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Abstract

In this paper we have shown that the risk and profit objectives can not be
taken as constraint together in multi-objective linear programming problem
and also in goal programming problem, but they are taken as constraint
together in fuzzy environment. That is why the fuzzy goal programming
technique is being followed to solve the bank investment allocation problem
where the under- and over-deviational variables are introduced to each of the
membership goals by assigning the highest degree (unity) as the aspiration
levels of each objective goal. Also we have shown that in bank investment
problem liquidity constraint can never be taken as fuzzy if the highest value of
aspiration levels of each constraint goal is 1 and also the aspiration level for
the capital adequacy objective can not be set smaller than 90.
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I ntroduction
Commercial banks perform primarily different functions. Commercial banks, by their
nature and functions, are multi product institutions. They naturally want to maximize
their profits at the same time minimize the risk criteria. This conflicting situation
leads naturally to think for multi objective optimization in the investment plans of the
commercial banks.

In this paper we consider the optimal investment plan of a fictitious bank called
‘Bank AXN’' and solve it by goal programming and fuzzy goal programming
technique.
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In 1955 the roots of goal programming lie in the journal (management science) by
Charnes, Cooper and Ferguson [2]. The basic theory of GP is given by Ignizio[3].
Fuzzy sets are mathematical concept proposed by prof. L.A. Zadeh [7] in 1965.
Bellman and Zadeh [1] proposed that a fuzzy decision is defined as the fuzzy set of
alternatives resulting from the intersection of the goals/objectives and constraints. The
use of fuzzy set theory in goal programming was first considered by Narasimhan[6].
In 1978, Zimmerman, H.J. [8] extended his fuzzy linear programming approach to the
multi objective linear programming problem. In the recent past, R. H. Mohamod [5]
studied some fuzzy programming models by using the concept of conventional goal
programming. In this paper, we construct fuzzy goal programming problem where the
membership functions(of the objectives) are considered as fuzzy goals by assigning
the highest degree (unity) as the aspiration level and by introducing under- and over-
deviational variables to each of them. In the achievement function, the under-
deviation and over-deviation variables of the goals are minimized. For our discussion
of the optimal investment plans of bank we take the constraints, objectives and capital
of a fictitious bank to be called ‘Bank AXN’ as under. These assumptions are realistic
in the scenario of the contemporary commercial banks operating in the country
(India). Let the ‘Bank AXN’ has a capital of Rs. 530 crores(1 crore = 10 million),
demand deposits (checking account) of Rs.150,000 crores and time deposit (saving
accounts and certificates of deposit) of Rs. 450,000 crores. Table 1 displays the
categories among which the ‘Bank AXN’ must divide its capital and deposited funds.
Rates of return are also provided for each category together with other information
related to risk.

Table 1: ‘Bank AXN’s Investment Opportunities.

Investment Category, j Return Rate | Liquid Part | Required Risk
(%) (%) Capital (%) | Asset?

i) Cash 0.0 100.0 0 No

i) short term investment 4.0 99.5 5 No
iii)Government: 1to 5 years | 3.5 96.0 5 No
iv)Government: 5 to 10| 7.0 90.0 6 No
years

v)Instalment loans 115 0.0 16 Yes
vi)Cash credit 12.0 0.0 18 Yes
vii)Commercial loans 10.5 0.0 10 Yes

We model ‘Bank AXN'’s investment decisions with a decision variable for each
category of investment in table 1: X ; = amount invested in category j,j =1, 2,........ 7
We further assume the following conditions which are inconformity with
international standard: i) At least 47% of demand deposit and 36% of time deposit
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should be kept as liquid part. ii) At least 14% of demand deposit and 4%of time
deposit should be kept as cash reserve. iii) At least 5% of sum of capital and deposits
should be invested in all the categories (diversification). iv)At least 4% of sum of
capital and deposits should be given as commercial loans[4]. We have three
objectives such as profit, capital-adequacy (the ratio of required capital for bank
solvency to actual capital) and risk asset ratio (sum of the investments having risk /
capital). A low risk asset ratio indicates a financially secure institution and a low
value of capital —adequacy ratio indicates minimum risk.

