Appendix A2	SDL representation of MAP27 data link layer


A2.1.	General


This Specification and Description Language (SDL) presentation [7] of the data link layer protocol is designed to help implementations. In it certain assumptions have been made and certain values have been assigned to variables. This does not mean that other values may not be used. Protocol states are for example only and a designer may choose to have a different number of states. If there is any discrepancy between the textual presentation and the SDL presentation, the text in the normative section 4 should have a higher priority. There is after this textual version a graphical presentation of this SDL. That SDL defines an optional procedure for an implementation of extended link establishment timeout.


A2.2.	SDL definitions


/*	This is the data_link process described in 'linear SDL' by subdivision into the following states:


reset_wait:	This is the default state at power-up and this state is used for connection reset. The act of powering-on causes the data_link process to immediately activate the 'transition' initiated by the input 'power_on'. The data_link process remains in this state until it is satisfied that its opposite number has also started link establishment. On completion of the transition it changes state to 'link_wait'.


link_wait:	The data_link process remains in this state until it is satisfied that it can communicate with its opposite number at the remote end of the RS-232 cable. Whenever it enters this state, the Link-establishment timer (T0) must be started. Whenever it leaves this state, the 'Network Layer' must be informed.


ready:	The data_link process resides in this state as long as it believes it is in communication with its opposite number. If it loses communication, it must inform the Network Layer, attempt to re-establish the link, and return to the reset_wait and link_wait processes. Whenever it enters this state, the 'credit_report_timer' (T3) must be started. When in this state, data packets may be exchanged on the RS-232 link. When the data_link process exits this state, no timers except the link-establishment timer may be left running.


A2.2.1.	Timers


The following timers exist and those timers may have a higher priority than the other messages:


	T0	link_establishment_timer


	T1	retry_timer


	T2	acknowledgement_timer


	T3	activity_timer


	T4	link_failure_detection_timer


A2.2.2.	Inputs from operating system


At power-up, the following message is input to this process:


	power_on�



A2.2.3.	Inputs from timers


Expired timers input the following messages:


	link_establishment_timeout(T0)


	retry_timeout(T1)


	acknowledgement_timeout(T2)


	activity_timeout(T3)


	link_failure_detection_timeout(T4)


A2.2.4.	Inputs from RS-232 line


The following input messages may be received from the RS-232 port:


	link_request(maximum_length, window_size, version)


	link_acknowledge(rx_sequence_number, rx_credit_number)


	link_transfer(tx_sequence_number, acknowledgement_request, network_layer_message)


A2.2.5.	Inputs from network layer


The following input messages may be received from the network layer:


	network_layer_reset


	network_layer_packet(network_layer_message)


-	note that in this case, the message passing mechanism must wrap the network-layer message in an envelope labelled 'network_layer_packet'.


	credit_value(receive_credit)


-	the network layer should send this message to the data-link layer whenever it removes a packet from its data_link layer input buffer.


A2.2.6.	Outputs to RS-232 line


The following outputs may be sent along the RS-232 link:


	link_request(maximum_length, window_size, version)


-	This message is sent to the RS-232 port with its parameters set to the current values of maximum_length, window_size and version.


	link_acknowledge(rx_sequence_number, rx_credit_number)


-	When this output is initiated, the data-link layer first stores the value of 'receive_credit' in variable send_credit'. The link_acknowledge message is then sent to the RS-232 port with parameter 'rx_sequence_number' given the value of 'receive_state' and parameter 'rx_credit_number' given the value of 'receive_credit'.


	link_transfer(tx_sequence_number,acknowledgement_request, network_layer_message)


-	When this message is sent to the RS-232 port, its parameters are set to 'send_state' and 'LT_acknowledge_request' respectively, and its data area is filled with a network layer message from the queue of messages waiting to be transmitted. The correct message is identified by selecting the one whose stored_packet_number is equal to the value of the variable 'send_state'.


�
A2.2.7.	Outputs to Network_layer


The following outputs may be sent to the network layer:


	link_ready


	link_failure


	packet_accepted


	packet_rejected


	network_layer_packet(network_layer_message)


-	note that in this case, the message passing mechanism must present the packet to the network layer as a variable message whose type depends upon the first octet of the packet's contents).


