ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test I, October 5, 2005 (rescheduled October 7, 2005)
Total 24 points
Broun 306, 8:00-8:50AM
Instructions: Please read all problems before writing your answers. Attempt all five (5) problems. 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 the total number of pages, and staple them before submitting. Thank you.
Problem 1:








6 points
a. Assume that a CPU can perform a multiplication in 12ns, an addition in 1ns and a subtraction in 1.5ns. How long will it take for the CPU to calculate the result of


c = a×a - b×b?







(3 points)
b. Could you optimize the equation so that it will take less time?
(3 points)
Answer:
a. To calculate c = a×a - b×b, the CPU will perform two multiplications and one subtraction.

Time needed = 12 × 2 + 1.5 = 25.5ns

b. We can write the equation as c = (a + b) × (a – b). Then one multiplication, one addition and one subtraction will be performed.

Time needed = 12 + 1 + 1.5 = 14.5ns

Problem 2:








6 points
a. Add comments to the following MIPS code. Assume that $a0 and $a1 are used for the input and initially contain the integers a and b, respectively. Assume that $v0 is used for output.






(4 points)




add
$t0,
$zero,
$zero


loop

beq
$a1,
$zero,
finish





add
$t0,
$t0,
$a0





sub
$a1,
$a1,
1





j
loop



finish

addi
$t0,
$t0,
100





add
$v0,
$t0,
$zero

b. Describe in one sentence what this code computes?


(2 points)
Answer:

a. Commented code is as follows:




add
$t0,
$zero,
$zero
# initialize running sum $t0 = 0

loop

beq
$a1,
$zero,
finish
# finish when $a1 is 0



add
$t0,
$t0,
$a0
# compute running sum of $a0



sub
$a1,
$a1,
1
# compute this $a1 times




j
loop


finish

addi
$t0,
$t0,
100
# add 100 to a *  b




add
$v0,
$t0,
$zero
# return a * b + 100
b. The program computes (a × b) + 100.

Problem 3:








6 points
a. Suppose a MIPS compiler uses the following instructions:



move
$s1, $s2
# $s1 ← $s2




clear
$t5

# $t5 ← 0


not implemented in the hardware. How will the assembler translate each of these 
instructions into a minimal sequence of actual MIPS instructions?
(3 points)
b. A procedure uses registers $t1 and $s1. Write the instructions that compiler should include at the beginning and end of the assembly code of the procedure to save and restore registers.





(3 points)
Answer:

a. A “move” instruction can be implemented as:

add
$s1, $s2, $zero

# add 0 to $s2 and place result in $s1

The following implements a “clear” instruction:



add
$t5, $zero, $zero
# $t5 gets the result of 0+0
b. According to the MIPS convention of register usage, only $s1 needs to be saved and restored by the procedure. Therefore, following instructions will be added to the procedure:

addi
$sp, $sp, -4


# push stack pointer down one word


sw
$s1, 0($sp)


# save $s1 in memory


.
. . .


(assembly code of proc)


.
. . .


lw
$s1, 0($sp)


# restore $s1 from memory


addi
$sp, $sp, 4


# bring stack pointer to original value


jr
$ra



# return to caller

Problem 4:








6 points
a. Multiply 5ten by -4ten using the Booth multiplication algorithm and 4-bit two’s complement representation. Use 8 bits for the product.

(2 points)

b. Show the single-precision 32-bit word representation for the floating point number, 1.0001111×228, which is in the IEEE 754 format.

(2 points)

c. What is the decimal value of this number?



(2 points)

Answer:

a. Booth multiplication:

            0 1 0 1

= 5

            1 1 0 0 (0)
= - 4 


bit 1 of multiplier, pair 00 → no action


bit 2 of multiplier, pair 00 → no action



1 1 1 0 1 1 0 0

bit 3 of multiplier, pair 10 → partial product = - 5






bit 4 of multiplier, pair 11 → no action


1 1 1 0 1 1 0 0

8-bit product in two’s complement = - 20

b. 32-bit word representation is: 0 10011011 00011110000000000000000

where
sign bit is 0, because the number is positive


8-bit biased exponent field contains positive integer 28 + 127 = 155


23-bit fraction contains the bits to the right of the binary point

c. The decimal value is found as follows:

1.0001111 × 228
=  (1 + 1/16 + 1/32 + 1/64 + 1/128) × 228



=  (1 + 0.625 + 0.3125 + 0.015625 + 0.0078125) × 228



= 1.1171875 × 1024 × 1024 × 256




= 299892736 or  2.99892736 × 108
Problem 5 (Bonus Question): 





3 points

Time travel into the past has just become safe and you decide to attend a talk by Prof. John von Neumann on his IAS computer. At the end, Dr. Kurt Gödel, who is sitting in the front row, remarks, “Many problems will be unsolvable by your computer because you have a miserably small memory.” Prof. von Neumann replies, “Except for the size of the memory, I have the architecture of a Turing machine. If we could have everyone in the world have a computer and tie all of them up together, then each computer will have access to nearly infinite memory and will be close to being a Turing machine. When that will happen, I can’t tell. Oh! I wish it was possible today.” Now is your turn to speak. Your comment, “___________________________________________.” Your comment is brief and you cannot stay for the discussion that follows because the time transport is about to leave. Back in 2005, you must wait several years to collect your Turing Award for your remark that opened the doors for a novel architecture, because time travel is still considered unsafe for traveling to the future.
A possible answer: The internet of the future might make the idea of Dr. von Neumann workable.
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