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Profit modelling of insurance companies on the basis of network 
planning 
Abstract 

The author investigates the essence of the network planning method. And develops the scientific and methodical ap-
proach to profit modeling of insurance companies based on the instruments of network planning, which makes it possi-
ble to assess the profits of insurance companies both in terms of minimization of time required to carry out the work 
and minimization of its implementation costs. 
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Introduction 1 

Problem statement. In modern conditions of func-
tioning of the insurance market insurers have two 
important objectives, namely: on the one hand, the 
need to increasingly focus on customer’s wishes 
and, on the other hand, to constantly improve the 
company’s performance. To fulfil these require-
ments insurance companies have to carry out conti-
nuous monitoring of their operational and invest-
ment activities. In this context it should be noted 
that the effectiveness of the insurer depends on fi-
nancial planning, especially the forecasting of fi-
nancial results. The experience of developed coun-
tries shows that profit forecasting as an absolute 
final indicator of the insurance company’s perfor-
mance, makes it possible to avoid major failures and 
associated losses. Therefore, it is very important to 
determine and use the predictive model of profit at 
the insurance company. 

Earlier unresolved parts of the problem. In spite 
of the obvious character of the concept “insurance 
company’s profits” there is no single clearly defined 
and universally accepted method of evaluation of 
the company’s effectiveness. Despite the diversity 
and depth of the conducted research there remains 
the unsolved problem of developing a scientific and 
methodical approach to profit modeling of insurance 
companies. 

The goal of the article is to develop scientific and 
methodical approach to the modeling of insurance 
companies’ profits on the basis of network planning. 

1. Analysis of recent publications 

The assessment and planning of insurance compa-
nies’ profits have been intensively studied by scien-
tists. Researchers and practitioners studying this 
problem include: Cummins [2], Liebenberg [8], 
Elango [4], Eling, V.D. Bazylevych [1]  
O.V. Kozmenko [6, 7] and others. 
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In particular, based on the data analysis of risk 
insurance companies for ten years, Cummins and 
Xie [2] have concluded that most insurers with 
their size below average have increasing returns 
to scale, and most companies with the size above 
average have decreasing returns to scale. In paper 
Liebenberg and Sommer [8] identified the depen-
dence of profitability of insurance business on the 
level of diversification activities. 

2. Presentation of the main material 

Under conditions of increasing riskiness and un-
certainty, managers of insurance companies have 
a growing responsibility to ensure the efficiency 
of operational and investment activities. The spe-
cific nature of insurance companies’ activities 
cause the necessity to determine a system of indi-
cators for the monitoring of financial results. The 
system of indicators should characterize the pecu-
liarities in the functioning of insurance compa-
nies; analyze the impact of various factors on the 
processes of management. 

To ensure the effective planning of insurance 
companies’ profits we propose to use network 
planning, which involves optimization of the ful-
filled work package consisting of separate, inter-
connected links, the implementation of which 
should be subject to a clearly defined logical se-
quence. 

Let us proceed to the actual algorithm for this 
method. At the first stage we conduct identifica-
tion of works describing the system of planning of 
insurance companies’ profits, their formalization 
through the use of symbols and grouping of works 
to provide quality characteristics. 

The second stage involves the assessment of a 
system of profit planning for further formation of 
input data array in the context of determining the 
time of execution and costs for implementation of 
works. The testing results of this scientific and 
methodical approach at the 1st and 2nd stages are 
graphically depicted in Fig. 1 and in the form of 
structural Table 1.  
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Fig. 1. Graphical representation of the system’s transition graph 

 

  

 

Analysis of impact factors of external and internal environment on the functioning of 
the insurance company (d1, s1) 

Research of legal acts which directly and/or indirectly affect the decision-making in 
the field of insurance (d2, s2)  

Research of risks and opportunities in the field of insurance and rapid re-
sponse to them by the management of insurance companies 

Management of the tariff policy (d3, s3) 

Management of reinsurance activities (d5, s5) 
Management of investment activity (d6, s6) 

Management of marketing activity (d7, s7) 

Management of formation of insurance company’s profits 

Management of distribution and use of insurance company’s profits 

Management of underwriting activities (d4, s4) 

