High Th roughput Comp uting (HTC)

Miron Livny

Com puter Sciences Departm ent University of Wisconsin — Madison Madison, Wisconsin {miron@ cs.w isc.edu}

M Livny 1 January/96

High Throughput Computing (HTC) on Distributively Owned Resources

M Livny 2 January/96

Performance vs.

iiiiiiiiiiiiiiiii

Throughput iiiiiiiiiiiii

‘ High Perf orm a nce

Very larg e amounts of proc essing capacity for relativ ely short periods of tim e - Floatin g Point Opera tions per second.

‘ High Throu ghp ut

Large amounts of proc essing capacity for very long periods of tim e - Floatin g Point Opera tions per week.

M Livny 3 January/96

Distributed iiiiiiiiiiii

Own ership iiiiiiiiiii

Powerfu l computin g resources are owned by individuals, grou ps, departm ents , and institu tes. gHuge increase in th e proc essing capacity owned by th e scientifi c community; (more power and more machines) gMuch smaller increase in th e capacity accessible by a scientis t; (privatization of proc essing capacity)

M Livny 4 January/96

Wait wh ile iiiiiiiiiii

Id leiiii

When a Poisson str eam of customers with exponentia lly distr ibuted service demands arrives at an 80% utiliz ed server, (M/M /1 queuing system ) a customer has to wait on th e average 4 units of tim e per unit of service.

M Livny 5 January/96

Wait wh ile iiiiiiiiiii Id le (co nt.)

iiiiiiiiiiii

When two such str eams arrive each at an independent 80% utiliz ed server (2*M/M /1 queuing system ) almost 25% of th e tim e a customer is waitin g for service at one server while th e oth er server is idle.

gFor five stre ams and servers (5*M/ M/ 1) it is 67% gFor ten stre ams and servers (10*M/ M/ 1) it is 89%

M Livny 6 January/96

HTC Proba ilit y of iiiiiiiiiiiii Wait wh ile Id le iiiiiiiiiiiiiiii

Visualization by DEVise (tm) 1996

m * (M/M/1) System

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.38778e-17

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

Utilization

Pwi

m = 2

m = 5

m = 10

m = 20

M Livny 7 January/96

HTC Who are iiiiiiiii

HTC Custome rs?

iiiiiiiiiiiiiiiiii

‘ In ter-J ob Pa ra lle lis m

Tens to th ousands of independent jobs.

gSimulations (Discrete

Event, Monte Carlo,

Continuous) gTraining of Neural

Networks gImage Processing gCombinatorical problems

M Livny 8 January/96

HTC BATCH iiiiiiii

CUSTOM ERS (co nt.)

iiiiiiiiiiiiiiiiiiiii

‘ In tr a -Job Pa ra lle lis m

Each job consists of tens of proc esses and uses one of th e many ru ntim e support system to synchron ize th em. For example:

gPVM - uses messages for synchronization and exchange of data. Based on a dynamic model of parallel computing. Supports a heterogen eous environ ment.

M Livny 9 January/96

HTC THE iiiii

CHALLENGE iiiiiiiiiiiii

How to tu rn large existin g distr ibutive ly owned collections of workstations, farms, multiprocessors, and supercomputers into a High

Throughput Computin g

Environment?

M Livny 10 January/96

HTC OBSTACLES iiiiiiiiiiiii

Own ership

Distribu tion

Physical

Distribu tion

Size and

Uncertainties

M Livny 11 January/96

HTC Who are iiiiiiiii the players?

iiiiiiiiiiiii

gResource Owners gSystem

Administrators gApplication

Developer gCustomers

M Livny 12 January/96

HTC Owner iiiiiii

Prospective iiiiiiiiiiii

gOwners support, key to high th roughput computing

gFull contro l on when private resources are used by foreign users gFull contro l on who can access private resources gFull contro l on th e impact of foreign usage on private quality of service

M Livny 13 January/96

HTC Owner iiiiiii

Prospective (cont.)

iiiiiiiiiiiiiiiiiiii gEasy to isolate gEasy to monitor and understa nd what is going on gProtection of private data / files

Contract betw een

Owner and

System Manager

M Livny 14 January/96

HTC Administrator iiiiiiiiiiiiiii

Prospective iiiiiiiiiiii

gNo changes to existing software gEasy to configure to meet local requirements gUp to date information on what is going on in th e system gEasy to insta ll and mainta in

M Livny 15 January/96

HTC Developer iiiiiiiiiii

Prospective iiiiiiiiiiii

gHelp with managing opportun istic resources gFlexible and integra ted

Resource Management services gMonitorin g tools gPreserve pers onal computa tion environment gFew (if any) changes to application

M Livny 16 January/96

HTC Customer iiiiiiiiii

Prospective iiiiiiiiiiii

gSteady source of large amounts of cycles via a single interface gReliable service gFair and known resource allocation policy

M Livny 17 January/96

HTC Custome r iiiiiiiiii

Prospective (Cont.)

iiiiiiiiiiiiiiiiiii

gInfo rmation on what is going on gContr ol on costs gWill be th ere tomorrow gThe key is, High

