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      Jan. 10, 2015
COMPUTER ENGINEERING DEPARTMENT

ICS 233
COMPUTER ARCHITECTURE & ASSEMBLY LANGUAGE

Final Exam  

First Semester (141)

Time: 7:00-9:30 AM

Student Name : ______________________________________________

Student ID.     : ______________________________________________

	Question
	Max Points
	Score

	Q1
	
	

	Q2
	
	

	Q3
	26
	

	Q4
	20
	

	Total
	
	


Dr. Aiman El-Maleh

Dr. Samer Arafat
[   Points]

(Q1) 
[   Points]

(Q2) 

[26 Points]

(Q3) 

(i) Fill the blank in each of the following questions: (7 Points)
1. For a 20-stage pipeline, the maximum speedup that can be achieved over serial execution is ___________________.

2. In a pipelined CPU design, structural hazards may occur due to ____________________ _______________________________________________________________________.

3. In the MIPS 5-stage pipeline, data hazards that may occur are ______________ hazards. 
4. Hazards due to jump and branch instructions are called  ________________ hazards.

5. In order to achieve a zero delay for a jump or a taken branch, we need to use __________________________ in the IF stage.

6. Given the branch outcomes of a branch instruction as shown in the table below, the accuracy of prediction using a 2-bit predictor, initialized to weakly predict not taken is __________________.
	Branch Outcome
	N
	T
	N
	N
	N
	T

	Branch Prediction
	
	
	
	
	
	


(ii) Consider the given single-cycle CPU design, show the necessary modifications in the data path and control unit to implement this CPU as a 5-stage Pipeline without considering any type of hazards. (7 Points)
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(iii) Consider the following MIPS assembly language code:
I1:
ADDI $a1, $0, 10
 
I2:
LW $t2, 0($t5)


I3:
ADD $t3, $t2, $t2 
I4:
SW $t3, 0($t5) 
I5:
ADDI $a1, $a1, -1
I6:
ADDI $t5, $t5, 4

I7:
BNE $a1, $0, I2

a. Complete the following table showing the timing of the above code on a 5-stage pipeline (IF, ID, EX, MEM, WB) that supports forwarding. Draw an arrow showing forwarding between the stage that provides the data and the stage that receives the data. Show all stall cycles (draw an X in the box). Assume that the branch delay is 1 clock cycle. (9 Points)
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	I1: ADDI
	IF
	ID
	EX
	-
	WB
	
	
	
	
	
	
	
	
	
	
	
	
	

	I2: LW
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	I3: ADD
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	I4: SW
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	I5: ADDI
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	I6: ADDI
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	I7: BNE
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	I2: LW
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	I3: ADD
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


b. Assume that branch instructions are implemented using a 1-cycle delayed branch. Rearrange the given code to reduce the number of stall cycles. Justify your solution? (3 Points)
[20 Points]
(Q4) 
(i) Fill the blank in each of the following questions: (7 Points)
1. Using a larger block size in cache memory reduces ____________ misses while increases ____________ misses.

2. Increasing cache size reduces ____________ misses and ______________ misses.

3. Small cache size is used for L1 caches to reduce ____________________.
4. Multi-level caches are used to reduce ____________________.

5. Valid and Modified bits are required for write ___________ policy.
(ii) Assume that you have a 32-bit address and a cache with 8K byte data size (not including tag and valid bits).
a. Assuming that the cache is organized as direct-mapped with a 16-byte block size, determine the number of bits in the offset, index and tag fields. (3 Points)
b. Assuming that the cache is organized as a four-way set associative with a 16-byte block size, determine the number of bits in the offset, index and tag fields. (3 Points)
(iii) A processor runs at 2.5 GHz and has a CPI=1.6 for a perfect cache (i.e. without including the stall cycles due to cache misses). Assume that load and store instructions are 18% of the instructions. The processor has an I-cache with a 4% miss rate and a D-cache with 5% miss rate. The hit time is 1 clock cycle. Assume that the time required to transfer a block of data from the RAM to the cache, i.e. miss penalty, is 31 ns.
a. What is the number of stall cycles per instruction and the overall CPI? (4 Points)
b. What is the average memory access time (AMAT) in ns? (3 Points)
