Journal of Sustainable Development Vol. 2, No. 1

; March 2009
www.ccsenet.org/journal . html

The 0-1 Programming Solution for the Problem of Resource Allocation

Guoliang Luo & Xingang Zhao
School of Business and Administration
North China Electric Power University
Beijing 102206, China
Tel: 86-10-8079-8529  E-mail: LGL1965@126.com

E-mail: rainman319@ncepu.edu.cn

The research is financed by National Nature Fund of China (No. 70671042). (Sponsoring information)
Abstract

In this article, we first translated the problem of disperse resource allocation into the 0-1 programming problem, and put
forward the special solution based on the relative difference quotient aiming at the particularity of resource allocation
0-1 programming model. And the example proved that the new algorithm was effective and fast.
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1. Introduction of the problem

In actual problems, we always need to allocate a sort of or many sorts of resources with certain quantity to many
departments or units, and make the benefit achieve optimization. The mathematical model of this sort of problem is not
complex for one sort of resource, and if suppose the gross of resource is a which should be allocated to # departments,
the allocation quantum of the i’th department is x; , and the corresponding benefit function is  g;(X;), , so the model
can be denoted as

max g = Zg,.(x,.)
i=1

n
s.t. in <a
i=1
x;20,i=1,2,---,n

In fact, because of differences of original base, geographic position, market orientation and using attention for various
departments, even if we offer resources with same quantity to various departments, the benefits of various departments
are not same, i.e. the benefit functions of various departments are different, and their function relationships are not
certainly resolutions, and these characters of non-resolution and dispersion of benefit function make the resolution
computation become more difficult. General operational research teaching materials all adopt the method of dynamic
programming to solve the problem, and comparing with general method of exhaustion, the computation process could
be simplified, but the time process is long and the computation quantity is large, especially for one of #, a is big at least.
On the other hand, once the data of benefit sheet change, the former and the latter allocation projects are different,
which couldn’t be adjusted in time. Aiming at these problems, how to design more simple and effective algorithm?

2. 0-1 programming model for the problem of resource allocation

To the problem of resource allocation, we can establish possible allocation project in advance, and according to relative
investigation and statistics, the benefit value ¢ i brought when resources are allocated to the j’th department d ;»and
they are seen in Table 1.

Introduce 0-1 variables,
When X; =1, allocate resources to the j’th department according to the i’th mode.
When X; =0, don’t allocate resources to the j’th department according to the i’th mode.

Because every department only can be allocated according to one sort of project, so we can establish the following
mathematical model of 0-1 programming.
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It is familiar 0-1 programming model. When the resource quantity is not large, and the allocation projects and the
departments participating in allocation are few, we can apply the programming solution function in Excel software to
solve the problem fast and conveniently.

3. Special solution for the resource allocation 0-1 programming model

When the resource quantity is large, and the allocation projects and the departments participating in allocation are more,
the programming solution function in Excel software is inefficient to solve the problem. To the 0-1 programming
problem, we usually use the filtration concealed enumeration method to solve it, and the method is to find a feasible
solution first, and then obtain a filtration condition by using it, and don’t test the feasibility for the point which doesn’t
fulfill the filtration condition. Though the operation quantity of the filtration concealed enumeration method is less than
the enumeration method, but in actual application, it has two deficiencies.

(1) This method should first seek one feasible solution, but it doesn’t give the method to seek the first feasible solution.
When the limitation equations are more, and we could not distinguish which variable combination is feasible solution,
we must solve the problem by the tentative method. This sort of method is blind, and sometimes we must try several
variable combinations to find the first feasible solution.

(2) When the objective function value of the first feasible solution is different with the optimal value, the filtration
condition confirmed by the objective function value is bad, and even if we continually improve the filtration conditions
in the computation process, the computation quantity is still large.

In Huang, Huiqing’s article (Huang, 2002, p.1052-1053), the author put forward a sort of new method to solve 0-1
integer programming. The new method first seeks corresponding objective function value Z to various variable

T
combinations (X155, X,,) , then sorts all objective function values by size, and tests the feasibilities of various
solutions and confirms the optimal solution. If the optimal solution exists in the 0-1 programming, we will find the

optimal solution through 2" times at best. For the 0-1 programming model of resource allocation, because there are

mxn 0-1 variables and the possible combination mode quantity of various variables is 2™ , so the method still has too
large computation quantity. For the large scale problem, it is not feasible.

