The archiving system of the Virgo antenna for gravitational wave detection
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In this article we describe the hardware and software architecture of the prototypes of the archiving
system of the very long base line interferometric Virgo antenna for gravitational wave detection.
The characteristics which make this system very interesting and innovative are not only its
performances but also the modularity of the architecture which makes it easier to both follow the
progress of the technology without dramatic changes of the hardware and software architecture and
to match the requirements according to the Virgo needs. This prototype has been tested in the data
acquisition of te 3 m pendularly suspended and evacuated Michelson interferometer prototype
which is operational in Naples and in the monitoring of physical environmental quantities, like
electromagnetic noise, acoustic noise, etc., necessary for the correlation of the output of the
interferometer with the environment. @997 American Institute of Physics.
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I. INTRODUCTION kHz with 16 bit acquisition accuragythen a data flow of at
least 80 kbyte/s must be expected for this signal alone, in-
Gravitational wave detection is one of the most impor-cluding the time recording. On the other hand, the largest
tant scientific goals for today’s physics and for this task dif-contribution to the data flow will be due to the acquisition of
ferent types of detectors are already operational or ar@uxiliary signals both from the interferometétata quality
planned throughout the worlihar antennas, interferometric check against misfunctioning of the interferomgtmd from
detectors, etg. with different measurement band and the environmentcross correlation of the output of the inter-
sensitivities:? Particular effort is being given in these years ferometer with all the relevant environmental noise sources
to the development and construction of very long base linavhich can simulate a gravitational wave evenhich lead to
(up to 3—4 km armlengphinterferometric detectors on Earth an expected continuous data flow spanning from 1 to 5
because technology nowadays makes it possible to read¥Byte/s, that is 30—150 TByte/year, but up to 10 MByte/s in
very high sensitivities lf~10"24-10"2% for integration  burst modé.
times of the order of 10s) and large measurement bands All the data are archived and distributed by the archiving
(from few Hz to many kHz These characteristics make the system which is the Virgo subsystem which takes care of the
interferometers suitable for the detection of gravitationalon-line and off-line archive and distribution of Virgo dé&ta.
waves from different classes of astrophysical objects, likeActually, such a large amount of expected data and the need
for example, radiation bursts from supernovae events occuef accessing totally or partially these data have suggested the
ring in the Virgo cluster, periodic signals from old and new specialization of this system into two subsystems, strongly
pulsars, radiation from coalescing compact binaries, stochaselated but different for structure and use, that are the raw
tic background gravitational radiation, quasi-normal modeglata archiving system and the data distribution system,
of black holes, etc., opening a completely new channel ofvhose requirements are summarized in Tables | and .
information on astrophysical objecté.The construction of The block scheme of the Virgo data flow is shown in
many of these large detectof6EO600, LIGO, TAMA, Fig. 1, where all the main logical links among the sub-
VIRGO, etc) has already started and we expect these detesystems involved in data acquisition, archiving and data
tors to be fully operational at the beginning of the nextanalysis are showhAs it is possible to see in this figure, all
century>~6 the data acquired by local readout systems, located within
The drawback related to having such large measuremenhe Virgo buildings, are then organized in frames by the
bands is that the amount of data to be archived is very largdrame builder. Each frame is a structured unit of information
In fact, if we assume, for example, the scheduled samplingontaining all the raw data necessary for understanding the
frequency of the output signal of the Virgo antenrig{20  behavior of the interferometer over a finite time interval
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TABLE |. Raw data archiving system requirements.

