525, 0.0, 1.0, 1.0)}
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xy T9

((0.2,0.4,0.6))

Z3

Sekil 3.12: éﬁé’ sezgisel neutrosophic grafi

Teorem 3.2.6 G = (G*, A, B) ve G' = (G*, A", B') G* = (V, E) iizerinde birer sezgisel
neutrosophic graf olsun. Bu taktirde éﬁé’ arakesiti de G* = (V| F) de sezgisel neutro-
sophic graftir.

Ispat. G = (G*, A, B) ve G' = (G™, A", B") G* = (V, E) iizerinde sezgisel neutrosophic
graf olarak verilsin.

Acikca A” = AAA' V tizerinde ve B" = BAB' E iizerinde sezgisel neutrosophic kiimelerdir.
Ayrica her z,y € V igin

Tgu(xy) = min{Tg(xy), T (vy)}
< min{min{TA (.CE), TA(Q)}? min{TV(x)? TA’ (?/)}}

JC)}, min{TA (y)v TA’ (y>}}

= min{min{Ty(z), T4
Buradan T'5,(zy) < min{T ;. (x),T i (y)} dir.

Ig(zy) = maz{lg(zy), 15 (vy)}
> max{max{IA(x), I;(y)}, max{l;(x), IA,(y)}}

= max{max{lg(a:), I;/(2)}, max{I;(y), IA,(y)}}
Buradan I, (xy) > max{I z (), I ;. (y)} dir.

Fpi(zy) = max{Fg(xy), F (vy)}
> maz{maz{Fy(z), F5(y)}, maz{F(z), F5(y)} }
> mam{max{FA(x), Fi/(2)}, max{F;(y), F (y)}}
Buradan Fy,(zy) > mazx{F z/(x), F ;. (y)} dir.
Dolayisiyla é’ﬁé” , G* = (V, E) da sezgisel neutrosophic graftir.
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4. SEZGISEL NEUTROSOPHIC ESNEK GRAFLAR

4.1 Sezgisel Neutrosophic Esnek Kiimeler

Tanim 4.1.1 X bir evren ve E parametre kiimesi olsun. SN(X), X iizerindeki tiim
sezgisel neutrosophic kiimelerin ailesi olsun. X iizerinde w : £ — SR(X) dontigiimii ile
tamimlanan (w, F) ikilisine bir sezgisel neutrosophic esnek kiime denir ve
(w,E) = {(e,w(e)) : e € E} seklinde gosterilir. X iizerindeki biitiin sezgisel
neutrosophic esnek kiimelerin ailesi SRg(X) notasyonuyla gosterilir.

Acgikca sezgisel neutrosophic esnek kiimeler sezgisel neutrosophic kiimelerin

parametrelendirilmis bir ailesidir.

Ornek 4.1.1 X = {x, 29, x5, x4} dort farkl gémlekten olugan bir kiime ve E={e; (kumas
kalitesi), es(fiyat), es(renk)} gomleklerin 6zelliklerini niteleyen parametrelerin bir kiimesi

olsun. Bir (w, F) sezgisel neutrosophic esnek kiimesi agagidaki gibi olugturulabilir.

(w, E) = {(e1,{< #1,0.4,0.5,0.2 >, < 25,0.3,0.6,0.1 >, < x3,0.5,0.1,0.2 >,
< 14,0.6,0.5,0.1 >},

(€2,{< 11,0.5,0.2,0.4 >, < 25,0.5,0.3,0.2 >, < x3,0.7,0.5,0.1 >,
< x4,0.6,0.5,0.2 >},

(e3,{< 11,0.5,0.3,0.2 >, < 25,0.5,0.0,0.1 >, < 25,0.6,0.5,0.4 >,
< 24,0.5,0.1,0.5 >}}

Cizelge 4.1: (w, F) sezgisel neutrosophic esnek kiimesi

X | e1(kumasg kalitesi) | es(fiyat) es(renk)

71 | (0.4,0.5,0.2) (0.5,0.2,0.4) | (0.5,0.3,0.2)
25 | (0.3,0.6,0.1) (0.5,0.3,0.2) | (0.5,0.0,0.1)
73 | (0.5,0.1,0.2) (0.7,0.5,0.1) | (0.6,0.5,0.4)
74 | (0.6,0.5,0.1) (0.6,0.5,0.2) | (0.5,0.1,0.5)

Tanim 4.1.2 (w, Ey), (U, Ey) € SRp(X) olsun. Eger F; C FE5 ve her e € E; i¢in
w(e)CV(e) kosullar: saglanirsa (w, £) e (¥, Fy) nin sezgisel neutrosophic esnek alt kiimesi

denir. Bu durum (w, By)C (¥, Es) seklinde gosterilir.
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Ornek 4.1.2 X = {1, 29,23, 24} dort farkll damacana su girketinden olugan bir kiime,
Ey={e;(ph dengesi), es(fiyat uygunlugu), es(hizh servis)} ve Ea={e;(ph dengesi), es(fiyat
uygunlugu), ez(hizh servis), e4(soguk teslim)} parametre kiimeleri ile birlikte (w, E7) ve

(W, Fy) sezgisel neutrosophic esnek kiimeleri agagidaki gibi verilsin.

Cizelge 4.2: (w, E) sezgisel neutrosophic esnek kiimesi

X | e1(ph dengesi) | ex(fiyat uygunlugu) | es(hizh servis)
71 ] (0.3,04,05) | (0.2,0.2,0.6) (0.3,0.7,0.4)
75 | (0.2,05,0.4) | (0.3,0.7,0.4) (0.5,0.2,0.3)
73 | (05,0.3,04) | (0.2,0.2,0.5) (0.3,0.4,0.7)
71 | (0.4,0.0,05) | (0.0,0.5,0.6) (0.2,0.5,0.7)

Cizelge 4.3: (U, F,) sezgisel neutrosophic esnek kiimesi

X | e1(ph dengesi) | ex(fiyat uygunlugu) | es(hizh servis) | e4(soguk teslim)
71 ] (05,03,02) | (0.6,0.1,0.4) (0.4,0.6,03) | (0.0,0.7,0.3)
5 | (0.6,04,0.1) | (0.3,0.6,0.2) (06,02,0.1) | (040.6,0.2)
73| (05,02,03) | (0.6,0.1,0.3) (05,0.3,02) | (0.1,08,0.3)
2] (07,00,03) | (0.2,05,0.3) (0.3.04,06) | (0.3,0.3,04)

Acikca (w, E1)C(V, E,) dir.

Tanim 4.1.3 (w, E)), (¥, E,) € SRp(X) olsun. Eger (w, B))C (¥, Ey) ve (¥, By)C(w, E)
ise (w, Fy), (¥, Ey) ye esittir denir.

Tanim 4.1.4 (w, F) bir sezgisel neutrosophic esnek kiimesi olsun. (w, F) nin tiimleyeni
(w, E)t = (w', E) notasyonuyla verilir ve her e € E i¢in agagidaki gibi tanimlanir.

th(w) = Fw(x)7 [wt(m) =1- [w(z)a Fwt(m) = Tw(:p)
Ornek 4.1.3 (w, E') sezgisel neutrosophic esnek kiimesi agagidaki sekilde verilsin.

Cizelge 4.4: (w, E) sezgisel neutrosophic esnek kiimesi

X €1 €9 €3

71 | (0.4,0.5,0.2) | (0.5,0.2,0.4) | (0.5,0.3,0.2)
75 | (0.3,0.6,0.1) | (0.5,0.3,0.2) | (0.5,0.0,0.1)
73 | (0.5,0.1,0.2) | (0.7,0.5,0.1) | (0.6,0.5,0.4)
74 | (0.6,0.5,0.1) | (0.6,0.5,0.2) | (0.5,0.1,0.5)

w, B)" sezgisel neutrosophic esnek kiimesi agagidaki gibi elde edilir.
g
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Cizelge 4.5: (w, E)" sezgisel neutrosophic esnek kiimesi

X €1 €9 €3

21 | (0.2,0.5,0.4) | (0.4,0.8,0.5) | (0.2,0.7,0.5)
23 | (0.1,0.4,0.3) | (0.2,0.7,0.5) | (0.1,1.0,0.5)
73 | (0.2,0.9,0.5) | (0.1,0.5,0.7) | (0.4,0.5,0.6)
24| (0.1,0.5,0.6) | (0.2,0.5,0.6) | (0.5,0.9,0.5)

Tanim 4.1.5 (w, F) € SXg(X) olsun.

i. Her e € F i¢in w(e) = 0 ise (w, E') kiimesine bog sezgisel neutrosophic esnek kiime

denir ve (wj, E') seklinde gosterilir.

ii. Her e € E icin w(e) = Q ise (w, F) kiimesine tam sezgisel neutrosophic esnek kiime

denir ve (wg, ) seklinde gosterilir.

Tanim 4.1.6 (w, E4), (U, Ey) € SRE(X) olsun. (w, Ey) ile (U, Ey) sezgisel neutrosophic
esnek kiimelerinin genigletilmig arakesiti (o, E) = (w, E1)N(¥, Fy) seklinde gosterilir.
E = E; U E; olacak seklilde her e € E igin (¢, F) nin T, I ve F degerleri agagida
verildigi gibi ifade edilir.

Tio(e) () eger e € E\Ey
Too(@) =4 Tuo() cger e € B\E,
min{Te)(x), Twe) ()} eger e € EyNE,
Ly (x) eger e € E)\E,
Lo () = Ty (e)() eger e € Eh\E;
min{le)(x), lye) ()} eger e € EyNE,
Foe) () eger e € E\Ey
Foe)(x) = Fy(e)() eger e € Ey\E)
max{Fye)(x), Fue(x)} eger ec EyNE,

Ornek 4.1.4 X = {1, 29,23, 24} dort farkhi otomobilden olusan bir kiime, F parame-
tre kiimesi ve Ej={ej(marka), es(fiyat), es(diisiik kilometre)} otomobillerin &zelliklerini

niteleyen parametrelerin bir kiimesi olsun. (w, ;) sezgisel neutrosophic esnek kiimesi
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agagidaki gibi olugturulabilir.

(w, B1) = {(e1,{< 21,0.5,0.6,0.3 >, < 25,0.4,0.7,0.2 >, < x3,0.6,0.2,0.3 >,
< x4,0.7,0.3,0.2 >},

(e, {< £1,0.6,0.3,0.5 >, < ,0.7,0.4,0.3 >, < 3,0.8,0.1,0.2 >,
< 14,0.7,0.3,0.3 >},

(e3,{< £1,0.7,0.4,0.3 >, < ,0.6,0.1,0.2 >, < 3,0.7,0.2,0.5 >,
< 14,0.6,0.2,0.5 >}}

Cizelge 4.6: (w, Ey) sezgisel neutrosophic esnek kiimesi

X | eg(marka) | eq(fiyat ) es(diigiik kilometre)
71 ] (0.5,0.6,0.3) | (0.6,0.3,0.5) | (0.7,0.4,0.3)
75 | (04,0.7,0.2) | (0.7,0.4,0.3) | (0.6,0.1,0.2)
73 | (0.6,0.2,0.3) | (0.8,0.1,0.2) | (0.7,0.2,0.5)
72 | (0.7,03,0.2) | (0.7,0.3,0.3) | (0.6,0.2,0.5)

Ayni X kiimesi iizerinde Fo={e;(marka), es(fiyat), ez(diisiik kilometre), e, (hasarsizlik)}

parametreleri igin (U, Ey) sezgisel neutrosophic esnek kiimesi agagidaki gibi olugturulabilir.

(U, By) = {(e1,{< 21,0.6,0.4,0.3 >, < 5,0.7,0.5,0.2 >, < x3,0.6,0.3,0.4 >,
< 14,0.8,0.1,04 >},
(e2,{< 21,0.7,0.2,0.5 >, < 29,0.4,0.7,0.3 >, < 23,0.7,0.2,0.4 >,
< 14,0.3,0.6,0.4 >},
(e3,{< 21,0.5,0.6,0.4 >, < 29,0.7,0.3,0.2 >, < x3,0.6,0.4,0.3 >,
< 24,0.4,0.5,0.7 >},
(e4,{< 21,0.1,0.8,0.4 >, < 29,0.5,0.7,0.3 >, < 23,0.2,0.9,0.4 >,
< 24,0.4,0.4,0.5 >}}

Cizelge 4.7: (U, F,) sezgisel neutrosophic esnek kiimesi

X | e;(marka) | ex(fiyat ) es(disiik kilometre) | e4 (hasarsizlik)
71| (0.6,0.4,0.3) | (0.7,0.2,0.5) | (0.5,0.6,0.4) (0.1,0.8,0.4)
75 | (0.7,05,0.2) | (0.4,0.7,0.3) | (0.7,0.3,0.2) (0.5,0.7,0.3)
3 | (0.6,0.3,04) | (0.7,0.2,0.4) | (0.6,0.4,0.3) (0.2,0.9,0.4)
74| (08,0.1,0.4) | (0.3,0.6,0.4) | (0.4,0.5,0.7) (0.4,0.4,0.5)
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(w, E1)N(¥, Ey) kiimesi agagidaki gibi elde edilir.

Cizelge 4.8: (w

, E1)N(V, Es) sezgisel neutrosophic esnek kiimesi

X | e;(marka) | ex(fiyat ) es(disiik kilometre) | e4(hasarsizlik)

x1 | (0.5,0.4,0.3) | (0.6,0.2,0.5) | (0.5,0.4,0.4) (0.1,0.8,0.4)

s | (0.4,0.5,0.2) | (0.4,0.4,0.3) | (0.6,0.1,0.2) (05,0.7,0.3)

23 | (0.6,0.2,0.4) | (0.7,0.1,0.4) | (0.6,0.2,0.5) (0.2,0.9,0.4)

2 | (0.7,0.1,0.4) | (0.3,0.3,0.4) | (0.4,0.2,0.7) (0.4,0.4,0.5)
Tanim 4.1.7 (w, Ey), (V, Ey) € SRE(X) olsun. (w, E) ile (U, E,) sezgisel neutrosophic
esnek kiimelerinin daraltilmig arakesiti (¢, E) = (w, E1)(¥, Ey) seklinde gosterilir ve

E = E; U E5 olmak tizere her e € E i¢in (p, E) nin T, I ve F iiyelik degerleri agagidaki

gibi tanimlanir.

Ty e)( )}
(I I\I!(e ( )}
= maz{Fye) (), Fye (x)}

<p(e (x) = min{Tw(e (l‘)
Loy () ),
F<P(5)(x)

= min{l.

Ornek 4.1.5 (w, Fy) ve (U, E,) sezgisel neutrosophic esnek kiimeleri agagidaki gibi

verilsin.
Cizelge 4.9: (w, Ey) sezgisel neutrosophic esnek kiimesi
X | er(marka) | ex(fiyat ) es(diigiik kilometre)
21| (0.5,0.6,0.3) | (0.6,0.3,0.5) | (0.7,0.4,0.3)
5 | (0.4,0.7,0.2) | (0.7,0.4,0.3) | (0.6,0.1,0.2)
3 | (0.6,0.2,0.3) | (0.8,0.1,0.2) | (0.7,0.2,0.5)
x4 | (0.7,0.3,0.2) | (0.7,0.3,0.3) | (0.6,0.2,0.5)
Cizelge 4.10: (¥, E5) sezgisel neutrosophic esnek kiimesi
X | eg(marka) | eqfiyat ) es(diigiik kilometre) | e4 (hasarsizlik)
71 | (0.6,0.4,0.3) | (0.7,0.2,0.5) | (0.5,0.6,0.4) (0.1,0.8,0.4)
x9 | (0.7,0.5,0.2) | (0.4,0.7,0.3) | (0.7,0.3,0.2) (0.5,0.7,0.3)
23 | (0.6,0.3,0.4) | (0.7,0.2,0.4) | (0.6,0.4,0.3) (0.2,0.9,0.4)
74| (08,0.1,04) | (0.3,0.6,0.4) | (0.4,0.5,0.7) (0.4,0.4,05)

Tamm 4.1.7 ile (

w, BEN)N(V, By) asagidaki gibi elde edilir.
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Cizelge 4.11: (w, E1)N(¥, Ey) sezgisel neutrosophic esnek kiimesi

X | e;(marka) | ex(fiyat ) es(disiik kilometre)
71| (0.5,0.4,0.3) | (0.6,0.2,0.5) | (0.5,0.4,0.4)
25 | (04,0.5,0.2) | (0.4,0.4,0.3) | (0.6,0.1,0.2)
23 | (0.6,0.2,0.4) | (0.7,0.1,0.4) | (0.6,0.2,0.5)
24| (0.7,0.1,04) | (0.3,0.3,0.4) | (0.4,0.2,0.7)

Onerme 4.1.1 (w, Ey), (U, E,), (¢, B3) € SRg(X) olsun. Bu takdirde agagidakiler saglanir.

i. (w, E)N(w, Ey) = (w, Ey), (w, E))(w, Ey) = (w, Ey)
ii. (w, By )Nwy, Br) = (W, B1),  (w, By)M(wy, Br) = (wg, E1)
iii. (w, BN, Ey) = (U, Ey)N(w, Ey),  (w, E))N(P, Ey) = (¥, Ey)(w, Ey)

iv. ((w, E)N(Y, E2))N(, Bs) = (w, ENO((Y, E2)N(p, E3)),

((w> El)ﬁ(q]a EQ))ﬁ((pv E3) = (w7 El)ﬁ((\ya E2)ﬁ(907 ES))

ispat.

i. (w, Fy) € SNE(X) olsun. Agik¢a her e € F igin (w, F1) = {<x,Tw<e)(z),[w<e> (), Fo,, (2)) :
z € X} seklindedir. Ustelik

(w, EN)N(w, Br) = {{z, min{T,, (x)}, min{l,, ()}, maas{Fw(e)(:p)}> e X}
= {<$,Tw(e) (a:),]w(e)(x),Fw(e)(x)> crxe X} = (w, Ey)

(w, E1)MN(w, E1) = (w, E) esitligi de benzer sekilde ispatlanabilir.

ii. Agikca her e € Ey ve her z € X icin (wy, 1) = {(m,0,1,1) : m € X} seklindedir.
Ustelik

(w, B1)N(wy, Br) = {(x, min{Ty,(x),0}, min{l, ., (m), 1}, maz{F,  (m), 1}): me X}
={(m,0,1,1): € X} = (wy, 1)

(w, BE1)w, E1) = (wy, E1) esitligi de benzer sekilde gosterilir,
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iii. (w, B1)N(Y, Ey) = (¢, E) ve (w, B2)N(w, E1) = (&, E) olsun.
Burada F = E; U E5 dir. Simdi e € E olsun.

