Variable Resolution Pattern Bank
Here you need to know how the TSP works and how its bank is connected to AM pattern bank. See section 2.3.2.6 The Tree Search Processor in the Technical Proposal  
We want to study the nature of an AM Bank and its associated TSP bank obtained dividing by 2 the AM SS of each layer. We want to link the AM and the TSP banks to be able to implement the TSP realistic simulation in FTKsim. 
The AM bank and the TSP bank have been generated up to now independently. Now we want to produce linked banks, that is all patterns in the AM are “parent patterns” (see the description of the TSP in the technical proposal at section 2.3.2.6) of the TSP patterns. Given a certain TSP pattern we can find the corresponding parent pattern in the AM bank just reducing the SS resolution of a factor 2.
We group the TSP bank into families looking for common parent patterns that will belong to the relative AM bank and we study the relative frequency of these AM patterns as a function of the number of their kids. 

We start with a very cleaned TSP bank, that is we discard all the patterns characterized by very low probability to be fired. This is measured looking at the coverage of the pattern, defined as the number of testing tracks that hit the pattern.  We discard all patterns that have coverage less than 4.  Coverage 1 and 2 means that the pattern has been hit by at least 1 and 2 tracks respectively when the bank is tested with millions of tracks.  
This work allows us to evaluate the size of a mixed resolution AM pattern bank.  The figure A2 explains the “mixed resolution bank” idea. If we put in the AM bank the patterns at TSP level resolution only when they have 1, 2 or 3 kids the pattern bank does not increase very much (single kids will occupy the same space of the parent patterns, double and triple kids will occupy the double and triple space respectively), but their geometrical volume decreases a lot, and so also the probability to fire as a fake road. A fake road is a road that fires at AM resolution, but no kid belonging to its family fires at the deeper level (TSP level). Different behavior do have the patterns with a lot of kids: if we put the kids in the pattern bank, its size can grow substantially (there are patterns with 20-30 kids); moreover the probability that at least one of the kids will fire even with TSP resolution is high because the AM pattern with a lot of kids has also a large coverage: actually going to TSP level we risk that more than one kid will fire, producing a larger number of found roads.  The “mixed resolution bank” strategy uses inside the AM chip (a) the TSP resolution for AM patterns with a low number of kids, that is uses the kid patterns instead of the parent pattern (b) the AM resolution for AM patterns with a high number of kids, that is the least significant bit of the SS is ignored (don’t care feature in the chip) for each layer. In summary SS inside the AM chip will have enough bits (15) to do the matching of all patterns at TSP resolution, but the less significant bits can be set as DON’T CARE and not participate to the matching (the kids are not loaded into AM if the DON’T CARE is set).
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Figure A2:   
We do the exercise with a curse resolution: large detector segmentation 48x40x72, a very cleaned bank. We use only patterns that at TSP level have a coverage above or equal to 4. We study 2 working points shown in the figure below.
A TSP bank made of 3.2 Mpatterns/region and another one of 8 Mpatterns/region.
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Figure

3.2 Mpatterns

We group the TSP banks into families and we find AM banks of this size:  
1,36 M patterns/region corresponding to 3.2 M at TSP level       (AM is 44% of TSP bank)

2,8 Mpatterns/region corresponding to 8 M patterns at TSP level   (AM is 35% of TSP bank)
Running with this bank WH 10**34 we get these  average numbers of roads per event:.
2000 roads/subregion  out of the AM bank   &  446 roads (22,3%) out of the TSP bank for the smaller banks (3,2 TSP Mpattern)

3600 roads/subregion  out of the AM bank   &  988 roads (27,4%) out of the TSP bank for the smaller banks (8,0 TSP Mpattern)

Grouping the fired TSP roads into families we find that the number of AM parent patterns that have at least a fired TSP kid are:

350 to be compared with 2000 fired in output of the AM run for the 3,2 M TSP bank.

733 to be compared with 3600 fired in output of the AM run for the 8 M TSP bank.

So we find that in the AM run there was a large number of fake AM roads  whose kids didn’t fire at all going down at the TSP level.

The fakes are:

1979-350 = 1650  (82,3%)    the 3,2 M TSP bank
3600-733 =  2867 (79,6%)    the 8,0 M TSP bank
The following figures show the distribution as a function of number of kids of all AM roads that were found by the AM bank simulation on WH events at 10**34 (black) and the distribution of the subset of AM roads that have at least a TSP fired kid. (red).

