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Methodology for Building Large-scale Interconnects

for PC Clusters Using VLAN Ethernet
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TomoniRO Kupon™ and HIDEHARU AMANOT!

This paper presents a technique called VLAN renaming in order to build
interconnects of large-scale PC clusters using Ethernet. The VLAN renaming
is managed by control of existing VLAN functions of Ethernet switches. It
has following advantages of (1) using the smaller number of VLANSs than the
topology degree, (2) can be used with system software that accepts no VLAN
tags. Evaluation results using a commercial switch show that the VLAN re-
naming introduces almost no bandwidth degradation and overhead of latency.
The VLAN renaming is thus suitable for building interconnects of large-scale
PC clusters.
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Fig.1 VLAN-based routing method.
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(b) Step (2)

(a) Step (1)
PVIDG, | / Ae the

untagged G‘PVID H, duplication.

untagged H | VLANA,C.D—~ G
PVID G, VLAN BE,F— H
untagged G,H

PVID H,
untagged G,H

(c) Step (3)
02 VLANOOOOOUOOOOOO VLANIDOOODO
Fig.2 VLAN assignment of VLAN renaming.
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Fig.3 VLAN renaming on fat tree.
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vlan database
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exit
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interface range ethernet g(1,2) // 000 1,20000 1,2000000000000
switchport mode general // UUOU0O VLANOOOOOOOSs02.1Qq0 000000000
// VLAN 101,1020000000000000

switchport general allowed vlan add 101,102 untagged

switchport general pvid 101 // PVID O 101000

¢ oexit
: interface range ethernet g(3,4) // 00O 3,40000 3,4000000000000
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switchport general allowed vlan add 101,102 untagged
switchport general pvid 102

¢ exit
: interface ethernet gb // 000 500000 s5000000000

switchport mode general
switchport general allowed vlan add 101 untagged
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© o exit
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¢oexit
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. // 0000

© o exit
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bridge address MAC_Host5 ethernet g6 delete-on-reset
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. // 0000

¢ exit

: // 000000000000000000000000000

interface range ethernet all
flowcontrol on

: o exit

04 FatOOO (2,4,2) 0000 VLANODODODOOOOOOOOOO
Fig.4 Switch configuration for VLAN renaming on fat tree (2,4,2).
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0 1 PowerConnect 5324 0000000000000 pusecO
Table 1 Latency of PowerConnect 5324 (usec).

Min Ave Max
U-U 2.47 | 2.74 2.79
T-T 2.47 2.76 2.79
RENAME | 2.47 | 2.75 2.79

02 TCP/UDP OOO0OD0O0ODOOMbpsO
Table 2 Bandwidth of TCP/UDP transfer (Mbps).

U-U (TCP) 941.1
T-T (TCP) 936.9
RENAME(TCP) | 941.1
U-U (UDP) 957.0
T-T (UDP) 954.4
RENAME(UDP) | 957.0
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Fig.5 VLAN renaming on fat tree (2,4,2).
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Fig.6 VLAN-based routing on fat tree (2,4,2).
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Fig.7 VLAN renaming on 3-D mesh.
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Fig.8 VLAN-based routing on 3-D mesh.
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Fig.9 VLAN renaming on 1-D torus.
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Fig.10 VLAN-based routing on 2-D torus.
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Fig.11 VLAN renaming on Up*/Down* routing.
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Fig.12 Example of Up*/Down* routing.

0000000000000 00D00O000000 300000000000000on
00000000000000 PM/Ethernet-HXBOOOODODOOOOVLANDOOODOO
0000000D0000000Y 0000000000000000000000000
0000000000 0000 PMODOOOOOOODOOOOOODOOOOODOOO
0000000000000000000000000000000STPOOOODOOOO
000000000000 00000D000000000000000000¥97g
0000000000000000000 VLANOOOOOOOOVLANOODOOO
00000000000000000 MACOODOOOOOOOD0O0000000000
00000000000 VLANOOOOOODOOOO000000000oooooooog
0O VLANDOOOOOOOOOOOOOOOO0O00000000000000000000
00000000000000000000000000000000000000000
0o0000o0ooog

5. 0 0O O

gooboooooo0o0o L2oo0ob0000000000O0OOOOOOODODOOOOOO
000000 VLANOOOOOODOOOOoooOoOooo VLANODODOOOoooooooo
VLANOOOOOOOOl)OOoOOoO VLANOOUOOODOOOoooooooouoo?)
O0000o000o0o0o00oo0o0 VLANOOOOOOOoOoOOoooooooooooooo
20000000000000000000O0DOO0OOODODODOOOOOOOOOOOOOO
0000000000000 0O00000000000O0O00D0D0O0OOVLANDODOOODO
0000000000000 00000000D0O00O0OO0 SANODODOOoooooooo

000000000 00o0D0ooDOoOooOoO0gd Vol No.3 96-107 (Dec. 2008)

0000000o0oooooooooo VRANODOOOOoOoooooooooooooo
VLANOOOOOOOOOOOOO L2000000000000000000000
00 VLANOOOOOOOOOOoOoOoooooooooooooooooooo VLAN
IbooooooooooooooOOOOOOOOOODODODbOODbOOOOOOOOODBOOO
O0o00o00O0o0o00o0oo0oooo0oo0O0OvVLANODOOOOODOOOOOoOoOoooo
0000000000000 ooo0o0oo0o0oo0oooo0oo00 LANOOOOO
gobooooboooobooooo

OO0 0O0O000O000000O0O00OoO0OOJSTOOOOOOOO0OO0OO0OO0O0O0OCRESTO
ooooooo

o o o 0O

1) TOP500 Supercomputing Sites. http://www.top500.org/

2) 000000000000000000000O000D0O000O00OVLANDOOODO
0000000000000 L2Ethernet DO0DO0O0O0O0ODOODOOO0OODOODOODO
000000000000 Vold5, No.SIG 6(ACS 6), pp.35-43 (2004).

