ARM® and Thumb®-2 Instruction Set

Quick Reference Card
Key to Tables
Fm [, wopsh=] |5 Table Hegister, optionally shifted by constant
coperand? = Sex Table Flexible Operand 2. Shifi and rotale are only available as part of (perand?. wraglist= A comma-separaied list of registers, enclosed in braces | and .
cFialdss Sex Table PSR helds. craglist-pPor | As<reglist> mus nol inchde the PC
PSR Lither CPSE (Currend Processor Stales Register) or SPSR (Saved Processor Sialus Regisier) craglist+PC> | Ax Creglistch, induding the PC.
c*, v Flag is unpredictable in Archilecture v4 and earlier. unchanged in Archilecture v35 and kader. vif- + ar —. [+ may he omilbed. )
<Rz | sh= Can be Rs or an immediale shill value. The valees allowed for each shifll Lype are the same 2 those | | § See Table ARM architecture versions.
shown in Table Register, optionally shifted by constant. <iflags= Intermapt Mags. Ome or more of &, i, £ (aborl, imlerrupl, fast mbenmupt).
¥ B menming hall-regisier | 15:0, or T meaning [31:16]. <p_moda> See Tahle Processor Modes
< immEm= ARM: o 32-bil consiand, formed by righl-rolating an ¥-bil value hy an even number of hits. EFm 517 for the proceszor mode specified by <p_moda:>
Thuamh: a 32-hit consianl, formed by beli-shiflling an 8-bil valee by any number of bils, or o bil = lshe Least sigmificanl bit of bithcld.
pattemn of one of the forms kX YXYXYXY, CalRCYTXY or O Y OEX YL width= Widih of hitheld. <width= + <1 sb> musi be <= 32.
wprafix:=- See Tahle Prefixes for Parallel instructions [x} R=X iz Rs rodaled 16 bits if X presenl. Otherwise, X is Bs.
[ra]1e|na|ne] | Increment Afer, Increment Before, Decrement Afler, or Decrement Belone. [} Updales hase regisier afler dala transfer il ! present {pre-indexed).
TR and D& are nol psailable in Themb stste. 1§ omibed, def@olis o T s} Updales condition Mags if S present.
<ol za= B, SR, H, or SH. meaning liyle, Signed Byle, Halfword, snd Signed Halfword respectively. {r} User mode privilege il T presenl
BE and SH are sl available in BTH imsmuclions. g} Roumds reswll io nearest il B present, olherwise tinnmcates resull
Operation & | Assembler S updates | Action Motes |
Add Mdd amn{g} Rd, Rn, «<Operandl: N £ C V¥ Rd=HEns+ Operand? M
with cammy ADC{s8} Rd. RBn, «=Operandl:= N £ C V¥ Rd:=FEn+ Opeamnd? + Cary N
wide T2 ADD Rd, Bn, #<immlZ= Kd == Km + imm|2, imm] 2 ramge 0-#F95 TP
salarating, {doubled § S| ginjADD Rd, Hm, Hn Kd = 3AT(Rm + En) doubled: Bd = SAT{Rm + SAT(En * I} 0Q
Address 1 Form PC-relabive sddress ADR Rd, «=labal: . Kd = <label=, for <label> range from curment insinaction see Mole 1. M, L.
