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1- blocking avoidance routing, 2- routing irrespective of
Abstract blocking. In the first method, routing in the algorithm is
performed in such a way that there is no blocking but in the
Clos Interconnection network is one of the known connection second method, initially the routing is performed from
networks in processing systems and distributed systems, which is input set to output set. In case of any blocking, attempts
used extensively in many fields such as Telecommunication are made to eliminate it through changing the arrangements
networks, ATM switches and Data transmission. In order to in network switchina. using routing algorithm
eliminate the blocking in such networks, various routing 9 g galg '
algorithm have been proposed, each imposing extra costs due to . . . . .
hardware use and re-routing algorithm. This study offers a Routing algorithm in multi-stage connection can be
routing algorithm which takes a blocking-avoidance approach performed_ t_)y 2 meth_ods: 1-_Graph cplorlng algorithm,  2-
hence avoiding related costs. There is no blocking while the decomposition algorithm using matrixes. Generally, graph
primary routing is performed from the input to output. This coloring algorithm enjoys a better time complexity than
method has the complexity of o(nvN). The results show that this decomposition algorithm, using matrix. However, as the
algorithm is simpler than the algorithms previously proposed. network size is too large, it will be inefficient.
. i ) Decomposition algorithm using matrixes has the following
Keyvv_ords: Clos Interconnection Networks, Routing Algorithm, advantages: Directly locating the problems and enjoying
Blocking Avoidance, Three Stage Interconnection Networks. simplicity in switching settings .Unfortunately, many
proposed decomposition algorithms using matrix are
incomplete. Neiman algorithm has been implemented,
. using decomposition matrix and time complexity o(NvVN)
1. Introduction [13]. GS algorithm with complexity o(NVN) uses 2
] . matrixes, namely: Specification and Count. But Siu, Chiu,
As one of the most important parts of parallel processing Lee and Carpinelli believes GS algorithm to be incomplete
systems, interconnection networks make connection [7, 13]. Later, a new method called the modified methods
between switches [1, 2, 15]. The topologies typically found of GS was proposed [7]. This algorithm was proposed at
in processing systems are often regular. They are classified time o(NvVNLogVW), by adding 3 steps to the main
into two groups: statistic and dynamic. The networks using algorithm and deleting 2 steps for purpose of eliminating
dynamic topology fall in the following categories of indefinite loops. Later, an algorithm on the basis of
structures: bus networks, crossbar switching networks, Heuristic Routing Algorithm using minimum distribution
multi-stage ~ connection  networks.  Multistage priority scheme was introduced for routing Clos networks.
interconnection networks consist of blocking networks, This method had the capability of accessing all non-
rearra_ngeable non-blockln_g networks, Wlde-sense non- blocking routings, reducing its time complexity to o(NVN)
blocking networks and strictly non-blocking networks [3, in the worst situation [14].
4,5, 6].
This study presents the routing mechanism in Clos
. . o _ interconnection networks, taking blocking-avoidance
Routing algorithm can be divided into two groups: approach. This method can be applied extensively in
distributed and parallel networks for purpose of
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processing. Section 2 introduces the Clos networks and First stage Second stage Third stace
blocking-avoidance routing algorithm. Section 3 compares .
this new method with the previously proposed methods and o
section 4 concludes this study.

1
2. Blocking Avoidance Routing Algorithm in n2
Clos Networks Fig. 1. Clos Three-stage network [15].
2.1 Clos Network The Clos networks have the following advantages over
other interconnection networks [8, 9, 10, 11, 12]:

Using small crossbar switches, Charles Clos introduced a ‘1. This network is more efficient in terms of
type of interconnection network which is extensively switching data. )
studied and applied as a framework for ATM switches 2. The lower hardware costs of this network
because it is economical, regular, scalable, fault-tolerant have drawn the attention of many researchers.
and highly efficient. Special attention has been paid to 3. Clos networks have the capability to add
Clos three-stage networks as they are rearrangeable for switching  packages in their configuration,
developing multi-stage networks. These three stage- increasing fault-tolerance compared to one-stage
networks are intended to be used for data communication interconnection networks.
and parallel computing system. 2.2 Vector Modeling of Clos Networks

A switching network is composed of one or more switch
stages that can create various paths through creating The connections between each input and output can be
various connections between their inputs and outputs. Clos shown as follows:
three-stage network is an example of multi-stage switching

