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Research on the evaluation of public
policy execution ability with picture

fuzzy information
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Abstract. Public policy is one of main outputs of the political system. The realization of the government macro-regulations
on development of society, economy and politics is based on effective execution of public policy. As a dynamic behavioral
process, the public policy includes of lay-down, implementation and plenty of other sectors in which implementation is one
of the most direct, critical and frequent activities. However, the misplay of public policy execution occurs from time to time
which leads to fall-through of target of public policy, mishandle of policy and damage to government’s image even has a great
negative influence on social economy and political steady of a country. In this paper, we investigate the multiple attribute
decision making problems with picture fuzzy information. Then, we utilize Choquet integral to propose the picture fuzzy
correlated geometric (PFCG) operator. The prominent characteristic of this proposed operator are studied. Then, we have
utilized the picture fuzzy correlated geometric (PFCG) operator to deal with the picture fuzzy multiple attribute decision
making problems. Finally, a practical example for evaluating the public policy execution ability is given to verify the developed
approach.

Keywords: Multiple attribute decision making, picture fuzzy set, picture fuzzy correlated geometric (PFCG) operator, public

policy execution ability

1. Introduction

Food safety is a fundamental issue of human social
development. In different historical stages of devel-
opment of human society, manifested in the form
of food safety issues are different. The instinctive
security measures and actions of the initial human
society for food safety could be seemed as the earli-
est human food safety policies and implementation.
From passive protection to active protection, isolated
measures to system measures, a religious taboo to
scientific Institutional system, it is the historical back-
ground of human food safety policy implementation.

*Corresponding author. Zhongchen Zhao, School of Govern-
ment, Beijing Normal University, Beijing, China. Tel./Fax: +86
037126563666; E-mail: zhongchenzhaol23@163.com.

The policy implementation is defined as an impor-
tant variable of the policy structure and mechanism,
which reflects the degree of fit between the effects of
policy implementation and the expected. The partic-
ular social relations and social conflicts of the social
transformation provide more targeted and restrictive
platform for the studies of food safety public pol-
icy implementation, which Makes related research
and discussion more focused and aggregation, from
the perspective of development of human history to
examine food safety, it is not difficult to find out that
mankind has always had to face a wide range of food
safety issues in different stages of development his-
tory [1-5]. Focus crux, as well as forms and solutions
to these problems are not the same. The change and
development based on the prerequisite of the histor-
ical development in essence, reflect the historic of
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food safety. Religious canons are the quite system-
atic social policies in the early development of human
society, in which of Regulations on food safety consti-
tute the early human society food safety policy. What
people complied with religious rules was just the pol-
icy implementation. Food safety and the protection
in agrarian age have a distinct era limitations. In that
time, food safety policy, existed in the law as the main
form, was consistent to its historical stage times and
economic development. And the related policies were
implemented effectively in the stable social structure.
Industrialization process of human society brought
food and food safety a major impact, while promoting
the development of the food industry, enriching the
food processing and use of human means, extending
the food supply chain, Industrialization also provided
a new possibility for food counterfeiting and caused
more and more serious food safety problems. His-
toric food safety issues and the resulting limits of
policy implementation is a very important fact. Any
policy requirements and expectations Beyond Real-
ity stage could not really promote effective change
in food safety status. Resolving outstanding issues of
food safety needs awareness and effort. Food safety
and policy implementation is always a dynamic pres-
ence of a historical process, of which the ultimate
outcome is depended on the direction development of
history itself. Regime is one of the important material
foundations for policy implementation. Many factors
of food safety regulatory regime, such as regulatory
approach, setting departmental functions, administra-
tive allocation of resources, etc., directly determine
the realization of policy implementation [6—10].

Atanassov [11, 12] introduced the concept of intu-
itionistic fuzzy set (IFS), which is a generalization of
the concept of fuzzy set [13]. The intuitionistic fuzzy
sets have received more and more attention since its
appearance [14-30]. Recently, Cuong [31] proposed
picture fuzzy set (PFS) and investigated the some
basic operations and properties of PFS. The picture
fuzzy set is characterized by three functions express-
ing the degree of membership, the degree of neutral
membership and the degree of non-membership. The
only constraint is that the sum of the three degrees
must not exceed 1 [32—43].

In this paper, we investigate the multiple attribute
decision making problems with picture fuzzy infor-
mation. Then, we utilize Choquet integral to propose
the picture fuzzy correlated geometric (PFCG) oper-
ator. The prominent characteristic of this proposed
operator are studied. Then, we have utilized the pic-
ture fuzzy correlated geometric (PFCG) operator to

deal with the picture fuzzy multiple attribute deci-
sion making problems. Finally, a practical example
for evaluating the public policy execution ability is
given to verify the developed approach.

