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Abstract — The article describes the solution to the problem 

of placing elements in blocks on a crystal model based on a 

genetic algorithm (GA), which allows creating an algorithmic 

environment in the field of genetic search for solving the 

problem of placing elements on a crystal, taking into account the 

criterion for the maximum number of linear segments. The 

purpose of this work is to find ways of placing elements in blocks 

based on a genetic algorithm. The scientific novelty lies in the 

development of a modified genetic algorithm for computer-

aided design of very large-scale integrated circuits, taking into 

account the criterion for the maximum number of line segments. 

The problem statement in this work is as follows: to optimize the 

placement of elements in blocks by using a modified GA taking 

into account the criterion for the maximum number of line 

segments. A fundamental difference from the known 

approaches in the use of new modified genetic structures in 

computer-aided design, in addition, the paper presents a new 

method for placing elements on a crystal, based on a modified 

GA, taking into account the criterion for the maximum number 

of linear segments. Thus, the problem of creating methods, 

algorithms and software for automated placement of elements 

on a chip is currently of particular relevance. 

Keywords — genetic algorithms, graphs and hypergraphs, 

evolutionary computing, design automation, CAD, electronic 

production. 

I. INTRODUCTION 

The main requirement when placing fragments on a chip 
is to create conditions that ensure complete routing of 
connections. It is necessary to take into account the 
characteristic properties of the crystal structure that have a 
significant impact on the results of the tracing.  First of all, it 
should be noted that the number of vertical lines is 
approximately twice the number of horizontal ones. 
Therefore, it is preferable to implement connections with 
vertical segments. Moreover, from the point of view of the 
most economical use of the crystal resource, linear segments 
can be considered optimal. According to [1], the problem of 
placing elements in blocks on a crystal model belongs to NP 
complete problems [2], which means that in the general case, 
its solution, in principle, cannot be found in a finite time by 
any algorithm. To eliminate this problem, modified versions 
of the GA were developed, which take into account the 
criteria for the maximum number of linear segments.  

Line segments represent the shortest implementation of 
connections, do not contain vials, do not occupy horizontal 
backbones. In addition, when using the most common two-
layer routing technique, where all horizontal segments are in 
one layer and vertical segments are in another, and the route 
pivots are not located on the vertical trunks passing through 

the pins of other routes in this channel, line segments do not 
impose any restrictions. for the implementation of the 
remaining routes. The above considerations are also 
confirmed by practical experience in the design of very large 
scale integrated circuits of this type [3]. 

II. PROBLEM STATEMENT 

Obtaining a matrix arrangement of elements in blocks on 
a crystal model, which is an orthogonal lattice, at the nodes 
of which it is required to place the vertices that represent the 
internal blocks. The number of rows of this matrix is equal to 
the number of Q lines on the crystal, and the number of 
columns is [N / Q], where N is the number of blocks. The 
criterion for the optimality of the transition from the force 
placement to the matrix one is the minimum change in the 
coordinates of the centers of the blocks and the maximum of 
the vertical edges. To solve this problem, a constructive 
genetic algorithm for obtaining an initial variant and iterative 
algorithms for improving placement are used. The initial 
placement algorithm is based on a sequential principle with 
the installation at the next step either one element or a group 
of blocks that form a "vertical chain". So, for the example 
under consideration “Fig. 1, b”, at the first step, a group of 
blocks B5, B4, B1 is set in the first column, and at the second 
- B6, B2, B3 “Fig. 2, a” [3, 4].  

    

Fig. 1. – Initial variant of placement (a), and its model T (b) 

The constraints of the problem are: requirements for the 
formation of a separate block from each peripheral element; 
fulfillment of inequality ∆𝑖≤ ∆ for each block i, ∆𝑖  – total 
length of block elements. As a criterion for optimal 
placement, it is advisable to use the maximum number of 
internal chains of the block. This criterion can be considered 
justified, firstly, because it is associated with the minimum 
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total length of the joints, and secondly, with this criterion, the 
description of the entire circuit with respect to the sides. 

Therefore, in addition to the traditional criterion of 
optimal placement (minimum of the total length of the 
connection), when placing the elements on the chip, it is 
necessary to take into account the criterion of the maximum 
number of LS [4]. 

  

Fig. 2. –  Examples of linear segments on the crystal model are given  

Equation (1) reveals the necessary conditions for 
performing a complete trace that can be taken into account 
during the deployment phase.  The first of them limits the 
number of elements and transit routes in each line [5].  

