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Abstract 

 

A model of decision-making of high-tech company on the formation of optimal 

portfolio structure is proposed. The totality of characteristics like the 

attractiveness, duration, cost, required personnel, the likelihood of successful 

implementation and others to launch a new multi-stages innovation project are 

taken into account in selecting a project among several promising company. The 
model is relevant for high-tech and innovative industries that use multi-stage model  
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of production taking into account the uncertainties that appear in the transition 

between stages. 

 

Keywords: imitation modeling, fuzzy logic, decision making, multistage 

production, Monte-Carlo method, portfolio   

 

1 Introduction  
 

Leading high-tech industry in which the volume of research and development 

work is a significant share of the work and investment companies in the industry 

(e.g. robotics, pharmaceutics, IT-technologies) can be identified as one of the 

sectors of modern economy. High-tech industries require sophisticated production 

process with the release of the individual stages in the production of complex 

interrelated activities, the need to involve specialists in different fields, different 

resources and deadlines, which can be separated by time, location and performers. 

In addition, complex projects stage of their implementation may be unique, which 

is especially obvious in projects that require research or original development. 

These works (projects) can end in advance unpredictable results (for example, the 

recognition of unpromising further work or, conversely, opening additional 

opportunities or sales of intermediate results). A special place in the high-tech 

industries engaged in the company at the beginning of its becoming, at a time 

when the main project portfolio company has innovative, risky character. At the 

same time, as a rule, the decision to close or continue the projects is adopted by 

the company management or its departments at the end of a stage of the project. In 

this paper, we propose a model of decision-making management of the company 

to form the optimal portfolio of innovation (venture) projects where each project 

in the portfolio analyses for its parameters such as the attractiveness (priority) of 

the direction of activity, the duration of the project, cost, availability of the 

necessary personnel, the forecast profitability of the project, the likelihood of its 

successful implementation depending on the scale of the project. 

 

2 Statement of the problem 
 

Considering the high-tech industries where companies operate, the volume 

of capital and labor may differ in scale, rating in the industry. The company 

implements projects include several steps each of which has the following 

characteristics: volume of necessary resources; the duration of the stages; cost of 

work. 

 

We use the following terms. 

The direction of company. The direction of company means the series of similar 

technology resources and skills of the labor force in the production of high-tech 

industry (will be denoted by d). The company has information and evaluation of 

the following characteristics of the project in different directions. 
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1) The volume of demand for development in this area on the market 

2) The volume of supply for developments in this area (the number of companies 

leading the development, on the same direction) 

3) Company’s experience in chosen direction 

4) Direction’s complexity 

5) Estimated economic benefits 

6) Available material resources 

7) Available manpower. 

 

Project. Under the project an independent production process in a certain 

direction (will be denoted by i) is involved. Each project is a specific direction 

and has the following parameters: 

1) The number of required human resources 

2) Cost of stages 

3) Stage of the project (that is, the stage of the work on which the project). 

 

Stage of development. Under the development stage (denoted by the letter k) we 

shall mean a closed cycle development or implementation of the project, which is 

a phase for the project (except the final phase). The project must consistently pass 

all stages of development to be completed. 

The decision to terminate the development of previously launched project 

is made by company’s management at the end of each stage. Decision is based on 

an assessment of company’s current situation and the state of the project (total 

cost of the project, the upcoming evaluation of the cost, risk assessment, etc.). 

Fuzzy inference systems on the basis of certain rules of operation specified in the 

"natural" language were used [1-3]) to model these decisions.  

 

Company. The company develops various types of projects divided by directions 

within the industry. Technology companies may have different characteristics of 

projects (average cost, deadlines, and other). The number and scale of new 

projects in different directions depends on the amount available in her free 

resources. In the process of market analysis company consistently selects the 

optimal number and scale of new projects starting with the most attractive 

directions (in this case, the resources needed to start is reserved for each selected 

project), and thus a portfolio of projects is formed. So, the industry market has a 

certain number of key directions in which the company can carry out the 

development. The company can develop projects in several available on the 

industry's market directions designated - d. For a chosen direction company may 

open multiple projects – I(d), each having a certain number of stages, 

respectively, K(d) depending on the direction. The model is step-by-step as a step 

model takes a certain time interval (day, week, excluding weekends, holidays, 

etc.). Below the procedure is detailed. In this paper we consider that all projects in 

all directions have the same number and duration of stages. 
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The main issues to be solved by the company:  

1. Determination of the degree of their interest in the development of each of the 

industry direction and determining the distribution of its free resources for them; 

2. Determination of the number of new projects and their scale in each direction. 

To do this the company predicts, using Monte Carlo, process of implementation of 

all stages for the entire set of selected projects. And after each stage of each 

project the company makes a decision on its future for the different scales of the 

project and possible changes in financial position of the company during its 

implementation. 

