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o Virtual reality.
The wirtual reality tools enable to shape on a workstation screen a three-dimensional
picture af |::-|:iTL5 built ar a|n:a|:l:|.r bailt c||::j1:1:L fram any point, of wew |:t:xpt:1'iTm:nLa| device,
building, nuclear reactor body and ete). Changing a point of view it is possible to ™ trave]”
inside an abject and to view the interior which is formed dynamieally on the workstation

screen according to working drawing with the speed of changing view point. It permits
the experts to travel through tubes, crossing, walls and so on.

Conclusion

The qualitative differences between existing centralized computer resources and the main-
frame stage. which came to the end at PNPLin 1993, make no doubts for anybody. It is useful
ta nate what Lhc}r show themselves in.

As early asin the 80s it becameclear that for building of computer infrastructure one should
use ready products (software and hardware) which present an a computer market or free avail-
able,such as GNU packet or CERNLIB. In other wards, it is not perspective ta try to make awn
developments of small components and to adjust them for some special features of computing
enviranment ; the rca-:l}r prcu:lui:Lq should be used as LI‘I.EJ." are. Mew dcw:h:lme:nLa and projects
in the area of centralized camputer resources should be made primarily in choosing available so-
lutions of lower level (warkstations, servers, routers, network standards, programming systems,
robotized peripherials and so an), as well as in the sphere of infostructure.

A computer is a flexible tool for communicating between peaple and for representing data
in convement for peroeptian form: bext, Eraphit, audio, video and so on. Fax, autoanswerer,
TV set, telephane, radio set, video tape recorder, device far andio playing back — all these
devices are easily combined in a persanal computer. Using a computer without a network is
considered to be inreasonable, like transportation of a car using the horse power. However,
while estimating the projects of changing the computer infrastructure integral expenses on
realization [including the cost of a further maintenance) should be taken into aceount. One
of the consequences of such statement is the conclusion that for the most of users it is more
technalagical to use an X-terminal instead of a computer.

Since the valume of information in WAN (Wide Area Network) is more than in any library
of the warld, so one of important new infrastructure element is special tools for imparting
necessary infarmation fram WAN and exporting information to networks af different types and
scales.

At last, the most impaortant difference is a Emeh of the number of seenaraos of interactions
between people in which computer is used as an operational element.
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Since 23 September of 1995 PNPI has the satellite [P channel with bandwidth 64 kbit/s
(full duplex), which was implemented with the help of international seientific foundation INTAS
according to the project INTAS 93-56. It enabled to use widely new possibilities having opened
fior the institute in Internet.

The main institute task in an information area is a conversion of information about the
matter structure from natural form into human one, i.e. articles, books, manuals and so on.
It is natural that effective ways af processing data of all kinds using computer are a necessary
companent of scientific research. However, making decision on processing scientific information
is performed by human, but not by machine. One of the powerful stimulus for more quick
making decision is an information exchange between researchers. Such exchange is fulfilled
according to various scenarios which are realized by appropriate software: mail, fip, news,
www, ire, ytalk, white board, vat (audia), nv (videa) and so an. [14].

Main directions
As it is seen from a brief review of works made on developing centralized camputer resaurces,

a computer infrastructure never can be completely accomplished. In connection with this it is
useful to note perspective areas in PNPI computer infrastructure.

o It is natural that for the convenience of processing all information has to be represented
in an electronic computerized form. As there is a lab of electronic forms, the toals
and methads for free conversion from one electronic form into another should be pro-
vided. There is no doubt that one shauld have a wide range of equipment for conversion
from traditional forms of representation into electronic and back - scanners, printers,
videa and audio recording and playing back apparatus. Among them there is, of course,
an equipment for seminars and presentations.

o It is important to store data archives on well protected and preserving media with
a convenient network access to it.

¢ The Internet channel of a sufficient bandwidth is a necessary condition of participating
of the institute in international seientific labour sharing.

Accarding to an estimation, the institute should have up to 2000 year a main Internet
channel with a bandwidth no less than 2 Mbit fs [full duplex).

¢ The infarmation infrastructure [infostructure ) of the institute — Intranet.

