lnasa 2. MPOrPAMMHOE YINPABJIEHUE
KOMMbOTEPOM

NMporpamma u gaHHbIE
NMokoneHuna u Knaccupukauma SBM

YcTponcTBO KOMNblOTEPA M 0C06eHHOCTU 06MmeHa
UHOpMaLMen mexay ero ysnamm

ApxuteKtypa $PoH HermaHa
MaLKMHHDBIX KOpA, BbINOJIHEHME MALUMHHON KOMaHAb!
Tunbl nporpamm

Cuctembl cuucnenums. Mepesopg uncen ns oaHoOM cUCTEMbl
CYMCNIEHMA B APYrYIO

lNpeacrtasneHune yncen B NaMATU KOMMNbloTepa
MawunHHaA matemaTtmKa



MPOrPAMMA U OAHHBIE

MporpammupoBaHmne —3TO NPOLECC CO34aHNA NPOorpamm.
Mporpamma — Habop MHCTPYKLMUI, NOCAHHbIN BbIYUC/IUTENBHOM MaLLUHE
(komnbloTepy).

Hocutenem nHpopmaumnmn asnaetca coobujeHue.

JaHHble — 3TO co0bLEeHnA, 3aKoANPOBaHHbIE B GOPMY, MPUTOAHYIO ANA XPaHEHUA U
06paboTKN nx KomnbtoTepom (Ha oCHoBEe ABONYHOIO Habopa 3HAKOB — M3-3a NPOCTOThI
Pacno3HaBaHUA N XPaHEHUA Ha PU3NYECKOM YPOBHE CUTHA/I0B, MMEKOLLMX TO/IbKO ABa
COCTOAHMA: "BKAOYEH — BbIKAOYEH").

Cenyac peanunsyetca ¢ nomouwbto CMOS-mpaH3ucmopos.

[na KoanpoBKU coobujeHull NPUMeEHAETCA ABOUYHbIA HAabop, COCTOALLUI U3 ABYX
3HakoB O n 1 (binary digit, cokpalweHHo bit).

[MopsAA0K BbINO/IHEHMA onepaunit Hag AaHHbIMM CTPOUTCA HA OCHOBE HEKOTOPOro
as20pumma.

Mporpammy MOXKHO paccMaTpMBaTb KaKk as20pUMmMM, 3aNUCaHHbIMA Ha MOHATHOM A5
KOMMNbIOTEPA A3bIKE, U OaHHbIe, KOTopble KoMnbtoTep byaet obpabaTbiBaTh B
COOTBETCTBUM C 3TUM a/IFTOPUTMOM.



MOKOJIEHUA 3BM

* [lepBoe (3neKkTpoHHble namnbl — 1945-1955 rr.). bbicTpoAencTBME — OT HECK. COTEH
[0 HecK. Tbicay onepauun B cek. NMpumepsbi: ENIAC, EDVAC, IBM 701; CCCP — M3CM,
EOCM.

* Bropoe (TpaH3ucTtopbl — 1955-1965 rr.). bbicTpoaencTBmne — 40 COTEH ThIC. U
MUANNOHOB onepauuni B cek. CuctemHoe MO, nporpaMmmMmnUpoBaHUE Ha A3blKax
BbICOKOro ypoBHA. [Npumepsbl: IBM 1620, PDP-1.

* Tpetbe (MHTerpanbHble cxembl (MC) — 1965-1980 rr.). bbicTpoaencTeme — Ao aec.
MUNJIMOHOB onepaunmn B cek. Maccosoe npounssoactso UC. NMpumepsi: IBM cepum
System/360, PDP-8; CCCP — 3BM cepuu EC.

* Yerseproe (cBepxbonbimne NC—c 1980 r.). MUKPOINEKTPOHMKA.
Mukponpoueccop. KomnbtotepHble ceTu. Mpumepsl: MK IBM PC, Apple Macintosh,
CynepKomnbloTepbl.

* [atoe (?). B HacToALLEE BpeMA NPOLECC NPOAOMKAETCA B paMKax Napagurmol
ceepxbonbwon UC. Lenb — "nHTennektyanmnsauma" komnbrotepa.

Mepexon kK 6bonee BbICOKOMY MOKONEHUIO — 3TO MPUHLMUMNMNANBHOE CHUXKEHUE
pa3mepos, NnoTpebaaemon MOWHOCTU, CTOMMOCTU U YBeNNYeHUE bBbICTPOAENCTBUA.



