EGRE 426

Homework _ Solutions

Due 9/15/09

Work the following problem in the textbook.

2.4 A subtract immediate instruction is not necessary since the addi can be used for this function by making the offset negative. 

2.6 Using MIPS instructions perform the operation:

$t0 ( 015||$t3(22..6)

One possible solution is shown below. Why doesn’t it work?

wrong:


  
andi
$t0, $t3, 0000_0000_0111_1111_1111_1111_11XX_XXXX 

# Keep field

srl
$t0, $t3, 6
# Move field into rightmost bits

Can you find the two errors? 

   The immediate value must be only 16 bits. The second instruction should be srl $t0,$t0,6

A correct solution is:

right:


sll
$t0,$t3,9       #Shift t3 left 9 places and store in t0


srl
$t0,$t0,15     #Move field to least significant end

I simulated this program using PCSPIM the actual program is shown below:

# Test for problem 2.6

        .text         #Code goes in text segment

        .globl  main        

#############################################

main:

        sw      $ra,0($sp)  #Push return address

        addiu   $sp,$sp,-4  # onto stack

#

        lui     $t3,0xFFD5  #Put FFD5A5AFH

        ori     $t3,0xA5AF  # in $t3

        jal     P2_6     #Call subroutine of problem 3.6

#

        addiu   $sp,$sp,4   #Pop return address

        lw      $ra,0($sp)  # from stack

        jr      $ra         #Return              

###############################################

# FUNCTION: P2_6 $t3 <-- 0..0||$t3(22..6)

#           For example if $t0 = FFD5A5AH before call

#           $t3 = 00015696 on return from P2_6.

#   INPUTS: $t3 - Contains field in bits 22..6

#  OUTPUTS: $t0 - field in LS bits 0 elsewhere.

# DESTROYS: $t0

###############################################

P2_6:

        sll     $t0,$t3,9    #Clear MS bits

        srl     $t0,$t0,15   #Move fiels to LS bits

        jr      $ra          #Return

2.13 And write MIPS assembly language to perform the same function. Let i be in $a0, x be in $a1, and y in $a2.
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add
$a0,$0,$0

# Set i to 0

loop:

beq
$a0,$a1,exit

# Exit when i = x. Assumes x positive



add
$a2,$a2,$a0

# y = y + i



addi
$a0,$a0,1

# i = i + 1



j
loop

[image: image2.png]2.29 (5] <§§2.3, 2.6, 2.9> Add comments to the following MIPS code and de-
scribe in one sentence what it computes. Assume that $a0 and $al are used for
the input and both initially contain the integers a and b, respectively. Assume that
$v0 is used for the output.

add $t0, $zero, $zero
Toop: beq $al, $zero, finish
add $t0, $t0, $a0
sub $al, $al, 1
J Toop
finish: addi  $t0, $t0, 100
add $v0, $t0, $zero




2.29 $a0 = a, $a1 = b



add
$t0, $0, $0

# Clear $t0

loop:

beq
$a1, $0, finish
# Jump to finish if  $a1 = 0



add
$t0, $t0, $a0

# Put running sum in $t0



addi
$a1, $a1, -1

# Do loop $a1 times



j
loop

finish:

addi
$t0, $t0, $100
# add 100 to a * b



add
$v0, $t0, $0

# move $t0 to $v0

Program computes a*b + 100 or  $v0 ( $a0 * $a1 + 100

My rewrite (unverified) without using the mul instruction.



addi
$v0, $0, 100

# put 100 in $v0

loop:

beq
$a1, $0, finish
#done if $a1 = 0



add
$v0, $v0, $a0
# compute 100 + $a0*$a1



addi
$a1, $a1, -1

# decrement $a1



j
loop

finish:

2.30

[image: image3.png]s11 a2, $a2, 2
s11 $a3, $a3, 2
add $v0, $zero, $zero
add $t0, $zero, $zero

outer: add $td4, $a0, §t0 # $t4 = address of array 1[1]
Tu B4, 0($t4) # $t4 = array 1011
add  $tl, $zero, $zero  #J

inner: add $t3, $al, $tl # $t3 = address of array 2[3]
Tu B3, 0($t3) #%t3 = array 2[J]
bne $t3, §td, skip #4F (array 1011 I= array 2[§1) skip $vO++
addi $v0, $v0, 1 # Sv0++

skip  addi $tl. $tl, 4 # g+
bne $tl, $a3, inner # loop if j 1= 2500 * 4
addi $t0, $t0, 4 # i+
bne $t0. $a2. outer # loop if 1 1= 2500 * 4

The code determines the number of matching elements between the two arrays
and returns this number in register $v0.




