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Abstract

In this paper, we propose a project portfolio
management in order to progress a project smoothly
and quickly. In our method, we employ a mean-
variance analysis based on the achievement eval-
uation of project members to select participating
members, and employ a mean-variance analysis
to decide the reallocation of funds in preceding
term minimizing the difference from the alloca-
tion of funds in present term. Mean-variance ap-
proach is a method of investment over the secu-
rities or stocks proposed by H.Markowitz. The
future result of project members(named expected
evaluation) is to be maximized in executing a strat-
egy under the condition that the project commits
a risk in the minimum. It can be formulated as
a two-objective non-linear programming problem.
Furthermore, we introduce a concept of fuzzy sets
to illustrate a decision maker’s vague aspiration
level for each of expected return rate and risk.
In the mean-variance model, we will not only

evaluate the expected evaluation and risk, but also
minimize the difference between the preceding and
next allocations of funds which satisfies a deci-
sion maker’s aspiration level. In this paper, we
propose a fuzzy reallocation model in the mean-
variance analysis.If we decide the fund distribu-
tion to each project member after a project was
executed one term, the past evaluation of team
member should be taken into consideration and
the difference of the fund distribution of continu-
ity selected members between the past and next
terms should be minimized in order to guarantee
their continuity of the plan of each team company
as possible.
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1.Introduction

In recent years, the processing speed in trans-
ferring, accumulating and selecting information
accelerates agile management and also a dras-
tic global change of corporation environment re-
quires the quick decision in various processes of
management such as forecasting the trend of mar-
ket, decision making of a new product, develop-
ment of a product and so on.

The concept of a project plays an important
role in strategic management.

In the project, the project members are an em-
ployee or a group of people in a company, a sub-
ordinate company in a congromalate.
In this paper a project member is named a mem-
ber. We have proposed a project portfolio man-
agement [8] in order to manage a project smoothly
and quickly.

The project portfolio management is based on
a mean-variance analysis which is proposed by H.
Markowitz [9]. The mean-variance analysis is a
mathematical programming model to determine
an allocation of funds to many stocks. In our
method, a project portfolio analysis is employed
on the basis of the achievement evaluation of each
project members to decide participation of mem-
bers, and to decide the reallocation of funds in the
next term of the allocation of funds in preceding
term in minimizing the difference from the previ-
ous allocation of project funds [14].
The future result of a project (named expected
evaluation in the following) is to be maximized in
executing a strategy under the condition that the
project commits a risk in the minimum.

It can be formulated as a two-objective non-
linear programming problem. Furthermore, we
introduce a concept of fuzzy sets to illustrate a
decision maker’s vague aspiration level for each
of expected evaluation and risk [6, 10]. The deci-
sion maker can obtain a solution that satisfies his
aspiration level required. In the mean-variance
analysis, we will not only evaluate the expected
evaluation and its risk, but also minimize the dif-
ference between the preceding and next alloca-
tions of project funds. This is called a fuzzy re-



allocation portfolio selection model. If we decide
the fund distribution to each project member af-
ter a project was executed one term, the past eval-
uation of project members should be taken into
consideration and the difference of the fund dis-
tribution of continuity selected members between
the previous and next terms should be minimized
in order to guarantee the continuously of their
plan as possible.

2.Project Portfolio Management Consider-
ing Change of an Investment

In this paper, we illustrate a project portfolio
analysis based on the mean-variance analysis [4,
5, 6, 7]. The mean-variance analysis proposed
by H. Markowitz is mathematically to decide the
investing ratio over securities or funds which real-
izes, using time-series data of return rates in the
past, the minimum risk (i.e. minimum variance)
for the certain expected return rate previously
given by a decision-maker. We rewrite the terms
of the mean-variance model into the terminology
of achievement evaluation method as we discuss
about the achievement evaluation method. The
expected return should be an achievement eval-
uation value in the measuring scale given by the
decision-maker.
Formulation 1.

minimize
n∑

i=1

n∑
j=1

σijGiGj

maximize
n∑

i=1

µiGi

subject to
n∑

i=1

Gi = 1

where σij is a covariance between evaluation val-
ues of project members i and j , µi expected eval-
uation value of project member i, and Gi alloca-
tion ratio of funds to project member i, respec-
tively.