Eger e € Ey\Es ise (¢, E) = (w, E1) = (€, E)’dir.
Eger e € Eb\E) ise (p, E) = (¥, Ey) = (&, E) dir.

Eger e € E1 N Ej ise

(¢, E) = {{=, min{T,,,, (x), min{l,,, (v), maz{F,, (z)): v € X}
= {(=, min{Ty, (z)], min{ly, (z), max{Fy, (2)]): z€ X}
= (& E)

(w, E))N(Y, Ey) = (U, Ey)(w, EY) esitligi de benzer sekilde gosterilebilir.

iv. ((w, E)AY, Ex))N (@, E3) = (¥, E) ve
(w, ENO((T, Ey)N (@, F3)) = (ww, E') olsun.
Agikca E = (Ey U Ey) U B3 = By U (By U E3) = E' oldugundan E = E’ diir.

e € F = (El U EQ) U E3 ise e € (El U EQ)\Eg, e € Eg\(El U Eg) veya

e € E = (F, U Ey) N E3 olmak iizere li¢ durum mevcuttur.

e € (E1 U EQ)\Eg olsun. O halde e S (El\EQ)\Eg, e € (EQ\E1>\E3 veya e €
(El N EQ)\Eg dir.

Eger e € (E1\Ey)\E3 ise ¥(e) = w(e) = @(e) olup (9, E) = (w, E) diir.

/

Eger e € (Ex\E1)\E3 ise V(o) = V(o) = @(e) olup (0, E) = (ww, E') diir.
Eger e € (El N Eg)\Eg ise 19(@) = c«)(e)ﬁ\lf(e) = W(e) olup (19, E) = (w, E) diir.

e € Eg\(El U EQ) olsun. O halde e S Eg\(El\Eg), e € E3\(E2\E1) veya e €
Eg\(El N EQ) dir.

Eger e € E3\(E1\Bs) ise V(o) = ¢(e) = @(e) olup (0, E) = (ww, E') diir.
Eger e € B3\ (F\E1) ise V() = @(e) = @(e) olup (0, E) = (ww, E') diir.
Eger e € E3\(Ey N Ey) ise V(o) = ¢(e) = @) olup (¥, E) = (w, E') diir.

e € E=(EUE;)NE;olsun. O halde e € (E1\E2) N E5, e € (E2\E1) N E3 veya
e € (El N Eg) N E3 dur.

Eger e € (E1\Ey) N B ise V(¢) = w(e) 9 = @(e) olup (9, F) = (w, £) diir.
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Eger e € (EQ\El) N E5 ise 19(6) = W(e)ﬁSO(e) = W(e) olup (19, E) = (w, E,) dur.
Eger e € (Ey N Ey) N E3 ise

Vo) = (WM e) e = 0N Nee) = @

Acikca her bir durum icin (9, E) = (w, E') diir.

Sonug olarak ((w, E1)N (W, Ex))N (@, E3) = (w, E))N((V, E2)N(p, E3)) elde edilir.

Benzer sekilde ((w, E1)(W, Ex)) (o, E3) = (w, Ey)N((P, E2)M(p, E3)) durumu da

gosterilebilir.

Tanim 4.1.8 (w, Ey), (U, Ey) € SRE(X) olsun. (w, Ey) ile (U, Ey) sezgisel neutrosophic
esnek kiimelerinin genigletilmig birlegimi (p, F) = (w, E,)JU(¥, Ey) seklinde gosterilir.
Burada E = E; U E; olmak flizere her e € E i¢in (¢, F) nin T, I ve F iiyelik degerleri

agagidaki gibi tamimlanir.

Tw(e) (Z') eger € c El\EQ

Tp(e)(z) = T\P(e)@) eger e € Ih\E)
max{T,(x), Ty(x)} eger e€ Ey1NE;

Loy () eger e € Ey\FEy

L) () = Ty (e)(z) eger e € E)\E;
min{l,(x), ly(z)} eger e € E3N Ey
Foe(x) eger e € E1\Es
Foge)(x) = Fye)(2) eger e € Ih\E)

min{ Fi)(z), Foe)(r} eger e e By NE,

Ornek 4.1.6 (w, Ey) ve (U, E,) sezgisel neutrosophic esnek kiimeleri agagidaki gibi

verilsin.

Cizelge 4.12: (w, ) sezgisel neutrosophic esnek kiimesi

X | er(marka) | ex(fiyat ) es(disiik kilometre)
71 ] (0.5,0.6,0.3) | (0.6,0.3,0.5) | (0.7,0.4,0.3)
s | (04,0.7,0.2) | (0.7,0.4,0.3) | (0.6,0.1,0.2)
23 | (0.6,0.2,0.3) | (0.8,0.1,0.2) | (0.7,0.2,0.5)
24| (0.7,0.3,0.2) | (0.7,0.3,0.3) | (0.6,0.2,0.5)
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Cizelge 4.13: (U, E») sezgisel neutrosophic esnek kiimesi

X | e;(marka) | ex(fiyat ) es(disiik kilometre) | ey (hasarsizlik)
71| (0.6,0.4,0.3) | (0.7,0.2,0.5) | (0.5,0.6,0.4) (0.1,0.8,0.4)
75 | (0.7,05,0.2) | (0.4,0.7,0.3) | (0.7,0.3,0.2) (0.5,0.7,0.3)
23 | (0.6,0.3,04) | (0.7,0.2,0.4) | (0.6,0.4,0.3) (0.2,0.9,0.4)
22 | (0.8,0.1,0.4) | (0.3,0.6,0.4) | (0.4,0.5,0.7) (0.4,0.4,0.5)

Tamm 4.1.8 ile (w, E1)U(¥, F,) agagidaki gibi elde edilir.

Cizelge 4.14: (w, E1)U(¥, F,) sezgisel neutrosophic esnek kiimesi

X | e;(marka) | ex(fiyat ) es(diisiik kilometre) | e4(hasarsizlik)
71 | (0.6,0.4,0.3) | (0.7,0.2,0.5) | (0.7,0.4,0.3) (0.1,0.8,0.4)
75 | (0.7,05,0.2) | (0.7,0.4,0.3) | (0.7,0.1,0.2) (0.5,0.7,0.3)
23 | (0.6,0.2,0.3) | (0.8,0.1,0.2) | (0.7,0.2,0.3) (0.2,0.9,0.4)
21| (0.8,0.1,0.2) | (0.7,0.3,0.3) | (0.6,0.2,0.5) (0.4,0.4,0.5)

Tanmim 4.1.9 (w, Ey), (¥, Ey) € SRp(X) olsun. (w, Ey) ile (¥, Ey) sezgisel neutrosophic
esnek kiimelerinin daraltilmig birlegsimi (¢, ) = (w, E)0(¥, Fy) seklinde gosterilir.
E = E1N E; olmak tizere her e € E igin (¢, E) nin T, I ve F iiyelik degerleri asagida gibi

tanimlanir.

Ornek 4.1.7 (w, Fy) ve (U, E,) sezgisel neutrosophic esnek kiimeleri asagidaki gibi

verilsin.

Twe)(x) = max{T, ) (x), Twe)(r)teger e € By N E,y

Iip(ey(x) = min{Tie)(2), Tw(e)(x) eger e € EyN E,

Floe) (@) = min{Te)(x), Twe)(x) feger e € EyNE;

Cizelge 4.15: (w, E) sezgisel neutrosophic esnek kiimesi

X | er(marka) | eq(fiyat ) es(diisiik kilometre)
21| (0.5,0.6,0.3) | (0.6,0.3,0.5) | (0.7,0.4,0.3)
s | (0.4,0.7,0.2) | (0.7,0.4,0.3) | (0.6,0.1,0.2)
23 | (0.6,0.2,0.3) | (0.8,0.1,0.2) | (0.7,0.2,0.5)
74| (0.7,0.3,0.2) | (0.7,0.3,0.3) | (0.6,0.2,0.5)

Cizelge 4.16: (U, E») sezgisel neutrosophic esnek kiimesi

X | e;(marka) | ex(fiyat ) es(disiik kilometre) | e4 (hasarsizlik)
71| (0.6,0.4,0.3) | (0.7,0.2,0.5) | (0.5,0.6,0.4) (0.1,0.8,0.4)
75 | (0.7,05,0.2) | (0.4,0.7,0.3) | (0.7,0.3,0.2) (0.5,0.7,0.3)
3 | (0.6,0.3,04) | (0.7,0.2,0.4) | (0.6,0.4,0.3) (0.2,0.9,0.4)
74| (08,0.1,0.4) | (0.3,0.6,0.4) | (0.4,0.5,0.7) (0.4,0.4,0.5)
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Tamm 4.1.9 ile (w, E1)J(¥, E,) agagidaki gibi elde edilir.

Cizelge 4.17: (w, E1)J(¥, Fy) sezgisel neutrosophic esnek kiimesi

X | er(marka) | ex(fiyat ) es(disiik kilometre)
71| (0.6,0.4,0.3) | (0.7,0.2,0.5) | (0.7,0.4,0.3)
s | (0.7,05,0.2) | (0.7,0.4,0.3) | (0.7,0.1,0.2)
23 | (0.6,0.2,0.3) | (0.8,0.1,0.2) | (0.7,0.2,0.3)
72| (0.8,0.1,0.2) | (0.7,0.3,0.3) | (0.6,0.2,0.5)

Onerme 4.1.2 (w, Ey), (¥, E,), (@, E5) € SRg(X) olsun. Bu takdirde asagidaki esitlikler

saglanir.
i (w, E)U(w, E) = (w, Br),  (w, EY)U(w, Er) = (w, By)
i (w, B1)U(wy, B1) = (w, Br),  (w, E)W(wy, Br) = (w, By)
i, (w, )T, By) = (U, B)O(w, By),  (w, B)O(W, By) = (T, By))(w, Ey)
iv. ((w, EV)O(Y, E2))U(p, Es) = (w, E1)U((Y, E2)0(e, E3)),
(w, E0)U(Y, E»))U(p, E3) = (w, EV)O((Y, E2)0(p, Es))
Ispat.

i. (w, Fy) € SXg(X) olsun.
Acgikga her e € E) i¢in (w, FY) = {<x,Tw(e)(x) 1,  (z), F

Ao, ey (:1:)> . = € X} geklindedir.
Ustelik

(w, B1)0(w, By) = {{=, maz{Ty,, (x), min{l,,, (v), min{F,, (z)): =€ X}
= {(z, Ty (@), Ly, (2), Fw(e)(x)> € X} = (w, Fy) dir.
(w, B))(w, E1) = (w, E1) esitligi de benzer sekilde ispatlanabilir.

ii. Agikca her e € By ve her # € X igin (wy, B1) = {(2,0,1,1) : 2 € X} seklindedir.
Ustelik

(w, BE)O(wy, B1) = {(z, max{T,, (x), 0}, min{F,, (v), 1}, min{F,, (z), 1})
reX}= {<x,Tw(e) (), Lo, (x),Fw(e)(x» cx€X,e€ E} = (w, Ey) dir.

(w, B1)U(wy, E1) = (w, B) esitligi de benzer sekilde gosterilebilir.
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iii. (w, 1)UV, By) = (¢, E) ve (w, Fy)U(w, Ey) = (£, F) olsun.
Burada F = E; U E5 dir. Simdi e € E olsun.

Eger e € E|\E, ise (¢, E) = (w, Ey) = (£, E) dir.

Eger e € E)\E) ise (¢, E) = (U, Ey) = (&, E) dir.

Eger ¢ € Ey N B, ise

(¢, E) = {{z, maz{T,, (2)}, min{ Ly, (2)}, min{ F, (2)) : = € X}
= {(z,maz{Ty, (v),min{ly (x), min{ Fy (2)) : € X}
= (£ E)

(w, B0V, Ey) = (U, By)(w, EY) esitligi de benzer sekilde gosterilebilir.
iv. Onerme 4.11 iv) ye benzer sekilde ispatlanir.
Onerme 4.1.3 (w, E,), (¥, Ey), (¢, E3) € SXg(X) olsun.
i (w, E)N((Z, E2)U(p, Bs)) = ((w, E)N(Y, E»))U((w, E1)N(, E3))

ii. (w7 El)O((\I/, Eg)ﬁ((p, E3)) = (((")7 El)o(\ljv E2))ﬁ((w7 EI)U«O? E3)>

w, BT, E2)U((w, BN (p, E3)) = (o, E') olsun.

(

¥, E) nin parametre kiimesi £ = F), N (Fy U E3) ve (w, £') nin parametre kiimesi
= (E1 N Ey) U (B N E3) oldugundan F = E' elde edilir. Her e € E icin e € F ve
e € (Ey U Ej) diir.

Eger e € Ey ve e € Ey\Fj3 ise

Vie) (@) = wie) (@)Y () (2)

= W(e) (i)ﬁ\lf(e) (x)
olup buradan ¥ () = @) (z) dir. O halde (9, E) = (w, E) dir.

Eger e € E; ve e € E3\FE; ise

93



olup buradan ¥ (z) = @) (z) dir. O halde (9, E) = (w, E) diir.

Eger e € E| ve e € F5 N Ej ise

Doy () = wiey () N(W o) () U e))

= [(@e) (@)N ) (2))V(wie) (2) (e (7))
= (o) (2)
dir. Yani (¢, F) = (w, E) diir.
ii. i) deki gibi ispatlanabilir.
Sonug 4.1.1 (SRg(X),C) dagilhiml bir kafestir.

Onerme 4.1.4 (w, E), (¥, E,) € S¥p(X) olsun. Bu takdirde asagidaki esitlikler saglanir.

i ((w, B)U(T, By)) = (w, By)'N(T, Ey)!
i, ((w, E)O(T, By)) = (w, By)N(T, By)*
i, ((w, EDNA(Y, o))t = (w, By)O(W, Ey)!

iv. ((w, B)A(W, By))t = (w, By) 1T, By)!

w, By = {<x, Toogey(x), I

“(e)

(I),Fw(e)(I)> cx e X, e€ E}

U, B,) = {<x,T\p(e> (x), Ty, (), Iy, (2), Fy,, (z)): v € X, e€ En}

<x,Fw(e) (2),1 = Ly, (x),Tw(e)(:c)> crxeXec€ FE}

<a:,F\p(e) (2),1 = Iy, (2), Ty, (z)): z € Xe€ By}
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seklindedir. E = F; U Ey ve (w, E1)U(¥, Ey) = (p, E) olmak iizere (¢, ) kiimesi

Fw(e) (.T) e c El\Eg
Fo () = Fu, (2) e € Eb\Ey
min{ F, ()} ee EyNE,
1-— Iw<e)<l‘) € c El\EQ
S@(e) 1— [\I/( )( ) e € EQ\El
maz{l — I, ()} ee€ EyNE,
Tw(e) (l’) e c El\EQ
<p e) Tw<e) (f[)) e e EQ\El
min{T,, (z)} ee EyNE,
= t (\D EQ) dir.

i) deki gibi ispatlanir.

iii. (w, E1), (U, Ey) € SNp(X) sezgisel neutrosophic esnek kiimelerini agagidaki gibi goz

ontne alalim.

(w, Eq) = {<Z‘,Tw(e) (x),]w(e)(x),Fw(e)(x)> cx € X, e€ Fy}

(W, By) = {(z, Ty, (2), Iy, (), Fy, (x)): z€ X, ec Ey}

(w, E1) ve (¥, Ey) nin tiimleyenleri sirasiyla

(w, B1)' = {(z, Fy, (2),1 = L, (2), T, (2)) : v € X e€ Ey}
(¥, Byt = {{z, Py, (z),1 - I\p(e)<x>,T\p(E)(Jf)> cx € Xee€ Ey}

seklindedir. E = E; U Ey ve (w, E1)N (¥, Ey) = (p, E) olmak tizere (¢, ) kiimesi

Fw(e) (l‘) e c El\EQ
Fo) (@) =4 Fy, (z) e € By\Ey
max{Fw<e> (ZL“), F\I/(e)@f)} ee€ BN E,
L- Iw(e)<x) ec El\E2
ij(:e) (ﬂj) - 1 o [\Ij(e)( ) e c EQ\El
max{l w(e)<»r>} ee B1NE,
Tw(e) <I> € E El\E2
T¢€e)(x) =9 T, (z) e € B)\Fy
min{TUJ(e) (x)} e E El ﬂ E2
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= (w, B1)'A(T, B,)t dir.

iv. iii) ye benzer sekilde yapilir.

Tanim 4.1.10 (w, E4), (V, Ey) €  SRg(X) olsun.

neutrosophic esnek kiimelerinin \/ — birlegimi (p, F) = (w,El)\y(\If,Ez) ile gosterilir.

(w, Ey) ile (U, Ey) sezgisel

Burada E = E; X F, olmak tizere her (e, e) € E icin ¢(ey, e5) = w(e;)U¥(ez) seklinde
tanimlanir.
p(er,e) = {<x:max{Tw(e1)( ), Ty (ey) ( g mln{]oJ(q (z), Ty (ey) ( g mm{F (e1) ( )7F‘1/(ez)(17)}>}

Ornek 4.1.8 (w, E) ve (¥, Es) kiimelerini Ornek 4.1.4 de ki gibi ele alalm. (w, El)\y(\lf, E,)

kiimesi agagida verilen cizelgedeki gibi elde edilir.

