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��������*+,-+.,/0123405,6 Protocol 89: OSPF <Open Short 
Path First=>?6 OSPF 0@A+B89:CDE@+,-F:+23405,6G:62-,2H:-I5@?2JK0
L9A0M,0G:6 IGP (Internet Gateway Protocol) F0 Internet0:+R,+0@A 
OSPF ST6UV+0.,W,XY43.,/-TF+,-ZL-[+-\R,S Router Node G:6
28-9:G[,S:S[,6+C4,6GC,6 +,-LT^0,14,0258_0_`S@28-9:G[,S5.,X/4W@
+,-2J`@?S0ZJ`62+D1G>A05a+Jb -VJZFF:T0W,+W,SG:6 Protocol  W@
+,-XY4:S[,6ZL-[/`,S-CW5TA6+,-W@J-TFJ-a6Z+4cGX/4W@J-\3D5EDd,L
1@G>A0:SV[H`:1=>?6Y[CSX/4GTA0H:0G:6+,-Y@A 23405,65.,c141@G>A0 
_8-63-4,623405,6G:6 Domain W@+,-2J`@?S0ZJ`62L9?:X/45T0+TF
2/Ha+,-eIJfRRaFT0 14,0+,-1VZ`-T+g,8[:0G4,6W@8C,WJ`:1dTS3V6 
1T60TA0 OSPF R>6W@8C,W-C12-BCX0+,-2J`@?S0ZJ`623405,65@?2+D1G>A0
X/W[/,+OSPFcW[3,W,-U2J`@?S0ZJ`623405,6c14+BST6W@8C,W
S91/Sa[0Z`\:TH-,+,-GS,S23405,62L9?:X/42+D1+,-3W1a`+T0W,+5@?3a1 

keyword-OSPF, OSPF Routing Protocol, 

I.����� 
/,+LV1U>623405,65@?1@5@?3a12-,86H4:6LV1U>623405,65@?3TA05@?3a1X0

+,--TFZ`\3[6ch`I OSPF 2JK0Gateway 23405,6 Protocol 2Y[0 
Protocol23405,6+,-5.,6,0X0Domain=>?6_1S5T?CcJZW4C[,R\cW[
R.,2JK0H4:6W@:SV[X0-\FF X0-\FF28-9:G[,S5@?3WF-VeIZH[`\28-9:G[,S
iV41VZ`-\FFH4:6-V42+@?SC+TF_8-63-4,6G:6-\FF2L9?:2LD?W8C,WS91/Sa[0 
/-9:+,-GS,SHTCG:628-9:G[,SX0:0,8H OSPF Y[CSX/4+,-RT1+,-
2-9?:6+,-+.,/0123405,6 Domain5@?R\ZF[6::+2JK0/`,S23405,6=>?6 
Router H4:6-V4_8-63-4,65@?3WF-VeIG:623405,62/`[,0TA0 Z`\X03[C0
Interface 2JK0+,-2Y9?:W_S623405,6 Protocol 2L9?:X/48-:F8`aWH[:
+,-XY46,0  

+,-XY46,0Internet 5a+CT00@Ac14ZL-[+-\R,ScJ:S[,6-C12-BCZ`\
8-:F8`aWX05T?C5a+5@? +,-/,23405,6+,-2Y9?:WH[:G:6 Router 14CS
CDE@+,-ZFF OSPF R>6c14W@+,-0.,W,XY46,0:S[,6ZL-[/`,S -CW5TA6W@
+,-LT^0,J-\3D5EDd,LG:6 OSPF :S[,6H[:209?:6 2Y[0 +,-J-TFJ-a6
X03[C0G:6G:6+,-1.,20D0+,-840/,23405,6Z`\J-DW,e+,-

X/4F-D+,-+,-X014,0+,-H:F30:6G:6 QosF0L9A0M,0_8-63-4,6
G:6+,-+.,/0123405,6-CWU>6+,-2J`@?S0ZJ`6G:623405,62W9?:2C`,
i[,0cJ X0Y[C6JbZ-+ OSPF W@+,-0.,CTHUaJ-\368IX0+,-+.,/01
23405,6W,5.,X/4 OSPF 3,W,-UGS,S23405,614CSH02:6c142JK0+,-
2LD?WG@1R.,+T1G:6+,-J-\WC`i` X0+,-XY4 Internet2W9?:W@+,--4:6G: 
Protocol R\W@8C,WR.,2JK0-:6`6W,X02/Ha+,-eI5@?W@+,-`[WG:6
3Tkk,eYT?CGe\5@?X/4F-D+,-OSPFR\W@+,-+V43Tkk,eX/4X/W[:S[,6
5T05[C65@ 2JK0+,-X/4F-D+,-28-9:G[,SH`:12C`, +,-LT^0,14,0:9?0l
Z`\+,-Jm:6+T0J-DW,e+,-XY4 Internet R>62JK0+,-J-TFJ-a68C,W2-BC
X0+,-840/,23405,65@?ST6XY46,0c14:SV[G:6OSPF  

+,-5.,6,0G:6-\FF OSPF 2W9?:+,-2J`@?S0ZJ`6G:6 Topology 
W@+,--CWHTC+T0-CW5TA6G4:+.,/015@?3.,8Tk14,0_8-63-4,6W@G@1R.,+T1
X014,0+,-J-\WC`i`/-9:J-DW,e+,-XY4 Internet 2+D0+C[,G@1R.,+T1
G:623405,6Protocol0TA0 OSPF 3,W,-U5.,c14+[:0+,--4:6G:5@?R\
2+D1+,-+-\R,SG:6Protocol c145T02C`,  +,-1.,20D0+,- :9?0l 2Y[0
+,-J-\WC`i`G:6Packet _1S Router 2L9?:X/4Z0[XRC[, Router cW[c14
5.,6,0/0T+2+D0/,+W@+,-5.,6,0/0T+2+D0cJ:,R5.,X/42+D1+,-5.,6,0
5@?W,+2+D0+C[,/04,5@?5@? Router R\H4:65., Router 3WTSX/W[5a+CT00@AW@
+,-+-\R,S_8-63-4,6G:6+,-J-\WC`i`23405,6G:6Protocol Z`\
+,-RT13[6 Protocol Packet +,-J-\WC`i`R\2-D?WR,++,-LDR,-e,X0
3[C0/TCG:6 Packet Z`\23405,65@?-\FaJ-\2d5+,-GS,SHTCG:6
Protocol  L-4:W+,-X/48C,W3.,8TkX02-9?:6G:6G0,123405,6Domain
U>6ZW4C[,CPU G:6Router R\W@8C,W3,W,-UW,+G0,1c/0+BH,W 
+,-2LD?WG0,1Z`\2LD?W8C,W=TF=4:0G:6_8-63-4,6 Domain +BR\5.,
X/42+D12/Ha+,-eI5@?CPU R\H4:65.,6,0/0T+2+D08C,WR.,2JK0c14 

X0Paper 0@A 2-,230:2+@?SC+TF+,-3.,-CR-,S`\2:@S1G:6
G4:230:Z0\R,+/`,Sl Paper 2L9?:CD28-,\/I8C,W2/W,\3WX0+,-
XY46,0G:628-9:G[,S +,-`1GTA0H:0+,-J-\WC`i`G:6 CPU X0+,-
5.,6,0G:6 OSPFRouter Protocol ZFFc-43,S5@?-\FFW@G0,1X/k[ 
:S[,6c-+BH,W 5a+CT00@A_8-63-4,6G:623405,6W@+,-2LD?WG>A0R.,0C0
W,+ 5TA6:aJ+-eI Z`\2-9?:6G:63Tkk,k5@?W@+,-GS,SHTCW,+G>A0 cW[C[,

Survey on OSPF Routing Protocol 

 
3,G,258_0_`S@3,-3025p d,8CDY,CD5S,+,-8:WLDC2H:-I 8e\CD5S,p,3H-I W/,CD5S,`TSG:0Z+[0 



 3

5@?c/0X0H:00@A+BW@3Tkk,eWireless +,-2-@S+XY46,0 OSPFRouting 
Protocol U>6ZW4C[, .̀,1TFG:623405,6R\UV+::+ZFFW,X0-VJG:6 
MANETs +,-XY46,05@?ZH+H[,6+T0G:623405,6H,W5@? MANETs -4:6
G:W,2W9?:W@+,-Z`+2J`@?S023405,6/-9:G4:WV`5@?=TF=4:0-\/C[,6 
OSPF Z`\Protocol =>?6:,RcW[3,W,-U/`@+2`@?S623405,65@?R\Y[CS`1
J-DW,e6,0`6c142L9?:X/4 MANETs 3,W,-U5.,6,0c14:S[,6UV+H4:6 
X0Paper 0@A0., 230:G4:8D12/B05@?R. , 2JK0:S[,6SD? 6X0+,-2LD?W
J-\3D5EDd,LX/4+TFOSPF 2L9?:2LD?WG@18C,W3,W,-UX/43,W,-U
5.,6,0c141@G>A0 
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�!�����!����	��OSPF: 
-VJ5@? 1 Z316X/42/B0U>6GTA0H:0/`T+5@?+ [̀,CU>6X0Paper 0@A2+@?SC+TF

+,-Convergence G:6OSPF _1Sc14J-TFJ-a6Z`\GS,SG@1
8C,W3,W,-U X03[C05@?2/`9:G:6Paper 0@AW@+,-RT1-\2F@SF1T60@A3[C0
5@?II. CONVERGENCE TO A TOPOLOGY CHANGE IN OSPF: 
AN OVERVIEW2JK0+,-Z316d,L-CWG:6+-\FC0+,-
ConvergenceX03[C0H[:W,2-,:EDF,S-,S`\2:@S1ZH[`\GTA0H:0X0
+-\FC0+,- ConvergenceZ`\ST6+`[,CU>6G4:230:H[,6l2L9?:2LD?W
J- \3D5ED d ,L+, -1. , 2 0D 0+ , - X0ZH[ `\GTA 0 H:03[ C 05@? III. 
FASTERFAILUREDETECTION IN OSPF:EDF,SU>68C,W 4̀W2/`C
Z`\+`c++,-H-CR3:F8C,WZ`4W2/`C5@?XY4X028-9:G[,SG:6OSPF:  
_1S5@?+,-3[6 Hello Packet 2JK0+,-2-D?WH40+,-5.,6,0G:6 Protocol 
0.,W,XY4X0+,-H-CR3:F8C,W 4̀W2/`CG:6 Software H`:1R0
8C,W`4W2/`CR,+HardwareX0+,-H-CR3:F+`c+5@?L-4:WR\
2 Y9? : W _ S 6 F , 6 2 5 8 _0 _ ` S@ - \ 1T F Link-LayerX 03[ C 05@?  III. 
FASTERFAILUREDETECTION IN OSPF0@AST6:EDF,SU>6+,-
2Y9?:WH[:ZFF3:65Dp5,614CS+,-3[6H[:PacketZ`\+,-H-CR3:F 
(BFD) =>?62JK0Protocol5@?3,W,-UH-CR2R:G4:F+L-[:6G:623405,6
iD1L`,1-\/C[,6:aJ+-eI28-9:G[,S5@?3:6c14:S[,6-C12-BC 

II. CONVERGENCE TO A TOPOLOGY CHANGE IN 

OSPF:AN OVERVIEW 
OSPF 2JK0ProtocolX0+,-840/,3U,0\23405,6ZH[`\ Interface

ZH[`\Router 2L9?:5.,+,-2Y9?:W_S628-9:G[,S2G4,14CS+T0:S[,63WFV-eI
_1S5@?OSPF X/4F-D+,-X0+,-ZF[6Domain 23405,6c14/`,S28-9:G[,S
1T6Z316X0-VJ5@? 2, 28-9:G[,SX023405,6Domain G:6OSPF R\RT1cC4
X0pV0SI+`,65@?2JK028-9:G[,SLD2pg5@?2-@S+C[,28-9:G[,S5@? 0 /-9:F-D2Ce
Backbone 5.,/04,5@?2JK0pV0SI+`,6Z`\W@28-9:G[,S:9?0l5@?2Y9?:WH[:R,+
F-D2CeBackbone  5a+23405,6R,+28-9:G[,SX128-9:G[,S/0>?6cJST6
J`,S5,6X028-9:G[,S:9?0H4:6i[,0F-D2CeBackbone  1T6Z316X0-VJ5@? 
2 Router :,RW@ Interface X0/`,S28-9:G[,SRouter F,6HTC2JK05@?-V4RT+
+T0X0Y9?: Area Border Routers (ABRs)Z`\Router F,6HTC2JK05@?
-V4RT++T0X0Y9?: Autonomous System Boundary Routers(ASBRs) =>?6
:,RW@Link cJST6 Router X0-\FF:D3-\:9?0lX0-VJ5@? 2 W@+,-ZS+
23405,6ZH[`\ Domain 2G4,cJX028-9:G[,S/`,SRa1 Y[CSX/4Router 5@?
R\H4:6G:G4:WV`_8-63-4,623405,65@?3WFV-eIG:628-9:G[,S2zL,\
2/`[,0TA05@?2JK02R4,G:6 Interface X0H[:cJ0@A2-,R\:EDF,SU>62-9?:6
CDE@+,-G:6Router :9?0lX0F-D2CeX+`428@S6Z`\X054,S5@?3a1Router 
(Z`\+,-2Y9?:WH[:d,SX0Interconnections) X028-9:G[,S5@?2Y9?:WH[:
Router3.,/-TF8.,:EDF,S-,S`\2:@S114,0H[,6lX0+,-1.,20D06,0G:6
OSPF G:Z0\0.,X/4p>+g,H[:R,+ OSPF: Anatomy of an Internet Routing 

Protocol[10] Z`\OSPF Network Design Solutions, Second Edition[11] 
Router 5@?XY46,0 Protocol X0-VJZFF OSPF 14CSInterface X0+,-

+-\R,SG:6-\FFLANs /-9:ZFFPoint-To-Point F:+U>6Router 5@?
:SV[X+`428@S65@?i[,0+,-Z`+2J`@?S0G4:8C,W_1S+,-3[6G4:8C,W
HelloMulticastsOSPF Router 2-D?WH405.,6,0_1S+,-3[6Hello packet 
5@?F--RaG4:WV`H[,6lcC42Y[0Router ID, -,SY9?: Router X+ 4̀28@S6 
(Neighboring) =>?6R\cW[W@8[,X1l2W9?:2-D?WH40OSPF Router 0:+R,+R\
3[6Hello Packet Z`4CST68:S-TFHello Packet R,+Router :9?014CS2W9?:
}~,S3[6Z`\-TF5.,6,0c143:18 4̀:6+T0R\2JK0+,-3-4,623405,6+,-
HD1H[:+T0Router5@?2JK0AdjacencyR\5.,+,-3[6G4:WV`LSDB cJ+TF
Database Description Packet 14CSSequence 8[,/0>?6+,-5.,6,00@AR\
2JK0+,-Z`+2J`@?S0G4:WV`14CS8C,W3TWLT0EIZFFMaster/Slave 2W9?: 
Router c14-TFG4:WV`R\0.,G4:WV`5@?c140TA0W,2J-@SF25@SF+TFG4:WV`21DW
5@?W@:SV[Z`\R\-4:6G:2W9?:LFC[,HTC2:6cW[W@G4:WV`X1/-9:G4:WV`5@?W@:SV[
2+[,cJZ`4C_1S+,-3[6Link State Request Packet=>?6 Link State 
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Update Packet R\2JK0Response G:6Link State Request Packet 2L9?:
2JK0+,-F:+G4:WV` [̀,3a12W9?:Router 5@?c14-TF5.,+,-J-TFJ-a6G4:WV`
HTC2:6Z`4CR\3[6Link State Acknowledge +`TFcJ/`T6R,+5@?c143-4,6
Adjacency Z 4̀CZH[`\Router R\ST6863[6Periodic Hello Packet :SV[
2-9?:Sl2L9?:2JK0+,-H-CR3:FC[,Router 2L9?:0F4,00TA0ST686:SV[/-9:cW[ 

+ ,- 2 -D? WH4 0+-\FC0+,-G:6+,-SynchronizeM,0G4:WV `
3U,0\+,-2Y9?:W_S6LSDBs-\/C[,6 Router G4,628@S68C,W3WFV-eI
G:6+,- SynchronizeLSDB i``TLEIX0Router G:68C,WH[:209?:6+T0

+,-LDR,-e,+TF2L9?:0F4,0B R02HBWeRa10@A Router A 3-4,6LSAG:6 
Router X/W[L-4:W+TF-,S+,-3U,0\8C,WH[:209?:6+T0G:6 Interface 
5TA6/W1 

 
0TA03.,/-TFRouter 5@?:SV[X028-9:G[,S21@SC+T0 (2JK0+,-2Y9?:W_S6

-\/C[,6HTC2:6Z`\ Router 2L9?:0F4,0B)Z`\3[6LSA::+R,+ 
Interface 2W9?: Router 2L9?:0F4,0c14-TFLSA 0@AWT0R\3[6H[: LSA 
::+W,R,+5a+ Interface X028-9:G[,SS+2C40Ra1X1Ra1/0>?65@?LSA 
c14-TF1T60TA0LSA R\+-\R,ScJ2HBW5T?C5TA628-9:G[,S+-\FC0+,-
-T?Cc/`G:6G4:WV`Z`\8C,W0[,2Y9?:U9:_1S+,-+.,/01X/4Router :9?0
XY4-VJZFFLSAG:6+,-2JK0Router 5@?2Y9?:WH[:5@?:SV[X+`4+T0U4,WT0
cW[c14-TF+,--TF-:6G:6LSAR,+Router G4,628@S6d,SX0F,6Y[C62C`,

0TA0 1T60TA0ZH[`\Router X028-9:G[,S5@?c14-TF+,--TF-:6 LSAG:6 
Router :9?0lZ`\c14-TFG4:WV`2+@?SC+TFRouter X+`428@S6 +,-5@?RouterA 
c143-4,6+,-2Y9?:WH[:+TF Router :9?0l:S[,6H[:209?:6R02HBW28-9:G[,S 
Router 5TA63:65@?:SV[HD1+T0H-,FX15@? Router 2/`[,0TA03,W,-U
Z`+2J @̀?S0G4:8C,WHello 2JK0-\S\l8C,WH[:209?:6X0+,-HD1H[:
-\/C[,6+T0R\`1`62W9?: Router 2+D1+,-`4W2/`C =>?6R\H4:6c14-TF
G4:8C,WHello R,+ Router G4,628@S6d,SX0-\S\2C`,
RouterDeadInterval5@?2+D1G>A00@A/,++,-2Y9?:W_S6-\/C[,6Router 0TA0l

+TF Router G4,628@S62+D1+,-`4W2/`C/-9:/,+Router G4,628@S6cW[
3,W,-U5.,6,0c14X0F,6+-e@Protocol Layer G:6+,-2Y9?:W_S6+BR\
3,W,-U5.,+,-ZR46cJST6 Router :9?0l2+@?SC+TF8C,W`4W2/`CG:6+,-
2Y9?:W_S6 

1T60TA0Router R>6:0ak,HX/45.,+,-S+2`D++,-3[6G4:8C,W Hello 
3.,/-TF+,-3DA03a18C,WH[:209?:6X0+,-2Y9?:WH[:+T0_1ScW[H4:6-:X/4
RouterDeadInterval/W1:,SaZ`\+,-ZF[6-,S`\2:@S12L9?:3-4,6LSA
G:6G4:8C,W5@?H[:209?:6+T05.,X/4RouterDeadInterval /W1:,Sa 

LSAG:62-,2H:-I-a[0X/W[0@A 2JK0+,-5.,X/42+D1+,--T?Cc/`G:6
G4:WV`H`:1R028-9:G[,S2L9?:ZR46X/4Router 5TA6/W1X028-9:G[,S5-,F
2+@?SC+TF+,-ZF[68C,WH[:209?:6+T02W9?:Router c14-TF+,--TF-:6LSA
X/W[R\W@+,-8.,0CeH,-,623405,6X/W[Z`\5.,+,-3[6H[:G4:WV`
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L9A0M,0_1S-CWZ`4C+,-Convergence Z`\+,-2J`@?S0Topology X0
ProtocolOSPFJ-\+:F14CS: 

�+,-H-CR/,+,-2J @̀?S0Topology _1SRouter  
�+,-HTA68[,8C,WH[:209?:6+T0/-9:+,-ZF[623405,6_1SRouter

c14-TFi`+-\5FR,++,-2J`@?S0ZJ`6G:6Topology 
�+,-3-4,6LSAs X/W[_1SRouter 5@?c14-TFi`+-\5FZ`\+,-

Flooding G4:8C,W HellocJST65a+lNodeX028-9:G[,SOSPF 
�H,-,68.,0Ce23405,6G:6ZH[`\Router X0+,--TF+,--TF-:6 

LSAs H,W14CS+,-ZR+ZR6G:6H,-,623405,6+,-J-TFJ-a6+,-
-TF-:6G:6 LSAs 

+,-/0[C62C`,Convergence _1S-CWG>A0:SV[+TF2C`,5@?R.,2JK0H4:6
5.,X/423-BRX0ZH[`\GTA0H:05@?UV++`[,CU>6X03[C0H[:cJ0@AR\:EDF,S
ZH[`\GTA0H:02/`[,Z`\R,++,-p>+g,6,0CDRTS5@?H@LDWLI`[,3a1X0+,-
`18C,W [̀,Y4,/-9:+,-J-\WC`i`5@?2+@?SCG4:6+TF+,-J-TFGTA0H:0X/4
2/W,\3W 

 
III. FASTERFAILUREDETECTION IN OSPF 
X03[C00@A2-,:EDF,SU>68C,W`4W2/`C5@?2JK0cJH,WE--WY,HDX0

28-9:G[,SIP =>?6R\:EDF,SU>68[,2-D?WH40G:6+`c++,-H-CR3:F8C,W
4̀W2/`C5@?XY4X0OSPF - The Hello Protocol Z`\G4:230:5@?i[,0W,=>?6

3-aJcC4X0H,-,65@? 1 2L9?:2LD?W8C,W-C12-BCX0+-\FC0+,-H-CR3:F
8C,W`4W2/`C-CW5TA6+,-H-CR3:F+,-3[6H[:ZFF3:65Dp5,6 

A.The Nature of Failures in IP Networks 
8C,W`4W2/`C2JK02/Ha+,-eIJ+HDX028-9:G[,SIP   8C,W`4W2/`C5@?