2. Preliminaries

Cuong [31] proposed picture fuzzy set (PFS) and
investigated the some basic operations and properties
of PFS.

Definition 1. [31] A picture fuzzy set (PFS) A on the
universe X is an object of the form

A={{x,puax),nax),va@)IxeX} (@)

where w4 (x) € [0, 1] is called the “degree of posi-
tive membership of A ”, na (x) € [0, 1] is called the
“degree of neutral membership of A “and vg (x) €
[0, 1] is called the “degree of negative membership
of A”, and w4 (x), na (x), va (x) satisfy the fol-
lowing condition: 0 < w4 (x) + 174 (x) +va (x) < 1,
VxelX.

Definition 2. [31] Given two PFEs represented by A
and B onuniverse X, the inclusion, union, intersection
and complement operations are defined as follows:

(1) AC B,if pa(x) < up(x), nalx) < np(x) and
va(x) > vp(x), Vx € X;

(2) AU B = {(x, max(ua(x), up(x)), min(na(x),
np(x)), min(v4(x), vg(x)))|x € X};

(3) AN B = {(x, min(p4(x), np(x)), max(na(x),
np(x)), max(va(x), ve(x))lx € X};

4) A= {(x,valx), na(x), pa(x))|x € X.}.

Definition 3. [21] Let o = (iqy, N, Vo) a picture
fuzzy number (PFN), a score function S of n picture
fuzzy number can be represented as follows:

S(a) = pa —va, S(@) € [—1,1] @)

Definition 4. [37] Let o = (ig, N, Vo) a picture
fuzzy number (PFN), an accuracy function H of a
picture fuzzy number can be represented as follows:

H(a) = pg + g +vo, H(@) € [0,1]  (3)

to evaluate the degree of accuracy of the picture fuzzy
number & = (Uy, Na, Vo), Where H (a) € [0, 1]. The
larger the value of H (a), the more the degree of
accuracy of the picture fuzzy number a.

Based on the score function S and the accuracy
function H, Wei [37] shall gave an order relation
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between two picture fuzzy number, which is defined
as follows:

Definition 5. [37] Let o = (4g, o, Vo) and B =
(. ng. vg) be two picture fuzzy numbers, S (a) =
Ma — Vo and S (B) = up — vg be the scores of o and
B, respectively, and let H (a) = (g + No + Vo and
H (B) = up + ng + vg be the accuracy degrees of o
and B, respectively, then if S (a) < S(B), then « is
smaller than 8, denoted by @ < B; if S(a) = S (B),
then if H (a) = H (B), then « and B represent the
same information, denoted by o = §; if H(a) <
H (B), o is smaller than 8, denoted by o < B.

Definition 6. [37] Let o = (g, o, Vo) and B =
(g, ng, vp) be two picture fuzzy numbers, then

vO(? r]Ot’ MO{)

Qi

o=
oA p= (min {ji, 15}, max o, 15} max {u, vs})
oV = (max { s g}, min {ng. ng} . min {ve, v })
@ ® B = (M + s — Hablp. Nullps VaVp) §
@ ® B = (lallp: N + g — Nallps Vo + Vg — VaVp) 5
= (1=(1 =) m,v})

o = (ph 1= —n) 1= (1 =v,)")

3. Picture fuzzy correlated geometric (PFCG)
operator

In this section, we shall develop the picture fuzzy
correlated geometric (PFCG) operator with picture
fuzzy information based on the Choquet integral.

Definition 7. [37] Let «;(j=1,2,---,n) be a
collection of PFNs. The picture fuzzy weighted geo-
metric (PFWG) operator is a mapping P" — P such
that

PFWG,(ay, az, -+, ay)

n w;
= Q@ (a)™
=1

= (H(w,)‘% 1=Tla-nep=, @
j=1 j=1

- f[(l - va,)wf)
j=1

where w = (w1, w2, - -+ , wy)T be the weight vector
n

ofaj(j=1,2,---,n),andw; >0, Y w;=1.
j=1

Definition 8. [37] Let a;(j = 1,2, -+, n) be a col-

lection of PENSs, the picture fuzzy ordered weighted

geometric (PFOWG) operator of dimension n is

a mapping PFOWG: P" — P, that has an associ-

ated weight vector w = (wy, wa, - - - , wy,)! such that
n

w; > 0and Zl w; = 1. Furthermore,
]:

PFOWG (a1, a2, -+, ay)

n .
= ® (ao'(j))w'/
j=1

(H (Maa(.,’))wja 1 - H(l - Ua,,(j))w‘f, (5)
j=1 j=1

n
1— H (1 = vy )" )
j=1

where (o(1),0(2),---,0(n)) is a permutation of
(1,2,---,n), such that os(j_1) > oy for all j =
2, n.