The availability of appropriate software for supporting a variety of data exchange sce-
narios makes it passible to use these tools for internal institute needs, such as institute
announcement. board:

SETTINACS;

scientific and coordinating boards: announcements and decisions;

administrati ve instructions, orders:

technical infarmation: schedule of work of reactor, accelerator, warehouses, publishing
and [m'cign d.(:Pa'l‘LTI!‘IETlLH., ather service;

telephone boak;

private announcements, other information.
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Local network

In the very early stapes of using computers in nuclear physics, it was assumed that cen-
tralized computer complex had to be connected to experimental setups. With the purpose
of connecting computers into united soherent environment, experiments in the area of local
networks were also carried out. The first Ethernet network was develaped in 1990 ["MIFIR®
network ). The network consisted of 4 nodes: ES-1H6, SM-1300, SM-4, DVEK-1. Almost at
the same time the new comprehension of the institute computer infrastructure was shaped [13].

The first Ethernet TOCP/IP network segment based on thin coaxial 50 Ohm cable was
realized in 1993, There were three warkstations and several X-terminals in the sepment. At
present, the institute scientific local network is based on Ethernet 10 Mbit /s technology with the
U'TP cabling system. The interfaces between main institute buildings and the central network
node are implemented using fibre optic cables. There are more than 300 nodes in the institute
network. The main netwark protocal is TCPfIP.

Centralized servers

The PNPI camputer infrastructure is moving towards specialization af centralized servers
connected to the institute local network. Below we enumerate briefly available servers.

Communication server aof the institute is implemented on the base of Intel/Express Pen-
tium (60, memory 64 Mbytes, EISA, madem battery, disks 5.3 Ghytes, Exabyte 3200, floppy
357, CD ROM. About 340 users are registered on the server. About 200 people use the server
every maonth.

Computing server is implemented on the base of SG1 (R3000), memory 224 Mbytes, three
SCS1 adapters, disks 16.4 Ghytes, Exabyte 8500, 6 processors. 30 users are registered on the

server and mare than 60 users use the server avery mmanth.

Data base server is implemented an DEC Alpha 4/1000 266 MHz, memory 128 Mbytes,
disks 14.9 Ghytes, CD ROM. The server was installed in the early June of 199, The server is
supposed ta be used by all institute labarataries for storing the institute scientific data base.

Internet

For a long time experimental works in the area of a computer communication with large
foreign physics centres were carried ont at PNPL So,in 1987 mare than ten cammuinication ses-
sions with CERN were carried aut. The communication was performed from the alphanimeric
terminal via modem 2400 bitfs to Petersburg (SPIIRAN), then through netwark AKADEM-
SET to Moscow |:TLCI'|:|.E "v'_"'-i]]]’."'._'-‘i}, further via dedicated LElEPI‘I.CITI.E line to communication node
in Vienne [Austria). The arrangement of every session required most qualified attention and
as a whole appeared to be a nontrivial procedure.

At last, in March af 199 the first 1P channel on the base of switched telephone line
"ISKRA-2" [PNPI-ITEP, later Radio-MSU [Maoscow )] was realized; it gave possibility of using
the warld computer network Internet. The real achieved capacity of line "ISKRA-2" [Gatchina
Mascow] with using modems Telebit Warld Blazer was 12 khbit /s,
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ineremental backup copying) and restoring this backup program complex under full contral.
Making backup copying or restoring did not require a skilled warker. Any worker who was able
to mount tape in tape drive could perform any operations: the backup program itself said which
tapes should be installed and controlled the correctness of tape mounting. During execntion of
ofe or another CIPET-EL'iCITL, £ hae PmLucﬂ| Was |::|551:1:l uaing which not cm|3.r all actions CI[EIPET-ELE'I.’
but the status of individual directories could be restored. Such mechanism was used from 19589
il 1992 on ES-1046 and later - on comrmmnication and computing servers.

