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[TIPOBEPb SAI/ICb




Balun.Courses

[MTPABV/IJIA SAHATV/IA

1. BONpoCh B 4YaTe MOXHO 3agaBaTb
B Nnw6oe BpeMms

2 . BOMPOCH IroOJZIOCOM 3ajaem
no nNogHATOM pykKe B Zoom

3. OTBETbl Ha BOMPOCH 6yayT
B 3anJlaHUpoOBaHHBIX MecTax



[IJ1AH JIEKLLV/II/1

1. YcTponcTtBo Xxsw-Tabnuy

2 . PaspeweHne KonNnnusum MeToaoM
Lernoyek

3. PaspeueHne KoMIM3nUMN MeTOO0M
OTKPbLITON agpecaumu

4. BHYyTpeHHee YyCTPOUCTBO
cnoBapen B Go

5. ToHKocTn cnoBapen B Go



YCTPOVICTBO XOLU-TABNV/ILLbI



UpeHTUPUKaTOp banaHc

1 200

3 500

[lpeacTtaBUM, 4YTO HaM HYXHO XpaHUTb Mapy uaeHTudukaTopa
nosib3oBaTeNid C ero 6ajlaHCOM N YMeTb ObLICTPO UCKaTb
6anaHc nosib3oBaTeNiIgd Mo UAEHTUPUKATOPY



1dx key value

MACCVIB MNAP

BypeT paboTaTb MeO/slIeHHO, TaK KakK B Xy[OWwem

0 3 500

cny4dyae npupeTtca npoberatbCs Mo BCEMY

. 1 1 200
MaccuBy, 4YTOOb HaUTU B HEM 3Ha4eHwue

(MOXHO ynydquwnTb, MNyTeM rogaepxaHus
OTCOPTUPOBAHHOIO MopsiAKa S/1EMEHTOB)




1dXx value

DIRECT ACCESSING

0
byneT pa6oTaTb 6bICTPO, HO MACCUB MOJSIYYUTCS
pa3pAKEHHbIM — €CJZIM HYXKHO XPaHUTb HE
MHKPEMEHTAalNIbHbIE UOEHTUPUKATOPHL MOJSIb30OBaTENEMN, 1 29
TO Yy Hac 6yayT nycTble mecTa B MaccuBe
(Hanpumep, Korpa 6yneT 5 nonb3oBaTenewu, 5

a MaKCcuMaslbHbI MOEHTUPUKATOP M0JiIb30BaTESSA

éynet paBeH 1_060_060)
3 500




XoTesiocb 6bl HE TepsATb B CKOPOCTH,

HO B TOXe camoe BpeMsa U36aBUTbCA OT
NyCTbIX MECT B MaccuBe, npeobpas3oBbiBas
MOeHTUPUKaATOpPLl Mosib3oBaTeNeEN U3
60NblIOFr0 MHOXECTBa B MaJjieHbKOE
MHOXeCTBO (rnpeAcTaBJ/IEHME) . . .

max_id = 1_000_6000




HyxeH npeobpas3oBaTesib — X3au GYHKLUUS

max_id = 1_000_000 max_id = 10




XOPOLUASA XOLl-PYHKLL, /IS

1. 3¢peKTUBHOCTb — BbIYUCIIEHUE MPeobpa3oBaHUA He [OOJIKHO
3aHNUMaTb MHOICO BPEMEHWU

2. HeobpaTuUmMoCTb — He [ONKHO ObITb PYHKUUWM Asiss 06paTHOro
npeobpas3oBaHua (Hanpumep, f1(547) => 3, f2(3) !=> 547)

3. leTepMMHUPOBAHHOCTb — AJI9 OOHOMO M TOrO Xe KJw4da AOO0JIKHa
BO3BpaWaTb OAMH U TOT Xe pe3ynbTaT

