Apudpmetuka u koAbl uncen
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Kak KOMIMbIOTEP NpeactaB/ideT Undia

Yenosek Yallie UCMNONb3YeT AeCATUYHYIO CUCTEMY CUMCIEHMS, @ LMbPOBas BbIUMCIUTENbHAN TEXHWKA
paboTaeT ¢ bUTaMy — ABYMS COCTOSHUAMMW, KOTOPbIE YCNOBHO 3anuncbiBatoT kKak @ 1 1 .

Hanpuwmep:
1310 = 11612
2510 = 110612

Ba>kHO: ogHa v Ta Xe nocneAoBaTeNbHOCTb BUTOB MOXET O3Ha4aTb Pa3Hble 3HaYeHNs B 3aBUCMMOCTM OT
TOro, Kak eé MHTeprnpeTnpoBaTh.

11111111,

Kak 8-6uTHoe 6e33HakoBoe 4ucnio = 255
Kak 8-6MTHOe 3HAKOBOE YUC/IO0 B HAOMNOJIHUTENbHOM Koae = -1

Mo3ToMy NpoLeccopy HeAOCTaTOYHO NMPOCTO MNONY4YUTb HABOP BUTOB: HY>KHO 3HaTb GopmMaTt

AdHHbIX N pa3pAgHOCTb Yncha.



3apanme 1

Mepeseaunte uncno 104 B ABONUHYIO CUCTEMY.

Baw otBet

10/2=5, 0.
5/2=2, 1.
2/2=1, 0.
1/2=0, 1.
1010(2)

ABonuHOe cnoXxeHune

[lBOMYHbIE YMCNa CKNAZAbIBAKOTCS MO TEM Xe pa3psagam, YTo U AeCATUYHbIE, HO BO3MOXHbI TOIbKO LdpbI
Ont.

0 +0 =20
0 +1=1
1+0=1
1+1-=10
1+1+1-=11

Eciv nonyvaetca 10, , B TekyleM paspse 3anucoiBaetcs 0, a 1 nepeHOCUTCs B CiesyroLmin pa3psag,.

Mpoeepka: 1011, = 11,0, 0110, = 610 , NO3TOMY pe3ynbTaT 10001, = 17i, .



3apanme 2

Bbinonnute choxexwve: 1010, + 0101,.

Baw otBet

1010(2)
+

0101(2)

1011(2)

ABonuHOe BbluuTaHUE

Mpwv BbIUMTaHMM AEACTBYIOT NPOCTble NpaBuaa:

0 -0=20
1-0=1
1-1=20
10 -1 =1

Ecav B TekylweM pa3page efMHNLLbI HEJOCTaTOUHO, BbINMONHAETCSA 3aéM U3 CTapLuero paspsja.

Mposepka: 22 - 7 = 15 .

B npoueccope BbluMTaHVe YacTo YA06HO CBECTU K CIOXKEHUIO:
A-B=A=+ (-B)

[lns 3TOro oTpuLaTeNbHOE YMCI0 NPEACTaBAAOT CreunanbHbIM KOAOM.



3apanue 3

Bbiuncante: 1010, — 0011,.

Baw otBet

1010

0111
0111-0111(2)

4

ABouuyHoe yMHOXXeHue

YMHOXeHMe BbINOJNHAETCA aHaNOTMYHO NPUBbIYHOMY YMHO>XEHWIO CTONOUKOM.
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1011, = 11, 0101, = 5,a 110111, = 55 .

CABUTr 4BOMYHOrO 6€33HaKOBOr0 YMCaa BAEBO Ha OAWH pPa3psas COOTBETCTBYET YMHOXEHWUIO Ha 2, eC/n
pe3yabTaT NOMeLLaeTca B JOCTYMHYHO Pa3pAafHOCTb.



3apanue 4

YmHoxbTe: 101, x 10,.

Baw otBet

[JeneHne n ABonuHbIE CABUTU

[ns 6e33HaKOBbIX ABOVYHbIX YNCEN CABUM BMNPABO Ha OAMH pa3psj COOTBETCTBYET Lie/IoYNCIEHHOMY
AEeNeHNIo Ha 2.

110162 = 2610
11010 >> 1 = 01101,

911912 = 1310

Mpw norMyeckom cagure BNpaBo 0CBOOGOAMBLUMECA CTapLUMe pa3psaabl 3aNONHAOTCA Hyaamu. s
3HaKOBbIX YMCes NPOLLECCOP MOXET UCMO/Ib30BaTh apUOMETUYUECKNI CABUT, KOTOPbIN COXPaHAET 3HaK
yncna.

3apaHme 5

BbinosHWTe normyecknin caBur BrpaBo Ha oauH pa3psa: 10100, >> 1.

Baw otBet

01010(2)=10(10)



3auem HY>KHbI KOAbl OTpUUaTe/ibHbIX Uncen

[ns NONOXKUTENBHOTO YMCAa AOCTAaTOYHO OObIYHOM ABOUYHOM 3aNnUCK:

+13 = 00001101

Ho namsaTb KOMMbOTEPA HE XPaHUT OTAE/bHbIV CUMBOJI «MUHYC». B pernctpe Bcé paBHO HaxoAATcA
TONbKO BMTbI. [O3TOMY HY>KHO MPaBUIO, NO KOTOPOMY OnpeAeséHHas KoMbUHauus 6uToB ByaeT o3HavaTb
oTpuLaTenbHOe YNCNO.

Mpwn n3yyeHnn apxmntekTypbl 3BM paccmaTtpuBaroT Tpy BapuaHTa:

® npsMON KOZ;
® 0bOpaTHbIN KOA;

® [OMOJIHNTENbHBbIN KOJ,.

B coBpemMeHHbIX NpoL,eccopax ANs 3HaKOBbIX Lie/bIX YMCeN OCHOBHOE 3HAUYEeHe MMEET AOMONHUTENbHBbIN
KOA.

3apaHme 6

O6bACHUTE OAHUM-ABYMS NPEANOXKEHMNAMM, 3a4eM KOMMbIOTEPY HY>KEH CreLuanbHbI cnocob
3anmcKn oTpuLLaTesIbHbIX YnCen.

Baw otBet
KomnbtoTepy Hy>eH 0cobblli cnocob 3anmcy oTpuLaTeNbHbIX YMCes, YTOObl NPOLLE BbIMOAHATbL
BblUNCNEHNA — Hanpvwlep, 3aMEeHATb BblUNTaHWE CNOXKeHNneM. ,ﬂ,ﬂﬂ 3TOro VICI'IOJ'IbByI-OT

CI'IeLI,I/IaJ'IbeII7I KOoJ, KOTOprI7I noMoraeTt npoueccopy ognHakoBO pa6OTaTb M C MNONOXKUTEJIbHbIMN,
n C oTpuuaTesibHbIMUN YncCnamun.
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Mpamou kopg,

B npsmom koge cTaplumnin GUT MCNoNb3yeTcs Kak 3Hak:

OXXXXXXX — MONOXUTENbHOE YuUcao
IXXXXXXX — OoTpuuaTesibHOoe 4ucio

Hanpumep, B 8-paspagHoi 3anucu:

+13 00001101
-13 = 10001101

OcTtaBLuneca ceMb 6UTOB cogep>kaT MOAyNb Yncia. HegocraTok Takoro cnocoba — ABa BapuaHTa Hya:



00000000
10000000

+0

]
|
(]

Kpome Toro, apupmeTtnueckme cxembl JOKHbI OTAENbHO YUMTbIBaTb 3HAK OMNepaHAoB.

3apanue 7

3anuwuTe -5 B 8-6MTHOM NpAMOM Koge.

Baw otBet

5-00000101(2)
-5-10000101(2)

O6patHbIN KOA,

MoNoXNTENbHbBIE YUMCAA 3aNNCbIBAOTCA Kak 0BObIYHO. ,ﬂflﬂ nojyydyeHmna oTpuuatesibHOro 4Ymncia sce OuUTbI
NONOXUTENBHOTO NpeacTaBeHNA MHBEPTUPYHOTCA.

