APOGE E : A Physics - Optimized Grid Environm ent for

Experim ents

Introduction

The major particle and nuclear physics exper iments ofthe next twent y year s at SLAC , FNAL ,

BNL, JLAB and the LHC at CERN, will break new ground in our understanding ofthe fundamentalinteractions and symmetr ies gover ning the nature ofmatter and spacet ime. The physics programs ofthe major HENP exper iments, represent ing a mult i-billio n dollar investment byD O E and NSF, require the coordination oftens to hundreds ofphys ics groups, and the efforts ofthousands ofscientists fro mevery regio n ofthe globe. Realizing the scientific wealt h ofthese exper iments presents new problems in data access, processing and distr ibut ion, and collaboration across nat ionaland inter nat ionalnetworks, on a scale unprecedented in the historyofscience. Meeting the scient ific goals o fthese exper iments requires that numerous challenges in infor mat ion techno logybe met. Among these challenges are:

· Providing rapid access to event samples and subsets drawn fro mmassive data stores, r ising fro m100s of Tera Byte s in 2000 to Peta Byte s by2005, to 100 Peta Byte s by2010.

· Transparent access to comput ing resources, throughout the US, and throughout the world.

· The extraction ofsmall or subtle new phys ics signals fromlarge and potentially overwhelming backgrounds.

· Enabling access to the data, and to the rest ofthe physics co mmunit yacross an ensemble ofnetworks ofvar ying capabilit y and reliabilit y, using heterogeneous comput ing resources.

Finding a solut ion to these problems is cr it ical for the invo lvement ofyoung scient ists at universit ies in the ongo ing process ofsearch and discover y.

We propose to design, instrument, model, optimize an d prototype a data-intensive , hierarchical Gr id , composed ofnationaland regional centers linked to the principal center at the exper imentalsite and to localco mputing resources at the univer sit ies. The creation ofa hierarchicalGr id ofdata analysis centers linked by Gbps next-generat ion networks,

(complemented , in the case ofthe LHC Exper iments , bya center serving US physic ists at

CERN ), willallow US phys icists to play key roles in allstages ofthe data analys is, from development ofthe reconstruction programs and so ftware infrastructure, to the extraction of fir st physics results. This capabilit ywillbe extended to physicists at their ho me institutions throughthe use ofan integrated distr ibuted Grid systemarchitecture designed for efficient

Peta Byte -scale data access and analys is.

While the proposed Grid is targeted at the LHC program, the network-monitor ing and control software, and the modeling and optimizat ion systems and methods, will be widely applicable funct ional co mponents that could dr ive the design and implementation of future distr ibuted systems in many fields ofscience, engineer ing and industr y. Data Handling and Co mput ing needs for our field, and other scient ific fields, are now ofsuch a size and cost that an engineer ing and modeling approach to their construction, optimizat ion , and use will have to taken.

The HENP (and LHC) ^Data Problem~

High energyand nuclear phys ics exper iments have been coping wit h increasinglylarge and complex data volumes, and have been at the forefront in explo it ing networks to inter - link their scientific co llaborations for the last 15 years. This trend has been dr iven by the increasing complexit yand speed ofdetectors, data acquisit io n and transmissio n systems, alldesigned to match (and so met imes exceed) the current leading edge capabilit yto process, analyze and manage data. I n spite ofthe continued exponent ial growth in speed ofco mput ing systems and networks, meeting the challenges ofthe data analysis for the upcoming generat ions ofHENP exper iments willrequir e a phase transit ion ¾ to network-distr ibuted systemarchitectures, data management, and worldwide scient ific co llaboration on a scale never before encountered.

