Cucrema xomaua AVR.
Pe:xuMbl aapecanuu

IHoapasymeBaemMblii ONIEPAHIL.
B kxoMaHJe HE COAEPKMUTCS SBHBIX yKa3zaHUKW 00 oIlepaHjie; B 3TOM cClIydyace OIICpaH]

nojpa3zyMeBaeTcs U PaKTUYECKU 3aAaETCA KOJOM ONepalvii KOMaH/IbI.

YKOpoYeHHAdA ajipecanus.
B aagpecHOM T10Jie KOMaHIHOTO CJIOBA COZEPKATCSI TOJBKO MIAAIIUAE pa3psabl
aJIpECyEMOM STYCUKHU.

PerucrpoBas aapecauus.
OrnepaHbl U pe3yabTaT XPAHATCS B padOUMX PErUCTpaxX HEHTPATBHOTO MPoIeccopa.

HemnmocpeacreeHHas ajpecanus.
OnepaHz COAEPKUTCS B HEMMOCPEACTBEHHO B KOMaHJe. Mcnonb3yeTcs sl 3aHECEHUS B
pETUCTPHI KOHCTAHT.

IIpsamas aapecanus.
Anpec yKa3bIBAETCS HEMOCPEACTBEHHO B BUJIE HEKOTOPOI'O 3HAYCHHUS.




Cucrema komana AVR.
PesxxuMbl aapecanuu (IIPoaoJKeHue)

KocBennas aapecanus.
B Ko1e koMaHabl yKa3aH PETUCTP, KOTOPBIA COJEPKUT aapeC ONEpaHIa.

ABTOI/IHKQEMGHTHaH ( IHNOCTUHKPEMCHTHANA ) a1 pecanmusi.

[Ipy aBTOMHKPEMEHTHOM aJipecalliyd CHadajda COJACPKMMOE PErucTpa HMCHOJIb3YETCsl Kak
agpec omnepaHjaa, a 3aTeM II0JydaeT IpUpaIICHUEe, PAaBHOE YMCIy OalT B DJIEMEHTE
MAaCCHBa.

ABTO/IeKpeMeHTHAs (IpeieKpeMEeHTHAs ) ajipecanmsi.
CHavana coaepXMMOe yKa3aHHOTO B KOMaHJIC PEeTHCTpa YMEHBIIIACTCS HAa YHUCIO OaT B
3JIEMEHTE MacCHBa, a 3aTeM MCIIOJIb3YETCs KakK aJpec ornepaHa.

Nujaekcanus.
Anpec omnepaHja BBIYHCISACTCS KAaK CyMMa COJACPKUMOIO HMHJICKCHOIO PETUCTpPA M

CMCIHICHUA-KOHCTAHTHI.




Cucrema komana AVR.
IIpuHsATHIC 0003HAYCHUSA

Pervcto crart¥ca [SEREG):

SREE(G: Permcro crat¥oo

; Dnar neoeHoca

Dnar H¥Yneeporo aHAYEHMA

Dnar oToUMUATENBHOIC 3IHAYEHMA

D nar-Yekazatens NnepenonHeHMs

AononHeHMa 0o neY¥x

MY, Nna noboeepok CO 3HOKOM

D nar nonYnepedoca

D nar nepeculNkK, MCNONL3YemMbli

komannomy  BLD v BST

I @nar pazpewenus/ 3anpeweHms
rmoBansHOro NDeDHBOHMWA

=ZMNN0

SIw

FPervcrom v onepadnw:

Rd: Fervcro HaszHauYeHWa (M MCTOuYHKEK) B
DEerucTooBoMm Dakne

Rr: Permcro uctounuk B8 permcToosom daine

R: Fez¥neTaT BuNONHEHWA KOMOHOLI

k. INMuteoan vnu BaRT OaHHBX (8 GuT)

k NanHsle anoeca KOHCTAHTE ONA CHeTYMEO

ND OO MM
b: but B Dervctooesom danne wnwu
peructo (3 Gura)
5! But B pernctoe crat¥ca (3 Gura)

I/ O

X, N, £ Peructo koceerHHOR onpecouwm

(X=R27:R2&6, Y=R29:R28, Z=R31:R30)

P: Anpec /O noota

a: CamewmweHe Nov NDAMOR anpecauuu (&
BT

/'O pervcrosl

EAMPX, RAMPY, RAMPZ: Pervctowm ceazaHHee © X,
¥ v £ pervcroamu, obecneuyreawme KocEeHHY
OnNDeCaLumMD obnacTm CO3Y
MUEDOKOHTDONNeDa © obvesmom CO3IY Gonee 64

K&anT.

