4. ARITMETICA PARA COMPUTADORES

Representacdo de numer os sinalizados e néo sinalizados

n-1

N =S d; X base

i=0

Exemplo

1011, =(1x2°)+(0x2*) +(1x2') +(1x2°) = 114

NUmer os sem sinal

Representacao com 32 bits— palavra do MIPS

31 28 27 2423 2019 16|15 1211 8|7 413 0
0000{0000j0000O|0000O|OO0O0OOOCO0OOOOO|10112

Maior nimero de 32 bits = 2% — 1 = 4.294.967.295,,

NUmer os sinalizados

000 000000000000 00000000000010112

NUmeros 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 OO0 0000 0000 0000, = 049
0000 0000 0000 0000 OO0 0000 0000 0001, = 140
0000 0000 0000 0000 OO0 0000 0000 0010, = 24

011111111111 11111111 1111 1111 1101,
011111111111 11111111 1111 1111 1110,
011111111111 11111111 1111 1111 1111,

2.147.483.645;9
2.147.483.646,9
2.147.483.64 719

1000 0000 0000 0000 0000 0000 0000 0000, =-2.147.483.64819
1000 0000 0000 0000 0000 0000 0000 0001, =-2.147.483.64719
1000 0000 0000 0000 0000 0000 0000 0010, =-2.147.483.6464¢
1111111117111 1111 11171 11711 1111 1101, = -340
1111111117111 1111 11171 11711 1111 1110, = -2y
1111 1111111117111 17171111711 11171 11115 = -1y

Conversao binaria (representacdo em complemento de dois
=>» decimal)

N=( Xa1 X -2% )+( Xap X 2% )+( %o X 2% )+ . 4+( g X 21) +
+ (%o X 2°)

onde x; € 0 i-ésimo digito do numero.

Exemplo

1111111117111 1111 11271 1111 1111 1100, = ? 19

N=(1 X -22)+(1X 2%°)+(1X 22)+ 2%+ 2°+0+0 =
= -2.147.483.648 + 2.147.483.644 = -4 |
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Compar acéo de numer os sinalizados e nao sinalizados

| nstrucoes:

dt =» set on lessthan comparam
—» intaros

slti =» set on lessthan immediate sinalizados

situ =» set on lessthan comparam
—» intaelros nao

dtiu =» set on lessthan immediate sinalizados

Exemplo

$s0=> 11111111112111211 2111111211212 1111,
$s1 => 0000 0000 0000 0000 0000 0000 0000 0001,

O que acontece com as instrucoes :

st $t0, $s0,$s1 # compar acdo sinalizada
dtu $t1, $s0,$s1 # comparacao ndo sinalizada

Solucéo:

O valor em $s0 representa —1 se for um inteiro
sinalizado € 4.294.967.295 sefor ndo sinalizado.

O valor em $sl1 representa 1 em ambos 0s casos.

Entéo $t0 tem o valor 1, pois-1< 1 e $tltem o valor
0 p0is4.294.967.295 > 1.
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Complemento dois pela inversao e incremento

210 = 0000 0000 0000 0000 0000 0000 0010

111111111111 1111 1111 1111 1101
+ 1

-2;0=> 111111111111 1711117111111 1110

-20 = 111111111111 1111 1111 1111 1110

0000 0000 0000 0000 0000 0000 0001
+ 1

210 =>» 0000 0000 0000 0000 0000 0000 0010

Extensao do sinal

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

-210 = 11111111 1111 1110 com 16 bits, estendendo para 32
bits=» 11111111 111111111111 11111110
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Conversao binaria €= hexadecimal

Figura 4.1 — Tabela de conver sao hexadecimal

Hexa Bin Hexa Bin Hex Bin Hex Bin

Ohex OOOOtwo 4'hex O:I-Ootwo 8hex 1000tw0 Chex 1100two
1hex OOO:I-two 5hex O:I-O:I-two 9hex 1001two dhex 1101two
2hex OO:I-Otwo 6hex O:I-:I-Otwo Anex 1010two Ehex 1110two
3hex OC):I-:I-two 7hex Ollltwo bhex 1011tw0 1:hex 1111two

Exemplol
e C a d 8 6 4 2045

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
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- Figura 4.2 Resumo — arquitetura M1 PS

MIPS operands

87, $t0-$59, $ap, $fp, |Fastiocations for data. In MIPS, data must be in registers to perform

5 3sp. Rra; iat arithmetic. MIPS register $22r 0 abvays equals 0. Register 351 |3 resenod
far the assembler fo handle large constants.

Accessed only by data transfer instructions. MIPS uses byte addresses, so
sequential words diffar by 4. Memaory holds data structuses, such as arrays
and spilled registers, such as those saved on procedure calls,

MIPS assembly language
§51,952,853 | 351 =852+ 353 Three operands
Fel 858,853 | Fsl= 057 %3 Three operands
$51 852000 | -58] =852% 100 + panatant
$51 1000852 | 55l = Memon{$52 +-100) | Word fram mermory to repisher
$1. 1000852 | Mamony[ 5357 2 100)= %51 :'llpll:ll'd fram tegister to mermory
§51.100{%s2} | 55] = Meman[§s2 +-100] | Byte from memary to register
$51.1000%42) | Memonis? + 100]= §=1 | Byte framn reglster to mameory
$s1.100 ial =100 = 218 | Loads constant in upper 16
bits
$51.%52, 75 IF(E5] == £57) Eoto Equal 1est; PC-relatve branch
N PC + 4 + 100
branch on not egual bre 55l 852 25 if{&a] = %) goto Mot egual test; PCorelathie
PC+ 4 +100
set an less than STt $51,857 £=3 .|f|5:'.:"' <ts® el =1 Garmgare less than:
| i else $51 =0 wia's cormplement
#et less than Immediate 15107 §51, 552,100 [F (552 <2100) $s1=1; Compare = constant:
| elze 51l =0 win's complement
‘Eal lass than unsigned: | sTtu  $s1, %857 852 |Hitel =833 451 =1- Compare 255 thar;
| | glse ¥sl=0 unsigned numibers
st less than immediate [ sT0iu $51.952,100 [if43sf <1000 35l =1 Compane < constant:
i-"-E_-!gnF!l'f [ aise 5l =0 unsigned numkars
jamp B i Eo o 10000 Jump 1 tangel addrese
JUMp register Lz gotodra Far gwiteh, procedure raturm

