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Executive Summary:

· The BC cards should be built as planned, without delay.

· The main issue is whether to build additional TFC cards; if so, 5 other card types will also have to be built.

· The STT group should continue consideration of whether to build additional TFC cards, with a goal of a November 1 decision reached among Paul Padley, Darien Wood, and the STT group.
· The 25% inefficiency of L2STT compared to dØreco needs to be understood.

· Before a decision to forgo extra TFC cards, the committee feels there should be a safety factor of 2 in processing time.  As a concrete target, the STT should sustain a 5 KHz trigger rate (with little L2 dead time) at an instantaneous luminosity of 280 E30.  The estimate should assume the design performance of the upgraded L1CTT and an appropriately conservative extrapolation of the processing time per event.  Based on previous queuing simulations, this requirement leads to a time budget of ~70% / 5000 Hz = 140µs/event. The factor of 2 safety margin suggests a target 70µs per event time budget under these conditions.

· The group should estimate the number of tracks/TFC they could sustain with the present 12 TFC cards.

· The decision on whether or not to build the additional cards should be based on how comfortable the STT group is that they can meet this budget given conservative estimates of processing times and the knowledge of expected L1CTT performance. 
· More manpower is needed for L2STT software and commissioning.

· Effort on the L1CTT simulation is urgently needed to remove the 46% of discrepancies between the simulator and the hardware output to L2STT.

The reviewers were asked to comment on the following areas:

The review committee gives our detailed responses below.

1) Review what has been learned from the current STT commissioning which influences the plans for the STT upgrade

The system operates reliably. There is no evidence of data loss, so any remaining problems are firmware or software, and do not affect production readiness of hardware. 
The STT group worked hard to provide input to the review.  The key points are

· There is still a 25%/track inefficiency vs. dØreco tracks chosen so they should have passed L2STT. Investigations should continue at high priority, to understand the timing impact of any algorithm changes needed.  The efficiency as a function of impact parameter also needs to be understood.

· Up to 25% of inner layers are inactive. This limits the physics performance for both STT and dØreco. The inactive layers cause efficiency losses beyond the relative inefficiency mentioned above.  Layer 0 may mitigate these losses.

2) Review any changes in designs or components between existing modules and those to be produced.

No substantial hardware changes are required.  The buffer controller cards will have a slightly updated layout: 6 traces are changed to reflect a few “white wire” revisions, but the functionality is identical to existing cards. 

3) Review any software work that is required to integrate the STT upgrade into the current STT.

The STT upgrade will require a substantial software effort.
Stony Brook will cover some items:
· Add layer 0 to TFC card pattern recognition and track fits

· New TFC hit selection algorithms to deal with higher occupancies
No one is available for other crucial items:
· Extract pedestals/gains for layer 0 from database

· Trigger simulator needs to incorporate layer 0 
· Update online examine to include layer 0

· Include new boards in alarm GUI

· New crate configuration scripts to support new boards
The STT group knows what needs to be done, but they are very short on people. A new group needs to take responsibility for the missing software effort.

They also reiterated (and we strongly concur) that effort on the L1CTT simulation is urgently needed to remove a 46% discrepancy between the simulator and the hardware output to L2STT. 

4) Review accounting of the numbers of each type of module:  number existing, number in use, number of spares, number of new modules to be built.  Include comments on the costs and schedules for production.
The group proposed two upgrade scenarios: Scenario I: accommodate Layer 0, by adding 6 STC cards; and Scenario II:  in addition, double the number of track fit cards (TFCs).  Scenario II is the baseline upgrade plan.
The group presented a table of the status of system boards for each scenario. Scenario I requires new construction only of 30 buffer controller (BC) cards.  All other cards were built in the first production run. However, the group should verify the number of working MBs (‘probably done’) and VTMs (missing from the table).

Scenario II requires, in addition, new production runs of TFCs and five other support cards, (including one simple card with a design extension and new layout). 
The proposed quantities are reasonable and carefully thought through. The budget is adequate for either scenario.   Components are available, or in hand, for the new boards. Spares are sufficient, ranging from 12.5% (TFC) to 50% (FRC).
Construction of the buffer controller cards should proceed now, as the number required is the same in either scenario. The minor changes to the BC layout (to support flash memory programming), are not expected to cause delay. 
The schedule starts BC and TFC production on October 1, 2004.  The schedule has about 3 months of slack.  We suggest using some of this time to come to a better-based decision on whether to carry out the full Scenario II upgrade.  We also suggest that the group consider saving startup time on a new production runs of existing boards by preparing paperwork for PO’s in advance.
5) Review the studies of STT performance in high-luminosity high-occupancy conditions, and in particular comment on whether or not additional track fit cards are needed. 
At present luminosities, the current hardware performs well within specifications, with considerable CPU, buffering and logic capabilities to spare. However, as instantaneous luminosity increases from 15 to 60 E30 cm-2s-1, STT physics performance, as measured by efficiency vs. purity curves, degrades visibly.
Benefits of the full Scenario II upgrade: Doubled CPU resources could be used in a number of ways:
· Allow twice as many L1CTT track candidates with a given algorithm

