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Datové typy fe Hatiamen

Datovy typ
e Konkrétni reprezentace dat (zavisla na HW)
e Studujeme z pohledu implementace
o Cisla, fetézce, pole, ...
Abstraktni datovy typ (ADT)
e ZpUsoby organizace dat, které jsou nezavislé na implementaci

Jsou definované poskytovanymi operacemi a hodnotami, které
uchovavaji

Studujeme je z pohledu uzivatele

Vhodnym vybérem ADT Ize zrychlit algoritmy (a naopak)
Znalosti ADT umoznuji (efektivni) FeSeni problém0

Z&sobnik, fronta, prioritni fronta, halda, graf, asociativni pole, ...
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Asociativni pole Fe it

e Abstraktni datova struktura obsahujici prfedem neznamy pocet pard
kli¢-hodnota

e PoZadované operace
® vlozZeni paru: insert (key, value)
® nalezeni hodnoty asociované s kli¢em: get (key)
® smazani klie remove (key)

¢ |dedlné by klicem mély byt i jiné nez celoCiselné hodnoty (text, pole bitd,

jiné datové struktury, pole atd..)
* Normalni pole je specialni pfipad asociativniho pole, kde klice jsou
pouze kladna cela Cisla

© 00 N O g~ W NN =

#let ’points’ is associative array
points["nemehlo123"] -1

points["novaka78"] =
points["lebowski"] =

o w

#add +1 to all students
for name in points:
points[name] += 1
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Asociativni pole: implementace o Bt

e Asociativni pole mlze byt vnitiné implementovano mnoha zplsoby

® Hashovaci tabulka
® Binarni strom (dalsi pfednasky)

¢ |Implementace se li§i rychlosti poskytovanych operaci

Implementace ¢teni/mazani vlozeni
Pramérné Nejhorsi Pramérné Nejhorsi

Hash-table (dictionary) o) O(n) o) o(n)

Vyvazovany binarni strom O(logn)  O(logn)  O(logn)  O(logn)

Nevyvazovany binarni strom  O(log n) o(n) O(log n) O(n)
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Dictionary e, e

¢ Dictionary je zpusob implementace asociativniho pole
* daldi ndzvy: slovnik, dict, hash-table, associative array, hash-map
Obsahuje pary klic—hodnota (key—value)

¢ KIi¢ musi byt immutable, v dictionary se vyskyje pouze jednou
* Hodnota miZe byt libovolného datového typu

Vytvafimea = { }
Indexujeme klicem: a[key]

a = {}

al[0] = "null"

al[1] = "one"

al4] = "four"

print (a)

{0: ’null’, 1: ’one’, 4: ’four’}
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Dictionary i Eet
¢ Dictionary je zpusob implementace asociativniho pole
® daldi ndzvy: slovnik, dict, hash-table, associative array, hash-map
e Obsahuje pary kli¢—hodnota (key—value)
e KIi¢ musi byt immutable, v dictionary se vyskyje pouze jednou
* Hodnota miZe byt libovolného datového typu
e Vytvafimea = { }
¢ Indexujeme klicem: a[key]
city = {}
city["Berlin"] 3574000
city["Prague"] = 1365000
city["Bielefeld"] = "doesynot_exist"

print( city["Prague"] )
city["Berlin"] += 1le6
print ( city )

0 N o o ~ W o No—=

1365000
{’Berlin’: 4574000.0, ’Prague’: 1365000, ’Bielefeld’:
>does not_exist’}
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FACULTY
OF ELI

Dictionary R Ecis

® Pfistup na vnitfni polozky je podobny jako u pole: operator []
e Polozky jsou pristupné jak pro zapis tak pro ¢teni

city = {}

city["Berlin"] 3574000
city["Prague"] = 1365000
city["Bielefeld"] = "doesynot exist"

print( city["Prague"] )
city["Berlin"] += 1e6
print ( city )

0 N o o ~ W o No—=

e Dictionary vyznamné li§i od pole!

® Nelze pfistupovat na n-ty prvek
® Neni zaruceno poradi prvka dle viozeni
* Vy8&i pamétové naroky nez pole
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Dictionary fo Hane

Princip

¢ Dictionary obsahuje (vnitfni) seznam m polozek (pole)

* Mapovani z kliCe na index polozky zajistuje tzv. hashovaci funkce
Hashovaci funkce ¢

buckets

* Rozpylovaci funkce/hash/hash function
e Vstup je kli¢ (immutable), vystup je ’
kladné &islo _+ | 3574000
v . v, key= Berlin - [ hashFunction | 5
Idealné poskytuje Cisla 0,...,m—1 .
Pokud ne, pouZije se ¢(key) mod m .
Idealni: o(x) = ¢(y) pokud x = y a .
©(X) # ¢(y) pokud x # y
Kolize

¢ Nastane, pokud ¢ mapuje rtizné klice na stejnou prihradku
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FACULTY
OF ELECTRICAL

Dictionary: princip R o]

city = {}

city["Berlin"] = 3574000
city["Prague"] = 1365000
city["Bielefeld"] = "does,not exist"

print ( city["Prague"] )
city["Berlin"] += 1le6
print ( city )

0 N O g~ W N =

buckets

key= Berlin — | hashFunction |/,

9
8
7
6/ 3574000
5
4
3
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FACULTY
OF ELECTRICAL

Dictionary: princip o Bt

city = {}

city["Berlin"] = 3574000
city["Prague"] = 1365000
city["Bielefeld"] = "does,not exist"

print ( city["Prague"] )
city["Berlin"] += 1le6
print ( city )

0 N O g~ W N =

buckets

key= Prague — | hashFunction L

9
8
.
6/ 3574000
5
4
3

of 1365000
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FACULTY
OF ELECTRICAL

Dictionary: princip R o]

city = {}

city["Berlin"] = 3574000
city["Prague"] = 1365000
city["Bielefeld"] = "does,not exist"

print ( city["Prague"] )
city["Berlin"] += 1le6
print ( city )

0 N O g~ W N =

buckets

9
8

7/ 7510000
6/ 3574000
5

4

3

key= Hongkong — | hashFunction |

of 1365000
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FACULTY
OF ELECTRICAL

Dictionary: princip R o]

1| city = {}
2| city["Berlin"] = 3574000
3| city["Prague"] = 1365000
4| city["Bielefeld"] = "does,not exist"
5
6| print ( city["Prague"] )
7| city["Berlin"] += 1le6
8| print ( city )
buckets
10
9
8
71 7510000
6/ 3574000
key= Bielefeld — | hashFunction |— 5|does not exist
4
3
2
1
o 1365000
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FACULTY
OF ELECTRICAL

Dictionary: princip R o]

1| city = {}
2| city["Berlin"] = 3574000
3| city["Prague"] = 1365000
4| city["Bielefeld"] = "does,not exist"
5
6| print ( city["Prague"] )
7| city["Berlin"] += 1le6
8| print ( city )
buckets
10
9
8
71 7510000
6/ 3574000
key= Bielefeld — | hashFunction 5|does not exist
4
3
2
1
o 1365000
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FACULTY

Dictionary: naplnéni tabulky JeR s

e Hash tabulka s m ptihradkami a n klici

e | oad factor A

A=
m

e Malé A = hodné kolizi
¢ Velké A = malo polozek, nevyuzita pamet

Priklad buckets
10
9
8
7 7510000
6 3574000
° A= 4/ 11 =10.36 key= Bielefeld — | hashFunction 5/does not exist
4
3
2
1
0 1365000
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¢ FACULTY
%,J OF ELECTRICAL

Dictionary: hashovaci funkce fo s,

Nutné vlastnosti
* () =¢(y) pokud x = y
® () by méla byt neménna*, nenahodna*
* v ramci béhu programu
Pozadované vlastnosti
e Rychly vypocet

o(x) # o(y) pokud x # y
Pokud pfedchozi plati pro véechny klice = perfektni hashovani

® Rovnomeérné vyuziti vech prihradek
* Nejsou kolize

* Redlné se stava, Ze existuje x, y tak, Ze x # y ale o(x) = p(y)
® Dva rdzné kli¢e vedou na stejnou prihradku = kolize
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Dictionary: hashovaci funkce

