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Nile is a multi-disiplinary project building distributed parallel fault-tolerant
computing for high energy physics and related fields. Nile Fast-Track is an
early prototype of many key design principles of the full Nile project.
Implementation is limited to a local area network, in contrast to the full Nile
project which is distributed computing over a wide area network. Object-
oriented design techniques are employed to produce a test-bed system which is
extremely modular. We report on the Fast-Track project design, its status, and
future plans.

1 Introduction

The Nile project (Distributed Computing and Databases for High Energy Physics
NSF National ChallengeGrant) is building areliable system forwide-areaaccess to
data and computing resources. Tpmject'snamereflectsits goals of transporting
informationto distant sites and of making villages of computing resowaeasableto
all its users.

Thefacilities at Cornell University including the Cornddllectron-positrorStorage
Ring (CESR) and the CLEO detedtare undergoing major upgrades. The CESR
luminosity will increaséy at least a factor of five over this period and upgrades to the
CLEO detectorwill further add to eventomplexity. These two effects will increase
data handlingrequirementdy as much as a factor ¢én. The laboratory’s current
methods of computing will not scale to accommodate this expansion. Thes@rdge,
I/O, and networkingrequirementsare expectedto increasesharply in the next five
years, driven largely by the size of the available data samples.

The system beingevelopedoy the Nileprojectwill be used by the CLEO high
energy physics collaborationand will be applicableto other projects inscience,
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engineering,and industry whose problems can lbeganized as a sequence of
independenevents. One aspect of theojectagenda is to produce an early prototype
system -- the Nile Fast-Track (NileFT). In this paper, we present a description of
NileFT and the status of its implementation.

2 Nile Fast-Track Design

The Fast-Track system serves agraof-of-principleand avaluablelearningtool
for developing the full system. Using abject-orienteddesign approach makes the
system extremely modular. This permits the NileFT system tsbe as a test-bed for
new ideas for the full Nile system. The NileFT system is more thpedagogical
exercisein system design, aslevelopmentsin the NileFT system have greatly
influencedthe full Nile systemarchitectureand designFurthermore NileFT will be
employedfor CLEO production analysis for early 1996. This will allow users to
receiveimmediatebenefits from our efforts and provide essentidd-backfrom the
user community.

NileFT is a scaled version of the full Nile system. Self impobkeikations
include:an earlydeadlinefor a productionevel system, a system which é@mpatible
with CLEO'’s existingsequential-basedatamodel,only local area networking, and a
homogeneous processing system.

Principle components of the Fast-Traekchitecturecan be grouped in four
categoriesuserinterface,systemmanagementsystem services, process services (see
below). What follows is a discussion of the function @meractionsof the principle
components in the course of the execution of a physics analysis jotildbeh
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2.1 NileJob Submission

The userinterfacecontains theJobProfile and theJobGUL The JobProfile is a
persistentobject which uniquely describes particular analysis job. It contains the
TargetDataobject - a description of the databe processedTargetDatamay describe
sets of data files or a list of events. Details such as the locations of the data are



managedy the system - not the user. This allows for possible system performance
boosts such adynamicdatalocationor duplicationover multiple nodes. Also within

the JobProfile is the ProcessDefinition- a description of actions to be performed
before, during, and after processing tikeJoh The ProcessDefinitionalso contains
utilized resourceinformation of previous executions of the analysis which may assist
job partitioning and scheduling.

The interfacebetween the user and NileFT system is provided bgramandine
interfaceand agraphicaluserinterface,JobGUL JobGUI not only provides methods
for NileJob submission but also methods for monitoring the progress dflite@ob in
the NileFT system and a method for peekingiré¢rmediateresults (histograms in
progress).

The NileJob partitioning, scheduling,reliable execution, monitoring, and post-
processing ismanagedby the SiteManager Once theNileJob is submitted to the
SiteManagerthe TargetDataobjectis resolved by th®atalocationManager That is,
the location of datarepresentedy the TargetDataobjectis made part of the object
itself. This new resolved argetDataobjectbecomes part of the persistétite Profile
maintained by the user.

Fault-toleranceis maintainedwith the use of the Isistoolkit for distributed
computing. Isis providegeliableinter-procescommunicationshrough process groups
(a collection of applicationservices on a network) arglaranteegonsistency. This
permits active replication of key management services for the puopéesalt-tolerance
and loadbalancing. For the first phase of the NileRimplementation,a C++ wrapper
class Isis/C+Hs used tomplementreliable distributedobjects. Isis/C++ provides a
useful encapsulatiorof the Isis process groufacilities but unfortunatelyis tightly
bound to the underlying Isis abstraction.

