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Computer Architecture

Exam #1

(Tuesday, October 2, 2007)

Name: ___________________________________


[image: image1]
Max Points: 100
1. Complete the following truth table [4 points]:

	A
	B
	(A •B)+(A •B)

	0
	0
	 

	1
	0
	 

	0
	1
	 

	1
	1
	 


2. Complete the following truth table [6 points]:

	A
	B
	C
	A(B( C

	0
	0
	1
	 

	1
	0
	1
	 

	0
	1
	0
	

	1
	1
	0
	

	1
	1
	1
	

	0
	0
	0
	


3. Convert the following Boolean equations to corresponding logic circuit using only AND, OR, and NOT logic gates (you may assume that the AND & OR gates can work with more than 2 inputs if necessary).  Ensure you label each input and output for every logic gate).
a. (A ( B) • C

[7 points]
4. Study the logic circuit shown below.  Based on this logic circuit suitably answer the questions below.

[image: image2.png]o0

1 ns

s
B

)

A O
B o

O

3 ns




a. Illustrate the Boolean equation that defines the relationship between the primary inputs A, B, and C with the primary output O.

[4 points]
b. Illustrate one combination of bit values for the primary inputs A, B, and C such that the primary output O is 1 by filling in (1 or 0) in the blanks below. [3 points]
A: _______
B: _______
C: ________

c. Given the various propagation delay values on individual gates, what is the overall propagation delay (in nanoseconds) for the above logic circuit? [4 points]
5. Draw the schematic for a 4x1 (4 Inputs, 1 Output) Multiplexer using only AND, OR, and NOT gates (you may assume that the AND & OR gates can work with more than 2 inputs if necessary).
Ensure the following aspects of the Multiplexer are suitably addressed:

a. Clearly indicate how you determined the number of selection lines required for the Multiplexer.  Label the selection lines using the scheme S0, S1, S2, ..., Sn.     [2 points]

b. Illustrate the selection logic for the multiplexer via a suitable selection table.  [3 points]

c. Draw the schematic below. The inputs to the logic circuit must be labeled A, B, C, and D. The outputs should be labeled O.  The logic circuit should perform the selection logic as indicated by your selection table. [5 points]

6. Draw the logic circuit for a full adder (with inputs A, B, & Cin and outputs Sum & Cout) using just AND, OR, NOT, and XOR gates.
[6 points]

7. Draw the schematic for a logic circuit that can add 5 bits (labeled B0, B1, B2, B3, and B4) together to produce a single, unsigned 3-bit number (represented by labels S2, S1, and S0, where S0 is the least-significant-bit and S2 is the most-significant-bit). You are permitted to use appropriate abstract notations for selected logic circuit elements for this question.  Inputs and outputs should be clearly labeled in order to get full points. [8 points]

8. Represent the decimal number -7510 in 8-bit, 2’s complement representation [3 points for intermediate steps + 1 point for final answer]

9. Perform the following addition operation and represent the final result as a decimal number [4 points for intermediate steps + 1 point for final answer]:


1F16 + 208 + 510 + 0011112 = __________________
10. If the 8-bit hexadecimal number AA16 was interpreted as an 8-bit 2’s complement number, what would its decimal value be?  [6 points]:

11. If the decimal number 2710 is represented using 4-bit binary and the result is interpreted as a 4-bit 2’s complement number and converted back to decimal, what is the result?     [5 points]:

12. Consider the following data path:


	Truth Table for Mux1/2 & DeMux

	R1/R2/R3
	Register

	00
	Reg0

	01
	Reg1

	10
	Reg2

	11
	Reg3

	Table for ALU

	OpCode
	Operation

	0000
	A • B

	0001
	A OR B

	0010
	A

	0011
	B  (Not B)

	0100
	A + B

	0101
	A – B


a) Expand the following acronyms for components that are typically found in conventional PCs and are associated with the data path.

[3 points]
i. ALU:

ii. RAM:

iii. CPU:

b) Briefly (no more than 2 sentences) describe the following components that are associated with a data path:
[2 + 2 = 4 points]

i. Register

ii. Bus

c) Given the above data path, organize the following operations in the correct order to illustrate the sequence of operations performed to add two values (stored in registers Reg1 and Reg2) and store the result into another register (say Reg3).       [4 points]

i. Mux1 and Mux2 select values from the appropriate registers (using bits applied to R1 and R2) and place it on the inputs (A and B) to the ALU.

ii. The DeMux uses the bits applied to R3 to place the output from the ALU into the appropriate destination register.

iii. Apply suitable bit patterns to the inputs of the data path.

iv. ALU uses the OPCode value to perform the addition operation

The correct order of operations is:  ______, ______, ______, _______
d) What is a word?  What is the word size of the data path shown in the earlier figure? [2 points]

e) Develop a sequence of bits (or instructions), that must be fed to the inputs of the data path (namely, OPCode, R1, R2, and R3), that will set the register Reg1 to the value 110.  You may not assume that any of the registers contain a specific value.  Provide a brief comment with each instruction indicating the operation you are trying to achieve using suitable notations.   
[6 points]

	OPCode
	R1
	R2
	R3
	Comments

	
	
	
	
	


f) Assume that some number (in 2’s complement representation) is stored in Reg0. Rest of the registers contains some random values in them. Develop a sequence of bits (or instructions), that must be fed to the inputs of this data path (namely, OPCode, R1, R2, and R3), that will set the register Reg1 to 1 if the number in Reg0 is even (zero is included in the list of even numbers).  Note that your program must operate correctly with both positive and negative numbers (represented in 2’s complement).  Provide a brief comment with each instruction indicating the operation you are trying to achieve using suitable notations.   
[9 points]

	OPCode
	R1
	R2
	R3
	Comments

	
	
	
	
	


Instructions





Answer all questions clearly and suitably highlight the final result as necessary. If your writing or drawing is unclear you will not get full credit for your answer.  Even if your final answer is not correct, credit will be given for intermediate steps assuming they are clearly shown. No discussions or reference material is permitted.  You may use your calculator if you find it necessary.





Good Luck!
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