U.S. CM S Software and Computing
Progress Report for the 3rd Quarter FY 2006

Technical, finanda and management statusis reported for the peiod of April to June
2006.

Overview

Thereisalist of milestones and activities that providethe main driversfor theU.S. CMS
Software and Computing efforts during FY 06:

¥ Rediable and automated tranders of daa between the CERN Tier-0 and USCMS
Tier-1 centers.

¥ Participaioninthe WLCG CBervice Chalenge4Qto commission theworldwide
Grid servicefor CMS.

¥ Prepaation, development and integration of CM S software and computing
systems.

¥ Prepaationfor the CSA06 system test.

The project is making goodprogress. The main milestones this quater were the start of
the WLCG Service Chdlenge4in June andtherdleases0_7_xof CMSSW (new
Framework/EDM based application software) for the Magnd Test Coanic Chdlenge
(MTCC).

During this quater the CM S computing systems have been prepared for SC4 with alarge
contributonfromtheU.S. CMS S& C project. TheFacilitiesat Tier-1 and Tier-2 centers
have been commissioned with updded software stacks induding daa storage systems
(dCache SRM), daatrander systems (PhEDEX, FTS), and CMS specific services
(PhEDEX, TFC). For load and scaling testing of the CMS computing systems we
prepared test harnesses for job submission (JobRobof) and daatranders, togeher with
the CMS Dashboad (based on MonALISA). The gpplication services for daa
management, DBS (Dataset Bookkesping System) and DL S (Dataset L ocation Service),
and the corresponding site configurations(Trivial File Catalog TFC, SitelLocal Config)
were putin place. The MC produdion scheduler ProdAgent was released and integrated
with the data management services and the CMSSW software. Working with OSG the
Grid services were upgraded and new fundiondities for accouning, authorization and
security were putin place.

On the Application Software side, afundiond version of CMSSW was provided for the
MTCC test, tha alows recongructing and displaying coanic datain CMS, tha are taken
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with the prototype data acquisition system at SX5. Therequired infrastructure was putin
place to trander the MTCC daato selected sitesin quasi-real time.

TheTier-2 centers passed the nework peformance and opaationsmilestone TheTier-1
center isrampingits capacity according to thefacilities plan, and the FY 06 procurements
are being commissiond in time for the start of CSA06.

Technical Status

In thefollowing sectionswe give more details on technical achievements and status and
problems and issues where they occurred.

WBS 1.1 USCMS Tier-1 Fadlities

Deployment of thenext cycle of equipment procurements for theU.S. CMS Tier-1
facility at Fermilab is proceeding according to plan, with some vendor-related ddays tha
until now however do notimpact theoveral schedule.

Worker Nodes: thevendorKOI was awarded theworker nodecontract, andlike in the
previousprocurement we decided to use a staged deployment methodtha was so
successful last year. For theworker nodes we selected Opteron dud dud-core 270CPUs
onan ASUS motheboad. Sofar, we have indalled, tested, and accepted thefirst rack of
40 new compute nodes and requested the remaining 5 racks of another 200nodes.
However, there have been ddaysin theddivery of these nodes dueto theavailability of
Cyclades/Advocent rack components. Much work has been performed to identify
alternaive equipment and solutionsfor serial console and power management for future
orders dueto the company@ history of poor peformance. We have also experienced
ddays dueto missing motherboad cases, and to expedite further ddivery we have asked
KOI to advance order six racks worth of nodes, which is theamountof nodes required for
theinitia order.