Pro cela cisla
o(x)=x mod m

Pro znaky
o(x) =ord(x) mod m

Pro k-tice/pole/fetézce: x;,i =0,...,n—1

n—1
o((X0, X1, ..., Xn—1)) = (Z X;pi> mod m
i=0

¢ p je velké prvocislo nesoudélné s m

fe

OF ELECTRICAL
ENGINEERING
CTU IN PRAGUE

def hashil(x):
prime = 67
h =20
for letter in x:
h = ((h*prime) + ord(letter)) % m
return h
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FACULTY
OF ELECTRICAL

Dictionary: hashovaci funkce e

Funkce hash()

¢ Vypocet hashe pro immutable proménné

Standardni sou¢éast Pythonu

e Vraci i zaporna &isla

Pokud je potfeba rozsah 0, ..., m — 1, pouzije se hash(x) % m
(hash(x)% m) > 0 pokud m >0

1| for value in [O0,"O", "a", "aa", "aaa", -123, 1/7]:
2 print ("hash (", value, ")=", hash(value))

hash( 0 )= 0

hash( 0 )= 41201104408454064

hash( a )= 7743377015150043448

hash( aa )= 4781382439675438125

hash( aaa )= -7065130591353050544

hash( -123 )= -123

hash( 0.14285714285714285 )= 329406144173384832
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FACULTY

Dictionary: hash()

¢ V ramci jedné instance Pythonu je vypocCet hash stejny

1| values = [0,"0", "a", "aa", "aaa", -123, 1/7]
2| for value in values:

3 print ("hash (", value, ")=", hash(value))
4

5| for value in values:

6 print ("hash (", value, ")=", hash(value))

hash( 0 )= 0

hash( 0 )= 7458065911730894706

hash( a )= 5250216377269334624

hash( aa )= 9149658888302767660

hash( aaa )= 3526406558591140855

hash( -123 )= -123

hash( 0.14285714285714285 )= 329406144173384832
hash( 0 )= 0

hash( O )= 7458065911730894706

hash( a )= 5250216377269334624

hash( aa )= 9149658888302767660

hash( aaa )= 3526406558591140855

hash( -123 )= -123

hash( 0.14285714285714285 )= 329406144173384832
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FACULTY
OF ELECTRICAL
ENGINEERING

Dictionary: hash()

e Vystup hash() se li§i pfi kazdém spusténi programu

CTU IN PRAGUE

hash( 0 )= 0

hash( 0 )= 41201104408454064

hash( a )= 7743377015150043448

hash( aa )= 4781382439675438125

hash( aaa )= -7065130591353050544

hash( -123 )= -123

hash( 0.14285714285714285 )= 329406144173384832

hash( 0 )= 0

hash( 0 )= -6281003197694020702

hash( a )= 778342765644484760

hash( aa )= 1147137395203928235

hash( aaa )= 1477288370998233000

hash( -123 )= -123

hash( 0.14285714285714285 )= 329406144173384832
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Dictionary: hashovaci funkce o Hise

def hashil(x):
prime = 67
h =0
for letter in x:
h = ((h*prime) + ord(letter)) % m
return h

words = ["a","aa","aaa", "a2", "123", "2mw wn ]
m = 101
for word in words:

print (word,":", hashl(word), hash(word) )

© 0O N o o H~ W N o=

- o

a : 97 6884671409024319445

aa : 31 -508086358374387233

aaa : b3 6400719374173395291

a2 : 85 4557496147487596570

123 : 51 -7450502687657028480

2 : 50 3870126905554428330
00




Dictionary: kolize Y i

e Pokud dva rizné klice maji stejnou hodnotu hash
x#y a ¢(x)=¢y)

e ZpUsoby feSeni kolizi

® Chaining
® Open adressing
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Dictionary: kolize Y i

Chaining (zfetézeni)

Kazda pfihradka obsahuje list polozek

Polozky se stejnym hashem se davaji do seznamu
Pristup do hlavniho seznamu hash tabulky: O(1)
Ptistup na dalsi polozky: O(n)

—_
(=}

O =N W R U O N O
Il laml Ranl Euml Eanl Eanl Eanl Ranl Ranl Eanl Kl
[MY G (AN (A U U Y S
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Dictionary: kolize JRRS Ersscmmen

CTU IN PRAGUE

Oteviené adresovani

Kazda prihradka ma velikost jedna

Pokud je pfihradka my = ¢(x) obsazena, zkousi se jina (my, my, .. .)

