g

SER SN Ao =i ]

/

PUSAN NATIONAL UNIVERSITY

Hash Tables and Chaining

Keys to Indices

Hash Functions, Collisions, and Chaining

DS3600082-140
tEax
20263 2817

Ci|O|E{ALO| AHAA
yongkyung.oh@pusan.ac.kr



Hash Tables and Chaining

From Search to Hashing
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Source: Miller and Ranum (2013), Hashing.
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Adapted from Miller and Ranum (2013), Hashing.
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X Z0ll= 2= Zto] Hlof Lt

Zo| 112! B2 QI A= 0K E{ 107}X|CE.

0 1 2 3 4 5 6 7 8 9 10

None | None | None [ None | None | None | None | None | None | None | None

N

fHHE 742 OF%| OffH 7| = X{ZSHA| 942 EHCE

J

Adapted from Miller et al. (2023, Java ed.), Hashing.
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A\ Lket QIEA 0] 7|18 E=0t

77 None | None [ None 26 93 17 None | None 31 54

Adapted from Miller et al. (2023, Java ed.), Hashing.
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ol &)zt SHAIEIO]=

o)
o

sll4! (hashing)

7|0l ME 2IXIE ALt Zi= . SHAEH|O|E(hash table)2 HIE, SHA| &=, S& M2 YWHo=
O|F0{X| 2, 11 BiEQl o ZHS B2 (bucket)O|2t BTt

Source: Miller and Ranum (2013), Hashing.
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MapO| M| =& H A

oA Uizt =1} B3| M=LCIE2 0|2
set(k,v) ez 7| kol 2(value) vE A& put, add

get (k) ot kot ol g dhet get, find
contains (k) S a b K7t Q=X| HA k in m

remove (k) XZEHEl 2k k2t 22 AH| del m[k]

Adapted from Morin (2013), Section 1.2.3, USet Interface.
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Python2| dict7l Map |42 H|ZsiCH

Python ZE =
score["Kim"] = 90 7|2t 2 Mz
score["Kim"] Zr 90 X3
"Kim" in score 7| Zet o8 At
del score["Kim"] 7|2 Zt AFK|

dictOM= Ea fIXI7t OfLl 7|12 gtS W=7 ZH=Ct

Source: Miller and Ranum (2013), Dictionaries.
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SHA| &= Al 5| T HZI0|M HlwE 7] =7} ZHA| ] X|=|0{0f STt

= ERsolf

SHA| g7t S S| AL XA E=0| =|X| ¢S
717t 22A HH o AT 2oiX| = e Y
HIt 5251 2 HAY B4 =5 HA R

Caution S{AE0]E2] O(1) B2 RE Y0l 2FEl= %9 HIE0| OfLC.

Source: Morin (2013), Chapter 5, Hash Tables.
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SHAIEIOIE2 Ml 222 SEfeiCt
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=
Al e 7|15 i QYA R HiE
HZl B 7let 2t MY
== M2 ZeolhATILIR 7|58 18

BE 1K AR 2E BESIT SES X2[H0f 2HE et SHAIE|0|S0] Tt

— T/

Source: Miller and Ranum (2013), Hashing.
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Checkpoint

From Search to Hashing
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Section2 -« Hash Tables and Chaining
Hash Functions

7|12 @210 D2 Y QIHAR LS A &42 DHEC}
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el

sllA] €4=(hash function)

712 20| ml Ho| QIEIA 0, m— 12 HPRE B, 22 F|ofl= 22 QIMAS £ MR C1E 7| off
OIS0l D27 LiLt. h(k) AM AIZHE B B0 Sofict,

Source: Miller and Ranum (2013), Hash Functions.
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h(54) = 54 mod 11 = 10,

LIOX| dto] Zik= gt 0Bl m — 17HX|Q] F=L.

Source: Miller and Ranum (2013), Hash Functions.

h(26) = 26 mod 11 = 4
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J1E HA HY 5| LIHK|S 7

£ QUL "l o2l 71= S 436-555-46010|Ct

of

7| (folding)
&7t ®Z (mid-square)

= XM Est 434-65+55+46-+01 = 210, 210 mod 11 = 1

44% = 19369| 7124l = Xt2| 93, 93 mod 11 = 5(AMl X2
M&Ze 7H2Ol o XH2)

7| 54 26 93 17 77 31
LI K| 10 4 5 6 0 9
S7HHIE 3 7 9 8 4 6

Source: Miller and Ranum (2013), Hash Functions, Table 5.
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71 H3loll 12| Lh=Ct

(a) Binning

(b) Mod function

22i 2ol Zh2ololl Z2 A0 LIHA| Aits HAIHE o2 Hzlez

Mot
2
1]
N
39
n

Source: OpenDSA (n.d.), Hashing.
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ULt
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X} HS 2 Hf2

rio
Mo

X2

Ho

SAHE ord 22 CSHH EXIES siLi0] WA HHE £ Urt.

c a 1

99 + 97 + 116 = 3z

312 %%

cat2 99 + 97 + 116 = 3120|11,

Source: Miller and Ranum (2013), Hash Functions.