Data Disk: We received thefirst shipment of 20 Nexsan@ SataBeast storage units and of
1/O servers. All infrastructure for this equipment isingalled andisbangrunin an
extended bum-in cycleto identify any eventud problems. We expect this equipment to be
configured and released to produdion shortly. The SataBeast units were ordered directly
from Nexsan, andthel/O servers were ordered from ASA. Nexsan ddivered the
SataBeast units promptly, butwe had significant problems with ASA. When the bid was
placed, ASA promised tha they would ddiver Opteron 265 chips butthey failed to
ddiver onthis promise. TheFermilab purchasing department had to negotiate with AMD
in order to get Opteron 270sat the same price. Then ASA did nat have motherboad
cases despite thar promises while we were waiting for the CPUs. Findly, there were
issues with thebum in at ASA dueto the correct Scientific Linuxversion. Coordination
with ASA was very difficult, and this caused significant additiond work for theteam at
Fermilab and abouta 2-month dday in the storage deployment.

We continuel to evaluae thelatest storage solutions before the second purchase but
nothing was identified tha provided a better cosing modd, so only minor testing was
performed to undestand these alternaive vendas. A decisionwas madeto continue
with the Nexsan SataBeast solution. An additiond 20 units, 1/O servers and suppoting
equipment has been agan been bid out and awarded. This equipment should arrive within
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themonth. Thedaa storageis self integrated and all required problematic Cyclades pats
were pre-ordered monthsin advance to eliminae any ddays in implementation. This
lesson learned will also be applied to further worker nodeorders next year.

User Disk: We have procured 4 additiond Nexsan unitsin ahighly reliable dud-
controller configuration. Two of these units have been induded into the BlueArc NAS
file server, owned by the Fermilab Computing Division. These have performed well
while additiond use and further migration of datais beng performed. TheBlueArc NAS
has performed successfully in three cases where the previoudy used IBRIX file system
hasfailed. TheBlueArc has notbeen stressed as much asthe IBRIX yet, and we are still
evaluaingouroptions The Nexsan units aso now allow for RAID 6 configurations
with provides a highe level of reliability for protection agang disk failure. Thiswill be
tested and possible migration to this configuration will be consdered.

User Analysis Fadlity (UAF): To improvecyber security the Fermilab Computing
Divisionis moving towardsthe mog current implementation of ssh. For modularization
the Fermilab-uniqueparts of the Kerberosand cryptocard infrastructure is migrated into
the PAM module, so in future this decouples the ssh version, providing an easier
maintainable solution. There are issues however with Scientific LinuxV4 vsV3. Thisis
quite troublesome. We are still exploring alternaive solutionsthat provide gaeways for
CryptoCard users. We are also hopdul tha CMS software can soonbebuilt on SL V4,
thuseliminaing this problem.

Data Transfers: Followingadecision by the GDB and WLCG to channd all data
tranfer requests throughthe EGEEG File Transfer System FTS we indalled this
middleware at Fermilab. The software requires to use Oracle (despite the plansto
suppot freeware daabases) and we tried porting it to freeware databases. This was not
successful dueto design choices by the FTS developes. We findly gotit ingalled with
Oracle-Express, but still have been having problems and will berequired to upgradeto
Oraclein theFall. Thiswas unexpected effort as FTS was notforeseen to be part of the
software stack on OSG (it is required to maintain compatibility with EGEE sites, but does
not provide uswith additiond fundiondity over the existing services, PhEDEXx and
SRM).

Grid Services: We dso indalled thegLite CE, which also was very time-conauming.
CERN only provided indallation for the PBS bach system, however we are usng
Condorat theTier-1 centers. Theingallation scripts were buggyand required much
effort to get everything working propely.

Progress has been made on GPlazma and GUMs and we hopeit will soonbe produdion
ready. DESY isproviding anew dCache HSM module tha we have been testing. This
will alow usto increase therate we write to tape

Tape Robotics. Thenew tapelibrary STK SLA8500isin thecommissioning stage. Itis
currently peforminga 100TB write/ 300 TB read test on 100tapes with aforced
mounfunmounton every file. Thistest yieldswell in excess of 100000tape mouns. It is
approximately hdf completed with over 80,000 mounts aready and will condudelater
thismonth. Once theinternd lab tests are complete, we hopeto start some robotc tests
with the CMS daa pook.
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WBS 1.2 USCMS Tier-2 Fadlities Program