The crux ofthe problemis Peta Byte -scale data. While proposed computing and data handling systems and networks for future exper iments are large bypresent-daystandards, theywill not support on-demand access, transport or reconstruction ofmore than a minute fract ion ofthe data, even in co mpact pre-processed for ms. Studies [Ref] have shown that a distr ibuted hierarchyo f facilit ies linked by high speed networks, is the most promising so lution, represent ing a balance between

· Proximit yo fthe data to centralco mput ing and data handling resources, especiallyfor large-scale production-oriented jobs,

· Proximit yo f frequent ly accessed data to the users, where it may be processed in desktops, local facilit ies ser ving a single physics group, or in ^regio nal centers~ depending on the data volume and co mputationalpower required for a given jo b, as wellas its relat ive pr iorit yat the centralsite,

· Making efficient use oflimited network bandwidth; especially transoceanic,

· Making appropriate use ofregional and localco mput ing and data-handling resources

· Invo lving scientists and students in each world regio n, in the analys is and the physics

An effect ive data analysis by a major co llaboration requires a globalstrategyto handle, pr iorit i z e and route requests. The aimo fthe strategyis to ensure the resources are utilized efficient ly while deliver ing acceptable turnaround times to the ent ire ensemble oftasks. Once comput ing and data handling systems and networksofsufficient capabilit y are installed, a successfulstrategymaybe developed based on matching and co-scheduling the requests for data access, processing and transport with the required resources.

Developing a successfulglo bal strategyinvo lves the explorat ion, and determinat ion ofa n

^optimal~ so lut ion to severalproblems:

· Meet ing the demands o fhundreds ofusers who need transparent access to localand remote data in disk caches and tape stores;

· Prior it izing hundreds to thousands ofrequests fromthe localand remote communit ies;

· Structuring and organizing the data, and providing the tools for locating, moving and scheduling data transport between tape and disk and across networks, so that it can be accessed and/or delivered rapidlyand transparent ly;

· Ensur ing that the overallsystemis dimensio ned correctly to meet the aggregate need.

The so lutions and strategies developed willhave broad applicabilit y, for the efficient utilizat ion and management ofdata-intensive distr ibuted systems in research and industr y, and eventually in co mmerce. S ystems ofsimilar scale and scope do not exist now, but are expected to be emerging among corporations bythe fir st years o fLHC operation.

APOGEE : A Coordinated Approach to the Design and Optimization of a Data

Analysis Grid for HENP Experiments

The APOGEE Collaboration, composed ofphysic ists, leaders ofco mputing in high energy and nuclear phys ics for the major US programs, and computer scient ists proposes to design , simulate, prototype and test a computationalData Grid to meet these challenges. The members ofour collaboration have a vast store ofaccumulated exper ience and leadership in the R&D ofGr id co mponents and ser vices, as well as the development ofthe ^regional center~ modelfor future HENP comput ing. This work has led to the concept ofa

^co mputational gr id hierarchy~ co mposed offive levels ofresources 1 :

· Tier 0: The centralfacilit yat the exper imentalsite (CERN in the case ofthe LHC exper iments)

· Tier 1: The nat ionalregio nal centers (such as the US center at FNAL for US CMS and at

BNL for US ATLAS)

· Tier 2: A center in one region ofa large country(e.g. the US centers proposed bythe

Gr iPhyN co llaboration)

· Tier 3: The computing resources ofa single universit ygroup

· Tier 4 : An individualworkstation.

The five-tiered Gr id hierarchyextends the traditionalclient-server modelofat most three tiers

(enterprise/workgroup/individualworkstation) to a regional, nat ional and worldwide distr ibuted system.

The APOGEE programwillfocus init ially on four main areas:

· Simulation of a Computational Grid Hierarchy , as is being planned for the LHC, since such a Grid is a promising so lut ion for future generations o fHENP exper iments. The simulat ion systemwillallow the LHC and other future exper iments to test their data analys is and comput ing resource-usage strategies, and to reliably estimate the baseline comput ing and networking resources required, inc orporating technologyand cost project ions over future years.

1 Here we use the terminologyof the GriPhyN (Grid Physics Net work) Collaboration that isfocusing its efforts on the devel opment and implementation of the Tier2 regional centers. See http://www.phys.ufl.edu/~avery/mre/white_paper.html byP. Aver yet al.