Data flow rate 1-5 Mbyte/s Continuous mode Virgo Data Frame Build n-line Processing| On-line Data
<10 Mbyte/s Burst mode Analysis
Data transfer rate <10 Mbyte/s From the frame builder
Raw Data Archivel Data Distribution
which includes several sampling&ach frame, organized as l l
a set of C structures described by a header, is basically mau
of three partgsee Fig. 2° RDT Tapes DST Tapes
(1) Structures filled by the frame builder, which contain | Y c i
all the raw data co!lected by detec_tors and pr(_)bes. VIRGO Archive Oft.line Data
(2) Structures filled by the on-line processita by the Analysis

off-line reprocessing which contain the reconstructed data

([t,h] pairs at the sampling frequency of 20 KHand the

necessary auxiliary information. FIG. 1. Scheme of principle of the data distribution and archiving system
(3) Structures filled by the simulation. which are neces_and its connection with the frame builder and on-line processing system.

sary for comparison of the behavior of the interferometer

with the modelled one. easily follow the progress of the technology, without the in-
All the frames(raw data are then sent to the raw data {5qyction of dramatic changes in its hardware and software

archive which archives them on suitable standard medigchitecture, and how the system can be further improved.
(tapes, according to the status of the technologyt the

same time these data are sent to the on-line processing which
processes them and adds other structures to the frames.
These structures contain quantities related to the physics & ARCHITECTURE OF THE ARCHIVING SYSTEM
the gravitational waves, like the couplesh] (t is the ac-
quisition time andh is the reconstructed dimensionless am-
plitude), and all the available information coming from the
data quality system and global control system necessary f
the assignment of a quality coefficient to the dafBhese
data are then analyzed by real-time parallel algorithms run-
ning on the on-line processing system, which selects all th
frames which may contain a gravitational wave event. All
the selected framdbut all the couplest,h] for all the ones
not selected are then sent to the data distribution system
which archives them on linéon disks and off line[on data
summary tapegDST)], managing the data distribution to
Virgo users.

In order to test the structure of the archiving system in
connection with the Virgo requirements, we implemented in - —
Naples a prototype of this system within the framework of [f__FrmeHeakr \r

Frame Time, duration

the hardware and software architecture & $1m suspended * Frame History
Michelson interferometer prototype in vacuum which is op- || . pece Geomety
erational in Naples and whose hardware and software archi-|f ; e bz~
tecture is very close to the Virgo ofié.In this way we * MoniaingDaa —J
checked well in advance the compatibility of the system with
other systems of the Virgo antenna, collecting all the neces- |:
sary information for the construction of the final system and |:
for the development and the test of all the software necessary ;
for the related data managemént. :
In this article, we will describe the architecture and the
performances of the archiving system, showing how it can

Although the raw data archiving system and the data
distribution system are structurally different, the technical
solutions are designed according to the two following gen-
Ural criteria:

(1) System completely expandable: every further up-
rade necessary for the improvement of the performances of
e system can be obtained by simply adding components or
upgrading part of them without changing the hardware and
software structure of the system.

(2) System made of as many as possible standard and
commercial hardware and software parts, in order to reduce
the number of spare components.
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TABLE |l. Data distribution system requirements.

average noise

Data flow rate <1 Mbyte/s Continuous mode calibration peak,
<10 Mbyte/s Burst mode
Data transfer rate <10 Mbyte/s From the on-line processing {sourceinfo, ... ]2
<1 Mbyte/s To users via FDDI line —
Data on line >500 Gbyte 1 month data
FIG. 2. Structure of a Virgo framésee Ref. &
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FIG. 3. Client/server architecture of the Virgo raw data archive.

FIG. 4. Architecture of the Virgo raw data archiving server.