YTA0IP:,R2+D1G>A0209?:6R,++,-1.,20D06,0+,-F.,-a6-T+g,28-9:G[,S5@?
2+D1+,-`4W2/`CG:6Hardware Z`\ Software X0Router 5@?iD1L`,1
-CWU>68C,WiD1L`,15@?2+D1R,++,-+-\5.,G:6W0agSI2Y[0G4:iD1L`,1
X0+,-+.,/018[,Protocol /-9:8C,W`4W2/`CX028-9:G[,SL9A0M,0XS
Z+4C0.,Z368C,W`4W2/`C:,RZ316G>A05@?YTA0IP 2JK08C,W`4W2/`C
ZFF21@?SC/-9:/`,Sl`D68IHTC:S[,62Y[0Faulty Line Card R\5.,X/42+D1
8C,W`4W2/`CG:6+,-2Y9?:W_S6IP 21@SCZH[+,-HT13,S2340XSZ+4C0.,
Z36R\5.,X/4+,-2Y9?:WH[:5TA6/W15a+lIP 5@?:SV[F03,SFiber 0TA0
4̀W2/`CX05.,0:621@SC+T0+,--@FVH-\FFJ�DFTHD+,-X0Router R\

3[6i`+-\5F2L@S6Router 21@SCZH[U4,ch1TFX0Pointof Presence(PoP) 
:,RR\5.,X/42+D1i`+-\5FH[:5a+lRouter 5@?:SV[X00TA0F,68-TA68C,W
iD1L`,1G:6Hardware Z`\Software:,R3[6i`X/4Flapping 

Behavior R,+/0>?6+,-2Y9?:W_S6/-9:W,++C[,0TA0X0Router 2+D1+,-
`4W2/`C:S[,6H[:209?:63.,/-TFY[C6-\S\2C`,5@?W@+,-GS,S23405,6=>?6
3[6i`+-\5F:S[,6-a0Z-6X0G4:WV`+,-R-,R- (Traffic) [12], [13]. 

Y[C6+[:0+,-+.,/01/-9:1.,20D0+,-F.,-a6-T+g,ZFF2-[61[C02Y[0
Router Reconfigurations   :TL2+-1 Software Z`\+,-Z505@?
Hardware 3[C05@?2+[,2+D0cJLabovitzZ`\8e\ [14]H-CR3:F8C,W
`4W2/`C2W9?:G0,1G:6Regional IP Backbone X0Jb 1998 Z`\Z316
8C,W 4̀W2/`CX0+,-1.,20D06,0F.,-a6-T+g,28-9:G[,SMarkopoulou
Z`\8e\ [15] p>+g,8C,W`4W2/`CX0Sprint�s IP Backbone X0Jb 
2002Z`\LF2L@S6 20% G:68C,W 4̀W2/`C5@?2+D1R,+2/Ha+,-eI+,-
F.,-a6-T+g,MedemZ`\8e\ [16] Jb 2005-2007  CD28-,\/IG4:WV`8C,W
`4W2/`C3.,/-TFInternet2 28-9:G[,SR,+ 11 Router Z`\IP Backbone
G0,1X/k[J-\+:F14CS Router R.,0C0/`,S-4:SHTCZ`\LFC[, 72%
G:68C,W 4̀W 2/`CX0Internet2Z`\25%8C,W`4W 2/`CX0IP 
BackboneG0,1X/k[2JK02L-,\+,-1.,20D06,0F.,-a6-T+g,28-9:G[,S 

Mechanism Advantage Disadvantage 

 

+,-H-CR3:F8C,W
4̀W2/`CG:6 Hardware 

LF8C,W 4̀W2/`Cd,SX0 
10 WD` D̀CD0,5@ 

cW[3,W,-UXY4c14H`:1 

HelloInterval`1`6 J`:1dTSZ`\R\`1`6
cJ8->? 6/0>? 6 X0Y[C65@?
3:6 

`1`6Z`\:,R0.,cJ3V[
2-,2H:-Ioverloads Z`\
+,-2H9:0dTS5@?iD1L`,1 

+,-H-CR3:F+,-3[6H[:
ZFF3:65Dp5,6 

 Protocol :D3-\3,W,-U
XY4X0+,-2Y9?:W_S6+TF
+,-`1HelloInterval2L9?:
`12C`,+,-H-CR3:F
8C,W 4̀W2/`C 

cW[3,W,-UH-CR3:F
8C,W 4̀W2/`CX0+,-
8CF8aWX/42JK0cJH,W
Zi0 

������� 1 �����
����� OSPF ��!�� �	'��������()����	!�������
��!��	'���*����� ��!�� 

Hardware R.,LC+ Router 5@?c14-TF-,S6,08C,WiD1L`,12JK0
Z/ [̀63.,8TkG:68C,W`4W2/`CX028-9:G[,SIP [12]-[16]X0Jb 1998 
+,-p>+g,_1SLabovitzZ`\8e\ [14] 2iSC[, 40% G:6 Router 
InterfaceJ-\3F8C,W`4W2/`C2z @̀?Sd,SX040 CT0+TF 5% G:6
Interface 5@?`4W2/`C_1S2z`@?Sd,SX0 5 CT0Jb2002+,-p>+g,_1S
MarkopoulouZ`\8e\[15]LFC[,2+9:F 70% G:68C,W`4W2/`C5@?
cW[c14C,6Zi0Z+4cGcC40TA0209?:6R,+ Single Link2+D1+,-`4W2/`C2JK0
2L-,\8C,WiD1L`,1/-9::,R2JK02L-,\:,SaG:6Ageing Interface 
Cards  G4:3T62+H2LD?W2HDW-\FaC[,2L@S6 2.5% G:6+,-2Y9?:W_S62JK0
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3T13[C0+C[,8->?6/0>?6G:68C,W`4W2/`C2/`[,0@AJb2005-2007+,-p>+g,
G:6MedemZ`\8e\Z316i` T̀L5I 8% G:68C,W`4W2/`C_1S5T05@
X0Internet2 Z`\LF2+9:F 47% G:68C,W`4W2/`C5@?cW[c14C,6Zi0
Z+4cGX0Large IP Backbone G:6 Hardware R.,LC+ Router 5@?
iD1L`,1 

X0Jb [̀,3a1Software 5@?2+@?SCG4:6+TFJfk/,+,-+.,/018[,c142JK0
3,2/Ha3.,8TkG:68C,W`4W2/`CX028-9:G[,S IPLabovitzZ`\8e\
Z316X/42/B0i``TL5I2L@S6 1.3% G:68C,W`4W2/`C5@?Jfk/,R,+ 
Software :S[,6c-+BH,WMarkopoulouZ`\8e\Z316i``TL5I5@?
W,++C[,89: 16.5% G:68C,W`4W2/`C5@?cW[c14C,6Zi0Z+4Jfk/,5@?R\
2+D1 Router Crashes G>A0MedemZ`\8e\Z3162+9:F/0>?6X03,WG:6
8C,W`4W2/`C5TA6/W1R,+Software 5@?2+@?SCG4:6+TFJfk/, 

8C,W 4̀W2/`CX0YTA0Optical Fiber2JK03,2/Ha3.,8TkG:68C,W
4̀W2/`C:9?0lX0-\1TF IP3[C0/0>?6G:68C,W 4̀W2/`C5@?cW[c14C,6Zi0

Z+4Jfk/,J-\+:F+TFJfk/,28-9:G[,S Optical X0Y[C6 10U>6 15% X0
+,-p>+g,5@?H@LDWLI  [14]  [15]  GanjaliZ`\8e\X0Jb  2003 c14
5.,+,-p>+g,2+@?SC+TF Sprint�s IP Backbone _1SHTA6G4:3T62+HC[, 84% 
G:68C,W`4W2/`CG:6+,-2Y9?:W_S65@?W@i`+-\5FH[:J-\3D5EDd,L
G:628-9:G[,S2+D1R,++,-W@Jfk/,5@? OpticalLayer 

B.The Hello Protocol 
Hello Protocol X/48[,2-D?WH40G:6+`c+5@?5.,X/42+D18C,W 4̀W2/`C 

Z`\W@+,-H-CR3:FX0OSPF _1S5@? OSPF RouterR\-T+g,Inactivity 
Timer 3.,/-TFZH[`\28-9:G[,SG4,628@S6+BW@+,-RT1HTA6Full Adjacency
14CS 2W9?:2-,2H:-Ic14-TFG4:8C,WHelloR,+ Nodes 5@?:SV[G4,628@S6WT0R\
ResetInactivityTimer 5@?2+@?SCG4:6+TF Nodes 5@?:SV[G4,628@S6+,-RT1
H , - , 6 + , - c `[ ` F 2 34 0 5 , 6 + , - 2 Y9? : W H[ : : : + / `T 6 R , +
RouterDeadInterval2+D1+,-/W1:,SaRouterDeadInterval_1S5T?CcJ
R\W@R.,0C0+,-3[6G4:WV`3@?8-TA6X0HelloInterval2W9?:28-9:G[,SG4,628@S6
W@+,-2Y9?:W_S6-\/C[,6RouterZ`\ Router R\cW[c14-TFG4:8C,W Hello
2JK0-\S\lR,+ Nodes 5@?:SV[G4,628@S61T60TA0Inactivity Timer R\c`[
RouterDeadInterval::+/`T6R,+c14-TF+,-3[6G4:8C,WHello `[,3a1
R,+ Nodes 5@?:SV[G4,628@S6+,-c`[`F23405,6+,-2Y9?:WH[:::+G:6
Inactivity Timer R\5.,X/4Router 5@?:SV[X+`4YD1+T0SaHD+,-2Y9?:WH[:+TF 
Nodes 5@?:SV[G4,628@S6Z`\3-4,6RouterLSA X/W[5TA60@AG>A0:SV[+TF8C,W
4̀W2/`C2W9?:2+D1G>A0/ T̀6R,+c14-TFG4:8C,WHello `[,3a1R,+28-9:G[,S5@?

:SV[G4,628@S6Router :,RXY42C`,X1+Bc14-\/C[,6 3-4HelloIntervals5@?R\

/Sa1+,-HD1H[:+T0Z`\X/45.,+,-H-CR3:F8C,W 4̀W2/`C8[,2-D?WH40 
1 0  CD 0 , 5@ 3. , / -T F HelloIntervalZ ` \ 8 C - +. , / 0 1 
RouterDeadInterval40 CD0,5@Z`\Router R\XY42C`,X1+Bc14-\/C[,6 
30 Z`\ 40 CD0,5@3.,/-TFRouter X0+,-H-CR3:F8C,W 4̀W2/`C 

258_0_`S@F,6Hardware 2Y[0 Packet F0 SONET [19] X/4
H-CR3:F+,-2Y9?:W_S6G:68C,W`4W2/`Cd,SX0cW[+@?10WD` D̀CD0,5@
_1S+,-3[6 Router5@?3a154,SG:65TA63:6+,-2Y9?:W_S65@?2+D1+,-3Vk23@S
G:63Tkk,eG4:8C,W HelloX0+,--TF3Tkk,e1T6+`[,CRouterR\-:
-\S\2C`,Carrier Delay+[:05@?R\X/45.,5@?OSPF    Carrier Delay Y[CS
X/4 Router/ @̀+2`@?S6+,-2H9:0dTS5@?iD1L`,1Z`\Y[CS-\Fa Link 
Flapping   :S[,6c-+BH,W+,-H-CR3:F8C,W 4̀W2/`CG:6 Hardware
5@?XY4cW[3,W,-U5.,c145a+8-TA6 

W@ / ` , S G4 : 2 3 0 : 2 L9? : ` 1 HelloIntervalZ ` \ 14 C S 2 / Ha 0@A
RouterDeadIntervalR\`1 2 C`,+ ,-H-CR3:F8C,W`4W 2/`C
AlaettinogluZ`\8e\  [20] 230:`1HelloInterval5@?Y[C6WD` D̀CD0,5@
2L9?:X/4F-- à+,-H-CR3:F8C,W 4̀W2/`CW@8C,W+T6C`2+D1G>A0X0
/`,S+�2+e�I5@?R\`1HelloInterval5@?W@8[,G0,12`B+W,+8C,W+T6C`
Z-+89:R.,2JK05@?R\H4:65.,+,-3[6Z`\-TFG4:8C,WHello 5a+8-TA6
/`T6R,+cW[+@?WD``DCD0,5@=>?6R\5.,X/4CPU G:6Router HTC0TA02+D1+,-
_ / ` 1 6 , 0 2 LD? W W , + G>A 0 8 C , W +T 6 C ` 0 : + R , +0TA 0 +B 89 : C[ ,
RouterDeadInterval5@?W@G0,12`B+W,+:,R3[6i`X/4W@+,-2H9:0dTS5@?
iD1L`,1F[:SW,+G>A0 209?:6R,+ HelloInterval5@?W@G0,12 B̀+W@_:+,35@?
R\cJ2LD?W8C,WZ::T1G:628-9:G[,SZ`\R\0.,cJ3V[+,-3Vk23@S/-9:+,-
J-\WC`i`G:6/`,SlG4:8C,WHello5@?`[,Y4,5.,X/4W@+,-3-4,6LSA
G>A0209?:6R,+False Alarm Lead 2L9?:8.,0Ce23405,6X/W[G:6H,-,6
False Alarm89:+,-5.,+,-Z+4cG5T05@5@?W@+,-Z`+2J @̀?S0<G4:8C,W 
Hello5@?J-\3F8C,W3.,2-BRX0+,--TF3[6-\/C[,6Router 5@?c14-TF
i`+-\5F=>?62JK03,2/HaX/4 Router 2/`[,0@AR\H4:63-4,6+,-HD1H[:=>?6
+T0Z`\+T0 Z`4C3-4,6LSA X/W[_1S LSAX/W[2/`[,0@AR\FT68TFX/4
Router 5TA6/W1X028-9:G[,S5.,+,-8.,0CeH,-,623405,6:@+8-TA6
1T60TA0+,-2H9:05@?iD1L`,15.,X/42+D1+,-2J`@?S0ZJ`6YT?C8-,CX0
23405,6Traffic G:628-9:G[,S-CW5TA62+D1d,-\+,-J-\WC`i`5@?cW[
R.,2JK0F0Router+,-2J`@?S0ZJ`623405,6G:6 Traffic :,RW@
i`+-\5F-a0Z-6X0+,--TF3[6G4:WV`HTA6ZH[QoS/,+23405,6+,-
2J`@?S0ZJ`6:,RR\W@8C,W`[,Y4,:S[,6W@0TS3.,8TkZ`\`T+ge\+,-
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3Vk23@S:,RR\2JK02L-,\8C,WZ::T15@?2+D1R,++,-2J`@?S0ZJ`6G:6
HTC2:6W,++C[,23405,621DW 

BasuZ`\Riecke [21] 1.,20D0+,-R.,`:6+,-CD28-,\/IH,W
i`+-\5FG:6+,-ZF[6/-9:+,-Sub Second 8[,G:6 HelloInterval
Z`\-,S6,0C[,+,-`1HelloInterval500ms/-9: 250mscW[+[:X/42+D1
+,-_/`12LD?WG>A0G:6CPU :S[,6c-+BH,WLC+2G,cW[3T62+H2/B0+,-
2LD?WG>A02JK0/+25[,X0R.,0C0G:6Route Flaps 5@?2+D1R,++,-2H9:0dTS5@?
iD 1 L ` , 1 X 0 Ge \ 5@? HelloIntervalR \ ` 1 ` 6 R , +  5 0 0 ms+T F 
250msChoudhuryZ`\8e\ [22], [23] HTA6G4:3T62+HC[,+,-`1
HelloIntervallowersThreshold(X0Z6[G:6R.,0C0LSAs) 5@?LSA
::+W,R\0.,cJ3V[+,-3-4,6+,-2H9:0dTS5@?W@8C,WiD1L`,1Large LSA 
Burst Scan R\2+D1R,+R.,0C0JfRRTS2Y[0+,-h��0hV_1SL-4:W2L-@S6+T0
G:6LSAsR.,0C0W,+lGoyalZ`\8e\[24] HTA6G4:3T62+HC[,8C,WU@?
G:6+,-2H9:0dTS5@?W@8C,WiD1L`,1X028-9:G[,S5@?2LD?WG>A0R0U>6-\1TF5@?
2+D18C,WZ::T1G:628-9:G[,SZ`\+,-2LD?WG>A0X0R.,0C0G:6+,-
2Y9?:W_S6X028-9:G[,S1T60TA05,6::+5@?1@5@?3a13.,/-TF+,--TFZ`\3[6
HelloIntervalX028-9:G[,SG>A0:SV[+TF8C,W505,0G:628-9:G[,S
3.,/-TF8C,WU@?X0+,-2H9:0dTS5@?iD1L`,1_1S5@?R\cW[2+D0-\1TF8C,W
Z::T15@?8,1/CT6Z`\R.,0C0G:6+,-2Y9?:W_S6X0_8-63-4,628-9:G[,S 

C.Bidirectional Forwarding Detection (BFD) 
+,-H-CR3:F+,-3Vk23@SG:6+,-2Y9?:WH[:-\/C[,63:6:aJ+-eI5@?

:SV[d,SX028-9:G[,S21@SC+T0c14:S[,6-C12-BC89:G4:+.,/015T?CcJ
3.,/-TF-\FF28-9:G[,S/`,S Protocol  [25]   F[:S8-TA6 Protocol 
cW[c14W@+`c+X0-\1TF Native Mechanism 3.,/-TFCTHUaJ-\368I0@A
Native Mechanism cW[3,W,-UH-CR3:F8C,W 4̀W2/`Cc14:S[,6
-C12-BCL:S+HTC:S[,62Y[0X0+-e@G:6OSPF  Native Mechanism 
(Hello protocol)  cW[3,W,-U5.,X/4Y[C6WD` D̀CD0,5@H-CR/,8C,W
4̀W2/`CLF:@+HTC:S[,6/0>?689:+,-XY4LSP-Ping [26] Mechanism X0

+,-H-CR3:F8C,WiD1L`,1X0Label Switched Path (LSP)X0Multi-
Protocol Label Switching(MPLS) R.,0C0 428-9:G[,S+,-J-\WC`i`
5@?R.,2JK03.,/-TFLSP-Ping Messages U9:C[,W@8C,W3.,8TkW,+Z`\14CS
2/Hai`0@A8C,WU@?G:6+,--TF3[6G4:8C,W1T6+`[,CcW[3,W,-U2LD?W
+�2+e�I2L9?:X/4F-- àCTHUaJ-\368IX0+,-H-CR3:FX/4c14LF8C,W
4̀W2/`CG:628-9:G[,S:S[,6-C12-BC 
+,-H-CR3:F+,-3[6H[:ZFF3:65Dp5,6 (BFD) CTHUaJ-\368I

5T?CcJG:6 Light Weight Protocol 89:+,-H-CR3:F8C,WiD1L`,1

G:623405,6+,-2Y9?:WH[:ZFF3:65Dp5,6-\/C[,6:aJ+-eI3:6
:aJ+-eIF028-9:G[,S5@?:,R2+D1G>A0:S[,6-C12-BC [29]   BFD 5.,6,0
2JK0:D3-\R,+ Protocol :9?0lZ`\H-CR3:F8C,WiD1L`,1X0+,-
1.,20D0+,-G:6hf6+IYT0+,-3[6Packet hf6+IYT?0+,-3[6H[:ZLB82+BHR\
1.,20D0+,-3[6H[:H,WJ+HD_1SProcessor X0 Line Cards2L9?:/`@+2`@?S6
+,-XY46,0-[CW+T0+TF+,-Zi0+,-8CF8aW5@?5.,6,0F0Routing 
Protocols BFD W@CTHUaJ-\368I5@?R\0.,W,XY4X0G4:WV`+,-3[6G4:WV`X/4
W,+5@?3a18C,W3,W,-UG:6BFD 89:H-CR3:F8C,WiD1L`,1+,-3[6
G4:WV`c14-C12-BC3,W,-UXY4-[CW+TF8C,W3,W,-UX0Protocol�s 
Native2W9?:5.,+,-H-CR3:FG4:WV`/-9:5.,+,-8CF8aW8C,WiD1L`,1
X0+,-3[6G4:8C,W HTC:S[,62Y[0Router 5@?XY4CDE@+,-+.,/0123405,6
OSPF 3,W,-U2-D?WH40 SessionBFD +TFRouter 2L9?:0F4,0Z`\XY4
-[CW+TFHello Protocol 2L9?:5.,+,-H-CR3:F+,-3Vk23@SG:6+,-
2Y9?:WH[:+TFRouter 2L9?:0F4,0c14:S[,6-C12-BC [30]     

Session BFD -\/C[,63:6:aJ+-eI3,W,-U5.,6,0X03:6_/W15@?
ZH+H[,6+T0X0_/W1 Asynchronous :aJ+-eIR\8.,0Ce-\S\2C`,
+,-3[6 Packet 2L9?:8CF8aWBFD +TFZH[`\:aJ+-eI _1S:aJ+-eI
2/`[,0TA0R\5.,+,-ZR46X/45-,FU>68C,W 4̀W2/`CX0+,-2Y9?:WH[:2W9?:
WT0cW[c14-TFPacket BFD R,+:aJ+-eI:9?0lF,62C`,5@?W@+,-+.,/01cC4
`[C6/04,X0_/W18C,WH4:6+,- (Demand Mode) /,+cW[W@+,-
Z`+2J`@?S0-\S\2C`,G:6+,-3[6G4:8C,W-\/C[,6:aJ+-eIX0Session 
BFD  BFD+BR\ST6W@ FunctionEcho 8:S30TF30a02L9?:5@?R\3[6
:aJ+-eIPacket 8CF8aW5@?R[,/04,iV4-TFU>6HTC2:6cJST6:aJ+-eI:9?0l
1T60TA0FunctionEcho R>6Y[CSX/4:aJ+-eIX0+,-513:F2L@S623405,6
+,-3[6H[:F028-9?:6-\S\c+`3,W,-U+.,/01C[,2+D18C,W`4W2/`CG>A0
c14:S[,6-C12-BC [29] 

BFD Y[CSX/45TA 63:6:aJ+-eI5@? 2Y9?:WH[:+T05.,+,-3-4,6
SessionBFD 2L9?:5@?R\2R-R,Y[C62C`,-TF3[6G4:WV`-\/C[,6 Router 
209?:6R,+ Packet8CF8aWBFD5@?-TF3[60TA0:,RR\2+D18C,W`4W2/`C
1T60TA02C`,+,-H-CR3:FR\3,W,-U5.,c14:S[,6-C12-BC (J-\W,e 50 
ms [32]) U4,:aJ+-eIX0Session BFD3,W,-U-TF Packet 8CF8aW5@?
3[6cJ:S[,6-C12-BCX0Y[C62C`,-\/C[,65@?Packet 8CF8aWUV+3[6::+cJ
:S[,6H[:209?:6R\3,W,-UJ-TFZFFDynamic Protocol BFD c14R>6
2/W,\3.,/-TF+,-1.,20D06,0X0Hardware G:6 Line Card /-9:
Firmware 5@?2JK0:aJ+-eIX0 Session BFD 5@?8,1C[,R\3[6G4:WV` 
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V. LSA GENERATION AND FLOODING 
G4:WV`_8-63-4,6G:6OSPFR\1.,20D0+,-:SV[X0LSAs _1S Router 