: 0 S N-1
networks (Fig.1). P=|00) n(D) 0 2N - 1) (1)

Clos three-stage networks N xM are represented as Where input i is connected to output (i) and 0 <i < N —
c(ny,ny,m,m, ;) Where N represents the overall inputs of 1, N = nr . The switch between input and output is assumed
network and M as overall outputs of network. n;,n,, m,r, 7, to be of non-blocking type. P may be changed between
represent the number of inputs of each switch of input input switches and output switches [13].
stage, the humber of outputs of each switch of output stage,
number of switches of middle stage ;number of switches In this algorithm, the matrix is used in such a way that
of input stage and number of switches of output stage, network initially has its connections. Then, the new inputs
respectively. If v =m then r =7, n; =n,. In this case, are added into the network in such a way that there will be
Clos symmetrical networks are shown as c(nr,m) [15, not any blocking. This is made possible through 4 main
16]. The _flrst_stage of a three-stag_e network is called input matrixes (A, B, C, D) and an mono dimensional array (e).
stage which includes r (n x m) switches. The second stage The matrixes consist of elements 0, 1. O represents the free
is called middle stage which includes m (r x r) switches. link and 1 represents the engaged link in the network.

The third stage is called output stage which includes r
(m x n) switches. The netw_ork is capable of connecting one Now the matrixes and array (e) are explained briefly:
to one and one to many with N =nr and m>n. There is 1. Matrix A represents a connection between input
a link between 2 switches in 2 continuous stages [7, 8]. As switches and inputs of each input switch. The
c(n,r,m) knows all possible permutations between inputs number of rows (i) represents input switches and
and outputs. A link can be accessed between stages, the number of columns (j) represents the inputs of
provided it is usable and not engaged. each input switch.
2. Matrix B represents the connection between
middle switches and inputs of each middle switch.
The number of rows (il) represents the middle
switches and the number of columns (j1)
represents inputs of each middle switch.
1JCSI
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3. Matrix C shows the connections between output
switches and inputs of each output switch. The
number of rows (i3)  encompasses output
switches and the number of columns (j3)
represents the input of each output switch.

4. Matrix D indicates the connection between the
outputs of each output switch and output switches.
Here, the row (i4) represents output switches and
columns (j4) represent the outputs of each output
switch.

5. Array (e): each member of this array represents
the number of the engaged input of each middle
switch. The length of the array equals the number
of middle stages.

Definition: All steps are complete when the elements of
matrix A are transferred to matrix D. That is, all contents
of input switches are added in the network and the input
stage links are free for receiving new inputs.

2.3 Blocking-Avoidance Routing Algorithm

1. Initially, O is assigned to matrixes B, C, D and

array (e).

Matrix A is derived from the inputs.

3. In matrixes B and A, a movement is made in
parallel in such a way that in matrix A, the
movement is made from row to row and in matrix
B form column to column. When 1 is seen in
matrix A, a free link is needed in middle switches
to which the inputs are transferred. Then we turn
to matrix B, searching for 0. On finding the first 0
in matrix B, we should replace it by 1 in matrix A.

4. Having transferred all engaged links of matrix A
(input stage) to matrix B (middle stage) in such a
way that there is no blocking in the input
switches, now the output of middle stages should
be arranged. To this purpose, the number of
engaged input links into each middle switch is
calculated, then added to the array (e). Having
calculated all engaged links, we should assign the
passive output links in middle switches (matrix B)
to the engaged input links in middle switches (in
array (e)).

5. We should arrange matrix B (middle stage) to
matrix C (output stage) in parallel so that matrix
B is examined in terms of columns and matrix C
in terms of rows. On seeing 1 in matrix B, we
should replace it by 0 in matrix C.

6. Finally, in order to transfer the engaged links to
the output, we should make use of matrix D. That
is, the movement in matrix C should be made
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from row to row and in metric D from the row to
row in parallel. On seeing 1 in matrix C, it is
replaced by 0 in matrix D.

Now, pseudo code of blocking-avoidance
algorithm is presented as follows:

routing

Stepl) Initialize by Setting Middle Matrix (B) , Output,
Matrix(C), Output, Matrix(D) and Middle array (e) = False.

Step 2) Read Input Matrix (A).

