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Butbl, 6anTbl U Lenble

m lMpepcrasneHne uHdopmaumm B butax



(noutn) Bcé ectb 6UTHI

m KaxXabi out ectb O nan 1

m Mo pasHomy Koaupysa/uHTepnpeTupya Habopbl 6UT

= KomnbloTepbl onpeaenatoT 4encTBmuaA (MHCTPYKLUUN)

= .. NpeacTtaBnAoT, n 0bpabaTbiBaOT YMCAQ, MHOMKECTBA, CTPOKM...

m Mouemy 6uTbI? U3-3a 3/N1€KTPOHHON peannsauum

" [1pOCTO XpPaHUTb C MOMOLLbIO ,£I,ByCT36VIJ'IbeIX 3/1eMeHTOB

" HapgeXHo nepenaroTcda no NAOXmMm " 3allyMmneHHbIM NMPoBOAHUKaAM
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[1BOUUYHDBIUN Npumep

m [peacraBneHue uucen B ABOUUYHOMN cUCTEME
= 15213,,  =11101101101101,
= 1.20,, = 1.0011001100110011[0011]...,
= 1.5213 X 10* =1.1101101101101, X 213



KoanpoBaHue 3HaueHnUn baunTa

m bant=86ur
= J1BonyHoe ot 000000002 oo 11111111>
= NlecatnyHoe: oT 010 A0 25510
" lectHaguaTtnpunuHoe ot 0016 Ao FFie
= [lpeacrasnenme 16 undp
= Mcnonb3ayem cumsonbl oT ‘0" go ‘9’ mot ‘A’ o ‘F’
= 3anucb FA1D37B1s B Cn KaK
— OxFA1D378B
— Oxfald37b
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0 [0 [ 0000
1 [ 1 [0001
2 |2 | 0010
3 | 3 | 0011
42 [ 4 10100
5 | 5 | 0101
6 |6 | 0110
7 7 | 0111
8 [ 8 | 1000
9 [ 9 | 1001
A (10| 1010
B [11 | 1011
C 12 [ 1100
D |13 ] 1101
E (14 | 1110
F 15| 1111




[Mpumep npeacrasieHUA 4aHHbIX

2-
Tun aaHbIX A3blKa C i Sl x86-64
TUNUYHO TUNUYHO

char

short 2 2 2
int 4 4 4
long 4 8 3
yKa3aTesb 4 8 8



Butbl, 6anTbl U Lenble

m MaHunynauum Ha ypoBHe 6uT



bynesa anrebpa

m [lpepgnoxxkeHa xxopakem bynem B XIX BeKe
= Anrebpaunyeckoe npeacrtaBaeHMe 04HOM U3 IOTUK
= Koaupyet “UctnuHa” Kak 1 n “JloxKb~ Kak O

N (And) NN (Or)

= A&B =1 Koraa o6a A=1 and B=1 = A|B =1 Korga nnmbo A=1, nnbo B=1
&0 1 | 10 1
00 O 0|0 1
110 1 111 1

HE(Not) NcKkntovatowee NN (Xor)

m YA =1 when A=0 s AAB =1 Korpa nmbo A=1, nmbo B=1, Ho He 0ba
~ AO T
Of1 O(0 1
110 111 0




O606LweHne bynesoun anrebpbi

m Onepaunmn Ha 6UTOBBLIX HAabopax (BeKTOpaXx)

= Onepaumun BbINOAHAOTCSA NOOBUTOBO

01101001 01101001 01101001
& 01010101 | 01010101 ~ 01010101 ~ 01010101

01000001 01111101 00111100 10101010

m [MpumeHumbl Bce BbiBOAbI bynesou anrebpbl



[MpeacrasneHue un onepauum C MHOXXeCTBamMu

m [lpepacraBneHue

= BeKTtop 6MT pasmepom w npeacrtasanset nogmHoxkectso {0, ..., w—1}

" a=1lecnj EA

= 01101001
= 76543210

= 01010101
= 76543210

m Onepayuu

&
|

N

[lepeceyeHue
ObvegunHeHmne
Pa3HOCTb
flononHeHwne

{0,3,5,6}

{OI214I6}

01000001
01111101
00111100
10101010

10,6}
{0,2,3,4,5,6}
{2,3,4,5}
{1,3,57}
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Mobutosble onepaLmnm B A3biKe Cn

m Onepaumn &, |, ~, A pocrynHbie B Cu

" [puMeHUMbI K Ntobomy “LUenocTtHomy” TUNY AaHHbIX
« long, int, short, char, unsigned