In this paper, we formulated the mean-variance
analysis as a two objective model which maxi-
mizes the expected evaluation and minimizes its
risk. The project portfolio management is pur-
sued as the procedure in Figure 2. We will explain
it procedure mentioned below.

2.1.Stage 1. The decision of the new project
team

In Stage 1, we explain the methods to select
more adaptable project members for the new project
according to their past achievement evaluation
and organize the better project team based on

[PROCEDURE]
Stage 1. The decision of the new project

team

Stage 2. The decision of fund allocation and
the selection of project members

Stage 3. The selection of the new participat-
ing member

Stage 4. The fund allocation of the continu-
ing member

Stage 5. The allocation of project funds to
new team members

Figure 1: Procedure of project portfolio manage-
ment

a project portfolio method. In this paper, the
states of each section and a project should be ac-
counted with an unified evaluation value. That
process is shown in the following. First, we se-
lect adaptable members for a new project among
the feasible candidate nominated. We employ a
project portfolio model to the selection of can-
didates. The model enables us to select the ap-
propriate project members and decide the allo-
cation of the project funds under the considera-
tion of the past evaluation of the members. The
project portfolio analysis proposed in this paper
can be employed to evaluateeach of project mem-
bers. Analysis procedure is shown in Figure 2.

[PROCEDURE]
Step 1: Select the objective direction in

project evaluation

Step 2: Select the explanatory attributes in
evaluation

Step 3: Select the necessity (VL, EL) and suf-
ficiency (VU , EU ) levels of an expected
evaluation value and its risk

Step 4: Determine membership parameters
for ratios αV , αE

Figure 2: Procedure the achievement evaluation
of the project member in mean-variance analysis

Step 1 in Figure 2 is to weigh the direction of
the project mission experientially obtained by the
decision-maker. These parameters are employed
in the fuzzy mean-variance analysis.

Next, evaluation value for the project is estab-
lished. In this paper, we analyze a project activ-
ity using time-series of evaluation values about
the past achievement of the project.



Let us denote the number of members in the
project m, the number of attributes which evalu-
ate a member n and the number of the times T .
Time-series evaluations of n attributes for mem-
ber i is denoted Xit as:

Xi =




xi
11 xi

21 · · · xi
n1

xi
12 xi

22 · · · xi
n2

...
...

. . .
...

xi
1T xi

2T · · · xi
nT


 (1)

(i = 1, 2, · · · , n; t = 1, 2, · · · , T )

The direction of the project is expressed using
a direction vector where each value of an attribute
denotes an importance degree in the project. There-
fore, the evaluation of a member should be pur-
sued in the project direction. The project vector,
which shows the direction of the objective evalu-
ation given by a decision-maker, is denoted as:

aT = [ a1, a2, · · · , an ] (2)

This project vector shows a direction to weigh
the attribute toward which the decision-maker in-
tends to move the project as a performance eval-
uation index. The size of a project vector is de-
noted as:

A =
√
(a,a) =

√
a2
1 + a2

2 + · · ·+ a2
n (3)

A unit vector toward a project vector is written
as follows:

uT =
[ a1

A
，
a2

A
，· · · , an

A

]
, (u,u) = 1 (4)

The inner product between time-series evaluation
vector xit and standardized project vector u pro-
vides project evolution based on the measuring
scale of the project mission, that is, in the direc-
tion of the project vector.

Bi = Xiu (5)

In this paper, we employ the mean-variance
analysis to evaluate investment for each project
on the basis not only of the maximization of the
total project result, but also of the minimization
of its risk of the project.

In the conventional mean-variance, this prob-
lem is formulated as a quadratic programming
which minimizes risk or variance under the real-
ization of the expected return rate of which a deci-
sion maker is satisfied, where the expected return
and risk hold the trade-off relation. Therefore,

we should better formulate two-objective mean-
variance model, which can obtain the best solu-
tion under the consideration of aspiration levels
that a decision maker might have for both indices
of expected return rate and its risk.

The decision-maker defines membership func-
tions for each of expected return rate and risk us-
ing necessity and sufficiency levels. The objective
of this paper is to obtain a solution that satisfies
an aspiration level required.

