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OZET
ARALIK DEGERLI NEUTROSOPHIC ESNEK GRAFLAR

Giiven KARA

Ordu Universitesi
Fen Bilimleri Enstitiisii
Matematik Anabilim Dal1, 2019
Doktora Tezi, 161s.

Danisman: Dog. Dr. Yildiray CELIK

Bu tezin amaci, aralik degerli neutrosophic esnek graf kavramini vermek, temel
ozelliklerini incelemek ve elde edilen sonuglar arasindaki iligkiyi aragtirmaktir.

Bu c¢alisma dort ana boliimden olusmaktadir. 1. bolimde gerekli alt yapiyr
saglamamiza yardimci olan ve tez konusuyla baglantili birgok caligmayi ele alan
literatiir taramasina yer verilmistir. 2. bolimde calismamizin temelini olusturan
bulanik kiime, neutrosophic kiime, esnek kiime, graf, esnek graf ve neutrosophic
esnek graf kavramlar1 verilerek bu kavramlarla ilgili teoremler ifade edilmistir. 3.
boliimde aralik degerli neutrosophic kiime ve aralik degerli neutrosophic graf
kavramlar1 verilerek bunlara ait cebirsel 6zellikler incelenmistir. 4. bolimde aralik
degerli neutrosophic esnek kiime ve aralik degerli neutrosophic esnek graf
kavramlar1 verilerek bunlara ait cebirsel ozellikler incelenmistir. Ayrica aralik
degerli neutrosophic esnek graflarin bir karar verme problemi iizerinde ki
uygulamasi ele alinmistir.

Anahtar Kelimeler: Esnek kiime, Neutrosophic kiime, Aralik degerli neutrosophic
esnek kiime, Aralik degerli neutrosophic graf, Aralik degerli
neutrosophic esnek graf



ABSTRACT

INTERVAL VALUED NEUTROSOPHIC SOFT GRAPHS

Giiven KARA

University of Ordu
Institute for Graduate Studies in Natural and Technology
Department of Mathematics, 2019
PhD. Thesis, 161p.

Supervisor: Assoc. Prof. Dr. Yildiray CELIK

The aim of this thesis is to give the concept of interval valued neutrosophic soft
graph, to examine the basic properties of it and to investigate the relationship
between the obtained results.

This study consist of four main chapters. In chapter 1, a review of the literature that
deals with many studies related to the thesis topic is given to help us to provide the
necessary background. In the Chapter 2, the concepts of fuzzy set, neutrosophic set,
soft set, graph, soft graph and neutrosophic soft graph which are the basis of our
study are given and theorems related to these concepts are stated. In chapter 3, the
concepts of interval valued neutrosophic sets and interval valued neutrosophic graphs
are given and the algebraic properties of them are examined. In the chapter 4, the
concepts of interval valued neutrosophic soft set and interval-valued neutrosophic
soft graph are introduced and the algebraic properties of them are examined. Also,
the application of the interval valued neutrosophic soft graphs on a decision making
problem is discussed.

Key Words: Soft set, Neutrosophic set, Interval valued neutrosophic soft set,
Interval valued neutrosophic graph, Interval valued neutrosophic soft
graph
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1. GIRIS

Giinliik yagamda kargilagtigimiz bazi olaylar belirsizlik ve dogrusal olmama o6zellikleri
tasidigl icin bunlar1 kesin tamimlamalarla aciklamak ve ifade etmeye caligmak miimkiin
olmayabilir. Belirsizligin farkl tiirlerine iktisat, biyoloji, fizik, miihendislik, tip ve sosyal
bilimler gibi bircok alanda sik¢a rastlanmaktadir. Belirsizlik, acgikca tanimlanmamas,
karmagik ve genig bir kavram oldugu icin belirsizlikle ilgilenen bir¢ok caligma alani bu
durumu klasik matematiksel yontemlerle basarili bir sekilde modelleme konusunda yeter-
siz kalmistir. Bundan dolay1 bilim adamlar: belirsizligi anlamak, kavramak ve buna uygun
¢Oztimler 6nermek igin birgok teori geligtirmeye ¢aligmigtir. Bulanik kiime teorisi [64], es-
nek kiime teorisi [42], yaklagimh kiime teorisi [46] ve neutrosophic kiime teorisi [52] iyi
bilinen ve belirsizlik iceren problemleri modellemek icin kullanilan yaygin matematiksel

yaklagimlardir.

Klasik kiime teorisinde bir elemanin bir kiimeye ait olmasi sadece 0 ve 1 sayilar1 kul-
lanilarak mutlak bir bicimde derecelendirilir. Oysa gercek hayatta bir olguya deger ver-
mede ara gecig degerleri yani bulamk degerleri de kullanirz. Ornegin havamm sicakligimn
degerlendirirken soguk, biraz soguk, ilik, biraz sicak, sicak gibi derecelendirmeler yapariz.
Bu nedenle klasik kiime teorisi, ara durum degerlerini ifade etme noktasinda yetersiz
kalmaktadir. Klasik kiime teorisindeki bu yetersiz durum, ilk olarak bulanik mantik ile

agilmak istenmigtir.

Bulanik kiime teorisi ilk olarak Zadeh [64] tarafindan 1967 yilinda ortaya atilmigtir. Bu-
lanik mantiga gore evrendeki bir nesne o evrendeki bir kiimenin mutlaka elemanidir
ancak eleman olma derecesi farklidir. Bir bulanik kiime, bir X evrensel kiimesinin el-
emanlarini [0, 1] araligina gotiiren bir tyelik fonksiyonu yardimi ile karakterize edilir.
Klasik kiime teorisinde sadece 0 ve 1 degerlerinden birisi ile temsil edilebilen bir olgu,
bulanik mantikta [0, 1] araliginda sonsuz deger alabilir. Béylece bir olgu, bulamk mantik
yaklagiminda kesin olmayan (belirsiz) degerlere de sahip olabilir. Bulanik mantik denet-
leyicileri kullanilarak elektrikli ev aletlerinden oto elektronigine, giindelik kullandigimiz is
makinelerinden iiretim miihendisligine, endiistriyel denetim teknolojilerinden otomasyona

kadar bir¢ok alanda uygulama alani bulmustur.



Bulanik A kiimesinde bir z elemanin kiimeye ait olma derecesi pua(x) iken ait olmama
derecesi ise dogal olarak 1 — pa(x) dir. Béylece ait olma derecesi ve ait olmama dere-
celerinin toplami 1 ’e esittir. Fakat bu yaklagim gercek hayatta karsilagilan uygulamalar-
daki belirsizligi ele almakta etkin bir yontem degildir. Ciinkii ait olma ve ait olmama
derecelerinin toplami birden kiiciik olabilmektedir. Bu nedenle Atanassov [10], bulanik
kiimelerdeki tiyelik fonksiyonunun yanina iiye olmama fonksiyonunu da ilave ederek daha
hassas aidiyet (iiyelik) 6lglimleri i¢in bulanik kiime teorisinin genellegtirilmis bir hali olan
sezgisel bulanik kiime teorisini ortaya koymustur. Daha sonra Atanassov ve Gargow [11]
sezgisel bulanik kiimeleri, aralik degerli sezgisel bulanik kiimelere genisleterek bu yeni

kavramin oOzellikleri lizerinde caligti.

Bulanik kiime ve sezgisel bulanik kiime teorilerinde bir elemanin iiye olup, iiye olmama
gibi degerleri iizerinde durulmasina ragmen bir elemanin belirsizlik durumu iizerinde du-
rulmamgtir. Buradan yola ¢ikarak Smarandache [52], iiye olma fonksiyou ve iiye olmama
fonksiyonunun yanina tigiincii bir bilegen olarak belirsizlik fonksiyonunu da ilave ederek
bulanik mantigin genisletilmig ve 0zel bir durumu olan neutrosophic kiime teorisini or-
taya koydu ve bu teori iizerinde bazi uygulamalar ele aldi. Neutrosophic kiimelerde dogru
iyelik fonksiyonu ve iiye olmama fonksiyonunun birbirinden bagimsiz olmasi, sezgisel bu-
lanik kiimeler kullanilarak yapilan modellemelerden daha esnek ve daha gergekci olmasini
saglamaktadir. Ayrica bir konu hakkinda bir birey her zaman tam olarak bilgi sahibi ol-
mayabilir. Bu durumda belirsiz tiyelik fonksiyonu devreye girmektedir ve bircok belirsizlik

iceren olayin modellenmesi i¢in oldukca genis bir yer olusturmaktadir.

Neutrosophic kiimelerde iiyelik fonksiyonlar1 |70, 17 dig araligimin standart veya stan-
dart olmayan alt kiimeleri olarak tanimlandigi i¢in neutrosophic kiimeleri bilimsel ve
mithendislik uygulamalarinda kullanmak zor ve elverigsizdi. Wang ve ark. [60] uygu-
lamalarda kolaylik saglamak i¢in neutrosophic kiimelerin bir alt smifi olan tek degerli
neutrosophic kiime kavramini tammladilar. Wang ve ark. [59] hassas iiyelik 6lgtimleri
icin tek degerli neutrosophic kiimeleri aralik degerli neutrosophic kiimelere genisleterek
bu kiimelerle ilgili baz iglemler tanmimladilar. Zhang ve ark. [66] aralik degerli neutro-
sophic kiimelerde farkli iglemler tanimlayarak karar verme problemi i¢in uygulamali bir
yaklagim sundular. Lupianez [36] aralik degerli neutrosophic kiimelerde tanimh iglemleri

inceleyerek bunlara bagh olarak bazi sonuglar elde etti. Deli [24] aralik degerli neu-



trosophic kiimelerle esnek kiimeleri birlestirerek, aralik degerli neutrosophic esnek kiime
kavramin verdi ve bu kavram tizerinde bazi cebirsel iglemler tanmimlayarak aralik degerli

neutrosophic kiimelerin karar verme problemi iizerinde uygulamasini inceledi.

Esnek kiime kavrami belirsizlige farkli bir yaklagim olarak ilk kez Molodtsov [42] tarafindan
tanimlandi. Esnek kiimeler birgok yonii ile zengin bir uygulama potansiyeline sahip
olup bu uygulamalardan birkag tanesi Molodtsov [42-44] tarafindan kendi ¢aligmalarinda
incelendi. Maji ve ark. [39], Pawlak’in yaklagimli kiime teorisi yardimiyla, bir karar
verme probleminde esnek kiimelerin bir uygulamasini yaptilar ve esnek kiimelerde bazi
iglemler tanimladilar. Daha sonra esnek kiimelerle ilgili olarak Maji ve ark. [38] cesitli
esnek kiime iglemlerini tanimladilar. Chen ve ark. [21] esnek kiimelerin parametre
dontigiimlerini tanimlayarak bir karar verme problemi iizerinde esnek kiimelerin uygu-
lamasimi geligtirdiler. Ali ve ark. [7] esnek kiimelerde iki esnek kiimenin daraltilmig
arakesiti, daraltilmig birlegimi, genigletilmis arakesiti ve genisletilmis birlesimi gibi bazi

yeni tanimlar verdiler.

Aktag ve Cagman [6], esnek kiime teorisinin bulanik kiime teorisi ve kaba kiime teorisi
ile olan iligkisini incelediler. Majumdar ve ark. [40] genellegtirilmig bulanik esnek kiime
kavramini verdiler ve bulanik esnek kiimelerin karar verme problemi iizerinde uygula-
masin1 yaptilar. Aralik degerli bulanik kiime kavrami farkli sekillerde ve birbirinden
bagimsiz olarak 1970 li yillarda Zadeh [65], Grattan-Guiness [29], Jahn [33] ve Sam-
buc [49] tarafindan tanimlandi. Gorzalczany [27, 28], tamimladigr aralik degerli bulanik
kavramin bicimsel 6zelliklerinin kisa bir analizini verip zekaya dayali yaklagik akil yiirtitme
probleminde uygulamasini yapti. Yang ve ark. [63], aralik degerli bulanik esnek kiime

kavramini verip bu kavramin ozelliklerini incelediler.

Maji [37], esnek kiimeler ve neutrosophic kiimeleri birlegtirerek neutrosophic esnek kiime
kavramini tamimladi ve bu yeni kavrama ait 6zellikleri inceledi. Broumi [14], neutrosophic
esnek kiimelerin bir genellemesi olan genellestirilmis netrosophic esnek kiiemeler iizerinde
caligt1 ve netrosophic esnek kiimelerin karar verme problemi iizerinde uygulamasini yapti.

Broumi [15] sezgisel neutrosophic esnek kiimeleri tanimladi.

Baz1 biyiik bilimsel teoriler basit sorulara aranan yanitlardan dogmustur. Graf Teori de



bunlardan biridir. Graf teori ilk kez 1735 yilinda Euler [26] tarafindan ortaya konulmustur.
Graflar, verilen bir kiimenin elemanlar1 arasindaki iligkiyi ortaya koymak igin kullanilir.
Her bir eleman kose noktalar: ve bunlara ait iligki kenarlar yardimiyla ifade edilebilmek-

tedir.
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Graf Teorinin ortaya gikigina neden olan eski Prusya’daki Konigsberg (simdi Rusya’da
Kaliningrad adini almigtir) kentinin merakh halkidir. K&nigsberg kentinde, eski ve yeni
Pregel nehirleri birleserek Pregel (Pregolya) nehrini olugturmaktadir. Bu nehirler sehri
dort boliime ayirmaktadir ve nehir tizerinde bu bélgeleri birlestiren yedi koprii bulunmak-
tadir. Merak edilen ise sudur: Kentin belirli bir noktasindan hareket edip her kopriiden
yalniz bir kez gecmek sartiyla baglangic noktasina doniilebilir mi? Kent halkinin mer-
akli insanlari, farkli noktalardan hareket ederek yedi kopriiyii birer kez gecip basladiklar
noktaya donmeyi denedilerse de hicbiri bu geziyi bagaramadi. Kentin ortak meraki haline
gelen bu problem o zamanin {inlii matematikgisi Euler (1707-1783) ’in ilgisini ¢ekti. Euler,
1735 yilinda, kent akademisine s6z konusu gezinin imkansizhigini kanitlayan matematiksel
ispatim1 sundu. 1741 yilinda bu ispat ”Solutio problematis ad geometriam situs perti-
nentis (Konum geometrisiyle ilgili bir problemin ¢éziimii)” adiyla akademinin dergisinde
yaymlandi. Euler, meshur Konigsberg Kopriisii sorununa ¢oziim ararken graf teorinin
temellerini atanlardan biri olmustur. Graf teori, geometri, cebir, sayilar teorisi, topoloji,
optimizasyon ve bilgisayar bilimi gibi bir ¢ok farkli alanda karmasik problemin ¢oziimii

i¢in faydal bir matematiksel aragtir.

Euler’in graf kavramini tanitmasindan sonra Rosenfeld [47], bulanik graf teoriyi Euler’in

graf teorisinin bir genellemesi olarak ortaya koydu. Bhattacharya [12] bulanik graflarin



baz1 6zelliklerini verdi. Mordeson ve Peng [45] bulamk graflar iizerinde bazi islemler
tanimladilar. Craine, [22] aralik degerli bulanik graflarin karakterizasyonunu verdi. Daha
sonra bir¢ok aragtirmaci [13,48, 53] bulanik kiime kavramin graf teori tizerinde ele alarak
farkl yapilar tamimlayip bunlarin 6zelliklerini incelediler. Akram ve Dudek [3] bulanik

graflar1, aralik degerli bulanik graflara genigleterek bu kavramin 6zelliklerini incelediler.

Thumbakara ve George [57] esnek graf, esnek alt graf, esnek graf homomorfizmasi ve esnek
tam graf kavramlarini verdiler ve bu yapilarin 6zelliklerini incelediler. Akram ve Nawaz
[1] esnek graflar iizerinde bazi yeni cebirsel iglemler tanimladilar. Mohinta ve Samanta
[41] bulanik esnek graf kavramini tanimladilar. Daha sonra Akram ve Nawaz [3] bulanik
esnek graflarin farkl tiirlerini incelediler ve bulanik esnek graflarin uygulamasini yaptilar.
Zihni ve ark. [67] aralik degerli bulanik esnek graf kavramini verdiler ve temel 6zelliklerini
incelediler. Celik [23], bipolar bulamk esnek graf kavramini verdi ve temel ozelliklerini

inceledi.

Kandasamy ve ark. [34] neutrosophic graf kavramimi verdiler ve neutrosophic graflarin
cesitli uygulamalarinmi yaptilar. Akram ve ark. [5] neutrosophic esnek kiime kavrami
ve graf teoriyi birlestirerek neutrosophic esnek graf, tam neutrosophic esnek graf, giiclii
neutrosophic esnek graf gibi farkl graf cesitleri tanimladi ve neutrosophic esnek graflarin
karar verme problemi iizerinde uygulamasim yapti. Shah ve Hussain [51] neutrosophic

esnek graflar lizerinde yeni ozellikler elde ettiler.

Broumi ve ark. [17] tek degerli neutrosophic graf kavramini vererek bu kavramin 6zelliklerini
aragtirdilar. Akram ve Sitara [4] tek degerli neutrosophic kiime kavramini graf yapisi
tizerinde ele alarak tek degerli neutrosophic graf kavramini tanimladilar ve bu graf yapisinin
bazi temel ozelliklerini ortaya koydular. Dhavaseelan ve ark. [25] tam ve gliglii neutro-
sophic graf kavramlarini vererek bunlarin bazi ozelliklerini incelediler. Broumi ve ark.
tek degerli neutrosophic graflarin bir genellemesi olarak aralik degerli neutrosophic graf
[16, 18-20] kavramini vererek bazi yeni iglemler tanimladilar ve bu yapinin &zelliklerini

incelediler.

Bu tezin amaclarindan biri aralik degerli neutrosophic esnek kiime kavrami ile graf teoriyi

birlegtirerek yeni bir kavram olarak aralik degerli neutrosophic esnek graf yapisin1 tanimlamak,



bu yeni yapiin cebirsel ozellikleri detayli bir gsekilde incelemek ve elde edilen sonuclari
ortaya koymaktir. Tezin amaclarindan bir digeri ise aralik degerli neutrosophic esnek
graflarin karar verme problemlerinde ki uygulamasini degerlendirmek ve buna bagl olarak

yeni sonugclari elde etmektir.

Bu calisma dort ana boliimden olugsmaktadir. 1. Boliimde gerekli alt yapiyr saglamamiza
yardimci olan ve tez konusuyla baglantili bircok calismay1 ele alan literatiir taramasina
yer verilmigtir. 2. Bolimde caligmamizin temelini olugturan bulanik kiime, neutrosophic
kiime, esnek kiime, graf, esnek graf ve neutrosophic esnek graf kavramlar1 verilerek bu
kavramlarla ilgili teoremler ifade edilmistir. 3. Bolimde aralik degerli neutrosophic kiime
ve aralik degerli neutrosophic graf kavramlar: verilerek bunlara ait cebirsel ¢zellikler in-
celenmistir. 4. boliimde aralik degerli neutrosophic esnek kiime ve aralik degerli neutro-
sophic esnek graf kavramlar: verilerek bunlara ait cebirsel 6zellikler incelenmistir. Ayrica
aralik degerli neutrosophic esnek graflarin bir karar verme problemi iizerinde ki uygula-

masi ele alinmigtir.



2. TEMEL KAVRAMLAR

2.1 Bulanik Kumeler, Sezgisel Bulanik Kiimeler, Neutrosophic
Kiimeler, Esnek Kiimeler, Neutrosophic Esnek Kiimeler

Tamm 2.1.1 [64] () # X olmak iizere u : X — [0, 1] fonksiyonuna X in bulanik alt

kiimesi denir ve
p={(e,n(x) € X, p(x) €0, 1]}
seklinde gosterilir. X kiimesi iizerinde taniml biitiin bulanik alt kiimelerin kiimesi F'(X)

ile gosterilir.

Tamim 2.1.2 [64] p,v € F(X) olsun. Her x € X i¢in pu(z) < v(x) ise v'ye p’yii kapsar

denir ve p < v ile gosterilir.
Tanmim 2.1.3 [64] p,v € F(X) ve z € X olsun.

pVv)(z)

(b Av)(x)

plx) V v(x) = max{p(z), v(z)}
p(x) Av(z) = min{p(z), v(z)}

ile tanimlanan bulanik alt kiimelere sirasiyla p ile v’'niin birlesimi ve arakesiti denir.
Tamim 2.1.4 [10] 0 # X olsun. X iizerinde bir Ag sezgisel bulanik kiimesi

AS = {<x,TAS<£L‘),FAS(l')> | T € X}

seklinde tanimlanir. Burada T4, ve F4, fonksiyonlart X — [0, 1] tanimh olup T, (z)
ve Fug(x) degerleri z € X elemaninin Ag sezgisel bulanik kiimesine sirasiyla iiye olma
ve liye olmama derecelerini gosterir. Ayrica Ag sezgisel bulanik kiimesinde her x € X
icin Ta 4 (x) + Fay(z) <1 esitsizligi saglanmir. Ty (2) + Fag(x) = 1 olmasi durumunda

bulanik kiime elde edilecegi aciktir.
Tamm 2.1.5 [52] ) # X olmak tizere X {izerinde bir Ay neutrosophic kiimesi
Ay = {<x,TAN(3:),[AN(x),FAN(a:)> |z € X}
seklinde tanimlanir. Burada T4, 14, ve Fa, : X —]|70,17[ tamimhdir ve her z € X igin

0< TAN(:E) + IAN($> + FAN('T) < 3*



esitsizligi saglanir. X kiimesi iizerinde tanimli tiim neutrosophic kiimelerin ailesi N (X)
ile gosterilir. Standart olmayan araliklar uygulamalarda ¢ok elverigli olmadigindan tezin
kalan kisminda [0, 1] araligr kullamlacaktir.

Tay : X = [0,1], La, : X — [0,1] ve Fy4, : X — [0,1] fonksiyonlara sirasiyla dogru

iyelik fonksiyonu, belirsiz iiyelik fonksiyonu ve iiye olmama fonksiyonu denir.

Tanmim 2.1.6 [35] Ay,By € N(X) olsun. Her z € X igin Ta, (v) < Tgy (), Lay(x) >
Ig,(x) ve Fya,(x) > Fp,(z) oluyorsa Ay’ya, Bx'nin neutrosophic alt kiimesi denir ve

Anx Cn By seklinde gosterilir.

Tanim 2.1.7 [35] Ay,By € N(X) olsun. Ay Cy By ve By Cy Ay ise Ay ve By

kiimelerine esit neutrosophic kiimeler denir ve Ay =5 By seklinde gosterilir.

Tanim 2.1.8 [35] Ax,By € N(X) olsun. Ay ve By neutrosophic kiimelerinin birlegimi

An U By ile gosterilir ve
AxUBy = {<x, Tun () V Ty (2), Ly () A Iy (), Fay (@) A Fiy (2)) 2 € X}
seklinde tanimlanir.

Tanim 2.1.9 [35] Ax,By € N(X) olsun. Ay ve By neutrosophic kiimelerinin arakesiti

AN M By ile gosterilir ve
AT By = {<m, T (z) A Ty (), Lay () V Iy (), Fay (z) V Fpy (7)) 2 € X}
seklinde tanimlanir.

Tanmim 2.1.10 [35] {An, : ¢ € [} C N(X) neutrosophic kiimelerin bir ailesi verilsin. Bu
takdirde

|_|AN1. = {<x,\/TANi(x),/\IANZ_(x)/\FANZ_(x)>:xEX}

icl il icl iel
|—|ANZ- = {(x,/\TANi(x),\/IANi(x),\/FANi(x» :xeX}
iel iel i€l iel

dir.

Tanmim 2.1.11 [35] Ay € N(X) olsun. Ay neutrosophic kiimesinin tiimleyeni A% ile
gosterilir ve Al = {(z, Fa,(z),1 — Ia,(z),Tay(z)) : x € X} seklinde tanimlamr.



Tanim 2.1.12 [35] Ay € N(X)olsun. Herz € X igin Ta,, (x) = 0ve I, (z) = Fa, () =

1 ise Ax’ye bos neutrosophic kiime denir ve () ile gosterilir.

Tanmim 2.1.13 [35] Ay € N(X)olsun. Herx € X igin T4 (z) = 1 ve 4, () = Fa,(x) =

0 ise Ay’ye tam neutrosophic kiime denir ve Qy ile gosterilir.

Teorem 2.1.1 [35] Ay,Bx € N(X) olsun. Bu takdirde agagidaki esitlikler saglanir.

1. ANHAN:ANVGANUAN:AN

2. ANHBN:BNHAN VGANUBN:BNUAN

114, ANHQN:Q)N veANI_IQN:AN

w. ANHQN:ANVGANHQN:QN

V. AN|_|<BN|_|CN):(AN|_|BN)|_|CN VeANI_I(BNI_ICN):(ANI_IBN)I_ICN

V1. (A?V)t = AN

Teorem 2.1.2 [35] {Ay, : ¢ € I} C N(X) neutrosophic kiime ailesi olsun. Bu takdirde

agagidakiler saglanir.

i. <|_|ANi)t:|—|A§VZ_

iel icl
t
ii. <|_|ANZ.) =| | Ak,
i€l i€l
Teorem 2.1.3 [35] By € N(X) ve {Ay,
saglanir.
i. B <|_|AN,<) =| |(BnAy,)
i€l i€l
ii. BU <|_|ANZ.) =[](BuAy)
ici iel

:i €1} C N(X) olsun. Bu takdirde agagidakiler

Tamim 2.1.14 [42] () # X bir kiime, E bir parametre kiimesi ve A C FE olsun. F': A —

P(X) dontigtimti ile verilen (F, A) ikilisine X {tizerinde bir esnek kiime denir. e € A i¢in

F(e) ye (F, A) esnek kiimesinin e- yaklagimli elemanlariin kiimesi denir.



Tanmim 2.1.15 [42] (F, A) ve (G, B) X iizerinde iki esnek kiime olsun.(F, A)’ya (G, B) 'nin

alt kiimesi denir &<
i. ACB
ii. Her e € Aicin F(e) C G(e).
Bu durum (F, A) Cg (G, B) notasyonu ile gosterilir.

Tanmm 2.1.16 [37] 0 # X bir kiime, N(X) kiimesi X {izerindeki tiim neutrosophic
kiimelerin bir ailesi, £ bir parametre kiimesi ve A C F olsun. F : A — N(X) bir
dontigiim olmak {izere (F, A) ikilisine X {izerinde bir neutrosophic esnek kiime denir. Bu
durum (F, A)y ile gosterilir. Bir neutrosophic esnek kiime X kiimesinin neutrosophic
alt kiimelerinin parametrelestirilmig bir ailesidir. X iizerindeki tiim neutrosophic esnek

kiimelerin ailesi NE(X) ile gosterilir.

Tamim 2.1.17 (F, A)x ve (G, B)y ikilileri X {izerinde iki neutrosophic esnek kiime olsun.

(F,A)n va (G, B)y nin alt kiimesi denir <

i. ACB

. Her e € Ave x € X icin Tro)(x) < Tae)(x), Ire)(x) > L) (x), Fre(r) > Foe) ()
Bu durum (F, A)y Cyg (G, B)y ile gosterilir.

Tanim 2.1.18 (F, A)y ve (G, B)y, X iizerinde iki neutrosophic esnek kiime olmak tizere
(F, A)n, (G, B)n ye neutrosophic esnek esittir denir < (F, A)y Cyr (G, B)y ve (F, A)y DnE
(G,B)n. Budurum (F, A)y =ng (G, B)y ile gosterilir.

Tanim 2.1.19 X bir evrensel kiime, FE bir parametreler kiimesi ve A C E olsun.

i. (H,A)y, X iizerinde bir neutrosophic esnek kiime olsun. Eger her e € A ve z € X
icin Theey(x) = 1, Ige)(z) = 0, Fr(x) = 0 ise (H, A)y ikilisine A parametre alt

kiimesine gore kismi tam neutrosophic esnek kiime denir ve €24 ile gosterilir.

ii. (H,A)y, X tzerinde bir neutrosophic esnek kiime olsun. Eger her e € A ve x € X
icin Tre)(z) = 0,Ig@) () = 1, Fgey(x) = 1ise (H, A)y ikilisine A parametre alt

kiimesine gore kismi bos neutrosophic esnek kiime denir ve ()4 ile gosterilir.
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1i. E parametre kiimesine gore olusturulan kismi tam neutrosophic esnek kiimeye, X

tizerinde tam neutrosophic esnek kiime denir ve Qp ile gosterilir.

1. E parametre kiimesine gore olugturulan kismi bog neutrosophic esnek kiimeye, X

tizerinde bos neutrosophic esnek kiime denir ve (g ile gosterilir.

) = (F7 A)N

Tanim 2.1.20 Bir (H, A)y neutrosophic esnek kiimesinin tiimleyeni ( N
A)n kiimesinin

H,
seklinde verilir. Burada H : A — N(X) bir doniisiim olmak iizere (H,
iiyelik degerleri her e € A icin Tﬁ(e) = F H(e),lﬁ(e) =1-1 H(e),Fﬁ(e) = Ty seklinde

tanimlanir.

Tanim 2.1.21 (H, A)y ve (G, B)y kiimeleri X tizerinde taniml iki neutrosophic esnek
kiime olsun. C'= AU B olmak iizere (H, A)y ve (G, B) y neutrosophic esnek kiimelerinin
genigletilmig birlesimi (H, A)y Uy (G, B)y = (K, C)y seklinde gosterilir ve her e € C' ve

r € X icin agagidaki gibi tanimlanir.

TH(e) (ill') e c Al\AQ
T (e)(z) = Tae)(2) e € A\A
max{Tre) (), T ()} e€ AN A
IH(e) (.I’) e c Al\AQ
]K(e)(x) = ]G(e) (ZL’) e e Ag\Al
min{ I (), I ()} e€ AjNA,
FH(e) (l’) e € Al\AQ
Fre)() = Foe) () e € Ax\ A,
min{ Fre)(x), Fre(x)} e€ AN A

Tanim 2.1.22 (H, A)y ve (G, B)y kiimeleri X tizerinde taniml iki neutrosophic esnek
kiime olsun. C'= AN B olmak tizere (H, A)n ve (G, B)y neutrosophic esnek kiimelerinin
daraltilmig birlesimi (H, A)y Uy (G, B)n = (K,C)y seklinde gosterilir ve her e € C' ve

x € X igin agagidaki gibi tanmimlanir.

Ti(e)(x) = maz{Tu(e)(x), Tae)(€) }
IK(e) (x) = min{]H(e)(:B), [G(e) (93)}
Fie)(x) = min{ Fre) (), Fae (x)}
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Tanim 2.1.23 (H, A)y ve (G, B)y kiimeleri X tizerinde taniml iki neutrosophic esnek
kiime olsun. C' = AU B olmak tizere (H, A)y ve (G, B)y neutrosophic esnek kiimelerinin
genigletilmig arakesiti (H, A)y Ny (G, B)y = (K, C)y seklinde gosterilir ve her e € C' ve

x € X igin agagidaki gibi tamimlanir.

TH(e) (LIZ') e c AI\AQ
Tk(e)() = T () e € A\ A
min{TH(e)(x), TH(e) (ZE)} e€ AiNA,
]H(e) (.T) e c Al\AQ
Ik (z) = Ig(e)(2) e € Ax\A,
max{Ire) (), Ine) ()} ec A NA,
FH(@) (I’) e c Al\A2
Fre)(z) = Fee(x) e e A\A,
max{Fr) (), Fre)(r)} e€ A NA;

Tanmim 2.1.24 (H, A)y ve (G, B)y kiimeleri X tizerinde taniml iki neutrosophic esnek
kiime olsun. C'= AN B olmak tizere (H, A)y ve (G, B)y neutrosophic esnek kiimelerinin
daraltilmig arakesiti (H, A)y My (G, B)y = (K, C)n seklinde gosterilir ve her e € C' ve

x € X igin agagidaki gibi tamimlanir.

Tke)(x) = min{Tr)(x), Tee ()}
[K(e) (33) = ma:v{IH(e) (JZ), [G(e)(:l?)}
Fi(e)(x) = maz{Fp(e)(), Foe) ()}

Tanim 2.1.25 (H, A)y, X tzerinde; (G, B)y, Y iizerinde tanimh iki neutrosophic esnek
kiime olsun. (H, A)y ile (G, B)y nin kartezyen ¢arpimi (H, A)v Xy (G, B)y = (K, AXB)n

seklinde gosterilir ve her (e1,e2) € AX B ve (z,y) € X XY i¢in agagidaki gibi tamimlanir.

TK(€1762)(=7:7 y) = min{TH(m) (ZE), TG(ez)(y)}
[K(el,ez)(xa y) = max{TH(el)<x)> TG(eg)(y)}
FK(@LEQ)(I? y) = maI{TH(m)(x)) TG(ez)(y)}
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2.2 Graflar, Neutrosophic Graflar, Esnek Graflar, Neutrosophic
Esnek Graflar

Tanim 2.2.1 [26] Bir G* grafi sonlu sayida nesne igeren V' = {vy, vq, ..., v, } koge (diigiim)
elemanlar1 kiimesiyle £ = {ej,eg,...,e,} kenar elemanlar1 kiimesinden olusur ve G* =
(V, E) ikilisiyle gosterilir. G* bir graf olmak tizere {u,v} kiimesi G* grafinin bir kenar
olsun. Siklikla bu kenar uv veya vu seklinde gosterilir. Eger e = wv, G* grafina ait bir
kenar ise u ve v koge noktalarinin G* grafinda komsu (baglantili) oldugunu veya e nin u
ve v kose noktalarini birlestirdigini soyleriz. Herhangi bir koge ile baglantili olmayan bir

koseye ayrik koge denir.

Tanim 2.2.2 [26] Bir grafin, bir kogesini yine kendisine baglayan bir kenarina dongii

denir.

Tanim 2.2.3 [26] Bir grafta birden fazla kenar iki koseyi birlegtirirse bu kenarlara ¢oklu

kenar veya paralel kenar denir. Coklu kenar iceren graflarada ¢oklu graf denir.
Tanim 2.2.4 [26] Dongii ve ¢oklu kenar icermeyen graflara basit graf denir.

Tanmim 2.2.5 [30] Bir G* grafinin alt grafi, tiim kose noktalar: ve kenarlar1 G* tarafindan

kapsanan bir graftir.

Tanmim 2.2.6 [30] G = (Vi, Ey) ve G5 = (Va, E,) iki basit graf olmak iizere bu iki
grafin birlegimi, koge elemanlar1 kiimesinin birlegimi V; UVj ile kenar elemanlari kiimesinin
birlesimi £ U Ey kiimelerinden olugan basit graftir. Bu durum GiUGS = (V1UV,, E1UES)

ile gosterilir.

Tamim 2.2.7 [30] G = (V1, Ey) ve G5 = (Va, E) iki basit graf olmak tizere bu iki
grafin arakesiti, koge elemanlar1 kiimesinin arakesiti V3 NV5 ile kenar elemanlar: kiimesinin
arakesiti 4N E, kiimelerinden olusan basit graftir. G} ve G5 graflarinin arakesiti G1NG%5 =

(Vi NVy, By N Es) ile gosterilir.

Tamim 2.2.8 [32] GT = (W4, Ey) ve G5 = (Vy, Ey) iki basit graf olsun. G ve Gj nin
kartezyen carpimi G* = (V,E) = (Vi x Vo, E = {(uvy,uvy) | uw € Vi, vivg € Ep} U

{(uyv,ugv | v € Vo, ujus € Ey}) seklinde tanimlanir.
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Tanmim 2.2.9 [32] G = (W1, Ey) ve G = (Va, Ey) iki basit graf olsun. G} ve G5 nin giiglii
carpmmi G* = (V E) = (Vi x Vo, E = {(uvy,uvy) | uw € Vi, vjvg € Ex} U {(ugv, uqv) |
v € Vo, upug € Er} U {(ugvr, ugve) | uqus € By, vive € Ey, uy # ug, v1 # va}) seklinde

tanimlanir.

Tanim 2.2.10 [32] G = (V4, Ey) ve G = (Va, Ey) iki basit graf olsun. G} ve G nin
bileskesi G* = (V, E) = (Vi x Vo, E = {(uvy,uve) | u € Vi, v1v9 € Ex} U {(uv, ugv) | v €

Vo, ugug € B} U {(ugvy, ugve) | ugus € Ey, v # v9}) seklinde tanimlanir.

Tanim 2.2.11 [25] V = {vy,v9,...,0,} ve E ={e1,ea,...,6e,} olmak lizere G* = (V, E)
bir basit graf olsun. Gy = (G*, Ay, By) ligliisii agagidaki kogullar gergeklerse Gy ye

G* = (V, E) {izerinde neutrosophic graf denir.

i. Ay, V tzerinde bir neutrosophic kiime olup T4, : V — [0,1], Ia, : V — [0,1]
ve Fa, : V — [0,1] fonksiyonlar1 v; € V elemanlarinin Ay neutrosophic kiimesine
sirasiyla iiye olma, belirsiz liye olma ve iiye olmama fonksiyonlarini ifade eder ve her

v, eV (i=1,2,...,n)i¢in 0 < Ty (v;) + Lay (v;) + Fay(v;) < 3 esitsizligi saglanir.

ii. By, E iizerinde bir neutrosophic kiime olup Tp, : £ — [0,1], Ip, : E — [0,1] ve
Fg, : E — [0,1] fonksiyonlar: v;v; € E elemanlarmin By neutrosophic kiimesine
sirasiyla iiye olma, belirsiz liye olma ve iiye olmama fonksiyonlarini ifade eder ve her
vv; € E (i, =1,2,...,n) i¢in 0 < Tg, (v;v;) + Ip, (vivj) + Fp, (v;v;) < 3 esitsizligi

saglanir.

it. v;v; € E igin G nin koge noktalart ve kenarlar1 arasimnda asagidaki esitsizlikler

saglanir.

Tamim 2.2.12 [17] Gy = (G*, An, Bn), G* = (V, E) basit grafi izerinde bir neutrosophic
graf olsun. Gy ye tam neutrosophic graf denir. < Her v;,v; € V icin

Tgy (vivj) = min{Tay (vi), Tay ()}

Iy (vivy) = maz{lay (vi), Lay (v;)}

Fpy(vivy) = maz{Fay (vi), Fay(v;)}
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Tanmim 2.2.13 [17] Gy = (G*, An, Bn), G* = (V, E) basit grafi izerinde bir neutrosophic

graf olsun. Gy nin tiimleyeni Gy = (G*, Ay, By) ile gosterilir ve agagidaki kogullar saglar

i. Her v; € Vigin Ty (v;) = Tay (v3), Tay (v;) = Ly (vi), Fay(vi) = Fay(v;)
. Her (v;,v;) € E igin,
Ty (vivy) = min{Tay (v;), Tay (v;)} = Toy (viv;)

Iy (viv;) = maz{Tay (vi), Tay (v;)} = Iny (vivy)

Fpy(vivj) = maz{Tay (v;), Tay (v;)} — Fpy (viv))

Tanim 2.2.14 [1] Gg = (G*, F, K, A) dortliisii agagidaki kogullar saglarsa Gg ye bir

esnek graf denir.
i. G* = (V, E) bir basit graftir.
ii. A # 0 bir kiime
iii. (F,A), V iizerinde bir esnek kiimedir.
iv. (K, A), E iizerinde bir esnek kiimedir.
v. Her z € A i¢in H(z) = (F(x), K(z)) , G* = (V, E) grafinin bir alt grafidir.

