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Representagdo de Numeros Sinalizados e Nao
Sinalizados

n-1

N = Zd,- X basé
i=0

Exemplo

101, =(1x2)+(0x2)+(1x2) +(1x2") =11,

* Numeros sem sinal

Representacao com 32 bits — palavra do MIPS

31 28 27 |24 23 P019 16 15 (1211 R 7 4 3 0
000000000000(0000[]000Q0000{0000j10T11

Maior nimero de 32 bits 2% — 1 = 4.294.967.295,,
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Representagdo de Numeros Sinalizados e Nao
Sinalizados

e Numeros sinalizados

0,0000000000000000000000000001011

Niimeros sinalizados de 32 bits = (-2°") até (2°' -1)
=> -2.147.483.648 até 2.147.483.647
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Complemento de Dois

0000 0000 0000 0000 0000 0000 0000 0000, = 04
0000 0000 0000 0000 0000 0000 0000 0001, = 1y
0000 0000 0000 0000 0000 0000 0000 0010, = 29
0111 11111111 1111 11111111 1111 1101,
O111 1111 1111 1111 111111111111 1116
o111 11111111 1111 1111 1111 1111 1111,

2.147.483.645
2.147.483.646,
2.147.483.64

1000 0000 0000 0000 0000 0000 0000 0000, = -2.147.483.648
1000 0000 0000 0000 0000 0000 0000 0001, =-2.147.483.64'10
1000 0000 0000 0000 0000 0000 0000 0019 = - 2.147.483.646,

1111 1111 1111 1111 1111 1111 1111 1101 = -3y
1111 1111 1111 1111 1111 1111 1111 1119 = -2
1111 1111 1111 1111 17111 1111 1111 1113 = -1y
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e Conversao binaria (representacio em complemento de dois
=» decimal)

N=(x31 X -2 )+( x30 X 2 )+( x20 X 27 )+ ot (x, X 2" ) +
+(x0X2%)

onde x; € o i-ésimo digito do namero.

Exemplo

1111 1111 11171 1111 1111 1111 1111 1100, = ? 4

N=(1X-21)+(1X2)+(1X2%)+2°+ 2%4+0+0 =
= -2.147.483.648 + 2.147.483.644 = -4 ,
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Comparagdo de Nudmeros Sinalizados e Nao
Sinalizados - MIPS

® Instrucoes:

sit =»set on less than comparam
—» inteiros
slti =»set on less than immediate sinalizados
sltu =»set on less than comparam
—» inteiros nao
sltiu =»set on less than immediate sinalizados
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Exemplo

$sO=> 1111 1111 1111 1111 1111 1111 1111 1111,
$s1 =>» 0000 0000 0000 0000 0000 0000 0000 0001,

O que acontece com as instrucoes :

sit $t0, $s0,$s1 # comparacao sinalizada
sltu $t1, $s0,$s1 # comparacao nao sinalizada

Solucao:

O valor em $s0 representa —1 se for um inteiro
sinalizado e 4.294.967.295 se for nao sinalizado.

O valor em $s1 representa 1 em ambos os casos.

Entao $t0 tem o valor 1, pois -1 < 1 e $t1 tem o valor
0 pois 4.294.967.295 > 1.
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e Complemento dois pela inversao e incremento

2190 = 0000 0000 0000 0000 0000 0000 0010

111111111111 1111 1111 1111 1101
+ 1

20> 1111 1111 1111 1111 1111 1111 1110

2o =1111 1111 1111 1111 1111 1111 1110

0000 0000 0000 0000 0000 0000 0001
+ 1

210 => 0000 0000 0000 0000 0000 0000 0010
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* Extensao do sinal

210 = 0000 0000 0000 0010 com 16 bits, estendendo para 32
bits =» 0000 0000 0000 0000 0000 0000 0010

-2;0 = 1111 1111 1111 1110 com 16 bits, estendendo para 32
bits =»1111 1111 1111 1111 111111111110
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e (Conversao binaria €= hexadecimal

Figura 4.1 — Tabela de conversao hexadecimal

Hexa Bin Hexa Bin Hex Bin Hex Bin

0hex OOOOtwo 4hex 0 1OOtwo 8hex 1 O()Otwo Chex 1 100tw0
1he}i( 0001tw0 5he}i( 010ltwo 9hex 1001tw0 dhex 1101tw0
2hex 00 10two 6hex 01 1Otwo Apex 10 10tw0 Chex 111 Otwo
3he}i( 0011tw0 7hex 0111two bhex 1011tw0 fhe}i( 1llltwo

Exemplo1
e C a d 8 6 4 204

1110 1100 1010 1000 0110 0100 0010 0000,

Exemplo2
0001 0011 0101 0111 1001 1011 1101 1111,

1 3 5 7 9 b d f

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 ©1998 Morgan Kaufmann Publishers

12



MIPS operands

Fast locations for data. In MIPS, data must be in registers to perform

Example
1657, $t0-$t9, $gp, $fp,

@, $sp, $ra, $at arithmetic. MIPS register $zero always equals 0. Register $at is reserved
. f::-rthe assembler to handle large constants.
Accﬁsed only b},r data transfer instructions. MIPS uses byte addresses, 50
sequentlar words differ by 4. Memory holds data structures, such as arrays,
lemory[4294967292] | am:i spilled registers, such as those saved on procedure call5

MIPS assembly language

add  $s1,$52,353 |$s1=9$52 + 553 | Three operands ol
.SI.ID $51,%52,.%s3 $51 =952 %53 Three operands
|addi $s1,%$52,100 |$s1l=$52+100 '+ constant

lw  $s1,100(8s52) | $sl= Memory[$s5?7 + IDD] Word from memory to register |
| SW $51 ,100( %53 Zl . Mémor}f[ﬁﬂ? + md] = $51 Word from register to memory |

4 stﬂre word

i load t:ryte unsigned [ bu $sl ,100(%s2) |3sl= r'»f1er'm:}r].w[‘a 52+ 100] | Byte from memory to register
store byte sh $s51,100(%s2) Memnry[$52 + 1{}{)} 551 | Byte from register to memory
load upper immediate | Tui  $s51,100 | $51 =100 * 216 | Loads constant in upper 16
‘ bits
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}}_j'ranch on equal _t:-eq $31.%52, ?5 i (351 == %57) g_r:- to Equal- test-; PC-relative branch
I PC+ 4 + 100
[ branch on not equal bne $s51,%$s2,25 if ($s1 1= $s52)goto | Not equal test; PC-relative
PC+4+ 100
| set on less than STE- $51,%52 453 |if($s2< $53) 451 = 1 Compare less than;
'_ else $51 =0 two's complement
i set less than immediate | s1t1  $s1,%$s2,100 |if($s2 <100) $s1=1; Compare < constant:
' else $s1 =0 ' two's complement
i set less than unsigned | sT1tu  $s1,%$s52,%53 |if($s2 < $53) $sl =1: Compare less than;
else $s1 =0 unsigned numbers
setless than immediate | sT1tiu $s1,%$s2,100 |if($s2 <100) $s1 = 1: | Compare < constant;
unsigned ] else 351 =0 unsigned numbers
L jump J 2500 ' go to 10000 Jump to target address
jump register Bils $ra goto $ra For switch, procedure return
jump and link | jal 500 $ra =PC + 4; go to 10000 For procedure call

