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Introduction

The Front End Driver (FED) is a 9U 400mm VME64x card designed for reading out the CMS silicon tracker signals transmitted by the APV25 analogue pipeline ASICs. The signals are transmitted to each FED via 96 optical fibres at a total input rate corresponding to 3 Gbytes/s. The FED digitizes the signals and processes the data digitally by applying algorithms for pedestal and common mode noise subtraction.

The Fed9U software is a package designed to control the FED registers and the data readout from the FED buffers.  It also provides monitoring capabilities for the temperatures and voltages of different FED components.  All of the Fed9U software is contained within the Fed9U namespace.  It is divided into two categories:  Fed9UUtils and Fed9UDevice, each of which has its own header and dynamically linked library.  Fed9UUtils is a collection of utility classes that perform tasks that are used throughout the Fed9U namespace.  Fed9UDevice contains the classes required to access the FED hardware, which depend on the utilities provided by Fed9UUtils.

The two main low-level classes required to access the FED hardware (Fed9UVmeBase and Fed9UVmeDevice) in Fed9UDevice are documented elsewhere [1].  This document focuses the classes required to unpack the event record output by the FED, which are part of the Fed9UUtils package.

FED Event Format

All the different data formats available within the FED are described in detail elsewhere [2].  The general layout is that each event begins with a CMS DAQ header, whose format is common to all sub-detectors, followed by a tracker-specific header, the tracker payload and the CMS DAQ event trailer.  The entire event record is recorded in 64-bit words following the SLINK-64 standard.

Details of the DAQ header and trailer can be found at [3].  The tracker-specific header comes in two versions:  “Full Debug” mode and “APV error” mode.  As the name suggests, the former is intended for debugging purposes and includes detailed status information for all fibres and FPGAs.  The latter is a condensed version that is intended for normal physics running.

Both tracker-specific header modes have the first 64-bit word in common, which contains header and event type information, along with summary FE-FPGA status information.

Regardless of the tracker-specific header mode, the payload follows a standard layout, in that the event data from each FE-FPGA is stored in order, starting with FE-FPGA 8.  The data is always padded such that the data from each FE-FPGA starts on a 64-bit word boundary.  If any FE-FPGA is disabled, the corresponding block will be missing from the payload.  Information on which FE-FPGAs are enabled is stored in the first 64-bit word of the tracker-specific header.

The payload also comes in different formats, five in total, which are independent of the tracker-specific header mode.  They are:  scope mode, virgin raw mode, processed raw mode, zero-suppressed mode and zero-suppressed lite mode.  The format is identified via the packet code, which is stored at the start of the payload for each fibre, except in the case of zero-suppressed lite mode, in which the packet code is not kept at all.

The Fed9U classes

Three classes have been created to unpack the event record:  Fed9UEventStreamLine, Fed9UEventUnitStreamLine and Fed9UFakeBufferCreator.  These are modelled on the old classes (Fed9UEvent, Fed9UEventUnit, Fed9UEventChannel and Fed9UEventIterator) designed for unpacking the FED event record, but which cannot handle all data formats and both header modes.

Data access

Before discussing the classes themselves, it is necessary to describe the way data is packed within an event record and how it is accessed.  In the main class, Fed9UEventStreamLine, the data is originally stored in a buffer of 32-bit chunks.  It is then recast into a buffer in which the data can be accessed in single bytes.
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However, the way in which the data is packed into the event record and the order in which the bytes can be accessed is completely different, as shown in the above diagram.   This swapping only occurs when the data is read out over the VME interface; if the data is read-out over SLINK, the data access order and the data packing order are the same.

The firmware is currently being changed so that the FED deliberately swaps the data around when it is going to be read out over VME, so that it comes out in the same order as it would over SLINK.

The current situation is illustrated by the diagram below, where A – B represents the 32-bit words in the DAQ header, C-D represents those in the tracker-specific header and payload and E-F represents the 32-bit words in the DAQ trailer.
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Once the firmware changes have been implemented, the unified event record structure will be that shown in the diagram below.
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Currently the unpacking code only handles the VME variant for data access.

Fed9UEventUnitStreamLine

A Fed9UEventUnitStreamLine object represents the event record from a single FE-FPGA.  A Fed9UEventUnitStreamLine object must know the location within the overall event buffer of its header information within the tracker-specific header and the location of the associated payload.  It also needs to know the header format and which FE-FPGA it corresponds to.  This last piece of information is only necessary when using the APV ERROR mode for the tracker-specific header, as the extraction of the header information for a specific FE-FPGA is impossible without it.

The constructor also extracts the data length for each channel from the FE unit payload and stores it in a vector.  This is important as the data length is used frequently for navigating around the event record and extracting the information once in the constructor considerably speeds up the navigation process.

