[lpeacTaBnieHUe gaHHbIX B KOMMbloTepe



Llenble uncna

e PeruvcTtpbl npoueccopa XxpaHAT ymcna
e Ho Kak MMeHHO 3T\ YMcna npeacTaBneHbl?

o bes33HakoBble 1 3HAKOBbIE TUMDI



be33HaKkoOBbIe TUnMbl

e [MpepcTaBnatoT n3 cedba /N -0UTHblE MONOXUTESbHbIE Liesble YMCa Ha OTpe3kKe
0,2V — 1]
e [lepenonHeHne To4YHO onpepneneHo ctaHaapToM C (kak cnoxeHune B Zign)

e 1111 4+ 0001 = 10000 = 0O

e unsigned, unsigned int , uint32_t ,efc..



Endianess

e EcinN =64, 1064 |8 = 8 6anT HYXXHO, YTODObI NPeacTaBUTb YNCO B MAMATHU
e EcnMN =32,7032 /8 =4 6anTa

e B Kakon nocnepnoBaTenibHOCTU XPaHUTb BUTbI?



Endianess

Big endian

Little endian

1000001101000000111111601011111115

10000011

01000000

11111101

01111111

01111111

111117117101

01000000

10000011




BbipaBHUBaHUe

e Apfpec HasblBaeTCcs BbIPOBHEHHbIM Mo rpanuue [N -6aiT, ecnu oH kpateH IV (roe N -
cTeneHb JBOVKW)

e [lone3Hoe CBOWCTBO: log2 N Hynew Ha KOHLLe

e X86: Ymcna bbiICTpee CHNUTbIBAIOTCH NPOLLECCOPOM, EC/IN OHU UMEIOT BblpaBHMBaHUE
KpaTHOE UX pasmepy

e ARM: HeBbIPOBHEHHbIVN JOCTYMN 3anpeLLeH

e YTeHune no BblIPOBHEHHbBIM ape€CaM aTOMapPHO



int main() {
// _Alignof(char) =1
printf("_Alignof(char) = %lu\n", _Alignof(char));

// _Alignof(short)
printf("_Alignof(short)

2
%lu\n", _Alignof(short));

// _Alignof(int)
printf("_Alignof(int)

NN

%lu\n", _Alignof(int));

8
%Llu\n", _Alignof(long));

// _Alignof(long)
printf("_Alignof(long)

// _Alignof(long) 1lon
printf("_Alignof(long) lon

8
%lu\n", _Alignof(long long));

// _Alignof(float)
printf("_Alignof(float)

o° Q Q

Lu\n", _Alignof(float));

// _Alignof(double)
printf("_Alignof(double)

8
%Llu\n", _Alignof(double));
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struct A {
uint32_t a;
uintéd4_t b;
uint8 t c;

I

Yemy paBeH pa3Mep U BbipaBHMBaHME struct A ?



77?7

struct A {
uint32_t a;
uintéd4_t b;
uint8_t «c;

};

sizeof(struct A)

= 24
_Alignof(struct A) =
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BbipaBHUBaHUE CTPYKTYP

e YneHbl CTPYKTYpP pacrnonaraoTcsa paaoM gpyr ¢ Apyrom

e Ho ecnun M «He xBaTaeT» BblpaBHUBAHUA, KOMNUMAATOP «O000MBaET» CTPYKTYPY
pad'amu

e BbipaBHMBaHME CTPYKTYPbl — MakKCUMasibHOE BblpaBHUBaHME cpedmn Bcex
BblpaBHWUBAHUI €€ YJIEHOB
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BbipaBHMBaHME CTPYKTYP

struct A {
uint32_t a;
uint8_t _padl[4];
uint64_t b;
uint8 t «c;
uint8_t _padl[7];
ri

sizeof(struct A)

= 24
_Alignof(struct A) =

8
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Kak cpenaTtb pa3mMmep A MeHblLue?

OOuH 13 cnocoboB — YropsaaounTb TUMbl BHYTPU CTPYKTYPbI MO YObIBaHWUIO pa3mMepa:

struct A {
uintéd_t b;
uint32_t a;
uint8 t c;

b

sizeof(struct A) = 16
_Alignof(struct A) = 8
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__attribute__ ((packed))

struct A {
uint32_t a;
uintéd_t b;
uint8 t «c;
} __attribute__((packed));

sizeof(struct A) = 13
_Alignof(struct A) =1
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3HaKoOBble Yncna
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Sign magnitude

e CTapLumm 6UT KOgMpPyeT 3HaK Yymcna
e [1Ba npepctasneHua ona 0: 1000 = —0wmn 0000 = +0

e Onepauunu cpaBHEHUS TPEOYIOT A0MNOHUTENbHbBIX MPOBEPOK
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One's complement

o« —A = BitwiseNot(A)

e MOuanasow: [—2N"1 4+ 1 2N-1 1]
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One's complement

e —1 =1110
e +1 =0001
e« 1110 + 0001 = 1111 = -0
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Uncno butoBoe npeactaBneHne OTpuuatenbHoe butoBoe npepcrasneHue

