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Introduction 


The goal of this project was to produce a logic simulator for the Bench format. Along with this simulator we were supposed to provide a diagnosis for a faulty circuit. Diagnosis meaning providing information on which gate or signal is wrong and producing an incorrect result. This report will provide a performance analysis of the simulator as well as explaining the algorithm used in diagnosing the fault.

Simulator 


To simulate the circuit the netlist is read in from a file. The key words INPUT and OUTPUT are searched for in the file and the input and output names are placed into corresponding arrays and these names are removed from the netlist. The logic gate names are then searched for and their location is kept track of and the names are changed to reflect how many of the gates there are and which one it happens to be. A simulation table is then created with the gate names fan-in signal names and the fan-out signal name. This table is used in the simulation of the circuit.

A signal array is created with the names of all the signals in the circuit including the primary inputs and primary outputs. This two dimensional array keeps the value of all the signals. The signals are set to logic 0 before each input vector is applied. The vectors are produced with all the possible vectors, up to 1000, in a random order. After the first vector is applied to the inputs the signal array is changed to reflect the new value of the primary inputs. 


The first line of the simulation table is read and the first logic gate is evaluated. The simulator reads the input signals of the gate by using the fan-in list then writes the proper value of the output back to the signal list. This continues through all of the gates in the circuit and then through all the vectors that are generated.

Performance


The simulator and diagnostic program were both written in Matlab and some of the functions such as strmatch were used in the program. I do not really know what extra computation these built in functions do or the amount of extra cpu time they use, so the simulator is rather slow. It could be streamlined by being written with custom functions specifically for this type of program. Also the gate names are changed ever time so the final netlist to be simulated is not read in, only the preliminary netlist is. Also so time is taken to produce the vectors every time the program is run. These could be fixed in order to speed up the simulation process.

The simulator only looks at a gate once per vector because it assumes they were written in a specific way with the first occurring gate written first. So the time it takes to simulate should be the amount of time an average gate takes to evaluate multiplied by the number of vectors.
	Number of Vectors
	128
	256
	512

	158 Gates
	58.79s
	237.807s
	498.80s


	Number of Vectors
	128
	256

	128 Gates
	48s
	98s


As seen in the tables above both the number of input vectors, which corresponds to the number of inputs, and the number of gates in the circuit cause an significant increase in the simulation time.

Diagnosis

The outputs of the simulated circuit are kept in an output array. These are then compared to the expected output for the input vector and the primary outputs are flagged on whether or not it has the proper value. If it does then the next primary output is checked. However, in the case where the output is not correct, that primary output is traced back to the gate that it originates from. This gate is then placed in the suspect gate list and the incorrect output is placed in the suspect signal list. From the suspect gate’s fan-in information the program takes all the fan-in signals and places them into the suspect signal list, while the primary inputs, should they occur in the fan-in, are removed because it is assumed that they are correct. This process is continued until all the new fan-ins are primary inputs. This process is repeated for all incorrect outputs and all vectors that produce incorrect outputs.

After all the suspect lists have been formed, the program intersects all these lists to see which of these gates occur the most times and these gates are the ones reported back to the user as being the possibly faulty gates. Since there is a good chance that one faulty gate will produce many faulty outputs and the many inputs would trigger the fault to be projected onto the outputs, there should be a significant number of suspect lists to intersect and try to find the faulty signal or gate.

There are some flaws in this approach, however. This method would work best on a circuit with many outputs and for errors that are reflected in many outputs. Also it would work best on errors that are reflected by many inputs, this would provide many suspect lists to cross reference. One valuable set of information that this method over looks is which paths are sensitized with each input vector; this would provide information on gates that could be ignored, helping to narrow the faulty gate or signal down more. Also information about which gates and vectors produced good outputs could be used to rule out certain gates. These would allow for a more accurate diagnosis.
Conclusion

Simulation and Diagnosis of logic circuits is a very complex and challenging problem. It is a problem that is not easily solved. Many methods may be implemented in trying to solve such a problem. I have explored one option that has many pros and yet many more cons. The program could be streamlined in order make it more efficient. Also the diagnosis has not been fully achieved. Some work is left on making the program back track all the way to the primary inputs. Right now it is set at a certain number of steps backwards that it goes; just a little work on a loop would solve that problem. The algorithm could be made more accurate by taking into account some of the other information about the gates and being able to rule some gates out of the faulty list. This was a very challenging project that took time and effort to work on, however it did provide a very good learning experience and something to make us think about how to problem solve.