The class provides access to the following information:

· The full header for the FE unit.  The method distinguishes between FULL DEBUG mode, in which the header is 10 bytes long, and APV ERROR mode, in which the header is only three bytes long.

· The payload data length in bytes.  This information is stored in the FULL DEBUG mode of the header.  The information is also stored on a channel-by-channel basis in the payload and therefore the data length for a given FE unit can be simply calculated.  In neither case does the length include any padding bytes.

· The majority APV pipeline address for a given FE unit.  This is the pipeline address that is recorded by the majority of channels associated to a given FE unit.  It is only stored in the tracker-specific header when it is in FULL DEBUG mode.

· Pointers to the start and the end of the payload data for a given FE unit.

The class also provides a method for checking that the channel data lengths are consistent where appropriate.  In scope, virgin raw and processed raw modes, the data lengths on all channels should all be the same.  

The class also provides methods for accessing channel-related information, which are as follows:

· The status of a given channel.  In FULL DEBUG mode this is a six-bit word, while in APV ERROR mode it is reduced to two bits.

· The length of the payload data for a given channel.

· The packet code for a given channel.  This code identifies the format of the payload data for each channel.  It is one byte in which the 3 least significant bits are reserved and are currently set to 111.  The remaining five bits define the mode.  The method getPacketCode(u32 channel) checks the full byte, but only returns the five most significant bits.  This is because the packet code is not stored in zero-suppressed lite mode and the mode can be misinterpreted in this case, unless the 3 least significant bits are included in the check.

· The “common-mode offset” for a given channel and APV.  This is stored in the payload in zero suppressed mode.

· The number of data words for a given channel.  For scope, virgin raw and processed raw modes, the actual number of raw data words is returned, while for zero suppressed and zero suppressed lite modes, the maximum number of clusters possible per channel is returned.

The remaining methods in this class are associated to accessing the actual data for a given channel.  There are three different methods for accessing the data.  One simply returns a pointer to a given data word for a given channel.  The start of the data for a given channel can be accessed simply by requesting the data at location = 0.  The second returns the actual data, rather than just a pointer.  In this case, two bytes of data are returned because in scope, virgin raw and processed raw modes, each data word is 10 bits long and is stored in two consecutive bytes.  For zero suppressed and zero suppressed lite modes, the data words are single bytes, so this method returns a logical OR of two consecutive data words.

The final method returns the complete set of data words for a given channel in a vector.  Each element contains a two-byte word for scope, virgin raw and processed raw data and a one-byte word for zero suppressed and zero suppressed lite modes.  It is important to note that this method is a much faster way of accessing payload data than retrieving the words individually and therefore time critical applications should use this method.

This class has one private method, getLocations(), which, performs the conversion from the data packing order to the data access order for two consecutive bytes of data, as described in the previous section.  It is used extensively throughout this class.

Fed9UFakeBufferCreator

When using the event unpacking classes to look at the data from fake events, an event buffer must be created that can be used by the Fed9UEventStreamLine class in the same way as the event buffer from a real data event would be.

There are a number of different ways of creating a fake event, but all require an input file.  The fake event type is identified from the first character in the input file.  A file of type 0 is a full raw event buffer in binary format.  In this case the input buffer (received as an istream) can simply be stored on the heap and a pointer to it may be passed directly to the event unpacking classes.

A file of type 49 is a text file containing a single APV frame, i.e. it contains a list of the data samples for each APV on each channel.  In this case a full event record must be created from this set of data, which is then stored in a buffer on the heap such that a pointer can, once again, be passed directly to the event unpacking classes.

Finally, a file of type 50 is also a text file, but in this case containing a full set of FED data, as read back from the fake event registers.  As in the previous case, this is used to create a buffer on the heap with a pointer that can be passed to the event unpacking classes.

Fed9UEventStreamLine

A Fed9UEventStreamLine object represents the full event record from a FED.  It possesses two different constructors:  one for real event data and one for fake events.  The constructor for real data takes as input a 32-bit pointer to the event buffer and a pointer to the current FED description.  The constructor for fake events takes as input an istream object that is used in conjunction with Fed9UFakeBufferCreator to create an event buffer that is equivalent to a real event data buffer. 

Both constructors then use a common initialisation method, which takes the pointer to the event buffer and the pointer to the FED description (if available) as input.

The init() method sets up a series of eight-bit pointers to various key locations in the event buffer.  These pointers are private member variables of the class.  As the method passes through the buffer, a running total of the buffer length is kept; also a private data member of the class.  The key locations within the event buffer for which pointers are created are as follows:  the start of the CMS DAQ header, the start of the tracker-specific header, the start of the FE unit header information within the tracker-specific header and the start of the CMS DAQ event trailer.  The format of the tracker-specific header is also determined. 

This method also calls setPointerToUnitDataInPayload(), which locates the each FE unit in the tracker-specific header and in the payload and creates a set of Fed9UEventUnitStreamLine objects on the heap, one for each enabled FE unit on the FED.

The Fed9UEventStreamLine class provides a series of methods that give access to each individual piece of information packed into the CMS DAQ header and trailer and the tracker-specific header, using the pointers that are initialised in the init() method.  There are also methods that make the pointers to key locations available to the user.  Those methods that return information only contained in the FULL DEBUG version of the tracker-specific header simply return 0 when the header is in APV ERROR mode.

The Fed9UEventStreamLine class also provides several methods for outputting event data in different formats and for checking the consistency of different event data.

Three methods are available for the output of event data:  saveIgorFile(ostream& o), which creates an Igor file of the event data, dumpRawBuffer(ostream& os), which creates a binary dump of the event buffer and dumpBuffer(ostream& os), which produces a text dump of the buffer for debug purposes.

There are also three methods which check the consistency of different parts of the event record:  checkChannelStatuses(), checkEvent() and calcCrc().
The first of these three methods checks the status of every channel on every enabled FE-FPGA on the FED and reports any errors found.  The second performs a number of basic consistency checks, including comparing the buffer length with the total data length stored in the DAQ trailer, reporting the data type and format.  The last of these methods uses a table-driven calculation of what the CRC value should be based on [4], which is compared to the value stored in the DAQ trailer in checkEvent().

Testing

The primary goal of the development of a new version of the FED event unpacking was to achieve a significant improvement in the speed of the code, as the unpacking of tracker data is currently thought to be the slowest out of all the subdetectors.  The unpacking code used in the Higher Level Trigger and in offline event reconstruction is based on CMSSW, but uses the Fed9U library and therefore an improvement in the speed of this code will directly contribute to increasing the speed of the event data unpacking elsewhere. 

In order to evaluate any improvement in performance, a simple piece of code was prepared which read in a fake event data file, constructed a event unpacking object and then accessed all the raw data in the event, by looping over all FE-FPGAs and channels and retrieving the corresponding event data into a vector.  This code was then used for both the old code (Fed9UEvent) and the new (Fed9UEventStreamLine) and all available data formats and header formats were tested.  The time taken to construct an event-unpacking object and to retrieve the event data was then measured using the StopWatch facility from the HAL library and using Valgrind [5].

	Data format


	Fed9UEvent ((s)
	Fed9UEventStreamLine ((s)

	
	Constructor
	Constructor + data access
	Constructor
	Constructor + data access

	Scope mode
	75
	1250
	43
	315

	Virgin raw mode
	75
	1150
	44
	298

	Processed raw mode
	70
	1150
	42
	296

	Zero suppressed mode
	60
	230
	36
	120

	Zero suppressed lite mode
	N/A
	N/A
	35
	120


The table above gives the timings for the old and new event unpacking code using StopWatch, for all the different data formats with the FULL DEBUG mode for the tracker-specific header.  It is not possible to compare times for zero suppressed lite mode or for the APV ERROR mode of the tracker-specific header, as these have not been implemented in Fed9UEvent.  The corresponding tests performed with Valgrind show consistent results for the overall event data unpacking, but the constructors do not pass the minimum timing threshold and therefore cannot be compared.  Measurements done using the APV ERROR mode for the tracker-specific header are consistent with those given in the table for FULL DEBUG mode.

Comparing the times given in the table above, it can be seen that the constructor is now approximately 1.7 times faster than in the original code.  A comparison of the overall time taken to instantiate and access the data from all channels shows that in zero suppressed mode, the new code is 1.9 times faster than the old, while in scope and raw data modes, it is 3.9-4.0 times faster.

Summary

A new set of classes for the unpacking of FED event data have been added to the Fed9U online tracker software package.  Three new classes have been added:  Fed9UEventUnitStreamLine, which represents the data from a single Fe-FGPA, Fed9UEventStreamLine, which represents the event record from a full FED and finally, Fed9UFakeBufferCreator, which takes fake events stored in a variety of different file types and creates a standard-format buffer which can be unpacked in the standard way.  This set of classes is much simpler than the original event unpacking code and can unpack all data formats and both tracker-specific header types.

Comparisons of the speed of the old and new versions of the event unpacking code have been made.  It has been found that for the raw data formats, the new code is almost 4 times faster than the old, while for the zero suppressed data format (that intended for standard physics running) is almost 2 times faster.
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