KNACCUPNKALNA KOMIBIOTEPOB

no NpUHUMNy Nno MOLLHOCTH Nno NPUMMEHEHUI0
AencTBUNA u rabaputam

dHaJiorosbie CynepKomMmbiroTepbl Hay4Hbl€ Bbl4.

1 000 - 1 000 000 LLeHTPbI
Mdronc

unucpposBble 6onbwne 3BM M3UH(bpenMbl
100 - 10 000
Mdprionc

rmbpuaHbie Manbie OBM cepBepbl
10 -1 000 drannosble, NHTEPHET
Mdononc a3 gaHHbIX

MUKpoIBM pabouue craHuumn

10 - 100 6opToBble 3BM u T1.4.
Mdnonc

(MFLOPS, Million of FLoating point Operation Per Second)
(MIPS, Million Instruction Per Second)



APXUTEKTYPA KOMIbKOTEPA
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APXUTEKTYPA KOMIbKOTEPA (OCHOBHbIE Y3/1bl)

XapaKTepPUCTUKN — pa3pAa0HOCMb, MaKmosasa Yyacmoma, Habop KOMaHO.

Ob6bem namaTn namepsaeTca B batimax. — rpynna
“3 BOCbMM BUT, obpabaTtbiBaeman Kak eauHoe uenoe. EMKocTb Aaueiikm namatn — 1
6anT. NMpounssogHble: Kbant (1024 (21°) 6ait), MbanT (1 048 576 (22°) 6auT),
[6aii (1 073 741 824 (23°) 6aiit).

B cocTaB BXoAAT 2/108HbIl MOCM U MOcm nepughepuu.

— Habop NMHUN-NPOBOAHUKOB ANA nepeaavn nHdopmaumu
MeXAyY Y3namu. BelaensatoT cucmemHyro WuHy, nepugepuliHbie WUHbl. APXUTEKTYPA
Ntob0oM 13 WNH BKAKOYAET IMHUM ANA obMeHa AaHHbIMU (WUHA OGHHbIX), ANA
aapecauun aaHHbIX (WUHa adpecos), Ansa ynpasnaeHna AaHHbIMW (WUHA ynpasneHus).
onpeaenneTca ee pa3pa0HOCMbIO,

YMHOXEHHOW Ha maxkmosyo Yyacmomy.

[MpeaHa3HayeHa 419 BPEMEHHOIO XPaHEHUA KON 6/1I0KOB AaHHbIX TeX
obnacten O3Y, K KOTOPbIM BbINONHANAUCH NOC/eAHME 0bpalleHns N BECbMa BEPOATHbI
obpalleHuna B bamkanwime TakTbl. Umeetca Kaw-namaTtb 1-20, 2-20, 3-20 YPOBHEMN.

[pyrue y3abl: MarHUTHbIE AUCKU, A3W-NAaMATb, KNaBnaTypa, Mblllb, MOHUTOP, U T.A.



APXUTEKTYPA ®OH HEMMAHA

MawmuHa (apxutektypa) doH HelimaHa NOCTpoeHa Ha cneayrowmx NPUHLMNax:

® Ha/nyume Tpex OCHOBHbIX 3/IEMEHTOB — namamu (ans
XpaHeHUs nHpopmaumun), apugppmemuKo-102U4ecKkoeo
ycmpoticmea, AJ/1Y (BbINONHAET KOMaHAbl) U
ycmpoticmaa ynpasnaeHus, YY (yKa3biBaeT KOMaHAabl
ON1A BbINO/IHEHMUSA);

John von
Neumann

°* OAHOPOAHOCTU NAMATU — KOMaHAbI U AaHHbIE
XPaHATCA B O4HOW M TOM Ke NamATU; BUA, 3anmcu
KOMaHA 1 AaHHbIX OAMHAKOB;

° a[pecHOCTU — CTPYKTYPHO NaMATb COCTOUT U3
NMPOHYMEPOBaHHbIX AYEEeK, NPOLEeCccopy B
NPOWU3BOJIbHbIN MOMEHT BPEMEHM AO0CTYyNHa ntobas
AYEenKa;

o 9950095 0o

2

° MPOrpammMHOro ynpassieHusa — Nporpamma CoCTouT
13 Habopa KoOMaHA, KOTOpble BbIMOAHAIOTCS
NPOLLECCOPOM aBTOMATUYECKM APYr 3a APYrom B
onpeaeneHHo NnocneaoBaTeIbHOCTY;

° HanuMuMme KaHasa CBA3IU MeXAy NamMATbIo U
NpPOLECcCCoOpPoM.



MALLMHHbBIN KOA,

MallMHHaA KomaHAaa COCTOUT U3 KoZa BbINoAHAEMOM onepauum ( ) n
aapecHomn Yyactu ( ).

