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Abstract

In this chapter, a solution procedure is proposed to solve
neutrosophic linear fractional programming (NLFP) problem where
cost of the objective function, the resources and the technological
coefficients are triangular neutrosophic numbers. Here, the NLFP
problem is transformed into an equivalent crisp multi-objective
linear fractional programming (MOLFP) problem. By using
proposed approach, the transformed MOLFP problem is reduced to
a single objective linear programming (LP) problem which can be
solved easily by suitable LP problem algorithm.

Keywords
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1 Introduction

Linear fractional programming (LFP) is a generalization of linear
programming (LP) whereas the objective function in a linear program is a linear
function; the objective function in a linear-fractional program is a ratio of two
linear functions. Linear fractional programming is used to achieve the highest
ratio of profit/cost, inventory/sales, actual cost/standard cost, output/employee,
etc. Decision maker may not be able to specify the coefficients (some or all) of
LFP problem due to incomplete and imprecise information which tend to be
presented in real life situations. Also, aspiration level of objective function and
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parameters of problem, hesitate decision maker. These situations can be modeled
efficiently through neutrosophic environment. Neutrosophy is the study of
neutralities as an extension of dialectics. Neutrosophic is the derivative of
neutrosophy and it includes neutrosophic set, neutrosophic probability,
neutrosophic statistics and neutrosophic logic. Neutrosophic theory means
neutrosophy applied in many fields of sciences, in order to solve problems related
to indeterminacy. Although intuitionistic fuzzy sets can only handle incomplete
information not indeterminate, the neutrosophic set can handle both incomplete
and indeterminate information. [1] Neutrosophic sets characterized by three
independent degrees namely truth-membership degree (T), indeterminacy-
membership degree(l), and falsity-membership degree (F), where T,l,F are
standard or non-standard subsets of ]°0, 1*[. The decision makers in neutrosophic
set want to increase the degree of truth-membership and decrease the degree of
indeterminacy and falsity membership. The structure of the chapter is as follows:
the next section is a preliminary discussion; the third section describes the LFP
problem with Charnes and cooper's transformation; the fourth section presents
multi-objective linear fractional programming problem; the fifth section presents
neutrosophic linear fractional programming problem with solution procedure; the
sixth section provides a numerical example to put on view how the approach can
be applied; finally, the seventh section provides the conclusion.

2 Preliminaries

In this section, the basic definitions involving neutrosophic set, single
valued neutrosophic sets, neutrosophic numbers, triangular neutrosophic
numbers and operations on triangular neutrosophic numbers are outlined.

Definition 1. [2]

Let X be a space of points (objects) and x€X. A neutrosophic set 4 in X is defined
by a truth-membership function (x), an indeterminacy-membership function (x)
and a falsity-membership function F(x). (x), (x) and F(x) are real standard or real
nonstandard subsets of ]'0, 1*[. That is TA(x):X—]0, 1*[, IA(x):X—]0, 1"[ and
FA(x):X—]0, 1*[. There is no restriction on the sum of (x), (x) and F(x), so 0—
<sup Ta(x)+ sup La(x)+ sup Fa(x) <3+.

Definition 2. [2]

Let X be a universe of discourse. A single valued neutrosophic set A over X is an
object having the form A={{(x, Ta (x), Is+ (x), Fa (x)):x€X}, where Ty
(x):X—[0,1], 14 (x):X—[0,1] and Fa(x):X—[0,1] with 0< T4 (x)+ I4 (x)+ Fa
(x)<3 for all x€X. The intervals T4 (x), 14 (x) and Fs (x) denote the truth-
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membership degree, the indeterminacy-membership degree and the falsity
membership degree of x to A, respectively. For convenience, a SVN number is
denoted by A= (a, b, c), where a, b, c€ [0, 1] and a+b+c<3.

Definition 3.

Let J be a neutrosophic number in the set of real numbers R, then its truth-
membership function is defined as

J-q

N 8 <J<a,
P | )
a,—-J
T 0)={220 g <ic<a, (1
3.3—3.2
0, otherwise.

Its indeterminacy-membership function is defined as

J_bl, by <J <h,,

by =By
1 (0)=1270 oy <yan, 2)
J b _b bl bl

3-0)

0, otherwise.

And its falsity-membership function is defined as

I =G ¢; <J <cy,
Cy—C
F)=127L g <<, 3)
C3-Cy
1, otherwise.

