
Industry and spinoff 

Working on the ASTRA - ASP System Testbed 
for Research and Application - at CERN. The 
Associative String Processor (ASP) provides a 
way of getting out of high speed data process
ing bottlenecks. 

Applications of massive parallel 
processing for complex computing 
tasks provide another good illustra
tion of how frontier science and 
emerging technology can benefit 
each other. 

CERN 
Ad ASTRA 

I n 1988, when detailed plans 
began for experiments at CERN's 
proposed LHC proton-proton 

collider, sophisticated real time 
'triggering' systems were quickly 
identified as a challenge. As more 
and more physics is understood and 
becomes routine, interesting new 
events become correspondingly 
rarer. 

With the impossibility of storing all 
data and subsequent processing off
line, stringent on-line filtering is called 
for. To extract these signals in real 
time from a mass of background, 
trigger systems must filter through 
megabytes of raw information flood
ing in at high speed (40MHz) through 
many millions of detector channels. 

Three triggering levels are foreseen 
for this filtering process. The first and 
fastest level would use hard wiring to 
push candidate information into 
temporary buffer memory at the rate 
of one event every 10-50 microsec
onds, reducing the raw data rate by a 
factor of several thousand. 

The next trigger level would carry 
out a rough analysis of the event and 
its kinematics. This programmable 
stage would achieve an additional 
enrichment factor of about 100. 
Finally a 'farm' of several thousand 
high speed microprocessors would 
make a detailed analysis of the 
selection emerging from the second 

level and store the filtered events at MPPC project was also a part of 
the rate of a few per second. CERN's effort supervised by the 

For high data rates, parallel Detector Research and Development 
processing is an obvious route to Committee. In 1992, this project led 
follow. In parallel processing, com- to the development of a prototype 
puting modules carry out their allot- ASP machine integrating many 
ted tasks at the same time, rather thousands of associative processing 
than sequentially as in more tradi- elements. 
tional computing solutions. This initial ASP implementation was 

Back in 1988, the second level called ASTRA - ASP System Testbed 
selection process looked problem- for Research and Application - now 
atic. However in 1989 a new Single- operational at CERN, Orsay and 
Instruction Multiple Data (SIMD) Saclay as well as in the parent 
architecture device - the Associative company. 
String Processor (ASP) from ASPEX In ASP, one instruction is simulta-
Microsystems in the UK - was identi- neously applied to a large number of 
fied as a possible way out of this identical processing elements, each 
bottleneck. storing one item of data. Each 

In 1990 a Massively Parallel element has its own local memory, 
Processing Collaboration (MPPC) can make an association between its 
was built up, linking CERN, ASPEX own stored data and present a key in 
and two major French research parallel to all elements, can commu-
centres, Orsay and Saclay. As the nicate with any other element of the 
project evolved, other partners in string, and can perform elementary 
France, Switzerland, the UK and instructions. This associative parallel 
Hungary joined the project. strategy is the basis of ASP architec-

With its role in the LHC context, the ture, with conventional sequential 





addressing replaced by an associa
tive global data access (content 
addressing). 

The basic chip (VASP-64) uses a 
string of 64 processing elements with 
a programmable intercommunica
tions network. These chips can be 
cascaded to make a multichip string 
of any required length. 

Each board, built by Saclay under 
an extended VME standard, contains 
32 chips making a string of 2048 
processing elements. 

The first VASP-64 came in 1990 by 
European Silicon Structures, a 
French firm, using electron-beam 
implementation of a CMOS (comple
mentary MOS) technology. Subse

quent high performance develop
ments elsewhere have used alterna
tive technologies (SOS). 

Applications undertaken by MPPC 
partners have included trigger de
signs for proposed hadron collider 
detectors and fixed target experi
ments and for online data processing 
at physics Laboratories. A dedicated 
real-time ASP machine - ASPEN -
was designed, built and used by and 
at Saclay for the evaluation of a very 
fast trigger in a physics experiment 
(NA48). 