' jump and link B [§ra=PC+ 4: goto 10000 | For procedure cal

§.2 MIPS architecture revealed thus far. Color indicates portions from this section added to the MIPS archi-
fvealed n Chapter 3 (Figure 320 on page 155). MIPS machine language is listed In the back endpapers of this
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Adicéo e subtracao

7+6

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

0000 0000 0000 0000 0000 0000 0000 1101

7—-6

0000 0000 0000 0000 0000 0000 0000 0111
- 0000 0000 0000 0000 0000 0000 0000 0110

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

0000 0000 0000 0000 0000 0000 0000 0111
+ 1111171111717111711111217112111111 1010

0000 0000 0000 0000 0000 0000 0000 0001

Overflow

Figura 4.4 — Condicbes deoverflow

Operacao | Operador A | Operador B Resultado
| ndicando Overflow
A+B =0 =0 <0
A+B <0 <0 =0
A-B =0 <0 <0
A-B <0 =0 =0
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- Figura4.5—Arquitetu

Example

raMIPS- RESUMO

MIPS operands

Comments

$s0-%=7, St0-%t9, $gp, | Fast locations for data. In MIPS, data must be in registers to parform anith
— ;.-rr1 $zern. Ssp. Sra, Sat | MIPS register §zarC slways equals O, Register 331 is reserved for the
| reg i | assembler to, for example, handle large canstants.
Memry[ﬂ]. Accessed only by data transfer instructions. MIPS uses byte te address
| memurj.- Memong4l . ... sequential words differ by 4, Memaory holds data structures, such asg
| words Momon 4294967 282] spilled rogisters, such as those saved on procedure calls,
MIPS assembly w

Comments

| arm f.-=.1 ,'I-\.f §53 [$sl=$s5i+ 553 ]Thrm: upeunds, overiom o
subtract tulu ‘i::. Sk.: 5«.5 qu . $32 - §53
| addlmmadleﬂa 5 .{,,Il.l 1- 1 = 537 + 100
&dd un m,grml afdu  §=l ,L-_- _E : $3] =557 + 55 lI|-|E&r;:erar.m;u'..1&r|‘|w
| |I|'|f]I""‘E-"'rl"'I'|
Arithmetic "2 b o unsigned 1 22§ 5 A B | Three onerands; ovedion
| | uridatested
add immediste addiu $s51.§ Il §5] =557 + 100 - -'_1'1:.1.J||1 :.e*1 how
| unsigned
il Troim mt 55 send 351 3E0C Usad 1o copy Extoption i
| | Sopracessor registar othr spocial reglsiers
load word Tw $51,1000852) | $cl = Memon{ 52 + 100 |W|:rrdfrom migrmary to g
| | store word W $51,100(352) =Marm:|r5-i5 2+ 100]= %51 | Word from reglster to
Data ioad | sad byte unsigned  Thu 51, 1001 [$52] | ¥5] = Memon{$52 + 100] | Byte from memary to
|"*J”$f” store byte 5B $51,100(852) |Memond$s? + 100] = $s1 | Byte from register to
Joad 1 upper Tu $51,100 .I $51 = 100 = 218 Loads constant in upper
| immediate
branch an equal beg $51 ., 852,75 |if{E5] == 552} polo Equal lau[ PC-relative
| PC + i & 100
branch on not equal | Dne $51,552,25 ||'f['i‘~l = 558y goto Not equal test;
| PC +4 + 100
el on less than sTt $5],.552 453 |IT|:iE.£-=$ g3} 351 = 1; Compare less than;
| congitionat | T else §51=0 | bwo's complement
branch set less than s1ti $s1.%52.100 |W(5sZ <100) $51=1; Compate < constant;
| immediate else §51=0 two's complement
st less than situ  $s51,%552.%853 if{$s2 = $53) 35l =1: Compare less than;
| | unsigned alse §51 = unsigned numbers
set less than IsTtiu 's*-l Ss..f 100 if($52 < 100) $sl=1;
| Immediate unsigned | elsefsl=0
| ;um;} A | 25 r-'] E0 to 10000
Uicedi i — B
tional jurmp _j.umn regmer o e i-r.J gcl m ir i Far swltch. I, procE
jump. and ilnh Jal 2500 1-r i=PC+4; gotu 1.0030 ]Fvur pmm:h.ﬂruﬂl

FIGURE 4.5 MIPS architecture revealed thus far. Color indicates the portions revealed since Figune 4.

MIPS machine language is also listed on the back end papers of this bool.
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Oper acdes L Ogicas

I nstrucao sll =» shift left logical

sl $t2,$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

Instrucéo and eor

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

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

or $t0,$t1,$t2 # $t0 € $tl | $t2
$t0 = 0000 0000 0000 0000 0011 1101 0000 0000

Figura 4.6 — oper acdes L 0gicas e correspondéncia com C

Operador Légico

Operador em C

Instrucao M1PS

Shift left << dl
Shift right >> s
Bit by bit AND & and, andi
Bit by bit OR | or, Of |
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- Figura 4.7 — ArquiteturaMIPS- RESUMO