· Instrumentation of the Grid Prototype, in order to trackthe state ofthe facilit ies and networks making up the Grid, to test and ver ify the simulation, and to characterize the perfor mance ofthe systemcomponents under load. Instrumentation ofthe Gr id is need ed to ident ifyand log key^events~ (or bottlenecks) in the distributed system, and to ensure that the main per for mance character ist ics and saturation points ofthe facilit ies and networks are adequately characterized . The Grid instrumentation willbe crucialto iso late keyfactors causing hang - ups or other throughput-limitat ions in the distr ibuted system .

· Using Optimization Tools, to find the optimum strategies for data caching, clustering and re-cluster ing data for efficient deliver y, and for the shar ing and pr ior it izat ion in real-t ime ofdata analys is-related activit ies, concurrent with other activit ies loading the Gr id networks. For large HENP exper iments, this optimizat ion includes a dynamic balance amongst:- the ongoing production-oriented reconstruction ofthe fulldataset, grouporiented reconstruction ofselected data for analys is aimed at specific physics topics, and individualdemands for re-reconstruction and analysis by hundreds ofindividuals situated throughout the Grid

· Coordination of US HENP Distributed Data Management Projects. Because ofits centraldesign and optimizat ion role, standing between the smallscale studies and prototype projects and the full- scale implementation ofa production-scale Gr id for major exper iments, APOGEE is the naturalplace to coordinate a development programfocussed on meet ing the mediumand long-ter mdata management needs ofHENP. This project´s broader role in the design and development ofdata-intensive Gr ids also makes it an appropriate vehicle for HENP , as a field , to establish relat ionship s with demanding applicat ions in other science and engineer ing fields , and with co mputer scien tists .

APOGEE Deliverables

Byusing the fir st year PPDG components and services for distributed data management, and the MONARC simulat ion tool - set as a starting po int, APOGEE will deliver :

· A modular simulat ion systemable to represent the comput ing facilit ies, networks, data analys is strategies and network - usage profiles for major HENP exper iments.

· A full-system simulat ion ofthe Co mputing Models o fCMS and ATLAS, with an emphasis on the Regional Centers and the data analysis strategies that willbe used by US physicists in each exper iment.

· A set oftools for monitoring, tracking and predict ing the stateofthe facilit ies at each site, and ofthe state, loading and response-times ofthe network links in the distributed system.

· A toolset for optimizing distributed systems, based on new techniques such as genet ic algor ithms [Ref1], genet ic programming [Ref2], or other evolut ionar yoptimizat ion methods. These relat ively new methods have proven effect ive in finding solut ions or optimizing complex systems in mathemat ics, in other fields ofscience such as geophysics , in engineer ing applicat ions such as stealth design , in factory-floor operations design , and in code breaking [Ref 3 ]. These methods have not yet been applied widely in the HENP communit y, alt hough theyhave been demo nstrated to be successfulin problems analogous to network-distr ibuted HENP data analys is.

· A set ofevaluat ion cr iter ia, or ^cost funct ions~, that are effect ive in evaluat ing the Grid hierarchy, or other distr ibuted systems ofa similar type. These funct ions willbe based on maximizing throughput ofthe overallsystem, balanced against the avo idance oflong turnaround times for individual analysis-related tasks. The need for human policy-based cr iteria to also affect cost and performance will not be forgotten.

· A set ofstrategies for data organization, task prior itizat ion, and data access and deliver y , based on studies ofLHC and other exper iments´ data analys is problems. These will be expressed in ter ms ofguidelines for the design and implementation ofan effective data analys is.

· Guidelines for further studies and measurements - to be performed using an actual production-scale Data Grid.

