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Abstract 

There is strong and growing interest in build-

ing servers based on clustering technology. Many high 

performance and cost efficient uni-processor or SMP 

are used as the building block and connected to each 

other through high speed link. High-speed transmis-

sion is very important for cluster-based and distrib-

uted computing architectures. In this report, we ex-

amine cluster inter-connection properties of OSF/1 

AD3.0. We port Myrinet to AD 3 and build a ef ficient 

cluster. The MCP (Myrinet Control Program) is modi-

fied to ensure system reliability. By using a better 

inter-connection device, we improved our cluster 

performance and scalability. Experimental results 

show that the modified Myrinet is reliable and the 

that the modified Myrinet is reliable and the through-

put is 563Mbits/s maximum. 

Keyword: microkernel, cluster system, SMP cluster, 

distributed shared memory, SCI, Myrinet, OSF 1/AD 
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1. OSF/1 AD3.0 

2. 4-ports Myrinet ôõö(M2F-SW4) 

3. Myrinet÷øù�ú (M2F-PCI32-10556 

with 256KB memory on-board) *4 

4. Intel Pentium-133*2�Intel Pentium-133 



SMP�Pentium II 233 
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Benchmark api_latency.c 

api_latency.c # Myricom Ï Ã Ä �

benchmark�û#�à ping-pong test� XÑüÊ

MCP� round trip time�,-üÊ�ý
#XGS

�þ�����àþ� � 10000���pentium133 

SMP½ pentium II 2330 ���^9�	 round 

trip time�X
Ñ�MCP (G>?@�MCP)Ïü^

Ü�� 1�X,-� MCP��Ôþ������

8X DMA Ïü^Ü�� 2�X,-� MCP�`

32Bytes�DMAauvw�¾�q�Ïü^Ü��

3 

�� 1
�MCP�© api_latencyÏ^ Round Trip 

Time 
�� 
Size 

Round Trip  
Time (us) 

Bandwidth (Mbps) 

8192 529 236.29494 
4096 343 182.21574 
2048 248 126.008064 
1024 202 77.351486 
512 179 43.645276 
256 167 23.390717 
128 162 12.056327 
64 158 6.180776 
32 157 3.110072 
16 156 1.565004 
8 156 0.782502 
4 156 0.391251 

�� 267W MCP �© api_latency Ï^ Round 

Trip Time(��8XDMA) 

�� Size Round Trip 
Time (us) 

Bandwidth (Mbps) 

8192 548 228.102189 
4096 358 174.581056 
2048 264 118.371218 
1024 220 71.022757 
512 195 40.270617 
256 186 21.001367 
128 181 10.790746 
64 175 5.580357 
32 174 2.806214 
16 173 1.411217 
8 173 0.705609 
4 173 0.352805 

��� 2,->`��û½�� 1�GS

�£ round trip time�	��� 20us�( 20us��

Ñ#,-��R�>?@��þ���0m��

�à���ST�MCP���>?@���(buffer
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�� 367WMCP�© api_latencyÏ^ Round 

Trip Time(`32Bytes��DMAauvw�¾q�) 
� � 
Size 

Round Trip 
Time (us) 

Bandwidth (Mbps) 

8192 549 227.686713 
4096 358 174.581056 
2048 265 117.924524 
1024 221 70.701356 
512 196 39.859712 
256 186 21.001356 
128 182 10.731456 
64 176 5.548651 
32 166 2.941455 
16 162 1.507041 
8 160 0.762939 
4 159 0.383869 

��� 3½�� 2�$%��þ���

�£ì£ 32Bytes T��£8Xuvw�¾�ý


�&'(��ð� 8)14us' 

Bandwidth 

,-üÊ�ý
#A��*+,���þ
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�Ï^��	/'MNOP�,-� throughputU

�>R 563Mbps��£MyricomÏ0�MCP5G

>?@�ÜP�A
Ñ� Myrinet >`RÚ>?

