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ABSTRACT

In communication system of network routing algorithm acts an important role. The efficiency of a parallel
system depends on the reliable and efficient routing algorithm which is used to route the messages
between the fault-free nodes. In this paper a new class of interconnection network of Octagon-Cell is
introduced, which is called Multilayer Octagon-Cell (MLO). The structure of Multilayer Octagon-cell is
recursive in nature. It can be expanded, if we increase the depth of MLO. This paper introduces the node
degree, diameter, number of links, bisection width of the MLO network and we have also developed the
optimal routing algorithm of MLO.

Keywords: Multilayer Octagon-Cell; Octagon-Cell; Interconnection topology; Routing; Routing algorithm;
Network services.

1 Introduction

In parallel system, the efficiency of communication system depends on the routing algorithm adopted in
the system. Parallel processing system is used in many areas such as image processing and scientific
computing and many problems can be solved in these areas using parallel processing elements [1-7]. The
degree of a node in an interconnection network is related to the cost of hardware and message passing
time is related to diameter of the network [16]. In an interconnection network, throughput is increased if
the degree of network is decreased. Some features in the network of parallel machines are highly
desirable such as minimal communication cost, efficient routing and the capability of topological
structures [3]. The underlying communication network and the matching of the algorithm with the
network structure strongly affect the performance of parallel machines. In this paper we have described
a new topological structure called MLO with its optimal routing algorithm.

2 Description of Octagon-Cell Network

An interconnection network can be viewed as an undirected graph, in which vertices correspond to
processors and edges correspond to the bidirectional communication links between processing elements
[3]. An octagon-cell has eight nodes. It has d levels numbered from 1 to d with depth d. Level 1 represents
one octagon-cell. Level 2 represents eight octagon-cells surrounding the octagon-cell at level 1. Level 3
represents 16 octagon-cells surrounding the 8 octagon-cells at level 2 and so on.
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Figure 1: Addressing nodes in Octagon-Cell with level: 1
(X,Y represents line no-X with node no-Y)
Each level i has Ni nodes, representing processing elements and interconnected in a ring structure. In an

octagon-cell network, the number of nodes at level i is: Ni= 8(4i-3)

Now at level 1, N; = 8, since there is a single octagon-cell with 8 vertices. Level 2 introduces 8 octagon-
cells. Therefore at level 2 the number of nodes

N, = 8(4*2-3) = 8*5 =40, N3 = 8(4*3-3) =8*9 =72
In octagon-cell the level (i+1) has 32 nodes in addition to corresponding nodes to those at level i. Therefore
N; = 8 + (i-1)*¥32 = 8432*i—32 = 32*j-24 = 8(4*i-3)
The total number of nodes in an octagon-cell network is,
N=Y8(4i —3)=32)i-Y24 =322 ,i-2451
=32d (d+1)/2-24d = 16d*- 8d = 8d (2d-1)
Or we can write N = 8i (2i-1),
Now N = 16d°-8d or 16d = N+8d or d?= N+8d/16 or d = 1/4 \/(N + 8d)
Therefore the total no of nodes at level 1is N = 8(2*1-1) =8
At level 2, N = 8(2*4-2) = 48

At level 3, N = 8(2*9-3) = 120 and so on.

10,1 102 10,3 10.4 10,5 10,6

Figure 2: Addressing nodes in Octagon-Cell with level:2
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3 Multilayer Octagon-Cell Interconnection Network

3.1 Number of Nodes

Multilayer Octagon-Cell (MLO) is a modular interconnection network which consists of layers of identical
Octagon-Cell networks connected together in a hierarchical order. The MLO is represented as MLO (k, d),
where k denotes the layer number and d denotes the depth of the identical Octagon-Cell. Each Layer k
has Ninodes, where N; = 8kd (2d-1).

3.2 Node Degree

The node degree on an interconnection network is defined as the maximum number of edges that a node
can have in the network [3]. The node degree of MLO with depth 1is 3. If d > 1, then node degree remains
constant, that is 4. The network topology which secures constant node degree is highly desirable. Constant
node degree facilitates modularity in building blocks for scalable systems [3,9-11]. Therefore the node
degree of MLO is constant when d > 1.

3.3 Diameter

The diameter (D) of a network is defined as the maximum shortest path between any two nodes [3,9-11].
The path length is measured by the number of links traversed. The network diameter indicates the
maximum number of distinct hops between any two nodes. The network diameter should be as small as
possible.

The diameter is given by 4(2d-1) + k.