= AprymeHTbl pacCMaTpPMBAlOTCA KaK BEKTOpa bUTos

= KaxAabl OUT — HE3ABUCMMbIN AapPryMeHT

m [Mpumepsbl (TN gaHHbIX char)
= ~0x41 = OxBE
= ~01000001: = 10111110:
= ~0x00 = OxFF
= ~00000000: = 11111111>
= Ox69 & Ox55 = 0x41
» 01101001, & 01010101: = 01000001
= Ox69 | Ox55 = 0Ox7D

- 011010012 | 01010101: > 01111101
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CpaBHute: nornyeckume onepauum B C

m Jlornyeckue onepaTtopbl
= &&, |1,

= 0 KogmpyeT “False”

= Bcé, yto He 0 KoaupyeT “True’

= Bcerpa Bbigaet 0 mnm 1

= PaHHee 3aBepuweHne BbIMUMCNEHUA BblPpaXKEHUA

m Mpumepsbl (TN gaHHbIX char)

10x41 = 0Ox00
10x00 = 0x01
110x41 = Ox01

0x09 && Ox55 = 0Ox01
0x09 || Ox55 = 0Ox01

p & *p

(cnocob n3berkatb 0bpalleHnA N0 HYNEBOMY YKa3aTesto)
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CpaBHute: nornyeckume onepauum B C

m Jlornyeckue onepatopbl

= Ox69 || Ox55 = 0Ox01
= p && *p (cnocob nsberkaTb 0bpaLLeHNA MO HYNEBOMY YKa3aTento)
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Onepauun casura B Cun

m Casur Bneso: X <Y AprymeHT x | 01100010
= CaBuraeT BeKTop 6UToB X BNEeBO Ha Y NO3ULUN << 3 00010000
— BbITONKHYTbIE CNeBa BUTbI TepAOTCA Normy. >> 2 | 00011000
= 3anosiHAeT HYNAMU CripaBsa
Apud. >> 2 | 00011000
m Casur snpaso: X >Yy
= CaBuraeT BeKtop 6uTos X BNpaBo Ha Y NO3unLmi
= BbITONIKHYTbIE cipaBa 6UTbI TepAtoTCA AprymeHT x | 10100010
= Jlormyeckuu casur << 3 00010000
= 3ano/siHAEeT HYNAMM CnpaBa Moruy. >> 2 | 00101000
=" ApndmeTnyeckum casur Apnd>. >> 2 | 11101000
= [MoBTOpPSET BNpaBo Hanbonee 3Ha4YMMbIN BUT

m HeonpepenéHHbin pe3ynbraT

= CaBUr Ha BeNIMYMHY meHble 0 naun 6osblue pasmepa cnoBa
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Butbl, 6anTbl U Lenble

m Uenble

" [lpeactaBneHwue: 6e33HaKoBOe N 3HAKOBOE
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KoauposaHue uenouyncaeHHbIX 3HaYeHUm

be33HaKoOBbIX B AononHutenbHOM Koae
w—l _ w=2 '
B2U(X) = Y x-2 B2T(X) = —x,,-2""'+ ¥ x-2
i=0 i=0
short int x = 15213;
short int y = -15213; 3HaKOBbIU
o o our
m Cn short aanHou B 2 6auTa
HecatunyHoe | WWecTtHaguatupuydHoe [1Bon4HoE
x 15213 3B 6D 00111011 01101101
y -15213 c4 93] 11000100 10010011

m 3HAKOBbIN 6UT
= B AONOAHUTENBHOM KoAe, Hanbonee 3Ha4YnMmbI BUT o603HaYaeT 3HaK
= 0 onAa HeoTpuuatenbHbIX
= 1 anAa otpuuaTenbHbIX
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Mpumep KogupoBaHua (npoaonKeHue)

X = 15213: 00111011 01101101
y = -15213: 11000100 10010011
Bec 15213 -15213
1 1 1 1 1
2 0 0 1 2
4 1 4 0 0
8 1 8 0 0
16 0 0 1 16
32 1 32 0 0
64 1 64 0 0
128 0 0 1 128
256 1 256 0 0
512 1 512 0 0
1024 0 0 1 1024
2048 1 2048 0 0
4096 1 4096 0 0
8192 1 8192 0 0
16384 0 0 1 16384
-32768 0 0 1 -32768

UTtoro: 15213 -15213



[paHuUbI npeactasneHna 8 W bur

m be33HaKoBble 3Ha4YeHUA
m 3HayeHUA B A0NO/IHUTE/IbHOM Koge

" UMin- =0 = TMin = 2wt
000...0 100..0
" UMax = 2"-1 " TMax = 271 -1
111...1 0111
m [lpyrne 3HayeHUA
" muHyc 1
111...1
3HayeHua gna W =16
HecatnyHblie | LlecTHaguaTupmnyHble [1BONYHbIE
UMax 65535 FF FF 11111111 11111111
TMax 32767 7F FF 01111111 11111111
TMin -32768 80 00 10000000 00000000
-1 -1 FF FF 11111111 11111111
0 0 00 00 00000000 00000000
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3HaYeHUA ANA pPa3HbIX pa3mepos C0Ba

W
8 16 32 64
UMax | 255 65,535 4,294,967,295 18,446,744,073,709,551,615
TMax | 127 32,767 2,147,483,647 9,223,372,036,854,775,807
TMin | -128| -32,768 -2,147,483,648 -9,223,372,036,854,775,808
m BaxHo! m lporpammuposBaHue Ha Cu
= |TMin| = TMax+1 = #include <limits.h>
= [paHULbl HECUMMETPUYHDI " Ob6bsABNEHHble KOHCTaHThI, e.g.,
= UMax = 2*TMax+1 = ULONG_MAX
" LONG_MAX
" LONG_MIN

® 3HayeHUA KOHCTAHT 3aBUCAT OT
nnatdopmbl



be33HaKoBbIEe U 3HAKOBbIE BeJINYUHDI

X B2U(X) | B2T(X)
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 6
0111 7 7
1000 8 -8
1001 9 -7
1010 10 -6
1011 11 -5
1100 12 -4
1101 13 -3
1110 14 -2
1111 15 -1

m CoBnaaeHue
u O,LI,MHaKOBbIe KOANPOBKHA
HeoTpunuaTe/bHbIX BETNYUH
m B3avmHaa oA4HO3HAYHOCTb

= Kaxkaaa KombuHauua out
npeacTaBnAeT CBOE 3Ha4YeHue

= Kaxkgoe npeactaBMmMoe Lesioe
MMeeT YHUKANbHYIO KOANPOBKY
m OtobpakeHue obpaTtumo
= U2B(x) = B2U"(x)
= Habopbl OUT 6e33HaAKOBbIX
= T2B(x) = B2T(x)

= Habopbl OUT 3HAKOBbLIX B
AOMONHUTENBHOM KOAe
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Butbl, 6anTbl U Lenble

m MNpepcraBneHne nHpopmauumm B butax
m MaHunynauum Ha ypoBHe but

m Uenble
" [lpeacrtaBneHue: 6e33HaKOBOE M 3HAKOBOE
= [lpeobpa3oBaHuA
" PacwunpeHune, cokpalleHue
" CnoxeHune, oTpULUAHNE, YMHOXEHNe, CABUT
" CBOAKa

m [peacTraBneHue B namATH, YKa3aTe/IM, CTPOKMU
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CooTBeTcTBME 3HAKOBbIX U 6e33HaKOBbIX

3HaKoBOe B Aon.Koae

X

be33HaKoBoOe
Ux

*| T2B

T2U

—

B2U

be33HaKoBoOe

X

Habop 6uT He meHAaeTcA

U2T

> U2B

—]

X

B2T

> UX

3HaKoBoOe B Aon.Koae
- X

Habop 6uT He meHAeTcA

m CooTBeTcTBME 3HAKOBbIX B Aon.Koae u 6e33HaKOBbIX:
CoxpaHsaem 6UTOBOE NpeacTaBaeHUE U NepenHTepnpeTupyem
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CooTtBeTcTBUE 3HAKOBbIX U 6e33HaKOBbIX

Bbutbl

0000

3HaKoBoe

0001

0010

0011

0100

0101

0110

0111

T2U

1000

U2t

1001

1010

1011

1100

1101

1110

1111

N

be33HakoBoOe

o

WIo(Jd| oo | bd[W[IN| R

=
o

-
=

=
N

=
w

=
[

=
S
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CooTtBeTcTBUE 3HAKOBbIX U 6e33HaKOBbIX

Bbutbl

0000

3HaKoBoe

0001

0010

0011

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

1110

1111

I..

WIo(Jd| oo | bd[W[IN| R

+/- 2%

be33HakoBoOe

o

=
o

-
=

=
N

=
w

=
[

=
S
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CBA3b MeXKAay 3HaKOBbIMU 1 6e33HaKOBbIMW

3HaKoBOe B gon.Koge — be33HaKoBoe
X *| T2B |——| B2U > UX
X

Habop 6uT He meHAaeTcA

w—1 0
ux |+\|+1+ o000 +|+1+

X -|+|+ o0 +14+|+

CaMblX OTpULaTeNIbHbIU BUT
O00UHOKO CMAHOBUMCA
CaMbIM NOJIOXKUTENbHbIM



Busyanusauma npeobpasoBaHus

m JlonoaHUTeNnbHbiN = 6e33HaKOoBbIN

" MHBepCMFI B3aMMHOTIO NMNOJ1I0XKEHUA UMax
" OTpMLI,aTEI'IbeIe = 60oNblIMNE MNO/IOKUTENBHDI UMax — 1

/ o TMax + 1 | AnanasoH
=  TMax 6e33HaKoBbIX

- TMax ®

lnana3oH 3HaKOBbIX
B AONOJIHUTE/IbBHOM KoAe

&.

| TMin
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3HaKoBble un 6e33HaKoBble B Cu

m KOHCTaHTDbI
" o yN\onanmo uenoymcneHHboie gecAtTnyHblie CHUTakOTCA 3HAKOBbIMHA

" Be33HakoBble 0bo3HavatoTca cyddpukcom “U”
0U, 4294967259U

m [NpeobpasoBaHue

= fABHoe
int tx, ty;
unsigned ux, uy;
tx = (int) ux;
uy = (unsigned) ty;

= HesBHOe Npeobpa3oBaHMe TaK¥Ke NPOUCXOAUT B BbI3OBaX Npoueayp,
apudmeTmnKe, CpaBHEHUAX, MPUCBAHMBAHUAX

tx = ux;
uy = ty;

27



HeoXupaHHble npeobpa3oBaHnA

m BbluncneHus BbipaxkeHuni

" [Tpn cMeLlnBaHNM 3HAKOBbIX U Be33HaKOBbIX,
3HaKoeble Hess8HO rnpeobpasyomca e 6e33HaKosble

" BKAtoYaa onepauun cpaBHeHUA <, >, ==, <=, >=
" Mpumep gna W=32: TMIN =-2,147,483,648, TMAX=2,147,483,647

m KoHcTaHTa, KoHcTaHTa, Utor Tun pe3-Ta
0 OU == unsigned
-1 0 < signed
-1 ou > unsigned
2147483647 -2147483647-1 S signed
2147483647U -2147483647-1 < unsigned
-1 -2 > signed
(unsigned)-1 -2 > unsigned
2147483647 2147483648U < unsigned
2147483647 (int) 2147483648U > signed



CBoaKa: npeobpasoBaHue
3HaKoBble <> be33HaKoBble: NpaBUia

m butosble nocnepoBaTeIbHOCTU COXPAHAIOTCA...
E .. HO MHTEPNPEeTUPYIOTCA NO pasHOMY

m Bo3moXXHafA HeoXXuMaaHHOCTb: AobasneHne nan
BblyUTaHue 2V

m B BbiparkeHuax cogepxawumx signed int n unsigned int
" [signed] npeobpasyoTca B unsigned !!

29



Butbl, 6anTbl U Lenble

m Uenble

" PacwiMpeHmne, COKpaLLeHume

30



PacwiunpeHue 3HaKa

m 3aaava:
= Jl1aHO 3HAKOBOE LLeNoe X pasamepom w out
" [Ipeobpa3oBaTb B LUESOE TOrO XKe 3Ha4YeHUs pasmepom w+k out

m [lpasuno:

= CpenaTb k KOonu 3HaKoBOro buTa:
" X = Xy e Xppe1 » Xipe1 » Xz -00r X0

k xonnu MSB w

v v A 4 v A 4

31



[Mpumep paclumpeHmna 3HaKa

short int x = 15213;

int ix = (int) x;

short int y = -15213;

int iy = (int) y;

HecsiTtuy |llecTHanuaTup . IBOMYHOE

X 15213 3B 6D 00111011 01101101
ix 15213 00 00 3B 6D 00000000 00000000 00111011 O1101101
y -15213 C4 93 11000100 10010011
iy -15213| FF FF C4 93 11111111 11111111 11000100 10010011

m [peobpasoBaHne U3 KOPOTKOro B AJIMHHbINA LLeIOYNCNEHHbIN TUN
m Cu aBTOMaTHUYECKM BbINOJIHAET paclunpeHue 3HaKa



CBoakKa:
PacwunpeHue, yceueHue: npaBuna

m PacwwupeHue (Hanpumep, short int B int)
= Be33HakoBoe: 406aBUTb HYIU
" 3HaKoBOe: paCWnpuUTb 3HAK
= (Ob6a gencTsuAa AaKOT OXKUAAEMbIN Pe3yabTaT

m YceyeHue (Hanpumep, unsigned B unsigned short)
= Unsigned/signed: 6uTtbl oTbpacbiBatoTcs
" Pe3ynbTaT NepenHTENnpPeTUpyeTca 419 HOBOW A/INHbI
" Unsigned: onepaunsa «OCTaTOK OT Ae/eHUA»
= Signed: onepaums Noxorkaa Ha «OCTATOK OT AE/IEHUAY
= O)Kuaaemblit pe3ynbtaT — TONbKO AN1A MafbiX 3HAYEHUN.
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Butbl, 6anTbl U Lenble