4. PacnpepeneHHoCcTb — [OJ/IXKHA PaBHOMEPHO pacnpenendaTb [OaHHblie
No MHOXecTBY (Hanpumep, He J[oJIXHa Bcerga Bo3Bpauatb 0)




idXx value

[TPV/IMINTVIBHASA _

0 /700 // key = 1_000_000
XOLW-PYHKLL /A
F (x,capacity) = x % capacity 1
Insert(3, 3600)
F (3, 5) =3%5 =3 2 500 // key = 317
Insert(317, 500)
F (317, 5) = 317 % 5 = 2 3 300 // key = 3
Insert(1_000_000, 700)
F (1_000_000, 5) = 1_000_000 % 5 = © A




KOJUTIAS/II/]

Cutyauma, Korpga pnsa pas3HbIX
KJllo4en Mbl nosiyyaem OAMH TOT
Xe pe3ysbTaT X3UW-QYHKUUN.

KoHe4yHO, KOMNu3unm 6yayT, Tak
KakK Mbl Mpeobpas3oBbiBaeM 60JiblIOE
MHOXECTBO B MaJjieHbKO€, TMO03TOMY
onpeneneHHoOMy Habopy 4ucen
6byneT COOTBETCTBOBaATb TOJIbKO
OJHO 4uncno.

Insert(3, 300)
F (8, 5) =3 %5

3

Insert(1_000_003,700)

F (1_000_000, 5)

1_.660_000 % 5

3



Konnnaum He 6ypeT ecnn TONIbKO pa3Mep BXOOAHOrO MHOXecTBa 6ygeT
MEHblle BbIXOOHOr0, HO B OO/bUMHCTBE C/Nly4YaeB KOJI/IM3UMA He u3bexaTb,

HO HaWa 3ajadYa — HayuYuTbCA paboTaTb C X3W KOMIU3UAMMK!
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PA3PELLUEHIIE KON

1. MeTon uenoyek

2. MeTon oTKpbITOM agpecauuu



FA

YCTPONCTBO X3l-TabnunLpbl




METOL LLENOYEK



1 HashTable table(

) 5

A 4

vV

idx value
0 pointer
1 pointer
2 pointer
3 pointer

A 4

A\ 4

nil

nil

nil

nil



1 HashTable table(4);
2 table.insert(5, 200);

idx value

N4

nil

0 pointer
1 pointer
2 pointer

\ 4

200

3 pointer

A\ 4

A\ 4

nil

nil

—— nil



B KayecTBe ULeno4yekK MOXHO MUCNONb30BaTb He TOJbKO
CBA3HbIE CIMMNNCKWN, HO U MaACCUBbLI, A€epeBbA WU TaK AaJiee. ..
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1 HashTable table(

2 table. insert(
3 table. insert(

)

3

) 5

) ;
) ;

A\ 4

Vv

idx value
0 pointer
1 pointer
2 pointer
3 pointer

A\ 4

A\ 4

nil

5 200
nil

3 300

—> nil

—> nil



idx value

0 pointer > nil
00
1 HashTable table(4); ! PR | 5 200 — | 9 j9ee  —— nil
2 table.insert(5, 200);
3 table. tnsert(3, 300);
4 table.insert(9, 900); . .
: ( ) 2 pointer > nil
3 pointer > 3 300 | — nil




SAHEM XPAHVITb
KJIIOH B BAKETE?



1 HashTable table(4);
2 table.insert(5, 200);

3 table.insert(3, 300);
4 table.insert(9, 900);

5 table.find(9);

idx

value

polnter

polnter

pointer

WV

WV

polnter

WV

N\ 4

nil

nil

3600

—— nil



1 HashTable table(4);

2 ta
3 ta

4 ta
5 ta

b ta

ple.
nle.

nle.
hle.

hle.

insert(5, 200);
tnsert(3, 300);
tnsert(9, 900);
find(9);
remove(9);

idx

value

polnter

polnter

pointer

WV

WV

polnter

WV

N\ 4

nil

nil

3600

—— nil



_ Mm“m“—m !

