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1 Introduction
We develop, deploy, and operate distributed cyberinfrastructure for applications requiring data-intensive distributed computing technology. We achieve this goal through close cross-disciplinary collaboration with computer scientists, middleware developers and scientists in other fields with similar computing technology needs. We deploy the Data Intensive Science University Network (DISUN), a grid-based facility comprising computing, network, middleware and personnel resources from four universities: Caltech, the University of California at San Diego, the University of Florida and the University of Wisconsin, Madison. In order for DISUN to enable over 200 physicists distributed across the US to analyze petabytes per year of data from the CMS detector at the Large Hadron Collider (LHC) project at CERN, generic problems with a broad impact will be addressed. DISUN will constitute a sufficiently large, complex and realistic operating environment that will serve as a model for shared cyberinfrastructure for multiple disciplines and will provide a test bed for novel technology. In addition, DISUN and the CMS Tier-2 sites will be fully integrated into the nation-wide Open Science Grid as well as with campus grids (e.g., GLOW), which will make this shared cyberinfrastructure accessible to the larger data intensive science community.

This report is prepared for the annual agency review of the US CMS software and computing project. It so happens that these reviews are out of phase by 6 months from the DISUN funding cycle. As a result, we report here only for the 6 month period since the last DISUN Annual Report, and refer to the latter report  [DISUN2006] for additional information.

The DISUN funds of $10 Million over 5 years are budgeted as 50% hardware and 50% personnel funds. The hardware funds are deployed as late as possible in order to maximally benefit from Moore’s law while at the same time providing sufficient hardware to commission the computing centers, and overall cyberinfrastructure, and provide for computing resources to prepare for the physics program of the CMS experiment. The personnel is fully integrated into the USCMS software and computing project. Half of the DISUN personnel is dedicated to operations of the DISUN facility, and is fully integrated into the US CMS Tier-2 program, lead by Ken Bloom. 

The other half of the personnel is part of the “distributed computing tools” (DCT) group within US CMS, which is lead by DISUN. The focus of this effort within the last 18 months, has been in the following areas. First, DCT contributes to the development of the CMS Monte Carlo production infrastructure that is used globally in CMS. Second, DISUN is responsible for all CMS Monte Carlo production on OSG. This includes both generation at US CMS Tier-2 centers, as well as opportunistic production on OSG, and we will discuss those two separately below. Third, DISUN centrally maintains CMS application software installations on all of OSG. These installations are used both by the Monte Carlo production as well as the user data analysis on the Open Science Grid. As fourth focus area, DISUN is working with Condor and OSG on scalability and reliability of the shared cyberinfrastructure. In addition to these primary focus areas DISUN is engaged in outreach and engagement to enable scientists in other domains to benefit from grid computing, and to work with campus, regional, and global grids other than the Open Science Grid on issues related to interoperability, and in general towards the goal of establishing a worldwide grid of grids.

This document starts out by describing our hardware deployment status, followed by the performance achieved within CSA06, the major service challenge within the last 6 months. Section 3 then describes the DISUN activities within the context of DCT, while Section 4 details the outreach and engagement activities within the last 6 months.

2 Deployment Status & CSA06

DISUN has a strong operations and deployment component including funding for $5 Million in hardware and 4 people for the duration of 5 years across the four computing sites: Caltech, UCSD, UFL, and UW Madison. This section describes the hardware deployment status, as well as the performance achieved during CSA06, the major CMS service challenge within the last 6 months. 
2.1 Hardware Deployment Status

	
	CPU (kSI2k)
	Batch slots
	Raw Disk (TB) 
	WAN

	Caltech
	586
	294
	60
	10Gbps shared

	Florida
	519
	369
	104
	10Gbps shared

	UCSD
	318
	280
	98
	3x10Gbps shared

	Wisconsin
	547
	420
	110
	10Gbps shared


The disk space numbers are raw disk space in dCache only. In addition, all sites have a few TB of application space to deploy software releases, and of order 10 TB of local disk space distributed across the compute nodes. Most sites have at least some of their dCache space deployed as a “resilient dCache” system which stores two copies of every file for availability and performance reasons. The actual available “logical disk space” is thus significantly smaller than indicated here in terms of raw disk space.

The WAN connectivity is at least 10Gbps shared to Starlight for all sites. Some sites have access to more than one network provider, e.g. CENIC, ESNet, Teragrid, Ultralight, and have mostly static routes in place to account for the providers’ policies.

UCSD has delayed the purchase of a 32 node rack of Dual Quad Core 2.33GHz CPUs with 3TB of disk space per node. As these are the first quad core CPU to be bought in CMS, we are concerned about evaluating performance of running 8 CMSSW Monte Carlo production jobs on this hardware prior to committing to a purchase.

In addition to the compute and storage clusters listed above, there’s a significant administrative infrastructure that has been built up. This includes hardware like the GRAM, PhEDEx, and SRM/dCache administrative servers that are integral parts of the production system, as well as Rocks headnode(s), and centralized monitoring, logging, and bookkeeping hosts. DISUN sites furthermore include a user analysis facility of some sort, e.g. interactive login node(s), a cvs repository, a twiki, some backed up disk space for software development, etc. Finally, we operate testing facilities, both to test new services, scalability of existing services, as well as the mundane work of testing failed hardware, e.g. disks, before they are sent for replacement to the vendor, or new hardware before it is deployed in production. 

A significant part of operations is the continued maintenance and upgrade of services including:

· Functional compute cluster including batch system.

· Functional storage cluster including dCache.

· Functional Wide Area connectivity of 10Gbps shared, and demonstrated LAN bandwidth at 1MB/sec per batch slot.

· Functional Open Science Grid software stack, including Compute Element, Storage Resource Manager (SRM/dCache), MonALISA Monitoring, fully configured General Information Provider (GIP), among others.

· The CMS specific PhEDEx data transfer system.

· The monitoring, warning, alarms, and debugging infrastructure to operate and manage these services effectively.

All four sites provisioned at least 10Gbps shared WAN connectivity already by June 2006. This was accomplished at all four sites independent of DISUN hardware funds.
2.2 DISUN Performance during CSA06
A measure of the performance and reliability achieved by the DISUN computing infrastructure can be discerned from this years CMS’s computing challenge, referred to as “The Computing, Software and Analysis challenge for 2006” (CSA06). The four DISUN sites participated fully and contributed a significant fraction of the total worldwide computing to this effort. Together the four sites provided more than 15% of the total generated Monte Carlo events, downloaded approximately 12% of the world wide data transferred and hosted a significant fraction of all the analysis jobs processed during the challenge. It is important to note that in terms of computing each of the DISUN sites contributed more to the challenge than most of the Tier1 sites and all Tier2s worldwide. This is particularly true for the data analysis part of the challenge during which the four DISUN slots were among the top five sites worldwide.

2.2.1 The CSA’06 Challenge

The CSA06 challenge was designed to test the workflow and dataflows associated with CMS’s new data handling and data access model. The challenge would stress CMS’s computing infrastructure at the level of 25% capacity needed for turn on in 2008. The overall goals of the challenge included: 

· Demonstration of the designed workflow and dataflow. 

· Demonstrate Computing-Software synchronization by smoothly transitioning through several CMS software updates

· Demonstrate production-grade reconstruction software including the calibration and creation of conditions data and the determination of detector performance. 

· Demonstrate all cross-project actions, by determining and using the calibration/alignment constants. This included the insertion and extraction and offline use of said constants via a globally distributed constants database system.

· The HLT exercise: Split pre-challenge samples into multiple “tagged” streams and process these through the complete CMS Data Management system.

· Provide services and support to a worldwide user community. The challenge requires less reliance on robotic GRID job submission tools and more on real users with their real problems. 

There were also a set of quantitative processing and data transfer milestones established for participating sites including the Tier2s. They included data transfer rates of more than 5 MB/sec per site and established an overall goal of running 30 to 50 thousand analysis jobs per day worldwide. These jobs would typically be 2 hours long and be submitted through the GRID. GRID job efficiency goals were also established.  All four DISUN sites met and/or exceeded all of these milestones as will be shown in the following section.

2.2.2 Monte Carlo Generation, during the “Pre” Challenge Exercise.
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[image: image11..pict]Before the CSA06 challenge began on October 2, 2006, an organized world wide effort to create Monte Carlo events was conducted by CMS. The relevant event samples where first generated with Pythia and processed through the GEANT4 based CMS Monte Carlo simulator complete with simulated digitized information. The samples were created as input to the reconstruction algorithm that would be applied at the Tier0 and Tier1 sites. The software was based on the new CMS event model [25], CMSSW. Several version of CMSSW where used during the pre-challenge from version 1.0.3 through 1.0.6. The ability to process events through a series of software releases was an important part of the CSA06 challenge.

