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This paper presents a new approach to investment decision making by use of multicriterial  analysis. Taking into account risk and uncertainty, the work shows the advantages of such an approach in comparison to the existing models, by using simultaneously a number of criteria. The paper presents how the methodology, using an analytic hierarchy process (AHP) and zero-one programming, can be used to create the basis of a support system for the selection of investment projects with limited financial resources.

1. INTRODUCTION

The selection of one or a group of the best (the most profitable) investment projects from a set of proposed or possible ones is a long-established task which is becoming more relevant in Croatia after the introduction of new economic relations tending to be increasingly market oriented. Most frequently, a “professional” analysis of such a task was reduced to the fact that the investor knew in advance what he wanted to do and then he looked for experts to justify such an investment and presented it as profitable or socially useful. Such an analysis, signed by profesionals, was a ticket for financial support provided by banks or the government. Such a procedure need not to be criticised in detail since we are surrounded by the consequences of such decisions.

The choice of the best investment project is an important issue of theoretical and practical research. In the financial literature, the most frequently discussed methods are: net present value, payback period, profitability index and internal profitability rate. However, financial theoreticians and managers do not agree on the most suitable one. In most cases, single criterion methods (models) have been used in order to estimate financial efficiency, but since each of the mentioned criteria estimates financial efficiency in a different way, it seems useful to apply all of them simultaneously. This leads to the possibility of using a multicriterial approach in investment decision making.

Therefore, let us consider a slightly different approach. No matter whether the investor is an individual, the government, or an institution willing to help (and to profit) financing some investment projects, the selection of the best project is a classical problem of multicriterial decision making.

The question posed by that problem emerges in the choice of relevant criteria, the evaluation of the proposed projects in terms of these criteria, and finally the selection of suitable methods which can take into account all these criteria and provide us with a final result: the rank of all the proposed projects and selection of the best one (or the set of the best ones).

2. PROBLEM FORMULATION

This paper describes the real application to the problem of 19 investment projects mostly done for the so-called small enterprises. The set of investment projects is very heterogeneous in terms of all the criteria: investment size, return of investment period, and the very structure of the projects. Such a heterogenous set demanded the use of multicriterial analysis, and the chosen methodology best shows its advantages  on such a weakly structured set. 

The analytic hierarchy process (AHP), one of the most outstanding multicriterion approaches, was chosen to select the best projects. However, in our problem, we have to introduce some other constraints, like the budget constraint, and besides that our investment proposals contain several groups of mutually exclusive projects. The most suitable tool for such a task is zero-one programming. In that way, the weights which we got from the AHP approach (for every project) are used as coefficients in an objective function with zero-one variables. Finally, we got the zero-one model for the final choice of  investment projects.

The selected methodology will be presented on the example of choice among 19 investment proposals. The proposed programmes were not chosen nor selected beforehand. It was assumed that they were offered at an open competition, by which the firm was inviting tenders to invest its capital. Therefore, the set of investment projects is very heterogeneous according to all the criteria. Those projects are:

P1 -  Chain of small ice-houses

P2 -  School for foreign languages

P3 -  Production of synthetic cord

P4 -  Maritime services

P5 -  Production of perlite

P6 -  Production of styrofoam sheets

P7 -  Sea bass farm

P8 -  Fish market

P9 -  Production of vermiculite

P10 - Production of gypsum

P11 - Camp for undersea activities

P12 - Production of plastic bags

P13 - Production of steel screws

P14 - Tourist seaplane

P15 - Rustic tourist village

P16 - Production of plastic pipes

P17 - Production of plastic goods

P18 - Tourist submarine

P19 - Tourist helicopters.

Each of these projects has been provided with a detailed financial analysis of costs and expected income, i.e. the net cash flows necessary for the first group of criteria to be used in the selection. It is the financial criterion group that is comprising five basic, most frequently used financial indicators. Those are:

C1 - Net present value - NPV
C2 - Payback period - PP

C3 - Profitability index - PI

C4 - Return on assets - ROA

C5 - Internal rate of return – IRR.

As can be seen from the aforementioned, we have decided to use multicriterial analysis and thus have taken all the five criteria into consideration. Naturally, another question is immediatelly imposed here: are all these criteria equally important, and if not, what is their relative importance?

That is the point where we are helped by the AHP, one of the methods that has been particularly constructed to answer these kinds of questions. We chose a group of experts (approximately 10), most of whom had taken part in the design of proposals for these projects, and set off into pairwise comparisons of these indicators. Each expert had to answer  
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 different questions like: “How much more important for you is the NPV than IRR within the group of financial criteria in terms of the best project selection ?”. Naturally, for these comparisons we used Saaty’s scale from 1 to 9 (Saaty, 1980). Taking the geometric mean of these evaluations, we got the following relation of importance of financial criteria ( ( wi = 1):

· NPV ( 0.256

· PP    ( 0.132

· PI     ( 0.338

· ROA ( 0.088

· IRR  ( 0.187 

The great importance of the profitability index was surprising even for us, while the fairly large weight of NPV was expected due to the popularity this indicator enjoys with financial theoreticians. 

However, induced by some experts dealing with investment projects, we concluded that some other criteria have to be taken into consideration as well. Consequently, we got the following two groups:

· criteria of project riskiness

· environmental criteria.

The question of project riskiness would require further work on evaluation and an extraordinary, detailed analysis of each project. Therefore, we decided to focus only on sensitivity analysis , i.e. on investment cost changes (SA-C) and anticipated income changes (SA-I). In that way, we got the evaluation of each project in terms of these two indicators, and we divided the projects into five risk groups:

· very stable

· stable

· average risky

· risky

· extremely risky.

The group of ecological criteria has attracted our special attention. Namely, all the proposed projects comply with the necessary environmental minimums and we were wondering whether to consider that group of criteria at all. We decided to include these criteria because an investor may want to favour those projects which endanger the human environment to a lesser degree. We finally chose two ecological criteria:

· threat to air and water quality (ECO1)

· threat to floral and animal species (ECO2).

In terms of these criteria, the projects were subdivided into four groups:

· not threatening

· mildly threatening

· threatening

· very threatening.

We finally chose three sets of criteria. Application of any of the methods requires the relative importance of these three criteria groups; i.e. the weights by which they contribute to the basic objective - the selection of the best investment project. Here, the financial criteria group outweighted the rest and we got the following results:

· Financial criteria 
( 0.663

· Risk criteria
( 0.207

· Ecological criteria
( 0.129
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Figure 1.  Weights of the criteria and ratings levels (financial group)

The final set of weights for all nine criteria is:

NPV
-  0.170

SA-I
-  0.104

SA-C
-  0.104



PP
-  0.087

PI
-  0.224 
ROA
-  0.058


IRR
-  0.128

ECO1
-  0.065 
ECO2
-  0.065

These weights can be seen from the Expert Choice output (Figures 1, 2 and 3).
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Figure 2.  Weights of the criteria and ratings levels (risk group)
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Figure 3.  Weights of the criteria and ratings levels (ecological group)

The following procedure required by the AHP for further comparisons is the comparisons of pairs of projects according to the nine criteria (indicators) and asking each expert 
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 questions in terms of each criterion, i.e. 171 x 9 = 1539 for all the nine criteria. Instead of that, in case there are more than seven alternatives, it is suggested to use the so-called RATINGS option in the AHP.

In this case, the AHP provides a methodology for structuring the hierarchical relationships between goal, criteria, subcriteria, “ratings” levels and alternatives (projects) resulting in a five-level hierarchy. Saaty uses absolute measurements to rate the alternatives in terms of ratings levels of the lowest level criteria. The ratings of the criteria that he proposes are: excellent, very good, good, average, below average, poor and very poor. Instead of that, we gave the intensities which were not the same for all criteria, but are separately defined for each criterion (as could be seen from Figures 1, 2 and 3).

We can see priorities for ratings levels for the first indicator (NPV) in Figure 4. These priorities were also obtained by experts’ judgments.
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Figure 4. Priorities for ratings levels for NPV

The results of the AHP procedure for projects selection using the ratings approach can be seen in Table 1. In the last column of Table 1 are the “AHP priorities”. These priorities are used as the coefficients in the objective function  of the integer (zero-one) programming model. In fact, they are used to maximize the total contribution of the selected projects. In this way, the project benefit is maximized in relation to the costs which must not exceed the available budget. It is assumed that the firm has limited financial resources. The question is how to select projects to spend these funds as rationally as possible. One of the feasible solutions could be to follow the ranking list until the financial funds are spent, but it obviously need not always be the optimal solution. As a result of that, in addition to the AHP, one should use the integer zero-one programming in order to achieve better results. In that way, the decision about allocation of financial means to projects is made in relation to the budget limitations and possibly to some other constraints.

Table 1.  Output from ratings procedure

	Alternatives
	Total

	1.  P3 -  Synthetic cord

2.  P5 -  Perlite

3.  P13 - Steel screws

4.  P12 - Plastic bags

5.  P8 -  Fish market

6.  P18 - Submarine

7.  P1 -  Ice-houses

8.  P16 - Plastic pipes

9.  P15 - Tourist village

10. P2 - School -languages

11. P9 - Vermiculite

12. P4 -  Maritime services

13. P11 - Undersea activities

14. P6  -  Styrofoam

15. P17 - Plastic goods

16. P7  -  Sea bass farm

17. P10 - Gypsum

18. P14 - Seaplane

19. P19 - Helicopters 
	0.824

0.767

0.755

0.578

0.521

0.484

0.465

0.422

0.418

0.246

0.244

0.217

0.212

0.210

0.205

0.181

0.170

0.148

0.139


The coefficients in constraints in that model are the investment costs of the corresponding projects, while the right side of the constraint represents the total available budget of the firm (bank, government,…) which, in our example, is 3.000.000 DM.