For the 0-1 programming model of resource allocation

n m
maxz = chi/‘xij

j=1 i=0

( m

Zx0j=1, j=12,--,n
i=1
n m

.19 dx;<a

j=1 i=0

x; =0or1, j=12,-,n,i=0,1,2,---,m

L

, if we don’t consider the 0-1 limitation of the problem, we add the slack variable into the inequality limitation, and the
coefficient matrix of its limitation condition is

11 1 0
11 1 0

A=
11 1
d, d, d, d, d, d, d, d, d, 1
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, and the item of constant is (1 1 - 1 a)T.

The problem must have the optimal solution, and to any j e {1,2,---,n}, the factor with {xij |i=0,1,2,---,m} in

the base variable of feasible base exists and its quantity is only one. Aiming at this special problem, we put forward
following special solution.

(1) Confirmation of initial project (feasible solution)

For the confirmation of initial project (feasible solution), we adopt the maximum proportion principle, i.e. the position
which the relative efficiency of asset is maximum is first selected. The concrete computation block diagram is seen in
Figure 1.

(2) Optimal adjustment

In this article, the allocation project of resource we consider is in the situation with equal step length, and suppose that
any one department obtains more resources, it will produce more benefits. The 0-1 programming model of the problem
is
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, denote the feasible field of the problemis €.

To conveniently describe the problem, we first introduce several concepts.

Definition 1. Denote £(i, j, k) _ S0 "% s the K'th step relative difference quotient of the variable X - When
k

k >0, it is called as the forward k’th step relative difference quotient, and when k < 0, it is called as the backward

| k| step relative difference quotient.

Suppose

T
x:(x10=x11v"'9x1msx20’x219"'>x2mv'"9xn0:xn1""=xnm) €Q

y:(J’109y11>'"=y1maJ’2o>y21a'"a)’2m""aynmynw"'aynm)TEQ
l, k=i; 1, k=i; 1, k=j;

where, X = X = .=

0, k=i o, k=i MM o, k=g

1

$0 Zn:i,:hza,zn:j:hza, and Zn:(l',j—j,:)zo.
pam pa k

=1

n
Definition 2. For the integer vector m = (m1 Sy, mn) , if Z m; = 0, so the integer vector is feasible.
J=1

.. T .
Definition 3. For X =(X;5,X, 15 "> X;,,> X505 X915 " "sXg,0" "5 X, 05 X5 "5 X,,,) €C2 and the integer vector

n0>¥nls""
1,k =i; z .
o i’, if Zf(k,lk,mk)~mk >0, so m is the increasing

T
m:(ml,m2,~--,mn) , Where X . =
' O, kiilk‘ k=1

direction of X .
So it is obvious that the theorem.

Theorem. For the feasible solution of the resource allocation 0-1 programming model

T
X = (X0 X157 5 X Xags Xg 15" "5 Xops 75 X5 X075 X,y ) €42,
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if the feasible increasing direction of X doesn’t exist, so X is the optimal solution of the problem.

(3) Computation block diagram of special solution of 0-1 programming model for the problem of resource allocation
The computation block diagram is seen in Figure 2.

4. Concrete example

Suppose the benefit values of different resource allocation quantities in different departments are seen in Table 2, and
the total quantity of resource is 14.

From the confirmation method of the initial project, we can obtain the initial project.

Xy =Lxy, =Lxg =Lx, =Lx,s =Lx,=1x,=1

The relative difference quotients of various step lengths of the feasible solution are seen in Table 3.

The feasible increasing direction is (0, 0, 0, 2, 0, -2, 0), so the new feasible solution is

Xy =Lxy =Lxg =Lx, =Lx;=Lx,=1x,=1

, and the relative difference quotients of various step lengths of this feasible solution are seen in Table 4.
And the feasible increasing direction is (0, 0, 0, 2, 0, -1, 0), so the new feasible solution is

Xy =Lxy, =Lxg=Lx, =Lx;=Lx,=1Lx,=1

, and the relative difference quotients of various step lengths of this feasible solution are seen in Table 5.
Because the increasing direction doesn’t exist in this feasible solution, so the optimal solution is

X, =Lx,=Lx;=Lx,=1x,=1Lx,=1x,=1,maxz=88.

