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[TPABUJIA SAHATUA

1. BONpoCh B 4YaTe MOXHO 3apaBaTb
B Nnwb6oe BpeMms

2 . BOMPOCH rOJIOCOM 3ajaem
Nno NOogHATOM pykKe B Zoom

3. OTBETbl Ha BOMPOCH 6yayT
B 3anjlaHUpoBaHHLIX MecTaxX




'J1AH JIEKLUAU

T. Tunbl OaHHbBIX

. UenoymncneHHble TUMNbl AaHHbIX
. YKasaTenu

. [lopssgok criegoBaHNA 6anToB

. butToBble onepauyun

S o Ao W DN

. buToBble onepaunnm Ha npakKTuUKe



TUllbl AAHHDIX




YTO TAKOE TUIN JAHHDbIX?



Terminal: deep_go 4+ v

T A4AHHbIX

MHOXecTBO 3Ha4yeHUM W onepaunn, KOTOopble
MOFYT ObiTb MPUMEHUMbI Hag 3STUMU 3HAYEHUAMMU



"NPUMUTUBHDIE
TUlbl AJAHHDbIX

Nlornyeckue

* bool

CTpokoBble

* string

Yucnosbie

» int8, uint8 (byte), int16, uintl16, int32
(rune),uint32, int64, uint64, int, uint, uintptr

» float32, float64
« complex64, complex128



COCTABHDIE
TUlbl AJAHHDbIX

. YKa3aTenu

. CTpyKTYyp®I
. DyHKLMUN

2 W N =

. KOHTeunHepdl

* MACCUBHI
* cpe3bl
* cnoBapw

5. KaHanbl

6. UHTepdenchl



KAXK1bIA TUIN UMEET HYJIEBOE
3HAYEHME (ZERO VALUE),

KOTOpOEe MOXHO paccmaTpuBaTb Kak
3Ha4YeHne Tuma No YMOJTHAHUI




Data Types

Basic type

numbers

strings

boolean

Aggregate type

array

structs

Reference type

slice

map

function

channel

Interface type




Screenshot Q —

Types whose values each is only hosted Types whose values each may be hosted on
on one single memory block multiple memory blocks

Solo Direct Value Part Direct Part » Underlying Part

boolean types slice types

numeric types map types
pointer types channel types
unsafe pointer types function types
struct types Interface types

array types string types




KAKOU PA3SMEP Y OCHOBHDbIX
TUMOB AAHHDbIX?




but — MMHUManbHas eguMHULA U3MepeHuna uHbopmaumu,

KOTOpaAa NnpmHMMaeT 3Ha4d4eHUE «HOJIb» WJIN «OAUH»

bant (okTeT) — eguMHUUa m3MepeHusa uHPopmauum,

KOTOpaAd COCTOUT U3 BOCbMW OUT UK ABYX TeTpal

MawmHHOE Cc/NoOBO — OCHOBHas eiuHuua UHPopMaLuwu,
KOTOpon onepupyeT npoueccop (pa3Mep MauWMHHOrO CJiOBa
paBeH apXUTeKType npoueccopa, Hanpumep 32 unn 64

6UTHaAA apxuTeKkTypa)



Screenshot Q —

si1ze 1n bytes

1mplementation-specific
generally 4 on 32-bit
architectures, and 8 on
64-bit architectures
implementation-specific
large enough to store
the uninterpreted bits
of a pointer value




NMOYEMY PA3MEP JIOTMYECKOIO
TUMNA JAHHbIX (BOOL) 1 BAWT, A
HE 1 BUT?



OxAACO OxAACT

banToBasa

ap,pecau,ml 0 0 0 0 0 0 0 0 )
OxXAACO

CnoBecHasn

aapecauus




HY)>XXHO JIK BbIPABHUBATDb
TUIbl JAHHDIX B NTAMATIA?



machine word

machine word

-
|
|
L

machine word

machine word

empty

empty

|

.

|




Screenshot Q —

alignment guarantee

arrays depend on element types
structs depend on field types
other types size of a native word




FAQ

Tunbl oaHHbBbIX



LLEJIOYUCJIEHHDbIE
TUIlbl AAHHDIX




Terminal: deep_go + v

NMPAMOU KO YNCNA

B necATnU4YHoOM cucteme cuucneHua:. 121
B nBou4yHOU cucteme cumcneHumsa: 8 1 1 1 1 0 0 1

© 20+ 273 + 2% +2°5 + 20 =1+ 8+ 16 + 32 + 64 = 121



MOXHO 3AKOANPOBATb
2N - 1 SHAYEHUMW,

rnpe N — Konn4yecTBO 6MUT

8 ouT

* BO0000OO = O
* 11111111 = 255

16 6MT

* BOOOOVOO VVVOOOLO = O
* T1T111117T 11111111 = 65535



PA3PAbl BUTOB

CegbMon pa3pspn (KpaWHuWU J71€BbIM) Ha3bIBAETCA CTaplinm,
a HyJneBoW paspan (KpauHuW rpasbii) — MNALWNM .
HanMmeHblleMy 3HaA4YeHWUW COOTBETCTBYET KOMOUHaUUA
Hynenm, a HaunbosblleMy 3Ha4YeHUI COOTBETCTBYET
KoOMbuHauna eguHuu

N

CTapumne paspamb

Mnapgwne paspagb

A\ 4



KOINMMPOBAHWE NEPEMEHHDbIX

1 func main() {

% var x int8 =5 // 0000 0101
5 var y = X // 0000 0101
A4

5 }



KAK bbiTb C OTPULUATEJIbHbIMWA
HYACJIAMWN?



3HaK Yucno
| | |

nonoxXuTenbHboiXx n 2AN-1 — 1 (7)

1 — oTpuuaTenbHoOe OTpuUATENbHbIX YMCEN




3HaK Yucno

He paboTaeT cnoxeHue
[lony4ynnocb gBa Hyna -

MNOJIOXUTENTbHbIU o o 1 @ 2

M oTpuuaTenbHbIK, a TaKxe . . .

-7 nonydyunca 6onbue -1

1 0 0 1 ol
1 1 1 0
1 0 1 0 -2
1 0 1 1 -3
1 1 0 0 -4
1 1 0 1 =9




MOXHO MCMNO/Ib30BaTb
obpaTHbLIU KOJ, WHBEPTUPYS

BCe OUTHl 4ucen

3HaK Yucno

| |

5 1 1
5 1 0
0 5 1
5 5 0
0 1 1
5 1 0
5 5 1
0 0 0
1 1 1
1 1 0
1 5 1
1 5 0
1 1 1
1 1 0
1 5 1
1 5 0

Tak paboTaeT




3HaK Yucno

MOXHO mMcnonb30BaTb

J o | e | e |1 | - NWcues -0, BMecTO Hero

OOMOJIHUTENbHLIA Kof,

6 (o |0 |6 | e Tenepb MOXHO A06aBUTb
no6aBmB 1 K obpaTHOMY A I N

R ewe OAHO 4YunCho
Koy 4ucna " EET N T

1 1 1 0 -2

1 1 0 1 -3

1 1 0 0 -4

1 0 1 1 -5

1 0 1 0 -6




MoxHo 3akogumpoBaTb 2°N-1 — 1 (7)
MNONOXUTENbHbLIX U 2°N-1(8)

oTpUubaTeEJSiIbHbIX YUNCEJ]

3HaK

Yucno

Tak paboTaeT




OcTaBumecs O6UTHI Y MNOJIOXUTEJIbHbIX YUNCEJT 3allOJIHAKTCH

HYNAMU, a y oTpuuaTesibHbIX efuHULaMu
0 0 0 0 0 1 0 0
] ] ] ] l 1 0 0




3HaKOBblEe 4YMCNla KOMMbOTEP MOXET CpaBHMBATb
iekcnkorpadmyeckn no nepsBbiM 6UTAM 4uMcha

(nonyynnacb Hekass onTuUMu3sauus)



YTO NPOU3OUAET, EC/ZIU Mbl B YACJIO
3ANMULLEM BOJIbLUE UHOOPMALIUN,

4yeM OHO B cebda MoOXeT BMeCTUTb?



