Solutions

Solution 2.1

2.1.1
a. | add f, g, h
add f, f, i
add f, f, j
b. addi f, h, 5
addi f, f, g
2.1.2
a 3
b. | 2
2.1.3
a 14
b. | 10
2.1.4
a f=9g+nh
b. f=g+nh

Solution 2.2

2.2.1
a. | add f, f, f
add f, f, i
b. | addi f, j, 2
add f, f, g




S$20 Chapter 2 Solutions

2.2.2

a 2

b. | 2
2.2.3

a 6

b. | 5
2.2.4

a f +=

b f=1-f
2.2.5

a 4

b 0

Solution 2.3

2.3.1

a. | add f, f, g
add f, f, h
add f, f, i
add f, f, j
addi f, f, 2

b. | addi f, f, 5
sub f, g, f

2.3.2

a 5

b. | 2

2.3.3

a 17
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b. | f=9g-°f-1;

2.3.5
a 1
b. | O

Solution 2.4
2.4.1

a. | 1w $s0, 16($s7)
add  $s0, $s0, $sli
add  $s0, $s0, $s2

b. | 1w $t0, 16($s7)
Tw $s0, 0($t0)
sub  $s0, $s1, $s0

2.4.2
a 3
b. | 3

2.4.3
a 4
b. | 4

2.4.4

f+=qg+h+ 1+ J;

f =A[1];
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2.4.5

a. | nochange

b. | no change

2.4.6

a. | 5 as written, 5 minimally

b. | 2 as written, 2 minimally

Solution 2.5
2.5.1

a. Address Data temp = Array[3];
12 1 Array[3] = Arrayl[2];
8 6 Array[2] = Array[1];
4 4 Array[1l] = Array[0];
0 2 Array[0] = temp;
b. Address Data temp = Array[4];
16 1 Array[4] = Array[0];
12 2 Array[0] = temp;
8 3 temp = Array[3];
4 4 Array[3] = Array[1];
0 5 Array[1l] = temp;
2.5.2
a. Address Data temp = Array[3]; Tw  $t0, 12($s6)
12 1 Array[3] = Array[2]; Tw $tl1, 8($s6)
8 6 Array[2] = Array[1]; Sw $t1, 12($s6)
4 4 Array[1] = Array[0]; Tw $t1, 4($s6)
0 2 Array[0] = temp; Sw $t1, 8($s6)
Tw $tl, 0($s6)
sw $t1, 4($s6)
SwW $t0, 0($s6)
b. Address Data temp = Array[4]; Tw $t0, 16($s6)
16 1 Array[4] = Array[0]; Tw $t1, 0($s6)
12 2 Array[0] = temp; sw o $tl, 16($s6)
8 3 Sw $t0, 0($s6)
4 4 temp = Array[3];
0 5 Array[3] = Array[1]; Tw $t0, 12($s6)
Array[1] = temp; Tw  $t1, 4($s6)
Sw $t1, 12($s6)
Sw $t0, 4($s6)
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2.5.3
a. Address Data temp = Array[3]; Tw $t0, 12($s6) 8 mips instructions, +1
12 1 Array[3] = Array[2]; Tw $t1, 8($s6) mips inst. for every non-
8 6 Array[2] = Array[1]; sw $tl1, 12($s6) zero offset lw/sw pair
4 4 Array[1] = Array[0]; Tw $t1, 4($s6) (11 mips inst.)
0 2 Array[0] = temp; sw  $tl, 8($s6)
Tw $tl, 0($s6)
sw $t1, 4($s6)
Sw $t0, 0($s6)
b. Address Data temp = Arrayl[4]; Tw $t0, 16($s6) 8 mips instructions, +1
16 1 Array[4] = Array[0]; Tw $tl, 0($s6) mips inst. for every non-
12 2 Array[0] = temp; sw $t1, 16($s6) zero offset Iw/sw pair
8 3 Sw $t0, 0($s6) (11 mips inst.)
4 4 temp = Array[3];
0 5 Array[3] = Array[1]; Tw  $t0, 12($s6)
Array[1l] = temp; Tw $tl, 4($s6)
Sw $tl, 12($s6)
Sw $t0, 4($s6)
2.5.4
a. | 305419896
b. | 3199070221

2.5.5
- Little-Endian Big-Endian
a. Address Data Address Data
12 12 12 78
8 34 8 56
4 56 4 34
0 78 0 12
b. Address Data Address Data
12 be 12 od
8 ad 8 fO
4 fO 4 ad
0 0od 0 be

Solution 2.6
2.6.1

a. | lw  $s0, 4($s7)

sub  $s0, $s0, $sl1
add  $s0, $s0, $s2

Tw  $t0, 0($t0)

Tw  $s0, 4($t0)

b. | add $t0, $s7, $sl

add $t0, $t0, $s6
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2.6.2
a 3
b. | 4
2.6.3
a 4
b. | 5
2.6.4
f =21+ h;
f = Alg - 31;
2.6.5
a. | $s0 =110
b. | $s0 =300
2.6.6
—-nnnm
add $s0, $s0, $s1 R-type
add $s0, $s3, $s2 R-type 0 19 18 16
add $s0, $s0, $s3 R-type 0 16 19 16

R 7= nnnm

addi $s6, $s6, -20 I-type
add $s6, $s6, $sl R-type 0 22q 17 22
Tw $s0, 8(%$s6) I-type 35 22 16
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Solution 2.7
2.7.1

a. | -1391460350

b. | -19629

2.7.2

a. | 2903506946

b. | 4294947667

2.7.3

a. | AD100002

b. | FFFFB353

2.7.4

a. | 01111111111111111111111111111111

b. | 1111101000

2.7.5
a. | 7FFFFFFF
b. | 3E8
2.7.6
a. | 80000001
b. | FFFFFC18

Solution 2.8
2.8.1

a. | 7FFFFFFF, no overflow

b. | 80000000, overflow
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2.8.2

a. | 60000001, no overflow

b. | 0, no overflow

2.8.3

a. | EFFFFFFF, overflow

b. | C0000000, overflow

2.8.4

a. | overflow

b. | no overflow

2.8.5

a. | no overflow

b. | no overflow

2.8.6

a. | overflow

b. | no overflow

Solution 2.9
2.9.1

a. | overflow

b. | no overflow

2.9.2

a. | overflow

b. | no overflow




Chapter 2 Solutions

$27

2.9.3

a. | no overflow

b. | overflow

2.9.4

a. | no overflow

b. | no overflow

2.9.5

a. | 10100002

b. | 6FFFB353

2.9.6

a. | 487587842

b. | 1879028563

Solution 2.10
2.10.1

a. | sw $t3, 4($s0)

b. | Tw $t0, 64($t0)

2.10.2

a. | ltype

b. | Itype

2.10.3

a. | AE0BOO0O4

b. | 80080040
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2.10.4

a. | 0x01004020

b. | 0x8E690004

2.10.5

a. | Rtype

b. | Itype

2.10.6

a. | op=0x0, rd=0x8, rs=0x8, rt=0x0, funct=0x0

b. | op=0x23, rs=0x13, rt=0x9, imm=0x4

Solution 2.11
2.11.1

a. | 1010 1110 0000 1011 1111 1111 1111 11004,

b. | 1000 1101 0000 1000 1111 1111 1100 00004,

2.11.2

a. | 2920022012

b. | 2366177216

2.11.3

a. | sw $t3, -4(%$s0)

b. | Tw  $t0, -64($t0)

