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ABSTRACT

The probabilistic fuzzy set (PFS) is designed famdiing the uncertainties in both stochastic andhstochastic
nature. However, the previous probabilistic fuzelis constructed through randomizing the centehefsymmetric
fuzzy set, and the asymmetric probabilistic fuetysshigher than symmetric one’s in variabilitydamalleability. So
in this paper, an asymmetry-center probabilistizziy set is proposed by randomly varying the cesftasymmetric
Gaussian membership function. Then the PFLS wighagymmetric probabilistic fuzzy set is constrdead applied
to forecasting of pledging by warehouse receipariiring in agricultural products. The results showatt the

asymmetry-center probabilistic fuzzy set improkesaccuracy of such system. This work will broatierapplication

of the probabilistic fuzzy set.

Keywords. asymmetric probabilistic fuzzy set, probabilistensity function, probabilistic fuzzy logic system,
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INTRODUCTION

There often exist many uncertainties in real-wafzplications. Although these uncertainties comenfrarious
sources, they share common feature that is staclmaston-stochastic nature. For stochastic unitei#s, it can be
captured well by the probabilistic modeling [1]. @ other hand, for fuzzy uncertainties, typeZzjuset [2] is able
to model linguistic variable and it can deal witfiprecise and vague information. It is noted thatdtisp membership
grade is used in this set. However, when the uaiceis are very complext, may not be suitable to use a crisp
membership grade in [0, 1], so type-2 fuzzy seb|8ts the boundary of type 1 FS to directly mdtieluncertainty of
linguistic expression. As such, the grades of mestiie in type 2 FS themselves are fuzzy set, thiesta capture the
uncertainties in membership function. Currentlypeiyd and type-2 fuzzy set have been successfutiljeapin many
fields such as decision making [4], function apjm@ation [5] and so on. However, in most of real-ldapplications,
both stochastic and deterministic uncertaintiestestimultaneously, sbwould be valuable to integrate the probability
theory with the fuzzy theory. In recent years, savassumption on integrating the probability thyeaith the fuzzy
theory [6-7] have been studied. Based on the assumpf introducing the stochastic uncertaintiemithe fuzzy
system, the probabilistic fuzzy set (PFS) is pregoand developed by introducing the probabilidieoty into the
traditional fuzzy set described by center and wj8tB]. In probabilistic fuzzy set, the fuzzy graldecomes a random
variable described by the secondary probabilitysdgrfunction (PDF), which makes a 3-dimention menship
function including the fuzzy dimension and the @bitistic dimension hinted in the probabilistic hyzset. Recently,
based on probabilistic fuzzy set, the probabilityZy logic system is proposed and it has beeneghfdir stochastic
modeling [10] and control [11], pattern recognitipmblem [12] and so on.

However, research about probabilistic fuzzy séllgsinains at the beginning phase. The previoodabilistic fuzzy
set is constructed through randomizing the cerftéteosymmetric fuzzy set and it is symmetric. dotf asymmetric
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fuzzy set is discussed and used in fuzzy logicesysb improve its modeling capability. So it wolld interesting to
construct asymmetric PFS and applied to system limgde

In this paper, an asymmetric probabilistic fuzzyisgproposed by randomizing the center of asynim&@anussian
fuzzy set. Then the related probabilistic fuzzyidogystem is constructed and it is applied to fastiag of pledging by
warehouse receipt financing in agricultural produatoblem. It shows that the asymmetric probaliliiizzy set
improves the accuracy of probabilistic fuzzy logisstem, with more variability and malleability thdmose of the
symmetric probabilistic fuzzy set.

This paper is organized as following: the problemmfulation is presented in section Il. In sectibndn asymmetric
probability fuzzy set is constructed. Forecastifigledging by warehouse receipt financing in adtical products is
studied in section IV. Finally, the conclusion igem in section V.

EXPERIMENTAL SECTION

Probabilistic fuzzy set

The concept of probabilistic fuzzy sets have bemp@sed to capture uncertainties with both stoahastd fuzzy
features [8] by introducing probability into theaditional fuzzy set described by center and widdhsed on
considering the random variation from the centetheftraditional Gaussian fuzzy set, the probabilistribution of
fuzzy degrees can be obtained. So in probabilisfizy set, for an inpuk , there no longer is a single value or values
for the membership function; instead, the membpr&hriction becomes a random variable that can berited by the
secondary PDF as shown in Fig.1 (a).
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Fig.1 (a): symmetric probabilistic fuzzy set in continue case; (b): symmetric probabilistic fuzzy set in discrete case

As such, a 3-dimention membership function inclgdime fuzzy dimension and the probabilistic dimenss hinted in
the probabilistic fuzzy set as shown in Fig.1 (kfjch makes it able to handle the information viatith fuzzy and
stochastic uncertainties existing in the process.

