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This document provides an introduction to the public interface of the LAT Electronics Module package, LEM.   This package provides tools to build lists of commands, subsequently queued to the LCB, that manipulate the registers of the LAT Electronics and more tools to decode the responses. 
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0 Introduction

0.0 Intended Audience

This document is intended to provide a brief introduction to LEM for developers and testers using the facilities offered by the package.

0.1 Prerequisite Knowledge

Anyone reading this should be familiar with the principle of the LATp protocol and the general design concepts of the LCB.  Furthermore, they should be familiar with the principles of operation of the electronics module they intend to access and have access to the LEM automatically generated API documentation, http://www.slac.stanford.edu/exp/glast/flight/doxygen/Doxyidx.htm.

0.2 Request For Comments

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

0.3 Overview

The LAT Electronics Modules package provides a toolkit to construct well-formed command lists for submission to the LCB, and deconstruct the responses.  Given that the user had an understanding of the LAT electronic, the LATp protocol and the basic principles of operation of the LCB the API should be reasonably straightforward.  Therefore, this documents is only supposed to provide a very brief introduction to the LEM package, to give the user a place to start in the API documentation.

1 Structures

LEM provides four
 header files containing C structure definitions, LEM/encode_structs.h, LEM/cli_structs.h and LEM/list_structs.h.

1.0 Encode Structures

The format of the LATp command payload is defined for each LAT electronics module by the Huffer documents.  These definitions have been translated into various C structures and combined into a union called LATpCommand.  This union is then used to inside a C structure describing a single command item.  Given these structures, a user could construct a valid command item simply by setting files in the structure.

Another union, LATpResponse, presents several different views of the payload of a response item and is used in the definition of a result item containing a response, LEM_rsp_ri.  A third structure is supplied that describes the result item generated by a command that does not expect a response, LEM_cmd_ri.

1.1 CLI Structures

The command line interface
 provides a convenient way to generate LATp commands from the VxWorks shell.  Various functions (described later) create suitably aligned command and result lists, encodes a single command, queues the command list to the LCB, waits for the result and decodes it.  To achieve this the software makes use of structures defining single item command and result lists (with and without responses).  Since these concepts may be of use to others, they are left in an accessible header file.

1.2 List Structures

Utilities for handling command lists, as opposed to single items, are provided in a third library, lem_lists, that depends on the lem library.  Structures describing three types of list are provided, command item lists, response result item lists and command result item lists (also known variously as responseless result item or error item lists).  The lists are formed of the required LCB or LCBD header structures followed by the item(s).  Each lists comes in a single-item and multi-item format.  In the case of the latter, the structure includes an array of LEM_MAX_CI items, where LEM_MAX_CI is the number of response result items that the maximum sized LCB result list can accommodated.  Note that in all the LEM list macros and functions these structures are only ever referred to by reference, so the size of the array is actually immaterial.  The multi-time response lists are homogenous; each list either contains all response result items or all responseless items.

The multi-item command and response lists are combined together in a multi-item command-response structure that contains pointers to correctly aligned buffer for use as command and response lists as well as counters marking the number of allocated and read command and response items.  Also included in this structure is a pointer to a list of decode items that are used to transform responses and/or copy them to a destination.  Finally, the structure also includes a pointer to an error handling function that is called whenever a result item with an error is encountered.  The list macros and functions presented later are used to initialize and modify this structure.

2 Macros

It is not really expected that any user of LEM will build command lists by manipulated fields of the LEM_ci structure.   However, it is conceivable that the entire contents of a command list might be known at compile time, and a user might like to create one or more precompiled command lists.  Therefore, most of the heavy lifting in LEM is performed in public macros.

There are five files containing macros in LEM, LEM/encode_macros.h, LEM/parity_macros.h, LEM/decode_macros.h, LEM/cli_macros.h and LEM/list_macros.h.

2.0 Encode Macros

There is a whole range of encode macros, one for each type of LAT electronics module plus a couple of special ones for generating look-at-me commands.  They all have names like CRU_ENCODE, AEM_ENCODE and CFE_ENCODE.  They each take a varying number of parameters, but all need the name of LATpCommand variable to fill, a function code (CMD_LOAD, CMD_READ or CMD_DATALESS), a register id (or command opcode) and a payload, which will presumably be zero for read and dataless commands.  The general format of these macros is consistent

XXX_ENCODE (COMMAND, FUNCTION, ----, REG, PAYLOAD)

The dashes indicate zero or more arguments specifying the specific LAT component the command is destined for.  For all modules, except the CRU, this list will include at least a LATp address.  It is probably simpler just to give a few examples.