"’# MIPS architecture revealed thus far. Color indicates portions from this section added to the MIPS archi-
evealed in Chapter 3 (Figure 3.20 on page 155). MIPS machine language is listed in the back endpapers of this

©1998 Morgan Kaufmann Publishers 14



Adicdo e subtragao

3.7+6

0000 0000 0000 0000 0000 0000 0000 0111
+ 00000000 0000 0000 0000 0000 0000 0110

0000 0000 0000 0000 0000 0000 0000 1101

®7-6

0000 0000 0000 0000 0000 0000 0000 0111
- 00000000 0000 0000 0000 0000 00000110

0000 0000 0000 0000 0000 0000 0000 0001
® 7-6=T7+(-6)

0000 0000 0000 0000 0000 0000 0000 0111
+ 111111111111 1111 11111111 1111 1010

0000 0000 0000 0000 0000 0000 0000 0001
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Overflow

* Overflow
Figura 4.4 — Condicoes de overflow
Operacao | Operador A| Operador B Resultado
Indicando Overflow

A+B >() >( <0
A+B <0 <0 20
A-B >() <0 <0
A-B <0 >() > ()

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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MIPS operands

Comments

| | $s0-$s7, $t0-$t9, $ ap, | Fast locations for data. In MIPS, data must be in registers to perform a

f T $fp, $zero, $sp, $ra, $at|MIPS register $zero always equals O, Register $at is reserved fnrtl:-a-
L 8 | assembler to, for Example handle large constants.
| 2% Memory[O], | Accessed only by data transfer instructions. MIPS uses byte addresses, §
| memory | Memory[4], . . ., sequential words differ by 4. Memory holds data structures, such as arrays
words Memory[4294967292] spilled registers, such as those saved on procedure calls.

MIPS assembly Imguaga

| add $s1, 5:-52 $s3 | $51 =$52 + $53 | Three operands; overflow g
' subtract sub $s51,%$52,%53 $s1 = $52 - $53 Three operands; overflow dé
| | add immediate addi $s1,$52,100 |$sl=$s2+100 '+ constant; overflow detect

add unsigned addu $s5l1,3%s52,%53 $51 = 352 + $54 Three operands; overflow
| undetected

Afthmetic  |'siptract unsigned | subu  $s1,$52,$53 | $s1=$52 - $53 | Three operands; overfiey
| | undetected

add immediate addiu $s1,%s2.100 $s1 =%s57+ 100 |+ constant; overflow undets
| | unsigned _

move from mfcl $sl,%epc $31 = $epc Used to copy Exception P8
I lcnpmcessm register | | other special registers

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 (D) Y g0 LT (AU S Es 17



=

' load word Tw $51,100(852) | $s1 = Memony{$52 + 100] | Word from memory to reg
store word SW $51,100(%$s2) |Memory[$52 + 100] = $51 | Word from register to mes
Data load byte unsigned | 1bu  $s51,100(%$s52) | $51 = Memory[$52 + 100] | Byte from memory to réj
transter store byte | sb $51,100($52) | Memory[$52 + 100] = $s51 | Byte from register to me
load upper Tui  $s51,100 $s1 =100 * 216 Loads constant in upper
. a‘_mmed_iate _ __
branch on equal | beq §s1,%$s2.,25 if($s5]1 ==$s2)goto Equal test;
_ PC + 4 + 100
branch on not equal ‘hne $s1,%s52.,25 if($s1 1= $52)goto Not equal test; P
, _ PC+ 4+ 100
set on less than is]t $51,952,%53 |if($52 <$s53) $51 =1; Compare less than;
Conditional | _ _ else $51 =0 two's complement
| branch set less than i:ﬂti $s1,%$s2,100 |if($s2 <100) $sl =1; Compare < constant;
Immediate else $51 =0 two's complement
set less than |51tu $51,$52.%53 |if($52 < $53) $s1 =1; Compare less than;
unsigned else $s1 =0 _ unsigned numbers
set less than |s1tiu $s51,%$52,100 |if($s2<100) $sl=1; Compare < constant;.
immediate unsigned else $s1 =0 unsigned numbers
el jump |3 2500 go to 10000 Jump to target address
ncondi- b T — _
| tional jump _Ljump register _!Jr $ra goto $ra For switch, procedure
| | jump and link | jal 2500 | $ra =PC + 4; go to 10000 | For procedure call

FIGURE 4.5 MIPS architecture revealed thus far. Color indicates the portions revealed since Figure 42.¢

MIPS machine language is also listed on the back endpapers of this book.

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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e Operacoes Logicas
e Instrucao sl =» shift left logical

sll $t2,$s0,8 # $t2 € $s0 deslocado de 8 bits, para a
esquerda.

op rs ;| rt | rd | shamt funct

0 0 16 | 10 8 0

$s0 = 0000 0000 0000 0000 0000 0000 0000 1101
$t2 => 0000 0000 0000 0000 0000 1101 0000 0000
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e Instrucao and e or

$t2 = 0000 0000 0000 0000 0000 1101 0000 0000
$t1 = 0000 0000 0000 0000 0011 1100 0000 0000

and $t0,8t1,$t2 # $t0 € $t1 & $t2
$t0 = 0000 0000 0000 0000 0000 1100 0000 0000

or $10,%t1,8t2 # $t0 € $t1 | $12
$t0 = 0000 0000 0000 0000 0011 1101 0000 0000

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 ©1998 Morgan Kaufmann Publishers
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e Figura 4.6 — operacoes Logicas e correspondéncia com C

Operador Logico Operador em C Instrucao MIPS
Shift left << sl
Shift right >> srl
Bit by bit AND & and, andi
Bit by bit OR I or, ori

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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MIPS operands

Comments

Fast locations for data. In MIPS, data must be in registers to perform arithe
MIPS register $zero always equals 0. Register $at is reserved for the assi

32 | $s0-$s7, $t0-$t9, $ap.
registers | $fp, $zero, $sp, $ra, $at
i to handle large constants,
230 | Memory[0],
memory | Memory[4], . .
words | Memory[4294967292]

Accessed only by data transfer instructions. MIPS uses i:y'te addresses, s0
sequential words differ by 4. Memory holds data structures, such as arr
spilled registers, such as those saved on procedure calls.