Benefits to the HENP Program of Developing a Nationwide Hierarchical Grid

Bysit ing a center in each region ofthe US, the number ofintellectualfocalpo ints for studentfacult yinteract ion and mentoring willbe significant ly increased. This aspect has been shown to be particular ly effect ive in cases where daytrips are possible, and the cho ice o fsites for the centers willtake this (as wellas severalother factors) into account. In order to enhance this effect, we intend to build next-generation remote collaborative systems (now under development). The intense group-oriented activit ies surrounding the mock data challenge analys is work willhelp us optimize the systems, and the methods used for remote collaboration, prior to the arrivalo frealdata.

A Nat ionwide Hierarchical Gr id represents a highly leveraged set ofhuman, comput ing, and networking resources at Universit ies and Labs, funded through DOE, NSF and possiblyother funding agencies. Our HENP funding willgo further and be used more effect ivelyifsuch a work environment can indeed be built, with appropriate coordinat ion between projects and funding agencies.

The Ground Breaking Nature of PPDG, APOGEE and Data-Grid Projects b eyond HENP

The ground - breaking nature ofthe DOE -NGI funded Particle Physics Data Grid (PPDG), our APOGEE project, and related projects in the earth sciences (Earth Science Gr id), climatology(Climate Grid), NAS A Infor mation Power Grid ( IPG ), and earthquake engineer ing, lies in the data- intensive nature ofthese projects. In comput ing-intensive gr ids, the problem is largely confined to locating adequate computational resources, where the data may be processed in place. Once the problemis data-intensive, as encountered in the projects mentioned above, the mo vement ofthe data to the comput ing resources, and deliver yofthe processed data across networks oflimited capacit y(relat ive to the ver ylarge data volumes), beco mes problematic. The problemo fdata transport and overallsystemco mplexit yreaches a new level, never before attacked, when the system invo lves mult iple data sources and sinks, and ( even more problemat ic ) hundreds to thousands ofhuman ^actors~ interacting wit h the system.

In these systems, the optimummeans to carryout each transact ion may be a strategic decisio n, determined according to the ^cost~ (delay and resource utilizat ion) oflocating, acquir ing, processing and deliver ing the data fromone or more sources, over the available network paths. In some cases, the alternative o fre - computing results to avoid data transport must be considered. The strategyo f^virtual~ or ^on-demand~ data must also be considered, namely that ofnot comput ing the data at all until triggered to do so by a specific access request. Finding the optimal paths and strategies for data access and deliver y and data computation , where accessed and processed (or partially processed) data moves over complex paths through the system, has strong analogies with optimizat ion ofindustrial processes on a factoryfloor. Factoring in the realt ime demands ofthe physicists for data and/or processed results, the analogy is closer to more complex applicat ions, such as simulated battlefields and globalenvironmentaltracking systems.

The APOGEE Team: A Co l l aboration Between HENP and Computer Science

The members o four collaboration have worked together with members ofthe HENP and computer science co mmunit ies and industry, on a number ofR&D projects aimed at high speed mult i- Tera Byte to Peta Byte data access and analys is across mult iple storage media and networks. Some ofthese projects are listed below:

· RD45, GIOD (Caltech): Invest igations, tests and prototyping ofwide area networkdistr ibuted object databases and mass storage systems for the next generat ion ofHEP exper iments, with transparent data access throughthe object database management system.

· MONARC: Modeling and optimiz ing the site and network architectures ofthe regional center models (hierarchical gr ids) for the LHC exper iments. Perfor ming simulat ions to develop effective operationalstrategies for data analysis. Deliver ing a simulation toolset for future studies by the LHC and other major exper iments.

· OOFS (SLAC): The Object ivit yOpen File S ystem. Provides a standard interface between an Object ivit ydatabase and a var iet yofstorage systems, fro ma UNIX file systemto

HPSS, and is well-adapted to systems aimed at distr ibuted data caching, such as Glo bus

(ANL) and the Storage Request Broker (SDSC). OOFS is a vitalpart ofthe production data analysis systems for BaBar at SLAC.

· CHINA CLIPPER (ANL, LBNL, SLAC): Technologies for widelydistr ibuted dataintensive applicat ions, leveraging exist ing Gr id (Glo bus) and other (DPSS) techno logies.