∑𝐿𝑖 + 〈(𝑛𝑡 − 𝑛𝑝)𝑙0/𝑝0〉

𝑖=𝐸

≤ 𝐿, (1) 

where E – many items placed in a ruler; 𝐿𝑖  – element 
length 𝑖; 𝑛𝑡 – number of transit routes, crossing the ruler; 𝑛𝑝 

– total number of passes in ruler elements; 𝑙0 – cell length; 𝑝0 
– maximum number of transit traces passing through the cell 
of the base crystal; designation [А] defines a non-negative 
minimal integer 𝐵 ≥ 𝐴; L – ruler length.  

The second condition limits the number 𝑛𝑠  trails, 
crossing the vertical section s, 

𝑛𝑠 ≤ 𝑛𝑚𝑎𝑥, (2) 

where 𝑛𝑚𝑎𝑥 – the total number of horizontal lines in all 
channels. Condition, as in (2), must be fulfilled for all vertical 
sections of the crystal.  

Optimization of the resulting placement option is 
performed by the bionspirated method [6, 7] taking into 
account the criterion of the maximum number of line 
segments. Moreover, it is enough to control the constraints 
only in the sections passing through the blocks. 

After an improved variant of block placement is found 
that satisfies the given criterion, the stage of placement of 
transistor traces is performed. To solve this problem, model 
T is used in the form of a set of horizontal rows of vertices 
(the placement of blocks “Fig. 3, a” corresponds to the model 
shown in “Fig. 3, b”). Each vertex represents an element (in 
the figure, such vertices are blackened) or an interblock gap 
and is characterized by a bandwidth that determines the 
maximum allowable number of transistor traces passing 

through this vertex. Number of rows in the model T equal to 
the number of lines on the crystal. 

The throughput of the vertex displaying an element is 
equal to the total number of passes in the elements of this 
block. The bandwidth of the vertex corresponding to the 
interblock spacing depends on the crystal design. Usually, 
this value is determined by the distance between adjacent 
macrocells, and in a line crystal, the total throughput of 
interblock blocks is limited by the difference between the 
long line and the total length of blocks in the line. 

For each transistor trace, two lines are known i, j elements 
in which it connects. Moreover, the line may contain several 
elements incident to this track. It is required to determine for 
each transit route the elements and the inter-element gaps 
through which it passes. Examples of possible configurations 
of transistor traces are shown in “Fig.2”. The criterion for the 
optimal placement of transistor traces coincides with the 
criterion used when placing the elements. 

Let in the ruler 𝑖  vertices incidental to the transistor 
circuit under consideration lie on the segment [a, b], and in 
the ruler 𝑗 on the segment [c, d] “Fig. 3, a”. If the projections 
of these segments on the horizontal line intersect, then the 
transit alignment can consist of a single vertical segment. In 
“Fig. 4, a” three possible positions: 𝑡1, 𝑡2, 𝑡3 transistor traces 
are shown with a dashed line. To minimize the number of 
used horizontal lines, transistor traces are divided into two 
groups: with intersecting projections of the segments [a, b] 
and [c, d] and with non-intersecting ones. First, for each trace 
of the first group, a line segment is sought  𝑡𝑖. In this case, the 
following situations are possible: 1) there is no desired 
segment; 2) there is only one segment; 3) there are multiple 
valid segments. 

  

Fig. 3. – Examples of positions of transistor traces 

In the first situation, the track is transferred to the second 
group, in the third, the best segment is selected. In this case, 
preference is given to the segment that passes through the 
blocks. Pulling the route through the inter-block gap may 
require additional area equal to the area of one cell. In 
addition, such routing may require block displacement and 
lead to a decrease in the number of LANs. Let us denote by  
𝑝𝜗  number of transistor traces through the vertex 𝜗. If all 
valid segments pass through vertices with a value 𝑝, not a 
multiple of the cell bandwidth. In addition, preference is 
given to the segment passing through the vertices that lie on 
the same vertical line with the vertices 𝜗, such, that 𝑝𝜗 ≠ 0. 

For each trace of the second group, there are two most 
preferred configurations, examples 𝑡1, 𝑡2 which are shown in 
“Fig. 5, b”. Trails (e.g. t_3), location between 𝑡1 and 𝑡2, also 
have a minimum length, but one turn more, while tracks 
located to the left or to the right may have only one turn, but 
a longer length (tracks 𝑡4 − 𝑡7 ). The configuration of the 
route is several valid configurations, the best one is chosen 
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according to the same rules that were applied for the routes 
of the first group [9, 10]. 

