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1. Mode l s  

Consider N asset classes, S~, $2 ...... SN. the problem is to determine 

allocation weights x/, x e  . . . . .  xN. 

We first review the Mean-Variance Approach (see [31): 

Assume the rate of  return,  R~, o f  asset Si to be a random w~riable 

gi = expected value of  Ri, 

o, = standard deviation of  Ri, 

PO = correlation between Ri and Rj 

xi := the weight for asset class Si 

i , j = l , 2  ..... N. 

Then the return rate of  the portfolio is 

N 

R/, = ~ x R, 

The expected return of  the portfolio is 

N 

la, = ,~,x,g, 

The variance of the portfolio is 

N ,~' ?,' 

~ ~ ~ ;~~~'112~ ~ (~ t ~ u  
¢ ] t-] g [ 

Allocation weights-t l, -~e . . . . . .  t?v. are  determined b y  quadratic programming 

techniques. 
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Method 1" 

Fix tile expected portlMio return Itj, to a certain desired level g then 

determine the allocation weights x~, x2  . . . . .  XN which minimize the risk level 

~7 ~, of  the portfolio for this fixed I t. 

N N N 

M i n  ~,, = Z x,2~ ~ + Z ~.r ,x,cr,o,  p i, (1.1) 
i=1 i=1 1=1 

S u b j e c t  t o  

~ x,~t, = ILt (1.2) 

N 

~ x ,  = l  (1.3) 
~=I 

l,_<x,_<u, i = 1 , 2  . . . . .  N (1.4)  

Where li and ui are the lower bound and the upper bound on funds allocation 

to the ith asset class, i = 1,2 ..... N. 

Method 2: 

Fix the risk level (5/, of  the portfolio to a tolerable level <5, then determine the 

allocation weights x j, x2 . . . . .  x u  which maximize the expected portfolio 

return F/, for this fixed (5. 

N 

M a x  P-I, = ~ x g, (2.1) 
r=l  

S u b j e c t  t o  
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Z, '~cy; '+ Z v , c ~ a , p , , - - c ~  (2.2) 

y , ,  1 (2.3) 
i I 

I <.v _<,, i =  1,2 .. . . .  N (2.4) 

The above two methods are equivalent under the general assumption that 

asset with higher return rate has higher risk. They are conventionally called 

Mean-Var iance  Approach. 

According to the portfolio theory, when the rate of  return is considered 

having a probability distribution, we also consider maximizing skewness 

while consider maximizing mean return or minilnizing variance (see [2]) 

If we take skewness into consideration, then Model (1) then becomes a 

multiple objective programming model (3): 

Min 

May K[(R. I.l,, ) ' ] / ~  ), 

Subject to 

'5". v, la, = p  
r ] 

~, ,%r ,%," 

i = 1 . 2  ... . .  N 

(3. l)  

(3.2) 

(3.3) 

(3.4) 

(3.5) 
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And Model (2) becomes model (4): 

N 

Max ~t, = ~ x,g, 

3 3 Max E[(Rp-g , )  ] /cy 

Subject to 

N N N 

X2C~ 2 
E ,  , 
i±1 /=1 I=I 

N 

Z X = I  

l _<%<_u, i =  1 ,2  . . . . .  N 

(4.1) 

(4.2) 

(4.3) 

(4.4) 

Note that 

N 

el(R,,- ~t,,)'l/,~), =~w'o` +3~w, w,o,,j +6 
i= l  i . j=[ r . i , k = l  

where cy,j~ is central co-moment. Obviously, models (3) and (4) are 

complicated multiple objective non-linear programming. 

We now present the Possibilistic Linear Programming Approach to the 

model problem. 

2. Poss ibi l i s t ic  Dis tr ibut ion  
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For each assct S,. i = 1, 2 ..... N, we describe the imprecise rate of  return by 

- ( , ;" , (" , ( '  I, where 

( ' ,  = tile most pessimistic value for Ri 

~;'" = the most possible value for Ri 

,;"= the lnost optimistic value for Ri. 

