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Abstract  
In this paper, decision-making approaches with 
partially known information characterized by 
possibility distributions are proposed. Five kinds of 
criteria are provided for evaluating the alternatives. 
Based on the proposed possibilistic decision 
approaches, a newsvendor problem is analyzed.  

Keywords: Decision analysis, Possibility theory, 
Newsvendor problem 

1. Introduction 
A decision-making situation includes several 
components, i.e. decision alternatives, outcomes and 
states of the nature. Alternatives are typically courses 
of action that are open to a decision-maker at the times 
of the decision. The effect of a decision, called 
outcome, depends not only on the choice of an 
alternative but also factors outside of the decision-
maker’s control, i.e. states of nature. The possible 
outcomes of a decision are the combined effects of a 
chosen alternative and the states of nature. Decision 
analysis is choosing among alternatives considering 
information about the states of nature. As a limiting 
case, a decision-maker may know which state of 
nature will occur. In such a case (known as decision 
making under certainty), it is easy to make a choice 
because the outcome of each alternative is 
deterministic. Otherwise, a decision-maker acts under 
non-certainty. Non-certainty is divided into three 
categories -risk, uncertainty, and ignorance. Situations 
involving risk are when the probabilities of all 
possible outcomes in the future can be exactly 
calculated. On the other hand, uncertain situations are 
associated with partially known information when 
probabilities cannot be obtained exactly [21]. 
Situations involving ignorance occurs when no 
information is available to distinguish which state of 
nature is more likely to happen. Possibility theory, 
initiated by Zadeh [34] and advanced by Dubois, 
Prade and Klir [2], [20] is one of the current 
uncertainty theories devoted to handing of incomplete 
information in the real world. Possibility theory is 
based on two basic non-additive measures, possibility 

measure and necessity measure. Just as probabilities 
can be interpreted in many ways (e.g., frequentist view 
and subjective view), possibilities can be explained 
from several semantic aspects. One way to explain 
possibility is feasibility, such as ease of achievement 
[34]. Another way to explain is plausibility, which 
refers to the propensity of events to occur, which 
relates to the concept “potential surprise” [30]. Third 
way to explain possibility is logical consistency with 
available information [28], [33]. Finally possibility 
can be explained as preference, referring to the 
willingness of agent to make a decision [3]. Necessity 
is dually related to possibility in sense that “not A” 
being not possible means that A is necessary. A 
semantic analysis can be done in parallel with 
possibility, referring to belief, acceptance and priority. 
Decision analysis based on possibility theory has been 
researched in the papers [5]-[12], [31]-[32]. 

In this paper, decision-making approaches with 
partially known information characterized by 
possibility distributions are proposed. Five kinds of 
criteria are provided for evaluating the alternatives. 
Based on the proposed possibilistic decision 
approaches, a newsvendor problem is analyzed.  

2. Possibilistic decision criteria 
The first step in the decision analysis is problem 
formulation. The set of an alternative a  is denoted 
as }{aA = . The uncertain future event is referred to 
as chance event and its outcomes are referred to as the 
states of nature. Denoting a state of nature as x , the 
set of the states of nature is }{xS = . The 
consequence resulting from a specific combination of 
an alternative a  and a state of nature x  is refereed to 
as a payoff, denoted as ),( axp . A normalized 
function ),( axu defined on ],[ ul xx  is called a 
satisfaction function, that expresses the satisfaction 
level of a decision maker for the payoff ),( axp . The 
degree of which state of nature being more possible to 
happen in the future can be characterized by a 
possibility distribution, defined as follows.  
Definition 1. Given a function  
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then the function )(xπ  is called the possibility 
distribution and the value of )(xπ  is called the 
possibility degree of x . 1)( =xπ  means that it is 
normal that the state of nature x  occurs and 

0)( =xπ  means that it is abnormal that x  occurs. 
The smaller the possibility degree of x , the more 
surprised the happening of x . The possibility 
distribution can be used to represent the knowledge or 
judgment of experts. Several kinds of methods for 
identifying possibility distributions have been 
proposed [9], [11], [12].  

