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ELEMENTS OF THE GRID MIDDLEWARE
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L.G.Levchuk, P.V.Sorokin, D.V.Soroka, S.5.Zub

NSC Kharkiv Institute of Physics and Technology, 61108 Kharkiv, Ukraine
e-mail: stah{@kipt.kharkov.ua

Requirements set by physics goals of the LHC experiments that put forward the
concept of distributed (Grid-based) storage and processing of large-scale arrays of
experimental information are outlined, Operation of the portable batch system at the
KIPT CMS Linux cluster is described. Preparation of the cluster for its integration

into the Grid structures is discussed.
Introduction

The nominal Lar e I—Iadmn Collider
(LHC} luminosity of 10 em™s cuncbpunda
1o 10° proton-proton interactions per second.
In case of the Compact Muon Solenoid
(CMS) detector (see, e.g., Ref. [1]), about
107 of this event flow will be selected by a
multi-level trigger for the off-line event
processing and analysis. Thus, the data
should be archived in a high performance
storage system (55) with the rate of ~100
Hz. Since the size of one CMS event written
to the S8 is supposed to be ~1 Mbyte, about
100 Mbyte of the information per second (or
more than 1 Pbyte annually) has to be
transferred to the S§.

A discovery of signals manifesting an
evidence for the “new physics™ requires a
huge amount of data to be processed and
thoroughly analyzed. Typically, ~10° pb™' of
the integral luminosity is needed in order to
separate such manifestations against a huge
background (see, e.g., Ref. [1]). It means that
10° CMS events (or 10" bytes of
information) have to be processed and
analyzed.

All this sets hard requirements upon the
data acquisition system and the S5. The
extreme requirements for data storage, terms
of computing and networking that the LHC
experiments will need have put forward
development and certification of a new
concept cal]ed Grid computing (see, e.g.,
Ref. [2]). The Grid is a new form of a
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distributed  system for research and
development. Major challenges to be met by
the scientific community involved in the
LHC experiments are supposed to be
overcome via communication and colla-
boration at a distance, network-distributed
computing and data resources and remote
software development and physics analysis
(see, e.g.. Ref. [3]).
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Fig.1. Hierarchy of Grid structures for LHC ex-
periments [3].
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Elements of the European Data Grid
(EDG) middleware have been installed at the
KIPT CMS Linux Cluster (KCLC) (see, ¢.g..
Ref. [41) which is a part of the Moscow

distributed regional center (the hierarchy of

the Grid regional centers is shown in Fig. 1.
The KCLC architecture, operation of the
batch system at the cluster, and installed
EDG elements are briefly described below.

KIPT CMS Linux Cluster

The KCLC (see Fig. 2) is a specialized
PC farm for conducting computation
activities on the CMS physics. Ten dual
nodes, viz., 4x800 MHz, 4x1000 MHz, and
10x1400 MHz Pentium III and 2x2000 MHz
Xeon processors are allocated for either
interactive or batch jobs providing the total
PC farm CPU power of ~50x10° bogomips.
The total amount of the hard disk drive
(HDD) storage is more than 1 Thyte,
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Fig.2. KCLC layout: | — server and nodes; 2 -
two switches: 3 — workstation: 4 = kv switch; 5
- terminal.

The nodes run Linux as operation system
(08} and PBS (see, e.g., Ref. [5]) as a batch
system. Other important components of our
cluster are the network file system (NFS)
and network information service (NIS). They
provide the joint access to the wuseful
resources  such as  CERNLIB, ROOT,
PYTHIA, GEANT and LHC++ and to
specific CMS software such as CMSIM (a
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GEANT-based package for simulation of the
CMS detector response), ORCA (an object
oriented tool for CMS event reconstruction).
Versions of the programs are permanently
refreshed according to CMS collaboration
current demands.

The PBS is used as the cluster batch job
and system resource management package. It
accepts (sce details in Ref, [5]) a batch job (a
shell seript with some control attributes) pre-
serves and protects the job until running,
runs the job and delivers output to the sub-
mitter. The PBS allows one to admimster
flexibly the system resources while carrying
on the computing and may be configured to
support jobs run on a single system, or many
systems grouped together. It can load
processors of the cluster nodes in an optimal
way (in accordance with an administrator
policy) and select, e.g., the highest-priority
execution jobs.