Bir esnek graf Gg = (F, K, A) = {H(z) | x € A} seklinde de gosterilebilir. Takip eden
boltimde G* ile basit graflar1 Gg ile de esnek graflar1 gosterecegiz. G* grafinin tiim esnek

graflarinin kiimesini EG(G*) ile gosterecegiz.

Ornek 2.2.1 [1] G* = (V, E) basit grafi asagidaki gibi verilsin.

a

d &

Sekil 2.1: G* = (V, E) basit grafi
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A = {a, ¢, d} bir parametre kiimesi olmak tizere V iizerinde (F, A) esnek kiimesi her x € A
icin F(a) = {b,e}, F(c) = {b,d,e} ve F(d) = {b, c, e} seklinde verilsin.
E {izerinde (K, A) esnek kiimesi her z € A i¢gin K(a) = 0, K(c) = {bd,de}, K(d) =

{be, ce} seklinde verilsin.

G* 1 altgraflar1 her © € A = {a,¢,d} i¢in H(a) = (F(a),K(a)), H(c) = (F(c),K(c)) ve
H(d) = (F(d), K(d)) seklindedir.

o g e b ¢ b
d c
H(a) alt grafi H(c) alt grafi H(d) alt graf

Sekil 2.2: H(a), H(c), H(d) alt graflar1

Sonug olarak G = {H (a), H(c), H(d)} kiimesi G* = (V, F) basit grafi lizerinde bir esnek
graftir. Bu esnek grafin tablo gosterimi gibi asagidaki gibidir.

Tablo 2.1: Gg esnek grafinin tablo gosterimi

AV ia|blcl|d|e

0]1]0]0]1
c 0/1]0]1]1
d 01171101

AJE | ab | bc | cd | de | ea | bd | ce

QUIO |
OO O
= k=l =]
(en]l Hen) Ban]
o= O
(el e
= OO

Tamim 2.2.15 [1] Gg, = (G*, F\, K, A) ve Gg, = (G*, F3, Ky, B), G* = (V, E) basit

graf tizerinde iki esnek graf olsun. G, e G, nin esnek alt grafi denir. &
i. ACB
ii. Her z € A i¢in Hy(z) = (Fi(x), Ki(x)) C Ho(z) = (Fy(x), Ko(x)) dir.
Tanim 2.2.16 [1] Gy, = (G*, F1, K1, A) ve Gg, = (G, F», Ky, B), G* = (V, E) basit

grafi lizerinde iki esnek graf olsun. G g, ve Gg, nin genisletilmis birlesimi G, Ug Gg, =
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(G*, F, K, C) ile gosterilir. Burada C' = AU B olmak iizere her e € C i¢in F(e) ve K(e)

agagidaki gibi tanimlanir.

Fi(e) ee€ A\B

F(e) = Fy(e) eec B\A
Fi(e) U Fy(e) ec ANB

Ki(e) eec A\B

K(e)= K>s(e) e € B\A
Ki(e) U Ks(e) ec ANB

Not 2.2.1 [1] Gg, = (G*, F1, K1, A) ve G, = (G*, F», Ky, B), G* = (V, E) basit grafi
lizerinde iki esnek graf olsun. Eger AN B = () ise G, Ug G, daima G* {izerinde bir esnek

graftir.

Tanim 2.2.17 [1] Gy, = (G*, F1, K1, A) ve Gg, = (G*, F», Ky, B), G* = (V, E) basit
grafi iizerinde ANB # () kogulunu saglayan iki esnek graf olsun. G, ve G, nin daraltilmig
birlesimi Gg, Ug Gg, = (G*, F, K, C) ile gosterilir. Burada C' = AN B olmak iizere her
e € Cigin F(e) = Fi(e) U Fy(e) ve K(e) = Kq(e) U Ky(e) seklinde tanimlanir.

Tanmim 2.2.18 [1] Gg, = (G*, F1, K1, A) ve Gg, = (G*, F3, Ky, B), G* = (V, E) basit
grafi lizerinde iki esnek graf olsun. G, ve G, nin genisletilmig arakesiti Gg, Ng Gp, =
(G*, F, K, C) seklinde gosterilir. Burada C' = AU B olmak tizere her e € C' igin F(e) ve
K (e) asagidaki gibi tanimlanir.

Fi(e) e € A\B

F(e) = Fy(e) ec B\A
Fi(e) N Fy(e) ec ANB

K (e) ec A\B

K(e)= Ks(e) ee€ B\A
Ki(e) N Ks(e) ec ANB

Tanim 2.2.19 [1] Gg, = (G*, F1, K1, A) ve Gg, = (G*, Fy, Ky, B), G* = (V, E) basit
grafl lizerinde ANB # () kogulunu saglayan iki esnek graf olsun. Gg, ve Gg, nin daraltilmig
arakesiti Gg, Mg Gg, = (G*, F, K, C) ile gosterilir. Burada C' = AN B olmak iizere her
e € Cigin F(e) = Fi(e) N Fy(e) ve K(e) = Ky(e) N Ky(e) seklinde tanimlanir.
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Tanim 2.2.20 [1] Gg, = (G*, F1, K, A) ve Gg, = (G*, F,, Ky, B), G* = (V,E) ba-
sit grafi iizerinde iki esnek graf olsun. Gpg, ve G, esnek graflarimin \/ — birlegimi
Ge, VpGr, = (G, F,K,C) ile gosterilir. Burada C' = A x B olmak tizere her (a,b) €
A x B i¢in F(a,b) = Fi(a) U Fy(b) ve K(a,b) = K;(a) U Ky(b) seklinde tanimlanir.

Tamim 2.2.21 [1] Gg, = (G*, F\, Ky, A) ve Gg, = (G*, F3, Ky, B), G* = (V, E) basit
grafi tizerinde iki esnek graf olsun. Gp, ve G, esnek graflarmin A — arakesiti Gg, A Gp, =
(G*,F,K,C) ile gosterilir. Burada C = A x B olmak tizere her (a,b) € A X B igin
F(a,b) = Fi(a) N Fy(b) ve K(a,b) = Ki(a) N K2(b) seklinde tanimlanir.

Tamim 2.2.22 [1] Gg, = (Gg,, F1, K1, A) ve Gg, = (G, Fa, K3, B) esnek graflar1 AN
B = () kogulunu saglayan iki esnek graf olsun. G, ve Gg, nin kartezyen ¢arpimi G, X g
Gr, = (G*, F,K,C) ile gosterilir. C' = A x B olmak iizere her (a,b) € A x B igin
F(a,b) = Fi(a) x F5(b) ve K(a,b) = K;(a) x Ky(b) seklinde tanimlanir.

Tanim 2.2.23 [1| Gg = (G*, F, K, A), G* = (V, E) lizerinde bir esnek graf olmak tizere
Gp nin tiimleyeni G = (G*, F, K, A) ile gosterilir. Burada her a € A icin F(a) = F(a)
ve K(a) = {uv | u,v € V, uv ¢ E} dir.

Tanim 2.2.24 Gyg = (G*, f, g, A) seklinde gosterilen dortlii agagidaki kogullar: gerceklerse
Gng ye G* = (V, E) basit grafi iizerinde bir neutrosophic esnek graf denir.

i. G* = (V, E) bir basit graftir.

ii. f, V tizerinde bir neutrosophic esnek kiimedir. f : A — N(V) bir doniigiim olmak
tizere f(e) = fo = {{z,T}.(x),I1,(z), Fy.(z)) | « € V} seklindedir.

iii. g, E tizerinde bir neutrosophic esnek kiimedir. g : A — N(E) bir déniigiim olmak

iizere g(e) = g = {(xy, Ty, (xy), I, (y), F,, (2y)) | oy € B} seklindedir.

w. Her zy € E ve her e € A igin agagidaki egitsizlikler saglanir.

Ty (wy) < min{Ty, (v), Ty, (y) }
Iy (wy) > maz{ly, (v), I1.(y)}

Fy (vy) > maz{Fy, (x), Fy.(y)}

Neutrosophic esnek graflar, Gyg = (G*, f, g, A) = {N(e) | e € A} seklinde neutrosophic

graflarin parametrelestirilmig bir ailesi olarak géz 6niine alinabilir.
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Ornek 2.2.2 V = {1, 9,23} ve E = {2129, 123, 2923} olmak lizere G* = (V, E) basit
grafini goz 6ntine alahm. A = {ey, ey, e3} bir parametre kiimesi olsun. f ve g neutrosophic
esnek kiimeleri sirasiyla V' ve E iizerinde Tablo 2.2 de gosterildigi gibi verilsin. Acikga
Gne = (G, f,g,A), G* iizerinde neutrosophic esnek graftir.

Tablo 2.2: Gxg neutrosophic esnek grafi

/ T T2 T3

e1 | (0.2,0.4,0.5) | (0.4,0.5,0.6) (0,1,1)
ez | (0.2,0.7,0.8) | (0.3,0.5,0.6) | (0.5,0.6,0.7)
es | (0.3,0.3,0.5) | (0.2,0.2,0.3) | (0.3,0.4,0.9)
g (z122) (w213) (z123)
er | (0.1,0.6,0.7) (0,1,1) (0,1,1)
ez | (0.1,0.5,0.9) (0,1,1) (0.2,0.8,0.9)
es | (0.2,0.4,0.6) | (0.1,0.5,0.9) | (0.3,0.5,0.9)

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

(0.4,0.5,0.6)

Sekil 2.3: N(e;) neutrosophic grafi

(0.1,0.5,0.9)

(0.2,0.7,0.8) (0.3,0.5,0.6)

(0.2,0.8,0.9)

(0.5,0.6,0.7)

T3

Sekil 2.4: N(eg) neutrosophic grafi
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(0.2,0.4,0.6)

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

(0.3,0.5,0.9) (0.1,0.5,0.9)

(0.3,0.4,0.9)

T3

Sekil 2.5: N(es) neutrosophic grafi

Tanim 2.2.25 Gy, = (G*, f', ¢, A") ve Gyg = (G*, f, g, A) iki neutrosophic esnek graf

olsun. G’y ye Gng nin bir neutrosophic esnek alt grafi denir. <
i. AACA
ii. f. C f.yanihere€ A icin Ty (x) < Ty (x), I(x) > 11, (2), F(2) > F,(2)

iii. g, C g. yani her e € A’ ve xy € E i¢in Ty (zy) < Ty (zy), Iy (zy) > I, (zy),
Fy(zy) > Fy (zy)
Ornek 2.2.3 Ornek 2.2.2 de verilen Gyg neutrosophic esnek grafinmm bir G'yp neutro-

sophic esnek alt grafi agsagidaki gibidir.

Tablo 2.3: Gy neutrosophic esnek grafi

fl 4a1 i) I3

e | (02,0.5,0.6) | (0.3,0.6,0.8) | (0,1,1)
es | (0.1,0.7,0.9) | (0.1,0.5,0.7) | (0.2,0.8,0.9)
g (1, T2) (22, 73) (z1,23)
e1 | (0.1,0.7,0.8) (0,1,1) (0,1,1)
e | (0.1,0.9,09) | (0,1,1) | (0.1,0.8,0.9)

(0.1,0.7,0.8)

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

Sekil 2.6: N’(e1) neutrosophic grafi
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(0.1,0.9,0.9)

(0.1,0.7,0.9) (0.1,0.5,0.7)

(0.1,0.8,0.9)

(0.2,0.8,0.9)

T3

Sekil 2.7: N’(e2) neutrosophic grafi

Tanim 2.2.26 GLp = (G*, f1,¢', A)) ve G% 5 = (G*, %, 9%, As), G* = (V, E) basit grafi

tizerinde iki neutrosophic esnek graf olsun. Bu iki neutrosophic esnek grafin genigletilmis

birlesimi Gy UGRp = (G*, f,9,4) =

G G35 nin koge noktalarinin ve kenarlarmin 7', I ve F iiyelik degerleri agagidaki

(G*, fY Un 29" Uy g% A1 U Ay) ile gosterilir.

gibi tamimlanir.

i. Heree A=A UA; ve x € V igin

(

Tfel (l’) € Ec Al\AQ
Tfe (.’13‘) = Tf€2 (;E) e < AQ\Al
(max{Ty(z), Tr2(7)} e€ AN Ay
( Ifé (l’) e € Al\AQ
[fe ([L’) = [feQ (l’) € c AQ\Al
(min{lp(x), Ip2(2)} e€ AiN A
chl (SC) e c Al\AQ
Ffe (.T) = Ff(g (l’) e € AQ\Al
min{Fp (), Fr2(2)} e € AN A
it. Her e € A ve xy € F igin
( Ty (zy) e € A1\ Ay
Ty (wy) = T2 (zy) e € A\ A
max{Ty (zvy), Tp2(zy)} e € AiN Ay
( Ig;( ) e € Al\AQ
Ige([Ey) = I 2(1' ) e € AQ\Al
(min{lg(2y), [2(vy)} e € ApN A
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Tg; (l’y) e c Al\AQ
Fy (zy) = Ty (zy) e € A)\A
min{ly(zy), Ip(xy)} e€ AiNA;

Ornek 2.2.4 V = {1, 29, 23, 4, x5} ve E = {x123, 14, Tox3, Tok5, T3X4, T35} olan bir
G* = (V, E) basit grafin1 goz o6ntine alahm. A; = {eq, 5, 3} bir parametre kiimesi olsun.
G* = (V, E) uzerinde bir Gy = (G*, f1, g*, A1) neutrosophic esnek grafi Tablo 2.4 deki
gibi verilsin.

Tablo 2.4: G} 5 neutrosophic esnek grafi

fl a1 o) T3 Ty Ty

er | (0.1,0.2,0.3) (0,1,1) (0.2,0.3,0.4) | (0.2,0.5,0.7) |  (0,1,1)
ez | (0.1,0.3,0.7) (0,1,1) (0.4,0.6,0.7) | (0.1,0.2,0.3) (0,1,1)
e3 | (0.5,0.6,0.7) (0,1,1) (0.6,0.8,0.9) | (0.3,0.4,0.6) (0,1,1)
) (z173) (7124) (z175) (a23)
el (0,1,1) (0.1,0.4,0.5) | (0.1,0.6,0.7) (0,1,1) (0,1,1)
e (0,1,1) (0.1,0.7,0.8) | (0.1,0.4,0.8) (0,1,1) (0,1,1)
es (0,1,1) (0,1,1) (0.2,0.7,0.9) (0,1,1) (0,1,1)
g' (274) (225) (%374) (z375) (%475)
e1 (0,1,1) (0,1,1) (0.1,0.6,0.8) (0,1,1) (0,1,1)
es (0,1,1) (0,1,1) (0.1,0.8,0.9) (0,1,1) (0,1,1)
es (0,1,1) (0,1,1) (0.3,0.8,0.9) (0,1,1) (0,1,1)

(0.1,0.2,0.3)

(0.1,0.4,0.5)

(0.1,0.6,0.7)

(0.2,0.3,0.4)

T3

(0.2,0.5,0.7)

Ty

(0.1,0.6,0.8)

Sekil 2.8: Ny (e1) neutrosophic grafi
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(0.1,0.4,0.8)

(0.1,0.3,0.7) (0.1,0.2,0.3)

(0.1,0.7,0.8) (0.1,0.8,0.9)

(0.4,0.6,0.7)

T3

Sekil 2.9: Nj(ez) neutrosophic grafi

(0.2,0.7,0.9)

(0.5,0.6,0.7) (0.3,0.4,0.6)

(0.3,0.8,0.9)

(0.6,0.8,0.9)

T3

Sekil 2.10: Nj(e3) neutrosophic grafi

Ayrica Ay = {ey,e4} olmak iizere G* = (V, E) basit grafi {iizerinde bagka bir Gi 5 =
(G*, 2, g%, Ay) neutrosophic esnek grafi Tablo 2.5 deki gibi verilsin.

Tablo 2.5: G% ; neutrosophic esnek grafi

f2 1 T T3 Ty Ty
e | (0,1,1) | (0.1,0.2,04) | (0.2,0.3,04) | (0,1,1) | (0.4,0.6,0.7)
er | (0,1,1) |(0.3,06,08) ] (050.7,09) | (0,I,1) | (0.3,0.40.5)

9 (z122) (z173) (z124) (2175) (za3)
) (0,1,1) (0,1,1) (0,1,1) (0,1,1) (0.1,0.4,0.5)
ey (0,1,1) (0,1,1) (0,1,1) (0,1,1) (0.2,0.7,0.9)
9 (w224) (waxs5) (z324) (z325) (2576)
() (0,1,1) (0,1,1) (0,1,1) (0.2,0.8,0.9) (0,1,1)
€4 (0,1,1) (0.2,0.6,0.8) (0,1,1) (0.3,0.9,0.9) (0,1,1)

23



) I3

(0.1,0.4,0.5)

(0.1,0.2,0.4) (0.2,0.3,0.4)

(0.2,0.8,0.9)

(0.4,0.6,0.7)

T5

Sekil 2.11: No(ez) neutrosophic grafi

(0.2,0.6,0.8)

(0.3,0.4,0.5) (0.3,0.6,0.8)

(0.2,0.7,0.9)

(0.3,0.9,0.9)

(0.5,0.7,0.9)

T3

Sekil 2.12: N3 (eq) neutrosophic grafi

Ay = {e1,e9,e3} ve Ay = {eg, 4} olmak tizere G\ |JG% 5 = (G*, f, g, A) neutrosophic
esnek grafinin parametre kiimesi A = A; U Ay = {eq, e, e3, €4} seklindedir.

Her z;2; € E\{(z124), (z324), (z123), (z223), (T325), (x2x5)} icin T, (x;, ;) = 0, I, (s, ;) =
0, F,, (z;,2;) = 1 oldugundan Gy G%p = (G*, f, g, A) neutrosophic esnek grafi Tablo
2.6 da oldugu gibi elde edilir.
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Tablo 2.6: G\ |JG% p neutrosophic esnek grafi

/ T T T3 Ty Ts5

er | (0.1,0.2,0.3) (0,1,1) (0.2,0.3,0.4) | (0.2,0.5,0.7) (0,1,1)
ey | (0.1,0.3,0.7) | (0.1,0.2,0.4) | (0.4,0.3,0.4) | (0.1,0.2,0.3) | (0.4,0.6,0.7)
es | (0.5,0.6,0.7) (0,1,1) (0.6,0.8,0.9) | (0.3,0.4,0.6) (0,1,1)
€4 (0,1,1) (0.3,0.6,0.8) | (0.5,0.7,0.9) (0,1,1) (0.3,0.4,0.5)
g (z122) (z173) (#174) (z175) (z23)
e1 (0,1,1) (0.1,0.4,0.5) | (0.1,0.6,0.7) (0,1,1) (0,1,1)
€9 (0,1,1) (0.1,0.7,0.8) | (0.1,0.4,0.8) (0,1,1) (0.1,0.4,0.8)
e3 (0,1,1) (0,1,1) (0.2,0.7,0.9) (0,1,1) (0,1,1)
€4 (0,1,1) (0,1,1) (0,1,1) (0,1,1) (0.2,0.7,0.9)
Y (w214) (w225) (2324) (z375) (z425)
e1 (0,1,1) (0,1,1) (0.1,0.6,0.8) (0,1,1) (0,1,1)
€ (0,1,1) (0,1,1) (0.1,0.8,0.9) | (0.2,0.8,0.9) (0,1,1)
€3 (0,1,1) (0,1,1) (0.3,0.9,0.9) (0,1,1) (0,1,1)
€4 (0,1,1) (0.2,0.6,0.8) (0,1,1) (0.3,0.4,0.6) (0,1,1)

T1

(0.1,0.2,0.3)

(0.1,0.6,0.7)

(0.1,0.4,0.5)

Ty

(0.2,0.3,0.4)

(0.1,0.6,0.8)

T3

Sekil 2.13: N(e;) neutrosophic grafi
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(0.1,0.7,0.8) (0.1,0.4,0.8)

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

(0.1,0.3,0.7)

(0.1,0.4,0.8) (0.1,0.8,0.9) (0.2,0.8,0.9)

(0.4,0.6,0.7)

(0.1,0.2,0.3)

Ty Ty

Sekil 2.14: N(es) neutrosophic grafi

T T3

(0.5,0.6,0.7) (0.6,0.8,0.9)

(0.2,0.8,0.9)

(0.2,0.7,0.9)

(0.3,0.4,0.6)

Ty

Sekil 2.15: N(e3) neutrosophic grafi

T2 T3

(0.2,0.7,0.9)

(0.3,0.6,0.8) (0.5,0.7,0.9)

(0.2,0.6,0.8)

(0.3,0.4,0.5)

Ts5

Sekil 2.16: N(e4) neutrosophic grafi

Teorem 2.2.1 Ghp = (G*, f1,g', A1) ve G4 = (G*, %, 9%, As), G* = (V, E) basit graf
lizerinde iki neutrosophic esnek graf olsun. Bu takdirde Gk p|JG% g de G* = (V, E)

tizerinde bir neutrosophic esnek graftir.
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Tanim 2.2.27 GYp = (G*, f1,¢', A)) ve G% 5 = (G*, %, 9%, As), G* = (V, E) basit grafi
tizerinde iki neutrosophic esnek graf olsun. Bu iki neutrosophic esnek grafin daraltilmig
birlesimi G\ | |G%r = (G*, f,9,4) = (G*, f Ux f%,¢" Uy g% A1 N Ay) ile gosterilir.

GYg || G4 g nin kose noktalarinin ve kenarlarmin 7', I ve F {iyelik degerleri asagidaki

gibi tamimlanir.

i. Horee A=A N Ay vex €V igin

Ty, (x) = max{Tp (x), T2(x)}

Iy (z) = min{Is(x), I;2(z)}
Fy.(x) = min{Fy (), Fy2(x)}

it. Heree A= AN Ay ve zy € E igin

1. (zy)

max{Ty (xy), Tz (xy)}

o (xy) = min{lgi (zy), Iz (zy) }

Fy, (zy) = min{Fgé (zy), F2 (zy)}

Ornek 2.2.5 Ornek 2.2.4 goz éniine alndiginda A = A; N A, = {e,} seklindedir ve G5,

ve G%  neutrosophic esnek graflarinin daraltilmig birlesimi agagidaki gibi elde edilir.

Tablo 2.7: GL ;|| G% g neutrosophic esnek grafi

f x1 X2 X3 Ty T

e | (0.1,0.3,0.7) | (0.1,0.2,0.4) | (0.4,0.3,0.4) | (0.1,0.2,0.3) | (0.4,0.6,0.7)
g (x124) (x324) (x123) (xom3) (x325) (xow5)
e | (0.1,0.4,0.8) | (0.1,0.8,0.9) | (0.1,0.7,0.8) | (0.1,0.4,0.8) | (0.2,0.8,0.9) | (0,1,1)

(0.1,0.4,0.8)

(0.1,0.3,0.7)

Ty

(0.1,0.7,0.8)

(0.1,0.8,0.9)

(0.1,0.2,0.3)

T3

(0.2,0.4,0.4)

(0.1,0.4,0.8)

(0.2,0.8,0.9)

(0.4,0.6,0.7)

T5

Sekil 2.17: N(ez) neutrosophic grafi
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Teorem 2.2.2 Gy, = (G*, f1,g', A1) ve G%p = (G*, 2, 9%, As), G* = (V, E) basit grafi
lizerinde iki neutrosophic esnek graf olsun. Bu takdirde Gk | |Gi g de G* = (V, E)

tizerinde bir neutrosophic esnek graftir.

Tamm 2.2.28 G, = (G*, f1,g', A1) ve G% 5 = (G*, 2, 9%, A3), G* = (V, E) basit graf
tizerinde iki neutrosophic esnek graf olsun. Bu iki neutrosophic esnek grafin genigletilmis
arakesiti Gz Gae = (G*, f,9,4) = (G*, f1 Nx f2, 9" Ny g%, A1 U Ay) ile gosterilir.
GY 5[ G% g nin koge noktalarinin ve kenarlarmin 7', I ve F iiyelik degerleri asagidaki

gibi tamimlanir.

i. Heree A=A UA; ve x € V igin

(

Tfel (I), e c Al\AQ

Ty (x) = T2 (), e € A\ Ay
| min{Tp (x), Tp2(2)}, e€ AiN Ay

( Ifel (CL’), € € Al\Ag

Iy (z) = [f3($)7 e € A)\A,
| max{lp(x), Ip2(x)}, ec€ AiN A
Ffpl(l’), ec Al\AQ
Fy (z) = Ffe?(x), e € A)\A;

max{Fpn(z), Fp(r)}, ec€ AiNA;

i. Here € A= A; U A, ve zy € F igin

Ty (zy) e € A\Ay
Ty (wy) = Tgz(y) e € Ax\A
min{Tg (zy), Tg2(zy)}, e € AN Ay
Ig; (l’y) e c Al\AQ
Ly () = Lg2 (2y) e € A\A
max{lg(xy)lgz(xy)}, e€ AN A,
Foi(zy) e € A\Ay
Fge (ZL’y) - Fgg («Ty) e c AQ\Al
mar{Fy(zy), Fp(xy)}, e€ AN A,

Ornek 2.2.6 V = {x1,29, 23,24} ve E = {129, 1124, To3, Toxy, 324} olan bir G* =

(V, E) basit grafim goz oniine alahm. A; = {e;, ey} bir parametre kiimesi olsun. G* =
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(V, E) iizerinde bir Gy5 = (G*, f!, g', A1) neutrosophic esnek grafi Tablo 2.8 deki gibi

verilsin.
Tablo 2.8: G neutrosophic esnek grafi
ft T To T3 !
e; | (0.1,0.2,0.3) | (0.2,0.4,0.5) | (0,1,1) | (0.1,0.5,0.7)
ez | (0.2,0.3,0.7) | (0.4,0.6,0.7) | (0,1,1) | (0.3,0.4,0.6)
g' (z129) (z173) (z174) (z973) (z974) (z374)
e1 | (0.1,0.5,0.6) | (0,1,1) | (0.1,0.5,0.7) | (0,1,1) (0,1,1) (0,1,1)
es | (0.2,0.7,0.8) | (0,1,1) | (0.1,0.6,0,7) | (0,1,1) | (0.2,0.7,0.9) | (0,1,1)
(0.1,0.5,0.6)
(0.1,0.2,0.3) (0.2,0.4,0.5)
(0.1,0.5,0.7)
Sekil 2.18: Nj(eq) neutrosophic grafi
(0.2,0.7,0.8)
(0.2,0.3,0.7) (0.4,0.6,0.7)
(0.1,0.6,0.7) (0.2,0.7,0.9)
(0.3,0.4,0.6)
Sekil 2.19: Nj(e2) neutrosophic grafi
Simdi Ay = {es,e3} bir parametre kiimesi olsun. G* = (V, E) {lizerinde bir G35

(G*, f%, g%, As) neutrosophic esnek grafi Tablo 2.9 daki gibi verilsin.
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Tablo 2.9: G% 5 neutrosophic esnek grafi

ffl m Ty 3 4

ey | (0,1,1) | (0.3,0.5,0.6) | (0.2,0.4,0.5) | (0.4,0.5,0.9)

es | (0,1,1) | (0.2,0.4,0.5) | (0.1,0.2,0.6) | (0.1,0.5,0.7)
9° | (w1@) | (2173) (1‘1954) (223) (%2%4) (%374)
ey | (0,1,1) | (0,1,1) | (0,1,1) | (0.1,0.6,0.7) | (0.2,0.6,0.9) | (0.2,0.7,0.9)
es | (0,1,1) | (0,1,1) | (0,1,1) | (0.1,0.5,0.8) | (0.1,0.7,0.8) | (0.1,0.8,0.9)

T T3

(0.1,0.6,0.7)

(0.3,0.5,0.6) (0.2,0.4,0.5)

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

(0.4,0.5,0.9)

T4

Sekil 2.20: N3 (e2) neutrosophic grafi

X9 T3

(0.1,0.5,0.8)

(0.1,0.7,0.8) (0.1,0.8,0.9)

(0.1,0.5,0.7)

Ty

Sekil 2.21: Ns(e3) neutrosophic grafi

G5 nin parametre kiimesi A; = {e;, es} ve G nin parametre kiimesi Ay = {ey,e3}
oldugundan Gk (G4 nin parametre kiimesi A = A; U Ay = {ey, 9, e3} seklindedir.
GN (N G% g neutrosophic grafimin koge noktalarmin ve kenarlarmm 7', I ve F iiyelik
degerleri Tanim 2.2.26 yardimiyla hesaplandiktan sonra G () G% 5 asagidaki gibi elde
edilir.
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Tablo 2.10: G\ () G% & neutrosophic esnek grafi

/ T Ty T3 T4

e; | (0.1,0.2,0.3) | (0.2,0.4,0.5) (0,1,1) (0.1,0.5,0.7)

) (0,1,1) (0.3,0.5,0.7) (0,1,1) (0.3,0.5,0.9)

es (0,1,1) (0.2,0.4,0.5) | (0.1,0.2,0.6)) | (0.1,0.5,0.7)
g (z122) (z173) (#124) (2273) (w24) (2374)
e; | (0.1,0.5,0.6) | (0,1,1) | (0.1,0.5,0.7) (0,1,1) (0,1,1) (0,1,1)
€2 (0,1,1) (0,1,1) (0,1,1) (0,1,1) (0.2,0.7,0.9) (0,1,1)
€3 (0,1,1) (0,1,1) (0,1,1) (0.1,0.5,0.8) | (0.1,0.7,0.8) | (0.1,0.8,0.9)

(0.1,0.2,0.7)

(0.1,0.5,0.7)

(0.2,0.4,0.5)

(0.1,0.

Ty

Sekil 2.22: N(e;) neutrosophic grafi

5,0.6)

(0.2,0.7,0.9)

Sekil 2.23: N(es) neutrosophic grafi

T2

Ty

Sekil 2.24: N(es3) neutrosophic grafi

(0.1,0.5,0.8)

T3

(0.1,0.7,0.8)
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Teorem 2.2.3 GY = (G*, f1,¢', A)) ve G% 5 = (G*, [, 9%, As), G* = (V, E) basit grafi
lizerinde iki neutrosophic esnek graf olsun. Bu takdirde Gk (Gi g de G* = (V, E)

tizerinde bir neutrosophic esnek graftir.

Tamm 2.2.29 G, = (G*, fl,g', A1) ve G5 = (G*, 2, 9%, Ay), G* = (V, E) basit graf
tizerinde iki neutrosophic esnek graf olsun. Bu iki neutrosophic esnek grafin daraltilmis
arakesiti G\ [1GxE = (G*, f,9,4) = (G*, f1 Tx f2, 9" N g%, A1 N Ay) ile gosterilir.

G5 [1G% 5 nin kose noktalarmin T, T ve F iiyelik degerleri asagidaki gibi tanimlanir.

i. Horee A= A1 NAy;vex €V igin
Ty, (x) = min{ Ty (x), Ty2(x)}

Iy (x) = maz{Ip(z), Iy2(2)}
Fy (x) = maz{Fy (), Fp2(x)}

1. Heree A= A1 N Ay ve zy € E igin

1y, (zy) = min{Tgé (zy), T2 (zy)}
Iy (zy) = maz{lg(zy), Iz2(zy)}
Fy, (zy) = mam{Fgé (zy), Foe (zy)}

Ornek 2.2.7 Ornek 2.2.6 goz 6niine alimdiginda A = A; N Ay = {es} seklindedir ve G4,

ve G% ; neutrosophic esnek graflarinin daraltilmig arakesiti asagidaki gibidir.

Tablo 2.11: G 5 []G% g neutrosophic esnek grafi

f Zq X2 X3 T4
es | (0,1,1) | (0.3,0.6,0.7) | (0,1,1) | (0.3,0.5,0.9)
g | (z122) | (z123) | (z124) | (w273) (224) (w324)

es | (0,1,1) | (0,1,1) [ (0,1,1) | (0,1,1) | (0.2,0.7,0.9) | (0,1,1)

(0.2,0.7,0.9)

(0.3,0.6,0.7) (0.3,0.5,0.9)

Sekil 2.25: N(es) neutrosophic grafi
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Teorem 2.2.4 Gy, = (G*, fl,g', A1) ve G% 5 = (G*, 2, 9%, As), G* = (V, E) basit graf
lizerinde iki neutrosophic esnek graf olsun. Bu takdirde Gk []Gi g de G* = (V, E)

tizerinde bir neutrosophic esnek graftir.

Tanim 2.2.30 [51] Gyg = (G*, f, g, A) bir neutrosophic esnek graf olsun. Gy ye giicli

neutrosophic esnek graf denir. < Her e € A ve zy € F igin

Ty (xy) = min{Ty, (), T7.(y) }
1, (wvy) = min{ly, (), I1.(y)}
Fy. (zy) = maz{Fy,(z), Fy.(y)}

Tanim 2.2.31 [51] Gyg = (G*, f, g, A) bir giiclii neutrosophic esnek graf olsun. Gypg

nin tiimleyeni G g = (G*, f, g, A) seklinde gosterilir ve agagidaki gibi tanimlanir.

i. Her x € V igin Ty (z) = Ty (z), I1.(x) = I;.(z), F},(x) = Fy.(x)

i T (.1' y) _ min{Tfe(x)ane<y)}a Te(x7y) =0
Cge 0, diger hallerde
gl 0, diger hallerde

(o) = 4@ Fr @)} (o) =1
o 1, diger hallerde
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3. ARALIK DEGERLI NEUTROSOPHIC GRAFLAR

3.1 Aralik Degerli Neutrosophic Kiimeler

Tamm 3.1.1 [59] () # X olmak iizere X iizerinde bir A arahk degerli neutrosophic kiimesi
A= {(z, [Tg(x),T;{(ac)], 15 (), I;{(x)], [F75 (2), FX(Q;)D :x € X} olarak tanimlanir. Bu-
rada her x € X icin T(z), I4(z) ve F4(z)

Ti(x) = [T;(2), Ti(x)] € [0,1], Lx(x) = [I;(2), I3 ()] € [0,1], F(x) = [F(z), F{ ()] € [0,1]

seklinde olup bunlara sirasiyla = in A ya liye olma fonksiyonu, x in A ya belirsiz iiye
olma fonksiyonu ve x in A ya iiye olmama fonksiyonlar: denir. X iizerindeki biitiin aralik

degerli neutrosophic kiimelerin ailesi ADN (X)) ile gosterilir.

Ornek 3.1.1 X = {z1, 2} kiimesini goz oniine alahm. Burada z; ile kaliteyi, z, ile
de nesnelerin fiyatim1 gosterelim. O halde T; dogru iiyelik fonksiyonu /; belirsiz tiyelik
fonksiyonu ve F; iiye olmama fonksiyonlar1 yardimiyla bir A aralik degerli neutrosophic

kiimesini asagidaki gibi verebiliriz.
A = {(21,[04,1.0],(0.2,0.7],[0.3,0.8]), (x>, [0.4,0.7],[0.2,0.8],[0.1,0.6]) }
Tanim 3.1.2 [59] A, X iizerinde bir arahk degerli neutrosophic kiime olsun.

i A= {(2,10,0],[1,1],[1,1]) | € X} ise A ya bog aralik degerli neutrosophic kiime

denir ve 0 ile gosterilir.

ii. A= {(2,1,1],10,0],[0,0]) | = € X} ise A ya tam aralik degerli neutrosophic kiime
denir ve (2 ile gosterilir.

iii. Anm tiimleyeni A ile gosterilir ve z € X icin

A={(z,[F(2), F{ ()], [1 = I} (2),1 = I} (2)],[T; (2), Ty (x)]) | = € X}

A A

olarak tamimlanir.
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Tamm 3.1.3 [59] A ve B iki aralik degerli neutrosophic kiime olsun. Eger her z € X

icin
T (x) < T3 (a) I<(2) > I(2) () > Fx (@)
TH(z) < T;r(x) I:‘f(a:) > Ig(a:) FX(x) > Fg(x)

esitsizlikleri saglanirsa A ya B nin arahk degerli neutrosophic alt kiimesi denir. Bu durum

AC B notasyonu ile gosterilir.

Tamm 3.1.4 [59] A ve B, X iizerinde iki aralik degerli neutrosophic kiime olsun. O
halde her z € X icin

i. A ve B kiimelerinin arakesiti ANB ile gosterilir ve
AAB = {(x,[min{T (z), T (x)}, min{T} (x), T} (x)}],
[maz {1 (z), I5(z)} maz{l}(z), I}(z)}],
[maz{F (), Fj ()}, max{F; (x), Ff (2)}]) | = € X}

seklinde tanimlanir.
ii. A ve B kiimelerinin birlesimi AUB ile gosterilir ve
AUB = {<x,[ma:c{Tg (2), T (2)}, max{T ] (x), T ()},
T - Tt +
[min{I3 (x), 15 (x)}, min{I7(x), I;(x)}],
[min{ F} (x), F ()}, min{ F; (z), F} (2)}]) | « € X}
seklinde tanimlanir.

Acikca iki aralik degerli neutrosophic kiimenin birlesimi ve arakesiti de aralik degerli

neutrosophic kiimedir.

Teorem 3.1.1 [59] A ve B iki aralik degerli neutrosophic kiime olsun. Bu takdirde

agagidaki ozellikler saglanir

~

i AMh =0, AnQ=A
i, A=A, AUO =0
ispat. X dizerinde bir A aralik degerli neutrosophic kiimesi agagidaki gibi verilsin.

A= {(2, [T} (2), T; (@), [ (@), I} (@)], [F; (), Ff (2)]) - « € X}
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i. Her x € X i¢in

AAD = {(a.fmin{T5 (x), T; ()}, min{T7 (), T; (2]},
imaa {15 (@), I; (2)} maz{IF(2), I (2)}].
(maz{F7 (x), Fy (2)}, maz{FF (), FF (2)})) | = € X}
{{almin{T; (2),0}, min{T (x),0]}.
maa {15 (). 1}, maz{I (x),1}],
maa{F; (2),1}, maz{F(2),1}]) | x € X}
= (0,00, [1,1]. [1.1]) | = € X} = 0 dir.

ANQ = A oldugu da benzer sekilde gésterilebilir.
1. Her x € X igin

[maz{T; (x), T, (2)}, maz{T; (x), T, (z)]},

[mind{ I (x), I ()}, min{I}(x), IS ()},

[min{F7 (z), FZ ()}, min{F}(z), F3 (2)}]) | v € X}
{(z,[maz{Ty (x), 1}, max{T7 (x), 1]},

[min{I7 (x),0}, min{I} (x),0}],

[min{ F (x),0}, min{F7(z),0}]) | = € X}

2,[1,1],[0,0],[0,0]) | 2 € X} = Q dur.

AU0 = A oldugu da benzer sekilde gésterilebilir.

