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Abstract. The choice of the optimal option for the production of  in the 
construction of buildings and structures is based on a preliminary 
generalization and analysis of the most promising options for the 

implementation of construction and installation  from which the most 
rational optimal in the is selected conditions under consideration. The 
purpose of the study is to determine the optimal option for production of at 
the convex cost function. We used the method of the determination of costs 
on the duration of works, represented by a convex function showing the 
shorter the duration of the project the more costs are required when it is 
reduced by the same amount. The key parameters affecting the final result 
of construction are the duration cost and quality of performed. 
Consequently, one of the main tasks is to draw up a works schedule with 

close coordination of the resources necessary for their implementation. To 
do this we have to solve problems associated with the distribution of 
limited resources. In this case, the technological interdependence between 
the works performed, which may be of a different nature, should be taken 
into account. As the results, new approaches were founded to developing a 
strategy for the selection of options for construction and installation works 
in order to ensure contractual deadlines for their implementation and 
minimize the funds spent on their implementation taking into account the 

nature of the dependencies between the works performed is an urgent and 
important problem. 

1 Introduction 

Construction production is multivariate in nature that is each works can be performed in 

several ways both from the point of view of technology and from the point of view of the 

organization of its implementation [1]. Existing models for the selection of organizational 

and technological solutions for the implementation of construction and installation are 

mainly aimed at ensuring that the resources attracted by the construction organization meet 

the requirements dictated by the works performed and at choosing the most rational scheme 
for the movement of construction crews on construction sites that will help to reduce the 

construction time. [2, 3] 
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In cases when it comes to the implementation of construction and installation at one 

facility the relationships between the jobs are unchanged and their violation is impossible or 

involves very high costs [4]. If construction and installation are carried out at various 

facilities, the relationships between such are advisory in nature and their violation is 

possible but leads to additional costs. The effectiveness of these costs must be established at 

the stage of organizational and technological design. [5-7] 

A construction organization usually performs works simultaneously on a number of 

construction sites and the nomenclature of such construction sites is constantly changing 

and the organization's activities must ensure that the works is completed within the time 

specified by contractual obligations [9-11]. Considering that the reduction of the terms of 

the works can be achieved under constant production and technological conditions (with 
constant technical equipment and a given level of labor productivity) only due to the 

saturation of additional resources or due to the combined execution of works it is obvious 

that the desire of the enterprise to meet the contractual deadlines works often leads to 

additional costs. In this regard the problem arises of choosing options for the production of 

at the facilities arises so that if the contractual deadlines are met the minimum necessary 

amount of additional financial resources would be provided. [12-15] 

2 Materials and methods 

The dependence of costs on the duration of works [16] can be represented by a convex 

function showing the shorter the duration of the project the more costs are required when it 

is reduced by the same amount. In the particular case when the amount of reduction in the 

duration of any works [17] is a multiple of a certain number   (that is, the duration of 

works can be reduced by, 2, 3  etc.) without loss of generality constraint we can accept 

  equal to 1 (Fig. 1).  

 

Fig. 1. Cost function 

When connecting discrete points on the graph of the function by line segments we 

obtain a continuous piecewise-linear function of convex shape. We replace the discrete 
dependencies of costs on the duration of the works with the obtained continuous 
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dependencies. Since as a rule the duration of the project is an integer there is always an 

integer solution to the problem of minimizing costs that is, a solution in which the duration 

of all works is an integer.  

The noted property allows us to efficiently solve cost optimization problems for 

sequential and parallel sets of jobs [18] like convex programming problems. This is 

especially true of the minimization problem for a sequential set of jobs which in the discrete 

case is a difficult discrete optimization problem. [19] 

Algorithms for solving cost minimization problems for sequential and parallel sets of 

jobs in the convex case are given below. 

The dependence of costs on the duration of the i - works [20] is conveniently presented 

in the form of a table. 1. Its upper line contains the possible duration of works from a 
minimum of 4 to standard 9 and the bottom line shows the increment of costs Кi when the 

duration is reduced by one with the exception of the rightmost number which is equal to the 

norm effective costs with a standard duration. 

Table 1. The dependence of costs on the duration of the i - works 

i
  4 5 6 7 8 9 

Кi 3 3 2 2 1 4 

To obtain the cost value for a given duration i it is enough to add all the numbers Кi bottom 

line from i up to standard duration Di. For example the costs of i = 7 are equal S (7) = 2 + 

1 + 4 = 7. 