3. After passing through all the intermediate stages of the project implementation 

and completion of the last stage, the project is deemed to be satisfied (successfully 

finished) and the company makes a profit. 

 

The model of decision-making now 
 

For the formalization of fuzzy rules using fuzzy Sugeno type model [4-5]. 

In this model, the company can dispose of only two resources — financial 

resources and qualified personnel (labor). We denote by M a full funding of the 

company including free — Mf and reserved for planned or already running 

projects — (M-Mf). Full employment resource L consists of employees available 

free — Lf and already distributed or involved in the development (L-Lf) of other 

projects. 

 

Fig. 1 is a diagram of the decision by the number and scale of new projects in 

areas 

 
Fig.1. Scheme of the development and major decisions of company 
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Attractiveness of direction and distribution of available resources. 

Initially, the company determines the degree of attractiveness of areas. For this 

construction the Sugeno fuzzy model is used (see Fig. 2). Attractiveness direction 

Ad measured in points Ad ∈ [0:10]. 

 

 

Fig. 2. Input/output models for assessing the attractiveness of destinations 

 

For the distribution of funds under the direction of the company 

determines (Ad) - normalized estimate of appeal d to the direction of the company 

    𝐴�̃� =
𝐴𝑑

∑ 𝐴𝑑
𝐷
𝑑=1

 .     (1) 

Let Mf - total amount available to the company free of material resources. 

Then the distribution of the material resources available in the directions  𝑀�̃� is 

defined as 

   𝑀�̃�  = 𝑀𝑓�̃�𝑑.     (2) 

Similarly, denoting for Lf and L - the number of available manpower 

companies and the total workforce of the company obtain a distribution of labor 

resources in areas 

𝐿�̃�  = 𝐿𝑓𝐴�̃�.     (3) 

 

Estimating the cost and effort of the project 

To evaluate the cost and effort for the stage of the project the following 

ratios are used. Let each i- project opens in the direction d, it has a total labor 

costs overall Q(d, i) at all stages of man-days. In accordance with statistical data 

on labor input at each stage of development, we introduce the vector of the 

relative laboriousness of the project stages for the direction d with respect to the 

laboriousness of the development of the entire project - 𝜀𝑞𝑘  length (K(d)×1). 

Then the values labor costs 𝑞 of effort of each stage of the project are defined as a 

column vector of size K(d)×1 

𝑞𝑘(𝑑, 𝑖)  = 𝑄(𝑑, 𝑖) × 𝜀𝑞𝑘.    (4) 
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Let T(d, i) the duration of the project, are also in a relatively long -𝜀𝑡𝑘(𝑑)) 

the k -stage of project i-direction d-relative to the total duration of the project 

development. Let T(d, i) the duration of the project. Let 𝜀𝑡𝑘(𝑑) the duration of the 

k - stage of i - project for d - direction relative to the total duration of the project 

development. Then the length of the stage 𝑡𝑘(𝑑, 𝑖)and the number of required 

manpower 𝑙𝑘(𝑑, 𝑖) is defined as 

𝑡𝑘(𝑑, 𝑖) = 𝜀𝑡𝑘(𝑑) × 𝑇(𝑑, 𝑖),   𝑙𝑘(𝑑, 𝑖) =
𝑞𝑘(𝑑,𝑖)

 𝑡𝑘(𝑑,𝑖)
.                (5) 

Denote wk as average cost per man-day k- stage of the company plus 

proportional capital costs — the cost of necessary equipment, facilities and other 

costs. Then the cost of passage stage ck(d,i) is defined as 

 

𝑐𝑘(𝑑, 𝑖) = 𝑤𝑘𝑞𝑘(𝑑, 𝑖),    (6) 

 

the total cost up to the passage of stage k  

 

   𝑇𝐶𝑘(𝑑, 𝑖)=∑ 𝑐𝑗(𝑑, 𝑖)𝑘
𝑗=1     (7) 

 

and the total cost to complete the project 𝑇𝐶𝐾(𝑑, 𝑖). 

