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0 Introduction

A Front-End Simulator (FES) data file contains the data needed to simulate one section of the LAT detector.  For the Tracker or Calorimeter, a section consists of a single Tower.  For the ACD, a section is a collection of up to four FREE boards.  The whole detector contains thirty-six such sections: sixteen Tracker towers, sixteen Calorimeter towers, and four groups of three ACD FREE boards each.  Each data file consists of a series of transitions, each describing the state of that section of the detector at a particular instant in time.  The state includes both the trigger request or veto lines set at that instant and the values of the detector elements to be read out.

While the state of the real detector would normally fluctuate constantly to some extent, the simulation simplifies this situation by maintaining the rest state most of the time and only interrupting it occasionally with physics events.  Such an event consists of several transitions which bring the detector to a state where some of its elements are showing a signal, and then return it to the rest state.  The simplest events require only two transitions, but more elaborate cases can be readily constructed.
The first transition of each event is considered to be the main one, or "event" transition, and is marked as such in the data file. It also, either explicitly or implicitly, depending on the file format, has a "time value" of zero.   All other transitions in the file are subsidiary and have a positive time value, which is the time, in units of 50 nsec, between its associated (preceding) event transition and itself.  Within an event, the transitions are ordered by increasing time value.
While the times between the transitions of an event are always specified in the file, the time between events themselves may or may not be, depending on the file format.  In either case, the inter-event time can be specified at the time the data is sent to the FES hardware.  It is also possible to modify the intra-event times while the data is being sent.

Since events are detector-wide in scope, every event must be represented by at least a pair of transitions for each detector section (Tower or ACD section) in the system.  For those sections with no hits, the event transition is a null one.  Furthermore the time between successive event transitions must be the same for each detector section.  This is achieved in software when the time is externally generated, but imposes a constraint on the data when the time is internal.

0.0 File Formats

There are four possible formats for FES data files, generated by two properties each of which can have two possible values.

One property is the format of the transition data itself, which can either cable-ready, or detector-oriented.

· Cable-ready data is very close to the format required by the FES hardware. While a small number of fields within the data need to be changed before the data can be sent to the hardware, the overall size of the data is not changed.

· Detector-oriented data, on the other hand, consists of lists of detector elements and their associated values, and generally requires extensive re-arranging before being sent to the hardware.  The advantage of this format is that the readout values are readily accessible to the FES software, and can therefore be changed depending on the values of run parameters or simulated front-end registers.
The second property is whether or not the inter-event time is specified in the data file.

Thus the four possible file formats are:

· Basic cable-ready
· Basic detector-oriented
· Cable-ready with inter-event times
· Detector-oriented with inter-event times.

0.1 Related Documentation

Consult the following documents, which are available in LATDocs and online on the FSW Traveler documents page, http://www.slac.stanford.edu/exp/glast/flight/web/FSW_traveler.shtml.
1. LAT-TD-TBD, “Front End Simulator (FES) Hardware Manual”

2. LAT-TD-TBD, “Front End Simulator (FES) User Manual”

0.2 Request for Comments

Comments and questions about this document are welcome.

FSW team members can post comments in the Documentation Suggestion Box forum in SNITZ. Other readers should feel free to contact the FES designer, Owen Saxton, saxton@slac.stanford.edu or Mark Arndt, marndt@slac.stanford.edu.
1 Record Types

An FES data file is a binary file divided into consecutive records.  Each record consists of a 4-byte header followed by a variable amount of data, with the overall length embedded in the header.  The first record in a file is the file header; the remaining records are transition data, with one record per transition.

1.0 The Record Header

The header contains the following three fields:

Record type (1 byte)

Format version (1 byte)

Record length (2 bytes, little-endian)

The record type can be one of the following:

0:  File header

1:  Tracker transition data

2:  Calorimeter transition data

3:  ACD transition data

4:  Calorimeter pedestal data

5:  ACD pedestal data

The format version for the file header and for pedestal data is always 0.  For transition data it can be one of:

0:  Cable-ready data. 

1:  Detector-oriented data.

2:  Cable-ready with event times.

3:  Detector-oriented data with event times.