The plot in the left is for the 3,2 M TSP bank and the plot in the right is for the 8,0 M TSP bank.

Bin-by-bin the difference between the black and the red curves (divided by the 200 simulated events) gives the number of fakes on that bin. So we can calculate that the number of fake roads (do not fire any more if we go at TSP level) in the first bin (a single kid) is:

(200 k – 20 k) AMroads/200 ev  = 180 k AMroads/200 ev = 900 AMroads/event for the 3,2 M TSP bank
(300 k - 30 k) AMroads/200 ev  =  270 k AMroads/200 ev = 1350 AMroads/event for the 8 M TSP bank

[image: image1.emf]Parent pattern with 1 or 2 or 3 kids

(1) # of patterns do not increase very much

(2) Probability to fire as fake road is smaller

Parent pattern with more kids

(1) # of patterns do increase if we go deeper 

(2) Probability to fire as fake is ~ the same

Parent pattern with 1 or 2 or 3 kids

(1) # of patterns do not increase very much

(2) Probability to fire as fake road is smaller

Parent pattern with more kids

(1) # of patterns do increase if we go deeper 

(2) Probability to fire as fake is ~ the same

[image: image3.emf] Including all the AM patterns that have a single TSP kid inside the AM bank, we reduce the AM output, without increasing the size of the AM bank:

900 AMroads over 1979  (45,5%) AMroads for the 3,2 M TSP bank. The output becomes 1079 AMroads/event on each of the 16 sub-regions and so each AMboards.

1350 AMroads over 3600 (37,5%) AMroads for the 8 M TSP bank.  The output becomes 2250 AMroads/event on each of the 16 sub-regions and each AMboards.

Including all the AM patterns that have 2 TSP kids inside the AM bank, we delete from the AM output other AMroads

375 AMroads over 1079  (34,8%) AMroads for the 3,2 M TSP bank. The output becomes 704 AMroads/event on each of the 16 sub-regions and AMboards.

600 AMroads over 2250 (26,6%) AMroads for the 8 M TSP bank.  The output becomes 1650 AMroads/event on each of the 16 sub-regions and AMboards.

Including all the AM patterns that have 3 TSP kids inside the AM bank, we delete from the AM output other AMroads

200 AMroads over 704  (28,4%) AMroads for the 3,2 M TSP bank. The output becomes 504 AMroads/event on each of the 16 sub-regions and AMboards.

325 AMroads over 1650 (19,7%) AMroads for the 8 M TSP bank.  The output becomes 1325 AMroads/event on each of the 16 sub-regions and AMboards.

This is a satisfactory flow rate since, even if multiplied by 3 for the addition of forward/backward regions, it correspond to ~ 4 kroads per AMboard, that is ~ 1 kroad per LAMB.
Let’s calculate now how big becomes the AM bank if we introduce the patterns with 1, 2 kids with TSP resolution.
The two plots below show the distribution of these AM patterns as a function of the number of kids in their family. The left plot is for 3.2 TSP Mpatterns and the right plot is for  8 TSP Mpat bank
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The number of entries in the two plots is the whole size of the AM bank, for 8 regions :
1,36 Mpatterns per region  in the case of a 3.2 Mpatterns TSP bank 

2,8 Mpatterns  per region  in the case of a 8  Mpatterns TSP bank

In the case of 8M TSP bank, to add patterns with 2 and 3 kids in the AM bank, we increase of 40 k + 20 k *2 = 80 k/subregion. This produces  a total of 80 k*16+ 2,8 M pattern bank =  4,08 Mpat 

To add patterns with 2 and 3 kids in the AM bank corresponding to 3,2M TSP bank , we increase of (20 k + 10 k *2)*16 = 40 k*16= 0,64 the 1,36 M pattern bank for a total of 2,0 Mpat 

Even in the case of 4 Mpattern, the result is good enough to use this road segmentation and these banks for 10**34. With forward/backword detector included this number could become 12 Mpatterns, but it could be compatible with a new small chip at 65 nm (12 mm) that already today we could produce.

We think that the new LHC schedule and the availability of 65 nm at reasonable price (12 mm^2 MPW run for 80 keuros) makes reasonable the idea of a production for 10**34. This would provide a smarter AM (variable resolution patterns) and much less consuming system than what we would need if we build the 10**34 system with the old CDF chip. (12 mm^2 at 65 nm provide 2 times the patterns of 100 mm^2 at 180 nm, with a much smaller consumption).








































































































































