Definition 4. [3,9]

A triangular neutrosophic number @~ " =< (a1, by, €05 057, 6,7,62™) = s a

special neutrosophic set on the real number set R, where 3”62, 8,™ € [0,1]
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The truth-membership, indeterminacy- membership and falsity- membership
functions are defined as follows:

x —a,) o i Zx<h
(by —ay) Fag=x=h
T.-—=lx) = DCE'” if x= by
. (e, — x) o)™ ;
————  ifb<x=
C-by ThmE=e
0 otherwise “)
(b — x + 6."(&x - a,)) b
i , S X< b,
®: - ay) fansxsh
- if x= b,
I -n - G i
() (x —b, +8." (¢, — x))
= b0 ifby<x=<g
1 otherwise ®)
(b x + B (& - ay)) b
i , S X<h,
®: - a) fosxsh
~n = p—
Fon(x) =1 Pa if x= by
) (x — b, + B." (¢, — x)) b
1 1{ ﬂ: 9
(e - by) fho<xse
1 otherwise (6)

If a; = 0 and atleast ¢; = O then:
a™" =< (ay, by, 6 ); 657, 8,7, 55™) =

is called a positive triangular neutrosophic number, denoted by a™" = 0.
Likewise, if £; = 0 and at least @4 == 0, then:

a™" =< (ay, by, ¢ ); 637657, 627) =
is called a negative triangular neutrosophic number, denoted by a™™ = 0.
Definition 5. [3,10]
Let
a™™ =< (ay, by, ¢ );0", 82", B2 =,
and
b™" =< (ag,by,ca); 00", 8,6, ") =

be two single valued triangular neutrosophic numbers and y# @ be any real
number, then:

a""+b™" =< (a; + a, by + by, 0y + C:]; o AG™, B0y
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8, BB, =
g R St R R
~ L e
8,7 B v, " =
@ mh™n =

< (@ya4,byby,c100); 0C0™ A o™, 8278, BB = (6 = 0,65 = 0)

< (@aycq,byba,cyaq); g™ A o™ 87vE, " BamvBy "t = (6 < 0,6, 0)

< (ey6q,bybg,agaq); 3™ A o™, 87vE ™ o vEy "t (6 < 0,6,<0)
o {-=: (vay. vby. ve i)™ 67 B2 = (7= 0)

Ya - < ('I-'C'i_.'.'bi_.'-'ﬂj_:]: D{;ﬂ-' E:ﬂ . E:ﬂ = (rl'l = Uj

awn -1 == (l l i). D{"'n E"'” ﬁ"'?‘! = (a'vn # ':':]
C1 r b1 r a-l » 2 'Y o
a /b =
< (ay fe5.by /by cq/as); oo™ A o™ 8B, BB = (e = 0,¢, = 0)
< (e,/e5 by /by, ayfas); oo™ Ao 8278, BI B = (6 < 0,6, =0)
< (ey/a; ,by/bya /ey ); ol wog™, BB BB = (e < 0,65 <0)
3 Linear Fractional Programming Problem (LFPP)

In this section, the general form of LFP problem is discussed. Also,
Charnes and Cooper's [4] linear transformation is summarized.

The linear fractional programming (LFP) problem can be written as:

Ecjxj- tr crx+'p . N (x)
Edjxj- +g dl x+q p(x) '

Max Z(x) = (7

Subject to
xEs={x ER":Ax = b,x = 0},
Where _.ilI = 1!2.! -"Jnr-‘q = Rm)(?'! !b = Rm .!C}'!d}' = Rnr and qu = R' FOI’

some values of % D{x) may be equal to zero. To avoid such cases, we require
that either {Ax = b,x =20 =D(x) > 0} or{Ax = b, x = 0=D(x) < 0}. For

convenience here, we consider the first case, i.e.

{AX =b,x = 0,D(x) > 0} (®)

Using Charnes and Cooper's linear transformation the previous LFP
problem is equivalent to the following linear programming (LP) problem:

Max ¢’ v+ pt,
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Subject to
d y+qt=1, )
Ay —bt =10,

t=0,y=0,yER",tER.