KO | ADOPECHAA YACTBHb

— 30KOOUPOBAHHOE NpeacTaBAeHMEe KOMaHAbl Npoueccopa
7C90104A 00648BOD

— NOMMEHOBAHHbIe SYerKK NaMsATU npoueccopa (cymmatop — peructp A/Y).

2dd | = — coagepkmmoe A4enkn x O3Y coXuTb C
COAEPKMMbIM CYMMATOPa, a pPe3y/ibTaT OCTaBUTb B CYMMaTOpE;
— C/IOXKUTb COAEPKMUMOE A4YEeEeK X N Y, a
add| x | y y P v
pe3ynbTaT NOMeCTUTb B AYEUKY V;

— COAEPHKMMOE AYEMKMN X C/IOKUTD
add| x |y | z C COAEPHKUMBIM AYEMKM Y, CYMMY MOMECTUTb B AYEWKY Z);




BbIMONHEHWUE MALUMHHOW KOMAHAbI

PEMMCTPBI OMNEPAHLOOB

ANy

CYETYNK KOMAHL
PET'MCTP KOMAH[
H I
41

N3 A4YEerKM NamATU, agpec KOTOPOM XPaHUTCA B cHETYMKE KOMaHA, BbiIbupaeTca
oyepeaHaa KOMaHAa; COAEPHUMOE CYETYMKA YBENNUYMBAETCA HA AJIMHY KOMAHAbI;

3Ta KOMaHAa nepegaeTca B YY Ha perncrTp KomaHga;
YY pacwundpoBbiBaeT agpecHoe noae KomaHabl;

NO CUrHasam YY onepaHabl CYHMUTLIBAOTCA M3 NAaMATU U 3anucbiBatoTca B AJTY Ha
pPerncTpbl onepaHaos;

YY pacwmndpoBbIBaET KOg onepauun un Bblgaet B AJTY curHan BbINOJHUTb
COOTBETCTBYHOLLYIO Onepaumio Hag AaHHbIMU;

pe3ynbTaT onepaunm ambo octaeTcs B npoleccope, AMBO OTNPaBAAETCA B NaMSATb,
ec/In B KOMaHAe Obln yKa3aH agpec pesy/bTarta.



TUMbl MPOrPAMM

OnepauMOHHblIe CUCTEMDI O6paboTunkm TeKcTa
d)aVIﬂOBble CUCTEMDI TEKCTOBbIE MpoueCcopbl
[ panBepbl YCTPONCTB n3gaTtesibCKue CUCTEMbI

ba3oBoe O UHTerpupoBaHHblIe

BIOS, opunCHbIEe CUCTEMDI
Basic Input/Output System

CnyxebHble nporpamMmbl
YTUIINTDI
AHTUBMPYCHbIE CpeacTBa

Cucrembl NporpaMMupoBaHmns F'pachmnueckue cucremol

BKIMOYAOT TPaHCNATOPbI, BUbnmoTtekn,

deflaKTopbl BEKTOPOM rpacdmkm
OTNlagunKku, cpeay pa3paboTku v T.4.

peaKTopbl PacTPOBOW rpaduKkm

NMepeBoaAUYMKM,
MUrpbl, U Ap.




CUCTEMbIl CHUCNEHWNA

— cnocob oTobpaKeHUA Yymcen ¢ NOMOLLbIO CUMBOJIOB.
COBOKYNHOCTb CUMBO/10B — a/1$PaBUT, YNC/I0 CUMBONOB B aNdaBUTE — Pa3MEPHOCTb.
B NO3MUMOHHOM cncTteMe cYncieHms Bec cumaona (umMdpbl) 3aBUCUT OT €ro NO3ULUK
V = BN, B — ocHoBaHMe cuctemsl cumcieHns, N — nopsaaKoBbIi HOMEpP NO3ULUMN.

CMCTEMA CYUC/IEHMNA — NO3ULMOHHAA (OCHOoBaHUe — 2).

