CSE 791

CSE 791: High-Performance

Distributed Computing

Cluster Computing

At a Glance

(Some slides from R. Buyya or D. Culler )

CSE 791

Fundamental Terms

and Concepts

CSE 791

P P P P P P

Microkernel

Multi-Processor Computing System

Threads Interface

Hardware

Operating System

Process

Processor Thread

P

Applications

Computing Elements

Programming Paradigms

CSE 791

Computing Power and

Computer Architectures

CSE 791

Need of more Computing Power:

Grand Challenge Applications

Solving technology problems using

computer modeling , simulation and analysis

      Life Sciences

Mechanical Design & Analysis (CAD/CAM)

Aerospace

Geographic

Information

Systems

CSE 791

No. of Processors

C.P.I.

1 2 . . . .

Computational Power

Improvement

Multiprocessor

Uniprocessor

CSE 791

Ø

The Tech. of PP is mature and can be exploited commercially; significant

R & D work on development of tools & environment.

Ø

Significant development in Networking technology is paving a way for heterogeneous computing.

Why Parallel Processing NOW?

CSE 791

Architecture s

System Software

Applications

P.S.Es

Ar chitectures

System So ftware

Applications

P.S.Es

Sequential

Era

Parallel

Era

1940 50 60 70 80 90 2000 2030

Two Eras of Computing

Commercialization

R & D Commodity

CSE 791

Networking Infrastructure l

System-Area Networks (SAN), e.g.

Myrinet l

Local-AreaNetworks (Gigabit Ethernet) l

Wide-Area Networks u gigab it-class WAN u QoS control in WAN

=> Networks at all levels cannow support HPDC.

CSE 791

Cluster Interconnects

l

Cost (Cheap/Expensive) - Latency

(High/Medium/Low) - Bandwidth (H/M/L)

l

C-M-L: Ethernet

l

C-M-M:Fast Ethernet (100Mbps)

l

E-M-H: Gigabit Ethernet

l

E-L-H: Myrinet , ATM , FDDI, Fibre

Channel, SCI , ...

CSE 791 ß

Aggregated speed with

which complex calculations

can be carried out by millions

of neurons in the human

brain is amazing, although

individual neurons response

is slow (milliseconds). This is

parallel processing in action!

Motivating Factors

CSE 791

Mainframe

Vector Supercomputer

MPP

Workstation

PC

1994 Computer Food Chain

Mini Computer

(hitting wall soon)

(future is bleak)

CSE 791

Computer Food Chain

(Now and Future)

CSE 791 ä

Simple classification by Flynn:

(No. of instru ction and data strea ms)

> SISD - conventional

> SIMD - data parallel, vector computing

> MISD - systolic arrays

> MIMD - very general, multiple approaches

ä

Currentfocus is onMIMD model, using

general purpose processors or

multicomputers .

Taxonomy of Architectures

CSE 791

SI SD : A Conventional Computer

Î

Speed is limited by the rate at which computer can transfer information internally.

Processor

Data Input Data Output

Instructions

CSE 791

The MISD Architecture

Î

More of an intellectual exercise than a practical configuration.

Data

Input

Stream

Data

Output

Stream

Processor

A

Processor

B

Processor

C

Instruction

Stream A

Instruction

Stream B

Instruction Stream C

CSE 791

Shared Memory MIMD machine

Comm: Source PE writes data to GM& destination retrieves it

Î

Easy to build, conventional OS of SISD canbe ^easily~ be ported

Î

Limitation : reliability & expandability. A memory component or any processorfailure affects the whole system.

Î

Increase of processors leads to memory contention.

Ex. : Silicon graphics supercomputers....

M

E

M

O

R

Y

B

U

S

M

E

M

O

R

Y

B

U

S

Global Memory System

Processor

A

Processor

B

Processor

C

M

E

M

O

R

Y

B

U

S

CSE 791

Distributed Memory MIMD

l

Communication : IPC

on High Speed Network

(ideally, a SAN).

l

Network can be

configured to ... Tree,

Mesh, Cube, etc.

l

Unlike Shared MIMD

Î easily/ readily expandable

Î

Highly reliable (any CPU

failure does not affect the

whole system)

M

E

M

O

R

Y

B

U

S

Processor

A

Processor

B

Processor

C

M

E

M

O

R

Y

B

U

S

M

E

M

O

R

Y

B

U

S

Mem ory

System A

Mem ory

System B

Mem ory

System C

IPC

channel

IPC

channel

CSE 791

Main HPC Architectures

l

SISD - mainframes, workstations, PCs.

l

SIMD Shared Memory - Vector machines, Cray...

l

MIMD Shared Memory - Sequent, KSR, Tera, SGI,

SUN.

l

SIMD Distributed Memory - DAP, TMC CM-2...

l

MIMD Distributed Memory - Cray T3D, Intel,

Transputers, TMC CM-5, plus recent workstation

clusters (IBM SP2, DEC, Sun, HP).

