





5.2.6. Trigger and data acquisition for LHC.

The recent rapid improvements in performance of commercially available Digital Signal Proces sors and
Data-driven Array Processors, make attractive their efficient integration into the front-end trigger [37-43] and data
acquisition electronics of future detectors for High Energy Physics, in place of developing new VLSI processors for
this special purpose.

A Parallel-Processing System based on Data-driven Array Processors, Digital Signal Processors and
Transputers for trigger decision, data acquisition and compaction is described [21). The system is modular and suitable
for any calorimeter sizes and types such as the ones proposed in the R&D for the LHC experiments. The aim is to give
full programmability for the trigger decisions and for the data compaction, over the entire calorimeter at the single-
channel granularity, with no boundary limitation. The fast cluster finding system is based on two cooperating levels,
the higher one utilizing FDPP_DM, and the lower one, the new data-controlled array processor for video signal
processing, DataWave [44]. The proposed architecture [21] provides one DataWave processing element for each
calorimeter channel and one FDPP_DM module for every 256 DataWave array processing element. This numbers have
been chosen for fastest performance but may be changed. Fast inter-processor communication within the DataWave
array overcomes the problem of overlapping areas, and effectively provides a continuous array of processing elements.
Local maxima, along with their energy, are found in a very short time from the data-driven array processor, and are
easily selected and transferred, with the data of their region of interest, to a higher-level DSP array-processor system
even if part of the data fall outside the region originally attributed to a particular FDPP.

5.2.6.1. Fast cluster finding description for calorimeters.

Typical requirements for digital triggers and data acquisition/compaction in calorimetry of High-Energy

Physics (HEP) experiments can be summarized as follows:

a) to load data from the calorimeter and free the front-end electronics for a subsequent acquisition;

b) to find the geographical address of clusters (or local maxima corresponding to the center of an energy cluster
derived from the full granularity), calculate their energies and apply different thresholds;

¢) to calculate the missing energy and the transverse energy;

d) to isolate the clusters found, and their region of interest, from the empty calorimeter channels, and calculate the
cluster shape-factors (e.g. to separate pions from electrons). v

The fast cluster finding system is based on two cooperating levels, the higher one utilizing FDPP Fast Digital
Parallel Processing module [18] (or FDPP_DM), and the lower one, the new data-controlled array processor for video
signal processing, DataWave.

_ Figure 26 shows an example of a general layout of a trigger and data acquisition scheme with its related data-
flow phases and timing for a typical calorimeter of future HEP experiments.

The Fast Digital Parallel-Processing (FDPP) system is a modular system in which each node consist of one
DSP tightly coupled to one Transputer. Any number of nodes can be interconnected using the four serial links (1.2
Mbyte/s) provided by the Transputer, while any data source can communicate with the DSP at 10 Mbyte/s.

The Fast Digital Parallel Processing Dual triple-port Memory (FDPP_DM) module has the same architecture
as the FDPP module with an additional internal direct-to-memory channel permitting data transfer up to 150 Mbyte/s
with either memory bank "X" or "Y".

The DataWave array processing system is made of DataWave chips, each one containing 16 identical, but
individually programmable, processors working on the data flow principle and organized in a matrix form. Each cell is
a RISC processor with 12-bit architecture which operates on the pipeline principle. The cells communicate with their
four nearest neighbors via asynchronous parallel buses. The computing power of one processor is up to 125 MIPS,
where an instruction may imply two operations, and the maximum data transfer rate via the processor boundaries is
750 MByte/s. The maximum program length of each processor is 64 words of 48-bit each.

A crossbar switch is provided to switch the parallel I/O ports of the DataWave chips to one of the following:

- the calorimeter input channels,
- the adjacent DataWave chips and
- the FDPP (or FDPP_DM) parallel array.

5.2.6.2. System modularity and fexibility.

The described system is modular in the sense that a "Logical Unit” is made of one FDPP (or FDPP_DM)
module and 16 DataWave chips organized in a matrix 4 x 4, thus giving a platform of 256 DataWave PEs organized in
a matrix of 16 x 16. This choice does not introduce any boundary limitations in the DataWave array but is simply a
practical choice in associating the PE with the closest exit point to a higher-level of processors.