The possibility distribution determines the unique 
possibility and necessity measures of a chance event E, 
denoted as )(EPos  and )(ENec  via the following 
formulas 
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An alternative a  can be evaluated according to 

the following criteria. 
Criterion 1: ∫ ≥=
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which is a possibility measure-based decision criterion. 
Criterion 2: ∫ ≥=
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which is a necessity measure-based decision criterion. 
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where the possibility level is regarded as the weight of 
the satisfaction. 
Criterion 4: ∫= u

l

x
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which is an optimistic decision criterion.  
Criterion 5: ∫= u

l

x

x
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(10) 
which is a pessimistic decision criterion. 
Clearly, the following relations hold. 
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Theorem 1. For the given possibility distribution, if 

),(),( 21 axuaxu ≥  holds, then we have 
(I)   )()( 2111 aCaC ≥          (13) 
(II)  )()( 2212 aCaC ≥          (14) 
(III) )()( 2313 aCaC ≥          (15) 
(IV) )()( 2414 aCaC ≥          (16) 

(V)  )()( 2515 aCaC ≥          (17) 
Proof. Obviously, (III)-(V) hold with considering (8)-
(10). ),(),( 21 axuaxu ≥  leads to 

}),(|{}),(|{ 21 raxuxraxux ≥⊇≥  holds for 
any r . So that we have 
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(19) 
As a result, (I) and (II) hold.             □ 
Definition 2. For two alternatives 1a  and 2a , 1a  is 
indifferent to 2a  according to criterion i  ( 5,...,1=i ) 
if and only if )()( 21 aCaC ii =  holds. 1a  is weakly 
preferred to 2a  according to criterion i ( 5,...,1=i ) if 
and only if )()( 21 aCaC ii ≥  holds.  

It can be seen that the preference relations 
defined in Definition 1 comply with completeness, 
transitivity. 

Assume that the set of states of nature is a finite 
set },{ 1 nxxX L= , then (6)-(10) become the 
following formula. 
Criterion 1: 
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where 
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According to the Definition 1, the optimal alternative 

*a  can be obtained as follows. 
)(maxarg* aRa ia

= or )(maxarg* aCa ia
=  

 ( 5,...,1=i )           (25) 

In what follows, let us consider how to determine 
the optimal order in newsvendor problems according 
to the proposed decision criteria. 



3. Newsvendor problems 
The newsvendor problem, also known as newsboy or 
single-period problem is a common inventory 
management problem. In general, the newsvendor 
problem has the following characteristics. Prior to the 
season, the buyer must decide what quantity of the 
goods to purchase/produce. The procurement lead-
time tends to be quite long relative to the selling 
season, so the buyer can not observe demand prior to 
placing the order. Due to the long lead-time, often 
there is no opportunity to replenish inventory once the 
season has begun. Excess stock can only be salvaged 
at loss once the season is over. As well known that 
newsvendor problem derives its name from a common 
problem faced by a person selling newspapers on the 
street, interest in such a problem has increased over 
the past 40 years partially because of the increased 
dominance of service industries for which newsvendor 
problem is very applicable in both retailing and 
service organizations. Also, the reduction in product 
life cycles makes newsvendor problem more relevant.  
Many extensions have been made in the last decade, 
such as different objects and utility functions, different 
supplier pricing policies, different new-vendor pricing 
policies [19], [24], [27]. Almost all of extensions have 
been made in the probabilistic framework; that is, the 
uncertainty of demand and supply is characterized by 
the probability distribution, and the objective function 
is expressed as maximizing the expected profit or 
probability measure of achieving a target profit. Some 
papers have dealt inventory problems using fuzzy sets 
theory [4], [15]-[18], [23], [25], [29]. However, there 
are few papers dealing with the uncertainty in 
newsvendor problems by fuzzy methods. Buckley [1] 
used possibility distribution to represents a decision-
maker’s linguistic expression on demand, such as 
“good” and “not good” etc., and introduced some 
fuzzy goal to express decision-maker’s satisfaction. 
The order quantity was obtained based on possibility 
and necessity measures, which made the possibility of 
not achieving fuzzy goal was sufficiently low and 
achieving fuzzy goal was sufficiently high. Ishi et al. 
[13] investigated the fuzzy newsvendor problem in 
which the shortage cost was vague and expressed as a 
fuzzy number. An optimal order quantity was obtained 
by fuzzy maximal order. Petrovic et al. [26] gave a 
fuzzy newsvendor model where uncertain demand was 
represented by a group of fuzzy sets and inventory 
cost was given by a fuzzy number. The defuzzification 
method was used to obtain an optimal order quantity. 
Kao et al. [14] obtained the optimal order quantity to 
minimize the fuzzy cost by comparing the area of 
fuzzy numbers. Li et al. [22] proposed two models, in 
one the demand was probabilistic while the cost 

components were fuzzy and in the other the costs were 
deterministic but the demand was fuzzy. The profit 
was maximized through ordering fuzzy numbers with 
respect to their total integral values. Guo [5] proposed 
some new newsvendor models with possibilistic 
information.  