3HaK
|

Yucno

0




HA KPYI'E BCE CTAHOBUTCHA
[MTOHATHEE

1111 sl 0001

1110
4 0010

11017 0011
1100 0100

1071 0101

1010 0110
1001 1 0111




EXAMPLE



HeypauyHbin 3anyck pakeTbl Ariane 5 B 1996 ropy
npousowes U3-3a NepenosiHeHUsl, BO3HUKIIErO B pe3yfibTaTe

npeobpasoBaHUsA 64-6UTHOrO 4yucsa C NfaBawlen TOYKOWU

B 16-6UTHOE Uenoe 4Yucrsio co 3HAKOM
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KAK ObBHAPYXWUTb
['MEPEMNOJIHEHMUE?



EXAMPLE

eeeeeeeeeeeeeee



LLEJIOYUCJIEHHDIE JIMTEPAJIDI

* lIBOonYHble — ucrnonb3yeTtca npedukc Bb wnm 6B (Hanpumep 6b160)
* BocbmepuyHbie — mncnosibdyetca npe¢ukc 0 unm 0o (Hanpumep 010)
* llecTHaguaTepuyHble — ncnosbayeTcd npepukc Ox wmnu 06X (Hanpummep OxF)

* MHuMble — ucnonb3yeTtca cyddmkc i (Hanpumep 31)

Ewe MOXHO mcnonb3oBaTb _ B KadvecTBe pasgenuTtens Aans
ygob6cTBa 4TeHusa, Hanpumep 1_000_000



EXAMPLE

ttttttttttt



Lleno4yncneHHble TUMNbl AAHHbIX



YKASATEJIN



Terminal: deep_go 4+ v

YKA3ATEJIb

[lepemeHHas, pgunanalsoH 3HAYeHUN KOTOPOU COCTOUT

M3 aJpecoB A4YeeK NaMAaATU UAKU cneumanbHOro 3HaYeHUs
— HyneBoro agpeca (nil)



KAK NMONTYYUTb AOPEC
NMEPEMEHHOWU?




\
N

O O~NOUTDA WN -

// 1 way
pointer := new(int)

// 2 way
var value 1int

pointer := &value

// 3 way - only for structs

pointer := &int{} // compilation error

i

T O~

i

/




EXAMPLE

PPPPPPP



value [OxAA00] pointer [0xAA04]

100 OxAAQGO pointer = &value

value [OxAA00] pointer [BxAA04]

500 OxAAQ0 *pointer = 500

|

PasbiMeHOBaHue



3A4HEM HY)XHDbI
YKA3ATEJIN?



EXAMPLE

11111111111111111



A Takxe, 4TO06b BMeCcTO OONblIMX OOBEKTOB MNepepaBaTb
TONIbKO agpeca Ha HUX U 4YTOob6bl CTPOUTb CTPYKTYPH

AJadHHbLIX, OCHOBAHHbLIE HaA YKa3aTeJidX (TaKMe KaK CBA3HbIE

CMINCKW, J[epeBbs W TakK jpaiee)
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EXAMPLE

Pointer to poilnter 1ncorrect



main proccess

valuel [OxAA00] value2 [OxAABO]
100 ] 200 i
pointer [BxAA04] temp [OxAAB4]
BxAAQ0 —

OxAABO —



YKASATEJIN HA YKASATEJIN

value [OxAAQQ ] pointer1 [OxAA04]
100 OxAAQD pointer1 = &value
value [OxAAQ0 ] pointer1 [OxAA04] pointer2 [OxAA08]
100 OxAAQQ OxAAQ4 pointer2 = &pointer1
value [OxAAQQ ] pointer1 [OxAA04] pointer2 [OxAA08]
OxAAQQ OxAAB4 **pointer2 = 200
T |

Pa3biMeHOBaHue Pa3biMeHOBaHUue



EXAMPLE

Pointer to pointer correct



main proccess

valuel [OxAA00] value2 [OxAABO]
100 ] 200 .
pointer [BxAA04] temp [OxAAB4]

OxAABO —

OxAAQB4 —



B Go He nognepxumBaeTca apuPMmeTMKa yKasaTesNleu,
HO 3aTO MOXHO ucnonb3oBaTb nNakeT unsafe

func main() {

number := 20(
pointer := &number
poilnter = pointer +

Ul 5 W N -



POINTER

T*

N

Vv

unsafe.