· HENP Grand Challenge ; STACS (ANL, LBNL): Distr ibuted Tera Byte -scale data management, including quer yestimat ion and monitoring, and cache management.

The STACS Storage Access and ControlS ystemis an integralpart ofthe production data analysis systems for STAR and PHENIX at BNL.

· SAM (FNAL) : The data access framework for Peta Byte -scale data access at

Fer milab Run2, including metadata cataloging, globalresource and cache management, and workflow management and pr iorit izat ion.

· NILE (Cornell): Systemfor distributed comput ing and the management ofnetworked pools ofCPU resources, used bythe CLEO collaboration.

More recent ly, as the need for integrated distributed systems has increased, we have for med a strong collaboration with the originators ofGrid and related techno logies, notablyFoster (ANL), Livny ( Wisconsin/CS) and Moore (SDSC). This has led to the

DOE /NGI-funded Particle Phys ics Data Grid (PPDG), a joint project between HENP and computer science, to build and deplo ya network and middleware infrastructureto support the data access, processing and analysis needs ofupco ming and future generat ions o fHENP exper iments. The principal PPDG deliverables, including (1) a high speed bulk data transport service constructed on a network and resource-state aware instrumented foundat ion, (2) mult i- site cached file access service, willuse a broad range ofmiddleware co mponents drawn fromthe projects listed above, and fro mthe Condor

(Wisconsin), Globus (ANL) and SRB (SDSC) systems developed by the computer scientists in our collaboration.

The integration ofHENP and computer science efforts is illustrated bythe plan for t he use ofcomponents in the first-year PPDG system(fro mthe PPDG proposal):

Object-basedand File-based

Application Services

Objectivity DB (plus SLAC/BaBar enhancements);

GrandChallenge Q uery Object, Event Iterator,

Q uery Monitor;

Fermilab SAM system

File Access Service Components of OOFS (SLAC)

Cache Manager GrandChallenge Cache Manager (LBNL)

Mass-Storage Manager HPSS, Enstore, OSM (Site-dependent)

Matchmaking Service Condor (U. Wisconsin)

File Replication Index MCAT (SDSC)

Transfer Cost Estimation Service Globus (ANL)

File Fetching Service Components of OOFS (SLAC)

File Mover(s) SRB, Storage Resource Broker, (SDSC);

Site-specific movers

End-to-End Network Services Globus tools for end-to-end Q oS reservation

Security and Authentication Globus (ANL)

The APOGEE project´s main focus is the design, simu lat ion, instrumentation, and optimizat ion ofthe Gr id for the LHC (and potentially other) major exper iments. Beyond this restricted focus, the project´s studies and developments willbe extended to both lear n from and benefit Babar, Run2 (D0, CDF), RHIC (STAR, PHENIX) and JLAB, particular ly as they each accumulate data reaching close to and above the Peta Byte range in future years. The

APOGEE work willgo beyo nd the high energyand nuclear physics co mmunit ies in prepar ing for the LIGO data analys is in the context ofGr iP hyN, and in constructing efficient ly accessible astrophysics databases in the context ofthe ALDA P 2 project.

2 Accessing Large Distributed Archives for Astronomyand Particle Physics. This NSF/KDI-funded project involving JohnsHopkins, Caltech and the FNAL Sloan Digital SkySurvey, is focusing on the meansto efficientlystructure, access and dynamicallycluster data in distributed object and object-relational databases , for both astrophysics and particle physics.