2.11.4

a. | Rtype

b. | ltype
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2.11.5

a. | add $vl, $at,

b. | sw $al, 4($s0)

2.11.6

a. | 0x00221820

b. | 0xAD450004

Solution 2.12
2.12.1

-nnnmm—

R-type total bits = 26
b. R-type 6 6 total bits = 32
2.12.2
-—-_-m—
I-type total bits = 28
b. I-type 10 total bits = 26

2.12.3

a. | less registers — less bits per instruction — could reduce code size
less registers — more register spills — more instructions

b. | smaller constants — more lui instructions — could increase code size
smaller constants — smaller opcodes — smaller code size

2.12.4

a. | 17367056

b. | 2366177298

2.125

a. | add $t0, $tl,

b. | Tw  $t1, 12($t0)
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2.12.6

a. | Rtype, op=0x0, rt=0x9

b. | |type, op=0x23, rt=0x8

Solution 2.13
2.13.1

a. | 0x57755778

b. | OXFEFFFEDE

2.13.2

a. | 0x55555550

b. | OXEADFEEDO

2.13.3

a. | 0xO000AAAA

b. | 0x0000BFCD

2.13.4

a. | 0x00015B5A

b. | 0x00000000

2.13.5

a. | 0x5b5a0000

b. | 0x000000f0

2.13.6

a. | OXEFEFFFFF

b. | 0x000000F0
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Solution 2.14

2.14.1

a. | add
srl
andi

$tl,
$tl,
$tl,

$t0,
$tl,
$tl,

$0

5
0x0001ffff

b. | add
sl
andi

$tl,
$tl,
$tl,

$t0,
$tl,
$tl,

$0
10
Oxffff8000

2.14.2

a. | add
andi

$tl,
$tl,

$t0,
$tl,

$0
0x0000000f

b. | add
srl
andi

$tl,
$tl,
$tl,

$t0,
$tl,
$tl,

$0
14
0x0003c000

2.14.3

a. | add
srl

$tl,
$tl,

$t0,
$tl,

$0
28

b. | add
srl
andi

$tl,
$tl,
$tl,

$t0,
$tl,
$tl,

$0
14
0x0001c000

2.14.4

a. | add
srl
and
and
ori

$t2,
$te,
$t2,
$tl,
$tl,

$t0,
$t2,
$t2,
$tl,
$tl,

$0

11
0x0000003f
Oxffffffco
$t2

b. | add
sl
and
and
ori

$tz,
$te,
$tz,
$tl,
$tl,

$t0,
$te,
$t2,
$tl,
$tl,

$0

3
0x000fc000
OxfffO3fff
$t2
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2.14.5
a. | add $t2, $t0, $0
and $t2, $t2, 0x0000001f
and  $tl, $tl, Oxffffffel
ori $tl, $tl1, $t2
b. | add $t2, $t0, $0
s11 $t2, $t2, 14
and $t2, $t2, 0x0007c000
and  $t1, $tl1, Oxfff83fff
ori $tl, $tl1, $t2
2.14.6
a. | add $t2, $t0, $0
srl $t2, $t2, 29
and $t2, $t2, 0x00000003
and  $tl, $tl, Oxfffffffc
ori $tl, $tl, $t2
b. | add $t2, $t0, $0
srl $t2, $t2, 15
and $t2, $t2, 0x0000c000
and  $tl, $tl, Oxffff3fff
ori $tl, $tl1, $t2
Solution 2.15
2.15.1
a. | 0x0000a581
b. | 0x00ff5a66
2.15.2
a. | nor $t1, $t2, $t2
and $t1, $t1, $t3
b. | xor $t1, $t2, $t3
nor $t1, $t1, $t1
2.15.3
a. | nor $t1, $t2, $t2 000000 01010 01010 01001 00000 100111
and $t1, $tl1, $t3 000000 01001 01011 01001 00000 100100
b. | xor $t1, $t2, $t3 000000 01010 01011 01001 00000 100110
nor $t1, $tl1, $tl 000000 01001 01001 01001 00000 100111
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2.15.4
a. | 0x00000220
b. | 0x00001234

2.15.5 Assuming $t1 = A, $t2 =B, $s1 = base of Array C

a. Tw $t3, 0($sl)
and $t1, $t2, $t3
b. beq $t1, $0, ELSE
add $t1, $t2, $0
beq $0, $0, END
ELSE: Tw $t2, 0($s1)
END:
2.15.6
a. Tw $t3, 0($s1) 100011 10001 01011 0000000000000000
and $t1, $t2, $t3 000000 01010 01011 01001 00000 100100
b. beq $t1, $0, ELSE 000100 01001 00000 0000000000000010
add $t1, $t2, $0 000000 01010 00000 01001 00000 100000
beq $0, $0, END 000100 00000 00000 0000000000000001
ELSE: Tw $t2, 0($s1) 100011 10001 01010 0000000000000000
END:

Solution 2.16

2.16.1
a. | $t2=1
b. | $t2=1
2.16.2
a. | all, Ox8000 to Ox7FFFF
b. | 0x8000 to OxFFFE
2.16.3
a. | jump—no, beq—no
b. | jump—no, begq—no
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2.16.4
a. | $t2=2
b. | $t2=2
2.16.5
a. | $t2=0
b. $t2=1
2.16.6

a. | jump—yes, beg—no

b. | jump—yes, beg—yes

Solution 2.17

2.17.1 The answer is really the same for all. All of these instructions are either
supported by an existing instruction, or sequence of existing instructions. Looking
for an answer along the lines of, “these instructions are not common, and we are
only making the common case fast”.

2.17.2

a. | could be either R-type of I-type

b. | Rtype
2.17.3
a. | ABS: sub  $t2,$zero,$t3 # t2 = - t3
ble $t3,$zero,done # if t3 < 0, result is t2
add $t2,$t3,$zero # if t3 > 0, result is t3
DONE:
b. | s1t $tl1, $t3, $t2

2.17.4

a. | 20

b. | 200
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2.17.5
a. | i =10;
do f
B += 2;
i=1-1;
} while (i > 0)
b. | i =10;
do {
temp = 10;
do {

B += 2;
temp = temp - 1;
} while (temp > 0)
i=1-1;
b while (1 > 0)

2.17.6
a. | 5xN+3
b. | 33xN

Solution 2.18
2.18.1

—

A+
A
i+=1

b. ii

Dlal=b + a;

A
A+=1
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2.18.2

a. addi $t0, $0, O
beq $0, $0, TEST

LOOP: add $s0, $s0, $sl1
addi $t0, $t0, 1

TEST: s1ti $tz2, $t0, 10
bne $t2, $0, LOOP

b. | LOOP: s1ti $t2, $s0, 10
beq $t2, $0, DONE
add $t3, $s1, $s0
s11  $t2, $s0, 2
add $t2, $s2, $t2
Sw $t3, ($t2)
addi $s0, $s0, 1
Jj LOOP

DONE:

2.18.3

a. | 6 instructions to implement and 44 instructions executed

b. | 8 instructions to implement and 2 instructions executed

2.18.4

a. | 501

b. | 301

2.18.5

a. | for(i=100; i>0; i--){
result += MemArray[s0];
s += 1;

1

b. | for(i=0; i<100; i+=2){
result += MemArray[s0 + i];
result += MemArray[sO + i + 1];

