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Prof. Enzo IAROCCI
Presidente dell' INFN
Piazza dei Caprettari 70
ROMA

Oqggetto: Richieste finanziare per 1" anno 2001 del progetto specide apeNEXT per la
Sezione di Pisa

Caro Presidente,

Ti invio in dlegato le richieste finanziarie relative ala Sezione di Pisa per il 2001 relative ad
apeNEXT. Il piano finanziario su scala nazionde ti verra presentato da Federico
Rapuano, della Sezione di Romal.

Il piano finanziario € adeguato per portare avanti il programma delinato nella proposal di
apeNEXT, recentemente discusso con i referee del progetto, ed alegato alla presente
lettera. Sulla base della valutazione sostanziad mente positiva fornita dai referee, mi auguro
che I' INFN possa approvare rapidamente il progetto, consentendoci quindi di continuare
il lavoro gia de-facto iniziato.

Cordiali saluti.

R. Tripiccione

All:
1. apeNEXT: aMulti Tflops LGT Computing Project
2. Project Organization, Cost Estimates and Project Schedule for apeNEXT.
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ABSTRACT

This paper presents the basic motivations and ideas of a next generation LGT
computing project. The goal of the project, that we refer to as apeNEXT, is
the construction and operation of several large scale Multi-TFlops LGT en-
gines, providing an integrated peak performance higher that 10 TFlops, and a
sustained (double-precision) performance on key LGT kernels of about 50 % of
peak. The software environment supporting these machine is organized in such
a way that it allows relatively easy migration between apeNEXT and more
traditional computer systems. We describe the physics motivations behind the
project and the hardware and software architecture of the new LGT engine.
Several appendices provide details on preliminary work.



1 Introduction

Several research groups in the Lattice Gauge Theory (LGT) community have
developed LGT optimized massively parallel processors [1]. These systems have
provided in the last decade a significant fraction of all compute cycles available
all over the world for lattice simulations. In this framework, INFN and DESY
have developed the APEmille parallel processor. APEmille is an LGT oriented
massively parallel number-cruncher [2], providing peak performance of several
hundred Gflops. The first APEmille systems have been commissioned in late
1999 and more machines will become available in the next months (see later for
details).

We expect APEmille machines to become the work-horse for LGT computing
in several laboratories in Europe in the next three-four years. It is however
clear (and explained in details in a following section) that APEmille is unable
to support serious LGT simulations at the level expected after the year 2003.

The continuing physics motivation to pursue numerical studies of Lattice
QCD and the level of needed computing resources have been analyzed in details
by a review panel appointed by the European Comittee for Future Accelerator
(ECFA) [3]. We fully endorse the conclusions of the ECFA report (which can
be regarded as an ideal introduction to the present document). In this paper we
present a proposal for a new lattice QCD project that builds on the experience
of the previous generation APE machines and tries to implement several of the
recommendations of the ECFA panel. This paper is an enlarged and improved
version of a preliminary proposal [4], submitted to the INFN Board of Directors
in summer 1999.

The new project (that we refer to as apeNEXT) is characterized by the
following architectural goals:
e an expected peak performance for large machines in excess of 5 TFlops,

using double precision floating point arithmetics.

e a sustained (double precision) efficiency of about 50% on key LGT kernels
(such as the inversion of the Dirac operator).

e a large on-line data storage (512 GByte to 1 Thyte for large machines).
e input/output channels able to sustain a data-rate of 0.5 M byte/sec/G flops.

e a programming environment that allows relatively straightforward and
easy migration of physics codes between apeNEXT and more traditional
computer systems.



From the point of view of the organization of the project, the following points
are in order:

e the apeNEXT architecture will be very closely optimized to LGT sim-
ulations. In other words, apeNEXT will be more tuned towards LGT
than APEmille.

e The general know-how of APEmille, as well as several important building
blocks, will be heavily re-used in the new project (properly rescaled to
keep technology advances into account). This is a key point that we plan
to leverage on, in order to shorten development time.

e We plan from the beginning the installation of several large machines at
approximately the same time at several collaboration sites. (Collaboration
membership is also somewhat enlarged in comparison with APEmille).
Stated otherwise, we plan to build up very high processing performance
for LGT (of the order of several tens of TFlops) by operating in a loosely
coordinated way several machines.

e Provisions to facilitate an industrial exploitation ofthe project are not one
of the stated goals of the project. We do see however that several building
blocks of the project (most notably in the area of inter-node communi-
cations) may have an important impact on other areas of computing for
physics (and, more generally, for cluster computing or farming). We will
do our best to make our results reusable.

This paper describes the hardware and software architecture that we plan to
develop. It does not cover the organization of the project, the proposed schedule
of our activities and any financial issues. These points are considered elsewhere.
The paper is organized as follows:

e Section 2 discusses the physics goals of the project and their correspond-
ing computing requirements (in terms of processing performance, data
storage, bandwidth).

e Section 3 briefly summarizes the APEmille architecture and substantiates
the need for a new project.

e Section 4 reviews similar planned or started projects.

e Section 5 surveys the status and prospects of some enabling technologies
for our project.

e Section 6 discusses advantages and disadvantages of custom versus off-
the-shelf technologies for the processing element of the new computer.



e Section 7 presents the global architecture of our new massively parallel
LQCD machine.

e Section 8 describes the details of the processing node.
e Section 9 covers the architecture of the interconnection network.

e Section 10 discusses several possible options for the topology and the
mechanical set-up of the system.

e Section 11 is the first section on software. Here we describe the pro-
gramming environment that we plan to develop for apeNEXT.

e Section 12 is a matching section discussing the operating system and
other system-software issues.

e Section 13 reviews the design methodology that we plan to follow in the
development of the system.

e Section 14 contains our conclusions.

Several appendixes present details on the R&D activities already under way.

2 Physics Requirements

In the definition of the new project we keep a clear focus on a very limited
number of important physics simulation areas, that set the physics requirements
for the new project.

The translation of physics requirements into machine parameters requires
certain assumptions about the algorithms to be used. We base our consider-
ations on tested algorithms such as SSOR-preconditioned BiCGstab and Hy-
brid Monte Carlo, for Wilson fermions with improved action [5]. New theoreti-
cal developments (domain wall fermions, Wilson-Dirac operators satisfying the
Ginsparg-Wilson relation, etc.) are likely to be implemented in a way which has
very similar computational characteristics as the standard Dirac operator.

We expect that in the years 2003-2006, large production LQCD simulations
will be mainly focused on the following lines:

e full QCD simulations (including dynamical fermions) on lattices with
sizes of the order of 48% x 96 (a physical system of L = 2...4 fm and
a = 0.1...0.05 fm). Dynamic quark masses should also decrease, with
a reasonable target corresponding to my/m, ~ 0.35 (although it is not
realistic to expect that both goals are obtained in the same simulation).



e simulations in the quenched approximation on very large lattices (1003 x
100 +200) and large 8 (L =1.5...2.0 fm and a = 0.1...0.02 fm) for the
study of b physics with as little extrapolation as possible in the mass of
the heavy quark.

The first item is heavily CPU limited, since one has to solve the Dirac
equation repeatedly during the updating process. The second item is basically
memory limited, due to very large lattice size. In both cases, our target is a
resolution about two-times better than currently possible (implying, as discussed
later on, an increase in computing power of two orders of magnitude).

As a guideline to define a new LQCD engine for these classes of problems,
we require that:

1. The node-topology and communication network is optimized for the lattice
sizes required in full QCD simulations. Since for many problems of LQCD
it is important to perform a finite-size scaling analysis, it is desirable that
the machine performs efficiently not only on large but also on compara-
tively small lattices, eg., in full QCD one may think of Ni x Ny lattices
with N = 16,20, ...,32 and 48, and N < Nr < 2Njp. For smaller lat-
tices, as the required computing performance decreases, more traditional
machines (such as PC clusters) or previous generation dedicated systems
can be used.

2. The communication network has enough bandwidth to handle the large
degree of data exchange between neighbouring sites (and hence com-
pute nodes) needed in LGT computations. The interconnect architecture
should support the natural (APE-like) programming model with direct
remote data access [6]. This approach minimizes software and memory
overhead (and coding effort) for pre-loading of remote data.

3. The processing nodes sustain high performance on the execution of the
arithmetic and control operations which are relevant for the codes (or
at least their basic kernels) of full-QCD algorithms, in particular double
precision floating point arithmetics, memory access to field variables of
composed data structures, local and global program-flow control, etc.

To obtain a good floating-point efficiency for the execution of a given com-
putation, the compute power and memory bandwidth should be balanced
accordingly. This balance is usually measured in term of the parameter R,
defined as the ratio between the number of floating-point operations and
the corresponding memory accesses (in the corresponding data format).
A processor is balanced for a given algorithm if the R value required by
the algorithm is roughly equal to the R value allowed by the processor



itself. In the case of the Dirac operator, which dominates usually the cost
in LQCD computations, a typical value is R ~ 4.

4. Memory size, disk space and disk-bandwidth match each other and are well
suited to the problems we want to study. This means that all compute
intensive kernels must not be slowed significantly because required data is
not available in main memory. We must keep all data in physical memory
as long as possible. In all cases in which this is not possible (e.g., for light-
fermion propagators on very large lattices) we must be able to temporarily
store on (and retrieve from) disk with large enough bandwidth.

These requirements shape the global architecture of the machine:

1. We consider architectures based on three dimensional grids of processors,
with nearest neighbour data-links. Reasonable sizes of the mesh of pro-
cessors that will be used for the simulation of large lattices are somewhere
in the range 8°---122.--16% nodes, where a physical lattice of 48% x 96
points can be readily mapped. For finite size analyses on small lattices, a
mesh of 43 - .- 63 processors may be considered.

The size of the processor mesh dictates a lower bound on the communica-
tion bandwitdh between neighbouring processors. We define by p the ratio
of local memory accesses (transfers between processor and its memory)
over remote memory accesses (transfers between neighbour processors),
which depends on the lattice size and the algorithm. Under the assump-
tion of balanced local bandwidth (i.e., processors are able to access enough
data in local memory to sustain their potential performance, see later for
details), effective bandwidth! for remote communications must not be
lower than 1/p times the local bandwidth. Estimates of the required ratio
for a naive implementation of the Dirac operator using Wilson fermions
are given in table 1 for a sublattice of n3 x Nr physical points and local
time direction per processor (note that, to first approximation, p ~ 2nr).

A nice and simple trick can be used in the computation of the Dirac
operator to reduce the number of remote accesses. For the negative di-
rections the Dirac operator involves terms of the type U, (z — p)y(z — )
where the fermion term ¢ and the corresponding gauge matrix (U) must
be fetched from the same place. We can therefore evaluate the product
Uu(x — p)y(x — p) on the remote node and transfer the result only. In
brief, all remote accesses involving gauge fields disappear. Table 2 contains
the p values corresponding to the evaluation of the Dirac operator using
the above mentioned technique. We consider the comfortably increased
p values as an useful safety margin, that could be exploited to increase

Lincluding the effect of the start-up latency for typical packet lengths.



Linear lattice size | p
33 5.8
43 7.8
63 11.6
83 15.5

Table 1: Local vs remote memory access patterns: p is the ratio of memory
accesses to local memory over memory accesses to neighbour nodes in a simple
implementation of the solver for the Dirac operator. p is estimated as a function
of the linear size of the sub-lattice mapped onto each processor.

the floating point performance of each node, at fixed remote bandwidth.
Clearly the actual values of p which can be accepted must be studied more

Linear lattice size p

33 7.5

43 10

6° 15

83 20
3x6x6 11.25

3x4x4 9

Table 2: Local vs remote memory accesses: this table is the same as the previous
one, except that p is estimated taking into account the trick, described in the
text, that reduces remote accesses. The last two entries refer to non-square
sub-lattices that might be used when simulating a lattice of spacial size 48% on
large machines with 16 x 8 x 8 or 16 x 12 x 12 nodes.

carefully (possibly simulating architectural details of the mechanisms that
hide remote communications)

2. To discuss memory-size requirements in more details, one has to distin-
guish between the case of full QCD simulations and calculations in the
quenched approximation.

In full QCD simulations, by far the largest amount of time is spent in
the updating process. In this case, on-line memory has to be large enough
to allow for the implementation of efficient algorithms. State-of-the-art
update algorithms need a large number of auxiliary fields on each lattice
site. We use as unity the amount of memory associated to one fermion
field (24 data words, corresponding to 192 bytes in double precision. We
call this quantity a fermion equivalent - feq - in the following). A generous



Uap(z, ) gauge fields 72 W | 3feq
Sg’f (z,0) fermion propagator 288 W |12 feq
Y (z) (pseudo-) fermion field |24 W | 1 feq
(o- F)Z’bﬂ (z) || Pauli term for improvement| 72 W | 3 feq

Table 3: Data structures used in Lattice QCD and corresponding memory re-
quirements (in words and fermion equivalent storage) per lattice point. Greek in-
dices run from 1 to 4 and latin indeces from 1 to 3. The first three entries are gen-
eral complex matrices, while the Pauli term is hermitian: (aF)g‘bﬁ =[(o-F)pa 1"

estimate, leaving space for more sophisticated, presumably more memory
intensive algorithms, is about ~ 200 feq per site.

On the other hand, in the case of the quenched approximation, the up-
dating process may be neglected for both computing power and memory
requirements (less than 10 feq per lattice site are needed). Instead, we have
to consider the memory requirement originating from the measurement of
a heavy-light form-factor. The database needed for such a calculation
consists of one gauge field configuration, one Pauli term, IV; + N, fermion
propagators (N, and N; are the numbers of heavy and light fermions
respectively), each replicated for the number of momenta and operator
insertions used and for each lattice site (typical cases, being N = N; = 4,
3 momenta and one operator insertion). Quenched QCD will be used es-
sentially for heavy quark phenomenology. Here the real problem is the
extrapolation to the b quark mass. To be safe one should have a physical
cutoff much larger than the masses that enter the simulation. Then large
lattices, of the order of 100*, are necessary.

We summarize our memory requirements in table 3 (where the size of the
relevant data structures are presented) and in table 4, where actual mem-
ory sizes are collected, under the assumptions of using double precision
2 throughout. From the first two lines of table 4, we see that we cannot
expect to keep the whole data-base in physical memory when large lattices
are considered. However, if only two propagators at the time are kept in
memory, for ease of programming, while the others are either recalculated
(the heavy ones) or stored and reloaded from disk (the light ones), memory
requirements reduce sharply (third line in the table).

We conclude that, by judiciously swapping data to disks, a memory size
of the order of > 1Tbyte is a good compromise for both our case studies.
Alternatively, one might consider two memory options: a small memory

2The necessity of double precision arithmetic in full QCD has been investigated in the
literature [7] and will not be discussed here.
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machine (~ 500Gbyte) for full QCD and a large memory version (1 +
2T byte) for quenched studies.

Case updating | measurement

small lattice, full QCD 400G 1.4T
large lattice, quenched QCD 200G 13T
large lattice + disk 200G 1.8T

Table 4: Total memory requirements for the case studies discussed in the text.
The line labelled + disk refers to the case in which two propagators only are
kept in memory (all others being swapped onto disk or re-computed).

3. Fast input-output is mandatory, as obvious from the previous point, for
studies on large lattices. As a rule of thumb, we may want to load or
store one (large lattice) propagator (~ 250 Gbytes) in little more than one
minute. This requires a global bandwidth of the order of 2-3 Gbytes/sec.

For full QCD permanent storage of the configurations is required due to
the computing effort needed to generate them. This is a storage-density
(as opposed to bandwidth) problem which is independent of the machine
architecture and should be discussed in a different context, with potential
links with the GRID project, likely to be supported by the European
Commission. In the case of large lattices in quenched QCD the strategy
of computing on the fly without saving configurations is the best. Only
the final correlation functions are saved and this means at most a few tens
of MB per configuration.

Processing performance is strictly speaking not a clear-cut requirement: the
more is available, the better. We can estimate how much is enough, however,
by extrapolating the present state of the art. A sustained performance of 300
GFlops (with perhaps 40% efficiency) is now heavily used for full QCD simula-
tions on lattices of size 24° x 48 [8]. If we assume a critical slowing down where
computer time grows like a~7 [9], we would like to have a sustained performance
two orders of magnitude higher if we want to halve a.

An ambitious target for our project is therefore a total installed performance
in the order of 10...307T Flops. From the point of view of physics requirements,
it is not important that this computing power be sustained on a single system.
Several smaller machines can perform equally well (or perhaps better), as long
as each of them is able to handle large enough lattices.

Also, we must envisage the operation of some lower performance (and cor-
respondinlgy smaller memory) machines, where small lattices are handled and
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algorithms, programs and physical parameters are tuned before a large calcula-
tion is moved onto a large production machine.

3 The APEmille project

In this section we briefly review APEmille.

APEmille is the present generation APE project. It is based on the standard
structure of a large array of processing nodes arranged at the edges of a three
dimensional mesh and operating in SIMD mode.

At present, several medium-size installations are up and running, while sev-
eral larger units are under construction (see table 5). Considering all large and
small machines, the integrated peak performance available in fall 2000 will be
about 1 Tflops at INFN and about 400 Gflops at DESY. The largest single
system will have a peak performance of 250 (possibly 500 Gflops). Other insti-
tutions in Europe are procuring (or considering to procure) APEmille machines.

Site peak performance status
Rome 130 Gflops running
Zeuthen 64 Gflops running
Rome 260 Gflops planned June 2000
Zeuthen 260 Gflops planned December 2000
Milano/Parma 130 GFlops planned Sept. 2000
Pisa 130 Gflops planned Sept. 2000
Rome II 130 Gflops planned Sept. 2000
Rome 520 Gflops under discussion Sept. 2000

Table 5: A short list of some large APEmille existing installations and of the
largest APEmille installations planned for the near future.

In a typical critical LGT kernel (a solver for the Dirac operator) coded in
the high level TAO programming language, measured sustained performance in
single precision is about 44% of peak perfomance and in double precision it is
about 19 % of peak single precision (i.e. 80 % of peak performance in double
precision). Higher efficiency can be obtained with more careful programming:
we have pushed single precision performances up to about 58 % of peak speed
writing the key portions of the Dirac solver in assembly.

In a later section, we will claim that an architecture a la APEmille continues
to be a very good choice for LGT computing. We see however a number of
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problems in APEmille, all pointing to the development of a new generation
system:

e Peak Performance APEmille machines can be made larger than we plan
to build, but not too large. The largest system that can be assembled with
the present hardware building blocks is a configuration of 8 x 8 x 32 nodes,
corresponding to 1 TFlops peak performance (APEmille systems can be
configured in principle as 8 X8 x 2n arrays). Still larger systems would need
some minor hardware development and would probably be not convenient
in LGT, since they have an unusual large number of nodes along one
dimension.

e Memory Size The very large APEmille machine described above has 64
Gbytes memory. This is still several times lower than discussed in the
section on requirements.

¢ Floating-point precision APEmille is basically a single precision ma-
chine (performance decreases by factors from 2 to four in double precision).
As discussed above, double precision will be necessary in future large LGT
simulations.

e Little space for improvements APEmille is architecturally very sim-
ple, since it relies on accurate and rigid hardware synchronization. This
style of synchronization is difficult to support if the system clock is in-
creased significantly. For this reason, we see little space for incremental
improvements in performance.

4 A review of similar projects

In this section, we gather some information on similar projects, carried out
by other groups. To the best of our knowledge, the following activities are in
progress:

¢ CP-PACS

The CP-PACS collaboration have made a feasibility study of a future
project which follows the CP-PACS project. Extrapolating the data of
the performance obtained in recent full QCD simulations on the CP-PACS
computer, they have estimated the computer time required for a large-
scale full QCD calculation, with the quality of data comparable to that
of the present quenched QCD study on the CP-PACS. They assume that
lattice action and the simulation algorithm are identical to the present
simulation on the CP-PACS. Their estimate, ~ 100 Tflops -year [10], is
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somewhat larger than the one of the ECFA panel. In addition to their
feasibility study, CP-PACS are carrying out basic research on the following
two topics, that they consider as very important technologies for the next-
generation of massively parallel computers:

— Development of an architecture of high-performance memory-integrated
processor for the next generation massively parallel computers.

— Establishment of a model of parallel I/O, parallel visualization and
man-machine interface, which can process efficiently and flexibly the
enormous amount of data generated by massively parallel computers.

CP-PACS hope they will have a chance to develop a next-generation com-
puter using the results of their basic research in the near future, but they
do not have a project at the present time.

e Columbia The Columbia group have officially embarked on the design
and construction of their next machine [11]. The design effort is still on a
fairly high level with choice of processor and communications technology
being the first questions that have been resolved. Most significant is the
choice of microprocessor, which is provided by an IBM PowerPC core.
This follows from an arrangement with IBM that permits to exploit pro-
prietary technology to construct a full processing node (memory included)
on a single chip. This feature provides the name to the new project name,
QCD on a Chip (QCDOC). The node will contain a PowerPC 440 core, one
64-bit, 1 Gflops FPU (an integrated part of the PowerPC architecture),
4 Mbytes of embedded DRAM and 8 bi-directional serial inter-processor
links, each operating at 0.5 Gigabits/sec. If they are able to achieve this
frequency, this would give a total off-node communications bandwidth of
1 Gbyte/sec.

The group is now busy to determine the other details of the project and
begin the detailed design of the node.

We also include an arbitrary selection of two (out of the many) interesting
examples of PC-based cluster architectures for comparison.

e The Wuppertal Cluster ALiCE

The ”Institut fiir Angewandte Informatik” at Wuppertal University has
installed the first half of the Alpha-Linux-Cluster-Engine (ALiCE) in 1999.
When the system is fully installed, in May 2000, it will consist of 128 DS10
uni-processor workstations connected by a Myrinet multi-stage crossbar
switch. All CPUs will be upgraded to 600 Mhz Alpha 21264 EV67 chips
with 2 Mbyte second level off-chip cache [12].
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The cluster is intended to perform efficiently in several HPC application
profiles at the University of Wuppertal, including computational chem-
istry, electrical engineering, scientific computing and simulations of quan-
tum field theories.

Of particular interest is the operability of this self-made system in a Uni-
versity’s multi-user environment. In computer lab courses, the emphasis
is on ”Physics by High Performance Computers”. Several student groups
use the system simultaneously in interactive mode much alike a desk-top
system.

A forward looking ALiCE-project, to be carried out together with the de-
velopers of the ParaStation communication software from Karlsruhe uni-
versity, deals with optimization of efficiency and data organization for AL-
iCE under real life conditions, in particular with the goal to make parallel
I/0 and file system functionalities available.

¢ PMS, The Poor Man’s Supercomputer A PC cluster has also been
developed at E6tvos University in Budapest [13]. The current version of
PMS has 32 PC’s. Contrary to the previous example, the PMS project
has developed QCD-optimized communication hardware. They use dedi-
cated add-on boards to establish physical communications between nearest
neighbour PC’s in a three dimensional array. The actual configuration of
32 PC’s can be imagined as a 2 x 4 x 4 mesh of processors. The system
uses a standard Linux operating system and the favoured programming
style is the well tested SIMD paradigm.

The present version of PMS is shaped by the requirement to reduce costs
as much as possible. Indeed, PMS uses cheap AMD K6-2 processors (de-
livering only 225 Mflops each) while the special purpose communication
interface has a bandwidth of just 2 MByte/sec. We consider the PMS as
a very good trade-off between the advantages offered by the use of general
purpose systems and the performance boost that dedicated hardware is
able to provide.

5 Technological Scenarios

In this section we discuss forecasts about the state of the art for several enabling
technologies in the years 2001-2002. We cover the following points:

1. basic digital VLSI technology.
2. memory technology.

3. data-links.
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4. Off-the-shelf processors.

5. The Crusoe architecture.

We conclude the section with a discussion of the architectural implications of
the technology-driven choice of overcoming the strictly synchronous operation
of APE100 and APEmille.

5.1 VLSI technology

APEmille is based on a chip-set designed with a 0.5y digital CMOS technology.
A second source for the chip-set has been established, using a more advanced
0.35u technology. In the next few years, 0.25u and 0.18u CMOS technologies
will be readily available.

A comparison of some key features of the silicon technologies used in APEmille
and of a representative of both 0.25u and 0.18u technologies is made in table 6.

Feature ES2 0.5u Alcatel 0.354 | UMC 0.25pu | UMC 0.18u
Vbp 33V 33V 25V 1.8V
Gate delay 180 ps 100 ps 75 ps 36 ps
Gate density 10K /mm? 20K /mm?> 45K /mm? 90K /mm?
Memory (1P) | 11Kb/mm? 25Kb/mm? 44Kb/mm?* | 85Kb/mm?>
Memory (2P) | 6Kb/mm? 8Kb/mm? 16Kb/mm? | 30Kb/mm?
Power/gate 0.5uW/MHz | 0.4uW/MHz | 0.2uW/MHz | 0.1uW/Mhz

Table 6: A summary of some key parameters for digital silicon technologies used
in APEmille and proposed for apeNEXT. All values are directly obtained from
the relevant silicon foundries, except for the bit density of 1 Port or 2 Ports
memory arrays in the UMC technology. The latter are based on conservatively
applied scaling rules

The figures quoted in the table refer to processes that are (or will be) readily
available through the same European silicon broker that helped us develop the
second source of the APEmille chip set.

Let us consider a scaled version of the APEmille processor. If we use a 0.18u
process, it should be easy to reach a clock speed between three to five times
higher than in APEmille, while we may expect to squeeze up to 9 times more
transistors onto the same silicon area. We can stay on the safe side planning to
use a clock frequency of 200M Hz. An LGT optimized processor running at this

16



clock frequency with one floating-point pipeline would peak at 1.6 Gflops , using
the well known normal operation a x b + ¢, performed on complex operands.
A chip three times more complex than J1000 (and three times faster) would
dissipate less than two times more power.

5.2 Memory Technology

We limit ourselves to memory systems used in future high-end PC’s or low-
end workstations. This choice (the same as APE100 and APEmille) should be
the most effective to provide the highest level of integration, reduce costs and
guarantee part availability.

In the near future, planned memory systems are either RAMBUS DRAM’s
or DDR SDRAM’s.?

The DDR SDRAM (Double Data Rate Syncronous DRAM), is the evolution
of the mature SDRAM (Syncrounous DRAM) technology (widely used in the
APEmille machine). The SDRAM is a low latency burst oriented device made
of multiple (2 to 4) banks of asynchronous DRAM controlled by a synchronous
controller which allows pipelining of the I/O interface (one word is accessed
for every clock cycle). The Double Data Rate architecture realizes two data
transfers per clock cycle using both edges of the clock and one special reference
signal to fetch corresponding data.

The Rambus is a more advance memory architecture which works as a chip-
to-chip system-level interface rather than a conventional memory device. The
Rambus RDRAM (which stands for Rambus Direct Dram) shares the same
architectural idea of the SDRAM one, a core asynchronous plus a synchronous
controller. It makes use of a large degree of parallelism (32 interleaved memory
banks) on a narrow internal bus. The Rambus RDRAM is based on the Direct
Rambus Channel, a high speed 16-bit bus at a clock rate of 400 MHz, which
thanks to the adoption of a dedicated signaling technology (Rambus Signaling
Level) allows 600 MHz to 800 MHz data transfers.

In table 7 we summarize the main features of the two technologies, for cur-
rently available and next generation (less than 2 years from now) chips.

Some comments are in order:

e The simple architecture of the DDR SDRAM allows larger memory size
per device. For a given fixed amount of memory, this reduces the number

3In the following we do not distinguish between traditional DDR SDRAM and new
“flavour” DDR SDRAM like Sync-Link because both are evolutionary designs of the same
basic structure.
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DDR RDRAM DDR RDRAM
Data rate 200 MHz 800 MHz 400 MHz 800 MHz
Memory size 256 Mbit 128/144 Mbit 1 Gbit 256 Mbit
Organization x4,x8,x16 x16,x18 x16,x32 x16,x18
Peak bandwidth | 0.4 GB/s (x16) 1.6 GB/s 1.6 GB/s (x32) | 1.6 GB/s
Package TSOP(66) BGA TSOP(80) BGA
Power (VCQC) 25V 25V 1.8/2.5V 1.8V
I/0 type SSTL2 RSL SSTL (?) RSL (?)
Power cons. 80 mA 330 mA ? ?
Cost (norm.) 1.0 1.8 ? ?
Sample/Prod. Now/Now Now/Now 3Q99/4Q00 ?

Table 7: A summary of several important figures for two options of dynamic
RAM’s. The second and third columns refer to presently available DDR and
Rambus devices. The fourth and fifth colums refer to the expected evolution of
these devices in the next two years.

of used components.

e Since power consumption is proportional to the interface clock (a factor 4
between RAMBUS e DDR), aggregated memory systems using the DDR
SDRAM reduce the global consumption.

e On the other hand the extremely high peak bandwidth of the RAMBUS
allows to build a very fast memory system with minimum impact on board
space occupancy (compact BGA packaging).

e The logic complexity of a RAMBUS interface is much larger than for a
DDRAM controller (the latter could be easily designed on the basis of the
experience done in the realization of the APEmille memory controller).
On the other hand, several silicon foundries make a RAMBUS controller
available as a core cell.

We conclude this section by presenting in table 8 two possible DDRAM-
based memory systems for apeNEXT. The performance target is set by our
basic performance figure, discussed in the previous subsection of 1.6G flops and
R =4, leading to a bandwidth requirements of at least 3.2Gbytes/sec (assuming
double precision data words throughout).

In conclusion, forthcoming memory technology is adequate to support the
processor performance discussed above. There is in fact reasonable space to
consider either fatter node processors, or multi-processor chips.
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chip-size 1 Gbit 1 Gbit
chip organization 32 bits 32 bits
chip number 4 2

word size 128 bit 64 bit
bank size 512 Mbyte 256 Mbyte
frequency 300 Mhz 400 Mhz
total bandwidth 4.8 Gbytes/sec | 3.2 Gbytes/sec
power consumption 640 mW 400 mW

Table 8: Basic features of two possible memory systems for apeNEXT based
on DDRAM memory technology. Power consumption is estimated by re-scaling
data available for present generation systems

5.3 Data-link Technology

We now consider remote communications which, in our opinion, is a key tech-
nological challenge for the project.

Assuming our reference figures - 1.6 Gflops per node, along with R = 4,
and p = 8 (as defined in the previous sections) - we require an inter-processor
communication bandwidth of about 400 Mbytes/sec. As discussed above, several
code optimization steps are able to reduce the amount of data to be transferred.
The overlap between computation and communication can also be increased. All
this steps reduce bandwidth requirements. We will stick however to the previous
figure, so a large safety margin is established.

The needed communication patterns are however very simple: communica-
tions are needed between nearest-neighbours (L-shaped paths, between next-
to-nearest neighbours are also useful) in a 3-d array of processors, where each
processor has 6 direct links to its nearest neighbours. The real challenge in this
area is therefore more the implementation of a fast, reliable and cheap link than
the development of any clever routing strategy.

In APE100 and APEmille, links use large, parallel and synchronous data
paths. Data words are injected at the transmitting end of the line following a
rising transition of the clock and are strobed into the receiving end of the line
at the next rising edge of the clock. This works if

Tt < Tclock (1)
AT1clocls: << Tclock (2)

where T} is the travel time over the physical link, T,j,cx is the clock period and
ATock is the phase spread between (nominally aligned) clock signals at various
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places in the machine. The conditions are met in APEmille, where Tgjocr, =
30ns, Ty ~ 10ns and ATyecr ~ 4ns, while they become clearly unrealistic for
frequencies of ~ 200M hz.

More advanced (high bandwidth) link technologies have recently become
available, in which data and timing information are both encoded on the physical
link, so asynchronous operation is possible. In the bandwidth range relevant for
us, we have considered three different options:

e Myrinet-like links. The physical layer of the Myrinet interconnect uses
low swing single-ended signalling. One byte is encoded onto ten signal
lines, carrying also timing information. The full duplex link uses two
such busses. The present generation Myrinet link has a bandwidth of 160
Mbytes/sec (using both edges of an 80 Mhz clock), while a new genera-
tion (Myrinet-2000, 320 Mbytes/sec) is under test. The main advantage
of Myrinet links is that they pack a lot of bandwidth while keeping oper-
ating frequency low. Board layout details, connectors and cables are also
very well tested. We are informally discussing with Myricom the possi-
bility to use this link for apeNEXT. Myricom have agreed to allow us
to use the link level (SAN-port) circuitry for their latest Myrinet chips
(Myrinet 2000) as a basis for the apeNEXT links. Under a suitable
non-redistribution agreement, Myricom will make available to the collab-
oration the layout of the basic cells, along with their Verilog models.

e LVDS based links. The Low Voltage Differential Signalling (LVDS)
technology is now widely used in many telecom and network technologies,
like the Scalable Coherent Interface (SCI). LVDS is designed to work up to
~ 622M Hz. Several redundant encoding schemes (e.g., 8 bits into 10 bits)
have been proposed. LVDS cells are readily available from several silicon
vendors. New generations FPGA chips have been announced including
LVDS options. Work is in progress to test LVDS links, as described later
in this document.

e High speed proprietary links. Several silicon houses (e.g., Texas In-
struments (TI), National Semiconductor(NSC), LSI Logic) have devel-
oped very high speed proprietary links, aimed at the Gb Ethernet, Fiber-
Channel, Infini-Band markets. The typical bandwidth is higher than 1
Gbit/s. Complete encoding-decoding black-boxes are usually available.
This option has two main drawbacks: it makes the whole project depen-
dent on a specific silicon house, and requires very careful layout of the
printed circuits and proper choices of cables, connectors and the like.

Basic figures of the three options are compared in table 9, where we use for
the LVDS case a more conservative frequency of 400 MHz.
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Technology Frequency | Pins | Bandwidth | Power Dissipation

Myrinet 160 Mhz 20 | 320 Mbyte/s 300 mWatt
LVDS 400 Mhz 40 | 400 Mbyte/s 200 mWatt
SerDes(TT) 1.24 Ghz 10 | 400 Mbyte/s 400 mWatt

NSC DS90CR483/484 | 784 MHz 18 | 672 Mbyte/s 1500 mWatt

Table 9: Basic figures for several link technologies. All figures refer to full duplex
links. An 8 bit into 10 bit encoding has been assumed for the LVDS case.

An important issue is the reliability of the network, usually measured in
BERR (average number of errors for transmitted bit). If we require fault-less
operation of a large machine for one day (say, 2000 links active for 50 % of the
time), we need a very low value of BERR ~ 10717, For comparison’s sake,
measured stable operation of an APEmille machine with 250 nodes for periods
of a few days implies BERR < 10715,

Machine reliability greatly improves if the network is able to recover from
network errors by re-trying a failed communication (this impacts on link latency,
but the impact can be made low with some care). For instance a comfortable
BERR ~ 1072 implies that one communication must be retried on the machine
every second.

The above discussed feature however requires some degree of non asyn-
chronous operations, with important technological implications. Regardless of
the technological choice made for the processor, we think that no real advan-
tage is gained by departing from the Single Instruction Multiple Data (SIMD)
or Single Program Multiple Data (SPMD) programming style used in previ-
ous generation APE machines. At the hardware level, APE processors of all
previous generations have been hardware-synchronized with an accuracy of a
fraction of clock cycle. Although logically very neat, this is rapidly becoming
impossible, for clock frequencies higher than 100 Mhz and across physical scales
of several meters. We consider an approach in which independent processors,
while running at the same frequency, are only loosely synchronized. Logical
synchronization will have to be enforced by some form of software-controlled
barrier.

5.4 Off-the-shelf processors

In this section, we briefly consider of-the-shelf processors as a potential building
block for the computational core of apeNEXT. With one notable exception
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(see later), we choose to consider only the option of using commercially available
boards (in other word, if we decide to use a commercially available option, we
want to drop altogether any hardware development not involving the network).
In the following section we will compare the relative merits of off-the-shelf versus
custom processors.

Standard off-the-shelf processors have increased in performance by more than
one order of magnitude in the last 8-10 years, with an even more remarkable
improvement in the efficiency of floating point computations. Standard PC
boards using off-the-shelf processors have been used for small scale LGT simu-
lations. The relevant codes are written in familiar programming languages, like
C (or C++) or Fortran. Efficencies are limited by bottlenecks in memory access
as soon as the data base involved in the computation exceeds the cache size
(which is the typical situation in realistic LGT simulations). These effects are
discussed in more detail in Appendix D. Here we only quote the main conclusion
that measured efficiencies on a Pentium II processor running at 450 Mhz are of
the order of 30%, for real-life production programs (running on just one node,
i.e., with no communication overheads) [14].

A detailed discussion of the expected technical road-maps for off-the-shelf
processors in the next few years in general terms would exceed the scope of this
document. Instead, we discuss the features of a typical high end microprocessor,
that might be used today and apply usual scaling laws. For this purpose, we
(rather arbitrarily) take the AMD Athlon. A number of features relevant for
LGT simulations are shown in table 10.

Clock frequency 600 - 1000 Mhz

F. point ops (single precision)
F. point ops (double precision)
F. point latency

L1 Data Cache

Data bandwidth to L2 cache
Sustained LGT performance
Power consumption (750 Mhz)
Retail price (600 Mhz)

Retail price (750 Mhz)

Retail price (800 Mhz)

4 per clock cycle
1.6 per clock cycle
15 clock cycles
64 Kbyte
1.6 Gbyte/sec
360 Mflops
3B5W
200 Euro
375 Euro
500 Euro

Table 10: Features of the AMD Athlon processor relevant for LGT simulations.
Sustained performance is estimated under the assumptions discussed in the text.

In the rest of the discussion, we consider the version of the Athlon running
at 750 Mhz. Indeed, Fig. 1 shows that for higher frequency, power dissipation
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increases faster than linearly.

70

65

60

55

50

45

40

35

30

25

H\\‘\H\‘HH‘\H\‘HH‘H\\‘HH‘HH‘HH‘HH
o]

20
500 550 600 650 700 /50 800 850 900 950 1000

Figure 1: Power consumption (W) of the AMD Athlon processor as a function
of the clock frequency (M Hz) [15].

If we assume an efficiency comparable to the one measured on Pentium
systems, we expect a sustained LGT performance of ~ 360M flops per proces-
sor. As discussed in appendix D, we can probably use dual-processor mother-
boards without jeopardizing efficiency (a quad-processor system would saturate
the maximal theoretical bandwidth of 1.6 Gbyte/sec to access a memory bank
working at 200 Mhz assuming our usual value of R ~ 4).

In summary, a high end PC-like node should be able to sustain a performance
of ~ T00M flops running LGT codes in double precision. We can take this as
our basic building block, with just a few relevant figures summarized in table 11

This nodes needs a sustained interface to neighbour nodes in the three di-
rections of the lattice grid with a bandwidth of ~ 200Mbytes/sec.
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Sustained performance | 700 Mflops
Power dissipation 90 Watt
Tag price 1500 Euro

Table 11: Basic figures for a PC-based node of an LGT engine, using cur-
rently available off-the-shelf hardware. Price estimates are made at current
retail prices. They include 512 Mbyte main memory. No LGT networking or
infrastruture is considered.

In conclusion, a system delivering 1 Tflops sustained LGT performance
would cost more than 2.2 MEuro in processors only, and dissipate more than 130
KW power. We will discuss the implications of these numbers in the following
section.

5.5 The Crusoe architecture

Very recently a new processor architecture (known as the Crusoe) has been pro-
posed by Transmeta Corporation. The Crusoe is advertized as as a streamlined
(hence very low consumption) processor, optimized for laptops or other mobile
computers. The Crusoe has a very simple architecture, that, when used behind
a core-level software environment, emulates the Intel X86 architecture. From
our point of view, it is more relevant that thearchitecture of the Crusoe is ex-
tremely similar to the combination of the processing chips used in APEmille.
Basically, the Crusoe core is a micro-coded system in which several functional
units operate concurrently on data coming from a medium-size register file (see
fig. 2). The chip has also a data instruction cache, as well as two different
memory interfaces.

A high-end implementation of the Crusoe (advertised as available from Sum-
mer 2000) is called the TM5400. It runs at 500 (maybe 700) Mhz and dissipates
about 2.5 W, when running at full speed.

At present, no Crusoe-based boards are available. It is likely that the first
commercial products using Crusoe processors will be laptop machines, that
obviously do not meet our requirements. We have therefore to consider the
option of building a Crusoe-based apeNEXT processing board.

The main advantages of this choice are basically summarized by saying that
we would be using an architecture very similar to APE, while being spared the
burden of designing our own processor.

We have contacted Trans-Meta to explore this option. They stated that:
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Figure 2: The Crusoe architecture (adapted from [16].

e They are not ready to provide critical details of the internal architecture
(for instance, no information was provided on how many floating point
operations can be executed at each clock cycle).

o Sufficient details of the VLIW core will not be given. Indeed Trans-Meta
attitude is that all programming for the Crusoe must be done at the level
of the Intel architecture, and must be translated with their proprietary
software.

With these pieces of information available and considering also that:

e It is not clear whether chips can be procured at an early enough stage of
the project.

o It is not obvious how fragile the whole Crusoe endevour is.

we think that the present situation does not suggest to base a new project on
Crusoe. Of course, we will keep a close watch on any related development,.

6 Custom or off-the-shelf processor

Previous generation LGT projects have used either custom processors, or sub-
stantial enhancements to standard processor architectures or processors devel-
oped for niche applications. No big project has been based on standard off-
the-shelf processors sofar. Today, a decision to follow the same path is not as
obvious as it has been in the past, since off-the-shelf processors have increased
in performance by more than one order of magnitude in the last 8-10 years, with
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a remarkable and even more relevant improvement in the efficiency of floating

point computations.

In table 12 we compare a few numbers relevant for APEmille, for the PC-
based solution discussed in the previous section and for a custom-based apeNEXT
architecture (in this case, we use several tentative numbers discussed in early

sections).
— APEnmniille | apeNEXT: PC-based | apeNEXT: custom
Peak performance | 500 Mflops 1200 Mflops 1600 Mflops
Sust. performance | 250 Mflops 360 Mflops 800 Mflops
Power Dissipation 1.5W 35 W 3.0W

Table 12: Comparison of several key figures for APEmille processors and possi-
ble options for apeNEXT. We assume that a next generation custom processor
has the same efficiency as APEmille.

No clear cut best choice emerges from these numbers. In general, we see
advantages both in custom architectures and in PC-based architectures:

We believe that a custom architecture is superior for very large (> 500nodes)
systems for the following reasons:

e lower power consumption by one order of magnitude.

¢ significantly more compact mechanical design.

e better scalability once the basic units are operating (reliability and soft-

ware issues of large systems).

e easier interfacing with the necessary custom remote communication net-
work and the host system.

o better control of technological aspects and less dependence on changing

commercial trends during the realization of the project.

On the other hand, we see several advantages stemming from the use of
PC-derived systems for smaller machines:

e limited hardware development effort.

o standard software is readily available for major parts of the compiler and
the operating system.
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o short lead time to commission a prototype system.

We see at this point the need to make a clear decision between the two
options: we decide to focus on the development of a LGT architecture based
on an APE-like custom processing nodes, whose architecture is described in the
next sections. We base our decision on the following points:

e we want to focus our project onto machines with very large performance.
As explained earlier on, we will have to put together several machines to
really arrive at a VERY LARGE scale.

e we think to be able to re-scale and re-use a large wealth of building blocks
from APEmille, reducing the design time.

e We think that the commissioning of a very large PC-based system (involv-
ing several thousand PC’s all over the collaboration) is a huge (and new
for us) project in terms of hardware (thermal and power management)
and software (control of a large network) issues for which we have no real
background.

We obviously think that a PC-based system is still a viable alternative (dis-
cussed at some length in the preliminary proposal) for small or medium-scale
systems. At this point in time, we do not consider however the development
of such a PC-based cluster as a priority for the apeNEXT project. We are
however willing to collaborate with any such project, making any apeNEXT-
proper development that might be useful for a PC-based LGT cluster readily
available for such purpose. To this end, two points are most important:

e We plan to design the network processor, supporting LG T-optimized point-
to-point communication in such a way that it can be easily interfaced to
a PC (say across a PCI interface). See the section on the network archi-
tecture for more details on this point.

¢ We start from the beginning the development of a programming envi-
ronment that allows easy porting between PC-clusters and apeNEXT
systems.

7 Architecture Outline

In this section, we outline an architecture, leading to standalone apeNEXT
systems scalable from about 100 Gflops to about 6 Tflops peak performance.
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Just one such high-end machine would offer a ten-fold increase in peak per-
formance with respect to currently available systems. Several (5 to 10) high-end
machines, working together with a comparatively larger number of low-end sys-
tems, would allow to complete the physics program outlined in previous para-
graphs.

We propose the following structure:

e 3 three dimensional array of processing nodes, linked together by nearest-
neighbour links. Each node is a complete and independent processor. All
nodes execute the same program and are loosely synchronized, i.e., they are
started at approximately the same time and proceed at approximately the
same pace. They synchronize when requested by the logical consistency
of the program (e.g., before exchanging data).

¢ Remote communications use FIFO-based weakly asynchronous connec-
tions between neighbouring nodes. The SIMD/SPMD programming style
a 13 APE does not require complex handshaking protocols, since trans-
mitting nodes may assume that the receiving partner is always ready to
receive the incoming message.

This simple mechanism brings several architectural advantages:

1. It allows to use for the remote communications a programming style
which is very similar to APE100/APEmille. The latter has the very
convenient feature that no explicit distinction between local and re-
mote memory accesses is required when coding a program.

2. This programming style can be easily modified to allow hidden data
transfers (data are moved on the links while the processing node is
performing calculations).

3. It drastically simplifies the global hardware synchronization logic of
the system.

e The communication interface is in principle an independent component.
As discussed, the communication interface is conceptually based on FIFOs,
allowing ”elastic” connections between nodes. This novel feature has to
be carefully simulated, but no serious problem is anticipated here. We
need a fast, yet cheap and reliable* data-link. Using p ~ 8, we need links
of 400Mbyte/sec. As discussed in the section on technology, two or three
different solutions are available.

4Note that due to the asynchronous operation of the machine, requirements on the bit-error
rate of the communication system are less demanding than in previous APE generations, since
it allows for repetition of transfers with minor performance loss.
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As discussed in the previous section, we focus our project on an implementa-
tion of the above outlined architecture based on a closely packed array of custom
processors. We have in mind an implementation allowing to build systems of
between about 1000 to about 4000 processors, along the following lines:

e Each node is based on a VLSI processor running at about 200 Mhz clock.
The processor merges the functions of the control (T1000) and floating-
point (J1000) processors of APEmille on a single chip. Each node has a
private memory bank, based on commodity chips. Memory size per node
is likely to be in the range 256 Mbyte - 1 Gbyte per node. The actual
choice may be heavily affected by cost factors. The basic floating point
instruction is the complexr normal operation, so peak performance is 1.6
Gflops (double precision). As already remarked, this requires a memory
bandwidth of 3.2 Gbyte/sec (R = 4). We are studying the possibility to
increase performance by factors 2.. .4, by using some form of super-scalar
or vector processing, in which several normal operations are performed
concurrently.

o A typical large system has between 8x8x16 = 1024 and 16x16x16 = 4096
nodes. We assemble nodes on processing boards, similar to APEmille.
Each processor is more compact than in previous generations, and glue
logic is almost completely absent.

One key technological advantage of this implementation is compactness.
We expect to place from 10 to 30 processors per board. The envisaged
hardware structure of the machine is described in a later section.

e The node (and the network) should support not only data transfers be-
tween memory and register (as available on APE100 and APEmille), but
also register to register. This can be used to reduce bandwidth requests
by splitting a complex computation on more nodes, each node using local
data as much as possible, as remarked earlier.

¢ A host system analogous to the one used in APEmille is a possible choice
for the new machine. Based on networked Linux PC’s and the CPCI bus,
it is mechanically compact and reliable. Each PC will be in charge of
several boards. The actual number of boards connected to each PC is
dictated by the bandwidth available on the PCI bus to move data from
APE to disk and vice-versa. For the sake of definiteness, assume a system
distributed on approximately 100 boards, with a total bandwidth of 2
Gbytes/sec (that is 20 Mbytes/sec per board). In this case, up to 4 boards
can be handled by present generation CPCI CPU’s. Higher performance
PCI busses (double size and/or double speed) may allow to increase the
number of boards connected to each PC. The host PC’s will be networked
with the most appropriate technology available in due time.
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o We plan to take advantage of all handles offered by the non fully syn-
cronous structure of the machine to relax the requirements and to simplify
the structure of the host to apeNEXT interface.

Basically we will hook the interface to just one or two nodes belonging
to each apeNEXT board. (This can be done conveniently by connect-
ing to the corresponding network interface). All complex patterns of in-
put/output data movements, for instance relevant to a write onto disk of
a “slice” of apeNEXT processors are best performed by assembling the
data words onto the input/output nodes under program control, and then
issuing a single data transfer to disk.

We can load executable programs in a similar way, by first moving the
code to the input/output nodes and then having a “loader program” to
move the data onto the whole array.

We need a lower level system able to access all nodes independently even
if the neighbouring nodes do not work corectly. This system is needed
for debugging and test purposes and (for instance) to start the “loader”.
Speed is not relevant in this case, so well tested standard systems (such
as the JTAG interface) can be freely used.

¢ We note that it is a relatively easy task to design the (fully self-contained)
processing node(s) in such a way that they can be connected to a standard
PCI desk-top PC. This possibility is very appealing for program debugging
and small scale application. We plan to pursue this design characteristic.

In the following sections, we describe in more details some key components
of our new system.

8 Architecture of the Custom node

In this section we present the architecture of a simple custom node for apeNEXT.
The main idea guiding our design has been that of re-using bits and pieces of
APEmille as long as possible, while re-scaling in performance as much as made
available by technology improvements. We use this guidelines to help shorten
the design cycle.

The custom node on which a large scale apeNEXT system is based is called
J&T, since it combines the functionalities provided in APEmille by the con-
trol processor (T1000) and the mathematical processor (J1000). The combined
processor shares just one memory bank.

A basic block diagram of the architecture is shown in fig. 3. The picture
does not cover in details the memory and network interface. These points will
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be discusse later on. J&T is centered around the register file, whose structure
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Figure 3: Architectural block diagram of J&T

is the same as the one used in APEmille. Data are transferred from memory
to register file (and back) through a bi-directional port. Data available on the
register file can be operated upon in just a few ways:

e Data words can be fed to the mathematical processor (the set of three units
within the red dashed frame). The latter contains a floating-point data-
path (Floating-point Building Block, FBB), an integer arithmetic unit
(Integer Building Block, IBB) and a further unit providing first approx-
imations of some useful mathematical functions, such as v/z,1/z,expzx.
This block is known as a Look-Up-Table Building Block (LBB) in APE
jargon. Results of the mathematical block are written back to the register
file (for later re-use or store onto the memory).

e Data can be moved to the Address Generation Unit (AGU), where a mem-
ory address or a branch-address can be computed out of two register-
operands and one immediate-operand (the displacement). New (data or
branch) addresses are stored in appropriate registers to be used at the
next memory reference or branch.
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o Logical tests can be evaluated on results computed from the mathemat-
ical processor. The outcome of such tests goes onto a stack where more
complex logical conditions can be evaluated. The top of the stack is used
to control program flow by acting on the program-counter circuitry (cor-
responding to if (...) then in high level programs) or to block write
operations onto memory or register file (where (...) clauses in APE-like
high level programs).

The processor is controlled by a relatively large program word (called the Micro-
code Word) directly controlling the various devices in the node. (Almost) no
instruction decoding is performed on chip. This scheme has been succesfully
used in the node processors of both APE100 and APEmille. A word size of 128
bits is large enough to control the system.

In the following, we describe in more details several key units of the proces-
sor.

8.1 The memory interface and the network interface

In this section we describe the memory and network interface, sketched as mem-
ory grey box in fig. 3. A basic structure of this subsystem is shown in fig 4.
The diagram shows several paths:

e there is a direct data path from the Register File to the physical memory
interface (and vice versa), supporting normal memory access.

e Data from memory can be also fed to the Network Interface (and eventu-
ally routed to a remote node). Conversely, data arriving from the Network
(from a remote node) can be routed to the Register File.

e Data words may be sent to the network from the register file. This is a
novel feature, allowing registe-to-register remote communications. This
feature reduces remote bandwidth requests in some cases (notably in the
evaluation of the Dirac operator).

e The network interface receives data from the memory (or the registers)
and route it to the appropriate destination through one of the six links
(Details on the network itself will be provided later on).

In fig. 5 we further expand the Interface to physical memory. We see that
memory is divided into cache memory and external memory:
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Figure 4: Top level block diagram of the memory and network interface.

¢ external memory. External memory implements the large memory bank
of the node. As discussed in the section on technologies, we may use (for
instance) DDR, 1 Gbit memory chips. We have several options of memory
bus width and bank size satisfying bandwidth constraints (see table 7). We
want to leave these options open at this point in time. For this reason,
figure 5 still has a grey box. This grey box contains the actual state
machine controlling memory access, memory correction circuitry, refresh
control circuitry and any other ancillary logic. The box will be designed in
detail at a later stage of the project, after the actual memory technology
has been selected. For the moment, we model the block by a simple
interface in which data words coming from the memory are validated by
an ad-hoc signal.

cache memory A limited amount of on chip memory is needed in the
node. Fast access on-chip memory will be used to store control variables
(i.e. loop counters) and memory pointers. These variables were stored
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Figure 5: A lower level view of the memory system.

in the data-memory block of the control processor (T1000) in APEmille.
Indeed, these variables have very irregular access patterns and very short
access bursts. The use of relatively long-latency dynamic memory would
adversely impact performance. On-chip memory does not need to be very
large, of the order of 1K data words. Note that, in spite of the name, this
is not a true hardware controlled cache system, since the decision to store
variables on-board or otherwise is statically made at compile time (one
very simple strategy would be to store on-board all non vector integer
quantities defined by a program).

In any case, as seen by the processor, the memory interface has a word-width
of 128 bits (one complex double precision number) and provides one new word
at each clock cycle in burst mode. Addressing is done on 64-bit boundaries (so
real and integer variables can be stored efficiently).

8.2 The instruction cache

Actual LGT simulations typically spend an extremely large fraction of the run-
ning time in just a few critical loops. For instance, a full-fermion hybrid Monte
Carlo code spends nearly 95% of the time in the kernel used to compute the
value of the Dirac operator on the fermion fields. Under these conditions, an
instruction-cache system should have very large efficiency. We may exploit this
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feature by storing node programs in the same memory bank as data, with ob-
vious advantages in terms of pin-count, real-estate reduction and cost savings.

We consider a control word (micro-code word) of 128 bits, equal to the word
size that can be fetched from memory at each clock cycle. We may modify the
memory interface as shown in fig 11.

Interface to memory chips
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Figure 6: The instruction cache and the program look-ahead system.

Consider for the moment just the Instruction-Fifo. The memory controller
(not shown in the picture) continously looks-ahead and prefetches instructions
from the memory, at all machine cycles in which data-memory transactions
are not in progress. Under the fully pessimistic assumption that all program
cycles involve data-memory accesses, this mechanism reduces performance by
a factor < 2. Now consider the Instruction cache. The instruction cache is
loaded (mostly simply, under program control; the program writer may advise
the compiler through appropriate directives that some routine or do loop is a
critical kernel to be loaded onto-cache) the first time the critical loop is executed.
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The program then completes all following loops fetching instructions from the
cache without incurring in any time penalty. The expected efficiency (€) is (f
is the fraction of cached program instructions):

1
- - 3
S rxa-n ©
If we expect to cache 90% of all used instruction (a rather pessimistic value) we
may still expect 90% program efficiency.

The size of the cache needed to accomodate the computational kernels is an
important parameter. We have estimated this value by analyzing several LGT
kernels used in TAO and TAOmille physics programs. Results are shown in
table 13. For each program, we list the size of the complete routine (labelled
”complete”), the size of the critical kernel that could be ”cut and pasted” im-
mediately from the routine itself (labelled ”medium”), and the size to which the
critical routine could be shrinked with some re-programming effort (”basic”).
For each routine we also record the minimum number of J1000 registers neces-
sary to optimally schedule the program. This piece of information will be used
later on. Note that no effort was made when writing these programs to keep

kernel min. registers || basic || medium ||complete
Plaquette 166 2078 4139 6753
Dirac 194 736 1985 1985
Wilson 200 8989|| 11481 20000
LBE 130 - 2497 3467

Table 13: Code length (in machine cycles) and physical register usage of
some LGT kernels running on APE100 and APEmille. The entries “complete,
medium, basic” refer to the lenght of the complete routine, the lenght of the
more time consuming loop and to the length to which the critical loop could be
reduced with minor adjustments.

code-size small. Inspection of the table shows that a cache size of the order of

16 Kwords is large enough.

8.3 The register file

The register file has the same architecture as in APEmille. The register file
has three read-only ports, one write-only port and one bi-directional port. The
read-only ports are used to feed data to the mathematical processor, while the
write-only port stores data from the mathematical processor onto the RF. The
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bi-directional port is used for memory access. All ports can be used at each
clock cycle (five independent adresses are needed).

The word size of the processor is 64 bits, and complex numbers are stored
as pair of (adjacent) registers.

The depth of the register file affects the performance of the node. If enough
registers are not available, temporary results cannot be hold on-register. Mem-
ory bandwidth requirements increase and program efficiency decreases. In
APEmille, 512 registers (or 256 register pairs) were used. Table 13 lists the
number of registers used by critical LGT kernels programmed in TAO and com-
piled for APEmille. As we see, less than 256 are needed in all programs. We
plan to design a register file of the same size as APEmille (512 lines). If we find
out that such a large system does not work at the required speed, we know that
the size can be halved without serious problems.

8.4 The mathematical processor
The computing engine contained in J&T performs three tasks:

1. it performs the floating-point (FP) (and, less frequently, integer) arith-
metic operations heavily used in any scientific code. This is of course the
most important functionality of the computing engine. All design trade-
offs must provide the highest possible peak (and sustained) performance
for this task. As already discussed, we will use the IEEE double precision
format only. The system will be heavily optimized for the arithmetics of
complex-valued numbers.

2. it computes first approximations of several important special functions (as
already remarked, these functionalities are called LUT operations in APE
jargon).

3. it performs all (mostly integer) arithmetic and logic operations needed
to compute memory addresses. This task was carried out in a separate
chip in APEmille, with dedicated hardware. We plan to share just one
processor for this task and the previous one (and also for the fourth task,
described below). As shown elsewhere, the price paid by this optimization
in terms of performance is small.

4. it performs all arithmetic and logic operations supporting the evaluation
of branch conditions. All considerations made before about addressing
also apply here.
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We plan, for obvious reasons, to re-use to a large extent the logical design
and implementation of the arithmetic block used in APEmille (called FILU for
Floating - Integer - Logic Unit). This goal is most easily reached by extracting
from FILU the double-precision FP data path, the integer data path and the
LUT circuitry, and building more complex operators as combinations of these
building blocks. We recall that the FP data path performs the normal FP
operation (d = a X b+ ¢) and conversions between FP and integer numbers,
while the integer data path performs standard arithmetic and logic operations
in integer format. We call these basic data paths the FBB (Floating Building
Block), the IBB (Integer building Block) and the LBB (LUT Building Block).

Experience with the development of APEmille has taught us that a minor
effort is needed to finalize the design of the IBB and LBB. Here we consider in
details only the FBB. The architecture that we consider is shown in fig. 7. It
uses data stored in the RF, that contains 256 register pairs. The two elements of
the pair share the same address on each of the three ports. A complex operand
has its real and imaginary parts stored on the same word of both registers,
while a real operand sits on any location of either block. A vector operand
finally is made up of two independent real values, stored in the same way as a
complex operand. Vector operations can be effectively used in LGT codes for
the generation of random numbers.

Reg. File Ri
Ar  Br Cr Ai Bi Ci

'| fl. add/sub

Figure 7: Block diagram of the floating point data-path (FBB) within the math-
ematical processor.
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The FBB (see fig. 7) uses four basic floating point blocks, wired in such a
way as to:

e compute the complex-valued version of the normal operation:

d.re = a.re X b.re — a.im X b.im + c.re (4)

d.im = a.re X baim + a.im X b.re + c.im (5)

e compute one real-valued normal operation on operands coming from any
element of any register.

e compute two real-valued normal operations on ordered operand pairs sit-
ting on the right and left register banks respectively (vector mode).

Some basic figures of this architecture are collected in table 14. Control of
the processor requires 5 bits in the microcode word and uses 4 RF ports. In
total 8 x 4 + 5 = 37 control bits are needed.

type performance || operands in RF
complex (/1600 MFlops 256
real 400 MFlops 512
real vect.|| 800 Mflops 256
integer 200 Mips 512
int. vect. 400 Mips 256

Table 14: Basic parameters of the mathematical processor.

8.5 Performance Estimates

We have worked out some preliminary (but accurate) forecasts of the expected
efficiency of the processor outlined in the previous sub-sections on a few com-
putationally intensive kernels. The methodology used to reach these results is
explained in appendix C. Our results are shown in table 15 for two versions of the
kernel of the Dirac operator and for the main kernel of the Lattice Boltzmann
Equation (LBE) solver.

The first two codes are appropriate for LGT programs, while the last kernel
has been used for the simulation of turbulent fluid flows on APE systems. The
two Dirac kernels refer to a simple program written in TAO (Diracl) and to an
accurately optimized code written in assembly (Dirac2). We see that in most
cases we do safely better than in APEmille.
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Kernel | normals| APEmille | apeNEXT
Diracl| 336 44 % 45 %
Dirac2| 336 58 % 72 %
LBE 870 55 % 60 %

Table 15: Measured performance on APEmille and estimated performance of
J&T on some critical kernels, described in the text.

We are still working to make our prediction more accurate and to test the
efficiency of the processor on a larger set of computational kernels.

8.6 Implementation issues

In the following table we estimate the gate count of the largest logical blocks
used in J&T. In the table we foresee a 0.18u CMOS technology, as discussed
in a previous section. Most values are evaluated by using appropriately scaled
corresponding figures for APEmille and allowing large safety margins.

what APEmille|scale Factor|apeNEXT (gates) |apeNEXT (mm?)
Reg File 200 K 2 400K 5.0
Fl. Point. 100 K 2.5 250K 3.7
Intf. 30K 2 60K 1.0
Data-cache 0 NA 1K x 128b 4.4
Prog-cache 0 NA 16K x 128b 34
Total 330 K [4.5 4+ cache| 700K + caches 48

Table 16: Gate count and area estimate for the main components of the
apeNEXT custom processor

Power dissipation for this system is less than 2.5 W at 200 Mhz (assuming
that about 30% of the gates switch at each clock cycle). This processor fits into
a reasonably small die and has a relatively small pin count.

Design of the processing node has already started. Details are given in
appendix B.
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9 The interconnection Network

The interconnection network is very sharply tailored to the needs of LGT sim-
ulations. The networks supports rigid data transfers between:

e nearest neighbour nodes in the positive and negative direction of the three
axis (single hops)

e next to nearest nodes, whose node-coordinate differ by +-1 in two of the
three dimensions. (double hops).

More formally, the network performs rigid shifts of the mesh of processors onto
itself:
(z,y,2) = (z + Az,y + Ay, z + Az) (6)

where (z,y, z) labels the coordinates of each processor , (Az, Ay, Az) are con-
stant for all processors and |Ai = 1| in no more than two terms.

Each link has a target bandwidth of at least 300 Mbytes/sec per link. Each
node needs six links to support all the above described communication patterns.

From the point of view of system architecture the network is logically syn-
chronous and support SIMD program flows, although at the layer of the physical
link, no (wall-clock) time synchronization is needed.

This definition can be made more precise in the following way:

e Consider a SIMD program started on all nodes of the machine. Each and
all nodes, while executing the program start a well defined sequence of
remote communications. The sequence is the same for all nodes.

e we tag all remote communications by the following set of attributes:
(Az,Ay, Az, S,N) (7)

where the A’s were defined before, S is the size of the data packet associ-
ated to the communication and N is an identifier that labels all communi-
cations issued by each program (in the following, we call N the message-
tag). N is initialized at 0, when starting the program and is incremented
every time a new communication is started. In other words, N defines
an ordering of all communications inside the program. Note that all at-
tributes of each remote communication are equal on all nodes.

e The network interface of each node accepts data bound to a remote node
and tries to send it to destination. Note that although all nodes necessarily
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send the same sequence of packets, the (wall-clock) time at which a new
data transfer starts may differ slightly among nodes. The following simple
protocol controls the ensuing traffic:

1. Each network interface tries to start a remote communication origi-
nated from its node and identified by tag N only when it has received
the data belonging to tag N — 1.

2. Each network interface refuses to accept a data packet coming from a
different node and tagged by N unless it has been already instructed
by its own node to start transfering N.

3. Each network interface delivers incoming data in strict ascending N
order.

This protocol is needed to make sure that all messsages reach destination
in the appropriate ordering. As we see, very simple rules are needed
to reach this goal under the assumpion that programs follow the SIMD
paradigm.

Note that the network can perform several useful sanity checks:

Once a node instructs the network to send a data-packet to a given desti-
nation, the network implicitely knows which packets it should expect on
its links, with a given tag (for instance if a data-packet must be routed
to south - east, then data with the same tag is expected from west for
delivery at the local node and from north to be routed to east. The
network interface can check that this is actually the case.

The network can also check that the right sequence of tags is received
within a (programmable) time-out delay.

The network can further check that the data-sizes of all messages associ-
ated to a given tag are equal.

All these checks are important to help debug either ill-functioning hardware or
Wrong programs.

Error rates in the network are an important issue. In plain fact, we do not
know the Bit Error Rate (BERR) that we may expected on fast links. We are
only able to quote the upper limit on the BERR implied by the safe operation
of the APEmille prototype (10~'%). The BERR value needed for an error free
apeNEXT operation on runs lasting a few days is an embarassingly low 10717,
For this reason, we have decided to stay on the safe side and to design a network
partially able to recover from errors. If we are able to recover from errors a much
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Figure 8: Architectural block diagram of the interconnection network.

more manageable picture emerges: for instance a more modest BERR ~ 10712
implies the failure of one transmission burst every second on the whole machine.

We are considering a re-try mechanism, shown in figure 9 that has only a
moderate impact on communication latency:
o We divide each data block travelling onto a remote link in relatively short
bursts (say, 16 bytes) followed by a cyclic-redundancy-check (CRC).

e Data bursts are sent from the transmitting nodes, followed by their CRC.
A small number of bursts is kept on the transmitting node, stored inside
a FIFO queue, also after transmission.

e The receiving end of the link checks the CRC of each burst as it arrives.
If the check is succesfull it delivers received data. The latency implied by
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Figure 9: Low-latency re-try mechanism for the apeNEXT links.

this procedure is not longer that the size of each burst.

e If an error is detected, the receiving end requests the corrupted burst to
be re-transmitted. This is possible, since relevant data is still available on
the transmitting side of the link.

We plan to finalize most of the high level details of the network using a
black box model of the physical link layer. In this way we can complete most of
the design even before selecting the actual link technology. In parallel, we are
already carring out tests on some of the link technologies.

10 Machine assembly and partitioning

We plan to assemble a certain number of APEmille processors on a printed
circuit board (PCB). Preliminary evaluations suggest that 16 processors can be
placed on one PCB, of roughly the same size as the one used for APEmille.
For comparison, note that one APEmille PCB houses 8 processors. In this case
however a large (almost 50%) fraction of the real estate is used by the control
processor and ancillary circuitry. If we use PCB’s of the same size as APEmille,
we can re-use immediately the mechanical components of the older system.

At this point in time we have two options for the topology of the nodes
belonging to one PCB. The first option is a three-dimensional structure with
2 x 2 x 4 processors. The second option implies a two-dimensional set-up of 4 x 4
processors. PCB’s are assembled inside a crate. All PCB’s inside one crate are
connected to a communication backplane. If we use the mechanical components
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developed for APEmille, we can reasonably house up to 16 PCB’s inside one
crate. Larger machines use more crates.

If we use the first option for the node topology inside a PCB, we can allocate
onto the backplane all links in two of the three dimensions (say, directions y and
z), building a system of size 4 x 8 x 8. Communications in the x direction are
implemented via cable links. If we assemble and connect together n crates, we
obtain apeNEXT systems of size (4 x n) x 8 x 8). This option is very similar
to the one used by APEmille, where systems of size (2 x 1) x 8 x 8 are allowed.
We call this arrangement Option 1A.

It is possible to use the same structure of the PCB as above, wiring however
the unit inside a crate according to a 4 x 4 x 16 topology. In this case large
machines contain (4 x n) x (4 x m) x 16 nodes. This is option 1B.

In the case that the second option for the PCB is selected, we allocate
all links belonging to one of the spatial directions (say, direction z) onto the
backplane. Links in the x and y directions stemming out of the PCB use cable
links instead. Using this arrangement, systems of size (4 x n) x (4 x m) x 16
can be assembled. This is option 2. Some basic figures relevant to both options
are collected in table 17.

- Option 1A Option 1B Option 2
number of procs. 16 16 16

Peak PCB perf. 25.6 GFlops 25.6 GFlops 25.6 GFlops
topology 2x2x4 2x2x4 1x4x4
crate topology 2x8x%x8 4x4x16 4x4x16
Large-systems (2xn)x8x8|(4xn)x(4xm)x16((4xn)x(4xm)x16
Remote links (PCB) 40 40 48

Remote links (BP) 32 24 32

Remote links (cables) 8 16 16

Table 17: Basic figures of three possible apeNEXT machine configurations.

In both cases, a large number of signal must be routed on the backplane.
This is a serious but not formidable engineeering problem. Assuming that 20
data lines are needed per link, we have 640 pins carrying data from the PCB
to the backplane (see again table 17). This requires as little as about 17 c¢m
on the PCB edge, using high-density high-speed matched-impedance connectors
developped by several vendors (see for instance [17]). Of course, special care
must be taken in the design of accurately matched transmission lines, both on
the backplane and on the main PCB.
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As discussed earlier, the backplane must also house a CPCI backplane. This
is made by a straightforward copy the well tested CPCI backplane developed
for APEmille.

We will decide later on in the design phase on the selected topology, using
information from test setups and taking also in consideration the relative merits
of the two solutions from the point of view of physics simulations.

11 Software: The programming environment

The apeNEXT programming environment will be initially based on two main
lines:

e The TAO programming language, extensively used in APE100 and in
APEmille will be supported. This is necessary to allow easy and early
migration of the large set of existing QCD programs on the new machine
This large portfolio of programs is also going to be extremely useful for
test and debugging purposes.

We do not plan to make any substantial improvement to TAO. We will
just modify the back-end section of the TAO compiler, so it produces
apeNEXT assembly codes.

e We plan to develop a C/C++ language compiler for apeNEXT since the
early phases of the project. The language will be a natural evolution of
the GNU-gcc based compiler for APEmille [18] which is currently under
evaluation.

Very few extensions will be added to the standard C syntax, with the goal
of minimising the effort for the programmer in learning a new language.
SPMD parallelism will be realized by just a few special constructs, similar
to the ones already present in TAO:

1. the where instruction executes code based on local conditions.

2. the all, none, any keywords in a standard C condition perform
aggregate evaluation of local conditions.

3. Remote communications will be specified by constant pointers.

The compiler will be implemented by porting already available public do-
main compilers (like, for instance, the GNU C/C++ compiler or lcc) with
the needed SPMD extensions in the front-end (the language definition)
and all necessary changes in the back-end, to produce the target assem-
bly.
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Note that, by using already available compilers, it will be relatively easy
to implement all SPMD extensions of the language on more traditional
machines (like PC clusters). Conversely, already developed parallel pro-
grams written in C (and following the SIMD/SPMD paradigm) will be
easily ported onto apeNEXT. We regard this possibility as our main
path to build a common programming environment between apeNEXT
and more traditional systems.

We want to push still further the goal of a more general apeNEXT pro-
gramming environment. We plan to merge to some extent the programming
environments based on Tao and on C/C++, and at the same time enhance the
portability of programs between APE systems and more traditional computer
clusters. We plan to work according to the lines described in figure 10, that
uses for definiteness the structure of the GNU compiler.

N YN

e N

Grammar Def. j> C parser

e TN
\Int. Rep. /

Figure 10: A sketchy view of the internal structure of the GNU compiler, in-
cluding planned extensions for the apeNEXT software environment. Symbols
in magenta are source or executable files. Symbols in blue are functional blocks.
Synbols in red are apeNEXT specific extensions.

The blue boxes in figure 10 sketchily describe the overall organization of the
standard GNU compilers. There is a front-end block with a configurable parser
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that transforms the user code into an internal representatation, based on a tree
representation of the code and symbol tables. The back-end block maps the
internal representation onto assembly code for a specific target architecture.

The APE C compiler can be implemented on the basis of existing and con-
figurable front-ends with minor modifications to include the required syntax
extensions for parallel processing. The back-end section must of course be cus-
timized to produces apeNEXT assembly code.

It is also possible to add an additonal parser at front-end level (this is al-
ready done, in the GNU system, for the Fortran compiler). We think to follow
this path to include the TAO parser, suitably modified to generate the GNU
internal representation. Indeed, TAO cannot be easily handled by standard
configurable parsers because of its dynamic grammar. In figure 10 the APE
specific extensions are drawn in red.

When the program outlined above is accomplished, we will have a very neat
portable environment in which:

e all powerful optimization techniques of the standard compiler core are
available.

e TAO and C codes can be compiled for a standard computer system (e.g.
a PC).

e C and TAO codes can be compiled for an APE system.

The design and implementation of this open programming environment is a
long term and very high priority goal of our project. It is not going to be easy
or fast. Physics exploitation of apeINEXT in the early phases does not depend
on this environment, since the traditional APE software tools can be used.

At the machine level, we will port to the new architecture and improve the
well-established VLIW code-scheduling and code-compressing tools already used
in APEmille. Some preliminary results on this line are discussed in appendix

C.

12 Software: The operating system

We plan to shape the apeNEXT operating system as a direct evolution of the
APEmille system: the basic idea is that we use as much as possible the services
provided by Linux on the network of host PC’s.

48



e The apeNEXT operating system must load executable codes on the array
of processing nodes and start execution of the whole system. We remind
that all stages of program compilation and optimization are performed on
the host PC’s (or on any other Linux machine).

e The second task performed by the operating system is the support for
input-output operations requested by the executing program. Note here
that these operations use the standard file systems available on the host
PC’s (or, on any networked disk server). Of course, large data transfers,
where high bandwidth is needed, are performed in parallel by all PC’s on
local disks. Later on, we will make some additional remarks on this point.

e The third task performed by the operating system is the monitoring and
control of all nodes at a low level. Typical examples include the inspection
and setting of status-registers, the analysis of error conditions, explicit
writes or reads to memory locations.

All functions described above are handled by the APEmille operating system
in a reasonably efficient and user-friendly way. Most operations can be easily
moved onto apeNEXT by re-writing only the lowest layer levels of the operating
system, like device drivers or the functions mapping a specific operation on a
specific node onto the appropriate PC. We expect therefore to be able to put to
work quickly an early version of the system.

An area on which we would like to bring new ideas, not needed however
for the early commissioning of apeNEXT, is some version of a parallel file
system, where large field and propagator configurations can be stored in a stan-
dard format. This is an obvious starting point to allow the sharing of QCD
configurations among collaborating groups. We see this work as a partial con-
tribution of apeNEXT to the GRID project. Work on this line will be therefore
coordinated with GRID.

13 Design Methodology

In designing the needed VLSI components as well as the overall system, we
want to follow the methodology used in APE100 and APE1000, with a number
of improvements to make it more efficient and faster. The main advantage of
this methodology has been shown in APE100 and APEmille: in both cases all
components of the machine were designed ”first-time-right”.

The main ideas behind our methodology are some informal implementation
of "hardware-software co-design” techniques:
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We base our design on a VHDL model of a large and significant fraction
of the whole system. The model contains all in-house developed systems
as well as all off-the-shelf components. Initially, the model will be a very
crude approximation to the actual system, gradually incorporating all de-
tails. This reference model is available at all collaboration sites.

All VLSI (or FPGA based) components of the system are derived with
high quality synthesys tool from the VHDL design. In the (hopefully
rare) cases where some component cannot be synthesized from a VHDL
description, a VHDL model is built anyway, and test vectors for the ac-
tual implementation are derived by the VHDL model. Non-VLSI parts of
the systems (i.e., processing boards) will be modeled in VHDL by their
designers.

The VHDL model supports a reasonable approximation of the interaction
with the host system (operating system).

All software developments are immediately tested on the VHDL model.
At an early stage of the design, tests will involve performance estimates
on crudely modelled architectural choices. As the level of details of the
model increases, actual programs, in all their intricacies, will be executed
on the model, giving quick feed-back on any design detail.

As an improvement with respect to APEmille, we will insist on:

e a continuous availability of the model at all collaboration sites, so all

members of the collaboration can easily monitor the effects of a design
change made elsewhere. This can be achieved with reasonable effort by
keeping a master copy of the model on an AFS cell available from all sites.

an effort to allow access to the model from a basic version of the op-
erating system, so that even the more physics-oriented members of the
collaboration can exercise it.

a systematic use of blind-test procedures: at all stages of the design phase,
test sequences for any portion of the machine will be prepared and exe-
cuted by someone who has not been directly involved in the design.

Finally, we address the issue of the design of some VLSI blocks that depend
critically on some portion which is either not under our direct control or not
completely defined at this stage. Examples of this situation are the details of
the memory system (heavily dependent on the type of memory available at the
time when prototypes are built) for the custom processor, or the actual choice
for the physical layer of the interconnection links. Changes made in memory
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technology during the design lifetime of APEmille have indeed adversely affected
that project, as large subsystems within J1000 and T1000 processors had to be
modified to adapt to changing memory specifications.

We want to solve these problem by confining all details of the memory and
link interfaces in a ”grey box”, that interacts with the rest of the design with
some simple and rather general data and control path. In this way, a very large
fraction of the design can be finalized independently, while the interface-specific
blocks will be procured (if available from external sources) or designed in detail
at the last moment.

14 Conclusions

This document has described physics requirements and basic architecture of a
next generation LGT computer project. We think that the well-tested SIMD-
SPMD architecture of the previous APE generation is still the best choice for
an LGT-focused high performance engine. At the engineering level, we plan to
use technologies similar to those used in APEmille. We think that this choice
reduces development costs and risks.

In the near future, collaboration between groups active in LGT simulations
will become tighter and tighter. For this reason we plan to work hard on
the development of a software environment allowing easy migration between
apeNEXT and more traditional computers.

Acknowledgments

Several people have helped shape the basic ideas of apeNEXT and contributed
several important pieces of information. We would like to thank I. D’ Auria, M.
Loukyanov, S. Menschikov, D. Pleiter, A. Sapojnikov, T. Sapojnikova, L. Sar-
tori, L. Schur. N. Christ, N. Eicker, Y. Iwasaki, T. Lippert and K. Schilling have
provided valuable information on the status and perspectives of their projects.

A Ongoing and planned R/D activities
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ties. A few selected items (which are at a more advanced stage) are covered in
specific sections.
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o DESY has already built and succesfully tested a data parallel link of mod-
erately high frequency: 11 signal pairs have been operated at 250 Mhz for
long periods (50 hours) with no errors. Such a system would move 400
Mbyte/sec (plus check bits + signalling) on 22 LVDS pairs. They are now
working to replicate the same system on an APEX FPGA.

e DESY is also working on a second generation FLINK interface, using NSC
DS90CRA483 / 484 chips. For Flink purposes, it will give 200 Mbyte/sec.
For apeNEXT, it can be pushed to 112 Mhz (interface frequency) and
48 bits (interface width) corresponding to 672 Mbytes/sec.

o CERN is working on unidirectional multiplexed LVDS and PECL based
link technologies. The aim is to test the very high speed capability of these
technologies on different cables and. Furthermore the link speed will be
optimised to match fast-wide PCI interfaces. The link will be designed so
other users can take benefit of this PCI to PCI fast connection.

e The second major effort at CERN should converge into the emulation of
the switching mechanism of apeNEXT with a moderate to very high
speed interconnections. apeNEXT requires 6 bi-directional links (or 12
unidirectional). This system can be integrated in the next generation of
ALTERA FPGA chips that will have LVDS I/O pins. These chips are a
very good test bed for the links and switching required by the project. How
many links (bi-directional or not) and at what speed remains to be seen,
but again a PCI interface capable to switch on several links is a valuable
project also for other applications. This system may cover (although at
higher costs and higher power consumption) most of the requirements of
the apeNEXT network.

e The basic floating point element for a custom processor has been extracted
from the APEmille floating point block. Detailed VHDL coding is under
progress in Pisa.

B Preliminary Design of the apeNEXT Node

Work has already started on the design of the architecture of the apeNEXT
node and on preliminary activities tied to the actual hardware implementation.
In this section we briefly mention activities already in progress and at a fairly
advanced stage. More details are usually found on the relevant www pages of the
APEmille/apeNEXT intranet (http://chimera.romal.infn.it/intranet).

We are working on the following lines:
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e We have defined a preliminary version of the apeNEXT assembly lan-
guage. The defined instructions are, in most cases, suitable extensions of
the APEmille assembler. Several new instructions are needed to handle
the different structure of the new machine, especially for memory access.
Although some of the instructions will probably undergo adjustments as
the details of the system are finalized, we think that most instructions are
reasonably stable.

e We have started to outline the format and size of the microcode word that
controls the processor at each clock cycle. We are currently keeping a few
different versions of the microcode, that we use for performance estima-
tions. See (http://pcape2.pi.infn.it/ fabio/APEnext/instr next.html,
and the next appendix for details.

e We have slightly modified the APEmille shaker program. The shaker,
a key component of the APEmille compilation chain, schedules and com-
pacts assembly instructions, trying to maximize device usage and filling
of pipeline slots. The shaker can be configured for a wide range of archi-
tectures, by writing a configuration file. The file describes how assembly
instructions are mapped on devices and on the microcode word, and the
corresponding timing. We have started to prepare configuration files for
our target architecture, using pessimistic guesses for a few parameters, so
we should be able to produce apeNEXT executable code shortly. See
also the next appendix.

e We have started the coding of the VHDL description of the processing
node. Our first goal is the completion of a first version of the code, in
which most blocks are described at rather high level, or only have very
partial functionalities. As soon as this version is ready, we will start
exercise it with the executable codes produced as described above. We will
then proceed to develop more advanced versions of the model, gradually
incorporating all details of the architecture.

e We have made a preliminary survey of the silicon technologies that might
be used in apeNEXT. We have focused on 0.18 u technologies. These
technologies are now in a rather early stage of development, as far cells,
pads, Synopsys models are concerned. They should reach a rather stable
state in the first part of the year 2001. We have obtained design kits for
the 0.18 p processes of UMC (through IMEC) and of ST (through CMP).
We plan to use these design kits early in the design process, to ensure that
all components of the VHDL model can be mapped on silicon within the
required time and area limits.

e We have completed the design of a prototype register file design, using a
standard cell library available with the UMC technology. Our test design
has the full size required for apeNEXT, namely 2 banks of 256 registers
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each. Each register has 64 bits. We have also added one additional input
and one additional output port, so more complex node architectures can
be considered.The target clock frequency of the design is 200 MHz. We
are now performing the place&route of the design, in collaboration with
IMEC. We are also considering to actually fabricate a test chip, taking
part in a Multi-Project Chip (MPC) run, early in May.

C Performance Estimation for the apeNEXT node

We would like to estimate the performance of apeNEXT node on tipical QCD
program kernel. To evaluate the performance of the node that we are designing
we use the shaker tool, a static assembly instruction scheduler for VLIW ma-
chines, currently also used to generate executable program for APEmille. The
result obtained is a static estimation of the number of machine cycles correp-
sonding to a kernel section of a physics code, used as benchmark.

C.1 The Shaker

The assembly code producted as output by a compiler or written by hand must
be converted into executable code. In tmicro-programmed machines like APE
this means converting each assembler instructions in a micro-program of several
machine cycles. This is done by the program shaker.

The shaker schedules the assembly instructions of a program in order to
optimize resource usage and reduce execution time. In the APE machines we
can exploit as many vertical parallelism slots as the number of hardware pipes
and as many horizontal parallelism slots as the number of devices that can work
in parallel. In order to exploit all kind of parallelism we must keep busy the
pipes and the devices for as many machine cycles as possible.

The shaker schedules the start of an instruction as all the nedeed resources,
e.g. register operands, are available taking care of logical data dependencies of
assembly instructions and hardware constraints.

The shaker uses a configuration file which defines the fields of the micro-word,
the resources which are available to be used and the patterns or micro-programs
of each assembly instructions. A tipical configuration file contains the following
information:

e field name definitions and field value mnemonics

e field location specifications
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e micro-word width specification
e micro-program definitions

e usable hardware resource specifications

A configuration file can be defined for each architecture that we want to test.
this information is compiled into internal data structures used by the shaker
engine.

The input to the shaker is a file containing the assembly instructions and
logical dependecies beetween them. The output is a file containing for each
assembly instruction the cycle at wich it may be scheduled without breaking
logical or hardware dependencies.

C.2 Performance Evaluation

We have defined a shaker configuration file for the architecture of the apeNEXT
node. Using the output assembly code product by the APEmille compiler or
tipical code written by hand, we mapped it onto the apeNEXT assembly code
supported by the shaker. The result obtained is an estination of the number of
machine cycles needed to execute the program under test.

We used as main benchmark the core of the dirac operator. In table 18
we show the measure of efficiency of the new apeNEXT node compared with
APEmille. The DiracNext3 program is an assembly program written by hand
and Dirac and Bolzman are assembly code product by the xtc compiler, one of
the available TAO compilers for APEmille. Measured efficiencies are the same
as in APEmille or better. The last column shows the efficiency of the same
programs in case that we include a second mathematical unit in the node. In
this case efficiency drops somewhat, but the sustained performance is still much
larger.

See http://pcape2.pi.infn.it/APE under the link apeNEXT shaker for more
details.

D Performance of LGT kernels on PC’s

The theoretical floating point performance provided by off-the-shelf processors
has reached an impressive level during the last years. To understand how effi-
cient actual QCD codes perform on a given architecture practical benchmarks
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|| | APEmille | apeNEXT | apeNEXTII ||

DiracNext3 58% 72% 48%
Dirac (xtc) 44% 45% 32%
Bolzman (xtc) 55% 60% 42%

Table 18: Expected efficiency of the apeNEXT processor on several benchmark
kernels.

are usually needed. In particular, the efficiency of memory access and remote
communications may be critical for the sustained performance.

In order to disentangle for instance the effects of the multi-layered memory
hierachy and the processor itself, we have performed a series of preliminary
benchmarks on PC’s. They include rather simple tests programs to investigate
characteristic quantities such as the bandwidths for data access at the various
cache levels, latency and throughput of arithmetic pipelines, concurrency of
different functional units and the limits performance increas in case of PC’s
with multiple processors.

The measurement of pure data access times as a function of the burst length
is shown in fig. 11 for a Pentium II at 400 MHz. The clear steps illustrate the
different access bandwidths for data residing in different levels of the memory
hierarchy (L1 cache, L2 cache, memory). For data access to L1 cache, the
bandwidth is determined by the throughput of the load and store units of the
processor. For large block sizes the bandwith plateaus at about 70 % of the
theoretical value of the memory bus running at 100 MHz. By running the same
measurements in parallel on both CPUs of a Dual-Pentium system, one finds
that the total memory access rate of the two processors almost saturates the
theoretical bandwidth (which may be distributed in a slightly asymmetric way
among them).

As a basic benchmark for QCD-like applications, we used a carefully op-
timized C-code for the kernel of the Wilson-Dirac operator with SU(3) gauge
fields on a L* lattice. The sustained performance as a function of L is shown
in fig. 12. As expected from the above benchmarks for pure memory access,
the performance is almost doubled when running an independent program on
each of the two CPUs of a Dual-Pentium system. The sustained performance
rapidly drops with larger lattice sizes, however it does not show a pronounced
step structure as in fig. 11 because some fraction of the data can always be kept
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in cache. The effect of the cache is also evident from the decrease in perfor-
mance when the L2 cache is disabled. Hence, it might be possible to increase the
sustained performance by a more cache-conscious coding (e.g. by sweeping in a
suitable order throught the lattice size). In general, it seems that a sustained
performance of around 30 % should be realistic as a rough estimate for typical
QCD applications based on the Wilson-Dirac operator.

The effect of remote communications has not yet been studied.
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Figure 11: Measurement of cache effects for pure memory accesses with different
burst lengths on a Pentiun IT at 400 MHz. The upper and lower solid curves
are for load and store operations, respectively. The dashed curves show the
analogous measurements with the L2 cache disabled. Dotted lines are the results
for simultaneous test execution on both CPUs.
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Figure 12: Sustained performance for the Wilson-Dirac operator at various
lattice sizes L* on single and dual processors with L2 cache enabled (solid curves)
and disabled (dashed curves).



Project Organization, Cost Estimates and Project
Schedule for apeNEXT

1 Introduction

This document is an addendum to the apeNEXT proposal. The apeNEXT pro-
posal describes the hardware and software architecture of a new generation LGT-
optimized computing engine, able to satisfy the number crunching requirements of
the LGT community in Europe in the time frame 2000-2005 (as outlined in details,
for instance, in the report of the ECFA comittee). This document describes the or-
ganizational structure of the apeNNEXT collaboration, whose goals, to be reached
in a time frame stretching to the end of the year 2002, are the following:

e Develop all the hardware and software components of the new engine.

e Assemble, test and exploit for LGT simulation several small and medium scale
prototypes, with an integrated peak performance well beyond 1 TFlops.

o Make sure that large apeNEXT system can be quickly and cheaply procured
by all participating institutions in the years 2003 and following.

e Make sure that the participating institutions develop the know-how needed
to succesfully operate and exploit the large systems described in the previous
point.

As already remarked, this document covers several organizational (as opposed to
technical) issues of the project that were purposedly not covered in the apeNEXT
proposal. We cover the following points:

e Project Organization.

e Project Management.

e Timescales and Milestones.

e Manpower and Cost Estimates.

2 Project Organization

apeNEXT is, in spite of its ambitious goals, a rather small project, in terms of the
number of independent activities, institutions and people involved.

We plan to organize the project under six main areas of activity, namely:

e A. (non VLSI) Hardware development. Under this heading we include
all activities related to the design, prototyping, testing and assembly of the
electronic and mechanical systems of apeNEXT.

e B. VLSI development. Here, we include the design of all VLSI components,
the choice of technologies and foundries and the actual fabrications of VLSI
parts.



¢ C. Software: Languages and Compilers. Here we include the definition
of the programming languages for apeNEXT, and the development of the
compiler chain.

e D. Software: Operating Systems. Here we include the development of all
software componenents needed to interface and control apeNEXT with the
host systems.

¢ E. Application software and Physics. Under this heading, we include the
development of physics oriented test-kernels and benchmark, the optimization
for apeNEXT of physics programs and routines. This area will start as a
support activity for machine development and gradually move to more LGT
related issues.

e F. Cluster-related activities. Under this heading, we include all develop-
ments needed to exploit the LGT oriented link technologies in a PC-cluster
environment.

Next, we define a number of rather detailed tasks that must be carried out to
develop apeNNEXT. Some tasks will obviously involve just one project area, while
other tasks stretch across two or three areas. The partition of the project in areas
therefore involves more the style of the work and the needed skills than the type of
deliverable of any specific task. This is a fact that must be accepted and properly
handled in a project involving the development of a not-easily partitionable system.

In the following, the various tasks and subtasks are briefly described. For each
task we indicate the project area(s) involved.

¢ Machine Simulation(A/B/C). Under this heading, we list all activities
needed to develop a high-level (functional) and a low-level (VHDL) simulator
of a sizeable fraction of apeNEXT. We also need to develop a reasonably
large set of test programs to exercise the simulators. Under this heading, we
have:

— Functional simulator The functional simulator is a C++ based tool (sim-
ilar to SF in APEmille) that emulates the operation of the machine by
mimicking the execution of all assembly instructions. This tool is more a
definition than a simulation of the machine. It can be developed quickly,
leveraging on the analogous work done for APEmille, and is very fast
(reasonably long programs can be run on this simulator). Algorithm
development and benchmarking as well as compiler development can be
done almost completely here.

— Architecture Evaluation We need to establish a set of code kernels, repre-
sentative of a typical mix of LGT codes, that we want to use to exercise
the simulators. In this way, we check the correct behaviour of the simu-
lator and estimate efficencies.

— VHDL-Model The design of all components of the machine is based on a
low-level VHDL description of all machine sub-systems. VHDL models
are accurate functional description of all off-the-shelf components and are
detailed descriptions of all custom components that we develop within
the project. The synthesys of such components is always based on these
models. The model will be interfaced to a simplified version of the op-
erating system, so that sections of real-life codes can be easily run and
debugged.



e Compilers (C). This task includes all activities needed to develop the com-
piler chain for all languages initially supported on apeNEXT. Under this
heading, we have:

— C/C++ In this task, we develop the C/C++ compiler for apeNEXT.
To this end, we define suitable language extensions for parallel procesing

and customize (for instance) the GNU compiler to produce assembly code
for apeNEXT.

— TAO Under this heading, we maintain and adapt to apeNEXT the
APEmille TAO compiler. We then proceed to modify the TAO parser,
so it can be interfaced with the core of the GNU compiler.

— Low level Software This task refer to the development of the compilation
modules at the assembly level and microcode level. Here, we develop the
assembler, the code optimizer, linker and similar tools.

e VLSI (B). In this area, we consider the process of completing the design
of the custom VLSI components, starting from their corresponding VHDL
models. We divide this major task in:

— Syntesys This area refers to the translation, made essentially with soft-
ware tools, of the VHDL models into a standard cell implementation.

— Backend Under this heading, we consider the process of selecting an ap-
propriate VLSI process and an appropriate Silicon foundry. We then
interface with the silicon foundry to finalize the layout of the chips and
to perform all design verifications. We plan to contract most of the latter
tasks.

e Hardware Development (A). This area covers the logical, electrical and
mechanical design of all PCB’s, enclosures and other mechanical components
needed for the system. We divide into:

— PCB’s Here, we perform the electrical design of the main PCB checking
that it conforms to the specifications implied in the VHDL model. We
then interface to a service company to perform placement and routing
and then fabrication and assembly.

— Backplane & Mechanics Our experience is that the detailed design of any
backplanes and of all mechanical components is best contracted out to
a service company. under this task we define and discuss requirements
and interface to the appropriate company.

— Link technology This activity, that has already started, has the goal to
ensure that the best options for the physical layer of the remote communi-
cations are selected. Here we test several high-speed signalling technolo-
gies, discussed in the proposal, options for the cable and the connectors,
and related issues.

e Test (A/B/C/D). We collect here all tasks related to the test of all the
layers of the apeNEXT system. We distinguish:

— Design Verification In this task, we develop short kernels that we can use
to ensure that the system design (at the VHDL level) performs correctly.
The set of relevant kernels is based on specific test sequences biased
to the actual hardware blocks and on basic kernels stemming from QCD
programs. This activity is a longer term follow-up of the item architecture
evaluation seen above.



— VLSI fabrication tests In this tasks we develop the test sequences used to
test the VLSI devices just fabricated by the foundry.

— System tests This item covers the actual hardware test of the machine,
starting from basic tests of the mechanics and the backplane, to the tests
of the PCB’s and gradually test and verification of the whole systems.
This activity heavily uses the set of test routines and basic LGT kernels
described in previous points.

e Application Software (E). The development of a collection of physics ori-
ented routines, covering the most widespread LGT algorithms, optimized for
apeNEXT is an important part of the project. We make a further break up
into:

— Qualification & Test Here we select a number of physics kernels represen-
tative of typical LGT workloads. These kernels are used to verify the
correct behaviour of the system under complex working conditions.

— Physics libraries Here we develop apeNEXT optimized programs for a
variety of typical LGT applications. We have in mind here real life
production codes. This set of programs is not likely to satisfy the needs
of all physicists using apeNEXT. They are going to be however a good
reference of physics algorithms and good programming practice.

e Operating system (D). The apeNEXT operating system will be dis-
tributed over a network of host machines (running Linux) and over the process-
ing nodes of the machine. We break-up the development of the environment
in the following points:

— Low level Here we develop the interfaces between the host computers and
the apeNEXT hardware. Most of this work is the development of device
drivers.

— High level Here we develop the higher level of the operating systems,
including the user interface, any networking issues among the host ma-
chines and basic I/O support onto disks. Part of the software packages
developed here execute on the host systems, while other parts run on the
apeNEXT nodes.

o Cluster based (A/F). We cover here all activities needed to support easy
migration between apeNEXT machines and clusters.

— Link-PC interface Here we develop the hardware needed to use the Links
developed for apeNEXT in a PC-based environment.

— Operating system Here we develop the device drivers and the software
interfaces needed to use standard PC-based parallel processing tools (like
MPI) on the apeNEXT links.

— Communication Libraries Here we develop the high level interfaces used
by typical LGT programs.

The proposed role played by the collaboration sites in the various tasks is dis-
played in table 8, shown at the end of the document. In the table, a esign indicates
a major involvement, while a xsign indicates limited involvement.



3 Project Management

We propose to organize the management of apeNEXT in the following way:

e The Project Board has at least one member for each Institution and/or
Site belonging to the collaboration. The spokesperson of the project is also a

member of the board.
The board should:

1. establish a liason and ensure a prompt two-way exchange of informa-
tion between the project and the collaborating institutions (and their

governing and funding bodies).

2. discuss the priorities of the project both at the scientific and technical
level, and decide the main lines of actions to be pursued by the project.

3. monitor the progress made by the project, identify any potential problem

area and suggest appropriate corrective actions.

4. discuss any conflict that may arise within the collaboration and suggest

appropriate solutions.

The initial suggested membership of the board is shown in table 1.

Site Members
CERN 1 member
DESY 2 members
INFN Mi/Pr || 1 member
INFN Pi 1 member

INFN Rome 1| 1 member
INFN Rome 2| 1 member
U. Paris-Sud 1 member

Table 1: Suggested initial membership of the Project Board

Board membership may be changed, to reflect any change on the structure of
the collaboration. The board should meet regularly (e.g., each three months)

or at the request of the spokesperson to handle urgent matter.

e The area coordinators (one for each of the six project areas defined above)
manage and coordinate the activities and the day-by-day operations of the
project. They coordinate all activities related to their area, in particular
ensuring that tasks performed at different sites match smoothly. They discuss
and agree the short and medium term time-schedule and detailed milestones

of the project.

We also appoint one additional coordinator in charge of global organizational

issues and relationship with vendor companies.

e The Project spokesperson coordinates the project at the global level.
He/she sets the global priorities of the project and ensure that the activi-
ties performed within the sub-projects nicely match and complement each

other in scope and in time.



4 Project Timescale

We want to follow a fast project schedule, made possible by the logical simplicity
of the project and by the fact that a number of important components are either
similar to APEmille or readily available from commercial sources.

We define a development and prototyping roadmap, divided in three phases,
namely:

e 1. Development phase In this phase all the bits and pieces (hardware and
software) of the new system are designed and constructed.

e 2, Prototype phase. In this phase, we assemble and test prototypes of an
apeNEXT machine of small size. These systems are expected to be small but
able to fulfill a large subset of all system functionalities.

e 3. Early production phase. During this phase, final versions of the main
hardware components are built and several large prototype systems are as-
sembled at various collaboartion sites (most likely two prototypes at INFN
and one each at DESY and Orsay). At least one of the prototypes will have
256 processing nodes. Each site has the resposibility to acquire sufficient
know-how to assemble and operate these systems.

As this phase comes close to completion, a major decision must be made by
all collaborating institutions about the number and size of the apeNEXT
large production systems to be procured.

In table 2 we define in more details the results expected for each phase by
providing information on the status of each task at the end of each phase.

5 Project Milestones

In this section, we define several milestones, describing the expected pace of de-
velopment of the project. We first list and briefly describe our milestones taking
into account the project tasks that they belong to. We then present in table 3 the
expected due time for each of them.

For the task Machine Simulation, we define the following milestones:

e SF model completed. This milestone is reached when a stable version of
the SF simulator is available. The simulator can be easily installed onto a
LINUX system and is able to succesfully run a program kernel written in
assembler.

e VHDL model This milestone is reached when a VHDL model of an apeNEXT
system is developed. The VHDL model describes all custom components and
at least two processing boards connected together. The model can be used
via a limited version of the operating system that may have limited I/O ca-
pabilities.

For the task VLSI Developments, we set the following milestones:



|| Task | Curr. Status | phase 1 | phase 2 | phases ||
Machine Simulation (A/B/C)
Functional Simulator In progress | Completed - -
Architecture Evaluation In progress | Completed - -
VHDL-Model In progress | Completed - -
Compilers (C)
C/C++ Starting In progress | « version 3 version
Tao Starting « version (B version | maintenance
Low level software In progress a version (B version | maintenance
VLSI (B)
Syntesis - Completed - -
Backend - Completed - -
Hardware Development (A)
PCB’s Starting Version 1 Version 2 -
Backplane & mechanics In progress Version 1 Version 2 -
Link technology In progress | Completed - -
Test (A/B/C/D)
Design verification - Completed - -
VLSI fabrication tests - Completed - -

System tests

In progress

In progress

Application Software (D)

Qualification & test
Physics libraries

In progress
In progress

Completed
In progress

In progress

Operating System (C)

Low level - « version (B version | maintenance

High level - o version B version | maintenance
Cluster based (A /F)

Link-PC interface - - Completed -

Operating system - - a version [ version

Communication libraries - - a version [ version

Table 2: Roadmap of the various tasks of the project

¢ VHDL synthesys. This milestone is fulfilled when the custom components
are completely mapped, but not necessarily fully routed, onto the silicon target
technology. The target performance goals are met with reasonable safety

margins.

e Chips to fab. This milestone is reached when the VLSI designs are signed-off
for fabrication by the silicon foundry. This implies that all design phases are
completed and test vectors developed.

For the task Hardware development we considere the following milestones:

e Design of the PCB’s. This milestone is fulfilled when a complete schematic
design of all PCB’s involved in the design is completed.

e Design of Backplane/Mechanics This milestone is reached when we have
a complete schematic design of the backplanes used in the system and a pre-
liminary design of the physical design of the backplane and the mechanical set



up. Choices are made on several sensitive points, like the choice of connectors
or the choice of the power supply system.

e Delivery of Backplane/Mechanics. This milestone is reached when the
first prototype of this system is delivered, and initial tests, involving the PC’s
of the host system, are succesfully performed.

e Delivery of the PCB prototype. The fist prototypes of the main apeNEXT
PCB, fully populated with all custom and off-the-shelf components is deliv-
ered. Test activities start.

e Test of a single-board system This milestone is reached when hardware
test activities have been succesfully performed on the PCB and complex pro-
gram, like, as usual, the kernel computing the Dirac operator, are executed in
a stable way on apeNEXT systems with just one processing board.

e Test of one crate prototype This milestone is analogous to the previous
one, but involves the correct operation of a larger machine containing all
processing boards housed inside one crate.

For the task Compilers, we define the following milestones:

e Low level compilation chain. This milestone is reached when all compo-
nents of the low level compilation chain needed to produce executable code
are in operation and reasonably debugged. The compilation chain is able
to compile correctly an assembly version of the kernel computing the Dirac
operator.

e Tao and C compilers: a version. This milestone is reached when we have
preliminary versions of the Tao and/or C compilers. The compilers are able
to produce assembly code that can be handled by the low level compilation
chain. They accept source codes containing basic control and data structures.

¢ Tao and C compilers: [ version. This milestone is reached when the
compilers are able to succesfully produce executable code for medium size real-
life LGT codes, including the evaluation of propagators and simple physical
observables.

For the task Operating System we consider the following milestones:

e Interface to the VHDL model This milestone is reached when a basic
version of the operating system is available to interface with the complete
VHDL model. I/O functionalities are of course limited in this version.

e « version. Almost all functionalities of the operating system are supported
for an apeNEXT system consisting of one board.

e [ version. This is the same as the previous point for a system involving
several processing boards.

Finally, we define the following milestones for Cluster related tasks:

e Single-Link PC interface. This milestone is reached when a first prototype
of an interface between a PC and a fast (i.e., > 150 Mbytes/sec) link is
succesfully tested.



e Multi-Link PC interface. This milestone is reached when a first prototype
of an interface between a PC and at leat three fast links is capable of stable
operation. At this point PC-specific software development can proceed at a
fast pace.

Table 3 summarizes milestones and provides a schedule.

[Date due  |[[Milestone |Corr. Task  [Project Phase|
Sept. 2000 ||SF model Machine Sim. |1
Sept. 2000 ||Low level compiler chain Compilers 1
Oct. 2000 ||Interface to VHDL model Op. system 1
Oct. 2000 || Test of a single link PC interface Cluster Based |1
Dec. 2000 | VHDL model Machine Sim. |1
Dec. 2000 | Tao/C Comp: a version Compilers 1
March 2001 | Backplane/Mech. Design Hardware Dev.|1
March 2001| VHDL Synthesis VLSI Dev. 1
June 2001 [|PCB Design Hardware Dev. |1
June 2001 || Chips to Fab VLSI Dev. 1
June 2001 || Test of a multiple-link PC interface |Cluster Based |1
Aug. 2001 | Backplane/Mech. Delivery Hardware Dev. |2
Nov. 2001 [|PCB Delivery Hardware Dev. |2
Sept. 2001 || Tao/C Comp (combined): a version |Compilers 2
Jan. 2002 | Test of a single-board system (start) | Hardware Dev. |2
Jan. 2002 ||Op. System « version Op. system 2
April 2002 || Test of a single-board system (end) |Hardware Dev.|2
Jun. 2002 ||Op. System [ version Op. system 3
June 2002 | Tao/C Comp (combined): 8 version | Compilers 3
Dec. 2002 || Test of a one-crate system Hardware Dev. |3

Table 3: Project Milestones and corresponding deadlines

6 Manpower and Cost Estimates

Estimates for the required manpower, in FTE’s, of the various tasks of the project
are presented in table 4. The numbers are based on an evaluation of the human effort
required to complete corresponding tasks in APEmille. The grand total manpower
effort for the project is estimated at 406 FTE months (i.e., about 34 man-years)
for apeNEXT development and 96 FTE months for tasks related to the start-up
of the physics program.

Cost estimates are divided in development costs and production costs for the
early production phases. We also quote very preliminary forecasts for the costs of
a full scale production. All our figures do not cover basic running costs for the

collaboration, such as travel expenses and the like.

e Development Costs

The bulk of costs here is associated with the development costs for VLSI

components, printed circuits and mechanical systems.

The quoted figures



[ Task | Manpower ||

Machine Simulation (A/B/C)
Functional Simulator 6
Architecture Evaluation 12
VHDL-Model 20

Compilers (C)

C/C++ 36
Tao 36
Low level software 12

VLSI (B)

Syntesis 12
Backend 12

Hardware Development (A)

PCBs 16
Backplane & mechanics 16
Link technology 24

Test (A/B/C/D)

Design verification 24
VLSI fabrication tests 24
System tests 48

Application Software (E)

Qualification & test (48)
Physics libraries (48)

Operating System (D)

Low level 24
High level 24

Cluster based (A/F)

Link-PC interface 12
Operating system 24
Communication libraries 24

Table 4: Estimates of the manpower requirements for the various tasks of the project
(in full time Equivalent (FTE) months).

include the production of a small number of prototypes, sufficent to carry out
phase 1 and phase 2.

Estimates are given in table 5 (in Euro).

Some comments are in order:

— We plan to have simulation tools available at all sites of the collaboration.
These tools are cheapy available through Europractice.

— We consider it safer to develop VLSI components through a ”full-service”
vendor, providing access to design verification, fabrication and tests.
This path is considerably more expensive than using the service of a
?silicon broker”. There are however big advantages in term of reliability,
and speed that we do not want to miss.

— PCB’s and mechanical components will be designed and manufactured
by service companies under the supervision of the collaboration. This is
again expensive but fast and reliable.
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VLSI CAD tools

VHDL simulators 10K

Synthesys 5K

Place & Route 5K

Non Europractice tools 40K
VLSI development

2 test chips (through broker) 100K

NRE and protos (2 chips) 800K
Mechanics dev.

Mechanics Develop. 100K

Mechanics Protos 50K
Printed Circuits

Design of PB’s 100K

Production of protos 80K

Off-the-shelf components 100K

Cluster Interface
VLSI: NRE and proto, through broker| 100K

Design of 2 PB’s 40K

Production of protos 10K
Instrumentation and Computers

CAD workstations 40K

PC's 30K

High Speed Test Equipment 70K
|Grand Total || 1670K|

Table 5: Preliminary estimate of development costs for the key elements of the
project.

— We plan to have at least a small test setup at most collaboration sites
(e.g., at two INFN sites, at DESY/Zuethen and Orsay).

e Early production Costs

In the following we collect estimates, based on our experience with APEmille of
the costs (in Euro) for the early production phase of a custom based machine,
defined in the previous section, with a limited amount of disk space. The
costs consiered refer essentially to phase 3 of the project. It must be stressed
here that memory chips and disk cover a large fraction of the costs for this
phase. We must keep in mind than non negligible fluctuations in the price of
these items may happen.

e Full Production Cost Forecasts

We finally discuss preliminary estimates for the cost of large apeNEXT in-
stallations. We remark once again that prices for items like memory and disks
are very volatile. Accurate estimates will have to be revised in due course.

apeNEXT is a modular processor. The basic unit of a large machine is a
block containing 256 processors in a single crate. Such a system has about
128 Gbytes main memory and 1 Tbyte disk storage. Two to four PC’s are
needed to host the system. We outline in table 7 our forecasts for the price of
such a system. The price of larger systems scales in a roughly linear way. If
we consider that the system outlined above has a peak performance of about

11



VLSI components
1000 processors @ 250 Euro 250K
Printed circuits
250 Gbytes memory @ 1.5 Euro/MB|| 375K
70 Printed circuits @ 1000 Euro 140K
off-the-shelf components 140K
70 Cable assemblies @ 300 Euro 21K
Mechanics
5 Crates & Power supplies 50K
20 PC’s @ 2500 Euros 50K
2 Tbyte Disk @ 20 KEuro/ Thbyte 40K
|Grand Total [1066K|

Table 6: Preliminary estimates of costs for the key items of a large prototype system
using custom processors

400 Gflops (and a sustained performance of about 250 Gflops) we derive an
estimate of 0.46 Euro/Mflops (peak) or 0.73 Euro/Mflops (sustained).

256 procs @ 100 Euro 25.6K
128 Gbytes @ 750 Euro/Gbyte | 96K
1 Tbyte disk @ 15 Euro/Gbyte|| 15K

16 PCB’s @ 2000Euro 32K
16 cable assy’s @ 150 Euro 2.4K
4 PC's @ 2000 Euro 8K
1 Crate @ 4000 Euro 4K
|Grand Total || 183K|

Table 7: Preliminary forecast for the cost of a building block of about 400 Gflops
peak performance for a large apeNEXT system.

The actual price break-up is of course very approximate. Using the figures in
the table the impact of memory on global costs is very high. Substantially
cheaper systems could be assembled if smaller memories are used. Such an
option might be considered if algorithmic studies show that it is feasible.

12



[ Task

[ CERN | DESY | Mi/Pr | Pi

| R1/Aq | R2

| Orsay ||

Machine Simulation (A/B/C)

Functional Simulator
Architecture Evaluation
VHDL-Model

Compilers (C)

C/C++
Tao
Low level software

VLSI (B)

Syntesis
Backend

Hardware Development (A)

PCBs
Backplane & mechanics
Link technology

Test (A/B/C/D)

Design verification
VLSI fabrication tests
System tests

Application Software (E)

Qualification & test
Physics libraries

Operating System (D)

Low level
High level

Cluster based (A/F)

Link-PC interface
Operating system
Communication libraries

Table 8: Role of the collaboration sites in the various tasks associated with the

project.
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ISTITUTO NAZIONALE DI FISICA NUCLEARE
Preventivo per I'anno 2001

Struttura

PISA

Ricercatore

responsabile locale: R. Tripiccione

Codice | Esperimento

Gruppo

APENEXT

5

Rappresentante F. Rapuano
Nazionale:

Struttura di Romal
appartenenza:

Posizione nell.N.F.N.; | Ric.

INFORMAZIONI GENERALI

Linea di ricerca

Studio della QCD tramite simulazione numerica

Laboratorio ove
Si raccolgono i dati

Sigla dello
esperimento assegnata
dal Laboratorio

Acceleratore usato

Fascio
(sigla e caratteristiche)

Processo fisico
studiato

Interazioni forti e deboli degli adroni

Apparato strumentale
utilizzato

Calcolatore dedicato apeNEXT

Sezioni partecipanti
all'esperimento

Ml (Bocconi), Pl, PR, ROMA1, ROMA2

Istituzioni esterne
all'Ente partecipanti

DESY, Universite' Paris Sud, CERN

Durata esperimento

3 anni

Mod. EC. 1

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE

Preventivo per I'anno 2001

Struttura

PISA

PREVENTIVO LOCALE DI SPESA PER L'ANNO

Codice Esperimento

Gruppo

APENEXT

2001

In ML

VOCI
DI
SPESA

DESCRIZIONE DELLA SPESA

IMPORTI

Totale

Parziali Compet.

A cura della
Comm.ne
Scientifica
Nazionale

Interno

Trasferte nelle sedi della Collaborazione

20
20

Viaggi e missioni

Estero

Conferenza

Trasferte DESY + Orsay

40

Materiale
Consumo

1 chip di test

Fisiologia

Software per progettazione VLSI

200
80

25
305

Trasp.e
facch

Spese
Calcolo

Consorzio

Ore CPU

Spazio Disco

Cassette

Altro

Affitti e
manutenz.
apparecchiat.

Materiale
Inventariabile

W.Station progettazione VLSI
Crate di test apeNEXT con PC di interfaccia

40
40

Costruzione
Apparati

Note:

Totale

Mod. EC. 2

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esserimento o

Preventivo per I'anno 2001 APENEXT 5

ALLEGATOMODELLO EC 2

All. Mod. EC. 2 (a cura del responsabile locale)



ISTITUTO NAZIONALE DI HSICA NUCLEARE

Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 APENEXT 5
Struttura
PISA
PREVISIONE DI SPESA: PIANO FINANZIARIO LOCALE
PER GLI ANNI DELLA DURATA DEL PROGETTO
In ML
Mater. Affitti e
ANNI Miss. Miss. di Trasp.e | Spese manut. Mat. Costruz. TOTALE
FINANZIARI interno estero cons. Facch. | Calcolo appar. inventar. apparati | Competenza
2001 20 40 305 80 445
2002 20 40 50 40 400 550
2003 20 40 50 40 400 550
TOTALI 60 120 405 160 800 1545
Note: Osservazioni del Direttore della Struttura in merito alla
disponibilitd di personale e di attrezzature:
E' un'attivita' strategica che ha pieno supporto da parte del servizio
elettronico della Sezione.
Mod. EC. 3

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 APENEXT 5

Struttura
PISA

COMPOSIZIONE DEL GRUPPO DI RICERCA

- ® - ®
RICERCATORI Qualifica E Qualifica E
S TECNOLOGI v =
Dipendenti Incarichi al. g Dipendenti | Incarichi g
N Cognome e Nome Ruolo | art 23 | Ricercal Assoc. bruppd & | N Cognome e Nome Ruolo |Art 23 |Ass. Tecrol. | &
1 |Tripiccione Raffaele D.R. 5 |75 Errico Walter Tecn 100
Magazzu' Guido Tecn 75
Schifano Fabio Tecn 100
Numero totale dei Tecnologi 30
Tecnologi Full Time Equivalent 28
Qualifica %
>
TECNICI Dipendenti | Incarichi E
N Cognome e Nome Ruolo | Art. 15 | Collab. | Assoc. %
tecnica| tecnica| O-
Numero totale dei Ricercatori 1,0 | Numero totale dei Tecnici
Ricercatori Full Time Equivalent 08 | Tecnici Full Time Equivalent

Mod. EC/EN 7 (a cura del responsabile locale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 APENEXT 5

Struttura
PISA

COMPOSIZIONE DEL GRUPPO DI RICERCA (cont.)

LAUREAND' Associazione
Cognome e Nome Sl NO Titolo della Tesi
Giorgino T. O SI ® NQ| Ottimizzazione per apeNEXT di programmi di simulazione per fermioni dinamici
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Denominazione mesi-uomo
SERVIZI TECNICI
Annotazioni

INTERAZIONI CON LE INDUSTRIE (COMMESSE HIGH TECH)

DENOMINAZIONE DESCRIZIONE PRODOTTO O COMMESSA

Realizzazione di un chip di test per le comunicazioni internodo di apeNEXT

Mod. EC/EN 7a (a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 APENEXT 5

Struttura
PISA

Consuntivo anno 1999/2000

LAUREATI

Cognome e Nome Titolo della Tesi Sbocco professionale

Laurea in

Laurea in

Laurea in

Laurea in

Laurea in

DOTTORI di RICERCA

Dott in

Dott in

Dott in

Dott in

PRESENTAZIONI A CONFERENZE SU INVITO E SEMINARI SIGNIFICATIVI

Relatore Titolo Conferenza o luogo

Mod. EC 9 (a cura del responsabile locale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 APENEXT 5

Struttura

PISA

Consuntivo anno 1999/2000

Capitolo

Variazione (ML)

SIGNIFICATIVE VARIAZIONI DI BILANCIO

Motivazione

Missioni Interne
Missioni Estere
Consumo

Traporti e Facchinaggio
Spese Calcolo

Affitti e Manutenzioni
Materiale Inventariabile
Costruzione Apparati
Totale storni

CONFERENZE, WORKSHOP e SCUOLE ORGANIZZATE in ITALIA

Data Titolo Luogo
SIGNIFICATIVE COMMESSE E RELATIVO IMPORTO
ANAGRAFICA FORNITORE DESCRIZIONE PRODOTTO O COMMESSA IMPORTO (ML)

Mod. EC 10

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE

Codice | Esperimento | Gruppo

5

Preventivo per I'anno 2001 1146 CALMA
Rappresentante U. BOTTIGLI
Struttura Nazionale:
PISA Stuttura di PISA
appartenenza:

Ricercatore

responsabile locale: U, Bottigli

Posizione nell.N.F.N.; Incar. di Ric.

INFORMAZIONI GENERALI

Linea di ricerca

Elaborazione di immagini mediche e biologiche

Laboratorio ove
Si raccolgono i dati

Ospedali da Bari, Bologna, Livorno, Massa, Sassari, Torino, Udine

Sigla dello
esperimento assegnata
dal Laboratorio

CALMA

Acceleratore usato

Fascio
(sigla e caratteristiche)

Processo fisico
studiato

Interazione da raggi X con la matoria biologica

Apparato strumentale
utilizzato

Tubo radiogeno

Sezioni partecipanti
all'esperimento

BO, PI, UD

Istituzioni esterne
all'Ente partecipanti

Ospedali da Bari, Bologna, Livorno, Massa, Pisa, Sassari, Torino, Udine

Dipartimento di Informatica dell'Universita' di Ginevra

Durata esperimento

4 anni

Mod. EC. 1




ISTITUTO NAZIONALE DI FISICA NUCLEARE
Preventivo per I'anno 2001

Struttura

PREVENTIVO LOCALE DI SPESA PER L'ANNO

Codice

Esperimento

Gruppo

1146

CALMA

2001

In ML

VOCI
DI
SPESA

DESCRIZIONE DELLA SPESA

IMPORTI

Parziali

Totale
Compet.

A cura della
Comm.ne
Scientifica
Nazionale

Interno

Implementazione stazioni CAD presso gli ospedali di
Bari, Sassari e Torino. Riunioni di gruppo. Digitalizzazioni per
l'incremento del database. 2 congressi

30

Viaggi e missioni

Estero

Contatti con i senologi di Nijmegen (NL).
Contatti con il Dipartimento di Informatica di Ginevra
2 congressi

20

20

Materiale
Consumo

Software commerciale e schede di rete per comunicazione
DICOM delle stazioni CAD

15

15

Trasp.e
facch

Ore CPU

Spazio Disco

Cassette

Altro

Spese
Calcolo

Affitti e
manutenz.

apparecchiat.

Materiale
Inventariabile

Costruzione
Apparati

Note:

Totale

65

Mod. EC. 2

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE codice | Esperimentolcs

Preventivo per I'anno 2001 1146 CALMA

ALLEGATOMODELLO EC 2

All. Mod. EC. 2 (a cura del responsabile locale)



Preventivo per I'anno 2001 1146 CALMA 5

Struttura
PISA

PREVISIONE DI SPESA: PIANO FINANZIARIO LOCALE
PER GLI ANNI DELLA DURATA DEL PROGETTO

In ML
Mater. Affitti e
ANNI Miss. Miss. di Trasp.e | Spese manut. Mat. Costruz. TOTALE
FINANZIARI interno estero cons. Facch. | Calcolo appar. inventar. apparati | Competenza
2001 30 20 15 65
TOTALI 30 20 15 65
Note: Osservazioni del Direttore della Struttura in merito alla

disponibilita di personale e di attrezzature:

Queste attivita' fanno parte del programma sulla mammografia digitale che
e' articolato in una parte software (algoritmi per il riconoscimento di
immagini),CALMA, e in una parte hardware (sviluppo del rievamento a pixel
per la radiografia), MAMA.

Mod. EC. 3
(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 1146 CALMA 5
Struttura
PISA
PREVENTIVO GLOBALE PER L'ANNO 2001
In ML
, A
A CARICO DELL’ LN.F.N. carico
Struttura di
Miss. Miss. Mgter. Trasp. | Spese ﬁ/lffitti {e Mater. | Costruz. | TOTALE altri
' [ e anut. | j .
interno | estero Ons. Facch. Calc. Appar inventar. | appar. Compet. Enti
BOLOGNA 6 10 8 24 0
PISA 30 20 15 65 0
UDINE 5 3 5 13 0
TOTALI 41 33 28 102 0

NB. Lacolonna A carico di altri Enti

Note:

Mod. EC. 4

deve essere compilata obbligatoriamente

(a cura del rappresentante nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 1146 CALMA 5
Struttura
PISA

A) ATTMITA" SVOLTA NELL’ANNO 2000

La collaborazione ha continuato la raccolta di immagini mammografiche, con diagnosi, digitalizzate con passo di 85 microns e
profondita’ di 12 bit. Attualmente il database contiene 4000 mammogrammi corrispondenti a 1500 pazienti ed €', per la nostra
conoscenza, il piu' grande database d'europa.

E' continuato lo studio sulla classificazione automatica del tessuto parenchimale e delle lesioni (stellate e microcalcificazioni). |
risultati ottenuti hanno permesso la costruzione di una stazione CAD nelllstituto di Radiologia dell'Universitd di Udine.
Attualmente sono in corso i test clinici per la validazione di questo sistema di CAD.

B) ATTIVITA’ PREVISTA PER L’ANNO 2001

Nel 2001¢ prevista la costruzione di tre stazioni di CAD presso gli Ospedali di Bari, Sassari e Torino per iniziare una serie di test
clinici su scala nazionale. Gli algoritmi di CAD saranno orientati allanalisi delle mammografie di screening presso i centri di Udine
e Torino e all'analisi delle mammografie cliniche presso i centri di Bari e Sassari. Continuera' la raccolta di immagini con diagnosi
coerenti per incrementare le dimensioni del database e ridurre la parte statistica dell'errore di classificazione.

C) FINANZIAMENTI GLOBALI AVUTI NEGLI ANNI PRECEDENTI In ML
Anno Missioni |Missioni |Materiale | Trasp. |Spese | Affitti e Materiale |Costruz.
Finanziario | interno | estero di e |calcolo |Manut. |inventar. |apparati | TOTALE
consumo | Facch. Apparec.
1998 31 12 12 92 147
1999 39 19 21 79
2000 36 18 20 30 104
TOTALE 106 49 53 122 330
Mod. EC. 5

(a cura del rappresentante nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice Esperimento Gruppo
Preventivo per I'anno 2001 1146 CALMA 5
Struttura
PISA
PREVISIONE DI SPESA
Piano finanziario globale di spesa
In ML
ANNI Miss. Miss. Materiale | Trasp.e | Spese Affitti e Mat. Costruz. TOTALE
FINANZIART | interno estero di Facch. | calcolo manut. | inventar. | apparati Competenza
cons. appar.

2001 41 33 28 102
TOTALI 41 33 28 102
Note:

Mod. EC. 6

(a cura del rappresentante nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 1146 CALMA 5
Struttura
PISA
COMPOSIZIONE DEL GRUPPO DI RICERCA

. ® . ®

R| ER T R| Qualifica E Qualifica E

CERCATO o gl | TEeNoLoa | s

Dipendenti Incarichi al g Dipendenti | Incarichi g

N Cognome e Nome Ruolo | art 23 | Ricercal Assoc. bruppd & | N Cognome e Nome Ruolo |Art 23 |Ass. Tecrol. | &

1 |Bottigli Ubaldo P.A. 5 | 50 |1 |Delogu Pasquale T.Laur. 100
2 |Fantacci M. Evelina R.U. 5 |30
3 |Marchi Andrea Bors. | 5 |100
4 |Marzulli Vincenzo AsRic| 5 | 40
5 |Palmiero Rosa Bors. | 5 |100
6 |Samaritani Andrea Bors. | 5 |100

Numero totale dei Tecnologi 10

Tecnologi Full Time Equivalent 10

Qualifica %

TECNICI Dipendenti Incarichi %

N Cognome e Nome Ruolo | Art. 15 | Collab. | Assoc. %

tecnica| tecnica| O-

Numero totale dei Ricercatori
Ricercatori Full Time Equivalent

6,0

42

Numero totale dei Tecnici
Tecnici Full Time Equivalent

Mod. EC/EN 7

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 1146 CALMA 5

Struttura
PISA

COMPOSIZIONE DEL GRUPPO DI RICERCA (cont.)

LAUREAND| Associazione
Cognome e Nome Sl NO | Titolo dellaTesi
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Denominazione mesi-uomo
SERVIZI TECNICI
Annotazioni

INTERAZIONI CON LE INDUSTRIE (COMMESSE HIGH TECH)

DENOMINAZIONE DESCRIZIONE PRODOTTO O COMMESSA

Mod. EC/EN 7a (a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 1146 CALMA 5

Struttura
PISA

REFEREES DEL PROGETTO

Cognome e Nome Argomento

Salina Gaetano

Arcovito Giuseppe

MILESTONES PROPOSTE PER |L 2001

Data completamento Descrizione

COMPETITIVITA’ INTERNAZIONALE

L'eperimento si propone di costruire un sistema di CAD per mammografia di screening e clinica. In questo ambito il sistema proposto si
confronta con analoghi sistemi in fase di test (Chicago e Toronto) e in fase di sviluppo (Nijmegen).

LEADERSHIPS NEL PROGETTO

Cognome e Nome Funzioni svolte

Bottigli Ubaldo Responsabile nazionale

Mod. EC/EN 8 (a cura del responsabile nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 1146 CALMA 5
Struttura
PISA
Consuntivo anno 1999/2000
LAUREATI
Cognome e Nome Titolo della Tesi Sbocco professionale

Reggiani Marco

Laurea in Fisica

Analisi automatica dei tessuti di immagini mammografiche

Borsista ARPAT di Pisa

Tangaro Sabina

Laurea in Fisica

Analisi di un database mammografico: classificazione dei tessuti e ricerca di
microcalcificazioni

Borsista IASS di Salerno

Venier Oreste

Laurea in Fisica

Rivelazione automatica di lesioni stellate nella mammografia di screening

Laurea in

Laurea in

DOTTORI di

RICERCA

Dott in

Dott in

Dott in

Dott in

PRESENTAZIONI A CONFERENZE SU INVITO E SEMINARI SIGNIFICATIVI

Relatore

Titolo

Conferenza o luogo

Bottigli Ubaldo

Le nuove tecnologie, mito e realtd: Computer Aided Diagnosis

Incontro Nazionale di
Senologia, Bari 27-10-1999

automatica

Bottigli Ubaldo The CALMA project: a CAD tool in breast radiography IWoRID 1999

Bottigli Ubaldo Il progetto CALMA: un sistema computerizzato per I'analisi automatica delle TEAM 2000
mammografie

Bottigli Ubaldo Analisi di immagini mediche basata su tecniche neurali per diagnosi SIF 1999

Bottigli Ubaldo

Il progetto CALMA: un sistema di CAD per mammografia

Universita di Sassari
2000

Mod. EC 9

(a cura del responsabile locale)

Perfezionando SSFS di Pisa




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 1146 CALMA 5

Struttura

PISA

Consuntivo anno 1999/2000

Capitolo Variazione (ML)

SIGNIFICATIVE VARIAZIONI DI BILANCIO

Motivazione

Missioni Interne
Missioni Estere e
Consumo e
Traporti e Facchinaggio ...,
Spese Calcolo e
Affitti e Manutenzioni e
Materiale Inventariabile ...
Costruzione Apparati = .eceneerrrsneeeinnns
Totale storni

CONFERENZE, WORKSHOP e SCUOLE ORGANIZZATE in ITALIA

Data Titolo Luogo
SIGNIFICATIVE COMMESSE E RELATIVO IMPORTO
ANAGRAFICA FORNITORE DESCRIZIONE PRODOTTO O COMMESSA IMPORTO (ML)

Mod. EC 10

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 1146 CALMA 5

Struttura
PISA

Consuntivo anno 1999/2000

MILESTONES RAGGIUNTE

Data completamento Descrizione

Commento al conseguimento delle milestones

SVILUPPO DI STRUMENTAZIONE INNOVATIVA

E' stata realizzata una stazione CAD che consente l'acquisizione, l'archiviazione, la descrizione da parte del radiologo e quella automatica di
mammografie di screening. Tale stazione € sotto test clinico presso l'lstituto di Radiologia dell'Universita di Udine.

Ricadute su altri gruppi, sul sistema industriale e su altre discipline

Mod. EC 11 (a cura del responsabile nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 1146 CALMA 5

Struttura
PISA

Elenco delle pubblicazioni anno 1999/2000

S.R. Amendolia et al.,"A tool for mammography: CALMA", Computer-Aided Diagnosis in Medical Imaging, K. Doi et al. Editors, Elsevier
Science, 1999, 299

P. Delogu, "The automatic detection of microcalcifications clusters in the CALMA project: status and perspectives", Neural Nets WIRN Vietri-99,
Springer, 1999, 195

R. Palmiero, "The search for spiculated lesions in the CALMA project: status and perpesctives”, Neural Nets WIRN Vietri-99, Springer, 1999,
213

S.R. Amendolia et al., "A CAD tool for early diagnosis: massive lesions and microcalcification cluster detection in breast radiography",
Proceedings of the AIHEN99 Conference, in press

S.R. Amendolia et al., "The CALMA project: a CAD tool in breast radiography”, Nucl. Instr. and Meth. in press

S.R. Amendolia et al.,"The CALMA database of mammographic images: search for spiculated lesions and microcalcification clusters”, Nucl.
Instr. and Meth. in press

S.R. Amendolia et al., "The CALMA mammographs database: image collection and CAD tools for spiculated lesions detection and texture
classification", Medical Physics in press

S.R. Amendolia et al., "Automated diagnosis of breast cancers: status of the CALMA project" , Nucl. Instr. and Meth. in press

Mod. EC 11a (a cura del responsabile nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE
Preventivo per I'anno 2001

Struttura

PISA

Ricercatore

responsabile locale: P, Giannetti

Codice | Esperimento [ Gruppo
FASTRACK 5

Rappresentante P. Giannetti

Nazionale:

Struttura di PISA

appartenenza:

Posizione nelll.N.F.N.; | Ricercatore

INFORMAZIONI GENERALI

Linea di ricerca

Pattern Recognition per trigger ai collider adronici

Laboratorio ove
Si raccolgono i dati

Pisa, CERN ed Universita' di Ginevra

Sigla dello
esperimento assegnata
dal Laboratorio

Acceleratore usato

Fascio
(sigla e caratteristiche)

Processo fisico
studiato

Apparato strumentale
utilizzato

Workstations SUN e PC

CADS CADENCE, XILINX, ALTERA

Stazioni di test VME

Sezioni partecipanti
all'esperimento

Pisa

Istituzioni esterne
all'Ente partecipanti

Universita' di Ginevra

Universita' di Pisa

Scuola Normale Superiore di Pisa
Universita' di Roma "La Sapienza"
Universita' di Padova

Durata esperimento

3 anni

Mod. EC. 1




ISTITUTO NAZIONALE DI FISICA NUCLEARE

Preventivo per I'anno 2001

Struttura

PISA

Codice

Esperimento

Gruppo

FASTRACK

PREVENTIVO LOCALE DI SPESA PER L'ANNO

2001

In ML

VOCI
DI
SPESA

DESCRIZIONE DELLA SPESA

IMPORTI

Parziali

Totale
Compet.

A cura della
Comm.ne
Scientifica
Nazionale

Interno

Contatti con ditte italiane
Seminari e mostre di elettronica

Viaggi e missioni

Estero

Contatti scientifici con i collaboratori dell'Universita' di
Ginevra, parziale test dei prototipi, contatti con ditte
Conferenze

20

20

Materiale
Consumo

Data Organizer (Do)

35

Trasp.e
facch

Spese
Calcolo

Consorzio Ore CPU Spazio Disco Cassette

Altro

Affitti e
manutenz.
apparecchiat.

Materiale
Inventariabile

Costruzione
Apparati

Note:

Totale

Mod. EC

.2

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE
Preventivo per I'anno 2001

Struttura

PISA

ALLEGATOMODELLO EC 2

Codice

Esperimento

Gruppo

FASTRACK

All. Mod. EC. 2

(a cura del responsabile locale)




Preventivo per I'anno 2001 FASTRACK 5
Struttura
PISA
PREVISIONE DI SPESA: PIANO FINANZIARIO LOCALE
PER GLI ANNI DELLA DURATA DEL PROGETTO
In ML
Mater. Affitti e
ANNI Miss. Miss. di Trasp.e | Spese manut. Mat. Costruz. TOTALE
FINANZIARI interno estero cons. Facch. | Calcolo appar. inventar. apparati | Competenza
2001 5 20 35 60
TOTALI 5 20 35 60
Note: Osservazioni del Direttore della Struttura in merito alla
disponibilita di personale e di attrezzature:
E' un'evoluzione del programma SVT nell'ambito del progetto CDF. Se
I'esperimento avra' successo il trigger impieghera’ una macchina adronica di
alta energia tipo CMS. Al momento l'impiego richiesto alla Sezione non €'
enorme, la competenza dei ricercatori coinvolti e' fuori dubbio. Pertanto
giudico accettabile I'sperimento e compatibile con le risorse della Sezione.
Mod. EC. 3

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI HSICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 FASTRACK 5
Struttura
PISA
PREVENTIVO GLOBALE PER L'ANNO 2001
In ML
, A
A CARICO DELL’ LN.F.N. oo
Struttura di
Miss. Miss. Mgter. Trasp. Spese ﬁ/lffitti {e Mater. | Costruz. TOTALE altri
i [ e anut. || .
interno estero cons. Faoch. Calc. Appar inventar. | appar. Compet. Enti
INFN-C-PI * 31
MURST * 212
PISA 5 20 35 60 0
SNS-Pisa * 9
U. Pisa * 30
U. Padova * 12
INFN-C-R* 12
TOTALI 5 20 35 60 306

NB. Lacolonna A carico di altri Enti

Note: * Non ancora approvato.

Mod. EC. 4

deve essere compilata obbligatoriamente

(a cura del rappresentante nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 FASTRACK 5

Struttura
PISA

A) ATTMITA" SVOLTA NELL’ANNO 2000

1) Studio di canali di fisica analizzabili grazie ad un trigger di vertici secondari. E' stato studiato il canale adronico Httbar.
Nonostante le grandi incertezze rivelate, il risultato & interessante, addirittura prospetta la possibilita che il canale adronico risulti
migliore del corrispondente leptonico (Httbar con un W che decade leptonicamente: ATL-PHYS-98-132).

2) Costruzione hardware. Il Data Organizer ha subito dei ritardi rispetto alle previsioni, in quanto € stato necessario molto tempo
per ottimizzare il piazzamento della logica nei chips programmabili al fine di portare la frequenza di lavoro dai 25 MHz iniziali ai
40 MHz voluti. Adesso il progetto & soddisfacente manca pero0 il layout e routing della scheda. La schedina LAMB & stata
completata ed ordinato il PCB. La AMboard e relativo sistema di test sono quasi completi e I'ordine del PCB é previsto per la
fine di luglio.

3) Studio delle performances dell'intero sistema (il tracker di CMS & usato come banco di prova). Si & dimostrato che le
memorie associative possono lavorare con una qualunque logica di livello 2, anche CPU commerciali, rendendo inutile il Local
Tracker (TSP), anche per i casi pit complessi. Si dimostra che I'hardware necessario sarebbe compatto e ragionevolmente
realizzabile.

B) ATTIVITA’ PREVISTA PER L’ANNO 2001

Gli scopi dell'attivita del 2001 sono:

1) Portare a termine il PCB del Data Organizer.

2) Testare i singoli pezzi costruiti.

3) Connettere i vari pezzi e farli funzionare tutti insieme.

C) FINANZIAMENTI GLOBALI AVUTI NEGLI ANNI PRECEDENTI In ML
Anno Missioni |Missioni |Materiale | Trasp. |Spese | Affitti e Materiale |Costruz.
Finanziario | interno | estero di e |calcolo |Manut. |inventar. |apparati | TOTALE
consumo | Facch. Apparec.
DOT. 10 10
1999 3 10 23 36
2000 5 15 20 40
2000 35s.. 35
TOTALE 8 25 88 121
Mod. EC. 5

(a cura del rappresentante nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento Gruppo
Preventivo per I'anno 2001 FASTRACK 5
Struttura
PISA
PREVISIONE DI SPESA
Piano finanziario globale di spesa
In ML
ANNI Miss. Miss. Materiale | Trasp.e | Spese Affitti e Mat. Costruz. TOTALE
FINANZIART | interno estero di Facch. | calcolo manut. | inventar. | apparati Competenza
cons. appar.

2001 5 20 35 60
TOTALI 5 20 35 60
Note:

Mod. EC. 6

(a cura del rappresentante nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento ] Gruppo
Preventivo per 'anno 2001 FASTRACK 5
Struttura
PISA
COMPOSIZIONE DEL GRUPPO DI RICERCA
Qualifica < Qualifica <
RICERCATOR : : | Affer. | £ TECNOLOGI : . | 2
Dipendenti Incarichi al g Dipendenti | Incarichi g
Cognome e Nome Ruolo | art 23 | Ricercal Assoc. Bruppd & Cognome e Nome Ruolo |Art 23 |Ass. Tecrol. | &
1 |Bagliesi Maria Grazia Bors. | 5 | 70 Morsani Fabio Tecn 50
2 |Dell'Orso Mauro P.A. 1 |30
3 |Giannetti Paola I Ric 5 | 60
4 |lannaccone Giuseppe R.U. 1|30
5 |Pietri Marco Bors. | 5 |100
Numero totale dei Tecnologi 10
Tecnologi Full Time Equivalent 05
Qualifica %
TECNICI Dipendenti | Incarichi %
Cognome e Nome Ruolo | Art. 15 | Collab. | Assoc. %
tecnica| tecnica| O-
Numero totale dei Ricercatori 50 | Numero totale dei Tecnici
Ricercatori Full Time Equivalent 29 | Tecnici Full Time Equivalent

Mod. EC/EN 7

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 FASTRACK 5

Struttura
PISA

COMPOSIZIONE DEL GRUPPO DI RICERCA (cont.)

LAUREAND' Associazione
Cognome e Nome Sl NO Titolo della Tesi
Annovi Alberto O SI ® NQ| Il processore Fastrack per la selezione online di vertici secondari.
Relatore Mauro Dell'Orso
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
e | SERVIZITECNIC
Annotazioni

INTERAZIONI CON LE INDUSTRIE (COMMESSE HIGH TECH)

DENOMINAZIONE DESCRIZIONE PRODOTTO O COMMESSA
AVNET Acquisto dispositivi programmabili di avanguardia e prodotti IDT
CISTELAIER (Modena) Realizzazione di circuiti stampati molto complessi
ELCO (Roma)
S. MARCO (Udine) Montaggio circuiti stampati molto complessi
SELCOM (Bologna
VIDEOELETTRONIC Montaggio circuiti stampati molto complessi

(Motta di Livenza)

Mod. EC/EN 7a (a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 FASTRACK 5

Struttura

PISA

REFEREES DEL PROGETTO

Cognome e Nome

Argomento

Veneziano Stefano

Martinelli Roberto

Budinich Marco

MILESTONES

PROPOSTE PER |L 2001

Data completamento Descrizione
1/4/2001 Test della LAMB e della AMboard completi
1/7/2001 Ordine del circuito stampato del Data Organizer
1/11/2001 Test del Data Organizer completo
31/12/2001 Test dell'intero sistema completo

COMPETITIVITA’ INTERNAZIONALE

progetto & un naturale sviluppo
aumenterebbe notevolmente le

La tecnica di pattern recognition sviluppata a Pisa per l'identificazione online di vertici secondari prodotti nel decadimento di quark pesanti ha
conquistato una posizione di primo piano a livello internazionale, tramite I'applicazione nell'esperimento CDF al Tevatron di Fermilab. Il presente

e potenziamento di questa tecnica, basato sull'utilizzo di elettronica di avanguardia. Il suo successo
potenzialita degli esperimenti successivi a CDF.

LEADERSHIPS NEL PROGETTO

Cognome e Nome

Funzioni svolte

Giannetti Paola

Rappresentante Nazionale e locale di Pisa. Controllo e coordinamento dello sviluppo dell'hardware e

degli studi di fisica.

Carosi Roberto

Studio delle performances dell'intero sistema.

Dell'Orso Mauro

Controllo della simulazione dell'intero processore.

Mod. EC/EN 8

(a cura del responsabile nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 FASTRACK 5
Struttura
PISA
Consuntivo anno 1999/2000

LAUREATI

Cognome e Nome Titolo della Tesi Sbocco professionale
Varotto Graziano Progetto di una memoria associativa, basata su FPGA, per il riconoscimento di

tracce in un collider adronico.

Laurea in Ingegneria Elet.
D'Onofrio Monica Il bosone di Higgs in eventi Httbar a CMS Borsa INFN

Laurea in Fisica

Laurea in

Laurea in

Laurea in

DOTTORI di

RICERCA

Dott in

Dott in

Dott in

Dott in

PRESENTAZIONI A CONFERENZE SU INVITO E SEMINARI SIGNIFICATIVI

Relatore

Titolo

Conferenza o luogo

Mod. EC 9

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 FASTRACK 5

Struttura

PISA

Consuntivo anno 1999/2000

Capitolo Variazione (ML)

SIGNIFICATIVE VARIAZIONI DI BILANCIO

Motivazione

Missioni Interne
Missioni Estere e
Consumo e
Traporti e Facchinaggio ...,
Spese Calcolo e
Affitti e Manutenzioni e
Materiale Inventariabile ...
Costruzione Apparati = .eceneerrrsneeeinnns
Totale storni

CONFERENZE, WORKSHOP e SCUOLE ORGANIZZATE in ITALIA

Data Titolo Luogo
SIGNIFICATIVE COMMESSE E RELATIVO IMPORTO
ANAGRAFICA FORNITORE DESCRIZIONE PRODOTTO O COMMESSA IMPORTO (ML)

Mod. EC 10

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 FASTRACK 5

Struttura
PISA

Consuntivo anno 1999/2000
MILESTONES RAGGIUNTE

Data completamento Descrizione
Studio dei canali di fisica Httbar, Hbbbar (SM) e H, A (MSSM) ----> bbbar. Studio di un processore per il barrel

MARZO 2000
di CMS: scelta della "road size", calcolo della dimensione della banca di patterns, e dell'hardware,
studio dei tempi di esecuzione.

GIUGNO 2000 Progetto AMBOARD e Data Organizer pronti e simulati

LUGLIO 2000 Layout e routing pronti per AMBOARD e LAMB

Commento al conseguimento delle milestones

SVILUPPO DI STRUMENTAZIONE INNOVATIVA

Ricadute su altri gruppi, sul sistema industriale e su altre discipline

Per quanto sia mirato ad una specifica apllicazione del campo della fisica subnucleare, va sottolineato che il progetto coinvolge competenze ad
ampio spettro nel campo dell'elettronica, informatica e matematica applicata e che i risultati possono avere ricadute di notevole interesse in altri
campi di ricerca dove & necessario ricostruire in tempi molto brevi configurazioni o immagini complesse a partire da una grande mole di dati

digitalizzati. Inoltre, l'aver attivato in sezione l'uso dei chips XILINX permette ad altri gruppi un facile inserimento ed uso di queste tecnologie (vedi

p.e. proposte per un multicanale nel progetto FLUXEN).

Mod. EC 11 (a cura del responsabile nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 FASTRACK 5

Struttura
PISA

Elenco delle pubblicazioni anno 1999/2000

1. A. Bardi et al., " A Real-Time Tracking for Hadronic Collider Experiments”, IEEE Transaction on Nuclear Science, vol. 46, N.4, August 1999,
p. 947.

2. A. Bardietal., " A Prototype of Programmable Associative Memory for Track Finding", IEEE Transaction on Nuclear Science, vol. 46, N.4,
August 1999, p. 940.

Mod. EC 11a (a cura del responsabile nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento Gruppo

Preventivo per I'anno 2001 FLUXEN 5
Rappresentante U. Bottigli
Struttura Nazionale:
PISA Stuttura di Universita' di Pisa
appartenenza:

Ricercatore
responsabile locale: U, Bottigli

Posizione nell.N.F.N.; Collaboratore

PROGRAMMA DI RICERCA

A) INFORMAZIONI GENERALI

Linea di ricerca

Misure di flusso/energia su fasci di fotoni per la caraterizzazione dei sistemi di imaging
radiografici e per la dosimetria di fasci terapeutici.

Laboratorio ove
Si raccolgono i dati

Sezioni INFN partecipanti e Ospedali collaboranti

Acceleratore usato

Fascio
(sigla e caratteristiche)

Processo fisico
studiato

Interazione radiazione elettromagnetica con la materia.

Apparato strumentale
utilizzato

Tubo radiogeno e acceleratori terapeutici.

Sezioni partecipanti
all'esperimento

CA, CT, LE, NA, PL.

Istituzioni esterne
all'Ente partecipanti

Ospedali di Bari, Cagliari, Sassari, Torino e Udine.

Durata esperimento

2 anni.

Secondo anno

B) SCALA DEI TEMPI: pianodisvolgimento
PERIODO ATTIVITA PREVISTA
Primo anno Misure di flusso ed energia su fasci diagnostici. Simulazione di sistemi di misura per fasci

terapeutici.

Realizzazione di un sistema compatto per la misura di MTF e DQE su sistemi radiografici.
Progetto di un misuratore di flusso-energia per fasci terapeutici.

Mod. EN. 1

(a cura del rappresentante nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento Gruppo

Preventivo per I'anno 2001 FLUXEN 5

Struttura
PISA

PREVENTIVO LOCALE DI SPESA PER L'ANNO 2001 In ML

IMPORTI

VoC DESCRIZIONE DELLA SPESA A cura della

> i | ootale Scientifica
SPESA Parziali Compet.

Nazionale

Misure su fasci diagnostici (SS) e fasci terapeutici (NA). 15

Interno

15

Viaggi e missioni

Estero

Un congresso. Trasferte al CERN per sviluppo montecarli. 10 10

Software commerciale interfaccia utente.
Schede alloggio rivelatori. 20
Metabolismo di laboratorio. 20

Materiale
Consumo

Trasp.e
facch

Consorzio Ore CPU Spazio Disco Cassette Altro

Spese
Calcolo

Affitti e
manutenz.
apparecchiat.

Materiale
Inventariabile

Costruzione
Apparati

Totale 45

Note:

Mod. EN. 2 (a cura del responsabile locale)



ISTITUTO NAZIONALE DI HSICA NUCLEARE Nuovo Esperimento Gruppo
Preventivo per I'anno 2001 FLUXEN 5
PISA

ALLEGATOMODELLO ENZ2

La Sezione di Pisa, all'interno della collaborazione FLUXEN, lavorera' sia sul problema dei fasci diagnostici che sul problema dei
fasci terapeutici.

Fasci Diagnostici

Verra' sviluppato il software per la misura delle proprieta’ di imaging dei sistemi radiografici. Tale software permettera’, a partire da
immagini standard e dalle misure di flusso-energia del fascio, il calcolo delle funzioni MTF(f) e DQE(f). Verra' sviluppata anche
un'interfaccia grafica in modo da rendere il software user frendly.

Per quanto riguarda il misuratore di flusso-energia, la Sezione di Pisa sviluppera’ un metodo basato sulluso del rivelatore
MEDIPIX. Tale metodo, basato sulla possibilita' di agire in modo indipendente sulla soglia di rivelazione per ogni pixel, permettera’
l'acquisizione di spettri su tubi ad alto rate.

Fasci Terapeutici

Verranno sviluppati i codici montecarlo per la simulazione di rivelatori per fotoni di energia 1-15 MeV.
Verrano testati su fasci terapeutici prototipi di calorimetri elettromagnetici reperibili in sezione.

All. Mod. EC. 2 (a cura del responsabile locale)



ISTITUTO NAZIONALE DI HSICA NUCLEARE Nuovo Esperimento Gruppo
Preventivo per I'anno 2001 FLUXEN 5
Struttura
PISA
PREVISIONE DI SPESA: PIANO FINANZIARIO LOCALE
PER GLI ANNI DELLA DURATA DEL PROGETTO
In ML
Mater. Affitti e
ANNI Miss. Miss. di Trasp.e | Spese manut. Mat. Costruz. TOTALE
FINANZIARI interno estero cons. Facch. | Calcolo appar. inventar. apparati | Competenza
2001 15 10 20 45
2002 15 10 15 40
TOTALI 30 20 35 85
Note: Osservazioni del Direttore della Struttura in merito alla
disponibilita di personale e di attrezzature:
Questo sviluppo di software €' un contributo sostanziale all'uso di generatori
di particelle per radioterapia.
Mod. EN. 3

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento | Gruppo

Preventivo per I'anno 2001 FLUXEN 5

Struttura
PISA

PREVISIONE DI SPESA

Piano finanziario globale di spesa

In ML
ANNI Miss. Miss. Materiale | Trasp.e | Spese Affitti e Mat. Costruz. TOTALE
FINANZIARI | interno estero di Facch. | calcolo manut. | inventar. | apparati | Competenza
cons. appar.
2001 62 32 117 33 244
2002 72 32 100 204
TOTALI 134 64 217 33 448
Note:
Mod. EN. 4

(a cura del rappresentante nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento | Gruppo
Preventivo per 'anno 2001 FLUXEN 5

Struttura
PISA

PROPOSTA DI NUOVO ESPERIMENTO

FLUXEN

Fasci di fotoni in medicina vengono regolarmete usati sia in campo diagnostico sia in campo terapeutico e la caratterizzazione di
questi fasci, in termini di flussi e spettri energetici, & determinante per un loro migliore utilizzo e conseguentemente un miglior
risultato diagnostico o terapeutico.

Gli obiettivi della Collaborazione FLUXEN sono la realizzazione di un sistema (hardware+software) compatto e portabile capace di
misurare le caratteristiche fondamentali di sistemi di irraggiamento diagnostici (caratteristiche di imaging) e la simulazione e
progettazione di un analogo sistema per fasci terapeutici (caratteristiche dosimetriche).

Poiche' la situazione sperimentale e di mercato e' assai diversa per i fasci diagnostici e terapeutici, la Collaborazione FLUXEN ha
deciso di affrontare i due problemi con due diversi tipi di programmi sperimentali:

§ un "crash program" che, partendo dai rivelatori ed elettronica di front-end disponibili sul mercato medicale, vuole in parte
modificarli ed integrarli con un software di analisi per produrre una stazione completa capace di misurare le caratteristiche di
imaging di un qualsiasi sistema (sorgente+rivelatore) radiografico;

§ un programma che, utilizzando codici Montecarlo, permetta di simulare e progettare integralmente un rivelatore per fotonida 1 a
15 MeV allo scopo di determinare una "sorgente" per un programma di simulazione dell'interazione dei fotoni con il paziente per la
costruzione di un piano di trattamento radioterapico.

Fasci Diagnostici

Nei reparti radiologici degli ospedali sta iniziando l'uso, accanto ai tradizionali sistemi a lastra (analogici), anche di sistemi digitali.
Questi vanno dalla semplice digitalizzazione delle lastre, a sistemi indirettamente digitali (per esempio basati su fosfori), a sistemi
intrinsecamente digitali (per esempio basati su silicio o selenio amorfo). Allo stato attuale, anche se sono possibili dei confronti
relativi, non ¢ disponibile un sistema che consenta la misura assoluta dei parametri di imaging, quali la MTF (Modulation Transfer
Function) e la DQE (Detective Quantum Efficiency). La maniera standard di valutare la qualita di un sistema di imaging e
determinarne la DQE(f) in funzione della frequenza spaziale f. Al variare di f, la DQE(f) desrive le prestazioni di un qualsiasi
sistema di imaging. Per f=0, la determinazione di DQE(0), richiede la misura del numero di fotoni incidenti, & quindi evidente che la
misura dell'intensita di un fascio con un sistema perfettamente noto nella sua risposta energetica & una richiesta essenziale sia per
gli scopi dosimetrici, sia per determinare la qualita dellimmagine. Attualmente le misure per gli studi di invecchiamento dei tubi a
raggi X e le misure delle caratteristiche di imaging dei sistemi radiografici sono fatte con camere ad ionizzazione: tali rivelatori
fanno una misura integrale dell'energia portata dal fascio.

Per quanto riguarda i fasci diagnostici, I'obiettivo del progetto € la produzione di un prototipo di misuratore di flusso ed energia per
fotoni da 10 a 100 keV.

Mod. EN. 5

. Pag. 1
(a cura del rappresentante nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento | Gruppo
Preventivo per 'anno 2001 FLUXEN 5

Struttura
PISA

PROPOSTA DI NUOVO ESPERIMENTO

Fasci Terapeutici

L'accuratezza nella misura della dose somministrata al paziente in un trattamento radioterapico che dovrebbe essere al massimo il
5% (come da ICRU 24), e' allo stato attuale altamente limitata dalla stima della dose corrispondente al flusso di radiazione usata
(conversione flusso-monitor units dell'acceleratore, usando camere ionizzazione).

Tipicamente i metodi comunemente utilizzati per dare tale stima sono basati:

1) Su Tecniche Empiriche.

In questo caso si stima la dose in un mezzo eterogeneo (il paziente) dalla misura di dose in un mezzo omogeneo (acqua),
mediante fattori correttivi basati su teoremi di scaling (Fano, O'Connor, etc.)

2) Su Kernel

La dose si pensa come formata dalla sovrapposizione opportunamente pesata di fonti di irraggiamento puntiformi (dosimetri
tipicamente TLD)

3) Su trasporto esplicito della radiazione.

Si risale alla dose con metodo Monte Carlo

Tutti i metodi richiedono una corretta caratterizzazione del fascio. Le tecniche empiriche (di accuratezza limitata), poiche' fanno
uso di quantita’ misurate sono di per se' auto-consistenti. Negli altri due casi qualungue metodo di trasporto di radiazione in un
mezzo materiale richiede la conoscenza dell flusso differenziale di energia, in funzione dell'energia e della direzione in tutti i punti di
un piano di riferimento. Allo stato attuale non esistono metodi accettati per misurare tale grandezza in condizioni cliniche. Di
conseguenza ci si basa su misure di dose in fantoccio d'acqua o su calcoli basati sul disegno dell'acceleratore. Questi ultimi devono
considerare, nel trasporto della radiazione, l'interazione di questa con la "testa" dell'acceleratore etc. Una misura diretta del flusso
differenziale "a valle" della macchina che produce la radiazione e' altamente auspicabile.

Per quanto riguarda i fasci terapeutici, l'obiettivo € la simulazione e progetto di un misuratore di flusso ed energia per fotoni da 1 a
15 Mev.

Mod. EN. 5

. Pag. 2
(a cura del rappresentante nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE

Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 FLUXEN 5
Struttura
PISA
COMPOSIZIONE DEL GRUPPO DI RICERCA
e () s (O]
RICERCATORI Qualifica © Qualifica o
S TECNOLOGI v =
Dipendenti Incarichi al. g Dipendenti | Incarichi g
N Cognome e Nome Ruolo | art 23 | Ricercal Assoc. bruppd & | N Cognome e Nome Ruolo |Art 23 |Ass. Tecrol. | &
1 |Amendolia Roberto S. P.O. 5 130
2 |Bisogni M. Giuseppina Bors. | 5 | 50
3 |[Bottigli Ubaldo P.A. 5 | 50
4 |Del Corona Alberto A.O. 5 | 50
5 |Del Tredici Simona A.O. 5 | 50
6 |Fantacci M. Evelina R.U. 5 | 40
7 |Marzulli Vincenzo AsRic| 5 | 60
8 |Oliva Nicola Dott. 5 (100
9 |Rosso Valeria R.U. 5 130
10 |Stefanini Arnaldo P.O. 5 130
Numero totale dei Tecnologi
Tecnologi Full Time Equivalent
Qualifica %
TECNICI Dipendenti | Incarichi %
N Cognome e Nome Ruolo | Art. 15 | Collab. | Assoc. %
tecnica| tecnica| O-
Numero totale dei Ricercatori 10,0 | Numero totale dei Tecnici
Ricercatori Full Time Equivalent 49 | Tecnici Full Time Equivalent

Mod. EC/EN 7

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 FLUXEN 5

Struttura
PISA

COMPOSIZIONE DEL GRUPPO DI RICERCA (cont.)

LAUREAND| Associazione
Cognome e Nome Sl NO | Titolo dellaTesi
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Denominazione mesi-uomo
SERVIZI TECNICI
Annotazioni

INTERAZIONI CON LE INDUSTRIE (COMMESSE HIGH TECH)

DENOMINAZIONE DESCRIZIONE PRODOTTO O COMMESSA

Mod. EC/EN 7a (a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 FLUXEN 5

Struttura
PISA

REFEREES DEL PROGETTO

Cognome e Nome Argomento

MILESTONES PROPOSTE PER |L 2001

Data completamento Descrizione

COMPETITIVITA’ INTERNAZIONALE

LEADERSHIPS NEL PROGETTO

Cognome e Nome Funzioni svolte

Bottigli Ubaldo Responsabile nazionale e locale

Mod. EC/EN 8 (a cura del responsabile nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE

Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 FLUXEN 5
Struttura
PISA
Consuntivo anno 1999/2000
LAUREATI
Cognome e Nome Titolo della Tesi Sbocco professionale

Laurea in

Laurea in

Laurea in

Laurea in

Laurea in

DOTTORI di

RICERCA

Dott in

Dott in

Dott in

Dott in

PRESENTAZIONI A CONFERENZE SU INVITO E SEMINARI SIGNIFICATIVI

Relatore

Titolo

Conferenza o luogo

Mod. EC 9

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 FLUXEN 5

Struttura

PISA

Consuntivo anno 1999/2000

Capitolo Variazione (ML)

SIGNIFICATIVE VARIAZIONI DI BILANCIO

Motivazione

Missioni Interne
Missioni Estere e
Consumo e
Traporti e Facchinaggio ...,
Spese Calcolo e
Affitti e Manutenzioni e
Materiale Inventariabile ...
Costruzione Apparati = .eceneerrrsneeeinnns
Totale storni

CONFERENZE, WORKSHOP e SCUOLE ORGANIZZATE in ITALIA

Data Titolo Luogo
SIGNIFICATIVE COMMESSE E RELATIVO IMPORTO
ANAGRAFICA FORNITORE DESCRIZIONE PRODOTTO O COMMESSA IMPORTO (ML)

Mod. EC 10

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 FLUXEN 5

Struttura
PISA

Consuntivo anno 1999/2000

MILESTONES RAGGIUNTE

Data completamento Descrizione

Commento al conseguimento delle milestones

SVILUPPO DI STRUMENTAZIONE INNOVATIVA

Ricadute su altri gruppi, sul sistema industriale e su altre discipline

Mod. EC 11 (a cura del responsabile nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 FLUXEN 5

Struttura
PISA

Elenco delle pubblicazioni anno 1999/2000

Mod. EC 11a (a cura del responsabile nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 GEM 5
Rappresentante A. DEL GUERRA
Struttura Nazionale:
PISA Stuttura Pisa
appartenenza:

Ricercatore

responsabile locale: A, Del Guerra

Posizione nelll.N.F.N.:

Inc. di Ricerca

INFORMAZIONI GENERALI

Linea di ricerca

Interdisciplinare

Laboratorio ove
Si raccolgono i dati

Dipartimento di Fisica (FE), Dipartimento di Fisica (PI),

Sigla dello
esperimento assegnata
dal Laboratorio

Acceleratore usato

Fascio
(sigla e caratteristiche)

Processo fisico
studiato

Emissione b* (2g) da parte di radiofarmaci marcati b*

Apparato strumentale
utilizzato

Scintillatori a matrice
Rivelatori sensibili alla posizione

Sezioni partecipanti
all'esperimento

FE, PI

Istituzioni esterne
all'Ente partecipanti

Durata esperimento

Prolungamento di un anno

Mod. EC. 1




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento  |Gruppo
Preventivo per I'anno 2001 GEM 5
Struttura
PISA
PREVENTNO LOCALE DI SPESA PER L’ANNO 2001 n ML
VOC DESCRIZIONE DELLA SPESA IMPORT] A cura della
Dl parziali | 2@ | Senttica
SPESA arziail Compet. Nazionale
_ g Missioni a Ferrara e congressi nazionali 3
1= Q
8 | E 3
2
1S
[}
D o . . . . .
=4 g |1 viaggio all'Universita' di Southampton
> E 1 viaggio al CERN per I'elettronica di Read-Out dellHPD 2 6
Partecipazione conferenza IEEE-NSS-MIC 2001 (San Diego) 4
o O
< E . . .
5 B Metabolismo per il laboratorio 10
g S Fibre per la seconda matrice 3
© Meccaniche e materiale per I'assemblaggio 2 15
=
a g
S 3
|_
o O Consorzio Ore CPU Spazio Disco Cassette Altro
8 2
o 8
N8
v g5
E S Q
£ &
< g §
©
Q
[Oe
< .©
g g
T <
3¢
£
Q
| e —
o ®
R
g
@)
Totale 24
Note:
Mod. EC. 2 (a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE codice | Esperimentolcs

Preventivo per I'anno 2001 GEM

ALLEGATOMODELLO EC 2

All. Mod. EC. 2 (a cura del responsabile locale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001

Struttura

PISA

GEM 5

PREVISIONE DI SPESA: PIANO FINANZIARIO LOCALE
PER GLI ANNI DELLA DURATA DEL PROGETTO

In ML
Mater. Affitti e
ANNI Miss. Miss. di Trasp.e | Spese manut. Mat. Costruz. TOTALE
FINANZIARI interno estero cons. Facch. | Calcolo appar. inventar. apparati | Competenza
2001 3 6 15 24
TOTALI 3 6 15 24
Note: Osservazioni del Direttore della Struttura in merito alla
* disponibilita di personale e di attrezzature:
E' una evoluzione di un esperimento gia' esistente presso la Sezione di
Ferrara.
L'impatto con le strutture di Sezione non e' conflittuale con le altre esigenza
sperimentali.
Mod. EC. 3

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI HSICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 GEM 5
Struttura
PISA
PREVENTIVO GLOBALE PER L'ANNO 2001
In ML
J A
A CARICO DELL’ I.N.F.N. carico
Struttura di
.Miss. Miss. Mgiter. Tr%sp. Spese ﬁﬂfg%? . Mater. | Costruz. TOTALE altri
interno estero Ons. Facch. Calc. Appar: inventar. | appar. Compet. Enti
FERRARA 3 6 15 24 0
PISA 3 6 15 24 0
TOTALI 6 12 15 15 48 0

NB. Lacolonna A carico di altri Enti

Note:

Mod. EC. 4

deve essere compilata obbligatoriamente

(a cura del rappresentante nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 GEM 5
Struttura
PISA

A) ATTMITA" SVOLTA NELL’ANNO 2000

Nel corso di questo anno sono state effettuate misure con l'apparato matrice di scintillatori HPD+Fibre. In particolare, presso la
sezione di Pisa, sono state misurate le proprieta di trasporto della luce per le fibre WLS al fine di ottimizzare la scelta tra vari tipi
di fibre. Presso la sezione di Ferrara sono proseguiti i test con sorgenti radioattive sul sistema di lettura matrice+HPD+fibre,
sono state fatte misure di luce raccolta su una matrice di test 5x5 pixels e acquisiti spettri di singolo fotoelettrone forniti dallHPD
in coincidenza con un fotomoltiplicatore sensibile alla posizione. In questo modo si € trovato che il numero medio di fotoelettroni
raccolti dall'HPD e circa 10 per ogni coordinata (per eventi da 511keV). Questo valore & coerente con le simulazioni Monte Carlo
fatte (che prevedevano circa 12 p.e.) e fornisce un segnaale sufficiente per un‘adeguata discriminazione degli eventi e per la
conseguente ricostruzione della coordinata di interazione. Allo stesso modo sono state effettuate misure di identificazione
spaziale utilizzando sorgenti gamma. Nel corso dell'anno saranno completate le misure utilizzando I'elettronica dellHPD a 61
pixels.

B) ATTIVITA’ PREVISTA PER L’ANNO 2001

Nel corso del 2001 saranno disponibili: due matrici di YAP:Ce di dimensioni 6x6x3 cm?costituite da 900 cristalli di dimensioni
0.2x0.2x3 cm’® incollati insieme ed otticamente isolati e due HPD a 61 pixels. Le fibore WLS e 1 ADC per l'elettronica di
Front-End sono disponibili per una sola testa.

In questo anno si prevede di testare il sistema di lettura a fibre+HPD della matrice 6x6x3 cm® completa di una board di
elettronica a 64 canali + peak sensing ADC VME) per poi assemblare il sistema completo di due teste e testare I'acquisizione in
coincidenza. Per il completamento del sistema saranno inoltre acquistate le fibre (Pisa) ed un secondo ADC (Ferrara) per la
lettura della seconda matrice.

L'esperimento si concludera alla fine del 2001

(a cura del rappresentante nazionale)

C) FINANZIAMENTI GLOBALI AVUTI NEGLI ANNI PRECEDENTI In ML

Anno Missioni |Missioni |Materiale | Trasp. |Spese | Affitti e Materiale |Costruz.

Finanziario | interno | estero di e |calcolo |Manut. |inventar. |apparati | TOTALE
consumo | Facch. Apparec.

1999 16 8 25 49

2000~ 6 12 42 60
TOTALE 22 20 67 109
Mod. EC. 5




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice Esperimento Gruppo
Preventivo per I'anno 2001 GEM 5
Struttura
PISA
PREVISIONE DI SPESA
Piano finanziario globale di spesa
In ML
ANNI Miss. Miss. Materiale | Trasp.e | Spese Affitti e Mat. Costruz. TOTALE
FINANZIART | interno estero di Facch. | calcolo manut. | inventar. | apparati Competenza
cons. appar.

2001 6 12 15 15 48
TOTALI 6 12 15 15 48
Note:

Mod. EC. 6

(a cura del rappresentante nazionale)




ISTITUTO NAZIONALE DI HSICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 GEM 5
Struttura
PISA
COMPOSIZIONE DEL GRUPPO DI RICERCA
Qualifica < Qualifica <
RICERCATORI 1 "2 L 15| | TEcnoloal |0
Dipendenti Incarichi al g Dipendenti | Incarichi g
N Cognome e Nome Ruolo | art 23 | Ricercal Assoc. bruppd & | N Cognome e Nome Ruolo |Art 23 |Ass. Tecrol. | &
1 |Belcari Nicola Dott. 5 | 100
2 |Bencivelli Walter P.A. 5 |30
3 |Damiani Chiara Dott. 5 | 100
4 |Del Guerra Alberto P.O. 5 | 100
5 |Sartori Laura Dott. 5 | 100
Numero totale dei Tecnologi
Tecnologi Full Time Equivalent
Qualifica %
TECNICI Dipendenti | Incarichi %
N Cognome e Nome Ruolo | Art. 15 | Collab. | Assoc. %
tecnica| tecnica| O-
Numero totale dei Ricercatori 50 | Numero totale dei Tecnici
Ricercatori Full Time Equivalent 4,3 | Tecnici Full Time Equivalent

Mod. EC/EN 7

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 GEM 5

Struttura
PISA

COMPOSIZIONE DEL GRUPPO DI RICERCA (cont.)

LAUREAND' Associazione
Cognome e Nome Sl NO Titolo della Tesi
Vaiano Angela @ SI O NO| Misura della profondita di interazione in rivelatori a scintillatore per tomografia a positroni (PET)
Relatore Del Guerrra Alberto
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
Osl ONC
Relatore
— | SERVIZITECNIC
Annotazioni

INTERAZIONI CON LE INDUSTRIE (COMMESSE HIGH TECH)

DENOMINAZIONE DESCRIZIONE PRODOTTO O COMMESSA

CAEN Sono in corso trattative per la realizzazione di 4 Small Animal PET

Mod. EC/EN 7a (a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 GEM 5

Struttura
PISA

REFEREES DEL PROGETTO

Cognome e Nome Argomento

Aiello Sebastiano

Denotaristefani Francesco

MILESTONES PROPOSTE PER |L 2001

Data completamento Descrizione

COMPETITIVITA’ INTERNAZIONALE

LEADERSHIPS NEL PROGETTO

Cognome e Nome Funzioni svolte

Mod. EC/EN 8 (a cura del responsabile nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE

Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 GEM 5
Struttura
PISA
Consuntivo anno 1999/2000
LAUREATI
Cognome e Nome Titolo della Tesi Sbocco professionale

Laurea in

Laurea in

Laurea in

Laurea in

Laurea in

DOTTORI di RICERCA

Dott in

Dott in

Dott in

Dott in

PRESENTAZIONI A CONFERENZE SU INVITO E SEMINARI SIGNIFICATIVI

getting along together nicely?"