Management of acquisition costs (d8, s8) 

Management of liquidation costs (d9, s9) 

Management of administrative costs (d10, s10) 

Management subsystem 

Management of profits used on consumption (d11, s11) 

Management of profits used for reinvestment (d12, s12)  

Monitoring and control of the formation, distribution and use of profits of insur-
ance companies 

Comparison of the actual and planned performance (d13, s13) 

Division of factors influencing the formation, distribution and use of 
insurance companies’ profits (d14, s14) 

Correction of the detected inaccuracies (d15, s15) 

Improving the profitability of the insurance company by establishing an ade-
quate ratio between risks and profitability of operations contributing to its
market value 

Controlled subsystem 

Management of the company’s profits Management of the company’s costs 
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Table 1. Structural table of the transition graph for the system of planning of insurance companies’ profits 

Groups of work packages Symbol of work Immediately preceding works Time of execution 
(during a year) 

Costs  
of implementation 

Research of risks and opportunities in the field of 
insurance and rapid response to them by the 
management of insurance companies 

а1 - d1 s1 

а2 - d2 s2 

Management of formation of insurance companies’ 
profits 

 

а3 а1, а2 d
3
 s

3
 

а4 а1, а2 d
4
 s

4
 

а5 а1, а2 d
5
 s

5
 

а6 а1, а2 d
6
 s

6
 

а7 а1, а2 d
7
 s

7
 

а8 а3, а4, а5, а6, а7 d
8
 s

8
 

а9 а3, а4, а5, а6, а7 d
9
 s

9
 

а10 а3, а4, а5, а6, а7 d
10

 s
10

 

Management of the distribution and use of insur-
ance companies’ profits 

а11 а8, а9, а10 d
11

 s
11

 

а12 а8, а9, а10 d
12

 s
12

 

Monitoring and control of the formation, distribution 
and use of profits of insurance companies 

а13 а11, а12 d
13

 s
13

 

а14 а11, а12 d
14

 s
14

 

а15 а11, а12 d
15

 s
15

 

Notes: a1 – analysis of impact factors of external and internal environment on the functioning of the insurance company; a2 – re-
search of legal acts which directly and/or indirectly affect the decision-making in the field of insurance; a3 – management of the 
tariff policy; a4 – management of underwriting activities; a5 – management of reinsurance activities; а6 – management of invest-
ment activity; а7 – management of marketing activity; а8 – management of acquisition costs; а9 – management of liquidation costs; 
а10 – management of administrative costs; а11 – management of profits used on consumption; а12 – management of profits used for 
reinvestment; а13 – comparison of the actual and planned performance; а14 – division of factors influencing the formation, distribu-
tion and use of insurance companies’ profits; а15 – correction of the detected inaccuracies. 
 

The next stage (the third) is the ranking of work pack-
ages of the transition graph for the system of planning. 
The practical implementation of this phase aims to 
introduce: 

♦ works of rank 1, which do not envisage the 
implementation of the preceding link. These 
are the works a1, a2, which are given a new 
symbol b1, b2; 

♦ works of rank 2, which are preceded only by 
works of rank 1 (a1, a2). The second rank is des-
ignated to works а3, а4, а5, а6, а7. In the new 
  

system of symbols these links receive the follow-
ing designation b3, b4, b5, b6, b7; 

♦ works of rank 3, namely those elements that 
can be implemented only after the completion 
of the previous two ranks. It should be noted 
that this group has the greatest specific weight 
(10 components), and includes the following 
links: а8, а9, а10, (respectively b8 – b10); 

♦ works of the 4th, 5th and 6th ranks, the de-
termination of which is made similar to the 
earlier described method. 

We propose to present the results of the testing of this stage (the ranking of works) in Table 2. 

