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While formulating R+D programmes we came across the problem of 

optimal resource allocation among separate disciplines concerned with 

realization of a defined number of subjects and tasks. Optimal deci ~ 

sions on financing the research projects is a much complex problem and 

requires the application of mathematical programming algorithms. To use 

the algorithms of optimal resource allocation such input values as real- 

ization costs of a given subject, probability of its effective realiza- 

tion, and its priority within the whole research programme should be 

definied. The estimation accuracy of the input data depends on the 

assumed optimization time horizon. For this reason resource allocation 

methods should be classified according to the models used, i.e. either 

static or dynamic ones. 

i. Formulation of the problem 

We assume the programme of research aiming to achieve the realiza- 

tion of global goal to be defined. The programme is constituted by sub- 

jects subdivided into particular tasks. By an optimal resource alloca- 

tion we mean the distribution of limited budget among the separate sub- 

jects that ensures the maximum quality index of global problem. 

2. Static models of resource allocation into R+D projects 

Static models are used to establish the programmes of ReD projects 

for time periods not longer than 3~6 years. This constraint results 

from the fact that at a longer optimization timehorizon the input data 

to a given model lose their validity becoming stale. Let us assume that 

the research programme consiwts of a set of N projects. For the above 

set we have defined the vector of weights a = (al,a2, ..., aN), where 

a i denotes the weight of the i-th project from the set N. The realiza- 

tion cost of a separate project is given by the vector k = (kl,k2,...kN) , 

k i being the cost of the i-th project. Both weight and cost of separate 

projects are estimated by the experts. 
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Let us introduce zero-one variable, then 

i, if the i-th project was accepted to realization, 

xi = 0, otherwice 

Optimization problem is reduced to determining the set x=(xl,x2,...,x N) 

with respect of the maximum of quality criterion 

N 

J = max~ aix i 

i} 
N 

at budget constraint ~ kixi~ B, 
i=l 

where B-budget assigned to the realization of the programme. 

To solve this problem the Balas, Dragan, and Mylen [i] procedures 

have been used. The solution of linear zero-one programming problem 

allows to obtain collection selected from the set N projects differing 

in validity and realization cost. 

In mathematical models of optimal resource allocation a specific 

character of the programme of research project should be often taken 

into consideration. Consequently, such models can be applied solely to 

a defined class of problems e.g. a static model for the optimization 

of allocation of resources designed for the realization of the collec- 

tion of projects conditioning the achievement of defined military goals 

has been presented by Dean and Hauser [23. By simulating the model on 

computer and by repeatedly solving the problem at different levels of 

global budget the global quality index can be determined as a function 

of budget J(B). This allows to establish the upper limit of the budget. 

Above this limit any financing of the research projects becames inex- 

pedient. 

3. Resource allocation based on a@gregation of the project networks 

At first let us introduce some basic definitions. 

a proces described by the following equation: 

 x it) tl 
v i(t) - dt - fi ij (t) , 

The activity is 

where: xi(t) is the state of the i-th activity at the moment t;xi(to)=O, 

xi(t k) = wiu t o and t k are the initial and the final moments of an ac- 

tivity, respectivelly, w i is the volume of the i-th activity, vi(t) is 
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the rate of the i-th activity at the moment t,h..(t) are the resources 
13 

group parameters of the i-th activity, hi(t) = {hij(t) }is the m-vector 

of the i-th activity resource group. If the modulus of the vector h. (t) 
1 

depends only on the value t, then the latter can be represented as 

hi(t) = Pi(t)~i, where Pi(t) is the power of the i-th activity resource 

group at the moment t, ei = {~ij} is the m-vector of resource group 

parameters for the i-th activity, and resource group parameter ~.. is 
13 

the value of the j-th resource when Pi(t) = I. Project is a set par- 

tially ordered consisting of final number of activities. It can be rep- 

resented by a network. The project is said to be realized if its state 

x(t) changes its value from the initial value x(O) = 0 up to the final 

value x(T) = W being the volume of the project, and T the final moment 

of the project. We will assume further that the project is finished if 

all its activities are finished. Multiproject is a set of independet 

projects, which must be realized by common resources. There are two 

types of resource constraints. 

1 np 

p=l i=1 

~ij Pi(t)~Nj (t) ' j=I,2 ..... m, (I) 

n 
1 p 

~,~,eij qi~ sj 

p=1 i=I 

, j=I,2 ..... m. (2) 

T 
f 

qi = ~O Pi(t)dt is the power consumption of the i-th activity where 

(i=I,2,..., np), Sj is the permissible consumption of the j-th resource 

in the multiproject, Nj is the given value of the j-th resource in the 

multiproject at the moment t,i is the number of the project activity 

(i = 1,2 ..... np), p is the number of the project (p = 1,2, ..., i). 

