Capital Budgeting Problems: A parameterized point of view

Frank Gurski, Jochen Rethmann, and Eda Yilmaz

Abstract A fundamental financial problem is budgeting. A firm is given a set of financial instruments X = {x_1,... ,x_n} over a number of time periods T . Every instrument x_i has a return of r_i and for time period t = 1,...,T a price of p_{t,i}. Further for every time period t there is budget b_t . The task is to choose a portfolio X^′ from X such that for every time period t = 1,...,T the prices of the portfolio do not exceed the budget b_t and the return of the portfolio is maximized. We study the fixed-parameter tractability of the problem. For a lot of small parameter values we obtain efficient solutions for the capital budgeting problem. We also consider the connection to pseudo-polynomial algorithms.

1 Introduction

Capital budgeting can be regarded as a tool for maximizing a companys profit since most companies are able to manage only a limited number of projects at the same time. Capital budgeting problems have been introduced in [13] and [14]. See [16] for a survey on capital budgeting problems.

From a computational point of view the MAX MULTI-PERIOD CAPITAL BUD-

GETING is intractable. Since the problem is defined on inputs of various informa-

tions, in this paper we consider the fixed-parameter tractability for several parameterized versions of the problem. The idea behind fixed-parameter tractability is to split the complexity into two parts - one part that depends purely on the size of the input, and one part that depends on some parameter of the problem that tends to

Frank Gurski · Eda Yilmaz University of Düsseldorf, Institute of Computer Science, Algorithmics for Hard Problems Group, 40225 Düsseldorf, Germany, e-mail: {frank.gurski,eda.yilmaz}@hhu.de

Jochen Rethmann Niederrhein University of Applied Sciences, Faculty of Electrical Engineering and Computer Science, 47805 Krefeld, Germany, e-mail: jochen.rethmann@hs-niederrhein.de

1

2 Frank Gurski, Jochen Rethmann, and Eda Yilmaz

be small in practice. We also address the connection between these problems and pseudo-polynomial algorithms.

In this paper we use standard definitions for parameterized algorithms and pseudo-polynomial algorithms from the textbooks [1, 7, 8].

References

1. G. Ausiello, P. Crescenzi, G. Gambosi, V. Kann, A. Marchetti-Spaccamela, and M. Protasi.

Complexity and Approximation: Combinatorial Optimization Problems and Their Approximability Properties. Springer-Verlag, Berlin, 1999.

2. R.E. Bellman. Dynamic Programming. Princeton Univers. Press, 1957. 3. A. Caprara, H. Kellerer, U. Pferschy, and D. Pisinger. Approximation algorithms for knapsack problems with cardinality constraints. European Journal of Operational Research, 123:333– 345, 2000.

4. M. Cesati and L. Trevisan. On the efficiency of polynomial time approximation schemes. Inf.

Process. Lett., 64(4):165–171, 1997.

5. J. Chena, X. Huang, I.A. Kanj, and G. Xia. Polynomial time approximation schemes and parameterized complexity. Discrete Applied Mathematics, 155(2):180–193, 2007.

6. R.G. Downey and M.R. Fellows. Parameterized Complexity. Springer-Verlag, New York, 1999.

7. R.G. Downey and M.R. Fellows. Fundamentals of Parameterized Complexity. Springer- Verlag, New York, 2013.

8. J. Flum and M. Grohe. Parameterized Complexity Theory. Springer-Verlag, Berlin, 2006. 9. J. Hromkovic. Algorithmics for Hard Problems: Introduction to Combinatorial Optimization, Randomization, Approximation, and Heuristics. Springer-Verlag, Berlin, 2004.

10. H. Kellerer, U. Pferschy, and D. Pisinger. Knapsack Problems. Springer-Verlag, Berlin, 2010. 11. A. Kulik and H. Shachnai. There is no eptas for two-dimensional knapsack. Information Processing Letters, 110(16):707–710, 2010.

12. H.W. Lenstra. Integer programming with a fixed number of variables. Mathematics of Operations Research, 8:538–548, 1983.

13. J. Lorie and L.J. Savage. Three problems in capital rationing. The Journal of Business, 28:229–239, 1955.

14. A.S. Manne and H.M. Markowitz. On the solution of discrete programming problems. Econometrica, 25:84–110, 1957.

15. M.J. Varnamkhasti. Overview of the algorithms for solving the multidimensional knapsack problems. Advanced Studies in Biology, 4:37–47, 2012.

16. H.M. Weingartner. Capital budgeting of interrelated projects: Survey and synthesis. Management Science, 12(7):485–516, 1966.