+13 = 00001101

uHBepcuA:
11110010

-13 B obpaTHOM koze = 11110010

Y obpaTHOro koga Takxe CyLeCTBYIOT ABa HY/S:

00000000 = +0
11111111

1l
|
(]

3apanue 8

Monyuunte 8-6UTHBIN 0BpaTHbIN KOA Ymcaa -5.

Baw otBet

0000 0101(2)=5
1111 1010(2)=-5



JononHutenbHbIN KOA

,ﬂ,OI’IOJ’IHMTGJ’IbeIVI Ko4 — OCHOBHOW cnocob npeacraBaeHnA 3HaKOBbIX LenblX YNCeNn B COBPEMEHHbIX
ABOWNYHbBbIX BblYNCNANTE/IbHBIX CUCTEMAX.

YT106bI NONYUNTL OTPULLATENBHOE YNCNO:

1. 3anNULLINTe MONOXNUTENbHOE YMCAO B HYXXHOWN Pas3pAaAHOCTY;
2. UHBEPTUPYWTE BCE BUTHI;

3. npnbasbte 1.

Mpumep ana -13:

+13 00001101
MHBepcua 11110010
+1 00000001
-13 11110011

KopoTkoe npaBuio: 4ONONHUTENbHbIN KOZ OTPULIATENIbHOTO YNCAa = MHBEPCUS BUTOB MoAy s

+ 1.

3apanmue 9

3anuwuTe -12 B 8-6MTHOM JONONHUTENBHOM KOJE.

Baw otBet

12(10)
12/2=6 -0
6/2=3 -0
3/2=1 -1
1/2=0 -1
1100(2)
0000 1100(2)
1111 0011
+

0000 0001

1111 0100(2)
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ApudmeTtuka B AONO/IHUTE/IBHOM KOAE

FnaBHOe NPenmyLLecTBO AOMOJAHUTENBHOIO KOAA — MONOXMUTENbHbIE U OTPULIATE/IbHbIE YMNCAa MOXHO
CKNajblBaTb OAHOM U TOW e ABONYHOWN CXEMO.

Paccmotpum 7 + (-5).

+7 = 00000111

+5 00000101
MHBepcua 11111010
+1 11111011
=5 11111011

00000111
+ 11111011

1 00000010

Mpw 8-6uTHOW apndmMeTrKe KpariHWIA NepeHoc 3a npeaensl pa3psagHon ceTkn otbpackiBaeTcs. OcTaéres
00000010, = 2 .

3apanme 10

Ncnonb3ys 8-6UTHbIV AONOAHUTENbHBI KOZ, Bbluncaute: 5 + (-3).

Baw otBet

0000 0101(2) = 5(10)
0000 0011(2) = 3(10)

0000 0011
1111 1100

1111 1100

+

0000 0001

1111 1101(2) = -3(10)
0000 0101
+

1111 1101

10000 0010

Otset: 0000 0010(2)
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Kak npouutaTtb oTpruate/ibHOE UNC/I0 B AOMNOJIHUTE/IbHOM
Koae

Ecam ctapumin 61T 3HaKOBOTO Yncna paBeH 1, Uncio otpuuatensHoe. Ytobbl onpeaennTb ero MoAy b,
MO>HO BbINO/JIHUTb 06paTHOE NpeobpazoBaHme: MHBEPTUPOBaTb BUTLI U NpUbaBKTb 1.

11111011

uHBepcuA:
00000160

+1:
00000101

)
9]

3Ha4nT:
11111011

1}
1
Ul

3apganue 11

Onpeaennte gecatnyHoe 3HadeHne 8-6utHoro ymcna 11111110 B fOoNOAHUTENBHOM KOZE.

Baw otBet
1111 1110(2)

0000 0001
+

0000 0001

0000 0010(2)=2(10)

12

AwanasoH npeacraBUMbIX Hncen

Konnuectso 6uTOB onpegenaeT, Kakme 3HadyeHnA MOXHO XPaHWUTb.

