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0 Introduction
TBW.
0.0 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) Data File Guide”
2. LAT-TD-TBD, “FES Hardware Manual”

3. FES Automatically Generated API Documentation at http://www.slac.stanford.edu/exp/glast/flight/doxygen/Doxyidx.htm.

0.1 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 FES Hardware Overview
Physically, the LAT Front-End Simulator (FES) consists of forty-one square boards mounted on the side of the LAT Testbed opposite to the data acquisition hardware. As its name implies, the FES simulates the LAT front-end hardware.  The boards are arranged on a four by four grid of “towers”; this grid has the same area as the actual LAT hardware grid.  Positions in the grid are numbered 0 through 15, in order from the lower left to the upper right. Each board is clearly labeled. Above a layer of resistive load boards, which have nothing to do with the FES, is the layer of sixteen Tracker (TKR) boards.  Above this is the layer of sixteen Calorimeter (CAL) boards.  Above this, occupying only the top and bottom rows of the grid, are the eight Anticoincidence Detector (ACD) boards.  Finally, in position 5 of the grid is the Control (CTL) board used to synchronize and control the operation of the other forty boards.

Each FES board is programmed via a central non-volatile EPLD (which needs to be programmed only once) and four volatile FPGAs (which need to be re-programmed each time power is lost).  The Control board has a larger EPLD than the other forty boards and runs different code, so it cannot be exchanged with them.  The other forty boards are freely interchangeable.
The FES boards are driven by PCs running the embedded operating system, VxWorks.  One PC is used for the Control board.  Ten more PCs are used for the remaining boards, four boards per PC.  Each board is connected to its PC via a PCI bus extension interface, making each board an integral component of its PC.  This implies that the integrity of a PC is lost if any of its FES boards is powered off; in such a case, the PC must be restarted via its front panel.
Each PC contains four large (120 GB) disk drives, one per FES board, used to store the data sent to the boards.  The PCs are located in the two racks beside the Testbed, with lat-ent1 through lat-ent6 in Rack 2 (the rack on the right when viewed from the B101 door of the test lab) and lat-ent7 through lat-ent11 in Rack 1.

1.0 Powering On and Off

The 48 Volt power supply in Rack 2 provides power for the FES.  It feeds a bank of sixteen mini circuit breakers, one for each tower on the Testbed grid, located at the rear of the rack.  These allow individual towers to be powered on or off without affecting the other towers, but are normally all left switched on.

Turning this power supply on and off via the red standby button on its front panel is sufficient to power the FES on and off.  Pushing the button in (standby mode) turns the power off; releasing it turns it back on.  There is no need to use the main power switch located on the left side of the front panel.  The voltage should read 48.0 or close to it; the current should be between 6 and 7 amps.  The power is normally turned off at the end of each working day, unless overnight testing is taking place.

Each FES board has a green LED on its seven-segment display that indicates whether or not it is powered on.

1.1 Starting the PCs

The PCs driving the FES boards are normally left running at all times, but need to be rebooted whenever the FES is powered off and back on.  This is done by pushing the restart button on each one.  This button is to be found behind the front panel, in the center about an inch from the bottom.  It’s recessed in a hole, so a short probe is needed to reach it.  To confirm that a PC has been restarted successfully, check the orange disk activity light below and to the right of the restart button; it should come on for a few seconds immediately after pressing reset.
Normally, all PCs need to be restarted after all of the FES boards have been powered on; however, if only part of the FES has been powered off and back on, only the PCs connected to the affected boards need to be restarted.

When a PC is restarted, the FES environment is fully initialized and the boards are ready to be operated.  This means that the appropriate FPGA code is loaded onto each board if necessary (as if the board has been powered down and back up).  Board configuration is controlled by a central XML file read by all the PCs, and boards are identified by a unique number set into an 8-bit DIP switch on each one. The XML configuration file is described in Section 3.
A visual indication of whether or not a PC is running and communicating with its FES boards is given on each board’s seven-segment LED.  A changing display indicates that all is well.
2 Communicating with the FES

2.0 Serial Line Interface

All the FES PCs have a serial port which is connected to a Xyplex terminal server and can therefore be accessed via telnet running on any computer on the GLAST subnet.  Normally there is no need to connect to any of the “worker” PCs (i.e., those emulating the front-end hardware) since everything can be operated from the Control PC, lat-ent1.
2.0.0 Connecting to the FES on a UNIX/Linux Machine

From a UNIX or Linux machine, the xyplex command allows access via the PC’s name. 
To use xyplex from a Sun or Linux host machine, first start CMX:

unix>cmx start

To connect using the UNIX command line from one of the machines in the Dataflow Laboratory (lat-fangorn, lat-arwen, lat-elrond, lat-cirdan, lat-hobbit1 or lat-hobbit2), issue the command:

unix>xyplex lat-ent1

At this point, the standard VxWorks prompt (“-> “) should be seen.  If it isn’t, lat-ent1 probably needs re-booting, but you can try typing “ctrl-C” first to try to restart the console task. If a re-boot is required, power the Control PC off and on as described in Section 1.1.
If the connection is refused it means that someone else is already connected to lat-ent1.  In this case, if it is known that the other connection isn’t being actively used, the “force off” option may be used with the xyplex command:
unix>xyplex –f lat-ent1.