This Monte Carlo generation work began in August and continued through September of 2006. Many sites across the globe, including the four DISUN sites, contributed a total of 66 Million events, 16 million more than planned. The total number of events generated by DISUN sites alone amounted to almost 10 million events. This is about 15% of worldwide event sample and 52% of the US contribution. Two of the DISUN sites, the Florida and Wisconsin sites, contributed more events than anyone else in the US including the Tier1 at Fermi National Lab, see Figure 1.
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A major component of the CSA’06 challenge was the data movement exercise. This exercise was designed primarily to test the new and evolving CMS Data Management and Movement System (DMMS). The system was released earlier in the summer in time for the pre-challenge exercise and was used to move the Monte Carlo samples to the Tier0 site at CERN.  

The DMMS consists of globally deployed components at CERN and at the Tier1s that work in concert with locally deployed agents and applications at each participating site. Data movement is managed by the PhEDEx system [26]. PhEDEx is itself a distributed system. It consists of globally deployed agents that function together with agents that run at each site. Transfers are initiated by a user who interacts with the global agent via the PhEDEx user interface issuing requests for a given data product to be moved to a particular site. The global application communicates with CMS’s data indexing system, the Data Location Service (DLS) and the Data Bookkeeping Service (DBS) to determine where data resides. The PhEDEx system is also responsible for integrity and consistency of the transfer and the data products it transports to sites. It does this by comparing meta data attributes such as file size and checksums  of transferred files.   

The entire system was designed to work with grid-enabled storage systems that employ the Storage Resource Manager (SRM) specification. All or most of the CMS Tier2 sites, including all four DISUN sites utilize the dCache mass storage system which bundles an SRM interface with virtual file system amongst other features. The SRM provides a way for grid enabled authentication/authorization and the virtualization provides a single file system view of a distributed collection of storage devices. 

Data transfer performance varied considerably throughout CSA’06 and amongst the DISUN sites. This was primarily due to latency and availability of the reconstructed data products at the Tier0 and Tier1s and to significantly lesser degree to down times of various components of the distributed DMMS. This fact is reflected in “spiky” distribution observed in Figure 2.  The figure shows the daily average transfer rates for all US Tier2 sites. Irrespective of data availability issues each of the DISUN sites posted significant rates that sometimes exceeded more than 150 MB/sec sustained for a few hours. In fact, during CSA’06 Wisconsin achieved transfer rates in excess of 300 MB/sec over a two hour period. Keep in mind that the CSA’06 milestones set for Tier2 sites where 5 MB/sec per site. 
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Because of the high transfer rates and the overall stability of the CMS DMMS system the total data transferred to the DISUN sites were a significant fractions of the total world wide effort which exceeded 1 peta-byte of data transfers amongst the Tier0, Tier1s and Tier2s. During CSA’06 DISUN sites collectively downloaded approximately 122 TB. This represented about 12% of the world wide data transfers. 

Figure 3. The number of jobs submitted to each site during the last two weeks of the CSA'06 challenge. The DISUN sites lead the US in total number of jobs processed.

2.2.4 Analysis jobs

During the final two weeks of the CSA’06 analysis jobs where submitted to a majority of the participating sites. This was one of the primary exercises in which the Tier2 sites would be involved.  During this period more than 380 thousand jobs where submitted via the grid to participating sites world wide. The jobs where submitted either by regular CMS users or by experts running robotic submission tools. The US Tier2 sites lead the worldwide effort in total number of jobs hosted at a given site. Once again the four DISUN sites lead the way even amongst the US sites in total number of jobs processed all with job completion efficiencies in the 90% level, see Figure 3.

3 Distributed Computing Tools Activities 

As part of the “Distributed Computing Tools” (DCT) group in CMS, DISUN plays a significant role in the development and operations of the Monte Carlo Production, as well application software deployment effort for US CMS. We deploy, validate, and maintain CMS software releases at all OSG sites that CMS uses. This includes all US Tier-2, some international Tier-2, some Tier-3, and some sites that aren’t operated for CMS. The one notable exception is FNAL, the Tier-1 site does its own software installations. This is part historic, and part necessity due to the fact that FNAL deploys pre-releases that are not distributed across the grid, but only available at the FNAL User Analysis Facility and CERN.

We are a major contributor to the Monte Carlo Production system development, and are responsible for all of Monte Carlo Production Operations on OSG. In the past, this was focused primarily on CMS Tier-2’s, including the international Tier-2’s that are part of OSG. We are presently gearing up for official Monte Carlo Production also at CMS Tier-3, and non-CMS sites on OSG.

In addition, DISUN has a strong focus on scalability and reliability testing, and improvements of the core middleware infrastructure. The work here is closely aligned with efforts in the Condor group and the Open Science Grid Extension program, as well as the Grid Services group in US CMS.

In the following, we describe all of these efforts in some detail.

3.1 Framework for Deployment and Validation of CMS Software

The present Section describes the framework we put in place in order to deploy and validate CMS Software installations at OSG sites. This is followed by a Section on work done within the last 6 months, and an outlook on expected needs for the next 6 months.

3.1.1 Description of the Deployment Framework

Deploying software on distributed computing facilities requires at least three components: a transport mechanism of software deployment, a local software installation tool at a remote computing facility, and a tool to send a signal to deploy software.

We use the Open Science Grid (OSG) for the transport mechanism. For the local software installation, XCMSInstall, which is a CMS custom packaging and is based on the RPM packaging tool, had been used until May 2006. Beginning June 2006, CMS decided to use the Debian packaging tool called APT and this packaging is used for the actual software installation currently. For the tool to trigger the software deploy, we developed a CMS Software Deployment portal based on a traditional CGI scripting technique with the capability of X509-based authentication to allow software deployment to Grids. A diagram that shows the software deployment implementation is shown in the figure below.

[image: image2.wmf]Figure 4 CMS Software Deployment Framework

In the distributed computing environment, the computing resource and the storage resource are updated from time to time. OSG provides a catalog of Grid sites that is called the GridCat. The GridCat keeps up-to-date site information in its MySQL database and provides an XML-based client tool that is called the ‘GridCat Client’ and one can query the information on the site that is cataloged in the GridCat. We use the GridCat client tool to check the site status, create and submit jobs for the CMS software deployment as the submission requires the information on the hostname, the job-manager, and the job-queue if relevant, etc. The prepared job for the CMS software deployment is ready for Condor-G job submission.

Beginning around June 2006, CMS decided to use the APT packaging tool. All the CMS software is packaged with the APT. APT uses RPMs. Two repositories one of which is at CERN and the other at FNAL host the RPMs. CMS packaging group provides a wrapper tool to install packages on the directories that is not owned by the super user so that packages can be installed using a normal user. The deployment framework should provide the rest of the arrangements required for the CMS software installation at a site. For example, different binary APT client executables and configurations are required for different OS. At some sites, if the APT client tool or RPM tool were not available, they need to be provided by the CMS software deployment framework, too. Keeping these in mind, we have developed the ‘Execution Script’ of the CMS software installation that can be used both in an OSG environment and in a personal Desktop when proper arguments are provided. For the CMS software deployed on the OSG sites, we also need to publish the CMS software release through the MDS monitoring called the Generic Information Provider (GIP) so that jobs can be submitted from non-OSG Grid interface, i.e., the gLite User Interface.

In order to trigger the installation, we have implemented a CGI-based web portal. The portal manages the CMS software installation using a MySQL database that stores the status of the deployment, the sitename, the hostname, the release number of CMS software, the installation date, and the name of the installer. The database is world-readable, can be queried using simple MySQL commands, and is used to display a list of CMS software installation. The portal uses an X509 user proxy and role specifically for accessing the OSG as well as other Grids for the purpose of CMS software deployment. Reverting a failed or timed-out installation is possible based on status information in the MySQL database. To cope with potentially frequent CMS software releases, a CRON-based script is run every 30 minutes to check for newly packaged releases in the CMS software repository at CERN. If a new release is found, installation across OSG sites can be triggered automatically. 

3.1.2 Creation and Installation of Site Configuration for the MC Production and CRAB Analysis Jobs

CMS uses a partially global, partially local namespace for its files. This is done by pre-pending local information to build the physical path at a site from the logical path in the global CMS Dataset Bookkeeping System (DBS). Significant flexibility exists in that different strings can be pre-pended for different purposes. The system that specifies these pre-pends is referred to as Trivial File Catalog (TFC), and is implemented using XML. The system of XML files that accomplishes this is also known as the SITECONF within CMS. This system is used both for data analysis using CRAB as well as for MC Production using the ProdAgent system described in Section 3.4 below. The XML files provide the executable with enough information to access files on local storage resource and to transfer files from the local site to a remote site. The TFC differs from site to site. Therefore, at the CMS sites where there is a storage system dedicated to CMS, the site is responsible to provide the XML file content relevant to the site, including information such as the file access protocol, the directory names, etc. The TFC is maintained in a central CVS repository in which each site updates its own changes. 

Since the TFC should be in a subdirectory that is owned by the CMS software deployment, we are responsible for installing the TFC from the central CVS repository whenever it changes. For some US CMS Tier-2 sites, this update is regularly performed per request from the site.