The project aggregation is a network of projects represented by one 

activity. 

Let us assume that the multiproject consisting of 1 projects, each 

having the volume Wl,W 2 .... ,Wl, must be realized under definite con- 

straints of resources. The problem is to allocate the resources to 

project activities so that the criterion (I) or (2) be minimized. As 

criterion several functions may be used e.g. min max T and 
1 P 

i 

,~p(Tp), where T is the final moment of the p-th project and ~p(Tp) 
p=1 P 

is a non-decreasing function of the Tp. The aggregation of the project 

networks permits to obtain the solution of the problem as a sequence 
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of the following actions: I Aggregate the project networks, i.e. given 

the values of w i, ~i and functions vi(t) = fi [Pi(t)'J for each acti- 

vity, define the values of Wp, ~p and functions Vp(t) = fp ~p(t),t]. 

II When aggregation is completed solve the resource allocation problem 

with 1 independet activities. This step gives the values of N . (t) 
P3 

and Spj for each project. 

III Using the values found in previous step solve the allocation Problem 

for each project separately. 1 

Thus the problem of resource allocation with n = ~D=inp activities is 

transformed to 1 resource allocation problems with n activities. 
P 

As an example of such an approach consider the solution of the resource 

allocation problem in the multiproject, when the resources are of finan- 

cial means and the criterion min max T . It is assumed that each acti- 
p P 

vity in the network is subject to a continuous upward-concave time-cost 

relationship. Each Sp(Tp) being a non decreasing function of Tp, all 

the projects have the some final moment, i.e. 

TI=T2= ... = T 1 = Tr if the final moment of the multiproject is mini- 

mized. Hencer the value of T may be found from the equation St(T) = 

= S2(T) = ... Sl(T) = S. 

4. Dynamic models of optimal resource allocation into R+D projects 

The problem of optimal financial allocation of resources among se- 

parate realization periods of one project can be also solved by a dyna- 

mic programming method [3]. 

Let us assume that the project (programme) is to be realized in the 

course of N periods, e.g. during N years. 

Let us introduce the following denotations: 

x.-budget assigned for the i-th (from the end) period of time, 

Yi-budget used till the i-th period of time, i.e. in the course of N-i 

time intervals, 

Qi-expected value of the income at the accomplishment of the project in 

the i-th (from the end) period of time, i.e. the difference between 

the expected market and current prices, 

P(xieY i) - probability of realization of projects in the i-th (from the 

end) period of time as a function of xi,Yi, 

C i - market price of the project, provided that the latter was realized 

in the i-th (from the end) period of time. 

The problem of optimalization consists here in an optimal budget al- 

location to the separate periods of project realization, i.e. in deter- 
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x x . X x mining an optimal vector XI,X2,.. ' r with respect to the expected 

value of the income consummed. Given initial budget X N the optimal 
x M M 

sequence XN_I,XN_2,...,X I will be obtained according to the Bellman 

recurrent algorithm: 

Qi(Yi )= max~C.p. (x.,y.) - X. + Yi[1 - Pi(xi,Yi)] fi_1(Yi_1 )} (3) 
O~Xi [ i ± i i i 

where Yi-1 = Yi + xi and yi E [0,1] is coefficient of punishment 

for the delay in realization of project, fixed by the experts. Coef- 

ficient Yi can either be constant or increase with time. 

The component ~iPi(xi,Yi ) - X~ in (3) denotes the expected value of 

income, if the given project is in the i-th (from the end) period of 

time, whereas Yi~1 - Pi(xi,Yi)~ fi_1(Yi_1 ) is the expected value 
L 

of the income in case when the project is finished in time interval 

following the i-th one from the end. Parameters C. and relations 
i 

Pi(xi,Yi) are estimated by the experts. 

5. Conclusions 

The optimization methods of financing the research projects pre- 

sented in the paper have been adopted by the Technical University of 

Wroclaw. ALGOL programmes implementing the procedures described have 

been developed. A listing and implementation on the use of the program- 

mes are available from the author. It should be emphasized that the 

application of static models is not related With any computational 

difficulties, while the methods of complex of operations and dynamic 

programming required complex numerical calculations. The performed 

investigations allow to state that more efficient algorithms of a 

dynamic resource allocation into R+D should be found. 
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