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Abstract of Master’s Thesis  Academic Year 2002

Building Efficient Routing Table for Fast Route Look-up

This research designed and implemented a mechanism to minimize the routing
table in each router when searching for a route, and fasten the time needed to
search for a route when transfering a packet.

Today, the Internet is rapidly growing. As the scale of the network expand with
diversity in it’s usage and an increase in users,

Meanwhile, user’s access links have fasten and the bandwidth have also increased
per user with correspondance with the increase in multi-media applications.

With these factors, there has been a rapid increase in the traffic in the Internet,
and the routers are required to control even more traffic. Since the routers must
search for the most optimize next hop from the destination field in each packet,
and to fasten the process in each router requires to fasten the time to search for
each route.

Existing research fasten the time requied to search for a route by a method of
longest matching from the routing table. By focusing on the amount of routes
handled of each router, this research have succeeded in fasting the search time by
minimizing the routes in the routing table.

In the routing table in existing routers, all routes from the routing daemon is
included. However, the number of next hop is from a few nodes to tens of nodes,
therefore existing routes have unneccessary routes. In this research, we created a
dynamic routing table without unneccessary entries.

For evaluation, this system was set on the routers that has full-route, routing
infomation for domestic network, and routing infomation for AS. As a result, It
was proved that the routing table was scaled down and the time taken for searching
the route was drastically shortened.

Key Word
1 Internet 2 Route 3 Routing Table Lookup 4 Router 5 High speed network

Keio University Graduate School of Media and Governance
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208.221.13.0/24 [20/0] via 210.132.94.77, 1w3d
206.51.253.0/24 [20/0] via 210.132.94.77, 1w3d
205.204.1.0/24 [20/0] via 210.132.94.77, 1w3d
204.255.51.0/24 [20/0] via 210.132.94.77, 1w3d
204.238.34.0/24 [20/0] via 210.132.94.77, 05:53:58
204.17.221.0/24 [20/0] via 210.132.94.77, 1w3d
203.238.37.0/24 [20/0] via 210.132.94.77, 1w3d
203.34.233.0/24 [20/0] via 210.132.94.77, 1w3d
199.0.199.0/24 [20/0] via 210.132.94.77, 1w3d
198.17.215.0/24 [20/0] via 210.132.94.77, 1w3d
192.68.132.0/24 [20/0] via 203.181.248.207, 2d22h
170.170.0.0/16 is variably subnetted, 3 subnets, 3 masks
170.170.0.0/19 [20/0] via 210.132.94.77, 1d14h
170.170.224.0/20 [20/0] via 210.132.94.77, 1d15h
170.170.254.0/24 [20/0] via 210.132.94.77, 1d14h
216.239.54.0/24 [20/0] via 210.132.94.77, 1w3d
216.220.5.0/24 [20/0] via 210.132.94.77, 1w3d
216.103.190.0/24 [20/0] via 210.132.94.77, 1w3d
213.239.59.0/24 [20/0] via 210.132.94.77, 1w3d
213.152.76.0/24 [20/0] via 210.132.94.77, 11:05:48
207.254.48.0/24 [20/0] via 210.132.94.77, 2d18h
205.152.84.0/24 [20/0] via 210.132.94.77, 1w3d
203.220.22.0/24 [20/0] via 210.132.94.77, 5d02h
203.171.97.0/24 [20/0] via 210.132.94.77, 1w3d
203.1.203.0/24 [20/0] via 210.132.94.77, 4d06h
198.205.10.0/24 [20/0] via 210.132.94.77, 13:32:35
192.35.226.0/24 [20/0] via 210.132.94.77, 1w3d
170.171.0.0/16 is variably subnetted, 4 subnets, 2 masks
170.171.0.0/16 [20/0] via 210.132.94.77, 1w3d
170.171.251.0/24 [20/0] via 210.132.94.77, 1w3d
170.171.253.0/24 [20/0] via 210.132.94.77, 1w3d
170.171.252.0/24 [20/0] via 210.132.94.77, 1w3d
216.155.65.0/24 [20/0] via 210.132.94.77, 2d13h
207.138.71.0/24 [20/0] via 210.132.94.77, 1w3d
206.32.236.0/24 [20/0] via 210.132.94.77, 1w3d
205.236.35.0/24 [20/0] via 210.132.94.77, 1w3d
204.138.68.0/24 [20/0] via 210.132.94.77, 1w3d
203.87.158.0/24 [20/0] via 210.132.94.77, 01:15:38
203.19.218.0/24 [20/0] via 210.132.94.77, 11:24:30
202.49.249.0/24 [20/0] via 210.132.94.77, 3di2h
199.185.124.0/24 [20/0] via 203.181.248.207, 1d10h
198.223.27.0/24 [20/0] via 210.132.94.77, 1d14h
193.100.167.0/24 [20/0] via 210.132.94.77, 1w3d
192.236.46.0/24 [20/0] via 203.181.248.207, 2d22h
192.100.166.0/24 [20/0] via 210.132.94.77, 1w3d
192.70.132.0/24 [20/0] via 210.132.94.77, 1w3d
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206.117.185.0/24

