OREA, uact ll: KoMMIOTHNHU ANXUTEKTYIU

To3u KpaThK LHUKBJI YIPAKHEHUS 110 KOMIIFOTBPHU APXUTEKTYPH CH ITIOCTABs CICIHUTE LEJIN:

¢

¢

¢

PasmmpsBane Ha Kpbro3opa BU Ha ObJELIM KOMIIOTHPHU MH)KEHEPH UpE3 3all03HABAHE C
OOLIUTE YEPTHU U Pa3INUMATa MEXKAY Hall-pa3lIpoCTPaHEHUTE KOMIIIOTbPHU apXUTEKTYPH.
Ocb3HaBaHE Ha BaKHOCTTA Ha MPOU3BOJUTEIHOCTTA U HA €AUHCTBOTO MEXKIY IPOrpPaMHO
U allapaTHO OCUTYPSIBAHE 32 ONTHMAJIHO M3II0JI3BAHE HA OCOOCHOCTHUTE Ha MOCIEIHOTO.
PasBuBane ymenus 3a paboTa ¢ KOMaH/IEH peJl, aHAJIW3 Ha KO/ U ThPCEHE Ha MH(OpMAIHSL.

WA RE T, IBATAEA N . =,YunTensat moxe aa OTBOPYM BpaTaTa, HO NPOCBETIIEHNETO 3aBUCK CAMO OT y4YeHMKa.”

Bcsko 3ansatue ce ImpaBu C 1o 1 KOMITIOTBp U UMa 2 JacTu: HU3MCPBAHC HA NPOU3BOJUTCIHOCT
1 3aI103HAaBAHC C ApXUTCKTypaTa Ha CUCTCMATAa MY OT KOMaHAW OT I'VICAHA TOYKA HAa IpOorpaMucTa.

0.

1
2.
3

a

10.
11.

12.
13.

14.

15.

16.

17.

BkiroueTe KOMIIOTHpa oT 6yToHa ,,()* Ha nuIeBus My maHen; n3Jakaiite na ce 3apeau .

. Bnesre xaro ,,SSH* ¢ mapona ,,l inux* u nu3uakaiiTe OKoj0 MUHYTa Ja ce 3apeau ,,KiTTY*.

[TosiBu 1 ce choOIIEHHUE 3a IpelIka ¢ Koa 5, HaTucHeTe OyToHa ,,OK “ win Ki1aBuIa ,,“.

. Ako paboTtHOTO MSCTO € C ,,Windows 11, BMmecto T. | u 2 BlIe3Te KaTo ,,Student u mycHe-

te ,,CMD*. Tpsbsa na uma ¢aiin ,.ssh\config“ cwc cpabpkanue ,User studentNe®,
kb7eTo Ne ¢ Ne Ha padotHoTO Msicto (1-9, A—C, P-W); ako ro HsMa, TO ch3aaiire: ,,mkdir
.ssh®, ,cd .ssh®, ,echo User studentNe > config*. 3anaiite komanna ,,ssh IP-agpec*.

. 3anaiite [P-aapeca nnu umero B DNS Ha cbpBbpa, yKka3aH OT pbKOBOAUTENS HA 3aHATHETO.

(3asBkute kpM IP-anpeca My ce npeHacoYBaT KbM BBTPELIEH TaKbB, KOWTO BCSKA CEAMMIIA
ce HACTpoWBa J1a Ob/ie pa3InyeH — Ha Pa3InYeH KOMITIOTHP, C pa3inuyHa apXUTEKTypa.)
Harucuere 0ytona ,,Open‘* Uiy KJ1aBuIia ,,“.

Ha nokanara 3a nmapoia BbBe/IeTE€ OTHOBO ,,Ll1inux® (TO3M IIBT HA EKpaHA HE U3NTK3a *****|)

. smeaHere komaHnata ,,bash coremark.sh [N]“, xbaero ,,N*“ e OpOST Ha JTOTUYECKUTE

A]pa Ha IpoLecopa Ha CbOTBETHHS CHPBBP OT TalOaMLaTa Ha cleaBamara cTp. AKO uma
camo 1 sapo, usnycHere aprymenra ,,N*“. KBagpatHute ckoOu 03Ha4yaBaT HE3abIKUTEIIECH
aprymMmeHT u He ce numart. (3a0.: Komannara me 0be U3IbJIHEHA caMO OT ITbPBUS ITyCHAI
sl CTJIEHT M 1€ IPEJOTBPATH APYTH IIyCKAaHUS JI0 3aBbpIIBaHE HAa TEKYIIOTO U3IIBIHEHHUE. )

. CTy#eHTBT, U3II'BJIHUAI TIpOrpamMaTa, 1a 0OsIBU MPOU3BOJUTEIHOCTTA (B OpOil UTEpanuu B

CEKyHJIa) OT pelloBeTe, 3anouBamu ¢ ,,CoreMark 1.0 u nporyckaTeHaTa crmiocoOOHOCT Ha
naMerTTa OT peIOBeTe, 3ano4Bally ¢ ,,Copy*, 3aKpbIIeHN A0 Hali-OIU3KOTO IS0 YHCIIO.

. M3uncnere 6pos utepanuu 3a 1 MHz, pa3nensiiku mbpBOTO OT TOpHUTE uncia (Opost ute-

panmu B ceKyHza 3a | sapo Ha mpoiecopa) Ha TakToBaTta My yectora B MHz ot Tabnunara.
Nzuncnere Opost utepamuu 3a 1 J oT MakcuMaliHaTa KOHCyMHUpPaHa MOIIHOCT U LIEHOBAaTa
e(EeKTHUBHOCT, Pa3JIeIAUKH IPON3BOIUTEITHOCTTa CHOTBETHO HA MOIITHOCTTA U HA IIEHATA.
O6o00m1eTe ¢ MoMoIITa Ha PHKOBOAUTEIS HAa 3aHATUETO TOTYYECHUTE TOTYK PE3yJITaTH.
N3nenHere komanaara ,,make —B POWER=4* 3a KOMIIMJIMPAHE HA TECTOBUTE MPOTPAMHU.
Pasrnenaiite mporpamaTa 3a mpoBepKa Ha MOAPEKIaHETO Ha OaliToBeTe B mameTTa W Ha
IbJDKUHATA HAa PETUCTPUTE Ha MUKPOIpOLEcopa ¢ KoMaHaara ,,cat testend.c®. 3a na
BUJIMTE KAKBO III€ BU MTOKa)Ke TS, U3IIBIHETE KOMaHAaTa ,,env PATH= testend*.
W3nbanere komanaara ,,gdb meantst®, 3a na 3apeauTe nporpaMara 3a U3UMCIISIBAaHE Ha
CpeAHO apUTMETUYHO HA €IEMEHTUTE Ha MacuB B ,,gdb* (CpeICTBO 3a aHATIN3 HA KOJI).
B ,,gdb* m3nbiHeTE KOMaHIaTa ,,Start‘ U HaTUCHETE ,,—X “wu ciexn ToBa ,,s, 3a 1a
IPEMUHETE B PEXKHUM Ha YIPaBJICHHUE C €IMHUYHO HATHCKaHEe Ha KIaBHUIIH (0e3 ,,“).
N3nbpaHeTe nocThIKOBO MporpamaTa ¢ HaTUCKaHE Ha KiaBuia ,,n‘“. Korato crurnere no
byHKIMATA ,,Meanval‘‘, BMECTO ,,n“ HATUCHETE ,,S* W MPOCIeaeTe JACUCTBUETO HA BCAKA
KOMaH/a, HAMUPANKU S B MPHIOKECHUTE CIpaBoyHU Tabmui. OObpHETe BHUMAHUE Ha
IpOTPaMHHUSL MOJET, aJipecalusiTa Ha MaMeTTa, YCIOBHUTE MPEXoau U oOpaboTkaTa Ha
npeHoca 1 Ha 6urosure nosnera. OOChAETE BCHUKO TOBA C PHKOBOAUTEIIS HAa 3aHATUETO.
3aBbpIieTe mporpamaTa ¢ HaTHUCKaHe Ha ,,c*‘. M3ne3re ot ,,gdb* u CbpBBpPA C IBYKPATHO
HAaTHCKaHE Ha ,, —D*. MI3KIIroueTe KOMITIOThpa 0T OyToHa ,,()* Ha nuueBus My nanes.



TexXHUn4YeCKM AaHHU Ha U3Nnosn3BaHuMTe CbpBDbBPMU

ThinkCentre | Raspberry Pi - . EdgeRouter| BeagleV
Mognen M700 Tiny 5 Mac mini G4 | Sun Fire T1000 4 Ahead
ApxuTekTypa IA-32/AMD64 ARM POWERIPC] SPARC MIPS RISC-V
Tun apxuTekTypa CISC RISC RISC RISC RISC RISC
LleHTpaneH npouecop i3-6100T BCM2712 MPC7447A | UltraSPARC T1| CN7130 TH1520
Tun Ha LeHTpanHus rpo- M EUC M M EUC EYC
Lecop
Bpoi usnyecku aapa 2 4 1 6 4 4
Bpoi nornyecku sapa 4 4 1 24 4 4
Bu1pelua Takrosa Jec- 3200 2400 1500 1000 1000 1850
TOTa Ha sgpaTta [MHz]
PaspenuTenHa cnocod- 14 16 130 9 28 12
HOCT Ha npoueca [nm]
[ObrxuHa Ha perucTpute 64 64 32 64 64 64
3a 06bula ynotpeba [bit]
Mogpenba Ha bantoBete | Little-Endian | Little-Endian | Big-Endian Big-Endian Big-Endian | Little-Endian
f:“cp""ypa”"'” HANaMeT") 16 x 128 26x32 | 128Mx64 | 128Mx256 | 256M x 32 | 512M x 64
Tvn Ha nameTTa DDR4 DDR4 DDR DDR2 DDR3 DDR4
KoeduuuneHT Ha ymHOXe- 8 8 9 4 8 8
Hue
TakToBa YecToTa Ha na- 267 533 167 100 133 267
meTTa [MHZ]
TeopeTuHa nporycka- 34,1 17,1 2,7 12,8 43 17,1
TenHa cnocobHocT [GB/s] ’ ' ' ' ' '
MponyckaTenHa cnocob-
HocT (stream v5.1) [GB/s]
Bpoi utepauun B cexyH-
na (CoreMark 1.0)
bpoi utepaumm 3a 1 MHz
EHepruitHa edpekTuBHOCT
[Opoit uTepaumn 3a 1 J]
LleHoBa echekTMBHOCT
[CoreMark | §]
HomuHanHo 3axpaHBalLo 20= 5— 18,5= 230, 230, 5—
HanpexeHue [V]
MakcumanHa koHcymupa- 65 95 85 220 13 10
Ha moLLHocT [W]
[abapuThHu pasmepu [mm]| 179x183x35 | 99x70x33 | 165x165%x51 | 467x425%43 |229x136%x31| 97x61x20
MakcumanHo Terno 6e3 13 0.162 13 10,9 08 013
3axpaHBaly agantep [kg]
Lewa Ha AipebHo B ronu- 540 80 600 3000 200 150
HaTa Ha noseasaxe [$]
['oaMHa Ha nyckaHe B 2016 2023 2005 2006 2017 2023
MPOM3BOACTBO, CTpaHa YHrapus AHrnmns Kutan Tainang BueTHam Kutan

3a0.: HenmonbinHenute rpadu Ha ropHara Tabnuna TpsoBa fa ce OnpeesisiT 0 BpeMe Ha 3aHATHETO
(HO 6 HUKAK®B6 cyyall 1A HE CE MONBJIBAT TYK, 3a J1a UMAT U TE3HU CJie]l BaC KaKBo Jia MpassT!).




9.8 Big-endian u Little-endian

B 3aBucHMOCT OT TOBa Kak CTOMHOCTTAa Ha MHOrOOaWTOBUTE MPOMEHJIUBH CE
pasmojiara B mamMeTTa, 3aJieJIcHa 3a TAX, pa3audaBaMme Big-endian u Little-endian
KOMITKOTPH.

Little-endian kommroTpuTe pasmonaraT CTOMHOCTTa Ha IPOMCHJIMBATA,
3al0YBaliKy OT Hal-MaJIIus OalT Ha ITaMeTTa, 3ajciicHa 3a Hesl.

Big-endian kommioTpuTe pasmojaraT CTOMHOCTTa Ha  IPOMCHJIMBATA,
3aMoYBaikM OT HaW-CcTaplIvs OalT HAa MaMeTTa, 3aJieJIeHa 3a Hedl.

dur.38 nokassa HarieaIHO TOBA.

unsigned short i = OxABCD;

aapec 1 0
0xAB 0xAB
N J N J
Y Y
Little-endian Big-endian

®wur. 38 Big-endina u Little-endian

Hsikou KoMITIOTpH 1MO3BOJISBAT TOBA J]a C€ KOHPUTYPHUPA.
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testend.c:

#include <stdint.h>
#include <stdio.h>

int main()
{
static union {
intl6_t n;
char c[3]; /*x "AB" x/

} ul = {ox4142};
static union {
int32_t n;

char c[5]; /* "ABCD" x/

} u2 = {0x41424344%};
static union {
int64_t n;

char c[9]; /* "ABCDEFGH" */
} u3 = {0x4142434445464748LL};

#if _ WORDSIZE == 64
static union {
__int128_t n;

char c[17]; /* "ABCDEFGHIJKLMNOP" x*/

} u4;

ud.n = (__1int128_t)0x4142434445464748LL << 64 | 0x494A4B4CADAE4F50LL;

#endif

puts(ul.c);
puts(u2.c);
puts(u3.c);
#if _ WORDSIZE == 64
puts(u4.c);

#endif
return 0;
}
meanval.S:
.globl meanval,_meanval L1: d [%00] ,%04
meanval: addcc %01,%04,%01
_meanval: addx %02,%90,%02
deccc %03
#ifdef __i386 bne L1
pushl  %ebx add %00,4,%00
xorl %ebx, %ebx srl %01, POWER, %01
xorl %edx, %edx sll %02,32 — POWER, %02
mov 1l $1 << POWER,%ecx or %01,%02,%00
L1: addl -4 (%eax,%ecx,4) ,%ebx retl
adcl $0,%edx nop
loop L1 #elif defined __mips__

shrdl $POWER, %edx, %ebx
xchgl  %ebx,%eax
popl %sebx

retl
#elif defined __arm__
mov rl,#o
mov r2,#0
mov r3,#1 << POWER
L1: ldr ip, [r@],#4
adds ri,ip
adc r2,#0
subs r3,#1
bne L1
mov ro,rl,lsr # POWER
orr ro,r2,1sl #32 - POWER
bx r
#elif defined __powerpc__
1i %rd,0
1i %r5,0
1i %re,1 << POWER

mtctr %ro
addi %r3,%r3,-4

L1: lwzu %re,4(%r3)
addc %rd,%rd,%ro
addze  %r5,%r5
bdnz L1

rlwinm %r3,%r4,32 - POWER,POWER,31
rlwimi %r3,%r5,32 - POWER,Q,POWER - 1

blr

#elif defined __sparc
clr %01
clr %02

mov 1 << POWER,%03

# 1include <regdef.h>

.ent meanval
1i al,o
1i a2,0

addiu a3,a0,1 << (POWER + 2)

L1: w t0, (a0)
addiu a0,a0,4
addu al,al,to
sltu t1,al,to
addu a2,tl,a2

bne a0,a3,L1
ext v@,al,POWER,32 - POWER
ins v@,a2,32 - POWER,POWER
jr ra
.end meanval
#elif defined __riscv
1i al,o
1i a2,0
addi a3,a0,1 << (POWER + 2)
L1: w t0, (a0)
addi a0,a0,4
add al,al,to
sltu t1,al,to
add a2,tl,a2
bne a0,a3, L1

srli al,al,POWER
slli a2,a2,32 - POWER

or a0,al,a2

ret
#else
# error  <ApYlTEKTOV1KA?!>
#endif



NMporpaMHm

0c06eHOCTN Ha nscneaBaHUTE apXUTEKTYpM

ApxuTekTypa 1A-32 ARM (32-6utoBa) POWER[PC] SPARC MIPS RISC-V

Tun CIsC RISC RISC RISC RISC RISC
Llenoyuncnexn peructpu 8 16 32 32 32 32

Peructposu nposopuu HAMa HAMa HAMa 8 HAMa HAMa
PerncTbp ¢ Hyneso cbabpxaHue HAMa HAMa HAMa %g0 $0 x0
MeToaw 3a agpecauus Ha nameTTa 6 7 2 2 1 1

MalabupaHe Ha MHaekca ot 1102} ot 1 o 2% HAMa HAMa HsMa HAMa
Mogpasbupalya ce agpecauus Aa He He He He He
Mpe- 1 nocTUHOeKCHa appecaLys camo ¢ noApasoupaLa Aa camo npewHaeKcHa He He He

ce agpecauns

TpUKOMMOHEHTHA aapecaLms na He He He He He

KomaHam, agpecupallym nameTTa

NOYTU BCUYKK

CaMo THA 3a 3apex-

Camo ThA 3a 3apex-

CaMo ThA 3a 3apex-

Camo TUA 3a 3apexaaHe U

Camo ThA 3a 3apex-

LenoyYnCrIEHN N MH. Ap. | AaHE U CbXpaHeHUe | [aHe U CbXpaHeHWe | [aHe W CbXpaHeHue CbXpaHeHne [aHe 1 CbXpaHeHue
LlenouncneHn aputmeTyHo- €[1HO- 1 [1ByafpECHU C K- U
TpUagpecHu TpUagpecHu TpUagpecHu TpUagpecHu
nornyecku KoMaHau nskntodeHue Ha IMUL | yeTupnagpecHu
KomaHam 3a LenoumcneHo o6y 3a umcna c v 6e3 | obww 3aumcna c v | OTAeNHM 3a Ynucna ¢ v |obLm 3a yncna ¢ u 6e3| oTAenHM 3a yncna ¢ u 6e3 3Hak; | OTAENHM 3a Yncna ¢ u
CpaBHeHue 3HaK 6e3 3Hak 6e3 sHak 3HaK 3anucBat pesynrtara B perucTbp 6e3 sHak
npm<0,>0,<0,20 npu Rs < Rt, Rs = Rt
YcnosHu npexoau c ¢narose O, S, Z, C |c conarose N, Z, C, V| ¢ pnarose <, >, =, SO | ¢ pnarose N, Z,V, C D 2o i ’
pexon P P ® q° Rs =Rt Rs # Rt Rs =Rt, Rs # Rt

OcobeHocTu B npexopute; CK=cneg-

,HameLu" 3a npeauk-

3adbpXaHu npexoan u

3afbpxaHu npexoau, ,Hamewm"

061K koMaHaM 3a

HAMa HAMa
Ballla KOMaHAa, ako HAMa npexon TOpa Ha npexoau ¢ +/- | aHynupaHe Ha CK ¢ ,a | anynupare Ha CK (cydmke -L) | cpaBHeHue v npexon
Peructpu 3a kog Ha ycnosue (PKY) 1 1 8 1 HAMa HAMa
lMpomsHa Ha chnaroseTe Ha PKY | TBbpAo onpeaeneHa Mo xenaHue o )KET:I//IMZ; ;%PKY, 1o XenaHue Hama PKY Hama PKY

YCnoBHu KomaHau

camo npexogute

NOYTU BCUYKHK

camo npexoauTe

camo npexoauTe

camo npexoauTe

camo npexoauTe

CneuuanuaupaH pernctbp-6pos

3a HAKOW KOMaHan —

HAMa

CTR

HAMa

HAMa

HAMa

ECX
06paGoTKa Ha npeHoca c conar C, Bkn. npn | ¢ conar C, Bkn. npu c conar CA, be3 ¢ cnar C, Hama KaTo NPeHOC Ce M3nosa3ea KaTo NpeHoc ce
poTauus poTauus M3MECTBaHE U poTauus| KOMaHAW 3a poTauus PETUCTBP 13Mon3Ba perncTsp
BEXTR, PDEP, PEXT | BFI, SBFX/UBFX C MHOTO, B HE3a4bIXK-
KomaHaw 3a butoBu noneta (2013+) (2003+) riwimi, riwinm HAMa EXT, INS (2003+) TenHo paatupexve (B)




FRRURTE

LT FH& Fflll]J'LH HiTL J'J'

ASM '||Tr| 194) fay ME |F|||I||If.

