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Cortex-M3

e Utiliza a versao de arquitetura ARMv7-M

— Conjunto de instrucées Thumb?2
* Emprega instrucdes de 16 e 32 bits

* Material de apoio:
— Cortex-M3/MA4F Instruction Set
— ARM ® and Thumb © -2 Instruction Set (quick reference)
— Livro: The Definitive Guide to The ARM Cortex-M3



Unified Assembler Language (UAL)

e Padroniza as pseudo-instrucoes a serem resolvidas
pelo montador (assembler):
— POP, PUSH

— Relaxamento nas definicoes de Rd e Rn
* Rd : registro de destino
* Rn :registo de origem (parametro)

— Obrigatoriedade do sufixo S para alterar flags

* Especificadores de largura da instrucao
— W forca instrucao de 32 bits (Wide)
— .N forca instrucao de 16 bits (Narrow)



Instrucoes de Carga

Mnemonic Operands Brief description Flags
MOV, MOVS Rd, Op2 Move N,Z,C
MOVT Rd, #immlé6 Move Top -

MOVW, MOV Rd, #immlé Move 16-bit constant N, ZC
MRS Rd, spec_reg Move from special register to general register -

MSR spec_reg, Rm Move from general register to special register NZCV
MVN, MVNS Rd, Op2 Move NOT NZC

e (Carga de registrador
MOV Rd, <Op2>
Rd := <Op2>
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 Carga de registrador negada
MVN Rd, <Op2>
Rd := /<Op2>

 <Op2> =registrador (deslocado) ou

constante



Instrucdes Logicas e Aritmeéticas

Mnemonic Operands Brief description Flags
ADC, ADCS {Rd, } Rn, Op2 Add with Carry N,ZC\V
ADD, ADDS {Rd,} Rn, Op2 Add N.ZC\V
ADD, ADDW {Rd,} Rn, #imm12 Add N,ZC\V
AND, ANDS {Rd,} Rn, Op2 Logical AND N,ZC
ASR, ASRS Rd, Rm, <Rs|#n> Arithmetic Shift Right N,Z,C
BIC, BICS {Rd, } Rn, Op2 Bit Clear N,ZC
CMN, CMNS Rn, Op2 Compare Negative NZCV
CMP, CMPS Rn, Op2 Compare NZCV
EOR, EORS {Rd,} Rn, Op2 Exclusive OR N,ZC
LSL, LSLS Rd, Rm, <Rs|#n> Logical Shift Left N,Z,C
LSR, LSRS Rd, Rm, <Rs|#n> Logical Shift Right N,ZC
MLA Rd, Rn, Rm, Ra Multiply with Accumulate, 32-bit result -

MLS Rd, Rn, Rm, Ra Multiply and Subtract, 32-bit result -

MUL, MULS {Rd,} Rn, Rm Multiply, 32-bit result N,Z
ORN, ORNS {Rd,} Rn, Op2 Logical OR NOT N,ZC
ORR, ORRS {Rd,} Rn, Op2 Logical OR N,ZC
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Instrucdes Logicas e Aritmeéticas

Mnemonic Operands Brief description Flags
ROR, RORS Rd, Rm, <Rs|#n> Rotate Right N,ZC
RRX, RRXS Rd, Rm Rotate Right with Extend N.ZC
RSB, RSES {Rd,} Rn, Op2 Reverse Subtract N,ZC)V
SBC, SBCS {Rd,} Rn, Op2 Subtract with Carry NZCV
SDIV {Rd,} Rn, Rm Signed Divide -
SMLAL RdLo, RdHi, Rn, Rm Signed Multiply with Accumulate (32 x 32 + 64), -

64-bit result
SMULL RdLo, RdHi, Rn, Rm Signed Multiply (32 x 32), 64-bit result -
SUB, SUBS {Rd,} Rn, Op2 Subtract N,ZC\V
SUB, SUBW {Rd,} Rn, #imm12 Subtract N,ZC\V
TEQ Rn, Op2 Test Equivalence N,ZC
TST Rn, Op2 Test N,ZC
UDIV {Rd,} Rn, Rm Unsigned Divide -
UMLAL RdLo, RdHi, Rn, Rm Unsigned Multiply with Accumulate -

