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[15] Aktas, H., Çagman, N. (2006), Generalized product of fuzzy subgroups and t-level
subgroups, Mathematical Communications, 11: 121-128.
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[20] Aygünoǧlu A., Aygün. H. (2009), Introduction to fuzzy soft groups, Computers and
Mathematics with Applications, 58: 1279-1286.

[21] Babitha, K.V., Sunil, J.J. (2010), Soft set relations and functions, Computers and Math-
ematics with Applications, 60(7): 1840-1849.

[22] Basu, T.M., Mahapatra, N.K., Mondal, S.K. (2012), A balanced solution of a fuzzy soft
set based decision making problem in medical science, Applied Soft Computing, 12(10),
3260-3275.

[23] Basu, T.M., Mahapatra, N.K., Mondal, S.K. (2014), Intuitionistic fuzzy soft matrix and
its application in decision making problems, Annals of fuzzy mathematics and informat-
ics, 7(1): 109-131.

[24] Basu, T.M., Mondal, S.K. (2015), Neutrosophic soft matrix and its application in solv-
ing group decision making problems from medical science, Computer Communication
and Collaboration, 3 (1), DOI: 10.5281/zenodo.23095.

[25] Bhattacharya, P. (1987), Fuzzy subgroups: Some characterizations, Journbal of Mathe-
matical Analysis and Applications, 128, 241-252.

232



BIBLIOGRAPHY

[26] Beg, I. and Ashraf, S. (2009) Similarity measures for fuzzy sets. Applied and Compu-
tational Mathematics, 8(2):192-202.

[27] Bolturk, E. and Kahraman, C. (2018) A novel interval-valued neutro-
sophic AHP with cosine similarity measure, Soft Computing, 22:4941-4958,
https://doi.org/10.1007/s00500-018-3140-y.

[28] Borah, M.J., Hazarika, B. (2016), Some aspects on hesitant fuzzy soft set, Cogent Math-
ematics, 3: 1-11.

[29] Broumi, S., Smarandache, F., Ali, M., Bakali, A., Talea, M., Selvachandran G. (2017),
Complex neutrosophic soft set, FUZZY-IEEE Conference on Fuzzy Systems, Naples,
Italy, 9-12.

[30] Cabrerizo, F.J., Viedma, E.H., Pedrycz, W. (2013), A method based on PSO and granu-
lar computing of linguistic information to solve group decision making problems defined
in heterogeneous contexts, European Journal of Operational Research, 230(3): 624-633.
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[37] Çagman, N. and Karatas, S. (2013), Intuitionstic fuzzy soft set theory and its decision
making, Journal of Intelligent and Fuzzy Systems, 24(10): 829-836.

[38] Castro, J.R., Castillo, O., Melin, P., Diaz, A.R. (2009), A hybrid learning algorithm for
a class of interval type-2 fuzzy neural networks, Information Sciences, 179: 2175-2193.

233



BIBLIOGRAPHY

[39] Cao, Y.X., Zhou, H., Wang, J.Q. (2018), An approach to interval-valued intuitionistic
stochastic multi-criteria decision-making using set pair analysis, International Journal of
Machining Learning and Cybernatics, 9: 629-640.
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10.1. APPENDICES

10.1 Appendices

10.1.1 Appendix A
Some basic operations on neutrosophic sets [149, 150].
Let, ˜̃A = {(TA(x), IA(x), FA(x)) ; x ∈ X} and ˜̃B = {(TB(x), IB(x), FB(x)) ; ∈ X} be
two neutrosophic sets over X . Then, some possible classes of intersection operations (∩N )
and union operations (∪N ) between them are as follows:

• ˜̃A ∩N ˜̃B = (TA(x) ∩F TB(x), IA(x) ∪F IB(x), FA(x) ∪F FB(x));

• ˜̃A ∩N ˜̃B = (TA(x) ∩F TB(x), IA(x) ∩F IB(x), FA(x) ∪F FB(x));

• ˜̃A ∩N ˜̃B = (TA(x) ∩F TB(x), IA(x) ∩F IB(x), FA(x) ∩F FB(x));

• ˜̃A ∩N ˜̃B = (TA(x) ∩F TB(x), IA(x)+IB(x)
2

, FA(x) ∪F FB(x));

• ˜̃A ∩N ˜̃B = (TA(x) ∩F TB(x), 1− IA(x)+IB(x)
2

, FA(x) ∪F FB(x));

• ˜̃A ∪N ˜̃B = (TA(x) ∪F TB(x), IA(x) ∩F IB(x), FA(x) ∩F FB(x));

