
CS 351 Computer Architecture                                       Fall 2007

Home Work # 3 solution        

          1. In Example 5.5, a MIPS code segment is provided that finds the maximum value in a list of numbers. Modify this code to accomplish the following task: A list of integers is stored in memory beginning in the address given in register $s1. The list length is provided in register $s2. Your code should determine the smallest positive integer in the list and copy its address into register $t0.

       Solution: We need to make two changes. First switch the outcome of comparisons so that the min finding becoming max finding. We also need to skip the comparison between the current key and the minimum found thus far if the current key is negative. The actual code is as follows:

.text


.globl __start

__start:  

          la $s1, array
# initialize address of array to t5

          lw $t0, ($s1)

          la $t6, count

          lw $s2, ($t6)

          addi  $t1,$zero, 0
# initialize index i to 0

 loop:    add   $t1,$t1,1
# increment index i by 1

          beq   $t1,$s2,done
# if all elements examined, quit

          add   $t2,$t1,$t1
# compute 2i in $t2

          add   $t2,$t2,$t2
# compute 4i in $t2 

          add   $t2,$t2,$s1
# form address of A[i] in $t2 

          lw    $t3,0($t2)
# load value of A[i] into $t3

          slt   $t4,$t3,$t0
# A[i] < minimum?

          beq   $t4,$zero,loop
# if not, repeat with no change

          bltz  $t3, loop       # if A[i] < 0, then skip update

          addi  $t0,$t3,0
# if so, A[i] is the new maximum 

          j     loop

# change completed; now repeat

 done:  la $a0,ans2

        li $v0,4

        syscall

# print "\nmax = "


move $a0,$t0


li $v0,1


syscall

# print max


la $a0,endl
# system call to print


li $v0,4
# out a newline


syscall


li $v0,10


syscall

# done

          2.  Problem 5.3

               Solution: Based on the hint provided, the following algorithm sets the overflow register correctly:
                  Add_with_overflow(int s1, int s2, int s3) {

                     s3 = s1 + s2;

                     t0 = 0;

                     if (s1 > 0 && s2 > 0 && s3 < s1) 

                               t1 = 1;

                     if (s1 < 0 && s2 < 0 && s3 > s1)

                               t1 = 1;

                  }

            The corresponding MIPS code is as follows:

                     add       $t0, $zero, $zero    # set $t0 to 0 initially

         add       $s3, $s1,   $s2      # perform the addition

         bltz      $s1, $zero, neg      # if $s1 is negative goto neg

         bltz      $s2, $zero, done     # $s2 < 0 => done since $s1 >= 0
         slt       $t0, $s3,   $s1      # if s3 < s1 then overflow

         j         done                 # else done

    neg: bltz      $s2, $zero, test     # if $s2 < 0 then test result

         j         done

    test: slt      $t0, $s1,   $s3      # set $t0 to indicate overflow

    done: 
          3.  Problem 5.16 (a) and (b)

          Although the problem does not explicitly use the word “circular queue”, it is clear from the description that this problem involves implementing a circular queue. The reason is that insertion and deletion are taking place at different ends. Recall some facts about circular queues. If the size of the array implementing the queue is k, the number of elements that can be stored in the queue is k – 1. If we try to keep k items, then the conditions for “queue full” and “queue empty” become indistinguishable. So, we will assume that the queue is full when its size becomes 255. Then, here are the conditions for queue empty and queue full:
          Queue empty: if $s0 = $s1.

          Queue full:      if ($s1 + 4) mod 5252 = $s2. (Reason for mod is that the queue is circular.)

        Code for insert and delete are as follows:

                Insert(input: $t0) {

                  if (queue is not full) 

                   {

                   $s1 = ($s1 + 4) mod 5252;

                   L[ ($s1)] = ($t0);

                  }

                else

                    $s2 = 1;

               }

               Delete(output: $t1)  {

                  if (queue is not empty) {

                       $t1 = ($t1);

                       $s0 = ($s0 + 4) mod 5252;

                   }

                 }
 Corresponding MIPS code is as follows:
    (a)   add                 $t3,  $zero, $s1               # saving $s1 in temporary $t3

            addi               $t2,  $zero, 5252             # ($t2) = 5252

            beq                 $s1,  $t2,     incr               # special case of increment

            addi               $s1,  $s1,    4                     # normal increment

            j                      push                                 # perform push

  incr:   addi                $s1,  0                              # new $s1 in the special case

  push: beq                $s1, $s0, full                     # queue full; can’t insert

             sw                 $t0, ($s1)                           # pushing the data in $t0 into queue

             j                     done

 full:    add                $s1,  $zero, $t3                 # restore the value of $s1

            addi               $s2, 1                                 # set the flag to indicate full

done: . . .

   (b)  beq             $s0,  $s1, done                  # queue is empty, nothing to do

          lw               $t1, ($s0)                            # move the last element into register $t1

          addi           $t2,  $zero, 5252                # ($t2) = 5252

          beq             $s0, $t2, incr                      # special case of increment

          addi            $s0, $s0, 4

          j                   done

incr: add              $s0, $zero, $zero

done:  . . .               
































































