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Abstract

In order to solve the complex decisioaking problems, there are many approaches and systems basednnttienfy

were proposed. In 1998, Smarandache [10] introduced the concepivafisedjleeutrosophic set as a complete developme
of fuzzy theory. In this paper, we research on the distance measure betwealusthgkutrosophic sets based omithe

max measure of Ngan et al. [8]. The proposed measure is also a distance measure between picture fuzzy sets
introduced by Cuong [15]. Based on the proposed measure, an Adaptive Neuro Picture Fuzzy Inference System (A
built and applietb the decision making for the link states in interconnection networks. In experimental evaluation on t
datasets taken from the UPV (Universitat Politecnica de Valéencia) university, the performance of the proposed mode

than that of the tated fuzzy methods.
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The fuzzy theory was introduced the first time in 1965 by Zadeh [1]. Atfizdetsemined by a
membership function limited to [0, 1]. Until now, there is a giant research construction of fuzzy
theory as well as its application. The fuzzy set is used in pattern recognition, artificial intelligent,
decision making, or data minjBjgand[3], and so on. Besides that, the expansion of fuzzy theory is
also an interesting topic. The intevedlied fuzzy set [4], the tpduzzy set [5], and the
intuitionistic fuzzy set [6] are all developed from the fuzzy set. They replacesl typevaladded

the other evaluation to the fuzzy set in order to overcome the inadequate simple approach of this
traditional fuzzy set. Such as in 1986, the intuitionistic fuzzy set of Atanassov [6] builds up the concep
of the noamembership degree. Thigplement gives more accurate results in pattern recognition,
medical diagnosis and decision makid@][7and so on. In 1998, Smarandache [10] introduced
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neutrosophic set to generalize intuitionistic fuzzy set by three independent componendgylntil to

many subclasses of neutrosophic sets were studied such as complex neutrosopaim s Ad

a particular case of standard neutrosophic s fi[B4], the picture fuzzy set introduced in 2013 by

Cuong [15], considered as a completeagmeht of the fuzzy theory, allows an element to belong t0 ; mes. e
it with three corresponding degrees where all of these degrees and their sum are limited to {0, 1]
Concerning extended fuzzy set, some recent publications may be mentioned hé{R@k in [16 14

Asone of the important pieces of set theory, distance measure between the sets is a tool for evaluating
different or similar levels between them. Some literature on the application of intuitionistic fuzzy
measure from 2012 to present can be found, {21JA[23]. In 2018, Wei introduced the generalized

Dice similarity measures for picture fuzzy sets [17]. However, the definition of Wei is without
considering the condition related to order relation on picture fuzzy sets. In ardekisgpmodel, a

distarte measure can be used to compare the similarities between the sets of attributes of the samples
and that of the input, such as in predicting dental diseases from images [24]. In this paper, we define the
concept of the singlalued neutrosophic distamoeasure, picture fuzzy distance measure, and
represent the specific measure formula. We prove the characteristics of this formula as well as the
relation among it and some of the other operators of picture fuzzy sets. The proposed distance measmge
is inspied by the Fmax distance measure of intuitionistic fuzzy sets [8]. Hence, it inherits the advantages,
of the cros®valuation in the 4hax and moreover it has the completeness of picture fuzzy
environment.

1(3) (2020 13

The decisiomaking problems appear in most argam@ to provide the optimal solution. Saving
interconnection network power is always interested, researched and becoming more and more urgen
the current technological era. In 2010, Alonsoietratluced the power saving mechanism in regular
intercannection network [25]. This decisinaking model dynamically increases or reduces the number
of links based on a thresholds policy. In 2015, they continue to study power consumption centrol in fat
tree interconnection networks based on the static amdidyimasholds policies [26]. In general, these
threshold policies are rough and hard because they are without any fuzzy approaches, parameter lear
and optimizing processes. In 2017, Phan [@7&lproposed a hew method in power consumption
estimatio of networkon-chip based on fuzzy logic. However, this fuzzy logic system based on SugenoE
model [27] is too rudimentary and the parameters here are chosen according to the author§
guantification. o
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In this paper, aiming to replace the above threshaly, @oliAdaptive Neuro Picture Fuzzy Inference
System (ANPFIS) based on picture fuzzy distance measure is proposed to make the decisions for the
link states in interconnection networks. ANPFIS is a modification and combination between Adaptive
Neuro Fuzzynference System (ANFIS)E2R0], picture fuzzy set, and picture fuzzy distance measure.
Hence, ANPFIS operates based on the picture fuzzification and defuzzification processes, the picture
fuzzy operators [18] and distance measure, and the learniititydapantomatic picture fuzzy rule
generation and parameter optimization. In order to evaluate performance, we tested the ANPFIS
method on the real datasets of the network traffic history taken from the UPV (Universitat Politécnica
de Valéncia) univésswith related methods. The result is that ANPFIS is the most effective algorithm.