If the company has a current free Mf material resources and free labor 

resources Lf, then to pass stage k of work it is necessary to satisfy the following 

inequality: 

{
𝑞𝑘(𝑑, 𝑖) ≤  𝐿𝑓 𝐴�̃�  

𝑐𝑘(𝑑, 𝑖) ≤ 𝑀𝑓𝐴�̃�

.    (8) 

The decision to continue the development of the project. 

This decision is made for each project after the end of each stage except 

the last one (see. Fig. 3.). To simulate the company's decision on the future of the 

i-th project using Sugeno fuzzy model (9), the positive output means the 

continuation of the project and the negative leads to its termination. 

𝑍𝑖𝑛 = 𝐹𝑢𝑧𝑧𝑦(𝐹𝐹, 𝐿𝐹, 𝑁𝐼, 𝑅𝐿, 𝐸, 𝐶𝐶).  (9) 

Input factors Zin: 

1. 𝐹𝐹 (𝐹𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝐹𝑎𝑐𝑡𝑜𝑟) = (𝑡ℎ (
 𝑀�̃�−с𝑘(𝑑,𝑖)

𝑇𝐶𝐾(𝑑,𝑖)−𝑇𝐶𝑘−1(𝑑,𝑖)
) + 1)/2 ∈ [0; 1] is the ratio 

of financial resources remaining at the company after passing the next stage to the 

value of the remaining stages of the project; 

2. 𝐿𝐹 (𝐿𝑎𝑏𝑜𝑟 𝐹𝑎𝑐𝑡𝑜𝑟) = (tℎ (
 𝐿�̃�−𝑙𝑘(𝑑,𝑖)

 max ((𝑙𝑗(𝑑,𝑖)),𝑗≥𝑘)
) + 1)/2 ∈ [0; 1] is the ratio of the 

remaining workforce at the company after passing the next stage to the maximum 

human resources necessary to complete the project; 

3. 𝑁𝐼 (𝑁𝑒𝑐𝑒𝑠𝑠𝑎𝑟𝑦 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡) =
𝑇𝐶𝐾(𝑑,𝑖)−𝑇𝐶𝑘−1(𝑑,𝑖)

𝑇𝐶𝐾(𝑑,𝑖)
∈ [0; 1] is the proportion of 

the financial resources needed to complete the project to the total cost of the 

project; 
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4. 𝑅𝐿(𝑅𝑒𝑑𝑢𝑛𝑑𝑎𝑛𝑡 𝐿𝑎𝑏𝑜𝑟) =
𝑄(𝑑,𝑖)𝑚𝑎𝑥−𝑄(𝑑,𝑖)

𝑄(𝑑,𝑖)𝑚𝑎𝑥
∈ [0; 1] is the ratio of the maximal 

limit labor costs and chosen project scale; 

5. 𝐸𝑑 ∈ [0; 10] is the experience of the company in the direction of the IT 

industry; 

6. CC (Closeness to completion) = 1-k/K ∈ [0; 1] is the number of steps to 

complete the project nearing completion. 

 

 
 

Fig. 3. Fuzzy evaluation model propensity to stop / continue the project 

 

Selecting the scale of the project 
 

Because the company cannot take into account simultaneously all the 

possible projects that might appear later or in parallel with the implementation of 

the selected project in the future, the company runs a risk choosing the wrong 

scale projects which may not allow them to complete it successfully due to a lack 

of financial and/or human resources. Thus, we suppose that the company's 

management basing on its past experience of the implementing its projects of 

various kinds will take account all these risks and will have to evaluate the 

optimum size of the project, namely to solve the optimization problem of finding 

such a scale for the new project, which would bring probabilistic profit to 

maximum. 

Modelling of possible state of the implementation of the project on various 

scales. 

In [6] the model for determining the optimal size of the single project is 

presented. The following summarizes a basic scheme used in the present paper. 

We consider the operation of the company in the short term. So its parameters that 

can be changed after selecting the scale of the project are: the amount of free 

money (Mf) and the number of free labor force (Lf). As a measure of the scale, you 

can use the estimate of the total labor costs �̂�(𝑑, 𝑖) of the project. Imagine a multi- 
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step implementation of the project with the selected scale in the form of a decision 

tree (see Fig.4). 