APOGEE also will provide a forumfor forward-looking ideas on the construction, and operation of^self-aware~ distr ibuted systems. Some the current ideas :- using organized ensembles of^autonomous agents~ to assist with the state tracking, workflow management, and dynamic adaptation to changing site and network states, have ar isen and been developed in a broad range offields ofscience, engineer ing and militar yapplicat ions. Use ofthese ideas to build distributed systems , to dealwith problems ofa new level ofco mplexit yand scale , is as important to the geophysicaland earth sciences, and network and other fields of engineer ing, as it is to high energy and nuclear physics, and accelerator techno logy. Wit hout a forumcover ing and extending beyo nd the limit s ofthe HENP communit y, it willnot be possible to explo it these newly conceived systemconcepts to develop cost-effect ive so lut ions to HENP´s major challenges. Wit hout a determined effort to be come players in this new arena , HENP comput ing systems will remain mere iso lated scaled-up versio ns ofcurrent systems, with litt le pooling ofhardware, ideas, development and operational costs . This will severelylimit their funct ionalit yand our science discover ycapabilit ies.

APOGEE in Relation to Other Projects Aimed at the LHC and Other

Distributed Computing Problems

This proposalbuilds on the init ialwork on a data-intensive Gr id testbed for HE N P applicat ions by the DOE /NGI Particle Physics Data Grid ( PPDG ) project, and onthe ear ly simulat ion work applied to the LHC Comput ing Models bythe MONARC project at CERN.

It willalso utilize, direct lyor indirect ly, the results ofthe GIOD, China Clipper, Nile, SAM,

HENP Grand Challenge, and STACS projects, and components and ser vices fromGlo bus,

Condor , SRB and OOFS (summar ized above) for distributed data processing, transport and analys is. As APOGEE progress es it will benefit on the focused workon database structures and access methods in the ALDA P project, and the PPDG studies ofmult i-site file caching in

2000-2001, that willrun concurrent ly with it.

APOGEE intends to worktogether with the LHC exper iments, and to contribute to the study and development ofthe major US Regional Centers for ATLAS and CMS 3 . The timing of

APOGEE covers FY2000-2003, when these regionalcenters must be designed, prototyped, and their configuration optimized, in preparat ion for the installat ion, commissio ning and init ialuse ofthese systems for ^mock data challenges~ between 2003 and 2005.

APOGEE is a crucial co mplement to the GriP hyN (Gr id Physics Network) project submitted bythe LHC exper iments and LIGO to NSF, which proposes to implement 17 ^T ier2~ Centers, including 15 in the US and 2 at CERN, working in coordination wit h the major Tier1 Centers.

Gr iPhyN focuses on the equipment and manpower to commissio n and operate the centers, and to use the tools ofother projects , such as MONARC (1998-2000) and this project APOGEE

(2000-2003) , to provide the necessar ytools for simu lation, optimizat ion, and strategy development. Should Gr iP hyN be funded, the manpower available for R&D studies would go to studythe specific data analysis-related operations for the individualexper iments, with a focus on the Tier2 centers.

3 The exact scope of joint work will be determined through joint discussionsamong HENPDAG, US CMS , US

ATLAS, theFNAL and BNL host laboratories , and the CMS and ATLAS computing groups at CERN.

The APOGEE instrumentation and simulat ion teams would carr ythe main responsibilit yfor overallsystemoptimization, cover ing the who le Gr id hierarchy, and for maintaining a view towards optimizing the systemin ^standard~ ways that could applyto future large exper iments

(e.g. not focusing too narrowly on particular plat forms or software products).

Long Term Vision

We intend that the HENP Data Grid be one ofthe projects that will be the foundat ion of a lo nger-termplan, building on the PPDG and ear lier projects, and leading into the productionscale Gr id hierarchy that will include the Tier2 regio nal centers proposed in the Gr iP hyN project. In this lo ng-termvis io n we ident ify three major phases for the Data Grid:

1. Support for distributed transparent read and write access to high vo lume data and comput ing resources

2. Support for a wide-area distr ibuted comput ing systemwhere data-intensive tasks move automat ically to the node in the Gr id at which they can be most effect ively executed. We ant icipate that ^mobile agent techno logy~ being developed o ffers a realist ic and scalable wayofmatching the analys is tasks to the data;

3. Support for agent techno logyand ^virtualdata~ to manage extremely large datasets.

Virtualdata are derived data defined onlyin terms ofthe input data and the process or agent that could create the der ived data. Whether a virtualdata object or file exists in many, one or zero copies is left to ^Data Agencies~ in the Data Grid to decide. The use of large number s ofmobile agents to replicate and manage data is inherent lyscalable to the mult i- Peta Byte datasets that will be generated in the LHC era, and by other future HENP exper iments.