We further assume that the imprecise rate of  return ?, = (H',,;,",,',")can be 

modeled by the possibility theory (see [ 10]) and has the triangular 

possibilistic distribution~ (.) as in Figure 1. 

R 

1 . . . . . . . . . . . . . .  

P r 
0 p;:' °' r" 

Figure 1. The triangular possibility distribution of  ? .  

The capital asset location problem can be modeled as a possibilistic linear 

programming problem (5): 

.i~, ix 

M..,- y_.<~ =y_.~,:..,:'".,:"~, (5.1) 
i i , I 

SM)ject to 
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N 

Z X ,  = i 

i I 

1, < x, <_ u i i : 1,2 ..... N 

Not i ce  that  the  ob jec t ive  funct ion is 

'v' ,V N N N N 

Y~ ~-"~ : Z < ' , , ~ ' , r :  ~x : Z <x,,~,'".,,,r,"x t : ~Z~,"x, ,Z '~"x, ,Z~: 'x ,  ~ 
I : [  I I I I i - I  i = l  i ' - I  

therefl)re,  the ob jec t ive  funct ion is an imprec i s e  rate  of  re turn for  the 

por t fo l io  7 =(rP,r",r"), where  

N ' N 

UP:ZFiI'xi , F " I : ~ " I ~  ", (~,,d F"=ZFI°X,., 
i I i - I  i : : l  

with a t r i angu la r  poss ib i l i ty  d i s t r ibu t ion  ~ (.) in F i g u r e  2. 

% 

(5.2) 

(5.3) 

/ 
0 r p r ° 

Figure  2. The  t r iangular  poss ib i l i ty  d i s t r ibu t ion  o f  7 

3. Method 
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In this paper, we suggest to use an auxiliary multiple-objective linear 

programming model (6) proposed by Lai and Hwang (see "Possibilistic 

lil~ear pro wammin~.fi,  mamo~i,zg interest rate risk", 1992) with our two 

additional control constraints. 

Max z ~'~ = ~  r/'x, (6.1) 

Min z ~~ = ~ (r,'-r,")x, (6.2) 
~=1 

Max z ~ = ~  (r,"-r').,: (6.3) 
i ] 

Subject to 

l~, <- ~ ,;"x, _< [3 (6.4) 

N 

V, <-~.,(':"' r/')x, <-V, (6.5) 
r>l 

N 

y x = t (6.6)  

I ~ x  <_u, i =  1,2 ..... N (6.7) 

By selecting pa rame te r s  ~ / and  ~,,, cons t ra in t  (6.3) restricts the most possible 

rate o f  re turn o f  the por t fo l io  to a des i r ab le  level .  I f  we set [3/= [3,, = ~ to be 

a cons tau t .  -~ = rain {,;'" , ;"}and 5',, : max {,~'" - , J ' } ,  then ob j ec t i ve  (6.1) 
r L 2  ,v i / . 2  N 

and constraint (6.5) both become inactive. In this case, model (6) becomes 

(6'): 

M i n  -~'  - ~.7, (r'" - / ; "  ) ~ 

470 



M a x  

Subject to 

t ;Px, = 13 
i I 

N 

Z x = I  
i=1  

I~ <- x _< u i i=1 ,2  ..... N 

It is in te res t ing  to note that  m o d e l  (6') is ana logous  to mode l  (3). 

By se l ec t ing  pa r a me te r s  7l and 3`u, cons t ra in t  (6.5) restr icts  the r isk to a 

to l e rab le  in terval .  I f  we set 7l = 3`,,= 3' to be a constant ,  ~, = rain [r'} and  
i - l , 2 .  , N  

9,, = max {rT'}, then ob j ec t i ve  (6.2) and cons t ra in  (6.4) b e c o m e  inac t ive .  In 
r = i , 2  ,Iv' 

this case,  m o d e l  (6) b e c o m e s  (6"): 

Min z~2>=~ (r/' - I;" )x, 
r I 

N 

Max z ~} : ~ "  ( l i " - r " ) x  ' 

Subject to 

N 

~,(r/"-r,")x, =7 
i = l  

~ x,  = I 
I I 

I <_ x <_ u i = 1,2 . . . . .  N 
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Model (6") is analogous to model (4). The selection of parameters ~], I~,,, g/, 

and 7,, is based on the asset manager's experience and managerial judgment. 