Thus, the quite comprehensive backup system was developed; in such routine operations
as copying and restaring this system left for the staff only absolutely necessary minimum, for
example the choice af a tape drive,

Operating system VM gave a lot of possibilities to the operating stafl: it was possible in
a number af cases to run different operating systems at the same time for different users, to
test, equipment while system operating and so an. However, for users no qualitative changes
happened in character of using centralized computers. A computer was mainly used as a big
calculatar,

UNIX

The transition to new operating platforms (systems like UNIX) for workstations af high
and middle perfarmance was predetermined by appearance of microprocessors manufactured
on RISC technology. Since many different types of microprocessors (MIPS, DEC, HP and
others) became available, to minimize expenses on basic software the operating platform had
to be relatively easily installed on machines with different architecture preserving at the same
tirne all wealth of capabilities. By that time the system UNIX was the operating platfarm
which met such requirements. Up to now the aperating platform UNIX is serving de facto as
a standard, i.e. it is the universal program platform for all workstations and many supercom-
puter installations.

The gradual transition to new platforms (hardware and software) took place around the
world in all areas of wsing computers including scientific area.  So, at CERN traditional
architecture computers mainframes (such as ES series computers) were closed down in 1995, at
DESY - in 1996. At PNPIthis transition took place with a rapid rate due to a lack of financial
resonrees for a gradual transition to new platforms and finished in the late 1992,

For the first time UNIX [ Xenix) became to be available for users of PNPLin 1939 0n PO /336,
CERN library was installed on this computer. Then the programs installed an PC (386 were
transferred to PO /486 /33 [12], and now they are used on the centralized communication server.

The important point in transition {rom centralized systems of mainframe type to computers
based on microprocessars was that this transition was made by the same specialists whao had
already the experience of serving a large number of users on centralized computer setups that
in turn saved time and labour of experimentalists during period of transition to new computer
platfarms.
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two Lwisted pairs, which made it possible to place terminals where necessary. The important
feature of terminal system was that any terminal eould be logically connected to any computer:
ES-1030/1, ES-1030/2 and SM-4. This enabled to prepare and debug programs for several
computers literally without rising from table.

The experience of program development has led naturally to emplaying the spedial techno-
logy af developing large programs and program systems [9], which was used in a number of works
[3, 6. 8. The technolagy named metaprogramming allows to describe an architecture of large
program systems regardless of programming languages used and computer type. In metapro-
grams anly minimum set of operatars is used: check, conditional transfer, transfer of contral,
comment, subrautine call. Thus quite simple means enable ta describe a logic of complex

program systems.
Amaong athers, there was an important problem of long-term storing program texts, de-

scriptions and other documents on camputer media [10]. It is a matter of archive scenario
in a traditional sense: to write the same programs or data for long-term storing (many days,
months or years) when necessary.

Main capabilities of this program package are as follows:

e writing information on a magnetic archive tape in 05 ES standard with possihility to
append information to a partially filled archive tape;

e reading any module ar group of madules by name, date, version number and so an from
an archive tape and writing on another tape ar disk;

e at last, this system had special methods of error processing, which enabled to restore
infarmation sven in the case af VeTy severs magnetic Lape failiires.

Virtual Machines System

In 1933 the fist of two ES-1046 camputers was installed. It used the more powerful
operating system — the Virtunal Machines System (VM.

The network of terminals (about 70) was developed. They were mainly alphanumeric ter-
minals of type ES-7970 and ES-7920. Although computing resources were insufficient for
aiTnu|aL1'TL5 EEITHP'EI exper ments, Lhe terminal network Eave Pumibﬂi Ly of simul taneous work
for many scientific workers and engineers (Lo prepare papers, descriptions, as well as to formu-
late problem salutions on the language of computer programs).

In the second hall af 80s there was no doubt of future wide using of personal computers
(PC). In arder to simplify transition from traditional computers to PC there were used PC
running emulation programs which enabled to ermlate terminals ES-7970, to copy files from
ES-1046 ta PC and back, as well as to use ES- 16 disk storage as an additional PC disk drive.
Thus the passibility of smaooth transition to desktop computers was provided .