A. Raw data archiving system system is stored in the on-line database while an error logger

The raw data archiving system collects and stores on rawecords all the error messages generated by the raw data
data tape$RDT) all the data acquired by the Virgo detectors archive using a Cnfcommunication messag@ackage for
and controls(raw data, collected by the distributed local communicationt?!! The supervisor may act as a user
readout processes and slow monitoring systems and struinterface®
tured in frames by the frame builder. These data are the real The matching of the sustained transfer rdteriting
output of the interferometer and are necessary for any evemnode of the DLT with the requirement on the maximum
tual data reprocessing starting from the original data. Ac-continuous data flow and with the restriction of a sequential
cording to the requirements on the continuous data flow ratriting on DLT, which makes easy both the data distribution
(see Table), the amount of data to be archived spans fromand retrieval, is obtained with the implementation of a two
86.4 Gbyte/day (1 Mbyte/s data flow rate 432 Gbyte/day stage storage procedure. A modular solution to this problem,
(5 Mbyte/s data flow raje Such a large amount of data which can be easily integrated in Virgo, consists in the par-
cannot be maintained on line according to the actual status @llel staging of the data on disk&hich can sustain a transfer
the technology. Although an off-line archive can use bothdata flow higher than 6 MByte/s in writing mode and can
optical disks and magnetic tapes, actually the only economihave a storage capacity up to 4—9 GByad then copying
cal affordable solution is that of using magnetic tapes. Fothe data on DLT.
this reason the raw data archiving system archives all the The scheme of principle of the raw data archive server
frames on RDTSs, while the raw data retrieval and off-linestructure which implements this solution is shown in Fig. 4.
data reprocessing is a data distribution system task. The system is made of a dedicated VMEersa Module

At the moment the best candidate as media is the digitaEurope crate controlled by a master CPU, running the oper-
linear tape(DLT) which is becoming a defacto standard. ating system LynxOS. In the same crate VME slave CPUs
These tapes have a good data storage cap@tity40 Gbyte are housed, each one provided with disks and with a DLT
in compressed modend a maximum sustained transfer rateautoloader. The master CPU controls the frame acquisition
of the order of 3 Mbyte/$writing mode with a synchronous from the frame builder via reflective memory enabling the
peak transfer rate of about 10 Mbyte/s and an average filérst slave CPU which writes the frames on its disks. When
access time less than 100 s. Therefore, assuming the maxhkese disks are full, then the master CPU enables the second
mum continuous data flow of 5 Mbyte/s and the maximumslave CPU to write the frames on its disks, while the first one
storage capacity of DLT (40 Gbytethen about 4000 DLT/ starts to download the content of the disks on the first DLT.
year/copy are necessary to maintain a raw data archive. When it finishes, it changes the tape and waits until the mas-

The DLT solution is much more efficient and reliable ter CPU enables it to write again. The procedure requires the
than a solution which would make use of the more diffusedhumber of CPUs necessary to match the data flow to the
digital audio tape(DAT), which is also a defacto standard sustained transfer rate of the DLT. This solution also makes
and has a good storage capaddy-8 Ghyte in compressed easy the reconfiguration of the system on the basis of the
mode with a maximum sustained transfer rate of the order ofactual data flow(also in the case in which the data flow may
1.0 Mbyte/s(writing mode and an average file access time result higher than the requirementnd to have higher data
of the order of 30 s. In this case, assuming again the maxiflows for short times if the disks and/or the random access
mum continuous data flow of 5 Mbyte/s and their maximummemory(RAM) on board are used as buffers.
data storage capacity of 8 Ghyte, then at least 20 000 DAT/ The temporal course of the storage procedure with DLT
year/copy would have been necessary. is shown in the scheme of Fig. 5 for a data flow equal to 5

The architecture of the raw data archiving system isMbyte/s and a sustained transfer rate of 2.5 Mbyte/s on DLT.
shown in Fig. 3. It is the typical client/server architecture, inThree slave CPUs are necessary, each provided with 40
which the raw data archivéservey is configured and con- Ghyte total disk memory and autoloader with seven media.
trolled by its user interfacéclient). The configuration of the In this configuration a full cycle lasts 24 Kapprox 6.7 h,
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need a more refined analysis. Actually, this on-line frame
selection well applies to impulsive sources, but may be in-

* = change of tape adequate for continuous or quasi-continuous sources, which
= 8000 sec may need very refined off-line analyses. For this reason, the
Full Cycle . Full Cycle data distribution system also stores all fiagn ] pairs and the