Parallel set of. Let be dii Di, where Di - standard duration, di - minimum duration. It is 

obvious that the duration T of the parallel set of lies within 

i
i

i
i

DminTdmax      (1) 

For a given Т, we determine the costs Si(T) for each works as described above and 

summarize them. This amount determines the minimum costs with a duration of no more 

than Т. 
Consistent set of works. Obviously the duration of a sequential set of works lies within 

DDTdd
i

i

i
i

i
      (2) 

where D is the standard duration of a sequential set of. To describe the algorithm for 

solving the problem for a sequential set of first we illustrate it with an example. 

We have 10 = 1 + 2 + 3+ 4  Т  4 + 5 + 6 + 7 = 22. 

3 Results and discussion 

We use the proposed algorithm to solve the problems of organizational and technological 

design. 

Example 1 

We take the number of equal to 4. The source data are given in table.2. 

 

Table 2. Cost dependency for a given duration of work 

i 1 2 3 4 5 6 7 8 

K1 2 1 1 4     

K2  3 3 2 1    

K3   4 4 3 6   
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K4    5 5 2 3  

Let be Т = 15 that is, it is required to reduce the duration of the work package by 22 – 

15 = 7 units. To do this, moving from right to left in the table. 2 we select 7 smallest K i 

numbers. Note that the number Ki = 1 equally 2, number Ki  2 equally 5, а number Ki  3 

equally 8. Therefore we select 7 numbers Ki  3. Two options are possible.  

In the first version 1=1, 2=3, 3= 5, 4=6, Т = 15 

costly S1+S2+S3+S4 = 8+6+9+5=28. 

In the second option 1=1, 2=2, 3= 6, 4=6, Т = 15 

at the same costs S1+S2+S3+S4 = 8+6+9+5=28. 

Thus to obtain the optimal solution it is necessary to select (D-Т) the smallest Ki 

coefficients, the selected coefficients determine the duration of works and the costs 

accordingly. As can be seen from the description both algorithms can effectively solve the 

problem of minimizing costs for sequential and parallel sets of works. Since these two tasks 

are the main ones in the algorithm for solving the general problem of minimizing costs the 

efficiency of the algorithm also increases [20]. 
Example 2 

Consider the network diagram (Fig. 2). 

 

Fig.2. Network diagram 

Figure 3 shows the converted aggregated network diagram and figure 4 shows us 

aggregation tree. 

 

Fig.3. Converted aggregated network diagram 

Data on the work are given in tables 3-7. 

 

Fig.4. Aggregation tree 

Table 3. Cost dependency for a given duration of work 

i 1 2 3 4 5 6 7 8 

K1а  3 2 5     
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K1б  3 2 5     

K2 2 1 3      

K3   4 3 3    

K4   5 3 2    

Step 1: Build a table for aggregated work 5. We have data of table 4. 

Table 4. Cost dependency for a given duration of work 5 

5
  9 8 7 6 5 

S5 8 10 13 16 20 

Step 2: Build a table for aggregated work 6. We have data of table 5. 

Table 5. Cost dependency for a given duration of work 6 

6
  4 3 2 

S6 8 140 14 

Step 3: Build a table for aggregated work 7. We have data of table 6. 

Table 6. Cost dependency for a given duration of work 7 

7
  9 8 7 6 5 

S7 10 12 15 19 24 

Step 4: Build a table for aggregated work 8. We have data of table 7. 

Table 7. Cost dependency for a given duration of work 8 

8
  9 8 7 6 5 

S8 18 22 28 35 44 

We construct a parametric dependence of costs on the duration of the project: 

1. Т = 9, S = 18. All work is performed with a standard duration. 

2. Т = 8, S = 22. Work 1a is performed with duration of  step 3, work 1b is also 

with duration of step 3, the rest of the work with a standard duration. 

3. Т = 7, S = 28. Work 4 is performed with duration of step 4, work 3 also with 

duration of step 4. 

4. Т = 6, S = 35. Work 1 is performed with a minimum duration of step 2, work 2 
with duration of step 2, work 3 and 4 with duration of step 4. 

5. Т = 5, S = 44. All work is performed with a minimum duration with the 

exception of work 2 which is performed with duration of 2. 

In this example in all cases solving the transformed problem — for the aggregated network 

— gives an acceptable solution to the original problem. 

4 Conclusions 

A model is proposed for the selection of options for the production of construction and 

installation works with a minimum of funds allocated to reduce the time for their 

implementation which differs by taking into account the technological sequence of the 
work and allows you to get a plan that can be implemented with minimal costs.  
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The model for choosing options for the production of works [21], taking into account the 

property of convexity of the cost function, makes it possible to significantly simplify the 

procedure for obtaining a solution. 

The developed models allow selecting options for the production of works that minimize the 

additional funds allocated to reduce the time required to complete the work when the contractual 

terms for the erection of construction projects are complied.  
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