2.18.6

a. addi $tl1, $s0, 400

LOOP: Tw $s1, 0($s0)
add $s2, $s2, $sl
addi $s0, $s0, 4
bne $s0, $tl1, LOOP

b. | already reduced to minimum instructions
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Solution 2.19

2.19.1

a. compare:
addi
Sw

add
add
Jal
addi
beq
sit
bne
addi
exit:
add
Tw
addi
jr
sub:
sub
jr

$sp,
$ra,

$s0,
$s1,

sub

$tl,
$v0,
$te,
$te,
$tl,

$vO0,
$ra,
$sp,

$ra

$vO0,

$ra

b. | fib_iter:
addi
Sw
Sw
Sw
Sw

exit:

$sp,
$ra,
$s0,
$s1,
$s2,

$s0,
$s1,
$s2,

$v0,
$s2,

$a0,
$al,
$a2,

$sp, -16
12($sp)
8($sp)
4($sp)
0($sp)

$a0, $0
$al, $0
$a2, $0

$s1, $0,
$0, exit

$s0, $s1
$s0, $0
$s2, -1

fib_iter

$s2,
$s1,
$s0,
$ra,
i $sp,

$ra

0($sp)
4($sp)
8($sp)
12($sp)
$sp, 16
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2.19.2
a. | compare:
addi $sp, $sp, -4
sw  $ra, 0($sp)
sub $t0, $a0, $al
addi $tl1, $0, 1
beq $t0, $0, exit
slt  $t2, $0, $t0
bne $t2, $0, exit
addi $t1, $0, $0
exit:
add $v0, $t1, $0
Tw $ra, 0($sp)
addi $sp, $sp, 4
jr $ra
b. | Due to the recursive nature of the code, not possible for the
compiler to in-line the function call.

2.19.3
a. | after calling function compare:
old $sp => Ox7ffffffc 277
$sp => -4 contents of register $ra
after calling function sub:
old $sp => Ox7ffffffc 277
-4 contents of register $ra
$sp => -8 contents of register $ra  dffreturn to
compare
b. | after calling function fib_iter:
old $sp => Ox7ffffffc 2727
-4 contents of register $ra
-8 contents of register $s0
-12 contents of register $sl
$sp => -16 contents of register $s2
2.19.4
a. | f: addi $sp,$sp,-8
sw $ra,4($sp)
Sw $s0,0($sp)
move $s0,%a2
jal func
move $a0,$v0
move $al,$s0
jal func
Tw $ra,4($sp)
Tw $s0,0($sp)
addi $sp,$sp,8
jr $ra
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b. | f: addi $sp,$sp,-12
Sw $ra,8($sp)
Sw $s1,4(%sp)
Sw $s0,0($sp)
move $s0,%al
move $s1,%a2
jal func
move $a0,$s0
move $al,$sl
move $s0,$v0
jal func
add $v0,$v0,$s0
Tw $ra,8(%sp)
Tw $s1,4($sp)
Tw $s0,0($sp)
addi $sp,$sp,12
Jjr ra

2.19.5

a. | We can use the tail-call optimization for the second call to func, but then we must restore $ra
and $sp before that call. We save only one instruction (jr $ra).

b. | We can NOT use the tail call optimization here, because the value returned from f is not equal
to the value returned by the last call to func.

2.19.6 Register $ra is equal to the return address in the caller function, registers
$sp and $s3 have the same values they had when function f was called, and register
$t5 can have an arbitrary value. For register $t5, note that although our function
f does not modify it, function func is allowed to modify it so we cannot assume
anything about the of $t5 after function func has been called.

Solution 2.20
2.20.1

a. | FACT: addi $sp, $sp, -8
Sw $ra, 4($sp)
Sw $a0, 0($sp)
add $s0, $0, $a0

sTti  $t0, $a0, 2
beq  $t0, $0, L1

addi  $v0, $0, 1
addi  $sp, $sp, 8

jr $ra
L1: addi $a0, $a0, -1
jal FACT

mul $v0, $s0, $vO

Tw $a0, 0($sp)
Tw $ra, 4($sp)
addi  $sp, $sp, 8
jr $ra
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b. | FACT: addi $sp,
Sw $ra,
Sw $a0,
add $s0,
slti  $t0,
beq  $tO,
addi  $v0,
addi  $sp,
jr $ra
L1: addi  $a0,
jal FACT
mul $vO0,
Tw $a0,
Tw $ra,
addi  $sp,
jr $ra

$sp, -8
4($sp)
0($sp)
$0, $a0

$a0, 2
$0, L1

$0, 1
$sp, 8

$a0, -1

$s0, $vO

0($sp)
4($sp)
$sp, 8

2.20.2

of) recursion

Nonrecursive version:

FACT: addi  $sp,

Sw $ra,
add $s0,
add $s2,
LOOP: slti  $t0,
bne $t0,
mul $s2,
addi  $s0,
j LOOP
DONE: add $v0,
Tw $ra,
addi  $sp,
jr $ra

a. | 25 MIPS instructions to execute nonrecursive vs. 45 instructions to execute (corrected version

$sp, -4
4($sp)
$0, $a0
$0, $1

$s0, 2
$0, DONE
$s0, $s2
$s0, -1

$0, $s2
4($sp)
$sp, 4

of) recursion

Nonrecursive version:

jr $ra

FACT: addi  $sp,

Sw $ra,
add $s0,
add $s2,
LOOP: sTti  $tO0,
bne $t0,
mul $s2,
addi  $s0,
Jj LOOP
DONE: add $vO0,
Tw $ra,
addi  $sp,

b. | 25 MIPS instructions to execute nonrecursive vs. 45 instructions to execute (corrected version

$sp, -4
4($sp)
$0, $a0
$0, $1

$s0, 2
$0, DONE
$s0, $s2
$s0, -1

$0, $s2
4($sp)
$sp, 4
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2.20.3
a. | Recursive version
FACT: addi  $sp,
sw $ra,
Sw $al,
add $s0,
HERE : s1ti  $t0,
beq $t0,
addi  $vO0,
addi  $sp,
jr $ra
L1: addi  $a0,
jal FACT
mul $vO0,
Tw $al,
Tw $ra,
addi  $sp,
jr $ra

old $sp => 0xn
-4
$sp => -8

old $sp => Oxn
-4
-8
-12
$sp => -16

old $sp => 0xn
-4
-8
-12
-16
-20
$sp => =24

old $sp => Oxn

$sp = -32

$sp, -8
4($sp)
0($sp)
$0, $a0
$a0, 2
$0, L1
$0, 1
$sp, 8

$a0, -1

$s0, $vO

0($sp)
4($sp)
$sp, 8

nnnnnnn

nnnnnnn

nnnnnnn

nnnnnnn

277

contents of register $ra
contents of register $a0

?27?

contents
contents
contents
contents

2?7

contents
contents
contents
contents
contents
contents

?27?

contents
contents
contents
contents
contents
contents
contents
contents

of
of
of
of

of
of
of
of
of
of

of
of
of
of
of
of
of
of

at label HERE, after calling function FACT with input of 4:

at label HERE, after calling function FACT with input of 3:

register
register
register
register

at label HERE, after calling function FACT with input of 2:

register
register
register
register
register
register

at label HERE, after calling function FACT with input of 1:

register
register
register
register
register
register
register
register

$ra
$a0l
$ra
$a0l

$ra
$a0
$ra
$a0
$ra
$a0

$ra
$a0
$ra
$a0
$ra
$a0
$ra
$a0
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b. Recursive version

