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Abstract load that includes elements of initial processing of raw
- . . data, application of calibration and good run filtering infor-
e o aation, Sping nlphyscs i et bycadcte process
celerator Le;borator has started to deplov user anal sglectlon, organizing and cataloging of the results, and fur-
. ratory depioy YSWRer processing to produce ntuples used for detailed analy-
computing faC|I!t|es at S_e"e“"?'_ locations thro_ugh(_)ut th%is by the physicists. In addition, Monte Carlo generation
world. At Fhe time of this writing, over 70.0 |nd|V|du§I and production must take place in large scale for simulated
users are signed up and able to submit physics analysis &5ta sets for each of the physics analyses to develop and
simulation applications directly from their desktop or Iap—re ine analysis techniques, check backgrounds and accep-
top computers 0 th'ese facilities.. These resources cons{g{}ce’ model detector resp’onse, etc. For CDF, the resulting
of a mix of _customlzed computing c_enter_s_and a de.zc.erébmputing load divides into the following steps in terms of
tralized version of our Central Analysis Facility (CAF) ini- analysis workflow:
tially used at Fermilab, which we have designated Decen- '
tralized CDF Analysis Facilities (DCAFs). The goals of
this project are to reach a total of 25% of the experiment's ®
overall computing through off-site resources by the end of
2004, and to expand this to 50% by the end of 2005 through
grid-enabling these resources. ¢
We report on experience gained during the initial deploy-
ment and use of these resources for the summer conference
season 2004 that have allowed us to meet the 2004 goal.'
During this period, we allowed MC generation as well as
data analysis of selected data samples at several globally
distributed centers. In addition, we discuss our plans for .
developing a migration path from this first generation dis: During the past year, CDF has taken steps to move a

is . )
tributed computing infrastructure towards a more open ir‘rEjl rge port|0r_1 of the Iattgr .tWO categories of \{vork above,
which constitute the majority of our computational needs,

lementation that will be interoperable with LCG, OSG :
P I W ! P o, 1to a state such that they can be conducted off site, both

and other general-purpose grid installations at the arti%,n . .
ipating siteg il 9 P or convenience of the physicists and to lessen the load on

CDF central computing resources. In addition, the devel-
opment and widespread current adoption of grid computing
INTRODUCTION AND BACKGROUND methods throughout the world has created opportunities for

The CDF collaboration at Fermi National Acceleratorc.D F to position its workload and resources in a way that
ill enable us to take advantage of such resources in the

Laboratory is currently engaged in analysis of physics da

resulting from operation of the Tevatron collider. Like all uture._ ,

operating experiments, the experiment faces a computi%gln this document, we dlsc_uss the current state of deploy-
ent of CDF global computing and the steps that have been

* Alan.Sill@ttu.edu required to reach this state. The total computational power

Initial production processing, calibration and physics
dataset splitting is handled by a step called “produc-
tion” on a dedicated processing farm at Fermilab.
Monte Carlo generation and detector simulation allow
simulated data to be prepared, which are then taken
through a similar production processing path.

The resulting data sets are catalogued and made avail-
able for processing into physics analysis ntuples by
the physics groups.




of the resources deployed so far represents 35% of the eemputing. This system provides an organized way to track
periment’s capacity in terms of compute cycles, placing uthe processing history of a physics dataset, as well as meth-
well in the target range of the desired goals. We also magds to manage the flow of data to distributed cache disks
out a short plan for grid-enabling these resources and mei@nd even tape), as required for off-site computing. To keep
ing this system with the developing worldwide high energyur data access model uniform, SAM was introduced for

physics grid in the future. on-site computing at Fermilab as well. The CAF graphi-
cal user interface (GUI) and command set were altered to
CDF Analysis Farms allow inclusion of a SAM dataset identifier, and the under-

The bulk of CDF's physics processing load has been pr
vided up to now by a central set of shared cpu and dis
resources running Linux on Intel-compatible 32-bit hard-
ware, using multiple RAID-5 file servers in a concentratecb ic el i
network environment [1]. The cpus are purchased in bul asic elements
and taken through an extensive burn-in process before ac-The resulting “DCAF” analysis environment, where
ceptance. Transfers to and from the file servers take plaBeCAF stands for “Distributed CDF Analysis Farm,” con-
for data using a combination of rootd, dcache and other ssists of the following basic elements:
cure transfer mechanisms, without explicit nfs mounts. i . )