Ecnn xaw-tabnuua He 6ypeT pacumpAaTbCs, TO KOMIU3UN
bypeT BCce 6onblie U 6onblie (TakK KakK XaW-QYHKLUU HYXHO
npeo6pas3oBbIBAaTb KJIWYM B OYEHb MaJIEHbKOE MHOXECTBO)
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LOAD FACTOR

KO9pPULMEHT 3arpyXeHHOCTU XIli-

Tabnuubl, cyMTaeTcs Mo Gopmyne
f = size / buckets_size

B 6onbuMHCTBE peanun3auuu,
Korga Koa¢duuUMeHT 6onblie
0.6/0.7, TO npoucxoguT
nepevHaeKcauus

idx

value

pointer

pointer

\ 4

pointer

N4

pointer

A\ 4

N\ 4

nil

200

nil

3600

0./5

900

—— nil

——— nil



[lepenHpekcayma XaWw-Tabnuubl NMpakTUYECKU TOXEe camoe, 4TO
M peannokKauma namaTuU 0N AMHAMUYECKOro MaccuBa, HO pa3HuMua
B TOM, 4YTO Mbl HE MOXEM MPOCTO 6e34yMHO KOMUpPOBaTb 3JIeMEHTbI!




[lpn peumHpekcauum Mbl Bbigensdem B OgBa pa3a 6onble

MNaMATU

F(5,4)
F(5,8)

NTOoro:

U

1

N3-3a 3TOIMO0O MEHAETCH capacity,

5 % 4 (capacity)
5 % 8 (capacity)

5

L
S

MNOSTOMY :



idx value

0 pointer ——— nil

1 pointer 9 99 | —— nil
2 pointer —— nil
. . . 3 pointer [— 3 300 | — nil

1 HashTable table(4);
2 table.find(5); 4 pointer — nil
3 table.find(3);
4 table.find(9);

5 pointer [— nil

6 pointer —— nil

7 pointer —— nil




idx value

0 pointer ——— nil
1 pointer [——— ) 999 | —— nil
2 pointer —— nil
900 . .
3 pointer [— 3 300 | — nil
1 HashTable table(4);
2 table ":i_ﬂd( ) 4 pointer —— nil

:
3 table.find(3);
4 table.find(9);

3) pointer

6 pointer —— nil

7 pointer —— nil




Kak npu npoxoge no Xaw-Ttabnuue
nponyckaTb NycTble 6aKeTbl?

idx value
0 pointer
1 pointer
2 pointer
3 pointer
4 pointer
3) pointer
§) pointer
7/ pointer

nil

9 900

nil

3 300

nil

S 200

nil

nil

— > nil

—> nil

—> nil



1 HashTable table(4);
2 table.insert(5, 500);

500

idx value
0 pointer > nil
1 pointer
2 pointer > nil
3 polnter > nil




1 HashTable table(4);

2 table. insert(5, 500);
3 table. tnsert(3, 300);

500

idx value
0 pointer > nil
1 polnter
2 pointer > nil
3 polnter

300




1 HashTable table(4);

2 table.insert(5, 5C
3 table.insert(3, 3C

4 table. itnsert(9, 90

500

idx value

0 pointer > nil
1 pointer

2 pointer > nil
3 pointer

900

300




Tenepb MOXHO WMATU MO CBSA3HOMY
CMUCKY, MUHYA MycTble 6aKeTbl
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1 HashTable table(4);
2 table.insert(5, 500);

3 table.insert(3, 300);
4 table.insert(9, 900);

5 table.find(9);

idx value

0 pointer > nil
1 pointer

2 pointer > nil
3 polnter

300




1 HashTable table(4);

2 table.
3 table.

4 table.
5 table.

