PHYSICS 202

SPRING 04

LAB 11 

Part 1. Associative Memory.

It is not simply enough to have cache use SRAM instead of DRAM.  One has to look for an item in cache.  A traditional software search of N items would be of order O(N) and would take too long to make caching worthwhile.  Even if the data is sorted and we were to perform a binary search O(log(N)), it would be excruciating time consuming by processor standards.  One needs to perform the search at the hardware level and moreover search all possible locations simultaneously.  One approach to caching is to use associative memory (a.k.a. content addressable memory).  Here one has a number of comparators and compares the key (item sought – in the case of cache it would be a memory address) to all of the contents of one’s cache simultaneously. Let us adapt our bank of RAM from last semester (Lab 10) to turn it into fully associative memory.  

We will now consider a hardware solution to this problem. In a nutshell, we will compare the key to all the words in memory at once. 

Build a four-bit word comparator.  It took in two four-bit words and produced a high if the words were equal (a low otherwise).  Take your bank of RAM from Lab 10 of last semester (4 four-bit words).  Since there are four words in memory, we will need four comparators.  Use a set of four switches to input the key (item sought).  Connect one set of inputs of each comparator to the key.  Connect the other set of inputs to the words in RAM.  Note that we are not going through the standard output of the bank of RAM but instead are directly accessing each word.  Finally the output of the comparators are fed into an OR gate.  Place a red-probe indicator on the output of the OR gate. 

After starting the simulation, you must write into the memory.  Use the four words (D, E, B, 8).  Then flip the switches corresponding to the keyword.  Try one that in not in your “database.”  Paste the circuit below.  Then try a key word that is in your bank.  Paste it below as well.

In the example above, if we assume all of the words in memory are different, then of the four comparator outputs, at most one is high.  Build the circuitry that has four inputs and two outputs.  Strictly speaking there will be sixteen possible input states.  However, we only care about those four states in which one and only one input is high.  For such a case, add circuitry for which the two outputs correspond to the address of the high line.  Paste the circuit below.  (Depending on how you approach it, it may be somewhat similar to part of the ROM circuit we built.) 

Part 2. Homemade Schmitt trigger.

Build the circuit below.
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The new circuit element is a potentiometer found under the Resistor button.   
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It allows one to vary the resistance (and in the circuit above the voltage) without disconnecting the circuit.  In the example above, one types R and shift R to change the percentage by 5% intervals.  

First increase the percentages starting at zero. Then decrease the percentages starting at 100%.  Note that the circuit above includes a flip-flop (memory) so the power should be kept on for the entire simulation.   

	Increasing

	Potentiometer Percentage
	Input 

Voltage
	R Input 

(high or low)
	S input 

(high or low)
	Q output

(high or low)

	0%
	
	
	
	

	5%
	
	
	
	

	10%
	
	
	
	

	15%
	
	
	
	

	20%
	
	
	
	

	25%
	
	
	
	

	30%
	
	
	
	

	35%
	
	
	
	

	40%
	
	
	
	

	45%
	
	
	
	

	50%
	
	
	
	

	55%
	
	
	
	

	60%
	
	
	
	

	65%
	
	
	
	

	70%
	
	
	
	

	75%
	
	
	
	

	80%
	
	
	
	

	85%
	
	
	
	

	90%
	
	
	
	

	95%
	
	
	
	

	100%
	
	
	
	


	Decreasing

	Potentiometer Percentage
	Input 

Voltage
	R Input 

(high or low)
	S input 

(high or low)
	Q output

(high or low)

	100%
	
	
	
	

	95%
	
	
	
	

	90%
	
	
	
	

	85%
	
	
	
	

	80%
	
	
	
	

	75%
	
	
	
	

	70%
	
	
	
	

	65%
	
	
	
	

	60%
	
	
	
	

	55%
	
	
	
	

	50%
	
	
	
	

	45%
	
	
	
	

	40%
	
	
	
	

	35%
	
	
	
	

	30%
	
	
	
	

	25%
	
	
	
	

	20%
	
	
	
	

	15%
	
	
	
	

	10%
	
	
	
	

	5%
	
	
	
	

	0%
	
	
	
	


Change the resistance in the center of the lower portion to 2k( and repeat the above exercise. 

	Increasing

	Potentiometer Percentage
	Input 

Voltage
	R Input 

(high or low)
	S input 

(high or low)
	Q output

(high or low)

	0%
	
	
	
	

	5%
	
	
	
	

	10%
	
	
	
	

	15%
	
	
	
	

	20%
	
	
	
	

	25%
	
	
	
	

	30%
	
	
	
	

	35%
	
	
	
	

	40%
	
	
	
	

	45%
	
	
	
	

	50%
	
	
	
	

	55%
	
	
	
	

	60%
	
	
	
	

	65%
	
	
	
	

	70%
	
	
	
	

	75%
	
	
	
	

	80%
	
	
	
	

	85%
	
	
	
	

	90%
	
	
	
	

	95%
	
	
	
	

	100%
	
	
	
	


	Decreasing

	Potentiometer Percentage
	Input 

Voltage
	R Input 

(high or low)
	S input 

(high or low)
	Q output

(high or low)

	100%
	
	
	
	

	95%
	
	
	
	

	90%
	
	
	
	

	85%
	
	
	
	

	80%
	
	
	
	

	75%
	
	
	
	

	70%
	
	
	
	

	65%
	
	
	
	

	60%
	
	
	
	

	55%
	
	
	
	

	50%
	
	
	
	

	45%
	
	
	
	

	40%
	
	
	
	

	35%
	
	
	
	

	30%
	
	
	
	

	25%
	
	
	
	

	20%
	
	
	
	

	15%
	
	
	
	

	10%
	
	
	
	

	5%
	
	
	
	

	0%
	
	
	
	


	Upper: 

Lower:

Explanation: 


















