Step 3) For each of row elements of Matrix A, that is "True", if
(A[i,j] == 1) then {Find The First column elements of Matrix
B, that is "False", if (B[iy, j1] == 0) {Swap (A[i, /1, Bli1,j1]1); }}

Step 4) For each of row elements of Matrix B, that is "True", if
(Bliy, j1] == 1) then {S++;}e [k++]=S;
if (e[k > 0]) then { B[k][j11] =1,k-;}

Step 5) For each of column elements of Matrix(B) , that is
"True" , if (B[iy,j;1] == 1) then {Find The First row elements
of Matrix C, that is "False", if (Cl[is,j3] ==0) {Swap
(Bliy, j1], Clis jsD) 5 33

Step 6) For each of row elements of Matrix C , that is "True", if
Clisz, j3] == 1 then { Find The First row elements of Matrix D,
that is "False", if (D[i4, j4] == 0) { Swap(Clis, j3], Dlis, jsl); 1}

As you can see, all elements in matrixes A, B and C can be
transferred to the next stage matrix in a parallel manner. This
speaks for the parallel routing in the proposed manner.

3. Comparing blocking- avoidance routing
algorithm with the previous methods

To compare the algorithm proposed by this study with
the previous ones, we can examine them from two
perspectives:

- The complexity of routing algorithm

- Time

311

1JCSI

www.lJCSl.org



1JCSI International Journal of Computer Science Issues, Vol. 8, Issue 5, No 2, September 2011
ISSN (Online): 1694-0814
www.IJCSI.org 312

3.1 The complexity of routing algorithm

The following should be taken into account to compute the
complexity of routing algorithm:

- m = n, this indicates that the number of middle
stage switches (m) equals the number of input
ports of the switches of input stage (n).

- N=rxn, this indicates that overall network inputs
are obtained by multiplying the number of
switches of input stage (r) by the input ports of
each switch of input stage (n).

- n=VIN.

Each matrix is read by time o(w) and the main body of
algorithm is formed at o(nn) . thus, the overall complexity
of proposed algorithm is :

0(Nn) +30(N) = 0(Nn) =5 0 (NVA)

Tablel shows the complexity of blocking-avoidance
algorithm, drawing on the previously proposed algorithms.

Table 1: shows the complexity of blocking-avoidance algorithm in
comparison with the previously proposed algorithms.

As table 1 shows, the proposed routing algorithm
outperforms the GS modified routing algorithm, with the
former maintaining the network hardware. The proposed
routing algorithm also equals Heuristic routing algorithm
and GS routing algorithm in terms of algorithm
complexity.

In GS routing Algorithm, there are indefinite loops
which don’t appear in the proposed routing algorithm in
this study, resulting in higher efficiency of the proposed
method.

In heuristic routing method, rearrangement is required.
This leads to additional costs. While, in blocking
avoidance approach, there is no such cost. This is because
the blocking is eliminated while routing is being done.

Hence the better performance of this method over other
methods.

3.2 Time

Regarding time, the algorithm proposed by this study
outperforms the previously proposed methods. The
previous methods start routing without taking account of
blocking. That is, when routing is over, these methods
make an attempt to eliminate the blocking through using
some new algorithm, taking some time. This method
proposed by this study starts routing so as to prevent the
occurrence of any blocking, saving a lot of time.

4. Discussion and Conclusion

This study presents a routing mechanism in Clos
interconnection networks, taking a blocking-avoidance
approach so that the routing is performed properly from
input to output without blocking the links in network.
While in the previously proposed methods, the strictly non-
blocking network was defined by simple routing which
results in high hardware costs. Or alternatively, the routing
was performed irrespective of blocking. Then, a new
algorithm was used to eliminate these blocking, leading to
some costs. The method proposed by this study has solved
this problem. On the other hand, this algorithm completes

Complexity of its cycle at time o(~NvN). This type of routing can be used

Algorithm name Routing Algorithm in communications switching as well as in data

GS Algorithm NVYN transmission networks for purpose of reducing the delay in

GS Modification NVNLogyN transference tlm_e and for coQtrolllng the ngtwork. traffic.

Algorithm The future studies can examine the ways in which new

Heuristic Algorithm NVN algorithms can be used to reduce routing time and the use
Blocking-Avoidance NI of memory and to reduce the complexity of algorithm.

Algorithm
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