Probabilistic fuzzy logic system

Similar to the ordinary fuzzy logic system, the BH[17] still has operations of fuzzification, inéeice engine and
defuzzification. Different to the ordinary fuzzygie system, the PFLS uses the probabilistic fuetytsat is described
by a three-dimensional MF.

The systematic design procedure which is giveresigh the probabilistic fuzzy logic system for prss modeling is
as follows:

Step 1) the fuzzy -mean variance (FCMV) algorithm is used to obtam ¢lustering results. The ellipses denote the
clustering, thec, is the fine clustering center, whereis the number of cluster partition.

Step 2) Cluster centers are projectecktoand x2 axis to obtain the Gaussian membership functicach clustering.
With the clustering result, the secondary PDF candbtermined by considering the variation from tiean of
Gaussian function.

Step 3) the inference in PFLS is based on the fuzleg as follows:
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Rule j: If xis'A; and.. and x iSiA and. and x'is;A Then y is'B 1)
where A ; (i=1,2,..n)(=1212,..] and B are probabilistic fuzzy sets.

Step 4) The defuzzification operation in the PFE®ancerned with the probabilistic fuzzy set indteé ordinary
fuzzy sets. The probabilistic defuzzification impes the traditional defuzzification method with thebabilistic
processing method.

As well known, asymmetric membership functions basn studied and used in fuzzy logic system, wighresults
showing that using asymmetric membership functionproves the modeling capability. So the asymmaésry
introduced into the probabilistic fuzzy set.

Construction asymmetry-center probabilistic fuzzy set
Different from the typical used symmetric probadiiti fuzzy set, a new asymmetric probabilistic fuzet will be
proposed in this section.

The asymmetric Gaussian function is used as tmeapyi fuzzy MF:

(x-9)?
e 2)
e o for x< c

usico )
(-0

e X0 for x> ¢

wherec is the center ofith clustering,c,, is the left variance afith clustering and, , is the right variance afth

clustering. According to random sample theory, temter is regarded as random variables followingmab
distribution described as Fig.2.
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Fig.2.Fuzzy member ship function of asymmetry-center PFS

cU N(y,0) 3)

The fuzzy gradau becomes a random variallle with a certain distribution, and the probabilidistribution ofU
for input x can be obtained as following:

x+y-2¢5, Inu
X=4 72c(2‘) Inu
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(4)

otherwise

Furthermore, the secondary PDFWf is:
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The asymmetry-center probabilistic fuzzy logic system

Similar to the ordinary probabilistic fuzzy logioystiem, the asymmetry-center PFLS still has oparatiof
fuzzification, inference engine and defuzzificatamshown in Fig.3. Different to the ordinary prittiatic fuzzy logic
system, the asymmetry-center PFLS uses the asygo@tter probabilistic fuzzy set instead of ordynarobabilistic
fuzzy set during the inference process.

These asymmetry-center PFS based rules are uswallgssed a§—THEN statement as follows.

Rule j: If xisA; and.. andx is;A and angx isA Then y is 6)
where A (i=12,..n) (= 1,2,..J is an antecedent in terms of tih input variablex; in theith rule, andB,
is a consequent part related to the output varighléiere all the antecedent pajt; and consequent paB; are
asymmetry-center model of probabilistic fuzzy sstéad of ordinary probabilistic fuzzy set.

Rule j: If xisA; and.. andx is,A and andx isA Theny is
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Fig.3: The asymmetry-center probabilistic fuzzy logic system

RESULTSAND DISCUSSION

Forecasting of pledging by warehouse receipt financing in agricultural products

Pledging by warehouse receipt is a new financinhrigue which strives to carry out in our third{galogistics
companies [13]. Agricultural production and progegsnterprises are facing the problem of financtoga certain
extent, these problems can be ease up by warehexeipt pledge financing loan of agricultural prodiogistics [14].
Furthermore, forecasting the amount of money tim Ipaovide to the third-party logistics company wénd it to the
agriculture enterprises of farmer is a very imparfzzoblem. The most applicable methods for fortsegsnclude the
ones of increase rate forecast, exponential smugtbrey forecast, regression analysis and eleséfficient forecast,
etc. The former 3 ones are of time sequence agalyad the latter 2 ones are of cause and efféxs. Japer uses the
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probabilistic fuzzy logic method to forecast theat@mount of money of pledging by warehouse rec#dipgriculture
product logistics in a certain area in a periotnoé. It does not demand too many original datéhevit too many data
like mathematical statistics ways, or too manyvate factors. Therefore, the information is eaaitgessed. It is more
correct for short and middle term forecast. It alan be used for long term forecast [15].