Multiple-objective linear programming (6) is then solve by' using 

Zimmermann's fuzzy programming method with a normalization process as 

tbllows: 

Let 

.amm 

~ i 21  ~ _  

£ . ln ln  

&n&ln 

m a x  r"'x, ,.,,)~,~ = m i n  r ,"x,  
x~5 X ,=t xe: X i=~ 

nlin ~ ( r ' - r " ) x ,  .(2, <,,,,, = max ( r"  - / '  ).r, 
x ( E  X i : l  .~c X i=~ 

N ,¢' 
m a x  ~ ( r " - r " ' ) x  -{'! ~,,,.. = m m  ~ ( r" - r" ' )~-  

x ~ X , : I  x G X , : I  

where X denotes the set of  feasible solutions satisfying all the constraints in 

programming model (6). The linear membership function of these objective 

functions can now be computed (see Figure 3) as: 

t 1 
0 

~q21 (2~ ~_t ~..,, <.,,,,,, -- z ) 
0 

i ] )  ( I )  ( ;: ...... Z,,,., ) 

(Z ...... Zm,,, ) 

z" Im rl Z ma 

< ~(n) ~ ,  Z41) __ 4,nlij I 

( ] -  z7(2> < ? !z )  
- -  " 'mm 

~m~m ~max 

~nla~ 

D c f h n f i o n  o ]  ~t z~,: is s i m i l a r  to ~t;: ..... 
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g ,,,, 

) Z~11 

Figure 3 
(6.2) 

1 

0 3, .~I21 

The linear membersh ip  function of objective functions (6.1) and 

Finally, tile problem is solve by Z immerman ' s  equivalent s ingle-objective 

linear programming model (7): 

I/lax 

s.t. laz,,, (x) >_ ?~ 

~t z,z, (x) -> 9~ 
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t-t :,,, (.~) >- 

. r E  X 

It is noted that model (7) actually uses Max-rain principle which is 

max { rain (i.tz,~(v), i_~z,,,(v), ~tz,,,(~-) )} 
~ E X  

The optimal  solution of model (7) provides a satisfying solution under the 
strategy of minimizing the risk of lower rate of return, and maximizing the 
most possible value and the possibility of higher rate of return. 

4. Numerical Example 

Now We consider a numerical cxamplc  by using ,,;ix asset c lasses  with mean, [a,, and 

standard deviation, o ,  We set r p = bt - 2 ~  , p;e = ~ , ,  and r" = Ia, +_'k~,, i =1,  2 ..... 6, 

with s o m e  s m a l l  a d j u n t m e n t .  T h e  numerical data of  our example  is given in T a b l e  1. 

[1 (3 f f  r"  r" r ~- r r' r ' -  r m 

Stuck I •).17 0,2 -0.23 0 1 7  0.8 (I.4 0.63 
S tuck2  0.15 (I. 185 - 22 0.15 0.75 0.37 0 6  
Bound I 0.12 (I.055 0.01 (I.12 0.27 0.11 0.15 
Buund 2 0 0 g  0.05 0.02 0 0 8  0 2  (J,I (J12 
(':.Is h (1(16 •1 (.1(15 //.(15 0.{16 0.(1 ~) ()(J I (103 
T.-bill 0.(/5 t),9%1 (1,{142 0.05 0.075 O.()()g 0 (/5 

T a b l e  I N u m e r i c a l  d a t a  of e x a m p l e  

\Vc firs( solvcd the example  by fi~ing the most possibte rate of  relurn of  the portfolio 

at 22 d i f f e ren t  va lues w h i l e  m a k i n g  c~mstrain (6.4)  inac t ive .  The c o m p u l a l i o n a l  results 

arc s u m m a r i z e d  in T a b l e  2. 

