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This document provides an overview of the internal workings of the LATC package.
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0 Introduction

0.0 Intended Audience

This document is intended to provide a brief introduction to LATC for developers of the package itself.

0.1 References

LATC Programmers’ Guide, LATC/docs/LATCprogrammer.doc, J. Swain.

LATC Design, LATC/docs/LATCdesign.doc or CyberDocs 01597, J. Swain.

LATC Automatically Generated Documentation, http://www.slac.stanford.edu/exp/glast/flight/doxygen/Doxyidx.htm.

0.2 Acronyms

LAT – Large Area Telescope.

LATC – A flight software package providing the core configuration functionality.

ACD – Anti-Coincidence Detector.

AEM – ACD Electronics Module.

ARC – ACD Readout Controller.

AFE – ACD Front End.

TEM – Tower Electronics Module.

CC – Cable Controller.

TCC – Tracker Cable Controller.

CCC – Calorimeter Cable Controller.

MSG – A flight software package providing error reporting services.

XML – eXtensible Markup Language.

0.3 Glossary

Lifetime –When applied to LAT electronics registers can be contextual, static or dynamic and indicates the frequency with which a register can reasonably be expected to change.

LAT component – A configurable piece of LAT electronics, think cookie cutter.

LAT instance – One specific LAT component, one of the cookies.

0.4 Request For Comments

Please post corrections or questions as replies to the SNITZ release announcement for the relevant LATC version.  Failing this, email jswain@slac.stanford.edu

0.5 Overview

LATC provides the functionality to perform five distinct tasks.

1. Create/Modify a configuration in memory

2. Write a configuration to disk

3. Read a configuration from disk

4. Apply a configuration to the LAT

5. Discover the current configuration of the LAT

This document will discuss the detailed design and implementation of this package.

1 Data

1.0.0 LAT Components

The LAT electronics form a hierarchy of components.  For example, the LAT contains one AEM that contains twelve ARCs that each contains eighteen AFEs.  Each of the twelve ARCs is an instance of the ARC component.  The components are enumerated by latcType in LATC/defs.h. From the perspective of the LATC package each component can be represented by a collection of registers, whose values are specific to a particular instance of the component.

1.0.1 Lifetime

For some components, there are registers whose contents will be calculated once and will never change for the lifetime of the LAT.  For example the various delays on the TEM and CCs that remove signal propagation differences.  These registers are considered by LATC to be STATIC.  All other registers that are configurable are DYNAMIC: they are expected to change during the lifetime of the experiment.  The remaining writable registers of the LAT are contextual and are expected to set directly by an application rather than configured by LATC.

1.1 Structures

Each component of the LAT is associated with two data structures
 that contain the configurable register fields for that component.  One of these structures is for DYNAMIC registers while the other is for STATIC registers
.  Each of these structures is described in a separate private header file with the name src/sXXX_p.h, for the STATIC registers, or src/dXXX_p.h for the DYNAMIC registers.

1.2 Functions

Each structure has four standard functions for obtaining information about the structure and accessing the register fields.

size_t   _dSizeofXXXX (void);

int      _dVersionXXXX(void);

unsigned _dSetXXXX(void* this, latcField field, unsigned  value);

unsigned _dGetXXXX(void* this, latcField field, unsigned* value);

The first two functions provide the size of the structure and version information while the second pair of functions read and write individual register fields.  The field argument has type latcField, which is just a typedef of an enumeration defined in LATC/defs.h.  The set and get functions both return LAT_msgs error codes, which can be examined using the macros provided by the MSG package.

1.3 Default Data

A special data structure contains one instance of each LAT component
.  This structure contains the default configuration for the component.  These default structures will be used to broadcast default register values across the LAT at the beginning of the configuration application process.  Although sizeof and version functions exist for these structures (defined in files src/sDFLT_p.h and src/dDFLT_p.h) there are no set and get functions.  Pointers to the individual component structures within the default data structure are obtained from the getDefault function.  These pointers are then used with the standard get and set functions to manipulate the register fields.

void* _getDefault(void* this, latcType type, latcTime time)

1.4 Indirection Layer

To simplify constituents that make use of the data structures, and to improve extensibility, an interface to all the data functions has been provided, called the indirection layer.  The type and lifetime for component of interest are specified as arguments to the functions of the indirection layer, and are then used to access a lookup table of pointer to functions, defined in src/data_s.h.

size_t   LATCdSizeof (latcType  type, 

                      latcTime  time);

int      LATCdVersion(latcType  type,

                      latcTime  time);

int      LATCdCompat (latcType  type,

                      latcTime  time);

unsigned LATCdSet    (void*     this, 

                      latcType  type,

                      latcTime  time,

                      latcField field, 

                      unsigned  value);

unsigned LATCdGet    (void*     this, 

                      latcType  type,

                      latcTime  time,

                      latcField field,

                      unsigned* value);

In addition to the simple “straight-through” functions listed above, the indirection layer also provides a unified interface to the default data structures.

unsigned LATCdSetDflt(void*     this,

                      latcType  type,

                      latcTime  time,

                      latcField field,

                      unsigned  value);

unsigned LATCdGetDflt(void*     this,

                      latcType  type,

                      latcTime  time, 

                      latcField field,

                      unsigned* value);

Finally, the “indirection-layer” also provides some additional functionality that depends only on the size of a data structure, not the layout.

void LATCdClear  (void*     this, 

                  latcType  type, 

                  latcTime  time);

void LATCdCopy   (void*     this, 

                  latcType  type,

                  latcTime  time,

                  void*     source);

int  LATCdCompare(void*     this, 

                  void*     that,

                  latcType  type,

                  latcTime  time);

Tree

The heart of the LATC package is a structure of pointers called the Configuration Tree.  Packages or applications using the LATC package talk to the Configuration Tree through the LATC interface, which is defined in LATC/latc.h.

1.5 Leaves

The leaves of the tree are pointers to the data structures introduced in the previous chapter.  Each data structure is identified by three parameters: the component type, the lifetime, and the index.  This suggests that the Configuration Tree should just be a three dimensional array of pointers, but the different number of instances of each LAT component requires a slightly more complex solution.  There is an array of pointers for each LAT component.  The first half of the array points to the DYAMIC data structures whilst the second half of the array points to the STATIC structures.  A two dimensional array of pointers to pointers associates the type and lifetime information, through array indices, to the arrays of pointers.  A NULL pointer in the one dimensional component array indicates that no explicit configuration information exists for that instance: the configuration for that instance is determined by the default configuration for that component.  A NULL pointer in the two dimensional array indicates that there is only one instance of that component and thus the configuration information contained in the default configuration is all that is needed.

struct _LATCtree {

  void*  dflt[2*N_DFLT];

  void*  garc[2*N_GARC];

  void*  gafe[2*N_GAFE];

  void*  gtem[2*N_GTEM];

  void*  gtic[2*N_GTIC];

  void*  gccc[2*N_GCCC];

  void*  gcrc[2*N_GCRC];

  void*  gcfe[2*N_GCFE];

  void*  gtcc[2*N_GTCC];

  void*  gtrc[2*N_GTRC];

  void*  gtfe[2*N_GTFE];

  void*  splt[2*N_SPLT];

  void** ptr [N_LATC_TYPES][N_TIMES];

 };

1.6 Functions

While there are a small number of private functions associated with the Configuration Tree the majority of the Configuration Tree functions form the public interface to the LATC package.  The common usage of these functions is discussed in the LATC Programmers’ Guide and automatically generated documentation.  Rather than discussing each function ad nauseam, some general qualities of the Configuration Tree functions will be illustrated.

The Configuration Tree functions can be separated into three broadly distinct groups

1. Creators

2. Iterators

3. Accessors.

1.6.0 Creators

The creator group of functions includes various sizeof functions, which are used by a calling programme to find out how much memory to allocate, as well as the init functions that set the initial values of the Configuration Tree.  

1.6.0.0 Full

The most obvious way to create a new configuration is to use the following pair of functions.

size_t    LATCsizeofConfig(void);

LATCtree* LATCinitConfig  (void* buffer);

LATCsizeofConfig returns the total amount of memory required to hold a configuration that has data structures for every instance of every LAT component.  LATCinitConfig then sets the pointers of the Configuration Tree to the correct offsets.  

The problem with creating a configuration with these functions is that they discard the benefits of the default data.  The aim of the default data is to take advantage of the hoped for commonality across the instances of a LAT component.  Most instances are expected to be identical and so do not need to be individually specified, which is exactly what a full Configuration Tree requires. 

1.6.0.1 Map

A better way of creating a new configuration is to first create a map of the configuration tree, and then identify the instances that need to be individually specified by setting the corresponding bit of the map.  The functions below are provided to accomplish this.

size_t    LATCsizeofMap(void);

LATCmap*  LATCinitMap  (void*     buffer);

unsigned  LATCsetBit   (LATCmap*  this,

                        latcType  type,

                        latcTime  time,

                        LATCaddr* addr);

size_t    LATCsizeByMap(LATCmap*  map);

LATCtree* LATCinitByMap(void*     buffer,

                        LATCmap*  map);

The functions LATCsizeofMap, LATCinitMap and LATCsetBit manipulate a bit-map covering the whole configuation tree, while LATCsizeByMap and LATCinitByMap are equivalent to the functions LATCsizeofConfig and LATCinitConfig discussed in the previous section.  The reward for the additional work involved is that the resulting configuration uses exactly the minimum amount of memory and disk space to store the configuration.

1.6.0.2 File

After a configuration has been created and written to disk
 it will need to be recovered into memory.  Effectively a new configuration is created from a file using the LATCread function.  For the price of opening every file from the configuration twice, the exact amount of memory required to hold the configuration can be calculated using the LATCsizeByFile function.  Note that functions that perform file I/O require some scratch space to hold intermediate data, but this memory can be freed as soon as the I/O is complete.

size_t    LATCsizeForFIO  (void);

size_t    LATCsizeByFile  (const char* configName,

                           void*       fioScratch);

LATCtree* LATCread        (void*       treeData,

                           void*       fioScratch,

                           const char* configName);

1.6.0.3 Discovery

The function LATCsizeofConifg is required for creating a configuration from the current LAT configuration, a process known as discovery.  The resulting region of memory is passed into the LATCdiscover routine that uses as much of the space as is required.  There may be wasted memory, but since discovery will almost always be followed by writing the configuration to disk and freeing the memory, it should not be too burdensome.

size_t    LATCsizeForFIO  (void);

size_t    LATCsizeofConfig(void);

LATCtree* LATCdiscover    (void*    buffer,

                           void*    commio, 

                           LATCmap* map);

1.6.1 Iterators

Several functions iterate over all the leaves of the configuration tree repeating the same action, such as applying the configuration to the LAT, writing the data to disk or comparing the leaves of two trees.

unsigned  LATCapply  (LATCtree*    this, 

                      void*        commio);

unsigned  LATCwrite  (LATCtree*    this,

                      void*        fioScratch,

                      const char*  configName,

                      const size_t maxfilesize);

int       LATCcompare(LATCtree*    this,

                      LATCtree*    that,

                      LATCmap*     map);    

The two functions LATCdiscover and LATCread are both iterators and creators.  In this case, rather than iterating over the leaves of the configuration tree, they iterate over some external source of data: the LAT in the case of LATCdiscover and the configuration files in the case of LATCread. 

LATCtree* LATCdiscover(void*        buffer,

                       void*        commio, 

                       LATCmap*     map);

LATCtree* LATCread    (void*        treeData,

                       void*        fioScratch,

                       const char*  configName);

1.6.2 Accessors

The accessors are very simple functions that validate the arguments given, verify that the requested leaf exists and then drops through to the indirection layer between the Configuration Tree and the data structures.

unsigned  LATCgetField  (LATCtree*  this,

                         latcType   type,

                         latcTime   time,

                         LATCaddr*  addr,

                         latcField  field,

                         unsigned*  value);

unsigned  LATCsetField  (LATCtree*  this,

                         latcType   type,

                         latcTime   time,

                         LATCaddr*  addr,

                         latcField  field,

                         unsigned   value);

unsigned  LATCgetDefault(LATCtree*  this,

                         latcType   type,

                         latcTime   time,

                         latcField  field,

                         unsigned*  value);

unsigned  LATCsetDefault(LATCtree*  this,

                         latcType   type,

                         latcTime   time,

                         latcField  field,

                         unsigned   value);

The leaf to be modified is identified by the specifying its hierarchical address in detector space.  This information is packed into the LATCaddr structure.

typedef struct _LATCaddr {

  unsigned short to;

  unsigned short cc;

  unsigned short rc;
 

  unsigned short fe; 

} LATCaddr;

2 File I/O

LATC file I/O is not so much about storage as transport.  The long-term storage of a human-generated configuration should not be LATC configuration files, but XML or some other human-readable format.  Equally, configurations that are created from the current state of the LAT will be analysed by some external means, to identify failing electronics, and the results of such analysis used to alter a human-generated configurations stored in human-readable format.  File I/O is used within LATC as a transport medium, to move configurations between host and target environments.

The file I/O functions are shown below.

unsigned  LATCwrite(LATCtree*     this,

                    void*         fioScratch,

                    const char*   configName,

                    const size_t  maxfilesize);

LATCtree* LATCread (void*         treeData,

                    void*         fioScratch,

                    const char*   configName);

As has been discussed in the previous chapter, the size of the fioScratch buffer is determined by LATCsizeForFIO, while the size of the treeData buffer, used to call LATCread, is determined by LATCsizeByFile.

2.0 Writing

The product of a call to LATCwrite will be a Configuration Master file, called CCmstr.lcf
, and several Configuration Data files, called CCXXXsNN.lcf or CCXXdNN.lcf.  Where CC is the two characters of configName, XXX is the component and NN is an identifying index.  The Configuration Master file is simply a text file that contains a list of the Configuration Data files.  The names of the data files can be changed provided that the corresponding entry in the Configuration Master file is also updated.  Indeed it is entirely possible to mix and match portions of previously written configurations by creating a new Configuration Master containing the filenames of the required configurations.

The exact number and nature of the Configuration Data files depends on the contents of the Configuration Tree, and the fourth argument to LATCwrite, maxfilesize.  As the name suggests, maxfilesize specifies an upper limit on the size of the file written to disk.  Unfortunately, because the bulk data of the configuration data files is compressed, an accurate calculation of the file-size is impractical.  Thus, the maxfilesize is used as a limit on the sum of the meta-data
 and uncompressed bulk-data
, and this will result in the creation of files that are smaller than the specified maximum.  The maxfilesize is converted into the number of leaves-per-file for each LAT component and the _fWrite function is called repeatedly until all the leaves have been written to disk.

unsigned _fWrite(LATCfile*   this,

                 const char* filename, 

                 latcType    type,

                 latcTime    time,

                 unsigned*   map,

                 void*       treeData,

                 void*       fileData,

                 size_t*     fileSize);

_fWrite creates a new file, writes the meta-data, compresses and then writes the bulk data.

2.1 Reading

The read function, LATCread, takes a block of memory and the filename of the Configuration Master and, using some scratch space for the intermediate structures, produces a Configuration Tree.  By using LATCsizeByFile to calculate the size of the block of memory, wastage can be eliminated.  The read function iterates over the list of filenames in the Configuration Master, using repeated calls of _fOpen.
unsigned   _fOpen(LATCfile*   this,

                  const char* filename,

                  void*       treeData,

                  void*       fileData);

_fOpen reads the uncompressed type and lifetime meta-data from the file, from which the size of the map can be calculated.  The number of set bits in the map, along with the type and lifetime information, can be used to calculate the uncompressed size of the bulk data.  _fOpen reads and decompresses the bulk data and provides a function that returns a pointer to each data structure in turn.  LATCread iterates over the map and sets the Configuration Tree leaves corresponding to set bits to point to the pointers to the structures contained in the uncompressed bulk data.  Clearly, treeData is different for each call to _fOpen, otherwise previously read data would be overwritten.

3 LAT Interaction

The first version of LATC is built to use the COMM I/O replacement for the LCB.  Later versions will make use of the advanced facilities provided by the LCB.

3.0 Application

The process of setting the registers of the LAT electronics to the values given in a configuration has been termed Configuration Application.  The two pieces of information that the function LATCapply needs to do its work are a pointer to a Configuration Tree, probably created from files, and a pointer to the LAT communications system.  For this version of LATC that would be a handle to the COMM I/O boards that simulate the LCB.

unsigned LATCapply(LATCtree* this, void* commio);

The configuration application begins by using the default data to broadcast initial register settings to most of the LAT.  The TFE is the exception to this.  The construction of the LAT, with each TFE being connected to two TRCs, makes it practically impossible to broadcast to the TFEs.  After the registers have been set to the relevant default values the LATCapply function iterates over the leaves of the configuration tree, setting registers that are different from the default.  When it comes to the TFE registers, the default data is used in place of any missing leaves. 
3.1 Discovery

The process of reading the current setting of the LAT electronics is called Configuration Discovery.  Sections of the LAT that should be ignored, because they are known to have failed or are not present in a test-stand, can be indicated through a LATCmap.  If a bit is set in the map, neither the corresponding LAT component instance will be probed, nor any instance that communicates thought that instance.  Thus, setting the bit in the map corresponding to a TEM will mask out the whole tower.  If, during discovery, a instance of a LAT component fails to respond when an attempt is made to read its registers, the corresponding bit will be set in the map both to ensure that no attempt is made to read registers from any instance of any LAT component that communicates through the failed instance, and to provide a record of components that could not be interrogated.

LATCtree* LATCdiscover(void*    buffer,

                       void*    commio, 

                       LATCmap* map);



























































































































































































































































































� Some of these structures are void, indicating that there are no configurable registers of that lifetime for that component.


� Registers containing a mixture of STATIC and DYNAMIC fields are contained in the DYNAMIC structure.


� Actually, two data structures, one STATIC and the other DYNAMIC.


� Disk I/O will be discussed later in this document.


� Used to indicate LAYER when used to address a SPLT or GTFE.


� The configName is limited to three characters to comply with an 8 character limit on filenames.


� Type, lifetime and map indicating the instances that are described by the bulk-data of the file


� The data structures containing the register values
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