BCSR

Crex:
STACE: Crex ona anpeca eo3eDATa M OnYLWeHHbIX
B CTEK DEerMcTDOoB

SP: Yikazarens CTeka

Pnarm:

=i Pnar, HO KOTODHMKA eBo3nedcTeYer
KOMOHOO

0: OunweHHsIR komMmaoHoon Pnar

1: YCTOHOBNEHHLIA KOMaHOORH dnar

= Pnar, HO KOTODBA He eos3nedcTeYer

KOMOHOO




Cucrema xomana AVR.
ApupmMernyecKkue KOMaHAbI

Muem- | Onep-| Onucanne Onepauns ®nam K-so0
OHMKQ aHObI LMK~
nos

ADD Rd Rr | Add without Carr¥ - Rd<—Rd + Rr ZCNVH] 1

Cnoxute 6e3 nepeHoca
ADC Rd Rr | Add with Carr¥ - Cnoxute ¢ neneqocom Rd<—Rd + Rr + C ICNVH] 1
ADIW RdK | Add Immediate to Word- Cnoxute

HENOCDENCTEEHHOE FHOYEHME CO CNOBOM Rdh:Rdl«<—Rdh:Rdl + K| Z C NV ?
SUB Rd.Rr | Subtract without Carry - Rd<—Rd - Rr ZCNVH]| T

Buyects Be3 nepeHoco
SUBI Rd,K | Subtract Immediate - Buiuects

HEMNOCORLCTEEHHOE 3HOYEHHE Rel=—Rd - K ZCMNVH] 1
SBC Rd Rr | Subtract with Carr¥ - Buuects ¢ nepenocom | Rd<—Rd - Rr - C ZCNVH] 1
SBCI Rd.K | Subtract Immediate with Carr¥ - Buuects

HENOCOENCTBEHHOE 3Ha4YeHue ¢ nepeHocom | Rd<—Rd - K - C ZCNVHI 1
SBIW Rd K | Subtract Immediate from Word- Bevects

HEMNOCOENCTBEHHOE IHOYEHME M3 CNOBQ Rdh:Rdl<—Rdh:Rdl - K | ZC NV 2




Cucrema xomana AVR.

Jlornyeckue KOMaHAbI

Muem- | Onep-| Onucanme Onepauns ®naru K-so
OHMKQ | QHObI LMK~
noe

AND Rd Rr | Locical AND- Bunonuwte normueckoe AND | Rd<—Rd e Rr FNV ]
ANDI Rd K | Looical AND with Immediate-

BuinonHute normueckoe AND

C HENOCDENCTBEHHBIM 3IHOYEHHEM Rd=—Rd e K LNV ]
OR Rd Rr | Locical OR - Bunonuute norwueckoe OR Boad<=—Rd v Rr INV ]
ORI Rd.K | Logical OR with Immediate -

BunonHute norwyeckoe OR ¢

HENOCDENCTBEHHLIM 3HOYEHUEM Rd<—Rd v K LMY ]
FOR Rd.Rr | Exclusive OR - Buinonuute Rd<—Rd @ FRr FNV ]

ucknioyaowee OR
COM Rd One's Comolement - Brunonuurs

AONONHEHWE 0O E0MHMLEI Rd<—SFF - Rd ZCNV ]
NEG Rd Two's Complement - Beinonuute Rd=—500 - Rd ZCNVH]| T

OONONHEHKE OO ABYX




Cucrema xomana AVR.

