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ABSTRACT 
In this paper, we have compared the performance of IMABN-2 and MALN-2. To compare the performance, data packets 
were passed via both networks in faulty and non-faulty environments. Results show that MALN-2 performs better than the 
IMABN-2. Cost of IMABN-2 and MALN-2 is also compared with other existing MINs. 
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INTRODUCTION 
 
Various researchers already done sufficient work on regular Interconnection networks (INs) [1-3] and irregular topologies 
were out of limelight [4-10]. Therefore, in this paper, two Fault–tolerant Irregular networks, Modified Augmented Baseline 
Multi–stage Interconnection Network (IMABN-2) and Modified Alpha Network (MALN-2) have been compared with existing 
INs based on Normalized Throughput and Cost.  

Based upon the topology a Dynamic MIN can be regular, irregular, and hybrid.  

Definition 1: Any network is regular if the number of switching elements (SEs) in different stages of the network is same. 

Definition 2: Any network is regular if the number of SEs in different stages of the network is different. 

Definition 3: Any network is Hybrid if the network possesses the regular as well as irregular topology.  

Before moving to next section, let us have a look on the symbols which are used throughout the paper. Symbol table (1) 
presents all the symbols and their meaning. 

Table 1. Symbol Table 

Symbol Meaning of symbol 

SE Switching Element 

MSE1 Main SE of stage 1 

SSE1 First alternate SE of stage 1 

TSE1 Second alternate SE of stage 1 

MSE5 Main SE of stage 5 

SSE5 First alternate SE of stage 5 

TSE5 Second alternate SE of stage 5 

SE-i SE i 

SE-j SE j 

SE-k SE k 

SE-l SE l 

SE-m SE m 

SE-n SE n 

SE-o SE o 

SE-p SE p 

Dp Data packets 

NFIMABN-2 Non Faulty IMABN-2 

FIMABN-2 Faulty IMABN-2 

NFMALN-2 Non Faulty MALN-2 

FMALN-2 Faulty MALN-2 

 

IMABN-2 

Irregular Modified Augmented Baseline Network (IMABN–2) [9] is an irregular interconnection network with two extra 
stages. This network has N sources and N destinations. Here N is size of network. It has {(log2N)+1} stages. In figure 1, S, 
D, M and DM represents the source address, destination address, multiplexers and demultiplexers respectively. In the 
same way S1, S2 , S3 , S4 and S5 represents the first stage, second stage, third stage, fourth stage and fifth stage 
respectively. 

The first and last stage of network has N/2 SEs in each stage. The second and fourth stage consists of {(N/4)–1} SEs in 
each stage whereas third stage has N/8 SEs. This network has 16 multiplexers of size 2 x 1 at source side and 16 
demultiplexers of size 1 x 2 at destination side.  

In first stage, the size of each SE is 2 x 3 and each SE of this stage is connected with 2 multiplexers, 3 SEs of second 
stage. In second stage, the size of each SE is 8 x 2 and each SE of this stage is connected with the SEs of first stage and 
third stage as shown in figure 1.  

In the same way, the third stage consists of SE of size 3 x 3 and these SEs are connected with the SEs of second stage 
and fourth stage. In the fourth stage, the size of each SE is 2 x 8  and each switch of this stage is connected with the SEs 
of third stage and fifth stage. Finally, in the last stage, the size of SE is 3 x 2 and each SE of this stage is connected with 
the SEs of fourth stage and demultiplexers as shown in figure 1. The IMABN–2 is a two–switch fault tolerant network in 
first, second, fourth and fifth stage and single switch fault tolerant network in third stage. 
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Figure 1. IMABN–2 

 

Routing Algorithm of IMABN–2 

Routing algorithm of IMABN-2 is a generalized algorithm and it is applicable on every network size. Initially, source sends 
the request to the multiplexer of IMABN-2. Multiplexer sends the request to appropriate SE of first stage. In first stage, 
each source is connected with MSE1, SSE1, and TSE1. According to the algorithm, data packets will be collected by the 
SE which is non-faulty. If all the SEs are faulty or busy than data packets will not reach at the given destination. Further, 
the algorithm has these four functions: 

1. Stage-2(Source, Destination) 
2. Stage-3(Source, Destination) 
3. Stage-4(Source, Destination) 
4. Stage-5(Source, Destination) 

In all these functions, the data packets will search the non-faulty SE. If non-faulty SE is not found than data transmission 
process will be stopped otherwise data packets will be reached to the given destination through demultiplexer. 

