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BBennenne

udopmanmonnble MaIlWHBI, WK, KaK UX Yallle Ha3bIBAIOT, KOMIILIOTE-
pbI, 3aHUMAIOT B COBPDEMEHHOW »KW3HW, HayKe, TeXHUKe, OusHece, pas3Biie-
YEHUsIX OI'POMHOE MecTo. [IpakTuuecku HU OJHO YeJOBeUYecKOoe 3aHSITHE He
00x0oUTCsE 663 KOMIIBIOTEPOB. 3HAKOMCTBO C KOMIIBIOTEPOM, KaK IPaBUIIO,
0003HAYAET YMEHUE UCIIOJIb30BATh KAKOE-TO KOJIMIECTBO IOTOBBIX ITPOIPAMM,
peXke — yMeHHe HallMCaTh CBOIO IIPOrpaMMy, HO CaM KOMIIbIOTED MHTEpPEecyeT
M0JIB30BATEsI, 8 9aCTO W MPOTPAMMUCTA, TOJHKO C TOUKH 3PEHUST CTOMMO-
ctu. Takoe moJioXKeHue e abCOJIFOTHO NPaBUJILHO, €CJIU pedb He HJET O
TEXHUIECKUX CIEIUaJNCTaxX U MpodeCcCuoHa hHbIX MTporpaMMucTax. B atom
caydae 3HAHUE NPUHIUIOB (DYHKIIMOHUPOBAHUS W apPXUTEKTYPhl KOMIILIOTE-
pa HeoOXOAMMO TTOTOMY, 9TO TAKOW CIENUaIUCT JIOJYKEeH yIaCTBOBAThH B Pas-
paboTKe HOBOM 3JEKTPOHHON TEXHUKM, IOHUMATh, I'VIe U KaK HCIIOJIb3YIOTCs
MUKPO3JIEKTPOHHBIE U3JIEJIUsI, YMETh HAIIUCaTh IIPOrpaMMy, KOTopas Oyjier
paborarh 3PMEKTUBHO, TOHUMATH, YTO MOXKET KOMIILIOTEP U, HAKOHEII, 110~
HUMAaTh, YeT'0 KOMIILIOTED HEe MOXKET.

[Tpeanosraraercst, 9To IuTATETH 3HAKOM C JIOTHIECKUME (DYHKITUSIMU, JIO-
I'MYECKUMU BEHTHUJISIMHU, 3aJIepXKKaM#i, FOHKAMU ¥ TaKTHpOBaHUEM IHQpo-
BBIX YCTPOWCTRB, ¢ PYHKIUAME MO PATOPOB, MYJILTATIIEKCOPOB, TPUTTE-
POB, CYETUYUKOB, PEIUCTPOB, UMEET MUHUMAJIbHYIO MPAKTUKY HAIMCAHWUS W
OTJIaJIKK IIPOIPAMM Ha sI3bIKAX BBICOKOI'O YPOBHI.

B nepBoii raBe paccMaTpuUBAIOTCS HECKOJBKO HHU(MPOBBIX yCTPOUCTB,
cHeru@pUIHbIX JJIsi BBIYUCIUTEIHLHON TeXHMKHU. B ocTaJbHBIX IJaBax pea-
JIN3aINsT yCTPOWCTB HA YPOBHE BEHTHJIEH HE PacCMaTPUBAETCS — PEedb UJET
O NPUHIUIAX (PYHKITMOHUPOBAHNUSI.

BesycioBHO, MBI OyJieM MTBITATHCS U3JI0KUTH TO 00I1ee, YTO MPUCYIIIE JTHO-
ObIM KOMIILIOTEPHBIM apXUTEKTYyPaM, — HAUMHAS OT CBEPXMOIIHBIX BbIYUCITH-
TEJIbHBIX KJIACTEPOB JI0 IIPOCTEHINNX KOHTPOJJIEPOB, HO OCHOBHOE BHUMAaHUE
oyner yiaeneno apxurekrype IBM PC, 6aszupyionieiicss na nporeccopax Intel
1 AMD pa3sHbIX TOKOJIEHNUIA.



I'maBa 1.

JlonmostHuTE/IbHBIE CBEACHUA
110 I(PPOBOIi IJIEKTPOHUKE

1.1. DaemeHTbl apuPMETUKO-JIOTMIECKOTIO
YCTPOMCTBA,

Cymmarop. Croxkenne 4dncesl — HaBepHoOe, caMasl I'JIaBHas apudMeTuie-
cKasl orepalsi, K KOTOPOil CBOIATCS MHOTHE CJIOXKHbBIE Bhraucaerus. [Iyctn
Mbl BBIUKCJISAEM 2 = T + Y, KaXKJ0€ U3 9TUX YUCEJ UMEET HEKOTOPOE JIBOU Y-
HOE MPEJICTABICHUE & = Ty 1...L120, Y = Yn—1..-Y1Yo U 2 = Zp_1...2120.
fcHo, 9To pesysbTar BRIYUCACHUH, T. €. IudPa, KOTOPYIO MbI JIOJXKHbI IOCTa-
BUTDH B -M Pa3psijie CyMMBI (2;) U mepeHoc B caepytomuii ¢ + 1 paspsin (C),
3aBUCUT OT (P B COOTBETCTBYIONINX paspsijiax cjaraeMbix (T;, y;) U OT
mepeHoca 13 mpeblayiero ¢ — 1 paspsiya (¢;). CiegoBaTesbHO, Mbl JTOJKHBI
paccMarpuBaTh MUMPY B CYMMe U IMEPEHOC B CJIEAYIONIA pa3psij KaK JIOTd-

gyeckue (PyHKIMKU Tpex nepemennbix z; = z(x;, i, ¢;) n C; = Ci(xy, yi, ¢;).

Tabsuia MCTUHHOCTHU JIJIsi HA3BAHHBIX (PYHKIUI IpuBejeHa B Tabs. 1.1.
clx|yllz|Clc|x|y|z]|C
0/0/0)0[O|1]0|0]1]0
O(o(1(1j0|1{0]1})0]1
O(1(0(1]0|1{1]0)0]1
Oj1(140j1 11111

Tabuuna 1.1. Tabiuna ucrunnocru st Gyukuuit 2 = z(z,y,¢) u C =

C(x,y,c)

Yupaxkueuue 1.1. IIpocmompume mabauyy ucmunnocmu 1.1 das dymx-
yuti z = z(x,y,c) uC = C(x,y,c) (undexc i onywen) u ybedumecnv, wmo 6
Hetl 6ce “kax yuuau 6 wroe’.
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Samevanue 06 obosznavwenuar. Mamemamuyueckui cmuav 0603Havenuti
Aoeuveckuxr Gynurxuul epomoddox u mpyonouwumaem. Moi 6ydem ucnosvao-
samv 0003HaeHUs, NPUHATIBIE 8 UUPPo6oT arexmporure. Hneepcuro 6ydem
0003HaAMAMb — T, NO2UMECKYIO CYMMY — T + Y, A02uMECKOe Npoudsedenue —
XY wAU NPOCMO TY, uckuaruwee usu —rdy. Ha cremar unsepcuto cum-
GOAUSUPYEM KPYHCOK Mam, 20¢ 66600 COCOUHAEMCA C NPAMOY20ALHUKOM,
CUMBONUSUPYIOULUM A02UNECKUT BEHMUND, A02UMECKYI CYMMY — CUMBOA 1,
Aozuveckoe npoussedenue — & | uckarovarowee usy — —1.

Yupaxkueuue 1.2. Ilo mabauue ucmunnocmu 1.1 3anuwume JHD odan
Pynxuyui z = z(x,y,c) u C = C(x,y,c), ynpocmume eé u nokasxrcume wmo
z2=2@y®dculC=zxy+clrdy).

Ha pucynke 1.1 mokaszana cxema OJHOPA3PSIHOIO CyMMAaTOpa, peaJii-
soBaHHast Ha sjementax rtpex rtunos (M, WU, uckmouaomee WJIN). B
peasIbHOIl 9JIEKTPOHUKE CyMMAaTop (KaK W BCE OCTAJBHOE) COCTOUT TOJBKO
u3 anemenroB VI-HE (coorBercrByiomas cxema rpoMos/iKa 1 MAJONOHITHA).
Cupapa mokazaHo 000O3HAUEHME OJIHOPa3PsAIHOr0 cyMMarTopa Kak Ojoka. Ha
9TOM 0DO3HAYEHUW W3MEHEHO HallpaBJIeHNe PACIPOCTPAHEHWsST CUTHAJIA. DTO
HY>KHO, 9TOOBI B MHOTOPA3PSIAHBIX CXeMaX CTapIIue pas3psiabl OKA3bIBAJINCDH
cJIeBa OT MJIAJIIUX, KaK MPUHSITO B HOTAINNA TNCEJ.

c

=1 — =1 z

3 C<_ sum C
(o

-«
-«

N<_

[Ep

Puc. 1.1. Opropaspsiaabiii cyMmmMaTop

Yupaxkueuue 1.3. anuwume npomesrcymounsie GyHKUUL 6 CXeEME Ha PU-
cynke 1.1 u yobedumecn, wmo na swxodax deticmeumenvno z = z(x,y,c) u

C = C(z,y,c).

st ciiozKeHns: MHOTOPa3psyIHBIX GUCEJT TaKue CyMMATODBI, OUeBUJIHO,
HAJIO TI0CTABUTH TAK, Y4TOOBI EPEHOC U3 MPEJbILYIIEro paspsijla HPUXO/HII
B caenyionmit, T. €. ¢iy1 = C; amg ¢ > 0. CooTBercTByoOMmas cxema s
deThipex pas3psiJioB MokazaHa Ha pucyrke 1.2. Ha Bxome camoro miajiiero
paspsa (least significant bit — LSB) meobxomumo ycranoButsh Hostb. Takoit
CyMMAaTOp HA3bIBAETCS MOCIE0BATESLHBIM.
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Kyna “yxoaut” mepeHoc u3 camMoro crapiero paspsjia (most significant
bit — MSB)? B naimem ciyuae sro Cs. [lepenoc uz MSB oznauaer, 4ro cymma
He MOKeT OBITh MpEeJICTaBIeHa TUCIOM JAHHOU Pa3psiIHOCTHA. DTa CUTYATHS
HasbiBaeTcs nepernosaenneM (overflow) u sBisiercst ommbkoii. B mporiecco-
pax 1Mo I00HbIEe UCKIIOUUTEIbHBIE CATYAITIH MOC/IE BHITOJTHEHUS OOJTBITHHCTBA
WHCTPYKIMI 3aTOMUHAIOTCS B CHEIMaJIbHOM peructpe (hbJaroB U MPUBOLAT K
reHepalyuu CUIHAJIOB UCKJIIOYEHUIA.

x Y3 x Y2 x Y1 x Yo

3 2 1 0

e Tl T TR
sum sum sum sum [«
v v v v
Z3 Zs Zq Zg

Puc. 1.2. HeTwsIpéxpa3psaaablii CyMMaTOP

[Tpocrasi cxema 110C/I€/I0BATEILHOIO CyMMaTOPa UMEET CEPhE3HbINH HEJI0-
CTATOK: Pe3yJbTaT Ha BBLIXOJAX CyMMbI Oy/eT BepeH, TOJbKO KOIJa BO BCEX
BEHTUJISIX 3aKOHYUJIUCH TTIEPEXOJIHbIE Mpoliecchl. Ecyin BpeMst 3aJ1ep»KKu B OJ1-
HOPA3PSIHOM CYMMATOPE Ty, TO B N-PA3PsiIHOM IOCJIEJ0BATEILHOM CyMMa-
TOpE IIPaBUJIbHBIA OTBET OYJIeT I'OTOB TOJILKO CIIyCTs BpeMs t = n7s. Takum
00pa30oM, 1OCJIe/0BaTE/IbHbI CyMMaTOP — MEJIJICHHbBIH.

MozxHO 3acTaBuTh cymMMaTop paborarh ObicTpee, HO 3TO HoTpedyer Jio-
IOJTHUTEJIbHOM alllapaTypbl. 3ajady pPelIaioT YCTPORCTBA YCKOPEHHOIO IIe-
penoca (carry look ahead). B srom cityuae i-it ojgHOpaspsijinblii cymmarop
BMECTO IIE€PEHOCA, BBIUUC/ISET JIBE JIOTHYECKUX (PYHKIUU, KOTOpPbIe Ha3bIBa-
FOT TeHEpUPOBAHUE W PO3PAIHOCTH (g, Pi). gi = 1, TOJBKO ecim pas3psi
reHepupyeT IepeHoc, He3aBUCUMO OT TOr0, NPUXOJIUAT IePeHOC U3 MJIAJIIIero
paspsija Wian HeT, p; = 1, TOJBKO ecau mpeHoc u3 ¢ — 1 pas3psijia MPOXOIUT
B 7 + 1. Hecioxkno nonsitb, uro g; = x;y;, a p; = x; + y;. Baxno, 4ro
1 (PYHKIUMKA He TpeOYyIoT 3HaHUs IIepeHoca 13 MJajiiero paspsjia. Ha pu-
cynke 1.3 nokazaHa peaJin3alidsi TaKOIO OJIHOPA3Ps/IHOIO CYMMATOPa, U €ro
obO3HaUYeHUe, UCIOJIb3yeMoe JaJiee.

B KaxJ1oM pazpsjie IepeHoc ModABIgeTcs, ecyim o ero reaepupyer MJIM
npolyckaer u3 upeabyiyniero paspsijga = C; = ¢, + piCio1 = g; + pici.
Vcnonb3yst 31y popMy/1y, MOXKHO 3alliCATh IIEPEHOCHI U3 KaXKJ0T0 Pa3psijia

Co = go + poco

C1 = g1 + p1go + p1poco (1.1)
Co = g2 + p2g1 + P2p190 + P2P1P0Co '
C3 = g3 + p3g2 + p3p2g1 + P3p2p190 + P3P2P1P0CO
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] & > g
X y
1 > P ++c
3 sum |«
x ) vy VYV
v =1| , P gz
c

Puc. 1.3. Oanopa3psiiHblii CyMMaTOp €O CXeMaMU MeHepaIuid U MIPO3PAIHO-
cTHh

Yupaxkueuune 1.4. [loaywume gopmyavs (1.1).

Acho, uTo nomodbHbIe POPMYITHI MOYKHO MOJIYIUThH JIJIs JIIOOOW paspsijiHO-
cru. B dopmysiax 1.1 BaxKHO, 4TO Jijist BbIUUCJIEHUS BCEX 1IEPEHOCOB TPedy-
€TCsl TOJTBKO 3HaHUe TepeHoca B MJAJIIINAN pa3psiI,

Yupaxkxuaenne 1.5. ocaednioro uz gopmya (1.1) uzobpasume 6 6ude cxe-
Mbl, NOAA2AA CULHAABL G, D; U Co 6TOOHBLMUL

HerbipéxpazpsiHblit CyMMaTOP ¢ YCKOPEHHBIM IEPEHOCOM M300parkKeH Ha
pucynke 1.4. Ha arom pucynke c, — mepenoc us npejbliyineil Ipymisl, g, =

93+ Pp3g2 + p3p2g1 + p3p2p1go — reHepalys nepeHoca rpyIioi, pg = p3papiPo
— 1upospaunocts rpyliibl, Cy = gy 4 PgCy — LEPEHOC B CJIEJLYIONLYIO I'DYIIILY.

y X
ys y2 Y1 Yo a4 4
l X3 l X2 l X3 l Xo c i i c
+ Cz + C1 + CU + cD <— suméd
sum sum sum sum T i
’ Y \ pg'z
%3 palgs %2 legz “1lp1gs & Polgo :} ¢ x
C
2‘I Carry logic | 4¢ 4¢
'R (o} c
Py dg <— sumd [«

4
i
Puc. 1.4. HerbipéxpaszpsiJiHblil CyMMATOP C YCKOPEHHBIM EPEHOCOM

@opMmyJ1 cTajo CyIecTBEHHO OOJIbIlle, HO BBIUMCJIEHU 110 3TUM (DPOPMYy-
JIAM HAMHOTO ObICTpee. DTO MPOUCKOANUT MOTOMY, 9TO OHU BBITIOJHSIIOTCS T1a-
paJIeIbHO. 3aJIepyKKa MapaJsiieIbHOIO MHOTOPa3PsHOIO CYMMATOPa — 3TO
POCTO CyMMa 3aJiep>Kek OJI0Ka YCKOPEHHOT'O TIepeHoca W OJHOPa3PsITHOTO
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cymmaTopa. IIpu 0oJibIIoi pa3psIHOCTH CXeMa YCKOPEHHOI'O IIePEeHOCa Tpe-
OyeT BeHTuUJIei C 0ueHb OOJILIINM YUCJIOM BXOJIOB, YTO CTAHOBUTCS HEBO3MOK-
HO TexHojorndecku. [IosToMy peasibHbIE CyMMaTOPbI COCTAB/ISIOT U3 T'PYIIII,
VCHOJIb3Ysl CUTHAJIBL §y, W Py U TIOBTOPss JIOTUKY yCKODEHHOT'O IepeHoca Ha
ypoBHE rpymi. Tak, u3 4eThIpéX YeThIpEXpas3psaHbIX CYMMATOPOB MOXKHO
MOJIyIUThH OBICTPRIH 16-pa3psiaabiii cymmarop. K coxasennio, BeHTHIEH 0y-
JierT Muoro. M3 Bcero ckazaHHOT'O SICHO, KaK U KaKOM 11eHOW MOXKHO HOCTPOUTH
ObicTpbIe cyMMaTopbl Ha 32 u 64 paspsja.

E1é ojun BaXKHbI BOIIPOC — KakK ObITh ¢ BhrauTanuem? Bech Gpokyc 3/1ech
3aKJIF0YACTCSA B TOM, UTO B CyMMAaTOpe IPAKTUIECKHA HIIEro MEHsITh He HaJlo.
[Tycrs Mbl Boiaucssiem z = x — y = x + (—y). Yucio —y oupejesnsiercs
coiicTBOM Y + (—y) = 0. O603HAYUM § = Yp_1 - - - Y1Yo UUCIIO, TTOJYUEHHOE
u3 y 3amenoit 1 <> 0 Bo Bcex paspsimax. Torma y +y = 11...11. Ecanu
Ternepb NPUOABUTD K IIOCIEJHEMY PABEHCTBY 1, TO HOJIYUUTCH YUCIO U3 OJHUX
HyJIeil (mepenoc U3 crapiiero paspsja yijger “B nukyna’). Takum obpasom,
y+y+1=0(wmy+yg+1=2" 1 k. 2" 5KBUBAJIECHTHA HYJIIO 1IDU N~
Pa3pPSTHOM MTPEJICTABICHUN TUCeT), CJIeIOBATeNIbHO, —y = ¥+ 1 = g. Hucso
Y Has3bBalOT 0OpaTHBIM KOJOM Y (one’s complementary representation), a
GUCTO0 Y — JIONOJHATEHHBIM KOZOM (two’s complementary representation).
Mrak, BblYuTaHUE — 9TO CJOXKEHHWE C YUCJIOM B JIONOJHUTEJILHOM KOJIe 2 =
T—yY=x+1Y.

B Tabsuie 1.2 npuBejieHbl JIBOMYHBIC W JOIMOJHATEIbHBIE KOJIbl YeThIPeX-
Pa3psIIHBIX TUCEI.

H Jlec. ‘ JBONYH. ‘ JOITOJIH. H Jlec. ‘ JBONYH. ‘ JOITOJIH. H

0 0000 0000 8 1000 1000
0001 1111 9 1001 0111
0010 1110 10 1010 0110
0011 1101 11 1011 0101
0100 1100 12 1100 0100
0101 1011 13 1101 0011
0110 1010 14 1110 0010
0111 1001 15 1111 0001

~J| O OV = | | DN =

Tabauna 1.2. Ilpeacrapienne derbipexpa3psiHbIX 0€33HAKOBBIX UUCET JIBO-
WIHBIM 1 JOTIOJIHUTEHHBIM KOJIOM.

Yopaxkuenue 1.6. [lonpobyiime, delicmeys kak CymMmamop, 6bl4umams
YUCAA, 6346 KOOVl Gvlvumaemoz0 us mabsuuyv, 1.2. Obpamume éHumanue
Ha caywati, kK020a svivumaemoe boivuLe ymensvuaemozo. dmo npoucrodum
6 cmapwem paspade?
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Pazauna Mexxay © 4+ y u © — Y 3aKJII0YaeTCs B TOM, UTO IIPHU CJIOXKEHUN
Ha BXO/JIbl Y HOCTYIAET IPSMOIM KOJI YKCJia, a Ha BXOJ| IEPEHOCA B MJIAIIINIA
pas3psiJi HOJIb, IPU BBIYUTAHUU HA BXOJbI Y IOCTYIAET UHUCJIO B OOpaTHOM
KOJIe, a IIpubaB/IeHre eJIMHUIbI MOXKHO PEaJM30BaTh, 110JaB Ha BXO/I IIEPEHO-
ca B MJAJIIINA paspsiJi eJUHUIy BMECTO HYJsI, KOTOPBIA TaM JIOJKEH OBIThH
npu caoxernn. CMeHy Koja ¢ MPSIMOI0 Ha MHBEPCHBI MOYKHO BBITIOJHUTD
1pu nomoiy BenTusieil ncekiodatoiiee VJIM. Ha cxeme 310 BbirsijiuT, Kak
MoKa3aHo Ha pucynke 1.5. Ecam na Bxojie ynpapienus m/ sub ycTaHOBJICH
HOJIb, TO YCTPOMCTBO BBIIOJHSIET CJIOXKEHUE, €CJIM Ha 9TOM BXOJIE €JIMHUIA,
TO BBINIOJIHIETCS BHIYUTAHUE.

Y3 y2 Y1 Yo
| T T T
=] =] =] =1
X3 X2 Xy Xo
I Cz I Cl I Co I add/sub
sum sum sum sum [<9—
Y Y Y Y
Z3 Z2 1 0
C "p3"93 szvgz Vplvgl Vpovgo
34 Carry logic <
Pg dg

Puc. 1.5. YerbipexpaspsijiHblil cyMMaTOP/BbIUUTATEb € YCKOPEHHbBIM 11€PEe-
HOCOM

o cux mop pedsb Ija TOJBKO 0 0€33HAKOBBIX YUCIaxX. Kak cTpOUTCS CJIo-
YKeHHUe / BhiuuTaHue JIJIs ducesi o 3HakoMm? [Ijisi Hauaia ux HaJlo peJICTaBUTh
B BUJIE JIBOMYHBIX CJIOB. BO-11€pBBIX, OJIMH pa3psiji HAJ0 OTJATh 10JI 3HAK —
MyCTh 9TO OyJIeT CTapIIuil paspsy], TOT/Ia KObI TOJOKUTEJHHBIX 3HAKOBBIX
YUCeJT COBNAJYT ¢ KOJaMu 0€33HAKOBBIX. KOJIbl OTPUIIATEIbHBIX TUCET MOXK-
HO CTPOUTD 10-pazHoMy. QUeBUIHBIH BAPUAHT — CTapIINii pa3psJi — 3TO 3HAK,
a ocTaJibHble pa3psijibl — MOJYJIb dncia (sign — magnitude representation).
[pyroit BapuaHT — CYUTATh KOJOM OTPHUIATETLHOTO YUCTa OOPATHBIN KO
COOTBETCTBYIOIIETO TOJOKUTEIHHOrO (one’s complement representation). B
000MX BapUaHTaX BO3ZHUKAIOT JIBA HPEJCTABJICHUS HYJIsl U OOBIYHBIR CyMMa-
TOp He paboTraer.

Yupaxxkaeuune 1.7. Hapucyime xkosronky 0e33naxosuis mperpadpadnvle
0B0UNHBIT “UCEA, NPOYUMATIME UL KK NPedcmasienue 3nax — MOOYAb U
sanuwume decamuyunvie axsusarenmot. IIpodesatime mo owce das npedcmas-
AEHUA 00PAMHBIM KODOM.

Hannyammm perenneM oOKa3bIBaeTCs IPEJICTaBICHIE OTPHUIATEIHHBIX
qnceJi JOMOJHUTEIBHBIM KOOM. B npaBoii nosioBune Tad/uibl 1.3 Bbinca-
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HbI JIeCATUYHbIE 3HAKOBbIE 9KBUBAJIEHThI, BLIUMCJIEHHbBIE 10 IIPABUJIY “CMEHa,
3HAKa — 3TO JIONOJHUATEbHBIN KOJ . B 310it Tabsune duciio -8 npejcrapisier
coboit HEKOTOpOEe UCKIII0UeHUE (T. K. dncia +8 Her), HO Bce paboTaert,

H JIOTTOJIH. JIBOWYH. ‘ zec. H JIOTTOJIH. JIBOWYH. ‘ zec. H

0000 +0 1000 -8
0001 +1 1001 -7
0010 +2 1010 -6
0011 +3 1011 -9
0100 +4 1100 -4
0101 +9 1101 -3
0110 +6 1110 -2
0111 +7 1111 -1

Tabauna 1.3. I[IpeacraBienue 4eTblpéxpas3psaiHbIX 3HAKOBBIX JBOUYHbBIX YH-
ceJt

Bbl MOXkeTe CaMOCTOSITEILHO YOEIUTHCs, YTO CJIOKEHUE HYUCES CO 3HAKOM
IPOUCXOJIUT KOPPEKTHO TIPH MOMOIIE OOBIYHOTO cymMmaTopa (pucyHok 1.5).
Boeranranue qnciia co 3HAKOM TaK»Ke MPOUCXOAUT KOPPEKTHO, €CJIN TTEPEKTIO-
IUTH PEKUM CyMMATOPA /BBIYUTATEIS, YCTAHOBUB €JIMHUILY HA BXOJIE YIIPAB-
nerust. [Ipu BoIauTanny OTPUIIATEILHOTO YUC/Ia, CyMMaTOp Oy1eT BTOPUIHO
BBIYUCJIATD JIOTIOJHUTEBHBIH KOJT BBIYUTAEMOI0, KOTOPOE YK€ B JIOTIOJIHHU-
TEJILHOM KOJIe. DTO 3KBUBAJICHTHO CJIOKEHUIO ¢ MOJIYJIEM BBHIYUTAEMOTO, T. €.
p(—y) —a a2 =) —a+ (2 — (2 —y) =2ty

TakuMm 0Opa3oM, CyMMaTOp, MOKa3aHHBIH Ha pHUCYHKe 1.5, MOJTHOCTHIO
peraer 3ajlady CJIOXKEHUs] U BbIUUTAHWS 3HAKOBBIX W OE33HAKOBBIX IIEJIBIX
JUCET.

[Tepenosinenue B cymMmmaTope/Bbiauraresie npu pabore ¢ 3HAKOBBIMU YHC-
JIAMY BO3MOXKHO, TOJTBKO €CJTU 00a, OllepaH ia UMEIOT OJIMHAKOBBIN 3HaK. [Ipu-
3HAKOM TIEPETOJIHEHNUsT SIBJISIETCST CMEeHa, 3TOT0 3HAKA B PE3YJIHTATE BHITNCTIE-
Hust. [IpakTrdeckn MCrnosb3yercsi JAPyroi Crocod OIpejie/IeHusT TePEoJIHe-
HUST — HECOBIIQJICHUE IIEPEHOCOB B CTapinuit OMT u m3 crapiiero bura. Ben-
TWib, Bbruncssiomuii Vo= C3 @& C2 (cM. pucynok 1.5), periaer mpobJemy
OIpe/JIeJICHUS TePENOJTHEHUS.

Yupaxuenune 1.8. Voedumecn, umo ecau pesysvmam —8 < z < +7, m.
€. NPedcmasum YeMuPETPa3PAOHLIM K000M, MO CYMMAMOD/ELIUUMATNEND
pabomaem xoppexmmno. Hcnoavdyime mabauuy 1.3. Pacemompume cayvau
NePEnOAHEHUSA.

CriokeHnne w BBIUYNTAHUE JPOOHBIX W TLIABAIOINIMX YUCEN CYIEeCTBEHHO
CJIO’KHEE, U Mbl €r0 paccMaTpuBaTh He OyjeMm.
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Ilepemuoxkutenb. Pacnonaras cymmaTopoMm, MOXKHO BBIIOJHATH YMHO-
JKEHUE, CBEJsI €10 K CJIOXKEHUSIM WJIA CJIOXKEHHMSIM U CJIBUIaM, TaK KOIJIa-TO
1 JiejiaJii, HO B COBPEMEHHBIX KOMIIbIOTEepax IIPoIeccop 0e3 OLICTPOro allia-
PATHOI'O NMEPEMHOXKUTEJISI HEMBICJUM. Y MHOXKEHUE OJHOPA3PSIHBIX IEJIbIX
YUCEJT PeAJM3YeTCsl MPOCTO, TMOCKOJILKY TabJIMIa YMHOXKEHHS OJHOPA3PSII-
HBIX YMCEJI COBIAJAeT ¢ TabJMIEl MCTUHHOCTHU JIOTMIECKOTO TTPOU3BEJIEHNS.
YacrraHble IPOU3BEICHUS] BBIUUCJISIOTCS MIHOBEHHO, BCE CAMOE MHTEPECHOE
HAUMHAETCS IIOTOM.

»
@

Xo 20 X4 21 X2 22 23
T8 [xovo] | & [xevol | & [m¥d | & |xo¥o
xs X2 X1 Xg Yo l_ l_ ) l_ - |_

Y3 Y2 Y1 Yo — ¢ ) & A— & & )
| Xo¥1 | Xa¥1 | Re¥1 | Xs¥1

X3Yo| X2Yo 31%03(0 vi| [ [ [ |—
X3¥Y1| X2¥1| X1¥1 xo}h ¢ * B = 25
3Y2 X2¥2| X1¥2| X0Y2 & [xv: & _.,_g_my;'_ & -.’EQY:._ & |xqy,

X3Y3 sza X1¥3| XoY3 T =i
T E [y | & [mys  |& |mys | & [z

s [ [ [ B

Puc. 1.6. YMHOXKeHHE B CTOJOUK ¥ CXEMa BLIUMCJIECHUS] YaCTUIHBIX [IPOU3BE-
JICHU A

Ha pucynke 1.6 mokasana cxema BbIUMCJICHUS YACTUUIHBIX IIPOU3BEJIE-
nnii. Ha pucynke 1.7 mokasana HempocTas cxeMa, KOTopas JeJaeT OCTaJlb-
Hy10 pabory. B ToMm Bujie, Kak 3Ta cxema nu300parkeHa, OHa BbINOJIHsET boJiee
CJIOXKHY10 (DYHKIUIO, UeM IIPOU3BECHUE YeThIPEXPA3PsIHBbIX UNCeS T U Y —
28 = T4 - Y4 + ug + wy. Bxogpl u u w npegHazHaveHbl AJIsi HAPAIWBAHMS
Pa3psIIHOCTH; €CJIU TO He TpedyeTcs, TO 3HAUUTEIbHYI0 JacTh CYMMAaTOPOB
MOXKHO 3aMeHNTh 3dj1eMeHTaMn nckJodaroree-MJIN.

Yupaxuenuune 1.9. Hapucyiime cremy 80coMupadpadnozo nepemmortcume-
A, UCTLOND3YA LEMBPETPA3PAOHBIE NEPEMHONCUMENU KAK COCTNABHBIE OAOKU.

HepeMHO}KI/ITe.Hb TaKOI'O THUIla, IIpXU MUHUMAJIbHBIX U3MEHECHUAX, ITIOAAED-
KHUBa€T 1 JOIIOJHUTEC/JbHYIO HOTAIUIO JIJIZl 3HAKOBbLIX YMCEJI.

AJIY. Kax ycTpoeHbl BBIYUCAUTEIN MOOUTHBIX JIOTHUYECKHX (DYHKIINIA,
yCTPOMCTBA CJBUIA U T. II., OHATH HECJOXKHO U Bbl MoOxKeTe M300pa3uTh
UX CaMOCTOATEbHO. MbI PACCMOTPHUM BOIIPOC O TOM, KaK MOXKHO IIPEJICTaB-
JISITH PaboTy apudMeTHKO-JIOITIECKOr0 YCTPOMCTBa B 1esioM U ¢BsaA3b AJIY
¢ perucrpamu mporeccopa. Besyciosro, AJIY sBisiercst CJI0XKHBIM YCTPOIi-
CTBOM M IIPUBOJMMBIE CXEMbI HE IIPETEHIYI0T Ha abCOTIOTHYIO TOYHOCTh, HO
UJICI0 U3 HUX MOHSITH MOXKHO.
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Uy Ug us Uy Uuj U U Yo
X3Y¥3 l X2Y3 l X1Ys3 l XoYs
v

| o [ { m { n [ n -

l;sYz 1 X:Yz X1¥Y2 XoY2

ey B oy B e e

-~
-~

W2

X3¥Y1 X2¥V1

«—]
-~

rh=tmt=t=t
HTHTHTH%WQH%HL

v
Zq Zg Zg

-«

um *sum ﬂ
L=

¥ v

Zy Zy

c

Puc. 1.7. Cxema cO0pKY 9aCTHUHBIX TIPOU3BEJICHN (TIOCTE0BATEIBHBIE CYM-
MAaTOPBI TTOKA3aHbI, ITOOBI HE 3aIPOMOXK/IATH PUCYHOK )

overflow mul

overflow sum

sign mul

sign sum DEMUX

greater |

1 equal
less | |
|S|G|E|L |CMP||SUM||MUL||AND||OR||XOR|
1 2| 3| 4| 5 6
1 2 3 4 5 6
1| 2] 3[ 4] 5] 6 1] 2| 3| 4 5 ¢
nynfnknbnbn) nynfnpknbnbn
MUX1 |—| M[&l_
. 4 n n n
exception flags opl op2 opcode result

Puc. 1.8. Crpykrypa npumutusaoro AJIY

Ha pucynke 1.8 mpusegena cxemMa apudMETHKO-JTOTHIECCKOTO YCTPOii-
CTBa, BBITIOIHSIONIETO apudMeTHIeCKre CJIOYKEHNEe W BhIYNTaHUEe CO 3HAKO-
BbIMU 1 OE33HAKOBBIMU IIEJIBIMKU N-Pa3Psi/IHBIMUA 9KUCJIAMH, JIOTUUECKUE OTle-
panun ¢ OuTaMu dnuces U cpaBHeHue dnces. Koj omepanun comep:KuT aJipec,
yupasJisiomuit mysbruiiekcopamu MUX1, MUX2 u jieMmy/ibTUILIEKCOPOM
DEMUX u 6ur add/sub. DTor ampec ompenenser, B KaKOe U3 BBIUHCIIU-
TEJIbHBIX YCTPOHCTB OyJIyT Tepe/ianbl OMEPaH bl ¥ KaKyI0 OTepaluio 0yaer
BLIMTOJIHATE cyMMaTop. OJINH BXOJT BBIXOIHOTO JEMYILTHILIEKCOPa CBOOOIEH,
T. K. Pe3yJibTaT CpaBHEHWs mepejiaercs vdepe3 peructp guiaron. ITockoss-
Ky HPHU BBIIOJHEHUs OlIEPAIMd MOI'YT 00pa30BaThCsi OTPUIIATE/IbHBIE TUCIIA,
B perucrpe (hJaroB 3allOMUHAETCs ITOT IPU3HAK. BO3MOXKHBIE pe3yJbTaThl
CpaBHEHMsi duces (MeHbIe, PaBHbI, GOJIbIINE) TAKXKe 3AlOMUHAIOTCH B pe-
rucTpe ¢iaros. Ilepernosnenust npn yMHOXKEHUE U CJIOXKEHUN OTMEYAIOTCST
refepanmein NCKJIIYEeHUSI.

Ha 610k-cxemax AJIY uzobpaxkaior B Buje “mranos”’. B nporeccope AJIY
cBsizaHo ¢ omeparuBHbiMu peructpamu (Regl, Reg2, Reg3d, Regd), koropbie
XPaHAT JaHHbIE, MOTYT 3arpy>KaThCs W3 BHENTHEH maMsiTi, 0OMEHUBATHCS
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result
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internal data bus external data

internaladdress bus external address

internalcontrol bus external control

|interface|

Puc. 1.9. Ilpumurushbiii nporeccop (Ha cxeme OTCYyTCTBYeT yCTPOHCTBO
YIPABJICHNUS)

nH(oOpManueil Ipyr ¢ APYroM, CIYXKHUTh MUCTOUYHUKAMK ONEPaHJIOB U IpHU-
eMHUKaMu pe3yJsibrarta Berauciennii AJIY u obmMenuBaThest nHGOpPMAaIneii ¢
BHEITHEH MaMATbio. DTH CBA3M TOKa3aHbl HA pucyHke 1.9.

Yupaxkuenue 1.10. [lonpobyiime nanucamv cnucox uncmpyruyuti, Komo-
pule CNOcobeH uNOAHUML MaKot npoueccop. Imo, Koneuno, we r86, Ho cnu-
cox Oydem HemanviMm.

Kaxk mojiydaercst, 9To OJHUA U T€ K€ JUHAKA MOI'YT IIepejlaBarh JaHHbIE B
Pa3HBIX HAIpaBJEHUAX U HE “MellaTh Jpyr Jpyry’, CTaHeT sSICHO B CJEIYO-
IeM pasjielie.

1.2. NaTepdeiicubie cxeMbl

Kommbiorep o0beIMHIET MHOXKECTBO YCTPOMCTB, KOTOPBIE JTOJKHBI TaK
UM MHade oOMeHuBaThes MHEOpMalumeir Jpyr ¢ jpyrom. Ecin mbr Oyjem
COEJINHATD ITU YCTPOUCTBA 1O NPHUHITUIY “KarXKJ0e ¢ KaXKJIbIM , KOJUIECTBO
cBsA3el 1 MHTePdEHCOB PN YBEJINYEHUN YNCJIa YCTPORCTB OyIeT pacTu apes-
BbluaiiHo ObicTpo. IIpobsiemy periaer MarucTpajibHO-MO/YJIbHBIF HPUHIIKILL
obbeHenus ycrpoiicts. HekoTopoe mpejictaBienre 00 3TOM TPUHITAIIE J1a-
ér pucynok 1.10.

Kaxxjiplit 13 MOojLyJieil, UCIoIb3yeMbIX B TaKOW CUCTEMe, UMeeT HEeKOTO-
pPyI0 PYHKIIMOHAJIBHYIO YaCTh, KOTOPasl OCYIeCTBIIsAET 00pabOTKy HH(pOpMa-
1uu, 1 THTEPQEHCHYIO YacTh, TPeJHA3HAYCHHY IO NUCKJIIOUUTE/IHLHO JIjIst 0OMe-
Ha uHdopManmein Mexk1y Mojysasimu. Marucrpasib, 00be MHATOIAs MOILYJIN,
—9TO0 HAOOP JUHUI, UMEIONTIX TOYHO OPeIesIEHHOe Ha3HaYeHre, U TTPOTOKOJT
oOMeHa, T. €. 10CJIe/I0BATE/IbHOCTD JIEUCTBUM, KOTOPbIE JIOJI?KHO BbIIOJHUTH
KayKJI0e YCTPOHCTBO, yJacTBYyIolee B oOMeHe.

Nndopmanmonuble MarucTpajgu — 3TO OCHOBHOI 3JEMEHT apXUTEKTY-
phl 1UPOBBLIX YCTPORCTB. B BhIYUCIUTEILHON TEXHUKE JIIOObIE YCTPOWCTBa,
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1

Momynsl MORyNB2

Mozmyns1l MomyNB2 MozmyNs3 Momyne4d
1 3 —| 4 i 4 i
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= ]

Puc. 1.10. MarucrpajbHO-MOTYJIbHBINA TPUHITAT

CTaH/IaPTU30BaHbI 110 nHTEpdeiicy, T. €. uMeroT nHTEPEHCHYIO0 JacTh, 10/I-
YUHEHHYIO CTaHIapTy Kakoii-1nbo mHdopMalmonHoi mMarucrpajaun. Ocodyro
POJIb B KOMITBIOTEPAX UI'PAIOT MATUCTPAJIN PACIIUPEHUS, T. €. MATUCTPAJIN BO-
KPYT' KOTOPBIX 00bEeIUHSIOTCS PA3HOPOJIHbIE YCTPOCTBa, 00pa3yoIue KOM-
nbioTep. Mbl pacCMOTPUM HEKOTOPHIE U3 HUX TTOAPOOHO B CJIEYIOIIEH TiaBe.

urepdeiicuas yactb nudpoBOro yCcrpoiicTBa COJEPKUT JIEMEHTHI, KO-
TOpbIE MOT'YT HE BBIIOJHSITH JOTHIECKNX (DYHKIUN, OHU IIpeIHA3HAYUCHDI JIJIsT
perennsi CrenraabHbIX 3a/a4d:

® [IOJKJIIOUEHUA U OTKJIIIOUYCHU A YCTpOﬁCTBa K JIMHUU MalrucTpaJin n

® U3MEHEHUsI HallPaBJIEHUs PaCIPOCTpaHeHus nH(MOPMaIUK.

PaccmoTpum Kakyro-HUOYIb JIMHUIO MaruCTPaJ PaCIIdPEHUs] (Hanpﬂ—
Mep, JIMHUIO, TI0 KOTOPOil 1epeaéTcs onpeeaéHHbIin OUT ,ILaHHbIX), YCTPOii-
CTBO, $IBJISIIOIIEECS] NCTOYHUKOM WH(OPMAIUHU, JIOJIXKHO ObITh MeHepaTopoOM
CUI'HAJIA, YCTPOMCTBO, B KOTOPOE lepegaéress nHdopMalus, — HIPUEMHUKOM.
JI1060i1 reHepaTop MMeeT KOHEYHOE BBLIXOJHOE COIPOTHUBJICHUE, a KaXKJIblil
HPUEMHUK $IBJIsieTCss HArpy3Koit. Ecim npueMHuKoB Oyjier MHOI'O, TO COILIPO-
THBJIEHIE HAIPY3KHU OyJIeT MaJio, 1 CTAHOBUTCS BO3MOXKHOI CUTYallUsi, KOT'Ia
reHepaTop He CMOXKEeT YCTaHOBUTDH BHICOKMI ypoBeHb. JIpyrast Tunndnasi cu-
Tyallus BO3HUKAET, KOTJa C JUHUEH COeIUHAIOTCA HECKOJIBKO MCTOYHUKOB
JIQAHHBIX W KaXKJIblii U3 HUX MbITACTCA YCTAHOBUTH HU3KUI (0) WJIA BBICOKUA
(1) ypoBenb Hampsixkenusi. B 3ToM cirydae HAUMHACTCST COCTSI3AHUE BBIXOTHBIX
COIIPOTHBJIEHUII — Y KOI'O OHO MeHbIIe, TOT u Oyjer “nobexpars . CienoBa-
TeJIbHO, B uHTEp(deiicax yerpoicTB J0/2KHA ObITh BO3MOXKHOCTH OTKJIIOUEHMSI
UX OT JIMHUI MarucTpaJiu.

DTy 3aJiady PelralT OTKJIIYaeMble BEHTUJIA ¥ BEHTHJIU ¢ OTKJII0OYaeMbIM
BbIXO/IOM. MOXKHO 1IpeJICTaB/IsiTh, 9YTO B HEPBbIX UMEETCsi BO3MOXKHOCTb OT-
KJIOUUTh BeHTWIb OT JIMHKI nmuTanusd. [Ipu aToM ToKu He OYIyT 3aMbIKaTh-
CsI U COIPOTHUBJIEHUWE BXOJIa M BBIXOJA CTaHYT OYEHb BBICOKMMMU. BeHTujb
He HArpy»kKaeT UCTOUYHHMK CUTHAJA U TepsieT CIIOCOOHOCTH I'eHepPUPOBATh CHUTI-
HaJI. YCTPOHCTBa BTOPOI'O THUIIA UMEIOT KJII0Y, OTKJIIOUAIONINAA TOJIHKO BBHIXOI
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+U in +U in

— out — out
in out _3‘ in I_c:’ut _3‘
—1 j cs —1 j OE
in in
out gnd
a J1¢7 S

L

ChipSelect Cs OutputEnable OE
Puc. 1.11. Unrepdeiicabie 31eMeHTDI
in(read) | out (write)| disabled
(o9 1 0 0 NE
CS, 0 1 0
1 1 Qp—
i Ccs, p|T |o cs; p|T
in/out/ i cs, _ Cs, ~
disabled i Qr— Q-
—— 1 ——— 1
<--bus 'device——> <——bus' device-->

Puc. 1.12. [Ipuemonepenarauk (ynpasisiomme sxojbl C'Sy u C'Sy jist yji06-
CTBa MOKa3aHbl CBEPXY U CHU3Y, HHBEPTOPDHI BLIOPAHBI TOJIBKO JIJIS TOTO, UTO-
Obl 0603HAYUTH BXOJ[ U BBIXOJL YIIPABJISIEMOIO BEHTHJIS )

YCTPOHCTBA. DIEKTpHUIecKass aKTUBHOCTb OCTAJILHON YACTU OCTAETCsS HEU3-
MEHHOI1, OJ1arojiapsi ToMy yCTPOCTBa C OTKJIIOUAEMbIM BbIXOJOM ObICTpee
CTAHOBATCS aKTUBHBIMU.

B obonx ciydasix Mbl MOJIydaeM COCTOSIHUE, HA3hIBAEMOE BBICOKOWMIIE-
JIAHCHBIM WJIU Z-COCTOSHUEM. YCJIOBHbIE H300PasKeHUs TAKUX JIEMEHTOB
npuBejenbl Ha pucynke 1.11. Tlokazanbl BapuaHThl OTKJIIOUEHUS YUIA U
OTKJIIOYEHHUST BbIXOJia. BbIKJ/IOUATE/ M MOI'YT 3aMbIKATHCS 110 BBICOKOMY HJIN
HU3KOMY YPOBHIO YIIPABJIAIONIEro curnaja. [lokazanbl 0603HaYeHusT dJ1eMeH-
TOB B 0boux ciydasix. Yupasisorue curaaibl CS (Chip Select — BbiGop
aura) 1 OE (Output Enable — pasperenne Boixosa). Pacmosarast unrep-
eficHbIMU D/1IEMEHTAMEU, MBI MOXKEM PEIUTh W MPoDJIeMy HU3MEHEHUsST Ha-
paBJIeHNs Tepeadn curaaja. Cxema, pemarolas 3Ty 3ajady, ToKazaHa Ha
pucytnke 1.12. V cxeMbl UMEIOTCs JiBa BapuaHTa: B IEPBOM MHQOpPMalns Yu-
TAaeTCs W TUIIETCA B OJIMH W TOT YK€ TPUITEp, BO BTOPOM — B pas3Hble. DTU
TPUTTEPLI MOT'YT MPUHAJJIEKATH Pa3HBIM perucrpaM. B chuckax CUTHAJIOB
HaM OyJIyT 1o1aaThest 00a BapuanTa. Hecko/ibKO HelpuBbIYHBIH BTOPOIT Ba-
puaHT obo3HaYaeTcss TepMUHAMU: “pu ureHun — “on read”’, “mpm 3ammcu’
— “on write”. Hanpumep, B onucanuu nnrepdeiica ycrpoiicrBa MoxKeT ObITh
Takasg (ppasza: Ipd UYTEHUH — OUT PErucTpa COCTOSHUS, IPU 3alUCH — OUT
perucrpa yrpaBJeHus.
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1.3. DiaeMeHTHI [IaMATH!

OcoOeHHOCTH 3JIEMEHTOB TTAMSTH OIPEJIEISIOTCS TPOCTOTOM U 0HOOOpa-
3UeM BBIMOJIHSEMbBIX (DYHKIHI (3aMuch, XpaHeHWe, UTEHWe) W OrPOMHBIMU
MaCCHBAMU OJIHOTUITHBIX 9J€MEHTOB (6allTOB Mk 6UTOB).

Knaccudukarmsa. DjieMeHTHI IaMATH BeCbMa Pa3HOOOPA3HbI U UX KJIac-
cuduKals BO3MOXKHA 110 HECKOJIbKUM lipusHakam. [Io crocody jocryna K
9JIEMEHTY MHMOPMAIMU PA3JIAIAOT:
e RAM — random access memory-namMsiTh ¢ MPOU3BOJIBHBIM JOCTYIIOM,
e Sequential access memory — namsaThb € I0CJI€/IOBATE/ILHBIM JIOCTYIIOM

(FIFO u LIFO).

A66pesnarypa LIFO obosnauaer last in — first out (nocsegtum Bormé
— MEPBBIM BBIIIEN ), WHAYE TaKO# Cocob JOCTyNa K JJAHHBIM HA3BIBAIOT CTEK
(stack — crona). Harssiiublii npuMep — cTolKa Tapesaok: HOBYIO TApesKy
MOKHO TOJIOXKHUTh TOJBKO CBEPXY M B3sITh MOXKHO TOJILKO BepxHioo. FIFO
obosnadaer first in — first out (mepBbIM BOMIET — MEPBBIM BBIIIET), HHAUE
TaKoi crocob JIocTyIia Ha3bIiBaeTCsi odepeib uin oydep.

[To BOBMOXKHOCTH YTEHUS U 3aMUCU PA3THIAIOT:

e RAM (random access memory) — namsiTh ¢ HPOU3BOJIbHBIM JIOCTYIIOM,
e ROM (read only memory) — namsiTh TOJBKO JiJist 4TEHUS.

Hekoropyto myranuity BoizbiBaer tepmua RAM, obbemmusiionmii jBa
MpU3HaKa — JOCTYI K MPOU3BOJHHOMY 3JEMEHTY U BO3MOXKHOCTH KaK UTe-
Husi, Tak u 3anucu. ROM — read only memory — namsith TOJILKO JIjIst UTEHUS
— HaMsATh, KOTOPast MOYXKET YUTATHhCsi OOBIIHBIM CIIOCOOOM, HO 3allUCh B HeE
BKJIFOUAET JIBA JICHCTBUS — CTUpaHKe (BCe WK IPyIiia OUTOB OOHYJIAIOTCS ) U
MOCJIEJLYIOTIY O 3aITUCh (B HEOOXOMMbIe OUThI 3arUChiBaeTCs ejuaua). [lep-
Bble ROM 0ouibItioro o6béma TpeboBai cTUpaHus HHGOPMAIUU YiabTpadu-
OJIETOBBIM CBETOM TPU TIOBBINEHHONW TEMIIEPATYPE W MOCJIEIYIONeH 3anncn
UMITYJIbCAMHU OOJIBITION aMIJIUTY/IbI. ByIydn ycTaHOBJIEHHONW B KOMIILIOTED,
Takas maMsTh He MOAUMUITUPOBAJIACH U OOBITHO MCITOJIH30BAJIACK JIJIst XPaHe-
Hust 6a30Bo# cucrembl BBoJa,/ BhiBOJIA - BIOS. EEPROM (electrically erasable
programmable read-only memory) — 9jieKTpUUIeCKH CTHpaeMast TPOrPAMMIE-
pyeMast maMsiTh, KOTOPYIO MOYKHO MEPEIUCHIBATH B CHCTEME.

[To HEOOXOMMOCTH pereHepaluy pa3andaioT:

e SRAM (static random access memory) — craTudeckas HaMsATh ¢ 1PO-
U3BOJIBHBIM JIOCTYIIOM,

e DRAM (dynamic random access memory) — JHHAMHUTIECKAS MAMITH C
IIPOU3BOJILHBIM JIOCTYTIOM.
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Craruyeckas maMsaTb He TpebyeT 00C/Iy:KMBAaHHUS B IPOIECCe XPaHEHUs
undopmaluu 1 paboraer, 1OKa ecTb lurTaHue e sjemeHToB. JuHamuue-
CKasl MaMsTh TepsieT MHMOPMAIUIO 3a OIpeJeeéHHOe BpeMs, U TpedyeTcs
e pereHepalyst ¢ ONPEIEJEHHONR MePUOIUIHOCTHIO. DJIEMEHTHI JUHAMUAYE-
CKOIl TAMSITH IpeJIeJIbHO MPOCTHl U UCKIIOUUTEIBHO MAaJbI 110 pPasMepaM —
9TO MUKPOCKOITMYIECKNE KOHIEHCATOPHI, BHITIOJHEHHBIE Ha, KPEMHUEBOW TTO/I-
joykke. CTOMMOCTD TaKUX 3JIEMEHTOB [TaMsITH MaJia, U 9TO KOMIICHCUPYET BCe
€€ HeJJOCTaTKH.

[To 3aBuCHMMOCTH OT MCTOYHNKA SHEPTUN PASJIUIAIOT:

e Volatile memory — sHeprozapucumast namsiTh,

e Nonvolatile memory — sHeprouesaBucuMast maMsATh (IaCTO MOJJICPAKH-
BaeTCst COOCTBEHHBIM UCTOUHUKOM ).

dusnvueckue IPUHIUIBI. JJEMEHTOM MaMATH MOXKeT ObITh JH000e
YCTPORCTBO, UMEIOIEee JIBA YCTONIUBBIX COCTOSAHUS, MEXKJIy KOTOPHIMU BO3-
MOKHDBI MEPEXOJIbl U KOTOpPble MOXKHO HJIEHTU(DUITUPOBATH TEM WU HWHBLIM
CIIOCODOM. DTH COCTOSIHUST aCCOIUUPYIOTCs ¢ Jjiormdeckumu «0» u «1».
YeTpoiicTBa, JIOMXKHBI OBITH TPOCTHI, HAJIEYKHDBI, MAaJbl U JEIIeBbl, TTOCKOJIb-
Ky TaKWX yCTPOWCTB Tpebyercsi 09eHb MHOIO. B BbIIuc/mMTe IbHOM TEXHUKE B
pazHoe BpeMs UCIOJIb30BAJIACh TAMATh Pa3IuIHbIX TUNOB. He mipeTentyst Ha
MOJIHOTY CITHACKA, TPUBEIEM HEKOTOPBIE THUTTHI 3AITOMUHAIONINX YCTPOHCTB.

1. MarauTHast naMsiTh. 9Ta HAMSITh PEAJU3YETC HA, MATHUTHBIX 9JIEMEH-
TaxX ¢ TaK Ha3bIBaeMOI IIPAMOYTOJILHON MeT/Ieil TUCTEePEe3nca, T. €. JJIEeMEeHTaX,
y KOTOPBbIX HAMArHWYEHHOCTh B OTCYTCTBHME BHEITHErO TOJIsT MOXKET TTPUHK-
MaTh TOJHKO JIBA BO3MOYKHBIX HAIIPABJIEHUs, KOTOPbIE COOTBETCTBYIOT HYJIIO
u equnnte. daemerTbl MO3Y warie Becero npejcrapiisiii coboit ¢heppuToBbie
KOJICYKH C BHEITHUM JIHaMeTpoM BILIOTH 70 0.5 MM. ['1aBHOI 0COOEHHOCTHIO
TAKOW MaMATH SIBJISIETCS ITEHNE C Pa3PYIIEHUEM COCTOSTHUS, T. €. CANTaHHAs
€JIMHUIA YHUITOXKACTCS 1 Tpebyercs mukJ1 e pererepanuu. Ipeipunuma-
JIUCH TONBITKKA W3roToBUTH MO3Y ¢ MIeHOYHbIMU MarHUTHBIMU 3JIEMEHTa-
MU, KOTOPbIE MOTJIM Obl KOHKYPUPOBATH ¢ MHTErPAJIHHON IJIEKTPOHUKON 110
00beMy, HO UX OBICTPOJIEHCTBIE OKA3aJ0Ch XYXKe.

2. Tpurrepnr. CaMblii TPUMUTHBHBIH TPUTTEP MOXKET OBITH PeaTn30BaH
Ha 4 TpaH3UCTOpaX, MPU STOM MOJYIAETCsT XOpoIee ObICTpojielicTBIe (KaK
y JIOTMKH), HO TI€HA TAKUX DJIEMEHTOB TAMSATH OKa3bIBAETCs BBICOKO#. DJIeK-
TPOHHbIE TPUITEPDI SIBJILAIOTCS dJIeMeHTaMu HauboJiee ObICTPOJIECTBYIONIE
PETUCTPOBOI W K3II-MTAMSITH.

3. YerpoiicTBa ¢ xpaHenuem 3apsijia. Mmeorcs: pasHOBUIHOCTH MOJIEBHIX
TPAH3UCTOPOB C UBOJUPOBAHHBIM 3aTBOPOM, MOJT KOTOPBIM MOXKET JIOJITO CO-
XPAHATHCS 3apsiJl. DTOT 3aPsi, MOXKET YHUITOXKATHCSA YJIbTPapUOJETOBBIM
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CBETOM WJIW TIOBBLIMIEHHBIM HaIpsKeHNeM Ha 3aTBope. PazHoBUIHOCTHIO Ta-
Kux pubopos sipisiercst flash mamsith — sHepronesaBucumast maMsiTh ¢ Bbi-
COKO CKOPOCTBIO 3aIllUCH U CTUpaHud. Takasd maMsaTh OCHOBAHa Ha TOJEBOM
TPAH3UCTOPE C IJIABAIOIIUM 3aTBOPOM.

4. lnimHaprdeckue MardiuTHBIE JJOMEHBI. DTO MUKPOCKOTIEecKne 00J1a-
cTU B (hepPOMATHUTHBIX TIJICHKAX, UMEIOITHEe HAMArHUIeHHOCTh, OPHEHTUPO-
BAHHYIO ITPOTHUBOIIOJIOXKHO OKPY2KeHuio. Takas 06/1acTb MOXKeT TepeMeniaThb-
csi ¢ OOJIBINION CKOPOCTHIO BJIOJIb IIJICHKH 1101 JIEHCTBUEM CTOPOHHEIO MalrHUT-
HOTO TIOJISI M PETUCTPUPOBATHCS MPU TTPOXOXKJEHUN TIOJ], CIEIUATbHBIM CIH-
THIBAIOIIUM TTPOBOJIHUKOM. He 1oTpebiisiioT 3JIeKTPOIHEPIK 1pU XPaHeHUH,
HO CJIOXKHBI U JIOPOTH.

5. CepxmpoBojidinas namaTh. OcHOBaHa Ha CBOWCTBaX TaK Ha3bIBae-
MBIX JI2KO3€(DCOHOBCKUX KOHTAKTOB, MPEJICTABJISIONUX CODOM TPEXCIONHYTO
CTPYKTYPY U3 CBEPXIIPOBOJIHUKA, JIUIJIEKTPUKA U €lIE OJJHOIO CBEPXIIPOBO/I-
Huka. ToK depe3 Takoil KOHTAKT 3aBUCHT OT TOTO, KAKUM 00Pa3oM M3MeHs-
JIOCh Hallpsiz>KEHUE Ha KOHTAKTE U MOYKET IPU OJIHOM M TOM K€ HallPs?KEeHUN
UMETDH JIBa 3HAYEHUS — OJTM3KOe K HYJI0 ¥ HEKOTOPOE BBICOKOE 3HAUEHUE.

6. [lamMaTh Ha MOBEPXHOCTH KPEeMHHEBOro duma. B crajum pa3paboTKH.
[Tpunmun npejiesibHO TPOCT — pacKJjajibiBAHUE OT/ICJIbHBIX aTOMOB B OIpe/ie-
JIEHHDBIX TO3UTHUAX Ha TOBEPXHOCTH aTOMAapHO TJIQJIKOro KpeMuus. Hamnane
UJIM OTCYTCTBUE aTOMa CUUTHIBACTCS MPU MPOXOXKJICHUHU HAJ[ ATOMOM UTOJIb-
4aTOro JIEKTPO/IA KaK B TYHHEJHHOM MUKPOCKOIIE. 3aliCh OCYIIECTBIISIETCs
TeM 2Ke 3JIEKTPOJIOM TIPH Mojiade Ha, Hero UMITYJIbCa HAPSKEeHUs, Ipu KOTO-
POM IIPOUCXOIUT COPOC ATOMa, Ha MOBEPXHOCTH. DHEPrOHE3aBUCHMA.

7. Sapsi kougercaTopa. Hanbosee pacipocTpanéHubiii crmocod xpaHeHnst
nHdopmanun. HecMoTpst Ha HEOOXOIMMOCTDH MEPUOJIMYECKON pereHepaluu,
MO3BOJISIET OPraHU30BATH YNIThl I'UradalTHOW eMKOCTH U CUUTHIBATH WHQOP-
MAIMIO 33 TTPUEMJIEMOE BpeMsl (HAHOCEKYH/IbI ).

8. Onruueckasi namsith. B BapuanTe, ucnosibyemom B coppementbix CD
u DVD, sro npocto coznanne Ha 3epKaJbHON MOBEPXHOCTH TOYEK — ITUTOB
(pit — sima, siMKa), OT KOTOPbIX CBeT oTpaxkaercst juddysHo.

Mb1 paccmoTpuM 10 pOOHEN TOJILKO JIBa TUIIA SJIEMEHTOB aMATH — TPUT-
rep Ha TOJIEBBIX TPAH3UCTOPAX U KOHJIEHCATOP. DJEMEHTHI TaMATH TaKUX
TUIIOB OY€Hb ITUPOKO UCIOJIL3YIOTCS B COBPEMEHHBLIX KOMIIbIOTEpax B Kaue-
CTBe OBICTPOJIEHCTBYIONIEH PETUCTPOBOI U KAII-TIAMSITH, a TaKxKe CUCTEeMHOIA
naMATH. CraTrdeckas MaMdaTh Ha TPUTTEpax IMPUCYTCTBYET B COBPEMEHHBIX
KOMIIbIOTepax OJIoKaMu OT cOTeH DaiiT J1o MerabaiToB, YUIlbl JUHAMKIECKOIM
NaMATH WMEOT eMKOCTbh B HeCKOJbKO rurabaiit. [Ipwanunumanbaas cxema
€JIMHUYHOrO OWTa TaKUX TUIOB IpuBejeHa Ha pucynke 1.13. Ha npasbix
PUCYHKAX TMOKa3aHa 3JEKTpUUecKas cxeMma, Ha JIEBbIX — (DYHKIMOHAJILHDII
SKBUBAJICHT.
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Puc. 1.14. [Tpumep marpunp buros 4*4

B cxeme cratmueckoil mamsiTi MOXKHO y3HATH YCTaHOBOYHBIA TPHUITED,
n300pakenHasi cxeMa HasbiBaeTcs ‘6’1 memory cell” mo gucay Tpan3ncTOpoB.
OcoOeHHOCTD 3TOI'0 TPUITEPA COCTOUT B TOM, UTO OH HE MMEET CIIelHa/bHbIX
BXOJIOB YCTAHOBKK 1 cOpoca. 3anuch nH(OpMaIiu, T. €. YCTaHOBKa, U cOpOC
TPHUITEPa, OCYIIECTB/IsIeTCs “TapTu3ancKum crocobom. [Ipu npucoemHeHnn
BBIXOJIa TPUTTEPa K UCTOUYHUKY C MaJIbIM BBIXOJHBIM COIPOTUBJICHUEM ITOT
UCTOYHUK “TI00e T’ TpUITEep U YCTAHOBUT CBOI ypoBeHb. Takoii criocod 3a-
[IUCH UMEET HEJOCTATOK — OH MeJIJIEHHEe, YeM Y HACTOSIIEr0 YyCTaHOBOYHOTO



1.3. DyiemeHThl HaAMIATH 21

TPHUITEpa, HO 3HAUUTEJHLHO ObICTpee, 4eM y dJeMeHTa JUHAMUYIECKON IaMsi-
TH. DJIEMEHTBI CTATUIECKON HMaMsITH HE M3MEHSIIOT CBOEr0 COCTOSHUS IIPU
YTEHUsIX U BO BpeMs XpaHeHusi nadopmanuu. IlojgeBnbie TpaH3UCTOPLI, He
BXOJISAIIME B TPUITED, SABJIAIOTCA KJIIOUaMK JIOCTyNa. B npunnuie 66110 Obl
JIOCTATOYHO OJHOIO KJI0Ya W OJHON JUHUK OUTOB, HO JIBa KJIIOYA IT03BO-
JISTIOT U3MEPsITh COCTOsTHUE Tpurrepa audpepeHimaabHo, 9TO 3HATUTEh-
HO IIOBBIIIAET IIOMEXOYCTORUYMBOCTH U B KOHEYHOM HMTOre ObICTPOJIECHCTBHE
ycTpoiicTBa. Kak cTaHOBUTCS SICHBIM M3 OIMCAHUS, TaKOW JIEMEHT IIaMATH
He siBJIsieTCst 1UPOBBIM YyCTPORCTBOM B TOYHOM CMbBICJIE 3TOT'O cJjioBa. B erné
OOJIbIIeHl CTEIIeHU 9TO OTHOCUTCS K dJIEMEHTaM IUHAMUYICCKON ImaMsITH.

B nunammueckoit mamMsaTu OUTOM siBJsieTcs Koujencatop. Eciau on necer
3apsij BbIIIE HEKOTOPOTO MOpOora, TO 3alliMCaHa, eIMHUIA, eC/In HUXKe, TO 3a-
nucaH HOJb. dTenne nHGOPMAIIMN CBSI3aHO C pa3psiloM KOoHeHcaropa. Ta-
KuM 0Opa3oM 4dTeHue yHuUTOX)KaeT uHpopMmaluo. Kpome Toro, mpu ckoJib
YI'OJIHO BBICOKOM Ka4eCTBE JIMJIEKTPHUKA, CaMOPa3Psij, KOHJIEHCATOPA HEn3-
OexKeH 1 JUHAMUYIeCKas MaMATh TpedyeT JI0CTATOYHO CJIOXKHOT'O 00C/ Ty K1Ba-
Husi. Boccranonsienne cauraHHoil nHMOPMalUKY HA3BIBAIOT PereHepauei, u
OHA, NIPOUCXOUT MPH KarKJIOM UTeHUHU. Bce 3TU CII0XKHOCTU OKYIIAITCSA Ma-
JILIMU pa3MepaMu 3JjieMeHTa rnaMsaTi. KakoBa Obl HU ObLIa CJI0YKHOCTH MUK-
PO3JIEKTPOHHOI'O YCTPOUCTBA, €ro0 CTOMMOCTH HMPOMOPITMOHAIBHA, ILJIOIIAJIH,
KOTOPYIO OHO 3aHMUMaET Ha MOBEPXHOCTH UWIIA, TT0ITOMY CTOMMOCTH OJIHOIO
MerabaiiTa JUMHAMUIECKON HaMsITH CYIIECTBEHHO MEHbIIE CTOMMOCTU CTaTH-
YEeCKOM IMaMATH.

Oprann3amuga namatu. Cepbe3Hoil 1podJIeMoil Tpu OpraHu3alli MacCu-
BOB MaMsITH OOJIBITON €MKOCTH SIBJISIETCsT OOJIBITIOE IMCJIO BHIBOJOB yCTPOi-
CTBa, €CJIM OPTAHM30BLIBATL JOCTYII K KarKI0My OUTY MHAMBUIyaIbLHO. Y te-
AJILHBII TUIT TAMSITH JOJIZKEH UMeTh BbIBOJbI JAHHBIX, YMCJIO KOTOPHIX PABHO
IIMPUHE [IUHBI JIAHHBIX, U BBIBOJbI JIPeca, YKUCJIO KOTOPBIX PABHO IIUPUHE
IIMHBL 8JIPeca. JTO PeaTu3yercs IPHU TOMOIIA MATPUIHON OPraHU3aIuu 00-
palieHuit K OuTam namsiTy.

Mpb1 paccMOTpUM OpPTraHU3aIMIO JIMHAMUYIECKON MaMsATH, TOCKOJIbKY OHa,
SIBJIIETCSI HAUbOJIee pacIpOCTPAHEHHON B CHCTEMe M MOPOXKIAeT Mpo0JIeMbl,
KOTOPBIE B 3HAUUTEIHLHOM CTETIEHN OTPEIEISTIOT apXUTEKTYPY BCEr0 KOMITHIO-
tepa. Ha pucynke 1.14 nokazano coeguHeHne MaccuBa OUTOB pasMepoM 4 X 4
C JUHUSIMU CJIOB W JUHUSIMHU OMTOB. B peanbHBIX cucTeMax 9UHCJIO JIHHUI
CJI0B 1 6UTOB NopsijiKa Heckosbkux Thicsy (210 + 21%). Muaamas qacrs aj-
peca (Ay — Aj) 3aOMUHAETCS PETUCTPOM — BAIeJKON ajpeca cioBa (row
address latch). JIBonunbiii Koj 91010 ajpeca BbIOMpaET JIMHUIO CJIOBA, Yepe3
KOTOpYyIO mpoiier umiynbe RAS (row access strobe). 910 dbynknus mynb-
tutiekcopa (1 — AMUX). Umnynse RAS (row access strobe) orkpsiBa-
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eT KJII0UHU JIOCTYIIa KO BCeM KOHJIeHCaTopaM B BbIOpaHHO jiuHuU. BhiOpaH-
HOE CJIOBO 3aTEM CUUTHIBAETCS TEJMKOM, 9TO MEJJICHHBIH TPOIECcC. 3apsijibl
¢ KOHJICHCATOPOB, KOTOPBIE OBbLIH 3apsiZKeHbl (XpaHuan 1), HAUXHAIOT TPO-
XOJIUTH Yepe3 BXOJ| yeusnTeseil (sence amps), MMITYJIbChI TOKA YCHJIMBAIOTCS
JI0 JIOTHYECKOTO CTaHJIApTa W 3allOMUHAIOTCsT B peructpe — 3amenke (latch).
Perucrp-3ameska — 370 ObICTPOAEHCTBYIONIMI PErUCTDP, ¥ KOTOPOI'O BPeMs
cpabaTbIBaHUsT MAJIO 110 CPABHEHUIO ¢ BPEMEHEM JIOCTYIIa K €MKOCTSIM JIMHA-
MUYECKO IaMATH. 3allesiKa Telepb XPaHUT OOJIbIIOE CJIOBO. 3aJiHIH PPOHT
RAS nepeksiouaer mysbruiiekcopst (4 x 2 = 1MUX) u coe/juasieT BbIXO-
abl 3ammenku (latch) ¢ uHASME Beex KOJIOHOK, B pe3ysibTaTe KOHJIEHCATOPDI,
C KOTOPBIX OBLJIN CAUTAHBI EIUHUIBI, 3aPs’KAIOTCS CHOBA. DTO MPOUCXOIAT
OBICTPO, TOCKOJIBLKY BBIXOJBI 3AIEJIKA UMEIOT MAJIOe BBIXOJIHOE COIIPOTHB-
jenne. TakuMm criocobOM OCYIIECTBIISIETCS perenepalusi nHOpMaIum 1mpu
arenun. Tpebyembiit Our BoiOupaercs mysibruiiekcopom (4 — 1MUX), ko-
TOPBIl ylpaBssiercs crapiieil dactoio agpeca (As — As). On momajaer Ha
BHEIIHIOIO IIMHY JIAHHBIX 4depe3 npuemornepegaTdnk. [Iporeypa 3amnmcu B
aMsTh [I0X0XKa Ha TO, YTO IIPOUCXOJUT IIpU pereHepaiiuu. Pereneparius B
CTPOKaX, KOTOPHIE HE CIUTHIBAJIUCH, OCYIECTBIISIETCS B IUKJIAX TICEBIOUTE-
HUil, KOTOpble KOHTPOJIJIEp HaMsITH T'eHepupyeT aBTOMaTHU4YecKu. Kax siCHO
W3 OTMCAHWST, €CJIN JIeJaTh CJIOBA MTUPOKUMU, TO MOCJE BCEX MPUTOTOBJIECHUIT
MOXKHO OBbICTPO CUMTBIBATH MaccuB, Jexanuit B 3amenke (latch). B rede-
HUE 9TOI0 BPEMEHU MOYKHO HAYMHATB IIOJI'OTOBKY JIOCTYIIA K CJICYIOIIEMY
ciioBy. Takum 00pazoM, MOSIBJISIIOTCS MTMPOKNE BO3MOXKHOCTH ONTHMU3AIUAN
XpaHeHHUs U opraHu3auu 3aipocoB. Jlajee, B pasjelie, MOCBAIIEHHOM KAIIIH-
POBAHMIO, MbI YBHUIMM, KaK HaJ0 OPraHW30BBLIBATH XpaHeHHe WHMOpMAIUH
B JIMHAMUYECKON namsTu. VI3 omucanus oOpalleHus K HaMsSITH CTAHOBHUTCS
MOHSITHO, 9TO BPEMsi €JIMHWTHOTO ODpAIeHNsT K MaMsITH He sIBJISeTCs YHU-
BepCaJbHOI XapaKTEePUCTUKON €€ TPOn3BOINTEILHOCTH. B ciiydae cunThiBa-
HUST MBI TIOJIy9aeM HEKOTOpYIo 3a/iepkKy (latency time — sarentHoe BpeMs)
BHa4aJe ¥ BBICOKHN TeMII epejadn 0i0Ka. Takasi TeXHOJIOI s Ha3bIBACTCsI
B3DBIBHBIM WJIU [AKETHBIM PEXKMMOM Tepeadn Janubix (burst mode).

1.4. KsmmpoBaHnue namMsTi

3akoH 6sm3octu. KamupoBanue naMatTu. B ¢doH-HeiiMaHOBCKOM KOM-
nbfoTepe HauboJiee UHTEHCUBHO IPOUCXOJUT O0OMeH uHpOpMalueil Mex/ry
IEHTPAJILHBIM [IPOIECCOPOM M IaMSATbI0. DTOT OOMEH MMEeT JiBa OCHOBHBIX
MOTOKA: TMEPBhIi — BBIOOPKM KOMAaH], BTOPO — 3arpy3KuW W COXPaHEHWUsi
JlaHHbIX. B 000MX MMOoTOKax JeficTBYyeT CTATUCTUUECKHUI «3aKOH OJIU30CTH».
CdhopmynrpoBarsh 9TOT 3aKOH MOXKHO MPUOJU3ATEILHO CIEIYIONUM 00pa-
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log, of probability
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log, of memory interval in 16 byte paragraphs

Puc. 1.15. 3akon 0/iu30CcTU IIpu OOPAINEHUAX K CEIMEHTY KOJIa

30M: «BeposiTHOCTB TOrO, 4TO Cjejytoliee oOpalleHne K IaMsaTi OyieT CIBuU-
HYTO OTHOCUTEJILHO TPEJIbIJIYIIEro, ObICTPO yObIBAET MPU YBEJIMUYCHUN CJIBU-
ray. 3aKOH MOXKHO IIPOUJIJIFOCTPUPOBATH IpadUKOM, ITOKA3aHHBIM Ha PUCYH-
ke 1.15.

DTOT UHTYUTUBHO MOHSITHBIA 3aKOH, JIOMOJHEHHBIA IIPOCTBIM COODParke-
HUEM O TOM, UTO ObICTpas HaMsThb JOPOXKE MEJJICHHOH, IPUBOJIUT K HJIee
KampoBanusi. Bpemsi obparenusi Kk juHamudeckoii namsitn (DRAM) co-
crapjsieT npudansuresbuo 10HC, a BpeMsi oOpalleHns K CTaTUuIeCKON maMsi-
™ (SRAM) — 1uc. Konkperubie 1udpbl MEHSIIOTCS, HO OTHOITIEHHE BPEMEHH
oOpallleHnsI K CTaTUIECKON aMsITH K BpeMeH! oOpallleHns K JIUHAMIIeCKOi
HaMsITH OCTaeTcd npuMepHo paBHLIM 1:10 B Tedenme muorux Jier. Mjes co-
CTOUT B TOM, YTO HEOOXOJIMMO pPa3/e/isdTh aMsTh Ha JIBE YacTu — ObICTPYIO
aMsATh HEDOJIBIIIOr0 00bEMA, B KOTOPOil XpaHUTCs (pparMeHT nH(MOpMaIiH,
HEOOXOIMMBbII JIJIsi BBIOJIHEHUsT OJIMPKARIIINX KOMAH/I IIporpaMMbl (Kak cob-
CTBEHHO KOMAHJI, TaK U ONEPAHJIOB, HEOOXOJUMBIX JIJisi UX BBITOJHEHUS), U
MeJIJIEHHYI0, HO OOJIBIIYI0 OCHOBHYIO MaMSTh, U3 KOTOPOH 3THU (PparMeHThI
OyIyT BpeMs OT BpeMeHH KOIMMPOBaThCs. [lepBast 4acTh MaMsITH HA3LIBAETCSI
ka1 (0T dbpanity3ckoro ciioBa cache — 3anadka, TaitHuk). Mbl paccMoTpum
OCHOBHbIE IIOHSITHSI KAIIMPOBAHUS IIAMSITH, HE KaCasiCh CXEMOTEXHUIECKOI'O
YPOBHS €€ peaiu3allnu.

YpoBHU K3H1a. Ecau nIpoBouTh Ujiei0 KIIINPOBAaHUA JI0 KOHIA, TO CTa-
HOBUTCSI IIOHSTHO, 4TO ONTHMAJILHON OpraHm3alueil 1naMsaTh KOMIIbIOTEPa
SIBJIIETCS MepapXus K3IIel HeCKOJIbKUX YPOBHEH, pa3/ndaloliuxcs COOTHO-
IIEHUEM CKOPOCTb-00bEéM-1eHa. [IpaBuiibHbie apxuTeKTypa alaparypbl #
IPOrpaMMHUPOBAHNE MOTYT JaTh OTPOMHBIN BBLIUTPHIIT B MPOU3BOJIUTEIHHO-
CTU CHCTEMBI B IIeJIOM IIPU KCIOJb30Banun Kareit. Cucrema Oymner padboraTh
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TaK, CJIOBHO B €€ pacIOpsKEHUN UMeeTcs ObICTpas HaMsTh OOJILIIOI0 00bE-
Ma. KamupoBanne MoxKeT Tak»Ke 3HAUNTEIHHO YJIydIIuTh paboTy OCHOBHOM
aMSITH, ITOCKOJIbKY, KaK Mbl BHJEJHU, €€ IIPOU3BOUTEILHOCTh 3HAUNTEIHHO
BO3pacTaeT npu nepejade nHdopmanun 6JIOKAMU.

YPpOBHM K3IIa HAUMHAIOTCS C PErHCTPOB IIpolieccopa. Kciu yrojgHo, ux
MOXKHO Ha3BaTh K3IeM HyJieBOro ypoBHs. IIporeccop oOparliaercsi 3a uH-
CTPYKIUSIMU U OTEpaHaMu K K1y mepsoro yposas (Level 1 cache — L1).
B apxurekTypax x86 K31 11€pBOr0 ypoBHs jieiuTcs Ha JiBe dactu Ll-code
n Ll-data. On sBisercs caMbIM OBICTPBIM U HambOJIee CJIOXKHBIM TI0 apXu-
tekrype. [Ipomaxu B L1 BegyT B k311 Broporo yposhsi (Level 2 cache, L2).
DTO CyHIECTBEHHO DOJILIIUI OJIHOPOJIHDBIN KAIII ¢ MEHBIIUM ObICTPOIEHCTBAEM
1 GoJjiee mpocToit apxuTeKTypoit. B crapbix mporeccopax Intel kamr Broporo
YPOBHST ObLJI BHEIITHUM U JIJIsi OOMEHA C 9TUM KIIIEeM HAlPUMEDP B IIPOIECCOPaX
cemeiictBa P5 cymiecTBoBajia ocobas muna — backside bus, koTopasi BMecTe
¢ OOBITHOI MTUHOM, NTpeIHa3HAYEHHON JIJIs CBsi3U ¢ ycrpoiicTBaMu — frontside
bus obpazoBbIBaja T. Ha3. JBOIHYIO HezaBucuMmyto muHy — dual independent
bus. Ilosnnee kam L2 cran wacrhio camoro mnporeccopa. B caMbix coBpe-
MEHHBIX MHOI'OSIJIEPHBIX IIPOIECCOPAX UMEETCsl €I U KAII TPEThero YPOBHSI
(Level 3 cache, L3). Paszmepsl kameit L1 B coBpemennbix mporeccopax Intel
He uamensiiores u cocrasisiior 64KB (32KB — code, 32KB — data). Pasme-
pbl K3mia L2 jgocturator 8MB, a kamu L3 6niBator u 30MB. InnaMudecKyro
naMsATh MOXKHO PACCMATPUBATH KaK KIIT YeTBEPTOrO YPOBHS, a JUCK — KaK
KOIII [IITOTO YPOBHSI.

KorepenTHocTbh, T€rn, IMOUCK, TMTONaJaHUs U MPOMaxu. [J1aBHOIT 0co-
OCHHOCTBIO KAII-MAMSTH SBJISIETCS TO, UTO OHA OTOOpakaeT (pparMeHT U3
OCHOBHOW TIAMATH WJIN KIITa HU3IMIEr0 YPOBHsI. DTO MPUBOIUT K HEOOXOIH-
MOCTH HOJJIEPXKAHUs UX COOTBETCTBUs (CONsistency) uiin, Kak WHOLJA IOBO-
pst, KorepeaTHOCTH (coherency). IIpobieMa KOrepeHTHOCTH KIIIa SBJISETCS
4acTbio OoJiee 001el 1pobJIeMbl — KOIEPEHTHOCTHU aMsTH, KOTOPYIO UCIIOJIb-
3yIOT HECKOJIbKO MoJIb3oBaresiedi uin nporpamm (shared memory). Ko gos-
YKeH He TOJIbKO MOMHHUTH KaKyI0-TO KOHKPETHYIO WH(OPMAIMIO, HO U aJIpeca
B OCHOBHOII ITaMsITH, OTKY/a 3Ta nH(opMalnsg ObLaa 3arpyxKeHa. JTy 3ajia-
qy perraer crenuaabHast HeDOJIbIas 00JIacTh MaMsITH, KOTOPasi Ha3bIBAETCsT
maMsIThio TeroB (tag memory). Tern comepkar ajgpec, ¢ KOTOPOro HATMHAET-
sl eJIMHAUTA XPAaHeHUs (CTpOKa — CM. HUKe) B OCHOBHOI maMsiTu. [Ipocmorp
9TOi 00s1acT, HEOOXOUMBbII JIJIsi PEllleHrs] BOIPOCa O HAJIMYUU B KIIIIE Tpe-
OyeMoit mHbOPMAINH, HA3BIBAIOT IUKJIOM MOKCKa (sn0op cycle). dTor mouck
JIOJI’KEeH ObITh OYE€Hb OBICTPBHIM, WHAYE BECh BBIUTPHINT OT HCIIOJb30BAHWS
OBICTpOI aMATH OyJeT CBeJIeH Ha HeT JIOJIMM HoucKoM. Ilouck ocyiecTs-
JIsIeTCst KOMITApaTopaMi aJipecoB (3amporeHHOro U XPaHsIIUXCs B HaMsITH
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CPU CPU
Static RAM(cache)

Cache controller | |Tag RAMl@' Cache controller |®| Static RAM(cache)

DRAM controller || Tag RAM | DRAM controller

Lookaside architecture Lookthrough architecture

Puc. 1.16. ApxurekTypbl 4TeHUsI

TErOB) — 9TO OCHOBHOM 9JIEMEHT KOHTPOJLIepa Kalia. Pesysibrar noucka Mo-
JKeT OBITh MONIOKHUTETbHBIM (HHdOpMATIUA UMeeTCs B K3IIe) WId OTPHIA-
TesbHbiM (MHbOpMannu Her). TlepBbiil ciydail HA3BIBAIOT K3II HOMAJaHKe
(cache hit), Bropoit — kaur mpomax (cache miss).

ApXuTEKTypbl UYTEHUS U TTOJTUTUKY 3aNUCU. [[ONCK JaHHBIX B TAMSITH
MOXKHO HaduMHaTh JAByMsi ciiocobamu. IlepBbiil c1iocod — neccuMucTudecKuii
— HAYMHATH OJITHOBPEMEHHO 3aIllpoc K MeJJIeHHON OCHOBHOM MaMATH U B K3-
e (lookaside architecture). Bropoii criocob — onrumucTuaeckuii — HadMHAT
OUCK B K3IIIE U, TOJHKO €CJIi He ToBe3eT, B 0cHOBHOI maMsiTi (lookthrough
architecture). ITonsiTHO, 4TO TIEPBBIl CHIOCOD SIBHO JIydITMil — ecJin He Haii-
JIEM B K3IIIe, TO He TOTepsieM BpeMsl TPU MOWCKEe B JUHAMUYECKON MaMsTH.
Ho stor crocob sueprozarparhbiii. KonTposiep guHaMUYecKOl namsaT u
OCODEHHO caMa, JIMHAMKYECKas [aMsATh 1IPU 00palleHusX 10TpedJisgeT MHOIO
SHEPTUH. JTOT CIOCOd OKazaJics HellpueMJieMbiM B HOyTOyKax. Ha pucynke
1.16 nokazano pacriojioKenne KOHTPOJIJIEPA KIIa B 3TUX apXUTEKTypaX.