CSE 791

Main HPC Architectures II l

NOTE: Modern sequential machines are not purely SISD - advanced processors use many concepts from u vector and pa rallel architectu res

(pip elinin g, para llel execu tio n o f instruction s, p refetchin g of d ata , etc) in ord er to achieve one or more arithmetic ope rations p er clock cycle .

u MMX in structions

CSE 791

Parallel Processing Paradox

l

Time required to develop a

parallel application for solving a

Grand Challenge Application is

equal to:

u Ha lf Life o f Para llel Super compu ter s.

u Cle arly, th is is too long ...

CSE 791

The Case for Alternative

Supercomputing Resources l

Vast nu mb ers of under util ize d worksta tion s availab le to use ( cf . Cond or).

l

Huge numbe rs of u nused processo r cycle s and re sou rce s that co uld be put to good use in a wi de var iety of app lica tio ns are as.

l

Reluctance to buy Supercomputer due to their co st and sh ort life sp an.

l

Distrib ute d compute resources ^ fit~ better into today’s funding mode l.

CSE 791

Design Space of Competing

Computer Architecture

CSE 791

Other Names

l

Network of Workstations (NOW)

l

Collection of Workstations (COW)

l

Beowulf (named after the ^cheapness

first!~ approach at JPL)

l

Pile-of-PCs (another name for Beowulf)

CSE 791

Motivation for using Clusters

(and especially cycle scavenging)

l

Sur veys show utilisa tio n o f CPU cycles of

deskto p worksta tion s is typ ica lly <10 %.

l

Per forman ce of wor kstatio ns and PCs i s

rap idly impro vin g

l

As p erformance grows, percent utili sation will

decrea se even furth er !

l

Org anisations a re r elucta nt to bu y larg e

supercompu ters, du e to th e l arge expense

and short use ful life sp an.

CSE 791

Motivation for using Clusters l

The communications bandwidth between workstations is increasing as new networking technologies and protocols are implemented in

LANs and WANs.

l

Workstation clusters are easier to integrate into existing networks than special parallel computers.

CSE 791

Motivation for using Clusters

l

The develop me nt to ols for wo rkstations ar e mor e

mature th an the contrastin g p roprie tar y so lutions

for paralle l computers - main ly due to the no n-

stan dard nature of ma ny par allel syste ms.

l

Workstation clusters are a ch eap and read ily

availab le alte rnative to sp eci alised Hig h

Per forman ce Computing (HPC) platfor ms.

l

Use of clu sters o f workstations a s a distrib ute d

compute r eso urce i s ve ry cost effective -

incremen tal gro wth of system!!!

CSE 791

Cycle Scavenging l

Usually a workstation will be owned by an individual , group, department, or organisation - they are dedicated to the exclusive use by the owners .

l

This brings problems when attempting to form a cluster of workstations for runningdistributed applications.

l

Remember what I said about autonomy.

CSE 791

Cycle Scavenging l

Stealing cycles outside standard work hours (e.g. overnight) is easy, stealing idle cycles during work hours without impacting interactive use (both CPU and memory) is much harder

.

CSE 791

Cycle Scavenging

l

Condor is the foremost cycle-

scavenging project.

l

Works extremely well for a class of

applications and organizations

u quick turnaro und not r equire d

u sin gle administr ative domain

u no coo rdina tion be tween pro ce sses

l

But doesn´t solve all problems

CSE 791

Example Clusters:

Berkeley NOW

l

100 Su n UltraSp arcs

u 200 disks

l

Myr inet SAN

u 160 MB/s

l

Fast co mm .

u AM, MPI,...