Consider the fractional programming problem

Nix)
pix) *

Max Z(x) = (10)

Subject to
Ax < b,x =0,

xEA={x:Ax =< b,x=0,D(x) =0
¥ EA={x: Ax = b, x = 0=D(x) = 0}

1
By the transformation & = YT tx we obtained the following:

Max tN G),
Subject to

f—l@)—bﬂﬂ,

v
() =1
t=0v =0 (11)
By replacing the equality constraint tD G} =1 by an inequality
constraint tD (%) =1
We obtained the following:
Max tN G),

Subject to

3

tD G) <1,

A[Zj—bgu,
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t=0v=0. (12)
If in equation 10, N () is concave, D (x) is concave and positive ond,
and N (x) is negative for each xEA , then
Nix) , —N(x) Dix) .
Max,e, — SMinge, —— <Max,en —— , where —N(x) is convex

Dix) b (x) —Nix) °
and positive. Now linear fractional program (10) transformed to the following
LP problem:

Max tD {%);
Subject to
aA(¥)-b=o,
—tN G) <1,
t>=0,y=0. (13)

4 Multi-objective Linear Fractional Programming Problem

In this section, the general form of MOLFP problem is discussed and the
procedure for converting MOLFP problem into MOLP problem is illustrated.

The MOLFP problem can be written as follows:
Max z(x) = [z4(x),2,(x), ..., 2, (x)],
Subject to
x EA={x:Ax = b,x =0} (14)

. m MM _ cixtpp N;lx) n
With PER™ AER ,and z,(x) icte. = DG €, d;, ER

and P; . 4; cER,i=1,2, ,k
Let | be the index set such that I = {i: N;(x) = 0 for x € A}and
I°<{i: N (x)< 0 forx€ A},whereIUI°={1,2,..,K}. Let
D () be positive on & where & is non-empty and bounded. For simplicity, let us
take the least value of 1/ (d;x +q;) and 1/ [<(¢;x + ;)] is t for L €] and
i €I, respectively i.c.

=t fori €land 7

(dix+q) ~ =t fort€lf (15)

(opetp) —
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By using the transformation ¥ = tx (t = 0), and equation 15, MOLFP

problem (14) may be written as follows:

Max z; (v, £) ={ N, {%) fori € I; tD, ( ) fori € I°}

Subject to

tD():‘:l fori €1,
_::N{)::u fori EIF, (16)

AG)—E}EG,

t,y=0.

Ift € I, then truth- membership function of each objective function can be

written as:
o irm,(¥)=o,
n( @) =1 2 osem () <zta, 7
1 - LftN()?z +a,

If £ € 1% then truth- membership function of each objective function can

be written as:

0 :frD( ]::n
Ti.(wi(f))= % ifo< D, (X)) <z, +a, (18)
1 LftDz-G)Ezz—Fai

If { € I, then falsity- membership function of each objective function can

be written as:

1 ifen(¥) <o,

() =11 - 22 .w@ (0
0 if tN;(2) = z
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Ifi € I°, then falsity- membership function of each objective function can
be written as:

1 if (%) o,
(0.6) 128 pozn@zara oo
0 ;ftﬂ()}z +c;

If i € I, then indeterminacy- membership function of each objective
function can be written as

o if(¥) <o,
Ii(tNiG))= H’” ifo< N, (3) <z +d,, 21)

Ei~

0 ;fm()szrd

If £ €1, then indeterminacy - membership function of each objective
function can be written as:

0 ;fw[]::n
fi(tﬂi(f))= g” ifo<tD, (%) <z, +4, o)
0 if tD,(2) 2 z, + d,

where, @i , di and ¢j are acceptance tolerance, indeterminacy tolerance and
rejection tolerance.

Zimmermann [5] proved that if membership function &p (¥, t) of complete
solution set(¥. t), has a unique maximum valuefp (¥",t") then (¥",t") which
is an element of complete solution set (¥, t) can be derived by solving linear

programming with one variableA.

Using Zimmermann's min operator and membership functions, the model
(14) transformed to the crisp model as:

MaxA\,
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Subject to

v (3) =1, friers (23)

5 Neutrosophic Linear Fractional Programming Problem

In this section, we propose a procedure for solving neutrosophic linear
fractional programming problem where the cost of the objective function, the
resources, and the technological coefficients are triangular neutrosophic numbers.