HeckoJibKO cJ102KHEeH BOIPOC 0 3a1UCsX B K31l KorepeHTHOCTh K3111a Tpe-
Oyer OJJHOBPEMEHHO} 3aMeHbI JaHHBIX B K3Ile W ocHOBHOI mamsarn (Write-
Back), Ho 910 cepbesnast morepsi BpeMeHu U siBHasi iepecTpaxoBka. [loaromy
WCTIOJIB3YETCsT U JPYToil crmocob 3amuceil — 3amuch Toabpko B Kamr (Write-
Through). Ilpw srom crocobe Bo3HWKaeT HecooTBeTCTBHE MHGOPMAINK B
K311€ ¥ OCHOBHOM namsitu. Eciu janabie MOAMUIIMPOBAaHbl B K31, HO HE
MO TU(DUTTIPOBAHBI B OCHOBHOM TAMATH, UX Ha3bIBAIOT TPA3HBIMU UJIN HETpa-
pusbHbiME (dirty data, invalid data). Eciau pannsie mogudunnposatsl B oc-
HOBHO# TaMATH, HO He MOJUMUIMPOBAHBI B K3II€, WX HA3BIBAIOT yCTapPEB-
v (stall data — nmepeBojioB MHOTO, ipuBejieH cambiii Msirkuii). [losmruky
Write-Through MoxXHO peasm3oBaTh, OCYITECTBIsASI OTJIOXKEHHBIE 3alUCH B
OCHOBHYIO TTAMSITh, TIPW OCBODOYXKJICHUW MATUCTPAJIA.

ApxureKTypbl K31mia. bBa30Boil eqununneit xpanenusi uadopMannm B K3-
ITe SBJIsIeTCs CTPOoKa. PazMep cTpOKM B Pa3HbIX apXUTEKTypax Pas3Hublil U Ba-
peupyet ot 2 ;10 512 6aiit. OOBITHO CTPOKY K3Ia BHIOMPAIOT Tak, 9TOOBI €6
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pazmep ObLT DOJIbIIE MAKCUMaJILHON JIJTHHBI 3a11poca rporieccopa. Jisa apxu-
TeKTypbl X86 camble bosibiiue Tuibl ganabix (doublequadword n XMM) nme-
10T pasmep 16 6aiit. Haubosee paruonabHbIi BHIOOD JAJUHBI CTPOKK KIIIIa, —
9TO MaKCUMaJIhHAs JIJIMHA TIepeIady B MaKeTHOM IINKJIE epeain naopma-
nuu (burst mode). Hampumep, B mporeccopax cemeiicrBa P6 mimHa cTpoku
Ka1Ta cocrapisier 32 Oafita, B Core 17 — 64 Oaiita. Crpoka HejeauMa mpn
0OMEHaX ¢ OCHOBHOM MaMsTbIO, HO TOC/IE CIUTHIBAHUST MOXKHO 0OpaIiaThCs
K JII000# €€ JacTu.

OCHOBHYIO TTAMsITh MOXKHO YCJIOBHO Pa3JIe/InTh Ha CTPOKHU C JIJINHO¥, COB-
maatoneil ¢ JIMHON CTPOKM Kaima. KoM, B KOTOPBIX JI0Oast CTpOKa OC-
HOBHOM IMMAMSITH MOXKET O0TOOpakKaThCsi B JIIOOYIO CTPOKY KOIIA, HA3HIBAIOT
nosrocThIO accormaruabiMu (Fully Associative cache). Huko moucka, T. e.
CpPaBHEHWsI 3aMPOIEHHOTO aJIPeca ¢ aJpecaMu B TeraxX TaKux K3Iei, BO3MO-
YKEH, TOJIbKO €CJIM K31 MaJIeHbKHUIA.

Hpyrast KpailHOCTh B apXUTEKType K34 — YCJIOBHO Pa3/e/IuTh OCHOBHY O
namsTh Ha crpanuipl (Memory Pages), pasmep koropbix coBiiajiaer ¢ pasme-
POM BCEro K314, U Pa3perinTh 0TOOpaXKeHne B CTPOKE KIIIa TOJTHKO CTPOKH
¢ OJIHO# cTpaHuIbl. Takwe KM HA3BIBAIOT KIMAMHU TIPSIMOT0 OTOOParKeHU st
(Direct Mapped cache). B sTom ciydae mouck 3HaIUTENBHO TPOIIE U MOXKET
BBITTOJTHATHCST alllapaTHO KOHTPOJLIEPOM KITITa, 38 MUHUMAaJhLHOE Bpemsi. Ho
TaKMe KIIIM JIaf0T 3HAYMTEIbHYTO J0J0 poMaxoB. U eciu, nanpumep, 00-
pAITleHUsT K MAMATH MPBITAIOT MEXKJLy Hapoil cTpaHull (He CJHMIIKOM peJIKast
CUTYyalisi — HAIIPUMEP, JIBa MAaCCHBA, Pa3MEMIEHHBIX Ha Pa3HBIX CTPAHUIAX
TAMSITH ), KA TOCTOSHHO OYJIeT I'PY3UThCS HOBHIMU U HOBBIMHU CTPOKAMHU.
Onucannasi cuTyalust Ha3biBaeTCst MPOOYKCOBKOM Kara (cache trashing).

Mesk 1y 5STuMH KpaifHOCTSIME JIeXKaT peajbHO UCIoIb3yeMble Kamu. OHu
Ha3bIBAIOTCs HAbOpHO-accormaTBHbIME (Set-Associative cache). B rakux ks-
max Ha CTPOKY B K3IIEe MOXKET OTOOPasKaThCsl CTPOKa C JBYX WM OOJIb-
mero 4ucja crpanuil. Takue K3IIM Ha3bIBAIOTCS N-BXOJOBBIME HaOOPHO-
acconmarusabiMu (n-Way Set-Associate cache). OrnocuresbHo MejieHHbIE
BOCHMEBXOJIOBBIE K3IIIH KCIOJIH3YIOTCA B KadecTBe L2, 4eTbIpexBX0I0BbIE — B
kadectse L1. Ecim o0bEM Kaliia MaJi, TO MOT'YT MCIIOJIB30BATHCS U TOJTHOCTHIO
ACCOITMATUBHbBIE KAIIIH.



I'1aBa 2.

Nudopmanmonnas
MarucTpaJb

2.1. Obnie TPpUHITAIIBI

YcerpoiictBa n nuaTepdeiicbl. Bce yeTpoiicTBa, COCTaBIAIONIIE KOMITHIO-
Tep, JOJKHBI B3aUMOJICHCTBOBATHL JIPYT C JAPYIOM, CJIeJ0BaTeJIbHO, HE3aBU-
CUMO OT (PYHKIIMOHAJIBHOIO Ha3HAUEHUs] YCTPOKCTBA JOJIKEH CYIIEeCTBOBATD
HEKOTOPBII yHUBEPCAJbHBII c110c00 oOMeHa nH(OopMaIueil, 0JIuHaKOBBII J1J1sI
BCEX YCTPOMCTB, BXOJSIIMX B cucremy. Kaxkjioe yeTpoilcTBo, moMuMo (pyHK-
IIOHAJILHOM YaCTH, JOJXKHO HUMETh OJMHAKOBYIO JIJI BCEX YCTPOMICTB HH-
Tepdeiicayio gacTb. Mbl MOXKeM, MCXOJs U3 CaMbIX OOIINX COOOparkKeHwuit,
chopMyIpPOBATHL OCHOBHBIE TPEOOBAHMSI, KOTOPLIM JIOJI?KEH YJIOBJIETBOPSITDH
crocob obMeHa.

Anpeca, nanuble, ynpaBjieHHe. Tak win nHade, KaxkKjgoe yCTPOHCTBO,
YUACTBYIOIIEE B OOMEHE, JIOJIPKHO OTJINIATHCSA OT OCTAJIBLHBIX, IMETH YHUKAJIb-
HOoe UM« uian anpec. Ha wadopMalmonHoii MarucTpaan Ajs nepejadn al-
PECOB CYIIECTBYET TPYIIIa JWHWH, MTpeJHasHaueHHbIX CIeIUAJIBLHO JIJIsT STO
nesin, — ajpectas muna (address bus). [ogasisioniee KoJMIecTBO apecos
IPUHAJJIEYKAT KOHTPOJIJIEPY HMaMSTH, IIOCKOJIbKY KarKJIblii OaiT mHEOpMa-
MM B ONEPATUBHON HMaMsITH JOJDKEH MMeTh COOCTBeHHBIH ajpec. I'pymma
JIMHUM, TpeHa3HaueHHas JJIs epeadn HHGOPMaIlil, Ha3bIBAeTCsl INHOM
nanubix (data bus). CurHasbl yrpaBieHust, ONpeiesIsione THIT epeadu,
CUHXPOHM3YIOIIKE TIepeady, Hecylue coodIeHns: 00 omubKax u T. J., oOpa-
3yfoT TMHY yrpasiennst (control bus).

3aMaTunK U UCTIOJHUTEJTb. B KaXX Iblii MOMEHT BpeMEHH TIO IITHHE MOTY'T
B3aMMOJIEHiCTBOBATh TOJBHKO JiBa yCcTpoiicTBa: 3agardnk (master, initiator) u
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ucrosiauTesb (slave, target). 3agaTdukoM Ha3BIBAIOT YCTPOMCTBO, BJIAJIECHO-
mmee mHOM ajipeca. C TOYKHM 3PEHUsT JIEKTPOHUKHN 3TO 0003HAYAET, 4TO a/l-
pecHble KOHTAKThI 33/]aTINKa HAXOAATCA B AKTUBHOM COCTOSTHUN U SABJISIOTCS
BBIXOJIAMHU. Y BTOPOIo yuacTHUKa oOMeHa (slave) ajipecHblie KOHTAKThI aKTHB-
HbI, HO SABJISTIOTCS BXOJaMU. DTa CUTYyalus HA3bIBACTCS 3aJaTINK <«BJIAJICET»
MWHON nim «3axBaTuiay e€. C TouKmM 3peHns oOMeHa 3aJ1aTINK WHUINHDY-
er oOMeH: BbIOMpaeT naprHepa (MCHOJHUTEIIs) M YKa3blBACT THUIL [IePe/iadiu.
Kaxkjioe aTenne oJHOBPEMEHHO SIBJISIETCS 3aIMChIO JIJIT BTOPOrO yIaCTHUKA
obmena. TouHbI# CMbICII CJIOBA “3alMCh’ U “dTeHure’ NPUodPeTaloT, TOJIHKO eC-
JIN U3BECTHO, OTHOCUTETHHO KAKOT'O YCTPOHCTBA ONpeJie/isieTCs HallpaBJIeHne
nepejiaun. TpajMIinOHHO TaKUM yCTPOMCTBOM siBJISIETCS 3a/1aTUUK.

IIpepwpiBanus. Eciu He OyJeT cyImecTBOBAThH BO3MOYKHOCTH TPEPBATH BbI-
MOJIHEHUE HEKOTOPOW TPOTrpaMMbl, TO KOMIThIOTED OyjerT “KuTh 0OO0raToil
BHYTPEHHEH »KU3HBIO ', O KOTOPO# HUKTO Hudero He ysnaer. Crejpyer pas-
JITYATh alllapaTHbIE IPEPLIBAHUSA U TaK HAa3bIBaeMble TTPOrPAMMHBIE TTPEPHI-
BaHus. VCTOYHUKOM MEpPBBIX SIBJSIIOTCS yCTPOHCTBA — ydacTHUKKM oOMeHa (B
TOM YHCJIe U TPOIECCOp), BTOPbIE UCXOAAT OT WHCTPYKIU MpEepbIBAHUS U
HPeJICTaBIIAI0T cODO JINIIBL CIIOCOD BBITIOJHEHUS TTPOTPAMMHOI0 KoJia. BhI-
TIOJIHEHUE TTPEPBIBAHUS TTPOUCKOJIUT TIO CJISAYIONIEMY CIIeHAPHUIO: YCTPOHCTBO,
Tpedylolee MpepbiBaHus, YCTaHABINBAET Ha MArucCTpaJii CUTHAJ TpebdoBa-
Hust npepbiBatus (interrupt request — IRQ), mo sromy TpeboBatuio nporec-
COP BBITIOJIHSIET OJTHY U3 3arPYKEHHBIX B ONEPATHBHYIO MaMATh IPOTPAMM —
obpaborankos npepbiBatus (interrupt handlers). Boinosisenne nporpammbi-
00paboTunKa Ha3bIBAIOT O0C/yKUBaHUEM IpepbiBanus. [IoCKOJbKY cpou-
HOCTh BBITIOJIHEHUsT PA3INIHBIX TPEPHIBAHWI pa3/IndHa, s HUX yCTaHaB-
JIUBAIOTCA YPOBHU TpuopuTteTa. Ilomepkanue o4epeTHOCTH 00CTYKUBaHUs
MPEepPhIBaHN ¢ yIeTOM MPUOPHUTETA OCYIIECTBIISIETCS CHCTEMHBIM yCTPOi-
CTBOM — KOHTPOJLIEPOM TipepbiBanuii (interrupt controller — IC).

IIpamoit moctyn Kk mamaTu. Ilepegaua nundopmalyuu oT OJHOIO YCTPOIi-
CTBa BBOJIA/BbIBOJIA JIDYIOMY — sIBJIEHUE 9K30TUUECKOE, HO IePe/iada MexK Ly
MaMSIThIO ¥ YCTPOHCTBOM BBOJIA/BBIBOJIA — sIBJIeHHUE THITOBOE. KOHETHO, MOXK-
HO €ro OCYIIECTBUThH Yepe3 MPOIECCOp, HO 3TO 3HAUUT, YTO B T€UECHUE 3HAUU-
TeJILHOI'O BpEeMEHU Mporieccop OyeT 3auAT. [Ipobiemy pernaer mpsMoit J10-
cryn K namaru (direct memory access — DMA). YMenune ynpap/iasTh MuHO#
aJipeca Tpedyer JIONOJHUTE/ILHOM allliapaTypbl, Ha KOTOPOR MOXKHO CIKOHO-
MuTh. Ues 3akmiovaeTcs B CJieIyIoneM: KpoMe TTPoTeccopa, KOTOPbIi J10J1-
JKEH yMeTh YIIPaBJISATh BCEl NMaMsATbIO Ha, MAruCTPaJid YyCTaHABINBAETCS €Ilé
OJIHO TAKOE YCTPOICTBO — KOHTPOJIIEP MPsIMOTo jocTyma K maMstu (DMA
controller - DMAC), koropsiii “nipejyiaraer cBou yciayru” Ji000MY JIPyromy,
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He yMeeloleMy yIpaBJsaTh IMUHON ajipeca. Ha Bpems nepejiadn yeTpoicTBo
u DMAC obpasytor “ranjgem”, B kKoropoMm ajipecamu yipasisier DMAC, a
JAHHBIMU — YCTPOUCTBO.

MyapTunjekcupoBanue. Mporue curaajbl B IPUHIATE He MOTYT MOSB-
JISITHCS Ha JIMHUSX MarucTpaJiu OJHOBPEMEHHO. B 3Tom ciyudae yji00HbIM
MPUEMOM, TIO3BOJISIONUM 3HAYUTENLHO YIPOCTUTH AlNapaTypy, SABJISIETCS
MmyJibTuIIeKcnpoBanre. CyTh MyJIbTHIIIEKCHPOBAHUS 3aKJIIOTACTCS B TIepe-
Jlade pasHbIX MO CMBICJY CUTHAJOB TIO OJIHON JIMHUU B pa3HOE BpeM:d. DTOT
MPUEM HCIOJIb3YeTCs Ha, MHOTMX MWH(MOPMAIIMOHHBIX MarucrpaJsx. KpaitHee
CBOE BbIpaXkeHue MYJIbTUILJIEKCUPOBAHUE 110J1y YUJIO B 110CJIE€JI0BATE/IbHBIX UH-
(hbopManMOHHBIX MarucTpassx, IJie Ha3HaUeHWe CUTHAJa OINpEJIEsIeTcs ero
HOJIOYKEHUEM B CTaHJIAPTHOM IaKeTe.

2.2. ISA u e€ pacmupeHud

Ucropusa. Marucrpass ISA (Industry Standard Architecture) srepsbie
MOSIBUJIACH B TlepcoHabHbIX KoMmmbioTrepax IBM PC/XT B 1981 roy. Ilep-
BOHAYAJbHO 3TO Oblja MarucTpajb ¢ 8-pa3psijiHOil muHON JaHHbiX u 20-
paspsiiHOi mnHOK ajipeca. CTPyKTypa U IPOTOKOJ OOMEHa, 110 3TO Maru-
CTpaJii He ObLIM 3allaTeHTOBAaHbI Pa3pabOTINKOM M HE sIBJISJIUCH MHTEJIJICK-
TyaJibHOI cobcTBeHHOCTHIO Kopriopaniuu IBM. Bosibiioit yciex mnepconasib-
ubix komnbioTepoB PC/XT B kauecTBe 0DUCHBIX MAIINH IPUBEJ K MOSIBJIC-
a0 KJ1oHa PC-110100HBIX KOMITBIOTEPOB 1 OOJIBITIOTO KOJUIECTBA, UX MTPOW3-
BojuTesieit. Cramgapt, He cocTosgBiuiicsa de jure, cocrosiics de facto. B nanib-
HefirieM oH oy aus HasBaHne ISA-8, 9To0bI OTJIMYAThH €10 OT PACITUPEHHO-
ro crapjgapra ISA-16, HpUHSATOrO B pe3ysibTaTe YCUJIMA CHEIUAJIMCTOB 1IPO-
uzBojureseii PC-coBmectnMbix KoMmbiorepoB. B cranmapre ISA-16 mpey-
cMaTpuBaJiach 16-pa3psijiHasi IIKMHA JIAHHBIX 1 24-pa3psijiHasi Ha ajipeca. B
1988 roay koncopmuym kKommnanuit AST Research, Compaq, Epson, Hewlett-
Packard, NEC, Olivetti, Tandy, Wyse, Zenith omybinkoBaa 32-paspsiiHblii
BapuaHT 3Toil Marucrpasu, naspanublii EISA (Extended Industry Standard
Architecture). Dror uaTepdeiic okazaIcs JOPOTUM 1 TIPUKUIICT TOJBKO Ha
cepBepax. B HacTOJIBHBIX KOMIbIOTEpaxX BLIUTpaJ Oojiee MPOCTOl BapHaHT
VESA local bus — VLB (VESA -~ Video Electronics Standards Association),
KOTOPBI# PeImi TJIABHYIO CTOsIBIIYIO B TOT MOMEHT 3a/[ady — YCKOPHUJI Bbi-
BOJI, U300pakeHuit Ha MOHUTOD. Jlajiee Haua0Ch BbITECHEHHE BCEX BapuaH-
ToB [SA-Marucrpasm u3 mepcoHabHbIX KOMITHIOTEPOB MPHUITIEIITe Ha CMEeHY
64-paspsianoit maructpasbio PCI. Crporo rosopsi, maructpass ISA nukyma
He JleJlach W B COBPEMEHHBIX KOMITbIoTepax, rje ciaorhl ISA orcyrcrByior. B
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jqucrerdepe ycrpoiicts Ha Marucrpaju PCI Bbl MoxkeTe HailTH ycTpOICTBO
“Cranpaprabiit Moct PCI-ISA”, 3a KOTOPBIM CTOUT 9Ta MArucTpaJh U HA HEi
NMeeTCsd MHOTO YCTPOMCTB.

Curnajbl 1 mopgaaok oomeHna. I[lockosbky mumna ISA npegnasaadena
JUIS TIePCOHAJIBLHBIX KOMIIBLIOTEPOB, IPEJINOJIAraeTcs, 4TO Ha Heil HMpUCyT-
CTBYET TPOIECCOp, KOTOPBIH SBISETCS 3a1aTINKOM 110 YMOJI49aHnio. Bropoe
YCTPORCTBO, KOTOPOE MOXKET BjaJeTh munoit ISA, — 310 KOHTposIep mpsi-
moro jiocryma K mamsarn (DMA controller). Bee smunn munpr ISA obpasy-
0T HECKOJIbKO rpyii. B rabsmne 2.1 moka3aHbl JIMHUU JIAHHBIX W aj(peca.
[Ipexkie Bcero, HEOOXOMMMO BBIICJUTH JIMHUM MHMHBI JaHHbX (data bus).
OTH JINHUW TIPEeHA3HAYEHBI JIJIsT TePEJIadn JAHHBIX MEXKIy yCTPOWCTBAMH,
IPUCYTCTBYIOMUME Ha IuHe. VX HasHaueHue MOHATHO M3 HaszBaHuil. [Ipu
16-paspsignom obmere SDO-SD7 nepegator Gaiit, umeronuii MeHbimii (qer-
HBIH) aJpec U cojepkauii Maajamue outel 16-paspsiaHoro ancia, a SD8-
SD15 — mepenator craprmii (HedeTHBI) OaiiT, coep:kammii crapime O6u-
Thl 16-pa3psijiHoro uncsia. Takoi 1MopsijIOK Ha3biBaeTCs “MJiajilline B HadaJie’
(little-endian) u He sgBISIETCS €IUHCTBEHHO BO3MOXKHBIM, HAIIPUMED IPOIEC-
copel Motorola 6800 u 68000 TpedbyroT APYroro mnopsijika, KOTOPbIi Ha3bI-
BaeTcs big-endian. CyimecTByOT apXUTEKTYPhI, B KOTOPBIX MOPAJJIOK MOXKET
nepeksovarhes (bi-endian). [Tpobiema coorHoteHust nopsiiKa 6uToB 1 Oaii-
TOB (B GoJiee 0bIEM CJIy9ae WHIUBUIYAJIBHO APECyeMbIX CJIOB B TMAMSITH )
HaYMHAET pa3pacTaThCsl B 32-pas3psi/iHbIX U 64-pa3psiJIHbIX apXUTEKTypax U
BJjIedeT 33 COOO HECOBMECTMMOCTH TTPOIPAMMHBIX KOJIOB U TPYIHO OIpejie-
JisieMble OLINOKHU.

Haznauenue Haszsanus ISA8 | Hazsanus [SA16
Jlannbie SD0-SD7 SD8-SD15
Agpeca SA0-SA19 LA17-LA23
Crpob ajpeca, BALE

PazpsijiHocThb riepejiadu SBHE, M16, 1016

Tabmuma 2.1. Jlannpie n agpeca na marurcpaan [SA

Cpagy obOpaTuM BHMMaHWE Ha, TO, UTO ajpecHble jJunun ¢ 17-it mo 19-
10 IPUCYTCTBYIOT Ha IIXHE B ABYX 9K3eMILIApax. KpoMe Toro, ctanmapTHbIe
oboznauennust aapecupix jguaui A1 ISA8 u [ISA16 paznuunnl. A6OpeBuaTypa
SA obosnauaer — System Address, a LA — Latchable Address. 91u naspanus
0TOOpaXKalT Pas3IMIHbII CII0COO BHIOOpa MOMEHTa, (PUKCAIUN KOJIOB Ha TUX
JIBYX IPYIIaxX aJIPECHbIX JIMHUIA,

Ctpob anpeca (BALE — bus address latch enable) — sro ummysbe, Ko-
TOPBIA TeHepUpPYeTCs: 3aaTIMKOM I10CJIE€ TOr0, KaK OH yCTAHOBUJI OUTHI SA
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1 OJHOBPEeMEHHO ¢ ycranoBKoit outoB LA. Ilo 3amnemy dporty BALE kon-
TPOJLIED HAMSTH U yCTPOHCTBaA, paboTalolue Kak HaMsiTh, JIOJKHbI 3aUK-
cupoBaTh crapinue ajpeca LA. JIpyroro Bpemenn Jijiss ux 3allOMUHAHUS HE
Oy/leT, MOCKOJIbKY 3aJIaTIMK MMeeT MpaBo cpaldy mnocie okondanusi BALE
yCTaHABJIUBATH CTAPIITUE PA3PsIbl aJipeca JJId CJASYIONero MuKiaa. TakuM
oOpa3oM Jiesiajiach TMOMBITKA OpPraHU30BaTh KOHBEHEp, T. €. HaUYMHATh CJie-
JIYIOIILYIO llepejiady 110 MarucTpaJiy JI0 OKOHYaHus 1pejbiiyiieir. Miajiiume
pa3psiyibl ajpeca (SA) MOTyT BOCHPHHUMATBCS KaK OBICTPBIM KOHTPOJLIE-
POM LIAMSITH, TAK U MEJJIEHHBIMU YCTPORCTBAMU BBOJIA/ BBIBOJIA, T109TOMY MX
HEOOXO/IMMO YAEPXKUBATH JI0 KOHIA UK. OOBITHO yCTPOMRCTBA (DUKCUPYIOT
ux 1o Tomy ke 3ajHemy ¢ppouty BALE, #HO MOXKHO 5TO cienarh u Mo3xe.

Curnas SBHE ycramaBiamBaercst 3aJaTdukoM, eciu OH Tpebyer 16-
pa3psIHOi nepeadn. VenoHuTe b, KOTOPBIM MOYXKET ObITH KOHTPOJLIED Ta-
MSTH UJIM YCTPONCTBO, TIPU OTIO3HAHUU CBOEI'O aJIpeca yCTaHABJIMUBAIOT CHUT-
Hasibl M16 wiau 1016, ecin oun nojiepKuBaioT 16-paspsiinbiii ooMen. Ecin
TPV 9TOM €IIE U ajpec, K KOTopomy njer obparenne, derabrii (SA0=0), To
HpOUCXOJUT 16-pa3psijiHbiii 0OMeH.

Hasznadenune ocrajibHbIX JIMHUI IIMHBI YHPABJICHUS, KOTOPHIE MPUBEJIE-
Hbl B Tabswmre 2.2, OyjeM paccMarpuBaThb 1o rpynnam. llepsas rpymma
ornpejieisier T nepegadn. MeToaHuKOM W/ MPUEeMHUKOM JaHHBIX MOTYT
OBITH TOMHKO TOPT BBOjA/BEIBoA (I/O port) mam sueiika mamaru (memory
location).

H Hasnauenne \ Hazpanus ISA-8 \ Hazpanus ISA-16 H
Tun SMEMR,IOR, MEMR,
OTIePAITUHN. SMEMW,IOW | MEMW
IIpepbiBanus. IRQ3-7 IRQ9-12,

IRQ13-15
Banpoc DMA. DRQ1-3 DRQO0,5-7
[oprBep:x tenue DAK1-3 DAKO,5-7
Pasp. ajpeca AEN
[Tocneamsist TC
epejiaga,
Taxrosas vacrora | CLK,0SC
['oroBHOCTH CHRDY,
yCTpO#CTBA NOWS

Tabmwma 2.2. Jlnanwm ynpasiaerust maructpasan [SA

[TosTomy B cTangapTe mpeayCMOTPEHDI Ilepetadn 6 TUIIOB:

e urenue u3 namsitu SMEMR,
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3anuch B namsatb SMEMW,
grenne n3 nmopra IOR,
zanuchk B mopt IOW,

grenue u3 HukHeil namstu MEMR,

3allich B HUKHI0I0 nmaMarb MEMW.

SMEMR, SMEMW o6o3nauaer Standard Memory Read/Write. IOR u IOW
obozmaqaror [/O (port) Read/Write. Curmaser MEMR u MEMW npucyt-
CTBYIOT TOJIbKO Ha ISA16, u akTHBHBIH ypPOBEHb Ha, HUX 0003HAYAET MepeIady
B mamaTh 10 1MB (nocrarouno npountars TosbKo 20 JuHEil agpeca). 3aj-
HUe (DPOHTHI ITUX WMITYJIbCOB yKa3bIBAIOT MOMEHTHI (DUKCAINN JIAHHBIX U
SABJIAIOTCS OKOHUYAHUEM TMKJa nepegadu. Mexy oOMeHaMu ¢ KOHTPOJIIe-
POM TIAMSATH M YCTPOHCTBAMU MMeeTCsl CyInecTBeHHast pa3auiia. [Ipu obmene
C MaMSTHIO 33aJATYUK [IPOCTO OTCIYUTHIBACT HEKOTOPOE KOJMIECTBO TAKTOB
(or 2 110 ), TOCJIE Yero MPeJIIoIaraeTCs, YTO JAHHBIC TOTOBBI U MTPOUCKOJUAT
uxX 3anuch win drerue. [Ipm obMene ¢ ycrpoicTBOM IPOMCXOUT BCTaBKA
ITUKJIOB OXKUJIAHUs YCTPONUCTBA, KOTOpast MPEKPAIaeTCs MOCae CHATUS CHT-
nasa ycrpoiicrsom curnaia CHRDY (channel ready). Boicrpoe yerpoiictso
MOKET YCKOPHUTD ITUKJ oOMeHa, yeranosus curaais NOWS (no wait states).

Cureryromas Tpymmna curuajoB [ISA-mMarncTpann yrnpasiser npepbiBaHu-
svu. Curnassl TpeboBarns npepbBannit (IRQ — interrupt request) nexo-
JIAT OT yCTPORCTB 1 00pabaThIBAIOTCs KOHTPOJIJIEPOM IIPEPbIBaHU, KOTOPbIit
npeodbpasyer ux B ojun curtaj INT na mmHe nporneccopa. Bee nasibHeiiinee
OTIpEIEJISIeTCsT TporpaMMHbIM obecriederrnemM. OTCyTCTBYIOIME Ha, IITMHE HO-
Mepa TTPepbIBHUI 3aJ1eliCTBOBAHbl HEKOTOPBIMU BbIJIEJICHHBIMEU YCTPONCTBA-
mu: IRQO — raiimep, IRQ1 — kinasuarypa, IRQ2 — KackajgupoBanme BTOPO-
ro KourpoJuiepa, IRQ8 — gacel peanbaoro Bpemenu, IRQ13 — maremaru-
YeCKWi COMPOIeccop. BOJIBIMMHCTBO OCTAJBHBIX JIMHWH TTPEPHIBAHUST TAKKe
satsThl (moprbl COM u LPT, FDD u HDD). Cranjaprhoe pacupejesietue
ycrpoiicts IBM PC no nomepam mnpepbiBaHuil npusejieHo B Tabsuie 2.3.
PaccmoTpennbie amapaTHbie TPEPbIBAaHUST HE CJIEJYeT MyTaTh ¢ MPOrpamMm-
HBIMU TPEPBIBAHUSMEU, KOTOPBIE SIBJIAIOTCA TOJBKO CIOCOOOM OOpalieHus K
cucTeMHO# npore/ype (06paboTarKy MpepbiBaHust).

Mexanusam npsimoro jiocryna ycrpoiicts K namsatu — Direct Memory
Access (DMA) — peanusyercst rpymnoii curaasos 3ampoca DMA — DRQ
(DMA request) u nogreepxkennss DMA — DAK (DMA acknoledge). Ilpu
PSIMOM JIOCTYTIE K 1aMsTh yCTpoicTBO n KoHTpoJiep DMA «obbegunsior
YCUJIAs» JIJIsT OCYIIECTBJICHUS TIepeiadr. YCTPOICTBO TeHepupyeT JaHHble Ha
mHe JJaHHbIX, a KoHTposiep DMA renepupyer ajpeca u ¢TpoObl JaHHBIX.
[Tpexx e uem xorTposiep DMA sapaboraer, on Jo/KeH OBITH 3alporpam-
MHUPOBaH, T. €. B HEr0 HEODXOJMMO TepeiaTh HAYAJIbHBIH ajpec B MaMsITH,
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H Howmep \ YCTpOoiicTBO H Howmep \ YCTpOiicTBO H
IRQO | System Timer || IRQ8 | Real Time Clock
IRQ1 | Keyboard IRQ9 | Redirect. to IRQ2
IRQ2 | Cascade from | IRQ10 | Reserved

slave PIC
IRQ3 | COM2 IRQ11 | Reserved
IRQ4 | COM1 IRQ12 | Mouse Interface
IRQ5 | LPT2 IRQ13 | Coprocessor
IRQ6 | Floppy Drive | IRQ14 | Hard Drive
Controller Controller
IRQ7 | LPT1 IRQ15 | Reserved

Tabmwmma 2.3. Pacnipemenenune mpepbiBaHuit Mexky CTaHmapTHbIMEA [SA-
yCTPOCTBaAMU

pasmep OJIOKa B IMaMsTH W HalpaBIeHUEe Mepejadn. IJTa rnepegada MpOuc-
XOJIUT TIO TIWHE JAHHBIX B OTBeT Ha mojreepxkjenne ganubix (DAK). Ilo
KaHaJy HPsIMOI'O JIOCTYIIA, MOI'YT OCYIIECTBJISTHCA U €JIMHUIHBIC HepPeJIatii,
1O oHM uMeloT MaJio eMbicsia. Curnan TC (terminal count) ycranasiusaercs
KoHTpOosmepoM DMA, Korja HaunHaeTcs Mpeocie/IHsis nepeada B O10Ke
JIAHHDIX.

Curnajibl CLK u OSC — rakToBble 4acToThl. Bropoil 13 911X ¢curuajos He
ucnoJib3yercs. Kormaa-To on ObL1 Hy2>KeH JIJIsl CAHXPOHU3AIINN TeJIEBU30Da, KO-
TOPBIH MOr nenosib3oBarbest BMecto MmornTopa. CLK (clock) — ocnosroit cur-
HaJ CHHXpoHu3anuu Maructpau. [lo crangapty nmeer gacrory 8 MI't, Ho
Ha MHOTI'MX KOMIIbioTepax ycranasjmBajcs 12 MI'n, 16 MI' u paxke 20 MI'm.

2.3. PCI n PCI Express

Ucropus. PCI (Peripheral Component Interconnect — B3auMocBsi3b 1e-
pudepritHbIX KOMIIOHEHTOB) — cTaHapT, paspaboranusiii Intel B 1991 r. u
nepepannbiii B 1992 1. cozmannoit mo wHunratuse Intel opranmsamnuu, Ko-
ropast HaszbiBaercss PCI SIG — PSI Special Interest Group, B obsizanHOCTH
KOTOPO#l BXOJIUT yTOUHEHKE U II0JIOTOBKA HOBBIX BEpCHil CTaH apTa, I1yOJIu-
Kalyst OQpUIMAIbHBIX JJOKYMEHTOB U SKCIEPTU3a PEIJI0KEeHUH 110 MOogudu-
KalluK CTaHJapTA.

MoruBom st pa3pabOTKK HOBOM IIMHBI PACIIMPEHHUS JJIsi [EePCOHAJIb-
HBIX KOMIIBIOTEPOB ObLiIa JIMKBUJIAIMS Y3KUX MecT B Marucrpan ISA u eé
pacmupennsax. Ha mepBbIx sramax pa3paboTKu 00CyKJ1aach BO3MOXKHOCTD
HPUCOEIMHEHUsT AlITapaTyPhl IPIMO K MAardCTPaJIA [IPOIECcopa, HO 3TOT Ba-
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pPUAHT ObLI OTBEPIHYT, MOCKOJbKY TaKHe CUCTEMBI TMOTepsn Obl THOKOCTD,
HPUCYILYIO0 OTKPBITON apxurekType. B nepponadanbuoit Bepcun PCI nmesna
TaKTOBYIO 9acToTy 33 MI'T M TeopeTnvuecKyo MUKOBYIO CKOPOCTD Mepeain
133 MBaiir/cexk.

[Mopmunyto nonyasipaocts PCI npuobpesia B Bepcun 2.2, B KOTOPOit ObI-
na 3adukcupoBana Texnosjorus Plug and Play u jobaBiena TakTtoBas da-
crora 66 MI'ty u nukoBasi NpOU3BOJUTE/ILHOCTL B 64-pa3psi/lHOM BapuaHTe
nocruria 533 MBaiit/cek. Onpenenénnbiit Bkiaa B npojsmxkenue PCI BHec-
na kopriopanust Microsoft, koTopasi obecrietnia mojIep:KKy BO3MOKHOCTEH
97Ol MarucTpasu Ha nporpamMmuom yposae (Windows 95). [Tocse stux us-
menennii PCI crasa ncnonn3oBaThest He ToibKO B PC, HO 1 B KOMIIbIOTEpaX
¢ npoueccopamu Alpha, MIPS, PowerPC, SPARC. B nacrosiiiee Bpemsi Bbl-
TECHACTCA MOCJIEI0BATE/IbHBIM BapuanToM 3toit Maructpasun — PCIE (PCI
Express), B koropom coxpatena mogesib oomena PCI) Ho na dusmueckom
YPOBHE UCHOJIB3YIOTCA O0jiee MTPOU3BOIUTENbHBIE TOCIE0BATEIbHBIE KaHa-
JIbI TIepejiatiu.

Tepmunosiorug. s Toro 4Tobbl MOHMMATHL Ha3HAUYEHHE CUIHAJIOB Ma-
ructpasu PCI, HeoOXonnMbl HECKOJHKO TEPMHUHOB JJIsi ODO3HAUYEHUST €6
CBOMCTB, OTCYTCTBOBABIKX y Marucrpajn [SA u eé anasoros.
MynbrumiekcupoBanue. Muorue curaajibl nHGOPMAIMOHHON MarucTpa-
JIN SIBJISTEOTCST B3AMMOWCKJIIOYAIOIIMMHI B TOM CMbBICJIE, YTO OHM HE MOI'YT 110s1B-
JIITHCS Ha JIMHUASX MaruCTpaJy OJHOBpPeMeHHO. B 9Tux ciydasix ecrecTBeH-
HO WCIOJTh30BATh OJIHA W Te Ke (hu3nvdecKue JUHUHU JJIsT epegadn Pa3HbIX
CUTHAJIOB. 3HAUYEHNE CUTHAJIOB Ha MyJabTHIIeKcupyeMbix auausx PCI ompe-
Jlesisiercst pazoii niepejiaun. Paznmuator a3y ajipeca n a3y JaHHBIX.
Bspbisrast moja (burst mode) — pexxum 6s104H0r0 06MeHa nHGOPMAIU-
eif, Korja ajpec mepeaéTcs TOJIbKO B Hadaje mepejadn OJoKa, a B Jlajb-
HefIeM aBTOMATUIECKH WHKPEMEHTHPYETCS KOHTPOJJIEPOM MaMsITH WJIU
ycrpoiicrBoM. [lepenada maumnaercst ¢ ¢asbl ajpeca, 3a KOTOPOi cieyer
HECKOJTHKO (pa3 JaHHbIX. VX KOJIMIecTBO ONpPeie/IsieTcss KOMaH 0.
Tpanzaknusi. Ha marucrpanun [SA obmen ¢ ycrpoiictBaMu U maMsiThiO
UMeJT PA3IUIHBIA TPOTOKOJ — JIJIs MAMATH IPOCTO OTCUNTHIBAJUCH TAKTHI,
a JIJIsT yCTPOMCTB MarucTpaJsh OXKHUIaJIa MOATBEPKICHUsT 0T ycTpoiicTsa. [lo
cramgapty PCI st oOMenbr yHUDUTIUPOBAHBI U TOATBEpXKIeHIe (“KBUTH-
poBatue”) 00sI3aTeJILHO JIJist JTI0OBIX 0OOMEHOB. DTO MPABUJIO U OTPAKEHO B
TepMuHe “Tpan3akiusg . Mbl Oy/1eM HCIIoJIb30BaTh TaKxKe TepMUH “‘Tiepeiada’.
Konrposb gernoctu. JlobasieHue Beero AByX JUHHH HA MAruCTPAJIN O3~
BOJISIET CUJIBHO CHU3UTH BEPOSTHOCTH OIMMOKHK B mepegadax. YCTPOHCTBO-
nepeaTInK HHMOPMAUH, IIOMIMO CJI0Ba JAHHBIX, IepeiaéT Y6THOCTD 3TO-
ro caosa (p = @;_; b;). YerpoiicTBo-pueMHIK, Oy IUB CJIOBO, BHIYUCISCT
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YETHOCTDH IIPUHSTOIO CJIOBA ¥ CPABHUBAET €€ C YeTHOCTBIO, IIepeaHHol 1epe-
JaraukoM. B cirydae HecoBaieHust FeHePUPYETCst CUTHAJ OTNNOKHK 9eTHOCTH.
Eciu jocTyn K cucTeMHO# namsTu ujer depe3 marucrpaJib PCI, To Heob-
XOJMMO 3HATh, HE XPAHSATCS Jin TpeOyeMble JaHHBIE B KIIIaxX IPOIECCOPA.
[{ukJ ompejiesieHusl HAJUIHUs JJAHHBIX B K3IIIe Ha3bIBaIOT snoop cycle.
[TpocrpancrBo koudurypanuit — 6Jioku namsTi, crosiiue “Ha 6opTy”
PCl-ycrpoiicrBa n Hecymue uHdopMmannio o0 yCTPoicTBe B CTaHapPTHOM

dopwe.

Curnanabpl u mopaJ0K obmeHa. [l 0oOpaboTKu JIaHHBIX, ajpecaliui,
yipaBjenuss uHTepdeiicom, apOuTparka M HEKOTOPHIX CHCTEMHBIX (DYHK-
it narepdeiicy PCI Tpebyercst, kak muanuMywm, 47 BBIBOJOB JIJIs IEJIEBO-
ro ycrpoiictBa u 49 BBIBOJIOB — JJIs 3aJaTunka. B rabunie 2.4 mokasaHbI
(dpyHKIMOHAJbHBIE I'PYIIIILI BHIBOJOB: CJIeBa YKa3aHbl HEOOXO/MMbIE BbIBOJIbI,
a clipaBa — HeoOsI3aTe IbHbIE.

