cribed h o w nucleosynthesis f o l l o w 
ing the Big Bang excludes the tau
neutrino mass f r o m the range be
t w e e n 0.5 and 25 MeV. W i t h the
ARGUS experiment at DESY indi
cating it t o be lighter than 3 5 MeV
anyway, the tau neutrino does not
have a lot of room left.
CP-violation can be a c c o m m o 
dated in, but not explained by, the
Standard Model. T w o major high
precision experiments, one (NA31)
at CERN and the other (E731) at
Fermilab, have for several years
been patiently accumulating and
analysing data on the decay of neu
tral kaons into pairs of charged and
neutral pions.
Over the years, batches of data

f r o m these t w o experiments have
come in w i t h different values for a
parameter related t o the 'ratio of
ratios' - the relative decay rates of
long- and short-lived neutral kaons
into neutral and charged pion pairs.
N o w each w i t h samples of more
than t w o million neutral kaon de
cays, the experiments do not ne
cessarily disagree, but the agree
ment could be better, making any
precise interpretation difficult.
A fresh CP violation feature w a s
a preliminary result from the CP
LEAR experiment at CERN's low
energy antiproton ring, where evi
dence has been seen for different
decay properties of particle and antiparticle.

In the plenary session, J . - M . Ger
ard of Louvain looked hard at the
framework of CP violation, where
the limited room for CP violation
appears t o hinge on limitations on
quark transitions, and on empirical
isospin selection rules long k n o w n
but still not understood.
Looking t o the future, w i t h plans
for complementary particle physics
machines t o attack the high energy
and high precision frontiers. Carlo
Rubbia w a s optimistic. 'Nature has
put the answer t o many questions
within our reach,' he concluded.

By Gordon

Fraser

Computing in high energy physics
The increasingly important role
played by computing and comput
ers in high energy physics is dis
played in the 'Computing in High
Energy Physics' series of confer
ences, bringing together experts in
different aspects of computing physicists, computer scientists,
and vendors.
The meetings have been held ev
ery one or t w o years since 1 9 8 0
when the series was initiated in Bo
logna, and are traditionally organ
ized under the initiative of the local
organizing committee. For the re
cent conference in Tsukuba, Japan,
the local organizing committee w a s
chaired by Shinkichi Shibata of the
Japanese KEK Laboratory w i t h an
international advisory committee
through the LISTSERV electronic
conference system.
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The sessions began w i t h John
Thresher (CERN) w h o raised var
ious questions on the computing
environment of the 1990s - the
major factors being evolution of
computing environments due t o
appearance of high-performance
microprocessor-based w o r k s t a 
tions and world-wide large collabo
rations for experiments at the plan
ned big hadron colliders (SSC/LHC).
K. A m a k o (KEK), M. Delfino (Barcelona,CERN), D. Notz (DESY), and
T.Nash (Fermilab) reported on the
current status of HEP computing in
their respective laboratories, each
facing the transition f r o m main
frame-based centralized computing
t o a distributed or collective c o m 
puting environment with various
types of machine - mainframe, su
percomputer, computer farm, and

workstations, linked by networks.
The transition appears to be coher
ent.
David Williams (CERN) asked 'Is
the role of the mainframe termi
nated ?', anticipating a rundown of
the mainframe emphasis in the next
five years. But he is still worried
about performance of the distri
buted system in data I/O and soft
ware and operational stability w i t h 
out the mainframe.
L.R. Cormell (SSCL) reported on
the recent installation of the c o m 
puter facilities at the US Supercon
ducting Supercollider (SSC) Labora
tory, where a ' f a r m ' has been in
stalled for batch jobs and interac
tive front-end workstations for
physics/detector simulation of SSC
experiments. There is no main
frame-like system.
CERN Courier, September 1991
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A feature of this year's Computing in High
Energy Physics Conference in Tsukuba, Ja
pan, was a panel discussion chaired by Ter
ry Schalk (UCIPP) on the worldwide comput
ing environment featuring ten in-person pa
nelists plus Harald Johnstad from the Texas
SSC Laboratory on the TV screen a video
conferencing link.