This quater opened with theannud (for now) U.S. CMS Tier-2 facilities workshop,
hoged by the University of Nebraska-Lincoln on April 6 (theday before theannud U.S.
CMS collaboration meeting, also in Lincoln). There was excellent attendance from
representatives of all seven Tier-2 sites, plusfrom Fermilab and Corndl. A full day was
spent discussing a variety of technical issues, presenting site statusreports and hadware
purchase plans and opeaationsplansfor thecoming year. Thegroupagreed on a set of
milestones to be achieved over thefollowing six months

Themilestones for this quater focused mainly on nework performance and opeaations
fortheU.S. CMS Tier-2 sites, induding thefour DISUN Tier-2C sites. All seven sites
are fully integrated into CMS's daatrander "load tests’, in which sites are continuousy
trandering data at low rates to confirm thereliability of network linksand Grid
interfaces. In the context of this, sites have also been chdlengead to movelargeamounts
of data, in preparation for thetrander rates tha will be necessary during LHC running.
All sites have demondrated ther ability to trander 5 TB/day from Fermilab, implying a
sugained rate of about60 MB/s over a 24 hourperiod. Whilethisis still bdow therate
we need to achievein 2008 it is still a significant achievement, and the effort to achieve
this milestonehd ped sites undestand the limitations of thar systems. In addition, severa
steswere able to trander 1 TB/day to Fermilab. Thisisastep towardsarchiving
simulated daasets to the Tier-1 facility at thenecessary rate. More network tests will
take place in thecoming quater.

On theopeaationsside, the sites have joined in themajor trangtionto thenew EDM,
software framework and data management systems tha is taking place throughoutCMS.
All sites are now opeaating the CMSSW software framework and have successfully set
up theso-called Trivia File Catalog. In doing so, the sites are prepared to take pat in
Service Chdlenge4, thelatest WLCG readiness exercise. Inthisquater, themain focus
of thechdlengewas onthe"andysis workflow" Bthe process of receivinga CRAB job
submitted throughgrid interfaces, successfully processing that job, and ddivering the
output to thesubmitter. Thisworkflow is bengtested througha"JobRobot' that
dispaches simple andysis-like jobsto sites each day. TheU.S. sites have all been
receiving grid jobscongstently. Once successfully submitted, jobsare processed
successfully 96% of thetime, significantly better than the CMS world average of 8%%.
At theend of thequater, SC4 began to focusmore on the "produdionworkflow," in
which simulation jobsare submitted throughgrid interfaces, and the smulation outputis
tranderred to thesubmittor. Thisisstill being shaken down, but progress has been rapid.
Once the produdion workflow is opeating smoothly, thesites will bebugy creating data
samples for thisfall's CSAQG.

During this quarter, US CMS Tier-2 sites provided about 2.6 million hours of CPU time
N nearly 300yearsN to avariety of Grid and non-Grid users. About1600000f thos
housN 18yearsN were attributed to the CM S Virtud Organization.
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WBS 1.3 Grid Services and Interface with the Open Science Grid (OSG)

Virtual Organization, Security and Management: Thiswork covers the end-to-end
authentication and authorization services in use in OSG, which have significant overlap
with those in the EGEE and are othe'wise planneal to beinteropeaable with the EGEE in
suppot of theWorldwide LHC Computing Grid and the CMS globd computng
infrastructure.

¥ TheRegistration Service (VOMRYS) was extended by Tanyal evshinato meet the
WLCG. Tanyahas aso been training on-site CERN personné to providethefront
linesuppot for VOMRS.

¥ Thecompute authorization components (Prima/GUMS/SAZ) are being stress and
performance tested in OSG ingallationsand with the newer versionsof the
undelying Globuscomponent.