Let u(x;)@i = 1,2, ---, n)bethe weight of the ele-
ments x; € X =1,2,---,n), where u is a fuzzy
measure, defined as follows:

Definition 9. [44] A fuzzy measure p on the set X
is a set function p : 6(X) — [0, 1] satisfying the fol-
lowing axioms and 6(X) is the set of all subsets of
X:

(1) (@) =0, u(X)=1;

(2) A € B implies u(A) < u(B), for all A, B C
X;

(3) n(AU B) = u(A) + u(B) + pu(A)u(B), for
all A, BC X and AN B=¢, where p €
(—1, 00).

Especially, if p = 0, then the condition (3) reduces
to the axiom of additive measure: (A U B) =
w(A) 4+ u(B),forall A, BC Xand AN B = ¢.

If all the elements in X are independent, and we
have u(A) = > p({x;}), forall A C X.

x,'EA
Definition 10. [45] Let f be a positive real-valued
function on X, and u be a fuzzy measure on X. The
discrete Choquet integral of f with respective to u is
defined by

Cu(N) =Y oty [ (Aoy) = 1t (Aaii=1))] (6)
i=1

where (o(1),0(2),---,0(n)) is a permutation of
(1,2,---,n), such that fo'(i_l) > fo'(i) for all j =
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2,---,n, Asg) = {xs(jlj < k.}, for k>1, and
Ao(0) = ¢-

Based on Definition 10, In what follows, we
shall develop the picture fuzzy correlated geometric
(PFCG) operator based on the well-known Choquet
integral [46-52] and geometric mean [53-63].

Definition 11. Let o = (u;,n;,v)(j =12,

-, n) be a collection of PFNs, and pu be a fuzzy
measure on X, then we call then we define the
picture fuzzy correlated geometric (PFCG) operator
as follows:

PFCG, (a1, a2, -+, an)

n Sy : (7N

= ,@1 (ag(.,-))(“(A"(ﬂ) #(As(j-1))
where (0(1),0(2),---,0(n)) is a permutation
of (1,2,---,n), such that as(j—1) > aq(; for all

Jj=2,--,n, Acty = {.xa(j)|j §k}, for k> 1,
andAg(o) = ¢

Based on the operations of the picture fuzzy sets
described, we can drive the Theorem 1.

Theorem 1. Let aj = (,LL]', nj, vj) Gg=12,---,n)
be a collection of PFNs, and u be a fuzzy measure
on X, then we call then we define the picture fuzzy
correlated geometric (PFCG) operator as follows:

PFCG, (a1, a3, - , ay)
n o) — .
B ié_@l (aa(j))(l‘(f‘n(,)) w(Ao(j-1)))

f[ ( M%m)(M(Aam)*ﬂ(Aa(j—n))’

j=1

=|1-JJ0- ,7%(]_))(/*(Aau))*ﬂ(f\au—l)))’

j=1

1— H (1- vaa(j))(/L(AU(./))_/L(AU(_/—])))

j=1

®
where (o(1),0(2),---,0(n)) is a permutation
of (1,2,---,n), such that as;—1) > as(; for all
J=2n, Agwy = {xo(jylj <k}, for k=1,

andA, ) = ¢.

Now we consider some special cases of the
PFIOWA operator:

DI ({x0)}) = 1 (Ao(p) — 1 (Ao(j-1y) for
all j, then the PFCG operator becomes the picture
fuzzy weighted geometric (PFWG):

PFCGy (a1, az, -+ - , an)
_ él (aa(j))(M(Aa(j))—ﬂ(Atr(j*I)))

ﬁ (l““%(j))(M(AO('i))_M(AG('i_'))),

j=1

=[1-TJ0- naam)(M(Aao))*u(f\a(j—l)))’

j=1

n
1— H (1- va”(j))(M(Aa(j))_N(Ac(jfl)))
Jj=1
= PFWG,, (a1, 02, , o)
n

H ('““ij)wj’

j=1

n n

P=TT O =ma)® 1 =TT (1= vay)®
j=1 Jj=1
()
If u(d)= > /,L({Xj}), for allA C X, where
xj€A
|A| 1is the r{umber of the elements in the
set A, then w;=pu (Ao‘(j)) — U (Ao'(j_l)), i =