The rest of the paper is organized as follows. Section 2 provides some fundamental concepts of the
fuzzy, intuitionistic fuzzy, singlalued neutrosophic, and picturezjutheories. Section 3 proposes

the distance measure of sivglieied neutrosophic sets and points out its important properties. Section

4 shows the new decisioraking method named Adaptive Neuro Picture Fuzzy Inference System
(ANPFIS) and an applicatiohANPFIS to controlling network power consumption. Section 5 shows

the experimental results of ANPFIS and the related methodswartéalatasets. Finally, conclusion

is given in Section 6.
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2| Preliminary

In this part, some concepts of the theoriésaay sets, intuitionistic fuzzy sets, sivalieed neutrosophic
sets, and picture fuzzy sets are showed.

Let X be a space of points.

Definition 1. [1]. A fuzzy set (FSA in X,

Az{(x:pr( c))‘ G }é (1)

is characterized by a membership functign,with a range iga,z i

Definition 2. [6]. A Intuitionistic Fuzzy SéFS) A in X,
A={fean(§ 2(9) of ) 2

is characterized by a membership funefiomnd a nommembership functiot with arange igo, z {

suchthato¢ @, +Q ¢.

Definition 3. [31]. A SingleValued Neutrosophic Set (SVN&)in X,
A:{(x:TA(x),IA(x),FA (x))‘x iX}, (3)

is characterized by a trutlembership functior, , an indeterminagyembership functior, , and a

falsenonmembership function, with a range i|§0,1 {suchthawe 7, #, £ 3.

A A

Definition 4. [15]. A Picture Fuzzy Set (PES)in X,
a={bca(y 29 o Yol b @

is characterized by a positive membership fungfipa neutral functiod, , and a negative membership

function £ with a range ir§0,1 {such thatve @, +¢9 +Q

We denote that SVI‘QS’) is the set of all SVNSs iiand PF$X) is the set of all PFSsxn We

consder the setgv "and P* defined by

N’ :{X :(XI,XZ,X3)|O A, x,, X, 1}¢ (5)

P :{x :(xl,xz,xkg)|0 A, x,,%5,%x, X5t x3+1}. (6)



Definition 5. The orders onV "~ and ~* are defined as follew ”’-
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xey U, ¥,x, 9) WO, v,y Pk, W.xsy.y ) "xy P, [19]

x=yUx, ¢y x, %, ,x, 9, x"y NI
Clearlypn F',if x= y thenx¢ y.

Remark 1.The Iattice(P*,¢) is a complete late [19] but(P*,:) is not. For example, let

x=(0.2,03,0¥ andy =(0.3,0,0.7, then there is not any supremum value afid y on (P*,: ) .

Othemwise, we haveup(x,y) :(0.3, 0,0.5) on the Iattice(P*,¢). We denote the units ()P*,q:) as
follows 0, =(0,0,3 and 1, =(2,0,9 [19]. It is easy to see thgt and , are also the units on
P P P P

(P* = ).Now, some logic operators on F€R§3 are presented.
Definition 6. [19]. A picture fuzzy negatiow is a function satisfying

NP - P, N0 )=1.M1) =g andN(x)2 N(y) & .

Example 1.For everyxi £, then N, (x)=(x,0,x)and N (x)=(x,x ,x ) are picture fuzzy

negations, where, =17 -x, x, x;,

Roan etal.|J. Fuzzy. Ext. Appl. 1(3) (2020 139-158

Remark 2.The operatorv, also satisfiesl, (x) 7 N,(y)Ux= y,"x,y 1P".

Now, letx,y,zi P and/(x)={y 1P":y b, y,x)0 s, x4

Definition 7. [19]. A picture fuzzy-borm T is a function satisfying

rpsp o ) v )3 Al d) 7L A ), and
T(xy)eT(x2), v e

Definition 8. [19]. A picture fuzzy-tonorm s is a function satisfying

s:7ip g §ry. 66 xy A xls Wk (o )i {4 and
SxNedxl .y &

Example 2. For all x, yi P°, the following operators are the picture fuzryrms:

T() = (it Jomin by Jmax e )
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T(xy)=(xy xy x, ¥ %y )
7'2(X,y)=(maX(0,X1 Y, .Z),max(o,xz »n j,—m/'n(l,xg y;)k
7'3(X,y)=(max(0,x1 Y, 1),max(0,x2 " j;x3 y3+X3y;.

(le_,max(o,xz v, .Z),X3 4 Xéy).

(%)
T (xy)=(max(o,x, v, §xy.x, v5 xy)

Example 3. For allx, yi P°, the following operators are the picture fuzpnbrms:
S(x)=(max.y) mado.x, w. 4, min(x, v )

s(xy)=(x, v, xy xy ,xy)

S (x)=(minl1.x, v ). max(o.x, v, }.maf{o.x v+ ]

%(x,y):(xl v, xy max(0,x, y+, 1) :max{0,x, y3+j).

S(x))=(x v, xy,max(0.x, v+ Jxy).

S(x))=(x v, xy,xy max(0,x, y+, 1))-

Remark 3. For all x,y,zi P* and y= z, the operators7,

(0.9 also satisfy the condition

The logimperators, 7 and s on A" are corresponding to the basietiseory operators on PES)

as follows.
Definition 9. Let &, T and s be the picture fuzzy negatiomorm and {conorm, respectively, and

A,B1 PFYX). Then, the complement &f w.r.t & is defined as follows:

A {len (@9 2@ of B o ™)
the intersection o8 and B w.r.t 7 is defined as follows:

as d(oT((@ (9 209 of Db 6) e(Priofz ®



and the unionofd and B w.r.t T is defined as follows:

{17
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3] The Singlevalued Neutrosophic Distance Measure and the 144
Picture Fuzzy Distance Measure

Recently, Wei has introduced the generalized Diceityimi@asures for picture fuzzy sets [17].
However, the definition of Wei is without considering the condition related to order relation on picture
fuzzy sets. The new distance measure on picture fuzzy sets is proposed in this section. It is developed
from intuitionistic distance measure of Wang et al. [32] and Ngan et al. [8].

Definition 10. A singlevalued neutrosophic distance measuiga function satisfying
d-N3IN 0, +)p

d(x,y)=d(y.x),

d(x.xy)=0 O 3,

If x= y= zthend(x,y)¢d(x,z) andd(y,2)¢ d(x,2).

Definition 11.A picture fuzzy distance measuras a singkwalued neutrosophic distance measure
and d(x,y)i 80,1 g"x,y iP.

Roan etal.|J. Fuzzy. Ext. Appl. 1(3) (2020 139-158

Definition 12. The measur®,, is defined as follows
1 . P
D, (x,y) :g(|x1 —y1| |i-2 y2—| |x3+ y3| -1'max{x1,y3} max{x3,y1}|), xy | P. (10)
Proposition 1.The measur®,, is a picture fuzzy distance measure.

Proof. Firstly, we haVFnaX{xl,yg} - max{xs,y}‘ igo,l {and

byl b v d bk (el otk by ) B LY

¢(X1 W, X'a) (J"_z )/2"')/3)"'2-
1
Therefore,0¢§(|x1 v %, v |X3+J/J-}maxfx Wy Y-max{x }‘Dq:l

Secondly, we obtain thax (x,y)=D,(y, x) since D, has the symmetry property between the

arguments.

