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METHODOLOGY

Using the expected Phase-1 FEX output numerology, and the CTP input constraints, a strawman Phase-1
topological trigger connectivity is proposed, on the basis of three Phase-1 Topological Trigger modules.
Initially the strawman model is designed around the i/o capability of the legacy topological trigger, in
order to understand any limitations implied by the current design at Phase-1. This is then adapted for a
potential new design with higher i/o capabilities. A preliminary estimate of the usage of CTP inputs is
also provided, with some considerations of phasing in items during the initial commissioning phase of
Run 3.

TRIGGER REQUIREMENTS

Predicting the Trigger Menu for Run-3 is necessarily an imprecise procedure, but guidance from the
current usage of Topological and non-Topological items can be used as a reasonable starting point.
There is plenty of experience of the usage of non-Topological trigger items, so estimates based on
current (2016,2017) menus are likely to be quite close to reality for most of the basic EM, MU, TAU, Jet
and Missing Energy triggers. In general, it is assumed that a Run-3 menu will place roughly the same
requirements on these in terms of non-Topological triggers. The only area in which this assumption
cannot be applied directly is for triggers based on the new global jet processor (gFEX). The estimates in
this note assume that the requirements here will be approximately the same as the standard jet items,
so the total number of jet items is effectively doubled. This is probably an over-estimate, but at least in
the initial stages of Run-3, all items will be studied for performance improvements, and only later can
the number of items be cut down to those that prove to be most effective.

For topological triggers, again the same assumption is made that the Run-3 items are likely to be similar
to the current items, both in terms of number required and the type of objects combined. Here the
estimate is likely to prove less accurate. With more experience of the working Topological trigger in
Run-2, it may well prove that some of the current items are not as useful as others, or form unnecessary
duplication, and also new items may be introduced. It seems likely that when fully understood, many of
the similar ‘near-duplicate’ items in the Topological Menu will be honed down to a smaller number of
the most useful items. So in terms of numbers, again the current usage may well be an over-estimate of
the ultimate requirement, but it is still a reasonable guideline, and certainly important in informing the
need for combining objects of different types.



Topro INPUTS FROM PHASE-1 FEXES AND MUCTPI

This section will summarize the expected numerology of inputs to the Topological trigger, with some
rough details of the type of information transmitted. The details here are preliminary and may change,
but they constitute the best knowledge at this point of time.

EFEX

There are 24 eFEXs which produce both EM and Tau objects. The plan is to send EM and Tau TOBs on
separate links, each type using two fibres. The TOBs will be prioritized such that the most significant
TOBs (distinguished by a combination of high transverse energy and isolation) will be sent on the ‘high-
priority’ fibre, before other, lower energy TOBs, are sent on the remaining slots on that fibre, and the
second fibre, if required. It is expected that 7 TOBs can be sent per fibre, and up to 8 copies of each
fibre can be provided, which is more than enough for three Topological modules.

JFEX

There are 7 jJFEXs which produce Jet objects and Missing Energy information. The four FPGAs per board
all produce jet TOBs which are expected to be sent out on two fibres per FPGA, with a probable count of
6 TOBs per fibre. There is currently no plan to sort these jet TOBs in the jFEX, but they will be packed
onto the first fibre, unless that is not sufficient, in which case the rest will appear on the second fibre.
Two of the FPGAs also produce Missing (and Total) Energy information, so the total output of one jFEX is
contained in 10 fibres, 8 for jet information, and 2 for energy. Because some FPGAs require 3 fibre
outputs, and each has a limit of 12 fibres, simple duplication means that only four copies of the full
information will be available to Topo.

GFEX

This is one gFEX producing complimentary Jet objects and energy information using larger jet areas and
global quantities. There are several varieties of jets (including fat jets and substructure measurements)
and also several algorithms for Missing and Total energy making use of the global scope of the gFEX
module. Itis planned to send the global information on 2 fibres, and the jet information on 6 fibres. In
both cases this corresponds to 2 links per FPGA out of a total of 12 fibres available, meaning that 6
identical copies of the gFEX information can be provided to Topo. For the purposes of counting fibres
later in this note, the gFEX fibres will be considered as a bundle of 8, though if it deemed necessary, the
energy and jet information could be provided separately.