DPK

ERERVEEVR YR

rI-I‘
S

-'-l.IJF'_q'_* T

.J uuu

r?'qH = F '-_'_

g i ._I. - — ..-_-; _ ] Tl
‘% L8, g L ] L
1700 Tinv" & ar

AOXUTeEKTVDA [A-3 J

1k '“" o RS



lucho
Typewritten Text

lucho
Typewritten Text

lucho
Typewritten Text


IA32 Instruction List (Short Form)

Description of Operands

r8 8-bit general purpose register

rli6 16-bit general purpose register

r32 16-bit general purpose register

EDX:EAX 64-bit integer number, EDX — more signifita
part, EAX — less significant part

imm8 immediate 8-bit value from128 to 127

imm16 immediate 16-bit value from32768
to +32767
imm32 immediate 32-bit value from2147483648 to
+2147483647
r/m8 8-bit general purpose register or memory locat
r/m16 16-bit general purpose register or memorgtion
r/m32 32-bit general purpose register or memorgtioo
m 16-bit or 32-bit memory location
m8 8-bit memory location
m16 16-bit memory location
m32 32-bit memory location
m64 64-bit memory location
m128 128-bit memory location
mNbyte  N-byte memory location

ml6:16
ml16:32
ml1l6&16

m16&32
m32&32

moffs8
moffs16

moffs32

Sreg

rel8

rell6
rel32

a memory location containing a far pointamposed
of two 16-bit numbers: segment & offset

a memory location containing a far pointamposed
of numbers: 16-bit segment & 32-bit offset

a memory location containing a data pai& 1 -bit
a memory location containing a data pai&3®bit
a memory location containing a data pai&32-bit

simple 8-bit memory location, which actudtleess is
given by a simple offset relative to segment base
simple 16-bit memory location, which actadtiress
is given by a simple offset relative to segmengbas
simple 32-bit memory location, which actadtiress
is given by a simple offset relative to segmengbas

segment register: CS, DS, SS, ES, FS or GS

relative address in the range from 128 bytderk
to 127 bytes after the end of instruction

16-bit relative address within the same cztgment
32-bit relative address within the same cstgment

ptrl6:16
ptr32:32
m32fp
m64fp
m80fp

m1l6int
m32int
m64int

ST
ST(0)
ST(i)

mm
mm/m32

mm/m64

xmm
xmm/m32
xmm/m64
xmm/m128

16-bir far pointer in a different code rsemt

32-bir far pointer in a different code st

a single-precision floating-point memory Iboa

a double-precision floating-point memory looa

an extended-precision floating-point memaigation

a word integer memory location
a double-word (dword) integer memory locatio
a quad-word (gword) integer memory location

the top element of the FPU register stack
the top element of the FPU register stack
the i-th element of the FPU register staek(i.7)

64-bit MMX register from MMO to MM7

low order 32 bits of an MMX register or 32-b
memory location

MMX register or 64-bit memory location

128-bit XMM register from XMMO0 to XMM7
XMM register or 32-bit memory location
XMM register or 64-bit memory location
XMM register or 128-bit memory location



Index Registers Instruction Pointer

Register Set 31 1415 0 31 1415
— Sl — — P -
. ESI | | EIP |
General Purpose Registers < D oS
o1 1615 B7 EDI | | Segment Registers
— AX —
15 0
EAX | | AH | AL | Pointer Registers cs
— BX — DS
EBX | [ BH [ BL | 3 1615 0 Eo
— BP —
«— CX — EBP | | FS
ECX | | CH| CL | GS
«~— SP —
EDX | | DH | DL |
Flags
31 30 29 28 27 26 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 1
— FLAGS —
EFLAGS| I 1T 1 1 ] | | | IDMPNVIFJACVMIRF| 0 [NT] IOPL |OFDF|IF [TF|SF|ZF| 0 |AF| 0 [PF 1 |CF
Bit Flag Description
0 CF Carry Flag Carry from most significant bis@borrow for most significant bit; can be considias overflow in unsigned instructions.
2 PF Parity Flag Set to 1 if 8 less significans liif result have even number of 1's, else set to 0.
4 AF Auxiliary carry Flag Used as carry flag in B@iltructions.
6 ZF Zero Flag Set to 1 if result is zero, elsetg€L
7 SF Sign Flag Set to 1 if result is negative (vetero), else set to 0.
8 TF Trap Flag Used by debuggers.
9 IF Interrupt Flag If set to 1, then interrupte anabled, else are disabled.
10 DF Direction Flag When set to 0, string instioiws increment the index registers, else — decréetherindex registers.
11 OF Overflow Flag Used in signed instructions.
12,13 | IOPL| /O Privilege Level Indicates the I/Ovilege level of the currently running program ask.
14 NT Nested Task Controls the chaining of interiarp called tasks.
16 RF Resume Flag Controls the processor’s resgonsstruction-breakpoint conditions.
17 VM Virtual 8086 Mode Set to enable virtual-8086de; clear to return to protected mode.
18 AC Alignment check Set this flag and the AM flagcontrol register CRO to enable alignment cheglaf memory references.
19 VIF Virtual Interrupt Flag Contains a virtualamge of the IF flag.
20 VIP Virtual Interrupt Pending Set by softwardrdicate that an interrupt is pending.
21 ID Identification The ability of a program orgmedure to set or clear this flag indicates supjporthe CPUID instruction.




The “regparm” calling convention and IA-32 register preservation requirements

“Using the GNU Compiler Collection”, for GCC version 9.2.0 ( http://gcc.gnu.org/onlinedocs/gee-9.2.0/gce.pdf ), p. 526:

regparm (number)

On x86-32 targets, the regparm attribute causes the compiler to pass arguments number one to
number if they are of integral type in registers EAX, EDX, and ECX instead of on the stack. Functions
that take a variable number of arguments continue to be passed all of their arguments on the stack.

“System V Application Binary Interface”, Fourth Edition ( http:/sco.com/developers/devspecs/abi386-4.pdf ), p. 3-11:

All registers on the Intel386 are global and thus visible to both a calling and a called function.
Registers $ebp, $ebx, $edi, %$esi, and sesp “belong” to the calling function. In other words, a called
function must preserve these registers’ values for its caller. Remaining registers “belong” to the called
function. If a calling function wants to preserve such a register value across a function call, it must save
the value in its local stack frame.

Ibid., p. 3-12:

A function that returns an integral or pointer value places its result in register $eax.



x86 Addressing Modes

The addressing mode determines, for an instruction that accesses a memory location, how the
address for the memory location is specified.

To summarize, the following diagram (from
http://en.wikipedia.org/wiki/X86#Addressing modes) shows the possible ways an address could
be specified:

EAX - -

. FAX
EBX i
o EBX
ECX o 1
. ECX )
EDX . 2 .
+ EDX \ x + [displacement]
ESP 4
EBP
EBP 8
ESI
ESI EDI
EDI L e

Each square bracket in the above diagram indicates an optional part of the address specification.
These parts (from left to right) are: A register used as a base address, a register used as an index, a
width (or scale) value to multiply the register by, and an displacement (aka offset) which is an
integer. The address is computed as the sum of: the base register, the index times the width, and
the displacement.

The Intel & AT&T syntax for various addressing modes, depending on which parts of the above
diagram are used, is shown in the table below from
http://simon.baymoo.org/universe/tools/symset/symset.txt (slightly modified):

o Sy N +
| Mode | Intel | AT&T |
o Ry N +
| Absolute | MOV EAX, [0100] | movl 0x0100, %eax |
| Register | MOV EAX, [ESI] | movl (%esi), %eax |
| Reg + Off | MOV EAX, [EBP-8] | movl -8(%ebp), %eax |
| R*W + Off | MOV EAX, [EBX*4 + 0100] | movl  0x100(,%ebx,4), %eax |
| B+ R*W + O | MOV EAX, [EDX + EBX*4 + 8] | movl 0x8(%edx,%ebx,4), %eax |
o Sy N +

Note that, given the definition of a label x in the . data section of an assembly program, using x
to indicate the memory location, as in

mov eax,x #Intel

or

mov X, %eax #AT&T

is just absolute addressing (i.e. using just a displacement), where the assembler essentially
replaces the name x with the address corresponding to x.



CPU Instruction set

Data Transfer Instructions

Instruction Mnemonic Operands Description Symbolic operations
Move MOV r/m8, r8 Mover8 tor/m8. DST«+ SRC
r/m16, r16 Mover16 to r/mi6.
r/m32, r32 Mover32 tor/m32.
r8, /m8 Mover/m8tor8.
r16, r/m16 Move r/ml6 tori6.
r32, r/m32 Move r/m32 tor32.
r/m16, Sreg Move segment register témi6.
Sreg, r/m16 Move r/ml6 to segment register.
AL, moffs8 Move byte at (segment: offset) to AL.
AX, moffs16 Move word at (segment: offset) to AX.
EAX, moffs32 Move dword at (segment: offset) to EAX.
moffs8, AL Move AL to byte at (segment: offset).
moffs16, AX Move AX to word at (segment: offset).
moffs32, EAX Move EAX to dword at (segment: offset).
r8, imm8 Moveimm3 tor8.
rl6, imml6 Move imml6 toril6.
r32, imm32 Moveimm32 tor32.
r/m8, imm8 Move imm8 to r/m8.
r/m16, imm16 Move imm16 to r/m16.
r/m32, imm32 Move imm32 to r/m32.

Conditional Move CMOVA r16, r/'ml6 Move if above (CF=0 and ZF=0) TMP « SRC;
CMOVAE r32, r/m32 Move if above or equal (CF=0) IF (condition) THEN
CMOVB Move if below (CF=1) DST« TMP
CMOVBE Move if below or equal (CF=1 or ZF=1) END
CcMovC Move if carry (CF=1)

CMOVE Move if equal (ZF=1)

CMOVG Move if greater (ZF=0 and SF=0OF)
CMOVGE Move if greater or equal (SF=OF)

CMOVL Move if less (SF<>OF)

CMOVLE Move if less or equal (ZF=1 or SF<>OF)
CMOVNA Move if not above (CF=1 or ZF=1)
CMOVNAE Move if not above or equal (CF=1)
CMOVNB Move if not below (CF=0)

CMOVNBE Move if not below or equal (CF=0 and ZF=0)
CMOVNC Move if not carry (CF=0)

CMOVNE Move if not equal (ZF=0)

CMOVNG Move if not greater (ZF=1 or SF<>OF)
CMOVNGE Move if not greater or equal (SF<>OF)
CMOVNL Move if not less (SF=OF)

CMOVNLE Move if not less or equal (ZF=0 and SF=0F)
CMOVNO Move if not overflow (OF=0)




CMOVNP Move if not parity (PF=0)
CMOVNS Move if not sign (SF=0)
CMOVNZ Move if not zero (ZF=0)
CMOVO Move if overflow (OF=1)
CMOVP Move if parity (PF=1)
CMOVPE Move if parity even (PF=1)
CMOVPO Move if parity odd (PF=0)
CMOVS Move if sign (SF=1)
CMOVZ Move if zero (ZF=1)
Exchange XCHG AX, r16 Exchanges the contents of the register with otbgister or memory TMP « DST;
r16, AX location. DST« SRC;
EAX, r32 SRC«+ TMP
r32, EAX
r/m8, r8
r8, /m8
r/m16, r16
r16, r/m16
r/m32, r32
r32, r/m32
Byte Swap BSWAP r32 Reverses the byte order ofbit32gister. TMPR— DST;
DST[7..0]« TMP [31..24];
DST[15..8]« TMP[23..16];
DST[23..16]« TMP[15..8];
DST[31..24]« TMP[7..0];
Exchange and ADD| XADD r/m8, r8 Exchanges source and destination operands. Loadhsamestination TMP « SRC + DST
r/m16, r16 operand. SRC« DST
r/m32, r32 DST <« TMP
Compare and CMPXCHG r/m8, r8 Compares the accumulator (AL, AX or EAX) with thisf operand. If IF ACC = DST THEN
Exchange r/m16, r16 equal ZF is set and the second operand is loadedhe first operand. ZF—1; DST« SRC
r/m32, r32 Else, clears ZF and loads the first operand intcattcumulator. ELSE
ZF+—0; ACC« DST
END
Compare and CMPXCHG8B m64 Compares EDX:EAX with the operandedfial ZF is set and ECX:EBX | IF EDX:EAX = DST THEN
Exchange 8 Bytes is loaded into the operand. Else, clears ZF andfsltfae operand into the ZF—1; DST« ECX:EBX
EDXLEAX. ELSE
ZF+— 0; EDX:EAX« DST
END
Push onto Stack PUSH r/m16 Decrements stack pointer. Pushes register, memanymediate value to | ESP— ESP- OPERANDSIZE/S;
r/m32 the top of stack into register or memory, incremstatk pointer. SS:[ESP}— SRC
imm8
imm16
imm32
DS
ES
SS
FS

GS




Push All general PUSHA Pushes AX, CX, DX, BX, original SP, BP, &hd DI. TMP « (E)SP;
registers PUSH (E)AX;
PUSH (E)CX;
PUSH (E)DX;
— PUSH (E)BX;
PUSHAD Pushes EAX, ECX, EDX, EBX, original ESP,EEESI, and EDI. PUSH TMP:
PUSH (E)BP;
PUSH (E)SI;
PUSH (E)DI
Pop from stack POP r'm16 Pops top of stack into register or memory, increthistack pointer. DS+ SS:[ESP];
r/m32 ESP«< ESP + OPERANDSIZE/8
DS
ES
SS
FS
GS
Pop All general POPA Pops AX, CX, DX, BX, original SP, BP, SI, abt POP (E)DI;
registers POP (E)SI;
POP (E)BP;
ESP— ESP + OPERANDSIZE/S;
POPAD Pops EAX, ECX, EDX, EBX, original ESP, EEFSI, and EDI. POP (E)BX;
POP (E)DX;
POP (E)CX;
POP (E)AX
Input from port IN AL, imm8 Inputs byte from given I/O port address into AL. DST « Port(SRC)
AX, inn8 Inputs word from given /O port address into AX.
EAX, imm8 Inputs dword from given I/O port address into EAX.
AL, DX Inputs byte from I/O port specified in DX into AL.
AX, DX Inputs word from I/O port specified in DX into AX.
EAX, DX Inputs dword from 1/O port specified in DX into EAX
Output from port ouT imm8, AL Outputs byte from AL to given I/O port address. Port(DST)«— SRC
inn8, AX Outputs word from AX to given I/O port address.
imm8, EAX Outputs dword from EAX to given I/O port address.
DX, AL Outputs byte from AL to I/O port specified in DX.
DX, AX Outputs word from AX to I/O port specified in DX.
DX, EAX Outputs dword from EAX to I/O port specified in DX.
Convert Word to CwWD Sign-extends AX to DX:AX DX:AX « SignExtend(AX)
Dword
Convert Dword to | CDQ Sign-extends EAX to EDX:EAX EDX:EAX « SignExtend(EAX)
Qword
Move with Zero- MOVZX rl6, r/m8 Move byte to word with zero-extension. DST « ZeroExtend(SRC)
Extend r32, r/m8 Move byte to dword with zero-extension.
r32, r/m16 Move word to dword with zero-extension.
Move with Sign- MOVSX r16, r/m8 Move byte to word with sign-extension. DST « SignExtend(SRC)
Extend r32, r/m8 Move byte to dword with sign-extension.
r32, r/m16 Move word to dword with sign-extension.




Binary Arithmetic Instructions

Instruction Mnemonic Operands Description Symbolic operations
Increment INC r/m8 Adds 1 to the destination operand, while presertlirgstate of the CF DST+« DST + 1,
r/m16 flag. SET EFLAGS.OF, .SF, .ZF, .AF, ..PF
r/m32
Decrement DEC r/m8 Subtracts 1 from the destination operand, whilsgméng the state of the| DST« DST-1;
r/m16 CF flag. SET EFLAGS.OF, .SF, .ZF, .AF, ..PF
r/m32
Arithmetic NEG r/m8 Two’s complement negation of the operand. IF DSTHEN EFLAGS.CFR— 0
Negation r/m16 ELSE EFLAGS.CF 1;
r/m32 DST+« - DST;
SET EFLAGS.OF, .SF, .ZF, .AF, .PF
Add ADD AL, imm8 Adds source (second) operand to the desvimgfirst) operand. DS# DST + SRC;
AX, imm16 SET EFLAGS.OF, .SF, .ZF, .AF, .CF, ..PF
Add with Carry ADC EAX, imm32 Adds source (second) operandh@F to the destination (first) operand. DSDST + SRC +EFLAGS.CF;
r/m8, imm8 SET EFLAGS.OF, .SF, .ZF, .AF, .CF, ..PF
Subtract SuUB r/'m16, imm16 Subtracts source (second) operandtfrerdestination (first) operand. | DST« DST- SRC;
r/m32, imm32 SET EFLAGS.OF, .SF, .ZF, .AF, .CF, ..PF
Subtract with SBB r/m16, imm8 Subtracts source (second) operand with CF fhendlestination (first) DSTe DST- (SRC +EFLAGS.CF);
Borrow r/m32, imm8 operand. SET EFLAGS.OF, .SF, .ZF, .AF, .CF, ..PF
Compare CMP r/m8, r8 Compares two operands by subtracting the secorrrgbérom the first | TMP « SRC1- SIGNEXTEND(SRC2);
r/m16, ri6 operand and then setting the status flag in thesaanner as the SUB | SET EFLAGS.OF, .SF, .ZF, .AF, .CF, .PF
r/m32, r32 instruction.
r8, r/m8
r16, r/m16
r32, r/m32
Unsigned Multiply MUL r/m8 Multiplies unsigned AL by r/m8. Stores resnltAX. AX « AL * SRC;
IF AH=0 THEN EFLAGS.OF, .Cl— 00B;
ELSE EFLAGS.OF, .GF 11B;
/| EFLAGS. .ZF, .AF, .PF., SF are undefined
r/m16 Multiplies unsigned AX by r/m16. Stores résnlDX:AX. DX:AX « AX* SRC;
IF DX=0 THEN EFLAGS.OF, .Cl— 00B;
ELSE EFLAGS.OF, .GF 11B;
/| EFLAGS. .ZF, .AF, .PF., SF are undefined
r/m32 Multiplies unsigned EAX by r/m32. Stores esu EDX:EAX. EDX:EAX «— EAX * SRC;
IF EDX=0 THEN EFLAGS.OF, .Cl- 00B;
ELSE EFLAGS.OF, .GF 11B;
/| EFLAGS. .ZF, .AF, .PF., SF are undefined
Unsigned Divide DIV r/m8 Divides unsigned AX by r/m8. Stores resulAin remainder in AH. AL— AX/ SRC; AH+— AX MOD SRC;
/| EFLAGS.CF, .OF, .ZF, .AF, .PF., SF are undefined
r/m16 Divides unsigned DX:AX by r/m16. Stores résulAX, remainder in AX «— DX:AX | SRC; DX+« DX:AX MOD SRC;
DX. /| EFLAGS.CF, .OF, .ZF, .AF, .PF., SF are undefined
r/m32 Divides unsigned EDX:EAX by r/m32. Storesulein EAX, remainder in| EAX <« EDX:EAX / SRC; EDX«— EDX:EAX MOD SRC;

EDX.

/I EFLAGS.CF, .OF, .ZF, .AF, .PF., SF are undefined




Signed Multiply IMUL r/m8 Multiplies signed AL by r/m8. Stores resultAix. AX « AL * SRC;
IF AX=AL THEN EFLAGS.CF, .OR 00B;
ELSE EFLAGS.CF, .GF 11B;
/| EFLAGS. .ZF, .AF, .PF., SF are undefined
r/m16 Multiplies signed AX by r/m16. Stores resnlDX:AX. DX:AX < AX* SRC;
IF DX:AX=SignExtend(AX) THEN EFLAGS.CF, .OF- 00B;
HEEFLAGS.CF, .OF 11B;
/| EFLAGS. .ZF, .AF, .PF., SF are undefined
r/m32 Multiplies signed EAX by r/m32. Stores resnlfEDX:EAX. EDX:EAX <« EDX * SRC;
IF EDX:EAX=EAX THEN EFLAGS.CF, .OR— 00B;
ELSE EFLAGS.CBF.« 11B;
/| EFLAGS. .ZF, .AF, .PF., SF are undefined
rl6, r/m16 Multiplies signed word register by r/miérd. TMP « DST * SRC;// TMP isdouble DST size
r32, r/Im32 Multiplies signed dword register by r2ndword. DST+« DST * SRC;
r16, imms8 Multiplies signed word register by sigttend imm8 value. IF TMP=DST THEN EFLAGS.CF, .OF- 00B;
r32, imms Multiplies signed dword register by sigxtend imm8 value. ELSE EFLAGS.CF, .GF 11B;
r16, imm16 Multiplies signed word register by sigxtend imm8 value. Il EFLAGS. .ZF, .AF, .PF., SF are undefined
r32, imm32 Multiplies signed dword register by sigxtend imm8 value.
rl6, r/m16, imm8 | Multiplies signed r/m16 word bgsiextend imm8 value. Stores result in TMP «— SRC1 * SRC2{/ TMP isdouble SRC1 size
word register. DST+« SRC1 * SRC2
r32,r/m32,imm8 | Multiplies signed r/m32 dword bgrsextend imm8 value. Stores result| IF TMP=DST THEN EFLAGS.CF, .OF- 00B;
in dword register. ELSE EFLAGS.CF, .@F 11B;
rl6, r/ml16, Multiplies signed r/m16 word by imm16 value. Storesult in word / EFLAGS. .ZF, .AF, .PF., SF are undefined
imm16 register.
r32, r/m32, Multiplies signed r/m32 dword by imm16 value. Storesult in dword
imm32 register.
Signed Divide IDIV r/m8 Divides signed AX by r/m8. Stores result in,Aemainder in AH. AlL— AX/ SRC; AH— AX MOD SRC;
/| EFLAGS.CF, .OF, .ZF, .AF, .PF are undefined
r/m16 Divides signed DX:AX by r/m16. Stores resnlAX, remainder in DX. AX— DX:AX | SRC; DX+« DX:AX MOD SRC;
/l EFLAGS.CF, .OF, .ZF, .AF, .PF, .SF are undefined
r/m32 Divides signed EDX:EAX by r/m32. Stores résnlEAX, remainder in EAX «— EDX:EAX / SRC; EDX— EDX:EAX MOD SRC;

EDX.

/ EFLAGSCF, .OF, .ZF, .AF, .PF, .SF are undefined

Decimal Arithmetic Instructions

Instruction Mnemonic| Operands Description Symbolic operations

Decimal Adjust AL after Addition DAA Adjust AL afir BCD4 addition.

Decimal Adjust AL after Subtraction DAS Adjust Adfter BCD4 subtraction.

