CSE 791

Metacomputing /

Grid Computing

CSE 791

Fall, 1999

CSE 791

What is a Metacomputer ?

A seamless assembly of computers

working together to provide the the

illusion of a s ingle virtual system.

l

Relieve th e p rogrammer of worr yin g a bout

the irksome details.

l

Pro vid e a ccess to re mo te resour ces.

l

Use r concen trates o n solving pr oblem.

CSE 791

But...

l

Isn´t that Buyya´s Single System Image?

u Yes, in many wa ys.

u But we ´re quite clea r that we´ re talking abo ut middle wa re , not OS SSI.

CSE 791

Metacomputing Properties

l

Probably:

u hetero geneo us

u distributed over a WAN

u encompa ssing resources tha t yo u d on´t

own

u most useful for larg e a pplications

l

But not necessarily...

CSE 791

Sample Metacomputer I

CSE 791

Gigabit Networks:

The Key Technology l

Any non ^embarrassingly parallel~ program will do communication.

l

Network bandwidth and latency dictate granularity of programs that can be run effectively (wecan dosomelatency hiding).

l

Fast networks allow for the distribution of communicatingapplications.

CSE 791

Software

Hardware is all well andgood, but whatdo we need from the middleware to make this fly?

CSE 791

Technical Requirements

l

Exte nsible

l

Site autonomy

l

Secure

l

Fault toler ant

l

Resource

manag ement l

Multi-lang uage

l

Scalea ble

l

Simple to use

l

Sin gle namespace

l

Pro vid e h igh

per forman ce

¯ We cannot rep lace h ost operating systems

¯ We cannot legislate changes to the internet

¯ We cannot req uire that we run as ^root~

CSE 791

Metacomputing Systems and Middleware Layers l

Legion l

Globus l

Globe l

Harness

l

MPI l

PVM l

SNIPE l

WebFlow

This is just a representative sample;

there are more...

CSE 791

Metacomputing Case Study:

Legion

CSE 791

Legion philosophy

l

Pro vid e flexible

mechanism

l

Allo w

users/a pplication

design ers to cho ose

a poin t in the space

level of service kind of service cost

CSE 791

Legion is object-based l

Everything is an object l

Legion´s core ^system~ objects u

Hosts u

Vau lts u

Bin ding Agen ts l

All system objects canbe replaced l

Classes are objects

CSE 791

The object model l

Leg ion objects u

belong to classes u

are logically independent, address-space-disjoint u

communicate via nonblocking method calls u

are Active or Inert u

export object-mandatory member functions u

are named using LOID´s

B.f() rval

A

Class of A

B

Class of B

Host 1

Host 2

Host 3

CSE 791

Legion Object Identifiers

(LOID)

l

LOID´s na me ob jects a nd are locati on

ind epend ent str ings of bits

l

LOIDs have many field s (arbi trar y)

l

Basic L OID´s have

u type

u

^domain~

u class id (integer)

u instance id (integer)

u public key (RSA)

CSE 791

Host objects l

Run on each ^host~ in the

Legion system u

hosts may be ag grega ted l

Guardandprotect the resources they represent l

Activate and deactivate other Legion objects

Host object

activation and deactivation requests

A

D

E

B

C member function invocations

^Host~

CSE 791

Vaults

Class of A

File Systems

Tapes

Vau lt

OPR A

Obj ect A

OPR persistent state l

Obj ects will migrate

u

State information

must persist

l

Three obj ects

involved

u the object writes to

its OPR

u the Vault manages

OPR´s

u classes select and

know about Vaults

CSE 791

Vaults

l

Are the mechanism fo r ob ject persiste nce

u

^contain~ inert Legion objects

u keep the OPR´s safe while an object is inert

u known by the class of the object

l

Are policy make rs (selected by the cla ss)

u how is the OPR maintained?

u how is it kept ^safe~?

u many different implementations are possible

u file system, DBMS,evenshared memory

u trust anyone, trust only the class, etc.