Let us consider the NLFP problem:

Tl x; 4p™T
ax ( j Ed}vn xj_'_qwn
Subject to
Tajx; <b™i=12,..,m, (24)

x; =0,j=12,...n

We assume that ¢; ", p~",d;",q " a;" and b;" are triangular

neutrosophic numbers for each t = 1,2,...,m andJ = 1,2, ..., 1. therefore, the
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problem (24) can be written as: (25)
~p E{‘:_.l'l_. Cjz Cja; @c.BgBclxj +(Py Pz Pa, ﬂ’pﬁp;.ﬁ‘p]
Max Z(I ] =
X(djy, djz dja; ag.8qBa )xj +(a1 92,93 Tg.8q .8q)
Subject to

2(@gj1 Q52 Az s @as 00 B0 )X; = (Bipbiga b @y,6, By )i = 1.2, ..,m,

xX; = 0,j=1.2,..,n

where ¢, 8,6 € [0,1] and stand for truth-membership, indeterminacy and
falsity-membership function of each neutrosophic number.

Here decision maker wants to increase the degree of truth-membership and
decrease the degree of indeterminacy and falsity membership. Using the concept

of component wise optimization, the problem (25) reduces to an equivalent
MOLFP as follows:

Yejy xj+p4
Max Z4 (x) = E;—J’
jz ¥j +d3
Ec_‘,-z Xj +Pz
Tdj, xj +qz

Yeig x7 +pg
Max Z3(x) = =212

26
Zdjy xj +a4 ! (26)

Lacxj +ap
Max Z, (x) = ———
4 E,de_,- +Bq !

Y h.x; +8
Max Zs(x) =1 ——1—F

T ,El:.:t‘-' +8,
e —_ 1
Max z (x) = 1 P

Subject to

Z Gij1 X; = by,
Z Qijz Xf = by
§ Q3% = by,
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E g Xj =dy,
E ﬂmx}' Eabj

Eﬁﬂ)%’ Eﬁbl
x5 = 0,i=12,...m; j=1,2,..,n

Let us assume that Z1,Z5, 23,24, Z5 and Zg = 0 for the feasible region.
Hence, the MOLFP problem can be converted into the following MOLP problem:

Malet}’rtj = ZC_;.';L i +p
Mang[}’;tj = EC_:‘E ¥i +pat
Maxza[}’:fj = Ec_;l'ﬂ }F_;l' +p3 L,
Maxzq[:}’rfj = Zac}rj + ﬂ:*p t’
Max z:(y,t) = 1 — [E 6.y; +86, t),
Max z.(y,t) = 1 — [E B.y; +6, t)’
Subject to

Zdﬂ ;i tqat=1,

Zdﬂ v; +a it =1,
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6 vy —86 t<o,
Z“”‘ o 27)

Solving the transformed MOLP problem for each objective function, we

. &
obtain z3, 23,23,z z; and Z¢.

Using the membership functions defined in previous section, the above

model reduces to:

Max A,

Subject to

Zcﬂ ¥; +pit—zih =0,
ZCJEJ +p,t—z;h =0,
cha y; tp3t—z3A 20,
Zcxc}r}- ta,t—z;h=0,
1—(295}5 +6,t)—ziL <0,
1— (Zﬁc}rj +B, r)—:;;}.z 0,
Zdﬁ v, +ast <1,

Zd}.z y; +a,t <1,

Zdﬂ v; +qit <1,
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t:}r_;.'r f.;v = ﬂri' = 1r2r ---rm:j = 1r2.! sy T, (28)

5.1 Algorithm

The proposed approach for solving NLFP problem can be summarized as
follows:

Step 1. The NLFP problem is converted into MOLFP problem using
componentwise optimization of triangular neutrosophic numbers.

Step 2. The MOLFP problem is transformed into MOLP problem using the
method proposed by Charnes and Cooper.

Step 3. Solve each objective function subject to the given set of constraints.

Step 4. Define membership functions for each objective function as in
section four.

Step 5. Use Zimmermann's operator and membership functions to obtain
crisp model.

Step 6. Solve crisp model by using suitable algorithm.