ASCII Adjust after Addition AAA Adjust AL after de@mal addition. IF ((AL AND OFH)>9) OR (AF=1) THEN

AL—AL+6; AH—AH+1;, AF—1; CF<1;
ELSE

CF—0; AF<O0;
END

AL «— AL AND OFH




ASCII Adjust after Subtraction AAS Adjust AL aftdecimal addition. IF ((AL AND OFH)>9) OR (AF=1) THEN
AL—AL-6; AH—AH-1; AF—1; CF<1;
ELSE
CF+— 0; AF<0;
END
AL < AL AND OFH
ASCII Adjust before Division AAD Adjust AZ beforgecimal division. TMPAL «— AL; TMPAH « AH;
AH «— (TMPAL + (TMPAH * 10);
AH <0
ASCII Adjust after Multiplication AAM Adjust AZ aer decimal multiplication. TMPAI— AL;
AH «— TMPAL / 10;
AL < TMPAL MOD 10
Logical Instructions
Instruction Mnemonic Operands Description Symbolic operations
Logical Negation NOT r/m8 Reverses each bit of the operand DST+« NOT SRC;
r/m16 /I EFLAGS.CF, .OF, .ZF, .AF, .PF are not affected
r/m32
Logical AND AND AL, imm8 Performs a bitwise AND operation tre destination (first) and source | DST« DST AND SRC;
AX, imm16 (second) operands and stored the result in thendésh operand location. EFLAGS.OF, .CR— 00B;
EAX, imm32 SET EFLAGS.SF, .ZF, .PFEFLAGSAF isundefined
Logical Inclusive OR r/m8, imm8 Performs a bitwise OR operation on the destingfiost) and source DST+« DST OR SRC;
OR r/m16, imm16 (second) operands and stored the result in thend@éeh operand location, EFLAGS.OF, .C~ 00B;
r/m32, imm32 SET EFLAGS.SF, .ZF, .PFEFLAGSAF is undefined
Logical Exclusive XOR r/m16, imm8 Performs a bitwise XOR operation on the destinatiiost) and source DST+« DST OR SRC;
OR r/m32, imm8 (second) operands and stored the result in thendésh operand location. EFLAGS.OF, .CR— 00B;
r/ms, r8 SET EFLAGS.SF, .ZF, .PF
r/m16, r16 /I EFLAGS.AF is undefined
r/m32, r32
r8, /m8
rl6, r/'ml6
r32, r/m32

Shift and Rotate Instructions

Instruction Mnemonic Operands Description Symbolic operations

Shift Left SHL r/m8 Shift register bits left by 1 positi. FOR i—1 TO COUNT AND 1FH
r/m8, CL Shift register bits left by 1 position., CL times. DST« ShiftLeft (DST)
r/m8, imm8 Shift register bits left by 1 positionmm8 times. NEXT

Shift Right SHR r/m16 Shift register bits right by 1 pisn. FOR i—1 TO COUNT AND 1FH
r/m16, CL Shift register bits right by 1 position, CL times. DST« ShiftRight (DST)
r/m16, imm8 Shift register bits right by 1 positionmm8 times. NEXT

Shift Arithmetic SAL r/m32 Multiply signed register by 2. FOR i—1 TO COUNT AND 1FH

Left r/m32, CL Multiply signed register by 2, CL times. DST« DST *2
r/m32, imm8 Multiply signed register by 2mm8 times. NEXT




Shift Arithmetic SAR Divide signed register by 2. FOR i—1 TO COUNT AND 1FH
Right Divide signed register by 2, CL times. DST« DST/2
Divide signed register by 2ynm8 times. NEXT
Rotate Left ROL r/m8 Rotate register bits left by 1 piosi. FOR i—1 TO COUNT AND 1FH
r/m8, CL Rotate register bits left by 1 position., CL times. DST« RotateLeft (DST)
r/m8, imm8 Rotate register bits left by 1 positiormm8 times. NEXT
Rotate Right ROR r/m16 Rotate register bits right by &ifpan. FOR i—1 TO COUNT AND 1FH
r/m16, CL Rotate register bits right by 1 position., CL times DST« RotateRight (DST)
r/m16, imm8 Rotate register bits right by 1 positiormm8 times. NEXT
Rotate thru Carry RCL r/m32 Rotate register bits and CF flag left by 1 fiosi FOR i—1 TO COUNT AND 1FH
Left r'm32, CL Rotate register bits and CF flag left by 1 positi@i times. (DST,CF)«— RotateLeft (DST,CF)
r/m32, imm8 Rotate register bits and CF flag left by 1 positiomm8 times. NEXT
Rotate thru Carry RCR Rotate register bits and CF flag right by 1 positio FOR i—1 TO COUNT AND 1FH
Right Rotate register bits and CF flag right by 1 positi€L times. (DST,CF)« RotateRight (DST,CF)
Rotate register bits and CF flag right by 1 positjonm8 times. NEXT
Shift Left Double SHLD r/m16, r16, imm8 | Shift first register to Idfty imm8/ CL places while shifting bits fromil6 TMP « DTS2;
r/m16, r16, CL in from the right. FOR i—1 TO COUNT AND 1FH
r/m32, r32, imm8 DST1« ShiftLeft (DST1, MSB (TMP));
r/m32, r32, CL TMP « ShiftLeft (TMP);
NEXT
Shift Right Double SHRD Shift first register to right bymm8/ CL places while shifting bits froml6 | TMP « DTS2;
in from the left. FOR i—1 TO COUNT AND 1FH
DST1< ShiftRight (LSB (TMP), DST1);
TMP « ShiftRight (TMP);
NEXT

Bit and Byte Instructions

Instruction Mnemonic Operands Description Symbolic operations
Bit Test BT r/m16,r16 Selects the bit in a bit string (specified with flist operand called the bitf CF« BIT (bit-base, bit-offset)
r/m32,r32 base) at the bit position designated by the b#etfbperand (second
r/m16,r16 operand) and stores the value of the bit in CE flag
r/m16,imm8
r/m32,imm8
Bit Test and BTC r/m16,r16 Selects the bit in a bit string (specified with fiist operand called the bitf CF« BIT (bit-base, bit-offset);
Complement r/m32,r32 base) at the bit position designated by the b#etdfbperand (second BIT (bit-base, bit-offset}— NOT BIT (bit-base, bit-offset)
r/m16,r16 operand) , stores the value of the bit in CF flag] complements the
r/m16.imms selected bit in the bit string.
r/m32,imm8
Bit Test and Reset BTR r/m16,r16 Selects the bit in a bit string (specified with flist operand called the bitf CF« BIT (bit-base, bit-offset);
r/m32,r32 base) at the bit position designated by the b#etfbperand (second BIT (bit-base, bit-offset}— 0
r/m16,r16 operand) , stores the value of the bit in CF ftag] clears the selected bi
r/m16,imm8 t0 0.
r/m32,imm8




Bit Test and Set BTS r/m16,r16 Selects the bit in a bit string (specified with fiist operand called the bitf CF« BIT (bit-base, bit-offset);
r/m32,r32 base) at the bit position designated by the b#etfbperand (second BIT (bit-base, bit-offset}— 1
r/m16,r16 operand) , stores the value of the bit in CF fagl sets the selected bit tp
r/m16,imm8 1
r/m32,imm8

Bit Scan Forward BSF rl6, r/'ml16 Searches the source (second) operand for thesigadficant set bit (1 IF SRC =0 THEN
r32, r/m32 bit). If a least significant 1 bit is found, itstlmdex is stored in the ZF < 1; // DST isundefined;

destination (first) operand. ELSE
ZF<—0; TMP<« 0;
WHILE BIT (SRC, TMP) =0 DO
TMP«— TMP +1; DST— TMP;
END
END
Bit Scan Reverse BSR r16, r/m16 Searches the source (second) operand for the igo#tcant set bit (1 IF SRC =0 THEN
r32, r/m32 bit). If a most significant 1 bit is found, its litdex is stored in the ZF < 1; [/ DSTisundefined;
destination (first) operand. ELSE
ZF«+ 0; TMP« OPERANDSIZE;
WHILE BIT (SRC, TMP) =0 DO
TMP«— TMP-1; DST« TMP;
END
END
Conditional Set SETA r/m8 Set byte if above (CF=0 and ZF=0) IF (condition) THEN DSF 1
Byte SETAE Set byte if above or equal (CF=0) ELSE DS+ 0
SETB Set byte if below (CF=1)
SETBE Set byte if below or equal (CF=1 or ZF=1)
SETC Set byte if carry (CF=1)
SETE Set byte if equal (ZF=1)
SETG Set byte if greater (ZF=0 and SF=0OF)
SETGE Set byte if greater or equal (SF=0OF)
SETL Set byte if less (SF<>OF)
SETLE Set byte if less or equal (ZF=1 or SF<>O0F)
SETNA Set byte if not above (CF=1 or ZF=1)
SETNAE Set byte if not above or equal (CF=1)
SETNB Set byte if not below (CF=0)
SETNBE Set byte if not below or equal (CF=0 and ZF=0)
SETNC Set byte if not carry (CF=0)
SETNE Set byte if not equal (ZF=0)
SETNG Set byte if not greater (ZF=1 or SF<>OF)
SETNGE Set byte if not greater or equal (SF<>OF)
SETNL Set byte if not less (SF=0OF)
SETNLE Set byte if not less or equal (ZF=0 and SF=0F)
SETNO Set byte if not overflow (OF=0)
SETNP Set byte if not parity (PF=0)
SETNS Set byte if not sign (SF=0)
SETNZ Set byte if not zero (ZF=0)
SETO Set byte if overflow (OF=1)
SETP Set byte if parity (PF=1)




SETPE

Set byte if parity even (PF=1)

SETPO Set byte if parity odd (PF=0)

SETS Set byte if sign (SF=1)

SETZ Set byte if zero (ZF=1)

Logical Compare TEST AL, imm8 Performs a bitwise AND operation on the destinaffost) and source TMP «— DST AND SRC;

AX, imm16 (second) operands. Result is not stored, but agsffected. EFLAGS.OF, .CR 00B;
EAX, imm32 SET EFLAGS.SF, .ZF, .PF
r/m8, imm8 /I EFLAGS.AF is undefined
r/m16, imm16
r/m32, imm32
r/m8, r8
r/m16, r16
r/m32, r32

Control Transfer Instructions

Instruction Mnemonic Operands Description Symbolic operations
Jump JMP rel8 Jumps near, relative, displacement relative tothe instruction (E)IR- (E)IP + DST
rell6
rel32
r/m16 Jumps near, absolute indirect, address given iretfister or memory (E)IP— DST
r/m32 location.
ptrl6:16 Jumps far, absolute, address given in operand. (E)IP «— DST.Offset;
ptrl6:32 CS« DST.Segment
m16:16 Jumps far, absolute indirect, address given in rmgtogation.
m16:32
Jump if condition JA rel8 Jumps near, relative, if above (CF=0 and ZF=0) IF (condition) THEN (E)IR— (E)IP + DST;
JAE Jumps near, relative, if above or equal (CF=0)
JB Jumps near, relative, if below (CF=1)
JBE Jumps near, relative, if below or equal (CF=1 orBF
JC Jumps near, relative, if carry (CF=1)
JE Jumps near, relative, if equal (ZF=1)
JG Jumps near, relative, if greater (ZF=0 and SF=OF)
JGE Jumps near, relative, if greater or equal (SF=0OF)
JL Jumps near, relative, if less (SF<>O0F)
JLE Jumps near, relative, if less or equal (ZF=1 or:8bK)
INA Jumps near, relative, if not above (CF=1 or ZF=1)
JINAE Jumps near, relative, if not above or equal (CF=1)
JNB Jumps near, relative, if not below (CF=0)
JINBE Jumps near, relative, if not below or equal (CFr0 ZF=0)
JNC Jumps near, relative, if not carry (CF=0)
JINE Jumps near, relative, if not equal (ZF=0)
ING Jumps near, relative, if not greater (ZF=1 or SFRpO
INGE Jumps near, relative, if not greater or equal (SFRp
JNL Jumps near, relative, if not less (SF=0OF)
JINLE Jumps near, relative, if not less or equal (ZF=f) 8R=0F)
JNO Jumps near, relative, if not overflow (OF=0)




JNP

Jumps near, relative, if not parity (PF=0)

JINS Jumps near, relative, if not sign (SF=0)
JINZ Jumps near, relative, if not zero (ZF=0)
JO Jumps near, relative, if overflow (OF=1)
JP Jumps near, relative, if parity (PF=1)
JPE Jumps near, relative, if parity even (PF=1)
JPO Jumps near, relative, if parity off (PF=0)
JS Jumps near, relative, if sign (SF=1)
Jz Jumps near, relative, if zero (ZF=1)
Jump on (E)CX Zero JCXZ rel8 Jumps near, relative, if CX is zero IF (CX=0) THEN (E)IP— (E)IP + DST,;
JECXZ Jumps near, relative, if ECX is zero IF (ECX=0) THEN (E)IP— (E)IP + DST;
Loop with counter LOOP rel8 Decrements counter,gamear, relative, if counter<>0. DEC (E)CX;
IF ((E)CX<>0) THEN (E)IP— (E)IP + DST,;
Loop with counter while| LOOPZ rel8 Decrements counter, jumps near, relativeguinter<>0 and ZF=1. DEC (E)CX;
Zero/Equal LOOPE IF ((E)CX<>0 AND ZF=1) THEN (E)IR— (E)IP + DST,
Loop with counter while| LOOPNZ rel8 Decrements counter, jumps near, relativepuinter<>0 and ZF=0. DEC (E)CX;
Not Zero/ Not Equal LOOPNE IF ((E)CX<>0 AND ZF=0) THEN (E)IR— (E)IP + DST;
Call procedure CALL rell6 Calls near, relative, displacement relative torteet instruction PUSH (E)IP;
rel32 (E)IP — (E)IP + DST
r/m16 Calls near, absolute indirect, address given inregester or memory PUSH (E)IP;
r/m32 location. (E)IP— DST
ptr16:16 Calls far, absolute, address given in operand. PUSH CS;
ptr16:32 PUSH (E)IP;
ml16:16 Calls far, absolute indirect, address given in mgntacation. (E)IP «— DST.Offset;
ml16:32 CS«— DST.Segment
Return from procedure RET Returns from near or far procedure (dependingrongalure kind). POP (E)IP
imm16 Returns from near or far procedure (dependimgrocedure kind) and POP (E)IP;
pop imm16 bytes from the stack. (E)SP+ (E)SP+SRC
Interrupt call INT imm8 Calls to interrupt or exd¢em handler using interrupt vector specified by IF REALMODE THEN
interrupt number. PUSH FLAGS
Interrupt 3 call INT 3 Calls to debugger trap. EFLAGS.IF, .TF, .AG— 000B;
Interrupt on Overflow INTO Calls to interrupt axaeption handler 4 if overflow flag is set to 1. PUSH CS;
PUSH IP;
CS« IDT[DST].Segment;
(E)IP<«— IDT[DST].Offset;
ELSE
Interrupt Return IRET Returns from the interrupt or exception han{l® bits) IF REALMODE THEN
IRETD Returns from the interrupt or exception handleri{3g) POP (E)IP;
POP CS;
POP TMP;
EFLAGS« (TMP AND 257FD5H)
OR (EFLAGS AND 1A0000H)
ELSE
Enter procedure ENTER imm16,0 Creates a stack frame for a procedure. The firstaop specifies the size| NestingLevelk— NestingLevel MOD 32;
imm16,1 of the stack frame (in bytes), the second operarebdhe lexical nesting | PUSH (E)BP;




imm16, imm8 level (0 to 31) of the procedure. It determinesrtbmber of the stack FrameTMP«— (E)SP
frame pointers, that are copied into the “displeaad of the new stack IF NestingLevel>0 THEN
frame from the preceding frame. FOR I 1 TO NestingLevet 1 DO
(E)BP— (E)BP- OPERANDSIZE/S;
PUSH [EBP]
NEXT
PUSH FrameTMP
END
(E)BP«— FrameTMP;
(E)SP< (E)SP-Size;
Leave procedure LEAVE Releases the stack framepsky an earlier ENTER instruction. (E)SP(E)BP;
POP (E)BP;
check Bounds BOUND rl6, m16[2] Checks if array index in the first operand is withiounds specified by the IF (REG < MEM[0] OR REG >MEM[1]) THEN
r32, m32[2] second (memory) operand. If not, then a Bound Ramgeption is raised| RAISE #BR
END
String Instructions
Instruction Mnemonic Operands Description Symbolic operations
Move String item MOVS m8, m8 Moves byte, word or dword from address DS:(E)Shwbyte, word or ES:[(E)DI] «+ DS:[(E)SI];
m16, m16 double word at address ES:(E)DI, and increasesaedses (E)SI and IF (DF=0) THEN
m32, m32 (E)DI (depending on DF flag). Both operands spegifly the type of the (E)Sl< (E)SI + SIZEOF(SRC);
compared data, not the location. The locationsefiperands are always (E)DI < (E)DI + SIZEOF(DST);
specified by the DS:(E)SI and ES:(E)DI registers. ELSE
Move String Byte MOVSB Moves byte from address | to the byte at address ES:(E)DI, and .
o increases)gr decreases (E)(ISEI?nd (E)DI ():jtependir[gj'{flag). ® (B)Sl (E)SI- SlZEOF(SRC)’_
Move String Word MOVSW _ Moves word from address (E$SI to the word at a_&ddress ES:(E)DI, and E’SIED)DI « (B)DI - SIZEOF(DST);
increases or decreases (E)SI and (E)DI (dependirigfoflag).
Move String Dword MOVSD Moves dword from addresS:(E)SI to the dword at address ES:(E)DI,
and increases or decreases (E)SI and (E)DI (depgiodi DF flag).
Repeat Move String REP MOVS m8, m8 Moves (E)CX bytes, words or dwords from addresgB)S! to the byte, | WHILE (E)CX<>0 DO
item m16, m16 word or double word at address ES:(E)DI, and irsgear decreases MOVS DST, SRC;
m32, m32 (E)S! and (E)DI (depending on DF flag).'Both opelmspecify only the (E)CX < (E)CX-1
type of the compared data, not the location. Thatlons of the operands END
are always specified by the DS:(E)S| and ES:(EHgisters.
Repeat Move String REP MOVSB Moves (E)CX bytes from address DS:(E9She address ES:(E)DI, and| WHILE (E)CX<>0 DO
Byte increases or decreases (E)SI| and (E)DI (dependirigfoflag). MOVS(B|W|D)
Repeat Move String REP MOVSW Moves (E)CX words from address DS:(E)She address ES:(E)DI, and (E)CX« (E)CX-1
Word increases or decreases (E)SI| and (E)DI (dependirigfoflag). END
Repeat Move String REP MOVSD Moves (E)CX dwords from address DS:(E§She address ES:(E)DI, ard
Dword increases or decreases (E)SI| and (E)DI (dependirigfoflag).
Load String item LODS m8 Loads byte from address DS:(E)SI to AL, increasedecreases (E)SI. | ACC « DS:[(E)SI];
m1l6 Loads word from address DS:(E)SI to AX, increasedecreases (E)SI. | IF (DF=0) THEN
m32 Loads dword from address DS:(E)S| to EAX, increamedecreases (E)$I (E)Sl< (E)S| + SIZEOF(SRC);
Load String Byte LODSB Loads byte from address(BfSI to AL, increases or decreases (E)SI. | ELSE
Load String Word LODSW Loads word from address(BJSI| to AX, increases or decreases (E)SI (E)Sl+ (E)SI- SIZEOF(SRC);
Load String Dword LODSD Loads dword from address(B)SI to EAX, increases or decreases (E)SEND




Repeat Load String item)  REP LODS m8 Loads byte (E)CX times from address DS:(E)SI to AL. WHILE (E)CX<>0 DO
m1l6 Loads word (E)CX times from address DS:(E)SI to AX. LODS DST;
m32 Loads dword (E)CX times from address DS:(E)SI toEA (E)CX« (E)CX-1
END
Repeat Load String Byte REP LODSB Loads byte (E)i@¥s from address DS:(E)SI to AL. WHILE (E)CX<>0 DO
LODS(B|W|D)
Repeat Load String REP LODSW Loads word (E)CX times from address BfS(to AX. (E)CX+«+ (E)CX-1
Word END
Repeat Load String REP LODSD Loads dword (E)CX times from address(EfSI to EAX.
Dword
Load String item LODS m8 Stores byte from AL to address ES:(E)DI, increasegecreases (E)DI. | ES:[(E)DI] <+ ACC;
m16 Stores word from AX to address ES:(E)DI, increamedecreases (E)DI. | IF (DF=0) THEN
m32 Stores dword from EAX address ES:(E)DI, increasegecreases (E)DI (E)DI < (E)DI + SIZEOF(DST);
Store String Byte STOSB Stores byte from AL toradd ES:(E)DI, increases or decreases (E)DI} ELSE
Store String Word STOSW Stores word from AX toradd ES:(E)DI, increases or decreases (E)OI. (E)DI« (E)DI - SIZEOF(DST);
Store String Dword STOSD Stores dword from EAXtiress ES:(E)DI, increases or decreases | END
(E)DL.
Repeat Store String item  REP STOS m8 Stores byte (E)CX times from AL to address ES:(E)DI WHILE (E)CX<>0 DO
m16 Stores word (E)CX times from AX to address ES:(E)DI STOS DST;
m32 Stores dword (E)CX times from EAX to address ESXE) (E)CX+« (E)CX-1
END
Repeat Store String REP STOSB Stores byte (E)CX times from AL to addreS:(E)DI. WHILE (E)CX<>0 DO
Byte STOS(B|W|D)
Repeat Store String REP STOSW Stores word (E)CX times from AX to addrES:(E)DI. (E)CX < (E)CX-1
Word END
Repeat Store String REP STOSD Stores dword (E)CX times from EAX adslieS:(E)DI.
Dword
Compare String item CMPS m8, m8 Compares byte, word or dword at address DS:(E)8lI lyte, word or TMP « ES:[(E)DI] - DS:[(E)SI;
m16, m16 dword at address ES:(E)DI and sets the status #legzrdingly. Both SET EFLAGS:
m32, m32 operands specify only the type of the compared, datethe location. The| £ (DF=0) THEN
Ié)gitlizor[))sl of t_h(-: operands are always specifiechbyXS:(E)SI and (E)Sl (E)SI + SIZEOF(SRC);
: {(E)DI registers. : (E)DI < (E)DI + SIZEOF(DST);
Compare String Byte CMPSB Compares byte at add¥8s&E)S| with byte at address ES:(E)DI and sets| o
the status flags accordingly. E)Sle (E)S|— SIZEOF(SRC):
Compare String Word CMPSW Compares word at addd&sgE)SI with word at address ES:(E)DI and B)Sl—(E) ( )’.
sets the status flags accordingly. (E)DI <+ (E)DI - SIZEOF(DST);
Compare String Dword CMPSD Compares dword at addps:(E)SI with dword at address ES:(E)DI ahdND
sets the status flags accordingly.
Repeat Compare String] REPE CMPS m8, m8 Repeats (E)CX times comparing byte, word or dwaradaress DS:(E)SI| WHILE (E)CX<>0 DO
item until Equal / Zero | REPZ CMPS m16, m16 with byte, word or double word at address ES:(E)Btil ZF flag is setto | (E)CX .« (E)CX -1;
m32, m32 0. CMPS DST,SRC;
UNTIL ZF=0
Repeat Compare String| REPE CMPSB Repeats (E)CX times comparing byte at addressH)S! (vith byte at WHILE (E)CX<>0 DO
Byte until Equal / Zero | REPZ CMPSB address ES:(E)DI until ZF flag is set to 0. (E)CX« (E)CX-1;
Repeat Compare String)] REPE CMPSW Repeats (E)CX times comparing word at addressH)Stwith word at CMPS(B|W|D)
Word until Equal / Zero | REPZ CMPSW address ES:(E)DI until ZF flag is set to 0.