6 table.

wnsert(5, 500);
wnsert(3, 300);
tnsert(9, 900);
find(9);
erase(9);

-

idx value

0 pointer > nil
L polnter

2 pointer > nil
3 polnter

— | 3 300




idx value

0 pointer > nil . 5 | 500 | h=1
1 pointer

9 900 h=1
2 polnter > nil l T

3 300 h=3
3 pointer

Ewe MOXHO, B ciiydyae Heob6XOOMMOCTWU, KIOWMpPoOBaATb X3, 4YTOOLI
HEe NPUXOoAMNOCb €ro nepecymMTbeiBaTb MNPU MNMOUCKE N yaaNeHUwn



FA

MeTon uenodek




MIETOO OTKPbITOI/1 AOPECALLI/IN



{5, 500}

1 HashTable table(4);
2 table.insert(5, 500);




{5, 500}

{3, 300}

1 HashTable table(4);

2 table.insert(5, 500);
3 table.insert(3, 300);




fluenka 3aHATaA - HYXHO NpobumpoBaTb

{3, 300}

1 HashTable table(4);

2 table.insert(5, 500); // 5%4=1
3 table.insert(3, 300); // 3%4=3
4 table.insert(9, 900); // 9%4=1



Woem no MaccuBy, Moka He HanWgem cBO6OOHOE MECTO

{5, 500} {9, 900} {3, 300}

1 HashTable table(4);

2 table.insert(5, 500);
3 table.insert(3, 300);
4 table.insert(9, 900);




[lo Xxopowemy, B 3TOM CUTyauun nopa yxe
pacumMpAaTb U NepenHpeKcupoBaTb Tabnuuy, Tak
KaKk KO3¢PUUMEHT 3arpyxKeHHocTu 6onbuwe 60-70%
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MMea Takyl CTPYKTYPY XpaHeHUsA paHHbX — nonydaem 6onee
OPYXENOHYI CTPYKTYPY [HOaHHbIX ANA Kaowa, HO paboTaeT MOUCK Xyxe,
NOTOMY 4YTO NPUAETCHA CpaBHMBATbCA OO0 MNEpPBOro NyCcTOro 3JIEMEHTA



PACCMOTPVIMI HE CANIbIV/
NYYLIAIA CIYYAIA



{5, 500}

1 HashTable table(4);
2 table. insert(5, 500);




{5, 500}

{9, 900)

1 HashTable table(4);

2 table.insert(5, 500);
3 table.insert(9, 900);




{5, 500}

{9, 900}

{1,

100}

1 HashTable table(4);
2 table.iwnsert(5, 500);

3 table.iwnsert(9, 900);
4 table.insert(1l, 100);




MOXHO orpaHuuMBaTb KOJIMHMECTBO MPOOMPOBAHUWU, HarpuMmep, ecsiu
Bbl MPbLIFrHY/M 2—3 wara, HO TaK M He HaWIu CBOOGOOHYW SAYENKy
TO MOXHO pacumpsTb U NepevHOeKcupoBaTb Tabauuy
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[lonck paboTaeT OO Tex NOp, NOKa He He HangeT NYCTYWw AYEUKy

{5, 500} {9, 900} {1, 100}

1 HashTable table(4);
2 table. itnsert(5, 500);

3 table.insert(9, 900);
4 table.insert(1l, 100);
).

5 table.find(1

J



[lpn ypaneHnn BaXHO MNOMe4yaTb, 4UYTO 3JIEMEHT yjhalieH,
60 cABUraTb 3JIEMEHTbH C KOJUIM3UAMU BIIEBO

{5, 500} {1, 100}

1 HashTable table(4);

2 table.insert(5, )
3 table. insert

(

4 table.insert(1, );
5 table.find(1)
(

6 table.remove




T 2 3
{5, 500} {1, 100}
00

1 HashTable table(4);

2 table.insert(5, 500); // 5%4=1
3 table.insert(9, 900); // 9%4=1
4 table.insert(1l, 100); // 1%4=1
5 table.find(1); // 1%4=1
6 table.remove(9); // 9%4=1
7/ table.find(1); // 1%4=1




Bl/IAbl NMPOBI/IPOBAHV/IA

1. JIMHeNHoe = 1 + 1, 1 + 1, i + T
2. KeapgpatmyHoe = (i + i *1i) / 2, (i +1i*1i) /2, (L +1* 1) / 2

3. iBonHoe x3auwmpoBaHue = hash_fn2(i), hash_fn2(i), hash_fn2(i)