l

Ether/ATM switched

exte rnal net

l

Glo bal OS

l

Sel f Co nfi g

CSE 791

Basic Components

$

P

M I/O bus

MyriNet

P

Sun Ultra 170

Myricom

NIC

160 MB/s

M

CSE 791

Massive Cheap Storage Cluster

l

Basic unit:

2 PCs double-

ending four SCSI

chains of 8disks

each

Currently serving Fine Artat http://www.thinker.org/ imagebase /

CSE 791

Cluster of SMPs (CLUMPS) l

Four Sun E5000s u 8 processors u 4 Myricom NICs each l

Multiprocessor, Multi-

NIC, Multi-Protocol l

NPACI => Sun 450s

CSE 791

Adoption of the Approach

CSE 791

OPPORTUNITIES

&

CHALLENGES

CSE 791

Research Opportunities

l

MPP/DSM:

u Compute acr oss mu ltip le systems: para llel.

l

Network RAM:

u Idle memory in o the r nodes. Page across o the r

nod es idle memory

l

Software RAID:

u file system sup porting parall el I/O an d

reli ablity , ma ss-stor age.

CSE 791

More Research Opportunities l

Multi-path Communication:

u Communicate a cro ss mul tiple ne tworks:

Ethern et, ATM, Myrinet l

Efficient thread support u suppo rt fo r p thre ads , Ope nMP l

Scheduling u cosche duling , job placement

CSE 791

Parallel Processing

l

Scalable Parallel Applications

require

u goo d floa ting -point performance

u low overhead communication

sca lable network ba ndwidth

u par allel fil e system

CSE 791

Network RAM l

Performance gap between processor and disk has widened.

l

Paging to disk degrades performance significantly l

Paging across networks can be effective with high performance networks and OS that recognizes idle machines l

Typically paging to network RAMcan be 5 to 10 times faster than paging to disk

CSE 791

Multi-path Communications l

Many clusters have multiplenetworks, with differing latency/bandwidth u Fa st Ethe rnet, Giga bit Ethern et u Myrine t l

Match traffic profile to network characteristics (control/data channels) l

Lilja , et al.

CSE 791

Dynamic Thread Support

l

Of particular utility

in heterogeneous

clusters (mix of

SMP nodes)

l

When should an

application start

up or tear down

threads?

Iterative

Application

System

State Info

^Expert~

module

Recom -

mendation

CSE 791

Scheduling

l

Coscheduling

u Getting all the pr oce sses i n a single job to

run at the same time

u non -obvious withou t OS coordin atio n

u Ber kel ey: implicit coscheduli ng

l

Placement

u Which node to u se?

u Instruction se t, # pro c , networ k, e tc.

CSE 791

Enabling Technologies l

Efficient communicationhardware and software l

Global co-ordination of multiple workstation Operating Systems

(some aspects of single system image)

CSE 791

Efficient Communication:

The key Enabling Technology

l

Communication overhead components

u ban dwidth

u network la ten cy

u pro cessor overhea d

l

Switched LANs allow bandwidth to scale

l

Network latency can be overlapped with

computation in some cases

l

Processor overhead is the real problem -

it consumes CPU cycles

CSE 791

Latency Hiding l

Grid -based computatio n exchangin g b ound ary values l

Normal cycle: compute all, the n e xchan ge edges l

Optimizati on: compute edg es first, then send, then co mp ute re st, then rea d.

CSE 791

Efficient Communication

Approaches l

Efficient Network Interface Hardware l

Minimal Interface into the Operating

System (FM, Portals,etc.)

u user must tra nsmit d irectly into a nd receive from the network without OS i nte rve ntio n u commu nicati on protection do ma ins to be esta blished by in ter face card and OS u treat message loss as an infr equen t ca se

CSE 791

Cluster Computer Architecture

CSE 791

Cluster Software Layers

l

Development Tools

l

Applications

l

Programming Environment / Middleware

l

Operating System and Communication

Software

CSE 791

Communication Software l

Traditional OS supported facilities (heavy weight dueto protocol processing)..

u Sockets (TCP/IP), Pi pes, etc.

l

Light weight protocols (User Level) u Acti ve Messa ges (Berkeley) u Fast Messag es (Illinois) u U-net ( Co rnell) u XTP (Virgi nia)

CSE 791

Cluster Middleware

l

Resides Between OS and Applications

and offers in infrastructure for

supporting:

u Sin gle System Image (SSI)

u System Availabil ity ( SA)

l

SSI makes collection appear as single

machine (more later)

l

SA - Check pointing and process

migration

CSE 791

Programming Environments l

Threads (PCs, SMPs , NOW..)