Repeat Compare String] REPE CMPSD Repeats (E)CX times comparing dword at addres$H)S! with dword at| UNTIL ZF=0
Dword until Equal / REPZ CMPSD address ES:(E)DI until ZF flag is set to 0.
Zero
Repeat Compare String)] REPNE CMPS m8, m8 Repeats (E)CX times comparing byte, word or dwaradaress DS:(E)SI| WHILE (E)CX<>0 DO
item until Not Equal / REPNZ CMPS m16, m16 with byte, word or double word at address ES:(E)Btil ZF flag is setto | (E)CX« (E)CX -1;
Not Zero m32, m32 L CMPS DST,SRC;
UNTIL ZF=1
Repeat Compare String)] REPNE CMPSB Repeats (E)CX times comparing byte at addressH)S! (vith byte at WHILE (E)CX<>0 DO
Byte until Not Equal REPNZ CMPSB address ES:(E)DI until ZF flag is set to 1. (E)CX« (E)CX-1;
/Not Zero CMPS(B|W|D)
Repeat Compare String] REPNE CMPSW Repeats (E)CX times comparing word at addressE)St(with word at UNTIL ZF=1
Word until Not Equal / | REPNZ CMPSW address ES:(E)DI until ZF flag is set to 1.
Not Zero
Repeat Compare Stringl REPNE CMPSD Repeats (E)CX times comparing dword at addres$H)S!E with dword at
Dword until Not Equal | REPNZ CMPSD address ES:(E)DI until ZF flag is set to 1.
Scan String item SCAS m8 Compares AL with byte at ES:(E)DI and sets statgs f TMP « ACC - DS:[(E)SI;
m16 Compares AX with byte at ES:(E)DI and sets staag f SET EFLAGS;
m32 Compares EAX with byte at ES:(E)DI and sets stlags IF (DF=0) THEN
Scan String Byte SCASB Compares AL with byte af EfP| and sets status flag. (E)Sl« (E)SI + SIZEOF(SRC);
Scan String Word SCASW Compares AX with byte af Ef| and sets status flag. (E)DI « (E)DI + SIZEOF(DST);
Scan String Dword SCASD Compares EAX with byt&&t(E)DI and sets status flag. ELSE
(E)Sl< (E)SI- SIZEOF(SRC);
(E)Dl « (E)DI - SIZEOF(DST);
END
Repeat Scan String item REPE SCAS m8 Repeats (E)CX times comparing accumulator with byterd or dword at | WHILE (E)CX<>0 DO
until Equal / Zero REPZ SCAS m16 address ES:(E)DI until ZF flag is set to 0. (E)CX« (E)CX-1;
m32 SCAS DST,;
UNTIL ZF=1
Repeat Scan String Byte REPE SCASB Repeats (E)CX times comparing AL with byte at addrES:(E)DI until | WHILE (E)CX<>0 DO
until Equal / Zero REPZ SCASB ZF flag is set to O. (E)CX«— (E)CX-1;
Repeat Scan String REPE SCASW Repeats (E)CX times comparing AX with word at asdrES:(E)DI until SCAS(B|W|D);
Word until Equal / Zero | REPZ SCASW ZF flag is set to 0. UNTIL ZF=1
Repeat Scan String REPE SCASD Repeats (E)CX times comparing EAX with dword adrads ES:(E)DI
Dword until Equal / REPZ SCASD until ZF flag is set to 0.
Zero
Repeat Scan String item REPNE SCAS m8 Repeats (E)CX times comparing accumulator with byterd or dword at | WHILE (E)CX<>0 DO
until Not Equal / Not REPNZ SCAS m16 address ES:(E)DI until ZF flag is set to 1. (E)CX« (E)CX-1;
Zero m32 SCAS DST;
UNTIL ZF=1

Repeat Scan String Byte

until Not Equal / Not
Zero

REPNE SCASB
REPNZ SCASB

Repeats (E)CX times comparing AL with byte at addrES:(E)DI until
ZF flag is set to 1.

Repeat Scan String
Word until Not Equal /
Not Zero

REPNE SCASW
REPNZ SCASW

Repeats (E)CX times comparing AX with word at asdrES:(E)DI until
ZF flag is set to 1.

Repeat Scan String
Dword until Not Equal /

Not Zero

REPNE SCASD
REPNZ SCASD

Repeats (E)CX times comparing EAX with dword adrads ES:(E)DI
until ZF flag is set to 1.

WHILE (E)CX<>0 DO
(E)CX« (E)CX-1;
SCAS(B|W|D);

UNTIL ZF=1




Input String item INS m8, DX Inputs byte, word or dword from I/O specified in o memory ES:[(E)DI] < Port(DX)
m16, DX location specified with ES:(E)DI. Increments or @egnents (E)DI. IF (DF=0) THEN
m32, DX (E)DI« (E)DI + SIZEOF(DST);
Input String Byte INSB Inputs byte from I/O spéeif in DX into memory location specified with ELSE
ES:(E)DI. Increments or decrements (E)DI. (E)DI < (E)DI - SIZEOF(DST);
Input String Word INSB Inputs word from 1/O speed in DX into memory location specified with END
ES:(E)DI. Increments or decrements (E)DI.
Input String Dword INSB Inputs dword from I/O sjifeed in DX into memory location specified
with ES:(E)DI. Increments or decrements (E)DI.
Repeat Input String item  REP INS m8, DX Inputs (E)CX bytes, words or dwords from I/O spiecifin DX into WHILE (E)CX<>0 DO
m16, DX memory at address specified with ES:(E)DI. Incretmen decrements INS SRC,DX;
m32, DX (E)DL (E)CX« (E)CX -1
END
Repeat Input String REP INSB Inputs (E)CX bytes from I/O specifieddiX into memory at address WHILE (E)CX<>0 DO
Byte specified with ES:(E)DI. Increments or decremefi. INS(B|W|D);
Repeat Input String REP INSW Inputs (E)CX words from I/O specifieddX into memory at address (E)CX« (E)CX -1
Word specified with ES:(E)DI. Increments or decremefif. END
Repeat Input String REP INSD Inputs (E)CX dwords from 1/O specifiedDiX into memory at address
Dword specified with ES:(E)DI. Increments or decremefif(.
Output String item OuUTS DX, m8 Outputs byte, word or dword from memory locatioedfied with Port(DX) < DS:[(E)SI]
DX, m16 DS:(E)SI to I/O specified in DX into. Incrementsd®crements (E)SI. IF (DF=0) THEN
DX, m32 (E)Sl< (E)SI + SIZEOF(SRC);
Output String Byte OuUTSB Outputs byte from memiogation specified with DS:(E)SI to /O ELSE
specified in DX into. Increments or decrements (E)S (E)Sl«+ (E)SI- SIZEOF(SRC);
Output String Word OouTSB Outputs word from memlagation specified with DS:(E)SI to I/O END
specified in DX into. Increments or decrements (E)S
Output String Dword OUTSB Outputs dword from meynlacation specified with DS:(E)SI to I/O
specified in DX into. Increments or decrements (E)S
Repeat Output String REP OUTS DX, m8 Outputs (E)CX bytes, words or dwords from memopat®mn specified WHILE (E)CX<>0 DO
item DX, m16 with DS:(E)SI to I/O specified in DX into. Incremisror decrements OUTS SRC,DX;
DX, m32 E)SI. (E)CX <« (E)CX-1
END
Repeat Output String REP OUTSB Outputs (E)CX bytes from memory locaspecified with DS:(E)SI to WHILE (E)CX<>0 DO
Byte I/0 specified in DX into. Increments or decreme(@&}S|. OUTS(B|W|D);
Repeat Output String REP OUTSW Outputs (E)CX words from memory locaspecified with DS:(E)SI to (E)CX« (E)CX-1
Word I/O specified in DX into. Increments or decremg(}S|. END
Repeat Output String REP OUTSD Outputs (E)CX dwords from memory locaspecified with DS:(E)SI to
Dword I/O specified in DX into. Increments or decreme(ii}SI.
Flag Control Instructions
Instruction Mnemonic Operands Description Symbolic operations
Clear Carry Flag CLC Clears CF flag in the EFLAf@Sister. CR0
Complement Carry | CMC Complements CF flag in the EFLAGS register. «<MNOT CF
Flag
Set Carry Flag STC Sets CF flag in the EFLAGSstegi Ch—1
Clear Direction flag| CLD Clears DF Flag in the B¥G&S register. When the DF flag is set to 0, B




string instructions increment the index registers.

Set Direction flag STD Sets DF Flag in the EFLA@Sister to 1. When the DF flag is setto 1,| DF <« 1
string instructions decrement the index registers.
Clear Interrupt Flag| CLI Clears interrupt flagterrupts disabled when IF flag is cleared. F0
Set Interrupt Flag STI Sets interrupt flag; intgts enabled when IF flag is set to 1. 4F1
Push Flags PUSHF Pushes FLAGS (16 hits). PUSH FLAGS
PUSHFD Pushes EFLAGS. PUSH (EFLAGS AND 00FCFFFFH)
/I VM and RF flags are cleared on the stack
Pop Flags POPF Pops FLAGS (16 bits). POP FLAGS
POPFD Pops EFLAGS. POP EFLAGS
/I All non-reserved flags except VIP, VIF and VM can be modified.
/I VIP and VIF are celared; VM is unnafected
Load Flags into AH| LAHF Moves the low byte of tRELAGS register into AH register. Reserved | AH < EFLAGS[SF:ZF:0:AF:PF:1:CF]
bits (1, 3, 5) are set accordinglyto 1, 0, 0
Store AH into Flags| SAHF Moves AH register inte tbw byte of the EFLAGS. Reserved bits (1, 3, EFLAGS[SF:ZF:0:AF:PF:1:CHR- AH

5) are ignored.

Segment Register Instructions

Instruction Mnemonic Operands Description Symbolic operations
Load far pointer LDS rl6, m16:16 Loads DS:r16 with far pointer from memory. DS« SRC.Segment;
using DS r32, m32:32 Loads DS:r32 with far pointer from memory DST « SRC.Offset;
Load far pointer LES rl6, m16:16 Loads ES:r16 with far pointer from memory. ES«+ SRC.Segment;
using ES r32, m32:32 Loads ES:r32 with far pointer from memory DST « SRC.Offset;
Load far pointer LFS rl6, m16:16 Loads FS:r16 with far pointer from memory. FS« SRC.Segment;
using FS r32, m32:32 Loads FS:r32 with far pointer from memory DST « SRC.Offset;
Load far pointer LGS rl6, m16:16 Loads GS:r16 with far pointer from memory. GS« SRC.Segment;
using GS r32, m32:32 Loads GS:r32 with far pointer from memory DST « SRC.Offset;
Load far pointer LSS rl6, m16:16 Loads SS:r16 with far pointer from memory. SS« SRC.Segment;
using SS r32, m32:32 Loads SS:r32 with far pointer from memory DST < SRC.Offset;

Miscellaneous Instructions

Instruction Mnemonic Operands Description Symbolic operations

Load effective LEA rl6, m Stores effective address for m in the destinatgyster. DST— EffectiveAddress(m)
address r32, m

No Operation NOP Do nothing.

Undefined ub2 Raises invalid opcode exception.

instruction

Table Look-up XLAT m8 Set AL to memory byte DS:[(E)BX + unsigned AL] AL DS:[(E)BX + ZeroExtend(AL)]
Translation XLATB

CPU Identification CPUID Returns processor idécdifion and feature information to the EAX,

EBX, ECX and EDX registers, according to the ingaitie entered
initially in the EAX register
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ARM Instruction Set
Quick Reference Card

Key to Tables
{cond} Refer to Table Condition Field {cond} <a_node2> Refer to Table Addressing Mode 2
<Opr nd2> Refer to Table Operand 2 <a_node2P> Refer to Table Addressing Mode 2 (Post-indexed only)
<fields> Refer to Table PSR fields <a_node3> Refer to Table Addressing Mode 3
{S} Updates condition flagsif S present <a_node4lL> Refer to Table Addressing Mode 4 (Block load or Stack pop)
c, Vv Flag is unpredictable after these instructions in Architecture v4 and earlier <a_node4S> Refer to Table Addressing Mode 4 (Block store or Stack push)
Q Sticky flag. Always updates on overflow (no S option). Read and reset using MRS and MSR <a_node5> Refer to Table Addressing Mode 5
X,y B meaning half-register [15:0], or T meaning [31:16] <reglist> A commarseparated list of registers, enclosed in braces ({ and } )
<i mred_8r > A 32-bit constant, formed by right-rotating an 8-bit value by an even number of bits {1} Updates base register after data transfer if ! present
<i med_8*4> A 10-bit constant, formed by left-shifting an 8-bit value by two bits § Refer to TablARM architecture versions
Operation 8§ |Assembler S updates Q Action Notes
Move Move MOV{ cond}{S} Rd, <Oprnd2> N Zz C Rd := Oprnd2
NOT MWN{ cond}{S} Rd, <Oprnd2> N zZz C Rd := OXFFFFFFFF EOR Oprnd2
SPSR to register 3 [MRS{cond} Rd, SPSR Rd := SPSR
CPSR to register 3 [MRS{cond} Rd, CPSR Rd := CPSR
register to SPSR 3 [MBR{cond} SPSR <fields> Rm SPSR := Rm (selected bytes only)
register to CPSR 3 [MSR{cond} CPSR <fields> Rm CPSR := Rm (selected bytes only)
immediate to SPSR 3 [MBR{cond} SPSR <fiel ds>, #<inmmed_8r> SPSR := immed_8r (selected bytes only)
immediate to CPSR 3 [MSR{cond} CPSR <fields>, #<i med_8r> CPSR :=immed_8r (selected bytes only)
Arithmetic Add ADD{ cond}{S} Rd, Rn, <Qprnd2> N Z C V Rd := Rn + Oprnd2
with carry ADC{ cond}{S} Rd, Rn, <Oprnd2> N z C V Rd := Rn + Oprnd2 + Carry
saturating 5E |QADD{cond} Rd, Rm Rn Rd := SAT(Rm + Rn) No shift/rotate.
double saturating 5E |QDADD{ cond} Rd, Rm Rn Rd := SAT(Rm + SAT(Rn* 2)) No shift/rotate.
Subtract SuB{cond}{S} Rd, Rn, <Oprnd2> N Z C V Rd := Rn - Oprnd2
with carry SBC{cond}{S} Rd, Rn, <Oprnd2> N Z C V Rd := Rn - Oprnd2 - NOT(Carry)
reverse subtract RSB{cond}{S} Rd, Rn, <Oprnd2> N Z C V Rd := Oprnd2 - Rn
reverse subtract with carry RSC{ cond}{S} Rd, Rn, <Oprnd2> N Z C V Rd := Oprnd2 - Rn - NOT(Carry)
saturating 5E|QSUB{cond} Rd, Rm Rn Rd := SAT(Rm - Rn) No shift/rotate.
double saturating 5E|QDSUB{cond} Rd, Rm Rn Rd := SAT(Rm- SAT(Rn* 2)) No shift/rotate.
Multiply 2 [MIL{cond}{S} Rd, Rm Rs N Z C* Rd := (Rm* R9)[31:0]
accumulate 2 IM.A{cond}{S} Rd, Rm Rs, Rn N Z C* Rd := ((Rm* Rs) + Rn)[31:0]
unsigned long M [UMULL{cond}{S} RdLo, RdH , Rm Rs N Z C* Vv* RdHi,RdLo := unsigned(Rm * Rs)
unsigned accumulate long M |UMLAL{cond}{S} RdLo, RdH , Rm Rs N Z C* Vv* RdHi,RdLo := unsigned(RdHi,RdLo + Rm * Rs)
signed long M [SMULL{cond}{S} RdLo, RdH , Rm Rs N Z C* Vv* RdHi,RdLo := signed(Rm * Rs)
signed accumulate long M |SM.AL{cond}{S} RdLo, RdH , Rm Rs N Z C* Vv* RdHi,RdLo := signed(RdHi,RdLo + Rm * Rs)
signed 16 * 16 bit 5E |SMULxy{cond} Rd, Rm Rs Rd := Rm[x] * Ry]y] No shift/rotate.
signed 32 * 16 hit 5E [SMULW{ cond} Rd, Rm Rs Rd := (Rm * Ryy])[47:16] No shift/rotate.
signed accumulate 16 * 16 5E|SM_LAxy{cond} Rd, Rm Rs, Rn Rd := Rn+ Rm[x] * Rg[y] No shift/rotate.
signed accumulate 32 * 16 5E [SMLAW{cond} Rd, Rm Rs, Rn Rd := Rn+ (Rm* Rgy])[47:16] No shift/rotate.
signed accumulatelong 16 * 16 | 5E|SMLALxy{cond} RdLo, RdHi, Rm Rs RdHi,RdLo := RdHi,RdLo + Rm[x] * Rd]y] No shift/rotate.
Count leading zeroes 5 |CLZ{cond} Rd, Rm Rd := number of leading zeroesin Rm
Logical Test TST{cond} Rn, <Qprnd2> N Zz C Update CPSR flags on Rn AND Oprnd2
Test equivalence TEQ cond} Rn, <Oprnd2> N zZ C Update CPSR flags on Rn EOR Oprnd2
AND AND{cond}{S} Rd, Rn, <Oprnd2> N Zz C Rd := Rn AND Oprnd2
EOR EOR{cond}{S} Rd, Rn, <Oprnd2> N Z C Rd := Rn EOR Oprnd2
ORR ORR{cond}{S} Rd, Rn, <Oprnd2> N Z C Rd := Rn OR Oprnd2
Bit Clear Bl {cond}{S} Rd, Rn, <Oprnd2> N zZ C Rd := Rn AND NOT Oprnd2
No operation NOP RO :=R0 Flags not affected.
Shift/Rotate See Table Operand 2.
Compare Compare CwP{cond} Rn, <Oprnd2> N Z C V Update CPSR flags on Rn - Oprnd2
negative CWN\{ cond} Rn, <Qprnd2> N Z C V Update CPSR flags on Rn + Oprnd2




ARM Instruction Set
Quick Reference Card

Operation § | Assembler Action Notes
Branch Branch B{ cond} | abel R15 := label label must be within +32Mb of
current instruction.
with link BL{cond} | abel R14 := R15-4, R15 := label label must be within +32Mb of
current instruction.
and exchange 4MBX{ cond} Rm R15 := Rm, Change to Thumb if Rm[0] is 1
with link and exchange (1) 5BLX | abel R14 := R15 - 4, R15 := label, Change to Thumb Cannot be conditional.
label must be within +32Mb of
current instruction.
with link and exchange (2) 5BLX{cond} Rm R14 := R15 - 4, R15 := Rm[31:1]
Change to Thumb if Rm[0] is 1
Load Word LDR{cond} Rd, <a_node2> Rd := [address]
User mode privilege LDR{cond} T Rd, <a_npde2P>
branch (and exchange) LDR{ cond} R15, <a_npde2> R15 :=[address][31:1]
(8§ 5T: Change to Thumb if [address][0] is 1)
Byte LDR{cond}B Rd, <a_npde2> Rd := ZeroExtend[byte from address]
User mode privilege LDR{ cond} BT Rd, <a_npde2P>
signed 4|LDR{cond}SB Rd, <a_node3> Rd := SignExtend[byte from address]
Halfword 4 |LDR{cond}H Rd, <a_npde3> Rd := ZeroExtent[halfword from address]
signed 4|LDR{cond}SH Rd, <a_node3> Rd := SignExtend[halfword from address]
Load multiple |Pop, or Block data load LDM cond} <a_node4L> Rd{!}, <reglist-pc> Load list of registers from [Rd]
return (and exchange) LDM cond} <a_npde4lL> Rd{!}, <reglist+pc> Load registers, R15 := [address][31:1]
(8 5T: Change to Thumb if [address][0] is 1)
and restore CPSR LDM cond} <a_npde4lL> Rd{!}, <reglist+pc>" (L:%asdr\’regisstgrsshbranch (8 5T: and exchange)Use from exception modes only.
User mode registers LDM cond} <a_npde4lL> Rd, <regli st-pc>" Load list of User mode registers from [Rd] Use from privileged modes only.
Store Word STR{cond} Rd, <a_node2> [address] := Rd
User mode privilege STR{cond} T Rd, <a_npde2P> [address] := Rd
Byte STR{cond}B Rd, <a_npde2> [address][7:0] := Rd[7:0]
User mode privilege STR{cond} BT Rd, <a_npde2P> [address][7:0] := Rd[7:0]
Halfword 4 |STR{cond}H Rd, <a_npde3> [address][15:0] := Rd[15:0]
Store multiple |Push, or Block data store STM cond} <a_npde4S> Rd{!}, <reglist> Store list of registers to [Rd]
User mode registers STM cond} <a_npde4S> Rd{!}, <reglist>" Store list of User mode registers to [Rd] Use from privileged modes only.
Swap Word 3 |SWP{cond} Rd, Rm [Rn] temp := [Rn], [Rn] := Rm, Rd := temp
Byte 3 |SWP{cond}B Rd, Rm [Rn] temp := ZeroExtend([Rn][7:0]),
[Rn][7:0] := Rm[7:0], Rd := temp
Coprocessors |Data operations 2CDP{cond} p<cpnun®, <opl> CRd, CRn, CRm <op2>|Coprocessor defined
5 |CDP2 p<cpnunp, <opl> CRd, CRn, CRm <op2> Cannot be conditional.
Move to ARM reg from coproc 2MRC{ cond} p<cpnun®, <opl> Rd, CRn, CRm <op2>
5 |MRC2 p<cpnun®, <opl> Rd, CRn, CRm <op2> Cannot be conditional.
Move to coproc from ARM reg 2MCR{ cond} p<cpnun®, <opl> Rd, CRn, CRm <op2>
5 |MCR2 p<cpnun®, <opl> Rd, CRn, CRm <op2> Cannot be conditional.
Load 2 |LDC{cond} p<cpnun®, CRd, <a_npde5>
5 |LDC2 p<cpnunp, CRd, <a_npde5> Cannot be conditional.
Store 2|STC{cond} p<cpnun®, CRd, <a_nopde5>
5 |STC2 p<cpnunp, CRd, <a_npde5> Cannot be conditional.
Software SW {cond} <i med_24> Software interrupt processor exception 24-bit value encoded in instrugtion.
interrupt
Breakpoint 5 |BKPT <i mred_16> Prefetch abortr enter debug state Cannot be conditional.