 
Algorithm_IMABN-2 
_________________________________________________________________________________________________ 
Input: Source, Destination 
Output: Data packets reached successfully or drop the request 
_________________________________________________________________________________________________ 
 
BEGIN 

1. if Request arrives at first stage 
2.          if MSE1 == FTBY 
3.                       SSE1 
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4.          else Stage-2 (Source, Destination) 
5.          if SSE1 == FTBY 
6.                       TSE1 
7.          else Stage-2 (Source, Destination) 
8.           if TSE1 == FTBY 
9.                         Drop the request. 
10.           else Stage-2 (Source, Destination) 

 
Stage-2(Source, Destination) 

1. if SE-i == FTBY 
2.            SE-j 
3. else Stage-3(Source, Destination) 
4. if SE-j == FTBY 
5.            SE-k 
6. else Stage-3 (Source, Destination) 
7. if SE-k == FTBY 
8.             Drop the request. 
9. else Stage-3(Source, Destination) 

 
Stage-3 (Source, Destination) 

1. if SE-l == FTBY 
2.            SE-m 
3. else Stage- 4 (Source, Destination) 
4.  if SE-m == FTBY 
5.               Drop the request. 
6. else Stage- 4(Source, Destination) 

 
Stage-4(Source, Destination) 

1. if SE-n == FTBY 
2.             SE-o 
3. else Stage-5(Source, Destination) 
4.  if SE-o == FTBY 
5.              SE-p 
6. else Stage-5 (Source, Destination) 
7. if SE-p == FTBY 
8.             Drop the request. 
9. else Stage-5 (Source, Destination) 

 
Stage-5(Source, Destination) 

1. if MSE5 == FTBY 

2.              SSE5 
3. else Receive data packets on MSE5 and send to the given destination 
4.  if SSE5 == FTBY 
5.              TSE5 
6. else Receive data packets on SSE5 and send to the given destination 
7. if TSE5 == FTBY 
8.              Drop the request 
9. else Receive data packets on TSE5 and send to the given destination 

END 

_________________________________________________________________________________________________ 
  

MALN-2  

Modified Alpha Network-2 (MALN–2) [10] is an irregular fault–tolerant interconnection network. It has (log2N)+1 stages 
hence, it has one extra stage as compare to MALN network. This network has 16 sources and 16 destinations. In figure 2, 
S, D, M and DM represents the source address, destination address, multiplexers and demultiplexers respectively. In the 
same way S1, S2, S3, S4 and S5 represents the first stage, second stage, third stage, fourth stage and fifth stage 
respectively. The first and last stage of network has N/2 SEs in each stage.  

The second and fourth stage consists of N/8 SEs in each stage whereas third stage has only a single SE. This network 
has 16 multiplexers of size 2 x 1 at source side and 16 demultiplexers of size 1 x 2 at dest ination side. In first stage, the 
size of each SE is 2 x 3 and each SE of this stage is connected with 2 multiplexers, 2 SEs of second stage and 1 SE of 
third stage. In second stage, the size of each SE is 8 x 2 and each SE of this stage is connected with the SEs of first stage 
and fourth stage. In the similar way, the third stage consists of SE of size 8 x 8 and this switch is connected with the SEs 
of first stage and fifth stage. In the fourth stage the size of each SE is 8 x 2 and each switch of this stage is connected with 
the SEs of second stage and fifth stage. Finally, in the last stage, the size of SE is 3 x 2 and each SE of this stage is 
connected with the SEs of third and fourth stage and demultiplexers. The MALN–2 is a two switch fault–tolerant 
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interconnection network.  

