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ABSTRACT: The aim of this paper is to extend the centroid point to survey the similarity measure between PFS in the
case of transforms the Pythagorean right triangle. Method is according to Pythagorean fuzzy set (PFS) has a robust utility
ability than an intuitionistic fuzzy set(IFS)to modify uncertainty in real-world problems. That launching a novel new
similarity measuresS/“to numerical experiments and compare the candidate ranking based on the centroid point to measure
the similarity between the PFS, which transforms the Pythagorean right triangle. Resultsverify the similarity measure S/¢
gets a higher priority of the candidate ranking and ordering number 1.Conclusion proved the new similarity measureS’¢ is
usefulness and effectiveness.
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ILINTRODUCTION

A similarity measure is an instrument for surveythe degree of similarity between two things. many researchers discuss
applicated in anyapplied ina wide variety of fields. Zadeh (1965) present a fuzzy set to solving uncertainly problem for
real-life, and applied in all different scope of decision making.Atanassov (1986)definedintuitionistic fuzzy set (IFS)and
applied extensionreal-life at 1994ab,1995,1999,separately.Gauand Buehrer (1993)wereposed vague sets and Bustince and
Burillo (1996) dished out that the vague sets were IFSs. They have been inclusive applied by Szmidt and Kacprzyk(1996)in
decision-making problems.that Yager (2013) raised the pythagorean fuzzy sets (PFSs) is new method for treat with the
membership grade are pairs(u, v) fulfill the status p? + v? < 1. PFSs has stronger utility than the intuitionistic fuzzy sets
(IFSs) to modify ambiguity problems.

Yager(2013)raised Pythagorean fuzzy set (PFS) feature usedthe sum of membership and non- membership to one case
fulfill criteriaof results may be greater than 1, but sometimes its square sum is less than or equal 1. Thereby, Yager
(2013,2014)expansion Pythagorean fuzzy set (PFS)distinguishing feature by a membership and non-membership, that
represent the status that the square sum of membership is less than or equal to 1. Yager (2014) suppliedone
instanceillustrate status: decision-maker hepreferscase is \/z—g and heprefersnon-membership is %.perhaps results sum of two

values is greater than 1,it is inappropriatefor IFS, but it is appropriate for PFS since (g)2 + (%)2 < 1.0bviously, PFS
better to modify the ambiguity problems in the actual case.

Recently, Shyi-MingChen (2016) proposed a concept of the centroid point to measure the similarity between two things,
which inspired me to interesting in learning to discuss similarity measure of the centroid point extension two PFSs.based on
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transformPythagorean right triangle. moreover Yager (2013) has been verified the pythagorean fuzzy sets (PFSs)
haverobust utility than the intuitionistic fuzzy sets (IFSs) to modify ambiguity problems.

In this propramemployed the numerical experiment was robust verification support this Sf¢modelwas usefulness and
effectiveness.therefore,proposed SF¢is new similarity measure.

Contents introduced as following,the first section is an introduction, brief introduced fuzzy logic simple background , the
second section is preliminaries, introduced the basic concepts on PFSand existing the similarity measure, the third section is
employing a new measure of similarity S7based on PFSs with Pythagorean right triangle for the centroid point. The fourth
section is a numerical experiment. the last one is the conclusion.

II.PRELIMINARIES

Here start tointroducedprevious many researchers discuss theories and concepts in PFS, and their methods.briefly recall the
fundamental doctrine related to Pythagorean Fuzzy Set (PFS), as follows:

11.1 THE BASIC CONCEPTS ON PFS

The Pythagorean theorem is derived from the plane geometry of Euclidean geometry.

The five axioms (public) of Euclidean plane geometry are:

You can draw a straight line from onepoint to another.

Any line segment can extend infinitely into a straight line.

Given an arbitrary line segment, you can use one of its endpoints as the center of the circle, which is used as a radius.
All right angles are equal.

If both lines intersect the third line and the sum of the inner angles on the same side is less than two right angles, the two
lines must intersect on this side.

The fifth axiom is called parallel axiom (parallel public), and the proposition is as follows:
"Through a point that is no longer on the line, and there is only one line that does not intersect the line."

Manjil P Saikia (2015) Pythagorean theorem is a well-known result in triangular geometry. The square of the hypotenuse is
equal to the sum of the squares of the other sides.

Therefore, if ¢ denotes a right-angled bevel triangle, a and b indicate the other two sides, then the theorem says ¢? = a? +
b?.The triplet (a, b, c) that satisfies the theorem is called a Pythagorean triad.

Definition 1 Yager (2014)
p = {(x, u, (), u,(x)|x € X}.
Definition 2Zhang and Xu(2014)
2

s(x) = p? —v2.