High speed image processing is 
another potentially interesting appli
cations area. The Signal Processing 
Laboratory at EPF Lausanne, Swit
zerland, studied ASP image coding 
algorithms to compress visual data at 
video rate, while Saclay has looked 
at ASP processing for the EROS star 
survey (December 1993, page 4). 

The ability of CCD cameras (with 
CCDs from Thomson-TMS) to 
generate large amounts of data at 
high speed was seen as a good way 
of putting ASP processing power to 
the test, and an interface to the 
ASTRA machine was built at CERN 
for this purpose. 

With the initial MPPC project 
complete, an ASTRA user group has 
been formed at CERN to provide the 
physics community with a new tool 
for studying on-line parallel algo
rithms, while collaboration members 
ASPEX and Saclay are developing 
new dedicated ASP machines and 
custom-built chips. 

Closeup of the ASP interface circuitry, showing 
the eight special (VASP-64) parallel process
ing chips, top right. 



Hote l Res idence in 
Ferney-Vo l ta i re 

Short/long term furnished studios & 
2-room apartments wi th modern 

facilities & ful ly equiped kitchen area, 
satellite TV, private tel. line, mult i l ingual 

reception, swimming-pool . 

CIT4DINCS, your favoured partner 
since it was built in 1990 by the 'CERN' 
pension fund, offers special RATES for 

CERN employees. 

Visits & Reservations: 
34, rue de Geneve 

01210 FERNEY-VOLTAIRE (France) 
Tel.: (33) 50 42 61 61 
Fax: (33) 50 40 91.24 

Only minutes away f rom 
Geneva's Centre 

Accelerator Physicists 
The Stanford Linear Accelerator Center (SLAC) is a laboratory for 
elementary particle physics research and a leader in the technology and 
operation of high energy electron accelerators. The SLAC Linear 
Collider (SLC) is the first electron-positron linear collider and has 
demonstrated the viability of this technology for future machines. 
Recent success with highly polarized electron beams and improvements 
in luminosity have greatly expanded the physics potential of the SLC and 
4-5 more years of operation are planned. 
SLAC will make up to three indefinite term appointments of Accelerator 
Physicists to join the SLC staff dedicated to the development and 
performance of this innovative and challenging machine. Each physicist 
will focus on a particular area of the accelerator such as the Linae, Final 
Focus or Damping Rings and carry out studies to improve the 
performance of the SLC, proposing and managing enhancement projects 
as needed. Studies and experiments related to the development of future 
accelerators are actively pursued. 
A Ph.D. in Physics, Applied Physics or Electrical Engineering is 
required (or an equivalent combination of education and experience). 
Candidates should have extensive work experience with high energy 
particle accelerators, including the ability to acquire and analyze data 
using standard tools. Candidates must have good communication skills 
and should have project management experience. 
For immediate consideration, applicants should send a resume to: 
SLAC, P.O. Box 4349, M/S 11, Job # 18016, Stanford, CA 94309. For 
more information, contact Dr. N. Phinney at SLAC, M/S 66, or Email to 
Nan @ SLAC, Stanford. Edu. FAX: (415) 926-2407. 
Affirmative Action/Equal Opportunity Employer, SLAC provides a 
smoke-free environment 

Stanford Linear 
Accelerator Center 

SLAC 

E N G I N E E R I N G C O O R D I N A T O R 

C L E O H I G H E N E R G Y P H Y S I C S E X P E R I M E N T A L F A C I L I T Y 

C O R N E L L E L E C T R O N S T O R A G E R I N G 

We have an opening for an engineer to work with the 
CLEO Collaboration at the Cornell Electron Storage 
Ring (CESR). CLEO is a large collider detector 
operated by a collaboration of 22 universities. It is 
undergoing a major rebuilding as part of a program 
to upgrade the CESR/CLEO facilities. The person 
appointed to this position will participate in the 
engineering design of detector components and will be 
responsible for the coordination of the construction 
and installation. The work may eventually involve 
other projects at CESR. This is a regular appointment, 
subject to mutual satisfaction and the availability of 
funds under our NSF contract. Applicants should 
have an engineering or equivalent degree and several 
years of experience working with high energy physics 
detectors. Please send an application and at least 2 
letters of recommendation to Prof. Karl Berkelman, 
Newman Laboratory, Cornell University, Ithaca, NY 
14853. (E-mail: search@lns62.lns.cornell.edu) 

Cornell University is an Equal 
Opportunity/Affirmative Action employer. 