FA

MeTon OTKpbLITOM agpecauunu




BHYTPEHHEE YCTPOV/ICTBO
CJIOBAPYHA B GO



1 // A header for a Go map.
2 type hmap struct {

o~ Oy &= W

// Note: the format of the hmap is also encoded in cmd/compile/internal/reflectdata/reflect.go.
// Make sure this stays in sync with the compiler's defintition.

count int // # live cells == size of map. Must be first (used by len() builtin)
flags uints
B uint8 // log_2 of # of buckets (can hold up to loadFactor * 2”B items)

noverflow uintle // approximate number of overflow buckets; see incrnoverflow for detatils
hash0 uint32 // hash seed

buckets unsafe.Pointer // array of 2”B Buckets. may be nil if count==0.
oldbuckets unsafe.Pointer // previous bucket array of half the size, non-nil only when growing
nevacuate uintptr // progress counter for evacuation (buckets less than this have been evacuated)

extra *mapextra // optional filelds




CnoBapb - 3TO yKa3aTeJlb Ha CTpPYKTypy hmap
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EXAI\IIPLE
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EXAI\IIPLE

lllllllllllll



TN AAHHDBIX OJ1A KJTIOHA
CJIOBAPHA AOOJIKEH bbITb
CPABHV/IBAENIbIM, HO NMOYHEMIY?



EXAMPLE

aaaaaaaaaaaaaa



Y kaxgoro crsioBaps pasHoe hash seed 3HayeHue,

NO3TOMY Y Kaxgoro obbekTa cnoBapsa o6yayT
abCOJIOTHO pas3Hble X3lW-3HauYeHUs O KI4Yen
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EXAI\IIPLE
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map header bucket array
CrnoBapb HauyMHaeTcHaA C ogHoro 6akeTa,

Korga He yKa3bBaeTCA KOJIM4YeCTBO 3J/IEMEHTOB,
count bucket ©
HO YKa3aHUWE pa3Mepa N He O3Ha4YaeT CO34aHUE
cnoBapAa C MaKCUMalibHbIM KOJINYECTBOM 3JIEMEHTOB,
aBHbIM N (BblgesIAeTcAa MecToO OJIA, KakK MUHUMYM N
P ( A A Y buckets bucket 1
3/1EMEHTOB )
bucket 2
900
1 data := (map[int]int, )
bucket 3




Screenshot

Hint Range

0-8

9-13

14 - 26

2/ =52

53 -104

105 - 208

209-416

417 -832

833 - 1664

Bucket Count

Capacity




KAK YCTPOEH BAKET?



— Map —

— Bucket @1

|
— Bucket 11




bucket bucket

Key #1 Value #1 Key #1 Value #1
Key #2 Value #2 Key #2 Value #2
Key #3 Value #3 Key #3 Value #3
Key #4 Value #4 Key #4 Value #4
Key #5 Value #5 / Key #5 Value #5
Key #6 Value #6 Key #6 Value #6
Key #7 Value #7 Key #7 Value #7
Key #8 Value #8 Key #8 Value #8

overflow overflow




tophash keys values overflow

000
#1 #2 ... BE1 #2 ... BE1 #2 ptr

1
2 type bmap struct {
3 tophash [8]uint8
4 keys [8]1int
> values  [8]int tophash keys values overflow
6 overflow *bmap
7 }

S #2 [ 1 #2 [ 1 #2 ptr




SAHENM HY>XHO
YINMAKOBbIBATb KJIHO4H//]

M 3Ha4YeHUsa B HakeTe TakKuM 06pa3oM?



EXAMPLE

uuuuuuuuuuuuuuu



SAHEM HY>XEH TOPHASH?