1729"' , 1, where wz(wlawZa“' 7wn)T7 w]Z
n

0,i=1,2,---,n,and > w; =1, then the PFCG
j=1

operator becomes the picture fuzzy ordered weighted
geometric (PFOWG) operator:
PFCG, (a1, az, -+ , an)

n

=® (a(,(j))(M(A«r(.m)—u(Ag(j_.)))

j=1

ﬁ (M%(D)(M(Ao(ﬁ)*ﬂ(f\o(j—l)))’

j=1

1= H (1- naa(j))(/‘L(A"(.f))_#(Av(j—l))),

j=1

1— H (1- vaa(j))(#(Aom)—u(Ao(_/—n))

j=1

= PFOWG, (a1, 02, -+ - , &)

n

H (M%m ) ",

j=1

n n

- H (1 - ’70!a(j>)wj A=

j=1 j=1

(1 — Vao(j ) "

(10)
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It can be easily proved that the PFCG operator has
the following properties.

Property 1. (Idempotency) Ifalloj (j=1,2,--- ,n)
are equal, i.e. aj = o for all j, then

PFCGy (a1, a2, - ,ap) = (11)

Property 2. (Boundedness) Letoj (j =1,2,--- ,n)
be a collection of PFNs, and let

o = minaj,oﬁ' = max o
J J

Then

o~ <PFCG, (a1, az, -+ ,ap) <at (12)

Property 3. (Monotonicity) Leto; (j=1,2,--- ,n)
ando//(j =1,2,---,n)betwo set of PFNs, ifa; <
o/j, for all j, then

PFCG, (a1, a2, -+ , ay)

(13)
< PFCG, (a’l, dy, - ,a;)
Property 4. (Commutativity) Let aj(j=1,2,
- ,n) be aset of PFNs, if aj < o/j, for all j, then

PECG,, (a1, a2, -+ , ay)

(14)
=PFCG, (a}, ay. - ,a),)
where o/j (j=1,2,---,n) is any permutation of
aj(JZ 1725"' ’n)'

4. Models for MADM with picture fuzzy
information

Based the PFCG operator, in this section, we
shall study the MADM with picture fuzzy infor-
mation. Let A ={A;, Ap,---, A,;} be a discrete
set of alternatives, and G = {G, G,,---, G,} be
the set of attributes. Suppose thatR = (r,-j)

mxn
(Wijs ijs vij) nxn 18 the picture fuzzy decision matrix,
where w;; indicates the degree of positive mem-
bership that the alternative A; satisfies the attribute
G; given by the decision maker, n;; indicates the
degree of neutral membership that the alternative
A; doesn’t satisfy the attribute G, v;; indicates
the degree that the alternative A; doesn’t satisfy
the attribute G ; given by the decision maker, u;; €
[0, 11, nij € [0, 1] vij € [0, 1], pij 4 mij 4 vij < 1,
i=12,---,m j=1,2,---,n.

In the following, we apply the PFCG operator to
the MADM problems with picture fuzzy information.

Step 1. We utilize the decision information matrix R,
and the PFCG operator

o; = PFCGy, (ri1, riz, -+ . Tin)

)(M(Aam)*M(Ao(j—l)))

Q=

] (rtf(ij)

=

) (1(Ao(j)~1(Asj-1)))

M)y
= (15)
n
1— H (1= 1 (_v))(M(AG(j))_M(Aa(jfl)))
o(ij
Jj=1
n
1— H (1= v (__))(V“(Aa(j))*“(Aa(j—l)))
(i
j=1
i: ]’27"’ ,m.
to derive the overall values o; (i = 1,2,--- ,m) of

the alternative A;.

Step 2. Calculate the scores S (o;) (i =1,2,---,m)

of the overall picture fuzzy numbers
o;(i=1,2,---,m) to rank all the alternatives
A;j(i=1,2,---,m) and then to select the best
one(s).

Step 3. Rank all the alternatives A; i = 1,2, --- , m)
and select the best one(s) in accordance with
So) (=1,2,---,m).