ARM Addressing Modes

Quick Reference Card

Addressing Mode 2 - Word and Unsigned Byte Data Transfer

ARM architecture versions

Pre-indexed  Immediate offset [Rn, #+/-<immed_12>]{!'}
Zero offset [ Rn]
Register offset [Rn, +/-Rmi{!}
Scaled register offset |[ Rn, +/-Rm LSL #<i nmed_5>]{!}
[Rn, +/-Rm LSR #<i med_5>]{!}
[Rn, +/-Rm ASR #<imed_5>]{!}
[Rn, +/-Rm ROR #<i med_5>]{!}
[Rn, +/-Rm RRX{!}
Post-indexed  Immediate offset [Rn], #+/-<imed_12>
Register offset [Rn], +/-Rm
Scaled register offset |[[ Rn], +/-Rm LSL #<i med_5>
[Rn], +/-Rm LSR #<i nmed_5>
[Rn], +/-Rm ASR #<i mred_5>
[Rn], +/-Rm ROR #<i nmed_5>
[Rn], +/-Rm RRX

Equivaent to [Rn,#0]

Allowed shifts 0-31
Allowed shifts 1-32
Allowed shifts 1-32
Allowed shifts 1-31

Allowed shifts 0-31
Allowed shifts 1-32
Allowed shifts 1-32
Allowed shifts 1-31

n

ARM architecture version n and above.

nT T variants of ARM architecture version n and above.
M ARM architecture version 3M, and 4 and above excluding XM variants
nE E variants of ARM architecture version n and above.

Operand 2

Addressing Mode 2 (Post-indexed only)

Post-indexed  Immediate offset Rn], #+/-<i nmed_12>

Zero offset Rn]

Register offset Rn], +/-Rm

Scaled register offset |[[ Rn], +/-Rm LSL #<i mmed_5>
Rn], +/-Rm LSR #<i nmed_5>
Rn], +/-Rm ASR #<i mred_5>
Rn], +/-Rm ROR #<i nmed_5>
Rn], +/-Rm RRX

Equivaent to [Rn],#0

Allowed shifts 0-31
Allowed shifts 1-32
Allowed shifts 1-32
Allowed shifts 1-31

Immediate value
Logical shift leftimmediate

#<i mmed_8r >

Rm LSL #<i med_5> Allowed shifts 0-31

Logical shift right immediate Rm LSR #<i nmed_5> Allowed shifts 1-32
Arithmetic shift right immediate Rm ASR #<i med_5> Allowed shifts 1-32
Rotate right immediate Rm ROR #<i nmed_5> Allowed shifts 1-31
Register Rm

Rotate right extended Rm RRX

Logical shift left register Rm LSL Rs

Logical shift right register Rm LSR Rs

Arithmetic shift right register Rm ASR Rs

Rotate right register Rm ROR Rs

PSR fields  (useat least one suffix)
Suffix Meaning
c Control field mask byte PSR[7:0]
f Flags field mask byte PSR[31:24]
s Status field mask byte PSR[23:16]
X Extension field mask byte PSR[15:8]

Addressing Mode 3 - Halfword a

nd Signed Byte Data Transfer

Pre-indexed  Immediate offset Rn, #+/-<immed_8>]{!}
Zero offset ] Equivaent to [Rn,#0] Condition Field {cond}
Register Rn, +/ -Rm{!} Mnemonic | Description Description (VFP)
Post-indexed  Immediate offset Rn], #+/-<i mmed_8> EQ Equal Equal
Register Rn], +/-Rm NE Not equal Not equal, or unordered
CS /| HS [Carry Set/Unsigned higher or same Greater than or equal, or unordered
Addressing Mode 4 - Multiple Data Transfer CC / LO |Carry Clear / Unsigned lower Lessthan
Block load Stack pop M Negative Lessthan
1A Increment After FD Full Descending PL Positive or zero Greater than or equal, or unordered
1B Increment Before ED Empty Descending Vs Overflow Unordered (at least one NaN operand)
DA Decrement After FA Full Ascending VC No overflow Not unordered
DB Decrement Before EA Empty Ascending HI Unsigned higher Greater than, or unordered
LS Unsigned lower or same Less than or equal
Block store Stack push GE Signed greater than or equal Greater than or equal
1A Increment After EA Empty Ascending LT Signed less than Less than, or unordered
1B Increment Before FA Full Ascending GT Signed greater than Greater than
DA Decrement After ED Empty Descending LE Signed less than or equal Less than or equal, or unordered
DB Decrement Before FD Full Descending AL Always (normally omitted) Always (normally omitted)
Addressing Mode 5 - Coprocessor Data Transfer
Pre-indexed  Immediate offset [Rn, #+/-<imed_8*4>]{!} Key to tables
Zero offset [ Rn] Equivaent to [Rn,#0] {1} Updates base register after datatransfer if ! present. (Post-indexed always updates.)
Post-indexed  Immediate offset [Rn], #+/-<immed_8*4> <i mmed_8r > | A 32-bit constant, formed by right-rotating an 8-bit value by an even number of bits.
Unindexed No offset [Rn], {8-bit copro. option} +/ - + or -. (+ may be omitted.)




Operation § |[Assembler S updates Action Notes
Divide ‘ Signed or Unsigned RM |<op> Rd, Rn, Rm Rd:=Rn/Rm <op>1is SDIV (signed) or UDIV (unsigned)
Operation § Assembler Action Notes

Reverse | Bits in word

T2 |RBIT Rd, Rm

For (i=0; i < 32; i++) : Rd[i] = Rm[31—i]

Register | Synonym | Special | Role in the procedure call standard Preserve across function calls?
R15 PC The Program Counter. Special role register
R14 LR The Link Register. Special role register
R13 SP The Stack Pointer. Special role register
R12 P The Intra-Procedure-call scratch register. No
R11 v8 FP ARM-state variable-register 8. ARM-state frame pointer. Yes, if used
R10 v7 SL ARM-state variable-register 7. Stack Limit pointer in stack-checked variants. | Yes, if used
R9 v6 SB ARM-state v-register 6. Static Base in PID,/re-entrant/shared-library variants. | Yes, if used
RS v5 ARM-state variable-register 5. Yes, if used
R7 v4 WR Variable register (v-register) 4. Thumb-state Work Register. Yes, if used
R6 v3 Variable register (v-register) 3. Yes, if used
R5 v2 Variable register (v-register) 2. Yes, if used
R4 vl Variable register (v-register) 1. Yes, if used
R3 a4 Argument/result/scratch register 4. No
R2 a3 Argument/result/scratch register 3. No
R1 a2 Argument/result/scratch register 2. No
RO al Argument/result/scratch register 1. No

31 30 29 28 27 26 25 24 23 22 21 20 1918 177 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0

INZCV

L F] T [Mam3mMm1 Mol

Overflow

Zero

Condition code flags

Carry/Borrow/Extend

Negative/Less Than

[

Mode bits
L State bit

FIQ disable

IRQ disable

Note: C is inverted after subtraction!
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Function Calling Sequence

This section discusses the standard function calling sequence, including stack frame layout,
register usage, and parameter passing. The system libraries described in Chapter 6 require this
calling sequence.

Note — The standard calling sequence requirements apply only to global functions. Local
functions that are not reachable from other compilation units may use different conventions as
long as they conform to the tag requirements for stack traceback; see Stack Traceback Using
Tags in Chapter 4. Nonetheless, it is recommended that all functions use the standard calling
sequences when possible.

Note — C programs follow the conventions given here. For specific information on the
implementation of C, see Coding Examples in this chapter.

Registers

3-14

The PowerPC Architecture provides 32 general purpose registers, each 32 bitswide. In addition,
the architecture provides 32 floating-point registers, each 64 bitswide, and several specia purpose
registers. All of the integer, special purpose, and floating-point registers are global to all functions
in arunning program. Brief register descriptions appear in Table 3-3, followed by more detailed
information about the registers.

Table 3-3 Processor Registers

Register Name Usage

ro Volatile register which may be modified during function linkage
ri Stack frame pointer, always valid

r2 System-reserved register

r3-r4 Volatile registers used for parameter passing and return values
rs5-r10 Volatile registers used for parameter passing

ril-r12 Volatile registers which may be modified during function linkage
ri3 Small data area pointer register

ri4-r30 Registers used for local variables

r3l Used for local variables or "environment pointers’

fo Volatile register

fl Volatile register used for parameter passing and return values
f2-f8 Volatile registers used for parameter passing

PowerPC Processor ABI Supplement—September 1995



Table 3-3 Processor Registers (Continued)

Register Name Usage

f9-f13 Volatile registers

f14-f31 Registers used for local variables

CRO- CRY Condition Register Fields, each 4 bits wide
LR Link Register

CTR Count Register

XER Fixed-Point Exception Register

FPSCR Floating-Point Status and Control Register

Registers r 1,r 14 throughr 31, and f 14 through f 31 are nonvolatile; that is, they "belong” to
the calling function. A called function shall save these registers values before it changes them,
restoring their values before it returns. Registersr O, r 3 throughr 12, f O through f 13, and the
special purpose registers CTR and XER are volatile; that is, they are not preserved across function
calls. Furthermore, the valuesinregistersr O,r 11, and r 12 may be altered by cross-module
calls, so afunction cannot depend on the values in these registers having the same values that were
placed in them by the caller.

Register r 2 isreserved for system use and should not be changed by application code.

Register r 13 isthe small data area pointer. Process startup code for executables that reference
datain the small data area with 16-bit offset addressing relative to r 13 must load the base of the
small data area (the value of the loader-defined symbol _SDA BASE ) into r 13. Shared objects
shall not alter thevalueinr 13. See Small Data Areain Chapter 4 for more details.

Languages that require "environment pointers’ shall user 31 for that purpose.

Fields CR2, CR3, and CR4 of the condition register are nonvolatile (value on entry must be
preserved on exit); therest are volatile (value in the field need not be preserved). TheVE, CE, UE,
ZE, XE, NI , and RN (rounding mode) bits of the FPSCR may be changed only by acalled function
(for example, f pset r ound( ) ) that has the documented effect of changing them. The rest of the
FPSCRisvolatile.

Low-Level System Information 3-15



3-16

The following registers have assigned rolesin the standard calling sequence:

rl

r3 through r10 and
f1 through f8

CRbit 6 (CR1, "floating-
point invalid exception")

LR (Link Register)

The stack pointer (stored inr 1) shall maintain 16-byte
alignment. It shall always point to the lowest allocated, valid
stack frame, and grow toward low addresses. The contents of the
word at that address always point to the previously allocated
stack frame. If required, it can be decremented by the called
function; see Dynamic Stack Space Allocation later in this
chapter.

These sets of volatile registers may be modified across function
invocations and shall therefore be presumed by the calling
function to be destroyed. They are used for passing parameters
to the called function; see Parameter Passing in this chapter.
In addition, registersr 3, r4, and f 1 are used to return values
from the called function, as described in Return Values.

This bit shall be set by the caller of a "variable argument list"
function, as described in Variable Argument Lists later in this
chapter.

This register shall contain the address to which a called function
normally returns. LR is volatile across function calls.

Signals can interrupt processes (seesi gnal ( BA_OS) in the System V Interface Definition).
Functions called during signal handling have no unusual restrictions on their use of registers.
Moreover, if asignal handling function returns, the process resumes its original execution path
with all registersrestored to their original values. Thus, programs and compilers may freely use all
registers above except those reserved for system use without the danger of signal handlers
inadvertently changing their values.

PowerPC Processor ABI Supplement—September 1995



PowerPC User-Level Instruction Set
Quick Reference Card

© Copyright 2010, Tennessee Carmel-Veilleux <tcv(@ro.boto.ca>

Based on a mnemonic presentation idea from Bill Karsh in his
PowerPC tutorial series in MacTech magazine (http://macte.ch/luHry)

Notation

I Concatenation of bit blocks

| Alternation

UIMMnn Unsigned immediate of nn bits (ie: UIMM16 = 16 bits)
SIMMnn  Signed immediate of nn bits (ie: SIMM26 = 26 bits)
EXT Sign-extend to word

(rA|0) In some instances, value “0” for register rA (meaning r0)
is a special case that actually means “use the value 0”.

<> List of functional suffixes (append 0 or 1 from the list)

[] List of optional suffixes (0 or more, in the order specified)

Example of multiple suffixes for an instruction:

add<c | e | me | ze>[ o, . ]: add, addc, addme, addze, addo, addco,
addeo, addmeo, addzeo, add., addc., adde., addme., addze., addo.,
addeo., addmeo., addzeo. are all valid.

Registers

¢ 10-r31:  General-purpose integer registers
*LR: Link register, saves return address of branches that link
* CTR: Counter for auto-decrementing loops
* CR: Condition register

* composed of 8 condition records (CR0-CR7)

* saves results of comparisons and ALU operations

CRO CR1 CR7
0 12 3 4 7 28 31

|<0|>0|=0|so|

* XER: Exception register, saves overflow and carry states
012 25 31
Tswxist
I SO I ov | CAl Reserved | bylo count |
Label suffixes

Assemblers general recognize several suffixes for labels and values.
These suffixes provide ways to extract only parts of an operand for use
in immediate values.

* VALUE@h: Only the high 16-bit part (bits 0-15).

* VALUE@ha: Like @h, but adjusted to compensate for sign
extension applied by an “addi VALUE@]” on the same register.

* VALUE@]: Only the low 16-bit part (bits 16-31).

NOTE: Compare the following two ways to load an immediate value
into a register (equivalent in result but different in spirit):

1. addis D, 0, VALUE@ha
addi D, rD, VALUE@]I

2. addis D, 0, VALUE@h
ori D, rD, VALUE@1

With the first method, the addi instruction does sign extension on its
16-bit signed immediate operand. If we want to load, for instance
0x12348765, the value 0x8765 from “0x12348765@1” will be sign-
extended to OXFFFF8765. This will cause an off-by-one error if we
add it with 0x12340000 from addis rD,0, 0x12348765@h. The @ha
suffix verifies this condition (“negative” low 16 bits) and adjusts the
high-part so that when it is added with the sign-extended low part, the
result correct: 0x12348765 in our case. With the second method, using
ori which does not sign-extend its operand, the high part requires no
adjustment.

Load and store instructions

Addressing modes

The PowerPC has only two addressing modes, but combining them
with the load/store instructions options yields many possibilities. The
addressing modes (using Iwz as an example) are:

* Iwz 1D, offset(rA|0) — Register-indirect with immediate offset
— EA = (rA + offset) or (0 + offset)
— Offset is a 16 bit signed immediate value

Multiple loads and stores

Instruction

Operation

lmw rD,d(rA) n = (32 — rD); n consecutive words starting
at EA are loaded into GPRs rD through r31.
For example : Imw 129,0(r8) loads 129, r30
and 131 from consecutive, increasing

addresses starting at EA.

stmw rS,d(rA) n = (32 - rS); n consecutive words starting
at EA are stored from the GPRs rS through
r31. For example, if rS = 29, 29, 30 and
r31 are stored at consecutive, increasing

addresses starting at EA.

String loads and stores (Iswi, Iswx, stswi, stswx) are omitted for brevity and
because they are not available on all PPCs.

Arithmetic and logic instructions

Addition, subtraction, negation

Instruction Operands Operation

add<c,e>[o0,.] |rD,rA,rB D —rA+1B

addi<s,c,c.> | rD,(rA|@),SIMM | D « (rA|0) + EXT(SIMM16)

* lwzx D, (rA|0), BB — Register-indirect with indexing addme[o, . ] rb,rA 1D —rA+ XER[CA] - 1

— EA=(rA+1B) or (0 +rB) addze[o,.] rD,rA D —rA+ 0+ XER[CA]
neglo,.] rD,rA D «— (-rA+1)
Single loads and stores (2's complement negation)
Instruction Operation subf<c,e>[o,.]|rD,rA,rB D «—rB-rA

1bz[u,x] rD,d(rA) tD « byte from MEM[EA] subfic rD,rA,SIMM D «— EXT(SIMM16) — rA

1hz[u,x] rD,d(rA) tD « half-word from MEM[EA] subfme[o, .] rD,rA D « -1 —rA + XER[CA]

lha[u,x] rD,d(rA) D « sign-extended half word from subfze[o,.] rD,rA D « 0 —rA + XER[CA]

MEM[EA]
1D « word from MEM[EA]

1wz[u,x] rD,d(rA)

stb[u,x] rS,d(rA) rS[24:31] — MEM[EA] (store byte)

rS[16:31] - MEMIEA] (store half-word)

sth[u,x] rS,d(rA)

stw[u,x] rS,d(rA) rS — MEM[EA] (store word)

* “z” load suffix: treat as unsigned, zero-extend, right-justify.
* “a” load suffix: “algebraic”: sign-extend to word.

¢ [u]: “update”: if (rA != 0) then rA«EA after load or store. In the
case of loads, condition (rD !=rA) also applies (logically so).

e [x]: “with indexing” (see addressing modes above), use operands
as in “Iwzx 1D, (rA|0), 1B” instead of “lwz rD, d(RA)”.

NOTE: Many features have been omitted for brevity. This includes Floating-Point operations and registers, supervisor-level operations, string load and stores and ALTIVEC instructions.
Revision 1, October 12, 2010. © Copyright 2010, Tennessee Carmel-Veilleux <tcv@ro.boto.ca>, Find the original at http://www.tentech.ca/ppc-assembly-card

s
1

suffix: “immediate”: second operand is 16-bit sign-extended
immediate value.

“s” suffix: “shifted”: immediate value is logical shifted left 16 bits
prior to being used.

“z” suffix: replaces rB with immediate value 0 (0x00000000).
“m” suffix: replaces rB with immediate value -1 (OxFFFFFFFF).

“e” suffix: extended add or subtract. The value of XER[CA] is
added to the result, enabling multi-word carry arithmetic. The
value of XER[CA] is updated by these operations also.

[ZPsY)
C

suffix: carry updated. XER[CA] is updated with the operation's
carry state (by default, the carry is unaffected).

[o]: overflow updated. XER[OV] and XER[SO] are updated
according to whether the operation overflows or not.

¢ [.]: Record result of operation in CRe (<0, >0, =0, SO)
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Bitwise logical operations and shifts Division
Instruction | Operands Operation Inst. Operands Operation
and[c,.] rD,rA,rB D—rAATB divw<u>[o0,.] | rD,rA,rB |rD «— rA 1B
andi. rD,rA,UIMM | D « rA A UIMM16  “u” suffix: treat operands as unsigned numbers
andis. FD,rA,UIMM | 1D « rA A (UIMMI6 << 16) * [o]: Record overflow of result
; ; ; ¢ [.]: Record result of operation in CRO (<0, >0, =0, SO)
cntlzw[.] | rD,rA tD <« number of leading zeros in A
Rotate and mask
eqv[.] rD,rA,r8 D « —(rA @® 1B) (would be “xnor”)
Inst. Operands Operation
extsb[.] rb,rA D «— EXT(rA[24:31]) (sign-extend . .
low byte of TA) rlwimi[.] | rD,rA,UIMM,MB,ME | D « rotate rA left by UIMM bits,
mask and insert result in rD
extsh[.] rD, rA D «— EXT(rA[16:31]) (sign-extend -
low half-word of TA) rlwinm[.] | rD,rA,UIMM,MB,ME | 1D « rotate rA left by UIMM bits
and mask
nand[. ] rD,rA,rB D «— ~(rA A 1B)
rlwnm[.] |rD,rA,rB,MB,ME D «— rotate rA left by rB bits and
nor[.] rb,rA,rB D «— —(rA Vv rB) mask
or[c,.] rD,rA,rB D —rAVB * For all these instructions, a mask M is built by starting with a zero-
- word (0x00000000) and setting bits to “1” starting at bit number
ori rD,rA,UTMM | 1D — rA v (UIMMI6) MB and ending at bit number ME, both inclusive. It is possible to
oris rD,rA,UIMM | D « rA Vv (UIMMI6 << 16) wrap-around while generating the mask (ie: MB > ME).
su[ . ] rD,rA,rB | D «— rA << rB[26:31] (logical) Examples:
MASK(MB,ME) with MB=29 and ME=3:
sru[ . ] rD,rA,rB | D — rA>>rB[26:31] (logical) (MB,ME) wi an .
= —
srawif.] rb,rA,UIMM | 1D « rA >> UIMMS (arithmetic) cﬁNiqmw.\wQE:ﬁﬂiﬁE‘:‘figaﬁﬁﬁﬁﬁ'aﬁzg;
sraw[.] rD,rA,rB D « rA >> rB[26:31] (arithmetic) 1/1{1{1/0/0|0{0]0|0{0(0|0]0|0]{0(0|0|0|0|0|0|0|0]0|0{0[0|0|1|1|1
XOI"[C,.] I"D,I"A,I"B D «— l”A@l’B
MASK(MB,ME) with MB=8 and ME=14
xori rD,rA,UIMM D «— rA @ (UIMM16) P R =
o~<\lm<rvwo'\209:c_u§§2ﬁifigzﬁﬁgﬁﬁﬁﬁﬂgrﬁ
xoris rD, rA, UIMM D A UIMMI16 << 16 =
D —rAa( ) 0/0[0]0/0|0{0|0|1{1|1{1{1{1|1/0/0|0]0[0]0|0]|0|0|0|0[{0]0]0|0]|0|0

* [c]: Complement (invert) the value from rB prior to using it. The
actual value residing in rB is unaffected.

