ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test II, October 27, 2004




Total 24 points
Broun 306, 8:00-8:50AM
Instructions: Please read all questions before writing your answers and attempt all four (4) questions. Be sure to revise your answers before turning them in. Please number your answer sheets, and on the first page identify the test as shown above, write your name and write the total number of pages you are submitting. You must return the question sheet with your answers.  Thank you.
Problem 1:








6 points
Consider the following cases of addition of 4-bit two’s complement integers:



(i)
  0111


(ii)
  1001




+0100



+0010
1011 1011
(a) Although the numbers being added are different, why are the result same?           









(3 points)
(b) Express the two additions using equivalent decimal integers.
(3 points)
Answer:

(a) In (i), both numbers being added have the same sign (positive) but the sum is negative. This condition indicates overflow and the sum is not correct. There is no overflow in (ii) and the sum is correct.

(b) (i) 7+4 = -5 (incorrect due to overflow); (ii) -7+2 = -5

Problem 2:








6 points
We wish to multiply 6ten by -6ten using the Booth multiplication algorithm and 4-bit two’s complement representation:

(a) Show the steps of multiplication leading to the final result.

(3 points)
(b) What is the minimum number of partial products in this case?
(3 points)
Answer:

(a)


        0110

6ten



___  1010(0)

-6ten



1111010

2nd bit-pair is 10, partial product = -6ten



000110

3rd bit-pair is 01, partial product = 6ten



11010


4th bit-pair is 10, partial product = -6ten



11011100

-36ten
(b) The multiplication in (a) generated three partial products. This is because the multiplier has three bit changes. Since the multiplicand has only two bit changes we can reduce the number of partial products to two by interchanging the multiplicand and multiplier. Thus,



        1010

-6ten




        0110(0)

6ten



0000110

2nd bit-pair is 10, partial product = 6ten



11010


4th bit-pair is 01, partial product = -6ten



11011100

-36ten
The minimum number of partial products is 2.
Problem 3:








4 points
(a) Show the single-precision 32-bit word representation for the floating point number, -1.10110×2-5, which is in the IEEE 754 format.

(2 points)

(b) What is the decimal value of this number?



(2 points)

Solution:

(a) 32-bit representation is as follows:

1 01111010
10110000000000000000000

 bit 31
= 1
sign bit is 1 since the number is negative.

 bits 23-30 = 01111010 = 122 is biased exponent (-5+127).

 bits 0-22
= 10110 . . . 0 are the bits on the right of binary point.

(b) Decimal value 
= - (1 + 2-1 + 2-3 + 2-4) × 2-5
= - (1 + 0.5 + 0.125 + 0.0625)/32 = - 0.052734375

Problem 4:








8 points
Sketch the multicycle datapath for MIPS instruction fetch operation, showing the program counter, memory, instruction register, ALU, ALU control, and data transfer paths (with necessary multiplexers).





(3 points)
(a) How many clock cycles does instruction fetch take?


(1 point)
(b) Specify the function of each component during instruction fetch, describing the contents of all participating registers before and at the end of the cycle. (2 points)
(c) Specify the signals that the control finite state machine (FSM) must generate to set up the datapath for instruction fetch.



(2 points)
Solution:

The following diagram shows the datapath for instruction fetch. It is extracted from Slide 36 of Lecture 9.



[image: image1]
(a) Instruction fetch takes one clock cycle.

(b) Component functions and register contents are as follows:

	Component
	Function
	Content before
	Content after

	PC (program counter)
	Holds instruction address
	Present instruction address
	Next instruction address

	Memory
	Stores program and data
	All programs and data
	Unchanged

	IR (instruction register)
	Holds instruction word
	Previous instruction
	Current instruction

	ALU
	Arithmetic and logic operations; adds 4 to contents of PC

	ALU Control
	Generates 3-bit operation code for ALU from function code (instruction word) and ALUOp (from control); ALUOp=00 input causes the 3-bit code corresponding to “add” function.


(c) Following control signals are generated for the instruction fetch datapath:

i. ALUSrcA=0; routes PC to the first input of ALU.

ii. ALUSrcB=01; routes constant 4 to the second input of ALU.

iii. ALUOp=00; produces the 3-bit ALU operation code corresponding to “add”.

iv. IorD=0; routes the PC to the address input of memory.

v. MemRead=1, causes the contents of the addressed location of memory to appear at the “data out” port.

vi. IRWrite=1; causes the output data of memory to be written in instruction register (IR).
vii. PCSource=00; routes ALU output to PC.

viii. PCWrite=1; causes the data present at the input of PC to be written in PC.
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