u POSIX Threads u OpenMP u Java Threads l

MPI, PVM u Linux, NT, on many Supercomputers l

Software DSMs ( Treadmarks , etc.)

l

Object systems (Legion, CORBA,

DCOM)

CSE 791

Cluster Middleware and

Single System Images

CSE 791

Contents

l

What is Middleware ?

l

What is a Single System Imag e ?

l

Ben efi ts o f a Single System Imag e

l

SSI Bound aries

l

SSI Levels

l

Relationship be tween Middle wa re Mo dules.

l

Strategy for SSI via OS

l

Sol aris MC: An example OS suppor ting SSI

l

Cluste r Moni tori ng Software

CSE 791

Middleware Recap

l

An interface between between user

applications and cluster hardware and OS

platform.

l

Middleware Layers:

u SSI Layer

u Availab ility Layer: It en ables the cluster

service s of checkpointing , fai lure recovery

CSE 791

Middleware Design Goals l

Complete Transparency u Lets the user se e a single cluste r system.

˘ Single entry point, ftp, telnet, software loading.

l

Scalable Performance u Easy g rowth of cluster

˘ no change of API & automatic load distribution.

l

Enhanced Availability u Automatic Recovery from failu res u Handle consiste ncy of data when repli cated.

CSE 791

What is a Single System

Image (SSI) ?

l

A single system image is the illusion ,

createdby software or hardware, that a

collectionof computing elements appear

as a single computing resource.

l

SSI makes the cluster appear like a single

machine to the user,to applications,and

to the network.

l

R. Buyya : A cluster without an SSI is not

a cluster

CSE 791

Benefits of Single System Image l

Usage of system resources transparently l

Improved reliability andhigher availability l

Simplified system management l

Reduction in the risk of operator errors l

User need not be aware ofthe underlying system architecture to use these machines effectively

CSE 791

Chapin´s Response l

The power of clusters is in their rich feature set => heterogeneity l

Stop trying to do everything as ^one size fits all.~ l

DSM onthe whole cluster? You must be kidding! Kiss scalability goodbye.

CSE 791

Availability Support Functions

l

Single I/O Space (SIO):

u any node can acce ss a ny pe riphera l o r di sk

device withou t th e kno wle dge of ph ysical

location.

l

Single Process Space (SPS)

u Any pr oce ss on any no de can create

pro cesses cluste r wide , and they

commu nicate throu gh sig nal, pip es, etc., as

if they are on a sing le n ode.

CSE 791

Availability Support Functions II

l

Checkpointing and Process Migration.

u Saves the pro ce ss state a nd inte rmediate

results in memory to disk to supp ort

roll back recovery when no de fai ls.

u Can be used for Lo ad balancing .

l

Reduction in the risk of operator errors

l

User need not be aware ofthe

underlying system architectureto use

these machines effectively

CSE 791

Chapin´s Response l

The scalability of the SSI is directly proportional to its level in the layering scheme u low-level (e.g., I/O mappin g): low sca lability u hig h-level (e.g. job manag ement): high sca lability l

Most of these ideas only scale toa few dozen nodes

CSE 791

SSI Levels

Application and Subsystem Level

Operating System Kernel Level

Hardware Level

CSE 791

SSI at Application and

Subsystem Level

Level Examples Boundary Importance application clusterbatch system, system management subsystem file system

distributed DB ,

OSF DME, Lotus

Notes, MPI, PVM

an application what a user wants

Sun NFS, OSF,

DFS, NetWare, and so on

a subsystem SSI for all applications of the subsystem implicitly supports many applications and subsystems

shared portion of the file system toolkit OSF DCE, Sun

ONC+, Apollo

Domain

best level of support for heter - ogeneous system

explicit toolkit facilities: user, service name,time

(c) In search of clusters

CSE 791

SSI Characteristics l

Every SSI has a boundary l

Single system support can exist at different levels within a system, one able to be built on another

CSE 791

SSI Boundaries -- an

applications SSI boundary

Batch System

SSI

Boundary

(c) In search

of clusters

CSE 791

Relationship Among

Middleware Modules

CSE 791

Cluster Monitoring l

Needto keep track of state of large application and the cluster

CSE 791

PARMON: A Cluster

Monitoring Tool

PARMON

High-Speed

Switch parmond parmon

PARMON Server

on Solaris Node

PARMON Client on JVM

CSE 791

Motivations l

Monitoring such huge systems is a tedious and challenging task since typical workstations aredesigned to work as a standalone system, rather than a part of workstation clusters.

l

System administrators require tools to effectively monitor such hugesystems.