NepeBog uncna U3 4BOUYHON CUCTEMbI B SECATUYHYIO:
(1101.1011), = 1*23 + 1*22 + 0*2' + 1*2° + 1*2°1 + 0*272 +
1*273 + 1"2% = 13 + 0.5 + 0.125 + 0.0625 = (13.6875)

Mepesog, N3 AeCATUYHOM CUCTEMbI B IBOMYHYIO OCYLLECTBAAETCS
nocnenoBaTebHbIM AefieHnem Ha 2. B KauecTBe ocTaTKa OT AeNeHUA NoayyaeTcs
oyepeaHana undpa ABOUNYHOIO YNCAA, HAYMHAA C MAAALLEN:

13/2 = 6 (ocrarok 1 - mnajgwass umdppa), 6/2 = 3 (0),
3/2 =1 (1), 1/2 = 0 (1l). PesyasTaT - (1101),

MepeBoa N3 AeCATUYHOM CUCTEMbI B ABOMYHYIO OCYLLLECTBAAETCA YMHOXEHMNEM
Ha 2. Llenasa yacTb NOAIy4eHHOro Yncna — ovyepegHas umdbpa ABOMYHOro, HauymHana ¢
nepson UumMdpbl nocne 3anATONn:

0.6875*2 = 1.375 (nepmass umppa - 1), 0.375*2 = 0.75 (0),
0.75*2 =1.5 (1), 0.5*2 = 1.0 (1). PesympTaTr - (0.1011),




CUCTEMbIl CHUCNEHWNA

CUCTEMA CYUCNEeHUA — NO3ULIMOHHAA (OCHOBaHMeE — 8, UCMONb3YIOTCA
umdpbi01234567).

CUCTEMA CYMCNeHna — N03NLMOHHAA (ocHoBaHMe — 16,
ncnonb3ytotca unedpbi0 1 2 3 4 5 6 7 8 9 n nepBble OYKBbI IATUHCKOTO afidpaBUTA
ABCDEF).

MepeBoa BOCbMEPUYHbIX U LWIECTHAALATEPUYHbIX YNCEN B ABOUYHYIO cucTemy (n
0bpaTHO) ocyLecTBASETCA 3aMEHOM KaxKaoM LUdppbl SIKBUBAJIEHTHOM €N ABOUYHOMN
Tpunaaon (TponKkon undp) unmn Tetpagon (Yetsepkon unedp).

(537.1), = 101 011 111. 001 = (101 O11 111.001),
5 3 7. 1
(1A3.F) ¢, = 0001 1010 0011. 1111 = (1 1010 0O11.1111),
1 A 3. F
"10"| 1|2 |3 | 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14 | 15 | 16

"2" | 1 (10|11 100 | 101 |( 110 | 111 (1000|1001|1010(1011|1100(f1101|1110|1111(10000

"8" | 1 2 3 4 5 6 7 10 11 12 13 14 15 16 17 20

"16"| 1 2 3 4 5 6 7 8 9 A B C D E F 10




MNPEOCTABNEHWE YACEN (LLENBIX) B NTAMATU

MpeactaBnenne (BUA) 4ncna B NnamMaTh onpeaenaeTca Tem , K KOTOPOMY OHO
NpUHagNeXuT. B yacTHOCTU, TMN YMCNa 3a4a€T KOIMYECTBO ABOUYHbIX Pa3paaos,

oTBOAMMBIX NOA4 XpaHEHUE YNCNaA.

[Ana XpaHeHua Yyncna B NamMATU OTBOAMUTCA LLE/IOE YMUC/I0 SYeeK eMKOCTbio 1 6aiT — 8
6uT (pa3psanos). Y1cno 3aHMMAET BCHO AYENKY, HE3AaBUCUMO OT TOrO, CKOIbKO

NBOWNYHbIX pa3pAaaoB TpebyeTca Ana ero npeacTaBieHUA.

Llenble 6e33HaKoBble TUNbI (MpeacTaBneHue yncna 5)

BYTE (1 6aiT, 0...255) WORD (2 6awmTa, 0...65535)

0000 0101 0000 0000 0000 0101



MNPEOCTABNEHWE YACEN (LLENBIX) B NTAMATU

[lna XpaHeHns Yncen co 3HaKOM CTapLuMii paspasa oTBoaMTcA noj 3HakK (0 — ecaum uncno
NoONOXUTenbHoe, 1 — ecnun oTpuLaTenbHoe).

Llenble 3HaKoBble TMNbI (MpeacTaBaeHme yncna 5)

SHORTINT (1 6awurT, -128...127) SMALLINT (2 6anTa, -32768...32767)

0O 000 0101 0O 000 0000 0000 O1l01

OTpuuaTenbHble YNCNa NPeacTaB/ieHbl B BUAE
[insa nonyyeHua 4ONONHUTE/IbHOIO KOAa HEOHX0AMMO CHa4Yana NOMEHSATb BCe
pa3pAabl YMcia Ha obpaTHbIe, a 3aTeM K NOJly4eHHOMY pe3yabTaTy npubasuTs 1.