Pointer

N

A\ 4

unitptr

Pointer represents a pointer to an arbitrary type. There

are four special operations available for type Pointer

that are not available for other types:

A pointer value of any type can be converted to a

Pointer.

A Pointer can be converted to a pointer value of any

type.

A uintptr can be converted to a Pointer.

A Pointer can be converted to a uintptr.




Terminal: deep_go 4+ v

UINTPTR

This is an unsigned integer type which is large enough
to hold any pointer address. Therefore its size is
platform dependent. It is just an integer
representation of an address.



EXAMPLE

nnnnnnnnnnnn



OxFF

OxFF

L

bytePointer

twoBytePointer




EXAMPLE



We know that, for some cases, the unsafe mechanism can help
us write more efficient Go code. However, it is very easy to
introduce some subtle bugs which have very low possibilities
to produce when using the unsafe mechanism. A program with

these bugs may run well for a long time, but suddenly behave

abnormally and even crash at a later time. Such bugs are very

hard to detect and debug



Another big risk of using unsafe pointers comes from the
fact that the unsafe mechanism is not protected by the Go
compatibility guideline - code depending on unsafe

pointers works today could break since a later Go version



[lapameTp KoMnunaTopa AMHammyeckoro aHanmsa -gcflags=all=-d=checkptr
nopoepxmBaeTca HadmHasa ¢ Go Toolchain 1.14. [llpn ncnosib30BaHUU 3TOWU
onumn HekoTopble (HO He BCe) HenpaBW/IbHble UCMNONIb30BAHUSA yKa3aTesien
6yoyT OOHaApyXeHb BO BpPeMA BbIMOJIHEHMSA (KaK TOJIbKO TaKoe HenpaBUiibHOE

Mcnosb3oBaHMe 6yaeT OO6HaApyXKeHO, BO3HUKHET MaHuKa)



EXAMPLE

tttttttt



EXAMPLE



Each of non-nil safe and unsafe pointers references
another value. However uintptr values don't
reference any values, they are just plain integers,
though often each of them stores an integer which

can be used to represent a memory address.



EXAMPLE

aaaaaaaaaaaaa



Stack Stack
Address
Space
free space
Heap free space
Address
Space

Heap

Uninitialized Data
Segment (.bss)

Initialized Data
Segment (.data)

Code Segment
(.text)

Growth

Growth



FAQ

YkazsaTtenu



[IEPEPDIB 5 MUHY'T



MOPAAOK
CJIEQOBAHUA BAUTOB



Paspagbn 6auToB

Bx00 Ox01 0x02 0x03 0x04 9x05 Ox06 Ox07

CTapume 6aunThl

Mnagwne 6anThl



EXAMPLE

nnnnnnn



Terminal: deep_go 4+ v

ENDIANNES

B ToM cny4dae, ecninM 4YUCNoO He MOXeT O6biTb
npegcraB/ieHO OOAHMM 6aWMTOM, UMeEeT 3HadeHue,
B KaKOM nopsapnke 6aMTbl 3anucbiBaTCA B MNamMAaATH
KOMMNblOTEepa WAN NepepawTcs Mo JIMHUSIM CBSA3U



Terminal: deep_go + v

BIG ENDIAN

[lopagokK oT cTapwero K MmaagleMy - 3TOT MOPAAOK Moaob6eH
NPMBBLIYHOMY MNOPAAKY 3anucu clieBa HanpaBoO (Harnpumep, YMC0 CTO

ABajguaTb Tpu 6blJ1I0 6b1 3annMcaHo MNpu TakoMm nopsake kak 123).