This architecture, called the CAF for “CDF Analysis ~ The CAF, cluster envwonment, consisting ofgsubm!t-
Farm," uses Kerberos for user authentication and access, '€ monitor, user analysis sandbox, and mailer to in-
and is backed up by Enstore and dCache data handling sys- [0'™M the user of the final status of the job.
tems [2, 3]. The result has been a highly successful user. The CDF software, organized by release and installed
environment for shared resources, characterized by an ac- separately through our normal distribution methods.
cess model in which universities or institutions that con-
tribute resources are given priority usage on queues thaB- A SAM station, required at each DCAF site.
correspond to their portion, but the entire cluster is open to
opportunistic shared use by members of the collaboration
at large. This model has produced a desirable combination
of high utilization (essentially 100%) and manageable fair
share guaranteed access for cluster contributors. To this we added Ganglia monitoring and batch system

The challenge over the past year has been to extend tiiger monitoring, optional bandwidth monitoring between
above successful model to the use of resources providedch site and Fermilab provided by the Fermilab network
at the home institutions of our contributing members, loteam, and a basic informational home page to describe
cated all over the world. CDF had already reached a statedontact information and details on special conditions that
which a large portion of the Monte Carlo production com+might exist at each of the DCAF clusters. When a data set
prising almost all of the official samples is produced offis chosen, the software checks to make sure that it exists on
site, using clusters that were either dedicated to this task thre DCAF selected, and reports the appropriate details in
available for this purpose, but not in general open to largéerms of number of files and total data volume back to the
scale collaboration use on demand. It was our desire to enser for confirmation before proceeding with the submis-
tend the CAF model described above to the use of off-sitgon.
resources, so that CDF members would be able to submit
their jobs more freely to these resources for both Monte Table 1: DCAF Features as of Summer 2004

ended to provide the functionality needed to manage SAM

lying CDF analysis framework and CAF software were ex-
iroject workflow.

4. Kerberos authentication, identical to the original CAF
architecture and achieved through a special Kerberos
cluster principal at each site.

Carlo and real data analysis as desired. Feature Status
Simple self-contained sandbox Yes
DISTRIBUTED ANALYSIS Runs arbitrary user code Yes
- . . , Automatic identity management Yes
Physicists using the CAF system interact with the work- Network delivery of results Yes
flow of their jobs through a GUI or equivalent command Input and output data handling Yes
line interface that is customized to this purpose. Users Batch system priority management Yes
specify the number of instances of their job that they want Automatic choice of farm Not yet
to run, the directory are or tarball that contains the files Negotiation of resources Not yet

needed to run the job, and the command that will start the
analysis. Elements of the CAF workflow that we wanted
to preserve included this easy-to-use interface as well as a
simple method to specify the data set to be analyzed f
jobs that require data input. %Eurrent status

The SAM system [4] originally developed by Dzero was Table 1 summarizes the basic features of the DCAF en-
chosen for adoption as the data access model for off-sitronment in terms of functionality commonly associated



with large-scale grid computing. Although some desirablSAMGrid cache to analyze data without requiring the en-

features are not yet in place in terms of automated job routire data set to be pinned remotely.

ing and automatic negotiation of resources, the resulting We are also implementing a new caching layer [6] to

environment nonetheless provides a highly feature-rich arair calibration database access to reduce latency and to

easy-to-use set of functionalities to CDF physics users. improve overall speed of access, both of which are major
potential problems for high-intensity data processing at re-
mote sites. This layer will be extended to other components

Table 2: DCAF Capacity as of Summer 2004 of database access if it proves to be of value and necessary
Location cpu (GHz) | Disk Space (TB) | in field use.
Original FNAL CAF 1200 300
FNAL CondorCAF 2000 shared w/ above
CNAF (Italy) 300 7.5 UTILIZATION
KNU (Korea) 120 0.6 Figure 1 shows the number of processes versus time on a
AS (Taiwan) 134 3.0 scale that spans the past year for the central versus remote
SDSC (USA) 280 4.0 systems. As DCAFs have been commissioned, the overall
Rutgers (USA) 100 4.0 usage has risen to peak values that are becoming propor-
Toronto (Canada) 576 10 tional to the number of cpus deployed remotely. Overall
Tsukuba (Japan) 152 5.0 utilization of the remote DCAFs has been more variable on
Cantabria (Spain) 52 15 the remote sites versus time and from site to site, but is ris-
MIT (USA) 110 2.0 ing will soon reach a steady high state. Up to now it has