' necessary auxiliary information of all the frames at the real
Read from Memory sampling rate (20 kHz Unfortunately, also in this case the
-_ large amount of data limits the quantity of data which can be
. maintained on line because of the costs of the disks and of
Read from Disk . the CPUs. In fact, about 12 Gbyte/day for the storage of the
Write to Tape . selected frame6.e., 150 Kbytes/s as mean data flow assum-
> ing 10 days of events over a year of acquisition at 5 Mbyte/s
time data flow and 10 Gbyte/day for thgt,h] pairs at the sam-
pling rate of 20 kHZincluding quality factor coefficients and
FIG. 5. Time course of the raw data archiving server. the auxiliary information necessary for an off-line data
analysig would have been the necessary disk space for an

that is new data are written on the same disk after 24 ksgn-lme storage. For this reason, we have split the data dis-

Now, assuming that the autoloader houses up to 7 DLTSs Hibution system into two parts: on-line data distribution and
total 'memory of 840 Gbytén compressed modés foreseen ' off-line data distribution. The on-line data distribution allows

and it is necessary to change the cartridge magazine of ea(fﬂe Virgo user to get all the data produced by Virgo in the

slave CPU approximately every 48 h. In order to increas ast month via computer network. This task requires to main-

this time it is necessary to provide each CPU with IargerIain at least 500 Gbyte on lif@ssuming a mean data flow of

autoloaders or with more DLT autoloaders. This configura2nly @bout 2 Mbyte/s At the same time all the content of

tion has also the advantage of leaving the autoloaders enouélﬂe on-line archive is written on data summary tafieST)

dead time to rewind a DLT and to load another one on thé'i”d distributed on request to the Virgo laboratories. In order

same unit. Finally, this configuration is completely open and® OPtimize the data distribution and analysis, special DST
expandable and can easily sustain higher data flow rates, al86¢ @so foreseen according to the data analysis needs.
writing on disks in parallel. Moreover, the hardware can be | nese solutions put no restrictions to the off-line data
easily upgraded without changing substantially the softwar@nalyses made by Virgo users. In fact, every time a raw data
architecture. reprocessing is necessafiye., for making correlation with
Due to the importance of these data, which represent thgnvironmental data, with other antennas, Jefiee RDT can
real output of the Virgo interferometer, the raw data archiveP® l0aded and reprocessed by the data distribution system
system will be provided with a shadow companion in order(Off-line reprocessingusing the same tools implemented for

to render the system fault tolerant. In this way, the systeﬂhe on-line processing. For this reason a list of the contents
writes two copies of the archive, which is located in two of the data stored in RDT and in DST is maintained on line

different places, for safety. on a data distribution system database. This database also

On the basis of the above defined structure, the raw datfcludes an on-line archive of the environmental parameters
archiving system server will be composed of a dedicated€cessary for a check of the Virgo environmental status.
VME crate controlled by a master CP@owerPC604 - 64 The data distribution system collects the data produced
Mbyte RAM Memory, running the operating system by the on-line processing system and stores them on disks
LynxOS and linking the raw data archiving system to the(on-line data distributionand on DLTs(and on DATS (off-

network (Ethernel. In this crate three slave CPU®ow- line data distribution - DST These data contain all the use-
erPC604 with 64 Mbyte RAM Memgr- 3 PMC (PCI - ful information for the off-line data analysis, that are:
Mezzanine Cardslots on boart] each provided with 40 (1) Reconstructedh values (t,h] pairs with quality co-