0

N O o0 B~ WD

0000
0001
0010
0011
0100
0101
0110
0111

1111

1110
11071

1100
1011

1010
1001
1000
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One's complement: end-around-carry

—1 =1110

+2 = 0010

1110 + 0010 = 10000 = 0
yne...

byt nepeHoca oTnpasnsgeTcsa Ha3apn, YTobbl BCE UCMPaBUTb!
1110 4+ 0010 =10000=0+1=1
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One's complement: 4oCTOUHCTBA M HEAOCTATKM

e [1Ba npepctasnenna g 0: 0000 = +0um 1111 = —0

e End-around-carry
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Two's complement

e A+ (—A)=0
o KaxxgoMy NosioxXmMTenbHOMY YKC/y COMOCTaBUM OTPULLATENbHOE, @ HYJTO — HOSTb
o —A = BitwiseNot(A) + 1
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Yncno bwutoBoe npepctaBneHne OTpuuaTtenbHoe buToBoe npeacrTaBfieHue

0

N O o0 B~ W0

0000
0001
0010
0011
0100
0101
0110
0111

1111
1110
1101
1100
1011
1010
1001
1000
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Two's complement: LOCTOMHCTBA U HEO,0CTAaTKWU

o Crio>xeHue v BblYnTaHue OoANHaKOBOE AJid 3HAaKOBbIX U be33HaKOoBbIX

e OOHO NpeacTaBfieHne HyNS:
—0 = BitwiseNot(A) +1 = 1111+ 1 = 0000 = +0

«[lepekoc» ananasoHa npeacrtaBmmbix Yncen ( abs (INT_MIN) = ??7?)
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[lecTBUTENIbHbIE YNCNAa
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Yncna c pukcupoBaHHOU TOUKOU

e N 6UT Ha uenyto Yactb, M 6UT Ha gpPOOHYIO
e Bcerpa ognHakoBast TOYHOCTb

o Onepaunmn nNerko peanmnsyTcs
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Yucna c nnasaowen ToOUMKOU

Scientific notation: (—1)° x M x 2%

e S - 0UT 3HaKa, M — MaHTUcca, E — akcnoHeHTa

o float (single): |S|=1,|M|=23,|E|=8
o double: | S| =1,|M| =52 |E| =11
e [EEE 754 (1985 ropa)

e Yuncna pa3dbuTtbl Ha 3 «Klacca»: HopMann3oBaHHble, AeHOPMaSIN30BaHHbIE U
crieumasnbHble 3Ha4YeHus
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HopmannsoBaHHble 3Ha4YeHUS

e Yenosve: E # OuE #2181 — 1
o DKCMOHEHTa XpaHuTCs co cMeleHneM: B,...; = E — bias, roe bias = 2/E1-1 — 1

e Y MaHTUCCa npegnonaraercsa seaywasa 1, .e.:
Mreal — 1.m0m1m2m3m4m5m6. .o
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HopManunsoBaHHble 3HaYeHUSA: NPUMep

1 10000000 11010000000000000000000

e S =1
e B,y = 100000005 — 12719 = 128 — 127 =1

e M,eq = 1.110100000000000000000005, = 1.8125

e N = (—1)° X Myeq x 28 = (=1)! x 1.8125 x 2! = —3.625
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HopmannsoBaHHble 3Ha4YeHUS

Kakoe camoe 60/bLloe HOpMasin3oBaHHOE 3HaYeHne?

111... 115 x 15707 — 16777215 x 219 ~ 3.4 x 1038
Kakoe camMoe camMoe MasneHbKoe HOPMaJiIn30BaHHOE 3Ha4YeHne?
1.00...005 x 1970000007127 — 9126 1 2 % 1038

A Kakoe cnepyolLliee rnocse caMoro MasieHbKoro?