In this paper, we should employ a non-linear
membership function such as a goal one defined
by H. Leberling [11], which has asymptotic lines
λ = 1 and λ = 0. We employ the logistic function
for a non-linear membership function as follows :

f(x) =
1

(1 + exp(−α(x))
(6)

The logistic function has a similar shape as the
hyperbolic function employed by H. Leberling,
but it is more easily handled than the hyperbola.
And also a trapezoidal membership function is an
approximation of the logistic function. Therefore,
the logistic function is much more appropriate to
denote a vague goal level.

The goal rate for an expected return can be
described using the logistic membership function
in the following:

µE(E(G)) =
1

1 + exp(−αE(E(G)−EM ))
(7)

where EM is the mid point where membership
grade λ is 0.5.

The goal for risk can be described using the
logistic membership function in the following:

µV (V (G)) =
1

1 + exp(αV (V (G)− VM ))
(8)

where VM is the mid point where membership
value λ is 0.5.

Values αE and αV influence respectively on
the shapes of membership functions µE and µV ,
where αE > 0 and αV > 0. The larger parame-
ters αE and αV get, the less their vagueness be-
comes.
Formulation 2.

maximize λt

subject to αV V (G) + λt ≤ αV VM

αEE(G)− λt ≥ αEEM
n∑

i=1

Gi = 1

λt, Gi ≥ 0 (i = 1, 2, . . . , n)

where λt is a value to which extent the decision
maker will be satisfied by the following solution



Table 1: The fund allocation method signary

sign meaning after the change
σij A covariance between member i and j
µi Expected evaluation value of member i

Gi → Fi The allocation rate
of project funds to member i

obtained from Formulation 2.:

V (G) =
n∑

i=1

n∑
j=1

σijGiGj，

E(G) =
n∑

i=1

µiGi，

where σij denote a covariance between evaluation,
Bi, of member i and evaluation Bj of member j,
µi expected evaluation value of member i, and
Gi allocation ratio of funds to member i, respec-
tively.

2.2.Stage 2. The decision of fund allocation
and the selection of project members

In Stage 2, according to this evaluation value,
we decide allocation of amount of funds for each
of project members, and select the continuous
project member organized project is continuously.
That process is shown in the following.

First, we determine the fund allocation rate
employing a fuzzy mean-variance analysis. That
is, even if a certain member obtains some good
result, this member will not be evaluated so much
when its result is not stable. In this evaluation,
we can obtain the best result in the direction of
the project mission and also make it stable.

In analysis a member is evaluated using a gross
profit data of the last ten terms and the contri-
bution of the member to the project is quantized.
The allocation of project funds will be decided
based on the result of the project portfolio man-
agement. When a member shows a high contribu-
tion to the project, the member will be selected
as a team member to the next project but a mem-
ber with less contribution to the project will not
be selected to the next project and changed to a
new member.

In this stage, we rewrite Formulation 2. as
we discuss about the fund allocation method. It
is written as shown in Table 1 from Formulation
2..

V (G) and E(G) in Formulation 2. are rewrit-

ten in the following:

V (F ) =
n∑

i=1

n∑
j=1

σijFiFj，

E(F ) =
n∑

i=1

µiFi，

After we obtain the allocation rate vector F ,
we can decide the allocation of the project funds
to member i by multiplication between the project
funds and allocation rate Fi to member i.

2.3.Stage 3. The selection of the new par-
ticipating member

In Stage 3, we explain how to select the project
members which could not contribute the project
and the new project members participating the
project.

That process is shown in the following.
In this stage, we should select new project

members based on Formulation 2.. The se-
lected members can enter the project instead of
members which could not contribute to the project
in the last term.

2.4.Stage 4. The fund allocation of the
Continuing member

In Stage 4, we explain the method to take the
preceding allocation of funds into consideration in
deciding the next reallocation. So, we employ a
fuzzy reallocation model of mean-variance analy-
sis considering the allocation of funds in preceding
term. That process is shown in the following.

In this stage, we should explain the formula-
tion of the fuzzy reallocation model of the project
portfolio management. We intend to make the
plan of a project member assured as possible as
we can. In other words, if the allocation of the
project funds is changed drastically, the plan of
the member cannot be continuously executed over
a fiscal year. We distribute the project funds tak-
ing the last allocation rate into consideration as
long as the performance of the project can be ob-
tained.