Substant ial progress towards this visio n willrequire major advances in network-aware middleware, in distributed and scalable metadata catalogs, and in the integration ofscalable software configurat ion management into Grid ser vices. Some of these developments are underway in the PPDG project now. The field-testing ofthe future services, in conjunct ion with the site-configurations and data analysis strategies to be developed in APOGEE , is planned to take place in the context ofGr iP hyN, once the first-round Tier2 centers have been installed. Stress testing ofthe systemand further evolut ion ofthe APOGEE strategies will occur during the ^mock data challenges~ for LHC, and using realdata fromBabar, Run II ,

RHIC, JLAB and LIGO in a distr ibuted environment.

The APOGEE project also willprovide the forumfor coordinating its own specific work plan with those ofprojects, such as the PPDG (which will provide essentialso ftware foundat ions ) and the proposed GriP hyN project providing manyo fthe physical components and the ^T ier2~ co mputing facilit ies ofthe Data Grid.

Manpower and Budget Analysis

The personnelrequir ed to allow APOGEE to meet its technicaland coordinat ion goals are detailed in the table below. We have assumed that a ramp-up occurs in FY 2000 and have set the FY 2000 requirement to exactly half that in FY2001. The estimates for FY

2002 and beyo nd must necessar ilycarr ythe caveat s that :

1. APOGEE must provide anyvital so ftware components that will not be created by other Industry, Computer Science or HENP efforts;

2. APOGEE must take advantage ofrelevant Industryor Computer Science advances even though these maynot be predictable more than months in advance .

FTEFY00 FTEFY01 FTEFY02 FTEFY03 FTEFY04

Instrumentation

Low-level datacapture 0.5 1 0.75 0.75 0.75

Filteringandcollectingagents 0.5 1 1 1 1

Dataanalysisandpresentation 0.5 1 1 0.75 0.75

HENPworkloadprofiling 0.5 1 0.5 0.5 0.5

Simulation

Frameworkdesignanddevelopment 1 2 1.5 1 0.5

User workloadsimulation 0.5 1 0.75 0.75 0.5

Component simulations(network, massstoragesystem, object databaseetc.) 1.25 2.5 2 1.5 1

Sitesimulationpackages 1 1 1

Instrumentation/SimulationTestbed

Instrumentationof existingexperiment(s)

(e.g.PPDG) 0.5 1 1 1 1

Acquireand simulateperformance measurements 0.25 0.5 0.5 0.75 1

Acquireuser workloadprofile 0.25 0.5 0.5 0.25 0.25

Testpredictionandoptimization 0.5 0.75 0.75

EvaluationandOptimization

Quantifyevolvingneedsof physics(including sitepoliciesetc.) 0.25 0.5 0.5 0.5 0.5

Developmetricsforusefulnessof data managementfacilities 0.5 1 1 1 1

Optimizemodel systems 0.5 1 1.5

Long-TermStrategy(Towards"Virtual Data")

TrackingandtestingHENP/CS/Industry developments 1 2 1.5 1.5 1.5

Development projectsincollaborationwith

HENP/CS/Industrywherepossible 0.5 1 1.5

Project Management (APOGEEandPPDG)

Project leader (physicist) 0.5 1 1 1 1

Leadcomputerscientist 0.5 1 1 1 1

TOTALS 8.5 17 17 17 17

The personnelestimates are translated into dollars in the budget analysis below. HENP data management is proving an attractive area for Computer Science students to gain valuable exper ience and understanding. We expect to take advantage ofthis to keepthe average person cost at $125k (including benefits and overhead) in most areas. In contrast, in the Project Management roles it will be essent ialto attract a physicist and a computer scient ist with established and deser ved reputations.