¢ [.]: Record result of operation in CRO (<0, >0, =0, SO)

* NOTE: on shifts, values 0-32 are valid. For arithmetic shift rights,
a value of 32 fills the word with the sign bit. For logical shift lefts,
a value of 32 sets the word to 0.

Multiplication

Inst. | Operands Operation
mulhw | rD,rA,rB | 1D « rA x 1B (32 upper bits of 64-bit result)
mulli | rD,rA,SIMM | 1D « (rA x SIMM16) (32 lower bits of 48-
bit result)
mullw | rD,rA,rB | D « rA x rB (32 lower bits of 64-bit result)

rlwimi r3,r4,6,20,25 (r4 = OxOFFQ_0017, r3 = Ox12AB_CDEF

MASK(20,25) = 0x0000_0FCo
tmpl =r4 ROL 6 =0xFC00_05C3
tmp2 = tmpl A MASK = 0x0000_05C0
tmp3 =13 A "MASK =0x12AB_C02F
= 0Ox12AB_C5EF

1.  Generate mask :
2. Rotate source:

3. Extract field:

4. Mask destination:
5. Insert field in destination: 13 «— tmp2 V tmp3

The previous 5 steps as binary:

1. 0b0O0O_0P0O_ 0000 0000 0000 [1111_1100_ 0000
2. 0b1111_1100_0008_0000 6000 0161 1190 0011
3. 0b0G0O_000O_ 000G 0000 0000 0101 1100 0000
4. 0beoe1_0010_1010_ 1011 1100 _P00e_0010_1111

5. 0bo001_0010 1010 1011 1100 9101 1110 1111
rlwinm r3,r4,12,20,31 (r4 = Ox5A70_0OBB)

MASK(20,31)
tmpl =r4 ROL 12

1.  Generate mask :
2. Rotate source:

= 0x0000_0OFFF
= 0x000B_BjSA7
3. Extract field in destination: 13 «— tmpl V MASK = 0x0000_05A7

NOTE: Many features have been omitted for brevity. This includes Floating-Point operations and registers, supervisor-level operations, string load and stores and ALTIVEC instructions.
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Comparison instructions
Inst. Operands

Operation

cmp | crD,L,rA,rB Compare signed rA to rB

cmpi | crD,L,rA,SIMM | Compare signed rA to EXT(SIMM16)

cmpl | crD,L,rA,rB Compare unsigned rA to rB

cmpli | crD,L,rA,UIMM | Compare unsigned rA to
(0x0000 || UIMM16)

¢ crD can be omitted. In that case, the assembler assumes cro.

* The L field means “Long” (64-bit compare) if set to “1”, or 32-bit
compare if set to “0”. On 32-bit PowerPC, L should always be set
to “0”. Because of this, a simplified mnemonic exists for all
“cmp”-series instructions: “cmpw crD, rA, rB” is equivalent to
“cmp crD,0,rA,rB”, etc.

For all these instructions, the result of a comparison from rA to
(rBISIMM|UIMM) is stored in the specified condition register crD.
For example, cmp 3,0,rA,rB would yield cr3 = 100 || XER[S0]” if
rA < 1B, cr3 = “@10 || XER[SO0]” if rA > 1B and cr3 = “e01 ||
XER[S0]” if rA =rB.

Condition register manipulation instructions
Inst. Operands

Operation

crand | crbD,crbA,crbB | crbD «— crbA A crbB

crandc | crbD, crbA,crbB | crbD « crbA A —crbB

creqv | crbD,crbA,crbB | crbD « —(crbA @ crbB)

crnand | crbD, crbA, crbB | crbD <« —(crbA A crbB)

crnor | crbD,crbA,crbB | crbD « —(crbA V crbB)

cror crbD, crbA,crbB | crbD « crbA V crbB

crorc | crbD,crbA,crbB | crbD <« crbA VvV —crbB

crxor | crbD,crbA,crbB | crbD « crbA & crbB

merf | crD,crA crD « crA (move field A to field D)

crclr | crbD Simplified for crxor crbD,crbD,crbD

crmove | crbD, crbA Simplified for cror crbD,crbA, crbA

crnot | crbD, crbA Simplified for crnor crbD, crbA, crbA

crset | crbD Simplified for creqv crbD, crbD, crbD

« For the cr<oP> instructions, operands crb[A,B,D] mean “condition
register bit”, with value 0-31. All of these instructions carry-out
logical operations between single bits of the CR, no matter what
the conventional “meanings” of the bits are (<0, >0, =0, SO).

Example:
* cror 0,5,6 : CR[@] « CR[5] V CR[6] , thus cre[=0] « I, if crl
had “>=" comparison result, otherwise cre[=0] « 0.
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Branch instructions

The PowerPC architecture uses a very flexible branching unit to
decode the several fields contained in branch instructions. We will
cover the basic branch instructions and their fields, and then present
tables and examples of simplified branch mnemonics.

Field names

* Bl (Branch Input): which bit of the CR is used as a branch
condition

* BO (Branch Options): how to treat CTR and BI to determine if
branching occurs

* Target: where to branch

Branch instructions

Inst. Operands Operation
b[1,a] target Branch unconditionally
bc[1,a] BO,BI,target | Branch conditionally

bclr[1] BO,BI Branch to LR conditionally

bcctr[1l] |BO,BI

Branch to CTR conditionally

* [1]: linking: store current PC + 4 in LR, so that a “blr” instruction
can be used to return from a function call.

* [a]: absolute: target is an absolute address instead of a PC-relative
displacement.

* For the b[1l,a] instruction, target is a 26-bit signed
immediate with 2 LSbs always “0” (4-bytes aligned).
Maximum branch distance is [-33,554,432...33,554,428].

* For the bc[l,a] instruction, target is a 16-bit signed
immediate with 2 LSbs always “0” (4-bytes aligned).
Maximum branch distance is [-32,768...32764].

* In the case of non-absolute (no [a] option) branches, the
target displacement is added to PC. A displacement of 0 is
an infinite loop at the current PC. For the unconditional
branch ([a] option), the target is still signed, but the
displacement is based around 0x0000_0000.

* To obtain the value of PC, one can branch linking to the next
instruction (bl +4). The LR will contain the PC value at that next
instruction. This trick is used by compilers to access local constant
pools inserted after function return instructions.

PowerPC assemblers and linkers will always adjust relocations so
that displacements and labels can be specified directly, without
having to adjust the value formats to the field formats. For
example, “b +8” will get encoded as a target of 0x000002 (stripped
of the 2 LSbs) automatically in the instruction.

BI values can be simplified with constants named cre through cr7
with values 0-7 respectively and constants named lt,gt,eq,so with
values 0-3 respectively . Then, cr4[<@], which is BI=16 can be
written as (cra*4)+1t.

BO values

Simplified branches tests (using b<test> as example

BO Branch if Symbol Symbol Branch if
0000y | Decremented CTR # 0 and the condition is false. dnzf beq | Equal, or zero (cr[=0] = “1")
0001y | Decremented CTR = 0 and the condition is false. dzf bge | Greater than or equal (cr[>0] =“1”V cr[=0] =“1")
001zy | Branch if the condition is false. f bgt | Greater than (cr[>0] =“17)
0100y | Decremented CTR # 0 and the condition is true. dnzt ble | Less than or equal (cr[<@] =“1"V cr[=0] =*“1")
0101y | Decremented CTR = 0 and the condition is true. dzt blt | Less than (cr[<0] =1")
011zy | Branch if the condition is true. t bne | No equal, or not zero (cr[=0] = “0”)
1200y | Decremented CTR # 0 (only CTR checked). dnz bng | Not greater than (equivalent to ble)
1zely | Decremented CTR = 0 (only CTR checked). dz bnl | Not less than (equivalent to bge)
1z1zz | Branch always. - bns | Not summary overflow (cr[S0] = “0)
* Symbols (3" column of table above): the “c” of “bc” and the BO bso Summary overflow (cr[S0] = “1”)
field value can be omitted and replaced with one of these symbols
as a suffix. For example, and assuming y=z=0, the instruction
“bc 8,5,label” can be replaced with “bdnzt 5,label”. Examples:

“y” bits are “branch likely to be taken” hints if set to “1”. This is
ignored by many implementations. A suffix of “-” added to the
instruction clears this bit (branch not likely taken). A suffix of “+”
added to the instruction sets this bit (branch likely taken).
Example: “bdnzt+ 5,label” is equivalent to “bc 9,5,label”.
Many processors of the PowerPC family ignore this hint.

 “z” bits should be zeroed as they are for future extensions.

Examples:

bc 8,5,label : Branch if decremented CTR # 0 and CR[5] = “1".

bdnzt 5,label : same as above.

bdnzt (cri*4)+gt,label : same as above.
bl label: Branch and link to label (call function, return with blr).

blr: Branch unconditional to LR (return from function).

bdza label: Branch absolute to label if decremented CTR = 0.
btctr 1t: Branch to CTR if cre[<@] (CR[8]) =“1".

bf eq,label: Branch to label if cre[=0] (CR[2]) = “0".

Simplified branches (or “classic” branches)

There are simplified “branch conditional” mnemonics that emulate the
classic branches of other instruction sets. These mnemonics are for
instructions that do not test the CTR.

Instruction Operands Operation

b<test>[1,a] |[crN,]target | Branch conditionally

b<test>1r[1] | [crN] Branch to LR conditionally

b<test>ctr[1] | [crN] Branch to CTR conditionally

* [crN] is an optional CR subfield number (ie: cr@-cr7), on which
the test will take place. If omitted, the default is cre.

NOTE: Many features have been omitted for brevity. This includes Floating-Point operations and registers, supervisor-level operations, string load and stores and ALTIVEC instructions.
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bne label : Branch to label if cre[=0] = “0”.

bsola cr2,label
cr2[S0] =“1".

bltl label : Branch linking to label if cro[<0] ="1".
begctr cr4 : Branch to CTR if cr4[=0] = “1".
bgtlrl : Branch linking to LR if cre[>0] = “1”.

Branch absolute linking to label if

bl label: Branch and link to label (call function, return with blr).

blr: Branch unconditional to LR (return from function).

Special Purpose Register (SPR) Operations

Inst. Operands Operation

mcrxr crD crD «XER[0:3] then zero XER[0:3]

mfcr rD D «— CR[0:31]

mfspr rD,SPR D «— SPR

mtcrf crM, rs CR updated with rS[crM] (see notes below)

mtspr SPR,rS SPR « S

mter rs Simplified for mtcrf OXFF, rS

*crM is an 8 bit immediate mask (value 0x00-0xFF). The MSb
means cro, the LSb means cr7, and bits in between mean crl-cré.
For example, crM = 0xA2 = 0b1016_0010 would mean to load
crd, cr2 and cré from rS into the CR, and leave the other fields
(cri,cr3,crd,crs and cr7) intact.

* There are simplified mtspr mnemonics for several SPRs which
allow the omission of the SPR number: mtctr, mtlr, mtxer.

* There are simplified mfspr mnemonics for several SPRs which
allow the omission of the SPR number: mfctr, mflr, mfxer.
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Trap and System Call Instructions

Inst. | Operands

Operation

ScC —

System call

tw TO,rA,rB

Trap if rA <TO> 1B is true

twi | TO,rA,SIMM

Trap if rA <TO> EXT(SIMM16) is true

* TO is a 5-bit field of conditions to test. If any of the conditions are

met, the trap is taken.

* TO[0] (ie: mask = 0b10000) means (a < b)
¢ TO[1] (ie: mask = 0b01000) means (a > b)

[
. TO[
. TO[

[

1

]
2] (ie: mask = 0b00100) means (a = b)
3] means (a < b) with unsigned compare
]

¢ TO[4] means (a > b) with unsigned compare

Condensed alphabetical instructions list

Instruction Operation
add[.] rD,rA, rB Add
addc[o,.] rD,rA,rB Add, saving carry
adde[o, .] rD,rA,rB Add extended (adding carry)
addi rD, (rA|@),SIMM Add immediate
addis rD, (rA|0),SIMM | Add immediate shifted
addic[.] rD, (rA|@),SIMM Add immediate shifted saving carry
addme[o,.] rD,rA Add to minus one, extended
addze[o,.] rD,rA Add to zero, extended
and[.] AND
andc[.] AND with complement
andi. rD, rA,UIMM AND with immediate
andis. rD,rA,UIMM AND with shifted immediate
b[1,a] target Branch always
bc[1,a] BO,BI,target Branch conditionally
bcectr[1] BO,BI Branch conditionally to CTR
bclr[1] BO,BI Branch conditionally to LR
beq[1,a] [crN, Jtarget Branch on equal (or zero)
bge[1,a] [crN, Jtarget Branch on greater than or equal
bgt[1,a] [crN, Jtarget Branch on greater than
ble[1,a] [crN, Jtarget Branch on lower than or equal
blt[1,a] [crN, Jtarget Branch on lower than
bne[1,a] [crN, Jtarget Branch on not equal (or non-zero)
bng[1,a] [crN, Jtarget Branch on not greater than
bnl[1,a] [crN, Jtarget Branch on not lower than

bns[1,a] [crN, Jtarget Branch on not summary overflow mulli rD,rA,SIMM Multiply low immediate
bso[1,a] [crN, Jtarget Branch on summary overflow mullw rD,rA, rB Multiply low word
cmp [crD,]L,rA,rB Compare signed nand[.] rD,rA, rB NAND
cmpi [crD, ]L,rA,SIMM | Compare signed with immediate neglo,.] rD,rA Negate (2's complement)
cmpl [crD,]L,rA,rB Compare unsigned nor[.] rD,rA,rB NOR
cmpli [crD, ]L,rA,UIMM | Compare unsigned with immed. or[.] rD,rA,rB OR
cntlzw[.] rD,rA Count leading zeros in word orc[.] rD,rA, rB OR with complement
crand crbD, crbA, crbB AND on CR bits ori rD,rA,UIMM OR with immediate
crandc crbD,crbA,crbB | AND complemented on CR bits oris rD, rA,UIMM OR with shifted immediate
crclr crbD Clear CR bit rlwimif[.] rD, rA,UIMM,MB,ME | Rotate left word immediate and
creqv crbD, crbA, crbB EQV on CR bits mask insert

rlwinm[.] rD, rA,UIMM,MB,ME | Rotate left word immediate and
crmove crbD, crbA Move CR bit mask
crnand crbD, crbA,crbB | NAND on CR bits rlwnm[. ] rD,rA,rB,MB,ME | Rotate left word and mask
crnor crbD, crbA, crbB NOR on CR bits sc System call
crnot crbD, crbA NOT on CR bit slw[. ] rD,rA,rB Shift left word (logical)
cror crbb,crbA,crbB | OR on CR bits sraw[.] rD,rA,rB Shift right word (arithmetic)
crorc crbD, crbA, crbB OR complemented on CR bits srawi[.] rD,rA, UIMM Shift right immediate (arithmetic)
crset crbD Set CR bit srw[.] rD,rA,rB Shift right word (logical)
crxor crbD, crbA, crbB XOR on CR bits stb[u,x] rs,d(rA) Store byte
divw[o, .] rD,rA,r8 Divide word sth[u,x] rs,d(ra) Store half-word
divwu[o,.] rD,rA,rB Divide word unsigned stmw rs,d(rA) Store multiple words
eqv[.] rD,rA,rB EQV (NOT (rA XOR rB) stw[u,x] rs,d(rA) Store word
extsb[.] rb,rA Sign-extend byte subf[o,.] rD,rA,rB Subtract from
extsh[.] rb,rA Sign-extend half-word subfc[o,.] rD,rA,rB Subtract from, update carry
1bz[u,x] rD,d(rA) Load byte unsigned subfe[o,.] rD,rA,rB Subtract from, extended
lhalu,x] rD,d(rA) Load half-word and sign-extend subfic rD,rA, SIMM Subtract from immediate, update
1hz[u,x] rD,d(rA) Load half-word unsigned carry
Imw rD,d(rA) Load multiple words subfme[o,.] rD,rA Subtract from -1, extended
1wz[u,x] rD,d(rA) Load word subfze[o,.] rD,rA Subtract from 0, extended
merf crb, crA Move condition register field tw T0,rA,rB Trap word
merxr crD Move XER[0:3] to CR field twi TO,rA,SIMM Trap word immediate
mfcr rD Move from CR xor[.] rD,rA,rB XOR
mfspr rD,SPR Move from SPR xorc[.] rD,rA,rB XOR with complement
mter rS Move to CR xori rD, rA, UIMM XOR with immediate
mtcrf crM,rs Update CR fields xoris rD, rA, UIMM XOR with shifted immediate
mtspr SPR, rS Move to SPR
mulhw rD,rA,rB Multiply high word

NOTE: Many features have been omitted for brevity. This includes Floating-Point operations and registers, supervisor-level operations, string load and stores and ALTIVEC instructions.
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Table F-19. Simplified Mnemonics for SPRs (Continued)

Move to SPR Move from SPR
Special-Purpose Register Simplified . Simplified .
: Equivalent to : Equivalent to
Mnemonic Mnemonic
Time base lower mttbl r S mtspr 284,r S mftb r D mftb r D,268
Time base upper mttbu r S mtspr 285,r S mftbu r D mftb r D,269
Processor version register — — mfpvr r D mfspr r D,287

IBAT register, upper

mtibatu n, rS

mtspr 528 + (2 * n),rS

mfibatur D, n

mfsprr D,528 + (2 * n)

IBAT register, lower

mtibatl n, rS

mtspr 529 + (2 * n),rS

mfibatl r D, n

mfsprr D,529 + (2 * n)

DBAT register, upper

mtdbatu n, rS

mtspr 536 + (2 *n),rS

mfdbatur D, n

mfspr r D,536 + (2 *n)

DBAT register, lower

mtdbatl n, rS

mtspr 537 + (2 * n),rS

mfdbatl r D, n

mfsprr D,537 + (2 * n)

Following are examples using the SPR simplified mnemonics found in Table F-19:
1. Copy the contents of to the XER.

mtxer rS

(equivalentto mtspr 1,rS)

2. Copy the contents of the LR1itS.

mflrr S

(equivalentto mfspr rS,8)

3. Copy the contents o6 to the CTR.

mtctrr S

(equivalentto mtspr 9,rS)

F.9 Recommended Simplified Mnemonics

This section describes some of the most commonly-used operations (such as no-op, load
iImmediate, load address, move register, and complement register).

F.9.1 No-Op (nop)

Many PowerPC instructions can be coded in a way that, effectively, no operation is
performed. An additional mnemonic is provided for the preferred form of no-op. If an
implementation performs any type of run-time optimization related to no-ops, the preferred
form is the no-op that triggers the following:

nop (equivalentto ori 0,0,0

F.9.2 Load Immediate (li)

The addi and addis instructions can be used to load an immediate value into a register.
Additional mnemonics are provided to convey the idea that no addition is being performed
but that data is being moved from the immediate operand of the instruction to a register.

1. Load a 16-bit signed immediate value infh
lir D,value (equivalent to addirD,0\value)
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2. Load a 16-bit signed immediate value, shifted left by 16 bitsy Ddto
lis rD,value (equivalent to addis rD,0\value)

F.9.3 Load Address (la)

This mnemonic permits computing the value of a base-displacement operand, using the
addi instruction which normally requires a separate register and immediate operands.

larD,d(rA) (equivalentto addirD,rA,d)

The la mnemonic is useful for obtaining the address of a variable specified by name,
allowing the assembler to supply the base register number and compute the displacement.
If the variablev is located at offset @ bytes from the address in registev, and the
assembler has been told to use registeas a base for references to the data structure
containingy, the following line causes the address/od be loaded into registeD:

larD,v (equivalentto addirD,rv,dv

F.9.4 Move Register (mr)

Several PowerPC instructions can be coded to copy the contents of one register to another.
A simplified mnemonic is provided that signifies that no computation is being performed,
but merely that data is being moved from one register to another.

The following instruction copies the contentsr& intor A. This mnemonic can be coded
with a dot () suffix to cause the Rc bit to be set in the underlying instruction.
mrrA,rS (equivalentto orrA,rSrS)

F.9.5 Complement Register (not)

Several PowerPC instructions can be coded in a way that they complement the contents of
one register and place the result into another register. A simplified mnemonic is provided
that allows this operation to be coded easily.