Naturally, in addition to these, some other constraints may be included to provide some characteristics in combination of the chosen projects. For example, a possible constraint may be that the firm does not want to invest in more than one project of a “similar” type and so they are mutually exclusive. In the chosen example, such are the projects of tourist seaplane (P14), helicopter (P19) and tourist submarine (P18), so we have one additional constraint. Since all the variables can take values of only zero or one, constraint (3) will ensure the possibility of choosing only one of these mutually exclusive projects. Therefore, the zero-one programming model for the chosen example is:

	Max (0.465 x1 + 0.246 x2 + 0.824 x3 + 0.217 x4 + 0.767 x5 + 0.210 x6 + 0.181 x7 + 0.521 x8 + 0.244 x9 + 0.170 x10 + 0.212 x11 + 0.578 x12 + 0.755 x13 +  0.148 x14 + 0.418 x15 + 0.422 x16 + 0.205 x17 + 0.484 x18 + 0.139 x19)
	(1)

	
	

	s.t. 212.0 x1 + 61.1 x2 + 458.0 x3 + 207.6 x4 + 3176.0 x5 + 1746.0 x6 + 949.5 x7 +  1705.5 x8 + 1116.5 x9 + 9650.0 x10 + 458.6 x11 + 950.4 x12 + 112.6 x13 + 1029.5 x14 + 5141.0 x15 + 845.9 x16 + 162.0 x17 + 1906.6 x18 + 1237.5 x19 ( 3000
	(2)

	
	

	x14 + x18 + x19 ( 1
	(3)

	
	

	xi = 0 or 1,  i = 1,…, 19
	(4)


The optimal solution is obtained by the branch and bound method and it can be seen in Table 2. 

Table 2. Optimal solution for available budget of 3,000,000 DM

	Variables
	Solution
	Funct.coeff.
	Variables
	Solution
	Funct.coeff.

	x1

x2

x3

x4

x5

x6

x7

x8

x9

x10
	1.000

1.000

1.000

1.000

0

0

0

0

0

0
	0.465

0.246

0.824

0.217

0.767

0.210

0.181

0.521

0.244

0.170
	x11

x12

x13

x14

x15

x16

x17

x18

x19
	0

1.000

1.000

0

0

1.000

0

0

0
	0.212

0.578

0.755

0.148

0.418

0.422

0.205

0.484

0.139


Maximum value of the OBJ = 3.507

Total iterations = 123

We can see that in the optimal solution that seven projects are chosen: P1, P2, P3, P4, P12, P13 and P16. It can be noticed that projects P5 (production of perlite) and P8 (fish market), which were highly ranked by AHP, are not included in the optimal programme due to high investment costs.

In Table 3., we can see the optimal solution if the available budget is 10.000.000 DM. Now eleven projects are chosen and among them are P5 and P8 and also one of the mutually exclusive projects P18 (tourist submarine).

Table 3. Optimal solution for available budget of 10,000,000 DM

	Variables
	Solution
	Funct.coeff.
	Variables
	Solution
	Funct.coeff

	x1

x2

x3

x4

x5

x6

x7

x8

x9

x10
	1.000

1.000

1.000

1.000

1.000

0

0

1.000

0

0
	0.465

0.246

0.824

0.217

0.767

0.210

0.181

0.521

0.244

0.170
	x11

x12

x13

x14

x15

x16

x17

x18

x19
	0

1.000

1.000

0

0

1.000

1.000

1.000

0
	0.212

0.578

0.755

0.148

0.418

0.422

0.205

0.484

0.139


Maximum value of the OBJ =  5.484

Total iterations = 103

3. FINAL REMARKS

The model based on the AHP and integer programming can create the basis of the system for decision making support in the choice of investment projects with limited financial resources. The proposed methodology uses the AHP to determine priorities of the projects, and these priorities are then coefficients of the objective function in the zero-one programming model. Zero-one programming is used here to maximize the total priority of the chosen projects in relation to the constraints of the available financial resources.
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DONOŠENJE INVESTICIJSKIH ODLUKA POMOĆU MULTIKRITERIJSKE ANALIZE I 0-1 PROGRAMIRANJA

Sažetak

Ovaj rad prezentira novi pristup donošenju investicijskih odluka putem multikriterijske analize. Uzevši u obzir rizik i nesigurnost, rad pokazuje prednosti ovakvog pristupa pred drugim modelima, pošto se u ovom slučaju u obzir istovremeno uzima veći broj kriterija. Prikazuje se kako se uz pomoć opisane metodologije, utemeljene na analitičkom hijerarhijskom procesu (AHP) i 0-1 programiranju, može kreirati osnovica sustava odlučivanja o investicijskim projektima u uvjetima ograničenih financijskih resursa.
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