In the formulation the linear function of a risk
and a difference between the preceding and the
next allocation of project funds to a project mem-
ber is employed as the objective function [15].
However it is easy to define an objective func-
tion for the difference between the preceding and
the present project member in various ways. In
this paper, we define a fuzzy reallocation model
of a fuzzy mean-variance analysis based on the
following three objective functions.

Formulation 4.



minimize
n∑

i=1

n∑
j=1

σt,(ij)Ft,iFt,j (9)

maximize
n∑

i=1

µt,iFt,i (10)

minimize
1
n

n∑
i=1

(Ft,i − F(t−1),i)2 (11)

subject to
n∑

i=1

Ft,i = 1 (12)

Ft,i ≥ 0 (i = 1, 2, . . . , n) (13)

where σt,(ij) denotes a covariance between stocks
i and j in the tth term and µt,i an expected return
rate of stock i in the tth term. Ft,i and F(t−1),i

are allocation rates of funds to project member i
in the tth and the (t − 1)th terms, respectively.

In this formulation, the third objective func-
tion shows the distance between the preceding
allocation of funds to project member and the
next allocation funds to project member. In a
real problem of investing, stocks should not be
hugely traded, because of the influence on a price
of stocks and the amount of a dealing fee. There-
fore, the third objective function should be mini-
mized.

We transform this three objective portfolio model
into a fuzzy model based on a fuzzy mean-variance
analysis which is proposed by J. Watada et al [13].
We first describe equations as follows:

V (F ) =

n∑
i=1

n∑
j=1

σt,(ij)Ft,iFt,j

E(F ) =

n∑
i=1

µt,iFt,i

D(F ) =
1

n

n∑
i=1

(Ft,i − F(t−1),i)
2

Employing these functions, we transform Formu-
lation 4 into a fuzzy model employing sigmoid
membership functions. The following model is
obtained as Formulation 5.
Formulation 5.

maximize λ (14)

subject to −αV (V (F )− VM ) ≥ log
λ

1− λ
(15)

αE(E(F )− EM ) ≥ log
λ

1− λ
(16)

−αD(D(F ) −DM ) ≥ log
λ

1− λ
(17)

n∑
i=1

Ft,i = 1 (18)

Ft,i ≥ 0 (i = 1, 2, . . . , n) (19)

where λ denotes a membership grade, αV , αE and
αD determine respectively the shapes of member-

ship functions for risk, expected return and dis-
tance. VM , EM and DM denote the mid points
at which the membership functions of the risk,
the expected evaluation value and the difference
between the preceding and next terms have 0.5.

Substituting λt = log{λ/(1 − λ)}, we have

log
λ

1− λ
= λt

λ =
1

1 + exp(−λt)
(20)

Since a logistic function is monotonously increase,
maximizing λ makes λt maximize, that is, maxi-
mizes log{λ/(1 − λ)}. Accordingly, Formulation
5 is equivalent to Formulation 6 as follows:
Formulation 6.

maximize λt (21)
subject to αV V (F ) + λt ≤ αV VM (22)

αEE(F )− λt ≥ αEEM (23)
αDD(F ) + λt ≤ αDDM (24)
n∑

i=1

Ft,i = 1 (25)

Ft,i ≥ 0 (i = 1, 2, . . . , n) (26)

In this paper, we employ necessity and suffi-
ciency levels to decide the value of VM , EM and
DM . VL and VU denote necessity and sufficiency
levels for risk, EL and EU necessity and suffi-
ciency levels for expected evaluation value, and
DL and DU necessity and sufficiency levels for
distance, respectively. Values VM , EM and DM

are decided as (VL + VU )/2, (EL + EU )/2 and
(DL + DU )/2, respectively.

Fund allocation can be decided with the fol-
lowing calculation.

Pt−1 =
n∑

i=1

OiCi (27)

Oi ∈ {0, 1} (28)
Ci = Fi,t−1 · A (i = 1, 2, . . . , n) (29)

where Pt−1 the first half fund of allocation sum
total to member, m, Oi is shown whether it was
participation or it did not participate, Ci the first
half fund of allocation of member, A the total
fund of a first half project.

2.5.Stage 5. The allocation of project funds
to new team members

In Stage 5, we explain how to distribute the
fund among the new project member. That pro-
cess is shown in the following.