Thirdly, Dg(x,y):00|xl-y1| =|tX2 yJ |X:3 y} )max:{x,ly} max{x,sy }1‘ 0 x =y.
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Finally, lex= y= z,thenx, ¢y, &, x, g, z¢,x  y2 z. We obtain that

oy e 2ble b ez by | )

Moreover,max{zl,xg} 2 max{yz, X3} Zmax{xl, y3} max{xl,zg}. Hence,

‘max{xl,ys} - max{xs,yj}‘ G*max{xlz} maX{X 4 }/im . Thus,DO(x,y) ¢ DO(X, z). Similarly,

we also have, ( v, z) ¢ Dg(x, z).

Remark 4.If d is a picture fuzzy distance measure, thés a singlwalued neutrosophic distance
measure. The opposite is hot necessarily true. Some picture fuzzy operatitrasluege by the group

of authors of this paper [I&hd[19]. Hence, this research is seen as a complete link to the authors' previous
work on picture fuzzy inference systems. An inference system of neutrosophic theory will be developed ir
another papersa future work.

Proposition 2.Let x, yi P". The measur®, satisfies the following properties:

|
Wik

o, () ) -

4

If x,2 x,, then

DO(X,NO(X))- DD(X, N S()())‘= —;X 4

0, (x M) (W ofe by )= 3. 7

D, (x,%)- D (W) W fy ))= S . ¥ |
If x,+x, 37, »#, thenDo(x,y)zDa(NS(x),N S(y ))

If x,+x, 37, ., thean(X,NS(y)):Do(N SG()J/)



D,(x, V,(x))=zifand onlyifxi {0, 2} .
D,(x, N (x))=1ifand only ifxi {0, , 1}

Dg(x, NO(X)): o ifand only ifx,=x_, x, 0.

Dg(x, NS(X)):O if and only ifx, =x_, x, =,

0,((0.0.9 (0.8))<0,(( 0.0p( a0)po,(( 0.d¢. 04)
<0,((2.0.9 (0.0)) ,(( a0p( 0.alp 5,( 0d4. 0Y0 i p

Proof. These properties are proved as follows:

We haVGDg(NO(X),NS(X))Z Dg((x 50, X J) (X o X 4 X ))

:§(|X3- x| 4o~ x) px, x| |max{x,x} max{x x})) —,;Xd.
We have

oo ) Buf )=l o b 00 ) © [ ) b )

U x) 4o @ e x fmanfoc x) maxte )

-—;(|XJ-X3|+|X2 -X4| |X3 X-J ‘ma—x{xl,xl} max{xg,xj}‘)

:;;‘xz Ix,- x| =§Zx4.

We have

DU(X, NO(J/))' Do(N OG()!y)‘:

D (b X Yl 0y ) D e ox bl vy )

Lo wd b of os b fmanl v} marty )

M vl o v) b vk s, v} mardy 1))

1
=2, )

We have

1D, (x3)- Dy (W)W oy = 0ufbe ¥ b ) © [l 00 W0y )

J Fuzzy. Ext. Appl
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wa7 gl o d b vk fmade, ) mady oK) = G v

We haveDo(Ns(x),Ns(y)) = Do(é( X X ) (y cad ))

Al l oo v ) by b ey} sty o)) Further

|X4—y4| =K1 X, X5 X3) (1 v, ¥, y)‘ |)(2yL:. ThusDo(NS(X),NS(y))=D0Q(,y)
We havep, (x, M (v))=D,((x ,x ,x ) (v ¥ W )

:—;(|x1- y3| +X2 )”J |x+3 yJ- )/na,\f{x 8 } /mx{y X }?D In other hand,

0, (Wafr) ) =0y )y o )

:—:SZ,(|X3'J/1| +X4 J"J |X*} )/} )/77a)&{x gy} nax{y,l,\f }ZD Further,
|X —y4| :ItX o 'V+yJ IX 2 XJ'J’E“XL+|,V2+X L,Thus,

D, (x W o(y))= Dol e}y Joim

We haVGDO(X, NU(X)) D ((X X X3) (Xgo,x))

172
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We have
D(XN()): (( X;(XXX))
——(|x x| +x x| |x+ x| ‘ma;\‘x x} max{ }D |x X‘J +|x XJ