Korga Bbl XO0TUTe A06aBUTb, yOaliuTb WM HAUTU 3NIEMEHT, pedb upeT

He TONIbKO O MNpOBEpPKe Halnyuma MecTa B 6akeTe, HO U O CpaBHEHUMU

KJ4a C KaxgbiM CYWEeCTBYWUWMM KJIOYOM B 3TOM 6akeTe (CTaHOBUTCH
eme xXyxe, Korga ecTb 6akKeTbl NepenosiHeHUs )



‘hello”—— hash ——

— Map —
— 11001111010111110001110001111
1111101101116011111000110011
Ecnu nocne cpaBHeHusa tophash _ Bucket © 01101010
OHM coOBMajawT, 3TO O3HayvaerT, _1

YTO KJIYU «MOryT» O6biTb

tophash 10011110 .o
OAMHAKOBbLIMM - 3aTeM Go nepexoguT

*hello": 1 v

NPOBEPKU UOAEHTUYHOCTU KJIIOYEN

|
|




1 // Possible tophash values. We reserve a few possibilities for spectial marks.

2 // Each bucket (including its overflow buckets, if any) will have etither all or none of 1its

3 // entries in the evacuated* states (except during the evacuate() method, which only happens

4 // during map writes and thus no one else can observe the map during that time).

5 emptyRest =0 // this cell i1s empty, and there are no more non-empty cells at higher indexes or overflows.
6 emptyOne =1 // this cell i1s empty

7 evacuatedX = 2 // key/elem is valid. Entry has been evacuated to first half of larger table.

8 evacuatedY = 3 // same as above, but evacuated to second half of larger table.

9 evacuatedEmpty = 4 // cell is empty, bucket is evacuated.

10 minTopHash = 5 // minimum tophash for a normal filled cell.




KAK MNMPOIICXOo4VT NP1 YBEJIWVIHEHVIE
MACCIV/IBA BAKETOB I/l PEVIHOEKCALLV/ISA?



map header bucket array

count bucket ©
YBenmyeHne pa3MepoB MaccumBa OAKeETOB
NPOUCXOOUT, Korga KO3OOULIMEHT
3aMofIHEHHOCTM X3W-Tabnavubsl paBeH buckets bucket 1
80%, 4TO NpuMepHO paBHO 6.5
3JileMeHTaM B KaxAoM 6akeTe (Maccus

bucket 2

yBeJIMYynBaeTcs B J[Ba pa3a)

bucket 3




bucket array

bucket 0
bucket 1
map header bucket array
count bucket © bucket 2
3BaKyaLl,I/IFI NMPONCXoaANT MHKpPEeMeHTaAJIbHO
N BbINOJIHAETCA Tpn 3alfimCn " yaaJieHUuu oldbuckets bucket 1 bucket 3
kKnwo4yen (3a OOUH BbIBOB MOXET
nepepacnpenemTbCAa HECKOJIbKO OaKeTOB) buckets bucket 2 AEEE &
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KAKVIE NMPE/IMYLWECTBA
Y TAKOIO NnoaxoaAz




He 6ypeT 60nbumMx nays BO BpeMs nepevHAaeKcauum, HO TeM
He MeHee — onepauum 3annucuM U ypganeHua oyayT 4yTb
MeaJSieHHee B NpoLuecce 3BaKyauuu AaHHbIX, a TaKxe npwu
NOUCKe TOoXe npuaeTcs UcKaTb B ABYX MecTax
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KAK MNMPOVICXOA4/IT
PABOTA CO CJIOBAPEMNI?




1 // func makemap64(t *maptype, hint inté64, h *hmap) *hmap

2 data := make(map[string]int, 5)

3

4 // func mapaccessl(t *maptype, h *hmap, key unsafe.Pointer) unsafe.Pointer
5 value := data["key"]

6
/7 // func mapaccess2(t *maptype, h *hmap, key unsafe.Pointer) (unsafe.Pointer, bool)

8 value, found := data["key"]

9

10 // func mapassign(t *maptype, h *hmap, key unsafe.Pointer) unsafe.Pointer
11 data["key"] = 100