Cizelge 4.18: (w, El)\A/(\D E,) sezgisel neutrosophic esnek kiimesi

X | e1(m,m) eo(m,f) e3(m,k) e4(m,h)

71 | (0.6,0.4,0.3) | (0.7,0.2,0.3) | (0.5,0.6,0.3) | (0.5,0.6,0.3)
s | (0.7,05,0.2) | (0.4,0.7,0.2) | (0.7,0.3,0.2) | (0.5,0.7,0.2)
z3 | (0.6,0.2,0.3) | (0.7,0.2,0.3) | (0.6,0.2,0.3) | (0.6,0.2,0.3)
71 | (0.8,01,0.2) | (0.7,0.3,0.2) | (0.7,0.3,0.2) | (0.7,0.3,0.2)
X | er(f,m) es(f.f) es(fk) eq(f,h)

71 | (0.6,0.3,0.3) | (0.7,0.2,0.5) | (0.6,0.3,0.4) | (0.6,0.3,0.4)
s | (0.7,0.4,0.2) | (0.7,0.4,0.3) | (0.7,0.3,0.2) | (0.7,0.4,0.3)
23 | (08,0.1,0.2) | (0.8,0.1,0.2) | (0.8,0.1,0.2) | (0.8,0.1,0.2)
74 | (0.7,0.1,0.3) | (0.7,0.3,0.3) | (0.7,0.3,0.3) | (0.7,0.3,0.3)
X | e1(k,m) ea(k,f) es3(k,k) eq(k,h)

71 (0.7,0.4,0.3) | (0.7,0.2,0.3) | (0.7,0.4,0.3) | (0.7,0.4,0.3)
s | (0.7,0.1,0.2) | (0.6,0.1,0.2) | (0.7,0.1,0.2) | (0.6,0.1,0.2)
23 | (0.7,0.2,04) | (0.7,0.2,0.4) | (0.7,0.2,0.3) | (0.7,0.2,0.4)
72 | (0.8,0.1,0.4) | (0.6,0.2,0.4) | (0.6,0.2,0.5) | (0.6,0.2,0.5)

Not: Parametreler icin "marka:m, fiyat:f, diisiik kilometre:k, hasarsizlik:h” kisaltmalar:

kullanilmigtir.

Tanim 4.1.11 (w

pler, e2) = w<61)ﬁ\11(62
(e, eq) = {<x,mm{Tw(el (), Tw(es) ()}, min{ Lo, (x ),Lp(@)(:ﬁ)},ma:v{Fw(el)(x),F\I,(62)($)}>}

DAY, By)

Ornek 4.1.9 (w

JEy), (W, By) € SRg(X

seklinde tanimlanir.

) olsun. (w

kiimesi agagida verilen ¢izelgedeki gibi elde edilir.

o6

,Ey) ile (U, E) nin A — arakesiti
ENNA(V, By) ile gosterili. E = E; x E, olmak iizere her (e, e;) € E igin
)

, Ey) ve (U, E,) kiimelerini Ornek 4.1.4 deki gibi ele alahm. (w, E




Cizelge 4.19: (w, Ey) /\(‘IJ E,) sezgisel neutrosophic esnek kiimesi

X | e1(m,m) eo(m,f) e3(m,k) e4(m;h)

z1 | (0.5,0.4,0.3) | (0.5,0.2,0.5) | (0.5,0.6,0.4) | (0.1,0.6,0.4)
s | (0.4,0.5,0.2) | (0.4,0.7,0.3) | (0.4,0.3,0.2) | (0.4,0.7,0.3)
75 | (0.6,0.2,0.4) | (0.6,0.2,0.4) | (0.6,0.2,0.3) | (0.2,0.2,0.4)
72 | (0.7,0.1,0.4) | (0.3,0.3,0.4) | (0.4,0.3,0.7) | (0.4,0.3,0.5)
X | er(f,m) eo(f,f) e3(fk) eq(f)h)

71 | (0.6,0.3,0.5) | (0.6,0.2,0.5) | (0.5,0.3,0.5) | (0.1,0.3,0.5)
zy | (0.7,0.4,0.3) | (0.4,0.4,0.3) | (0.7,0.3,0.3) | (0.5,0.4,0.3)
23 | (0.6,0.1,0.4) | (0.7,0.1,0.4) | (0.6,0.1,0.3) | (0.2,0.1,0.4)
72 | (07,0.1,0.4) | (0.3,0.3,0.4) | (0.4,0.3,0.7) | (0.4,0.3,0.5)
X | er(k,m) ea(k,f) es(k,k) eq(k,h)

71 | (0.6,0.4,0.3) | (0.7,0.2,0.5) | (0.5,0.4,0.4) | (0.1,0.4,0.4)
22 | (0.6,0.1,0.2) | (0.4,0.1,0.3) | (0.6,0.1,0.2) | (0.5,0.1,0.3)
75 | (0.6,0.2,0.5) | (0.7,0.2,0.5) | (0.6,0.2,0.5) | (0.2,0.2,0.5)
x4 | (0.6,0.1,0.5) | (0.3,0.2,0.5) | (0.4,0.2,0.7) | (0.4,0.2,0.5)

Not: Parametreler i¢in ”marka:m, fiyat:f, diisiik kilometre:k, hasarsizlik:h” kisaltmalari

kullanilmigtir.
Onerme 4.1.5 (w, Ey), (¥, Ey), (¢, E3) € SRg(X) olsun.
= (w, B1)' (¥, By)'

)V (T, Ey)!

i [(w, EOV(Y, B))f
i [(w, EODAY, Bt = (w, By
ispat.

1. (W,El), (‘;[;,EQ) S SNE(X

) sezgisel neutrosophic esnek kiimelerini g6z 6niine alalim.

(w,El)\A/(\I/,Eg) = ((p, F3) olsun. Burada £ = E; X E, olup her (e1,e3) € Ey X Ej

ve r € X i¢in

p(e1, e2) = {(z, [maz{T e,y (x), Tu(ey) (x)}],
[min{]w(el) (m)v [@(62)(x)}]7
[min{ Fue,) (@), Fae,) () }]) }
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Bler, e2) = {{, [min{ Foe,) (%), Fu(er) ()},

[max{l - IUJ(61)(I)7 - I‘I’(ez)(x>}]a

[maw{Tye,) (), Tuen (2)}])}
= {(@, [Futen)(@)], [1 = Lu(er) (@),
A [Ten(@)]): v € X e € By}
Az [Foen (@), [ 1 = Tuen) ()],
[Tw(eay(@)]) + 2 € X ey € By}

= W(e;)NW(ey) dir. Buradan agikca

[(w, EYV(T, Bp)]" =

ii. 1) deki gibi ispatlamir.

Tanmim 4.1.12 (w, Ey) € SRg(X) ve (¥, Ey) € SRg(Y) olsun. (w, E£y) ile (¥, Ey) nin
kartezyen carpimi (w, By)x (¥, Ey) = (¢, B x Es) ile gosterilir ve (¢, By x Ey) nin T, I ve
F tyelik degerleri her (eq,e2) € Ey x Ey ve (x,y) € X XY igin agsagidaki gibi tanimlanir.

TwX‘If(ehez)(xa y) = min{Tw(e1)<x)7 Ty (e,) (y)}
IwX\P(61,62)(:E7 y) = max{]w(el)(x), ]ﬁ/(ez)(y)}
Floxw(eren) (T, y) = maz{ Fye,) (%), Fy(e,)(y)}

Ornek 4.1.10 X = {z1,22}, Y = {y1, 92}, B1 = {e1,ea} ve Ey = {e3,e4} olmak iizere

(w, E7) ve (¥, Ey) sezgisel neutrosophic esnek kiimeleri sirasiyla X ve Y iizerinde agagidaki

gibi verilsin.

Cizelge 4.20: (w, E7) sezgisel neutrosophic esnek kiimesi

(w, By )N (T, Ey)t dir.

X 1 T
er | (0.2,0.1,0.5) | (0.1,0.5,0.5)
es | (0.3,0.5,0.3) | (0.3,0.5,0.8)

Cizelge 4.21: (¥, F,) sezgisel neutrosophic esnek kiimesi

Y Y1 Yo
es (0.2,0.5,0.8) (0.6,0.3,0.4)
€4 (0.4,0.4,0.2) (0.1,0.2,0.3)

o8




Bu takdirde X x Y = {(z1,11), (x1,y2), (2, %1), (x2,y2) } ve
By x By = {(er,ea).(er,ea). (ea,ea). (ea,eq)} seklinde olup (w, Ey) X (¥, Ey) sezgisel

neutrosophic esnek kiimesi agagida verilen Cizelgedaki gibi elde edilir.

Cizelge 4.22: (w, E,)x (¥, Ey) sezgisel neutrosophic esnek kiimesi

X XY [ (21,41) (z1,2) (x2,y1) (x2,y2)

(e1,e3) | (0.2,0.5,0.8) | (0.2,0.3,0.5) | (0.1,0.5,0.8) | (0.1,0.5,0.5)

(e1,e4) | (0.2,0.4,0.5) | (0.1,0.2,0.5) | (0.1,0.5,0.5) | (0.1,0.5,0.5)

(e2,e3) | (0.2,0.5,0.8) | (0.3,0.5,0.4) | (0.2,0.5,0.8) | (0.3,0.5,0.8)

(e2,€4) | (0.3,0.5,0.3) | (0.1,0.5,0.3) (0.3, 0.5, 0.8) | (0.1,0.5,0.8)
Teorem 4.1.1 (w, E;) € SRp(X) ve (¥, Ey) € SRp(Y) olsun. Bu takdirde (w, B1)x (¥, Fy

S SNE<X X Y) dir.

ispat. Tanim 4.1.12 ile agiktir.

4.2 Sezgisel Neutrosophic Esnek Graflar

Tamm 4.2.1 G = (G*,w, U, A) dortliisii agagidaki gartlar: saglarsa G ye G* iizerinde bir

sezgisel neutrosophic esnek graf denir.

i. A # () parametre kiimesidir

ii. (w,A) V de bir sezgisel neutrosophic esnek kiimedir
iii. (U, A) E de bir sezgisel neutrosophic esnek kiimedir

iv. Her e € A igin (w(e), V(e)) asagrdakileri gercekleyen G* = (V, E) n bir sezgisel
neutrosophic alt grafidir.
Tae)(y) < min{Tiye)(7), Tue) (1) }

Lyey(zy) =2 maz{lye) (@), L) (y)}

Fy(e)(zy) = maz{Foe)(2), Fue (y)}
Ustelik her e € A ve z,y € V igin 0 < Ty (7,y) + Lo (2, y) + Fye(z,y) < 3 durumu
gerceklenir. Acikca bir sezgisel neutrosophic esnek graf, sezgisel neutrosophic graflarin
parametrelestirilmis bir ailesidir. G = (G*,w, U, A) sezgisel neutrosophic esnek grafi her
e € Aicin G = (w(e), ¥(e)) seklinde de gosterilebilir. G* = (V, E) iizerindeki tiim sezgisel

neutrosophic esnek graflarin ailesi S/’&(G*) ile gosterilir.
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Ornek 4.2.1 V = {1, 9,23} ve E = {2129, xox3, 2321} olmak iizere G* = (V, E) basit

grafin1 goz oniine alalm. A = {e;, e2} bir parametre kiimesi ve A C F olarak verilsin.

w: A — SNg(V) olmak iizere (w, A) sezgisel neutrosophic esnek kiimesi agagidaki gibi

verilsin.
w(er) = {(x1,0.3,0.4,0.2), (z2,0.4,0.3,0.5), (x3,0.5,0.4,0.3) }
w(ez) = {(x1,0.5,0.1,0.2), (22,0.5,0.4,0.2), (x3,0.6,0.4,0.3) }

U : A — SNg(E) olmak tizere (¥, A) sezgisel neutrosophic esnek kiimesi agagidaki gibi
verilsin.

U(er) = {(r122,0.2,0.4,0.5), (xax3,0.4,0.4,0.5), (x321,0.3,0.4,0.3)}

U(ey) = {(r122,0.5,0.4,0.2), (x223,0.5,0.4,0.3), (x321,0.5,0.4,0.3)}

Boylece d(e1) = (w(e1), U(er)) ve d(ex) = (w(ez2), U(ez)) sirasiyla ey ve ey parametrelerine

karsilik gelen sezgisel neutrosophic graflardir.

T Ty

(0.2,0.4,0.5)
(0.3,0.4,0.2) (0.4,0.3,0.5)

Sekil 4.1: §(ey) sezgisel neutrosophic grafi

(0.5,0.4,0.2)
(0.5,0.1,0.2) (0.5,0.4,0.2)

Sekil 4.2: §(eq) sezgisel neutrosophic grafi

Dolayisiyla G = {d(e1),d(e2)} G* tizerinde bir sezgisel neutrosophic graftir.
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Cizelge 4.23: G sezgisel neutrosophic grafi
w I T2 T3
€1 (0.3,0.4,0.2) (0.4,0.3,0.5) (0.5,0.4,0.3)
ez | (0.5,0.1,0.2) | (0.5,0.4,0.2) | (0.6,0.4,0.3)
] T1T9 ToT3 r3T1
¢1](0.2,04,0.5) | (0.4,0.4,0.5) | (0.3,0.4,0.3)
es | (0.5,0.4,0.2) | (0.5,0.4,0.3) | (0.5,0.4,0.3)

Tanm 4.2.2 G = (G*,w, ¥, A) ve G = (G*, ', V' B), G* = (V, E) lizerinde sezgisel
neutrosophic esnek graflar olsun. Eger agagidaki kosullar saglanirsa G ye, G’ niin sezgisel

neutrosophic esnek alt grafi denir.
i. ACB

ii. Her e € A igin 6(e) = (w(e), ¥(e)), §'(e) = (w'(e), ¥'(e)) nin sezgisel neutrosophic alt
grafidir.

Bu durum GEG notasyonu ile gosterilir.

Ornek 4.2.2 Ornek 4.2.1 deki G y1 ele alalm. Diger yandan A" = {e1} olmak ftizere
G = (G*,w', ', A") grafi asagidaki sekilde verilsin.

W'(e1) = {(21,0.2,0.3,0.2), (z2,0.3,0.3,0.5), (x3,0.4,0.3,0.3)}
U'(er) = {(212,0.2,0.3,0.5), (2323,0.3,0.3,0.5), (x371,0.2,0.3,0.3)}

Acikca A’ = {e;} C {e1,ea} = A ve §'(ey) = (W' (e1), V'(e1))C(w(er), ¥(ey)) = 6(ey) olur.

Ustelik G’ niin G nin sezgisel neutrosophic esnek alt grafidir.

Ty iy

(0.2,0.3,0.5)

(0.2,0.3,0.2)

(0.2,0.3,0;

Sekil 4.3: § (e1) sezgisel neutrosophic alt grafi

Tamm 4.2.3 G = (G*,w,V,A) ve G' = (G',/, V', B) srasiyla G* = (Vi, E;) ve

G = (V,, Ey) basit graflar tizerinde iki sezgisel neutrosophic esnek graf olsun. G ve ¢
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niin kartezyen carpim GRG’ = (G*x G, w", V" Ax B) ile gosterilir. Burada V = V] x 1,

ve B = {(xy1,xy2) | * € Vi, 11ys € Eo} U{(21y,22y) | y € Vo, z129 € E1} olmak tizere
(W', Ax B) V de ve (3", A x B) E de sezgisel neutrosophic esnek kiimeler olup G&G’

niin kenarlarinin ve koselerinin 7', I ve F' degerleri asagidaki gibi tanimlanir.

1.

11.

1il.

Her (x1,y1) € V1 x V4 ve her (e1,e2) € A X B igin

Tw//(€1,€2)(x17 yl) = min{Tw(m)(fEl)a Tw/(ez)(yl)}
Iw”(el,eg)(xla yl) = m&x{jw(el)(xl)a Iw’(eg)(yl)}
Fw”(el,eg)(xla yl) = max{Fw(el)(xl)a Fw’(eg)<y1)}

Her x € V} ve her y,y2 € Es icin

T\If”(e1,e2)(xy17 xy?) = min{Tw(el)(I)a T‘P’(EQ)(yly2>}
I\If”(el,eg)(‘ry17 551/2) - max{-[w(e1)(x)7 I\P’(ez)(ylyQ)}
Fyrniey en)(@y1, xy2) = max{ F e, (@), Fyr(ey)(1192) }

Her y € V5 ve her z125 € E igin

T‘If/’(€1,€2)(x1y7 ny) = min{T\P(eﬂ(‘rle)a Tw’(ez)(y)}
I\I’”(61,62)(m1y7 ny) = max{]‘lf(m)(l‘le): Iw’(ez)(y)}
F\Il”(e1,ez)($1y7 372?/) = mal'{F\p(el)(llf1$2), Fw’(ez)(y)}

Ornek 4.2.3 A = {e1,e;} ve B = {es,e,} birer parametre kiimesi olmak iizere V; =

{z1, 22,231, Va = {y1, 42,43}, B = {2120, 2213, 1123}, Eo = {y12, y2y3, Y1y} seklinde
verilsin. G = {8(e1),d(e2)} ve G = {(es), 8 (es)} swasiyla G* = (V4, Ey) ve G =

(Va, Es) basit graflar tizerinde agagidaki gibi tanimli sezgisel neutrosophic esnek graflar

olsun.
d(e1) = {(21,0.3,0.4,0.2), (x2,0.4,0.3,0.5) (z122,0.3,0.4,0.5) }
d(e2) = {(21,0.5,0.1,0.2), (22,0.5,0.4,0.2), (x3,0.6,0.4,0.3), (x122,0.5,0.4,0.2),

5
5

) (
) = {(11,0.3,0.4,0.2), (2,0.4,0.5,0.5), (y3,0.5,0.4,0.3), (y192,0.3,0.6,0.5),
)

(

(

(x93,0.5,0.4,0.3), (x321,0.3,0.5,0.3)}

{(11,0.2,0.3,0.1), (2, 0.3,0.4,0.4), (y1y2, 0.2, 0.4, 0.4)}
(
(

Y2Ys, 047 057 0.5 ) (9391; 037 04’ 03)}
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d(e1),0(e2),d (e3) ve §'(eq)} sezgisel neutrosophic graflar1 agagidaki gibidir.

