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– 1�2!3�������������45

– ����������������45

– "��#�� ����'�(������45

– collaboration system �45

• ����-�.65���*+�7�8-
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– ����9���:��7�8�����	

– "����;2<7�8=�9'�(�
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– Ubiquitous -->02<)!�
��������-'�(�
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– Resource Aware -- ���

��-��)?/0�

– Adaptive -- ��-��.
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• Albatross Project@vrije university, Netherland

– understand application behavior (programmability and 
performance) on wide-area cluster system.

• PACX-MPI@hlrs, Germany
– MPI extention for distributed computing

• Globus Project
– provides toolkits for building software infrastructure 

for global computing environment

– Large testbeds (I-WAY, GUSTO)

• Legion, Netsolve, Ninf…..



4

The Globus Project
• Basic research in grid-related technologies

– Resource management, QoS, networking, 
storage, security, adaptation, policy, etc.

• Development of Globus toolkit
– Core services for grid-enabled tools & applns

• Construction of large grid testbed: GUSTO
– Largest grid testbed in terms of sites & apps

• Application experiments
– Tele-immersion, distributed computing, etc.

High Speed
Network

User Certificate
/Authentication

CommunicationCommunication

process
process

process

Process Management on
Remote Resources
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��
• Firewall��@5�����7�8(�$���

MPP)���./�A�A���B���

– �4���GRAM)1/RMF(Resource Manager 
beyond the Firewall)������

• Globus��� (ver. 1.0)

• RMF������

• ��9����

• Summary and Future Work

����

Core Globus Service
• Resource Management (Globus Resource Allocation 

Manager, GRAM)

• Communication (Nexus)

• Information (Metacomputing Directory Service, MDS)

• Security(Globus Security Infrastructure, GSI)

• Health and Status (Heat Beat Monitor, HBM)

• Remote Data Access (Globus Access to Secondary 
Storage, GASS)

• Executable Management (Globus Executable 
Management, GEM)

API + User Command
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Gatekeeper

Client
Client API

Job request

fork/exec

Job Process

fork/exec

local
remote

fork Job Manager

Scheduler Specific Plugin

Job 
cancel

Job
request
reply

State chan�e
callback

% globusrun -s -r gcitest.etl.go.jp-fork
‘(&executable=/bin/ls)

(arguments=-al /usr)’

RMF: Resource Manager beyond 
the Firewall

• �4���GRAM

• �$��CMPP���

• Firewall��@5�����������./

• ��DE���:
– Q-system (�$�'
�/F��D"�-�GH��

EI%����
�7�8)

– Resource Allocator
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Client
gatekeeper

Job request

RMF Job manager

fork/exec

fork/exec

Q client

FIREWALL
Outside
inside

Resource 
Allocator Q server Q server Q server

inquiry

report Job request

Client
gatekeeper

Job manager

fork/exec

fork/exec

Q client

FIREWALL
Outside
inside

Resource 
Allocator Q server Q server Q server

Job request
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Nexus Proxy

• TCP ���&=�

• Nexus Proxy incoming server J"�D
;�
(��45firewall���)��

• Nexus Proxy outgoing server J"�D
;�
(��45firewall���)��

• NXProxyBind(), NXProxyConnect(), 
NXProxyAccept()9>�$�%$&�����

Nexus Proxy (inside     outside)

Firewall

outside   inside

Nexus
Proxy

(incoming)
process B

NXProxyConnect();
process A

listening port
connecting port

Nexus
Proxy

(outgoing)

Remote site
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GlobusK��	�L���

• ��DE�����HM2���(�10
�

�K����10���)���

• NXPROXY_SERVER����N(��*+

5�+O�Nexus Proxy��4�����P�

�P)9Q+O��>RS�����P�

����7�8�)���

• 0+T)����J-����

– �����7U�=�7I


– Virtual RealityKV�WX'

• ����7�8-�4�';&Y�7I


– ���������������	
��

– ���������

• Knapsack��

– ��������0-1 Knapsack�������

– �������������������
(Global Low)�����������
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MPICH-G

• Globus device-Z/MPICH���

– ��./�������MDS-ZS��

– [�\��-GSI���

– ;�(���-GRAM���

– ��-JNexus���

– V]��'�(�-JGASS��P

– ';&Y�7I
��	�	���9>-
Globus�;�(��	�����

MachineV]������

%cat machines
donner.mcs.anl.gov-fork 8
bonny.isi.edu-fork 8
moti4.ncsa.uiuc.edu-lsf 64