N o  [}. {5,,, y,,. y . )  O p t i m a l  s o h l l h m  X /r = ( /- I' , v  '" , r  " ) 

l ((] 055. () 055, 0 (R)g, 0,4) ,~,=0.5, x~,=().5 ((I.04(J, 0.055, 0.0~25) 
2 (() 0,'~0, 0 0(~(), 0 ()(IS. 0.4 ) xe=0.0454, x ~=().l) 152, x~=0.4394, x~,=0.5 (00331, 0.(~, O. I 152) 
~, (() ()(15, 0.(165, (I (1(18, IILI) X2=(}.(17 I ~, X~=0.0597, XS=0,3690, X<,=O,5 (0 0244, 01165, 01403) 
4 (0.070, 0117(I, 0008 .  114) xz=11(1935, ~=(I, lOt)8, ×s=0.29(17, x~,={}.5 (0.(1164, 0.07. O 164J 
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5 (o.o75, 0.075, 0.008, 0.4) xz=O. I 157, x~=O.1598, xs=0.2245, x~,=0.5 (0.0084, 0.075, 0.1876) 
6 ((!.1180, 0.080, 0.008, 0.4) x2=O. 1381, x~=0.2096, xs=O. 1524, x~,=0.5 ((I.00{13, 0.08, 0.2113) 
7 ((1.085, 0.085, O.(X)8, 0.4) x2=(1.16(15, x~=(1.2593, xs=0.0802, x~,=0.5 (-0.0077, 0.085, 0.23511 
8 (0.09I), 0.090, 0.0{)8, (/.4) x2=0.1829, x3=0.3089, xs=O.O08 I, x,=0.5 (-0.0157, (I.09, 0.2588) 
9 (0.095, 0.095, 0.008, (I.41 x2=0.2310, x~=O.3128, x{,=0.4562 (-0.0285, 0.095, 0.2919) 

I0 ((1.100, (1. 100, 0.008, 0.4) x2=0.2801, x~=0.3142, x6=0.4057 (-0.0414, O. I, 0.3253 
II (0.105, (1. 105, 0.0{18, 0.4) xz=0.3250, x~=0.3214, x6=0.3536 (-(I.0534, 0.105, 0.357 
12 (0.110, 0.110, 0.(1(18, (I.4) x2=0.3701, x~=0.3284, x~,=0.3015 (-0.0655, O.I I, 0.3889 
13 (0.115, O. 115, 0.008, 0.4) x,,=().4150, x3=0.3357, x~,=0.2493 (-0.0775, O. 115, 0.4206 
14 (0. I20, 0.120, 0.008, 0.41 xa=OA601, x~=0.3428, x~,=0.1972 (-0.0895, 0.12, 0.4524) 
15 ((1.125, 0.125, 0.0(/8, 0.4) xt=O.O(192, x2=0.5, x3=0.3415, x6--0.1494 (-0.1024, 0.125, 0.4858 
16 (0.130, 0.130, 0.008, 0.4) x1=0.0504, x2=0.5, x3=0.3421, x6=0.1074 (-0.1137, 0.13, 0.5157) 
17 (0.135, 0.135, 0.008, 0.4) x1=0.0956, x2=0.5, x~=0.3361, x6=0.0683 (-0.1258, 0.135, 0.5473 
18 (0.140, 0. 140, 0.0{18, 0.4) x1=0.1410, xz=0.5, x~=0.3296, x6=0.0293 (-0.1379, 0.14, 0.579) 
19 ((1.145, 0.145, (1.00% 0.41 x 1=0.2204, x2=0.4660, x3=(1.3136 (-0.1501, 0.145, 0.6105 
20 (0. 150, 0. 150, 0.008, 0.4) x1=0.3137, x2=0.4771, x3=0.2092 (-0.175, 0.15, 0.6653 
21 (0.155, 0.155, 0.008, 0.4) x ~=0.4067, x2=0.4888, x~=O. 1045 (-0.2, 0.155, 0.7202 
22 (0. t60, (1.16(I, 0.008, (I.41 x~=0.5, xz=0.5 (-0.225, 0.16, 0.775 

