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PART I



�AUTONUMLGL�	Introduction to the MCI / IMX Multi Threading Extension PAK





The MCI / IMX Multi Threading Extion PAK is an extension PAK to the MCI / IMX PAK, the Mailbox Communication Interface. This extension supplies multi-threading capability for use with MCI / IMX based protocol drivers.



The use of this extension benefits in some very powerfull advantages such as very simple implementation of new protocol drivers and increase of performance of the driver itself and the total system. The main idea when using the PAK is to create a number of threads for each external device which task is only to communicate with the external device.



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 IMX / MCI Multi-Threading Extension PAK.
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�AUTONUMLGL�	Required Hardware and Software



The extension, referred to as MCI-MT, 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-MT PAK.





�AUTONUMLGL�	Installing the IMX / MCI Multi-Threading Extension PAK



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



�SYMBOL 183 \f "Symbol"� a:\lib\{OS}\mci3_mt.lib

�SYMBOL 183 \f "Symbol"� a:\inc\mci3_mt.h





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

�



�AUTONUMLGL�	The MCI Multi-Threading Extension PAK





�AUTONUMLGL�	About this Chapter



This chapter describes the lay-out of the Multi-Threading Extension PAK.





�AUTONUMLGL�	Extension lay-out



With the help of the MCI Multi-Threading Extension PAK, referred to as MCI-MT, it is possible make use of the advantages of the operating system by creating threads. With the basic MCI PAK single threaded protocol drivers have to be developed with the consequence that most of the functions must be executed asynchronous.



This means that such a protocol driver is always looping and checking all devices for jobs to complete. This means a lot of effort to implement the looping mechanism and a load on the performance of the system.



The protocol driver can make use of synchronous (blocked) functions when creating threads. This has the great advantage that when functions have to be executed which have to wait are swapped by the operating system which results in more performance. Also the implementation of the protocol is simplified because a top down method of programming can be used.�

The protocol driver will have a lay-out with a main thread and several threads which service an external device. The only task at run-time of the main thread is to check the protocol driver’s mailbox and dataset control tags for incoming MCI commands. The only purpose of an exernal device thread is to execute a MCI functionality according to the protocol of the external, for example reading.







� EMBED Visio.Drawing.4  ���





When a MCI command has been received in the main thread then this command will be routed to the correct thread by the MCI-MT. This thread will receive the dataset with the MCI command and perform the action.



The MCI-MT uses the standard IMX / MCI library for implementing multi-threading functionality. When implementing the MCI-MT, some addtional functions have to be used, new MCI-MT objects have to be defined and some standard IMX / MCI functions have to be replaced by MCI-MT functions. We will now describe how to implement the MCI-MT in an application.



The best way to implement this lay-out is that all threads execute synchronous. This means that the main functions will block on their operations. This way the operating can schedule all threads so that waiting time can be used for other processes.



�

�AUTONUMLGL�	The MCI Device object



A major difference with the single threaded PAK is the definition of a new object which is called the MCI_DEVICE object. This object defines logical external devices for use with multi-threading. The object holds a number of values which will be used by the MCI-MT to implement mutil-threading.



The object will be used when registering datasets. First of all the application must create a MCI_DEVICE object which can be done by just allocating memory for such as:





dev = ( MCI_DEVICE *)calloc( 1, sizeof( MCI_DEVICE));





A requirement for the MCI_DEVICE object is that is must be a global object when passed with registering the dataset. Before passing a number of parameters have to be set on the object. The MCI-MT supplies the following functions for this purpose:





Mci_MT_Set_Name     ( dev, “Logical_Device”);



Mci_MT_Set_Thread   ( dev, MCI_MT_READ, read_fnc);

Mci_MT_Set_Buffer   ( dev, Rx_buf, MCI_MT_READ);



Mci_MT_Set_Thread   ( dev, MCI_MT_WRITE, write_fnc);

Mci_MT_Set_Buffer   ( dev, Tx_buf, MCI_MT_WRITE);



Mci_MT_Set_Thread   ( dev, MCI_MT_RCV, rcv_fnc);

Mci_MT_Set_Buffer   ( dev, Rcv_buf, MCI_MT_RCV);



�

Before registering the device name, the function for the thread to start with and a communication buffer have to be set on the object. The logical device name will only be used as a reference for the user and can be any name. It has no direct relation with the physical external device.



The function with which the thread will be started, which we will call the MT_Event function, must also be set first. The MCI_DEVICE defines threads for every IMX / MCI functionality which are read, write and unsolicited receive. This way it is possible to create a separate thread for each functionality when this is needed. It is also possible to create just one thread for all three functionalities at the same time. 



Also a communication buffer must be set which will be used with the device and specific functionality. Usually three different buffers must be set for each functionality.