12

13 // func mapdelete(t *maptype, h *hmap, key unsafe.Pointer)
14 delete(data, "key")
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EXAMPLE
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O6beKkTbl maptype nepeucnonb3ywTCcA, HanpuMep ecnum Bbl co3pajin TPU clioBapS
map[string]int, To y Bac Tonbko oAuMH 06beKT maptype AOsa aToro Tuna

200
1 type maptype struct {
2 typ _type
3 kKey *_type
4 elem * _type
5 bucket *_type
6
7 hasher func(unsafe.Pointer, uintptr) uintptr
8 Keysize uint8
9 elemsize uint8
10 bucketsize uintl6
11 flags uint32



Hasher — 310 xdow-¢yHKUMA, KOTOpas MPUHUMAET apryMeHTHI
key, hash@ (seed) u BosBpamaeT hash.
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_type — peckpunTtop Twuna

00
1 type _type struct {
2 size_ uintptr
3 ptrdata uintptr // size of memory prefix holding all pointers
4 hash uint32 // hash of type; avoids computation in hash tables
5 tflag tflag // extra type information flags
6 align uint8 // alignment of variable with this type
7 fieldalign uint8 // alignment of struct field with this type
8 kind utnt8 // enumeration for C
9 // function for comparing objects of this type
10 // (ptr to object A, ptr to object B) -> ==7
11 equal func(unsafe.Pointer, unsafe.Pointer) bool
12 // GCData stores the GC type data for the garbage collector.
13 // If the KindGCProg bit i1s set in kind, GCData 1s a GC program.
14 // Otherwise 1t 1s a ptrmask bitmap. See mbitmap.go for detatils.
15 gcata *byte
16 str nameOff // string form
17 ptrToThis typeOff // type for pointer to this type, may be zero ::hhmhhiﬁﬁ“‘ﬁuhﬁhﬁﬁhhh
18 }
/// _ / \ \ N
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FA

BHyTpeHHee ycTpoucTBO cnioBapa B GO




[IEPEPDIB 5 MII/IHY T



TOHKOCTI/I CNOBAPEI/1 B GO






CJIOBAPVI B GO

1. He XpaHAT paHHble, OTCOPTUPOBAHHbLIE
No KJ4y

2. He coxpaHAwT nopAOoK, B KOTOPOM
6bl11 no6aBsieHbl AaHHbIE

3. Tun knw4a cnoBapsi OOJ/IXEH ObiTb
CpaBHMBAEMbIM

4. [lpn nTtepaumm nopAmoK He onpepeneH



EXAMPLE



fmt.Println() copTupyeT cnucok Knaw4yen, NO3TOMY MOPSOOK
BbiBOZlAa 3JIEMEHTOB CJ/IOBAapA Ha NedyaTb B 3TOW cuUTyauuum onpeneneH
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[TOHENY [P/ VITEPALL/II/
HE OMNPEAOEJIEH NOPAOOK?



PaspaboTunkn Go pewnnn fob6aBUTb 3JIEMEHT CJ/Iy4YauMHOCTMH,
YyTOo6bl MPOrpammmcTbl HUKOrA4a HEe OCHOBbLIBAJIMCb HA KaKUX-
60 nMpeanosioXeHnsax 06 ynopsagodYmBaHUn



EXAMPLE
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KAK MOXXHO PEAJI/ISOBATb
YINOPAOAOYHEHHOE XPAHEHV/IE
AOAHHDIX B CJIOBAPE?



less greater
{20, "value_1"}
WV WV
less greater less greater
{10, "value 2"} {30, "value_3"}
VvV WV WV V

{25, "value_6"}

min {5, "value 4"} max




Screenshot ‘: —

TreeMap v2

DRESY ) A .croqc HURRN oo rcoor: PPN _ooicceer

TreeMap is a generic key-sorted map using a red-black tree under the hood. It requires and relies on Go 1.18
generics feature. Iterators are designed after C++.