We haVGDO(X, JP,)= Dg((xl,xz,xg) ( 1,0, )

(|X .4+X 6}|)\+ Cf‘mah{ C} max .ﬂ) 2 2x, X, )l‘)

We haveDg(X,OP,) ((X X XS) (0 0, )

17727

:_;(|X1-0| +x2 6-1 |x|§ ff—‘malx{xl,y-max O}D 2 2x, X, X)

We havep, (0, ,1,)= DU(( 20,9 o, o,))z:



Assume thab, (x, Na(x)):1,we haveixl- x3| éxzz 1 Since|x1- x3| éxz (cp(l Xg) X #1. ”’-
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Therefore, |x,- x| éxz bc, x4 x+1 We obtain thatx,=0 and |x,- x] =2 Thus,
xi{o,,1} Assume that D,(x,n(x))]=2we have |x,- x| é|x2 x]=1  Since
|X1—X3| é|x2 X4| ()61 Xa)- (X 2+X) +1. We obtain thatx,=x, 0 and |X1- X3| =I. Thus,
xi{o,,1,} Assumethap,(x, N, (x))=0, we havdx,- x| éXf 0. Hence,x, =0 andx, = x,,

Assume tht Dg(x, Ns(x)): 0, we havex,- x| é|x2 x J=0. Hence,x,=x, and x,= x,

We havep, ((0,0,9 { 0.a,9) :g

p,((0.0.9 [a0.8)=D,(( 0.0p( 0,0))1:%3 and
o,((204 (0.0)=0,( a0p( 0.dp o 044, 0})o-

Remark 5T h e o= @ e ®ncarresponds to the following order on E,F)S

AT.BUE, (¥¢ o6 ) x()de,(x) ) xa(}p X (11)

Remark 6.The picture fuzzy distance measure”oncorresponds to the picture fuatigtance

Roan etal.|J. Fuzzy. Ext. Appl. 1(3) (2020 139-158

measure on PKR), i.e., for alld, 81 PFYx={x,, x,,...x,}), we have the picture fuzzy distance

measureD,, betweend and B as follows:

Do(A’B)ziﬂéqu( X - ot i)|X|+A( d x( ,)|d.| X ) 3B(-i>1
+|max{8A( IX) B(?’l)} X { !\T(ai)( Bixi)}g' €

Proposition 3.Consider the picture fuzzy distance meaSyr@ Eq. (10)the picture fuzzyrniorms

(12)

T in Example, 2he picture fuzzydonormss, ., . in Example,&nd the picture fuzzy negation

N, inExample.Let A and 8 be two picture fuzzy sets on the universg x,, x,,... x,} . Then, we

have the folleing properties:

DD(AA%B,B)ZmaX{DO(A /B, A 7@2),00(4 TkéEB)},

oame.a)map o A ok g

A
B
M
oy ]
QE
> |
52
E
e
D‘TD
b
O
Eﬁ
QE
>
N
O
|- OO
>
LQ
4
<o



p &

. ~Fe
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hN

|- OO

& §mafo, w4 @ 0
+ c ' /

S8
" (i.]) i{(x,y)/x,y o,.., »{(45)} andk=0,1,3,4,5

ofacisa)maxlpo fo A g)oh gal)

o ac.os) malofs @a g)ok p)

DD%C%BNUIZNO %maxf é%gB ? ,ng/\ ? ,OA—ND ,§
005%4@%5”",5 gz foO é%gg gj ? g

" (/'/) I’{(XIJ/)/X,J/ @,1,3,4,§ {( 1,)} andk=0,1,3,4
DD(AC}SZB,A)zmaX{DU(A ®, A ?)044 g A )}

pfac,e0) malofn @a g0 b s5)

DU%Q%BN A" %mafoOA% A B D%A ? A" §
Doé%z\QSBN B gz f 0/%%99”' A @ DgUA ?",3” E

“j,f=0,2,3,4,and k=0, 3, 4.

