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Abstract: A kind of effective fuzzy investment decision making model for mutually complementary enterprises in a DA
(dynamic alliance) or VE(virtual enterprises) is submitted, which computes total gross profits and coefficients of profits and si-
multaneously considers enterprises’ relativity and investment incentive measure. An algorithm to the practical problem based on
fuzzy optimizing technique is then analyzed stress in the fuzzy sense, the method can be used for the DA to obtain the maximum
total gross profits from competitive and cooperative integrated market. Some key steps for implementating the decision making
scheme are proposed too. Then, some examples illustrate the utility of the suggested method. It provides useful reference model

for enterprises in a DA or VE to realize scientific optimal investment decision making strategy.
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1 Introduction

Faced with the new integrated market economy com-
petitive environment, enterprises must adjust themselves
to new situation. Dynamic alliance (DA) is a kind of
effective form for enterprises’ competition and coopera-
tion!!) . DA needs some scheme to make proper decision

for its project investment'?!

. For this purpose, a kind of
investment decision making model in the crisp case is
proposed. In order to tackle practical instances, the pa-
rameters in the model be fuzzified; an optimal invest-
ment strategy is then dealt with stress; and finally, some
examples are given to show the validity of the suggested

method .
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2 Decision making model of investment
We are now discussing the DA’ s best investments Iy,
1, of two mumally complementary enterprises X;, X;. In
a monopoly market, for example, two enterprises X;,
X, are in the same industry consisting a DA. X, X,
share the same resources and market, and they cooperate
and compete with each other'3!. Hence if the investment
of X; is too high, then the coefficient of profits of X,
will decrease and vice verse; meanwhile an incentive
measure is introduced to encourage the enterprises in the
alliance invest as much as possible. Therefore, suppose
the investment of X;, X, are I,,I,, and the coefficients

of profits are x;, x,, then we have:
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a; + (1211 - (1312,
by - b1y + b3y, (1)

O i s bi/by, 0 < ) < ay/ay,

x1

x2

where a; > 0,8; > 0,j = 1,2,3; and e;, b; are known.
In order to ensure the success of the alliance, assume
that /,, I, are restricted at a certain scope:
0.5-e< i/ +1,) <0.5+¢,

0.5 - € << 12/(11 + 12) $05+ €, (2)
0<e<0.5,

where € is known. Then the total gross profits are:
P, 1) = x16y + %20, =
aidy + @B} + b1y + b33 - (a3 + b)) Iy,
O< i< b/by, 0 I, < a1/as. (3)
But in a prefect competitive market, for the same in-
vestment /;, 1,, it is not necessary to have the same co-
efficients of profits x; and x,. We shall consider fuzzy
Let %,,%, denote fuzzy profit
coefficients, the fuzzy total gross profits be P=x1+

%,1,, the problem can be described as:

coefficient instead5! .

max P = max (i;4; + #202), 4)
%1 = Ay + Aol - A3,

> {gz = By - Baly + Bsbs,

,Ej,j = 1,2,3; are triangular fuzzy numbers:

(5)

where A ¥

~' (a'_‘ ')a')a'+8 ))
{_’ /] 719 G & 72 j=1,2,3, (6)
Bj = (bl - 8j3)bj) bj + 8j4),

where 0 < 8,‘1 < a,-,8,2 > 0,0 < 8,‘3 < bj,8j4 > 0,_] =

1,2,3, are known.
3 The optimal investiment strategy of DA
3.1 Fuzzy operation property

From [6], let U,V tbe two fuzzy numbers denoted
by U= (ul,uz,u3),f/ = (vy,v2,v3). Their centroids

are:

J_muy;,(u)du/f_myg(u)du = —;(ul + up + us),

J_mv)u‘-,(u)dv/J. pi(v)dy = —;(vl + Uy + v3).
(7)
Property 1 Letﬁ = (ul,uz,u3),v = (01)112)
v3) be two triangular fuzzy numbers, k; € (- ®, ),
J = 1,2,3. Suppose k;, k; do not equal 0 simultaneous-

ly, then the fuzzy number y = kU + koV + kyis

((kyuy + kavy + ky, kiuy + kavy + k3, kyus +
kovy + ki), Yk > 0,ky =03k =0,k >0,

(kyur + kavs + k3, kug + kavg + k3, kyus +
kyvy + k3), Vi > 0,k < O3k = 0,k <O,

(kius + kovy + ky kyug + kyva + k3, kug +
kyva + k3), YV ki <0,k = 05k <0,k >0,

(kyus + kyvs + ks, kyus + kavy + ky, kyug +

L kavy + k3)y VK <0,k < 03k <0,k <O.