LATpCommand cmd;  // In real code this will be part of a cmd list

memset((char*)(&cmd), 0, sizeof(cmd));

0 CRU_ENCODE(cmd, CMD_LOAD, CRU_COMMAND, 0xffff);

memset((char*)(&cmd), 0, sizeof(cmd));

1 AEM_ENCODE(cmd, CMD_READ, LEM_ADDR_AEM, AEM_CON_CONFIGURATION, 0);

memset((char*)(&cmd), 0, sizeof(cmd));

2 TFE_ENCODE(cmd, CMD_READ, 0, 0, 0, 0, TFE_DATA_MASK, 0);

First, note the memset commands.  The encode macros do not implicitly clear any part of the LATpCommand structure.  This has to be done by the user.

Line 0 would encode the command to load the CRU COMMAND registers to include all the TEM in the command mask. No LATp address is specified, because the CRU address is fixed.  The register argument is specified using an enumerated constant from the LEM/defs.h file.

Line 1 would encode the command to read from the AEM CONFIGURATION register.  In this there is a LATp address, also specified using an enumerated constant.  Since this command is a read, the payload must be zero.

Line 2 would encode a command to read the DATA_MASK register from TFE 0  via TRC 0 of TCC 0 on TEM 0.  In this case the LATp address is specified numerically.

2.1 Parity Macros

Transmission errors are detected by calculating the ODD parity over various portions of a command.  To test a LAT electronics module’s response to a transmission error it is necessary to be able to deliberately select parity bits.  As with the general encoding this can be handled in user code by direct manipulation of the fields of the LATpCommand structure.  For convenience, a set of parity setting macros, XXX_PARITY, has been provided.  These macros each take two parameters, a LATpCommand variable and a bit mask indicating any parity bits to be inverted.  The mask is created by a series of shifts and bit wise ORs. 

unsigned parity = (LEM_PARITY_ODD  << LEM_PARITY_CMD_STRING) |

                  (LEM_PARITY_EVEN << LEM_PARITY_CMD_PAYLOAD) |

                  (LEM_PARITY_EVEN << LEM_PARITY_ACCESS_DESC);

The code snippet above would create a mask indicating that ODD parity should be used for the command string and EVEN parity for both the command payload and the access descriptor.  Note that not all these parity bits exist for all electronics modules.  Note also that the default parity is ODD, so the first line of the example above is superfluous, and if all the parities are to be odd for a command then no parity macro needs to be used at all.

2.2 CLI Macros

The command line interface provides a convenient way to generate LATp commands from the VxWorks shell.  Various functions (described later) create suitably aligned command and result lists, encodes a single command, queues the command list to the LCB, waits for the result and decodes it.  These functions are just wrappers around macros, which have been exposed in case they prove useful to other developers.  The four interesting macros are listed below.

#define LEM_DO_CMD    (encode, args...)

#define LEM_DO_LOAD   (encode, args...)

#define LEM_DO_READ   (encode, args...)

#define LEM_DO_DECODE (decode, args...) 

Each macro takes as arguments a function name, that will be used to perform the encode or decode operation, and the non-trivial arguments to the function.  As will be described in a later section, the encode functions provided by LEM are simple wrappers around the encode macros, so take essentially the same arguments.  For the purposes of the CLI macros, the trivial arguments to the encode functions would be the function (CMD_LOAD, CMD_READ or CMD_DATALESS), which is implied by the choice of CLI macro, and the payload for the read and dataless functions, which will be 0.

2.3 List Macros

The macros for handling lists break into three categories, creation, iteration and population.

2.3.0 Creation

Specifically, these macros assist with creation of a command response structure on the stack.  One macro can be used to calculate the total size of the buffer required to create the command, response and decode lists with the correct alignments.  The second macro then initializes a command-response structure to point into that buffer.

#define LEM_SIZE_FOR_CR(N_CI)

#define LEM_INIT_CR    (CR, BUF, N_CI)

LEM_cr cmdRsp;

char   buffer[LEM_SIZE_FOR_CR(requested_nci)];

LEM_INIT_CR(cmdRsp, buffer, requested_nci);

2.3.1 Iteration

The _CI, _RI and _EI macros are used to provide a pointer to a LEM_ci, LEM_rsp_ri or LEM_cmd_ri.  Each one takes a pointer to a LEM_cr structure.  In the case of the _NEXT_ macros the command item or result item counter is also incremented, so that sequential calls to LEM_NEXT_CI will iterate through the whole list of command items.  LEM_RESET_CR resets the counters so that the command list can be repopulated.