All unplaced traces are implemented using arbitrary 
configurations. In this case, a vertex is sequentially selected 
in each intermediate line through which the trace is drawn, 
and the rules for choosing the next vertex coincide with the 
rules for choosing a vertical segment of the trace of the first 
group. At the next stage, the exact values of the coordinates 
of the segments and transistor traces on the crystal are 
determined. This operation is performed using the model  𝑇 
by sequential placement of fragments in the rulers so that the 
left border of each block coincides with the left border of the 
cell on the crystal.  

The final stage is the placement of elements and transistor 
traces inside each block. The initial placement is performed 
by a sequential algorithm according to the criterion 
coinciding with that used in the previous stages. To assess the 
optimality criterion, it is necessary to know the location of the 
traces connecting the elements in the considered ruler and the 
elements placed in adjacent rulers [11]. The position of the 
trace is characterized by a horizontal line interval, the left 
boundary of which coincides with the minimum coordinate 
of the output incident to this target, and the right one - with 
the maximum. During the placement of elements, the spacing 
of the chains is refined. Before placing elements, the spacing 
of the nets is determined by the coordinates of the centers of 
the blocks. So, chains 1 and 2 characterize the position of 
already placed elements. Simultaneously with the elements, 
the transistor traces defined at the previous stage are also 
placed inside the block, which are assigned to specific passes 
in the elements.  

 

Fig. 4. – Examples of positions of transistor traces  

After the initial placement, a genetic algorithm is used 
with the help of which the pairs of adjacent block elements 
are permuted. Consideration of pairs of only neighboring 
elements leads to simplification of the determination of the 
criterion change. The peculiarity of the algorithm is that when 
determining the best arrangement of neighboring elements, 
the best assignment of transistor traces to the passes of these 
elements is selected. If an element contains logically 
invariant leads or groups of such leads, then an additional 
optimization procedure can be applied, during which the 
corresponding nets are assigned to invariant leads. 

III. HYBRID GENETIC ALGORITHM  

When modeling, it is possible to combine all types and 
forms of evolution. Figure 5 shows the basic structure of 
genetic search based on the use of evolutionary models of 
Darwin, Lamarck, de Vries. Here, on the basis of the scale of 
evolution, when interacting with the external environment, 
signals are generated 0 - for the implementation of Darwin's 
evolution; 1 - for the implementation of the evolution of 
Lamarck; 0.5 - for the implementation of de Vries.   

 

Fig. 5. – Basic structure of genetic search based on the evolution of 
Darwin, Lamarck and de Vries.  

The expert system allows you to formulate a set of rules 
for constructing the objective function and the end of the 
search. Repetition of the evolutionary search is possible for 
preliminary convergence of the algorithm or upon reaching a 
given value of the objective function. A feature of this 
scheme is the use of search strategies. 

Figure 6 shows a modification of the basic structure of 
genetic search based on the use of the evolution models of 
Darwin, Lamarck, de Vries and Popper. Here, in contrast to 
the basic structure, the scale of evolution, interacting only 
with the external environment, generates signals to choose 
the evolution of Darwin (0), Lamarck (1), de Vries (0.5). 
After that, the Popper evolution model is executed, which 
implements one of the types of heuristic search in the form of 
a trial and error method.  

 

Fig. 6. – Modification of the basic structure  

Adaptation and migration blocks have been added to the 
feedback loop. Adaptation and migration blocks make it 
possible to build order out of chaos, establish a balance in the 
system, and select parameters to control evolutionary search 
in order to obtain optimal and quasi-optimal solutions. 

In terms of the number of traces realized and elements 
placed, the modified genetic algorithm, on average, gave a 
result that is 17-23% more efficient than the basic structure 
of genetic search based on the evolution of Darwin, Lamarck 
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and de Vries. An example of optimal placement by a 
modified genetic algorithm is shown in “Fig. 7”. 

 

Fig. 7. – Fragment of the scheme of optimal placement of elements by a 
modified genetic algorithm 

When placing elements on a crystal model using a 
modified genetic algorithm, the placement of the placed 
elements has an optimal shape, which gives an advantage at 
the stage of correcting the circuit topology. 

IV. CONCLUSION 

The article describes a new approach to solving the 
problem of placing elements on a chip based on GA, which 
makes it possible to create an algorithmic environment in the 
field of genetic search for solving the problem of placing 
elements on a crystal, taking into account the criterion for the 
maximum number of line segments and possible restrictions. 
The criterion of linear segments for the implementation of the 
technique and possible limitations during the initial 
placement are described. Examples of the positions of the laid 
routes, the structure of the modified basic structure of the 
genetic algorithm are given. A comparative test was carried 
out with the basic structure of the genetic search, which 
showed the advantages of the modified genetic algorithm.  
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