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OnpeodernieHust

Apxutektypa Habopa komaHA (instruction set architecture, ISA) —
YacTb apXUTEKTYpbl KOMNbIOTEpPA, onpeaenstoLlas
nporpaMmMmpyemMyro 4YacTb gapa MUKponpoueccopa. Ha atom
YPOBHE onpeaensaoTcs peariusoBaHHble B MUKpornpoueccope
KOHKpPEeTHOro Tuna:

- MalWMHHbIe KOMaHAbl (CcMCTeMa KoMaHA),

- TUMNbl BHYTPEHHUX AaHHbIX (Hanpumep, ¢ nNnaBaroLen
3anAToON, UenoYmcrieHHble U T. 4.),

- aPXUTEKTypa namsaTu,
- perucTpbil,

- peXXnmbl agpecauuu,

- B3aumogencTteme ¢ BHeLWHUMU yCTpoucTBaMu BBoaa/ BbIBOAA,
- 00paboTUYNKKN NpepbIBaAaHUN U UCKITIOYNUTESIbHbLIX COCTOSAHUMN.
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O606uweHHas1 cmpyKkmypa KoMmrnbromepa

Random Access Memory

(or RAM)

Central Processing Unit System
(or GPU) LT Bus
In - Out Ports
Devices: g
Display, Keyboard, etc...
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Ewe 6os1bwe demaned...

Mpoueccop
ApMpMEeTUY eCKO-NOrMYBC KOR ngn“‘;?mﬂ
YCTROWCTED (ATTY) BLIBOPKOA KOMaHA,
Cxema
= T YNPAeNeHWA
RG YIDABREHHS NpepbIBaHAAMHK
B Cxema
« PervcTp NpU3HakKoe YIpaBnNeHuA
RG nAan

TT T ]

|

WuHa WuHa lWnHa WuHa TakToBbIM
NaHHbIX agpeca yNpaeneHWa nNUTaHWA  CUrHan




OnpeodernieHust

Cucrtema komaHz, (Habop KoMmaHz) — cornailieHue o
npenocTaBnsAeMbIX apXUTEKTYypou cpeacTBax
nporpaMMmpoBaHusi, a UMEHHO:

- onpepnerieHHbIX TUNax gaHHbIX,

- MHCTPYKUMKM (onepauunn),

- CUCTEeMbI PEerncTpos,

- MEeTO4O0B agapecauuu,

- Moaerneun NnamMmsTw,

- cnoco6oB 00paboOTKM npepbIBaHNN N UCKITIOYEHUM,
- METO40B BBOAA U BbIBOAA.




O6uwass cmpykmypa ¢hopmama KOMaHObI

KOII AppecHad HACTE

PopmaT KOMaHAbI - CTPYKTYpa KOMaHAbl C pa3METKOM HOMEPOB pa3psiaoB, onpeaenstowmx -
rpaHnLbl OTAENbHbLIX NOMEN KOMaHAabI.

OnepayuoHHasi Yacmb. COOEPXKNT KO onepauun u 3agaet smg onepaumm (+, -, *, /...)
AdpecHasi yacmb: coaepXxuTt nHdopmaumo od agpecax onepaHaoB U pesynberata, MHoraa
agpec crnenyroLwen kKomaHabl.

CTpyKkTypa KOMaHAbl O4EHb CUIBHO BIUSIET HA NPOM3BOAMTENBHOCTL: YeM OonblUe KoMaHaa, TeM bornblue
BpemMeHn YyXoOauT Ha ee CHNTbIBAET U ,El,eLLII/ICpr/IpOBaHI/Ie.

YacTo cuctema KomaHg 4OCTaTOMHO BenuKa, U paspsgHOCTb WKHBLI agpeca coctaendeT Ao 128
pas3psaoB..
OTO NPUBOAUT K MOSABMEHMNIO OYEHDb OSIMHHBIX KOMaHA U CHUXXEHUIO 3 EKTUBHOCTMN.

[OnnHa komaHg gormkHa 6bITb cornacoBaHa ¢ AfMHoM obpabaTtbiBaeMblX AaHHbIX (YNpoLlaeTcs
annaparypa).
ITO, KakK rnpasuso, NpuBoAUT K ANUHE KOMaHA, KpaTHbIM pa3psgHOCTU LUNHbI AaHHbIX.



[MTo PYHKUMOHANBbHOMY Ha3Ha4YeHWIo }O

‘Crnocob nepenayvn ynpaBieHus }D

[To KONnn4yecTBYy a4pecoB }D

[To on1nHe KoMaHAbl }O

- Mo cnocoby KoanposaHus

Mo cnocobam (MeTOomaMm) agpecauunu }O

[To MexaHn3My 04HO3HaYHOCTM KOMaHObI }D

:I'Io TUNY aPXUTEKTYPbI b




Knaccughukauyusi komaHO no ghyHKYUOHasIbHOMY Ha3Ha4YeHUIo

3arpyska (3anucb) conep>Xnmoro
BO BHYTPEHHUWE PErncTpbl NpoLeccopa

coxpaHeHue B NaMATN COAEPXKUMOro
BHYTPEHHUX PErncTpoB npoLeccopa

Mepecbinika faHHbIX

KOMUPOBaHWEe COAEP>KUMOro 13 OLHON
obnactu namaTn B APYyryto

3annch B YCTPOWCTBa BBOAA/BLIBOAA
N YTEHUe 13 YCTPONCTB BBOLA/BLIBOAA

KOMaH/bl onepauuii ¢ pUKCMpoBaHHOW 3anaTomn
(cnoXxeHue, BblYMTaHUE, YMHOXKEHWE, AeneHne)

KOMaH/bl ornepaLui c niasatoLelt 3anaTon
(cnoxxeHue, BbIYUTaHNE, YMHOXKEHWE, AeNeHNne)

KOMaHAbl O4NCTKU

KOMaHAbl UHKpeMeHTa N AeKpeMeHTa ]

ApumeTunyeckne KomaHabl

ObpaboTka AaHHbIX

KOMaHAbl CpaBHEHUSA

norudeckoe U, nornyeckoe UK,
cnoxxeHue no moaynio 2 (Uckniovatowee NIN)

norunyeckue, apI/ICbMeTI/I"IeCKI/Ie W UMKNn4ecKkne casuru ]

Jlornyeckne KomaHAbl

nposepka 6UTOB 1 onepaHaoB ]

Mo PyHKLMOHaNLHOMY Ha3HaYeHUIo

yCTaHOBKa U o4ncTka 6uToB (chnaros) peructpa
cocTosiHMA npoueccopa (PSW)

nepexop 6e3 Bo3BpaToB (goto) ]

KOMaHAbl 6e3yC/IoBHbIX NepexonoB BbI30B nognporpammel (call) ]

{NporpamMMHbIe npepbiBaHus (interrupt) ]

nepexon, eCcnv paBHO HyO ]

nepexoa, ecv He PaBHO HyJIO ]