Subtract  Sebic =TT El.n,"n:I:l]:rn.m.r.rd.!:- N I-I::I.:ll-l:i:l-l.'.l!';nrﬁl:l.:i —— i e H
with carry BEEC{E8]} Rd, Rn, «<Oparandl- N L C V¥ Kd=HKn- Operund2 - NOTCanry) N
wide T2 swre Rd, Bmi, #«immlZ= N £ C V¥ Rd:=HKEn-immlY immlZ2 mnge (45 T, P
reverse subtracl REE{E8] Rd, Rn, <=Operandl:= N £ C V¥ Rd:=0Opemand2 - Bn M
reverse sublracl with carmy REC{8]} Rd, Rn, <Oparandl- N L C V¥ Kd=0Opemnd2 - Bn - NOT({Camry) A
salarating, {doubled ) 5| ginisuBs Ad, Hm, Hn Kd == SAT(Rm — En) doubled: Bd = SAT{Rm — SAT{En * 2}) 0Q
lizception return withoul stack BUEE PC, LR, #<imm2- | FC= LR — imm&, (ISR = SPSR{curment mode), immB mage 0-255. T
Parallel Halfword-wise addilion 6 | sprefix=annlé Rd, Rn, REm Kd|21:16) :== En|31:16] + Emi|31:16L Rd|15:0] := Bn| 151 + Rmj 1514 (s
Arthmetic |1, fwond-wise subtraction 6 | cprefix=mrAlé Rd, Rn, Rm Kd|31:16) :== Bn|31:16] — Bm|31:16], Bd] 154 = Bn| 15:0] — Bm| 15:0] L
Iyte-wine nddilion 6 | cprefix=-ADDE Bd, Rn, Rm Kd|31:24) := Bnl31:24] + Rmi|31-24 L Rd[23:16] = Bn|23: 16] + Rm]23:14], G
Rd] 15:8] == Bn|15:B] + BEm|15:8], Kd|7-0] == Rn| 74} + Em| 70|
i yte-wise sublraction fi | cprefix=-sUBE Kd, Rn, = Rd|31:24) := Enl31:24] — B 31:24], Rd|23:16] -= Enl|23:16] — Bm|23:16], L
Rd] 15:8] = Bn|15:E] — Em|15:BL Rd| 74} = En|T:0] — Em| 74}
Halfword-wise exchange, add, subtmct | & | <prefix-A=SX Rd, Hn, HEm Kd|31:16) := En|31:16] + Bm] 15, Bd] 1520 = En]150] - Rm]31:14] 1
Halfword-wise exchange, subtract, add 6 | cprefix>SAX Rd, Hn, Hm Kd|31:16] := En]31:16] — Em]|15:0], Rd]15:0] := En|15:0] + Rm{31:16] s
Unsigned sum of absolwie dilleremoes 6 |UsAD2 Rd, Fm, Rs Kd := Abs{lm|31:24] — Bs|31:24]) + Ab<{Rm|X3:16] — Rs]23: 16])
+ Abhs{REm]| 1 5:E] — Rx] 15cB]) + Ahs{Rm] 7:0] — R=|7:0])
and accumulate & |usAanad Rd, Rm, H=, Hn Kd := Em + AbsiBEm|31:24] — Re]30:M[) + Abs{(BEm|21:16] — Re[23:16])
+ Ahsi{Em]| 15:8] — B=| 15:K]) + Ah<{Rm| 7-0] — K| 7-00)
Saturate Signed saturale word., nghl shifl & | BEAT Rd, #<sat>, Bm{, ASR «<sh>] Rd = SignedSal((Em ASR gh), sal). <=sat> mnge 1-32, <=h> range 1-31. LR
Signed salurale word, lefl shifl 6 | B8AT Rd, #<sat>, Fm{., LEL «<shz] Kd := Signed5all(Rm 1.51. sh], sat). <=2at> ramge 1-32, <ah> mnge (31 Q
Signed salurale two halfeords 6 | BaATlE Rd, #<=at>, Hm Kd|21:16] := SignedSat Fom| 31 :16], sat}), 0Q
Rd] 150 = SignedSal{lm]15:0], sal). <=zat> range 1-16.
Unsigned saturale word, night shafl & | USAT Rd, #<sat>, Rm{, ASR «<sh> Rd = UnsignedSal{{FEm ASK <h), sal). <=at> mnge 03], <=h> range 1-31. LR
Unsigned mturale word, lefl shill & |UsAT Rd, #<sat>, Fmf, LEL «sh> Kd = UnsigmedSal{{KRm [.51. sh], sal). <=at> range (-31, <=2h> mage 0-31. Q
Unsigned maturale two halfwords & |usaTlé Rd, #<sat-, Hm Kd|21:16) :== Unsigned Sal{Rm| 31: 16], =a), Q
Rd] 1514 = Un=ignedSal{Rm]| 15:0, =at). <=2t> mnge {L15.