% mpirun -np 80 -machinefile machines a.out
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• ��S-ZS	�	N��-9<9�0�

N��*+/�A���-EI%���

• ������A�_���`�L����

�������9/6H�@/

• Global Low��������./

����

master slave
steal request

Inter-
val

stealunit



12

�����

• �=�%J�������N�-9a��

-�Bb���EI%��B-�H�

������A�_���`�LN�9H

9S���N��-9SC.�

• Global Low�
�./�A���JEI%

�CS�S-�A54TP

����

ETL

Sun SPARC Station 5
85MHz,  1 CPU
32MB memory

RWCP

Sun Enterprise 450
300MHz,  4 CPU
640MB memory

1.5Mbps
(IMnet)

ETL�SS5�RWCP�Enterprise450
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�������"���
PC�$���)������
(interval = 1000,  stealunit = 10)

���� 1        2        4        6        8
PSC6       1.00   0.93   0.90   0.90   0.89
PSC7       1.00   1.41   1.26   1.14   1.00


�����

SS5       Enterprise
PSC6       333.4� 70.8�
PSC7       125.7� 26.0�
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• ETL������b���RWC�������

=�%�./

• interval�stealunit���*c/

– interval��# # #$%��&�'�(�)�

– interval��# # #%��*�+�),�����-.

�

– stealunit��# # #/0*��������.���

�

– stealunit��# # #��&�'(�)�������

�

����������

PC6               PSC7
stealunit interval                  interval

10    100  1000     10      100     1000
10    82.6   73.9    76.0    51.9    42.9 39.5

100      � 116.7  104.1     � 209.9  177.5
1000      � � 137.0     � � 160.9

1 node              333.4                       125.7

��d�
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S  U    S  U     S  U     S  U     S  U     S  U
stealunit 10         10        10       100      100      1000
interval          10        100     1000     100      1000    1000

T�A ���3�

• �4���Resource Manager)1/RMF 
(Resource Manager beyond the Firewall)��

����

– Q-System

– Resource Allocator

– Nexus Proxy

• Firewall��@5�$��CMPP9>���

�����./0�N)?/�
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T�A ���f�

• 2�������7I
��a�����7

�8�)��������	���

– ���������

– �����&�'�(�)��1�

– �����1�

– ��2���&�'�3���4�

• �����ZP9��J��7�8�)!

��������<+�P

Future Work

• (��&��gX��

• �YE��&
��'�Y�7I
�^&7�
���

• �����	
����
���-�4

�';&Y�7I
���

• ��Lh&'�$��7�8�����

• �
V$�
���
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Layered Architecture
$SSOLFDWLRQV

&RUH 6HUYLFHV
0HWDFRPSXWLQJ

'LUHFWRU\

6HUYLFH

*5$0
*OREXV

6HFXULW\

,QWHUIDFH

+HDUWEHDW

0RQLWRU

1H[XV

*ORSHUI

/RFDO

6HUYLFHV
/6)

&RQGRU 03,

14((DV\

7&3

6RODULV,UL[$,;

8'3

+LJK�OHYHO 6HUYLFHV DQG 7RROV

'852& JOREXVUXQ03, 1LPURG�*03,�,2 &&��

*OREXV9LHZ 7HVWEHG 6WDWXV

*$66

Globus Resource Allocation Manager
(GRAM)

• ������S�5��� (Ex: �����)

�;�(���)

• EI%��C����A�API���

• �HM2���GRAMN��:
– fork type

fork/exec7�8	��-Za5;�(����

– LSF type 
LSFN��./bsub 	b
L-Za5;�(���
�

Globus7�8������N�?H9/

�$��7�8J1�����9�����)J

9H���������7I
�PC�B9*+/
Firewall��@5�������./0�N)?9�
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Resource Allocator

• ���-��V]����B�i

• ��V]����d

• ������d

– ��*+�;�(�F�

– �����

• ;�(�F���a5�/EI%���;�(�F����

#Name      type   procs nnodes clock   prefix
COMPaS c           4            8      200   pdpsmp
COMPaS-II c           4            8      450   pdsmpc
SR2201 p           1        256      150 

���)�;�(���
(jobtype != MPI ���)

• [�\J3����7�8�)�EI%��

����./

• O+����b���j�L�)�����

��� mpirun 	b
L-Za5EI%;�(�
N��*+/�
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���)�;�(���
(jobtype == MPI ���)

• [�\J�����7�8�)EI%��

�����EI%JMPICH-G )��*+�;

��$8)1/0�N���

• O+�.65����)�execv() 7�
8	��-Za5EI%;�(�N��*+/�


