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1, - INTRODUCTION.

Two important aspects in computer system desipn must be outlired. First; even extrapo-
lating the time performances of the present processors; there ig d physical bound connected to
signal propagation velocity and second; the rdpid progress on medium and large scale integration
(MSI/LiSY) in setnicondictor technology tmakes available inexpensive small size processors. Ne-
vertheless rdpid and continuing advances in high energy physics instrumentation and growth of da
ta flow from experimentsl apparata lead to a situation in which the processing resources of a -
staridard on=line computer will be soon satired.

In thig framework the tnultiple -procesgsor approach seems to be a suitablé trend to speed
up the time perforniances of & cothiputer system in the eavireonment of a high énergy eéxperiment,

In this paper, after a brief overview of the multiprocessor systeriig, we propose the use
of a multiminiprocessor how comuercially available in alterndtive to the standard mini-maxi
coraputer network,

2. . MULTIPROCKSSOR SYSTEMS : A BRigF oviERview !,

Thriee types of irterconiection between getd of processors are comimotily known: compu -
ter networks, multiple ALU processors and multiple-processors systems. In the last form of or
ganization a set of independent processors share a common meémory under integrated control
(Fig., 1). Processor coupling further distinguishes )
multiprocesaor systems : processors which inter-

act at subingtruction or instruction level are ustal Mpl [Mp] ¢ » 4 8 o s 6 & ¢ |Mp
1y referred to ag tightly coupled dnd processors . y

which interact at no lower than the tagk level can L b L
be referred to as loosely coupled, , ProcesSor/ Memory switch

N R T
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FIG, . 1 - Structure of a Multiprocessor (from IJ L—] H L—J .
Msi |M

ref. 1a), Pec: central processor; Pio: input- Mel {ivis &

~output processori Mp: primary memory ;

Ms : gecondary memory.



There are some importart figures of tmerit for the multiprocessor system in comparison
with the uniprocessors:

- the (procesgor-to-memory bandwidth)/cost ratio could be improved owing to the impact of the
new technologies on gmall size processors;

- the modularity of the organization is the natural framework for parallel processing and has di-
rect effects on system expansion and maintenance ;

- the gystem reliability is improved by several cooperating processors: fault tolerance internal
logic can lead to a reconfiguration of the system without serious degradation of the performan-
ces.

The- effectiveriess of the procesgor-processor and memory-processor interconnections, the
arbitration of the resources among different processors and the utilization of suitable software
struetures dare some important aspects in multiprocessor system design.

In the past years a reasonable number of multiprocessor systems based on processors of
tnini/ micro/ computer size have been degigned, but not many are commercially available.

An interesting application of multiprocesgors can be identified in High energy experimen-
tal physics field. Laboratories and Institutions have developed studies on general purpose multi-
processors, like sEM(2) and MUMIE(S), tor data acquisition and analysis dims. More precisely,
specific tasks in these gystems dre raw data acquisition, filtering, data reduction, etc.

i the rext Sectiong we suggest the use of a warking multiminiprocessor commercially a-
vailable and we give some general outline for the implerientation of a data dcquisition and andly-
gis system, The application tields of such a multiprocesgsor are multiple (pattern and speech re~
cophition, real-time process controls, etc.) and it i& employed in configurations of about one
hundred cooperating processors.

5 . EMMA sysTEMY,

EMMA i¢ a general purpose multi miinhi<processor with no upper bound in the expansion of
the processors and memories.

Main fedtures of EMMA are: complete hardivare-software modularity and flexibility, ar-
chitecture oviented toward hardwidre-goftware structured degipn, fault tolerance #nd possibility
of self-reconifiguration,

Three bagic furictional modules are the EMMA constituents : miniprocessors (UA's -agso
ciative units), memory miodiules (ME's) and data exchange coordinators (DEC's).

The "family" is the structural element of the EMMA gystem, From a hardware point of
view (Fig. 2) the family is & monobus controlled by a DEC, Of this monobus up to 128 UA's and
a maximum of 4 Mbytes of memory (16 bits/word) can be allocated. In each monobus DEC mand
ges interprocessor communications and conriects monobusses with each other when information
exchanges between different famiilies are requested. Protocols for priorities and rdtes of data
transtission are software defined. The instruction set gupported by each UA:is enriched by spe
cial instructions voted to fast associative search on memory: this makes EMMA particularly sui
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FIG, 2 - Hardware structure of an EMMA family (from ref, 4b).



table for pattern recognition aims, ¥ach UA has its own memory of 4 Kwords size (16 Kwords ih
the future). Procegs peripherals (e.g. CAMAC systern) can be connected to a gpecific processor
or to the monobus. From a softWare point of view the family is one of the sets of tdsks (family
task) in which the global process cdn be expanded. A proper shape of the family task leads to a
situation in which the data exchange is almost confined in each monobus in order to optimize the
interprocessor communication capability. The number of AU's and ME's in a family is tailored
to the consigterice of the family task,

A minicomputer, the MONITOR, is the vertex

of the structure; performes system service functions Moritor
and manages standard peripherals; aceording to the Fan(')wfi'lies
temporary needs of computing regources, the MONI- o

TOR can also change the configuration of a family.

This organization leads to a hierarchical ar- S —
chitecture in the EMMA system: processors are pla ygotfem
ced at lower levels and families are found at higher Families
levels (Fig. 3). The system expansion is oriented to Tk S
modular multiprogramming, that card be worked out

by high level languages as Concurrent Pagcal. " ‘
Family ) Family
In edch family, diagriostic functions performie S MR S
” i A , (Bus) (BuUs)
on«ling mairitenance to minimize the 16ss of comput- T L .
ing power due to hardware failure. There are two ' —
possibilities connected to the détection of an error: , »
an interhal logic provides the recovery of a tempo
rary error, or a self-reconfiguration is possible Sub-family| « « ¢ [Sub-family
and the faulty miodule ig removed, if a permanent er

ror is detected.

Processor| s v ¢ | Processor

Due to the high computing power, EMMA has
been successfully employed in OCR (Optical Charac-
ter Recognition) systems installed by the French and
Italian Post Departmernts for antomatic postal address
recognition, In thesé high reliability systems up to
70 UA's have been itivolved. The raw data flow is — '
80 Mbits/sec. and 20 hand-written postal addresses Peripheral
aré recognized i ofie second. This performance hag Devites
been obtaired using a "front-end" family of 20 UA's
THig means that edch UA could absorb an dnput data
flow of 4 Mbits/sec, a typical rate of the CAMAC,
and moreover some simple operation on data is pos-

sible; for comparison the expected data flow for a B1G,. 3 - EMMA hierarchical structure
1arge5éxpe‘riment on the p-p. collider is 100 Mbitg/ (from ref. 4b).
/sectdl,

4, - A POSSIBLE DATA ACQUISITION AND ANALYSIS SCHEME FOR THE EMMA SYSTEM,

Starting from EMMA features we tan suggest some simple and flexibie schemes for the
uge of the EMMA system ir the environment of high-energy experiment,

Ag a first step we must separate the global process ifl many paraliel or logically ihdépen
dent tagks, We ligt here a set of possible tagks:
4) data acquisition with a small amount of data reduction ;
b) fast filtering and backgrourd rejection ;
¢). pattern recognition {or slow filtering) ;
d) event analys&is ;
e) data formatting and recording oh mags storage;
f) apparatus control and mionitoring.



For each of the previous tasks a family could be properly planned in EMMA, In each family a suita
ble number of UA's should concurrently execute the family task on the event data with the purpose
of optimizing the family troughptit. Each event flows from a famiily into the next according to a pi-
pe-line scheme, Due to this type of organization, at each stage event processing attains a degree
of accuracy depending on the number of UA's invblved by the family.

We have two possible schemes for the data acqtiigition tagk., A first scheme implies that all
the data of an event are transferred to the ME modules by autonomousg intelligent crate controllers
and then each UA can have access to its own part of the buffered event, A second scheme seems to
be more promising because the limitationg of the CAMAC data transfer rate could be easily bver-
come, The digitized informations coming from the different elements of the apparatis can be stddi
vided and sent directly to the individual input port of the UA's, so that data belonging to an event
can be read in parallel in a time which becomes shorter increaging the numbetr of UA's involved,
The processing power of the family can also be used to make a small amount of data reduction (e,
g. linear transformations on data) and to structure the ddta in a suitable way t6 minimize the time
of sorting operations during the next phases of the analysis.

For the efficiency of the on-line fast filler it is importart that the system is capable of re-
jectirig undesiderable events in the shortest posgible time, Namely the increaging selectivity of the
filter is related to the time necessary to take the deéidion. So, in gemeral, tHumerical cdleulations
must be performed with a rather low precision ahnd moreover the application of tests which have an
increaging selectivity power is recommended. Many of these decisional tests could be made in pa-
rallel on the different eleinents of the apparatus, For example simple tests could involve ADC c¢6h
tents and a higher level test could be based on gimple track-firding algorithms, Due to the high de
gree of parallelism that the family can developed, the total time for everit filtering could be kept
not far from the characteristic time needed to a hardware processor, 25 psec‘(G}‘, and certainly
shorter than the typical tinie of a minicomputer, 5 msec(7),

The purpose of the pattern recognition (or slow filtering) family is the full and acetrate re
constriction of the everts (sélection of track candidates, geometrical reconstruction, vertex defi-
nitiong). EMMA has ad hoc instructions for this. aim, Output of this task could be momemntum,
beta, dE/dx, etc. for charged tracks, and energy flow for hadronic and electromignetic ghowers,

Using this information the kinematical fitting and the full event andlysis for the clagsificai-
tioh of the topologies are possible,

At etich stage of this data processing a data permarient recording is possible if desired. Of
courge the results of the full event analysis together with the experimental raw data are the most
useful recording.

Purpose of the control tagk is the periodic meagurement of the apparatus element efficien-
cies either on-line using the irformation carried by sets 6f fully processed events or off<line by
simulating physical processes (for example fiducial pulsing the chambers, LED pulsing the scin-
tillators, etc.). Other tasks of this family are the on-line event data digplay, the log-beoking of
the runs and the machine conditions, hardware setting and calibvations,

Although at this tevel it is difficulf to give 2 more detailed configuration of the whole gys-
tem, an EMMA structure with about one hundred UA's can redasonably face all the previously des
scribed task according to the input data rate, We believe that the use of multiprocessors is a ve
ry promising way: the outlined system offers the typical flexibility of a software programmed sys
tern, the computing of a large computer and neverthieless it can approach the time performances
of the specialized and hardwired systems, used now and in the next future, in the high energy lar
ge experiments,
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