The picture fuzzy distance measure in controlling network power consumption

DO(A /B, A %B) D4 @A &)and

DO%A%BNO,A GB" gZDoAé%fENO,A 8 /gj 0,75

Proof. These properties are proved as follows. Firstly, we see that,fpii agb, 1 ‘g

max(0,x+y -1 &y min(x,y) and  min(1,x+y) 2 w x¢ max(0,x y B.Hence,

(maX(O,X1+y1 —1),max(0,x2 ¥, .j—,m/'f(.l,xg yg}): (le/fxgvzxs Y txy )(This means
7,= T, Similarly, we obtainth@ = 7= 7= F, T,and 7,= 7= 7 F, T,Hence,

AEBI.A AB JA B A _BE.Al B/EA,



AEBI.A B JA B A _BE Al B/EA,

{17
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AEBILA /B JA £ A BEAl BFAB 150
SinceD, is the picture fuzzy distance measure, thus

D,(A% B.A) Zmax{Dchl A, A #)00(4 BEA )} and

D,(A % 5,8) ZmaX{DU(A /B, A ,@),00(4 EB;B)],

" (4./) i{(x,y)/x,y @,...,5} {(45)} and k=0, 1,3, 4, 5 Furthermore, we have

W e faly A9 A W o] {l (60) ot axp

It is easy to prove the folling lemma: If41 .8, thenB "1 . A °. Thus,

Daé%wE,BN A" gzmafoOAé%éBN A E DgA ?f/\_ﬂ“ Eand
Doé%z\A:TBN” B gzmaxfz)o A%éBNO,A /8 DgA ?‘ié’v” E

Roan etal.|J. Fuzzy. Ext. Appl. 1(3) (2020 139-158

" (4,J) i{(x,y)/x,y @,...,5} {(45)} andk=0,1,3,4,5

Secondly,weha®= S= & S §=S= § S andS=S= § S Hence,
Al A G5 W & A £ Al BC

BLA%BLA B Nz B8 A 55

Al A G5B LA & A £ Al §Bgand

BLA%BLA B Nz B A p=e

ThereforeDD(AQ%B,A)ZmaX{Do(él @, A g)D,(A & A )}

DD(AQ%B,B)Zmax{DU(A B, A 7g;?),DD(A g,B)},
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’ gzmafoa Aé%ngN g ?

" (1.7) i{(x,y)/x,y ﬁ,1,3,4,§ {( 1,)} andk=0,1,3,4

<

Now, we haved1 A GB 1A BB A £ Al SCand

BI*A%B‘LA [o2; A B A B

Thus, for all/, /=0, 2,3,4,and kK =0, 3, 4,we have
D,(A¢,8.4) ZmaX[D 0(4 BA @ )D hoga )}
(Ac; BB)ZmaX{ ( B, A ;B) &4 g,B)},

J§
¢ f c
DO%Q%BNO,EVU gzmaxileng AE%QBNO,A & ,D%A ? B ° §

Finally, we see tha@£ B1.A /B JA A B A BG
Thus, we obtain thaPU(A A B A %B) D 0(,4 A A %e) and the remaining inequalities of

Proposition 3

4] An Application of the Picture Fuzzy Distance Measure for
Controlling Network Power Consumption

4.1 The Problem and the Solution

The interconnection network is important in the parallel computer systems. Saving interconnection
network power is always interestedearched and becoming more and more urgent in the current
technological era. In order to achieve high performance, the architectural design of the interconnectior
network requires an effective power saving mechanism. The aim of this mechanism ésthe reduc
network latency (the average latency of a message) and the percentages between the number of links t
are kept switched on by the saving mechanism and the total number of links [25]. As a simplified way o
understanding, this is a matter of optmgithe number of links opened in a networking system. This is a
decisiormaking problem for the trunk link state.

In 2010, Alonso et al. introduced the power saving mechanism in regular interconnection network [25].
This model dynamically increases araesithe number of links that compose a trunk link. This is done



by measuring network traffic and dynamically turning these individual links on or off based on a
u_/u . threshold policy with keeping at least one operational lifkg(sndFig. 2. ”’-
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The two parameters, and v are designed based on different requirements of mechanisn
aggressiveness (controlled by the vg|ue(v, + )/ 2) and mechanism responsiveness (uteutr 152
by the difference_ - v ).

off

I'{k jgnk link / / an

router |

5, S, 5

Fig. 1.Four trunk link states.