MIPS operands

32 §s0=b57, 3L0-3L9, faop,. Fast locations for data. In MIPS; data mu51bémfegi5térstd rf-c;fm_
rgistins §fp, F2ero, Ssp. Sra, Bab | MIPSregister BZero always equals 0. Register $a1 is resarved for the B
Iu handle large constants,
240 Marmary[ 0], Accested only by data transfer instructions. MIPS uses byte addresses, Bt
mamory Memary4], . . ., segquentlal words differ by 4, Mamaoery holds data structures, such 85 s
words Mermnory[4 2345967 252 spilied registers, sueh as those saved on procedure calls.
MIPS assembly language
Category Instruction Example Comments
add add” %51, k52 %53 |Bs5] =:k=2 * 353 Thrﬁ-euperanm overfiow
subfiract sy $51,%52.957 |Es1 = B3¢ - Fs3 [ Three aperands; overfiow
add immediate addi g1, %s52.100 Esib$<?+10ﬂ + comstant; overflow dete
add unsigned addu  §51,852,%53 E-'=‘ =352+ 854 | Three operands: overfiow ung
Arthmetic | o st unsigned subiy $61,%<7 351 |Ssl=%57-353 [ Three aperande: cverfiow und
add imimediate addiy $s51,552,100 |Es5]1 =352 +100 + cOnstant; ovarfiow Undetast
unsigned
| Fvgwe frigem L1 of ) R 50 R . T ES-—?E'F-I: | Used to copy Exception PC plusg
| coprocessor reglster i S-FIECHI registers
| s and Tritee fBg. aperants; bitoybit
o jor T'IE‘U Teg, eperands; bit-ty-hit O
i and immediate andi Bit-be-bit AND reg with conatants
Loglca —_— B
= o imemesdiate jord | Bit-by-bit CR reg with constant
shift left logical 1 g Shift laft by censtarnt
= shift right |ogical |3r] 55185 «:' L R 1 Shift right by constant
|-::~auwnrc Iw $31. IJI:JI:H? '5'5.1 —h'bmurr";s-‘-i- iCII}I Word from memory to redister
store word. W 151, 1000 520 Memor-,.l[Is'sE +100]= ‘Word from reglster to memorny
tnr:n“;1m load byte unsigned Thu  $s1,1000352) |$51 | = Memony 352 +_1_|:||}[ Byte from memany to register
store oyte sb §51. 10002} r.-lemm-_.{_s-:.?+ 100]= i».l 'E:ﬂa from ragusr.arturrmnuw
- | load upper immediate | Tul  $51,100 §51 =100+ 216 Lna:la constant in upper 18 bits
branch on squal I::l::: $51, 852,25 if{E5f == £52) g0 to | Equal test; PCrefative branch
PC+ 4+100
nramnunwmaqual TEne $51, 552,25 iFits] I= $52] goto Mot equal Test; PCrelative
PC+ 4« 400
: sel on bess than s1t $5l:6s2.430 |Wifs2=%553) S5l =1 cumpsme less thar;
E:::r | N else 51 =0 | wo's complement
Eirtibeh | aet legs than st 51,882,100 |[H{FE2 <100} $51=1; | Compare < constant;
immediate |else $51=0 | twa's complenment
5e1 IBsE than unﬁﬂ,ﬁeu 5Tty §sl,%52 353 |if{cF <80 [ | Compare less than: natural r'j-
else $51=0 I
gt less han sTEiu 851,852,100 |W($s2 =100} Ssl=i; |Enmnarirc constart: natural
Immediate unsigned else i51=0 | numbers
! .IIJI'I1P | £500 £ [0 10000 | durnip to target address
It-:lnnﬂrﬂmp Jump register jr fra |Beto fry | Fer swmh procedure retum
Jump and fink J&l FRO0 $re = PG+ 4 g 10 10000 | F::-r prul::e-dure call

FIGURE 4.7 MIPS architecture revealed thus far. Color indicates the pertions introduced sinee Figure 4.5 on page 2240
MIFS machine language is also lsted on the back endpapers of this book. [
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M anipulacao 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;

}receiver;

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

Este cddigo aloca trés campos para registro receiver, 1
bit para o campo chamado ready, 1bit para o cachamado
enable e 8 bits chamado receivedByte. No corpo do
programa, o codigo copia receivedByte para data, atribui
areadyovalor O eaeanbleo valor 1. Como fica o codigo
compilado para o MIPS? Assumir que para data e
receiver sdo alocados $s0 e $sl.
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Solucao

31 10 9 2 1 0
receivedByte enable ready

Primeiro isolaremos 8bits do receivedByte.

gl $s0,$s1,22 # move os 8 bitsparaofim da
palavra (aesquerda)

sl $30,$s0,24 # move os 8 bitsparaoinicio da
palavra ( adireita)

A proxima instrugdo limpa o bit menos significativo e a
ultimainstrucéo seta o bit vizinho.

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

Outra solucéo:

sl $30,%s1,2
andi $s0,$s0, OxOff
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Unidade L 6gica Aritmética

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

deumaALU
1. AND gate (¢=a. b) "o | b [c-an|
a 0 0 0
D—»c 0 1 0
b— 1 0 0
1 1 1
2. ORgate (c=a+b) "2 | b [o-a+b|
a . 0 0 0
b :D-» c 0 1 1
' 1 0 1
1 1 1
3. Inverter (c = a) | a |c=a
a —»Do—» c 0 1
1 0
4. Multiplexor d C
Muplescr I
else c =h) 0 a
a—»|0 1 b
c
b—{1
Figura 4.9 — Unidadeand-or de 1 bit
Operation
a >
Dat
! Result

) Ot
D —
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Figura 4.10 — Somador de 1 bit

Carryln
a —»
T —> Sum
b —»
CarryOut

Figura4.13 — Gerador deCarry

Carryln

Yy Y

\ 4

B
N,

v
CarryOu
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ALU de 32 bits- Figura4.14 — ALU de 1 bit

Carryln

\ 4

_

j

A 4

=y

C

» Result

v

CarryOut

ALU de 32 bits - Ripple Carry

a0 —»

b0 —»

Carryln

l

Carryln

ALUO
CarryOut

A

al —»

bl —»|

Carryin

» Result0

ALU1
CarryOut

A

a2 —»

b2 —»|

Carryin

» Resultl

ALU2

CarryOut

:

|

a3l —»

b31 —»

Carryln

» Result2

ALU31
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Subtrator = Complemento de 2
a+b+l=a+(b+1)=a+(b)=a-b

Carryin

7
0

1

» Result

syl
HJU

v v
+
N

b — 0
1

CarryOut

| nstrucoes set on less than = dt
Estainstrucdo geralsers<rte0, casocontrario.

Introduz-se uma nova entrada no multiplex de saida =»
L ess.

Para todos os 31 bits mais significativos seu valor sera
Zer o.