@��12� API 304�0�àB�(layer)ÑR

Ú���>`½3$%�,-]X
Ñ� MCP a

API�`5S�6�7���à>?@� Myrinet

ç
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8 1. Bandwidth:;8 

��8 1,->`���	��$�<#

30%)45%��='(��þ����£ì£

32Bytes T��£,-8Xuvw�¾�ý
�>

?� DMA �Æ@TA�&�	��$� 56%)

62%���>B�þ����£ì£ 32Bytes T�
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Debug&'() 
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qÑüL��'M§#üL�OP 
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Message 
Size 

SCSI (us) Myrinet (us) Myrinet 2(us)  

280 1290 2030 1600 
1024 1380 2060 1640 
4096 1680 2190 1800 
8192 2100 2490 2010 
16K 2920 2960 2430 
32K 4560 4110 3400 
64K 7870 6170 5680 
128K 14440 10290 9810 
256K 27600 18490 18070 
512K 53910 34920 34580 
1M 106500 67840 67600 
2M 211660 133950 133430 
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rfork () 

  �§Ñ,-üLïXç
�OP�(àüL#8

X rfork'üL�ý
:#�NO 0�©�àç
�

(ç
��P:#8X rfork()�NO 10�±Q�

à©ç�RSìNO 1�©çOTS�4UV r fork

§�à©ç'�NO 10��©çW��©S:�

�X��G�YZP['Ï`�üL�OP�\0

:#8X rfork�]�^pö±Q©ç`aOTS

_`æ��TA',-�üL#a 1,000� rforkS

4������	�üLOPÜ§ 

�� 5�� rforkTA 

Interconnect Type Time per rfork (sec) 
SCSI 0.08585 
Myrinet 0.08682 
Myrinet 2 0.08584 
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��ñòT�8X SCSI$%eÞ'� �ic�
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  ]!�8XMyrinetje�kÊü0$%Glm

Ê�Ñ�Zn'n�O:#8XMyrinet�,->
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#��NOq%mT�MyrinetGr�STs�e
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dmt_do_kkt_test()�üLTCe race conditionÐ

Å'67ý
:#�KKT_REQUEST()3��X

splkkt()¼Ì����ì�'� assert_wait()S4X

splx()î����ì����' 

  nÒàKL#g£����ì��KL'(KL

��
�#KKT¼�T���>? !Æ@�=

mP[nod#���nK�T|¨©'��õX

�$%ð�÷ø[\S�����qC$%m�é

��'�� ��Ê~��T|�e>�C8^9

��[\ (Ü��)������W��7�%�

_����ÚCD crash�h�',-�LWîKKT

[\8X���ì��^Y��(H�MC��>

?(KL�Å��"��#j#G�Ù��y' 

���ÖÚPß� 

� � 	 
 � �  � � � � � � �

��������	������	�
����������	�

���������� !�"#$%&��'

�������#�à�e���� ���/���!��	�0���÷

ø�û>`8X�«�GS��^'�

�()*+�,-./� �����������	0��

���12�34 �������� ����������0�5



67 �������������	���	����	����
�89� ����

�����:�;<=>?@�A0B�CDEFGH

�IJ>?@�KL'MN�OPGQA �������

R�>?@�STU� !�">R ���� ���!'

VW8XYZ�����[\�]8^�	
_�

���`abc1de7f' 

��pÉ�� 

[1] Bill Bryant. Design of AD3, a Distributed UNIX Operating 

System. Open Software Foundation Research Institute, Version 

1.0, May 1996. 

[2] Nanette J. Boden, Danny Cohen,  ̀Robert E. Felderman, Alan 

E. Kulawik, Charles L. Seitz, Jakov N. Seizovic, and 

Wen-King Su. Myrinet: A Gigabit-per-Second Local-Area 

Network. IEEE-Micro, Vol.15, No.1, February 1995, pp.29-36. 

[3] Anthony Skjellum, Gregory Henley, Nathan Doss, Thomas 

McMahon. A Guide to Writing Myrinet Control Programs for 

LANai3.x. Fedruary 28, 1996. 