MUCTPI

The upgraded Phase-1 MUCTPI will send more detailed Muon TOBs than those currently available. It
will also perform some Muon-only topological algorithms to be sent directly to the CTP. The full output
to Topo is expected to take 8 fibres, and many copies (at least 6?) are available. It will not be necessary
for the Topological trigger to form simple threshold multiplicities of Muon TOBs, since they will be sent
directly to the CTP from the new MUCTPI.



SUMMARY OF TOPO INPUTS
The table below summarizes the type and multiplicity of inputs to the Topological Processor. For ease of
reference later in the document, shorthand names are given in the final column.

TOB type Fibres Copies Name
Muon TOBs 8 6 MU
EM TOBs (high priority) 24 8 EM1
EM TOBs (low priority) 24 8 EM?2
Tau TOBs (high priority) 24 8 TAU1
Tau TOBs (low priority) 24 8 TAU2
Jet TOB:s (first fibre) 28 4 JET1
Jet TOBs (second fibre) 28 4 JET2
JFEX Missing/Total Energy 14 4 XE
gFEX jet TOBs and global quantities 8 6 GFEX

Topro OuTPUTSTO CTP

Topo decisions can be sent to the CTP by one of two routes, electrical or optical. The electrical route has
the advantage of lower latency (probably three BCs faster), so should be reserved for algorithms that
are likely to be on the critical latency path. The CTP can receive up to three electrical cables with a
capacity of 64 decision bits per cable. The optical fibre route has a higher bandwidth, with up to 12
possible inputs and 128 bits per fibre. One of the CTP input fibres will be used by the direct MUCTPI
inputs, but there is no shortage of supply for Topo inputs. There is also unlikely to be any restriction on
the number of output fibres per Topo — for example, one per FPGA on the Topo module should easily
cover all trigger items produced by each FPGA. The only likely restriction is on the usage of electrical
Topo outputs for signals that need to be transmitted by the fastest route.

NON-TOPOLOGICAL TRIGGER ITEMS

In this section, the requirements for simple thresholding and multiplicity triggers will be studied. These
are assumed to be simple (and fast) algorithms based purely on a single type of TOB input, and will
replace the functionality of the CMX in the legacy Run-2 system, with some enhancement related to the
new global processor. These triggers can be thought of as ‘non-topological’ even though they will be
formed by algorithms in the Topological processor.

The 2016 trigger menu was studied to understand the actual usage of the multiplicity triggers, in order
to estimate the probable quantity of bits required for the Run-3 menu. Allowing for a small expansion,
this seems a justifiable approximation, as the increased luminosity will mostly affect the value of the
thresholds, not the number of trigger items needed.

The table below summarizes the 2016 trigger menu requirements and estimates the Run-3

requirements in terms of the number of bits to be transmitted to the CTP (rather than the number of
algorithms — a multiplicity trigger up to a count of seven presumably only requires one algorithm, but
three output bits). Note that the number of bits used in 2016 is far smaller than the number actually



provided by the CMX modules (and MUCTPI), as many of the high multiplicity options (up to 7 in some
cases) are never needed in a real physics menu.

Type Bits used in 2016 Bits requirement
for Run-3
Muon 13 16
EM 24 32
Tau 10 16
Missing/Sum Energy 8/8 16+
Jet 40 48
gFex jet + energy + global 48

The numbers here are very approximate, but can be seen to fit easily into two optical fibres, and given
that these algorithms should be simple, the longer optical path should be fine. It should be noted that
the numbers for the gFex triggers is very approximate, purely based on the current Jet requirement.
Also the number of Sum Energy triggers, though excessive for proton physics, is potentially rather
limited for Heavy lons. Either more bits and algorithms should be assigned here, or perhaps some
flexibility should be built in to perform a different set of algorithms and re-assign output bits for Heavy
lons data periods, but these do not have to be performed in the Topo module assigned to non-
topological triggers.