For the purpose of jopartitioningand schedulingthe smallest segment of a job,
designated asRileAtom corresponds to a data file. MileJobcontains a collectioof
FileAtorrs. Toattainoptimalsystem job throughput, it may leéficientto partitionthe
NileJob for processing acrosswultiple nodes. Thispartitioning is the duty of the
Schedulesubcomponent of thgiteManager

To determinethe possibility ofexecutinga FileAtom at a particular node, the
SiteManagerequiresinformationabout: 1) the location(s) of the data files represented
by the FileAtom, 2) the current andllocatedload of theavailable nodes, 3) the
estimatedresourcesequired,and 4) anyapplicableaccess contrdimits. Local node
information maintainedby the LocResReportesubcomponent of thBrovider includes
CPU load, network load, disk usage, and memory usage.Pidviderscommunicate
to the SiteManagerthrough distributedobject stubsimplementedby Isis/C++. The
system design is highly modular and permétgperimentingand tuning of various
scheduling algorithms.

An aggregateof FileAtoms scheduled forexecution at a particular node is
designated &ubJob The actions of th&ubJobaredictatedby the SiteManager So,
there is nanegotiationof resources by thBubJob Thedirect creation,execution,and
monitoring of theSubJobis managedy theProvider. TheProvider also provides a
method for the collection and reporting of intermediate resfiltise SubJokthrough its
SubJobSpyubcomponent.SubJobfailure dectectionand reporting is handled by the
SubJobMon



The SiteManagerprovides aJobMonitor method for handlingSubJobfailure.
Uponfailure, a prescribedctionis performed such as resubmission, regereration,
or failure isolation. Upon the completion of tRdeJoh results inthe form of log files,
histogram files, and other processed data are merged iottherentform by the
PostProcessosubcomponent of th8iteManager
2.2 Data Access
NileFT provides versatile data access methods to tisibJob Good system
performanceis achievedby optimizing accesslatencies,data throughput, and CPU
loads. Event data can be accessed by onecomiinationof: local stream access,
network access, or random event accesscal stream access is the simggtraction
of logicalrecords (events) fromlacal diskfile. This istypically the fastest and incurs
a minimal CPU load due to local optimized hardware.

Network access is thextraction of logical records from aremote source.
Performancéenchmarks have been explored for both TCP and UDP on 10BaseT and
100BaseT networks. A comparison of the Ti@fPformancebenchmarks idllustrated
below where the transfer rates in kbytes/seconcplatéedas a function of buffer size
(squares). Also shown is the user CPU I(Ertles). Theoptimaldata throughput and
minimal CPU load is achieved when data buffers are larger than 4kbytes.
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This optimizationis achievedin NileFT by limiting inter-node data transmission to
bags of logical records with a minimal 4kbyte size.

In later stages of a user’s analysisdividual physics events ahteresthave been
identified rendering stream access of tbmetire data stream wasteful andefficient.
NileFT provides methods of random event access. Ehiminatesthe need for
individual skim files and insures against the distributionirofalid data. This is a
somewhatformidabletask since thesequential-orientedata model ofegacy CLEO
data must be perpetuated. In this model, compressidrformat records are embedded
in the stream, so logical record order must be maintained.

The implementationof event random access is a two step process. A simple key
baseddatabasenaintainsinformationrelatinga {run number, event number} key to an
offset in the corresponding data file pointing to tbgical record ofinterest. The
logical record isextracteddirectly from the data file and returned to the user. For the
first phase of thigroject,we are using the commambm databasénterfacé to the
DEC, Gnu, and Berkeley packages.



The network access method astended to accommodatenultiple network data
servers. In this case, a sin@ebJobprocesses data fromultiple servers (see figure
below). Themultiplexedconnectionis asynchronouslynanagecdy a BufferManager
object. Signaling anccommunicationsn this multi-threaded object are managecby
Isis. For a high speed network, this method provideisnaortantlow latencytransfer
mechanism.
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3. Project Status

Many principle components areompletedand ready for systerimtegration. The
main pieces of thdobProfile are inplacewhile the JobGUI remains in the design
phase. An early version of tf&teManageris complete;however, test andvaluation
is dependentipon the as of yehcompleteProvider. The data access methods (local
stream access, network access, random event access, and distributed data access) are
completed and tested.

The design andmplementationof the Fast-Track system are on schedule for a
production versioravailableto the CLEOcollaborationfor early ‘96. Future plans of
investigationinclude evaluatingdistributedobject brokers such agklectra, Orbix+lsis.

We will alsoinvestigateencapsulatiomf the legacyCLEO dataseinto anobjectstore
and/or object-oriented data base.
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