Where (x) € [-1,1].
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Definition 3 Zhang and Xu (2014)
a(x) = u?> —v?
Where a(x) € [0,1]
For any two PFSs xq, x,.
Ifs(x1) > s(xy), then x; > xy;
If s(x;) = s(xy), then
Ifa(x;) > a(x;), then x; > xy;
If a(x;) = a(xy), then x; « xy;
Definition 4 Zhang and Xu(2014),Peng and Yang(2016)
1)A° = {(x,v4(0), pa () |x € X};
(2 AS B iff Vx €X, us(x) <vp(x) and v,(x) = vg(x);
(3)A=B iff Vx € Xu,(x) = ug(x) and v,(x) = vz (x);
(404 = {(x, 1,0)|x € X};
(5)04 = {(x,0,1)|x € X};
6)AN B ={(x, a(x) A pp(x),va(x) V vp(x)|x € X};

(NAUB = {(x, 4 (x) V pp (x), v4(x) Avg(x)|x € X};

(8)4 @ B = {(x.iE() + i) — @)}

(94 ® B = {(r, 11 (0115 (), VE C0) + () — i )vE@)Ix € X ;
Definition5 Peng,Yuangand Yang (2017)

(D1)0 < D(A,B) < 1;

(D2)D(A,B) = D(B, A);

(D3)D(A,B) =0 ifandonlyif A = B;

(D4)D (A, A%) = 1if and only if Ais a crisp set;

(D5) If AS B € 0, then D(A,B) < D(4,0)and (B,0) < D(4,0).
Definition 6Peng, Yuangand Yang(2017)

(S1)0< S(4,B) < 1;

(S2)S(A, B) = S(B, A);
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(S3)S(4,B) = lifand only if A= B;
(S4)S(A4, B) = Oif and only if Ais a crisp set;
(S5)If A < B C 0Othen S(4,0) < S(4,B)and (4,0) < S(B,0).
Brief introduced some of the already exists Similarity Measuresfor PFSs

(1)Peng, Harish Garg ’s similarity measureSpy, (2019)

r| 1 -
Spr1(M,N) =1 — WZ{KQ( - 1)(u12\1(xi)) - (Vl%l(xi) - vz%(xi))l” + |ty — k)(ulz\l(xi)) - (Uple(xi) - va(xi))l”}
\‘ k=1

Peng’s similarity measure S,(2018)

Sp(M,N) =1— D(M,N) =
1- p\] Lm0+ 1= @) (i () — 13 () — a((WE () — v3 )P+ 1+ 1= bYW (x) — v3 () — b((d () — 12 (x))IP)

2n(t+1)P

Wei and Wei’s similarity measureS;, (2018)

1o G () + v (v ()
Sy(M,N) =—
W( . n; \/,uff/,(xl-) + V;;I(xi)\/ﬂf\'/(xi) + vy (x;)

Peng et al.’s similarity measuresS,,; .3(2017)

S (M, N) = 1 — Dttt vy G- Cep—viy e
pIAT - 2n '

1 (i Cc) g () +(iy G Avk (x0))
M,N) =13m
Sp2(M, N) n A= (2 epvad () +why ep)vof ()’

1 (dy A )+ —vf Ge)IAL=vF (x)))
M,N) ==-Y" .
Sp3( M) n l_l(y,%,,(xl-)v;z,z\,(xl-))+(1+v,‘2,,(xl-)v(l+v,%,(xl-))

Zhang’s similarity measureS;(2016)

S;(M,N)
_ 1i ks Oxi) = v Ge) |+ vy () — i Gl + Iy () — 7 G|
n- |.U12v1(xi) - #12\/(Xi)|+|171\2/1(xi) - V}%](xi)l + |7T1|2/1(xi) - T[)%](xi)l + |Il12v1(xi) - Uz%](xi)|+|171\24(xi) - #ﬁ(xi” + |T[1%/[(xi) - ”ﬁ(xiﬂ

I11.LANEW MEASURE OF SIMILARITY DUE TO PFSs FOR THE CENTROID POINT

The concept of new similarity measure was constructed due to the pythagoreanfuzzy sets (PFSs) theorem and the centroid
point theorem, shown as following:
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SPC(Ay,By) =1 |2(uaCe) — ua(x)) — (va(x) — vz (x))| < (1

2
_ |2(Vﬁ(xi) - UE(xi)) - (Mﬁ(xi) - .“E(xi))|
2

—mz(x;) — ”E(xi))

X (z(x;) — g (x;))
Let A = {(x;, ua(x), vz(x))|1 < i < n}be Pythagorean fuzzyset X , where X = {x;, x;, ... x,, }.

