TCS 372A                 Solution               Homework Set #2 - Chapter 4: 1, 5, 11, 23                   Due 10/18/06

                                                              All problems completed

4.1) First assume the lines are not divided into 4 –line sets

            4K blocks (12 bits of addressing) of 128 words (7 bits of addressing) takes 

            12 bits + 7 bits = 19 bits of address for the main memory:

             The addressing is organized as:

	
	


                    12 bits (block addressing)      7 bits (inter-line addressing)

             and the cache looks like:

                64 lines:

	
	

	  
	


                  |      .                                                                                                    |

                  |      .                                                                                                    |

                  |                                                                                                           |

	
	


                                         12 bit Tag                                     128 words/line

              If the lines are broken into four line sets, the addressing is organized as:

	
	


                   14 bits (block + set addressing)    5 bits (inter-line addressing)

               and the cache looks like:

                256 lines:

	
	

	  
	


                  |      .                                                                                                    |

                  |      .                                                                                                    |

                  |                                                                                                           |

	
	


                                         14 bit Tag                                     32 words/line

4.5) We have a 32 bit microprocessor, so its word length is 4 bytes.  The cache has a line size of 4 words or 16 bytes.  A 16Kbyte 4-way set-assoc cache has 256 lines (256 lines  X  16 bytes/line  X  4 ways = 16K).  

The addressing is organized as (example address is ABCDE8F8):

	           AB
	                                       CDE8F
	        8


       8 bits of line address                   20 bits of Tag address                        4 bits of inter-line address

            The cache looks like (256 lines – only 5 shown):

	
	

	
	

	
	

	
	

	
	


20 bit tag   16 byte line

	
	

	
	

	
	

	
	

	
	


20 bit tag  16 byte line

	
	

	
	

	
	

	
	

	
	


20 bit tag   16 byte line

	
	

	
	

	
	

	
	

	
	


20 bit tag    16 byte line

            The block ABCDE8Fx would be cached in one of the four sets of line AB.  Its tag would be CDE8F, 

            and its 16 bytes of data would be stored in the line.

4.11) A 32 bit address system can address 1G of 32 bit words, or 4G of 8 bit bytes.
a) For a direct mapped cache with a 64 byte line, and a tag field in the address of 20 bits, the address map is:

	
	
	


                          20 bit tag                             6 bit line addr      6 bit inter-line addr

                       (1 M of blocks)                        (64 lines)           (64 bytes per line)
     Number of addressable units = 232  = 4 G bytes

     Number of blocks in main memory = 220  = 1 M

     Number of lines in cache =  26  = 64

     Size of tag = 20 bits

b) For an associative cache with a 64 byte line, the address map is:
	
	


                                               26 bit tag                                     6 bit inter-line addr

                                          (64 M of blocks)                               (64 bytes per line)

     Number of addressable units = 232  = 4 G bytes

     Number of blocks in main memory = 226  = 64 M

     Number of lines in cache could be anything < 64 M

     Size of tag = 26 bits

c) For a 4 way set associative cache with a tag field in the address of 9 bits, the address map is:

	
	
	


                     9 bit tag                           17 bits set address            6 bit inter-line addr

                  (512 blocks)                            (128K sets)                   (64 bytes per line)
     Number of addressable units = 232  = 4 G bytes

     Number of blocks in main memory = 29  = 512
     Number of lines in a set  = 4     

     Number of lines in cache = 4 X number of sets = 4 X 217  = 1M    
     Size of tag = 9 bits

4.23) The author says that typically15% of the operations are writes.  Also, dirty memory only applies to a write back policy.  With a write through policy, the writes are always to both cache and main memory.  
For an m% cache miss rate, we have the following traffic:

   Write through policy:

        Main memory traffic = 15% x 8 bytes {word writes to cache and memory}
                                            + m% x 64 bytes {line reads from memory to cache – miss on r or w}
                                          =  1.2 + 64 x m%
   Write back policy:

       Main memory traffic = m% x 30% x 128 bytes {line write to memory and read from                            

                                                                                     memory on miss to replace dirty}

                                          + m% x 70% x 64 bytes {line read from memory on miss to replace clean}
                                         = 83.3 x m%

a) m = 3%

           Write through traffic = 1.2 + 64 x .03 = 1.92

           Write back traffic     =  83.3 x .03       = 2.49

b) m = 5%

           Write through traffic = 1.2 + 64 x .05 = 4.40
           Write back traffic     =  83.3 x .05       = 4.17

c) m = 7%

           Write through traffic = 1.2 + 64 x .07 = 5.68
           Write back traffic     =  83.3 x .07       = 5.83

            d)  The conclusion is that as the cache miss rate increases, the write back policy is a better strategy.
