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	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
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	1
	1
	1
	1
	1
	1
	0.5
	1.5
	1
	1
	10

	
	
	
	
	
	
	
	
	
	
	


1.(0.4+ 0.3+0.3=1 points) Consider a memory with three page frames, initially empty. Given the following reference string, how many page faults would be generated by each of the following replacement algorithms: (a) OPT, (b) LRU, (c) FIFO.
1, 2, 3, 4, 2, 3, 4, 5, 3, 4, 5, 6, 2, 6, 2, 5

Solution:

(a) OPT: 

	REFERENCE STRING
	1
	2
	3
	4
	2
	3
	4
	5
	3
	4
	5
	6
	2
	6
	2
	5

	 MEMORY
	 1
	1
	1
	4
	4
	4
	4
	4
	4
	4
	4
	4
	2
	2
	2
	2

	 
	 
	2
	2
	2
	2
	2
	2
	5
	5
	5
	5
	5
	5
	5
	5
	5

	 
	 
	 
	3
	3
	3
	3
	3
	3
	3
	3
	3
	6
	6
	6
	6
	6

	 FAULT?
	 *
	*
	*
	*
	 
	 
	 
	*
	 
	 
	 
	*
	*
	 
	 
	 


7 faults 

(b) LRU: 

	REFERENCE STRING
	1
	2
	3
	4
	2
	3
	4
	5
	3
	4
	5
	6
	2
	6
	2
	5

	 MEMORY
	 1
	1
	1
	4
	4
	4
	4
	4
	4
	4
	4
	4
	2
	2
	2
	2

	 
	 
	2
	2
	2
	2
	2
	2
	5
	5
	5
	5
	5
	5
	5
	5
	5

	 
	 
	 
	3
	3
	3
	3
	3
	3
	3
	3
	3
	6
	6
	6
	6
	6

	 FAULT?
	 *
	*
	*
	*
	 
	 
	 
	*
	 
	 
	 
	*
	*
	 
	 
	 


7 faults 

© FIFO: 
	REFERENCE STRING
	1
	2
	3
	4
	2
	3
	4
	5
	3
	4
	5
	6
	2
	6
	2
	5

	 MEMORY
	 1
	1
	1
	4
	4
	4
	4
	4
	4
	4
	4
	4
	2
	2
	2
	2

	 
	 
	2
	2
	2
	2
	2
	2
	5
	5
	5
	5
	5
	5
	5
	5
	5

	 
	 
	 
	3
	3
	3
	3
	3
	3
	3
	3
	3
	6
	6
	6
	6
	6

	 FAULT?
	 *
	*
	*
	*
	 
	 
	 
	*
	 
	 
	 
	*
	*
	 
	 
	 


7 faults

2. (0.3+0.4+0.3= 1 points) 

Explain the following allocation algorithms: first-fit, best-fit, worst-fit. Given discontiguous memory partitions of 100k, 500k, 200k, 300k, and 600k in order, how would each of the first-fit, best-fit, worst-fit algorithms place processes of 212k, 417k, 112k, and 426k (in order)? Which algorithm makes the most efficient use of memory? 

Answer:

	Original block
	First-fit
	Best-fit
	Worst-fit

	100k
	 
	 
	 

	500k
	212k / 112k
	417k
	417k

	200k
	 
	112k
	 

	300k
	 
	212k
	 

	600k
	417k
	426k
	212k / 112k

	Won't fit now
	426k
	 
	426k


Clearly Best-fit pays off in this example. 

3. (5x0.2=1 points) True or false.

(1) Among memory allocation strategies, "best fit" is often favored because it is fastest and simplest. (T     F).

Answer: FALSE.  First fit is faster and simpler.
      (2) Fragmentation cause by the gradual breakup of free memory into small pieces due to arbitrary allocation and release. ( T   F).

Answer: True.

       (3) Among memory allocation strategies, first-fit is most popular because it usually does the best job of avoiding fragmentation. (T   F).

