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Problems 3
1.
Commented MIPS version:

begin:


addi $4, $0, 0


# $4 = $0 + 0


addi $5, $0, 1


# $5 = $0 + 1

loop:


slt $6, $2, $5


# $6 = if $2 < $5 then 1 else 0


bne $6, $0, finish

# goto finish if $6 != $0


add $4, $4, $5


# $4 = $4 + $5


addi $5, $5, 2


# $5 = $5 + 2


br loop



# goto loop

finish:


add $3, $4, 0


# $3 = $4 + 0 -> assuming this is 






# either (a) an exception to the 






# "parameter must be a register" 






# thing (b) meant to be addi (c) 






# meant to be $0
We translate this to a C++ program to see what’s going on more easily:

Pseudo-C++:

$4 = 0

$5 = 1

while(1)

{


if($2 < $5) $6 = 1;


else $6 = 0;


if($6 != $0) break;


$4 += $5;


$5 += 2;

}

$3 = $4
Standard C++ (original version):

int ex1(int n)

{


int reg[32] = {0,};


reg[2] = n;

// IN


reg[4] = 0;


reg[5] = 1;


while(1)


{



if(reg[2] < reg[5]) reg[6] = 1;



else reg[6] = 0;



if(reg[6] != reg[0]) break;



reg[4] += reg[5];



reg[5] += 2;


}


reg[3] = reg[4];


return reg[3];
// OUT

}
Standard C++ (simplified version):

int ex1_2(int n)

{


int a = 0;


int b = 1;


while(b <= n)


{



a += b;



b += 2;


}


return a;

}
What it does (in one sentence, as requested): Computes (floor((n+1)/2))2.
Explanation:
Looking at ex1_2 (the simplified version), it's apparent that we're computing:

sum i=(1,floor((n+1)/2)) [2i - 1]

Consider:

If n is odd, we stop at the first i s.t.:

2i - 1 > n

2i > n+1

i > (n+1)/2

i = (n+1)/2 + 1

i = floor((n+1)/2) + 1

Example: n = 5

We stop when: i = 4

If n is even, we stop at the first i s.t.:

2i - 1 > n

2i > n + 1

i > (n+1)/2

i = floor((n+1)/2) + 1

Example: n = 4

We stop when: i = 3

In both cases, we're stopping when i = floor((n+1)/2) + 1

Returning to our original sum, we have:

2*sum i=(1,floor((n+1)/2)) [i] - floor((n+1)/2)

= 2*((floor((n+1)/2))*((floor((n+1)/2))+1))/2 - floor((n+1)/2)

= floor((n+1)/2)2
As required.

2.

(i)

void ex2(int a, int b)

{


int q,r;


assert(a >= 0);


assert(b > 0);


q = 0;


r = a;


while(r >= b)


{



r -= b;



++q;


}


assert(a == q*b+r);


assert((0 <= r) && (r < b));


printf("%i %i\n", q, r);

}
(ii)

# Assume input as follows: $2 = a, $3 = b

begin:


li $4, 0



# $4 = 0





{q = 0}


add $5, $2, $0


# $5 = $2 + $0 = a + 0 = a


{r = a}

loop:


slt $6, $5, $3


# $6 = if $5 < $3 then 1 else 0

{$6 = if r < b then 1 else 0}


bne $6, $0, finish

# if $6 != $0 then goto finish

{$6 != $0 -> $6 != 0 -> r < b, so if 






#






r < b, i.e. if !(r >= b), goto finish 






#






(i.e. break)}


sub $5, $5, $3


# $5 = $5 - $3




{r = r - b -> r -= b}


addi $4, $4, 1


# $4 = $4 + 1




{q = q + 1 -> ++q}


br loop

finish:

# Outputs as follows: $4 = q, $5 = r
3.
(i)

unsigned long ex3(unsigned long *a, int n)

{


int i;


unsigned long max;


// Precondition: n > 0 && a[0..n) holds the array


assert(n > 0);


assert(a != NULL);
// safety first


i = 1;


max = a[0];


// Invariant: max is the maximum value in a[0..i)


while(i != n)


{



if(max < a[i])



{




max = a[i];



}



++i;


}


return max;

}

(ii)
# Assume input as follows: $2 = n

begin:


sll $2, $2, 2

# $2 = $2 * 4



{$2 = n * 4, because we're going to want to 





#





compare it with i * 4}


li $3, 4


# $3 = 4




{$3 = i * 4 = 4 -> i = 1}


lw $4, a($0)

# $4 = a($0)



{max = a[0]}

loop:



beq $3, $2, finish
# goto finish if $3 = $2

{if(i * 4 == n * 4), i.e. if(i == n), goto finish 





#





(i.e. break)}


lw $5, a($3)

# $5 = a($3)



{$5 = a[i]}


slt $6, $4, $5

# $6 = if $4 < $5 then 1 else 0
{$6 = if max < a[i] then 1 else 0}


addi $3, $3, 4

# $3 = $3 + 4



{++i}


beq $6, $0, loop

# goto loop if $6 = $0 = 0

{if(!(max < a[i])) then goto loop}


add $4, $5, $0

# $4 = $5 + $0 = $5 + 0 = $5

{max = a[i]}

br loop
finish:

# Output as follows: $4 = max
4.
See later.

5.

move $5, $3 ( add $5, $3, $0




# $5 := $3 + $0 = $3 + 0 = $3

clear $5 ( lui $5, 0x0000

li $5, small ( lui $5, 0x0000; addi $5, $5, small

# $5 := 0; $5 := $5 + small = 0 + small = small
li $5, big ( 

// TODO
lw $5, big($3)

// TODO
addi $...