Totals: 5024 337.5 been necessary for users to select manually the DCAF to

use for each submission. We are looking at various meth-
ods that can be used to distribute the jobs more automati-

As of the end of the summer 2004 conference seaso?f’}”y-
a total of 11 DCAF systems comprising two central CAFs
and 9 off-site ones were in operation. Each of these facili- LESSONS LEARNED AND OUTLOOK
ties is open to all reg!stered CDF physmsts. Table 2 ShOV.VS Methods used to achieve this deployment included a se-
the cpu power and disk space online at each location, with

cbU power measured in equivalent P4 GHz. Aporoximatelies of workshops to define and disseminate the required
pup qu =Tz Abp! doftware set, creation of a rapidly updated “live” set of doc-
1.8 out of a total of 5.0 THz is now provided off-site, repre-

. . ; umentation to provide a cut-and-paste instructional refer-
senting 35% of the CDF user analysis computing capabﬁl— P L P
ity ence for new site administrators, and a strong focus on op-

ations, in which weekly operational summary and daily

. . T r
DIISI K spage n thle ofg—3|ttelg1;t|tuft[[cr)]nst r(tapiresg?tila ?‘#’Ehort coordination meetings were used to keep emerging
smallér portion, only abou o, OTthe total available. 1Nigqp1ems under control. Deployment of a complex soft-

is partly due to the previous emphasis on the part of instit vare stack was thus achieved with a small team for central
tions and universities within the collaboration on providing. , - jination allowing further development to proceed
storage at Fermilab to support analysis .eff_orts. Approxi- o long-term outlook for grid computing within CDF
mately h".’llf Of. the FNAL—pa;ed storage Is in the form 0fincludes adoption of a variety of grid-enabled protocols be-
these university and institutional specific disk units. A ond those we have adopted up to now. The strong focus
the data handling system become_s more robust_and the N&f-the use of a limited subset of these functionalities up to
works more mature, we expect this fraction of disk storagg principally Condor, Kerberos, and SamGrid, has al-
to grow over t|me atthe rem.ote DCAFs. . lowed deployment of a large set of computational resources
The SAMGrid data handling systems at these facilitiegqr analysis in a form that is useful to the collaboration and
comprising the SAM project-oriented database combingglat can be expanded in the future. In addition to the DCAF
with gridftp, have been operated in a mode that allows insjysters described here, CDF has several institutional re-
dividual large-scale data sets to be pinned, i.e., transferrgg, ;rces that can in principle be made available if adapted
and locked, onto the remote storage on demand at any @f access through appropriate interfaces. To achieve this,
the DCAFs. In addition, for the summer conference seasQk gre in the process of evaluating grid technologies in-
we have supported the use of SAM to import and store ey ding several reported at this conference. This evaluation
motely produced Monte Carlo results to make these avajliocess will be completed within the next few months and

able to the data handling system. should result in further expansion of global user analysis
We are in the process of transition to a new release @hpapilities for CDF in the future.

the core SAM software with improved capabilities to han-

dle transfer problems for large and complex data sets. In CONCLUSIONS

combination with other advances in storage deployment

through the use of technologies like SRM-dCache [5], this CDF has successully deployed a global computing envi-
should permit more general access pattern and use of ttement for user analysis based on a simple clustering and
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Central Off-Site

Figure 1: Utilization on central and remote DCAF systems, showing the number of processes active on each of these
facilities versus time on the horizontal axis. The peak value on the vertical axis is shown for clarity in each case. As
systems were commissioned, primarily in the latter portion of the past year, usage has grown to a bit less than 1/3rd of the
total. (MIT, not shown, comprises approximately an additional 100 processes.)

submission protocol, with a large number of registered arfd] http://projects.fnal.gov/samgrid ; see also R. St. Denial.,

active users. Starting from our all-central configuration in  “Housing Metadata for the Common Physicist Using a Rela-

January of this year, a large portion, 35%, of the total cpu tional Database,” these proceedings.

resources of the experiment are now provided offsite.  [5] R. Kennedy, “SAMGrid Integration of SRMs,” these proceed-
Aggressive trimming of the software suite has allowed ings, and references contained therein.

us to bring up and use these computational resources (] http:/whcdfo3.fal.gov/ntier-wiki/FrontPage; see also S.

short order. Plans are in progress to build in more grid-like = kosyakovet al., “FroNtier: High Performance Database Ac-

protocols to the overall system to provide access to other cess Using Standard Web Components in a Scalable Multi-

facilities and a bridge to the future. tier Architecture,” these proceedings.
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