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1 Summary
Stochastic process in probability theory is an important tool to
describe dynamical phenomena under uncertainty. However,
in the real world, we often encounter the difficult problem
which could not be treated with by using only the probabil-
ity theory. To deal with such complex problem, Liu [5, 6]
proposed the credibility theory which is a mathematical fuzzy
model. In this paper, referring to Kageyama and Iwamura [3],
we introduce a construction of credibilistic processes.

2 Credibility theory
Recall some definitions and basic lemmas on credibility
space [3, 5–7].

For any non-empty set X , we denote by P(X) the power set
of X . Let Θ be an arbitrary non-empty set. If the following
four axioms are satisfied, the set function Cr is said to be a
credibility measure on P(Θ).

Axiom 1. Cr{Θ}= 1.

Axiom 2. Cr is increasing, i.e., Cr{A} ≤ Cr{B} whenever
A ⊂ B.

Axiom 3. Cr is self-dual, i.e., Cr{A}+Cr{Ac} = 1 for any
A ∈ P(Θ).

Axiom 4. Cr{∪iAi}= supi Cr{Ai} for any {Ai} ⊂P(Θ) with
supi Cr{Ai}< 0.5.

Then the triplet (Θ,P(Θ),Cr{·}) is called a credibility space.
Let ℜ be the set of real numbers. For any non-empty set X ,

a function p : X → [0,1] is said to satisfy Condition K with
X if the following (1a) and (1b) hold:

sup
x∈X

p(x)≥ 0.5, (1a)

p(x∗)+ sup
x ̸=x∗

p(x) = 1 i f p(x∗)≥ 0.5. (1b)

Lemma 2.1 (Credibility extension theorem [7]) For any non-
empty set X, let p be any function satisfying Condition K
with X. Then, a set function Cr{·} defined by the following (2)
and (3) becomes a credibility measure on P(X):

Cr{A}=

{
p(A) i f p(A)< 0.5,

1− p(Ac) i f p(A)≥ 0.5,
(A ∈P(X)) (2)

where for D ∈ P(X)

p(D) = sup
x∈D

p(x). (3)

A function from a credibility space (Θ,P(Θ),Cr{·}) to ℜ is
called a fuzzy variable.

Definition 2.2 A function p : ℜ → [0,1] is called a prescrip-
tive function of a fuzzy variable ξ if it satisfies that for any
A ∈ P(ℜ),

Cr{ξ ∈ A}=

{
p(A) i f p(A)< 0.5,

1− p(Ac) i f p(A)≥ 0.5,
(4)

where p(D) is defined by (3) (D ∈ P(ℜ)).

A family of fuzzy variables is called a credibilistic process,
say {ξt : t = 0,1, · · ·}. For any non-empty set X , the set of
all functions p : X → [0,0.5] satisfying Condition K with X
will be denoted by K (X) emphasizing the domain X . For any
non-empty sets X and Y , a credibilistic kernel on Y given X is
a function q(·|·) on Y ×X which satisfies that q(·|x) ∈ K (Y )
for all x ∈ X . The set of all credibilistic kernels on Y given X
will be denoted by K (Y |X). We need the following Lemma
to construct a credibilistic process in Section 3.

Lemma 2.3 ( [3]) Let X, Y be any non-empty sets. Let q ∈
K (Y |X). For any p ∈ K (X), we define a function g : X ×
Y → [0,0.5] by

g(x,y) = p(x)∧q(y|x) f or x ∈ X , y ∈ Y. (5)

Then g satisfies ConditionK with X ×Y , that is, g ∈K (X ×
Y ).

3 Construction of credibilistic pro-
cesses

For a sequence of non-empty subset of ℜ, {Xt : t =
1,2, · · · ,T}, we denote by Ht the Cartesian product of {Xn :
n = 1,2, · · · , t}, that is, Ht = X1 ×X2 × ·· ·×Xt(1 ≤ t ≤ T ).
Let {qt : t = 2,3, · · · ,T} be a family of credibilistic kernels
with qt+1 ∈ K (Xt+1|Ht) for all t(1 ≤ t ≤ T −1).