MNepepava ynpasaeHuns nepexon, eCcnv ecTb nepenosiHeHne ]

rnepexon, ecav HeT nepenosHeHns ]

KOMaHAbl YC/IOBHbIX Mepexonos

nepexop, ecnu 6onbLue Hyns ]

nepexon, eC/in MeHbLUE NN PABHO HYJIO ]

nepexon, ecnu eCTb nepeHoc ]

nepexon, eCcqiv HeT nNepeHoca ]

CrneunanbHble S fynpasnerne npepbiBaHUsIMU

ynpaseHne PeXxrMoM MOHUKEHHOr0
371eKTponoTpebaeHus




C aBHOW nepepnayven yrnpassieHUs

Cnocob nepepayn ynpasneHus

(yKa3aHue agpeca nepexoja B KOMaHzae)

C HesiBHOM nepepayen ynpasJsieHUs
(nepexon NO CHETYMKY KOMaHA)

Be3agpecHblie

[0 KoNn4yecTBy agpecos

OpHoappecHble

[

IByxaapecHble

TpexagpecHbie

OnHobanToBble

Mo annHe KoMmaHAabl

IByxbanTtoBble

G

C hukcmpoBaHHbIM NOSIEM KOAa onepauumn

Mo cnocoby KoanpoBaHus

C pacwupsowmmcsa noaem Koga onepauuni

10



Knaccugukayusi komaHO rno yucsy aopecoe
(u cnocoby nepeda4vu yrnpaesieHUsl)

M: X = A+B*(C-D);
if(X > 0) {C--;g0to M;}
else put(X);

—> - OTHOIUEHHUS MEXY OIlepaHIaMu
_____ - OTHOLLUCHHSA YIIPaBJICHHUSA
== == > - OTHOLICHHS PacCIOJIOKECHHUSI
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Knaccudgukayusi komaHO no 4ucsy adpecos
(u cnocoby nepedayvu ynpasrieHusl)

Push(A); Push(B); +; C = Pop();
I'IepeXO,D,bI no C‘-IeT‘-II/IKy KOMaH

RegAcc = A; RegAcc += B; C = RegAcc;

nepexonbl no CHETYNKY KOMaH

nepexogbl no CHETYNKY KOMaH/

KOII
KON | Anpec
orepaHaa nepexonbl no CHETYNKY KOMaH
KON | Anpec Anpec C=A;C+=8B;
| onepanna | 2 onepanna
KOII Anpec Anpec Anpec C = A+B;
1 onmepanpna | 2 omepannma | pesyieTarta
KOII | Anpec Anpec Anpec Appec cnegywouiei
] omeparma | 2 onepadma | pesvasTaTa | KOMaHme!

Ilona agpecHoil WACTH

C = A+B & goto M;
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Knaccugukauyuss komaHO no criocoby kooupoeaHusi onepayuu

KOO | Anpec Anpec
| onepauna | 2 onepanna
KOII Anpec
|l onmepanna
KOII

2-agpecHas: 01 - npmsHak komanasl MOV
apyrme: 00,11,10 - npusHak pacwupeHHoro KOI. OauH nnu Heckonbko KOOI oomkHbl yKkasbiBaTb

Ha Hanuyme NONHOCTbLIO pacwmpeHHoro KOIT.

lpumep: Intel 8080
01 DDD | S55 MOV 112
| |
10000 | SS§ ADD 1
11111011
KOII

Lewugpamop komaHObl MI1 OormkeH, ghakmuyecKu, paccmampugambs KOMaHOy
rnocriedogameribHO criegea Haripaeo.
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Mo cnocobam (MeTodaM) agpecaunm

Mopnpa3symesaemas

onepaHp

Henoc pencteeHHas

aapec

OTHocuTenbHas (basnposaHue), UHOEKCHaA

CyMMMDOBaHMeMI

YKopoquHaﬂl

PEFMCTDOBaHI

KocBeHHas

coBmelleHmnem I

14



Knaccugukayuss komaHO rno cnocoby adpecayuu

NMoapasymeBaeMbi onepaHa
B komaHOe He codepxxumecs 8HbIX yKa3aHul ob adpece ornepaHOa, ornepaHo

rnoopasymesaemcsi U chakmudecku 3adaemcs KoOoM oriepayuu:
INCr (r)<-(r)+1

NMoaopasymeBaemMbin agpec
B komaHOe omcymcmaeyem adpec ornepaHda usnu pesyrbmama, Ho amom adpec
rnoopasymeeaemcs:

ADDB (A)<-(A)+(B)
HenocpeacreeHHasa agpecauus
B komaHOe codepxxumcesi He adpec, a cam oriepaHO. Hcriornb3yemcs 0bbI4HO Ot KOHCmaHm.
Bbibopka onepaHOa u ghopmuposaHue e20 aopeca He HYXXHbl.

Mpamasa agpecauuma
WcnonHumernbHbIU adpec coomeemcmeyem adpecHoMYy KoOy. B komaHOe Haxooumcsi cam

adpec.
HepocTtaTok: ANMIMHHbLIN agpec, He06X0AMMO CYMTLIBATD.
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Knaccudukayusi komaHO rno cnocoby aopecayuu

OTHoCcuTenbHaa agpecauus (6basvpoBaHue
UcnionHumernbHbIU adpec oripederisemcs cymMmou adpecHo20 Koda KoMaHObI U HEKOMOPOo20
yucna (basoeoeo adpeca)
A_ =A_+A
effucn 6a3 KOM

BasoBbI agpec 4acTo XpaHUTCS B crieumanbHOM peructpe (pernctp 6asel). B komaHae
BblAENSETCA rnone ansa ykasaHusa Homepa 6a3oBoro perncrpa.

[JoCTOMHCTBO: MeHbLUasi AFNIMHA aapPeCcHOro Koga, npu obpaileHuu K nrobon A4Yenku
namaTu. B KomaHae yka3biBaeTcA TONbKO CMeLleHue.

oIl
f"’__ﬁ\-_p

[ emeg0il agpec

[ niem eHHe

Faanﬂhﬁ& agpec 16




BapuaHnmbl omHocumesnbHoOU adpecayuu

Ne baz. permcTpa | CMeniesme

¢ v
. CM /

HenommteneHBL agpec

0@ . perucTpeI

6)

Ne baz. permcipa

CruenreHme

b . permcIphl — CTAPILTE

pEpAMEI anpeca

a) cymmmpoBaHue (UCnornb3yeTcs Yale, HO CroXXeHue - 40Nro)
0) coBmelleHue (6a30BbIN agpec COAEPXKUT CTapLuMe pa3psaabl, a creayroLwmmn

MnagLuue paspsagbl)

HepocTtaTok: HeBo3MOXHa agpecauma sceu OIrl.

.

HenommitensHeni agpec
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Knaccudukayusi komaHO rno cnocoby aopecayuu

YKopoyeHHasa aapecauus
AdpecHoe rore codepxxum moribKoO Yacmb

adpeca (Mmnadwue unu cmapuue paspsobl).
OcmarbHbIe nodpasymesaromcs.
crionb3yemcsi mornbKo ¢ opyaumu
criocobamu adpecauyuu.