Table 2. Structural table of the ranking of work packages of the transition graph for the system of planning 
of insurance companies’ profits 

Symbol of work Immediately preceding works Rank Ranking of works Immediately preceding works 
а1 - 1 b1 - 
а2 - 1 b2 - 
а3 а1, а2 2 b3 b1, b2 
а4 а1, а2 2 b4 b1, b2 
а5 а1, а2 2 b5 b1, b2 
а6 а1, а2 2 b6 b1, b2 
а7 а1, а2 2 b7 b1, b2 
а8 а3, а4, а5, а6, а7 3 b8 b3, b4, b5, b6, b7 
а9 а3, а4, а5, а6, а7 3 b9 b3, b4, b5, b6, b7 
а10 а3, а4, а5, а6, а7 3 b10 b3, b4, b5, b6, b7 
а11 а8, а9, а10 4 b11 b8, b9, b10 
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Table 2 (cont.). Structural table of the ranking of work packages of the transition graph for the system of 
planning of insurance companies’ profits 

Symbol of work Immediately preceding works Rank Ranking of works Immediately preceding works 
а12 а8, а9, а10 4 b12 b8, b9, b10 
а13 а11, а12 5 b13 b11, b12 
а14 а11, а12 5 b14 b11, b12 
а15 а11, а12 5 b15 b11, b12 

 

The fourth stage is the interpretation of the insurance 
companie’s profits planning system by introducing 
transition graph for the network planning of man-
agement, namely, by conducting the characterization 
of events and works. It should be noted that  
the works are marked by small letters while the events 

are characterized by capital letters. In addition, on the 
network graph of the work package of Table 2 events 
are designated with a circle, while the works are des-
ignated with aimed arrows, the beginning and end of 
which mean respective events (Fig. 2, where B0 stands 
for initial event, and B16 – for final event). 

 
Fig. 2. Network graph of the work package of Table 2 for the planning of insurance companies’ profits 

The next (fifth) algorithm stage is to carry out a 
quantitative evaluation of elements of the network 
work package graph for the insurance companies’ 
planning profits. The purpose of this stage is to de-
termine the duration of works over the arrows and 
the time of beginning (ending) according to the 
numbers given above the events. Also, within this 
stage a prominent place belongs to the determination 
of the critical path of the network graph, such as a par- 

ticular sequence of works (Table 3, Figure 3). After 
analyzing the data of Fig. 3 we can say that the 
planning of insurance companies’ profits is con-
ducted inefficiently as indicated by the data of the 
critical path at 468 hours, which is significantly 
higher than the specified number of 360 hours. Be-
cause of this, it is necessary to adjust the current 
status of profit planning conducted at the next stage 
of this approach. 

Table 3. Structural table of the work package of transition graph for the insurance companies’  
profits planning system 

Groups of work packages Symbol of work Time of execution 
(during a year) 

Costs of implementa-
tion 

Research of risks and opportunities in the field of insurance and rapid 
response to them by the management of insurance companies 

а1 24 hours 507.60 
а2 68 hours 2480.56 

Insurance companies formation management profits 
 

а3 80 hours 2800.6 
а4 76 hours 3360.92 
а5 84 hours 1240.28 
а6 104 hours 3440.68 
а7 60 hours 1194.6 
а8 48 hours 1195.68 
а9 96 hours 1391.36 
а10 96 hours 1560.32 

Management of the distribution and use of insurance companies’ profits 
а11 96 hours 1560.32 
а12 104 hours 1773.68 

B0 

B1 

B2 

b1 

b2 

B3 

B4 

B5 

B6 

B7 

B8 

b3 

b4 

b5 
b6 

b7 
B9 B10 

B11 

B12 

b8

b9

b10

B13 

B14 

B15 

b11

b12 B16 

B17 

B18 
B19 

b13
b14 b15 

B20 
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Table 3 (cont.). Structural table of the work package of transition graph for the insurance companies 
profits planning system  

Groups of work packages Symbol of work Time of execution 
(during a year) 

Costs of implementa-
tion 

Monitoring and control of the formation, distribution and insurance compa-
nies profits use 

а13 76 hours 4361.92 
а14 96 hours 1560.32 
а15 8 hours 213.36 

 
Fig. 3. Work package network graph critical path determination for the planning of insurance companies’ profits 

It should be said that the implementation of the sixth 
stage makes it possible to ensure effective planning 
of companies’ profits depending on the tactical 
plans and strategic management through the use of 
the CPM method (Critical Path Method). 