¥ Thestorageauthorization service (gPlazma) development isready for first
deployed use. It isaready in produdiontesting at the Fermilab Tier-1 andis
ready for testing at selected Tier-2s

¥ TheOpen Science Grid security effort has become energized with Fermilab@ Don
Petravick taking thereignsas security officer. We are hdping develop the OSG
Risk Andyss, Agreements Procedure, and the Security Plan that will drive the
program of work in suppot of and by CMS for theU.S. Grid infrastructure.
Agan, thiswork isin collaboration with the European Grid projects in suppot of
the LHC expeaiments.

Workload and Job Scheduling Testing and Evaluation: Burt Holzman is working with
the CMS Integration groupand U.S. CMS DCT team onindallation and testing of the
fundiondity, performance and scalability of thegLite V3.0 CondorC based workload
management system to evaluate its utility for OSG. This activity will expand over the
next few monthstowardsa decision on thetechnologies to beused duringinitial data
taking.

Troubleshooting: Theteam at the University of lowais providing additiond user
suppat and triaging to the expertsfor CM S grid users of the U.S. infrastructure and
services. When a particular problem recurs theteam is ready to provide mitigationsin
terms of tools and utilities, or changes to the undelying infrastructure to removethe
problem or attempt to reduce itsimpact.

A paticular example has been the need to improvetherobugness and up-time of the
information pulication service based on the EGEE BDII. Thereplacement based onthe
common undelying software (LDAP) isin test ontheU.S. CMS Tier-2 sites.

Accounting: Thejoint U.S. CMS, Fermilab, PPDG, OSG Grid Accouning project is
ingalled at several grid sites at Fermilab. It will beindalled andtested at theU.S. Tier-2s
over thenext few months Thereis continued collaboration on common OnetersOwith the
EGEE and TeraGrid.

U.S. CMS-OSG Integration and Planning: TheATLAS/CMS/OSG dCacheworkshop
hdd at Fermilab in July proved very ussful in exchanging configuration and suppot
information about SRM/dCache across the site administrators. Theworkshopalso
provided a vauable forum for communicating indallation and suppot experience from
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thefield to the develope's, and getting a common repostory for doaumentation across
OSG.

TheU.S. CM S requirements for the next OSG release, 0.6.0, are being inputto the OSG
planning. Thedecision on the contents of and schedule for therelease will betaken at the
Consortium meeting in Augus.

WBS 1.4 Application Services and WBS 1.5 Distributed Computing Tools

The Application Services area and the Distributed Computing Tools area provide
development of tools and services, integration, commissioning and opeationsefforts for
theapplication layer services ontop of the Grid middleware and bd ow the CMSSW
application, in particular for CM S software indallation, for Monte Carlo produdionand
for Data Management.

Work proceeded on deploying and commissioning the DBS (Dataset Bookkesping
System) infrastructure, the PhEDEX datatrander system, the CM S software distribution
system and the MC produdion system. In Jung afundiond environment for Data
Management, MC daa produdion, and Grid services was commissioned and madeto
work with thenew CMSSW software.

After the successful integration of this environment, towardstheend of the quater, we
ingalled CMSSW release 0_8_1,and started thefirst large scale produdion tests of the
new ProdAgent infrastructure for MC event production on the Grid. In addition, we have
developal and are opeaating the JobRobot, an integration activity in CMS tha sendsdaa
andysisjobsto all CMS sites globdly to perform a simple and limited andysis of al the
officialy published data samples worldwide, and to repott failure statistics on Grid
infrastructure as well as CM S application and data publication errors. The JobRobot
submissionsdepend on LCG - OSG interopeability which DCT suppots by ingalling
LCG user interfaces togeher with the CMS software into the OSG application area for
CMS.

DISUN continuesto contribute to the ProdAgent devel opment, and thejob
submission hardening and testing. Thelatter indudes work related to both CRAB and the
L CG resource broker.

In this quater, we had athree-day workshopfor DCT at Fermilab, which induded
Application Services people. Theworkshopfocused on:

¥ ProdAgent deployment & largescale MC Produdion usng ProdAgent.