[110/5071] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
206.117.168.0/24

[110/5071] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
192.153.106.0/24

[110/10023] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
206.117.138.0/24

[110/5071] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
202.249.6.0/24 [110/10121] via 203.178.137.33, 01:00:50, Fddi1/1/0
206.117.236.0/24

[110/5071] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
206.117.49.0/24

[110/5071] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
206.117.19.0/24

[110/5071] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
206.117.2.0/24

[110/5071] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
206.117.87.0/24

[110/5071] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
204.80.119.0/24

[110/5071] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
204.80.102.0/24

[110/5071] via 203.178.140.216, 01:00:50, FastEthernet2/0/0
203.178.143.0/24

[110/10030] via 203.178.140.216, 01:01:00, FastEthernet2/0/0
206.117.169.0/24

[110/5071] via 203.178.140.216, 01:01:00, FastEthernet2/0/0
202.249.37.0/24

[110/10021] via 203.178.140.216, 01:01:00, FastEthernet2/0/0
192.153.107.0/24

[110/10023] via 203.178.140.216, 01:01:00, FastEthernet2/0/0
206.117.139.0/24

[110/5071] via 203.178.140.216, 01:01:00, FastEthernet2/0/0
206.117.237.0/24

[110/5071] via 203.178.140.216, 01:01:00, FastEthernet2/0/0
192.47.167.0/24 [110/10020] via 203.178.137.33, 01:01:00, Fddi1/1/0
206.117.48.0/24

[110/5071] via 203.178.140.216, 01:01:00, FastEthernet2/0/0
206.117.3.0/24

[110/5071] via 203.178.140.216, 01:01:00, FastEthernet2/0/0
206.117.18.0/24

[110/5071] via 203.178.140.216, 01:01:00, FastEthernet2/0/0
204.80.103.0/24

[110/5071] via 203.178.140.216, 01:01:00, FastEthernet2/0/0
203.178.142.0/24 is variably subnetted, 10 subnets, 5 masks

203.178.142.240/29
[110/81] via 203.178.140.216, 01:01:00, FastEthernet2/0/0

J
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202.163.96.0/24 [200/12103] via 203.178.136.15, 1d13h
199.212.26.0/24 [200/0] via 203.178.136.19, 1w3d
199.111.161.0/24 [200/0] via 203.178.136.19, 5d05h
192.43.226.0/24 [200/0] via 203.178.136.19, 5d01ih
207.95.154.0/24 [200/100] via 203.178.136.15, 1wld
192.160.106.0/24 [200/0] via 203.178.136.15, 3w3d
209.72.149.0/24 [200/250] via 203.178.136.15, 2d16h
194.149.91.0/24 [200/0] via 203.178.136.15, 4d00h
192.149.89.0/24 [200/0] via 203.178.136.19, 2d23h
E1 192.122.183.0/24
[110/10152] via 203.178.138.227, 00:04:17, GigabitEthernet1/0.4
192.104.166.0/24 [200/0] via 203.178.136.19, 6d18h
209.118.183.0/24 [200/8515] via 203.178.136.15, 1d23h
202.84.142.0/24 [200/0] via 203.178.136.15, 2d17h
194.35.241.0/24 [200/0] via 203.178.136.19, 4d20h
193.1.208.0/26 is subnetted, 1 subnets
193.1.208.192 [200/0] via 203.178.136.19, 1w3d
192.16.192.0/24 [200/0] via 203.178.136.19, 1w2d
136.152.0.0/16 [200/0] via 203.178.136.19, 6d18h
211.253.61.0/24 [200/100] via 203.178.136.15, 2w6d
208.185.122.0/24 [200/5477] via 203.178.136.15, 1w0d
E1 206.117.168.0/24
[110/5061] via 203.178.138.227, 01:02:01, GigabitEthernet1/0.4
192.236.63.0/24 [200/0] via 203.178.136.19, 1w0d
192.206.29.0/24 [200/0] via 203.178.136.19, 3d18h
136.155.0.0/16 [200/0] via 203.178.136.19, 1w0d
198.169.125.0/28 is subnetted, 1 subnets
198.169.125.128 [200/0] via 203.178.136.19, 1w3d
136.154.0.0/16 [200/5399] via 203.178.136.15, 11:28:11
170.190.0.0/16 [200/5403] via 203.178.136.15, 5d17h
136.156.0.0/16 [200/0] via 203.178.136.19, 4d20h
210.96.165.0/24 [200/5353] via 203.178.136.15, 1w0d
198.172.125.0/24 [200/5399] via 203.178.136.15, 1w0d
136.159.0.0/16 [200/0] via 203.178.136.19, 1w3d
202.7.219.0/24 [200/5469] via 203.178.136.15, 1w0d
E1 192.188.106.0/24
[110/10152] via 203.178.138.227, 01:02:26, GigabitEthernet1/0.4
136.145.0.0/16 is variably subnetted, 88 subnets, 5 masks
136.145.31.0/24 [200/0] via 203.178.136.19, 2d05h
136.145.30.0/24 [200/0] via 203.178.136.19, 2d05h
136.145.57.0/24 [200/0] via 203.178.136.19, 2d05h
136.145.56.0/24 [200/0] via 203.178.136.19, 2d05h
136.145.59.0/24 [200/0] via 203.178.136.19, 2d05h
136.145.58.0/24 [200/0] via 203.178.136.19, 2d05h
136.145.61.0/24 [200/0] via 203.178.136.19, 2d05h

O W wWwowwwwww

0w ww

O W Wwwww

W w w

OWWwwwwwww

0w wwwww

\_

~

)

O 4.6: gsrlfujisawa 000 0:000000000O00O0O 203.178.136.15 0 00

203.178.136.190 0 0O

24



4.5.4 [ 3: Internal route J O 0 OO

BGPOOOOOASODOOOOODOOODOOSPFOODOOODODOOOOOODO

O00000000000000 ciscoll.fujisawa00000ASODOOODOO
gobbobuogobboboooobobuooooboo

ASOO00DOOOO0O0ooobooOoo0ooooDoooboOoooDbobooooooDon
gbooob470000

25



E1l
E1l
E1l
E1l
El
El
El
El
E1l
E1l
E1l
El
E1l
El
El
El
El
El
E1l
El
El
El
E1l
El
E1l
E1l
E1l
El
El
El
El
El
E1l
E1l
E1l
E1l
E1l
El
El
El
E1l
El
El
El
El
El
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192.
192.
192.
192.
192.
206.
198.
202.
202.

192

204

198

206

202

138.29.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vlan4
134.29.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vland
171.12.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vlan4d
5.166.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vlan4d

16.166.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vland
117.49.0/24 [110/5059] via 203.178.138.227, 01:03:10, Vland

2563.177.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vlan4
209.159.0/24 [110/10010] via 203.178.138.231, 01:03:10, Vlan4
223.142.0/24 [110/10010] via 203.178.138.231, 01:03:10, Vlan4

.55.106.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vlan4
206.
202.
206.
204.
192.
204.
192.
205.
198.
206.
.80.119.0/24 [110/5059] via 203.178.138.227, 01:03:10, Vlan4
198.
.253.198.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vlan4
204.
204.
203.

117.19.0/24 [110/5059] via 203.178.138.227, 01:03:10, Vland
25.113.0/24 [110/10010] via 203.178.138.231, 01:03:10, Vland
117.2.0/24 [110/5059] via 203.178.138.227, 01:03:10, Vland
222.221.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vlan4
47.46.0/24 [110/10010] via 203.178.138.231, 01:03:10, Vlan4
134.136.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vlan4
12.29.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vland
68.103.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vland
35.10.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vlan4
117.87.0/24 [110/5059] via 203.178.138.227, 01:03:10, Vland

180.147.0/24 [110/10150] via 203.178.138.227, 01:03:10, Vlan4
80.102.0/24 [110/5059] via 203.178.138.227, 01:03:26, Vlan4

37.17.0/24 [110/10150] via 203.178.138.227, 01:03:26, Vlan4d
178.143.0/24 [110/10008] via 203.178.137.93, 01:03:26, V1an100

.117.169.0/24 [110/5059] via 203.178.138.227, 01:03:26, Vlan4
202.
192.
137.
192.
206.
192.

249.37.0/24 [110/10009] via 203.178.138.227, 01:03:26, Vland
48.242.0/24 [110/10150] via 203.178.138.227, 01:03:26, Vlan4
128.0.0/16 [110/10150] via 203.178.138.227, 01:03:26, Vland
163.107.0/24 [110/10010] via 203.178.138.231, 01:03:26, Vlan4
117.139.0/24 [110/5059] via 203.178.138.227, 01:03:26, Vland
41.208.0/24 [110/5059] via 203.178.138.227, 01:03:26, Vlan4

.242.7.0/24 [110/10010] via 203.178.138.231, 01:03:26, Vlan4
192.
202.
206.
192.
192.
192.
192.
137.
198.
137.
198.
192.

135.122.0/24 [110/10150] via 203.178.138.227, 01:03:26, Vlan4
44.203.0/24 [110/10010] via 203.178.138.231, 01:03:26, Vlan4
117.237.0/24 [110/5059] via 203.178.138.227, 01:03:26, Vlan4
5.148.0/24 [110/10150] via 203.178.138.227, 01:03:26, Vlan4

12.133.0/24 [110/10150] via 203.178.138.227, 01:03:26, Vland
47.167.0/24 [110/10010] via 203.178.138.227, 01:03:26, Vland
16.167.0/24 [110/10150] via 203.178.138.227, 01:03:26, Vland
247.0.0/16 [110/10150] via 203.178.138.227, 01:03:26, Vlan4

17.176.0/24 [110/10150] via 203.178.138.227, 01:03:26, Vland
228.0.0/16 [110/5059] via 203.178.138.227, 01:03:26, Vlan4

253.161.0/24 [110/10150] via 203.178.138.227, 01:03:26, Vland
42.122.0/24 [110/10150] via 203.178.138.227, 01:03:26, Vland

J

O 4.7: ciscollfujisawa 0 00 0:000000000DO0O 203.178.138.2270 0 0

26



s U
L] [

5.1 OO

5.1.1 0OOO

43BSD RenoO OO BSDOO OO OUOOODODOOODOOODOOODOOODOO
ggobbobbooooobobbdooooobobboooooobobogoo
gogobbbbooooooobbobbbooooooobbbobobood
ggobobbooooobobobboooooobbobbuooooobboobbogo
ggobbbooooobbobbooooobbobbuoooooobobbobao
U0000Db000bo0o00obO00bO<net/route. >0 00O0O0OOOOO0O
OO0 NetBSDOOOOOOOOOOOODOOOODOOO30OoOoooOO
gds1004dd

~

#define RTM_VERSION 3 /* Up the ante and ignore older versions */

#define RTM_ADD 0x1 /* Add Route */

#define RTM_DELETE 0x2 /* Delete Route */

#define RTM_CHANGE 0x3 /* Change Metrics or flags */

#define RTM_GET 0x4 /* Report Metrics */

#define RTM_LOSING 0x5 /* Kernel Suspects Partitioning */

#define RTM_REDIRECT 0x6 /* Told to use different route */

#define RTM_MISS 0x7 /* Lookup failed on this address */

#define RTM_LOCK 0x8 /* fix specified metrics */

#define RTM_OLDADD 0x9 /* caused by SIOCADDRT */

#define RTM_OLDDEL Oxa /* caused by SIOCDELRT */

#define RTM_RESOLVE 0xb /* req to resolve dst to LL addr */

#define RTM_NEWADDR Oxc /* address being added to iface */

#define RTM_DELADDR Oxd /* address being removed from iface */

#define RTM_OIFINFO Oxe /* 01d (pre-1.5) RTM_IFINFO message */

#define RTM_IFINFO Ooxf /* iface/link going up/down etc. */

#define RTM_IFANNOUNCE 0x10 /* iface arrival/departure */ //
-

Usl:dbgoboobooboob
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RTM_ADDU U UOUOUOUOOOOODOOOO0O0OO0U0bDDbDOOOO RTM_DELETEU O U
oo

000000000000 0D000D000DbO00Db000Db0000 rtrequest()
gdooooobbobbbooooooobobboooooobobobobbboogo
O00 rtrequest O 000000 rtallocOO0OOO0OOO0DOOODODODOOOO
gogobbooooboogon