It should be noted that the testing of this approach is 
intended to perform the following algorithm. The 
project of implementation of profit planning will  
be described with a network graph. For each specific 

work we know its duration ti and its minimal possi-
ble runtime di. The time of project’s implementation 
corresponds to the level t0, while the calculated val-
ue of the critical path (maximal duration of imple-
menting the whole work package) tcr > t0. In addi-
tion, the duration of the work implementation de-
pends linearly on the amount of additional invest-
ments and is expressed by the ratio: t’i = ti – kixi. 
Technological coefficients ki and input data are pre-
sented in Table 4. 

Table 4. Information base for conducting the insurance companies’ profits planning on the basis  
of network planning 

Work 
Parameters of the model 

Duration ti Minimal possible runtime di  Technological coefficients ki 
b1 24 hours 16 hours 0.667 
b2 68 hours 52 hours 0.765 
b3 80 hours 68 hours 0.850 
b4 76 hours 58 hours 0.763 
b5 84hours 72 hours 0.857 
b6 104 hours 96 hours 0.923 
b7 60 hours 48 hours 0.800 
b8 48 hours 36 hours 0.750 
b9 96 hours 84 hours 0.875 
b10 96 hours 82 hours 0.854 
b11 96 hours 86 hours 0.896 
b12 104 hours 86 hours 0.827 
b13 76 hours 72 hours 0.947 
b14 96 hours 78 hours 0.813 
b15 8 hours 6 hours 0.750 

Period of the project’s realization 394 
Costs of the project’s realization 30000 hours 

B0 

B1 

B2 

24 

68 

B3 

B4 

B5 

B6 

B7 

B8 

80 

76 

84 
104 

60 
B9 B10 

B11 

B12 

48

96

96

B13 

B14 

B15 

96

104 B16 

B17 

B18 
B19 

76
96 8 

B20 

24 

68 

68 

148 

144 

152 

172 

128 

172 220 

268 

268 

268 

364 

372 

372 

448 

468 

372 
380 

468 
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Depending on the tactical plans and strategic man-
agement we propose to describe the effective plan-
ning of insurance companies’ profits on the basis of 
network planning with the help of the following 
components: 

- by minimizing the costs for implementing the 
work package as part of the planning of insur-
ance companies’ profits: the time of implemen-
tation of the whole work package shall not be 
less than t0; the total amount of additionally in-
vested funds should be at a minimal level; the 
duration of implementation of each work t’

i 
should not be lower than di.  

- by reducing the time of implementation of the 
work package related to the planning of insur-
ance companies’ profits: the time of implemen-
tation of the whole work package should be mi-
nimal; the number of the used additional in-
struments should not exceed the duration of 
each work and should not be lower than di. 

We consider it necessary to emphasize that mathe-
matical formalization of the proposed approach 
involves the determination of objective function, 
which makes it possible to quantitatively describe 
the chosen strategy to ensure efficiency. That is, if 
the management of the analyzed insurance company 
wishes to minimize the total amount of additionally 

invested funds, the objective function can be pre-
sented as follows: 

∑
=

=
15

1
min

i
ixF .                                           (1) 

In the context of this research it is necessary to consid-
er a set of restrictions that not only hamper effective 
implementation, but also affect the efficiency of the 
insurance company’s functioning. That is why during 
the construction of economic and mathematical mod-
els for effective planning of insurance companies’ 
profits the following aspects should be considered: 

1) the duration of the project’s implementation 
should not exceed t0 = 394: 

tо15 ≤ 394                                                                 (2) 

2) the duration of implementation of each work-
should not be less than the minimal possible 
runtime (in equation 3): 

tо1- t н
1 ≥ 16; tо2 - t н

2 ≥ 52; tо3 - t н
3 ≥ 68; 

tо4 - t н
4  ≥ 58; tо5 - t н

5 ≥ 72; tо6 - t н
6 ≥ 96; 

tо7- t н
7 ≥ 48; tо8- t н

8 ≥ 36; tо9- t н
 9 ≥ 84;                   (3) 

tо10- t н
10  ≥ 82; tо11- t н

11  ≥ 86; tо12- t н
12 ≥ 86; 

tо13- t н
13  ≥ 72; tо14- t н

14  ≥ 78; tо15- t н
15 ≥ 6; 

