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Goal	
  

 Hardware	


  Is storing routing information of ‘names’ to 

currently deployed routers possible?[1]	


 Network	


  How does topology change when the database is 

updated? → THIS WORK	



[1] Haesung Hwang, Shingo Ata, Masayuki Murata, “A Feasibility Evaluation on Name-based Routing,” 　in Proceedings of 
the 9th IEEE International Workshop on IP Operations and Management (IPOM), pp.130-142, Venice, Italy, October 2009.	
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Feasibility Evaluation of name-based routing	
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Name-based Routing	
  

  FQDN (Fully Qualified Domain Name)	


  Hierarchical	


  Generalize to resource-based routing	



Resource�

Name�

FQDN�

XRI    xri://authority/path?query#fragment 	


LSID   urn:lsid:authority.org:namespace:object:revision	


DOI    prefix/suffix	


 <scheme name>:<hierarchical part>[?<query>][#<fragment>]!
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Distribution	
  
  FQDN - variable length, usually longer than ���

IP address���
→ distribute routing information to multiple 
routers	



  Distribution Algorithms	


  Hierarchical Longest Alphabet Match (HLAM)���
- Inspired by longest prefix match ���
- Takes full advantage of TCAM 	



  Hybrid Distribution (HD)���
- Grouping by TLD + hashing function ���
- Balanced distribution	
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  Searched using the content of memory, ���
returns the memory content or the memory address	



  Cell representation: 0/ 1/ * 	


  Fast search speed, ���

excellent performance in longest prefix match	



0 1 0 1 1 0 

1 1 1 0 0 1 

2 0 0 1 1 0 

3 1 0 1 0 1 

4 0 1 0 1 0 
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<TCAM>	



(Ternary Content Addressable Memory)	
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HLAM	
  

jp.a* ~ c*	



other ���
TLDs	



jp.d* ~ g*	



jp.t* ~ w*	



jp.c*.a* ~ c*	



jp.a*.* ���
jp.b*.*	



jp.c*.d* ~ g*	



jp.agriculture.*	


jp.biology.*	


jp.conference.*	



jp.conference.a.*	


jp.conference.b.*	


jp.conference.c.*	



Second level	



Third level	



Content	
 TCAM cell	


Hyphen, digit	
 01*****	


a ~ c	
 11000**	


d ~ g	
 11001**	


h ~ o	
 1101***	


p ~ s	
 11100**	


t ~w	
 11101**	


x ~ z	
 1111***	
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computer.ist.osaka-u.ac.jp	



biz.yahoo.com	



com.**************          port P ���
net. **************          port P	


jp. ****************          port P	



com.**      port X	


net.**        port Y	


jp.****        port A	



jp.**          port Z	


net.**       port V	


com.*       port A	



com.********         port Q	


net.*********         port Q	


jp.**********          port Q	


com.yahoo.*       port A	



econ.osaka-u.ac.jp	



Router R1’s Routing Table	



Upper 
level	



Same 
level	



Lower���
level	



jp.ac.osaka-u.ist.**      port A	



jp.ac.osaka-u.*****       port X	



Router R3’s 
Routing Table	



Router R4’s 
Routing Table	



Router R5’s 
Routing Table	



A	



A	



A	



A	



P	



Q	



X	



X	

 Z	

 V	



Y	



A	



Q	


X	



com.*************           port Q 	


net. *************            port Q	


jp. **************             port Q	



Router R2’s Routing Table	



jp.ac.osaka-u.***          port A	



jp.ac.************           port X	



R4	



R2	



R3	



R1	



R5	



The routing tables are 
stored in TCAM	



HLAM	
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HD	
  

jp.(#50)	
  
jp.(#20)	
  

jp.(#50).(#30)	
  

jp.(#50).＊	
  jp.(#50).(#25)	
  
H(renesas)=50	


H(osaka-u)=50	
  

H(economy)=30	


H(biology)=30	
  

jp.(#10)	
  
Second level	
  

Third level	
  

net.＊	
  
jp.＊	
  

com.＊	
  
Top level	
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HD	
  

computer.ist.osaka-u.ac.jp	



biz.yahoo.com	



Id1                           port P 	


Id2                           port P	


Id3                           port P	



Id1     port X	


Id2    port Y	


Id3     port A	



Id3    port Z	


Id2    port V	


Id1    port A	



Id1              port Q	


Id2             port Q	


Id3             port Q	


Id1:Id4       port A	



econ.osaka-u.ac.jp	



Router R1’s Routing Table	



Upper 
level	



Same 
level	


Lower���
level	



Id3:Id5:Id6:Id7      port A	



Id3:Id5:Id6             port X	



Router R3’s 
Routing Table	



Router R4’s 
Routing Table	



Router R5’s 
Routing Table	



A	



A	



A	



A	



P	



Q	



X	



X	

 Z	

 V	



Y	



A	



Q	


X	



Id1                      port Q 	


Id2                     port Q	


Id3                      port Q	



Router R2’s Routing Table	



Id3:Id5:Id6        port A	



Id3:Id5               port X	



R4	



R2	



R3	



R1	



R5	



 The routing tables are 
stored in TCAM	



H(name) ≡ Group# (mod x)	
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Trend of FQDN	
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Hierarchical longest alphabet match	
 Hybrid Distribution	