See Section 0.0. The record length is its total length, including the header.  This is used to locate the next record in the file.

1.1 The File Header Record

The first record in the file is the file header, containing summary information for the file.  It contains the following fields (after the record header):

Data type (1 byte)

Detectors mask (5 bytes, little-endian)

Number of transitions (4 bytes, little-endian)

Number of events (4 bytes, little-endian)

Description (80 bytes)

The data type field can be one of:

0:  Test pattern data

1:  Simulator data

1.1.0 Detectors Mask Field

The detectors mask field is a 36-bit quantity with a bit set for each detector section for which there is data present in the file.  When running the FES, all the data in a file will be for a single detector, but files generated during intermediate steps might contain data for several detectors.  The detectors are numbered as follows:

0-15:   Tracker towers 0-15

16-31:  Calorimeter towers 0-15

32-35:  ACD corners 0-3

1.1.1 Number of Transitions Field

The number of transitions field is the total number of transitions represented by the data in the file.  For a file with data for only one detector (the usual case) this is the number of transition data records.  If multiple detectors are represented, the number of data records will be a multiple of this.

1.1.2 Number of Events Field

The number of events field is the total number of events represented by the data in the file.  Since a single event contains at least two transitions, this will be less than the total number of transitions.

1.1.3 Description Field

The description field is ASCII text describing the data in the file.

1.2 The Data Record

The layout of a data record depends on the detector and format being used.  The possible components, in order (following the record header), are:

Detector number (1 byte)

Always present

ACD cable list (4 bytes)

Present only in ACD data

Time field (2 or 4 bytes)

Present for all formats except 






basic cable-ready (format 0)
Transition vectors (var. length)
Present only for the cable-







ready formats

Hit data (var. length)

Always present

The detector number is described in Section 1.1.

1.2.0 ACD Cable List

The ACD cable list contains the numbers, in the same order as the subsequent transition vectors and hit data, of the cables represented by the data.  Each number can be in the range 0 - 11.  If fewer than four cables are present (the usual number is three), the list is padded with values of ‑1.  For Tracker and Calorimeter data, the implied list is all cables in numerical order.

1.2.1 Time Field

For the two formats that include the inter-event time, the time field is four bytes long and contains the event time and the event and pause flags.  Treating these bytes as a single 32-bit little-endian quantity, the format is:

Event time, in 50 nsec ticks (30 bits)

Pause flag (1 bit)

Event flag (1 bit)

The event time is interpreted differently depending on the value of the event flag.  If the latter is set, indicating that the transition is the main one for the event, the event time is the duration of the event, i.e. the time from this transition to the main transition of the following event.  If the event flag is clear, the event time is the time from the main transition of the event to this one, i.e. the time value discussed in Section 0, and only the low-order 14 bits are used.  The pause flag, if set, directs the simulator to pause the run, after the transition, on each cable served by the current data stream.

For the detector-oriented format without event times, the time field is two bytes long and contains the time value, along with the pause flag.  Treating these bytes as a single 16-bit little-endian quantity, the layout is:

Time value, in 50 nsec ticks (14 bits)

Unused (1 bit)

Pause flag (1 bit)

In this case, the main transition of an event is indicated by a time value of zero.

As stated above, there is no time field for the cable-ready format without event times; the needed values are embedded in the transition vectors.

1.2.2 Transition Vectors

The transition vectors are used by the FES hardware to drive the simulation.  They are supplied, but not completely filled in, for the cable-ready formats, but are completely generated from the other data when the detector-oriented data format is being used.  One transition vector is needed for each cable (or cable pair for the Tracker), and each contains the trigger request (or veto for the ACD) bits, the data pointer, the transition time, the event flag, and the pause flag, but the precise layout depends on the detector type.
· The data pointer is the length of the accompanying hit data, in appropriate units.

· The transition time is the time (in 50 nsec units) from this transition to the following one.

· The event and pause flags have the meaning described in Section 1.2.1.
When transition vectors are present in the data file, they appear in cable list (explicit or implied) order.  The trigger request bits and the data pointer are used as is.  The event flag is always ignored.  The event time and pause flag for all cables are taken from the data for the first cable when the basic cable-ready format is being used, and the event time is interpreted as the time value discussed previously.