Architecture
Many presentations looked at the
problem of architecture. There has
been considerable progress in spe
cial-purpose chips for the require
ments of SSC/LHC experiments (R.
Bock - CERN). Data acquisition is
also architecture-related in large
and complicated time-critical sys
tems (P. Le Du - Saclay). Real time
processing for event filtering in the
second or third level trigger is a
field for which various modern
technologies are applicable. A t
higher levels, neural networks are
beginning t o be used as part of
trigger systems (M. Campbell - Mi
chigan). Trigger simulation t o sepa
rate signals from background ev
ents in the Fermilab CDF experi
ment promises well for the applica
tion of neural net triggering.
Although high energy physics
has traditionally used scalar c o m 
puter systems, there is n o w some
effort to utilize more complex archi
tectures such as vector supercom
puters and massively parallel sys
tems. Y.lwasaki (Tsukuba) des
10

cribed recent progress for a special
computer system for lattice gauge
simulation. Several large projects
of this kind are underway in Japan,
the US, and Europe.
Software

engineering

Software engineering is the biggest
challenge facing high energy phy
sics today. The most significant
factors are the number of people
w h o contribute t o the software,
the fact that they w o r k in many dif
ferent institutions around the w o r l d
and that f e w of them are trained in
computer science or programming.
These factors would make most
programming experts give up be
fore they start. For some time,
there was a belief that the engi
neering problem was simply one of
choosing the right design tools.
Some groups adopted Structured
Analysis/Structured Design
(SA/SD) in the hope that they
would be able to generate correct
and maintainable code without do
ing any extra work. In many cases,
they were disappointed and drop
ped the idea.

K. Hashimoto (Fujitsu) and J .
Knobloch (CERN) looked at recent
software engineering experience in
the business w o r l d and HEP,
respectively. In general, Hashimoto
suggested, large scale software
developments should be broken up
into small independent elements as
much as possible t o reduce cou
pling overhead. Software product
ivity is inversely proportional t o the
size of these elements. J . Knobloch
talked on the 'Reality of software
engineering in HEP', where there
are sceptics. Some recent ad
vanced tools are fulfilling HEP re
quirements, but it is not yet stan
dard practice everywhere.
Database management is one
aspect of software engineering t o
deal w i t h large volumes of data, in
cluding calibration, run conditions,
and analysis parameters. The data
base must be maintained and up
dated automatically, advocated
L.M. Barone (Rome).
In the near future new ap
proaches such as object-oriented
or extensible databases may make
it easier t o add relationships among
data elements as the understanding
of the database improves. A s
groups begin t o look at the ex
pected needs of the SSC/LHC ex
periments there are likely t o be dra
matic changes in data manage
ment.
R.Grossman (Illinois) explained
ideas of database computing for f u 
ture HEP data analysis, using builtin database functions without a
need for FORTRAN programming,
or FORTRAN can be mixed w i t h a
query language such as SQL.
D. Shirkov (Dubna) introduced
computer algebra and recent tech
niques such as REDUCE, MACSYM A , MAPLE, Mathematica, and
Scratchpad, used t o calculate observables t o compare w i t h exper
imental results. This provides a
CERN Courier, September 1991

bridge between physics and ma
thematics as well as between ex
periment and theory.
UNIX operating

system

The conference perhaps marked
the emergence of UNIX as a part of
the high energy physics vocabula
ry. Even those w h o hoped, or be
lieved, that UNIX w o u l d disappear
n o w agree that it will continue t o
be important.
This results f r o m the use of
UNIX on virtually every major
workstation and computer server.
W i t h the rapid evolution of c o m 
puting technology, vendors have
had to adopt a (nearly) standard
portable operating system t o avoid
significant delays in bringing new
products t o market. This will con
tinue in the foreseeable future.
The proliferation of workstations
presents a new set of management
challenges. The systems need t o
be updated and maintained on a
regular basis, and the community is
only beginning t o address these is
sues.
While UNIX will have an import
ant role in HEP, the V M S and V M
systems are still used by a majority
of the community. A t most labor
atories, these systems are satu
rated while the UNIX workstations
are idle much of the time. Physi
cists like productive systems, and
the situation will evolve only slowly
unless the UNIX environment can
provide the same productivity. Ef
forts to make the UNIX environ
ment more familiar t o the V M or
V M S users may help but more like
ly new, high-level interfaces will
change the way physicists w o r k
w i t h their computers.
J.N. Butler (Fermilab) described
the impact of UNIX for HEP and
prospects for the future. UndesiraCERN Courier, September 1991