Answer: False.
       (4) Software caching relies on the principle of locality to speed up input and output. (T   F)

Answer: True
      (5) Free memory blocks should be ordered by size to make it simpler to merge them together. (T  F)

Answer: FALSE -- they should be ordered by address.
4. (1 points) [image: image1.png]The operation of a processor s separated into 6 stages with the delay at cach stage as shown below.
We want 1o speed up the processor by implementing a 6-stage synchronous pipeline
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delay: 4ns 4ns 4ns 4ns 3ns Sns

The speedup of a pipelined processor is the ratio of the time for completing one instruction without
pipelining to that with pipelining. For the above problem, assume that the time for completing one
instruction without pipelining is the sum of the delays for the six stages. With pipelining. one instruction
is completed every pineline clock period. What is speedup for this pipelined processor?

(A)438.(B) 6.0, (C) 8.0,(D) 12, (E) none of the above.



Answer:  Instruction latency = 4+4+4+4+3+5= 24 ns

The length of pipelined stage = MAX(lengths of unpipelined stages) = 5 ns 
Instruction latency =  6x5 =30ns.

The speed up =24/30=0.8
5. (1 points) Explain the difference between logical and physical addresses. 

Answer: Logical addresses are with respect to the process and must be mapped to a physical location. For example in virtual memory systems, logical address can be larger than the physical address space and in segmentation, the segment number has no physical analogue. Physical addresses must exactly correspond to a hardware location

6. (1 points)
[image: image2.png]Consider a memory system with a cache acc
memory access time of 1200ns. If the effective access time is 10% greater than
the cache access time, what is the hit ratio 77 (fractional answers are OK)

Hint:  Effective Access Time: T, = HX T + (1~ H)(T,, + T.).

Answer:
.= 100ns, T. = 11X T, and T,, = 1200ns

Thus,  (1.1)(100) = 100H + (1~ H)(1200 + 100)
110'= 100H + 1300~ 1300H
H=119/120





7.  Suppose the page table for the process currently executing on the processor looks like the following table.  All numbers are decimal and all addresses are memory byte addresses.  The page size is 1000 bytes.

	Virtual Page Number
	Page Frame

Number

	0
	4

	1
	7

	2
	3

	3
	2

	4
	5

	5
	0


What physical address, if any, would each of the following virtual addresses correspond to?

a.) 1

b.) 1052

c.) 2221

d.) 5499

e.) 32,765

Answer: It is important to remember that a virtual address has two components: A page number and a page offset.

The range of the page offset is determined by the page size.  In this question the page size is 1000 bytes, 

so page offsets will range from 000 to 999.  Therefore, the last three digits of the virtual address give us the page offset.  With a page size of 1000 bytes, the first page will range from virtual address 0 to 999, the second page will range from virtual address 1000 to 1999, and so on.  We can determine the page number by dividing the virtual address by the page size and discarding the remainder.

a.)  Find the page number by dividing by the page size

1 / 1000 = 0

so the virtual page number is 0.  According to the page table, page 0 is stored in physical page frame 4.  The size of the page frame the same as the size of the page, so the address of page frame 4 is 4 * 1000.

The last three digits of the virtual address provide the page offset.  The physical address for virtual address 1 is 4000 + 1 =  4001.

b.) 7052

c.) 3221

d.) 0499

e.)  This address is too large.

8. (4x0.25= 1 points) Fill in the blanks:
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9. A virtual memory system with a 32-bit virtual address space and a page size of 1024 = (210) contains 128MB = (227) of RAM and a 1 MB (220) 2-way set associative cache with a 1024 byte cache line size.

a.) What is the size of the page frames?

Answer: A page frame stores all the data in a page, so it is always the same size as the page.  In this case that is 2k.

b.) What is the maximum number of pages in the page table?

Answer:  With a 32-bit address, and a 10-bit page offset, the maximum number of pages is 222.

c.) How many locations in the cache can hold a particular memory address?

Answer: Because the cache is 2-way set associative, there are 2 places in cache that are capable of storing the value of any particular address.

d.) How many bits in the physical address will be used to find the offset in the cache line?

Answer: The cache line contains 1024 bytes, so we need 1024 different offsets.  This requires 10 bits.