KoMmaHabl padoThI ¢ OMTAMH U NIPOBEPKU

Muem- | Onep-| Onucanne Onepauns ®nam K-so0
OHMKQ aHOb LMK~
noe

SBR Rd K Set Bits in Reaister- Rd<—Rd v K ZMNY ]
1':"Il'::1I:IH':'I:"FI-'1fl.'r 6H||.1| B DErMcCTD:S

CBR Rd K Clear Bits in Reoister - Rd<—Rd [SFF - K] ZMNV ]
Ouuctute BuTe 8 DErMCTDE

INC Rl Increment - MHKDEMEHTHDOBATE Rd=— Rd + 1 LNV 1

DEC Rl Decrement - [lekpemeHTHDOBAOTL Rd=—Rd - 1 LNV 1

TST Rd Test for Zero or Minus - Rd<— Ed « Rd ZNYV ]
HEGBEE‘HTH HO HONMNE MK MHHH"‘C

CLR Rd Clear Reaister- Quuctute Dervcro Rd<— Rd @ Rd LNV ]

SER R Set all bits in Reoister- Rd=— SFF Hen ]
YeranoeuTe BCE BWTH DErucTDO

CP Rd.Rr | Compare- CoogHuTe Rd - Rr ZCNNH] T

CPC Rd.Rr | Comoare with Carry - Rd - Br - C ZCNVH]| 1
CoasHute € Yyerom nepeHoca

CPI Rd K Compare with Immediate- Rd - K ZCNNH] T

CoOBHMTE C KOHCTOHTOR




Cucrema komanag AVR.
KomaHabI epexoaa

Mrne- |One-| Onmcanme Oneoouns ®na- | K-so
MNPk |Renfve bmo-[leoeim omoomenso Pl +E+] Her | 2
| P Indirect Jumo- [lepefti xoceeuHo PCe—{ Her |
MP k[ lumo- Meoeim PLe—k Her | &
RCALL |k [Relative Call to Subroufine - Bussar

NOINOGIOOMAMY OTHOCHTENEHE PCe~PC + k + | Her |3
ICALL Indirect Call fo Subroutine - Buasare

NOONOOrDCMMY KOCBEHHO PCe—1 Her | 3
CALL |k [lono Call to o Subrauting - BunonHuTe

NKHHEIA BR308 NODNDOrDOMML PCe—% Her | 4
RET Retum from Subroufine - PCe—STACK Her | 4

BeouYTeCh M3 NOONDODOMME
RETI Retum trom Inferruot- BeouYrece w3 noeowsomu | PCe—3TACK | 4




Cucrema komanag AVR.
Komanasbl nepexoaa (nmpoaosxenue 1)

Mrne- |One- | Onncanne Onepaunn Pna- | K-so
MOHW=|DOQH- 4 LLHIR =
Ka Ok noa
CPS5E (Rd,Rr |Comoare 5kio it Eaual- Cooaunte “ It Rd = Rr then

NOCNYCTHTE SCNM  DOEHO PC=—PC + 2 |or 3), HeT F2/3
SBRC (Rr,b |Skio if Bitin Reoister is Cleared- MNMoonYorims i Rr (b) = 0 then PC=—PC

ecnM BT 8 DErMCTDE OYHLUIEH + 2 |or 3) Her 1/2/3
SBRS |Rr,b |Skio if Bitin Reoister is Set- Noon¥ocrue F Rrio) = 1 then PC=—PC

ecnu BMT B DErncToe YoraHoBne + 2 |or 3) Her F203
SBIC  |P.b Skio if Bit 1/ Reaoister is Cleared - MNMoon¥Yorwms If I/OP.Ll = 0 then PC=

ecnu GuT B pemcroe 1O owwwes PC + 2 [or 3) HeT F2r3
SBIS P.b Skio if Bit /D Reoister is Set- MoonYorure if L'OP.E) = 1 then PCs—

ecnu BT B pemmcroe IO Yorowosnew PC + 2 for 3) Her 1/2/3
BEBS |5,k Branch if Bit in SREG is Set- MNeosat ecnk If SREG|s) = 1 then

ByT B DerncToe cratfoa Yorawoaned PC—PC + k +1 Her 1/2
BREBC |s.k Branch if Bit in SREG is Cleared - MNeoeidtk If SREG(s) = O then

ecnv OMT B DermcToe CTaTYco OuUMILEH PCs—PC + k +1 HeT £2
BRECD |k Branch if Egual- Meoedth ecny paesso It Rd = Br (£ = 1) then

PC=—PC + k +1 Het 1/2
BERME |k Branch i Mot Eauval- Mepedts ecnk ve oaeHo It Rd =~ RBr (£ = O] then
PC«—PC + k +1 Her .