Table 2 Solutions for different fixed the most possible return from portfolio 

and 

No. r"' / "  - / '  r" - r" 85% 95% 
1 
2 
3 
4 
5 
6 
7 
8 
9 

I0 
II 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 

Table 3 

0,055 0 . 0 0 9 0  0 . 0 2 7 5  (0.0537, 0.11591) (0.0546, 0.0564) 
().(16¢) 0 . 0 2 6 9  0 . 0 5 5 2  (0.(1560, 0.0683) (0.0587, 0.0628) 
(}.0fl5 0 . 0 4 0 6  0 .0753  (0.0590, 0.0763) (0.0630, 0.0688) 
0 .070 0 . 0 5 3 6  0 . 0 9 4 0  (0.0620, 0.0841) (0.0673,.0.0747) 
0.075 0.0666 0. I 126 (0.0650, 0.0919) ((/.0717, 0.0806) 
(/.080 0.0797 0 . 1 3 1 3  (0.0680, 0.0997) (0.0760, 0.0866) 
0.085 0.(1927 O. 15(11 (0.0711, 0.1075) (0.0804, (/.09251 
0.090 (1.1057 0 . 1 6 8 8  (0.0741, 0.1153) (0.0847, (1.09841 
(I.(195 O. 1235 O. 19(',9 (0.0765, (/. 1245) (0.0888, 0. 1048) 
0.1(10 0 . 1 4 1 4  0 . 2 2 5 3  (0.0788, 0.1338) (0.0929,0.1113) 
0.105 0.1584 0 . 2 5 2 0  (0.0812, 0. 1433) (0.0971,0.1176) 
0110 0.1755 02789 (0.0837, 0.1518) (0.1012, 0.1239 
(LI15 01925 0 .3056  (0.0861 , 0.16081 (0.1054, 0.1303 
OA2() 02095 03324 (0.0886.0.16991 ({1.1095, 0.136(1 
(I.125 02274 0 .3608  (0.0909, 0.1791) (0.1136.0.143() 
(/130 0 . 2 4 3 7  0 . 3 8 5 7  ((1.(1934, 0.1879) (0.1178, 0.1493 
0.135 0.2608 OA 123 ((/.0959, 0.1968) ((1.12211, 0.155(1 
0 14(1 0 . 2 7 7 9  (14390  (0.0983.0.2059) (0 1286, O. 1620 
0145 0.2951 (1.4655 (0.1007, 0.2148) ((1.1302, 0.1683 
0.150 ( I . 3 2 5 0  (1.5153 (0.1013, (I.22731 ((/.1338, 0.1758 
0.155 0.~550 0 .5647  (0.1018, 0.2397) (0.1323,0.18321 
0.160 I1385(/ 0 . 6 1 5 0  (1/.1023,0.2523) (0.1408, 0.19081 

Solulions for diffcrenl fixed the most possiblc return from portfolio 
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N{}. (.B;.. [~,,.. Te., T.) Optimal  solution X F = ( r t, , r " , r " ) 

1 (0.05, {I 17, 0.009, 0.009) xs=0.5, x~,=0.5 (O.{M6, 0.055, 0.0825) 
2 {I.{15, {117, 0.0269, {} {12{~9) x2=0.02{12, x~={}' 1038, xs={} 5 x{,---0.376 (0.0408, 0.0643, {}.1164) 
3 (005, 0.17.0.04{)6, {} {1406) x:=().0359, x~=0.1824, xs=0.5, x6=0.2817 (0.0308, 0.0714, {}. 1423) 
4 (0.{}5, {} 17, 0.{}536.0,{}536) x,=0.05{16, x~=0.2577, xs={}.5, x{,=0.1917 (0.0245, 0.0781, 0 1669) 
5 (0,05, {).17, {},0666, 0.0666) xe=0.0746, x~=0.30(}1, xs={).5, x{,=0.1253 (0.0169, 0.0835, 0.1914) 
6 {0.05, 0.17.0.{}797, 0.0797) x2={}.1{)61, x~=(}.3167, x5=0.5, x6=0.0773 (0.0(}81, 0.0878, 0.2159) 
7 ........ 0.17.0.{}927, 0.0927) x2=O.1382, x~={}.33{}1, x5=0.5, x~,=(}.0317 (-0.00'08, 0.0919, 02402) 
8 (0.05, 0.17, 0.1057, 0.10571 x2=0.1704, x~=0.3435, x5=0.4861 (-0.0097, 0.{)959, 0,20431 
9 ({}.{}5,017, 0. 1235, 0.12351 x:=0.2189, x~={}.3469, xs={1.4342 (-0.023{I, 0.1005, 0.2969) 