 The code determines the number of matching elements between the two arrays and returns this number in register $v0.

[image: image4.png]2.31 Ignoring the four instructions before the loops, we see that the outer loop
(which iterates 2500 times) has three instructions before the inner loop and two
after. The cycles needed to execute these are 1 +2 + 1 =4 cycles and 1 +2 =3
cycles, for a total of 7 cycles per iteration, or 2500 x 7 cycles. The inner loop
requires 142+ 2+ 1+ 1 +2 = 9 cycles per iteration and it repeats 2500 x 2500
times, for a total of 9 x 2500 x 2500 cycles. The total number of cycles executed is
therefore (2500 % 7) + (9. 2500 x 2500) = 56,267,500. The overall exccution time
is therefore (56,267,500) / (2 x 10°) = 28 ms. Note that the execution time for the
inner loop is really the only code of significance.





2.32 Show the minimal sequence of MIPS instructions for the C statement.

b = 25 | a;


ori
$b, $a, 25

Here I am using $a and $b for the MIPS register that contains a and b respectively.
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TEEEEOD0 R13 00000000 R21 00000000 R29 TEEfefEE
7EEEEOD4 R14 00000000 R22 00000000 R30 00000000
00000000 R1S 00000000 R23 00000000 R31 00400038

- 00009800 FCSR = 00000000 00000000 FEXR = 00000000

0x0040001c
0x00400020
0x00400024

] 0x3402000a ori $2, $0. 10 : : 10
] 0x0000000c syscall : : syscall # syscall 10 (exit
] DxafbfODD0 sw $31, 0(529) 6 osw Sra,0(Ssp) #Push return address

0x00400028]  0x27bdfffc addiu 529, $29, -4 :7: addin  Ssp.Ssp,-4 # onto stack

0x0040002¢]  0x3cObfFdS lui $11, -43 9 lui $t3,0xFFDS  #Put FFDSASAFH

0x00400030]  0x356baSaf ori $11, $11, -23121 : ori St3,0xASAF  # in 5t3

0x00400034]  0x0c100011 jal Dx00400044 [P2_6] : P2 6 #Call subroutine of problem 3.6

0x00400038]  0x27bd0004  addiu $29, $29, 4 : $sp.$sp.4  #Pop return address

0x0040003c]  0xBFBEOOOD 1w S31. 0(329) : Sra.0(Ssp) # from stack

0x00400040]  0x03e00008 jr S31 :15: sra #Return

0x00400044]  0x000b4240 511 6. $11, 9 ;27 St0,$t3,9  #Clear MS bits

004000 F #Returs)

0x00400048 0z srl 58, S8, 15 ; $£0,5t0,15  #Move fiels to LS bits

DATA
[0x10000000] ... [0x10040000] 000000000

STACK
[0x7EEfeffc] 000400018

KERNEL DATA
[0x90000000] 0x78452020 0x74706563 D0x206e6£69 0x636£2000
[0x90000010] 0x72727563 0x61206465 D0x6920646e 0x726f6e67
[0x90000020] 0x000a6465 0x495b2020 D0x7265746e 0x74707572
[0x90000030] 0x2000205d Dx4c545b20 0x20005d42 0x4c545b20
[0x90000040] 0x20005d42 Dx4c545b20 0x20005d42 0x64415h20
[0x90000050] 0x73657264 0x72652073 0x20726£72 0x69206e69

000400004
0x00400008
0x0040000c
000400010

[ ] 0x27a50004 addiu $5. $29, 4 : i addiu Sal Sep 4 # argy
[ ] 0x24260004 addiu 56, S5, 4 : addiu Sa2 Sal 4 # envp

[ ] 000041080 s11 s2, S4, 2 : s11 $v0 sab 2

[ ] 0x00c23021 addu S6. $6. 52 ; 178: addu $a2 $a2 $v0

[0x00400014]  0x0c100009 jal 0x00400024 [main] : : jal main

[0x00400024]  DOxafbfO0DD sw $31, 0(529) 6 osw Sra,0(Ssp) #Push return address
[0x00400028]  0x27bdfffc addiu 529, $29, -4 :7: addin  Ssp.Ssp,-4 # onto stack