LSA R\:EDF,S3d,LG:6Interface G:6 Router cJST6L9A05@?28-9:G[,S
LSA 5@?Z316+,-3[6::+G4:WV`Z`\:EDF,SYa1G:6Router 5@?2Y9?:WH[:
+TF-\FFLAN0:+R,+0@AArea Border Routers (ABRs) 89:2-,2H:-I
5@?W@Interface 2Y9?:WH[:cJST6/`,SL9A05@?:,R2+D1G>A0X028-9:G[,S LSAs
ZH[d,SX0 AS3a154,SR\2JK0Autonomous System Boundary 
Routers(ASBRs) 89:Router 5@?W@+,-2Y9?:W_S6cJ Router X0d,S0:+
AS5TA60@AAS:,R2+D1:SV[d,S0:+ (ASE)H,-,65@? 4X/4d,L-CW8-[,Cl5@?
ZH+H[,6+T0G:6LSAs 5@?XY4X028-9:G[,S OSPF 

 
IV.   6�7879�:6�7;<=>?@AB?�C>;7DEFGH�IJKJLME�@8N@ON�PQ�C>A9?:

;<=>?@AB?7KREB�:6N�F?:;79�;A?7Q;O=>?��9��  
8C,W3TWLT0EI-\/C[,6+T0G:6 Router 0TA02+D1G>A02W9?: Router 2+D1

+,-Z`+2J @̀?S0G4:8C,W Hello Message -\/C[,6+T0/-9:5@?-V4RT++T01@
C[,3U,0\+,-39?:3,-ZFF3:65,6 (Bidirectional Status)   =>?6R\UV+
HD1H,W14CS+,-Z`+2J`@?S0DD Packet Z`4CDD 0@AR\2JK0HTC:EDF,S
2=B5G:6LSA X0 Router 5@?W@2+BF:SV[X0 LSDB+,--CF-CW LSDB5.,
c14_1S+,-Z`+2J`@?S0 LSA-\/C[,6 Router G4,628@S6 Router 5a+HTC
R\LS,S,W5.,X/4 LSDBG:6WT0W@G4:WV`5@?2/W9:0+TFRouter G4,628@S6
X0Area Network +,-2Y9?:WH[:5TA6/W1865@?Router 5TA6/W1R\W@G4:WV`
21@SC+T0X0LSDB 

 X0/TCG4:S[:SH[:cJ0@AR\:EDF,S2+@?SC+TF+,-J-TFJ-a6CDE@+,-
X0+,-3-4,68C,W3TWLT0EI-\/C[,6+T0G:63:6 Router =>?6+,-
J-TFJ-a60@A`1R.,0C0+,-3-4,68C,W3TWLT0EI-\/C[,6+T05@?UV+-4:6G:
X0Broadcast/NBMA, LANs, Mobile AdhocNetwork /-9:5@?2-@S+C[,
MANETsH,-,65@? 2 Z316d,L-CWG:6+-\FC0+,-J-TFJ-a6H[,6l 

 
A. 6�7S7N�S7T: DatabaseExchange Process 
Ogierc140.,230: Database Exchange Summary List 

Optimization C[,+,-5@?H[:2LD?W+,-5.,6,0cJST6OSPF v2/v3 5.,X/42LD?W
8C,W2-BCX0+-\FC0+,-Z`+2J`@?S0M,0G4:WV` (DB Exchange 
Process) 2JK0+,-`1 Payload  G:6DD Packet `6W,5@?+-\FC0+,-
-TFDD Packet R,+ Router 2L9?:0F4,0 Router R\3[6DD packet G:6
HTC2:6cJ2JK023W9:0 Response  X0W,H-M,0G:6OSPF 0TA0X0DD 
Packet +BJ-\+:FcJ14CS Header 5@?W@G4:WV`G:6+,-H:F30:6LSA 

=>?6+T0cC4X0LSDB    +,-Zi[GS,SY[C6+,-5.,6,0G:6OSPF  0TA0 
Router R\1VC[,LSA X0DD Packet 5@?-TFW,0TA0W@+-\FC0+,-ZFF21DW
5@?W@:SV[Z`4CX0LSDB /-9:cW[/-9:W@:T0X/W[2G4,W,U4,/,+W@:SV[Z`4C+BR\
cW[UV+3[6::+cJR\3[6G4:WV`2JK0 Response 5@?W@:SV[Z`4CX/4cJZ50 

Baccellic140.,230::@+CDE@+,-X0+,-Z`+2J`@?S0M,0G4:WV`cC4_1S
WT02JK0/`T++,-5@?8[:0G4,6R\6[,SZ`\c14Z-6FT01,`XRW,R,+`V+R4,6
80/0>?6X0 ISIS89:+,-Z`+2J`@?S0 CompactSignature  

(+,-5., Hashing X0 Partition G:6LSDB)   -\/C[,6+T0G:6 
Router G4,628@S6Z505@?CDE@+,-G4,6H405@?R\cW[3[6DD packet cJ/,+C[,
1VZ`4CC[,Header W@G4:WV`G:6 LSAResponse 5@?=A.,+T02L9?:5.,+,-
H-CR3:FC[,W@8C,WZH+H[,6+T0/-9:cW[-\/C[,6G4:WV`5@?UV+3[6W,X/W[
+TF Packet 21DW5@?:SV[X0LSDB   2W9?:8C,WZH+H[,6+T0-\/C[,63:63D?6
5@?8C-R\2/W9:0+T02+D1G>A0X03:6 Signatures   Bit 5@?XY4X0+,--TF3[6
G4:WV`R\W@+,--4:6G:X/43-4,6+,-5.,6,05@?3:18 4̀:6+T0X0LSDB 
-\/C[,6 Router 5@?2+@?SCG4:6+T0X0Ge\0TA0Z`4CR>65.,+,--\FaZ`\2+D1
+,-Z`+2J @̀?S0LSDB =>?6+T0Z`\+T0  

B. 6�7JLW���E�6�7879�:ME�@8N@ON�PQX�6�7;<=>?@AB?7KREB�:

6N�F?:RouterF9�:;MCY:X�Broadcast/NBMA IJK LANs 
X0GTA0H:0+,-2-D?WH40OSPF Router 5@?2Y9?:WH[:14CS Interface 

3.,/-TF Broadcast /-9:NBMA  Z`\LANs  R\3-4,6+,-39?:3,-
-\/C[,6+T0ZFF3:65Dp5,6+TF Router 2L9?:0F4,0_1S+,-3[6Z`\-TF
Hello Massage   X03d,C\ZFF0@AcW[C[, Router HTCX1+BR\UV+W:6C[,
2JK02L9?:0F4,0G:6+T0Z`\+T0+,-3-4,6+,-2Y9?:WH[:8C,W3TWLT0EI+TF
2-4,2H:-IG4,628@S6X028-9:G[,S3d,C\2Y[00TA0:,R2JK0+,-2LD?Wd,-\+,-
5.,6,0X/4 Router W,+2+D0cJ1T60TA0X0+,-5.,6,0G:6OSPF Protocol  
2Y[00@AR\2`9:+ Router 5@?2JK023W9:0iV40.,W,/0>?6 Router =>?62-@S+C[, 
Designed Router /-9:DR Z`\HTC5@?2JK0HTC3.,-:6G4:WV`cC4/0>?6 
Router 2-@S+C[, Backup Designed Router   _1S Router 5TA63:60@AR\
3-4,68C,W3TWLT0EIZFF2HBW-VJZFF+TF Router 5a+HTCX0C6Z`0 

C.6JYT�PQXR9;R@�K8@879�:ME�@AB?;�=>?:6N���MANETs 

X028-9:G[,SZFF Ad Hoc (ST62-@S+C[,MANETs), Router W@

8C,W3,W,-UX0+,-5.,6,0ZFF Dynamic -[CW+T0c14/-9:W@+,-/`a1
::+R,+28-9:G[,SF[:S=>?65.,X/42JK0W,H-M,0OSPF 2L9?:8C,W
H[:209?:6+T0Z`\2L9?:3-4,6CDE@+,-X/W[lR>6W@+,-0.,230:CDE@X0+,-`1
R.,0C0G:68C,WH[:209?:6+T0_1SOSPF Internet Engineering Task  
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Force (IETF) c14LT^0,G4:230:OSPF 3.,/-TFi`+-\5FX0+,-
1.,20D0+,-F0MANETs: 
� OSPF MPR [36] Z`\OSPF-OR[37], _1SS>1/ T̀++,-U[,S5:1
G4:WV`ZFFRa1 (MPR) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
�OSPF-MDR [38], H,W/`T+MANETH,W/`T++,- Router (MDR) 
_1S5T?ClcJZ 4̀C-\/C[,60,W3+a`OSPF W@8C,WZH+H[,6+T03.,/-TF
MANET 89:OSPF 0.,230:J-\2d5 Interface X/W[OSPF 2/W,\
3.,/-TF`T+ge\G:628-9:G[,Sc-43,S/`,S Multi-hop, X0Ge\5@?
OSPF CD?62J`@?S0ZJ`623405,6F028-9:G[,SZ`\+,-2Y9?:WH[:J+HD5@?W@
:SV[OSPF XY4+`c+5,62`9:+5@?R\`18[,XY4R[,SZ`\2LD?W8C,W2-BCX02C`,
Convergence =>?63,W,-UZF[6c142JK0/WC1/WV[1T6H[:cJ0@A [40]: 
�+,-2`9:+8C,WH[:209?:6+T0: Z505@?R\3-4,68C,WH[:209?:6+T014CS 
Router 5TA6/W15@?:SV[HD1+T0+TFRouter G4,628@S65@?2 9̀:+X/42/W,\25[,0TA0 
�+,-2LD?WJ-\3D5EDd,LX0+,-`1+,-2+D1Retransmissions Flooding
=A.,=4:0 
�`1_8-63-4,6 Topology: Z505@?R\3[6-,S+,- Router 5@?:SV[HD1+T0
5TA6/W1+BX/4 Router 2L9?:0F4,0-,S6,02L@S63[C0S[:SG:6
Adjacencies X0LSAs 

�`18C,W=A.,=4:0X0+,-3[6G4:8C,WHello: Z505@?R\3[6G4:WV`5TA6/W1 
+B 2`9:+G4:WV`G4:8C,WHelloL9A05@? X+`4 28@S6F,6-,S6,05@?W@+,-
2J`@?S0ZJ`62zL,\X0L9A05@?X+`428@S6G:6Router  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
������ 3 Multi-point ���5� MPR 7��8 N ��:�� MPRs ���������'������
���	!�� 2 ��5�������8������5�� ����5�� Node-Node 

 
OSPF-MPR[36] XY4+,-2Y9?:WH[:ZFF/`,SRa1X0+,-

U[,S5:12580D8 (MPR) 3.,/-TF+,-Z0\0.,X/4-V4RT++TF MANET 

CDE@ 8.,:EDF,S Pros/Cons 
+,-XY4M,0G4:WV`-CWX/42/W,\3W ZL�8Z+�8DDcW[c14-CW:SV[ X0HeaderG:6 

LSA5@?:SV[X+`428@S6 
R,+HTC:S[,63,W,-U2-@S+8908[,5@?2+D0cJG:6 
DD c14J-\W,e 50 %X0-\FF8-9:G[,SZ`\ 
IETF +BS:W-TF 

+,-2J @̀?S0R,+ LSDB 2JK0 LSA  +,-LT^0,M,0G4:WV`X/4cW[X/k[W,+0T+ 2LD?W
c14+TF5a+M,0G4:WV` 

+,-J-TF8[,G:6 OSPF   +,-2-@S+8908[,2C`,Z`\+,-J-\WC`i`5@?-4:6
G:X0 DR/BDR  2L9?:2`9:++,-5.,6,0 

+,-2LD?WG>A0G:6 OSPF-MANET   1V-,S`\2:@S1X0H,-,65@?3 d,L-CWG:6 MANETs +TF+,-HD1H[:-\FF
28-9:G[,S 2L9?:2-@S+8908[,5@?X+ 4̀28@S6/W,S2`G
Z`\ +,--4:6G:5@? X+`4 28@ S6 ,G0,1G:6
G4:8C,WZ`\3[C0G:6 LSA5@Z+C[6cJW, X0 
MANETs 

+,-H:F30:65@?-C12-BCX0 OSPF 8C,WH[:209?:6X0+,-3[6i[,0G4:WV` 8`4,S+TF 
OSPF 

+,-XY43,SZFF21DW:SV[5.,X/4R\2G4,U>6c146[,S
+C[, 

������� 2��8�?�*���	���5��	���	��OSPF �����5���
�MANET ���5�������5���'������:������5���:����
�	����C����5��	���
���5������C�����?��:��D�����5���'�	!��!�(���5���'���?����
���Paper ��� 
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Routing Protocol 5@?2-@S+C[, Optimized Link State _1S+.,/01
23405,6 (OLSR) [41] X0 OSPF-MPR =>?6ZH[`\ Router R\2`9:+
R.,0C0 Relay /`,SRa1R,+Ya1G:6Router 2L9?:0F4,0ZFF3:65Dp5,6
G:62L9?:0F4,0 MPR Z`\R\UV+2`9:+_1S Router 2L9?:5@? Router  2L9?:0
F4,0 :@+ 2 hops 5@?:SV[/[,6::+cJ3,W,-U2G4,U>6c14:S[,604:S/0>?6
Router i[,0 MPR (-VJ5@? 3) ZH[`\Router R>6-T+g,+,-HTA6-,SY9?:2L9?:0
F4,05@?R\2 9̀:+cC4X0JfRRaFT02JK0MPR 2Y[021@SC+TF+,-HTA68[,-,SY9?:
Router 2L9?:0F4,05@?W@X0Ge\0@A2JK0 MPR G:6H02:6 (Router 2L9?:0
F4,02/`[,0@AR\UV+2-@S+C[,Selectors MPR) Router +.,/01U4:S8.,
2zL,\2HBWMPRs Z`\ Selectors MPR G:6HTC Router 2:6=>?6R\Y[CS
`1R.,0C0Adjacency5@?cW[R.,2JK0X0 MANET 2L9?:5@?R\-TFW9:+TF
+-e@+,-2+D1G4:WV`5@?cW[2JK0J-\_SY0IX03d,L5@?/,c14S,+3[6i`X/4
+,-HTA68[,0@A5.,X/4Adjacencies cW[c142Y9?:WH[:28-9:G[,SZW4ZH[/0>?6
Router X028-9:G[,S (The Sync Router) +.,/01U4:S8.,+TF5a+ Router 
2L9?:0F4,0 +,-CD28-,\/IL�HD+--W2L9?:2 9̀:+MPRs Z`\The Sync 
Router 3,W,-ULFc14X0 [36] 

 
IV ?P[��Y67K�E�6�7F?:6�7;6[LME�@AB?;�=>?:X�6�7;<=>?@AB?

6N�7KREB�:8?: Router OSPF IJK6�7S7N�S7T:�C>8��MN\ 
3.,/-TF+-\FC0+,-0@A X03[C00@AST6:EDF,SU>6+,-0.,230:

Protocol 5@?W@+,-J-TFJ-a6+,-`1R.,0C0G:68C,WH[:209?:6+T0X0+,-
2Y9?:WH[:Packet 5@?+-\5.,G4:WV` Topology d,S/`T63[C00@A:EDF,SU>6
JfRRTS5@?W@i`+-\5FH[:+-\FC0+,-3-4,6Z`\+,--T?Cc/`LSAG:6 
Parameter HD1H[:5@?`[,Y4,:T0209?:6W,R,++`c+Y:FLSAs Z`\
28-9:G[,SS[:SZFF-CWZ`\+,-J-TFJ-a6H[,6l5@?::+ZFFW,2L9?:`1
8[,XY4R[,S5@?2+D1G>A0X0+,--T?Cc/`_1S2zL,\:S[,6SD?6X03D?6ZC1 4̀:W
G:6MANET3[C0VI :EDF,S+-\FC0+,-G:6+,-8.,0Ce+,-3-4,6
H,-,623405,6H[:cJ0@A:,5D2Y[0 +`c+G:6+,--TF-:6LSA X/W[XY42L9?:
/`@+2`@?S6+,-8.,0Ce+,-3-4,6H,-,623405,6F[:Sl8-TA 6Z`\
:T`+:-D5>W5@?XY4X0+,-3-4,628-9:G[,SH40cW423405,65@?3TA05@?3a1 

H,-,6+,-8.,0Ce3[C05@? 7:EDF,S+,-2-D?W+,-5.,6,05@?1@ +`c+5@?
Y[CSX/48CF8aWc14H,WZi08CF8aW+,-2-D?W-\FFX/W[X0+,-5.,X/4 
Router 1.,20D0+,-H[:cJc14_1ScW[H4:6W@+,-2iSZL-[G:6G4:WV`
2+@?SC+TF23405,6cJ5T?C5TA628-9:G[,S+,-2-D?WH403[C0VIII:EDF,SC[,
OSPF cW[XY[CDE@2YD6-a+X0+,-+V48908C,W`4W2/`C:S[,6-C12-BCGTA0H:0
3a154,S3[C0MPLSZ`\Reroute23405,6IP :S[,6-C12-BC 

Packet 5@?R\UV+3[6H[:cJST6 Router 4��).56�)0@A Packet 2/`[,0@AR\
UV+3[6H[:_1SXY48[,+,-HD1HTA65@?2Y9?:W_S6 Router 5@? 4̀W2/`COSPF 
30TF30a0:SV[/`,S+,-HTA68[,5@?2-@S+C[,28-9:G[,SMulti-Technology[96] 

XI Z`\Chao [97] 0.,230:+,-2G@S0_J-Z+-W2YD62340_1SXY4
R.,0C02HBWFormulation (ILP) 2JK0+,-840/,`.,1TF5@?H,W:T`+:-D5>W
3.,/-TFJfk/,UT1cJG:6+,-840/,X0+,-3.,-:6G4:WV`R\XY4_1S 
Router X0+-e@G:68C,W`4W2/`CG:6+,-2Y9?:W_S6 Router H,W
23405,6/`T+=>?62`GG:6 Router _1SXY4+,-3.,-:6G4:WV` =>?6G4:WV`R\
UV+S[:X/42`B+5@?3a1X0G4:230:0@ARouter R\HT13D0XRC[,8C,W`4W2/`C
c142+D1G>A0cJH,W23405,6/`T+2W9?:c14-TFPacket R,+ Hop UT1cJG:6
23405,6/`T+3.,/-TFJ`,S5,6G:6Packet  Bryant Z`\8e\ [90] 
Z0\0.,C[,F08C,W`4W2/`CX0+,-H-CR/,2W9?:U>6 Hop UT1cJ3.,/-TF 
Packet Router 8C-3[63Tkk,e Packet cJST6 Router R,+5@?3,W,-U
H[:cJST6J`,S5,6G:6+,-3[6H[:i[,0IP J+HDX1l+,-c/`2C@S0
d,SX0+`c+2Y[0IP X0IP [98] /-9:GRE [99],3,W,-UXY43.,/-TF
CTHUaJ-\368I0@A2L9?:=[:WZ=WH,-,623405,6Multi-Hop W@8C,WS,+X0
+,-+.,/01H`:1R02-@S+XY4:S[,6c-+BH,W2JK05@?8,1/CT65@?X0+,-
R\H4:6XY423405,61T6+`[,C=[:WZ=W2L@S63[C02`B+lG:6Ra1/W,S
J`,S5,6G:628-9:G[,SIP _1S5T?CcJ=[:WZ=W23405,65@?XY4YT?C8-,C
25[,0TA0X0Ge\5@?5.,+,- Convergence 5@?IGP (OSPF)2W9?:IGP 
Convergence Z`4C0TA0 Packet 3a154,SR\UV+3[6H[:_1SXY4+-\FC0+,-
3-4,6G>A0W,X/W[_1SIGP  

2J`@?S023405,6G:65-,hh�+5@?c14-TFi`+-\5FH,WZ0C23405,6
:9?0H,W ING W@8C,W 4̀W2/`CX0+,-2Y9?:W_S6:,R209?:6W,R,++,-
3-4,62+D0LD+T1H,W8C,W3.,8TkX0F,63[C0G:628-9:G[,S R>6H4:6-\CT6
2-9?:6+,-+.,/010A.,/0T+G:6+,-2Y9?:W_S6 =>?6:,RY[CSX/4/ @̀+2`@?S6
3U,0+,-eI0@AcJc14 :S[,6c-+BH,W+,-2J`@?S00A.,/0T++,-2Y9?:W_S6
H`:15TA628-9:G[,S/`T6R,+2+D18C,W`4W2/`CR\cW[3,W,-U2JK0cJc14
U4,8C,W 4̀W2/`CcW[c142JK0+,-YT?C8-,C_1S5T?ClcJ 1T60TA0NucciZ`\
8e\ [100]Z0\0.,C[,8C-2J`@?S0ZJ`6Ya1G:60A.,/0T+2Y9?:W_S6
28-9:G[,S _1S+.,/01X0 T̀+ge\5@?2Y9?:W_S6ZFF-TFd,-\X/43,W,-U
/`@+2`@?S6c145TA6X0-\/C[,6+,-1.,20D0+,-ZFFJ+HDZ`\X0-\/C[,65@?
2+D18C,W`4W2/`CX0+,-2Y9?:W_S62YD621@?SC 0:+R,+0@A NucciZ`\
8e\ ST60.,230:ZFFCD28-,\/IL�HD+--W+,-840/,ch`IYa15@?W@
0A.,/0T+2Y9?:W_S65@?1@_1S+,-J-\2WD0R,+i`+,-+-\5FG:68C,W
`4W2/`C5@?2JK0cJc14X0+,-2Y9?:W_S628-9:G[,S5TA6/W13.,/-TFZH[`\



 11 

HTC:S[,60A.,/0T+G:6Ya12Y9?:W_S63.,/-TF28-9:G[,SG0,1X/k[W@+,-
8.,0CeJ-DW,eW,+Z`\2+D18C,W=TF=4:0G:66,03V6 3,W,-U2JK0Ra1
5@?W@8C,W3.,8TkX0+,-5.,X/4̀ 1`6_1SH4:6J-\2WD0+TFi`+-\5FG:6
+,-2Y9?:W_S65@?3.,8Tk25[,0TA0SridharanZ`\Guerin [103]Z0\0.,
2580D83.,/-TF+,--\FaYa10A.,/0T+1T6+ [̀,C_1S2Y9?:W_S63[C05@?R.,2JK0
X0+,--,S6,0_1S`18C,W3.,8TkG:628-9:G[,SZ`\H4:6XY4X02C`,
+,-H-CR3:F0A.,/0T++,-2Y9?:W_S65@?1@_1S2zL,\3.,/-TF28-9:G[,S
G0,1X/k[ 