Monte Carlo method was used [7] to distribute possible changes in the state 

of the company at each stage of the project implementation. Then, by summing up 

the values of these changes we may obtain the trajectory of the state up to the 

stage of completion of the project. We also suppose that change of free resources 

at each stage of the project is described by the two-dimensional normal 

distribution centered at zero N(0, Σ) with covariance matrix of the changes in the 

free resources Σ diagonal (since the company has no interest to retain more free 

resources both material and labor above or below a certain level). The deviations 

from that level are random and independent, and the standard deviation is 

assessed by management from existing production experience. 

 

Fig. 4. Determination of the amount remaining in the given scale projects 

 

At the zero step for each of the project N1 trajectories (scenarios) of its 

possible implementations, the nodes of which (after the completion of each stage) 

calculated values of material and human resources, are generated. In the transition 

between stages (marked by circles in Fig. 4), for each trajectory management, 

based on the fuzzy evaluation model (see. Fig. 3 and explanations), the decision 

for the project about its continuation or termination is made. Also in the process 

of implementation of the project on the stage k possible occurrence of 

unanticipated events (force majeure) leads to the completion of the project based  

not on management decision. Let the probability of such an event sk. If the 

administrative decision for the path was chosen, failure or unforeseen events 

occurred, then continue this trajectory will be not considered. Let for 𝑁1
′ = 𝑁1 ∗ 𝑠1   

number of paths, which were discontinued after the first stage due to force 

majeure. Then the remaining projects that have passed the first stage, the design 

scheme throw 𝑁1
′′ and choose to continue  𝑁2 = 𝑁1 − 𝑁1

′ − 𝑁1
′′ the number of 

paths that have passed the first stage. Similarly, for the k-stage of    𝑁𝑘 =
𝑁𝑘−1−𝑁𝑘

′ − 𝑁𝑘
′′  projects will be selected and 𝑁𝑘 = 𝑁1 − ∑ (𝑁𝑗

′ + 𝑁𝑗
′′)𝑘

𝑗=1  number 

of trajectories left after passing the k-stage. For the final K-stage we believe that 

once all of his past projects but discontinued due to force majeure, are successful  

Termination    𝑁1
′ + 𝑁1
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and therefore 𝑁𝐾
′ = 𝑁𝐾−1 ∗ 𝑠𝐾 , then  𝑁𝐾 = 𝑁𝐾−1 − 𝑁𝐾

′ . So, defining the scale of 

the project and aggregating all the generated trajectories, the probability of 

successful completion of all stages of a new project with the scale, expected cost, 

loss and profit can be calculated. 

 

Determination of the likely outcome at each stage of the project and the whole 

project at the chosen scale. 

Based on the review of the implementation of projects generated 

trajectories, all the necessary statistical data for the selected project areas defined 

scale can be calculated. Let ak(d) the probability of making at every stage of the k-

project of the d -communication on the further process of its development. In the 

intermediate stages of the conditional probability of successful completion of the 

next stage k and the last stage K is calculated by the formula 

 

𝑎𝑘 =
𝑁𝑘

𝑁𝑘−1
− 

(𝑁𝑘
′ +𝑁𝑘

′′)

𝑁𝑘−1
= 1 − 𝑠𝑘 −

𝑁𝑘
′′

𝑁𝑘−1
, 𝑎𝐾  = 1 − 𝑠𝐾 .  (10) 

 

Thus, the probability of passing to the k-phase-equal 

  𝐴𝑘 = ∏ 𝑎𝑗
𝑘
𝑗=1 =

𝑁𝑘

𝑁1
.    (11) 

Under the project risk is the probability that the project will not be 

completed successfully, that is 

  𝑅𝑖𝑠𝑘 = 𝐴𝐾 =
𝑁𝑘

𝑁1
.    (12) 

Valuation stage. 

We assume that after the unsuccessful completion of any stage of the 

company suffers a loss of costs incurred plus an additional penalty equal 

to 𝑓𝑜𝑟𝑓𝑖𝑒𝑡(𝑘). Then, the average expected loss in the k-stage (in the k-nodes 

trajectories) will be 

𝑙𝑜𝑠𝑠𝑘(𝑑, 𝑖) =
𝑁𝑘−1−𝑁𝑘

𝑁1
 (1 + 𝑓𝑜𝑟𝑓𝑖𝑒𝑡(𝑘)) ∑  𝑐𝑘(𝑑, 𝑖)𝑘

𝑗=1   (13) 

and total expected average loss amount 

𝐿𝑜𝑠𝑠(𝑑, 𝑖) = ∑ 𝑙𝑜𝑠𝑠𝑘(𝑑, 𝑖)𝑘
𝑗=1 .   (14) 

