Systolic Associative arraysfor track finding

Fig 1 Simple Associative Memory
Associative memories can be used to implement a fast track finder. A simple associative _
memory (Fig 1) consists of an array of memory cells and comparators. Data stored in the Vgﬂtse
memory cells is compared to data that appears on the Query bus. If any cell matches, its Memory
contents are placed on the read bus. Some arbitration is usually needed if more than one match Cdl
iS p0$ bl e. |\/|em0ry <
i o N . _ Cell
Figure 2 shows additional circuits needed to make an associative track finder. FIFOs are Y=
added to the inputs. A staging buffer is added to the write bus. As data comes in on the query Cal Y14
bus, upper and lower bounds are computed for X and Y coordinates. Each memory cell has 4 YRed V¥
comparators to check upper and lower bounds for both X and Y. The results of the match are Bus
sent to a circuit that predicts where the two matching plane hits would Fig 2 Hit Matching Associative Memory
project into the next plane.
Plane A Hits ;
The staging buffer allows the next event to be received while the FlaneB Hf
current event is processed. As soon as al of the hits from plane A have FIFO FIFO
been used, the entire next event is moved from the staging buffer into the X Y X_Y
memory cells. Figure 3 shows the data flow for 3 events. rv%jj Write
y-€ly+€ Bus
Fig 3 Data Flow X Sored e [Saginda]
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The same circuit can be used for finding doublets, triplets, tracks, * * * u
and perhaps even vertices. Figure 4 shows how three associative units ‘ Hit Predictor Output
can be used to process station hits. Doublets are formed by matching FIFO
hits from planes A and B based on the maximum acceptable track slope. - - -
The resulting matches are projected into plane C and matched with actual plane |Fig 4 Station track finder
C hits to find triplets. The match boundaries in this case are set by the pixel Pixel Plane Hits
resolution and plane spacing. i 3 c
In the third unit, triplets are matched to partially-formed tracks that come Doublet gﬁé"r‘;’ggﬁuﬁgp@;:’ﬁ?
from the neighboring station. Each matching triplet is projected to the next Finder P pe
station and sent along with some additional track parameters. Any unmatched ¢ ¥ Boundaries set by plane spacing
triplets are sent as possibly starting new tracks. EI%I& and pixel resolution
naer
Associative memories have many advantages over other proposed track Boundaries set by station
finders. In addition to speed and size advantages, there are advantages in data PrF“?m Tra | SPacing and pixel resolution
flow and parallelizability. An FPGA-based associative memory can process 50 Sation > Finder » To Next
million hits per second. A cheap custom chip could run 2-4 times faster. Station
Preliminary simulations show that a station-quadrant will need to process an

average of 21 million hits per second. An entire station-quadrant could be handled with only 2 or 3 chips, making it possible to build
asingle board that processes several stations at atime.

For even higher performance, it's possible to parallelize processing by zones without losing data.  Since the algorithm predicts
where it will find a hit in the next station, a hit query can be sent only to the chip that processes the predicted zone. Zone overlap is
very small (~300 microns x 800 microns) and any resulting reduntant tracks will be eliminated at the receiving station.

Simulations have been done for this algorithm. Figures 5 through 14 show some results from these simulations. Figures 5-10
show a single reconstructed event. Figures 5 and 6 show the X and Y outputs for the doublet finder versus actual station hits. Each
blue dot represents a prediction for where a hit can be found in plane C based on hits from A and B. Figures 7 and 8 show triplets
found by the triplet finder. Figures9 and 10 show track predictions for each station.

Figures 11-13 are histograms that give a measure of bandwidths for each stage. They are based on 2400 simulated events for a
station-quadrant. These show an average bandwidth of less than 5 words per event Figure 14 is a histogram of the number of triplets
found minus the number of plane-A hits for each station. This gives a measure of efficiency: producing exactly 1 triplet per plane hit
isgood. Producing more orelessis not as good.
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Fig 11 Hits per station
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Fig 12 Doublets per station
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Fig 13 Triplets per station
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Fig 14 Triplets - Hits
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