Set de Instrucdes da Maquina Nativg1)

Menemonica

[ Descrigéo

[ OAMV

Algoritmo

Instrucdes de Transferéncia Meméria-Registol(oad)

I b
| bu

Iw

I wez

Rdst , addr
Rdst, addr

Rdst, addr

CReg, addr

Load Byte
Load Byte Unsigned

Load Word

Load Word Coprocessor z

Rdst = *(byte)addr
Rdst = *(unsigned byte)addr

Rdst = *(word)addr

C,Reg = *(word)addr

InstrucOes de Transferéncia Registo-Memariaftore)

sb

SW

SWcz

Rsr c, addr
Rsr c, addr

Cr eg, addr

Store Byte
Store Word

Store Word Coprocessor z

*addr = (byte)Rsrc
*addr = (word)Rsrc

*(word)addr = GReg

Instrucées de Transferéncia Registo-Registdv{ove)

nf hi
nflo
nt hi
nlo
nfcz
ncz
nmov. d
nov. s

Rdst

Rdst

Rsrc

Rsrc

Rdst , CReg
Rsrc, CReg
FPdst , FPsrc
FPdst , FPsr ¢

Move From HI

Move From LO

Move To HlI

Move To LO

Move From Coprocessor,C
Move To Coprocessor,C
Move Double

Move Single

Rdst = HI
Rdst = LO

HI = Rsrc

LO = Rsrc
Rdst = GReg
CReg = Rsrc
FPdst = FPsrc
FPdst = FPsrc

Instrucdes de Manipulacdo de Constanted pad | mmediate)

| ui

Rdst, | nm

Load Upper Immediate

Rdst = Imm << 16

Instrucdes de Calculo sobre Inteiros: Operacdes Amnéticas

add
addi
addi u
addu
div
di vu
mul t
mul tu
sub
subu

Rdst, Rsrcl, Rsrc2
Rdst, Rsrc, | nm
Rdst, Rsrc, | mm
Rdst, Rsrcl, Rsrc2
Rsrcl, Rsrc2
Rsrcl, Rsrc2
Rsrcl, Rsrc2
Rsrcl, Rsrc2
Rdst, Rsrcl, Rsrc2
Rdst, Rsrcl, Rsrc2

Add

Add Immediate

Add Immediate Unsigned
Add Unsigned

Divide

Divide Unsigned

Multiply

Multiply Unsigned
Subtract

Subtract Unsigned

Rdst, Rsrc, | WM
Rdst, Rsrc, | WM
Rdst, Rsrc, | WM
Rdst, Rsrc, | WM

Rdst, Rsrc, | WM
Rdst, Rsrc, | WM

Rdst = Rsrc + Src

Rdst = Rsrc + Imm

Rdst = Rsrc + Imm

Rdst = Rsrc + Src

HI = Rsrc % Rsrc2; LO = Rsrc / Rsrc2
HI = Rsrc % Rsrc2; LO = Rsrc / Rsrc2
HI,LO = Rsrcl * Rsrc2

HI,LO = Rsrcl * Rsrc2

Rdst = Rsrc - Src

Rdst = Rsrc - Src
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Set de Instrucdes da Maquina Nativg?2)

Meneménica [

Descrigéo |

OAMV

[ E0]

Algoritmo

Instrucées de Calculo sobre Inteiros: Oper

acodes Lagps Bit-a-Bit (Bitwise)

and Rdst, Rsrcl, Rsrc2
andi Rdst, Rsrc, | nm
nor Rdst, Rsrcl, Rsrc2
or Rdst, Rsrcl, Rsrc2
ori Rdst, Rsrc, | mm
xor Rdst, Rsrcl, Rsrc2
XOr i Rdst, Rsrc, | mm

And (Bitwise)

And Immediate (Bitwise)
Nor (Bitwise)

Or (Bitwise)

Or Immediate (Bitwise)
XOR

XOR Immediate

Rdst, Rsrc, | WM
Rdst, Rsrc, | WM
Rdst, Rsrc, | WM
Rdst, Rsrc, | WM
Rdst, Rsrc, | WM
Rdst, Rsrc, | WM
Rdst, Rsrc, | WM

Rdst = Rsrc & Src
Rdst = Rsrc & Imm
Rdst = ~(Rsrc | Src)
Rdst = Rsrc | Src
Rdst = Rsrc | Imm
Rdst = Rsrc ~ Src
Rdst = Rsrc » Imm

