ELEC 5200-001/6200-001 Computer Architecture and Design 
Spring 2008
Homework 3 Solution
Assigned 2/11/08, due 2/18/08
Problem 1: 
Devise a MIPS pseudoinstruction that places the absolute value of the content of a source register into a destination register. Thus,



abs
$dreg, $sreg

# put |$sreg| into $dreg

Answer: 
The pseudoinstruction is implemented as follows:



add
$dreg, $sreg, $zero
# copy the source register value (x) into $dreg



slt
$at, $dreg, $zero
# is x negative?



beq
$at, $zero, skip
# if not, skip next instruction



sub
$dreg, $zero, $sreg
# put 0 – x in $dreg
skip
. . .
Problem 2: 
A MIPS program produces the sum of integers 1 through k, where k is a given positive integer, saved in register $s0. Upon completion, the program leaves the computed sum in register $s1. Write the MIPS code for the program in following ways:
(a) The main program directly adds integers 1 through k.

(b) The main program calls a recursive procedure. Write the procedure.
(c) The main program uses a closed form formula to compute the sum.

Answer: 
(a)


add
$s1, $zero, $zero
# initialized sum $s1 to 0




addi
$t0, $zero, -1

# initialized running integer I in $t0 to -1

loop:
addi
$t0, $t0, 1

# increment I in $t0 by 1



slt
$t1, $s0, $t0

# $t1 = 0 iff I ≤ k, else $t1 = 1



bne
$t1, $zero, done
# halt if $t1 = 1, i.e., I > k



add
$s1, $s1, $t0

# add I to sum in $s1



j
loop


# jump to loop to increment I

done
halt

Note this program will work for all values of k. For k negative and 0 it will set the sum to 0.

(b) Recursive procedure sum is as follows ($a0 = k, $v0 = sum):


sum:




addi
$sp, $sp, – 8

# adjust stack for two items




sw
$ra, 4($sp)

# save return address of caller



sw
$a0, 0($sp)

# save caller supplied argument k



slti
$t0, $a0, 1

# $t0 = 1, if k ≤ 1, i.e., k = 0 or negative



beq
$t0, $zero, L1

# go to L1, if k ≥ 1




add
$v0, $zero, $zero
#  return $v0 = 0 to caller




addi
$sp, $sp, 8

# no need to restore registers, since none 






#
was changed, but must restore stack 






#
pointer




jr
$ra


# return to caller instruction after jal


L1:
addi 
$a0, $a0, –1

# set $a0 to k –1 



jal  
sum


# call sum with argument k –1 



lw  
$a0, 0($sp)

# on return from fact, restore k



lw  
$ra, 4($sp)

# restore return address




addi  
$sp, $sp, 8

# adjust stack pointer




add  
$v0, $a0, $v0

# sum(k) = k + sum(k –1)



jr  
$ra


# return to caller

(c) Closed form formula for sum:




Sum
=
1 + 2 +  .  .  .  + k
   =
k(k + 1)/2

MIPS program:




addi
$s1, $s0, 1

# set sum in $s1 to k + 1



mul
$s1, $s1, $s0

# set sum in $s1 to k(k + 1)




srl
$s1, $s1, 1

# divide sum in $s1 by 2 using right shift
Problem 3:
Of the three codes in Problem 2, which is most efficient?

Answer: 
Just counting the number of instructions, code c is the fastest. However, all instructions may not take the same time. While addition is normally a one cycle instruction, multiplication takes longer than an addition. If implemented in software, it can take as many as 32 cycles for a 32-bit computer word. In terms of clock cycles, programs (a) and (b) have linear, O(k), time complexities. Program (c) complexity is independent of k. So, for very small k (typically, k << 32), programs (a) and (b) will run faster. For large k (especially k > 32), program (c) will be faster.










