" CnoxeHwue, oTpnuaHue, yMmHOXeHune, casur
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be33HaKoOBOe CNOoXeHue

OnepaHapbl: w 6ut u

+ Vv
MonHasa cymma: w+l 6ut U+ vV
bes nepeHoca: w 6ut UAddw(u , V)

m CraHpapTHaa onepauuna CnoXKeHuA
" «WrHopupyeT» nepeHoc

| PEE\I’IMI’IMBYET CnhoxXeHue no moaynio
s = UAdd,(u,v) = u+v mod?2¥

35



MaTemaTtuuyeckoe cno*XeHume Bu3yasbHoO

m ChoxkeHue uenbix Add,(u, v)

= 4-x buTtoBbIE Lenbie u, v Integer Addition
" MonHaa cymma Add,(u, v)

" 3HayeHuMe PacTeT MMHENHO
nounv

= Ob6pa3yeT NNOCKOCTb




be33HaKoBoOe c/10}KeHue BU3yasibHO

B YceyeHue NepenonHeHue

" Ecam nonHaa cymma = 2% \

"= He 6bonee ogHoro pasa

UAdd,(u, v)

MonHaa cymma o
Jw+lT
NepenonHeHune 12
10
2W T _\_’ Z 14
> 4
2
O - 0

Cymma no moaynio




CnoxXeHue B AONONHUTENbHOM KoAe

OnepaHabl: w 6uT u vee

+ v o000
MonHaa cymma: w+1 ,6ut U4y —
Bes npeHoca: w but TAdd, (u ,v) v oo

m TAdd u UAdd npeobpasyrotr 6utbl ogMHaKoBO
= 3HakoBoOe 1 be33HaKoBoe cnoxeHune B Cu:
int s, t, u, v;
s = (int) ((unsigned) u + (unsigned) v);
t=u+v

" Bcerpapact s == t

38



NepenonHeHne TAdd

m DYHKLMOHANBHOCTD lNonHaa cymma
" [lonHoe cymmupoBaHme  0111.1 2W-1 T
TpE6V€T w+1 6UT +[lepenonHeHune
Pe3ynbar TAdd
= OtbpacbiBaHne MSB 0100..0 w-1 & -  011.1

" UNHTepnpeTayua
OCTaBLKNXCcA BUT Kak 0 000...0 0o +
LLeNioro yncna 8
AOMNONHUTENIbHOM KOAE  1011.1

000...0

—2w-1_1 100...0

1 000...0 —ow L -NMepenonHeHune

39



CnoXxeHue B gon. Koae BU3yasibHO

NepenonHeHue
oTpuuaTteNbHbIMU

m 3Ha4vYeHuA

" 4-pe buta B gon. koge
= [lnana3oH oT -8 ao +7/

m OTceyeHue
= Ecnm cymma = 2W1

= PesynbTar
OTPULATE/IbHbIN

= He 6onee 1 pasa
" Ecam cymma < —2%1

= PesynbTar
MONOMUTE/IbHbIN

TAdd,(u , v)

= He 6onee 1 pasa

NepenonHeHune
NONOXUTENIbHbIMU

40



YMHOMeHue

m BbluncneHue nonHoro npousseaneHuA w-6UTOBbIX YUcen XYy
" K 3HaKOBbIX UM Be33HaAKOBbIX

m [paHuUubI
" Be33HaKoBble: 0<x*y<(2w-1)2 = 22w —-2w+l + 1
= Jlo 2w but
" MwuHuMManbHoe B gon.koge: x * y > (—2w1)*(2w1-1) = —-22w=2 4+ 2wl
= 1o 2w-1 6ut

" MaKcumanbHoe B Aon Koge : x * y < (—2w1) 2 = 22w
= [Jo 2w 6uT, Ho ToNbKOo gns (TMin,,)?
m Ob6ecneuyeHue NONAHOTHI pe3yabTaTa

= HeobxoaMMO pacliMpeHmne CIoBa A/ KaXKAoro pesyanbraTta

" PeannsyeTca AULLb B NPOrpPamMmMHbIX NakeTax apuPpmeTnkm
“Npon3BoNbHON TOYHOCTU”

