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U.S. CMS Software and Computing  
Progress Report for the 3rd Quarter FY2006 

Technical, financial and management status is reported for the period of April to June 
2006.  

Overview 

There is a list of milestones and activities that provide the main drivers for the U.S. CMS 
Software and Computing efforts during FY06: 

¥ Reliable and automated transfers of data between the CERN Tier-0 and USCMS  
Tier-1 centers. 

¥ Participation in the WLCG ÒService Challenge 4Ó, to commission the worldwide 
Grid service for CMS. 

¥ Preparation, development and integration of CMS software and computing 
systems. 

¥ Preparation for the CSA06 system test. 

The project is making good progress. The main milestones this quarter were the start of 
the WLCG Service Challenge 4 in June, and the releases 0_7_x of CMSSW (new 
Framework/EDM based application software) for the Magnet Test Cosmic Challenge 
(MTCC).  

During this quarter the CMS computing systems have been prepared for SC4 with a large 
contribution from the U.S. CMS S&C project. The Facilities at Tier-1 and Tier-2 centers 
have been commissioned with updated software stacks including data storage systems 
(dCache, SRM), data transfer 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 (JobRobot) and data transfers, together with 
the CMS Dashboard (based on MonALISA). The application services for data 
management, DBS (Dataset Bookkeeping System) and DLS (Dataset Location Service), 
and the corresponding site configurations (Trivial File Catalog TFC, SiteLocal Config) 
were put in place. The MC production 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 functionalities for accounting, authorization and 
security were put in place. 

On the Application Software side, a functional version of CMSSW was provided for the 
MTCC test, that allows reconstructing and displaying cosmic data in CMS, that are taken 
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with the prototype data acquisition system at SX5. The required infrastructure was put in 
place to transfer the MTCC data to selected sites in quasi-real time.  

The Tier-2 centers passed the network performance and operations milestone. The Tier-1 
center is ramping its capacity according to the facilities plan, and the FY06 procurements 
are being commissioned in time for the start of CSA06.  

Technical Status 

In the following sections we give more details on technical achievements and status, and 
problems and issues where they occurred.  

WBS 1.1 USCMS Tier-1 Facilities 

Deployment of the next cycle of equipment procurements for the U.S. CMS Tier-1 
facility at Fermilab is proceeding according to plan, with some vendor-related delays that 
until now however do not impact the overall schedule.   

Worker  Nodes: the vendor KOI was awarded the worker node contract, and like in the 
previous procurement we decided to use a staged deployment method that was so 
successful last year.  For the worker nodes we selected Opteron dual dual-core 270 CPUs 
on an ASUS motherboard.  So far, we have installed, tested, and accepted the first rack of 
40 new compute nodes and requested the remaining 5 racks of another 200 nodes.  
However, there have been delays in the delivery of these nodes due to the availability of 
Cyclades/Advocent rack components.  Much work has been performed to identify 
alternative equipment and solutions for serial console and power management for future 
orders due to the companyÕs history of poor performance. We have also experienced 
delays due to missing motherboard cases, and to expedite further delivery we have asked 
KOI to advance order six racks worth of nodes, which is the amount of nodes required for 
the initial order. 

Data Disk:  We received the first shipment of 20 NexsanÕs SataBeast storage units and of 
I/O servers. All infrastructure for this equipment is installed and is being run in an 
extended burn-in cycle to identify any eventual problems. We expect this equipment to be 
configured and released to production shortly.  The SataBeast units were ordered directly 
from Nexsan, and the I/O servers were ordered from ASA.  Nexsan delivered the 
SataBeast units promptly, but we had significant problems with ASA. When the bid was 
placed, ASA promised that they would deliver Opteron 265 chips, but they failed to 
deliver on this promise.  The Fermilab purchasing department had to negotiate with AMD 
in order to get Opteron 270s at the same price.  Then ASA did not have motherboard 
cases despite their promises while we were waiting for the CPUs.  Finally, there were 
issues with the burn in at ASA due to the correct Scientific Linux version. Coordination 
with ASA was very difficult, and this caused significant additional work for the team at 
Fermilab and about a 2-month delay in the storage deployment.   

