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	Problem #
	Mark
	Score

	1
	20
	

	2
	20
	

	3
	20
	

	4
	20
	

	5
	20
	

	Total
	100
	

	Bonus Problem
	20
	


Problem # 1 (20 points): Mark the following statements as TRUE or FALSE. If you mark a statement as FALSE, then explain why you think it is FALSE:

1. Each MM block can be placed anywhere in the cache with direct mapping.

2. A MM word at location (2035)10 will be placed in cache block number 4, 5, 6, or 7 in a 4-way set associative cache that has a total of 32 blocks. (Note: First MM location starts at 0, and first cache block starts at 0)

3. The TAG field in a real address is used to differentiate between several MM blocks that map to the same cache block.

4. In a virtual memory based system, the virtual page size does not necessarily equal the MM page size.

Problem # 2 (20 points): Consider a computer system that has a cache consisting of 128 blocks. The MM contains 64K blocks, each consisting of 16 words. Answer the following assuming (i) fully associative cache, (ii) direct cache, then (iii) set associative with four-block sets:

1.
How many bits are needed for the MM address?

2.
How many bits are needed for each of the TAG, SET, and WORD fields?

Problem # 3 (20 points): Consider a 2 ( 6 array of numbers, A. Assume that each number in the array occupies one word in MM and that the array elements are stored column-major in MM starting from location (1016)10 to location (1027)10. The cache consists of 2 blocks each consisting of four words. The cache is initially empty. Assume also that whenever a word is requested from MM, the complete block is fetched. Assume further that whenever needed, LRU replacement policy is used. Analyze the cache for the following segment of a program:

sum = 0;

For i = 0 to 1


For j = 0 to 4



sum = sum + A(i, j)



if (j == 3) then sum = sum + A(i, 0)


EndFor

EndFor

(i) Fill out the following table for direct mapping, and calculate the hit ratio, the number of block replacements, and the percentage of cache utilization.

	Request
	Cache Hit/Miss
	Replace Cache Block? (Y/N)
	Cache Block number
	Cache Content

    B0          B1

	A(0, 0)
	
	
	
	
	
	
	
	
	
	
	

	A(0, 1)
	
	
	
	
	
	
	
	
	
	
	

	A(0, 2)
	
	
	
	
	
	
	
	
	
	
	

	A(0, 3)
	
	
	
	
	
	
	
	
	
	
	

	A(0, 0)
	
	
	
	
	
	
	
	
	
	
	

	A(0, 4)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 0)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 1)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 2)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 3)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 0)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 4)
	
	
	
	
	
	
	
	
	
	
	


· hit ratio = 

· number of block replacements =

· percentage of cache utilization =

(ii) Fill out the following table for fully associative mapping, and calculate the hit ratio, the number of block replacements, and the percentage of cache utilization.
	Request
	Cache Hit/Miss
	Replace Cache Block? (Y/N)
	Cache Block number
	Cache Content

    B0          B1

	A(0, 0)
	
	
	
	
	
	
	
	
	
	
	

	A(0, 1)
	
	
	
	
	
	
	
	
	
	
	

	A(0, 2)
	
	
	
	
	
	
	
	
	
	
	

	A(0, 3)
	
	
	
	
	
	
	
	
	
	
	

	A(0, 0)
	
	
	
	
	
	
	
	
	
	
	

	A(0, 4)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 0)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 1)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 2)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 3)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 0)
	
	
	
	
	
	
	
	
	
	
	

	A(1, 4)
	
	
	
	
	
	
	
	
	
	
	


· hit ratio = 

· number of block replacements =

· percentage of cache utilization =

Problem # 4 (20 points): A system has both a virtual memory and a real address data cache, with the following characteristics:

44-bit virtual address

32-bit real address

8 Kbyte pages

2-way set associative TLB with 256 entries in total

4-way set associative data cache with 2048 blocks in total

Each block consists of 16 words

(i) Show the division of bits in the real address (i.e. Cache TAG, SET, and WORD sizes), and in the virtual address (i.e. Page TAG, Page INDEX, SET, and WORD sizes).
(ii) How many virtual pages are there in the system? How many real pages are there in the system?

Problem # 5 (20 points): Assume a pipelined processor with 4 stages: Instruction Fetch (IF), Operand Fetch (OF), Instruction Execute (IE), and Operand Store (OS). Consider the following code:




LD 
R1, 3

; R1 ( 3




LD
R2, 1

; R2 ( 1


Repeat:
ADD
R2, R1, R2
; R2 ( R1 + R2




BNP
Skip

; Branch to “Skip” if result is Not Positive




LD
R2, -5

; R2 ( -5


Skip:

SUB
R1, R1, 1
; R1 ( R1 – 1




BNZ
Repeat

; Branch to “Repeat” if result is Not Zero




ADD
R3, R1, R3

(1) Calculate the number of cycles to execute the code using a non-pipelined processor assuming that each instruction requires 4 cycles to execute. Show the contents of R1 and R2 during the execution.

(2) Use the following table to calculate the number of cycles to execute the code using the pipelined processor described above taking into account data dependency. Assume no forwarding hardware. Assume also that when a branch instruction is fetched, the pipeline is stalled until target address is calculated and branch decision is made. Assume a non-delayed branch instruction scheme.

	OS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	IE
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	OF
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	IF
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Time Unit
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Bonus Problem (20 points – NO Partial Credit): Use the reference matrix method to implement the LRU algorithm for the following reference sequence:


7, 5, 1, 5, 5, 1, 7, 2, 6

Furthermore, calculate the hit ratio for the sequence given above. Assume that the cache consists of four blocks. Assume also that initially the cache is empty, and when filling the cache initially the block filling sequence is block 0, block 1, block 2, and finally block 3.