Teorem 3.1.2 [59] A, B ve C, X iizerinde aralik degerli neutrosophic kiimeler olsun. Bu

takdirde

iii. AN(BUC) = (ANB)U(AAC)

iv. AU(BAC) = (AUB)N(AUC)
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Ispat. X iizerinde A, B ve C arahk degerli neutrosophic kiimeleri agagidaki gibi verilsin.

C = {<x TC_ x),T+(x)],[I‘(m),]g(x)],[Fg(x) z)]):x e X}

t. O halde her z € X icin

(AAB)AC = {< min{min{T7 (z), T (z)}, C(x }, mzn{mzn{T+( ), T (x } T+( )},

A B
ma:v{maac{[ (x),[é(x)}, IC(x }, max{mam{ﬁ“( ), I (ZL‘ s I+( )},
F

maw{max{F (), ;(w)},Fg( } ma:v{max{F+( ), F2(x)}, F+( )}]>}

)
)
o
(2)}}, min{T7 (x) mm{T*(a:) ()},
)1
<

={t

mm{T mm{T (@), T

ma:n{[ x), max{l 4 (z), 1 (2)}}, max{[+ max{[+ (z }}

ma:v{F maw{FB (ac),FC( }},max{FZ maa:{F+ x (z)}}] >}
= AA(BAC) elde edilir.

|
[
[
[
[
[

ii. 1) ye benzer gekilde yapilir.
11. Her z € X i¢in
AA(BUC) = {<x mm{T x ,max{TB_(x),TCT(x)}},

(@)

mzn{T+(x), maz{T} (z), Tg(l')}}]a

max{] (m),min{fg(x), Ig(m)}},
(z)

mows{ﬁr x ,min{ﬁr T }}
max{FA (), min{F (z) (z)}},
maz{F¥ (x),min{Ff(z), FX(x)}}]) | = € X}

- {<:v, [maz {min{T; (z), T; (x)}, min{T (), T; ()
maz{min{T (), T} (2)}, min{T" (x), T} ()} }],
min{max {1 (x), I ()}, maz{I (), I (x)
min{maa{ T} (2), I (2)}, maz{ T (), 13 (0)}}],

(
(

1 )
min{maz{F}(z), F{ ()}, max{F}(z), F(2)}}]) | = € X}
= (ANB)U(ANC) elde edilir.
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iv. iil) ye benzer gekilde yapilir.

Teorem 3.1.3 [59] A ve B iki arahk degerli neutrosophic kiime olsun. Bu takdirde

agagidaki ozellikler saglanir

D>->|
D:J>I

i. (AAB)

~

ii. (AUB) = AAB

ispat. X iizerinde A ve B aralik degerli neutrosophic kiimeleri agagidaki gibi verilsin.

A= {(a, [T (x), JFE(2)]) s o e X}

Fi(a)]) =z e X}
i. Her x € X i¢in

AAB = {(z,[min{T7 (), T (x)}, min{T7 (z), T (x)}],
[maz{1; (x), 15 (x)}, maz{I} (), I} (x)}],

maz{F; (x), F; (2)}, max{F} (z), F;(2)}]) | = € X} oldugundan
(ARB) = {(z,[maa{ F (2), Fy (@)}, maz{ F} (), Ff (@)},
min{1 — I (2),1 = I (@)}, min{1 = T;(2),1 = T ()}),
[mm{T (2), Ty ()} mindT (), T4 (2)})) |« € X}
= {[Fy (@), FL @)L 1= I (@), 1= [ @)L [Ty (), T{ @) | = € X}
{(z[F <x L= T5@), 1= T @)L [T (), T (@) | € X}

— AU B elde edilir.
ii. 1) ye benzer gekilde yapilir.

Tamm 3.1.5 A ve B sirasiyla X ve Y iizerinde iki aralik degerli neutrosophic kiime

olsun. A ve B nin kartezyen carpimi

AxB = {{z, [min{T (),
[maz{I;(x)
maz(F3 (@)

seklinde tanimlanir.

T (y)}, min{T; (x), T3 (y)}],
A5 (y)} maz{T(2), I (y)}],
Fz ()} max{F{(z), F(y)}]
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3.2 Aralik Degerli Neutrosophic Graflar

Tanim 3.2.1 [18] G= (G*, A, B) {icliisii asagidaki kosullar gerceklerse G ye G* iizerinde

bir aralik degerli neutrosophic graf denir.
i. G* = (V, E) bir basit graf.

i. A = {(z, [Tg(x),TX(x)], []E(x),[:{(x)], [F;(a:),FX(x)D :x € X}, V lzerinde bir

aralik degerli neutrosophic kiimedir.

ii. B = {(z, [T (), Tg(x)], 5 (), Ig(:z:)], [F5 (2), F;’(x)]> :x € X}, E iizerinde bir aralik

degerli neutrosophic kiimedir.

w. Her zy € E igin G nin kenarlari ve kige noktalarn arasmda asagidaki esitsizlikler

saglanir.

T (xy) < min{T7 (x), T; (y)}
Ty (xy) < min{T} (). T} (y)}
I (xy) > max{I (x),1;(y)}

I (wy) > max{I}(2), I (y)}

F (zy) > maz{F; (z), F; (y)}
Fi(xy) > maz{F}(x), FT(y)}

Ornek 3.2.1 V = {a1, 2,5, 23} ve E = {212y, To23, 123} olmak iizere G* = (V, E) basit
grafin1 goz oniine alalim. A ve B arahk degerli neutrosophic kiimeleri sirasiyla V' ve E

kiimeleri iizerinde agagidaki gibi verilsin.

A = {(21,[0.4,0.5],[0.2,0.6],[0.1,0.3]), (x2, [0.2,0.3], [0.5,0.6], [0.4,0.5]),
(x3,[0.3,0.5],[0.3,0.4],[0.7,0.9])}

B = {{122,[0.1,0.3],[0.6,0.7],[0.5,0.6] ), {xsx3,[0.1,0.2],[0.7,0.8],0.8,0.9]),
(w125,[0.2,0.3],[0.6,0.7],0.8,0.9]) }

Acik¢a G = (G*,fl, é) nin G* = (V, F) iizerinde bir aralik degerli neutrosophic graf
oldugu kolaylikla goriiliir.
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Sekil 3.1: G = (G*, A, B) aralik degerli neutrosophic grafi

Tamm 3.2.2 [19] G, = (G*, Ay, By) ve Gy = (G*, Ay, B) iki aralk degerli neutrosophic

graf olsun. G ye Gy in bir aralik degerli neutrosophic alt grafi denir. <

1. Agéfil < Her x € V igin

Ty (x) < Ty () ]EQ(x) > Iy x) FXQ(m) > Fy ()
T (x) <T; (x) I () > I (2) Fi(z) > Fi ()

Ty (zy) < Ty (vy) Iy (wy) = I (2y) Fy (zy) = Fyg (xy)
+ + + + + +
T, (zy) < T} (vy) Ig (wy) = I (zy) Fp (zy) = Fj (2y)

Tamm 3.2.3 [19] G, = (G, Ay, By) ve Gy = (G, Ay, By) sirasiyla G = (V4, Ey) ve
G5 = (Va, Es) basit graflar1 tizerinde iki aralik degerli neutrosophic graf olsun. G’l ve éz
nin kartezyen carpim Gy QGy = (G7 x G;,fl, E) ile gosterilir. Burada V =V} x V; ve
E = {(zy1,zys) | ¢ € Vi, nhys € Ex} U{(11y,22y) | y € Vo, m29 € E1} olmak tizere
AV tizerinde; B , I/ lizerinde aralik degerli neutrosophic kiimelerdir. G1®G5 nin koge
noktalarinin ve kenarlarinin 7', I ve F tyelik araliklarinin alt ve st sinirlar1 asagidaki

gibi tanimlanir.
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i. Her (z,y) € Vi x V3 igin
Ty (@,y) =min{T} (x),T; (y)}
Ti(x.y) = min{T} (x), T (y)}
I3 (z,y) = maz{Ig (z), I3 (y)}
I (w,y) = max{I} (x), I} (y)}
Fi(x,y) = maz{F} (z), F; (y)}
Fi(z,y) = maz{F} (x), F} (y)}

ii. Her x € V; ve her vy € F5 icin

T (o, ) = mind T, (2), T, (i)}
Ty (wyr, wyz) = min{T (x), Ty (y192)}
I (o, 29) = maz (I (2), I ()}
IE(wy, 2y0) = max{[}l (7)), Igz (y12)}
Fy (e, 2) = maa{F (), F ()}
Fi vy, vys) = mcwc{FAf1 (z), FgQ (y12)}

iii. Her y € V5 ve her z129 € E) igin

Fg (21y, way) = max{ Fy (2172), Fy (y)}
F(z1y, 10y) = maz{F7 (z122), FZQ(y)}

Ornek 3.2.2 V|, = {z1, 20}, Vo = {y1, 92} ve By = {z122}, Fy = {y1y2} olmak iizere
Gt = (Vi, By) ve G = (Va, By) basit graflarim goz oniine alahm. Gy = (G%, Ay, By) ve
Gy = (G3, Ay, By) aralik degerli neutrosophic graflar sirasiyla G ve G tizerinde agagidaki
gibi verilsin.

Ay = {{21,]0.2,0.5],[0.5,0.8],[0.4,0.7]), {5,[0.3,0.4], [0.6,0.7], [0.1,0.4] )}

By = {(2122,(0.2,0.3],0.7,0.9],[0.5,0.8))}
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([0.2,0.3],[0.7,0.9], [0.5,0.8])

(0.2,0.5],[0.5,0.8],[0.4,0.7]) ([0.3,0.4],[0.6,0.7],10.1,0.4])

Sekil 3.2: Gy = (G%, Ay, By) aralik degerli neutrosophic grafi

Ay = {(11,[0.3,0.4],[0.5,0.6], [0.2,0.4]), (2, [0.1,0.6], [0.1,0.4], [0.3,0.5] )}
By = {{y19,(0.1,0.2],[0.5,0.7],[0.3,0.5] )}

Y1 Yo

([0.3,0.4],[0.5,0.6], [0.2,0.4]) (01,02}[0.5.07],03,0.5)

([0.1,0.6],[0.1,0.4],0.3,0.5])
Sekil 3.3: Gy = (G3, As, Bg) aralik degerli neutrosophic grafi

Tanim 3.2.3 yardimiyla gerekli hesaplamalar yapildiktan sonra G1&Gs kartezyen carpimi
agagidaki gibi elde edilir.

T1Y1 T2Y1

([0.2,0.3],[0.7,0.9],[0.5,0.8])

([0.2,0.4],[0.5,0.8],[0.4,0.7])

7

([0.3,0.4],[0.6,0.7],[0.2,0.4])

~
™~
S
<
S
)
=
"
S
)
=
<
=3
=

([0.1,0.2],[0.6,0.7],[0.3,0.5])

([0.1,0.5), [0.5@

mM, [0.3,0.5])

([0.1,0.3],[0.1,0.4], [0.3,0.5]) ‘

1Yo T2Y2

Sekil 3.4: él®é2 aralik degerli neutrosophic grafi

Ornek 3.2.3 Vi = {z1, 22, 23}, Va = {y1, 42,43} ve By = {w12a, 1123}, By = {y102, v20s}
olmak iizere Gt = (Vi, By) ve G = (Va, E,) basit graflarim goz 6niine alahm. G, =
(G*, Ay, By) ve Gy = (G3, Ay, By) arahk degerli neutrosophic graflar sirasiyla Gt ve G

tizerinde asagidaki gibi verilsin.
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Ay = {(21,[0.4,0.6],[0.2,0.5],[0.3,0.7], (22, [0.5,0.7], 0.6, 0.8],[0.1, 0.3]),
(23,]0.3,0.4],[0.4,0.7],[0.2,0.5])}
By = {(x125,[0.2,0.5],[0.7,0.8], [0.5,0.8], (z1x3,[0.1,0.4], [0.6,0.7], [0.8,0.9)) }

€2

([0.5,0.7],[0.6,0.8], [0.1,0.3])

([0.3,0.4],[0.4,0.7],[0.2,0.5])
Sekil 3.5: Gy = (G7, Ay, Bl) aralik degerli neutrosophic grafi
142 = {(y1,[0.3,0.5], 0.4, 0.6], [0.2,0.5], (y2, [0.5,0.8],[0.7,0.8],[0.6,0.7]),

(y3,[0.4,0.7],]0.5,0.7], [0.3, 0.6]) }
By = {{y19,[0.3,0.4], [0.8,0.9], [0.7, 0.8], (y2ys, [0.2,0.4], [0.7,0.9], [0.7, 0.8]) }

Y1 Y2

([0.3,0.4],[0.8,0.9], [0.6,0.8])

([0.3,0.5],10.4,0.6], [0.2,0.5])

([0.5,0.8],[0.7,0.8],[0.6,0.7])

Sekil 3.6: Gy = (G5, AQ, Bg) aralik degerli neutrosophic grafi

Tanim 3.2.3 yardimiyla gerekli hesaplamalar yapildiktan sonra G1&Gs kartezyen carpimi

agagidaki gibi elde edilir.

43



([0.3,0.4],[0.4,0.7],[0.2,0.5])

([0:3,0.5], [0.6,m

L3y

L3Y2

7

([0.3,0.4, 0.8,0.9], 0.6, 0.8]) /\ (0.2,0.4], [0.7,0.9], 0.7, 0.8])

L

0.3,0.4],[0.5,0.7],[0.3,0.6]

5 5 5
S S S
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) S s
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], [0.3,0.6])

(0.3,0.41,[0.8,0.9], (0.6, 0.8]) v (02,0.41,[0.7,0.9], [0.7,0.8])

T2Y2

T2Y1 L2Y3

Sekil 3.7: G1 &G4 aralik degerli neutrosophic grafi

Teorem 3.2.1 [19] G, = ( ’{,Al,él) ve Gy (G;,AQ,BQ) swrasiyla G = (Vi, Ey) ve
G5 = (Va, E5) basit graflar tizerinde iki aralik degerli neutrosophic graf olsun. V =V xV,

ve B = {(zy1,zy2) | * € Vi, n1y2 € Ex} U {(x1y,20y) | y € Vo, z129 € E1} olmak tizere

G1®G5 kartezyen carpimi da G7 x G3 = (V, E) tzerinde bir aralik degerli neutrosophic

graftir.

ispat. él®é2 = (G} x G;,fl, B) olsun. é1®(j2 kartezyen carpiminin aralik degerli
(V =V x Vo E)

neutrosophic graf olma kogullarini sagladigini gosterelim. Agikga G*

bir basit graftir. AnnV =V, x Vy lizerinde, B nin F iizerinde aralik degerli neutro-
sophic kiimeler oldugu tanim 3.2.3 ile agiktir. Simdi kenarlar ve koge noktalar1 arasindaki
esitsizliklerin saglandigini gosterelim.

Her (xy1, zy2) € F igin

min{ Ty, (x), T, (y192) }

min{min{Ty, (), Ty, (y1)}, min{Ty, (z), T4, (y2)} }

= mm{Tg(x, yl)? TZ(ZE, y2>}

Ty (zy1, 2y2)
<

44



Buradan T'; (zy1, zy2) < min{T, (z,v1), T4 (z,y2)} elde edilir. Benzer sekilde,

T3 (xyr, xy2) < main{ T4 (z,y1), T4 (z,y2)} oldugu goriiliir.

Ig(wyr, wy2) = maz{l} (v), I, (y192)}
> max{Iy, (x), maz{ly, (1), I3, (1)} }
= maz{maz{I,, (v), I,(y1)}, maz{l} (z),14,(y2)}}
= max{ly(z,y1), [;(x, y2)}
Buradan g (zy, xy2) > max{l,(x,y1), 1 (x,y2)} elde edilir. Benzer sekilde,

IE (zyy, 2y2) > max{If(z,y1), [} (x,y2)} oldugu goriiliir.

Fy (wyr, 2y2) = max{ Fy (), Fg, (y112) }
> max{ Fy, (x), maz{Fy, (1), Fx,(y2)} }
= maz{maz{F}, (), Fa, (1)}, maz{Fy, (x), Fj, ()} }
= max{Fy (z,11), Fy (z,y2)}
Buradan Fg(xyy, xys) > maz{F; (x,y1), Fy (x,y2)} elde edilir. Benzer sekilde,
Fi (zyr, 2y2) > max{Fy (x,y1), Ff(z,y2)} oldugu goriiliir.
Ayrica her (z1y, z2y) € E elemammni igin
T (z1y, w2y) < min{Ty (z1,y), Ty (22, y)
5 (@1y, 22y) < min{ Ty (z1,y), T (22,9)}
01y, 2y) = maz{ly(v1,y), Iy (x2,y)}
)

T

I

I (g, way) = ma{ I (@1,y), I} (22.9))
Fy (e1y,22y) = maa{Fy (21,), F1 (22,9)}
F

& (1Y, 22y) > max{F{ (x1,y), F{ (22,9)}

esitsizliklerinin saglandigi da benzer sekilde gosterilir.

Sonug olarak G1®G, = (G*, A, B) kartezyen carpmm G* = (V, E) iizerinde bir arahk

degerli neutrosophic graftir.
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Tamm 3.2.4 G, = (G}, Ay, By) ve Gy = (G5, Ay, By) swrasiyla Gt = (Vi, Ey) ve G =
(Va, E5) basit graflar tizerinde iki aralik degerli neutrosophic graf olsun. Gy ve Gy nin
giicliit carpimi G1OG, = (Gt x G3, A, B) ile gosterilir. Burada V = Vj x V3 ve E =
{(zy1, 2y2) | £ € Vi, y1y2 € Ex} U{(z1y, 22y) | y € Vo, 2122 € Er} U {(21y1, 2212) | 2122 €
E1, 11ys € Eo, x1 # X2, y1 # Yo} olmak lizere A, V tizerinde; B , E tizerinde aralik degerli
neutrosophic kiimelerdir. G;®G5 nin koge noktalarinin ve kenarlarimin 7'; I ve F iiyelik

araliklarinin alt ve iist sinirlar1 agagidaki gibi tanmimlanir.

T (x,y) = min{Tg1 x ,Tf;(y)}
TX x,y) = mm{T;"f1 x ,TXQ(y)}

+ _ + +
I (z, —max{]Alx,]AQy}
FZ(xz,y) = maﬂz:{Fg1 (x), FAT2(y)}
+ _ + +
Fi(z,y) = maz{F} (x),FAZ(y)}

ii. Her x € V; ve her y1y5 € Es icin

Ty (wyr, wya) = man{Ty (), Ty (1192)}
Tg(xyl, TYo) = 77’Lz'n{T;"f1 (x), T;; (y1y2)}
I (wyr, wyz) = max{I; (), 15 (y192)}
]g(xyl,xyg) = max{]:lfl (x), ]§2 (y1y2)}
Fi (ws,2n) = mas{ F (2), F (v1ye)}
Fg (xy1, Ty2) = 77”L0Lm{F;1f1 (), ng (y1y2)}

iii. Her y € V5 ve her xyx5 € E icin

Ty w1y, 22y) = min{ Ty (1122), Ty (y)}
Tg(ﬂﬁy; Toy) = mm{Tgl (z172), T;g;(y)}
I (21y, way) = maz{I, (2122), I; (y)}
fg(wly, Tay) = mal‘{fgl (z172), ]}2(9)}
Fy(21y, x0y) = maw{Fgl (2172), FIEQ(y)}
Fg(rcly,:czy) = maw{F;(%m)a FL(?J)}
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iv. x1 # 9, Y1 # yo olmak iizere her xyxy € Ey ve y1y2 € Es icin

Ty (z1y1, waya) = min{ Ty (w122), Ty (192)}
T (x1yn, way2) = min{Ty (2122), T (y1y2)}
I (x1yr, way2) = max{l, (2122), Iy (11y2)}
I;(Jilyh oY) = maz{l}; 1(551952)7 IEQ(ylyz)}
F @y, 2aya) = max{ Fy (2122), Fy (Y192) }
F(wiys, w2y2) = max{F} (z122), F (1152)}

Ornek 3.2.4 Ornek 3.2.3 deki Gy = (G%, Ay, By) ve Gy = (G, Ay, By) arahk degerli
neutrosophic graflarin1 goz oniine alalim. Tanmim 3.2.4 yardimiyla gerekli hesaplamalar
yapildiktan sonra eNoleX gliclii carpimi agagidaki gibi elde edilir.

Z3Y1 L3Y2 Z3Y3

(10.3,0.4].[08,0.9],[0.6,0.8]) /\ (10.2,0.4),[0.7,0.9], 0.7,0.8])
(0.3,0.4,[0.7,0.8], 0.6, 0.7])

([0.3,0.4],[0.5,0.7],[0.3,0.6])

([0.3,0.4],[0.4,0.7],[0.2,0.5])

([0.4,0.6],[0.7,0.8].[0.6,0.7]) ([0.4,0.6],[0.5,0.7],[0.3,0.7])

([0.3,0.5],[0.4,0.6],[0.3,0.7])

m(m]. 0.6,0.7])

([0.3,0.5],[0.6,0.8],[0.2,0.5]) ([0.4,0.7],[0.6,0.8],[0.3,0.6])

([0.3,0.4],10.8,0.9], 0.6, 0.8]) ([0.2,0.4],10.7,0.9],[0.7,0.8])

T2Y1 T2Y2 T2Y3

Sekil 3.8: G16G, aralik degerli neutrosophic grafi

Teorem 3.2.2 G = (G%, Ay, By) ve Gy = (G}, Ay, By) sirasiyla GF = (Vi, Ey) ve G =
(Va, Es) basit graflari tizerinde iki aralik degerli neutrosophic graf olsun. V' =V x V5 ve

E = {(zy1,zy2) | # € Vi, 12 € Eo} U {(z1y,22y) |y € Vo, 1122 € Er} U {(T191, T2¥2) |
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T1x9 € By, y1y2 € Fa, 11 # X9, Y1 # Yo} olmak tizere éléég giiclii garpimi da G5 x G5 =
(V, E) tizerinde bir aralik degerli neutrosophic graftir.

Ispat. G,0G, = (G x G5, K, M, A x B) olsun. G1 OG5 nin aralik degerli neutrosophic
esnek graf olma kogullarini sagladigini gosterelim. Giiglii garpim, kartezyen ¢arpimin 6zel
bir hali oldugundan; iki aralik degerli neutrosophic esnek grafin kartezyen carpimu ile ilgili

ispat burada da aynen gegerlidir. Buna ek olarak her xyxy € E; ve her y1y5 € F» icin

T5 (x1y1, Taya) = min{T (z122), T, (1192 )}
< min{min{Ty, (z1), Ty, (22)}, min{Ty, (y1), Ta, (y2)} }
= min{min{T}, (1), Ty, (y1) }, min{ Ty, (22), Ty, (y2) } }
= min{Ty (x1,91), Ty (22,52) }
Buradan T'5 (z1y1, 2y2) < min{T, (x1,v1), T4 (z2,y2)} elde edilir. Benzer sekilde,

T (v1y1, waye) < min{T{ (x1,y1), Tx (v, y2)} oldugu goriiliir.

I (1, woys) = max{Ig (2122), Ig, (y132) }
> maz{maz{Ly, (v1), I3, (x2)}, maz{ly, (), Ly, (y2)} }
= maz{maz{I}, (1), Ly, (1)}, maz{ly, (v2), I, (y2)} }
= maz{ Ly (z1,41), Iy (22, y2) }
Buradan 15 (z1y1, x2y2) > max{l (x1,y1), [ (x2,y2)} elde edilir. Benzer sekilde,

I (zyy1, waye) > max{I; (x1,y1), [ 5 (xa,y2)} oldugu goriiliir.

Fg (211, 22y2) = max{ Fg (x123), Fg, (1112) }
(1), Fi, (x2)}, maz{ F, (1), Fi, (y2)} }
= maz{maz{Fy (1), Fy, (1)} max{Fy, (x2), Fy, (y2)} }
)

= max{Fy (x1,y1), Fy (22,12)}

> maz{maz{Fy,

Buradan Fg (191, Xays) > max{F (x1,y1), F; (x2,y2)} elde edilir. Benzer sekilde,

F(z1y1, 2oy2) > maz{F} (z1,y1), F{ (x2,92)} oldugu goriiliir.

Dolayisiyla G1OGy = (G*,fl, E) glicli carpim1 G* = (V, E) lizerinde bir aralik degerli

neutrosophic graftir.
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Tamm 3.2.5 [18] Gy = (GF, A1, By) ve Gy = (G5, Ay, By) sirasiyla G = (Vy, Ey) ve G =
(Va, E5) basit graflar tizerinde iki aralik degerli neutrosophic graf olsun. Gy ve Gy nin
bilegkesi G16Gy = (Gt x G, A, B) ile gosterilir. Burada V = Vi x V3 ve E = {(zy1, zys) |
x € Vi, yiy2 € Ex} U{(z1y, 22y) | y € Va, 2120 € E1}U{(21y1, Z2y2) | 2172 € Ev, 1 # Yo}
olmak tizere 121, V iizerinde; B , E lizerinde aralik degerli neutrosophic kiimelerdir. G16Gs
nin koge noktalarinin ve kenarlarinin 7', I ve F' tyelik araliklarimin alt ve iist sinirlar

asagidaki gibi tanmimlanir.

i. Her (z,y) € V; x V4 igin
T; (w,y) = min{T} (1), T (1)}
Tr(z.y) = min{T} (x1), T (w2)}
I (x,y) = max{I; (21), I3 (1)}
It (2, y) = max{I} (21), I} (1)}
Fy(x,y) = max{F (x1), F; (1)}
Fi(2,y) = maz{F} (1), FL (1)}

ii. Her x € V; ve her y1y, € Es icin

T, (zyr, xya) = min{Tgl(a:), E;z(ylyg)}
Tg(xyl, TYo) = 77’Lz'n{T;"f1 (x), T;; (y1y2)}
I- (zyr, zy2) = mcwz:{[{}1 (x), Iy (y192) }
]g(xyl,xyg) = max{]:lfl (x), ];2 (y1y2)}
F2 (zyy, xye) = mcwv{FI;1 (x), Fy (y1y2)}
Fg (xy1, Ty2) = 77”L0Lm{F;1f1 (x), ng (y1y2)}

iii. Her y € V5 ve her xyx5 € E icin

Ty (w1y, woy) = min{ Ty (1122), Ty (y)}
Tg(ﬂﬁy; Toy) = mm{Tgl (z172), T;g;(y)}
I (21y, way) = maz{ I, (2122), Iy (y)}
fg(wly, Tay) = mal‘{fgl (z172), ]}2(9)}
Fy(21y, x0y) = maw{Fgl (2122), FIEQ(y)}
Fg(xly, w2y) = maz{F} (1122), FL(?J)}
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iv. y; # yo olmak tizere her yy,y, € V5 ve x5 € E,
TA_(%yl, Z2Y2

T1Y1, T2Y2

I,

T1Y1, T2Y2

~
o+

Fo(T1y1, T2y

S~— S~— S~— S~— S~— S~—
Il
g . .
8
—
-
—~ —~ Yy
NS
[y
~

T4 (
(
S (T1y1, 22y
(
(

+
Fz (o191, w2y2

Ornek 3.2.5 V|, = {z1,22}, Vo = {y1, 92} ve By = {z122}, Ey = {y1y2} olmak {izere
Gt = (Vi, By) ve G = (Va, By) basit graflarim goz oniine alahm. Gy = (G%, Ay, By) ve
Gy = (G5, As, Eg) aralik degerli neutrosophic graflar: sirasiyla G ve G lizerinde asagidaki
gibi verilsin.

Ay = {{21,]0.6,0.7],[0.3,0.4],[0.4,0.5]), {5, [0.4,0.5], [0.3,0.5], [0.2,0.4] )}

By = {(215,]0.3,0.4],[0.5,0.6], [0.6,0.7] ) }

T T2

([0.6,0.7],10.3,0.4], [0.4,0.5]) (0:3,0.4,[0.5.06], 05,0.7)

([0.4,0.5],[0.3,0.5],0.2,0.4])

Sekil 3.9: G, = (Gy, Al, Bl) aralik degerli neutrosophic grafi

Ay = {(y1,[0.4,0.5],[0.5,0.6], [0.3,0.4]), (y2, [0.5,0.6], [0.3,0.4], [0.4, 0.5] )}
By = {{y19,(0.2,0.3],[0.6,0.7],[0.7,0.8])}

Y1 Y2

([0.2,0.3],[0.6,0.7],[0.7,0.8])

([0.4,0.5],[0.5,0.6],[0.3,0.4]) ([0.5,0.6],[0.3,0.4], 0.4,0.5])

Sekil 3.10: Go = (G5, Ay, By) arahk degerli neutrosophic grafi

Tamm 3.2.5 ile G16G5 bilegkesi asagidaki gibi elde edilir.
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T1Y1 Ta2Y1

([0.3,0.4],[0.5,0.6], [0.6,0.7])

([0.4,0.5],10.5,0.6],[0.4,0.5]) ([0.4,0.5],[0.5,0.6],[0.3,0.4])

([0.5,0.6], [03,@

(0.4,0.5],[0.3,0.5), (0.4,0.5])

([0.3,0.4],[0.5,0.6], [0.6,0.7])

T1Y2 T2Y2

Sekil 3.11: éléég aralik degerli neutrosophic grafi

Ornek 3.2.6 Ornek 3.2.3 deki Gy = (G%, Ay, By) ve Gy = (G3, Ay, By) arahk degerli
neutrosophic graflarini géz oniine alalim. Bu durumda G16Go asagidaki gibi elde edilir.

T3Y1 T3Y2 Z3Ys

(0.3,0.4],0.8,0.9], [0.6,0.8]) /\ (0.2,0.4],0.7,0.9],0.7,0.8])
([0.3,0.4],10.7,0.8],0.6,0.7])

([0.3,0.4],{0.5,0.7],[0.3,0.6])

([0.3,0.4],0.4,0.7],[0.2,0.5])

{[0.4,0.6],{0.5,0.7],

([0-3,0.5], 0.4, 0.6], 0.3,0.7])

{[0.3,0.5], 0.6, 0.8],[0.2,0.5]) mm] [0.6,0.7]) {[0.4,0.7],{0.6,0.8],[0.3,0.6])

([0.2,0.4],[0.7,0.9], [0.7,0.8])

T2Y1 T2Y2 L2Ys

Sekil 3.12: éléég aralik degerli neutrosophic grafi
Teorem 3.2.3 [18] G; = (G%, Ay, B)) ve Gy = (G}, Ay, By) sirasiyla Gt = (V4, Ey) ve

o1



G5 = (Va, E») basit graflar tizerinde iki aralik degerli neutrosophic graf olsun. V =V xV,

ve B = {(zy1,2y2) | x € Vi, y1y2 € EafU{(21y, 22y) | y € Vo, 2129 € By }U{(211, T2y2) |
129 € By, y1 # yo} olmak tizere G.16G, bilegkesi de G} x G5 = (V, F) lizerinde bir aralik

degerli neutrosophic graftir.

Ispat. Gy = (G%, Ay, By) ve Gy = (G5, Ay, By) swrasiyla Gt = (Vi, Ey) ve G = (Va, Ey)
basit graflar1 tizerinde iki aralik degerli neutrosophic graf olsun. Simdi G16Go bilegkesinin

aralik degerli neutrosophic graf olma kogullarini sagladigini gosterelim.

Acikca G* = (V =WV x Vo, E = {(zy1,2y2) | ® € Vi, 11ys € Ex} U{(z1y,22y) | y €
Vo, 219 € B} U { (2191, T2yo) | x129 € Eq,y1 # y2} bir basit graftir. AnmV =V, x Vs
{izerinde, B nin E = {(zy1,zy0) | ¢ € Vi, y1y2 € Eo} U {(1y, 22y) | y € Vo, 229 €
E1} U {(x1y1, 22y2) | miwe € Ey,y1 # yo} lizerinde aralik degerli neutrosophic kiimeler
oldugu Tanim 3.2.5 ile agiktir.

Simdi kenar ve koge noktalar1 arasindaki esitsizliklerin saglandigin1 gosterelim.

y1 # Yo olmak tizere her (z1y1, x2y2) € E igin

Ty (2191, 22y2) = min{ Ty (x122), Ty, (1), T, (y2) }
< min{min{Ty, (21), Ty, (22)}, Ta, (y1), Ta, () }
= min{min{Ty, (21), Tx, (1)}, min{Ty, (2), Ty, (y2) } }
= min{T (x1,51), Ty (22, 92)}

Buradan T'5 (z1y1, 2y2) < min{T, (x1,v1), Ty (z2,y2)} elde edilir. Benzer sekilde,

T (x1y1, 22y2) < min{T (z1,y1), T4 (x2,y2)} oldugu goriiliir.

I (w11, waya) = maz{Ip, (x122), Ly, (1), L1, (y2) §
> maz{maz{I} (x1), I3, (x2)}, I3, (1), I, (y2) }
= maz{maz{Iy, (1), Iy, (1)}, maz{l} (z2), I,(y2)}}
= maz{I (x1,y1), Iy (z2,92)}
Buradan I5(z1y1, 2y2) > max{l (x1,y1), [ (x2,y2)} elde edilir. Benzer sekilde,

I (z1y1, waye) > max{I;(x1,y1), [ 5 (xa,y2)} oldugu goriiliir.
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Fi (211, 22y2) = maz{ F, (1122), F, (1), F, (y2) }
> maz{maz{Fy, (21), Fy, (2)}, Fa, (1), Fa, (y2) }
= maz{maz{Fy, (x1), F, (1)}, maz{F}, (w2), Fy, (y2)} }
= max{F, (z1,11), Fy (x2,y2)}
Buradan Fg (2191, Xaya) > max{F (x1,y1), F; (x2,y2)} elde edilir. Benzer sekilde,

F(z1y1, xoy2) = maz{F5 (z1,y1), F{ (xa,92)} oldugu goriiliir.

Dolayisiyla G16Gs = (G*, A B ) bilegkesi G* = (V, E) basit grafi iizerinde bir aralik degerli

neutrosophic graftir.

Tamm 3.2.6 G, = (G*, Ay, By) ve Gy = (G*, Ay, By), G* = (V, E) basit grafi iizerinde
iki aralik degerli neutrosophic graf olsun. G ve Go aralik degerli neutrosophic graflarinin
birlesimi G4 Uég = (G~, A B ) ile gosterilir ve @10@ nin kose noktalariin ve kenarlarimin

T, I ve F iyelik araliklarinin alt ve iist sinirlar agagidaki gibi tanimlanir.

i. Her x € V i¢gin

T (z) = mam{TXl (x),Tg2 (x)}
Ti(x) =max{T; (v),T; ()}

1. Her xy € F i¢in
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Ornek 3.2.7 V = {z1,29,23} ve E = {x123, 2923} olmak tizere G* = (V, FE) basit
grafin1 goz Oniine alalim. G* iizerinde G, = (G*,Al,él) aralik degerli neutrosophic

grafi asagidaki gibi verilsin.

Ay = {{1,[0.1,0.3],]0.2,0.4],]0.2,0.3]), (2, [0.3,0.4], [0.2,0.3], [0.4, 0.6]),
(13,[0.2,0.3],[0.6,0.7],[0.5,0.6])}

By = {{z125,[0.1,0.2],[0.7,0.8], [0.5,0.7], (x15, [0.1,0.3],[0.8,0.9], [0.6,0.7])}
(x22:3,0.0,0.0], [1.0, 1.0], [1.0, 1.0])}

(01,03, [02.04,02,03) (0.1,0.2], [0.7,0.8], [0.5,0.7])

7

([0.3,0.4],[0.2,0.3], [0.4,0.6])

([0.1,0.3],0.8,0.9], [0.6,0.7])

([0.2,0.3],10.6,0.7],[0.5,0.6])

Sekil 3.13: Gy = (G*, Ay, By) arahk degerli neutrosophic grafi

Diger taraftan G* = (V, E) iizerinde Gy = (G*, Ay, By) aralik degerli neutrosophic grafi

agsagidaki gibi verilsin.

{{z1,[0.3,0.5],[0.6,0.7],[0.4,0.6]), (2, [0.2,0.3],]0.1,0.2], [0.3, 0.4]),

Ay
x3,[0.4,0.6],[0.5,0.7],[0.3,0.4]) }
By

(
= {{z122,]0.0,0.0], [1.0,1.0], [1.0,1.0]), (x5, [0.0,0.0], [1.0, 1.0], [1.0, 1.0]),
(973, [0.2,0.3],[0.6,0.8], [0.5,0.6])}
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([0.4,0.6],[0.5,0.7],[0.3,0.4])

Sekil 3.14: Gy = (G*, Ay, By) aralik degerli neutrosophic grafi

A = AjUA, ve B = B,UB, olmak iizere Tanim 3.2.6 ile éloég = (G*,A, B) asagidaki
gibi elde edilir.

A = {(21,[0.3,0.5],[0.2,0.4],[0.2,0.3]), (x2, [0.3,0.4],[0.1,0.2], [0.3,0.4]),
(x3,]0.4,0.6],[0.5,0.7],[0.3,0.4])}

B = {{z125,[0.1,0.2],[0.7,0.8],[0.5,0.7)), (xy23, [0.1,0.3], [0.8, 0.9], [0.6, 0.7]),
(z215,]0.2,0.3],[0.6,0.8], [0.5,0.6])}

([0.3,0.5], [0.2.14@

([0.1,0.3],[0.8,0.9], [0.6,0.7])

([0.4,0.6],[0.5,0.7], [0.3,0.4])

T3

Sekil 3.15: leoég aralik degerli neutrosophic grafi

Teorem 3.2.4 G, = (G*, Ay, By) ve Gy = (G*, Ay, By), G* = (V, E) basit grafi iizerinde
iki aralik degerli neutrosophic graf olsun. Bu takdirde dloég birlesimi de G* = (V, E)

tizerinde aralik degerli neutrosophic graftir.

ispat. G, = (G*, Al, Bl) ve Gy = (G*, Ag, 32) iki aralik degerli neutrosophic graf olsun.

G Uég nin aralik degerli neutrosophic graf olma kogullarini sagladigini gosterelim.

Agikga A = Aj0A, V iizerinde, B = B,UB, E fiizerinde aralik degerli neutrosophic

kiimelerdir. Simdi éluég nin her z;y € V icin Tanim 3.2.1 de verilen egitsizlikleri
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sagladigimi gosterelim.

Ty (xy) = max{Ty (vy), Ty (xy)}
< maz{min{T; (z),T; (y)}, min{T ( ()} }
< min{maz{T; (z),T; ()}, maz{T ( (¥)}}
Buradan T (xy) < min{T; ( ), T (y)} dir. Benzer §ek1lde

T (vy) < min{T7 (), T (y)} oldugu goriiliir.

I (wy) = min{ly (xy), I, (zy)}
> min{maz{I; (z),1; (y)}, maz{I ( ()} }
> maz{min{l; (z),1; (x)},min{I} ( (y)}}
Buradan I (zy) > maz{I(x),1;(y)} dir. Benzer §ek11de
), I

+ + V] RERLE B
I (zy) = maz{l; (x (y)} oldugu goriliir.