6 Numerical Example

A company manufactures 3 kinds of products I, II and III with profit around
8, 7 and 9 dollars per unit, respectively. However, the cost for each one unit of
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the products is around 8, 9 and 6 dollars, respectively. Also it is assumed that a
fixed cost of around 1.5 dollars is added to the cost function due to expected
duration through the process of production. Suppose the materials needed for
manufacturing the products I, II and III are about 4, 3 and 5 units per pound,
respectively. The supply for this raw material is restricted to about 28 pounds.
Man-hours availability for product I is about 5 hours, for product II is about 3
hours, and that for III is about 3 hours in manufacturing per units. Total man-
hours availability is around 20 hours daily. Determine how many products of I,
IT and III should be manufactured in order to maximize the total profit. Also
during the whole process, the manager hesitates in prediction of parametric values
due to some uncontrollable factors.

Let %4,X3 and X3 units be the amount of I, II and III, respectively to be
produced. After prediction of estimated parameters, the above problem can be
formulated as the following NLFPP:

B M, 47 Magts Tay

Mo, + 5" M 4 6™ M 41,571

Max Z (£ ")= =

Subject to
4", + 3" x, + 57"y < 2877,
5~nx1 + 3””2:2 + 3~nx3 £ 20“'?‘!! (29)
Xq,%q,%g = 0.
with
8™ = (7,8,9;0.5,0.8,0.3), 77" = (6,7,8; 0.2,0.6,0.5),
9™" = (8,9,10; 0.8,0.1,0.4),
6" = (4,6,8;0.75,0.25,0.1), 1.5™™ = (1,1.5,2; 0.75,0.5,0.25),
4™" = (3,4,5;0.4,0.6,0.5),3"" = (2,3,4;1,0.25,0.3),
5™ = (4,5,6; 0.3,0.4,0.8), 28™" = (25,28,30;0.4,0.25,0.6),
20™" = (18,20,22;0.9,0.2,0.6).

This problem is equivalent to the following MOLFPP:
Ta, tox,+8xg

Maxz,(x) = ——————
1(%) Sx,+10x,+Bx +2
B, +Tx,+ 9%
MaxZ,lx ) = ~
2(x) B, +9xy #6x,+15 '
Sx,+8x +10x
Maxzg(x) = —2—2 "=

Ta, +Bx Fdx 41
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0.5x, +0.2x,+ 082,
0.3x, +0.8x,#0.1x +0.25 '

MaXE4 (.’Ij =

0.8x, +0.6x,+ 01x,
0.8x, +0.1x, +0.25x,+0.5 '

Maxzz(x) = 1 —

0.3x, +0.5x,+0.4x,
05x,+0.8x, +0.75x,+0.75

Maxzg(x) = 1 — (30)

Subject to

3%y + 2x, + 4xy = 25,

4x4 +3x, + 5x5 < 28,

5%y +4x, + 6x5 = 30,

4x4 +2x, + 2x5 < 18,

5%y +3x; + 3x; = 20,

6%y + 4xy; + 4xy = 22,

0.4xy + x5, + 0.3x; < 0.4,

0.6x4 +0.25x, + 0.4x; < 0.25,
0.5¢y +0.3x, + 0.8x5; = 0.5,
03xy + x5, + x5 = 0.9,

0.4x; + 0.25x, + 0.25x5; < 0.2,
0.8x; + 0.3x, + 0.3x5 < 0.6,

Using the transformation, the problem is equivalent to the following
MOLPP:

Max Zl(lfr t:] = 7y, + 6y, + 8y,

Max Z3(3.t) = 8y; + 7y, + 93,

Max Z3 [}’:t] =9y, + 8y, + 10y,

Max Z4(v,t) = 0.5y; + 0.2y, + 0.8y,,

Max 2z (v,t) = 0.5y, + 0.15y; + 0.5,

Max Z¢(v,t) = 0.2y, + 0.3y, + 0.35y; + 0.75, (31)
Subject to

9y, + 10y, + 8y, +2t =1,

8y, +9y, +6y; +15t<1,

Ty, +8y, +4y; +t =1,
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03y, + 0.4y, +01y; +025t<1,
0.8y, +0.1y, + 025y, +05t =1,
05y, + 0.8y, +0.75y; +0.75t <1,
3y + 2y, +4y; —25t <0,
4y, + 3y, + 5y; —28t =0,

S5y; +4y, +6y; —30t<0,
4y, + 2y, + 2y; — 18t =0,

S5y +3y, +3y; —20t <0,

6y, +4yv, +4y; —22t= 0,

04y, +y, +03y; — 04t <0,
0.6y, +0.25y, + 04y, — 025t <0,
05y, +0.3y, +08y; —05t=0,
03y, +y, +y3 —09t =0,
ViV, ¥y =0, t=0.