JdTOT MOpAOOK ABJIAETCA CTaHAapTHbM gnAa npoTokonos TCP/IP
- OH WUCMOJSIb3YeTCA B 3arosioBKkax MnakeToB [fAaHHbX U BO MHOMUX
NpoTOKoOJlaXx 60s5iee BbHICOKOIr0O YPOBHSA, MO3TOMY TaKOW MOPSAOK 4acTo

Ha3blBalT «CEeTEBbIM MOPAAKOM 6anTOB»



Terminal: deep_go 4+ v

LITTLE ENDIAN

[lopaAgoK OT MiafWwero K CTaplWemMy - 3TO O6paTHbIA MPUBBIYHOMY

nopsaKy 3anucu uymcen (Hanpumep, 4YMC/O0 CTO ABajuaTb TPU 6bIJIO

6bl 3anMcaHo rMpu TaKoOM rnopsgke Kak 321). I3TOT MopAnoK 3arnucwu

n

d

DUHAT B TMNaMdATU TEepCOHAJIbHbIX KOMIMbIOTEPOB C TpoLULECCOPaAMN

DXUTEKTYpb X86, B CBA3UM C 4YeM MHOrga ero HasnBawT

«UHTEJSIOBCKMUM MOpPSAKOM 6anmToB»



Big Endian

Little Endian

[lopAOOK MeHsieTcA TOJIbKO AN 6anToB — OUTH
OCTAawTCHA B TOM Xe nocnenoBaTe/IbHOCTU



[l[peacTaBbTe, 4YTO Bbl OTNpaBJsiseTe NMUCbMO ApPYry
B APYryw CTpaHy, U B NUCbMe Bbl XOTUTE coobWUTH
eMy O BaXHou paTte: 23 anpensa 2023 ropa.

B Poccum paTy 06bI4MHO 3anucbhiBawT B dopmaTe AeHb/mecsu/ron
(23.04.2023), a B CIWIA — mecsauy/pgeHb/ron (04.23.2023). Ecnu
Baw apyr B CIIA oTkpoeT nNUCbMO M yBMAUT AaTy B Balem dopmaTe,
OH MOXET HenpaBW/IbHO MOHATb, KoOrga WUMEHHO MNpPpoM3onaeT

cobbiTe, O0COO6EHHO ecnn AeHb MeHblle 13



3A4YEM NPUAYMAJIN PA3HDIE
NMOPAAKWU CJIEAOBAHUA BAUT?



CoBpeMmeHHble npoueccopbl Xx86 NO3BONANT
paboTaTb C OAHO, ABYX, 4eTbipex
N BOCbMMOAUTOBLIMU OMnepaHaaMw

B TakoM nopagke cnepoBaHus 6aMToB O4YeHb YAOOHO TO, 4TO
npu yBenuMyeHunm pasmepa (kKonmyecTBa 6anToB) onepaHpaa,
3Ha4YeHune ero nepsoro 6anvta HensmeHHo: 3210 — 3210 0000.

[lpn nopsagke OT cTapwero K MJagweMy 3HadyeHue MU3MEHUI0Cb
6bl, Hanpumep: 0123 — 0000 0123



KAK NMPOBEPUTb NMOPAOOK
CJIEQOBAHUA BAUTOB?



EXAMPLE
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FA

[lopagok crnepoBaHUA 6anTOB




bUTOBDbIE OINEPALIA



butopoe W

0 2 I S 0 I NS I

func main() {
var x int8
var y int8
var result

X &y




butosoe WJIU

1 func main() {

2

U & W

var x int8
var y int8
var result

X |y




UcknwJyawuee

1 func main() {
2 var x 1nt8
3 var y int8
4
3

var result

}

WU (XOR)




butosoe HE

1 func main() {

2 var x uint8 = 3
3 var result = 7x
4 }







NMHBepcua Onsa oTpuuaTesibHbIX U MOJIOXKUTENbHbIX
yncesi paboTtaeT No pasHomy!
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buToBbIE CABUMN

1 << 3

255 << 4




buToBbIE CABUMN

16 >> 3

255 >> 4




1 func main() {

2 var value int8 = 1
3 value = value << 6
4 fmt.Printin(value)
5

}

1<<6

1 func main() {

2 var value int8 = 1
3 value = value << 7/
4 fmt.Printin(value)
Dk

1<<7



FAQ

buTOoBbLIE Onepauunn



bUTOBDIE ONEPALIA
HA INPAKTUKE



KAK Y3HATDb, ABJISETCA JIN YACJIO
CTENEHbIO ABOUKWN?