ABM and Thumb-2 Instruction Set

Quick Reference Card
Operation § | Assembler S updates | Action Notes
Multiply  Mubliply MUL{S)] Rd, Fm, Rs N X C* | Bd = (Rm * Rsj|31:0| (If Em is Bd, S can be used in Thumb-2) M. 5
and accumulate MLA{E] Rd, Hm, Rz, Rn N L C* Rd :=(En + (Em * E=j§3110] b
and swhiract T2 |MLE Rd, Fm, Rs., Rn Bd :=(En — (Em * R<))| 3140
unsigned long MULL{S} RdLo, RdHi, Fm, Es N X C* ¥V* | RdHiRdl.o:=unggned(FEm * Hx) 5
unsigned accumulate long MLAL{S} RdLo, RdHi, Em, Es N A C* V* RdHiRdl.o = ensigned(RdHi Rdl o + Bm * Ex) 5
unsigned double accumulate long 6 |UMAAL RdLo, RdHi, Fm, Rs RdHi Kdl.o == unggmed(RdHi + Rdl.o + Em * Kx)
Signed multiply long SMULL{S} RdLo, RdHi, Em, Hs N X OC* V¢ RdHiRdl.o = cigned(FEm * Bx) 5
and acrumulate long SMLAL{S} RdLo, RAHi, Em, Es N £ OC* V¢ RdHi RBdl.o = cigmed{BdHi Kdl o + Bm * Hx) 5
16 * 14 bit 5l | aMULxy RHd, Fm, Rs Kd :=Km|x| * Rsly|
32 * 16 bil 51 | sMULMWy RHd, Hm, Rs Bd :=(Em * Rs|y|H47:16]
16 * 16 bil and scoamulabe 5t | sMLAxcy Rd, Fm, Rs, Rn Kd == En+ Em|x] * Rx|y] Q
32 * 14 bil and accamulabe 5l | sMLAWYy Rd, Hm, Rs, Rn Bd :=Kn+ (Em * B[y [)]47:16] Q
16 * 14 bil and acoumulate long 5l | sMLALxy Rdlo, RdHi, Em, HRs RdHi Kdl.o == BEdHi.Rdl.o + Rm|x] * Rs]y]|
IMual signed malbply, sdd 6 |sMUADR{X]} Rd, Hm, H=s Bd := KEm| 15:0) * B<X]15:0] + Bm{31:16] * BE<X|31:16] LW,
and acrumulabe 6 |sMLAD{X]} Rd, Hm, R, Rn Bd := KEn + Bmi] 15 * R=X] 15 + Em[31:16] * RsX]31:16] LY,
and accumulate long 6 |SMLALD{X} RdLo, RdHi, Fm, Rs RdHi Kdl.o == RdHi.Rdl.o + B 1 500 * BsX] 15 + Bm|21:16] * RsX]31:16]
Iual signed maltiply, sublract 6 |sMu=sEn{x} Rd, Bm, Hs Rd ;= Km|15:0] * B=X]15:0] — Em|31:16] * RsX][31:14] 0Q
and accumulate 6 |sMLED{X] Rd, Bm, Rs, Rn Rd := Kn + Rm]15:F * RsX] 155 — Rm|31:16] * R=X[31:16] Q)
and accumulate long 6 |sMLELD{X} RdLo, RdHi, Fm, Rs RdHi Kdl.o == RdHi.Rdl.o + Bm] 1 5:0] * BsX)] 1540] - BEm|31:16) * B=X[31:16]
Signed lop word malply 6 |sMMUL[{R]} Rd, Bm, R Rd :=(Em * Rs)|63:32]
mnd accwmulabe 6 | =MHLA[R]} Rd, Hm, H=, Hn Fd ;= En+ (Fm * E=&3:57)
and swhirnct 6 |=L=[{R]} Rd, Hm, H=, Hn Fd ;= En - (Em * Bz} 635:32)
wilh imlernal 440bit aocumulale X5 |MIA AC, Fm, Rs Ac:=Ac+ Rm * Rx
packed hallfword X5 |MIAPH Ac, Rm, Hs Ac = Ac + Rmi 154} * Rs| 15:0] + Em|31:16] * R=|31:16]
hal Feord X5 |MIAxy Ac, Rm, Hs Ao = Ac + Rmix| * Rs|y]
Diwide | Bigned or Unsigeed KM | cop> Rd. Rmn, Em Kd :=En/ KEm <opi> is DIV (signed) or TDLV {unsigned)