1.2.3 Hit Data

The hit data consists of a piece for each cable, in cable list (explicit or implied) order.  For the cable-ready formats, the data is sent to the FES hardware without modification.  For the detector-oriented formats, the data undergoes extensive reformatting before being sent to a simulator board.
For the Tracker, the data is a list of hit strips; for the other detectors, it is a list of hit elements along with their accompanying ADC values.

1.2.4 Tracker Transition and Hit Data Format

For the cable-ready format, the transition vectors and hit data are arranged as follows:

Transition vector, cables 0 & 1 (6 bytes)

Transition vector, cables 2 & 3 (6 bytes)

Transition vector, cables 4 & 5 (6 bytes)

Transition vector, cables 6 & 7 (6 bytes)

Formatted hit data, cable 0 (variable length)

Formatted hit data, cable 1 (variable length)

Formatted hit data, cable 2 (variable length)

Formatted hit data, cable 3 (variable length)

Formatted hit data, cable 4 (variable length)

Formatted hit data, cable 5 (variable length)

Formatted hit data, cable 6 (variable length)

Formatted hit data, cable 7 (variable length)

The internal structure of the Tracker transition vector and hit data is described in [1].

For the detector-oriented format, the hit data is arranged as follows:

Hit data, cables 0 & 1 (variable length)

Hit data, cables 2 & 3 (variable length)

Hit data, cables 4 & 5 (variable length)

Hit data, cables 6 & 7 (variable length)

The data for each cable pair is arranged in nine sections, one for each layer, in numerical order.  Each section contains a variable number of 12-bit quantities, detailing the hit strips in that layer, preceded by a 1-byte count of these quantities.  Thus the data for a single layer is arranged as follows:

Word count (1 byte) (0 or N+2)

First hit strip (12 bits)

Second hit strip (12 bits)

...

Nth hit strip (12 bits)

TOT for left cable (12 bits)

TOT for right cable (12 bits)

If there is an odd number of hit strips, the second TOT value is followed by 4 zero bits, so that the following data begins on a byte boundary.  Hit strip numbers appear in ascending order.  If there are no hits, the TOT values are not present either.

1.2.5 Calorimeter Transition and Hit Data Format

For the cable-ready format, the transition vectors and hit data are arranged as follows:

Transition vector, cable 0 (4 bytes)

Transition vector, cable 1 (4 bytes)

Transition vector, cable 2 (4 bytes)

Transition vector, cable 3 (4 bytes)

Formatted hit data, cable 0 (variable length)

Formatted hit data, cable 1 (variable length)

Formatted hit data, cable 2 (variable length)

Formatted hit data, cable 3 (variable length)

The internal structure of the Calorimeter transition vector and hit data is described in [1].

For the detector-oriented format, the hit data is arranged as follows:

Hit data, cable 0 (variable length)

Hit data, cable 1 (variable length)

Hit data, cable 2 (variable length)

Hit data, cable 3 (variable length)

The data for each cable is laid out as follows:

Hit count (1 byte) (N)

First hit (4 bytes)

Second hit (4 bytes)

...

Nth hit (4 bytes)

A hit contains two components:

Log number (1 byte)

ADC value (3 bytes, little-endian)

The log number is in the range 0 - 47, and is 12 times the layer number plus the log number within the layer.  The ADC value is the value at maximum gain (i.e. range 0).  The values for the other ranges are formed (by FES software) by successive divisions by 8.  A value of all 1 bits indicates that the pedestal value for that log end is to be used.

1.2.6 ACD Transition and Hit Data Format

For the cable-ready format, the transition vectors and hit data are arranged as follows:

Transition vector, first cable (6 bytes)

Transition vector, second cable, if present (6 bytes)

Transition vector, third cable, if present (6 bytes)

Transition vector, fourth cable, if present (6 bytes)

Formatted hit data, first cable (variable length)

Formatted hit data, second cable, if present (variable length)

Formatted hit data, third cable, if present (variable length)

Formatted hit data, fourth cable, if present (variable length)

The internal structure of the ACD transition vector and hit data is described in [1].