¥ Andysistoolsfor CSA06

¥ Statusof JobRobotsubmissions

¥ Statusof thenew resource broker, especialy with regard to bulk submissions
¥ Introdudionto DBS

There were close to 20 people attending, induding develope's who recently started on
Data Management developments (e.g. three new develope's suppoted on project fundsat
Corndl), or joined to add thar expertise (e.g. FNAL DBS experts). Overal, the
workshopwas a big success, facilitating collaboration, accel erating progress in many
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aress, identifying deficiendes in some, and stimulating follow up work after the
workshop.

DISUN contributed to GSl in the area of applicationscoordinaion, and by organizing an
OSG workshopon SRM/dCache This was attended by more than 30 people, induding
all CMS Tier-2 centers, and all butoneATLAS Tier-2 center. Theworkshopwas very
successful in that it introduced the developes to the sites, and facilitated alively
exchange It resulted in anumber of follow items, aswell as a set of agreed upongods
for thestorage effort in OSG to concentrate on during year 1 of OSG funding.

DISUN work in Q2 on SRM trander commissioning came to fruitionin this quater and
hasled to several of theTier-2 centers exceeding 10TB a day data downloadsfrom
FNAL. We expect to undetake even more aggressive trander chdlengesin Q4.

WBS 1.6 Software and Support

This quater the Framework/EDM project continued to focuson providing targeted
development servicing the needs of our collaborating CM S software and computing
subprojects, induding:

¥ Simulation: Developed arecovery mechanism for when Geant4 generates
Floaing Point Exceptions(NaN) as well as a service tha allows the ssimulation
developasto catch the exact place these exceptions are generated (as oppogd to
the place where they are propagaed back to CMS code.

¥ Recondruction: Added many features for easier configuration of jobs Work has
also begunon configuration editors.

¥ Calibration: Developed the EDLoope capability to facilitate thealignment and
calibration calculations which areiterative in naure.

¥ Event Filter: Prototype 1 of the storage manager (SM) has been deployed at SX5
for theMagnd Test Coanic Chdlenge(MTCC). While we are continuing to
suppot prototype 1, development work on prototype 2 has begun. Thisversion
will befaster and contain features, like the produdion of so-called index files
(implementing direct access to events throughGevent directoriesQ that will
suppot the Storage Manager daa flow and event streaming into the Tier-0).
Thereisarequest fromthe MTCC Run Coordingors to speed up this
development so tha it can be deployed before MTCC isover.

¥ DataManagement: There has been alot of progress onthelist of joint software
and computing features. We now have suppot in the framework for the"Trivial
File Catalog" andthe"Site Local Configuration” service and the"Framework Job
Report" service. All of these features were required and ddivered in time for start
of MC produdionfor the CSA06 datachdlenge Another area of intense work
went into renarmalizing of theevent daafileformats. Thefileformat isfrozen
until the CSA06 Data Chdlengeis over in November thisyear. We finished this
work on schedule.

Work on andysisinfrastructure has begun,mogly at Corndl. A "framework light'
package has been developad andisbengused. Thereisalso now prototype codethat
will interface to the ROOT PROOF system.
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In the software and suppot area we have contributed to the work onthe new software
build and suppot system in ajoint effort with the CMS Computing project. This system
was successfully deployed intimeforthe0_8 Orelease of CMSSW. Thereisintense
effort rightnowin fixingup al of the problems uncovered in thefield. Work to suppot
and ingall the many frozen rel eases needed for computing and physcs chdlenges
continue Also, user desktop and software conaulting continues.

WBS 2.0 Core Applications and Support, CAS

M.Case (UC Davis) continues to work onand to coordinae the geometry project within
Software. He continues to work on developments of the geometry as CMSSW continues
to evolve.