¢ Linear probing: zkouSi se m; = my + i

Quadratic probing: zkousi se m; = mg + ai® + bi (napf. pro a=1,b = 0)
Double hashing: m; = mg + ip(x)

Vlastnosti
¢ MenSi rezie nez chaining
¢ Vhodné pro nezaplnénou tabulku A ~ 0.7
¢ DalSi pozadavek na hash funkci: nesmi vytvaret shluky
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fe

OF ELECTRICAL
ENGINEERING
CTU IN PRAGUE

Kolize: oteviené adresovani

e Postupné vlozeni klich: hear, risk, unit, ward

x hear

risk

unit

ward

wide

root

()| 5

5

0

6

o(hear) =

5

0

None

-

None

None

None

None

None

o U B~ W N

None

insert: hear
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fe

OF ELECTRICAL
ENGINEERING
CTU IN PRAGUE

Kolize: oteviené adresovani

e Postupné vlozeni klich: hear, risk, unit, ward

hear

risk

unit

ward

wide

root

5

5

0

6

0

None

-

None

None

None

None

hear

o U B~ W N

None
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Kolize: oteviené adresovani fe Hatiamen

e Postupné vlozeni klich: hear, risk, unit, ward

x | hear | risk | unit | ward | wide | root
o(x)| 5 5 0 6 2 4

0 None
None
None
None
None
hear
None

-

o(risk) =5 kolize-

o U B~ W N

insert: risk
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Kolize: oteviené adresovani fe Hatiamen

e Postupné vlozeni klich: hear, risk, unit, ward

x | hear | risk | unit | ward | wide | root
o(x)| 5 5 0 6 2 4

0 None
1 None
2 None
3 None
4 None
5

6

hear
None

insert: risk
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fe

OF ELECTRICAL
ENGINEERING

Kolize: oteviené adresovani

e Postupné vlozeni klich: hear, risk, unit, ward

hear

risk

unit

ward

wide

root

5

5

0

6

0

None

-

None

None

None

None

hear

o U B~ W N

risk

CTU IN PRAGUE
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Kolize: oteviené adresovani fe Hatiamen

e Postupné vlozeni klich: hear, risk, unit, ward

x | hear | risk | unit | ward | wide | root
o(x)| 5 5 0 6 2 4

0 None
None
None
None
None
hear
risk

-

o U B~ W N

insert: unit
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Kolize: oteviené adresovani fe Hatiamen

e Postupné vlozeni klich: hear, risk, unit, ward

x | hear | risk | unit | ward | wide | root
o(x)| 5 5 0 6 2 4

¢(unit) =0 o| None
None
None
None
None
hear
risk

-

o U B~ W N

insert: unit
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OF ELECTRICAL

Kolize: oteviené adresovani i A

e Postupné vlozeni klich: hear, risk, unit, ward

x | hear | risk | unit | ward | wide | root
o(x)| 5 5 0 6 2 4

0 unit
None
None
None
None
hear
risk

-

o U B~ W N
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Kolize: oteviené adresovani fe Hatiamen

e Postupné vlozeni klich: hear, risk, unit, ward

x | hear | risk | unit | ward | wide | root
o(x)| 5 5 0 6 2 4

0 unit
None
None
None
None
hear
risk

-

o U B~ W N

insert: ward
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OF ELECTRICAL

Kolize: oteviené adresovani i A

e Postupné vlozeni klich: hear, risk, unit, ward

x | hear | risk | unit | ward | wide | root
o(x)| 5 5 0 6 2 4

0 unit
1 None
2 None
3 None
4 None
5

6

hear
risk

o(ward) = 6 kolize-

insert: ward
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OF ELECTRICAL

Kolize: oteviené adresovani i A

e Postupné vlozeni klich: hear, risk, unit, ward

x | hear | risk | unit | ward | wide | root
o(x)| 5 5 0 6 2 4

p(ward) +1 =0 kolize o unit
None
None
None
None
hear
risk

-

o U B~ W N

insert: ward
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Kolize: oteviené adresovani fe Hatiamen