1.00...015 x 1,1 = (14 2723) x 27126 = 27126 4 5149

Ecnu BbluecTb boblUee N3 MEHbLLEro, TO nonyynTcs underflow

xr—y=0Hox #y

29



IleHopManu3oBaHHble 3HaYeHUS

e =0

¢ Brea =1—(2IF171 —1)

e [Ina float : E,.y = —126

o M,coi = 0.mymimamsmymsmeg. ..

e OTO cambie bsimskune K Hys1to Yncna v camMm Homb (0.0 n +0.0)
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IleHopManu3oBaHHble 3HAYEeHUS

Kakoe camoe 6osibLloe feHopManin3oBaHHOe 3HavYeHne?

Doin, = 0.11...119 x 27126

A camMmoe ManeHbKoe nocrie Hyna?

0.00...01y x 27126 = 2-149

Tenepb cNOXNM:

Dppin +271 = 0.11...115 x 27126 1 (0.00...01 x 27126) = 27126

[leHopManun3oBaHHble YMc/ia NO3BONSAIOT TOYHEee paboTaTb C YMCcaMm BOKPYT HYyNS
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CneuunanbHble 3HaYeHus

« E=2F _1
00
e M =0

e BosHukaet npu peneHnn Ha £0

NaN

e M #0
e icnonb3ytoTca Npu onepaumnsax ¢ HeonpeaenéHHbIM 3HavYeHneMm: Hanpumep, v —4,
log —2, 00 — 00, etc...
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[Mpo6nembl IEEE754

° I'IpM BblYMNCIEHUSAX HaKannBaeTcs olnbka

e CnoxeHune n yMHOXeHune HeaccoumaTnuBHo ( 1e30 + (-1e30) + 1 !'= (-1e30) +
1 + 1e30)

e YMHOXEHMEe HeauCTPUOYTUBHO
NaN = NaN (???)
0.0n+0.0
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[lpeacTBaBneHUE CTPOK

34



KoanpoBKu

e YMeeM onepupoBaTb YNC/1aMU, HO KakK MepeBCTU YMchia B TEKCT?

e KognpoBKM — «KapTbl» CONMoOCcTaBnaoLwme Habopbl banT KakMM-TO 06pa3oM B
CUMBO/bI
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KOJJ,VIpOBKVIZ HEeMHOIro TepmMmmHoOJ1I0rnn

Character — 4T0-TO, YTO Mbl XOTUM NpPEeAcTaBUTb

Character set — kakoe-To0 MHOXXeCTBO CMMBOJIOB

e Coded character set (CCS) — oTobpa>eHne CMMBOJIOB B YHMKasIbHble HOMEpPa

Code point — yHMKanbHbIK HOMEep Kakoro-To CMMBONA

36



ASCII

o American Standard Code for Information Interchange, 1963 rop
e /-MU BUTHAA KOOUPOBKA, TO eCcTb KoampyeT 128 pasnmnyHbiX CUMBOJIOB

e Control characters: ¢ O no 31 BK/IlOUYUTENbHO, HEMEYaTHble CUMBOJIbI, METa-
NHpopmMaLumsa ong TepMMHaIoB
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Unicode

Codespace: O po OxT10FFFF (~1.1 mnH. code points)
Code point'bl 0603HavatoTca Kak U+<4ymncno=>

N =U+2135

r =U+0072

Unicode — He kogupoBKa: OH He onpeaenseT Kak Habop 6anT TpakToBaTb Kak
characters
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http://www.unicode.org/charts/
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http://www.unicode.org/charts/

UTF-32

e Icnonb3yeT Bcerga 32 6uta (4 6anTta) 0ng KOapoBKK

e /lcnonb3yeTcs BO BHYTPEHHEM MpeacTaB/IEHUN CTPOK B HEKOTOPbIX A3blKaX
(Hanpumep, Python)

e [lo3BonseT obpaliaTbcs K NponsBosibHOMY code point'y cTpoku 3a O(1)

e BOM onpepenser little vs big endian
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UTF-8

e Unicode Transformation Format
o OnpepengeT cnocob Kak byayT npeobpasoBbiBaTbCca code point'bl

e [lepemMmeHHasa gnuHa: ot 1 6anTta (ASCII) go 4 6ant
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UTF-8

U+0000
U+0080

U+0800
U+10000

...U+007F
..U+07FF

..U+FFFF
..U+10FFFF

PP 1

OXXXXXXX
TTOXXXXX TOXXXXXX
TTTO0xXXXX TOXXXXXX T OXXXXXX
TTT7T0xxX TOXXXXXX TOXXXXXX TOXXXXXX
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UTF-8: overlong encoding

00100000 = U+0020
11000000 10100000 = U+0020!

e overlong form nnu overlong encoding

e C TOYKM 3PEHNA CTaHOaPTa ABNAETCH HEKOPPEKTHbIM MNnpenctaB/ieHNeEM
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Thanks!
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