41



be33HakoBoe npoussegeHue B Cu

OnepaHAabl: w 6uT

u
V

NonHoe npousBepeHue:
2*w our u

vV

be3 w crapwunx éur:
W Mmaagwmx eur

m CraHpapTHaa GYHKUMA YMHOXeHUA

UMult (u, v)

" UrHopupyeT cTaplune w but

m Peanusyetr yMmHOXXeHMe N0 MOAYAI0

UMult (u,v)= u

v mod 2%
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3HaKoBoe YMHOXeHue B Cun

U o0 0
%
OnepaHabl: w bur 1 4 e oo
NonHoe npoussegeHue:ly« y PP X
2*w éur
TMult, (u, v) 0o

be3 w ctapwunx éur:
W MAaagwmx eur

m CraHpapTHaa PyHKUUA YMHOMKEHUS
" rHopupyeT cTaplume w but

" HeKoTopble U3 HMX pa3anyatoTca Aaa
3HAKOBOTo 1 6€33HAaKOBOro YMHOMKEHMNM

" Mnaglwue 6UTbl TakKne-xe
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YMHOXeHune cABMITOM Ha cTeneHb ABOUKMU

m Onepauyuna

" u << k gaért ux2k

- ,ﬂ,J'IFI 3HAKOBbIX 1 6e33HAKOBbIX

OnepaHa: w bur

NonHoe npounssepeHue:
w+k éur

be3 k crapwux 6ur:
W MAaALWunx our

m [Mpumepnbl
" u < 3

" g << 5 -u<k3 ==

" BO/IbLUMHCTBO MalUWH CABUraeT U CKnaablBaeT 6bICTpee YMHOXEHWUA

= KomnunaTtop co3gaéT cOOTBETCTBYIOLLMA KO aBTOMATUYECKM

k
17 oe00
* 21( (] oee 1 Q] e OJ_O_
u- 2k voo 0] e [0]0]
UMUltW(U ’ 21‘) oo 0 e« 10]0]
TMult " (z , 2%
== u * 8
u * 24
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Butbl, 6anTbl U Lenble

m MpeacraBneHne uHpopmaumm s butax

m MaHunynauum Ha ypoBHe but

m Uenble

m [peacraBneHne B NnaMATU, YKa3aTeNU, CTPOKMU

[peacraBneHue: 6e33HaKOBOE M 3HAKOBOE
[Mpeobpa3oBaHuA

PacwunpeHune, cokpalleHumne

CnoxeHune, oTpMUAHMNE, YMHOXEHME, COBUT
CBoAKa
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ApudmeTnKa: OCHOBHbIE NPABUANA

m Cho)xeHwue:

= (be3)3HaKoBble: HopmasibHOE CNOXKEHME C OTCEYEHUEM,
NAEHTUYHbIE AENCTBUSA C BUTamu

" Bbe33HaKoBble: C/10XKeHue no moayawo 2%
= MaTtemaTnyecKoe C/1I0XKeHne n BO3MOXKHOe YyMmeHblleHne Ha 2%
" 3HaKoBble: USMEHEHHOE C/I0XKeHue no moayato 2V (pesynbTaT B
AOMNYCTUMOM AMnana3oHe)

= MaTtemaTnyeckoe CnoXKeHne n BoamoxHoe gobasneHue nam
yMeHbLlUueHue Ha 2%

m YMHO}eHue:
" (be3)3HaKoBble: HopmasbHOE YMHOMKEHME C OTCEYEHUEM, Pa3Hble
NencTemsa ¢ butamum
" Bbe33HaKoBble: yMmHOXeHue no moaynwo 2%

" 3HaKoBble: USMEHEHHOE YMHOXeHue no moaynto 2V (pesynbraT B
[OMNYCTUMOM AMnana3oHe)
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3ayem Ucnonb3oBaTb 6e33HaKoBbIE?

m He ucnones3ylime 6e3 noHUMaHuUsA nocaedocmeuli

= Jlerko caenatb OWNDOKY
unsigned 1i;
for (1 = cnt-2; 1 >= 0; i--)
a[i] += a[i+l];

" MorKeT 6bITb O4EeHb KOBAPHbIM
#define DELTA sizeof (int)
int i;
for (i = CNT; i-DELTA >= 0; i-= DELTA)



O6paTHbIN OTCYET ¢ 6e33HaKoBbIMM

m [paBuUAbHO: CYETUMK LUUKNA - Be33HaKOBbIN

unsigned 1i;

for (i = ent-2; i < cnt; i--)
a[i] += a[i+1];
m Cm. «be3onacHoe nporpammupoBaHue Ha C n C++»,
Po6ept Cukoppa, ISBN 978-5-8459-1908-3, «BUNTbAMC», 2015
= CraHAQpT rapaHTUpYeT, YTo 6e33HaKOoBOE C/I0XKeHUe paboTaeT Kak
MaTeMaTunvyecCkoe caoxxeHme no moaynio

