TABLE OF CONTENTS

APPROVAL PAGE ... .ot i
SELF DECLARATION AGAINST PLAGIARISM .....oooiiiiiiiiieie e i
ABSTRACT ..ttt sttt e e b e nr e re e ii
DEDICATION ...ttt et sia e e nbe e neeenee e v
PREFAGCE ...ttt st b et e s rn e e beesnneanee v
TABLE OF CONTENTS ...t Vi
LIST OF TABLES ... Xi
LIST OF FIGURES ... Xii
LIST OF SYMBOLS/ GLOSSARY ..ottt Xiv
APPEND X LIST <ot XV
CHAPTER Lot ne e 2
INTRODUCGTION ... 2
1.1 BACKGIOUNG ...ttt st 2
1.2 Problem DefinitioN........ ..o 3
1.3 Limitations and ReQUITEMENTS .........c.oiieiiiieiieieeie e s 3
1.4 RESEAICH ODJECTIVES .....oivieiieiie ittt 4
1.5 HYPOTNESES ...ttt b et ns 4
1.6 SCOPE OF WOTK ...ttt 4
CHAPTER ..ttt ettt n e b e nee s 5}
CONTROLLER PLACEMENT PROBLEM ......ccooiiiiiieicieeee e 5
2.1 SDIN OVEIVIEW ...ttt 4
2.1.2 Controller Placement deSIgN ........cccvvieerieiieiiere e seese e esie e 4

Vi



2.1.3 OpenFlow Protocols, Controller and SWitCh ...........cccooeiiiiiiiiiiiiiie 6

2.1.4 SDN TOPOIOGY DESIN ..cuviiiiiiiieiiiiie ettt 7
2.2 POCO FrameWOIK.........covrviieiiitiireieisieseees s 7
2.3. Controller Placement Design Parameters.........ccccoveveieereeriesieenesieeseesesee e 9
2.3.1  Controller failures TOIEIANCE ........ccoviiiirieiieree e 9
2.3.2  L0ad IMDAlANCE.......coviiiireee e 10
2.3.3  Inter-Controller LAtEBNCY .......cccoveieiieiiesicie e e sie s sie e sae e 10
2.3.4  Maximum Network Delay ........cccccoviiieiiiiieiieiesie e 11
2.3.5  Controller CAPACILY .......ceeiuiieeiiierie e 11
CHAPTER T ..ottt 12
DESIGN AND SIMULATION ..o 12
3.1 DESIGN PrOCESS ...cveevieiietiesiee sttt sttt sttt sttt et et be b be e anes 12
3.2 NEtWOIrK TOPOIOGY ..ot 14
3.3 Controller Placement DESIQN ......ccveiverieeieieerie e se e es 16
BTG 00 I B 1= o I T 4T LA o S 16
3.3.2 DeSign CoNSIAEIALIONS .....c.veivveieeiesiesieesie e see e see e sre s e e e e snaesraenees 16
3.3.3 Determining numbers of the Controller..........ccccovveve v 17
3.3.1 Calculating Packet-In FIOW..........c.cccoiiiiriiiiiiieee e 17
3.3.2 Defining Controller NUMDEIS .........ccoooi i 18
3.4 Determining placement Candidates ..........ccooovererenieninie e 19
3.5 Candidates for Level-1 Controller ... 19
3.6 Candidates for Level-2 Controller ... 22
3.7 Best Placement Design Scenario/ Simulation...........ccccoevviienieninnisneseeee, 22
3.8 Best Placement Simulation for Level-1 Controller..........cccccooieiiiiiiinnnns 23

vii



3.8.1 POCO Framework : failure-free, k=1, best placement : node to controller

LT 1o VT or=T - T o S 22
3.8.2 Proposed Method : Node with Highest Flow, K=1.......c..cccooevivniiiveincnenne. 23

3.8.3 POCO Framework : Failure free scenario, k=2, best placement concerning

CONLrOIIEr IMBALANCE ..., 24

3.8.4 POCO Framework : POCO Framework : Failure free scenario, k=2, best

placement concerning max node to controller latency...........cccccoevveviiivieiie e, 25