FACT: addi  $sp, $sp, -8
sw $ra, 4($sp)
Sw $a0, 0($sp)
add $s0, $0, $a0

HERE: slti  $t0, $a0, 2
beq $t0, $0, L1
addi  $v0, $0, 1
addi  $sp, $sp, 8

jr $ra
L1: addi  $a0, $a0, -1
jal FACT

mul $v0, $s0, $vO
Tw $a0, 0($sp)
Tw $ra, 4($sp)
addi  $sp, $sp, 8
jr $ra

at label HERE, after calling function FACT with input of 4:

old $sp => Oxnnnnnnnn 7?7
-4 contents of register $ra
$sp => -8 contents of register $a0
at lTabel HERE, after calling function FACT with input of 3:
old $sp => Oxnnnnnnnn ?77?
-4 contents of register $ra
-8 contents of register $a0
-12 contents of register $ra
$sp => -16 contents of register $a0
at label HERE, after calling function FACT with input of 2:
old $sp => Oxnnnnnnnn 7?7
-4 contents of register $ra
-8 contents of register $a0
-12 contents of register $ra
-16 contents of register $a0
-20 contents of register $ra
$sp => -24 contents of register $a0
at lTabel HERE, after calling function FACT with input of 1:
old $sp => Oxnnnnnnnn ?77?
-4 contents of register $ra
-8 contents of register $a0
-12 contents of register $ra
-16 contents of register $a0
-20 contents of register $ra
-24 contents of register $a0
-28 contents of register $ra

$sp => -32 contents of register $a0
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2.20.4

a. | FIB: addi  $sp, $sp, -12
Sw $ra, 8($sp)
Sw $s1, 4($sp)
Sw $a0, 0($sp)
slti  $t0, $a0, 3
beq $t0, $0, L1
addi  $v0, $0, 1
J EXIT

L1: addi $a0, $a0, -1

jal FIB

addi  $s1, $v0, $0
addi  $a0, $a0, -1

jal FIB
add $v0, $v0, $sl1

EXIT: Tw $a0, 0($sp)
Tw $s1, 4($sp)
Tw $ra, 8($sp)
addi  $sp, $sp, 12
jr $ra

b. | FIB: addi  $sp, $sp, -12
sw $ra, 8($sp)
sw $s1, 4($sp)
Sw $a0, 0($sp)

slti  $t0, $a0, 3
beq $t0, $0, L1
addi  $v0, $0, 1

j EXIT
L1: addi  $a0, $a0, -1
jal  FIB

addi  $s1, $v0, $0
addi  $a0, $a0, -1

jal FIB
add $v0, $v0, $sl

EXIT: Tw $a0, 0($sp)
Tw $s1, 4($sp)
Tw $ra, 8($sp)
addi  $sp, $sp, 12
jr $ra
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2.20.5

a. | 23 MIPS instructions to execute nonrecursive vs. 73 instructions to execute (corrected version

of) recursion

Nonrecursive version:

FIB: addi  $sp,
Sw $ra,
addi  $s1,
addi  $s2,

LOOP: sTti  $tO0,
bne $t0,
add $s3,
add $s1,
add $s2,
addi  $a0,
j LOOP

EXIT: add $v0,
Tw $ra,
addi  $sp,
jr $ra

$sp, -4
($sp)
$0,

$0, 1
$a0, 3
$0, EXIT
$s1, $0
$sl, $s2
$s3, $0
$a0, -1
sl, $0
($sp)
$sp, 4

b. | 23 MIPS instructions to execute nonrecursive vs. 73 instructions to execute (corrected version

of) recursion

Nonrecursive version:

FIB: addi  $sp,
Sw $ra,
addi  $s1,
addi  $s2,

LOOP: slti  $t0,
bne $t0,
add $s3,
add $s1,
add $s2,
addi  $ao0,
Jj LOOP

EXIT: add $v0,
Tw $ra,
addi  $sp,

jr $ra

$sp, -4
($sp)
$0, 1
$0, 1
$a0, 3
$0, EXIT
$s1, $0
$s1, $s2
$s3, $0
$al0, -1

sl, $0
($sp)
$sp, 4
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2.20.6
a. | recursive version
FIB: addi  $sp, $sp, -12
sw $ra, 8($sp)
Sw $s1, 4($sp)
sw $a0, 0($sp)
HERE : slti  $t0, $a0, 3
beq $t0, $0, L1
addi  $v0, $0, 1
J EXIT
L1: addi  $a0, $a0, -1
jal FIB
addi  $sl1, $v0, $0
addi  $a0, $a0, -1
jal FIB
add $v0, $v0, $sl
EXIT: Tw $a0, 0($sp)
Tw $s1, 4($sp)
Tw $ra, 8(%sp)
addi  $sp, $sp, 12
jr $ra
at label HERE, after calling function FIB with input of 4:
old $sp => Oxnnnnnnnn 72?77
-4 contents of register $ra
-8 contents of register $sl
$sp => -12 contents of register $a0
b. | recursive version
FIB: addi  $sp, $sp, -12
sw $ra, 8($sp)
Sw $s1, 4($sp)
sw $a0, 0($sp)
HERE: slti  $t0, $a0, 3
beq $t0, $0, L1
addi $v0, $0, 1
J EXIT
L1: addi  $a0, $a0, -1
jal FIB
addi  $s1, $v0, $0
addi  $a0, $a0, -1
jal FIB
add $v0, $v0, $sl
EXIT: Tw $a0, 0($sp)
Tw $s1, 4($sp)
Tw $ra, 8($sp)
addi  $sp, $sp, 12
jr $ra
at label HERE, after calling function FIB with input of 4:
old $sp => Oxnnnnnnnn 277
-4 contents of register $ra
-8 contents of register $sl
$sp => -12 contents of register $a0
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Solution 2.21

2.21.1
a. after entering function main:
old $sp => Ox7ffffffc 2727
$sp => -4 contents of register $ra
after entering function Teaf_function:
old $sp => Ox7ffffffc 2727
-4 contents of register $ra
$sp => -8 contents of register $ra (return to main)
b. | after entering function main:
old $sp => Ox7ffffffc 227
$sp => -4 contents of register $ra
after entering function my_function:
old $sp => Ox7ffffffc 227
-4 contents of register $ra
$sp => -8 contents of register $ra (return to main)
global pointers:
0x10008000 100 my_global
2.21.2
a. | MAIN: addi $sp, $sp, -4

sw $ra, ($sp)

addi $a0, $0, 1
Jjal LEAF

Tw  $ra, ($sp)
addi $sp, $sp, 4
jr $ra

LEAF: addi $sp, $sp, -8
Sw $ra, 4($sp)
Sw $s0, 0($sp)

addi $s0, $a0, 1
s1ti $t2, 5, $a0
bne $t2, $0, DONE
add $a0, $s0, $0
jal LEAF

DONE: add $v0, $s0, $0
Tw  $s0, 0($sp)
Tw $ra, 4($sp)
addi $sp, $sp, 8
jr $ra
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b. | MAIN:

FUNC:

addi
Sw

addi
addi
Tw
jal
add

addi
jr

sub
jr

$sp,
$ra,

$a0,
$tl,
$al,
FUNC
$t2,

$ra,
$sp,
$ra

$v0,
$ra

$sp, -4
($sp)

$0, 10
$0, 20
($s0)