OyHKII, O0693. QynKII. Heo0s13.
IPyTIa JINHUAN IPyTIa JIAHAN
Ajipec ADO00-31, Ajpec AD32-63,
i C/BE0-3, u C/BE4-7,
JIAHHDIE PAR JIAHHBIE PARG4
Yupasienue | Frame,Stop | Yupasienue Lock
uHTepd. IRDY, TRDY uHTepd.
DevSel,IDSel
Coobmiennst | PErr,SErr || IIpepoianus | INTA,INTB,
00 ormubKax INTC,INTD
Apburpax Req,Gnt Ypapienne SBQ),
master only K3IIlem SDONE
Cucremunie Clk,Rst JTAG TDI, TDO,
JIMHUAN TCK, TMS,
TRST

Tabauna 2.4. Hazpanusa curnajios marucrpau PCI

Cucremusble BoiBoAbl. CLK (rakroBas wacrora) obecriednBaeT CHH-
xpounszanuio Beex tpansakiuit Ha PCI n siBiisiercst BXOJHbBIM JiJIsi KarXK 010
PCl-ycrpoiicrBa. Bee napyrue curnasant PCI, 3a uckirodeHueM mepesarpys-
ku ¥ npepbiBanuii, mpussizanbl K pponty CLK. PCI moxer TakTrpoBaThCsi
moboit gacroroit ot 0 I't 1o 33 MI'. B Bepcun 2.2 PCI nonycruma jobast
gacrora J10 66 MI'm.
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RST (cbpoc) ucnosb3yercs Jjisi TPUBEJICHUsST PETUCTPOB U CEKBEHCOPOB
(or csioBa sequencer — reneparop nocsejpoparesbrocreit) PCl-yerpoiicts k
CTaH/IAPTHOMY COCTOSTHUIO.

A pecubie BBIBOIBI U BBIBOABI JaHHBIX. AD[31::00] Apec u nan-
Hble MYJIBTUTIIEKCHPOBAHBI Ha OAHUX 1 Tex Ke BhiBogax PCI. Tpanzakms
HIMHBI COCTOUT 13 (Pas3bl ajpeca, CONMPOBOXKIAEMON OJHUM Ui OOJIHITUM KO-
qudecrBoM (a3 panabix. PCI nojjep:KkuBaeT Kak dTeHHE, TaK U 3allHCh
6siokamu (Burst mode). B reuenne dasbr agpeca B AD00-31 comepxkures
dbusnuecknit agpec (32 6uta). Ilpm BBOsIE-BBIBOJZIE 9TO ajpec Oaiita, Tpu
oDpallleHusTX K MaMsITH ¥ MPOCTPAHCTBY KOH(MUTYpAIUil — aJpec JTBOWHOTO
cioa (DWORD). Korma unyt dassr nanabix, AD[07::00] comepxut Miaji-
it 3raqanii 6adit (Isb), a B AD|31::24] comepkurest craprmmii 3Hagarmmii
aiir(msb). [lepejaBaemble jlaHHbIE «yCTONYMBbBI> U IIPABUJIBHBI, KOIJIA aK-
tuBeH curaaJ IRDY, a unTaemble fanable «yCTOWYUBBI» W IPaBUIbHDI, KOT1a
aktupen TRDY. Ilepejaua npoucxojut, Korja akTuBHbl 00a curnaJia IRDY
u TRDY.

C/BE[3::0] Bus Command/Byte Enable («komanpl 1munbl / paspere-
nue Gaiiray ) MysbruiiekcupoBatbl Ha ojgHux BbiBogax PCL. Bo Bpemsi dasbl
anpeca C/BE|3::0] onpenensier komany mmHbl. KoMaH bl ITMHBI TPUBEICHDI
B Tabsaure 2.5.

0000 | Interrupt Acknowledge
0001 | Special Cycle

0010 | I/O Read

0011 | I/O Write

0100 | 3apesepBupoBaHO

0101 | SapesepBupoBaHO

0110 | Memory Read

0111 | Memory Write

1000 | 3apezepBupoBaHoO

1001 | SapesepBupoBaHO

1010 | Configuration Read
1011 | Configuration Write
1100 | Memory Read Multiple
1101 | Dual Address Cycle
1110 | Memory read Line
1111 | Memory Write and Invalidate

Tabsnma 2.5. Komamasr marucrpaaun PCI
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B daze ganubix C/BE|3::0] ucnonnayercs B kadecrse Byte Enable. Byte
Enable jeiicrBuresnen jyisi Bceit (pasbl JJaHHBIX M Olpejiesisier, Kakue Oaifi-
TBI TIepeiaBaeMoro JiBoitroro ciosa 3uadumbl. C/BEQ coorBercryer LSB,
a C/BE 3 coorsercreyer MSB.

PAR Parity — sro xoutposs gernoctn no suansgm AD00-31 u C/BEQ-3.
Curnas PAR Bepen B Teuenune ojnoro takra nocyie dasnl agpeca. s das
nanabix PAR Bepen B Tedenne takTa rocse Toro, Kak oyjer akrusen IRDY
upu 3anucu uian TRDY — npu urenun. Curuasom PAR ynpasiser 3agaTauk
muHbl B ¢ase ajpeca n B (ase JAHHBIX TP 3AIKUCH; EJEBOE YCTPOMNCTBO
yrpasiser curaaiom PAR B dhaze naHHbIX npu dTeHUN.

Nurepdeiicapie ynpasagiomnine BoiBoAbl. FRAME Cycle Frame
(KaJIp) yrpapisieTcst TeKy UM 33 [aTUUKOM JIJIsT YKa3aHUs Hadaa i POJI0Ji-
kurenpHoct nepegaun. FRAME cranmoBuTcsi akTUBHBIM, B Hadaje TpaH-
sakuu. [Toka FRAME akrtupen, wier nepejada jpannbix. Korma curaal
FRAME cranoBuTcst HeaKTUBHLIM, TPAH3AKIINS MEPEXOINAT B 3aKIIOUATE b
HYy10 (pa3y JIaHHBIX.

IRDY (Initiator Ready) 1 TRDY (Target Ready) ykasbiBator roroBHOCTb
MHUIIIATOPA ¥ TI€JIEBOIO YCTPOUCTBA U UCIOIL3YIOTC COBMECTHO. Ecau akx-
TUBHBI 00a curHaJja, To nepsbiii ke dpout curnasa CLK ocymecrsiser
TpaH3aKInio. [IUKIb 0XKUJAHNS BCTABIAIOTCA 10 TeX IOpP, [MOKa He CTaHyT
aKTUBHBI 002 CUT'HAJIA.

STOP nokasbiBaer, 4To TEKylee eaeBoe yerpoicrBO HOChLIACT 3a,/1aT-
YUKY 3aIIPOC Ha OCTAHOB TEKYINEeil TpaH3aKI[UH.

LOCK moka3sbiBaeT J1eMEHTAPHYIO OTIePAIMIO, KOTOPOii JIJIs1 3aBEPIEeHMUsT
TpebyeTcss MHOXKECTBO TPaH3aKITUI.

IDSEL (Initialization Device Select) — Bbibop ycTpoiicTBa HHUIIHAIN3A-
IIUU, UCIIOJIB3YeTCs JIJIsl BEIOOpA KPUCTAJLIA IPKU UTEHUH U 3alIiCH KOH(MUry-
palmnm.

DEVSEL (Device Select) — Bbibop yerpoiicrsa. [Tokasbiaer, 4ro yerpoii-
CTBO JICIIU(POBAJIO CBOI aJpec Kak IeJieBoe YCTPOCTBO.

Apburpakubie BbIBOJIbI (TOJBKO AJjisi MacTepoB mimHbl). REQ
(Request) — sanpoc. ITokasbiBaer apburpy, 4ro JaHHOMY areHTy Tpebyercs
HCIIOJb30BAHNE IITHHEL.

GNT (Grant) — pasperiienue okasbiBaeT areHTy, 9T0 €My Pa3perieH Jio-
CTYI K IITHHE.

BeiBoapl fyig coobinenusi 06 ommbkax. PERR (Parity Error) —
ommubKa KOHTPOJis veTHocTH. lIpegHasznadeH TOJBKO Jijist cOODIeHui 00
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ommnbKax KOHTpOJIsE YeTHoCcTH BO Beex Tpansakimsax PCI, 3a uckiouenneM
creruasbroro nukJia (Special Cycle). Beisogy PERR ynpasisiercst arenrom,
HOJIYYalOIIUM JaHHbIE B TeUeHUE JBYX TAKTOB, IIOCJIE TOr0, KaK OOHAPYKEHA,
OmnOKa KOHTPOJISI JAHHDBIX 110 YeTHOCTH.

SERR (System Error) — cucremuasi ommbka. IIpegnasnauen jist Bbigadu
coobITeHnit 00 OIMMOKAX KOHTPOJIsT UeTHOCTH ajipeca, JaHHLIX 110 KOMAaHJe
Special Cycle ninm m100bIX Jpyrux KaTtacTPOOUUIECKUX CHCTEMHBIX OIMMTHOKAX.

BriBonpl npepbiBanusg (Heobs3aTesbHo). Curmasst INTx acub-
xpounnbl 110 oTHomennio Kk CLK. PCI npejycmarpuBaer ofHy JTHHUIO TPEPHI-
BaHUil JIJIsT YCTPOUCTBaA ¢ ONHON (DYHKIMEH U 10 YeThIPEX JIMHUM IpepbhiBa-
HUs — JIJIsi MHOTO(DYHKIIMOHAJbHBIX yCTPOicTB. [y oiHODYHKITMOHAIBHOTO
YCTPORCTBA MOYKET MCIOJIL30BATLCA TOALKO jaunns INTA, B To Bpemst kak
TPH JIPYTUX JIMHUM [IPpEepbIBAHUS HE UMEIOT HUKAKOI'O 3HAYCHUS.

INTA — INTD (Interrupt A — Interrupt D) wmcnonbsyercs st 3ampo-
ca upepbiBanusi. Jlobas PyHKIUs HA MHOIO]YHKIIMOHAJIBHOM yCTPOHCTBE
MOZKeT ObIThL coegunena ¢ Jjiroboit aunueit INTx.

BriBoabI MO1Aep2KKY K3111a (Heo0a3aTeIbHO). BbIBOIbI MOIEPK-
KU K314 [PUCYTCTBOBAJM TOJLKO B INepBbIX Bepcusax wmarucrpasu PCL
[ToszHee, Korjga Ksiiyd BTOPOIO YPOBHSI CTaJM YaCTbIO HMPOILECcopa, HY»KJa
B 3TuX JuHugax ornaJja. SBO Ecnu aktusen Snoop Backoff, To umeercs kar-
nonaganne. SDONE Snoop Done ykasbiBaeT cocrostHre MpoBepku Katia. Ko-
I/1a CUTHAJ HEAKTHUBEH, TO 3TO MMOKA3BIBAET, UTO PE3YJILTAT BCE eIé OXKHUIa-
ercst. Korpa curnaj akTHBEH, TO 9TO MOKa3bIBAET, UYTO MTPOBEPKA, 3aBEpIIeHa.

BeiBoapl pacmmpeHuss IMuHbL 10 64-6uT (HeoOA3aTEsbHO).
ADI63::32]. Address u Data (ajpec u jannbie) MyJIbTHIIIIEKCUPOBAHBI HA O/1-
HUX M TeX K€ BhIBOJaX U obecrnednmBaiorT 32 JOIOJHUTENLHLIX paspsja. B
TedeHue pasbl ajpeca nepepaTces crapime 32 oura 64-pas3psiHOTO ajipeca;
B IIPOTUBHOM CJIydae, 9T OUTHI Pe3epBHBIC, HO IIPU STOM OHU YCTONYMBLI U
He ompejiesienbl. B Tevenne aspr gannbix, korga aktnpabl REQ64 1 ACK64,
epearoTes JOIOJIHATEbHBIE 32 OuTa JJAHHBIX.

C/BE [7::4]. Bus Command/Byte Enables B Tevenue dasnr ampeca me-
penaér dakrudeckyo koManty munel mo gunuam C/BE|7:4]; B nporusHOM
cjydae, 3T OMThI 3aPe3epBUPOBAHbI U HE olpe/ie/ieHbl. B redenue dasbl jlaH-
upix 1o JuausM C/BE|7::4] nepegaéres 6aiit, KOTOpbIil MOKa3bIBaeT, KaKoii
GaiiT COMEPIKUT 3HAUUMBIE JAHHBIC, IIPUA YCJAOBUU, YTO aKTUBHbLI 008 CUIHA-
ma REQ64 u ACK64. Curnan C/BE[4] npumensiercs k Oaiity 4, a C/BE[7]

npuMeHsiercst K dbairy 7.
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REQ64. Korna Request 64-bit Transfer ynpapisercs TekymuMm HHHUITU-
aTOPOM IIUHBI, TO OH TOKA3bIBAET, UTO TOT KeJIaeT MepeJlaTh JaHHbIE, WC-
MOJIB3YS JIIsA Tepechblikn 64 OuTa.

ACKG64. Korma Acknowledge 64-bit Transfer ynpasisiercst yerpoitcTBowm,
KOTOpOE YCIIENIHO Jemn(PUPOBAJIO JTaHHbIA aJipec B KauecTBe areHTa Te-
KYIIIEro JOCTYTa, TO OH TTOKA3bIBAET, UTO areHT >KeJaeT TepenaTh JaHHbIe,
ucnosib3yst 1npu 9rom 64 oura. ACK nmeer Takue »Ke BpeMeHHbBIE TapaMETPHI,
kak 1 DEVSEL. PAR64

PARG64. Parity Upper DWORD — 3510 OuT KOHTPOJIsSI 9eTHOCTH J1JIsT JIMHIT
ADI63::32] u C/BE|7::4].

ITopt JTAG nepudepuiinoro ckanupoBanus (boundary scan).
Crangapr IEEE 1149.1, Ilopr st TecTupoBaHusi ¥ apxXUTEKTypa Iie-
pudepuiiroro ckanuposanust («Test Access Port and Boundary Scan
Architecture» ), Bkatouen B KadecTBe HeobstzaTebHOro nnrepdeiica jiisi PCI
ycrpoiicts. Britodenue B coctaB yerpoiicTsa mopta st Tectuposanust (TAP
— Test Access Port) nossosisier ncriosibzoBarh nepudepuiinoe cKaHupOBaHUe
Jutst mpopepku PCI-ycTpoiicTB U MaTepuHCKOM IJIaThl, Ha KOTOPOI OHU YCTa-
Hopyierbl. TAP cocTonT w3 msiTi BRIBOJOB, KOTOPHIE NCIOJIB3YIOTCS JIJIsT Op-
raHu3alUu 1ocje0BaTe/bHOro nHrepdeiica ¢ kourposiepom TAP BHyTpn
PClI-ycTpoiicTBa.

e TCK in Test Clock ncrnonb3yercst st CHEXPOHA3AIMN BBOJa COOpaH-
HOW HHGOPMAINK U JAHHLIX B YCTPOWCTBO U WX BBIBOJA BO BPEMSI pa-
oot ¢ TAP.

e TDI Test Data Input ucnosbsyercs jijisi 110cjie/10BaTe/IbHOIO BBOJIA B
YCTPORCTBO TECTUPYIONUX JTaHHBIX U KOoMaH ] mpu pabore ¢ TAP,

e TDO Test Output ucmosb3yercst st MOCIEI0BATEIHLHOTO BHIBOJIA Te-
CTUPYIONINX JAHHBIX ¥ KOMAH] U3 ycTpoiicTBa mpu padbore ¢ TAP.

e TMS Test Mode Select ucnonnzyercst st ynpasjienns B yCTPORCTBeE
cocrosinreM Kontposiiepa TAP.

e TRST Test Reset obecrieunBaeT aCMHXPOHHYIO MHUNMAJIABAINIO KOH-
tposiepa TAP. Dror curnan no cranpapry IEEE 1149.1 neobsizare-
JIEH.

Ocuosuble KoMauab! muHbl PCI.

1. Ioarsepxkaenue mnpepoiBanus (0000). Kourposiep mnpepbiBanuii as-
TOMaTHYecKu onos3Haer u pearupyer Ha komanigy INTA  (interrupt
acknowledge). Ha dase mannbix on nepenaer (BbICTaBJsIeT) BEKTOD PEPbI-
BAHUSI HA JIMHUK a/IPeca/IaHHbIX.

2. Crermasbabtii nuki (0001). Snauenne wHbOpMAIUT Ha IHHE ajpe-
ca/JJAHHBIX TIPU [IepeJlade KOMaH (bl CleIUAJbHbIH IIUKJI YyKa3aHO B TaOJIUIIE.
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AD15-ADO0

0x0000 Processor Shutdown
0x0001 Processor Halt
0x0002 x86 Specific Code
0x0003 to OxFFFF | Reserved

3. 1/O Read (0010) u I/O Write (0011). Onepanus BBoja-BiBojia ¢ PCI-
ycrpoiicrBoM. Ha jmausix a,upeca/ JAHHDBIX OJIHOBPEMEHHO € 9TOW KOMaHJ[01
nepenaerca ajapec nopra PCl-yerpoiicrsa. Jluaun ADO u AD1 obs3arenbao
JIOJDKHBI JIEKOJIMPOBATHCS YCTPOHCTBOM (Hesib3st uctosib3oarh junun C/BE
). llopt PCI-ycrpoiictsa Moxket 6bITh 8- wyn 16-paspsiaabiM. [IpocTpancrso
KOH(UTIYpalnil TaKyKe MOYXKET ObITh JIOCTYITHBIM Yepe3 0OMeH ¢ yCTpoiicTBa-
MI. DTO MOXKHO ¢/iesiaTh depe3 mopThl BBoIa,/ BhiBoma 0X0CEFS (Address) n
0x0CFC (Data). Barnmch B mopt ajipeca J0KHa OBITE MEPBOii.

4. Memory Read (0110) u Memory Write (0111). Yrenwe nin 3anuch B
CHCTEMHYIO TaMsTh. JIuHuM ajpeca/TaHHBIX COEPKAT JIBOHHOE CJIOBO aJjipe-
ca. JInamun ADO u AD1 moryT He HeKogupoBaThCsi, TpeOyeMblii DailT yKasaH
na snnuax C/BE.

5. Configuration Read (1010) n Configuration Write (1011). Yrenue nin
3alliCh B KoHurypannontnoe npocrpanctso PCI yerpoiicTBa, KoTopoe nme-
er craHjgapTHyo JuHy B 256 Oaiit (Tounee 64 sBoiiHbix cioBa). B 3aBu-
CHMOCTH OT TOT0, uTo cojep:kar AD(-1, ocraibHble JIHHUT apeca/ TaHHBIX
nmeioT pasuoe 3Hadenne. Ecian B ADO-1 crosr gBa Hysist, TO mpejroara-
ercsi, uro PCI ycrpoiicrBo yxke BoiOpano curnajsom IDSEL u rorga AD2-7
CofiepKaT MHJEKC JBoiHOro cjaosa, AD8-10 — nomep ajapecyemoit ¢dpyHKIUN
(0JIHOTO M3 BOCBME YCTPOHCTB, KOTOPbIE MOT'YT IIPUCYTCTBOBATH Ha KapTe
PCI). Eciin 8 ADO-1 crosit 01, To ajipec maTeprnperupyercs caoxuee: AD2-
7 — caoBo, AD8-10 — ¢dynknmss, AD11-15 — yerpoiicrBo, AD16-23 — mmiuna.
Takum oOpa3oM, IIpu BTOPOM criocobe obpaliieHus K IPOCTPAHCTBY KOH(U-
rypanmii MOXKHO 00paIaThCs K OJIHOMY U3 32 yCTPOMCTB Ha Kax10it 13 256
muH PCI, KoTopbie MOryT npucyTCcTBOBaThH B cucTeMe. CTaHIapTHOE PACIIO-
JIO2KeHre nH(MOPMAIMK B IPOCTPAHCTBE KOH(MUI'YPAIMU [T0KA3aHO B TAOJIUIIE.
OOMeH TTPOM3BOJIUTCS JIBOWHBIMU CJIOBAMU.

Muoro undopmanuu o PCI ycrpoiicTBax M MX M3TOTOBUTE/ISIX MOXKHO
naittu B Internet !

udopmanys u3 mpocrpaHcTBa KOHGUIYpaluil 0TOOpaXkaeTcs JIUCIeTde-
POM YCTPOMCTB, NpaBjia, 9Ta TeXHUIecKas WHQPOPMAaIns CUILHO pasdabiie-
Ha CBEJICHUSIMU O IIPOI'PAMMHOM ODecIedeHn, 00CIyKHUBAOIIEM YCTPORCTBO

(npaiiBepsr).

LCwu., manpumep: www.pcidatabase.com.; http://pci-ids.ucw.cz/
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| Addr. [32<Bit-24 [23<Bit>16 | 15-Bit-8 |7<Bit-0 |

00 Device 1D Vendor ID

04 Status Command

08 BaseClass | SubClass Prog. Revision

Code Code Interface ID

0C BIST Header Latency CacheLine
timer Size

10-24 Base Address Register 0-5

28 Cardbus CIS pointer

2C Subsystem ID \ Subsystem Vendor ID

30 Expansion ROM Base Address

34 Reserved

38 Reserved

3C MaxLat \ MnGNT \ INT-pin \ INT-line

40-FF Available for PCI unit

Tabmuma 2.6. Crangaprabie nosst B Koudurypannn PCI yerpoiicrsa

6. Multiple Memory Read (1100). Dta komaH/1a siBJIsIeTCsT pACIIUPEHAEM
OOBIYHOTO YTEHMsl MAMSTH, OHA HCIOJL3YeTCs JJIs YTeHUs OOJBbIINX 0JI0-
KOB MHpopMaImy 06e3 TeHepaly aJpecoB U Kaumposanus. Ha mume aj-
peca/TaHHBIX COJIEPKUTCS ajpec Hadasa Oj0ka u noka jepxkurcs FRAME
WJIET 1epejada JIBORHBIX CJI0B, PACIIONOKEHHDBIX OJHO 34 JPYIMM B HAMsITH.

7. Dual Address Cycle (1101). Dta komaH/a MO3BOJISIET TeHEPHPOBATH 64-
Pa3psIHBII apec pU HAJUYUN TOJBKO 32 JMHWN B IIHHE aJ[peca/ TaHHbIX.
CobCTBEHHO THIT IIepejiadn YKa3bIBA€TCsl BO BTOPOM IuKJie ajpeca. Hejpocry-
eH JIJIsl CUCTeM Ha mporeccopax Intel.

8. Memory-Read Line (1110). DTor Tum nepejatn HCIONL3YETCS s
GTEHUs HaMsITH CTPOKaMu Kata (TunudaHo 32 Gaiira).

9. Memory Write and Invalidate (1111). ITo sroit komanjie B namsTh 1u-
IIETCs CTPOKA K3IIIa, & B CAMOM K3IIIe COOTBETCTBYIOINAs CTPOKA, 00bsIBIISAETCSI
HEBEPHOU (FpﬂSHoﬁ) B TOM CMBICJIE, YTO OHA HE COOTBETCTBYET aHaJIOIMIHON
CTPOKE B OCHOBHOW MaMATH.

2.4. llluubl pacimmupeHud B APYTruX apXUTeKTYy-
pax
Jlajieko He Bce crapble KOMIIBIOTEPbl OCHOBBIBAJIMCH Ha, MAIrUCTPaJIbHO-

MOJTyJIbHOI apXUTEKType WJIW UMEJU eJUHYIO MHUHY pacimperus. OmgHoit
U3 MEePBbIX MWH PACIIUPEHUs, CTaBINel MPOMBIIIJIEHHBIM CTAHIAPTOM, ObI-



42 I'maBa 2. Hucopmarimonnass MarucTpaJib

Ja marucrpajb Unibus, Koropas Jjersia B ocHOBY Jierenjapubix PDP-11
u pannnx VAX kommnborepoB. OHa ucrnosib3oBajach B m3jesnnsx Digital
Equipment Corporation (DEC). Marucrpanb Oblia paspaboTana OKOJIO
1969 roma Gordon Bell u crynearom Harold McFarland. Unibus nmena 18-
pPa3psiIHYIO IIUHY ajipeca, 16-pas3psjiHyio MUHY JaHHBIX, JUHUU IpepbiBa-
HUl, TPSAMOTO JIOCTYIIa K TTaMsATH, KOHTPOJIS YeTHOCTH, COODIEHUN O HU3-
KOM YPOBHE IUTAIONINX HAIPSXKEHNUN, HECKOJIbKUX JIMHUI CUHXPOHUBAINN U
apyrue jgunun oomuM ucsom 56 (6e3 muranuii). [lamsars yerpoiicts 0To6-
paxkaJjiach B €JIMHOE IPOCTPAHCTBO aJIPECOB.

[loznnee DEC  wmcnonnzoBana  marmcrpasn  VAXBI  (VAX  Bus
Interconnect). Dra marucrpasb OblIa HOJHOCTHIO 32-Pa3psIHON U MyJib-
TUIIeKcupoBannoi. Ha marucrpanm mojjep:kuBajics apouTpaxk, u Jiodoe
YCTPONCTBO MOTJIO ObITH 3a/IaTUNKOM.

Cawmpie morrabie cynepkombioTepsl (1976-1990) CRAY-1 nu CRAY-2 ne
uMeJid €JIMHO MH(pOPMAIMOHHONW MarucTpaJsiu, MoJUUHEHHOW KaKOMY-Ji1nbo
CTaH/IAPTY.

[lepsorit mepconanpnniit koMmnbiorep Altair 8800, mocrpoennniit B 1974
rogy Ed Roberts (mo serenjge — B rapaxe), HCIOJB30BaJ JJist 00bEH-
HeHust ycrpoitcts muny S-100, KoTOpast MO CyIIeCTBY MPOJI0JIXKAJA BhIBO-
Jbl mporeccopa Intel 8080. MarucrpaJjpb umMesna jaBe oJHOHAIIPABICHHBIX 8-
Pa3psIAHBIX MMUHBI JAHHBIX W OJHY JIBYHAIPABJICHHYIO 16-pa3psiiHyo mmHy
anpeca. Ycrmex Altair 8800 mpuBesn kK Tomy, uro S-100 mcmonab3oBajach B
kJone Altair-nogobupix Manmu u 6buia crangaprusosana B 1983 1. (IEEE-
696). Ycmex ObLT Tak BEJUK, YTO PaszpabOTUNKHU MPOIECCOPOB JIEJIATH PO~
IIECCOPbI COBMECTUMbBIMHU 110 BbIBOjIaM ¢ 18080, 4ToObI HMeach BO3MOXKHOCTD
ycranasiuBarh ux B 3-100 Marunbl (Haunbosiee uzsectrblit npmep Zilog Z80).
DTa BOJIHA IOILTA Ha YOBLITH TOJNHKO HaduHas ¢ 1981 r. mocsie nosBiaenus [IBM
PC na marucrpasm ISAS.

IBM, noreprieB nekoropyio Heyiaady ¢ ISAS8, cienasa ctaBKy Ha HOBYIO
marucrpab MicroChannel — MC, koropast Obia sunensuposana, n [BM
nMeJia Ha Heé IOJIHble aBTopckue npaBa. Ho TexHuueckast IOJHUTUKA, BbI-
Opannasi pupmoii, okazajach OoJiee dyeMm crpanHoii. Ha ocnose sroii maru-
crpasu HaumHas ¢ 1987 roma Beimyckasuch komnbiorepsl IBM PS/2. Ko-
neuno, MC ObLia 6ojiee coBepienna jraxke 1mo cpasnennio ¢ ISA16, Ho Bee
OTyOUIN 3aKpbIThie cTangapThl. Ha marucrpanun MC cpasy ObL1a peaanso-
BaHa TexHojiorud Plug and Play, muna Obuia 32-pa3psiiHoii, TeopeTrniecKast
nporyckHasi criocobnocrs 66 MB /cek (peanbao 40 MB /cek), nosnbiit apour-
paxk — Jioboe yCTPOICTBO MOIVIO CTATh 3aJaTUUKOM M CYIIEeCTBOBAJA BO3-
MOXKHOCTb T1epejiad OT OJIHOTO ycTpoiicTBa K jipyromy. IBM akTuBHO 1mporu-
BOJIEIICTBOBAJIA PACIIPOCTPAHEHUIO 9TON MAruCTPaJIn. 3a IIPABO IPOU3BOIUTD
ycrpoiicTsa, st MC TpeboBaioch IMIATHTE HEPEAJIHHO OOJIBIITNE JeHbIT, TeX-
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HUYECKHUE pPelIeHns He pacKpPhIBAJIUCh B JiuTeparype. B pesyibrare yxKe yio-
MsiHyTast TpyIiiia KoMinanuii (e€ HasbiBasu “Ganoil jesaTu’) paspaborasa u
omybimkoBasia crangapt EISA| koropsiit n moxoponwmn MicroChannel (mpas-
Ja, U caM mpoxkuit Hegouiro). B 1996 rogy IBM npekpatuiia urpy Ha pblHKe
IePCOHAJILHBIX KOMIIBIOTEPOB.

Marucrpans NuBus 6buta paszpaborana B 1970-x rogax B MUT. Uc-
noJib3oBasiach B komibiorepe Western Digital (NuMashine), a Buocses-
creun Texas Instruments (NuMashine, Explorer), mossnee ucnosb3oBasiach
B Macintosh II u npyrux mozesnsix. NuBus — 32-paspsijinasi MyJIbTHILICKCH-
pOBaHHAsI MaruCTPaJib C IPOCTLIM IPOTOKOJOM OOMEHa, pacCUUTaHHas Ha,
YeThIipe yCTPOHCTBA PACITNPEHNSI.



I'1aBa 3.

IIporieccop

3.1. Apxurektypa Pon—Heiimana

Uctopus. B ocnose apxurektypnl Pon-Heitmana Jexxur wuged Xpa-
HUMO¥ mporpaMmMbl. [IporpamMma Hu4YeM He OTJIMYaETCs OT JIAHHBIX U
CUUTBIBAETCA W3 IaMsITH, KaK U JIaHHble, KOTOpble OHa 0bOpabaTbiBa-
er. XOTs W0 XPaHUMOW MPOrPAMMBI MOXKHO YCMOTPETH eIé B I10-
HATUN yHEUBepcasbHoii Mamuubl Thiopuara (UTM), koropast omucama B
dyrgamentanbHoit crarhbe “On computable numbers with an application
to the entscheidungsproblem”, onyOsukosannoit Asianom ThlopuHrom B
Proceedings of London Mathematical Society B mae 1936 roma, obbrano
POJIOHAYAJILHIKOM BCEX COBPEMEHHBIX apXWTEKTyp HasbiBaioT J[»kona ¢on
Heiimana. Ero pabora “First Draft of a Report on the EDVAC” (Habpo-
cok oruera 1o Teme EDVAC) odurmanbio He myOInKoBaiach, MOCKOJIbKY
Kacajiach cekpeTHbix npoekToB ENIAC u EDVAC, mo pykonuch ObLia cKo-
MUPOBaHa 10 WHUIMATHRE OduIepa, OTBEIABIIEr0 32 PEXKUM CEKPETHOCTH
(1), u pasocsana B KoHIle uioHs 1945 rojia 10 10YTe HEKOTOPHIM CIEIUa-
JIECTaM, y4aCTBOBABIIMM B HpoeKkTe (B ToM uucie u 3a npejenamu CIIA)L,
Maimunbl, yem-to noxoxkue Ha EDVAC, koropslii 611 3akonden 1952 rony,
yxke cymecrBoBain B Bennkobpuranun (Colossus Mkl 1943 r. u Colossus
Mk2 1944 r., Baby 1948 Manuecrep — 1niepBasi B MUPE [MOCTPOEHHAST MAIIIN-
Ha ¢ XpaHUMO# mporpammoii), B lepmanun (V-1 - Z-1 1938 ., Z-2 1939 r.,
7-3 1941 r., 7Z-4 1948 r., co3jilaHHbIE NMPAKTUYECKU B OJINHOUKY WHYKEHEPOM
Kounpasiom Llyze), 8 CCCP (MDCM C. A. Jlebenena, 1950 ros). Ho umenno
B aMEPUKAHCKO} MallliHe OblLJI BIIEPBbIE IPEJJIOKEH BaXKHbII IPUHIIKIL, CJIe-
napimit EDVAC nporornnom yHUBEpCaJIbHBIX BBIUNCINTEBHBIX MAITHH, —
HPUHIKII XPAHUMOM ITPOrPaMMBbI.

Mompobroctu 3Toit meropum MoykHO npountarb B Bukunemun: URL:http://en.wikipedia.org/
wiki/First-Draft-of-a-Report-on-the-EDVAC.

44
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Universal
memory
Command Data | Data
fetch load | save
Y
Command
Control | Arithmetic
Device Event Logic
< Unit

Data Data
input | output

Puc. 3.1. YerpoiicrBa u cBs3u B Komiibiorepe o Heiimana

Apxurekrypa ¢dou Heitmana. VYcrpoiictsa, nokasaHHbie Ha puc. 3.1,
peanu3yIoT et apxuTeKTyphl ¢pon Heitmana. Kommbiorep cocront ns

e ycrpoiicTBa yupasieHusi — control device;

e apudmernko-sorudeckoro ycrpoiicrsa (AJIY) — arithmetic-logic unit

(ALU);
® CUCTEMHOM HaMsiTi — system memory;
e ycTpoiicTBa BBOJa,/BBIBOA — input/output device (I/O device).

[Topsijiok pabots! cienyroriuit. B 1Byx obsiacTsix naMsiTu XpaHsTCs:
® IIpOrpaMMa — JBOMUHBIE KOJbI, KOTOPbIE MHTEPIIPETUPYIOTCA KAK WH-
CTPYKIIH,

® U JJAaHHBIC — KOJIbl, KOTOPbIC NHTEPITPETUPYIOTCA KAaK JIBOMYHbBIC YNCJIA
WM CUMBOJIDI.

B jasbreiinmeM 3T 00JACTU HaMATH MOJIYYUJIN Ha3BaHWS CETMEHTa KO-
na (code segment) w cermenta jgannbix (data segment). YcrpoiicTBo
YIIPABJICHHUS, KOTOPOE COJICPXKUT YKA3ATEIb CJACYIONel MHCTPYKIuH (next
instruction pointer wiu npocro IP), BbinosHsieT OJHOTUITHBIE JIefiCTBHSI.

e Bribupaer (fetch) uHCTPYKIMIO B COOTBETCTBUM € aJ[PECOM B yKasaTe-
Jle MHCTPYKIWHM 1 yBeJUUWBaeT aJipec B yKazaTejge WHCTPYKINN Tak,
YTOOBI OH YKA3bIBAJI Ha CJICJYIONLYI0 MHCTPYKIMIO B IIpOrpaMMe.

e B coorercTBuM ¢ 10OJIyYeHHOW MHCTPYKIUEH reHepupyeT MallluHHbIHI
ko1, mepemaBaembiii B AJIY (decode). Dror koj ompesessier onepa-
o, Beinostasiemyto AJIY, n ajpeca JaHHBIX, KOTOPHIE TPEOYIOTCS 1151
eé BuITIOJHEHNA. Apeca, ¢ KOTOPBIX 3arpyxKaloTcst JTaHHbIE U COXPa-
HSIETCST PE3YILTAT SBJISIOTCS YaCTHIO WHCTPYKIUN.
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o AJIV zarpyxkaer (load) ganubie n3 cermenta JAHHBIX B COOTBETCTBUM
C YKa3aHHbIMUM B MHCTPYKINN &JIPECAMMU.

o AJIY Boimosasier (execute) HHCTPYKIHIO.

o AJIY coxpansier (save) pesysibrar B HaMsiTh.

Samernm, 9To nocsegobarenbHocThb fetch — decode —load — execute — save
CKOpee BCero m CjaeayeT CYNTaThb TOW eIMHCTBEHHON MPOrpaMMOi, KOTOPYIO
BBINOJIHSIET JII00O# KOMITbIOTED.

3 npuseieHHOi 110C/e/10BaTe/IbHOCTY JIeHCTBUI (Tpexa,qpeCHaﬂ Mallln-
Ha) MOTYT OBITH UCKJIIOUEHBI OTIEPAIMN 3arDy3KH JIAHHBIX (ONEPaHIoB) U CO-
XpaHeHUsl pe3yJibTaToB, HO TOIJIa B HAOOPE MHCTPYKIUI JIOJIPKHbBI TTOSABUTHCS
OT/IeJIbHbIE MHCTPYKIUK 3arpy3KU W COXPAHEHWSA U JIOJKHO OBITH OIpejie-
JIEHO MECTO, KyJa TOMEIIAETCsl Pe3ysbTarT M0 yMOJYaHUO (JIBYXaJpecHast
MallnHA).

BesycioBHO, 3TH TOCIE0BATEIBHOCTH, CIIOCOD X UCIOJHEHUS U YCTPOi-
CTBa, COCTABJIAIONINE KOMIILIOTED B Pa3HbIX apXUTEKTypaX, [IpeTepleBaroT
HEKOTOpbIE U3MEHEHUs, HO OT TOI'0 HE U3MEHAIOTCH IIPUHIUAIIBI [TOCTPOCHU A
KOIIbIOTEPA.

1) Ilpunrun qoraHOTO KOAUpPOBaHUs. [Js1 Mpe/icTaBIeHust JaHHBIX 1 KO-
MaHJ[ UCTIOJIb3YeTCs JIBOMIHAS CUCTEMa, CUUCICHNS.

2) Ipuniun ogropogHocTn namsatu. Kax mporpaMMbl (KOMaH[IbI), TaK U
JAHHbIE XPAHATCA B OJITHON U TOU »Ke maMsITh (1/1 KOJIMPYIOTCA B OJTHOM 1
TOii JKe CUCTeMe CIMCJIeHUsT — Yalle BCero JBou4Hol ). Har komanaMu
MOYKHO BBITIOJTHATH TaKNe »Ke JeHCTBAA, KaK W HaJl, JJAHHBIMH.

3) Ipunun agpecyemoctu mamsitu. CTPYKTYPHO OCHOBHASI TTAMSITH CO-
CTOUT U3 MPOHYMEPOBAHHBIX AY€EK; MPOIECCOPY B IMPOU3BOJILHBINA MO-
MEHT BPEMEHU JIOCTYIIHA JII00ast sideiika; naMsiTh BHYTPEHHsIS.

4) IlpuHnunm mocsieoBaTeIbHOro MPOrpaMMHOTO yiTpaBieHus. Bee komaH-
JIbl PACIIOJIAralOTCsd B IaMATU U BBIIOJIHAIOTCS MOCIEI0BATEILHO, O/I-
Ha II0CJIe 3aBepIIeHNs JPYIroil, B II0CJIEI0BATE/IBHOCTH, OIIPE/Ie/IsieMOi
IIPOTPaMMO¥A.

5) IlpuHIwn KecTKOCTH apXUTEKTYphl. HensMeHnsieMocTh B mporecce pa-
O0ThI TOMOJIOMNN, APXUTEKTYPbI, CIIUCKA KOMAaH/I.

OTu NpUHIKITEI Obln onydsuKoBaHbkl B pabore Burks A.W., Goldstine
H.H., Neumann J. Preliminary Discussion of the logical Design of an
Electronic Computing Instrument B 1946 rojy n Ha3whIBaOTCsT TPUHIATAME
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don Heitmana. C ouenb MaJbIMU OTKJIOHEHUSIMU, KACAIOTIMMUCS OJTHOPOTHO-
CTH HaMsiTy (PErdCTPhI IPOIECCOpa U MepapXust KIIei B 9TOT IPUHIIUIT He
YKJTQJIBIBAIOTCS ), ADXUTEKTYPA BCEX COBPEMEHHBIX KOMITBIOTEPOB MO [INHEHA
9TUM NPUHIATIAM.

3.2. CynepcKaJjspHbIil IIpolieccop

Konseitepuzamus (Pipelining). Brinosnenne kaxjoit wHCTPYKIMH
IIPOrPaMMHOTO KOJia Beerja TpedyeT HeCKOJIbKUX maros. Muerpykiuio neob-
XOJIUMO:

e Bhibparh u3 namsaru (fetch),

e siekojuposarh (decode),

® BLIUMCJIUTH aJ[peca UCTOUHNKOB (source addr. calc.),

e 3arpys3urh orepan/ipl (load),

® COOCTBEHHO BBITIONHUTE (execute),

e BLIUKCIUTD aJipec npueManKa (destination addr. calc.),
® 3ammcaTh Pe3ysbTaT (save).

DTy HOCIeI0BATEIbHOCTD JIEHCTBUI MOXKHO pa3BEpHYTh BO BPEMEHH, 10~
Jarasi Jjist TIPOCTOTHI, YTO KaXKJI0e JIEHCTBUE 3aHUMAeT OJiuH TakT (TabJiuia

3.1).

clock num. |cl|c2|c3|cd|cdH|c6|cT|c8|cI|cll
fetch 11 12
decode 11 12
source addr. 11 12
load 11
execute 11
dest. addr. 11

save 11

Tabsuta 3.1. IlocaegoBaTebHOCTE JEHCTBUI Tpexa pecHoil Malnibl (hOH
Heiimana

[Tpu oObIYHOM MTOPsAJIKE BBITTOJHEHUS HHCTPYKIINN Ha KaXK Il 9TAIl yXO-
JAT HEKOTOPOE BpeMs, a YCTPOUCTBa, Peajm3yolue KarK/bli [ar B 3TOU
MOCJIEJIOBATEILHOCTH, OOJIBINTYIO YaCTh BpeMeHu cTodaT. OCHOBHOI ueeii KOH-
Beiiepa sIBJIeTCs TaKasl OpraHu3alis BhIMOJJIHEHUS IT0OTOKA NHCTPYKIIUNA, TIPA
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KOTOPOIl yCTpO#iCTBa HE IIPOCTAUBAIOT, & BBIIIOJIHAIOT CBOIO YacTh 00pabOTKH
caeyIomeil HHCTPYKIMU, He JIOXKHUJAsCh BBINOJHEeHUs mnpeabiayieir. Cka-
3aHHOE MOXKHO MPOUJLTIOCTPUPOBATE Cjiejiytoreii cxemoit (Tabmura 3.2).

clock num. | ¢l |c2|c3|cd|ch|cb|cT|c8|c9|cll
prefetch | i1 |12 |13 |14 |15 |16 |17 | 18 | 19 | 110
fetch 11 12 13|14 |15 |16 |17 [ 18 | 19
decode 1 11 |12 |13 14|15 |16 |17 | 18
decode 2 11 (12 [ 13 |14 | 15 | 16 | 17
execute 11 12 13|14 |15 | 16
writeback i1 (12 [ 13| 14| 15

Tabummna 3.2. Henounciennbit kouseiiep Pentium MMX

B 9T0it cxeme npeamnosaraeTcs, 9To KaXKIblil 3Tall BHITOJHEHUS HHCTPYK-
I[MM BBITTOJIHSAETCS 38 OJUH TaKT MPOIIECCOPa, U MHCTPYKIIMU TPEOYIOT OfnHa-
KOBOI'O YKCJIa ATAIIOB BbiIOJHEHUsA. [Ipenmyiiecrsa odeBuiHbI, 38 OJIMH TaKT
BBITIOJTHAIOTCA deTbIpe MHCTPYKNuu. Ho Ha myTu peanumsainuyd 3TOH CXEMBbI
BO3HUKAET MHOI'O HPEIATCTBUIA.