BERCS |k Branch it Carr¥ Set- MNeoedtm ecnk dnar It C= 1 then

neoeHsca  YCTOHoRNSH PC=—+FC + k +1 HeT /2
BRCC |k Branch if Carr¥ Cleared- MNMebedtn ecnwu i C= 0 then

dnar neoerwoca ouMLLEH PC=—PC + k +1 HeT 2
BRSH [k Branch it Same or Hioher (Unsioned| - MNMepefTu It Rd = Er |{C = 0] then

ecny caeHO Wik Soneswe (Des snaoxa) PC=—PC + k +1 Her 2




Cucrema komana AVR.
KomaHabl nepexoaa (nmpoaoJuxeHue 2)

Mue- |One- | Onnoarne Onepauns Pna- | K-s0
MOHHM=|DaQH~- A LLHMK-
Ka Okl noe
BRLD |k Branch it Lower |Unsioned] - Meceidtk ecnm It Rd < Rr {C = 1) then

meHewWe |[Bea zuakal PCe—PC + ke +1 HeT 1.2
BREMIT |k Branch if Minus - MNeopedmy ecnn sy o H M= than HeT 175

PC—PC + k& +1
BEFL k Branch if Plus- Meoedtn scns nnsoc H M= 0 then HeT 1/2
PC—PC + k& +1

BRGE |k Branch if Greater or Eaual [Sioned)- MNeoedty t Rd = Rr (N€&BY = 0} then

STk GOnswss 1 DOBHO o YueTor 3Homal) PC=—PC + k +1 Her 12
BRELT k Branch if Less Then [(Sioned) - MNeoeim I Rd < Rr < W= 1)

ST Al A0 05 LA O S CIORA) then PC=—RL + |k +1 Her 12
BRHS k Bronch f Half Cany Foo is Set- Mepetmm scnikn HFH =1 the=n

rhnar nonYYmesesoon Yoo oene- PC= PC+ k +) Her 1=
BRHC k Branch i Half Carr? Floo is Clecsaed - Meoaima HH = O then

e chnar oY NeEDeocn Craiey PC=—PC + k+1 Her [
BRTS k Bronch # T Floo s Set- MeoeEmm ecms HT=1 then Her 1=

cbnar T Yoo rommss PC=PC + kL +)
BETZ - Brarmch if T Floo is Cleared- Meoaima HT =0 then

e dnar T ousasssr PC=PC + k +1 Her P
BEVE - Bronch & Orerfloner Set - Meoeime ecre HY =1 theen

M TR I YT RS PC=PC + k +1 Her L=
BRWC k Brarmch § Orwerfliows Cleared- Meosame scmm H% = 0 theen

S TS AL LIS PC=—PC + kL +1 Her L=
BRIE - Broandh i Global Imdenmuot s Enabled - Meoaeimm 1= 1 tHhen

ST OO EHOE MO TIE S OSSO PC=—PC + k+1 Her 12
BRIC: k Brandh if Global Intfermuot i= Disabled - Meosinmm K1 =0 then

ST TS T MM BT SO s PC= P+ ke +) Her 1=




Cucrema komana AVR.
KoMaHabI HepechblIKA

Mue- |[Onep- | OnmcarHme Onepauma | Dna- | K-s80o
MO HM - QHILB M LB~
Ko nos
ELRhA BEdended Lood Prooworm Memory - Pocwwoersom 3amYaca F =—AZ+RANPL] | Her 3
THITATI MDD
By Rl Fr CooY Reoster- Konvooaom:e oenacs Rd<—PRr Her
L Eo K Lood Immediote - 3o amnms HENoODenr RS HHOE FHCTHEHS Eol=—07=HK =
LDS Edk Load Direct from RAM - Rd=oI k) Her 3
JomYsems HenorenceeHHo M3 TS
LCx R LD - Load Indirect - 3ancfanms koceerso Rd=—1{X] et 2
LC Fecl ¥+ Load Indired cand Postnorement - 3am¥sm. R =—{X],
ORISR A MDD EOE. BT LT A He—x + 1 = 2
LC» B Lood Indired and Pre-Drecrement - 3o ammes =¥ -1,
ST ST DSOS T OBCIE. MO DR HATE - Fod=—¥] Her 2
LC R Lood Indirect - 3omYsms xoomeerso Fd<=—7) Her e
LC» R+ Load Indiredt cnd Post-lnarement - 3amYsams Rl =—{¥},
SOCCRES HO M HEIES A MADOEBOE. BENOCTEE M TR M e + 1 Flear 2
LCx By Load Indirect and Pre-Deceament -3amsums e -1,
HOCREHHC DEsIOErASS-MADOECE. DS DB TN Rc=—) Her 2
LDD R+ Load ndirect with Disclocemeni - Rd=—¥ + a] |Her 2
FOmYaHTh KOMREHHD C0 CWELLICHAISM
LC Rz Load Indirect - 3omYsms xooeeso Rd=—Z) Her 2
LCx B+ Load Indirect and Posi-noremant - 3om s Fd<=—-=iZ),
OCCRES HO MHEESASHTHMDOEBOE BENOCTE TR £ + 1 e 2
LCx Ed-= Load Indired cnd PreDieoement - Jam¥arms I -1,
SCREHIHCH DSOS AESHTIACHORCIE, NS e HATE O Fd<=—{L) Her .
LD B o Load kndiresct with Disclocemenit - Rd=—~{Z + a) Her 2
JOmYaHTE KOCREHHD T CRASLLICHAE




