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Precise Software Pacing Method Using Gap Packets

Ryouser TAKANO, "t TOMOHIRO KUDOH,* YUETSU KODAMA,*
MOTOHIKO MATSUDA,* YUTAKA ISHIKAWAT it
and FUMIHIRO OKAZAKIY

In this paper, we propose a precise software pacing method, which achieves accurate network
bandwidth control and smoothing bursty traffic without requiring special purpose hardware.
The proposed method controls an inter-packet gap through the transmission of additional
packet (gap packet) between adjacent packets. In order to realize a gap packet, the IEEE
802.3x PAUSE packet is employed. With the method, it is possible to provide bandwidth
control and smoothing for each of 100 flows by use of a commodity PC. In the case of gigabit
Ethernet, the transmission bandwidth can be set for a range from 8 Kbps to 930 Mbps for
each of IP flows. Furthermore, it is shown that TCP/IP communication performance over
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high bandwidth-delay product networks is almost fully utilized by the method.

1. 0O00anO

goboooobooooooooboobcooobooo
gooooooboooooooooooooooooo
goooooobooboooobooobooboooo
gooooboooooooooocoooooboooooon
gooooooobooooooooooooooon
gooobobooooooobobooboooooooo
gboobooooboooooobobooboon
goooboooooooboooobooooooooon
goooboboooooooooooooooooon

fO000o0ooo0oooooooooooo

Grid Technology Research Center, National Institute of
Advanced Industrial Science and Technology (AIST)

++ 00000000
AXE, Inc.

tt1 000000000000 00D0O
Graduate School of Information Science and Technol-
ogy, The University of Tokyo

194

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
D000000 TCP/IPOOOOOOOODOOD
000000000000000000000000
000000 Y000000000000000000
0000000000000000000000

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0ooE2 goooo0000000nonOonoo
0000 000SC2003 Bandwidth Challenge 0 O O
000000000000000000000000



Vol. 47 No. SIG 7(ACS 14)

goooboooooooooooooooooooo
0000000 GtreNET-1¥ 0000000000
goboooobooooooooooboooonoooon
gooooooooooooobooooboooooon
00000000000Y000000000000
gooooooooooooooooboobooooooo
ooooooooooooo
ooooogooooobbooooooooood
goooooboooooooooooooooooon
gobobooooobboooobooooooooooon
gooboooooooooooooooboooooo
gooooooboooooooooocoooobooo
goooooooboooooooooooooooon
OO0IEEE802.3x 000000 PAUSEODOODOOO
gooooooooooooobobobooboooooo
00000 200ms0000000000 TCP/IPO
ooboooooboooooo
gobz200000000000000000DO0A0
goboooooboooobooobooooooboaon
goboooooooboosboboooooboooa
LinuxOOOOOOOOOCOOODOOOOOO0O0DO
ocooooo4000000000D00O0000O0O
gboooboobooobooboo 500000000
000 TCP/IPUOOO0DOOOOOOOOOOG O
goboobooooooooooobooooroooooo
goboooooooobo sbooooooobo

2. O O

gobobooooooooooooboooooooon
gooobooooooobocoobooooooooooo
O000oO0oO0oGbEODOOOLS000000000
gooooooooobooonb 12pesonoonOon
000 500Mbps 00 0O00DOO0O0ODOO 1(a) O
goboboooooooboooono 24ps0oooonon
oobooo

obooooooooboboobooboooooooo
gooooboooobooboooboobooooooooDo
gooobooooooooooboooooooooon
gooobooboooooooooooooooooon
goooboobooooooooooboooooooo
goooooooboooooooooocoooooo
O0o0ooooOoOoooooNOOOoOooooOd OFF
O0OO0O0D0O0O0ON-OFFOODO0OOOODOOOO0ODOO
gooooboooooooooooboooboonoooo
goooooooooooooobooobooooooo
goboooooooobooooon

oooooooooooobooooooboooooDooOobbooooo 195

(a) Ideal: 500Mbps 24us

= =

_nnannnaanannnannannannAnAnnNANANNNANARNNANAAL,

Time
(b) Timer interrupt-based implementation: 500Mbps
42 packets (<-target rate / HZ = 500Mbps / 1000)

1
[T~ i

Time

01 00ooo
Fig.1 Pacing.
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Fig.2 Inter packet gap control using gap packets.
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Fig.3 Packet scheduling using gap packets: ‘global’ shows

a global clock. ‘P1’ and ‘P2’ show class clocks. Tar-
get bandwidths of ‘P1’ and ‘P2’ are 500 Mbps and
250 Mbps, respectively.
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Table 1 Host PC specifications.
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1/0 Bus PCI-X 133 MHz/64bit |PCI-X 133 MHz/64 bit
(O] FedoraCore 30 kernel 2.6.11.120
NIC Driver |e1000 5.6.10.1-k2-NAPI
TCP BIC TCP
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02 000000010 100010000000000000
000000000000 bpsO
Table 2 Single target rate, 1-to-1 communication: Band-
width per 1 packet and max burstiness (The unit
of bandwidth is bps).

0ooo | 0000 | 0000 | 0000 | 0000
ooo

8K 7.96 K 7.96 K 7.96K | 1 MTU

10M 9.95 M 9.95 M 9.95M | 1 MTU

500 M 495 M 500 M 498 M | 2 MTU

930 M 918 M 931 M 926 M | 2 MTU
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Table 3 Single target rate, 1l-to-many communication:
Bandwidth per 1 packet and max burstiness (The
unit of bandwidth is bps).

oooo oooo oooo oooo oooo
ooo
10M 9.89 M 9.92M 9.91M 1 MTU

04 000O000O0nO00000O000O0O0O00O0O0O0OO0DO

oooooO0Od bpsd
Table 4 Multiple target rate: Bandwidth per n packets
and burstiness (The unit of bandwidth is bps).

n gooo |oooo oooo oooo oooo
ooo

1 20M 14.4M 30.3M 20.5M | 2 MTU
50 M 30.0M 98.4 M 33.1M | 2 MTU

100 M 61.9M 246 M 103M | 2 MTU

300 M 168 M 494 M 332M | 2 MTU

500 M 345 M 990 M 506 M | 2 MTU

2 20M 16.6 M 24.1M 19.9M | 2 MTU
50 M 39.8 M 74.2M 49.9M | 2 MTU

100 M 68.0 M 143 M 100M | 2 MTU

300 M 205 M 493 M 304M | 2 MTU

500 M 405 M 658 M 500M | 2 MTU
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Table 5 Iperf throughput and the number of packet losses
on a router (The unit of bandwidth is Mbps).

oooo TBF PSPacer
FIFO oo ooo oo ooo oo ooog
16 KB 29.4 219 26.9 131 474 0
64 KB 210 257 191 402 474
256 KB 223 394 379 261 473
1024 KB | 256 1196 419 12 474
4096 KB | 459 1283 471 0 474
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Fig.8 Behavior of slow start phase on 1-to-1 communica-
tion (Bottleneck bandwidth 500 Mbps, RTT 200 ms,
FIFO size 1 MB).
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Fig.9 Bandwidth of 2-to-2 communication (Bottleneck
bandwidth 500 Mbps, RTT 200ms, FIFO size
32KB).
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