10 (0.05, 0.17, 0.1414, O. 14141 x2=0.2674, x3=0.3514, x5=0.3812 (-{}.0363, 0.1052, 0.3297) 
11 (0.05, 0 17, 0.1584, (/.15841 x2=0.3139, x3=0.3538, x~--0.3322 (-(I.0489, O. 1{195, 0.3608) 
12 (0.05, {117, 0.1755, 0.1755) x2=0.3610, x~=0.3552, x5=0.2837 (-0.0617, 0.1138, {}.3922) 
13 {0.05, 0.17, 0.1925, {).19251 x2=0.407 I, x~=0.3596, xs=0.2333 (-0.0743, 0.1182, 0.4234) 
14 (0.05, 0.17, 0.2095, 0.2095) x2=0.451 I, x~=0.3710, xs=0.1779 (-0.0867, 0.1229, 0,4545) 
15 {005, 0 17, 0.2274, {}.2274) x2=0.4975, x ~=0.3831, xs=O. 1194 (-{1.0996, {} 1278, 0.48731 
16 ({} 05 ,017 ,  0.2437, 0.2437} xl=0.{}411, x2={}.5, x ~={}.3765, x>=0.{1823 {-0.1116, 0.1321,0,5169) 
17 (005, 0.17, 0.26{18, {}.2608) xt=O.091 !, x2={}.5, x~={}.3529, xs={}.{}561 (-{}.1246, 0.1362, 0.5482) 
18 ({}.{)5, {}17, {}2779, I}27791 x~={). 147{/, xz=0.5, x~=0.3034, xs=0.049 (-{}.1385, 0.1394, 0.5794) 
19 (0.05, 0.17, 0.2951,0.2951 ) x1={}.2{142, x2=0.5, x~=0.2546, x5=0.0412 (-{).1524, 0.1427, {161081 
20 {0.05, 0.17, 0.325, 0.325) x]=0.3025, x:=0.5, x~={}. 1703, xs=0.0272 (-0.1765, 0.1485, 0.6654) 
21 ({}.{15, (}. 17. (}.355, (}.355} x~={J.4{H3, x:=0.5, x~={}.0848, xs=0.0139 (-(}.2008, 0.1542, {}.7202) 
22 (0.{15, {}. 17, 0.385, 0.t85) x 1=0.5, xz=0.5 (-0.225, 0.16, 0 . 7 7 5 ) _ _ _  

and  

Tab le  4 S o l u t i o n s  for differcn{ f ixed  tile r i sk  for p o r t f o l i o  

N o .  ~ .... / "  - / '  r" - r'" 85% 95% 
1 0 . {1550  0 . { } 0 9 0  {}0275 ((}.0537, 0.0541 ) (0X)511(1, (1.0564) 
2 {}.{}643 0.0235 {}.{1521 ({}.{1608, 0.0721 } (0.0631,0.{}669) 
3 {}.{1714 ().{)4{}6 00709 {0.{1653, 0.0820) (0.0694, {}.{1749) 
4 0.(}78I 00536 0.0888 (0.0701,0.09141 (0.0754, 0.0825) 
5 0.0835 {I.0666 {1 .1079  ({1.{}735, 0.0997) (00802.0.0889) 
6 0.0878 0.{}797 {}. 1281 ({1.(1758, {}. 10701 (0.0838, 0.09421 
7 00919 0.0927 0 1483 {0 0780, 0. 1142) (00873, {}.{1993} 
8 0.095tj 0.1{)56 0.1684 (0.0801,0.1212) (0.0906, 0.1043) 
9 {}. 1{}{}5 {11235 0.19{]4 (0.082{}, {}. 13{}(}) ({}.{}943, 0. 1103) 

