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This thesis explores optimized datacenter topologies for large scale networks. In
particular, we study the Fat Tree topology [1] and propose novel topologies and routing
schemes to enhance the bandwidth aggregated at the host end.

Network models of each topology and associated routing algorithms were
developed for simulation. Performance evaluation is presented using different traffic
patterns including extreme worst cases. The Use of 60 GHz wireless technology in the
novel topologies is then studied. Results show that improved performance and
interesting insights.


mailto:Menna_mzn@yahoo.com




Acknowledgments

I would certainly thank my supervisors for putting up with all my ups and downs
during the research period and for always pushing me forward and for their
understanding. I really enjoyed working with you. Thank you.

I really appreciate dr. Nora Ahmed’s efforts for trying to help as much as she
could.

I would never forget to thank my Family, especially my parents, my sisters and
brother. They are my backbone, they believed in me when everything was no working
out. I love you.

Thanks to all my friends and colleagues, especially Mayy Magdy, for being there
for me all the time.






Dedication

I will dedicate this work to Adel Mazen and Eman Shokry; my ever loving and
caring Father and Mother .May Allah protect you always.






Table of Contents

ACKNOWLEDGMENTS . ..cvitiiinnnnniiccssssnsicssssasssssssssssssssssssssssssasssssssssssssssssssssssssassssssse I
DEDICATION ....ciiiiierrrrnnnneeeeeececcssssnsssssseccssssssssnsssssssssssssssssasssssesssssssssnsssssssssssssssnnansses 1I
TABLE OF CONTENTS ....ccoiiinnuetiiiiccninnnssssssssieccssssssssssssssssssssssssssssssssssssssssssssssssns 111
LIST OF TABLES. .....trttttiiiicninnnnnsssssiiccssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss A%
LIST OF FIGURES .....ttttiiiiininnncnensssieccsssssssssssssssscsssssssssssssssssssssssssssssssssssssssssens V1
ABSTRACT ..oueeeiiiiiiiiiiincnnnsstiiiccsssssssssssssssscssssssssssssssssssssssssssssssssssssssssssssassssssssssssssns VII
CHAPTER 1 : INTRODUCTION .....ccccceeerrrrnneeeeececcsssssnssaseesecssssssssssssssssssssssssnsasssssens 1
1.1. THESIS ORGANIZATION ....coiutiauttatieriteentteaiteenteesiteentteeteesseesateesueeesbeesseesseesmeeenneenane 2
CHAPTER 2 : BACKGROUND ....ccocvvtiennnnnnicssssansecsssasssssssssssssssssssssssssasssssssssssssssssans 3
2.1. INTRODUCTION TO DATACENTERS .....eeiutiiiieniieeteeniteeieenite et et eieesieesaneesnee e e 3
2.1.1. Datacenter Topologies and Technologies 3
2.1.2. Datacenter Traffic Study 5
2.2. INTRODUCTION TO FAT TREES ...ccoctttiiiiiiiiieeniieeeite et eeiee ettt s e s 6
2.2.1. Fat Trees History and Motivation: 6
2.2.2. Hierarchical tree 7
2.2.3. Fat Trees Main Features: 9
2.2.4. Addressing and Two-Level Table Routing 10
2.2.5. Two- Level table Routing Example 11
2.3, RELATED WORK ....uttiiiiiiiiiiieeiiteeitee ettt ettt e ettt e et e e st e e st e e st e e sabeessabeeesnseesanee s 12
CHAPTER 3 : FAT TREE WITH ADDITIONAL LINKS....eeeeeecccrrrsnneeeeecees 13
3.1. ADDITIONAL INTER-POD LINKS TO THE FAT TREE .......cccovviieiiiiniieeeiieeeieeeeiee s 13
3.2. PROPOSED ROUTING ALGORITHMS .....ciiiiiiiiiiieaiieeniieeniteenieeenieeesineeesineeesireeenns 15
3.2.1. Preventive Routing (PR) 15
3.2.1.1.Traffic flOW CAtEZOTIES . .ceettrnnuieee ettt e e e ettt e e e e e ettt e e e e eeettbaa e e e eeeeaenaaaaeeeeeeenennnannns 15
1-ON€ HOP AWAY FIOWS ...ttt ettt e e ettt e e e e e et ettt e e e e e e eetaanaaeeeeeeeeennaaanns 16
2-Non Adjacent PO FIOWS ...ccouuuuuiiiiiiiiiiiiiiee ettt ettt e e e e e enan e e e e e 16
3-AdJacent PO FIOWS . ....uuuiieiiiiiiiiiiiiee ettt ettt e e e e et ettt e e e e e e eeteta e e e eeeenenaananes 16
3.2.1.2.Routing Algorithm at the Edge SWItChes ............coeoiviiiiiiiiiiniiiceccecteescene 18
3.2.1.3.Routing Algorithm at the Aggregate SWItChes ........ceeeiiiiiiiiiiieeeeeeiiiiie et 23
3.2.1.4.Routing Algorithm at the Core SWItches  .ooiiiiiiiiiiee et 23
3.2.2. Load Balanced Shortest Path Routing (LB-SPR) 24
3.2.2.1.Routing Algorithm at the Edge SWItChes ........couuuuiiiiiiiiiiiiiiee e 24
3.2.2.2.Routing Algorithm at the Aggregate SWItChes ..........cccciiiiiiiiiiiiiiiiiiiiiiiiece e, 28
3.2.2.3.Routing Algorithm at the Core SWItChES ......ccctttumumiiireiiiiiiiieee ettt eeeeeeeaaees 29
3.2.3.Preventive Routing Algorithm Scalability 30
3.2.3.1.Routing Algorithm at the Edge SWItChes ........cceiuuiiiiiiiiriiiieiiiiie e 32