TOPOLOGICAL TRIGGER ITEMS

The potential requirements for Topological trigger items can also be estimated from the Topological
trigger menu in 2016. Although this area is likely to see more development during the rest of Run-2 and
before Run-3, it should still prove useful as an indication of the useful mixture of TOB types required in
typical topological triggers. Again some method of coping with the new global jet triggers must be
considered. Any topological trigger that currently uses the standard jets or missing energy might benefit
in Run-3 from using gFEX-based TOBs and quantities. This could result in quite a large increase in
candidate topological triggers, at least in the early phase of Run-3, before it is established which
algorithms have the best performance. The high-bandwidth optical fibres should be able to handle this,
though there might be more of an issue with competition for electrical transmission for slower
algorithms. The limited total number of CTP inputs may also become an issue, so provision should be
made to prioritize the most important triggers initially, while other potential algorithms can be
monitored for performance.

A simplified summary of the topological triggers defined for the 2016 menu is given below.
Approximately 140 items were specified, though only about 100 of these were implemented in the 2016
topological module firmware. Note that, as with the simple multiplicity triggers, many of these are
similar and are defined for flexibility. Once the performance is analyzed, it is likely that the number of
actual algorithms and bits needed will reduce to those that prove to be most effective. The table gives
the number of topological algorithms based on the types of TOB inputs required, and also a brief (and
incomplete) indication of the physics area where these are useful.



TOB types Approximate Physics Case Location
number of Algorithms
MU only 40 B Physics and S.M. J/psi MUCTPI
EM only 8 J/psi electron TOPO 2
Jet only 15* SUSY, Exotics (MJJ) TOPO 2
MU + XE 4% Exotics (Late) TOPO 2
MU + EM 5 Exotics (LFV) TOPO 2
MU + Jet 7* B-tag TOPO 2
Jet + XE 25%* Higgs, SUSY (KF) TOPO 2
MU + Jet + Tau 3* Higgs (Disambiguation) TOPO 3
EM + Jet + Tau 3* Higgs (Disambiguation) TOPO 3
XE + Jet + Tau 6* Higgs (Disambiguation) TOPO 3
XE +Jet + EM 15* J/psi electron (tag/probe) TOPO 3
EM + Tau 8 Exotics (LLP) TOPO 3
* plus more using gFex

The final column gives the distribution of the algorithms over the topological modules, which will be
detailed in the next section. Note that although the number of algorithms is likely to increase in Run 3,
the burden is already partly off-loaded onto the MUCTPI and there will be more topological modules
available than currently in Run-2. A consequence of this is that the numbers of algorithms (and bits to
be sent to the CTP) does not look problematical, at least if all were to be sent optically. However, the
restriction on fast electrical signals may still limit these numbers for slow algorithms.

STRAWMAN TOPOLOGICAL CONNECTIVITY

Having covered the input, algorithm and output requirements, it is now possible to create a potential
model for the distribution of algorithms between topological modules, and enumerate the input and
output links. Numbering the three Phase-1 Topological processors as TOPO1-3, the overall scheme for
the assignment is given below. Note the number of algorithms/bits to CTP, based on the previous
arguments, is given in brackets:

e  MUCTPI: Muon multiplicities and pure Muon topological algorithms (16+40)

e TOPOL1: All other multiplicity triggers including gFEX items requiring no processing (160+)
e TOPO2: Topological algorithms requiring 1 or 2 TOB types (~65)

e TOPO3: Topological algorithms requiring more than 2 TOB types (~35)

It is assumed that the Topological Processor will consist of two FPGAs which can work independently,
but there is potential for signal forwarding from one FPGA to the other, at the cost of some latency. In
the case of TOPOL1 it is clear that no FPGA to FPGA links will be needed to perform the thresholding, so
both FPGAs can run independently with separate (fibre) outputs to CTP. It would also be desirable to
run TOPO2 in the same way, which is why it is limited to algorithms which combine a small number of



TOB types. It will be seen that with the current FEX output fibre counts, and the complexity of the
algorithms in TOPO3, it is likely that the FPGA to FPGA links will be required for some trigger items.

CONNECTIVITY OF TOPO1
There is some freedom to rearrange inputs and outputs in the simple thresholding/multiplicity Topo, but
a reasonable setup is shown in the diagram below.
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Each of the FPGAs requires one fibre output to the CTP, assuming that these algorithms are fast. The
bandwidth on the fibres allows for the estimated usage with some extra capacity. The choice of placing
the gFEX algorithms on the ‘Lepton’ FPGA means that more output bits are available, since the jet items
require more bits in general, so combining gFEX and jFEX inputs onto one FPGA, though possible in
terms of input fibres, might restrict the number of trigger items which can be sent to the CTP on one
fibre.

CONNECTIVITY OF TOPO2

The algorithms on this module cope with most of the simpler topological algorithms which require a
small number of different TOB types. Note that the TAU inputs do not appear in this module at all. The
connectivity is shown in the diagram below.

As with TOPO1, there is no requirement for interconnection between the two FPGAs. The outputs can
easily be accommodated by one fibre per FPGA, even allowing for the fact that the numbers given are
purely based on current usage, so may change considerably. There is also plenty of capacity for new
algorithms based on combinations of gFEX inputs with other TOBs (particularly EM and MU) which
would form the gFEX equivalent of some of the current Jet combined triggers.

One additional consideration for this module is that some of the algorithms may be slow. So while all
outputs could still be routed to the fibres, it may be necessary to route some algorithm results to an
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electrical cable to be transmitted more rapidly to the CTP. So this module should be assigned two fibre
outputs plus an additional electrical cable.

CONNECTIVITY OF TOPO3
This module contains all the most complex algorithms, and so requires the highest connectivity, as
shown in the diagram below.
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This illustrates that to implement some of the most complex algorithms, while also requiring all inputs
from systems such as eFEX and jFEX, results in a very demanding input count into one FPGA. Other
arrangements are possible which may spread this load, in particular by redistributing the algorithms
between TOPO2 and TOPO3. However, an algorithm that requires all EM, Tau and Jet TOBs will
inevitably need to have 152 inputs, and will be difficult to accommodate in any layout.



Other than the high connectivity, in other ways the arrangement of this module is simple, with one
FPGA purely forwarding data to the other. Depending on the algorithms, it may be possible to do some
pre-processing of the forwarded information in order to reduce the FPGA-FPGA bandwidth required. A
different division of input signals may help with this task — for example, the EM and TAU inputs could all
be routed to the forwarding FPGA, and on most events, these will contain a relatively small number of
TOBs, so could be compressed onto a few links.

For output to CTP, only one link is required. A fibre could be provided as a fall-back solution, but
undoubtedly, the algorithms on this module will require a fast electrical link to the CTP.

CURRENT TOPOLOGICAL TRIGGER SPECIFICATION

In the current Topological trigger, the main limitation relevant to this study is the number of optical fibre
inputs per FPGA, which can be up to a maximum of 80 links. This means that in terms of connectivity at
least, the current module would be suitable for TOPO1 and TOPO2 in the above strawman model.
However, it would not be able to provide the full functionality needed for TOPO3, so some algorithms
could not be performed in the exhaustive version described above. This note does not address the
internal resources required to perform the range of algorithms, but it may also be that the current
FPGAs are not powerful enough for the more demanding load coming from the Phase-1 FEXes.

It is possible to conceive of a reduced version of TOPO3 to illustrate the compromises needed to use the
current module in Phase-1. The main reason why input becomes crucial in the strawman arrangement is
the large number of EM, TAU and Jet fibres. Itis likely that on most events, the second fibre will contain
no TOBs, as they will all fit onto the first fibre. So, provided overflow is flagged, the second fibre can be
omitted. Note that this is particularly true for TAU TOBs — indications from the current system are that
multiplicities likely to cause overflow of Tau TOBs at the thresholds deemed useful for physics are
essentially non-existent.

So an alternative scheme for TOPO3 can be devised as below.
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This may fit into the current Topo processor with or without the need for preprocessing the inputs to
the forwarding FPGA.