The fund which the fund distributed with Stage
4 in the fund of allocation to the project was



deducted from is distributed in the new project
members. Formulation 3 is used for the analysis.

(A − P )Ft,i = Pt (i = 1, 2, . . . , n) (30)

where Pt a new project member fund total of al-
location .

3.Concluding Remakes

In this paper, we proposed a project portfo-
lio management in order to progress a project
quickly. In our method, we employed a mean-
variance analysis based on the achievement eval-
uation of the project members to select partici-
pating project members, and employed a mean-
variance analysis considering the reallocation of
funds in the preceding term to decide the alloca-
tion of funds in the next term. Achievement eval-
uation was done using the past actual results of
the project member, and proper project adapt-
ability could be obtained. The model obtained
fund allocation to consider the preceding about
the fund allocation problem again was explained.
The method can be pursued so as the decision
maker can obtain a solution that satisfies an re-
quired aspiration level based on their own behav-
ior.

References

[1] A.Andersen, Group Management, Seisansei
Pablishing, 1999.

[2] A.Andersen, Management of Achievement
Evaluation, Seisansei Pablishing, 2000.

[3] S.L.Goldman, R.N.Nagel, K.Preiss, Ag-
ile Competitors and Virtual Organizations
Strategies for Enriching the Customer, Van
Nostrand Reinhold, 1995.

[4] T.Kawaura, J.Watada, “Mean - Variance
Analysis of Agricultural Management based
on a Boltzmann Machine”, Proceedings
of 1999 IEEE International Conference on
Fuzzy Systems, �, Seoul, Korea, pp.1196-
1201, 1999.

[5] T.Kawaura, J.Watada, T.Watanabe, “Neu-
ral Network Approach to Sales Portfolio
Management”, The International Sympo-
sium on Medical Informatics and Fuzzy
Technology Proceedings, Hanoi, Vietnam,
pp.120-123, 1999.

[6] T.Kawaura, J.Watada, “Fuzzy Mean - Vari-
ance Analysis for Production Management”,
The Fourth Asian Fuzzy Systems Sympo-
sium, Tsukuba, Japan, Vol.2, pp.1027-1032,
2000.

[7] T.Kawaura, J.Watada, “Mean - Variance
Analysis of Medical Investment and Medical
Products”, Biomedical Soft Computing and
Human Science, Vol.5, No.2, pp.91-96, 2000.

[8] Takayuki Kawaura, Junzo Watada and
Teruyuki Watanabe，“Analysis of Group
Management based on Fuzzy Project Portfo-
lio Model”, The 2nd Int. Symposium of Ad-
vanced Intelligent Systems, Korea, August
24-25, pp.124-128, 2001

[9] H. Markowitz, Mean-Variance Analysis in
Portfolio Choice and Capital Markets, Black-
ell, 1987.

[10] H.Mizunuma, H.Matsuda, J.Watada, “De-
cision Making in Management Based on
Fuzzy-Mean Variance Analysis”，Journal of
Japan Society for Fuzzy Theory and Sys-
tems，Vol.8, No.5, pp.854-860, 1996 (in
Japanese).

[11] H. Leberling, “On Finding Compromise So-
lutions in Multicriteria Problems Using the
Fuzzy Min-Operator, Fuzzy Sets and Sys-
tems, Vol.6, pp.105-118, 1981.

[12] H. Tanaka, P. Guo, Possibilistic Data Analy-
sis for Operations Research, Heidelberg, New
York, Physica-Verlag, 1999.

[13] J.Watada,“Fuzzy portfolio selection and its
applications to decision making”, Tatra
Moutains Math. Publ. 13, pp.219-248, 1997.

[14] T. Watanabe and J. Watada, “A Formu-
lation of Fuzzy Rebalance Portfolio”, The
2nd Int. Symposium of Advanced Intelligent
Systems, Korea, August 24-25, pp.114–118,
2001

[15] T. Watanabe, J. Watada,“Portfolio Selec-
tion Problem with Minimum Fluctuations
of Portfolio Pattern” , Proc. The 4th Asian
Fuzzy System Symposium 2000 at Tsukuba,
Japan, Vol.2 ，pp1021–1026，2000