A2.2.8.	Constants


The following constants are defined:


	N2	Maximum number of re-transmissions


	N3	Maximum number of inactivity timeouts


	T0	Link establishment time


	T1	Retry time


	T2	Acknowledgement time


	T3	Activity time


	T4	link_failure_detection_time


	tx_messages_buffer 	A buffer >= maximum possible value ( k * 16 * (N1+1)).


	tx_message_pointer 	A pointer to next message to be transmitted


	unit_maximum_length 	The maximum message length this unit can accommodate. 	unit_maximum_window_size	The maximum window size this unit can accommodate.


	unit_version	The highest MAP27 version number this unit knows.


	CV	Current Version


A2.2.9.	Variables


The following variables are defined for interfacing between the TASKs and IFs:


AR	LT_acknowledge_request


N1	maximum_length (number of octets is 16 * (N1+1))


C1	retransmission_count    





k	window_size


N(k)	rx_credit_number


N(R)	rx_sequence_number


R(k)	receive_credit


S(k)	send_credit


SN(R)	stored_acknowledged_rx_sequence_number


SR(k)	stored_receive_credit


V(S)	send_state_variable


V(R)	receive_state_variable


A2.2.10.	TASKs


The following TASKS are defined


	adjust_link_parameters


-	Sets values of variables maximum_length, window_size and current_version to the minima of unit_maximum_length, unit_maximum_window_size, and unit_version, and the values of the corresponding parameters received in the most recently received 'link_request' message.


	decrement retransmission_counter(C1)  


-	Decrements the variable 'retransmission_count' (C1).


	





	decrement_send_credit


-	Decrements the variable 'send_credit' (S(k)).


	delete_acknowledged_packets


-	Removes acknowledged messages from the queue of network layer messages awaiting transmission by deleting all messages with 'stored_packet_number' less than the value of 'rx_sequence_number' (N(R)) in the last received link_acknowledgement message.


	increment_send_state_variable


-	Increments the variable 'send_state_variable' (V(S)).


	initialise_variables


-	Sets the following:


	send_state = 1�receive_state = 1�receive_credit = k1�send_credit = 0�stored_acknowledged_rx_sequence_number = 1�clears data link layer message buffers�clears RS-232 port buffers�retransmission_count = N2�


initialise_rs232_port


-	This task sets the RS-232 port ready to operate at the pre-selected speed (9600 bps), with 8 bits, no parity, 1 start bit and 1 stop bit.


	maximise_link_parameters


-	Set values of variables 'maximum_length' (N1), 'window_size' (k) and 'current_version' (VERSION) to the maximum permissible for this unit, i.e., unit_maximum_length, unit_maximum_window_size, and unit_VERSION.


	packet_outside_window 


-	Returns ´true´ if the tx_sequence_number of the last received ´link transfer´message is outside the range of values given by the expression [(rx_sequence_number-previous_credit_number) to (rx_sequence_number-1 + rx_credit_number)], these variables being the values of parameters in the last transmitted ´link_acknowledge´messages.


	record_send_credit


-	Store rx_credit_number of last received link_acknowledgment message as variable the 'send_credit', S(k) as:.


	=N(k) - (V(s)-N(r))


	= rx_credit_number - (send_state_variable - rx_sequence_number).


	rewind_packet_number


-	Set 'send_state', V(S), to the value of the rx_sequence_number parameter (N(R)) of the last received link_acknowledgement message, and set tx_message_pointer to the corresponding message in the tx_messages_buffer, so that it will be the next message to be transmitted.


	set_retransmission_counter


-	Sets the variable 'retransmission_count' (C1) to its maximum value, N2.


	store_acknowledged_rx_sequence_number


-	Store latest received rx_sequence_number as stored_acknowledged_rx_sequence_number.


	store_packet


-	Stores most recently received packet from network layer, and marks it with a 'stored_packet_number' equal to the current value of the variable 'transmit_buffer_top' and increments the variable 'transmit_buffer_top'.


	Store_receive_credit


-	Stores the current 'receive_credit' (R(k)).as 'stored_receive_credit' SR(k).


	update_receive_credit


-	Calculates from the last received 'credit_value' message from network layer the new 'receive_credit' (R(k)).


A2.2.11.	IFs:


The following tests are defined:


	acknowledgement_outside_window


-	Returns 'true' if the rx_sequence_number (N(R)) of the last received 'link_acknowledgement' message is outside the range of stored_acknowledged_rx_sequence_number SN(R) to send_state_variable V(S).


	all_transmitted_packets_acknowledged


-	Returns 'true' if the 'rx_sequence_number' (N(R)) parameter of the last received 'link_acknowledgement' message is one greater than the 'tx_sequence_number' parameter of the last transmitted 'link_transfer' message (equal to current V(S)).


	immediate_reply_requested


-	Returns 'true' if the 'acknowledgement_request' (AR) field of the most recently received link_transfer message is set to '1'.


	packet_out_of_sequence


-	Returns 'true' if the sequence_number (N(S)) of the last received link transfer message is not equal to the 'receive_state_variable' (V(R)).


	packet_outside_window 


-	Returns ´true´ if the tx_sequence_number of the last received ´link transfer´message is outside the range of values given by the expression [(rx_sequence_number - stored receive_credit) to (rx_sequence_number-1 + rx_credit_number)], these variables being the values of parameters in the last transmitted ´link_acknowledge´messages.


	receive_credit_available


-	Returns 'true' if there is enough buffer space available in the network layer to pass the network_layer_message content of the last received 'link_transfer' message to the network layer.


	received_parameters_acceptable


-	Returns 'true' if the parameters in the last received 'link_request' message (maximum_length, window_size, version) are less than or equal to the maximum permissible values for this unit.


	repeated_link_acknowledge


-	Returns 'true' if the rx_sequence_number of the last received 'link_acknowledge' message is equal to the rx_sequence_number of the last but one received 'link_acknowledge' message, and is not equal to 'send_state'.


	retransmission_count_zero


-	Returns 'true' if the variable 'retransmission_count'  (C1) is zero.


	send_credit_available


-	Returns 'true' if send_credit is greater than zero.


NOTE: Unless otherwise commented, INPUTs and OUTPUTs travel along the RS-232 link to the co-operating data_link process.*/


�



A2.3.	SDL presentation


PROCESS data_link


	STATE reset_wait


		INPUT network_layer_reset	/* -- from the network layer -- */ /* or */


		INPUT power_on					/* -- from operating system -- */


			TASK initialise_rs232_port


			TASK maximise_link_parameters


			TIMESTOP retry_timer(T1)


			TIMESTOP acknowledgement_timer(T2)


			TIMESTOP activity_timer(T3)


			TIMESTOP link_failure_detection_timer(T4)


			OUTPUT link_request


			TIMESTART link_establishment_timer(T0)


			EXIT reset_wait





		INPUT link_request


			TASK adjust_link_parameters


			OUTPUT link_request


			TIMESTART link_establishment_timer(T0)


			EXIT link_wait





		INPUT link_acknowledge


		INPUT link_transfer


		INPUT link_establishment_timeout(T0)


			OUTPUT link_request


			TIMESTART link_establishment_timer(T0)


			EXIT reset_wait





		INPUT network_layer_packet	/* -- from network layer -- */


			OUTPUT packet_rejected	/* to network_layer -- */


			EXIT reset_wait





	STATEND reset_wait





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


�



	STATE link_wait						/* The link establishment timer must be running in this state */


		INPUT link_request


			TASK adjust_link_parameters


			IF received_parameters_acceptable THEN


				TASK initialise_variables


				TIMESTOP link_establishment_timer(T0)


				OUTPUT link_acknowledge


				OUTPUT link_ready		/* -- to network layer -- */


				TIMESTART activity_timer(T3)


				TIMESTART link_failure_detection_timer(T4)


				EXIT ready


			ELSE


				OUTPUT link_request


				TIMESTART link_establishment_timer(T0)


				EXIT link_wait


			FI





		INPUT link_acknowledge


			TASK initialise_variables


			TASK record_send_credit


			TIMESTOP link_establishment_timer(T0)


			OUTPUT link_acknowledge


			OUTPUT link_ready			/* -- to network layer -- */


			TIMESTART activity_timer(T3)


			TIMESTART link_failure_detection_timer(T4)


			EXIT ready


	


		INPUT link_establishment_timeout(T0)


		INPUT link_transfer			


			OUTPUT link_request


			TIMESTART link_establishment_timer(T0)


			EXIT reset_wait


	