[4] Pakin, Scott. Lauria, Mario. Chien, Andrew. High performance 

messaging on workstations: Illinois fast messages (FM) for 

myrinet Proceedings of the ACM/IEEE Supercomputing Con-

ference. v 2 1995. IEEE, Los Alamitos, CA, USA,95CB35990. 

p 1528-1557. 

[5] Gregory Henley, Nathan Doss, Thomas McMahon, Anthony 

Skjellum. BDM: A Multiprotocol Myrinet Control Program 

and Host Application Programmer Inter face. Technical Report 

# MSSU-EIRS-ERC-97-3 in progress, Mississippi State Uni-

versity, 1997. 

[6] Gregory Henley, Nathan Doss, Anthony Skjellum. BDT: A 

Thread Library for the Myricom LANai4.x Communications 

Processor. Technical Report # MSSU-EIRS-ERC-97-2, Mis-

sissippi State University, 1997. 

[7] Scott Pakin, Vijay Karamcheti, Andrew A. Chien. Fast Mes-

sage (FM): Efficient, Portable Communication for Workstation 

Clusters and Massively-Parallel Processors. IEEE Concurrency, 

1997 

[8] R. Martin, A. Vahdat, D. Culler, T. Anderson. Effects of Com-

munication Latency, Overhead, and Bandwidth in a Cluster 

Architecture. International Symposium on Computer Ar-

chitecture , Denver, CO. June 1997 

[9] Gilderman I. Barak A., Profiling the Communication Layers 

Performance of the Myrinet Gigabit LAN, Institute of Com-

puter Science, The Hebrew University, August 1997. 

[10] D. Cohen, G. Finn, R. Felderman and A. DeSchon. ATOMIC: 

A High Speed Local Communication Architecture. JHSN 

Contents of Volume 3 (1994). 

[11] Hsiao-keng Jerry Chu, SunSoft Inc. Zero-Copy TCP in Solaris. 

Proceeding of the USENIX 1996 Annual Technical Confer-

ence, San Diego, California, Tanuary 1996. 

[12] Steven H. Rodrigues, Thomas E. Anderson, David E. Culler. 

High-Performance Local Area Communication With Fast 

Sockets. USENIX '97. 

[13] Andrew Chien, Scott Pakin, Mario Lauria, Matt Buchanan, 

Kay Hane, Louis Giannini. High Performance Virtual Ma-

chines(HPVM): Clusters with Supercomputing APIs and Per-

formance. Eighth SIAM Conference on Parallel Processing for 

Scientific Computing (PP97); March, 1997 

[14] Myricom. Myrinet A Brief, Technical Overview.. 

[15] Myricom. Myrinet Link Specification. 

[16] Myricom. LANai 4. DRAFT December 1,1997.  

[17] Myricom. Myrinet User's Guide.  

[18] Myricom. Myrinet Performance Measurements.  

[19] Myricom. LANai3.1/4.0 Instruction Set. 

[20] Cezary Dubnicki, Angelos Bilas,Kai Li and James Philbin. 

Design and Implementation of Virtual Memory-Mapped 

Communication on Myrinet. Proceedings of the 11th Interna-

tional Parallel Processing Symposium, April 1997. 

[21] Cezary Dubnicki, Angelos Bilas, Yuqun Chen, Stefanos N. 

Damianakis and Kai Li. Shrimp Project Update: Myrinet 

Communication. IEEE Micro, Jan/Feb 1998, pp.50-52. 

[22] Brent N. Chun, Alan M. Mainwaring, and David E. Culler.  

Virtual Network Transport Protocols for Myrinet. IEEE Micro, 

Jan/Feb 1998, pp.53-63. 

[23] Steve Sears, et al., “Kernel to Kernel Transport Interface for 

the Mach Kernel”, OSF RI Operating Systems Collected Pa-

pers Vol. 3, April 1994. 

[24] ���. “�����	
�����”, ����.  