Solving each objective at a time we get
71=0.7143

72=0.8036

73=0.8929

74=0.0714

75=0.833

76=0.7813.

Now the previous problem can be reduced to the following LPP:
Max A

Subject to

7y, + 6y, +8y; —z, L =0,

8y, +7y, +9y; —z; L =0,
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0.5y, +0.2y, +08y; —z, L =0,
0.5y, + 0.15y; +0.5—z; 4 =0,
0.2y, + 0.3y, + 03y; +075—z, L =0, (32)
9y, + 10y, + 8y, +2t =1,

8y, +9y, +6y; +15t=1,

Ty, +8y, + 4y, +t =1,

0.3y, + 0.4y, + 0.1y, +0.25t<1,
08y, +0.1y, +025y; +05t =1,
0.5y, + 0.8y, +0.75y; +0.75t <1,
3y, + 2y, +4y; —25t =0,
4y, + 3y, +5y; —28t =0,

5y, +4y, +6y; —30t<0,
4y, + 2y, + 2y; — 18t =0,

S5y +3y, +3y; —20t <0,

6y, +4yv, +4y; —22t =0,

04y, +y, +03y; — 04t <0,
0.6y, +0.25y, + 0.4y, —0.25t <0,
0.5y, + 0.3y, +0.8y; — 05t <0,
03y, +y, +¥; —09t=<0,

V. ¥2.¥3 =0, t=>0.

Solving by LINGO we have

y1=0

y2=0

y3=0.0893

t=0.1429
A=1
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7 Conclusion

In this chapter, a method for solving the NLFP problems where the cost of
the objective function, the resources and the technological coefficients are
triangular neutrosophic numbers, is proposed. In the method, NLFP problem is
transformed to a MOLFP problem and the resultant problem is converted to a LP
problem. In future, the proposed approach can be extended for solving multi-
objective neutrosophic linear fractional programming problems (MONLFPPs).

Acknowledgements

The authors would like to thank anonymous referees for the constructive suggestions
that improved both the quality and clarity of the chapter.

References

[1] Smarandache, Florentin. (2005). A Unifying Field in Logics: Neutrosophic Logic.
Neutrosophy, Neutrosophic Set, Neutrosophic Probability: Neutrosophic Logic.
Neutrosophy, Neutrosophic Set, Neutrosophic Probability: Infinite Study, 2005.

[2] Smarandache, Florentin. (2004). A geometric interpretation of the neutrosophic
set - A generalization of the intuitionistic fuzzy set. arXiv preprint math/0404520.

[3] Deli, Irfan, & Subas, Yusuf. (2014). Single valued neutrosophic numbers and their
applications to multicriteria decision making problem.

[4] Charnes, Abraham, & Cooper, William W. (1962). Programming with linear
fractional functional. Naval Research logistics quarterly, 9(3-4), 181-186.

[5] Zimmermann, H.J. (2010). Fuzzy set theory. Wiley Interdisciplinary Reviews:
Computational Statistics, 2(3), 317-332.

[6] 1. M. Hezam, M. Abdel-Baset, F. Smarandache 2015 Taylor Series Approximation
to Solve Neutrosophic Multiobjective Programming Problem Neutrosophic Sets and
Systems, An International Journal in Information Science and Engineering, Vol. 10, pp.
39-45.

[7] El-Hefenawy, N., Metwally, M. A., Ahmed, Z. M., & El-Henawy, 1. M. (2016).
A Review on the Applications of Neutrosophic Sets. Journal of Computational and
Theoretical Nanoscience, 13(1), 936-944.

[8] Abdel-Baset, M., Hezam, I. M., Smarandache, F. (2016). Neutrosophic Goal Pro-
gramming. Neutrosophic Sets & Systems, vol. 11.

[9] Abdel-Basset, M., Mohamed, M. & Sangaiah, A.K. J Ambient Intell Human
Comput (2017). DOI: https://doi.org/10.1007/s12652-017-0548-7

[10] Mohamed, Mai, et al. "Neutrosophic Integer Programming Problem."
Neutrosophic Sets & Systems 15 (2017).

47


https://doi.org/10.1007/s12652-017-0548-7



