	Due date:
	Beginning of class on Fri, Oct 3 2008



Computer Architecture

Assignment #4

	Due: At the Beginning of class on Friday October 3 2008


Maximum Points: 90
	The objective of this homework assignment is to obtain a better understanding of number representation in modern computers and explore the use of logic gates to perform mathematical operations. In addition, you will be hand drawing the logic circuits in this assignment just like you would be on the exams in this course. This will help you prepare for the exams in this course.


	Submission Instructions

Write the solutions for each of the following questions and turn-in the solutions at the beginning of class on the specified due date.  Your handwriting and work must be neat and extremely easy to read.  The schematics must be neatly drawn, with necessary labels.  For the number conversion exercises, the intermediate steps are more important than the final result.  Ensure you clearly show intermediate steps otherwise you will not get full credit.  You will be penalized for shabby work!  You may type out the solutions, print them, and turning the print out.


Name (in print): _____________________________________
1. Convert the unsigned number  8910 to Unsigned Binary
[ 2-points intermediate steps, 1-point final solution] 
Dividing 8910 successively by 2 and writing remainders in reverse we get the binary representation for 8910 to be 10110012
	2
	89
	

	2
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2. Convert the unsigned binary number  10110012 to  

a. Octal

[ 2-points intermediate steps, 1-point final solution]

i. From question 1, we know the binary representation for  8910 to be 10110012
	1
	011
	001

	1
	3
	1


ii. Now, collecting sets of 3 bits from right to left we get:
iii. From above we get the octal representation for 8910 to be 1318.

b. Hexadecimal
[ 2-points intermediate steps, 1-point final solution]
	101
	1001

	5
	9


i. From question 1, we know the binary representation for  8910 to be 10110012
ii. Now, collecting sets of 4 bits from right to left we get:
iii. From above we get the octal representation for 8910 to be 5916.

3. Convert the unsigned binary number 1001102 to 
a. Hexadecimal
[ 2-points intermediate steps, 1-point final solution]

i. Collecting set of 4 bits from right to left we get:

	10
	0110

	2
	6


ii. From above we get the 1001102 is 2616.

b. Decimal

[ 2-points intermediate steps, 1-point final solution]

i. Multiplying bits from right to left with increasing powers of 2 we get 

	1
	0
	0
	1
	1
	0

	* 25
	* 24
	* 23
	* 22
	* 21
	* 20

	32
	0
	0
	4
	2
	0


ii. Adding above values (shaded with gray) we get 1001102 =3810.

4. The following question is related to the Half Adder.

a. Complete the truth table for a half-adder.

[2 points]

	A
(in
)
	B (in)
	Sum
(out)
	Cout
(out)

	0
	0
	0
	0

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	0
	1


b. Draw the schematic for a half-adder using only AND, OR, and NOT gates.  Label the inputs and outputs corresponding to the labels shown in the truth table in 4.a [5-points]
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5. Complete the truth table for a full-adder logic circuit.  [4 points]
	A
(in)
	B
(in)
	Cin
(in)
	Sum
(in)
	Cout
(in)

	0
	0
	0
	0
	0

	0
	0
	1
	1
	0

	0
	1
	0
	1
	0

	0
	1
	1
	0
	1

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	1
	0
	0
	1

	1
	1
	1
	1
	1


6. Illustrate the schematic of a Full Adder logic circuit using AND, OR, NOT, and XOR gates after completing the Boolean equations for the two outputs from the logic circuit. Label the 3 1-bit inputs to your circuit as A, B, and Cin. Label the outputs as Sum and Carry. [2+5=7points]
	Boolean equation for Sum =
	A ( B ( C

	
	

	Boolean equation for Carry = 
	(A(B)+(B(C)+(C(A)



Draw the schematic of the Full Adder logic circuit using AND, OR, NOT, and XOR gates here.

7. Using the abstract notation of a full adder (shown in the adjacent figure), draw the schematic for a 4-bit adder circuit that adds 2, unsigned 4-bit numbers (whose bits are indicated by A3A2A1A0 with A3 being the most significant bit and B3B2B1B0 with B3 being the most significant bit) and generates a 5 bit number (whose bits are indicated by C4C3C2C1C0 with C3 being the most significant bit). 
[7 points]

8. Represent the decimal number -5310 using 

a. 8-bit Sign-Bit Magnitude
[ 2 points intermediate steps, 1 point final solution]

i. Convert 5310 to 8-bit binary (by successive division by 2 and writing remainders in reverse) to get 001101012.