e Postupné vlozeni klich: hear, risk, unit, ward

x | hear | risk | unit | ward | wide | root
o(x)| 5 5 0 6 2 4

0 unit
p(ward)+2=11 None
2 None
3 None
4 None
5
6

hear
risk

insert: ward
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OF ELECTRICAL

Kolize: oteviené adresovani i A

e Postupné vlozeni klich: hear, risk, unit, ward

x | hear | risk | unit | ward | wide | root
o(x)| 5 5 0 6 2 4

0 unit
ward
None
None
None
hear
risk

-

o U B~ W N
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FACULTY
OF ELECTRICAL

Dictionary: mazani poloZek JeR8 s

Mazani klice x
¢ Chaining

® Smazeme polozku ze seznamu
e Linarni prochazeni seznamu = O(n)

e Open adressing:

® Polozku ¢(x) oznagime jako smazanou
® Smazané polozky se liSi od neobsazenych (None), jsou
preskakovany pfi hledani klice

e Operace mazani neni ¢asto potfeba
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FACULTY

Dictionary: histogram slov ShcimeeRiet

CTU IN PRAGUE

e Vstup: textovy soubor (obsahuje nahodné generovany némecky text)
e Vystup: frekvence slov

Ukazka textu

Wachsam wer schones barbele gewogen ein eigenes. Pa en so bist ja
eile hals sein euer. Bett und sage weg mirs gelt fur dort.
Kartoffeln halboffene ob ungerechte vertreiben lehrlingen te.
Brotkugeln vorpfeifen neidgefuhl zu erhaltenen so es nachtessen
geheiratet. Wollen herauf leisen rothfu freude aus nah.
Gerbers unrecht te in zwiebel an.

Meinung atemzug konntet gerbers dorthin wie wer ein. Spateren
verlogen blattern pa mi. Regen nur fremd schlo lernt brief
ihren den. Schritt schurze eigenes ige ehe gru ahnlich. Die
sieben singen kannst der treppe. Hat ehe vorn trat lich gute
arme. Feierabend wei betrachtet gearbeitet jahreszeit
grashalden ist. Du acht im te la fand wert.

Postup: nac¢teme slova, prevedeme na mala pismena, odstranime
interpunkci

e Histogram ur¢ime s vyuzitim dictionary
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FACULTY
OF ELECTRICAL
ENGINEERING

Dictionary: histogram slov

0 N O g~ W N =

v iv - - - -, = - = = = -
- O © 0O N O O & W N = O ©

22

fread = open("german.txt", "rt")

words = []

for line in fread:
line = line.strip().lower ()
line = line.replace(".","").replace(","
wordsLine = line.split()

words += wordsLine
fread.close ()
print ("Loaded", len(words), "words")
hist = {}
for word in words:

if not word in hist:

hist [word] = 0

hist[word] += 1

a = list(hist.items ())

def secondItem(a):
return al[1]

a.sort (key=secondItem, reverse=True)
for i in range(10): #top 10 used words
print (a[i][0], "used", ali]l[1],"x"

’nn)

CTU IN PRAGUE

Loaded 581 words
pa used 7 x

ein used 6 x

so used 6 x

weg used 6 x
gerbers used 5 x
in used 5 x

da used 5 x

ja used 4 x

te used 4 x

wie used 4 x
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FACULTY

Dictionary: shrnuti feR st

¢ Rychlé operace vkladani a ¢teni, primérné O(1), nejhorsi ptipad O(n)
¢ Nutnost implementace hash funkce

e Citlivé na vybér hash funkce a velikosti tabulky

* Nelze porovnavat velikost
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Dictionary: in feR st

o O A W N =

FACULTY
OF ELECTRICAL

Operator in:

e Vraci True/False podle vyskytu prvku v poli/stringu/dictionary

e Slozitost O(n) pokud jsou data v poli nebo stringu

Slozitost O(1) pokud jsou data v dictionary

a = ["a", "b", 34, -1, 0]

d = { item:1 for item in a }
print (a)

print (d)

print (0 in a) #0(n)

print (0 in d) #0(1)