3.1.3 Validation of the Deployed CMS Software

Each CMS software release comes with a validation script. The script performs event generation, simulation, digitization, and reconstruction to check the predefined functionality of the software for a few events. Once the CMS software is successfully installed, this validation script is excuted as part of a grid job submission. If the validation passes all the tests provided in the script, the deployed CMS software release is marked as ‘VERIFIED’ in the MySQL database and published through the GIP.

3.1.4 Development of CMS Software Deprecation Tools

Most sites provide large enough disk space for CMS software releases that we initially didn’t worry much about the deletion of releases. However, as more CMS software is released and other application software is also installed, a need for retiring deprecated CMS software releases is now arising. We took the initiative on this issue and started developing the retirement script for the deployed CMS software releases. The script is developed to handle both OSG and LCG/EGEE in mind so that the script can be used globally, on all sites within the Worldwide LHC Computing Grid (WLCG). 

3.2 Operations Report for CMS Software Deployment and Validation

The present Section summarizes the work required within the last 6 months in order to maintain and operate the CMS Software Deployment and Validation Framework.

3.2.1 Changes of the Framework

The ‘Execution Script’ of the CMS software installation had to be completely re-written to make the transition from the XCMSInstall to the APT-based installation:

· Checks for the existence of the APT client had to be added

· Checks on whether the OS is 64-bit machine thus requiring a different download binary on the OS, e.g., http.

· All the XCMSInstall commands had to be replaced with corresponding APT client commands.

As a result, a slightly simpler ‘Execution Script’ was written than existed for the XCMSInstall. In addition, downloading and installing were executed in a single script instead of two separate scripts as for XCMSInstall. Originally, some CMS software releases had to be specially treated due to poor packaging. With more CMS releases, the packaging became more reliable and we did not have to add any special treatment for specific releases recently.

3.2.2 CMS Software Deployment Status

Since July 2006, we have deployed and validated CMS software releases a total of 219 times. The figure below shows the monthly installation during this period. This corresponds to 22 CMS software releases and 24 OSG sites. The release number of the CMS software ranges between CMSSW_0_8_0 and CMSSW_1_2_0.  Typical number of files in each release range between 17000 and 54000 files. Half of the number of files comes from documentation. Disk space used for each release without the external packages ranges between 650 Mbytes and 1.4 Gbytes. Typical installation time takes between one and two hours. Typical verification time takes similar amount of time or a little bit longer for older releases of CMSSW. 


Figure 5 Monthly CMS software deployment on OSG from July to December 2006

3.2.2.1 CMS Tier2 Sites on OSG

We have deployed a total of 198 CMS software releases at CMS Tier2 sites on OSG. Table 1 shows a summary of the CMS software deployed at CMS Tier2 sites on OSG.

The second column of the table is the worker node OS at each site with the software OS at which the software is built. SL3 and SL4 stand for the Scientific Linux 3 and the Scientific Linux4, respectively. The tilde in front of the SL3/SL4 is put to indicate the OS equivalent to either SL3 or SL4. As of the release 1_2_0, the CMS software releases built on SL4. However, we have not attempted to install it yet because the SL4 version of 1_2_0 was announced after the SL3 version was already installed.

3.2.2.2 Computing Resources at Opportunistic Sites

In principle, Monte Carlo event production can utilize computing resources that are not owned by CMS or not committed to CMS at the Tier-2 level. In practice, we are only beginning to use such resources. A prerequisite for being able to do so is to have CMS software releases installed and validated at the sites. We have deployed a total of 40 CMS software releases at these opportunistic sites on OSG. This corresponds to 17 CMS software releases across 11 opportunistic sites. Table 2 shows a summary of the CMS software deployed at the opportunistic sites on OSG.

Since site configuration XML files are not maintained by opportunistic sites, nor are there storage resources for CMS at these sites, we have created standard site configurations that point to storage resource at CMS Tier-2 sites.

Table 1 CMS Software Deployment at CMS Tier2 Sites on OSG

	Site Name
	OS/Software
	Release Range
	Deployed Releases
	Institution/Location

	CIT_CMS_T2
	~SL4/SL3
	0_8_0 ~ 1_2_0
	20
	Caltech

	osg-gw-2_t2_ucsd_edu
	~SL3/SL3
	0_8_0 ~ 1_2_0
	19
	UCSD

	Nebraska
	~SL4/SL3
	0_8_0 ~ 1_2_0
	20
	U of Nebraska

	UWMadisonCMS
	~SL3/SL3
	0_7_2 ~ 1_2_0
	20
	U of Wisconsin

	Purdue-ITaP
	~SL3/SL3
	0_8_0 ~ 1_2_0
	19
	Purdue U

	UFlorida-PG

UFlorida-IHEPA
	~SL3/SL3
	0_7_2 ~ 1_2_0
	41
	U of Florida

	MIT_CMS
	~SL4/SL3
	0_8_0 ~ 1_2_0
	20
	MIT

	SPRACE
	~SL3/SL3
	0_9_1 ~ 1_2_0
	18
	Sao Paolo, Brazil

	UERH_HEPGRID
	~SL3/SL3
	1_1_1 ~ 1_1_2
	2
	Rio de Janeiro, Brazil

	All CMS Tier2 on OSG
	-
	0_7_2 ~ 1_2_0
	198
	-


Table 2 CMS Software Deployed At The Opportunistic Sites on OSG.

	Site Name
	CMS Site
	Release Range
	Deployed Releases
	Institution/Location

	VAMPIRE-Vanderbilt
	Yes
	0_8_2~1_1_1
	15
	Vanderbilt U

	ASGC_OSG
	Yes
	0_8_4~1_0_1
	4
	SINICA, Taiwan

	FIU-PG
	Yes
	1_1_2
	1
	Florida I U

	UF-HPC
	Yes
	1_0_6~1_2_0
	3
	U of Florida

	GRASE-CCR-U2
	Yes
	1_2_0
	1
	SUNY, Buffalo

	BU_ATLAS_Tier2
	No
	0_8_3~1_1_1
	5
	Boston U

	OU_OCHEP_SWT2
	No
	0_8_4~1_1_1
	3
	Oklahoma U

	BNL_ATLAS_2
	No
	1_1_1
	1
	BNL

	UTA-DPCC
	No
	0_8_4~1_1_1
	3
	U of Texas, 

Arlington

	UIOWA-OSG-PROD
	No
	0_8_4~1_1_1
	2
	U of Iowa

	UFlorida-EO
	No
	1_0_0~1_1_1
	2
	U of Florida

	All
	-
	0_8_2~1_2_0
	40
	-


3.3 Projection of the CMS Software Deployment Activity During Next Six Months

3.3.1 Improvement of the CMS Software Deployment Framework

As is mentioned before, we will need to support the SL4 and other OS as packaging becomes available on other OS. This will require some modifications to the framework to fully implement multi-OS support. Once there are opportunistic sites that are well established by the Monte Carlo event production team, we will need to automate the software deployment for those sites. This may require development of a separate CRON process for the opportunistic sites.

3.3.2 Improvement to CMS Software Deprecation

We have been testing the deprecation script at most but not all of the CMS Tier-2 sites on OSG extensively. We will need to test the scripts on the remaining sites during early 2007, and start clearing up disk space.

Although we have developed the script to deprecate the unused CMS software for both OSG and LCG/EGEE, we have not tested the script at LCG/EGEE at all. In addition, a few users expressed interest in the deprecation script for their own private installations. The script thus may become part of a more generally available set of tools for maintaining installations. 

3.3.3 Expanding Opportunistic Sites

Expanding deployment to more opportunistic sites is likely to require debugging, and learning and adjustments to new types of idiosyncrasies of sites.

3.4 Monte Carlo Production System Development

In October 2005 a workshop was held at CERN to discuss upgrading the CMS production system. The current system at the time had been used (and developed) for several years [17] and was showing several limitations, including: large central database (central point of failure), many manual steps needed for starting a production and keeping it running, and a cluttered code base. The present section describes the redesigned system and the present status of the implementation, followed by a list of DISUN contributions. The section wraps up with a brief outlook towards future activities in this area. Work on this system is done within the context of global CMS.

3.4.1 Overview
The new system that has been developed is decentralized to minimize single points of failure, and is based on a pull approach. A “Production Agent” (PA) will pull part of a request and process it, if it has resources available for the production task. In the US, we presently have deployed one such PA for all of the production activities on the CMS Tier-2’s accessible via the OSG. This includes mostly US CMS Tier-2’s, but also two CMS Tier-2’s in Brazil. Figure 6 shows an architectural overview of the new system.
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Figure 6. Architecture of the CMS Production System.

Each PA registers itself at the policy scheduler. Users can submit production requests which will be approved by the production committee to prevent unnecessary (official) production activities. The policy scheduler keeps track of a list of approved requests (from different request managers) and PAs query this queue periodically. The production agents that retrieve request information contact the appropriate request manager and depending on the capabilities available to the PA, pull parts of the request. A part is a range of events the PA will process (e.g. 50000 events starting at 100000 until 149999). Not visible in this figure is the request builder. This application is used by the end-user to create a request and define the application types, datasets, etc…. Requests are periodically pulled by a request manager from (multiple) request builder(s).