" U<ug U<u,,
/"“\/’*‘\/"*\

S-I S, S‘: :"'l

N N

U=u, Uzu,, U=u,

Fig. 2. The operational mechanism of switches.

In order to avoid the possibility of cyclic state transitions that makes the system become unstable, t

following restrictions hold in the selectionand “of :
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0<u, ¢u? g;—“ (13)

Thus, the different values of and v that satisfyEq. (13)are stiffly chaan in order to achieve

different goals of responsiveness and aggressiveness for the power saving mechanism. In 2015, they
continue to study and modify power consumption control-ireéatnterconnection networks based

on the static and dynamic threshpldlgcies [26]. In general, this threshold policy is hard because it is
without any fuzzy approaches, parameter learning and optimizing processes.

In 2017, Phaat al[27] proposed a hew method in power consumption estimation of ratvehik

based onuzzy logic [27]. However, this fuzzy logic system based on Sugeno model is too rudimentary
and the parameters here are chosen according to the authors' quantification. In this paper, aiming to
replace the above threshold policy in decision making probléma frunk link state, we propose a
higherlevel fuzzy system based on the proposedsatgésl neutrosophic distance measure in Section

3.

4.2 The Adaptive Neuro Picture Fuzzy Inference System (ANPFIS)
In this subsection, an ANPFIS based on piaamyfdistance measure is introduced to decision making

problems. ANPFIS is a modification and combination between ANFIS [28], picture fuzzy set, and
picture fuzzy distance measure. Hence, ANPFIS operates based on the picture fuzzification and
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defuzzificabn processes, the picture fuzzy operators and distance measure, and the learning capability fc
automatic picture fuzzy rule generation and parameter optimization. The model is show&ibas8 in the

Layer 1 Layer 2 Layer 3 Layer 4

The single-

valued
neutrosophic E: . —> 5
distance

Fig. 3. The proposed ANPFIS decision making model.

The model has the inputs are number values and the @tp‘l’u{ 1}7 is the chosen solution.

ANPFIS includes four layers as follows:

Layer IPicture Fuzzification. Each input value is connected to three ne@os in other words is

fuzzified by three corresponding picture fuzzy
Picture Fuzzy Gaussian Function (PFGF): the PFGF is specified by two parameters. The Gaussiar
function is defined by a central vatneand widthk > 0. The smaller thé& , the narrower the curve is.

Picture fuzzy Gaussian positive membership, neutral, and negative membership functions are defined
follows

dy- b
G

X

2
g b= z(é - )ﬁ(cll' EO,JE,and
4( é’: 2@ J‘( )65(0)) (02|' ga,lﬁ,where the parametemsA and £ > are trained.

Layer 2Automatic Picture Fuzzy RulesThe pcture fuzzy-norm 7 (seeDefinition @hdExample)2
is used in this step in order to establish tHHEN picture fuzzy rules, i.e., the links between the neuros

O! of Layer 1 and the neure¥ of Layer 2s follows
010/is x andO!is y then O] is T(x,y). 6

For exampled(x, y) =7¢(x, ), where [18]



e
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x, yl P, and the parametex_@ _chpgl_zgqu + ): are trained.

g&’dﬂ?’"

Layer 3— Calculate the difference to the sampleshe difference between the ingutand the
sampleX is calculated by the proposed picture fuzzy distance measuigg. (10gs follows

D, (1.K)= %g\la H b)e u)\ B )0 :0) Bte) L)
+‘max{l ‘}@’ { (.‘)‘:&(i)}’ﬂln

where,m is the number of attribute neuro valuesdpd are the trained weights.

Layer 4Picture Defuzzification. In this final step, we point out the minimum difference value in all

values received from Layen@yD g(/, K) =D g(/, K,).

Then, the output value of the ANPFIS is the solufjowhich iscorresponding to the sampe.

4.3 Application of the ANPFIS algorithm in Controlling Network Power
Consumption

In this part, we present the installation of ANPFIS algorithm in the trunkatelCsintroller of
interconnection network.