 

 
 

Figure 2. MALN–2  
  

Routing Algorithm of MALN–2 

Routing algorithm of MALN-2 is a generalized algorithm and it is applicable on every network size. Initially, source sends 
the request to the multiplexer of MALN-2. Multiplexer sends the request to appropriate SE of first stage. In first stage, each 
source is connected with MSE1, SSE1, and TSE1. According to the algorithm, data packets will be collected by the SE 
which is non-faulty. If all the SEs are faulty or busy than data packets will not reach at the given destination. Further, the 
algorithm has these four functions: 

1. Stage-2(Source, Destination) 
2. Stage-3(Source, Destination) 
3. Stage-4(Source, Destination) 
4. Stage-5(Source, Destination) 
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In all these functions, the data packets will search the non-faulty SE. If non-faulty SE is not found than data transmission 
process will be stopped otherwise data packets will be reached to the given destination through demultiplexer. 

Algorithm_MALN-2 
_________________________________________________________________________________________________ 
Input: Source, Destination 
Output: Data packets reached successfully or drop the request 
_________________________________________________________________________________________________ 
 
BEGIN 

1. if Request arrives at first stage 
2.          if MSE1 == FTBY 

3.                      SSE1 
4.          else Stage-3 (Source, Destination) 
5.          if SSE1 == FTBY 
6.                     TSE1 
7.          else Stage-3 (Source, Destination) 
8.           if TSE1 == FTBY 
9.                  Drop the request 
10.           else Stage-3 (Source, Destination) 

 
Stage-2(Source, Destination) 

1. if SE-i == FTBY 
2.           SE-j 
3. else Stage-4(Source, Destination) 
4. if SE-j == FTBY 
5.           Drop the request 
6. else Stage-4(Source, Destination) 

 
Stage-3(Source, Destination) 

1. if SE-k == FTBY 
2.           Stage-2 (Source, Destination) 
3. else Stage-5(Source, Destination) 

 
Stage-4(Source, Destination) 

1. if SE-l == FTBY 
2.           SE-m 
3. else Stage-5(Source, Destination) 
4. if SE-m == FTBY 
5.             Drop the request 
6. else Stage-5(Source, Destination) 

 
Stage-5(Source, Destination) 

1. if MSE5 == FTBY 
2.             SSE5 
3. else Receive data packets on MSE5 and send to the given destination 
4.  if SSE5 == FTBY 
5.             TSE5 
6. else Receive data packets on SSE5 and send to the given destination 
7. if TSE5 == FTBY 
8.            Drop the request 
9. else Receive data packets on TSE5 and send to the given destination 

END 

_________________________________________________________________________________________________ 
 

 

PERFORMANCE EVALUATION PARAMETERS 

In this section, we have explained all the performance parameters which are used in our simulation. 

Link Capacity (LC) 

The number of data packets transmitted from a node to another node in a unit time is the capacity of the link.  

Average throughput (Τhavg) 

“It is the average number of packets accepted by all destinations per network cycle [1]. This metric is also referred to as 
bandwidth [1].” Formally, Τhavg can be defined as: 
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𝑇ℎ𝑎𝑣𝑔 = lim
𝑢→∞

 𝑛(𝑖)𝑢
𝑖=1

𝑢
                                                                                                                                                                                                   (1) 

 
where n(i) denotes the number of packets that reach their destinations during the ith time interval. 