Throughput

M Livny 18 January/96

HTC Mechanisms iiiiiiiiiiiii needed to iiiiiiiiiii support HTC iiiiiiiiiiiiii

gSemantic free and flexible

Matching services between

Requests and Resources -

Clas sified Adds gPreemptive and resume schedulin g - Checkpointin g gRemote access to data - Remote system calls gAsynchron ous Resource

Management API - CARMI

M Livny 19 January/96

HTC Approach to HTC iiiiiiiiiiiiiiiiii

Resource Manageme nt iiiiiiiiiiiiiiiiiiiiiiii

To meet all th ese requirements and expecta tions, a Layered approach to Resource

Management Services is needed. Layers provide gModularity gExten sibility gPorta bility gAdapta bility

M Livny 20 January/96

HTC Layers of HTC RM iiiiiiiiiiiiiiiiiii

Global Resource Allocation

Requests

Resource

Status

Resource

Access Control

Access Control

Assignment

Res. Req /

RM Library Application

RM Library Application

Inter-Task RM

Inter-Job RM

Inter-Customer RM

Resource Ownership

Customer Applications

Owner

Res. Access /

Process Mgmt.

Resources Resources

Private R.M. Private R.M.

Queue

Customer Queue

Customer

Customer

Customer

Run-Time RM Reqs.

App. RM

RM RM

App. RM

Administrator

Customer

Application Programmers

MLivny 21 January/96

HTC Th e C o n d o r iiiiiiiiiiiii H i g h Th r o u g h p u t iiiiiiiiiiiiiiiiiii

S y s t e m iiiiiiii

g UNIX operating syste m g Parallel Virtu al Mach in e

(PVM) parallel program m in g en viron m en t g tc l/ tk for vis u al

in te rfaces g Operatio n al for a

decade

MLivny 22 January/96

HTC R M la y e r s iiiiiiiiiii i n C o n d o r iiiiiiiiiii gOwner - A process th at advertise s th e resources and sta rts foreign jobs on private resources. Inter face to OS. gMatch maker - Collection of processes th at bring requests and resources togeth er and provide accountin g and storage (checkpoint files) services.

MLivny 23 January/96

HTC R M la y e r s iiiiiiiiiii i n C o n d o r (C o n t . ) i iiiiiiiiiiiiiiiii gCustomer - Aprocess that manages the job queue of the customer, and advertises requests. gApplication - Moves computation and data to allocated resources, manages allocated resources, provides interface between application and customer layer. gHigh Level Application - Higher level resource management services.

MLivny 24 January/96

HTC Condor Layers iiiiiiiiiiiiiii

Application

Run-Time

RM Reqs.

Application

Schedd Schedd

Shadow,

CARMI

RM, ...

Shadow,

CARMI

RM, ...

Startd

Workstation

Unix

Owner

Ckpt. Server

Collector Condor View

Accountant Negotiator

Startd

Workstation

Unix

Resource

System Administrator

Utilization

             Owner = meliss

             Machine = palm

             Status = Idle

             Load = 0.5

                                                  Owner = meliss

                                                  Machine = palm

                                                  Status = Idle

                                                  Load = 0.5

                                                                                        Owner = meliss

                                                                                        Machine = palm

                                                                                        Status = Idle

                                                                                        Load = 0.5

Owner = meliss

Machine = palm

Status = Idle

Load = 0.5

Owner = meliss

Machine = palm

Status = Idle

Load = 0.5

Ckpt.

Files

Customer

Job Queue

Customer

Priorities

Assignment Res. Req / start, suspend, kill

MLivny 25 January/96

HTC

S a mp l e s f r o m o u r

C o n d o r

P o o l s

MLivny 26 January/96

HTC Ou r Condor iiiiiiiiiiii

Resources iiiiiiiiiii

MLivny 27 January/96

HTC Condor Vie w iiiiiiiiiiiii

M Livny 28 January/96

HTC M a t e r i a l iiiiiiiii

S c i e n c e s iiiiiiiii

A p p li c a t i o n i iiiiiiiiiii potential = start

FORiteration = 1 to 36

FORjob = 1 to 31 totalEnergy=+Energy(job,potential) END potential = FunctionOf(totalEnergy) END

Executed on Condor using PVM and WoDi Two traces - execution trace and performance trace

MLivny 29 January/96

HTC WoDi Exe cutio n iiiiiiiiiiiiiiiii

MLivny 30 January/96

HTC H TC o n t h e i iiiiiiiiiii

In t e r n e t iiiiiiiii Dis tr ibuted Batch Contr oller (DBC) (joint effort with Ken Salam, supported by NASA) gControls several Condor pools gMoves data to/ from execution pool via the internet gUsed for the retrieval of atmospheric temperature and humidityprofiles from the TOVS sensor system which has been on board ofNOAApolar orbiting satellites since 1978.

MLivny 31 January/96

HTC 5K DBC jobs iiiiiiiiiiiii

M Livny 32 January/96

HTC C h a lle n g e s iiiiiiiiiiii

A h e a d iiiiiii gInter -pool Ga tew ays -

Condor Flocking gNew ports - Condor to NT!

gSystem configuration and monitoring tools gI/ O and storage schedulin g gDemand dependent resource allocation policies

MLivny 33 January/96

HTC Th e k e y t o H TC i s E f f e c t i ve

R e s o u r c e

M a n a g e me n t

MLivny 34 January/96