= 0—-1-> UMax

m Ewe nyywe
size t i;
for (i = cnt-2; i < cnt; i--)
af[i] += a[i+l];
" Tunsize t onpeaenéH kak 6€33HaKOBbIV C AIMHOW PaBHOW pa3mepy CNOBa
= Kop paboTtaet gaxke ecnm ent = Umax

" AyTtO ecnm cnt —3Hakosbit u <0?
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3auem ucnosb3oBaTb 6e33HaKoBble? (el é)

m Mcnone3sylime pna moaynapHou apnpmeTmuku
" ApndmeTnKa NPon3BOSIbHON TOYHOCTU

m Ucnone3ylime pnAa npepcraBAeHNA MHOXeECTB
= Jlornyecknit caBur BNpaso, 6e3 paclinpeHma 3HakKa
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Butbl, 6anTbl U Lenble

m [peactasneHne B NaMATH, YKa3aTeU, CTPOKM
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banTtoBaa opraHM3aLuuMa NamATH

& &

m Mporpammbl 06paLLatoTca K BUpTYaNnbHbIM agpecam
" KoHLUEenTyanbHO — 04eHb bosbLIOM Maccms 6anT

" B AenCcTBUTE/IbHOCTM peanm3yeTca nepapxmen 3anoMmHatoWmnxX yCTPOUCTB
PA3/INYHOrO TUNA

" OC npepocraBsiaeT CBOE aApecHoe NPOCTPAHCTBO Ka*KAoMy «npoLeccy»
= [Iporpamma UCNoNHAETCA B paMKax CBOero «rnpouecca»
= [Iporpamma MOXKeT noBpeanTb TONIbKO CBOU, HO He YyXKne AaHHble

m Komnunatop, KOMNOHOBLUMUK, 3arpy3umK 1 cpeaa UCNnoaHeHusA

" OnpeaenawoT rae XPaHATCA pasnmMyHble NPOrpaMmMHble 06bEeKTbI
" BblaenstoT NnamaTb BHYTPU eANHOro aipeCHOro NPOCTPAHCTBA
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MawuHHbIEe cnoBa

m C malwimHom cBA3aH “pasmep cnosa’”
" O6bIYHbIK pazmep NpeacTaBAeHUs LUeblX YNCEN
= BKnwouvaa agpeca
" BO/bWKWMHCTBO MOOUABHUKOB MCNO/b3YIOT C/10Ba B 32 buTa (4 6amnTa)
= [lpepen agpecaunn 41'b
= HepocTtaToOYHO A/19 MHTEHCMBHOWM PaboTbl C NaMATbIO
= 1K n 60nee MoLLHblie CUCTEMbI - UCNOAb3YIOT cnoBa B 64 6uta (8 6aunT)
= [loTeHUManbHOE agpecHoe npoctpaHcTeo = 1.8 X 10%° 6aint
= ApxuteKktypa x86-64 ncnonbsyet 48-6utosble agpeca: 256 tepabant
" MalWHbI NOAAEPHKNBAOT MHOXKECTBO POPMATOB AaHHbIX
= [lonn pasmepa cN0Ba UM KpaTHbIe emy
= Bcerga uenoe yucno 6ant
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CnoBHaAa opraHuU3auuna NamaTu

32-0uT. 64-0OMT.
cnoBa crnoBa

m Appeca yKasbiBaloT
pacnonoxeHue B baintax
= Apnpec nepsoro 6amnTa B cnoBe

= Aapeca nocaeaoBaTeibHbIX C/10B
pa3nnyatotca Ha 4 (32-6uTtHble) nnum
8 (64-6uTHbIE)

Bantbl Agpec

Anpec

0000

Anpec

0004

Anpec

0000

0000
0001
0002
0003
0004
0005
0006
0007

Anpec

0008

Anpec

0012

Anpec
0008

0008
0009
0010
0011
0012
0013
0014
0015
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LlenouncneHHble popmartbl

asblka C TUNNYHO

char 1 1
short 2 2 2
int 4 4 4
long 4 4 8
long long 8 8 8
yKkasarenb 4 4 8



NMopapok 6anT B cnose

m B Kakom nopsagKe pacnosaratotca B NnamaTH
6anTbl MHOrobamToBoro caosa?