K41 X9

(2129,0.3,0.4,0.5)

(21,0.3,0.4,0.2)

(22,0.4,0.3,0.5)

Sekil 4.4: §(e;) sezgisel neutrosophic grafi

(2122,0.5,0.4,0.2)

(21,0.5,0.1,0.2)

(22,0.5,0.4,0.2)

(321,0.3,0.5,07 22:3,0.5,0.4,0.3)

Sekil 4.5: §(ez) sezgisel neutrosophic grafi

(112,0.2,0.4,0.4)

(11,0.2,0.3,0.1) (42,0.3,0.4,0.4)

Sekil 4.6: ¢’(e3) sezgisel neutrosophic grafi

Y1 Y2

(1192,0.3,0.6,0.5)

(11,0.3,0.4,0.2)

(2,0.4,0.5,0.5)

(ysy1,0.3,0.4,0:2 Y2y3,0.4,0.5,0.5)

Sekil 4.7: §'(e4) sezgisel neutrosophic grafi

Agikga A x B = {(e1,e3), (e1,e4), (e2,€3), (€2,e4)} dir ve
5”(61, 63) = (5(61)@5,(63), 5”(61, 64) = 5(61)@5/(64), 5”(62, 63) = (5(62)@5,(63) ve
§(eg,e4) =  O(ey)@0'(es) olmak fizere G ve (' niin  kartezyen carpim

GRG' = (8", AXB) = {0"(e1, e3), 8" (eq, €4), " (€3, €3), 8" (€2, e4)} seklinde elde edilir.
8" (e1,e3) = d(e1)@0' (e3) grafi agagidaki gibidir.
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1Y T1Y2

(0'2’ - 04) ©
(0.2,0.4,0.2) (0.3,0.4,0.4)

(0.2,0.4, 05)@

(0.3,0.4,0.5)

<::::::> (I -
(0.2,0.3,0.5) (0.3,0.4,0.5)

T2Y1 T2Y2

Sekil 4.8: ¢"(ey, e3) sezgisel neutrosophic grafi

8" (e1,es), 0" (ea,e3) ve 6" (eq, €4) graflar1 da benzer gekilde ¢izilebilir.

Teorem 4.2.1 G = (G*,w, U, A) ve G = (G, W', W' B) srrasiyla G* = (V, E;) ve
G = (Vi, Ey) basit graflarn tlizerinde iki sezgisel neutrosophic esnek graf olsun.
V=VixVyve E={(zy,zy2) | ® € V1, 11y2 € Ex} U{(1y,22y) | y € Vo, 2129 € Ey}
olmak iizere GG kartezyen carpim da G* x G = (V, E) fizerinde bir sezgisel

neutrosophic esnek graftir.

Ispat. G&G' = (G* x G'*,w",U", A x B) olarak verilsin.

Ackca GRG = (Vi x Vo, E) basit graftir. (w”,A x B)nin V. = V; x V, lizerinde
bir sezgisel neutrosophic esnek kiime oldugu ve (U, A x B)'nin E = {(zyi,zye)|r €
Vi, tiya € Es} U {(x1y,20y)|ly € Vo,z922 € E1} lizerinde bir sezgisel neutrosophic

esnek kiimedir.
i) Her (e1,e2) € A X B ve (xyy,xys) € F igin

Tyr(eye0)(@yr, 2y2) = min{Toe,)(2), Twr(e,) (y192) }
) w'(e2) y2 }}
:min{min{Tw(el)(I) W' ( 1)} mm{T e1)( ) Tw’(ez)(yZ)}}
)(

= min{Twu(eheQ)(x,m) w’ 61762 x y2>} dlI'

< min{ ey (@), min{ T e (31

Buradan T‘P"(€1,62)(xy17 xy?) < min{TW”(eheQ)(x? yl)> Tw”(61,62) ($7 y2)}
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[\y"(el,eg)(ﬂfyl, TYa) = maﬂﬂ{fw(el)(iﬂ), [\Il’(ez)(ylyZ)}

> maz{ Lye,) (@), maz{ Ly (e, (Y1), Lor(en)(y2) } }

= maz{maz{Lue,) (@), L (e) (Y1)} maw{ Loe,) (@), Iicy(en) (y2) } }

= Max{ L (e1,e0) (T, Y1) Lurr(er,e0) (T, Y2) } dir.

Buradan Ty (e, ex) (241, 2Y2) 2 maz{ L ey e2) (%, 41); Lr(er.e) (%5 Y2) }

FT”(el,eg)($y17 TYs) = ma%{Fw(el)(l’), F\p'(eg)(ylyz)}

> maz{ Fye,) (2), maz{Fyc,) (1), Fures)(y2)} }

= maz {maz{ Fye,) (@), Fur(en) (Y1)} maz{ Fo(ey) (1), Foren) ()} }

= mar{Fo (e, ,e0) (T, Y1), Furr(er,e0) (T, y2) } dir.

Buradan Fy (e, e) (2y1, 7y2) = maz{ Foey e0) (%, Y1), Forier e (% Y2) }

elde edilir.
ii) Her (e1,e2) € A X B ve (x1y,x2y) € E i¢in benzer gekilde

T\I’”(e1,62) (:Elya ny) < min{Tw”(el,eg) (3317 y)a Tw”(el,eg) <x27 y)}
I\Il”(el,EQ)(xlya 9U2?J) Z max{lw(”el,ez)<xla 9)7 Iw”(el,@)(l‘% y)}

F\I’”(61,62) (xlya ny) > max{Fw”(el,eg)<x17 y)> Fw”(el,eg) ($27 y)}

esitsizliklerinin saglandig1 aciktir.

Dolayisiyla her (ej,es) € A x B igin ¢"(er,e2) = {(w’(e1,e2), ¥ (e1,e2)} alt graflar,
G* x G = (V,FE) lizerinde sezgisel neutrosophic grafinin alt grafidir. Sonug olarak
GRG = (G* x G, ", U", A x B) G* x G" = (V, E) iizerinde bir sezgisel neutrosophic

esnek graftir.

Tamm 4.2.4 G = (G*,w,U,A) ve G' = (G, ', V', B) srasiyla G* = (Vi, E,) ve
G* = (Va, Ey) basit graflan iizerinde iki sezgisel neutrosophic esnek graf olsun. G ve G
niin giiclii carpim GOG' = (G* x G™*,w", V", A x B) ile gosterilir. Burada V = Vi x Vj
ve B = {(zy1, zya) | © € Vi, yrya € Er}U{(21y, 22y) | y € Vo, 2122 € Ex}U{(z191, 2232) |
x1x9 € By, y1y2 € Fy, 11 # o, y1 # Yo} olmak tizere (W, A x B) V de ve (V" A x B)
E' de sezgisel neutrosophic esnek kiimeler olup G®G! niin kenralarmin ve kogelerinin T,

I ve F degerleri agagidaki gibi tanimlanir.
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i. Her (zq,y1) € Vi x V4 ve her (ey,e2) € A X B igin

Tw”(e1,e2)(x1> Y1) = mi”{Tw(q)(xl)’ Tw’(ez)(yl>}
Iw”(el,ez)(-rl) yl) - ma${jw(el)(xl)a ]w’(ez)(yl)}
Fw”(el,eg)('xl: ?/1) = max{Fw(el)('xl)a Fw’(ez)(yl)}

ii. Her x € V; ve her y1y2 € Es icin

T\I/”(61,62)($yla Iy2) = min{Tw(q)(fE)a T\If’(ez)(yl?ﬂ)}
[\11”(61,62)(35%7 TYo) = max{[w(eﬂ(x)v [‘I"(ez)<yly2)}
Fq’//(el,GZ)(xyla $y2) = max{Fw(el)(x)v F\I’/(ez)<yly2)}

iii. Her y € V5 ve her z1y, € E; igin

Ty (e e0) (1Y, T2y) = min{ Ty (e,)(2122), Tor(ey) () }
I\I!”(el,eg)(-rly7 372?/) = max{[\P(el)<x1$2)a Iw’(eg)(y>}
Fyne,e0)(21Y, 2y) = maz{ Fy(e,)(T172), Flor(ey)(y) }

iv. 11 # o ve y; # ys olmak iizere her x1x9 € E; ve her y,ys € E5 igin

Ty (er,e0)(T1y1, B2y2) = Min{Ty(e,)(x1272), T (e0)(Y192) }
Tyn ey e0) (X191, Tay2) = max{ Ly (e,)(T122), Twr(er) (Y192) }

Fyi(eye0) (T1Y1, T2y2) = mafK{F\P(el) (z172), Fyi(ey) (1192)}

Ornek 4.2.4 G ve G’ Ornek 4.2.3 de oldugu gibi ele alinsin.

Acgikca A x B = {(e1,e3),(e1,€4), (€,€3), (€2,e4)} dir.  8"(er,e3) = d6(e1)®d (e3),
§"(e1,e4) = 8(e1)®8 (eq), " (e2,€3) = d(e2)®d (e3),0” (e2,e4) = d(e2)®d (e4) olmak iizere
GOG giiclii carpim GOG = {6"(e1,e3),0"(e1,e4),8" (e, €3),0"(e2,e4)} seklindedir.
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T1Y1 T1Y2

(0.2,0.4,0.4)

(0.2,0.4,0.2) (0.3,0.4,0.4)

(0.2,0.4,0.5)

(0.2,0.4,0.5)
(0.3,0.4,0.)

(0.2,0.4,0.5)

\ (0.2,0.4,0.5)
(0.2,0.3,0.5)

TaY1 T2Y2

(0.3,0.4,0.5)

Sekil 4.9: ¢"(eq, e3) sezgisel neutrosophic grafi

Benzer sekilde 6”(eq, e3), 0" (ez, e3) ve 6" (e, €4) sezgisel neutrosophic graflart da gizilebilir.

Ornek 4.2.5 A = {e1,e2} ve B = {es,e4} birer parametre kiimesi ve V} = {z1, 9, x3},

Vo = {y1, v, 3}, B1 = {2172, 1223, 1173}, B = {y132, Y23, Y1y3} olsun. G = {d(e1),0(e2)}
ve G = {§(e3),0'(e4)} swasiyla G* = (Vi, By) ve G* = (Vi, Ey) basit graflar iizerinde

agagidaki gibi taniml sezgisel neutrosophic esnek graflar olsun.

S(er) = {(z1,0.3,0.4,0.2), (22,0.4,0.3,0.5) (z122,0.3,0.5,0.5)}

§(es) = {(21,0.5,0.1,0.2), (2,0.5,0.4,0.2), (23,0.6,0.4,0.3), (122, 0.5, 0.4,0.2),
(2223,0.5,0.4,0.3), (z371,0.3,0.5,0.3)}

8(es) = {(11,0.2,0.3,0.1), (y2,0.3,0.4,0.4), (y1y2,0.2,0.4,0.4)}

§(eq) = {(11,0.3,0.4,0.2), (y2,0.4,0.5,0.5), (y3,0.5,0.4,0.3), (y1y2, 0.3,0.6,0.5),
(y2y3,0.4,0.5,0.5), (ysy1,0.3,0.4,0.5)}

d(e1),d(e2),d (e3) ve §'(ey) sezgisel neutrosophic graflar1 agagidaki gibidir.

x1 To

212,0.3,0.5,0.5
(@22, ) (5,0.4,0.3,0.5)

(21,0.3,0.4,0.2)

Sekil 4.10: §(eq) sezgisel neutrosophic grafi
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(2122,0.5,0.4,0.2)

(21,0.5,0.1,0.2)

(22,0.5,0.4,0.2)

(z321,0.3,0.5,0.7 Z923,0.5,0.4,0.3)

Sekil 4.11: §(eq) sezgisel neutrosophic grafi

(417/2,0.2,0.4,0.4)

(y1,0.2,0.3,0.1)

(42,0.3,0.4,0.4)

Sekil 4.12: ¢’(es) sezgisel neutrosophic grafi

(y192,0.3,0.6,0.5)

(11,0.3,0.4,0.2)

(y2,0.4,0.5,0.5)
(us2n,0.3,0.4,0. 2y3,0.4,0.5,0.5)

(y3,0.5,0.4,0.3)

Sekil 4.13: ¢’(e4) sezgisel neutrosophic grafi

Acikca A x B = {(e1,e3), (e1,e4), (€,e3), (€2,e4)} dir.  8"(er,e3) = d6(e1)®d (e3),
§"(e1,eq) = (e1)®d (eq), §"(ea,e3) = d(ex)®d (e3) ve 6" (ez,e4) = d(ea)®d (e4) olmak
iizere G ve G/ niin giiclii carpimi GOG! = (8", AxB) = {§"(eq, e3), 8" (e1, €4), 6" (€2, €3),
0" (eq,e4)} seklinde elde edilir.

§"(e1,e4) = 0(e1) @ (e4) asagrdaki gibi karsimiza cikar.
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T1Y2 L1 L1Y3

(0.3,0.5,0.5) (0.3,0.4,0.2) (0.3,0.4,0.3)

(0.3,0.5,0.5)
(0.3,0.5,0.5)

(0.3,0.5,0.5)

(0.4,0.5,0.5) (0.3,0.4,0.5) (0.4,0.5,0.5)
(0.3,0.6,0.5) v (0.3,0.4,0.5)

T2Y2 L2Y1 T2Y3

Sekil 4.14: 6”(ey, e4) sezgisel neutrosophic grafi

8" (e1,es), 0" (ea, e3) ve §"(eq, €4) benzer sekilde ¢izilebilir.

Teorem 4.2.2 G = (G*,w, U, A) ve G = (G, W', W' B) srrasiyla G* = (V, E}) ve
G = (V,, Ey) basit graflar iizerinde birer sezgisel neutrosophic esnek graflar olsun.
V=WVxVyve E={(zy1,2y2) | © € Vi, yiy2 € Ex} U{(z1y,22y) | vy € Vo, 2129 €
E } U{(z1y1, maye) | w122 € Ey, thys € B, 1 # T2, y1 # Y2} olmak iizere QoG glicli

carpimi da G* x G'* = (V, E) lizerinde bir sezgisel neutrosophic esnek graftir.

Ispat. GG = (G* x G"™,W",¥" A x B) olsun. Her z129 € E; ve her yy2 € Es igin

Twn(ey,e0)(T1Y1, T2Y2) = min{ Ty (ey)(2122), Tw (ey) (V172) }
< min{min{Te,)(21), To(er)(@2) }, min{ T (e) (1), Tor(en) (Y2) } }
= min{min{ Toe,) (21), T (ea) (Y1)} mind Toen) (22), Torea) ()} §
= 1] T (e1,0) (X1, Y1) T (e1,00) (T2y2) } dir.

Burada Ty (e, e0) (X191, Toy2) < min{Toe, ) (X1, Y1)s Tir(e1,e0) (T212) }

elde edilir.

Tyn(ey ) (T1Y1, T2y2) = max{Ly(e,)(T122), Lw (er) (Y1Y2) }

> maz{maz{Lue,)(21), Luter) (22) }, maz{ Lo(ey) (Y1), Lrea) (y2) } }
= max{max{]w(el)(xl), Lyery (1)}, max{ Ly, (22), [w/(@)(yg)}}
= maz{ Lo (e1,e0) (€1, Y1), Lur (o1 ,e0) (T232) } dir.

Burada I\I’//(EI,QQ)(xlylﬂ $2y2) Z m&l’{[w//(eh@)(l’l, y1)> Iw’(e1,62)(x2y2)}
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elde edilir.

Fun(ey ) (0191, T2y2) = maa{ Fy(e,)(1172), Fur(ey) (Y192) }

> maz{maz{ Fu(e,)(21), Fater) (@2) }, maz{ For(e) (1), Fur(ea) (y2) } }
= max{maz{Fe,)(x1), For(es) (1)}, maz{ Foe,) (22), Fures) (y2) } }
= Maz{ For(e; e2) (@1, Y1) For(e,e0) (T2y2) } dir.

Burada F‘If”(€17€2)(‘r1y17 33292) > maI{Fw”(eheQ)(xla yl)7 Fw’(e1,e2)(x292)}
elde edilir.

Sonug olarak GOG' = (G™,w", V" A x B) G* x ' = (V, E) basit grafi iizerinde bir
sezgisel neutrosophic esnek graftir.

Tamm 4.2.5 G = (G*,w,V,A) ve G' = (G, /, V', B) srasiyla G* = (V, Ey) ve
G = (Vu, Ey) basit graflan tizerinde iki sezgisel neutrosophic esnek graf olsun. G ve
G’ niin bilegkesi GoG’ = (G* x G™,W" W A x B) ile gosterilir. Burada V =V} x V; ve
E={(zy1,2y2) | ¥ € Vi, g1y € Ex} U{(z1y,22y) | y € Vo, 2120 € En} U {(21y1, 22y2) |
1Ty € Ey,y1 # Yo} olmak iizere (W”, A x B), V de ve (V" A x B), E de sezgisel neu-
trosophic esnek kiimeler olup GG niin kenarlarm ve kogelerinin T, I ve F degerleri

agagidaki gibi tanimlanir.

i. Her (zq,y1) € Vi x V4 ve her (eq,e2) € A X B igin
Tw”(el,ez)(xl) yl) - min{Tw(el)(xl)u Tw’(ez)(y1>}
Iw”(e1762)(x17 yl) = max{[w(m)(xl)a Iw’(62)(y1)}
Fw”(el,eg)('xl: ?/1) = max{Fw(el)('xl)a Fw’(ez)(yl)}

ii. Her x € V; ve her y1y2 € Es icin
T\I/”(el,eg) (‘Ty17 xy?) - min{Tw(eﬂ (ff), T\II’(EQ) (y1y2)}
I\If”(ehez)(myl’ ny) = max{[w(el)(x)’ I‘I"(e2)<y1y2)}
F\I!”(el,eg)(myb $y2) = max{Fw(el)(x)a F\I//(e2)<y1y2)}
iii. Her y € V5 ve her z129 € E igin
Ty ey e)(T1Y, 2y) = min{ Ty (e,)(v122), Tor(e5) () }
I\I!”(el,eg)(mly7 Jfgy) = max{[\p(el)<$1$2), Iw’(eg)(y>}
F\I’”(61,62)(m1y7 ny) = ma{L‘{F‘y(el)<l’1ZE2)7 Fw’(ez)(y)}
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iv. y; # yo olmak tizere her x1z5 € Ej igin

T\If”(el,eg) (3311'2, 3/1?/2) = min{T\P(el)(iﬂle)a Tw’(ez)(y1>7 Tw’(eg) (3/2)}
Tyn(ey e0) (122, y192) = Maz{Ty(e,)(¥122), Lor(e2) (Y1)s Lur(ea) (Y2) }

F\Il”(el,eg)(ajlx% ylyQ) = max{F\If(el)<x1x2)7 Fw’(ez)(yl)a Fw’(eQ)(yZ)}

Ornek 4.2.6 Vi = {zy, 2,25}, Vo = {y, 2.y}, E1 = {xi20, o23, 2123} ve
Ey = {y1y2,92us, 11y3} olsun. A = {ej,es} ve B = {es, ey} birer parametre kiimesi
olarak verilsin. G = {d(e1),d(e2)} ve G = {0'(es), 8 (e4)} swasiyla G* = (V4, Ey) ve
G = (Vi, F3) basit graflan {izerinde agagidaki gibi tanimh sezgisel neutrosophic esnek

graflar olsun.

