ELEC 5200-001/6200-001 Computer Architecture and Design 
Spring 2009
Homework 3 Solution
Assigned 2/9/09, due 2/20/09
Problem 1: For a MIPS computer that has no hardware multiply instruction implemented, write assembly code to multiply integers a and b, which can have any positive or negative values.
Answer: The following program multiplies integers a and b. Here $s0 = a, $s1 = b, and the product is placed in $s3. Note that it leaves the arguments a and b unchanged.



add
$s3,
$zero,
$zero
# initialize running sum $s3 = 0



beq
$s0,
$zero, 
fin
# finish if argument a = 0




add
$t1,
$s1,
$zero
# copy argument b to $t1

repeat

beq
$t1,
$zero,
fin
# finish when $t1 is 0



bltz
$t1, 
neg

# increase $t1 if b is negative

addi
$t1,
$t1,
– 1 
# else $t1 is decreased by 1

add
$s3,
$s3,
$s0
# compute running sum of $s0



bgez
$t1
repeat


neg

addi
$t1,
$t1,
1
# $s1 is increased by 1



sub
$s3,
$s3,
$s0
# compute running sum of $s0



blez
$t1
repeat


fin

add
$s3,
$t1,
$zero
# $s3 = a * b
Problem 2: Write binary machine code for the program of Problem 1.
Answer: The machine code is as follows:

000000 00000 00000 10011 00000 100000


add
$s3,
$zero,
$zero
000100 10000 00000 00000 00000 001001


beq
$s0,
$zero, 
fin
000000 10001 00000 01001 00000 100000


add
$t1,
$s1,
$zero
000100 01001 00000 00000 00000 000111

repeat
beq
$t1,
$zero,
fin
000001 01001 00000 00000 00000 000011


bltz
$t1, 
neg
001000 01001 01001 11111 11111 111111


addi
$t1,
$t1,
– 1
000000 10011 10000 10011 00000 100000


add
$s3,
$s3,
$s0
000001 01001 00001 11111 11111 111011


bgez
$t1
repeat
001000 01001 01001 00000 00000 000001

neg
addi
$t1,
$t1,
1
000000 10011 10000 10011 00000 100010


sub
$s3,
$s3,
$s0
000110 01001 00000 11111 11111 111000


blez
$t1
repeat
000000 01001 00000 10011 00000 100000

fin
add
$s3,
$t1,
$zero
Problem 3: Can the code of Problem 1 be used to implement a MIPS pseudoinstruction?
Answer: Yes. Only one extra register, $t1, is used in this code. In pseudocode, This register can be replaced by $at.
Problem 4: A procedure uses seven registers, $8, $12, $13, $14, $16, $17 and $18, in its code. It does not make any procedure calls. Write the instructions that compiler should include at the beginning and end of the assembly code of the procedure to save and restore registers.




b.  
Is there a better way to compile this procedure so that saving and restoring of registers will become unnecessary?




Answer:

a.
According to the MIPS convention of register usage, only $16, $17 and $18 (i.e., $s1, $s2 and $s3) need to be saved and restored by the procedure. Therefore, following instructions (shown in bold) will be added to the procedure:



addi
$sp, $sp, -12


# push stack pointer down three words


sw
$16, 8($sp)


# save $16 ($s1) in memory


sw
$17, 4($sp)


# save $17 ($s2) in memory


sw
$18, 0($sp)


# save $18 ($s3) in memory

.
. . .


(assembly code of procedure)


.
. . .


lw
$18, 0($sp)


# restore $18 ($s3) from memory


lw
$17, 4($sp)


# restore $17 ($s2) from memory


lw
$16, 0($sp)


# restore $16 ($s1) from memory


addi
$sp, $sp, 12


# bring stack pointer to original value


jr
$ra



# return to caller

b.
Yes. Compile the code of the procedure so that it only uses temporary registers. For example, $s1 can be replaced with $t1(or $9), $s2 with $t2 (or $10), and $s3 with $t3 (or $11).