← Increase of FQDN	



Increase of number 
of routers  ↓	
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Utilization & Aggregation	
  
router	



0	



1	

 Threshold: maximum allowed memory	


Utilization: actual memory used	



= 	

 number of entries in a router × 180 bits 	


router memory size	



(router memory size is assumed as ten 18 Mbit TCAM per one router)	
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  HLAM: Store domain names with small database size 
to a router ���
ac, ad, ae, aero, af, ag, ai, al, am, an, ao → 1100001  110****!

a	
 a~o	


 HD: Store domain names with same hash value to a 
router���
H(osaka-u) ≡ 1000 (mod 16)���
H(renesas) ≡ 1000 (mod 16)	

 ID# 1000	
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HLAM	
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Router ID (Number of routers)	



APR-opt	


JUL-opt	


OCT-opt	


JAN-opt	


Apr 08	
 Jul 08	
 Oct 08	
 Jan 09	


Utilization	
 0.55	
 0.56	
 0.56	
 0.56	


Routers	
 1138	
 1174	
 1204	
 1288	


  Average utilization：7% increase	


  Required number of routers：12.6% decrease	
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Apr 08	
 Jul 08	
 Oct 08	
 Jan 09	


Utilization	
 0.48	
 0.49	
 0.49	
 0.49	


Routers	
 1307	
 1342	
 1375	
 1471	


Advanced Network Architecture Research Group, Osaka University	


HD	
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Router ID (Number of routers)	



APR	


JUL	


OCT	


JAN	


Apr 08	
 Jul 08	
 Oct 08	
 Jan 09	


Utilization	
 0.69	
 0.70	
 0.70	
 0.71	


Routers	
 922	
 941	
 957	
 1010	


Apr 08	
 Jul 08	
 Oct 08	
 Jan 09	


Utilization	
 0.94	
 0.96	
 0.96	
 0.95	


Routers	

 668	
 685	
 703	
 756	


  Average utilization：25.5% increase	


  Required number of routers：26.6% decrease	
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Topology Change (HD)	
  
  Same: entry exists in both before/aGer update,���

            same storage place 	


  Different: entry exists in both before/aGer update,���

            different storage place	



 Apr 08 → Jul 08	
    Jul 08 → Oct 08	
   Oct 08 → Jan 09	
  

Same	
   495,106,893	

 518,627,699	
   531,823,934	
  
Different	
   23,253,852	
   17,010,744	
   26,056,043	
  
Transfer ���

Ratio (%)	
   4.6%	
   3.3%	
   4.9%	
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Small topology change	
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Topology Change (HLAM)	
  

 Higher transfer ratio for HLAM than HD	


  HLAM: restriction in grouping ASCII codes, 

especially when trying to utilize 0, 1, * of TCAM	


  HD:  storage place depends on domain name’s 

hash value	
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 Apr 08 → Jul 08	
    Jul 08 → Oct 08	
   Oct 08 → Jan 09	
  

Same	
   147,836,915	

 165,916,860	
   174,961,495	
  
Different	
   369,471,202	
   368,211,950	
   381,208,966	
  
Transfer ���

Ratio (%)	
   250	
   222	
   218	
  

Big topology change	
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Top level domain	
  

2nd level domain	
  

3rd level domain	
  
.x.a.jp	
  

.com	
  

.b.com	
   .a.jp	
  

.net	
  
.jp	



.c.jp	
  

backbone	
  

local gateway	
  
edge	
  

On-going Work	
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 Mapping of virtual topology to physical 
network topology	


  Algorithm to solve mismatch problem���
→ Location & access frequency aware topology	
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Conclusion & Future Work	
  
  Conclusion	


  A Post-IP routing technology expected in future 

Internet	


  A feasibility evaluation of name-based routing:���

Robust against dynamic update of the database 
entries	



  Future work	


  Mobile end nodes	


  Generalize name-based routing to ���

resource-based routing���
(resource: name, category, type of a content….)	
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Thank you!	
  

Haesung Hwang	


h-hwang@ist.osaka-u.ac.jp	
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