Let (uz(x;), vz(x;))imply the Pythagorean fuzzy value of functionx;a part of the Pythagorean fuzzy set A, where
1 < i < n.Initial, presentconversion the Pythagorean fuzzy value (uz(x;), vz(x;))and a fuzzy numberA, ,whichl <i <

n.Let A, be the transformed the Pythagorean fuzzy number, X = [0,1]

Through from the pythagorean fuzzy value (uz(x;), vz(x;))with three points TA’zS = (pa(x), vz(x) + ma(x)),

U = (na(x), va(x))and VIFS = (ua(x;) + ma(x;), va(x;)).as shown in Figure 1 . where the distance
Wbetween points TAPxFiSand Ufison Y-axis is equal to (vz(x;) + m1(x))) — va(x;) = mz(x;), the distance
UPTVAP”between points Uy and Vi, on X - axis is equal to (/M(xi) + T[g(xl-)) — uz(x;) = mz(x;), and the centroid
point C PFSof the conversmnthe Pythagorean fuzzy number A, .. Figure 1 shows the following:

CEPS = (QuaCe) + 2 (maCe ) va ) + 3 ma(x)))

Because mz(x;) =1 — pz(x;) —va(x;), we can get

Chrs = (uaCx) +5 nA(x Nwa () +5ma(x))

=) 2 (1= a0 = v Ge))wa ) + 5 (1 = paCe) = va(x)
=214 () + 5 (1= s Cx) = wa ), 2 (v ) +3 (L = ) = v )

_(2 (y;(x[)ﬂ/?(l—uz(x[)—v; (xi)) Z(Vg () +(A—pz(x)—vz (Xi)))
2 ’ 2

:(\E—(2+\/§)ﬂ7‘(xi)—\/§v; () 1—puz(xd+vy (xl-))
2 ! 2

Also, we can get

Cor® = ((up(x) + 2 (5 () vp () + ﬂs(xl)))

Because mz(x;) =1 — us(x;) —vs(x;), we can get
PFS = (up(x;) +— TTB(X Nwp(x;) + = T[B(x )

=(up(e) + 2 (1= pp(x) = vpGe))wp(x) + 5 (1 = () — vg(x)
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=2 (g () + 5 (1= pp () = v (), 2 (v () + (4 = iy (3 = v ) )

2 (p ) +V3(1-pp ) -5 () 2(vpG)+—pg () —vz(x)

=( . . . )

:(\/3—(2+\/§)u§(xi)—\/§vg(xi) 1—u§(xi)+17§(xi))
2 ! 2

From Fig.1, we can see that T, U™ = U™ V™ = m,(x;) where T/ UF™ denotes the distance between the point
TP = (us(x),vi(x;) + mz(x;)) and the point U™ = (uz(x;), v4(x;)) onthe Y-axis. Uf" V" denotes the
similarity measure between the point Uf™ = (uz(x,),va(x))and V™ = (uz(x) + ma(x,), va(x;)),0n the X-axis and

mz(x;)imply the degree of indeterminacy of functionx;a part of the Pythagorean fuzzy set A4, wheremz(x;) = 1 — uz(x;) —
vi(x;), ms(x;) €[0,1] and 1 <i <n.

Fig 1: A New Similarity Measure of PFSs due to The Centroid Point

Let A, and B, be two the Pythagorean fuzzy numbers conversion from the Pythagorean fuzzy value (ug(xi), V,;(xl-))and

(,Ltg (x;),vg (xi))of functionx;a part of the Pythagorean fuzzy sets Aand B,separately, as shown in Figure 2.the centroid
points C, and Cp_of the conversionthe Pythagorean fuzzy number A, and B,,.Figure 2 shows in the following:

_ (\/§ - (2 + \/5_’),11@(351') —V3rz(x) 1—pz(x) + Uﬁ(xi))

Ca,, ; >
V3 = (2 +V3)ug(x) —V3vs(x) 1—pgCx) +vs(x)
By, = ( 2 , 2 )
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According to Figure 2,the degree of similarity measure S(A,,,B,,) between the Pythagorean fuzzy value (M(xi), v,;(xi))
and (ug(x),vs(x;)) is calculated as follows:

|2(#A(xi) - #E(xi)) - (Vé(xi) - Vﬁ(xi))| % (1 —i(x) — ﬂé(xi))

2
_ |2(17A(xi) - Ué(xi)) - (Mﬁ(xi) - Hé(xi))|
2

s(Ay,By,) =1-

X (mz(x;) — mg(x;))

B (g ) () ~(vg (e —vg ()
2

SEC (A By) =1~ ' (1= (ma) = 15) ) = 12 (va ) = w5 0e)) — () -

Ilﬁ(xi))| X (TFA(XL') - T[B(xi))-

v
4 Tox;
ValE () .;'\
I".:‘\_‘
Y N B,
X o
lﬂ.l(f"r] [jrrs A e
i, 4 Y ~
............... ./ _g" Rh\"' L
TJr'rf Fx,
ol
rA(Ir)_"l_.l':x.':' .-!:-
\‘x s,
a o
L""‘“ ;_.- . -"‘._
I VAR
vlx) [ [ ! —. -
I ! e
0 e Bl M) Halx0 Mgl gl

1

Fig 2: The transformed the Pythagorean fuzzy number A, , and B, of the Pythagorean fuzzy values (uz(x;), va(x;)) and
(ug(x;), va(x)) , respectively.

LetA, , B,,and C, be three transformed Pythagorean fuzzy numbers of the Pythagorean fuzzy value
(s (), va(x)), (g (), vz (x))and (ps(x), ve (x;))of functionx;a part of the Pythagorean fuzzy sets 4, Band C,
separately, where 1 < i < n.Their properties are represented as following.

Here raised a new similarity measure according to Peng and Yuang and Yang (2017), definition 6, illustrated as proof as
below properties,separately:
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Property 3.10< S(M,N) <1
Proof:
Assume that puz(x;) = uz(x;) = land assume that vz(x;) = vz(x;) = 0,then mz(x;) =1 —pz(x;) —vz(x;)=1-1-—
0 =0and mz(x;) =1 —puz(x;) —vg(x;) =1—1—0=0.Based on Eqg.

SfC(AxiﬂBxi) -1 |\/§(:uff(xi) - ﬂé(xi))z_ (Vé(xi) - Vﬁ(xi))| % (

3(wa(x;) —wvp(x)) — (ua(x) — pp(x
V3w vB(x))2 (BaGd = koG oy )

1— (ma(x) — mg(x))

We can get

_|x/§(1—0)—(o—1)|><
2

[V3(0—1) — (1 —0)]
2

SP(Ay,B,,) =1 (1-0-0)- x (0 —0)
=0

Assume that pz(x;) = ug(x;) = land assume that v;(x;) = vz(x;) = 0, then based on eq.,

Sfc(Axi'Bxi) —1— |\/§(ﬂ.§(xi) - ﬂé(xi))z— (Uﬁ(xi) - UE(Xi))| % (1 _ (Tl’,q(xi) _ ﬂg(xi)))
3 |\/§(Vﬁ(xi) - Vﬁ(xi))z— (.U/T(xi) - ME(xi))| y (T[/i(xi) _ T[g(xl-))

We can get
SE(AxpBy) =1-IV3(1 = 1) = (0= 0)| x (1= (0= 0)) = [¥3(0—0) = (1 — )| x (0 - 0)
=1
Property 3.2 S(M,N) = S(N, M) ;
Proof:

Because 1 — |\/§(#Z(xi)_#§(xi)2)_(v;§(xi)_VE(xi))| —1— Iﬁ(vz(xi)—vE(xi)z—(#z(Xi)—#g(xi))llWhere fromEq.

SLPC(Axl-'Bxi) —1_ |\/§(,uﬁ(xi) - ,ut?(xi)) - (Uﬁ(xi) - Ug(xi))l % (

> 1 (mi(x) —mp(x)
_ |\/§(VA‘(xi) - Vé(xi)) - (:UAT(XL') - Hé(xi))| %

3 (ma(x) — mp(x)
_ V3wt - vg(xi))z— (i) = mp@))] (ma(x) = mp(x)
1= VB (uat) - ug(xl-;) — (G —vsC)| (ma(x) — w5 (x)))

= Sf(B,,. Ay,)
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Consequently, SFC(Ay,, By,) = S£(Bx,, Ay, )is proved.
Property 3.3S(M,N) =1 ifandonly if M = N;
Proof:

If SF°(A,, By,) = 1, then based on Eq

Sfc (Axi,Bxi) _1— |\/§(/‘Z(xi)_/‘E(xi)z_(vﬁ(xi)_vﬁ(xi))| y (1 _ (T[A(xi) - (XL))) _ |\/§(VZ(xi)—vE(xi))z—(Hg(xi)—ﬂg(xl'))| %

(ma(x) — mp(x))=1
Then, we can get

|\/§(#;{(Xi)—#g(xi)z)—(vz(xi)—vg(Xi))| % (1 _ (T[A(xi) —np (XL))) + |\/§(UA‘(Xi)_Vg(Xi))_(ﬂg(xi)_ﬂg(xi)

L D (ax) - mgx)=1

Then, we can get

|\/§(#;{(Xi)—#§(xi))—(vg (x)-vg (xi))|+|\/§(ug(xi)—ug(xi))—(vg (x;)—vg (xi))|

X 1=1
2

Therefore, we can get

V3(z () () ﬁ(v;(xi)—v'g(xi))if (rzGe)-m5() N [V3(17 G —upa))-(vg ) —vpG)] _ V3 (17 G—uga))-(vg ) —vp ()]

2 2 2 2 2

0

Then we can get that

g0 _ o o Iliaomupeo)(epeomveo)] _ [B{usteo-sateo)-{eateospteo)] _ o
2 2 2

The proof is proved.
Property 3.4 S(M,N) = 0 ifand only if M isa crisp set. (Omitted)
Property 3.5I1f M € N < 0 then S(M,0) < S(M,N) and (M,0) < S(N, 0).

Proof:

SfC(Axi’Bxi) —1— |\/§(#A‘(xi) - #E(xi))z_ (Uﬁ(xi) - Ué(xi))| %

_ |‘/§(U/T(xi) - Vﬁ(xi)) - (#J(xi) - #E(xi))|
2

(1 - (ma(x) = mp(x)))

X (Tfﬁ(xi) - T[E(xi))
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2_(vz(xi)—”§(xi))|) (ﬂﬁ(xi)) -
z_(ﬂg(xi)—ug(xl-)ﬂ) (m(xi)) -

1 (|v§(u;(xi)—ug(xi)z)—(v;(xi)—vg(m)|) 1 - <|\/§(ug(xi>—u§<xi

<|‘/§(#z(Xi)—ﬂé(xl'))‘(“z(xl')—”ﬁ(xl'))|> (mg(x) (|‘5(“z(x0—17§(x0
B i -

2
<|\/§(VZ (x)-vp (xﬁl—(ﬂ;(x&-ﬂg(xﬂ)l) (Ttg (xi))

1 (|¢§(u,~,(xl-)—ug(xl-))—(v;(xi)—vg(xl->)|) B <|¢§(u;<xi)—ug<xi))(n;(xo)—(v;(xi)—vg(xi>)(n;(xi>)|) B
2 2

<|ﬁ(u;(xi>—u§(xi>)(ng i))—(v;(x»—vg(x»)(ng(n))l) _ <Iﬁ(v;(Xi>—v§<xi>)(ﬂz<Xi>)-(ﬂz(xﬂ—ﬂ§(x0)(”z("i))|> _
2 2
)_
2

) (u;(xi)—ug(xi))(ng(xi))|>

(x
<|\/§(v;4~ (x)—vg (xi))(ﬂg(xi

2 2

—1— <| ﬁ(ﬂz(xi)—ﬂg(xi)) (vz(xi)—vg(xi)) |> _ <| ﬁ(uz(xi)—ﬂg(xi))(ng(xi)) (Uz(xi)—lig(xi))(ng(xi)) |> B
2 2

<| \/g(yz(xi)—ug(xi))(ﬂg(xi)) _ (Ug(xi)—vg(xi))(ﬂg(xi)) |> _ <| ﬁ(v;(xi)—vg(xi))(n;(xi)) _ (ug(xi)—lig(xi))(ng(xi)) |) .
2 2 2 2

<| V3(vz () -vp (o)) (5 () _ (kg G5 (mp ) |>
2 2
. X
( \/?(ug(xi)—ug(xi))(ng(xi)) _ (#g(xi)—ﬂg(xi))(ﬂg(xi))
2 2
(
=1 — (

V(a0 -v0)rae0) _ (vge0-vge0)(rae0)
( (ﬁ—l)((u;(xi>—ug<xi>)(n;(’”)))|> ('m‘”((ﬂz<Xi>—u§(xi>)(n§(xi)))l) (l(ﬁ—l)((vz(xi)—vg(xi))(ﬂg(xi))) D

2 —\ 2 )=\l 2 -
(

ﬁ(u; (x[)_ﬂ§(xi)) (U; (xi)-vg ("i)>

2 2

V3(uzGe)—ug )z ) (g G =g e))(mz ()

L

2 2

>_

‘/§(”Z (xp)-vg (Xi))(ﬂg (Xi)) (Mg(xi)—ﬂg(xi))(ﬂg (Xi))

2 2

>_

)

2 2

VI (7 G0-5)) - (v ) -v5 ()
2

(V3-1)(vz ) —v5 () (m5(x)
2

)

=101 (a0 — 1)) = (vaCe) = vp )] = |((aCe) — a (o)) (max)))| -
| (ki) = s ) (5 (x)) )| = (a0 = w5 D) (ma@)))| = [(wa ) = v () (s )

=112 (s — 1) — (vaGe) = v D)D)
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Because uz(x;) < pus(x;) and vz(x;) = ve(x;), we can see that g(ug(xi) —pe(x)) — (va(x) —ve(x)) < 0 and

g (va(x) —ve(x)) — (ma(x) — pe(x;)) = 0. Thus, based on Eq. P.S(A,,, Cy,), We can get
3 3
SEE(Av €)= 1~ |§(ug<xi> — () = (vaCe) = veGe))l x (1 = (max) = me(x)) = |§(vg(xi> - ve(x)
- (HA(XL') - Ilc'(xi))| X (Tfﬁ(xi) - ﬂc(xi))
~ (|\/§(u;q~(xi)—uz(xi))—(vz(xi)—v'(j(xi))|> - (|\/§(M;4'(Xi)_lif(9€i)