Instrucées de Calculo sobre Inteiros: Oper

acOes deeslocamento $hift)

sl | Rdst, Rsrcl, | nmb
sllv Rdst, Rsrcl, Rsrc2
sra Rdst, Rsrcl, | nmb
srav Rdst, Rsrcl, Rsrc2
srl Rdst, Rsrcl, | mb

srlv Rdst, Rsrcl, Rsrc2

Shift Left Logical

Shift Left Logical Variable
Shift Right Arithmetic

Shift Right Arithmetic Variable
Shift Right Logical

Shift Right Logical Variable

Rdst, Rsrc, | WM
Rdst, Rsrc, | MM

Rdst, Rsrc, | VWM

Rdst = Rsrc << Src
Rdst = Rsrc << Rsrc2
Rdst = Rsrc >> Src
Rdst = Rsrc >> Rsrc2
Rdst = Rsrc >> Src
Rdst = Rsrc >> Rsrc2

Instrucbées de Comparacéo

slt Rdst, Rsrcl, Rsrc2
sltu Rdst, Rsrcl, Rsrc2
slti Rdst, Rsrc, | mm
sltiu Rdst, Rsrc, | nm

Set on Less Than

Set on Less Than Unsigned

Set on Less Than Immediate

Set on Less Than Imm. Unsigned

Rdst, Rsrc, | WM
Rdst, Rsrc, | WM
Rdst, Rsrc, | WM
Rdst, Rsrc, | WM

Rdst=(Rsrc<Src)?1:0
Rdst=(Rsrc<Src)?1:0
Rdst=(Rsrc <Imm)?1:0
Rdst = (Rsrc <Imm)?1:0

Instrucdes de Salto RelativoBranch) e Salto Absoluto Jump)

bczf Label

bczt Label

beq Rsrcl1, Rsrc2, Label
bgez Rsrc, Label

bgezal Rsrc, Label

bgt z Rsr c, Label
bl ez Rsrc, Label
bltz Rsr c, Label

Branch Coprocessor z FALSE

Branch Coprocessor z TRUE

Branch on Equal

Branch on Greater Than or Equal Zero
Branch on Greater Than or Equal Zero and Link
Branch on Greater Than Zero
Branch on Less Than or Equal Zero
Branch on Less Than Zero

Rsrci1, | MM Label

if (c,_flag == FALSE) goto label

if (c,_flag == TRUE) goto label

if (Rsrcl == Src2) goto label

if (Rsrcl >= 0) goto label

if (Rsrcl >= 0) {$31=PC; goto label }
if (Rsrcl > 0) goto label

if (Rsrcl <= 0) goto label

if (Rsrcl < 0) goto label

bltzal Rsrc, Label Branch on Less Than Zero and Link if (Rsrcl < 0) {$31=PC; goto label }
bne Rsrcil, Rsrc2, Label Branch on Not Equal Rsrci, | MM Label if (Rsrcl != Src2) goto label
j Label Jump goto label
j al Label Jump and Link $31=PC; goto label
jalr Rsrc Jump and Link Register $31=PC; goto Rsrc
jr Rsrc Jump Register goto Rsrc
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Set de Instrucdes da Maguina Nativ43)

[ Meneménica

Descri¢éo

E/O]

Algoritmo

DETI-UA - ACI

Instrucées de Calculo em Virgula Flutuante

Tabela I: Registos do MIPS e convencgéo de uso

Absolute Value
Addition
Compare Equal

Compare Less Than or Equal

Compare Less Than
Convert Single to Double
Convert Integer to Double
Convert Double to Single
Convert Integer to Single
Convert Double to Integer
Convert Single to Integer
Divide

Multiply

Negate

Subtract

FPdst = | FPsrc |
FPdst = FPsrcl + FRsrc2
fp_flag = (FPsrcl == FPsrc2) ? tfakse

fp_flag = (FPsrc 1<sréB ? true : false

fp_flag = (FPsrc 1< FPsrc2)e?:tfalse
FPdst = (double)FPsrc
FPdst = (double)FPsrc
FPdst = (float)FPsrc
FPdst = (float)FPsrc
FPdst = (int)FPsrc
FPdst = (int)FPsrc
FPdst = FPsrcl / FPsrc2
FPdst = FPsrcl * FPsrc2
FPdst =0 - FPsrc
FPdst = FPsrcl - FPsrc2