3.4 Number of Nodes:
The total number of nodes in octagon-cell network is given by the formula: 8d (2d-1)
So the total number of nodes in MLO is given by 8kd (2d-1).

3.5 Bisection width:

When we cut a network into two equal haves, the minimum number of edges or channels along that cut
is called the channel bisection width [3,9-11]. Here we have denoted it as ‘b’. The bisection width provides
a good indicator of the maximum communication bandwidth along the bisection of a network. In octagon-
cell network the bisection width is 2d. Therefore in MLO it is k (2d).

Layer-1
LL1 112 113 L14 L15 LL6

Figure 3: Multilayer Octagon-Cell network with two layers and two levels
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4 Proposed Routing Algorithm in MLO
Information can be transmitted over a network from source to destination through a sequence of
intermediate switching / buffering stations or nodes by a function called routing. Routing is necessary
because in real systems not all nodes are directly connected. Routing algorithms can be classified as static
or dynamic, and centralized or distributed.

In this paper we have developed optimal point-to-point routing algorithm for multi layer octagon-cell
networks. An optimal routing algorithm is any network would route information or message from a source
to a destination along a shortest path. The routing algorithm can be centralized or distributed. In
centralized routing, a single processing element determines the shortest path from a given source node
to a given destination node. Then the message is sent along that path. In distributed routing however, all
intermediate nodes on the shortest path cooperate to find the shortest path using destination address.
Therefore each intermediate node needs only the destination address to determine which neighbor falls
on the shortest path to a given destination. In the routing algorithm each intermediate node determines
in constant time, which of its neighbors will receive the message.

The routing of message can be viewed as a sequence of changes made on the source address label to
become the destination address label. These changes are done at every intermediate node on the path
[3]. In MLO network when the message is received by an intermediate node, it will consider itself as a new
source. Here we have used the layer and line numbering scheme as follows. Each layer in the MLO is
identified by (K, X, Y), where k denotes the layer number in which the node exists, and Y denotes the
location of the node in the as shown above in fig-3.

We have developed a recursive routing algorithm for MLO network. Due to its recursive structure routing
can be done easily. In our algorithm we have used level numbering scheme. That is a node in MLO with
address (1,1,1) is the first node that exists at layer 1 and line number 1. The node (1,1,2) refers to the
second node that exists at layer 1 and line number 1 and so on.

4.1 Notations used in the algorithm

X: Represents the address of source node in the horizontal direction / Line number of source node in
horizontal direction.

Y; Represents the address of source node in the vertical direction / Serial number of the source node in
Xs line.

K; Represents the address of source layer.

Xa Represents the address of destination node in the horizontal direction / Line number of destination
node in horizontal direction.

Ys Represents the address of destination node in the vertical direction / Serial number of destination
node in X4 line.

Ks Represents the address of destination layer.
Xs mod 3 is assigned by a value which is the remainder after dividing X by 3.

- Arrows in our figures represent the destination point.
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. Darken circles in our figures represent the source point.
m  Represents the line number of the octagon_cell network in horizontal direction.

&& Represents logical AND
|l Represents logical OR

Note: In the following algorithms, we have taken only integral parts of the quotients by neglecting the
fractional parts where we have done division by using ‘/ ‘(division symbol)

NOTE: For each and every case the relation between K;and Ky may be:

i) Ks = Kq, This is the case of move in same layer
ii) Ks > K4, Here to reach at destination layer, the recursive function is
“Move (Ks-1,Xs,Ys, Ka,Xq,Ya) “

iii) Ks < Kg, Here to reach at destination layer, the recursive function is
“Move (K5+1,XS,YS, Kd,Xd,Yd) “

Before going to algorithm the reader should check the following conditions for source layer and
destination layer Ks, Ky respectively

If (ks= ka)
Move (ks, Xs, Vs, Kd, Xd, Va)
Else if (ks> kq)
Move (ks-1, Xs, Vs, Kd, Xd, Ya)
Else
Move (ks +1, Xs, Vs, Kd, Xd, Va)

Case-1(a) Optimal Routing Algorithm for Horizontal Move for lines m where mmod 3 =1 && X < [(d*5)
+ (d-2)] [Move from left to right, if (Xs= X4 && Y;< Y4) and Move from right to left, if (Xs = X4 && Ys> Yq)]

Move ( K., X,Ys, Kg,Xq,Ya)
If (ys < ya)
If (Xs = Xa && s is odd)
Move (ks, Xs, s + 1, kg, X4, Ya)
Else If (xs = x4 && ys is even)
Move (ks Xs + 1, ys/2 + 1, kg, Xd, Yd)
Else If (xs # Xa)
Move (ks, Xs- 1, 2ys- 1, kd, Xd, Yd)
Else
Destination reached