(1)
(€2)

{(21,0.4,0.5,0.3), (22, 0.5,0.4,0.6) (z122,0.4,0.5,0.6)}

{(21,0.6,0.2,0.3), (22,0.6,0.5,0.3), (x3,0.7,0.5,0.4), (x122, 0.6, 0.5, 0.3),
T2X3, 06, 05, 04), (l‘gl’l, 04, 06, 04)}

) €1
) €9
5(63)
) €4

(€4)

{(11,0.4,0.5,0.3), (12,0.5,0.6,0.5), (y3,0.6,0.5,0.4), (142, 0.4, 0.6, 0.5),

(
(
(
{(11,0.3,0.4,0.2), (y2,0.4,0.5,0.5), (y192,0.3,0.5,0.5) }
(
(y2y3,0.5,0.5,0.5), (y3y1,0.4,0.5,0.4)}

d(e1),d(e2),d (e3) ve §'(eq)} sezgisel neutrosophic graflar1 agagidaki gibidir.

€ L2

(2122,0.4,0.5,0.6)

(21,0.4,0.5,0.3) (72,0.5,0.4,0.6)

Sekil 4.15: d(e;) sezgisel neutrosophic grafi

(z122,0.6,0.5,0.3)

(21,0.6,0.2,0.3)

(2,0.6,0.5,0.3)

(321,0.4,0.6,0.7 2223,0.6,0.5,0.4)

(25,0.7,0.5,0.4)

Sekil 4.16: d(eq) sezgisel neutrosophic grafi
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Y1 Y2

(417/2,0.3,0.5,0.5)

(11,0.3,0.4,0.2) (y2,0.4,0.5,0.5)

Sekil 4.17: ¢’(es) sezgisel neutrosophic grafi

Y1 Y2

(y192,0.4,0.6,0.5)

(11,0.4,0.5,0.3) (2,0.5,0.6,0.5)

[

¥2y3,0.5,0.5,0.5)

(y391,0.4,0.5,03

Sekil 4.18: ¢’(e4) sezgisel neutrosophic grafi

1l

(0.3,0.5,0.5)

(0.3,0.5,0.3)

(0.3,0.5,0.6)

(0.3,0.5.0.6)

(0.3,0.5,0.6)

\ (0.3,0.5,0.6)
(0.3,0.4,0.6)

T2Y1

Sekil 4.19: ¢" (e, e3) sezgisel neutrosophic grafi

(0.4,0.5,0.5)

(0.4,0.5,0.

(0.4,0.5,0.6)

Z1Y2

T2Y2

Benzer sekilde 6”(eq, e3), 0" (ez, e3) ve 6" (e, e4) sezgisel neutrosophic graflar1 da ¢izilebilir.

Dolayisiyla G = GoG' = {6"(e1,e3),0"(e1,e4),0"(€2,€3),0"(e2,€4)} Dbir sezgisel

neutrosophic esnek graftir.

Ornek 4.2.7 G ve G’ érnek 4.2.5 de oldugu gibi alinsin.
Agikga A x B = {(e1,e3),(e1,¢€4), (e2,€3), (€, e4)'dir.  §"(eq, €3)
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§"(e1,e4) = 0(e1)@d (eq), 8" (e2,e3) = d(e2)@d (e3) ve §"(ez,e4) = 6(e2)®d(eq4) olmak
iizere GOG' bileskesi GOG! = {8"(eq, e3), " (e1, €4), 8" (€2, €3), 0" (e2, e4)} seklindedir.

Z1Y2 L1 Z1Y3

(0.3,0.6,0.5) /\
(0.3.0.4,0.2)

(0.3,0.4,0.3)

(0.3,0.4,0.3)

(0.3,0.5,0.5)

(0.3,0.4,0.5)

(0.3,0.4,0.5)

(0.4,0.5,0.5) (0.3,0.4,0.5) (0.4,0.5,0.5)
(0.3,0.6,0.5) \/ (0.3,0.4,0.3)

Z2Y2 T2l T2Ys

Sekil 4.20: 6”(ey, e4) sezgisel neutrosophic grafi

8" (e1,e3), 0" (e2, e3) ve 6" (e, e4) graflar1 da benzer gekilde ¢izilebilir.

Teorem 4.2.3 G = (G*,w, U, A) ve G = (G, W', W' B) srrasiyla G* = (V, E;) ve
Gy = (Vs, Fy) basit graflar1 tizerinde birer sezgisel neutrosophic esnek graf olsun.
V=VixVyve E = {(zy1,2y2) | © € Vi, yiya € Er} U{(m1y,m2y) | y € Vo, m170 €
Ey}U{(z1y1, x2y9) | 129 € Ey, 11 # Y2} olmak tizere GoG! bilegkesi de G* x G'* = (V, E)

basit grafi tizerinde bir sezgisel neutrosophic esnek graftir.

ispat. Teorem 4.2.2 ye benzer sekilde ispatlanabilir.

Tamm 4.2.6 G = (G*,w, ¥, A) ve ¢ = (G'*,w, ¥, B) G* = (V,E) iizerinde birer
sezgisel neutrosophic esnek graf olarak verilsin. G ve G niin genigletilmis birlesimi
GOG/ = (G",wW", V" AU B) seklinde gosterilir. GUG’ niin kenarlarinin ve kogelerinin
T, I ve F' degerleri her e € AU B ve zy € F i¢in asagidaki gibi tanimlanir.
To(e) () e € A\B
Tor(ey(x) = T ey () e € B\A
max{Te (), T (x)} e€ ANDB

Iw(e) (37) e c A\B
IK(E)(:C> = Lu’(e)(-r) e c B\A
min{le(x), ly)(z)} e€ ANB
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Fw(e)(l’) e € A\B
Fw//(e) (ZL”) = Fw/(e)(x) € c B\A
min{ Fe)(v), Foe)(r)} e€ ANB

Ty(e)(zy) e € A\B
T\I’//(e) (xy) = Tw/(e) (:ch) e € B\A
maz{Tye)(2y), Tw)(ry)} ec ANB

Ty (e)(ry) ec A\B
I\Iju(e) (:I;y) = Iw’(e)(xy) e e B\A
min{lye)(zy), v (vy)} e€ ANDB

Fyey(zy) ec A\B
F\D”(e) (ZL’y) = Fw’(e) (Iy) €c B\A
min{ Fye)(vy), Fo ) (vy)} e€ ANB

Ornek 4.2.8 V = {21, 29, 23,24} ve B = {2129, 123, T124, ToT3, ToTq, T3x4} olmak lizere
G* = (V, E) basit grafim1 goz 6niine alalim. A = {e1, ey} ve B = {eg, e3} birer parametre
kiimeleri olsun. G = {d(e1),d(e2)} ve G' = {&'(e2), 8 (e3)} sezgisel neutrosophic esnek

graflar1 agagidaki gibi verilsin.

d(e1) = ((21,0.3,0.0,0.4), (22,0.2,0.3,0.4), (3,0.1,0.2,0.0),
(1129,0.1,0.5,0.7), (x123,0.0, 1.0, 1.0), (za23,0.1,0.5,0.5))
8(es) = ((21,0.3,0.3,0.6), (x3,0.2,0.4,0.5), (x3,0.4,0.5,0.3), (x4, 0.5,0.5, 0.4),
((x172,0.0,1.0,1.0), (xox3,0.2,0.4,0.5), (r324, 0.0, 1.0, 1.0),
(2124,0.2,0.5,0.8, (z123, 0.0, 1.0, 1.0), (2224, 0.0, 1.0, 1.0))

&' (e2) = ((21,0.6,0.0,0.0), (9,0.3,0.5, 1.0), (x3,0.5, 0.0, 1.0), (x4, 0.5,0.4, 0.6),
((x122,0.3,0.5,1.0), (2923, 0.0,1.0, 1.0), (z324,0.5,0.4, 1.0),
(z124,0.0,1.0,1.0), (z125,0.0, 1.0, 1.0), (z224,0.0, 1.0, 1.0))
&' (e3) = ((21,0.2,0.5,0.4), (22,0.1,0.5,0.4), (23,0.1,0.5,0.4),
(z122,0.1,0.5,0.4), (z223,0.1,0.5,0.4), (z123,0.1,0.5,0.4))

0 ve ¢’ alt graflar1 her bir parametre icin agagidaki gibidir.
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(0.3,0.0,0.4)

(0.1,0.5,0.7)

Sekil 4.21:

(0.3,0.3,0.6)

(0.2,0.5,0.8)

(0.5,0.5,0.4)

Sekil 4.22:

d(e1) sezgisel neutrosophic grafi

(0.2,0.4,0.5)

(0.2,0.4,0.5)

(0.4,0.5,0.3)

0(e2) sezgisel neutrosophic grafi

(0.3,0.5,1.0)

(0.6,0.0,0.0)

(0.5,0.4,0.6)

(0.5,0.4,1.0)

Sekil 4.23:

0’ (e2) sezgisel neutrosophic grafi
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(0.5,0.0, 1.0)




(0.1,0.5,0.4)

Sekil 4.24: ¢’(es) sezgisel neutrosophic grafi

Acikca AU B = {ey, €2, 3} dir ve 6" (e1) = d(e1), 8" (e2) = 8(e2)\Jd (e2), 6" (e5) = &'(e3)
olmak iizere G ve G/ niin genigletilmis birlesimi GUJG" = {§"(e1), 8" (e2), 8" (e3)} seklinde
elde edilir.

(0.1,0.5,0.7)

(0.2,0.3,0.4)

(0.3,0.0,0.4)

(0.1,0.2,0.0)

Sekil 4.25: 6" (ey) sezgisel neutrosophic grafi

(0.3,0.5,1.0)
(0.3,0.4,0.5)

(0.6, oo‘oo)/

(0.2,0.4,0.5)

2
(=
5
S
=

\ (0.5,0.4,1.0) /'
(0.5,0.4,0.4) (0.5,0.0,0.3

Sekil 4.26: §"(e3) sezgisel neutrosophic grafi

76



(0.1,0.5,0.4)

Sekil 4.27: §"(e3) sezgisel neutrosophic grafi

Teorem 4.2.4 G = (G*,w, ¥, A) ve G = (G*, ', V' B), G* = (V, E) lizerinde birer
sezgisel neutrosophic esnek graf olsun. Bu takdirde GUG’ de G* = (V, E) da bir sezgisel

neutrosophic esnek graftir.

Ispat. G’UG” = (G*, ", V" AU B) olsun. Her e € AU B ve zy € F igin,
1. Durum: e € A\B ve zy € E oldugunu kabul edelim.

Ty (ey(zy) = Twey(zy) < min{Tie) (@), Tue)(y)} = min{ Ty (x), Tore)(y)

Buradan T\IJ”(e) (Iy) < min{Twu(e) (LU), Tw”(e) (y)} olur.

Tyney(2y) = Ty (xy) > maz{Lye)(x), Loe) ()} = maz{Lore)(x), Lo (y)}

Buradan Ly (xy) > max{le)(z), L@ (y)} dir.

F\I/”(e) (:vy) = F\I/(e) ($y) Z max{Fw(e) (l’), Fw(e) <y>} = max{Fw”(e) ([L’), Fw”(e) (y)}
Buradan Fyr () (xy) > max{Fney(x), Fore(y)} dir.

2. Durum: e € B\ A ve zy € E oldugunu kabul edelim.

Tyr(e)(zy) = Tw o) (zy) < mind{To(e)(2), Ty (y) } = min{Tione) (2), T (o) (y) }

Buradan Ty (e)(zy) < min{Tme)(x), Tor(e)(y) } dir.

I‘If”(e)<xy) = ]‘If’(e) (xy) > mam{]w’(@)(x)v Iw’(e) (y)} = maw{]w”(@)(x)> [w”(e) (y)}

Buna g('jre I\Il”(e) (Iy) > max{[wu(e) ($), ]w”(e) (y)} olur.

F‘lf”(e)(xy) = Fﬂ/’(@)(“@) > max{FW’(E) (v), Fw’(e) (y)} = max{FW”(e) (v), Fw”(e) (y)}
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Buna gore Fyr(e)(xy) > max{F e (x), Fore(y)} olur.
3. Durum: e € AN B ve zy € E oldugunu kabul edelim.

Tyney(zy) = maz{Tye)(zy), Tw () (zy) }
< max{min{Tw(e) (IE), Tw(e) (y)}7 min{Tw’(e) (SL’), Tw’(e) (y)}}
< min{maa:{Tw(e) (), Toye) () }, maz{ T (y), Tw/(e)(y)}}

Buradan Ty (o) (2y) < min{Tme)(x), Tor(e)(y)} dir.

Tyn(ey(zy) = min{lye)(xy), Tv (o) (zy) }
> mm{ma:ﬂ{fw(e)(&?) w(e)(y) } maz{ Ly (fﬂ)a[w’(e)(y)}}
> maz{min{Le)(z), L) ()}, min{ Loy (y), Loy (y) } }

Buradan Ly (xy) > max{le)(z), L@ (y)} dir.

Fyniey(vy) = min{ Fy(e) (xy), Fure)(zy) }
> min{max{F (x), Foe)(y)}, maz{ F)(z), Fre)(y)} }
> maz{min{F) (), Fure) (@)}, min{ Foe)(y), Fure)(y)} }

Buradan Fyr(e)(xy) > max{Fe)(z), Fore(y)} dir.

Dolayisiyla GOG” = (G*,w", V" AUB) G* = (V, E) tizerinde sezgisel neutrosophic esnek
graftir.

Tanmm 4.2.7 G = (G*,w, ¥, A) ve G = (G*, ', ¥’ B), G* = (V,E) da birer sezgisel
neutrosophic esnek graf olsun. G ve G/ niin daraltilmig birlesimi Gm@’ = (G*, ", V" AN
B) seklinde gosterilir. Gué” nin kenarlarimin ve koselerinin 7', I ve F' degerleri her

e € AN B ve x € V i¢in agagidaki gibi tanimlanir.

1. Toney(x) = max{Tye)(x), Tore) (x) }

() = min{ILye) (%), L) ()}
Fw”(e) () = min{ Foe)(x), Fure) () }
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ii. Tyne)(xy) = max{Tye(xy), Tw ) (zy)}
Tyniey(zy) = min{ly @) (xy), Lv () (zy)}
Fyney(xy) = min{ Fy(e)(2y), Fo (o) (zy)}

Ornek 4.2.9 Ornek 428 i ele alahm. Agkca A N B = {e} olur ve
8" (eg) = (5(62)05’(62) olmak iizere G ve G’ niin daraltilmig birlegimi GUG’ = {0"(eq2)}
seklinde elde edilir.

(0.3,0.5,1.0)

(0.6, 00‘00)/ (0.3,0.4,0.5)

(0.2,0.5,0.8)
(0.2,0.4,0.5)

\ (0.5,0.4,1.0) /—
(0.5,0.4,0.4) (0.5,0.0,0.3)

Ty T3

Sekil 4.28: ¢”(ez) sezgisel neutrosophic grafi

Teorem 4.2.5 G = (G*,w, ¥, A) ve G = (G*, ', V' B), G* = (V, E) lizerinde birer
sezgisel neutrosophic esnek graf olsun. Bu takdirde C’UG’ de G* = (V, E) da bir sezgisel

neutrosophic esnek graftir.
Ispat. Tanm 4.2.7 yardimiyla teorem 4.2.4 deki ispata benzer sekilde yapilir.

Tanim 4.2.8 G = (G*,w, ¥, A) ve G' = (G*,u/, V' B), G* = (V,E) iizerinde birer
sezgisel neutrosophic esnek graf olsun. G ve G’ nin genigletilmis arakesit éﬁ@’ =
(G*,w",W" AU B) seklinde gosterilir. éﬁé’ nin koselerinin ve kenarlarmin 7', I ve
F degerleri her e € AU B ve xy € F igin agagidaki gibi tanimlanir.

( Too(e) () ee€ A\B

Lo () = Ty () ee€ B\A

i Ty (2), Turey(z)} e € ANDB

(L) e€ A\B
Loy (x) = Ly () e € B\A
(maz{lue) (), Lyey(z)} e€ ANB
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Fw(e)(l’) e c A\B
Fw//(e) (ZL”) = Fw/(e)(x) e c B\A
max{Fe (x), Fre(z)} e€ ANB

Ty(e)(ry) ec A\B
T\I’//(e) (xy) = Tw/(e) (:ch) e e B\A
min{Ty()(zy), Tw () (zy)} e€ ANB

Ty (e)(vy) e c A\B
Tyney(xy) = Ly (zy) e € B\A
max{lye (vy), Iy )(ry)} e€ ANB

Fyey(zy) ec A\B
F\D”(e) (ZL’y) = Fw’(e) (Iy) €c B\A
mazx{Fye)(2y), Foe(zy)} e€c ANDB

Ornek 4.2.10 G ve & graflarim  ornek 4.2.8 deki gibi ele alalim. Agikga
AU B = {ey, e es} dir ve 8"(e1) = d(er), 6"(es) = d(ex) 0 (e2), d(es) = &'(es)
olmak iizere G ve G’ niin genisletilmis arakesiti Gﬁé’ = {0"(e1),0"(e2),d"(e3)} seklinde
elde edilir.