PARMON provides the solution tothis challenging problem.

CSE 791

CPU Usage Monitoring

CSE 791

Memory Usage monitoring

CSE 791

Kernel Data Catalog - CPU

CSE 791

Strategy for SSI via OS l

Build as a layer on top of the existing OS.

( eg . Glunix ) u Ben efi ts: makes the system quickly por tab le, tracks ven dor so ftware upgra des, and red uces develo pment time.

u i.e. new syste ms ca n b e b uilt qui ckly by mappi ng new services on to the fun ctional ity pro vid ed by the layer b eneath. Eg :

Glu nix /So laris-MC u This is really low-level mid dleware ...

CSE 791

Strategy for SSI in OS

l

Build SSI at kernel level,True Cluster

OS

u Goo d, but requir es an ope n system

u Can ´t leverage of OS improvements by

vendor

u E.g. Unixware and Mosix (bu ilt using BSD

Unix)

u Scalab ility wi ll be an issue

CSE 791

Representative Cluster Systems l

Solaris -MC l

Berkeley NOW l

Beowulf l

HPVM

CSE 791

Cluster computing and

Solaris MC l

Goal: use computer clusters for generalpurpose computing l

Support existing customers and applications l

Solution: Solaris MC (Multi Computer) operating system

A distributed operating system (OS) for multicomputers

CSE 791

What is the Solaris MC OS ?

l

Solaris MC extends standard Solaris

l

Predates current cluster vogue (1995)

l

Solaris MC makes the cluster look like a

single machine

u Global file system

u Global process management

u Global networking

l

Solaris MC runs existing applications

unchanged (Solaris API)

CSE 791

Applications

l

Ideal for:

u Web and interactive servers

u Databases

u File servers

u Timesharing

l

Benefits for vendors and customers

u Preserves investment inexistingapplications

u Modular servers withlowentry-point price andlow

cost of ownership

u Easier system administraion

u Solaris could become a preferred platform for

clusteredsystems

CSE 791

Solaris MC is a running research system l

Designed, built and demonstrated Solaris

MC prototype u CLuster of SPARCstations connected with Myrinet network u Runs unmodified commercial paralleldatabase, scalable

Web server, parallel make l

Next: Solaris MC Phase II u High availability u NewI/Owork to take advantage of clusters u Performance evaluation

CSE 791

Advantages of Solaris MC

l

Leverages continuing investment in

Solaris

u Same app lica tio ns: binary-compatible

u Same kernel , device d rive rs, etc.

u As p ortable as b ase So laris - will run on

SPARC, x86, PowerPC

CSE 791

Solaris MC Advantages II l

State of theart distributed systems techniques u High availab ility designed into th e syte m u Power ful distributed object-orien ted framework l

Ease of administration and use u Loo ks like a familiar multip rocessor server to u ser s, syte m admini strators, and app lica tio ns

CSE 791

Solaris MC components l

Object andcommunication support l

High availability support l

PXFS global distributed file system l

Process mangement l

Networking

CSE 791

Object Orientation

l

Better software maintenance,change,

and evolution

u Well-d efin ed inte rfa ces

u Sep arate imp lementation fro m interface

u Inte rfa ce inhe rita nce

l

Solaris MC uses:

u IDL : a better way to define interfa ce s

u CORBA object mod el: a bette r RPC

u C++: a better C

CSE 791

Object and Communication

Framework

l

Mechanism for nod es and modu les to

commu nicate

u Inter-node and intra -node interprocess

communication

l

Optimized protocols for tru sted computing base

l

Efficien t, lo w- late ncy co mmun ica tion pr imitives

l

Obj ect communi cation ind epend ent of

interconn ect

u Ethernet, fast Ethernet, FibreChannel , Myrinet

u Allows interconnect hardware to be upgraded

CSE 791

High Availability Support l

Node failure doesn´t crash entire system c

Unaffected nodes continue running c

Betterthan a SMP c

A requirement for mission critical market l

Well-defined failure boundaries c

Separate kernelper node - OS does not use shared memory l

Object framework provides support c

Delivers failure notifications to servers and clients c

Group membership protocol detects node failures l

Each subsystem resposible for its recovery

CSE 791

PXFS: Global Filesystem

l

Single-system image of file sytem

l

Backbone of Solaris MC

l

Coherent access and caching of files and

directories

c

Caching provides high performance

l

Access to I/O devices

CSE 791

PXFS: An object-oriented VFS l

PXFSbuilds on existing Solaris file sytems c

Uses the vnode /virtual file system interface (VFS) externally c

Uses object communication internally

CSE 791

Networking goals l

Cluste r ap pears exte rnally as a single

SMP se rve r u Familiar to customers u Access cluster through single network address u Multiple network interfaces supported but not required

l

Scalab le d esign u protocol and network application processing on any mode u Parallelism provides high server performance

CSE 791

Networking: Implementation

l

A prog ramma ble ^packet filte r~

u Packets routed between network device and

the correct node

u Efficient, scalable, and supports parallelism

u Supports multiple protocols with existing

protocol stacks

l

Par allelism o f protocol processin g a nd

app lica tio ns

u Incoming connections are load-balanced

across the cluster

CSE 791

Status

l

4 node,8 CPU prototype with Myrinet

demonstrated

l

Object andcommunication infrastructure

l

Global file system (PXFS) with coherency

and caching

l

Networking TCP/IP with load balancing

l

Global process management ( ps , kill,

exec,wait, rfork , / proc )

CSE 791

Status II l

Monitoring tools l

Cluster membership protocols l

Demonstrated applications u Commercial paralle l d ata base u Scalab le Web server u Par allel make u Timesh aring

CSE 791

Summary of Solaris MC

l

Clusters likely to be an

important market

l

Solaris MC preserves

customer investment in

Solaris

u Uses existing Solaris

applications

l

Familiar to customers

u Looks like a multiprocessor,

not a specialcluster

architecture l

Ease of administration

and use

l

Clusters are ideal for

important applications

u Web server, file server,

databases,interactive

services

l

State-of-the-art object-

oriented distributed

implementation

u Designed for future

growth

CSE 791

Berkeley NOW

Project

CSE 791

Active Messages: Lightweight

Communication Protocol l

Key Ide a: Netwo rk

Pro cess ID attached to e ver y messag e that HW checks upo n r ece ipt u Net PID match, as fast as before u Net PID mismatch, interrupt and invoke

OS

l

Can mix LAN messa ges an d MPP messa ges;

invoke OS & TCP/IP onl y when not coope rati ng

(if e ver yon e u se s same p hysical layer format)

CSE 791

MPP Active Messages

l

Key Ide a: associ ate a sma ll u ser -level handle r

dire ctly with e ach message

u Sender injects the message directly into the

network

u Handler executes immediately upon arrival

u Pulls the message out of the network and

integrates it into the ongoing computation, or

replies

u No buffering (beyond transport), no parsing, no

allocation, primitive scheduling

CSE 791

Active Message Model

l

Every message contains

at its header the address

of a user level handler

which gets executed

immediately in user level

l

No receive side buffering

of messages

l

Provides naming and

protection l

Active message

operations,

communication events

and threads are

integrated in a simple

and cohesive model

l

Supports protected

multiprogramming of a

large number of users

onto finite physical

network resource

CSE 791

Active Message Model ( Contd ..)

data structs

data structs

primary computation

primary computation handler data pc

Active Message

Network

CSE 791 xFS : File System for NOW

l

Serverless FileSystem: All datawith

clients

c

Uses MP cache coherency to reduce traffic

l

Files stripedfor parallel transfer

l

Large file cache (^cooperative caching-

Network RAM~)

Miss Rate Response Time

Client/Server 10% 1.8 ms

xFS 4% 1.0 ms

CSE 791

Glunix : Gluing Unix l

It glues to gether

Sol aris ru nning on

Cluste r no des.

l

Sup port transpa rent remote execu tio n, loa d b alancing, allo ws to run existin g app lica tio ns.

l

Pro vid es glob alized view o f system resour ces like

Sol arisMC l

Gan g schedu le par allel jobs to be as goo d a s ded icated

MPP fo r p arallel job s

CSE 791

Comparison of 4 Cluster

Systems