3) Sharma, S., Gopalan, K., Nanda, S. and cker Chiueh, T.: Viking: A Multi-
Spanning-Tree Ethernet Architecture for Metropolitan Area and Cluster Networks,
Proc. 28rd Annual Joint Conference of the IEEE Computer and Communications
Societies (Infocom 2004), pp.2283-2294 (2004).

4) 0000000000000 O00DOD0OU0O00OOOU0OOO0O0O VLANDOOO
0000000000000 00000000000O0O0O0oVol47, No.SIG 12(ACS
15), pp.46-58 (2006).

5) Dally, W.D. and Towles, B.: Principles and Practices of Interconnection Networks,
Morgan Kaufmann (2003).

6) 00000000000 DO0O0O0D00D0ODO0O000¢tagged-VLANODODO PCODO
0000000000000ooDoDooDDoDDODO0OOOOOOOOOOO 2005-HPC-1040
pp-13-18 (2005).

7) Kodama, Y., Kudoh, T., Takano, R., Sato, H., Tatebe, O. and Sekiguchi, S.:
GNET-1: Gigabit Ethernet Network Testbed, Proc. 2004 IEEE International Con-
ference on Cluster Computing (Cluster2004) (2004).

8) Tperf. http://www.am.ics.keio.ac.jp/ terry/tperf/

9) Otsuka, T., Koibuchi, M., Jouraku, A. and Amano, H.: VLAN-based Minimal
Paths in PC Cluster with Ethernet on Mesh and Torus, Proc. 2005 International
Conference on Parallel Processing (ICPP-05), pp.567-576 (2005).

10) Duato, J., Yalamanchili, S. and Ni, L.: Interconnection Networks: An engineering
approach, Morgan Kaufmann (2002).

(© 2008 Information Processing Society of Japan



107 VLANDOOOOOOOOOO pCOOOOOOOOOOODOOOODOO

11) Schroeder, M.D., Birrell, A.D., Burrows, M., Murray, H., Needham, R.M. and
Rodeheffer, T.L.: Autonet: A High-speed, Self-configuring Local Area Network
Using Point-to-point Links, IEEE Journal on Selected Areas in Communications,
Vol.9, No.8, pp.1318-1335 (1991).

12) Petrini, F., Feng, W.C., Hoisie, A., Coll, S. and Frachtenberg, E.: The Quadrics
Network (QsNet): High-Performance Clustering Technology, Proc. Hot Interconnets
9, pp.125-130 (2001).

13) Miura, S., Okamoto, T., Boku, T., Sato, M. and Takahashi, D.: Low-cost High-
bandwidth Tree Network for PC Clusters based on Tagged-VLAN Technology, Proc.
8th International Symposium on Parallel Architectures, Algorithms and Networks
(I-SPAN 2005), pp.84-93 (2005).

14) 0 0000000000 0U0O0O0O0O0O0UO0ODO0ODO0OO0OO0OO0OO0 PACS-CSOOODO
0000000000 2005-HPC-1030 pp.133-138 (2005).

15) 00000000000 0000000000 OO0OPACS-CSOO0OOO Ethernet
0000000000000 00000oo0oO0Ogoong 2005-HPC-1030 pp.139-144
(2005).

16) Pellegrini, F.D., Starobinski, D., Karpovsky, M.G. and Levitin, L.B.: Scalable
Cycle-Breaking Algorithms for Gigabit Ethernet Backbones, Proc. 23rd Annual
Joint Conference of the IEEE Computer and Commaunications Societies (Infocom
2004), pp.2175-2184 (2004).

17) Reinemo, S.-A. and Skeie, T.: Ethernet as a Lossless Deadlock Free System Area
Network, Proc. 3rd International Symposium on Parallel and Distributed Processing
and Applications (ISPA’05), pp.901-914 (2005).

(0020050 9000)
(0D 20080 14000)

U oooooooo

0000000000000 000OO00DLOOOOOOOOOOOO
gboooboooooobooobooobo2060b00000000000
gobooooooooboobooooooboocoooooobobooooobooobbo
goboooooooboocoon

oo ooooood

oo 120000000000 b0bb0000o0obobobokooooo
goobooooooobobooooDob0bUoooOoobobomoo 14
goobOleoboobobbooobboobboobboobboooono
goobobooobtoooobuooobbooobboooboom o
godbooooobooboboboodbuooboobobbobooobo
O O IEEE Computer Society Japan Chapter Young Author Award 2007000 1900
000000000000 IEEEDDOOOOOOOODOOD

o ooooooo
1991 00000000o0o0obooobOoooocoboooooDoOoon
gboooobooooboooooooooyrooooooooooooo
gbooooooooooboobooooooooobz2c020000000O
&ﬁe gboooooooboooobooooooooobooboobz208b0000O
/ goboboooooooboooooooooooobooboobooboooomoono
0000000000000 O0O0OoIEEE CSOOO

ogb o0oogoooo

9860000 00O0ODOOOODODOODODOODODOODODODODODODODODODODODO
goboobooboooboboobooboobooboobobooboobo
oooooooooooooooooooooooooooooDbIEEE
good

000000000 00o0D0ooDOoOooOoO0gd Vol No.3 96-107 (Dec. 2008)

(© 2008 Information Processing Society of Japan