3.4.2 Request Builder

The request builder enables users to construct and manage requests. Request construction involves specifying the number of events, or if it is file based what dataset is needed and adding configuration parameters,  needed to process the request (e.g. what version of the software needs to be used).  Once a user has defined a request the production manager can approve it or reject it. Only after the manager approves it the request will be injected into the production system. Figure 7 shows a screenshot of the browser interface for the request builder where users can define their requests. The browser interface is based on the Yahoo user interface library [26] (YUI for short).
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Figure 7. Request builder browser interface.

The request builder design follows the classical model for developing persistent web(service) enabled applications and consists of five layers:

· Client (JavaScript browser client, or any client that can parse XML)

· Server wrapper (for CherryPy server [25])

· Thin code layer (Python) for additional formatting of database results and exceptions.

· Database abstraction layer (supporting multiple backends e.g. Oracle, MySQL, SQLLite)

· Database

3.4.3 Request Manager

Official requests that are approved by the production manager will often be too large to be processed by one single PA. Usually a PA does not have access to enough resources to process the request at any given time, and even if it had it would take too long. Therefore, request processing tasks (aka jobs) are distributed over multiple production agents. The task of the request manager is to keep track of what part of the request has been processed and distribute jobs to different production agents. Job distribution follows the pull model. When production agents have resources available they acquire new jobs for the request with the highest priority from the request managers they are subscribed to. Assigned to each request are policies that determine when a request is finished (e.g. 80% of the request is processed) or when it failed (e.g. to many jobs where not finishing). The request manager has a simple browser client that gives an overview of the available requests. The browser client can be used by the production manager to manually intervene should that be necessary. Figure 8 shows a screenshot of the browser interface. The browser interface is build using JavaScript.
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Figure 8. Request manager browser interface.

The request manager design follows the classical model for developing persistent web(service) enabled applications and consists of five layers:

· Client (JavaScript browser client, or any client that supports XMLRPC)

· Server wrapper (for pure Python server and Apache)

· Thin code layer (Python) for additional formatting of database results and exceptions.

· Database abstraction layer (supporting multiple backends e.g. Oracle, MySQL)

· Database

3.4.4 Production Agent

Figure 9 shows one of the most complex parts of the system, the production agent that is deployed by institutions participating in the production. The idea here is that the CMS Monte Carlo production activity is split up and assigned to institutions willing to take responsibility for it, based on the human resources available to keep production running. E.g. for OSG, we are presently expecting two DISUN institutions to operate one Production Agent each. One of these, Wisconsin, has been doing this for some time, using CPU cycles across the US CMS Tier-2 centers. The second, UCSD, is expected to start within the next couple months, with the objective to focus on opportunistic resources across the OSG. In comparison, four institutions operate Production Agents in Europe that share responsibility for producing Monte Carlo across the EGEE. The bulk of the human effort is attributable to error recovery in one form or another. As our ability to automate error handling etc. improves, and the grid infrastructures become more reliable we will produce more Monte Carlo with less human effort, and thus possibly decreasing the total number of Production Agents while at the same time increasing the overall global production significantly.

The production agent is responsible for job management (a request consists of many jobs). The production agent consists of several autonomous components that communicate with each other through persistent messages, to prevent that a crash of one component will bring the whole production agent down. Several of these components are depicted in Figure 9 and include: Requests management (queue, feedback and retrieval), job creation (process jobs and merge jobs), job submission through submission plugins such as BOSS [15] or directly through Condor, job tracking, and data management (movement (Phedex [18]), catalogs (DBS,DLS 
)). DISUN is contributing in several areas in the production agent development.

[image: image6.png]Data Resaurces

Local Execution Queues

i

Compute Resources Publishes

Error Self Local Resources Resource

Logging Monitoring Mornitor Availablity

Local DBS l&— DBS Interface l
Active Driver
Local DLS.
[¢— DLS Interface ProdAgent
PhedEx [<— Data Movement
Active Driver

Watches

Policy/Scheduler

Contolles

Assigns Requests

o

RequestQueue

Updates status

Request Feedback

L

Request Retrieval

[4Pulls work

Merge Sensor JobTracking

Q Monitor Q

MergeJob Requestjob
Creator Creator

—

BOSSInterface

Legend

External Service

ProdAgent Component

Watches

=

MCPSinterface

‘J

=

v Submits Jobs

B0SS DB BOSS Submit

Prodvigr





Figure 9. Architecture of the Production Agent.

The Production agent is not deployed on sites, it is deployed to feed jobs to groups of sites via common interfaces such as OSG and EGEE. The only requirements for sites is to have the CMSSW and runtime environment available (The framework to actually run the CMS production jobs). The Production Agent is modular by design. New components can be added without disrupting the existing components and different plugins can be configured for each component. For example the job submission component has multiple plugins. One plugin to interface with OSG and one to interface with LCG.

The experience gained operating a Production Agent on OSG are discussed in detail in Section 3.4.6.1. To date only the prodAgent has been exercised at significant scale.
3.4.5 DISUN Contribution

DISUN has contributed to the production system on several levels. Below is a list of the various contributions:

· Development of the error handler component for the production agent (to support job resubmission)

· Development of a persistent job spec interface to keep track of job resubmission with a configurable maximum number of submission

· Development of a job cleanup component for the production agent to clean up database entries and files from various jobs.

· Development of a trigger module for the production agent. This module enables synchronization between the different autonomous components in the production agent.

· Development of the interface to the request manager, which includes a queuing system for delayed message delivery.

· Development of the complete request manager and browser client.

· Migrating of production agent and request manager code that can be reused by both systems (to prevent code duplication) to a new package.

· Development for prodAgent of a job submission plugin to use the Condor JobRouter for distribution of jobs across multiple grid sites.
3.4.6 Status and Outlook of the Production System
The production agent has been successfully field tested and minor improvements are being made. Currently the production agent is being integrated with the request manager system and first test are being conducted. At the same time the request manager is being integrated with the request builder. The main tasks during the next few months will be:

· Integration (and refining the interfaces between production agent, request manager, request buider)

· Scalability tests (this mainly involves testing the database backends and the response times)

· Autonomous production runs. Running production with a minimum of manual intervention using the request builder, request manager and production agents.

More (technical) information on the CMS production system can be found at:

· Request Builder: https://twiki.cern.ch/twiki/bin/view/CMS/COMP_MCREQUEST

· Request Manager: https://twiki.cern.ch/twiki/bin/view/CMS/ProdMgr 

· Production Agent: https://twiki.cern.ch/twiki/bin/view/CMS/ProdAgent 

An overview of the current production (including pending requests) and monitoring snapshots can be found at:

· https://twiki.cern.ch/twiki/bin/view/CMS/ProdOps120
· http://t2.unl.edu:8084/xml/workflow_events_query 

In addition, support for a new type of workflow needs to be integrated in order to allow for Matrix Element Monte Carlo generators.
3.4.6.1 Supporting Matrix Element Generators

Traditionally, the physics content of an event generator is fully integrated into the experiment software framework. This was a reasonable approach as long as there were only a few generators. Within the last decade or so, we have seen an explosion in the number of physics generators that implement a focused and small subset of physics, but do so at higher order in perturbation theory, or for some subset of Models beyond the Standard Model of particle physics that are not contained in the traditional event generators like Pythia and Herwig. These specialized generators are generally written by theorists in conjunction with calculating the matrix elements for these processes. Most of these so called Matrix Element generators deal only with the hard scattering at the parton level, and need to then be interfaced with Pythia or Herwig to address the hadronization. To support this technically, experimentalists and theorists agreed on a common exchange format between generators, the LesHouches Accord.

Some of these Matrix Element generators require substantial CPU resources to generate large enough event samples, and thus require us to be able to do the generation on the grid. Rather than fully integrating all of these generators into the CMS software framework, CMS is adopting a strategy where original executables as written by the theoretical groups are used as part of the workflow, and the LesHouches Accord output files are stored, and potentially shared beyond CMS.

DISUN has taken responsibility for integrating the necessary workflow modifications to support this class of Monte Carlos into the Production framework. This work is still at the very beginning, and an initial prototype that can be used at large scale is expected to be available within the next couple of months.

3.5 Monte Carlo Production at the US CMS Tier-2 Centers

The present Section describes our experience of operating a Production Agent (also refered to as prodAgent) system for large scale Monte Carlo Production on the US CMS Tier-2 Centers via the Open Science Grid. While the previous Section described the prodAgent design within the context of the envisioned, fully automated request management system, here we provide much more of a flavor of how things went as we deployed successive versions of prodAgents that were, and in some cases are still lacking much of the desired automation. These operational experiences feed back directly into the prodAgent design and implementations. 

The MC production of a single dataset from the beginning to the end involves many steps. The first step is the installation/upgrade of the appropriate version of the production software, called prodAgent.  Based on the requirement the installation is done once to produce a group of datasets.  Then, for each dataset the following procedure applies :

· Getting the assignment request from CERN.