To disconnect from a telnet connection, type “ctrl-]”.  At the subsequent “telnet>” prompt, type “q” (and return).

2.0.1 Connecting to the FES on a Windows Machine

Windows users should use ssh to connect to a SLAC Linux machine such as iris, then connect to the FES as described above.
2.1 Web Interface

The Control PC, lat-ent1, is running a Web server that enables any computer on site to access it via a Web browser.  The server’s full URL is http://lat-ent1.slac.stanford.edu, but most browsers will work with just the abbreviated node name, http://lat-ent1.

The Web interface is under development, and provides a subset of the functionality of the full serial interface, but currently it allows users to:

· Control and monitor the status of data runs, and load CAL/ACD pedestal data sets

· Retrieve and display node status, system configuration, and system message counts
· Change node states, reboot nodes, and load FPGA code to FES boards

· Display the contents of registers on the FES boards

· Execute memory tests
Users can move through the Web interface using a Java-based navigation pane on the left-hand side of the browser window, or by following hyperlinks in the main window. The Web interface is compatible with several browsers. Use of the Java navigation pane requires installation of a Java Runtime Environment; most Windows and Linux machines at SLAC provide the necessary Java support.
The functionality provided by the Web interface, and the additional functionality provided by the serial interface, are the topic of the following sections.

3 Configuring the FES

The association among nodes, FES boards, and cables is defined in an XML file read when the FES software starts up on the Control PC. 
The configuration of the FES rarely changes. However, for reference, the relationship among the tags in the XML configuration file is shown below.
	Figure 1: Structure of the FES Configuration File

	<root>

<board : id, type, tower, node, disk, map, cc, assoc>


<!—The last attribute, assoc, is only used when board: type=”acd”-->

<!—The next tag, <acd>, is only used when  board: type=”acd”-->



<acd: cable, side>


The attributes for these tags are defined below.

	Table 1: XML Tag Attributes from the FES Configuration File

	Attribute
	Description

	Id
	An identifier for the board, set using each board’s 8-position DIP switch.  This must be unique within a node.

	type
	The type of code to be loaded into the board's FPGAs.  The valid values are "tkr", "cal", "acd", and "ctl".

	tower
	The tower number for TKR and CAL boards.  The corner number for ACD boards.  Zero for the Control board.  The type and tower combination must be unique within a node and should be unique across the entire system.

	assoc
	Valid only for ACD boards.  The tower number of a board to be associated with this board.  Such a pair of boards is treated as a single board and the pairing enables the same data to be sent to two different cables (the "a" and "b" paths).  The association must be reciprocal, and the two cables with the same number must be attached to paired boards.  Also, the paired boards must specify the same disk. Note that it is not mandatory to have paired ACD boards.

	node
	The node name of the PC driving the board.

	disk
	The drive number of the disk containing the board's data.

	map
	The mapping of the four cables on a board from the external numbering to the board's numbering.  This consists of the digits 0, 1, 2 & 3 in order from left to right, representing the board's four cables with the position of each representing the external numbering.

For TKR and CAL boards, the external numbering is that of the TEM to which it is connected, i.e. cable 0 is in the +x direction and the numbers increment anticlockwise around the board.

For ACD boards and the CTL board the same convention is used, but there is no immediate connection with hardware.

	cc
	The number of the control cable connected to the board.  This is in the range 0 - 39, in which the tens digit is the side of the controller board (in the TEM external numbering scheme) and the ones digit is the cable number on that side.

The cables are labeled J2 - J11, corresponding to the numbers 0 – 9, respectively.

	cable
	For ACD boards. The ID of an ACD cable to be associated with the board.  This consists of the cable number in the range 0 - 11, followed by the letter "a" or "b" indicating the path.

	side
	For ACD boards. The side of the board to which the cable is connected.  This is the external number of the board's cable, so is in the range 0 - 3.


4 Obtaining FES Status Information

Once connected, it is useful to be able to determine whether the system is operating correctly.  The FES provides several commands for retrieving status information.

4.0 Retrieving the Status of Worker Nodes
The most basic question to be answered is whether all the worker FES PCs are operational.
Users can request a status table of all worker nodes containing, for each node:

· Node name
· Node connection state: connected (CONN), disconnected (DISC), disabled (DSAB)

· Counts of valid messages sent and message errors sent
· Busy count, which, if non-zero, indicates a network communication problem
All nodes should show as connected (CONN); any that don’t (after waiting several seconds) need to be restarted via the PC’s restart button.  Being persistently disconnected (DISC) indicates a problem with the worker PC.  The disabled state (DSAB) is one that can be set via command if it is desired to leave one or more PCs out of the picture.
Retrieving Worker Node Status at the Command Line

At the VxWorks prompt, issue the following command:

fesCtlNodeShow

No arguments are required.
To refresh the status table, re-issue the command.
Retrieving Worker Node Status Using the Web Interface

From the General Status page, follow the “Node status” link to display the node status table. Use the “Update” button to refresh the table.
4.1 Retrieving Board Configuration Information

The next question to be answered is whether all the boards are present and operational.
Users can request a table displaying the configuration parameters for each FES board. The table reports values read from the XML configuration file, for each board:

· Board identifier (e.g., “tkr0”). This string identifies the FES board for which configuration information is displayed.

· Node name. Identifies the node (CPU) controlling this FES board.

· ID. Uniquely identifies the board type/tower pair.

· Unit. Unit number.
· HwU (hardware unit). Value which maps an “abstract” FES board definition from the XML configuration file to a physical board attached to a PC. This is the only value not defined by the XML file; it is assigned during startup.

· AsU. Associated unit.
· ACDC. This value is reported only for ACD boards. It shows the association between ACD cables, numbered in hexadecimal from 0 to b, and the external cable numbering. Since boards generally simulate only three ACD cables, the external cable positions with no corresponding ACD cable are indicated with the dash (“-“) character.
· Map. Numeric value representing the mapping of the 4 cables on each board from the external numbering to the board’s numbering. See the “map” entry in Table 1.
· Disk. Identifies which of the 4 disks on the node contains the data output by this board.
· CCb. Numeric identifier for the cable connecting this board to the Control board. The tens digit identifies the side of the Control board to which the cable is attached (from 0 to 3). The ones digit represents the cable number on the given side (0-9, corresponding to the cable labeled J2-J11). For example, cable “28” is cable 8 (J10) on side 2 of the Control board.
All hardware unit numbers should be non-negative.  Any that display as -1 indicate a problem with the associated board, which needs to be resolved.  If a problem is suspected, check that the board is actually powered on, and/or restart the associated PC via its front panel.

Retrieving Configuration Information at the Command Line

At the VxWorks prompt, issue the following command:

fesCtlConfigShow

No arguments are required.

Retrieving Configuration Information Using the Web Interface

From the General Status page, follow the “System configuration” link to display the configuration information.
4.2 Retrieving Summary Device Information

More detail about the state of the boards may be obtained from the run status display.  This is usually used to monitor the health of the system while a run is in progress, as described in Section 7.7 on page 19.

Since the run status display shows the values of a few registers from each FES board, it can provide information about whether these registers are being read successfully or not.  The following command (issued at the VxWorks prompt)
fesCtlRunStatShow 1

displays, for side 0 of all worker boards in the system:

· The number of events requested
· The number of events acknowledged
· The transition memory level 
· The data memory level registers.
These should be “reasonable” numbers.  If any events register displays the maximum possible unsigned 32-bit value (4294967295), or a memory level register has the maximum possible 24-bit number (16777215), there is a problem communicating with that board.

To display these registers for all sides of all worker boards, a total of 160 lines, use the command

fesCtlRunStatShow 1, 1

Retrieving Summary Device Information Using the Web Interface

Equivalent information can be obtained using the Web interface. From the Running the FES page, follow the “Monitor the status of a run” link to display these quantities.
4.3 Retrieving Detailed Device Information

Sometimes it is necessary to examine the contents of all the registers on an FES board in order to diagnose a problem.  This can be done with the VxWorks command

fesCtlDevShow <board>

where <board> is the name of the board to be displayed in the same form as it appears in the display produced by the fesCtlConfigShow command (e.g. “tkr4”, “cal10” or “acd1”, where quotes must be supplied).

The set of registers and their functions are described in [2].

Retrieving Detailed Device Information Using the Web Interface

From the Diagnostics Functions page, follow the “Show board registers” link, then choose a board for which detailed information should be shown.

5 Maintaining the FES

The FES provides a command-line and Web interface to routines that configure individual nodes and FES boards.
5.0 Disabling or Disconnecting FES Nodes

In some situations, users may want to disable certain nodes (CPUs) or disconnect them temporarily. Disconnecting a node can be used to clear a network problem; after disconnection, the Control node immediately attempts to reconnect. A disabled node remains disconnected from the Control node and is not sent any messages until it is enabled again.
The FES’s run control features should be used to mask individual FES boards in preparation for a run, as described in Section 7 on page 15. Nodes are disabled or disconnected primarily for maintenance purposes, not for run control.

To disable a node at the VxWorks prompt, issue the following command

fesCtlNodeDsab <nName>
where <nName> is a string containing the name of the node to disable (e.g., “lat-ent7”). The Control board disconnects from this node and excludes it from subsequent system-wide operations. To disable all nodes, use:
fesCtlNodeDsabAll

To enable a particular node or all nodes, use the corresponding pair of commands, fesCtlNodeEnab <nName> and fesCtlNodeEnabAll.

To disconnect a particular node, issue the following command

fesCtlNodeDisc <nName>

where again, <nName> is a string containing the name of the node to disconnect from the Control node. After disconnection, the Control PC will automatically attempt to re-connect to the node. To disconnect all nodes and attempt a reconnect, use:

fesCtlNodeDiscAll

Changing Node Status using the Web Interface

From the Maintenance Operations page, follow the “Change node state” link. On the Change Node State page, use the radio buttons to choose whether particular nodes should be set to the Connect (CONN), Disconnected (DISC), or Disabled (DSAB) state, then press the “Apply” button to push the settings to the designated node(s).

Use the “Update” button to refresh the page and display the latest FES node status.
5.1 Rebooting FES Nodes

The fastest way to load new node control software into the worker nodes is to reboot individual nodes or the entire set of nodes. Note that rebooting a node does not affect the FPGA code loaded onto the FES boards controlled by this node; switching FPGA code must be done separately.

To reboot a specific worker node or all worker nodes at the VxWorks prompt, use the following command:
fesCtlReboot <nName>

Here, the <nName> parameter is the specific worker node to reboot; to reboot all nodes, execute the command without a parameter.

To reboot the Control node, press “ctrl-x” or type “reboot” at the VxWorks prompt.

Rebooting FES Nodes Using the Web Interface

From the Maintenance Operations page, follow the “Reboot nodes” link. On the Reboot page, use the checkboxes to select the node or nodes to reboot, then press the “Reboot checked nodes” button. To reboot the Control node, press the “Reboot control node” button.
5.2 Loading FPGA Code to FES Boards

To load new FPGA code to a particular FES worker board or to all worker boards, use the following command:

fesCtlCodeLoad <bMask>

<bMask> is a 40-bit mask specifying which boards should have FPGA code loaded. Bits 0 - 15 select tracker boards 0 - 15; bits 16 - 31 select calorimeter boards 0 - 15; bits 32 - 39 select ACD boards 0 - 7.
To load FPGA code to the Control board, use

fesConfigCodeLoad <unit>
where <unit> is the unit number of the Control board (normally ‘0’).
Re-loading FPGA code is a very infrequent operation.

Loading FPGA Code Using the Web Interface

On the Maintenance Operations page, follow the “Load FPGA Code” link. 

On the Load FPGA Code page, enter the board mask in the supplied field.

Alternatively, press the “Select” button, then use the checkboxes to select which boards should be reloaded. Press “Apply” to save your selections to the “Board Mask” field and return to the Load FPGA Code page.

Press the “Load” button to actually load the code to the FPGAs on worker boards. The Web interface does not allow loads to the Control node.
6 FES Data Files

6.0 FES Data
The data for a run of the simulator consists of a sequence of events, each of which contains at least two transitions.  A transition is a representation of the state of the detector at a particular time and contains two types of information, the transition vector and the readout (hit) data.

The transition vector for a particular board type is of fixed length and contains the basic information needed to drive the board: the trigger request lines (or veto lines in the case of the ACD) to be asserted, the time for which the lines are to be asserted, whether the transition is the main one (the “hit” transition) of the whole event, and the length of the accompanying readout data.

The readout data consists of a list of the detector elements that were hit, along with ACD values where appropriate, and is supplied to the data acquisition system if the asserted trigger lines cause the latter to request it. Readout data for the Calorimeter and ACD boards also contain flags to indicate whether pedestals used in place of file data.
One transition in a set of transitions is considered to be the main, “event” transition. The simplest kind of event consists of exactly two transitions, one to assert the hit state and a second one to return the instrument to the quiescent state.  More complicated events can readily be imagined, but so far have not been generated.

Since events are detector-wide in scope, every event must be represented by at least a pair of transitions for each detector section in the system.  For those sections with no hits, the event (main) 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 generated internally.