Usage

package main

import (
Ilfmtll

"github.com/igrmk/treemap/v2"

func main() {
tr := treemap.Newl[int, string] ()
tr.Set(1, "World")
tr.Set(@, "Hello")
for it := tr.Iterator(); it.Valid(); it.Next() {
fmt.Println(it.Key(), it.Value())




B Go paspeuweHo 06HOB/IeHUE crnoBapA
(BCTaBka wmnu ypaneHue) BO BpPeMs UTepauuu
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EXAMPLE

Update during iteration



Ecnn 3anucb crioBaps co3paeTcsa BO BpeMAa uMTepauunm, OHa MOXeT O6bliTb
npon3BefeHa BO BpeMs uTepauuu wiam nponyueHa (Bb6Op MOXET BapbUpOBaTbCH
ONS Kaxngou Cco34aHHOW 3arnucuM M OT OAHOW UTepauum K Opyron)




“Go maps are hash maps. Simplified, it means they are arrays
under the hood. Keys are converted to indexes via a hashing
(hence hash maps). Crucially, every map has a unique salt that
is used by the hash function to make sure different maps will
store elements in different order in the underlying array.

Iterating over a map is simply walking over the array. When
you write the map during iteration, you insert new elements
into the array. This may happen either to the left of the
current element, in which case it won't be visited by the
iteration, or to the right, in which case it will be visited.

Because of the unique salt, sometimes the inserted element
will end up to the left, sometimes to the right, hence the
non-deterministic result”



EXAMPLE

Delete during iteration



HEJ1Ib34 MNOJIYHI/ITb AOPEC
SHAHEHV/IA BJIEMEHTA CJIOBAPH




EXAMPLE
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[TOHEMY HEJIb34A NOJIYHI/ITb AOPEC
SHAUEHV/IA SJIEMIEHTA C/NNTOBAPSHA?



HEJIb3A CPABHI/IBATb MEXAY
COBOl/I C VICINOJIbSOBAHV/IEII
OlNEPATOPOB = I/l ==






KAK OHIVICTI/ITb CJIOBAPbL?






EMKOCTb MaccuBa HUKoOrga He ymeHbliaeTca!
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YoaneHne u3 Manbl He BNUAeT Ha KOJIM4YeCcTBO CerMeHTOoB
(paxe KONMYeCcTBO CErMeHTOB M3-3a MNepernosiHEHUN OCTaeTCH
npexHum) . PeweHne - nnbo nepuoandecku nepesaTupaThb
cnoBaTb, NM60 UCMONb30BaTb YKa3aTeNun B KayecTBe 3Ha4YeHuw



Ecnn knw4d mnn 3HadeHune npeBbiwaeT 128 6ant, Go He obyneT
XPaHUTb WX HENoCcpeACcTBEHHO B CerMeHTe cnoBaps (BMeECTO 9TOro
XPAHUTCA yKasaTenb — [OJ1S CCbUJIKM Ha KJWY WKW 3HA4YeHue)
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EXAMPLE
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3HaueHMe 3N1eMeHTa cJsioBaps He MOXeT O6biITb M3MEHEeHO, HO MOXeT ObTb
n3MeHeHa (nepesanucaHa) TOJNIbKO UENNKOM. [l 60NbULIMHCTBA TUMOB 3JIEMEHTOB
9TO He aABfiIgeTcs npobsieMon, HO ecsn TUMN 3/1IeMeHTa Tuna cnoBapsa ABJISETCH
MACCMBOM WN CTPYKTYPOUM - BCE CTAHOBUTCHA HEMHOIrO HEeNOor U4HbIM
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EXAMPLE
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EXAMPLE
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Terminal: deep_go 4+ v

COBET

Pe3epBuUpynte 3apaHee eMKOCTb
cnoBaps, €ecsin BaM U3BECTHO
ero éyayumee KoOJIMYECTBO 3SJIEMEHTOB



EXAMPLE



FA

ToHkocTM cnoBapen B GO




MOXKANYVICTA, 3AMNOJTHI/
OMPOC O 3AHATIVI

CcbiMka B 4aTe M B rpynne y4YaCTHUKOB