Break

No Operation

Return From Exception
System Call (ver tabela VII)

abs. p FPdst , FPsrc

add. p FPdst, FPsrcl, FPsrc2
c.eq.p FPsrcl, FPsrc2
c.le.p FPsrcl, FPsrc2
c.lt.p FPsrcl, FPsrc2
cvt.d.s FPdst, FPsrc

cvt.d.w FPdst, FPsrc

cvt.s.d FPdst, FPsrc

cvt.s.w FPdst, FPsrc

cvt.w. d FPdst, FPsrc

cvt.w. s FPdst, FPsrc

div.p FPdst, FPsrcl, FPsrc2
mul . p FPdst, FPsrcl, FPsrc2
neg. p FPdst, FPsrc

sub. p FPdst, FPsrcl, FPsrc2
Instrucées para Manipulacdo de Excepcdes®aps
br eak n

nop

eret

syscal |

Nome Légico | Nome Reall Uso Convencionado

$zero $0 Constante 0

$at $1 Reservado pelo assemblador

$v0..$v1 $2..$3 Caélculo de expressodes e valor de
retorno das funcgdes.

$a0..$a3 $4..$7 Primeiros 4 parametros das funcdes

$t0..$t7 $8..$15 Geral (ndo séo preservados pelas
funcdes)

$s0..$s7 $16..$23 [Geral (ndo podem ser alterados peld
funcbes)

$t8..$t9 $24..$25 |Geral (ndo séo preservados pelas
funcbes)

$k0..$k1 $26..$27 |Reservado pelkerneldo S.O.

$gp $28 Ponteiro para area glob&lpbal
Pointer)

$sp $29 Stack Pointer

$p $30 Frame Pointer

$ra $31 Endereco de retornos das fun¢des

(Return Address

Set de Instrucdes da Maguina Virtual(1)

| Menemonica | Descric&o [ EO] Algoritmo
Instrugc6es de Transferéncia Memoria-Registol(oad)

I.d FPdst, addr Load Double FPdst = *(double)addr

l.s FPdst , addr Load Single FPdst = *(single)addr

Instrugcbes de Transferéncia Registo-Memoriadtore)

s.d FPsrc, addr

Store Double

*(double)addr = FPsrc

S.S FPsr c, addr Store Single *(single)addr = FPsrc
Instrucdes de Transferéncia Registo-Registdv{ove)
nove Rdst, Rsrc Move Rdst = Rsrc
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Set de Instrucdes da Maquina Virtual(2)

DETI-UA - ACI

D

| Menemonica | Descriao | EO] Algoritmo Tabela Il: Registos de /0 mapeado em meméria
Instrucdes de Manipulacao de Constanted pad | mmediate) X X X

[ a Rdst, sym Load Address Rdst = sym Nome Endereco Bit 7-3 Bit 1 Bit 0
li Rdst, | MM Load Immediate Rdst = IMM Controlo de Recepcdg  Oxffff000(  N&o usados Int Enable  Ready
|.d FPdst , addr Load Immediate Double FPdst = double Dados do Receptor Oxfff0004 Byte recebido

l.s FPdst, addr Load Immediate Single FPdst = float - N

= y - = —— Controlo de Emissdo 0xffff0o008  N&o usados Int EnabILe Ready
Instrugcbes de Calculo sobre Inteiros: Operagdes Atnéticas Dados d - poo -

abs Rdst, Rsrc Absolute Value Rdst = | Rsrc | ados do Emissor OxIfff000q Byte a enviar

div Rdst, Rsrc, Src Division Rdst = Rsrc / Src

di vu Rdst, Rsrc, Src Division Unsigned Rdst = Rsrc / Src

mul Rdst, Rsrc, Src Multiply Rdst = Rsrc * Src

mulu  Rdst, Rsrc, Src Multiply Unsigned Rdst = Rsrc * Src Tabela Ill: Registos da FPU do MIPS e convencéo deso

mul o Rdst, Rsrc, Src Mult!ply ' Rdst = Rsrc * Src Nome Légico Uso Convencionado

mul ou Rdst, Rsrc, Src Multiply Unsigned Rdst = Rsrc * Src a — .
neg Rdst . Rsrc Negate Rdst = - Rsrc $fO($f1) ... $f2($f3) Calculo de expressdes e valor de retorno das fangd
negu Rdst,Rsrc Negate Rdst = 0 - Rsrc $f4($f5) ... $f10($f11) |Geral (ndo sdo preservados pelas fungdes)

rem Rdst, Rsrc, Src Rema?nder - Rdst = Rsrc % Src $f12($13) ... $f14($f15)|Passagem de parametros para funcaes.

remu _ Rdst , Ij«’sr c, Src . Re[namd?r Unspned _ Rdst = Rsrc % Src $F16(S117) ... ST1B(S110)|Geral (ndo SAo preservados pelas fungaes)
Instrucbes de Calculo sobre Inteiros: Operacdes Lagps Bit-a-Bit (Bitwise) _ _
|n0t Rdst, Rsrc |Not (Bitwise) $f20($f21) ... $f30($f31)|Geral (ndo podem ser alterados pelas fungées)
InstrucBes de Calculo sobre Inteiros: Operacdes dRotacao Rotate)

rol Rdst, Rsrc, Src Rotate Left Rdst = Rsrc <<° Src

ror Rdst, Rsrc, Src Rotate Right Rdst = Rsrc >>° Src

Instrucbes de Comparacéo - -

seq Rdst, Rsrc, Src Set on Equal Rdst=(Rsrc==Src)?1:0 Tabela'lvl. Registos do CPO do M"?S

sge Rdst, Rsrc, Src Set on Greater Than or Equal Rdst = (Rsrc >=Bfc) 0 Nome Légico | Nome Real Conteldo

sgeu  Rdst,Rsrc, Src Set on Greater Than or Equal Unsigned Rdst = (Rsi8rc) 21: 0 $BadVAddr | $8 Endereco de memoria invalido que causou a
sgt Rdst, Rsrc, Src Set on Greater Than Rdst = (Rsrc > Src) ?21: 0 excepgao _

sgtu Rdst,Rsrc, Src Set on Greater Than Unsigned Rdst = (Rsrc > Stc)® $Status $12 Interrupt mask & Enable bits

sle Rdst, Rsrc, Src Set on Less Than or Equal Rdst = (Rsrc <= Src) @ 1 $Cause $13 Tipo de excepgao e interrupt bits

sleu Rdst,Rsrc,Src Set on Less Than or Equal Unsigned Rdst = (RsiBrey? 1: 0 $EPC $14 Enderego da instrugéo que causou a excepgao
sne Rdst, Rsrc, Src Set on Not Equal Rdst = (Rsrc!=Src) ?1:0 Tabela V: Valores dos bits [5..2] do registo Cause

Instru¢bes de Salto RelativoBranch) e Salto Absoluto Jump) Valor Nomel Significado

b Label Branch goto label 0 INT External Interrupt

beqz Rsrc, Label Branch on Equal Zero |f.(Rsrc == 0) goto label 4 ADDRL Add error exception (load or store)

bge Rsrc, Src, Label Branch on Greater Than or Equal _ |f. (Rsrc >= Satpdabel 5 ADDRS Add error exception (fetch)

bgeu Rsrc, Src, Label Branch on Greater Than or Equal Unsigned if (RsrSrc) goto label - -

bgt Rsrc, Src, Label Branch on Greater Than if (Rsrc > Src) goto label 6 IBUS Bus error on instruction fetch

bgtu Rsrc, Src, Label Branch on Greater Than Unsigned if (Rsrc > Sre) dabel 7 DBUS Bus error on dgta load or store

bl e Rsrc, Src, Label Branch on Less Than or Equal if (Rsrc <= Src) dabe! 8 SYSCALL |Syscall exception

bleu Rsrc, Src, Label Branch on Less Than or Equal Unsigned if (RsrSe) goto label 9 BKPT Break point exception

bl t Rsrc, Src, Label Branch on Less Than if (Rsrc < Src) goto label 10 RI Reserved instruction exception

bl tu Rsrc, Src, Label Branch on Less Than Unsigned if (Rsrc < Src) ¢aitel 12 OVF Overflow exception

bnez Rsrc, Label Branch on Not Equal Zero if (Rsrc != 0) goto label

MBC, JLA, AO, LAU, ACP -4

Rev 2016



DETI-UA - ACI

Tabela VI: Notacdo Tabela VII: System Callsdo MARS
: ”Nm xa:OF ?meg?azo écogztihtte) de 16 bits gd(dr:’s ) En?efegp nKaJOEan(Rsrc) = (Rsrc) + Imm Protétipo equivalent em C $v0| Parametros de entrada Retorng
alor imediato de its «(Rsr ¢ e indicek deRsrc —