GByte fast disks and a DLT unit with autoloaderith seven  €fficients and all the necessary auxiliary informaiomaxi-
or more medip are housed. The data transfer among thenum continuous data flow 120 kByte/s at 20 kHz sampling
frame builder and the raw data archiving server is performedate.
using reflective memory PMC boards which allow a data  (2) Slow monitoring records for monitoring the interfer-
transfer rate up to 40 MByte/s. This configuration also hagmeter environment. These data are organized in an on-line
the advantage of leaving the autoloaders enough dead time €@tabasehistorical monitoring and can be accessed at any
rewind a DLT and to load another one on the same unit. time for checking and analysis of the environmental vari-
ables(maximum continuous data flow 5 kByt@/s
(3) Frames selected by the Virgo real-time data analysis
algorithms running in parallel on the on-line processing.
The data distribution system archives all the frames seThese frames contain all the raw data required to perform a
lected by the on-line data analysis algorithrfi®e., the full analysis of the signal candidatémaximum equivalent
frames which also include the structures filled by the on-linecontinuous data flow 150 kbyte/s assuming 10 days of events
processing and by the simulatjorThese frames should con- at 5 Mbyte/s data floy
tain the gravitational wave events and, for this reason, they (4) Raw data, retrieved from the RDTs of the archive, to

B. Data distribution system
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E)I(P Name

RUN N# T# RUN N# T# RUN N# T#

! | | | User Interface Supervisor VIRGO Ethernet

FRAME Nit T# Qi FRAME N# T# Q# FRAME N# T# Q# FRAME N# T# Q# < ~
with N# = number, T# = time, Q# = quality factor
Ref.Memory
Data Distributi
l . . . . al istribution
FIG. 6. Structure of the archived data in the data distribution system. Error Logger On-line Database FDDI
< >
be reprocessed by the data distribution system in order t D
reconstruct the full frame, or data retrieved from DSTs. I:__._IJ o
The organization of the data in the data distribution Sys- . 1erface User Inferface

tem is hierarchical. The frame directory, the slow monitoring
variables and all the derived data and auxiliary information ric. 7. client/server architecture of the Virgo data distribution system.
are stored in classic databasecommercial database is used

for a full compatibility with other scientific databagewhile

the frames selected by the on-line processing system afta distribution server according to a typical client/server
stored according to a tree structure, as shown in Fig. 6.  architecture, setting the configurati¢stored in the on-line

Actually, such a large amount of data (300 kbyte/s mearflatabase systeimnchecking the errorgrecorded by the error
value cannot be archived on line for a long time by the datal099er system accessing the stored data for changing their
distribution system, because it would make the archive togtructure, for deleting and moving files and for all the rel-
expensive. For this reason we limit the content of the on-lin¢®vant operations of management of the system. Standard
archive to the data produced by Virgo in the last month,Virgo user interfaces access the stored data in read only
which requires to maintain about 500 Gbyte on libout mode using the software tools - data distributidn.particu-

80 disks, assuming 9 Gbyte capacity and a global mean dal@r. the history of each stored quantity can be displayed on
flow of 2 Mbyte/s of raw data At the same time, all the these workstations using the historical monitoring software.

content of the on-line archive is also written on DSTs. Al- Due to the large amount of data and to avoid any possible
though the content of special DSTs can be defined accordin'g!terfer?r‘ce between the Virgo data collection and the data
to the data analysis needs, the standard DSTs contains t istribution, the data distribution system uses separate stan-
following information: dard networ_k lines. In synthesis, the data distribution system

(1) All the frames with reconstructed h data and slowNas two main tasks: _
monitoring records at the sampling rate (20 kHar per- (_1) Data acquisition and storage from the on-line pro-
forming a full data analysis for all the sources on the whole®€SSINg.

band of the interferometer. The storage of these data requires (2) Data distribution. _ _
a maximum amount of 3600 Gbyte/year. The data distribution system has been designed in order

(2) All the frames with slow monitoring records and re- {0 perform these two tasks in a nearly completely indepen-
constructedt,h] pairs data resampled at lower frequency (29ent way following two different philosophies, giving full
kHz) for performing a specific search on continuous source®rrity to the data acquisition and storage tasks if access
(i.e., pulsar seardh The storage of these data requires aconf_llcts_ exist. In part|cular,_ the data acquisition and storage
maximum amount of 360 GByte/year. section is designed according to the real-time VME acquisi-