e S

Arithmetic

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2

MIPS assembly Ianguaga

Comments

$51.852, 853 |95l ="%s2 + 48] | Three operands; overflow detect
subtract sub $51,$57,853 |$s1 = $52 — $s3 | Three operands; overflow detet
add immediate addi %s1. 3:55,-_‘;[_[]-[]_ $s1=$52 + 100 |+ constant; overflow detected
‘add unsigned | addu  $s1,$52,$53 | $s1l=$s2+ $53 Three operands; overflow undeteg
subtract unsigned subu $51,$s2,$s3 | $s1=9%s52-353 ' Three operands: overflow undetech
| add immediate addiu $51,%s2,100 |$sl=4%52+100 |+ constant; overflow undetected
| unsigned
“move from Imfcd $s1,sepc $s1 = $epc ' Used to copy Exception PC plus otf
| coprocessor register | special registers

©1998 Morgan Kaufmann Publishers

22



FIGURE 4.7 MIPS architecture revealed thus far. Color indicates the portions introduced since Figure 4.5 on page 224,

;aﬁd and $51,%$52,%53 |951 =%52 & $53 Three reg. operands; I::it—bytbit'
or or $s1,952,%53 |$sl=3%s2| %53 Three reg. opfrands;_hit-by-bit':
o and immediate andi - $s1,$52,.100 |3$s5]1 =¥52 & 100 ~|Bit-by-bit AND reg with constant
ey or immediate ori $51.357, lL'I"Q_ $51=%s57| 100 Bit-by-bit OR reg with constant
shift left logical 511 $51,%52,10 $51=9%52 <<10 Shift left by constant
shift right logical ~ |sr]  $$51,8s2,10 |$s]l=%s52>>10 Shift right by constant
load word Tw $51,1000%52) | 351 = Memony[$52 + 100] | Word from memory to register
store word SW $51,100(%s2) | Memory[$sZ + 100] = $51 | Word from register to memory
It::::gfer load byte unsigned | Thu $51,100(%s2) | $51 = Memory[$52 +100] Byte from memory to register
store byte sb $51,100(352) | Memory[$s57 + 100] = $5]1 | Byte from register to memory
load upper immediate | Tui  $s1,100 $s1 =100 * 216 Loads constant in upper 16 bits
branch on equal beg - ¥sl,%s52,25 if (351 ==%$52)go to Equal test; PC-relative branch
T PC + 4 + 100
| branch on notequal | bne  $s1,$s2,25 if (§s1!= $s2)goto Not equal test; PC-relative
_ PC+ 4 + 100
, ' set on less than BilE 351,952,853 |H(ds2<353) $s51=1; Compare less than;
Smd:_ | else $51 =0 two's complement
iona i :
Brareh set less than sTti $s51,%$s52,100 |if(%5Z2 <100) $s]1 =1: Compare < constant;
immediate 13 else $51 =0  two's complement _
set less than unsigned | s1tu  $s1,3s2,%53 |if($s2 < $53) $s51 =1; | Compare less than; natural numbers
4 else $51 =0
set less than s1tiu $51,%$52,100 |if($52=<100) $s1 =1; Compare < constant; natural
immediate unsigned else $51 =0 numbers
jump ] 2500 go to 10000 Jump to target address
Uncondi- . ; : = -
tional jump jump register gr $r‘_a . goto ¥ra For switch, procedure return
jump and link jal 2500 $ra =PC + 4; go to 10000 | For procedure call

MIPS machine language is also listed on the back endpapers of this book.
Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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e Manipulacao de bits
Exemplo

Seja o trecho de programa em C abaixo:

int data;

Struct

{
unsigned int ready: 1;
unsigned int enable: 1;
unsigned int receivedByte: 8;

Jreceiver;

data = receiver.receivedByte;
receiver.ready = 0;
receiver.enable = 1;

©1998 Morgan Kaufmann Publishers
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+ Este codigo aloca trés campos para registro receiver:

- 1 bit para o campo ready
- 1 bit para o campo enable
- 8 bits para o campo receivedByte

* No corpo do programa, o cddigo copia receivedByte para
data, atribui a ready o valor O e a eanble o valor 1. Como
fica o codigo compilado para o MIPS? Assumir que para
data e receiver sdao alocados $sO e $sli.

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 ©1998 Morgan Kaufmann Publishers
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Solucao

31 10 9 2 1 0
receivedByte enable ready

Primeiro isolaremos 8bits do receivedByte.

sl $s0,$s1,22 # move os 8 bits para o fim da
palavra ( a esquerda )

srl  $s0,$s0,24 # move os 8 bits para o inicio da
palavra ( a direita)

A proéxima instrucio limpa o bit menos significativo e a
ultima instrucao seta o bit vizinho.

andi $s1,$s1,FFFEh #bit0=0
ori  $s1,$s1,0002h  #bit1l =1

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 ©1998 Morgan Kaufmann Publishers 26



Unidade Légica Aritmética

e ALU de 1 bit - Figura 4.8 — blocos usados para construcao

de uma ALU

1. AND gate (c=a . b)

2. ORgate(c=a+b)

3. Inverter (c = )

4. Multiplexor
(ifd==0,c=a;
else c=Db)

b —»

1

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2

| a [ b Jc=a.b_
0 0 0
0 1 0
1 0 0
1 1 1
“ 2 | b [o-arb
0 0 0
0 1 1
1 0 1
1 1 1
"~ lo-a
0 1
1 0
| d [ c |
0 a
1 b
©1998 Morgan Kaufmann Publishers 27



e Figura 4.9 — Unidade and-or de 1 bit

—> Result

a ﬁ}p
bEDﬁJ

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2

¢ Figura 4.10 — Somador de 1 bit

Carryln
a—»
+ — Sum
b —»
CarryOut

©1998 Morgan Kaufmann Publishers
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¢ Figura 4.13 — Gerador de Carry

Carryln

D=
S}

\
CarryOut

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 ©1998 Morgan Kaufmann Publishers
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ALU de 1 bit
Carryln

+» Result

v
CarryOut

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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ALU de 32 bits - Ripple Carry

Carryln Operation

l :

a0 —> Carryln
ALUO
CarryOut

Result0

v

b0 —»

vy VvV
al —{ Carryln

ALU1
CarryOut

Result1

v

b1 —>»

\ A 4

a2 —»| Carryln
ALU2
CarryOut

!

l v
a31 —{ CarryIn

ALU31

Resuli2

v

b2 —>»

» Result31
b31 —»

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 DBl R e 31



Subtrator = Complemento de 2
a+b+l=a+(b+1)=a+(-b)=a-b

Carryln

*—>
* —> L » Result
b 0 + 2

v
CarryOut

©1998 Morgan Kaufmann Publishers
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e Instrucoes set on less than =» slt
Esta instrucao gera 1 sers <rt e 0, caso contrario.
Introduz-se uma nova entrada no multiplex de saida = Less.
Para todos os 31 bits mais significativos seu valor sera zero.
O ultimo bit sera setado ou resetado, decorrente do valor da
comparacao de a com b. Se a < b entao a-b < 0 (negativo) entao o bit

sera 1, caso contrario a - b > 0 ( positivo ) e o bit sera 0.

Para isto precisamos de um bit ( 0 mais significativo da ALU ) para setar ou
resetar o bit menos significativo

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 ©1998 Morgan Kaufmann Publishers 33



Deteccao de overflow.