Appropriate u se ofcommercial so ftware components for instrumentation and modeling in addit ion to data management itself is an essentialpart ofthe APOGEE plan. This is the largest non-personnelco mponent ofthe cost.

Limited funding for testbed hardware is included. The vast major it yof testing will take advantage of the over $40M installed base ofdata handling systems within the US- HENP program. Most ofthe APOGEE-funded hardware will be tight lycoupled to much larger

HENP-funded systems. APOGEE willbe able to negotiate short - termuse ofthe larger systems in return for some access to APOGEE systems byHENP exper iments.

$k FY00 $k FY01 $k FY02 $k FY03 $k FY04

Manpower

Instrumentation 250 500 406 375 375

Simulation 344 688 656 531 375

Instrumentation/Simulation Testbed 125 250 313 344 375

Ev aluation and Optimization 94 188 250 313 375

Long-Term Strategy (Towards "Virtual Data") 125 250 250 313 375

Project Management (APOGEE and PPDG) 225 450 450 450 450

Commercial Sof tware 100 250 375 500 500

150 400 400 400 400

W orkstations, M&S, Trav el, Training 128 255 255 255 255

T OT ALS 1540 3230 3355 3480 3480

Testbed hardware (in addition to parasitic use of production systems)

Essential Role of a US-Based Grid for LHC and Other Distributed Computing in International Projects

Because ofthe higher network bandwidths expected to be available in the US compared to transoceanic links at anytime, the proposed set of facilit ies will allow us to preview and develop effective strategies for the worldwide-distributed systems to be used fro m2005 onwards. The exist ing US-CERN transat lant ic network link, whose bandwidth is expected to r ise between 2000 and 2005, willbe used as an essent ial( bandwidth-limited) part ofthe Grid, where state-of-the-art ^Qualit y ofSer vice~ (QoS) techniques will be required to manage the bandwidth. The Gr id also will ser ve as production-prototype for the more capable systems that will be required to support the full- luminosit yLHC physics program, starting in approximately2008.

APOGEE , Data Grids and the Future

A Data Grid is a natural modelfor future scient ific and engineer ing collaborations, future corporations, and future infor mation-exchange extending to ever ysector ofsociety. [Ref 4 ].

As the abilit y to store, process and transport data increases exponentially wit h the advance o f comput ing and networktechnology, agent-driven gr id systems able to transparent lyand rapidlyaccess, process and deliver data to sites throughout the globe will beco me feasible. An optimized, cost-effect ive gr id could beco me a pr incipal dr iving force behind the advance of the US and world econo mies, based on ubiquitous access to infor mat ion with a r ichness that is unimaginable in today´s World Wide Web.

Wit hin the realmo fscient ific research, based on recent history, we can be assured that future

HENP exper iments and other large internat ionalcollaborations willcont inue to stress the limits ofinfor mat ion techno logyin all its forms. In the context of^Data Grids~ this means that the need to use, refine and develop further generat ions ofGr id simulat ion and optimizat ion methods willoutlive the need for anyparticular Gr id implementation. The

APOGEE proposalis the first aimed at fully addressing this class ofproblems, as the key element in a chain extending fromthe init ial Gr id ideas developed in Computer Science, to the first production-scale implementation ofa worldwide Data Grid for high energy and nuclear physics .

REFERENCES

[1] R. Haupt and S. Haupt, 1998, Practical Genetic Algorithms, New York: John Wiley.

[2] W. Banzhafet al., 1998, Genetic Programming: An Introduction , San Francisco: Morgan

Kaufman; J. Koza, 1992-1998, Genetic Programming I, II, III , Cambr idge: MIT Press.

[3] See Chapters 6 and 7 and the reference mater ial in Reference 1.

[ 4 ] I. Foster and C. Kesselman (editors), 1999, The Grid: Blueprint for a NewComputing

Infrastructure , San Francisco: Morgan Kaufmann