(32 x 32 + 64), 64-bit result
UMULL RdLo, RAHi, Rn, Rm Unsigned Multiply (32 x 32), 64-bit result -
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Instrucdes Logicas e Aritmeéticas

*Formato

— Trés operandos explicitos (Rd, Rn, <Op2>)
ADD RO, R1, R2
RO :=R1+R2

— Dois operandos explicitos e um implicito (Rd, <Op2>)
ADDS RO, R1 (flags)
RO :=R0O +R1

— valido apenas para algumas instrucoes (UAL).

— Dois operandos (Rn, <Op2>)
CMP R7, R8



Adicao e Subtracao

 ADD{S}, ADC{S} Rd, Rn, <Op2>
ADD RO, R1, R2
RO :=R1 +R2

e SUB{S}, SBC{S} Rd, Rn, <Op2>
SUB RO, R1, R2
RO :=R1-R2

 RSB{S}Rd, Rn, <Op2>
RSB RO, R1, R2
RO :=R2-R1
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(adicdo)
ADDC RO, R1, R2
RO:=R1+R2+C

(subtracao)
SBC RO, R1, R2
RO:=R1-R2-C

(subtracao reversa)



Operagoes Logicas
*AND{S} Rd, Rn, <Op2> — operacdo AND
*ORR{S} Rd, Rn, <Op2> — Operacio OR
*EOR{S} Rd, Rn, <Op2> — operacio EXCLUSIVE OR
*ORN{S} Rd, Rn, <Op2> — operacso OR NOT
*BIC{S} Rd, Rn, <Op2> — 0peracio AND NOT (bit clear)

*<0p2> é o operando secundario que pode ser uma constante ou um registrador com
deslocamento opcional
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Comparacao

*CMP Rn, <Op2> — afeta flags com Rn - Op2

(comparacdo, atualiza flags)

*CMN Rn, <Op2> — afeta flags com Rn + Op2

(comparacao negativa, atualiza flags)

*TST Rn, <Op2> — afeta flags com Rn AND Op?2
(testa bits AND bit-a-bit, atualiza flags)

*TEQ Rn, <Op2> — afeta flags com Rn EOR Op2

(testa equivaléncia, atualiza flags)

CMP R2,R9
CMN RO, #6400
TST RO, #0x3F8
TEQEQ R10,R9
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Deslocamento Logico a Esq. (LSL)
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* Variante: LSLS (altera flag C)

e LSLS {Rd}, Rm, Rs
LSLS {Rd}, Rm, #imm

 Efeito de LSLS Rm, #n é Rm x 2"
— n >=32: todos os bits sao zerados
— n >= 33: todos os bits e o flag C sao zerados
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11/03|7,|§LS R1, R2, #3 ; Logical shift left by 3 bits with flag update
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Deslocamento Logico a Dir. (LSR)
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e Variante: LSRS (altera flag C)
LSRS {Rd}, Rm, Rs
LSRS {Rd}, Rm, #imm

 Efeito de LSRSRm, #n é Rm /2"
— n >=32: todos os bits sao zerados
— n >= 33: todos os bits e o flag C sao zerados

LSR R4, R5, #6 ; Logical shift right by 6 bits
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Deslocamento Aritmético a Dir. (ASR)

Carry

Flag

31 5(413|2|1|0
Af A:A? ?
|

e Variante: ASRS (altera flag C)
ASRS{Rd}, Rm, Rs
ASRS{Rd}, Rm, #imm

* Efeito de ASRS Rm, #n é Rm /2"

— n>=32: todos os bits e o flag C recebem copia do bit 31

ASR R7, R8, #9 ; Arithmetic shift right by 9 bits
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Rotacao a Direita (ROR)

oo

31 51432 |1
A

AA?
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* Variantes: RORS (altera flag C)
RORS {Rm}, Rm, Rs