(3) Frames selected by the parallel real-time data analytion techniques, while the data distribution section follows
sis algorithms running on the on-line processing system for
performing a specific research on bursts or coalescing bine
ries. Assuming ten days of these data, then their storage r < * FOOL»,

OSF/1

quires a maximum amount of 4400 GByte/year.
On the basis of the assumptions made, then the storag

internal FDDI
= >

of data on DSTs requires a maximum amount of 8400 Gbyte pw— —

year on tape, that corresponds to 210 DLT/year. cru G ceulyll crul 11 On-Line Processing |
All the data archived by the data distribution system are < il ] ] I .

available to the authorized Virgo users via a standard nel

work (fast Ethernet or directly on DST for the off-line

analysis. They can get them using the software tools - dat

distribution® choosing them within the list of contents of the o

data stored in RDTs and in DSTs, which is maintained or I

line on the data distribution system.
The architecture of the data distribution system is shown

in Fig. 7. A user interfacéclient) configures and controls the FIG. 8. Architecture of the Virgo data distribution server.
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the standard computer networking techniques, as we wil

ShOW |n the fO||OWIng(See F|g 8- |Exilding Monitoring—l Fuilding Monitmgl nviron. Moniloring‘ r—-d[nvimn, Monitoring—l
PC486 LynxOS Ql 68040 LynxOS 68040 LynxOS PowerPC 601 LynxOS
C. Data acquisition and storage from the on-line :LF - Ethernet
. rame Builder Hub
processing
PowerPC 601 LynxOS

As we said before, the main tasks of the data acquisitiot Digital Control lﬂnmmﬁ' Data Distributon s—’
and storage section are the data acquisition from the on-lin PowerPC 601 Lynx0S PowerPC 604 Lym0S PowerPe 604 Lyme0s
processing system, the data retrieval from raw d&RAT)
and data writing outputDST). It is a VME based system in D l:] D
which a master CPUall the data acquisition CPUs are pro- FDDI
vided with up to 3 PMC bus interfaces on boardns the Alpha Saton OSE/1 PC Pentium 133 Linux Alpha Server 2100 OSE

operating systems LynxOS. On the same VME bus slave

CPUs are housed, each one handling a number of disks CORIG. 9. Scheme of the network for data acquisition, archive and control of
nected to its native small computer system interf¢8€S) the 3 m prototype suspended Michelson interferometer for gravitational
(wide and fastbus or to added PMC-SCSI interfaces TheVave detection which is operational in the Naples Virgo lab.

master CPU acquires the data from the on-line processing via

reflective memories and distributes them in turn in a sequen/!l- RESULTS AND DISCUSSION