3.8.5 POCO Framework : Failure free scenario, k=2, best placement concerning

controller to controller TatENCY ........cveiieiiie e 25
3.8.6 Proposed Method, Node with Highest Flow, k=2, Candidate 1. ................. 26
3.8.7 Proposed Method, Node with Highest Flow, k=2, Candidate 2 ................ 27
3.8.8 Proposed Method, Node with Highest Flow, k=2, Candidate-3.................. 27
3.8.9 Proposed Method, Node with Highest Flow, k=2, Candidate 4 .................. 28
3.9 Best Placement Simulation for Level-2 Controller..........cccccoovviiiiiiiiinns 29

viii



3.9.1 POCO: max Node to Controller latency best placement, Failure free, k=229

3.9.2 POCO : Controller imbalance, Failure free, K=2..........ccoovvvvviivieniniiinnns 29
3.9.3 POCO : max Controller to controller latency, Failure free, k=2................ 30
3.9.4 Proposed Method : Node with Highest Flow, Controller Candidate at RKT1
(42) danN IMLIKZ2 (77).uccueieeiee ettt sttt 31
3.9.5 Proposed Method : Node with Highest Flow, k=2, Controller Candidate at
RKTL (42) dan MN (L07)..ceeieiiiiiiisieeeiee et 32
3.9.6 Proposed Method : Node with Highest Flow, Resiliency aspect, k=3,
Controller Candidate at RKT1 (42), MLK2 (77) and MN (107)......cccccvevirvrinnnnnnn. 33
3.9.7 Proposed Method : Node with Highest Flow, Resiliency aspect, k=3,
Controller Candidate at RKT1 (42), MLK2 (77) and JR (161)......ccccceevvrverrrnnnnne 34
3.9.8 Proposed Method : Node with Highest Flow, Resiliency aspect, k=3,
Controller Candidate at RKT1 (42), KBL1 (1) and RKT2 (44)....ccccceiiiiiiiennenns 35
3.9.9 Proposed Method : Node with Highest Flow, Resiliency aspect, k=3,
Controller Candidate at RKT1 (42), KBL1 (1) and MLK2 (77)....ccccovvevviveirennnne 36
3.9.10 Proposed Method : Node with Highest Flow, Resiliency aspect, k=3,
Controller Candidate at RKT1 (42), KBL1 (1) and MN (107).....cccceceviininninniennnne 37
CHAPTER 4 ... bbb bbb bbb 38
BEST PLACEMENT ANALYSIS ..o 37
4.1 Best Placement for Level-1 Controller ... 37
4.1.1 Level-1 controller, K=1. ... 37
4.1.2 Level-1 controller, K=2 ( Resiliency aspect) ........cccocveveriverenivesieesnseene 39
4.1.3 Level-1 best placement ........ccooveiiieiiee e 43
4.2 Best placement for level-2 controller............cccooveveiiiiieie e 43
4.2.1 Level-2 Controller, Scenario for K=2.........cccccoveviniiiinieice e 43
4.2.2 SCENAN0 TOr K=3 ..o s 47
4.2.2 Best placement for 1eVel-3 ..o 50
4.3 DESIGN ANAIYSIS ... 52



4.3.1 SDN design Vs 1egacy NEIWOIK .........cccuevuerirriniienieiieee e 50

4.3.2 LA ANAIYSIS ..ttt et 53
4.3.3 LAtENCY @NAIYSIS ...cuveivieiieiiiie ettt e e ae et sneesae e e 53
CHAPTER S et 56
CONCLUSIONS & FUTURE WOIKS .....ccveiiiiiiieiesicssseee s 57
5.1 Conclusion & FULUIE WOTKS .........ccoiiieiiiineicisereese s 57
5.2 Future Works & RECOMENdAtIONS............oreveiririeiiisieeeesesree s 57
REFERENGES ... 57