Lemma 3.1 ( [3]) Let p1 ∈ K (X1). For each t(1 ≤ t ≤ T ),
we define a function gt : Ht → [0,0.5] by

gt(x1,x2, · · · ,xt) = p1(x1)∧q2(x2|x1)∧q3(x3|x1,x2)∧
·· ·∧qt(xt |x1,x2, · · · ,xt−1)

(6)

for all (x1, · · · ,xt) ∈ Ht .
Then, it holds that gt ∈ K (Ht) for t(1 ≤ t ≤ T ).

Proof. This follows from Lemma 2.3 immediately. ■
The following Theorem is our main result.
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 映像作品について 
 

映画タイトル「On Line Friend」（仮） 作品情報 完成尺 75 分 カラー

作品 ステレオ ドラマ作品撮影日程 2014 年 8 月-9 月 

完成、上映または発表予定時期 2015 年 3 月 15 日 16:30,19:00  

上映および発表予定 名古屋 109 シネマズ上映ほか 国内外映画祭への出品

を予定。また DVD または Blu-ray にて全国発売予定（東映教育映像より） 

企画意図など 

 若者のインターネット（携帯電話）依存症、バカッター（SNS

などで馬鹿なことや人の迷惑を考えない内容を投稿すること）

パソコンや携帯電話における「オンラインとオフラインの関係」

や、そのことに由来する（あるいは影響される）人間関係や社

会の歪みを問題提起する。また、家族の問題や学校の人間関係、

バーチャルなネット世界での性格の変化や関係性や、生命のな

いマネキン人形の世界などを擬人化し状況設定して現代の問

題を考えていく。 

あらすじ 

 アンナはいつも嘘の（あるいは見栄を張った）SNSを更新し

てみんなの顰蹙（ひんしゅく）をかっている。急逝した母に対

する喪失感や寂しさからそのような行動（ネット依存）をとっ

ていると考えられる。また、家庭では、父親や姉ともうまく行っていない。一方、クラスメイトの加藤宏

は用品店の一人息子。ある日、店主の父から古くなったマネキンを捨ててくるように言われる。アンナは

偶然、そのゴミ置場で捨てられたマネキンを拾って自分の服を着せ、「友人」としてSNSに登場させるよ

うになる。皆に嫌われるアンナだが、加藤だけはアンナのことを気にかけてくれている。しかし、アンナ

はオタク風の加藤のことが嫌いで逆に彼の親切心を利用したりしている。そんなとき、アンナは取り壊し

予定の旧校舎で幽霊を見たというSNS日記をアップした。クラスメイトの「ともとあおい」はそれを嘘だ

と言い、ことの真偽を確かめようということになる。アンナはそれを知り、自分が幽霊に成り済まし２人

を驚かす。しかし、そこで自分が連れて行ったマネキンが喋りだし驚く。アンナとマネキンのリンは嘘日

記を更新しながら徐々に友情を感じ始める。しかし「あおいととも」は腹いせにリンを攫って壊してしま

う。同じ頃、アンナが反発を感じていた父が急に病で倒れてしまう。アンナはオンラインの世界に生きる

もう一人の自分「オンライン（デジタル）アンナ」に出会って会話を始める。（つづく） 

映画シリーズ 

 名古屋市立大学芸術工学部映像研究室では 2008 年頃から映画制作をシリー

ズ化している。2010 年には改造車が走り回る学生映画「Blue Sky Days」を制

作。名古屋の一般の映画館シネマスコーレにて劇場公開、2011 年には AKB48

のメンバーも出演する「Angel」を制作し名古屋パルコのセンチュリーシネマ

にて劇場公開。関西や東北からの観客もあり満員御礼立ち見も出て一部入場制

Theorem 3.2 ( [3]) Let (HT ,P(HT ),Cr{·}) be a credibil-
ity space, where Cr{·} is constructed by constituents of p1 ∈
K (X1) and qt+1 ∈ K (Xt+1|Ht)(1 ≤ t ≤ T − 1). For each
t(1 ≤ t ≤ T ), we define a fuzzy variable ξt : HT → Xt by