— Apenas dois operandos
— Apenas registradores baixos (RO a R7)

e n=32:0valor nao é alterado e flag C := Rm[31]
n=33: mesmo efeitoquen=1

ROR.. R4, R5, R6 ; Rotate right by the value in the bottom byte of R6



Rotacao a Direita Extendida (RRX)

Carry
Flag

3

FFLALT.. MEL;

* Variantes: RRXS (altera flag C)
RRXS Rd, Rm

— Inclui o flag C na rotacao
— Rotacao de um unico bit a direita

RRX R4, R5 ; Rotate right with extend.
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ARM Barrel Shifter

LSL: Logical Shift Left ASR: Arithmetic Right Shift
C <=7 Destination [<— © > Destination [---- > C
Multiplicagao por uma Divisao por uma poténcia de 2
poténcia de 2 preservando o sinal

LSR: Logical Shift Right ROR: Rotate Right
0 —>| Destination [---- > C > Destination -> C
Divisao por uma poténcia de 2 Rotacéao circular de n bits do

LSB para o MSB

RRX: Rotate Right Extended
I

> Destination [---- > C

Rotacao circular de 1 bit do
flag C para o MSB



Operando 2 Flexivel <Op2>

e Registrador:
R4

* Registrador com deslocamento:
R4, LSL #4
R5, ASR #1

* Constante:
HA
#OxAABB
#-2



Carga de Constantes de 32 bits

* Instrucdes MOV.W e MOVT simplificam a carga de
constantes que nao atendem aos padroes de 8 bits

com deslocamento

e MOV Ri, #imm16 (MOV.W Ri, #imm16)
— carrega os 16 LSB de Ri, zerando os 16 MSB

* MOVT Ri, #imm16
— carrega os 16 MSB de Ri

Imm16: Is a 16-bit immediate constant



Multiplicacao (32 bits)

MUL Rd, Rn, Rm
Rd := Rn x Rm
Formato preferido: MUL Rd, Rn

Apenas registradores baixos (RO — R7)

Variante MULS afeta flags N e Z, mas neste caso Rm
deve ser o mesmo registrador que Rd

32-bits x 32-bits -> 32-bits em 1 ciclo de clock



Multiplicacao Acumulada (MLA)

e MLA Rd, Rn, Rm, Ra
Rd := Ra + Rn XxRm

e MLS Rd, Rn, Rm, Ra
Rd := Ra-Rn xRm

e 32-bits x 32-bits -> 32-bits em 2 ciclos de clock



Multiplicacao Longa (64 bits)

Multiplicacao longa nao sinalizada (Unsigned):
—UMULL RdLo, RdHi, Rn, Rm
RdHi:RdLo := Rn x Rm

Multiplicacao acumulada longa nao sinalizada:
—UMLAL RdLo, RdHi, Rn, Rm
RdHi:RdLo := RdHi:RdLo + Rn x Rm

32-bits x 32-bits -> 64-bits em 3 a 5 ciclos de clock



Multiplicacao Longa (64 bits)

Multiplicacao longa sinalizada (Signed):
—SMULL RdLo, RdHi, Rn, Rm
RdHi:RdLo := Rn x Rm

Multiplicacao acumulada longa sinalizada:
—SMLAL RdLo, RdHi, Rn, Rm
RdHi:RdLo := RdHi:RdLo + Rn x Rm

32-bits x 32-bits -> 64-bits em 3 a 5 ciclos de clock



Divisao

Divisao nao sinalizada (Unsigned):
—UDIV Rd, Rn, Rm
Rd :=Rn/Rm

Divisao sinalizada (Signed):
—SDIV Rd, Rn, Rm
Rd :=Rn/Rm

32-bits / 32-bits -> 32-bits em 4 ciclos de clock

Pode gerar excecao na divisao por zero (configuravel)



Operacoes em Bits

Mnemonic Operands Brief description Flags
BEC Rd, #1sb, #width Bit Field Clear

BFI Rd, 2n, #lsb, #width  Bit Field Insert

SBFX Rd, 2n, #lsb, #width  Signed Bit Field Extract

UBFX Rd, Rn, #lsb, #width  Unsigned Bit Field Extract
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Operacoes em Bits

*Bit-field Clear:
— Zera #w bits a partir de #Isb em Rd

BFC Rd, #lsb, #w

*Bit-field Insert:
— Copia #w bits de Rn:0 para Rd:#lsb

BFI Rd, Rn, #lsb, #w
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Operacoes em Bits

*Signed Bit-field Extract:

— Copia #w bits a partir de #lsb para o bit 0 de Rd e
estende sinal

SBFX Rd, Rn, #lsb, #w

*Unsigned Bit-field Extract:

— Copia #w bits a partir de #lsb para o bit 0 de Rd e
estende com zeros

UBFX Rd, Rn, #Isb, #w
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Operacoes de Extensao

Mnemonic Operands Brief description Flags
SXTB {Rd,} Rm {,ROR #n] Sign extend a byte -
SXTH {Rd,} Rm {,ROR #n] Sign extend a halfword -
UXTB {Rd,} Rm {,ROR #n] Zero extend a byte -
UXTE {Rd,} Rm {,ROR #n] Zero extend a halfword -
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Operacoes de Extensao

Signed Extend Byte to Word:
SXTB Rd, Rm // Rd :=sign extend Rm{[7:0]

Unsigned Extend Byte to Word :
UXTB Rd, Rm // Rd := zero extend Rm[7:0]

Signed Extend Halfword to Word:
SXTH Rd, Rm // Rd :=sign extend Rm[15:0]

Unsigned Extend Halfword to Word:
UXTH Rd, Rm // Rd := zero extend Rm[15:0]

Apenas registradores baixos (RO a R7)
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Operacoes de Reversao

Mnemonic Operands Brief description Flags

RBIT Rd, Rn Reverse Bits -

REV Rd, Rn Reverse byte order in a word -

REV16 Rd, Rn Reverse byte order in each halfword -

REVSH Rd, Rn Reverse byte order in bottom halfword and sign -
extend
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Operacoes de Reversao

e Reversao dos bits de uma word:
RBIT Rd, Rm

* Reversao dos bytes de uma word:
REV Rd, Rm

* Reversao dos bytes de ambas as halfwords de uma word:
REV16 Rd, Rm

* Reversao dos bytes da halfword menos significativa de uma
word, com extensao de sinal:

REVSH Rd, Rm
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Instrucdes de Acesso a Memoria

Load

Mnemonic

Operands

Brief description

Flags

LDM

LDMDB, LDMEA
LDMFD, LDMIA
LDR

LDRB, LDRBT
LDRD

LDREX

LDREXB

LDREXH

LDRE, LDRET
LDRSB, LDRSBT
LDRSH, LDRSHET
LDRT
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Rn(!},

reglist

Rn{!}, reglist

Rn{!}, reglist
Rt, [Rn, 2offset]
Rt, [Rn, 2offset]
Rt, Rt2, [Rn, #offset]
Rt, [Rn, #offset]
Rt, [Rn

Rt, [Rn]

Rt, [Rn, #offset]
Rt, [Rn, #offset]
Rt, [Rn, 2offset]
Rt, [Rn, #offset]

Load Multiple registers, increment after
Load Multiple registers, decrement before
Load Multiple registers, increment after
Load Register with word

Load Register with byte

Load Register with double word

Load Register Exclusive

Load Register Exclusive with byte
Load Register Exclusive with halfword
Load Register with halfword

Load Register with signed byte

Load Register with signed halfword
Load Register with word



Instrucoes de Acesso a Memoria
Store

Mnemonic Operands Brief description Flags
STM Rn{!}, reglist Store Multiple registers, increment after -
STMDB, 51@ Rn{!}, reglist Store Multiple registers, decrement before -
ST STMIA Rn{!}, reglist Store Multiple registers, increment after -
STR Rt, [Rn, #offset] Store Register word -
STRB, STRBT Rt, [Rn, #offset] Store Register byte -
STRD Rt, Rt2, [Rn, #offset] Store Register two words -
STREX Rd, Rt, [Rn, #offset] Store Register Exclusive -
STREXR Rd, Rt, [Rn] Store Register Exclusive byte -
STREXH Rd, Rt, [Rn] Store Register Exclusive halfword -
STRE, STRHT Rt, [Rn, #offset] Store Register halfword -
STRT Rt, [Rn, #offset] Store Register word -

STM and STMEA are synonyms for STMIA. STMEA refers to its use for pushing data
onto Empty Ascending stacks.

STMFD is s synonym for STMDB, and refers to its use for pushing data onto Full

Descending stacks.
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Instrucoes LDR (Load)

* Leitura de word apontada por registrador:
LDR Rd, [Rn, {#0ff}]

* Leitura de halfword apontada por registrador:
LDRH Rd, [Rn, {#0ff}]

* Leitura de byte apontado por registrador:
LDRB Rd, [Rn, {#off}]

* Restricoes:
— Somente registradores baixos (RO a R7) e SP

— #off: 0..1020 (SP), 0..124 (RO a R7), 0..62 (LDRH)
0..31 (LDRB); somente valores positivos

— Hoff deve ser *4 para LDR e *2 para LDRH
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* INC

Instrucoes LDR (Load)

exacao por registrador:
R Rd, [Rn, £Rm {, <opsh>}]
RH Rd, [Rn, zRm {, <opsh>}]

D
D
D

RB Rd, [Rn, £Rm {, <opsh>}]

e <opsh> = deslocamento opcional

* Exemplo:
LDR RO, [R1, R2, LSL #2] //end =R1 + R2<<2
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Pré e Pés-indexacao

*Acesso pré-indexado:

— Primeiro atualiza endereco, depois acessa memoria
— Usar ! para atualizar o ponteiro

LDR Rd, [Rn {, #off}] {!}
LDR Rd, [Rn, zRm {, <opsh>}]{!}

*Exemplos:
LDR RO, [R1, #4]
LDR RO, [R1, R2]!



Pré e Pés-indexacao

*Acesso pos indexado:

— Primeiro acessa memoria, depois atualiza endereco
— Sempre atualiza o ponteiro

LDR Rd, [Rn] {, #off}
LDR Rd, [Rn], £Rm {, <opsh>}

*Exemplos:
LDR RO, [R1], #4
LDR RO, [R1], R2



Carga com Extensao de Sinal

L eitura de halfword com extensao de sinal:

_DRSH Rd,
_.DRSH Rd,

_eitura de
 DRSB Rd,
| DRSB Rd,

[Rn, #off]
[Rn, +Rm {, <opsh>}]

oyte com extensao de sinal:
Rn, #off]

Rn, tRm {, <opsh>}]



Instrucdes STR (Store)

Escrita de word apontada por registrador:
STR

Escrita de halfword apontada por registrador:
STRH

Escrita de byte apontado por registrador:
STRB

Mesmas variacoes existentes para LDR



Acessos Multiplos a Mem©oria

* Leitura de multiplos registradores da memoria:
LDMIA Rn{!}, <reglist>
LDMDB Rn{!}, <reglist>

* Escrita de multiplos registradores na memoria:
STMIA Rn{!}, <reglist>
STMDB Rn{!}, <reglist>

 Exemplos:
LDM RO, {RO, R1, R2}
STM RO!, {R2-R4}



Tipos de Pilha

 Descendente (descending): a pilha cresce para baixo,
comecando em um endereco alto e progredindo para um
menor

 Ascendente (ascending): a pilha cresce para cima, a partir de
um endereco baixo e progredindo para um endereco alto

* Pilha completa (full): o ponteiro de pilha aponta para o ultimo
item na pilha

* Pilha vazia (empty): o ponteiro da pilha aponta para o
proximo espaco livre
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Tipos de Pilhas