Cucrema komana AVR.
KoMaHabI epecblIKU (IIPOA0JIKEHHE)

5TS kPr Store Dired o W - oo siTe HenccDencTeEerso B L3 [k}=—Rr Her 3
ST X Rr Store Indiredt - 3anmooms koceeHHs [¥]=—FRr Her 2
ST X+ Br Store Indiredt and PoskHnoement - 2amsooms [X]=Rr,

HOCESEHHD MHEDSMEHTHOOEOR BMOCNEOCTEMIA W= + 1 Het 2
ST X Br Store Indirect and Pre-Decrement - 3anwoaThe He—¥ -

KOCESHHD OSKDEMEHTHDOEOR NDEOBODHTENLHD |Z=—Rr Her 2
ST Y.Rr Store Indirect - 3anucate kocasHHO [}=— Rr Het 2
ST Y+,Rr Store Indirect and Post-lncrement - 3anwcare ] =—Rr,

KOCESEHHD MHEDEMEHTHOOREOR BMOCNEOCTEMIA Va1 + 1 Het 2
ST - Er Store Indirect and Pre-Decrement - 3anwoaThe Ve - 1,

KOCESHHD OSKDEMEHTHDOBEOR NDSOBODHTENLHD |"]=—Rr Her 2
ST o, B Store Indirect with Deokicement - [¥ + a]=— Rr Her 2

3anmucate KOCBEHHO CO CRMELLIEHHEM
ST Z,Rr Store Indirect - 3anucaTe kocagHHO (Zy=—Rr HeT 2
ST £+ . Br Store Indirect and Post-lncrement - 3anucate [Z}=—Rr,

KOCEEHHD MHEDEMEHTHDOBEOR BIOCMEDCTEMA f=—F + 1 Het 2
ST -Z.Br Store Indirect and Pre-Decrement - 3anmcaTte F=—7F -1,

KOCEEHHD OSKDEMEHTHDOBOE NDE0BODHTENLHD [Z}=— Fr Her 2
ST 4o, Br | Store Indirect with Deolocement - [£ + al=— Rr Her 2

30NWCaTE KOCBEHHDO CO CRMELLIEHHEM
LPhA Loaod Prooram MemorY - 3oro¥aute S0RT NomsTy NDo oo RO=— (Z) Hert 3
I~ Rd,P Load an YO Port to Reoister - 3aro¥amTe DOHHRIES

mz noota /O a penwcto Rd=——F Her 1
ouT F. Rr Store Reaoister o VO oot - 3onwoom: oosiHee

M3 penacToa B noot A0 P=—Rr Her 1
PUSH | Br Push Reoister on Stack - MosscTime DerdoTD B CTEK STACK=—~Er Het 2
PP Rd Poo Reoister from 5Stack - 3aro¥Yaums Deructo Wz crekn BEd=—5STACE]| Het 2