The configuration of the PBS at the NSC
KIPT CMS Linux cluster is presented in
Fig. 3. The batch system consists (see
Ref. [5]) of a command shell and three
daemons: the job server, the job scheduler
and the job executor, with the latter being
activated on every host allocated for
execution. The commands are used to sub-
mit, monitor, modify and delete jobs and are
available at each of the 10 nodes of the clus-
ter. They communicate through the network
with the job server. The server main function
Is to provide proper processing of the
“events”, i.e., such services as receiv-
ing/creating a batch job, modifying the job,
protecting the job against system crashes and
placing the job into execution. The job
scheduler is a daemon which contains a
“policy” controlling which job has to be cho-
sen for execution, and where and when it has
to be submitted. The scheduler communi-
cates with the server to get an information
aboul the availability of jobs to execute. To
learn about the state of system resources, it
addresses the job executors. (The dacmon-to-
daemon interface occurs via the network.)
The job executor 15 the daemon which actu-
ally places the job into execution. It also
takes the responsibility for returning the job
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output to the user, Once a new job to be exe-
cuted is found by the scheduler, and free re-
sources are available in the system, the job is
submitted to an execution host least loaded
at the moment as estimated by the batch
system. At present, the maximum number of
non-parailel jobs executed on the cluster si-
multaneously is 20. The dual Intel Pen-
tium I1I 800 MHz computer performs the
server tasks and does not participate in batch
executions by default, though can be allo-
cated to a batch job by a special request. If
there are no free nodes (i.e., all 20 execution
processors are busy), new submitted jobs are
put (depending on computing resources re-
quested) into one of 5 queues. When a free
processor becomes available, it is immedi-
ately allocated to a job from the queue corre-
sponding to the least amount of requested
resources.
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Fig.3. Use of PBS at the KCLC.

Adaptation of the KCLC to the Grid
implies that the PBS scheduler has to be
supplemented by a Grid scheduler (so-called
Globus scheduler).

cms (] __ lems 07 [ e b
Wi, UL 2] el W, Ul :
A i - ( Internet / Grid )
wjcms 08 t\ o e
3 W, LI o

EE
g&
[-=i-o]

E=E
2 7
gE
F.__,L_;
e
Larg)
52
=k

] (
cms 06 [EL j Bl ems 10 0
W, L1 E‘r — el WH, UT
} ﬂ
cms. {15 E’ e
SE(SRBJ cimns Firewall /
WH, U1 CE{PES)WHN. Ul Gatekecper Gateway

Fig.4. KCLC with Grid elements.

Grid middleware at the KCL.C

The Grid is an environment that makes
widely distributed computing resources
transparently available to the end-user.
Configuration of the site in terms of EDG
software comprises four types ol testbed
machines: a computing element (CE),
worker node (WN}, a storage element (SE)
and a user interface (Ul). Within the testbed,
the replica catalogue (RC) and server are to
be set up and maintained for each wvirtual
organization (VO). At present, we have
configured some elements of Grid infra-
structure such as the storage resource broker,
which is used for the generated data transfer
and its place on the SE. The installation of
the other Grid components is now in
progress. For the KIPT CMS site, it includes
setting up a Gatekeeper node, which acts as
the portal for the site and as the front-end of
the PBS controlled set of the WN’s. Nodes
‘ems01’~'cms1 (0" run the UI software, which
allows us to interact with the EDG
infrastructure. EFach such Ul element
provides an entry to log into the Grid to
submit jobs and retrieve the result of job
execution. Node ‘cms’ is our CE with the
PBS server and gatekeeper on board. This
machine provides users with computational
resources. Gatekeeper is the front-end of CE.
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This machine interacts with other sites of the
Grid environment. [t accepts jobs, dispatches
them for the execution and returning to the
output. Apart from being the Ul elements,
the nodes ‘ems01°—‘cms1’ serve also as the
WN’s. These WN's are hidden behind the
gatekeeper and are operated by the PBS
locally. The gatekeeper conceals the details
of this operation from the outside users,
however, it is these nodes that are actually
perform users’ computations. They do not
run any EDG daemons but have a client
interface for accessing EDG services and

information. At last, the SE is the node,

which provides a unified access to the large
storage spaces. In our case it is cms(3
having the RAID controller of both levels 0
and 1 and the SRB software installed.

Conclusion

Installation and configuration of the
EDG software at the KCLC is under way.
Integration of the cluster into the Grid
structures established for distributed CMS
data storage and processing is planned lor
the nearest future.
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PosraanyTo BUMOTH, WO DHEAWSAH] diTHaHEME winavy excnepamenTie wa LHC,
Akl BHCYBAROTL Ha NepefHifl naaH Kouuenuild podranyiedHoro 3Gepiravna
(Gazyerees ua Orid) Ta o0podkH BeAMKHX MACHEIR eKCTIEPUMEHTLILHOT [RQOpaMaLii.
PosraasyTe  YHKLIOBAHHA BHKOHYIOMOT NakeTHo! cuctesmd aa CMS  Linux
knacrepi HHEUL X@©TE Bueiaafeno 3axoiu L0000 MUPOTGEKH KHACTERA 10 BOro

iHTerpauil B cTpykTYpH Grid.