Llenble 3HaKoBble TUNbI (NpeacTaBneHne Yncna —b)

SHORTINT (1 6awurT, -128...127) SMALLINT (2 6anTa, -32768...32767)

1 111 1011 1 111 1111 1111 1011



MALWWHHAA MATEMATUKA

Bce matematnyeckmne onepaumm c YNCA1aMU OCHOBAHbI Ha C/I0XKEHUMN.

OCYLLEeCTBNAETCA NOPa3psaAHO ¢ cobnogeHnem npasuna: "Ecnm B
pe3ynbTaTe CN0XKEHUS ABYX COOTBETCTBYHOLLMX PA3PAA0B YNCEN NONYHYUNOCHh YUCAO
6onbluee nam paBHOE OCHOBAHWUIO CUCTEMbI cHUCneHuUA (2), To cneayeT m3
NONY4EHHOTrO YMCNa OTHATb OCHOBAHWE CUCTEMbI CYUC/IEHMSA M 3aMMUCaTb B CTPOKE
NTOra NOAIYYEeHHbIM pe3ynbTaT. Kpome Toro, He06X0ANMMO 3aNOMHUTL EANHULLY C TEM,
4yTOObI 4O6ABUTL €€ NPU CNOKEHUN CaeaytoLWero pa3paaa'.

0100 1001 (73) 1,
+0010 0101 (37) 1,

0110 1110 (110) 4,

3aMEHAETCA CNOXKEHNEM Ymcen, oHO U3 KOTopbin bepeTcs ¢ 06paTHbIM
3HaKOM (Mcnonb3yeTca A0NO/IHUTENbHbIN KoA).

O 00O 01
111 1

1
O 00O 0

11 (7) 10
11 (-5) 10
10

(2) 19

+

0
0



MALWWHHAA MATEMATUKA

3aMEHAETCH CNOXKEHNEM YNCeN, CABUHYTbIX Ha Pa3HOE YMNC/I0 ABOUYHbIX
pa3psaa0B NoA0H6HO TOMY, KaK 3TO AenaeTca Npu YMHOXeHuUn yncen "B ctonbuk".

10 .1 (2.5) 1,
X 1.1 (1.5) 1,
1.01
+10 .1
11.11 (3.75) 14

BbINOMIHAETCA Yepe3 Bbl4MTaHME (MyTeM MHOFOKpaTHOro npubasneHus K
NeNMMOMY AOMONHUTEIbHOTO KoAa AennTens).

111111 15 / 3 =5
- 11 101

11
= 11

0

BbIMO/IHAETCA Yepe3 YMHOXKeHNne U 1.4.

NMmeeTcAa — cneumanbHoe YCTPOMCTBO, YCKOPSAIOLLLEE
BbIYNCNIEHNA C NJ1aBAOLLLEN TOYKOMW.



MALWWHHAA MATEMATUKA

PaboTta KomnbtoTepPa (B TOM YnC/ie BbINONHEHME apUPMETUYECKMX onepaLnii)

OCHOBAHA HA

Hanpumep, BO3MOXHbI TOJIbKO YeTbipe

Paspsg I Paspsg I1
KOMOMHALUMKN COOTBETCTBYIOLLUX Pa3paaoB npu
cJjlaraeMoro | cjaraeMoro
CNoXeHUN asyx yncen, npeacraBaieHHbIX B
NBONYHOM BUAE. 0 0
1 0
[lpaBnaa NO YCTaHOBKe COOTBETCTBYHOLLEro 0 1
pa3pAaga MToroBoro 4mcsia NOCTpoeHOo No 3aKOHamM 1 1
NOTNKN:.

"Ecnu cknaobisaromca pa3pAaosl ¢ pas8HbIM COCMOAHUEM (HOsb € HysAem uau eOuHUUd ¢
eduHuyeli), mo umozossil pa3psa0 ycmaHasau8aemcs PpasHsIM HyA0. B npomusHom
c/y4yae, OH yCmaHasnueaemcsa pasHosiMm eduHuue. Ecau cknadvisaromces 08a pa3pAoa,
pasHbie eQuHUUe, mo ebipabameieaemca cu2Has nepeHoca eOUHUUbI 8 caedyrouwul

pa3psao”.

Jlornyeckana KoHCTpyKuma "Ecam ychoBme obpallaetcs B UCTUHY, TO BbIMOJIHUTb HEKYIO

nocnegoBaTeNbHOCTb AENCTBMI" Ha3blBaeTcA

Bonee cnoxHy KOHCTPYKUMio: "Ecau ..., TO..., UHa4Ye" peasin3yoT C MOMOLLbIO

onepartopa:




