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�1.	Introduction



	CHGEN is a code generating tool that supports a data model-based approach

	to programming. Object Life Cycle (OLC) Architecture uses CHGEN

	generated code to simulate object life cycles in a state machine operating

	model. An OLC debugger (OLCDBG) has been developed to support

	the stepping through of object life cycles during state machine execution.

	

	This document describes the design of a divide-by-8 counter using CHGEN,

	OLC, and OLCDBG. This document can be found at /usr/proj3/case/96f522/

	omcgonag/doc/flipflop.doc



	This divide-by-8 counter, found in /usr/proj3/case/96f522/omcgonag/TFsim

	is designed according to a Midterm Exam problem given during the Spring

	Semester 1995.



	The base platform for creating this simulation was a PC using the Borland C/C++

	compiler. After porting CHGEN, OLC, and OLCDBG all sources were carried

	over to /usr/proj3/case/96f522/omcgonag/JPsim, rebuilt, and executed on the

	Alpha CPU of node jupiter. The original sources came from the cvs master repository of  

	/usr/proj3/case/95s522/95solc/base/Master/JPsim.



	Version 10 of CHGEN is being used. The document “CHGEN User’s Manual

	Version 10” can be found at /usr/proj3/case/95s523/genv10/base/doc/

	gen10_manual.ps.



	OLC Architecture as described in the paper “(91.523): OLC Architecture User’s Guide”, 	A. Reinig, V. Gandhi, and D. Sinha, August 25, 1993, can be found at /usr/proj3/case/ 	93su523/olc/base/doc/jparchitecture/olcarchitecture.ps. Other OLC related files can be 	found at /usr/proj3/case/93su523/olc/dsinha.



	OLCDBG is a debugging tool, found in /usr/proj3/case/96f522/omcgonag/JPsim/

	olcdbg, that supports stepping through object life cycles during simulation execution.













�1.1	Goals



	The goal of this document is to show how CHGEN and OLC can be used to program

	state machines.

	

1.2	Requirements



	The OLC Architecture is built upon Object Oriented Analysis (OOA). The text “Object 	Lifecycles, Modeling the World in States”, Shlaer and Mellor, contains a complete 	description of OOA.



	The OLC Architecture User’s Guide provides the necessary details on how an objects

	Lifecycle is modeled.



	The CHGEN User’s Manual provides the necessary details on how a code generating

	tool can be used to support the data modeling requirements of a state machine

	architecture such as OLC.



�2.	Logic Simulation



	The following problem was taken from the 91.522 Midterm Exam

	given on Tues. March 7, 1995.



      	It is desired to modify the OLC State Model (SM) architecture for logic simulation. As 	as start, simulate a divide-by-8 counter using three Toggle Flip-flops (TFF’s). A TFF 	accepts one input event ‘T’ (Toggle) which causes it to change state from TFS1 to 	TFS0 or from TFS0 to TFS1. In addition, a transition into state TFS0 will generate 	a new event with label replyETlabel and send it to the active instance AIid2_reply. Fields 	of table TF identify the legitimate source of incoming events and the destination of 	outgoing events. The schema for table TF and the ‘wiring diagram’ showing event 	communication paths are shown below.



	Toggle-FlipFlop	TF	/* A two-state machine with one event type */

	{

		TFid		NA	c8	1	/* pkey of this TF instance     */

		AIid		NA	c8	s	/* fkey of superclass AI          */

		AIid1_source	NA	c8	1	/* source of events to this AI  */

		AIid2_reply	NA	c8	1	/* where to send reply events */

		replyETlabel	NA	c8	0	/* name of reply event type    */

		bitPosition	NA	i4	0	/* Most-signif. bit = 3, LSSBit = 1 */

	}



	(see diagram on next page)



	We assume that Active Instances (AIid’s) correspond to TFid’s with the same

	row numbers. Table TF defined above contains three fields TF.AIid1_source,

	TF.AIid2_reply, and TF.replyETlabel which are specific to table TF and explain

	how multiple TF’s are linked together.

�                       AI#1                                     AI#2                                      AI#3

���                       TF#1                                    TF#2                                      TF#3 



���

                         TFS1                   TFS1                     TFS1

                         

����������

        T      T     T         T      T     T          T       T     T          T



���                        TFS0                   TFS0                     TFS0











	TF1 {				TF2 {				TF3 {

	TFid 		= TF000001	TFid 		= TF000002	TFid		= TF000003

	AIid		= AI000001	AIid		= AI000002	AIid		= AI000003

	AIid1_source	= AI000001	AIid1_source	= AI000001	AIid1_source	= AI000002

	AIid2_reply	= AI000002	AIid2_reply	= AI000003	AIid2_reply	= AI000004

	replyETlabel	= EI000001	replayETlabel	= EI000001	replyETlabel	= EI000001

	bitPosition	= 1		bitPosition	= 2		bitPosition	= 3

	}

            



	The “keys” above represent rows (objects) of the Toggle FlipFlop (TF) table (class).

	A table represents a class and rows within a table are objects within that class. As we 	will see later, these “keys” can be saved into a datafile. A datafile contains lines of

	data where each line represents a row in one of the OLC Architecture tables. A datafile 	can be used as input for driving a simulation.



	Here are the rows of  the Toggle Flip-Flop (TF) table:



	pkey	    	superclass	AIid1_source	AIid2_reply	replyETlabel



	TF000001	AC000001	AI000001	AI000002	ET000001

	TF000002	AC000001	AI000001	AI000003	ET000001

	TF000003	AC000001	AI000002	NA		NA













	AIid2 reply and replyETlabel for TF#3 are filled in with NA (not applicable).

	The divide-by-8 counter requires only three TF’s. The third TF does not

	send a reply event “T” to another TF. If we were to simulate a divide-by-2^n

	counter, where n > 3, the above table would be adjusted appropriately.



	These rows are created as part of the data representing the stored database. The

	database is created as a result of CHGEN processing an input schema file containing

	tables. These tables represent the data model used during simulation execution.



3.	State Machine

3.1	State Model Creation



	The CHGEN tool is used to take as input a schema file containing object tables

	and produce a header file containing “C” data structures. These structures contain

	the necessary data for supporting relationships between objects. Links between

	objects provide for the traversal of parent/child relationships among objects in the

	state model.



	Refer to Appendix A for the schema file olc96fa.sch used to create the divide-by-8 	counter.



	Refer to Appendix B for a snapshot of olc96fa.h that came as a result of CHGEN 	processing input schema file olc96fa.sch. This snapshot contains the objects contained

	in “C” data structures along with parent and child pointers (pp and cp respectively).



	Refer to Appendix C for a sample network datafile.



	The input schema file olc96fa.sch contains, among other things, the following tables:



	StateModel 		:	SM

	ActiveClass 		:	AC

	State 			:	ST

	ActiveInstance 	:	AI

	Transition 		:	TR

	EventType 		:	ET

	Enable 		:	EN

	EventInstance 		:	EI

	Timer 			:	TI

	ToggleFlipFlop 	:	TF

	PeriodicClock		:	CK







	The relationships between these tables make up the STD (State Transition Diagram)

	MetaModel - refer to /usr/proj3/case/95f522/95folc/base/doc/lcp_architecture.idraw.



	The StateModel represented by the STD MetaModel supports the creation of classes and 	objects and  the dynamic behavior of an object ‘Lifecycle’ over time.



	The Object Communication Diagram below shows how the Timer (TI), Periodic

	Clock (CK), and Divide-by-8 Counter communicate. The Divide-by-8 Counter is

	made up of three ToggleFlipFlop’s (TF). The TI, CK, and TF tables are represented

	as Active Objects in the STD MetaModel. Each of these objects have their own

	object Lifecycle.
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		Object Communication Model for Divide-by-8 counter







�

	The Periodic Clock (CK) shown above is attached to TF#1 and is responsible

	for driving the divide-by-8 counter.

�

                                               CKINIT: Initialization

�                                               Create TImer

                                                Start Timer - gen TI00

                                                gen CK01

�

                                                                  CK01

�

��                                              CKWAIT: Wait for Timer Event

�                                                                                                         CK01                                                                 

                                                                  CK02

�

                                       CKGENERATE: Generate Clock Event

�

                                        Send Toggle Event - gen T 

                                        gen CK03

�



                                                                  CK03

�

                                              CKRESET: Reset TImer

��

                                               gen TI00

                                               gen CK01





		Periodic Clock object together with its Lifecycle







�

	pr_init(“flipflop.vdf”, “”);	/* Initialize network data structures, define all views */



	Tfsetup();	/* Create Divide-by-8 Counter StateModel */

�

				





�			static EventTypeList TFEventTypes[] = {

      				{"T",    		"Toggle"}};

 

    			static StateList TFStates[] = {

      				{"TFS1", 	"OFF",   	TFAction1},

      				{"TFS0", 	"ON",    	TFAction0}};

  

    			static StateTransitionList TFTransitions[] = {

      				{"TFS0", 	"TFS1", 	"T"},

      				{"TFS1", 	"TFS0", 	"T"}};

  

    			hcg_key TFSMid;

    			hcg_key TFACid;

    			hcg_key TFAIid1 ;

    			hcg_key TFAIid2 ;

    			hcg_key TFAIid3 ;

  

    			TFSMid = StateModelCreateCompletely("Divide-by-8 State Machine", "TF",

  				     ARRAY_SIZE(TFEventTypes), TFEventTypes,

  				     ARRAY_SIZE(TFStates), TFStates,

  				     ARRAY_SIZE(TFTransitions), TFTransitions);

  

    			TFACid = ActiveClassCreate("Counter Active Class", TFSMid);



    			TFAIid1 = ActiveInstanceCreate("AI1", TFACid, "TFS0");

    			TFAIid2 = ActiveInstanceCreate("AI2", TFACid, "TFS0");

    			TFAIid3 = ActiveInstanceCreate("AI3", TFACid, "TFS0");



    			TFFCreate(TFAIid1,TFAIid1,TFAIid2,"T",1);

    			TFFCreate(TFAIid2,TFAIid2,TFAIid3,"T",2);

    			TFFCreate(TFAIid3,TFAIid3,TFAIid3,"T",4);































	A Periodic Clock (CK) is attached to the first flipflop. A Timer is attached

	to this Periodic Clock. The Timer follows the same StateModel as described in Schlaer 	and Mellor “Object Life Cycles: Modeling the World in States”.
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				Timer Lifecycle



		(ref. /usr/proj3/case/93su523/olc/dsinha/doc/timer.ps)

�

    	TIsetup();	/* Create TImer StateModel */

�

�



		static EventTypeList TIEventTypes[] = {	

      			{”TI00”, 	“Set new timer”}, 

      			{”TI01”, 	“Set timer”}, 

      			{”TI02”, 	“Reset timer”}, 

      			{”TI06”, 	“Tick occurred”}, 

      			{”TI07”, 	“fire”}}; 

  

		static StateList TIStates[] = {

      			{”TIMER_INIT”,  	“TIAction0”, 	NULL},

      			{”SET_TIMER”,   	“TIAction1”, 	TIAction1},

      			{”TIMER_TICK”,  	“TIAction2”, 	TIAction2},

      			{”TIMER_FIRE”,  	“TIAction3”, 	TIAction3},

      			{”RESET_TIMER”, 	“TIAction4”, 	TIAction4}};

  

		static StateTransitionList TITransitions[] = {

      			{”TIMER_INIT”,  	“SET_TIMER”,   	“TI00”},

      			{”RESET_TIMER”, 	“SET_TIMER”,   	“TI01”},

      			{”RESET_TIMER”, 	“RESET_TIMER”, 	“TI02”},

      			{”TIMER_TICK”,  	“RESET_TIMER”, 	“TI02”},

      			{”TIMER_FIRE”,  	“RESET_TIMER”, 	“TI02”},

			{”SET_TIMER”,   	“RESET_TIMER”, 	“TI02”}, 

      			{”SET_TIMER”,   	“TIMER_TICK”,  	“TI06”},

      			{”TIMER_TICK”,  	“TIMER_TICK”,  	“TI06”},

      			{”TIMER_TICK”,  	“TIMER_FIRE”,  	“TI07”}};



		TISMid = StateModelCreateCompletely(“TI State Machine”, “TISM”,

				ARRAY_SIZE(TIEventTypes), TIEventTypes,

				ARRAY_SIZE(TIStates), TIStates,

				ARRAY_SIZE(TITransitions), TITransitions);



		TIACid = ActiveClassCreate(“Timer’s Active Class”, TISMid);

�	CKsetup();	/* Create Periodic Clock StateModel */

�

�



			static EventTypeList CKEventTypes[] = {

      				{"CK00", 	"Initialize Periodic Clock"},

      				{"CK01", 	"Wait for Timer (TI) event"},

      				{"CK02", 	"Generate Periodic Clock (CK) event"},

      				{"CK03", 	"Reset Timer"}};

 

    			static StateList CKStates[] = {

      				{"INIT",       		"CKAction0", 	CKAction0},

      				{"WAIT",       		"CKAction1",	CKAction1},

      				{"GENERATE",   	"CKAction2", 	CKAction2},

      				{"RESET",      		"CKAction3", 	CKAction3}};

  

    			static StateTransitionList CKTransitions[] = {

      				{"INIT",      		"INIT",       	"CK00"},

      				{"INIT",      		"WAIT",       	"CK01"},

      				{"WAIT",      		"GENERATE", 	"CK02"},

      				{"GENERATE",  	"RESET",      	"CK03"},

      				{"RESET",     		"WAIT",       	"CK01"}};

  

    			hcg_key CKSMid;

    			hcg_key CKACid;

    			hcg_key CKAIid1 ;

  

    			CKSMid = StateModelCreateCompletely("Periodic Clock State Machine", "CK",

  				     	ARRAY_SIZE(CKEventTypes), CKEventTypes,

  				     	ARRAY_SIZE(CKStates), CKStates,

  				     	ARRAY_SIZE(CKTransitions), CKTransitions);

  

    			CKACid = ActiveClassCreate("Clock Active Class", CKSMid);



    			CKAIid1 = ActiveInstanceCreate("CK1", CKACid, "INIT");





�3.2	Action Routines



	Define the action routines TFA0 and TFA1 which generate the desired

	divide-by-8 behavior for the 3-bit counter. Since instances of TF have different

	connections, use TF field names instead of constants in calls to GenEvent. For

	simplicity assume GenEvent has only 2 arguments: the eventname and the

	destination AIid. Assume that TFcurr is the correct address of the TF instance

	whose action is executed, and refer to AI fields using standard chgen

	pointers such as AIid_pp.



	The diagram below gives a trace of the control flow. The divide-by-8 counter will

	produce a result every 8 clock cycles.A periodic clock generates input “T” events to 	TF#1. The proper “T” events propagate through each flipflop until (8 cycles later) TF#3 	sends its output event “T”.

	

			       AI#1	                  AI#2	                  AI#3

			       TF#1                          TF#2                            TF#3

	clock cycle	Current     New	Current       New	Current      New



��	1		TSF0	     TSF1	TSF0			TSF0

��	2		TSF1        TSF0          TSF0          TSF1       	TSF0

�	3		TSF0        TSF	1          TSF1                         	TSF0

���	4		TSF1        TSF0	TSF1          TSF0      	TSF0        TSF1

�            5		TSF0        TSF1          TSF0                          	TSF1

��	6		TSF1        TSF0          TSF0          TSF1       	TSF1

� 	7		TSF0        TSF1          TSF1			TSF1       

����	8		TSF1        TSF0	TSF1          TSF0	TSF1         TSF0     Overflow



	(refer to page 18 for an event trace chart of the control flow shown above)

	

	In the control diagram above “         “ arrows can be read as “The transition of 

	{current state} to {new state} propagated a toggle event “T” to its adjacent flipflop”.

























	For example, after clock tick 1 the (Active Instance, Current State) pairs

	of (AI1,TFS1), (AI2,TFS0),  and (AI3,TFS0) represent the changed states as

	a result of input clock tick 1. Each clock tick generates a toggle event “T” to TF1.





	Initial State:		(AI1,TSF0)	(AI2,TFS0) 	(AI3,TFS0)

	After clock tick 1:	(AI1,TSF1)	(AI2,TFS0) 	(AI3,TFS0)

	After clock tick 2:	(AI1,TSF0)	(AI2,TFS1) 	(AI3,TFS0)

	After clock tick 3:	(AI1,TSF1)	(AI2,TFS1) 	(AI3,TFS0)

	After clock tick 4:	(AI1,TSF0)	(AI2,TFS0) 	(AI3,TFS1)

	After clock tick 5:	(AI1,TSF1)	(AI2,TFS0) 	(AI3,TFS1)

	After clock tick 6:	(AI1,TSF0)	(AI2,TFS1) 	(AI3,TFS1)

	After clock tick 7:	(AI1,TSF1)	(AI2,TFS1) 	(AI3,TFS1)

	After clock tick 8:	(AI1,TSF0)	(AI2,TFS0) 	(AI3,TFS0)	Overflow





	The 2-state machine, as described in the OLC User’s guide, is modified to

	represent the desired divide-by-8 counter. A Periodic Clock (CK) is added to simulate 	clock ticks. The TF schema table is added to represent individual flipflops. Both of 	these additions are application classes added to the application state model.



	OLCDBG is used to step through simulation control flow.



�

�

                                                   TFAction1: ON

�

                                                   /* no action taken */

��



                                                         T                   T                                                 



�

                                             TFAction0: OFF

�

                                              if ( Current_TF == “TF3”)

                                                  printf(“Overflow”);

                                                  return ;

                                               else

                                                  gen T(Current_TF.AIid2_reply)







 		      Toggle FlipFlop together with its Lifecycle























�

/*==================================================

 * Function Name:	TFAction0

 *

 * Description:		This function is the action routine for divide-by-8

 *                                 state TFS0 (OFF)

 */

void TFAction0(hcg_key EIid)

{



	Current_FlipFlop = Get_Current_FlipFlop() ;



            if ( Current_FlipFlop == “TF3”)

              {

               printf(“OverFlow”);

               return ;

               }



	FlipFlop_Reply(Current_FlipFlop);  /* Reply with toggle event “T” */

}



/*=================================================

 * Function Name:	TFAction1

 *

 * Description:		This function is the action routine for divide-by-8

 *                                 state TFS1 (ON)

 */

void TFAction1(hcg_key EIid)

{

	return ;

}

�3.3	Event Trace Diagram



	An event trace or thread-of-control chart [S&M: OLC Fig 3.42] shows the

	behavior of part or all of a system over time. Each column shows the state

	history of one instance of TF and time proceeds downward. 



	Trace the behavior of the above 3-TF system over time by simulating a sequence of 9 	input CLK events to TF#1. Enter each new state in the column representing each TF and 	vertical lines for each TF state transition. Draw a horizontal arrow, labeled by an event 	name, from the state which generates this event “T” to the transition which it enables. 	Show each event from stdin to TF#1 and any events from TF#3 to stdout. (see diagram 	on next page)
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		Event Trace chart for divide-by-8 counter





�4. OLCDBG



	The need arose to visualize OLC state machine behavior. To visualize the

	behavior of the state model before and after the processing of an event would be

	invaluable during the debug process of a simulation.



	OLCDBG supports single stepping through OLC simulation. OLCDBG concepts

	originated from the traditional debugger concepts of “step”ing through

	instruction execution and “watch”ing variable change of states.

	OLCDBG “step”s through state model Event Instance (EI) execution and 

	“watch”es Active Instance (AI) change of states.



	What is meant by “stepping through machine execution”? As described in the

	STD MetaModel Summary handout, dynamic entities AI and EI are created at

	run-time during state model execution:



				   ETk

�			AIsrc 		AIdest



	A state transition occurs for AIdest if AIdest resides in a state that allows an 	enabling event type of ETk to transition it into a new state. Therefore, during

	state model execution, AI transitions from state to state depend upon Event 	Instances (EI) found in the EI queue.



	Using OLCDBG to step through the divide-by-8 counter simulation:

�

	Event Instance View:



	idx		: 	index into Event Instance Queue

	AIsrc		:	Active Instance source of event ETk

	ETk		:	Event Etk being sent between AIsrc and AIdest

	AIdest 		:	Active Instance destination of event ETk



	Active Instance View:



	AI		:	Active Instance

	Cur State	:	Current state of Active Instance

















	OLCDBG supports the stepping through of an objects Lifecycle. While stepping

	through an objects Lifecycle its state is constantly changing. ActiveInstances (AI)

	are communicating through the passing of Events (ET). 



	The following sequence represents OLCDBG stepping through the Lifecycle of the 	Periodic Clock (CK), Timer (TI), and Toggle FlipFlop (TF)	objects as the divide-by-8 	counter simulation executes.



                        ActiveInstances and “current” state attributes:



  step no.:	TI1			CK1		TF1		TF2		TF3



	1				INIT		TFS0		TFS0		TFS0	

	2	TIMER_INIT		INIT		TFS0		TFS0		TFS0

	3	SET_TIMER		INIT		TFS0		TFS0		TFS0

	4	SET_TIMER		WAIT		TFS0		TFS0		TFS0

��	5	TIMER_TICK		WAIT		TFS0		TFS0		TFS0

	6	TIMER_FIRE		WAIT		TFS0		TFS0		TFS0

	7	TIMER_FIRE		GENERATE	TFS0		TFS0		TFS0

	8	RESET_TIMER	GENERATE	TFS0		TFS0		TFS0

	9	RESET_TIMER	GENERATE	TFS1		TFS0		TFS0

	10	RESET_TIMER	RESET	TFS1		TFS0		TFS0

	11	TIMER_INIT		RESET	TFS1		TFS0		TFS0

	12	SET_TIMER		RESET	TFS1		TFS0		TFS0

�	13	SET_TIMER		WAIT		TFS1		TFS0		TFS0



	Each line above represents the result of executing the OLCDBG “step” command. The

	“step” command processes the next EventInstance of the EventInstance queue.

	Processing an EventInstance (AIsrc (ETk) AIdest) results in the enabled object

	transition to execute its action and change into its new (current) state.



	%flipflop.exe



		   

	      Welcome to The Wonderful World of the OLC Architecture





	Event Instance View:		Active Instance View:



	idx   AIsrc   ETk     AIdes           	AI         Cur State



	> 1   CK1     CK00    CK1             	AI1        TFS0

                                      			AI2        TFS0

                                      			AI3        TFS0

                                      			CK1        INIT

	olcdbg> step







	Event Instance View:		Active Instance View:



	idx   Aisrc   ETk     AIdes           	AI         Cur State



	> 1   CK1     TI00    TI1             	AI1        TFS0

  	   2   CK1     CK01    CK1             	AI2        TFS0

                                      			AI3        TFS0

                                      			CK1        INIT

                                      			TI1        TIMER_INIT

	olcdbg> step



	> 1   CK1     CK01    CK1             	AI1        TFS0

  	   2   TI1      TI06     TI1             	AI2        TFS0

                                      			AI3        TFS0

                                      			CK1        INIT

                                      			TI1        SET_TIMER

	olcdbg> step

	

	> 1   TI1     TI06      TI1           	AI1        TFS0

                                      			AI2        TFS0

                                      			AI3        TFS0

                                      			CK1        WAIT

                                      			TI1        SET_TIMER

	olcdbg> step



	> 1   TI1     TI07      TI1             	AI1        TFS0

                                      			AI2        TFS0

                                      			AI3        TFS0

                                      			CK1        WAIT

                                      			TI1        TIMER_TICK

	olcdbg> step



	> 1   TI1     CK02    CK1             	AI1        TFS0

  	   2   TI1     TI02     TI1             	AI2        TFS0

                                      			AI3        TFS0

                                     		 	CK1        WAIT

                                     		 	TI1        TIMER_FIRE

	olcdbg> step



	> 1   TI1     TI02       TI1             	AI1        TFS0

  	   2   CK1     T           AI1             	AI2        TFS0

  	   3   CK1     CK03     CK1             	AI3        TFS0

                                      			CK1        GENERATE

                                      			TI1        TIMER_FIRE

	olcdbg> step



	> 1   CK1     T          AI1             	AI1        TFS0

  	   2   CK1     CK03    CK1             	AI2        TFS0

  	   3   TI1     TI01      TI1             	AI3        TFS0

                                      			CK1        GENERATE

                                      			TI1        RESET_TIMER

	olcdbg> step









	Event Instance View:		Active Instance View:



	idx   AIsrc   ETk     AIdes           	AI         Cur State



	> 1   CK1     CK03    CK1              	AI1        TFS1

  	   2   TI1     TI01      TI1             	AI2        TFS0

                                      			AI3        TFS0

                                      			CK1      	GENERATE

                                      			TI1        	RESET_TIMER

	olcdbg> step



	> 1   TI1     TI01      TI1             	AI1        TFS1

  	   2   CK1     TI00     TI1             	AI2        TFS0

  	   3   CK1     CK01    CK1             	AI3        TFS0

                                      			CK1      	RESET

                                      			TI1        	RESET_TIMER

	olcdbg> step



	> 1   CK1     TI00    TI1             	AI1        TFS1

  	   2   CK1     CK01    CK1             	AI2        TFS0

                                      			AI3        TFS0

                                      			CK1        RESET

                                      			TI1        TIMER_INIT

	olcdbg> step



	> 1   CK1     CK01    CK1             	AI1        TFS1

  	   2   TI1     TI06      TI1             	AI2        TFS0

                                      			AI3        TFS0

                                      			CK1        RESET

                                      			TI1        SET_TIMER

	olcdbg> step



	> 1   TI1     TI06    TI1             	AI1        TFS1

                                      			AI2        TFS0

                                      			AI3        TFS0

                                      			CK1        WAIT

                                      			TI1        SET_TIMER



�5. Building the application



	The divide-by-8 counter simulation application is organized into the following

	major components:



	1. Main program file flipflop.c: Simulation Main program.

	2. Schema file olc96fa.sch : Schema input file to CHGEN. Used to produce

	    pr_* utility routines.

	3. Header definition file olc96fa.h: CHGEN produced header file. This file

	    contains the macros and data structures used by the pr_* utility routines.

	4. pr_* utility routines : These routines support the creation and manipulation

	    of the OLC state machine.

	5. OLC State Machine support: eventinstance.c, statemodel.c, ... These files

	    contain the routines used when creating the OLC state machine 	  

                (StateModelCreateCompletely).

	6. OLCDBG support: dbaction.c, dbutils.c, dbutils.h. These files contain the

	    routines used during the OLC debugger (OLCDBG) execution.

	7. makefile.olc: Makefile for OLC library olclib.lib

	8. makefile: Main program makefile.

           9. Divide-by-8 counter support: tfaction.c, tfsetup.c, tfcreate.c

          10. Timer support: tiaction.c, tisetup.c, ticreate.c

          11. Periodic clock support: ckaction.c, cksetup.c, ckcreate.c



	While porting the above components to the PC, name changes were required

	due to the <fname>.<ext> lengths of <8>.<3>.



	activeclass.c 		>>>> activec.c	pr_delete.c	>>>> pr_delet.c

	activeinstance.c 	>>>> activei.c		pr_free.c

	enable.c					pr_load.c

	eventinstance.c 	>>>> eventin.c	pr_stats.c

	eventtype.c 		>>>> eventty.c	state.c	

	flipflop.c					statemodel.c	>>>> statemo.c

	flipflop.vdf					tfaction.c

	makefile					tfsetup.c

	makefile.olc					tfcreate.c

	notyet.txt					tiaction.c

	olc3common.h 	>>>> olc3com.h	tisetup.c

	olc96fa.h					ticreate.c

	olclib.lib					transition.c	>>>> transit.c

	processevents.c 	>>>> process.c, procarch.h

	

	NOTE:     File notyet.txt contains edits that must be made after CHGEN

	processing. These are the last few changes to get CHGEN 100% ported to the PC.



�makefile.olc:						chgen -ansi -keysize=8 olc96fa.sch

���

�activec.c activei.c eventin.c enable.c eventty.c	          chgen produced header file

�    state.c statemo.c process.c transit.c			olc96fa.h

���							        + OLC include file support

�                                                                                    olc3com.h enable.h

�							eventin.h activec.h eventty.h

							state.h statemo.h transit.h procarch.h

�

�

pr_delet.c pr_dump.c pr_free.c pr_stats.c pr_load.c  	            chgen produced pr_* utilities

���



                                 compiled and linked to produce....

�

�	          olclib.lib

��

makefile:

�                                                                                                  OLCDBG support

����		flipflop.c		olcdbg.lib		dbutils.c dbaction.c dbutils.h

��

		

�

		flipflop.exe

	





























�6. Concluding remarks



	CHGEN and OLC are powerful tools when programming state machines for object

	life cycle simulation.



	Representing state model classes as tables and objects of these classes as rows

	within these tables help provide for a database approach to the storing and loading of

	state machine execution “snapshots”. These “snapshots” are contained in saved

	database datafiles.



	The port of CHGEN and OLC to the PC was successful. Though not 100% complete, 	CHGEN and OLC were used to create the divide-by-8 counter on the PC. All sources

	were carried over from the PC and stored at /usr/proj3/case/96f522/omcgonag/PC.port.

	Also, the UNIX  version of the same can be found at /usr/proj3/case/96f522/omcgonag/

	TFsim.



	OLCDBG proved very valuable during simulation debug. The ability to visualize

	the before-and-after states of AI’s during state model execution accelerated the

	debug process tremendously.



	Future OLCDBG support:



	1.	Creating OLCDBG as another AI of the state model.

	2. 	Log a debug session to a file for later evaluation.

	3.	Option to disable in-line console updates. Support normal video mode.

	4.	Restarting a debug session.

	5.	Setting/deleting/clearing of breakpoints.

	6.	Ability to list all previous, current, and future EI’s of the EI queue.

	7.	Continue from breakpoint.

	8.	Display/Watch/View of:

		    clock cycles		event types (ET table)		active classes (AC)

		    states (ST table)	transitions (TR table)		state models (SM)

	9.	Run-time modification of tables.

	10.	Executing from network data bases (saved *.dat pr_dump files).

	11.	Building a Visual Basic or Visual C++ layer on top of OLCDBG. Support for a

		windows debug environment.

	12.	Support for EventQueueOrder, RandomOrder, ... processing of events. The

		current version of OLCDBG uses EventQueueOrder.

	13.	Support of viewdefs and version #’s.



	

�Appendix A: Schema file   





StateModel SM                               		/* The State model. */

{

    SMid    	StateModelId    		c8      1       	/* the primary key */

    Abbrev  	AbbreviatedName 		c4      0       	/* the short version of the name */

    Name    	StateModelName  		t80     0       	/* it’s name */

}





ActiveClass AC                              		/* The Active Class. */

{

    ACid    	ActiveClassId           		c8  	1   	/* the primary key */

    SMid    	ActiveClassesStateModel 	c8  	1   	/* the state model for this class */

    Name    	ActiveClassName         	t80 	0   	/* the name of the Active Class */

}





/* */

/* The States themselves */

/* */

State ST                                            			/* states */

{

    STid    	StateId                         		c8  	1   /* the primary key       */

    SMid    	StateAStateOfThisStateMachine   	c8  	1   /* The state machine     */

                                                    		                             /*  containing the state */

    ActName 	StatesActionRoutineName         	t32 	0   /* Action Routine Name   */

    ActFunc 	StatesActionRoutinePointer      	i4  	0   /* C pointer to function */

    Name    	StatesName                      		t80 	0   /* The name of the state */

}



























/* */

/* The Active Instance.  A member of an Active Classs */

/* */

ActiveInstance AI                               		/* Active Instance */

{

    AIid    	ActiveInstanceId            	c8  	1   	/* the primary key */

    ACid    	ActiveInstanceInThisClass   	c8  	1   	/* the active class of which  */

							     	/*  we are a member */

    State   	ActiveInstancesCurrentState 	t80  	0  	/* key of current state */

    Name    	ActiveInstanceName          	t80 	0       	/* probably boring like Pump1 */

								/*  useful for debugging      */

}



Transition TR                               		/* Transition */

{

    TRid    	TransitionId            		c8  	1   /* The primary key */

    STid1   	TransitionFromThisState 	c8  	1   /* Transition from this state */

    STid2   	TransitionToThisState   	c8  	1   /* Transition to this state */

}

                                  



EventType ET                                		/* EventType */

{

    ETid    	EventTypeId             		c8  	1   /* the primary key */

    SMid    	EventTypesReceiver      	c8  	1   /* the state machine which */

					                             /*  receives this event */

    Label   	EventTypesLabel         	t8  	0   /* the label for the event */

    Descrip	EventTypesDescription   	t80 	0   /* a fuller description */

}





Enable EN                                   		/* Enable */

{

    ENid    	EnableId                		c8  	1   /* The primary key */

    ETid    	EnableWithThisEventType 	c8  	1   /* Event type enabling transition */

    TRid    	EnableThisTransition    	c8  	1   /* The transition enabled */

}



















EventInstance EI                            		/* An EventInstance */

{

    EIid    	EventInstanceId         		c8  	1   /* the primary key */

    AIid1   	EventInstanceGenerater  	c8  	1   /* the active instance which */

	 				                             /*  generated this event */

    AIid2   	EventInstanceReceiver   	c8  	1   /* the active instance which */

					                             /*  will receive this event */

    ETid    	EventInstancesType      	c8  	1   /* the type of this event */

    Int1    	EventInstanceDataInt1   	i4  	0   /* the first piece of int data */

    Int2    	EventInstanceDataInt2   	i4  	0   /* the second piece of int data */

    Flt1    	EventInstanceDataDbl1   	f8  	0   /* the first piece of float data */

    Flt2    	EventInstanceDataDbl2   	f8  	0   /* the second piece of float data */

    Text    	EventInstanceDataText   	t80 	0   /* textual data */

}



Timer TI                    			/* Timer */

{

  TIid      	timer_id        		c8   	1  /* pkey for timer               */

  AIid1     	activeinstance1 	c8   	1  /* Timer active instance        */

  AIid2     	activeinstance2 	c8   	1  /* from this active instance */

  AIid3     	activeinstance3 	c8   	1  /* fire to this active instance   */

  ETid      	eventtype1      		c8   	1  /* send this reply event type   */

  ttg       	timetogo        		i4   	0  /* time to go                   */

}



PeriodicClock CK                    /* Periodic Clock */

{

  CKid      		periodicclock_id   	c8   1  	/* pkey for clock                	*/

  AIid1     		activeinstance1    	c8   1  	/* clock active instance        	*/

  AIid2     		activeinstance2    	c8   1  	/* from this active instance   	*/

  AIid3     		activeinstance3    	c8   1  	/* fire to this active instance  	*/

  ETid      		eventtype1         	c8   1  	/* send this reply event type  	*/

  period    		period             		i4    0  	/* period of clock events      	*/

}



ToggleFlipFlop TF          	/* A two-state machine with one event type */

{

 TFid       		fflop_id       	c8   	1   /* pkey for flipflop 		*/

 AIid       		AI             	c8   	1   /* FlipFlop active instance 	*/

 AIid1_source		AIsrc	       	c8   	1   /* source of events to this AI  	*/

 AIid2_reply    	AIdest            	c8   	1   /* where to send reply events 	*/

 replyETLabel   	ETk             	c8   	0   /* name of reply event type 	*/

 bitPosition    		bitPosition    	i4   	0   /* Most-signif. bit=3, lssbit=1 	*/

}

�Appendix B: Generated header file



/************************************************************/

/* The remainder of this file holds the ‘C’ structure definitions for each   */

/* table in the schema.                                                                               */

/************************************************************/



/************************************************************/

/* Table: SM                                                                                             */

/************************************************************/

hcg_extern

struct SM			/* The State model. */

{

	hcg_key 	SMid;		/* the primary key */

	char 		Abbrev[5];	/* the short version of the name */

	char 		Name[81];	/* it’s name */

	struct ET 	*ETid_fcp;       /* forward child pointer */

	struct ET 	*ETid_bcp;      /* backward child pointer */

	struct ST 	*STid_fcp;

	struct ST 	*STid_bcp;

	struct AC 	*ACid_fcp;

	struct AC 	*ACid_bcp;

	struct SM 	*prev_ptr;

	struct SM 	*next_ptr;

} hcg_declare(SM);



/*******************************************/

/* Table: AC                                                             */

/*******************************************/

hcg_extern

struct AC			/* The Active Class. */

{

	hcg_key 	ACid;		/* the primary key */

	hcg_key 	SMid;		/* the state model for this class */

	char 		Name[81];	/* the name of the Active Class */



	struct SM 		*SMid_pp;	/* parent pointer */

	struct dummy_type 	*SMid_fpp;     /* forward parent pointer */

	struct dummy_type 	*SMid_bpp;    /* backward parent pointer */

	struct AI 		*AIid_fcp;

	struct AI 		*AIid_bcp;

	struct AC 		*prev_ptr;

	struct AC 		*next_ptr;

} hcg_declare(AC);

/**********************************************/

/* Table: ST                                                                   */

/**********************************************/

hcg_extern

struct ST			/* states */

{

	hcg_key 		STid;				/* the primary key       */

	hcg_key 		SMid;				/* The state machine     */

	char 			ActName[33];			/* Action Routine Name   */

	void 			(* ActFunc)(hcg_key);	/* C pointer to function */

	char 			Name[81];			/* The name of the state */

	

	struct SM 		*SMid_pp;

	struct dummy_type 	*SMid_fpp;

	struct dummy_type 	*SMid_bpp;

	struct TR 		*TRid_fcp;

	struct TR 		*TRid_bcp;

	struct ST 		*prev_ptr;

	struct ST 		*next_ptr;

} hcg_declare(ST);



/*********************************************/

/* Table: AI                                                                  */

/*********************************************/

hcg_extern

struct AI			/* Active Instance */

{

	hcg_key 		Aiid;		/* the primary key */

	hcg_key 		ACid;		/* the active class of which  */

	char 			State[81];	/* key of current state */

	char 			Name[81];	/* probably boring like Pump1 */



	struct AC 		*ACid_pp;

	struct dummy_type 	*ACid_fpp;

	struct dummy_type 	*ACid_bpp;

	struct TF 		*TFid_fcp;

	struct TF 		*TFid_bcp;

	struct TI 		*TIid_fcp;

	struct TI 		*TIid_bcp;

	struct EI 		*EIid_fcp;

	struct EI 		*EIid_bcp;

	struct AI 		*prev_ptr;

	struct AI 		*next_ptr;

} hcg_declare(AI);



/********************************************/

/* Table: TR                                                               */

/********************************************/

hcg_extern

struct TR			/* Transition */

{

	hcg_key 		TRid;		/* The primary key */

	hcg_key 		STid1;		/* Transition from this state */

	hcg_key 		STid2;		/* Transition to this state */

	struct ST 		*STid2_pp;

	struct dummy_type 	*STid2_fpp;

	struct dummy_type 	*STid2_bpp;	

	struct ST 		*STid1_pp;

	struct dummy_type 	*STid1_fpp;

	struct dummy_type 	*STid1_bpp;

	struct EN 		*ENid_fcp;

	struct EN 		*ENid_bcp;

	struct TR 		*prev_ptr;

	struct TR 		*next_ptr;

} hcg_declare(TR);



/********************************************/

/* Table: ET                                                               */

/********************************************/

hcg_extern

struct ET			/* EventType */

{

	hcg_key 		ETid;		/* the primary key */

	hcg_key 		SMid;		/* the state machine which */

	char 			Label[9];	/* the label for the event */

	char 			Descrip[81];	/* a fuller description */



	struct SM 		*SMid_pp;

	struct dummy_type 	*SMid_fpp;

	struct dummy_type 	*SMid_bpp;

	struct TI 		*TIid_fcp;

	struct TI 		*TIid_bcp;

	struct EI 		*EIid_fcp;

	struct EI 		*EIid_bcp;

	struct EN 		*ENid_fcp;

	struct EN 		*ENid_bcp;

	struct ET 		*prev_ptr;

	struct ET 		*next_ptr;

} hcg_declare(ET);





/********************************************/

/* Table: EN                                                               */

/********************************************/

hcg_extern

struct EN			/* Enable */

{

	hcg_key 		ENid;		/* The primary key */

	hcg_key 		ETid;		/* Event type enabling transition */

	hcg_key 		TRid;		/* The transition enabled */



	struct TR 		*TRid_pp;

	struct dummy_type 	*TRid_fpp;

	struct dummy_type 	*TRid_bpp;



	struct ET 		*ETid_pp;

	struct dummy_type 	*ETid_fpp;

	struct dummy_type 	*ETid_bpp;

	struct EN 		*prev_ptr;

	struct EN 		*next_ptr;

} hcg_declare(EN);



















































/*******************************************/

/* Table: EI                                                               */

/*******************************************/

hcg_extern

struct EI			/* An EventInstance */

{

	hcg_key 	EIid;		/* the primary key */

	hcg_key 	AIid1;		/* the active instance which */

	hcg_key 	AIid2;		/* the active instance which */

	hcg_key 	ETid;		/* the type of this event */

	int 		Int1;		/* the first piece of int data */

	int 		Int2;		/* the second piece of int data */

	float 		Flt1;		/* the first piece of float data */

	float 		Flt2;		/* the second piece of float data */

	char 		Text[81];	/* textual data */



	struct ET 		*ETid_pp;

	struct dummy_type 	*ETid_fpp;

	struct dummy_type 	*ETid_bpp;



	struct AI 		*AIid2_pp;

	struct dummy_type 	*AIid2_fpp;

	struct dummy_type 	*AIid2_bpp;



	struct AI 		*AIid1_pp;

	struct dummy_type 	*AIid1_fpp;

	struct dummy_type 	*AIid1_bpp;

	struct EI 		*prev_ptr;

	struct EI 		*next_ptr;

} hcg_declare(EI);































/********************************************/

/* Table: TF                                                                */

/********************************************/

hcg_extern

struct TF			/* A two-state machine with one event type */

{

	hcg_key 		TFid;			/* pkey for flipflop */

	hcg_key 		AIid;			/* FlipFlop active instance */

	hcg_key 		AIid1_source;		/* source of events to this AI  */

	hcg_key 		AIid2_reply;		/* where to send reply events */

	char 			replyETLabel[9];	/* name of reply event type */

	int 			bitPosition;		/* Most-signif. bit=3, lssbit=1 */



	struct AI 		*AIid2_reply_pp;

	struct dummy_type 	*AIid2_reply_fpp;

	struct dummy_type 	*AIid2_reply_bpp;

	

	struct AI 		*AIid1_source_pp;

	struct dummy_type 	*AIid1_source_fpp;

	struct dummy_type 	*AIid1_source_bpp;



	struct AI 		*AIid_pp;

	struct dummy_type 	*AIid_fpp;

	struct dummy_type 	*AIid_bpp;

	struct TF 		*prev_ptr;

	struct TF 		*next_ptr;

} hcg_declare(TF);







































/*******************************************/

/* Table: TI                                                              */

/*******************************************/

hcg_extern

struct TI			/* Timer */

{

	hcg_key 	TIid;	/* pkey for timer               */

	hcg_key 	AIid1;	/* Timer active instance        */

	hcg_key 	AIid2;	/* from this active instance */

	hcg_key 	AIid3;	/* fire to this active instance   */

	hcg_key 	ETid;	/* send this reply event type   */

	int 		ttg;	/* time to go                   */



	struct ET 		*ETid_pp;

	struct dummy_type 	*ETid_fpp;

	struct dummy_type 	*ETid_bpp;



	struct AI 		*AIid3_pp;

	struct dummy_type 	*AIid3_fpp;

	struct dummy_type 	*AIid3_bpp;



	struct AI 		*AIid2_pp;

	struct dummy_type 	*AIid2_fpp;

	struct dummy_type 	*AIid2_bpp;



	struct AI 		*AIid1_pp;

	struct dummy_type 	*AIid1_fpp;

	struct dummy_type 	*AIid1_bpp;

	struct TI 		*prev_ptr;

	struct TI 		*next_ptr;

} hcg_declare(TI);



























/********************************************/

/* Table: CK                                                                  */

/********************************************/

hcg_extern

struct CK		/* Periodic Clock */

{

hcg_key CKid;	/* pkey for clock                 	*/

hcg_key AIid1;	/* clock active instance          	*/

hcg_key AIid2;	/* from this active instance   	*/

hcg_key AIid3;	/* fire to this active instance  	*/

hcg_key ETid;		/* send this reply event type  	*/

int period;		/* period of clock events       	*/



struct ET *ETid_pp;

struct dummy_type *ETid_fpp;

struct dummy_type *ETid_bpp;



struct AI *AIid3_pp;

struct dummy_type *AIid3_fpp;

struct dummy_type *AIid3_bpp;



struct AI *AIid2_pp;

struct dummy_type *AIid2_fpp;

struct dummy_type *AIid2_bpp;



struct AI *AIid1_pp;

struct dummy_type *AIid1_fpp;

struct dummy_type *AIid1_bpp;

struct CK *prev_ptr;

struct CK *next_ptr;

} hcg_declare(CK);





















Appendix C: Network datafile   



 SM000001 TF   	Divide-by-8 State Machine                                                       

 SM000002 TISM 	TI State Machine                                                                

 SM000003 CK   	Periodic Clock State Machine                                                    



 AC000001 SM000001 	Counter Active Class                                                            

 AC000002 SM000002 	Timer's Active Class                                                            

 AC000003 SM000003 	Clock Active Class                                                              



 ST000001 SM000001 	OFF		742458118 	TFS1                                                                            

 ST000002 SM000001 	ON                	742457455 	TFS0                                                                            

 ST000003 SM000002 	TIAction0       	0 		TIMER_INIT                                                                      

 ST000004 SM000002 	TIAction1      	759890002 	SET_TIMER                                                                       

 ST000005 SM000002 	TIAction2       	759890447 	TIMER_TICK                                                                      

 ST000006 SM000002 	TIAction3       	759891243 	TIMER_FIRE                                                                      

 ST000007 SM000002 	TIAction4       	759891952 	RESET_TIMER                                                                     

 ST000008 SM000003 	CKAction0      773980347 	INIT                                                                            

 ST000009 SM000003 	CKAction1      773980909 	WAIT                                                                            

 ST000010 SM000003 	CKAction2      773981047 	GENERATE                                                                        

 ST000011 SM000003 	CKAction3     	773981354 	RESET              

                                                             

 AI000001 AC000001 	TFS0         	AI1                                                                             

 AI000002 AC000001 	TFS0            	AI2                                                                             

 AI000003 AC000001 	TFS0            	AI3                                                                             

 AI000004 AC000003 	INIT           	CK1                                                                             



 TR000001 ST000002 ST000001

 TR000002 ST000001 ST000002

 TR000003 ST000003 ST000004

 TR000004 ST000007 ST000004

 TR000005 ST000007 ST000007

 TR000006 ST000005 ST000007

 TR000007 ST000006 ST000007

 TR000008 ST000004 ST000007

 TR000009 ST000004 ST000005

 TR000010 ST000005 ST000005

 TR000011 ST000005 ST000006

 TR000012 ST000008 ST000008

 TR000013 ST000008 ST000009

 TR000014 ST000009 ST000010

 TR000015 ST000010 ST000011

 TR000016 ST000011 ST000009





 ET000001 SM000001 T        	Toggle                                                                          

 ET000002 SM000002 TI00     	Set new timer                                                                   

 ET000003 SM000002 TI01     	Set timer                                                                       

 ET000004 SM000002 TI02     	Reset timer                                                                     

 ET000005 SM000002 TI06     	Tick occured                                                                    

 ET000006 SM000002 TI07     	fire                                                                            

 ET000007 SM000003 CK00     	Initialize Periodic Clock                                                       

 ET000008 SM000003 CK01     	Wait for Timer (TI) event                                                       

 ET000009 SM000003 CK02     	Generate Periodic Clock (CK) event                                              

 ET000010 SM000003 CK03     	Reset Timer                                                                     

 EN000001 ET000001 TR000001

 EN000002 ET000001 TR000002

 EN000003 ET000002 TR000003

 EN000004 ET000003 TR000004

 EN000005 ET000004 TR000005

 EN000006 ET000004 TR000006

 EN000007 ET000004 TR000007

 EN000008 ET000004 TR000008

 EN000009 ET000005 TR000009

 EN000010 ET000005 TR000010

 EN000011 ET000006 TR000011

 EN000012 ET000007 TR000012

 EN000013 ET000008 TR000013

 EN000014 ET000009 TR000014

 EN000015 ET000010 TR000015

 EN000016 ET000008 TR000016



 TF000001 AI000001 AI000001 AI000002 	T               1

 TF000002 AI000002 AI000002 AI000003 	T               2

 TF000003 AI000003 AI000003 AI000003 	T               4



 EI000001 AI000004 AI000004 ET000007        0        0   0.0000   0.0000 Start counter...                                                                

 EI000002 AI000004 AI000005 ET000002        1        0   0.0000   0.0000 Set Timer                                                                       

 EI000003 AI000004 AI000004 ET000008        0        0   0.0000   0.0000 Wait...                                                                         

 EI000004 AI000005 AI000005 ET000005        1        0   0.0000   0.0000 Tick occured                                                                    

 EI000005 AI000005 AI000005 ET000006        1        0   0.0000   0.0000 timer firing

�Appendix D: Toggle FlipFlop object create: 		TFFCreate (tfcreate.c)



/*********************************/

/*                                                            */

/*                Create FlipFlop                   */

/*                                                            */

/*********************************/



FUNCTION5(

void ToggleFlipFlopCreate,

    hcg_key,        	FlipFlopActiveInstance, 	/* superclass AI */

    hcg_key,        	FromThisActiveInstance, 	/* source of events to this AI  */

    hcg_key,        	ToThisActiveInstance,   	/* where to send reply events   */

    const char *,   	ThisTypeOfEvent,        	/* name of reply event type     */

    int,            	FirstIntdata            	/* most-signif bit=3, lssbit=1 */

)

{

    struct TF *TF_elt;



    TF_elt = pr_create(TF);



    pr_set_key(TF_elt, 	AIid, 		FlipFlopActiveInstance);

    pr_set_key(TF_elt, 	AIid1_source, 	FromThisActiveInstance);

    pr_set_key(TF_elt, 	AIid2_reply,  	ToThisActiveInstance);

    pr_set_str(TF_elt, 	replyETLabel, 	ThisTypeOfEvent);

    pr_set_int(TF_elt, 	bitPosition,  	FirstIntdata);



    gen_pr_add("JuicePlant", "TF", (hcg_ptr)TF_elt)

}



FUNCTION5(

void TFFCreate,

    hcg_key,      AIid1,

    hcg_key,      AIid2,

    hcg_key,      AIid3,

    const char *, EventLabel,

    int,          FirstIntData

)

{

    hcg_key ETid;

    int bad;



    bad = 0;



    find_str_loop("JuicePlant", ET, Label, EventLabel) {

	break;

    }













    if (ETcurr == 0) {

	printf("Could not find an Event labeled %s.\n", EventLabel);

	bad = 1;

    } else {

	ETid = ETcurr->ETid;

    }



    if (bad) {

	printf("Event not generated\n");

	return;

    }



    /*

    ** And have Event Instance Create do the work

    */

    ToggleFlipFlopCreate( AIid1, AIid2, Aiid3, EventLabel, FirstIntData);



}





GETROUTINE(hcg_key, 	ToggleFlipFlop,	TF,	AIid)

GETROUTINE(hcg_key, 	ToggleFlipFlop,	TF,	replyETLabel)

GETROUTINE(hcg_key, 	ToggleFlipFlop,	TF,	AIid1_source)

GETROUTINE(hcg_key, 	ToggleFlipFlop,	TF,	AIid2_reply)

GETROUTINE(int,         	ToggleFlipFlop,	TF,	bitPosition)





�Appendix E: Toggle FlipFlop Action:			TFAction (tfaction.c)



/*****************************************************************************

* file: tfaction.c

*

* Purpose:

*

*	This file contains the action routines for the divide-by-8 counter state model.

*/

#include <stdlib.h>

#include "olc96fa.h"	/* OLC Fall Semester 96 schema input file */

#include "olc3com.h"

#include "activec.h"

#include "activei.h"

#include "eventin.h"

#include "statemo.h"

#include "procarch.h"

#include "dbutils.h"



#include "timer.h"



#ifdef OLCDBG

extern void printf_dbg(const char *fmt, ...) ;

#else

#define printf_dbg printf

#endif



/*=================================================

 * Function Name:	TFAction0

 *

 * Description:		This function is the action routine for divide-by-8

 *                                 state TFS0.

 */

void TFAction0(hcg_key EIid)

{

hcg_key AIid2, TFid ;

char    TFfield[9];

char    TFtmp[9];



		print_action_state("TFAction0",EIid);



		AIid2 = EventInstanceGetAIid2(EIid);



		/*

           		** Assuming Active Instances (AIid's) correspond to TFid's

           		** with the same row numbers.

           		*/

		pr_find(AI, AIid, AIid2);

	   	if  ( strcmp(AIcurr->Name, "AI1") == 0)

 	 		strcpy(TFfield,"TF000001");

      	   	else if ( strcmp(AIcurr->Name, "AI2") == 0) 

      		 	strcpy(TFfield,"TF000002");

      	   	else if ( strcmp(AIcurr->Name, "AI3") == 0)

               		{

               		printf_dbg("Overflow\n");

               		return ;

               		}

	   	else return ;

          

           		strcpy(TFtmp,TFfield);

           		encode(TFtmp, &TFid);



	   	pr_find(TF, TFid, TFid);

           		EICreate(TFcurr->AIid1_source, TFcurr->AIid2_reply,

                    		TFcurr->replyETLabel, 0, 0, 0.0, 0.0, "External Toggle");



}







/*==================================================

 * Function Name:	TFAction1

 *

 * Description:		This function is the action routine for divide-by-8

 *                                 state TFS1.

 */

void TFAction1(hcg_key EIid)

{

	print_action_state("TFAction1",EIid);



	/* do nothing */

}

Logic Simulation using CHGEN, OLC, and OLCDBG
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