3.2.3.2.Routing Algorithm at the aggregate and core SWItChes...........ceeeiiiiiiiimmiiieiiiiiiiiiee e 35

32,33 DISCUSSION et etueetieetueetie et eetieeeuneetuneeuaeeauneasneauneasanaauneasnneesneesnesnnsesnnsesneesnneesnsesnneesnnees 36
CHAPTER 4 : FIT FAT TOPOLOGY ..uureeeiiiiciniscssssnenssiccssssssssssssssscssssssssssssssssssss 37
4.1. REMOVING TWO CORE SWITCHES VS. EXTRA LINKS......ccocctieriiiiiniieeniieeniieeeneenn 38
4.2. REMOVED CORES PREVENTIVE ROUTING (RCPR).......oooiiiiiiiiiiiieeee, 39
4.2.1. Routing Algorithm at the Edge Switches 39
4.2.2. Routing Algorithm at the Aggregate Switches 41
4.2.3. Routing Algorithm at the Core Switches 41
CHAPTER 5 : 60 GHZ WIRELESS L INKS IN DATACENTERS ......covvvreeeeeeeee. 42
5.1. LITERATURE REVIEW OF STANDARD AND APPLICATIONS.....cc.ceerrureenireenireeenineeenns 42
S5.2. FATTREES AND 60 GHZ ....cooiiiiiiiieeeeee et 44
5.2.1. Modeling of Hybrid Fat trees with Wireless Interpod Links 44
5.2.2. Simulation Scenarios 45
5.2.2.1. One Giga Ethernet Fat Tree with 0.3 Mbps Wireless Interpod Links........cccueereeiuiereniinrennnnnnen. 46
5.2.2.2. Ten Giga Ethernet Fat Tree with 5.28 Gbps Wirless Interpod Links ........cc.cceeeeiuiireiiniineiinnnnen. 46
5.2.3. Delay based performance evaluation 47
5.2.3.1. Capacity Assignment ProDICIM........uiiiiuuriiiiieeiiie ettt ettt e et e eetaeeeeraeeeeraeeeees 47
5.2.3.2. CV X SOIULION ettteti ettt ettt e ete et e ete et e e teeetae et e et eauneesnneaunaenneanneeannsesnseanneasnsennneesnnees 48

6.1, SIMULATION SETUP....uuuieeetieeiiiiteeeeeeeeeeeetteeeeeeeeeeettsaaeseseeesssannesesssesessnnnss 50
6.2. COMMUNICATION PATTERNS ....cooiiiiiiiiiiiiii 52
6.2.1. Random 52
6.2.2. Worst case 1 52
6.2.3. Worst case 2 52
6.3. NUMERICAL RESULTS ...coiiiiiiiiiii 54
6.3.1. Added Links at One Level 54
6.3.2. Added Links at Both Levels 56
6.3.3. FitFat Tree with Removed Core Switches 59
6.3.4. Wireless Extension Evaluation and results 60
[T 3 T D 1Yot 1S T o B 62
60.3.4.2. RECOMMENAALION .uiutvnieniniiniieieeee it ettt ettt eeeaeaeaeraearaeaenernentenesesnernenernesesnernsnernenerneens 63
CHAPTER 7 : CONCLUSION AND FUTURE WORK.....uuceeeeereeeeeneesescesseeees 64
T 1. CONCLUSION ..ottt 64
T2 FUTURE WORK ....oooiiiiiiiiiiiiiii e 65
REFERENCES ... ooaaeeiieeeeneeeereeessscessessassssssssssssssssssssssssscssssssssssssssscssssssssssssssssssssasssssss 66
APPENDIX A: MATLAB CODE FOR CONVEX PROBLEM SOLVING........... 69