tial way to a slave CPUvia VME bus or via reflective A raw data archiving prototype and a data distribution
memory PMC boards if the slave CPU is not housed in theyrototype have been implemented and are operational in the
same crate of the masjewhich stores them on the disk. At Naples Virgo lab within the framework of the architecture of
the same time the master CPU sends to the data distributiqRe gigital system for the control and the data acquisition of
server the part of the frame relative to the environment moniyhe 3 m suspended Michelson interferometer in vacfitm,
toring parameters together with the information of the locayhgse architecture is modulésee Fig. 9.
tion and the content of the stored frames, necessary for any |, fact, every system is made of many independent
data retrieval and content list making. All this information is \y\mE-pus crates in which commercial and prototype VME
stored in a dedicated database. . ~ boards are housesubsystems The VME subsystems are
The procedure of sequential archiving frames on differ-jinked together through a dedicated Ethernet network, which
ent disks has the great advantage of greatly increasing thg isolated from the outer world by means of a bridBégital
writing speed of the system. In fact, using this technique th%quipment CorporationDEC) bridge 90FL from Digital
writing speed is limited by the number of slave CPUs used irEquipmen}. Each VME subsystem has a standard basic
the crate, being the writing speed on each disk multiplied byy5rdware configuration: a CPU boaf@8040 or PowerPC
the number of slave CPUs used, provided that each CPU hgghich handles the operating system LynxOS and a local hard
enough memory on board in order to contain a full frame.gjsk. The architecture of the remaining part of the subsystem
Therefore, the real limit of this architecture is given by the(CpU& ADCs, digital-to-analog convertéDACs), memory
block data transfer on VME from the master CPU to theboards, etg.depends on its purpose and may greatly differ
slave ongwhich is of the order of tens of MByte/sr by the  from one system to the other. The architecture of the user
reflective memory data transfer if this technique is usednterfaces and of the raw data archive and data distribution
(which may be at most one order of magnitude higher  4re different. In particular the user interfaes are basically
workstations(alpha stationwhich handle the operating sys-
tem OSF/1 or PC which handle the operating system Linux.
On the other hand, the prototype of raw data archiving
The data distribution section, which manages the resystem is made of a seven-slot VME crate from ELMA, in
guests of the Virgo users, follows a standard networking prowhich a master CPUVTMR2a from Cetia-PowerPc 604-
cedure. For this task, a fully expandable sery@ipha 100 Mhz-64 Mybte random access memd@RAM)], pro-
servej or more than one if necessary, which can accommovided with a 1 Gbyte diskfrom Quantum and running the
date many Alpha CPUs running the operating systemsperating system LynxO$v2.3) is housed. In the same
(OSF/1) (Open Software Foundatipnmemory boards, pe- crate, two other CPUs of the same type but with 32 MByte
ripheral component interconne@®Cl) peripheral buses for RAM on board and slave for VME, each provided with a 4
the input-outpuf(l/O) which supports several SCSI buses to Gbyte fast diskBarracuda from Seagatand a DAT auto-
which it is possible to attach disks and tapes, is used. Thiwader (from HP) with 6 media for a total capacity of 48
link with the VME CPUs is made via an internal FDDI link GByte are also housed. On this system we developed the
(but the architecture is open to the introduction of new andvhole hardware and software architecture of the Virgo raw
faster data transfer protocol standards which all the disks data archive. In fact, the archive has been implemented in
are mounted and can be readable. The data retrieval is domiais classic client/server architecture, with the server running
using a fiber distributed data interfa¢eDDI) internal net- on the master CPU of the archive, while the user interface
work on optical fiber. For this reason, each slave VME CPU(clien) can run on a standard workstatig®@SF/1, Unix,
is provided with a FDDI-PMC interface which is used by the LynxOS, Linux, etc). The results of the tests show that this
server for accessing the data stored in the disks. architecture works according to the specifications. In fact,
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tests on the writing speed of the slave CPUs on the buffe¥’ ME connection putting the master CPU and the slaves on
disks of 4 GByte have reached a maximum writing speed ofhe same bus VME, obtaining a data transfer of 25 Mbyte/s,
more than 6 MByte/s that is more than the Virgo require-which is well beyond the scheduled Virgo requirements.
