CS161 In Class Quiz 1

Winter 2005

Student Name: ___________________________________________________________

1. (4pts) Select the correct answer from the given choices for the following questions. There is only one correct answer.
a. When a 4-byte word is stored starting at the following memory addresses (byte addresses), which one can be called word-aligned?

i. 0x45adf234

ii. 0x00cb21ab

iii. 0xff732445a

iv. 0xeeef54321

b. What does the following MIPS assembly code do?

slt
r1, r2, r3

beq
r1, r0, Label;
assuming r0 contains 0

i. Branch to instruction marked “Label” if r2<r3

ii. Branch to instruction marked “Label” if r2>r3

iii. Branch to instruction marked “Label” if r2≤r3

iv. Branch to instruction marked “Label” if r2≥r3

c. Assume that a machine uses 16 bits to address its memory and the memory is byte addressable. How big is the memory? Further assume that a word in such a machine contains only 2 bytes, how many words can this memory store? 

i. 32K bytes and 8K words

ii. 8K bytes and 4K words

iii. 64K bytes and 32Kwords

iv. 64K bytes and 16K words

d. As a consequence of Amdahl's law, it is important that any re-design of a CPU aims at
i. Making all instructions run faster
ii. Making all floating-point instructions run faster
iii. Making the most frequently executing instructions run faster

iv. Making the memory run faster
2. (12pts) For the following questions, there are multiple correct answers. Circle all that are correct. You must select the exact set of answers to get the full marks.

a. Motorola unveils a new processor design the M-232 that runs at 10GHz thanks to a sleek new ISA. What additional information do you need to know how much faster (or slower) the M-232 is than a 3GHz Pentium4 when running the Photoshop benchmark?
i. Cycle time

ii. Average cycle per instruction (CPI)

iii. Instruction count

iv. Instruction mix
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	Figure 1. Single-cycle data path


b. In Figure 1, when does the control signal “PCSrc” selects the bottom input (i.e. 1)?
i. executing sequential instructions

ii. executing a taken branch

iii. executing a not-taken branch

iv. when the “zero” output from ALU indicates branch-condition-satisfied

c. In Figure 1, when does “ALUOp” indicates a subtraction operation?

i. add instruction

ii. lw instruction

iii. sub instruction

iv. beq instruction

v. slt instruction

d. Which of the following result in overflow?

i. Subtracting a negative from a positive and get a negative

ii. Adding two negatives and get a positive

iii. Subtracting a positive from a negative and get a positive

iv. Adding two positives and get a negative
3. (16pts) Fill in the blanks:

a. The binary representation for 2.510 is ___10.1__. Using the IEEE 754 single-precision floating-point standard, we should shift the above binary to the right by _1___bit which gives you (_1.01__) × 2(_1_). The IEEE 754 uses 8 bits for exponent and 127 as the bias, thus the exponent of the above number is ______10000000________. The significand (23 bits in total) is _______01000000000000000000000________. Finally, the sign bit of this value should be _0__.

b. For the following C code, fill in the missing instructions in its MIPS assembly code.




 int count = 0;




 for (int i = 0 ; i < 32 ; i ++) {




     int bit = input & 1;




     if (bit != 0) {




        count ++;




     }




     input = input >> 1;




 }


main:



li
$a0, 0x1234
## input = 0x1234



li
$t0, 0

## int count = 0;



li
$t1, 0 

## for (int i = 0 


li
$t3, 32

## t3 holds constant 32

main_loop:



1. __bge $t1, $t3, main_exit______ 



andi
$t2, $a0, 1 

## bit = input & 1



2. __beq $t2, $0, main_skip________




addi 
$t0, $t0, 1

## count ++


main_skip:



srl
$a0, $a0, 1

## input = input >> 1



add
$t1, $t1, 1

## i ++



3. ___j main_loop________

main_exit:



jr
$ra
4. (8pts) Problem solving:

Machine A implements all floating point operations in hardware while machine B implements them in software using integer instructions.

Program P has the following mix of instructions: floating-point multiply: 10%, floating-point add: 15%, floating-point divide: 5%. The rest are integer instructions.

On machine A floating-point multiply takes 6 cycles, floating-point add 4 cycles, floating-point divide 20 cycles. All integer instructions take 2 cycles.

On macine B all integer instructions take one cycle. Floating-point multiply takes 30 instructions, floating-point add 20, floating-point divide 50. 

Both machines A and B have a clock rate of 100 MHz. Program P executes 100 million instructions on machine A.

1. (2 pts) What is the CPI (cycle per instruction) on machine A?

Answer: 6x10% + 4x15% + 20x5% + 2x70% = 3.6

2. (2 pts) How many instructions does program P execute on machine B?

Answer: 10M x 30 + 15M x 20 + 5M x 50 + 70M = 920,000,000

3. (2 pts) What is the CPI of program P on machine B? 

(Hint: all FP instructions in P are executed using integer instructions)

Answer: 1.0

4.  (2 pts) How many millions of floating-point instructions per second are executed of program P on machine A?

# of FP instructions in P               30 x 106                            30 x 106
---------------------------------- =  ------------------------ =  ------------------------------
execution time of P                     IC x CPI x CC              100 x 106 x 3.6 x 10ns
  = 8.33 x 106
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	Category
	Example Instruction
	Meaning

	Arithmetic
	add
$t0, $t1, $t2
	$t0 = $t1 + $t2

	
	sub
$t0, $t1, $t2
	$t0 = $t1 – $t2

	
	addi
$t0, $t1, 100
	$t0 = $t1 + 100

	
	mul
$t0, $t1, $t2
	$t0 = $t1 x $t2

	
	div
$t0, $t1, $t2
	$t0 = $t1 / $t2

	
	rem
$t0, $t1, $t2
	$t0 = $t1 mod $t2

	Register Setting
	move
$t0, $t1
	$t0 = $t1

	
	li
$t0, 100
	$t0 = 100

	Data Transfer
	lw
$t0, 100($t1)
	$t0 = Mem[100 + $t1]

	
	sw
$t0, 100($t1)
	Mem[100 + $t1] = $t0

	Branch
	beq
$t0, $t1, Label
	if ($t0 = $t1) go to Label

	
	bne
$t0, $t1, Label
	if ($t0 ≠ $t1) go to Label

	
	bge
$t0, $t1, Label
	if ($t0 ≥ $t1) go to Label

	
	bgt
$t0, $t1, Label
	if ($t0 > $t1) go to Label

	
	ble
$t0, $t1, Label
	if ($t0 ≤ $t1) go to Label

	
	blt
$t0, $t1, Label
	if ($t0 < $t1) go to Label

	Set
	slt
$t0, $t1, $t2
	if ($t1 < $t2)
then $t0 = 1 else $t0 = 0

	
	slti
$t0, $t1, 100
	if ($t1 < 100)
then $t0 = 1 else $t0 = 0

	Jump
	j
Label
	go to Label

	
	jr
$ra
	go to address in $ra

	
	jal
Label
	$ra = PC + 4; go to Label


ALUOp





MIPS instructions


These are some of the most common MIPS instructions and pseudo-instructions, and should be all you need. 
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