One of main problems, which we were faced with in conditions of considerable growth of
users number, was a low reliability of data storing on disk media. It was cansed by unreliable
hardware and software camponents of a computer setup. As any information stored in the
secondary memory (programs or data) represents by itself materialized working time, therefore
aloss of information is an abvious large waste for the institute.

With the goal of decreasing the probability of infarmation loss, we have undertaken the
development of program complex [11] which would enable to make backup copying (including
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ES computer and mini-computers (SM-3, SM-4) which were operational elements of all exper-
imental setups. Architecturally this solution allowed to have relatively simple mini-computers
be included in experimental setups. On the other hand, relatively expensive and complicated
in servicing devices, such as high speed bobhin tape drives and a high capacity disk storage [of
that LiTm:}, could be concentrated on the centralized campuler.

In arder to make computer infrastructure more reliable and friendly to man, the develop-
ments were undertaken in the area of system software and hardware architecture,

One af the first works on saltware for computers of such a class was the supervisor modern-
ization (a resident part of the operating system) [2].

Far increasing reliability of work with tape drives, a special algarithm was develaped, which
prevented a loss of experimental data in most cases of deviee hardware failures and operator
errars: incaorrect tape positioning, invalid tape bobbin [3].

For improving convenience of working with secondary storage on disks, a special access
method was implemented, which made it possible to consider secondary storage as a main
memaory with random access [4]. The data exchange was performed by calling appropriate
subroutines with parameters.

The necessity ta imprave the quality of interface between man and computer led to the
development of the dialog system [5] which was the basic one during a number of years. In this
system a dialog initiated by computer (mode "menu” ) and a set of patterns for preparing user
programs of serving a specific experiment were used. The system enabled to implement quite
complicated scenarios of work in an experiment, it provided a maximum nsage of all centralized
camputer resources available at that time.

The great significance was attached to the development of applied program system which
represented sets of programs aptimized on resources used and degree of stability to hardware
failures. These systems implemented complete simple scenarios which were easily formulated
in substantial terms, for example:

l. Aequiring a partion of experimental data from a communication line.

Writing a data portion acquired on a magnetic tape.

Writing a data portion acquired on a disk.

Praviding synchronization with an user data processing program.

. o to the point 1.

Here it is supposed that the user program having a possibility to read experimental data from

LI - N
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adisk and to process them may be (or not) started. The synchronization is needed Lo prevent
processing of the same data more than ance.

For implementing such seenarios several applied systems were develaped: providing various
in valume service for experimentalist, they consumed at the same time different shares of
centralized resources according to provided apportunities [6). Thus, there was a quite large
number of programs which could be used in a specific experiment. One example of using
centralized computer infrastructure is given in Ref. [7].

In the periad 1930-81, it became obvious that the bottle-neck of centralized computer re-
sources was preparing and debugging programs. Mast of programs was punched and introduced
inta computer using card reader. On the other hand, in experiments the electronic means of
displaying were widely used, which were connected mainly to mini-computers of SM class. All
these circumstances stimulated the development of a lacal terminal network [8]. A computer
SM-4 connected with several tens of terminals was used as a controller of a local terminal
network. The terminals could be connected at the distance of up to several hundreds meters of
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e acquiring infarmation from the experimental setup and storing it on a mass storape
(a8 a rule, on magnetic tapes);

s partial or camplete processing of information acquired;

. diaphy‘ing parLia| resilts,

Here it is important to note the volume and the intensity of experimental data acquiring.
(O eourse, these values varied 'EI.EPETL'EI.'iTLE on the experiment character, however in many cases
the valumes were estimated at hundreds megabytes per day. Typical measurements duration
was from 1-2 days (debugging and calibration) to 20 days and more,

Below the main basic technological problems (which were due to the available generation of

computer technique) and methods of their overcoming are discussed.

First computers of the third generation

In autumn of 1973, the compu ter ES-1020 with the main mamary of 4 kb}rl.ca was pul inta
operation. It had two disk drives with 7.25 Mhbytes each, four tape bobbin drives (24 Mby tes
on bobbin), a card reader, a card punch, a line printer. The average capacity on mixture of
instructions gave about 20 thouwsands instructions per secand. The Disk Operating System for
computers af Edinoi Serii (D08 ES) was ran; it had a number of compilers for such langnages
as Fartran, PL/I, COBOL, and ather typical program components: all sorts of utilities, linkage
editar (task builder) and so an.