Multi Objective Linear Programming Model of Bank ‘Bank AXN's Investment
Problem:

Max (.040 x5 +.035 x3 + .070 X4 + .115 x5 + .120 Xg + .105 X7) (profit)
Min (1/530) [.005 x; + .050 x3 + .060 x4 + .160 x5 + .180 X + .100 X7]
(capital-adequacy)
Min (1/530) [x5 + Xg + X7] (risk-asset)
Subjectto  x; +...... +x7 = 530 + 150,000 + 450,000 (invest all)
X1 +.995 X, +.960 X3 +.900 x4 > .47 x 150,000 + .36 x 450,000 (liquidity)
Where X1 > .14 x 150,000 + .04 x 450,000 (cash reserve)
X;j>.05 (530 + 150,000 + 450,000 ) for all j = 2,...,7 (diversification)
X7 > .40 (530 + 150,000 + 450,000 ) ( commercial)

We rank the three objectives in the order: (1) risk-asset (2) profit objective (3)
capital-adequacy objective. Now by solving the above multi objective linear
programming problem using Pre-emptive or Lexicographic method in the order
mentioned we get the optimal solutions as: x;” =39000, x,” =30026.5, x5 =30026.5,
X4 =201210.8, X5 =30026.5, xs =30027.7, x; =240212 with optimal risk-asset =
566.54 and profit = 48615.38. The problem with capital-adequacy as objectivegives
no feasible solution when we take the other two objectives (i.e. profit and risk-asset)
as constraints with risk < 566.54 and profit > 48615.38. This means that risk asset
objective < 566.54 and profit objective > 48615.38 is not tenable at the same time,
some deviations are to be accepted. Let us now consider the goal programming
modelling of the above problem. For the discussion ahead, we consider goal
programming model with three aspiration levels for profit, risk and capital adequacy
objective. The aspiration level for the third one is obtained by substituting the solution
mentioned earlier in capital adequacy objective and it comes out to be 90.48. Now we
set g1 = 560, g, = 48700, g3 = 90. Here we minimize the unwanted deviational
variables.
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Goal Linear Program Model of the *Bank AXN’sInvestment Problem:
MIN(d’;+d;+d+3}

+ gt Hp)+d] - d = 560

- |
subject to =30 e

040, +.035 x5 +.070 e+ 115 2o+ 120 =4+ ,105 Xg+d; —d; = 45700

1

53|](.DD5X2 +.050 %5 +.060 % +.160 25+.180 3 +.100 27} +d7, - d% = 00

M b Eph Rz Eg HE g E g E = A00530

E A5, + 0025+ 02y X 232500

Where, = A4 = 150,000 + .04 = 450,000

I

%y » 050530+ 150,000 +450,000) forallj=2,...6

Hr = A0( 530+ 150,000 + 450,000 %

a3 a0, dp . di=0 k=123

k

Solving the above G.P problem by the software LINGO (ver. 11) we get the
optimal solutions as x;” =39000, x, =30026.5, X3 =30026.5, x4 =199518.3, X5
=30026.5, x5 =31720.20,

X7 =240212,d 1" =9.733396 ,d, "=0,d ;" =.8634557,d;  =d," =d; =0. It
should be noted here that the risk goal and capital adequacy goal are not fully
achieved because d 1" # 0, d 3" # 0 [3]. Again if we choose g; = 560, g, = 48700, g3 =
80 then we see that the risk goal and capital adequacy goal are not fully achieved.
This means that the above Goal programming method of solution of the bank
investment problem is not suitable as it does not permit the full achievement of all the
considered goals, so it is necessary to allow some tolerances in the aspiration levels
and this leads us to adopt fuzzy goal programming (F.G.P) technique for the above
bank investment problem.

Fuzzy Goal Linear Programming Problem For mulation:
The fuzzy goal programming formula can be formulated as:
Find
Xfep vz x)e RY
a0 as to sati sty
ZefX) [;:- g k=12, K

Subject to AX{ h:., X220 be Rm

i el

Where X is the vector of decision variables, g  is the imprecise aspiration level of
the k-th objective Z ¢ (X) (k =1, 2,...,K) , A'is the coefficient matrix , b is the vector

of right-hand side values (resources) .
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AX 1:.:_ represents fuzzy constrained set

i Bl el

Where £ and > refer to the fuzzy version of <and =

Now, in a fuzzy decision-making situation, the fuzzy goals are to be characterized
by their respective membership functions.. If px denote the tolerance ranges
(subjectively chosen constants of admissible violations) for the aspiration level g ,
then the membership function, say u (Z « (X)), for the corresponding fuzzy objective
goals Z  (X) can be defined as follows:

For X type of reatriction, For 2 typeofrestriction,

W(Z (X)) takes the form W(Z (X)) takes the form

(1 f Ze(X) 28, 1 if Ze(X)LE,
Zo(X)~(E,~8) (B F) -2, (X)
W(Zg(X))= 7 H(Ze(X))= z,
iffgk—ﬁkjéﬁk(ijgk ifgkazk()fjéfgk+ﬁk)
[0 if ZefX)cg -2, 0 T X) «_\.(gfpk),
k=12, K iel1 ¥

------

Where (g k — p k) and (g k + p «) represent the lower tolerance limit and the upper
tolerance limit for the achievement of the stated fuzzy objective goal. Let q; (i =
1,2,...m) denotes the tolerance ranges (subjectively chosen constants of admissible
violations) for the fuzzy constrained set. Then the membership function, say u (a; ( X
)) for the corresponding fuzzy constraint a; ( X ) (a is the i th row of the matrix A
)can be defined as follows:

For = type of restrictions W a; (X)) takes the form

B if @i (X) =,

Wlai(X)) =| (0t —ai(X) o, fierye(bra
g, ! v

ai(X) (b~ 4,
%;
0 if ai(X)2b-a,
O g (X)) n(b+g) Ji=12,..m
P

if r’bj—qijémfﬁf)abj ...... (13
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For £ type of restriction,,
Wia; (X)) takesthe frm For = type of restriction,

[ Wi'ai (X)) takes the form
L if esgX) £ ¥,
Wiai{ X)) = (bt ds) — i (X)

d;
if bjﬁ ai{}fjé(bj+ qij

(1 if aifX)> b,
aifX) —fb:.—fi',-}
4,
ift’bj—qi}é ai(X) £ b,

Wlai(X))=

0 ifai(XJl-{bj+ .,

if aifX) b —g,
=12, m O a) e

i=172.., tn
e
Where (b; + ¢;) and (b; — Qi) represent the upper tolerance limit and lower
tolerance limit for the achievement of the stated fuzzy constraint. It may be noted that
i (ai (X)) in (2) and (3) are actually the particular forms of u (a; (X)) in (1) defined for
both the right and left tolerance limits. The highest value of a membership function is

unity. So for the membership function (of the > type and < type) defined as above, the
membership goals having the aspired level unity can be represented as

Ty zk( 3+ dk dk 1 for the membership ohjective goals ofthe = S tE-?PE and £ type’
W (00 +dk —d"' = 1 forthe membership constraint goals ofthe ét}.?pe and £ type’

e s kl[ldk df=0,k=12._.K

Where d  ~, d « * are the under- and over-deviational variables respectively, of the
k-th membership goals. Using the minsum method, the Fuzzy goal programming
model is given by

Find 2 so asto Minimize 7 = & d_k

. (X)) -(g, -p, )
Subject to Ly k "k dk d = 1 Forthe goal ofthe type >
Py
(g, +0 )—Z, (X _
Tk k +d, —d =1 Forthe goal of the type £
pk k k
@l —Cp; — g, -
iDL, i +d, —dF = 1 Forthe goal ofthe type
k k
4,
(hit
bit g ) -y dk_dk 1 Forthe goal of the type £
4;

X,dpadp do0d, df-0,k=12, K
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Now assigning aspiration level g; = 560, g, = 48700, g3 = 90 to the risk, profit,
capital adequacy objectives respectively, we formulate the F.G.P model of the bank

present’s allocation problem.

Fuzzy Goal Programming Model of the ‘Bank AXN’s Investment Problem:

Find X (=, 29 ... .50
S0 asto satisfy 5%—D(5€5 + Hgt+ Xq)L 560
040z, +.035 =z +.070 2+ 115 2.4+ 120 x4 +.105 x, 2 48700
51—m(_lill]5x;+_|]5l] %+ (60 % +.160 %5+ 180 % + 100 %) £ 90
Subjectto Xt E gt EatEgHHE A EgHH L= 600530
Ep+005 2, + 0683+ 0Hg XN 252500