[’a’, °’b’, 34, -1, 0]

{’a’: 1, ’b’: 1, 34: 1, -1: 1, 0: 1}
True

True
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FACULTY

Dictionary: porovnani rychlosti vs pole

1| import timeit

2| fread = open("ewords.txt", "rt")
3| words = []

4| wordsDict = {}

5| for line in fread:

6 line = line.strip()

7 words .append(line)

8 wordsDict[ line ] = 1

9| fread.close ()

10| print ("Loaded", len(words), "words")

11| TRIALS = 1000%10

12| for word in ["zone", "positive", "factory", "nonexistingword!#$"]:

13 r = timeit.timeit(stmt="’{}’_,in words".format(word), globals=
globals (), number=TRIALS)

14 print (word,(r / TRIALS)*1e6, "us/call,ingarray")

15 r = timeit.timeit (stmt="’{}’_ in_ wordsDict".format (word),
globals=globals (), number=TRIALS)

16 print (word,(r / TRIALS)*1e6, "us/call,in,dictionary")

¢ Slovnik obsahuje sefazena slova (dle ang. abecedy)

e Hledame slova ze za¢atku (“factory”), z prostfedka (“positive”), z konce
(“zone”) seznamu, a neexistujici slovo
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FACULTY
OF ELECTRICAL

Dictionary: porovnani rychlosti vs pole o et

Loaded 3000 words

zone 13.472095795441419 us/call in array

zone 0.019873096607625484 us/call in dictionary

positive 8.723486796952784 us/call in array

positive 0.01988379517570138 us/call in dictionary

factory 4.5610679080709815 us/call in array

factory 0.019767892081290483 us/call in dictionary
nonexistingword!#$ 12.181531894020736 us/call in array
nonexistingword!#$ 0.01673419028520584 us/call in dictionary
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Hash funkce: pouziti o Hise

e Asociativni pole/dictionary — vypocet hodnoty (indexu) klice
¢ Porovnani velkych dat — porovnava se pouze otisk (hash)

* Napriklad porovnani otiskl prsti (spocitej hash otisku, porovnavej
hash)

¢ Kopirovani/zalohovani/synchronizace diskd (napf. rsync)

® Program md5sum: vypocet hash pro soubory
® Drobnd zména v programu (bit) vede na zménu otisku

® Pouziti hash misto originalnich dat snizuje mnozstvi pfenesenych
dat

* Prohledavani velkych stavovych prostora (Sachy, go, ...)

® Pro zapamatovani, které stavy byly navstiveny (uklada se hash
stavu, ne cely stav)
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Dictionary: velikost tabulky Y i

Dynamicka realokace

¢ Pokud se tabulka zaplhuje (A > A\pax) realokace, m ~ 2m
e Pokud je A < Amin, realokace, m' ~ m/2
® Mozné hodnoty: m =11, Apjn = 0.25, Apax = 0.75
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FACULTY

OF ELECTRICAL
ENGINEERING
CTU IN PRAGUE

Vyuziti paméti: dictionary vs pole

Dictionary

import psutil

a = {}
p = psutil.Process()
for n in range (100000):
a[n] = True
print(n, p.memory_info().rss)

Pole

import psutil

a = [1]

p = psutil.Process ()

for n in range (100000) :
a.append (n)
print(n, p.memory_info().rss)
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Vyuziti paméti: dictionary vs pole e

21,722.0 A dictionary
208640 1 mem [kB]

20,006.0 +
19,1480 1
18,2000 4
17,432.0 4 array
16,574.0 4
15,716.0 +
14,8580 4
14,0000 +
131420 +

12,284.0 t . + t t + . t t t
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