CLAD

Matchmaking for High Throughput Computing

Miron Livny

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

M Livny 1 December/96

CLAD

Condor -

High Throughput Computing on Distributively

Owned Resources

M Livny 2 December/96

CLAD

Ou r Condor iiiiiiiiiiii Resources iiiiiiiiiii

M Livny 3 December/96

CLAD

Condor Vie w iiiiiiiiiiiii

M Livny 4 December/96

CLAD

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 5 December/96

CLAD

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 6 December/96

CLAD

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 7 December/96

CLAD

Layers of RM iiiiiiiiiiiiii in a HTC Envir onme nt iiiiiiiiiiiiiiiiiiiiiiii

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 8 December/96

CLAD

Th e Own e r t h e C u s t o me r a n d t h e

M a t c h ma k e r

MLivny 9 December/96

CLAD

RM Layers iiiiiiiiiii in Condor iiiiiiiiiii

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 10 December/96

CLAD

C la s s i fi e d A d I i iiiiiiiiiiiiii

An owner of a powerful NT with lim ited disk space and high speed access to th e WWW is looking for customers from th e English departm ent who would like to use it for word processing when disk utiliz ation is less th en 20%. NS/N D preferred.

MLivny 11 December/96

CLAD

C la s s i fi e d A d II i iiiiiiiiiiiiiii

A Customer from th e His tory departm ent is looking for a VMS machine th at is at least 15 years old and is available at lu nch tim e on Mondays or Wednesdays. Machines with paper ta pe drives preferred.

MLivny 12 December/96

CLAD

W h a t i s a iiiiiiiiii C la s s i fi e d A d ?

i iiiiiiiiiiiiii

A Classified Ad is an object used by Owners and Customers to describe th emselves and what th ey are looking for. It has th e th e following attrib utes : g(my) Type gTarget Type gAttrib ute List gA Boolean Constr aint gAn integ er Ranking MLivny 13 December/96

CLAD

Th e M a t c h ma k e r iiiiiiiiiiiiiiiiii

Owners periodically send an Ad to th e Match maker who periodically connects to customers (in a priority order) who indicated inter est find match (s) for th eir Ads. gAmatch takes place when both constraints are satisfied simultaneously gThe Matchmaker does not maintain a state in stable storage. gThree value Logic- True, False, Undefined MLivny 14 December/96

CLAD

Exa mp le (Own er) iiiiiiiiiiiiiiiiii Users0=;Running 0=; Idle0=;Prio0=; OpSysHPUX905 =; ArchHPPAR =; Machine hp-122=;

START

LoadAvg

0.300000

<=KeyboardIdle

1560*>ConsoleIdle

1560*>NestMAF!=&&||&&=; SUSPEND

LoadAvg

3.750000

>=ConsoleIdle

5<||KeyboardIdle

5<NestMAF==&&||=; CONTINUE

LoadAvg

0.300000

<=ConsoleIdle

460*>NestMAF!=&&KeyboardIdle

460*>||&&=; VACATE

CurrentTime

EnteredCurrentState

-860*>Clock_Day

0>Clock_Day

6<&&Clock_Min

449>&&Clock_Min 10 21<&&NestClassrm==NestLocked_Classrm

==||&&CurrentTime

EnteredCurrentState

-20>&&||=; KILLCurrentTime

EnteredCurrentState

-1060*>=; SUSPEND_VANILLA

ConsoleIdle

5<KeyboardIdle

5<NestMAF==&&||=; CONTINUE_VANILLA

LoadAvg

0.300000

<=ConsoleIdle

460*>NestMAF!=&&KeyboardIdle

460*>||&&=; VACATE_VANILLA

CurrentTime

EnteredCurrentState

-860*>VirtualMemory 190000<&&CurrentTime

EnteredCurrentSt ate-106060**>||Clock_Day

0>Clock_Day

6<&&Clock_Min

449> &&Clock_Min

1021<&&NestClassrm==NestLocked_Classrm

==||&&CurrentTime

EnteredCurrentState

-20>&&||=; KILL_VANILLA

CurrentTime

EnteredCurrentState

-360*>=; PRIOUserPrio

10*Status0!=+QDate1000000000.000000

/-=; INACTIVE

Users0<==; UPDATE_PRIO

PrioUsers+Running-=; UidDomain cae.wisc.edu =; FilesystemDomain cae.wisc.edu =; NestClassrm=; ClientMachine bambam.cae.wisc.edu =; StateRunning =; EnteredCurrentState

849709608 =; Memory

48=; Disk75435=; ConsoleIdle

7911=; KeyboardIdle

454=; Cpus1=;LoadAvg

1.000008 =; IP_ADDR

<144.92.242.22:9611> =; VirtualMemory

85136=; MIPS43=;KFLOPS

6016=; Subnet144.92.242 =; Flavor9000/715 =; MAX_JOBS_RUNNING

15=; Clock_Day 3=; Clock_Min

582=; JobUniverse 1=; JobStart849709608 =; LastPeriodicCkpt

849709608 =; RemoteUser streifel=;

MLivny 15 December/96