Where, = 14 = 150,000 + .04 = 450,000

I

% » 050 530+ 150,000 + 450,000 ) forall j=2,...6

40¢ 530+ 150,000 + 450,000 3

Let the tolerances be p; = 16, p, = 850, ps = 10 for the first, second, third
membership objective goals and d; = 3636, d, = 2000, d3; = 2500 respectively. Under
the framework of minsum G.P, the F.G.P problem can be formulated as:

Minimize dy+ dy +d3 +d, +d + d_

I

Hr

1
560 S b P ¢ -
Suhject to (560 +16) 530 (%5 ot 1) +d1—d+1=1
14
D40, + 03523+ 070 2g+ 115 o+ 120 mg+ 105%,; - (48700 -8500 +
+d2—d2=1
850
(90 +10)— 2= (00535 +.050 55 +.060 x4 + 160 x5+ 180 % +100%7) |
530 +d3-d; =1

10
R+ttt sty - (G00530 — 3634) i

+
-4, =1
3636 oo
(600530 + 2000)— (RuFRrtRstRebRorRer®y) | -
2000 S
1+ 995+ Bhms + Doy — (232500 - 2500) od +_1
2500

Where, :m o .14 x130,000+ .04 = 450,000
% » 050530+ 150,000 +450,000) forallj=2,...6

I

Hro» 400 530+ 150,000 + 450,000 %

dy dy 50, dy . dy =0, k=123456
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The optimal solutions are x 1* =39000, X 2* = X 3*= X 5*= X §* = 30026.5, X s* =
201212,

X 7* = 240212, d ; = .4086085, d , =.09962941, d 3~ =.04799764,d, =ds =d
6 =0,

di'=d, =ds " =d4 =ds =0,d¢ =18.51704 with profit = 48615.32, risk =
566.54 and capital adequacy = 90.48. This solution is not acceptable because d ¢* > 1.

If we choose g; = 560, g, = 48700, g3 = 90 with the same tolerances (pi, p2, p3) for
the fuzzy objective goals and (g1 = 3636, g, = 2000) for the fuzzy constraint goals
whereas the liquidity constraint cannot be taken as fuzzy then the optimal solutions
are X 1* =39000, X ,* =x 3* =

X 5*= X ¢* = 30026.5, x 4* = 201212, x ;* = 240212, d ; = .4086085, d ,” =
09962941, d 3_ = 04799764, d 4_ =d 5_ = 0, d 1+ =d 2+ =d 3+ =d 4+ =d 5+ = 0 with
profit = 48615.32, risk = 566.54 and capital adequacy = 90.48. This solution is
acceptable because all over — deviation variables cannot be greater than 1.

If we choose g; = 560, g, = 48700, g3 = 70 with the same tolerances (pi, p2, p3) for
the fuzzy objective goals and (g1 = 3636, g, = 2000) for the fuzzy constraint goals
whereas the liquidity constraint cannot be taken as fuzzy we see that the solution is
not acceptable because d;3~ > 1.

If we choose aspiration levels g; = 560, g, = 48700, gs = 90 with tolerances p; =
50,

p2 = 500, p3 = 10 for the fuzzy objective goals and (g1 = 3636, g, = 2000) for the
fuzzy constraint goals whereas the liquidity constraint cannot be taken as fuzzy then
the optimal solutions are x 1* =39000, X >* = X 3* = X 5*= 30026.5, X 4* = 199518.3, X
6* = 31720.2, X 7* = 240212, d ;” =.1946679,d , =0,d 3~ =.08634557,d 4 =ds =
0,di"=d," =d3 =d, =ds =0 with profit = 48700, risk = 569 and capital
adequacy = 90.86 which is best solution compared to the other solutions.

Conclusion

After solving the ‘Bank AXN’s investment planning problem we conclude that two
objectives of different types (maximum and minimum) i.e. risk and profit objectives
can never be considered as constraints together with respect to the capital adequacy
objective in M.O.L.P problem (by lexicographic method) but in fuzzy environment
the two objectives (risk and profit) may be considered as constraint together.
Similarly the goals are not fully satisfied in goal programming model. But in F.G.P
model of the problem the fuzzy goals are fully satisfied with the same aspiration
levels whereas the liquidity constraint can never be taken as fuzzy and the aspiration
level for the third objective cannot be set smaller than 90 with different tolerance
values. So we suggest that the ‘Bank AXN’ may adopt the fuzzy goal programming
technique for their allocation problem. In this paper we use the LINGO software (ver.
11)).
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