NMpumeHsaeTcA ANA YMeHbLUeHUA OANUHDbI
KOMaHAabI.

PeructpoBas agpecauusa
UacmHbiU criydau yKkopodeHHoU adpecauuu

16 POH - 4 pa3spsapa agpeca KOII

Appec

OIl

KocBeHHaa agpecauus
Adpec 8 KomaHOe yka3bigaem adpec s4elKu

namsimu, 8 Komopou Haxodumcs aopec
oriepaHoa.

JAHHEIE

[{emeroil agpec
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Knaccudukayusi komaHO rno cnocoby aopecayuu

ABTOUHKpPEMEHTHasa U aBToAeKpPeMeHTHasa agpecauuns

ApgpekmusHa ripu pabome ¢ maccusamu. Mcrionb3yemcs 4acmo cO8MECMHO C KOCBEHHOU
adpecauyuet, Ymobski 05151 0bpabomkKu Kaxx0020 arieMeHma Maccuea He 3a2pyamb HO80€
3Ha4yeHue adpeca, a Uucriofib3o8ame asmomMamuyecKoe yesesriudeHue unu ymeHbweHue Ha 1
COOePXKUMO20 peaucmpa ¢ adpecom.

Agopecauus cnoB nepeMeHHOU ASINHbI

Ucnonb3yemcs Oris1 8bINOfHeHUs onepayul Had 0aHHbIMU riepeMeHHouU OruHbl. Adpecauusi
makux 0aHHbIX peanu3yemcs rnymem yka3aHusi 8 KOMaHOe MeCcmoriofioXXeHUs 8 namsimu
Hayarna crioea U e20 OIUHbI.

CrekoBasa agpecauus
Wcnonb3yemcs 0risl 8bInoriHeHUs onepauuu Had cmekom. Yacmo ucrnonb3yemcs 8

b6e3adpecHbix KomaHOax. ObbIYHO Yepes crieyuaribHO 8bI0erIeHHbIU peaucmp cmeka.
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Knaccugukayusi no cnocoby 3adaHusi 0OHO3Ha4YHoOCMu

Cnocob nepegayn ynpasneHus b

Mo KoNnMyecTBy aapecos b

Mo onvHe KoMaH4dbl }D

Mo cnocoby KogmpoBaHus

Mo cnocobam (MeTogaM) agpecauin ]D

TONbLKO B KoAe onepauunn ]
OAHO3HAaYHOCTL NO NONAM KOMaH abl

MCNoMb30BaHWe Nonein onepaHaos ]

Mo MexaHWn3My oAHO3HaYHOCTW KOMaHabI

Wcnonb3oBaHue TernposaHus ]

Ncnonb3oBaHwe OeckpunTtopos ]

B 6onbLunHcTBE ciiy4yaen cbopmaT AdaHHbIX, C KOTOPbIMU BbIMNOJTIHAETCA KOMaH4a, YKa3blBa€TCA B
CaMOM KoAe onepaunin.

71O npmnBOAUT K N36bITOYHOCTU KOOANpPOBaHNA KOMaHA, T.K. NMPpU HaJIM4nn HECKOJIbKNX KOMaH,
pa60Ta+ou.|,I/|x Cc OAHUMUN N TEMU XKe OaHHbIMU (baKTI/I‘-IeCKI/I KaXkabIW pa3 yKa3biBa€TCA UX TUI.
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TeaupoeaHue

[Mpwn TermpoBaHNN Kaxxgoe XpaHMMoe B NaMsTH CNOBO CHabXaeTcs ykasaTenem - TEroM, onpeaensitowmm Tmn
AaHHbIX (Lenoe, OBou4yHoe u4ucno, vucno c INT, agpec, cTpoka, u 1.4.)

Ter [laHHblE

B none Tera kpome Tuna ykasbiBalOT 4SIMHY 1 popMaT AaHHbIX, Apyrue napameTpbl. Tern hopmupyroTca
KOMMNUAATOPOM W1 NPUKPENNAITCS K AAaHHbIM.

Hanunuue TeroB npugaet JaHHbIM CBOMCTBO caMoOonNpeaenieMoCTu.

JlocTonHCTBA:

- TeroBasi opraHu3aumsi namaT cnocobCcTByeT peanv3aunmn NpUHLUMNaA He3aBUCMMOCTM NPOrpamMm oT
AaHHbIX.

- NpnBOAUT K SKOHOMUKN MaMATHU, T.K. OTCYTCTBYET VIHC*)OpMaLI,VIOHHaFI N30bITOMHOCTb Ha 3adaHue TUMNOoB U
pa3mMepoB ornepaHaoB npun nx NCrosfib3oBaHMe HECKOJIbKUMI KOMaHOaMN.

HepocTaTtku:
- YMeHbLUAeTCca CKopocCTb paboTkl Ml n3-3a ycTaHOBKM COOTBETCTBUSA TUMA KOMaHA TUNam AaHHbIX
NPOUCXOOALWEN HE HA 3Tane KOMNUAAUMKN, a NPU BbIMONHEHUM NPOrpaMMbl.
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TeaupoeaHue

[Mpumep: B 06blvHOM OBM TUN gaHHbIX onpeaenseTcsl KOHTEKCTHO 3adadve, TO eCTb,
HernocpeacTBEHHO KOMaHAOW, KOTOpasa UCMOoSb3yeT 3TN AaHHbIE:

B aTom cnyyae kog komaHabl 3agaet Bug (Tvn) AaHHbIX. Takmm obpa3oM, KoMaHg, CroXeHNd
MOXET ObITb o4eHb MHoro: ¢ @T, ¢ IMT, ¢ pa3psigHocTbio 8, 16, 32 buTa.

TeroBasi opraHu3auusi No3BoONsiET OOCTUIHYTb MHBAPWUAHTHOCTU KOMaHO OTHOCUTENbHO
OaHHbIX, YTO NPUBOAUT K 3HAYUTENBHOMY COKpaWeHUo Habopa koMaHg MalUnHbI (B HALLEM
Crnyyae OCTaeTCHd BCero ogHa KomaHaa CNnoXeHus). 9To ynpollaeT CTPYKTYpy npoueccopa,
obneryaet paboTy nporpammucTta, obrierdaet obHapyXeHue oMBbOoK Npu onepaunsix c
HEKOPPEKTHLIMU AaHHBbIMN.

ADDE ADDEX ADDEBX
5 pasp. 16 pazp. 32 pmp
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Heckpunmopsbi

Heckpunmopsbl - crnyxebHble crioBa, cogepXxaline
MHdopmaumo (onncaHme) MaccuBoB AAHHbLIX U KOMaHA,.

MOFyT NPUMEHATBLCA KaK C TeraMu 1Tak U be3 Hux.