0oodoodooooooooooonooooooooooooooooon
gobboboooooboobod

5.1.2 0OO0OOOOO

gboboooboooboboooboboobuobOobbo0nn rtallocO) U
O00 rtalloc1 O O ODOOD0OOO0OODOODOOOOOOODOOOODODO
gogobobbouogogbobobbooooobbobuooooobbobbogo
gogbobobooodn

gobboboooobobos20bbbououbboboogobobad

radix_node_head U OO UOOOOOOOO0OOOOOOOOOOOODOOOO
ggbbobbooogoobobbuooooobbobuooooobbobbogo
ggbboouoodobobon

[struct radix_node_head *rt_tables[AF_MAX+1]; ]

O 5.2: OO rt_tables]|

5.1.3 UU0UOUOO0OOodg

gbooobobobooooobobobobo4b0oboboonoobobo
O00000000 rtrequest1 O 0D OO0 rt_tables[] OO0 OOOOOOOO
ggbbobooogbbboooobbbooogboon
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5.2 0O 00O

gsl1boggobobooognboon

OS (Kernel) || NetBSD-current 1.6A
Architecture 1386
CPU Athlon 1000MHz
L1 Cache 128K Bytes
L2 Cache 256K Bytes
Memory 768MBytes
051: 0000
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6.1 U0O0OOO0OODO0OOOOO0O

0oodoooooooodoooooboonoooooooooooooon
ooooo

d06.10000000000000O000O0O00OO00OOA,B,COD0OOOO40
O0000D0DO0O0D000D0DO00 ciscob.otemachi, gsrl.fujisawa, ciscoll.fujisawa
gooooooooooood

gog (oogb oobgob gogob
A 110120 11309  10.3%
B 16612 739 4.45%
C 2593 700 25.9%

Ue6l:0000000000DOO0O0DODO

6.2 Pentium TSC OOOOONO

000000000 00000000000O00 Pentium TSC(Time Stamp
Counter) 0 0 0 O OPentium TSCO 64bit 00000 000OCPUODOOOOO
goboooool1obobbobobboooooooooobobooboobboOD ipoinput(),
ip_forward(), ip_output (), rtallocO UUOOOOOOODOOOOOOOODOO
oooood

U0 ip_inputQ OO0 0OO0O0ODOOIPOOODOODOODOODOOOOODOO
Ooooboooobooobbooooboobobogn ip_forward O OO O OO
O0O000O0O000D0000 ipooutputO ODO0O0O00D0O0O00OOO ip_output()
goooboooboobobooooooooboboboooboooboooboobon

OO00ABCOOOOOODOODOOODOODOODOODOG6.2,6.3,6.40

30



00000 rtalloc() D00 ip_input() 0000 rtalloc) 000000000
0000000000000000 ipdnput()000 ip_input() 0000000
U0 ip_output QO OO0 OD0ODOOO0OOODOOOOOOOODOOOOODOOODOO
goououobbboogouoboobbbuoooooobobbbooooooo
gooIpO0D00O0DOOODOOOODO IPO0ODOOOODOODOODDOOO
O000do0o0ooboobOo0obooboooooooboobocpuooonog
ggobobobboooooobobobboooooboboobobooooobboobbbooo
ggoouooooooobobon

H 000 rtalloc() ip-input()
110120 15694 34091
11309 6562 19989

ERERN
ERERE

062 00000000000O0O0O0O:000 A

H 000 rtalloc() ip_input()
16612 11910 27724

goo

oo 739 5216 20298

063 0000000D00O0DOO0ODO:ODOOB

H 000 rtalloe() ip-input()
2593 8752 25521

goo

oogd 700 4366 19379

064 0000000000O0O0ODO:ODOOC
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OS (Kernel) NetBSD-current 1.6A
Architecture 1386
CPU Dual AMD Athlon Palomino MP 1.6GHz
L1 Cache 128 KBytes
L2 Cache 256K Bytes
Memory 1024MBytes
0 6.5: 0000

ooooooe20000CPUDODOODOD 16GHzOOOODO 1600000
gobodbb wsgobodooboooboobboobbooobOdd 6bus
UbOsusUdbouogbouogbouogougubogbooobobbobbobbo
Ob0Oob0O0O0ping0000OO00O0DOOOOO0DOODOODODOODODOOOIPOOO
O0000ooooOos% 0% 0000000000000 oooooog
goooo

6.3 LUOOOOoon
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ggbobbbbooooobbbbbodoooobbbbouooooobbbobogo
gogbobobbouoogobobbodooooobobuooooobbobbogo
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000000059%00 76%0000000000000000000
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