5. Numerical example

Execution of public policy is public authority
enforces the route of the party and the state of
policies, laws and regulations and decrees instruc-
tions, superior decision command ability, is the
public authority departments through the process,
the decision-making process and running process to
ensure that the ability to set goals. Customs is the
national inbound and outbound means of supervision
and administration authority, is the forefront of the
national foreign trade and the window, shoulders the
important mission of security doors, as the country
one of the important public policy enforcement agen-
cies, the strength of the policy executive power of the
image directly affects the country opening to the out-
side world, directly affects the development of the
open economy in our country. As perform the gov-
ernance of the state administrative organs, and the
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Table 1
The picture fuzzy decision matrix
A A As Ay As
Gy (0.03,0.81,0.13) (0.04,0.83,0.10) (0.02,0.82,0.05) (0.05,0.85,0.06) (0.42,0.34,0.18)
Gy (0.71,0.15,0.08) (0.68,0.26,0.05) (0.08,0.84,0.06) (0.13,0.75,0.09) (0.08,0.86,0.02)
G3 (0.70,0.12,0.08) (0.90,0.03,0.02) (0.83,0.09,0.05) (0.90,0.06,0.02) (0.54,0.32,0.09)
Gy (0.13,0.62,0.21) (0.07,0.19,0.05) (0.73,0.15,0.10) (0.67,0.09,0.21) (0.86,0.08,0.03)

customs in the process of administration according
to law should avoid policy implementation devia-
tion, effective control of difference, the maximum
to keep the public policy implementation unifica-
tion principle and fair law enforcement, however, in
the current customs law enforcement practice, the
uniformity problem became former customs enforce-
ment in universal existence, society, reflects the
problems of the relatively strong. The public pol-
icy execution ability evaluation is classical MADM
problem [64—72]. In this section, we utilize a practi-
cal MADM problem for evaluating the public policy
execution ability. Suppose an organization plans to
evaluate the public policy execution ability. By col-
lecting all possible information about public policy
execution ability, project term choose five poten-
tial public policy departments A; (i = 1,2, ---,5) as
candidates. The project team selects four attributes
to evaluate the public policy execution ability of
five potential public policy departments: @Gy is the
consensus on policy objectives; @G, is the ability
to learn and grow; ®Gs3 is the policy implemen-
tation process; @Gy is the policy implementation
results. The five possible potential public policy
departmentsA; (i = 1,2, ---,5) are to be evaluated
using the picture fuzzy numbers by the decision mak-
ers under the above four attributes, and construct the
following matrix R = (?ij)Sx 4 18 shown in Table 1.

In the following, in order to select the most desir-
able public policy departments, we utilize the PFCG
operator to multiple attribute decision making prob-
lems with picture fuzzy information, which can be
described as following.

Step 1. Suppose the fuzzy measure of attribute of
G;j(j=1,2,---,n) and attribute sets of G as fol-
lows:

w(Gy) = 0.35, (G,) = 0.30, u(G3) = 0.25,

w(Gq) = 0.20, w(Gy, Gy) = 0.60, u(Gy, G3) = 0.55
(G, Gy) = 0.50, (G2, G3) = 0.65, (G2, G4) = 0.50
w(Gs, G4) =045, w(G,, G,, G3) = 0.80,

w(Gy, Ga2, G4) = 0.85,

w(G1, Gi, G4) = 0.70, W(G,, G3, G4) = 0.75,
w(Gy, Ga, Gz, G4) = 1.00

Step 2. Utilize the decision information given in
matrix R, and the PFCG operator, we obtain the
overall values 7; of the public policy departments
Ai(i=1,2,---,5).

71 = (0.429,0.398,0.104)
7y = (0.412,0.464,0.027)
73 = (0.544,0.278,0.163)
74 = (0.626,0.229,0.113)
Fs = (0.449,0.413,0.026)

Step 3. Calculate the scores S(7) (i=1,2,---,5)
of the overall picture fuzzy values 7 (i =1, 2,
)

S(#1) = —0.129, S(72) = 0.078
S(F3) = —0.219, S(74) = 0.035
S(is) = 0.173

Step 4. Rank all the public policy departments
A;(i=1,2,3,4,5) in accordance with the scores
S#) (=1,2,---,5) of the overall preference
values 7 (i =1,2,---,5): As > Ar > Ag4 > A1 >
A3, and thus the most desirable public policy depart-
ment is As.

6. Conclusion

In this paper, we investigate the multiple attribute
decision making problems with picture fuzzy infor-
mation. Then, we utilize Choquet integral to propose
the picture fuzzy correlated geometric (PFCG) oper-
ator. The prominent characteristic of this proposed
operator are studied. Then, we have utilized the pic-
ture fuzzy correlated geometric (PFCG) operator to
deal with the picture fuzzy multiple attribute deci-
sion making problems. Finally, a practical example
for evaluating the public policy execution ability is
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given to verify the developed approach. In the future,
the application of the proposed aggregating opera-
tors of PFSs needs to be explored in the other many
uncertain environments [73-82].
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