<
1l

(8)
3.2 Optimal investment strategy
For the problem in section 2, let
s,-(a,-l,é‘,z) = q + 1/3(8_, - 3j1) =
2/3a; + 1/305 + 173(q; - 85) > 0, (%)

5(83:8) = by + 1/3(84 - 83)
2/3b; + 1/38j4 + 173(b; - 8) > 0.
The centroids of ;1,-,12,- are
M,al_ = g + 1/3(8p - &)
5(8,1,82), j = 1,2,3,
Ma = b+ 1/3(3 - 83)
11(83,84), j = 1,2,3.
If there are no changes in x,, x,, thendp = 8 = 0,
0 = 03 =0,j=1,2,3,i.e. M,;j = aj,ng = bj,j =
1,2,3. By property 1 and (5),(6), since [; = 0,;
1,2, therefore
[a1 - 8u + (a2 - 8011 - (a3 + 832) I,
a1 + a2l - a3y, a1 + O +
(a2 + 8) 1) - (a3 - 83) 1],
%y = [b1 - 813 — (b + 8u) ]y + (b3 - S33) 1,
by - boIy + b3ly, by + 814 -
(by — 8n) 1y + (b3 + 8w 1,].

x1

®
~
1

Let
g1 = 11(813,814)/t2(85,0u),
g2 = 51(81,612)/53(831,83).
By (9), we have g; > 0,/ = 1,2. In the crisp case, &
= 0,8;;.2=0,i = 1,2,3;5j = 1,2; then by (10), we
have g; = b1/b3,82 = a1/a3. In the crisp case, we

(10)

have 0 < I; < g;,j = 1,2, accordingly.
The centroids of %,,x, are
Mil(11)12)=

5108115, 012) +52(821,80) 1 - 53(831,89) I,
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M, (I, 1) =

t1(813,014) = 12(82, 824 ) 1+ 23( 833, 834) I
respectively. These are the estimates of coefficients of
profits x,, x, in fuzzy sense. Here is a special case:

Mil(lleZ) = a; + 0,211 - 0,312,
Vaj'Z = 8]'17 .I =1,2,3;
Miz(ll’lz) = bl - b211 + b312,
Vs = 03, j =1,2,3.
This coincides with crisp case. If §; = 0,i = 1,2,3;

j =1,2,3,4; then &j = aj,bj = bj. It lSjUSt a Cl’lSp

case. The fuzzy total gross profits are
P =x\I + %1, =
Aily + A3 + Bl + B33 - (As + By) 11 U,.
Let
Py =(ay -8 + (a, - 321)1% + (b - 8p)1h +
(b3 - 833) 8 - (a3 + 8y + by + Su) 1 I,
arly + aplf + bily + b33 - (a3 + b)) I I,
(al + 312)11 + (az + 322)1% + (bl + 324)12 +
(b3 + 83) 15 - (a3 = 83 + by - Sp) 11 1,.
By Property 1 and the fact that [; = 0,j = 1,2; we have
P = (P\,P,,P;). For O< I; < gj,j = 1,2, the cen-
troid of P is
Mp(I, 1) = 1/73(P; + P, + P3) =
$1(811,00) Iy + 5(821,82) 1 + t1(813,014) I +
t3(833,83) 15 — [53(831,83) + 12(81,8%) 11 1.
(11)

P,
P

This is the estimate of P in the fuzzy sense.
It is obvious that
Mp(1, 1) = M;,l(ll,lz)ll + M;z(ll,lz)lz,
when
Op = 61,0 = 63, J = 1,2,3;
(11) becomes
Mp(Iy, 1p) =
aili+aali+ b1 L+ b33-(as+ by) I 1y,
which coincides with (3), i.e. Mp(I,1,) = P(I,,
I,). When §; = 0,i = 1,2,3,j = 1,2,3,4, the fuzzy
sense turns out to be a crisp case.
3.2.1 In the fuzzy sense
Since the crisp case is a special case in the fuzzy
sense, we shall first work on the problem in fuzzy

sense .