Move Move pov{E] Rd, <Dperandl:- N X C Rd = Operand? See also Shill instructions M
data MNOT MYN{E] Rd, <Dperandi: N X C Bd = (eFFFFITY BOR Operand? N
Lo T2 |movr Rd, #<immlG: Bd]31:16] = imm 16, Ed| 1 54| unaflfecied, imm 16 range (L65515
wide T2 |mov Rd, #<immlb=> Rd] 1504 == imm1 &, Rd]31:16] = 0, imml6 mege 0065535
40hit scoumulator o regisler XS |MRA RdLo, RdHI, Ao Bdlo = Ac{31:0], BdHi = Ac]39:32)
regisier b #{kbil accumulator X5 |MAR Ac, Rdlo, RdHQ Ac]31:HH = Rdl.o, Ad39:532] = RdHi
Shift Arnithmetic shill rmght ' ASR{E)] Rd, Em, <Rs|sh= N X C | Rd = ASR(Rm, Rsih) Same as MOV{E] Rd, Hm, ASR <Hs|sh=| N
Laogical shift left LEL{8) Rd, Hm, <Rs|sh= N X C Rd = 1.51.{Rm, Rsish] Same as MOV{E) Rd, Hm, LSL <Hs|shs M
Logical shift right LER{8) Rd, Hm, <Rs|sh= N X C Bd = I.5R({HKm, Kxikh) Same ns MOV{E) Rd, Hm, LSER «<Hs|shs N
Rotale right ROR{E)] Rd, Fm, <R=|she N X C Bd = ROR(Em, Rxch) Saome ns MOv{E] kd, Em, ROR <Hs|sh:| N
Rotale right with extend HEX{E] Rd, Fm N XL C Rd = REX(KEm) Same ns MOV{S] Rd, Em, ERX
'Count leading zeros 5 |cLE Rd, Em B := number of leading weras in Rm
Compare Compare CMP En, <Operand?s N £ C V¥V | Updae CPSE Nags on Bn — Operand? N
negalive CMH En, —Operand?: N £ C V¥  Updawe CIPSH Mags on Bn + Opemnd2 M
Logical Test TET REn, <Operand?:- N X C Update CFSR Mags on Bn AND Operund? M
Texl eguivalenoe TEQ RBn, <Operand?:= N X C Update CPSE Mags on Bn FOR Operand?
AN AND{E] Rd, HEn, <0Operand?: N X C Bd = En AND Opemand? N
FEOR BEOR{E] Rd, Hn, <0Operand- N XL C Kd := En HOR Operand2 M
(FRE ORR{E] Rd, HEn, <Operand?:= M £ C Kd = En OF Operand? M
(XRMN T2 |oRN{S}] Rd, HEn, <Operand2- N & C Rd := KEn OR NOT Operand2 T
| Bt Clear BIC{E] Rd, Rn, <Dperand:- N X C | Bd = En ANID) NOT Operand? M




ABM and Thumb-2 Instruction Set

Quick Reference Card
Operation E | Assembler Action Notes
B fizld I8ii Fiedd Ohear T2 | BPC Rd, #<lsh=>, #owidths= Rd|(width+lsh—1 jdsh| := (), other hits of Bd unalfecied
I5in Fiedd Imsert T2 |BFT Rd, Rn, #«<lsh=>, #owideh= Rd|(width+lsh—1)-lsh|] := Rn|{widlh-1):0], cther bits of Bd wnaflfected
Signed il Field Fxiract T2 | EBFX Rd, En, #<lsbh>, #owidth= Rd|(width—1 1:0] = Bn|{widith+lsh—1 }dsb |, Bd]3] width| = Replicale] Bn|widith-Hsb—1 ]}
Unsigmed it Field Exiract T2 |veFx Rd, En, #<lsh>, f<owidrh- Rd|(width—1 1:0] = Bnj{widith+lsh—1)1sh ], Bd]3 ] -widih] = Replicate 0)
Pack Pack halfwaord botlom + Lop & | PEHET Rd, Hn, Fm{, L3L #<«sh=} Rd| 15:0) := Bn] 150}, Bd|31:16] = {Rm L51. sh)}f 31:16]. <h 0-31.
 Pack halfword top + battom G | PEHTE Rd, Hn, Fm{, ASRE #<ch>]}  Rd[31:16] = Rn[31:16], Rd|154) = (Rm ASR <h)|15:0]. sh 1-32. |
Signed HalFword 1o ward G |ExTH Rd, BEm{, ROR #=sh>] Rad] 31:0] := Signl ixtend{(Em R(E {8 * shiy | 5:04). =h 0-3. M
extend Two hytes to halfwords & |SxTElG Rd, Fm{., ROR #<sh=} Rd|31:16] = Signlxicnd{{Rm ROR (B * =h)j| 2X:16]),
Rd|15:0] == Signl:xtend{(Km RO (B * sh)}f T4} sh (-3.
Iiyte Lo weord 6 |s8xTE Rd, Em{, ROR &<sh>] Rd| 21:0] := Signl ixtend{(Em ROR (8 * sh)§ 7-0]). sh (L3, M
Unsigned  Halfword to waord 6 |uxTH Rd, BEm{, ROR #=sh>] Rad| 31:0) := Xerolixiend{{Rm ROR (B * shi)] 15:0]). sh (-3, M
extend T hybes bo halfwonds 6 |uxTElG Rd, Fm{, ROR E<sh=} Rd| 31:16] = ¥erolixtend((Km BOR (B * sh)i23:146]),
Rd|15:0] := Xemolixiend({Rm ROR (% * sh))| 7:0]). sh 03
liyte Lo word & |uxTE Rd, BEm{, ROR #=sh=>] Rad| 21:0] := Herolxiend({ Em ROR (B # <h))| 720}, <h 0-3. M
Signed | Halfword 1o ward, sdd & |sxTAH Rd, En, Rm{, ROR #<ch=] | Rd[31:0] := Ra|31:0] + Sigalixtend{(Rm ROR (8 * shij|1520]). sh 0-3. |
E:!:I:l-l'lll:l Two hytes o halfwords, add & |ExThBlé Rd., Rn, Em{, ROR #<sh=]| Rd|31:1%] = En|31:16] + Signlixtend{(Rm ROR (8 * shij23:16]).
with add Rd|15:0] := KEn] 154 + Signlixbend({Hm ROR (& * <shi§ 7-0[). sh{L3.
Biyte vo woord, add 6 |sxThAB Rd, Rn, Fm{, ROR #<sh=} Rd|21:0) := Bm| 314} + Signlixtend{{Hm ROR {8 = shij|7T:0]). =h {3,
Unsigned  Halfword to word, sdd & |uxThRH Rd, Hn, Fm{, ROR #<«sh=} Rd|31:0) := Bn| 314} + Ferolixlend ((Rm ROR (B * <h))f 15:0]). sh{-3.
'E':!n'“d Twn hytes o halfwords, add 6 |uxTABlE Rd, Rn, Bm{, HOR #<sh=] | Rd|11:16] = Rn[31:16] + Lerolxiend({ Bm BOR (B * shi)|[23:16]),
with add Rd| 15:0] := Kn|15:0] + Zerol ixiend({Rm ROR (8 * =h})[7:00). =h 0-3.
Biyte Lo word, add & |uxThBE Rd, Hn, Fm{., ROR #<sh=} Rd|31:0] := Bn| 314} + Xerolixiend((Bm ROK (B * sh){7A0). <h (-3,
Reverse I5its in word T2 | RBIT Rd, ERm Par (i =1k i < 3L 1+) : Rd|i] = Rm|31-i]
Biytes in word & |REV Rd., Rm Rd|21:24] = Rmi|7:0], Rd]Z3:16] = Em] 58], Rd|15:R] == BEm|23:16], Bd|7:0] :== Em]31:24] M
liytes in both hal fwords 6 |rREV1G Rd, HEm Rd| 15:8] := Ren|7T-0], Rd|7-0] == Bm] 15:8], Rd|31:24] := Rm|23:16], RA|23-16] := Km|31:24] M
liytes in low halfword, & |REVEH Rd, Hm Rd| 15:8] := Rm|7-}]. Rd| 74| = Rm{ 15:8], Rd|31:16] := Bm|7] * £F1T11: M
g exlend
Select  Sclect hytes 6 |SEL Bd, En, Em | R[T0] = R 7:0] if GE[0] = 1, else RA{T:0] := Rm|T-0|
Rilx| 15:R]. |23:16], [31:24] selecled similarly by CG1E[ 1], GEJZ], GIE] 3]
H-Then Ii-Then 12 | rT{pattern} [cond} | Makes up o four following nstructions conditsonal, sccording 1o patlern. pabiern is a siring of up o three . TU
betters. Dach betier cam be T (Then) or 13 (Else).
The lirst imstructzon afler T has condibion comd. The [wllowing instructions have comdition cond il the
comesponding letler is T, or the inverse of cond il the comesponding eler is 15
See Table Condition Field for available condition codes.
Branch lirunch 'B <labal= " PC = Iahel label is this instruction =32MB (T2- +16MB, T- —252 - +25615) NI
with link BL «label:= LR = sddiress of next ingtrction, 1% == label. label is this instroction £3281 (T2: +160MI5).
and exchamge 4T | BX Fm PC := Bm. Targel is Thumb il Rm|{ is 1, ARM il Emi|0] i 0. M
with link and exchange (1} 5T | BLX «<label= . = nddiress of nexi instruction, PP = label, Change insiraction sel [
label is thix instruction £32MI5 (172: £16MI15).
with link and exchange (2) ] 5 | BLX Em LR = address of next instruction, PC = Rm|31:1 ). Change o Thumb il Em[0] s 1, 1o ARM il BEm[{(}] is0.] N
and change to Juzelle gale | 31 | BXJ Em Change 1o Joxelle sale il available
Compare, brunch if {non) zero. 12 | CB{N}Z Rn,<labal= If Bn [= ar '=} 0 iken PC = label. label is (i imstroctson + 4-130). HTU
Tahle Bimnch Byie | T2 | TBE IRn, Em] PC = 1C + Femoliztend Memory( Bn + Rmy 1) << 1), lmnch mnge 4-512. Rn can be PC. TU
Tahle Branch HalForord T2 |T™8H [Hn, Em, LSL #1] PC = 1PC + Feroliztend Memory( Bn + Bm << 1, 2) << ). Branch range 4-131072. Bn can be PC. TU
Move toor  PSE Lo register MRZ Rd, <PSR=- Rd = PSR
from PSR oicior 1o PSR MER <PSR> «ficldss>, Hm PSR := Rm (selecied byies only)
immediale o PSE MER «<FER> «fields>, #<immBm- PSR = immed_Br {sclecled byles only)
Processor Chanpe processor stale 6 |cPEIR <iflags= [, #<p_mode>] " Diisahbe specified imemupls, oplional chamge mode. U N
siate 6 |CcPE1E <iflags= [, #<p_modos] linahle specified internapls, optional change mode. U N
change Change processor mde & |cPE #<p_mode> )
Sel endianmess fi | EETEND =endianness: Seix endianness [or loads and saves. <endianne==3 can be 5E (Big Indian)} or ZE (Litlke Iindian}. UM