—

2

‘("z(xi)—’ff(xi))|) (ma(x)) —

(#Z(xi)—lif(xi))l) (ﬂg(xi)) -

N\_/N

(|\/§(I‘Z(xi)_”f(xi)z)_(vﬁ(Xi)_vf(xi))|)( C(xl)) (|\/_ vy () —vg(x;)
V3(vg Ce)—vp () )= (g ()= ()
(EERUETI

1 (|ﬁ(u;(xi)—ug(xi))—(v;(xi)—vg(xi))|> B <|v§(u;(xl-)—ug(xi))(ng(xi))—(v;(xl-)—vg(xi>)(ng(xi>)|) B

2 2

<|ﬁ(u;(xi)—u5(xi))(ng(x )

2
)-
2

<|\/§(Vz(xl-)—uE(xo)(nE(x[) (1z G =z ) (G|

2

—(vz e —vz (D) (mp Ge) |> <|v’ vy () -z () (7 ()~ (u;(x»—uﬂx»)(n;(x,-))|) B

—1_ <| ﬁ(#ﬁ(xi)—#ﬁ(xi)) (vA(xl) ve(x; )) I) (l \/5(/1,4(7() MC(X ))(”A(xz)) (VZ(xi)—vE(xi))(nZ(xi)) |> B
2 2 2

(lﬁ(u;(xo—ug(xi))(ng(xn) (vatxp- vc(m nc(ml < 3(vz Ge)—vp () (mz () (u;(xi)—ug(xi))(n;(xn)|>_
2 2 2

(kg -ne))  (vaGd—ve(x)
2 2

1z Ce)—ug () (mz(x)) . (g G -wp@) ) (7 ()

- (i 2

3(17;(%{)—175(951'))(”;(961')) _ (#z(xi)—#f(xi))(ﬂg(xi))
2 2

>_

)

(ﬁ—l)((#;(Xi)—#'c“(Xi))—(V;(Xi)—Vf(Xi))D _

(lﬁ(vz(xi)—vg(xi))(ng(xi)) (MA(XJ uc(x[) nc(xl)
3(uz ) -nz () (mex) _ (kz G =) (rz ()
2 2
=1 — ( >
3—

-
<

)-(F
3(v;(xi)—v5(xi))(n5(xi)) _ (vz(xi)—vz(xi))(nz(xi))
(

(#;47(Xi)—#f(xi))(ﬂg(xi)))|) _(I(ﬁ—l)((ﬂg(Xi)—#f(xi))(ﬂz(Xi)))D_(I(\/?—l)((Vz(xi)—va(xi))(ﬂg(xi))) =
2 2 2

3— (V;(Xf)—vf(xi))(ﬂf(xi))
2

)
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=112 (1) = o)) = (vaCe) = ve ) = |((ra e = e @) (max)))| -
|((raCe) = e Ged) (e ) )| = | ((wa ) = e Ge)) (ma ) )| = 1(wa ) = we Ge)) (e o)
=1- |—(|(”A(xl) #c(xl)) (VA(XL vc-(xl-))l)l

Moreover , because uz(x;) < ue(x;) and vg(x;) = ve(x;). we can see that ? (s (x) — pe(x) — (vs(x) —
vCxi<0. and 32 vBxi— vCxi—puBxi—pCxi=0. Thus, based on Eq. AcSBxiCxi, we can get

3
SPC(By, Co) = 1= (uB(xl — e () = (v5(e) = ve () x (1= (m(x) = me(x)) — |§(vg<xi> — v (x)
- (#B(xl) #c(xi))| X (”E (x;) — ”C(xi))

1 (|¢§(u§(xi)—ug(xi))—(v;,s(xi)—vE(xl—>)|) - <|ﬁ(u§(xi)—mxi))—(vg(xi)—vf(xi))|> () -

2

2
(|\/§(Il§(xi)_ﬂf(xi))_(vﬁ(xi)_vf(xi))|) (ﬂc(x,-)) _ <|\/§(v§(xi)—vg(xi))z—(ﬂg(xi)—ﬂg(xi))|> (”A(xi)) _

2
<|\/§(v§ (xl.)_yf(xi)z—(#;(xi)—#E(xi))|> (ﬂ(j (xi))

_1_ (|\/§(u§(x[)—ug(xi))—(wg(xl-)—%(xo)|) _ <|‘/§(H§(xi)_ll'f(xi)>(n§(xi))_(y’g(x[)_VE(xi))(Tfﬁ(xi)N) _

<|\/_(u3(x) ng(xg ))( )
)-

(vB(xi)—vg(xi))(ng(xi))|) _ <|\/§(V3s(xi)—vz(xi))(n§(xi))—(ug(xi)—uz(xz))(ng(xi))|) _
<|r(v8(x> vz () ) (mp ) (uB(xi)—u5<xi))(n~c-<xi))|)

. -

( 3(M§(xi)—uz(xi))(ﬂg(xi)) (vg(xl) Vg(x) c(xl)

2
(3(v§(xi)—v~c~(xi))(ng(xi)) (uB(X)—uC(X) iz (x))

. -

( 3(y§(xi)—u5(x,-))(n5(xi)) _ (Mg(xi)—ﬂz(xi))(ﬂz(xi))

2 2
( ﬁ(vg(xi)—v'g(xi))(ﬂg(xi)) _ (Vﬁ(xi)—v’f(xi))(ﬂf(xi))
2 2

3(H§(xi)—ﬂf(xi)) _ (Vg(xz)—vc(xl))
2 2

(HB (x; )—”c(" ))(nB (Xl)) (Vg(xi)—VE(Xi))(ﬂg(Xi))
2
)3
3( D—ug(x; )(nB(xl)) (Hg(xi)—llz(xi))(ﬂg(xi))
2

¥ 2

vB (x)—vg (xl))(nB (xl)) (ug(xi)—uz(m)(ﬂg(xl'))
2

>_

3(M§(Xi)—ﬂ5(xi)) (VB(x )— vc(xl))
2 2

3(V§(xi)—vz(xi))(n§(xi)) _ (ug(xi)—uz(Xi))(ﬂg(Xi))
2 2

>_

)
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(ug(xi)—ug(xi))(ﬂg (xi))) D _(I(ﬁ—l)((ug (xi)—ug(xi))(ng(xi))) (\/§—1)((Vg (xi)—vE(xi))(ng(xi)))
|

VB-D (g ) -z ())=(vg G vz ()
2

-
.

(

k : D-( . D -

3— (UE (xl-)—VE (xi))(ﬂfj(xi))
2

)

=101 (s () = e ) = (v3 6o = ve )] = |((a ) — e (o)) (ma () )| -
|((ra ) = e Ged) (e ) )| = | (v ) = ve ) (i) )| = [ (v () = v ed) (e ()|

=1- |—( |(HB(X) ”C(‘xl)) (UB('XL vé(xi))l)l
Then, we can get

(i)SLPC(AXi'Bxi) - SLPC(AXL"Cxi)
=1- I—( |(ra(x) = g (x)) — (va(x) = vp(x))DI-1- pE= (|(MA(X) pe(x) = (va(x) = ve(x))DI

‘I— (v () + ve () — pp(x) — pe(x)|

(i))SF¢ (By,, Cx,) =St (Ax,, Cy,)
=1- |—( |(HB(X ) —ue(x; )) (Ug(x) ve(x; ))|)| 1- | ( |(MA(X ) — Mé(xi)) - (U/T(xi) - vc(xi))l)l

_l_(.uB(x) ua(x) = vp(x) — va(x))|

Because pz(x;) < pp(x;) < pe(x;) and vz(x;) = vp(x) = ve(x;). We can get pp(x;) — pa(x) =0 and vg(x;) —
Vg (xl) > 0. Because 0 < mz(x;) < land 0 < mg(x;) < 1.wecanget 0 < mz(x;) +mz(x;) < 2. Thus, we can get

1- |—( |(aCe) — np(x)) — (va(x) — va(x))I= 0. Therefore , we can get SF°(B,,, Cy,) — ST (Ax,, Cy,) = 0 That
i5,57¢ (Ay,, Cy,) < SF(By,, Cy,)-From (i) and (ii), we can state that if A = B = C, then

SFC(Ay, C,) < SEC(Ay, Bxi)AndSLPC (Ay,Cy,) < SPE(By,. Cy,)-

Let X be PFSs, where X ={xy, x; ...x,}, and let 4 = {(x;, s (x), va(x))|1 < i <nfand B = {(x;, uz (), vz (x))|1 <
i <n},be two PFSs X, where (uz(x;), va(x;))and (uz(x;), vz (x;)) are the Pythagorean fuzzy values of functionx;a part of
the Pythagorean fuzzy sets Aand Bis shown as follows:

SEC(A,B)=wy X SP€(Ay,, By,) + W2 X ST (Ary, By,y) + -+ Wy, X ST(Ay,, By, ) = Tieq(w; X S{C(A,, By,))

- V2 1\2 . . . .
Where SP¢ (A, B) € (7) + (5) < 1.w;is the weight of function,i_; w; = 1, A, and B, are the corresponding
conversion PFN of the Pythagorean fuzzy values (uz(x;), vz (x;))and (uz(x;), v5(x;))of functionx;a part of PFSsAand B,
separately, S; C(Axl, Bxl)ls the degree of similarity measure between the Pythagorean fuzzy values (uz(x;), vz(x;))and

