F a rm in g S o ftw a re F a rm in g S o ftw a re

P in g Y eh P in g Y eh

CDF Inte rnal F arm s Review CDF Inte rnal F arm s Review

S ept em b er 2, 1 999 S ept em b er 2, 1 999

Outline

Outline

Strategy of Software Development

Requirements and Analysis

General Design

Choice of Implementation Language

Specification(ongoing)

Strategy of Software Developm ent

Strategy of Software Developm ent

ExploreRequirements

ConceptualModel,SystemAnalysis

GeneralDesign,TestofConcepts

Specification,TestofTechnology

Implementation,TestofCodes

R e fe re n c e : C D F n o te

4 9 9 7

Requirem ents on the Software

Requirem ents on the Software

Excellentbookkeepingandcatalog

Throughput:20MB/sin,11MB/sout

Capableofhandlingpeaklevel3rateat75Hz

Flexibility

Scalability

Minimalimpactofworkernodefailures

Norunsectiongap

Compatibilitywithothersoftwares{CD,DH,L3}

CodeMaintenance

Conceptual Model

Conceptual Model

Inbuildingtheconceptualmodeloftheproduction

farm,wefocusedon

Datamovement

Identifyingtasks

Identifyingresources

Synchronizationissues

Show2diagramshere

ConceptualModel(thediagramwithfaucetand

sink)

ActivityDiagram

Conceptual Model Diagram s

Conceptual Model Diagram s

Pipelineandbuffers

Parallelprocessingandsynchronization

Throughputanalysis

Cleanworkernode(minimalimpact)

Bookkeepingandcatalog

Errorhandling

Farmlets(flexibility)

System Analysis

System Analysis

Pipeline and Buffers

Pipeline and Buffers

In the most simplistic view, the farm systemis a

pipeline with 7 stages:

stage, dispatch, reconstruct, collect, split, export,

spool

Three disk buffers arecalled for:

>=500 GB raw d ata

>=200 GB un concate nate d inclusive pads

>=800 GB conca tenated p ads

Will likely be more

Tape library with robots is our largest buffer

System Analysis

Parallel Processing and

Parallel Processing and

Synchronization

Synchronization

System Analysis

Data - Database synchronization before staging

Run section gap in concatenation

Export and spool in parallel?

Fa rm p ush es " expre ss" dataset to ex terna l disks. All

da ta sets a re c hec ked by ex po rter, e xport or no t, be fore

be in g mov ed to sp oo l area .

Avo ids p otential synch ron ization proble m.

Alterna tiv e: no e xport. DIM h andles spool are a.

Ana lysis m achine pulls data via D IM-DIM interfa ce

Need mo re in put from physics group to d ecide

Throughput Analysis

Throughput Analysis

Throughput=hardwarespeedxefficiency

Throughputofthewholepipelineisdeterminedby

thesloweststage

Factors:

Idletime

Errorrate

Errorrecoverytime

Numberofretries

System Analysis

Efficiency

Efficiency

Toachieve70%efficiency:

Idletime<20%ofprocessingtime

Errorrate<10%

Errorrecoverytime<processingtime

Retryatmost3times

System Analysis

Clean W orker Node

Clean W orker Node

Tofulfilltherequirementofminimalimpactfrom

workernodefailures

Outputfilesofthereconstructionjobmustbemoved

totheoutputnodesoon

System Analysis

Bookkeeping and Catalog

Bookkeeping and Catalog

CatalogisbeingdonebyDataHandlinggroup(Eric

Wicklund)

Bookkeeping:

What,where,when

toallowreproducibilityandperformanceanalysis

Useavailabledatabasesoftware

Threedatabases: Rawdata,Physicsdata,Failures

CurrentplusHistorical

System Analysis

Error Handling

Error Handling

System Analysis

Errorpreventionduringdesignandimplementation

(hardwareandsoftware)

Errordetectionasmuchaspossible

Fourlevelsoferrorhandling

Insitu

Coordinator(seesoftwarestructure)

Shifter

Expert

RequirmentsontheCDFexecutablefollows

Requirem ents on the Executable

Requirem ents on the Executable

System Analysis

Bookkeeping:productionexecutableversionin

additiontomoduleversions.

Errorhandling:

Abilitytogracefullyterminatewhenerroroccurs,

giveserrorreportandlastsuccessfuleventinlog

file.