l(} 01052 01414 {12245 (0 {}840, 0 1389) (0.0981, {}. 1164) 
II {}.1{}95 {} 1584 {} 2513 {{}.{}857, 0.1472} {0.1016,{} 1221) 
12 01138 {}.1755 1} 2784 ({} {1875, {}. 1556) (0.1{}50, {} ] 277) 
13 01182 0.1925 03052 {{1.{1893, 0. I (-/101 (0.1(186, 0.1335) 
14 0.1229 {}.20t){~ 0 .331{}  (0.(}915, 0.1726) (0.1124, (} 1395) 
15 01278 0.2274 0,3595 10.0937, 0.18171 (0.1165, 0.1458} 
16 {} 1 ~,21 1124~7 0.3848 t{) 0t~58, 0.1898) {{} 1199, 0.1513) 
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Fifth column in Table 3 gives all the most possible rates of  return of  the portfolio 

whose degree of  occurrence is at least 0.85. This interval is called the acceptable event  

with degree of occurrence at least 0.85. Similarly, the last column in Table 3 gives tile 

acceptable event with degree of  occurrence at least 0.95. We  observed that both risk (r" - 

d') and skewness (r" - / " )  increase as I-"' increases, which is consistent with the fact that as 

r'" is pushed higher, more weight should be allocated to higher risk assets. We also 

observed tllat when r'" increases gradually, the weights are adjusted gradually, which 

shows our numerical results are stable. 
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Figure 4 

Secondly,  wc soh 'ed the example by fixing the risk (r" - d') of the portfolio at 22 

different values while making constrain (6.3) inactive. The computational  results are 

summarized in Table (4) and (5). 
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17 0.1362 0.2608 0.4120 (0.0971,0.1980) (0.1232,0.1568) 
18 0.1394 0.2779 0.4400 (0.0977, 0.2054) (0.1255, 0.1614) 
19 0.1427 0.2951 0.4681 (0.0984.0.2129) (0.1279, 0.1661) 
20 0. 1485 0.3250 0.5169 (0.0998, 0.2260) (0. 1323, 0. 1743) 
21 0 . 1 5 4 2  0.3550 0.5660 (0.1100,0.2391) (0.1365, 0.1825) 
22 OI60 0.3850 0.6150 (0.1023, 0.2523) (0.1408, 0.1908) __ 

Table 5 Solut ions  for differen! fixed lhe risk for portfolio 
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4. C o n c l u s i o n  

Unlike our approach,  traditional mean-var iance  method  does not take skewnes s  of  the 

random rate of  return into considerat ion.  It only considers  m i n i m u m  variance fbr a given 

acceptable rale of  return, which l imited the probability of  obtaining h igher  rate of  return, 

If the skewness ,  s ~, of  re tmn of  return for the porlfolio, R = Z w ,  R, , is incorporated 
* I 

iIIlo n lode l  of  traditional approach,  say s ~ > k, then the rcs t l l l i l lg  n o n - l i n e a r  prograllll l l ing 
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model is not computational efficient since s 3 . which certainly is complicated,, On the 

other hand, possibilistic programming provides more efficient techniques to solve the 

imprecision nature of rate of return and also preserves the original linear model. Besides, 

possibilistic distributions provide more flexible and meaningful representation of 

imprecision/uncertainty. Some problems still remain to be solved in the future research. 

In this study, we first obtained the most pessimistic value, the most probable value and 

the most optimistic value for the rate of return from mean and standard deviation,- 

Secondly, we assume that possibility distributions are triangular. However, in practice, 

we should generate the most pessimistic value, the most probable value, the most 

optimistic value and the possibility distributions from decision makers' experience and 

managerial judgment and historical resources. 
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