O dultimo bit sera setado ou resetado, decorrende do
valor da comparacdo deacom b. Sea<bentaoa-b <0
(negativo) entéo e o bit sera 1, caso contrarioa-b >0 (
positivo )e o bit sera 0.

Para isto precisamos de um bit ( 0 mais significativo da
ALU ) parasetar ou resetar o bit menos significativo
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Deteccao de overflow.

Carryin

» Result
Less >3
N
v
a CarryOut
Carryln
a > ~ 7\
LT’
—>,
J » Result
b — 0 + 2
1
Less >3
NG
» Set
A4 A\ J y
OverfI.OW » Overflow
detection
b.
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ALU de 32 bits

Binvert Carryln Operation

wlw

a0 —»| Carryln

b0 —» ALUO
» Less
CarryOut

v Yy v

al —»| Carryln
bl —»| ALU1

Result0

v

Resultl

v

0 —»| Less
CarryOut

v Yy v

a2 —»| Carryln

Result2

v

b2 —»| ALU2
0 —»| Less
CarryOut

!

b b p

A A\ 4

i lCarryIn
y

a3l —»| Carryln
b31 —»{ ALU31

» Result31
Set

0 —>»| Less
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Detector deZero

Bnegate Operation

Yy v NV
E‘g (X"Lr 3(')" Result0 |

» Less | SR
CarryOut

A
al Carryln Resultl

bl —»{ ALUL — |
0 —>» Less ;’

CarryOut

7 Y °
a2 —»| Carryin
b2 —» ALU2
0 — Less
CarryOut

Result2

v

I l |
= l Result31 r

a3l —» Carryln
b31 —» ALU31 Set
0 —>» Less » Overflow

ARQUITETURA DE COMPUTADORES - RICARDO PANNAIN 85



Figura 4-20 — Sinal de Controle de operacbesda ALU

Linhade Controleda ALU Funcéo
000 and
001 or
010 add
110 substract
111 set on less than
Simbolo deuma ALU

a —»\
— Zero

>ALUI—> Result
— Overflow

b —»

CarryOut
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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)

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

cl=(@0 +b0).cO +(a0.b0)=g0+ (p0.cO)

c2=9gl+(pl.cl)=gl+pl(g0+(p0.cO))

c2=9g1+(plg0 )+ (pl. p0.cO)

c3=9g2+(p2.9l1 )+ (p2.p1.g0)+ (p2. p1.p0.cO)

c4=93+(p3.g2 )+ (p3.p2.9g1)+(p3.p2.p1.90)+
+ (p3. p2 .p1.p0.cO)

Supondo um somador de 16 bits usando 4 médulos de 4
bitsvisto acima, temos ( 2 nivel ):

C1=G0+(P0.cO)

C2=G1+(P1.G0 )+ (P1.P0.cO)

C3=G2+(P2.G1 )+ (P2.P1.GO) + (P2.P1.P0.cO)

C4=G3+(P3.G2 )+ (P3.P2.G1) + (P3.P2 .P1.G0) +
+(P3.P2.P1.P0.cO)

onde:

PO =p3. p2.p1.p0

P1=p7. p6 .p5.p4

P2 =pll. p10.p9 .p8

P3 =p15. p14 .p13 .p12

GO0=9g3+(p3.g2 )+ (p3.p2.g1)+(p3.p2.p1.9g0)

Gl=qg7+ (p7.g6 )+ (p7.p6.9g5) + (p7. p6 .p5.94)

G2=9g11 +(p11.g10 )+ (pll.p10.99) + ( p1ll. p10 .po.
.g8)

G3 =915+ (p15.g14 )+ ( p15.p14 .g13) + ( pl15. pl4.
.p13.912)
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ALU de 16 bits formado com ALU de 4 bits
utilizando carry lookahead

Carryln

a0 —»| Carryin
b0 — » Result0--3
al —»
r 3| ALwo — '
2 —*  Gof— G
b3 —» Carry-lookahead uni
Cc1l | .
ci+1
a4 —»| Carryln
b4 —>» » Result4--7
a5 —»
bg — ALu1 .
ao —» P1 > pl +1
b6 —> Glp—»|gi+1
a7 —»
b7 —»
c2 | .
L— ci+2
a8 —»| Carryin
b8 — » Result8--11
a9 —»
b9 =1 ALu2 .
al0 —» p2 »| pit+2
b10 —» G2 > gi+2
all —»
bll —»
C3 Ci+3
al2 —»| Carryln
bl2 — » Result12--15
al3 —»
bl3 —| ALU3 .
al4 —» P3 » pi+3
b14 —» G3 > gi+3
als — Cc4 .
b1l5 —» ,7 ci+4

v
CarryOut
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Exemplo

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

a: 0001 101000110011

b: 11100101 1110 1011

Solucéao

a: 0001 1010 00110011

b: 11100101 1110 1011

gi: 0000 0000 00100011 =>» ai . bi
pi: 11111111 11111011 =» ai + bi

P3=1.
P2=1.
P1=1.
PO=1.
GO0=9g3+(p3.g2 )+ (p3.p2.g1)+(p3.p2.p1.9g0)
GO0O=0+(1.0)+(1.0.1)+(1.0.1.1)=0
Gl=qg7+ (p7.g6 )+ (p7.p6.9g5) + (p7. p6 .p5.94)
Gl=0+(1.0)+(1.1.1)+(1.1.1.0)=1
G2=9g11 +(p11.g10 )+ (pll.p10.99) + ( pl1l. plo.
p9.g8)
G2=0+(1.0)+(21.12.0)+(1.12.12.0)=0
G3=9g15+ (p15.g14 )+ ( p15.p14 .g13) + ( pl15. pl4.
.pl3.912)
G3=0+(1.0)+(1.12.0)+(1.2.12.0)=0

N
im i 1 n

OR RkRR

1.1.
1.1.
1.1.
0.1.