0 0 0 0 0 0 0 1 2°0 = 1

0 0 0 0 0 0 1 0 271 = 2
0 0 0 0 0 1 0 0 272 = 4
0 0 0 0 1 0 0 0 2"3 = 8
0 0 0 1 0 0 0 0 274 = 16
0 0 1 0 0 0 0 0 225 = 32
0 1 0 0 0 0 0 0 2"6 = 64
1 0 0 0 0 0 0 0 277 = 128

TonbKO OfgHa eguHuLa B O6MHApPHOM MNpeacTaBJIEHUMM 4ucna



EXAMPLE



3AHEM 9T0 HY>XXHO 3HATD?



EXAMPLE

oooooooo



EXAMPLE

BBBBBBB



KAK HAUTU YNCIO, KOTOPOE
BCTPEYAETCH BO MHO)XECTBE
TOJIbKO OAAUH PA3,

Korga BCe ocTallbHble 4Yyucna BCTpedawTcs ABa pasa?






KAK INMPOBEPWUTDb, ECTb JIN AYBJINKATDI
BO MHOXXECTBE YACE?



EXAMPLE

CCCCCCCCCC



0

1<<3

0

0

lookup

&lookup

0

0

0

lookup




butoBbit KapTa (bitset, bitmap, bit array) — Habop
nocsiefoBaTeNbHO 3anMCcaHHbIX AOBOUYHLIX pa3psapoB, TO
eCcTb nocnenoBaTesSIbHOCTb O6UTOB






KAK INPOBEPUTDb ABJIAETCA
JIN HACJTIO0 HETHDbIM?




0 0
0 0 1
0 1 0
. N N
1 func IsEven(number int) bool { 0 1 1
2 return number & 1 == 0
35
1 0 0
Y yeTHbIX 4uncen I'IOCJ'IG,EI,HMVI OUT paBe€H HYIJIIO : 5 :
1 1 0
1 1 1




EXAMPLE

eeeeeeee



KAK KOHBEPTUPOBATb BAUTDI,
KUNOBAUTbI, METABAUTDbI?




EXAMPLE

oooooooooooooo



1KBb
1Mb
1I'b
1Tb
111b

1024 b

1024 Kb
1024 Mb
1024 Tb
1024 Tb

N <<

<<
<<
<<
<<

<<

20
30
40
50

n * 2"m

2210
2720
2730
2740
2750

1024 b

1048576 b
1073741824 b
1099511627776 b
1125899906842624 b



KAK XPAHUTDb U TIEPEAABATD
IPV4 AAPEC?




Terminal: deep_go 4+ v

IPV4 (INTERNET PROTOCOL V4)

Appec, 3anucaHHbin B 32-6UMTHOM ¢opmaTe,
nMeeT BuUA 4veTbipex 8-6MTHBIX uucen (MUHUMYM
0, Makcumym 255), KoTopble pas3feneHbl gpyr
OT Apyra Todykamu (npumep - 172.16.255.2)



EXAMPLE

ddddddddddd



Ecnn Bbl ncnonb3yeTte 6UTOBbLIE onepauun
— CKpblBauTe MX 3a MOHATHbLIMM abcTpakuusaMu'!



EXAMPLE

rrrrrrrrrr



buTOBbIE onepaunmn Ha MNpakKTUKe



MOXXAJTIYUCTA, 3AMOJTHU
OMPOC O 3AHATUN

CcbiMka B 4aTe M B rpynne y4YaCTHUKOB