3) it is necessary to consider the dependence of 
work duration on invested funds: 

tо1- t н
1≥ 24-0.67x1; tо2 - t н

2  ≥ 68-0.76x2; tо3 - t н 3  ≥ 80-0.85x3; 
tо4 - t н

 4  ≥ 76-0.76x4; tо5 - t н
 5  ≥ 84-0.86x5; tо6 - t н

 6  ≥ 104-0.92x6; 
tо7 - t н

 7  ≥ 60-0.80x7; tо8- t н
 8  ≥ 48-0.75x8; tо9- t н

9  ≥ 96-0.88x9; 
tо10 - t н

 10  ≥ 96-0.85x10; tо11- t н
 11  ≥ 96-0.90x11; tо12- t н

 12  ≥ 104-0.83x12; 
tо13 - t н

 13  ≥ 76-0.95x13; tо14- t н
 14  ≥ 96-0.81x14; tо15- t н

 15  ≥ 8-0.75x15; 

(4)

4) the next important aspect is the dependence of the start of implementation of each work on the time of 
completion of the previous work. The starting time should not be less than the time of completion as 
shown by in equation 5: 

 

t н
 1 = 0; t н

 2 = 0; t н
 3 ≥ tо1; 

t н
 4 ≥ tо1; t н

 3 ≥ tо2; 
t н

4 ≥ tо2; t 
 5 ≥ tо1; t н

5 ≥ tо2; 
t н

6 ≥ tо1; t н
6 ≥ tо2; t н

7 ≥ tо1; 
t н

8 ≥ tо2; t н
8 ≥ tо3; t н

8 ≥ tо5; 
t н

7 ≥ tо2; t н
8 ≥ tо3; t н

8 ≥ tо4; 
t н

8 ≥ tо5; t н
8 ≥ tо6; t н

8 ≥ tо7; 

t н9 ≥ tо3; t н9 ≥ tо4; t н
9 ≥ tо5; 

t н
9 ≥ tо6; t н

9 ≥ tо7; t н
10 ≥ tо3; 

t н
10 ≥ tо4; t н

10 ≥ tо5; t н
10 ≥ tо6; 

t н
10 ≥ tо7; t н

11 ≥ tо8; t н
11 ≥ tо9; 

t н
11 ≥ tо10; t н

12 ≥ tо8; t н
12 ≥ tо9; 

t н
12 ≥ tо10; t н

 13 ≥ tо11; t н
13 ≥ tо12; 

t н
14 ≥ tо11; t н

14 ≥ tо12; t н
15 ≥ tо11; 

t н
15 ≥ tо12; 

(5) 

 

5) In the construction of economic and mathemati-
cal models for the efficient planning of profits 
the condition of inseparable unknowns should 
be met (in equation 6): 

tн i ≥ 0, t0
i ≥ 0, xi ≥ 0.      (6) 

Having applied the “Solver” instrument of the MS 
Excel program we propose to carry out the sixth stage 
 

of effective planning of insurance companies’ prof-
its on the basis of network planning. 

It should be noted that the application of the CPM 
method to optimize the network graph for effective 
planning of insurance companies’ profits makes it 
possible to obtain the results that are presented in 
Table 5. 
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Table 5. Network graph optimization results for effective planning of insurance companies’ profits 

Amount of additionally 
invested funds 

Starting time for 
implementation of 

works 

Time of completion 
of work  

implementation 

Duration of work 
implementation  

(optimal) 

Duration of 
implementation of 

works (initial) 

