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• VHDL uses signals to define a data pathway between two functional units


Although VHDL offers both variables and signals, we will use mainly signals


-Variables:



Data objects that can be assigned a current value



Assignment statements execute sequentially, 'in-line' with the code



Variable values are not scheduled




Target values update immediately upon execution of assignment stmt.



Do not correlate well with H/W constructs which execute concurrently


-Signals:



Data objects that can be assigned a time series of values




i.e., can specify (value, time) pairs for the data object



Assignment statements simulate concurrent execution




Not necessarily 'In-Line' execution order



Signal values are scheduled




Target values are updated only after a wait time lapses (if specified)



Correlates to the data on physical hardware wires




Serves as a communication path from one component to another




Signals connect components at their ports.

• Signal Assignment Statement


General form is:







signal-name   <= 
value after time ;


where: 
value is a bit type or a computed logical Boolean expression





Bit Type is '0' or '1' (note: single quotes are required)




Logical operators in VHDL include: and, or, nand, nor, xor, not




time is an integer number of time units in VHDL (we will use ns)





Used to specify the delay before updating the target signal





Models propagation time of logic gates or other digital circuitry





(note: units are required; also, ns needs a leading blank space)

Examples:






X <= '0' ;






Y <= '1' ;






Sum <= '1' after 5 ns ;






Carry <= '0' after 8 ns ;


If no after time specified, it defaults to after 0 ns


i.e., it executes and updates immediately at the current simulation time


If an after time is specified, it is relative to the current simulation time



So, if executed at time = 7 ns and delay is 5 ns, signal changes at 12 ns
• Current Simulation Time


The virtual time 'pointer' of the simulator clock


System state at current simulation time gives a snapshot of it in the simulation

• Simulation Time:


Based on the concept of discrete events and event-driven simulation


Discrete-event simulation:



State variables change only at a countable number of points in time



These points in time are the ones at which an event occurs



Event: An instantaneous signal change which can alter the state of the system



Simulation time does not advance in normal 'analog' or 'digital' fashion




Simulator clock does not use constant, fixed increments 




Skips periods of no activity; Jumps to next most imminent event time


A statement can 'go' if any of its RHS signals change value at the current sim time



Its target value can only change if any of the signals it depends upon changes


A statement with no right-hand-side (RHS) signals will 'go' at simulation time 0



It does not depend on any other signals; 'Goes' once at simulation startup



Time specification in this case can be construed as absolute simulation time


When a signal assignment statement 'goes', it posts an event for the target signal

• Event Queue


Used by the VHDL simulator to keep track of scheduled signal changes (events)


Stores a sorted list of events in time ascending order


There can be multiple events scheduled for the same time


So, the above 4 signal assignment statements produce the following events

	Time
	0
	5
	8

	
	X: ('0', 0)
	Sum: ('1', 5)
	Carry: ('0', 8)

	
	Y: ('1', 0)
	
	


• A target signal's value can depend on other signals specified on the RHS


A signal assignment statement is activated (can 'go') upon a RHS event



i.e., whenever a RHS signal changes in value


Example:


Q <= '1' after 2 ns ;






QBAR <= not Q after 5 ns ;

	Time
	2
	7

	
	Q: ('1', 2)
	QBAR: ('0', 7)


• Multiple (value, time) pairs can be assigned in a single statement


Enables any arbitrarily shaped waveform to be generated


General form is:







signal-name   <= 
value after time ,











value after time ,












...











value after time ;



Example:






   Q  <=
'1' after 0 ns,








'0' after 15 ns,








'1' after 33 ns,








'0' after 38 ns,








'1' after 48 ns;



Since this assignment statement does not depend on any signals on RHS,




it is activated only once at startup (i.e., at simulation time = 0)



Entire series of events is posted to event queue when simulation run begins



Last value specified is steady state value ('1' for all time after 48 ns)



Creates the waveform below.





• An assignment statement dependent on a RHS signal goes whenever RHS has event


Example:





QBAR <= not Q after 2 ns ;



Creates a negated Q which lags Q by 2 ns.





• Note: It is important to initialize signal values at simulator startup


All signals are initialized to '0' at simulation time 0


Delay time of dependent signal is not 'rolled back into negative time' by simulator


Need to initialize value of QBAR via a signal declaration statement

• Note: Above event queue is 'simplified' inertial delay model
• Delays


Controls effect of a signal assignment which is dependent on RHS signal changes


Two types in VHDL:



- Inertial Delay




The default mode for VHDL simulator




Models components using a minimum "setup and hold" time




Value on inputs must persist for given time before output responds




Useful in limiting 'spikes' associated with certain circuits





e.g.) Limits transients of a flip-flop in the process of switching



- Transport Delay




Specified using a TRANSPORT keyword in the signal assignment stmt





e.g.)  
signal-name   <= transport value after time ;




Similar to wire or transmission time delay




Output always changes regardless of time duration of input signal




Useful when more detailed examination of each simulation time step reqd





Good for observing transient response of output





High speed inputs without minimum steady state can be modeled





Can provide the equivalent of macroscopic circuit simulation





• For Inertial Delay, important to ensure that RHS signals persist for at least delay time



e.g.)
QBAR <= not Q after 10 ns ;




• For transport delay, important to realize that target signal's value computed at CST


The computed value is just not assigned to the target signal until after the delay


Contrast with: Wait for specified delay, then read RHS signals and update output
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