· Creation and submission of simulation and merge jobs using prodAgent. Jobs are submitted to the Open Science Grid (OSG) sites (mainly CMS T2s) to utilize the available computing and storage resources. 

· Keeping track of the production problems i.e. failures related to both job processing and file storage at the OSG sites, and reporting the failures to the Production management team at CERN.

· Verification of merged (final) data block registration in the Data Management systems: Data Bookkeeping Service (DBS) and Data Location Service (DLS) and fixing any inconsistencies arising out of the problems encountered during the production process. 

· Creation of the final list of data output files from the DBS/DLS and preparation for transporting (via the data transfer system called PhEDEx) the output files from the storage at the OSG sites to the final destination. 

· Dealing with subsequent file transfer related (via PhEDEx) failures, until the issues are resolved. 

All the above steps are repeated for each new MC production assignment. All the CMS software (CMSSW) required for management of the production is installed at the participating OSG sites. 

3.5.1 Production Setup

Before each production round a required prodAgent version is installed (which comes with required updates or bug fixes) to work properly with the necessary updates made to the CMSSW. An upgrade to the ProdAgentDB database is performed alongwith the periodic prodAgent installation/update as and when necessary, to deal with latest changes to the database tables parameters. At UW, a dedicated central MySQL server is set up which hosts the ProdAgentDB database. The prodAgent software is installed in the AFS file system at UW that is accessible from the entire computing cluster. A couple of computing servers at the UW Tier-2 facility equipped with the Condor batch software are alternately used as the submit hosts. The MC production jobs are created by prodAgent and submitted to the OSG sites via the Condor software. The jobs are distributed to the OSG sites dynamically by the Condor JobRouter a.k.a “schedd on the side”. A configurable “routing table” then maps jobs of varying types to OSG sites, at a rate approximately equal to the rate at which jobs are able to occupy available batch slots at the respective site.  This routing of jobs relies upon feedback through GRAM about the status of the job in the remote batch system, and it also provides “blackhole” throttling in case of bursts of failures, caused by, for example, a malfunctioning worker node that causes jobs to failure shortly after start up. 
The JobRouter was developed in collaboration between DISUN and Condor, and is a core piece of infrastructure used to export campus grid jobs from GLOW to a national cyberinfrastructure, the Open Science Grid, as described in the Annual Report [DISUN2006]. This is thus an excellent example of DISUN developments for CMS providing benefit to a larger community of sciences, enabling multiple scientific domains to compute from the local to the global level transparently.

3.5.2 Preparation for Production

After the installation/update of prodAgent and prodAgentDB database the following steps are manually performed prior to the startup of the mass production of the MC data.  

· Configuration and verification of the ProdAgent runtime parameters necessary for job creation and submission. 

· Configuration/update of the CEs and SEs names (hard coded at present) in the prodAgent configuration files, in order to make sure that they are consistent with the possible changes that each OSG site might have done between two consecutive production rounds.  The sites are required to announce such changes to the production hypernews and/or the USCMS-T2 mailing list.

· Verification of the installation and correct configuration of the CMS software (CMSSW) version that is required for the production usage.   

· Creation of the workflow files from the simulation configuration files (contains event generation and simulation parameters etc.) for the respective datasets.  The workflow files are coupled to the CMSSW version and are unique for each dataset. These files are used by prodAgent for job processing.

· Creation of the voms-proxy (for CMS VO) using the grid certificate of the production agent, who submits the jobs to the OSG sites.  The certificate needs to be renewed every week in order to retain it’s validity for the running jobs, so that they will  complete successfully. 

· Configuration of the Job Router for dynamic allocation/de-allocation of jobs to the OSG sites. Before or during  each production round the Job Router configuration is updated based on the necessity for the amount of computing and storage resources, priority of individual dataset production,  and unavoidable site problems and/or downtime etc. This is to ensure the continuity and maximum productivity of the production operation.

· Site validation with test jobs. Prior to the creation/submission of a large number of jobs, test jobs are sent to the respective OSG sites to make sure that the test jobs can run successfully and the output file  is staged out to the storage system without any problem. This validation process ensures that the site is ready for accepting large amount of jobs. Any initial site related problems are addressed at this stage though it doesn’t gurantee that the site won’t experience any problem during the production phase. 

· Detection and addressing of prodAgent related problems through the test jobs. The test jobs go through the same standard production steps as the real jobs would and help find any possible production software related problems before the large scale production starts. This is then communicated to the software development team so that the problems can be addressed properly. 

· During the production process, prodAgent  interacts with several external components: Job Submission (Condor in OSG), Storage (SRM managed dCache systems in OSG), Data Catalogues (DBS/DLS) and the data transfer system (PhEDEx). Test jobs also help detect any initial problems that prodAgent encounters while communicating with all of the above external component, although it doesn’t guarantee an entirely smooth (trouble free) communication during to production process.

· Final cross checks and startup of actual production.

3.5.3 Production on the OSG

The prodAgent creates and processes two types of jobs in two separate steps. These are called simulation and merge jobs. In the first step simulation jobs are created and submitted. After several simulation jobs are finished successfully, they are simply merged together by a merge job that is created in the second step. The purpose of the merged step is to create an output file with a reasonable size (i.e. not very small or too big), which can be easily transferred by the data transfer service PhEDEx, and efficiently stored to tape. The merge step allows us to decouple runtime and filesize, thus achieving both goals of reasonable runtimes of several hours for simulation and reasonable filesizes of multiple GByte for storage. 

Upon successful completion, the output files from the simulation jobs are stored at the local storage system where the job was running. The prodAgent keeps track of the location (storage element i.e. SE) of each individual simulation file and automatically sends the merge jobs to that particular site so that a group of simulation files can be merged. The merged file also gets stored at the site where the merge jobs ran successfully. Both the simulation and the merged output files get registered automatically by prodAgent in the Data Management systems i.e. DBS and DLS. The prodAgent monitors both the simulation and merge jobs for success/failures, resubmits failed jobs up to a certain number of times set by a max retry threshold, produces a JobReport indicating success/failure status, site name (CE) where the job ran, storage element at the site (SE) where the file got stored, number of events produced, various kinds of pre-defined error status etc. The information from the JobReport is logged in the ProdAgentDB database and eventually used to generate a daily summary report to keep track of the production progress.

Different types of problems affect the production process that can be due to:

· Undetected problems/bugs with the production software i.e  prodAgent,

· Undetected bugs in the simulation software (CMMSW)

· Intermittent problems with the Grid software that handles the job submissions and transports files back and forth between the submit host and the sites over the grid

· Incompatible/corrupted software libraries (i.e python, perl etc.) in the computing nodes at the sites, which results in repeated failures of jobs

· Filled up disk space in the compute nodes and/or in the Grid head node at the site, before the completion of the job(s), which results in mass job failures and the unavailability of the log/err files preventing any kind of failure debugging

· Problems with the already complicated (dCache) storage system at the sites (i.e. srmcp, gridFTP, dccp failures that affect that file storage and readout, loss of files due to unexpected disk failures, etc. )

· Trouble with Network connections.

Most of the site related problems during the production are dealt with by directly contacting the site admins, and performing many hours of debugging via the instant messaging system, instead of relying on the email utility.  This has been a very effective way of operating because we utilized only sites that are owned by CMS, and thus very responsive to CMS needs.

As mentioned earlier in this report, the contribution from DISUN to the development of the production software has been quite significant. Several additions/upgrades like the error handler component, job cleanup component and trigger module to the earlier versions of the production software has especically been very useful in handling the respective tasks in an automated way, which were done manually beforehand. Further development work is already in progress that will automate many of the production tasks that are still being performed manually at present. Another important area where DISUN has made significant contribution is in the improvement of the scalability (described in detail in a later section) of the Condor batch software i.e. the ability of Condor to handle several tens of thousands of jobs at any given time without being too cpu-hungry in the process. This will be very useful for the production system in the future.

3.5.4 Summary of Monte Carlo Produced at US CMS Tier-2 Centers:

During the period August 2006 to December 2006, about 40M simulation (processing) events were produced using the CMS T2 sites in OSG. The list of datasets produced during the above period is detailed in Table 3.  The cumulative production statistics at the 9 OSG sites for the above period is shown in Figure 10. A web interface based production monitoring tool has been designed in collaboration with the Nebaska T2 center to monitor the real-time production progress based on a set of metrics, such as event statistics, job success/failure rates, CPU hours for successful/failed jobs, job failure types etc. This utility (available at http://t2.unl.edu:8084/xml) has been very useful so far for the production purpose, and we will continue to improve and use it for all future productions.

· Table 3 - MC Dataset Production Statistics

	Dataset
	Prodction Setps
	# of Events  

	CSA06-081-os-minbias
	  GEN-SIM-DIGI
	17093595

	CSA06-082-os-TTbar
	  GEN-SIM-DIGI
	1846836

	CSA06-083-os-Wenu
	  GEN-SIM-DIGI
	3949963

	CSA06-084-os-HLTSoup
	  GEN-SIM-DIGI
	1544511

	mc-onsel-111_QCD_pt_15_20
	  GEN-SIM-DIGI
	199598

	mc-onsel-111_QCD_pt_20_30
	  GEN-SIM-DIGI
	198922

	mc-onsel-111_QCD_pt_30_50
	  GEN-SIM-DIGI
	224332

	mc-onsel-111_QCD_pt_50_80
	  GEN-SIM-DIGI
	598034

	mc-onsel-111_QCD_pt_80_120
	  GEN-SIM-DIGI
	347075

	mc-onsel-111_QCD_pt_120_170
	  GEN-SIM-DIGI
	494383

	mc-onsel-111_QCD_pt_170_230
	  GEN-SIM-DIGI
	355509

	mc-onsel-111_QCD_pt_230_300
	  GEN-SIM-DIGI
	396969

	mc-onsel-111_QCD_pt_300_380
	  GEN-SIM-DIGI
	398215

	mc-onsel-111_QCD_pt_380_470
	  GEN-SIM-DIGI
	334689

	mc-onsel-111_QCD_pt_470_600
	  GEN-SIM-DIGI
	211754

	mc-onsel-111_QCD_pt_600_800
	  GEN-SIM-DIGI
	199782

	mc-onsel-111_QCD_pt_800_1000
	  GEN-SIM-DIGI
	198130

	mc-onsel-111_Wjets_pt_15_20
	  GEN-SIM-DIGI
	89316

	mc-onsel-111_Wjets_pt_20_30
	  GEN-SIM-DIGI
	89221

	mc-onsel-111_Wjets_pt_30_50
	  GEN-SIM-DIGI
	89890

	mc-onsel-111_Wjets_pt_50_80
	  GEN-SIM-DIGI
	224403

	mc-onsel-111_Wjets_pt_80_120
	  GEN-SIM-DIGI
	149570

	mc-onsel-111_Wjets_pt_120_170
	  GEN-SIM-DIGI
	134296

	mc-onsel-111_Wjets_pt_170_230
	  GEN-SIM-DIGI
	149483

	mc-onsel-111_Wjets_pt_230_300
	  GEN-SIM-DIGI
	149343

	mc-onsel-111_Wjets_pt_300_380
	  GEN-SIM-DIGI
	149406

	mc-onsel-111_Wjets_pt_380_470
	  GEN-SIM-DIGI
	89497

	mc-onsel-111_Wjets_pt_470_600
	  GEN-SIM-DIGI
	89605

	mc-onsel-111_Wjets_pt_600_800
	  GEN-SIM-DIGI
	79497

	mc-onsel-111_Wjets_pt_800_1000
	  GEN-SIM-DIGI
	79590

	MC-110-os-minbias
	  GEN-SIM (for pile-up study)
	58964

	mc-csa06-111-minbias
	  GEN-SIM (for pile-up)
	4767799

	mc-onsel-120_QCD_pt_0_15
	  GEN-SIM-DIGI
	230000

	mc-onsel-120_QCD_pt_15_20
	  GEN-SIM-DIGI
	369213

	mc-onsel-120_QCD_pt_20_30
	  GEN-SIM-DIGI
	199332

	mc-onsel-120_QCD_pt_30_50
	  GEN-SIM-DIGI
	202611

	mc-onsel-120_QCD_pt_50_80
	  GEN-SIM-DIGI
	507573

	mc-onsel-120_QCD_pt_170_230
	  GEN-SIM-DIGI
	197758

	mc-onsel-120_QCD_pt_230_300
	  GEN-SIM-DIGI
	149118

	mc-onsel-120_QCD_pt_300_380
	  GEN-SIM-DIGI
	55732

	mc-onsel-120_QCD_pt_380_470
	  GEN-SIM-DIGI
	165950

	mc-onsel-120_QCD_pt_600_800
	  GEN-SIM-DIGI
	32000

	mc-onsel-120_QCD_pt_800_1000
	  GEN-SIM-DIGI
	207689

	mc-onsel-120_QCD_pt_1000_1400
	  GEN-SIM-DIGI
	68939

	mc-onsel-120_QCD_pt_1400_1800
	  GEN-SIM-DIGI
	64340

	mc-onsel-120_QCD_pt_1800_2200
	  GEN-SIM-DIGI
	59112

	mc-onsel-120_QCD_pt_2200_2600
	  GEN-SIM-DIGI
	19354

	mc-onsel-120_QCD_pt_2600_3000
	  GEN-SIM-DIGI
	32151

	mc-physval-120-BBbar50to80-LowLumiPU
	  GEN-SIM-DIGI
	159435

	mc-physval-120-CCbar50to80-LowLumiPU
	  GEN-SIM-DIGI
	146115

	mc-physval-120-HToZZToMuMuMuMu-mH150-LowLumi
	  GEN-SIM-DIGI
	59800

	mc-physval-120-WToENU-LowLumi
	  GEN-SIM-DIGI
	73153

	mc-physval-120-ZToEE-LowLumi
	  GEN-SIM-DIGI
	30179
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· Figure 10 - Simulation Events Statistics
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Figure 9: Comparing the # of events produced by the 4 ProdAgent installations. Clearly, the one run by DISUN is the most productive of the four.

3.6 Towards Opportunistic Use of the Open Science Grid

It has been quite a bit of task for the single production agent in OSG to manage the current production at the 9 CMS sites (7 US CMS Tier-2, the US CMS Tier-1, and one CMS Tier-2 in Brazil, a second site in Brazil is presently being deployed), as far as the various site specific problems are concerned. While the production on the grid may never be without significant problems, it is anticipated that the operational issues/problems will be reduced as the production infrastructure and the software matures. However, it is clear that in order to address site specific issues in a timely and effective manner during the production, the necessity for a site contact is inevitable.  This is an important issue with the opportunistic sites at this moment. Based on our experience, we decided a second prodAgent installation, including independent human effort, is required to focus solely on opportunistic sites.

The most fundamental among the challenges we are facing here is that opportunistic sites do not provide CMS with dedicated storage resources. To keep things simple initially, we decided to move the output files directly from the opportunistic sites to one of the DISUN storage elements. Once we started testing out sites, we quickly found that a number of them do not have properly installed and/or configured OSG worker node clients. This is a set of clients that includes globus-url-copy as well as srmcp. Very few sites furthermore have no outgoing network access, but fail to advertise that fact in the ways intended for OSG sites. In short, the exercise of trying to use opportunistic resources on the OSG is turning into an exercise of repeating the site debugging we originally have done for CMS Tier-2 sites. We are now working on these issues with Atlas within the OSG User Group.
3.7 Scalability and Reliability of the Shared Middleware Infrastructure

Throughout the 18 months of the projects existence, DISUN has had an ongoing focus on scalability and reliability of the core middleware infrastructure that we depend upon:

· The GRAM based Compute Element in the context of condor-g submissions

· Condor as a batch system

· SRM in general and dCache’s implementation thereof in particular as the Storage Element of choice.

We consider these three as the underpinnings of success or failure for CMS at the computing site level. As DISUN is funded with a strong operations mandate, operating 4 large sites on the Open Science Grid, we are in a perfect position to work with Condor, Globus, dCache, and OSG to identify weaknesses in configuration, core software, and architecture of the middleware, and to suggest, deploy, and test solutions to those weaknesses.

We consider this a long term focus of DISUN that is necessary in order to stay ahead of the scale-up of the deployed infrastructure. In the following we describe in some detail the work done in this area within the last 6 months, as well as CSA06 related activities described in Section 2.2. Work within the last 6 months was focused primarily around job submission while the previous 6-9 months was focused more on data transfer. The data transfer work was already described in detail in the DISUN Annual Report 2006, we thus restrict ourselves here to the job submission activities within the last 6 months.

3.7.1 Scalability of the GRAM based OSG Compute Element (CE)

From our experience of operating production compute sites on OSG, we have learned that there are weaknesses in configuration, software, and architecture that are exposed by random fluctuations of load from multiple virtual organizations with different use cases, leading to “meltdowns” of the CE, and job failure. At present levels of utilization, and scale, these meltdowns tend to be sufficiently rare, and thus not affect overall failure statistics significantly. We firmly believe that it is nevertheless crucial to address these weaknesses today in order to be prepared for large scale computing operations once CMS data taking starts, and datasets and the user community grow.

We address this challenge via a combination of “root cause analysis” of meltdowns, and controlled experiments on dedicated test infrastructures. The test infrastructures necessarily need to be larger than the largest present production sites, and thus invariably have a little bit of the flavor of “large site simulators”. In the following we first describe the test infrastructure we have started using within the last couple of months to do these tests, and then describe the findings so far, some of which were directly related to building this test system. 

