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PART I



�AUTONUMLGL�	Introduction to the Mailbox Communication Interface Kit





The Mailbox Communication Interface Programmers Access Kit (MCI-PAK) is a collection of C-libraries, header files and documentation. The MCI-PAK enables the user to implement Mailbox Communication Interface functionality into a FactoryLink IV task.



The Mailbox Communication Interface (MCI) implements a protocol which especially has been designed for communication with external devices. The MCI architecture make use of the standard FactoryLink Mailbox type and links two FactoryLink tasks developed with the FactoryLink IV Programmers Access Kit (PAK). Normally one task will implement encoder/decoder functionality, the other task protocol functionality of the external device.



Compliant with FactoryLink IV open architecture, client tasks created with the MCI PAK are fully integrated into FactoryLink development and run-time development.



This manual assumes that the reader has knowledge of the programming language 'C' and the FactoryLink IV programmers Access Kit.





�AUTONUMLGL�	About this chapter



This chapter contains information about the following topics:



�SYMBOL 183 \f "Symbol"� Required hard- and software



�SYMBOL 183 \f "Symbol"� Installing the MCI Programmers Access Kit
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�AUTONUMLGL�	Required Hardware and Software



The MCI-PAK makes use of the FactoryLink IV Programmers Access Kit. Therefore

all requirements as stated in chapter 1 of the FactoryLink IV PAK User Manual also apply to the MCI-PAK.





�AUTONUMLGL�	Installing the Mailbox Communication Interface Kit



To install the MCI-PAK just copy the files to the directories of your programming environment. The following files must be copied:



�SYMBOL 183 \f "Symbol"� a:\lib\{OS}\mci.lib

�SYMBOL 183 \f "Symbol"� a:\inc\mci.h

�SYMBOL 183 \f "Symbol"� a:\inc\format.h





The {OS} section in the library path must be replaced by the operating system of use (for example WIN).

�



�AUTONUMLGL�	The MCI PAK





�AUTONUMLGL�	About this Chapter





In the previous paragraph's the internal lay-out of the MCI has been described. The MCI PAK implements this lay-out. It fills the internal structures of the MCI and performs underlying functions so that the user doesn’t have to worry about common MCI problems. This chapter describes the use of the MCI library and how to set up an application.



This chapter handles the following topics:



�SYMBOL 183 \f "Symbol"� The lay-out of the MCI library



�SYMBOL 183 \f "Symbol"� How to use the MCI functions



�SYMBOL 183 \f "Symbol"� When to use the MCI functions







�AUTONUMLGL�	The MCI PAK dataset



The most important structure of the MCI library is the dataset structure. Almost all functions within the MCI makes use of this functions. The dataset has the following lay-out:







typedef struct _MCIDS {



 char	name[ MAX_TAG_NAME + MAX_DIM_LENGTH +1];	/* tag name of dataset control tag */



  ushort	start;		/* start address */

  ushort	len;		/* length of data depending on boundary */



 uchar	boundary;		/* boundary addressing */

 uchar	bnd_dir;  		/* direction of boundary data */

 uchar	bit_dir;		/* direction of bit data */

 uchar	bnd_offset;	/* addressing offset of boundary data */

 uchar	bit_offset;		/* addressing offset of bit data */



 uint	ds_index;		/* index into dataset control tag array */

 ushort	origination;	/* ds came from queue or from trigger */



 MCIMSG	msg;		/* pointer to MCI message */



 void	*u_data;		/* pointer to additional user dataset information */

 int 	(*u_fnc)( struct _MCIDS *); /* pointer to user function which will be called with events */



} MCIDS;





Figure 3.5.1 MCI dataset structure



�

All members of this structure are for internal use of the MCI PAK and must not be set directly by the user. The structure contains elements describing static dataset information, a MCIMSG which will be used for real mailbox communication and a pointer to user data and a user function.



There are two kinds of dataset information remaining on the dataset structure: the static and the dynamic dataset information. The static information always remains the same after initialization and can be used for preparing the dataset information. The dynamic dataset information remains on the MCIMSG structure, which will be used for direct MCI communication, and can change with each separate MCI command. The MCIMSG structure implements the internal lay-out of the MCI as described earlier. All MCI macro and user functions operate on the dynamic dataset information part.



The static dataset information will be usually set by a protocol driver at start up by using the different MCI macros and functions and eventually the dataset register function. A decoder task will get this information by initiating a query command of the dataset. In case of sending, every time a task executes the dataset prepare command then the static dataset information will be copied to the MCIMSG structure (dynamic dataset information) After preparing a dataset it is possible to change the dynamic dataset information for creating a MCI command for your needs. In case of receiving a MCI message the user can retrieve the specific dataset information from the dynamic part by using the standard MCI functions.



The user data and function pointer are two very important members of the dataset structure. With the data pointer the user can link additional dataset information about the dataset to the MCI dataset. Usually the protocol driver uses this pointer because its protocol has some additional requirements such as additional addressing information.



The user function must be specified at registration time. This function will be called in case an event happens in the MCI library. A MCI event will always be the receipt of a message. In case of a MCI event the MCI library will first handle the event internally and pass the event to the user function. Before the event is passed the message is queried from the mailbox but is still in the mailbox queue. The user can take action using the standard MCI library functions. For example it can check what kind of message was received and read the message from the queue.�

�AUTONUMLGL�	How to use the MCI PAK



When using the MCI PAK the user must comply to certain rules in order to implement all functionality’s error free. First there are rules for compiling a MCI task and second there are some rules in how to use the MCI functions.





�AUTONUMLGL�	Compiling with the MCI library



Only one rule must be followed when compiling with the MCI library and that is the definition of the data direction of the host where it is running on. This can be done by defining the following definition:







CFLAGS = ... -DHOST_LOW_2_HIGH or -DHOST_HIGH_2_LOW 



or



#define HOST_LOW_2_HIGH or #define HOST_HIGH_2_LOW





Figure 5.4 Host data Direction





The MCI library will make decisions on this definition at compile time. In case it is not defined strange behavior can occur. 



�

�AUTONUMLGL�	MCI library flow charting



In most MCI tasks the flow of MCI functions call will be made. This flow will be slightly different for decoders and protocol drivers. This section discusses this flow for both types of tasks. In this section references will be made to MCI functions which will be described in the following section.





�AUTONUMLGL�	Protocol driver flow



Schematic 5.3.1 shows very roughly the cycle of MCI in an application for a protocol driver on polling basis. The first step for a protocol driver is to set the system specific parameters and initialize the MCI. All parameters must be set for a correct working MCI application. The station_id number must be a unique number of the host system on the LAN. The user has the responsibility that this number is unique. For the MCI functions all functions have been selected. It is also possible to support a subset of the MCI functions. These functions must be listed separate by OR-ing each functionality. In case the MCI library receives a command request which has not been specified as supported at initialization then the MCI library will automatically send an error response.



The second step is to register each defined dataset to the MCI. All possible information must be set on a temporary dataset. This dataset will be passed to the register function which will allocate the final dataset and copy all information. A pointer to this final dataset will be returned which can be used by the application for reference while doing additional processing. Along with the dataset a pointer to a user buffer and function will be registered. In case an event happens in the MCI (the receipt of a message) then this function will be called with the a pointer to the dataset as parameter.



At the time the user function will be called the MCI library has updated all relevant information but has not read yet the dataset from the MCI mailbox queue. The user function can retrieve information from the dataset which operate on the MCIMSG part. With this information the user can determine what kind of message has been receive and decide whether to read the message from the queue or not (the message has been only queried). In case the message was read then all information becomes available of the dataset (all MCIHDR information and data itself).



After registering all datasets the protocol driver is ready to go into the main loop of the task and start processing. Usually protocol driver will make use of the polling facility of the MCI because it also has to handle communication events. For this reason it will call every cycle the check_event function. This function checks if an event has happened. In case no event has happened the function will return immediately. In case of an event the function also returns after handling the event and calling the user function registered with the dataset.



Note that the MCI_QUERY_CMD event won’t be passed to the user but totally handled by the MCI library. The library checks on this event and automatically returns the requested information to the calling task.



�

char 	buf[ 256];				/* global receive buffer */



int	process_ds( MCIDS *);		/* prototype of user event function for dataset */



/*

 * Typical MCI protocol driver flow control program

 */

int main( ) {



MCIDS    	ds,			/* MCI temporary dataset for passing information */

		*reg_ds;			/* pointer to the final registered dataset */

MORE_DS	more_ds;			/* additional dataset information of this protocol */

MCISYSTEM	sys;			/* MCI system information structure */

TAG       	decoder_mbx,		/* decoder task’s MCI mailbox */

          		protocol_mbx,		/* protocol driver task’s MCI mailbox */

          		ds_ctrl;			/* dataset control tag */

MSG		b;			/* buffer parameters */



/* do the initialisation of the FactoryLink Kernel here */



task_id = ...............etc



/* set the specific system parameters for MCI of this task */



Mci_Sys_Set_Task_Id( &sys, task_id);

Mci_Sys_Set_Station_Id( &sys, 0);

Mci_Sys_Set_Mbx( &sys, protocol_mbx);

Mci_Sys_Set_Functions( &sys, MCI_ALL_FNC);



/* initailise the MCI */



if( Mci_Init( &sys) != GOOD)	exit(1);



/* set all characteristsics of the dataset  before registering */



b.m_ptr		= buf;

b.m_max	= 256;



Mci_Set_R_Buffer		( &ds, b);			/* set buffer for receiving messages */



Mci_Set_Ds_Ctrl		( &ds, &ds_ctrl);		/* set the dataset control tag */

Mci_Set_Name		( &ds, “Control_Tag”);	/* set the tag name as listed in the FactoryLink RTDB */



Mci_Set_Snd_Mbx		( &ds, decoder_mbx);		/* decoder driver mailbox to send cmd */



Mci_Set_Boundary		( &ds, MCI_WORD_BND);

Mci_Set_Bnd_Dir		( &ds, MCI_HIGH_2_LOW);

Mci_Set_Bit_Dir		( &ds, MCI_HIGH_2_LOW);

Mci_Set_Bnd_Offset	( &ds, 0);

Mci_Set_Bit_Offset	( &ds, 0);

Mci_Set_Start		( &ds, 10);

Mci_Set_Len		( &ds, 20);



Mci_Set_Udata_Ptr	( &ds, ( void *)&more_ds);

Mci_Set_Ufnc_Ptr	( &ds, ds_process);



/* register this information to the MCI and receive a pointer to the registered dataset */



if( ( reg_ds = Mci_Ds_Register ( ds)) != GOOD)	exit( 0);



/* go into the FactoryLink processing loop */



while ( fl_test_term_flag( ..... ) {



  /* call the check event function of MCI on polling basis */



  if( Mci_Event_Check() == GOOD) {



    /* do additional processing and other tasks here */



    .............................

  }

}



Mci_Exit();



exit( 0);

}



Figure 5.3.1 MCI protocol driver flow control

�

An example of a user function which will be called in case of an event is listed in the next schematic.





/*

 * Example of user event function

 */

int process_ds( MCIDS *ds);			/* user event function for dataset */



MORE_DS	*more_ds;			/* additional dataset information of this protocol */



/* check what kind of message has been received */



switch( Mci_Get_Type( ds) ) {



................



case MCI_READ_REQ:



	/* retrieve the pointer to more dataset information */



	more_ds = Mci_Get_Udata_Ptr( ds);

	

	/* read the request for reading a dataset from the queue */



	if( Mci_Recv( ds) != GOOD)  ........



	/* initiate the read command for this dataset on the external device */



	comm_read( );



	break;



default:

	..........

	break;

}



return GOOD;

}



Figure 5.3.1 MCI user event function example





The dataset passed to this function has been only queried which means that the data of this message hasn’t been read from the queue but still remains there. This means that until the message has been read only MCI function can be used on the dataset which operate on the MCIMSG part. After the dataset has been read all functions come available for use. A division of the MCI functions is listed in the next chapter of this manual.



In the example the data of the dataset will be received in the buffer specified at registering time of the dataset. It also possible to receive the data in another buffer by setting another buffer on the dataset using the function Mci_Set_Buffer and Mci_Set_BufLen. These functions will overrule the original buffer only for this command and must be used also the next time the dataset will be read. All parameters can be overruled by setting these individually before the receive command. All default values can be loaded by using the Mci_Ds_Prepare function.�

�AUTONUMLGL�	Decoder flow



The flow of a decoder task is very similar to that of a protocol driver but differs on a few very important points. First, the initialization is exact the same as for a protocol driver. Set the specific system parameters and call the MCI initialization routine.



The first difference occurs in second step: registering datasets to the MCI. Because the decoder doesn’t have any information about a dataset it can only specify limited information. The missing information has been specified in the protocol driver where the dataset has been defined. The decoder can retrieve this information by setting out a MCI_QUERY_CMD for every defined dataset. The protocol driver will automatically respond with all information in case it supports the query functionality. The update of the dataset information will be handled automatically by the MCI library in the decoder task.