Startprocessingfromaspecifiedeventinafile

Appendoutputfile

Staticlink

Flexibility Requirem ent

Flexibility Requirem ent

Add/remove/changestreamsordatasets,change

priorities,withoutshuttingdownthefarm

Reprocessdata

GenerateMonteCarlosample

Conceptof Farmlets :

Alogicaldivisionofthefarmintosub-farms

System Analysis

Farm lets

Farm lets

Definedintermsof

Streams/filesets/filestoprocess

Executableandtemplateinputfileforreconstruction

andsplitting

Archivingpolicy

Allocatedresources

TapeDrive,CPU,bandwidth,Disk

System Analysis

Resource Sharing Mechanism

Resource Sharing Mechanism

Logicaldivision

Sharingpolicy:resourcebyresource

[farm]

farmlet=fresh,reproc

[input drives]

# fresh owns drive1 and 2

drive1-2=fresh

# shared when conflict, 30% vs 70%

drive3-5=fresh:3,reproc:7

System Analysis

General Design

General Design

Designprinciples

Softwarestructure

Generaldesignofeachsubsystem

Design Principles

Design Principles

Errorpreventionanderrorhandling

Scalability

Maintenance

General Design

Software Structure

Software Structure

System Decomposition

Class Hierarchy

Crash Recovery

General Design

System Decom position

System Decom position

Three-tier Design

Interface tier

Talk to external systems and user

Business tier

Carry out the logic to get things done

Data tier

Deal with data and resources

Interface Tier

Interface Tier

Human Interface:

Farm MonitorandControl,

Messenger

Data-FileCatalog Interface {DH}

DatabaseInterface {DB}

Operator/Robot Interface {CD}

System Decomposition

Business Tier

Business Tier

Coordinator

DatabaseChecker/Retriever {DB}

Stager {DH:DIM}

Dispatcher

Reconstructor

Collector

Splitter

Exporter

Spooler{DH:DIM}

System Decomposition

Data Tier

Data Tier

ResourceManagers

Disk Manager {DIM, simple one for inc. pad. disk}

Tape Manager {DIM? FBS?}

CPU Manager {FBS}

Bandwidth Manager {FIPC/FBS/...}

Bookkeeper

InternalMessenger

System Decomposition

Class Hierarchy

Class Hierarchy

Preliminary

Subsystem

: basic building block

do, cleanup, ...

Daemon, Stager, Spooler, DBChecker

Daemon

: inherited from Subsystem

start, pause, resume, shutdown, kill, recover

Coordinator, Dispatcher, Splitter, ResMan

ResMan

: inherited from Daemon

submit, status, cancel, suspend, enable, disable

DiskMan, TapeMan, CPUMan, BWMan

Daem on Subsystem

Daem on Subsystem

Perform input/output in the background while

listening to commands

Responding to commands is of higher priority than

working on the input/output

Behavior:

Sp end mo st time liste ning to c om man d c han nel

Lo ok at input qua si-perio dica lly

Sp awn a ch ild p roce ss o r start a threa d to ha nd le the

in pu t/o utp ut to minimiz e response tim e

ResMan Virtual Class

ResMan Virtual Class

Preliminary

Manages one resource pool, e.g., tape drives

Create one queue for each farmlet at start-up

To allocate a resource, a farmlet user submits a job

script with resource name $RESOURCE

When a resource is available, ResMan checks

entries of all queues and grant the resource to an

entry according to resource sharing policy

The job script is started by ResMan with

$RESOURCE environment variable appropriately

defined

Com m and Channel

Com m and Channel

Implementation options of the commandchannel:

Front-end

A front-end program receives commandthrough its

command line arguments, and relay the command

to the daemon process through a private IPC

Direct inter-process communication (e.g. socket)

FIPC developed by Computing Division

Fro nt -End D irect FIPC

coupli ngs le ss m ore m iddle

s peed s lo we r fas ter s lowe s t

availability prot ot ype protot ype Fermi product

Crash Recovery

Crash Recovery

Initiated by coordinator, which sends "recover"

command to doers and resource managers

Doers rely heavily on bookkeeping to resume to

the state prior to crash

Queues of resource managers are persistent, jobs

that were running are re-started by resource

managers

Uncomplete files left around on worker nodes are

cleaned up

Im plem entation Language

Im plem entation Language

Python

Features:

Object-oriented scripting language

No compile/link, fast development and prototyping

Abundant and easy-to-use interfaces to

operating system: socket, regexp, ... etc

other packages: Tk, most database servers, ... etc

May replace components by C codes for efficiency

Nice error handling scheme:

try - except - else

And much more...