$v0 $0

($sp)
$sp, 4

$a0, $al

f#fassume $s0 has global variable base

2.21.3

a. | MAIN:

LEAF:

DONE:

addi
Sw

addi
jal

addi
Jjr
addi

SW
Sw

addi
sTti
bne
add
jal
add
Tw
Tw
addi
jr

$sp,
$ra,

$a0,
LEAF

$ra,
$sp,
$ra

$sp,
$ra,
$s0,

$s0,
$t2,
$t2,
$a0,
LEAF

$vOo,
$s0,
$ra,
$sp,
$ra

$sp, -4
($sp)

$0, 1

($sp)
$sp, 4

$sp, -8
4($sp)
0($sp)

$a0, 1
5, $%$a0
$0, DONE
$s0, $0

$s0, $0
0($sp)
4($sp)
$sp, 8

b. | MAIN:

FUNC:

addi
SW

addi
addi
Tw
jal
add

addi
jr

sub
jr

$sp,
$ra,

$a0,
$tl,
$al,
FUNC
$t2,

$ra,
$sp,
$ra

$vO0,
$ra

$sp, -4
($sp)

$0, 10
$0, 20
($s0)

$v0 $0

($sp)
$sp, 4

$a0, $al

Jfassume $s0 has global variable base
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2.21.4

a. Register $s0 is used to hold a temporary result without saving $s0 first. To correct this
problem, $tO (or $v0) should be used in place of $s0 in the first two instructions. Note that a
sub-optimal solution would be to continue using $s0, but add code to save/restore it.

b. | The two addi instructions move the stack pointer in the wrong direction. Note that the MIPS
calling convention requires the stack to grow down. Even if the stack grew up, this code would
be incorrect because $ra and $s0 are saved according to the stack-grows-down convention.

2.21.5
a. | int f(int a, int b, int ¢, int d){
return 2*(a-d)+c-b;
}
b. | int f(int a, int b, int c){
return g(a,b)+c;
}
2.21.6
a. | The function returns 842 (which is 2 x (1 — 30) + 1000 — 100)
b. | The function returns 1500 (g(a, b) is 500, so it returns 500 + 1000)

Solution 2.22

2.22.1

a. | 65 20 98 121 116 101

b. | 99 111 109 112 117 116 101 114

2.22.2

a. | U+0041, U+0020, U+0062, U+0079, U+0074, U+0065

b. | U+0063, U+006f, U+006d, U+0070, U+0075, U+0074, U+0065, U+0072
2.22.3

a. | add

b. | shift
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Solution 2.23

2.23.1

a. | MAIN:

LOOP:

DONE:

FIRST:

addi $sp,
Sw $ra,
add $t6,
add $t7,
add $s0,
add $tO0,

1b $t1,
slt  $t2,
bne $t2,
slt  $t2,
bne $t2,
sub  $tl,

beq $s0,
mul  $s0,
add $s0,
addi $t0,

J LOOP

add $vO,
Tw $ra,
addi $sp,

jr $ra

$sp, -4

($sp)

$0, 0x30 # '0'
$0, 0x39 # '9'
$0, $0

$a0, $0

($t0)

$tl, $t6
$0, DONE
$t7, $tl
$0, DONE
$tl, $t6

$0, FIRST
$s0, 10
$s0, $tl
$t0, 1

$s0, $0
($sp)
$sp, 4

b. | MAIN:

LOOP:

HEX:

DEC:

DONE:

FIRST:

addi $sp,
sSw $ra,
add  $t4,
add $th,
add $te,
add $t7,
add $s0,
add $tO0,

1b $tl,
st $tz,
bne $t2,
st $tz,
bne $t2,
sub  $t1,

J DEC

st $tz,
bne $t2,
st $tz,
bne $t2,
sub  $t1,
addi $t1,
beq $s0,
mul  $s0,
add  $s0,
addi $t0,

J LOOP

add $vO0,
Tw $ra,
addi $sp,

jr $ra

$0, 0x41 # 'A’
$0, Ox46 # 'F'
$0, 0x30 4 '0°
$0, 0x39 # '9'
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Solution 2.24
2.24.1

a. | 0x00000012
b. | Ox12ffffff

2.24.2

a. | 0x00000080
b. | 0x80000000

2.24.3

a. | 0x00000011
b. | 0x11555555

Solution 2.25

2.25.1 Generally, all solutions are similar:

Tui $tl, top_l6_bits
ori $tl, $tl1, bottom_16_bits

2.25.2 Jump can go up to OxOFFFFFFC.

a. no

b. | no

2.25.3 Range is 0x604 + 0x1FFFC = 0x0002 0600 to 0x604 — 0x20000 = 0xFFFE

0604.
a. | no
b. | yes

2.25.4 Range is 0x0042 0600 to 0x003E 0600.

a. no

b. | no
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2.25.5 Generally, all solutions are similar:

add $tl1, $zero, $zero ffclear $ti

addi $t2, $zero, top_8_bits {set top 8b

s11  $t2, $t2, 24 f#shift left 24 spots

or $tl, $tl, $t2 #place top 8b into $tl
addi $t2, $zero, nxtl_8_bits #set next 8b

s11 $t2, $t2, 16 f#shift left 16 spots

or  $tl, $t1, $t2 #place next 8b into $tl
addi $t2, $zero, nxt2_8_bits f#fset next 8b

s11  $t2, $t2, 24 #shift left 8 spots

or $tl, $tl, $t2 #place next 8b into $tl

ori $tl, $t1, bot_8_bits Jfor in bottom 8b

2.25.6

a. | 0x12345678
b. | 0x12340000

2.25.7

a. | t0 = (0x1234 << 16) || 0x5678;

b. | t0 = (t0 || 0x5678);
t0 = 0x1234 << 16;

Solution 2.26
2.26.1 Branch range is 0x00020000 to OxFFFE0004.

a. | one branch

b. | three branches

2.26.2

a. one

b. | can’t be done

2.26.3 Branch range is 0x00000200 to OxFFFFFE04.

a. | eight branches

b. | 512 branches
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2.26.4

a. | branch range is 16x larger

b. | branch range is 16x smaller

2.26.5

a. | nochange

b. | jump to addresses O to 212 instead of O to 228, assuming the PC<0x08000000

2.26.6

a. | rs field now 3 bits

b. | no change

Solution 2.27

2.27.1

a. | jump register

b. | beq
2.27.2

a. | Rtype

b. | Itype
2.27.3

a. | + canjump to any 32b address
— need to load a register with a 32b address, which could take multiple cycles

b. | + allows the PC to be set to the current PC + 4 +/- BranchAddr, supporting quick forward and
backward branches
— range of branches is smaller than large programs

2.27.4

a. | 0x00000000 Tui $s0, 100 0x3¢100100
0x00000004 ori $s0, $s0, 40 0x36100028

b. | 0x00000100 addi $t0, $0, 0x0000 0x20080000
0x00000104 Tw $tl, 0x4000($t0) 0x8d094000
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2.27.5
a. addi  $s0, $zero, 0x80
sl $s0, $s0, 17
ori $s0, $s0, 40
b. addi  $t0, $0, 0x0040
sl $t0, $t0, 8
Tw $t1, 0($t0)
2.27.6
a 1
b. |1

Solution 2.28

2.28.1

‘ a. ‘ 4 instructions

2.28.2

‘ a. ‘ One of the locations specified by the LL instruction has no corresponding SC instruction.