Compinfo sa CH-2525 LE LANDERON 
Tel. 038/51 43 53 

MEMOIRES POUR ALPHA AXP 

DATARAM est le premier fabricant mondial de memoires 
compatibles DEC. 
Les memoires DR-15 pour Systemes DEC-3000 Alpha AXP 
modeles 400/400S et 500/500s sont livrables en capacites 
de 32MB, 64MB, 128MB et 256MB. 
DATARAM a deja fabrique les modules dont vous avez 
besoin et nous sommes a meme de vous les installer dans 
les 5 jours ouvrables. 
DATARAM propose une garantie 'LIFETIME' qui vous 
permet I'economie du contrat de maintenance. 
Depuis 1967, DATARAM construit des memoires pour les 
ordinateurs DEC, SUN, IBM, HP-APPOLO, DATA GENE
RAL, SGI et INTERGRAPH. 
Soumettez-nous votre probleme. 

DEC, SUN, IBM, HP-APPOLO, DATA GENERAL, SGI and 
INTERGRAPH are Trade Marks. 
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Bookshelf 

"An Introduction to Quantum field 
theory" by G. Sterman, Cambridge 
University Press (ISBN 0 521 31132 
2) 

T his book contains a systematic 
presentation of quantum field 
theory. Canonical quantiza

tion, path integrals, non-abelian 
gauge theories, renormalization and 
axial anomalies are discussed to a 
satisfactory level, so that the book 
can be easily used for an introductory 
course in field theory. 

The most interesting aspect of the 
book is contained in Part IV, with a 
full treatment of soft and collinear 
singularities, together with a discus
sion of the meaning of perturbative 
cross-sections when soft and infrared 
divergences are present. This subject 
is too often neglected in textbooks, in 
spite of the fact that a large amount 
of current research in high energy 
physics (and much of the motivation 
for QCD as a theory for strong 
interactions) is based on it. The 
author is certainly a great expert in 
this field, to which he has brought 
many important contributions. The 
core of Part IV is a demonstration of 
the infrared finiteness of jet cross-
sections in electron-positron annihila
tion. Following this, the more com
plex topic of hadron-initiated 
reactions involving hadrons in the 
initial state is dealt with. The physics 
of scaling violation in both the parton 
model and in terms of the operator 
product expansion is discussed. The 
computation of first order corrections 
to deep inelastic scattering and to the 
Drell-Yan pair production process, 
which marks the beginning of the 
application of perturbative QCD to 
hadronic collisions, is given in detail, 
illustrating the factorization of the 
hadronic cross-section into a short 

distance cross-section and a univer
sal parton density. 

One apparent limitation of the book 
is its lack of explicit contact with 
phenomenology. Comparison of 
theoretical calculations with experi
mental results are never mentioned 
(the only graphs one finds in the 
book are Feynman graphs). The 
book is therefore mainly aimed at 
theoretical physicists. However field 
theory courses are generally paral
leled or followed by a course in 
particle physics phenomenology, and 
Sterman's book can certainly facili
tate the understanding of high energy 
strong interaction phenomenology. 

In conclusion, the book should be 
useful for an introductory course in 
quantum field theory to graduate 
students. Furthermore it provides a 
good introduction to the theory of 
perturbative QCD for research 
scientists who are interested to work 
in this field. 

Paolo Nason 

CERN Courier 
contributions 

The Editor welcomes contribu
tions. As far as possible, text 
should be sent via electronic 
mail. 

The address is 
courier@cernvm.cern.ch 

Plain text (ASCII) is preferred. 
Illustrations should follow by 
mail (CERN Courier, 1211 
Geneva 23, Switzerland). 

Contributors, particularly 
conference organizers, con
templating lengthy efforts 
(more than about 500 words) 
should contact the Editor (by 
e-mail, or fax +41 22 782 1906) 
beforehand. 
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