T Ty

(0.1,0.5,0.7)

(0.3,0.0,0.4) (0.2,0.3,0.4)

Sekil 4.29: §"(e1) sezgisel neutrosophic grafi
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|
w .e

Sekil 4.30: 6" (ez) sezgisel neutrosophic grafi

(0.1,0.5,0.4)

Sekil 4.31: ¢"(e3) sezgisel neutrosophic grafi

Teorem 4.2.6 G = (G*,w, ¥, A) ve G' = (G*,/,V,B), G* = (V,E) iizerinde birer
sezgisel neutrosophic esnek graf olsun. Bu takdirde Gﬁ@’ de G* = (V, E) da bir sezgisel

neutrosophic esnek graftir.

Ispat. @ﬁ@’ = (G*,w", V" AU B) grafinin sezgisel neutrosophic esnek graf olma

kogullarini sagladigini gosterelim. Her e € AU B ve xy € E igin,

1. Durum: e € A\B ve zy € F oldugunu kabul edelim.

Twr(ey(zy) = Twey(zy) < min{Tie) (@), Tue) (y)} = min{ T (x), Tore)(y) }

Buna gore Ty (o) (xy) < min{Tme)(x), Tor(e)(y)} olur.

Tyney(xy) = Twie)(zy) = max{lye)(x), Loe) (¥)} = max{lye)(x), Lo (y)}

Buradan Ly (xy) > max{ly(e)(z), L@ (y)} dir.
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F\II”(e) (xy) = F\II(e) (xy) > max{Fw(e) <$>7 Fw(e) (y)} = max{Fw”(e) (Z'), Fw”(e) (y>}

Buna gore Fyr(e)(xy) > max{F e (x), Fore(y)} olur.
2. Durum: e € B\ A ve zy € E oldugunu kabul edelim.

Tyney(2y) = Twe)(2y) < min{Tiy ey (), Tore)(y)} = min{ T ey (), Tove) (y)

Buna gore Ty (e)(zy) < min{Tme)(x), T (y)} olur.

I\If”(e)<xy) = I\If’(e) (.’L’y) > max{[w’(e)(x>7 [w’(e) (y)} = max{[w”(e)(x>7 Iw”(e) (y)}

Buradan Ty (xy) > max{ly(e)(z), L@ (y)} dir.

F‘I/”(e)(xy) = F\I//(e)<$y) > maz{Fw’(e) (v), Fw’(e) (y)} = ma:p{Fw”(e) (r), FoJ“(e) (y)}

Buna gore Fyr(e)(xy) > max{F ) (x), Fone(y)} olur.
3. Durum: e € AN B ve xy € E oldugunu kabul edelim.

Tyniey(vy) = min{ T () (vy), Ty (2y) }
< min{min{Te)(x), Toe)(y) }, min{ T o) (x), Tur(e) () } }
= min{min{Tw(e) (SL’), Tw’(e) (I)}, min{Tw(e)(Z/)? Tw’(e)(y>}}

Buna g('jre T\I’”(e) (l’y) < min{Tw//(e) (ﬂ?), Tw”(e) (y)} dir.

Lyn(e)(ry) = maz{ly()(zy), Lu () (zy) }
> maz{maz{L(z), Le) (y)}, maz{l, (), Ly (y)} }
= max{maa:{]w(e) (), Ly ey ()}, maz{ L) (y), Lo (e) (y)}}

Buradan Iy () (zy) > max{l, ) (x), Ly (y)} dir.

Fyrney(xy) = maz{Fye)(zy), Foe)(zy)}
> maz{maz{Fe)(), Fue) () }, maz{ Fue (z), Foe(y)} }
= max{maz{F,e)(x), Fr(e)(x) }, maz{ Fue)(y), Fure) ()} }

Buradan Fyr(e)(xy) > max{Fe)(x), Fore(y)} dir.

O halde Gﬁé’ = (G*,w", V" AU B) grafi G* = (V, E) da sezgisel neutrosophic esnek

graftir.
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Tamm 4.2.9 G = (G*,w, U, A) ve G’ = (G*,/,V,B), G* = (V,E) iizerinde birer
sezgisel neutrosophic esnek graf olsun. G ve @' nin daraltilmig arakesiti
éﬁé/ = (G*,w", V" AN B) seklinde gosterilir. G’ﬂé’ niin kenarlarimin ve koselerinin
T, I ve F degerleri agagidaki gibi tanimlanir.
i. Horee ANBvex eV igin

Twn(e) (ZL“) = mm{Tw(e) (l’), Tw/(e)(x)}

Iw//(e) (QJ) = ma:c{[w(e) (:L‘), Iw/(e) (x)}

FK(e)(m) = max{Fw(e)(m), Fw/(e)(l‘)}

ii. Her e € AN B ve xy € F igin
Tyr(e)(xy) = min{Ty(e)(zy), Tw ) (zy) }
Tyniey(zy) = max{lye)(zy), Tv ) (xy)}
Fyne)(zy) = maz{Fye)(zy), Foe)(zy)}
Ornek 4.2.11 G ve G’ érnek 4.2.8 deki gibi ele alahm. Ackca AN B = {ey} dir.

8" (e3) = d(e2)Nd(ez) olmak iizere G ve G niin daraltilmig arakesiti Gﬁé’ = {0"(e2)}
seklinde elde edilir.

ol Ty

Ty

Z3

Sekil 4.32: §"(e3) sezgisel neutrosophic grafi

Teorem 4.2.7 G = (G*,w, VU, A) ve G = (G*,' V' B), G* = (V,E) lizerinde birer
sezgisel neutrosophic esnek graf olsun. Bu takdirde @ﬁé’ de G=(V, E) da bir sezgisel

neutrosophic esnek graftir.
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ispat. Tanim 4.2.9 yardimiyla teorem 4.2.6 nin ispatina benzer sekilde yapilr.

Tamm 4.2.10 G = (G*,w,V, A), G* = (V,E) da bir sezgisel neutrosophic esnek graf

olsun. G ya tam sezgisel neutrosophic esnek graf denir. <= Her x,y € V ve e € A i¢in

T\p(e) (l’y) = min{Tw(e) (.Z‘), Tw(e) (y)}

Ty(ey(zy) = max{lye) (), Lo (y)}
F‘If(e) (*Ty) = maI{Fw(e)(x)a Fw(e) (y>}
Ornek 4.2.12 V = {x1, 29, 23,24} ve E = {129, x9%3, T324, T4T1, T3T1, Toxs} olmak

lizere G* = (V, E) basit grafimi goz 6ntine alahm. A = {ej, €5, €3} bir parametre kiimesi

olarak verilsin.
(w, A) sezgisel neutrosophic esnek kiimesi agagidaki gibi tanimlansin.

w {(21,0.2,0.4,0.7), (2,0.1,0.4,0.5), (23,0.5,0.3,0.8)}
w(es) = {(21,0.2,0.2,0.3), (x2,0.3,0.5,0.8), (x3,0.1,0.5,0.9)}
w {(21,0.3,0.3,0.4), (2,0.4,0.5,0.6), (23,0.4,0.9,0.4), (24,0.2,0.3,0.2)}

(¥, A) sezgisel neutrosophic esnek kiimesi agagidaki gibi tanimlansin.
v {(2129,0.1,0.4,0.7), (w223,0.1, 0.4, 0.8), (x371,0.2,0.4,0.8)}
\11(62) = {(.T1$2, 02, 05, 08), (LL’QSL’?,, 01, 05, 09), (Igl’l, 01, 05, 09)}
v {(2129,0.3,0.5,0.6), (223, 0.4,0.9,0.4), (z123,0.3,0.9,0.4),
(I‘4l’1, 02, 03, 04), (ZL’3(L’4, 02, 097 04), <I2$4, 027 05, 06)}
Agikga G = (G*,w, ¥, A) tam sezgisel neutrosophic esnek graftir. G'nin sirasiyla ey,
ey ve e3 parametrelerine karsihk gelen 6(e;) = (w(er), ¥(ey)), 6(e2) = (w(ez), ¥(ea)) ve
d(e3) = (w(es), U(es)) alt graflan asagidaki gibidir.

xy To

(0.1,0.4,0.7)

(0.2,0.4,0.7)

Sekil 4.33: d(ey) sezgisel neutrosophic grafi
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(0.2,0.5,0.8)

(0.2,0.2,0.3)

Sekil 4.34: §(eq) sezgisel neutrosophic grafi

ot o

(0.3,0.5,0.6)

(0.3,0.3,0.4) (0.4,0.5,0.6)
(0.3,0.9,0.4)

=

S

S

al

S2
(0.2,0.5,0.6)

) (0.2,0.9,0.4)
(0.2,0.3,0.2) (0.4,0.9,0.4)
Ty T3

Sekil 4.35: §(es3) sezgisel neutrosophic grafi

Tanim 4.2.11 G = (G*,w, ¥, A), G* = (V, E) lizerinde bir sezgisel neutrosophic esnek
graf olsun. G ye giiclii bir sezgisel neutrosophic esnek graf denir. <= Her z,y € F ve

e € Aigin

Tyey(zy) = min{Tue)(x), Tuge) (¥) }

I‘If(e) (xy) = maw{[w(e)(l% [w(e)(y>}
Fye)(zy) = maz{Fie)(2), Fure) (y)}
Ornek 4.2.13 V = {zy, 29, 23,24} ve E = {&129, 2oy, T324, 1471, 425} olmak iizere

G* = (V, E) basit grafim goz éniine alalim. A = {e1, €9, e3} bir parametre kiimesi olsun.

(w, A) sezgisel neutrosophic esnek kiimesi agagidaki gibi tanimlansin.
w {(21,0.6,0.2,0.5), (x2,0.4,0.5,0.7), (z3,0.2,0.2,0.5) }

w(es) = {(r1,0.3,0.1,0.4), (z2,0.5,0.3,0.8), (x3,0.3,0.2,0.5) }
w {

(e3) = {(21,0.5,0.2,0.7), (z2,0.3,0.1,0.4), (x3,0.4,0.4,0.2), (z4,0.5,0.5,0.9)}
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(¥, A) sezgisel neutrosophic esnek kiimesi agagidaki gibi tanimlansin.

T122,0.4,0.5,0.7), (z223,0.2,0.5,0.7), (z321,0.2,0.2,0.5)}
To3, 03, 03, 0.8

v {( ) ( ) (

U(ey) = {(r122,0.3,0.3,0.8), ( ), (x321,0.3,0.2,0.5)}

v {(2129,0.3,0.2,0.7), (225, 0.3, 0.4, 0.4), (2524, 0.4, 0.5, 0.9),
( ) ( )

2421,0.5,0.5,0.9), (242,0.3,0.5,0.9)} }

Acikca G = (G*,w, ¥, A) gliglii sezgisel neutrosophic esnek graftir. G'nin srayla eq, e

ve e3 parametrelerine kargilik gelen d(e1) = (w(er), ¥(ey)), d(ea) = (wlea), U(ez)) ve

d(e3) = (wles), U(es)) alt graflar agagidaki gibidir.

€ L2

(0.4,0.5,0.7)

(0.6,0.2,0.5)

Sekil 4.36: §(e1) sezgisel neutrosophic grafi

0.3,0.3,0.8)
(0.3,0.1,0.4)

Sekil 4.37: d(eq) sezgisel neutrosophic grafi
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ol Ty

(0.5, 02‘07)/

(0.3,0.2,0.7)

(0.3,0.1,0.4)

(0.5,0.5,0.9)

(0.3,0.4,0.4)

(0.3,0.5,0.9)

0.4,0.5,0.9 /'
(0.5,0.5,0.9) ( ,09) (0.4,0.4,0.2)
Ty T3

Sekil 4.38: §(es3) sezgisel neutrosophic grafi

Tan1m4212@=(G*w\I/A)G (V,

E) tizerinde gliglii sezgisel neutrosophic esnek
graf olsun. G nin tiimleyeni G (G*,@,¥, A) notasyonu ile gosterilir. Her e € A ve

x,y € Vigin w(e) = w(e) ve

T@(e) (l‘y) = min{Tw(e) (ZE) w(e) ( )} T‘ll (e) (l‘y)
Ig o) (zy) = min{lue)(x), Lue) (¥)} — Twe)(zy)
F@(e) (l‘y) = mln{Fw(e)( ) w(e) ( )} F\I/ (e) ([L’y)

seklinde tanimlanir.

Ornek 4.2.14 V = {x, x5, 23} ve E = {x129, 2573, 232, } olmak iizere G* = (V, E) basit

grafin1 g6z oniine alahm. A = {e;, eo} bir parametre kiimesi olsun.
(w, A) ve (¥, A) sezgisel neutrosophic esnek kiimeleri agagidaki gibi verilsin.

) = {(1,0.3,0.4,0.2), (,0.4,0.3,0.7), (x3,0.5,0.4, 0.3)}
w(ez) = {(x1,0.5,0.1,0.2), (22,0.5,0.4,0.2), (x3,0.6,0.4,0.3) }
) = {(2172,0.3,0.4,0.7), (w321, 0.3,0.4,0.3)}
) = {(2129,0.5,0.4,0.2), (w321, 0.5,0.4,0.3)}
Agikga 0(e1) = (w(er), ¥(ey)) ve d(ez) = (w(ea), ¥(ey)) sirasiyla e; ve ey parametrelerine

karsilik gelen sezgisel neutrosophic graflardir.
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(0.3,0.4,0.7)
(0.3,0.4,0.2) (0.4,0.3,0.7)

Sekil 4.39: §(e1) sezgisel neutrosophic grafi

(0.5,0.4,0.2)
(0.5,0.1,0.2) (0.5,0.4,0.2)

Sekil 4.40: d(eq) sezgisel neutrosophic grafi

G'nin tiimleyeni G = {5(e1),6(e0)} asagidaki gibi elde edilir.

ol Ty

(0.6,0.4,0.3)

Sekil 4.42: §(es) sezgisel neutrosophic grafi
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Tamm 4.2.13 G = (G*,w, ¥, A) ve G' = (G*,u/, ¥, B) G* = (V, E) fizerinde birer
sezgisel neutrosophic esnek graf olsun. G ve G nin \V/ — Dbirlegimi
GG = (G*,w", V", A x B) notasyonu ile gésterilir. (w”, Ax B) V de ve (V",Ax B) E
de sezgisel neutrosophic esnek kiimeler olup CAJ\~/G” niin kenarlarimin ve koselerinin 7', [

ve F' degerleri agagidaki gibi tanimlanir.
i. (e1,e9) € Ax Bvex eV igin

Tw//(€1,€2)(x) = maz{Tw(el)(x)v ToJ’(ez)(CU)}
IW”(61762)<75) = min{]uJ(eﬂ(x)a Iw’(e2)(x)}
Fw//(el’ez)(ﬂj) = min{Fw(el)(a:), Fw/(ez)(x)}

ii. (e1,e2) € AX Bvezy € F igin

Tyn(ey,e0)(xy) = max{Ty(e,)(7y), Tw(ep) (2y) }

I\p//(el,ez)(%y) = min{f\p(el)(xy), [\1,/(62)(xy)}

Fyn(ey o) (7y) = min{ Fy(e,)(2y), Fur(ep)(2y)}

Ornek 4.2.15 V = {xy, 25,3} ve E = {x129, 2,73, 2025} olacak sekilde G* = (V, E)
basit grafim ele alahm. A = {e;} ve B = {es} parametre kiimeleri olarak verilsin.
G = {0(e1)} = {wle), U(er)} ve G = {0(e3)} = {w(es), ¥'(ey)} sezgisel neutrosophic

esnek graflar1 asagidaki gibi verilsin.

wler) = {(1,0.2,0.5,0.6), (z2,0.3,0.0,0.0), (x3,0.2,0.0,0.0)}
\11(61) = {(.Tll’g, 0]_, 05, 07), (ZL’Q(L’g, 01, 017 01), (l’ll'g, 017 05, 07)}
w'(es) = {(21,0.3,0.6,0.5), (z2,0.2,0.5,0.8), (x3,0.5,0.6,0.5)}

\III(BQ) = {(lL'lZEQ, 01, 05, 09>, (ZL‘2173, O]_, 05, 09), (xll'g, 02, 07, 05)}
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(0.1,0.5,0.7)

(0.2,0.5,0.6)

Sekil 4.43: d(ey) sezgisel neutrosophic grafi

(0.1,0.5,0.9)
(0.3,0.6,0.5) (0.2,0.5,0.8)

Sekil 4.44: 6'(e3) sezgisel neutrosophic grafi

Agikga A x B = {(e1,e2)} dir. Her x € V ve (e1,e2) € A X B igin,
w"(e1,e2) = {(x1,0.3,0.5,0.5), (x2,0.3,0.0,0.0), (x3,0.5,0.0,0.0)}
\If"(el, 62) = {<$1$2, 01, 06, 07), (l’zmg, 01, 01, 01), (.1’1.1'3, 02, 06, 07)}

olur. G ve G'niin \/ — birlesimi G\/G' = {§"(e1, e2)} = {w" (€1, €2), U (e1, e2)} seklindedir.
d"(e1, e9) alt grafi asagidaki gibidir.

