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xi
k = {1, if project i is selected for cluster k;

0, else.
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Then the problem under consideration can 
be written as follows:
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Remark 1:


Suppose  is the volume 
production per year  if the 
project  is implemented in the 
cluster . If this project is 
launched  years later, the annual 
production during year  will be 

. So, each project in the 
set  is characterized, in 
particular, by its beginning. 
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Remark 2:


Profit from project 
implementation depends on the 
year of its launch, as money 
depreciates over the years.  In 
this regard, at the stage of 
preliminary calculations, we 
recount values associated with 
investment and profit. 

Then the problem under consideration can 
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The problem without restrictions on 
production volumes

 -  the amount of the investment 
allocated for the development of the 
cluster 


 - profit function for each cluster 

ck

k
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∑
k∈K

qk(ck) → max
ck∈[0,C]

,

∑
k∈K

ck ≤ C .

Solving the problem (5)-(6), we choose «best» project for each cluster.



We will not change the projects selected for each cluster as a result of solving the problem 
(5)-(6). We will try to determine the moments of launching these projects so that 
inequalities (4) fulfill, and profit takes maximal value.

: ∀t ∈ [1,T] ∑
k∈K

dk(t) ≤ D(t) .

Assume that project whose beginning is shifted by  years in the cluster  - is 
another project.


Then for each cluster, there is a set of projects, which we denote as before by  
( ).


i ∈ [0,tk] k

Pk
|Pk | = tk + 1

Approximate algorithm
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 if and only if the start of the cluster 
project  is shifted by  years.
xi
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To construct a feasible solution we use greedy algorithm (GA). 


Suppose we order the projects according to the years of their launch.


  - the permutation of the cluster numbers  


Denote by  the list of ordered projects. 


1) The first project starts without delay (with zero shift). We exclude it from the . 


2) For the first project of the updated set , we determine its earliest* start time 
and exclude this project from the set .


3) Continue the process until the start year of the last project  is found.


* - is no less than the start time of a previous project 


π {1,2,…, n}

P(π)

P(π)

P(π)
P(π)

π(n)
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Using the GA, one can construct  a solution for each permutation  of the cluster 
number. Therefore, it is essential to find a permutation where the solution 
constructed in such way is near-optimal. For this reason, we suggest a local search 
procedure for permutations starting from some promising one. 


In particular, we can start with . At each step, the algorithm iterates 
through permutations from the neighborhood of the currently selected one: .


While it is possible to improve the solution, the method iterates over the 
"neighbors" of the current permutation. We consider two permutations that have the 
same elements in all positions, except for two, whose values are reversed, to be 
«neighbors».

π = {1,2,…, n}
π
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Lemma 1


If the order of launching the projects is known, the annual production schedules for all projects 
are non-increasing, and , , then the GA determines the optimal start 
year for all projects.

D(t) = D = const t ∈ [1,T]
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Thank you for your attention!