�AUTONUMLGL�	The MT-Event function



The MT-Event function which will be started by the thread usually implements a flat implementation of the functionality according to the specific protocol. For example, the read thread which implements the read functionality just does the reading of the external device in a sequential and synchronous way. The last item is very important because every functionality has its own thread, it is possible to use synchronous functions which block when they are called. This has some great advantages such as a very simple implementation of the protocol and performance improvement.



The lay-out of the MT-event function has always a basic structure and must follow some rules: The basic lay-out looks as follows:





int mt_event( MCI_DEVICE *dev, int function) {



MCIDS   *ds;

DS_INFO *ds_info;

int     ret;





	for( ;; ) {



		/*

		 * remove message from queue and continue

		 */

		if( ( ret = Mci_MT_Wait( dev, function, &ds)) != GOOD) 

			break;



		ds_info = Mci_Get_Udata_Ptr( ds);



		/* 

		 * do the protocol read

		 */

	}



  /*

   * Do exit stuff for protocol here

   */



  Mci_MT_Thread_Exit( dev);



  return GOOD;

}

�

The MT-Event function always takes two arguments which are: the MT_DEVICE object and the MCI functionality. These arguments are just used for passing to other MCI-MT functions.



The MT-Event function will loop forever, this means as long as the protocol driver will run. Therefore a for loop which loops forever has been implemented. The first function within the loop must be the Mci_MT_Wait function. This function receives MCI commands from the main process. If there are no commands pending then this function will block until a command is received.



The Mci_MT_Wait function will return in the ds pointer the MCI command just as with the MCI-ST with one difference. The MCI-ST returns the dataset unread from the queue, the MCI-MT will return the dataset already read from the queue. The data will be read in the communication buffer as specified on the mci device object.



After receiving the MCI command all normal MCI commands can be performed on the dataset just as with the MCI_ST. Usually the additional dataset information will be retrieved  and the protocol implemetation of a read will be implemented. The protocol read can also be implemented synchronous which is the advised method.



In case the task will be stopped which means that the mean process stops the the Mci_MT_Wait function will returns wit an error. In this case the forever loop must be exited which is done in the example with a break. A lot of protocols need to do some cleaning before stopping such as closing open connections. These actions can be taken after the forever loop.



The last function of the MT-Event function must be the Mci_Thread_Exit function. This function cleans up resources used by the MCI-MT PAK.



��AUTONUMLGL�	Accessing the RTDB with MCI-MT



It is possible that two or more threads are trying to access the FactoryLink RTDB at the same time when using the MCI-MT. This results in errors when just executing the RTDB functions of the FL-PAK because the RTDB is not reentrant.



To avoid this problem a few functions must be used from the DeltaLink FactoryLink utilities library. This library provides four functions for defining critical sections when accessing the RTDB. This means that within a critical section only one thread can access the RTDB while the other threads wait till the RTDB is released. Not more than thread at the time will access the RTDB when for every RTDB access a critical section will be build.



The functions supplied for creating critical sections are:



 fl_init_critical

 fl_enter_critical

 fl_leave_critical

 fl_exit_critical



The critical init and exit functions must be called once when the protocol driver starts and exits. The critical enter and leave functions must be put around every RTDB access function. This will create a critical section. This means also around certain MCI functions which will be listed now:



 Mci_recv

 Mci_Send

 Mci_Send_Error



The next box shows an example of how to build a critical section:





fl_enter_critical( &Task);



if( ( ret = Mci_Send( ds)) != GOOD) 

   fl_status( &Task, "MCI_SEND", FLS_ERROR, Mci_Get_Name( ds), ret);



fl_leave_critical( &Task);



�

�AUTONUMLGL�	DeltaLink FactoryLink utility functions









�

�AUTONUMLGL�	Additional and replacing functions



There are some differences from the basic single thread MCI / IMX PAK with the the MCI-MT PAK. Some additional functions have to be used and some have to be replaced by their mult-threaded counter part. We will describe in a chronological order the use and replacement of the MCI-MT functions.





�AUTONUMLGL�	MCI Initialization



When using the MCI-ST then the following function will be used for initializing the MCI / IMX library:



Mci_Init( &mci_system);





For MCI-MT this function must be replaced by the following function:



Mci_MT_Init( &mci_system);





The parameters of the function stay the same, only the function name have to be changed.



�AUTONUMLGL�	Leaving MCI 



When leaving the MCI-ST the following function must be called:



Mci_Exit();





When using the MCI-MT then the previous must be replaced by the following function:



Mci_MT_Exit();



�

�AUTONUMLGL�	Creating MCI devices





A MCI device object has to be created for every device defined in a protocol driver which will be used with multi threading. Section The MCI Device Object describes how to create the object.



After the object has been created the MCI device has to be activated. This means that the threads will be started of the device. This can be done with the following function:





Mci_MT_CreateThread( mci_device);





The function takes only one argument which is the MCI device object of the logical device.





�AUTONUMLGL�	Registering dataset



Normally a dataset will be registered in the MCI by defining a dataset (setting all parameters on a temporary dataset) and calling the following function:



Mci_Ds_Register( &dataset);





When using the MCI-MT then first a mci device has to be created as described in the section The MCI Device Object and the function has to be replaced. The new function will be:



Mci_MT_Ds_Register( &dataset, mci_device);





The dataset argument stays the same as with the previous function. One additional argument has to be specified: a pointer to the device object which has first been created.





�AUTONUMLGL�	Start of Thread



When the thread starts executing the MT-Event function then the first function that must be called in the forever loop is:



Mci_MT_Wait(mci_device, function, &dataset);





This function waits for incoming MCI request. The function takes three arguments from which the first two are passed as arguments with the MT-Event function. The third argument is a pointer to a pointer which receives the dataset which holds the MCI request.�

�AUTONUMLGL�	End of Thread



The last function before exiting the thread with the MT-Event function must be the following function:



Mci_MT_Thread_Exit( mci_device);





This function cleans up the resources used by the MCI-MT library for the thread.



��AUTONUMLGL�	Function reference



�AUTONUMLGL�	Error codes









�

�AUTONUMLGL�	Mci_MT_Init



Call Format:



int Mci_MT_Init( mci_system)



Arguments:



Table 3.1

Type�Name�Description�Passed By��MCISYSTEM�*mci_system�Pointer to a structure which holds the system parameters of the basic MCI library. Refer to the MCI PAK manual of how to prepare the MCISYSTEM structure.�Reference��

Returns:



If succesfull, returns GOOD.

If unsuccesfull, return ERROR.



Remarks:



This function replaces the Mci_Init function of the basic IMX / MCI library. Only the function name has to be replaced.

�

�AUTONUMLGL�	Mci_MT_Exit



Call Format:



int Mci_MT_Exit();



Arguments:



None



Returns:



Always GOOD.



Remarks:



This function replaces the Mci_Exit function of the basic IMX / MCI PAK.

�

�AUTONUMLGL�	Mci_MT_CreateThread



Call Format:



int Mci_MT_CreateThread ( device);



Arguments:



Table 3.3

Type�Name�Description�Passed By��MCI_DEVICE�*device�Pointer to a MCI device object.�Reference��

Returns:



If succesfull, returns GOOD

If unsuccesfull, returns one of the following error code:



MTE_BUFFER

MTE_CREATE

MTE_NOMEMORY

MTE_THREAD

MTE_SCONNECT



Remarks:



This function must be called after a MCI device object has been created. It will create the threads for every MCI functionality as specified on the device object. It is possible to create separate threads for every functionality or to combine functionalities within one thread. This must be done by specifying 



�

�AUTONUMLGL�	Mci_MT_CreateSem



Call Format:



int Mci_MT_CreateSem    ( void);



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:

�

�AUTONUMLGL�	Mci_MT_Wait_SemExit



Call Format:



int Mci_MT_Wait_SemExit ( void);



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:

�

�AUTONUMLGL�	Mci_MT_Thread_Init



Call Format:



int Mci_MT_Thread_Init  ( MCI_DEVICE *);



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:

�

�AUTONUMLGL�	Mci_MT_Thread_Exit



Call Format:



int Mci_MT_Thread_Exit	( MCI_DEVICE *);



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:

�

�AUTONUMLGL�	Mci_MT_Wait



Call Format:



int	Mci_MT_Wait				  ( MCI_DEVICE *, int, MCIDS **);



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:

�

�AUTONUMLGL�	Mci_MT_Write



Call Format:



int Mci_MT_Write			  ( MT_MCIDS *, int);



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:

�

�AUTONUMLGL�	Mci_MT_Ds_Register



Call Format:



int Mci_MT_Ds_Register  ( MCIDS *, MCI_DEVICE *);



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:

�

�AUTONUMLGL�	Mci_MT_Event



Call Format:



int Mci_MT_Event			  ( MCIDS *);



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:

�

�AUTONUMLGL�	Mci_MT_Set_Name



Call Format:



Mci_MT_Set_Name( d, n)		  		strcpy( (d)->name, n)



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:

�

�AUTONUMLGL�	Mci_MT_Set_Thread

			

Call Format:



Mci_MT_Set_Thread(	d, i, f)		((d)->thread[ (i)] = (f))



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:

�

�AUTONUMLGL�	Mci_MT_Set_Buffer



Call Format:



Mci_MT_Set_Buffer( d, b, f)     ((d)->buffer[ (f)] = b)



Arguments:



Table 3.1

Type�Name�Description�Passed By�������

Returns:



If succesfull,

If unsuccesfull,



Remarks:
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