90



ol

(0.3,0.5,0.5)

(L0°60°T°0)

\ (0.1,0.1,0.1)
(0.3,0.0,0.0)

Ty T3

Sekil 4.45: 6" (ey, es) sezgisel neutrosophic grafi

Teorem 4.2.8 G = (G*,w, ¥, A) ve G' = (G*,w/, ¥, B) G* = (V,E) iizerinde birer
sezgisel neutrosophic esnek graf olsun. Bu takdirde GV@’ de G* = (V, E) da bir sezgisel
neutrosophic esnek graftir.
Ispat. le\~/(§2 = (G*,w,¥, A x B) olsun. Her (e1,e3) € A X B ve xy € F i¢in,
Ty (e e0)(@y) = max{Twe,)(xy), Tw () (xy)}
< max{min{Tw(€1)(x)a Tw(61)(y)}7 min{Tw’(ez)($)’ Tw’(€2)(y)}}
S min{mam{Tw(el)(x), Tw’(€2)(‘r)}7 max{Tw(el) (y), Tw’(ez)<y>}}
= mAn{ T (e1,e5) (), Tirr(er,e0) (Y) }
Buradan Ty (e, e)(2y) < min{Tim (e, e0) (%), Tisreye0)(y)} elde edilir.
Ty (ey e0)(2y) = min{Ty(e,)(zy), Tvr(es) (zy) }
> min{maz{ Ly, (), Ley) (¥) } maz{ Lo (ey) (%), Loriea) (4) } }
> mam{min{jw(el) (), Iw’(ez)(x)}7 min{]w(eﬂ (y), Iw’(ez)(y>}}

= m@x{[w”(e1,ez)<x)> Iw”(€1762)(y)}
Buradan Ly (e, ep)(€y) = max{lyr (e, ) (%), Lurr(ey,e0)(y) } elde edilir.
F‘I’”(61762)(*Ty) = min{F‘I’(m)(xy)? F‘If’(€2)(xy)}

> min{max{Fw(61)(x)a Fw(e1)(y>}7 ma:c{Fw/(82)(x), Fw’(62)<y)}}

> max{min{Fw(eﬂ(x)a Fw/(ez)(x)}a min{Fw(q)(y)a Fw/(ez)(y)}}

= mam{Fw”(e1,62)($)7 Fw”(e1,62)(y)}
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Buradan Fyr (e, e,)(2Y) > Max{F (e, e0)(T), Fr(er,e0)(y) } elde edilir.

Dolayisiyla @\7@’ = (G*, W', V" A x B), G* = (V,E) da sezgisel neutrosophic esnek
graftir.

Tanim 4.2.14 G = (G*,w, ¥, A) ve G = (G*, ', V' B), G* = (V, E) lizerinde birer
sezgisel neutrosophic esnek graf olsun. G ve G nin /\ — arakesiti
GAG' = (G*,w", ", A x B) notasyonu ile gosterilir. (w”, A x B) V de ve (0", A x B)
E de sezgisel neutrosophic esnek kiimeler olup G /\é’ ‘niin kenarlarinin ve koselerinin 7',

I ve F degerleri agagidaki gibi tanimlanir.
i. (e1,e0) € Ax Bvexz eV igin

Lo erea) (1) = min{Tiye,) (), Tir(eg) () }
Iw”(e1762)(x) = max{]w(m)(x)7 Iw’(ez)(x)}
Fw”(61u82)(x) = max{Fw(el)(x)v Fw’(e2)<x>}

ii. (e1,e2) € Ax B vexy € E igin

Ty ey e)(Ty) = Min{ Ty (e,)(2Y), Twr(er) (7Y) }

I‘lf”(617€2)(xy) max{]‘l’(el)(xy)a 1@1(62)<Iy)}

Fyn(e,e0)(xy) = max{ Fy(e,)(7y), Fur(ey)(2y) }

Ornek 4.2.16 G ve G’ yii 6rnek 4.2.5 deki gibi ele alahm. Acikca A x B = {(e1,e;)}
olur. Her z € V ve (e1,e3) € A X B igin,

(e, ) = {(21,0.2,0.6,0.6), (,0.2,0.5,0.8), (x3,0.2,0.6,0.5)}
W (e, e2) = {(2172,0.1,0.5,0.9), (923,0.1,0.5,0.9), (x173,0.1,0.7,0.5) }

olur. G ve G'niin \ — arakesiti GAG’ = {6"(e1, €2)} = {w”(e1, e2), V" (e1, €2)} seklindedir.
0" (e1, e9) alt grafi agagidaki gibi elde edilir.
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ol

(0.2,0.6,0.6)

(60°60°T°0)

\ (0.1,0.5,0.9)
(0.2,0.7,0.8)

Ty T3

(0.2,0.6,0.8)

Sekil 4.46: 6" (ey, es) sezgisel neutrosophic grafi

Teorem 4.2.9 G = (G*,w, ¥, A) ve G = (G*, ', V' B), G* = (V, E) lizerinde birer
sezgisel neutrosophic esnek graf olsun. Bu takdirde G /\é’ de G* = (V, E) da bir sezgisel

neutrosophic esnek graftir.

ispat. Teorem 4.2.8 in ispatina benzer sekilde yapilabilir.

Tanim 4.2.15 V = {xy,29,...2,} ve E = {(z;z;) : © # j,i,j € A} olacak gekilde
G* = (V,E) grafimi ele alahm. G* iizerinde bir sezgisel neutrosophic esnek grafin alt

graflarinin matris gosterimi agagidaki gibidir.

0 1Ty X1T3 ... T1Tp
ToX1 0 Tok3 ... Taly,
TpT1 TpTo TpT3 ... 0

Ornek 4.2.17 V = {x1, T2, 3, 24,25} ve E = {x129, ToT3, T1X5, Toly, T3Tq, ToXs, T3T5 }
olmak tizere G* = (V, F) basit grafini g6z 6ntine alalim. A = {e1, es} bir parametre kiimesi
olsun. G* = (V, E) da bir G = {d(e1),d(ea)} = {(wle1), ¥(er)), (wles), ¥(ey))} sezgisel
neutrosophic esnek grafi agagidaki gibi verilsin.

wler) = {(21,0.1,0.4,0.5), (,0.2,0.5,0.5), (x3,0.5,0.1,0.3),
24,0.3,0.3,0.3), (x5,0.5,0.8,0.3)}
x179,0.1,0.5,0.9), (x923,0.1,0.5,0.9), (z125,0.1,0.9,0.5),
2914,0.2,0.5,0.9), (2374, 0.2,0.3,0.4), (2225,0.1,0.9,0.5), (2325, 0.3,0.9,0.4)}

(
(
W(er) = {(
(

93



w(es) = {(x1,0.3,0.5,0.2), (x2,0.3,0.3,0.2), (3,0.4,0.5,0.5),

(
(
W(es) = {(
(

24,0.2,0.2,0.5), (5,0.4,0.4,0.5)}
21202,0.2,0.5,0.4), (2273, 0.3,0.5,0.5), (2125, 0.1, 0.5, 0.5),
x314,0.2,0.5,0.5, (x2x5,0.3,0.5,0.5)

5(e1) = (w(er), U(ey)) ve d(es) = (wles), U(ey)) nin G nin alt graflar oldugu aciktir. &(e;)

ve d(ey) nin matris gosterimi agagidaki gibidir.

Tanim 4.2.16 A = {ey,eo,..

[

(

s(er)=| ¢
(

(

[ (

(

5ea) = | ¢
(

(

0.0,0.0,0.0) (0.1,0.5,0.9) (0.0,0.0,0.0) (0.0,0.0,0.0) (0.1,0.9,0.5)
0.1,0.5,0.9) (0.0,0.0,0.0) (0.1,0.5,0.9) (0.2,0.5,0.9) (0.1,0.9,0.5)
0.0,0.0,0.0) (0.1,0.5,0.9) (0.0,0.0,0.0) (0.2,0.3,0.4) (0.3,0.9,0.4)
0.0,0.0,0.0) (0.2,0.5,0.9) (0.2,0.3,0.4) (0.0,0.0,0.0) (0.0,0.0,0.0)
0.1,0.9,0.5) (0.1,0.9,0.5) (0.3,0.9,0.4) (0.0,0.0,0.0) (0.0,0.0,0.0)

0.0,0.0,0.0) (0.2,0.5,0.4) (0.0,0.0,0.0) (0.0,0.0,0.0) (0.1,0.5,0.5)
0.2,0.5,0.4) (0.0,0.0,0.0) (0.3,0.5,0.5) (0.0,0.0,0.0) (0.3,0.5,0.5)
0.0,0.0,0.0) (0.3,0.5,0.5) (0.0,0.0,0.0) (0.2,0.5,0.5) (0.0,0.0,0.0)
0.0,0.0,0.0) (0.0,0.0,0.0) (0.2,0.5,0.5) (0.0,0.0,0.0) (0.0,0.0,0.0)
0.1,0.5,0.5) (0.3,0.5,0.5) (0.0,0.0,0.0) (0.0,0.0,0.0) (0.0,0.0,0.0)

.en} bir parametre kiimesi ve G = (G* w, U, A) G*

(V, E) iizerinde bir sezgisel neutrosophic esnek graf olsun. G nin (ey), d(ez), ..., d(en)

seklindeki alt graflarinin parametrik V— birlegimi V p notasyonu ile gosterilir ve her xy € E

i¢in agagidaki sekilde tanimlanir.

Ty(e)(ry) = max{Ty(,)(zy),

T\I/(62)<xy)a s 7T\I/(en)($y)}

Ty(ey(zy) = min{ly ) (2y), Lo (), - - - Tu(e,) (2y)}

Fy(e)(zy) = min{ Fy(e,)(7y),

Tanim 4.2.17 A = {ey,eq,..

F\Il(eg)(xy)7 s 7F‘P(6n)<xy)}

.y} bir parametre kiimesi ve G = (G*,w, ¥, A) G*

(V, E) iizrinde bir sezgisel neutrosophic esnek graf olsun. G nin d(ey), d(ez), ..., d(en)

seklindeki alt graflarinin parametrik A— arakesiti Ap notasyonu ile gosterilir ve her xy € E

i¢in agagidaki sekilde tanimlanir.

Ty ey (2y) = min{Tye,)(2y), Toes)(2Y), - - -, Twe, (Ty) }

Iy(e)(zy) = maz{ly(e,)(2y), loies)(2Y), - - - Lo(en) (2y)}

Fye)(2y) = maz{Fye,)(2y), Foe)(2y), - .. Fue,)(zy)}
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Ornek 4.2.18 V = {x1, 20, &3, 24, 25} ve E = {x120, 1125, ToT3, ToTy, ToT5, T3Ty, T3Ts, T4Ts }
olmak iizere G* = (V| E) basit grafin1 gbz ontine alalim. A = {ej, ey, €3} bir parametre
kiimesi olsun. G = {d(ey),d(es),8(e3)} = {(wler), U(er)), (wles), ¥(es)), (wles), Tles))}

sezgisel neutrosophic esnek grafi G* = (V, E') basit grafi iizerinde agagidaki sekilde tanimlansin.

wer) = {(21,0.1,0.4,0.5), (2,0.2,0.5,0.5), (z3,0.5,0.1,0.3),
(224,0.3,0.3,0.3), (25,05, 0.8,0.3)}
U(ey) = {(r122,0.1,0.5,0.9), (x9x3,0.1,0.5,0.9), (x125,0.1,0.9,0.6),
(w94,0.2,0.5,0.9), (2524, 0.2,0.3,0.4), (2225,0.1,0.9, 0.5, (z325,0.3,0.9,0.4)}

wles) = {(21,0.3,0.5,0.2), (x,0.3,0.3,0.2), (3,0.4,0.5,0.5),

(

(24,0.2,0.2,0.5), (x5,0.4,0.4,0.5)}
\11(62) = {(Ill'g, 02, 05, 04), (1‘21‘3, 03, 05, 05), (1'1513'5, 01, 05, 05),
(

T34, 02, 05, 05, (IQZL’5, 03, 05, 05)

w(es) = {(x1,0.2,0.4,0.5), (x2,0.4,0.5,0.5), (x3,0.4,0.3,0.3),

(
(24,0.2,0.3,0.4), (z5,0.3,0.6,0.3)}
W(es) = {(
(

212,0.2,0.5,0.9), (2123, 0.2,0.6,0.5), (2125, 0.2, 0.6, 0.5),
2224,0.2,0.5,0.9), (2324,0.2,0.5,0.4), (2225, 0.3, 0.6, 0.5), (45, 0.2, 0.6,0.4)}

d(e1), d(e2) ve d(es) alt graflarmin sirasiyla e;, ey ve ez parametrelerine gore matris

gosterimi agagidaki gibidir.
[ (0.0,0.0,0.0) (0.1,0.5,09) (0.0,0.0,0.0) (0.0,0.0,0.0) (0.1,0.9,0.5) T
(0.1,0.5,0.9) (0.0,0.0,0.0) (0.1,0.5,0.9) (0.2,0.5,0.9) (0.1,0.9,0.5)
5(61) _ (0.0,0.0,0.0) (0.1,0.5,0.9) (0.0,0.0,0.0) (0.2,0.3,0.4) (0.3,0.9,0.4)
(0.0,0.0,0.0) (0.2,0.5,0.9) (0.2,0.3,0.4) (0.0,0.0,0.0) (0.0,0.0,0.0)
(0.1,0.9,0.5) (0.1,0.9,0.5) (0.3,0.9,0.4) (0.0,0.0,0.0) (0.0,0.0,0.0)

(0.0,0.0,0.0) (0.2,0.5,0.4) (0.0,0.0,0.0) (0.0,0.0,0.0) (0.1,0.5,0.5)
(0.2,0.5,0.4) (0.0,0.0,0.0) (0.3,0.5,0.5) (0.0,0.0,0.0) (0.3,0.5,0.5)
S(ez) = | (00.00,00) (0:3,05,05) (0.0,0.0,0.0) (0.2,0.5,05) (0.0,0.0,0.0)
(0.0,0.0,0.0) (0.0,0.0,0.0) (0.2,0.5,0.5) (0.0,0.0,0.0) (0.0,0.0,0.0)
(0.1,0.5,0.5) (0.3,0.5,0.5) (0.0,0.0,0.0) (0.0,0.0,0.0) (0.0,0.0,0.0)
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(0.0,0.0,0.0) (0.2,0.5,0.9) (0.2,0.6,0.5) (0.0,0.0,0.0) (0.2,0.6,0.5)
(0.2,0.5,0.9) (0.0,0.0,0.0) (0.0,0.0,0.0) (0.2,0.5,0.9) (0.3,0.6,0.5)
S(ez) = | (0206,05) (0.0,00,00) (0.0,0.0,0.0) (0:2,0.5,04) (0.0,0.0,0.0)
(0.0,0.0,0.0) (0.2,0.5,0.9) (0.2,0.5,0.4) (0.0,0.0,0.0) (0.2,0.6,0.4)
(0.2,0.6,0.5) (0.3,0.6,0.5) (0.0,0.0,0.0) (0.2,0.6,0.4) (0.0,0.0,0.0)

G nin § (e1), 6(ez) ve d(e3) alt graflarinin parametrik V— birlegimi agagidaki gibidir

(0.0,0.0,0.0) (0.2,0.5,0.4) (0.2,0.0,0.0) (0.0,0.0,0.0) (0.2,0.5,0.5)
(0.2,0.5,0.4) (0.0,0.0,0.0) (0.3,0.0,0.0) (0.2,0.0,0.0) (0.3,0.5,0.5)
Sup(e) = | (0200,00) (0.3,00,00) (00,0.0,00) (0.2,03,0.4) (03,0.0,00)
(0.0,0.0,0.0) (0.2,0.0,0.0) (0.2,0.3,0.4) (0.0,0.0,0.0) (0.2,0.0,0.0)
(0.2,0.5,0.5) (0.3,0.5,0.5) (0.3,0.0,0.0) (0.2,0.0,0.0) (0.0,0.0,0.0)

G nin 6(e1), 6(ez) ve &(es) alt graflarmim parametrik A— arakesiti agagidaki gibidir.

(0.0,0.0,0.0) (0.1,0.5,0.9) (0.0,0.6,0.5) (0.0,0.0,0.0) (0.1,0.9,0.5)

(0.1,0.5,0.9) (0.0,0.0,0.0) (0.0,0.5,0.9) (0.0,0.5,0.9) (0.1,0.9,0.5)
5 _ (0.0,0.6,0.5) (0.0,0.5,0.9) (0.0,0.0,0.0) (0.2,0.5,0.5) (0.0,0.9,0.4)
Ap(e) =

(0.0,0.0,0.0) (0.0,0.5,0.9) (0.2,0.5,0.5) (0.0,0.0,0.0) (0.0,0.6,0.4)

(0.1,0.9,0.5) (0.1,0.9,0.5) (0.0,0.9,0.4) (0.0,0.6,0.4) (0.0,0.0,0.0)

Tanim 4.2.18 (w, A) = {<x,Tw(g)(:c),[w(e)(x),Fw(e)(a:» . x € X,e € A} X iizerinde

taniml bir sezgisel neutrosophic esnek kiime olsun. = € X elemaninin (w, A) kiimesi igin

durulagtirilmig tiyelik derecesi asagidaki sekilde hesaplanir.

1

S(2) = 3 [Tu (#) +1 = L) (2) + 1 = Fugo ()]

Ornek 4.2.19 Ornek 4.2.17 deki (W, A) sezgisel neutrosophic esnek kiimesini ele alalim.
(2314,0.2,0.3,0.4) € ¥(ep) elemanmin durulagtirilmig iyelik derecesi agagidaki gibi elde

edilir.

Tw(e1)(x1x5) +1-— Iw(el)($1x5) +1- Fw(el)(l‘ll‘gj)

3
_02+1-03+1-04 15

3 3

Se, (x125) =

=0.5
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4.3 Sezgisel Neutrosophic Esnek Graflarin Karar Verme
Problemine Uygulanisi

Diinya futbolundan iyi bir forvet oyuncusunu se¢meye caligan bir bilgisayar igin bir
algoritma gelistirmeye calisan Bay Q; Avrupa’nin bes major ligi olan ispanya, Halya,
Ingiltere, Fransa ve Almaya liglerinden beg futbolcunun verilerini sezgisel neutrosophic
esnek graflar yardimiyla kargilagtirarak sonuca ulagmaya calisacak.
Bay Q, V. = {t1,ts,t3,t4,t5} ile futbolcularin kiimesini gosteriyor. Bu futbolcular
A = {e; = hiicum ozellikleri,es = teknik ozellikler,e3 = zihinsel 6zellikler,
e, = fiziksel 6zellikler, e5 = gabukluk} kiimesindeki parametrelere gore degerlendiriyor.
Futbolcularin hiicum o6zelliklerini ¢calim atabilme, uzaktan sut ¢ekebilme, rakip defans
oyuncularima baski uygulayabilme (hiicum press) gibi nitelikleri bir araya getirilerek elde
edilmigtir. Teknik 6zelikleri gol vurusu dedigimiz bitiricilik, top teknigi, top kapabilme
yetisi, korner kullanma becerisi gibi yetenekler harmanlanarak elde edilmistir.
Zihinsel ozellikleri takima liderlik edebilme, baz1 0Ozel yetenekler ve oyun icinde
insiyatif alabilmeyi saglayan cesaret ile sogukkanlilik nitelikleri kullanilarak elde edilmigtir.
Fiziksel ozellikler mag¢ boyunca dengeli kalabilme, ¢eviklik,zindelik ve giiclii olabilme gibi
vasiflar birlegtirilerek elde edilmistir. Cabukluk ozelligi ise kogu mesafesi ile hizli top

siirebilme nitelikleri bir araya getirilerek olugturulmustur.