The following instruction complements the contents §fand places the result inté\.
This mnemonic can be coded with a dot guffix to cause the Rc bit to be set in the
underlying instruction.

not rA,rS (equivalentto norrA,rSrS)

F.9.6 Move to Condition Register (mtcr)

This mnemonic permits copying the contents of a GPR to the condition register, using the
same syntax as thmfcr instruction.

mtcrr S (equivalentto mtcrf OXFFrS)

Appendix F.Simplified Mnemonics F-23
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CSE341 (Spring 2000)

Handout 6: SPARC Assembly Quick Reference

References:

4/12/00

¢ Richard Paul. 1999. SPARC Architecture, Assembly Language Programming, and C, 2nd ed. Prentice-Hall.
¢ SPARC assembly language reference (on-line) accessible from the course page (Links/Compilation area).

1. Registers
Category = Register Synonyms Note
Global %90 % 0 Zero always
Ygl~7 %1~7 General-purpose
Out %0 ~5 % 8 ~13 Subroutine arguments (to be set before calling)
Also aslocal variable
Y%sp (%06) % 14 Stack pointer
Y%7 % 15 Subroutine return address
Local %WOo-~7 % 16 ~23 | General-purpose
In % 0~5 % 24 ~29 Subroutine arguments (available after being called)
%Bp (%6) % 30 Frame pointer
% 7 % 31 Subroutine return address
2. Instructions
Instruction [Operands] Notes
Branch
Al’lthmetIC ba Labdl dways
add Reg;, Reg,/Val, ReQueq b Label aways'
add... other addition be Label on equal
sub Reg;, Reg,/Val, ReQges bne Label on not equal
subcc Reg;, Regy/Val, Reggest set cond code bl Label on<
sub... other subtraction ble Label ons<
bg Label on>
L ogical bge Label on >
and Regy, Regy/Val, Regges b... other branch
and... other and
or Reg;, Reg,/Val, Regues Others
or... other or nop no operation
ta Addr trap aways
Shift t... other trap
sl Reg, Regy/Val, ReGues shift left jmp. Addr jump
sl Reg,, Reg,/Val, ReQges shift right call Label function call )
call .[ulmul multiplication
L oad/Store ret return
clr Reg clear
Id Addr, Reg from memory set Val, Reg set value
Id... other |oad sethi Val, Reg set high 22 bits
st Reg, Addr to memory mov Regy/Val, Reg move
st... other store cmp Reg,, Reg,/Val compare
save Regy, Reg,/Val, Relges save window?
restore Reg;, Reg,/Val, Reggey restore window
b isgenerated by gcc. Synonymousto ba.
2 Operation (signed/unsigned): %00 * %1 = %0
% SPARC register window
<End>
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Figure 2-2. Register Windows

Register Addressing

There are up to three address fields associated with a SPARC instruction. In the
case of a three-address instruction, these are the rs1 field, the rs2 field, and the rd
field. Rs1 and rs2 are the logical register addresses of the two source operands of the
instruction while rd is the logical register address of the destination operand.

Programmer’s Model - Registers

2-5



SPARC Assembler Language Programming in a Nutshell

Registers
General purpose
« 32 registers %r0..%r31 - 32 hits each
« Used as four groups of 8 registers each:
Reg#  Group Assem. Syntax
0..7 Globals %g0..%g7

8..15 Outs %00..%07 (letter “oh”)
16..23 Locas %I0..%I7 (letter “ell”)
24.31 Ins %:i0..%i7

« Register %g0 is a constant 0 value. It cannot be altered.

« There is only one set of global registers, shared by all.

e There are 2..32 other sets of 16 registers (32..512 regs).

¢ At any time, you have a“ window” into these sets.

* 9%10..%I7 and %i0..%i7 (%r16..%r31) are the current set.

* 9%00..%07 (%r8..%r15) are the In regs from the next set.

* SAVE/RESTORE instructions switch to the next/previous set.
* %i7 and %07 are used for return addresses. DO NOT USE!

* %i6 and %06 are used for stack/frame pointers.

* Aliases: %sp = %06 %fp = %i6.

Special purpose
PC - Program Counter - address of executing instruction
nPC - Next Program Counter - address of instruction being fetched
%y - Holds high-order half of product/dividend for multiply/divide
PSR - Processor State Register - includes many fields, including
iCC - integer condition code (N Z V C hits)
CWP - current window pointer - selects the register set

Assembly Language Syntax
e Comments: ! to end of line, or between /* and */
« Labels are case-sensitive, always terminated by a colon (:)
* Labels may contain _ $ and . characters.
« Labels that begin with _ $ and . are special. DO NOT USE!
« Use Ox to prefix hexadecimal values (e.g. OxF123ABC).
« Pseudo-operations (assembler directives) always begin with “.”.
« Either ‘chars' or “chars’ may be used for ascii characters.
» Special symbols (such as register names) begin with “%".

Addressing Modes

There are no orthogonal “modes’. There are only afew
combinations of operands allowed in the basic instructions, which
fall (with very few exceptions) into the following categories:
1) Load/Store (memory) instructions:

opcode [%reg+const],%reg

opcode [%reg+%reg],%reg

(reverse the operand order for Store instructions)
2) Arithmetic/Logical/Shift instructions:

opcode %reg,%reg,%reg

opcode %reg,const,%reg
3) Branch instructions:

opcode address
« In the above, “const” is a 13-hit signed integer (-4096..4095),
« “address’ is a 22-bit signed integer (but branch instructions add
two low-order 0's since al instructions are word-aligned, giving,
in effect, 24 bits (+/- 8 Meg)).
» The assembler accepts [%reg] which it turns into [%reg+%g0].

* Examples:
LD [%i3+90L1],%L3 ! Loadsreg L3
ST %L2,[%sp - 48] I Stores L2 in stack
LD [%6L1],%L 2 I L1 contains an address
ADD %L 1,9%L2,%L3 I L1+L2 placed in L3
ADD %01,48,%g1 ! add 48 to reg G1

Basic Instruction Set

L oad/Store (memory) instructions

« Only these instructions reference data stored in memory.

LDUB Load Unsigned Byte (padded with 0's)
LDSB Load Signed Byte (sign-extended)

LDUH Load Unsigned Halfword (padded with 0’s)
LDSH Load Signed Halfword (sign-extended)

LD Load (aword - 32 bits - 4 bytes)

LDD Load Doubleword (register # must be even)
STB Store Byte

STH Store Halfword

ST Store (aword)

STD Store Doubleword (register # must be even)

« After aload, the data always occupies the entire register(s).
 All addresses must be aligned (by 2/4/8 for half/word/double).

Arithmetic/L ogical
ADD addition (Opl+Op2->0p3)
SUB subtraction (Opl-Op2->0p3)
AND bitwise AND (Op1"Op2->0p?3)
ANDN bitwise AND, Op2 inverted (Op1*Op2’->0Op3)
OR bitwise OR (OplvOp2->0p3)

ORN bitwise OR, Op2 inverted (OplvOp2’ ->Op3)
XOR bitwise exclusive OR (Opl exor Op2->0p3)
XNOR bitwise exclusive NOR (Op1l exor Op2'->0Op3)

« To set the condition code (iCC), add “cc” to any of the above.
* Example: SUBcc  9%L.1,9%L2,%G0 !compareL1toL2
« All operations always use the full 32 bits of the register(s).

SETHI/NOP
« Has a special instruction format and syntax:
SETHI  const,%reg

« Places the 22-bit constant in the high-order 22 bits of %reg.

« The low-order 10 hits of the register are cleared to 0's.

» The special assembler functions %hi(x) and %lo(x) will give the

high-order 22 bits and low-order 10 bits of any constant x.

» To place a 32-bit constant X (such as a fixed address) in areg:
SETHI  %hi(X),%reg ! Set the high 22 bits
OR %reg,%Il0(X),%reg! Insert the low 10 bits

* The assembler will accept SET X,%reg instead of the above.

* NOP (no operation) (takes no parameters) isrealy SETHI 0,%G0

SAVE/RESTORE
« ldentical to ADD except that SAVE/RESTORE switch to the
next/previous set of registers.
« The addition is typically used to modify the stack pointer.
* Example:
SAVE  %sp,-96,%sp
I switch register windows and allocate 96 bytes
* RESTORE with no operands is really RESTORE %g0,%g0,%g0

Branch
BA Branch Always
BE Branch Equal
BNE Branch Not Equal
BL Branch Less
BLE Branch Less or Equal
BG Branch Greater

BGE Branch Greater or Equal
« The above (except BA) should be used following operations on
signed arithmetic only. There are others for unsigned arithmetic.



SPARC Assembler Language Programming in a Nutshell

Delayed Branching
« All branches (including the one caused by CALL, below) take
place after execution of the following instruction.
 The position immediately after a branch is the “delay slot” and
the instruction found there is the “delay instruction”.
« If possible, place a useful instruction in the delay slot (one which
can safely be done whether or not a conditional branch is taken).
« If not, place a NOP in the delay slot.
* Never place any other branch instruction in a delay slot.
« Do not use SET in adelay slot (only half of it is realy there).

Calling Library Routines

*Use

CALL  address
« Place the parameters (up to 6) in %00..%05 first.
* A scalar result, if any, will be returned in %00.
« Any standard C library routine may be used.
« Example of using “printf” for output:

SET outstr,%00

CALL  printf

ADD %L 1,%G0,%01 !done before CALL

outstr: .asciz  “Register L1 contains %d\n”
« Example of using “scanf” for input:
SET instr,%00

SET data,%01 IADDRESS of data
CALL  scanf

NOP ! Don't put SET here!
instr: .asciz  “%d’

data: .word

Pseudo-operations (Assembler directives)

« Forcing proper boundary alignment:

.align 2/4/8
« Selecting the code segment or data segment:

.section “.text” ! for the code

.section “.data” ! for the data
« Allocating blocks of memory

label: .skip  num-of-bytes
« Allocating initialized memory

.byte  value[,value,value...]

.half value[,value,value...]

.word  value[,value,value...]

(Don't use .double - it gives real values!)

.ascii  “characters’

.asciz  “characters” laddsaNULL (\0) at theend
 Declaring symbols to be used externally

.global symbol

Minimal Linkage
* The environment expects at least 92 bytes (23 words) of
temporary storage on the stack. (Register window
overflow/underflow, other interrupts, and library routines may
need and use this memory.) The stack pointer must be doubleword
aligned (divisible by 8), so 96 is the minimum allocation.
e The entry point into the program is the global symbol “main”.
* The minimal linkage for a program is therefore
.global main

main: save %sp,-96,%sp
« To return to the operating system, use

ret ! standard subprogram return instruction

restore ! restore the old set of registers (delay slot)

Synthetic Instructions
As a RISC architecture, SPARC lacks many common instructions
found on other processors. For convenience, the assembler
provides many synthetic instructions which it translates for you.

Synthetic Instruction Assembled As

clr %reg or %g0,%g0,%reg
clr [address] st %g0,[address]
clrh  [address) sth  %g0,[address]
clrb  [address] stb  %g0,[address]

cmp  %reg,%reg
cmp  %reg,const

subcc %oreg,%reg,%g0
subcc %reg,const,%g0

dec  %reg sub  %reg,1,%reg
deccc %reg subcc %reg,1,%reg
inc  %reg add  %reg,1,%reg
inccc %reg addcc  %reg,1,%reg
mov  %reg,%reg or %Qg0,%reg,%reg
mov  const,%reg or %g0,const,%reg
not  %reg xnor  %reg,%g0,%reg
neg %reg sub  %g0,%reg,%reg
restore restore%g0,%g0,%g0
ret jmpl  %i7+8,%g0

set  const22,%reg sethi  9%hi(const22),%reg
or %reg,%lo(const22),%reg
tst %reg orcc  %reg,%g0,%g0

Sample Program
I'==== Mninal prol ogue ====

.section ".text"
. gl obal nai n
.align 4

mai n:  save
|

%P, - 96, %6p ! m ni num

! Call aroutine (printf) to print a nessage.

set string, %0
cal | printf
nop 'Aways fill the "delay slot"!

I ====St andar d epi | ogue ====
ret 'Return to the G5
restore IDelay slot - done first

I The data section
.section ".data"
string: .asciz "Hell o, world!'\n"
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Abbreviations Used in Instruction Descriptions

rs Source register

rd Destination register

Source register,
Source immediate

bits

or
constant

represented

in

machine

language

using 13

Source
bits

immediate

constant

represented

in

machine

language

using 13

is22

Source
bits

immediate

constant

represented

in

machine

language

using 22

is32

Source

immediate

constant

represented

in

machine

language

using 32

bits

addr

Memory address expressed in one of these

rs + ris
rs — is
is + rs
is

formats:

label

Label represented in machine language as
relative to $%pc

a 22-bit displacement

label30

Label represented in machine language as
relative to %$pc

a 30-bit displacement

Zero condition code

Negative condition code

oVerflow condition code

Carry condition code

Bit 31 of r

Load and Storelnstructions (Format 3)

ldub [addr], rd Load an unsigned byte from addr into rd
ldsb [addr], rd Load a signed byte from addr into rd

lduh [addr], rd Load an unsigned halfword from addr into rd
ldsh [addr], rd Load a signed halfword from addr into rd

1d [addr], rd

Load a word from addr into rd

ldd [addr], rd

Load a doubleword from addr and addr+l into rd and rd+l

swap [addr], rd Swap the contents of addr and rd

stb rs, [addr] Store a byte from rs into addr

sth rs, [addr] Store a halfword from rs into addr

st rs, [addr] Store a word from rs into addr

std rs, [addr] Store a doubleword from rs and rs+l into addr and addr+l
clrb [addr] Synthetic instruction for: stb %g0, addr

clrh [addr] Synthetic instruction for: sth %g0, addr

clr [addr] Synthetic instruction for: st %$g0, addr

Shift Instructions (Format 3)

sll rs, ris, rd rd = rs << ris
srl rs, ris, rd rd = rs >> ris (fill with zeros)
sra rs, ris, rd rd = rs >> ris (fill by extending sign)

Page 1 of 4



add rs, ris, rd rd = rs+ ris
addcc rs, ris, rd rd = rs + ris
N = rd[31] == 1
Z = rd ==
V = (rs[31] & ris[31] & ~rd[31]) | (~rs[31] & ~ris[31] & rd[31]
C (rs[31] & ris[311) | ( ~rd[31] & (rs[31] | ris[311])
addx rs, ris, rd rd = rs - ris + C
addxcc rs, ris, rd rd = rs + ris + C
N = rd[31] == 1
Z = rd ==
V = (rs[31] & ris[31] & ~rd[31]1) | (~rs[31l] & ~ris[31] & rd[31])
C = (rs[31] & ris[31]) | (~rd[31] & (rs[31] | ris[311])
sub rs, ris, rd rd = rs - ris
subcc rs, ris, rd rd = rs - ris
N = rd[31] == 1
Z = rd ==
V = (rs[31] & ~ris[31] & ~rd[31]) | (~rs[31] & ris[31] & rd[31]
C = (~rs[31] & ris[31]) | (rd[31] & (~rs[31] | ris[31])
subx rs, ris, rd rd = rs - ris - C
subxcc rs, ris, rd rd = rs - ris - C
N = rd[31] == 1
Z = rd ==
V = (rs[31] & ~ris[31] & ~rd[31]) | (~rs[31] & ris[31] & rd[31]
C = (~rs[31] & ris[31) | (rd[31] & (~rs[31] | ris[31]))
neg rs, rd Synthetic instruction for: sub %g0, rs, rd
neg rd Synthetic instruction for: sub %g0, rd, rd
inc rd Synthetic instruction for: add rd, 1, rd
inc is, rd Synthetic instruction for: add rd, is, rd
inccc rd Synthetic instruction for: addcc rd, 1, rd
inccc is, rd Synthetic instruction for: addcc rd, is, rd
dec rd Synthetic instruction for: sub rd, 1, rd
dec is, rd Synthetic instruction for: sub rd, is, rd
deccc rd Synthetic instruction for: subcc rd, 1, rd
deccc is, rd Synthetic instruction for: subcc rd, is, rd
cmp rs, ris Synthetic instruction for: subcc rs, ris, %g0

Logical Instructions (Format 3)

and rs, ris, rd rd = rs & ris

andcc rs, ris, rd rd = rs & ris; N = rd[31] == 1; 2 = rd == 0; V= 0; C =
andn rs, ris, rd rd = rs & ~ris

andncc rs, ris, rd rd = rs & ~ris; N = rd[31] == 1; 2 = rd == 0; V=0; C =0
or rs, ris, rd rd = rs | ris

orcc rs, ris, rd rd = rs | ris; N = rd[31] == 1; Z = rd == 0; V= 0; C =
orn rs, ris, rd rd = rs | ~ris

orncc rs, ris, rd rd = rs | ~ris; N = rd[31l] == 1; Z = rd == 0; V=0; C =0
xor rs, ris, rd rd = rs ~ ris

xorcc rs, ris, rd rd = rs »~ ris; N = rd[31] == 1; 2 = rd == 0; V= 0; C =
xnor rs, ris, rd rd = ~(rs » ris)

xnorcc rs, ris, rd rd = ~(rs » ris); N = rd[31] == 1; Z2 = rd == 0; V=20; C=0
clr rd Synthetic instruction for: or %$g0, %g0, rd

mov ris, rd Synthetic instruction for or %g0, ris, rd

tst rs Synthetic instruction for orcc %90, rs, %g0

btst ris, rs Synthetic instruction for andcc rs, ris, %g0

bset ris, rd Synthetic instruction for or rd, ris, rd

bclr ris, rd Synthetic instruction for andn rd, ris, rd

btog ris, rd Synthetic instruction for xor rd, ris, rd

not rs, rd Synthetic instruction for xnor rs, %g0, rd

not rd Synthetic instruction for xnor rd, %g0, rd
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Integer Branch Instructions (Format 2)

Unconditional branching:
ba{,a} label Branch to label always
bn{,a} label Branch to label never
Signed number branching:
bl{,a} label Branch to label if N ~ V
ble{,a} label Branch to label if Z2 | ( N ~ V)
bge{,a} label Branch to label if ~( N ~ V)
bg{,a} label Branch to label if ~(Z | ( N ~ V) )
Unsigned number branching:
blu{,a} label Synonym for: Dbcs{,a} label
bleu{,a} label Branch to label if C | Z
bgeu{,a} label Synonym for: Dbcc{,a} label
bgu{,a} label Branch to label if ~( C | Z)
Individual condition code branching:
be{,a} label Branch to label if Z
bne{,a} label Branch to label if ~7Z
bpos{,a} label Branch to label if ~N
bneg{,a} label Branch to label if N
bcs{,a} label Branch to label if C
bcc{,a} label Branch to label if ~C
bvs{,a} label Branch to label if V
bvc{,a} label Branch to label if ~V
bz{,a} label Synonym for: Dbe{,a} label
bnz{,a} label Synonym for: Dbne{,a} label
Control Instructions (Format 3)
jmpl addr, rd Store %$pc in rd, and jump to addr
jmp addr Synthetic instruction for: Jmpl addr, %g0
call ris Synthetic instruction for: Jmpl ris, %o7
ret Synthetic instruction for: Jjmpl %i7 + 8, %g0
retl Synthetic instruction for: Jjmpl %07 + 8, %g0
save rs, ris, rd Save register window. rd = rs + ris
restore rs, ris, rd Restore register window. rd = rs + ris
restore Synthetic instruction for: restore %g0, %g0, %g0
Control Instructions (Format 2)
nop No operation
sethi is22, rd Set the high-order 22 bits of rd to is22, and set the low-order 10
bits of rd to O
set is32, rd Synthetic instruction for:
sethi %hi(is32), rd
or rd, %lo(is32), rd

Control Instructions (Format 1)
call label30 Store %pc in %07, and jump to label30

Trap Instructions (Format 3)

ta addr Trap always to addr (typically 0)

Floating-Point Instructions (Format 3)
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Pseudo-Ops

symbol:

Define a label named symbol whose value is the current
location counter.

symbol = expr

Define an assembler constant.
symbol with the value of expr.

The assembler replaces

.section “.text” Add the following code to the text section. The text
section contains executable code.

.section “.data” Add the following code to the data section. The data
section contains program-initialized read-write data.

.section “.bss” Add the following code to the bss section. The bss
section contains read-write data that is initialized to
0.

.section “.rodata” Add the following code to the rodata section. The rodata
contains read-only data.

.skip n Skip n bytes of memory.

.align n Increase the location counter so its value is evenly
divisible by n.

.byte bytevaluel, bytevalue2, Allocate memory containing bytevaluel, bytevalue2,

.half halfvaluel, halfvalue2, Allocate memory containing halfvaluel, halfvalue2,

.word wordvaluel, wordvalueZ2, Allocate memory containing wordvaluel, wordvalue2,

.ascii “stringl”, “string2”, Allocate memory containing the characters from stringl,

... string2,

.asciz “stringl”, “string2”, Allocate memory containing stringl, string2, where

.. each string is NULL terminated.

.common symbol, size Declare the name and size of a common area of memory to
be shared by multiple object files.

.global symboll, symbol2, Mark symboll, symbol2, so they are available to the

linker.

.empty

Suppress assembler warnings about the next instruction's
presence in a delay slot.

