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Abstract: One of the most important issues that should be strictly considered when wiring the electrical and
telecommunications distribution networks in residential areas is choosing the appropriate direction to conduct the
wiring project. Lack of attention to this significant issue causes huge economic and technical costs including
reduced efficiency of electrical and telecommunications distribution networks. There are several factors in choosing
the appropriate direction in each of the residential areas, whose checking can be very time-consuming and full of
human errors. Using the methods of artificial intelligence (AI) might be instrumental. In this article, at first all the
possible zones in a residential area to be wired are going to be calculated and equated in terms of a tree with roots
and nodes with the functions of specific costs. Then, using the A-STAR iterative deepening search algorithm (IDA*)
the best routes between the points of origin and destination are going to be determined, and finally the results of a
simulated sample with the considered algorithm is going to be presented.
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1. Introduction capacity of memory [5]. The simplest way of
The optimization operations of the electrical decreasing the need for memory in A*, is suing the
and telecommunications distribution networks iterative deepening search algorithm (IDA*) [6].
require implementing the fast and exact algorithms to IDA* operates the depth first-search [7] by cutting
verify these operations. One of the most significant and shortening the routes that are more than one cost
factors needs to be considered is routing the locations threshold, successively. The first amount of this
of power and telecommunications cables [1]. To boundary is the first node found in the considerable
determine the suitable place for cabling in the routing. If no solution is found up, the amount of the
networks, it is important to route for several times threshold cost is updated, and through a relative
among different posts. These operations are very increase compared to the previous stage, the
time-consuming and full of human errors. algorithm iterates until the optimized solution is
Furthermore, in some cases the solution found cannot found up. In this article, the researcher first creates
be implemented practically. The artificial intelligence the search tree and determines the amounts of the tree
algorithms can present appropriate solutions. In this casts with the functional definitions, and extracts the
method, we try to approximate the target correctly optimized answer with the IDA* algorithm. Finally,
without examining all the probable modes. he presents the results of a simulated sample.
One of the important search methods in the artificial
intelligence is the A-STAR algorithm (A*) [2]. In 1.1. Creating the Search Tree
this method, the cost function is used as the One of the problems in working with
following: routing programs and searching the optimized route
is to extract and collect the data and present them in a
F (n)=g (n)+h (n) database to use the routing programs and algorithms
[8]. The primary raw geographical data include only
In this function, g (n) stands for the route some points and lines that show the available streets
cost from the beginning node to the node (n), and h and routes. One street or simple route, which includes
(n) stands for the direct cost (the cheapest route) from no crossroads, triode, or roundabout and extends
the node n to the target node. Therefore, the route is directly, includes two or four information points,
acceptable if f (n) is in the least amount in it. Of have their own horizontal and vertical specifications.
course, other methods such as fringe-saving A¥*, Each street is called a root; for example, in a
(FSA*) [3], and generalized-adaptive A* (GAA*) [4] residential area, which includes 200 streets and each
are also considerable. The problem happens during street includes 50 crossroads, or triodes, or squares,
using the search algorithm A* is the need for a huge 6000 roots might be existed. If we save the
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information of each crossroads, the triode, or the
square as a node in the memory, and summarize the
data of each front root in one root, the volume of the
required data will be reduced to about one-third, i.e.
2000 roots [9].
2.1. Determining the Functions of Costs of Roots
and Nodes
To use the A-STAR iterative deepening

search algorithm (IDA*) from the search tree, we
have to calculate the cost of real and geographical
routes between the two nodes, i.e. f-cost (root) as
well as the cost of the direct the ideal route between
the two nodes, i.e. f-cost(node). In this regard, the
cost function of the route should at least include the
following effective factors:

- Route length

- The cost of drilling

- Route slope

- Hardness of work

The route length affects directly the cost of
laying cables. The cost of drilling changes depending
on the type of soil. The route slope increases the
costs. Finally, it is easier to work in the wider streets
than in narrow and crowded ones. The cost function,
f-cost (root) can be considered as the following:
F-Cost (root) =L (Kgx D+ H+ KX S)
In which:
L: the root length of the real route
Kg: coefficient of the drilling cost (depending on the
type of soil)
D: the drilling cost per unit length
K,: coefficient of the extra cost, related to the route
slope
S: the real route slope, (unit percentage)
H: extra cost related to the hardness of the work
Moreover, the function of cost f-cost (node) is as the
following:
F-Cost (node) = L' (Kgx D+ H + Kx S')
In which:
L'": the length of the direct route of the two nodes
S': the direct slope of the two nodes, (unit percentage)
3.1. Finding the Optimized Route Based on the A-
STAR Iterative Deepening Search Algorithm
(IDA¥)

When the search tree was completed, postulate
that the goal of determining an optimized route
between the two nodes A and B is in the tree, where
A is the point of origin and B is the point of
destination. If we select a node in the route from A to
B, and name it n, we can use the following
equivalents:

g (n) = f-Cost(root A-n)
H (n) = f - Cost (node n-B)
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Then the lowest cost function can be achieved from
the A-STAR algorithm, i.e. f(n) = g(n) + h(n), and the
optimized answer can be found up [10]. However,
since implementing this function asks for a huge
memory, we use the A-STAR iterative deepening
search algorithm (IDA*). In this algorithm each of
the iterations is a depth cost search that constantly
uses a boundary of f-cost. Therefore, each of the
iterations develops all the internal nodes for the
current f-cost. It searches above the area as well to
find the next area. When the internal search of an
area was completed, it starts a new iteration by the
use of a new f-cost for the next area to achieve the
goal [11].

The IDA algorithm has been stated in the following:

Fanction IDA*{ problem) returns a solution sequesce
inputs: problem, 3 problem
Tocal variables: flimir, the current f- CosT limit
rogl, anode

7001 = MAKE-NODE(INTTIAL-STATE[probleni])
Himit 4= f- CosT{rof)
loop do
solution, f-limit += DFS-CONTOUR{root, f-limir)
If solurion is non-nall then return solution
If f-limit = o0 then return filure; end

funetion DFS-CONTOUR(node, -limlr) returns  solution sequence and a new f- COST limit
inputs: node, 1 node
[, the eurrent f- COST limit
Tocal variables: nexro, the f- COST limit for the next contour, initially oo

i - CosT{node] > fHimit then return null, /- Costinade]
i GoaL-Test(problem)(STaTe{node]) then return node, flimit
for each node £ In SUCCESSORS(nade) do
solution, new-f  DFS-CONTOURYs, f-limir)
If solution is non-aull then return solution, f-limit
Atarf = Mik(nestf newf); end
et null, nexef

Figurel: The IDA algorithm

4.1. The Results of the Simulation

The IDA algorithm was implemented for a
boundary, length of 2 kilometers and a width of 5.1
kilometers, with about 200 routes, crossroads,
triodes, and squares. First, for the algorithm, the node
of origin (A), and the node of the destination (B)
were determined. Then the output of the algorithm
was produced as the following:
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Figure2: output of the algorithm
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2. Discussions

To calculate the optimization of the electrical
and telecommunications distribution networks, fast,
exact, optimized, and full search programs are
needed. Thus IDA* algorithm can be the best and the
most suitable choice. Due to the high volume of
information and the street and route connections, it is
impossible to search all the modes. Therefore through
determining the cost functions and search in the
boundary of specific costs, the considered goal can be
achieved. This model can be used for determining the
optimized route for the water-supply networks.
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