(w, A) ={w(e1),w(es),w(es),w(es), w(es)} sezgisel neutrosophic esnek kiimesi V' deki her
bir futbolcunun A daki tiim parametrelere gore veriler derleyen uzman futbol sitelerinden

faydalanilarak asagidaki gibi elde edilmistir.

(e1) = {(t1,1.0,0.3,0.4), (t,0.8,0.2,0.2), (£3,0.8,0.4,0.2),

wler) = {( ) ( )
(t4,0.8,0.3,0.5), (t5,0.7,0.3,0.3)}
w(es) = {(t1,1.0,0.2,0.5), (t2,0.8,0.1,0.3), (t3,0.8,0.3,0.3),
( ) ( )

t4,0.8,0.2,0.5), (t5,0.8,0.2,0.4)}
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wles) = {(t1,0.8,0.1,0.5), (t2,0.7,0.0,0.4), (t3,0.8,0.2,0.4),
(t1,0.7,0.1,0.5), (t5,0.8,0.1,0.5)}
wles) = {(t1,0.2,0.5,0.7), (£, 0.1,0.3,0.8), (t3,0.3,0.3,0.7),
(t,0.2,0.5,0.8), (t5,0.2,0.4,0.8)}
w(es) = {(t1,0.3,0.4,0.7), (t2,0.2,0.2,0.8), (£3,0.4,0.2,0.7),
(t4,0.3,0.5,1.0), (t5,0.3,0.3,0.7)}
E = A{tite, tits, tity, tits, tats, taty, tats, taty, tats, tats} kimesi de V  kiimesindeki

futbolcularin ikiger ikiger her bir parametreye gore aralarindaki iligkiyi gosterecek sekilde

agagidaki gibi belirlenmigtir.

(e1) = {(t1t2,0.7,0.3,0.4), (t1£5,0.7,0.3,0.4), (tst3, 0.8, 0.4, 0.4),
tats,0.7,0.3,0.5), (tat5, 0.7,0.3,0.3), (t5ts,0.8,0.4,0.5),
t1t3,0.7,0.5,0.5), (t1t4,0.8,0.3,0.5)(t5t5, 0.7, 0.4, 0.5),
t4t5,0.7,0.3,0.5)}

{(t1t2,0.8,0.2,0.5), (t1t3,0.7,0.3,0.5), (t1t5,0.6,0.4,0.5),

Uler) = {( )
( )
( )
( )

U(e) ={( )
(tats,0.7,0.3,0.4), (tal5, 0.7,0.3,0.4), (sts, 0.7, 0.3, 0.5),
(tats,0.8,0.2,0.5), (tits,0.8,0.3,0.5), (tats, 0.8,0.2,0.5),
(tst5,0.8,0.3,0.4)}

U(ey) = {(t1t2,0.7,0.1,0.5), (tats,0.8,0.2,0.5), (11, 0.8,0.1, 0.5),

(tat3,0.7,0.3,0.4), (tats, 0.7,0.3,0.5), (tats5, 0.7, 0.3,0.5),

(t5t4,0.7,0.3,0.5), (tas, 0.7,0.1,0.5), (14, 0.6, 0.3, 0.5),

( )

tsts,0.8,0.3,0.5)}
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tats,0.2,0.2,0.8), (tat4,0.2,0.5, 1.0), (£at5,0.2,0.3,0.8),
t5ts,0.3,0.5,1.0), (tats, 0.3,0.5,1.0), (t1£4,0.3,0.5, 1.0),

U(es) = {(t1t2,0.1,0.5,0.8), (t1t5,0.2,0.5,0.7), (t1£5,0.2,0.5,0.8),
(tats,0.1,0.3,0.8), (tats, 0.1,0.5,0.8), (tat5, 0.1,0.4,0.8),
(tsts,0.2,0.5,0.8), (tst5,0.2,0.5,0.8), (1t4,0.2,0.5,0.8),
(tsts,0.2,0.4,0.8)}

U(es) = {(tit2,0.2,0.4,0.8), (t1t5,0.3,0.4,0.7), (t1£5,0.3,0.4,0.7),
( )

( )
( )

tst5,0.3,0.3,0.7)}

6(e1) = (wler), W(er)), o(e2) = (wle2), Y(e2)),0(e3) = (w(es), W(es)), 0(es) = (w(ea), ¥es))
ve 0(e5) = (w(es), U(es)) sezgisel neutrosophic esnek graflarmin sirasiyla ey, es, e3, €4 ve

es parametrelerine gore matris formu asagidaki gibi elde edilir.

(0.0,0.0,0.0) (0.7,0.3,0.4) (0.7,0.5,0.5) (0.8,0.3,0.5) (0.7,0.3,0.4)
(0.7,0.3,0.4) (0.0,0.0,0.0) (0.8,0.4,0.4) (0.7,0.3,0.5) (0.7,0.3,0.3)
S(er) = | (07.05,05) (08,04,0.4) (00,00,0.0) (0.7,03,05) (07,0.4,05)
(0.8,0.3,0.5) (0.7,0.3,0.5) (0.7,0.3,0.5) (0.0,0.0,0.0) (0.7,0.3,0.5)
(0.7,0.3,0.4) (0.7,0.3,0.3) (0.7,0.4,0.5) (0.7,0.3,0.5) (0.0,0.0,0.0)

(0.0,0.0,0.0) (0.8,0.2,0.5) (0.7,0.3,0.5) (0.8,0.3,0.5) (0.6,0.4,0.5)
(0.8,0.2,0.5) (0.0,0.0,0.0) (0.7,0.3,0.4) (0.8,0.2,0.5) (0.7,0.3,0.4)
S(es) = | (07:03,05) (0.7,03,0.4) (00,00,0.0) (08,0.4,05) (08,0.3,0.0)
(0.8,0.3,0.5) (0.8,0.2,0.5) (0.8,0.4,0.5) (0.0,0.0,0.0) (0.8,0.2,0.5)
(0.6,0.4,0.5) (0.7,0.3,0.4) (0.8,0.3,0.4) (0.8,0.2,0.5) (0.0,0.0,0.0)

(0.0,0.0,0.0) (0.7,0.1,0.5) (0.8,0.2,0.5) (0.6,0.3,0.5) (0.8,0.1,0.5)
(0.7,0.1,0.5) (0.0,0.0,0.0) (0.7,0.3,0.4) (0.7,0.3,0.5) (0.7,0.3,0.5)
S(ez) = | (08.02,05) (0.7,03,0.4) (00,00,0.0) (0.7,03,05) (08,03,05)
(0.6,0.3,0.5) (0.7,0.3,0.5) (0.7,0.3,0.5) (0.0,0.0,0.0) (0.7,0.1,0.5)
(0.8,0.1,0.5) (0.7,0.3,0.5) (0.8,0.3,0.5) (0.7,0.1,0.5) (0.0,0.0,0.0)

(0.0,0.0,0.0) (0.1,0.5,0.8) (0.2,0.5,0.7) (0.2,0.5,0.8) (0.2,0.5,0.8)
(0.1,0.5,0.8) (0.0,0.0,0.0) (0.1,0.3,0.8) (0.1,0.5,0.8) (0.1,0.4,0.8)
S(eq) = | (02.050.7) (0.1,03,08) (00,00,0.0) (02,05,08) (02,04,08)
(0.2,0.5,0.8) (0.1,0.5,0.8) (0.2,0.5,0.8) (0.0,0.0,0.0) (0.2,0.5,0.8)
(0.2,0.5,0.8) (0.1,0.4,0.8) (0.2,0.4,0.8) (0.2,0.5,0.8) (0.0,0.0,0.0)
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(0.0,0.0,0.0) (0.2,0.4,0.8) (0.3,0.4,0.7) (0.3,0.5,1.0) (0.3,0.4,0.7)
(0.2,0.4,0.8) (0.0,0.0,0.0) (0.2,0.2,0.8) (0.2,0.5,1.0) (0.2,0.3,0.8)
S(es) = | (03.04,0.7) (0:2,02,08) (0.0,00,0.0) (0.3,05,1.0) (03,03,0.7)
(0.3,0.5,1.0) (0.2,0.5,1.0) (0.3,0.5,1.0) (0.0,0.0,0.0) (0.3,0.5,1.0)
(0.3,0.4,0.7) (0.2,0.3,0.8) (0.3,0.3,0.7) (0.3,0.5,1.0) (0.0,0.0,0.0)

{d(e1),d(e2),d(e3),d(eq),d(e5)} sezgisel neutrosophic esnek alt graflarmma Vp ve Ap

operatorleri uygulanmasiyla olusan sonu¢ matrisleri agagida verilmistir.

G nin 6(e) alt graflarimn parametrik V— birlesiminin matrisi:

(0.0,0.0,0.0) (0.8,0.1,0.4) (0.8,0.2,0.5) (0.8,0.3,0.5) (0.8,0.1,0.4)
(0.8,0.1,0.4) (0.0,0.0,0.0) (0.8,0.2,0.4) (0.8,0.2,0.5) (0.7,0.3,0.3)
Sy p(e) = | (080205) (080.20.4) (0.00.000) (0803,05) (0.80.30.4)
(0.8,0.3,0.5) (0.8,0.2,0.5) (0.8,0.3,0.5) (0.0,0.0,0.0) (0.8,0.1,0.5)
(0.8,0.1,0.4) (0.7,0.3,0.3) (0.8,0.3,0.4) (0.8,0.1,0.5) (0.0,0.0,0.0)

G nin & (e) alt graflarmin parametrik A— arakesitinin matrisi:

(0.0,0.0,0.0) (0.1,0.5,0.8) (0.2,0.5,0.7) (0.2,0.5,1.0) (0.2,0.5,0.7)

(0.1,0.5,0.8) (0.0,0.0,0.0) (0.1,0.4,0.8) (0.1,0.5,1.0) (0.1,0.4,0.8)
5 _ | 02,0507 (0.1,0.4,0.8) (0.0,0.0,0.0) (0.2,0.5,1.0) (0.2,0.4,0.8)
Ap(€) =

(0.2,0.5,1.0) (0.1,0.5,1.0) (0.2,0.5,1.0) (0.0,0.0,0.0) (0.2,0.5,1.0)

(0.2,0.5,0.8) (0.1,0.4,0.8) (0.2,0.4,0.8) (0.2,0.5,1.0) (0.0,0.0,0.0)

Daha sonra bu matrislerin durulagtirilmig iiyelik dereceleri hesaplanarak agagidaki tercih

degerleri skor ¢izelgeleri elde edilir.

Cizelge 4.24: 0y, (e) nin tercih degerlerinin skor ¢izelgesi

51 15> i3 21 ts h'y,
t1 0.667 0.767 0.700 0.667 0.767 3.568
to 0.767 0.667 0.733 0.700 0.700 3.567
t3 0.700 0.733 0.667 0.667 0.700 3.467
ta 0.667 0.700 0.667 0.667 0.733 3.434
ts 0.767 0.700 0.700 0.733 0.667 3.567
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Cizelge 4.25: §,,(e) nin tercih degerlerinin skor ¢izelgesi

151 12 i3 12} ts h"y,
t1 0.667 0.267 0.333 0.233 0.333 1.833
ts 0.267 0.667 0.300 0.200 0.300 1.734
t3 0.333 0.300 0.667 0.233 0.333 1.866
ta 0.233 0.200 0.233 0.667 0.233 1.566
ts 0.333 0.300 0.333 0.333 0.667 1.966

Burada h';, ve h"y, degerleri tercih degerlerinin toplamiyla elde edilmis degerlerdir. Daha
sonra bu degerlerin aritmetik ortalamasi hesaplanirsa agagidaki skorlar elde edilir. En

yiiksek skora sahip olan t5 futbolcusu secenekler arasindaki en uygun forvet oyuncusudur.

Cizelge 4.26: h';,, h";, ve bunlarin toplamiin yarisi Ay,

tr s ti

h/k h”k: hk
131 3.568 1.833 2.700
12 3.567 1.734 2.650
t3 3.467 1.866 2.666
4 3.434 1.566 2.500
ts 3.567 1.966 2.766x

Karar verme problemi icin algoritmamiz agagidaki gibidir.

1) Oncelikle probleme konu olan elemanlar1 V kiimesinde géster ve daha sonra bu
elemanlarin ikili mukayesesi ile £ kiimesini olusgtur.

2) Problem ¢oziiliirken hangi kistaslardan degerlendirme 6lgegi olarak faydalanilacagim A
parametre kiimesininin elemanlar: olarak goster.

3) Veri havuzu olugturup gorsel kolaylik saglamak amaciyla verileri ¢izelgeye aktar.

4) V ve E kiimesinin her bir elemaninin parametre kiimelerine kargilik degerlerini ifade
eden (w, A) ve (¥, A) sezgisel neutrosophic esnek kiimelerini olugtur.

5) (w, A) ve (¥, A) kiimeleri yardimiyla G sezgisel neutrosophic esnek grafim belirle.

6) G ya Vp ve Ap operatorlerinin uygulanmasiyla elde edilen sonu¢ matrisini goster.

7) G nin Vp ve Ap matrislerindeki elemanlarin tercih degerlerini belirleyip verileri dy,, ve
dp, skor cizelgelerinde goster ve bunlar topla.

8) Madde 7 deki skor degerlerini toplayip ikiye bol.

9) Madde 8 de elde eilen veriler igerisinden en yiiksek skoru se¢ip sonuca ulas.
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5. SONUC VE ONERILER

Farkli alanlarda cegitli nedenlerden ortaya cikan belirsizligin tek bir matematiksel
yaklagimla ele alinamayacagi aciktir. Belirsizlik iceren problemlerin matematiksel olarak
modellenmesi ve buna gore ¢oziimlerin gelistirilmesi disiplinler arasi aragtirmalarin en
onemli konularindan biridir. Bu nedenle belirsizlik iceren problemlerin ¢oziimii i¢in birgok
teori gelistirilmigtir. Bunlardan bazilar1 bulanik kiime teorisi, sezgisel bulanik kiime teorisi
ve esnek kiime teorisidir. Ote yandan neurosophic kiime teorisi ise, eksik ve belirsiz
bilgilerle basa ¢ikmak icin gelistirilmig yeni bir matematiksel yaklagimdir. Neutrosphic
kiimeler, sezgisel bulanik kiimelerin bir genellemesidir. Neutrosphic kiimeler, dogru,
belirsiz ve yanhs iiyelik fonksiyonu adi verilen ii¢ tiyelik fonksiyonu yardimiyla ifade
edilir. Diger bulanik modellerle kargilagtirildiginda, neurosophic esnek modeller, karmagik
sistemler icin daha hassas degerlendirme saglamaktadir. Sezgisel neutrosophic esnek
kiime teorisi ise belirsizliklere ¢oziim gelistirmede mevcut matematiksel yaklagimlardan
glicliikleri agabilme yetisiyle pozitif yonde ayrilmaktadir. Birgok farkli alanda karmasik
problemlerin ¢oziimiinde kullanilan graf teori ise bir diger onemli matematiksel aractir.
Graflar, belirli bir kiimedeki 6geler arasindaki iligskiyi ortaya koymak icin kullanilir. Graf
teori ve bulanik grafik teori, sagladigi kolayliklar nedeniyle karmagik sistemlerin

modellenmesinde bir¢ok uygulama barindirmaktadir.

Bu tez calismasinda sezgisel neutrosophic esnek kiimeler graf yapisi tizerinde ele alind1 ve
sezgisel neutrosophic esnek graf yapisi incelendi. Ustelik sezgisel neutrosophic
esnek graflarin bir karar verme problemindeki uygulamasi degerlendirilerek yeni sonuclara

ulasild.
Tezimizde elde ettigimiz sonuclar agsagidaki gibidir.

1. Sezgisel neutrosophic esnek kiimelerde mevcut olan ikili iglemler kullanilarak sezgisel

neutrosophic esnek graflar i¢in s6z konusu operatorlerin etkileri aragtirilmigtir.

2. Sezgisel neutrosophic esnek kiimelerde "C”, "U”, "7, "0 7017 "\/?, P\ ve 7 X7

bagintilar1 ve ikili iglemleri tanitilarak bunlara ait bir takim 6zel sonuclar elde edilmistir.
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3. Sezgisel neutrosophic esnek graflarda yeni matematiksel operatorler verilmig, bu

operatorlere ait ozellikler incelenmis ve ilgili sonuclar degerlendirilmigtir.

4. Sezgisel neutrosophic esnek graflarda ”parametrik \/ — birlesim” ve ”parametrik
/\ — arakesit” iglemleri ile yeni bir algoritma olugturulmusgtur. Elde edilen algoritma bir
karar verme problemine uygulanmigtir. Bu uygulama ile kuliip, teknik ekip ve oyuncular
gibi spor organizasyonlarinin paydaslar1 ele alinarak gercek zamanh bilgiye dayali stireg

analizi ile en dogru ve hatayr minimuma indiren kararlar verilebilecegi gosterilmigtir.

5. Sezgisel neutrosophic esnek graflarin yalnizca teorik acidan degil aynm1 zamanda

uygulama agisindan da 6nemli sonuclar verdigi gosterilmistir.

Bu sonuglar da dikkate alindiginda agagidaki onerilerde bulunabiliriz.

1. Sezgisel neutrosophic esnek kiimeler farkli matematiksel yapilar tizerinde yeniden

degerlendirilebilir ve elde edilecek yeni yapilara ait ozellikler incelenebilir.

2. Sezgisel neutrosophic esnek graflar, bagka bilim insanlarina da yon verecek sekilde
tanitilip ve de ozellikle bilgisayar programlar: ile desteklenerek bilimin farkli alanlariyla

birlikte yeni sonuclar elde edilmesi amaclanabilir.
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