3.7.1.1 Deploying a large scale test infrastructure

The CE is essentially a gatekeeper, or portal to the batch system of a cluster of computers. For scale testing we thus need to mock up a large cluster, and provide it with a GRAM node dedicated for the testing. We do this by adding 10’s to 100 of batch slots on top of the regular production system, on the regular production compute nodes, thus producing a batch pool of several thousand. This pool can only be accessed via the test GRAM, and only the test crew is authorized to do so. As test jobs we then send large numbers of sleep jobs that register themselves at startup, and periodically between long sleep intervals query a web interface for when to terminate themselves.

We thus control both submission and termination rate independent of the capabilities of the submission interface. We can do so for a cluster larger than the largest production clusters without additional cost (except for the extra GRAM node) by operating the test infrastructure parasitically on top of the production infrastructure. 

In collaboration with the OSG Extension program as well as DCT, we are starting a systematic parameterization of the OSG CE, using this test system. 

3.7.1.2 OSG Configuration Weaknesses
When we began conducting scalability tests of Condor within the OSG software stack, we immediately discovered that an OSG monitoring component MIS-CI was problematic when there were large numbers of jobs in the batch system queue.  It not only slowed all other grid services down but, since this monitoring service gets installed as a cron job that blindly runs every 10 minutes, it could stack up on itself, causing conditions to deteriorate further and further.

The following chart shows the problem under very ideal conditions (nothing else happening on the machine and jobs being submitted locally and on hold).  Under less ideal conditions, the problem is likely (and has been observed) to hit at lower numbers of jobs in the queue.[image: image9.jpg]ITB Local Submit an Hold
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The inflection point after 8000 seconds is when all MIS-CI processes were killed and the cronjob was disabled. The Figure shows a plateau effect of jobs in the system. This is explained by all the CPU resources being eaten up by the piled up MIC-CI jobs, leaving nothing left for accepting new jobs, and thus plateauing with the number of jobs until the MIS-CI processes are killed.

This evidence helped put the “nail in the coffin” for MIS-CI, with the welcome decision by OSG to remove MIS-CI from future releases.

After a meltdown of a DISUN CE (believed to be in part due to MIS-CI), we investigated the observation that managed-fork was not limiting the number of running fork jobs, as it should.  This turned out to be due to a subtle documentation error in the OSG deployment guide.  We gave the VDT maintainers the necessary corrections so that this problem will be solved in the future.

In addition, we noted that the default nice values for a variety of processes on the OSG where chosen such that some of the vital processes could be starved by the OS scheduling policies as the CE is driven into overload conditions. We suggested settings that make more sense in order to avoid “run-off” conditions as the CE host experiences large load spikes. These new settings were communicated to the VDT maintainers in order for all OSG sites to benefit from these observations in the future.

3.7.1.3 GRAM Architecture Weaknesses

We have identified two weaknesses in the architecture of the GRAM interface. First it assumes a shared filesystem across all compute nodes. Most sites implement this via a shared NFS area across all compute nodes and the GRAM host that is read/write mounted. This has lead to instabilities at many OSG sites at various times due to NFS overloads. We reported in our last Annual Report that we developed, documented, and deployed an OSG CE that significantly restricts the need for NFS. Within the last 6 months we learned that some user communities on the OSG had built in assumptions into their workflow that were broken by our “NFS-Lite CE”. We addressed these issues, and have contributed a modified jobmanager to the VDT for others to benefit from our work.

The second weakness is one of protocol. The GRAM is lacking a mechanism for the GRAM host to indicate temporary overload to a client, and thus deny service gracefully to recover from temporary overloads. We discussed this with the Condor team, who suggested a solution similar to exponential back-off in networking. We will deploy and test this within the next 6 months.  

3.7.2 Scalability of Condor as a batch system

Fermilab and five of the Tier-2s currently use Condor, and the conditions of the CMS Computing Software and Analysis Challenge (CSA06) provided direct evidence that the anticipated workloads from CMS simulation and analysis required more scalable and robust middleware.  We made some significant improvements to Condor that are described here in some detail. This work was done by a combination of the Condor and DISUN Teams, with input from the FNAL Tier-1 team on their experience operating one of the largest sites on OSG during CSA06.

While analysis load conditions on OSG CE’s, we noted that all jobs submitted to Condor by the Globus jobmanager were being created with the default setting ‘true’ for copy_to_spool.  The result was a needless copy of the executable into the Condor spool directory for each and every job.  Depending on the size of the executable, this can add up to a lot of extra disk activity on the CE.  We therefore changed the default setting for copy_to_spool to false in the 6.9.1 release of Condor.
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We next observed cases of temporary deadlock between condor_schedd and condor_startd when the schedd was claiming multiple VMs at the same time.  (A condor “VM” represents a computing resource that runs one job at a time, also commonly called a “batch slot”.)  This explained some very poor performance observed previously in tests on startds with abnormally large numbers of VMs, as for example in the large scale test infrastructure described previously.  As the number of cores is increasing in commodity hardware, this problem is becoming more apparent in production condor pools as well.  A patch for this problem was committed to Condor version 6.8.3.

This patch also addresses denial of service issues in which Condor daemons, such as the collector, will block for 30 seconds each time a client connects but doesn't write anything to the socket.  This problem was observed in production pools at Fermilab and UW.

Similar to the temporary deadlock problem between condor_schedd and condor_startd, we found a case of “deadly embrace” between condor_schedd and condor_shadow.  The problem is that both of these processes may initiate network connections to each other, and since they are single-threaded and do blocking network operations, they may end up simultaneously waiting for each other to respond on different network sockets.  We found that this was a real problem for a heavily loaded schedd.  The solution was to convert the schedd’s messages to the shadow into purely non-blocking operations.

Yet another case where the schedd was susceptible to blocking (and therefore ruining throughput) was when trying to release claims on startds that were no longer accessible through the network (e.g. the startd machine had crashed or powered off).  This was causing significant problems at Fermilab.  We, again, solved this problem by converting the schedd to use non-blocking mechanisms for communicating with the startd.

Other than network-related vulnerabilities in the schedd, our tests and feedback from production sites made it clear that there was a surprisingly high amount of CPU-bound activity from the schedd.  We found that under fairly ideal conditions with ~5k jobs in the queue and ~1.5k jobs running, the schedd was spending about 2 seconds hunting for a job to run when reusing a resource claim.  In other words, for each and every job that finished (or was removed or put on hold), the schedd would spend 2 seconds doing nothing else but hunting through the job queue to find a new job to run on the resources freed up by the finished job.  This problem was also observed in the wild at Fermilab.  The result of this was that a busy schedd would get way behind in doing other important tasks, such as reaping the status of child processes.

A rather severe example of this problem can be easily seen by removing (or putting on hold) a large number of jobs, since this immediately frees up a lot of resource claims.  In our tests, with 10k jobs in the queue and 1.6k running, removing all of the jobs (condor_rm –all) would cause the schedd to become almost completely unresponsive to all other tasks for nearly 2 hours, which would be quite disruptive on a busy OSG CE!  Again, we should emphasize that this problem was much more general than just the case of job removal; it was primarily a feature of the schedd’s algorithms for reusing a claim to a startd when the job that was running under that claim completed.

We optimized the schedd algorithms, both at a high level in the matching of jobs to startd claims and at the low level in condor’s ClassAd implementation.  In the job removal test, the result was a much more responsive schedd (under 10 seconds for full condor_q dumps versus 5-10 minutes in the unoptimized case).  The overall operation was also much faster.  The removal of all 10k jobs completed in under 8 minutes versus 2 hours in the unoptimized case.

We are waiting for actual throughput measurements to give a definitive answer on how much the performance has improved under various workloads, but we believe from our tests so far that where the schedd is the bottleneck, the scalability has been increased by well over an order of magnitude. All of these improvements are available in Condor release 6.9.1.

We believe that the main remaining areas of concern are I/O scheduling in Condor’s file transfers and overload protection at the Globus GRAM and batchsystem level.  We have participated in some design work on both of these areas.  The I/O scheduling problem affects jobs that use Condor’s file staging to move input files and output files back and forth between the submit machine and execute machine.  Several large OSG sites depend upon this, including Fermilab, UCSD, and UW.  It is common in the current implementation of Condor for this data movement to be poorly scheduled so that too many files are copied at the same time, causing timeouts, retransmissions, and job failure.  This is being addressed as part of another development effort in Condor, so our input in the design process may be all that is called for.

Adding overload protection at multiple levels in the grid system is one of our remaining goals under the banner of increasing scalability.  No matter how much better we can make the system perform at steady-state, we believe it must also be able to reject requests when a surge is encountered.  Stability problems have been observed in multiple instances in the OSG, due to the lack of sufficient overload protection in the layers that need it.
4 Engagement and Outreach

The Engagement and Outreach activities in DISUN span a wide range of activities, including working with science application domains outside of particle physics, training of site administrators, and work with campus, national, and international grids. In the following we report on activities within the last 6-9 months in these areas.