Upon successful completion of the stage of the average K-expected costs 

(average of successfully complete paths) make 

𝐶𝑜𝑠𝑡(𝑑, 𝑖) =
𝑁𝐾

𝑁1
∑  𝑐𝑘(𝑑, 𝑖)𝐾

𝑘=1 ,   (15) 

and the average expected revenue of 

𝑅𝑒𝑣𝑒𝑛𝑢𝑒(𝑑, 𝑖) = (1 + 𝑚𝑎𝑟𝑔𝑖𝑛) 𝐶𝑜𝑠𝑡(𝑑, 𝑖).  (16) 

In view of the introduction of probability these expressions can be written 

as 

𝐿𝑜𝑠𝑠(𝑑, 𝑖) = ∑ (𝐴𝑘−1 − 𝐴𝑘) (1 + 𝑓𝑜𝑟𝑓𝑖𝑒𝑡(𝑘)) ∑  𝑐𝑗(𝑑, 𝑖)𝑘
𝑗=1

𝐾
𝑘=1         (17) 

𝐶𝑜𝑠𝑡(𝑑, 𝑖) = 𝐴𝐾 ∑  𝑐𝑘(𝑑, 𝑖)𝐾
𝑘=1                                                (18) 

𝑅𝑒𝑣𝑒𝑛𝑢𝑒(𝑑, 𝑖) = (1 + 𝑚𝑎𝑟𝑔𝑖𝑛)𝐴𝐾 ∑ 𝑐𝑘(𝑑, 𝑖)𝐾
𝑘=1                           (19) 
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Thus, the average expected profit and profitability of the project given 

direction and magnitude is determined 

𝑃𝑟𝑜𝑓𝑖𝑡(𝑑, 𝑖) = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒(𝑑, 𝑖) − 𝐶𝑜𝑠𝑡(𝑑, 𝑖) − 𝐿𝑜𝑠𝑠(𝑑, 𝑖)  (20) 

 

𝑅𝑒𝑛𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦(𝑑, 𝑖) =
𝑃𝑟𝑜𝑓𝑖𝑡(𝑑,𝑖)

(𝐶𝑜𝑠𝑡(𝑑,𝑖)+𝐿𝑜𝑠𝑠(𝑑,𝑖))

1

𝑇
,   (21) 

 

where T is the duration of the project in fractions of a year. 

 

Determining the optimal scale of the project. 

By varying the size of the project evaluation �̂�(𝑑, 𝑖)  and calculating the 

profits, we determine the optimal scale under the following restrictions: labor not 

less than required for the project in the minimum industrial scale  �̂�(𝑑, 𝑖)𝑚𝑖𝑛, and 

the ability to open new projects subjected to availability of resources is not less 

than the limits   �̂�(𝑑, 𝑖)𝑚𝑎𝑥  (the maximum possible size of the project on labor 

costs, defined when assessing the attractiveness of directions and the distribution 

of available resources (see Fig. 2)), as well as profitability not less than the 

minimum market rentability 𝑟𝑒𝑛𝑡𝑚𝑖𝑛(𝑑)  ), which depends on the direction and 

the economy, and more than a riskless bank rate of return 

  {

     𝑃𝑟𝑜𝑓𝑖𝑡(�̂�(𝑑, 𝑖), 𝑑, 𝑖) → max

�̂�(𝑑, 𝑖)𝑚𝑎𝑥 ≥ �̂�(𝑑, 𝑖) ≥ �̂�(𝑑, 𝑖)𝑚𝑖𝑛

𝑅𝑒𝑛𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦(�̂�(𝑑, 𝑖), 𝑑, 𝑖) ≥ 𝑟𝑒𝑛𝑡𝑚𝑖𝑛

.  (22) 

After determining the optimal size of the project �̂�(𝑑, 𝑖) company 

allocates financial and manpower reserves at each stage of the project, which is 

deducted in the respective nodes of all trajectories. 

 

3 Conclusion 
 

To simulate the optimal portfolio of relevant industry, you must have 

statistical information to determine the parameters of the model and setting up the 

rules of fuzzy models with the help of expert estimates. According to available 

statistical information, implication and defuzzification fuzzy inference system 

should be determined by the methods of aggregation. 
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