0:+R,+0@AW@G4:230::9?0:@+/`,SZ0C5,62L9?:Jm:6+T0+,-2+D1+,-
5.,6,0ZFFC0=A.,YT?C8-,CFrancois Z`\8e\ [104] Z0\0.,+,-2LD?W
R.,0C0H405a0G:6+,-2Y9?:W_S65@?`4W2/`CX0GTA0H:0H[:cJd,SX0
3,S6,0+,--TF3[6G4:WV`Z50-VJZFF+,--TF3[6G4:WV`:S[,65T05@2L9?:
Jm:6+T0cW[X/42+D1+,-C0-:FYT?C8-,C+,-H-CR3:F5@?:SV[d,SXH4
269?:0cG5@?2LD?WG>A03.,/-TF+,-2Y9?:W_S65@?`4W2/`C3,W,-U3-4,6-:F
+,-J-\WC`i`5@?5.,X/42+D1+,-C0=A.,X02zL,\G:F2GHG:628-9:G[,S
5@?W@G4:WV`G:65a+-:F04:S+C[,/-9:25[,+TF209?:6R,+R\2+D1+,-C0=A.,5@?
2+D1R,++,-X+`4YD1+TF Router 5@?W@+,-2Y9?:W_S6 4̀W2/`CRouter 
2/ [̀,0TA0R\5.,+,-J-TFJ-a623405,6/`:+l+[:0Router /[,6c+` 
Jm:6+T0c14_1SH4:6+.,/01 Router 2L9?:J-TFJ-a6FIB 25[,0TA0/`T6R,+ 
Router 21B+lX0H40cW423405,65@?3TA05@?3a15@?}f6-,+H-CRLF:aJ+-eI
4̀W2/`C [105] :@+CDE@5@?8 4̀,S+T05@?XY4FT68TFX03U,0+,-eI5@?+,-

J-TFJ-a68-TA6FIB W@8C,W3.,8Tk89:+,-5@?R.,2JK0H4:6X/4Router 5TA6/W1
3`TFcJFIB X/W[5@?3:18`4:6+T02L9?:+.,/01_8-63-4,6X/W[X02C`,
21@SC+T02W9?:Router 5TA6/W1c148.,0CeFIB X/W[ [106] CDE@+,-1T6+`[,C
H4:6XY4+,-J-\3,02C`,5@?ZW[0S.,X0/WV[2-,2H:-I5TA6/W1X028-9:G[,S 

V. LSA GENERATION AND FLOODING 
X0 OSPF G4:WV`_8-63-4,6R\2+BF2:,cC4d,SX0 LSAs_1S 

RouterLSA :EDF,S3d,LG:6Interface G:6 Router cJST6L9A05@?
28-9:G[,S Z`\ LSA 3[6G4:WV` Broadcast/NBMALAN Z`\:EDF,SYa1
G:6 Router 5@?2Y9?:WH[::SV[d,SX0-\FF LAN0:+R,+0@A Area Border 
Routers (ABRs) 89: Router 5@?W@ Interface 2Y9?:WH[:cJST6L9A05@?/`,S
28-9:G[,S:,R2+D12zL,\X0L9A05@?G:6 LSAs 3-aJ5@?:EDF,S5@?W, ABR 
2L9?:Ra1/W,S:SV[0:+L9A05@? ZH[d,SX0 AS 3a154,S2JK0 AS Border 
Routers (ASBRs) +`[,C89:2-,2H:-I5@?W@+,-2Y9?:W_S6cJST6 Router 
d,S0:+ AS /-9: AS :,R2+D1d,S0:+ (ASE) 0TA0 LSAs 5@?:EDF,S
i`+-\5F5@?2+D1G>A0R,+ ASBR cJST6Ra1/W,SJ`,S5,60:+ AS 89:

H,-,65@?4Z316X/42/B0d,L-CW8-[,Cl5@?ZH+H[,6+T0G:6LSAs 5@?XY4
X028-9:G[,S OSPF+,-2J`@?S0ZJ`6_8-63-4,6d,SX03[6i`cJU>6
L9A05@?X0+-e@X/W[G:6LSAs Router / 28-9:G[,S LSA _1Sc14-TF
i`+-\5FRouterX05.,0:621@SC+T0_8-63-4,6+DR+--W5@?W@+,-
2J`@?S0ZJ`65@?:SV[0:+28-9:G[,S:,R3[6i`X/4X0LSAs 3-aJASE X/W[
2-,2H:-I28-9:G[,SX/W[/-9:G4:WV`5@?2JK0+,-3-aJG:6LSA UV+3[6::+
cJZFF Flood H`:15T?C5TA628-9:G[,S5@?WT02JK0X0Ge\5@?ASE LSA 
X/W[:,RUV+Flood H`:1ASX08.,:9?0lG:F2GH+,- FloodR,+ Router 
28-9:G[,S/-9:3-aJLSA J-\+:F14CSL9A05@?21@SCX0Ge\5@?G:6ASE 
LSA :,RJ-\+:F14CSL9A05@?5TA6/W1 

2-4,2H:-I5@?-TFLSA X/W[ZH[`\80XY42C`,3[C0/0>?6X0+,- Flood
+,-J-\WC`i`_1S+,-3[6LSA X/W[-\/C[,6Interfaces 5TA6/W1
d,SX0G:F2GH+,- Flood S+2C40/0>?65@?89:LSA arrived7X05@?3a1 
Router 5TA6/W1X0G:F2GH+,- Flood G:6LSA R\c14-TFLSA X/W[
2L9?:5.,+,-J-TFJ-a6LSDB G:6Router 2/`[,0TA0Z`\+,-1.,20D0+,-
8.,0CeH,-,623405,6X/W[G:6Router 2/`[,0TA03\54:0X/42/B0U>6
_8-63-4,6JfRRaFT0Router 0:+R,+0@AST63-4,6HTC:S[,6X/W[G:6LSA 
2W9?:U>6:,Sa5@?+.,/01_1SL,-,WD2H:-ILSRefreshTime (30) 

-a[0G:6LSA Z`\+,-c/`G:6OSPF G4:WV` Topology c14
1.,20D0+,-X0LSAs _1S LSAG:6 Router :EDF,SU>63U,0\G:6 
Interface G:6 Router cJST6L9A05@?LsaG:628-9:G[,SZ50+,-::+3V[
Internet/NBMA LANZ`\8.,:EDF,SG:6 Router 5@?2Y9?:WH[:+TFLAN 
0:+R,+0@A Area Border Routers (ABRs), 2Y[0 Router 5@?W@Interface 
cJST6/`,SL9A05@?F028-9:G[,S:,R3-aJLSAs Z`\3,W,-U:EDF,S8[,
2-D?WH40ABR X0+,-cJST6Ra1/W,SJ`,S5,65@?:SV[0:+L9A05@?ZH[:SV[
d,SX0+,-Download 3a154,ScJST6AS Border Routers (ASBRs), 
2Y[0 Router 5@?W@+,-2Y9?:W_S6cJST6 Router X0+,-2JK05@?d,S0:+:,R
2JK0d,S0:+ (ASE)/-9: LSAs 5@?:EDF,SU>68[,2-D?WH40G:6ASBR cJ
ST6Ra1/W,SJ`,S5,60:++,-Download H,-,65@? 4Z316d,L-CW
_1SS[:G:68C,WZH+H[,6+T0X0+,-XY428-9:G[,SG:6OSPF LSAs 

 +,-2J`@?S0ZJ`6G:6 Topology d,SX0L9A05@?i``TLEIX0+,-
3-4,6-VJZFFX/W[G:6 Router/-\FF28-9:G[,SZFFLSAs 5@?c14-TF
i`+-\5F Router 2W9?:W@+,-2J @̀?S0ZJ`62/Ha+,-eIR,+d,S0:+L9A05@?
_1S Topology :,R3[6i`X0+,-3-4,6X/W[c1489:ASE LSAs Router
X/W[-CW5TA6-\FF28-9:G[,S/-9:i`-CWG:6Lsa5@?2+D1+,-cW[865@?_1S 
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 Multi-point Relays 

(MPR) 
MANET Designated 

Routers (MDR) 
Overlapping Relays (OR) 

269?:0cG5@?3.,8Tk Ya1 MPR  :Ya1G:62L9?:0
F4,0G:62-,2H:-I5@?X/4+,-
2Y9?:WcJST62L9?:0F4,0

5TA6/W1 2- hop G:6  
2`9:+ MPR  :2L9?:0F4,05@?
2`9:+2-,2H:-I5@?2JK0 MPR 

MDRs: Ya1G:62-,2H:-Ih:-IW
/`T+5@?2Y9?:WH[:Z`\X/4+,-
2Y9?:WH[:2-,2H:-I:9?0 l X0
28-9:G[,S 

SmartPeering: 3:62-,2H:-IH4:6cW[3-4,68C,W
H[:209?:6+T0U4,3,W,-U2G4,U>6+T0Z 4̀CX0 SPT.  
OR: 2L9?:0F4,05@?X/42Y9?:WH[:/0>?6/-9:W,++C[, 
2- hop G:62-,2H:-I 
Active ORs  :Ya1G:62L9?:0F4,0G:62-,2H:-I5@?
X/4 reachability ::+5TA6/W1 2 �:J  

+,-2`9:+8C,W
H[:209?:6+T0 

+,-RT1HTA6 adj 2zL,\+TF 
MPRs Z`\ selectors 
MPR 

+,-RT1HTA6 adj 2zL,\+TF 
MDR Z`\3.,-:6 MDR 
2L9?:0F4,0 

cW[R.,2JK0H4:63-4,6 adj 5@?W@2L9?:0F4,03,W,-U
2G4,U>6X0 SPT. 2-@SF-4:SZ 4̀C 

2LD?WJ-\3D5EDd,L 
Flooding 

2zL,\G:62-,2H:-I MPRs 
relay /`T6lsac14-TFR,+2-,
2H:-I F0:D025:-I2h= 
MANET 

MDR +,-3.,-:6 relays /`T6 
lsa 5@?c14-TFF0:D025:-I2h=
G:6 MANET 25[,0TA0U4,
R.,2JK0 

An active OR: G:62-,2H:-I5a+l-@2`SI/`T6 LSA 
5@?c14-TFR,+2-,2H:-IX0:D02H:-I2h=G:6 
MANET 
A non-active OR:R,+-@2`SI2H:-I/`T6 LSA 5@?
c14-TFR,+2-,2H:-I5@?2Y9?:WH[: MANET 5@?R.,2JK0
25[,0TA0 

`1_8-63-4,6 LSAs ZR46 adjacencies 
-\/C[,6 MPRs Z`\ 5@?
selectors MPR 

8[, LSAFullness 2JK0
HTC+.,/01G:F2GHG:6
_5_L_`S@X0+,--,S6,0X0 
LSAs 

0:+R,+0@A LSAs R\-,S6,02zL,\ adjacencies 
5@?3-4,6i[,03W,-I5 peering 

+,-30TF30a0
3.,/-TF hellos 21`H4, 

cW[ XY[ XY[ 

 
�������3 3 ?�*78�����5���*G���G�	��  OSPF-MANET 

 
J-\2d5G:6 LSA Originating 

Router 
G4:WV`X0+,-1.,20D0+,- G:F2GH+,- flooding 

2-,2H:-I LSA 2-,2H:-IH[,6l 3U,0\8C,WH[:209?:6+T0F0
:D025:-I2h=G:62-,2H:-IX0L9A05@? 

L9A05@?+C4,6 

28-9:G[,S LSA Designated 
Router (DR) 

:EDF,SYa1G:62-,2H:-IF0 
broadcast/NBMA 

L9A05@?+C4,6 

3-aJ 3 J-\2d5 G:6 LSA 
(OSPFv2 [1]) / L9A05@?:D02H:-I
2-,2H:-I LSA (OSPFv3 [2]) 

L9A05@? Border 
Router 

:EDF,S28-9:G[,S IP /-9:Y[C6G:65@?:SV[ 
IP X0 ASZH[:SV[d,S0:+L9A05@?5@? LSA 
UV+ flooded 

L9A05@?+C4,6 
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d,L-CWG:6 Router 3-aJc14C[,LSA /,+:SV[X0LSA0TA0R\cW[2+D1

+,--T?Cc/`G:6G4:WV`ZH[ASELSA :,RW@+,-cW[865@?G:6G4:WV` 
Router -\FF28-9:G[,S/-9:LsaJ-\+:F14CSL9A05@?21@SC+T0Ge\5@?

G:6ASELSA :,RJ-\+:F14CS+,- Load G:6G4:WV`5TA6/W1X0 
Router ZH[`\HTC5@?-TFLsaW,X/W[X03[C0/0>?62-9?:6+,-J-\WC`i`

_1S+,-3[6+,-Lsa:@+-:Fi[,0 Interface 5TA6/W1d,SX0-CW5TA63[6
+,- Flood :@+-:FS+2C40/0>?6 LSA 5@?c14-TF+,-S:W-TF/-9::0aWTHD 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X05@?3a1 Router 5TA6/W15@?:SV[X0+,- Flood Lsa:@+-:F0TA0R\J-TFJ-a6
LSDB Z`\5.,+,-8.,0CeX/W[ 

H,-,63,S6,03\54:0X/42/B0 Topology JfRRaFT0G:6 Router 
0:+R,+0@A+,-3-4,68[,X/W[G:6Lsa+-e@21DW289:2W9?:U>6:,Sa5@?+.,/01
_1SParameter Y9?: LSRefreshTime (30 0,5@R\+`TF3V[8[,8[,2-D?WH40) 

J-\2d5G:6 LSA Originating 
Router 

G4:WV`X0+,-1.,20D0+,- G:F2GH+,- flooding 

3-aJ 4 J-\2d5 G:6 LSA 
(OSPFv2) / L9A05@?:D02H:-I
0.,/04, LSA (OSPFv3 

L9A05@? Border 
Router 

:EDF,S ASBR d,S0:+L9A05@?5@? LSA UV+ 
flooded 

L9A05@?+C4,6 

LSA d,S0:+ 2JK0 Boundary 
Router 

:EDF,S/TCG4:d,S0:+ AS AS +C4,6S+2C40X0L9A05@?stub 
Z`\L9A05@? not-so-stubby  ) NSSA) [ 42[  

+`a[W3W,YD+ LSA 2-,2H:-IH[,6l :EDF,S5@?W,G:62-,2H:-I_1SH-65@?:SV[X0
28-9:G[,S_1S2zL,\5@?W@3W,YD+G:6+`a[W 
multicast ]43] 

L9A05@?+C4,6 

NSSA  Lsa 7Y0D1 NSSA 5@?2JK0 
Boundary 
Router 

:EDF,S/TCG4:d,S0:+ AS d,SX05@?W,G:6NSSA 

+,-2Y9?:W_S6 LSA (OSPFv3) 2-,2H:-IH[,6l ZR462-,2H:-I:9?0 l2+@?SC+TF+,-2Y9?:W_S6
G:6Z/`[6+.,20D12-,2H:-I5@?W@5@?:SV[2JK0 
link-local Z`\ IPv 6 5@?2Y9?:W_S6+TF`D6+I  

+,-2Y9?:W_S654:6UD?0, i.e,cW[ flooded :@+
_1S2-,2H:-Ic14-TF LSA 

L9A05@?d,SX0 LSA(OSPFv3) 2-,2H:-IH[,6l 2Y9?:W_S6-,S+,-G:6/W,S2`G5@?:SV[/04, 
IPv6 +TF2-,2H:-I/-9:i[,028-9:G[,S5@?2-,
2H:-I DR 

L9A05@?+C4,6 

Opaque LSA 2-,2H:-IH[,6l Z316+`c+5T?CcJX0+,-+-\R,SG4:WV`
i[,05,6 OSPF  

+,-2Y9?:W_S6d,SX028-9?:63.,/-TF3.,/-TF 
9 Y0D1G:6 opaque  LSAs 
L9A05@?+C4,63.,/-TF 10 Y0D1G:6  
opaque  LSAs 
AS +C4,63.,/-TF 11 Y0D1 G:6 opaque 
LSAsS+2C40X0L9A05@? Stub Z`\ NSSA 

������� 4 OSPF LINK STATE ADVERTISEMENTS [1], [2] 
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 +-\FC0+,-0@A 2-@S+C[,+-\FC0+,-Y[CSh��0hVLsa2L9?:
+-\Ha40+,-5.,6,0 Protocol X03[C0Z-+0@A:EDF,S+,-+.,/018[,
H[,6l Parameter 5@?W@i`H[:+-\FC0+,-3-4,6/Flooding G:6Lsa0@A
H,W14CS8.,:EDF,SG:6DoNotAge LSAs Z`\ Subnet Aggregation 5@?
+`c+0T?0:S[,6W,+`1+,-iD1L`,1 

G4:230:H[,6l5@?Wa[6cJ3V[+-\FC0+,-Flooding 5@?J-TFX/4
2/W,\3WG:6+,-Lsa5T?C5TA6G:F2GHG:6 Flooding 3a154,S2-,:EDF,S
+`c+G:6+,-`18[, packet 5@?cW[R.,2JK0::+_1SXY4OSPF3[C0GS,S
3.,/-TF3d,L_1S-CWG:6H,-,65@? 5X/42JK0F53-aJ 

3-aJJ-TFJ-a6OSPF 5@?:EDF,ScC4X03[C00@A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A. 6�76��R�LMB�O�7�@[;A?7Q�C>8B:^J67K��AB?6�7879�: Lsa

IJK6�7 Flood 
+,-c/`G:6G4:WV`R\:EDF,S8[,W,H-M,0Z`\`18[,cW[R.,2JK0

H[,6l::+Z`\+.,/018[,L,-,WD2H:-I5@?W@i`+-\5F5@?3.,8Tk 

-a[0G:6LsaZ`\+,-+-\R,SG:6G4:WV`+-\FC0+,-: 
�Parameter H?.,3a1/-9:8[,2-D?WH40G:65 CD0,5@R.,+T18C,WU@?5@? 

Router 3,W,-Uh��0890W,X/W[LSAs G:6 Router 3,W,-U0.,W,2JK0
HTC:S[,6X/W[:@+-:FLsa1T62Y[0HTC:S[,6+[:0/04,0@A5@?W@8[,04:SR,+
d,SX0 

� Parameter minLSArrival+TF8[,2-D?WH405@?3:6_1SR.,+T18C,WU@?
2JK0 1=>?63,W,-UXY4Router 5@?S:W-TFLSAs X/W[Z`\3[6_1SRouter 
:9?0l5@2JK0HTC:S[,6G:6Lsa+,-W,U>65@?Router R\UV+`\5DA6U4,
:D03ZH0=I+[:0/04,c14-TF04:S+C[,2C`,W,Z`4C 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
�RxmtInterval8[,2-D?WH4089: 5 CD0,5@-\Fa Parameter 5@?ZH+H[,6

R,+HTC:9?0Y[C62C`,/ T̀6R,+5@? Router 3[6G4:WV`X/W[:@+-:FG:6LsaU4, 
RoutercW[-TF-:6/-9:c14-TF3.,/-TF+,-3[6i[,0+[:0/04,0@A 

�2LD?W:,SaG:6LSAs X0M,0G4:WV`G:6H02:65@? Router A J+HD+,-
h��0hV Self-OriginatedG:6Lsa(Lsa2Y[0+,-:SV[+.,20D1_1SRouter 

6J_66�7���:�� M��?P[��Y F9?LC / F9?;8CY 
Dynamic minLSInterval [44], [45] minLSInterval2LD?WH,W8C,WU@?+,-3-4,6 LSA X0 Router 5@?W@

R.,/0[,SX02YD6L,eDYSI[46]. 
8C,W2-BCConvergence 3V63a13.,/-TF
+,-2J @̀?S0ZJ`6Topology :S[,6W,+ 

Dynamic RxmtInterval and pacing 
delay [22] 

-VJZFFDynamic 2LD?W RxmtInterval Z`\8C,W [̀,Y4,Y[C62C40
RT6/C\5@? Router G4,628@S6W@8C,W/0,Z0[0 

Y[CSX/4/ @̀+2 @̀?S68C,WZ::T1 

Group pacing delay [47] -@2h-Y LSA X0+ à[W2L9?:`1R.,0C0G:6 LS 5@?J-TFJ-a6 
Packet Z`\/ @̀+2 @̀?S6+,--TF3[6 LSA J-DW,eW/,p,` X0 Router 
5@?W@R.,/0[,SX02YD6L,eDYSI[47]. 

 

Setting DoNoAge bit in LSAs to 
avoid periodic refresh [48]. 

 `18C,W3.,8TkG:6 LSA 5@? Router 
J-\WC`i`Z 4̀C Overhead Z`\ 
IETF S:W-TF 

Algorithms for smart subnet 
aggregation [49], [50] 

+,--CW Subet 5@?:4,6U>6+,-3-4,6 ABR J-\2d521@?SC 3 J-\2d5
Z`\ LSA 5@?2JK0i`-CWG:628-9:G[,SS[:S 

Y[CS`1R.,0C0G:6 LSAs X0Ge\5@?
`1 suboptimality X0+,-2 9̀:+
23405,6 

Extended reverse path forwarding 
[51]<[53] 

LSA UV+3[6H[:L-4:W Spanning Tree Rooted5@?W,R,+ LSA 3,W,-U`1 Flooding Overhead G:6 
LSA :S[,6W@0TS3.,8Tk 

OSPF-MANET extensions for 
topology reduction and flooding 
optimization [36]<[38] 

LSAs 25[,0TA05@?3[6 subgraph 5T?ClcJ_1ScW[8.,0>6U>6Z/ [̀65@?W, 1V
H,-,65@?  3  

`18C,W3.,8TkG:6 LSA Flooding 
OverheadX0 MANETs 

������� 5 �����
����� OSPF�*:���*G������G�RG?�*�����!�� LSA ������ Flood 
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HTC2:6)2W9?:W,U>6:,Sa5@?+.,/01_1S Parameter(30 0,5@_1S8[,2-D?WH40) 
U4, Router H40`4W2/`CcJZ`\R\5.,+,-2-@S+8[,LSA X/W[:@+8-TA6H4:6
2-@S+ Protocol :@+-:F2L9?:X/43,W,-UXY46,0Lsac14:@+8-TA62W9?: 
Router +.,/08[, LsaSelf-Originated /-9:MaxAge (8[,2-D?WH40: 1 
YT?C_W6)R\5.,+,-+-\R,SG4:WV`:@+8-TA6_1S5T?CcJL9A05@?-:FG4,6R\W@
+,--TFG:6LsaG:6MaxAge5.,X/42/B0U>6HTC:S[,65TA6/W1G:6Lsa0@AR\
`F::+R,+LSDB Router-TF1T60TA0Lsa5@?W@+,-2G4,U>6MaxAgeX0 
Router 2JK0cJ:S[,6-C12-BCR\5.,+,-`F::+R,+LSDBs G:6 Router 
5TA6/W1X028-9:G[,S`FLSAs X0`T+ge\0@AY[CSX/4OSPF 3,W,-U2+BF
G4:WV`5@?cW[R.,2JK0X0LSAs G:6 Router 5@?H,S 

 �8C,W [̀,Y4,G:6G4:WV`Lsa89: Parameter 5@?2JK0W,H-M,0X0+,-
-\FaY[C62C`,5@?H?.,3a1-\/C[,6+,-3[6 Packet :S[,6H[:209?:62L9?:5.,+,-
J-TFJ-a63U,0\+,-2Y9?:W_S6_1SRouter /0[C62C`,0@AR.,+T1+.,`T6+,-
2 Y9? : W _ S 6 5@? X Y4 6 , 0 _ 1 S LsaG : 6 + , - 1. , 2 0D 0 + , -
Flooding/Retransmission Z`\3,2/Ha BatchingG:6LSAs 5@?:,RW,
_1S Router ZH+H[,6+T0ZF[6::+2JK03U,0\2Y9?:W_S6_J-Z+-W
J-TFJ-a68[,Packet G0,1X/k[ (2Y[08[,2-D?WH40 5 CD0,5@) 3.,/-TF+,-
R.,+T1+,-2+D1 minLSInterval 5@?2JK0 Parameter G:6 Lsa_1S+,- 
Routing Z`\+,-5.,6,02JK0 Stabilizing Factor 2W9?:+,-2J`@?S0ZJ`6
Topology W@3U,05@?G0,1X/k[ (2Y[0 Router -\1TFPoPReboots)/-9: 
In Face of Pathological 269?:0cG1T6+`[,C2JK0+,-2Y9?:W_S6Flaps F0
W9::9?0lminLSIntervalG0,1X/k[W@3,2/HaR,+8C,W`[,Y4,X0 +,-
3-4,6G:6 LsaZ`\+,-/0[C62C`,1T60TA0X0+,-F--RF+T0X0
Topology +,-2J @̀?S0ZJ`61T60TA0Katz [44] 5@?Z0\0.,5@?3.,8TkLSAs(
2Y[0LSAs :EDF,S8C,W 4̀W2/`C) :,RUV+0A.,5[CW_1ScW[FT68TFXY4
minLSArrival, minLSInterval/-9:LsaG:6 Pacing 8C,W`[,Y4,
Choudhury [45] c14-,S6,03.,8Tk2+@?SC+TF+,- Speedup 2C`,X0+,- 
Convergence U4, Parameter minLSIntervalUV+HTA68[,2JK0G0,12`B+(1 
CD0,5@) ZH[c14-TF:0ak,HX/4W@2JK08V[ (W@8[,3V63a1-,Cl 5 CD0,5@) 2W9?:X1
+BH,W5@? Router LS,S,W2G4,W,X/W[ Instance G:6Lsa+[:0+,-
/W1:,SaG:6minLSIntervalJfRRaFT0R\3[6+`TF Parameter G0,12`B+
cJST6+,-2-D?WH408[,G:6 Router 

+ ,-cW[LS,S ,WW,X/W[ G:6  Lsa5@? : SV[ d , S X0Jf RRaFT 08[ , 
minLSInterval2Y[0+,-J-TFJ-a6ZFFDynamic X0minLSIntervalW@
+,-0.,W,XY4X0Cisco IOS (SBC -a[0 12.2 (27)2JK0H40cJ) Z`\
2-@S+C[,+,-8CF8aWJ-DW,e [46] LsaG:6Cisco IOS (Release 12.2 

(14) S 2JK0H40cJ) 5@?X/43,WY0D1G:6LsaG:6 Pacing W@8C,W`[,Y4,
209?:6R,++,-3[6=A.,Retransmission Pacing ZFF FloodZ`\+`a[W
pacing [47] Retransmission +,-/0[C62C`,2JK0Y9?::9?03.,/-TF
RxmtIntervalX0Ge\5@?Flood PacingW@/0[C62C`,2/W9:0LsaG:6+,-
/0[C62C`,5@?:EDF,ScC4G4,6H402Y[0 Pacing2JK0Y[C62C`,5@?H?.,3a15@?H4:6
-:-\/C[,6+,-3[6G4:WV`G:6Packet 2L9?:5.,+,-J-TFJ-a63U,0\G:6
+,-2Y9?:W_S6_1S3:62-,2H:-I5@?W@8[,2-D?WH40G:6Flood Pacing 5@?W@+,-
/0[C62C`,2JK0WD``DCD0,5@5@?  33ZW4C[,R\3,W,-U+.,/018[,H[,6l
2L9?:X/48-:F8 àW X0Y[C62C`,R,+ 5WD``DCD0,5@Z`\ZF[6R,+ 100 
WD``DCD0,5@8C,W`[,Y4,G:6 Pacing H[:+,-2Y9?:W_S63,W,-U2LD?WG>A0
:S[,6-C12-BC1T60TA0+-\FC0+,-Convergence Z`\Causing 5@?W@G0,1
X/k[R\W@8C,WZJ-J-C0X0-\S\2C`,+,-W,U>6G:6LSAs X0 Router 
5@?W@8C,WZH+H[,6+T0X028-9:G[,S0@A:,R5.,X/42+D1+,-C0=A.,YT?C8-,C
Z`\2J`@?S0Topology 3a154,ScJX0Pacing:9?0l 

8C,W [̀,Y4,G:6+,-::+G4:FT68TFH,WCTHUaJ-\368I5@?3.,8TkG:6 
Lsa3,W,-UH-CRRTFR,++,-3[6 Flooding G4:WV`X/4+TF2L9?:0
F4,0'congested' Choudhuryet al. [22] R\F[6F:+C[,2-,2H:-I8C-
J-TFJ-a6ZFF Dynamic 

8C,W [̀,Y4,3.,/-TF+,--TF3[6G4:WV`+TF Router 2L9?:0F4,0X0+,-
+,-RxmtIntervalZ`\pacing  

B. 6�7Y6;J[6W��6NL;EJ�6�7R@L?�YTF?: LSAs 
8C,W2G4,XRC[,2L9?:0F4,0UV+congestion /-9:cW[2L9?:/`@+2`@?S6+,-

Exasperating Congestion 5@? Router X+`428@S6G:6 Router 2/`[,0TA0 
_1SRouter 8C-2LD?W8[,RxmtInterval3.,/-TF+,-LsaG:62L9?:0F4,0U4,
LFC[,`4W2/`C=A.,lLsa R\-V4 (_1S+,-3T00DgM,0R,+Congestion) 
0:+R,+0@A+,-5@? Router 8C-LS,S,W`1Congestion 5@? Router  
X+`428@S6_1S+,-J-TF+,-/0[C62C`,G:6Pacing H,WR.,0C0G:6
LSAs 5@?cW[c14-TF/W,S2`G_1S Router 2L9?:0F4,0U4,LFC[, 
Unacknowledged LSAs  W@J-DW,e3V6W,++C[,+,-/0[C62C`,G:6 
Pacing Z`4C Router 2L9?:0F4,08C-R\5., Multiplicatively2LD?WG>A0 
(F,6:S[,6W@J-DW,e5@?3V6X+`428@S6+T0) +TF2C`,Pacing5.,X/4+,-/0[C6
2C`,G:6 Router 2L9?:0F4,0`1`6R02JK0cJc14:S[,6-C12-BC/W,S2`G
G:6Unacknowledged LSAs 5@?:SV[XH4-\1TFH?.,R\5.,+,-:0ak,HX/4
+`a[WG:6Cisco Pacing /0[C6+,-h��0hV[47] LsaW@+,-RT1+`a[W2G4,
14CS+T0X0`T+ge\5@?H4:6+,-LDR,-e, Router 5@?2+D1/`,SLSAs 2Y[0
L9A05@?5@?2JK0:SV[F-D2CeG:FG:628-9:G[,S Router 5TA6/W1 
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3-aJ89: LSAs 3,W,-U0.,W,XY4X0+,-`1J-DW,e+,- Flooding 
R,+Lsa2W9?:H4:6+,-h��0hV23405,63D?65@?3.,8Tk89:+,-PackLSAs X0
Packet 21@SC5@?2Y9?:W_S6+,-J-TFJ-a65@?2JK0cJc14:S[,6c-+BH,W Router 
cW[8C-h��0hVLSAs 5TA6/W1L-4:W+T0X0Ge\5@? Lsa+.,`T65.,6,0:SV[
_1S2zL,\:S[,6SD?6U4, Router W@ LSAs R.,0C0W,+1T60TA0R.,0C0LSAs 
5@?h��0hV-[CW+T08C-R\cW[04:S2+D0cJ/-9:cW[X/k[2+D0cJ2W9?:2+BF2C`,
+`a[W Pacing Delayfires +,-5@? Router 2LD?W2C`,G:6LSAs X0
M,0G4:WV`Z`\U4,F,6+-e@5@? Self-Originated LSAs 2LD?WW,+G>A0R0U>6 
LSRefreshTime1T60TA0+,-5@? Router h��0hVR0c14+`a[WPacing Delay 5@?
R\-\Fa2C`,X/4W@-\1TF8C,W`\2:@S1W,+R0U>6-\1TF5@?Router +.,/01
:,SaLSAs X0M,0G4:WV`Z`\Y[C62C`,5@?H?.,3a1-\/C[,63:6Ya1G:6Lsa 

OSPF Y[CSX/4+,-2Y9?:W_S6J-\2d5C6R-2JK0cJH,W8C,W
H4:6+,- [54], =>?6/W,S8C,WC[,+,-1.,20D06,0H405a0G:6Dependson
2W9?:2Y9?:W_S6+,-XY46,0258_0_`S@F,6:S[,6ZFF1TA621DW2Y[0ISDN 
Z`\X.25 8.,:EDF,SOSPF 0@AR\8CF8aWTraffice G:628-9:G[,S 
 Hello exchange Z`\+,-h��0hVG:6Lsa:,RF:+c14C[,2JK0
+,-3DA02J`9:65-TLS,+-G:6C6R-1T6+ [̀,C1T60TA08C,WH4:6+,-G:6 
OSPF 5@?Y[CSX/4G4:8C,W Hellos Z`\LsaG:6+,-h��0hVUV+STFSTA6X0
C6R-U4,/,+8C,WH4:6+,-LSA G:6+,-h��0hVR\/`@+2`@?S6_1S+,-HTA6
8[,FDHDoNotAgeX0+,-LSAs R>62JK0+,-F[6Y@AG:6Router C[, 
DoNotAge LSAs cW[c14W@:,Sa2C`,2S:\W,+lR>6cW[R.,2JK05@?R\H4:6
h��0hVd,S/ T̀6R,+0TA0 

Y[C62C`,LSRefreshTime 5@?XY4-\Fa2JK0J-\R.,G:6Lsa5@?R\h��0hV
23405,63,W,-U3[6i`+,-J-\WC`i`5@?3.,8TkZ`\R.,0C05-TLS,+-
-\FF5@?R.,2JK03.,/-TF Router X028-9:G[,SG0,1X/k[1T60TA0OSPF e 
2C`,0@AR\:0ak,HX/4XY4LSAs DoNotAge2L9?:/ @̀+2`@?S6+,-XY4
5-TLS,+--\FF3.,/-TF28-9:G[,SG0,1X/k[2L9?:X/4-\FFW@8C,W
23U@S-d,L [48] Router A:,RHTA68[,FDHDoNotAgeX0 LSAs Self-
Originated+[:0R\5.,+,- Flooding 5@?cW[R.,2JK02L9?:5.,+,-h��0hV
1T6+`[,C/`T6R,+Y[C65a+l LSRefreshTime R\5.,X/4 Instance X/W[
G:6LsaR.,2JK0H4:6W@+,-3-4,6G>A02zL,\X0G4:WV` LsaG:6+,-+,-
2J`@?S0ZJ`6 

C. 6�7I�B: Subnet 
28-9:G[,SS[:SAggregation5T?CcJZH[`\L9A05@?28-9:G[,S OSPF X0

Domain 5@?R\H4:63-4,6 Uplink 5@?2Y9?:WH[:X0ZH[`\ Router Z`\
28-9:G[,SS[:SW,H-M,05@? OSPF 30TF30a028-9:G[,SS[:SZFF5@?ZF[6

::+2JK0+`a[W =>?6Y[CSX/4 Area Border Router (ABR) 5.,+,--CW
28-9:G[,SS[:SR,+X0/`,SL9A05@? Z`\:EDF,SU>6G4:3-aJG:6 Lsa c14 3 
J-\21B0 X0L9A05@?5@?ZH+H[,6+T0R\3-aJ8C,W+-\FC0+,-3-4,65@?5.,
X/4G0,1G:6M,0G4:WV`5@?3.,8TkW@G0,12`B+W,+Z`\3U,0\+,-
2Y9?:W_S65@?`1`61T60TA0+,-XY45-TLS,+-X0+-\FC0+,- Flooding
Z`\+,-5.,X/4W@M,0G4:WV`H-6+T0:S[ ,6c-+BH,WG4:1@ 2/`[ ,0@A
Optimality X03,S6,014CSG>A0:SV[+TFCDE@+,-ABRs X0+-\FC0+,-
3-4,65.,X/4G4:WV`F,63[C0:,RR\3Vk/,S=>?6:,R5.,X/4Router 
3,W,-U2`9:++,- Sub-Optimal (0,02+D08C,WR.,2JK0) 23405,6cJST6
28-9:G[,SS[:SX0+,-/,L9A05@?28-9:G[,S5@?:SV[/[,6c+`LDR,-e,HTC:S[,65@?
Z316X0-VJ5@? 4 X05@?0@A-VJ5@?Router A Z`\B W@ABRs 14CS Interface 
X028-9:G[,S5TA63:6R\W@L9A05@? 0 Z`\L9A05@? 1 _1SL9A05@? 1 J-\+:F14CS
28-9:G[,SS[:S5@? 6 H,W5@?Z316X0-VJ5@? 4 X0+,-3Vk/,SX1l28-9:G[,S
S[:SZFF5@?ZF[6::+2JK0+`a[WG:6 Router AZ`\ Router B R\3[6
G4:WV`3-aJZH[`\Y0D1G:6 Lsa 3 :S[,6X0L9A05@?0 3.,/-TFZH[`\
28-9:G[,SS[:SX0L9A05@? 1 1T60TA0Router C X0L9A05@? 0 R\2`9:+ Router B 
2JK0 Hop UT1cJF023405,65@?3TA05@?3a1c14:S[,6UV+H4:6 

 
������ 4  Topology 
���5���*:����8���!����Suboptimal �����G8(�����

���Subnet 
:S[,6c-+BH,W+,-ZF[6S[:S28-9:G[,S2JK0 Subnet x.y.7.1/24U4, 

Router A Z`\ Router B2`9:+5@?R\-CW28-9:G[,SS[:S5@? 6 5TA6/W12JK0
x.y.0.0/2114CS5-TLS,+-5@?Advertised 5@?3V63a1G:628-9:G[,SS[:S
5TA6/W15@? Router C R\UV+2`9:+_1S Router A X/42JK0Hop UT1cJF0
23405,65@?3TA05@?3a12L9?:cJST628-9:G[,SS[:Sx.y.7.1/24 209?:6R,+ Router 
A R\+-\R,SR.,0C0 IP X/43V65@?3a1(10, 110, 120) = 120 3.,/-TF+,-
HTA68[,8.,0.,/04,(Prefix) x.y.0.0/21 R\1@+C[,209?:6R,+5.,X/4R.,0C0 IP 
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3V65@?3a1 (20, 30, 130) =130 +,- Advertised _1S Router B 3.,/-TF
+,-XY48.,0.,/04, (Prefix) 21@SC+T0 

+,-2+D1 Errors 2W9?:5.,+,-2 9̀:+23405,6 2Y[0 cW[3,W,-US[:
23405,6G4:WV`X/42`B+5@?3a1_1S-\WT1-\CT65@?R\2`9:+Aggregates Z`\
AdvertisedG:6Router 2/`[,0TA0R\5.,X/45-TLS,+--\FFUV+XY4:S[,6
W,+2+D0R.,2JK0 Rastogi Z`\8e\ [49] 0.,230:+,-2G@S0_J-Z+-W
Algorithm ZFF Dynamic 2L9?:XY4+.,/01R.,0C0i``TLEI3.,/-TFL9A05@?
28-9:G[,S5TA6/W1G:6OSPF =>?62JK0+,-3\3W8C,WiD1L`,1X0+,-
2`9:+8V[23405,6R,+H405,6cJST6J`,S5,65TA6/W1UV+S[:X/42`B+W,+
5@?3a1 5TA6ST60.,230:+,-840/,2YD6-a+2L9?:+.,/01-\1TF5-TLS,+-
28-9:G[,S_1SR\+.,/01i``TLEI3.,/-TFL9A05@?28-9:G[,S5TA6/W1G:6 
OSPFShaikh Z`\8e\ [50] 5.,+,-H-CR3:Fi``TLEI3.,/-TFL9A05@?
28-9:G[,S/0>?6l 3,W,-UUV++.,/01ZH[2L@S6iV421@SCH,WG4:WV`2+@?SC+TF
L9A05@?0TA 01T 60TA 0i``TLEI3. ,/-TFL9A 05@?/0>? 6l3,W,-U+.,/01
Aggregates 5@?2JK0:D3-\3.,/-TFL9A0:9?0l5@?LC+2G,0.,230:2JK0  
Algorithm 2L9?:H-CR3:F+,-HTA68[,5@?04:S5@?3a1G:6i``TLEI 3.,/-TF
L9A05@?5@?+.,/01G4:iD1L`,15@?LF3V65@?3a1X0+,-2 9̀:+23405,65@?
S:W-TFc14 

D. 6�7;O[>@S7K8[�P[`�OF?:67K�E�6�7Flooding 
+,-J-TFX/42/W,\3WH,W5@?:EDF,ScC4+[:0/04,0@AInstance X/W[

G:6LSAs R\+-\R,S H`:15TA6L9A05@?G:628-9:G[,S2L9?:X/4WT?0XRC[, 
Router 5@?W@2/W9:0+T0G:6ZH[`\28-9:G[,S5@?R\5.,+,-2iSZL-[G:6Lsa
0TA0XY4+TF28-9:G[,S5@?i[,0+,--TF-:68C,W0[,2Y9?:U9: +,- Flooding  
_1S Algorithm +,- Flood G:6 Router 5@?5.,+,- FloodsG:6Lsa+,-
c14-TFG4:8C,WF0 Interface /0>?6R,+interfaces :9?05TA6/W15.,X/42+D1
8C,W0[,2Y9?:U9:H,W/`T+Retransmitting LsaG:6L9A05@?28-9:G[,S5@?
21@SC+T0+,-3[6::+G:6Interface 5@?-TFG4:WV`W,U4,cW[W@+,--TF-:6
3.,/-TF+,-3[6G4:WV`+[:0/04,d,SX0RxmtInterval R\2+D1G4:23@S
/`T+G:6Algorithm 0@A89:Router :,Rc14-TF/`,S3.,20,G:6 LsaX/W[
5@?3[6::+X0-\/C[,6+-\FC0+,-Flooding R,+ Router X1 Router 
/0>?6_1S Router -TF+,-J-TFJ-a6WaWW:6G:628-9:G[,S (2Y[0LSDB) 
3.,20,:9?0G:6 Lsa5@?+.,`T63[6H[:G4:WV` Router Z`\+., T̀6-TFG4:WV` 
(+,-3[6G4:WV` Ask-Answer 2W9?:W@+,-3[6+ T̀F) R\=A.,=4:0+T02JK0
+`,S2JK028-9:G[,SG0,1X/k[G0,1R.,0C0G:6 Packet W@8C,W
=A.,=4:05@?+.,`T63-4,6X0-\/C[,6+-\FC0+,-Flooding R\2LD?WG>A0
5-TLS,+-X0+,-J-\WC`i`Packet 2/`[,0@A3,W,-UW@i`+-\5F5@?W@

8C,W3.,8TkH[:8C,W23U@S-d,LG:628-9:G[,S:S[,6Z54R-D6_1S2zL,\
:S[,6SD?62W9?:OSPF LSAs UV+XY4X0+,-ZL-[+-\R,SG4:WV`Topology 
cW[2L@S6ZH[+,-G4:WV`2+@?SC+TFParameter Z`\+,-QoS-\1TF2Y9?:W_S6
2Y[0ZF01ICD1EI+,-/0[C65@?L-4:WXY46,0Z`\  Jitter [56] +,-
2J`@?S0ZJ`6 Parameter 2Y[0QoSF[:SW,++C[, Topology G:6
28-9:G[,S2L-,\LSAs1.,20D0+,-+TFG4:WV`0@A2L9?:X/4c14G4:WV`W,Z`\ 
+,- Flooding F[:SW,+Z`\W,++C[, Topology CarrryingG4:WV` 
LSAs J+HD [57]ZW4C[,ST6cW[c141T1ZJ`6OSPF H,WW,H-M,0 (S+2C40
X0F-DF5G:6MANETs H,W5@?+`[,CcC4X03[C0V-E), 2L9?:5.,+,-J-TF
X/42/W,\3W+TF+-\FC0+,-Flooding X0 Protocol +-\FC06,0+,-
3-4,623405,62Y9?:W_S6R,++,-p>+g,2LD?W2HDW5.,X/4c14-TF/TCG4:G:6
+,-CDRTS5@?5.,+,-8408C4,2JK02C`,0,0X0Jb 1978, DalalZ`\
Metcalfe[51]  230:23405,6+,-S4:03[6H[:G4:WV`5@?3[6H[:G:6 
NodesPacket :9?0lR\3[6::+2zL,\2W9?:c14-TFPacket R,+ Node 5@?UT1
R,+ Hop 5@?:SV[X+ 4̀28@S6F023405,6 "5@?1@5@?3a1" R,+Z/`[65@?W,G:6
Packet Transmissionscan5@?W@8C,W=A.,=4:0:,R5.,+,-/`@+2`@?S6c14U4,
Node 0TA0l3[6H[:Packet cJST6 Node X+ 4̀28@S6_1S2zL,\U4,Hop 
UT1cJX0+-\FC0+,-3-4,623405,65@?1@5@?3a1R,+Node 2L9?:0F4,0cJ
ST6Z/ [̀65@?W,G:6 Packet CDE@+,-0@A2-@S+C[,2JK023405,6+,-S4:0+`TF
3.,/-TFGS,SGS,S23405,63[6H[: (ERPF)[51], 2L9?:X/4Z0[XRC[,2JK0
+,-3[6H[: Packet _1S+,- Broadcast cJH,W RootedG:6 Node Tree
R,+Z/ [̀65@?W,G:6 Packet BellurZ`\Ogier [52] +,- Broadcast G:6 
Topology 5@?0.,230:F023405,6G,+`TF+,-3[6H[: (TBRPF), CDE@XY4
ERPF=>?6+,-XY42C`,G:6+,-2iSZL-[G4:WV`Topology R\C,6-VJZFF
H,WZ0CTree 5@? Hop Rooted H?.,3a1Z/`[6W,5@?G:6+,-3[6G4:WV`X0
CDE@+,-0@Ac14W,R,++,-8.,0CeG:6Parent Node pi(j) X0+-\FC0+,-
3-4,623405,6GTA0H?.,R,+ Hop cJ/,H.,Z/0[6j ZH[`\Node X028-9:G[,S
Z`\+,-S:WX/4 Parent Node 5-,F2+@?SC+TF23405,6G:6 Node 0TA0l
2W9?:c14-TF+,-3[6G4:WV`Parent Topology 3-4,6_1SNode j +,-3[6H[:
X05@?0@AR\c14G4:WV`2zL,\Node 5@?c142`9:+cC42JK0/`T+F023405,6G:6 
Node H02:6 R,+ Hop H?.,3a1cJST6 Node j 0TA0 Topology G4:WV`5@?
3[6cJH,W Tree R,+ Hop H?.,3a1Z`\ST6XY4X0+,-J-TF2J @̀?S0Zi0dVWD 
Tree G:6HTC2:6HumbletZ`\Soloway [53] 230:CDE@+,-51Z50
3.,/-TF Topology Broadcast =>?6Node S>1 Topology 8.,0CeG4:WV`
c14G:6 Child W,++C[,G:6 Parent F0 Spanning Tree =>?6G4:WV` 
Topology R\ZL-[+-\R,S:@+8-TA6R,+ZH[`\Z/ [̀6G4:WV`Topology R\
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W@Tree X0+,-ZL-[+-\R,SG4:WV`2:6_1SW@H40+.,20D1W,R,+:@+CDE@/0>?6
89:Node X028-9:G[,S3,W,-U8.,0Ce SubgraphH,W5@?2iSZL-[ 
Topology 5T?CcJ G4:WV`5@?XY4+,-3[6R,+3U,05@?5@?2JK0Z/`[621@SC+T0
2L@S6Z8[W@SubgraphH?.,3a1G:6 Tree /-9:_8-63-4,6:9?0l5@?R\2Y9?:WH[:
ZW4R\2+D1 In Face of F,6Ra15@?5.,X/42+D18C,W`4W2/`C [58]  