Objective function Mp(1,,1,) is a continuous func-
tion for /y, I, in the closed region0 < [; < g;,j = 1,2.
The absolute maximum value does exist either at the
point in the open region0 < I, < g£,,0 < I, < g3,
where both the partial derivatives exist, equal to zero
and have solutions which meet the requirements for the
relative maximum region {(/,,1,) 10 < I, < g;,0 <
I, < g»} or on the boundary of 0 < I < g,j=1,2.
But in conjunction with (2), the restrict conditions
should become

(0.5-€)/(0.5+e)ga < I, <
min (g1,(0.5 + €)/(0.5 - €)g,),
(0.5-¢€)/(0.5+e)sv< hh <
min (g,,(0.5 + €)/(0.5 - €)gy),

where € is know.

(12)

1) In the open region.

a

a;(Mi)(llJz)) =

$1(011,012) + 25,(8y,00) 1, -

[53(831:03) + 2(85,84) 15 = 0, (13)
ad

a_I;(Mi’(IleZ)) =

(813, 814) - [53(831,83) + 6,(82,8u) 11, +
2t3(83,8) 1, = 0. (14)
Let
W =45,(821,82)t3(83,0%) -

[33(831,332) + t2(873,824)]2,

then
L L
a_I%Mi’(11712) a]lalel-’(IUIZ)
=W,
3% 3?
allaleP(Ilvlz) a_I%MP(IleZ)

if W > 0,Mp(1;, 1) it gets minimum at some points in
open region; if W < 0, M3(1,, I,) it has no extremum
in the open region. Therefore M5 (I, I,) reaches maxi-
mum on the boundary of (12) in both cases.

2) On the boundary.

It is easy to know there are no maximum on the lower
boundary of lim/; = 0%, so the maximum occurs on the
upper boundary of

I} = min(g,,(0.5 +¢€)/(0.5-¢)g,) =1, = Cy,
or
I, = min(g,;,(0.5+¢€)/(0.5-¢€)g)) =1, = C;
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On the boundary I, = C, (constant), I, vary, then
(0.5-¢)/(0.5+e)ga< I, <
min (g,,(0.5 + €)/(0.5 - ¢)g,),
from (13),

d
d—IlMp(Il,Iz) =

$1(811,012) + 25,(821,00) 1) -
[53(831,85) + 12(8n,04)]1C, = 0,

2
diI%MP(IlJz) = 255(8y1,0n) > 0,

therefore, when I; = [ - s,(811,61) + (s3(831,8%) +
t2(823,02))C21/255(89,0n) = E,
max Mp(I,,1,) =
Mp( Ty, Iay) = Mp(Igy,Cy) =
Mp(Li2),Co), VE < Iy,
max (Mp(I i1y, C2), Mp(Iy(2), Ca)),
Vo < E < Iy
Mp(Ii1),Cy)s VE > Iy,

(15)

where

Iy (0.5 -€)7(0.5 + €) g5,
Iy = min (g;,(0.5 + ¢)/(0.5 - €)gs),
Iy, = C, = min (g2,(0.5 +€)/(0.5-¢)gy),
E = [~ 51(811,012) + (53(83,6m) +
t2(023,62)) C2)/255( 82 ,82).
The same principle, on boundary 71 = C;, the result is:
maxMp(Iy, 1) = Mp(Io)1,1(20) =
Mp(Cy,1np) =
Mp(Ci ), YV F < by,
max (Mp(Cy, L)), Mp(Cy, 1)),

VI < F< by, (16)
Mp(Cy ), YV F > Iy,
where
12(1) = (0.5 - 6)/(0.5 + E)gl,

Iy = min (g2,(0.5 + €)/(0.5 - €) g1),

I = C; = min (g,(0.5 + €)/(0.5 - €) g2),

F = [-1,(83,014) + (53(83,83) +

12(85,0u)) C11/2t3(833,84).

From (15) and (16), a theorem can be obtained.