3aBUCUMOCTD MO JJAHHBIM. PaccMoTpum pparMeHT nporpaMmMHOro Kojia

1) mov 3 17
2) 1d 18 (r3)
3) add r3 r3
4) 1d 19 (r3)

5) sub 19 18.

[ToHsITHO, YTO MHCTPYKIMs 2 HE MOXKET ObITh BBINIOJIHEHA, IIOKa He Oy-
JIeT BBITIOJIHEHA WHCTPYKIWst 1 (He 3arpyrKeH ajpec), MHCTPYKIMIO 3 HeJIb3si
BBIITOJIHUTH BMECTE C MHCTPYKIMeH 2, T. K. MOAUMUIIUDPYETCs I3, KOTOPIii
HY>KEH MHCTPYKIHUK 2, U T. JI. DTa CUTYalUs HA3bIBACTCs 3aBUCUMOCTBIO 110
sganabiM. Cama 110 cebe oHa Henmsz0exKHa, HO i (PYHKIMOHUPOBAHKUS KOH-
Beliepa KOHEUHOI IyIyOMHBI U He TpeOyercs eé yCTPaHATDb IIOJHOCTHIO, HY K-
HO TOJIBKO CJIeJIaTh HE3aBUCUMbIMU HECKOJIBKO OJIMKANIIINX MHCTPYKITUI J1JIsT
1oJ1JIeprKaimsl KoHBeiiepa. Bee 3aBUCMMOCTH 110 JIaHHBIM, (DOPMAJILHO SABJISI-
IOIIMECsT IPENsATCTBIEM JiJIsi paboThl KOHBeiepa, paciajalTces Ha 4 Tuma:

1) RAW (read after write) — urenue mocse 3anucu;
2) RAR (read after read) — urenne mocse arenmus;

3) WAW (write after write) — 3anucrb nocsie sanucu;
4) WAR (write after read) — 3anuce nocie drenmust.
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RAR — dakruueckn ne ssisercs 3apucuMmoctbio. WAW u WAR mpo-
HCXOIAT OT OeJIHOCTH — CJIeAYIONasi MHCTPYKIMST He 00sI3aTeIbHO JOJIKHA,
HUCAThL Ty/aa »Ke, KyJa MHrcaja, WIA YATATh TO, UTO YUTAJa IIPEIbIIyINasi
UHCTPYKITHSI.

IlepenmeHoBaHMEe PErucTPOB. IJTU 3aBUCUMOCTH YCTPAHSIOTCS IIPO-
CTBIM (eCTECTBEHHO TOJIBKO Ha CJIOBAX) MPUEMOM, KOTOPBIl HA3BIBACTCS Iie-
peumMeHoBaHue peructpoB. st 9TOi 1esm MOXKHO, HAIPUMEDP, Pa3JiMdaTh
usnueckne perucTpol u jorudeckue, u B curyanusasx WAW um WAR rne-
JIaTh COOTBETCTBYIOILYIO 3aMEHy B MHCTPYKINK. EcrecTBeHHO, HEOOXOMMMO
UMeTh MeXaHU3M, BOCCTAHABJMBAIOIINI NMpaBUIbHBIN MOpsaoK. Heobxomu-
MBIM 3JIEMEHTOM 9TOI0 MEeXaHU3Ma, sBJIeTCs TabJInIa MCeBJOHMMOB — alias
table. CymecrByeT HeCKOJBbKO BapMaHTOB peaju3alny 3Toit ujaen. Ejann-
CTBEHHOH NPUHIMIKAJIBHON 3aBucuMOCThiO gBjsterca RAW. Wnest pemmennst
9TO# POOJIEMBI COCTOUT B TOM, 4T00bI, 00x0151 cutyaiiuu WAW n WAR) nie-
PEYIOPSIOYUTh UHCTPYKIMKE TaK, UTOObI OTOJBUHYTDH BBIIOJHEHHE BTOPOi
u3 wHCTpyKIwit, Haxomsmuxcss B RAW-3aBucumocru wa «be3omacHoe pac-
CTOsIHHE», T. €. HA MOMEHT BPEMEHH, KOI'JIa YMTAeMblil omepaH 1 OyJIeT TOTOB.
Yr0o0bl UMETh BO3MOYKHOCTH MEPEYIOPsI0YUBATH UHCTPYKIINN, TPOIECCOPY
HEOOXO/IMMO <«BHUJIETH» XOTSA Obl HECKOJILKO OIMXKAUIINX MHCTPYKIUH. DTa
00J1aCTh TTPOrPAMMHOI0 KO/ Ha3bIBAETCSI «OKHOM MPOCMOTPay, (PU3UIECKN
OKHO 1TpocMoTpa peasusyercs B Oydepe nepeynopsijodenust (ReOrder Buffer
- ROB). Ilporeccopsl, comepxariue u30bITOK PETHCTPOB U CAMOCTOSITEHHO
HePEeyHOPsIOYUBAIOIINE [TOTOK MHCTPYKIU, HA3BIBAIOT CYIePCKAJISIPHBIMA.
DTa UACOJIOrU JIEXKUT B ocHoBe [A-32.

VLIW-tiponieccopbl. 3ajiady mepeynopsiloueHns WHCTPYKIUH MOXKHO
BOZJIOXKUTH KaK Ha LPOLECCOP, TaK M Ha KOMIMJISTOp. B nocsiemnem ciy-
Jqae MOTEHIHAJBLHO OKHOM IPOCMOTpa MOXKeT ObITh Bech Koj. Ilporec-
COPbI, OPMEHTUPOBAHHbIE Ha, STOT 110jx0J1, HasdbiBaoT VLIW-tporeccopsr
(VLIW — very long instructive word). B asrom ciyuae B wmammuHOM
KOJIE COJIEPXKATCS MHCTPYKIMU JUUIs KaxkJI0M0 M3 HapaJsliesbHo paboraro-
IMUX YCTPOHCTB, a B IMPOIECCOpe HET HUKAKUX YCTPOMCTB JJIsl HepeyIo-
psjgouenns. VLIW-nporeccopamu sipisiiorest [tanium 2 (Intel), Trimedia
(Philips), Crusoe (Transmeta), muorosiepubie nponeccopbt TILE64, TILE-
Gx (Tilera), poccuiickue Dubbpyc 2000, Dasdpyc S (MLCT).

BerBsienusi. Berniienns (ycsioBHbIe 1epexojibl) Tak»Ke MpeCTaBIIsioT co-
6oil ImpersTeTBre Jjisi KOHBEHEepHOro BBLIIOJHEHUs Koja. B aToM ciydae oT
PE3yJIbTATa BHIYUCICHUI 3aBUCUT, KaKOil 13 (pparMenToB Koja Oy1eT BhIIOJI-
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HSATHCS, 1, €CTECTBEHHO, HEOOXOIMMO JIOXKIAThCsI, KOTJIa 3TOT Pe3yJIbTaT «II0-
crieery — onstTh npoctoit (stall). O6braHO MOCTYHAIOT CJIeyONUM 00pa30M,
IIPU [IEPBOM ITPOXOXKJICHUU BETBJEHUS MTPEJINOJIATAETCA, YTO:

® 0Oe3yCJIOBHBII IIePEXO0/], BLIIOJJIHSIETCS,
® YCJIOBHBII IIepexo/l BIIEpe]] He BBITOJIHAECTC,

L] YCHOBHbeI Inepexo/ Ha3a/J BBIIIOJHACTCA.

Hajiee periennst NpUHUMAIOTCHA HA OCHOBAHUM CTATUCTUKKM PE3YJLTATOB
IPOXOXKJICHUS TOYKK BETBJICHUsI. DTY UJICIO Pean3yeT TaK Ha3bIBAeMblii Oy-
dep npejickasanust Bersiennii (BTB — branch target buffer), koropsiit mom-
HUT BXOXKJICHUs B BETBJICHUs U IPUHATHIC P 3TOM pellenns. Kaxkoe ce-
JIyIOIIee peleHre NPpUHUMAeTCs Ha, OCHOBAHUN CTATUCTUKY 110 IIPEJILILY UM
PEIICHUSIM.

Ilepeynopsaaodenune. Ilepeynopsijiouenne peajgu3yercs HPHU  TOMOIIK
YCTPORCTBA, KOTOpOE MMeeT HEeCKOJILKO Ha3BaHWii: CTAHIUS pPe3epBaIlin
(reservation station), 6ydep mepeynopsigodenust (reorder buffer — ROB),
1yJi uHeTpyKimii (instruction pool), ecrb u apyrue Hazsanus. VHcrpyKimu
B BHUJIE 3allACEil ompee/eHHol cTpyKTyphl 3arpyxKatorcs B ROB, n mo me-
pe IPOXOXKIEHUs ITAIIOB KOHBeilepHoit 0OpaboTku “obpacraior” OTMETKaMM.
[Tocsie roTOBHOCTH K UCIOJHEHUIO OHU MOCTYIIAIOT HA, OJHO U3 UCIOJHATE b
HbIx yerpoiicrs (AJIY) u nocsie BHIIOJHEHUsT OTMEYalOTCst KaK BbIMOJTHEHHbIE.
Takum 0Opa3oM, MOPSIIOK UCIOTHEHUSI OIPEIesseTcsl He MPOTPAMMHBIM KO-
JIOM, & TOTOBHOCTBIO WHCTPYKIINK K UCHOJHEHWIO. Tako# CTUIIbL NCITOTHEHUST
Ha3bIBAETCs BHEYHOpsijiouennbim (out of order). He caiestyer nyrars ¢ neyiio-
PSAIOYEHHBIM KCIoHeHneM. [lepeynopsiouenne — 9To riaBHbI HHCTPYMEHT,
[IPU IIOMOIIM KOTOPOI'O MOJJIEPKUBACTCS KOHBEReP.

3.3. IIponeccopnr 1A-32 u Intel 64

Mur Oygmem obcyxparh y3ibl [A-32 mporeccopa W CBSI3U MEXKJIy HUMHI
TOJIBKO C TOUKHU 3PEHUsI PeaU3aIiui CylepCKAJISIPHONl apXUTEKTYPhl, OTBJIe-
KasiCh OT TaKUX TOJIPOOHOCTEN, KaK HaJMYKMe U MapaMeTpbl TONO WM WHOT'O
YCTPOICTBA ¥ KOHKpeTHO# Mozeau. [ToaTomy obcy)maeMble CXeMbl COOTBET-
CTBYIOT BceM HoBeiimuM Intel-mporieccopam, a BO3MOXKHO, U HE OJIHOMY U3
HUX. YT0Obl BHECTH XOTh KaKyIO-TO OIPEJICJEHHOCTh, CKayKeM, 4TO BCE, O
yeM FOBOPHUTCS HUKE, OTHOCUTCS K IIporieccopaM crapiie Pentium Pro. 9ror
nporeccop B psiiy usgenuii bupmbl Intel 61 «raKuM yreHKOM» (CTPAITHO
JIoporoii, paboraoruit Xy»Ke mnepBbix Pentium nHa 16-paspsiIHbIX HPUIIOMKE-
HUSIX), HO MMEHHO OH OTKpbIBaer cemeiicrBo P6 u B cBoeil crpykrype co-
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JepkuT npakrtudecku see asnemenTs! PII, PIII u PIV. Quementsl, npucymue
cambiM crapiinm Mogessiv (PIV u gasiee), Oyiyt ormedarsbes 0cobo.
Haubosiee mogpobHO MBI OIHUIIIEM apXUTEKTypy ceMeiicTBa P6, BKrouaB-
mrero B cebst Pentium Pro, Pentium II, Pentium IT Xeon, Celeron, Pentium II1
u Pentium III Xeon. K coxaJsienuio, nosjgnee koprnopanus Intel npexkparuia,
MyOJIUKAIIMIO CTOJIb MOJPOOHBIX JIOKYMEHTOB. B camom rpybom mpuOsmxke-

HUM CTPYKTYPY HPOIECCOPA MOXKHO HPEJCTABUTH CJIEYIONM 00pa3oM (CM.
puc. 3.2).

System bus
< >

ﬂ t‘ Frequently used

Bus unit

0

L2 cache sway |4up|Ll cache sway

II,U, Less frequently used

Front end .“, 1t
Exec.Instr.Cache Out-of-order
Fetch/Decode — Microcode ROM, - execution core
Unit Instr. Pool. Dispatch/Execute
Reorder Buffer Unit

f {

BranchTarget Retirement
Buffer/Branch C— :

Branch Unit
history
update

Prediction

Puc. 3.2. Crpykrypa nporeccopos cemeiicta P6

DTa cxeMa He OTParKaeT MOJHOCTbIO YCTPOKCTBa, BXOJISAIINE B IIPOIIECCOD,
HO 1103BOJIACT HAlJIAJHO HPEJACTABUTh ITOTOKU UHCTPYKIUN U JJAHHBIX.

[ToToK MHCTPYKIMi BLIOMPAETCSA U3 K3IIa MHCTPYKINHA, TeKOIUPYETCs 1
HATIPABJISETCS B 1IyJl MHCTPYKIWi. V3 mysia MHCTPYKIUK MOTYT BHIOMPATHCS
B TOM IIOPsiJIKE, KOTOPbII obeciiednBaeT napaJiiejibHoe (pyHKIMOHUPOBAHKE
UCIIOJHATENBHBIX YCTPOHCTB. BhImoHeHne UHCTPYKIMHI TaK WM WHAYe CBO-
JIATCA K YTEHUIO JIAHHDBIX U3 KII11a U 3alIUCU PE3YJIbTATOB BbIIIOJHEHHbIX Olle-
panuit B k311, Coobpa3HO ¢ 3TOi JIOTHIECKON CXeMO# Mbl MOYKEM BbIJICJIUTD
B cOoCTaBe Mpoleccopa ClaeAyllye yCTpoicTBa:

e nojcucremy namsitu (Memory subsystem);

e ycrpoiicTBo BIOOPKH /iekoupoBanus (Fetch /decode unit);

o 1y uncrpykiuit (Instruction pool);

® UCIOJIHUTEIbHO-pacTpeeanTesbaoe  yerpoiicrso  (Dispatch /execute
unit);

e 3agepinaioiiee ycrpoiicrso (Retire unit).
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IToncucrema namsaru(Memory Subsystem). Ilogcucrema namsru co-
JIEPIKUT:

e cucremuyto mmHy (system bus),

e ko111 Broporo yposast (L2),

e HHbIA naTepdeiic (bus interface unit),

e ko1 uncrpykuuii (L1 instructions ),

e ko jannbix (L1 data),

e ycrpoiicTBo mHTepdeiica mamsaru (memory interface unit),

e Oydep mnepeynopsiiouenus obpaienuil Kk mamsara (memory reorder

buffer).

Cucremnasi muHa (PaKTUICCKM HAXOAUTCS 34 HpejesaMiu cOOCTBEHHO
IPOIECCOpa U ABJISETCs JIJIs MPOoIeccopa OMKANIIIM «BHEITHUM MUPOM».
Cucremnast mmna nporeccopa (host bus) — 910 uHbOpMaloHHast mMaru-
CTpaJib, KOTOPasi CBA3BIBAET IPOIECCOP C JIPYTUMHU IPOIECCOPAMU, KOTOPHIE
MOTYT MPHUCYTCTBOBATH B CHCTEME, MOCTOM, BEIYIIUM K yCTPOWCTBAM BBO-
JIa/BBIBOJIA U KIIAM BTOPOTO ypoBHsi. JacTora oOpalteHuii K K3Iry BTOPOro
YPOBHST B TPOIECCOPAX CTAPIUX MOJEIeH 3HATNTEIHHO BO3POCA MO CPaB-
HEHUIO C 4acTOTOM oOpallleHnit K ycTpoiicTBam BBO;La/ BbIBOJIa, U 1109TOMY B
orimane OT crapbix Pentium u emé 6osiee paHHUX MPOTIECCOPOB (CEMEHCTBO
P5), y koropbix unTepdeiic mnporeccopa Obll €JIUHBIM, B IE€PBLIX HPOIEC-
copax cemeiicrBa P6 mcnoJib3oBaJsiach TaK Ha3bIBaeMas JIBOHHAs He3aBUCH-
mast mmHa (Dual Independent Bus). Co Bcemu yerpoiicTtBaMu BBojIa,/ BbIBOIA
(BKJIIOUAsT OCHOBHYIO MAMSITh) CBSI3b OCYIIECTBIISIETCs depe3 (hacajHyo M-
ny (Front Side Bus), a ¢Bsi3b ¢ K3I1ieM BTOPOro ypoBHsi — 4epe3 BHY TPEHHIO0
muny (Local Bus). [Iponeccopbt 9rux spemen (Pentium II) usrorasiusasiuce
Ha IJIaTaxX BMecTe ¢ KaieM L2, KOoTopblii ObLJT BHEIIHUM U CEBEPHBIM MOCTOM.
Takasi opraHusalysi 1M03BOJIsl/Ia 3HATUTEIHHO PA3TPy3UTh BHEIIHIOK MINHY.
IToznnee B mpomeccopax Pentium III k31 BTporo ypoBHS mepekodeBas Ha
YU TTPOIECCOPa, a CEeBEPHBI MOCT BEPHYJICS Ha MATEPUHCKYIO ILJIaTYy, MPO-
IIECCOPbI CHOBA MPUODPENIH MPUBLIUHBINA (hopMpaKTOp.

CTpyKTypa cHCTEeMHOII MIMHBI IporeccopoB Intel HamoMmuHaer crpykTy-
py mmn pacimupenust (ISA; PCI), Ho nmeer 3HauuresbHo Godibiie JuHU 1
CYIIEeCTBEHHO OoJiee CJIOXKHBII mporokos. Ona, Kak u muHa PCI, opuentu-
pOBaHa Ha TPAH3AKIMHU (3alIPOC — MOATBEPKJICHUE) U HOJJICPKUBACT TTAKeT-
Hyto (6e3 reHepaln KaxkJoro ajpeca) nepejady JjaHnbix. Ilepenaua jan-
HBIX Ha CHCTEMHOI IMHE KOHBeliepu3oBaHa. Karkjas TpaH3aKIHdsg COCTOUT
13 HECKOJIbKUX (ha3: apbuTpark, 3aipoc, omndKa, 3aBepiieHne, OTBeT, JaH-
uble. B 9T0ii curyanunu, kax Mbl Bujeu paHee (KoHBeitep mporeccopos P5 u
P6), BosmoxkHa Takast opraHusalsi OOMeHa, Korja Ha KasKJIOM TakKTe MIHHbI
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Ha €€ JIMHUAX TPUCYTCTBYIOT Pa3iuvHble (pasbl COCEHUX TPpaH3aKIUH, 4TO
3HAYUTEJIBHO TOBBINIAET MPOU3BOJINTEIHHOCTD ITHHDI.

Bee curaanbl mporeccopa  OpraHu3ylOTCsS IMUHHBIM HHTEPdEeiRcHbIM
yerpoiicrBom (Bus Interface Unit). Yerpoiicrso unrepdeiica namsiti ojiHO-
BPEMEHHO sIBJISIETCS OJTHUM U3 UCIIOJTHUTETbHBIX YCTPOUCTB U MTpeIHaA3HAYCHO
JUIsT TeHepaIlii aJIpecoB (3anpockl K namsiti ). Bydep nepeynopsijouenus 06-
palleHuit K maMsiTi HpeHa3HAYEH JIJIsi OPraHU3alluy BbIIIOJIHEHUs 3aI1IPOCOB
K TTAMATH B IIepeynopsIO9eHHoi MOCae0BaTe/IbHOCTA. ITeHrs MOTYT TPO-
UCXOJIUTH HE B TOM MOCJIE/I0BATE/ILHOCTH, KOTOPast yKa3aHa B UCXOHOM KOJIE,
¥ TOTOBHOCTD JIAHHBIX K 3aIIUCH HACTYTIAeT BHE TIOPSIKA, YCTAHOBIEHHOTO KO-
noM. Bydep nojiepkuBaer npaBuiibHbINH TOPsI0K 3amnuceil (He3aBUCHMO OT
MOMEHTa TOTOBHOCTH ).

VerpoiictBo BeiGopku / qekoquposanus (Fetch/decode unit). B co-
CTaB yCTPOHCTBA BBHIOOPKH / JIEKOUPOBAHUSI BXOJISIT:

ycrpoiicTBo Bhibopku uucTpykimii (Instruction fetch unit),
oydep nanpasienuii Bersienust (branch target buffer),

[ ]

[ ]

e JieKoJiep mHCTpYyKIwil (instruction decoder),

® TeHEpaTOp MOCJeI0BATeIbHOCTE MUKPOKO/a (microcode sequencer),
[ ]

TabJIMIA TICEeBJIOHNMOB perucTpoB (register alias table).

st nojiep:kanus padboTaroIero Koupeiepa He0OX0UMO, YTOObI BCETr ia
MUMEJICS 3alTac «TOTOBBIX K YIOTPEOJIEHNIO» WHCTPYKIWIA, W3 KOTOPHIX MO-
I'YT BBIOMpATHCA Te, KOTOpble MOIYT ObITH HcHoJHeHbI. [lommep:Kanue my-
Jla, WHCTPYKIMI sIBJIsieTcs 3aJiadeil, KOTOPYIO pelraer yCTPONCTBO BbhIOOD-
KH / IEKOJIUPOBaHUst. B 9TOM yCTPO#CTBE MPOUCKOUT MPEBPAIIEHTE TOTOKA
KOJIOB M3 KOJIOBOTO CETMEHTa B TIOCIIE0BATEIHLHOCTH MUKPOOTIepalinii (1ops).
Mukpoorieparuu npejcTaBsioT co00i TPUMUTUBHBIE JBYXaIPECHBIE Olepa-
nuu (op destination source). COBOKYITHOCTb 9TUX MUKPOOIEPAIUii siBJIsieT-
Cs1 ICTUHHBIM HAOOPOM HMHCTPYKIUH, BBIIOJHSIEMBIX IIPOIECCOPOM, U HA3bI-
Baercs RISC-anpom mnporeccopos x86. B komangax crangapTHOro HaboOpa
MHCTPYKIMI nMeeTcst OOJIBITIOe KOJMIECTBO HESTBHBIX JIEHCTBUI Mporeccopa,
CBSI3AHHBIX, HAIIPUMEDP, C BBIYUCICHUEM aJIpEeCOB, CJOXKHBIMU CTPOKOBBIMU
MHCTPYKIMSIMU, BhluncjaenneMm GyHKIui u T. J. VHorma KoanaecTBo MUKPO-
oriepalinii, HeoOXOMMOe JIJIsl peau3alui OJHOM CTaHIaPTHON UHCTPYKIIUH,
JIOCTUTAET HECKOJIbKUX JIeCATKOB. Bee cranjgapTHble HHCTPYKIME IIPOIECCO-
pa paciajlalorcs Ha JIBe IPYIIIIbI:

e mpoctbie (1 — 4 Mukpoonepanumu),
e cioxHubie (bosiee 4 MUKpoonepaliuii).

B 3aBuCHMOCTH OT TPUHAJIEZKHOCTH K OJHON U3 9THX T'PYII JEKOIIPO-
BaHUE [IPOU3BOIUTCS PA3IUIHBIMU CIIOCOOAMMU:
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® [IPOCTBIE HHCTPYKIWU 0OpabarbiBatoTes jekogepom (decoder) mo ompe-
JICJIEHHBIM [TPABUJIAM;

® CJIOKHBIC WHCTPYKITUU 3aMEHSIIOTCS TOTOBBIMHU TMOCJIEIOBATEIHHOCTSI-
Mu MuKpoonepanuii, xpausinamucs B [I3Y (wim ILJIM) reneparopa
TOCJTeIOBATEIBHOCTEH MIKPOKO/a (microcode sequencer).

Bribopka WHCTPYKIUI MPOUCXOIUT CJEAYIONUM 00pa3oM. YCTPOHCTBO
BBHIOOPKM 32 OJIMH TaKT YUTAET CTPOKY K3IIa MHCTPYKIuiA (32 Gaiira), npo-
CMaTpPUBAET ajipeca, (PUrypupyrorye B Heil, MeTUT HAdaJI0 U KOHel HHCTPYK-
1uit B rnepBbix 16 Oafitax 9TOil CTPOKU U HEPEJACT ITY I'PYIIy UHCTPYKIIU
B JICKOJIep. YCTPOMCTBO BBIOOPKM TaK:Ke BBIUMC/SAET 3HAUCHHWE YyKasaTesis
uncerpykin (Next IP), ocHoBbiBasick Ha nrdopmarmu 6ydepa Hampasie-
HUI BETBJIEHUS, COCTOSTHNSA MTPEPBIBAHUS PN UCIIOJHEHUN W OJTHOTO U3 TIEJI0-
guciaenabix AJIY B ciaydae mpomaxa mpejcKasanusi BerTBiaenusi. Hanbosee
BaXKHbIM 3JIEMEHTOM 3TOI'0 IPOILECCa SIBJISIETCS 1PEJICKa3aHue BeTBJIEHU.
YeTpoicTBO TpeiBapUTETbHON BBIOOPKU arpecCUBHO BBIJUPAET U3 HMCXOJ-
HOT'O KOJIa HEBETBIILYIOCS MTOC/IEI0BATEIbHOCTh UHCTPYKITUE, 3all0MUHAsT Te
MeCTa, IJIe MOYKeT MPOU30iTH BeTBIeHne B Oydepe HalpaB/IeHnil BETBJICHHU .
Bydep xpauut 512 3arnuceii, cOCTOSAINMX U3 aJ[PECOB BETBJICHUN U 4eThIPEX
OWTOB MPEJLICTOPUN TTPOXOXKJICHUsT JTAHHOTO BETBJICHUS 32 YeThIPE TTOCTE]T-
HUX Tipoxojia. Ha ocHoBaHuum 370l MHMOPMAIIMU MPUHUMAETCS peleHne O
ToM, Oyjier uiiv He OyJleT BeTB/IeHne Ha, JlaHHOM 11are. bazosble 1pasuiia, 110
KOTOPBIM TPUHUMAETCs Pellenne TPU MepBOM BXOXKJIEHUU B TOUKY BETBJIE-
HUs, CJIejyIolIue:

e 0Oe3yCJIOBHBII IIePeXoJl BCEria BIIIOJIHSICTCS;
® BeTBJIEHWE Ha3a/l BHITTOJIHACTCS,;

® BeTBJIEeHME BlIEePE/| HE BBLIIIOJIHACTCL.

YCTpPORCTBO JTEKOJUPOBAHUS COJEPXKUAT TPH MapasljieIbHBIX JIEKOJepa —
JIBa JIJIst IIPOCTBIX MHCTPYKIKUA 1 OJUH JIJIsi CJIOXKHBIX MHCTPYKuumit. [Tocse-
HUil IIPOCTO BBIIAET ajipec caoxkHoit nucTpykiuu B [I3Y reneparopa mocie-
JoBaresibHOCTEe MUKpOKojia (microcode sequencer). 3a oJiH TakT yCTPOi-
CTBO JICKOJINPOBAHKsST MOYXKET BBIJATH JIO MIECTH MUKpooIeparuil (mo oHoil
¢ KaXkJIoro JieKojepa MPOCThIX WHCTPYKIWH W 9eThipe ¢ JeKoJepa CIOKHBIX
wHCTpYKIwit). Jls yerpanenust 3aBucuMocTeii o JaHHbIM JIEKONPOBAHHbBIE
UHCTPYKIIUM TIPOXOJIAT IepeuMeHOBaHUe PErUCTPOB, KOTOPOE 3alIOMUHAETCS
B Tabsmie 1nceBgoHnuMoB. st paKTHUeCKOro MCIOJHEHUST KOMaH/I IIPOIEeC-
copnl cemeiicrBa, P6 MoryT npejioctaButh 40 peructpon. B pedysnbraTe Beex
JefCcTBUl yCTPOUCTBA BbI60pKI/I/ JIEKOJIUPOBaHUs BO3HUKaET IIOTOK MUKPO-
orepalnnii B nmopsijake, (PUKCUPOBAHHOM MCXOIHBIM KOJIOM, HO HEBETBAIIMICS
1 0e3 3aBUCUMOCTEIl 110 JJAHHBIM.
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IIyn wmuacTpykumit (Instruction pool). I[lyn wuxcTpykuumit xpanutcs
u obpabarbiBaercss B Oydepe nepeynopsjouenus unerpykimii (ROB —
ReOrder Buffer). B HoBbIX MOKyMeHTax 9TO yCTPOKCTBO MOJYUIHIIO JBa HO-
BhIXx HaszBahus Execution Instruction Cache wim Microcode ROM (ks
WCTIOJIHSIEMBIX WHCTPYKIUH WM TMaMsATh MUKPOKOJoB). Ilepeymopsiiote-
HUe [POMCXOMUT cJejayionmm  obpasom. Ilyn wuCeTpykimii (kak Obl OH
HU Ha3bIBAJICs) CKaHUPyeTCst (IPOCMATPUBACTCs) CTAHIMER pesepBalyuu
13 MCIIOJHUTEIbHO-DACIIPEICTUTEILHOTO yeTpoiicTBa. OHO (MCIIOHUTETBHO-
PACIPE/ICUTEHLHOE YCTPOHCTBO) BhIOMpAET Teé M3 MHCTPYKIHUii, KOTOpPbIE
MOTYT OBITH BBITIOJHEHBI TOJHOCTBIO WJIM CIEKYJSITUBHO, €CJIU He XBATaeT
OJIHOTO onepaia, u ornpasisiercs (dispatch) B ofHO U3 MCHONIHUTEIBLHBIX
yerpoiicTB. [loce BBITIOJIHEHNST THCTPYKITHS METUTCS KaK TOJ{HAsd B OTCTaBKY
(retire). C Apyroit CTOPOHBI, Y1 MHCTPYKIINH CKAHUPYETCST YCTPOHNCTBOM 3a-
Bepiienus (retirement unit), KOTOpPoe Pas3bICKUBAECT BbIIIOJHEHHbBIE HHCTPY K-
ITIU, BOCCTAHABIUBAET JIOTHUYECKNE UMeHa PETHCTPOB M METUT BLITIOJTHEHHBIE
WHCTPYKIMU KaK HErOJHbIE, TEM CAMbIM Y/AJIsis UX U3 I1yJia.

UcnonuurenbHo-pacnpeaenureiabHoe ycrpoiictBo (Dispatch/
execute unit). B ycrpoiicTBo BXOMIST:

e craHius peseppaiu (reservation station);

e IeJI0UNCeHHbIe yeTpoiicTBa (integer units);

e ycTpoiicTBa JIJIs duces ¢ maBaorieii Toukoii (floating-point units);
e ycrpoiicrBa renepannu ajpecos (address generation units);

[ ]

B CTApUIMX MOJEJISIX 9TU YyCTPOHCTBA JONOJHEHbI yerpoiicrBom SSE
(Streaming SIMD Extension).

OyHKIWUKW JIAHUPOBAHUST W PACTPeesieHns WHCTPYKIMH 10 MCIOJIH-
TEJIbHBIM YCTPOMCTBAM BBIIOJIHSIET CTAHIMS Pe3ePBAIMU, OHA HEIPEPbIBHO
CKaHUPYET IIyJl HHCTPYKIU, BbIOUpas Te U3 HUX, KOTOPbIe TOTOBbI K BbIIIOJI-
HEHUIO, U HAlIPaBJisisl UX Ha UCIHOJIHEHUE B COOTBETCTBYIONIEE UCIOJIHUTE) b
Hoe ycrpoiictBo. JBa menounciaenabix AJIY MOIyT BLIMOJHATEL JIBE MHKPO-
oriepaliy OJJHOBPEMEHHO, OJIHO U3 ITUX YCTPONCTB MOXKET BbIINOJIHATEL BET-
Balecss Mukpoorepaiuu. [lociennee MoXkeT 0OHAPYKUBATH HEIPABUJILHBIE
1peJiCKa3aHus BETBJIEHUH 1 coo0IATh 00 omoKe 1pejickaszanns B Oydep Ha-
IpaBJIeHNs BETBJICHUI /17151 Tepe3arpy3Ku Konpeiiepa. O0HapyKeHne ommnboK
IPOMCXOJIUT CJeytonuM obpazom. Kazkias BeTBsAIasgcad MHCTPYKINUA «Me-
TUTCS» JIByMsl ajipecaMy 1epexojia — lpejcka3aiibiM 1 orOpoiienubiM. [Ipu
BBLIIIOJTHEHUN 9TOH MHCTPYKIUH Tesounciaernnoe AJIY ompenenser, kakoe n3
HalpaBJjeHuil BbiOpaHo. Ecjin BbIOpaHO IpejicKa3aHHOe HallPaBJICHUE, TO BCE
CIIEKYJISITUBHO BBINOJHEHHBIE MHCTPYKIMKE METSTCS KaK TOJIHbIE, U BbLIIIOJ-
HeHue Tnpojlo/ikaercst. e BhibOpaHHOE HallpaBJieHUe HEelPaBUJIbHO, TO BCE
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WHCTPYKITUU TIOCJI€ BETBJIEHUSI METSTCS KaK HErojHble W TeM CaMbIM Y/ia-
Jisitorest u3 iydaa. Jajiee B Oydep HalpaBjieHust BETBJIEHUS COOOIAETCs T1pa-
BUJIBHBIH aJIpec BETBJIEHUs U HAUNHAETCsT BHIOOPKA MHCTPYKITUI ¢ HOBOTO a/1-
peca. YCTPOMCTBO reHepaliiy aJipecoB BhITIOJIHAET MUKPOOTIEPAINN 3aIPy3KH
U coXpaHeHusI. BhlnmoiHenne 3arpy3kKu TpedyeT TOJBKO ajapeca B MaMsTH, TO-
9TOMY OHO KOJIUPYETCst OJIHO¥ MUKpOOIepaIueil, mpu coxpaHeHun TpedyroTcst
aJIpec u JIAHHbBIE, TO3ITOMY OHO KOJIMPYETCs JIBYMsI MUKpoonepalinsiMu. Kax-
jgoe u3 AJIY maBarmomux Unuces BBIIOJIHSET BCE OMEPAldU C IJIABAIOIUME
qucjgaMu. [Ipu 1mepek/IiodeHnn mporeccopa B PeXKUM BbIOJHEHNUsS] KOMaH,|
MMX st AJIY nepekondurypupyoTcs 1 HAUMHAIOT BLIIOJHATL HAOOD HH-
crpykiuit MMX. Oyukmun SSE — yerpoiicTsa OyyT paccMaTpuBaThCs OT-
JIEJTHHO.

VYerpoiictBo 3aBepmenns (Retirement Unit).  Verpoiicrso 3aBepiiie-
HUSI BOCCTAHABJIMBACT JJOTMICCKUE MMEHA PETUCTPOB U yIAJIACT UHCTPY KUK
u3 nysa. 110J06H0 craHIuu pe3epBaliil yCTPORCTBO 3aBepIICHNs CKAHUPYeT
IIyJl MHCTPYKIIUiL, OTBICKUBAS T€ U3 HUX, KOTOPLIC BLINOJHEHBI U HE COIEp-
yKaT 3aBrcnMocTeit o JanabiM. OHO 3aBepiiaeT BhIMOJHEHNE WHCTPY KU 1
yAaJisieT X B HOPsIKe, ONPeIesseMOM UCXOAHBIM KOJOM, YINTLIBAS MPEPhI-
BaHHHsIﬂHUHOquHHJTOqKM:OCTaHOBa,H(HHH6KH:HpeﬂCKa3aHHH:BeTBﬂeHHﬁ.

System bus
< )

0

Bus unit

ﬂ t‘ Frequently used

L3 cache

0

L2 cache sway <) L1l cache 4way

Illl Less frequently used

Front end lL 1
Fetch/Decode Trace cache Out-of-order
Unit = microcode ’ execution core
ROM
VY
[
BranchTarget Retirement
Buffer/Branch C— Unit
Prediction BFanCh
history
update

Puc. 3.3. Crpykrypa mnporeccopoB ¢ apxurekrypoit “Intel NetBurst
(©Microarchitecture”

B nanbreiimem Haunaasg ¢ 2000 roja MosBIsiioTCs mporeccopbl Pentium
IV u Xeon ¢ apxurekrypoit “Intel NetBurst (¢)Microarchitecture.” B 2004 n
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2006 romax nosiBysttorest Pentium M u Core Duo ¢ apxurekTypoit Pentium M
u wakoner B 2008 rouy cepusi nporeccopon Intel Atom, Ha KOTOPBIX 3aKaH-
quBaercsa [A-32. 64-pazpsanblie nporeccopbl nossistiores ¢ 2004 roga. 1o
Xeon (NetBurst), Pentium IV Extreme Edition (NetBurst, Hyper-Threading
Technology) u mgaJsiee npojoskaercs cepusi 64-paspsiIHBIX TPOIECCOPOB C ap-
xurekTypoit “Intel NetBurst (¢)Microarchitecture.”

CTpyKTypa MpoIeccopoB ¢ TaKO# apXUTEKTypoil n300paskaercs B JIOKY-
menTax Intel cienyommnm obpasom (prcynok 3.3). Ilpu cpaBrernm co cTpyK-
Typoit 1poieccopos P6 1pexjie Bcero BujiHO nosiBjieHue kama L3, a 3J10-
CYACTHBIN KBaJIpATHUK, KOTOPBIH MMeEJ MPeXKJe YeThipe Ha3BAHUA, TOJTY TN
nsitoe — Trace cache microcode ROM. Ho B onucannsix mpuBoJisisiTCsi OU€Hb
ybeuTesibabIe TpenMytiecTsa nepej; P6. [ToMmuMo paboThl TeIOUNCTIEHHBIX
AJIY na yapoennoit qacrore, riryboKo# KOHBeiepr3aIi, TAKOTO KOJIMIeCTRa,
AJIY pasubpIx THIIOB, KOTOPOE CIIOCOOHO BBIMTOJIHUTDL 0 126 MHCTpYKIHMil 34
TaKT, cjejiaTh Jio 48 3arpy30k u j0 24 coXpaHeHWil 3a TaKT, 3HAUNTEJIb-
HO COKPAIIEHHBIX ITOTEPbh BPEMEHH I[PK OIMMOKAX B IPEJICKA3aHUK BETBJIC-
Huil orMeudaeTcs, 9To Trace cache microcode ROM xpaHHUT JieKOIupOBaHbIE
dparmeHThl KOJIA.

Paccmorpenwue JabHeHIIIero pa3sBuTrs apXuTEKTYPhI IPOIECCOPOB BBIXO-
JIAT 32 TPEJIEIbl HACTOAIIET0 Kypca, TOCKOJbKY OHO TOILIO MO My TH CO3/1a-
HUS MHOTOIPOIIECCOPHBIX CUCTEM Ha, Ha ojHOM dune. CHava a 3TO JIeJIaJ0Ch
MyTeM CO3/IaHUST JIOTHIECKUX TTPOIECCOPOB M3 HabOpPa, MCIOJHUTETHLHON arl-
mapatypbl (AJIY pasHbIx THIIOB), a jajiee COBEPIIEHCTBOBAHNE TEXHOJOTUH
MO3BOJIUJIO pa3MelaTh Ha OJIHOM YHhIle HECKOJbKO (DU3UIECKH OTJETbHBIX
IIPOIIECCOPOB, KOTOPbIE 00'bEMHEHBI TOJLKO OOJIbIIMM K31eMm L3.