#define LEM_NEXT_CI (CRP)

#define LEM_NEXT_RI (CRP)

#define LEM_NEXT_EI (CRP)

#define LEM_CURR_CI (CRP)

#define LEM_CURR_RI (CRP)

#define LEM_CURR_EI (CRP) 

#define LEM_RESET_CR(CRP)

CRU_encode(LEM_NEXT_CI(&cmdRsp), LEM_LOAD, CRU_COMMAND, 0);

2.3.2 Population

The populating macros set the pointers within the command-response structure as well as filling the next command item, using the provided encode function and arguments, increments the command item counters and queues the list to the LCB if necessary by calling LCBD_qioW.  The LEM_RAST and LEM_LAST macros (Read-lAST and Load-lAST) queue the lists even if they are not full.  The macros used to perform the conditional and unconditional queuing (LEM_Q_IF_FULL and LEM_Q respectively) are also exposed in case they prove useful to others

#define LEM_READ(CRP, DECODE_FN, DEST, ENCODE_FN, ARGS...)

#define LEM_LOAD(CRP, ENCODE_FN, ARGS...)

#define LEM_RAST(CRP, DECODE_FN, DEST, ENCODE_FN, ARGS...)

#define LEM_LAST(CRP, ENCODE_FN, ARGS...) 

#define LEM_Q(CRP, RESULT_HANDLER) 

#define LEM_Q_IF_FULL(CRP, RESULT_HANDLER) 

3 Functions

If a command list is determined at run-time it is not really appropriate to use macros to generate the list.  LEM provides functional wrappers around the macros described earlier.  These are declared in the files LEM/encode.h, LEM/parity.h and LEM/cli.h.  

3.0 Encode functions

These functions are a little bit more that simple wrappers around the encode macros.  They work with complete command items rather than just the LATpCommand portion.  This means that that the LCB header portion of the command item is partially filled in as well as the timeout or stall at the end of the command item. The values for the stall and timeout are determined by two static variables held inside the lem library.  Sensible defaults are compiled into the library, but these can be overridden.

void     LEM_set_load_to(unsigned timeout)

void     LEM_set_read_to(unsigned timeout)

unsigned LEM_get_load_to(void)

unsigned LEM_get_read_to(void) 

3.1 Parity Functions

The parity functions really are just simple wrappers around the parity macros.  Again, they operate on the complete command item, but just extract the payload and drop straight into the macro.  The second argument to each function is the same bit mask described earlier.

3.2 CLI Functions

The command line interface functions provide one more piece of functionality over the CLI macros; the response is decoded.  Decoding is described in a later section.  To allow the various parity bits to be inverted when using the command line interface, the parity bit mask must be stored as a static and functions provided to manipulate it.

  LEM_set_parity(LEM_PARITY_TYPES type, LEM_PARITY_SELECT parity);

  LEM_PARITY_SELECT LEM_get_parity(LEM_PARITY_TYPES type);

The parity macros are then called as a matter of course inside the CLI macros.

3.3 List Functions

The list functions are slightly different.  Mostly they are concerned with the creation of a multi-time command response structure on the heap.  The simplest function to use is LEM_newMICR, which creates a multi-item command-response structure along maximally sized command, response and decode lists with the appropriate alignments.  The structure is then initialized and returned to the caller.  The partner function, LEM_deleteMICR, ensures that all the allocated memory is freed correctly.  

The remaining functions are concerned with queuing and decoding the command and response lists.

unsigned LEM_queueWait       (LEM_micr* cr);
     

unsigned LEM_handleLoadErrors(LEM_micr* cr);

unsigned LEM_handleReadErrors(LEM_micr* cr);

unsigned LEM_decode          (LEM_micr* cr);       

void LEM_errorIgnore(unsigned error, unsigned index, void* param);

LEM_queueWait queues the command list to the LCB and waits for the response.  LEM_handleLoadErrors iterates over the result list, treating each item as a responseless result item, checking for errors and calling the error handling routine provided
.  LEM_handleReadErrors performs the same service, but treats the result items as response result items.  LEM_decode uses the list of decode items to decode and copy the responses from the result list.  Finally, the function LEM_errorIgnore can be set as the error handling function, in which case any result errors will be ignored.

4 Decode

The raw response to a read command is not always particularly useful.  LEM provides some tools to pull the response apart.

The decode structures, defined in LEM/decode_structs.h, are conceptually different from the encode structures.  Generally, these are not defined in the Huffer documents.  Rather than being a map of the bits within a LATp response, they are created by various decode functions as a convenient way to encapsulated the information contained within the response.  These structures are all inherited from the old DEM and DAB interfaces.  The decode functions paw through the response payload and fill the fields of the decode structures.

5 BCI

To ease the transition from the old LCB and driver to the new LCB and driver a backward compatibility interface has been included in LEM, provided by the library lem_bci.  It is run-time compatible with the last versions of DEM and DAB.  Eventually this library will be removed.



























































































































































































































































































� Okay, four, but the structures in LEM/decode_structs.h are used for something else, and will be dealt with later.


� The command line interface is provided by a second library, lem_cli, that depends on the lem library.


� A NULL function pointer causes the iteration to stop and the function to return an error.
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