[leckpunTop cooepXnT ceeageHunsa o:
- pasmMepe MaccuBa OaHHbIX;
- MecTononoxeHun maccmea B Ol'l unm Bo BHELWHEN NaMSATU;
- ajpece Ha4ana maccuBa;
- pexume 3alunTbl AaHHbIX.
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lMpumep: onucaHue ds8yxmMepHO20 Maccuea
deckpunmopamMu 0Opeeso8UOHOU CMPYKMYypPHbI.

Ter gpeckpymropa | cneu. none | L=4 Appec
|
-
Ter peckpimropa | comew. mome | L=2 Apgpec
Ter gpeckpymropa | coeu. none | L=2 Appec
Ter gpeckpymropa | cneu. none | L=2 Appec
Ter gpeckpymropa | cneu. none | L=2 Apgpec —‘
|

— [
+

[1.4]
=

Ter | maHmBIE Ter | mamHBIC OaHHbIE Ter | gaHHBIE

Hanu4yue e apxumekmype 3BM deckpunmopoe rnoopasymegaem, 4mo obpauwieHue K
UHgbopmMauuu 8 namsamu rpou3sooumcs 4epes HUX, 4mo MOXHO paccMampueamsbs Kak
OdasibHelwee pa3sumue aririapamo KoceeHHoU adpecauuul.
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Tun apxumekmypbI npoueccopa

CISC (complex instruction set computing nnn complex instruction set computer) — Tun
NPOLIECCOPHON apXUTEKTYPbI, KOTOpasi XapakrepuayeTcs crnegyrowmm Habopom CBOUCTB:
* HePMKCUPOBAHHOE 3HAYEHNE OSIMHbI KOMaHAbI;

* apudmeTnyeckme OencTBmUda KOQUPYHTCA B OOAHOM KOMaHAE;

* HebOomMbLLOE YMCIIO PETNCTPOB, KAXKAbIN U3 KOTOPbIX BbIMOMHAET CTPOro onpeaen€HHyo

doyHKUMIO.

RISC (reduced instruction set computer — komMnboTEP C HABOPOM KOPOTKUX [MPOCTLIX,
ObICTPbIX] KOMaHO) — apxXUTEKTypa npoueccopa, B KOTOPOW ObICTPOAENCTBME YBENNUNBAETCS 3a
CYET YNPOLLEHNSA UHCTPYKUUIN, YTOBLI NX AekoanpoBaHue Oblfio bonee NpocTbiM, a BpeEMS
BbINONMHEHNS MEHbLLUUM.
3mo makxe obrieayaem riogbiWeHUe makmoegou Yacmomsl u 0eriaem boree agoghekmusHoU
cyrepcKarnsapHocmb (pacrnaparnenueaHue UHCMpyKUUU mMexxoy HeCKOMIbKUMU
ucrnonHumersribHbIMU briokamu).

VLIW (very long instruction word — «04YeHb ONMMHHAA MallMHHAA KOMaHga») — apxXuTektypa c
HECKOJSTbKUMU BblYMCNUTENbHbIMK yCTponcTBamn. OgHa MHCTPYKLUMA nNpoLieccopa CoaepXnT
HEeCKOSbKO onepauumn, BbiNoSiHeMbIX napannensbHo. PakTuyeckm aTo «BUgMmMoe nporpaMmmMmncTy»
MUKponporpaMmMHoe ynpasrieHme. MalunHHbIN Kog npeacTtaBnaeTr cobon HEMHOIMO CBEPHYTLIN
MUKPOKOZ, A9 HENOCPEeACTBEHHOMO ynpasneHus annapaTypou. 26



CISC

[MpeactaButenb CISC-apxmuTeKkTypbl: NpoLUeccopbl HAa OCHOBE KOMaHA X86.

[Tpouecccopbl X86 1 x86-64 ABNAKTCS OO4HUMU N3 CaMbIMU PaCPOCTPaHEHHbIX. OHU
OOMMUHUPYIOT B CErMEHTax pabounx CTaHUMKW, NepcoHaribHbIX KOMMNbIOTEPOB, CEPBEPOB
Ha4asibHOro U cpegHero YpoBHS, a Takke MenHpPeNMoB

[TosoHue x86-npoueccopsl (Intel Pentium 4, Pentium D, Core, AMD Athlon, Phenom)
nmetoT RISC-agpo, xota n CISC-coBmectumbl. PopmMmaribHO OHM CUYUTAKOTCH
rmopugHbiMn. B rubpugHeix CISC-npoueccopax CISC-nHCTpyKUnm
npeobpas3oBbiBalOTCA B HAOOp BHYTpeHHUX RISC-komaHa, npn 3TOM ogHa komaHga
x86 MoXeT nopoxaatb Heckonbko RISC-komaHg (B cnyyae npoueccopoB Tuna P6 —
0o 4vetblpex RISC-komaHg B 60NbLUMHCTBE CnyYaeBs), UCMOSTHEHNE KOMaH[,
NPONCXOOMUT Ha cynepcKkansapHOM KOHBenepe O4HOBPEMEHHO MO HECKONMbLKO LUTYK.

OcHoBHoW HepocTaTtok CISC-apxutektypbl B cpaBHeHUn ¢ RISC — 6oree crnoxHbin
noaxon K pacnapannenMBaHunio BbIYUCIIEHNUN.
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RISC

MoTusBbl

MHorne KoMmnunaTopbl HE 3a4eNUCTBOBANN BCe BO3MOXHOCTW CMNOXHbIX MaLLUWUHHbIX
NHCTPYKUMW. Ha crnoxHble MeToabl agpecaunm yxogmT MHOro BpeMeHu n3-3a
OOMOSTHUTENbLHbIX 0OpaLLeHN K MearieHHOW namATun. Jlyylle ncnonHate bonee
NPOCTbIX MHCTPYKLNK, €CIN NPX 3TOM NMPOoLECCOop YNpoLLaeTcs N B HEM OCTaeTcd
MeCTO Ans 6ornbLUero Yyncna permcTpoB, 3a CHET KOTOPbIX MOXHO COKPaTUTb
KONTMYEeCTBO ODOpaLleHNA K NaMATH.

[lepeHoc bonbLlen YacTn NporpamMmmbl Ha perncTpax BHYTpPU rnpoueccopa rno3sonseT
MCNonb3oBaTb O0siee BLICOKYIO €ro TakKTOBYO YaCcTOTY BMECTO obpalleHns K ooLen
namMmsaT C MeHbLUEen TakTOBOW YaCTOTOMN.
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RISC

OcobeHHOCTH

* PdukcupoBaHHaA AfiMHA MaLUUMHHbLIX MHCTPYKUWA U NPOCTON doopMaT KOMaHAab!.

« CrneunanmampoBaHHble KOMaHabl A9 onepauun ¢ NnamsTblo — YTEHUS UK 3aMNUCH.
Onepaunu Buga Read-Modify-Write otcytctBytoT. JltoOble onepaymm «kMSMEHUTb»
BbIMOJSTHAKTCA TOSIbKO Had, COAEPXUMbIM PETNCTPOB.

* bonbuoe konuyecTBo perncTpos obLiero HazHadeHus (32 n bornee).

» OTCcyTCTBME NOOOEPXKKM onepauum BUaa «M3MEHNTb» Ha YKOPOYEHHBbIMU TUNAMK
OaHHbIX — 0anT, 16-paspsagHoe CroBo.

* OTCyTCTBME MUKpONpOrpaMmm BHYTPKU camoro npoueccopa. To, 4yto B CISC-
npoLeccope UcnomnHseTca mukponporpammamu, B RISC-npoueccope ncnonHgaercs
KaK OObIKHOBEHHbIN MaLUMHHBIN KOA (XOTA U NOMELLEHHbIN B crieunarnbHoe

XpaHunuuie) , He oTNUYarLWKMNCa NpUHUMNMansLHo ot koga sapa OC v npunoXxeHun.
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VLIW

OcobeHHOCTH

VLIW moxHO cuuTtaTb normdeckum npogosmkeHnem naeonormn RISC, paclwumpstowen
€€ Ha apXUTEKTYPbl C HECKOSTbKUMMN BbIYMUCIIUTENBbHBLIMU MOAYNAMWU. Tak Xe, KaK B
RISC, B MHCTPYKLUUN SIBHO YKa3bIBAETCH, YTO UMEHHO OOMMKEH AeNnaTh KaXablh Moayrb
npoueccopa. N3-3a aToro gnuHa MHCTPYKUUM MOXET gocTturaTtb 128 nnu gaxe 256 out.

B cynepckansapHbIX npoueccopax TakKe eCTb HECKOSMbKO BbIYUCIUTESNbHbLIX MOAYyNen,
HO 3afada pacrnpenerneHmsa paboTbl Mexay HAMK pellaeTca annapaTHO. ATO CUNbHO
YCINOXHAET YyCTPOUCTBO npoueccopa. B npoueccopax VLIW 3agaya pacnpeneneHus
peLlaeTca BO BpeEMS KOMMUAALNU U B MHCTPYKLUUAX ABHO YKa3aHO, Kakoe
BblYMCNUTENBbHOE YCTPOMNCTBO KaKyto KOMaHAY OOSTKHO BbIMOSTHATD.

Peanunsauum

MHOronpoueccopHbIN BbIMUCIUTENBHBIN KOMMNMEKC « ANbOpyc-3».

MUKponpoLeccopbl cepumn «Anbbpycy» («3nbdpyc 2000», «Anbdbpyc S»). 30



VLIW

ocTonHCcTBa

YnpollaeT apxXuTekTypy npoLieccopa, nepeknaabisas 3agady pacnpeneneHus
BbIYUCANTENbBHbLIX YCTPOMCTB Ha KOMNUASATOP. MOCKONbKY OTCYTCTBYIOT BonbLune u
CNOXHblE CXEMbI YNpaBreHnsi, CUNbHO CHMXXaeTCs aHepronoTpedneHue.

HepocTtaTtku

Koa obnagaeT HEBLICOKOM NMOTHOCTLIO. M3-3a 60MnbLIOro KonuyecTsa NyCcTbIX
NHCTPYKLUWIN ONs NpoCcTanBaloLmMX YCTPOUCTB NporpamMmmbl MOTyT BbITb ropasao
ONVHHEee, YeM aHanornyHble nporpammbl 4na TpaanuLUUOHHBLIX apXUTEKTYP.

ApXUTEKTYpa BbIrMAAUT AOBOMbHO 9K30TUYECKOW U HEMPUBBLIYHOM ANs NporpaMmmMucTa.
N3-3a CNOXHbIX BHYTPEHHUX 3aBUCMMOCTEN Kofa NporpaMmMuUpoBaHME BPYYHYIO Ha
YPOBHE MaLUMHHbIX KOJOB SIBMSIETCH AOCTATOYHO CNOXHbIM. [pruxoauTcsa nonaratbcs

Ha ONTUMN3aL N0 KOMIMUIATOPA. 31



3arpyska (3anucs) conepxnMoro
BO BHYTPEHHME PerucTpsl npoueccopa
CoxparieHie B MaMATH CONEPXAMOro
P pervcrpos
Mepechinka AanHbx

0 13 oo
o6nacTn namsTh & Apyryio

3anuch B YCTPOACTBa BBOAA/BLIBOAA
W TeHve W3 yCTPOWCTS BBOKa/BLIBOAA

T - " "
KOMaHAb! ONEPaLIUii C (PUKCUPOBAHHOI 3aNATO/
[(cnoxenve, sumTanue, ymHoxeHue, nenenvie)

[i

|KOMaHAb! Onepauwii ¢ nasakowei 3anaToi
BbluNTaHME, nenerine)

ApudMeTMeCKMe KoMaHALI

'KOMENAM O4NCTKN
KOMaHgs! MHKDEMENTa W AeKpeveHTa
KoMangel cpaHenus

norueckoe U, noruseckoe U,
cnoxervte no Moaymo 2 (Uckniovaoutee UIIN)

06paboTka AaHHSI

rorweckme, apdy " Camnrn )
Jlornyeckne KomaHab! [
- | {rposepra 6uros n )
(Mo @ynxumonanshomy naswasenmo JCranosKa n owncria GTos (@naros) perucrpa
COCTOsHMA Npoueccopa (PSW)

nepexon 6e3 8038paTos (goto) |

KOMaH Ll 6e3yCnoBHLIX Nepexo0s K Bbi308 noanporpammsi (call) |

nporpammHble npepbisarun (interrupt) |
nepexon, ecan pasHo Hynio
[nepexon, ecnm e pasHo Hynio
nepexog, ecaw ectb nepenontenve
Nepexon, ecau Het nepenonrenns
nepexon, ecnu Gonve Hyns
Nnepexon, ecnu merbie wan pasHo Hysio
\nepexon, ecnm ects neperoc

Nepenava ynpasneus

KOMaH1bl yCNIOBHbIX

{Creuvansrsie K {5 pasnene npepsiaanmamn )

YNIPABNEHHE PEXMMOM NOHIKEHHOTO ]

>nexTponoTpesnerus

C sBHO# nepenasiei ynpasnenns
(lykazanue aapeca nepexoaa 8 komanae)
Cnoco6 nepenain
C HesBHON 7
(nepexoa o cHeTswky Koman)

{ognobaitrossie
Neyx6anTosbie

]

Mo cnocoby koavposanys

Mo konmectey agpecos

Mo AnuHe Komaras!

C (MKCUPOBAHHEIM NONEM KOA Onepaunit

C pacwmpaIoLmMMCca NoNeM Koaa onepaumni
Mo apasymesaemas

Mo cnocobam (veTopam) anpecaunn o c
o crocofon (eTonan) apecaunw } U

\Ykopoentas
KocseHHas

TonsKo & Kope onepaun
mc

o noneit
Vicnonb3osariue Teruposarus

{Wcnonb3osakme neckpuntopos
{c1SC (complex instruction set computer)

{RISC (Reduced instruction set computer) |

VLIW (very long instruction word)

Mo MeXaHM3My OAHO3HAUHOCTY KOMAH AL

(Mo Tuny apxurextypsi




OpeaHu3zayuss namssimu

Ha ypoBHe cucteMbl KOMaHA peyb UAEeT 06 opraHu3aumMm NamMsiTM ¢ TOYKU 3PEHUS NporpaMmucTa

OBlLlero HasHadenns  <PaHAT onepanasi apUGHMETUYECKUX U JIOTNHECKUX
w BbIpa)KeHWUV, NHAEKCHI 1 agpeca

XpaHeHue MPOMEXYTOYHbIX Pe3ybTaToB

apUGHMETUHECKUX U JIOTUHECKUX orepaLu,

WHCTPYKUWV BBOAA-BbIBOAA
XPaHUT MpU3HaKu pe3ysibTaToB apupMeTU4eckmnx u

AKKymMynaTop

PerncTp ¢naros (Npu3HakoB) JIOruHecKUX onepaLmi

CYeTUuMK (yKasaTenb) KOMaHz
XPaHUT UHAEKCbI UCXOAHbIX U LIESIEBbIX 3/1IEMEHTOB

Mo Ha3sHa4YeHunto

CneuunanbHble

NHAekcHbIM perucTp Maccnsa
YKa3saTesb CTeKa

PeruncTp 6a3bl
XPaHWUT agpeca U CeleKTOPbl CEFMEHTOB NaMsATh

Peructpsbl

YKa3aTesbHble

CerMeHTHbIN perncTp
C rnocsiefoBaTesibHbIM MPUEMOM U BblAayen

CABMTOBbIE o omarimm
C napannesbHbIM MPUEMOM 1 BblAaves nHpopmaumm

Mo Tvny Npuéma n BblAaYM MH(OPMALMN
\__napannensHsie

DoH-HeliMaHoBCKaA (MPpUCTOHCKan) apxmTeKkTypa

APXUTEKTYPHbIE PeLUeHNst
lapBapAcKkasi apxuTekTypa

BuThl

Ipynnvposka | BanTsl

\ Cnosa

OpraHusauunsa namsaTu

Pa3mep cnosa B baviTax

ecTb
BblpaBHWBaHWe aipecoB ———
HeT
CTaplume paspsabl Mo CTaplwyM agpecam

CTraplune pa3psagbl N0 MAafLWnM agpecam

Mopsanok oT cTapLliero k Maagwemy (big endian)

Mopsapok oT mnagwero K ctapwemy (little endian)

Pa3MelleHve faHHbIX B NaMAaTn ﬂ = = =
MNepekntoyaembii nopsafok (bi endian)
CMmellaHHbIN nopsagok (middle-endian)

Obwan namaTb

MpoV3BOJIbHbIN AOCTYMN

Wcnonb3oBaHne f Crek

\_ Kyua

JInHenHaa

CtpykTypa | CermeHTupoBaHHas

CTpaHuyHas
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Peaucmpoeass namMsimb

Pernctp npoueccopa — 0rok s4yeek namsitn, obpasyrowmin CBEPXObICTPYHO
onepartusHyto namatb (CO3Y) BHYTpU npoLeccopa; NCNosb3yeTca caMmum
NpoLEeccopoM 1 DOsbLUEN YACTbl0 HEAOCTYNEH NPOrPaMMUCTY: HaNpuMep, nNpu
BbIOOpKE N3 NnamMAaTn o4epeaHOon KoMaHabl OHa NOMELLLAETCS B PErMCTP KOMaHa, K
KOTOPOMY NPOrpaMMUCT 06paTnUTbLCS HE MOXET.

(Bukunedus)

Pernctpbi obwero HasHayeHus (POH) — nogmMHOXeCcTBO perncTpoB rnpoLeccopa,
ncnosb3yemoe 6e3 orpaHnNyYeHnss B apudPMeTUYECKNX U NOTMYECKNX onepaumsax, HO
nMmetoLee onpegenexHHble orpaHNYeHns B crieunaribHOM NpMMEHEHNMN.

opa; Ncnosib3yeTcd caMmum NpoLeccopomM 1 BorbLUen YacTblo HEQOCTYMNEH
nporpaMmMuUCTy: HanNnpumep, Npu Bbibopke N3 NamsaT o4epeaHONn KOMaHObl OHa
NOMELLIAEeTCs B PEMMCTP KOMaHA, K KOTOPOMY MporpamMmMucT oo0paTtnuTbCsl HE MOXKET.

CneumanbHble pernctpbl — Habop perncTpos, obecnevnsarowmx paboTty
npoueccopa.
Mozaym 6bimb docmyrnHbIMU U HEOOCMYIHLIMU U3 cucmeMbl KOMaHO.
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Peaucmpoeasi namMsimb

XPaHAT onepadabl apuPMETUYECKNX M NOMMYECKNX

OBuwero HasHaueHuA BbipaxxeHui, MHAeKCkl W agpeca

L

XpaHeHWe MPoOMEXYTOYHbLIX PEe3yNbTaToB
AKKYMYnNaTop APUBMETUHECKMX 1 NOMMYECKMX ONepaymni,
\'\‘ WHCTPYKUMIA BBOAS-BLIBOAE

XPaHWUT NPU3HaKK pe3ynbTaToB apuihMeTHYecKnx 1

PerwncT narog (NpWU3HakKkoBs =
P& (np ) AOrHHECKKX onnepaliy

N
Mo HazHa4yeHWo |
CyeT4uK (yKa3aTens) KOMaHg
f | CneumansHsle
Pervcrpel . XPEHUT MHAOEKCH MCXOAHBIX M LUENEBbIX 3N1eMEHTOB
WHOeKCHBIR peruncT,
A P P . Maccusa

Yka3zaTens cTeka
YKa3aTeNbHble
% PerncTp Ba3ebl

CermeHTHBIR perncTp XPaHWT aopecCa U CenekTopkl CETMEHTOR MaMATK

€ NocnefoBaTensHLEIM NPUEMOM 1 BLlgaveld
" COBWIOBLIE
\ Mo Tuny npuéma 1 BeiAaYM WHdopMaumn . nHopmMaLmu

L napannenbHele € NapannensHeiM NPUEMOM 1 BblAajvyel UHGopMaLIum
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Pe2ucmposeasi namMsimb 8 pa3slu4dHbIX apxumeKmypax

ApXUTeKTypa UenoumcnenHLx FP NMpumMmeyaHus
pPerucTpoB PerucTpoB
x86-32 8 8
x86-64 16 16
IBM System/360 16 4
z/Architecture 16 16
Itanium 128 128
SPARC 31 32 PerncTp 0 (rnobanbHelil) BCcerna saHyneH
IBM Cell 4~16 1~-4
IBM POWER 32 32
Power Architecture | 32 32
Alpha 32 32
6502 3 0
W65C816S 5 0
PIC 1 0
AVR 32 0
ARM 32-bitl4! 16 paznnyHoe
ARM 64-bit!>! 31 32
MIPS 31 32 PerncTp 0 Bcerga 3aHynéH
RISC-V 31 32 dononHnTensHo ecTb perncTp 0, KOTOPLI BCcerga Bo3ppawaeT HoJlb
32 pByxpa3pAdHbIX perucTtpa,
COBMelLLeHbl C
Snbbpyc 2000 256 32 rnobanbHbIX perucTpos,

ueno4ymncneHHsIMM

224 perucTpa cTeKa npoue

aypl®!
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Obuwan namaThb

e

\.

