CSE 791

CSE 791: High-Performance

Distributed Computing

T/Th, 4:00-5:20

Link 105

Fall, 1999

CSE 791

Introduction to

HPDC and Clustering

CSE 791

High-Performance l

Time matters l

It is important to:

u have a hi gh-pe rfor ma nce substrate

˘ fast machines, fast disks, fast networks

˘ latency can be as least as important as bandwidth u deliver th at performan ce to the app lica tio n l

We will focus on the latter

CSE 791

What are (Heterogeneous)

Distributed Systems?

l

Abstract definition:

u ma chi nes with d ifferen ce s in architecture ,

configura tion , and implemen tation

u no sha red memory (message passing)

l

Operational definition:

u clu sters o f workstations/PCs

u wid e-are a colle ctions of autono mo us

domai ns

CSE 791

What is a Cluster?

l

We don´t even have agreement within the

cluster computingcommunity.

l

Cf .

http://www. dgs . monash . edu /~ rajkumar / tfcc

l

Various definitions, none ofwhich exactly

encompass a cluster

CSE 791

For Our Purposes l

Pfister´s definitionis close enough, modulo my objections l

We´ll use the supreme court pornography test: we´ll know a cluster whenwe see it.

CSE 791

Some Problems in Heterogeneous

Distributed Systems l

Resource management: getting jobs to where they´ll run best.

l

Performance: Delivering the underlying capability to the application.

l

Security:providing assurance to resourceowners that their access policies will be respected

CSE 791

Distributed Computing

Research Projects

l

Ora nge Grove &

Centurion : cl uster-

based distributed

har dware

l

HOSS: OS-layer for

hetero geneo us

cluster s

l

IBID: Interface -

Based Intr usi on

Detection l

WARMSto nes :

ben ch ma rkin g

sch edulin g

alg orithms

l

Wide-Area Network

Manag ement

CSE 791

Distributed Cluster Computing

CSE 791

Distributed Cluster Computing

l

OrangeGrove(SU cluster)

l

Centurion ( UVa cluster)

l

Connection via vBNS

CSE 791

The Orange Grove

l

Cluster-based supercomputer

l

16 DEC Alpha workstations

l

48 Dual-Processor Intel machines

l

Myrinet , Fast Ethernet

l

Linux

CSE 791

HOSS l

Focus on scalable distributed operating systems for clusters l

Based on Linux (Intel & Alpha) l

Flexible support for delivering the performance of underlying hardware to the application l

Example: threads

CSE 791

Threads in a Clustered System l

MPI programs use spatial decomposition l

Threaded programs decomposeon control (requires sharedmemory) l

What aboutmixing the two?

l

Example: weather modeling

CSE 791

Weather Modeling:

Front Movement

CSE 791

Weather Modeling

CSE 791

Weather Modeling

CSE 791

Weather Modeling

CSE 791

Intrusion Detection l

Intrusion detection determines when an outsider is accessing the system in a harmful way l

Defense in depthrequired:no one wall will suffice l

Devise complementary modules which together provide security

CSE 791

Current Forms of

Intrusion Detection l

Host-based u host moni tors appli cation actions, fi les, etc.

u coordi nates with central monitor l

Router-based u monitors n etwor k tr affic u can detect so me pr oblems

CSE 791

Problems with Coverage

l

Router-basedschemes

u bottleneck

u nee d i nfo rma tio n from hosts

u doe sn ´t protect from lo cal atta ck

u may re quire others to play we ll

l

Host-basedschemes

u must still dea l with n etwor k issue s

CSE 791

A New Module: Interface-

Based Intrusion Detection l

Put more smarts in the NIC l

Can ease load onboth routers and hosts u rou ters don´t have to do as much pro cessing on each packe t u fewer n etwor k issue s fo r h osts l

Completely local defense model

CSE 791

Planned Approach

l

Use du al-pro cessor

Pen tiu m boxes

run ning Linu x

l

One pr oce ssor acts

as n ormal

l

Secon d p rocessor

han dles a ll n etwork

I/O, acts a s smar t

exte nsion to NIC

NIC

CPU

1

CPU

2

CSE 791

WARMStones

CSE 791

The Solution: Benchmarks l

The ^standard~ answer (Whetstones,

Dhrystones , Hartstones ) l

Basis for comparing scheduling algorithms and systems l

Standard task suites covering the interesting problem space characterize the performanceof scheduling algorithms

CSE 791

The Proposal: WARMstones l

Draw from the best of several current simulators/systems, e.g.:

u K9: parall el machin es u Osculant : distrib ute d systems u GR: grap h re presentation u PP- MESS-SIM: message passing u MESSIAHS: implemen tation toolkits

CSE 791

WARMstones II

l

Standard program graph representation

l

Multiprocessor/ multicomputer

specification

l

Discrete event simulator

l

Local and global schedulingpolicy

toolkits (with defaults)

l

Simulatescheduling algorithms on

multiple task suite/machine pairs

CSE 791

WARMstones Architecture

Mapping

Generator

Simulator

Core

Simulator

Core

Simulator

Core

Simulator

Core

System

Representation

Output

Algorithm

Program

Graphs

CSE 791

Wide-Area Network

Management

CSE 791

Wide-Area Network

Management

l

Remember our distributed clusters

l

We have a good handleon the intra-

cluster networking

l

But we can´t yet allocate resources

between clusters

l

Luckily, new switches are on the way

CSE 791

More General Usage

R o u t e r R o u t e r R o u t e r

T e r m i n a l

N D T D N D T D

W o r k s t a t i o n

N D T

C l i e n t

CSE 791

Use of WANM l

Our modules control local resources l

Form buildingblocks for higher-level metacomputing /gridsoftware u Glo bus u Leg ion u etc.

CSE 791

Summary

l

We have many interesting problems to

solve in distributed, heterogeneous

systems

l

We have cool toys

l

We will be gettingmore funding to

supportResearch Assistants

CSE 791

Latency vs . Bandwidth l

Ryder truck of DAT tapes u 2G per ta pe, 3 cubic in ch es per tape u Ryder truck hold s l

Latency:

u C = 186 k mps u 3k miles SF to NY u 186 / 3 => 1/30 second roun d trip (33 ms)