		INPUT network_layer_reset	/* -- from network layer -- */


			TASK initialise_rs232_port


			TASK maximise_link_parameters


			TIMESTOP retry_timer(T1)


			TIMESTOP acknowledgement_timer(T2)


			TIMESTOP activity_timer(T3)


			TIMESTOP link_failure_detection_timer(T4)


			OUTPUT link_request


			TIMESTART link_establishment_timer(T0)


			EXIT reset_wait





		INPUT network_layer_packet	/* -- from network layer -- */


			OUTPUT packet_rejected	/* Optional message to network_layer -- */


			EXIT link_wait








		INPUT power_on			/* formally copied from ready state, must be discussed */


			TASK initialise_rs232_port


			TASK maximise_link_parameters


			OUTPUT link_failure		/* -- to network layer -- */


			TIMESTOP retry_timer(T1)


			TIMESTOP acknowledgement_timer(T2)


			TIMESTOP activity_timer(T3)


			TIMESTOP link_failure_detection_timer(T4)


			OUTPUT link_request


			TIMESTART link_establishment_timer(T0)


			EXIT reset_wait





	STATEND link_wait





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





	STATE ready


		INPUT network_layer_packet	/* -- from network layer -- */


			IF send_credit_available THEN


				OUTPUT packet_accepted	/* -- to network layer -- */


				TASK store_packet	/* in case we have to repeat it */


				TASK set_retransmission_counter(C1) 


				OUTPUT link_transfer


				TASK increment_send_state_variable


				TASK decrement_send_credit_value


				TIMESTART retry_timer(T1)


											/* don't reset activity_timer - other party may need a credit_report 


											while we are sending a stream of link_transfer messages */


			ELSE


				OUTPUT packet_rejected


											/* -- to network_layer, because no credit available to transmit it -- */


			FI


			EXIT ready





		INPUT retry_timeout(T1)


			TASK decrement_retransmission_counter(C1)  


			IF   retransmission_count_zero THEN


				TASK maximise_link_parameters


				OUTPUT link_failure	/* -- to network layer -- */


				TIMESTOP retry_timer(T1)


				TIMESTOP acknowledgement_timer(T2)


				TIMESTOP activity_timer(T3)


				TIMESTOP link_failure_detection_timer(T4)


				OUTPUT link_request


				TIMESTART link_establishment_timer(T0)


				EXIT reset_wait


			ELSE


				TASK rewind_packet_number


				OUTPUT link_transfer


				TIMESTART retry_timer(T1)


				EXIT ready


			FI


	





	


		INPUT link_acknowledge


			IF acknowledgement_inside_window THEN	/* The link is still working!*/


				TIMESTART link_failure_detection_timer(T4)


				TIMESTART activity_timer(T3)


				TASK delete_acknowledged_packets	


				TASK record_send_credit


				IF all_transmitted_packets_acknowledged THEN


					TIMESTOP retry_timer(T1)


					TASK set_retransmission_counter(C1)  


					TASK store_acknowledged_rx_sequence_number


					EXIT ready


				ELSE


					IF repeated_link_acknowledge THEN


											/* this is a request to send some packets again */


						TASK decrement_retransmission_counter(C1)   


						IF retransmission_count_zero   THEN


							TASK maximise_link_parameters


							OUTPUT link_failure	/* -- to network layer -- */


							TIMESTOP retry_timer(T1)


							TIMESTOP acknowledgement_timer(T2)


							TIMESTOP activity_timer(T3)


							TIMESTOP link_failure_detection_timer(T4)


							OUTPUT link_request


							TIMESTART link_establishment_timer(T0)


							EXIT reset_wait


						ELSE


							TASK rewind_packet_number


							OUTPUT link_transfer 	/* starting at requested packet number*/


							TIMESTART retry_timer(T1)


							EXIT ready


						FI


					FI


				FI


			ELSE 						/* acknowledgement is outside window */


				TASK maximise_link_parameters


				OUTPUT link_failure	/* -- to network layer -- */


				TIMESTOP retry_timer(T1)


				TIMESTOP acknowledgement_timer(T2)					TIMESTOP activity_timer(T3)


				TIMESTOP link_failure_detection_timer(T4)


				OUTPUT link_request


				TIMESTART link_establishment_timer(T0)


				EXIT reset_wait


			FI





�
	


		INPUT link_request


			TASK adjust_link_parameters


			OUTPUT link_failure		/* -- to network layer -- */


			TIMESTOP retry_timer(T1)


			TIMESTOP acknowledgement_timer(T2)


			TIMESTOP activity_timer(T3)


			TIMESTOP link_failure_detection_timer(T4)


			OUTPUT link_request


			TIMESTART link_establishment_timer(T0)


			EXIT resetlink_wait





		INPUT power_on


			TASK initialise_rs232_port


			TASK maximise_link_parameters


			OUTPUT link_failure		/* -- to network layer -- */


			TIMESTOP retry_timer(T1)


			TIMESTOP acknowledgement_timer(T2)


			TIMESTOP activity_timer(T3)


			TIMESTOP link_failure_detection_timer(T4)


			OUTPUT link_request


			TIMESTART link_establishment_timer(T0)


			EXIT reset_wait





		INPUT network_layer_reset	/* -- from the network layer -- */


			TASK initialise_rs232_port


			TASK maximise_link_parameters


			TIMESTOP retry_timer(T1)


			TIMESTOP acknowledgement_timer(T2)


			TIMESTOP activity_timer(T3)


			TIMESTOP link_failure_detection_timer(T4)


			OUTPUT link_request


			TIMESTART link_establishment_timer(T0)


			EXIT reset_wait	/* Don't send 'link_failure' to network layer, as network layer initiated this transition*/





	


		INPUT link_transfer


			TIMESTART  link_failure_detection_timer(T4)  	


											/* the link is working */


			IF packet_outside_window THEN	/* Optional check; this is a data link error */


				TASK maximise_link_parameters


				OUTPUT link_failure	/* -- to network layer -- */


				TIMESTOP acknowledgement_timer	/* Optional, not used in 'link-wait' state */


				TIMESTOP retry_timer(T1)


				TIMESTOP acknowledgement_timer(T2)


				TIMESTOP activity_timer(T3)


				TIMESTOP link_failure_detection_timer(T4)


				OUTPUT link_request


				TIMESTART link_establishment_timer(T0)


				EXIT reset_wait		/* end of optional check */


			ELSE


				IF packet_out_of_sequence THEN	/* Packet is inside window */


					TIMESTOP acknowledgement_timer(T2)


					OUTPUT link_acknowledge	/* with expected paccket number */


					TIMESTART activity_timer(T3)


				ELSE


					IF receive_credit_available THEN


						OUTPUT network_layer_packet	/* -- to network layer */


						TASK increment_receive_state


						TASK decrement_receive_credit	/* if network_layer is slow to update credit */


						IF immediate_reply_requested THEN


							TASK store_receive_credit


							TIMESTOP acknowledgement_timer(T2)


							OUTPUT link_acknowledge


							TIMESTART activity_timer(T3)


						ELSE


							TASK store_receive_credit


							TIMESTART acknowledgement_timer(T2)


						FI


					ELSE					/* no space to store the packet */


						TASK store_receive_credit


						TIMESTOP acknowledgement_timer(T2)


						OUTPUT link_acknowledge


						TIMESTART activity_timer(T3)


					FI


				FI


				EXIT ready


			FI





		INPUT acknowledgement_timeout(T2)


			OUTPUT link_acknowledge


			TIMESTART activity_timer(T3)


			EXIT ready





		


		INPUT activity_timeout(T3)


				TIMESTOP acknowledgement_timer(T2)


				OUTPUT link_acknowledge


				TIMESTART activity_timer(T3)


				Exit ready





		INPUT link_failure_detection_timeout(T4)


				TASK maximise_link_parameters


				OUTPUT link_failure	/* -- to network layer -- */


				TIMESTOP retry_timer(T1)


				TIMESTOP acknowledgement_timer(T2)


				TIMESTOP activity_timer(T3)


				TIMESTOP link_failure_detection_timer(T4)


				OUTPUT link_request


				TIMESTART link_establishment_timer(T0)


				EXIT reset_wait		





		INPUT credit_value			/* -- from network layer -- */


			TASK update_receive_credit


			IF receive_credit_available THEN


				TIMESTOP acknowledgement_timer


				OUTPUT link_acknowledge


				TIMESTART activity_timer(T3)


			FI


			EXIT ready





	STATEND ready	





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





PROCEND data_link
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