20| 112! ZOf|M 1=

N — 4

A AR ZiCH
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A SIX|7Ex] HHSSHH =7t L EICH

Ehe B2 catdt actOfl 22 1S FOZ 2} 22X} 240l 91X 7H5XIE 2 £ ULk

position
1 2 3
c a t

99*1 + 972 + 116"3 = 641
B41 % 11— 3

(i

99 X 1497 x 2+ 116 x 3 = 6410|211, Z0| 112! HO|A QA 302 ZiCt

Source: Miller and Ranum (2013), Hash Functions.
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Python8| hash O & A& If

ek 0|

2o M ololH= 22 7lel 22 IS TS BN B
hash()7|'7|£%

HiE 20|12 Lz LIHAIE & f=d 4L HelZ HiE
22 7= ehH M SilA 240] 2Ot 7|5 12

==

Caution str2| hash() {2 &HOICH E2tE £ Jo0 =2 HIHS ThAof XM ST AEAIZ MX| ob=Ct

Source: Downey (2021), Hash Functions.
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Checkpoint

Hash Functions

. h(K) = kmod 112 T 773} 442 QI AL 22t Boioi7t?
Z2 BA| STt BE2BAE 7|2 T2 LE=0{of 3= 0|RE Soielvt?

A H0f| 91X FHSX|E S8l CfotH e gt 2910] HaEkX|=71?

=5 =
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Section 3 + Hash Tables and Chaining

Collisions and Chaining

bl
=

rlo

QI A 7t 7|SS M2 Qloj| M TEBiCt
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o

& (collision)

Source: Miller and Ranum (2013), Collision Resolution.

Z10] 1121 EOflA 77 mod 11 = 00|11 44 mod 11 = 00|22
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7| 27t0| Hzl it I

7Hs3t 7|0] 47 3 ST

171 32 > m
- Hkl#kgl

SE0| Y= MZ CHE 7|1E %

h(ky) = h(kz)

Large Keyspace

ALL HERE!

Easy!

‘Adversary!

IKeySpacel ~m Can pick keys that all collide

7| 30| mELH EM IH B2 S HIIe = Jh= 7] Eet

o

DE 4 Lt

i

52fs| A TS K2|sHoF Bhct.

Adapted from Morin (2013), Chapter 5, Hash Tables, and UBC DSCI 221 (n.d.), Hashing.
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Hlo]'d2 Hloc} 2| AEE ECt

)\u

el

H|0]'d (chaining)

22 oluiao| S22 13| B|AE SfLio] MESHE W, S H2L vi2|x| on 22 #2l ol M2
CIE o= Hi=rt

Source: Morin (2013), Section 5.1, ChainedHashTable.
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F=°¢t 7|= Of2H= o]ofEct

77,44, 55= 25 QIEA 022 JHX|TH B3l 2|AE AN W2 MEEIC.

None | None None None None

5

n H
%}
=

QIEiA 90l M = 311+ 200| 22 #Zlof &7 sl

Source: Miller and Ranum (2013), Collision Resolution with Chaining.
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set (k,v)
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i
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ol

i+ h(k)2 H3l
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E

ol
I

-

X

od
~

Adapted from Downey (2021), BetterMap.
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Adapted from Morin (2013), Section 5.1, ChainedHashTable.
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AR i 20l A Bt

HA KIS AL5I3, T otof| A 22 7|5 3o} ot S50k AbK[BiCt.
HEY Xz
IEHE 719k gt &S AASta gt gret
717t 3 HE HHIX| 510 &I E 2E
HZI0[ H|Of /AZ A HIE 2

Source: Morin (2013), Section 5.1, ChainedHashTable.
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Hlg2 13 Y

°

JuNEEEENENNNNEREE To(K) = O(1 4 b)

9| ti= ML HIZOICE n = 14, F Z0] 160{M HZ! Z0|:= 0FE 37X 40 B2
10[3ICt

H
Hn
o
tl
re
ficad

o
=
ol
rlo

717t D2A HX| D B M3l 207t 442 QX|EH 7|tk 4SS O(1)0ICt. ot o)
O(n)OILt.