5. Conclusions

In this article, we translate the problem of disperse resource allocation into the 0-1 programming problem. Aiming at the
particularity of the 0-1 programming model of resource allocation, we put forward the special solution, i.e. first confirm
the initial project by the principle first selecting the position which relative efficiency of asset is maximum, judge where
more excellent feasible project exist by the forward relative difference quotient and the backward relative difference
quotient. We also give the computation block diagram to confirm the initial feasible solution and the whole computation
process, and the example and numerical experiment indicate the algorithm is fast and effective.
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Table 1. Benefit values produced by different resource allocation quantities in different departments

Quantity of Benefit values produced in various departments
resource 1 2 n
0 Co1 oz o Con
1 Cn Cip e Cin
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Table 2. Benefit values produced by different resource allocation quantities in different departments (example)

No. of department
Quantity of 1 2 3 4 5 6 7
resource
Available profits
0 0 0 0 0 0 0
1 9 1 1 9 6 4 6
2 11 10 4 15 9 15
3 13 14 12 23 10 12 20
4 13 17 21 23 11 16 24
5 13 20 23 24 12 25 25
6 19 23 24 32 16 25 31
7 20 26 32 36 24 27 38
8 28 31 34 44 28 27 41
9 29 32 40 51 36 33 41
Table 3. Relative difference quotients of different steps for the initial project feasible solution
step length forward relative difference quotient
1 2 4 2 2] 3 4 &5
2 2 3. 5 1.5 7 2 6.5 4. 5
3 1. 333333 |3, 3333331 3. 666667 | 4. 6EEE6T |1, 6E666T |4, 333333 3, 333333
4 1 3. 25 3. 825 3. 75 1.5 3. 75 [
5 2 3.2 3.8 d. & =2 3 d. &
=] 1. B33333 3.5 ] 4. 5 = 3.5 . 333333
il 2. T14Z86| 3. 142857 0 5 3. 142857 o] . T142E6
= 2.5 0 ] 5. 25 3. Th 0] 0]
step length forward relative difference quotient |
1 4 4 4 ] & 4 )
2 1000 5 8. 5 1000 1000 a 7.5
3 1000 1000 6, BEEEET 1000 1000 d 1000
4 1000 1000 5, 25 1000 1000 1000 1000
Table 4. Relative difference quotients of different steps for new feasible solution
step length forwrard relative difference quotient
1 2 4 2 0 3 4 5
2 2 3.5 1.5 0.5 2 4 4. 5
] 1. 333333 3. 333333[ 3. 6E6RRT 3 1. GRAEET 4 . 333333
d 1 3. 25 3. 25 3. 25 1.5 5. 25 !
5 2 3. 2 3.8 4. 2 2 4.2 4. &
2] 1. 833333 3.5 0 4, BEBBET 3 3. 833333 4. 333333
T 2. 714286([3. 142857 0 0 3. 142857 (3. 285714] 3. T14286
b 2.5 0 0 0 3. 7Th 3. 625 1]
step length forward relative difference quotient
1 9 | 9 8 & d 9
2 1000 5 8.5 7 1000 1000 7.5
3 1000 1000 E. BEEEET | 7. BEEEAET 1000 1000 1000
4 1000 1000 b, 25 1000 1000 1000 1000
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Table 5. Relative difference quotients of different steps for new feasible solution

92

step length forwrard relative difference quotient
1 2 4 2 0 3 4 4
2 2 3.5 1.5 0.5 2 4 2.5
3 1.333333| 3, 333333 | 3. 66666T 3 1, GEEBRT 4 3. BEGEET
4 1 3. 25 3. 25 3. 25 1.5 4 4.5
5 2 3. 2 3. 8 4, 2 2 5 4, 2
5] 1, 833333 3.5 0 4, BEEEET 3 4, 166667 3.5
7 2. 714286 3, 142857 ] Q 3. 1428573, 857143 0
a 2.5 0 0 0 3. 75 3. 375 0
9 1] 0 1] 0 0 3. BEEEET 0
step length forwrard relative difference quotient
1 4 9 9 B 6 1000 )
2 1000 5 8.5 T 1000 1000 T
3 1000 1000 6. BEEEET | 7. BEEEET 1000 1000 6. BEGEET
4 1000 1000 5. 25 1000 1000 1000 1000
| ¥=a.2,.-.n)
for je A
o - |;:—= d.#0, and d.%a
0, others
max W8 |i=0,1L2,--,m,f € AN}
suppaose

& . =maxif |i=0,12,. 7, 7e &}

S0

-

N o= ATV oY .

o= —

qN|-Dxd >a

allocate resources to n-1 departments
i M according to the mavtom
uantity, atd allocate surplus
resources to the last department

Figure 1. Computation Block Diagram of Initial Project
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utilize the confirming method of initial feasible solution, solve the initial feasible solution x

whether x has feasible increasing
direction m ?

—

loolk for feasible increasing divection m

.

find out new feasihle solution

Figure 2. Computation Block Diagram of Special Solution

End
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