O carryout é:

C4=G3+(P3.G2)+(P3.P2.G1)+(P3.P2.P1.
.G0) + (P3.P2.P1.P0.c0)

C4=0+(1.00+(1.2.1)+(1.1.1.00+(1.1.1.0.
.0)=1
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OBS.: Comparar avelocidadedoripplecarry edo carry

lookahead
Multiplicacdo
multiplicando 1000
multiplicador x 1001
1000
0000
0000
1000
produto 1001000

Hardware Multiplicador — Primeira versao

—
Multiplicand
Shift left Je—
64 bits
A y —_—
v / Multiplier

64-bit ALU / Shift right |«

32 hits

Product Write COW
64 bits
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Algoritmo de Multiplicacdo — Primeira ver sdo

Multiplier0 = 1

1. Test Multiplier0 = 0

MultiplierO

A

la. Add multiplicand to product and
place the result in Product register

L

2. Shift the Multiplicand register left 1 bit

A4

3. Shift the Multiplier register right 1 bit

l

No: < 32repetitions

32nd repetition?

Yes. 32 repetitions

Done

ARQUITETURA DE COMPUTADORES - RICARDO PANNAIN
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Exemplo

0010, x 0011, = 0000 0110,

Figura 4.27 — Resolucao do exemplo

e

Initial values

1a: 1 = Prod = Frod + Mcand

2: Shift left Muttiplicand

3. Chifl n.g-;!.r-r;'ll.-lr-"ul-rlr
1a: 1 = Prod = Prod + Meand

2 Shift left Muttiplicand
: Shift fght Multiplier

0 = no operation
. Shift keft Multiplicand
: Shift nght Multipfier

L R e B Rl A

() =* no operation
: Shift feft Multiplicand
: Shift right Multipliers

000 0000
00 0010

0000 0010

H000 D010
0000 011 L.I
D000 Ol '-J
0000 0E10
D000 OLid
0oo0 0110

004d) A000 0010
no11 0000 0010
ool | onog 0100
000 0000 0100
000 0000 0100
D001 0000 1000
000 0000 1000
0000 0000 1000
0000 0001 0000
Do) 0001 0000
D000 D001 0000
DO00 0010 0000
0000 D010 0000

0000 0110
0000 0110
0000 0110
0000 3110

FIGURE 4.27 Multiply example using first algorithm in Figure 4.26. The bt examined (o
determine the next slep is circled in color,

Multiplicand

32 bits

v £
32-bit ALU/ ™

\/

Hardwar e Multiplicador — Segunda ver sdo

—_—

ARQUITETURA DE COMPUTADORES -

o

Shift right
Product Write
64 bits

RICARDO PANNAIN

Multiplier

A

Shift right

Control test

32 bits
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Algoritmo de Multiplicacao — Segunda ver sao

Multiplier0 = 1

A4

1. Test Multiplier0 = 0

MultiplierO

la. Add multiplicand to
the product and place the result in
the Product register

2. Shift the

1 bit

A4

3. Shift the Multiplier register right 1 bit

32nd repetition?

l

No: < 32 repetitions

Yes: 32 repetitions

Done

ARQUITETURA DE COMPUTADORES - RICARDO PANNAIN
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Exemplo

0010, x 0011, = 0000 0110,

Figura 4.30 — Resolucao do exemplo

N T

Gﬂmi
UUil
o011
GDUE
QaoL
Q0oL

(el o) ‘

|-'ut|a1 vilues
pE is; 1 == Prod = Frod + Maand

[ 2: &hif right Pradust
‘ 3; Shift rignt Multiplier
2 1a: 1 == Prod = Prod + Moand
| 2: shift right Product
[3: shift right Multiplier
3 [1: 0==ma operatian
P
3+

1 ﬁﬁin right F‘r-a:u:lu::l

S;.nlft right MLrltEFﬂ a1
5 (1 D==no aperaticn
2: Shift right Product

3: Shift right Multiplier

FIGURE 4.30 Multiply example using second algerithm in Figure 4.29. The bit

determine the next step is circled in colon

D000
Do00
nond
Q000
Q00
pald e

0010
o040

0010

0010
0010

o010
0010
0010
0010
0010
0010
0010
Q010

Hardware Multiplicador — Terceira Versao

Multiplicand

32 hits

NV

A
32-bit ALU /™

4 —
Shift right Control
Profluct Write test
64 bits
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Algoritmo de Multiplicagdo — Terceira Versao

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

v v

2. Shift the Product register right 1 bit

No: < 32 repetitions

32nd repetition?

Yes: 32 repetitions

Done )
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Exemplo
0010, x 0011, = 0000 0110,

Figura 4.33 — Resolucao do exemplo

m Multiplicand

0 Initial values 0010
1 '1a: 1=> Prod - Prod + Mcand ' “ooto
e | 2: Shift nght Product ' 0010
o 1a: 1 == Prod = Frod + Moangd ' 0010
| }E Shift right Praduct ' 001
3 1:0 => no operation nodo
) 2: Shift right Product ‘ DOL0
4 1_0 == no operation 0010

| 2: Shin rigt Product 0010

FIGURE 4.23 Multiply example using third algorithm in Figure 4.3
cletermine the next step is dircled in color.
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Multiplicacdo sinalizada

Booth’salgoritm

0010, =>» 249
X 0110, -> 610
+ 0000 shift
+ 0010 add
+ 0010 add
+ 0000 shift
00001100
0010, = 2
X 0110, =>» 649
+ 0000 shift
- 0010 sub (primeiro 1 no multiplicador)
+ 0000 shift (meio da cadeia de 19)

+
o
o
=
o

add (passo anterior — ultimo 1)

OQ 1 11/0
=
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Figura 4.33 — Exemplo algoritmo Booth

o Initial values 0010
1 1a: 1= Prod = Prod + Meand . ool
[y 2. Shift ngnt Product colo
2 | 12 1 == Prod = Prod + M:-.;-.n . Q010
[2: Snift right Product ooio.
3 [1:0=> no aperation Tl & nodo e
L= 21 Shift right Product [ cozgr R
4 [1:0= no operation ' ooio.
| 2: Shift right Product = o010 o

FIGURE 4.23 Multiply example using third algorithm in Figure 4.32, !

determine the next she is circled im colorn

Passos do algoritmo de Booth
Dependendo do bit corrente e anterior, faca:

00 : meio de uma cadeia de Os = nenhuma oper acdo
01 : fim deuma cadeia de 1s = some o multiplicando a
metade esquerda do produto

10 : comeco de uma cadeia de 1s =» subtraia o
multiplicando da metade esquer da do produto

11 : meio de uma cadeia de 1s = nenhuma oper acéo

Como no terceiro algoritmo de multiplicacéo, desloque o
produto 1 bit para a direita.
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Figura 4.34 — Comparacéo do Algorimto de booth e da
terceira versado do Algoritmo de Multiplicacao, para
numer os positivos

Mutti- Original algorithm Booth's algorithm

the next step is circled in color

Exemplo
210 X =310 = -610 = 0010, x 1101, = 1111 1010,

Figura 4.35 — Resolucdo do exemplo

[orsion | iy | Wi |

Q Initial values 0010
1 g1 10 = Prod = Prod — Meand | 0010
"2 Shift right Product ' 0010

2 1b 0l = Prud = Prod + Meand 0010
2: Shift right Produst ' 0010

3 1¢: 10 = Prod = Prod — Meand ' D010
| 2 Shift right Product ' B0

4 | 1d: 11 = no operation 3 0040
|3 Shift right Product ' 0010

FIGURE 4.35 Booth's algorithm with negative multiplier example. The bibs exan

determine the next step are circled in color,

ARQUITETURA DE COMPUTADORES - RICARDO PANNAIN

Comparing algorithm in Figure 4.32 and Booth's algorithm for positive numbers. The bitis) examined

4 __|n itial values |:|I:H:u’.‘| au‘g‘ Initial -.'::Iusa 0000 Ullﬂ U
EE 0= no aperation | I:ICI-:IG 0110 |13l 0= nu:r  Operation | oooo |:|11|:| o |
| 2: Shift ng_,r_rt Product 3, UU[_*_H "IDJL__ |28 srwﬂ r.ght F‘rnduct ' 0Doo 0012 I
_ 1a:1 = Prod = Prowd = Moand 0010 Do1L 16 1.’,) = Pri:u:l l-’m:l - I'I.-'I::Hn-d J{E'."jlll 0
| 2: Shift right Product | GO0l ooohy |2 Shift rignt Procuct ' 110 ool '
| 18: 1= Prod = Prod + Mcand [ oo110001 |id: 11 = no operation 1111 0001 1
| 2: Shift right Product | 0001 1000 | Z: Shift right Product 1111 10006 1)
| 1:0 = no operation | 00011000 | 1b: 01 =» Frod = Prod + Mcand | 00D 1000 L
| 2: Shift right Product | 00001100 | 2: Shift right Product | oooo 11000




Multiplicacao por poténcia de 2, por deslocamento

M uItlpllca(;ao no MIPS
produto de numeros de 32 bits = 64 bits=>» Hi elLo
instrugdes mult (multiplicagéo) e multu (multiplicagcao sem
sinal)
instrucdes para manipular Hi e Lo =» mflo e mfhi ( move
from Lo e move from Hi)

Divisao

dividendo €1001010 | 1000 =» divisor

- 1000 1001 =» quociente
10
101
1010
- 1000
10 = resto
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Hardware Divisor - Primeira Versao

—

Divisor

Shift right

64 bits

VT 7

64-bit ALU /

y

Remainder

Write

64 bits

P

Quotient
Shift left

32 bits

Control N\

]

tes_t./

y 3

ARQUITETURA DE COMPUTADORES - RICARDO PANNAIN
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Algoritmo de Divisao — Primeira Versao

( Start

<
<

A 4

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

Remainder> 0 Remainder <0

Test Remainder

A4 A\ 4

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

A\ 4 v

3. Shift the Divisor register right 1 bit

l

33rd repetition?

No: < 33 repetitions

Yes: 33 repetitions
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Exemplo

0000 00111, / 0010,

Figura 4.38 — Resolucao do exemplo

I T

[ Initial values 3 r 0010 |
1: Ram = Ram - Div ! 0000 0
1 ab: Rem = 0 = +Diw, sl Q, QO =10 QD00
3: Shift Div right | oooo
[1: Rem = Rem - Div Q300
2 %b: Rem<O=s+Div, sl Q, Q0=0 | 0000
3: Shift Div right 0000
' 1: Rem = Rem - Div (00
3 [2b; Rem<0=> +Div. sllQ. 00 =0 | o000 |
| 3 Shift Div right | oooo |
1: Rem = Ram — Div | 00
4 Za: Rem =z 0= sl 0, Q0 = 1 fiTves
3: Shift Div right Do0L
[ 1: Rem = Rern — Div Doo1
B B2 Rem=0=>sK0,00=1 poti
3: Shift Div right DAL

FIGURE 4.38 Division example using first algerithm in Figure 4,37, | i

determine the next step is dreled in colon

Hardwar e Divisor - Segunda Versao

Divisor

32 bits

A 4

N/
32-bitALU /"

—

Remainder

Shift left
Write

64 bits

Control

A

P

Quotient
Shift left

ARQUITETURA DE COMPUTADORES
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32 bits
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Versao final do algoritmo de divisao

1. Shift the Remainder register left 1 bit

A4

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

A 4

3a. Shift the

left, setting the new rightmost bit to 1

register to the

3b. Restore the original value by adding
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 register to the
left, setting the new rightmost bit to 0

N

32nd repetition?

No: < 32 repetitions

Yes: 32 repetitions

Gone.