Source: Morin (2013), Section 5.1 and Figure 5.1.
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Checkpoint
Collisions and Chaining

Mz CHE 7|7t 22 QIEIAZ Jh= AFAS F£10[2H1 5H=7}?

H|O['Sof| A SHA| B A&t FOl| = 7| H|w7t 2Rt 0

ot 0| F= BAA7I?

HE 7|7 ot Hzlof| 22| B HIE2 o{E A ==7t?
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Section4 + Hash Tables and Chaining

A Chained Map

ikal

[S MapS B2 EiZ 2 s #l0|d SAlEl0lSS RHBHCt
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H 82 7|2} 2kl BIAE SHLILE
@1 — (b2 — (x24)
712 90 2lo Bl 42 BTk 71 lo] U MR 22 718 A HOOF 0, gerE 71 KA

33/43

Source: Downey (2021), LinearMap
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LinearMap.get2 M3 EMMO|C}

def get(self, k):
for key, v in self.items:
if key == k:
return v

raise KeyError (k)

20| n7Ho|2 AlotollA] 7S net HITSIOR get O(n)OICk.

Source: Downey (2021), LinearMap.
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12
rlo
<
m
o

o421 7l =Lt
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2} Zt0f| 2 LinearMaps SHLI =L}

ax d b,m q

A B|AE CHA MEHEN 22 Map Sl MRE HOH Hlw 7t S0{EL,

Source: Downey (2021), BetterMap.
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712 H32lE nEL

def find_map(self, k):
i = hash(k) % len(self.maps)

return self.maps/[i]

len(self.maps)Z} 3l 40|04, LIHX| M0| R7ot QIMAS BHECH

Source: Downey (2021), BetterMap.
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At SEt
add (k,v) find_map (k) ¥l 2 Mapoil A=
get (k) find_map (k) 5§l I MapOi|A] &4

Caution &1t EfM0

I
I
re
1=
[>
X
Rl
o
b
re
Rl
0
rot
N
i
_lT‘_
>
plas
o
4>
£Q
il

Source: Downey (2021), BetterMap.
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SiEA 0 1 3
7| 8, 12 5 2,6,10 ols
Zo| 1 3

H{Z10| 47H0|11 h(k) = k mod 40|™ get (10)2 h(10) = 28 AlLtst F| B3l 29| M| 7|2t H|mBIC}

Adapted from Downey (2021), BetterMap.

DS3600082-140 - Xt27E

38/43



H210] Z0{x|7] Holl S SEICt

100

e

o

ot

bN;
<]

| HZlofl Ht2 X

AEHE
(i i)

.I

7F 2l 0f O|F

<+
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100

uk
Ul
ol
mujn

Source: Downey (2021), HashMap.
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3717t B 2E 718 CHA| E=0

L= & mO| HFH LIHX| £ HHP 22 J|E QIUAE OrHE SAFE 4~ giCt

CHA| 37| Mgt (resize)

1 3l £7t & HiQl Af HE THECE

2 DE (k,v)2| QHAE M T ZI0|2 CHA| AlAFSHTH

3 M 20| S5 X&stn BE wA[StCt

B2 47H0IM Bl 22] {2, 6, 10} B2 8717} EI3 28 {2, 10}, 68 {6)2.2, B3 02] {8, 12)= 0% {8}, 4 {12)2 LI¥ICh.

Source: Downey (2021), HashMap resize.
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M| 71219| getd} add HIE

oo
Jo
rir

n, 3! == moO|CL. SHA] A[A2 O(1)0121 7|7t 12| |ZFICHD 7P STt

| get M 7| add s

LinearMap Oo(n) o(1) M 7l= 20l =7t

BetterMap 7Ith O(1 + n/m) o(1) "W W3l Z0l=n/m

HashMap 7|tH O(1) A2 0(1) g 5 W3l 3 0[5tE /X
add HI82 M 7|2 210 712 mo| H|EO|C}. HashMapOil N F716h= St CHA| EiE &52 25 2n — 271 O[sCH

717t 12 x| 3l 5 = 0 &

o =

s
nir
o
g
o
ET]
L3
N

2l 20|17t Y42 FX|=|0f B9l 7| HIEO| O(1)0]Ct.

Adapted from Downey (2021), HashMap.
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Checkpoint

A Chained Map

+ LinearMap.getO| O(n)2l O|R= 2ARIT}?

* BetterMap= TA| EMM He|E 0fEH| E0|=71?

- B 3VIE ST M 7IE 79| AHMAES CRA| AILBHOF B O|RE FARATF?
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What Makes Hashing Fast?

Next Lecture: Open Addressing
- SHHHE QIO M |1 7HS b= AL
- load factoret ® =2|7|
- AH| Xt2|ofl E7]= tombstone
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