Normalized throughput (Th) 

“It is the ratio of the average throughput Τhavg to network size N [1].” Formally, Th can be expressed by: 

𝑇ℎ =
𝑇ℎ𝑎𝑣𝑔

𝑁
                                                                                                                                                                                                                        (2) 

Cost of IMABN-2 and MALN-2  

Cost of IMABN-2 can be calculated as follows:  

Total number of 2×3 SEs=8, cost=48,  

Total number of 8×2 SEs=3, cost=48,  

Total number of 3×3 SEs = 2, cost =18,  

Total number of 2×8 SEs = 3, cost =48,  

Total number of 3×2 SEs = 8, cost = 48,  

Total number of 2:1 multiplexers =16, cost = 32 and  

Total number of 1:2 demultiplexers =16, cost = 32.  

Therefore, Total cost of IMABN–2 is 274 units. The cost of IMABN is 282 units and therefore, proposed interconnection 
network is cheaper than IMABN and it has more alternate paths with double switch fault tolerant capacity. In a generalized 
form, we have obtained the cost of various MINs and also derived a cost formula for IMABN-2. These formulas are as 
follows: 

𝐶𝑜𝑠𝑡𝐴𝐿𝑃𝐻𝐴 =  
𝑁

2
 ×   9𝑙𝑜𝑔2  

𝑁

2
 +  7.5                                                                                                                                                                    (3) 

𝐶𝑜𝑠𝑡𝑀𝐴𝐿𝑁 =  
𝑁

2
 ×   9𝑙𝑜𝑔2  

𝑁

2
 +  3                                                                                                                                                                         (4) 

𝐶𝑜𝑠𝑡𝐴𝑆𝐸𝑁−2 =  3𝑁 ×   1.5𝑙𝑜𝑔2 𝑁 − 1                                                                                                                                                                    (5) 

𝐶𝑜𝑠𝑡𝐼𝐴𝑆𝐸𝑁 =  3𝑁 ×   {1.5𝑙𝑜𝑔2 𝑁 } − 20                                                                                                                                                                (6) 

𝐶𝑜𝑠𝑡𝐼𝑀𝐴𝐵𝑁−2 = { 16𝑁 +  18}                                                                                                                                                                                     (7) 

Here CostALPHA [2], CostMALN [2], CostASEN-2 [3], CostIASEN [3] and CostIMABN-2 are the cost of ALPHA [2], MALN [2], ASEN-2 
[3], IASEN [3] and IMABN-2 respectively.  The cost comparison is shown in figure 3. When we have to send the data from 
any source to any destination through IMABN-2 then simultaneously, it can sustain at least 2-faulty switching elements 
during data transmission. However, the other networks (shown in graph) are only able to send the data in single switch 
faulty situation.  
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Figure 3. Comparison of IMABN–2 with existing network based on Cost 

 

Cost of IMABN-2 can be calculated as follows:  

Total number of 23 SEs = 8, cost = 48  

Total number of 82 SEs = 2, cost = 32  

Total number of 88 SEs = 1, cost = 64  

Total number of 28 SEs = 2, cost = 32  

Total number of 32 SEs = 8, cost = 48  

Total number of 2:1 multiplexers = 16, cost = 32  

Total number of 1:2 demultiplexers = 16, cost = 32  

The total cost of MALN–2 is 288 units and the cost of MALN is 240 units. The proposed network is little more costly as 
compare to MALN however, it is double switch fault–tolerant and every source address of this network is able to send its 
request to any destination in faulty situations. 

In a generalized form, we have obtained the cost of various MINs and also derived a cost formula for MALN-2. These 
formulas are as follows: 

𝐶𝑜𝑠𝑡𝑀𝐴𝐿𝑁−2 = { 14𝑁 +   
𝑁

2
 

2

}                                                                                                                                                                                  (8) 

Here CostMALN-2 is the cost of MALN-2. The cost comparison is shown in figure 4. Although MALN-2 is costly network 
however, it has better fault sustainability as compared to other existing MINs.  
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Figure 4. Comparison of MALN–2 with existing network based on Cost 

PERFORMANCE COMPARISON OF IMABN-2 AND MALN-2 

To evaluate the performance, we have used all the formulas which are discussed in section 3. In this simulation β is the 
load factor and it is assumed to be β = 0.1, 0.2, …, 0.9, 1.The performance of IMABN-2 and MALN-2 is analyzed in faulty 
and non-faulty network conditions. The term “faulty” indicates that single switching element is faulty in every stage 
simultaneously. Further, we have compare the performance of both networks for network size N = 16, 32, 64, and 128. On 
the basis of link capacity, we have calculated the average throughput for each load factor separately. The table (2) shows 
the average throughput in faulty and non-faulty network conditions.  

 

Table 2: Average throughput of IMABN-2 and MALN-2 

β LC (dp/ms) NFIMABN-2(Τhavg) FIMABN-2(Τhavg) NFMALN-2(Τhavg) FMALN-2(Τhavg) 

0.1 50 8.33 4.54 12.5 5.55 

0.2 75 12.5 6.81 18.75 8.33 

0.3 100 16.66 9.09 25 11.11 

0.4 125 20.83 11.36 31.25 13.88 

0.5 150 25 13.63 37.5 16.66 

0.6 175 29.16 15.90 43.75 19.44 

0.7 200 33.33 18.18 50 22.22 

0.8 225 37.5 20.45 56.25 25 

0.9 250 41.66 22.72 62.5 27.77 

1.0 300 50 27.27 75 33.33 

 
Figure 5–8 shows the performance comparison of IMABN-2 and MALN-2 for network size N = 16, 32, 64, and 128 in faulty 
and non-faulty conditions. In all these figures, we can see that MALN-2 is better than IMABN-2 in terms of normalized 
throughput. 
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Figure 5. Performance Comparison of IMABN-2 and MALN–2 when N=16 

 

 
 

Figure 6. Performance Comparison of IMABN-2 and MALN–2 when N=32 
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Figure 7. Performance Comparison of IMABN-2 and MALN–2 when N=64 

 

 
 

Figure 8. Performance Comparison of IMABN-2 and MALN–2 when N=128 

CONCLUSION 

In this paper, we have examined the performances of IMABN-2 and MALN-2 in faulty and non-faulty network conditions. 
Performance of MALN-2 is better than the IMABN-2. Further, cost of IMABN-2 and MALN-2 is calculated for every network 
size. Both INs are costly however these INs have better fault tolerability than the other INs. In future, our aim is to obtain 
the less costly IMABN-2 and MALN-2 INs at their same performance.  

REFERENCES 

[1] D. C. Vasiliadis, G. E. Rizos, C. Vassilakis, and E. Glavas, Performance Evaluation of Two-Priority Network Schema 
for Single-Buffered Delta Networks, The 18th Annual IEEE International Symposium on Personal, Indoor and Mobile 
Radio Communications (PIMRC'07). 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

N
o

rm
al

iz
e

d
 T

h
ro

u
gh

p
u

t

Load Factor

Normalized Throughput when N=64

NFIMABN-2

FIMABN-2

NFMALN-2

FMALN-2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

N
o

rm
al

iz
e

d
 T

h
ro

u
gh

p
u

t

Load Factor

Normalized Throughput when N=128

NFIMABN-2

FIMABN-2

NFMALN-2

FMALN-2



    ISSN 22773061 
   

265 | P a g e                                                             M a y  1 5 ,  2 0 1 3  

[2] A.Gupta, P.K. Bansal, Fault Tolerant Irregular Modified Alpha Network and Evaluation of Performance Parameters, 
International Journal of Computer Applications, pp. 9-13, 2010. 

[3] Rinkle Aggarwal, Lakhwinder Kaur and Himanshu Aggarwal, Design and Reliability Analysis of a new Fault-tolerant 
Multistage Interconnection Network, ICGST-CNIR Journal, Volume 8, Issue 2, pp. 17-23, 2009. 

[4] Ved Prakash Bhardwaj and Nitin, A new fault tolerant routing algorithm for IASEN-2, International Conference on 
Advances in Computing and Communications, ICACC 2012, pp. 199–202, 2012. 

[5] Ved Prakash Bhardwaj and Nitin, A new fault tolerant routing algorithm for advance irregular alpha multistage 
interconnection network, Advances in Intelligent and Soft Computing, vol. 167 AISC, no. vol. 2, pp. 979–987, 2012. 

[6] Ved Prakash Bhardwaj and Nitin, A new fault tolerant routing algorithm for advance irregular augmented shuffle 
exchange network, Proceedings - 2012 14th International Conference on Modelling and Simulation, UKSim 2012, pp. 
505–509, 2012. 

[7] Ved Prakash Bhardwaj and Nitin, Applying Address Selection Algorithm on nonblocking Optical Multi-stage 
Interconnection Network, Proceedings of the 2011 World Congress on Information and Communication Technologies, 
WICT 2011, pp. 694–698, 2011. 

[8] Ved Prakash Bhardwaj and Nitin, An algorithmic approach to minimize the conflicts in an optical multistage 
interconnection network, Communications in Computer and Information Science, vol. 191 CCIS, no. PART 2, pp. 
568–576, 2011. 

[9] Nitin and Durg Singh Chauhan, A New Fault–Tolerant Routing Algorithm for IMABN–2, Proceedings of the 2nd IEEE 
International Conference on Advances in Computing and Communications, Kerala, INDIA, August 9–11, 2012, pp. 
215–218.  

[10] Nitin and Durg Singh Chauhan, A New Fault Tolerant Routing Algorithm for MALN–2, Communications in Computer 
and Information Science, Springer–Verlag, 2012, pp. 247–254. 

 

Author’ biography with Photo 

Dr. Nitin is Ex First Tier Bank Professor, University of Nebraska at Omaha, NE, USA. His permanent 
affiliation is with Jaypee University of Information Technology (JUIT), Waknaghat, Solan-173234, 
Himachal Pradesh, INDIA as a Associate Professor in the Department of Computer Science & 
Engineering and Information & Communication Technology. He was born on October 06, 1978, in 
New Delhi, INDIA.  
In July 2001, he received the B.Engg. in (CSE[Hons.]) from B.R. Ambedkar University, Agra and 
M.Engg. in (SE) from Thapar Institute of Engineering and Technology, Patiala, INDIA in March 2003. 
In September 2008, he received his Ph.D. in (CSE) from JUIT, INDIA. He has completed his Ph.D. 
course work from University of Florida, Gainesville, FL, USA. Finally, he received the D.Sc. in (CSE) 
from Uttarakhand Technical University, Dehradun, INDIA, in May 2013. The half of the D.Sc. work is 

executed at University of Nebraska at Omaha, USA.  
He is a IBM certified engineer and Senior Member-IEEE & IACSIT, Life Member of IAENG, and Member-SIAM & ACIS. 
He has 125 research papers in peer reviewed International Journals & Transactions, Book Chapters, Symposium, 
Conferences and Position. His research interest includes Social Networks especially Computer Mediated Communications 
& Flaming, Interconnection Networks & Architecture, Fault-tolerance & Reliability, Networks-on-Chip, Systems-on-Chip, 
and Networks-in-Packages, Application of Stable Matching Problems, Stochastic Communication and Sensor Networks. 
Currently he is working on Parallel Simulation tools, BigSim using Charm++, NS-2 using TCL. He is the Co-founder of 
High-end Parallel Computing and Advanced Computer Architecture Lab at JUIT. He is Associate Editor of Journal of 
Parallel, Emergent and Distributed Systems, Taylor and Francis, UK. He is referee for the Journal of Parallel and 
Distributed Computing, Elsevier Sciences, Computer Communications, Elsevier Sciences, Computers and Electrical 
Engineering, Elsevier Sciences, Mathematical and Computer Modelling, Elsevier Sciences. WSEAS Transactions, The 
Journal of Supercomputing, Springer and International Journal of System Science, Taylor & Francis. 
 