Because in most cases a decoder task is waiting for operator events to occur (changing of tags) it is perfect for such a task to go in a wait for events. The MCI supports the event driven functionality by returning a few arrays with event information. These arrays contain all information for event handling in an event driven task. The following arrays are returned by the Mci_Event_Retrieve function:



event tags:	array with tags which in case of change generate a MCI event such as the task’s MCI mailbox tag.



event data:	array of pointers to registered datasets which correspond to the event with the same index. This pointer will be used to pass to the MCI event functions.



event number:	total number of MCI events



event functions:	array of function pointers which corresponds to a the event with the same index.



The information of every index into the arrays correspond to each other. The user can copy this information to its own arrays if it wants to add the events to it’s own list of events. In case an MCI event (the receipt of a MCI message) occurs then the event function must be called with the event data pointer and tag value as parameters. This event function will handle the event the same way as in the polling mode and call the user function. This user function can evaluate the receive message, read it form the mailbox and for example set completion triggers.



�char 	buf[ 256];				/* global receive buffer */

int	process_ds( MCIDS *);		/* prototype of user event function for dataset */



TAG	**event_tags;			/* pointer to array with MCI event tags */

void	**event_data;			/* pointer to array with MCI event data */

uint	event_num;			/* total number of MCI events */

int 	(__cdecl **event_fnc)( void *, VAL ))	/* pointer to array of MCI event functions */



/*

 * Typical MCI decoder flow control program

 */

int main( ) {



MCIDS    	ds,			/* MCI temporary dataset for passing information */

		*reg_ds;			/* pointer to the final registered dataset */

MCISYSTEM	sys;			/* MCI system information structure */

TAG       	decoder_mbx,		/* decoder task’s MCI mailbox */

          		protocol_mbx,		/* protocol driver task’s MCI mailbox */

          		ds_ctrl;			/* dataset control tag */

MSG		b;			/* buffer parameters */



/* do the initialisation of the FactoryLink Kernel here */



task_id = ...............etc



/* set the specific system parameters for MCI of this task */



Mci_Sys_Set_Task_Id( &sys, task_id);

Mci_Sys_Set_Station_Id( &sys, 0);

Mci_Sys_Set_Mbx( &sys, decoder_mbx);

Mci_Sys_Set_Functions( &sys, MCI_NO_FNC);



/* initailise the MCI */



if( Mci_Init( &sys) != GOOD)	exit(1);



/* set all characteristsics of the dataset  before registering */



b.m_ptr   = buf

b.m_max = 256;



Mci_Set_R_Buffer		( &ds, b);			/* set buffer for receiving messages */



Mci_Set_Ds_Ctrl		( &ds, &ds_ctrl);		/* set the dataset control tag */

Mci_Set_Name		( &ds, “Control_Tag”);	/* set the tag name as listed in the FactoryLink RTDB */



Mci_Set_Snd_Mbx		( &ds, protocol_mbx);		/* decoder driver mailbox to send cmd */



Mci_Set_Udata_Ptr		( &ds, NULL);		/* no user linked to this dataset */

Mci_Set_Ufnc_Ptr		( &ds, ds_process);



/* register this information to the MCI and receive a pointer to the registered dataset */



if( ( reg_ds = Mci_Ds_Register ( ds)) != GOOD) exit( ERROR);



/* send a query request to the protocol driver */



if( Mci_Ds_Query( ds) != GOOD) exit( ERROR);



Mci_Event_Retrieve ( event_tags, event_data, &event_num,  int (__cdecl event_fnc)( void *, VAL ));



/* go into the FactoryLink processing loop */



while ( fl_test_term_flag( ..... ) {



  /* go into a FactoryLink wait and when woken up call the MCI event function */



  if( fl_change_wait( task_id,

		*event_tags,

		event_num,

		&index,

		&val) != GOOD) ...............



    /* call the MCI event function for this event */



    event_fnc[ index]( event_data[ index], val);

  }

}

Mci_Exit();

exit( 0);

}

Figure 5.3.1 MCI protocol driver flow control

�

The MCI events in a decoder will not be the only events. There will be also events which trigger a send command of dataset data. The following schematic shows an example of sending a dataset to the protocol driver.





#define	HOST_DIRECTION	MCI_LOW_2_HIGH



char 	snd_buf[ 256];			/* global send buffer */

/*

 * Typical MCI decoder flow control program

 */

int send( MCIDS *ds) {



MSG	sbuf;



/* fill the send buffer with some data */



strcpy( snd_buf, “This is a MCI block write command”);



/* first load the default dataset values onto the dataset */



sbuf.m_ptr   = snd_buf;

sbuf.m_max = 256;



Mci_Ds_Prepare( ds, &sbuf);



/* set the specific parameters especially for this send command */



Mci_Set_Type	( ds, MCI_BLOCK_WRITE);		/* set the type of write to block write */



Mci_Set_Bnd_Dir	( ds, HOST_DIRECTION);		/* set the direction of data in the message */

Mci_Set_Boundary	( ds, MCI_BYTE_BND);		/* set the boundary to byte because of string */



Mci_Set_Start	( ds, 10);				/* set the start of data to address 10 */

Mci_Set_Len	( ds, strlen( snd_buf));		/* set the data length to length of string in bytes */



/* do the real sending of the data to the protocol driver */



if( Mci_Send( ds) != GOOD) {



  ...............



}



return GOOD;

}



Figure 5.3.1 MCI protocol driver flow control





All different MCI commands can be executed as described in the example. The Mci_Ds_Prepare loads the default dataset parameters and the user can change these to it’s need afterwards. Depending on how the send buffer was filled the boundary of the and data direction of the dataset can be changed. However this must be done with absolute care because in some cases the protocol driver can not handle changed parameters of a dataset. 



For example: the parameters of a block write may not be changed in most cases because the protocol has no information where the different elements reside in the block of data. Therefore the protocol driver can not swap any data in the block of data with the risk that some element will arrive garbled at the external device. In this case the decoder has to put the data in the right order, according to the dataset parameters in the dataset.



In case with the Mci_Ds_Prepare function a NULL buffer is passed then the buffer at registering time will be used.�

�AUTONUMLGL�	Mci data manipulation



The MCI library implements a range of functions for setting and retrieving data form datasets. These functions depend on the data direction of the dataset data. For every data type and direction a different function exist. For example:







char	*d = buffer;

void	*s = Mci_Get_U_Buffer( &ds);



if( Mci_Get_Bnd_Dir( &ds) == MCI_HIGH_2_LOW)



	*( ANA *)d = Mci_Get_Byte_Right_H2L( s);



else



	*( ANA *)d = Mci_Get_Byte_Right_L2H( s);







The example retrieves the right byte data form a word depending on the data direction of data on the dataset. For every type of data such function exist in the MCI and can be used by the application.





�

�AUTONUMLGL�	Mailbox Communication Interface PAK



�AUTONUMLGL�	About this Chapter



This chapter handles the following topics:



�SYMBOL 183 \f "Symbol"� MCI API functions





�AUTONUMLGL�	MCI API functions



This section provides the following information about each API function:



�SYMBOL 183 \f "Symbol"� Call format: Valid format and syntax for this function



�SYMBOL 183 \f "Symbol"� Arguments: List containing the following information about each argument:



	- Type



	- Name



	- Description



	- Method used to pass the argument (by reference or by value)



�SYMBOL 183 \f "Symbol"� Returns: Symbolic representation, known as a keyword, of possible values returned by the function, such as ERROR, GOOD, or NULL. Keywords (except NULL) are defined in FLIB.H and MCI.H.



�SYMBOL 183 \f "Symbol"� Remarks: Additional information about the function, such as code fragments in the C language.

�



�AUTONUMLGL�	MCI functions by division



The functions in the MCI can be divided into different categories depending on the part of the MCI. This section list all MCI functions divided into these categories. Functions listed with an asterix are advised not to use within an application because they are used internally by the MCI library





�AUTONUMLGL�	General MCI functions



The general MCI function don’t apply to a section of the MCI in particular but perform a global function. A division can be made in functionality of the different general functions.





Mci_Init�Initialize the MCI��Mci_Exit�Exit the MCI��Mci_Recv�receive a MCI message from the MCI mailbox��Mci_Send�Send a MCI message to a MCI mailbox��Mci_Send_Error�Send a error response depending on type of message��Mci_Mirror�Reverse data��Mci_Place_Data�Place data on the exact spot within an element��Mci_Get_CDE_Size�Get the size in byte of a CDE type��Mci_Buffer_Alloc�Allocate a buffer for use with MCI��

Table 6.3.1.1 General MCI functions





The following general functions all relate to dataset functionality.





Mci_Ds_Register�Register a dataset to the MCI��Mci_Ds_Prepare�Load the default defined values of a dataset��Mci_Ds_Query�Send a query command of the dataset to the remote task��Mci_Ds_Remove�Removes all datasets with same id from the mailbox queue��Mci_DsTrigger�Trigger a dataset for reading by the protocol driver��Mci_Ds_Evaluate_Write�Check and convert the dataset tor exception writing��

Table 6.3.1.2 General dataset MCI functions





The following general functions all relate to event functionality.



Mci_Event_Retrieve�Gets the event arrays for event driven processing��Mci_Event_Check�Polling function in case if not driven processing��

Table 6.3.1.3 General event MCI functions



�

The following general functions all relate to queue functionality. It is advised to not use the Mci_Q_Init function directly because it is used in the MCI library



Mci_Q_Init�Initialize the queue at start up of MCI                                      (*)��Mci_Q_Num�Determine the number of messages in the queue��Mci_Q_Query�Query a message with index x in the mailbox queue��Mci_Q_Ds_Srch�Searches for the dataset in the mailbox queue��

Table 6.3.1.4 General queue MCI functions





�AUTONUMLGL�	MCI header functions (MCIHDR)



The following function operate on the MCIHDR part of the MCI lay-out.





Mci_Get_Version�Get the version of the MCI��Mci_Set_Version�Set the version of the MCI                                                          (*)��Mci_Get_Handling�Get the writing mode of this dataset��Mci_Set_Handling�Set the writing mode of this dataset��Mci_Set_Bnd_Dir�Set the data direction of boundary data��Mci_Get_Bnd_Dir�Get the data direction of boundary data��Mci_Set_Bit_Dir �Set the data direction of bit data��Mci_Get_Bit_Dir �Get the data direction of bit data��Mci_Set_Bnd_Offset�Set the data offset addressing of boundary data��Mci_Get_Bnd_Offset �Get the data offset addressing of boundary data��Mci_Set_Bit_Offset�Set the bit offset addressing of bit data��Mci_Get_Bit_Offset �Get the bit offset addressing of bit data��Mci_Set_Boundary�Set the boundary of the data��Mci_Get_Boundary �Get the boundary of the data��Mci_Set_Start �Set the start address of the data��Mci_Get_Start �Get the start address of the data��Mci_Set_Len�Set the length of the data in boundary elements��Mci_Get_Len �Get the length of the data in boundary elements��Mci_Set_CDE�Set the operation code of the write function��Mci_Get_CDE�Get the operation code of the write function��

Table 6.3.2.1 MCI header functions



�

�AUTONUMLGL�	MCI system functions (MCISYS)



The following function operate on the MCISYS part of the MCI lay-out.





Mci_Sys_Get_Task_Id�Get the FactoryLink task id set on MCI��Mci_Sys_Set_Task_Id�Set the current task FactoryLink task id��Mci_Sys_Get_Station_Id�Get the local station id number��Mci_Sys_Set_Station_Id�Set local station id number��Mci_Sys_Get_Mbx�Get the task’s MCI mailbox tag��Mci_Sys_Set_Mbx�Set the task’s MCI mailbox tag��Mci_Sys_Get_Functions�Get the supported function of the current MCI task��Mci_Sys_Set_Functions�Set the MCI functions supported by the current task��

Table 6.3.3.1 MCI system functions





�AUTONUMLGL�	MCI message functions (MCIMSG)



The following function operate on the MCIMSG part of the MCI lay-out.





Mci_Get_Type�Get the type of the MCI message��Mci_Set_Type�Set the type of the MCI message��Mci_Get_Org_Host_Dir�Get the data direction of the originating host��Mci_Set_Org_Host_Dir�Set the data direction of the originating host��Mci_Get_Station_Id�Get the station id where the message came from��Mci_Set_Station_Id�Set the station id on the message��Mci_Get_Job_Sequence�Get the job sequence number of the message��Mci_Set_Job_Sequence�Set the job sequence number of the message��Mci_Get_Ds_Ctrl�Set the dataset control tag��Mci_Set_Ds_Ctrl�Get the dataset control tag��Mci_Get_U_Buffer�Get the pointer to the MCI data��Mci_Get_Org_Buffer�Get the pointer to the original buffer (inclusive MCI header)��Mci_Get_Buffer�Get the buffer which was passed at registration time��Mci_Set_Buffer�Set the buffer on the dataset message��Mci_Get_BufLen�Get the maximum buffer length��Mci_Set_BufLen�Set the maximum buffer length��Mci_Reset_Buffer�Reset the buffer parameters on the message��Mci_Get_Snd_Mbx�Get the send MCI mailbox tag��Mci_Set_Snd_Mbx�Set the send MCI mailbox tag��Mci_Get_Index�Get the index of the message in the mailbox queue at the moment��Mci_Set_Index�Get the index of the message in the mailbox queue��

Table 6.3.4.1 MCI message functions

�

�AUTONUMLGL�	MCI dataset functions (MCIDS)



The following function operate on the MCIDS part of the MCI lay-out.





Mci_Get_Name�Get the name of the dataset control tag��Mci_Set_Name�Set the name of the dataset control tag��Mci_Get_Udata_Ptr�Get the pointer to the user defined buffer��Mci_Set_Udata_Ptr�Set the pointer to the user defined buffer��Mci_Get_Ufnc_Ptr�Get the pointer to the user function��Mci_Set_Ufnc_Ptr�Set the pointer to the user function��

Table 6.3.5.1 MCI dataset functions





�AUTONUMLGL�	MCI data manipulation functions



The data manipulation functions are used to set and retrieve data on datasets. The functions depend on the direction of the data in the dataset and the host direction defined in the MCI task at compile time.



Get_Byte_Bit_H2L�Get bit out of byte with data direction high to low��Set_Byte_Bit_H2L�Set bit on byte with data direction high to low��Get_Byte_Bit_L2H�Get bit out of byte with data direction low to high��Set_Byte_Bit_L2H�Set bit on byte with data direction low to high��Get_Word_Bit_H2L�Get bit out of word with data direction high to low��Set_Word_Bit_H2L�Set bit on word with data direction high to low��Get_Word_Bit_L2H�Get bit out of word with data direction low to high��Set_Word_Bit_L2H�Set bit on word with data direction low to high��Get_Long_Bit_H2L�Get bit out of long with data direction high to low��Set_Long_Bit_H2L�Set bit on long with data direction high to low��Get_Long_Bit_L2H�Get bit out of long with data direction low to high��Set_Long_Bit_L2H�Set bit on long with data direction low to high��Get_Byte_Left_H2L�Get the left byte out of word wit data direction high to low��Set_Byte_Left_H2L�Set the left byte on word with data direction high to low��Get_Byte_Left_L2H�Get the left byte out of word with data direction low to high��Set_Byte_Left_L2H�Set the left byte on word with data direction low to high��Get_Byte_Right_H2L�Get the right byte out of word with data direction high to low��Set_Byte_Right_H2L�Set the right byte on word with data direction high to low��Get_Byte_Right_L2H�Get the right byte out of word with data direction low to high��Set_Byte_Right_L2H�Set the right byte on word with data direction low to high��Get_Word_H2L�Get a word with data direction high to low��Set_Word_H2L�Set a word with data direction high to low��Get_Word_L2H�Get a word with data direction low to high��

�

Set_Word_L2H�Set a word with data direction low to high��Get_Long_H2L�Get a long with data direction high to low��Set_Long_H2L�Set a long with data direction high to low��Get_Long_L2H�Get a long with data direction low to high��Set_Long_L2H�Set a long with data direction low to high��Get_RLong_H2L�Get a reversed long with data direction high to low��Set_RLong_H2L�Set a reversed long with data direction high to low��Get_RLong_L2H�Get a reversed long with data direction low to high��Set_RLong_L2H�Set a reversed long with data direction low to high��Get_Double_H2L�Get a double with data direction high to low��Set_Double_H2L�Set a double with data direction high to low��Get_Double_L2H�Get a double with data direction low to high��Set_Double_L2H�Set a double with data direction low to high��

Table 6.3.6.1 MCI data manipulation macro's





�

�AUTONUMLGL�	Mci_Init



Initialize the MCI library for use.



Call Format:



	int	Mci_Init( MCISYSTEM *sys)





Arguments:



Type			Name		Description			Passed By

MCISYSTEM		sys		Mci system information	Reference







Returns:



- GOOD

- FLE_OUT_OF_MEMORY

- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_NO_MESSAGES

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED





Remarks:



This function must be called before any other function of the MCI library.

��AUTONUMLGL�	Mci_Exit



Exit the Mailbox Communication Interface library for use.



Call Format:



	int	Mci_Exit( void)





Arguments:



None







Returns:



GOOD





Remarks:



This function frees all internal resources of the MCI library and should be called just before exiting the application.



��AUTONUMLGL�	Mci_Recv



Receives a MCI message from the application’s MCI mailbox.



Call Format:



	int	Mci_Recv( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



- GOOD



Errors:



- MCI_WRONG_INDEX

- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_NO_MESSAGES

- FLE_ACCESS_DENIED

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED

- MCI_BAD_CTRL





Remarks:



This function reads a MCI message from the task’s MCI mailbox using the parameters set on the dataset such as the index in the mailbox queue. In case an MCI event has occurred and the MCI library initializes the dataset for reading. The function removes the message from the mailbox queue. The application has the possibilty to set another receive buffer before calling this function otherwise the buffer at registration time will be used.



��AUTONUMLGL�	Mci_Send



Send a dataset to a remote task through the send MCI mailbox of this dataset.



Call Format:



	int	Mci_Send( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference







Returns:



- GOOD



Errors:



- MCI_BAD_CTRL

- MCI_BAD_SNDMBX

- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_NO_MESSAGES

- FLE_ACCESS_DENIED

- FLE_OUT_OF_MEMORY

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED





Remarks:



This functions send the dataset to the remote task using the send mailbox which was set at registration time. All parameters must be set on the dataset before calling this function. Default parameters, which were set at registration time, can be set first using the Mci_Ds_Prepare function. After retrieving default values specific value can be set such as the command type (which must be set).

��AUTONUMLGL�	Mci_Send_Error



Send an MCI error message to the remote task depending on the type of the dataset.



Call Format:



	int	Mci_Send_Error( MCIDS *dataset, u16 error)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

u16		error		Error number				Value







Returns:



- GOOD



Errors:



- MCI_BAD_TYPE

- MCI_BAD_CTRL

- MCI_BAD_SNDMBX

- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_NO_MESSAGES

- FLE_ACCESS_DENIED

- FLE_OUT_OF_MEMORY

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED





Remarks:



This function generates a MCI error message depending on the dataset type and sends it to the remote task. This function usually will be used after an MCI event which means that all relevanr parameters are set on the dataset. The function uses an independent internal user buffer for sending the message. It returns with the MCI buffer parameters reset to NULL.

��AUTONUMLGL�	Mci_Mirror



Reverses a character buffer of specified length.



Call Format:



	void	Mci_Mirror( char *buf, ushort length)





Arguments:



Type		Name		Description				Passed By

char		*buf		Source buffer for reversing		Reference

ushort		length		Length of buffer in characters	Value





Returns:



None







Remarks:



Reverses a character buffer of specified length. This function is used internally in the MCI library for converting data elements of host machines with different data directions.



��AUTONUMLGL�	Mci_Place_Data



Places data on the wright spot depending on the direction of the data.



Call Format:



	void	Mci_Place_Data( MCIMSG *dataset, char bnd_dir)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

char		bnd_dir	Final boundary of data		Value





Returns:



None





Remarks:



This function gets the first element of the user buffer, checks the operation code (CDE) and places the data on the right spot in the element and converts the element to the final boundary. This function is usually used for exception write commands which require only one element and most of time only used internally in the MCI library.



For example of the CDE code CDE_B0_15 with a specific bit number has been set then the bit value will be placed on the spot of the bit number. Not that the data direction of the data element changes to the direction specified.

��AUTONUMLGL�	Mci_Get_CDE_Size



Returns the size of the data according to the operation (CDE) specified.



Call Format:



	int	Mci_Get_CDE_Size( ushort cde)





Arguments:



Type		Name		Description				Passed By

ushort		cde		Operation code			Value







Returns:



The size of the element according to CDE code which can be one of the following:



0�MCI_BIT_BND�boundaries on bit basis ( 1 char 1 bit )��1�MCI_BYTE_BND�boundaries on character basis ( 1 char )��2�MCI_WORD_BND�boundaries on word basis      ( 2 char )��4�MCI_LONG_BND�boundaries on long basis      ( 4 char )��8�MCI_DBL_BND�boundaries on double basis    ( 8 char ) ��

Errors:



ERROR	CDE code does not exist







Remarks:



The size of the element returned also correpond to the boundary of the element.

��AUTONUMLGL�	Mci_Buffer_Alloc



This function allocates a buffer for transferring data using the MCI.



Call Format:



	int	Mci_Buffer_Alloc( MSG *msg)





Arguments:



Type		Name		Description				Passed By

MSG		*msg		Pointer to FactoryLink msg struct	Reference









Returns:



- GOOD



Errors:



- FLE_OUT_OF_MEMORY





Remarks:



This function allocates a MCI buffer and sets the pointer directly on the message. The application must first set the length of the buffer using the m_max parameter.



This function can be used for setting allocating buffers for use with MCI but is not stricly necessary. In case the application wants to allocate its own buffers it should also allocate space for the MCIHDR part which is always in front of the data. The buffer can be set by either using the Mci_Set_R_Buffer or Mci_Set_T_Buffer.



The pointer to the first element in the buffer must be retrieved by using the Mci_Get_U_Buffer. The pointer to the original allocated buffer can be retrieved by using Mci_Get_Org_Buffer.



��AUTONUMLGL�	Mci_Ds_Register



Register a dataset for use with the MCI library.



Call Format:



	MCIDS *Mci_Ds_Register( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference









Returns:





On success:



Pointer to internal registered dataset



On Error:



A NULL pointer will be returned.







Remarks:



Every dataset for use with the MCI must be registered first at initialization time. Before registering all relevant information of the dataset must be set first using MCI functions. The MCI library will return a pointer to the final registered dataset which can be used by the application for referencing.



��AUTONUMLGL�	Mci_Ds_Prepare



Loads the default values set at registering time on the dataset.



Call Format:



	int	Mci_Ds_Prepare( MCIDS *dataset,  MSG *buffer)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

MSG		*buffer		Pointer to buffer information		Reference









Returns:



- GOOD





Remarks:



The prepare function can be used before sending a MCI message to a remote task. After preparing the dataset the type of the MCI command must be set and all elements of the dataset can be redefined to meet the characteristics of the command

��AUTONUMLGL�	Mci_Ds_Query



Send a query request for information of the dataset to the remote task where the dataset has been defined.



Call Format:



	int Mci_Ds_Query( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference









Returns:



- GOOD



Errors:



- MCI_BAD_CTRL

- MCI_BAD_SNDMBX

- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_NO_MESSAGES

- FLE_ACCESS_DENIED

- FLE_OUT_OF_MEMORY

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED





Remarks:



Usually decoder tasks will use this function at initialization time in order to retrieve all information of a dataset. In case communicating over a LAN the application must call this function for a correct execution of the MCI library. When communicating in the same FactoryLink application it is not necessary to call this function in case not all dataset information is needed. Protocol drivers will not use this function.

��AUTONUMLGL�	Mci_Ds_Remove



Removes all datasets with the same MCI functionality and dataset control tag from the task’s MCI mailbox queue.



Call Format:



	int	Mci_Ds_Remove( MCIMSG *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference









Returns:



- GOOD



Errors:



- MCI_WRONG_INDEX

- MCI_NOT_FOUND

- FLE_OUT_OF_MEMORY

- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_NO_MESSAGES

- FLE_ACCESS_DENIED

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED

- MCI_BAD_CTRL







Remarks:



This function scans all active messages in the MCI mailbox queues and removes those messages with the same functionality and dataset control tag. The MCI has four different functionalities: QUERY, READ, WRITE and RECEIVE. For every message removed and representing an active command from the queue an error message with error MCI_MSG_REJECTED wiil be sent to the originating task.

��AUTONUMLGL�	Mci_Ds_Trigger



Trigger a dataset for reading by the remote MCI task.



Call Format:



	int	Mci_Ds_Trigger( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference









Returns:



- GOOD



Errors:



- MCI_BAD_CTRL

- MCI_BAD_SNDMBX

- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_NO_MESSAGES

- FLE_ACCESS_DENIED

- FLE_OUT_OF_MEMORY

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED







Remarks:



This function will be used by decoder tasks which want to read a complete dataset. The function sends a MCI read command to the remote task which will usually be a protocol driver. In case the protocol driver remains in the same application the dataset control tag will be triggered. In case the communication is over a LAN a mailbox message will be generated. Triggering only the dataset control tag is a faster way of communication.

��AUTONUMLGL�	Mci_Ds_Evaluate_Write



Evaluates the MCI dataset if it is possible to write this dataset. If this is the case it will be a real exception write (reading  before writing) or a block write.



Call Format:



	int	Mci_Ds_Evaluate_Write( MCIDS *dataset)





Arguments:



Type		Name		Description			Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference









Returns:



- GOOD		element can be wriiten at once



- MCI_X_WRITE	element can not be written at once. Read, patch and write back.







Remarks:



This function will be used by protocol drivers for evaluating if a received exception write command can be written at once to the external device. The function checks the received dataset parameters against the registered parameters and tries to convert it so that it can be written with one command. In case it can not be written with one command and can not be converted then the element must be read first from the external device, patched with the new value and written back.



The criteria used for evaluation is that if the element size of the element to write is smaller than the data boundary of the external device then it can not be written at once because otherwise data in the external device will be overwritten.



When this function is used it can speed up communication because in most case there is one write command needed against a read before a write.



Note that this function can alter the received dataset parameters and data in order to convert it.

��AUTONUMLGL�	Mci_Event_Retrieve





Call Format:



int 	Mci_Event_Retrieve( TAG **tags, void **datasets, u32 *num, 

					int (__cdecl **e_fnc)( void *ds, VAL val))





Arguments:



Type	Name		Description					        Passed By

TAG	**tags		Pointer to hold internal MCI array of event tags    Reference

void	**datasets	Pointer to hold internal MCI array of datasets       Reference

u32	*num		Pointer to total number of MCI events	         Reference

----	**e_fnc	Pointer to hold internal MCI array of function ptrs Reference



Returns:



- GOOD	all parameters will be filled with the internal MCI pointer values.





Remarks:



In case a task wants to operate event driven the this function can be used to retrieve the events of the MCI. Three different arrays will be returned with the following meaning:



tags	returns a list of all tags which can generate a MCI event. This tag list can be added to the applications tag list and passed to the fl_wait_.. functions of FactoryLink.



datasets	retruns a list of pointers to all registrated datasets of the MCI. This pointer must be used as first parameter of the user function in case of event.



e_fnc	returns a list of event function pointers which must be called in case of an MCI event



The data of every index of the three arrays correspond to each other. In case a MCI event occurs the event function with the event index and corresponding data must be called. For example:



		e_fnc[ index]( dataset[ index], val);



The value val can be retrieved fro the FactoryLink fl_wait... functions. The event function supplied by the MCI must be called by the application The user function which was registered with the dataset will be automatically called from the event function.



��AUTONUMLGL�	Mci_Event_Check



Function to be called every program cycle in case the MCI events will be handled on polling basis and not on event.



Call Format:



	int	Mci_Event_Check( void)





Arguments:



None







Returns:



- GOOD	no errors occurred while processing events.



Errors:



- FLE_NULL_POINTER

- FLE_BAD_ARGUMENT

- FLE_NO_CHANGE

- FLE_LOCK_FAILED

- FLE_BAD_TAG







Remarks:



This function must be called every program cycle in case MCI is handled on polling basis. This will be done by tasks that can not start a FactoryLink fl_wait... function because other events outside FactoryLink can occur.



The handling of an MCI event will be exactly the same as with the event driven mode of MCI.

��AUTONUMLGL�	Mci_Q_Init



Initializes the task’s MCI mailbox queue.



Call Format:



	int	Mci_Q_Init( void)





Arguments:



None







Returns:



- GOOD



Errors:



- FLE_OUT_OF_MEMORY

- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_NO_MESSAGES

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED







Remarks:



This functions initializes the mailbox queue by deleting every message in the queue except for query messages. It is not advises for an application to use this function. This function is called by the MCI library at start up.

��AUTONUMLGL�	Mci_Q_Num



Determine the number of active MCI message in the task’s mailbox queue.



Call Format:



	int	Mci_Q_Num( uint *num)





Arguments:



Type		Name		Description				Passed By

uint		*num		Number of messages to be filled

				by the MCI				Reference







Returns:



- GOOD



Errors:



- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED





Remarks:



Returns the number of active MCI messages in the MCI mailbox queue of the task. Note that this number can differ from the total number of messages in the queue.

��AUTONUMLGL�	Mci_Q_Query



Queries a dataset in the queue but does not remove the dataset.



Call Format:



	int	Mci_Q_Query( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference









Returns:



- GOOD



Errors:



- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_NO_MESSAGES

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED





Remarks:



Before querying the dataset the index in the queue must be valid. This can be done by using the Mci_Set_Index function. The query function only returns data of the following MCI sections:



		MCIMSG



This means that only a limited number of MCI functions can be used (no functions that operate on the MCIHDR section). Usually the application does not have to use this function because with every event the MCI library queries the new message (before calling the user function).

��AUTONUMLGL�	Mci_Q_Ds_srch



Search the tasks’s MCI mailbox queue for a certain dataset.



Call Format:



	int	Mci_Q_Ds_Srchl( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference









Returns:



- GOOD	the dataset has been found



Errors:



- MCI_NOT_FOUND

- FLE_NULL_POINTER

- FLE_BAD_TAG

- FLE_NOT_MAILBOX

- FLE_NO_MESSAGES

- FLE_LOCK_FAILED

- FLE_LOCK_EXPIRED







Remarks:



This function searches the active MCI messages for a message with the same dataset control tag. In case a message has been found the index of the message in the queue will be set on the dataset.



Note that indexes in the queue should not be save for later use because the indexes in the queue can change in the mean time.

��AUTONUMLGL�	Mci_Get_Version



Get the version of the MCI which generated this dataset message



Call Format:



	uchar	Mci_Get_Version( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



The version number of the MCI which generated this dataset message.





Remarks:





�AUTONUMLGL�	Mci_Set_Version



Set the version of the MCI library on the datataset message.



Call Format:



	void	Mci_Set_Version( MCIDS *dataset, uchar version)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uchar		version	Version to set				Value





Returns:



	None



Remarks:



This function should not be used by the application because the version will be set internally by the MCI library

��AUTONUMLGL�	Mci_Get_Handling



Gets the handling of a write command on the dataset message.



Call Format:



	uchar	Mci_Get_Handling( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference







Returns:



The mode of writing which can be one of the following:



MCI_NORMAL_WRITE   

MCI_ENCODED_WRITE 





Remarks:





�AUTONUMLGL�	Mci_Set_Handling



Sets the handling of a write command on the dataset message.



Call Format:



	void	Mci_Set_Handling( MCIMSG *, uchar mode)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uchar		mode		Mode for writing			Value



Returns:

	None



Remarks:



The mode of writing can be one of the following:



MCI_NORMAL_WRITE   

MCI_ENCODED_WRITE 



��AUTONUMLGL�	Mci_Get_Bnd_Dir



Get the boundary of normal data in the dataset MCI message



Call Format:



	uchar	Mci_Get_Bnd_Dir( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



Direction of data which can be one of the following:



Mci_High_2_Low

Mci_Low_2_High



Remarks:





�AUTONUMLGL�	Mci_Set_Bnd_Dir



Set the boundary of normal data in the dataset MCI message



Call Format:



	void	Mci_Set_Bnd_Dir( MCIDS *dataset, uchar dir)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uchar		dir		Data direction				Value





Returns:

	None



Remarks:



The direction of data can be one of the following:



Mci_High_2_Low

Mci_Low_2_High



��AUTONUMLGL�	Mci_Get_Bit_Dir



Get the direction of bit information within the boundary elements



Call Format:



	uchar	Mci_Get_Bit_Dir( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



Returns the direction of bit data which can be one of the following:



Mci_High_2_Low

Mci_Low_2_High



Remarks:





�AUTONUMLGL�	Mci_Set_Bit_Dir



Get the direction of bit information within the boundary elements



Call Format:



	void	Mci_Set_Bit_Dir( MCIDS *dataset, uchar dir)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uchar		dir		Bit data direction			Value





Returns:

	None



Remarks:



The direction of bit data can be one of the following:



Mci_High_2_Low

Mci_Low_2_High



��AUTONUMLGL�	Mci_Get_Bnd_Offset



Get the boundary addressing offset determined by the external device.



Call Format:



	uchar	Mci_Get_Bnd_Offset( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



Returns the addressing offset which will be either 0 or 1.





Remarks:





�AUTONUMLGL�	Mci_Set_Bnd_Offset



Set the boundary addressing offset determined by the external device.



Call Format:



	void	Mci_Set_Bnd_Offset( MCIDS *dataset, uchar offset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uchar		offset		Boundary addressing offset of ds	Value





Returns:

	None





Remarks:



The boundary addressing offset can be either 0 or 1.



��AUTONUMLGL�	Mci_Get_Bit_Offset



Get the bit addressing offset determined by the external device.



Call Format:



	uchar	Mci_Get_Bit_Offset( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



Returns the bit addressing offset which will be either 0 or 1.





Remarks:





�AUTONUMLGL�	Mci_Set_Bit_Offset



Set the bit addressing offset determined by the external device.



Call Format:



	void	Mci_Set_Bit_Offset( MCIDS *dataset, uchar offset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uchar		offset		Bit addressing offset of ds		Value





Returns:

	None





Remarks:



The bit addressing offset can be either 0 or 1.



��AUTONUMLGL�	Mci_Get_Boundary



Get the boundary of data of this dataset message.



Call Format:



	uchar	Mci_Get_Boundary( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



Returns the data boundary which can be one of the following:



MCI_BIT_BND�boundaries on bit basis��MCI_BYTE_BND�boundaries on character basis ( 1 char )��MCI_WORD_BND�boundaries on word basis         ( 2 char )��MCI_LONG_BND�boundaries on long basis          ( 4 char )��MCI_DBL_BND�boundaries on double basis      ( 8 char )��

Remarks:





�AUTONUMLGL�	Mci_Set_Boundary



Set the boundary of data of this dataset message.



Call Format:



	void	Mci_Set_Boundary( MCIDS *, uchar bnd)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uchar		bnd		Boundary to set			Value





Returns:

	None



Remarks:



For values of boundaries refer to the function Mci_Get_Boundary.



��AUTONUMLGL�	Mci_Get_Start



Get the start address of the data in the dataset message.



Call Format:



	u16	Mci_Get_Start( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



The start address of the data.





Remarks:





�AUTONUMLGL�	Mci_Set_Start



Set the start address of the data in the dataset message.



Call Format:



	void	Mci_Set_Start( MCIDS *dataset, u16 start)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

u16		start		Start address				Value





Returns:

	None





Remarks:

��AUTONUMLGL�	Mci_Get_Len



Get the length of the data in the dataset message in elements according to the boundary size.



Call Format:



	u16	Mci_Get_Len( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



The length of the data in the message





Remarks:





�AUTONUMLGL�	Mci_Set_Len



Set the length of the data in the dataset message in elements according to the boundary size.



Call Format:



	void	Mci_Set_Len( MCIDS *dataset, u16 len)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

u16		len		Lenght of data				Value





Returns:

	None





Remarks:

��AUTONUMLGL�	Mci_Get_CDE



Get the operation code CDE which indicates the operation on the data in case of an exception write.



Call Format:



	u16	Mci_Get_CDE( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



Returns the CDE code. For a complete listing of the CDE code refer to the appendix.





Remarks:





�AUTONUMLGL�	Mci_Set_CDE



Get the operation code CDE which indicates the operation on the data in case of an exception write.



Call Format:



	void	Mci_Set_CDE( MCIDS *dataset, u16 cde)





Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

u16		cde		Operation code			Value





Returns:

	None





Remarks:



For a complete listing of the CDE codes refer to the appendix

��AUTONUMLGL�	Mci_Sys_Get_Task_Id



Get the FactoryLink task id currently registered in the MCI library.



Call Format:



	u16	Mci_Sys_Get_Task_Id( MCISYSTEM *sys)





Arguments:



Type		Name		Description				Passed By

MCISYSTEM	*sys		Mci system information		Reference





Returns:



The FactoryLink task id number.





Remarks:



This id should match the task id of the current FactoryLink task.





�AUTONUMLGL�	Mci_Sys_Set_Task_Id



Set the FactoryLink task id for registering in the MCI library.



Call Format:



	void	Mci_Sys_Set_Task_Id( MCIDS *dataset, u16 id)





Arguments:



Type		Name		Description				Passed By

MCISYSTEM	*sys		Mci system information		Reference

u16		id		FactoryLink task id number		Value





Returns:

	None





Remarks:



The id number returned by the fl_init_app must passed with this function. This function must be called before the Mci_Init function.

��AUTONUMLGL�	Mci_Sys_Get_Station_Id



Get the station id of this host machine as registered in the MCI library.



Call Format:



	uchar	Mci_Sys_Get_Station_Id( MCISYSTEM *sys)





Arguments:



Type		Name		Description				Passed By

MCISYSTEM	*sys		Mci system information		Reference





Returns:



The station id number of the host machine.





Remarks:



The station id number must be unique over the LAN.





�AUTONUMLGL�	Mci_Sys_Set_Station_Id



Set the station id of this host machine for registering in the MCI library.



Call Format:



	void	Mci_Sys_Set_Station_Id( MCISYSTEM *sys, uchar station)





Arguments:



Type		Name		Description				Passed By

MCISYSTEM	*sys		Mci system information		Reference

uchar		station		Unique station number		Value





Returns:

	None







Remarks:



This function must be called before the Mci_Init function with an unique station number on the LAN.

��AUTONUMLGL�	Mci_Sys_Get_Mbx



Get the MCI mailbox tag as registered for this task.



Call Format:



	TAG	Mci_Sys_Get_Mbx( MCISYSTEM *sys)





Arguments:



Type		Name		Description				Passed By

MCISYSTEM	*sys		Mci system information		Reference





Returns:



Retruns the tag value of the MCI systems mailbox tag of this task.





Remarks:





�AUTONUMLGL�	Mci_Sys_Set_Mbx



Set the MCI mailbox tag for registering for this task.



Call Format:



	void	Mci_Sys_Set_Mbx( MCISYSTEM *sys, TAG mbx)





Arguments:



Type		Name		Description				Passed By

MCISYSTEM	*sys		Mci system information		Reference

TAG		mbx		Mci systems mailbox tag		Value





Returns:

	None





Remarks:



This task should be called before the Mci_Init function with the mailbox tag that will be used for MCI communication.

��AUTONUMLGL�	Mci_Sys_Get_Functions



Get the functionalities supported by this task as registered at initialisation.



Call Format:



	ushort	Mci_Sys_Get_Functions( MCISYSTEM *sys)





Arguments:



Type		Name		Description				Passed By

MCISYSTEM	*sys		Mci system information		Reference





Returns:



The supported functionailties.





Remarks:







�AUTONUMLGL�	Mci_Sys_Set_Functions



Set the functionalities supported by this task for registering at initialisation.



Call Format:



	void	Mci_Sys_Set_Functions( MCISYSTEM *, ushort fnc)





Arguments:



Type		Name		Description				Passed By

MCISYSTEM	*sys		Mci system information		Reference

ushort		fnc		Functionailties supported		Value





Returns:

	None





Remarks:



This function should be called before calling the Mci_Init function.





��AUTONUMLGL�	Mci_Get_Type



Get the type of the MCI message.



Call Format:



	uchar	Mci_Get_Type( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference



Returns:



The type of the message which can be one of the following:



MCI_QUERY_CMD�MCI info message��MCI_QUERY_RSP�MCI info message feed back��MCI_QUERY_ERROR�MCI info message feed back��MCI_READ_REQ�read request��MCI_READ_RSP�read feed back��MCI_READ_ERROR�read feed back��MCI_WRITE_REQ�write request��MCI_WRITE_RSP�write feed back��MCI_WRITE_ERROR�write feed back��MCI_RCV_ACT�unsolicited receive active��MCI_RCV_RDY�unsolicited receive ready��MCI_RCV_ERROR�unsolicited receive ready��

Remarks:



�AUTONUMLGL�	Mci_Set_Type



Set the type of the MCI message.



Call Format:



	void	Mci_Set_Type( MCIDS *dataset, uchar type)



Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uchar		type		Type of message			Value



Returns:

	None



Remarks:



Refer for command types to the Mci_Get_Type function.

��AUTONUMLGL�	Mci_Get_Org_Host_Dir



Get the originating host data direction.



Call Format:



	uchar	Mci_Get_Org_Host_Dir( MCIDS *dataset)





Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



The data direction of the originating host which can be:



MCI_HIGH_2_LOW

MCI_LOW_2_HIGH





Remarks:





�AUTONUMLGL�	Mci_Set_Set_Org_Host_Dir



Set the originating host data direction.



Call Format:



	void	Mci_Get_Set_Org_Host_Dir( MCIDS *dataset, uchar dir)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uchar		dir		Originating data direction		Value







Returns:

	None





Remarks:





This function should not be used by the application because the MCI library sets this parameter.

��AUTONUMLGL�	Mci_Get_Station_Id



Get the remote station station id received from on the dataset message.



Call Format:



	uchar	Mci_Get_Station_Id( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference







Returns:



The unique remote station identification mumbr received.





Remarks:





�AUTONUMLGL�	Mci_Set_Station_Id



Get the remote station station id received from on the dataset message.



Call Format:



	void	Mci_Set_Station_Id( MCIDS *dataset, uchar station)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uchar		station		Unique station identification		Value





Returns:

	None





Remarks:



This function can be used to set the local station identification number but has not to be used by the application because it will be done internally by the MCI library. The station is set at initialisation time will be used.

��AUTONUMLGL�	Mci_Get_Job_Sequence



Get the job sequence number of the received dataset message.



Call Format:



	u16	Mci_Get_Job_Sequence( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



The job sequence number of the received message





Remarks:





�AUTONUMLGL�	Mci_Set_Job_Sequence



Set the job sequence number on the dataset message.



Call Format:



	void	Mci_Set_Job_Sequence( MCIDS *dataset, u16 num)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

u16		num		Sequence number to set		Value





Returns:

	None





Remarks:



This function can be used to set a sequence number on command for keeping track of the command. The responding task returns the same job number as received.

��AUTONUMLGL�	Mci_Get_Ds_Ctrl



Get the dataset control tag of this received dataset message.



Call Format:



	TAG	Mci_Get_Ds_Ctrl( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



The dataset control tag.





Remarks:



Usually the application don’t have to use this function because the MCI always returns with the correct dataset.





�AUTONUMLGL�	Mci_Set_Ds_Ctrl



Set the dataset control tag on this dataset.



Call Format:



	void	Mci_Set_Ds_Ctrl( MCIDS *dataset, TAG ctrl)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

TAG		ctrl		Dataset control tag			Value





Returns:

	None





Remarks:



The application probably will use this function once: just before registering the dataset. After the dataset has been registered the application does not have to call this function any more.

��AUTONUMLGL�	Mci_Get_R_Buffer



Get the registered buffer parameters of this dataset.



Call Format:



	MSG	*Mci_Get_R_Buffer( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference



Returns:



Pointer to a FactoryLink MSG structure which contain the parameters of the buffer.



Remarks:



This function retrieves the buffer parameters which were set at registering time of this dataset. This buffer will be used by the dataset in case it is not overruled by using the functions Mci_Ds_Prepare or Mci_Set_T_Buffer.





�AUTONUMLGL�	Mci_Set_R_Buffer



Set the registered buffer parameters of this dataset.



Call Format:



	void	Mci_Set_R_Buffer( MCIDS *dataset, MSG *buf)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

MSG		*buf		Buffer parameters			Reference



Returns:

	None



Remarks:



This function must be called before registering a dataset. The function sets the default buffer which the MCI library will use in case it is not overruled.

��AUTONUMLGL�	Mci_Get_T_Buffer



Get the buffer parameters currently set on this dataset.



Call Format:



	MSG	*Mci_Get_T_Buffer( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference



Returns:



Pointer to a FactoryLink MSG structure which contain the parameters of the buffer.



Remarks:



This function retrieves the buffer parameters which are currently set on the dataset. This can be the default parameters (at registering time) or a buffer which overruled the default.





�AUTONUMLGL�	Mci_Set_T_Buffer



Set the temporary buffer parameters of this dataset. The default parameters will be overruled.



Call Format:



	void	Mci_Set_T_Buffer( MCIDS *dataset, MSG *buf)



Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

MSG		*buf		Buffer parameters			Reference



Returns:

	None



Remarks:



This function sets the buffer parameters on the dataset. This will overrule the default buffer parameters but the default parameters will be preserved. In case the default parameters must be used just reset the buffer parameters with Mci_Reset_Buffer before executing other functions.

�

�AUTONUMLGL�	Mci_Get_U_Buffer



Get the pointer the first element of the dataset’s data buffer currently set.



Call Format:



	char *	Mci_Get_U_Buffer( MCIDS *dataset)



Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference



Returns:



Character to the first data element.



Remarks:



The buffer set on a dataset fro holding data will contain a MCIHDR and data. The application may not use the original pointer but must retreive the pointer to the user function using this function. The original buffer pointer and the data pointer differ from each other.





�AUTONUMLGL�	Mci_Reset_Buffer



Reset the buffer parameters on the dataset message.



Call Format:



	void	Mci_Reset_Buffer( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:

	None



Remarks:



Resets the buffer parameters on the dataset currently used. In case no other buffer will be set then the default buffer set at registering time will be used in subsequent MCI calls.

��AUTONUMLGL�	Mci_Get_Snd_Mbx



Get the MCI mailbox tag of this dataset which will be used for sending messages.



Call Format:



	TAG	Mci_Get_Snd_Mbx( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



The tag of the MCI send mailbox for this dataset.





Remarks:



This tag must have been set at registering time of the dataset.





�AUTONUMLGL�	Mci_Set_Snd_Mbx



Set the MCI mailbox tag of this dataset which will be used for sending messages.



Call Format:



	void	Mci_Set_Snd_Mbx( MCIDS *dataset, TAG send)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

TAG		send		MCI send mailbox tag			Value





Returns:

	None





Remarks:



This function must be called before registering the dataset. Afterwards the function does not have to be used any more.

��AUTONUMLGL�	Mci_Get_Index



Get the index of the dataset message in the mailbox queue.



Call Format:



	uint	Mci_Get_Index( MCIDS *dataset)



Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference



Returns:



The index into the mailbox queue.



Remarks:



The index into the mailbox queue must not be saved for later use because in the meantime the indexes in the queue can change by reading messages. In case of a MCI event the MCI library always returns datasets with the index set. In case the application wants to read the dataset later it must first search the dataset in the queue and not use a saved index.





�AUTONUMLGL�	Mci_Set_Index



Set the index of the dataset message in the mailbox queue.



Call Format:



	void	Mci_Set_Index( MCIDS *dataset, uint index)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

uint		index		Indexi in the queue			Value





Returns:

	None





Remarks:



This function should not be used by the application directly because the search function of the MCI library automatically set the index of the dataset in the queue.

��AUTONUMLGL�	Mci_Get_Name



Get the name of the dataset control tag as specified in the FactoryLink real-time database.



Call Format:



	char *	Mci_Get_Name( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



Pointer to character string containing the dataset control name.





Remarks:



The name set at registering time will be returned.





�AUTONUMLGL�	Mci_Set_Name



Set the name of the dataset control tag on the dataset for registering.



Call Format:



	void	Mci_Set_Name( MCIDS *dataset, char *name)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

char		*name		Dataset control tag name		Value





Returns:

	None





Remarks:



The dataset control tag name must be set before registering. The tag name must correspond to the tag id.

��AUTONUMLGL�	Mci_Get_Udata_Ptr



Get the pointer to the additional user dataset information buffer.



Call Format:



	char *	Mci_Get_Udata_Ptr( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference







Returns:



Pointer to the user buffer.





Remarks:





�AUTONUMLGL�	Mci_Set_Udata_Ptr



Set the pointer to the additional user dataset information buffer.



Call Format:



	void	Mci_Set_Udata_Ptr( MCIDS *dataset, void *buf)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

char		*buf		Additional dataset information	Reference





Returns:

	None





Remarks:



The application can hook a user defined buffer to the dataset for specifying additional dataset information. This data can be retrieved when MCI events occur. This function must be called before registering the dataset.

��AUTONUMLGL�	Mci_Get_Ufnc_Ptr



Get the user function pointer which will be called when a MCI event occurs.



Call Format:



	int  (*)( MCIDS *)	Mci_Get_Ufnc_Ptr( MCIDS *dataset)





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference





Returns:



Pointer to the user function which takes a pointer to a dataset as parameter.





Remarks:







�AUTONUMLGL�	Mci_Set_Ufnc_Ptr





Call Format:



	void	Mci_Set_Ufnc_Ptr( MCIDS *dataset, int  (*u_fnc)( MCIDS *))





Arguments:



Type		Name		Description				Passed By

MCIDS	*dataset	Pointer to MCI dataset structure	Reference

---		*ufnc		User function pointer			Reference





Returns:

	None





Remarks:



The user function pointer must be set and will be called in case an MCI event happens on this dataset. The user function must accept a pointer to the dataset as parameter and return an integer.�

PART II



�AUTONUMLGL�	Mailbox Communication Interface Principle





�AUTONUMLGL�	About this Chapter



This chapter handles the following topics:



�SYMBOL 183 \f "Symbol"� Philosophy of Mailbox Communication Interface



�SYMBOL 183 \f "Symbol"� protocol drivers and decoders



�SYMBOL 183 \f "Symbol"� datasets





�AUTONUMLGL�	The Mailbox Communication Interface



The basic functionality of a FactoryLink task which must communicate with an external device is first to handle the communication protocol and second to interpret and convert data for communication. Normally all these functions were implemented in one separate FactoryLink task which purpose was to implement one protocol. For every type of external device a separate FactoryLink task, also called a driver, must be available which implements all these functionality's.



With the Mailbox Communication Interface the functionality of a FactoryLink driver has been separated into two task. The first task implements the protocol of the external device and is called the protocol driver. For every unique protocol a unique protocol driver must exist. The second task does the interpreting of data and is called the decoder. This task is independent of any protocol and can be used with any protocol driver.



The following schematic shows the relation between a decoder and a protocol driver:





� EMBED Word.Picture.6  ���



Figure 2.1 The protocol-driver/decoder Principle.





The decoder and protocol driver communicate with each other via standard FactoryLink Mailboxes using the MCI. The decoder task communicates with the FactoryLink Real-time Database and manipulates data such as en- decoding and converting. This data will be sent to or raw data received from a protocol driver. The protocol driver's only function is to forward raw data between an external device and the decoder.



The programming effort for developing protocol drivers can be greatly reduced by using the MCI. The only thing that changes between two different external devices is the protocol which is the only part that has to be rewritten using the MCI (the protocol driver). The de/encoding has to be developed only once and is implemented in the decoder. It is also possible to develop a custom made decoder especially for one purpose which makes it flexible.



The decoder must be able to service more than one protocol driver at run-time. This can result in performance gain of the total FactoryLink application because only one task handles the data in stead of every protocol driver.





�AUTONUMLGL�	Datasets



FactoryLink tasks which implement the MCI exchange datasets. A dataset is a (contiguous) area of data in the external device. A protocol driver can read and write this data area. Except actions on the complete area, most protocol drivers are also capable of addressing specific elements (or a group of elements) in the data area. 



A dataset in a FactoryLink application will be identified by a dataset control tag. This is a standard FactoryLink RTDB tag of type DIGITAL. Every time a dataset is exchanged between two MCI tasks this identification tag will be sent along. The protocol driver defines and describes the protocol dependent parameters of the dataset . The decoder references only to a dataset, independent of any protocol parameters.



�

�AUTONUMLGL�	Mailbox Communication Interface Architecture





�AUTONUMLGL�	About this Chapter



This chapter handles the following topics:



�SYMBOL 183 \f "Symbol"� FactoryLink standard mailbox communication



�SYMBOL 183 \f "Symbol"� Internal lay-out of the MCI structures



�SYMBOL 183 \f "Symbol"� Functionality possibility with the MCI



�SYMBOL 183 \f "Symbol"� How to use the MCI-PAK



The first sections of this chapter describes the internal MCI specifications without discussing the MCI-PAK. The raw lay-out of the MCI is presented and is not advised to be used as such by the user. The section How to use the MCI-PAK presents an easy way to implement MCI functionality into a task. The MCI-PAK accesses the internal structures only via macro's or functions.





�AUTONUMLGL�	FactoryLink mailbox communication



The MCI uses the standard FactoryLink Mailbox tag type for communication between two tasks. The internal lay-out of the MCI has been defined around the structure of the mailbox: MBXMSG. The structure MBXMSG looks as follows:





typedef struct _MBXMSG	/* client mailbox message */

{

    MSG     mm_msg;		/* actual message to be sent */

                               	/* (refers to message data) */

    TAG     mm_mbx;             	/* source mailbox (usually owned */

                                	/* by sender of this message) */

    u16     mm_type;            	/* message type (for translation */

                                	/* to and from canonical form) */

    u16     mm_user1;           	/* reserved for sender & receiver */

                                	/* (usually message subtype) */

    u32     mm_user2;           	/* reserved for sender & receiver */

                                	/* (usually sequence number) */

    id_t    mm_sendid;          	/* task id of sender */



} MBXMSG;





Figure 3.2.1 Standard FactoryLink Mailbox Message structure





The FactoryLink mailbox API functions accepts only the MBXMSG structure for communication via the mailbox. The structure has a few members which must be strictly specified and other members are user definable. We will discuss every member of the structure.�

mm_msg 	this parameter is of the standard message type MSG. This parameter must always be specified with a pointer to a user buffer for sending or receiving data, together with the length of the buffer. 



mm_mbx 	this parameter can contain a valid mailbox tag. A mailbox user may specify a mailbox tag in case of sending. The receiving task may use this mailbox tag to send a response message back. 



mm_type

mm_user1

mm_user2 	these parameters are user definable. 



mm_sendid 	this parameters must be always set with the task ID of the owner of the mailbox which means that the sending task specifies its own task ID.





�AUTONUMLGL�	Internal lay-out of the MCI



Every task using the mailbox communication under FactoryLink uses the MBXMSG structure and assigns its own meaning to the user definable parameters. The total definition of the MCI has been split into two parts concerning the MBXMSG structure. The first part are the user definable parameters in the MBXMSG structure (MBXMSG part), the second part is a header in front of the data for every job located in the mm_msg parameter ( data header part).



Note that the MCI-PAK always accesses MCI structures via macro's or functions. Users of the MCI-PAK are not advised to access structure elements directly but always via these macro's and structures. Nevertheless the following sections describe the separate elements of the internal MCI structures.





�AUTONUMLGL�	The MBXMSG part



The lay-out of the mm_type parameter for the MCI is defined as follows:





typedef struct _MCITYPE {



  unsigned type:          	4;    /* type of MCI message */



  unsigned ident:         	1;    /* use of MSG CTRL tag or address */

  unsigned more:     		1;    /* more data to come: yes or no  */

  unsigned org_host_dir:	1;    /* set the originating host direction  */

  unsigned reserved: 		1;    /* reserved  */



  unsigned station_id:    	8;   /* originating station id of this message */



} MCITYPE;





Figure 3.3.1.1 Definition of the mm_type parameter

�

The type parameter specifies what kind of MCI message is being sent or received. The following types exist in the MCI:





MCI_QUERY_CMD                	/* MCI info message */

MCI_QUERY_RSP                	/* MCI info message feed back */

MCI_QUERY_ERROR              	* MCI info message feed back */



MCI_READ_REQ                 	/* read request */

MCI_READ_RSP                 	/* read feed back */

MCI_READ_ERROR               	/* read feed back */



MCI_WRITE_REQ                	/* write request */

MCI_WRITE_RSP                	/* write feed back */

MCI_WRITE_ERROR              	/* write feed back */



MCI_RCV_ACT                  	/* unsolicited receive active */

MCI_RCV_RDY                  	/* unsolicited receive ready */

MCI_RCV_ERROR                	/* unsolicited receive ready */





Figure 3.3.1.2 Type of MCI messages





The exact meaning of every type of command and when to use them will be discussed later on in this document in the chapter MCI functionality’s. The ident parameter in the MCITYPE structure specifies whether a dataset control tag will be used. This element is not used anymore and is still specified for compatibility reasons with older versions. The more element is used for specifying consecutive messages which data must be contiguous. The org_host_dir specifies the data direction of the originating host and will be used by the MCI library for converting the MCI header. The station_id element specifies the remote station in case messages are sent over a LAN.



The lay-out of the mm_user1 parameter for the MCI has been defined as follows:







    u16     mm_user1   ---->   job sequence number





Figure 3.3.1.3 Definition of the mm_user1 parameter





This parameter holds a job sequence number which can be used to keep track of messages from one MCI task to another. It is not obligated to use this parameter in an MCI task.�

The lay-out of the mm_user2 parameter for the MCI has been defined as follows:







    u32     mm_user2   ---->   dataset control tag





Figure 3.3.1.4 Definition of the mm_user1 parameter





This parameter holds the dataset control tag which is used to identify a block of data being exchanged between two MCI tasks. This parameter must always be specified in case of sending an MCI message.





�AUTONUMLGL�	The data header part



The data header part of the MCI definition is located in the mm_msg parameter of the MBXMSG structure in front of the user data. The length of this header is 8 bytes which means that the user always must reserve the first 8 bytes of the data buffer for internal use of the MCI.



The lay-out of this header has been defined in the following structure:







typedef struct _MCIHDR {



  struct {    	                	/* structure with info of dataset */



    unsigned version:		4;    	/* version of MCI used */

    unsigned handling:    	1;   	/* encoded or normal write */



    unsigned reserved0:   	3;    	/* reserved */



    unsigned bnd_dir:   	1;    	/* direction of data */

    unsigned bit_dir:     	1;    	/* direction of data */



    unsigned bnd_start: 	1;    	/* start of boundary data */

    unsigned bit_start:   	1;    	/* start of bit data */



    unsigned boundary:    	4;    	/* boundary of basic data element */



  } i;



  ushort       len;           		/* length of data */

  ushort       start;         		/* start address of data  */

  ushort       cde;           		/* conversion code */



} MCIHDR;





Figure 3.3.2.1 Definition of the data header structure



The meaning of the parameters of the MCIHDR structure will be described now.



version	this parameter specifies the version of the MCI currently used. For tasks using this definition this will be version 1.

�

handling	this parameter specifies the writing mode of the current data in the MCI message. This information will be used by the receiving task for accessing the external device. The handling can be either a normal or encoded write. The difference between a normal and encoded write will be discussed in the section MCI functionality’s.



bnd_dir	this parameter specifies the direction of the data on the element boundary. External devices can have different directions of ordering their data in memory. Usually this depends on what kind of CPU these devices are using. For example on a Personal Computer using an Intel chip the ordering of the bytes within a word is from low to high ( LSB first) whereas a Siemens PLC orders its bytes within a word from high to low ( MSB first). In this case the bytes must be swapped on one side in order to get the right value.



bit_dir	this parameter specifies the direction of the single bits with a boundary element. The principle of the direction of bits is the same as in the bnd_dir parameter.



bnd_start	this parameter specifies the offset of addressing in the external device for boundary elements.



bit_start	this parameter specifies the offset of addressing for bits within a boundary element.



boundary 	this parameter specifies the boundary of addressing in the dataset. Every external device has one or more data types that can be read or written through the protocol. A specific data type has a method of addressing single elements within a dataset. This method specifies the minimal size of an element that can be addressed. This size is called the boundary of that specific data type. For example a data type in an external device must be addressed on the size of words. Address 1 specifies the first word, address 2 the second word. This means that this datatype has a word boundary and the smallest element that can be read or written is a word.



len 	this parameter specifies the length of the data in the current command. The length of the data must be specified in the number of elements according to the boundary of the data type.



start	this parameter specifies the start address of the data in the external device.�

CDE	this parameter specifies the operation which should be taken upon the data. An MCI data header always specifies what operation on the data must be taken. The following operations are possible in the MCI:







CDE_B0_15           		Bit operation bit 0 - 15

CDE_B16_31		Bit operation bit 16- 31

CDE_NIBBLE              	Nibble operation

CDE_BYTE                	Signed byte operation

CDE_UBYTE               	Unsigned byte operation

CDE_SIGNED              	Signed word operation

CDE_UNSIGNED            	Unsigned word operation

CDE_UBCD                	Word BCD operation



CDE_LONG                	Signed long operation

CDE_ULONG               	Unsigned long operation

CDE_LBCD                	Long BCD operation



CDE_SIEMENS_FLT         	Siemens floating point opration

CDE_SINGLE_IEEE_FLT     	IEEE single precision floating point op.

CDE_DOUBLE_IEEE_FLT     	IEEE double precision floating point op.

CDE_BLOCK               	Block operation on data

CDE_STRING              	String operation





Figure 3.3.2.2 Operation codes





According to the functionality’s of the MCI, which will be discussed later, a division can be made in the operation codes. First there is the CDE_BLOCK operation which means that the defined dataset will be transferred totally. For example a protocol driver receive a CDE_BLOCK operation together with a read request then the driver will read the complete dataset from the external device and forward it to the requesting task. All other operations probably will be used in case exception data which must be handled. For example one word within a dataset must be written to an external device then CDE_UNSIGNED will be used. The receiving task generates a command according to the specific protocol and writes the single word.



The codes listed in figure 3.3.2.2 are starting offsets for different operations. For a detailed description of the use of operation codes refer to appendix B.�

�AUTONUMLGL�	Functionality of the MCI



The Mailbox Communications Interface has been especially defined for tasks who want to communicate with external devices. Usually two tasks must be implemented, one for handling the external device protocol and one for en-decoding the data. With the MCI it is possible to implement the following common functionality’s for external device drivers:



�SYMBOL 183 \f "Symbol"� block read function



�SYMBOL 183 \f "Symbol"� block write function



�SYMBOL 183 \f "Symbol"� exception write function



�SYMBOL 183 \f "Symbol"� encoded write function



�SYMBOL 183 \f "Symbol"� unsolicited receive function





Although these are commonly used functionality’s used by external device drivers it is also possible to implement other functionality’s. In the most cases the driver has to fetch, write or receive data from the external device which cover all functions above. However with MCI it is also possible for an external device to fetch data from the FactoryLink station if this is supplied by the communication protocol. This can be done by using the standard MCI commands such as a block read but is not  described in this document.



Every task which implements MCI functionality has a MCI mailbox. Different MCI tasks which communicate with each other writes MCI messages into each other MCI mailbox. For example both the decoder and protocol driver task have their own MCI mailbox tag. If the decoder wants to address a command to the protocol driver then it writes a message in the mailbox of the protocol driver.
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Figure 3.4.1 MCI mailboxes

�

�AUTONUMLGL�	The block read function



A block read means that the decoder task generates a request for the protocol driver task to read a complete dataset which has been defined in the protocol driver. There are two methods for the decoder to trigger a block read.



The first method is to generate an MCI message which describes a block read function. This message will be sent to the protocol driver which does the actual reading. This method is the most structured way and works over a Local Area Network (LAN). The second method is to trigger the dataset control tag which has been defined in the protocol driver. In this case the protocol driver has to check all dataset control tags on change bits. This way of triggering is very fast but can not be used over a LAN.



The lay-out of the MBXMSG part in case of a block read request will look as follows:





    mm_msg.m_ptr 		= pointer to user buffer with MCI data header

    mm_msg.m_max 		= not applicable

    mm_msg.m_len 		= length of the sum of MCI data header

                            

    mm_mbx       		= decoder mailbox (reply mailbox)

                                

    mm_type.type        	= MCI_READ_REQ

    mm_type.ident       	= MCI_TAG

    mm_type.more       	= Not applicable

    mm_type.ident       	= local host direction

    mm_type.station_id 	= local station id

                                

    mm_user1     		= Job sequence number

                                

    mm_user2     		= dataset control tag

                                

    mm_sendid    		= decoder FactoryLink Task ID





Figure 3.4.1.1 block read MBXMSG structure





�

The lay-out of the data header part in case of a block read request will look as follows:





  version:     	= 3

  handling:    	= not applicable



  bnd_dir:   	= not applicable

  bit_dir:     	= not applicable



  bnd_start: 	= not applicable

  bit_start:   	= not applicable



  boundary:    	= not applicable



  len;         	= not applicable

  start;       	= not applicable

  cde;         	= CDE_BLOCK





Figure 3.4.1.2 Data header part in case of block read





In this case almost all members of the data header structure are not specified because the decoder has no information about the dataset to read. This way the protocol driver must be implemented to read the whole dataset as configured.



It is possible for the decoder to retrieve information about every single dataset by executing a MCI_QUERY_CMD command type. The protocol driver must support this type of command and when receiving this command sending all information of the dataset back. This way the decoder will be able to fill out the data header part and able to specify a part of the dataset to be read.



The lay-out of the MBXMSG part in case of a MCI_QUERY_CMD will look as follows:





    mm_msg.m_ptr 		= pointer to user buffer with void MCI data header

    mm_msg.m_max 		= not applicable

    mm_msg.m_len 		= length of the sum of MCI data header

                            

    mm_mbx       		= decoder mailbox (reply mailbox)

                                

    mm_type.type        	= MCI_QUERY_CMD

    mm_type.ident       	= MCI_TAG

    mm_type.more 		= not applicable

    mm_type.org_host_dir	= local host data direction 

    mm_type.station_id	= local station id

                                

    mm_user1     		= Job sequence number

                                

    mm_user2     		= dataset control tag

                                

    mm_sendid    		= decoder FactoryLink Task ID





Figure 3.4.1.3 MCI_QUERY_CMD command type

�

The data header part is in case of a query command a void buffer but must be specified in the mm_msg structure. The protocol driver must respond upon the receipt of a query command with a query response MCI_QUERY_RSP command. The protocol driver identifies the dataset with the dataset control tag. 



This MCI_QUERY_RSP command is structured as follows:





    mm_msg.m_ptr		= pointer to user buffer with MCI data header

    mm_msg.m_max		= not applicable

    mm_msg.m_len		= length of MCI data header

                            

    mm_mbx       		= null tag (undefined)

                                

    mm_type.type        	= MCI_QUERY_RSP

    mm_type.ident       	= MCI_TAG

    mm_type.more 		= not applicable

    mm_type.org_host_dir 	= remote host data direction

    mm_typestation_id 	= remote station id

                                

    mm_user1     		= Job sequence number

                                

    mm_user2     		= dataset control tag

                                

    mm_sendid    		= decoder FactoryLink Task ID





Figure 3.4.1.4 Query response MBXMSG structure







  version:     	= 1

  handling:    	= not applicable



  bnd_dir:   	= MCI_HIGH_2_LOW 

  bit_dir:     	= MCI_HIGH_2_LOW



  bnd_start: 	= 0

  bit_start:   	= 1



  boundary:    	= MCI_WORD_BND



  len;         	= 80

  start;       	= 10

  cde;         	= CDE_BLOCK





Figure 3.4.1.5 Query response data header part





The mm_mbx field contains a Null tag because this is already a response message. All parameters of the dataset are specified in the data header part. Figure 3.4.1.5 illustrates an example which can be different for other datasets.�

After the decoder has addressed a block read request to a protocol driver it expects a response with the requested data. After the protocol driver has gathered the requested data it will generate the following MCI message:





    mm_msg.m_ptr		= pointer to user buffer

    mm_msg.m_max 		= not applicable

    mm_msg.m_len 		= length of received data inc. MCI data header

                            

    mm_mbx       		= not applicable

                                

    mm_type.type        	= MCI_READ_RSP

    mm_type.ident       	= MCI_TAG

    mm_type.more		= Yes or No

    mm_type.org_host_dir	= originating host data direction

    mm_type.station_id	= remote host direction

                                

    mm_user1     		= Job sequence number

                                

    mm_user2     		= dataset control tag

                                

    mm_sendid    		= decoder FactoryLink Task ID





Figure 3.4.1.6 Read response MBXMSG structure





  version:     	= 3

  handling:    	= not applicable



  bnd_dir:   	= MCI_HIGH_2_LOW 

  bit_dir:     	= MCI_HIGH_2_LOW



  bnd_start: 	= 0

  bit_start:   	= 1



  boundary:    	= MCI_WORD_BND



  len;         	= 80

  start;       	= 10

  cde;         	= CDE_BLOCK





Figure 3.4.1.7 read response data header part





The decoder can read this message from its own mailbox and analyze the received data. The length of the received data is located in the mm_msg.m_len member of the MBXMSG structure. This member contains the total number of characters received, inclusive the data header. It is not intended for the user to use this length directly but to use functions of the MCI-PAK.



In this example the block read was completed successfully. In case the protocol driver encounters an error while gathering the data it can send an error response back. The MCI_READ_ERROR command can be used for this purpose. In this case the user can send additional information along with the message which describes the error.

�

�AUTONUMLGL�	The block write function



With the block write function it should be possible to write a contiguous block of data with one command to the external device. The decoder will generate a block write request for the protocol driver by gathering and formatting the data and generating a MCI message. The gathering of this data usually will happen by reading from the FactoryLink real-time database. The following MCI message can be used for initiating a block write:







    mm_msg.m_ptr 		= pointer to user buffer with data inc data header

    mm_msg.m_max 		= not applicable

    mm_msg.m_len 		= length of data to send inc. MCI data header

                            

    mm_mbx       		= decoder mailbox tag

                                

    mm_type.type        	= MCI_WRITE_REQ

    mm_type.ident       	= MCI_TAG

    mm_type.more 		= not applicable

    mm_type.org_host_dir 	= local host data direction

    mm_type.station_id 	= local station id

                                

    mm_user1     		= Job sequence number

                                

    mm_user2     		= dataset control tag

                                

    mm_sendid    		= decoder FactoryLink Task ID





Figure 3.4.2.1 block write MBXMSG structure







  version:     	= 1

  handling:    	= MCI_NORMAL_WRITE



  bnd_dir:   	= MCI_LOW_2_HIGH 

  bit_dir:     	= MCI_HIGH_2_LOW



  bnd_start: 	= 0

  bit_start:   	= 0



  boundary:    	= MCI_WORD_BND



  len;         	= 80

  start;       	= 10

  cde;         	= CDE_BLOCK





Figure 3.4.2.2 Block write data header part

�

The protocol driver will receive the block write request and perform the function by writing to the external device. After completion of the command it will send a response to the decoder which will look as follows:







    mm_msg.m_ptr 		= pointer to buffer with data header

    mm_msg.m_max 		= not applicable

    mm_msg.m_len 		= length of MCI data header

                            

    mm_mbx       		= not applicable

                                

    mm_type.type        	= MCI_WRITE_RSP

    mm_type.ident       	= MCI_TAG

    mm_type.more 		= not applicable

    mm_type.org_host_dir 	= originating host direction

    mm_type.station_id 	= remote station id

                                

    mm_user1     		= Job sequence number

                                

    mm_user2     		= dataset control tag

                                

    mm_sendid    		= decoder FactoryLink Task ID





Figure 3.4.2.3 Block write response MBXMSG structure







  version:     		= 1

  handling:    		= MCI_NORMAL_WRITE



  bnd_dir:   		= MCI_LOW_2_HIGH 

  bit_dir:     		= MCI_HIGH_2_LOW



  bnd_start: 		= 0

  bit_start:   		= 0



  boundary:    		= MCI_WORD_BND



  len;         		= 80

  start;       		= 10

  cde;         		= CDE_BLOCK





Figure 3.4.2.4 Block write response data header part





This way the protocol driver can return the number of elements actual written to the external device. In case of an error it can return a MCI_WRITE_ERROR  message with information about the error to the decoder.

�

�AUTONUMLGL�	The exception write function



With the exception write function single elements of different types within a dataset should be written directly to the external device. The decoder will generate a MCI message with the single element specified. The message will look as follows:





    mm_msg.m_ptr 		= pointer to user buffer with data inc data header

    mm_msg.m_max 		= not applicable

    mm_msg.m_len 		= length of data to send inc. MCI data header

                            

    mm_mbx       		= decoder mailbox tag

                                

    mm_type.type        	= MCI_WRITE_REQ

    mm_type.ident       	= MCI_TAG

    mm_type.more 		= not applicable

    mm_type.org_host_dir 	= local host data direction

    mm_type.station_id 	= local station id

                                

    mm_user1     		= Job sequence number

                                

    mm_user2     		= dataset control tag

                                

    mm_sendid    		= decoder FactoryLink Task ID





Figure 3.4.3.1 Exception write request MBXMSG structure







  version:     		= 3

  handling:    		= MCI_NORMAL_WRITE



  bnd_dir:   		= MCI_LOW_2_HIGH 

  bit_dir:     		= MCI_HIGH_2_LOW



  bnd_start: 		= 0

  bit_start:   		= 0



  boundary:    		= MCI_WORD_BND



  len;         		= not applicable

  start;       		= 27

  cde;         		= CDE_BYTE





Figure 3.4.3.2 Exception write request data header part





The exception write MCI message differs from the block write message in that the operation code CDE specifies what kind of write should be performed. The length of the data is not relevant any more because it always one elements has to be sent. The CDE code implies the total length of the element itself.�

The protocol driver accepts the exception write request and perform the operation. In some cases it can occur that the element can not be written at once to the external device because other data would be overwritten. For example if a bit operation has to be done in a dataset  with a word boundary then the whole word would be overwritten because the smallest element the protocol driver can access is a word. 



Usually this problem is solved by first reading the data element, patch the exception data in the element and write it back to the external device. This way the original data stays preserved. Of course every protocol driver id free on how to implement this function.



After the protocol driver has performed the exception write it will generate a MCI response message and send it back to the decoder. This will be done in the same manner as the block write function. In case of error also a MCI_WRITE_ERROR can be generated.





�AUTONUMLGL�	The encoded write function



The encoded write function is the same as the exception write function but differs in that it does not directly write to the element in the external device. The lay-out of the MCI message is exactly the same as described with the exception write function, only the following member differs:





  handling:    	= MCI_ENCODED_WRITE





Figure 3.4.3.2 Encoded write request data header part





This function has been introduced because the exception write can be very slow in case of operations on data smaller than the boundary of the dataset. In this case the element to manipulate must be read first, patched and written back which is very time consuming.



The protocol driver generates an encoded command with information what operation to execute in case of the encoded write. This command will be sent as a block of data to the external device. This device knows how to decode the encoded message and performs the operation as described.



With the encoded write it is not necessary to read first and write back the exception element. The operation on the element will be written encoded once. The performance of exception write requests can be increased highly this way. For this function an encoded write protocol must be defined which will be used by the protocol driver and the external device. The external device must implement a program which decodes the receive encoded write requests.�

�AUTONUMLGL�	The unsolicited receive function



So far we have discussed requests which are all activated by the decoder. It is also possible that external devices spontaneously send data to the FactoryLink system. This way of communication is called the unsolicited receive function. The protocol driver will send unsolicited data to the decoder. The protocol driver will generate the following message:





    mm_msg.m_ptr 		= pointer to user buffer with data inc data header

    mm_msg.m_max 		= not applicable

    mm_msg.m_len 		= length of data to send inc. MCI data header

                            

    mm_mbx       		= protocol driver mailbox tag

                                

    mm_type.type        	= MCI_RCV_RDY

    mm_type.ident       	= MCI_TAG

    mm_type.more 		= Yes or No

    mm_type.org_host_dir 	= local host data direction

    mm_type.station_id	= local station id

                                

    mm_user1     		= Job sequence number

                                

    mm_user2     		= dataset control tag



    mm_sendid    		= protocol driver FactoryLink Task ID





Figure 3.4.5.1 Unsolicited receive ready MBXMSG structure







  version:     		= 1

  handling:    		= not applicable



  bnd_dir:   		= MCI_LOW_2_HIGH 

  bit_dir:     		= MCI_HIGH_2_LOW



  bnd_start: 		= 0

  bit_start:   		= 0



  boundary:    		= MCI_WORD_BND



  len;         		= 20

  start;       		= 27

  cde;         		= CDE_BLOCK





Figure 3.4.5.2 Unsolicited receive ready request data header part





The decoder will receive this message, identify the data with the dataset control tag and process the data. It is possible for the decoder to send a response back to the protocol driver but this is not necessary.



In case the protocol driver encounters an error while receiving unsolicited data it can send a MCI_RCV_ERROR command to the decoder which can display the error.



�

�AUTONUMLGL�	The MCI over LAN



It is possible to have two MCI task running on different machines which are communicating with each other. Because these two machine can differ in data direction the MCI supplies information in where the dataset came from and what kind of data orientation it has. The following elements are used in case a message was sent over a LAN:







   mm_type.org_host_dir 	= local host data direction

    mm_type.station_id	= local station id





Figure 3.5.1 Elements used with LAN communication





The org_host_dir element specifies the data direction of the originating host. Because the MCI header part is always in the host format this element can be checked against the local host data direction. In case the two don’t match then the MCI header must be converted to the local host data direction. The MCI library will take care of this conversion without any notice of the user.



The station identification is a unique number of the host station on the LAN. This number must be assigned by the user and it is the responsibility of the user to keep the number unique over the LAN. The station id number can be used for checking if a message came over LAN or not.



In case a task wants to support communication over LAN some information must be exchanged between two tasks before they can begin with communication. The two tasks are running in two different FactoryLink applications which means that all tag id’s are probably complete different. The MCI uses the dataset control tag for identification of the dataset. In this case the dataset control tags can not be exchanged as is because the remote application probably will not recognize the dataset control tag.



In this case information must be exchanged first about the dataset control tags. This can be done by using the MCI_QUERY_CMD function. This function must be used to retrieve all information about a dataset. Together with the command the name of the dataset control tag will be sent. The receiving task, usually a protocol driver, is now able to get the dataset control tag id back in its local application by using the dataset name and search for the dataset locally. In case the dataset also exists locally it can register the remote dataset control tag id together with the local dataset control tag id for future referencing. 



The receiving task will now generate a MCI query response message with all dataset information and its local dataset control tag id. The initiator of the query request receives the remote dataset control tag id and can also register it with its local dataset control tag id for future referencing. The following figure symbolizes the information exchange.
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Figure 3.5.2 LAN query information





When the information about the dataset control tags have been exchanged communication between the tasks is possible. It is necessary to do some registration in order to link the local and remote dataset information. The MCI library does this automatically for the user which do not have to care from where the dataset came from. The only requirement for making a task for use with LAN is to execute a query command at start-up for every dataset used. The MCI library handles all further requirements needed for LAN communication.



�

�AUTONUMLGL�	Data directions





�AUTONUMLGL�	About this Chapter



This chapter handles the following topics:



�SYMBOL 183 \f "Symbol"� Direction of data in MCI messages





A very important issue of communication with external devices is the direction of data. Problems occur in case the direction of data of the machine where the code runs (host) differs from the data direction of the external device. For example the data direction on the host is from high to low and on the external device from low to high. In case a word is being read the bytes of this word must be swapped. When a long is being read then the bytes of this long must be reversed in order to get a readable value. Figure 3.6.1 illustrates this principle.
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Figure 3.6.1 Data direction difference





In the MCI-PAK a group of functions have been defined which are data direction dependent and which can be used to retrieve elements of different size from a dataset. The following example shows how to use these functions:







#define HOST_HIGH_2_LOW



char buffer[ 256];

void *data = buffer;



      if( Mci_Get_Bnd_Dir( &dc_ds) == MCI_HIGH_2_LOW)

        analog = Get_Word_H2L( data);

      else

        analog = Get_Word_L2H( data);

      



Figure 3.6.2 MCI-PAK dataset information response

�

In the code a decision must be made on which function to use depending on the data direction of the external device data. This will be at run-time. At compile time of the source code also a decision must be made on the data direction of the host. This will be done by making a define HOST_HIGH_2_LOW or HOST_LOW_2_HIGH as described earlier. This definition forces the compiler to insert different macros in the source code depending on the host data direction. All these macros are listed in table 3.5.2 and defined in the file format.h.



The data direction macros are not listed in chapter 4 because they are easy to use and work the same.





�AUTONUMLGL�	MCI data directions definitions



The MCI defines the direction of data in all cases of communication. These can differ in a lot of cases because of the combination of the CDE code and data boundary. In the following paragraphs we will discuss the different combinations.





�AUTONUMLGL�	Data header direction



The data header is a special part of the user buffer and is always placed in front of the user data. The direction of the header will always be in the data direction of the host where the software is running on. This means that in case the protocol driver and decoder are running on the same system no conversion is needed for the header part. In the MBXMSG part of MCI an element org_host_dir has been defined which specifies the data direction of the originating host. In case this data direction differs from the local host data direction then the header part must be converted. Users of the MCI pak don’t have to do this because it is automatically done by the MCI library.





�AUTONUMLGL�	Block data commands



The block read and write functions operate with contiguous blocks of data. The CDE operation of the MCI message is always set to CDE_BLOCK. In this case the data direction of the data is always corresponding to the direction set on the MCI message and applies to the boundary set. The sender of the MCI message has the responsibility that the data is valid corresponding to the direction set on the message. The data can have any direction.



This definition has consequences for the implementation of a decoder. Receiving data will not be a problem because the decoder has information where every element is located in the data block and the protocol has described the data direction. The problem will occur if the decoder has to send a block of data. The next figure explains the problem.

�

� EMBED Word.Picture.6  ���







In the figure the host machine is oriented from low to high. The decoder probably will generate MCI messages with data direction low to high. The external device is oriented from high to low and the data area has a word boundary. In this case the data has to be formatted on a word boundary and swapped.



Assume that the decoder sends a MCI message, data direction low to high and on word boundary with the following elements: a word, a long and a word. The protocol driver has to swap the data into the right order. The protocol driver will do this by reversing the bytes within the boundary size. This means that all words are swapped.



An error will occur with the long element because for this element the words also have to be swapped. The protocol driver can not perform this task because it has no information where the elements are located. The only task the protocol driver can perform is to reverse the data within the data boundary.



This means that usually with a block write the decoder has to format the data in the right order. Therefore the decoder has to know to what kind of data area the message will be written in the external device. This information can be retrieved by executing the MCI information request of the concerning dataset.



In our example the decoder will generate a MCI message with the word and  long elements in reverse order ( 4-3-2-1) and with the data direction from high to low set. The protocol driver will receive the message , check it against the dataset and write it to the external device without swapping the data.



�

�AUTONUMLGL�	Exception data commands



The CDE code corresponds to a certain data size. For example the CDE code CDE_BYTE corresponds to a byte size and the CDE code CDE_SIGNED corresponds to a word size. The function Mci_Get_CDE_Size can be used to retrieve the size of the elements where the CDE code operates on.



For MCI exception data messages two situations are possible:



(	the size of the data where the CDE code operates on is greater than the data boundary



(	the size of the data where the CDE code operates on is equal or smaller than the data boundary.



In the first situation the single exception element is spread out over more than one boundary element. Because of this the decoder must set the element in the right order according to the data direction specified. The protocol can not do any interpretation of the data because it doesn’t has information about the type of the element. The only operation the protocol driver has to do is to swap the data on boundary in case the received MCI data direction is opposite of the defined dataset.





� EMBED Word.Picture.6  ���



Figure 3.6.2 MCI-PAK dataset information response



�

There are two situations that can occur in case of exception data. The first case is when the CDE boundary is smaller than the data boundary. A part of the exception data will be manipulated in this case. The question now is on which part to operation has to be done because the direction of data of the MCI message can differ from the direction of the defined dataset in the protocol driver. In this case the MCI defines that the exception data must be specified as a value according to the element ( the element size depends on the boundary). Figure 4.2.3.1 illustrates this principle:
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Figure 4.2.3.1 exception data values





In both cases the same exception data value has been specified. The receiving task must be able to handle these exception values of different boundaries an set the value on the right place according to the dataset of the external device.



In the second situation the CDE code is equal or greater than the boundary. Strictly spoken such a message falls in the category of a block write. The data is supposed, just as the normal block write data to be in the correct format according to the data direction.





�AUTONUMLGL�	Converting MCI messages



It can happen that a protocol driver receives a MCI message which differs from the defined dataset in data direction, boundary etc. The MCI message must be converted to meet the characteristics of the dataset. This has only to be done in the case of a send request because all datasets received can be forwarded as they are (decoder should handle different data directions etc.). �

There is one type of MCI message that can not be converted to other characteristics: the block data functions. In this case the protocol driver has no information about the data types in the MCI data. Types can be greater than the boundary (such as a long on word boundary) and need more converting i.e. swapping. Therefore block write MCI messages received must exactly match the corresponding dataset otherwise it can not be sent to the external device. The block read data can be forwarded as it is to the decoder.



The exception write commands usually can be converted. In this case it depends whereto the MCI message has to be written in the external device, defined by the dataset. In the worst case the dataset has to be read first because a part of the smallest element size of the dataset has to be manipulated. Therefore the conversion of the MCI message must be of such manner that reading data before writing will be avoid as much as possible.



To avoid this problem the MCI has made some definitions. What actually should happen in case of an exception write is to convert the MCI message to the lowest possible boundary of data. This way the chance that first a read must be performed will be reduced to a minimum.



The function Mci_Adjust can be used to convert the boundary of the MCI message to the lowest possible. The function checks the CDE operation against the boundary of the message. In case the CDE is smaller than the boundary then the boundary will be adjusted to the boundary of the CDE operation. The data will be casted to the new elements size. For example if a CDE_BYTE operation will be done on a message with word boundary then this boundary can be reduced to a byte boundary. The data will be casted from a word to a byte. The casting of the data is possible because in case the CDE is smaller than the boundary then the data will as a value of the element size as described earlier in this section.



In case the CDE is equal or greater than the boundary size then this will be considered as a block write as described previous. The format of the data is expected already in the correct order corresponding to the CDE operation. Therefore the boundary of this data can always be converted to a byte boundary.



�

Appendix A. Error codes



The MCI library return error codes in the range as listed in the following tables. The first table is exactly the same as the standard FactoryLink error codes.



Standard FactoryLink errors



1�Internal error��2�Out of memory��3�Operating system error��4�Initialisation not successfull��5�Initialisation not successfull��6�Incorrect function��7�Incorrect argument��8�Incorrect data��9�Bad tag��10�Null pointer assignment��11�Change flag not set��12�Procedure table full��13�Bad procedure name��14�Bad user name��15�Bad option��16�Incorrect checksum��17�No options��18�No key��19�Bad key��20�No port available��21�Port busy��22�FL already active��23�No lock��24�Lock failed��25�Lock expired��26�Wait failed��27�Termination flag set��28�Q-size to big��29�Q-size changed��30�No tag list��31�tag list changed��32�Wakeup failed��33�No signals��34�Signalled��35�Not a mailbox��36�No messages��37�Access denied��38�Attribute failure��39�Invalid attribute��40�Attribute not defined��41�Application exists��42�RTDB does not exist��43�No task bit��44�Not a lite task��

�



Mailbox Communication Interface errors



50�bad message type��51�message with dataset control tag not found in queue��52�no messages available to query��53�bad receive mailbox tag��54�bad mailbox send tag��55�bad dataset control tag��56�message cannot be adjusted��57�operation to big for variable��58�unknown boundary��59�function not supported��60�no message for this index present��61�the received remote dataset was not defined on this system��62�the received dataset was not registered��63�WARNING: the message is not queued��64�the message is rejected due through problems in the remote MCI��65�illegal method of addressing bits on bit boundary��66�element cannot be written at once, read before writing��

�

Appendix B. Operation (CDE) codes



The CDE operation codes are used in case of an exception write (normal or encoded) to specify which action must be taken by the write. This appendix lists all CDE codes possible in the MCI library. 



CDE codes are build up with a base CDE code and a additional bit number to specify the exact operation. For example: the base CDE code for bit manipulations is 0x0100. In case an operation must be done on bit 3 the the final CDE code will be 0x0103. The MCI library defines the following base CDE codes:





CDE definition�CDE�Description��CDE_B0_15�0x0100�Bit manipulations bit 0   - 15��CDE_B16_31�0x0110�Bit manipulations bit 15 - 31��CDE_NIBBLE�0x0300�Nibble manipulations��CDE_BYTE�0x0400 �Signed byte manipulations��CDE_UBYTE�0x0500 �Unsigned byte manipulations��CDE_SIGNED�0x0600 �Signed integer manipulations��CDE_UNSIGNED�0x0700 �Unsigned integer manipulations��CDE_UBCD�0x0780 �Short BCD manipulations��CDE_LONG�0x0800 �Signed long manipulations��CDE_ULONG�0x0900 �Unsigned long manipulations��CDE_LBCD�0x0980 �Long BCD manipulations��CDE_SIEMENS_FLT�0x0A00 �Siemens float manipulations��CDE_SINGLE_IEEE_FLT�0x0A80�IEEE single floating point manipulations��CDE_DOUBLE_IEEE_FLT�0x0B00�IEEE double floating manipulations��CDE_BLOCK�0x0C00 �Block data manipulations��CDE_STRING�0x0C80 �String manipulations��



For example if on a variable of type u16 an operation must be performed on the left byte then  code must be specified:





		CDE_UBYTE + 8 (bits) = 0x0508
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