We continued to evaluate the latest storage solutions before the second purchase but 
nothing was identified that provided a better costing model, so only minor testing was 
performed to understand these alternative vendors.  A decision was made to continue 
with the Nexsan SataBeast solution. An additional 20 units, I/O servers and supporting 
equipment has been again been bid out and awarded. This equipment should arrive within 
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the month.  The data storage is self integrated and all required problematic Cyclades parts 
were pre-ordered months in advance to eliminate any delays in implementation. This 
lesson learned will also be applied to further worker node orders next year. 

User  Disk: We have procured 4 additional Nexsan units in a highly reliable dual-
controller configuration. Two of these units have been included into the BlueArc NAS 
file server, owned by the Fermilab Computing Division.  These have performed well 
while additional use and further migration of data is being performed.  The BlueArc NAS 
has performed successfully in three cases where the previously used IBRIX file system 
has failed.  The BlueArc has not been stressed as much as the IBRIX yet, and we are still 
evaluating our options.  The Nexsan units also now allow for RAID 6 configurations, 
with provides a higher level of reliability for protection against disk failure.  This will be 
tested and possible migration to this configuration will be considered.  

User  Analysis Facility (UAF):  To improve cyber security the Fermilab Computing 
Division is moving towards the most current implementation of ssh. For modularization 
the Fermilab-unique parts of the Kerberos and 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 Linux V4 vs V3.  This is 
quite troublesome.  We are still exploring alternative solutions that provide gateways for 
CryptoCard users.  We are also hopeful that CMS software can soon be built on SL V4, 
thus eliminating this problem.  

Data Transfers:  Following a decision by the GDB and WLCG to channel all data 
transfer requests through the EGEEÕs File Transfer System FTS we installed this 
middleware at Fermilab.  The software requires to use Oracle (despite the plans to 
support freeware databases) and we tried porting it to freeware databases. This was not 
successful due to design choices by the FTS developers. We finally got it installed with 
Oracle-Express, but still have been having problems and will be required to upgrade to 
Oracle in the Fall. This was unexpected effort as FTS was not foreseen to be part of the 
software stack on OSG (it is required to maintain compatibility with EGEE sites, but does 
not provide us with additional functionality over the existing services, PhEDEx and 
SRM).   

Gr id Services: We also installed the gLite CE, which also was very time-consuming.  
CERN only provided installation for the PBS batch system, however we are using 
Condor at the Tier-1 centers.  The installation scripts were buggy and required much 
effort to get everything working properly. 

Progress has been made on GPlazma and GUMs and we hope it will soon be production 
ready. DESY is providing a new dCache HSM module that we have been testing.  This 
will allow us to increase the rate we write to tape.    

Tape Robotics:  The new tape library STK SLA8500 is in the commissioning stage.  It is 
currently performing a 100 TB write / 300 TB read test on 100 tapes with a forced 
mount/unmount on every file. This test yields well in excess of 100,000 tape mounts. It is 
approximately half completed with over 80,000 mounts already and will conclude later 
this month.  Once the internal lab tests are complete, we hope to start some robotic tests 
with the CMS data pools. 
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WBS 1.2 USCMS Tier-2 Facilities Program 

This quarter opened with the annual (for now) U.S. CMS Tier-2 facilities workshop, 
hosted by the University of Nebraska-Lincoln on April 6 (the day before the annual U.S. 
CMS collaboration meeting, also in Lincoln).  There was excellent attendance from 
representatives of all seven Tier-2 sites, plus from Fermilab and Cornell.  A full day was 
spent discussing a variety of technical issues, presenting site status reports and hardware 
purchase plans, and operations plans for the coming year.  The group agreed on a set of 
milestones to be achieved over the following six months. 