2.28.3
a. | try: MOV R3,R4
MOV R6,R7
LL R2,0(R2)
# adjustment or test code here
SC R3,0(R2)
BEQZ R3,try
try2:
LL R5,0(R1)
# adjustment or test code here
SC R6,0(R1)
BEQZ R6,try2
MOV R4 ,R2

MOV R7,R5
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2.28.4
Processor 1 Processor 2 m“
0 1 2 99 30 40
11 $t1, 0($sl) 11 $t1, 0($sl) 1 99 2 99 99 40
sc $t0, 0($sl) 2 99 1 99 40
sc $t0, 0($sl) 3 99 1 99 0

b.
Processor 1 Processor 2 m m m m m m
99 10 20 30

0 4
try: add $t0, $0, $s4 1 2 3 4 99 10 20 10
try: add $t0, $0, $s4 11 $t1, 0($s1) 2 2 3 2 99 10 929 10
11 $tl, 0($sl) 3 2 99 2 99 10 99 10
sc $t0, 0($sl) 4 2 99 1 10 99 10
beqz $t0, try sc $t0, 0($sl) 5 2 99 1 10 99 0
add $s4, $0, $tl beqz $t0, try 6 99 99 1 10 99

Solution 2.29

2.29.1 The critical section can be implemented as:

trylk: 11 $t1,1
11 $t0,0(%$a0)
bnez $t0,trylk
sC $t1,0(%a0)
beqz $tl,trylk

operation

SW $zero,0(%$a0)

Where operation is implemented as:

a. Tw $t0,0(%al)
add $t0,$t0,%a2
Sw $t0,0(%al)

b. Tw $t0,0(%al)
sge $t1,$t0,%a2
bnez $t1,skip

sw $a2,0(%al)

skip:
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2.29.2 The entire critical section is now:

a. | try: 11 $t0,0(%al)
add $t0,%$t0,%$a2
sc $t0,0(%al)
beqz $t0,try

b. | try: 11 $t0,0(%al)
sge $t1,$t0,%a2
bnez $tl1,skip
mov  $t0,%$a2

sc $t0,0(%al)
beqz $t0,try

skip:

2.29.3 The code that directly uses 11/sc to update shvar avoids the entire lock/
unlock code. When SC is executed, this code needs 1) one extra instruction to
check the outcome of SC, and 2) if the register used for SC is needed again we need
an instruction to copy its value. However, these two additional instructions may
not be needed, e.g., if SC is not on the best-case path or f it uses a register whose
value is no longer needed. We have:

B Lock-based Direct LL/SC implementation

a. 6+3 4
b. 6+3 3
2.29.4

a. | Both processors attempt to execute SC at the same time, but one of them completes the write
first. The other’'s SC detects this and its SC operation fails.

b. | Itis possible for one or both processors to complete this code without ever reaching the SC
instruction. If only one executes SC, it completes successfully. If both reach SC, they do so in
the same cycle, but one SC completes first and then the other detects this and fails.

2.29.5 Every processor has a different set of registers, so a value in a register can-
not be shared. Therefore, shared variable shvar must be kept in memory, loaded
each time their value is needed, and stored each time a task wants to change the
value of a shared variable. For local variable x there is no such restriction. On the
contrary, we want to minimize the time spent in the critical section (or between
the LL and SC, so if variable x is in memory it should be loaded to a register before
the critical section to avoid loading it during the critical section.

2.29.6 If we simply do two instances of the code from 2.29.2 one after the other
(to update one shared variable and then the other), each update is performed
atomically, but the entire two-variable update is not atomig, i.e., after the update
to the first variable and before the update to the second variable, another process
can perform its own update of one or both variables. If we attempt to do two LLs
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(one for each variable), compute their new values, and then do two SC instructions
(again, one for each variable), the second LL causes the SC that corresponds to
the first LL to fail (we have a LL and SC with a non-register-register instruction
executed between them). As a result, this code can never successfully complete.

Solution 2.30
2.30.1

a. | add $tl1, $tz2, $0

b. | add $t0, $0, small
beq $t1, $t0, LOOP

2.30.2

a. | Yes. The address of v is not known until the data segment is built at link time.

b. | No. The branch displacement does not depend on the placement of the instruction in the text
segment.

Solution 2.31

2.31.1

a.
Text Size 0x440
Data Size 0x90

Text Address Instruction
0x00400000 Tw $a0, 0x8000($gp)
0x00400004 jal 0x0400140
0x00400140 sw $al, 0x8040($gp)
0x00400144 jal 0x0400000

Data 0x10000000 (X)
0x10000040 (Y)
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b.

Text Size 0x440
Data Size 0x90

Text Address Instruction
0x00400000 Tui $at, 0x1000
0x00400004 ori $a0, $at, O
0x00400008 jal 0x0400140
0x00400140 sw $a0, 8040($gp)
0x00400144 jmp 0x04002C0
0x004002C0 jr $ra

Data 0x10000000 (X)
0x10000040 (Y)

2.31.2 0x8000 data, OXFC00000 text. However, because of the size of the beq
immediate field, 218 words is a more practical program limitation.

2.31.3 The limitation on the sizes of the displacement and address fields in the
instruction encoding may make it impossible to use branch and jump instructions
for objects that are linked too far apart.

Solution 2.32
2.32.1

a. | swap:
s11 $t0,%al,2
add $t0,$t0,%a0
Tw $t2,0($t0)
sl $t1,%a2,2
add $t1,$t1,%a0
Tw $t3,0($t1)
Sw $t3,0($t0)
sw $t2,0($t1)
jr $ra

b. | swap:

Tw $t0,0(%a0)
Tw $t1,4(%$a0)
Sw $t1,0(%a0)
Sw $t0,4(%$a0)
jr $ra
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2.32.2

a. | Pass j+1 as a third parameter to swap. We can do this by adding an “addi $a2,$a1,1”
instruction right before “jal swap”.

b. | Pass the address of v[j] to swap. Since that address is already in $t2 at the point when we
want to call swap, we can replace the two parameter-passing instructions before “jal swap”
with a simple “mov $a0,$t2".

2.32.3

a. | swap:
add $t0,$t0,%a0 ; No s11
1b $t2,0($t0) ; Byte-sized load
add $t1,$t1,%a0 ; No s11
1b $t3,0(8t1)
sh $t3,0($t0) ; Byte-sized store
sb $t2,0(8t1)
jr $ra

b. | swap
1b $t0,0(%a0) Byte-sized load
1b $t1,1(%a0) ; Offset is 1, not 4
sh $t1,0(%a0) Byte-sized store
sh $t0,1(%a0)
jr $ra

2.32.4

a. | Yes, we must save the additional s-registers. Also, the code for sort() in Figure 2.27 is using
5 tregisters and only 4 s-registers remain. Fortunately, we can easily reduce this number, e.g.,
by using t1 instead of tO for loop comparisons.

b. | No change to saving/restoring code is needed because the same s-registers are used in the
modified sort() code.

2.32.5 When the array is already sorted, the inner loop always exits in its first
iteration, as soon as it compares v[j] with v[j+1]. We have:

a. | We need 4 more instructions to save and 4 more to restore registers. The number of
instructions in the rest of the code is the same, so there are exactly 8 more instructions
executed in the modified sort(), regardless of how large the array is.

b. | One fewer instruction is executed in each iteration of the inner loop. Because the array is

already sorted, the inner loop always exits during its first iteration, so we save one instruction
per iteration of the outer loop. Overall, we execute 10 instructions fewer.

2.32.6 When the array is sorted in reverse order, the inner loop always executes
the maximum number of iterations and swap is called in each iteration of the inner
loop (a total of 45 times). We have:

This change only affects the number of instructions needed to save/restore registers in swap(),
so the answer is the same as in Problem When the array is already sorted, the inner loop
always exits in its first iteration, as soon as it compares v[j] with v[j+1]. We have:.
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fewer.

b. | One fewer instruction is executed each time the “j>=0" condition for the inner loop is checked.
This condition is checked a total of 55 times (whenever swap is called, plus a total of 10 times
to exit the inner loop once in each iteration of the outer loop), so we execute 55 instructions

Solution 2.33
2.33.1

a. | find: move $v0,%zero

loop: beq $v0,%$al,done
sl $t0,$v0,2
add $t0,$t0,%a0
Tw $t0,0($t0)
bne $t0,%a2,skip

jr $ra
skip: addi $v0,$v0,1
b loop
done: 11 $v0,-1
jr $ra

b. | count: move $v0,$zero
move $t0,$zero

loop: beq $t0,%al,done
s11 $t1,%$t0,2
add $t1,$t1,$a0
Tw $t1,008t1)
bne $tl,%a2,skip
addi $v0,$v0,1

skip: addi $t0,$t0,1
b loop

done: Jjr $ra

2.33.2
a. | int find(int *a, int n, int x){
int *p;
for(p=a;p!=a+n;p++)
if(*p==x)
return p-a;
return -1;

}

b. | int count(int *a, int n, int x){
int res=0;
int *p;
for(p=a;p!=a+tn;p++)
if(*p==x)
res=res+l;
return res;
}
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2.33.3

a. | find: move $t0,%$a0
s11  $tl,%al,2
add $t1,$tl1,%$a0

loop: beq $t0,$tl,done
Tw $t2,0($t0)
bne $t2,$a2,skip
sub  $v0,$t0,%$a0
srl $v0,$v0,2
jr $ra

skip: addi $t0,$t0,4
b Toop

done: T1i $v0,-1
jr $ra

b. | find: move $v0,$zero
move $t0,$a0
s11  $t1,%al,2
add $t1,$tl,%$a0
loop: beq $t0,$tl,done
Tw $t2,0($t0)
bne $t2,%a2,skip
addi $v0,$v0,1
skip: addi $t0,$t0,4
b loop
done: jr $ra

2.33.4

- Array-based Pointer-based
a. 7 5
b. 8

2.33.5

- Array-based Pointer-based
a. 1 3
b. 2 3

2.33.6 Nothing would change. The code would change to save all t-registers we
use to the stack, but this change is outside the loop body. The loop body itself
would stay exactly the same.
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Solution 2.34
2.34.1

a. addi $s0, $0, 10

LOOP: add $s0, $s0, $sli
addi $s0, $s0, -1
bne $s0, $0, LOOP

b. s11  $s1, $s2, 28
srl $s2, $s2, 4
or $s1, $s1, $s2

2.34.2

a. | ADD, SUBS, MOV—all ARM register-register instruction format
BNE—an ARM branch instruction format

b. | ROR—an ARM register-register instruction format

2.34.3

a. CMP ro, rl
BMI FARAWAY

b. ADD ro, rl, r2

2.34.4

a. | CMP—an ARM register-register instruction format
BMI—an ARM branch instruction format

b. | ADD—an ARM register-register instruction format

Solution 2.35
2.35.1

a. | register operand

b. | register + offset and update register

2.35.2

Tw $s0, ($s1)

b. Tw  $s1, ($s0)
Tw $s2, 4($s0)
Tw  $s3, 8($s0)
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2.35.3

a. addi
addi
xor

ADDLP: 1w
addi
addi
addi
bne

$s0,
$s1,
$s2,
$s4,
$s2,
$s0,
$s1,
$s1,

$0, TABLE1
$0, 100
$s2, $s2
($s0)

$s2, 4
$s0, 4
$s1, -1
$0, ADDLP

b. sl
srl
or

$s1,
$s2,
$s1,

$s2, 28
$s2, 4
$s1, $s2

2.35.4

a. | 8 ARM vs. 8 MIPS instructions

b. | 1 ARMvs. 3 MIPS instructions

2.35.5

a. | ARM 0.67 times as fast as MIPs

b. | ARM 2 times as fast as MIPs

Solution 2.36

2.36.1
a. sl $s1, $s1, 3
add $s3, $s2, $sl
b. s11 $s4, $s1, 29
srl $sl, $s1, 3
or $s1, $s1, $s4
add  $s3, $s2, $sl
2.36.2
a. | addi $s3, $s2, 64
b. | addi $s3, $s2, 64
2.36.3
a. s11 $s1, $s1, 3
add $s3, $s2, $sl
b. s11  $s4, $s1, 29
srl $s1, $s1, 3
or $s1, $s1, $s4
add  $s3, $s2, $sli
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2.36.4
a. | add r3, r2, #1
b. | add r3, r2, 0x8000

Solution 2.37

2.37.1
a. mov edx, [esi+4*ebx] edx=memory(esi+4*ebx)
b. | START: mov ax, 00101100b char ax = 00101100b;
mov cx, 00000011b char bx = 11110000b;
mov  bx, 11110000b char cx = 00000011b;
and ax, bx ax = ax && bx;
or ax, cx ax = ax || cx;
2.37.2
a. s11  $s2, $s2, 2
add  $s4, $s4, $s2
Tw $s3, ($s4)
b. | START: addi $s0, $0, Ox2c
addi $s2, $0, 0x03
addi $s1, $0, 0xfO
and $s0, $s0, $sl
or $s0, $s0, $s2
2.37.3
a. | mov edx, [esi+4*ebx] 6,1,1,8,8
b. | add eax, 0x12345678 4,4,1,32
2.37.4
a. | addi $t0, $0, 2
s11 $a0, $a0, $tO
add $a0, $a0, $al
Tw  $v0, 0($a0)
b. | Tui $a0, 0x1234
ori $a0, 0x5678

Solution 2.38

2.38.1

a. | This instruction copies ECX bytes from an array pointed to by ESI to an array pointer by EDI. An
example C library function that can easily be implemented using this instruction is memcpy.

b. | This instruction copies ECX elements, where each element is 4 bytes in size, from an array
pointed to by ESI to an array pointer by EDI.
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2.38.2

a. | loop:

1b

addi
addi
addi
bnez

$t0,
$t0,
$a0,
$al
$az,
$a0,

0(%$a2)
0($al)
$a0,-1

,$al,1

$a2,1
loop

b. | Toop:

Tw
sw
addi
addi
addi
bnez

$t0,
$t0
$a0,
$al
$a2,
$a0

0(%a2)

,0(%al)

$a0,-1

,$al,4

$a2,4

,1oop

2.38.3

a. 5 6 1.2

b. 5 1.2
2.38.4
[T wescwe T oo simscompuieon |
a. | f: add $v0,%a0,%al MIPS: 2 x 4 = 8 bytes
jr $ra x86: 11 bytes
b. | f: Tw $t0,0(%$a0) MIPS: 6 x 4 = 24 bytes
Tw $t1,0(%al) x86: 19 bytes
add $t0,$t0,%t1
sw $t0,0(%a0)
Sw $t0,0(%al)
jr $ra

2.38.5 In MIPS, we fetch the next two consecutive instructions by reading the
next 8 bytes from the instruction memory. In x86, we only know where the second
instruction begins after we have read and decoded the first one, so it is more difficult

to design a processor that executes multiple instructions in parallel.