Else
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If (ys > ya)
If (Xs = x4 && ys is odd)

Move (ks, xs+1, ys/2+1, kg, Xd, Ya)
Else If (xs = x4 && ys is even)
Move (ks, Xs, Ys- 1, kd, Xd, Ya)
Else If (xs # Xq)
Move (ks, Xs-1, 2ys-2, k, Xd, Ya)
Else
If (ys = ya)
Go to Vertical Move
Else
Destination reached

Case-1(b) Optimal Routing Algorithm for Horizontal Move for lines m where m mod 3 = 1 && X = [(d*5)
+ (d-2)] [Move from left to right, if (Xs= X4 && Ys< Y4) and Move from right to left, if (Xs = X4 && Y;> Yq)]

Move ( Ks,Xs,Ys, Ka,Xq,Yd)
If (ys < ya)
If (xs = x4 && ys is odd)
Move (ks, Xs, s + 1, kg, X4, Ya)
Else If (xs = x4 && ys is even)
Move (ks Xs- 1, ys/2 + 1, ka, Xd, Ya)
Else If (xs # Xq)
Move (ks Xs+ 1, 2ys- 1, Kq, Xq, Va)
Else
Destination reached
Else
If (ys > ya)
If (Xs = Xa && s is odd)
Move (ks, Xs- 1, ys/2 + 1, kg, Xd, Yd)
Else If (xs = X4 && ys is even)
Move (ks, Xs, Ys- 1, ke, Xd, Ya)

Else If (xs # Xq)
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Move (ks xs+ 1, 2ys- 2, kg, Xd, Vd)
Else
If (ys = ya)
Go to Vertical Move
Else
Destination reached

Example 1.1 Let (Ks,Xs,Ys) =(1,1,3) and (Kg,X4Ya) = (1,1,8) be the source and destination nodes respectively.
To reach the destination the intermediate nodes for optimal paths are:

1,1,3->114-5123-5115-5116->124->11,7->11,8
The shortest path length is 7

Case-2 Optimal Routing Algorithm for Horizontal Move for lines m where m mod 3 # 1.[ Move from left
to right, If (Xs = X4 && Y; < Y4) and Move from right to left, if (X; = X4 && Y; > Y4)

Move ( K, Xs,Ys, Kdg,Xq,Yd)
If (Xs = Xg && Y5 < Yo && Xs mod 3=2)
If (xs = Xa && Xs mod 3=2)
Move (ks, Xs-1, 2ys-1, Kq, X4, Ya)
Else If (xs # x4 && ys is odd)
Move (ks, Xs, Ys + 1, K4, X4, Yd)
Else If (xs # X4 && ys is even)
Move (ks Xs + 1, ys/2+ 1, K, X4, Yd)
Else
Destination reached
Else
If (Xs = Xg && Ys< Ya && X, = 3n)
If (Xs = Xd && Xs = 3n)
Move (ks, Xs+1, 2ys-1, Kd, Xd, Ya)
Else If (xs # X4 && y; is odd)
Move (Ks, Xs, Vs + 1, kg, Xq, Ya)
Else If (xs # X4 && ys is even)
Move ((ks, Xs - 1, ys/2+ 1, Kq, X4, Ya)
Else

Destination reached
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Else

If (Xs = Xg && Y5> yq && X mod 3 = 2)
If (Xs = X¢ && Xs mod 3 = 2)
Move (ks, Xs-1, 2ys-2, kg, Xd, Ya)
Else If (xs # x4 && ys is even)
Move (ks, Xs, Ys - 1, Kd, Xd, Yd)
Else If (xs # x4 && ys is odd)
Move (ks, xs + 1, ys/2+ 1, kg, Xq, Ya)
Else
Destination reached
Else
If (Xs = Xg && Y5> ya && X5 = 3n)
If (Xs = Xg && Xs = 3n)
Move (ks, Xs+1, 2ys-2, K, Xd, Yd)
Else If (xs # x4 && ys is even)
Move (Xs, Ys - 1, X4, Yd)
Else If (xs # X4 && ys is odd)
Move (ks Xs - 1, ys/2+ 1, K, Xd, Ya)
Else
If (ys = ya)
Go to Vertical Move
Else
Destination reached