Adaptive
Input 1
~ Neuro
Picture
Max Average _,.‘ Derivative Input 2/ Fuzzy
F Y T Inference
System
| (ANPEIS)

W_ Tm
* Counter ‘ _
: Link State
(—— Counter }4— «
* Counter }4_ | Adierine |

Router "~

Trunk link

Fig. 4. The architecture of the trunk link state controllerBased on ANPFIS.
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Fig. 4describes the architecture of the trunk link state Controller based on ANPFIS. This Controller is

developedrom the previous architecture which is proposed byd®hbin 201 7or networkon-chip

[27]. For details, each router input port will be equipped with a traffic counter. These counters count

the data flits passing through the router in certain @otds based on the corresponding response

signals from the router. The flits through the router is counted in a slot of time. When the counting
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finish, the traffic through the corresponding port will be calculated [27]. Each port of the router is
connectd with a Counter, then there are four average values of the traffic.

The Max AveragéVA) block receives the values of traffic from the counters which are connected with
the routers ports. It compares these values and chose the maximum value fdfr thgpWNPE-1S.

TheDerivative(DER) block calculates the derivative of traffics obtained from the counters. This value is
defined as an absolute value of the traffics change in a unit of time. This value is determined according t
the maximum traffic valdecided by MA block. After that, the DER gives it to the Input 2 of the ANPFIS

for further processes.

The value domain of Input 1 and Input 2 is from 0 to the maximum bandwidth value. They are normed
into [0, 1] by Min Max normalization.

Through theANPFIS block, the received Outpistthe trunk link state& il {1, 2, 3,]4 The received
new state are adjusted byltimk State Adjustiniglock.

5| Experiments on RealWorld Datasets

5.1 Experimental Environments

In order to evaluate performance,test the ANPFIS method on the real datasets of the network traffic
history taken from the UPV (Universitat Politécnica de Valéncia) university with related methods. The
descriptions of the experimental dataset are presenadudieiri.

Table 1 The desciptions of the experimental dataset.

No. elements (checkingcycles) 16.571
No. attributes 2
(MA, DER)
The normalized value domain of attributes| MA DER
[011] ['1’1]
No. classes (No. link states) 4

We compare the ANPFIS method against theadgtf Hung (M2012) [21], Junptral.(M2013) [22],
Maheshwagt al(M2016) [23], Ngaet al(H-max) [8], and ANFIS [28] in the Matlab 2015a programming
language. The Mean Squared Error (MSE) degrees of these methods are given out to compare the
peformance.

5.2 The Quality

The MSE degree of the ANPFIS method are less than those of other methods. The specific values ar
expressed ihable 2

Table 2 The performance of the methods.

Method M2012 [21]  M2013[22] M2016 [23] H-max [8] ANFIS [28] ANPFIS

msg  0-2009 0.2606 0.2768 01259 0.2006 0.0089




Fig. &clearly show the difference between the performance values of six considered algbigthms. In
5, the blue columns illustrate the MSE values of the methods. It can be seen that the columns o] ”_
ose

other methods are higher than that of the ANPFIS method. That means the accuracy of the prop

method is better than that of the related methods on the considered dataset.

0/3

0/25

0/2

0/15

0/1

0/05
0 —

M2012 M2013 M2016 H-max ANFIS ANPFIS
mMSE

Fig. 5. The MSE values of 6 methods.

6] Conclusion

The neutrosophic thepincreasingly attracts researchers and is applied in many fields. In this paper,
new singkwalued neutrosophic distance measure is proposed. It is also a distance measure betwegn
picture fuzzy sets and is a development of fimeimeasure which wasaduced by Ngan et al. [8].

I Fuzzy. Ext. Appl

156

ER. Appl. 13) (2020 139158

N
N

Further, an Adaptive NPFIS based on the proposed measure is shown and applied to the decisidéh
making for the link states in interconnection networks. The proposed model is tested on the real datasets

taken from the UPV univetisi The MSE value of the proposed methods is less than that of other

methods.
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Appendix

Source code amthtasets of this paper can be found at this link,
https://sourceforge.net/projects/pfdrdatasetsode/.
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