Exam 2

CS 447: Computer Organization and Assembly Language Programming

Date: 11/20/01

Fall 2001

Jason D. Bakos

Name (please print):  ______________________________________________________

Instructions
This is a CLOSED BOOK AND NOTES exam.  You may use calculators and scratch paper.  Write clearly to minimize legibility issues when grading.  I recommend using a pencil if you have one.  Point values for each question are provided.  Use these as a tool to maximize your score if you cannot complete the exam in time.  There are 135 possible points available.  If you have any questions, see me.  If you are unclear on what a question is asking, ASK!  Good luck!

Chapter 4: Arithmetic for Computers

1.  (5 points) List the names and purpose of the three main components of a CPU.

Arithmetic Logic Unit (ALU) – performs computation

Control Unit (CU) – controls CPU operation

Registers – temporary storage
2.  (10 points)  Design a 4-input multiplexor (with a 2-bit select) that has a 2-gate delay latency using only AND and OR gates (assume you have access to inverted inputs).  Show truth table, Boolean equation, and schematic.

	A
	B
	C
	D
	sel1
	sel0
	out

	0
	X
	X
	X
	0
	0
	0

	1
	X
	X
	X
	0
	0
	1

	X
	0
	X
	X
	0
	1
	0

	X
	1
	X
	X
	0
	1
	1

	X
	X
	0
	X
	1
	0
	0

	X
	X
	1
	X
	1
	0
	1

	X
	X
	X
	0
	1
	1
	0

	X
	X
	X
	1
	1
	1
	1
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Note:  A complete truth table would require 64 rows...  much easier to use don’t cares!

3.  (10 points) Design a device using only full-adders that will multiply a 4-bit number by three in one clock cycle.  The output must be a six-bit result.

For this question, you need to wire both inputs of four adders to each bit of the input.  The results of the adders should be connected to another level of adders with the other input being each bit of the input number.  The carryouts of the adders should lead to a final adder, with its result being the 5th bit and its carryout being the 6th bit.
4.  (10 points) Provide a complete truth table and minimized sum-of-products Boolean algebra equation for the following equation:
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	A
	B
	C
	A+B
	C(A+B)
	not(C)
	Z

	0
	0
	0
	0
	0
	1
	1

	0
	0
	1
	0
	0
	0
	0

	0
	1
	0
	1
	0
	1
	1

	0
	1
	1
	1
	1
	0
	1

	1
	0
	0
	1
	0
	1
	1

	1
	0
	1
	1
	1
	0
	1

	1
	1
	0
	1
	0
	1
	1

	1
	1
	1
	1
	1
	0
	1
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5.  (15 points) Assume the following divider design:
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Assume the divisor and remainder registers are 12 bits and the quotient register is 6 bits.  Give the values of each register before each clock cycle of a divide operation.  Assume the divider is dividing 60 by 7 (all register values are unsigned).

	Cycle
	Remainder
	Divisor
	Quotient

	1
	000000111100=60
	000111000000=448
	000000=0

	2
	000000111100=60
	000011100000=224
	000000=0

	3
	000000111100=60
	000001110000=112
	000000=0

	4
	000000111100=60
	000000111000=56
	000000=0

	5
	000000000100=4
	000000011100=28
	000001=1

	6
	000000000100=4
	000000001110=14
	000010=2

	7
	000000000100=4
	000000000111=7
	000100=4

	8
	000000000100=4
	000000000011=3
	001000=8


6.  (10 points) Convert 6875.1123 to IEEE 754 binary single-precision floating point representation.

sign=0 [31]

exponent=12+127=139=10001011 [30..23]

significand=101011011011000111001011

7.  (10 points) Design a 2-bit adder that has a 2-gate delay critical path.  The adder will accept 4 inputs: A1 and A0 (operand A) and B1 and B0 (operand B).  There is no carryin.  The outputs will be R1 and R0 (result), and R2 (carryout).  Provide the Boolean logic equations for the result bits only.  (Hint: don’t worry about using full adders for this question, because you can’t do this using full adders – start with a truth table.)

	A1
	A0
	B1
	B0
	R2
	R1
	R0

	0
	0
	0
	0
	0
	0
	0

	0
	0
	0
	1
	0
	0
	1

	0
	0
	1
	0
	0
	1
	0

	0
	0
	1
	1
	0
	1
	1

	0
	1
	0
	0
	0
	0
	1

	0
	1
	0
	1
	0
	1
	0

	0
	1
	1
	0
	0
	1
	1

	0
	1
	1
	1
	1
	0
	0

	1
	0
	0
	0
	0
	1
	0

	1
	0
	0
	1
	0
	1
	1

	1
	0
	1
	0
	1
	0
	0

	1
	0
	1
	1
	1
	0
	1

	1
	1
	0
	0
	0
	1
	1

	1
	1
	0
	1
	1
	0
	0

	1
	1
	1
	0
	1
	0
	1

	1
	1
	1
	1
	1
	1
	0


(Karnaugh Map alone in lieu of TT is okay.)
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8.  (10 points) Show the steps of Booth’s algorithm to multiply the binary forms of 17 and 14.

10001 =  17

01110 =  14

100010 = -34

100010000 = +272

11101110 = 238
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