The milestones for this quarter focused mainly on network performance and operations 
for the U.S. CMS Tier-2 sites, including the four DISUN Tier-2C sites.  All seven sites 
are fully integrated into CMS's data transfer "load tests", in which sites are continuously 
transfering data at low rates to confirm the reliability of network links and Grid 
interfaces.  In the context of this, sites have also been challenged to move large amounts 
of data, in preparation for the transfer rates that will be necessary during LHC running.  
All sites have demonstrated their ability to transfer 5 TB/day from Fermilab, implying a 
sustained rate of about 60 MB/s over a 24 hour period. While this is still below the rate 
we need to achieve in 2008, it is still a significant achievement, and the effort to achieve 
this milestone helped sites understand the limitations of their systems. In addition, several 
sites were able to transfer 1 TB/day to Fermilab.  This is a step towards archiving 
simulated datasets to the Tier-1 facility at the necessary rate.  More network tests will 
take place in the coming quarter. 

On the operations side, the sites have joined in the major transition to the new EDM, 
software framework and data management systems that is taking place throughout CMS.  
All sites are now operating the CMSSW software framework and have successfully set 
up the so-called Trivial File Catalog.  In doing so, the sites are prepared to take part in 
Service Challenge 4, the latest WLCG readiness exercise.  In this quarter, the main focus 
of the challenge was on the "analysis workflow" Ð the process of receiving a CRAB job 
submitted through grid interfaces, successfully processing that job, and delivering the 
output to the submitter.  This workflow is being tested through a "JobRobot" that 
dispatches simple analysis-like jobs to sites each day.  The U.S. sites have all been 
receiving grid jobs consistently. Once successfully submitted, jobs are processed 
successfully 96% of the time, significantly better than the CMS world average of 89%.  
At the end of the quarter, SC4 began to focus more on the "production workflow," in 
which simulation jobs are submitted through grid interfaces, and the simulation output is 
transferred to the submittor.  This is still being shaken down, but progress has been rapid.  
Once the production workflow is operating smoothly, the sites will be busy creating data 
samples for this fall's CSA06. 

During this quarter, US CMS Tier-2 sites provided about 2.6 million hours of CPU time 
Ñ  nearly 300 years Ñ  to a variety of Grid and non-Grid users.  About 160,000 of those 
hours Ñ  18 years Ñ  were attributed to the CMS Virtual Organization. 
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WBS 1.3 Grid Services and Interface with the Open Science Grid (OSG) 

Vir tual Organization, Secur ity and Management: This work covers the end-to-end 
authentication and authorization services in use in OSG, which have significant overlap 
with those in the EGEE and are otherwise planned to be interoperable with the EGEE in 
support of the Worldwide LHC Computing Grid and the CMS global computing 
infrastructure. 

¥ The Registration Service (VOMRS) was extended by Tanya Levshina to meet the 
WLCG. Tanya has also been training on-site CERN personnel to provide the front 
line support for VOMRS. 

¥ The compute authorization components (Prima/GUMS/SAZ) are being stress and 
performance tested in OSG installations and with the newer versions of the 
underlying Globus component.  

¥ The storage authorization service (gPlazma) development is ready for first 
deployed use. It is already in production testing at the Fermilab Tier-1 and is 
ready for testing at selected Tier-2s.  

¥ The Open Science Grid security effort has become energized with FermilabÕs Don 
Petravick taking the reigns as security officer. We are helping develop the OSG 
Risk Analysis, Agreements Procedure, and the Security Plan that will drive the 
program of work in support of and by CMS for the U.S. Grid infrastructure. 
Again, this work is in collaboration with the European Grid projects in support of 
the LHC experiments.  

Workload and Job Scheduling Testing and Evaluation: Burt Holzman is working with 
the CMS Integration group and U.S. CMS DCT team on installation and testing of the 
functionality, performance and scalability of the gLite V3.0 Condor-C based workload 
management system to evaluate its utility for OSG. This activity will expand over the 
next few months towards a decision on the technologies to be used during initial data 
taking.  

Troubleshooting: The team at the University of Iowa is providing additional user 
support and triaging to the experts for CMS grid users of the U.S. infrastructure and 
services. When a particular problem recurs the team is ready to provide mitigations in 
terms of tools and utilities, or changes to the underlying infrastructure to remove the 
problem or attempt to reduce its impact.  