3.4. lIporpamMHasi MOJIeJIb IIpoIieccopa

HecMoTpst Ha TO 4TO 1POIECCOP B KOHEYHOM WUTOI'€ [PEJHA3HAYEH JIJist
BBIIIOJIHEHU IIPOTPAMMBI, JIAJIEKO HE BCE yCTPOMCTBA, BXOALAIIAE B HETO, MO-
I'yT yHPaBJIATHCSH KOMaHaMU 9TOM 1nporpamMmMbl. [IporpamMmucTty p0CTyIiHbI
TOJBLKO HEKOTOpble n3 HuX. [loaTomy s MHOTEX Teseil JocTaTouHo 3Ha-
HUsI TOJIBKO BUJUMBIX YCTPOWCTB, T. €. TaKUX, Ha paboTy KOTOPHIX MOYKHO
BJIMATH HEMOCPEICTBEHHO MTPY TIOMOIIH TTPOrpaMMHOTO Kojia. Ho jyis nHanbo-
Jiee TTOJTHOTO MCIIOJTH30BaHUsT BOZMOXKHOCTEN MpOoTeccopa HeOOXOMMO 3HATH
O CyllecTBOBaHUU U (PYHKIMOHUPOBAHUU HEKOTOPBIX «TEHEBbIX» YCTPONCTB,
KOTOpble HUKAK He YIIOMUHAIOTCS B HAOOpPE MHCTPYKIIUN TTPOIECcopa U KO-
Manjax accembiiepa. Huke onuchiBaroTCs ycTpoicTBa 1mpoieccopa, JoCTyI-
Hble TPOTPAMMHUCTY. B OCHOBHOM 3TO perucTpbl. MBI pacCcMOTPUM TPYTIIILI
PErucTpPOB, CBA3aHHbIE C HUMU THUIIbI JIAHHBIX W T'PYIIIbI UHCTPYKITUIA.
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YHuBepcaJbHbIE PEeTUCTPbI. Peructpsl obiero nazuadenusi. Bee pern-
CTPBI OOIIEr0 HA3HAYEHHUST MOI'YT HCIOJIB30BATHCSI 110 YCMOTPEHUIO TPOTrPaM-
mucTa. CIUCOK HHCTPYKITHI IPOIEccopa IOMYCKAeT YIacThe KayKI0r0 13 HIX
B JIIOOBIX ONEpalnsix HaJ| [MeJOUMCICHHBIMU TUIIAMK JaHHBIX, HO Y HEKOTO-
PBIX U3 9TUX PECUCTPOB MMEIOTCsl ONpejiesieHHble (DYHKINUA, KOTOPbIE OHU
BBITOJHSIOT 10 yMosdanuto (6e3 BejoMa MporpamMMmucTa). 9t QyHKIHMI
OTHOCSATCSI TJIABHBIM 00pa3oM K (GOPMUPOBAHUIO MCIOJHUTEILHOIO ajpeca
(wactu dusugeckoro ajgpeca). Perucrper A, B, C, D abcomorao ynusep-
caJibHbI ¥ HE BBINOJHSAIOT HUKAKUX (DYHKIMHA, KPOME SBHO OIMpPeesieMbIX
IPOrPAMMHBIM KOJIOM. DTH PErHCTPbI MOTIYT MOUYTH IPOU3BOJHHO HKCIOJb-
30BaThCS MPOrPaMMUCTOM st Bbhraucaeruit. erwipe perncrpa A, B, C, D
MOTYT Hcnosb3oBaThest st 8-paspsaubix (AH, AL, BH, BL, CH, CL, DH,
DL), 16-paspsinanix (AX, BX, CX, DX), 32-paspsagubix (EAX, EBX, ECX,
EDX) u 64-paspsinnbix (RAX, RBX, RCX, RDX) nepementbix.

Peructpor ESI u EDI (Source Index, Destination Index) rakxe moryr
MCITOJIHb30BATHCSI EJMKOM U YaCTsIMUA. DTH PErUCTPbI UCHOJIb3YIOTCA B CTPO-
KOBBIX MHCTDPYKIMsIX (CpaBHEHHE U CKAHUPDOBAHUE CTPOK OAiiToOB, CJIOB U
JIBOMHBIX CJIOB) JIsi YKa3aHWs TOJOXKEHUsT JEMEHTOB CTpoku. VX cojep-
KIMOE aBTOMATHIECKN HHKPEMEHTHPYETCsl WJIN JeKpeMeHnTupyercs. B 64-
pas3psiHbIX apxuTekTypax pacrupsores 1o RSI w RDI.

Perucrpor EBP u ESP (uiu ux muagimue yacru BP u SP) upejnasua-
qeHbl JUIs yKasaHus mosiokenus B creke (Stack Frame Base Pointer, Stack
Pointer). Eciin B nporpaMme nmerorcst 6osiee 0jiHOro BiioxkeHust (obparieHust
K TIOJIITPOrpaMMe U3 MOAMPOTPAMMBI), TO CTEK OKA3bIBACTCHA Pa3OUT Ha Kaji-
pbi (Frames), coorsercrByiomiume s1uM Biioxkenusiv. SP ykasbiBaer Ha Bep-
muHy Kajpa B creke (agpec SS:(E)SP). Beizsannast mporie/ypa, mpex;ie 1em
sarasikuarh (PUSH) B crek nepemennbie, npejHasHaueHHbIe JJIsT Mepe/ia-
9i BBI3BIBAOIIEH TporpaMMe (mepe/iadua MepeMeHHbIX Yepe3 CTeK ), KOMUPYeT
ESP B EBP, a npu Boinosinenun Kaxjoit koman il PUSH EBP asromaruue-
CKM MHKPEMEHTUPYETCsl, YKa3bIBasl, Kyjia MOMECTUTh CJIEYIONIYIO TepeMeH-
nyto. [Ipu BozBpare u3 nponeaypol ESP ykasbiBaeT Haua o Kajpa B CTEKe,
rJie XpaHsTcs pe3yJsibraTbl paboThl mnporeypbl, a EBP ykasbiBaer na koHery
sroro Kajpa. Ilpu Bomonnennn kaxkjoit komananl POP comepxumoe EBP
ABTOMATHYECKHN JIEKPeMeHTUPYeTCsi. B 64-pa3psiIHbIX apXUTEKTypax PacIii-

psrorest 1o RSP u RBP.

Ha pucynke 3.4 1mokasanbl Ha3BaHHbIC PEIMCTPLL ¥ UX PACIIMPEHUS, J0-
cTynHble B 64-paspsiJIHbIX apXUTEKTypax. PeajbHO BCEX 9TUX PErucTpOB B
nporeccope P6 Her, oHM CyHIECTBYIOT TOJILKO JIOIMYECKH, (DYHKIMNA KaxK JI0-
ro M3 HUX aBTOMATHYECKU Tepejatorcs ogromy u3 40 (a B Pentium 4 128)
PErucTPOB 00INEro Ha3HAYEHUS, COOTBETCTBUE YCTAHABIUBACTCS IIPU IIOMO-
1A TAOJIHILBI TICEBJIOHIMOB.
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63 31 15 7 016 bit 32 bit| 64 bit

AH | AL AX EAX RAX

BH | BL BX EBX RBX

CH | CL CX ECX RCX

DH | DL DX EDX RDX

EBP EBP RBP

ESI ESI RSI

EDI EDI RDI

ESP ESP RSP

R8 R8D R8
R9 R9D R9
R10 R10D R10
R11 R11D R11
R12 R12D R12
R13 R13D R13
R14 R14D R14
R15 R15D R15

Puc. 3.4. enouuncaennbie peructpbl 32- n 64-paspsigHbix mporeccopos Intel
(IITPUXOBO# JINHUEH BBIJICJIEHBI PETUCTPBI 32-Pa3psiIHBIX TTPOIECCOPOB)

Yka3zaTesb MHCTPYKITUU. Y Kazaresb uHCTpyKiuu KIP tipu BeinosHenun
KayK 10l KOMaH/ bl XPAHUT aJIpec CJIeIyIoNneil ”HCTPYKIMKA B KOJIOBOM CerMeH-
te (ajpec CS:EIP). B 32-paspsiyiibix mporieccopax ero pasmep 32 paspsija. B
64-paspsi/iHbIX 11poleccopax 3ToT peructp HasbiBaercs RIP u umeer pazmep
64 ouTa.

Peructp daaros. Perucrp ¢aros He sBjsiercss perucrpoM B OOBITHOM
HOHMMAHKHU ITOIO CJIOBA, HE CYIIECTBYET HU OJHON KOMAaHJIbl, KOTPas 3arpy-
»kajia Ol 3ToT peructp. EFLAGS — 3T0 COBOKYyIHOCTL OTHENbHBIX OUTOB,
KOTOPbIE MOXKHO Pa3JIeJINTh Ha:

® OUTBI COCTOSIHUS,
® OUTHI yIIPaBJICHUs,

® CUCTeMHbIC OUTHI.

Buthl cocrosinns — yKa3bIBAIOT COCTOSIHUE IMIPOIECCOPA MOCJE BLITOJIHE-
HUST 09ePEIHON MHCTPYKIUK. DT OUTHl HE MOI'YT MOAM(MUIMPOBATHCS, UC-
kouenne coctapiser CF, koropreiit uamensiercss unctpyknusamu STC u CLC
(set carry, clear carry), depes sror iar HHOT/IA BO3BpAIAETCsI 3HAUYEHUE Oy~
neBoit pynknun. V3 Haspannii, IpuBeIEHHBIX Ha PUCYHKE 3.5, HEIIOHSITHO Ha-
sHauenve Tosibko dutara AF (adjust flag). Dror duar ycranasnusaercs npu
ounepanusix ¢ BCD npu 3aéme ejuauipl u3 crapiiero paspsijia (pu Bbiaura-
nun). But ynpasnenus rospko oqun — DF (direction flag). Ilpu copomernnom
OuTe HAIPABJIEHUsT CTPOKOBBIE OTEPAIMU BBITTOJHSIIOTCS B HAIIPABJICHUU BO3-
pacTaoINX aJIpecoB, a IIPHU YCTAHOBJICHHOM — «3aJI0M HAIEepesy.

CucreMuble OUTHI IEPEUNCTUM 110 TTOPSIIKY:
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0 NRNNNXXOQUH XXX

[F (Interrupt enable) ympasiisier OTKJIMKOM Ha MACKHpPyeMbIE TPEPbI-
BaHus. Ecjiu 6ur cOporiieH, 1o npepbiBaHUsS UTHOPUPYIOTCSI.

TF (Trap flag) ycranaBnusaercs Jjisi TOIIATOBOIO WMCIIOJHEHUS HH-
CTPYKIUA.

IOPL (I/O privilege level - 2 6ura) — ypoBeHb TpUBHIIETHIA JIJIsT OlTe-
paiuit BBojia,/BbiBoja (uncrpykiuu IN u OUT). Yposenb npusuiernii
JJIsl TEKYIEro KoJjia JIOJXKeH ObITh BBILIe WM PAaBEH yYKa3aHHOMY B
sTom noJie. Yupapisiercss nacrpykiusimu POPFE u IRET B nporpamme
C HAMBBICIIUM yYPOBHEM MPUBUJICIH.

NT (Nested task) yupapJisier npepBaHHbIMU U BbI3BAHHBIMHU 3a/1a1aMHU.
YcTaHABIMBAETCs, €CJIM TEKYIas 3a/ad9a BBITOJTHIETC MOC/e MPEPhI-
BaHWUA PEABILYIIEH.

RF (Resume flag) Yupasiser peaxiueil mporeccopa Ha UCKTIOTCHUST
OTJIAJIKH.

VM (Virtual-8086 mode). YcranaBnuaercst jijisi BKIIOUEHUST PEKUMA
BupTyaJsibHOl 8086 MalllvHBbI.

AC (Alignment check). Ycranapnupaercst jijisi BKJIIOUEHHsT PEKUMA
IIPOBEPKM BbIPABHUBAHUS JIAHHDIX.

VIF (Virtual interrupt)u VIP (Virtual interrupt pending). Ucnosnn3y-
I0TCA JIUIsl YIPABJICHU IPEPhIBAHUAMU B MHOI03a/[a9HbIX CUCTEMaX.

ID (Identification). Sanperaer win paspemaer uncrpykiuo CPUID.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[TTTTT T T T T Toweviclacivmre] Int]iopL [oF[oFfiF [tF[sFlzr | JaF] [pr] [cF]

ID flag (ID)
Virtual Interrupt pending(VIP)
Virtual Interrupt flag (VIF)
Alignment Check (AC)
Virtual-8086 Mode (VM)
Resume Flag (RF)
Nested Task (NT)
I/0 Privilege Level (IOPL)
Overflow Flag (OF)
Direction Flag (DF)
Interrupt Enable Flag (IF)
Trap Flag (TF)
Sign Flag (SF)
Zero Flag (ZF)
Auxilary Carry Flag (AF)
Parity Flag (PF)

Carry Flag (CF)

- Status Flag C - Control Flag X - System Flag

Puc. 3.5. Peructp garon

B 64-paspannbix mporeccopax EFLAGS cranoBurcs 64-paspsiaiabim

RFLAGS, vo jonosiuTebHBIE OUTHI HUYETro He 0D03HAYTATOT.
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CermenTubie perucTpbl. (CerMeHTHbIE PEruCTpPbl YIaCcTBYIOT B (DOpMU-
poBaHuK QU3MIECKOro ajipeca MHCTPYKIuK 1porpaMmuoro koja (CS), sie-
menta gannbix (DS, ES, FS u GS) nim snementa creka (SS). B pexnme
NPsSIMOi aJipecariui OHW XPaHSAT aJIPEC NOJIOBBI CEIMEHTa, a B 3alUIIEHHOM
peXKuMe YKa3bIBAIOT HA UHJIEKC JIECKPUIITOPA, TUI JECKPUITOPHON TaOIHIIThI
n mpaBa jgocTtyna. B 64-pa3psiiHoOM pexxuMe MeXaHW3M JeCKPHUIITOPOB Cer-
MEHTa IPAKTUYECKU OTMEHEH ([IPUHSTA [J10CKast Mojiesib aMsitn ). Kojiosbiit
CEerMEHT, CEIMEHT CTEKa ¥ JiBa CErMEHTa JAHHBIX (Te, Ha KOTOPbIE YKa3biBa-
tor DS u ES) sBssitorcest npsiMbiMy yKa3aTessiMi IOJIOBbI cerMenTa. Pasmepbl
CErMEHTHBIX PEruCTPOB OJMHAKOBBI B 32- 1 64-pa3psIHbixX Ipoleccopax — 16
our.

Peructpsr ynpaBjgeHus maMsaThI0. Perucrpbl CUCTEMHBIX TabJIUI] yKa-
3BIBAIOT HA PACHOJIOXKEHHE B HAMSATH 1JI00AJIbHONR TabauIbl JIECKPUIITOPOB
(GDT) — GDTR wu rtabaurnsr geckpunropos npepbiBanuii (IDT) — IDTR.
Haist niporeccopos [A-32 nx pasmep 48(16-+32) 6ur, B nporeccopax Intel64
80(64+-16) Owur.

PerucTpbl cucTeMHBIX CerMeHTOB. Kpome CerMeHToB CTeKa, KoJia u
JaHHBIX, B MHOT0331a9HbIXx OC MOryT MCIOJB30BATHCS €IIE Ba CErMEHTa
— TSS (Task State Segment) u LDT (Local Descriptor Table). Ilepsbiit ciiy-
YKUT JIJIsT COXpaHeHnsl BecbMa 00BbEMHOI0 KOHTEKCTa 3a/1aud, HeOOXOIUMOro
JUISE IePEKJIIOUEHUs 33124, & BTOPOM COJEPXKUT JIONOJHUTE/ILHYIO JIECKPHUII-
TOPHYIO TaOJIHITY, KOTOPYIO JII0OOE MPUJIOKEHUE MOYKET OPraHu30BaTh «J1JIs1
cebOst». Ha mnomepxHocTH JIeXKUT TOJILKO 16-pa3psiJiHbIil CEJIEKTOP ITUX Cer-
MEHTOB — JIECKPUIITOPBI Ipy3sarcs B Terebie peructpbl TR, (Task Register)
u LDTR (Local Descriptor Table Register). Pasmepbr amux perucrposn: 80
(IA-32) nmm 112 (Intel64) 6ur.

Perucrpet FPU/MMX. 310 Bujumas 4acth ycrpoiicrsa 00paboTKu
mwiasafonux ducest (floating point unit — FPU). Ocnosa FPU — perucrpo-
BBl daiin u3 BocbMu perucrpon pazmepom 1o 10 Gaiir (80 6ur) Kaxkiblii.
B sTux perumcrpax MOI'yT HaXOMUThCSA ONEpaH bl JJis ILIaBaioieil apudme-
tiku B hopmare extended (tenbyte). B kakom 661 opmare (single, double,
extended) HU XpAHUIUCH ITH OTMEPAHJIBI B MAMSTH, IPK 3arpy3Ke OHU Pa3BO-
padmBaioTcs 10 jecstudaitosoro dpopmara. Komanasr MMX — MultiMedia
eXtensions He UMEIOT OT/ECIBLHON AITAPATYPHI JIJIsi UX BBIITOJHEHU. ¥ AKO-
BaHHbIe Tejjouncaennbie nepeMenabie MMX 3arpyzkatorcsa B peructpol FPU.

ObosHaveHnst ONTOB B PEIMCTPAX COCTOSTHWS, YIPABJICHUS W TErOB, BXO-
namux B coctaB FPU, mokazanbl Ha pucynkax 3.7, 3.8 u 3.9. Haznadenne
MPaKTUIECKN BCEX OMTOB TIOHSITHO W3 HA3BAHWIA.
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79 0

R7 Exponent Fraction
R6 Exponent Fraction
R5 Exponent Fraction
R4 Exponent Fraction
R3 Exponent Fraction
R2 Exponent Fraction
R1 Exponent Fraction
RO Exponent Fraction

15 0 47 0

Last instruction pointer

Control Reg. |

15 0 47 0

|Status Reg. |

Last data (operand) pointer

15 0 10 0

Tag Register Opcode

Puc. 3.6. Peructper FPU

Top of Stack Pointer

FPU Busy
-_LS 14 13121110 9 8 7 6 5 4 3 2 1 O
[B [c3] TOP [c2|ci|coles|sF|pE|uE|ok|zE|DE| 1E|

Condition code

Error summary Status
Stack Fault
Exeption Flags

Precision
Underflow

Overflow

Zero Divide

Denormalized Operand

Invalid Operation

Puc. 3.7. butsl perucrpa cocrosnnsg FPU
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Precision Control
Rounding Control
Infinity Control
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LI [ [x]eefec]| | [eMuvodzmoms

Exeption Masks

Precision
Underflow

Overflow

Zero Divide

Denormalized Operand

Invalid Operation

Puc. 3.8. Burnl perucrpa ynpaienus FPU

15 0

| ac (7)| Tac (6) | Tac (5)| TaG (4) | TaG (3)| Tac (2) | TaG (1) | TAG (0)]

Values

00 - valid

01 - zero

10 - special: invalid, infinity, denormal. NAN unsupported
11 - empty

Puc. 3.9. Burbr perucrpa reros FPU

Peructpsor SSE. Jlns Boinonenust Habopa naeTpykinit SSE, SSE2, SSE3,
SSE4.1 u SSE4.2 nmeercs cnenwabHBI BEKTOPHBIN MPOIECCOD, BUINMOIT
4acTbhio KOTOPOIro sijisitorcs 8 128-paspsijinbix perucrpo XMM. Jlanubie B
TUX PErUCTPaX MOTYT OBITH CJIEYIOIIIX THUITOB:

4x Packed Single,

2 xPacked Double,

16 x Packed byte,

8 x Packed word,

4 xPacked doubleword,
2xPacked quadword,

1 xPacked doublequadword.

Uncrpykimst SSE BoinosHsIeTCS TapasiiebHO CO BCEMU TUCTAMU B YITAKOBKE
(orciona n HazBamme Texuogorun — Single Instruction Multiple Data -SIMD).
B 64-paspsianbix nporeccopax dncyao peructpoB XMM ynBanBaercs.

Peructpst AVX. B neroropsix 64-paspsiabix mporeccopax (Intel Xeon
processor E7 series, Intel Xeon processors X3600, X5600, Intel Core 17 980X
processor) umetorcs erié 8 perucrpo AVX jymuoii 256 6uT mpejiHasHaueH-
HBIX JiUIst Beraucsaenuit mo rexuojorun AESNI. Jlanmabie, KoTopbie MOryT 00-
pabaTbiBaThCsa B 3TuX perucrpax: 8 single FP, 4 double FP nimm nsa 128-
paspsiIHBIX uncia. [JIaBHO 9acThio 3TOr0 paciinpennst Habopa WHCTPYKITH
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SABJIACTCS KOIUMPOBAHUE U JICKOAMpOBaHue coobmmenuii mo crapgapry AES
(Advanced Encryption Standard)

Perucrpsor ynpaBaenus. Perucrpsl yipasienusi cojiepkar 00JibIIoe KO-
JITIECTBO WHMOPMAINN, HEOOXOTUMOM JIJIsl TTOePKAHsA 3alUIIIEHHOIO Pe-
JKUMa 1 JIPYTHX 0COOEHHOCTEH pabOThI MPOTEccopa.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| [ LI TTl TP ITTIlT1]]cra
PCID-Enable Bit g

XSAVE and Proc.Ext.States—EnableJ
SMEP-Enable Bit
0OS Support for Unmasked SIMD FP Exceptions.

0OS Support for FXSAVE and FXRSTOR instructions
Performance-Monitoring Counter Enable
Page Global Enable
Machine-Check Enable
Physical Address Extension
Page Size Extensions
Debugging Extensions
Time Stamp Disable
Protected-Mode Virtual Interrupts
Virtual-8086 Mode Extensions

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[ Page dizectory base [T T T T T ek T 1] cr3

page-level cache disable
page-level write through
31 0

| Page fault linear address | cr2

31 0
| Reserved | CR1

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
lofcoww] [ | [ | [ [ [ [ [ Jaw jwe| [ | [ ][] ][] [neferfrs|emiwrpe| cro

not writethrough
cache disable

paging enable

alignment mask
write protect
numeric error
extension typ
task switched
emulation
monitor coprocessor
protection enable

Puc. 3.10. Perucrpor ynpasienns [A-32

Ha pucynke 3.10 npusejieH 1nojapoOHBII CIUCOK Ha3HAUYEHUs IOJieil pe-
TUCTPOB ylipaBjeHus. Haznauenne MHOTMX ToJiell sicHbI W3 HasBaHuii. Vc-
YePIHIBAIOINILY 0 WHMOPMAIMIO O HA3HAYEHNN BCEX TOJIei M crocobax mX We-
oJib30BaHust MoxKHO HajiTu B Intel®) 64 and [A-32 Architectures Software
Developers Manual. Vol. 3A.

Peructpbl otmaakm. Peructpol oT/aKu HEOOXOIUMBI JIJIsI 00ECIIeIeHHSI
paborb! oriaaarka (debugger) B pexkuMe BbITIOJIHEHMs! TPOIPAMMBI 110 (hpar-
MeHTaM. TOUKM 0CTaHOBA — 9TO MECTa B KOJE, IJIe HEOOXOIMMO OCTAHOBUTLCS
1 TTPOKOHTPOJIMPOBATH COCTOSHHUE TIEPEMEHHBIX, UCITOJIb3YyEeMbIX B TTPOTPaM-
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|LEN3|R/W3|LEN2|R/W2|LEN1 |R/W1|LENO|R/W0| 00 |GD|0 |0 |1 |GE|LE|G$|L3|GZ|L2 |G1|L1 |GO|L0| DR7

size of mem.loc.
breakpoint condition
general detect enable

global exact breakpoints enable
local exact breakpoints enable
global breakpoints enable
local breakpoints enable

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HEEEEEEEEEEEEEE ITTIBSIBD|0|1|1|1|1|1|1|1I1IBSIBZIB1IB°| DR6

task switch
single step flag

debug register access
breakpoint condition detected

31 0

[ Reserved | DR5
31 0

| Reserved | DR4
31 0

[ Breakpoint Linear Address 3 | DR3
31 0

[ Breakpoint Linear Address 2 | DR2
31 0

| Breakpoint Linear Address 1 | DR1
31 0

| Breakpoint Linear Address 0 | DRO

Puc. 3.11. Perucrpsr orsajku B TA-32

me. Haznauenue peructpos, moJjieit 1 OUTOB B 3TOii IpyIile IOKa3aHO Ha, PU-
cynke 3.11.

CuéTrunku cucTeMHBIX CcOObITHit. HeckoJIbKO CUETYUKOB MOTYT ObITh
HACTPOEHBI HA IOJCUYET CHUCTEMHBIX COOBITHI, TAKUX KaK K3II-TIO0NaJaHNsI,
K3II-IIPOMaXH, ONepalin BBoja/BbiBoja U T. ji. KOHTposmpys cojiep:KumMoe
TUX CYETUNKOB IpHu nomMoru Komauasl RDPMC, moxuO nosyunTs uadop-
marmio 06 y3kux mecrax (bottleneck) B mporpamme n g06muTHCsT MakcuMaIIb-
HOU IPOU3BOAUTECIILHOCTH.

CyeTdYnK MOHHUTOPWHTA IPOU3BOAUTEAbHOCTU. CuéTunK MOHUTO-
PHHTa IPOU3BOINTEIHHOCTH HEIIPEPBIBHO MOC/IE BKIOUEHHS IPOIECCOPa, CUM-
Taer ero TakThl. OrpoMHbIil pazmep sroro cuéranka (64 paspsijia) Mo3BoJsteT
JlaXKe TIPHU TAKTOBOI YaCTOTE B HECKOJILKO THTArepIl CINTATH TAKTHI B TEUCHIE
HECKOJIbKUX Jier o nepernosinenust. Uncrpykiust RDTSC (read time stamp
counter) mMO3BOJISIET CIUTHIBATH COJIEPIKIUMOE CUETUNKA B TTApY 32-paspsiHbIX
perucrpos EAX u EBX. IIpoussess Takoe canrbiBanne B Hadaje HEKOTOPOI'O
¢bparmenTa IporpaMMbl ¥ B €ro KOHIIE, MOYKHO BbIYMC/IATH BPEMST €0 BBIIIOJI-
Herus. [IpaBuIbHO OTKAJINOPOBAHHBIH TP IIOMOIIN YaCOB PEaJbHOIO BpeMe-
HU, CIETUHK TT03BOJIsieT (POPMUPOBATH U U3MEPSITh BPEMEHHBIE HHTEPBAJIbI C
BLICOKOI TOYHOCTBIO, HE TPOU3BOIS JTOCTATOUHO JIJINTEILHBIX OOpAaIIeHnii K
qacaM peajbHONO BPEMEHH.
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3.5. Pexxumbl pabOTHI IIpoIieccopa

Apxurextypa [A-32 nogmep>KuBaeT Tpru OCHOBHBIX PEXKUMa PAbOTHI TPO-
Heccopa: 3allMIEHHbIA PE2KUM BUPTYaJbHbIX a/IPECOB, PE2KUM PeaJibHbIX a/l-
PECOB U PEXKUM yIPAaBJICHUA CUCTEMOI.

SamuiéHubil pexkum BUPTyaabHbIX agpecoB (Protected virtual
address mode). DTOT pexRUM MO3BOJISET TMOJYIUTH HAUBBICIIYIO MPOU3-
BOJIUTEJILHOCTH U BOBMOXKHOCTH ¥ PEKOMEH/LyEeTCsT JIJIsT UCITOJIb30BaHNsT BCEMU
HOBBIMU 1IPUJIOKEHUSMU U OllePallMOHHbIMKU cucteMamu. [JiaBHO# oryinyu-
TEeJILHOM 9ePTOil 3aIMUTIEHHOTO PEXKUMA ABJISIETCS alllapaTHO TO/JIepKABae-
MBIl MEXaHU3M yIIPaBJICHUsI HaAMATHIO, HO3BOJISIIONAN IIPEJOCTABUTDH KaXK 0N
3aJlave COOCTBEHHOE M30JIMPOBAHHOE U 3aIUINEHHOE aJIpeCHOE TTPOCTPAHCTBO,
pasmMep KOTOPOro MOXKEeT IPEBOCXOAUTH JdaxkKe (PU3UIECKH JIONYyCTUMBbINH 00b-
€M OITepaTUBHOM MaMATH. PexXnM ycTaHaBINBAET NEPAPXUTO TPUBUJIETAN JIJTsT
3aJ1a4, KOTOpas He MO3BOJISIET MPUJIOYKEHUSIM Pa3pyIIUTh OlePallnOHHY IO CH-
CTEMY WJIM JIpyI'Ue [PUJIoXKeHUs. B 4acTHOCTH, OH 1103BOJISET 1IPEJIOCTABUTD
MPUJIOKEHUIO BUPTYAJBHYIO MAIIUHYy. DTOT BUJI 3aIMUIIEHHOIO peXKUMa, Ha-
3biBaeTcs V86.

Pexxum peanbubix azipecoB (Real address mode). B stom pexume
nporeccopsl cemeiicts PS5 1 P6 paboraior mogobHO cTapiHHOMY TPOIECCOPY
8086, HO HAMHOI'O ObICTPEE U UMEIOT HEKOTOPBIE JIONOJIHUTE/IbHBIE BO3MOXKHO-
cru (HAIpUMED, [epexo/ia B 3allUIEHHbI PeXKUM ). AJIpecHOe MPOCTPAHCTBO,
[PEJIOCTABIISIEMOE 33J1a9€ B 3TOM PEXKUME, IPEeJCTaB/IsieT co00 CerMeHThI,
He mpeBocxosiue 1o obbeMy 64K. EauHcTBEHHBIM 1 OU€Hb COMHUTEIbHBIM
[PEUMYIIIECTBOM PEXKUMa, PEAJIbHBIX aJ[PECOB SIBJISETCS CBOOOIHDBIN JOCTYII K
J1000# 00JIACTH TTAMSATU. JTOT PEXKUM Uallle BCErO UCIOJb3YeTCs KaK Iepe-
XOJIHOM, HEOOXOAMMBIH JIJIsT TIOJINOTOBKH 3aIyCKa, TPOIIECCOPa B 3alIUIIEHHOM
pexKumMe.

Pexxum ynpasisienus cucremoii (System managrment mode —
SMM). 3roT pexxuM MO3BOJISIET YIPABJIATH IHEPrONOTPeOIeHNEM CHCTe-
MBI, U3MEHATH TAKTOBYIO YaCTOTY, MEPEBOJUTH YCTPONCTBA U TIPOIECCOP B
ciAmuil pexkuM. Takoil pezkuM 0COOEHHO BazkeH B KOMIILIOTEPaX ¢ aBTOHOM-
ubiM nuranueM (laptop, palmtop). Tlepexoj B pexkum yupapienusi cucreMoit
BO3MOXKEH ITIPH TOJlavde aKTUBHOI'O CUTHAJIA HA OJMH U3 BBIBOJOB IMPOIECCO-
pa WM 1P BOSHUKHOBEHUHU AIAPATHOIO MMPEPHIBAHUST CIIEIUAJIHLHOTO THTIA.
[Tporeccop mpu TakoM Tepexojie MOJTHOCTHIO 3alOMUHAET COCTOSTHUE TEKY-
et 38291 W TTPU 00PATHOM BBIXOJIE MOXKET MPOJI0JIKATH €€ BHITIOJIHEHNE.
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'h

RSM

Real address mode

Y SMI
PE=1 PE=0

Y

RSM

Y

Protected virtual System management

address mode < mode
SMI

Reset

VM=1 TVM=0
Y _
Virtual 8086
mode

RSM

SMI

Puc. 3.12. Pexumbr paborsi IA-32 mponeccopa (PE u VM — duaarn B
EFLAGS, SMI — npepoiBanne ymnpasiennst cucremoit, RSM — uHcTpyKIus
YIIPABJICHUS CHCTEMOIT )

Pexxum cucremuoro ynpasienusi (SMM) Moxker HCosib30BaTh TOJIBKO 00pa-
OOTUMK cucTeMHOTO TipepbiBanust (SMI), KoTopslil siBisteTcst YacTbio 6a30B0Oit
cucrembl BBoJIa,/ BbiBojia (BIOS). BoamMoKHOCTH 1 yCIOBHUS IEPEXOJI0B MEXK LY
STUMHU PEXKUMaMU WLTIOCTPUPYIOTCSI PUCYHKOM 3.12. Kak BHJIHO U3 CXEMBI,
Jaxke iepexos; B SMM Bo3MoXKeH TOJIBKO 110 CUCTEMHOMY TIpephiBannio. Bos-
BpaT B MPEJbIIYINHii peskuM mpoucxoaut mo komauge RSM (Return System
Management).

[Tpuoxkenus (T. e. HOpMaJbHbBIE TIPOrPAMMBI, KOTOPBIE MOXKHO HAITHCATD,
OTKOMITHJINPOBAThH, cobpaTh W 3alyCTUTh) MCIOJL3YIOT TOJIHKO TPH M3 Ha-
3BaHHbIX 4YETHIPEX pexkuMoB paborsi iporeccopa — Real Mode, Protected
Mode u V86. lns dyuknuonuposanusi nporeccopa B Protected Mode u
V86 Heobxoumbl HekoTopbie puroroienus (popmuposanne GDT u IDT),
IIOTOMY IIpH BKJIOUEHUM Ipolleccop okasbiBaeTcsa B Real Mode, a mepexog
B Protected Mode ocyrecrsisiercst mporpaMMHO (HanpuMmep, [pU 3arpysKe
OC) nyrém ycranosku duara PE 8 EFLAGS. O6parusiii mepexon B Real
Mode Bosmoxen Toanko mo RESET.

Hepeanbasbiii pexxum (Unreal mode). Hepeanbubiii pexxum (Unreal
mode), uau pexkum JuHeiHbIX aapecos (Linear address mode), ne sBistercs
JIErajbHBIM PEXKHMOM pPabOTBI IPOIECCOpPa W HE OIUCBHIBAETCS B JIOKYMEH-
rax Intel. Kaxkjiblit U3 1iepeduncsieHHbIX BbIlIE JieraJbHbIX PEXKUMOB — 3TO
BCEr0 JIAIIL COUETAHUEe YCTAHOBOK (DJIArOB, YIPABJISIONUIX BO3MOXKHOCTIMI
npoieccopa, u dpupma Intel ToabKO pekomeHnjiyer onpejeséHHble U3 HUX B
KAUueCTBe PEXKUMOB PabOThI MIPOIECCOpPa. ITU PEXKUMbI OBLIN TIIATEJIHLHO OT-
TECTUPOBAHBI HA MHOXKECTBE TTporpamm, n Intel Hecer onpenenénnyro oTBer-
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CTBEHHOCTH 32 IIOCJIEJICTBUs. Be3yc/ioBHO, MOXKHO 1TOIIPOOOBATH MHOT'O JIPY-
I'MX BO3MOXKHOCTEH yCTAaHOBKHM PexKrMa paboThl mporeccopa. BosbimHeTBO
U3 ATUX PEKUMOB OECIIOIe3HbI, HO €CTh U I0JIe3HbIE,

K TakuMm pexXmmMaM OTHOCHUTCS PEXKUM JIMHEHHBIX aJjipecoB. CyThb 5TOro
PEXXMMa COCTOWT B TOM, UTO MPOTPAMMHUCT MOJIyIaeT BO3MOXKHOCTEH Obpaiie-
HUsL K OOJIBIITMM (COMOCTABUMBIM C HOJIHBIM OOBEMOM MAMSITH) CErMEHTAM
JIAHHBIX, OCTaBasCh B PEXKUME peaJibHbIX aJ[pecoB. Takas 3ajiaua BO3HUKA-
er, HallpuMep, B IporpaMMUpoBaHny obmeHa undopmalueil ¢ npubopamu B
peaJibHOM BPEMEHH.

Pexxum 0n11 npepgoxked B 1989 rogy Tomacom Pogenom. [deno B ToMm,
qTO orpaHndeHus Ha paszmep cermenta (64Kb) ycranasiuBatores B pekuMe
peasibHbIX aJIPECOB MPHU MOMOIIKU TOTO XKE JIECKPUIITOPa CEIMEHTa, KOTOPbIi
I'PY3UTCS B TEHEBOI PErucTp U B KOTOPOM YKa3aH pasMep CerMeHTa, paBHbI
64Kb. Ujest nepexojia B pexKuM JIMHEHHBIX aJ[pECOB COCTOUT BO BPEMEHHOM
BBIXO/JIE B 3aIUIEHHBII PEXKUM, CBA3BIBAHUN C OJHUM U3 JIOMOJHUTEJHHBIX
cerMeHToB JlaHHbIX (06braHO GS) JleckpunTropa ¢ pasMepom BO BCio (usmie-
CKYIO ITaMATh U BO3BpATE B PEXKUM PeaJIbHBIX aPEecOB.

DroT npuem OblLI ucnob3oBan dpupmoit Watcom Jijist co3mannst paciim-
putesiss DOS, koropsriii HazeiBaercs DOS4AGW (DOS 4 Gigabyte Watcom), u
ncnosb3oBasicss B urpax it DOS. Pacmupureseit pexxuma peasibHbIX ajpe-
COB TAKOI'O THUIIA B HACTOsIIEE BPEMsI JOBOJHLHO MHOTO, HanbOJIee U3BECTHBI

G032, DOS32.

Pexxumbr paborsr Intel-64 mporieccopa. B 64-paspsianbix mnporecco-
pax KO BCEM JieraJibHbIM pexKUMaM pabOThl 32-paspsiHOIO 11POLeccopa 0=
baBisgercsa pexkuMm [A-32E, koTopblii pacnajgaercs Ha J1Ba HOAPEXKUMA;

e Pexxum copmectumocTu. B pexxume copmectumoctu Jirodoe 16- mium 32-
pas3psiHOE TPUJIOKEHWE 3aIUIIEeHHOro pexxuma [A-32 Oyjaer BbITOJ-
HAThCA Oe3 nmepekoMmnuasiuu. Ilomgep:KuBaeTcss cerMeHTallsl, cTpa-
HUYHas Tepeajpecalivsi (BKjodast joctyn K naMsitu jo 16 T'6 npu
MCTIOJIb30BAHUE OOJIBIIIX CTPAHUIL MAMSITH), BCE YPOBHU MPUBHUJIETHIA
ocraloTcsd B cuje. Bes mcnosHuTebHas Cpeja TOJIBKO paciiupsieT-
csa. [lojiep:KkuBaloTcst BCe THIIbI JIAHHBIX 32-Pas3psiiHOIO IIPOIECCO-
pa. Mckiodenne cocTaB/sSiOT MIPUJIOXKEHHUsI, UCIOJb3YIonme System
Management u v86.

e (4-pasps nblil pexkuM. B 3TOM pexXuMe NpUIOKEHHAM JOCTYIHO 64-
pa3psijiHOe aJpecHOe MPOCTPaHCTBO (264 bajit). B arom pexume unc-
70 perucTpos obrmero nazuadenust u SIMD-perucrpos (MMX u SSE)
yBesimuuBaercs ¢ 8 Jio 16, B MHCTPYKIUAX, KOTOPbIE UCIOJb3YIOT TOT
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pecypc, mHeobxonum mpeduke (REX) B onkogax uncerpyknuii. lesress-
noctb FPU ne uzmensiercsi.

3.6. Anpecanmus.

Pexxum peanbHBIX agpecoB. (OCHOBHBIM OTJIHYHEM PabOTHI IIPOIECCO-
pa B 3alUIIEHHOM PeXUMe OT PaboThl B PEXKUME PeabHBbIX aJPECcOB siB-
JIsieTcst criocod popMHUPOBaHUS (PU3NIECKOTO ajipeca. B pexknumMe peasbHBIX
aJipecoB (bu3MUIeCKuit ajIpec 00pazyeTcst n3 COAEP>KNMOr0 CerMeHTHOTO Peri-
CTPa M UCIIOJHUTEILHOTO aJipeca (Ml CMEIIEHHs ), HAXOSIIEr0Cs B OJJHOM 13
16-pa3psiIHBIX perncrpoB o0Iero Hasuadenusd. [Ipu srom myis oOpasoBanms
20-paspsigaoro uncia (8086) cesekrop cermenTa (COAEPKUMOE CErMEHTHOIO
PErucTpa) CBUTACTCS HA 4 paspsijia BIepe]l U CKJIAIbIBACTCS ¢ HCIIOJTHUTE b
HBIM ajpecoM. [lockonbKy capur Ha 4 paspsijia SKBUBAJEHTEH YMHOXKEHUIO
Ha 16, ¢pusndeckuit ajpec MOXKHO BBIUUCIUTD 110 (pOpMYyJIe

PA=16-Seg + EA.

CkazaHHOE MOYXKHO MPOWJITIOCTPUPOBATH CJICIYIOMeH mTuarpammoit (pu-
cynok 3.13).

15 0 15 0

Segment selector Executable address
0000

19 0
Physical address
—>

Puc. 3.13. ®opmupoBanne (pusmieckoro ajpeca B pexKuMe peasibHbIX ajipe-
COB

Taxkoit crocod (gpopMmupoBanns (pU3UMIECKOTO ajpeca NPUBOIUT K (DUK-
cupoBanHomy pasmepy cermenta (64K). CermeHThl OKa3biBAIOTCS «CBEPHY-
TBIMU B KOJIBIIO», MTOCKOJIBKY HUKAKOTO MEPEHOCA M3 CMEIeHUsT He MPOUCXO-
JuT. B 32-paspsajiHbiXx MallliHAX MOMBITKA «BBIIE3TUY 34 IPEJe/Ibl CEIMEHTa,
pasmepom 64K mpecekaercs: renepanueit nckiaouenns GP. Takas curyarus
BO3MOXKHA, IIpU obpalieHun K 16- uin 32-0aiTHBIM JJAHHBIM Y I'PDAHUIILI Cer-
MeHTa. BoJjiee Toro, Bce ajipecHoe npocrpaHcTBo poieccopa 8086 okasbiBa-
eTCsl 3aKOJIBIIOBAHHDBIM, MOCKOJIBKY aJpecHbix nunuii Tosapko 20 (A0-A19).
80286 n 32-paspsiabie Maruhbl (80386+) jJisi IPOrpaMMHON COBMECTHMO-
CTU JIOJKHBI IIOBTOPATH 3Ty CUTYalldio0, XOTA (PaKTHIECKHU IINHA, aJIpeca y
Hux mmpe (24 - 286, 32 - 386+ ).
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st oTpaborku cutyaruu nepenoca B paspsi A20 Ha CHCTEMHBIX ILIaTax
o1, nponeccop Intel 286 crasm ycraHaB/iuBaTh CleUaIbHOE YCTPORCTBO —
Gate A20, koTopoe He mpomyckaeT Ha muHy ajapeca mnepenoc B A20 u3 EA.
B 32-pa3psiJiHbIxX 1Ipolieccopax JJjis 3TOW HEeJN CJAYKUT CHeluaabHbI BXOJI
A20M, mo xoropomy mepenoc B A20 sampemaercs. Ennnnuka B 20-m pas-
psijie TIWHBI 3JIPEeca MOYXKET MOSIBUTHCST, TOJHKO €CJIN OHA YCTaHABIMBAETCS B
CErMEHTHOM PErucTpe.

3aMKHYTOCTH CEI'MEHTOB B PEAJIbHOM PexKUMe obeclieunBaJjia HEKOTOPYIO
3aIUTY UX JIPYT OT JIpyra, HO CEIMEHTHBIE PEruCTPhI JII000E TTPUIOKEHNE
MOTJIO TIepe3arpyKarth «abCcoTI0THO Oe3HaKa3aHHO» — HUKAKNEe CPEJICTBa 9TO-
T'o TpoIecca He KOHTPOIMpoBasi. KOHTPOJIb BCEBOBMOXKHbBIX «HAE3/[0By (Ha-
pUMeED, CTeKa Ha JJAHHBIE UJIA KOJI) SIBJISIIICS TOJIOBHON OOJIBIO POrPAMMU-
cTa.

Bepuémcest K BbraucjieHnio 3pGEKTUBHOIO ajipeca. 31eCh TaKKe UMeIT-
Cd pa3JIMddsl MEXKJIy peajibHbIM M 3allUIEHHLIM pexKuMoM. s peasibHOro
pPeXKUMa BCE CIOCOOBI aJIPecarmi MOTYT ObITh 3aIMCAHbI TPU TOMOIIN OHOMN
dopMyiIbI

EA = Base + Index + Displacement

uan OoJiee MOJAPOOHO, C YKa3aHMEM MeCTa, I'JIe MOXKeT HAXOJUThCs KaXK bl
13 KOMIIOHEHTOB a]Ipeca,

0
BX SI .
FA = BP + DI + ;186

SamuIIEHHBIN pexXuM. B 3almiméniom pexknme JIeiiCTBYIOT JBa MeXa-
HU3Ma aJipecaliiu:

® CerMeHTalus U
® CTpaHMYHAs OpraHU3aIUsI.

B cooTBeTcTBHEM C 9TUM MbI MOXKEM OIIPEJIEJIUThH TPU aJIpPeca;

® JIOTHYECKUIl aJ[pec — TOT, KOTOPbIii reHepupyeT nporpamma (EA),

® JIMHEHHBII a/[pec — TOT, KOTOPbLINA I110JIy4daeTCsd 11OCJIe OIPe/IeJIeHUsT Cer-
menta (LA) u

e (usuueckuit ajpec — ToT, KOTOPbIN 1OABJIAETCH HA, IIMHE aJIPeca 110CJ1e
crpauTHOl nepeapecanun (PA).

3aMeTrM, 9TO €CJIM CerMEeHTaldsl sIBJISIeTCsI 00s3aTe/IbHbIM aTpPUOyTOM
3AIUAIIEHHOIO PEXKUMa, TO CTPAHUYHAsS Iepeajipecaliusi MOXKET HCIIO0JIb30-
BaThCs, & MOXKET U He ucnosb3oBarbest (ecsim B perucrpe CRO coporen 6ur
PG). B ciyuae, Koryia cTpaHudHas OpraHu3alins OTKI0UEHa, JTHHEHHbBIH aT-
pec CTaHOBUTCS (PU3MIECKUM U TOCTYIIAET Ha CUCTEMHYIO IITHHY.
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Logical Address

: Linear Physical
(Far Pointer) Address Address
— — Space Space
[ :Zg?:::gr Offset Segment
. Page Page
Global | Linear [ _
Descriptor i fi—b Dir | Table | Offset | -
Table (GDT) Address ‘4_‘
Segment a Page
Descriptor u Table
. .. o Page Entr
Segment y ,Table g- D .
> Desg‘:iptor Access | Base | Limitl A Directory [Page Entry]
. e . Segment Descriptor i [Table Entry] DD
g . o o [Page Entﬂ
Segment Table Entry||— J
Descriptor ¢ —
Table Entry
Segmentation > | < Paging s

Puc. 3.14. Cermenranusi u cTpaHudHAsT OTaHU3AIUST TTAMSITH.

Cermentarus. CermMeHT B 3allUINEHHOM PEXKHUME SIBJISIETCS DOJIee CJIOXK-
HBIM 00pa30BaHieM, HEXKEJIN B peajbHoM pexkuMe. CpecTBa 3aluiéHHOro
peXKuMa, TO3BOJISIIOT:

® UCIOJIb30BATH CEIMEHTBI TPAKTUICCKH JI000ro pasmepa (1o 4 ['6aiir);

® OrpaHWIMBATH PaBa JIOCTYIA K CEIMEHTY. DTa BO3MOYKHOCTH TTO3BO-
JIgeT Peajin30BaTh 3alUTY JIAHHBIX U IIPOTrPaMM;

® OPI'aHU30BLIBATDL IIE€PEKJIIOYCHUE 3aa4.

B 3anuiéHuoM pexKuMe CeJIEKTOpP CeIMEHTa He sIBJISeTCs aipecoM I'oJio-
BBl CEIMEHTa, a YIaCTBYeT B €ro BbIOOpe KOCBeHHO. CeleKTOp TOJIBLKO yKa-
3pIBaET Ha OoJiee MOAPOOHBIN MCTOUHMK MH(MOPMAIUK O CEIMEHTE — ero Jie-
ckpunrop (descriptor — onmcarenn). KosmdecrBo jecKpuinTopos, KOTOpbIe
MOT'YT HCHOJIBb30BATHCA HPOIPAMMAMHU, 10CTaTouno Beanko (21%), a pasmep —
96 OuT, IO3TOMY JIECKPUIITOPBI HE XPaHATCA B caMOM Iiporieccope. st moji-
JIEPXKKH BalUIIEHHONO PEXKUMa, HEOOXOAUMBbI TaOJIUIILI JECKPUIITOPOB, KO-
TOpbIE XPAHATCSA B OIePATUBHON mamsTh. Mbl MOXKEM IIPOUJIIIOCTPUPOBATH
dbopmupoBatue ajpeca ciaeyoiei guarpaMmoii (pucyHok 3.14).

st GyHKIMOHUPOBAHUST ITPOIECCOPA, B 3AIMMUIIEHHOM PEXKUME epe/L Te-
PEKJII0UEeHNEeM B HErO B IMAMATHU JIOJKHBI ObITH C(DOPMUPOBAHBLI TaOJIHIILI JIe-
CKPHUIITOPOB:

1) ruobanpras tabmuna geckpuntopos (GDT),
2) rabsmna geckpuntopos npepbisannii (IDT),

3) neobs3arenbHast JoKaibHast Tabinna jeckpunropos (LDT).

CeJilekTOp cerMeHTa B 3aIMIEHHOM PEXKUME COJEPYKUT TPH TTOJIST:
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1) 13-paspsiiaoe mojie ungekca (Index), ompeesnsoree moJoKeHuE TPe-
OyeMoro JIeCKpUIITOPa B TaOJINIIE;

2) 1-paspsgnoe moje (T1 — Table Index), onpenenstoree tum geckpur-
TOPHO# TabJIuIbl, K KOTOpOil obpaiaercs ganubiii cesgekrop (TI=0 if

GDT, TI=1 if LDT);

3) 2-paspsjuoe nose (RPL — Requested Privilege Level), onpejensitomniee
YPOBEHD IIPUBUJIETHIT, KOTOPBI 3allpalluBaeT IporpaMMa, 3arpyKao-
1151 CEJIEKTOP.

B apxurekType IA32 onpejieniernbl yeThipe ypOBHsT IPUBUIETHH [1J1s1 38,121
¥ JIAHHBIX. Y poBenb npusmiernii 3agaqan (Task Privilege Level) ompegemnsier
JIOCTYIIHBIE JIJIst 9TOW 3aJ1a9¥ CEIMEHThI U WHCTPYKIMKU. Y POBEHb TTPUBUJIC-
ruii ompesessiercs moseM yposusi npusuieruit (PL) B cenmektope xomoso-
ro CerMeHTa JaHHOM 3ajadu (3arpyKeHHOTO B JaHHBIH MoMmeHT). Makcu-
MaJibHble lpuBujernn mMeer 3ajada ¢ PL = 0, munumasibubie ¢ PL = 3.
ITo umee PL = 0 nmo/KeH COOTBETCTBOBATDL AJIPY ONEPAIMOHHONW CHCTEMBI,
PL = 1 cucremubim cepBucam, PL = 2 cucremubiM yTujiMmraM v, HaKOHEII,
PL = 3 — monb3oBarenbeckuM mporpammam. C J1ioboit 3a1adeil cBsi3aHbl HEKO-
TOPBIN CEI'MEHT KOJia, CTeKa U CEeIMEHThI JIAHHBIX, BCE OHU UMEIOT OJIMHAKO-
BbIil ypoBeHb TpuBMJeruii. [loaTomy ypoBeHb nmpuBuiernit pakTUIecKn siB-
JisieTcst aTpubyTOM cermMeHTa. Y poBeHb MPUBUJIETUil, 3a(UKCUPOBAHHbBIN B
neckpurnrope cermenta, HasbiBaor DPL (Descriptor Privilege Level). Ecim
HEKOTOpas 3a/lada B TEKYIUil MOMEHT BpeMeHU 3arpyrKeHa W BbIOJJHAETCS,
10 € yposeHb npusuiernii Haspipaior rexyimum (CPL — Current Privilege
Level). Eciu BoioHSIETCS KOMAHJIa, 3arpysKaoliast CEIMEHTHBIN PErucTp
HEKOTOPBIM CEJIEKTOPOM, TO YPOBEHb MPUBUJIETHI B 9TOM CEJIEKTOPE Ha3bl-
pator 3ampammBaeMbiM (RPL — Requested Privilege Level). C kaxkapim cer-
merTHbiM pernctpom (SS, CS, DS, ES; FS, GS, TS u LDTS) ammaparto
CBsA3aH HEJIOCTYIHbBIN Jijist [IPOIPAMMUCTA PEI'UCTD, HPe/HA3HAYEHHBIH JIJIst
3arpy3KH JECKPHUIITOPa COOTBETCTBYIONIETO cerMenTa. IIpu mocrymiennn Ko-
MaH/Ibl 3arPy3KU CEJIEKTOPa B CEIMEHTHBLIN PErucTp (HBHOﬁ nJjim HeHBHoﬁ)
ABTOMATHIECKU TTPOUCXOJIUT CJIEJTyIOIIee:

1) ompenensercs neCKpUNTOpHAs TabIuIa (rIobaTbHAS WM JTOKATbLHA).
Ecin ykazanuoit TabJuIpl HeT B MaMsiTH, TeHEPUPYETCsi UCKIIOUYeHIe
GP;

2) pasbICKMBaeTCst yKasaHHbIH jleckpuiTop (1o nujekcy). Ecin geckpur-
TOpa ¢ TAKAM WHJIEKCOM HeT, TeHepupyercs nckmodenne GP;

3) cpaBHMBAIOTCs 3alpoIeHHbIi yposenb npusmieruii (RPL) u rekymii
yposenb npusmieruii (CPL — Current Privilege Level yposenb mpusu-
JIETHii B CEJIEKTOPE CerMEHTa KOJla) ¢ YPOBHEM MPHUBUJIETHI JeCKPHUII-

ropa (DPL);
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4) ecau CerMeHT JIOCTYIIEH Jist JAHHOTO KOJIa, TPOUCXOJIUT 3arpy3Ka Jie-
CKPUIITOPA 3alIPOIIEHHOIO CEIMEHTa B PErucrp Jjeckpuiropa. Eciun
CeIMEHT OKa3bIBaeTCsI HEJIOCTYIIHBIM, I'eHepupyercs uckiawdenne GP.

JlecKpuITop cerMenTa CoJep>KUT HECKOJIHKO T0JIeH, BaXKHEHIITNUMEU U3 KO-
TOPBIX SIBJISAIOTC Oa3a cermenTa (segment base) u pasmep cermenta, (segment
limit), 9ucsa B 9TUX MOJIAX YKA3BIBAIOT PACIOJIOKEHNE CETMEHTA B TPOCTPAH-
cTBe JinHelHbiX ajipecoB. [1pu popMupoBannu JMHERHOIO ajipeca UCIOJb3Y-
eTcs moJie 6a3bl CerMeHTa U UCIIOJTHUTEbHBIN ajipec. VICTIoTHUTeIbHBIH ajipec
B 32-pa3psiJIHbIX Iporeccopax popMUPYeTcs 10 cieyioiieil (hopmyiie

EA = Base + Index - Scale + Displacement

uau 6ojiee moapoOHO

(géﬁg\ EAX\
BECX ELX 1 N
EDX ECX [ z‘Ogne
pa=| o |+l EDX | |5+ ]
EBP %gf 4 i32
EST \ EDI)
K EDI )

B oryinaue ot 16-paspsijiHoii ajpecalni peajabHOTo pexkuma ajpec Gpop-
MUPYETCsi 110 DOJIee CJ0XKHON cxeme, cojeprKalieil HOBbI sjiemenT Scale, u B
¢dopMupoBaHuK ajpeca MOI'YT y4aCTBOBATh BCE PEIHUCTPHI OOIIEro Ha3HaUe-
nust. EpnacrBennoe orpanudenue — ykasaresb creka (ESP) we moxer ObITh
MHJIEKCOM. B 3aBUCHMOCTH OT cOYeTaHHdA HCIOJb3YyEeMbIX II0JIeil HCIIOJHH-
TEJILHOT'O aJIpeca pa3JjinyaloT HECKOJILKO METOJIOB aJpecallii.

Crpannunas opranm3anums. Crpanudnast opranusaius (Paging) namsi-
TH CJIy?KUT, [JIABHBIM 00pa30oM, JiJisi pa30UeHus aJ[pecHOro IIPOCTPAHCTBA Ha,
y100HbIe JiUist (popMUPOBaHUs (PUBNIECKUX aAPecoB 00JIaCTU PABHOIO pa3Me-
pa. ['paHnIipl cTpaHuIl MOTYT OBITh HUKAK HE CBSI3aHbLI C TPAHUIIAME CeIMeH-
TOB, HO TakKoe pa3dueHue BPsij JIU PA3yMHO.

Crpanuunasi opraHu3alns CJIy>KUT OCHOBHBIM CPEJICTBOM JIJIsT OpraHmn3a-
UM BUPTYyaJIbHOM ImaMATU. Ecjiu cTpaHuIa OTCyTCTBYET B IaMSITH, TO IIPO-
1eccop resepupyer uckitodenune PF — orkas crpanuiibl, 1 00paboOTUUK 9TOI0
MCKJTIOUEHUST MOKET OTCYTCTBYIOIIYIO CTPAHUILY MOATPY3UTH (SWap), Hampu-
Mep, C JINCKA.

Co cTpaHnvHO Opranu3alueil CBs3aHO UCI0JIb30BaHKE JOIOJHUTEIbHBIX
JMHUT THBL ajipeca tiporieccopa (A32-A35), nx ucnosb30BaHe BO3MOXKHO



74 I'maBa 3. Ilpomeccop

TOJIBKO IIPU BKJIIOUEHHOM OJIOKE CTPAHUIHON IIepeaIpecaliii, IIPpyu STOM IIPO-
1eccop moxketr ajipecoparb 64 I'B oneparuBhoit namsiTu.

B 32-paspsiIHbIX IPOIeccopax pas3HbIX MOKOJEHUH BO3MOXKHO MCIIOJIb30-
BaHWE CTPAHUIL Pa3/JndHbIX pazmepon. Oommmu jist Becex [A32-mporeccopon
ABAA0TCA cTpaHunbl padMepoM 4 KB. Haunnas ¢ Pentium, mosiBunach Bos-
MOXXHOCTH HMCIOJIB30BaTh cTpaHullbl pasmepom 4 MB. B cemeiicree P6 uc-
noab3ytoTcs cTpaHuilbl padMepoMm 4 Kb m 2 MB. B Pentium III BoamoxkHBI
CTpaHUIIbI BCEX TPEX Pa3MepOB.

Crpanndnast nepeajipecalinsi OCHOBaHa HA MHTEPIIPETAIME JIMHEHHOTO a/J1-
peca B TOM »Ke JlyXe, KaK 9TO IPOUCXOJUT IpU cerMeHTanuu. g crpanuiy
pasmepoMm 4K0aiiT crpaHudHas nepeajgpecaiusi MOXKeT ObITh IIPeJICTaBIeHA,
KaK IMOKas3aHo Ha pucyHke 3.14. JImHeiinblil ajipec Npu CTpaHUIHON Tepeaj-
pecaruu pasbusaercst Ha Tpu dactu. Crapime paspsjbl (22-31) ykasbBaior
wa aement jgupekropun crpanut] (PDE — Page Directory Entry — cBoero
pojia jieckpunrop B Tabsmie), cpeaane (12-21) paspsjipl JuHeiHOro ajpeca
yKazbiBaroT Ha djement Tabiuipl crpanul (PTE — Page Table Entry), =
€. Ha CTPaHMILy M, HAKOHEIl, MJAJIIIKNE Pa3psibl OLPEJIE/AI0T SJIEMEHT IIa-
MsTH BHYTPU cTpaHuiibl. [lojiokenue jiupekTopun CTpaHul] OlpeesisieTcs
yupasisiomuMm peructpoM CR3, B koTopom mmeercss noje PDBR — Page
Directory Base. Becw ynpasistrommit perucrp CR2 xpanuT juHeiHbIl agpec
1ocJieIHero oTkasa crpanuibl. B perucrpe CR4 umeroTcs OUTHI, yIIpaBJIsiO-
e pacliupPeHusiMi pa3Mepa CTPaHUILbI.

HupexkTopus crpanui cogep:kuT 1024 snementa PDE, KaxxXap1it m3 KOTO-
PhIX yKa3biBaeT Ha TabJUIy cTpanuil. Kakjas Tabauia cTpaHuIl COJIePYKUT
1024 ssiemenra PTE, kaxiblil 13 KOTOPbIX YKa3bIBa€T HA, CTPAHUILY [TAMATH.
Qnementbl PDE 1 PTE mouru ojjuHakoBbl 110 CBOEil CTPYKType M, KpoMe
0a30BOI0O aJipeca TabJIMIbl WJIM CTPAHUILbI, COJIEPXKAT OUTHI YITPABJISIONINE
JIOCTYIIOM K TaOJIUIE WU CTPAHUIIE:

e G — Granularity

e LIMIT — Segment Limit

e P — Segment present

e S — Descriptor type (0 = system; 1 = code or data)
TYPE — Segment type

DPL — Descriptor privilege level

e AVL — Available for use by system software

BASE — Segment base address

D/B — Default operation size (0 = 16-bit segment; 1 — 32-bit segment)
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But P — presence omnpejienisier HaJu4dre CTPAHUILI UM TaOJIUILI B HAMSITH.
Butr G — global nucnosnnsyercs B P6 jis1 onpejienienus riodajbHOCTH CTPa-
Hunbl. Butel PWT u PCD onpejensior MOJIUTUKY KAIIIUPOBAHKUS U 3alpe-
ThI KITMPOBAHUS JIJIsi CTPAHUILLI UK TaOJUIbl cTpanuil. [Ipu crpannyHoil
nepeajipecalui Tak:Ke UMEIOTCs YPOBHU NPUBUJIETHM, HO UX TOJBKO JIBA —
MOJIL30BATENb U cynepsu3op. CTpanniia Wi TabJIUI@a CTPAHNAIL MOXKET OBIThH
TAKKe JIOCTYITHON MJIM HEJOCTYITHOMN JIjist YTeHWsI. DTUMKU CBORCTBAMU yIIPaB-

msror 6utel U/S u R/W.

3.7. Bpi3oBblI mOJOporpamMM, HUCKJIIOUYEHUHdA U
npepbIBaHUS

Bce KomaH/ibl, KOTOPbIE IIepe3arpy»KaroT CeIrMEHT KOJa, KaK 3alluCaHHble
B KOJIOBOM CermMeHTe, TaK U MIOJIy1aeMble IIPOIECCOPOM allllapaTHO Yepe3 Bbl-
BO/IbI IIPEPBIBAHU, UCHOJIL3YIOT CTEK, U IOCJIE/I0BATEJIBHOCTD JICUCTBUN IPO-
Ieccopa BO BCEX ATUX CJIYUAsX BO MHOTOM MoxoxKa. CTeK — 9T0 HempepbiBHAs
00J1aCTh B TTAMSTH, KOTOPas COJACPXKUTCS B CEI'MEHTE CTeKa, UJACHTUMUIINDY-
€TCsT CEJIEKTOPOM, 3arPy?KEHHBIM B PEIUCTP SS, U JICCKPUIITOPOM B TEHEBOM
peructpe. [ 1aBHOe Ha3HaUEHNE CTEKa — ITO 3aMOMUHAHUE aJPECOB BO3BPATA,
U3 IOJIIPOrpaMMbl U lepejiada lapaMeTpoB MeXK/1y BbI3bIBaIoIeil [porpaM-
MOW W TOAIpOrpaMMaMu.

Hosast undopmarms 3amnuceiBaercst B crek komangoit PUSH u auraer-
cst u3 creka koMman o POP. B kayk iblif MOMEHT BpeMeHH JIOCTYITHA TOJIHKO
BEPIIIHA CTeKa, T. . HMOPMAIHst, 3alUCaHHAs B MOCJEIHIN pa3 (CTPYKTY-
pa LIFO). Perucrp ESP comepxkur ykasaresnb Ha TEKyIyio BEPIIMHY CTEKa
(eé ajipec), ero coIepKUMOE AaBTOMATHICCKH YMEHbIIIACTCSI TPU BBITOJTHEHUN
komanapl PUSH n yBenumuuBaercst npu Boinosaennn komau b POP. Takuwm
00pa3oM, CTEK pacTeT BHU3 OT aJipeca, YKa3aHHOTO B CEJIEKTOPE WU B TOJIe
Base B jiecKkpuIrope cermeHTa, B CTOPOHY MEHBIUX aJ[PeCcOB U COKPAIIACT-
Csl BBEPX, B CTOPOHY Oouibinx ajpecoB. CTEKOB MOXKET ObITh MHOI'O, JIIO-
Oas MporpaMma MOYKET HCIOJb30BaTh HECKOJbKO CTEKOBBIX CEITMEHTOB, HO
B KaXX/IbIfl MOMEHT BPEMEHHU JIOCTYIIEH TOJIbKO OJINH — TEKYIIUNA CTeK — TOT,
KOTOPBIIl yKa3aH B perucrpe SS.

[laHHuble B cTeKe JIOJIKHBI BRIPABHUBATHCS, T. €. UMETH OJINHAKOBYIO IITH-
puny: jinbo 16 our, 6o 32 dbura. Perucrp ESP nosmken namensitbest inbo va
2, inbo Ha 4 B komanax PUSH u POP, stum ynpasiser dguar D B geckpuii-
TOPE CTEKOBOI'O CerMenTa, a Takxke rnpedukc pazmepa ajpeca. OObIMIHO cTEK
pa3bur Ha Kajapbl (frames). Kaxpiit Takoil Kajp comepKut uH(DOPMAIHIO,
HEOOXOMMY O JIJIst OPIaHU3AINY CBSI3U MEXKJLy POrpaMMaMiu, U (BO3MOYKHO)
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HapaMeTpbl, KOTOpbIe HEOOXOIMMO MEPEIaTh 3 OHON IPOrPaMMbI B JIPYTYIO.
Ykazaresb Ha 0a3y Kajipa cojepxkutcs B perucrpe EBP.

[TpepobiBanmst U MCKJIIOUEHUST — 9TO COOBITHS, YKa3bIBAIOIINE HA TO, UTO
B IIPOIECCOpe, CUCTEME WJIM B TEKYIeil mporpamMMme WM 3ajade UMeloTCs
YCJIOBHs, TpeOyoIne BHUMAaHWsI MPOIeccopa (BBITOJHEHHEe KAKUX TO JIeii-
crBuit). OObIUHO OHUM HPUBOJAT K HPUHYJIUTEJNLHON HEpejlade yipaBjeHust
CIeNMaJbHOM poIelype, Ha3biBaeMoil 0OpabOTINKOM MpepbIBAaHUS WM HC-
KJo4YeHust. Takoe jieficTBrUe Ha3bIBAETCsl 00C/yKHUBaHUEM WM 00pabOTKOM
npepbiBanud. [IpepbiBaHns W UCKJIIOYEeHNsT OOBIYHO BOZHUKAIOT B CJIydaliHble
MOMEHTHI BpeMeHu. 110 MCTOUHNKY cuTHAaJa MPEePhIBAHNWS UX JIEJIsIT Ha

® alnnaparHble U
® [IpOrpaMMHBbIE.

[TepBhie renepupyroTCs arapaTypoit mporeccopa UJjiu BHEITHeH 110 OTHO-
IIEHUIO K LIPOLECCOPY allaparypoit (yerpoiicrsa BBo/ia,/BbIBOJIA, yIIDABJICHUE
cucremoit). Bropble BOSHUKAIOT TPU HCIOJHEHWH OIPEJICTCHHBIX HHCTPYK-
1uit npoieccopa. Bekropa MCKJITOUEHU U 1pepbiBaHUil — 9TO UJIeHTU(UKA-
IIMOHHBbIE HOMEPA, YKa3bIBaIOIIne Ha JECKPHUITOP B TAOJUIE JIECKPUIITOPOB
npepbiBanuii (interrupt descriptor table — IDT). Dra rabauina moxer cojep-
XKaTh J10 256 JEeCKPHUIITOPOB, yKA3bIBAOIINX HA TOYKH BXoja (gates) obpa-
6oTunKOB MpepbiBatuii n nckiouennit. [lepsoie 32 neckpunropa (or 0 10 31)
3aPE3ePBUPOBAHBI CTaHAAPTHBIMU Jijist [A-32 TunaMu npepblBaHUE 1 UCKJIIO-
yennii. 1Ix obosnauenns u onucanusi IpuBejieHbl B Tadsuie 3.3. OcrajabHble
HPEJIOCTABJISTIOTCS 110JIb30BATEJIO U OlEPAIMOHHON CUCTEME.

Buerinue 110 OTHOIIEHUIO K ITPOIECCOPY MPEPhIBAHUS TOCTYIIAIOT B MPO-
neccop 1epe3 BeiBosi INTR (P6-) wmm APIC (0:1) (PIV, Xeon +). Takwue
pephIBaHNWsT Ha3hIBAIOTCST MaCKUPyeMbIMU. Peakins Ha MacKupyemble mpe-
peiBanus onpejensercsa dpaarom IF. Ecin on yecranoBsieH, To 3Tu mpepbiBa-
HUsI UTHOPUPYIOTCs. BHyTpeHHue IpepbiBaHus JesaTCs Ha

® JCKJIFOUEHHsI OIIMOOK IPOrpPaMMHOTO KOjIa,
® JCKJIIOUEHUs], "TeHepupyeMble HHCTPYKIUSIMU TTPOIeccopa,
® VICKJIIOYEHUA KOHTPOJIA [TPOLECCOPA.

Uckiitouenust omubOK MpoOrpaMMHOTO KoJia 10 CIOCODY UCIOJIHEHUST 00-
pPabOTUINKA JIeJIATCS Ha

e orkasbl (faults),
® JIOBYIIKH (traps),
e abopror (aborts).

OrKasbl — 3TO MPEPHIBAHKS, KOTOPbIE MOI'YT OBbIThH MCIPABJIEHBI, U MOCJIE
HCIIpaBJIEHUS TIPOrPAMMa MOXKEeT UCIOJHATLCA Jajee 0e3 MoTepu HelIpephiB-
Hoctu. [Ipu coobiiennn 06 oTKase mpoIeccop BOCCTaAaHABIMBAET COCTOSTHUE JI0
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Ne | sign | comment source
0 | DE | Divide Error DIV and IDIV instructions.
1 | DB | Debug Any code or data reference.
2 | NMI| Interrupt Non-maskable external interrupt.
3 | BP | Breakpoint INT 3 instruction.
4 | OF | Overflow INTO instruction.
5 | BR | Bound range exceeded | BOUND instruction.
6 | UD | Invalid Opcode | UD2 instruction or reserved opcode.
(UnDefined Opcode)
7 | NM | Device Not Available | Floating-point or ~ WAIT/FWAIT
(No Math Coprocessor) | instruction.
8 | DF | Double Fault Any instruction that can generate an
exception, an NMI, or an INTR.
9 | MF | CoProcessor Segment | Floating-point instruction.
Overrun(reserved)
10 | TS | Invalid TSS Task switch or TSS access.
11 | NP | Segment Not Present Loading segment registers or accessing
system segments.
12 | SS | Debug Any code or data reference. Stack
Segment Fault Stack operations and
SS register loads.
13 | GP | General Protection Any memory reference and protection
check.
14 | PF | Page Fault Any memory reference.
15 Reserved
16 | MF | Floating-Point  Error | Floating-point  or ~ WAIT/FWAIT
(Math Fault) instruction.
17 | AC | Alignment Check Any data reference in memory.
18 | MC | Machine Check Error Codes and source are model
dependent.
19 | XF | SIMD  Floating-Point | SIMD Floating-Point Instruction
Exception
20- Reserved
31
32- Maskable Interrupts External interrupt from INTR pin or
255 INT n instruction.

Tabauna 3.3. CranjapTHble IpepbIBaHUA
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OTKa3a M IIepe3allyCKaeT HporpaMmy. BTOpHYHBIN 0TKa3 HHTEPIPETUPYETCs
Kak abopT.

JIOByIIKK TpejiHa3HaueHbl JIjIsI OTJIAJ KU, OHU BO3HHKAIT IIPHU YCTAHOB-
jgenroMm ¢uiare TF nocse BbITTOSIHEHNsT KAXKI0# MHCTPYKIIMKA ¥ BO3BPAIIAIOT
ylpaBJICHUE CJIEYIONIeH 110cJIe JIOBYIIKY nHCTpyKuuu. [Ipu B3aumojieitcrsun
C IIPOrpaMMOil OTJIa[IUKOM 3TO IIO3BOJISET IIPOXOUTH OTJIaXKHBAEMYIO IIPO-
IrpaMMmy 110 Iaram.

ABOpPTHI — 9TO UCKIIOUEHHSI, IPY KOTOPBIX HEBO3MOYKHO OIIPEICJINTDH Me-
CTO B IPOI'PAMMHOM KOJIe, I'/Ie TaKoe WCKJIIOYEHUEe ITPOU30IIIO0, U, CJIeJI0-
BaTEJIbHO, HEBO3MOXKHO MPEJINPUHSITEL UTO-TN00 JJIsI MPOJIOJIKEHNsT PAOOTHI
nporpaMmbl. OBpabOTUNKKN TAKUX MCKJIFOUEHUIT 0OBIMHO 3aTTOMUHAIOT COCTO-
siHUE 11POLIECCOPa, IIPEKPALAIOT paboTy HPOIPAMMbI U HEPEJIAIOT YIIPABJICHUE
OIIepallMOHHOM crCTeMe WJIU, BbI3BaBIIEH JIAHHYIO IIPOrpaMMYy, IIPOIPaMMe.

B nabope nHCTPYKIMIT 1POIEeccopa UMEIOTCs MHCTPYKIIUK, TTO3BOJISIONINE
00paTUThCd K 00pabOTUYNKY IpephbIBaHUsI KaK K IOJANPOrpaMMe, — 9TO HH-
crpykimu INTO, INT 3, BOUND u INT n, B KoTOopoii omepan n MOXKeT
uMerb 3Hadenue ot 0 j10 255. PeajibHO 3Tu 1IpepbiBaHUs HE SIBJISIOTCs 1IPe-
PbIBAaHUSIMK B MCTUHHOM CMBICJIE CJIOBA.

Ommbku KoHTpOJIst Tpotieccopa (machine-check errors ) nosiBUIMCH TOJIB-
KO B IIpolieccopax cemeiicta P6. DTu ommOKM JeTeKTUPYIOTCsT HOBOM alla-
paTypoii KOHTPOJIsI MPOIECCOpa, U MPU ITOM IIPOIECCOP MEPeJlaeT yipanJie-
HUe Ha BEeKTOp 18 M mpejocTaBiseT KO, OIIHOKM, KOTOPBIA COXpaHSEeTCs B
CTEKOBOM CErMeHTe.

3.8. HabGop mHCTpYKIINIii

NucTpyknum obmiero HazHadeHWd. VHCTpyKIiuu obiero Ha3HaueHHsI
BBIMTOJIHSIIOT OCHOBHBIE ITEPEMEINEeHNsT JIAHHBIX, apudMeTndecKne, JIornde-
CKHE ¥ CTPOKOBbBIE OIEPALK, YIPABJIAIOT HOTOKOM OePalyii 1 OObIYHO HC-
HOJIB3YIOTCs JIJIs HAIIMCAHUs IPUKJIAJHBIX ¥ CUCTEMHBIX IIPOrpaMM. DTH HH-
CTPYKIMK UCIOJIb3YIOT OLEPAH/IbI, COACPXKAIIUECS B aMsITH, PETHCTPaxX 00-
IIIero HA3HAUEHUs , a TaKxKe aJpecHyio HH(MOPMAIUIO U3 PErnCTPOB 00IIe-
ro0 Ha3HAUEHUS ¥ CeIMEHTHBIX perncrpoB. CHUCOK 9TUX MHCTPYKINNA OUEHb
OOJIBIIION U SIBJISIETCs TPEJIMETOM M3yUeHUs B Kypce IpPOrpaMMHUPOBAHMS Ha,
asbike Assembler.

Nuacrpyknium FPU. UWucrpyknuun FPU ynpasisioor paboroit maremaTu-
YECKOTO COIMPOIECcopa W TJIaBHBIM 00Pa30M OCYIIECTBIISIOT BBIYUCICHUST C
naaBaonuMu aucaamMu. OHE UMEIOT JeJI0 CO CIeNUaJbHBIMUA PEerucTpamMu
maremaruaeckoro conporeccopa (FPU — floating point unit). 9ro yerpoii-



3.9. Tumnpr janapix n nacTpykiun FPU 79

CTBO SIBJISIETCsI OCHOBOI JIJIsT BBIUMCJIUTEIbHBIX IIPOIPaMM U OyIeT 1o poOHO
PACCMOTPEHO B CJIEJIYIONIEM pasJielie.

Nucrpyknium MMX n SSE. Uucrpyknuun MMX u SSE ynpasisiior pa-
6oroii iByx pasubix ycrpoitcrs. MMX (MultiMedia Extensions) —sro Texto-
JIOTHS paclapaJiieIiBaHus BbIYUCICHIH Ha ypoBHE JaHHbIX. [Iporre roBopsi,
ojiHa nHCTpyKins MMX BbINoJIHSET Orepalnio cpasy ¢ HECKOJLKUMU Tapa-
Mu orepan0B. B uponeccopax Intel Her crenuasbHoil alaparypbl Jijist Bbl-
noyiHeHust 3TuX uHeTpyKiuit. Oun Beinosasores FPU. [Ipakruyecku MMX
— 910 pexkum padborbl FPU. I'tapubiii Tun panabix MMX — ynakoBku 1e/ibix
YUCEJI.

SSE (Streaming SIMD Extensions) — emié ojiHa TeXHOJOIUs HAPAJIIEb-
HBIX BBIYUCJCHUN Ha ypOBHE JAHHBIX. JIJIs BBIIOJJHEHHS 9TOW I'PYIIbI HH-
CTPYKIIMI MMEEeTCsT ClelnnagbHOe YyCTPOWCTBO, BBHITIOJHSIONEE ONepalud ¢
YIAKOBKAMU ILJIABAIOIIUX THCEJ. DTa I'PYyINa KOMAaH HAKAILIUBAJIACH B JIU-
Heifike 1iporieccopoB Haumuasi ¢ Pentium 4. BazoBwblit crincok wWHCTpPYKInii
SSE mnocrostaro pacumpsiics (SSE2, SSE3, SSE4.1, SSE4.2). Texuosorus
SSE, nmo-pujumomy, BoitecHuT FPU B BbruucuTebHbIX mpuaoykeHusx. Obe
TEXHOJIOTUK OYJIyT PacCMOTPEHBI 11OJIPOOHO B CJIE/YIONIMX pa3/ie/iax.

CucremHble WHCTPYKIUU. ['pylina WHCTPYKIMA, IIpegHas3HaYeHHBIX
IJIaBHBIM 00pa30M JIJisi OlEPAIMOHHBIX cUcTeM. B NpukIaJiHbIX ITPOrpaMMax
IPAKTUIECKHA HE UCIOJIb3YIOTCs, XOTsSI HEKOTOPbIEe HMHCTPYKIMK MOI'YT OBIThH
MOJIE3HBI JIJIA TTPUJIOKEHUI peajbHOIO BPEMEHH.

3.9. Tunsl gauabiXx n nHerpyKoun FPU

[IpaBuia BeIYUC/IEHUH € MJIABAIOIIMMHU YKCJIAMU OFOBOPEHbI CTAHIAPTA-
vu [EEE 754 u 854. Jliobble mporeccopbl JOJIXKHBI TPUIEPIKUBATHCS ITUX
crangapToB. B mpomeccopax IA32 onu peanmsoBanbl mosiHoCThiO. [lo cran-
JIapTy IIaBalolMe YKuCja 3aluchbiBaloTCsd B opMe, KOTOpas I0KaszaHa Ha
pucyunke 3.15.

Sign

Exponent Significand

79 78 6463 0

Puc. 3.15. IlnaBatomiee uncio

3tech Sign — 3HaK 4ucyaa, Significand — 3navamasa 9acTb WM MaHTHUCCA,
Exponent — nopsiiok. Pazmepnr stux nosieit B nporeccopax [A-32 n Intel64
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OJINHAKOBBI JIJIsI BCeX IJIaBalonux duces, oopadbarsiBaembix FPU. s mia-
BAIOIIMX YMCEJI CJeJlyeT pasjimdarh popMaThl XpaHenus u (popmar odpadoT-
Ky ances. s oOpaboTKu YuC/Ia BCErJia pa3sBoOpadnuBalOTCsd B JIecaTHOANTO-
BbIIT (popMaT, 1oKa3aHHbI HA pUcyHKe 3.15, & JiIsi XpaHEHUsI UCIIOJIb3YIOTCS
dopmarsr Single, Double n Extended, koTopsie umetor pasmep 4, 8 u 10 6Gaii-
TOB M U300paXkenbl Ha pucyHke 3.16. [LiraBaoiee 9ucjao HHTEPIPETUPYETCS
CJIeJIYIOIIM 00pa30M:

Number = Sign x Significand x 2Fpenent

MawnTucca — ancio B uarepnase (0.5,1), mpecTaBIeHHOE PA3IOKEHNEM
110 OTPUIATEJbHBIM CTeleHsM JiBofiku. HerpysHo Bujiersh, 4To Takoe pas-
JIoyKeHue 00s13aTebHO HaunHaeTcd ¢ 1. Ecau 910 ycioBue BBITOJHIETCS U
MOPSJIOK HAaXOJUTCS B JIOMYCTUMBIX TIpejesiax, TO YMUCJI0 Ha3bIBAETCs HOP-
vasmzoBanibiM (NORMAL), ecim ManTHCCA HAUMHACTCSA C HYJIsA, TO THCIO
naszbiBaercst jenopMasuzoBaiibiM (DENORMAL).

C JleHOpMAJIN30BAHHBIMKA YHCJIAMK eIl MOXKHO IPOJIOJIXKATH BhIUUCIE-
HUST, HO TOYHOCTD TIPH 9TOM TepsieTcsi (He coOTBeTCTBYeT (OpMATy), U uMe-
€TCsl PUCK IIOJIyIUTh HEBEPHbIN pe3yJsbTar. JJeHopMaJm30BaHHbIE YKCIa 3a-
MOJIHSIOT OTPE30K Ha JIEUCTBUTEJILHON OCH MEKJy UCTUHHBIM HyJeM U MU-
HUMAJIbHBIM HOPMAJIM30BAHHBIM YMCJI0M. BOBHUKHOBEHME JIEHOPMAJIU30BAH-
HOI'O YHMCJla OTMevYaeTcsd B Tere perucrpa.

[TopsijToK He COIEPXKUT 3HAKOBOT'O ONTA SIBHO, HO COJIEPXKUT CTEIICHD JIBOM-
ki B cmenénnoit popme (Biassed exponent). MakcnmasbHO JIOMycTMOE 3HA-
yenue droro nojs 1111...110, a munumassuoe 0000...000. Tak cuesnano,
YTOOBI KOJTMIECTBO 3HAUEHNN, KOTOPbIE IPUHUMAET SKCIIOHEHTa, ObIIO HeUET-
HBIM, COJIEPKAJIO HOJIb U ObIJIO CUMMETPUYIHBIM OTHOCUTEILHO HETO. 3aINCH,
B KOTOpLIX mojie Exponent mmeer 3navenme 1111....11 npum HyJIeBoit MaH-
THCCE, ABIAIOTCH OeckoHedHocTsiMI co 3HakoM (+INF > -INF).

3amucu, B KOTOPHIX 1oJist Exponent u Significand nysieBbie, Ha3bIBAIOT-

ca mynsamn (ZERO). B saBucumoctn or moss Sign pasmudaror +ZERO u
~ZERQO, no B onepanmsix cpasuenusi +ZERO = —ZERO.

Eciin nopsijiok pasen 11..11, a manTucca nenyJjiebasi, 1o B perucrpe FPU
e qucso (Not a Number - NAN). Ecam manTncca natunaercs ¢ 0, TO MOTIBIT-
Ka BBITIOJIHUTH ¢ HUME apudMeTHIeCKIe ONePAIN BbI3bIBACT MCKJIOYCHHE,

nostomy ux HasbiBaroT Signaling NAN — SNAN. Ilpu pasubix 3HAKOBBIX 110~
nsix BogaukaoT +SNAN 1 —SNAN.

Ecsin ManTucca HauuMHAETCS € €IMHUIBI, TO UCKJIIOYCHUE HE BO3ZHUKAET,
Takue 3anucu HazbBarorcs TnxuMu He-uncaamu (Quiet NAN), orm Toxke

moryT umerh 3aK +QNAN n —QNAN.
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Sign Double precision FP Sign Single precision FP
Exponent Fraction Exp. Fraction
63 62 5251 0 31 30 2322 0
Sign Extended Double precision FP
Exponent Fraction
79 78 6463 0
Sign Doubleword Sign Word
31 30 015 14 0
Sign Quadword
63 62 0
Sign Binary Coded Decimal
X | D17 DO

79 78 71 0

Puc. 3.16. Tunbt jannbix, obpadbarsisaembie FPU

Muorue Bbrunc/iMTEIbHBIE TTPOIPAMMbBI TPOJOJIXKAIOT BHIYUCJICHUS TPU
posuuknoBennn +INF, -INF, +QNAN n -QNAN. D10 Bo3MOXKHO ecu 3a-
MaCKUPOBATh HEKOTOPhIE UCKJIIOUEHUs B peructpe ynpapienusi FPU.

FPU moker BbIIOJHSTH OLEPALUK U C IEJbIMU YKCJAaMU, OHU UHTEPIIPE-
TUPYIOTCS KaK 3HAKOBbIE M MOI'YT OBIThb 16-, 32- u 64-pa3psiiHbIMU.

[Tociesnum Tunom, koropeiit obpadarsiBaer FPU, sigiisiercs 18-3naunbie
nesibie gecatuanbie duciaa (BCD), HO WX MOXKHO TOJBKO I'PY3UTh U COXPa-
HeTh. Bee Tutibl, obpabarsiBaembie FPU, nokaszanbl Ha pucynke 3.16.

[Ipu BBIMOTHEHNM Onepalnii B MATeMaTHICCKOM COIIPOIECCOPE MOTYT BO3-
HUKATh UCKJIOUYUTEbHBIE CUTYAIUU, KOTOPbhIE MOI'YT MACKUPOBATHCS IPU
YCTAHOBKE COOTBETCTBYIOMEro guiara B perucrpe yupasienust FPU. 91u nc-
KJIIOUUTEJbHBIE CUTYAITUN CJIe/IyIOTITHE:

e [ (Invalid Operation) — HegeficTBUTE/IbHBIE ONEPAIMK: YTEHHUE MTYCTO-
ro perucrpa, ZERO/ZERO, INF/INF, onepanuu ¢ NAN, xopeub u3
OTPUIIATEJILHOTO YNCJIA U T. JI.;

D (Denormalized Operand) — geHopmain3oBanHbIil Oniepan;

Z (Zero Divide) — nenenne na myiip;

O (Overflow) — nepenosnenue;

U (Underflow) — nenopmasusariysi pe3yJibrara;

P (Precision loss) — morepst TounocT.

Eciu uckimouenne He 3aMackupoBano (cOpornen uar), T0 BO3HUKAET
nemackupyemoe uckiodenue (ES) u annaparheiii curnas ommbKu Ha Bbi-
xojie FPU. Hekoropble HHCTpYyKIMHU colpolieccopa UMeEIOT JBa BapuaHTa —
0K JIAIOIIMI UCKJIIOUEHNE U He OXKUAAIONUi nekaodenue. Oxxujiaiolme nH-
CTPYKITMH aHaJIu3upyioT cocrosgnue ¢uiara ES. Vmeercs n ornenbHas n-
crpykiust oxkuanust uckiouenns — WAIT /FWAIT.
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Komanpl comporieccopa 00pa3yoT IsSTh IPYIIIL:

KOMaH/Ibl MepeJIavdi;
KOMAaHJIbl CPDABHECHUS;
apudMeTnIecKne KOMaH/Ibl;

BBIUKCJICHIE TPAHCIICHICHTHBIX (DYHKIIHII;

KOMaH/Ibl YIIpaBJICHHU.

Texnosoruas MMX m 3D Now!. A066pesuarypa MMX obosnauaer
MultiMedia eXtensions — pacumpenus: MmysibruMeua (rpaduka, 3ByK, KOM-
MYyHUKAIUK). DTU PACITMPEHHst BHOCIT B IPOLECCOD 0DIIEro HasHAYCHMs DJ1e-
MEHTBI CUI'HAJILHOTO IIPOIECCOpa, KOTOPBIA IpejHa3HavueH JJjisd 00paboTKH
noToka naopMalry B peajibHOM MacinTade Bpemern. OcobeHHOCTh PadOTHI
HPUJIOXKEHNH MYJIbTUME/IAa — BBIIOJHEHNE OJIHOTUITHBIX OIEepalliii ¢ MaKCu-
MaJILHOW TTPOM3BOAUTEILHOCTHIO. OHUM M3 CITOCODOB JTOCTHXKEHUST MaKCH-
MaJIbHON 1IPOU3BOAUTE/ILHOCTH SIBJISIETCSI BBIIIOJHEHUE UHCTPYKIUUA CPa3y C
rpymmamu onepanios (Single Instruction Multiple Data — SIMD). [eiicrue
TunnaHoi uHcTpykiuun MMX MoxKHO nM300pasuTh CXemoi, 1MOKa3aHHOW Ha,
pucynke 3.17

Source 1 X, X, X; X,

Source 2 Y, Y, Y, Y,

Destination (X; op Y3 | X, op ¥, (X; op Y, | X, op Y,

Puc. 3.17. Jleiicrue tunosoit SIMD uncrpykiuu.

B nporeccopax [A32 komangnpr pacrmupennss MMX BbITIOJNIHSAIOTCST TO#
JKe alllaparypoii, YTo 1 KOMaHJIbI MaBatomnieil apudmernkn. Vnade ropops,
MMX - 310 pexxum padorst FPU.

Komanapst MMX onepupyror co crienuaJbHLIMUA TUIIAMU JIAHHBIX, KOTO-
pble Ha3bIBAIOTCA yIaKoBaHHBIME. B 64-paspagabix peructpax MMX moryr
XPaHUThCA U 00PabATHIBATHCS

e Bocemb baiitos (Packed byte),
e uernipe JByxbaiirosbix ciaosa (Packed word),
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e sBa dernipexbaiiToBoix ciosa (Packed doubleword),
e 01110 BochMmbaiiToBoe cioBo (Quadword).

OcobennocTbio BbinosHeHnst MM X-MHCTPYKIMiA sIBISIETCST HACHIAIOIIA-
sicg apudMeruka. IJTo 0003HAUAET, UTO, €CJU PEe3yJbTATOM BbIIOJTHEHUSI
aprupMeTUIECKO! NHCTPYKITUMH SIBJISIETCST YKCJIO, He MPEJICTAaBUMOE B PAMKAX
0E33HAKOBOTO TEJIOTO THIIA, PE3YILTATOM OCTadTCs MakcuMasbuoe (111..11)
win muHuMadsibHoe (000..00) npegcrasumoe duciio. Takast apudmernka, 6e3-
YCJIOBHO, MOPOKJIAeT OIIMOKM, HO STU OIMMOKM HE TaK CUJIbLHO BJIMSIOT Ha,
pe3yJbTaT B MYJIBTHMEIUAHBIX [puioKeHusx. Hamnpumep, npu Bocrnpous-
BEJICHUM 3BYKa HACBIIIAIONMIASICA apU(PMETUKa MOXKET IOPOJUTH CPE3aHHbIE
BEpPXYIIKHK B CHI'HaJie, HO OObIUHAsI apu@dMeTHKa IOPOXK/IAET Pa3pbIBbl, ITO
BHAUUTEJILHO XYIKe.

3.10. SSE

Abopesuarypa SSE obosnagaer Streaming SIMD Extensions — pacriupe-
aue nmoTokoBbix SIMD uncrpykimit. A6opesuarypa SIMD, B ¢Boto ouepeip,
IpeJICTaB/IsIeT cOOO TePMUH U3 TEOPUHU MapaJsiebHO 00pabOTKM JaHHBIX —
Single Instruction Multiple Data (ojHa wHCTPYKIHsT — MHOXKECTBO JIAHHBIX ).
Mbl paccMOTpUM 3TU UHCTPYKIUMU HOAPOOHEI.

Nucrpykmun SSE. Wucrpykiun SSE pacnajgaioTcs Ha 9eTbipe I'PYIIIbL:

o SIMD-uncTpyKImn, padoraioiime ¢ IMIaBIONUMA TUCIAMU OUHAPHOM
tounoctn B XMM perucrpax,

® HMHCTPYKIUK YyIIpaBJI€EHHUA COCTOAHUEM,

e (4-6utnbie SIMD-unCcTpyKnnm, paboTatoiiue C IEJbIMA YUCIAMU B
MMX perucrpax,

® UHCTPYKIMU yIIPABJIEHUs KIIUPOBAHUEM, 11PEJIBLIOOPKHU U Y0P Jl0Ue-
HUSI.

[lepBast rpyrmna nHCTPYKIM camMa pacialaeTcsi Ha HECKOJIbKO I'PYIIIL:

WHCTPYKIIUY TlepeMeIeHus JIaHHbIX,
apuMeTHKa ¢ yIIaKOBAaHHBIMH JIAHHBIMH,
WHCTPYKIIUU CpaBHEHUS,

)
°

°

® JIOr'MYeCKue UHCTPYKIUH,

® VHCTPYKIMU NepeMennBaHnus U pacllakKOBKH,
)

MHCTPYKIUU TTPEoOPas30BaHus.
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OTa rpynna WHCTPYKIui obpasyer 6a30BbIil OJOK (MPAKTHIECKH BCE
HEOOXOIMMOe) JIJist JIAHHBIX OJMHAPHON TOYHOCTH, 0OpabaThiBACMbIX B pe-
ructpax XMM. CrpyKTypa THUIOBOI HHCTPYKIIMU STOI0 OJIOKA IIOXOXKa
Ha TunoByto uHcTpykinuio MMX, pasuuia juiis B ToM, 4To Ternepb 128-
pa3pAHbIid (16—6a1>’IT0Bb11>’I) PErucTp COJAEPXKUT YeThIpe MJIABAIOIUX YUCIA
ojmHapHOil TouHoCTH (110 4 Gaiita Kaxkjoe). Takue 4ducia B TEPMUHOJIOTHH
Intel nasbiBarorest packed data (Mbl OyjeM 11€peBoUTL STOT TEPMUH — ylia-
KOBaHHBIC JaHubie), a 1o Tepmunosorun AMD — vector data, uro, HaBeproe,
tTouHee. Kpome ymakoBaHHBIX JIaHHBIX, HHCTPYKIuKH SSE mozBosstior pabo-
TaTh CO CKaJSIpHBIMHU JaHHbIMU B pernctpax XMM. B cinydae ckangapHbIX
MHCTPYKIMI orepaluy Mpou3BOJATCS C OJJHUM YeThIPEXOANTOBBIM I1J1aBAIO-
UM IHCJIOM.

ucrpyKium yripapjieHust COCTOSTHUEM TTO3BOJISIIOT COXPAHSATH U BOCCTa-
HABJIMBATH COCTOSIHUE perucrpa yupaspienus u cocrosinnst — MXCSR.

64-6utable SIMD-uncTpyKiuu, paboTatomne ¢ nejibiMu aucjaamu B MMX
perucrpax. 9T HHCTPYKIMK paciupsiioT 010K uHeTpykimit MMX. Onn 1mos-
BOJISIIOT BBIYHUCJISTH CpeJiHee 10 YIIaKOBKE, HAaXOJUTh HauboJiblllee W Hau-
MEHbIIIee YUCJI0 B YIIAKOBKE, MePEMEelMBaTh CJI0Ba B YIIAKOBKE, BCTABJIATH U
U3BJIEKATH CJIOBO, BBIUUCJIATH CYMMY aOCOJIFOTHBIX Pa3HOCTEN.

Uncerpykimn ympaBjiennst KIIMUPOBAHNEM, WHCTPYKIINST TTPEBBIOOPKU U
YIOPsJIOUEHUsT COXPAHEHUS. DTU MHCTPYKIMK TO3BOJISIIOT COPACHIBATH YMUCJIA,
13 YIIaKOBKM B OCHOBHYIO IIaMSTh MHMO K3IIEil ¥ 3arpy2KaTh JAHHbIE B K3III
BhIOpaHHOro yposHst (prefetch n).

NMucrpykmum SSE2. 91U WHCTPYKINUKA COCTOSIT U3 YEThIPEX I'PYTIIL:

® VHCTPYKIMK PADOTHI C yIIAKOBAHHBIMHU UMCJIAME JIBOWHON TOUYHOCTH B
peructpax XMM,

® UHCTPYKIMU TIPeo0Pa30BaHusi YUCE] JIBOWHONW TOYHOCTU PErucTpax
XMM,
e 128-OuTHbIe IEJTOUUCTICHHBIE WHCTPYKIINH,

® yIpaBJICHUE KIMUPOBAHUEM U YIIOPAJOYCHUEM UHCTPYKIUA.

WUucTpykiun paboThl ¢ yHaKOBAHHBIMU YHCJAMHU JIBOWHOW TOYHOCTH B
perncrpax XMM gobapistior kK 6azoBoMy 0sioky SSE mHCTpyKINiE HOBBIi
TUN — YIAKOBAHHbBIE TJIABAIOINIME YHCJIA JBOWHONW TOYHOCTH (1Ba dYHCIA B
ynakoBke). Kak u B 6a3oBoM 0ji0Ke, 9Ta IpyIia WHCTPYKIIUI paciaaeTcs
Ha T€ XKe MOJIPYIIIIbL:

® VHCTPYKIUMK TIepeMeleHns JIaHHbIX,
e apudMeTHKa ¢ YIIaKOBAHHBIMU JTaHHBIMHU,
® VHCTPYKIMKA CPaBHEHUH,
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Source 1 X3 X, X, Xo
Source 2 Y, Y, Y, Y,
|
sub 2dd Fs,ubl [Aad]
\ ¥ ¥ ¥
Destination X;5-Y, X,+Y, X,-Y, Xot+Y,
Source 1 X, X, X, X,
— —
Source 2 Y, Y, Y, Y,
| | | |
add add ladd]
\ v A\ l
Destination Y,+Y, Y, +Y, X,+X, Xo+X;

Puc. 3.18. IIpumepnl acCHMMETPUUIHBIX U TOPU3OHTAJILHBIX HHCTPYKINKA SSE.

® JIOr'MYeCKre UHCTPYKINH,
® VHCTPYKIUMK IepeMellInBaHus U PaCllaKOBKU,
® UHCTPYKIUU TPeodpa3OBaHUSI.

Nucrpykium npeobpa3oBanust 9uces JBONHOW TOYHOCTU B PErucTpax
XMM — rpyuna uHCTPYKIUA, 1103BOJIsONAs IPeOOPA30BbIBATH JIAHHBIE JIJIsI
FPU B naunnbie g SSE, u naobopot. IIpeobpasoBanus KacaloTcs KakK BEK-
TOPHBIX, TaK U CKaJSIPHBIX TUTIOB SSE.

128-OuTHbIE 1EJIOUUCIEHHBIE UHCTPYKIIUU BBIIOJIHSIIOT IPeoOpa3soBaHuUsl
32-paspsiabix nesbix (CPU 1 MMX) B nasatonne XMM-janubie oguHap-
HOI TOYHOCTHU, ¥ HAOOOPOT, BBIIOJHSAIOT apudMeTniecKue JeiicTBus ¢ 6e3-
3HAKOBBIMU 32-pa3psi/IHBIMU 1€JIbIMU, TIepeMeNnBatoT 16-pa3psijiHbie 1eJible,
BBIIOJIHATOT CABUIYM G4-paspsijiHbIX 1EJIbIX, PACIaKOBBIBAIOT 32-paspsijiHble
1eJsble.

Nucrpyknuum SSE3. Ha6op SSE3 npumMeuaresen mosiBjieHrneM TaK Ha3bI-
BaeMbIX I'OPU30HTAJbHBIX U aCAMMETPUUHbBIX UHCTPYKIIUI, IPUMEPhI BbIIIOJI-
HEHUs KOTOPbHIX MOKa3aHbl Ha pucyHke 3.18.

Nucrpykmmun SSE4.1. m SSE4.2. Uncrpykmun SSE4.1. ymyumman
IPYIIILy Onepanuii ¢ ynakoBaHHbIMU 1ejbiMu dnciamu (dword), st niasa-
IOIUX YIIAKOBAHHBIX THUIIOB JIOOABUJIM BBIUKMCJICHHE CKaJIPHBIX IIPOU3BE/Ie-
HUif, KOTOPbIE MOTYT MTHPOKO MCIOJB30BATHCS JIJIsST PEAJINBAIH aJITOPUTMOB
JINHEWHOR ajreOpbl 1 00pabOTKKM M300paxkKeHnuii. J[Be MHCTPYKIMHE PeaJin3y-
for Bhiunciaenne CRC32 n Bhruncsenue 6mTa 9eTHOCTH BTOPOTO ONEPaH]IA.
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B oiHOII MHCTPYKIIMH peaJin30BaHbl CTaHIapTHBIE aJrOPUTMbI KOHTPOJIS Tie-
JIOCTHOCTH JIaHHBIX.

NMucrpykmum SSE4.2. Srta rpyrmna WHCTPYKIHi BBeIa 00pabOTKy CTPOK
C MCIIOJTb30BAHUEM PECYPCOB BEKTOPHOTO MPOIECCOPa.



I'1aBa 4.

Jlmck

4.1. Pusnyeckue IIPUHIINIILI

TexHuKa 3aliCH U CIUThIBaHKUA NUMPOBOI MHMOPMAIUY Ha MarHUTHbBIM
HocuTE b ObLIa pa3paboTana elié B Te BpeMeHa, KOrjla UCIOJIb30BAJIUCH Mar-
HUTHBIE JIeHTBI. VHMOpMaIus KoIUpyeTcs: yuyacTKaMU IIOBEPXHOCTU C dUe-
PEJIYIONMMUCS HAITPABJICHUSIMU HaMarHUIeHHOCTU. B TpaJIMIIMOHHBIX JIUC-
KaxX UCIOJIb3YEeTCs] TOPU30HTATbHAS HAMATHUUIEHHOCTD (BJOJIb MOBEPXHOCTH
JIACKA), B HACTOAIIEE BPEMs HCIOJIB3YIOTCS TAKXKE MATHUTHBIE CJIOU C BEp-
TUKAJbHBIM HallPpABJIEHUEM HaMAlHUYEHHOCTU, YTO 1103BOJIAET CYIIECTBEHHO
YBEJIMYUTD IJIOTHOCTD 3amnucu. Pucynok 4.1 paér npejcranienne 06 ycTpoii-
CTBE I'OJIOBOK JIjisl YTE€HMUsI /3alIUCH 1 OPUEHTAIMM HAMAIHUYEHHOCTH,

"Ring" writing element "Monopole" writing element
—a —a
e —a

[« NA>[<«[=>][>]=>] Recording layer VARV T Recording layer
Additional layer

Puc. 4.1. TpaunuoHHbIl 1 BepTUKAJbHBIA cI10COObI 3amucu 1udpoBoii MH-
dopmalnu Ha MArHUTHOM HOCHTEJIE

Banuch nadopmarun Ha nopepxuoctu CD, DVD un BlueRay ocymiects-
JAETCA TPU HOMOIM muToB (pit — sMa, amka). [lut cozmaéres kopoTkum
umityibcom MotHoro (100 — 300 mBr) undpakpachoro Jasepa. Dror nm-
[IyJbC BO3JICUCTBYET Ha KpPAaCUTEJb WU TOHKHUA CJION MeTaJjlia, WU3MEHd
ero orpaxkenue (MUT paccemBaeT CBeT, OKpyKeHue orpaxaer). [Ipu arenun
ceet cdokycupoBanroro majomornaoro (0.3 — 1 MmBT) sazepa mogynupyercs
npoxoadiMu depe3 Gokyc nuramu. IIpejpcrapienne o pasmepe u ¢opme

87
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IIUTOB, a Tak»Ke 00 MCIOJb3yeMoil onTuke jaer pucyHok 4.2. Paszmep ¢o-
KaJIbHOI'O TISITHA U, CJEA0BATE/]bHO, MJIOTHOCTh 3AIUCH OIPEIE/AI0TCs 11~
HOU BOJIHBI M3JIyUEHUS U anepTypoil (YIJIOM CXOAUMOCTH TydKa cBeta). Pas-
Mep nsiTHa onpejessiercs dhopmysoil Abbe — d = 4\ /wsina. [Ipu nepexose
CD=DVD=-BlueRay mnuna Bosubl yobiBaer (780uM=-650uM=-4050M), a
anepTypHbIit yroa pacrer (sina =0.45=-0.6=-0.85), 40 1 M03BOJIsIET YBEJIW-
quTh eMKocTb jucka or 0.7 I'D j10 25 I'B. MaJioe dhokasibHOE 1IsITHO CJI0XKHEH
yJEp:KNBaTh HA OTPaKAIoIIel MOBEPXHOCTU BPAIAIOIIErocs JINCKa, ITO yKe-
crodaer TpeDOBaHMsI K TOYHOCTH CHCTEM aBTO(MOKYCUPOBKH W yJIEepPrKaHUsi
mATHA Ha JOpoykke nmuToB. Ha pucynke 4.2 mokazaHo yCTPOHCTBO CUNTHIBaA-
rorteit rosiosku CD/DVD. Mornnbiit siazep, npejiHasHaYe€HHbIH JIjisl CTUPAHUST
u 3anucu nHGOPMAINU, He TOKA3aH.

Laser + Photodiode
Compact Disk Mirror

OC HOCDOOC )
CO0OC HOCOO0

DVD BlueRay
oC_ HOCHOC > 055225255
COHOC_DOC OO 529520529

00D Lt;.\tr;]se t:r ?bjective
with autofocus
C_O0CHO0C OO0 and autotracking
oCOOC_HOCH °‘

Puc. 4.2. Ornocuresnbubie pazmepsl nutos st CD, DVD u Blue Ray (Cupa-
Ba, ONTHYECKAs CXeMa ITEeHMWs )

Ha dusnaeckom ypoBHE OCHOBHBIM PECYyPCOM MATHUTHOTO HOCHTEJIS SB-
JSIETCsT IUCII0 TIEPEKJTI0YeHN MarHUTHOTO TIOTOKa HA €JIMHUILY JITHHBI JI0-
poxkn (FCPI — flux change per inch). ¥V ontudeckux nocutesneil 0CHOBHOI
MOKa3aTeslb — pa3Mep IMHTa.

4.2. KomupoBanue nadopMaliil Ha JNCKe

[IpeironoxKuM, 9TO CUIHAJ ¢ MATHUTHON T'OJIOBKU MJIK (DOTOIIPUEMHUKA
uMeer cieyroltyo Gopmy (cM. pucyHok 4.3).

Kaxkoit u3 AByX KOJOB, IIOKa3aHHLIX CHU3Y, 3alucan Bo ¢pparmente? OT-
BET TOSIBJISIETCsI, TOJBKO €CJIM yKa3aH IMar M0 BPeMeHM (CHHXPOHU3AIINS).
DTOoT mar OyneT 3aBUCETH OT CKOPOCTH BPAIEHHS JUCKA, KOTOPasd He MOXKET
110/1JIEP?KUBATHCS HACTOJILKO TOYHO, YTOOBI €r0 MOXKHO ObLIO YCTAHOBUTH pa3
u Hasceryia. Ho ero MoxkHO yKasarTh B HadaJje KaxJ0ro CeKTopa, rnepejianasi
II0CJIEJIOBATE/ILHOCTD Yepejlytonuxcs HyJaeir u eaunuil, CooTBETCTBYIOMIAS
qacToTa 3alOMUHAETCs TeHepaTopoM Ha npueMuoM Kouie (Phase loop lock
— PLL), u gaiee nexopupoBaHue MPOM3BOJUTCS C YIETOM 3aJJaHHOTO Bpe-
MEHHOTI'O JIUCKpera. EJMHNIL 1 Hy/In KOJAUPYIOTCS He YPOBHSIMU CATHAJIA, a
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010 1 00 11 O0 1
00100110001111001100

Puc. 4.3. Ilpumep 1yepenoBanmsa HaMarHHI€HHOCTH.

nepexogamu. Ilpocreiimunii crocod ciejyronuii: cuuTarhb, YTO CUUTaH HOJIb,
€CJTM 3a BPEeMsi TaKTa HE MPOU3OINIE EPEeXo/l, U CANTATh, 9TO CINTAHA, €11~
HUTA, ecyu ObUT mepexo)] (be3pasimano kakoit). [Ipu takom crmocobe kosu-
POBAHMSI OJMHAKOBO ILJIOXasl CUTYalldsl BOZHUKAET PHU CJAUIIKOM JIJTMHHBIX
¥ CJUIIIKOM KOPOTKUX MOCJIEIOBATELHOCTSIX OJMHAKOBBIX CUMBOJIOB (HYJT€il
wi epuanit). Takas mocaeoBaTeslbHOCTh HasbiBaeTcst run length (mpober).
Konpl BbIOMpatoTcss Tak, 4TOObI OHM ObLIM orpanmndennl. OOIee HasBaHUe
taknx KojoB Run Length Limited — RLL. B KaxkjgoM KoHKpeTHOM Ciydae
nazBanue koja umeer Buj (m,n)RLL (m — Munumasibras juina run length,
n — MakcuMasbHas Jymaa run length). [orsTHO, uTO Takoil Koj| MO3BOJISAET
KOJMPOBaTh OT M o N O6uroB Ha oxuH nepexojl. Crangaprbl HHTEPGEHCcOB
MaTrHUTHBIX HAKOIIUTEJIEH CIeYIOT 38 MeTOaMU KOJMPOBaHUA NH(MOPMAIIAH.
[Tosromy u HazBanmst UHTEP@EHCOB MArHUTHBIX HAKOMUTEIEH MTPAKTUIECKN
MOBTOPSIFOT HAa3BAaHUS METOJOB KOJUPOBAHUS NH(MOPMAIIAN.

1) MFM. Merox MFM (Modified Frequency Modulation) sBisiercs pas-
HOBHUJIHOCTBIO YaCTOTHON MOJLYJISIIIMHU, IIUPOKO UCIIOJIB3YEMOil B DA/ o~
Bemannu 1 CBsa3u. OTIndne 3aK/II0IaeTCS B TOM, UTO MOTUPHUITTPO-
BaHHAS MOJLYJISIIMs T103BOJISIET OOECIeYnTh JIBYKPATHOE MOBbIIIEHUE
TJIOTHOCTH 3alUCH JAHHLIX. 3a OJIMH Mepexofl (CMeHy HalpaBJIeHus)
HAMarHWIeHHOCTH MOYKHO 3alMcaTh OT OJHOTO JIO TPeX OUT JIaHHBIX.
CurHAJIBI ¢ TOJIOBKY TEPEAIOTC MO Kabesio JAHHBIX B aHAJIOTOBOM
dbopme; TaHHbIE OT/ESAIOTCS OT CUIHAIOB CUHXPOHHU3AIUN ¢ TOMOIIHIO
AHAJIOTOBOIO YCTPOHCTBA — CelapaTopa, yCTaHABIMBACMOIO Ha IJIATE
KOHTPOJIJIEPA.

2) RLL. Run Length Limited. Ipyroii cioco6 momyssiuu (2,7 RLL win
npocro RLL), npepnoxennsiit komnanueit IBM B 1986 romy, ucrosib-
3yeT ePeKoJIMPOBAHUE UCXOIHONR MH(MOPMAIUMU C BBEJICHUEM U30bITOU-
HoCTH. V30BITOYHOCTH TO3BOJIAET 3aMedaTh U MCIPABJIATH OIIMOKH.
Meto;it RLL npeobpasyer jiaHHbie B 1IeCTHA/IATUOUTOBBIE CJIOBA, 1103-
BOJISTIOTIINE 3AlUCHIBATD 38 OJIMH ITePEX0] COCTOSTHUS HaMarHUIeHHOCTH
aucka or 2 10 7 6uT (971 1udphl ¥ BKIIOYEHBI B HA3BAHKE METOJIA).
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3)

ESDI ITo mepe pocta ckopocTu paboThl KOMIIbIOTepoB nHTEpdeiic RLL
nepecTaJl yJA0BJAETBOPsTH BeeM TpeboBaHusiM, u B 1985 rojy Obl1 pas-
paboTan HOBbIH cTangapT ESDI, KOTOpblii, IO CyTH, SIBJISAICS IPOCTHIM
paciiupeHreM BO3MOXKHOCTEH CBOEro MpeIIecTBeHHUKA.

SCSI Tlepponauasbhbiii Bapuant warepdeiica SCSI (Small Computer
System Interface) Obur npejgioxken B konue 1970-x rogos Shugart
Associates (crapoe HazBanme Seagate) B3aMeH paspabOTaHHON KOMITa-
uueit IBM cucremuoit bl [P (unresexryasbhbiii nepudepuiinbiii
unrepdeiic). [locte Heymaun B KoHKYpenTHOH 6ophbe ¢ dupmoit [IBM
stoT nHTepdeiic obur npejoxken komuTery ANSI X3T9.2 kak naTep-
deiic mmxHero yposus noj Hazsanuem SCSI. B 1984 romy sToT KoMu-
Ter 3aKOHIM pazpaborky cremudurannn SCSI-1, n B 1986 romy ona
ObLiIa, OIYOJIMKOBAHA B OKOHYATEAbHOM BHU/jIe. DTOT uHTEepdeiic obece-
YUBaJI TOJIKJII0UCHNE IIHPOKOTO KJIACCa eprepuitHbIX yCTPONCTB, Ta-
KUX KaK BUHYECTEPHI, IIPUHTEPHI, CKAHEPhI, CTpuMepbl, npuBojbl CD-
ROM u ap. Nurepdeiic SCSI mosryunsics 10CTaTOIHO JOPOTHM, HO 3a-
TO TIO3BOJISIIT TIOAKJIIOYATH K MATUCTPAJIN JI0 BOCBMHU yCTPoicTB. B 3Ha-
anresibHo Mogudunuposannom Buje (Fast-SCSI u Wide-SCSI) SCSI
MCTIOJIB3YETCST JI0 CUX TTOP B CepBepax, JJIsi KOTOPHIX eMKOCTh HAKOTIH-
Tesieil Kpurnuna (a 1eHa — Her).

IDE/ATA Cuenuduraius IDE/ATA 6buia npejijioxkena B KauecTse
HeJloporoit anbrepHaTupsl nHTEepdeiicam ESDI u SCSI s nepconasib-
ubix komibioTepos cemeitcrs IBM PC XT/AT. B pesyibrare corpy/i-
nuuectBa komnanuun Western Digital ¢ Compaq Computer Corporation
obl1 paspaboran unrtepdeiic IDE (Integrated Drive Electronics), na-
spiBaemblii Takske ATA (AT attachment). [lepsbie mpombimienmbie
yerpoiicrsa Ha 6aze IDE/ATA 6b1tu Boimymienst 8 1986 romy. VaTep-
deiic 6bu1 cranpapruzosan (ANSI X3T9.2/90143) B 1990 romy. Kak
ATA (AT Attachment). Umenno ATA - sucku craimu nanbosee pacmpo-
CTPaHEHHBIMK B HACTOJILHBIX KOMIThIOTEpaxX. B HacTosiImee Bpemst 9TOT

nnrepdeiic mazpiBator PATA (parallel ATA), aro6er otimgars ero ot
SATA (serial ATA)

SATA. C quckaMu Takoro TUIA CUTYyalus He YyCTosyiach. B nacrosiiee
speMst SATA — 910 cepuasuzarop (Ha Jjcke) u jlecepuaiu3arop (Ha
MarepuHckoil miare). (CepraausaTop — MpeodpasoBaTe/h Mapasiesb-
HOT'O KOJIa B OCJIEI0BATELHBIH, Jecepuasnzarop — Haobopor.) Ho co
BpeMeneM mocjeioBareabubiit topt SATA craner gacTbio dnmcera Ha
MaTEePUHCKO TIaTe ¥ KOHTPOJLIep Ha anucke Oymer umerh mopt SATA.
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7) USB. USB nuckos ue 6biBaer. Tam BryTpu crout yerpoiictso — ATA-
USB bridge, koropoe npocto nepekojiupyer Komanibi ATA uaTepdeii-
ca W JlaHHBIE B TIOCJIe10BaTebHBIN Ko MarucTpajn USB. 9T1o yerpoii-
CTBO 0Ka3aJ0Ch JENEeBbIM, ¥ €ro MpoIle <«IMpHeJaThs K TOTOBOMY

ATA-nucky.

8) RAID (Redundund Array of Inexpensive Drives — n36brTovHbINH MaccuB
nemeBbix jinckoB) — 310 ATA win SCSI yerpoiicrsa.

4.3. Nnrepdeiicer ATA nm SATA

Kpatkuit 0630p naTepdeiicoB MArHITHONO HAKOIIUTEJIS TIOKA3LIBAET, ITO
CMEJIBIH IIPOIPAMMUCT, KOTOPOMY 3a4eM-TO [T0HAI00MI0CH 000ATH ApaiiBephI
Windows win Linux, gyunkiuu Int 21 MSDOS, Bcio (daitioByio cucremy miin
naxke dyakmuu Int 13 BIOS yuperca B uarepdeiic ATA. Ha stom yposue
IPOrPAMMHUCT YBUJUT PETUCTPbI KOHTPOJIIEPA KECTKOro Jucka (IpocTpaH-
CTBO BBOJIA/BBIBOIA.).

AnmapaTypa cOBpeMEHHOW MaTepUHCKON MIaThl (Yurcer) nospoJsier 06-
pamarbcs K HeckosbkuM Marucrpaiam ATA (o gersipex). Ha kaxmoit Ma-
rrcrpaan MoryT HaxoguThes asa ATA yerpoiicra. Kakmast marucrpalinb
uMeeT rpyiiy 0aiToBbiX MOpToB (JecsTb 6AlTOB), ajpeca KOTOPbIX HAYNHA-
foTcst ¢ OazoBoro ajpeca. B rabmuie 4.1 mokasaHbl aJipeca YeThbIpex Maru-
crpageit ATA.

H Nemarucrpasu \ Per. xkomanip H Per. ynpasnenus \ NeripepoiBanust H

1 1F0-1F7 JF6-3F7 14
2 170-177 376-377 15
3 1E8-1EF JEE-3EF 11
4 168-16F 36E-36F 10

Tabsmmma 4.1. Ajpeca perucrpos koutTposiepa ATA

MarucrpaJsu 1 u 2 ectb Becerjia, Mmarucrpajiu 3 u 4 HEKOTOPble KOHTPOJI-
Jepbl (TUIICET TOTPOIIE) HEe MPEJTOCTABIISIOT.

B Tabsuie 4.2 ykazaHo Ha3HaueHUE PErUCTPOB KOMaH/Ibl U yIPaBJICHUs
Jutst KaHasa 1 (711 OCTaJIbHBIX KAHAJIOB WX HETPYJIHO MOJIYIUTh TP TOMOIIIHI
C/IBUTA).

DR — perucrp jpannbix jgocryied ToabKo upu PIO, B DMA ero e npodu-
TaThb. Perucrp Ha camoMm jiesie 16-pa3psi/iHblii cTapiiie pa3psibl YNTAOTCA B
ER. Perucrp omubok ER duraror eciiu, rnocjie komaH bl BO3HUK OUT OIIMOKU
B PErUCTPE COCTOSIHUS WJIN TTOCTe KOMaH/IbI «TUarHOCTUKa». BUTHI perucrpa
ER nmetor ciepytomiee 3nadenue:
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H Apec H IIpu urennn \ [Ipu 3anucu H
1F0 Perucrp nannbix (DR) Perucrp pannbix (DR)
1F1 Peructp ommbok (ER) Per. csoiicts(FR)

1F2 Cuerunk cektopos (SC)

1F3 Cekrop / LBA 0-7

1F4 Huanuap (CL)/LBA 8-15

1F5 Hummugp (CH)/LBA 16-23

1F6 Yerp. u rosioBga /Yerp. u LBA 24-27

1F7 Perucrp cocrosinust (SR) Per. komany (CR)
3F6 Austbrepn. peructp cocrosiiusi (AC) Per. ynpasi. (DC)
3F7 He ucnonnzyercs He ucnosnzyercs

Tabmuma 4.2. Hazmauenue peructpos korrposiepa ATA

Bit 0 — He nHaiijien ajpecHbIil MapKep CEKTOPa

Bit 1 — ne naiinena HyjaeBas JOPOXKKa IPU PEKAJINOPOBKE
Bit 2 — aBapuiinoe mpekpaleHne BhIIOJHEHN KOMAHIbI
Bit 3 — noJsiyden 3anpoc Ha CMeHy HOCHTEJIsE WH(pOpMaIiu
Bit 4 — cekrop (CHS) ne naiijien

Bit 5 — npousBejiena cMeHa HOCUTE s HHGOPMAIUN

Bit 6 — HekoppekTUpyemas omndKa JIAHHBIX

Bit 7 — 3apesepBupoBaHoO.

OrJiebHbIe KOJIBI 9UTAIOTCS TETUKOM (0e3 OMTOBON paCKJIIa KK ):

e 01 — ner ommbok (0 — ucnpaBro, 1 — UCIPABHO MJIM OTCYTCTBYET)
e 00, 02-7F — ommubka (0 — HeucnpaBHO, 1 — HCIIPABHO WK OTCYTCTBYET)
e 81 — 0 — ucupasno, 1 — HeucnpasHO

e 80, 82-FF — oba ycrpoiicTBa HEenCIIPaBHBI.

B perucrp cpoiicrs (FR) numinyrest jononnutesibHbie KOJbl IpU Hoa4e
HEKOTOPBIX CIYKeOHBIX KoMaH . [Io pazmepam perucrpoB ceKTopa, IMUJINH-
Jipa ¥ yCTPO#CTBA M TOJOBKHU TOHSITHO, 9TO, 10 MHeHnio ATA wraTepdeiica,
y JIUCKa He ObIBaeT OOJIbINe

e CHS — 256 cekr. X 65536 mui. X 128 rosn. x 512 6aiit = 136.9 I'b
o LBA — 23! x 512 6aiir = 1024 I'B.

CoBpemennbie TepabaiiTHbIe JUCKH WCIOIh3YIOT CEKTOpa OOJIBIEro pas-
mepa (4KB — 2010 rox).

Bce koMmaHibl IepelaloTCst B peructp Komauj. Bceero moxker ObITh 256
KOMaH]I, KOTOPbIE JIEJATCS Ha
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e oOz3arespibie (mandatory),

e JjonosiHATENBHBIE (Optional),

e komaH bl n3rorosuresst (vendor specific).

Obs3aTesbHBIX KOMaH 1 Bcero 18. JlomoJiHuTeIbHbIE KOMaH/ bl 1 KOMaH-
JIbl I3TOTOBUATEJISI — OCHOBA JUATHOCTHIECKOIO U PEMOHTHOT'O ITPOIPAMMHOTO
obecnevuenusi. Huxke mpuBonTCs cnucoK obsi3aTeIbHBIX KOMaH I HHTepdeiica

ATA (rabauna 4.3).

H Ne H Komana \ Kon H
1 || Execute device diagnostic 90
2 || Identify device EC
3 || Initialize device parameters 91
4 | Read DMA (with retry) C8
5 | Read DMA (without retry) C9
6 | Read multiple C4
7 | Read sector(s) (with retry) 20
8 | Read sector(s) (without retry) 21
9 | Read verify sector(s) (with retry) 40
10 || Read verify sector(s) (without retry) | 41
11 || Seek 70
12 || Set features EF
13 || Set multiple mode C6
14 | Write DMA (with retry) CA
15 || Write DMA (without retry) CB
16 | Write multiple Ch
17 || Write sector(s) (with retry) 30
18 || Write sector(s) (without retry) 31

Tabsmnma 4.3. Obsizaresibable KOMaH bl nHTEpdeiica ATA




CIHCOK JuTepaTyphbl

10.

. [Horemkun, 1. C. @ynknuonaabHble y3/bl IHGPOBOi aBToMaTuku. M.:

Queproaromusjiar, 1988.

. Mano, M. M., Kime C. Logic and Computer Design Fundamentals. 4th

edition. - Prentice Hall Press Upper Saddle River. - NJ, USA, 2007.

'yvk M. Annaparnsie cpencrsa IBM PC. Qunuknonemus, 2-e msm. —
CII6.: [Turep, 2003.

URL:http://www.intel.com /content /www /us/en /processors. Intel® 64
and TA-32 Architectures Software Developer’s Manual Combined
Volumes:1, 2A, 2B, 2C, 3A, 3B, and 3C.

. URL:http://www.intel.com/content /www /us/en /processors. Intel® 64

and TA-32 Architectures Optimization Reference Manual

URL:http://www.intel.com/content /www /us/en/processors.
Intel(©SSE4 Programming Reference

URL:http://support.amd.com/us/Processor _TechDocs/APM_v1 -
24592.pdf. AMDG64 Architecture Programmer’s Manual: Application
Programming.

URL:http://support.amd.com/us/Processor TechDocs/APM vl -
24593.pdf. AMDG64 Architecture Programmer’s Manual: System
Programming.

URL:http://support.amd.com /us/Processor _TechDocs/APM vl -
24594.pdf. AMDG64 Architecture Programmer’s Manual: General-
Purpose and System Instructions.

URL:http://docs.oracle.com/cd /E19957-01/806-3568 /ncg_ gold-
berg.html. D. Goldberg. What Every Computer Scientist Should Know
About Floating-Point Arithmetic.March, 1991 issue of Computing
Surveys.

94



CIINCOK JIMTEPATYPBI 95

11.

12.

13.

14.

URL:http://www.techfest.com/hardware /bus/isa_sokos.htm The ISA
And Pc¢/104 Bus by Mark Sokos.

URL:http://www.techfest.com /hardware /bus/eisa_ sokos.htm The
EISA Bus by Mark Sokos.

URL:http://people.na.infn.it / garufi/didattica/CorsoAcq/PCI.Local.Bus.
Specification.Revision.3.0.pdf. PCI Local Bus Specification Revision 3.0
August 12, 2002.

URL:http:/ /rutracker.org/forum/viewtopic.php?t—3684825 PCI
Express® Base Specification. Revision 3.0 Version 0.9 August 10,
2010.



YyebHoe uzanne

Jloxanmna Muxaun Biajiumuposud

APXUTEKTYPA COBPEMEHHOTI'O
KOMIIBIOTEPA

Yuebnoe nmocodue

Pejiakrop, koppekrop M. B. Hukynnna

Kowmmbiorepubiit nabop u Bepcrka M. B. Jloxanun

[Toamucano B meuars 15.12.2011. @opmar 60x84/16.
Bywmara tuit. Yei. ned. Ji. 6,04. Yu.-uzj. Ji. 9,0

Twupark 50 s5k3. 3akas

OpurunaJj-mMaker 1mojiroToB/IeH
B PEJIAKIIMOHHO-U3/[ATEJIbCKOM OT/IE/Ie
ApociaBckoro rocy1apCTBEHHOTO YyHUBEPCUTETA,

uMm. II.I'. lemmnoBa.

Ornegarano Ha puszorpade.
ApocnaBckuii rocylapCTBEHHbBIN yHUBEPCUTET
um. I1.T. JlemuioBa
150000, Apocnasib, yia. Coerckasi, 14.