• ˜̃A ∪N ˜̃B = (TA(x) ∪F TB(x), IA(x) ∪F IB(x), FA(x) ∩F FB(x));

• ˜̃A ∪N ˜̃B = (TA(x) ∪F TB(x), IA(x) ∪F IB(x), FA(x) ∪F FB(x));

• ˜̃A ∪N ˜̃B = (TA(x) ∪F TB(x), IA(x)+IB(x)
2

, FA(x) ∩F FB(x));

• ˜̃A ∪N ˜̃B = (TA(x) ∪F TB(x), 1− IA(x)+IB(x)
2

, FA(x) ∩F FB(x)).

where, ∩F and ∪F are the fuzzy t-norm (fuzzy intersection) and fuzzy t-conorm (fuzzy
union).

10.1.2 Appendix B
Some set theoretic operations on complex fuzzy sets [185].
Let, F̃A and F̃B be two complex fuzzy sets over the universe X where,
µF̃A(x) = rF̃A(x)e

iuF̃A
(x) and µF̃B(x) = rF̃B(x)e

iuF̃B
(x).

Complex fuzzy bounded difference.
The complex fuzzy bounded difference of F̃A and F̃B is denoted by, F̃A	̃F F̃B where, its
membership is defined as,

µF̃A	̃F F̃B(x) = max(0, rF̃A(x)− rF̃B(x))e
imax

(
0,uF̃A

(x)−uF̃B (x)
)
.
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• Complex fuzzy standard intersection.
The complex fuzzy bounded difference of F̃A and F̃B is denoted by, F̃A∩̃minF F̃B where,
its membership is defined as,
µF̃A∩̃minF F̃B

(x) = min(rF̃A(x), rF̃B(x))e
imin(uF̃A

(x),uF̃B
(x)).

• Complex fuzzy standard union.
The complex fuzzy bounded difference of F̃A and F̃B is denoted by, F̃A∪̃maxF F̃B where,
its membership is defined as,
µF̃A∪̃maxF F̃B

(x) = max(rF̃A(x), rF̃B(x))e
imax(uF̃A

(x),uF̃B
(x)).

• Complex fuzzy product.
The complex fuzzy product of F̃A and F̃B is denoted by, F̃A◦̃F F̃B where, its member-
ship is defined as,

µF̃A◦̃F F̃B(x) = rF̃A(x).rF̃B(x)ei2π
(u

F̃A
(x)

2π
.
u
F̃B

(x)

2π

)
.

• Complex fuzzy algebraic sum.
The complex fuzzy algebraic sum of F̃A and F̃B is denoted by, F̃AũF F̃B where, its
membership is defined as,

µF̃AũF F̃B(x) = (rF̃A(x) + rF̃B(x)− rF̃A(x).rF̃B(x))ei2π
(u

F̃A
(x)

2π
+
u
F̃B

(x)

2π
−
u
F̃A

(x)

2π
.
u
F̃B

(x)

2π

)
.

• Complex fuzzy bold intersection.
The complex fuzzy bold intersection of F̃A and F̃B is denoted by, F̃AẽF F̃B where, its
membership is defined as,

µF̃AẽF F̃B(x) = max(0, rF̃A(x) + rF̃B(x)− 1)e
i max

(
0,uF̃A

(x)+uF̃B
(x)−2π

)
.

• Complex fuzzy bold sum.
The complex fuzzy bold sum of F̃A and F̃B is denoted by, F̃Ad̃F F̃B where, its
membership is defined as,

µF̃Ad̃F F̃B(x) = min(1, rF̃A(x) + rF̃B(x))e
i min

(
2π,uF̃A

(x)+uF̃B
(x)
)
.

10.1.3 Appendix C
Addition of complex neutrosophic sets.
Consider m complex neutrosophic sets C̃1, C̃2, .., C̃m over the universal set X where,
C̃s = (pse

ius , qse
ivs , rse

iws); s = 1, 2, ..,m. Then, the addition of m complex neutrosophic
sets is denoted by, C̃1⊕̃N C̃2⊕̃N ..⊕̃N C̃m and is defined as,
C̃1⊕̃N C̃2⊕̃N ..⊕̃N C̃m =

(
min(1, p1 + p2 + ..+ pm)eimin(2π,u1+u2+..+um),

min(1, q1 +q2 + ..+qm)eimin(2π,v1+v2+..+vm),min(1, r1 +r2 + ..+rm)eimin(2π,w1+w2+..+wm)
)
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