(ug (x;), v5(x;))Through by the raised similarity measure of the pythagorean fuzzy values describesS; C(Axl,Bxl)and
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1 < i < n. The larger the value of S/¢ (/I, E), upper the degree of similarity measure between the Pythagorean fuzzy sets
2

A D PC(A D \/§ 1 2

Aand B.where SF¢(4,B) € (7) +G)P <L

IV.COMPARISON NEW SIMILARITY MEASURE $P¢ WITH ALREADY EXISTS SIMILARITY MEASURES
FOR PES

In this work,proposed new similarity measure S/ comparison with ones selected some similarity measures based onPFS
form the already exists similarity measures, as Table 1.and as followsS/*:

SPE(A, B, ) =1~ |12(ua () — g (x)) — (va(x) — vg(x)| X (1= m3(x) — 75(x0))

2
_ |2(Uﬁ(xi) - Ué(xi)) - (Hﬁ(xi) - Hé(xi))|
2

X (mz(x;) — mp(x;))

1V.1 Numerical experiments

The numerical experiments are tested new similarity measure ST¢with already existssimilarity for PFS , in this paper,
choose six cases and methods of S,(2018),Spy1(2019), Spy2(2019),S,,(2018) ,Sp,(2017), Sp,(2017),
Sp3(2017)S,(2016) practical calculated,respectively.as Table 1 to3, shown in the following:

Table 1: The comparison outcome of the new similarity measure S7¢with some of the already existssimilarity measures for
PFSs adopted from Peng and Harish Garg (2019)

Casel Case2 Case3 Cased Case5 Case6
M {(x,0.5,0.5)} {(x,0.6,0.4)} {(x,0,0.87)} {(x,0.6,0.27)} | {(x,0.125,0.075)} | {(x,0.5,0.45)}
{(x,0,0)} {(x,0,0)} {(x,0.28,0.55)} | {(x,0.28,0.55)} | {(x,0.175,0.025)} | {(x,0.55,0.4)}
Sp 0.9167 0.9 0.7336 0.7444 0.99 0.9525
(2018)
Spu1 0.9167 0.9 0.7336 0.7444 0.99 0.9525
(2019)
Sw N/A N/A 0.968 0.438 0.9476 0.9812
(2018)
Sp1 1 0.9 0.7336 0.7444 0.99 0.9525
(2017)
Spy 0 0 0.3621 0.2284 0.4483 0.8119
(2017)
Sp3 0.6 0.6176 0.3133 0.6028 0.9806 0.9168
(2017)
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S, 05 05 0.5989 0.1696 0.625 0.6557
(2016)
sPe 1 0.9 N/A 0.6919 0.75 1

Casel~case6 adopted from Peng and Harish Garg (2019).

See Table 1, obviously showing the similarity measure SP¢(Proposed) is comparison with decided
candidatesSp(2018),Spy1(2019), Spy2(2019),S,,(2018),551 (2017), Sp,(2017), Sp3(2017), S,(2016) ranking results
as follows Table 2:

Table 2: The ranking and candidates

case Case 1 to Case 6 comparison ranking The best Candidates
1 SPC = Sp > Spyy > Sp > Sp3 > S, > Spy > S, SPe = 5,

2 S.¢ = Sp=Spy1 = Sp1 > Sp3 > S; > Sp, > S,, si¢

3 S, > Sp = Spy1 = Sp1 > Sy > Spy > Spy > SEC S,

4 Sp = Spu1 = Sp1 > S1° > Spy > Sy > Spp > S, SP=Spy1=5p1

5 Sp = Spi1 = Sp1 > Spz > S,y > S1° > S, > Spy Sp=Spy1=Sp1

6 SPC > 8, > Sp=Spy; = Spy > Spz > Spp > S, sPe

It was got five candidates from Table 2, according to taking the ordering from the weights of the candidates shown in table
3.

Table 3: Comparison of ordering the weight candidates

The best Candidates The total weights of case calculated Order
sPe Case 1(1) + case 2 (0.9)+case 6 (1) = 2.9 1
Sp Case 4 (0.7444) + case 5 (0.99) = 1.7344 3
Spy Casel(1)+case 4(0.7444) + case 5(0.99)= 2.7344 2
S, Case 3 (0.968) =0.968 5
Spin Case 5 (0.99) =0.99 4
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V.CONCLUSION

The result was S/¢ compared with some of the existing similarity measures of PFSSy, Sp,Spy1,Sp1, Spa, Spz, Sz,shown as
Tables 1 to 3 to illustrate the candidates ordering outcomes were. Obviously,SF¢ priority order is first, which means this
research method is usefulness and effectiveness.
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