For the detector-oriented format, the hit data is arranged as follows:

Hit data, first cable (variable length)

Hit data, second cable, if present (variable length)

Hit data, third cable, if present (variable length)

Hit data, fourth cable, if present (variable length)

The data for each cable is laid out as follows:

Hit count (7 bits) (N)

CNO flag (1 bit)

First hit (3 bytes)

Second hit (3 bytes)

...

Nth hit (3 bytes)

A hit, treated as 24-bit little-endian quantity, is structured as follows:

Channel number (8 bits)

ADC value (12 bits)

Range (1 bit)

Unused (1 bit)

Zero suppress (1 bit)

Pedestal flag (1 bit)

The pedestal flag, if set, indicates that the corresponding pedestal value for that channel is to be used, and the ADC value is ignored.  The channel number is in the range 0 - 17.

2 Pedestal Data

The FES provides the ability to load pedestal values for all the Calorimeter and ACD channels, and, as mentioned in the previous sections, to use a channel's pedestal value whenever the data file requests it.  Such pedestal data would be loaded only occasionally, perhaps at the beginning of each run.  It would not in general be useful to load it during a run since there is no way to synchronize the transition and pedestal data.  So pedestal data could usefully be kept either at the beginning of an FES data file, or in its own file.

2.0 Calorimeter Pedestal Data Format

The pedestal data for a Calorimeter tower consists of 768 1-byte values, one for each range of each channel, preceded by the standard record header and the 1-byte detector number.  So, following the record header, are:

Detector number (1 byte)

Cable 0 pedestals  (192 bytes)

Cable 1 pedestals  (192 bytes)

Cable 2 pedestals  (192 bytes)

Cable 3 pedestals  (192 bytes)

Within each cable, the pedestals are grouped into four layers:

Layer 0 pedestals (48 bytes)

Layer 1 pedestals (48 bytes)

Layer 2 pedestals (48 bytes)

Layer 3 pedestals (48 bytes)

Within each layer, the pedestals are grouped into log ends:

Log 0 pedestals (4 bytes)

Log 1 pedestals (4 bytes)

Log 2 pedestals (4 bytes)

Log 3 pedestals (4 bytes)

Log 4 pedestals (4 bytes)

Log 5 pedestals (4 bytes)

Log 6 pedestals (4 bytes)

Log 7 pedestals (4 bytes)

Log 8 pedestals (4 bytes)

Log 9 pedestals (4 bytes)

Log 10 pedestals (4 bytes)

Log 11 pedestals (4 bytes)

Within each log end, the pedestals are ordered by range:

Range 0 pedestal (1 byte)

Range 1 pedestal (1 byte)

Range 2 pedestal (1 byte)

Range 3 pedestal (1 byte)

2.1 ACD Pedestal Data Format

The ACD pedestals, for each cable represented, consists of 36 1-byte values preceded by the record header, the detector number, and the ACD cable numbers.  So, following the record header, are:

Detector number (1 byte)

Cable list (4 bytes)

First cable pedestals (36 bytes)

Second cable pedestals (if present) (36 bytes)

Third cable pedestals (if present) (36 bytes)

Fourth cable pedestals (if present) (36 bytes)

The cable list is as described in Section 1.2.0.

Within each cable, the pedestals are grouped by channel number:

Channel 0 pedestals (2 bytes)

Channel 1 pedestals (2 bytes)

Channel 2 pedestals (2 bytes)

Channel 3 pedestals (2 bytes)

Channel 4 pedestals (2 bytes)

Channel 5 pedestals (2 bytes)

Channel 6 pedestals (2 bytes)

Channel 7 pedestals (2 bytes)

Channel 8 pedestals (2 bytes)

Channel 9 pedestals (2 bytes)

Channel 10 pedestals (2 bytes)

Channel 11 pedestals (2 bytes)

Channel 12 pedestals (2 bytes)

Channel 13 pedestals (2 bytes)

Channel 14 pedestals (2 bytes)

Channel 15 pedestals (2 bytes)

Channel 16 pedestals (2 bytes)

Channel 17 pedestals (2 bytes)

The two pedestals in each channel are ordered by range:

Range 0 pedestal (1 byte)

Range 1 pedestal (1 byte)
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