Cucrema komana AVR.
KoMaHIbI CABUIa M TECTUPOBAHUS

Mue- (One- | Onncanne Onepaunn ®na- | K-so
MOHW=|DOQH- 4 LLHIR =
Ka Ok noa
5L [Rd Looical Shift Let- Morwseckw coemkYTe eneso Rdin+1}=—Rd|n),
R|0j=—0, C=—Ral7) [Z.C MV H|1
LS8 |Rd Looical Shift  Rioht- Nomusecky coemeYTe BnDasc Rdnj=— Rd[n+1),
Rd[7]<—0, C—Rd|0) |ZCNY |1
ROL Rotate Left trouch Carr¥- Coeuk¥me sneso yepes Rd(0}=—C,
NEDeHoC Rain+1)s—Hd|n|,
Ce—Rd(7) Z,CNV,H| 1
ROR |Rd Rotate Rioht trouoh Carry- Coewn¥Te enooec Rd|7]=—C,
YEDES NEeDeHOC Rd|n=—FRd|n+1],
C—Rd(0) ZONV |1
ASRE  |Rd Arithmetic Shift  Rioht- Aoudmemiueciu Rd(nj=— Rdin+1],
COBHHY T BNOOBC n=0...4 FOMY T
SWAP|Rd Swap Mibbles - Momewsats Hwbbne mectamm Rd(3. .0}=—=Rd(7..4) |Her ]
BSET |s Floo Set -Ycrawosuts dnar SRE(G(s[<—1 SREGIs| |1
CLR s Flne Clear -Cuvctute dnar SREG{s[<—0 SREGIs| |1
581 |Pb Setbitio I/ Reaister - Voramoasms Bur s perwco 1O I[s] IP.bje—1 Her 2




Cucrema komana AVR.
KomaHabl ciBMra u rectupoBanud (rmposi. 1)

Mue- |[One-|Onmoanne Onepaunna ©na- | K-so
MOHHM=|DaQH~- A LLHMK-
Bl Fi-= Clear Bitin IO Reoeter - ChescTims G4t 8
penacToe: LD SR b0 He 2
BaT Fib Bt Sone frorn Raoistes 1o T - MNeosrmssooms Gear ms
DarwcTon Bo S T Te— Rl T
Bl |Ed.b Bt Lowesed beoenn T 80 Ressistar -Joro¥=«me T &nar e
OHT DEndCToG Bd|bp=—T Her
=EL sal Card Fao- Yororoesams dunar nessamscsco 1] A
L Clear Carr¥ Fleo -Olumcrate & HE A T L ] A
o 2al Meoalive Floo- Yorosoawme o eI (|
OTOMUCITEN OO 3 H09 e e
Lk Clar Meocative oo -COhsicmars dunar
OT DUITEN e 0T 30 Es el =0 (|
) sal LZaero Floo- Yorosmioswte dnar s¥nesoro
ZHOEH M L=1 L
CLE Clear Zaro Aaoo - Ouecrete dinar #¥meeoro
1 En el Le—I1 £
=E| sal Glolsal Indermuol Fleso- Yomorosae donar
TSN BHOND  THCeE O bl B O HeA —] I
L Clear Global Interruct Floo -Ousctete duno
TSN OIS CsE O bl B O e =—1_ I




Cucrema komana AVR.
KoMaHABI ¢CIBUIa M TECTUPOBAHUSA (MPOA. 2)

Mue- [One-|Onwoarme Onepauns ®na- | K-so
MOHHM=|DaQH~- A LLHMK-
Ka Okl noe
SES Set Sioned Floo- Yoromosuts dnor anaka S<—1 5 1
CLS Clear Sioned Flao - Ouucrute dinar anaka 5=—0 5 ]
SEV set Overflow Flao- Yeoraoroswts dinar

neoenonHeHHA VeI W |
CLY Clear Overlow Flao - Ouucrirs dinar

neoenonHeHHA VeI W |
SET Set T Floo- Yoranoeuts dinar T T=—I T |
CLT Clear T Flao - Ouucrvte dnar T T<=—0 T |
SEH set Half Carr¥ Floo- Yoranosurs dnar nony

NepeHoca H<—1I H |
CLH Clear Half Carry Flaa -Ouucrute dnar nony

nepeHoca H<=—10 H |
NOP Mo Operation - Banonuuts xonoctYo komosHnY Her 1
SLEEP Sleen - Ycoronoeute pexmm SLEEP Cri. onmMcanHwe Her |

EOsOHOBI
WDR Watchdoo Reset- CBooouts cropoxesokd Tameo Ca. onmcaHue Her |
EOMOHOLI
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