· Allow a factor of two higher bandwidth into L2 for a fixed deadtime

· Double the time budget for a more complex algorithm (though this wouldn’t cure fundamental pattern recognition problems due to excessively high occupancy).

Costs: if the present 12 TFC cards are sufficient, Hobbs and Heintz would be freed for other tasks inside and outside the STT.

The STT group expended considerable effort in trying to extrapolate from the present situation to RunIIb conditions.  They reached a preliminary conclusion that additional TFC cards may not be needed.  Although they made good progress toward a decision, the reviewers unanimously feel there is currently insufficient information to change the baseline plan and not construct the extra track fit cards.  In consultation with the STT group, we list a number of high-priority tasks to consider as further input to a decision:

· Resolve the 25% efficiency loss with respect to d0reco mentioned above – the solution to this problem could require substantial increases in CPU usage.
· Analyze the highest instantaneous luminosity runs taken so far for better extrapolation to 280 E30, with particular attention to hits/road, tracks/TFC, and timing.

· Check the timing and performance on a MC sample with an average number of minimum bias events (20?) chosen to give the large occupancies expected at 280 E30. 

· Conduct a MC study of 5-layer algorithms to see the effects of layer 0 on performance and timing. 

The STT group finds that the number of roads sent to each trigger card is the most significant factor affecting event processing time, and therefore the crucial piece of information needed to make a decision.  Extrapolating present data from 60 to 280 E30 gives an estimate of 35 roads/TFC, which is almost certainly untenable (This extrapolation should be re-evaluated using the highest luminosity runs taken). The L1CTT upgrade will, however, significantly reduce the number of roads sent to the STT.
The group’s preliminary study assumed approximately 6 roads/tfc (suggested by Run IIb CTT experts), a generous 2x increase in hit multiplicity, and a 2-fold increase in mean track fitting time.  This resulted in a preliminary event processing time of 80μs @ 5 kHz input rate.  We are concerned that the RunIIb L1CTT simulation may not be reliable enough to adequately predict the number of tracks/tfc. We ask the STT group to determine how many roads the present TFC cards can support. They and the upgrade L1CTT experts should decide whether the L1CTT can deliver fewer roads with reasonable certainty. We also ask the STT group to make certain that hit multiplicity and the addition of layer 0 will not push the processing time to levels for which new TFC cards would be needed.  

We could delay construction of the TFC and other cards as much as three months without seriously affecting the overall STT upgrade project. We recommend that the STT group continue consideration of whether to build the TFC cards as outlined above, with the goal of a decision by November 1st.  Before a decision to forgo extra TFC cards, we feel there should be a safety factor of 2 in processing time.  As a concrete target, the STT should sustain a 5 KHz trigger rate (with little L2 dead time) at an instantaneous luminosity of 280 E30.  The estimate should assume the design performance of the upgraded L1CTT and an appropriately conservative extrapolation of the STT processing time per event.  Based on previous queuing simulations of the overall L2 system, this suggests a time budget of ~70% / 5000 Hz = 140µs/event. The factor of 2 safety margin suggests a target 70µs per event time budget under these conditions. The final decision on whether or not to build the additional cards should be based on how comfortable the STT group is that they can meet this budget given conservative estimates of processing times and the knowledge of expected L1CTT performance. 
6) Although installation and commissioning is not formally part of the project, I would be interested in comments on the people currently presumed to be dedicated to installing and commissioning the upgraded system.
Installation: The proposed Scenario I crate layout places the new STC card in slot 15. Using slot 19 might reduce re-cabling and software remapping.
Commissioning: The electronic commissioning effort should be moderate since there are no design changes to the cards. The STT upgrade does not require parallel running.  However, the Layer 0 STC card will have new firmware, and new software must be written.  Personnel for commissioning seems marginal to inadequate. There are no names attached to download and monitoring software, as Florida State is not working on the upgrade.  Columbia (responsible for FRC and BC) has a no postdoc on the project. However, neither Columbia card requires new firmware.
Please write a report summarizing the findings of the review committee for the Run IIb project manager by Friday, September 17.