“Real” event data is generated by a detector simulation program (GLEAM) running on central computers and is converted to the format needed by the FES. The FES also provides tools to generate basic test data patterns.
More information on the structure of FES data files is provided in [1].

6.1 FES Data Files

FES data files are packaged in one of four formats:

· Cable-ready. This format contains both transition vectors and formatted hit data that can be translated into commands to the FES hardware with little additional re-arrangement or processing. This format does not contain any information about the time between event transitions.
· Detector-oriented. This format contains hit data only; transition vectors must be calculated by the FES. The hit data resembles that generated by the actual front ends. Each data record in the file contains a 14-bit time field specifying the time from the corresponding event transition. The time field for main transitions (“events”) has a value of 0.
· Cable-ready with event times. This is a cable-ready format in which the times from main transition (event) to main transition (that is, the event durations) are explicitly recorded. Other subsidiary transitions are timestamped relative to the main transitions.
· Detector-oriented with event times. This is a detector-oriented format in which the interval between main transitions is explicitly encoded.
Since the FES consists of a number of boards connected to a number of PCs, it is necessary as part of generating FES data to split the generated data into several files, roughly one per FES board, and to copy each file to a hard disk on the appropriate PC.  In all, thirty-six files are required per run, one for each Tracker and Calorimeter board plus one for each pair of ACD boards.  The ACD data is treated differently because each simulated FREE board feeds both the primary and redundant GEMs via separate cables, whereas there is no TEM redundancy for the Tracker or Calorimeter.  These files are all generated with a common stem name, but have their file types set to be the same as the name of the destination board.  For the ACD, only the low-numbered board names are used.

6.1.0 Pedestal Data Files

The FES provides the ability to load pedestal values for all the Calorimeter and ACD channels, and to use a channel's pedestal value whenever the data file requests it.  Such pedestal data is loaded only occasionally, usually 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.  
Pedestal data is generally packaged into its own file(s). “Realistic” pedestal data is generated manually. However, the FES provides a tool to general simple pedestal test data files.
6.2 Creating Data Files

The FES system provides two utilities, fesdata and fesfile, to create sets of simple FES data files and manage files on FES nodes. These utilities are run on host systems.

Before attempting to run these tools, start a CMX session:

unix>cmx start

Command-line help for these commands is available. For instance, to list command flags and parameters for the fesdata command, execute the following: 

unix>fesdata help
6.2.0 Test Data Files

6.2.0.0 Generating Standard Test Data

The fesdata command can be used to generate a set of files containing multiple occurrences of a standard hit pattern, then copy the files to FES nodes. The test data can be generated and copied to a specific node or to all nodes. The name of each generated file is constructed from the supplied stem by prepending the detector node and disk names, and appending a period and the detector name. For instance, running fesdata with a file stem of “mondo” and deploying the data files to all nodes would result in the following output:
Creating file lat-ent7:/hd0b/mondo.tkr0

Creating file lat-ent7:/hd1b/mondo.tkr1

Creating file lat-ent7:/hd2b/mondo.cal0

Creating file lat-ent7:/hd3b/mondo.cal1

…

Creating file lat-ent11:/hd0b/mondo.acd0

Creating file lat-ent11:/hd2b/mondo.acd0

Creating file lat-ent11:/hd0b/mondo.acd0

Creating file lat-ent11:/hd2b/mondo.acd0

To create test data files, issue the following command

fesdata gen -e<count> -v<vrsn> -t<type> -i<intvl> -o<optn> -n<node>

       -c<cfile> <file-stem>

where <file-stem> is used to specify the name stem of the standard test data files written to the FES nodes. The other parameters are:

· <count> - The number of events (transition pairs) to generate. The default is 100.
· <versn> - The format version of the data: 0 (cable-ready), 1 (detector-oriented), 2 (cable-ready with inter-event times), and 3 (detector-oriented with inter-event times). The default is 0.
· <type> - The type of data to generate: 0 (repeating events), 1 (each event has an encoded event number). The default is 0.
· <intvl> - The interval (50 ns units) between transitions. This parameter is only used for version 1, 2 and 3 data (see <versn> above). The default is 20K.
· <optn> - File overwrite option: < 0 (do not overwrite), 0 (prompt user), > 0 (overwrite). The default is 0.
· <node> - The name of the node to copy the test data file to. The default is all nodes.
· <cfile> - The FES configuration file name (if not default)
6.2.0.1 Generating Pedestal Test Data Files

To create a set of standard ACD and Calorimeter pedestal data, issue the following command

fesdata genped –o<optn> -n<node> -c<cfile> <file-stem>

where <file-stem> is used to specify the name stem of the pedestal test data files written to the FES nodes. Use <optn> to specify whether pedestal data files with the same <file stem> should be overwritten (the default is 0, prompt user to overwrite; < 0 indicates files should not be overwritten; > 0 indicates files should be overwritten). Use <node> to identify a specific node to which a pedestal data file should be written (the default is to write to all nodes). <cfile> specifies which FES configuration file should be read for FES hardware configuration parameters.
6.2.0.2 Generating Trigger Test Data Files

The fesdata tool can be used to generate a set of trigger test data files. These files contain transition vectors but null hit data. A file of trigger specification data must be provided; this file consists of multiple records of space-delimited integer parameters of the following form.
<count> <pause> <tkrXL> <tkrXR> <tkrYL> <tkrYR> <calN> <calP> <acd0> <acd1> <acd 2> <acd 3>

All parameters must be provided for each record. The parameters are:
· <count> - The number of times this transition should be repeated
· <pause> - Whether the FES should pause its run after this transition (1 = pause, 0 = continue).
· <tkrXL> - The Tracker trigger request (TREQ) lines for left X layers.
· <tkrXR> - The Tracker TREQ lines for right X layers
· <tkrYL> - The Tracker TREQ lines for left Y layers

· <tkrYR> - The Tracker TREQ lines for right Y layers
· <calN> - The Calorimeter TREQ lines for negative layers

· <calP> - The Calorimeter TREQ lines for positive layers

· <acd0> - The ACD veto and CNO lines for side 0.
· <acd1> - The ACD veto and CNO lines for side 1.
· <acd2> - The ACD veto and CNO lines for side 2
· <acd3> - The ACD veto and CNO lines for side 3
Once a file of trigger test data specifications is prepared, trigger test data files are generated with the following command

fesdata gentrig –o<optn> -n<node> -c<cFile> <spec-file> <file-stem>

where <spec-file> identifies the trigger data specification file and <file-stem> specifies the root name of the trigger test data files written to the FES nodes. Use <optn> to specify whether existing trigger data files with the same <file stem> should be overwritten (the default is 0, do not overwrite). Use <node> to identify a specific node for which a trigger data file should be created (the default is to generate files for all nodes). <cfile> specifies which FES configuration file should be read for FES hardware configuration parameters.
6.2.1 More Realistic FES Data Files

The fesdata command generates basic FES data files of the kinds described above. More complex FES data files are generated “by hand” based on data produced in detector simulations using GLEAM or other tools. Several data sets are currently loaded and available for use. When these data sets are standardized, descriptions will be published.
6.3 Managing Data Files

6.3.0 Listing Available FES Data Files

Viewing Available FES Data Files Using the Web Interface

From the Running the FES page, follow the “Control a data run” link. On the Run Control page, next to the “File Name” field, press the “Browse” button. The Select File page appears.

Use the “Pattern” field and “Search” button to list installed FES data files by their name stem. The “Pattern” field accepts wildcards. Leave the field blank and press “Search” to list all installed files. 

Select a file from the list and press the “Details” button to display the file creation time, filesize, and encoded boardmask.
7 Running the Simulator

7.0 Setting Optional Run Parameters

The first step in running the FES is setting optional run parameters.

FES data files may contain time data, as discussed in Section 6. The FES can also override time data or supply time values when files lack such data, depending on the settings used with the fesCtlRunInit command (see Section 7.1). When running with FES-supplied time data, users can choose whether time values are applied linearly or according to an exponential distribution with
fesParmDistSet <dist>

where <dist> is the desired distribution of time values, ‘0’ for constant, ‘1’ for exponential.

Users can choose to skip a specified number of events at the beginning of each pass through a data file using

fesParmEvtSkipSet <nSkip>

or limit the number of events processed from a data file using

fesParmEvtProcSet <nProc>

Finally, to set whether the GEM should encode the a sequence number into the GEM veto bits, use

fesParmEvtNmbrSet <option>

where <option> is either ‘0’ (do not encode event sequence numbers), or not ‘0’ (encode the numbers).

Settings for each of these options parameters can be retrieved with corresponding “Get” commands. For instance, to view the settings for the number of events to skip, issue

fesParmEvtSkipGet
7.1 Initializing a Run

The next step is initializing the run.  This causes the specified data files to be opened on their respective PCs and the data read and copied to the FES boards until the board’s memory fills.  If the end of the data is reached before memory fills, null data is generated and sent to the boards.  Various parameters for the run are specified at this time, such as which boards are to participate (usually all do) and what the inter-event time is to be if it’s not contained in the data file.  These are all described in detail below.  The command to initialize a run is:

fesCtlRunInit <file>, <board-mask0>, <board-mask-1>, <event-time>, 


<time-expn>, <oneshot-time>, <repeat-count>

<file> is the common stem used to name all the files that are to be used for the run.  As described in the previous section, the board name is appended to this as a file type, and the correct (as specified in the common configuration file) disk name is prepended.

<board-mask0> and <board-mask1> together specify which boards are to participate in the run, by having a bit set for each such board.  The low-order sixteen bits of <board-mask0> correspond to the sixteen Tracker boards and the high-order sixteen bits correspond to the sixteen Calorimeter boards.  The low-order eight bits of <board-mask1> correspond to the eight ACD boards.  The ACD boards actually participate in pairs, as alluded to in the previous section, so setting either bit of an even-odd pair causes both boards of the pair to be used.  Extra set bits cause no problem, so a simple way to specify that all boards are being used is to set both numbers to -1.

<event-time> is the average time between events, in 50 nanosecond units, if the times in the data files are to be overridden (or if the data files don’t contain event times).  The value 0 must be specified if the times in the file are to be used.  The fesParmDistSet command controls whether the times are applied linearly or exponentially; see Section 7.0. The event time can be quite large if need be: e.g. to achieve an event rate of 1 Hz, <event-time> would be set to 20000000 (twenty million).

<time-expn> is a multiplier to be applied to the intra-event times (the times specified in the data file between the transitions of a single event), to cause each event to be more spread out.   This would be used only in some unusual test cases, and is normally set to zero, which is treated the same as a value of one.

<oneshot-time> is the time (in 50 nanosecond units) that each transition of an event is to assert the trigger request or veto lines, and can be in the range 0 – 63.  A value of zero causes the lines to remain in the specified state until the following transition; otherwise they return to zero after the specified time (unless the following transition occurs first).  Normally a small positive number is used.

<repeat-count>  is the number of times each file is to be read and sent to the simulator hardware.  If set to zero, the file is read repeatedly until the run is either stopped or terminated.

Initializing a Run Using the Web Interface

A run can be initialized according to the dimensions described above using the Web interface; in fact, the Web interface is considerably more convenient for this purpose.

From the Running the FES page, follow the “Control a data run” link. On the Run Control page, using the provided fields, dialogues, and drop-downs, supply values to define the run. Use the Interval field and Distribution radio buttons to define the time interval between events and whether that interval is applied in a constant or exponential manner.

When all the run parameters are defined, press the “Initialize” button.

7.2 Loading Pedestal Data

Pedestal data for the CAL boards and ACD boards can be loaded before a run begins.

At the VxWorks prompt, issue the following command
fesCtlPedestalLoad <fName>

Where <fName> is the name stem of the pedestal data file to load.

Loading Pedestal Data Using the Web Interface

From the Running the FES page, follow the “Load pedestal data” link to the Load Pedestals page. 
To choose which FES boards to apply the pedestal data to, set a mask directly in the “Board Mask” field or click the “Select” button to reach a set of checkboxes with which you can choose the boards to be masked.
In the “File Name” field, enter the stem name of the set of pedestal data files to load or press the “Browse…” button to select a file.
7.3 Starting a Run

Once a run has been initialized, it must be started in order to set the FES hardware running.  The VxWorks command to do this is:

fesCtlRunStart <option>

<option> consists of the logical OR of the option values selected from the following:

1:  Start and pause the run externally (i.e. from the CRU)

2:  Use the external clock (i.e. that of the CRU) to drive the FES board

4:  Signal the CRU whenever a run is paused

If none of the options are set, the Control board issues all timing and run signals.

This command is also used to resume a run that has been paused.

When running, each FES board processes its transition vectors in sequence, asserting trigger request (or veto) lines for the requested time, and supplying data if requested to do so by the data acquisition system.  As the data is processed, more is supplied by the PCs to keep the respective memories as full as possible.

Starting a Run Using the Web Interface

From the Running the FES page, follow the “Control a data run” link to reach the Run Control page. In the Run Options section, use the checkboxes to define the options for the run.
If a run is paused, use the “Start” button to resume.

7.4 Pausing a Run

Sometimes it is desired to stop a run temporarily, i.e. pause it, expecting to resume it again later.  This is done with the command:

fesCtlRunPause

This takes no arguments, and simply causes all the FES boards to stop running (i.e. stop processing their data).

Pausing a Run Using the Web Interface

On the Run Control page, click the “Pause” button.

7.5 Stopping a Run

This is the process of allowing a run to come to a clean stop.  This is done by terminating the reading of data files at the end of the current pass and supplying null data thereafter while keeping the boards running.  Because of the large buffer memories on the FES boards, it may take minutes, or even hours, before the last of the actual data is processed, depending on the event rate.  Also because data sizes are not the same for each board, the number of events processed could differ from board to board.  As such, this procedure is not particularly useful.  The command to do this is:

fesCtlRunStop

A stopped run may be paused.

Stopping a Run Using the Web Interface

On the Run Control page, click the “Stop” button.
7.6 Terminating a Run

A run must be terminated before initializing a new one, using the command:

fesCtlRunTerm

This command may be issued at any time during the course of a run, whether in a running, stopped or paused state.

Terminating a Run Using the Web Interface

On the Run Control page, click the “Terminate” button.

7.7 Monitoring a Run

It is useful to be able to monitor whether or not a run is progressing normally.  This is done by displaying a small number of registers from each board participating in the run.  The quantities displayed are:

· The number of events generated
· The number of events acknowledged
· The level of (i.e. the amount of unprocessed data in) the transition vector memory
· The level of the data memory
· The run state

The number of events requested is just the number of transitions processed that have the event bit set, and should increase at the known event rate.  It should also be the same for all boards in the run, except for the first entry, that for the Control board.  Depending on the event rate, this will be slightly higher than the other values because it is sampled slightly later.  It is also generated from the other values: it is incremented whenever all the other participating boards generate an event pulse simultaneously. If it is less than the others it indicates a problem either with the data, with the timing between the FES boards, or with a particular FES board.  In the latter case, the value for the bad board and the others on the same CPU will be less than the value for the other boards.

The number of events acknowledged is a count of the number of times a readout request was received from the data acquisition system, and should therefore not exceed the number requested.  For Tracker boards, there are two such values shown, since there are two cables on each side of the board.

The transition vector memory level is the number of unprocessed transition vectors (described in a previous section) in the board’s memory.  It should be explained that transition vectors and hit data occupy separate memories in an FES board, and the levels of each are maintained by separate data streams derived from the original data in the file supplying the board.  It is to be expected that these levels would be more the less the same for all boards of the same type, but this could be skewed by data that does not, on average, represent hits uniformly distributed across the whole detector.  In any case, any level dropping to zero while running indicates a serious problem with the FES, although one simple cause would be setting the event rate too high, enabling an FES board to process the data faster than its PC can supply it.  This latter problem can occur if the event rate is set in excess of 20 KHz.

The data memory level is the amount of unprocessed hit data in a data memory, and again there are two of these for each Tracker board because there are two cables per side.  The expectations about these levels are similar to those for transition vector memory.

The run state indicates whether or not the board’s hardware is in the running state.

See Section 4.2 on page 8 for the VxWorks commands and Web interface page used to access this data.

7.8 Running the FES in Conjunction with LATTE

LATTE can be used to record the data generated during FES runs; the only issue is one of synchronizing the LATTE run with the FES run.
For detailed information about LATTE, consult the I&T Online Web pages:http://www-glast.slac.stanford.edu/IntegrationTest/ONLINE/Default.htm.

The general procedure for taking data using LATTE and the FES is as follows:
· Power up the FES as described in Section 1.

· Connect to the FES, perform any configuration, and load FES data files as described in Sections 2 through 6.

· Power up the Testbed.

· Boot the Testbed external crate (usually lat-efl18).
· Boot the Testbed SIU crate (usually lat-elf17).
When primary boot on the SIU crate is complete and the boot shell is available, send the RTOS Exec telecommand to start the secondary boot process. If the SCP/LCP framework is being used to command the SIU crate, the command to issue is PBC_sendBoot <unit, rtos, ssb0, ssb1>. To boot the SIU from the lower bank of EEPROM, use PBC_sendBoot 0, 1, 1, 1.
· Set up the LATTE evtSvr and cmdSvr on the Testbed external crate.
· Start LATTE, specifying the external crate as the target.
In LATTE Run Control, select the desired LATTE schema file and test script file, and specify the directory to which outputs should be written.
Select triggering options in a LATTE GUI (if applicable), if such options are not already set in the LATTE test script file. LATTE should be configured to read out the detector in response to solicited triggers.
· Start the LATTE run.
LATTE waits until the FES sends data and the T&DF system responds with triggers.
· Initialize the FES run as described in Section 7.
Pass a <repeat-count> of 1 to the fesCtlRunInit command (or use the equivalent Web interface options), or specify a small number of repeats. By doing so, you ensure that the data collection run ends cleanly after the final repeat of the FES data set; since the number of repeats is known, future runs against the same FES data set are reproducible.

Always use the external (CRU) clock run option.

· Start the FES run.

· Monitor the run as described in Section 7.7 and continue until the number of events generated and acknowledged matches the expected number of events in the FES data file and the number of requested repeats.

· Stop the LATTE run.

Run data are stored in your chosen outputs directory.
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