Note the problems facing at that time.

e DOS ES version used in period 19731974 was poorly suitable for acquiring data from
experimental setups.  In particular there were limited capabilities of processing non-

standard devices interruption.

e The limited space an disks and in a main memary also made it much difficult to transfer
applied programs which were available, for example, at CERN.

¢ The serious problem was the insufficient reliability of hardware (tape drives, disk drives).
Naturally, it caused the fear to lose saltware ar data.

Ta a considerable extent the same problems remained also after putting into operation the
next computer complex consisting of twa computers ES-1030 in the middle of 1977, It had
16 disk drives with 7.25 Mbytes each, 8 tape drives and ather peripherals. It took almost
M) mE of prémisdes far d.l':PlCIJ.'TnETLL of this hardware, and the labour of 20 P-l:clph: [han:lwan:
0 TWeeTs , PrOgrammers, operators ) was required to maintain this complex in operational state.
The eomputing camplex on the base of ES-1030 computers was employed as a centralized
computing resource in experiments till 1939

At first stages of using computers of the third generation in physics experiments, it was nec-
essary to create a software-hardware base for using the computers of such class in peforming
measuremnents. So, the spedal telecommunication 1 /0 contraller for transmitting data from
experimental setup to central computer was developed, which enabled to connect up to 16
experimental setups [1]. By this step a hardware base was created for a reliable link betwesn
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CENTRALIZED COMPUTER RESOURCES
IN EXPERIMENTS ON HIGH ENERGY PHYSICS

AE. Shevel ', AN. Lodkin ?. A.A. Oreshkin ?

Introduction

Here we would like to cover briefly the key points of centralized computer infrastructure
in High Energy Physics (HEP) experiments of PNP1 RAS. The features of providing HEP
experiments |::J.r O LT TESOUTOes W s rcpt:aLt:dhr cons dered |:1:.5. E.M. Brown et al., IEETF,
1966, P. 114; H.E. Devies, 1976 CERN School of Computing, P.161). In publications devated
to camputer aspects of scientific research the antomation of specific technical tasks and the
methads of their salution are alten discussed. We would like now to paint out impartant stages
of achieving a common goal which was pursned by all papers discussed in this review, namely:
ta increase the efficdency of man-machine systems in scentific information processing in the
case afl HEP experiments at PNPL

We will bear in mind that increasing efficiency includes a lot of camponents. In other wards,
it. is meant increasing volume of really available possibilities for scientific information processing
at the same or less price, which can be expressed in different ways:

# in increasing technical and functional capabilities of man-machine system as a whole;
e in increasing reliability of hard ware and software;

®if n‘:clucing aperating stafl TCEss ATy fior supporting computer anPh:x in clpcraLir.:ma|
stale.

It is suppased that while improving one parameter of the system other parameters do not
change ar change in the direction of increasing efficiency.

The source of scientific data in a nuclear physics experiment is a measuring experimental
setup. For the data to be processed on centralized computer capacities, they can be acquired
throngh communication lines ar read from secondary memaory where they were stored earlier,

The use of centralized computer resources is caused by a relatively high cost of a com-
puter complex and a large number of users, which varied from 10 to 200 peaple at different
tirnes. There is no doubt that eentralized computer complex with unique technical parameters
within the institute (or division) framework always existed, exist and will exist. Only the way
of integration of such complex inta the institute [division) computer infrastructure may be
a subject of discussion or optimization.

The centralized computer complex is designed not only for computing, but also far effective
using mare expensive resources than the complex itself: the PNPI synchrocy clotron aperation
and working time of PNPI researchers. The latter determined an important feature - the
centralized computer was used in two mades: for serving experiments on-line and for typical
running batch jobs. On-line mode was always af higher priority than ranning bateh jobs.

The use of a computer for an-line work supposed that a program complex was run, which
was used for specific physical experiment. Typically pragram tasks were:
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