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Problem 1 (3 Points)

a) Write the two-level AND-OR logic expression for the output Z, as a function of the inputs A, B, and C, corresponding to the following truth table. You need not simplify the expression.(2 points)

	Inputs
	Output

	A
	B
	C
	Z

	0
	0
	0
	1

	0
	0
	1
	0

	0
	1
	0
	1

	0
	1
	1
	0

	1
	0
	0
	0

	1
	0
	1
	0

	1
	1
	0
	1

	1
	1
	1
	0


b) You are to implement the function Z from the above truth table using a 3-to-8 decoder and some other logic. Connect the outputs of the decoder to get output Z. (DEC0 stands for decimal 0) (1 point)
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Problem 2 (5 Points)

A register file and its content are shown below.
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Suppose a 16-bit instruction has the following format:

	OPCODE  (4 bits)
	Destination Register
	Source Register 1
	Source Register 2
	Unused bits   (6 bits)

	0111
	00
	01
	00
	------

	0111
	10
	00
	11
	------


a) Assume 0111 is the opcode for ADD instruction. Fill the content of the registers below after the execution of the two instructions. (3 points)
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b) What is the maximum number of distinct opcodes possible with the above instruction format? (0.5 points)

c) Assuming that the number of opcode bits is unchanged, what is the maximum possible number of registers if there are 3 unused bits instead of 6 unused bits as shown ?  Show your work. (1.5 points)

Problem 3 (4 Points)

The figure below shows a combinational logic circuit. Complete the truth table corresponding to this circuit. 
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Problem 4 ( 2 points)

Complete the truth table for a single-bit full adder, where A and B are the bits that will be added to each other, and Cin is the carry input. 

	A
	B
	Cin
	Carry
	Sum

	0
	0
	0
	
	

	0
	0
	1
	
	

	0
	1
	0
	
	

	0
	1
	1
	
	

	1
	0
	0
	
	

	1
	0
	1
	
	

	1
	1
	0
	
	

	1
	1
	1
	
	


Problem 5 (1 point)
Shown below is the von Neumann model. Label the five major blocks of the block diagram according to their function (e.g. memory, input).
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Problem 6 (4 Points)
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Fill in the truth table for the following transistor level circuit. Note that two wires with the same name are assumed to be connected to each other.
Problem 7 (3 Points)
a) Draw a finite state machine (FSM) diagram for recognizing the bit sequence 111. The machine takes one input every clock cycle which can be 1 or 0. The machine outputs a ‘1’ when the sequence 111 is recognized, otherwise it outputs a ‘0’. Assume that once the bit sequence is recognized, it transitions back to the default state in the next clock cycle, regardless of the input. Your states should be numbered using a 2-bit binary number with formatS1S0. (1.5 points)
b) Complete the truth table for the output Z and next state table for the finite state machine you have drawn in part a. (1.5 points)

Truth Table (0.5 points)

	S1 (MSB)
	S0
	Output  Z 

	
	
	

	
	
	

	
	
	

	
	
	


Next state table (1 point)
Note: S1S0 indicates the current state and S1’S0’ indicates the next state.
	Input
	S1
	S0
	S1’
	S0’

	
	X
	X
	0
	0

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Problem 8: Short Questions (4 points)

       a)  During an instruction cycle, the FETCH phase updates the Instruction Register (IR).

                     1. True


  2. False 

b)  Which phase(s) of the instruction cycle update the MDR?

1. FETCH


  2.    FETCH OPERANDS

3.
EVALUATE ADDRESS
  4.    Both 1) and 2)

c) The minimum number of transistors required to implement a two input OR gate is

1. 3


  2.    8

2. 6


  4.    4

d) If a memory uses 128 D-latches

1. It can have an address size of 4 bits, and addressability of 8 bits.

2. It can have an address size of 3 bits, and addressability of 6 bits.

3. It can have an address size of 8 bits, and addressability of 4 bits.

4. None of the above.

e) The number of outputs of a decoder with 5 inputs is 

1.   10


2.   16

3.   32


4.   64

f) Many D-latches together make a 

        1.   Multiplexer 

2.    Memory

        3. 
Decoder

4.    Clock

g) If number of inputs to a logic gate increases, the number of __________ also increases.

1. Outputs

2.   Transistors

         3. Functions

4.   Both 1 and 2.
h) The input and corresponding output bit streams for a gated D-latch starting at clock cycle 1 are as below. Assume that at cycle 0 the D-latch holds value ‘0’.
Input bit stream – 100101

Output bit stream-110100

During which clock cycles is the ‘write’ signal to the latch disabled?

1. Third and Sixth

2. Third and Fifth

3. First and Fourth

4. None of the above
Problem 9 ( 4 points)

Design a finite state machine (FSM) that controls a car radio as follows:
The FSM has two inputs, LB and RB (left button and right button), which are used to control the radio, and two outputs LS and RS (left seek and right seek) which tell the radio tuner to find the next station on the dial to the left (lower frequency) or to the right (higher frequency).
The user can press either LB to find the next lower station on the dial, or RB to find the next higher station, or both LB and RB at the same time to enter scan mode (the radio keeps switching to the next higher station until the user presses either or both keys to choose the station they like).  The FSM should provide the following behaviors in response to those inputs:
	INPUT
	DESCRIPTION

	LB
	RB
	

	0
	0
	No buttons pushed
	No outputs asserted

	0
	1
	RB only
	Assert RS output

	1
	0
	LB only
	Assert LS output 

	1
	1
	Both LB and RB pushed
	Scan mode; assert RS until user pushes either or both keys.


Label each state with the value of each output. Also, label all state transitions with the input values during the transition.

Extra page for hand written work, if needed. This page is not required and will NOT affect your grade. You don’t even need to hand this page in.
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