4.1 “Expanding the User Community”

“Expanding the user community” comes in a variety of flavors. It includes the use of DISUN hardware resources, the use of DISUN personnel to help use Open Science Grid resources more broadly, and the use of DISUN personnel to develop and/or integrate functionality in the OSG middleware stack that enables new communities or new applications of existing communities to benefit from either DISUN or OSG resources in the future. Within year 1 DISUN has engaged in all of the above. 

The dominant users of DISUN computing resources within the last few months are ATLAS, CDF, CMS, all three of which are particle physics communities that also are the dominant users on OSG in general. However, the GLOW campus grid has periods, e.g. December 2006, during which it runs a steady stream of several hundreds of jobs simultaneously across DISUN for days and weeks at a time. In addition, we are “incubating” a group of bio/chem/med scientists by helping the Virtual Cell team from University of Connecticut to start the CompBioGrid VO on the OSG. They are successfully operating their own VOMS, and are just starting to run applications on DISUN. In addition, we are working closely with LIGO and the OSG Extensions program on enabling LIGO applications on OSG.

The last three of these are examples that clearly expand the user community of both DISUN, as well as the Open Science Grid. DISUN is thus having a broad impact on making grid computing technology accessible to a wider scientific audience in addition to improving the grid middleware technology.

4.2 Jump starting OSG User Group and OSG release provisioning

In March-September 2006 DISUN contributed to activities of the OSG Users Group, thus allowing the OSG to hit the ground running once funding for these activities as part of the OSG project became available. These activities focused on validating the OSG software stack for deployment on OSG sites, soliciting feedback from virtual organizations (VO's) within OSG on functionality of the OSG software, and delivering OSG computing resources to a broader scientific community.

In March-May DISUN provided the validation coordinators for OSG testbed releases 0.3.6 and 0.3.7. We identified VO representatives responsible for submission of VO-specific application jobs to OSG testbed sites, collected information about success/failure of these submissions and provided feedback to OSG developers and site administrators. 11 VO's (FERMILAB, LIGO, SDSS, CMS, ATLAS, GRASE, CDF, DZERO, GADU, NANOHUB and GROW) tested their applications on 13 sites. The validated testbed version was then converted into a stable OSG software release 0.4.1, currently deployed on most OSG production sites.

This work was continued after the release of 0.4.1 in May through September. We collected input from VO representatives on OSG site utilization, facilitated exchange between VO users and the Grid Operations team, and helped the VO's address various issues with job submission to OSG sites. The VO list included active VO's such as CMS, ATLAS, CDF, and GADU, as well as VO's that had been previously running on just a few OSG sites or not running OSG jobs at all: DZERO, LIGO, NANOHUB, DES/SDSS, GLOW, FERMILAB, STAR and MARIACHI.  This effort led to an increase in the OSG site utilization by several VO's, most notably LIGO and NANOHUB who

made significant progress in understanding limitations of the OSG software setup at various sites and developing workarounds for successful job submission. It also allowed to set an approximate time scale for the future site utilization by OSG newcomers who are still adapting their software to the OSG framework. A new twiki page, http://osg.ivdgl.org/bin/view/VO/WebHome, was launched to reflect an up-to-date summary of the VO application status and plans. This information was reported on a regular basis to the OSG Council and summarized at the OSG Users Group session during the OSG Consortium in Seattle (August, 2006).
4.3 From local to global Grids

DISUN fully subscribes to the OSG philosophy of enabling local users to transparently compute from local to global grids. We pursue this goal in a variety of ways:

· traditional outreach, e.g. the work with the Tier-2 center in Rio de Janeiro

· interoperability work as in “Grid Interoperability Now” (GIN) in the context of OGF

· technology development like “schedd on the side” which is used in GLOW to transparently move campus grid jobs onto the OSG, as reported in our last Annual Report.

In the following, we report briefly on the first two of these activities.

4.3.1 Training of CMS Tier-2 Center Staff in Rio de Janeiro

DISUN is assisting the CMS group from the Universidad del Estado de Rio de Janeiro (UERJ) establish a second Brazilian Tier 2 center for CMS and a second South American OSG site. We advised UERJ scientists on their hardware configuation and have set up a working 28TB resiliant dCache storage system at UERJ based on the new VDT installation. Centralized installation of the CMS software as at other OSG sites in the US has also been set up. Consultations continue on setting up the OSG cluster and PhEdEx system for data transfers, as well as continuing transfer of knoweldge and experience running an OSG cluster for several years. This will include sending a UCSD scientist to Rio de Janeiro in early 2007 and possibly a UERJ system administrator to UCSD for hands-on technical experience.
4.3.2 Grid Interoperability Now (GIN)

Grid Interoperation Now (GIN) Community Group in Open Grid Forum, OGF (previously Global Grid Forum GGF), was started by a globally diverse group of Grid projects which first met at SC05 in Seattle, WA. The group has been working since then to enable basic functional interoperation for a large number of Grid projects in four basic areas: security (GIN-Auth), data transfer (GIN-Data), job management (GIN-Ops), and information services (GIN-bdii). [27] The purpose of GIN is to organize and manage a set of interoperation efforts among production Grid projects interested in interoperating in support of applications that require resources in multiple Grids. The results of these interoperations serve to feed back into the interoperability efforts being conducted by the OGF Standards Working Groups. [28] 

The DISUN site at UCSD has been the first (and only) site within Open Science Grid (OSG) infrastructure to furnish fully-functional compute and storage resources for interoperability exercises within GIN [29]. This has played a key role in establishing global-scale interoperability of OSG with other national and international Grid efforts. At present, the GIN testbed includes resources from EGEE, NorduGrid, PRAGMA, and TeraGrid, in addition to the DISUN resources representing OSG. The main GIN activities at resource-interoperation level that OSG participates in, are SRM interoperability exercises within GIN-Data, and job submission exercises within GIN-Ops. Other activities, viz. GIN-Auth and GIN-bdii, focus at resource-specification level. 

As part of GIN-Data, DISUN furnished a dCache SRM v1.1 interface. We did not participate in GridFTP testing, since stand-alone GridFTP testing in GIN-Data was performed on globus implementations only. Since UCSD’s site is SRM-protocol based and has multiple GridFTP (dCache-specific implementation of GridFTP v1 protocol) servers underneath, we decided participating in stand-alone GridFTP exercise was not of practical utility. In fact, the SRM interoperability transfers had a Globus GridFTP server at a few peer Grids. Thus, it was also established that the dCache GridFTP implementation is interoperable with the Globus implementation. [30][31]

As part of GIN-Ops, DISUN furnished a set of GRAM/GridFTP interfaces and underlying compute resources to the GIN compute grid testbed. There were jobs submitted using clients from various grids to the DISUN site; execution of these jobs underwent proper authorization and completed successfully. Besides, we held extensive meetings with the PRAGMA team, and with TDDFT (Time Dependent Domain Function Theory) group of National Institute of Advanced Industrial Science and Technology (AIST), Japan. This led to a productive exchange of thoughts on how to successfully run PRAGMA’s main application TDDFT after customization for OSG compute model. This exercise has not concluded yet, and depends on proper repackaging of TDDFT distribution and a few changes in PRAGMA job submission workflow. [32][33]

Based on results officially demonstrated by GIN at GGF-17, GGF-18 and related meetings, it was widely considered by the Grid community that OSG’s contribution to GIN has been highly useful. To further this global grid interoperability effort, DISUN expects to continue its involvement in future GIN activities. 

In principle, it would be straightforward to extend GIN activities beyond the one participating DISUN site. To what extend there is an interest in doing so depends largely on the extent to which GIN morphs from a “proof-of-principle” demonstration to a production multi-grid infrastructure.

5 Summary
The first year and a half of DISUN has been extraordinarily successful. We are very successfully operating a distributed infrastructure, typically running 800-1000 jobs simultaneously, with peaks of 1200-1300. We transferred 100’s of TB at peak bandwidth of up to 300Mbytes/sec. Within CSA06, the 4 DISUN sites where the top 4 CMS sites worldwide in terms of job submissions. 

In addition, DISUN is responsible for all CMS software installations on OSG, and operates the most productive CMS Monte Carlo production facility worldwide. We installed and validated 22 releases across 24 OSG sites, a total of 219 instalations in 6 months. We produced 40 Million events of Monte Carlo during the same period, including 15 Million, or roughly 1/3 of the CMS Monte Carlo produced worldwide for use in CSA06.

With regard to development and integration, DISUN is focusing on two areas, the Monte Carlo production system development and scalability & reliability improvements of the core middleware that constitutes the OSG Compute Element.

Finally, we engage in a broad range of E&O activities, including enabling new scientific user communities, sites, and grids.
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Figure � SEQ Figure \* ARABIC �2�. A distribution of average daily data transfer rate for all Tier2 sites in the US during the CSA’06 period which lasted for approximately  45 days. 





Figure � SEQ Figure \* ARABIC �1�. The chart shows the number of Monte Carlo events produced by a select group of CMS sites during  the “pre” CSA’06 challenge. All but one of the sites displayed are in the US. The four DISUN sites: Caltech, Florida, UCSD and Wisconsin accounted for 52% of the total US event production. 
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