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Abstract

Government-funded universities play a central role in national research and development
(R&D). However, due to the government’s budget constraints, the optimal allocation of
public resources has become very important. In this study, a decision support framework
was developed for the optimal and robust allocation of the R&D budget to maximize
the direct and uncertain outputs of R&D activities in universities. The experiments were
designed in two phases. In the first phase, without considering the uncertainty of R&D
outputs of universities, the optimal budget allocation was determined according to three
scenarios for each university. By changing the model parameters (robustness cost control
parameter and output uncertainty control parameter), the optimal budget allocation plan in
uncertain and robust conditions was calculated for 12 scenarios. The analysis of data using
descriptive statistics methods and the comparison of results showed that in the current
situation, there was no clear correlation between R&D outputs and the R&D budget
allocated to the universities, and the budget allocation process was very volatile and lacked
a clear increasing or decreasing pattern. While the R&D budget that was calculated in a
robust optimal way showed a logical and proportional trend to the R&D activities’ output.
Also, the optimal model distributed the total available budget for the universities in such a
way as to achieve the maximum performance in the total budget ceiling. Implementing the
model for 5 universities in 6 consecutive years improved the output from a minimum of 2
to a maximum of 6% and saved the allocated budget from 0.1 to 1.1%.
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1. Introduction

The government budget allocation for R&D includes all allocated budgets that are provided
from the anticipated sources of government income within the annual budget act (such as
taxes, oil revenues, etc.). These credits include resources that are identified and then
secured through the budget approval process (OECD, 2015).

In Iran, according, about 60% of these resources are provided by the government in the
form of government budgets for R&D (Alizadeh et al., 2019) and a smaller part is provided
through the revenues of universities, e.g., in exchange for providing research services to
private companies and industries (Alizadeh, 2011). It is obvious that the optimal
distribution of resources is one of the requirements for achieving the goals of organizations
at any level (Jalalabadi et al., 2015). However, with the increase of government investment
in public research institutions and budget restrictions (Agasisti et al., 2012), the way of
allocation of these resources has attracted more attention and a systematic approach has
been adopted. As a result, a strategy for evaluating university performance and budget
allocation has become very important (Lee & Yang, 2020; Barrio-Garcia et al., 2019).

The main question of the current research is what is the optimal and stable allocation
model of the R&D budget in order to maximize the direct outputs of R&D? And
considering the uncertainty in the realization of R&D outputs, how can research credits be

allocated in an optimal and stable way?

2. Materials and Methods
Budget allocation has been done with different methods and approaches; among them, the
importance of mathematical approaches to budget allocation in cases where the number of
decision variables, constraints and objectives increase is undeniable. One of these cases is
the allocation of funds to a large number of universities, which results in the non-optimal
allocation of available resources if mathematical methods are not used (Azar et al., 2013).

Examining the previous studies shows that, no comprehensive and efficient model for
the allocation of government R&D budgets to the universities has been presented. In this
regard, the criteria for allocating the budget, especially in Iran’s R&D sector, is less based
on performance but a function of the average annual budget increase. As a result, there is
no previous studies on the optimal allocation of a specific amount of R&D budget between
the universities considering the uncertainty in the outputs of R&D activities.

If we assume that there is uncertainty in the expected output of R&D in the studied
universities in each year, a robust model should be developed to allocate the R&D budget

to the universities in an optimal way taking into account such uncertainty in the outputs.
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This model was implemented on a sample consisting of 5 universities with a similar and

comparable scale in order to test the applicability and significance of its results. The reason
for using optimization was based on the fact that uncertainty in obtaining R&D outputs was
one of the main assumptions of the study. The main constraint of the model was the total
budget distributed among the sample universities. The protection function of the model,
which was added to the objective function for the stability of the optimal solution, was
dependent on two parameters: uncertainty control parameter in output and robustness cost

control parameter.

3. Data

The experiments were designed in two phases. In the first phase, without taking into
account the uncertainty in the R&D outputs, the optimal budget allocation is determined
under three alternatives for each university. Assuming that the amount of budget change
follows the average changes in the studied period, the percentage of change in the budget
will be 0% and + m%, where m is equal to the average fluctuation of the budget of each
university. To carry out this study, we need budget data and R&D activities outputs data
(the number of articles, the number of books, the number of registered patents, the number
of theses and dissertations), which are respectively extracted from the annual budget acts
and the database of the Ministry of Science, Research and Technology. For the constraint
of the available budget, the data of the universities’ budgets have been used. At the time of
conducting this study, these data were available for the years 2013-2018. The model was
designed and implemented based on the R&D outputs.