E. 6�7JL67K�E�6�7 Flooding�C>;6[L Overhead X� MANETs 
F028-9:G[,SZFFXY43,S 2-4,2H:-IcW[R.,2JK0H4:63[63Tkk,e LSA 

::+R,+ :D02H:-I2h35@?WT0c14-TF :S[,6c-+BH,W F028-9:G[,S3Tkk,e
c-43,S/`,SRa1 (multi-hop wireless networks) U4,2-4,2H:-I-TF
3Tkk,e LSA F0:D02H:-I2h3G:6 MANET  :,RR.,2JK05@?R\H4:63[6
3Tkk,e LSA ::+R,+:D02H:-I2h321DW2L9?:5.,X/4WT?0XRC[,2-4,2H:-I5a+
HTCF028-9:G[,Sc14-TF3Tkk,e LSA -VJ5@? 5 c14Z316X/42/B0U>6
HTC:S[,6G:6+-e@2Y[00@A U4,2-4,2H:-I5@? 1 U>6 4 2Y9?:WH[:i[,0:@25:-I20BH 
(Ethernet) 1T62Y[0X0-VJ5@? 5 2-4,2H:-IHTC5@?  1 3,W,-U8,1/CT6C[,2-4,
2H:-IHTC:9?0l c14-TF3Tkk,e LSA 5@?WT03[6F028-9:G[,S:@25:-I20BH
Z`\2-4,2H:-I2/ [̀,0TA0cW[R.,2JK0H4:63[63Tkk,e0@AR,+:D02H:-I2h3G:6
WT0F028-9:G[,S:@25:-I20BH :S[,6c-+BH,W U4,2-4,2H:-I2/`[,0@A2JK0
28-9:G[,S3Tkk,ec-43,S/`,SRa15@?W@Y[C6CD5Sa1T65@?Z316X0-VJ5@? 5(b) 
U4,3Tkk,e LSA 3[6_1S2-4,2H:-IHTC5@? 1 R,+ MANET :D02H:-I2h3
G:6WT02:6R\5.,X/4-TF3Tkk,ec142zL,\2-4,2H:-IHTC5@? 2 Z`\ 4 
1T60TA0 2-4,2H:-IHTC5@? 4 R.,2JK0H4:63[6H[:3Tkk,e LSA ::+R,+ 
MANET :D02H:-I2h3G:6WT02:62L9?:X/4Z0[XRC[,2-4,2H:-IHTC5@? 3 
c14-TF3Tkk,e 

U>6ZW4C[,2-4,2H:-I8C-U[,S5:1+,--TF3Tkk,eF0 MANET 
:D02H:-I2h3R,+:D02H:-I2h321@SC+T0/-9:cW[H4:6+,-+,-LDR,-e,
:S[,6-:F8:F +,-U[,S5:13Tkk,e LSA 5TA6/W1ZFF3a[W3@?3a[W/4,
F0F0 MANET :D02H:-I2h3R,+:D02H:-I2h321@SC+T0cW[Z0\0.,X/4
5.,209?:6R,+ 

� 8C,WU@?G:6ZFF_8-63-4,6G:6G[,S6,0F-D2Ce2zL,\5@? 
(topology) 2+D1+,-2J`@?S0ZJ`6 Z`\14CS2/Ha0@A-a[0G:6
3Tkk,e LSA R>6UV+8,1/CT65@?C[,R\2/09:+C[,X0 MANETs 
W,++C[,X028-9:G[,SZFFXY43,S2L-,\C[,+,-28`9?:0c/C
_/01 (Node movement) Z`\E--WY,HD+,-2J�1/J�1 (on/off 
nature ) G:6+,-2Y9?:WH[:ZFFc-43,S5[,W+`,6 MANETs 
Node 

�  _J-_H8:`+,-39?:3,-ZFFc-43,S3[C0X/k[5@?XY46,0i[,0 
MANETs Node W@L9A0M,0W,+R,++,-5.,6,02G4,XY4-\FF
28-9:G[,S_1SCDE@Y[C6YD6 (CSMA) 5@?=>?6 Node :9?0l ZG[6GT0
+TF:@+HTCX0Y[C6CD5Sa2L9?:2G4,U>6Y[:65,6+,-3[6i[,0 W@2L@S6HTC
21@SC25[,0TA0 5,W+`,6 Node HTC:9?05@?ZG[6GT0+T05@?c143[6X0
2C`,5@?X/4cC4  J-\3D5EDd,L+,-5.,6,0G:6_J-_H8:` 
CSMA W@Z0C_04W5@?R\ 4̀W2/`C 0T?089:HTC2`GG:6ZLB82+BH5@?
3[63.,2-BR`1`6X0Ge\5@?+,-ZG[6GT02L9?Y[:65,6+,-3[6i[,0
2LD?WG>A0 
 

 

������ 5 LSA receivedona MANET interface ��((�!��������5����(���G����Z�[\�8����
� 
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14CS2/Ha0@A +,-U[,S5:15@?8CF8aWcW[c14R,++,--TF3Tkk,e LSA 
R,+ MANET :D02H:-I2h3:,R+`,S2JK0Jfk/, 2JK03D?65@?2+D1G>A0R-D6
_1S2zL,\X0 MANET Topologies J-\+:F14CS_/015@?XY46,0
/0,Z0[0G0,1X/k[ 14CS2/Ha0@A +,-2HDF_HG:6 OSPF 3.,/-TF 
MANETs UV+Z0\0.,X03[C0 IV-C _1S2zL,\+`c+5@?XY4`1 flooding 
overhead +`c+0@AZFF2JK03:6/WC1 +,-2LD?WJ-\3D5EDd,L flooding 
(Flooding optimization) Z`\+,-`1_8-63-4,6 (topology reduction) 
/WS2/HaC[,+`c+0@A3,W,-U0.,cJXY4c142L9?:2LD?WJ-\3D5EDi`X/4+TF+TF
28-9:G[,SZFFXY43,S 

1) +,-2LD?WJ-\3D5EDd,LG:6 Flooding X0 MANETs: +,-2LD?W
J-\3D5EDd,LG:6 Flooding X0+,-GS,S OSPF 1C1W,205I
_1S5T?CcJ2JK0+,-`1R.,0C0G:62-,2H:-I5@?2G4,-[CWX0+-\FC0+,- 
flooding X0Ge\5@?WT?0XRC[,2-,2H:-I5TA6/W1ST6c14-TF LSA  

H,W5@?c14LV1U>6cJZ`4C+[:0/04,0@A X0OSPF-MPR [36] 2-,2H:-I
ZH[`\HTC-T+g,Ya1G:62-,2H:-IX0+,-U[,S5:1/`,SRa1 (MPR) 2`9:+
R,+3:65Dp5,6X+`428@S6 2Y[0 23405,65@? 2 5TA6/W1G:62-,2H:-I
X+`428@S63,W,-U2G4,U>6i[,05,623405,6X15,6/0>?6G:6 MPRs (-VJ 
3) ZH[`\2-,2H:-IST62+BF-T+g,Ya1G:6HTC2 9̀:+ MPR 0T?089:2-,2H:-I5@?
2`9:+2-,2H:-I0@A2JK0 MPR  

X0 OSPF MPR   LSA 5[CW2zL,\H,W-,+G:6 MPR 5@?_/015@?
2+D125[,0TA0 X0:@+8.,/0>?6 2-,2H:-I flooded LSA W,+G>A02W9?:c14-TFR,+ 
MPR 5@?2`9:+cC4 

OSPF-OR [37] c14XY42580D8 MPR 2Y[0+T0 U>6ZW4C[, MPRs 
H:00@AR\2-@S+C[,+,-U[,S5:1G4:WV`ZFF5TF=4:0+T0 (OR) 2-,2H:-I 
ZH[`\HTC2`9:+ ORs 5@?XY46,0:SV[R,+Ya1G:6 OR 5@?HD1+T0/-9: =>?6HTC
X+`428@S6UV+LDR,-e,2JK0 OR U4,WT03,W,-U2G4,U>62-,2H:-I5@?2-,2H:-I
cW[3,W,-U2G4,U>6c14_1SH-6 0T?089: 2-hop (hop 89: +,-21D05,6G:6
ZL82+HG4:WV`5@?2+D1G>A0R,+ router) R,+L9A05@?X+ 4̀28@S6G:62-,2H:-I5@?
U9:/-9:U4,WT03,W,-U2G4,U>62-,2H:-I 

Ge\5@?X0 OSPF-MPR, ORs 5@?XY46,0_1S+.,/01 2-hop 5@?
X+`428@S6X/43,W,-U2Y9?:WU>6+T0i[,0 ORs 5@?XY46,0:SV[  

X05.,0:621@SC+T0+TF OSPF-MPR U4,2-,2H:-Ic14-TF LSA R,+
2L9?:0F4,0=>?6+B89: ORs5@?2J�1XY46,0:SV[ 2-,2H:-IR\U[,S5:1 LSA ::+
R,+:D02H:-I2h3 MANET 21@SC+T0+TF5@?-TF LSA 5T05@ 

:S[,6c-+BH,W cW[2/W9:0+TF OSPF MPR /,+2-,2H:-IST6W@
F5F,5X0+,- flooding G:6 LSA U4,2JK0 OR U>6ZW4C[,R\cW[c14XY4
6,0+BH,W 3.,/-TF2L9?:0F4,05@?3[6 LSA  

ORs 5@?cW[2J�1XY46,00TA0cW[c14U[,S5:1 LSA 5@?c14-TFW,5T05@ZH[
WT0R\2-D?W5.,6,0HTCRTF2C`,Z`\hf63.,/-TF+,-U[,S5:1G:6 LSA 0@A
/-9: ACK G:6WT0_1S2L9?:0F4,0 U4,2L9?:0F4,05TA6/W1W@U[,S5:1 
LSA /-9: ACK G:6WT0+[:0HTCRTF2C`,2-D?W 2-,2H:-IcW[R.,2JK0H4:6
U[,S5:1 LSA U>6ZW4C[, 2-,2H:-I:,R2`9:+5@?R\cW[U[,S5:1 LSA 0@AU4,
2-,2H:-Ic14SD0+,-U[,S5:15@?R\cJU>62L9?:0F4,05TA6/W1=>?62JK0 2L9?:0
F4,0 2-hop G:62-,2H:-IR,+5@?c14-TF LSA  /-9::@+5,6/0>?689:2-,
2H:-IU[,S5:1 LSA 2W9?:HTCRTF2C`,2-D?W -\S\2C`,UV++.,/01ZH+H[,6
+T0cJH,WY[C65@?X/42L9?:5@?HTCRTF2C`,2-D?WH[,6+T0cJH,W ORs5@?ST6cW[XY4
6,0X0+,--TF LSA 

2) +,-`1_8-63-4,6X0 MANETs: +,-`1_8-63-4,6+`c+5@?XY4
_1S3[C0GS,SG:6 OSPF 3.,/-TFMANETs Ra1J-\368I89:2L9?:
-,S6,02zL,\G4:WV`G:6_8-63-4,62JK0F,63[C0X0 LSAs X0Ge\5@?
5.,X/4WT?0XRC[, LSDBs J-\+:F14CSG4:WV`5@?2L@S6L:H[:+,-2Y9?:WH[:
28-9:G[,S 1T60TA0+,-`1G0,1 LSA 5TA63:6G0,1Z`\R.,0C0G:6 
LSAs 5@?R.,2JK0H4:65DA6 

OSPF MPR [36] -,S6,02zL,\U4:S8., (adjacencies) -\/C[,6 
MPRs Z`\ MPR 5@?UV+2 9̀:+X0 LSAs G:6LC+2G, 3D?60@AY[CS`1
R.,0C0G:6+,-2Y9?:W_S65@?R.,2JK0H4:6R\-,S6,0X0Ge\5@?5.,X/4
WT?0XRC[,23405,65@?3TA05@?3a1ST6862JK028-9:G[,S5@?W@ +,-8.,0CecC4Z`4C
Z`\23405,65@?XY4XY42L@S6 adjacencies 25[,0TA0 

OSPF MDR [38] 230:HTC2 9̀:+H[,6l 2+@?SC+TF+,-2Y9?:W_S65@?W@
-,SY9?:X0 LSAs G>A0:SV[+TF8[,L,-,WD2H:-IG:6 LSAFullness 14CS8[,5@?
H?.,3a1G:6 LSAFullness LSAs R\-,S6,02zL,\R.,0C004:S5@?3a1
G:6+,-2Y9?:W_S62L9?:X/428-9:G[,SST62Y9?:W_S6+T0c14 ZH[+,-8.,0Ce
23405,6:,RXY4-\S\2C`,0,0+C[,5@?R.,2JK0 ZH[14CS8[, LSAFullness 5@?
3V6 LSAs R\-,S6,0+,-2Y9?:WH[:5@?W,+G>A0 2L9?:X/4WT?0XRC[,+,-
8.,0Ce23405,6R\3TA05@?3a1Ge\5@?8[,XY4R[,S+B3V6G>A0 Z`\14CS8[,
LSAFullness 3V65@?3a1 LSAs -,S6,0+,-2Y9?:WH[:5TA6/W1 :S[,6c-+B
H,W G4:23@SG4:/0>?6G:6 OSPF MDR 89:+,-8.,0Ce23405,6:,RXY4
+,-2Y9?:WH[:5@?cW[XY[ adjacencies 

OSPF- OR [37] 2`9:+0.,230:C[, LSAs -,S6,02zL,\ 
adjacencies _1Si[,0 Smart peering (1V3[C0 IV-C) 14CS2/Ha0TA02-,
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2H:-IR>6:SV[HD1+T02zL,\+TF2L9?:0F4,0X/W[=>?6ST6cW[3,W,-UcJU>6
H40cW45@?W@23405,65@?3TA05@?3a1c14 (SPT) 3D?60@AY[CS`1R.,0C0G:6+,-
2Y9?:W_S65@?R.,2JK0H4:6 advertized X0 LSAs ZH[_1S5T?CcJ:TH-,
23405,6S,C 

3[C0GS,SG:6 OSPF 3.,/-TF1C1W,205IST6XY4+`c+ Hello 
redundancy Reduction Incremental hellos [37] Z`\differential 
hellos [38] :0ak,HX/42-,2H:-I-,S6,02zL,\+,-2J`@?S0ZJ`65@?
3T62+H2/B0X0`\ZC+i[,0 HelloInterval`[,3a1Z50`\ZC+G4:WV`5@?
23-BR3WFV-eI 1T60TA0U4,_8-63-4,6865@? ZLB82+H Hello 3[C0X/k[
G0,1R\2`B+`6:S[,6W,+:S[,6c-+BH,W X0+,-5.,2Y[00@A +,-3[6i[,05@?
4̀W2/`C:,R3[6i`H[: Hello synchronism Z`\:,R5.,X/4

8C,W3,W,-UG:6 NodeX0+,-HD1H,W+,-2J`@?S0ZJ`6G:62L9?:0
F4,0cW[2JK0cJH,W5@?8C-X0+,-5@?R\Jm:6+T0+-e@2Y[00@A 8C-2LD?W
+`c++,-H-CR3:FY[:6C[,6/W,S2`G .̀,1TFX0+,--TFZLB82+R Hello 
Differential Hello XY4 synchronism 2YD6-a+ Recovery +`c+ X0Ge\5@? 
Incremental Hello X/4iV4-TF1VZ`X03[C0+,-RT1+,- synchronism 
+`c+2/ [̀,0@AR\ST63,W,-UHD1H,W_8-63-4,65@?W@23U@S-d,L04:S+C[,
ZH[cW[c14230:+,-J-\/ST18[,_3/a4S5@?3.,8TkX0F-DF51T6+`[,C [40] 

VI. 8�Y:��A�7�:M���Ea 
2W9?:-TF2-,2H:-IX/W[/-9:28-9:G[,S LSA2-,2H:-IR.,2JK0H4:63-4,6

H,-,63,S6,0G>A0X/W[R,+ scratch [1], [2]+-\FC0+,-0@A2+@?SCG4:6+TF
+,-8.,0Ce 

1) 23405,6d,SX0L9A05@?3.,/-TFF-D2Ce OSPF 5TA6/W1=>?62JK0G:6
2-,2H:-I(_1SJ+HDR\XY423405,65@?3TA05@?3a1G:6 Dijkstra 
(SPT) :T`+:-DE>W [62], [63] F0209A:/,G:62-,2H:-IZ`\28-9:G[,S
LSAs) Z`\ 
2) 23405,6d,SX0L9A05@?_1S+,-H-CR3:F209A:/,5TA6/W15@?3-aJ
G:6 LSAs 
3) 23405,6d,S0:+AS _1S+,-H-CR3:F209A:/,5TA6/W1G:6
ASE LSAs 

 J+HD2-,2H:-IZ+0/`T+:,RW@W,+U>6/`,S-4:S2-,2H:-I/28-9:G[,S 
LASs Z`\W,+U>6/`,SLT0_1S-CW/ASE LSAs X0+,-2Y9?:W_S6X0
M,0G4:WV`3U,0\+,-8.,0Ce23405,6d,SX0L9A05@?_1SXY4:T`+:-D5>W
G:6Dijkstra(+TF8C,W=TF=4:0G:6+,-2C`,O (n × log(n))) XY42C`,
cW[+@?WD` D̀CD0,5@F02-,2H:-I5@?5T03WTS [64], [65] 2C`,0@A3,W,-U`1`6
c14:@+_1SXY4 c10,WD+ SPT :T`+:-D5>W (3[C0 VI-B)Z50+,-XY4

:T`+:-D5>WG:6Dijkstra +,-H-CR3:F/51`:6_1S-CWG:6 
ASE/LSAs:,RXY42C`,:S[,6W,+H,WR.,0C0G:6 LSAs U4,i`+,-
8.,0CeH,-,63,S6,0W@+,-2J`@?S0ZJ`6X0 hops UT1cJ2L9?:Ra1/W,S
:9?0 G4:WV`2/`[,0@AR.,2JK0H4:6U[,S5:1cJST6 line card 2-,2H:-I5@?
5T03WTS5.,X/4+,-8.,0CeH,-,6Z`\+,-+-\R,SHTCG:6 hops UT1cJ
cJ3V[ line card L-4:WH[:+,-XY46,0 `.,1TF+,-HD1HTA6G:6 hops UT1cJ
3,W,-U5@?R\2-@S68C,W3.,8Tk2L9?: hops 5@?W@8C,W3.,8TkW,++C[, (2Y[0 
cJST6 VoIP gateway destination) UV+HD1HTA62JK03D?6Z-+Z`\5.,5@?C[,6
X/42L9?:+,-3[6H[:2-BCG>A0+C[,HTC5@?W@8C,W3.,8Tk04:S+C[, [64], [66] 
Francois Z`\8e\ [64] -,S6,0+,-/0[C62C`,-\/C[,6+,-8.,0Ce
G:6+,-�:JUT1cJZ`\+,-J`:WZJ`6G4:WV`0@AcJ3V[ line card 2L9?:
2JK0`.,1TFG:6 50ms F02-,2H:-I5@?5T03WTS 1T60TA0 +,-8.,0CeH,-,6
3,S6,0:,R5.,X/42-,2H:-I CPU Sa[62JK02C`,0,0 (∼100ms)5@?2/`9:
G:63[C00@A2-,:EDF,S+`c+2JK03D?6Z-+2L9?:XY4X0+,-/`@+2`@?S6+,-
8.,0CeH,-,63,S6,05@?W@ 2JK0J-\R.,X0+-e@+,-2J`@?S0ZJ`6
_8-63-4,6 d,S/ T̀62-,:EDF,S:T`+:-D5>WG:6 Dijkstra 2Y[021@SC+TF5@? 
c10,WD8:T`+:-D5>WXY42L9?:3-4,623405,6H40cW45@?3TA05@?3a1-\/C[,6+,-
8.,0CeH,-,63,S6,0 +`c+:EDF,SX03[C05@?2/`9:G:62=8YT?0Z`\
3-aJX0H,-,6 VI 

A. 8C,W`[,Y4,X0+,-C,6Zi0+,-8.,0CeH,-,63,S6,0 
+,-2J`@?S0ZJ`6_8-63-4,65T?CcJ 2Y[0 8C,W`4W2/`CG:62-,

2H:-I:,R5.,X/42+D1 LSAs X/W[l G>A0W, (/0>?6 LSAs 3.,/-TFZH[`\2-,
2H:-I=>?62-,2H:-I5@?`4W2/`Cc14 adjacency) T̀+ge\+,-2J`@?S0ZJ`6
G:6_5_L_`S@5@? ( 2Y[0 cW[C[,+,-2Y9?:W_S6/-9:2-,2H:-I`6/-9:G>A0) 
CDE@+,-H-CR3:F8C,W`4W2/`CX0+,-XY4 ( 2Y[0XY4M,0 Hello /-9:
M,0�,-I1ZC-I) Z`\8[,G:6L,-,WD2H:-I OSPF 2Y[0 HelloInterval Z`\
minLSInterval +.,/01Y[C62C`,5@?R\3[6i`+-\5FH[:2-,2H:-IR\
+[:X/42+D1 LSAs X/W[ 3WWaHDC[,W,H-M,0 OSPF flooding LSAs 
2/`[,0@AR\21D05,6i[,023405,65@?3TA05@?3a1R,+2-,2H:-I21DWG:6WT0cJ5@?
2-,2H:-I2zL,\ 2C`,5@? LSAs 21D05,6W,U>62-,2H:-I2zL,\G>A0:SV[+TF
Y[C62C`,5@? LSAs 2/ [̀,0@AUV+3-4,6G>A0 23405,65@?Z0[0:0H,W14CS 
LSAs cJ5@?2-,2H:-I2Jm,/W,S +,-XY4 pacing/flood 5.,X/4Y4,_1S2-,
2H:-IZ`\R-,R-F0+,-2Y9?:W_S65@?3.,-CR_1S LSAs 2/`[,0@A (=>?6
+.,/01+,-2G4,8DCY4,Z`\8C,W0[,R\2JK0G:6+,-3Vk/,S3.,/-TF 
LSAs 2/ [̀,0@A) 1T60TA0 R>6W@_:+,32JK0cJc143V65@?i` LSAs R,++,-
2J`@?S0ZJ`6G:6_5_L_`S@U>62-,2H:-I2Jm,/W,SX0Y[C62C`,W@W,+  
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U4,2-,2H:-IW@G>A02L9?:Z316+,-8.,0CeH,-,63,S6,05T05@2W9?:W@
+,--TF+,- LSA X/W[ :,RRF`65@?5.,+,-8.,0Ce1T6+`[,C/`,S8-TA6
:S[,6-C12-BC=>?6:,R5.,X/42-,2H:-I CPU Sa[6:SV[J-\W,e/`,S-4:S
WD``DCD0,5@Z`\GT1GC,6cW[X/45.,6,03D?6:9?05@?W@8C,W3.,8Tk+C[, 2Y[0 
timely generation Z`\+,-J-\WC`i`G4:8C,W3CT31@ 3U,0+,-eI
1T6+`[,CcW[L>6J-\368I2L-,\:,R0.,cJ3V[+,-5@?28-9:G[,S23405,6cW[
Z0[0:0 (network-wide routing instability) [22] 1T60TA02-,2H:-I2YD6
L,eDYSI_1S5T?CcJcW[8C-5.,+,-8.,0CeH,-,63,S6,05T05@2W9?:c14-TF
LSA X/W[  Cisco2-,2H:-I5@?XY4 IOS -a[02+[, XY48[,L,-,WD2H:-I
spfHoldTime ZFF865@? H[:R,+0@A2-@S+C[,2C`,84,6 +,-R.,+T18C,WU@?
G:6+,-J-TFJ-a6H,-,623405,6+,-/0>?68-TA6H[: 10CD0,5@ 0:+R,+0@A
ST6W@ spfDelay (5 CD0,5@) X0+,-8.,0CeH,-,63,S6,0+,-i`DH
/`T6R,+c14-TF LSA X/W[:T0Z-+HTA6ZH[+,-8.,0CeH,-,63,S6,0+,-
i`DH+[:0/04,0@A  