O6bwass namMsimb

PoH-HemmaHoBCKaa (MpncToHCKan) apxuTekTypa

ApXUTEKTYpHbIE pelleHns —
{\_ F'apeapackas apxuTekTypa

Fpynnuposka | BbanTshl

\ Cnosa Pa3mep crnoBsa B baviTax

ecTb
BeipaBHUBaHWe agpecos e

(

4 HeT
Mopafok oT cTapwero K Mnaawemy (big endian)

CTapwue paspsibl No CTapwmnMm agpecam

Mopsapok oT Mmnagwero K ctapwemy (little endian)

Crapwmwe pa3psabl Mo MAaAWUM afpecam

PazMeleHne JaHHbIX B NaMATK 1[

K

Mepekntoyaembin nopsagok (bi endian)

CmewaHHbIN Nopanok (middle-endian)
Mpov3BOJIbHLIA AOCTYN

Wcnonb3oBaHne f Crek

Kyua
NunHenHasn

CtpykTypa /| CermMeHTMpoBaHHas

\ CTpaHu4Han
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Moaenb ¢poH HenmaHa

NMpuHumnbl poH HenmaHa

1. NMpuHyun oOHOPOOHOCMU Namsimu

KomaHabl 1 gaHHble XpaHATCA B OQHOM M TOM Xe NaMsTy U BHELLHE B NaMATU Hepasnuunmbl. PacnosHaTtb nx
MOXHO TONbKO Mo cnocoby ucrnonb3oBanus. OOHO K TO e 3Ha4YeHne MOXET MCMNONb30BaTbCS U Kak AaHHbIE,
N KaK KOMaHaa, 1 Kak agpec B 3aBMCMMOCTM NLLb OT cnocoba obpalleHns K Hemy.

2. [MpuHyun adpecHocmu

OcHoBHasi NamMsATb COCTOUT U3 NPOHYMEPOBaHHbLIX A4eek. Npoueccopy B NPON3BONbHbIN MOMEHT AOCTYMNHA
nobas syerka. [1BoMYHbIE KOOI KOMaHA U AaHHbIX Pa3nensaTcs Ha eanHULbl MHopMaLumn, Ha3biBaeMble
CNoBaMWn, N XpPaHATCA B A4erkax NamMsaTh, a Ansa 4oCTyna K HAM UCMOoNb3yTCA HOMepa COOTBETCTBYHOLLINX
siYeek — agpeca.

3. lMpuHyun npo2paMMHO20 yripaesieHus!

Bce BbluncneHus 4ormkHbl ObITh NpeacTaBneHbl B BUAE NpOrpaMmbl, COCTOALLEN U3 NOCNea0oBaTeibHOCTH
ynpasnawoLwmx crnos — komanzg. Kaxgaa komaHga npeanucsbiBaeT HEKOTOPYHO onepauunto n3 Habopa
ornepauumn, peannsyemMblX Bbl4MCIUTENBbHON MawHOW. KoMaHabl nporpaMmmbl XpaHATCS B

nocriegoBartesibHbIX g4erkax NaMmaTy U BbINOSTHAKTCSH B eCTECTBEHHOM NOCeqoBaTesibHOCTU, TO eCTh B
nopsiaike X NonoXeHus B nporpamme. [Npn HeobXxoaUMOCTK, C NOMOLLBIO crelmarnbHbIX KOMaHg, 3Ta
nocrnegoBaTesibHOCTb MOXET BbITb M3MeHeHa. PewweHne 06 nameHeHnn nopsgka BbINOSTHEHUST KOMaHL,
nporpamMmbl MPUHMMaETCA NMMOO Ha OCHOBaHUKM aHanmn3a pe3yrnbTaToB NpeaLlecTBYHOLWNX BblYMCNEHNA, MO0
6e3ycnoBHoO. 38



Moaenb hoH HenmaHa

HepoctaTtku doH HeMmMaHOBCKOM apXUTEKTYpPbl

1. O2paHu4YeHue npornycKHouU crnocobHocmu namsimu
[MamMaTb nporpaMmm 1 NamsaTb AaHHbIX HE MOTYT OblTb AOCTYMHbI B OAHO U TO Xe BPEMS, YTO CYLLECTBEHHO
orpaHn4nBaloT CKOPOCTb paboTbl Nnpoleccopa (cunbHee, Yem ecnu 6bl NporpamMmMbl U AaHHbIE XPaHUINCH B

pasHbIX MecTax).

lMpo6riema pewaemcsi Ha ypO8He MUKpoapxumeKkmypbl U pacrpedesieHusi namsmu

MAMATDb
y N y N
v v
Memory Controller yCTPOﬁCTBO APNOMETUKO-
VRPABNEHWS] SN KOF
YCTPOWCTBO
AKKYMYNATOP

Other Peripherals
(IDE, AGF, USB, etc.)

BBO[ BbIBO




[[apBapackasa apxuteKkTypa

OcoBHble 0COOEHHOCTH

1. XpaHunuwe uHcmpykuyul u xpaHusnauuwe 0aHHbIX npedcmaesisitom cobol pa3Hbie ¢husudyecKkue
ycmpoticmea.

2. KaHan uHcmpykuyul u kaHasn 0aHHbIX makKxe ¢husudyecKku pa30esieHbl.
IJocTonHCTBO

I'Ipou,eccop MOXET CHNTbIBATb O4epeHY0 KOMaHAy U ornepunpoBatTb NaMATbO AaHHbIX OQHOBPEMEHHO U oes3
NCMNoNb30BaHNA K3LLU-NaMATHN. I'IpM onpe,u,eneHHoﬁ CINOXHOCTWN CXEMbIl OH 6bICTpee, 4YeM KOMIMbKTEP C
apXVITeKTypOIZ CbOH HeimaHa, MOCKOJIbKY MNMOTOKN KOMaHA 1N OaHHbIX PaCnoJiI0oXeHbl Ha pa3feSibHbIX
d)I/ISI/I‘—IeCKI/I HE CBA3aHHbIX MeXay cobou darinapartHbIX KaHalax.

Ncxoas na Cbl/l3|/|‘-IeCKOFO pa3gesieHnAa WnH KoOoMaH4 U AaHHbIX, Pa3pAaAaHOCTU 3TUX LUUH MOTYT pa3JjindatbCA 1

don3n4eckn He MOryT nepecekaTbCs.
HepocTtaTok !{ !