Relatore Titolo Conferenza o luogo
G. Di Domenico A. Del Guerra et al. "YAPPET Scanner for Small Animals: First studies on Soc. of Nucl. Med. 46th Annual
Rats" Meeting, Los Angeles, June '99
A. Del Guerra A. Del Guerra et al. "YAPPET Scanner: Performance and First studies on VI International Congress on
Rats" Medical Physics,
Patras.Greece.Seb.'99
A. Del Guerra A. Del Guerra "Fundamental Particles Physics and Health Care: are they Invited talk. Recontre de Blois,

France, July '99

G. Di Domenico A. Del Guerra et al. "YAPPET Scanner used for Rat Studies" Amsterdam, The Netherlands
C. Damiani A. Del Guerra et al. "New developments in photodetection for medicine" Invited talk, Beaune 1999,
France, June '99
A. Del Guerra C. Damiani et al. "Magnetic field effect on Hibrid PhotoDiode Single Electron |Beaune 1999, France,
Response” June '99
G. Di Domenico G. Di Domenico et al. "Characterization of the Ferrara Animal PET Imager" UCL, London, UK

September '99

Mod. EC 9 (a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE
Preventivo per I'anno 2001

Struttura

PISA

Codice | Esperimento | Gruppo

GEM 5

Consuntivo anno 1999/2000

Capitolo

SIGNIFICATIVE VARIAZIONI DI BILANCIO

Variazione (ML) Motivazione

Missioni Interne
Missioni Estere
Consumo

Traporti e Facchinaggio
Spese Calcolo

Affitti e Manutenzioni
Materiale Inventariabile
Costruzione Apparati
Totale storni

CONFERENZE, WORKSHOP e SCUOLE ORGANIZZATE in ITALIA

Data

Titolo

Luogo

"Applicazioni mediche in tecniche nucleari"
International Workshop on "Physics and Industry”

Erice, TP

SIGNIFICATIVE COMMESSE E RELATIVO IMPORTO

ANAGRAFICA FORNITORE

DESCRIZIONE PRODOTTO O COMMESSA

IMPORTO (ML)

Mod. EC 10

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE
Preventivo per I'anno 2001

Struttura
PISA

Codice | Esperimento | Gruppo

GEM 5

Consuntivo anno 1999/2000

MILESTONES RAGGIUNTE

Data completamento Descrizione

Commento al conseguimento delle milestones

SVILUPPO DI STRUMENTAZIONE INNOVATIVA

Ricadute su altri gruppi, sul sistema industriale e su altre discipline

La realizzazione del sistema di rivelazione sviluppato nell'ambito dell'esperimento GEM avra sostanziali ricadute nel campo della fisica medica
ed in particolare in medicina nucleare, attraverso lo sviluppo di un sistema per PEM (Positron Emission Mammography). Sulla base dei risultati
ottenuti & stato infatti richiesto un cofinanziamento (COFIN 2000 - MURST) per la realizzazione di un prototipo per PEM.

Mod. EC 11

(a cura del responsabile nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE

Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 GEM 5
Struttura
PISA

Elenco delle pubblicazioni anno 1999/2000

A. Del Guerra et al. "YAPPET Scanner for Small Animals: First studies on Rats"
Journal of Nuclear Medicine, 1999, 40(5), P. 41 (Abstract)

A. Del Guerra et al. "YAPPET Scanner: Performance and First studies on Rats"
Physica Medica, 1999, XV(3), p. 174

A. Del Guerra et al. "YAPPET Scanner used for Rat Studies”
International Symposium on "High Resolution Imaging of Small Animals with PET; MR and other modalities"
Amsterdam, The Netherlands, September 27-29, 1999, PP. 59-60

C. Damiani et al. "Magnetic field effect on Hybrid PhotoDiode Single Electron Response”
Nucl. Instr.and Meth. 2000, A442, 136-139

A. Del Guerra et al. "New developments in photodetection for medicine"
Nucl. Instr.and Meth. 2000, A442, 18-25

Mod. EC 11a (a cura del responsabile nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento Gruppo
Preventivo per I'anno 2001 L46 5
Rappresentante A. Stefanini
Struttura Nazionale:
PISA Struttura di Universita' di Pisa
appartenenza:

Ricercatore
responsabile locale: A.

Stefanini

Posizione nelllN.FN.; P.O.

PROGRAMMA DI

RICERCA

A) INFORMAZIONI GENERALI

Linea di ricerca

Imaging Mammografico

Laboratorio ove
Si raccolgono i dati

Acceleratore usato

Sorgenti a raggi x, gamma-emittenti

Fascio

(sigla e caratteristiche)

Processo
studiato

fisico

utilizzato

Apparato strumentale

Rivelatori a pixel
Cont. a scintillazione, PSPMT

Sezioni
all'esperimento

partecipanti

Pl, NA, RM1, FE

Istituzioni

esterne
all'Ente partecipanti

Industrie: ALENIA MARCONISYSTEMS, LABEN, CAEN, GILARDONI, POL.HI.TECH

Durata esperimento

B) SCALA DEI TEMPI: pianodisvolgimento
PERIODO ATTIVITA® PREVISTA
2001 R&D residuo su: sorgenti x monocromatiche, bump bonding, rivelatori a pixel,
mammoscintigrafo.
2002 Gestione collaborazione
2003 Gestione collaborazione
Mod. EN. 1

(a cura del rappresentante nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento Gruppo

Preventivo per I'anno 2001 L46 5

Struttura
PISA

PREVENTIVO LOCALE DI SPESA PER L'ANNO 2001 In ML

IMPORTI

VoC DESCRIZIONE DELLA SPESA A cura della

> i | ootale Scientifica
SPESA Parziali Compet.

Nazionale

Interno

50 50

Viaggi e missioni

Estero

Traslatori 25
Metabolismo 20
Sorgente 5
Schede GPIB 2 52

Materiale
Consumo

Trasp.e
facch

Consorzio Ore CPU Spazio Disco Cassette Altro

Spese
Calcolo

Affitti e
manutenz.

apparecchiat.

Materiale
Inventariabile

Costruzione
Apparati

Totale 102

Note:

Mod. EN. 2 (a cura del responsabile locale)



ISTITUTO NAZIONALE DI HSICA NUCLEARE Nuovo Esperimento Gry

Hppo
Preventivo per I'anno 2001 L46 5
Ct +4+i1e
Sruilitura
PISA

ALLEGATOMODELLO ENZ2

All. Mod. EC. 2 (a cura del responsabile locale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento Gruppo
Preventivo per I'anno 2001 L46 5
Struttura
PISA
PREVISIONE DI SPESA: PIANO FINANZIARIO LOCALE
PER GLI ANNI DELLA DURATA DEL PROGETTO
In ML
Mater. Affitti e
ANNI Miss. Miss. di Trasp.e | Spese manut. Mat. Costruz. TOTALE
FINANZIARI interno estero cons. Facch. | Calcolo appar. inventar. apparati | Competenza
2001 50 52 102
2002 25 20 45
2003 15 5 20
TOTALI 90 77 167
Note: Osservazioni del Direttore della Struttura in merito alla
disponibilita di personale e di attrezzature:
Questa richiesta chiede I'apertura di una sigla di supporto al progetto di
mammografie approvato sulla base della legge 46.
Mod. EN. 3

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento | Gruppo
Preventivo per I'anno 2001 L46 5
Struttura
PISA
PREVISIONE DI SPESA
Piano finanziario globale di spesa
In ML

ANNI Miss. Miss. Materiale | Trasp.e | Spese Affitti e Mat. Costruz. TOTALE
FINANZIART | interno estero di Facch. | calcolo manut. | inventar. | apparati Competenza

cons. appar.

2001 50 52 102
TOTALI 50 52 102
Note:

Mod. EN. 4

(a cura del rappresentante nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento | Gruppo
Preventivo per 'anno 2001 L46 5
Struttura
PISA

PROPOSTA DI NUOVO ESPERIMENTO

- Gestione del progetto " Imaging Mammografico Integrato”: nel progetto il PMB (Project Management Board) e' formato pwe 6/11

da personale INFN.
-R&D residuo (ex MED-46) su imaging a pixel con GaAs per mammografia morfologica
- R&D e messa a punto strumentazione mammoscintigrafia

- Sviluppo fasci monocromatici con multicristallo.

Il lungo intervallo fra la proposta (1996) e la firma del contratto (2000) ha reso necessaria di una rivisitazione di alcuni degli R&D

precedentemente sviluppati.
| costi vivi di materiale saranno sostenuti dalle industrie.

Il progetto prevede la formazione di tre ricercatori e 2 tecnologi, le percentuali sono da considerarsi incluse nelle attivita' che i

componenti svolgono in Gruppo V per la Fisica Medica.
Si richiede il finanziamento su una voce dedicata delle dotazioni gruppo V.

Mod. EN. 5
(a cura del rappresentante nazionale)

Pag. 1



ISTITUTO NAZIONALE DI FISICA NUCLEARE
Preventivo per I'anno 2001

Struttura
PISA

PROPOSTA DI NUOVO ESPERIMENTO

Mod. EN. 5
(a cura del rappresentante nazionale)

Nuovo Esperimento | Gruppo
L46 5
Pag. 2




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento ] Gruppo
Preventivo per I'anno 2001 L46 5
Struttura
PISA
COMPOSIZIONE DEL GRUPPO DI RICERCA
Qualifica < Qualifica <
RICERCATORL 1 ™85 | E| | TEcNoLoGl | 0 S
Dipendenti Incarichi al g Dipendenti | Incarichi g
N Cognome e Nome Ruolo | art 23 | Ricercal Assoc. bruppd & | N Cognome e Nome Ruolo |Art 23 |Ass. Tecrol. | &
1 |Amendolia Roberto S. P.O. 5
2 |Bisogni M. Giuseppina Bors. | 5
3 |[Bottigli Ubaldo P.A. 5
4 |Fantacci M. Evelina R.U. 5
5 |Rosso Valeria R.U. 5
6 |Stefanini Arnaldo P.O. 5
Numero totale dei Tecnologi
Tecnologi Full Time Equivalent
Qualifica %
TECNICI Dipendenti | Incarichi %
N Cognome e Nome Ruolo | Art. 15 | Collab. | Assoc. %
tecnica| tecnica| O-
Numero totale dei Ricercatori 6,0 | Numero totale dei Tecnici

Ricercatori Full Time Equivalent

Tecnici Full Time Equivalent

Mod. EC/EN 7

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 L46 5

Struttura
PISA

COMPOSIZIONE DEL GRUPPO DI RICERCA (cont.)

LAUREAND| Associazione
Cognome e Nome Sl NO | Titolo dellaTesi
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Denominazione mesi-uomo
SERVIZI TECNICI
Annotazioni

INTERAZIONI CON LE INDUSTRIE (COMMESSE HIGH TECH)

DENOMINAZIONE DESCRIZIONE PRODOTTO O COMMESSA
LABEN Mammografo
GILARDONI Mammografo, Tubo Raggi x
ALENIA MARCONISYSTEMS Bump Bonding, Rivelatori GaAs
CAEN Alimentazioni
POL.HI.TECH. Mammoscintigrafo

Mod. EC/EN 7a (a cura del responsabile locale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE
Preventivo per I'anno 2001

Codice

Esperimento

Gruppo

L46

Struttura

PISA

REFEREES DEL PROGETTO

Cognome e Nome

Argomento

MILESTONES PROPOSTE PER |L 2001

Data completamento

Descrizione

COMPETITIVITA’ INTERNAZIONALE

LEADERSHIPS NEL PROGETTO

Cognome e Nome

Funzioni svolte

A. Stefanini Responsabile Ricerca e Formazione

R. Amendolia Responsabile Mammografia morfologica
U. Bottigli Responsabile Bump Bonding

Pani Responsabile Mammoscintigrafia

E. Bertolucci Responsabile Autoradiografia
Gambaccini Responsabile sorgenti Raggi x

Mod. EC/EN 8

(a cura del responsabile nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE

Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 L46 5
Struttura
PISA
Consuntivo anno 1999/2000
LAUREATI
Cognome e Nome Titolo della Tesi Sbocco professionale

Laurea in

Laurea in

Laurea in

Laurea in

Laurea in

DOTTORI di

RICERCA

Dott in

Dott in

Dott in

Dott in

PRESENTAZIONI A CONFERENZE SU INVITO E SEMINARI SIGNIFICATIVI

Relatore

Titolo

Conferenza o luogo

Mod. EC 9

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 L46 5

Struttura

PISA

Consuntivo anno 1999/2000

Capitolo

Variazione (ML)

SIGNIFICATIVE VARIAZIONI DI BILANCIO

Motivazione

Missioni Interne
Missioni Estere
Consumo

Traporti e Facchinaggio
Spese Calcolo

Affitti e Manutenzioni
Materiale Inventariabile
Costruzione Apparati
Totale storni

CONFERENZE, WORKSHOP e SCUOLE ORGANIZZATE in ITALIA

Data Titolo Luogo
SIGNIFICATIVE COMMESSE E RELATIVO IMPORTO
ANAGRAFICA FORNITORE DESCRIZIONE PRODOTTO O COMMESSA IMPORTO (ML)

Mod. EC 10

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 L46 5

Struttura
PISA

Consuntivo anno 1999/2000

MILESTONES RAGGIUNTE

Data completamento Descrizione

Commento al conseguimento delle milestones

SVILUPPO DI STRUMENTAZIONE INNOVATIVA

Ricadute su altri gruppi, sul sistema industriale e su altre discipline

Mod. EC 11 (a cura del responsabile nazionale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 L46 5

Struttura
PISA

Elenco delle pubblicazioni anno 1999/2000

Mod. EC 11a (a cura del responsabile nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento Gruppo

Preventivo per I'anno 2001 MAMA 5
Rappresentante Paolo RUSSO
Struttura Nazionale:
PISA Strutiura di Napoli
Ricercatore appartenenza:
responsabile locale: V. Rosso Posizione nelll.N.FEN.; P.A.

PROGRAMMA DI RICERCA

A) INFORMAZIONI GENERALI

Linea di ricerca

Laboratorio ove
Si raccolgono i dati

Acceleratore usato

Fascio
(sigla e caratteristiche)

Processo fisico
studiato

Apparato strumentale
utilizzato

Sezioni partecipanti
all'esperimento

Istituzioni esterne
all'Ente partecipanti

Durata esperimento

B) SCALA DEI TEMPI: pianodisvolgimento

PERIODO ATTIVITA® PREVISTA

Mod. EN. 1
(a cura del rappresentante nazionale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento Gruppo

Preventivo per I'anno 2001 MAMA 5

Struttura
PISA

PREVENTIVO LOCALE DI SPESA PER L'ANNO 2001 In ML

VOCI IMPORTI A cura della
DI DESCRIZIONE DELLA SPESA Totale Comm.ne

SPESA Parziali Compet. Scientifica

Nazionale

MEETING DI COLLABORAZIONE,1 CONGRESSO

Interno

VIAGGI AL CERN

Viaggi e missioni

Estero

10 10

PRODUZIONE RIVELATORI 1
BUMP-BONDING

SCHEDE DI ACQUISIZIONE
METABOLISMO DI LABORATORIO

Materiale
Consumo
N 01 00 ©

36

Trasp.e
facch

Consorzio Ore CPU Spazio Disco Cassette Altro

Spese
Calcolo

Affitti e
manutenz.
apparecchiat.

Materiale
Inventariabile

Costruzione
Apparati

Totale 51
Note:

Mod. EN. 2 (a cura del responsabile locale)



ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo Esperimento Gruppo

Preventivo per 'anno 2001 MAMA 5

ALLEGATOMODELLO ENZ2

All. Mod. EC. 2 (a cura del responsabile locale)




ISTITUTO NAZIONALE DI HSICA NUCLEARE Nuovo Esperimento | Gruppo

Preventivo per 'anno 2001 MAMA 5

Struttura
PISA

PREVISIONE DI SPESA: PIANO FINANZIARIO LOCALE
PER GLI ANNI DELLA DURATA DEL PROGETTO

In ML
Mater. Affitti e
ANNI Miss. Miss. di Trasp.e | Spese manut. Mat. Costruz. TOTALE
FINANZIARI interno estero cons. Facch. | Calcolo appar. inventar. apparati | Competenza
2001 5 10 36 51
2002 5 6 18 29
TOTALI 10 16 54 80
Note: Osservazioni del Direttore della Struttura in merito alla

disponibilitd di personale e di attrezzature:

L'impegno richiesto e' modesto e compatibile con le strutture di Sezione.

Mod. EN. 3
(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE

Codice | Esperimento | Gruppo
Preventivo per I'anno 2001 MAMA 5
Struttura
PISA
COMPOSIZIONE DEL GRUPPO DI RICERCA
e () s ()
R'CERCATOR' Quadlifica E Quadlifica E
]S TECNOLOGI v =
Dipendenti Incarichi al. g Dipendenti | Incarichi g
N Cognome e Nome Ruolo | art 23 | Ricercal Assoc. bruppd & | N Cognome e Nome Ruolo |Art 23 |Ass. Tecrol. | &
1 |Amendolia Roberto S. P.O. 5 | 20
2 |Bisogni M. Giuseppina Bors. | 5 | 50
3 |Del Corona Alberto A.O. 5 | 50
4 |Del Tredici Simona A.O. 5 | 50
5 |Di Pasquale Giovanna Bors. | 5 |100
6 |Fantacci M. Evelina R.U. 5 | 30
7 |Rosso Valeria R.U. 5 | 70
8 |Stefanini Arnaldo P.O. 5 | 40
Numero totale dei Tecnologi
Tecnologi Full Time Equivalent
Qualifica %
TECNICI Dipendenti | Incarichi %
N Cognome e Nome Ruolo | Art. 15 | Collab. | Assoc. S
tecnica| tecnica] O
Numero totale dei Ricercatori 80 | Numero totale dei Tecnici
Ricercatori Full Time Equivalent 4,1 | Tecnici Full Time Equivalent

Mod. EC/EN 7

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per I'anno 2001 MAMA 5

Struttura
PISA

COMPOSIZIONE DEL GRUPPO DI RICERCA (cont.)

LAUREAND| Associazione
Cognome e Nome Sl NO | Titolo dellaTesi
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Denominazione mesi-uomo
SERVIZI TECNICI
Annotazioni

INTERAZIONI CON LE INDUSTRIE (COMMESSE HIGH TECH)

DENOMINAZIONE DESCRIZIONE PRODOTTO O COMMESSA

Mod. EC/EN 7a (a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE

Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 MAMA 5
Struttura
PISA
Consuntivo anno 1999/2000
LAUREATI
Cognome e Nome Titolo della Tesi Sbocco professionale

Laurea in

Laurea in

Laurea in

Laurea in

Laurea in

DOTTORI di

RICERCA

Dott in

Dott in

Dott in

Dott in

PRESENTAZIONI A CONFERENZE SU INVITO E SEMINARI SIGNIFICATIVI

Relatore

Titolo

Conferenza o luogo

Mod. EC 9

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 MAMA 5

Struttura

PISA

Consuntivo anno 1999/2000

Capitolo

Variazione (ML)

SIGNIFICATIVE VARIAZIONI DI BILANCIO

Motivazione

Missioni Interne
Missioni Estere
Consumo

Traporti e Facchinaggio
Spese Calcolo

Affitti e Manutenzioni
Materiale Inventariabile
Costruzione Apparati
Totale storni

CONFERENZE, WORKSHOP e SCUOLE ORGANIZZATE in ITALIA

Data Titolo Luogo
SIGNIFICATIVE COMMESSE E RELATIVO IMPORTO
ANAGRAFICA FORNITORE DESCRIZIONE PRODOTTO O COMMESSA IMPORTO (ML)

Mod. EC 10

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE
Preventivo per I'anno 2001

Struttura

PISA

Ricercatore

responsabile locale: G. Torelli

Codice | Esperimento [ Gruppo

MQSA

5

Rappresentante Mario Conte
Nazionale:

Struttura di GENOVA
appartenenza:

Posizione nelllN.E.N.: Inc. di ricerca

INFORMAZIONI GENERALI

Linea di ricerca

Fisica degli acceleratori

Laboratorio ove
Si raccolgono i dati

Sigla dello
esperimento assegnata
dal Laboratorio

Acceleratore usato

Fascio
(sigla e caratteristiche)

Processo fisico
studiato

Dinamica dello Spin. Instabilita’ collettiva e fenomeni di coerenza. Effetti stacastici.

Dinamica delle trappole e.m.

Apparato strumentale
utilizzato

Sezioni partecipanti
all'esperimento

BA, GE, NA, PD, PI, SA

Istituzioni esterne
all'Ente partecipanti

Durata esperimento

3 anni

Mod. EC. 1

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE

Preventivo per I'anno 2001

Struttura

PISA

Codice

Esperimento

Gruppo

MQSA

PREVENTIVO LOCALE DI SPESA PER L'ANNO

2001

In ML

VOCI
DI
SPESA

DESCRIZIONE DELLA SPESA

IMPORTI

Totale

Parziali Compet.

A cura della
Comm.ne
Scientifica
Nazionale

Interno

Riunione della Collaborazione

Viaggi e missioni

Estero

Contatti con il CERN

Materiale
Consumo

Trasp.e
facch

Consorzio Ore CPU

Spazio Disco

Cassette

Altro

Spese
Calcolo

Affitti e
manutenz.

apparecchiat.

Materiale
Inventariabile

Costruzione
Apparati

Note:

Totale

Mod. EC. 2

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esserimento o

Preventivo per 'anno 2001 MQSA 5

ALLEGATOMODELLO EC 2

All. Mod. EC. 2 (a cura del responsabile locale)



ISTITUTO NAZIONALE DI HSICA NUCLEARE

Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 MQSA 5
Struttura
PISA
PREVISIONE DI SPESA: PIANO FINANZIARIO LOCALE
PER GLI ANNI DELLA DURATA DEL PROGETTO
In ML
Mater. Affitti e
ANNI Miss. Miss. di Trasp.e | Spese manut. Mat. Costruz. TOTALE
FINANZIARI interno estero cons. Facch. | Calcolo appar. inventar. apparati | Competenza
2001 2 4 1 7
2002 2 4 1 7
TOTALI 4 8 2 14
Note: Osservazioni del Direttore della Struttura in merito alla
disponibilitd di personale e di attrezzature:
Non ha impatto sulle strutture di Sezione.
Mod. EC. 3

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI HSICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 MQSA 5
Struttura
PISA
COMPOSIZIONE DEL GRUPPO DI RICERCA
Qualifica < Qualifica <
RICERCATORI : : | Afer. | £ TECNOLOGI : . | 2
Dipendenti Incarichi al g Dipendenti | Incarichi g
N Cognome e Nome Ruolo | art 23 | Ricercal Assoc. bruppd & | N Cognome e Nome Ruolo |Art 23 |Ass. Tecrol. | &
Gorini Giampaolo P.A. O.M| 25
Poggiani Rosa R.U. 2 |10
Torelli Gabriele P.O. 3 |25
Numero totale dei Tecnologi
Tecnologi Full Time Equivalent
Qualifica %
TECNICI Dipendenti | Incarichi %
N Cognome e Nome Ruolo | Art. 15 | Collab. | Assoc. %
tecnica| tecnica| O-
Numero totale dei Ricercatori 30 | Numero totale dei Tecnici
Ricercatori Full Time Equivalent 06 | Tecnici Full Time Equivalent

Mod. EC/EN 7

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo

Preventivo per 'anno 2001 MQSA 5

Struttura
PISA

COMPOSIZIONE DEL GRUPPO DI RICERCA (cont.)

LAUREAND| Associazione
Cognome e Nome Sl NO | Titolo dellaTesi
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Osl ONO
Relatore
Denominazione mesi-uomo
SERVIZI TECNICI
Annotazioni

INTERAZIONI CON LE INDUSTRIE (COMMESSE HIGH TECH)

DENOMINAZIONE DESCRIZIONE PRODOTTO O COMMESSA

Mod. EC/EN 7a (a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE

Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 MQSA 5
Struttura
PISA
Consuntivo anno 1999/2000
LAUREATI
Cognome e Nome Titolo della Tesi Sbocco professionale

Laurea in

Laurea in

Laurea in

Laurea in

Laurea in

DOTTORI di

RICERCA

Dott in

Dott in

Dott in

Dott in

PRESENTAZIONI A CONFERENZE SU INVITO E SEMINARI SIGNIFICATIVI

Relatore

Titolo

Conferenza o luogo

Mod. EC 9

(a cura del responsabile locale)




ISTITUTO NAZIONALE DI FISICA NUCLEARE Codice | Esperimento | Gruppo
Preventivo per 'anno 2001 MQSA 5

Struttura

PISA

Consuntivo anno 1999/2000

Capitolo

Variazione (ML)

SIGNIFICATIVE VARIAZIONI DI BILANCIO

Motivazione

Missioni Interne
Missioni Estere
Consumo

Traporti e Facchinaggio
Spese Calcolo

Affitti e Manutenzioni
Materiale Inventariabile
Costruzione Apparati
Totale storni

CONFERENZE, WORKSHOP e SCUOLE ORGANIZZATE in ITALIA

Data Titolo Luogo
SIGNIFICATIVE COMMESSE E RELATIVO IMPORTO
ANAGRAFICA FORNITORE DESCRIZIONE PRODOTTO O COMMESSA IMPORTO (ML)

Mod. EC 10

(a cura del responsabile locale)
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