Example 2.1 Let (Ks,Xs,Ys) = (1,2,3) and (Kq,X4,Ya) =(2,2,8) be the source and destination nodes respectively.
To reach the destination the intermediate nodes for optimal paths are:

1,2,3>223->215>5216->22,4->217->218->225->219->2110->2,2,6->2111 >
2,1,1252,2,7>2,1,13>2,1,14 > 2,2,8

The shortest path length is 15

NOTE: In these algorithms first we check the main condition associated with If statement with the given
source nodes and destination nodes. The calculated intermediate nodes xs,ys may violate the main
condition. In example 2.1, given y; < yq. But one of the calculated intermediate node is 1,9 where xs =1, ys
=9 and ys > yq. In this case the reader shouldn’t jump to next group of algorithm for the condition ys > ya.
URL:http://dx.doi.org/10.14738/tnc.51.2466 n
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In case 2 we have four group of algorithms with four conditions. The reader should calculate the
intermediate nodes by using the same group algorithm.

Case-3 Optimal Routing Algorithm for Vertical Move for lines m = X; where m mod 3 = 1.[ Move from
top to bottom, If (X; < X4 && Y =Y4) ]

Move ( K, Xs,Ys, Ka,Xq,Ya)
If (ya=1 || 2)// Logical OR
For (i = xs to Xq4-1 in increasing order)
Move (ks, Xs+1, Vs, Kd, X4, Yd)
Else If (xs mod 3 =1 && x4 mod 3 # 1 && y; is odd)
Move (ks, Xs, Ys+1, kg, X4, Yd)
Else If ((xsmod 3 =1 && x¢smod 3 #1 && y;sis even && Xs< Xq) | |
(xsmod 3=1&& xgmod 3 =1))
Move (ks, xs+1, ys/2+1, kq, X, Ya)
Else If (xs mod 3 =1 && xg mod 3 # 1 && y; is even && Xs > Xq)
Move (ks, Xs-1, ys/2+1, kg, X4, Yd)
Else If ((xsmod3 =2 && xsmod 3 #1&& Xs#Xd) | |
(xsmod 3 =2 && x4 mod 3 =1))
Move (ks, Xs+1, Vs, kg, X4, Ya)
Else If (( xs=3n && xamod 3 #1) ||
(xs=3n && yqis odd && x4 mod 3 = 1))
Move (ks, Xs+1, 2ys-1, Kg, X4, Yd)
Else If (xs = 3n && xg mod 3 =1 && yqis even)
Move (ks, Xs+1, 2ys-2, Kg, X4, Yd)
Else
If (Xs = Xa)
Go to Horizontal Move
Else
Destination reached

Example 3.1 Let (KsXs,Ys) = (2,1,10) and (Kg,X4Ys) = (1,9,10) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,1,10->1,1,10-»>1,2,6 >1,3,6 > 14,11 > 1,412 > 15,7->1,6,7>1,7,13>1,7,14 -5 1,88 > 19,8 >
1,10,15 - 1,10,16 - 1,9,9 - 1,10,17 - 1,10,18 - 1,9,10
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The shortest path length is 16

Case-4 Optimal Routing Algorithm for Vertical Move for lines m=X; where m mod 3 = 1.[ Move from
bottom to top, If (Xs > Xq && Y =Y4) ]

Move (K, Xs,Ys, K¢, Xq,Ya)
If (ya=1 || 2)// Logical OR
For (i = xs to x4-1 in decreasing order)
Move (ks, Xs-1, s, Kd, Xd, Ya)
Else If (xs mod3=1&&xsmod3=1) ||
(xsmod3=1&&xsmod 3 #1&&Yy;iseven && Xs # Xq))
Move (ks, Xs-1, ys/2+1, kg, X4, Yd)
Else If (( xsmod 3 =1 && xgmod 3 #1 && y; is odd && xs # Xq)
Move (ks, Xs, Ys+1, Kg, Xd, Yd)
Else If (xs = 3n)
Move (ks, Xs-1, Vs, Kd, Xd, Ya)
Else If (xsmod 3 =2 && x¢mod 3 =1 && yqis even) || (xs mod 3 =2 && y; = y4)
Move (ks, Xs-1, 2ys-2, Kd, X4, Yd)
Else If (xs mod 3 =2 && xgmod 3 # 1 && y, # yg && X # Xq)
Move (ks, Xs-1, 2ys-1, ke, Xd, Ya)
Else If (xs mod 3 #1 && xg mod 3 #1 && vy, =yd)
Go to Vertical Move Bottom to Top for Xs mod 3 # 1
Else If (xs mod 3 =2 && x4 mod 3 =1 && yqis odd)
Move (ks, Xs-1, 2ys-1, K4, X4, Ya)
Else If (xs mod 3 =1 && xg mod 3 # 1 && Xs = Xq)
Go to Horizontal Move
Else
Destination reached