Theorem 1(In the fuzzy sense) If I,, I, are the in-
vestment of two mutually complementary enterprises in
an alliance X, X,, respectively, the coefficients of prof-
its of X, X; are

;{1 + ;4211 - ;1312,

"

I}

1
%, = By - By, + B31,,
O<li<g,0=<sh<a
s.t. (0.5-¢)/(0.5+¢)gr <) <
min (g;,(0.5 + €)/(0.5 - €)ga),
(0.5-€)/(0.5+e)g < I, <
min (gz,(O.S +¢)/(0.5 - e)gl),
whereﬁj,fij,j = 1,2,3; in according with (6), let
5(851,82) (853, 8:4)j = 1,2,3; defined by (9),
g1 = 11(813,61)/t2(8%,0%),
g2 = 51(01,812)/53(83,63),
then
max Mp(1y,12) = max Mp(1(j51,I(jn) =

j=1,2
Mp(I7 1),

3.2.2 In crisp sense

It is easy to extend the Theorem 1 in the fuzzy sense
to crisp case; the latter is a special case of the former.

Theorem 2 (In crisp sense) The same result as
fuzzy sense can be used directly.i.e.

maxP(Iy,I,) = ﬁﬁp(l(‘})l,l(‘})z) =

P, I;7).
4 Example
4.1 In the crisp case
Example 1 If x;,x, are the coefficients of profits
of two mutually complementary enterprises X;, X, in an
alliance, respectively. The expressions is:
21=0.3+40.051,-0.021,,
27 =0.42-0.037,+0.061,,

e =0.3.
i.e.
a; = 0.3,a5 =0.05,a; = 0.02;
by =0.42,b, = 0.03,5; = 0.06;
g = bi/by = 14,8y = ay/a; = 15.

By (12),3.75 < I, < 14,3.5 < I, < 15, By (15),
E = by/2a, x g2 =4.5,3.75 < E < 14, so
max P(I;, 1) = P(I8y,10y) =
max (P(3.75,15),P(14,15)) = 23.3.
By (16), F = a3/2b3 x g, = 2.333 < 3.5, so
max P(I1,5,) = P(1%1,18),) =
P(14,15) = 23.3.

Therefore,
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max P(1,,1,) =
max (P(I8y1,18y2), P(1&),14)) = 23.3.

4.2 In the fuzzy sense
Example 2 The other conditions are similar to Ex-

ample 1, let

Sp -0 = 0.02, 8p - 8, =-0.01,
dn — 63 = 0.02; &4 - 813 =-0.02,
0y — 86y = 0.03, 83 — 833 = - 0.03;
0< & < a,0< dp,

0< 03 < b,0< 84,5 =1,2,3.

By Theorem 1, from (9),

51(811,812) = 0.30667,
52(821,02) = 0.04667,
53(831,0m) = 0.02667;
t1(813,614) = 0.41333,
t2(8p3,6%) = 0.04,

t3(83;,06%) = 0.05.

From (10), g; = 10.333, g, = 11.499. By (12),

2.875 < I < 10.333,
2.583 < I, < 11.499.

By (15), E = 4.928, 2.875 < E < 10.333, so
max MP(IlJz)
Mp( Iy, I(y2) = Mp(Iy, Co) =
max (Mp(I(1y1, Co)» Mp(I(1y,, C2)) = 11.551.
By (16), F = 2.756, 2.583 < F < 11.499, so
max Mp(l,,1,) =
Mp(Iy1, L22) = Mp(Cy, 1) =
max (Mp(Cy, 15)), Mp(Cy,I(22)) = 11.551.

Therefore

max Mp(I, ;) =

max (Mp(Tayis L) s (Mp(1(2y1) 5 I22)) = 11.551.
It is obvious that the situation in fuzzy sense is quite

different from the crisp case, so investment strategy
should be adjusted according to different situations.
5 Conclusions

1) The main achievements made in this paper are as

follows: A kind of investment decision making model
for enterprises of a DA is proposed; a kind of optimal
investment strategy for DA to obtain maximum profits u-
tilizing fuzzy optimizing technique based on the given
model in the fuzzy sense is provided; and the utility of
the described method is illustrated.

2) The following subjects should be paid more atten-
tion: The robustness and sensitivity analysis of the pa-
rameters or structure in the model; the consideration of
constrains to each coefficient of profits; and the case
more than two enterprises in a DA.
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