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Summary

• A software router from scratch

• Paper about routing lookup algo.
– H. Asai, Y. Ohara, "Poptrie: A Compressed Trie with Population 

Count for Fast and Scalable Software IP Routing Table Lookup", 
ACM SIGCOMM '15, p.57-70.

• Patent about routing lookup algo.
– PCT/JP2016/052664 (2016.01.29)

– 特許第5960863号（特願2015-048657）2016/7/1 registered

• Participated (tested) in the Interop 
Tokyo 2018 (ShowNet) as a core 
router.



Software: Kamuee

• PC Server: use of CoTS

• DPDK

• Linux (Ubuntu)

• OSS (Quagga, etc）

• C lang: #lines 42,350

– Incl. poptrie 3,423 lines, lthread 5,009
lines



Functions list of Kamuee
Category Function

As of 
Interop

Not Yet ?

UI
/Configuration

Integrated CLI Not Yet

Web UI Not Yet

NETCONF, etc Not Yet

Management

SSH/TELNET Implemented

SYSLOG Implemented

SNMP Implemented

Port Mirror Implemented

Routing/
Networking

Netflow Implemented

BGP4/BGP4+ Implemented

OSPFv2/OSPFv3 Implemented

RIP2/RIPng Implemented

BGP Flowspec Not Yet

IS-IS Not Yet

SR Not Yet

Multicast Routing Not Yet

Kamuee

VRF Implemented

IEEE802.1Q(VLAN) Implemented

Firmware Implemented

QoS Not Yet

MPLS Not Yet

IEEE802.1ag(OAM) Not Yet

IEEE802.1AX(LAG) Not Yet

L2 Switching Not Yet
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Hardware

BIOS

NIC
CPU/Memory/Storage, etc
Cooling fan
Power unit

BootLoader

kernel extension

DPDK Library

routing software

Other software

kernel

Software

Application

OS

device driver



100G Router version

• Hardware Price: Approx. $40,000USD

• Supermicro 7048GR-TR: 4U Tower Server

• 100GbE (QSFP28: SR4/LR4) x 12 ports (6 slot)

or

• 100GbE (QSFP28: SR4/LR4) x 10 ports + 10GbE 
(SFP+: SR/LR) x 4 ports



40Gx10（10Gx40）version

• Hardware Price: Approx. $30,000USD

• Supermicro 2028R-TXR: 2U Rackmount Server

• 40GbE (QSFP+: LR/SR) x 10 ports

or

• 10GbE (SFP+: LR/SR/T) x 40 ports



1U version

• Fujitsu Primergy (or HP or DELL or whatever)

• Hardware Price: Approx. $4,500USD



Internal structure of the software router: Kamuee

kernel

bgpd zebra

NIC NIC NIC NICNIC NIC

CPU socket CPU socket

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

master forwarder

lthread
scheduler

D P D K

FIB

RIB

FIB

RIB manager

tap manager

arp manager

vty-server

tap device

arp

netlink manager

netlink socket

scale-out

RCU(liburcu)

O
S

vtys

acl manager

routing table

Scale-out on the CPU-cores







Highest speed？
• Cisco Tbps-scale router

– 400Mpps by 4 socket newer CPU (Xeon 
Platinum)

– Longer(>1000B) packet -> approx. 1Tbps

– 1M routing table entries
– <https://fd.io/2017/07/fdio-doubles-packet-throughput-

performance-terabit-levels/>

• Kamuee
– 250Mpps by 2 socket older CPU (Xeon E5 

v3/v4)

– 600K routing table entries

• Comparable !

https://fd.io/2017/07/fdio-doubles-packet-throughput-performance-terabit-levels/


Performance: Broadwell, 40G x 8

172.92 Gbps
(257.61 Mpps)

239.64 Gbps
(202.27 Mpps)

277.5 Gbps
(65.20 Mpps) (512B)

257 Million Packets per Second
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O3-128B

O3-64B

Performance: Skylake, 100G x 4

64B
174.22Gbps
259.26Mpps

128B
277.73Gbps
234.57Mpps

512B
355.22Gbps
83.46Mpps

#routes: 612,942

259 Million Packets per Second



Packet Loss and Delay
• Gcc -O3, Skylake, 8 cores/port, 100GbE 1port -> 

1port (Across-CPUs) #routes: 612,942

• 512B 90Gbps 02:04 

– loss: 2,952 tx: 2,628.40M (0.0001%)

– delay(min/avg/max): 3.5/15.273/104.82 us

• 64B 30Gbps 02:02

– loss: 1,551,200 tx: 5,459.34M (0.028%)      <- many !

– delay(min/avg/max): 2.07/8.309/93.97 us

• 128B 30Gbps 02:03

– loss: 9,010 tx: 3,137.51M (0.00028%)

– delay(min/avg/max): 3.27/11.921/122.91 us

• 1024B 90Gbps 02:02

– loss: 0 tx: 1,324.28M (0%)                          <- none !

– delay(min/avg/max): 3.49/23.667/103.64 us



Temperature



Wrap Up
• High-speed custom-made software router

– For the era of 100GbE-capable in software

• SDN/NFV

• Extensibility

• Special-purpose box and/or service

• Contact:

– kamuee-contact@ntt.com