Reduction in 
the duration of 

works 

Specific weight of 
reduction of time 
needed for work 
implementation 

1 2 3 4 5 6 7 8 9 10 
29.99 tн1 0 to1 20 20 24 4 16.67  
67.97 tн2 0 to2 52 52 68 16 23.53  
88.24 tн 3 52 to3 127 75 80 5 6.25  
78.64 tн 4 52 to4 112 60 76 16 21.05  
93.35 tн 5 52 to5 132 80 84 4 4.76  
104.01 tн 6 52 to6 148 96 104 8 7.69  
62.50 tн 7 52 to7 102 50 60 10 16.67  
53.33 tн 8 148 to8 188 40 48 8 16.67  
96.00 tн 9 148 to9 232 84 96 12 12.50  
96.02 tн 10 148 to10 230 82 96 14 14.58  
95.98 tн 11 232 to11 318 86 96 10 10.42  
103.99 tн 12 232 to12 318 86 104 18 17.31  
78.14 tн 13 318 to13 392 74 76 2 2.63  
95.94 tн 14 318 to14 396 78 96 18 18.75  
8.00 tн 15 318 to15 324 6 8 2 25.00  

 

The final stage of the algorithm for network planning 
of insurance companies’ profits is a qualitative inter-
pretation of network graph optimization results (stage 
7). It is carried out both in the context of minimizatio-
nof time needed for implementation of work package 
and minimization of costs. 

On the basis of the data of Table 5 we construct 
the optimal network graph for this process  
(Fig. 4). The main purpose of the study is to en-
sure the efficient planning of insurance compa-
nies’ profits by minimizing the costs of imple-
menting work packages. 

 
Fig. 4. Optimal network graph of efficient planning of insurance companies’ profits through minimization  

of invested funds  
 

On the basis of the analysis presented in Fig. 4 we 
can draw the following conclusions: first of all, we 
propose to determine 396 hours as the total time to 
carry out the whole work project of insurance com-
panies’ profits planning. It should be noted that this 
figure is 72 hours (or 15.38%) less than the critical 
path; on the basis of the data presented in Table 5 
we propose to reduce the time of implementation of 
work package by reducing the time of work imple-
mentation in graph 9; an important aspect is the 
reduction of time due to additionally borrowed funds, 

the minimal amount of which is 1152.10 hryvnias. 

We can add that the biggest amounts should be used to 
execute the types of works such as “Management of 
investment activity” and “Management of profits used 
for reinvestment”. 

Thus, having studied all the necessary aspects of the 
proposed model we can introduce a generalized 
scheme of network planning for insurance companies’ 
profits (Fig. 5). 
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Fig. 5. Generalized scheme of network planning of insurance companies’ profits 

Conclusion 

The proposed model is very effective for the modeling 
of insurance companies’ profits. The use of the network 
planning instruments is a method involving the optimi-
zation of the fulfilled work package consisting of sepa-
rate, interconnected links, the implementation of which 
 

should be subject to a clearly defined logical sequence. 
By using this scientific and methodical approach for 
modeling insurance companies’ profits we can conduct 
the planning of insurance companies’ profits both in the 
context of minimization of time needed for implemen-
tation of work package and minimization of costs. 

Research of risks and opportunities 
in the field of insurance and rapid 
response to them by the management 
of insurance companies 

Improving the profitability of the insurance company 
by establishing an adequate ratio between risks and 
profitability of operations contributing to its market 
value 

Stage 1. Identification of works, which characterize the transition graph for the system of planning of insurance 
companies’ profits

Stage 2. Structural table of the transition graph for the system of planning of insurance companies’ 
profits 

Stage 3. The ranking of work packages of the transition graph for the system of planning of insurance 
companies’ profits 

Stage 4. Interpretation of the system of planning of insurance companies’ profits by introducing transi-
tion graph for the network planning of management 

B0 

B1 

B2 

b1 

b2 

B3 

B4 

B5 

B6 

B7 

B8 

b3 

b4 

b5 
b6 

b7 
B9 B10 

B11 

B12 

b8

b9

b10

B13 

B14 

B15 

b11

b12 B16 

B17 

B18 
B19 

b13
b14 b15 

B20 

Stage 5. Quantitative evaluation of elements of the network graph of work package for the planning 
of insurance companies’ profits – determination of the critical path of the network graph 

Stage 6. Effective planning of insurance companies’ profits depending on the tactical plans and stra-
tegic management through the use of the CPM method (Critical Path Method). 

Stage 7. Qualitative interpretation of the results of optimization of the network graph carried out both 
in the context of minimization of time needed for implementation of work package and minimization 
of costs. 
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