Any number of "Logical Units" can be interconnected in a matrix scheme, regardless of the hardware used
(VME, Futurebus, Fastbus, SCI, etc.). All timing given should be independent of the calorimeter size (hundred to
hundred thousand channels). As the size of the calorimeter increases, the only time increase is the one required to
transfer the data of the clusters found from the transputer to the crate controlier.
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Figure 26. Fast cluster finding system block diagram.
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5.2.6.3. Low end to high end programmability.

There are three levels of programmability in the fast cluster system, each one distinguished by: the time
available, the capacity of the registers and program memory in the different processors.
Level 1 Each DataWave PE contains at the beginning the program along with calibration constants and transverse
energy weights, all contained within a maximum length of 64 words of 48 bit each, loaded from the FDPP array.
Level 2. The programmability of the DSP part of the FDPP is then given by the program written in C or assembly
language, having a maximum length of 256 Kbyte. The DSP designed as a Harvard architecture is a 32-bit machine
with floating point performance at 25 Mflops. As such it needs the support of at least one host, in this case the
Transputer.
Level 3. Transputer are based on Von Neumann architecture and are designed as programmable components to
implement a system with a higher degree of concurrency than is currently common, that is:
a) programmable in several languages (OCCAM, Parallel C, FORTRAN, PASCAL, ecc.)
b) interconnected through serial I/O at 1.2 Mbyte/s

In addition, each of them is connected in each FDPP node to a DSP in both tightly coupled and loosely
coupled modes.

5.2.6.4. Data reduction during acquisition

To have the possibility to analyze more in detail each local maximum, that is candidate to be a cluster, a
relative large area (region of interest) surrounding the local maximum must be saved as useful data for further analysis.
On the other hand, there is no need to transfer zeros from empty channels. The DataWave array is therefore capable of
achieving a substantial reduction of the amount of data.

5.2.6.5. Performance of the system on real-time algorithms

Each digital value of the calorimeter channel is transferred into a DataWave Processor. In order to calculate
the "local maxima", each processor needs to have the data of its neighbors in its own memory. A "local maximum" is
defined as a channel value greater than, or equal to, that of its neighbors. This task of routing the data between
processors is accomplished in a programmable way by the DataWave processors. The required time for this task is
fixed and requires 128 ns. During the execution of the above program, in a pipeline mode partial calculation of the
energy is also accomplished, thus only an additional 112 ns are required to have the energy of each "local maxima".

A very useful intermediate result is the ADDRESS of the "local maxima" and the total energy (or/and
transverse energy) that are available after 304 ns from A/D data ready time.

For more refined calculations the FDPP array processing system is used. The "local maxima" found in an area
of 256 DataWave processing elements are transferred to a FDPP together with the surrounding region. Empty
calorimeter data are not transferred. Calculation aiming to separate pions from electrons are accomplished in the FDPP
in the time of 15 ps per cluster found.

A series of algorithms have been selected and coded in the DSP32C assembly code and executed directly on
the FDPP module using SPACAL [45] data from the 155-channel prototype as they would be executed during the on-
line data taking. Electron, pion and "jet" data were used. Two example results are given in the following section [46].

a) Tests results applied on algorithm 1.

The algorithms 1 (Figure 27), executed in 15
us, consists of the following:
- for all local maxima found by the DataWave array,

8
compute, in floating point, the total energy (sum of 19 ‘OIDIDIDID E=C+ Z‘ I+ 2 0
elements) A AES AV S Al =L sl
- for all local maxima compute, in floating point, 1/C 111
d Fig. 27). Y ; 8
0 Figure 28a showi (;hz d\i}strib:‘tionFof I/C2f§); i1 1 B
electron events at eV, while Figure Y 7 * 18
shows the distribution of I/C for jet events at 40 GeV, 12304254341 0/C=(1/1630)/C
i=1

both obtained from algorithm 1 executed on the FDPP.

Observing the results of Fig. 28a and 28b for
the calculation of I/C, one can see that there is a very
good separation between electron and pion at the I/C =
0.016.

Figure 27. algorithm 1
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Figure 28a. Distribution of I/C for 600 Figure 28b. Distribution of I/C for 1470 jet
electron events. events.

b) test results applied on algorithm 2.

For all local maxima compute Rp [46] in
floating point as reported in figure 29 (15 ps).

Figure 30a shows the distribution of Rp for
electron events, while figure 30b shows the distribution
for jet events, both calculated on the FDPP.

Observing the results of figures 30a and 30b
for the calculation of Rp, one can see that there is a
very good separation between electron and pion.
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6. CONCLUSIONS.

The tendency of the market today is to produce DSP's with 16-bit integers and 32-bit floating arithmetic,
while in the past DSP of 24-bit or 22-bit or 28-bit were also made.

Generally speaking the use of General Purpose DSPs in place of Special Purpose DSPs, is recommended due
to the facility to find software development tools and application libraries.

The DSP is used in High Energy Physics in two main fields:
Accelerator Control and trigger/data acquisition systems.

In the accelerator control there are several types of applications:
- OPEN-LOOP:
a) simple measurements
b) set parameters, generate control
- CLOSED-LOOP
c1) slow reaction time in changing currents of magnets (typically of the order of seconds).
¢2) fast reaction time used in measurement techniques (e.g. PLL of LEP/BI group).

A parallel processing architecture with fast data transfer may be required in case it is necessary 1o correlate
results of measurements, but most of the time DSP applications in accelerator control are of the stand-alone type.
Efficient architecture (FDPP_DM) as the one described in chapter 5.1.2. can solve most of the problems listed below
without requiring the use of Special Purpose DSPs:

a) FFT (deferred-time) requires direct parallel transfer to dual-port memories in order to match with the DSP
processing time (DMA up to 150 Mbyte/s for the FDPP_DM).

b) convolutions (FIR, IIR) and closed-loop control, require direct parallel I/O into the DSP.

¢) measurement correlation requires an easy 10 use operating system from the user point of view, but at the same time a
fast data transfer and a low cost processing capability. (In the example described in section 5.1.2., the UNIX like
operating system, HELIOS, running on Transputers offers a friendly interface to the user, while the DMA to the
memories offers good parallel transfer speed and the DSP offers the calculation capability at very low price).

Examining the applications that are under development in the Accelerator control, the conclusion that can be
drawn is that there is a tendency toward digital control of the system. From this inventory, it turns out that experience
is being gained on a variety of different components. In the applications mentioned the following DSPs have been
used: Analog Devices, AT&T, Motorola, NEC, Texas Inst., Thomson, Zoran, NEC.

In the trigger and data acquisition system DSP's are used for simple signal analysis, signal correlation and data
compaction. Algorithms applicable to a variety of situations in the field have been analyzed and published [43].
Trigger and data acquisition Systems in High Energy Physics Experiments require exploiting the field of
embedded processors and parallel processing.
- Embedded processors usually must be able to respond to events very quickly, must be very compact and must make
code debugging easy, even during real-time operation. In the past these needs have been met by microcontrollers at the
low end and bit-slice design at the high end.
. RISC, DSP, CISC, TRANSPUTERS and high performance EMBEDDED CONTROLLERS can be used in
embedded systems.
. Even if their throughput is different, the task in some applications can be well satisfied by more than one type of
these processors.
- To find the optimal solution for a problem, a careful investigation of the possibilities of each type of processor must
be made. The investigation must certainly include the processor instruction set, speed and internal architecture to
determine what is best suited for the application algorithms or for the needs of a more general project.
- More decisive in determining the overall throughput in a project, can be the harmonious interaction and
intercommunication of the various components rather than the speed of any single one. Thus the real effort in
designing a specific application or project should be done in defining

"THE MULTIPROCESSING ARCHITECTURE"

for the best performance solution to the application or project.

In general, resources must be distributed according to necessity. In the earliest applications in High Energy
Physics, DSPs have been used as embedded processors in a tightly coupled parallel processing system, for moving
data or data compaction. Without having a backbone operating system that can correlate the results, all programs had
to be written specifically to communicate from one DSP to another through FIFOs or dual-port memories. The attempt
now with the FDPP parallel processing system is to give to the user the backbone of an operating system with the
possibility to use in a easy way the calculation power and 1/O facility (DMA) of a DSP.
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