ments. While the architecture described above is for the data
This requirement is very important because the storagarchive on disk, for the data retrieval we tested the FDDI
on the buffer disks is the real specification for the data flowconnection. In fact, we provided each CPU with a PMC-
rate. In fact, the writing speed on the DAT tapes is less=DDI optical interface which allows an Ethernet independent
relevant because it specifies only the number of slave CPUspnnection of each CPU with an external workstation. All
buffer disks and DAT autoloader units that is necessary tdthe FDDI nodes are connected to a concentrédddC con-
add to the system. In particular, we obtained a maximuntentrator 9000 from Digitalwhich form an internal FDDI
sustained writing speed on DAT tapes equal to 0.7 Mbyte/snetwork to which two Alpha workstation@n Alpha 2100
Therefore, our system in Naples is able to sustain a raw datserver VME and Alpha standard workstatiorunning the
archiving data rate of about 1.4 MByte/s. Of course, with aoperating systems OSF/1 are connected. The disks of the
maximum requirement of 5 MByte/s this would require data distribution system are mounted in such a way they can
about 8 CPUs with relative disks and autoloaders, but thée read from the workstation without any perturbation of the
solution is surely feasible. At the moment, in any case, wewriting procedure because of the different priorities assigned
are moving toward the solution which uses digital linearto the two operations.
tapes(DLTs). We made some preliminary tests on an auto-  The structure described above has the great advantage of
loader unit(from ADIC - up to 2.5 MByte/s writing speed the modularity: the architecture of the system does not need
with seven media. Therefore, with these media the systerto be changed, allowing easy upgrades according to the
will be made of at most three slave CPUs and a total of 42@rogress of the technology. As an example, probably the
Gbyte on line(not working in compressed mogdd-inally,  final data distribution system for Virgo will be made of nine
the data retrieval from RDT has also been developed andr more GByte disks using fibre channel for data transfer
tested. and, in future, optical disks when the capacity and the
The prototype of data distribution system is made of a 2writing-reading speed on these disks will become compa-
VME crates (from Schroff, in which a master CPU rable with the magnetic ones.
(CVMEG604 from Cetia - PPC604 - 100 MHz - 64 Mbyte
RAM) with three PMC slots on board, running the operating ) ) o ) o
system LynxOSv2.3) and provided with a 1 Gbyte disk, is g}eiéB?:;rﬁth;r:%geetigt};in of Gravitational Wavesambridge University
housed. In the other crate two slave CPUs of the same typep. r. saulsonFundamentals of Interferometric Gravitational Wave De-
but with only 32 Mbyte RAM on board, are housed with two tectors(World Scientific, River Edge, NJ, 1994
4 Gbyte fast disk§Hawk type from Seagate¢ogether with a 3J_. Houghet al, Report No. MPQ147, Max Planck Institutrf@Quantenop-
DAT unit (from HP). The data arriving to the master CPU of 4t'k’ Munich (1987.
. ) R. E. Vogt, R. W. Drever, F. J. Raab, and K. S. ThorRmposal for the
the first crate are sent to the slave CPU in the second crateconstruction of a Large Interferometric Detector of Gravitational Waves
for the storage on the disks via reflective memory. For this Proposal to the National Science FoundatiGalifornia Institute of Tech-
task VME reflective memory board¥SA100 from Lextel ~ nology, 1989.
. . . TAMA (unpublished
with 4 Mbyte memory on boajdare housed in each crate in 5The Virgo Project, final design of the Italian-French large base interfero-
order to provide and to test this link. Although the use of this metric antenna Virgo for gravitational wave detection of which the authors
conﬁguration surely makes the data transfer slower amongare proponents and in whose construction the authors are collaborating
the master CPUs and the slave orfee have reached a 7;'/"\;';2 '\t/"’i‘r'y*o a:ciefﬂgg' France, 1989, 1992, 1895
maximum of 4 Mbyte/s data transfexe tested in this way a 8F. Bar’one,gE. Calloni, L.. Di Fiore, A. Grado, L. Milano, and G. Russo,
configuration of the system which is quite close to the final virgo note No. PIT94-020, May 1994.
one, in which if there is the need of a reflective memory link °F- Bagohely Et- Cagc;ni‘i3L5-3Di1£0fe, A. Grado, L. Milano, and G. Russo,
among the master and the slave CPUs, then each CPU musg®y %, "Hmer 00000, 1 1o,
be provided with PMC reflective memory on board for thiSiic_ Arnault and P. Massart, “Cm: a multitask Communication Package.
fast data transfer. At the same time, we also tested the directversion 6.1,” LAL-Orsay, France, June 12, 198publishesl
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