R.Wilkinson (Caltech) contributes to the Framework/EDM work reported udea WBS 1.6.

|.Osbome (Northeastern U) continues to work and debugthe event visudization and
event display package | GUANA in thenew framework. Themain ddiverable was to
provideafundiond event display and andysis packagefor theonlinedaataking for the
MTCC.

Z.Xie (Princeton) and M.Case are continuing thar daabase efforts, related to Calibration
and Alignment.

S.Muzaffar (Northeastern U) is continuing the maintenance of thelgnomny tools. This
indudesthemigrationto CMSSW. He has also hdped develop thetools for the nightly
build system. He has also contributed to IGUANA bugfixing.

M.Stavrianakou (Fermilab) is working on and coordinaing the efforts of the smulation
pat of CMSSW. Severa releases of thesmulation package as pat of CMSSW were
provided and validaed.

WBS 3.0 Project Office

All the Statements of Work have been updded in particular for the next funding cycle of
the NFS suppotted efforts at Tier-2 centers. Purchase Orders have been updded and
issued at Fermilab for the DOE effortsin FY06. While we till see alag time between
theeffort bang spent and the actud accouning/billing, we are in communication with the
universities to speed up thar invoicing. We are seeing definite improvements in this
regad.

NSF funding periodscross DOE fiscal year boundxries, and while in the past we have

reported within fiscal year periods we bdieveit to be more trangarent to show the NSF
and DOE fundsseparately.

For the DOE fraction of the S& C funds in thefollowing table we show thefunding
alocations(BCWYS), the allocated effort, thereported effort and the actud invoiced cods
(ACWP).
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FY06 Funds and Costs FYO06 total FNAL Tot.Univ. Caltech Princeton UCDavis UW Madi UofChic Ulowa
DOE Funding Allocated

Systems & Operations Personnel $3,467k $2,844k $623k  $400k $102k $122k
USCMS Software $2,158k $1,450k $708k $500k  $158k $51k

Tier-1 Equipment $3,836k $3,836k $0k

Project Office, Reserve $2,400k $2,400k $0k

Total Allocated $11,861k  $10,530k  $1,332k  $400k $500k  $158k  $102k $51k  $122k
Effort Spent (9 months)

Systems & Operations FTE years 15.7 12.5 3.2 1.8 0.2 0.5 0.7
USCMS Software FTE years 5.3 5.3 2.25 0.8

ACWP in k$, as invoiced

Systems & Operations Personnel $2,000k $1,880k $120k $120k
USCMS Software Personnel $1,275k $959k $316k $108k  $158k $50k

Tier-1 Equipment $2,014k $2,014k $0k

Project Office $165k $165k $0k

Total $5,454k $5,019k $436k $0k $108k  $158k $0k $50k  $120k

Thefunding alocation of the NSF Program is shown in thefollowing table. TheTier-2

centersreceive their NSF funding throughtheiVDGL project, the USCMS project,

(Research Program, RP), and the DISUN project. Thetable showstheallocated funds

and timelines from these sources.
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NSF Funds and Costs Total Caltech UFL UCSD Wisc MIT Purdue UNL NEU Cornell UCLA

iVDGL Funding for CMS -- Funding through 7/2006

Tier-2 Equipment $60k  $20k  $20k  $20k
Tier-2 Labor $390k $130k $130k $130k
Total $450k $150k $150k $150k

Research Program -- Funding 2/2006 through 10/2006

Tier-2 Equipment $651k $72k $193k $193k $193k

Tier-2 Labor $579k $193k $193k $193k

Software Labor $370k $370k

Operations $639k $285k $354k
Total $2,240k $72k $386k $386k $386k $370k $285k $354k

DISUN Project Year 2

Tier-2C Equipment $750k $230k $230k $230k  $60k
Tier-2C Labor $1,173k $270k $270k $270k $363k
Project Office $77k $77k
Total $2,000k $500k $500k $500k $423k $77k

U.S. CMS S& C Progress Report Q3 FY 2006 page 10