Copyright © 2002 by Robert M. Dondero, Jr.
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MIPS 32 Instruction Reference (10/20/2017)

Arithmetic

Inst Format

ADD RD, RS, RT
ADDI RT, RS, Imm16
ADDIU RT, RS, Imm16
ADDU RD, RS, RT
CLO RD, RS

CLZ RD, RS

LA RD, label

LI RD, Imm32
LUI RT, Imm16
SEB RD, RT

SEH RD, RT

SUB RD, RS, RT
SUBU RD, RS, RT
Shift and Rotate

ROTR RD, RT, sa
ROTRV RD, RT, RS
SLL RD, RT, sa
SLLV RD, RT, RS
SRA RD, RT, sa
SRAV RD, RT, RS
SRL RD, RT, sa
SRLV RD, RT, RS
Logical

AND RD, RS, RT
ANDI RT, RS, Imm16
NOR RD, RS, RT
OR RD, RS, RT
ORI RT, RS, Imm16
XOR RD, RS, RT
XORI RT, RS, Imm16
Bit Field

EXT RT, RS, sa, rd
INS RT, RS, sa, rd
WSBH RD, RT
Condition Testing

SLT RD, RS, RT
SLTI RT, RS, Imm16
SLTIU RT, RS, Imm16
SLTU RD, RS, RT
MOVN RD, RS, RT
MOVZ RD, RS, RT

Type Function
R RD =RS + RT (Overflow trap)
I  RT=RS + se(Imm1s) (Overflow trap)
I  RT=RS + se(lImmi1e)
R RD=RS+RT
R RD = countleadingones(RS)
R RD = countleadingzeros(RS)
P RD = address(label)
P RD =Imm32

RT =Imm16 << 16

RD = se(RT7:0)

RD = se(RT15:0)

RD = RS - RT (Overflow trap)

RD =RS - RT

R
R
R
R

RD = rotr(RT, sa)

RD = rotr(RT, RS mod 32)
RD =RT << sa

RD = RT << (RS mod 32)

RD = RT >>arith sa

RD = RT >>arith (RS mod 32)
RD =RT >> sa

RD = RT >> (RS mod 32)

AXOOAOANA0AD0AD

R RD=RS&RT

I  RT=RS & ze(Immi1s)
RD = ~(RS | RT)

RD =RS | RT

I  RT=RS|ze(lImm1s)

R RD =RS exor RT

I  RT=RS exor ze(Imm16)

extract rd bits from RS at bit sa
insert rd Isbs of RS into RT at bit sa
RD = RT23:16 :: RT31:24 :: RT7:0 :: RT15:8

PR RPy

RD = (RS < RT) ? 1: 0 (signed)

RT = (RS < se(Imm16)) ? 1 : 0 (signed)
RT = (RS < se(Imm16))?1:0  (uns)
RD=(RS<RT)?1:0 (uns)

If RT =0, RD =RS

If RT==0,RD =RS

A0 ——A

Multiply and Divide

DIV $0, RS, RT
DIVU $0, RS, RT
MADD RS, RT
MADDU RS, RT
MSUB RS, RT
MSUBU RS, RT

MUL RD, RS, RT
MULT RS, RT
MULTU RS, RT

MFHI RD

MFLO RD

MTHI RS

MTLO RS

Jumps and Branches
BEQ RS, RT, label
BGEZ RS, label
BGEZAL RS, label
BGTZ RS, label
BLEZ RS, label
BLTZ RS, label
BLTZAL RS, label
BNE RS, RT, label
B label

BLT RS, RT, label
BLE RS, RT, label
BGT RS, RT, label
BGE RS, RT, label
BLTU RS, RT, label
BLEU RS, RT, label
BGTU RS, RT, label
BGEU RS, RT, label
J label

JAL label

JALR RD, RS

JR RS

Loads and Stores

LB RT, Off16(RS)
LBU RT, Off16(RS)
LH RT, Off16(RS)
LHU RT, Off16(RS)
LW RT, Off16(RS)
SB RT, Off16(RS)
SH RT, Off16(RS)
SwW RT, Off16(RS)
LW RT, label

SwW RT, label

AV AOVDODAOAODNDNADNANAINAD

VN~ TVUVUVUVUVUUUO————————

LO = RS /RT; HI = rem(RS, RT) (signed)
LO = RS/ RT; HI = rem(RS, RT) (uns)
HI,LO += RS x RT (signed)

HI,LO += RS x RT (uns)

HI,LO -= RS x RT (signed)

HI,LO -= RS x RT (uns)

RD = RS x RT (signed)

HI,LO = RS x RT (signed)

HI,LO = RS x RT (uns)

RD = HI

RD =LO

HlI =RS

LO =RS

If RS == RT, PC += 4 + se(Off16 << 2)
If RS >= 0, PC += 4 + se(Off16 << 2)

RA = PC + 8; IF RS >= 0, PC += 4 + se(Off16 << 2)

If RS > 0, PC += 4 + se(Off16 << 2)
If RS <= 0, PC += 4 + se(Off16 << 2)
If RS < 0, PC += 4 + se(Off16 << 2)

RA=PC + 8; IF RS < 0, PC += 4 + se(Off16 << 2)

If RS 1= RT, PC += 4 + se(Off16 << 2)

PC +=4 + se(Off16 << 2)

If RS < RT (sgn), PC += 4 + se(Off16 << 2)
If RS <= RT (sgn), PC += 4 + se(Off16 << 2)
If RS > RT (sgn), PC += 4 + se(Off16 << 2)
If RS >= RT (sgn), PC += 4 + se(Off16 << 2)
If RS < RT (uns), PC += 4 + se(Off16 << 2)
If RS <= RT (uns), PC += 4 + se(Off16 << 2)
If RS > RT (uns), PC += 4 + se(Off16 << 2)
If RS >= RT (uns), PC += 4 + se(Off16 << 2)
PC = (PC + 4)31:28 :: Addr26 << 2

RA=PC + 8; PC = (PC + 4)31:28 :: Addr26 << 2
RD =PC + 8; PC=RS

PC =RS

RT = se(Mems(RS + se(Off16)))
RT = ze(Mem8(RS + se(Off16)))
RT = se(Mem16(RS + se(Off16)))
RT = ze(Mem16(RS + se(Off16)))
RT = Mem32(RS + se(Off16))
Mems(RS + se(Off16)) = RT7:0
Mem16(RS + se(Off16)) = RT15:0
Mem32(RS + se(Off16)) = RT

RT = Mem32(label)
Mema3s2(label) = RT



Registers Preserved
zero Always equal to zero na

1 at Assembler temporary; used by the assembler

2-3 vO-v1 Return value from a function call

4-7 a0-a3  First four parameters for a function call

8-15 t0-t7 Temporary variables

16-23 s0-s7 Function variables

24-25 t8-19 Two more temporary variables

26-27 k0-k1 Kernel use registers; may change unexpectedly

28 ap Global pointer

29 sp Stack pointer

30 fp/s8 Stack frame pointer or subroutine variable

31 ra Return address of the last subroutine call

<X <X<LK<KZ2Z2<KZ2Z2Z2Z

0 zero
1 at
2 v0
3 v1
4 a0
5 a1l
6 a2
7 a3
8 t0
9 t1
10 t2
11 3
12 t4
13 t5
14 t6
15 t7
16 s0O
17 s1
18 s2
19 s3
20 s4
21s5
22 sb
23 s7
24 18
2519
26 kO
27 k1
28 gp
29 sp
30 fp
31ra
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RISC-V Instruction Set

Core Instruction Formats

RISC-V REFERENCE

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct7 [ r1s2 rsl funct3 rd opcode R-type
imm[11:0] rsl funct3 rd opcode I-type
imm[11:5] rs2 rsl funct3 imm/[4:0] opcode S-type
imm[12]|10:5] rs2 rsl funct3 | imm[4:1]11] opcode B-type
imm[31:12] rd opcode U-type
imm[20[10:1]11]|19:12] rd opcode J-type
RV32I Base Integer Instructions
Inst Name FMT | Opcode | funct3 | funct? Description (C) Note
add ADD R 0110011 | 0x0 0x00 rd = rs1 + rs2
sub SUB R 0110011 | 0x0 0x20 rd = rs1 - rs2
xor XOR R 0110011 | 0x4 0x00 rd = rs1 * rs2
or OR R 0110011 | Ox6 0x00 rd = rs1 | rs2
and AND R 0110011 | ox7 0x00 rd = rs1 & rs2
sll Shift Left Logical R 0110011 | Ox1 0x00 rd = rsl << rs2
srl Shift Right Logical R 0110011 | Ox5 0x00 rd = rs1 > rs2
sra Shift Right Arith* R 0110011 | 0x5 0x20 rd = rs1 > rs2 msb-extends
slt Set Less Than R 0110011 | ox2 0x00 rd = (rs1 < rs2)?1:0
sltu Set Less Than (U) R 2110011 | 0x3 0x00 rd = (rs1 < rs2)?1:0 zero-extends
addi ADD Immediate I 0010011 | 0x0 rd = rs1 + imm
xori XOR Immediate I 0010011 | Ox4 rd = rs1 * imm
ori OR Immediate I 0010011 | 0x6 rd = rs1 | imm
andi AND Immediate I 0010011 | ox7 rd = rs1 & imm
slli Shift Left Logical Imm I 0010011 | Ox1 imm[5:11]1=0x00 | rd = rs1 << imm[0:4]
srli Shift Right Logical Imm I 0010011 | Ox5 imm[5:11]1=0x00 | rd = rs1 >> imm[0:4]
srai Shift Right Arith Imm I 0010011 | 0x5 imm[5:111=0x20 | rd = rs1 >> imm[0:4] msb-extends
slti Set Less Than Imm I 0010011 | ox2 rd = (rs1 < imm)?1:0
sltiu Set Less Than Imm (U) I 0010011 | 0x3 rd = (rs1 < imm)?1:0 zero-extends
1b Load Byte I 0000011 | 0x0 rd = Mlrs1+imm][@:7]
1h Load Half I 0000011 | ox1 rd = M[rs1+imm][0:15]
1w Load Word I 0000011 0x2 rd = M[rs1+imm][0:31]
1bu Load Byte (U) I 0000011 | Ox4 rd = M[rs1+imm][0:7] zero-extends
lhu Load Half (U) I 0000011 | 0x5 rd = M[rs1+imm][0:15] zero-extends
sb Store Byte S 0100011 | 0x0 MLrs1+imm][0:7] = rs2[0:7]
sh Store Half S 0100011 | ox1 MLrs1+imm][@:15] = rs2[0:15]
SwW Store Word S 0100011 0x2 Mlrs1+imm][0:31] = rs2[0:31]
beq Branch == B 1100011 | 0x0 if(rs1 == rs2) PC += imm
bne Branch != B 1100011 | Ox1 if(rs1 != rs2) PC += imm
blt Branch < B 1100011 | Ox4 if(rs1 < rs2) PC += imm
bge Branch > B 1100011 | Ox5 if(rs1 >= rs2) PC += imm
bltu Branch < (U) B 1100011 | 0x6 if(rs1 < rs2) PC += imm zero-extends
bgeu Branch > (U) B 1100011 | ox7 if(rs1 >= rs2) PC += imm zero-extends
jal Jump And Link J 1101111 rd = PC+4; PC += imm
jalr Jump And Link Reg I 1100111 | 0x0 rd = PC+4; PC = rs1 + imm
lui Load Upper Imm U 0110111 rd = imm << 12
auipc | Add Upper Imm to PC U 0010111 rd = PC + (imm << 12)
ecall Environment Call I 1110011 | 0x0 imm=0x0 Transfer control to 0S
ebreak | Environment Break I 1110011 | 0x0Q imm=0x1 Transfer control to debugger




RISC-V Reference Card

V0.1

Standard

Extensions

RV32M Multiply Extension

Inst Name FMT | Opcode | funct3 | funct7 | Description (C)
mul MUL R 0110011 0x0 0x01 rd = (rs1 * rs2)[31:0]
mulh MUL High R 0110011 | ox1 0x01 rd = (rs1 * rs2)[63:32]
mulsu | MUL High (S) (U) R 0110011 | ox2 0x01 rd = (rs1 x rs2)[63:32]
mulu MUL High (U) R 0110011 ox3 0x01 rd = (rs1 * rs2)[63:32]
div DIV R 0110011 | ox4 0x01 rd = rs1 / rs2
divu DIV (U) R 0110011 | 0x5 0x01 rd = rs1 / rs2
rem Remainder R 0110011 | 0x6 0x01 rd = rs1 % rs2
remu Remainder (U) R 0110011 | ox7 0x01 rd = rs1 % rs2
RV32A Atomic Extension
31 27 26 25 24 20 19 15 14 12 11 76 0
| funct5 [ ag | 1l | rs2 [ sl | funct3 | rd [ opcode
5 1 1 5 3 5 7
Inst Name FMT | Opcode | funct3 | funct5 | Description (C)
lr.w Load Reserved R 0101111 | ox2 0x02 rd = M[rs1], reserve M[rs1]
sc.w Store Conditional R 0101111 | ox2 0x03 if (reserved) { M[rs1] = rs2; rd = 0 }
else { rd =1}
amoswap.w | Atomic Swap R 0101111 | 0x2 0x01 rd = M[rs1]; swap(rd, rs2); M[rs1] = rd
amoadd.w Atomic ADD R 0101111 0x2 0x00 rd = M[rs1] + rs2; M[rs1] = rd
amoand.w Atomic AND R 0101111 | ox2 0x0C rd = M[rs1] & rs2; M[rs1] = rd
amoor.w Atomic OR R 2101111 | ox2 OX0A rd = M[rs1] | rs2; M[rs1] = rd
amoxor.w Atomix XOR R 2101111 | ox2 0x04 rd = M[rs1] " rs2; M[rs1] = rd
amomax . w Atomic MAX R 0101111 | ox2 0x14 rd = max(M[rs1], rs2); M[rs1] = rd
amomin.w Atomic MIN R 0101111 | 0x2 0x10 rd = min(M[rs1], rs2); M[rs1] = rd
RV32F / D Floating-Point Extensions
Inst Name FMT | Opcode | funct3 | functb | Description (C)
flw Flt Load Word * rd = M[rs1 + imm]
fsw Flt Store Word * MLrs1 + imm] = rs2
fmadd.s Flt Fused Mul-Add * rd = rsl * rs2 + rs3
fmsub.s Flt Fused Mul-Sub * rd = rsl * rs2 - rs3
fnmadd. s Flt Neg Fused Mul-Add rd = -rs1 * rs2 + rs3
fnmsub. s Flt Neg Fused Mul-Sub * rd = -rs1 * rs2 - rs3
fadd.s Flt Add * rd = rsl + rs2
fsub.s Flt Sub * rd = rsl - rs2
fmul.s Flt Mul * rd = rsl * rs2
fdiv.s Flt Div * rd = rsl / rs2
fsqrt.s Flt Square Root rd = sqrt(rs1)
fsgnj.s Flt Sign Injection * rd = abs(rs1) x sgn(rs2)
fsgnjn.s Flt Sign Neg Injection * rd = abs(rs1) * -sgn(rs2)
fsgnjx.s Flt Sign Xor Injection * rd = rs1 * sgn(rs2)
fmin.s Flt Minimum ® rd = min(rs1, rs2)
fmax.s Flt Maximum * rd = max(rsl1, rs2)
fevt.s.w Flt Conv from Sign Int * rd = (float) rsi
fevt.s.wu | Flt Conv from Uns Int ® rd = (float) rsi
fevt.w.s Flt Convert to Int * rd = (int32_t) rsi
fcevt.wu.s | Flt Convert to Int * rd = (uint32_t) rsi
fmv.x.w Move Float to Int ® rd = *((intx) &rs1)
fmv.w.x Move Int to Float * rd = x((floatx) &rs1)
feq.s Float Equality * rd =(rsl ==rs2) 21 :0
flt.s Float Less Than ® rd=(rs1 <rs2)?21:0
fle.s Float Less / Equal * rd =(rs1 <=rs2) ?1:0
fclass.s Float Classify * rd = 0..9




RISC-V Reference Card

V0.1

RV32C Compressed Extension

15 14 13 12 1 10 9 8 7 6 5 4 3 1 0
funct4 rd/rsl 152 op CR-type
funct3 imm rd/rs1 imm op CI-type
funct3 imm rs2 op CSS-type
funct3 imm rd’ op CIW-type
funct3 imm rs1’ imm rd’ op CL-type
funct3 imm rd’/rs1” | imm rs2’ op CS-type
funct3 imm rs1’ imm op CB-type
funct3 offset op CJ-type
Inst Name FMT | OP | Funct Description
c.lwsp Load Word from SP CI 10 010 1w rd, (4ximm)(sp)
C.swsp Store Word to SP CSS | 10 110 sw rs2, (4ximm)(sp)
c.lw Load Word CL 00 010 1w rd’, (4%imm)(rs1’)
C.sw Store Word CS 00 110 sw rsl’, (4ximm)(rs2’)
c.j Jump CJ 01 101 jal x@, 2*xoffset
c.jal Jump And Link cJ 01 001 jal ra, 2xoffset
c.jr Jump Reg CR 10 1000 jalr xo, rsi, @
c.jalr Jump And Link Reg CR | 10 1001 jalr ra, rsi1, @
c.beqgz Branch == 0 CB 01 110 beq rs’, x@, 2ximm
c.bnez Branch !'=0 CB 01 111 bne rs’, x@, 2ximm
c.li Load Immediate CI 01 010 addi rd, x@, imm
c.lui Load Upper Imm CI 01 011 lui rd, imm
c.addi ADD Immediate CI 01 000 addi rd, rd, imm
c.addilésp | ADD Imm * 16 to SP CI 01 011 addi sp, sp, 16*imm
c.addi4spn | ADD Imm * 4 + SP CIW | 00 000 addi rd’, sp, 4*imm
c.slli Shift Left Logical Imm CI 10 000 slli rd, rd, imm
c.srli Shift Right Logical Imm | CB | o1 100x00 srli rd’, rd’, imm
c.srai Shift Right Arith Imm CB 01 100x01 srai rd’, rd’, imm
c.andi AND Imm CB Q1 100x10 andi rd’, rd’, imm
c.mv MoVe CR 10 1000 add rd, x@, rs2
c.add ADD CR 10 1001 add rd, rd, rs2
c.and AND CS 01 10001111 | and rd’, rd’, rs2’
c.or OR CS 01 10001110 | or rd’, rd’, rs2’
c.xor XOR CS 01 10001101 | xor rd’, rd’, rs2’
c.sub SUB CS 01 10001100 | sub rd’, rd’, rs2’
c.nop No OPeration CI 01 000 addi x0, x0, 0
c.ebreak Environment BREAK CR 10 1001 ebreak
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Pseudo Instructions

Pseudoinstruction

Base Instruction(s)

Meaning

la rd, symbol

1{b|h|w|d} rd, symbol
s{blh|w|d} rd, symbol, rt
fl{w|d} rd, symbol, rt

fs{w|d} rd, symbol, rt

auipc rd, symbol[31:12]

addi rd, rd, symbol[11:0]

auipc rd, symbol[31:12]
1{b|h|w|d} rd, symbol[11:0](rd)
auipc rt, symbol[31:12]
s{b|h|w|d} rd, symbol[11:0]1(rt)
auipc rt, symbol[31:12]

fl{w|d} rd, symbol[11:0](rt)
auipc rt, symbol[31:12]

fs{w|d} rd, symbol[11:0](rt)

Load address

Load global

Store global
Floating-point load global

Floating-point store global

nop
1i rd, immediate
mv rd, rs

not rd, rs

neg rd, rs

negw rd, rs
sext.w rd, rs
seqz rd, rs

snez rd, rs

sltz rd, rs

sgtz rd, rs

addi x0, x0, 0
Myriad sequences
addi rd, rs, 0
xori rd, rs, -1
sub rd, x0, rs
subw rd, x@, rs
addiw rd, rs, @
sltiu rd, rs, 1
sltu rd, x0, rs
slt rd, rs, x0
slt rd, x0, rs

No operation
Load immediate
Copy register
One’s complement
Two’s complement
Two’s complement word
Sign extend word
Set if = zero

Set if # zero

Set if < zero

Set if > zero

fmv.s rd, rs
fabs.s rd, rs
fneg.s rd, rs
fmv.d rd, rs

fsgnj.s rd, rs, rs
fsgnjx.s rd, rs, rs
fsgnjn.s rd, rs, rs
fsgnj.d rd, rs, rs

Copy single-precision register
Single-precision absolute value
Single-precision negate

Copy double-precision register

fabs.d rd, rs fsgnjx.d rd, rs, rs Double-precision absolute value
fneg.d rd, rs fsgnjn.d rd, rs, rs Double-precision negate

beqz rs, offset beq rs, x0, offset Branch if = zero

bnez rs, offset bne rs, x0, offset Branch if # zero

blez rs, offset bge x0, rs, offset Branch if < zero

bgez rs, offset bge rs, x0, offset Branch if > zero

bltz rs, offset blt rs, x0, offset Branch if < zero

bgtz rs, offset blt x0, rs, offset Branch if > zero

bgt rs, rt, offset blt rt, rs, offset Branch if >

ble rs, rt, offset bge rt, rs, offset Branch if <

bgtu rs, rt, offset
bleu rs, rt, offset

bltu rt, rs, offset
bgeu rt, rs, offset

Branch if >, unsigned
Branch if <, unsigned

j offset
jal offset
jrrs

jalr rs
ret

call offset

tail offset

jal x@, offset

jal x1, offset

jalr xo, rs, 0

jalr x1, rs, @

jalr xo, x1, 0

auipc x1, offset[31:12]
jalr x1, x1, offset[11:0]
auipc x6, offset[31:12]
jalr x0, x6, offset[11:0]

Jump

Jump and link

Jump register

Jump and link register
Return from subroutine

Call far-away subroutine

Tail call far-away subroutine

fence

fence iorw, iorw

Fence on all memory and I/0
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Registers

Register | ABI Name | Description Saver
X0 zero Zero constant —

x1 ra Return address Callee
X2 sp Stack pointer Callee
x3 gp Global pointer —

x4 tp Thread pointer —

x5-x7 t0-t2 Temporaries Caller
x8 so / fp Saved / frame pointer | Callee
x9 s1 Saved register Callee
x10-x11 | a@-al Fn args/return values | Caller
x12-x17 | a2-a7 Fn args Caller
x18-x27 | s2-s11 Saved registers Callee
x28-x31 | t3-t6 Temporaries Caller
fo-7 fto-7 FP temporaries Caller
f8-9 fs0-1 FP saved registers Callee
f1e-11 fao-1 FP args/return values | Caller
f12-17 fa2-7 FP args Caller
f18-27 fs2-11 FP saved registers Callee
f28-31 ft8-11 FP temporaries Caller
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