Rsrc(1, 2) [Registo fonte (1 ou 2) FPdst R)(;gisto destino do coprocessador aritmético Vo!d pr!m—mtlo(m value) 1 | $a0 = value

(Rsrc) Conteudo d&src FPsrc(1, 2) |Registo fonte do coprocessador aritmético (1 ou J Vo!d pr!nt_floatﬂoat value) 2 | $f12 = value

Rdst Registo destino G Coprocessador ® void print_doubledouble value) 3 | $f12 = value

OAW Operandos Alternativos em Modo Virtua)Sr ¢ Rsrc ou IMM void print_stringEhar *str) 4 |$a0 =str

E/C Excepcdo gerada em caso de overflow [symr Enderego do simbolo (label) sym int read_intyoid) 5 $v0

CReg Registo do Coprocessadoy | b Valor imediato (constante) de 5 bits float read_floatyoid) 6 $f0
double read_double/(oid) 7 $f0
void read_stringthar *buf, int length) | 8 | $a0 = buf, $al = length
void *sbrk(nt amount) 9 | $a0 = amount $v0
void exit(void) 10
void print_char€har value) 11 |$a0 = character
char read_chasfoid) 12 $v0
void print_intl6(nsignecint value) 34 | $a0
void print_int2(nsignec int value) 35 |$a0
void print_intulO@nsignecint value) | 36 [$a0

Tabela VIII - Directivas do Assembler

Directivas |

Descricdo

Para controlo dos Segmentos

. dat a <address>

Coloca os préximos items no segmento de dadosildrador (opcionalmente a partir deldress.

.text <address> Coloca os préximos items no segmento de codigditizador(opcionalmente a partir deldres$. Todos os items devem medir 32 bits, ou sejansémstrugcdes ou palavrasdqrds.
. kdata <address> Coloca os préximos items no segmento de dadé®iie(opcionalmente a partir deldress.
. ktext <address> Coloca os préximos items no segmento de codigcedue(opcionalmente a partir deldres$. Todos os items devem medir 32 bits, ou sej@nsénstrucdes ou palavrasdrds.

Para criacdo de constantes

e variaveis em memoria:

.eqv label, valor

Substitui todas as ocorrénciaslaleel no programa povalor.

.ascii str

Armazena umatring em memdria sem |lhe acrescentar o terminador NULL.

.asciiz str

Armazena umatring em memoria acrescentando-lhe o terminador NULL.

. byte bi, ..., bn Armazena as grandezas de 8 bits ..., bn em sucessivos bytes de memoria.

.hal f hy, ..., hp Armazena as grandezas de 16 bits . . ., hn em sucessivas meias palavras de memoria.

.word Wi, ..., W Armazena as grandezas de 32 its . .., Wh em sucessivas palavras de memdria.

float fq, ..., fq Armazena os nimeros em virgula flutuante com giecgmples (32 bitd);, ..., fnem posicdes de memoria sucessivas.
.double di, ..., dj Armazena os numeros em virgula flutuante com piedisipla (64 bits)l;, ..., dn. em posicdes de memoria sucessivas.
.space n Reservan bytes no segmento de dados, sem inicializag&o.

Para controlo do alinhamen

to:

.align n

Alinha o préximo item num endereco multiplo2/& . Por exemplo al i gn 2 seguido de wor d xpt 0 garante que a palavxgpt o é armazenada num endereco mdltiplo de 4.

.align O Desliga o alinhamento automatico das directiviaal f, . wor d, . f | oat , e. doubl e até a préxima directivadat a ou. kdat a.
Para referéncias externas:
. gl obl sym Declara que o simbokymé global e pode ser referenciado em outros fiokeir

.extern symsize

Declara que o item associadeyamocupa size bytes e € um simbolo global. Estatdieepermite ao assemblador armazenar o item nanrg@ip do segmento de dados que seja eficienteraesdédo

através do registdgp.
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