[Ans 6e33HakoBOro n-6uUTHOro uncia:

[N 3HaKOBOro uncia B AOMOJHUTENBHOM KOAE:



-2n=t ... 2" -1

PaspsapHocTtb bes 3Haka Co 3HaKowm,
AOMNOJIHNTE/NIbHbIN KOJ,

8 6uT 0..255 -128 ... 127

16 6UT 0..65535 -32768 ... 32 767

32 6uta 0..4 294 967 295 -2 147 483 648 ... 2 147 483
647

3apanue 12

YkaxuTe gnanasoH 4-6uTHoro 6e33HaKoOBOro Unca.

Baw otBet

0..274=16-1=15

13

ApudmeTnueckoe nepenosiHeHne

Pa3pﬂAHOCTb perncTtpa orpaHmM4YeHa. Ecnm matemaTnueckui pe3ynbTat HENb3A NPEACTaBUTb B 3a4aHHOM
Konn4yectee 6I/ITOB, BO3HMKaET nepenosiHeHNE.

B 8-6MTHOM AOMOAHUTENBHOM KOAE MakKCMMabHOE NooXuTenbHoe umncno — 127:

01111111 = 127

01111111
+ 00000001

10000000

Ho 10000000 B 8-O6MTHOM AOMONHUTENBHOM KOZe O03HauyaeT -128. MaTtematnueckmii pesynbtat 128 He
nomMeujaetca B gnanasoH -128 ... 127 .



3apanue 13

Byaet v nepenonHeHve npu cioxeHun AByx 8-6UTHbIX 3HaKoBbIX Ymcen: 100 + 207

Baw otBet

HeT, TK Anana3oH 8 BUTHbIX 3HaKOBbIX Yncen -128 ao 127
100+20=120 Bx0oAWT B Anana3oH

14

MNMepeHoc N nepenosiHeHue — pasHble cobbITuA

Mpwn 6e33HaKOBOM aprdMeTMKe BaxKeH NMePeHOC 13 CTapLUero paspsaaa. Hanpumep:

11111111
+ 00000001

1 00000000

B 8 6buTax ocTtaHeTCs 00000000 , a eanHMLIA OKAXKETCS 3a NpesesamMu perncrtpa. 3To nepeHoc.

Ana 3HakoBOW apUPMeTUKMN B AOMOSHUTENBHOM KOAe OTAE/IbHO OTCNeXMUBAETCsA nepenosiHeHne —
CUTYyaLMa, KOrAa 3HaKOBbI MaTeMaTMUYeCKUii pe3y/ibTaT He MOMELLAEeTCs B 3ajaHHYH0 Pa3pAgHOCTb.

B apxuTekType x86 311 cutyaumm otpaxarotca pasHbimu ¢pnaramm: CF cBasaH ¢ nepeHocom/

3aémMoM ans 6e3zHakoBow apudmetmkm, a OF — c nepenonHeHnem 3HaKOBOW apudMeTMKN.

3apanme 14

Kakon ¢nar B x86 cBA3aH o 3HakoBbIM nepenoaHeHnem: CF nan OF?

Baw otBeT

OF. (Overflow Flag) — 310 dnar B npoLeccope x86, KOTOPbI yCTaHaBAMBAETCS, KOrga npu
onepaummn co 3HaKOBbIMM YMCAAMW MPOUCXOANT NEPENONHEHME Anana3oHa

15



PaclimnpeHue 3Haka

NHorga uncno Hy>XHO NepeHecTV 13 pernctpa MeHbluen paspagHOCTV B PerncTp 6obluer paspagHoOCTy.

,D,J'IFI NOJIOXKUTENIbHOIO YKcCha CTaplimne paspajbl 3anOJIHAKTCA HYyAAMW!

8 but: 00000101
16 6uT: ©00VVOLO 000101

[ns oTprLaTenbHOro uncaa B ZOMNOJHNTENBHOM KOAE KOMMPYETCS 3HAKOBbIV BUT:

-5, 8 6uT:
11111011

-5, 16 6uTt:
11111111 11111011

TaKCOXpaHﬂeTCﬂHMCHOBOe3HaHeHMe

3apanme 15

PacwunpbTe 8-6uTHOE Umcio 11111110 go 16 6UT C coxpaHeHMeM 3Haka.

Baw otBet

8:11111110
16:1111111 11111110

16

ABonuHo-pgecaTnuHbiu koa BCD

B BCD kaxgan fecatnyHas umdpa KoOANPYeTCH OTAENbHO YeTbipbMs Butamu.

5 - 0101
9 » 1001

59 B BCD:
0101 1001

DTO He TO Xe camoe, UTo 0bbluHas ABONYHAsA 3anuch uncaa 59:

59;0 = 00111011,

59 B BCD = 90101 1001

BCD ynobeH Tam, rae BaxkHO paboTaTb UMEHHO C AeCATUYHBbIMU Lndpamu.



3apanue 16

3anuwunte yncno 42 B BCD.

Baw otBet

4-0100
2-0010
42 8 BCD = 0100 0010

17

L',EIIbIe n BewecreeéHHble Yncia

Ll,e}'lble ymcna MOryT MHTEPNPETUPOBATLCA KakK 6e33HakoBble UV 3HAKOBbIE. ﬂ,l’lﬂ 3HaKOBbIX LenbixX yncen
LWNPOKO NCNob3yeTcAa ,CI,OI'IO)'IHVITGJ'II:HbIVI KOA.

Ho apobHble 1 oueHb HOAbLIKE WM OYEHb MaNeHbKME 3HaYEHUS YAOBHO NPeACTaBAATh C MaaBatoLLel
TOYKON. B pacnpocTpaHéHHOM ABOMYHOM bopMaTe YMcno pas3brBaeTcs Ha YacTu:

® 3Hak;
® nopAaaok;

® 3Hauyalwasa 4yacTb.

Hanpumep, ctaHgapt IEEE 754 onvcbiBaeT dopmaThbl ABONUYHOW apUPMETUKN C NAaBatoLLen TOUYKON.
MoapobHOe YCTPOMCTBO TaknUX YMCeN PacCMaTPUBAETCA OTAE/NbHO B TeMe 0 GopMax NpesCcTaBAeHNs Ymcen
B OBM.

3apanme 17

YTto Nyylle noaxoauT ans XxpaHeHus 3HaveHns 3,14159: Lenoe UMCa0 UM YMCAO C NaaBakoLLElN
TOUKOWN?

Baw otBet

Yncno ¢ nnasatoLwent Toukor, Tak kak 3,14159- apobHoe uncno

18



ANY v pnaru pesynbrata

ApudmeTunko-norndeckoe yctporctso (AJ1Y) npoueccopa BbINOAHAET apudMeTnyeckme 1 aormyeckme
onepaumn Hag ABOVNYHbLIMUW OnepaHaMu.

Ul
]

00000101
00000011

w
]

00000101 + 00000011
2\
00001000
{
8

MNocne onepaunm NPoLLECCOpP MOXET U3MeHUTb Garn coctosHuA. B x86 cpean Hux:

®* CF — nepeHoc/3aéwm;
® ZF — pe3sy/ibTaTt paBeH HYIo;
® SF — 3Hak pe3ynbTaTa;

® OF — 3HakoBOe nepenonHeHue.

2N NMPM3HaKn NO3BOAAKOT CEAYHOWLNM MalLNHHBIM MHCTPYKUMAM aHaAU3NPOBaTb PE3Y/IbTaT BbIYMCAEHUA.

3apanue 18

Kakol dnar yctaHaBavBaeTcs, eciv pesyabtaT apudMeTMUecKon onepaLmm paBeH Hyato?

Baw otBet

ZF- dnar HyneBoro pesysibtata

Mepep caauen

v YkazaHbl ®V1O0 un rpynna.
v 3anosiHeHbl OTBETbLI MOC/Ie KaXA0ro paszgena.
V' B BblUMCIEHMSAX YKa3aHbl MPOMEXYTOUHbIE AENCTBUSA TaM, TAe OHU TpebytoTcs.

Mocne Ha)kaTnA KHOMKMW OTKPOeTcs OKHO neuvaTtu. Boibepute «CoxpaHuTtb kak PDF». B PDF nonaayr
BCe BallW OTBETbl MNOJIHOCTbIO.



