
ADAPTIVE ROUTING ALGORITHMS FOR 

FAULT-TOLERANT TOPOLOGIES 

by 

IDHI AGRAWAL 
Department of Electrical Engineering 

Submitted 

in fulfillment of the requirements of the degree of 

Doctor of Philosophy 

to the 

Indian Institute of Technology, Delhi 

New Delhi-110016, India, 

July, 199$ 



3 ;570°) 
c)-61g- 

T. DE" 4  
a 0 



Certificate 

This is to certify that the thesis entitled "Adaptive Routing Algorithms 

for Fault-Tolerant Topologies" which is being submitted by Ms. Nidhi 

Agrawal to the Department of electrical Engineering, Indian Institute of Tech-

nology, Delhi, for the award of the degree of Doctor of Philosophy, is a record of 

bonafide research work she has carried out under my supervision and guidance, 

and in my opinion, it has reached the standard fulfilling the requirements of the 

regulations relating to the degree. 

The results obtained in this thesis have not been submitted to any other 

university or institute for the award of a degree or a diploma. 

Dr. C.P. Ravikumar 

Dept. of Electrical Engineering, 

Indian Institute of Technology, 

Delhi. 



Acknowledgements 

For me, it is a great privilege to write a few lines here on this page to express 

my sincere gratitude to the people who guided me, motivated me and constantly 

inspired me to carry out my research. 

First of all, I express my indebtness to my supervisor Dr. C.P.Ravikumar for 

his constant encouragement and uncomparable guidance. He introduced me to 

the world of research and taught me the art of writing. Without his enthusiastic 

participation and guidance, this work would not have been in its present shape. 

I shall remain greatful to him and his family throughout my life. 

I am greatful to the faculty members and other staff members of Electrical 

Engineering department, ITT Delhi, for their help and support. My special 

thanks to the Computing Lab and Computer Service Center staff for providing 

me the help and support. 

My sincere thanks to family friends at IIT campus and my other associates 

who helped me during my research work. I am very much indebted to my 

parents at Jabalpur, in-laws at Chaziabad and my brothers and sisters, without 

whose cooperation and help I would not have pursued my studies. 

Finally, I am proud of my small family, my husband Ajai and my son Saumil, 

who provided me unbelievable support, motivation and encouragement. They 

sacrificed their personal priorities to cope up with my studies. 

kket.A.1* 

Nidhi Agrawal 

ii 



Abstract 

Multicomputers are used for running complex scientific programs and other 

compute-intensive applications Interprocessor communications is the bottleneck 

in achieving high performance of the order of tera-flops in multicomputers. This 

bottleneck is the prime motivation for research on interconnection networks and 

related issues. When multicomputers are used in reliability-critical applications, 

fault-tolerance becomes an important issue. However, as the number of nodes 

(processors and other system components) increases, the probability of fault oc-

currence increases as well. In such cases, the prime requirement of the intercon-

nection network and the underlying routing algorithm is fault-tolerance. This 

thesis addresses the problem of "adaptive routing" in fault-tolerant interconnec-

tion topologies like the hypercube, k-ary n-cube and a variation of hypercube 

called Multiply Twisted Cube(MTC). Adaptive routing ensures that routing is 

possible in the presence of node faults, link faults and congestion that may arise 

due to non-uniform traffic conditions. The following algorithms are proposed in 

this thesis : 

• Fault-tolerant routing on MTC 

• Adaptive, deadlock-free randomized routing using virtual channels 

• Adaptive routing based on Deadlock recovery 

• Adaptive, deadlock-free multicasting based on Euler paths 
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