[0x0040002¢c]  0x3cObFFdS lui $11, -43 9 lui $t3,0xFFDS  #Put FFDSASAFH

[0x00400030]  Dx356baSaf ori $11, 11, -23121 : 10: ori St3,0xASAF  # in 5t3

[0x00400034]  0x0c100011 jal Dx00400044 [P2_6] :11: jal P2_6 #Call subroutine of problem 3.6
[0x00400044]  0x000b4240 511 $6. $11, 9 :27: 511 $t0,$t3,9  #Clear MS bits

[0x00400048]  0x000843c2 srl $6. $6. 15 : 28: sl $t0.5t0,15  #Move fiels to LS bits

For Help, press F1.




8. SPIM problem.

Download the file count1s.asm form the class web page and complete the subroutines jcnt and count1s. Run count1s.asm on the spim simulator. The correct output is shown below. Be sure the Spim Simulator ( settings are as shown. Delayed Branches must be turned off.
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main:

        sw      $ra,0($sp)  #Push return address

        addiu   $sp,$sp,-4  # onto stack

#

        la      $a0,start   #Point to start message

        jal     wr_str      #Output start message

# Start counting

        and     $a0,$0,$0   #Clear $a0

loop:

        jal     wr_hex      #Output count in hex

        jal     space       #Output a space

        and     $t0,$a0,$a0 #Save $a0

        jal     count1s     #Put number of 1's in $a1

        and     $a0,$a1,$a1 #Move count to $a0

        jal     wr_int      #Output count

        jal     crlf        #Go to new line

        and     $a0,$t0,$t0 #Restore $a0

        jal     jcnt        #Johnson count inc $a0

        bne     $a0,$0,loop #Loop till $a0 is 0

#

exit:   la      $a0,done    #Use pseudoinstruction

        jal     wr_str      #Output done message

#

        addiu   $sp,$sp,4   #Pop return address

        lw      $ra,0($sp)  # from stack

        jr      $ra         #Return              

###################################################

# FUNCTION: jcnt - Implements a Johnson counter. When called

#           the count in $a0 to the next value as shown below.

#                ...

#             00000000H        

#             80000000H  

#             C0000000H

#             E0000000H

#             F0000000H

#             F8000000H

#                ...

#             FFFFFFFFH

#             7FFFFFFFH

#                ...

#             00000003H

#             00000001H

#             00000000H

#             80000000H

#                ...      

#   INPUTS: $a0 - 

#  OUTPUTS: $a0 - 

# DESTROYS: $a0, $t0

###################################################### Do not use pseudoinstructions, and do not assume particular 

# values in any register. Change only $a0 and $t0.

# Comment your code!

jcnt:

# Enter your code here.

       jr      $ra             #Return

###################################################### FUNCTION: count1s - Returns in $a1 the count of the number

#           of 1's in $a0

#    INPUT: $a0 - Input register

#   OUTPUT: $a1 - Output of 1's in $a0

#    CALLS: NONE

# DESTROYS: $a0,$a1

###################################################### Do not use pseudoinstructions, and do not assume 

# values in any register. Change only $a0 and $a1.

# Comment your code!

count1s:

# Enter your code here.

        jr      $ra
Solution:
jcnt:

        xori    $a0,$a0,1       #Complement LSB of $a0

        srl     $t0,$a0,1       #Do rotate by shifting

        sll     $a0,$a0,31
  #and oring in

        or      $a0,$a0,$t0
  #least significant bit

        jr      $ra             #Return

###############################################################

# FUNCTION: count1s - Returns in $a1 the count of the number

#           of 1's in $a0

#    INPUT: $a0 - Input register

#   OUTPUT: $a1 - Output of 1's in $a0

#    CALLS: NONE

# DESTROYS: $a0,$a1

###############################################################

# Do not use pseudoinstructions, and do not assume particular 

# values in any register. Change only $a0 and $a1.

# Comment your code!

count1s:

        and     $a1,$0,$0       #Clear count

cloop:

        bgez    $a0,zero        #Check most sig bit of $a0

        addi    $a1,$a1,1       #If it is 1, Increment count

zero:

        sll     $a0,$a0,1       #Move next bit to most sig position

        bne     $a0,$0,cloop    #Loop till no more 1's

        jr      $ra
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