Normalmente Rn = SP (R13)
Usar ! para atualizar o ponteiro

Full Descending Stack

— STMFD = STMDB (decrement before)
— LDMFD = LDMIA (increment after)

Empty Ascending Stack

— STMEA = STMIA (increment after)
— LDMEA = LDMDB (decrement before)



Tipos de Pilha

STMDB SP!, {RO,R1,R3-R5} STMIA SP!, {RO,R1,R3-R5}
STMFD SP!, {RO,R1,R3-R5} STMEA SP!, {RO,R1,R3-R5}
0x418
r5
r4
r3
rl
Old sp —> r0 0x400
r5
r4
r3
rl
0
Ox3e8
DB : Decrement Before IA : Increment After
FD : Full Descending EA : Empty Ascending
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PUSH e POP

* Implementam uma estrutura de pilha do tipo
Full Descending Stack

— PUSH {RO,R1,R3-R5} «» STMFD SP!, {RO,R1,R3-R5}
— POP {RO,R1,R3-R5} «» LDMFD SP!, {RO,R1,R3-R5}

 Lista de registradores pode incluir LR (R14) e
PC (R15)



Instrucoes de Salto

Mnemonic Operands Brief description Flags
B label Branch -
BL label Branch with Link -
BLX Rm Branch indirect with Link -
BX Rm Branch indirect -
CENZ Rn, label Compare and Branch if Non Zero -
CRZ Rn, label Compare and Branch if Zero B
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Instrucoes de Salto

Salto incondicional:
B label

Salto condicional (Unica instrucao condicional que nao precisa
estar em bloco IT):
B{cond} label

Chamada de subrotina (armazena endereco de retorno em
LR):
BL label

Retorno de chamada de subrotina (PC := LR):
BX LR



Limites de Abrangéncia

Instruction Branch range

B label -16 MB to +16 MB
econd label (outside IT block) -1MBto+1 MB
econd label (inside IT block) -16 MB to +16 MB
eL{cond} label -16 MB to +16 MB

ex{cond} ;m
eLx{cond} r=

Any value in register
Any value in register
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Instrucoes de Comparacao e Salto

Testa Rn e salta se for diferente de zero:
CBNZ Rn, label

Testa Rn e salta se for igual a zero:
CBZ Rn, label

Restricoes:
— Apenas registradores baixos (RO a R7)
— Apenas saltos para frente de até 130 bytes

— Nao pode ser usado em bloco IT
— Nao afeta flags



Blocos IT (If-Then)

* Um bloco IT consiste de uma a quatro instrucoes
condicionais:
ITxyz cond

* X,Yy,zsao T ou E (THEN ou ELSE); condicOes das
instrucoes devem ser coerentes com T ou E

 Exemplo:
ITTE EQ
ADDEQ
SUBEQ
ORRNE



Blocos IT (If-Then)

* Ainstrucao de salto condicional B{cond} label
€ a Unica que nao precisa estar em bloco IT

* Asinstrucoes IT, CBZ, CBNZ, CPSIE, CPSID nao
podem estar em bloco IT

 Uma instrucao que altera o PC, s6 pode estar
em bloco IT se for a ultima instrucao do bloco



Condicoes

Suffix
EQ

NE
CSorHS
CCorlLO
M

PL

VS

VC

HI

LS

GE

LT

GT

LE

AL

Flags

N
"
.

andZ=0
or Z=1

Z Z2 0O 0 < < Z2 2 0O O N
y I
< O = O = 0O = 0o = 0O

"
<

Z=0andN=V
Z=1andN!=V
Can have any value

Meaning

Equal, last flag setting result was zero
Not equal, last flag setting result was non-zero
Higher or same, unsigned

Lower, unsigned

Negative

Positive or zero

Overflow

No overflow

Higher, unsigned

Lower or same, unsigned

Greater than or equal, signed

Less than, signed

Greater than, signed

Less than or equal, signed

Always. This is the default when no suffix is specified.
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