m CornaweHumsa
" «TynokoHe4yHUKM»: Sun, PPC Mac, Internet

= HanmeHee 3HaYMMbIN BaNT UMmeeT HambobLNIN aapec

" «OCTPOKOHEYHUKN»: X86

= HanmeHee 3HaYMMbIN BaUT UMeeT HAaMMEHbLUNIN aapec
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Mpumepsbl ynopagoueHna 6anT

m «TynokoHeyHoe»

" HammeHee 3HaYMMbIK 6ANT nmeeT HanbonblNI aapec
m «OCTpOKOHe4YHOoe»

" HaumeHee 3HaYMMbIN BANT UMEeEeT HauMeHbLINIM aapec
m [pumep

" [lepemeHHasn x

= nmeet 4-6antoBoe npeacrasneHmne 0x01234567
= PacnonorkeHa no agpecy &x - 0x100

«TynokoHe4Hoe» 0x100 0x101 0x102 0x103
01l 23 45 67
«OCTpOKOHEeYHOoEe» 0x100 0x101 0x102 0x103

67 45 23 01
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HNecAaTn4Hoe: 15213
I'Ipep,CTa B/1EHUE [BonyHoOeE: 0011 1011 0110 1101
L"enoq McneHHoe llecTHaguaTupun4Hoe: 3 B 6 D
int A = 15213; long int C = 15213;
1A32, x86-64 Sun
1A32 x86-64 Sun
6D 00
3B 00 6D
00 3B 3B
00 6D 00
00
int B = -15213;
1A32, x86-64 Sun
93 FF
c4 FF |
FF c4 \
FF 93 [lBa npeacraBneHns B AONOJIHUTESIbLHOM Koae
(nosscHeHUs nocneayroT)
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U3yueHue npeacraBieHUA AaHHbIX

m BbiBog 6aMTOBOrOo NnpeacraBneHUA AaHHbIX
" [lpeactaBneHue yKasaTena Kak maccmea unsigned char *

typedef unsigned char *pointer;

void show bytes (pointer start, int len) {
int 1i;
for (1 = 0; 1 < len; i++)
printf (’$p\t0x%.2x\n",start+i,
start[i]) ;
printf ("\n") ;

}

Cneundukaumm npeodpaszoBaHUA:
%p:  BbiBog ykasaTens
%Xx:  BblBOA LIECTHAALATUPUYHOIO
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[IpyyMep MCIIOJITHEHUSA
show bytes

int a = 15213;
printf ("int a = 15213;\n");

show bytes((pointer) &a, sizeof(int));

Pe3ynbTaTt (x86, Linux):

int a = 15213;

Ox11ffffcb8 0x6d
Ox11f£f£ffcb9 0x3b
Oxl1llf£fffcba 0x00
Ox11ffffcbb 0x00
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MpeacrasneHue yKasareneu

int B = -15213;
int *P = &B;
Sun 1A32 x86-64
EF D4 0C
FF F8 389
FB FF EC
2C BF FF
FF
’F
00
00

PasnnyHble komnunatopbl, OC U MaLlLKMHbI AAOT PA3/IMYHOE
pacnonoeHue B NamaTu



[MpepcraBneHune CTpok

m CtpokusC

- npe,ﬂ,CTaBIIEHbI MmacCnBamum CMBOJZ10B

= CtaHgapTHOE 7-KoaupoBaHUe Habopa CMMBOI0B
= Cumson “0” Kogmpyetca 0x30
— Uudpai koampyetca Ox30+i
" CTPOKM A0NXKHbI 3aBepLaTbCA Hy/1eBbIM KOAOM
= CMMBOJT OKOHYaHUA CTPOKM =0

m CoBmecTMmocCTb
= ASCII-Koa He eAUMHCTBEHHbIN

= OpHobanTHble KOAbl HE Nepeynopsaa04NBakOTCA

31

Sun

38

31

32

38

34

32

33

34

00

33

00

char S[6] = "18243"; I

= Kaxapih cumson npeactasneH ASCll-kogom Linux/Alpha
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LlenouyncneHHble ronosonomku Cu

m [lnAa Kaxaoro caeayowero BbipakeHusa Cu :

= JIn6o o6bACHUTE NOYEeMy OHO BEPHO ANA N0bbIX 3HAUEHUU aprymeHToB

= Jlnbo - nouemy HeBepHO

UHunumnanusauums

int x = functionl();
int y = funciton2();

unsigned ux = x;

unsigned uy = y;

x<0

ux >=0
X&T7==

ux > -1

X>y

X*x>=0
x>08&&y>0
x>=0

x<=0
(x]-x)>>31 == 1
ux >> 3 == ux/8
X>>3==x/8
x&(x-1)!=0

[]

[

O O

((x*2) < 0)
(x<<30) <0
X <=y
x+y>0

Xx<=0
-X>=0
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