Example 4.1 Let (Ks,X,Ys) = (2,10,5) and (Kg4,X4Yd) = (1,3,5) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,10,5->1,10,5->1,10,6 1,94 >18,4->1,7,7->1,78->16,5->155->148->1,35

The shortest path length is 9
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Case-5 Optimal Routing Algorithm for Vertical Move for lines m=X;where X; mod 3 #1. [Move from top
to bottom, If (X < X4 && Y = Yy)]

Move (K, Xs, Ys, Kq,Xq, Ya)
If (ya=1 || 2) // Logical OR
For (i = xs to X4-1 in increasing order)
Move (ks, Xs+1, Vs, Kd, X4, Ya)
Else If (xs mod 3 = 2)
Move (ks, Xs+1, Vs, Kg, X4, Yd)
Else If ( xs=3n)
Move (ks, Xs+1, 2ys-2, kg, Xd, Yd)
Else If (xsmod 3 =1 && x4 mod 3 =1 && y; is even && ys # yq && Xs # Xq)
Move (ks, Xs, Ys-1, kd, Xd, Yd)
Else If ((xs mod 3 =1 && xgmod 3 =1 && y; is odd && y, # yq && Xs # X4) | |
(xsmod 3 =1 && x4 mod 3 # 1))
Move (ks, Xs+1, ys/2+1, kd, Xq, Ya)
Else If (xs mod 3 =1 && xg mod 3 =1 && Xs = Xq)
Go to Horizontal Move
Else If (xsmod 3 =1 && x4 mod 3 =1 && y;=y4)
Go to Vertical Move Top to Bottom for Xy mod 3 =1
Else
Destination reached

Example 5.1 Let (KsXs,Ys) = (2,5,10) and (Kg,X4Yq) = (2,11,10) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,5,10>2,6,10 > 2,7,18 > 2,8,10 > 2,9,10 > 2,10,18 = 2,11,10
The shortest path length is 6

Case-6 Optimal Routing Algorithm for Vertical move for lines m = X; where m mod 3 #1. [Move from
bottom to top, If (X; > Xq && Y = Yq)]

Move (K, Xs,Ys, Ka,Xq,Yd)
If (ya=1 ]| 2)// Logical OR
For (i = xs to x4-1 in decreasing order)
Move (ks, Xs-1, s, ke, X4, Ya)
Else If (xs mod 3 = 2)
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Move (ks, Xs-1, 2ys-2, kg, X4, Ya)
Else If ( xs = 3n)
Move (ks, Xs-1, Vs, Kd, X4, Yd)
Else If (xs mod 3 =1 && xgmod 3 =1 && ys is even && ys # yg && Xs # Xq)
Move (ks, Xs, Ys-1, Kd, Xd, Yd)
Else If ((xs mod 3 =1&& xamod 3 =1 && ysis odd && ys # Y4 && Xs # Xq) | |
(xsmod3=18&&xamod3#1&&Xs #Xq))
Move (ks, Xs-1, ys/2+1, kq, X4, Va)
Else If (xs mod3=1&& xymod 3 =1 && y, =yy)
Go to Vertical Move Bottom to Top for Xs mod 3 =1
Else
If (Xs = Xq)
Go to Horizontal Move
Else
Destination reached

Example 6.1 Let (K XsYs) = (1,11,5) and (Kg,XqYs) = (2,4,5) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

1,11,5-2,11,5-> 2,10,8 - 2,10,7 -2,9,4 > 2,8,4 > 2,7,6 > 2,7,5 22,6,3 > 2,53 - 2,4,5
The shortest path length is 9
Case-7 Optimal Routing Algorithm for Xs # X && Y # Yy && Xs < X4 && Y < Yy

e SUBCASE-7.1(Xsmod3=18&&Xsmod3=1)
Move (KSIXSIYSI Kdlxdle)

If (Xs # Xg && s # yd)
If (xs mod 3 =1 && y; is odd)
Move (ks, Xs, Ys+1, Kg, X4, Yd)

Else If (xs mod 3 = 1&& y; is even)
Move (ks, Xs+1, ys/2+1, Kq, X4, Yd)

Else If (xs mod 3 = 2)
Move (ks, Xs+1, ys, Kd, X4, Ya)

Else If(xs = 3n)

Move (ks, Xs+1, 2ys-1, Kg, X4, Yd)

URL:http://dx.doi.org/10.14738/tnc.51.2466 n


http://dx.doi.org/10.14738/tnc.51.2466

Transactions on Networks and Communications; Volume 5, Issue 1, February 2017

Else If ( xs = Xq)

Go to Horizontal Move
Else If (ys = yd)

Go to Vertical Move Top to Bottom
Else

Destination reached.

Example 7.1.1 Let (K Xs,Ys) = (1,1,11) and (K4,X4Ys) = (2,7,12) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

1,1,11 -2,1,11 - 2,1,12 - 2,2,7 > 2,3,7 - 2,4,12 >2,5,7 - 2,6,7 - 2,7,12
The shortest path length is 7

e SUBCASE -7.2 (Xsmod 3 =1 &8& Xs mod 3 # 1)
Go to subcase-7.1

Example 7.2.1 Let (KsXs,Ys) = (2,7,3) and (Kg,X4,Yd) = (1,12,7) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,73->173->1,74->183->193->1,10,5->1,10,6 > 1,11,4 > 1,12,4 > 1,13,7 > 1,13,8 > 1,12,5
>1,13,9 > 1,13,10 > 1,12,6 > 1,13,11 > 1,13,12 > 1,12,7

The shortest path length is 16

e SUBCASE-7.3(Xsmod3+#1&&Xs;mod3=1)
If (2ys — 2) 2 yq (Move to left)

Move (K, Xs,Ys, Ka,Xd,Ya)
If (Xs # Xa && Ys # ya)
If (xs mod 3 =1 && y; is odd)
Move (ks, xs+1, ys/2+1, kq, Xq, Ya)
Else If (xs mod 3 = 1&& ys is even)
Move (ks, Xs,ys-1, Kd, Xd, Ya)
Else If (xs mod 3 = 2)
Move (ks, Xs+1, ys, kg, Xd, Yd)
Else If(xs = 3n)
Move (ks, Xs+1, 2ys-2, Ka, Xd, Yd)
Else If ( Xs = Xq)
Go to Horizontal Move
Else If (ys = ya)

Go to Vertical Move Top to Bottom
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Else
Destination reached.

Else If (2ys — 2) < y4 (Move to right)
Go to subcase-7.1

Example 7.3.1 Let (K ,Xs,Ys) = (2,3,7) and (Kg,XqYd) = (2,13,11) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,3,7->24,12->2,411-52,56->2,6,6->2,7,11->2,8,6-2,9,6->2,10,11 > 2,11,6 - 2,12,6 - 2,13,11
The shortest path length is 11

e SUBCASE -7.4 (Xsmod 3 # 1 && Xsmod 3 # 1)
Go to subcase-7.1

Example 7.4.1 Let (K.,XsYs) = (1,2,4) and (Kg,XqYd) = (2,8,8) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

1,2,4-52,2,4->234->24,7->248->255->265->279->2710-> 28,6 >2,7,11-> 2,712 >
2,872,713 527,14 2,88

The shortest path length is 14
Case-8 Optimal Routing Algorithm for X, # Xq && Ys # Yg && X < Xy && Y:> Yy

e SUBCASE-8.1(Xsmod3=1&&Xsmod3=1)
Move (KSIXSIYSI KdIXdIYd)

If (Xs # Xg && ys # yd)
If (xs mod 3 =1 && y; is odd)
Move (ks, Xs+1, ys/2+1, kg, X, Ya)
Else If ( xs mod 3 = 1&& vy is even)
Move (ks, Xs, Ys-1, kd, Xd, Ya)
Else If (xs mod 3 = 2)
Move (ks, Xs+1, Vs, Ka, Xd, Yd)
Else If(xs = 3n)
Move (ks, Xs+1, 2ys-2, K4, X4, Yd)
Else If ( xs = x4)
Go to Horizontal Move
Else If (ys = yq)
Go to Vertical Move Top to Bottom

Else
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Destination reached

Example 8.1.1 Let (K.Xs,Ys) = (1,1,9) and (Kq4,XaYa) = (1,7,3) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

1,19->125-5135->148->147->154->164->176->175->183->174->17,3
The shortest path length is 11

e SUB CASE-8.2 (Xsmod 3 =1 &8& X¢mod 3 # 1)
If (2yq -1) > ys (Move left to right)

Move (K, Xs,Ys, Ka,Xq,Yd)
If (Xs # Xq && ys # yd)
If (xs mod 3 =1 && ys is even)
Move (ks, xs+1, ys/2+1, ka, Xd, Yd)
Else If ( xs mod 3 = 1&& ys is odd)
Move (ks, Xs, Ys+1, kd, Xd, Ya)
Else If (xs mod 3 = 2)
Move (ks, Xs+1, Vs, Ka, Xd, Yd)
Else If(xs = 3n)
Move (ks, Xs+1, 2ys-1, ka, Xq, Va)
Else If ( xs = X4)
Go to Horizontal Move
Else If (ys = yd)
Go to Vertical Move Top to Bottom
Else
Destination reached
Else If (2yq -1) £ ys (Move right to left)
Go to subcase-8.1

Example 8.2.1 Let (K:,XsYs) = (2,4,10) and (Kg¢,XqYa) = (1,8,7) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,410->1,4,10->156->1,6,6>1,7,11->1,7,12 - 1,8,7
The shortest path length is 5

e SUBCASE-8.3(Xsmod3#1&&Xsmod3=1)
Go to subcase-8.1

Example 8.3.1 Let (K:Xs,Ys) = (1,2,10) and (K4,X4Ys) = (2,10,8) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:
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1,2,10 - 2,2,10 - 2,3,10 - 2,4,18 > 2,4,17 - 2,59 - 2,6,9 > 2,7,16 - 2,7,15 - 2,88 - 2,98 >
2,10,14 - 2,10,13 - 2,11,7 - 2,10,12 - 2,10,11 - 2,11,6 - 2,10,10 - 2,10,9 - 2,11,5 - 2,10,8

The shortest path length is 19

e SUBCASE-84(X:mod3#1&&Xsmod3=£1)
Go to subcase-8.1

Example 8.4.1 Let (K.X,Ys) = (2,2,8) and (K4,XdaYd) = (2,6,7) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,2,8->2,3,8->24,14- 2,4,13 52,5,7 > 2,6,7
The shortest path length is 5
Case-9 Optimal Routing Algorithm for X, # Xq && Ys # Yg && X > X4 && Y, < Yy

e SUBCASE-9.1(Xsmod3=1&&Xsmod3=1)
Move (KSIXSIYSI KdIXdIYd)

If (Xs # Xa && ys # ya)
If (xs mod 3 =1 && ys is odd)
Move (ks, Xs, Ys+1, Kd, Xd, Ya)
Else If ( xs mod 3 = 1&& ys is even)
Move (ks, Xs-1, ys/2+1, kg, Xd, Ya)
Else If (xs = 3n)
Move (ks, Xs-1, ys, kd, Xd, Yd)
Else If (xs mod 3 = 2)
Move (ks, Xs-1, 2ys-1, kd, Xd, Ya)
Else If ( xs = x4)
Go to Horizontal Move
Else If (ys = yd)
Go to Vertical Move Bottom to Top
Else
Destination reached

Example 9.1.1 Let (Ks,Xs,Ys) = (2,13,10) and (Kg,X4Yd) = (1,1,16) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,13,10 »>1,13,10 > 1,12,6 - 1,11,6 -> 1,10,11 - 1,10,12 > 1,9,7 > 1,8,7 > 1,7,13 > 1,7,14 -5 1,6,8 >
158->1415-5>1,416->139->129->1,1,16

The shortest path length is 15
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e SUBCASE-9.2 (Xsmod3=1&&X;mod3£1)
Go to sub case - 9.1

Example 9.2.1 Let (K ,Xs,Ys) = (1,7,3) and (Kg,Xs, Ya) = (2,2,8) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

1,735 2,73->2,74->263->253->245->246->234->224->217->218->225->2]19
-22,1,10->2,2,6>2,1,11->2,1,12 5 2,2,7 > 2,1,13 > 2,1,14 5 2,2,8

The shortest path length is 19

e SUB CASE-9.3 (Xsmod 3 # 1 && Xy mod 3 =1)
If (2ys -1) 2 y4 (Move right to left)

Move (K, Xs,Ys, Ka,Xq,Yd)
If (Xs # Xa && ys # yd)
If (xs mod 3 =1 && ys is even)
Move (ks, Xs, Ys-1, Kd, Xd, Ya)
Else If ( xs mod 3 = 1&& ys is odd)
Move (ks, Xs-1, ys/2+1, Kk, X4, Yd)
Else If (xs mod 3 = 2)
Move (ks, Xs-1,2ys-2, kd, Xd, Ya)
Else If(xs = 3n)
Move (ks, Xs-1, ys, kd, Xd, Yd)
Else If ( xs = X4)
Go to Horizontal Move
Else If (ys = yaq)
Go to Vertical Move
Else
Destination reached
Else If (2ys -1) < y4 (Move left to right)
Go to subcase-9.1

Example 9.3.1 Let (Ks,Xs,Ys) = (2,14,10) and (Kg,X4Yd) = (1,4,13) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,14,10 - 1,14,10 - 1,13,18 - 1,13,17 - 1,129 - 1,119 - 1,10,16 - 1,10,15 - 1,9,8 - 1,8,8 >
1,7,14 51,713 > 1,6,7 > 1,5,7 > 1,4,13

The shortest path length is 13
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e SUBCASE-9.4(Xsmod3#1&&Xsmod3=z1)
Go to sub case - 9.1

Example 9.4.1 Let (K ,Xs,Ys) = (2,11,5) and (Kg¢,XqYa) = (1,3,6) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,11,5->1,11,5-> 1,109 > 1,10,10-> 1,96 - 1,86 > 1,7,10> 1,6,6 > 1,5,6 - 1,4,10 > 1,3,6
The shortest path length is 9
Case-10 Optimal Routing Algorithm for X, # Xq && Ys # Yq && X > Xg && Y > Yy

e SUB CASE-10.1 (Xs mod 3 =1 && X4 mod 3 =1)
Go to sub case 9.3 [Move right to left]

Example 10.1.1 Let (K,X;,Ys) = (2,10,16) and (Kg,X4,Yds) = (2,1,8) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,10,16 > 2,10,15 >2,9,8 > 2,8,8 >2,7,14 > 2,7,13>2,6,7 >2,5,7 > 2,4,12 > 2,4,11 >2,3,6 > 2,2,6
>2,1,10>2,1,9->2,25->2,1,8

The shortest path length is 15

e SUB CASE-10.2 (Xs mod 3 =1 && X4 mod 3 # 1)
If (2yq -1) > ys (Move to right)

Move (Ks,Xs,Ys, Ka,X4,Yd)
If (Xs # Xa && Ys # Ya)
If (xs mod 3 =1 && ys is odd)
Move (ks, Xs, Ys+1, kd, X, Ya)
Else If ( xs mod 3 = 1&& vy is even)
Move (ks, Xs-1, ys/2+1, kg, Xd, Ya)
Else If (xs mod 3 = 2)
Move (ks, xs-1,2ys-1, kd, Xd, Yd)
Else If(xs = 3n)
Move (ks, Xs-1, ys, kd, Xd, Ya)
Else If ( Xs = Xd)
Go to Horizontal Move
Else If (ys = ya)
Go to Vertical Move
Else

Destination reached
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If (2yq-1) < ys [Move right to left]

Go to sub case 9.3

Example 10.2.1 Let (Ks,Xs,Ys) = (1,10,16) and (Kg,X4Yd) = (1,2,10) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

1,10,16 > 1,9,9 > 1,89 > 1,7,17 > 1,7,18 > 1,6,10 > 1,5,10 > 1,4,18 - 1,3,10 = 1,2,10
The shortest path length is 9

e SUBCASE-10.3 (Xsmod3+#1&&Xsmod3=1)
Go to sub case 9.3 [Move right to left]

Example 10.3.1 Let (KsXs,Ys) = (2,12,7) and (Kg,XqYa) = (1,7,5) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:

2,12,7 > 1,12,7 - 1,11,7 - 1,10,12 - 1,10,11 > 19,6 > 1,86 > 1,7,10> 1,79 > 1,85 > 1,78 >
1,7,7->18,4 ->1,76 > 1,75

The shortest path length is 13

e SUB CASE-10.4 (Xsmod3 1 && Xamod3#1)
Go to sub case -9.3 [Move right to left]

Example 10.4.1 Let (KsXs,Ys) = (1,8,7) and (Kg,X4Yd) = (2,3,4) be the source and destination nodes
respectively. To reach the destination the intermediate nodes for optimal paths are:
1,8,7>28,7->2,7,12>2,7,11>2,6,6>256>2410->2,49->235->248->247->23,4

The shortest path length is 10

5 Conclusion
In an interconnection network data routing is the most fundamental function. Information can be moved
across an interconnection network from a source to a destination by the act of data routing. In this paper
a new topological structure called multi layer octagon-cell network has been developed and also we have
derived a simpler and an efficient optimal point to point routing algorithm with its properties for MLO.
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