A particular example has been the need to improve the robustness and up-time of the 
information publication service based on the EGEE BDII. The replacement based on the 
common underlying software (LDAP) is in test on the U.S. CMS Tier-2 sites. 

Accounting: The joint U.S. CMS, Fermilab, PPDG, OSG Grid Accounting project is 
installed at several grid sites at Fermilab. It will be installed and tested at the U.S. Tier-2s 
over the next few months. There is continued collaboration on common ÒmetersÓ with the 
EGEE and TeraGrid.   

U.S. CMS-OSG Integration and Planning: The ATLAS/CMS/OSG dCache workshop 
held at Fermilab in July proved very useful in exchanging configuration and support 
information about SRM/dCache across the site administrators. The workshop also 
provided a valuable forum for communicating installation and support experience from 
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the field to the developers, and getting a common repository for documentation across 
OSG.  

The U.S. CMS requirements for the next OSG release, 0.6.0, are being input to the OSG 
planning. The decision on the contents of and schedule for the release will be taken at the 
Consortium meeting in August. 

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 operations efforts for 
the application layer services on top of the Grid middleware and below the CMSSW 
application, in particular for CMS software installation, for Monte Carlo production and 
for Data Management.   

Work proceeded on deploying and commissioning the DBS (Dataset Bookkeeping 
System) infrastructure, the PhEDEx data transfer system, the CMS software distribution 
system and the MC production system. In June, a functional environment for Data 
Management, MC data production, and Grid services was commissioned and made to 
work with the new CMSSW software.  

After the successful integration of this environment, towards the end of the quarter, we 
installed CMSSW release 0_8_1, and started the first large scale production tests of the 
new ProdAgent infrastructure for MC event production on the Grid. In addition, we have 
developed and are operating the JobRobot, an integration activity in CMS that sends data 
analysis jobs to all CMS sites globally to perform a simple and limited analysis of all the 
officially published data samples worldwide, and to report failure statistics on Grid 
infrastructure as well as CMS application and data publication errors.  The JobRobot 
submissions depend on LCG - OSG interoperability which DCT supports by installing 
LCG user interfaces together with the CMS software into the OSG application area for 
CMS. 

DISUN continues to contribute to the ProdAgent development, and the job  
submission hardening and testing. The latter includes work related to both CRAB and the 
LCG resource broker. 

In this quarter, we had a three-day workshop for DCT at Fermilab, which included 
Application Services people. The workshop focused on: 

¥ ProdAgent deployment & large scale MC Production using ProdAgent. 

¥ Analysis tools for CSA06 

¥ Status of JobRobot submissions 

¥ Status of the new resource broker, especially with regard to bulk submissions 

¥ Introduction to DBS  

There were close to 20 people attending, including developers who recently started on 
Data Management developments (e.g. three new developers supported on project funds at 
Cornell), or joined to add their expertise (e.g. FNAL DBS experts).  Overall, the 
workshop was a big success, facilitating collaboration, accelerating progress in many 
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areas, identifying deficiencies in some, and stimulating follow up work after the 
workshop. 

DISUN contributed to GSI in the area of applications coordination, and by organizing an 
OSG workshop on SRM/dCache. This was attended by more than 30 people, including 
all CMS Tier-2 centers, and all but one ATLAS Tier-2 center. The workshop was very 
successful in that it introduced the developers to the sites, and facilitated a lively 
exchange. It resulted in a number of follow items, as well as a set of agreed upon goals 
for the storage effort in OSG to concentrate on during year 1 of OSG funding. 

DISUN work in Q2 on SRM transfer commissioning came to fruition in this quarter and 
has led to several of the Tier-2 centers exceeding 10TB a day data downloads from 
FNAL.  We expect to undertake even more aggressive transfer challenges in Q4. 