F. Etienne (Marseille) spoke on graphics in
the network environment.

ble UNIX features include inade
quate security, system manage
ment t o o l s , resource management,
and tape support, and nowhere t o
go for problems w i t h commands
and features. HEP will adapt and
learn t o love it, he said, by devel
oping suitable environments and
using a language physicists can
understand, such as P A W .
L. Robertson (CERN) described a
'shift' project at CERN which aims
t o build a scalable heterogeneous
integrated facility w i t h CPU server,
tape servers, disk servers and Cray
connected by ULTRANET HUB.
This includes functions such as a
disk pool, tape-disk copy sched
uler, portable UNIX tape control
system, and batch system. The pi
lot project started last year.
On the other hand, C. Eades re
ported on the Berkeley central
UNIX facility, stressing that the
central facility must play an import
ant role as a centre of expertise,
training and information. The man
agement service for workstations

is also a function of the central fa
cilities, but does not need t o pro
vide CPU for individuals.
User

interface/graphics

One of the keys t o enhanced physi
cist productivity is the user inter
face. Improvement is due largely t o
the ease w i t h which the interfaces
and visualization systems can be
developed.
Many computer systems n o w
have interface builders or visualiza
tion systems, facilitating the crea
tion of applications by letting the
user define an interface graphically
rather than by writing code. Exam
ples are NeXT's Interface Builder,
UIMX and TeleUSE for X W i n d o w
and SuperCard for the Macintosh.
The Application Visualization
System (AVS) f r o m Stardent has
been used t o develop powerful vi
sualization programs. Many of the
interface building programs are as
sociated w i t h Object Oriented Pro
gramming systems (OOPs).
Paul Kunz (SLAC) reviewed var
ious analysis tools - LUND,

GEANT, P A W , KAL, Cheetah,
CABS, LUND++, Gismo, Reason,
pointing out that although many
tools are highly developed, their in
tegration w i t h each other remains
poor. The use of C or an objectoriented language may lead t o a re
volution in physics analysis tools.
Graphics is also an important
user interface, particularly in a net
w o r k environment. F. Etienne (Mar
seille) talked on graphics for net
w o r k s and graphical user inter
faces. For a standard for graphics,
the X W i n d o w system w i t h MOTIF
is a good compromise t o optimize
manpower resources for building
and maintaining distributed gra
phics applications on a very wide
range of hardware.
Networking
Networking has become more im
portant as the size and geographi
cal extent of collaborations has in
creased and has become vital t o
the success of most experiments
and even much theoretical w o r k .
On the basis of L3 experience, R.
Mount (Caltech) stated that the net
w o r k is a lifeline of high energy
physics.
F. Fluckiger (CERN) and W . Lidinsky (FNAL) reviewed the current
status of networking in Europe and
the US respectively and its future
prospects. In the last f e w years,
the speed of network links has in
creased significantly. In 1 9 8 7 , the
typical link operated at 9.6 kbps.
Today, the principal links operate
at 1.5 or 2 Mbps within the US and
Europe, w i t h a 1.5 Mbps link be
t w e e n the US and CERN. Other in
ternational lines typically operate at
6 4 kbps.
Even so, many local and wide
area networks are approaching sa
turation, w i t h workstations doing
12

local data analysis and w i t h data
samples becoming larger
A t the same time new capabili
ties are being added. A n example
is video conferencing. Speaking
f r o m Texas, G. Chartrand (SSC)
described video-teleconferencing in
the US and recent developments
using a teleconference system in
stalled for the conference.
Current technology permits con
ferencing over links operating at
128 kbps using video compression
and decompression units (CODEC)
t o provide quasi-full-motion video.
Industry and research groups are
n o w working on ways t o include
video into the same packets that
n o w transmit data. W h e n these
systems are operational, video
conferencing and multi-media mes
sages will be as ubiquitous'as elec
tronic mail is today.

International

collaboration

The last day of the conference
featured a panel discussion on col
laboration for the unified environ
ment of the computing in HEP. The
ten panellists in situ were joined by
H. Johnstad (SSC) and L. Price (Argonne) via video conferencing links
f r o m the SSC and Fermilab,
respectively.
The meeting contributed signifi
cantly to ongoing world-wide colla
boration. The next CHEP meeting
will be in Annecy, France, f r o m 2 1 2 6 September 1 9 9 2 , organized by
Annecy and CERN.
From Yoshiyuki

Watase (KEK)

V. Schegelsky (Leningrad) spoke on comput
ing for high energy physics in the USSR.
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