D
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Hardwar e Divisor - Versao Final

Divisor

32 bits

v v

N~/
32-bit ALU /"

Shift right
Remainder  Shift |eft Control
. test
Write

y 3

64 bits

Exemplo
0000 0111, / 0010,

Figura 4.42 — Resolucéo de Exemplo

7 s . e

Initial values 08, 14] 0000 D111

Shift Rem left 1 0010 DO0O 1110

3 2. Rem = Hem - Div | 000 :l_:!_j_ij_‘__lo
35 Rem <0 = + Div, SR, RO = 0 0010 Do01 1100

|2 Riem = Rem - Div . 0010 i1l 1100

E ',}n Rem <0 — + Div, il R, RO = 0 o010 | 00111000
|2 Rem = Rem - Div 0010 |  (@ooi 1000

! : |3a: Rem2 0= sllR, RO =1 0010 | 00110001
2: Rem = Rem - Div 0010 {no1 0001

? 3 Rem 20 = SR, RO =1 | oo | ootooonr
Shift left half of Rem right 1 | o010 | 00010011

FIGURE 4.42 Division example using third algorithm in Figure 4.40. The bit examined to
determine the next step s drcled in color,

Divisdo no MIPS
divisido de nimeros de 64 bitspor 32 bits=>» Hi elLo
instrucoes div (divisao) edivu (divisdo sem sinal)
instrucdes para manipular Hi eLo =» mflo emfhi ( move
from Lo e move from Hi)
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- Figura4.43 - Arquiteturado MIPS—-Resumo

32
registlers
=
MY
| words

Category

$s-%57,
fzero,

$LO-%19, Sgp.
$sp, Sra,

|Memon0].
| emondd], ...
lmemaryfﬂgdgﬁ?igz]

Arithimetic

Data
transfer

Congi-
tlnsd
branch

Uncandl-
tianal
jurmp

iR,
$ak, Hi,

MIPS operands

ko

| hocessed only by dats trancfer instructions, MIPS uses byte addre
sequential words differ by 4. Memony holds data structures, such ag
| spilled regisl.ers such as those saved on procedurs calls,

MIPS assembly language

Comments

Fast locations for data, In MIPS, data must be in registers to perform &
MIPS registar 3zero always equals 0. Register 53t
1o handie large constants: Hi and Lo contain the results of multiply®

15 reserved for

Comments

|+ constant; overdiow dé

Three operands: over o umn
Three aparands; cverfiow U '. -

+ constant; overfiow undets

Used to copy Exception PG
other special registers

| B4-bit unsigned product )

BA-bit signed product in HE

| Lo = quotient, Hl = remalnic

| rsigned qutient and rem

[Used to get copy ot Hi

|Used to gflt copy af Lo

Three reg. operands, (o
[ Three req. upararﬂs.

Logical AND reg, cnnstaﬂ;

Logical OR reg. corstan
| Shift feft by constant
‘Shift right by constant

Ward from memary ta |

"|I'|'I:Ird from reglsterto =
Eljl'I.B Trenm I'I'I'E.'I'f'llill'ﬁII 1o reg

[ Mot equal test: PCrelative

| Compars less than; two's

Eyte fredm regjster ta
Loads constant in upper

| Equal test: PC-rafathie hranh

cmnplemrir'ﬂ.
Cl::urnpare = constant trmv
jcomplement

ﬂd:lrnpare 255 than; natural

| NUFDerS
[Campare < constant; natum]

numl:lm':s.

[ Jump ta l,argel  adress

| Far switeh, procedire retul

Instruction m Meaning
[add — ladd  $51,%52.%53 [35l=mS57 +%58)
Csubtract [SuF 951,852,853
[add immediate add] 351,852,
|add unsigned | addu §s1,%57,55% |$si= ?:'s'E":i'__s"E'___
| Subtract unsigned | subu §51,852 $s0 [$sl=1952-850
[add immediate  |addiu 951,882,100 |$s1=357+100
uns!gnc-d
|move fram b5l =%apc
COproCassor m@smr s
ﬁ'lutl:lur - m Hi, Lo=3%52 ﬁ‘*s.i ===
mutiply unsigned HE, Lo= $52 x §52
divide _'ilr.] =$52 7 $53,
= 352 mod 553
[ divide unsigned Lu_';sf;ih,
|Hi= %52 mod 453
|move fram Hi [$5T =Hi i
| move from Lo ] - fzl=1Lg
and [and 351,357 553 |95 =357 & b50
lor ol §51,950.%58 |$sl=9s21%53
[and immediate [andi  $51,%52,100 [$s5l=$s52 &100
[or immediate.  |ori $51,%52,100 [$51=3521100
[ehift left logical | 511 $51,950.10 |§51=%52<=<10
[shift right lagical |51 $51.852.10 |f5l=8sfa=10
[loadword | Tw $=1,100(%50) 1551 = .H-‘Iemc-ry[i'i?q-li}'_ﬂi
| store word E{u 5.5:-1.- 100(%52) Mamomﬂr +100]= $s1
I:}au byte unsigned [Tbu $31,1000%52) |$s1= Memon[$57 + 100]
[storebyte | sb  $s1,100(%52] |Memon{$sZ + 100]=F51
| load upper immediats | 11 | $1.100 5-_51_5.00* 216
branch omequal | beq  %$%1,5%2,P5 |l (85l == $sd)goto
PC 4+ &+ 10D
beanch on not egual  bine £51 ,-555.2 el ] _If_(-m“[:-{;fﬁfd o
PC+4+ 101] 3 g2
‘setonless than st §s1,8s2,853 [if($52<$sd) $s1=1;
plse 351 =0
5ol l6ss than S1t1 51,352,100 |AM(852 <100) §51=1;
immedizte elze 351=0
sellessihan  |S1tl 551.357.353 |M(3Si<552) ssi=md;
|unsigned | else $51=0 i U
|20t Inas than [sTtiu  $:1,%52,100 (K322 <100) 3s1=x1;
immizciate Unsigned | elsa $51 =0
Tiurmp ] ?"EE g0 to 10000
;urﬁb'i'eglster 137 $ra leotfra
[jump and link [3al PRO0 1%ra

=PC + 4; go o 10000 _F1:|r procedure call

FIGURE 4.42 MIPS architecture revealed thus far. Color indicates the portions revealed since Figure 4.7 on pap
MIPS machine language is listed on the back endpapers of this book.
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Representacéo em ponto flutuante

Padr&o | EEE 754 —nor malizado, expoente em excesso 127
N=(-1)°x 1M x 2F

precisdo simples

31 30 2322 0
S |EXPOENTE EM EXECESSO MANTISSA

precisdo dupla

63 62 55 54 32
S EXPOENTE EM EXECESSO MANTISSA
31 0
MANTISSA
Exemplo
-0,7510 = -0,112

Normalizando = 1,1 x 2%

31 30 29 28 27 26|25 24 23 22 21 20 19 18 17 16 15141312 11 109876543210
01111110100000000000000000000000000000000O

[y

Exemplo: Qual o decimal correspondente ?