X0Ge\5@? spfDelay 865@?Z`\R.,+T1L,-,WD2H:-IspfHoldTime 
R.,0C0G:6+,-8.,0CeH,-,63,S6,0+,-i`DHZ`\R>6Y[CS/`@+2`@?S6
8C,WcW[23U@S-G:63,S6,0+,-i`DH LC+2G,5.,X/4+,--CW+T0G:62-,
2H:-IY4,`6cJR0U>6+,-2J`@?S0ZJ`6_5_L_`S@X/W[ 14CS8[,2-D?WH40 (5 
CD0,5@3.,/-TF spfDelay Z`\ 10 CD0,5@3.,/-TF spfHoldTime) 2-,
2H:-I:,RXY42C`,X1+Bc14-\/C[,6 5 U>6 15 CD0,5@2L9?:2G4,X+`4+,-2J`@?S0
_5_L_`S@/ T̀6R,+c14-TF+,- LSA X/W[ 2L9?:X/42+D18C,W3W1a`SIX0
8C,WR.,2JK03.,/-TF+,-F--RF+T0:S[,6-C12-BCZ`\8C,W23U@S-G:6

3,S6,0 2-,2H:-ICisco `6 12.2 (14) +TF IOS XY4_8-6-[,6+,- 
backoff 5@?2-@SF6[,S2L9?:J-TFZ`\84,62C`,-\/C[,6+,-8.,0CeH,-,6
3,S6,0:S[,6H[:209?:6 [67] X0_8-6-[,60@A+`[,CU>6 SPF throttling X0
Cisco literature 2C`,84,6-\/C[,6+,-8.,0CeH,-,63,S6,0UV+
+.,/015@?8[,G0,12 B̀+ :S[,6c-+BH,W XF23-BRG:6/0>?6/-9:W,++C[,  
LSAs X0-\/C[,6+,-+184,65.,X/48[,3V6R,+3:625[,U>63V63a1 

1T60TA0+,-F--RF:S[,6-C12-BC3,W,-U0.,cJ3V[+,-2J`@?S0ZJ`6
_5_L_`S@ 5@?0.,cJ3V[+,-3-4,625[,R.,0C0G0,12 B̀+G:6 LSAs (2Y[0 
`4W2/`CX0+,-2Y9?:W_S6ZFFJfR2R+) 3.,/-TF+,-2J`@?S0ZJ`6G:6
_5_L_`S@0.,cJ3V[+,-3-4,6G:6 LSAs R.,0C0W,+G:6 LASs 5@?W,U>6
2-,2H:-Ii[,0Y[C62C`,GS,S2LD?W2HDW 2C`,84,68,1C[,U>6R\U>68[,3V63a1
:S[,6-C12-BCZ`\1T60TA0R>6R.,+T1R.,0C0G:6+,-8.,0CeH,-,63,S6,0
5@?8[,XY4R[,SG:68C,W`[,Y4,5@?2+D1G>A0 :S[,6c-+BH,W_8-6-[,60@AR\23@?S6
H[:+,-HTA68[,X/W[5@?cW[L>6J-\368IX02C`,84,6cJU>68[,2-D?WH40G0,1
2`B+U4, LSA cW[W@W,U>63.,/-TFY[C62C`,25[,+TF8[,2C`,8684,6G:6
JfRRaFT0 +,-HTA68[,2C`,84,6X/W[5@?cW[L>6J-\368I1T6+`[,C3,W,-U
/`@+2`@?S614CS+,--4:6G:-\S\2C`,5@?8[:0G4,626@SF0,0X0-\/C[,65@?
cW[W@ LSA X/W[W,U>6X02C`,5@?8C- +[:05@?R\2C`,84,6R\3,W,-U
+`TFcJ5@?8[,2-D?WH402 B̀+ [68] Z505@?R\Z3-468[,2C`,8684,63.,/-TF+,-
W,:S[,6H[:209?:6G:6 LSA 2-,2H:-IJuniper UV+XY43:68[,865@?3.,/-TF
-:2C`, [69] R.,0C05@?Z0[YT1 (_1S8[,2-D?WH40 3) G:6+,-8.,0CeH,-,6
3,S6,0UV+Z31614CS8[,G:62C`,84,6G0,12`B+ (_1S8[,2-D?WH405@? 

6J_66�7���:�� M��?P[��Y F9?LC / F9?;8CY 
Fixed hold time +.,/018[, delay HTC (Y[C6 Hold Time) FT68TF-\/C[,623405,6

H,W`.,1TF 
/`@+2`@?S623405,65@?W,+2+D0cJZ`4C8.,0CeH,-,65@?Topology W@+,-2J`@?S0ZJ`6
5.,X/4-\FF23U@S- ZH[R\2+D1+,-/0[C6G:6+-\FC0+,- Convergence 

SPF throttling[67] Y[C6 Hold Time 3TA0 c14-TF Packet LSA :S[,604:S/0>?6 Packet 
X0Y[C6 Hold Time U4,cW[c14-TF LSA X0Y[C6 Hold TimeR\J-TF
X/W[X/4W@8[,04:S5@?3a1 

+,- Convergence -C12-BC/`@+2`@?S6 +,-840/,23405,65@?cW[R.,2JK02W9?: Topology W@
+,-2J`@?S0ZJ`68[, LSAs Reset  hold time U4,cW[c14-TF LSA 

SPF throttlingwith 
quietperiod [68] 

2/W9:0+T0+TF SPF throttling _1S5@?Hold time R\Reset X/4W@8[,04:S

2zL,\2W9?:LSA 5@?2G4,W,W@G0,1X/k[ 
G4:1@G:6+,-:a1 SPF X/4cW[W@+,-HTA68[,+[:0U>6 Hold Time 5@?2/W,\3W 
 

Juniper scheme 
[69] 

+[:02C`,+,-8.,0CeH,-,623405,62`B+04:S5.,R\W@+,-8.,0Ce
5@?_1SXY4 Hold Time 0,0l U4,cW[c14-TFLSA X0Y[C6 Hold Time 

0,0l+BR\-@2=BH8[,X/4W@G0,12`B+ 

+,- Convergence 2-BC5@?3a12W9?: Topology W@+,-2J`@?S0ZJ`6_1S+,-8.,0Ce Routing 
Table J-DW,e04:S Z`\R.,+T18C,WU@?X0+,-8.,0Ce Topology 5@?W@G0,1X/k[ 

LSA correlation 
[68] 

8C,W3TWLT0EIG:6LSAs X0+,--\Fa+,-2J`@?S0ZJ`6Topology
L9A0M,0 +,-8.,0CeH,-,623405,62+@?SC+TF+,--\Fa+,-
2J`@?S0ZJ`6Topology 

Y[CSX/4Convergence -C12-BCH[:+,-2J`@?S0ZJ`6Topology5@?W@R.,0C004:S5@?3a1
G:6+,-+.,/0123405,6+,-8.,0CeH,-,6 
 

Dynamic 
SPTalgorithms 
[5][71]<[74] 

R,++,-Z+4cG5@?W@SPT W,++C[,+,-3-4,6 SPT X/W[HTA6ZH[2-D?WH40 
WT+R\XY4c14X0 Router 2YD6L,eDYSI[70] 

+,-J-TFJ-a6X0+,-+.,/0123405,6+,-8.,0CeH,-,68-TA6HTA6ZH[+,-8.,0Ce SPT 
cW[c142JK0GTA0H:05@?XY42C`,0,05@?3a1X0+,-8.,0CeH,-,623405,6 

������� 6 �����
���������)���^��!����	�� ROUTING TABLE 
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200ms) U4, LSAs X/W[W,U>6:0[,6H[:209?:6 +,-8.,0CeH,-,63,S6,0
5@?H,WW,R\2+D1W@8[,G:62C`,84,6W,+ (_1S8[,2-D?WH40 5 CD0,5@) 2C`,-:
W@+,-HTA68[,5@?8[,G0,12`B+ U4,2-,2H:-IcW[c14-TF LSA X/W[-\/C[,62C`,
5@?-:0,0/ T̀6R,++,-+,-8.,0CeH,-,63,S6,0 3WWaHDM,0L9A0M,0
/`T6_8-63-4,60@A89:  3[C0X/k[_5_L_`S@ LSAs X/W[R\W,5@?2-,2H:-I
d,SX0cW[+@?-4:SWD``DCD0,5@ F--RF+T0:S[,6-C12-BC+TF+,-J @̀?S0
ZJ`6_5_L_`S@1T6+ [̀,C3,W,-U-TF_1SXY48[,2C`,-:cW[0,0 W,H-,
3[C0G0,1X/k[G:6+,-2J`@?S0ZJ`6_5_L_`S@5@?3[6i`H[:209?:6W,U>6
+,--TF LSAs X/W[i[,0Y[C62C`,G0,1X/k[ R\5.,X/48[,2C`,8684,6
G0,1X/k[W@i`W,Z`\R.,+T18C,WU@?G:6+,-8.,0CeH,-,63,S6,0 
 �7�&�8.59(4:���:
�;&<: ���7�&��0+�1,�88.
"�5��).#9=(
��5��,>� 6=�6?&
:�)��&�:
).
"�8�8����"?�7��
�4()��
57��
����)���)��@$:.,A�):�� ���.B#�?���7�&��5:�.
"�
(���:)C" �D)��8�8���&�:
).
"�$��.���@,&9($6��57��
�
���)���)��$��.���@,�7�&�8��.,"6=���,")� �#�"�6 4�(5

#�����.&":��6D�?�+��
��6��(9=�.#9=(������).
"���57��
�
���)���)�� ;�
��6���6D 6=.6��
:��&��$#����4() LSA [68] ���
��
 LSA @$:@���?�+����57��
����)���)�� ��:�����
 LSAs 
�?. 6�8.56�).#9=(�
��(8��.,"6=���,")� �#�"�6 6=.��������
���)4()#
�.4� ��57��
����)���)����$�'�7�.�����
���@�� �� 6 6= LSAs  �D)&$� ���)4KD���$��.,"6=���,")4()
� �#�"�6 @��$�'K) 6=.�.�(��"?$6��?8+��.,"6=���,")4()
� �#�"�6 ��)��D���. 6�8.56�)�&��$#����4() LSA @$:.#6�)��:
&"6�."6=�)��(.
"� 6=.�6=�
4�()��85
�$":�0��;���8�8���
. :���D� ��:57��
����)���)�� 6=�7�.,A����;0� LSAs .B#�?8�)
0+�. :���D� $����:
�4���;&<:4()��.,"6=���,")� �#�"�6.0:�
��681�#�($L���4().�.�(��7��
�$�� ��$�'��������.#�=$
��8�)5�8;0�@���$�5(.
"�?&
:�)��57��
����)���)����
C"���:(.�9=() 

B.  c10,WD+ZFF SPT :T`+:-D5>W   
SPT G:6 Dijkstra :,RRT1J-\2d52JK0:T`+:-D5>WZFF865@?209?:6R,+
+,-3-4,6Zi0dVWD23405,65@?3TA05@?3a1 (SPT) R,+ ZFF-[,62W9?:X1+B
H,W5@?1.,20D0+,- 2-D?WZ-+ SPT W@3[C0J-\+:FZ8[_/01-,+ 2Y[0
_/011.,20D06,0:T`+:-D5>W _/012Y9?:WH[:_1SH-6cJ5@?-,+5@?W@
+.,/01-\S\5,6(Root) 2Y[021@SC+TFH405a0G:6+,-2Y9?:W_S6cJST6
-,+X0Ge\5@?_/01:9?0l W@+.,/01-\S\5,6:0T0HI X0ZH[`\+,-5C0 

_/015@?W@-\S\5,6c+`3a1R,+-,+UV+2LD?WcJ5@? SPT Z`\-\S\5,65@?
2+@?SCG4:6+TF ::+R,+H40cW42L9?:0F4,0R\J-TFJ-a6X/42`B+`6R,+
-\S\/[,6G:6H40zFTFZ`\-\S\5,6G:6LC+2G,R,+-,+i[,0_/015@?
UV+2LD?WcJST6Zi0dVWD +,-5C0=A.,W@R0+-\5TA6_/015TA6/W1UV+-CWcC4
X0 SPT 
 _1S5T?CcJ23405,6H40cW45@?3TA05@?3a1 +[:0Z`\/`T6+,-_8-63-4,6 
2J`@?S0:S[,6W@0TS3.,8TkW@8,F2+@?SC+T0 HTC:S[,62Y[02W9?:+,-2Y9?:W_S6 
x: y `6cJ/-9:2LD?WG>A0X08[,XY4R[,S2L@S6_/01X05-@2Y9?:WH[:+TF5@?W@
:SV[i[,05,6 SPT link X: Y R\H4:6W@+,--@+,-2Y9?:WH[:+TF SPT 
H.,Z/0[6G:6_/01:9?0 l X0 SPT cW[c14-TFi`+-\5FR,+2-9?:60@A
2/Ha+,-eI+,-2J`@?S0ZJ`6_8-63-4,6 ZW4R\:SV[X0 2Y9?:WH[:cJST6+D?6
S[:S5@?W@:SV[ SPT i[,0 link X: Y, WT0:,RR\2JK02JK0cJc145@?R\Z0FcJ
/`,S3,G, SPT X/W[_1ScW[H4:6X1 l +,-2J`@?S0ZJ`6-VJ5@? 6 Z316
HTC:S[,6/0>?61T6+`[,C5@? +D?6S4:S5@?2Y9?:W_S6`4W2/`CH4:6J-TF2J`@?S0
04:SW,+3.,/-TF+,-2Y9?:WH[:3[C05@?2/`9:G:6 SPT 2W9?: link X: Y 
`1`6X08[,XY4R[,SX05-@S[:S5@?2Y9?:WH[:+TF SPT 5@?W@:SV[i[,05,6`D68I0@A
R\cW[c14-TFi`+-\5F 
 W,++C[,+,-8.,0Ce SPT X/W[HTA6ZH[2-D?WH40H[:cJ0@A+,-
2J`@?S0ZJ`6_8-63-4,6ZFFc10,WD+ SPT:T`+:-D5>WZ+4cG SPT 5@?W@
:SV[ :T`+:-D5>W1T6+`[,CR.,0C0W,+2JK0d,L-CWG:6 :T`+:-D5>WG:6 
Dijkstra [5], [71] - [73] X0Z6[5@?C[,H[:cJ_/012LD?W SPT 2JK0/0>?6+TF
-\S\5,65@?3TA05@?3a12L9?:1>6+`Sa5EI/0>?65@?Z316U>6i`X0+,-8.,0Ce
04:S`6[74] 89:+,-2`9:+_/01+TF+,-`1`6W,+5@?3a1 (/-9::S[,604:S
2LD?WG>A0) 
X0-\S\/[,65@?2+@?SC+TF+,-2J`@?S0ZJ`6_8-63-4,6/`,S+,-XY46,0 
OSPF 2YD6L,eDYSI (2Y[0, [70]) X0Ge\0@AX/4XY4GTA0H:0CDE@ZFFc1
0,WD+3.,/-TF+,-8.,0Ce2JK0 SPTHTC2 9̀:++,-+.,/018[, 
 VII. GRACEFULRESTART 
 2-,2H:-I5@?5T03WTSW@3U,JfHS+--W+-\R,S+TF CPU 5.,6,0+`,6
_J-_H8:`840/,23405,62Y[0 OSPF X0Ge\5@?FTH-3,SRT1+,-6,0
G:63[6 packet (2Y[0S4,SZLB82+BHR,+:D025:-I2h=/0>?6cJST6:@+5@?
/0>?6) 0@AZS+YT12R0G:6+,-8CF8aWZ`\3[6H[:5@?:SV[X/42-,2H:-I2L9?:
1.,20D0+,-H[:+,-5.,6,0G:6+,-3[6H[:ZLB82+BH ZW4 
-\1TFYTA023405,6R\UV+2-D?WH40X/W[2L-,\+DR+--WH,WZi0(2Y[0+,-
:TL2+-1=:hHIZC-I) 
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 _1SJ+HD -\1TFYTA0+,-8CF8aW2-D?WH40X/W[ R\5.,X/42-,2H:-I2L9?:0
F4,0ZF[68C,WH[:209?:6+T014CS2-,2H:-I0@A  2-,2H:-I2L9?:0F4,05@?R\
3-4,6LSAs X/W[ 5@?8-:F8`aWH`:15TA6L9A05@? Z`\2-,2H:-I5TA6/W1X0
L9A05@?R\H4:61.,20D0+,- (/`,S) H,-,623405,68.,0Ce-TF LSAs 
2/ [̀,0@A cW[+@?0,5@d,S/ T̀6 2W9?:-\1TF8CF8aW2-D?WX/W[23-BR 2-,2H:-I
2L9?:0F4,0R\3-4,68C,WH[:209?:6+T0+TF2-,2H:-I0@AZ`\ lsa R.,0C0W,+
G:6 .̀,1TF+,-8.,0CeH,-,63,S6,0+,-i`DHR\ H4:65.,=A., HTA6ZH[5@?
3[6H[:-\1TFhf6+IYT0J+HD ZW4C[,-\1TFYTA08CF8aW2-D?WH40X/W[ cW[
R.,2JK03.,/-TF28-9:G[,S5@?R\c14-TF8C,W3TF30Ca[0C,S0@A 

14CS+,-2-D?WH40X/W[5@?1@ [75]  2-,2H:-I=>?62JK0-\1TFYTA08CF8aW
2+@?SC+TF+,-2-D?W+,-5.,6,0  Z`\-\1TFYTA03[6H[:2JK0+,-5.,6,0J+HD  
R\3[6 LSA G:62L9?:0F4,05@?:SV[X+`428@S6 J-\+,p8C,WHTA6XR5@?R\
1.,20D0+,-2-D?WH405@?1@d,SX0-\S\2C`,i[:0iT05@?-\Fa 2-,2H:-I1T6+ [̀,C
2-@S+C[, initiating Router  +,-5.,6,05@?1@G:6 LSAs R\2Y9?:W_S6 

54:6UD?0 ( link-local)  X0G:F2GH 89:2L9?:0F4,05@?:SV[HD1+T0
8-:F8`aW  LSAs 2/`[,0@A 2L9?:0F4,0HD1+T0 2-@S+C[, helpers ST686
-,S+,-2-,2H:-I 2-D?WH40:S[,6:S[,63WFV-eI5@?:SV[HD1+T0X0 LSAs 
5TA6/W1X0Y[C6-\S\2C`,i[:0iT0 1T60TA0 R\Y[CS2/`9:=[:0-\1TFYTA0
8CF8aW+,-2-D?WH40X/W[ G:62-,2H:-I2-D?WH40 R,+3[C05@?2/`9:G:6
28-9:G[,SX0-\/C[,6Y[C62C`,i[:0iT0 2W9?:-@3H,-I5-\1TFYTA08CF8aW 
2-,2H:-I2-D?WH40 H4:6i[,0GTA0H:0+[:HTA68C,WH[:209?:6+T0J+HD14CS 
helpers 5TA6/W1 X0H:054,SG:6+,-5@?2-,2H:-I2-D?WH40Z`\iV4Y[CS 
3-4,6 router/network LSAs +`c+X0+,-2-D?W+,-5.,6,05@?1@6,WR\W@
:SV[X02-,2H:-I2YD6L,eDYSI [76],[77] 

VIII. PROACTIVE APPROACHES TO FAILURE 

RECOVERY 
 +,-+V48908C,W`4W2/`CG:6 OSPF 0TA02JK02-9?:6J+HD5T?CcJ 
HTC:S[,62Y[0 23405,6X/W[5@?R\XY4X0+-e@G:62/Ha+,-eI5@?W@8C,W
4̀W2/`CR\UV++.,/01/ T̀6R,+5@?W@8C,W`4W2/`C2+D1G>A0   CDE@ Reactive 

0TA02JK0L9A0M,05@?Y4,+C[,CDE@ Proactive 5@?23405,6X/W[R\8.,0Ce
[̀C6/04,+[:05@?R\W@8C,W`4W2/`C2+D1G>A0   1T60TA0R>6R.,2JK05@?R\H4:6W@

+,-+V48908C,W`4W2/`C:S[,6-C12-BC=>?6c14W@+,-+-\Ha40X/42+D1+,-
LT^0, Proactive Failure Recovery Mechanisms G>A0F0 Internet    
CDE@ Proactive W@2Jm,/W,S89:+,-+V48908C,W`4W2/`C:S[,6-C12-BC 
(J-\W,e50ms) X03[C00@AR\:EDF,SU>6+`c+5TA63:6+`c+89: Multi-
Protocol Label Switching Fast Reroute (MPLS FRR) Z`\ IP/label 

distri-bution protocol fast reroute (IP/LDP FRR /-9: simply IP 
FRR) G4:WV`G:65TA63:6J-\2d5c143-aJcC4X0H,-,65@? 7 
CDE@+,-2/`[,0@A2JK03[C0/0>?6G:6CDE@+,-14,0R-,R-H[,6lG:6CDpC+--W
[81]-[83] 5@?W@Ra1Wa[6/W,S3.,/-TF Traffic Load Distribution X08C,W
H4:6+,-G:628-9:G[,S 

A. Multi-protocol Label Switching Fast Reroute 

(MPLS FRR) 