In this paper, new newsvendor models are 
proposed with the emphasis that the products are of 
short life-cycle which lack prior information on their 
demands, such as fashion goods, where no data can be 
used for statistical analysis to predict the coming 
demand. The uncertainty of demand is characterized 
by the possibility distribution instead of fuzzy 
membership function. In other words, the uncertain 
demand is not described by the fuzzy linguistic 
language, such as “good”, “better” etc., to only reflect 
the subjective judgment of decision-maker. The 
uncertain demand is characterized from the viewpoint 
of measure theory where the possibility degree reflect 
the potential of a demand happening. The other should 
be noted is that the optimal order is determined 
according to the proposed five criteria to totally 
evaluate the alternative from satisfaction and 
plausibility aspects instead of maximizing mean value 
in probabilistic models and ranking fuzzy numbers in 
fuzzy models. 

Consider a retailer who sells a short life cycle, or 
single-period new product. The retailer orders q units 
before the season at the unit wholesale price W. When 
demand x is observed, the retailer sell units (limited by 
the supply q  and the demand x ) at unit revenue R 
with WR > . Any excess units can be salvaged at 
unit salvage price oS  with oSW > . If shortage, the 
lost chance price is uS . The profit function of the 
retailer is as follows: 
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Definition 2. The satisfaction function of a retailer is 
defined by the following strictly increasing function of 
profit r , 

[ ] ]1,0[,: →ul rru            (27) 

where lr  and ur  are the lowest and highest profit, 

respectively, 0)( =lru  and 1)( =uru . 
In what follows, we give a numerical example to 

explain how to make decision based on the proposed 
five criteria.  

The unit wholesale price W, the unit revenue R, 
the unit salvage price oS  and the lost chance price 

uS  are 60$, 100$, 20$ and 50$, respectively. Based 
on his considerable experience, he gives some 
estimate, presented by the possibilities of demand as 
listed in Table 1. 



 
 
 

Table. 1: The possibilities of demand. 
 

According to (26), the profit matrix is obtained as 
shown in Table 2. 
 
 
 
 
 
 
 
 
 

Table. 2: The profit matrix. 
 
The satisfaction function defined on ]400,50[−  is 
given as  

450/)50()( += rru ,           (28) 
and the satisfaction matrix is shown in Table 3. 
 
 
 
 
 
 
 
 
 
 

 

Table. 3: The satisfaction matrix. 
 
Using (20)-(24), )(aRi ( 5,...,1;10,...,5 == ia ) are 
obtained as shown in Table 4. Using (28), the obtained 
optimal orders according to Criterion 1 to 5 are 8, 7, 8, 
10, 8, respectively. 
 

 
1 2 3 4 5

5 1.87299 0.60663 1.63111 4.16667 2.3
6 2.78 1.18444 2.08889 4.18889 2.83333
7 3.38632 1.51999 2.42444 4.06667 3.26667
8 3.59999 1.33777 2.56444 4.05556 3.34444
9 3.06666 0.75778 2.46 4.27778 2.94444
10 2.34 0.36 2.16 4.3 2.5

Criteria

s
u
p
p
l
y  

Table. 4: The value of )(aRi . 

4. Conclusions 
In this paper, decision-making approaches with 
partially known information characterized by 
possibility distributions are proposed. Five kinds of 

criteria are provided for evaluating the alternatives. 
Based on the proposed possibilistic decision 
approaches, a newsvendor problem is analyzed. The 
different decision criteria lead to the different optimal 
orders that reflect the various attitudes on satisfaction 
and plausibility. It can be seen that possibilistic 
decision models are very effective especially for the 
cases of incomplete information, ignorance, or high 
cost of information acquisition because uncertainty 
can be characterized by possibility distributions. 
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