4. Discussion
The analysis of current data show that the total output of the studied universities during the
six-year period (2013-2-18) has decreased, while the total R&D budget has increased.
Therefore, even in the best case, it cannot be concluded that this increase was an
inflationary increase, since considering the increase in the recruitment of faculty members
and postgraduate and postdoctoral students, at least the outputs were expected to remain
constant. The R&D budget of the universities have also experienced increases or decreases,
sometimes severe, in the studied years. Examining the output of universities shows that
there is no clear relationship with the growth or decrease of the budget.

But the budget calculated based on the robust optimization method has a logical trend
and is proportional to the output of the university. It means going through a logical and

interpretable process according to the university's output process.



Alizadeh & Gholipour: o /KJ,L,S)‘L«,U@, E

The budget calculated based on the optimization method has not experienced sudden

increases or decreases.

The average values of the robust function for different scenarios of the model
parameters are also lower than the previous three cases in terms of absolute value (which
is not far from expected considering the cost of model robustness), but its trend is non-
decreasing and there is no fluctuation and sharp changes in consecutive years also show
the robustness of the answer. This important finding can be interpreted as if the uncertainty
of R&D outputs is included in the form of different parameters of the model, while there is
no need to increase the total allocated budget, a better performance can be expected over
the time.

Similar to previous studies (e.g., Zhang (2019); Azar et al. (2013)), the allocation of
budgets in a robust way has led to the simultaneous improvement of the R&D outputs and

the reduction of the required budget.

5. Conclusion
Due to the intensification of financial restrictions, the issue of performance-based
budgeting has become important in the case of universities. In this study, a robust
optimization model with the objective function of maximizing R&D output was designed,
for allocation of R&D budgets to the universities for different acceptable values of
robustness cost. This study shows that the implementation of the robust optimization model
in the same period of time has increased the output from 2 to 6 percent and saved the
allocated budget from 0.1 to 1.1 percent. It should be noted that these improved results
from the optimization of budget allocation are only for five universities and six consecutive
years. Therefore, it can be expected that the implementation of the model on a larger scale
and for a larger number of the universities in a longer period will create more savings in
the allocated budget and increase the resulting output. The best performance of the
quantitative model needs:
- Clarifying R&D budget and separating the non-research activities from the
research activities in annual budget act.
- Establishing and continuously updating functional databases of universities.
- Verifying performance indicators in R&D programs included in annual budget
acts.

- Establishing accurate recording systems of research activities in the universities.
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1. Protection Function
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1. Outputs
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Tab. 3: The research and development budget of the examined universities (2012-2017)
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Tab. 4: Research and development outputs of the examined universities (2013-2018)
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Tab. 5: Alternatives of the research and development budget of the studied universities

(2012-2017) (million Rials) (taking into account a one-year time delay between budget
allocation and output)
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Tab. 6: Values and range of model parameter changes for experiments
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Diag. 1: Comparison of the amounts of the budget allocated to each university under robust

and optimal conditions with the current situation (in millions of Rials), (Source: research
findings)
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Diag. 2: Comparison of the output, the current budget and the optimal stable annual budget
separately for each university (in millions of Rials)
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Tab 7: Values of the objective function (outputs) and the required annual budget for
research and development
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Diag 3: Comparison of the objective function of maximizing the number of research and

development outputs in the existing state (Z), optimal (ZO), the best robust scenario (ZOR)
and the average of robust scenarios (ZOR mean), (source: research findings).

Jto (S ol )y cilliseo (gLagy L (5131 4 lgian (5l dinge g2l DY

S ey im el 9 53 S CIBNY il 4 gl (gjlwainge Blie mls ol Sl Jue Bilas
(0jj) angipeios HLaslyygo (salad Slaigp O Lawgio Jlade 5l Sl (e 5 (8i) Jao (gylgrl dizjo
Seasgia s oalad Sligy bawgte jldie I Sl line a2y llas] gillas 5 JSysbas 43,5 duelons
Mo gl dingy Bum @l Bl 1108 5 3980 4B Jlaiyd Clga (lginl sl oS laja g bl jieS

A3 o Canddy |y (g by

el IS Juoo O-F
2 4y panass (Silwdigy Gyge ) A8l janasS drdg ) (p9ddpe (lie g dgp g0 Cundyg

ol 00 01 LS O Hldgad 13 )y 350 oK B (gly IVAVATAY o 55L



|
i -

\A\"’--- \\AF....
B, YaA Wb

ZO, \VasAr ZOR, YA-vor

YAvaoe
VAVF e
AWV YoV
Z, \V¥VOA
VAV AYSY s s
\WVE .
WAREE V4Feeann

z Z0 ZOR

31 03] L ygo 43 ABly amasd adgd 43 (19348 o § Argig 4o 3 s v ] 18] Rod paw Ay We 10 413900
(05 Al 1) o)y 3590 DI B (g lghuw] Wikt D232 (anasss
Diag 5. comparison of the overall increase in research and development output and savings
in the allocated budget in the case of using the stable optimal budget allocation for the 5
investigated universities (source: research findings).
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