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| nfor mation T echnology:
Today and The Future

B \What are hot today in 2000 ?

1 GHz microprocessors, 256 Mb RAM,
Gigabit Ethernet, ATM switches, Unix/SMP,
Windows NT, Java, Internet, digital TV,
multimedia commnications, etc.

B How about beyond year 2000 ?

2 GHz microprocessors, 1-4 Gb RAM,
NVSM (non-volatile semiconductor memory),
100 Gbps~ 1 Tbps LANSs, Satellite-based
WWW, 3-30 Teraflops computers, cluster
OS, Internet-based metacomputing, etc.
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Competing Computer Architectures

Distributed

Single System Image
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Comparison of Cluster with Other
Scalable Parallel Architectures

Characterigic MPP SMP & Cluger Digributed
Number of O(100)- O(10) - O(100) O(10)-

Node Fineor Medium or Medium Wide
Complexity | medium | Coarsegrain grain range
grain
| nter node Message | Centralized Message Shared files,
Comm- | passangor | or digributed Passing _
unication DS\ dhared memory
Job Snglerun | Snglerun [Multiplequeueq Independent
Scheduling | dueueat | queuemostly | coordinated multiple
host Queues
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Comparison of Cluster and Other
Scalable

Sysem MPP SMP & Cluser |Distributed
Characterigtic CC-NUMA System

SS Partially Alwaysfor SMP Desired No
support and some
for NUMA
N

N microkernds | One monolithic
1 monoalithic in SMP and (Homogeneou (Heterogeno

OS at host multiple in
CC- NUMA mlcrokernel)

Address Multiple Sngle Multiple Multiple
(Singlefor DSM)

| nter node Unnecessary Unnecessary Required if | Required

Security exposed
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Clustering of Multiple Computers
for Collective Applications

Nov. 13, 1998, K. Hwang, p.4



What Isa Cluster of Computers?

¥ A collection of computer nodes, inter -
connected by a LAN and/or a high-speed
switching network, all nodes can be used
individually or collectively asa cluster.

¥  All computersin thecluster areglued
together with middlewar e support for
collective usage as a single computing
resour ce, in addition to the traditional
usage as individual computers.
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An SSI Cluster with Hardwar e,

Softwar e, and Middlewar e Support

Programming Envi-
ronment (Java, C,
Fortran, MPI, PVM)

Web Windows
User Interface

Other Subsystems
(Database,
OLTP, etc.)

‘ Single System | mage | nfrastructure

| Availability Infrastructure |
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Major Cluster Design I ssues

Size Scalability
Enhanced Availability
Single System | mage

System M anageability

Fast Communication
Security and Encryption
Distributed Environment
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Performance vs. Availability

Scalable Performance

cc-NUM A

/
Fault-toler ant
System

System Availability
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A PC/workstation Cluster with Distributed
Disks, Networ k-Attached RAIDs, and |/0O

High-Speed Switching Network (SAN or LAN)

Workstations
| or PCs E
RAID RAID L%
L ocal disksforming an RADD /

NASD
_ : NAP /O Devices
(Mirrored Architecture)
(a) Unidirectional ring mirroring
€es
(b) Bidirectional ring mirroring (c) Bidirectional mirroring on a 3-D torus
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Existing Middlewar e Packages
Supporting SSI Cluster Computing

SS| Features GLUnix TreadMarks DQSCODI L SF
NE
Single control point Yes no yes yes
Single entry point Yes no no no
Singlefile hierarchy Yes yes yes yes
Single memory space No yes no no
Single process space Yes no no no
Single I/O space No no no no
Single networking No no no no
Batch support Yes no yes yes
| nter active support Yes yes yes yes
Parallel support Yes yes yes yes
L oad balancing Yes no yes yes
Process migration Yes no no no
Job monitoring Yes no yes yes
Suspend/Resume No no yes yes
Dynamic r esour ce Yes no yes yes
User interface cmd-line cmd-line GUI/cmd-line GUI
Fault tolerance Yes no yes yes




User Applications

M anagement
level Job Management System (JMYS)
(GLUnix, LSF, CODINE)

/ AN

Programming

Single File Hierarchy (SFH) Distributed Shared Memory (DSM)
(NFSAFSXFS, Proxy) (TreadMark, Wind Tunnédl, etc)

S

Single Process Space Checkpointing /Process

level

\ | mplementation

(SPS) Migration (CPM)

SI09)

Single /O Space level

Cluster Hardwar e and OS Platform
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The Financial Digital Library
(FDL) Project at HKU

B An Java-coded, I nternet-based,
multi-agent system monitoring
mor e than 30 economic indicators
In Hong Kong

B An dectronic disclosure system
to improvethetransparency and
efficiency of financial information
retrieval and processing
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|nformation Technology for
Business Globalization

<& Businessis managed globally, overcoming thebarriers
In time, distance, culture, and language

<& Global supply chain management for multinational
companies with headquarter, assembly plants, and
distributors scattered all over theworld
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Distributed Multi-Agent Economic
Analysison a Cluster Platform
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Distributed Multimedia Processing

MM Servers MM User Platforms
MM Storage

*x PC ‘Desktops

— O + | mAc |(Business)
> MM Enabling Workstation
Networks *
‘ MM Transactionj
Mgmt. Services Handhelds
MM Multipoint MM Networ :
Comm Server L Services * (M Obl Ie)
Video Playback s \edia Acceleration Tech * Set-tops
25 Video Conf [T Distributed Software TV | @
Audio Conf Infrastructure (H Ome)
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Bioinfor matics : Computational
Molecular Biology for Health Care

= Human genome research for heath care,
disease control, and new drug devel opment

= Parallel processing in the search, sorting,
and alignment of DNA/protein sequences

= Cluster of PCs/workstations for parallel
and distributed genome research

Nov. 13, 1998, K. Hwang, p. 27



Concluding Remarks:

1. Future clusterswill be more scalable and
providing many more SS| services.

Size Scalability

single System Image
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| ncreasing demand of cluster, Java,
and | nter net-based applications,

> Distributed multimedia processing
In electronic commer ce, digital
entertainment, and urban management.

= Dedicated digital Librariesfor distance
education, bioinformaticsfor health-care,
and economic crisis management

=> Innovative applicationsin remote services,
telemedicine, collabor ative designs, and
environmental protection.

Feb.11,1999, K. Hwang p.29