31 30 29 28 27 26|25 24 23 22 21 20 19 18 17 16 15 14 131211109876 543210
1000000101 00000000000000000OO0O0OOOOOOOOOOOO

[N

N=- (1+0.25) x 202120 = .1 25 x 4=-50
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Adicdo em ponto flutuante

=D

v

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

A 4

2. Add the significands

B

v

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

Yes

Overflow or
underflow?

!

( Exception )

4. Round the significand to the appropriate
number of bits

l

Still normalized?

No
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EXGIT]plO: 0,510 + (-0,437510 )

0,510=0,1, = 1,000, x 2!

-0,4375,0=-0,0111,=-1,110, X 272

Etapas

1. Deslocar adireita a mantissa do nimero com menor
expoente

1,110, x 22 =-0,111,x 21

2. Somar as mantissas

1,000, x 2 + (-0,111, x 2 = 0,001, x 2°*

3. Normalizar oresultado

0,001, x2*1 =1,000,x2*

4. Arredondar oresultado

1,000, x 2°* = 0,06254,
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Figura 4.45 — Hardwar e de adicéo de ponto flutuante

Sign | Exponent Significand Sign | Exponent Significand
! ‘
NV Compare
Small ALU exponents
Exponent
l difference
v v v v v
(o 1 ) >( 1) |—>( 0 1)
) s Shift smaller
Control ; Shift right number right
L A
Add
0 1
Increment or .
>l decrement | Shift left or right Normalize
‘_1 t
»|  Rounding hardware Round
Sign | Exponent Significand
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Multiplicacdo em ponto flutuante

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

»
>

N

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

l

Overflow or Yes
underflow? l

No ( Exception }

4. Round the significand to the appropriate
number of bits

No

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
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Exemplo: 0,510 x (-0,437519)

0,5,0=0,1,= 1,000, x 2°*
-0,4375,=-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 2° = -0,21875

| nstrucdes em ponto flutuanteno MIPS

adicéo, ssimples (add.s) —adicéo, double (add.d)

subtracéo, ssimples (sub.s) — subtracao, double (sub.d)
multiplicacao, simples (mul.s) — multiplicacao, double
(mul.d)

divisdo, simples (div.s) — divisao, double (div.d)
comparacgéo, simples (c.x.s) — comparacao, double (c.x.d),
onde x pode ser equal (eg), not equal (heq), less than (t),
less than or equal (le), greater than (gt) ou greater than or
equal (ge)

branch, true (bclt) — branch, false (bclf)

registradores $f0,$f1,$f2,... (32 registradores)
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- Figura4.47 — Arquitetura MIPS - Resumo

i, 51

| Memongal,
Mamonfd), . .

FP add single

AP subtract 5-~'|gln_-
P multiply single
FP divide single

Memon] 4294967292

T A

FP add double
| FP subtract double
FP multiply double

MIPS floating-point operands

3131 | MIPS D |'.|ﬁ-1||'|',? Spaint registers are u=e-d ni

RaIrs 1or doubie precison o

umbers

. .;DEESSH arihy ti:,' data transfer |n51r1.u:f||:m;_ r;.-'IIPS uses byie addresses, so
sequential wiords differ by 4. Memory holds dets structures, such as arrays, and
spliled registors, such as those saved on procedure calls.

MIPS flnatmg-point assembly Im;um

'.—:.'-

! FP divide -'_;';:_H.IL\IE;
| E--HIJ word.copr. 1
|1:-rl" .1.*'.-|I.I cron 1
-'ranv:h on F# Tr ?

branch on F»‘ false

{ag.ne.lt.le.gt.gal
FP compare dauble
(Bq,me, It Ie gt Ee

+ ] >
FP compare single

FF add |single precision)
FP sub (=ingdhe precismn)
FF' multipky (single precision)
r F‘ divide [singie precision)

TFe edd (double: procision)
FP sub (double precision)

h-' ity sdouble preci '_1Il22|||'
F"' divide (double precision)

32-tit data to FP register

J2-bitdata ton S2IM0nY

F'l: relative rlr'lnci'- if FP cond

.II ILHJrIﬂ == lJI EOT0PC+4 + l'i}J - PC-ralative Llrdlll'_l‘ if noit: ¢ rm:

B -'1-.17- $5 = EFTT
SEZISEALSTE | 3P 2= SThx il
T2, 510,576 |$T2 =574 /416
572,514,576 |32 =414+ 5Fi
! $T4.5F6, |32 m31d— 371
d b2 & I-;-:-_ 574 % 36
| 5f IE =374 7876
§71,100(552) |$11=Memond352 + 100]
5 T1,.1000$52) |Memonfsss + 100]= 671
it {pond == 1) go 10 PC + 4 + H.J
54 I HiETE <51 I||

cond = 1; alse cond =@
5T <584
cand = 1; else cond = 0

MIPS floating-point machine language

FF' campare kess than

single precision

FP dampara less than
Gaubile precision

ARQUITETURA DE COMPUTADORES -

RICARDO PANNAIN

17 E | E 4 2. [ © 5 5 [

a7 15 & 4 ol i | FL. 874 476

17 16 5 4 P 2 i 472,574, & 71

17 16 & 4 5 diy.

17 17 & - i = THE

17 17 & & v 3 1 :

¢ 17 & 4 2 2 |mul.d $72.574,3

L ot (e T B 3 2 T |din.d SFe 3Fd.57

49 20 2 100 I b f 1554 =
57 20 2 | 100 swel 372, 10015540 |
17 B 1 | 5 brit

17 a 0 | 5 bolf o 28

17 16 Y] e p— &0 It.s $F2.5F4

17 7 4 = 50 [ o a0 It.d 377,574 .
B bits Sbits | Sbits | 5hits | Sbits | Gbis | All MIPS instructions 32 bits

MIPS floating-peint architecture revealed thus far. See Appendix A, section A 10, on page A-49, for more
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