ξt(x1,x2, · · · ,xT ) = xt (7)

for any (x1,x2, · · · ,xT ) ∈ HT . Then, it holds that {ξt : t =
1,2, · · · ,T} is a credibilistic process and the prescriptive
function of ξt , pt : Xt → [0,0.5], is given by

pt(xt) = sup
(x1,x2,··· ,xt−1)∈Ht−1

gt(x1,x2, · · · ,xt−1,xt). (8)

Proof. For any A ∈ P(Xt), we observe that pt defined in (8)
satisfies (4) with ξ = ξt and p(x) = pt(x) for x ∈ Xt , which
implies that pt is a prescriptive function of ξt . ■
Now, let us consider the infinite case.

Theorem 3.3 ( [3]) Let (H∞,P(H∞),Cr{·}) be a credibil-
ity space constructed by constituents of p1 ∈ K (X1) and
qt+1 ∈ K (Xt+1|Ht)(1 ≤ t < ∞). For each t(1 ≤ t < ∞), we
define a fuzzy variable ξt : H∞ → Xt by

ξt(x) = xt f or any x = (x1,x2, · · ·) ∈ H∞,

where H∞ := X1×X2×·· · . Then, {ξt : t = 1,2, · · ·} is a cred-
ibilistic process and pt defined in (8) is a prescriptive function
of ξt .

Proof. Trivial. ■

4 Future work
In dealing with decision making under uncertainty, the chain
rule for stochastic process is not enough. The credibility the-
ory, initiated by Liu, is defined on the basis of the axiomati-
zation , which provides an important technique for analysis of
complex problem (cf. [1, 2]). In this paper, the credibilistic
process based on the axiomatization of credibility measures
was proposed from a family of credibilistic kernels applying
the credibility extension theorems. Also, we studied hybrid
process which is a more flexible mathematical model(cf. [4]).
And furthermore, Liu [8] proposed the uncertain measure M;

Axiom 1. M{Γ}= 1 for the universal set Γ.

Axiom 2. M{Λ}+M{Λc}= 1 for any event Λ.

Axiom 3. For every countable sequence of event Λ1,Λ2, · · · ,
we have

M

{
∞∪

i=1
Λi

}
≤

∞

∑
i=1

M{Λi}.

Liu [8] stated that ”Uncertain measure is interpreted as the
personal belief degree (not frequency) of an uncertain event
that may happen. It depends on the personal knowledge con-
cerning the event. The uncertain measure will change if the
state of knowledge changes.” We think that the uncertain mea-
sure is a powerful tool in order to analyze an ambiguous phe-
nomena. We will construct Markov decision processes using
the uncertain measure in the future.

References
[1] X. Huang, Credibility-based chance-constrained integer

programming models for capital budgeting with fuzzy pa-
rameters, Inform. Sci., 2006, 176, 2698–2713.

[2] X. Huang, Fuzzy chance-constrained portfolio selection,
Appl. Math. Comput., 2006, 177(2), 500–507.

[3] M. Kageyama, K. Iwamura, Discrete Time Credibilistic
Processes: Construction and Convergences, Information
Sciences., 2009, Vol. 179, 24, 4277–4283.

[4] M. Kageyama, B. Yangand and P. Hou, Discrete-time
hybrid processes and discounted total expected values,
Fuzzy Optimization and Decision Making, 2011, Vol. 10,
No. 4, 341–355.

[5] B. Liu, Uncertainty Theory, Springer-Verlag, Berlin,
2004.

[6] B. Liu, Uncertainty Theory, second ed., Springer-Verlag,
Berlin, 2007.

[7] X. Li, B. Liu, A sufficient necessary condition for credi-
bility measures, Int. J. Uncertainty Fuzziness Knowledge-
Based Syst., 2006, 14 (5) 527–535.

[8] B. Liu, Uncertainty Theory, Springer-Verlag, the 5th edi-
tion, http://orsc.edu.cn/liu/ut.pdf.

■　80　A survey of credibilistic processes