WBS 1.6 Software and Support 

This quarter the Framework/EDM project continued to focus on providing targeted 
development servicing the needs of our collaborating CMS software and computing 
subprojects, including: 

¥ Simulation: Developed a recovery mechanism for when Geant4 generates 
Floating Point Exceptions (NaN) as well as a service that allows the simulation 
developers to catch the exact place these exceptions are generated (as opposed to 
the place where they are propagated back to CMS code). 

¥ Reconstruction: Added many features for easier configuration of jobs.  Work has 
also begun on configuration editors. 

¥ Calibration: Developed the EDLooper capability to facilitate the alignment and 
calibration calculations, which are iterative in nature. 

¥ Event Filter: Prototype 1 of the storage manager (SM) has been deployed at SX5 
for the Magnet Test Cosmic Challenge (MTCC).  While we are continuing to 
support prototype 1, development work on prototype 2 has begun.  This version 
will be faster and contain features, like the production of so-called index files 
(implementing direct access to events through Òevent directoriesÓ, that will 
support the Storage Manager data flow and event streaming into the Tier-0).  
There is a request from the MTCC Run Coordinators to speed up this 
development so that it can be deployed before MTCC is over. 

¥ Data Management: There has been a lot of progress on the list of joint software 
and computing features.  We now have support in the framework for the "Trivial 
File Catalog" and the "Site Local Configuration" service and the "Framework Job 
Report" service.  All of these features were required and delivered in time for start 
of MC production for the CSA06 data challenge.  Another area of intense work 
went into renormalizing of the event data file formats.  The file format is frozen 
until the CSA06 Data Challenge is over in November this year.  We finished this 
work on schedule. 

Work on analysis infrastructure has begun, mostly at Cornell.  A "framework light" 
package has been developed and is being used.  There is also now prototype code that 
will interface to the ROOT PROOF system.  
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In the software and support area we have contributed to the work on the new software 
build and support system in a joint effort with the CMS Computing project.  This system 
was successfully deployed in time for the 0_8_0 release of CMSSW.  There is intense 
effort right now in fixing up all of the problems uncovered in the field. Work to support 
and install the many frozen releases needed for computing and physics challenges 
continue. Also, user desktop and software consulting continues. 

WBS 2.0 Core Applications and Support, CAS  

M.Case (UC Davis) continues to work on and to coordinate 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 uder WBS 1.6.  

I.Osborne (Northeastern U) continues to work and debug the event visualization and 
event display package IGUANA in the new framework. The main deliverable was to 
provide a functional event display and analysis package for the online data taking for the 
MTCC .  

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

 S.Muzaffar (Northeastern U) is continuing the maintenance of the Ignominy  tools.  This 
includes the migration to CMSSW.  He has also helped develop the tools for the nightly 
build system.   He has  also contributed to IGUANA bug fixing. 

M.Stavrianakou (Fermilab) is working on and coordinating the efforts of the simulation 
part of CMSSW.  Several releases of the simulation package as part of CMSSW were 
provided and validated.  

WBS 3.0 Project Office 

All the Statements of Work have been updated in particular for the next funding cycle of 
the NFS supported efforts at Tier-2 centers. Purchase Orders have been updated and 
issued at Fermilab for the DOE efforts in FY06.  While we still see a lag time between 
the effort being spent and the actual accounting/billing, we are in communication with the 
universities to speed up their invoicing. We are seeing definite improvements in this 
regard.  

NSF funding periods cross DOE fiscal year boundaries, and while in the past we have 
reported within fiscal year periods, we believe it to be more transparent to show the NSF 
and DOE funds separately. 

For the DOE fraction of the S&C funds, in the following table we show the funding 
allocations (BCWS), the allocated effort, the reported effort and the actual invoiced costs 
(ACWP).  
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The funding allocation of the NSF Program is shown in the following table.  The Tier-2 
centers receive their NSF funding through the iVDGL project, the USCMS project, 
(Research Program, RP), and the DISUN project.  The table shows the allocated funds 
and timelines from these sources. 

 

FY06 Funds and Costs FY06 total    FNAL Tot.Univ. Caltech Princeton UCDavis UW Madi UofChic UIowa

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
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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