CSE 791

For example...

l

Classe s may de sire u

application-specific scheduling algorithms u

to be part of a mandatory security protocol for all instances u

to multiplex multiple instances within a single address space u

to hand out different aliases for the same instance u

to define and use special inheritance semantics u

to manage changing instances

CSE 791

Flexible layers

CSE 791

Legion layers are ^soft~

l

We don´t wantto constrain

implementations

l

We wantto be able to supportmany

differentpolicies and mechanisms

u diffe rent communication libra ries

u diffe rent security po lici es

u diffe rent la ngua ge imp lementati ons an d

styles

u diffe rent fault-tolera nce techniqu es

CSE 791

Traditional layering scheme layer 0

layer 3 layer 2 layer 1

user code

CSE 791

MethodSendEvent

MethodSendHandler ()

CanI ()

MessageSendEvent

MsgSendHandler ()

GetBinding ()

Graph Layer Code

MessageCompleteEvent

MsgCompleteHandler ()

Event lists for MPL

MessageReceiveEvent

MsgRecvHandler ()

ExtractBinding ()

MessageInsert ()

MethodReceiveEvent

MayI ()

WorkUnitInsert ()

MethodReadyEvent

Library Interface

Transport Layer Code.

CSE 791

Receiving side flexibility -

active messages

MessageReceiveEvent

MsgRecvHandler ()

ExtractBinding ()

MessageInsert ()

MethodReceiveEvent

MayI ()

WorkUnitInsert ()

MethodReadyEvent

Transport Layer Code.

call the method

CSE 791

Program Graphs

CSE 791

Use graphs as basis for many forms of parallelism l

Support compiler writers and toolbuilders by giving them powerful graph manipulation tools l

Tools can be used to generate both compile-time static graphs andat runtime to construct graphs dynamically

CSE 791

Program Graphs

l

Nodes are member fun ction calls o r sub-

gra phs

l

Arcs mode l d epend encies, one for each

par amete r or re sult

l

Gra ph ver tices a nd edges ma y be ann ota ted ,

e.g., given identifiers, labe led wi th

computati on & communication requ irements

CSE 791

Graph example

Function of

¯ three arguments

¯ two outputs

Annotate the graph with resource information

(needs C90, 100 CPU minutes)

(100 Megabytes)

(20 bytes)

CSE 791

Program graphs are first class

l

Graphs are first-class and recursive

u they can be copied an d u sed as

par amete rs and return value s

u they can be written and re ad

u gra phs can contain oth er oth er g raphs

l

Graph composition == function

composition

CSE 791

A contained graph

Function of

¯ three arguments

¯ two outputs

graph

CSE 791

Parallel Computing in Legion comes in many forms l

Support for parallel libraries l

Parallel method invocation in MPL,

BFS, Java l

Expose run-time system to compiler writers and toolkit builders u

low level message system u

pro gram g raphs

CSE 791

Support Popular Libraries l

PVM and MPI suppo rt l

Use r code s run ^on top of~ Le gion l

Retarget tool kits that use PVM o r MPI l

Retarget compil ers

Legion

Communication Fabric

User,toolkit,orcompilergeneratedobjects

Legion System

Services

CSE 791

MPL - An OO Parallel

Language

l

Philosophy

u

Pro grammers can best make

decompo sition decisions

u

Compilers ca n b est ma nage

dep enden cie s, communication,

syn chr onization

u

Exploit the compara tive advantages of

each

CSE 791

MPL Features l

Extended C++ - five new keywords l

Medium grain(user specified granularity) l

Dataand task parallelism l

Exploits both intra-object and inter-object parallelism encapsulation l

Compiler and run-time system manage scheduling, communicationand synchronization

CSE 791

MPL syntax

l

Mentat classes

u per sistent - have state

u statele ss - pu re fun ctions

l

Select/accept

l

Invocation syntax the same

CSE 791

Intra-object encapsulation

matrix. mpy matrix2

result

result

Sequential

Parallel

CSE 791

Pipeline example m_file in_file(^file1~), out_file(^file2~);

data_processor dp ;

block * res ;

for (i=0; i <

MAX_BLOCKS, i++) { res = in_file.read_block(i);

res = dp .filter1( res );

res = dp .filter2( res );

out_file.write_block(i, res );

}

in_file filter1 filter2 out_file

requests

values of i filter2 filter2

CSE 791

Basic Fortran Support - BFS l

Same basic i dea as MPL but with Fo rtr an-like syn tax l

Define Legio n classes - persiste nt and statele ss l

Obj ect wra ppers automati cal ly gene rated and linked with Fortran .o files l

Calls mad e via pseudo -co mmen ts