Fy (zy) = min{F (zy), Fy (ry)}
> min{maz{Fy (), F; (y)}, maz{F} ( ()}
> maz{min{F (), F (x)},min{F} ( (¥)}}
Buradan F (zy) > maz{F(z), F{(y)} dir. Benzer §ek1lde
Fi(xy) > maz{F}(z), F{(y)} oldugu goriiliir,

Dolayisiyla d10é2, G* = (V, E) basit grafi lizerinde aralik degerli neutrosophic graftir.

Tamm 3.2.7 G, = (G*, Ay, By) ve Gy = (G*, Ay, By), G* = (V, E) basit grafi iizerinde
iki aralik degerli neutrosophic graf olsun. G ve Go aralik degerli neutrosophic graflarinin
arakesiti élﬁéz = (G*, A, B) ile gosterilir ve Gy ﬁGQ nin kose noktalarimin ve kenarlarinin

T, I ve F fyelik araliklarinin alt ve tist sinirlar agagidaki gibi tanimlanir.

.. Her x € V i¢gin

T (x) = min{T (). T (2)}
T (a) = min{T? (), T ()}
I (x) = maz {13 (x), I (x)}
I (x) = maz{I7 (x), I (x)}
F{(x) = max{F} (x), F; (2)}
Fi(x) = max{F (x), F} (0)}
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1. Her xy € F i¢in

Ty (zy) = min{Ty (zy), Ty (xy)}
T (xy) = min{T} (xy), T (vy)}
I (zy) = maz{l; (vy), 1, (vy)}
I} (xy) = maz{I} (xy), I} (xy)}
Fj (wy) = max{Fy (vy), Fy (xy)}
Fj(wy) = max{F} (vy), F} (xy)}

Ornek 3.2.8 Ornek 3.2.7 deki Gy = (G*, Ay, By) ve Gy = (G*, Ay, B,) aralik degerli
neutrosophic graflarin1 goz 6niine alalim.

A = A;AA, ve B = BiAB, olmak iizere, Tamm 3.2.7 ile élﬁég — (G*, A, B) asagidaki
gibi elde edilir.

~

A = {{1,]0.1,0.3],[0.6,0.7], [0.4,0.6]), (x2, [0.3,0.4], [0.2,0.3], 0.4, 0.6]),
(x3,]0.2,0.3],[0.6,0.7], [0.5,0.6])}

B = {{z122,[0.0,0.0], [1.0,1.0], [1.0,1.0]), (x5, [0.0, 0.0], [1.0, 1.0], [1.0, 1.0]),
(z53,[0.0,0.0], [1.0, 1.0], [1.0, 1.0])}

([0.4,0.6],10.5,0.7],[0.3,0.4])

Sekil 3.16: élﬁég aralik degerli neutrosophic grafi

Teorem 3.2.5 G = (G*, Ay, By) ve Gy = (G*, Ay, By), G* = (V, E) basit grah iizerinde
iki aralik degerli neutrosophic graf olsun. Bu takdirde G’lﬁég arakesiti de G* = (V, F)

tizerinde aralik degerli neutrosophic graftir.
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Ispat. G; = (G*, Ay, Bl) ve Gy = (G*, A,, Bg) iki aralik degerli neutrosophic graf olsun.
Gy hég nin aralik degerli neutrosophic graf olma kogullarini sagladigini gosterelim.

Ackca A = A;NA, V dizerinde, B = BiN\B, E iizerinde arahk degerli neutrosophic
kiimelerdir. Simdi élﬁég nin her z,y € V icin Tanim 3.2.1 de verilen esitsizlikleri

sagladigimi gosterelim.

T, (xy) = min{TBf1 (xy), TBTQ(xy)}
< rm'n{mm{TAT1 (x), TATI (y)}, min{TXQ (), TXQ (y)}}
= min{min{TATl (x), Ty (z)}, min{TATl (y), Ty (v)}}

Buradan 17, (zy) < min{T; (z), T (y)} dir. Benzer sekilde

x ,TAT
i (xy) < min{T7 (), T; (y)} oldugu goriiliir,
I (wy) = max{I; (zy), I (vy)}
> max{max{[;il (x), [Xl (y)}, max{[&(az‘), 122 (v)}}
= max{maz{I; (z), I (x)}, max{I; (y),I; (y)}}
Buradan I (zy) > max{I (z),I;(y)} dir. Benzer sekilde

+ + + V] e B
I (zy) = maz{l; (x), 17 (y)} oldugu goriilir.

Fy (vy) = maz{Fy (zy), Fy (zy)}
> maz{maz{F} (), F{ (y)},maz{F; (z), F; (y)}}
> maz{maz{F} (z), F} (x)},maz{F (y), Fy ()}}
Buradan F (zy) > maz{F} (z), F;(y)} dir. Benzer sekilde

+ + + V) RERTE B
FZ(zy) = maz{F} (z), F'{ (y)} oldugu goriilir.

Dolayisiyla élﬁGQ, G* = (V, E) basit grafi iizerinde aralik degerli neutrosophic graftir.
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4. ARALIK DEGERLI NEUTROSOPHIC ESNEK
GRAFLAR

4.1 Aralik Degerli Neutrosophic Esnek Kiimeler

Bu boliimde aralik degerli neutrosophic esnek kiime yapisini inceleyecegiz ve bu yapinin

temel cebirsel ozelliklerini ve elde edilen sonuclar arasindaki iligkiyi arastiracagiz.

Tamm 4.1.1 [24] () # X bir kiime olsun. ADN(X) ile X tizerindeki tiim aralik degerli
neutrosophic kiimelerin ailesini gosterelim. E kiimesi de X kiimesindeki elemanlar: niteleyen
parametre kiimesi olsun. X tizerinde bir (T, F) aralik degerli neutrosophic esnek kiimesi
T: FE — ADN(X) kiime degerli fonksiyonu yardimiyla verilir ve (T, E) = {(e, Y(e)) | e €
E} seklinde ifade edilir. Burada Y’a (T, E) aralik degerli neutrosophic esnek kiimesinin
yaklagim fonksiyonu, Y(e) kiimesine de e € FE parametresi igin e-yaklagimli degerler
kiimesi denir. X tizerindeki tiim aralik degerli neutrosophic esnek kiimelerin ailesi ADN E(X)

ile gosterilir.

Ornek 4.1.1 X = {x1, x5} evlerden olugan bir kilme, E = {ey, eq, €3, €4, €5} kiimeside
X kiimesindeki evlerin niteliklerini belirten parametre kiimesi olsun. Burada e; =ucuz,
ey =glizel, e3 =yesil bahceli, e, =pahali ve e5 =genis olarak parametre kiimesinin eleman-
lar1 olarak verilsin. Bu durumda, X iizerinde bir (T, £') aralik degerli neutrosophic esnek

kiimesi agagida oldugu gibi ifade edilebilir.

(T, E) = {(e1, {(1,[0.4,0.7],{0.2,0.6], [0.1,0.8]), (x5, [0.2,0.3],[0.1,0.6], [0.4,0.7]) }),

ea, {{x1,[0.1,0.5],[0.4,0.9],[0.2,0.8] ), (x>, 0.1,0.5], (0.6, 0.9], [0.2,0.3]) }),

es, {(21,[0.0,0.7],[0.2,0.6], [0.3,0.4]

( 1), )
( 1) )
(es, {(x1,(0.2,0.8],[0.4,0.5],[0.3,0.7]), (x,[0.1,0.3],[0.2,0.5], [0.7,0.9]) }),
( 1), (22,[0.5,0.8],[0.2,0.4],0.1,0.6])}),
( 1), )

es, {(x1,(0.2,1.0],[0.2,0.3],[0.5,0.9]), (x,[0.1,0.3],[0.1,0.4], [0.4,0.9]) }) }
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Tablo 4.1: (T, E) aralik degerli neutrosophic esnek kiimesi

X 1

e1 | ([0.4,0.7],[0.2,0.6],[0.1,0.8] [0.2,0.3],[0.1,0.6], [0.4,0.7]
es mLomJoaomjozogi §m105,M60%J020ﬂ
es | ([0.2,0.8],[0.4,0.5],[0.3,0.7] 0.1,0.3],[0.2,0.5],[0.7,0.9])
€4 <DQOHJQZO®JO&OM§ §m508 m204,m106>
es | ([0.2,1.0],[0.2,0.3],[0.5,0.9]) | <[0.1,0.3],[0.1,0.4],[0.4,0.9])

Tamm 4.1.2 [24] (T,E) € ADNE(X) olsun. Eger her e € E icin Y(e) = 0 ise (T, E)

kiimesine bog aralik degerli neutrosophic esnek kiime denir ve (T, £) ile gosterilir.

Ornek 4.1.1 de verilen aralik degerli neutrosophic esnek kiime goz oniine alindiginda bir

bog aralik degerli neutrosophic esnek kiime agagida oldugu gibi verilebilir.

Tablo 4.2: (T@, E) bog aralik degerli neutrosophic esnek kiimesi

X T )

er | ([0.0,0.0],[1.0,1.0],[1.0,1.0]) | ([0.0,0.0],[1.0,1.0],[1.0,1.0])
e> | ([0.0,0.0],[1.0,1.0],[1.0,1.0]) | ([0.0,0.0],[1.0,1.0],[1.0,1.0])
es <m1xooL[Long,u1L10ﬁ &00Jl@,ﬂix11ﬂj10,10b
es | (]0,0.0.0],[1.0,1.0],[1.0,1.0]) | (]0.0,0.0],[1.0,1.0],[1.0, 1.0]
es DOONJlOlNJllei &OQQMJLQLMJ1Q1N

Tamm 4.1.3 [24] (Y, E) € ADNE(X) olsun. Eger her e € E icin Y(e) = Q ise (T, E)

kiimesine tam aralik degerli neutrosophic esnek kiime denir ve (Tg, E) ile gosterilir.

Ornek 4.1.1 de verilen aralik degerli neutrosophic esnek kiime goz 6niine alindiginda bir

tam aralik degerli neutrosophic esnek kiime asagida oldugu gibi verilebilir.

Tablo 4.3: (T, E) tam aralik degerli neutrosophic esnek kiimesi

X I i)

er | ([1.0,1.0],[0.0,0.0],[0.0,0.0]) | ([1.0,1.0],[0.0,0.0],[0.0,0.0])
e> | ([1.0,1.0],10.0,0.0],[0.0,0.0]) | ([1.0,1.0],[0.0,0.0],[0.0,0.0])
es <um1m¢0m0mﬁoaumi %1Q1NJOQONJOQON>
es | ([1.0,1.0],[0.0,0.0],[0.0,0.0]) | ([1.0,1.0],[0.0,0.0], [0.0,0.0]
es DOJoLmoﬁoLmuomi &1&1@JOQONJOQON

Tamim 4.1.4 (Yg, Ey), (YL, Es) € ADNE(X) olsun. (Yg, Ey) ’e, (Y, Ey) 'nin aralik

degerli neutrosophic esnek alt kiimesi denir. <

i. By C Ey

ii. Her e € By icin Tg(e)CTL(e)
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Bu durum (Y, E1)C(Tr, Ey) ile gosterilir.

Ornek 4.1.2 X = {1, x2} bir evrensel kiime, E) = {es, e3,e4} ve Ey = {e1, €9, €3, €4, €5}
parametre kiimeleri olsun. (Y, Fy) ve (Y1, Ey) aralik degerli neutrosophic esnek kiimeleri

agagidaki gibi tanimlansin.

Tablo 4.4: (T, E1) aralik degerli neutrosophic esnek kiimesi

X T To

e> | ([0.3,0.6],[0.8,0.9],[0.5,0.9]) | ([0.7,0.9],[0.7,0.9],[0.5,0.8])
es | ([0.0,0.4],[0.4,0.8],[0.5,0.8]) | ([0.2,0.5],[0.2,0.5],[0.3,0.9])
es | ([0.2,0.7],[1.0,1.0],[0.6,0.9]) | ([0.3,0.7],[0.3,0.7],{0.5,0.7])

Tablo 4.5: (T, Es) aralik degerli neutrosophic esnek kiimesi

X T T2

er | ([0.7,0.9],10.5,0.9],[0.1,0.5]) | ([0.6,0.9],[0.4,0.6],[0.3,0.8])
es | ([0.4,0.8],[0.4,0.7],10.2,0.7]) | ([0.8,0.9],[0.5,0.8],[0.5,0.7])
es | ([0.2,0.5],[0.1,0.3],[0.4,0.8]) | {[0.3,0.7],[0.2,0.4],[0.2,0.5]
es | ([0.5,0.8],[0.4,0.8],[0.2, 0.6]§ §[0.5, 0.8],[0.1,0.4],[0.4, 0.5]
es | ([0.3,0.6],[0.6,0.8],[0.3,0.5]) | ([0.2,0.7],[0.1,0.2],[0.3,0.5])

Acikca goriiliir ki (g, B1)C(Yr, Ey) dir.

Uyar 4.1.1 (Yg, E)C(Y 1, E5) olmasi klasik kiimelerde alt kiime taniminda oldugu gibi
(T, E4) aralik degerli neutrosophic esnek kiimesinin her elemanmin (Y, ) tarafindan

igerilmesi anlamina gelmez.

Yukaridaki ornekte T i ve T aralik degerli neutrosophic esnek kiimelerinin ey parametre-
sine gore o1 elemaninin 7" fonksiyonu degerleri incelendiginde (Y, Fy)C (Y, F,) olmasina

ragmen [0.3,0.6] Z [0.4,0.8] oldugu goriiliir.

Onerme 4.1.1 E;,E, ve F; birer parametre kiimesi, By C Fy C F5 ve (Y, Er), (Tr, Ea),
(Yar, E5) € ADNE(X) olsun. Bu takdirde,

L (TK7 El)é(Tﬁv El)
ii. (Y, E1)C(Tk,Er)

iii. (Y, B1)C(Tk, Ey)
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1v. (TKaEl)é(TLaEZ) ve (TLaEZ)Q(TMaES) ise (TKaEl)é(TM7E3)

ispat.

i. Her x € X ve e € E} i¢in tamim 4.1.4 yardimiyla
T’ITK(E) () < Tf;(e)

I’;K(e) (iL‘) = [5(6) (.T) =0

Y oo(@) 2 F&e)(m) 0 F;K(e)(x) > F&e)(m) =0

elde edilir. Buradan (Yg, E1)C(Yq, E) oldugu goriiliir.

(r) =1 T;’K(e)(a:) < T&e)(x) =1

['}_K(e) (l’) = If—;(e) (:U) =0

ii. Her z € X ve e € E; i¢in tanim 4.1.4 yardimiyla

TQie) (I‘) =0 S TfK(e)<l') T(;(_e)(x) =0 S T;K(e) (IE)
[&e)(ﬂf) =12 I?,((e)(x) I&e)(:c) =12 I?,((e)(x)
F&e) (z) =1>Fy ., (2) Fg(‘e)(x) =1>Ff (2)

elde edilir. Buradan T@QT k oldugu gortliir.

iii. Acgiktir.

iv. (TK,El)é(TL,Ez) ise her e € E; ve her x € X icin TK(e)(:B)QTL(e)(:E) &
Tro(®) < Ty (2) Te(o(®) T4, (@)
I;K(e)(a:) > I_L(e)(a:) I}“K(e)(x) > I}“L(e)(:p)
Fro(0(®) 2 Fr, o (2) FY0(®) 2 Fy, ()
(Typ, EQ)Q(TM, Es) ise her e € Ey ve her x € X igin TL(e)(x)QTM(e)(x) =
Ty, (@) < Ty, (@) T3, 0®@) <TY, ()
I';L(e) (z) = I”;M(e) () I:f’—L(e) (x) 2 I;M(e)(m)
F'ITL(Q) (x) Z F';A[(e) (x) F;L(e) (x) Z F;:M(e) ("E>

Yukaridaki esitsizliklerden her e € E; ve her z € X icin

Iy p0(@) < Ty (2) Ty io(®) S T4, (@)
Iy 0(@) 2 Iy, (@) It (o(@) 2 I3 (o (2)
Fy (o) 2 Fy, (@) Fy 0@ 2 Py (@)

oldugu goriiliir. Dolayisiyla (Y g, E1)C(Yar, Fs) tiir.

62



Tanim 4.1.5 (Yg, Ey), (Y1, Ey) € ADNE(X) olsun. Eger (Yg, E1)C(Yy, Ey) ve
(Yp, Bo)C(Yk, By ise (Yi, Ey), (Y1, Ey) ye esittir denir ve bu durum (Y, £1)=(Y 1, E)

ile gosterilir.

Tanim 4.1.6 [24] (Yk, E) € ADNE(X) olsun. (Tk, E) aralik degerli neutrosophic es-
nek kiimesinin tiimleyeni her e € E ve x € X i¢in (T, E)' = Tx(e) seklinde tammlanir

ve agagidaki gibi ifade edilir.

(TK,E)t:{<x, [Ff )( x), Fyf (e)( )], [L — Iy (e)( x),1 - [;K(e)( )],

Ty (@ ),T;K(e)(x)w cx€eX, ee E}

Ornek 4.1.3 Tablo 4.6 da verilen (T, F) aralik degerli neutrosophic esnek kiimesini goz

onune alalim.

Tablo 4.6: (T, E) aralik degerli neutrosophic esnek kiimesi

X T

e | ([0.4,0.5],[1.0,1.0],[0.3,0.5]) | ([0.5,0.6],[0.5,0.6],[0.4,1.0])
es | ((0.3,0.6],[0.8,0.9],0.5,0.9] &070%J070%J0&0&>
es | ([0.0,0.4],[0.4,0.8],[0.5,0.8]) | {[0.2,0.5],[0.2,0.5],[0.3,0.9]
es NZOHJLQLNJO&0%§ &030ﬂ¢030ﬂ¢0a0ﬂ
es | ([0.1,0.5],10.7,0.9],[1.0,1.0]) | ([0.2,0.6],[0.2,0.6],[0.6,0.8])

Tanim 4.1.6 kullanilarak (Y, £) aralik degerli neutrosophic esnek kiimesinin tiimleyeni

agagidaki gibi elde edilir.

Tablo 4.7: (Y g, E)! aralik degerli neutrosophic esnek kiimesi

X 1 To

ex | ([0.3,0.5],[0.0,0.0],[0.4,0.5]) | ([0.4,1.0],[0.4,0.5],[0.5,0.6])
es | ([0.5,0.9],[0.1,0.2],[0.3,0.6]) | ([0.5,0.8],[0.1,0.3],[0.7,0.9])
es <ma0a4020Q4aaoqi &0&0%4050&JQZQ&>
es | ([0.6,0.9],(0.0,0.0],[0.2,0.7]) | ([0.5,0.7],[0.3,0.7],[0.3,0.7])
es | ([1.0,1.0],[0.1,0.3],[0.1,0.5]) | ([0.6,0.8],[0.4,0.8],[0.2,0.6])

Onerme 4.1.2 [24] (Y, E) € ADNE(X) olsun. O halde
i (Tw, B)) = (Tk, E)

ii. (15, E)' =(Yq,E)

iii. (Tq, E)' = (Y, E)
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ispat.

1.

ii.

1il.

e € E olmak tizere (Y, F) aralik degerli neutrosophic esnek kiimesini asagidaki gibi

goz oniine alalim.

(Ti. B) = [, [T, o) (@), TS, o @) 15 o (@), T o @) [P (@), P, o @)]) 5 € X)
Agikga tanim 4.1.6 dan (g, £) nin tiimleyeni agagidaki gibidir.

(T B)' = (. [Fy, 0 @), By o @1 1L I (). 1= Iy o ()] [ 0 (), T o @)]) = 2 € X
Yine tamim 4.1.6 yardimiyla (Tx, E)" kiimesinin tiimleyenini aldigimizda asagidaki

gibi (T, E) aralik degerli neutrosophic esnek kiimesi elde edilir.

(Tk,E)') = {< [ TK(e)( ), F;K( )( z)], [1_I+ (e)( z),1 L;K(e)( )], [T{'K(e)( )T;:K(e)(x)]% z € X}
(Y, E) bog aralik degerli neutrosophic esnek kiimesini goz 6niine alahm.

(T3, E) = {(e,Tj(e)) : €€ E igin Ty(e) = 0 }

= {(,[0,0],[1,1],[1,1]): z € X }
Her e € E ve x € X i¢in tamm 4.1.6 dan (T, E) kiimesinin tiimleyeni
(Y5 E) = {(z,[1,1],[1 = 1,1 =1],0,0]) : z € X }

= {(z,[1,1],[0,0],[0,0]) : z € X }

= (Tq, E)

olarak elde edilir.

ii) ye benzer gekilde gosterilebilir.

Teorem 4.1.1 [24] (Tk, E), (Y, E) € ADNE(X) olsun. O halde (Tg, E)YC(Yp, E) <
(TL7E>t§(TK7E)t

Ispat. (Yx,E) ve (Tp, E) aralik degerli neutrosophic esnek kiimeleri 2 € X ve e € E

olmak tizere agagidaki gibi verilsin.

(Yic, E) = {(2, [T, () (2), T (:v)] U0 (®) It o ()],
[F; <e)( ) co@]) v e X}

(T2, E) = {(z, [T me (iv)] U0 @) Iy, o ()],
[F%L(e)( z), I (w)]>i xEX}
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Tamim 4.1.4 ile (Y, E)C(Y, E) < Her e € E ve 2 € X igin

Treo(®) < Ty, (2)

dir. Ayrica Tanim 4.1.6 ile
Fr (@) < Fry (@)

- IE

Ty (0(®) T4, (@)
I, () 2 Iy, ) (7)
Ff0(®) 2 Py, (7)

Fy (@) < Fry (@)
=TIy, (@) < 1= Iy, ()
Ty, o) 2 Ty, () (@)

elde edilir. Buradan (Y, E)'C(Yg, E)! dir.

Tanmim 4.1.7 (Y, Ey), (YL, E2) € ADNE(X) olsun. (Y, Ey) ile (Y, Ey) aralik degerli

neutrosophic esnek kiimelerinin genigletilmig arakesiti (Tys, E) = (Tk, E1)N(T1, Ey) ile

gosterilir. E = E; U Ey olmak tizere her e € E i¢in (Yy, E) nin T, I ve F iiyelik

araliklarinin alt ve iist sinirlar1 agagidaki gibi tanimlanir.

( TK e)(x)

T’;jy{(e) (.7;) = TL(e (.T)

\mm{TTK(e) (CU),T»;L(e)(SL’)}
( TK (e) (.’L’)
TYJFM(G) (.13) - TL(G (‘T)

| min{T{ Y (e) (z), Tfm) ()}

(I

\ max{l—‘r}( e) (x)7 [’—I“’_L(e) (x)}

e c El\EQ
e € EQ\El
e € FiNE,

e c El\EQ
e c EQ\El
e c E1 N EQ

e € El\EQ
e c EQ\El
(S E1 N EQ

e € El\E2
e c EQ\El
ec BN E,

e € El\EQ
e € EQ\El

ec BN E,
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F;K(e)(l') e c El\EQ
(z) = F'IJ‘FL(e) (z) e € Eb\E,
ma:p{F;rK( (@), F;TL( >(x)} ee BEyNE,

+
FTM( )

Agikca iki aralik degerli neutrosophic esnek kiimenin genigletilmis arakesiti de aralik

degerli neutrosophic esnek kiimedir.

Ornek 4.1.4 X = {1, x2} bir evrensel kiime, £y = {ey, ea, €3,¢e4} ve Ey = {e1,e2,€5,¢6}
parametre kiimeleri olsun. Tablo 4.8 ve Tablo 4.9 da verilen (Y g, Ey) ve (Y1, Ey) aralik

degerli neutrosophic esnek kiimelerini goz oniine alalim.

Tablo 4.8: (T, E1) aralik degerli neutrosophic esnek kiimesi

Ik
1k

Tablo 4.9: (T, E) aralik degerli neutrosophic esnek kiimesi

X T

er | ([0.3,0.5],[0.1,0.2], [0.4,0.5]
es | ([0.1,0.2],[0.8,0.9], 0.5, 0.6]
es | ([0.3,0.4],[0.7,0.8], [0.5,0.6]
€4 gmaOWJanaJu&om

[OZOM,W304LW203D
0.1,0.2],[0.7,0.8],[0.1,0.3])
[0.4,0.5],[0.2,0.4], [0.3, 0.4]
m3ﬁ4Lm3omJ050@i

X T

e1 | ([0.2,0.3],[0.4,0.5],[0.2,0.3]) | ([0.7,0.8], 0.5, 0.6], [0.3, 0.4]
es éma0ﬂJ050ﬂJ0¢0ai &020$J060&J040ﬂ§
es | ([0.3,0.4],[0.3,0.4],[0.3,0.4]) | ([0.4,0.5],[0.1,0.4],[0.4,0.5])
es | ([0.1,0.2],10.2,0.3],[0.6,0.7]) | ([0.1,0.3],[0.1,0.3],[0.6,0.7])

Tamm 4.1.7 ile (Y, E1)N (T, E) aralik degerli neutrosophic esnek kiimesi agagidaki gibi
elde edilir.

Tablo 4.10: (Y, F1)N(Y L, Es) aralik degerli neutrosophic esnek kiimesi

X
er | ([0.2,0.3],[0.4,0.5],[0.4,0.5]) | ([0.2,0.3],[0.5,0.6],[0.3,0.4])
es gmLOﬂJ080m405oai &010ﬂ4070&J0&0@>
es | ([0.3,0.4],[0.7,0.8],[0.5,0.6]) | ([0.4,0.5],[0.2,0.4],[0.3,0.4])
ey | ([0.5,0.7],[0.4,0.5],{0.8,0.9]) | {[0.3,0.4],[0.3,0.5],[0.5,0.6]
es émaoﬂJosquo3oﬂi &0405J010QJ0&0Q
es | ([0.1,0.2],10.2,0.3],[0.6,0.7]) | ([0.1,0.3],[0.1,0.3],[0.6,0.7])

Tamim 4.1.8 (Yg, Ey), (Y1, E2) € ADNE(X) olsun. (Y, Ey) ile (Y, Ey) aralik degerli

neutrosophic esnek kiimelerinin daraltilmig arakesiti (Yyr, E) = (Tg, E1)( T, Ey) ile
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gosterilir. E = E; N Ey olmak tizere her e € FE i¢in (Yy, E) nin T, I ve F iiyelik

araliklarinin alt ve iist sinirlar1 agagidaki gibi tanimlanir.

(o) (@) = max{FfK(e)(x),F{ (e)(x)}
F’IJ‘FM(e) T)= mCLI{FXJ«r (e)(x)7F'IJfL(e)(x)}

Agikca iki aralik degerli neutrosophic esnek kiimenin daraltilmig arakesiti de aralik degerli

neutrosophic esnek kiimedir.

Ornek 4.1.5 Ornek 4.1.4 deki (Tg, Ey) ve (Yp, Ey) aralik degerli neutrosophic esnek
kiimeleri goz ontine alahm. E; N By = {ey, €2} oldugundan (Y, By ) (T, Ey) agagidaki
gibi elde edilir.

Tablo 4.11: (Yk, E1)1(Y, E3) aralik degerli neutrosophic esnek kiimesi

X T X2
e1 | ([0.2,0.3],0.4,0.5],[0.4,0.5]) | {[0.2,0.3],]0.5,0.6], [0.3, 0.4]
es | ([0.1,0.2],]0.8,0.9], 0.5, 0.6]§ é[o.l, 0.2],[0.7,0.8], 0.4, 0.6]

Teorem 4.1.2 (Y, E1), (Y, Ey) € ADNE(X) olsun. (Y, E1) (Y, Ey) kiimesi (T, E)

ve (Y, E») tarafindan igerilen en genig aralik degerli neutrosophic esnek kiimedir.

Ispat. (Y, E) kiimesi (Yx, E1) ve (Y, E,) tarafindan icerilen keyfi bir arahk degerli
neutrosophic esnek kiime olsun. Yani (Y, E)C(Y g, E1) ve (Y, E)YC(Y1, Ey) olsun.
(Tar, BYC(Y g, BN, Ey) oldugunu gosterelim. Acikca

(T, E)C(Yk, Er) ise EC By veher e € E, x € X igin Tay()CT (o)

Ty 0®) < Ty, (@) It 0(®) 2 It (o(2) Fro0@) 2 Fry ()
T, (@) S T{ () (@) I (0 (®) Z Iy, (@) P y0@) 2 Fy, (@)

ve (TM,E)Q(TL,Eg) ise E C Eyveheree E, € X icin TM(G)QTL(Q) &

Ty, (@) < Ty, () (@) Iy 0(@) 2 I3, (@) FY () 2 Py ()
T4 (@) < Ty, (@) Iy, 0(®) 2 It () (7) Fy (@) 2 FY ()
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seklindedir. Tanim 4.1.8 ile (Y g, E1)M(Yp, E2) daraltilmig arakesiti aralik degerli neutro-

sophic kiimedir.
Agik olarak (Yx, E1)(Y, Eo) C (Tk, Ey) ve (Y, E1)N(Yr, Ey) C (Tr, E) dir.
ECFE ve ECFEyise EC EiNEy;veheree F, x € X igin

oldugundan TM(Q)QTK(e)ﬁTL(e) dir. Buradan (Y, E)C(Y g, E)N(T1, Ey) elde edilir.
Dolaysiyla (Y, E1)1(Yy, Ey) kitmesinin (T g, Ey) ve (T, Es) kiimeleri tarafindan igerilen

en genig aralik degerli neutrosophic esnek kiime oldugu goriiliir.
Onerme 4.1.3 (Y, Ey), (Ty, Ey), (Yar, Es) € ADNE(X) olsun. O halde
L (T, EON(Yr, Bn) = (Ti, Bn), (Yo, EON(Y i, B1) = (Y, E)
i. (Y, B )N (Y Er) = (T5, Er), (Tk, E)N(Th, Ey) = (T, Er)
iii. (Tk, E1)N(Ya, E1) = (Tk, E1), (Tk, E1)(Tg, Er) = (Tk, Ey)
iv. (Yg, E))N(Yp,Ey) = (Y, E)N(Tk,Er), (Ti,E)(Tr,Es) = (Yr,E)(Tk, EY)

v. (Tx, EV)N(Yr, E2))(Yas, E3) = (Ti, EV)O((YTr, E2)W(Yas, E3)),

(Cre, E)NY L, E2))(Yor, E3) = (i, E1)N((Yry Eo)N(Y oy, E3))

ispat.
i. (Yk,E1) € ADNE(X) olsun. Acikga her e € F; igin
(Tk, 1) = {<5’3> [T{K(e)(x),TgK(e)(a:)], [IEK(e)(SU)J?K(B)(ZU)], [ fK(e)(@?F;K(e)(x)D D w e X}

seklindedir. Ustelik
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(Tk, E1)N(YTk, EY)
= {<377 [mz’n{TfK(e)(x),T;K(e)(x)}] [min{[Ty, e)( z), Tﬂ(e)(&:)}],
maz{ Iz, (), I, @)}, [maz (L, (), £ o (@)},
mar (o (0), Fr o )], Imar P, o (@), B o (n))) - @ € X)
= {(=, [T ey (@), T;—K(e)( )], [[;K(e)('r)’]—;'_;((e)(x)]? [FfK(e)(f’?)>F;rK(e)(ff)]v> v e X}
= (TK,El) dir.
(Tx, E1) Tk, E1) = (T, Fy) esitligi de benzer sekilde gosterilebilir.
ii. Agik¢a her e € Ey ve her z € X i¢in (T, E1) = {(z,[0,0],[1,1],[1,1]) : = € X}
seklindedir. Ustelik
(TK7 El)ﬁ(Tﬁ)v El)
= {(z, [min{Tx, ) (2), 0], [min{[T7, ) (x), 0}],
[max{];}((e)(x), 1}]» [mam{[}rK(e)(x), 1}]a
(maz{Fy,_ . (2),1}], [maz{F{ . (2),1}]) 1 = € X}
= {(z,[0,0],[1,1],[1,1]) : = € X}
= (T@,Eﬁ dir.
(Tx, E1)N(Yy, Er) = (Y5, Br) esitligi de benzer sekilde gosterilir.
iii. Agkca her e € F; ve her x € X i¢in (Tg, E1) = {(z,[1,1],[0,0],[0,0]) : = € X}
seklindedir. Ustelik
(T, E1)N(Yq, En)
= {<£B, [min{T— (33), 1}]7 [min{[T;_K(e) (33), 1}]7
(maz{ly, . (x),0}], [max{ly, (x), 0}],
(maz{Fy,_,(x),0}], [maz{F{_ (2),0}]): =€ X}
= {<x (@), T+ ()(@] []q? (e)( )vl}rK(e)(f)]»
[F{K(e)(x),F;rK(e)(x)D cxeX, ec B}

= (TK, El) dir.

(Ti, E1)(Tq, 1) = (T, E1) esitligi de benzer sekilde gosterilebilir.
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iv. (TK,El)ﬁ(TL,EQ) = (TM, E) ve (TL,EQ)ﬁ(TK,El) = (TN, E) olsun.
Burada F = E; U E5 dir. Simdi e € E olsun.

Eé;er e c El\EQ ise (TM,E) = (TKyEl) = (TN,E) dir.
Eger e c EQ\El ise (TM,E) = (TL,EQ) = (TN,E) dir.

Eger e € E1 N F ise

(Tar ) = (o, Imin(Ty, (2. 75, o ()] Imin{ [T, (). T4, o ()]
(maz{ly, (@), I3, o (@)}, [max{ Iy (@), I3, o (2)}],
[max{Fx, ., (2), Fx, o (@)}, [maz{ P (@), Ff,  (2)}]) @ € X}

= {(z, [min{Ty, (), T, (o (@) }], Imin{ [Ty, (2), Tx (o, (2)}],
[maz{ly, (), Iy (o (@)}], [maz{Iy (@), If, o (2)}],
(maz{Fy, (@), Py, (@)}, [maz{Fy, (@), F{ ) (2)}]) + @ € X}
= (Tw, E)
(Tx, )WY, Ey) = (Y, Eo)N(Tg, Ey) esitligi de benzer sekilde gosterilebilir.

v. (T, EN)N(Yp, E2))N(Tar, E3) = (T4, E) ve
(TK, El)ﬁ((TL, EQ)ﬁ(TM, Eg)) == (TB, E/) olsun.
Acikca E = (Ey U Ey) U B3 = By U (B, U E3) = E' oldugundan E = E’ diir.

e € B = (El U EQ) U FE5 ise e € (El U EQ)\E?), e € Eg\(El U EQ) veya e € E =

(Ey U Es) N E5 olmak iizere ii¢ durum mevcuttur.

1. Durum: e € (Ey U Ey)\Ej3 olsun. O halde e € (E1\Ey)\E3, e € (E2\E1)\E5 veya
e € (El N Eg)\Eg dir.

1.1. Durum: e € (E;\E2)\Ej; ise

Ta(e) = T(e) = Tp(e) olup (T4, E) = (Tp, E') diir.
1.2. Durum: e € (Ex\E))\FEjs ise

Tale) = Tole) = Tple) olup (T4, E) = (Tp, E') dit.
1.3. Durum: e € (E; N Ey)\Ej ise

Tule) = Tr(e)AYr(e) = Yp(e) olup (Y4, E) = (Yp, E) diir.
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2. Durum: e € E3\(FE; U Esy) olsun. O halde e € E3\(F1\Es), e € E3\(F2\E1) veya
e c Eg\(El N Eg) dir.

2.1. Durum: e € E;3\(Ey\ Es) ise

Tale) = Tu(e) = Tp(e) olup (T4, E) = (Tp, E) diir.
2.2. Durum: e € E3\(E>\E)) ise

Ta(e) =Tu(e) = Tp(e) olup (T4, E) = (T, E) diir.
2.3. Durum: e € E3\(E; N Esy) ise

Ta(e) = Ta(e) = Yp(e) olup (T4, E) = (T, E) diir.

3. Durum: e € £ = (E1UE2)0E3 olsun. O halde e € (El\Ez)ﬂEg, e c (EQ\El)mEg
veya e € (Ey N Ey) N E5 diir.

3.1. Durum: e € (E1\Ey) N Ej ise
Ta(e) = Tr(e)NTar(e) = Tp(e) olup (T4, E) = (T, E') diir.
3.2. Durum: e € (Ey\E1) N E3 ise
Tale) = Yr(e)NYr(e) = Yp(e) olup (Y4, E) = (Yp, E) diir.

3.3. Durum: e € (Ey N Ey) N By ise

Yale) = (Tr(e)NYL(e))N Ty (e)
= Tx(e)N(Tr(e)NTa(e))

= Tpg(e) olup

yaklagim fonksiyonlariin esitliginden (Y 4, E) = (Tp, E') diir. O halde
(Tx, ED)N(Y L, E2)N( Yo, E3) = (Tie, ED)N((Tr, E2)N (Y ar, E3)) elde edilir.

((TK, El)ﬁ(TL, EQ))ﬁ(TM, Eg) = (TK, El)ﬁ((TL7 EQ)ﬁ(TM, Eg)) e§1t11§1n1n Saglandlgl

onerme 4.1.3 {in ispatinin v. maddesinin 3.3. durumu ile agiktir.

Tanim 4.1.9 (Tk, Ey), (Y1, Ey) € ADNE(X) olsun. (Y, Ey) ile (Y1, E») aralik degerli
neutrosophic esnek kiimelerinin genigletilmis birlegimi (Y, E) = (Tk, E1)U(Ty, E) ile
gosterilir. F = F; U Ey olmak flizere her e € E i¢in (T, F) nin T, I ve F iiyelik

araliklarinin alt ve tist sinirlart agagidaki gibi tanimlanir.
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( Ty (o) ()
T’;M(e) (JJ) - T’;L(e) ($)
\ ma:p{TfK(e) (x), T{L(e)
( T';_K(e) (z)
Ty (@) = Ty, (@)
\ max{T;rK(e) (), T;L(e)
( [;K(e) (Z‘)
L;M(e)(a:) = ];L(e)(x)
(min{ly (e)(a:),I;L(e)(x)}
( ;FK(e) (z)
I, (@) = Iy, (o ()
\mzn{]{F (e)(x),]{&(e)(m)}
4 —
FTK(C) (2)
TM(e)( ) Fﬂ(e)(x)
min{F. ( )(m)’Fﬂ( )( )}
( TK e) (:L')
F;FM( )( T) = TL(e (513)

Acikca iki aralik degerli neutrosophic esnek kiimenin genisletilmis birlesimi de aralik

degerli neutrosophic esnek kiimedir.

Ornek 4.1.6 X = {1, x2} bir evrensel kiime, £y = {eq, ea, €3,e4} ve Ey = {e3, €4, €5, €6}

parametre kiimeleri olsun. Tablo 4.12 ve Tablo 4.13 de verilen (Y g, Ey) ve (Y, Ey) aralik

e c El\E2
e c EQ\El
ec EF1NE,

e c El\EQ
e c EQ\El
e c E1 N EQ

e c El\EQ
e c Ez\El
ec€ F1NE,

e c El\EQ
e c EQ\El
ec F1NE,

e c El\EQ
e c EQ\El
e € El N E2

e c El\EQ
e c EQ\El

(min{F{ (@), F{ (@)} e€ EiNE,

degerli neutrosophic esnek kiimelerini goz oniine alalim.

Tablo 4.12: (Y, E7) aralik degerli neutrosophic esnek kiimesi

X T i)

er | ([0.4,0.5],[0.0,0.2],[0.3,0.5]) | ([0.5,0.6],[0.5,0.6], [0.
ey | (0.3,0.6],[0.8,0.9], 0.9]) | ([0.7,0.9],[0.7,0.9], [0.
es | ([0.1,0.4],[0.4,0.8], 0. 8]% 2[0.2,0.5], 0.2,0.5], [0.
es | ([0.2,0.7],[0.3,0.4], 0.9]) | ([0.3,0.7],10.3,0.7], [0.
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Tablo 4.13: (Y1, E5) aralik degerli neutrosophic esnek kiimesi

X T T2

es | ([0.3,0.4],]0.5,0.6],[0.1,0.3] | {[0.7,0.9],]0.5,0.6], [0.3, 0.4]
es | ([0.6,0.8],[0.4,0.7],[0.2,0.5]) | ([0.2,0.5],[0.6,0.8],[0.5, 0.8]
es | ([0.2,0.3],[0.1,0.2],0.4,0.5)) | ([0.3,0.4],[0.1,0.4],[0.4,0.5])
e &07J1&J04J1ﬂ,m2,03§ &074}&,quoa,mﬁﬁlﬂ>

Tamm 4.1.9 ile (Y g, E1)U(T 1, E) aralik degerli neutrosophic esnek kiimesi Tablo 4.14

deki gibi elde edilir.

Tablo 4.14: (Y, F1)U(Y L, Ey) aralik degerli neutrosophic esnek kiimesi

X T

A eI
oo g oa oroal | doxoer o oahloaosl
es | ([0.6,0.8],[0.3,0.4],[0.2,0.5]) | ([0.3,0.7],[0.6,0.8],[0.5,0.8])
es gmzomJ0L0m40¢0a§ &030%4010QJ0¢QQ>
e | ([0.7,0.8],10.4,0.5],[0.2,0.3]) | ([0.7,0.8],[0.1,0.3],[0.6,0.7])

Teorem 4.1.3 (Y, E1), (Y1, F2) € ADNE(X) olsun. (Y, E1)J(Yy, Ey) kiimesi (T, E)

ve (T, Fy) kiimelerini igeren en kiigiik aralik degerli neutrosophic esnek kiimedir.

ispat.

neutrosophic esnek kiime olsun. Yani (Y, Fy) C

(Tk, E1)U(Yy, Es)

C(Twm, E

(Yor, E) kiimesi (Yg, Ey) ve (Y, Ey) kiimelerini igeren keyfi bir aralik degerli
(Yar, E) olsun.

(TM7E> ve (TLJEQ) g

) oldugunu gosterelim. Agikga

(Tk,E1) C(Ty,E)ise By CEvehere€ Ey, z € X icin Tiee) (7)Y are) (7) &
T’;K(e)(l‘> < T";M(e) <x) T;K(6)<x) T¥A1(€)( )

Iy, (e)(rlf) 2 Iy, (e)(x) Iy ()(z) Iﬁ}_kf(e)(m)

dir. Benzer sekilde (Y, Es) C (T, E) ise By C E ve her e € Ey, z € X igin

Y0 (7)Y me) () &

T{L(e)<x> < T';M(C) (l‘) T;_F (e) (l‘) TYJ(A{(E)( )
I;L(e)(x) I;M(e) (iE) [:I":L(e) (33) = I'}_M(e)(x)
Fy, (@) = Fy, ) (2) Fy, (@) = FY ()
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seklindedir. Tanim 4.1.9 ile (Y g, E1)U(Yy, Fs) aralik degerli neutrosophic kiimedir.
Acik olarak (Yx, By)C(Y g, E1)O(Yr, By) ve (Yr, Eo)C(Yg, B) (YL, By) dir
EyCEve B, CFEise FiUEy; C Eveheree EyUFE,, ze X igin

( TTiK(e) (‘T) € c El\EQ
Tryo(@) 2 3 Ty, (@) e € Ex\Ey
\max{T;K(e)(x),T{L(e) ()} e€ ExNE,
(T (@) e € B\ E,
T;FM(e) () = T;{L(e) (z) e € EL)\E,
\max{T;rK(e)(q;),T;L(e) ()} e€ EiNEy
(1@ e € B\ Fy
I’;AI(G)(Z‘) < I';L(e)(x) e € B\ E)
(min{ Iy, o(@), Iy ) (2)} e € By N Ey
(@) e € E)\E,
I;:M(e) (:L’) = I:fi_L(e) (:E) €c EQ\EI
| min{I{ (e)<35)a ]?L(e)@)} e € by NEy
([ Py (@) e € E)\E,
Fiw(e) (z) < Fﬁ(e)(x) e € Eb)\E,
min{ Fy (e)(m)7 FfL(e)@)} e€ byNEs
( F;_K(e) ('T) € c El\EQ
?Jer(e) (x) < F;L(e) () e € B\ E)
min{ Fy (@), Fy, (2)} e € BN E

oldugundan YUY ey € YTare dir. Buradan (Yg, £1)0(Yp, Es) C (YT, E) elde
edilir. Dolaywsiyla (Y, E1)U(Y, Eq) kiimesinin (Y, E1) ve (T, E1) kiimelerini igeren

en kiiciik aralik degerli neutrosophic esnek kiime oldugu goriiliir.

Sonug 4.1.1 (ADNE(X),C,U,M) tam kafestir.

Tanmim 4.1.10 (Yg, Ey), (T, Ey) € ADNE(X) olsun.
degerli neutrosophic esnek kiimelerinin daraltilmig birlesimi (T, E) = (g, E1)U(Yr, Es)
ile gosterilir. E = E; N Ey olmak tizere her e € E i¢in (Ty, E) nin T, I ve F iiyelik
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araliklarinin alt ve iist sinirlar agagidaki gibi tanimlanir.

T ar(©) () = max{T;K(e) (x), Ty © (x)
;FM(G) (z) = maz{T{ © (x),T;TL(e) (x)
1@ =min{ly  (2), Iy, . (z)
];er(e)(x) = mm{];r (e)(l‘)7l'—I|:L(e)(’r)
Fyo@) =min{Fy_(z), Fy ) (2)
F;rM(e) (z) = mm{F;“ (e)(ff): F’;FL(@)@)

Acikca iki aralik degerli neutrosophic esnek kiimenin daraltilmig birlesimi de aralik degerli

neutrosophic esnek kiimedir.

Ornek 4.1.7 Ornek 4.1.6 daki (Y, Ey) ve (Y, Ey) aralik degerli neutrosophic esnek
kiimelerini goz ontine alalim. By N FEy = {e3, e4} oldugundan (Yx, E1)0(Tr, Es) asagidaki
gibi elde edilir.

Tablo 4.15: (Y, F1)0(Y L, Ey) aralik degerli neutrosophic esnek kiimesi

X T X2
es | ([0.3,0.4],0.4,0.6],[0.1,0.3]y | {[0.7,0.9],]0.2,0.5], [0.2, 0.3]
e | ([0.6,0.8],[0.3,0.4], 0.2, 0.5]§ §[0.3, 0.7], 0.6, 0.8], [0.5, 0.8]

Onerme 4.1.4 (Yx, Ey), (Ty, Ey), (Yar, E3) € ADNE(X) olsun. O halde
i (Tk, BV)U(Yk, Br) = (T, B1), (Yw, E)U(Yk, 1) = (T, En)

i (Tw, E1)U(Yg, B1) = (Yr, Br), (T, E0)O(T5, 1) = (Tk, Ev)

i, (T, E)O(Ta, By) = (You By, (Tic, B)O(Ta, Br) = (Yo, B2

iv. (Ti, E1)U(Yr, ) = (Tr, E)U(Tk, Er),  (Yi, BV)U(Yr, Ep) = (Y, E2)U(Yk, En)

v. (T, E)U(Yr, E2))U(YTas, E3) = (Y, E1)U((Yr, E2)U(Tyy, E3)),

(Tx, BV (Y, E2))( Yo, E3) = (Ti, ED)U((Yr, Eo)U(Yay, E3))

ispat.
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i. (Yk,E1) € ADNE(X) olsun. Acikga her e € F; igin
(Tk, Er) = {<95 [Ty e)( ), T;K(e)(-%)];[I§K(e)($),[;K( )( )], [FfK(e)< ), F;K(e)(a:)bz z € X}

seklindedir. Ustelik
(T, E1)U(Tk, EY)
= {(z, [maz{Tx, (@), Ty, o (@)}, [maz{ [T, . (2), T, (o) (@)},
[mm{I{K(e)(x)a]EK(e)(x)}]a [mm{]}r (e)(‘r)7ITK(e)(x)}]7
[min{ Fy, (@), Fy o (@)}, [min{ FY ) (2), FY, ) (2)}]) © @ € X}
= (@ [Ty (0 (@), T 0 @], o (o) (@)s T o (@),
[F{K(e)(x),F;rK(e)(x)D e X}
= (Yx, Ey) dir.
(T, EV)O(Yk, Ey) = (Tk, Ey) esitligi de benzer sekilde gosterilebilir.
ii. Agkca her e € Ey ve her # € X i¢in (T3, E1) = {(z,[0,0],[1,1],[1,1]) : = € X}
seklindedir. Ustelik
(Ti, E1)O(T, Er)
= {(z, [maz{Ty, (), 0}], [maz{[T¥ ) (x), 0}],
(min{ Iy, (), 1}], [min{Iy, ) (2), 1}],
[min{F{ (@), ], [min{ F{,_,(2),1}]) © = € X}
= {(# [Ty (0 (@), T 0 @] U (0 () I o (@),
[F;K(e)(x), Ff o@)]): z€ X, ec B}
= (Yk, Ey) dir.

(Yk, E1)0(Y5, Er) = (Tk, Ey) esitligi de benzer sekilde gosterilebilir.

iii. Her e € Ey ve her z € Xi¢in (Tg, Ey) = {(z,[1,1],[0,0],[0,0]) : x € X} seklindedir.
Ustelik

(TK7 El)O(Tﬂa El)
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= {(@, [maz{Ty, ) (2), 1}], [maa{[T} (), 1}],
(0 (@), 0}, [min{Iy ) (x), 0}],
[min{Fy ) (x),0}], [min{F{K(e)(x),O}D :
= {{z, [1,
= (Y, Ey) dir.

[min{ly
re X}

1], [0, 0], [0,0]> cre X}

(TKv El)D(Tﬁv El) =

(TK>E1)O(TL,E2) = (TMa E) ve (TL7E2)O(TK7E1) =
Burada F = E; U E5 dir. Simdi e € E olsun.

1v.

Eger e € E\\Es ise (Yo, E) = (T, E1) = (T, E) dir.

Eger e € Ex\FE ise (Y, E) = (Yp, Ey) = (Y, E) dir.

Eger e € E1 N Ej ise

(Car, B) = {(, [maa{ Ty, ) (2), T, oy (2)}], [mazf{ [T, ) (2), T, o (@)},
[min{]{ ( ) Iy, (e)( )}, [mm{]}r (e)(‘r)7]TL(e)<x>H7
(min{ Py, (¢(2), Py, (o (@)}], [min{ Fy, (), FY, o (2)}]) :

= {(z, [max{Ty, () (x), Ty, (o (2)}], [maa{[TY, ) (2), T7, (o, (2)}],

[min{ly (e)(x)a[f (e)(l’)}]’ [mm{[ﬂ(e)(fﬁ)aI;FK(e)(fc)Ha

[min{Fy. Tr ()( x), Fy ()( )}]7[mm{Fﬁ(e)(f)aFﬁ(e)(w)}p1

= (TNv E)
(TK7 El) (TLv EQ)

v. Onerme 4.1.3 iin v. maddesinin ispatina benzer sekilde yapilr.

Onerme 4.1.5 (Y, Ey), (Y, Fy) € ADNE(X) olsun. O halde

. (T, BE)O(Yr, Bo))t = (Yi, By)'O( Y, Byt
i. (Tx, BT, B2t = (Yi, BT, By)t
i, (T, BT, Bo)) = (Ti, B)O(T L, Ey)t
iv. (Y, BT, Ey)) = (T, BT, By)f

7

(Yo, Ey) esitligi de benzer sekilde gosterilebilir.

(T, E) olsun.

re X}

re X}

(Y1, E2)U(Y g, Ey) esitligi de benzer sekilde gosterilebilir.



ispat.

i. (Yk, Ey), (Y, Ey) € ADNE(X) aralik degerli neutrosophic esnek kiimelerini agagidaki

gibi goz ontine alalim.

(Yr, B1) = {2, [T (o) (@), T (o) (@] [ (0 () I o ()],
[F{K(e)(m), F;K(e)(x)b creX, e€ B}

(Tr, Ep) = {<x,[TfL(e)(x),T;L(e)(x)], [I{L(e)(ﬂlz),fi(e)(x)],
[F{L(e)(:ﬁ),F{L(e)(w)D cx€ X, e€ By}
O halde (Yk, Ey) ve (T, E>) nin tiimleyenleri sirasiyla

(Tr, B1)' = {<5E7 [F{K(e)(m), F;K(e)(x)], [1- ]}FK(G)(fL‘)v 1 - ]{K(e)(x)],
[T;K(e)(x),T;FK(e)(x)D creXe€ E}

(Tb EQ)t = {<ZE, [F;L(e)(x% F;_L(e)(x)]’ [1 - I;L(e) (‘T)7 1 - [;L(e) (m)L
[T;L(e)(x), T;“L(e)(:v)w creXe€ By}

seklindedir. £ = Ey U Ey ve (Tk, E1)U(Y, Ey) = (Tur, E) olmak tizere (Yyy, E)

kiimesi
( Fy, (@) e € B)\F,
F’I_\g\/f(e)(x) = fL(e)(JZ) e € EQ\El
(min{Fy (@), Fy, . (2)} ec E4NE,
( Ff o) e € B)\F,
F;%M(e)(l') = F;FL(E)<LL’> e € EQ\El
(min{ Fy o (2), FY, (@)} e€ EyNE,
( 11§ (@) e € E)\E,
Iﬁ{(e)(:ﬂ) = 1= Iy (2) e € B)\E,
| maz{1 —I;’K(e)(x),l —I;'L(e)(x)} ee BEyNE,
( 1= 15, (o) e € B)\E,
I,—ri_gw(e)(l‘) = 1-— ];L(6)<I') e c EQ\El
(maz{l — Iy (z),1— Iy, (@)} e€ BN E,
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TfK(e)(J:) e € E)\E,y

T;,;W(e) () = Ty, () e € E)\Fy
(i Ty (@), Ty, (o) (2)} ec EyNE,

T;'K(e)(x) e € E)\E,

T;M(e) (z) = Ty, (@) e € B)\Ey
\mm{T;“K(e) (z), T{L(e)(:p)} ee€ E1NE,

= (TKa El)tﬁ(TL, Eg)t dir.

ii. Tanim 4.1.8 ve Tamim 4.1.10 kullanilarak i) ye benzer sekilde yapilir.

iii. (Yg, E1), (Y, Ee) € ADNE(X) aralik degerli neutrosophic esnek kiimelerini agagidaki

gibi goz oniine alalim.

(Yr, B1) = {2, [T (o) (@), T (o) (@] [T (0 () I o ()],
[F{K(e)(m), F;K(e)(x)w creX, e€ B}

(Yr, Ba) = {(2.[Ty, () (), T, (o (@), Uy, 0y (@), I, (o (2)],
[FF;L(E)(J:)’F;L(@)('T)]> cx € X, e€ FEy}
O halde (Y, Ey) ve (T, E3) nin tiimleyenleri sirasiyla

(Tr, 1) = {<$7 [FfK(e)(x)a F;K(e)(x)], [1-
5 (0 (@), T o (®)])

]}“K(e)(m), 1= 1%, (@),
reXee€E}

(TL’ EQ)t = {<l’, [FXTL(e)(‘I)7 F’—rFL(e)<'T>]7 [1 - ]:I‘FL(e)(x)v 1 - I’;L(e)(x)L

[T;L(e)(x),T;“L(e)(x)D cx e Xee Ey}

seklindedir. E = Ey U Ey ve (Ti, E1)N(Yp, E2) = (Tu, E) olmak tizere (Tyy, E)

kiimesi
( Fy o (o(@) e € B\ E;
F;’jw(e) (x) = Fy, (@) e € E)\Ey
maz{Fy, (), FY, ()} ee BE1NE,
( Ff (0@ e € B\ E,
F;ﬁ;w(e) () = FY o) e € B)\E,
| maz{F{ (0 (@), Ff (@)} ee BEyNE,




( 1= I, (o (2) e € B\ E,
Lo (@) = 1= Iy, (o(2) e € Bo\Ey
maz{l — I} (0@),1 I;L(e)(x)} eec BEyNE,
( 1= 15, (o) e € B)\E,
I'—I‘i_ﬁ\/[(e)(x) = 1 - ];L(e)<x) e € EQ\El
(maz{l — Iy (z),1— Iy, (@)} e€ BN E,
( TfK(e)(x) e € B\ Es
Trg, (@) = Ty, o (2) e € B\E,
Lmin{ Ty, (@), Ty o (2)} e € BN E
( Tf () e € B)\E,
T;M(e) (x) = T;L(e)@) e € E)\F,
mln{T+ )("E)aT’;— (e)(x)} ec F1NE,
= (TKa El)tﬁ(TL, Eg)t dir.

iv. Tanim 4.1.8 ve Tanim 4.1.10 kullanilarak iii) ye benzer sekilde yapilir.
Onerme 4.1.6 (Y, Ey), (Y1, Es), (Thy, E3) € ADNE(X) olsun. O halde

L (T, EDA((T o, B)O(Tar, Bs)) = (Ties EDA(T 1, Es)O((T e, EDA(Tar, )

i (Tw, EDO(Tr, B)A(Tar, B3)) = (T, ENO(Y 1, Es))A((T i, BD)O(Yar, Es))

ispat.

(TK, El) ((TL7 EQ)O(TM, Eg)) = (TA, E) ve
(i, BT, B2))O((Tre, V)Y, E)) =
(Ta,

E' = (EyNE)U

(Yp, E') olsun.

E) nin parametre kiimesi E = E; N (Ey U F3) ve (Y, E') nin parametre kiimesi
(Ey N E3) oldugundan parametre kiimelerinin esitliginden £ = E’
yazilir. Simdi e € F olsun.

Buradan e € E; ve e € (E, U E3) diir.

1. Durum: e € E; ve e € Ey\FEj3 ise

T age) (@) = Tr(e)(@)NT e (2)
T () (%) = (i) (@) O 106 (2)) (L sy (2)10)
= Ti(e) (@)Y ) (2)
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olup buradan Y 4()(z) = Tp(z) dir. Yani (T4, E) = (Y5, E') elde edilir.
2. Durum: e € E; ve e € E3\E, ise
Ya@) (@) = V(o) (@) are) (7)
T 0)(@) = (Yo (@)Y o ()AL s ()
= V(o) (#) O aa o) ()
olup buradan Y 4()(z) = T (z) dir. Yani (Y4, E) = (Tp, E') elde edilir.

3. Durum: e € E; ve e € F5 N Ej5 ise

~ A

= [(T k(o) (2)NY L) (2)) DT k() (2)N T as () ()]
= TB(e)(l')

dir. Yani (T4, E) = (Yp, E') elde edilir.

T ae) (%) = Tre) ()N ey () U are))
)

ii. 1) ye benzer sekilde yapilabilir.
Sonug 4.1.2 (ADNE(X), C) dagihmh kafestir.

Tanim 4.1.11 (Yx, Ey), (Y1, E2) € ADNE(X) olsun. (Yg, Ey) ile (Y, Ey) aralik
degerli neutrosophic esnek kiimelerinin V— birlesimi (Y, E) = (Y, E1)V(Y1, Es) ile
gosterilir ve burada E = F; X E, olmak {izere her e € F igin Tys(er, €2) = Tx(e1)UY L (e2)

yaklagim fonksiyonu yardimiyla agagidaki gibi tanimlanir.

Tul(er,e2) = {(z, [maz{Ty Yx(er) (ZL‘),T_( ()}, maz{Ty Tk el)< ), T;L(eQ)( z)}],
[min{ Iy (el)($)7ITL 62)( )}, mm{]+ (95)7112(@2)(37)}],
[min{Fx, (o) (@), Py 0,y (@)}, min{ FY (@), FY, ., (2)}])}
Tanim 4.1.12 (Yk, E,y), (Y1, E2) € ADNE(X) olsun. (Yg, Ey) ile (Y, Ey) aralik
degerli neutrosophic esnek kiimelerinin A— arakesiti (Tys, E) = (Tx, EOA(Y L, Es) ile
gosterilir ve burada E = F; X E, olmak {izere her e € F igin Tyr(e, e2) = Tx(e1)N YL (e2)

yaklagim fonksiyonu yardimiyla agagidaki gibi tanimlanir.

Tarler, e2) = (o, min{Ty, o (@), T, o) (@)} mind{TY, ) (@), T (@)}
maa{ Iy, o) (@) 5, (@)}, mas{lf, o (), 12, o) (2},
[max{FTK(el)(m),FT_L(eQ)(:E)},ma:E{F;'K(e (@), F;FL(EQ)(w)}D}
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Onerme 4.1.7 (Y, Ey), (Y1, Ey), (Th, F3) € ADNE(X) olsun. O halde

i [(Cx, EOV(Tr B2)]' = (Ti, B A(T L, Ey)!

1. [(TK, El)/\(TL, Eg)}t = (TK7 El)t\N/(TLa EQ)t
ispat.

i. (Yk,E1), (YL, Ey) € ADNE(X) aralik degerli neutrosophic esnek kiimelerini goz

ontine alalim.
(Tg, El)V(TL, Ey) = (T, E) olsun. Burada E = E; x E5 olup her (e1,e3) € F1 X Fy

ve r € X i¢in

Tar(er, e2) = {<x max{TTK (e1) (x) Tx_*L(eQ)( )}, max{TTK(el)( ),T;L(ez)(x)}],
[mm{[{ )(37) Iy (en) (@ (x)}, min{I{ (el)(x)alﬂ(eg)(x)}h
[min{Fy Tx 61)( ), F. To( 62( )}, min{Fy{ (el( z), FA}LL(Q)( )}]>}

Tarlere2) = (. [min{Fy, ) (@), Fy, (o (@)} min{ Ff, . (2). B, ) ()}),
mar{l = I, o (@)1 = I, o @) maa{l = Iy ()1~ Iz, o ()}
(maa{Ty, ) (@), T, o) (@)} maa{ T, (2). 15, ) (@)}]))
= {0, [Py o (@), Fi (en( DL [ = Iy o @)1 = Iy (@),
) Ty (@)) - 7€ X e1 € By}

/\{<$ To(en) @) By e (@) (1= Iy oy (0), 1 = Iy oy ()],
[Ty, () (@) TL(62)(£B)]> cx€Xey€ By}

S
=
5}
s
8]

= Tk(e1)NT 1 (ey) dir. Buradan acikga
[(Tr, EOV(Y1, B2)]' = (Ti, B1)'A(Y L, o)t dir.
ii. 1) ye benzer sekilde yapilir.

Tanim 4.1.13 X ve Y birer evrensel kiime olmak tizere (Y, E7), X tizerinde; (Y, Es),
Y {izerinde tanmiml iki aralik degerli neutrosophic esnek kiime olsun. (Y, Ey) ile (Tr, E2)

nin kartezyen carpimi (Y, B1)X(Yr, Eo) = (T, By X Ey) ile gosterilir ve (Y, By x Ey)
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nin T, I ve F iiyelik araliklarinin alt ve {ist sinirlart her (e, e2) € Ey X By ve (z,y) € X XY

icin agagidaki gibi tanimlanir.

TKxL e1,e2)

TKxL (e1,€2)

TKxL (e1,e2)
TKxL e1,e2)

TK><L (e1,e2)

Ornek 4.1.8 X = {x1, 22} ve Fy =

(

(
Iy (e o) (5

(

(

)

8

ma:c{F{K(el)(x), FfL(Q)(
(

gibi tanimli olsun.

Tablo 4.16: (T, Fy) aralik degerli neutrosophic esnek kiimesi

{e1, ea} olmak iizere (Y, E), X lizerinde agagidaki

X T T2
e1 | ([0.2,0.4],]0.1,0.3],[0.5,0.6]" | ([0.1,0.2],[0.5,0.6], [0.4, 0.5]
es | ([0.3,0.5],[0.4,0.5], [0.2, 0.3]§ §[0.3, 0.4],[0.4,0.5], [0.7,0.8]

Y = {y1,y2} ve By = {e3,e4} olmak lizere (Y, Es), Y iizerinde agagidaki gibi tanimh

olsun.

Tablo 4.17: (Y1, E») aralik degerli neutrosophic esnek kiimesi

Y Y1 Y2
es | ([0.2,0.3],10.5,0.6],[0.7,0.8]) | ([0.6,0.7],[0.2,0.3],[0.3,0.4])
es | ([0.4,0.5],[0.3,0.4],[0.1,0.2]) | {[0.1,0.2],[0.1,0.2],[0.2,0.3])

Bu takdirde X x Y = {(z1, 1), (71, 42), (T2, 1), (22, 72)} ve
EyxEy = {(e1,e3), (e1, e4), (€2, €3), (€2, e4) } seklinde olup (Y, E1) X (Y, E,) arahik degerli

neutrosophic esnek kiimesi agagidaki gibi elde edilir.

Tablo 4.18: (Tk, E1)x(Y 1, E2) aralik degerli neutrosophic esnek kiimesi

X xY (w1,91) (w1,92) (w2, 91) (w2, 92)

(e1,e3) | ([0.2,0.3],]0.5,0.6],[0.7,0.8]) | ([0.2,0.4],[0.2,0.3],[0.5,0.6]) | ([0.1,0.2],[0.5,0.6],[0.7,0.8]) | {[0.1,0.2],[0.5,0.6],[0.4,0.5])
(e1,es) | ([0.2,0.4],[0.3,0.4],[0.5,0.6]) | ([0.1,0.2],[0.1,0.3],[0.5,0.6]) | ([0.1,0.2],[0.5,0.6],[0.4,0.5]) | ([0.1,0.2],[0.5,0.6],[0.4,0.5])
(e2,e3) | ([0.2,0.3],[0.5,0.6],[0.7,0.8]) | ([0.3,0.5],[0.4,0.5],[0.3,0.4]) | ([0.2,0.3],[0.5,0.6],[0.7,0.8]) | ([0.3,0.4],[0.4,0.5],[0.7,0.8])
(e2,eq) | ([0.3,0.5],[0.4,0.5],[0.2,0.3]) | ([0.1,0.2],[0.4,0.5],[0.2,0.3]) | ([0.3,0.4],[0.4,0.5],[0.7,0.8]) | ([0.1,0.2],[0.4,0.5],[0.7,0.8])
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Teorem 4.1.4 (Y, Ey), X tizerinde; (Y, Es), Y iizerinde tanimli iki aralik degerli neu-
trosophic esnek kiime olsun. (Yg, E1)X(Yy, Fy) kartezyen carpimi X x Y iizerinde bir

aralik degerli neutrosophic esnek kiimedir.

ispat. Tanim 4.1.13 ile agiktir.
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4.2 Aralik Degerli Neutrosophic Esnek Graflar

Bu boliimde aralik degerli neutrosophic esnek kiimeleri graf yapisi lizerinde ele alacagiz
ve yeni bir kavram olarak aralik degerli neutrosophic esnek graf yapisini inceleyecegiz ve

bu yapiya ait baz cebirsel ozellikleri ve elde edilen sonuglar1 degerlendirecegiz.

Tamm 4.2.1 G = (G*, K, M, A) dortliisii asagidaki kosullar1 saghyorsa G ye aralik

degerli neutrosophic esnek graf denir.

i. G* = (V, E) bir basit graf
ii. ) # A bir parametre kiimesi
iii. (K, A), V {izerinde bir aralik degerli neutrosophic esnek kiime

iv. (M, A), E tizerinde bir aralik degerli neutrosophic esnek kiime

v. Her e € A icin H(e) = (K(e), M(e)) asagidaki esitsizlikleri saglayan G* = (V, E)

basit grafinin bir aralik degerli neutrosophic alt grafidir.

Ayrica her e € Ave z,y € Vicin 0 < Thye) (2, y) + Inie) (2, y) + Fre) (2, y) < 3 esitsizligi
saglanir. Agikca bir aralik degerli neutrosophic esnek graf, aralik degerli neutrosophic

graflarin parametrelestirilmig bir ailesidir.

Ornek 4.2.1 V = {1, 29,23} ve E = {2129, xox3, 2123} olmak iizere G* = (V, E) basit

grafin1 goz Oniine alalm. A = {ey, €2} bir parametre kiimesi ve A C F olsun.
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K : A— ADN(V) olmak tizere (K, A) aralik degerli neutrosophic esnek kiimesi agagidaki
gibi verilsin.
K(e1) = {{x1,[0.5,0.6],[0.3,0.4], [0.2, 0.3}, (s, [0.4,0.5], [0.3,0.4], [0.6, 0.7])
(x3,]0.6,0.7],[0.2,0.3],[0.1,0.2])} ,
K(e2) = {(21,]0.3,0.5],10.7,0.8],[0.4,0.5]), (z2, [0.2,0.3], [0.4, 0.5, [0.4, 0.5]),
(23,[0.2,0.4], [0.3,0.5], [0.1,0.2])}
M : A— ADN(E) olmak iizere (M, A) aralik degerli neutrosophic esnek kiimesi agagidaki
gibi verilsin.
M(er) = {{z122,[0.3,0.4], [0.4,0.5],[0.7, 0.8]), (w523, [0.1,0.2], [0.5, 0.6], [0.6, 0.8]),
(z123,[0.2,0.3], (0.3, 0.6], [0.4, 0.5]) }
M(es) = {(2122,[0.2,0.3,[0.7,0.8], [0.5, 0.6]), (xs5, [0.1,0.2], [0.6,0.7], [0.5, 0.6]),
(z123,[0.1,0.4], [0.8,0.9], [0.6,0.7]) }
Agikga H(ey) = (K(e1),M(ey)) ve H(ex) = (K(e2), M(e2)) sirasiyla e; ve ey parame-

trelerine karsilik gelen aralik degerli neutrosophic graflardir.

([0.2,0.4],[0.3,0.5], [0.1,0.2])

Sekil 4.2: H(es) aralik degerli neutrosophic esnek grafi
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Dolaysiyla G = {H (ey), H(es)}, G* iizerinde bir aralik degerli neutrosophic esnek graftir.

Tablo 4.19: G arahk degerli neutrosophic esnek grafi

K il i) I3
er | ([0.5,0.6],[0.3,0.4],[0.2,0.3]) | ([0.4,0.5],[0.3,0.4],[0.6,0.7]) | ([0.6,0.7],[0.2,0.3],[0.1,0.2])
ez | ([0.3,0.5],10.7,0.8],10.4,0.5]) | ([0.2,0.3],[0.4,0.5],[0.4,0.5]) | ([0.2,0.4],[0.3,0.5],[0.1,0.2])
M Tr1T2 ToI3 13
er | ([0.3,0.4],[0.4,0.5],[0.7,0.8]) | ([0.1,0.2],[0.5,0.6],[0.6,0.8]) | ([0.2,0.3],[0.3,0.6],[0.4,0.5])
ez | ([0.2,0.3],10.7,0.8],10.5,0.6]) | ([0.1,0.2],[0.6,0.7],[0.5,0.6]) | {[0.1,0.4],[0.8,0.9],[0.6,0.7])

Tamim 4.2.2 G, = (G*, Ky, M, A) ve Gy = (G*, Ky, My, B), G* = (V, E) basit graf
{izerinde iki arahk degerli neutrosophic esnek graf olsun. G; e, G nin arahk degerli

neutrosophic esnek alt grafi denir. <
i. ACB
ii. Her e € A igin Hi(e) = (Ki(e), Mi(e)) aralik degerli neutrosophic grafi Ho(e) =
(Ks(e), My(e)) aralik degerli neutrosophic grafinin alt grafidir.
Bu durum G~1;G~2 ile gosterilir.

Ornek 4.2.2 Ornek 4.2.1 deki G arahk degerli neutrosophic esnek grafin1 goz oniine
alalim. Ayrica A" = {e;} olmak iizere G = (G*,K',M', A") grafi agagidaki gibi tanimlansin.

K'(ey) = {(z1,[0.2,0.3],[0.5,0.6], [0.4, 0.5]), (2, [0.1,0.2], [0.6,0.7], 0.7, 0.8]),
(x3,]0.3,0.4],[0.3,0.5],[0.4,0.6]) }

M'(ey) = {{z125,[0.1,0.2],[0.7,0.8],[0.8,0.9]), (2225, [0.1,0.2],]0.6,0.7],[0.7,0.9]),

(z123,[0.2,0.3],]0.6,0.7],[0.6,0.7)) }

Acikca A" C A ve
H'(e1) = (K'(ey), M'(e1))C(K (e1), M(e1)) = H(ey) dir. Buradan G, G nin aralik degerli

neutrosophic esnek alt grafidir.
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([0.3,0.4],[0.3,0.5], [0.4,0.6])

Sekil 4.3: H'(ey) aralik degerli neutrosophic alt graf

Tanim 4.2.3 G, = (G}, Ky, My, A) ve Gy = (G}, Ky, My, B) sirasiyla G% = (Vy, By) ve
G5 = (Va, Fs) basit graflar iizerinde iki aralik degerli neutrosophic esnek graf olsun. Gy
ve Gy nin kartezyen carpmmi G1&Gy = (G% x G%, K, M, A x B) ile gosterilir. Burada
V=VixVpve E={(zy,zy2) | © € Vi, y1y2 € Ea} U{(a1y,22y) | y € Vo, 1122 € E}
olmak iizere (K, A x B) V iizerinde, (M, A x B) E {izerinde aralik degerli neutrosophic
esnek kiimelerdir. G;®G, nin kose noktalar: ve kenarlarmin 7', I ve F' iiyelik arahiklarinm

alt ve list siirlar1 agagidaki gibi tanimlanir.

i. Her (zq,y1) € Vi x V4 ve her (ey,e2) € A X B igin
TI;(Cl 62)< l’yl) mZn{TEl(el) 1 7TK2(62)
T1,

el 62

el e2

y(@1,91) =
y(@1, 1) = (
Ko 62)(x1,y1) max{lf(l(el) 21)s Ity (o) (01
K(e 62)(5171a Y1) =

(z1,51) =

61 62) 'Il’ yl

ii. Her x € V; ve her vy € F5 icin
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iii. Her y € V5 ve her z129 € E) igin

TA}(el e (@19, 2y) = min{ Ty, .y (2122), T, o, (W) }
61 o) (T1Y, T2y) = min{ ﬁl(el)(:clzz:Q),T;gQ(Q)(y)}
2t(eren) (@18 72y) = maz{Iyy o (@172), I,y (1) }

M(e1 o) (T1Y, T2y) = max{[jjh(en(xl:cg) 1;2(62)@)}
Fyter e @1y, 2y) = max{Fyp . (1122), Fre, (o, (0) }
M(el o (1Y, T2y) = maI{Fﬂz(el) (1129), Flg(@)(y)}

Ornek 4.2.3 A = {ey, e} ve B = {es, e4} birer parametre kiimesi ve Vi = {x1, x5, 23},

Va = {y1, 92,43}, B1 = {21202, 253, 2123}, Es = {y19s, yays, y1ys} olsun. Gy = {Hy(e1), Hi(ea)}
ve Gy = {Hy(es), Hy(es)} srasiyla Gt = (Vi, Ey) ve G = (Va, Ey) basit graflar iizerinde

asagidaki gibi tanmiml aralik degerli neutrosophic esnek graflar olsun.

H1 (61) =
(122,[0.2,0.3],[0.7,0.9],[0.5,0.9])))

(

(

Hy(es) =(Ki(e5), My(e3)) = (((21,[0.2,0.3],[0.3,0.4], [0.5,0.6]), (w5, [0.3,0.4],[0.2,0.4], (0.3, 0.4]),
(23,]0.3,0.5],]0.2,0.3], [0.3,0.4])), ({122, 0.1,0.2], [0.4,0.5], [0.6, 0.7]),
(2973,[0.2,0.3],[0.6,0.7), [0.5,0.6]), (123, [0.1,0.3], [0.4,0.5],[0.7,0.8])))

Ha(es) =(
((y1y2, 0.3,0.4], (0.4, 0.5], [0.5,0.6])))

Hy(eq) =(Ka(es), Ma(ea)) = (((y1,[0.4,0.7],[0.3,0.6], [0.2,0.4]), (y», [0.2,0.4], [0.5,0.6], [0.6, 0.7]),
(y3,[0.3,0.5],[0.4,0.8],[0.1,0.3])), ({4132, [0.1,0.2], [0.5,0.7], [0.7, 0.8]),
(193, 10.2,0.3],[0.6,0.9], 0.4, 0.6])))

1 Ty

([0.2,0.3],[0.7,0.9], [0.5,0.9]) (10:4,0.6, 02,04, [05,0.8)

([0.3,0.5,[0.5,0.7],[0.3,0.6])

Sekil 4.4: Hy(e;p) aralik degerli neutrosophic grafi
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Ki(er), My(er)) = (({z1,[0.3,0.5],[0.5,0.7),[0.3,0.6]), (3, [0.4,0.6], [0.2,0.4], [0.5,0.8])),

Ks(es), Ma(es)) = (({y1,[0.3,0.5],0.1,0.2],[0.2,0.4]), (ya, [0.4,0.5], [0.3,0.4], [0.2,0.3])),



Sekil 4.5: H;(eq) aralik degerli neutrosophic grafi

Y1 Y2

([0.3,0.4],[0.4,0.5],[0.5, 0.6])

([0.3,0.5],[0.1,0.2],[0.2,0.4]) ([0.4,0.5],[0.3,0.4], [0.2,0.3])

Sekil 4.6: Ha(es) aralik degerli neutrosophic grafi

Y1 Y2

([0.1,0.2],[0.5,0.7), [0.7,0.8])

([0.4,0.7],[0.3,0.6], [0.2,0.4]) ([0.2,0.4],[0.5,0.6], [0.6,0.7])

([0.3,0.5],[0.4,0.8], [0.1,0.3])

Sekil 4.7: Hy(e4) aralik degerli neutrosophic grafi

Agikga A x B = {(e1,e3), (e1,e4), (€2, €3), (€2,e4)} dir.

H(ei,e3) = Hi(e1)®Hy(es), H(ey,eq) = Hyi(e))®Hy(es), H(eg,e3) = Hi(ex)®@Hy(es)
ve H(es,ey) = Hi(ey)®Hy(ey) olmak iizere G, ve G nin kartezyen carpimi G1®Gy =
{H(e1,e3), H(ey,e4), H(ea, e3), H(es,eq)} seklinde elde edilir.