ii. Since the decimal number is negative change the Sign bit (left-most bit) to 1 to get the final solution of 101101012. 

b. 8-bit 1’s complement
[ 2 points intermediate steps, 1-point final solution]

i. Converting 5310 to 8-bit binary (as shown above) to get 001101012.

ii. Since the decimal number we started with is negative, invert all the bits (that is make 0s to 1s and 1s to 0s) to get the final solution of: 110010102.
c. 8-bit 2’s complement
[ 2 points intermediate steps, 1-point final solution]

i. Converting 5310 to 8-bit binary (as shown above) to get 001101012.

ii. Since the decimal number we started with is negative, invert all the bits (that is flip 0 → 1 and 1 → 0) to get 110010102.

iii. Now, add 12 to the above number to get the final solution: 110010112.

9. Convert the following 8-bit binary numbers represented using 2’s complement representation to decimal
a. 00000000

[2 points intermediate steps, 1 point final solution] 
i. Since the sign-bit (left most bit) is 0, this represents a positive number.  Therefore, convert the binary number to decimal (by multiplying by powers of 2) to get 010.

b. 11110101

[2 points intermediate steps, 1 point final solution]
i. Since the sign-bit (left most bit) is 1, it represents a negative number.  First step is to determine the 2’s complement of the number

1. First invert all the bits to get 000010102.

2. Add 12 to the above number to get: 000010112.

ii. Convert the above number to decimal to get: 1110.

iii. Since we binary number is negative include a negative sign to get the final solution of: -1110.
c. 00000111

[2 points intermediate steps, 1 point final solution]
i. Since the sign-bit (left most bit) is 0, it indicates a positive number.  Therefore, convert the binary number to decimal (by multiplying by powers of 2) to get 710.

d. 10101010

[2 points intermediate steps, 1 point final solution]
i. Since the sign-bit (left most bit) is 1, it represents a negative number.  First step is to determine the 2’s complement of the number

1. First invert all the bits to get 010101012.

2. Add 12 to the above number to get: 010101102.

ii. Convert the above number to decimal to get: 8610.

iii. Since we binary number is negative include a negative sign to get the final solution of: -8610.
10. Represent the number -3210 using 8-bit Sign-Bit Magnitude representation.  Now, interpret the resulting binary representation as a 2’s complement number, convert it back to decimal, and indicate the decimal value obtained [3 points intermediate steps, 1 point final solution].
a. The Sign-bit magnitude representation for -3210 is 101000002.

b. When the above 8-bit binary number is interpreted as an 8-bit 2’s complement number, it indicates the number is a negative number.  In order to convert it to decimal the following steps are needed:
i. First invert all the bits to get 010111112.

ii. Add 12 to the above number to get: 011000002.

iii. Converting the above binary to decimal we get: 9610.

iv. Since we started off with a negative sign-bit the final solution is: -9610.
11. Draw the schematic of a circuit that can convert a 3-bit Sign-bit Magnitude binary number (represented by bits S2S1S0) to 2’s complement representation (represented by O2O1O0).

[7 points]
Let the 3-bit Sign-bit Magnitude representation be represented by symbols S2S1S0 respectively, where S2 is the sign bit. The envisioned circuit needs to do the following operation:

1. If the sign-bit (S1S0) is 0, it indicates a positive number.  In this case, the bits can be directly used as is without any modifications.

2. If the sign-bit (S2) is 1 it indicates a negative number.  In this case, the other 2 bits (S1S0) need to be inverted and 1 needs to be added to obtain the 2’s complement representation.

The circuit shown below achieves the aforementioned task by using the Add/Subtract circuit (discussed in class) but setting one of the operands to 0, thereby simply generating the 2’s complement representation indicated by bits O2O1O0.
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12. 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]
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13. Represent the number 3910 using 5-bit unsigned binary representation (you will have to drop the most significant bit).  Convert the resulting representation back to decimal and indicate the resulting decimal value. [5-points]

a. Converting 3910 to binary we get: 1001112.

b. However 1001112 does not fit in 5-bits and the most significant bit is dropped to get 001112 as the 5-bit representation.

c. Converting 001112 to decimal we get 710.

d. Given a base-4 notation that uses symbols 0, 1, 2, and 3 to represent 4 possible digits in the base-4 system, what is the value of the number 3124 in decimal?
[5-points]

e. Since this is a base-4 system, each digit is multiplied by powers of 4 and added as shown below:

	3
	1
	2

	42
	41
	40

	48
	4
	2


f. Decimal value = 48 + 4 + 2 = 5410.
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� IN implies input while OUT implies outputs
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