ELEC 5200-001/6200-001 Computer Architecture and Design 
Fall 2007
Homework 2 Solution
Assigned 9/6/07, due 9/17/07
Problem 1: 
Implement the following pseudoinstruction:





madd $a, $b




where register b contains a memory address whose content (presumed to 


be an integer) is to be incremented by an integer contained in register a.

Answer:




lw $at, 0($b)

# $at ← M($b)





add $at, $a, $at
# $at = $a + $at




sw $at, 0($b)

# M($b) ← $at 
Problem 2: 
Write MIPS assembly code and binary machine code for the following C 


statements:




if  ( i = = j )  f = g;





else  f = h;




Assume that your compiler uses the following register assignments:




$s0 (Register 16) ← f




$s1 (Register 17) ← g




$s2 (Register 18) ← h




$s3 (Register 19) ← i




$s4 (Register 20) ← j




Annotate the machine code to indicate the meanings of various bit fields. 


Assume that the assembly code begins at the byte address 80000 in the 


memory.
Answer:
The compiler will generate the following code:




bne $s3, $s4, else

# go to else (increment PC by 2) if  i≠j



add $s0, $s1, $zero

# f = g + 0



j exit



# go to exit


else:
add $s0, $s2, $zero

# f = h + 0

exit:
(next instruction)
Assembler will generate the following machine code:


80000
 000101  10011  10100   0000 0000 0000 0010




(opcode   reg19   reg20   -------else = 2----------)




(bne = 5     $s3     $s4
        branch to 80012     )

80004
000000  10001  00000  10000  00000  100000




(opcode   reg17   reg0     reg16                  32   )

      

(add = 0     $s1      $0       $s0                funct. )

80008
000010   000000 0000 0100 1110 0010 0100



(opcode

20004


  )



( j = 2 

      jump to 80016

  )


80012
000000  10001  00000  10000  00000  100000



(opcode   reg18   reg0    reg16                  32   )

      

(add = 0     $s2      $0       $s0                funct. )


80016
(next instruction)
Problem 3: A subroutine uses saved registers s0, s1 and s2 in addition to using all temporary registers. What assembly language instructions should the compiler insert at the beginning and end of the subroutine to follow the register usage convention?
Answer: Since the saved registers should remain undisturbed by the procedure, s0, s1 and s2 need to be saved in the memory and restored. The compiler will insert the following instructions in the procedure:


addi
$sp, $sp, -12

# move stack pointer by two words

sw

$s2, 8($sp)

# save $s2 in memory, 2 word above stack pointer

sw

$s1, 4($sp)

# save $s1 in memory, 1 word above stack pointer


sw

$s0, 0($sp)

# save $s0 in memory, at stack pointer


<instructions of procedure>


lw

$s0, 0($sp)

# restore $s0 from stack pointer address of memory

lw

$s1, 4($sp)

# restore $s1 from mem, 1 word above stack pointer

lw

$s2, 8($sp)

# restore $s2 from mem, 2 words above stack pointer

addi
$sp, $sp, 12

# move stack pointer to position before proc. call


jr

$ra


# return to program at instruction address in $ra