2.38.6 Under these assumptions, using x86 leads to a significant slowdown (the

speed-up is well below 1):

a. 2 11

0.18

b.

6

19

0.32
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Solution 2.39
2.39.1

a. | 0.86 seconds

b. | 0.78 seconds

2.39.2 Answer is no in all cases. Slows down the computer.

CCT = clock cycle time

ICa = instruction count (arithmetic)
ICIs = instruction count (load/store)
ICb = instruction count (branch)

new CPU time = 0.75 x old ICa x CPIa x 1.1 x oldCCT
+ oldIClIs x CPIls x 1.1 x 0oldCCT
+ 0oldICb x CPIb x 1.1 x 0oldCCT

The extra clock cycle time adds sufficiently to the new CPU time such that it is not
quicker than the old execution time in all cases.

2.39.3
a. | 113.16% 121.13%
b. | 106.85% 110.64%
2.39.4
a. | 3
b. | 2.65
2.39.5
a 0.6
b. | 1.07
2.39.6
a. | 0.2

b. | 0.716666667
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Solution 2.40

2.40.1

a. | Inthe first iteration $tO is O and the Iw fetches a[0]. After that $tO is 1, the Iw uses a non-
aligned address triggers a bus error.

b. | In the first iteration $t0 and $t1 point to a[0] b[0], so the Iw and sw instructions access a[0],
b[0], and then a[0] as intended. In the second iteration $t0 and $t1 point to the next byte in

a[0] and b[1], respectively, instead of pointing to a[1] and b[1]. Thus the first Iw uses a non-

aligned address and causes a bus error. Note that the computation for $t2 (address of a[n])

does not cause a bus error because that address is not actually used to access memory.

2.40.2

a. | Yes, assuming that x is a sign-extended byte value between —128 and 127. If x is simply a byte
value between O and 255, the function procedure only works if neither x nor array a contain
values outside the range of 0..127.

b. | Yes.

2.40.3

a. | f: move
move

add
Tw
bne
addi
S: addi
bne
jr

$v0,$zero
$t0,$zero
$t1,$t0,2
$t1,$t1,%a0
$t1,0($t1)
$t1,%a2,S
$v0,$v0,1
$t0,$t0,1
$t0,%al,L
$ra

We must multiply the index by 4 before we
add it to al[] to form the address for 1w

b. | f: move
move
sl
add

L: Tw
Tw
add
Sw
addi
addi
bne
jr

$t0,%a0
$t1,%al
$t2,%a2,2
$t2,$t2,%a0
$t3,0($t0)
$t4,0($t1)
$t3,$t3,5t4
$t3,0($t0)
$t0,$t0,4
$t1,$t1,4
$t0,%t2,L
$ra

We must multiply n by 4 to get the address
of the end of array a

Move to next element in a
Move to next element in b

2.40.4 At the exit frommy_alloc, the $sp register is moved to “free” the mem-
ory that is returned to main. Then my_init () writes to this memory to initialize
it. Note that neither my_1init nor main access the stack memory in any other way
until sort () is called, so the values at the point where sort () is called are still the
same as those written by my_init:

a. 0, 0,

b. 5, 4
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2.40.5 In main, register $s0 becomes 5, then my_alloc is called. The address
of the array v “allocated” by my_alloc is Oxffe8, because in my_alloc $sp was
saved at Oxfffc, and then 20 bytes (4 x 5) were reserved for array arr ($sp was dec-
remented by 20 to yield 0xffe8). The elements of array v returned to main are thus
a[0] at Oxffe8, a[1] at Oxffec, a[2] at Oxfff0, a[3] at 0xfff4, and a[4] at Oxfff8. After
my_alloc returns, $sp is back to 0x10000. The value returned from my_alloc
is Oxffe8 and this address is placed into the $sl register. The my_init function
does not modify $sp, $s0, $s1, $s2, or $s3. When sort () begins to execute, $sp is
0x1000, $s0 is 5, $s1 is 0xffe7, and $s2 and $s3 keep their original values of —10 and
1, respectively. The sort (0 procedure then changes $sp to Oxffec (0x1000 minus 20),
and writes $s0 to memory at address Oxffec (this is where a[1] is, so a[1] becomes
5), writes $s1 to memory at address 0xfff0 (this is where a[2] is, so a[2] becomes
0xffe8), writes $s2 to memory address 0xftf4 (this is where a[3] is, so a[3] becomes
—10), writes $s3 to memory address 0xfff8 (this is where a[4] is, so a[4] becomes 1),
and writes the return address to Oxfffc, which does not affect values in array v. Now
the values of array v are:

a. 0 5 O0xffeg 7 1
b. 5 5 0xffe8 7 1

2.40.6 When the sort () procedure enters its main loop, the elements of array v
are sorted without any interference from other stack accesses. The resulting sorted
array is

a. 0, 1, 5, 7, Oxffe8
b. 1, 5, 5, 7, Oxffe8

Unfortunately, this is not the end of the chaos caused by the original bug in
my_alloc. When the sort () function begins restoring registers, $ra is read the
(luckily) unmodified location where it was saved. Then $s0 is read from memory at
address Oxffec (this is where a[1] is), $s1 is read from address 0xfffO (this is where
a[2] is), $s2 is read from address 0xfff4 (this is where a[3] is), and $s3 is read from
address 0xfff8 (this is where a[4] is). When sort () returns to main(), registers
$s0 and $s1 are supposed to keep n and the address of array v. As a result, after
sort() returnstomain(),nand v are:

a. n=1, v=5
So v is a 1-element array of integers that begins at address 5
b. | n=5,v=5
So v is a 5-element array of integers that begins at address 5

If we were to actually attempt to access (e.g., print out) elements of array v in the
main() function after this point, the first Iw would result in a bus error due to
non-aligned address. If MIPS were to tolerate non-aligned accesses, we would print
out whatever values were at the address v points to (note that this is not the same
address to which my_in1it wrote its values).







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /AllegroBT-Regular
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Apple-Chancery
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BabyKruffy
    /BankGothicBT-Medium
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BremenBT-Bold
    /Candid
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /Chicago
    /Chick
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothicBT-Bold
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /Croobie
    /English111VivaceBT-Regular
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /Fat
    /Fences
    /FencesPlain
    /FranklinGothic-Book
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Freshbot
    /Frosty
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Book
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Gautami
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlooGun
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /Jenkinsv20
    /Jenkinsv20Thik
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Jokewood
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Italic
    /LetterGothic-Slanted
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaConsole
    /LucidaSansUnicode
    /Mangal-Regular
    /Marigold
    /MathExt
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /MicrosoftSansSerif
    /Minion-Black
    /Minion-Bold
    /Minion-BoldItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /Minion-Italic
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /Myriad-Web
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewYork
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-Italic
    /Oxford
    /OzHandicraftBT-Roman
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Poornut
    /Porkys
    /PorkysHeavy
    /PosterBodoniBT-Roman
    /PussycatSassy
    /PussycatSnickers
    /Raavi
    /RefSpecialty
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /Symbol
    /SymbolMT
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Black
    /Univers-BlackOblique
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /Vrinda
    /Webdings
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 2400
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <FEFF>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 810.000]
>> setpagedevice


