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An Efficient Algorithm for Reducing the Duality Gap in a Special Class
of the Knapsack Problem

K. Eshghi and H. Djavanshir
Industrial Engineering Department, Sharif University of Technology
Science and Research Branch, Islamic Azad University

Abstract: 4 special class of the knapsack problem is called the separable nonlinear knapsack problem. This problem has
received considerable attention recently because of its numerous applications. Dynamic programming is one of the basic
approaches for solving this problem. Unfortunately, the size of state-pace will dramatically increase and cause the dimensionality
problem. In this paper, an efficient algorithm is developed to find surrogate multipliers in each stage of dynamic
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programming in order to transform the original problem to a single constraint problem called surrogate problem. The upper and
lower bounds obtained by solving the surrogate problem can eliminate a large number of state variables in dynamic programming
and extremely reduce the duality gap according to our computational results.

Keywords: Separable knapsack problem, Surrogate constraints, Dynamic programming
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1. separable nonlinear knapsack problem
2. multiple choice constraints

3. state variable

4. surrogate constraints

5. feasibility test

6. dominancy test

7.

surrogate multiplier vector

1. Ghassemi Tari, F., “A Hybrid Algorithm for Discrete
Nonlinear Optimization,” Amirkabir Journal of
Science & Technology, Vol. 5, No. 20, 63-68, 1992.

2. Marsten, R.E., and Morin,T.L., “A Hybrid Approach
to Discrete Mathematical Programming,” Math.
Programming, Vol. 14pp .21-40,1978.

3. Morin,T.L., and Marsten, R.E., “An Algorithm for
Nonlinear  Knapsack  Problem,” Management
Science, Vol. 22, No.10, pp. 1147-1158, 1976.

4. Morin,T.L., and Marsten, R.E., “Branch and Bound
Strategies for Dynamic Programming,” Operations
Research, Vol. 24, No.4, 1976

5. Morin,T.L., and Esogbue, A. M. O., “The Imbedded
State Space Approach to Reducing Dimensionality in
Dynamic Programs of Higher Dimensions,” Journal

ov

4_.’ V.h)ld C.a.w‘ J’.’-"'\?’K“ ”e..«\...fa C}b‘ v\iﬂu” ﬁ)}ij‘ .la.w)j

o il ﬁ)ﬂ‘j‘emiw.}@:jb S8

MUojb

8. relaxation problem
9. initial upper bound
10. initial lower bound
11. duality gap

12. partial solutions

13. Benders’ method

&
of Mathematical Analysis and Applications, Vol. 48,
pp- 801-810, 1974.

6. Nakagawa,Y., and Iwasaki, A. , “Modular Approach
for Solving Nonlinear Knapsack Problems,” [EICE
Trans., Vol. E82, No. 9, pp. 1860-1864,1999.

7. Sarin, S., Karwan, M.H., and Rardin, R.L.,
“Surrogate Duality in a B&B Procedure for IP,”
European Journal of Operational Research , Vol. 33,
pp- 326-333, 1988.

8. Vasquez, M., and Hao, J.K., “A hybrid Approach for
0-1 Multidimensional Knapsack Problem,” Proc. of
1JCAI, pp.328-333, 2001.

9. Wolsey, L.A., Integer Programming, John Wiley&
Sons, 1998.

\Y’/\? )ﬁ._}'@"‘:' gd‘j‘ v\l} c\ Z‘)Loa.:' gY? JLN gdm‘


https://dorl.net/dor/20.1001.1.2251600.1384.24.1.4.7
http://www.tcpdf.org