Hey,eq) = Hi(e)®Ha(ey) Sekil 4.8 de gosterilmistir.
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Z1Y2 T1Y L1Ys

([0.1,0.2],[0.5,0.7],[0.7,0.8]) /\ {[0.2,0.3],[0.7,0.9],[0.5,0.9])
([0.2,0.4] [0.5,0‘.79 @w Mo.g],[aw.ep

—~
=
S
g
=
=
(=}
<
=
)
S
o
=
=

([0:2,0.4], [0.5,m

(0.2,0.3),[0.7,0.9], 0.5, 0.9))

\([01, 0.2],[0.5,0.7],[0.7,0.8])

(0.1,0.2], [0.5,0.7], 0.7, 0.8]) w (0.2,0.3], [0.6,0.9], 0.5, 0.8)) (10.3,05),[0.4,0.8, 05, 0.8)

T2Y2 L2Y1 T2Y3

Sekil 4.8: H(ey,eq4) = Hy(e1)®Ha(ey) aralik degerli neutrosophic grafi

H(eyi,e3), H(eg,e3) ve H(eq,eq) aralik degerli neutrosophic graflar1 da benzer sekilde
cizilebilir.

Teorem 4.2.1 G, = (G4, Ky, M1, A) ve Gy = (G}, Ky, My, B) swrasiyla G = (V4, Ey)
ve G5 = (V, E3) basit graflar tizerinde iki aralik degerli neutrosophic esnek graf olsun.
V=VxVyve E={(xy,zy2) | x € Vi, y1ya € Ex} U{(x1y,22y) | y € Vo, 122 € Ey}
olmak iizere G1®G, kartezyen carpim da G x G = (V, E) iizerinde bir arahk degerli

neutrosophic esnek graftir.

Ispat. G1®G, = (Gt x G5, K, M, A x B) olsun. G1®G, kartezyen carpiminin aralik

degerli neutrosophic esnek graf olma kosullarini sagladigini gésterelim.

Agikca G7 x G5 = (Vi x Vi, E) basit graftir. (K, A x B) nin V' = Vj x V; tlizerinde bir
aralik degerli neutrosophic esnek kiime oldugu ve (M, A x B) nin E = {(zy1, zy2)|z €
Vi, y1y2 € Ex} U{(x1y, xoy)|y € Vo, 129 € Ep} lizerinde bir aralik degerli neutrosophic
esnek kiime oldugu Tanim 4.2.3 ile agiktir. Simdi kenarlar ve koge noktalar: arasindaki

esitsizliklerin saglandigini gosterelim.
i) Her (e1,e2) € A X B ve (zy1,xy2) € E i¢in
T]\j[(el,@)(x?/la TYo) = min{Tgl(el)(x), T]\_42(62) (v192)}
< mm{Tgl(q)(I), mm{T];Q(eQ)(yl), ng(w)(yg)}}
= min{min{Tgl(el) (x), ng(ez)(yl)}, min{Tgl(el)(x), Tk, (en) (yQ)}}
= min{Tye o, o) (T 91), T (o) 00y (@, 92) } dir.
Buradan Ty, ) (zyr, 2y2) < min{Ty ., (@ 01), Tice, o) (T ¥2) }
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elde edilir. Benzer sekilde,
T]\—i/_l(el,ez) (xyl’ xyZ) < mln{ K(e1,e2) ($, yl)’ T;(el,eg) (337 y2>} Oldugu gorulur

Intier ey (@Y1, 2y2) = max{ L (2), Ly oy (4172) }

> max{]‘ y(@),max{ I, (Y1) Ly e (y2)}}
—max{max{[ 61)< ), I Ka(ea) (3/1)} max{[}g@g( ), [};2(62)(3/2»}
= mam{] (@ 62)(ac,y1) K(e1,e2) (m yo)} dir.

Buradan Iy, @y, 2y2) = max{ly ., . (@, 91) I, o0 (@, 92)}
elde edilir. Benzer sekilde,

I]\J;[(ehw)(xyl, TYg) > mam{[jg(ehez)(x,yl), I;g(ehez)(x,m)} oldugu gortliir.

Fit(er.en) (@Y1 2Y2) = maz{ F, oy (2), Fyp ) (9192) }

> maz{Fy . (@), maz{Fy, .\ (1), Fr,p) (12} }

= maz{maz{Fy, (e0)(8)s Fiyey 1)}y maz{ Fie, )(95)7F1;2(62)(y2)}}

= max{F’ K(e1, eg)(f’f’yl) K(e1,e2) (95 y2)} dir.

Buradan F, . (xy1, 2y2) = max{F ., . (@,91), Fre, (@, 92)}

elde edilir. Benzer sekilde,

Ftter.em) @Y1, 2y2) > maz{Fg . o (@,91), Fito, o) (@,92)} oldugu goriiliir.

ii) Her (e1,e2) € A X B ve (x1y,x2y) € E i¢in benzer gekilde
61 62 (xly,ny) ZTL{ K 61 62 (.’B I; 61 62 y)
; el 62 <x27 y)}

Y),
Weren)(@1Y T2y) < min{T, . (T1,9),
) I K(e1,e2) (xg,y }
y), 1

v

T1Y, Ty mam{];{(el e (@1

61 52

) )
${ K(e1,e2) (x K(61 e2) (x27y)}

| \/

) )
M(e1,e2) (1’11/, T2y)

Fl\jl(eheg)(xly’xzy) Z max{ I;(el €2) (x17 ) K(el €2) (x27

=
v

F]—\Z(€1762)(x1y’ ny) 2 mam{F;(_(el e2) (ajl’ ) K(61 e2) (

esitsizliklerinin saglandigi aciktir.

Dolayisiyla her (ej,e3) € A x B igin H(ej,ea) = {(K(e1,ea), M(e1,ez)} alt graflar,
G7 x G5 = (V, F) basit grafinin aralik degerli neutrosophic alt graflaridir. Sonug olarak
G1®G, = (G x G, K, M, A x B) kartezyen carpimi G x G = (V, E) fizerinde bir arahk

degerli neutrosophic esnek graftir.
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Tanim 4.2.4 G, = (G}, Ky, My, A) ve Gy = (G}, Ky, My, B) sirasiyla G% = (Vy, Ey) ve
G = (Va, E,) basit graflan iizerinde iki aralik degerli neutrosophic esnek graf olsun. G ve
G, nin gliclii carpim G1OGy = (Gt x G5, K, M, Ax B) ile gosterilir. Burada V = V] x V;
ve B = {(zy1,zy2) | © € Vi, y1yo € Ex}U{(21y, 22y) | y € Va, w122 € Er}U{(z1y1, 2232) |
x1x9 € B, 11ys € Eo, 1 # 9, Y1 # Y2} olmak tlizere (K, A x B) V iizerinde, (M, A x B)
E iizerinde arahk degerli neutrosophic esnek kiimelerdir. G;&G5 nin kose noktalarmin ve

kenarlarinin 7', I ve F iiyelik araliklarinin alt ve tist sinirlar1 agagidaki gibi tanimlanir.

i. Her (zq1,y1) € Vi x V4 ve her (eq,e2) € A X B igin

T[; (e1,e2) (1'1, Y1 K2 (e2) (yl }
61 e2)\T1: Y1 x1), K2 e2) (yl }

(@), T )
) )
K(eren (@1, 31) = maz m(el)m) Tyt )}
(21), Kg(eg)(yl)}

K(e1,e0)\T1, Y1

) =
(21, 41) =
(@1, 1)
61 62)(1717%)
(@1,0n) =
(z1,51) =

61 ,e2)

ii. Her x € V; ve her y1y2 € Es icin

M(ere0) (@Y1, Y2) = mun{ T (@), Ty 0y (192)
M(61 o) (TY1, TY2) = mm{TfJ(rl(el)@)v TJ\JZQ(@) (y1y2)}
Doter,e0) (xyl, TY2) = max{]l_(l(el)(:v), ]]\_42(62)(91?42)}
M(el 62)(xy1’ TYo) = max{]j{l(el)(x), IJT/[Q(ez)(ylw)}
Frter ey (@Y1 2y2) = maw{ Fy (%), Fip ) (9192)}
M(el e2) (xylv TY2) = ma‘r{FKI(el)(x>7 Mg(eg)(ylyQ)}

iii. Her y € V5 ve her z1y; € E icgin

T]\}(el 62)(9511% T2y mm{Tj\}l(el)(%@)a TIEQ(CQ) (W)}

31 e2) (xlyv T2y mm{TJ\J}l(el)@ll’Q)’T}g(@)(y)}

Dnter o) (@1Ys T2y) = maxi{ Iy, (z122), I, ) (4)
(z122)

M(el €2)
2

M(e1,e

) =
) =
) ) =
@1y, 22y) = maz{I};
(951?4, Tay) =
) ) =

M(el €2) 1Y, 2y



iv. 11 # o ve y; # ys olmak iizere her x1x9 € E; ve her y,ys € Ey igin
TA}(e1 o) (T1Y1, T2y
T1Y1, T2Y2

61 32

M(eheQ T1Y1, T2Y2

M;i(e1)
By teren @191, B2y2) = max{Fy,  (x122), Fyp ) (1192) }

I
3
@ .
S
—
~
+

)
(
M(e1 82)(%?/1, T2Y2
)
)

T1Y1, T2Y2 T1T2), FMQ(@Q)

61 e2)
Ornek 4.2.4 Ornek 4.2.3 de verilen G, ve G5 aralik degerli neutrosophic esnek graflarini
gbz Ontine alalim. Agikca

A x B ={(e1,e3), (e1,e4), (e2,€3), (€2,e4)} dir.

Hey,e3) = Hi(e))©Hy(es) Hey,eq) = Hi(e1)OHy(ey)

H(ey, e3) = Hyi(eo)©Hy(es) Hey, eq4) = Hi(ea)©Hy(ey)

olmak iizere Gy ve G5 nin giiclii carpim Gy OGy = {H (ey, e3), H(e1, eq), H(ea, e3), H(ea, e4)}
seklinde elde edilir.

Hey,eq) = Hi(e1)OHy(ey) alt grafi sekil 4.9 da gosterilmistir.

Z1Y2 L1 Z1Ys
([0.1,0.2],[0.5,0.7],[0.7,0.8]) /\ ([0.2,0.3],[0.6,0.9], [0.4,0.6])
{[0.2,0.4],{0.5,0.7],(0.6,0.7]) ([0.3,0.5],10.5,0.7],0.3,0.6]) {[0.3,0.5],{0.5,0.8],[0.3,0.6])
%, 7,

{[0.2,0.4], 0.5, 0.6],(0.6,0.8])

{[0.3,0.5],[0.4,0.8],(0.5,0.8])

([0.4,0.6],[0.3,0.6],[0.5,0.8])

([0.1,0.2],[0.5,0.7],[0.7,0.8]) ([0.2,0.3],[0.6,0.9], [0.5,0.8])

Z2Y2 T2y T2Ys

Sekil 4.9: H(ey,eq) = Hy(e1)OHy (eq) aralik degerli neutrosophic grafi

H(ey,e3), H(eg,e3) ve H(es, eq) aralik degerli neutrosophic graflar1 da benzer sekilde
cizilebilir.
Teorem 4.2.2 G, = (G}, Ky, My, A) ve Gy = (G, Ky, My, B) sirasiyla Gt = (Vi, By) ve

5 = (Va, Ey) basit graflar tizerinde birer aralik degerli neutrosophic esnek graf olsun.
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V=VixVyve E = {(zyi,2y2) | € Vi, y1yp € Ex} U{(21y,229) | y € Vo, 1122 €
E}U{(z1y1, 22y2) | 120 € Ey, t1y2 € Eo, x1 # T2, Y1 # Yo} olmak iizere G10G, glclit
carpimi da G} x G5 = (V, F) lizerinde bir aralik degerli neutrosophic esnek graftir.

Ispat. G1OG, = (GF x G4, K, M, A x B) olsun. G1®G5 nin aralik degerli neutrosophic
esnek graf olma kogullarini sagladigini gosterelim. Giiclii carpim, kartezyen carpimin 6zel
bir hali oldugundan; iki aralik degerli neutrosophic esnek grafin kartezyen carpimi ile ilgili

ispat burada da aynen gegerlidir. ii 'ye ek olarak her x1x5 € E ve her yiy, € E5 igin

TA}(eheQ)(Qlel,xzyQ) mm{T 931.:52) T&Q(eg)(ylyz)}

< mm{mm{TIEI(el)(xl) ngl(el)< 2)}, mm{TK (yl) T§2(62)(y2)}}
= mm{rm'n{Tgl(61)(:171),TK2 (yl)} mm{T (ZL‘Q) TI;Q(GQ)(yg)}}
= min{T o, ) (@1, 91): They (o) en) (T212) } dir.

Burada TM(el 62)(x1y1, Tola) < min{Tg(el’ez)(xl, v1), ng(ehez)(xgyg)}

elde edilir. Benzer gekilde,

Tieren @191, 22y2) < i T ) oy (@1,51) T, (o) o) (T292) } Oldugu gosterilir.

I]_w(m,m)(xlyl,xzyz) = ma:v{lj\} (e1 )(asl:rQ),I&Z(@)(ylyz)}

> max{min{[&l(el)(x ), IK1 (1) ( 2)}, maaz{[ (yl) [;(2(62)@2)}}
= max{max{_f;{l(el)(a:l),IgQ(ez)(yl)},mam{];{l(el)( 2), ]1;2(62)(29 )}}
= maz{ly 61,62)($17 Y1), 11}2(61,62)(95292)} dir.

Burada Iy, . (@191, 32y2) 2 maz{I ., . (@1, 91), I, o o) (@22)}
elde edilir. Benzer sekilde,

IJ\J}(el,ez)(xlyh ToYa) > max{]+ (1 62)(%, Y1), 1;2(61762)(@?/2)} oldugu gosterilir.

Fz\}(el,@)(l"lyblwyz) ma:v{F ($15U2) FA}Q(@)(?lez)}
> maz{min{Fy, ., (@1), Fig, ) (w2) o mae{ Fyg, . (1), Fie, o) (92)} }
( 1)} max{F ( 2); F§2(62)(y2>}}

= max{F (e 82)(w1,y1), FgQ(el 62)($2y2)} dir.

= max{max{ K. 61)( 1), FIEQ (e2)

Burada Fy; (@191, 22y2) = maz{Fy . (@1, 01), Fi, o o) (@22)}

elde edilir. Benzer sekilde,

F;hel’e?)(xlyl, Toyz) > max{F;(eheg)(xl, Y1), F}{FQ(el’eQ)(xgyg)} oldugu gosterilir.
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Dolayisiyla G10G, = (G*, K, M, A x B) giiclii carpim1 G} x G5 = (V, E) basit graf

tizerinde bir aralik degerli neutrosophic esnek graftir.

Tanim 4.2.5 G, = (G}, Ky, My, A) ve Gy = (G}, Ky, My, B) siasiyla G% = (Vy, Ey) ve
G5 = (Va, Fsy) basit graflar iizerinde iki aralik degerli neutrosophic esnek graf olsun. G
ve Gy nin bilegkesi G16Gy = (Gt x G35, K, M, A x B) ile gosterilir. Burada V' =1] x V,
ve B = {(zy1,2y2) | © € V1, 1192 € Ex} U{(71y, 22y) | y € Vo, 1120 € By FU{(2191, T2y2) |
x1x9 € FE1,y1 # Yo} olmak tlizere (K, A x B) V iizerinde, (M, A x B) F iizerinde aralik
degerli neutrosophic esnek kiimelerdir. G16G5 nin kége noktalarmin ve kenarlarinm 7',

ve F' lyelik araliklarinin alt ve tist sinirlarn agagidaki gibi tanimlanir.

i. Her (zq1,y1) € V1 x V4 ve her (eg,e2) € A X B igin

TK (e1,e2) (xla U1

61 62) (‘T;l’ yl

w1, 41) = maz{ly, .,

61 62

) ). T, )

) = mi ). T, )
Keren) (@15 41) = maz{l l'l)a KQ(eQ)(yl)}

) ) Licy ey (1)

) =

) =

)
K(ex 62)<x17 Y1
(

61 62) 1,91

ii. Her x € V} ve her y1y2 € Es icin
T]\_4(61 62)(3391, TY2
M(el €2) (Iyl’ TY2

M(er ) (TYL, TY2

M(e1,00) (YL, TY2

~— ~— ~— ~—t o

2
M(ere2) (xy1,xy2 maa;{Flgl(el)(a:) F&Q(eQ)(ylyQ)}
) (y192)

M (e1,00) (TYL; TY2
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iii. Her y € V5 ve her z129 € E) igin

TA}(el e2) (mly,xgy) min{ Ml(el)(mle),T[;Q(eQ)(y)}
61 e2) (x1y7x2y) min{ M1(61)<$1952)7T;2(62)(y)}
M(e1,e2) ($1y,$2y) = maz{ Ml(el)(fEliQ)a][_(Q(eg)(y)}

M(el o) (T1Y, T2y) = max{[j} (@1z2), 1;2(62)(3/)}
Eter.en) (@1, 22y) = maz{Fy, . (2122), Fie, .\ (y)}
M(el o) (T1Y, T2y) = maI{Fj‘z(el)(xlxg), Flg(@)(y)}

iv. y; # yo olmak tizere her x1z5 € E; igin

T]\?I(q 82)(I1x27 y1y2) = min{Ty, (el)($1I2), ng(@)(yl)a TEQ(@)(%)}
M(er,ea) (@172, y1y2) = min{ Ty (o (@122), Tig, (o) (1), Tty o) (02) }
M(eren) (@122, Y1Y2) = maz{Iy . (2122), I, 0y (U1), Ty o) (42) }
M(er,ea) (@172, y1y2) = maz{ Ty . (@122), T,y (1), Tty o) (02) }
M(e1,e2) (!Eﬂz, 3/192)

) ) =

12, Y1Y2

Ornek 4.2.5 A = {e;} ve B = {e,, e3} birer parametre kiimesi ve Vi = {x1, 2},
Vo = {yiye, 0}, Ev = {@ze}, Eo = {412, ¥2ys, y1ys} olsun. Gy = {Hi(e1)} ve
Gy = {Hy(ey), Hyes)} swasiyla G = (Vi, Ey) ve G = (Va, Es) basit graflan iizerinde

agagidaki gibi tanmiml aralik degerli neutrosophic esnek graflar olsun.

Hi(er) =(Ki(er), Mi(er)) = (({x1,[0.4,0.7],[0.1,0.5],[0.3,0.7]), {x2, [0.2,0.6], [0.3,0.6], [0.4, 0.5])),
((z12,[0.1,0.3],[0.7,0.8],[0.6,0.9])))

Hy(es) =(Ka(ea), Ma(e2)) = (({y1,[0.3,0.4],[0.2,0.3], 0.4, 0.6]), (2, [0.2,0.5], [0.3,0.5], [0.6,0.7]),
(ys,[0.4,0.5],[0.1,0.2],0.2,0.5))), ({132, [0.2,0.3], [0.4, 0.5], [0.6, 0.8]),
(y2y3,10.2,0.3],10.5,0.6],0.7,0.8]), (ysy1, [0.1,0.2], [0.3,0.4], [0.5,0.6])))

Hs(es) =(Ks(e3), Ma(es)) = (({y1,[0.3,0.8],[0.5,0.7],[0.2,0.4]), (y2, [0.4,0.7], [0.4, 0.6], [0.4, 0.5])),
((y1y2, 0.2,0.4],0.6,0.9], [0.7,0.8])))
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Sekil 4.11: Hy(eq) aralik degerli neutrosophic grafi

Y1 Y2

([0.2,0.4],[0.6,0.9], [0.7,0.8])

([0.3,0.8],[0.5,0.7],[0.2,0.4]) ([0.4,0.7],[0.4,0.6], [0.4,0.5])

Sekil 4.12: Hy(es) aralik degerli neutrosophic grafi

Agikga AXB = {(ey, e3), (e1,€e3)} dir ve H(ey,ex) = Hy(e1)oHy(ea), H(er,e3) = Hy(e1)oHa(es)
olmak iizere G; ve G nin bileskesi G16G, = {H (e1,e2), H(e1,e3)} seklinde elde edilir.
H(ey,e3) = Hy(e1)0Ha(es) sekil 4.13 de gosterilmistir.

T1Y1 T2l

([0.1,0.3],10.7,0.8],[0.6,0.9])

([0.3,0.7],[0.5,0.7],0.3,0.7]) ([0.2,0.6], [0.5,0.7], (0.4, 0.5])

([0.2,0.4], [0.6,0.9], [0.7,0.8])
([0.1,0.3],[0.4,0.5], [0.6,0.7])

([0.2,0.6], [0.4,0.6], (0.4, 0.5])

([0.4,0.7],[0.4,0.6], [0.4,0.7])

([0.1,0.3],[0.7,0.8],[0.6,0.9))

T1Y2 T2Y2

Sekil 4.13: H(ey,e3) = Hy(e1)0Ha(es) aralik degerli neutrosophic grafi
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Benzer sekilde H(ey,es) = Hi(e1)0Hs(e2) aralik degerli neutrosophic grafi da ¢izilebilir.

Ornek 4.2.6 Ornek 4.2.3 de verilen G, ve G aralik degerli neutrosophic esnek graflarini
goz ontine alalim.

Agikga A x B = {(e1,e3), (e1,e4), (e2,€3), (€2,e4)} dir.

H(ey,e3) = Hi(e1)oHs(e3) H(ey,eq) = Hi(e1)0Hs(ey)

H(eg,e3) = Hi(eq)0Hs(e3) H(eg,e4) = Hi(ea)0Hs(ey)

olmak iizere G; ve Go nin bilegkesi G16G, = {H(e1,e3),H(e1,eq), H(eg,e3), H(ea,e4)}
seklinde elde edilir.

H(ey,e4) = Hy(e1)0Hs(ey) alt graf gekil 4.14 de gosterilmistir. Digerleri de benzer sekilde

cizilebilir.
Z1Y2 L1 Z1Ys
<[0.1,0‘2]«, [0.5,0.7],10.7, 0,8]> /\ <[O‘2A, 0.3],10.6,0.9], [04,(16])
([0.2,0.4],0.5,0.7],0.6,0.7]) ([0.3,0.5],10.5,0.7],[0.3,0.6]) ([0.3,0.5],[0.5,0.8],0.3,0.6])
%/ K/O.D

([0.2,0.3],[0.7,0.9],[0.5,0.9])

{[0.3,0.5],{0.4,0.8],[0.5,0.8])

([0.4,0.6],10.3,0.6],[0.5,0.8])

{[0.2,0.4],{0.5,0.6],[0.6,0.8])

([0.1,0.2],[0.5,0.7],[0.7,0.8]) ([0.2,0.3],[0.6,0.9], [0.5,0.8])

L2Y2 T2l L2Y3

Sekil 4.14: H(ey,eq) = Hy(e1)0Ha(eyq) aralik degerli neutrosophic grafi

Teorem 4.2.3 G, = (G, Ky, My, A) ve Gy = (G, Ky, My, B) siwasiyla G4 = (Vi, Ey) ve
G5 = (Va, Es) basit graflar iizerinde birer aralik degerli neutrosophic esnek graf olsun.
V=VixVave E = {(zy,zy2) | © € Vi, yiyo € B} U{(z1y,20y) | y € Vo, 1129 €
E Y U{(z191, x2ye) | x122 € E1, 41 # Y2} olmak {izere G16Gy bilegkesi de GixGy = (V,E)

basit grafi tizerinde bir aralik degerli neutrosophic esnek graftir.

ispat. Teorem 4.2.2 nin ispatina benzer sekilde yapilabilir.

Tamm 4.2.6 G, = (G*, K1, M, A) ve Gy = (G*, Ky, My, B), G* = (V, E) basit graf
{izerinde iki aralik degerli neutrosophic esnek graf olsun. G; ve G nin genisletilmis

birlegimi G1|JG; = (G*, K, M, AU B) seklinde gosterilir. Burada (K, AU B) V iizerinde,
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(M, AU B) E ftizerinde aralk degerli neutrosophic esnek kiimelerdir. éloéQ nin koge
noktalarinin ve kenarlarinin 7', I ve F' tyelik araliklarinin alt ve st sinirlarn asagidaki

gibi tamimlanir.

i. Her e € AU B ve her x € V igin

( T\ () e € A\B
Ti(oy(@) = Ty (e (2) e € B\A
(maz{Ty, (), Ty, (%)} ec ANB
( T () e € A\B
T;(_(e) () = TIZ(e) (x) e € B\A
(maz{Ty, (@), Ty, (@)} ec ANB
( I 0(@) e € A\B
T (@) = Iy () e € B\A
(min{ Iy (@), I, oy ()} e€c ANB
( I o(@) e € A\B
Ilt(e)(x) I;?Z(e)@) e € B\A
\min{fjgl(e) (x), I;;Q(e)(a:)} ec ANB
( Fi (o(@) e € A\B
Fro(@) = Ka(e) (7) e € B\A
(i Fig, o (2); Fig, o (2)} ccANB
( Fi @) e € A\B
F;(e)(x) = ng(e)(m) e € B\A
\min{Fl‘gl(e)(m), F;Z(e)(.iﬁ)} ec ANB

ii. Her e € AU B ve her zy € F igin

( Tir, 0 (2y) ec A\B
Ty (@y) = Ty (2y) e € B\A
(maz{Ty, o (xy), Typ o (@)} ec ANB
( TJ\—Z1(6) (zy) ec A\B
Ty (@y) = Ty () e € B\A
\mam{Tz\JZ,l(e)(xy), T&Q(e)(my)} ec ANB
( Do (®y) eec A\B
Thre) (zy) = Iirye) (zy) e € B\A
mind{ Ty o (@Y), Ly, o (2y) } ec ANB
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I o (7y) e € A\B

IJ\J;[(e) (zy) = IJ\Z(e) (zy) e € B\A
min{]}}l(e) (xy), ];\L/[Q(e)(xy)} ec ANB
( Fyo(2y) eec A\B
F&(e)(xy) = ey (@y) e € B\A
L min{ Fyp, o (@), Fopy o (2y)} ec ANB
( FAZI(E) (zy) e€ A\B
Fﬂ(e)(xy)— F+()( xy) e € B\A
| man{Fy;, o (@y), Fy, va(e) (TY)} ec ANB

Ornek 4.2.7 V = {1, 29, 23,24} ve E = {2129, T123, T124, ToT3, ToTy, T3x4} olmak lizere
G* = (V, E) basit grafim goz oniine alalim. A = {ej,e3} ve B = {eg, €3} birer parametre
kiimeleri olsun. Gy = {Hy(ey), Hi(es)} ve Gy = {Hy(ey), Hy(es)} aralik degerli neutro-

sophic esnek graflar1 agagidaki gibi verilsin.

Hy(e1) = (({x1,[0.3,0.5],[0.0,0.0], [0.3,0.4]), (x>, [0.2,0.3],[0.2,0.3], [0.1, 0.4]),
(25,[0.1,0.3],[0.2,0.4], [0.0,0.0])), ({x122,[0.1,0.2], [0.4, 0.5],[0.6,0.7])
(x173,[0.0,0.0], 1.0, 1.0], [1.0, 1.0]), (w223, [0.1, 0.3], [0.4, 0.5], [0.4, 0.5])))

Hi(es) = (({x1,[0.3,0.4],[0.2,0.3],[0.5,0.6]), (x2, [0.2,0.3], 0.1, 0.2], [0.4, 0.5]),
(25,[0.4,0.6],[0.3,0.5],[0.1,0.3]), (x4, [0.5,0.7],[0.4,0.6], [0.2,0.4])),

((x122,[0.0,0.0], [1.0, 1.0], [1.0, 1.0]), (x5, [0.1,0.3], 0.4, 0.6], [0.5, 0.7])
(z314,[0.0,0.0],[1.0,1.0],[1.0, 1.0]), (2124, [0.2,0.3],[0.5,0.7],[0.7,0.8])
(z1235,[0.0,0.0], [1.0,1.0], [1.0, 1.0]), (z224, [0.0, 0.0], [1.0, 1.0], [1.0, 1.0])))

Hy(es) = (({x1,[0.6,0.7],[0.0,0.0], [0.0,0.0)), (5, [0.3,0.4], [1.0,1.0], [1.0, 1.0}),
23, [0.5,0.6],[0.0,0.0], [1.0, 1.0]), (x4, [0.7,0.8],[0.3,0.4], [0.4,0.6])),
({122, [0.2,0.3], [1.0, 1.0], [0.6,0.7]), (z2z5, [0.0,0.0], [1.0,1.0], [1.0, 1.0])
), (124, [0.0,0.0], [1.0,1.0], [1.0, 1.0])
2123, [0.0,0.0], [1.0,1.0], [1.0, 1.0]), (s24, [0.0, 0.0, [1.0,1.0], [1.0, 1.0])))
Hy(es) = (((x1,[0.2,0.3],[0.4,0.5], [0.3,0.4]), (5, [0.1,0.3], [0.2,0.5], 0.3, 0.4]),

(
{
(
(z324,[0.1,0.5],]0.5,0.6], [1.0, 1.0]
{
(
(r3,]0.1,0.2],]0.2,0.5], [0.3,0.4])), ({x122, [0.1,0.2], [0.4,0.5], [0.4, 0.5])
(

T3, 10.1,0.2],0.5,0.6], [0.5,0.6])))
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Bu durumda H; ve H, alt graflari her bir parametre i¢in agagidaki gibi kargimiza g¢ikar.

T Ty

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

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

Sekil 4.15: Hj(e1) aralik degerli neutrosophic grafi

([0.3,0.4],[0.2,0.3], [0.5,0.6]) ([0.2,0.3],[0.1,0.2], (0.4, 0.5])

([0.2,0.3],[0.5,0.7),[0.7,0.8])
([0.1,0.3],[0.4,0.6], [0.5,0.7))

([0.5,0.7],[0.4,0.6], [0.2,0.4]) ([0.4,0.6], [0.3,0.5], 0.1,0.3])

Sekil 4.16: Hj (ez) aralik degerli neutrosophic grafi

T

([0.2,0.3], [1.0, 1.0}, [0.6,0.7])

([0.6,0.7],[0.0,0.0], [0.0,0.0])

([0.1,0.5],[0.5,0.6], [1.0, 1.0])

([0.5,0.6], [0.0,0.0], [1.0,1.0])

([0.7,0.8],[0.3,0.4], [0.4,0.6])

Sekil 4.17: Hy(ez) aralik degerli neutrosophic grafi
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Sekil 4.18: Hy(es) aralik degerli neutrosophic grafi

Actkca AU B = {ey, ea,e5} dir ve H(ey) = Hi(er), H(es) = Hy(es)JHa(es), Hes) =
Hy(e3) olmak iizere G; ve G genisletilmis birlesimi G1(JGa = {H(e1), H(es), H(es)}
seklinde elde edilir. H(ey), H(ez) ve H(es) alt graflar sirasiyla sekil 4.19, 4.20 ve 4.21 de
gosterilmigtir.

2

xy

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

([0.2,0.3],[0.2,0.3], [0.1,0.4])

([0.3,0.5],[0.0,0.0], [0.3,0.4])

([0.1,0.3],[0.2,0.4], [0.0,0.0])

Sekil 4.19: H(ep) aralik degerli neutrosophic grafi

([0.2,0.3],[1.0,1.0],[0.6, 0.7])

([0.3,0.4],[0.1,0.2], [0.0,0.0])

0.0,0.0

([0.6,0.7], [OAO,U

([0.2,0.3],[0.5,0.7),[0.7,0.8])
([0.1,0.5], [0.5,0.6], [1.0, 1.0])

\ ([0.1,0.5],[0.5,0.6], [1.0,1.0]) /'
([0.7,0.8],[0.3,0.4], [0.2,0.4]) ([0.5,0.6], [0.0,0.0], [0.1,0.3])

Sekil 4.20: H(eq) aralik degerli neutrosophic grafi
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Sekil 4.21: H(es) aralik degerli neutrosophic grafi

Teorem 4.2.4 G, = (G*, Ky, My, A) ve Gy = (G*, Ky, M, B), G* = (V, E) basit graf
tizerinde iki aralik degerli neutrosophic esnek graf olsun. Bu takdirde éloég de G* =

(V, E) basit grafi iizerinde bir aralik degerli neutrosophic esnek graftir.

ispat. G,(JG, = (G*, K, M, AU B) olsun. G;|JG, nin aralik degerli neutrosophic olma
kogullarimi sagladigini gosterelim. Agikca (K, AU B) nin V {izerinde, (M, AU B) nin E
tizerinde bir aralik degerli neutrosophic esnek kiime oldugu Tanim 4.2.6 ile agiktir. Simdi
kenar ve koge noktalar: arasindaki egitsizliklerin saglandigini gosterelim. e € AU B ve

ry € E olmak tizere,

1. Durum: e € A\B ve 2y € F olsun.

TJ\_/[(e)(xy) = TMl(e)(Iy) < min{Ty Ki(e )( ), szl(e)(y)}
= min{Ty (@), T, ()}

Buradan T, (zy) < min{Ty (), Ty, (y)} dir. Benzer sekilde
Ty (@y) < min{Ty (@), Ti ) ()} oldugu goriiliir.

IJT/I(@) (zy) = [A}l(e)(xy) 2 max{f;}l(e)(x), If(l(e)(y)}
= ma:v{[l_{(e) (), I;_((e) W)}
Buradan I, (zy) = max{l ) (z), I; (y)} dir. Benzer sekilde

Lo (@y) = max{If (z), I}, (y)} oldugu goriiliir.

F]\_J(e)(xy) = F];h(e)(xy) > ma:v{FI;(e)(:p), F;%(e)(y)}
= max{Fg(e) (@), F;;(e) (W)}
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Buradan Fy;,(zy) =2 max{Fy (z), F

K(e)(y)} dir. Benzer sekilde

F oY) = maz{F}; (0 (@), F;g( )(y)} oldugu goriiliir.
2. Durum: e € B\ A ve zy € E olsun.

Tj\}(e)@y) =Ty Ms(e )(:Ey) < min{T, Ko (e)( ), TI;Q(Q)( y)}
= min{Ty o) (2); Tie(oy (9)}
Buradan T} (zy) < min{Ty . (2), Ty (y)} dir. Benzer sekilde
T+

ey (@y) < mind Ty (), Ty (y)} oldugu goriiliir.

L) (@y) = Ly, (y) = ma{l, . (%), I, (y)}
= maz{l e)(:t), I;(e)(y)}
Buradan I, (zy) = maz{Iy,(z), I (y)} dir. Benzer sekilde

IJ\J;I(e)( y) = maz{ K(e)( ), ];(e)( )} oldugu goriiliir.

Fyo(@y) = Fyp o (ay) =2 maz{ Fy, (), Fi, ()}
= maz{Fy(2), Fie (y)}
Buradan Fy,; ,(zy) = max{Fy (z), Fi(y)} dir. Benzer sekilde
Fyio@y) = maz{F, (x), Fi ) (y)} oldugu goriiliir.

3. Durum: e € AN B ve xy € F olsun.

Ty (wy) = maa{Ty . (zy), Ty, (e)(:vy)}
< maz{min{Ty, ., (x), T, ()} min{ Ty, . (x), Tre, ) (W)} }
< min{max{Ty, ,(2), T, (e)(x)} maz{Ty, (), Tre, (W)} }
Buradan Ty, (zy) < min{Tg,(v), T (y)} dir. Benzer sekilde
)

Ty (@y) < min{T{ (), Tt oy (y)} oldugu goriiliir.

B ) = i o), i)}
> min{max{lf(l(e (@), g, (o) W)} maa{ I e, o (@), I, o (W)}
> mam{min{[fﬁ( )( x), Ty (IE)} mm{] (y)>11_<2(e)<y)}}
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Buradan Iy, (zy) = maz{Iy (), 11 (y)} dir. Benzer sekilde

II\J’;I(e)( y) > maz{I x(e) (@), 1?}(6) (y)} oldugu goriiliir.

Fyo(@y) = min{Fy o (2y), Fyy o (2y)}
> mm{ma:v{FI}l(e)(x),FI} © (y)},ma:v{FI; © (x),FI; (e)(y)}}

> max{min{Fgl(e)(x) KQ(E (x)} min{Fy Ki(e) (y) KQ(e)(y)}}

Buradan F, . (zy) > max{Fg ,(2), Fi((y)} dir. Benzer sekilde

Fyiowy) = maz{F, (x), Fi ) (y)} oldugu goriiliir.

Dolayisiyla G4 OG~2 = (G*, K, M, AUB) genigletilmig birlegsimi G* = (V, F) tizerinde aralik

degerli neutrosophic esnek graftir.

Tamim 4.2.7 G, = (G*, K1, M, A) ve Gy = (G*, Ky, My, B), G* = (V, E) basit graf
tizerinde iki aralik degerli neutrosophic esnek graf olsun. G1 ve G5 nin daraltilmig birlegimi
éluég = (G*, K, M, AN B) seklinde gosterilir. Burada (K, ANB) V tizerinde, (M, ANB)
E iizerinde aralik degerli neutrosophic esnek kiimelerdir. G, |;|C§2 nin koge noktalarinin ve

kenarlarinin 7', I ve F iiyelik araliklarinin alt ve iist sinirlar1 agagidaki gibi tanimlanir.

i. Heree ANBvex eV igin

Lo (x) = min{l g, () (2), I, o) (2)}
I;g(e)(a:) = mm{]}l(e)(x) I;Q(e)(x)}
Fo(@) = min{Fy (), Fig, ()}
F;(e)(x) = min{Fy (e)($)7 F;Q(e)(‘r)}
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ii. Her e € AN B ve xy € E i¢in

Ty (@y) = maz{ Ty, . (zy), Ty, o) (2y)}
TA—Z(e) (zy) = max{T]\—Zl(e)(xy>v T]\Z(e) (zy)}
Doy (wy) = min{ Ty o (2y), Iy (29) }
Ly (wy) = min{ Ly, o (zy), Iy, o (29)}

Teorem 4.2.5 G, = (G*, Ky, My, A) ve Gy = (G*, Ky, M, B), G* = (V, E) basit graf
iizerinde iki aralik degerli neutrosophic esnek graf olsun. Bu takdirde G Dég de G=(V, E)

basit grafi lizerinde bir aralik degerli neutrosophic esnek graftir.

ispat. Teorem 4.2.4 iin ispatina benzer sekilde yapilir.

Ornek 4.2.8 Ornek 4.2.7 ’yi géz 6niine alalm. Agkca AN B = {ey} dir ve H(ey) =
Hy(e3)UH,(ey) olmak iizere G, ve Gy nin daraltilmsg birlesimi G| |G = {H (e2)} seklinde
elde edilir. H(ey) alt grafi sekil 4.22 de gosterilmistir.

Ty

([0.2,0.3],[1.0,1.0],[0.6, 0.7])

([0.3,0.4],[0.1,0.2], [0.0,0.0])

([0.6,0.7],[0.0,0.0], [0.0,0.0])

7

0.8])

([0.1,0.5], [0.5,0.6], [1.0, 1.0])

([0.2,0.3],[0.5,0.7), [0.7,

([0.7,0.8], [oam m 0.0],[0.1,0.3])

([0.1,0.5],[0.5,0.6], [1.0, 1.0])

Sekil 4.22: H(eg) aralik degerli neutrosophic grafi

Tanim 4.2.8 G, = (G*, K1, My, A) ve Gy = (G*, Ky, My, B), G* = (V, E) basit graf
tizerinde iki aralik degerli neutrosophic esnek graf olsun. G1 ve Gy nin genigletilmis

arakesiti élﬁéz = (G*, K, M, AU B) seklinde gosterilir. Burada (K, AU B) V iizerinde,
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(M, AU B) E ftizerinde aralk degerli neutrosophic esnek kiimelerdir. élﬁéQ nin koge

noktalarinin 7', I ve F tyelik araliklarinin alt ve tist sinirlar agagidaki gibi tanmimlanir.

i. Her e € AU B ve z € Vigin

([ Ti (@) e € A\B
T (o(@) = Ty () (@) e€ B\A
min{Tgl(e) (x), TIEQ(e) (x)} e€ ANB
( T, (o) () e € A\B
T (@) = Ty 0 (@) e € B\A
min{ Ty, ) (2), T, (2)} e € ANB
(I 0@ ec A\B
K(e)(T) = Ity (@) e € B\A
maz{ly . (2), [, ()} e€ ANDB
(o) e € A\B
I (@) = < Iy (@) e € B\A
max{]}l(e)(x), I;gz(e)(x)} ec ANB
( Fro(@) ec A\B
Fro(@) = Fry () e€ B\A
(maz{Fy (%), Fi, ()} e€ ANB
([ Fi@) e € A\B
Fit(@) = Fityo(@) e € B\A
(max{Fy, (7)), Fg, (@)} e€ ANB
ii. her e € AU B ve zy € FEicgin
( Tir, o) (2y) ec A\B
Ty (xy) = Tanye) (xy) e € B\A
( Tﬁl(e) (zy) ec A\B
Ty (@y) = Ty () e € B\A
\min{T]\fh(e) (xy), T]‘ZQ(G) (xy)} e€ ANB
Lo o (2y) e e A\B
Loy (@y) = Lo (@y) e€ B\A

max{ly, . (@y), Iy, (zy)} e€ ANB
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]]J\r/[l(e) (zy)
IJ\J;[(e) (zy) = []T/[Q(e) (zy)
max{]]th(e) (zy), ]]J\r/[z(e) (zy)}

( —_

M; (e) (.Ty)
FA}Q(C) (zy)
\max{FA}l(e) (zy), FJ\}2(8)<I?J)}

;

FJ\Z(e) (zy)
o) ()
(maz{Fy o (@y), i, o (xy)}

ec A\B
ec B\A
ec ANB

eec A\B
ee€ B\A
ec ANB

ee€ A\B
ee€ B\A
ec ANB

Ornek 4.2.9 Ornek 4.2.7 de verilen G, ve G, aralik degerli neutrosophic esnek graflarini

g6z dniine alalim. Agikca AUB = {ey, €9, €3} dir ve H(ey) = Hi(e1), H(ez) = Hl(BQ)ﬁHQ(@Q),

H (es) = Hy(es) olmak iizere Gy ve Gy nin genisletilmis arakesiti G1[ ]Gy = {H (e1), H(es), H(es)}
seklinde elde edilir. H(ey), H(ez) ve H(e3) alt graflar: sekil 4.23, 4.24 ve 4.25 de gosterilmigtir.

x1

i)

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

([0.3,0.4],10.2,0.3],[0.3,0.5])

([0.1,0.3],[0.2,0.4],[0.3,0.5])

T3

([0.2,0.3],[0.2,0.3],[0.1,0.4])

Sekil 4.23: H(e;) aralik degerli neutrosophic grafi
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ol Ty

([0.5,0.7],[0.4,0.6], [0.4,0.6])

([0.1,0.2],[0.4,0.5], [0.4,0.3

Sekil 4.25: H(e3) aralik degerli neutrosophic grafi

Teorem 4.2.6 G, = (G*, Ky, My, A) ve Gy = (G*, Ky, My, B), G* = (V, E) basit graf
tizerinde iki aralik degerli neutrosophic esnek graf olsun. Bu takdirde élﬁég de G* =

(V, E) basit grafi iizerinde bir aralik degerli neutrosophic esnek graftir.

ispat. é]ﬁé? nin aralik degerli neutrosophic olma kosullarini sagladigin1 gosterelim.
Agikga (K, AUB) nin V iizerinde (M, AUB) nin E iizerinde bir aralik degerli neutrosophic
esnek kiime oldugu Tanim 4.2.8 ile aciktir. Simdi kenar ve kose noktalari arasindaki

esitsizliklerin saglandigini gosterelim. e € AU B ve zy € E olmak tizere,

1. Durum: e € A\B ve zy € E olsun.

T]\}(e) (zy) = T]\jfl(e)(xw < mi”{ng(e) (@), T;;(e) (W)}
= mm{ng(e)@)? Tg(e>(y)}
Buradan T, (zy) < min{Ty (z), Ty, (y)} dir. Benzer sekilde

T+

ey (7Y) < mz’n{T;(e)(x), T;(e)(y)} oldugu goriliir.
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IJT/I(@) (zy) = [A}l(e)(xy) > max{[;{ (e) (:L‘),If(l(e)(y)}
= maz{ K(e( x), I;(e)(y)}
Buradan Iy, (zy) = maz{Iy (), 11, (y)} dir. Benzer sekilde

Lo (@y) = maa{ I (x), I ) ()} oldugu gériiliir,

FJ\}(G)(M/) = Fj\jjl(e)(xy) > max{Flgl(e)(x), F[;(e)(y)}
= ma:p{F—(e) (@), F;}(e) (v)}
Buradan Fy; ,(zy) = max{Fy (z), Fi(,(y)} dir. Benzer sekilde

FJ\JZ(@)( y) = max{ K(e)( ), F;(e)( )} oldugu goriiliir.
2. Durum: e € B\ A ve xy € F olsun.

T]\_/[(e)(xy) =Ty, (e )(xy) < min{T, Ko (e)( ), T1;2(e)( )}
= min{TK(e)(x), T};(e)(y)}
Buradan T, (zy) < min{Ty (), Ty, (y)} dir. Benzer sekilde

T+

M(e)( y) < mm{T+ ( )7T;(6) (y)} oldugu goriliir.

IJ\_J(e) (zy) = ]1\_/[2(6)<in) > maa:{II_Q(e)(x), I]_{2(5)<y>}
= mar{ly (), 1Y)}
Buradan I, (vy) = max{l (), I; (y)} dir. Benzer sekilde

Il—i\;[(e)( ) > max{ K(e) ( ) ][—E(e)( )} OldUgU. gOI'llhlI‘

F]\}(e)@y) = F]\7[2(e)(xy) > max{F[;2(e)(x), F[;(e)(y)}
= ma:l:{FI;(e) (@), F;;(e) (W)}
Buradan Fy,; (zy) = max{Fy (z), Fi(,(y)} dir. Benzer sekilde

FJ\—i/_I( )( ) > mam{ K(e)( ) F;(_(e)( )} Oldllgu gorulur
3. Durum: e € AN B ve zy € F olsun.

Tyyey(y) = man{ Ty o (2y), Typy oy (2y) }
< min{mm{TI}l(e)( ), Tlgl(e)(y)},min{TI; (x) TI}z( )(y)}}
= min{mm{TI;l( )( x), T_ (m)} mm{T (y),TI;2(e)(y)}}
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Buradan T, (zy) < min{Ty (), Ty, (y)} dir. Benzer sekilde

T]\—Z(e)( ) S mm{ng(e) (I)7 T;(e) (y)} Olduéu gorulur

Loy (wy) = max{ly, o (2y), Ly, (2y)}
> maz{maz{ly, (), I, o W)} max{l, (@), I, (W)} }
= maz{maz{Iy, ,(2), I, e)(fv)} maz{Ig, W) T, W)}
Buradan I, )( y) > max{]K( (@), Iy (y)} dir. Benzer sekilde
)

Fypo(@y) = maz{Fy, . (zy), F A}Q(e)(:ﬂy)}
> mafﬁ{mal‘{F;?l(e)( ), Frey o)} maz{Fi, ) (), Fie, oy ()}
= maz{maz{Fg  (2), Fie, o ()}, maz{F, ,(¥), Fe, oy W)} }
Buradan F, . (zy) > max{Fg ,(2), Fi(y)} dir. Benzer sekilde
FJ\—Z( )( y) > maz{F; ( ), F K(e) (y)} oldugu goriiliir.

Dolayisiyla G4 ﬁég = (G*, K, M, AUB) genigletilmig arakesiti G* = (V, F) lizerinde aralik

degerli neutrosophic esnek graftir.

Tanim 4.2.9 G, = (G*, Ky, My, A) ve Gy = (G*, Ky, My, B), G* = (V, E) basit graf
{izerinde iki aralik degerli neutrosophic esnek graf olsun. G; ve G nin daraltilmig arakesiti
Gi[1G; = (G*, K, M, AN B) seklinde gosterilir. Burada (K, ANB) V iizerinde, (M, ANB)
E iizerinde aralik degerli neutrosophic esnek kiimelerdir. G, |;|C§'2 nin koge noktalarinin ve

kenarlarinin 7', I ve F iiyelik araliklarinin alt ve iist sinirlar1 agagidaki gibi tanimlanir.

i. Heree AN B vex €V igin
Tyt ) = min{Ty o (0). T
), T,

Tty () = min{ Ty (2

I (@) = max{ Ly, o\ (x), I, (x)}

Iy (@) = maz{Ig, o (2), I, ()}

Fio(@) = maz{Fg  (x), Fig, ) (2)}
K(e)(x) = max{FIz(e)(x), Fr. (e)(x)}
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ii. Her e € AN B ve xy € E i¢in

Thre) (zy) = min{T}, (e) (xy>»Tz\_42(e)($y)}
TJ\J/r[(e) (zy) = min{T), (e) (zy), Tﬁz(e)(xy)}
Lpoy(wy) = maxi Ly, o (2y): Ly ()}

Teorem 4.2.7 G, = (G*, Ky, My, A) ve Gy = (G*, Ky, My, B), G* = (V, E) basit graf
iizerinde iki aralik degerli neutrosophic esnek graf olsun. Bu takdirde G1[|G, de G=(V, E)

basit grafi lizerinde bir aralik degerli neutrosophic esnek graftir.

ispat. Teorem 4.2.6 nin ispatina benzer sekilde yapilir.

Ornek 4.2.10 Ornek 4.2.7 de verilen G; ve G, aralik degerli neutrosophic esnek graflarin
gbz oniine alahm. Acikca AN B = {e,} dir ve H(ey) = Hy(ez)V\Hy(ey) olmak fizere G ve
G, nin daraltilmig arakesiti G1[|Ga = {H(e2)} seklinde elde edilir. H(e3) alt grafi sekil
4.26 da gosterilmigtir.

Ty T2

([0.3,0.4],[0.2,0.3],[0.5,0.6]) ([0.2,0.3], [1.0, 1.0], [0.4,0.5])

([0.5,0.7], [0.4,0.6], [0.4,0.6]) ([0.4,0.5],[0.3,0.5], [1.0, 1.0])

Ty T3

Sekil 4.26: H(es) aralik degerli neutrosophic grafi

Tamim 4.2.10 G = (G*, K, M, A), G* = (V, E) basit grafi iizerinde bir aralik degerli

neutrosophic esnek graf olsun. G ye tam aralik degerli neutrosophic esnek graf denir. <
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Her z,y € V ve e € A i¢in

T]\_4(e) (zy) = min{Tg(e) (@), T;}(e) ()}

T]\JZ(e) (zy) = mm{TE(e) (@), T;(e) ()}

]1\_4(6) (zy) = ma:z{[;{(e)(:p), [};(e)(y)}

I (wy) = maz{Ig (), I (y)}

Fryo(wy) = maz{Fy (), Fg o, (y)}

FJ\Z(E)(W) = ma’x{FI—{’—( )(w)’ F}ﬁ(e)(y)}

Ornek 4.2.11 V = {x1, 29, 23,24} ve E = {129, 2923, T324, T4T1, T3T1, X224} olmak

tizere G* = (V, E) basit grafin1 goz 6ntine alahm. A = {ej, eg, €3} bir parametre kiimesi

olsun.
(K, A) aralik degerli neutrosophic esnek kiimesi agagidaki gibi tanimlansin.

(e1) = {(z1,[0.2,0.3],[0.3,0.4], [0.5,0.7]), (22, [0.1,0.2], [0.6,0.7], [0.4, 0.5]),
x3,[0.5,0.6],[0.2,0.3],[0.7,0.8])}

{{21,]0.2,0.4],]0.1,0.2],]0.2,0.3]), (x5, [0.3,0.4], [0.4,0.5], [0.6, 0.8]),

K (e ( )

( )

K(e2) = {( )
(x3,[0.1,0.3],[0.3,0.5],[0.6,0.9]) }

K(es) = {(x1,[0.3,0.4],]0.2,0.3],[0.2,0.4]), (5, [0.4,0.5], [0.6,0.7], 0.3, 0.6]),
(x3,[0.4,0.7],[0.6,0.9], [0.5,0.8]), (x4, [0.2,0.5],0.1,0.3], [0.1,0.2])}

(M, A) aralik degerli neutrosophic esnek kiimesi agagidaki gibi tanimlansin.

(e1) = {(z122,[0.1,0.2],0.6,0.7],[0.5,0.7]), (w223, [0.1,0.2],0.6,0.7],[0.7,0.8]),
z321,[0.2,0.3],0.3,0.4], [0.7, 0.8]) }

M €1
M(es) = {{x125,[0.2,0.4],[0.4,0.5], [0.6,0.8]), (z225, [0.1,0.3],[0.4,0.5], [0.6, 0.9]),
M €3

(e3) = {(x172,]0.3,0.4],[0.6,0.7],[0.3,0.6]), (a3, [0.4,0.5],[0.6,0.9], [0.5,0.8]),

{ )

{ )

{ )

(z321,[0.1,0.3],[0.3,0.5],[0.6,0.9])}

{ )

(2324, (0.2,0.5],[0.6,0.9],[0.5,0.8]), (zq1,[0.2,0.4], [0.2,0.3],[0.2,0.4]),
{ )

2123,[0.3,0.4],[0.6,0.9], [0.5,0.8)), (514, [0.2,0.5], [0.6,0.7], [0.3,0.6]}

Acikca G = (G*, K, M, A) tam aralik degerli neutrosophic esnek graftir. G nin sirasiyla
e1, €2 ve ez parametrelerine gore H(e;) = (K (e), M(e1)), H(es) = (K(e2), M(ez)) alt
graflar1 asagidaki gibidir.
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([0.1,0.2],[0.6,0.7, [0.5,0.7])

([0.2,0.3],[0.3,0.4],[0.5,0.7)) ([0.1,0.2], [0.6,0.7], [0.4,0.5])

([0.2,0.3],0.3,0.4],[0.7,08 [0.1,0.2],{0.6,0.7], [0.7,0.8])

([0.5,0.6],[0.2,0.3], [0.7,0.8])

Sekil 4.27: H(ey) aralik degerli neutrosophic grafi

([0.2,0.4],[0.4,0.5], [0.6,0.8])

([0.2,0.4],[0.1,0.2],[0.2,0.3]) ([0.3,0.4],[0.4,0.5], [0.6,0.8])

{[0.1,0.3],[0.3,0.5],[0.6,0.9 [0.1,0.3],[0.4,0.5],[0.6,0.9])

Sekil 4.28: H(eg) aralik degerli neutrosophic grafi

ot T

(0.3,0.4],{0.6,0.7],10.3,0.6] )

([0.3,0.4],[0.2,0.3],0.2,0.4]) ([0.4,0.5],[0.6,0.7],(0.3,0.6])

([0.3,0.4],[0.6,0.9], [0.5,0.8])

([0.2,0.4],[0.2,0.3],[0.2,0.4])
([0.4,0.5, [0.6,0.9], [0.5,0.8])

([0.2,0.5], [0.6,0.7],(0.3,0.6])

([0.2,0.5],[0.6,0.9], [0.5,0.8])

([0.2,0.5],[0.1,0.3],0.1,0.2]) ([0.4,0.7],0.6,0.9], [0.5,0.8])

Sekil 4.29: H (e3) aralik degerli neutrosophic grafi

Tamim 4.2.11 G = (G*, K, M, A) bir aralik degerli neutrosophic esnek graf olsun. G ve
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gliclii aralik degerli neutrosophic esnek graf denir. < her xy € F ve e € A igin

Ty (wy) = min{ Ty (2), Tie( oy ()}
Typoy(wy) = min{Ty ,(2), Ty ()}
Iy (@y) = maz{Ig (), I, (9)}
IJJ\Z(e) (zy) = maf{[ft(e)(x% Ift(e)(y)}
Fypo(@y) = maz{Fy (2), F ) ()}
Frioay) = mae{ Ff (@), Ff ) (y))

Ornek 4.2.12 V = {1, 29, 23,24} ve E = {x129, X973, 324, x421} olmak lizere G* =

(V, E) basit grafim goz oniine alahm. A = {eq, ey, 3} bir parametre kiimesi olsun. (K, A)

aralik degerli neutrosophic esnek kiimesi agagidaki gibi tanimlansin.

K(er) = {(21,]0.3,0.6],[0.2,0.3], 0.4, 0.5]), (2, [0.2,0.4], [0.5, 0.6], [0.4, 0.7]),
23,[0.1,0.2],[0.2,0.3],[0.2,0.5])}

K(ez) =

K(es) = {(z1,]0.5,0.7],[0.2,0.3],[0.6,0.7]), (2, [0.2,0.3],[0.1,0.2], [0.3, 0.4]),

)

)
{(x1,[0.2,0.3],]0.1,0.2],[0.3,0.4]), (5, [0.4,0.5], [0.3,0.6], [0.7, 0.8]),

)

)
73,10.3,0.4],[0.4,0.5],[0.1,0.2]), (24, [0.4,0.5], [0.5,0.6], [0.8,0.9]) }

(
(
(x3,[0.1,0.3],[0.2,0.4],[0.3,0.5])}
(
(

(M, A) aralik degerli neutrosophic esnek kiimesi agagidaki gibi tanimlansin.

M (e1) = {{z122,[0.2,0.4],[0.5,0.6],[0.4,0.7]), (2223, [0.1,0.2],[0.5,0.6],[0.4,0.7]),
(z321,[0.1,0.2],[0.2,0.3], 0.4, 0.5])}

M{(es) = {(z122,[0.2,0.3],]0.3,0.6], [0.7,0.8]), (223, [0.1,0.3],[0.3,0.6], [0.7, 0.8]),
(z321,[0.1,0.3],[0.2,0.4],[0.3,0.5])}

M (e3) = {(z122,[0.2,0.3],0.2,0.3],[0.6,0.7]), (2223, [0.2,0.3],[0.4,0.5],[0.3,0.4]),
(2324, [0.3,0.4],[0.5,0.6],[0.8,0.9]), (x4v1, [0.4,0.5],[0.5,0.6], [0.8,0.9]) }

Acikca G = (G*, K, M, A) giiglii aralik degerli neutrosophic esnek graftir. G nin sirasiyla
e1, e3 ve ez parametrelerine gore H(e;) = (K(el),M(el)), Hey) = (K(eg),M(ez)) alt
graflar1 agagidaki gibidir.
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([0.2,0.4],[0.5,0.6], [0.4,0.7])

([0.3,0.6],[0.2,0.3],[0.4,0.5]) ([0.2,0.4],[0.5,0.6], [0.4,0.7])

[0.1,0.2],[0.5,0.6], [0.4,0.7])

(

([0.1,0.2],[0.2,0.3], [0.4,0.3

Sekil 4.30: H(ey) aralik degerli neutrosophic grafi

([0.2,0.3],[0.3,0.6], [0.7,0.8])

([0.2,0.3],[0.1,0.2],[0.3,0.4]) ([0.4,0.5],[0.3,0.6], [0.7,0.8])

([0.1,0.3],[0.2,0.4],[0.3,0.5 [0.1,0.3],[0.3,0.6], [0.7,0.8])

Sekil 4.31: H(eg) aralik degerli neutrosophic grafi

Ty

([0.2,0.3],[0.2,0.3], [0.6,0.7])

([0.2,0.3],0.1,0.2], [0.3,0.4])

([0.5,0.7], [02.@

([0.4,0.5],10.5,0.6], [0.8, 0.9])

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

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

[0.3,0.4],[0.4,0.5],[0.1,0.2])

(

([0.4,0.5], [0.5,

Sekil 4.32: H(e3) aralik degerli neutrosophic grafi

Tanim 4.2.12 G = (G*\K,M,A), G* = (V,E) basit grafi lizerinde bir giiglii aralik
degerli neutrosophic esnck graf olsun. G nin tiimleyeni G = (G*, K, M, A) seklinde
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gosterilir ve her e € A ve z,y € V i¢in K(e) = K (e) ve
K(e (?/)} M(e)( y)

m) oW} = T (zy)

5 K (y)} M(e ( y)

Iy W)} = Ly (2y)

zy) = mm{Fg(e) (@), Freo) (W)} = Fapiey(2w)

Firo@y) = min{ Fig (), Fig o, ()} = Fiye ()

seklinde tanimlanir.

Ornek 4.2.13 V = {x1,9, 23,24} ve E = {x129, 2124, T2x3, 2324} Olmak lizere G* =
(V, E) basit grafimi goz oniine alalm. A = {e;,e,} bir parametre kiimesi ve G =

{H(e1), H(es)} = {(K(e1), M(e1)), (K(es), M(es))} aralik degerli neutrosophic esnek grafi
asagidaki gibi verilsin.

K(e1) = {{z1,[0.5,0.6],[0.7,0.8],[0.2,0.3]), (s, [0.4,0.5],[0.1,0.2],[0.2, 0.4]),
(x3,[0.2,0.3],[0.4,0.5],[0.1,0.3])}
M(er) = {{z122,[0.4,0.5],[0.7,0.8], [0.2,0.4]), (zoz5, [0.2,0.3],0.4,0.5], [0.2,0.4])}
{{z1,[0.1,0.2],[0.5,0.6],[0.3,0.5]), (s, [0.2,0.5],0.4,0.7], 0.5, 0.8]),
(x3,]0.5,0.6],[0.6,0.8],[0.1,0.3]), (x4, [0.3,0.4],[0.2,0.3],0.1,0.3])}
{
{

M(es) = {{z125,[0.1,0.2],[0.5,0.7], [0.5, 0.8]), (z524, [0.3,0.4], [0.6,0.8], [0.1,0.3]),

)
2124,[0.1,0.2],[0.5,0.6],[0.3,0.5])}

Sekil 4.33: H(ey) aralik degerli neutrosophic grafi
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ol Ty

([0.1,0.2], [o.s,w

0.1,0.2],]0.6,0.8],[0.6,0.9
( ) (0:6,081,06,09]) {[0.2,0.5,[0.4,0.7], [0.5,0.8])

([0.2,0.3],[0.6,0.7], [0.4,0.5])

0.2,0.3],[0.7,0.8],[0.2,0.4
m (02,03} bl ) ([0.5,0.6],[0.6,0.8],[0.1,0.3])

([0.3,0.4],[0.2,

Sekil 4.34: H(eq) aralik degerli neutrosophic grafi

Her e € A igin K(e) = K(e) dir. Her e € A ve z,y € V igin M(e) de Tamm 4.2.12
deki esitlikler yardimiyla hesaplandiktan sonra, G nin tiimleyeni G = {H(e1), H(es)} =
{(K(e1), M(ey)), (K(eg), M(e3))} asagida gosterildigi gibi elde edilir.

Ty Ty

([0.5,0.6], [0.7,0.8],0.2,0.3]) w

([0.2,0.3],[0.7,0.8], [0.2,0.3])

([0.2,0.3],[0.4,0.5], (0.1,0.3])

Sekil 4.35: H(ey) aralik degerli neutrosophic grafi
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ol Ty

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

([0.1,0.2],[0.6,0.8],[0.3,0.5])

([0.2,0.5],0.6,0.8], [0.5,0.8])

([0.2,0.4],[0.4,0.7],(0.5,0.8])

([0.2,0.5],[0.4,0.7],[0.5,0.8])

([0.5,0.6], [0.6,0.8], [0.6,0.9])

4 T3

Sekil 4.36: H (eq) aralik degerli neutrosophic grafi

Tanim 4.2.13 G~1 = (G*,Kl,Ml,A) ve G~2 = (G*,KQ,MQ,B
tizerinde iki aralik degerli neutrosophic esnek graf olsun.

él\N/éQ —

), G* = (V, E) basit grafi
él ve ég nin V— birlesimi
(G*, K, M, Ax B) seklinde gosterilir. Burada (K, Ax B) V {izerinde, (M, Ax B)

E tizerinde aralik degerli neutrosophic esnek kiimelerdir. G4 V G nin kose noktalarmin

ve kenarlarinin 7', I ve F tiyelik araliklarinin alt ve st sinirlar agagidaki gibi tanimlanir.

i. (e1,e9) € Ax Bvex eV igin

K(e1,e2) z max{ngl(el)CL‘)’ ngg(eg)(x)}
e1 e2)\ T ma'r{TKl(el)(x) T}Q(@)(ﬂf)}
el 62) r mzn{[Kl(el)( ) K2 62 ('CC }

Ker,e0) (@ min{F,; Kr(e) (m) Ko (ea) ()}

() =

(z) =

(z) = )
Ker 62)(@ AN I, o) (%) Ty ey (2)}

(z) =

(z) =

)
2) = min{ o) (@), iy (0)}

61 ,e2)

ii. (e1,e2) € Ax Bvezy € FE i¢in

A_J(el,eQ)(xy) = maI{Tj\jll(el)(xy)v TA}z(eQ)(ﬁy)}
Mersen)(Y) = max{ Ty . (2y), Ty, o (29) }
M(e eQ)(xy) mm{[Ml (e1) ( y), 1 Ma(es) ( y)}
IJ\—Z(el 62)(xy) = min{l}, M (e1) ( y), I M2 (e2) ( y)}
FJ\}(el,eQ)(xy) mzn{FMl(el)(xy)7 Fz\}g(eg)(xy)}
1\_'/—[(61 52)($y) = mm{Fj}l(el)(my), F]\—’/—Ig(eg)(xy)}
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Ornek 4.2.14 V = {z1,29,23} ve E = {x129, 2123, 2923} olmak lizere G* = (V, E)

basit grafin1 goz 6niine alalm. A = {e;} ve B = {es} parametre kiimeleri olsun. G* =

(V, E) basit grafi iizerinde Gy = {Hy(e1)} = {(Ki(e1), My(e1))} ve Gy = {Ha(es)} =

{(K3(eq), Ms(eq))} aralik degerli neutrosophic esnek graflar agagidaki gibi verilsin.

Ki(er) = {{21,[0.2,0.3],[0.3,0.5], [0.4, 0.6]), (s, [0.3,0.4], [0.0,0.0], [0.0, 0.0])
(x3,[0.2,0.5],[0.0,0.0], [0.0, 0.0]) }

My(er) = {{z129,[0.1,0.2],[0.4, 0.6, [0.5, 0.8]), {23, [0.0,0.0], [0.0,0.0], [0.0, 0.0])
{

123, [0.1,0.3],[0.6,0.7], [0.5,0.8])}

K(es) = {(x1,[0.3,0.4],[0.5,0.6], (0.3, 0.5]), (2, [0.2,0.3],]0.4,0.7], [0.6,0.8]),
(x3,]0.5,0.6],]0.7,0.8],[0.1,0.3]) }

My(es) = {(z122,]0.1,0.3], [0.5,0.8], [0.7,0.9]), (223, [0.1,0.4], [0.8,0.9], [0.6,0.9]),
(z173,]0.2,0.3],[0.8,0.9], [0.4,0.6])}

ol

Ty

([0.2,0.3], [Mw ([0.1,0.2],[0.4,0.6], [0.5,0.8])

([80°¢0]*[L°0°0°0] “[&"0“T°0])

([0.2,0.5], [0.0,0.0], [0.0,0.0])

Sekil 4.37: H;(e;) aralik degerli neutrosophic grafi
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([0.5,0.6],[0.7,0.8], [0.1,0.3])

Sekil 4.38: Hy(eq) aralik degerli neutrosophic grafi

Agkca A x B ={(e1,e3)} dir. Her z € V, (e1,e3) € A x B igin,

K (e1, e2) = {{21,[0.3,0.4],]0.3,0.5], [0.3, 0.5]), (2, [0.3, 0.4], [0.0, 0.0], [0.0, 0.0]),
(x3,]0.5,0.6], [0.0,0.0], [0.0,0.0])}

M(er, e5) = {{z125,[0.1,0.3],[0.4,0.6], [0.5, 0.8]), (222, [0.1,0.4], [0.0,0.0], [0.0,0.0]),
(z123,]0.2,0.3], [0.6,0.7], [0.4,0.6])}

olmak iizere G ve Gy nin V— birlesimi G \/ Gy = {H(eq, e5)} = {K(e1,e5) = M(e1,e5)}
seklinde elde edilir. H (e, eq) alt grafi sekil 4.39 da gosterilmistir.

Ty

([0.3,0.4],[0.3,0.5], [0.3,0.5])

T, [o.o‘m (01,041, 0.0,0.0], (0.0, 0.0])

. ([0.5,0.6], [0.0,0.0], [0.0,0.0])

T T3

Sekil 4.39: H(ey, es) aralik degerli neutrosophic grafi

Teorem 4.2.8 G, = (G*, K1, My, A) ve Gy = (G*, Ky, My, B), G* = (V, E) basit grafi
{izerinde iki aralik degerli neutrosophic esnek graf olsun. Bu takdirde G; \/ Go de G* =

(V, E) basit grafi tizerinde bir aralik degerli neutrosophic esnek graftir.
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Ispat. G, \/ Gy = (G*, K, M, Ax B) olsun. G, \/ G nin aralik degerli neutrosophic esnek
graf olma kogullarim sagladigimi gosterelim. (K, A x B) nin V iizerinde, (M, A X B) nin
E iizerinde bir aralik degerli neutrosophic esnek kiime oldugu Tanim 4.2.13 ile aciktir.

Simdi kenar ve koge noktalar: arasindaki esitsizliklerin saglandigini gosterelim.

Her (e1,e2) € A x B ve xy € E i¢in,
Toteren(@y) = max{Ty .\ (@y), Ty, (2y)}
< ma:z:{mm{T]}l(el)(x) Kr(er) (y) }, min{T}, 62)( z), TEQ(@)(?J)}}
< min{max{T[;l(el)(:c),TI;( ()}, maz{T %, (el)(y),TI}2(62)(y)}}
= I T () o) (), T ey (W)}
Buradan Ty, .\ (zy) < min{Ty, .,)(@), T (., o,y (¥)} elde edilir. Benzer sekilde

Tﬂz(el’@)(l‘y) < mm{Tg(eheQ)( ), T;g(el ey (¥)} oldugu goriiliir.

Doty e (@y) = mind{ Ly o (@y), Ly 0 (2y)}
> min{maz{I, .\ () L, o))} maz{Ty, o) (@), I oy (W)} }
> maz{min{L, (@), L, (@)} mind{ I, o () Ty ()}
=max{le i, o) (@) Loy o) (¥)}

Buradan I, . (zy) = maz{ly, (@) I, ., (y)} elde edilir. Benzer sekilde

I&(el’@)(xy) > max{fzg(ehez)(x), I;g(eheg)(y)} oldugu goriiliir.

Eyrey ey (@y) = min{ Fyy o (@y), oy (29) }
> mm{mam{Fgl(e )( x), Flgl(el (y)}, max{F o 62)($) FIQQ(eQ)(y)}}
> ma:v{mm{FI;l(el)(x) Ko (e2) (z)}, min{Fy Ki(er) (y) FIEQ(@)(y)}}
= maz{Fy ., o) (@) Fi(o) 0y (W)}
Buradan Fy, . . (zy) = maz{Fp . (%), Fr, ()} elde edilir. Benzer sekilde
Fif(eres)

Dolayisiyla G4 \7ng = (G*,K,M,Ax B), G* = (V, E) tizerinde aralik degerli neutrosophic

(vy) > ma:c{F;g(eheQ)(:c), F;(61762)(y)} oldugu goriiliir.

esnek graftir.

Tamm 4.2.14 G, = (G*, Ky, My, A) ve Gy = (G*, Ky, My, B), G* = (V, E) basit graf

{izerinde iki arahk degerli neutrosophic esnek graf olsun. G; ve G, nin A— arakesiti
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éli\ég = (G*, K, M, Ax B) seklinde gosterilir. Burada (K, Ax B) V {izerinde, (M, Ax B)
F tizerinde aralik degerli neutrosophic esnek kiimelerdir. G4 A G, nin koge noktalarmm

ve kenarlarinin 7', I ve F tiyelik araliklarinin alt ve tist sinirlar agagidaki gibi tanimlanir.

i. (e1,e9) € Ax Bvex eV igin

K(er.ea) (m) mm{TI;l(el)(x), TIQQ(eZ)(x)}
e1 e () = mzn{TIng(el)(x)7 TEQ(EQ)(@}
Kler.es) (a:) max{];{l(el)(x), II_Q(CQ)(:E)}
e1 62)<x> max{fgl(el)(x) I}E eg)(x>}
Kler.e0) (z) = mar{Fy (e1) (), FIEQ(@Q) ()}
el ) (x) = mcw:{FKl(el) (x), F;;(EQ) ()}

ii. (e1,e9) € Ax B vezy € E igin

Totereny(@y) = mand Typ, oy (@) Tapy o) (7Y) )
Titen ey (@) = mind Ty o (2), T oy (29) }
Mersen)(@Y) = max{ Ty o\ (@Y), [y, o) (7y)}
M(er ey (@Y) = maz{ Ml(el)(fv’y) MQ(eQ)(fvy)}
y(zy) =
y(zy) =

Ornek 4.2.15 Ornek 4.2.14 deki G, ve G, aralik degerli neutrosophic esnek graflarim
g6z oniine alalim. Agkga A x B = {(ey,e2)} dir. Her x € V| (e1,€2) € A X B igin,

K(er,es) = {x1,[0.2,0.3],[0.5,0.6], [0.4, 0.6]), 2», [0.2,0.3], [0.4, 0.7], [0.6, 0.8]),
23,[0.2,0.5],[0.7,0.8],[0.1,0.3))}

M (er, e5) = {z122,[0.1,0.2], (0.5, 0.8], [0.7, 0.9]), 223, [0.0, 0.0], [0.8, 0.9], [0.6, 0.9]),
(z125,]0.1,0.3],[0.8,0.9], [0.5,0.8])}

olmak fizere G| ve G nin A— arakesiti Gy \ Go = {H(eq,e5)} = {K(e1,e5) = M(e1,e5)}
seklinde elde edilir. H (e, es) alt grafi sekil 4.40 da gosterilmistir.
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ol

([0.2,0.3],[0.5,0.6], [0.4,0.6])

- [Mm (10.0,0.0], [0.8,0.9], [0.6,0.9])

([0.2,0.5),[0.7,0.8],0.1,0.3])
T x3

Sekil 4.40: H(eq,ez) aralik degerli neutrosophic grafi

Teorem 4.2.9 G, = (G*, Ky, My, A) ve Gy = (G*, Ky, My, B), G* = (V, E) basit graf
{izerinde iki aralik degerli neutrosophic esnek graf olsun. Bu takdirde G; A Go de G* =

(V, E) basit grafi tizerinde bir aralik degerli neutrosophic esnek graftir.

ispat. Teorem 4.2.8 in ispatina benzer sekilde yapilabilir.

Tanim 4.2.15 V = {z1,29,...2,} ve £ = {(z;x;) : ¢ # j, 1,7 € A} olmak fizere
G* = (V, E) basit grafi tizerinde bir aralik degerli neutrosophic esnek grafin alt graflarmin

her e € A parametresi i¢in matris gosterimi asagidaki gibi ifade edilir.

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

Ornek 4.2.16 A = {e1, €2} olmak tizere G* = (V, E) basit grafi {lizerinde bir G =
{H(e1),H(ea)} = {(K(e1), M(e1)), (K (eq), M(eq))} aralik degerli neutrosophic esnek grafi

asagidaki gibi verilsin.
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K(ey) = {(x1,]0.1,0.2],]0.5,0.6], [0.3,0.5]), (2, [0.2,0.5], [0.4,0.7], [0.5,0.8]),
(x5,]0.5,0.6],]0.6,0.8],[0.1,0.3]), (x4, [0.3,0.4], [0.2,0.3], [0.1,0.3]),
(x5,]0.5,0.6],]0.7,0.8],0.1,0.3])}

M (e1) = {(z122,[0.1,0.2],[0.6,0.8],[0.6,0.9]), (2523, [0.1,0.4],[0.8,0.9], [0.6, 0.9]),
{

(z314,]0.2,0.3],[0.7,0.8], [0.2,0.4]), (zo25, [0.1,0.3], [0.8,0.9], [0.5, 0.8]),

{

)

2125, [0.1,0.2],[0.8,0.9], [0.4,0.6]), (w224, [0.2,0.3],[0.7,0.8], [0.7,0.9]),
)
)

325, [0.3,0.4],[0.7,0.9], [0.5,0.6]) }

K (es) = {{z1,[0.3,0.4],0.4,0.7],[0.1,0.2]), {5, [0.3,0.5],[0.2,0.3],[0.1,0.2]),
x3,[0.7,0.8], [0.5,0.6], [0.4, 0.5]), (x4, [0.2,0.4],[0.1,0.2], [0.8,0.9]),

{
{
(x5,]0.4,0.5],]0.3,0.4],0.6,0.7])}
M (es) = {(z122,[0.2,0.3],[0.5,0.6], 0.3, 0.4]), (253, [0.3,0.4],[0.6,0.7],[0.5,0.6]),
(z125,]0.1,0.2],[0.6,0.8], [0.8,0.9]), (z324, [0.2,0.3], [0.6,0.7],[0.8,0.9]),
{

2025, [0.3,0.4], (0.4, 0.5, [0.7,0.8])

H(ey) = (K(e1), M(ey)) ve H(esy) = (K(ez), M(es)) nin G nin alt graflan oldugu aciktur.
Bu aralik degerli neutrosophic graflarin sirasiyla e; ve es; parametresine gore matris

gosterimi agsagida oldugu gibidir.

{[0,0], 0,0], [0,0]) ([0.1,0.2],[0.6,0.8], [0.6,0.9]) {[0,0], [0,0], [0,0]) {[0,0], [0,0], [0,0]) ([0.1,0.2],[0.8,0.9], 0.4, 0.6])
([0.1,0.2],[0.6,0.8], [0.6,0.9]) ([0,0],[0,0], [0,0]) ([0.1,0.4],[0.8,0.9], [0.6,0.9]) ([0.2,0.3],[0.7,0.8],[0.7,0.9]) ([0.1,0.3],[0.8,0.9], [0.5,0.8])
H(er) = ([0,0],[0,0],[0,0]) (0.1,0.4],0.8,0.9],[0.6,0.9]) ([0,0],[0,0],[0,0]) ([0.2,0.3],[0.7,0.8],[0.2,0.4]) ([0.3,0.4],[0.7,0.9],0.5,0.6])
([0,0],[0,0], [0, 0]) ([0.2,0.3],[0.7,0.8],[0.7,0.9]) ([0.2,0.3],[0.7,0.8],[0.2,0.4]) ([0,0],[0,0], [0,0]) ([0,0],[0,0], [0,0])
l, [ ] [ ][ | ],

(0.1,0.2,0.3,0.4], [0.4,0.6]) ([0.1,0.3],0.8,0.9], (0.5,0.8]) ([0.3,0.4], 0.7,0.9], [0.5,0.6]) ([0,0], [0, 0], [0, 0]) ([0.3,0.4],0.6,0.7], 0.2,0.4])

([0, 0], [0,0], [0, 0]) ([0.2,0.3],[0.5,0.6], [0.3,0.4]) ([0,0],[0,0], [0,0]) ([0,0],[0,0], [0,0]) ([0.1,0.2],[0.6,0.8], [0.8,0.9])
([0.1,0.2], [0.6,0.8], [0.6,0.9]) ([0,0],[0,0], [0,0]) ([0.3,0.4],[0.6,0.7], [0.5,0.6]) ([0,0],[0,0], [0,0]) ([0.3,0.4],[0.4,0.5], [0.7,0.8])
Hies) = ([0,0],[0,0], [0, 0]) ([0.3,0.4],[0.6,0.7], [0.5,0.6]) ([0,0],[0,0], [0,0]) ([0.2,0.3],[0.6,0.7],[0.8,0.9]) ([0,0],[0,0], [0, 0])
{[0,0], 0,0], [0,0]) {[0,0], [0, 0], [0,0]) ([0.2,0.3],10.6,0.7],10.8,0.9]) {[0,0], [0,0], [0,0]) ([0,0], [0, 0], [0,0])
], [ ], [ ] [ [

([0.1,0.2],[0.6,0.8], [0.8,0.9]) ([0.3,0.4],[0.4,0.5],0.7,0.8]) ([0.3,0.4],[0.7,0.9], [0.5,0.6]) ([0,0],0,0], 0,0]) {[0,0], [0, 0], [0,0])

Tanim 4.2.16 A = {e;, e,, ... e, } olmak iizere G = (G*, K, M, A), G* = (V, E) iizerinde
bir aralik degerli neutrosophic esnek graf olsun. G nin H(e,), H(ey), ..., H(e,) seklindeki
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alt graflarinin parametrik V— birlesimi H\, notasyonu ile gosterilir ve her zy € F i¢in

agagidaki gibi tanimlanir.

Thre) (zy) = m@x{TA}(el)(xy), Tz\}(ez)(%y)a e 7T]\7[(en)($y)}
TJ\J/r[(e) (zy) = max{Tj}(el)(xy), T]\—Z(eQ)(my)? e 7Tﬂ(en)($y)}
IJ\}(e) (zy) = min{]&(el)(:ry), 11\74(@2)(5519)7 e vIA}(en)(l’y)}
(zy) = min{]ﬂ;(el)(wy% ]]—\2(62)(1‘:1/)’ e ’I]\—tl(en)(xy)}
FJ\}(e) (zy) = mm{FJ\}(el)(SUWa FA}(@)(W), e 7FJ\74(en)<xy)}
)

FAJ/}(E) (xy) = min{FAZ(el)(:vy : FJ\Z(@)(@"?J)? . ,FAJZ(EH)(:ry)}

Tanim 4.2.17 A = {e;, e, ...¢,} olmak lizere G = (G*,K,M,A), G* = (V, E) tizerinde
bir aralik degerli neutrosophic esnek graf olsun. G nin H(e;), H(es), ..., H(e,) seklindeki
alt graflarinin parametrik A— arakesiti Hx notasyonu ile gosterilir ve her zy € E igin

asagidaki gibi tanimlanir.

T&(e) (zy) = min{TA}(el)(xy)7 Tz\}(eg)(xy)7 e 7T]\_4(en)<xy)}
T]\—Z(e) (zy) = mi”{TAJZ(el)(xy)a TJ\JZ(EZ)(Z'?J), e 7T]\—;(en)(xy)}
[A}(e) (zy) = m@x{lz\}(e )(xy), Iz\}(eg)(wy% e a[z\}(en)(xy)}
IAJZ[(e) (zy) = max{lj\}(el)(xy), IA—Z(GQ)(xy)7 R ]]\—t[(en)(l‘y>}
F]\;[(e) (zy) = max{FA}(el)(a:y), FJ\?I(eQ)(iU?/)a e 7F]\7[(en)(xy)}

FAJZ(E) (y) = max{FAj}(el)(xy), FAZ(SQ)(xy), . ,F&(en)(xy)}

Ornek 4.2.17 V = {1, 9, 23, 4, x5} ve E = {x129, X125, o3, Loy, ToXs, T3L g, T3T5, T4Ts
olmak iizere G* = (V, F) basit grafin1 goz oniine alalim. A = {e;, es, €3} bir parametre
kiimesi olsun. G' = {H (ey), H(es), H(es)} = {(K(e1), M(e1)), (K (e2), M(es)), (K (e3), M(es))}
aralik degerli neutrosophic esnek grafi G* = (V, E) basit grafi tizerinde agagidaki gibi ver-

ilsin.
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K(e1) = {{x1,[0.1,0.2],[0.5,0.6],[0.3,0.5]), (s, [0.2,0.5],[0.4,0.7],[0.5,0.8]),
23, [0.5,0.6], [0.6,0.8], [0.1,0.3]), {24, [0.3,0.4],[0.2,0.3], [0.1,0.3]),
x5, [0.5,0.6],[0.7,0.8],[0.1,0.3]) }

)

2125, [0.1,0.2],[0.8,0.9], [0.4, 0.6]), 2224, [0.2,0.3],[0.7,0.8], [0.7, 0.9]),

2324,[0.2,0.3],[0.7,0.8],0.2,0.4]), 2025, [0.1,0.3], [0.8,0.9], [0.5, 0.8]),
)

{

{

{

M(e1) = {{z12,(0.1,0.2],[0.6,0.8],[0.6,0.9]), w53, [0.1,0.4], [0.8,0.9], [0.6, 0.9]),

{

{
(w375, [0.3,0.4],[0.7,0.9], [0.5,0.6]) }

K(es) = {{z1,[0.3,0.4],[0.4,0.7],[0.1,0.2]), (s, [0.3,0.5],[0.2,0.3],[0.1,0.2]),
23, [0.7,0.8], [0.5,0.6], [0.4, 0.5]), (24, [0.2,0.4],[0.1,0.2], [0.8, 0.9]),

M (es) = {(z122,[0.2,0.3],[0.5,0.6], 0.3, 0.4]), (253, [0.3,0.4],0.6,0.7],[0.5, 0.6]),
2125, [0.1,0.2],0.6,0.8], [0.8,0.9]), (w314, [0.2,0.3], [0.6,0.7], [0.8,0.9]),

{

{

(5,[0.4,0.5],0.3,0.4], [0.6,0.7]) }

{

{

(w25, [0.3,0.4], [0.4,0.5],[0.7,0.8]) }

K(es) = {{z1,[0.2,0.3],[0.3,0.5],[0.2,0.4]), (s, [0.4,0.5],[0.3,0.4],[0.5,0.7]),
(x3,]0.6,0.7],[0.4,0.5],[0.3,0.4]), (x4, [0.3,0.4],[0.2,0.3],0.6,0.7)),
(x5,]0.1,0.2],]0.4,0.5],[0.5,0.6]) }

M{(es) = {(z122,[0.1,0.2],]0.4,0.6], [0.6,0.8]), (x223, [0.3,0.4],[0.5,0.6], [0.7,0.8]),
(125, [0.1,0.2],]0.5,0.6], [0.6,0.7]), (x324, [0.1,0.2],[0.6,0.7], [0.6,0.8]),
(z425,]0.1,0.2], [0.5,0.6], [0.7,0.8]), (zo24, [0.2,0.3], [0.4,0.5], [0.8,0.9]),
(z215,]0.1,0.2],[0.7,0.8],[0.8,0.9])}

H(ey), H(ey) ve H(es) alt graflarinin sirasiyla ey, e; ve ez parametrelerine gére matris

gosterimi agagidaki gibidir.

([0,0],[0,0],[0,0]) (0.1,0.2],[0.6,0.8], 0.6, 0.9]) ([0,0],[0,0],[0,0]) ([0,0],[0,0], [0,0]) (0.1,0.2],[0.8,0.9], 0.4, 0.6])

([0.1,0.2], [0.6,0.8], [0.6,0.9]) ([0,0],[0,0], [0,0]) ([0.1,0.4],[0.8,0.9], [0.6,0.9]) ([0.2,0.3],[0.7,0.8],[0.7,0.9]) ([0.1,0.3],[0.8,0.9], [0.5,0.8])

Hey) = {[0,0], [0,0], [0,0]) ([0.1,0.4],[0.8,0.9],[0.6,0.9]) ([0,0], [0,0], [0, 0]) ([0.2,0.3],[0.7,0.8],[0.2,0.4]) ([0.3,0.4],{0.7,0.9],[0.5,0.6])
([0, 0], 0,0], [0,0]) ([0.2,0.3],[0.7,0.8],[0.7,0.9]) ([0.2,0.3],[0.7,0.8],[0.2,0.4]) {[0,0], [0, 0], [0,0]) ([0,0], [0,0], [0, 0])

I, [ Al I | [

0]
([0.1,0.2],0.8,0.9],[0.4,0.6]) ([0.1,0.3],[0.8,0.9],[0.5,0.8]) ([0.3,0.4],[0.7,0.9],[0.5,0.6]) ([0,0],[0,0], [0,0]) ([0,0],[0,0], [0,0])
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([0,0],[0,0],[0,0]) ([0.2,0.3],[0.5,0.6], [0.3,0.4]) ([0,0],[0,0],[0,0]) ([0,0],[0,0], [0,0]) ([0.1,0.2],[0.6,0.8],[0.8,0.9])

([0.1,0.2], [0.6,0.8], [0.6,0.9]) ([0,0],[0,0], [0,0]) ([0.3,0.4],[0.6,0.7], [0.5, 0.6]) ([0,0],[0,0], [0,0]) ([0.3,0.4],[0.4,0.5], [0.7,0.8])
Hies) = {[0,0], [0,0], [0,0]) ([0.3,0.4],[0.6,0.7],[0.5,0.6]) ([0,0], [0,0], [0, 0]) ([0.2,0.3],[0.6,0.7],[0.8,0.9]) {[0,0], [0,0], [0,0])
{[0,0], 0,0], [0,0]) {[0,0], [0, 0], [0, 0]) ([0.2,0.3],10.6,0.7],10.8,0.9]) ([0,0],10,0], [0,0]) {[0,0], [0, 0], [0, 0])
{[0.1,0.2],0.6,0.8],[0.8,0.9]) ([0.3,0.4],0.4,0.5],[0.7,0.8]) ([0,0],[0,0], [0,0]) {[0,0], 0,0}, [0,0]) ([0,0],[0,0], 0,0])

[ ([0,0],[0,0],[0,0]) ([0.1,0.2],[0.4,0.6], (0.6, 0.8]) ([0,0],[0,0],[0,0]) ([0,0],[0,0], [0,0]) ([0.1,0.2],[0.5,0.6], [0.6,0.7]) i

([0.1,0.2],[0.4,0.6], [0.6,0.8]) ([0,0],[0,0], [0,0]) ([0.3,0.4],[0.5,0.6], [0.7,0.8]) ([0.2,0.3],[0.4,0.5],[0.8,0.9]) ([0.1,0.2],[0.7,0.8], [0.8,0.9])
H(es) = {[0,0], [0,0], [0,0]) ([0.3,0.4],[0.5,0.6],[0.7,0.8]) ([0,0], [0,0], [0,0]) ([0.1,0.2],[0.6,0.7],[0.6,0.8]) ([0,0], [0,0], [0,0])

{[0,0], 0,0], [0,0]) ([0.2,0.3],[0.4,0.5],[0.8,0.9]) ([0.1,0.2],[0.6,0.7],[0.6,0.8]) ([0,0],10,0], [0,0]) ([0.1,0.2],[0.5,0.6], 0.7, 0.8])
([0.1,0.2],[0.5,0.6],[0.6,0.7]) ([0.1,0.2],[0.7,0.8],[0.8,0.9]) {[0,0], [0,0], [0, 0]) ([0.1,0.2],[0.5,0.6], [0.7,0.8]) ([0,0], [0,0], [0, 0])

G nin H(ey), H(ey) ve H(es) alt graflarmin parametrik V— birlesimi asagidaki gibidir

{[0,01,[0,01,[0,0]) ([0.2,0.3],[0.4,0.6],[0.3,0.4]) ([0,01,[0,0],[0,07) {[0,01,[0,01,0,0]) ([0.1,0.2],0.5,0.6],[0.4,0.6])
([0.2,0.3],0.4,0.6],0.3,0.4]) ([0,01,[0,01,[0,07) ([0.3,0.4),[0.5,0.6],[0.5,0.6])  ([0.2,0.3],0,01,[0,0])  ([0.3,0.4],[0.4,0.5],[0.5,0.8])
Hy/(e) = ([0.2,0.3),0,0,00,0])  ([0.3,0.4],[0.5,0.6],[0.5,0.6]) ([0,01,0,01,[0,0]) ([0.2,0.3],0.6,0.7],[0.2,0.4])  ([0.3,0.4],[0,0],[0,0])
{[0,01,[0,01,[0,0]) ([0.2,0.3],0,01,[0,0])  ([0.2,0.3],0.6,0.7],[0.2,0.4]) ([0,01,0,01,[0,0]) ([0.1,0.2],[0,0],0,0])
([0.1,0.2],]0.5,0.6],[0.4,0.6]) ([0.3,0.4],[0.4,0.5],[0.5,0.8]) ([0.3,0.4],0,0],[0,0]) ([0.1,0.2],]0,01,[0,0]) ([0,01,[0,01,[0,0])
G nin H(ey), H(es) ve H(es) alt graflarimn parametrik A— arakesiti agagidaki gibidir.
([0,0],[0,0], [0, 0]) ([0.1,0.2],[0.6,0.8],[0.6,0.9])  ([0,0],[0.5,0.6],[0.4,0.5]) ([0,0],[0,0], [0,0]) ([0.1,0.2],[0.8,0.9], [0.8,0.9])

], ],
([0.1,0.2],[0.6,0.8], [0.6,0.9]) ([0,0],[0,0],[0,0]) ([0.1,0.4], [0.8,0.9],[0.7,0.9])  ([0,0],[0.7,0.8],(0.8,0.9])  {[0.1,0.2],0.8,0.9],[0.8,0.9])
o)) ([0.1,0.4], [0.8,0.9], [0.7,0.9]) ([0,0],[0,0], [0,0]) ([0.1,0.2],[0.7,0.8],0.8,0.9])  ([0,0],[0.7,0.9],[0.5,0.6])

[ [

], [

H/\(e) = <[010]=[070] [
([0,0],[0,0], [0, 0]) ([0,0],[0.7,0.8],10.8,0.9])  ([0.1,0.2],[0.7,0.8],[0.8,0.9]) ([0,0],[0,0], [0,0]) ([0,0],[0.5,0.6],[0.7,0.8])
([0.1,0.2],[0.8,0.9],[0.8,0.9]) ([0.1,0.2],[0.8,0.9],[0.8,0.9]) ~ ([0,0],[0.7,0.9],[0.5,0.6]) ([0, 0],[0.5,0.6],[0.7,0.8]) ([0,0],[0,0], [0,0])

Tamim 4.2.18 [54] (K, A), X {izerinde asagidaki gibi tanimh bir aralik degerli neutro-

sophic esnek kiime olsun.

= ([T (), T @) i ), T @) [Fi (2), Fif 0)]) = @ € X, e € B}

x € X elemanmi (K, A) aralik degerli neutrosophic esnek kiimesine ortalama olas: tiyelik

derecesi asagidaki formiil yardimiyla hesaplanir.

) = 1 T )( ) + TI_(‘—(G)( ) 1o II_((e)(I) "‘1;(6) L1 Fro@ ) + FIJg(e)
3 2 2 2
T ()( )+T+( ( )+4 ]I_((e)( ) ]I_Z(e)( ) Flz(e)( ) F;(e)( )
6

Ornek 4.2.18 Ornek 4.2.16 deki (M, A) aralik degerli neutrosophic esnek kiimesini goz
oniine alalim. (xoxs3,[0.3,0.4],[0.5,0.6],[0.7,0.8]) € M(e3) elemanimin ortalama olasi

iyelik derecesi agagidaki gibidir.

129



T[;(eg)(l‘Ql'g) + T;(eg) ($2x3> +4 — I[_((eg)(l‘Q.%'g) — II—E(eS)(ngtg) — FI;(%)({L‘QJB) — F;(_(eg) (wzxg)

Ses(T273) =
_ 034+044+4—-05—-06—-0.7—0.8 _ 2.1
— - 21

6

=0.35
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4.3 Aralik Degerli Neutrosophic Esnek Graflarin Karar Verme
Problemine Uygulanisi

Bu béliimde aralik degerli neutrosophic esnek graf kavramini bir karar verme problemine

uygulayarak problemin ¢oziimii i¢in uygun bir algoritma geligtirmeye caligtik.

Varsayalim ki bir iy adami yatirim amach bir futbol kuliibii satin almay1 veya bir kuliibtin
hisselerine ortak olmayi diiglintiyor. V = {t1,1s,t3,t4,t5} ile is adamimin yatirim yap-
may1 diigtindiigii takimlarin kiimesini gosterelim. Bu takimlari ii¢ parametreye gore
degerlendirdigini diiglinelim ve parametre kiimesini A = {e; = takimin performansi, e; =

takimin statiisii, e3 = takimin degeri} seklinde ele alalim.

(K, A) ={K(e1), K(e2), K(e3)} aralik degerli neutrosophic esnek kiimesi, V' kiimesindeki
bes takimin A kiimesindeki her bir parametreye gore futbol konusunda ilgili bir uzmanin

gortigleri dogrultusunda elde edilmis degerlerini gostersin.

(e1) = {(t1,[0.1,0.2], [0.5,0.6], [0.3, 0.5]), {£2, 0.2, 0.5], [0.4,0.7], [0.5, 0.8]),

ts,[0.5,0.6],[0.6,0.8], [0.1,0.3]), (4, [0.3,0.4], [0.2,0.3],[0.1,0.3)),
ts,[0.5,0.6],[0.7,0.8],[0.1,0.3])}
{(t,]0.3,0.4],[0.4,0.7],[0.1,0.2]), (£, [0.3,0.5], [0.2,0.3], [0.1,0.2]),

K(er) = {{ )
( )
( )
K(es) = {( )
(t3,[0.7,0.8],[0.5,0.6], [0.4,0.5)), (t4,[0.2,0.4],0.1,0.2], [0.8,0.9]),
(t5,[0.4,0.5],0.3,0.4], [0.6,0.7])}
K(es) = {(t1,[0.2,0.3],[0.3,0.5],[0.2,0.4]), (£, [0.4,0.5],0.3,0.4], [0.5,0.7]),
(t5,[0.6,0.7],0.4,0.5],[0.3,0.4]), (t, [0.3,0.4],0.2,0.3], [0.6,0.7]),
( )

t5,[0.1,0.2],[0.4,0.5], [0.5, 0.6])}

(M, A) = {M(ey), M(es), M(e3)} aralik degerli neutrosophic esnek kiimesi, (K, A) daki
degerleri de dikkate alarak E = {tﬂfg, tltg,,t1t4, t1t5, tgtg, t2t4, t2t5, t3t4, t3t5, t4t5} kiimesindeki
takimlarin ikigerli olarak A kiimesindeki her bir parametreye gore aralarindaki iligkiyi ifade

eden, futbol konusunda ilgili bir uzmanin goriigleri dogrultusunda elde edilmis degerlerini
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gostersin.

M{(ey) = {(t1t2,[0.1,0.2],[0.6,0.8], [0.6,0.9]), (t1¢5,[0.1,0.2], [0.8,0.9], [0.4, 0.6]),

tats, [0.1,0.4],[0.8,0.9], [0.6,0.9]), (tat4, [0.2,0.3],]0.7,0.8], [0.7,0.9]),
tats, [0.1,0.3],]0.8,0.9], [0.5,0.8]), (£sts, [0.2,0.3],[0.7,0.8],[0.2,0.4]),
tsts, [0.3,0.4],]0.7,0.9],[0.5,0.6]) }
M (e3) = {{t1t5,[0.1,0.2],]0.6,0.8],[0.6, 0.9], (¢1¢3, [0.1,0.3], [0.6, 0.8], [0.5, 0.6]),

t1ts,[0.1,0.2],[0.6,0.8], [0.8,0.9]), (t2t3,[0.3,0.4], [0.6,0.7], [0.5, 0.6])

tats, [0.3,0.4],0.4,0.5],[0.7,0.8]), (tsts, [0.2,0.3], [0.6,0.7], [0.8,0.9]),

t4t5,[0.1,0.3],[0.4,0.6], [0.8,0.9])}
M (es) = {{t:t2,]0.1,0.2], 0.4, 0.6], [0.6, 0.8]), (t:t5, [0.2,0.3], [0.5, 0.6], [0.4, 0.5]),
t1t5,]0.1,0.2], [0.5,0.6], [0.6, 0.7]), (£2t3, [0.3,0.4], [0.5,0.6], [0.7, 0.8]

Y

Y

(t )
{ )
{ )
{ )
{ )
{ )
{ )
{ )
{ )
{ )
{ )
{ )

{ )
{ )
tats,[0.2,0.3],]0.4,0.5], [0.8,0.9]), (£sts, [0.1,0.2], [0.7,0.8],[0.8,0.9])
tst4,]0.1,0.2],]0.6,0.7],[0.6,0.8]), (tats, [0.1,0.2], [0.5,0.6], [0.7,0.8])}

H(ey) = (K(ey),M(er)), H(ea) = (K(ez),M(ez)) ve H(ez) = (K(e3), M(e3)) aralik
degerli neutrosophic graflarinin sirasiyla e, e ve e3 parametrelerine gore matris formunda

gosterimi agsagidaki gibidir.

{[0,0],[0,0], [0, 0]) ([0.1,0.2], (0.6, 0.8], [0.6,0.9]) ([0,0],[0,0], [0,0]) ([0,0],[0,0], [0,0]) ([0.1,0.2],[0.8,0.9], [0.4,0.6])

([0.1,0.2],{0.6,0.8],[0.6,0.9]) ([0,0],[0,0], [0,0]) ([0.1,0.4],[0.8,0.9],[0.6,0.9]) {[0.2,0.3],[0.7,0.8],[0.7,0.9]) ([0.1,0.3],[0.8,0.9],[0.5,0.8])

H(e1) = ([0,0],[0,0], [0, 0]) ([0.1,0.4], [0.8,0.9], [0.6,0.9]) ([0,0],[0,0], [0,0]) ([0.2,0.3],[0.7,0.8],[0.2,0.4]) ([0.3,0.4],[0.7,0.9],[0.5,0.6])
([0,0], 10, 0], [0,0]) ([0.2,0.3],[0.7,0.8],[0.7,0.9]) ([0.2,0.3],[0.7,0.8],[0.2,0.4]) ([0,0],[0,0], [0,0]) ([0,0],[0,0], [0, 0])

], [ Al ], ] [

([0.1,0.2],[0.8,0.9], [0.4,0.6]) ([0.1,0.3],[0.8,0.9], 0.5,0.8]) ([0.3,0.4],[0.7,0.9], [0.5,0.6]) ([0,0],[0,0], [0,0]) {[0,0], [0, 0], [0,0])

([0, 0], [0,0], [0,0]) ([0.1,0.2],[0.6,0.8],[0.6,0.9]) ([0.1,0.3],[0.6,0.8],[0.5,0.6]) {[0,0], [0, 0], [0,0]) ([0.1,0.2],[0.6,0.8],10.8,0.9])
([0.1,0.2],[0.6,0.8],[0.6,0.9]) {[0,0], [0, 0], [0,0]) ([0.3,0.4],[0.6,0.7],0.5,0.6]) ([0,0],10,0], [0,0]) ([0.3,0.4],[0.4,0.5],10.7,0.8])
H(es) = ([0.1,0.3],[0.6,0.8], [0.5,0.6]) ([0.3,0.4],[0.6,0.7],[0.5,0.6]) ([0, 0], [0,0], [0,0]) ([0.2,0.3],[0.6,0.7],[0.8,0.9]) ([0,0],[0,0], [0,0])
([0,0],[0,0],[0,0]) ([0,0],[0,0], [0,0]) ([02,0.3],[0.6,0.7], [0.8,0.9]) ([0,0],[0,0], [0,0]) ([0.1,0.3],[0.4,0.6], [0.8,0.9])
([0.1,0.2],[0.6,0.8],[0.8,0.9]) ([0.3,0.4],[0.4,0.5],[0.7,0.8]) ([0,0],[0,0], [0, 0]) ([0.1,0.3],[0.4,0.6], [0.8,0.9]) ([0,0],[0,0], [0, 0])

([0,0],[0,0],[0,0]) ([0.1,0.2],[0.4,0.6],[0.6,0.8]) ([0.2,0.3],[0.5,0.6],[0.4,0.5]) ([0,0],[0,0], [0,0]) ([0.1,0.2],[0.5,0.6], [0.6,0.7])
([0.1,0.2], [0.4,0.6], [0.6,0.8]) ([0,0],[0,0], [0,0]) ([0.3,0.4],[0.5,0.6], [0.7,0.8]) ([0.2,0.3],[0.4,0.5],[0.8,0.9]) ([0.1,0.2],[0.7,0.8], [0.8,0.9])
Hies) = ([0.2,0.3],[0.5,0.6],[0.4,0.5]) ([0.3,0.4],[0.5,0.6],[0.7,0.8]) ([0,0], [0,0], [0, 0]) ([0.1,0.2],[0.6,0.7],[0.6,0.8]) ([0,0], [0,0], [0,0])
{[0,0], [0, 0], [0,0]) ([0.2,0.3],[0.4,0.5],[0.8,0.9]) ([0.1,0.2],[0.6,0.7],[0.6,0.8]) ([0,0],[0,0], [0,0]) ([0.1,0.2],[0.5,0.6], 0.7, 0.8])
], [ I, ] [ [

([0.1,0.2],[0.5,0.6], [0.6,0.7]) ([0.1,0.2],[0.7,0.8],0.8,0.9]) ([0,0],[0,0], [0, 0]) ([0.1,0.2],[0.5,0.6], [0.7,0.8]) ([0,0],[0,0], [0,0])
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Matris formunda gosterdigimiz {H (e;), H(es), H(e3)} aralik degerli neutrosophic esnek
alt graflarina parametrik V— birlesim ve parametrik A— arakesit iglemleri uygulandiktan

sonra elde edilen sonug¢ matrisleri asagidaki gibidir.

G nin H (e) alt graflarmin parametrik V— birlesiminin matris formunda gosterimi:

{[0,01,[0,01,[0,0]) ([0.1,0.2],[0.4,0.6],[0.6,0.8])  ([0.2,0.3],0,0],0,0]) {[0,01,[0,01,[0,0) ([0.1,0.2],0.5,0.6],[0.4,0.6])
([0.1,0.2],0.4,0.6],[0.6,0.8] ) ([0,01,[0,01,[0,07) ([0.3,0.4),[0.5,0.6],[0.5,0.6])  ([0.2,0.3],0,01,[0,0])  ([0.3,0.4],[0.4,0.5],[0.5,0.8])
Hy(e) = ([0.2,0.3],[0,0],[0,0])  ([0.3,0.4],[0.5,0.6],[0.5,0.6]) ([0,0),[0,0],[0,0]) ([0.2,0.3],[0.6,0.7],(0.2,0.4])  ([0.3,0.4],0,0],[0,0])
([0,01,[0,01,[0,0]) ([0.2,0.3,[0,0],(0,0])  (]0.2,0.3],[0.6,0.7],[0.2,0.4]) {[0,01,[0,01,0,0) ([0.1,0.31,[0,0],[0,0])
([0.1,0.2,[0.5,0.6],(0.4,0.6]) ([0.3,0.4],(0.4,0.5],[0.5,0.8])  ([0.3,0.4],[0,0],[0,0]) ([0.1,0.3],0,0],[0,0]) {[0,01,[0,01,[0,0])

G nin H (e) alt graflarmin parametrik A— arakesitinin matris formunda gosterimi:
([0, 0], [0,0], [0, 0]) ([0.1,0.2],[0.6,0.8],0.6,0.9])  ([0,0],[0.6,0.8],[0.5,0.6]) ([0,0],[0,0], [0,0]) ([0.1,0.2],[0.8,0.9], [0.8,0.9])

([0.1,0.2], [0.6,0.8], [0.6,0.9]) ([0,0],[0,0], [0,0]) ([0.1,0.4],[0.8,0.9], [0.7,0.9]) ~ ([0,0],[0.7,0.8],[0.8,0.9]) ~ ([0.1,0.2],[0.8,0.9], [0.8,0.9])

], ],

[ ],
Hp(e) = ([0,0],[0.6,0.8],[0.5,0.6])  ([0.1,0.4],[0.8,0.9],[0.7,0.9]) {[0,0], [0, 0], [0,0]) ([0.1,0.2],[0.7,0.8],[0.8,0.9]) ~ ([0,0],[0.7,0.9],[0.5,0.6])
([0, 0], [0,0], [0, 0]) ([0,0],[0.7,0.8],10.8,0.9])  {[0.1,0.2],[0.7,0.8],[0.8,0.9]) ([0,0],[0,0], [0,0]) ([0,0],[0.5,0.6],[0.8,0.9])
], [

([0.1,0.2],[0.8,0.9],[0.8,0.9]) {[0.1,0.2],[0.8,0.9],[0.8,0.9]) ~ ([0,0],[0.7,0.9],[0.5,0.6])  ([0,0],[0.5,0.6],[0.8,0.9]) ([0,0],[0,0], [0, 0])

G aralk degerli neutrosophic esnek grafimn H (e) alt graflarina parametrik V— birlegim
ve parametrik A— arakesit iglemleri uygulandiktan sonra elde edilen sonu¢ matrislerindeki
her bir elemanin ortalama olasi iiyelik derecesi hesaplanarak tercih degerleri skor tablolari
agagidaki gibi elde edilir.

Tablo 4.20: Hy(e) nin tercih degerlerinin skor tablosu

3] to l3 4 ts h'

22
131 0.667 0.317 0.750 0.667 0.367 2.767
to 0.317 0.667 0.417 0.750 0.417 2.567
t3 0.750 0.417 0.667 0.433 0.783 3.050
t4 0.667 0.750 0.433 0.667 0.733 3.250
t5 0.367 0.417 0.783 0.733 0.667 2.967

Tablo 4.21: Hx(e) nin tercih degerlerinin skor tablosu

t1 tg tg 14 t5 h//tk
t 0.667 0.233 0.250 0.667 0.150 1.967
12 0.233 0.667 0.200 0.133 0.150 1.383
i3 0.250 0.200 0.667 0.183 0.217 1.517
14 0.667 0.133 0.183 0.667 0.200 1.850
ts 0.150 0.150 0.217 0.200 0.667 1.383
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Burada her iki skor tablosunda tercih degerlerini yanyana (veya alt alta) toplayarak 5 farkl
skor elde ediyoruz. Yani k € A olmak iizere her bir takim igin h'y, ve h”;, seklinde iki
farkl deger elde edilir. Bu degerlerinin aritmetik ortalamasini aldiktan sonra elde edilen

sonuclardan maksimum olani bize karar verme problemi i¢in en uygun tercihi verecektir.

Tablo 4.22: 1y, h'';, ve bu ikisinin aritmetik ortalamasi hy,
R, h, Ry,
1 2.767 1.967 2.367
to 2.567 1.383 1.975
t3 3.050 1.517 2.283
ty 3.250 1.850 2.550
ts 2.967 1.383 2.175

En son elde ettigimiz skor tablosundaki h;, degerlerini dikkate aldigimizda k£ € A icin

maks hy, = 2.550 oldugundan alternatifler arasindan en uygun tercih ¢, takimidir.

Karar verme problemimizin ¢oziimii i¢in geligtirdigimiz algoritmanin her adimi agsagidaki

gibidir.

Algoritma:

1) Karar verme problemine esas olan alternatifleri V' kiimesinin elemanlar1 olarak ve al-
ternatiflerin kriter bazinda ikili karsilagtirilmasini £ kiimesinin elemanlar1 olarak goster.
2) Problemin hangi olgiitlere gore degerlendirilecegini gosteren A parametre kiimesini
olustur.

3) V ve E nin elemanlarmin, A daki parametrelere gore iiyelik deger araliklarmi iceren
(K, A) ve (M, A) aralik degerli neutrosophic esnek kiimelerini belirle.

4) G = (G*, K, M, A) aralik degerli neutrosophic esnek grafini olugtur.

5) G aralik degerli neutrosophic esnek grafinin parametrik V— birlegimi ve parametrik
A— arakesit degerlerini hesapla ve matris formunda goster.

6) G aralik degerli neutrosophic esnek grafimn parametrik V— birlesim ve parametrik A—
arakesit matrislerindeki her elemanin tercih degerlerini hesapladiktan sonra bu degerleri
iki farkli skor tablosunda goster ve bu skorlar1 yanyana veya alt alta topla.

7) Madde 6. da elde edilen en son skorlarin aritmetik ortalamasini al.

8) Aritmetik ortalama sonrasinda elde edilen degerler gz éniine ahindiginda bu degerlerin

maksimum olani karar verme problemi i¢in en uygun tercih olacaktir.
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5. SONUC ve ONERILER

Belirsizligi anlamak ve buna uygun c¢oziimler bulmak i¢in bir¢ok teori geligtirilmistir.
Bu teorilerden bazilari olasilik teorisi, bulanik kiimeler teorisi, yaklagimli kiimeler teorisi
ve esnek kiime teorisidir. Bu teoriler ortaya atildiktan kisa bir zaman sonra birgok
aragtirmacinin dikkatini ¢ekmis ve bircok alana uygulanmigtir. Benzer sekilde belirsizlige
baska bir yaklasim olan neutrosophic esnek kiimelerde bu yonde ilerlemektedir. Aralik
degerli neutrosophic esnek kiime teorisi ise belirsizliklerle baga ¢ikma konusunda mev-
cut teorilerin sahip oldugu zorluklarin iistesinden gelebilmesi bakimindan kullanigh bir
matematiksel arag oldugu gozlemlenmistir. Bir graf ise nesneler arasindaki iligkiyi iceren
bilgilerin ifade edilebilmesi agisindan 6nem arz etmektedir. Graf kavrami matematikte

farkli cebirsel yapilara uygulanmis ve bu yapilar tizerindeki etkisi incelenmistir.

Bu tez yapi itibariyle ilk olarak karar verme uygulamalarinda mevcut belirsizliklerle basa
¢ikabilmede onemli bir matematiksel arag olan aralik degerli neutrosophic esnek kiimeleri
ele almaktadir. Ikinci olarak arahk degerli neutrosophic esnek kiimelerin graf yapisina
uygulanabilirligini gostererek, aralik degerli neutrosophic esnek graf yapisini ingsa etmek

suretiyle yeni tanimlar ve sonuclar elde etmeye yoneliktir.

Bu tezde biz aralik degerli neutrosophic esnek kiimeleri graf yapisi iizerinde ele aldik ve
aralik degerli neutrosophic esnek graf yapisini inceledik. Ayrica aralik degerli neutrosophic
esnek graflarin bir karar verme problemindeki uygulamasini degerlendirerek yeni sonuglari

elde etmeye ¢aligtik.
Yaptigimiz ¢aligmada elde ettigimiz baslica sonuclar sunlardir:

1. Literatiirde mevcut olan neutrosophic esnek graf kavramindaki eksiklikler giderilerek

7

yeniden tanimlanmig, neutrosophic esnek kiimelerde "Ux”, "Ux", "Nx", "TIN7, " XN

etkileri incelenmigtir. (Tanim 2.1.20, 2.1.21, 2.1.22, 2.1.23, 2.1.24, 2.2.27, 2.2.28, 2.2.29,
2.2.30, Teorem 2.2.1, 2.2.2, 2.2.3, 2.2.4)

sophic graflar igin bu ikili iglemlerin buradaki etkileri incelenmistir. (Tanim 3.1.5, 3.2.4,
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3.2.6, 3.2.7, Teorem 3.2.2, 3.2.4, 3.2.5)

3. Aralik degerli neutrosophic esnek kiimeler tizerinde ”C”, ”U”, "1, "7, 117, "\/”,

2

ve " x” siralama bagintilar ve ikili islemleri verilerek bunlara ait baz ézel sonuclar
elde edilmigtir. (Tamm 4.1.4, 4.1.7, 4.1.8, 4.1.9, 4.1.10, 4.1.11, 4.1.12, 4.1.13, Onerme
4.1.1,4.1.3,4.1.4,4.1.5, 4.1.6, 4.1.7, Teorem 4.1.2, 4.1.3, 4.1.4, Sonug 4.1.1, 4.1.2)

4. Aralik degerli neutrosophic esnek graf yapisi iizerinde yeni cebirsel iglemler verilerek
bunlara ait ozellikler incelenmis, elde edilen sonuglar degerlendirilmigtir. (Tanim 4.2.2,
4.2.3,4.2.4,4.2.5,4.2.6,4.2.7,4.2.8,4.2.9, 4.2.13, 4.2.14, Teorem 4.2.1, 4.2.2, 4.2.3, 4.2.4,
4.2.5,4.2.6,4.2.7,4.2.8, 4.2.9)

5. Aralik degerli neutrosophic esnek graflardaki ” parametrik \/ — birlesim” ve ” parametrik
/\ — arakesit” iglemleri yardimiyla bir algoritma olugturulmus, bu algoritmanin bir karar

verme problemi tlizerinde uygulanmasiyla bir ¢oziim yontemi gelistirilmigtir.

6. Aralik degerli neutrosophic esnek graflarin hem teori hem de uygulama anlaminda

onemli sonugclar1 ortaya koydugu gosterilmistir.
Elde ettigimiz sonuglar sonrasinda baslica 6nerilerimiz sunlardir:
1. Neutrosophic esnek graflar yardimiyla klasik graflarin ozellikleri incelenebilir.

2. Aralik degerli neutrosophic esnek kiimeler farkli cebirsel yapilar tizerinde yeniden
degerlendirilip bu yapilara ait ozellikleri incelenebilir. Bu sekilde bir¢cok matematiksel
yap1 gerek neutrosophic esnek kiimeler gerekse aralik degerli neutrosophic esnek kiimeler

tizerinde yeniden ele alinabilir.

3. Aralik degerli neutrosophic esnek graflar, bu alanda ¢alisan diger aragtirmacilara tanitilarak

farkli bilim dallar1 ile ortak caligmalar yapilmasi hedeflenebilir.
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