MPLS [27], [28] 89:+`c++,-2Y9?:WH[:2YD6+,-3[6H[::S[,6
-C12-BCF0 Labels Z50+,-RTF8V[8C,WS,CG:6 Prefix MPLS :SV[
-\/C[,6YTA05@?2Z`\3G:6 Protocol    cW[c14Z505@?+,-+.,/0123405,6 
IP ZH[2L9?:2LD?W+,-F-D+,- 2Y[0 Traffic Engineering (TE) =>?6-CWU>6
8C,W3W1a`G:6 Traffic Loads +,-2Y9?:W_S6X028-9:G[,SZ`\ Fast 
Reroute (FRR) G4:WV`0@AR\UV+0.,W,XY4_1SMPLS2L9?:3-4,6Y[:65,65@?
2-@S+C[, Label Switched Paths (LSPs) 

MPLS FRR R\G>A0:SV[+TF+,-XY46,0G:6 LSPs 3.,-:62L9?:
Jm:6+T0 LSPs / T̀+X0+-e@2+D18C,W`4W2/`C   WT02JK0+`c++,-
Jm:6+T05@?Ra1G:6+,-=[:WZ=Wd,SX05@?:SV[HD1+TF8C,W`4W2/`C   
3CDH=I+,-2G4,YWG:6LSPs /`T+c14-TFi`+-\5FR,+8C,W`4W2/`C
X0+,-3.,-:6G4:WV` LSPs [85]  G4:WV`3.,-:6G:6 LSP Y[CSX/4
/`@+2`@?S68C,W`4W2/`CZ`\-CWHTC+TF LSP/`T+   Zi0Jm:6+T0
/`,SlZi0 2Y[0 1+1, 1:1, 1:n Z`\ m:n 5@?2JK0cJc14   X0+,-
+.,/018[,5TA6 1 +1 Z`\ 1:1   R\ZS++,-3.,-:6 LSP 2L9?:J+Jm:6ZH[
`\ LSP/ T̀+   8C,WZH+H[,6-\/C[,6 1 +1 Z`\ 1:1 89:+,-+.,/018[,
X0+-e@5@?cW[W@8C,W2/`C5TA68V[   Z`\+,-3.,-:6 LSP +,-1.,20D0+,-
+.,/018[,R\2/W9:0+TF 1+1     X0+,-+.,/018[, 1:n R\3.,-:6
2zL,\ LSP 5@?ZY-I_1Sn R,+LSP/ T̀+X0m:n 89:+,-+.,/018[,+-e@
5T?CcJ5@?m 2zL,\LSPs 3.,-:65@?XY4-[CW+T0_1SLSPs/`T+ (m<=n)   

-,S`\2:@S12+@?SC+TFCDE@+,-LSP +[:0+,-RT1HTA6Z`\+`c+5@?
XY4X0+,-2J`@?S023405,6+,-R-,R-2L9?:3.,-:6LSP 2W9?:W@+,-H-CR
LF8C,W`4W2/`CMPLS FRR  /`@+2`@?S6+,-3[6H[:8C,W`4W2/`CZ`\
ZR462H9:0cJST6 Router H405,6G:6LSP / T̀+1T60TA08C,W`[,Y4,X0+,-
+V48908C,W`4W2/`C0TA089:2C`,5@?H-CR3:F8C,W`4W2/`CZ`\1T60TA0
R>62JK0cJc145@?R\2+D1+,-+V48908C,W`4W2/`C:S[,6-C12-BC(04:S+C[,
50ms) 
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������ 6 ��:������b:���7���!������c*�� Node �� Sub Tree 	�� Root ����!�����8G�	�� Tree ����
�������8!���)����Reattachment �� topology 
���5����� 
����b:���7���
����8����)���
� 

Mechanism Description Pros/Cons 
MPLS FRR [85] :4,6:D6R,++,-XY46,0G:6 LSPs 3.,-:62L9?:Jm:6+T0 LSPs / T̀+X0+-e@2+D1 4̀W2/`C H4:6+,-_8-63-4,6L9A0M,0 MPLS 

MPLS FRR Mechanisms 
IP FRR [86] :4,6:D6R,+ Router Directing Traffic cJST623405,63.,-:6+[:0+,-8.,0CeX0+-e@5@?2+D18C,W

4̀W2/`Cd,SX0 
+V48908C,W 4̀W2/`C:S[,6-C12-BCX0 
MPLS FRR 

IP FRR Mechanisms 
Equal Cost Multi Path 
Loop Free Alternate [87] 
 
Multihop Repair Paths 
[86] 

 Router 3[6 Packet cJH,W23403.,-:65@?W@8[,21@SC+TF23405,65@? 4̀W2/`C 
 Router 3[6 Packet cJST6+,-2Y9?:WH[:5@?X+ 4̀28@S65T05@5@?W@23405,65@?J`:1dTScJST6J`,S5,6G:6 
Packet  
 Router 3[6 Packet X/4+TF+,-2Y9?:WH[:5@?X+ 4̀28@S6+T0 2  �B:J/-9:W,++C[,0TA0 5@?W@23405,65@?
J`:1dTScJST6J`,S5,6G:6 Packet XY42W9?: ECMP / LFA cW[3,W,-UXY4c14 

3[C0/0>?6G:6W,H-M,0 OSPF 
 
 
S,+5@?R\+.,/01Z`\2-@S+XY4 

Multihop Repair Path Mechanisms 
Not-via Address [88] 
 
 
U Turn Alternates [89] 
 
 
Tunnels [90] 

Special address UV++.,/01/4,WcW[X/4 Router i[,0cJU>6+,-2Y9?:WH[:5@?X+ 4̀28@S6+T0   2W9?: Router 
H-CRLF8C,W 4̀W2/`CX0+,-2G4,U>6G:6 Next Hop 3.,/-TF Packet  Router B R\3[6H[: Packet 
�not-via B� cJST6 Router C Next Hop R,+ Router B 
+,-2Y9?:WH[:X+ 4̀28@S6+T0R\LDR,-e, Router 2JK0 Next Hop 3.,/-TF3.,/-TFJ`,S5,6G:6 Packet 
Z`\W@ LFA 3.,/-TFJ`,S5,65@?cW[c140., Packet + T̀FcJ5@? Router    +,-H-CR3:F8C,W 4̀W2/`C
X0+,-2G4,U>6 Next Hop  Router R\3[6 Packet cJ U Turn Alternate 
Router Tunnels ZLB82+BHH[: Router 5@?WT03,W,-U2G4,U>6J`,S5,6i[,0+,-3[6H[: IP ZFFJ+HD 

 

������� 7 7 ��C��������
�������!����8!�� MPLS / IP 

 
B. IP Fast Reroute (IP FRR) 

MPLS-FRR H4:6XY428-9:G[,S IP X/4W@_8-63-4,6L9A0M,0 
MPLS   X0+-e@5@?2`C-4,S5@?3a1R\XY4 O(nk) Z`\ O(nk2)LSPs 2L9?:
RT1+,-8C,W`4W2/`CG:6+,-2Y9?:W_S6Z`\_/01H,W`.,1TF5@? n 89:
R.,0C0G:6_/01Z`\ k 89:R.,0C0G:6+,-2Y9?:W_S6X028-9:G[,S 

 ]92 [Jfk/,2/`[,0@A0.,cJ3V[8C,W30XRX0CDE@  Proactive 2L9?:F--25,
i`+-\5FR,++,-+V48908C,W 4̀W2/`CG:6 IGP G0,1X/k[X0
28-9:G[,S IP   Zi0+,-1T6+ [̀,CR.,Z0+2JK0 IP Fast Reroute (IP FRR) 
[ 86[ , [ 93  [ 2L9?:LS,S,W5@?R\/ @̀+2 @̀?S6+,-3Vk23@SG:6G4:WV`5@?2+D1R,+
8C,WcW[3:18`4:6+T02-,2H:-IFIBS -\/C[,62C`, IGP Convergence 
5@?2+D1G>A0 
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IP FRR 8`4,S+TF MPLS FRR X0Z6[5@?C[,5TA63:6Ya1G:6
Zi0+,-0TA0G>A0:SV[+TF+,-8.,0Ce23405,63.,-:65@?5.,X/4+,-+V4890
8C,W`4W2/`Cd,SX0G:6 Router H-CR3:F8C,W 4̀W2/`C_1ScW[
R.,2JK0H4:6-@FZR462-,2H:-I:9?0 l 2+@?SC+TF8C,W 4̀W2/`C0TA0   IP FRR  
ZH+H[,6R,+ MPLS FRR 2L-,\WT0cW[c14XY4 LSPs MPLS 2JK0
23405,63.,-:6   X0 IP FRR  Router +[:08.,0CeR\J-TFJ-a6
23405,65@?R\XY43.,/-TF8C,W 4̀W2/`CG:6ZH[`\L9A05@?5@?2JK0cJc14   U4, 
Router -V42+@?SC+TF Equal Cost Multi- Paths(ECMP) 3.,/-TFJ`,S5,6
Z`\F,63[C0G:623405,62/`[,0@AcW[c14HT1i[,08C,W`4W2/`C   
23405,61T6+`[,C3,W,-UR\XY42JK023405,6X0+,-=[:WZ=Wc14   X0
+-e@5@?cW[W@23405,61T6+ [̀,C Router R\W:6/,+,-2Y9?:WH[:5@?X+`428@S6
5@?2Y9?:WH[:_1SH-65@?W@23405,65@?J`:1dTS89:23405,65@?cW[c1421D0
5,6i[,08C,W`4W2/`CcJST6J`,S5,6  -VJ5@?  7Z316U>6J-DW,e
23405,6:T0/`,+/`,S5@?XY4X0 IP FRR 2+D1R,+ Loop Free Alternate 
Z`\ Uturn Alternate X0d,L5a+ Link W@0A.,/0T++,-2Y9?:W_S6/,+
23405,6G:6 ECMP/LFA cW[L-4:WXY46,0    Router R\W:6/,+,-
2Y9?:WH[:5@?:SV[X+ 4̀28@S6   3:6�B:J/-9:W,++C[,0TA05@?W@23405,65@?
J`:1dTScJST6J`,S5,6   +,-=[:WZ=W23405,6i[,05,6+,-2Y9?:WH[:
5@?X+`428@S6+T02Y[00@A2-@S+C[, Multi-Hop Repair Paths [86]   /`,Sl
+`c+ IP FRR XY4  Multi-Hop Repair Paths 

Multi-Hop Repair Paths 2JK0L9A0M,05@?S,+2L9?:5@?R\+.,/01
-CWU>6+,-2-@S+XY4   :S[,6c-+BH,W2JK05@?8,1C[,X028-9:G[,S IP 
5T?ClcJ2JK02L@S63[C02 B̀+lG:6J`,S5,65@?R\H4:6=[:WZ=W23405,6
1T6+`[,C   3T62+HC[,+,-=[:WZ=W23405,60TA0R\XY42L@S6YT?C8-,CX0 
IGP (OSPF)   2W9?: IGP Convergence 3DA03a1`6ZLB82+BHR\UV+3[6H[:
_1SXY423405,6X/W[5@?3-4,6_1S IGP 

 
������ 7��G��^��!�����
�������������b!�� IP FRR ��G8(�� 

Loop Free Alternate ��� Uturn Alternate ��?�*��� Link ����)���
����
�b:���7�� 

+,-2J`@?S023405,6G:6+,-2G4,YWc14-TFi`+-\5FH,W
23405,63.,-:6/`T6R,++,-2Y9?:W_S62+D18C,W 4̀W2/`C:,RR\3-4,6
23405,62+D0X0F,63[C0G:628-9:G[,S   1T60TA0 NucciZ`\8e\  ]100 [
Y@AX/42/B0C[,Ya1G:6  Link weights 3.,/-TF28-9:G[,S8C-R\UV++.,/01
X0`T+ge\5@?W@+,-2Y9?:W_S6W,+2+D0cJ=>?63,W,-U/`@+2`@?S6c145TA6X0
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-\/C[,6+,-5.,6,0H,WJ+HDZ`\X0Y[C6+,-2Y9?:W_S62+D18C,W
4̀W2/`CYT?C8-,C   3.,/-TF28-9:G[,SG0,1X/k[W,++,-8.,0Ce+BR\W@

8C,W=TF=4:0=>?66,00@A3,W,-U`1`6c14_1S+,-J-\2WD0G:6+,-
2Y9?:W_S65@?3.,8Tk25[,0TA0   SridharanZ`\ Guerin [ 103  [ Z0\0.,
2580D8X0+,--\Fa+,-2Y9?:W_S65@?3.,8TkX028-9:G[,SZ`\ZR46`1
8C,W3.,8TkX02C`,5@?R.,2JK0X0+,-+.,/01 Link Weights _1S2zL,\
:S[,6SD?63.,/-TF28-9:G[,SG0,1X/k[ 

0:+R,+0@AST6W@G4:230::9?0l/`,SlG4:230:2L9?:Jm:6+T0
cW[X/423405,6YT?C8-,CC0 V̀J   Francois Z`\8e\   ]104  [Z0\0.,X/4
2LD?W8[,G:6+,-+.,/0123405,6G:68C,W`4W2/`CG:6+,-2Y9?:W_S6
X0ZH[`\GTA0H:02L9?:Jm:6+T0cW[X/423405,6YT?C8-,CC0`VJ   8[,
L9A0M,05@?2LD?WG>A0G:6 x 3.,/-TF+,-2Y9?:W_S6`4W2/`C3,W,-U3-4,6
23405,6C0`VJYT?C8-,C2zL,\X0L9A05@?5@?G:628-9:G[,S5@?W@8[,04:S+C[,
/-9:25[,+TF   209?:6R,+23405,62+D1C0 V̀JG>A0YT?C8-,C2+D1R,++,-5@? 
Router 5@?X+ 4̀YD1+TF+,-2Y9?:W_S6+,-`4W2/`C/-9: Router J-TFJ-a6 
FIBs +[:0 Router HTC5@?/[,6c+`::+cJ V̀J1T6+`[,CST63,W,-U
Jm:6+T0c14_1S+,-5@?H4:6X/4 Router J-TFJ-a6 FIBs 25[,0TA0   /`T6R,+ 
Router `V+X023405,65@?3TA05@?3a1G:6ZFF-VJ-,+H40cW40TA0 4̀X2/`C5@?
:aJ+-eI   :@+CDE@5@?8`4,S+T05@?3,W-UXY46,0c14X03U,0+,-eI5@?2C`,
J-TFJ-a6 FIB 0TA0W@8C,W3.,8Tk   5@?R\H4:6X/4 Router 5a+lHTC3`TFcJ 
FIB X/W[5@?3:18`4:6+T02L9?:X/4 Topology X/W[XY42C`,21@SC+T0
X05T05@Z`\ Router 5TA6/W1R\8.,0Ce FIB X/W[   CDE@+,-1T6+`[,C
H4:65.,G4:WV`X/4H-6+T0Z`\W@8C,WZW[0S.,X014,02C`,X0 Router 
5a+lHTCX028-9:G[,S 

 

IX. CONCLUSION 
 OSPF 2JK0/0>?6X0 Protocol 5@?0DSWXY4W,+5@?3a1F0 Internet  
Protocol 0@Ac14LD3VR0IZ`4CC[,W@8C,WS91/Sa[03V6X08C,WH4:6+,-+,-
2J`@?S0ZJ`6_8-63-4,6L9A0M,0G:6+,-+.,/0123405,6   ZH[+[:0+,-
::+ZFF Protocol R\Wa[68C,W30XRcJ5@?8C,W32U@S-d,LZ`\8C,W
505,0H[:8C,W`4W2/`C   =>?6CTHUaJ-\6368I2/`[,0@A+BJ-\3F
8C,W3.,2-BR_1SCDE@+,-/,- Domain 23405,62G4,cJX0/`,SlL9A05@?
Z`\+,-R.,+T1 Overhead X0+,-J-\WC`i`G:6 Protocol    
8ae`T+ge\2/`[,0@A:SV[X028-9:G[,S OSPF G0,1X/k[2L9?:R\5.,6,0+TF
Router 5@?cW[W@J-\3D5EDd,Lc14Z`\2L9?:/`@+2`@?S6 Routing Meltdowns 
ZW4R\LFF[:SlX0+,-2J @̀?S0ZJ`6_8-63-4,6 

 U>6ZW4C[,R\W@+,-+V4890/`T6R,+2+D18C,WiD1L`,1d,SX0
cW[+@?3DFCD0,5@+BU9:C[,2L@S6L:Z`4C3.,/-TF+,-2-D?WH40X/W[:S[,6-C12-BC   
3U,0+,-eIW@+,-2J`@?S0ZJ`62L-,\W@+,-XY46,0 Internet 2LD?WG>A0X0
14,0G:6+,-L,eDYSI   +,-239?:W3d,LG:6+,-X/4F-D+,-H[,6l5@?
W,++C[,3:6CD0,5@0TA0cW[3,W,-US:W-TFc14   5TA6X08C,W2JK0R-D6
Z`\Z:LL`D28YT?0ZFF2-@S`c5WI   :S[,6c-+BH,W8C,WH4:6+,-8C,W
-C12-BCG:6 Convergence Times R\H4:6W@+,-LF+T0_1ScW[W@+,-
2LD?W8[, Overhead X0+,-J-\WC`i`G:6 Protocol =>?6R\W@i`+-\5F
H[:8C,W23U@S-d,LG:623405,6   U>6ZW4C[, Router R.,0C0W,+R\W@
J-\3D5EDd,LZ`\2Y9?:U9:c14W,++C[,2W9?:+[:0=>?6W@+,-2LD?WG>A0:S[,6
W,+X0-\1TFG:628-9:G[,S=>?6+B/W,S8C,WC[,R.,2JK05@?R\H4:6R.,+T1 
Overhead X0+,-J-\WC`i`G:6 Protocol =>?6ST686W@8C,W3.,8Tk
ZW4+-\5T?65a+CT00@A   X08C,W2JK0R-D6Z 4̀CW@8C,WH4:6+,-5@?YT12R0
2L9?:5@?R\`1 Overhead G:6 Protocol 5@?R\5.,X/45.,6,0X0
3d,LZC1`4:WX/W[lc14 2Y[0 MANET 
  X0Ge\5@?W@+,-2LD?WJ-\3D5EDd,LG:6 OSPF 5TA6
X014,0G:68C,W-C12-BCG:6+,- Convergence /-9:+,-J-\WC`i`
G:6 Overhead +,-J-TF2J`@?S0Z+4cGG:6+,-1.,20D06,0H[,6lF0 
OSPF H4:6cW[S:W-TF8C,WUV+H4:6G:6 Protocol X05a+l3U,0+,-eI   
_1S2zL,\+,-X/48C,W3.,8Tk+TF269?:0cG5TA6/W15@?2JK0cJc14Z`\:,R
2+D1G>A0X0+,-1.,20D0+,-ZFF+-\R,SG:6 Protocol  
 X0F58C,W0@A2-,W@8C,WLS,S,WX0+,-J-TFJ-a68C,W2-BC
+,- Convergence G:6 Protocol OSPF Z`\+.,RT18C,W=A.,=4:0X0
+,-1. , 20D06,0   8C,WH4:6+,-3. ,/-TF8C,W-C1 2-B CG:6 
Convergence Z`\+,-GS,S8C,W2-BCc14_1ScW[R.,+T18C,W2-BCX0 
Link State Routing Protocols 2JK08C,W54,5,SX0+,-CDRTS5TA6+,-
2HDF_HG0,1X/k[G:6 Domain 23405,6Z`\W@8C,W=TF=4:0W,+
SD?6G>A0   G0,1L9A05@?2`B+l0TA02JK03D?65@?1@R,+ Convergence Speed Z`\
X0WaWW:6G:6+,-GS,S8C,W2-BCc14_1ScW[R.,+T18C,W2-BC   ZH[:,RR\
2JK02-9?:6S,+5@?R\J-\3F8C,W3.,2-BR Domain 23405,6G0,1X/k[5@?
-\FaG4:R.,+T1X0+,-RT1-\2F@SFL9A05@?X0 Hub Z`\ Spokes Fashion   
2/B0c14YT1C[,W@+-e@+,-H-CR3:F8C,W2JK0cJc14G:6+,-`F
G4:R.,+T10@AZ`\J [̀:SX/4W@+,-2Y9?:WH[:X0L9A05@?8`4,S8`>6+TFCDE@  
Autonomous Systems 5Dp5,6:9?0l5@?2+@?SCG4:6+T06,0CDRTSX0:0,8H
89:+,-H-CR3:F:68I+-ZFFc10,WD+G:6 Router X0L9A05@?5@? Router 
2JK03[C0J-\+:FR\-T0F0 Distributed Algorithm 5@?R\HT13D0XRC[,
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R\i3Wi3,03:6L9A05@?X/42JK0/0>?621@SC/-9:R\ZS+::+2JK03:6
L9A05@? 
 Link State Routing Protocols 2JK0:68IJ-\+:F3.,8TkG:6 
Internet X0JfRRaFT0R\ST6865.,/04,5@?0@AH[:cJ:@+X0:0,8H   :S[,6c-+B
H,W2L9?:3T62+HCDE@+,-G:6 Link state routing protocols =>?6R\W@i`H[: 
Internet X0:0,8H_1S2zL,\:S[,6SD?6X0WaWW:6G:6 Internet 5@?H[:cJ
R\8,1C[,R\W@+,-GS,SHTC:S[,6S:12S@?SW   X028-9:G[,SG0,1X/k[G:6
2=B02=:-Ic-43,SCDE@ Hybrid =>?62JK0cJc145@? Link State Routing 
Protocols W@+,-XY4 Domain 23405,6d,SX0G0,12 B̀+=>?6X05,6
+`TF+T0W@+,-2Y9?:WH[:-\/C[,6CDE@ Distance Vector   2/B0c14YT1C[,
G4:8C,W1T6+`[,CR\2JK0J-\_SY0I Link State Routing Protocols 2JK0
:68IJ-\+:F3.,8TkG:6 Internet X0JfRRaFT0R\ST6865.,/04,5@?0@AH[:cJ
:@+X0:0,8H   :S[,6c-+BH,W2L9?:3T62+HCDE@+,-G:6 Link State 
Routing Protocols =>?6R\W@i`H[: Internet X0:0,8H_1S2zL,\:S[,6
SD?6X0WaWW:6G:6 Internet 5@?H[:cJR\8,1C[,R\W@+,-GS,SHTC:S[,6
S:12S@?SW   X028-9:G[,SG0,1X/k[G:62=B02=:-Ic-43,SCDE@ Hybrid =>?6
2JK0cJc145@? Link State Routing Protocols W@+,-XY4 Domain 23405,6
d,SX0G0,12`B+=>?6X05,6+`TF+T0W@+,-2Y9?:WH[:-\/C[,6CDE@ Distance 
vector   R\2/B0c14YT1C[,G4:8C,W1T65@?+`[,CW,R\2JK0J-\_SY0IH[: 
Link State Routing Protocols =>?6H4:6J-TFJ-a6Z+4cGH[:cJX014,0
+,-GS,SG@18C,W3,W-UZ`\8C,WS91/Sa[0 
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