When bank loan the amount of money to enterprideshwproduce and process agriculture goods or fariiey did
not lend money directly to them but through a tigedty logistics company, the total amount moneytithnk grant to
the 3PL should take a lot of factors into accofwetording to some studies[13,14], there are som®ifa such as,

which stands total amount of social productiongsfaulture foods in an area one month (unit: bithguan), x, which

stands total amount of agriculture products whitlhe third-party logistics companies store irstarea one month
(unit: 10-thousand-Ton)x, which stands total amount of people in this ateut(million-people)etc.y here which

stands total amount money the bank grant to thés3stie month in the area (unit: billion-Yuan). Teldl showsx, ,
X,, X, , yinacertain area in 7 month lastly, as originahd#orecasting the total amount of money the banat to

the 3PL enterprise of pledging by warehouse reéa#iagriculture product logistics in the area wiltle proposed
asymmetric probabilistic fuzzy logic system, sa tha rural economy can develop stably and ragiglithe supporting
loan which the banks provide.

Table 1 Data of pledging by warehouse receipt of agriculture product logisticsin 7 month lastly

Year(month) 2014(04) 2014(05) 2014(06) 2014(07) 4p08) 2014(09) 2014(10)
X, (bi-Yuan) 63.766 69.067 73.045 77.481 83.064 90.185 95.186
X, (10-thou-Ton) 2442.73 2501.30 2700.30 2809.98 2856.55 2901.18 9.890
X, (mi-People) 6.389 6.465 6.668 7.044 7.115 7.221 7.342
Y (bi-Yuan) 39.146 41.183 41.234 43.138 43.158 49.855 58.686

A nonlinear modeling is used to approximate thengeaprocess of the amount of loan the banks prded&PL
companies by the means of pledging by warehousgpteaf agriculture product logistics.

y(k) = f(x(k=1), % (k=1), x (k= ),.ccoo. x (e ), x (k- m), x(k D) (7)

where y(k) is the output variable, denoting total amount nyahe bank grant to the 3PL’s one month in the ,cand
X, %, X, are the input variables which mentioned aboWeis the desired Innuendo relationship.

Based on the proposed PFS, the related asymmettgrd@-LS is constructed to forecast total amowortey the bank
grant to the 3PL’'s by warehouse receipt pledgingagficulture product logistics one month in theaar&éhe

input—output data ara =82, with 75 for training and 7 for testing. The numbéclustering center is=5. The | -th
rule in PFLS is:

Rulel:if x is A, % isA and x is/A then y is (8)

The simulation comparison @&au,...-based PFLS and the asymmetry-center PFLS is dartie RMSE is used here
as:

1 n
RMSE= \/;Z( Y B u W ©)
k=1
wherev is the number of testing datsi(k) is the desired output ang,(k) is the estimated output.

The mean-squared error comparisonGaiu,...-based PFLS and the asymmetry-center PFLS is 563868 and

5.2627e-004 respectively. The simulation comparisobased on statistical results. The average peeamare
obtained from 100 Monte Carlo simulations. It isarly that the asymmetric probabilistic fuzzy sapioves the
modeling capability of such system. The reasohas the asymmetry-center PFLS has the better patexility to
handle uncertainties tha@au,,..-based PFLS under certain stochastic circumstdieresults are shown as Fig.4.
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Fig. 4: The approximation accuracy comparison Gauteme,-based PFL S (dotted line) and asymmetric PFL S (solid line)

CONCLUSION

In this paper, the asymmetry-center probabilisizzf set is proposed by randomly varying the ceofteisymmetry
Gaussian membership function, and the related asymmrobabilistic fuzzy logic system is conducEthally, the
asymmetry probabilistic fuzzy logic system is apglito a modeling problem to study its stochastidetiag
capability. It is proved that the asymmetry proliatic fuzzy logic system with asymmetry PFS carfqen better than
the symmetry ones under certain stochastic ciramst because the asymmetry-center probabilisizyfiset
improves the accuracy of such system. This workhwiladen the application of the probabilistic fyuzet.
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