Carryln
a > N\ /0 \

,)__/‘\ ]

*—>,
b — 0 1 + 2
1

Less >3

\/
v
a. CarryOut

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2

» Result

Less

vV V A 4

Overflow
detection

» Result

—> Set

» Overflow

©1998 Morgan Kaufmann Publishers
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Binvert

ALU de 32 bits |

Ca

rryln

Operation

4

\4

L

a0 —>| Carryln

b0 —»| A
L

\ 4

Ca

» Result0

LUO
ess
rryOut

A\ 4

\ A 4

al —{ Carryln
b1 —» ALU1
0 —>| Less
CarryOut

» Resultl

\4

v Vv

a2 —>| Carryln
b2 —» ALU2

0 —»

C

» Result2

Less
arryOut

l

\

lCarryIn
y

\4

a3l —»
b31 —»
0 —»

» Result31

Carryln

Set

ALUS31

» Overflow

Less

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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Detector de Zero

a0 —{ Carryln
ALUO
Less

b0 —»

\ 4

CarryOut

Result0

\4

al —»
b1 —
0 —

Carryln
ALU1
Less

CarryOut

Result1

v

a2 —»
b2 —»
0 —»

Carryln

CarryOut

Resuli2

ALU2
Less

l

|

a3l —»
b31 —>

Result31

—

Carryln

ALU31

Set

» QOverflow

Less

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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¢ Figura 4-20 — Sinal de Controle de operacoes da ALU

Linha de Controle da ALU Funcao
000 and
001 or
010 add
110 substract
111 set on less than

N

I

—> /ero

>ALUI—> Result

— Overflow

CarryOut

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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e Somador Carry Lookahead = Calcular os carry’s em
funcao apenas das entradas.

Supondo um somador de 4 bits, temos ( 1 nivel ):
ci+l =(bi.ci)+(ai.ci)+(ai.bi)

cI=(b0.cO)+ (a0.cO0)+(a0.b0)=

cI=(@0 +b0).cO +(ald.b0)=g0+ (p0.c0)

c2=gl+(pl.cl)=gl+pl g0+ (p0.c0))

c2=gl +(pl.g0 )+ (pl.p0.cO0)

c3=g2+ (p2.gl )+ (p2.pl .g0)+ (p2.pl .p0.c0)

cd=g3+(p3.g2 )+ (p3.p2.g1)+(p3.p2.pl.g0)+
+ (p3.p2 .pl.p0.cO)

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 ©1998 Morgan Kaufmann Publishers
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Supondo um somador de 16 bits usando 4 modulos de 4
bits visto acima , temos ( 2 nivel ):

CI=G0+(P0.cO)

C2=GI+(PL1.GO )+ (PL.PO .c0)

C3=G2+ (P2.GI )+ (P2.P1.GO)+ (P2.PI.P0O.cO)

C4=G3+(P3.G2 )+ (P3.P2.Gl )+ (P3.P2.P1.GO) +
+ (P3.P2.PI1.P0.c0)

onde:

PO = p3. p2 .pl .p0

Pl =p7. p6 .p5 .p4

P2 =pll.pl0 .p9 .ps

P3 =pl5. pi4 .pl13 .pl2

GO=g3 +(p3.g2 )+ (p3.p2.gl )+ (p3.p2.pl.g0)

GI=g7 + (p7.86 )+ (p7.p6 .g5)+ (p7.pb6 .p5.g4)

G2=gll +(pll.gl0 )+ (pll.pl0.g9)+ (pll.pl0 .pY.
.8)

G3=gl5+ (pl5.gi4 )+ (pl5.pl4 .gi3)+ (pl5. pld.
PpI13.g12)
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ALU de 16 bits formado
com ALU de 4 bits,

Carryin

. a0—
utilizando carry lookahead b0 —>
al—

bl —>

az2—>

b2 —>

a3—

b3—>

Carryln

ALUO
PO
GO

9

a4—»
b4 —>
ab—
b5—
a6—
b6—
a’r—»
b7 —

Carryln

Result0--3

v

pi
ai

ci+1

ALU1
G1

Cc2

a8—»
b8 —
a9—»
b9—»
alg—
b10—
altlt—
b11—

Carryln

v

Result4--7

pi + 1
gi+1

ci+2

ALU2
P
G2

C3

ali2—
b12—
ali3—
b13—
al4g—
b14 —»
al5—»

b15—

Carryln

Result8--11

v

i +2
8i+2

ci+3

ALU3
P
G3

Cc4
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CarryOut

Result12--15

v
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Exemplo

Determine gi, pi, Pi e Gi para os valores de 16 bits
abaixo:

a: 0001 1010 0011 0011
b: 1110 0101 1110 1011
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Solucao

a: 0001 1010 0011 0011

b: 11100101 1110 1011

gi: 0000 0000 0010 0011 =» ai . bi
pi: 1111 1111 1111 1011 =» ai + bi

pd e fd

1
1.

1

1

prd ek pd ol

QIEIE
il
[
=]

R — RS

1l
g
(9%}
+
— L]
=]
)
xQ
[\S}

+(p3.p2.gl )+ (p3.p2.pl.g0)
GO=0+(1.0)+(1.0.1)+(1.0.1.1)=0
GI=g7+ (p7.g6 )+ (p7.p6 .g5)+ (p7.p6 .p5.g4)
GI=0+(1.0)+(1.1.1)+(1.1.1.0)=1
G2=gll +(pll.gl0 )+ (pll.pl10.g9)+ (pll.plo.
p9.28)
G2=0+(1.0)+(1.1.0)+(1.1.1.0)=0
G3=gI5+ (pl5.gl4 )+ (pl5.pl4 .g13 )+ (plS5. pl4d.
PpI13.g12)
G3=0+(1.0)+(1.1.0)+(1.1.1.0)=0

O carryout é :

C4=G3+(P3.G2)+(P3.P2.GI)+(P3.P2.PI.
.G0O)+ (P3.P2.P1.P0.c0)

C4=0+1.0)+1.1.H)+(1.1.1.0)0+(1.1.1.0.
.0)=1
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Multiplicagdo

810 1000 multiplicando
910 1001 multiplicador

1000
0000
0000
1000

7240 1001000 max= (2°-1) *(2°-1) =225
225 > 128 = 8 bits
32 * 32 bits = 64 bits

produtos parciais
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Hardware Multiplicador — Primeira versao

-«—
Multiplicand
Shift left [—
i 64 bits
l —
N . Multiplier
64-bit ALU Shift right
l 32 bits
Product Write COW
I 64 bits
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® Algoritmo de Multiplicacdo — Primeira versao

Multiplier0 = 1

A

y

1. Test Multiplier0 = 0

Multiplier0

place the result i

1a. Add multiplicand to product and

n Product register

\4 \4

2. Shift the Multiplicand register left 1 bit

v

3. Shift the Mu

ltiplier register right 1 bit

No: < 32 repetitions

Yes: 32 repetitions

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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Exemplo

0010, x 0011, = 0000 0110,

Initial values Q000 0010 GDDEJ 0000
i 1a: 1 = Prod = Prod + Mcand Dﬂli Q000 0010 0000 0010
2: Shift left Multiplicand 0011 0000 0100 0000 0010
| | 3: Shift right Multiplier 000) 0000 0100 0000 0010
B 1a: 1 => Prod = Prod + Mcand 0001 | 0000 0100 09000110 |
2: Shift left mmupncand' s 0001 0000 1000 0000 0110 |
| 3: Shift right Multiplier 0000) 0000 1000 0000 0110
| 3 1: 0 => no operation 0000 0000 1000 0000 0110
2: Shift left Multiplicand 0000 0001 0000 0000 0110
3: Shift right Multiplier 0000) 0001 0000 0000 0110
4 ks D — no operation ¥ 0000 | 0001 0000 0000 0110
| 2: Shift left Multiplicand 0000 | 0010 0000 0000 0110
3: Shift right Multiplier 0000 | 00100000 0000 0110

FIGURE 4.27 Multiply example using first algorithm in Figure 4.26. The bit examined to
determine the next step is circled in color.
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e Hardware Multiplicador — Segunda versao

\ 32 bits

<+

Product

Write

64 bits

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2

e
Multiplier
Shift right |+—
32 bits
Control test
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¢ Algoritmo de Multiplicacao — Segunda versao

Multiplier0 = 1

v

1. Test Multiplier0 = 0

Multiplier0

1a. Add multiplicand to

the product and place the result in
the Product register

2. Shift the

1 bit

v

3. Shift the Multiplier register right 1 bit

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 ©1998 Morgan Kaufmann Publishers
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No: < 32 repetitions

Yes: 32 repetitions

48



Exemplo

0010, x 0011, = 0000 0110,

0 Initial values 001d) 0010
' 1 1a: 1 == Prod = Prod + Mcand 0011 0010
2: Shift right Product | o011 0010

3: Shift right Multiplier 0000 0010

2 1a: 1 => Prod = Prod + Mcand 0001 0010
2 Shift right Product 0001 | 0010

' 3: Shift right Multiplier 0000) 0010

3 | 1: 0 => no operation 0000 0010
2: Shift right Product 0000 0010

3: Shift right Multiplier 0000 0010

4 1: O —> no operation 0000 _ 0010
2: Shift right Product 0000 0010

3: Shift right Multiplier 0000 0010

FIGURE 4.30 Multiply example using second algorithm in Figure 4.29. The bit ex:
determine the next step is circled in color.
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Hardware Multiplicador — Terceira Versao

Multiplicand

32 bits

A4
32-bit ALU/
| .

Product

Shift right
Write

64 bits

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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® Algoritmo de Multiplicacao — Terceira Versao

A\ 4

1a. Add multiplicand to the left half of
the product and place the result in
the left half of the Product register

\ 4 v

2. Shift the Product register right 1 bit

l

No: < 32 repetitions

32nd repetition?

Yes: 32 repetitions

=D
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Exemplo

0010, x 0011, = 0000 0110,

Multiplicand

Initial values 0010

' 1 la: 1 =>Prod = F*rbd + Mcand i 0010
‘ | 2: Shift right Product ' 0010
5 1a: 1 => Prod = Prod + Mcand | 0010

' 2: Shift right Product 0010

¥ 3 11:0=>no ﬂperatmn - | 0010
2: Shift right Product | 0010

4 | 1: 0 =>no EJ[JE!‘EIUDFI . IDD:LD

| 2: Shift right Product | 0010

FIGURE 4.33 Multiply example using third algorithm in Figure 4.3
determine the next step is circled in color.
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Algoritmo de Booth (visdo geral)

Idéia: “acelerar” multiplicagdo no caso de cadeia de "1°s"
no multiplicador:

01110 * (multiplicando) =
+ 1000 0 * (multiplicando)
- 00010 * (multiplicando)

Olhando bits do multiplicador 2 a 2

- 00 nada

- 01 soma (final)

- 10 subtrai (comeco)

- 11 nada (meio da cadeia de uns)

Funciona também para nimeros negativos

Para o curso: s os conceitos basicos

Algoritmo de Booth estendido

- varre os bits do multiplicador de 2 em 2

Vantagens:

- (pensava-se: shift é mais rapido do que soma)

- gera metade dos produtos parciais: metade dos ciclos
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Multiplicacao sinalizada

Booth’s algoritm

0010, =2

X 01102 9610 00102 > 210

+ 0000 shift . OL10; > 610

+ 0010 add + 0000 shift

+ 0010 ad.d - 0010 sub (primeiro 1 no multiplicador)
+ 0000 shift + 0000 shift (meio da cadeia de 1s)

------------ + 0010 add (passo anterior — ultimo 1)
00001100 e
00001100

0Q1 11/0
N
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e Figura 4.33 — Exemplo algoritmo Booth

Multiplicand

0 Initial values
o : 1a: 1 => Prod = Prod + Mcand - 0010
2: Shift right Product ' 0010
2 1a: 1 => Prod = Prod + Mcand TS 0010
2: Shift right Product ' 0010
B 3 11:0=> no upera‘tmn- [ 0010
2: Shift right Product o7 0010
4 1: O == no operation 0010
| 2: Shift right Product B 0010

FIGURE 4.33 Multiply example using third algorithm in Figure 4.3!
determine the next step is circled in color.
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¢ Figura 4.34 — Comparacao do Algorimto de booth e da
terceira versao do Algoritmo de Multiplicacao, para
numeros positivos

Multi- Original algorithm Booth's algorithm

|Initial values ' 00000110 | Initial values [ 000001160
1: 0 = no operation 00000110 |1a:00=>nooperation | 000001100 |
2: Shiftright Product | 0000 004(D) | 2: Shift right Product = 0000 00140 |
1a: 1 =) Prod = Prod + Mcand | 00100011 |1c: 10 = Prod = Prod — Mcand 111000110 |
| 2: Shift right Product | 0001 000@) | 2: Shift right Product 1111 0004 1)
|1a:1 = Prod =Prod + Mcand | 00110001 | 1d: 11 = no operation | 111100011 |
' 2: Shift right Product | 0001 1000) |2: Shift right Product T 1111 1000 1)
| 1: 0 = no operation | 00011000 |1b:01=> Prod = Prod + Mcand | 000110001 |
| 2: Shift right Product | 0000 1100 | 2: Shift right Product | 000011000 I

.34 Comparing algorithm in Figure 4.32 and Booth's algorithm for positive numbers. The bit(s) examined
nine the next step is circled in color.
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Exenmplo
210 X319 =-6,0 = 0010, x 1101, = 1111 1010,

¢ Figura 4.35 — Resolucao do exemplo

 Intial values 0010 l 0000 110¢

| % 0= Prod = Prad ~Mcand 0010 1110 140

| 2: Shift right Product 0010 | 11110048

| 2 |1b:01=>Prod=Prod + Mcand 0010 0001 0110
2: Shift right Product e 0010 0000 104

3 |1c:10 = Prod = Prod - Mcand | oot0 | 11104088
2: Shift right Product | 0010 | 11110108
4 1d: 11 = no operation 0010 1111 0101 ¢

| 2: Shift right Product | oot0 | 11114088

FIGURE 4.35 Booth's algorithm with negative multiplier example. The bits exami
determine the next step are circled in color.
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Geragdo rdpida dos produtos parciais

XY, XoY: XY,
XiYe X5Y X4 Y,
XoYo XoY: XoYo

2 Y, Y, Y2
. 3\ X, Y, 3\ X, Y, i/>\ X, Y,
1
. S X, Y, > OX, Y, X, Y,
0

S X, Y, X, Y, S X, Y,
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Carry Save Adders (soma de produtos parciais)

a3 b3 a2 b2 al b1 a0 b0
v v y v y v v v
+ e + | + |« +
e3 e2 e|1 eIO
| |
Y v vV Vv Yy v E’
+ |e + | + | +
f3 f2 f1 fO
| |
4 v v + v * y v
— + [ + |1 + |* + J— +
/ v Jy v JV JV
s5 s4 s3 s2 s sO

b3 e3 f3 b2 e2 f2 bl el f1 b0 €0

fo

v v J v v
+ +

\ 4 | \ 4 \ 4
+

-

-

|
J17
[
a3 fa2 fa

ro

y y A v y \ 4
/L

AR

- + +
/ /|
54 |c3 3 [c2 / s2 [c1 / s'1 c‘O/ s0
y | \ 4 + A ‘

+

/— + |le— + |— + |«
s5 s4 s3 s2 s
Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2

A B E F

!

Traditional adder

v

Traditional adder

vy

Traditional adder

S

A B E F

Ll

Carry save adder

v v v

Carry save adder

i

SI
R

Traditional adder

S
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e Multiplicagdo por poténcia de 2, por deslocamento
e Multiplicagdo no MIPS
e produto de nimeros de 32 bits = 64 bits =& Hie Lo

e instrugoes mu/t (multiplicagdo) e mu/tu (multiplicagdo sem
sinal)

 instrugoes para manipular Hie Lo = mflo e mfhi ( move
from Lo e move from H))
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29 +3 > 29 =3*Q + R=3"9+2
o7 o7 %
/L/Oé/) //,/&Of Q(/OO/& @'S‘ /b
% %
29, = 011101 30 = 11
011101 |11
11 01001 Q=9 R=2
00101
11
10 Como implementar em hardware?
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Alternativa 1: divisdo com restauragao

- hardware nao sabe se “vai caber ou nao”
- registrador para guardar resto parcial

- verificacao do sinal do resto parcial
 caso hegativo = restauracao

29-3*2* =19 q;=1
-19+3*2°= 29 q,=0 Restauracao
20-3*2°= 5 qgs=1
5 —3*2°= -7 Q=

7 +3*2°= 5 Q= Restauracao
5 - 3 * 21 - '1 q1 — 1
-1 +3*2'= 5 = Restauracao

5 -3*2°= 2 Qo=

[R=10=2 d,959,9,9, = 01001 =9 J
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Alternativa 2: divisdo sem restauracgao

Regras
se resto parcial >0 proxima operacao subtracdo | objetivo
se resto parcial <0 proximaoperacado soma R—0
se operacao corrente + g =-1
se operacao corrente - g = 1

29-3*2* =-19<0 prox = SOMA qQa=1
-19+3*2°= 5 >0 préx=SUB s =
5 —3*2°= -7<0 préox=SOMA s =
7 +3*2'= -1<0 préx = SOMA qi =4
-1 +3*2°= 2 do = 4

Resto =2 Quociente = 14114 ??
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Alternativa 2: Conversadao do Resultado

1111 1=2"-2°+2>-2"-2%
16 -8 +4 - 2 - 1

S

11...=2" =2 D =2t _1y=2p0D
11111 - N¢ de somas: 3
01111 - N2 de subtracoes:2
01011 - Total: 5
01 - OBS: se resto < 0 deve haver correcao

de um divisor para que resto >0
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Comparagdo das alternativas

—&o—com
——sem

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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Hardware Divisor - Primeira Versao

—
Divisor
Shift right [¢—
\ 64 bits
—
N 4 Quotient
64-bit ALU Shift left |&—
l 32 bits
_—
Remainder m
Write test
64 bits
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¢ Algoritmo de Divisao — Primeira Versao

1. Subtract the Divisor register from the
Remainder register and place the
result in the Remainder register

l

Remainder > 0 Remainder < 0

Test Remaindet

v i!

2a. Shift the Quotient register to the left, 2b. Restore the original value by adding
setting the new rightmost bit to 1 the Divisor register to the Remainder
register and place the sum in the
Remainder register. Also shift the
Quotient register to the left, setting the
new least significant bit to 0

v v

3. Shift the Divisor register right 1 bit

l

No: < 33 repetitions

Yes: 33 repetitions
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Exemplo

0000 00111, / 0010,

T R RO Y

,' ’j Rem = Rem — Div

[ Initial values 0000 0010 00K
3 0000 | 0010
2b: Rem < 0 => +Div, sl Q, Q0 =0 0000 0010 000G
' 3: Shift Div right 0000 0001 €
'1: Rem = Rem — Div 0000 0001 C
2 2b: Rem <0 => +Div, sll Q, Q0 = 0 0000 | 0001000
3: Shift Div right 0000 0000 100€
1: Rem = Rem - Div 0000 | 0000 10€
3 2b: Rem <0 = +Div, sll Q, Q0 =0 0000 | 0000 100
3: Shift Div right 0000 0000 010¢
1: Rem = Rem — Div 0000 0000 010
4 2a: Rem20=>slQ, Q0 =1 0001 | 0000040
! 3 Shift Div right 0001 0000 001C
' 1: Rem = Rem — Div 0001 0000 {-

3 2a: Rem>0=>sllQ,Q0=1

0011 0000 001

- 3: Shift Div right

0011 0000 000!

FIGURE 4.38 Division example using first algorithm in Figure 4.37.

determine the next step is circled in color,
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Hardware Divisor - Segunda Versao

32 bits
«—
4 Quotient
Shift left |e—
1 32 bits
Remainder ©
64 bits T
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® Versao final do algoritmo de divisao

1. Shift the Remainder register left 1 bit

v

2. Subtract the Divisor register from the
left half of the Remainder register and
place the result in the left half of the
Remainder register

Remainder> 0 Remainder < 0

Test Remainder,

A4 y

3a. Shift the Remainder register to the 3b. Restore the original value by adding
left, setting the new rightmost bit to 1 the Divisor register to the left half of the
Remainder register and place the sum
in the left half of the Remainder register.
Also shift the Remainder register to the
left, setting the new rightmost bit to 0

No: < 32 repetitions

Yes: 32 repetitions

(Done. Shift left half of Remainder right 1 @
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® Hardware Divisor - Versao Final

Divisor

32 bits

e T/

Remainder

Shift right

Write

64 bits

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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Exemplo
0000 0111, / 0010,

i e, S . R

Initial values DE!'J.D 0000 0111
Shift Rem left 1 0010 0000 1110
- 2: Rem = Rem - Div 0010 10 1110
" ' 3b: Rem <0 => + Div, sllR, RO =0 0010 0001 1100
2: Rem = Rem — Div N3 0010 @111 1100
; '3b: Rem <0 => + Div, sl R, RO = 0 0010 00111000 |
' 2: Rem = Rem — Div 0010 ©oo1 1000
| ¥ 3a: Rem20=>sliR, RO =1 0010 0011 0001
BT |2 Rem = Rem - Div ; 0010 0001 0001
4 3a: Rem20=>sllR, RO=1 o 0010 0010 0011
: 0010 0001 0011

Shift Eeﬂ half L‘:f Rem r’tgh‘t 1

FIGI.IHE 4.42 Division example using third algorithm in Flgura 4. 40. The bit examined to

determine the next step is circled in color.
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e Divisdo por poténcia de 2, por deslocamento

e Divisdo no MIPS
e divisdo de nimeros de 64 bits por 32 bits & Hie Lo
e instrugoes div (divisdo) e divu (divisdo sem sinal)

 instrugdes para manipular Hie Lo = mflo e mfhi ( move
from Lo e move from H))
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MIPS operands

Comments

Fast locations for data. In MIPS, data must be in registers to perform ari
MIPS register $zero always equals 0. Register $at is reserved for the &
to handle large constants. Hi and Lo contain the results of multiply a

| Accessed only by data transfer instructions. MIPS uses byte addresses, 8
I sequential words differ by 4. Memory holds data structures, such as arras
'spilled registers, such as those saved on procedure calls. K

32 $50-$s57, $t0-$t9, Sgp, $fp.
registers |$zero, $sp, $ra, $at,Hi, Lo
[ 230 Memory[0],

| memory | Memory{4], . . .,

words Memory[4294967292]

MIPS assembly language

T Example | Woanes

Comments

Arithmetic

add

add $51,%52,953 [$51 =$52 + §s3 Three operands; overflow dé
subtract sub $51,%52,%53 851 =%s2-953 : Three operands; overflo
add immediate addi $51,%52,100 |$s1=%s52+100 + constant; overflow detecte
add unsigned laddu  $s51,%s2,5s3 [$s1=9$s52+ $s3  Three operands; overflow und
subtract unsigned | subu $51.552.%53 |$51=9%s2-8$s3 ' Three operands; overflow unds
add immediate  |addiu _ $s1,$52,100 |$S1=3$s2+100 + constant; overflow undetét
| unsigned
\move from mfcl $s1,%epc $s1 =S$epc Used to copy Exception PC
coprocessor register other special registers |
multiply R TE: $52,9$53 |Hi, Lo = $52 x $53 64-bit signed product in Hiy
multiply unsigned |[multu  $s52,$s3 'HI, Lo = $52 x $53 64-bit unsigned product in H
divide div $52,%53 [Lo=$52 / $53, Lo = quotient, Hi = remaindi

Hi= $57 mod $53
'divide unsigned  |divu $52,%53 Lo=$52 / $53, | Unsigned quotient and remal
. Hi= $52 mod $53
'move from Hi mfhi $s51 $51 =Hi Used to get copy of Hi
| move from Lo mflo $s1 $s1 =Lo Used to get copy of Lo
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and and $s1,%52,9%53 |$51 =$52 & $s3 Three reg. operands; logical
or ar $s51,%s52,%53 |$sl=8s5213s3 Three reg. operands; logical
_ and immediate  |andi  $s1,$s52,100 |[$s1=9$52&100 Logical AND reg, constant.
Logical o immediate ori $51,$52,100 |$s1=38521100 Logical OR reg, constant
| shift left logical 511 $51,$52,10 [$s1=9$s52<<10 Shift left by constant :
shift right logical sri $s1,%52,10 jsl=ds2 3510 Shift right by constant
== load word Tw $51,100(%52) [$5]1 = Memory[$52+100] |Weord from memory to registé
store word SW $51,100(%s2) Memory[$52 + 100] = $s1 |Word from register to memo
e load byte unsigned | 1bu $51.100(%s2) $s1 =Memory[$52 + 100] |Byte from memory to registef
transfer store byte sh $51,100(%s2) Memory[$sZ +100] = $s1 |Byte from register to memor
load upper immediate | 1 U $s1,100 $s1 = 100 * 216 Loads constant in upper 16
branch on equal beq $s1,%s2,25 if ($51 == $52) go to Equal test; PC-relative
PC+4+ 100 = _
branch on not equal | bne $s51,%$s2,25 if (551 1= $52)goto ' Not equal test; PC-relative
PC + 4 + 100 _
Condi- set on less than st $s1.352.3s3 |if($52 <353) $s5l =1, Compare less than; two's
| . else $s1=0 complement
tonal set less than 51ti $51,%$s2,100 |if($s2 <100) %51 =1; Compare < constant; two's
branch immediate else $51=0 complement
set less than sTtu $51.%$52,%s3 |if($s2 <%$s3) $s5l=1; Compare less than; natural
unsigned else $51=0 numbers
set less than sltiu  $s1,%$s2,100 [if($s2<100) $sl=1; Compare < constant; natural
immediate unsigned else $s1 =0 numbers
Uncondi- | jump ] ~ 2500 go to 10000 Jump to target address
ltiana] jump'register El; $ra goto $ra For switch, procedure return
jump jump and link jal 2500 §ra = PC + 4; go to 10000 |For procedure call

FIGURE 4.43 MIPS architecture revealed thus far. Color indicates the portions revealed since Figure 4.7 on pag

MIPS machine language is listed on the back endpapers of this book.
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Representagdo em ponto flutuante

e Padrao IEEE 754 — normalizado, expoente em excesso 127
N=(-1)’x1.Mx2"
® precisao simples

31 30 23 22 0
S  |EXPOENTE EM EXECESSO MANTISSA

e precisao dupla

63 62 SS 54 32
S | EXPOENTE EM EXECESSO MANTISSA
31 0
MANTISSA

©1998 Morgan Kaufmann Publishers
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Exemplo

-0,75;0 = -0,11,

Normalizando 1,1 x 2

30 23

22

0

01111110

100000000000O00O00O000OOO0O0OGOOO

31

Exemplo: Qual o decimal correspondente ?

30 23

22

0

10000001

100000000000O00O00O000OOO0OCOOOO

N= - (1+0.25) x 2!'#1%) =

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2

1,25x4=-5,0
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Exponent Fraction

e=E,,-1 f=0
e=E, ., -1 f£0
Eim <€<E. .

e=E ,+1 f=0
e=E ,+1 f#0

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2

Represents
+0
0.f x 2 mim
1.f x 2¢

+ oo

NaN
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* Adicao em ponto flutuante

( Start }

v

1. Compare the exponents of the two numbers.
Shift the smaller number to the right until its
exponent would match the larger exponent

\ 4

2. Add the significands

>

v

3. Normalize the sum, either shifting right and
incrementing the exponent or shifting left
and decrementing the exponent

Overflow or\_Yes

underflow?

v

( Exception >

4. Round the significand to the appropriate
number of bits

|

Still normalized?,

No

Done
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Exemplo: 0,5 + (-0,437549 )

0,5;0=0,1, = 1,000, x 2™

-0,4375,9= -0,0111, = -1,110, x 2°*

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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Etapas

1. Deslocar a direita a mantissa do numero com menor
expoente

1,110, x 2% =-0,111, x 2™

2. Somar as mantissas

1,000, x 27" + (0,111, x 27" = 0,001, x 2

3. Normalizar o resultado

0,001,x 2" =1,000,x2*

4. Arredondar o resultado
1,000, x 2 = 0,0625,,

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 ©1998 Morgan Kaufmann Publishers
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® Figura 4.45 — Hardware de adicao de ponto flutuante

Sign| Exponent Significand Sign| Exponent Significand
1
ompare
N o
Small AL exponents
v
Exponent
difference J
v \ 4 v v A
o 1) ECED = @D
A4
™ o Shift smaller
St number right

Increment or
decrement

Shift left or right

I_l

T

Rounding hardware

—

!

Sign| Exponent

Significand
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Normalize

Round
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® Multiplicacao em ponto flutuante

1 Start }

v

1. Add the biased exponents of the two
numbers, subtracting the bias from the sum
to get the new biased exponent

v

2. Multiply the significands

A4

3. Normalize the product if necessary, shifting
it right and incrementing the exponent

l

Overflow or\_Yes

underflow?

y

( Exception ’

4. Round the significand to the appropriate
number of bits

Still normalized?

5. Set the sign of the product to positive if the
signs of the original operands are the same;
if they differ make the sign negative

Done

Paulo C. Centoducatte — MC542 - IC/Unicamp- 200652 ©1998 Morgan Kaufmann Publishers
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Exemplo: 0,5 x (-0,4375,¢)

0,510 =0,1,=1,000,x 2"
-0,4375,9=-0,0111, = -1,110, x 2

Etapas

1. Somar os expoentes
-1+(-2)=-3

2. Multiplicar as mantissas
-1,110,x 1,000, --1,110,

3. O resultado final

1,110, x 27 = -0,21875

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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e Instrugées em ponto flutuante no MIPS

e adigdo, simples (add.s) - adigdo, double (add.d)
e subtragdo, simples (sub.s) - subtragdo, double (sub.ad)
e multiplicagdo, simples (mu/.s) - multiplicagdo, double

(mul.d)
e divisdo, simples (div.s) - divisdo, double (div.d)
e comparagdo, simples (c.x.s) - comparagdo, double

(c.x.d), onde x pode ser equal (eg), not equal (neg),
less than (/f), less than or equal (/e), greater than (g7)
ou greater than or equal (ge)

 branch, true (bc/) - branch, false (bc/f)

registradores $f0,$f1,$f2,.. (32 registradores)

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2 ©1998 Morgan Kaufmann Publishers



Mernory[0],
Memory[4], . .

Memm}r[dz"adgﬁ?E 92]

MIPS floating-point operands

MIPS floating-point registers are used in pairs for double precision numbers.

Accessed only by data transfer instructioné, MIPS uses byte addressés. S0

sequential words differ by 4. Memory holds data structures, such as arrays, and ‘

spilled registers, such as those saved on procedure calls.

MIPS floating-point assembly Ianguaga

B S T S

| FP add (single precision)

| FP sub (single precision)

| FP. multiply [Singte pre_c}siﬂn]

FP divide (smgle precision)

(eg.ne,lt,le gt ge)

| FP add {dﬂuble precision)

FF sub (d{:uut:le i]:rECISIGI"I]

FP multiply (double preusmn}

FP divide (double premsmﬂ}

32-bit data to FP register ;

32-bit data to memory

FC-relative branch |f FP cond.

PC-relative branch_i-f not cond,

FP compare less than i
single precision |

FP add single |J|:“I 54 5F6 $72 = $fd + 316

FP subtract smgle sub.s $F2,. 874, $f6 $-5=5f¢—$ui-

FP multiply single  |mul.s $f2,374,5f6 |$f2=87f4x$76

FP divide single E:ﬁv..ﬁ ‘b_*;:i.-”bT-f.‘E-Tﬁ $T2=.‘Ff-’|;’$ 6

FP add double ladd.d $f2,374,5f6 |$12=35fd+5f6

| FP subtract double : sub.d $f2,3f4,5f6 -T'ﬂi’r'Z: $fd — 316 ke
|FP |FP multiply double  [mul.d $f2,$f4,5f6 |$f2=3f4x 576 -

| FP divide double div.d  $f2,.5F4,5T6 $f2=%14 /%76

I:}ad word copr. 1 Twcl $71,100(3%s2) |$f]1 =Memory[$s?Z + 100] ;
store word copr. 1 swcl $F1,100(%s2) |[Memory[$sZ + 1:::0] = $ 1
branch on FP true DCLT p5 if {cond = ]gu to PC + 4 + 100
branchon FP false  |bclf 25 if (cond == 0) go to PC + 4 + 100
FP compare single | c.1t.s $f2,$f4 (572 < il-"-ﬂ:l

{eq,ne,lt,legt,ge) cond =1, elsecond =0

FP compare double 1t.d $72,874 'if{ﬁ'f < 3f4)

L:_‘Uﬁd =1:elsecond =0

Paulo C. Centoducatte — MC542 - IC/Unicamp- 2006s2
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MIPS floating-point machine language

L2 16 6 4 2 [ o TJadd.s sf2,$74,3f6

L 16 6 4 2 1 |sub.s $f2,$74,%f6

R T 17 16 6 4 2 2 |mul.s $f2,$f4,$16
R 17 16 | 6 4 2 3 |div.s $f2,$f4, 876
R 17 17 6 4 2 | o |add.d $f2.$f4 576
R £ V| 7% &y 6 5 L8 1 [sub.d $f2,$4,5f6
R T R P YR 2 [mul.d $f2,3f4,3$f6
R 17 17 6 4 2 3 |div.d $f2,.$f4.8F6 .
| 49 20 P 100 ~ [lwel  $f2,100(5s4)
| 57 20 2 o swel  $F2,100($s4) |
| i i 1 25 AT e ]
ey e ilies (1100N0E B 0 25 belf | 25

PR | = ot 16 4 2 0 60 |c.1t.s $f2,$f4
TR BT 17 4 2 0 60 |c.1t.d $f2,$f4 |

6 bits 5 bits 5 bits Sbits | 5bits | 6bits |All MIPS instructions 32 bits”j

4.47 MIPS floating-point architecture revealed thus far. Sce Appendix A, section A.10, on page A-49, for more
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