EXTENSION TO ENHANCED TOPOLOGICAL TRIGGER MODULES

If the specification of the Topological trigger were to be enhanced for Phase-1, then accommodating the
needs of TOPO3 becomes easier, though not trivial. The proposed upgraded Topological module will
have the capability to receive 120 fibres directly into each FPGA, rather than 80 in the original module.
As before, the demands of TOPO1 and TOPO2 on connectivity should not be a problem, but an updated
FPGA will be able to provide more resources. Also, it would be possible to add more inputs, if needed,
to those already defined. For example, TOPO1 could also receive the 24 TAU2 fibres, so that there
would be less need to worry about overflows in the TAU path.

However, even with an upgraded module, the i/o demands of TOPO3 look difficult. It may be
reasonable to drop the requirement on the second TAU fibre. As stated above, current running
conditions suggest that with a reasonable lowest tau threshold, it is highly unlikely many TOBs will be
sent on this second fibre. Additionally, in the current Topo, many of these algorithms work on an
abbreviated list anyway, so the prioritized TOBs on the first fibre may be sufficient. On the other hand,
it is more likely the second fibre will be needed for Jet and EM triggers. For jets, this is particularly true
in the FCAL region, and for EM TOBs, if there is still a need for J/psi triggers, the threshold will have to
remain very low. An alternative scheme for a 120-input fibre module and just one TAU fibre per eFEX,
the connectivity looks like this.
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The general layout is similar, and there is still a need for inter-FPGA communication, but with fewer links
even without preprocessing (32 links if gFEX combinations are not required). The output routing is still
likely to require the fast electrical cable.



SUMMARY OF FEX AND CTP CONNECTIVITY

The maximal requirement for input and output fibres and cables is summarized in the table below.
Details will vary according to the scheme chosen, and the algorithm assignments above are not the only
possible arrangement. However, the most important point to be taken from this table is that there are
sufficient copies of FEX outputs to feed the proposed three Topological module strawman model.

CTP | TOPO1 | TOPO1 | TOPO2 | TOPO2 | TOPO3 | TOPO3 | TOTAL

Fibres FPGA1 | FPGA2 | FPGA1 | FPGA2 | FPGA1 | FPGA 2 | COPIES
MUCTPI 8x 1 1 1 1 4
eFEXEM1 | 24x 1 1 1 3
eFEXEM2 | 24x 1 1 1 3
eFEXTAU1 | 24x 1 1 2

eFEXTAU2 | 24x (1) 1 1(2)
JFEXJET1 28x 1 1 2
JFEX JET2 28x 1 1 1 3
JFEX XE 14x 1 1 1 1 4
gFEX 8x 1 1 1 1 4
80,104 | 70 78 58 116 64

There are six fibre inputs required to the CTP, 1 for the MUCTPI, 1 for TOPO3 and 2 for each of TOPO1
and TOPO2. Also two electrical cables to the CTP are required for high latency outputs of TOPO2 and
TOPOS3.

USAGE OF CTP INPUT ROUTES

TODO: enough for eventual scheme, suggestion of item numbers, what to do in first year.

CONCLUSIONS

A strawman model for Topological processor connectivity in Run-3 has been presented. This is shown to
be consistent with the current expectations for FEX and MUCTPI output, and also CTP input. A
suggested assignment of algorithms to Topo modules has been discussed, and in the case of two of the
three modules, there are no connectivity problems even using the current design of Topological module.
However, in the case of the most complex algorithms, which have been assigned to the third module,
there are quite severe input constraints. In the case of the current Topological design, the algorithms
would have to work on a reduced set of Jet, EM and Tau inputs making them more susceptible to
occurrences of TOB overflows. How much of a problem this is for the affected topological algorithms is
not clear, and would have to be studied. Even in the case of an upgraded Topological processor, some
of these algorithms are very demanding in terms of input connectivity, but the probable compromises
required in that case appear to be less worrying.

Some of the issues concerning CTP connectivity during the Run-3 commissioning period have also been
presented, and a potential scenario for moving from legacy to Phase-1 trigger items suggested. This is
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rather speculative at this stage, and will have to be specified more precisely when the trigger menus for
Run-3 become more solid.
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