Bbicokasa ctTommMmocTb memory iiw memory

1o} 4 O

B HacTosiLlee BpeMs CyLeCcTBYHOT rMOpuaHble peweHus (MUKpoapXxuTeKkTypa)




BbipasHusaHue OaHHbIX

BbipaBHMBaHUe AaHHbIX B onepaTuBHON NaMATH
KOMMNbKTEPOB — CNOCcob pasMelleHns JaHHbIX B MaMATU
ocobbiM 0bpa3om ars yCKOpEeHUst ocTyna.

MalurHHOE CNOBO B pa3HbIX NpoLecopax UMEET CBOW pa3Mep.
[ocTtyn K obLen namMaTn OCyLLECTBIIAETCA MO CrioBam.

Ecnn agpec obpalleHnst K namMsaTn He KpaTeH pa3mMepy Crnosa,
YyTeHue dydeT npoucxoauTb 3a ABa LuKna obpalleHus.
BbipaBHMBaHMeE OaHHbIX NPU pasMeLLEHX B NaMsATU NO agpecam,
KpaTHbIM pa3Mepy CrioBa, NO3BOMSET YCKOPUTb BbIMNOSTHEHUE
nporpamMmeil.

an
pec

daHHble

3TO
CNoBO
BbIpoO-
BHEHO
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A

BblpaBHMBaHMe OadHHbIX

8 bant

Anpec

24

16

15

11

8

14

13

12

10

A

8 bant

\o

BbipoBHeHHOe 8-banTHoe
CNOBO B si4elke ¢ agpecom 8

Anpec

24

19

17

16

15

14

13

12

18

16

8

N

0

\

HeBbipoBHeHHOE 8-6anTHOE
CINOBO B si4enke ¢ agpecom 12
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Pa3melleHne AaHHbLIX B NaMATHU

[TocnenoBaTenbHOCTb BANTOB B NAMATU MOXET ObITb 3arnosfiHeHa ASIMHHBIMU AaHHbLIMU
B pa3HOM nopsake (unu 6bITb NepegaHa rno KaHanam ceda3un). Beibop nopsigka sanucu
GanToB NPON3BOSIEH M YaCTO ornpeaensaeTca ToNbLKO cornaweHnamn. BapuaHmei:

1) NMopsigok ot ctapwero Kk mnaawemy (big-endian). CooTBeTCTBYET NPUBLIYHOMY
nopaaky 3anuncy apadckux umndp (A , ... ,A,).

2) NMopsapok ot mnapguwero K crapwewmy (little-endian). A, ..., A .

n

3) MNepekntoyaembin nopsagok (bi-endian). MHorne npoueccopsl MoryT pabotaTtb 1 B
nopsiake oT MrafLiero K crapwemy, n B obpatHoMm. OBbIHHO NopsaoKk 6anTos
BblOMpaeTcsa nporpammMHO BO BPpEMS MHULMaNMU3aunum onepaymoHHON CUCTEMbI, HO
MOXET ObITb BbIOpaH 1 annapaTHO nepemMblYKaMm Ha MaTEPUHCKOW nnare.

4) CmewaHHbIK nopsaok (middle-endian). MHorga ncnonesayetcs npu padote ¢
4yucrnamu, AnvHa KoTopblX NMpesBbillaeT MalnHHOE crnoBo. Yucno npeacraBnseTcs
nocrnenoBaTenbHOCTLIO MAaLUMHHBLIX CIOB, KOTOPbIE 3anucbiBaloTCcs B doopmare,
€eCTECTBEHHOM AN19 AaHHOM apXUTEKTYpPbI, HO CaMu CrioBa CneayrT B 0bpaTHOM
nopaake. B npoueccopax VAX u ARM ucnonb3yetca cmellaHHoOe npeacrasneHne ans

ANMNHHBIX BEWECTBEHHbLIX YNCETJT.
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[ —6but0

NaMATb

agpec 0x00
appec  0x01

appec Ox0A

NPSAMON NOPSA0K obpaTHbI NOpPAAoK
big endian little endian

XpaHeHne JaHHbIX C MPAMbIM MOPAAKOM M ¢ 06paT HeiM nopAgkomM. "D”" oTHOocH TCA K 32-pa3pagHomy
CNnoBy AaHHbIX, @ HOMepa WHAEKCOB yKasbiBaloT Ha oTAe/bHbIe 6u Tl oT MSb (D31) Ao LSb (Dg)

obpaTtHbii nopagok little endian

(nepBbIM nepefaeTca mnagwnia 6anT)

Bl b o] | e oo o o))

npAmoit nopsaok big endian
(nepBbIM NepegaeTcs cTapumnin BanT)

{0 [0s [Ds[D. [0, [D;[D: [D0] | [Dis[Dia[ DD [ D1y [ D] D | O |-
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#include <stdio.h>

union {

unsigned int ti;

char c[sizeof(unsigned int)];
} foo;

int main() {

foo.1 = 1;

if (foo.c[0] == 1) {
printf("Little endian\n");

} else {

printf("Big endian\n");

}

foo.1 = 0x01020304;

for(int 1 = 0; 1 < sizeof(unsigned int); i++) {
printf("%sp: %X\n", &foo.c[1], (unsigned int)foo.c[1]);

}

; return 0; 45
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MCﬂOﬂb3yeMble UCMO4YHUKU

1. TaHeHBaym 3. ApxutekTypa Komnbtotepa. 6-e nsg. —Cr16.: Naa. MNurtep, 2017. — 816 c.

Bukunegus

Cuctema komaHg: https://ru.wikipedia.org/wiki/Cuctema_komaHg

Pernctp npoueccopa: https://ru.wikipedia.org/wiki/Pernctp npoueccopa

ApxuTtekTypa boH HenmaHa: https://ru.wikipedia.org/wiki/Apxutektypa_ ¢oH HenmaHa
[apBapackaa apxutektypa: https://ru.wikipedia.org/wiki/l'apBapackas apxmuTtektypa

Mopsigok 6anToB: hitps://ru.wikipedia.org/wiki/[Topsigok 6anTos
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BC%D0%B0%D0%BD%D0%B4
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B3%D0%B8%D1%81%D1%82%D1%80_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D1%85%D0%B8%D1%82%D0%B5%D0%BA%D1%82%D1%83%D1%80%D0%B0_%D1%84%D0%BE%D0%BD_%D0%9D%D0%B5%D0%B9%D0%BC%D0%B0%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%80%D0%B2%D0%B0%D1%80%D0%B4%D1%81%D0%BA%D0%B0%D1%8F_%D0%B0%D1%80%D1%85%D0%B8%D1%82%D0%B5%D0%BA%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%80%D1%8F%D0%B4%D0%BE%D0%BA_%D0%B1%D0%B0%D0%B9%D1%82%D0%BE%D0%B2
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