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b'\'fecb - access table

IDdEA: 5‘*??056 Hrol The set of Keas is K € {0.),...,

m-—?}, awd the kea,s ave distnet .
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Whew a secord 4o be nserted wops +o on

o\'feoo\\j ou:uﬁeo\ slot in T, a collision oceurs.
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. Coch Key KEK of kczs is etiuo“a t;kelat to be hashed

Yo ony. slot of teble’ T, 5no'e’>ende\n't of where
oYher keas ove hashed.

Let n e the number of Keys in Hie table, and
let w» e Hie number of slots.

Deline He \oad factor of T 4o be

A= Wm
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Q/\oosina a hash 'Euvxc;HOn
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P-mch‘c.e o \OV\? as Hheiv
o\ef-n'ciencies con be avoided.

Des'vra’co:
o A cacoc‘ hosh '?uvxc,'h'on should distribule Hie

Ke.as uv\’neo'rm)j into the slots of Hie toble.

. eezular’tiy in ‘He kcy distyibulion should not
offect Hhis uni-fmrwity.
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hlk): K wod m

Bek m 4o ve a prime net too close 1o o power of
'J ov 10 ond wnot otheruise used FfowﬁvsemHJ in

the cowxpuh‘vxﬁ enviTonment.
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Sowme imes, wxmkivxa, +Hie table size &
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But, Hhis metnrod is Fo?ulav, a\'l:lnoug_k Hnre

neat wmethod we'll see “is usualla superior
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/-\ssume that al) keas are ;n":eaexs,m—. 2" ond
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Let w be prime. bec.ovmpose_ Ke.a K into 74
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No storage is used outside Hie hash +able itself.
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Ro bing S’Cfo’cec/aries

Livear 'Fq'o\o'yn :
(’l‘\'e“ an ordinery hash ‘?V«V\C'Hovx h'(K), Vinear
?wobim} uses the hash funeHon
h(ki) = (W +i) wod m
This wethod, 'Hnoualn simple, suffers £rom F-n'wm'ry
c\ub'*e'riwa, where lov\% Tuns of occupied slots

build up, c\us-}e'c'mg Hhe Ove'(oc?e searth Hwe.
Moveover, Hae Iovx? Yuns of occup'sed slots +ends

1o %e{: hmczev.
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Given two o-rd‘wmr‘y bash funchions Wy LK)
and Wy lX), double \ncsh’ma uses ‘Hae hash Punchon

Wi ) s (bt Tyt ) mod w

This method caemexa\la produces excellent vesults,
but by LK) wust be velatively pime o w- One

WOH s Jo make W & Fbwet o-e 2 ahd o\eyak
h;lﬂ o ?'roduce ov\\d ©dd wnumbers,



Mﬁ: 0‘? open oc)o‘vessh\z

Ne moeke The assumph’cn of uni form aeshing :
Each kca, s ec?uana \ikelg 4o have ony one of Hhe
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Theorew:
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Im?\iﬁmﬁons of Hae Hheorem

e P & 3s constant , Hhen aaessiwg o BpEn

oddressed hash table +okes constant
Hwe.

¢+ 17 the table is Walf- Full, Hhew Hne expected

nuwber of probes is

1 h-08) = £

. 1 +he loble is 07 Full, then Hhe ef)\.pec&eo‘

nuwber, o P'robeﬁ is
Y01-0ay® '°



A weakness of \nes\n?n%_

?VOb‘3m= Co-r owna Whash juvxc"'iovx h, o set of \“—35

enists Hiat con cause the evevage access Hwe of
o hash table Yo 5kd-rocket.

AY\ ac\vetsarg cown Ps‘ok all kﬂds -Efom
{K € L:wlK =i} jov some slot L.

Iber: Clhoose the hash Punction at -(ov\o\om,
§nc\epeno\en{'\3 of Hne Keacs-

. Even ig an oo\\le'lbara con see 42’0“" wde,\n
:'omnot f-\wd o bad set o-f Keae.s synee he of she
cesnot Kwow evmd:lj i Wosh Functon will be
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be-t'm\-h'ovx: Lekwl. ‘e o univey se
be 8 finite collecHon ol \hash Lunetions, eaclh wapping

Udo {On,....wx—\}. e 50y H j& universa) f for all 'M.\JGU

wheve % 34, we have
| the H: i hipd] e [l /m
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Theovew

Let h be o hash -?uv\ch‘ov\ c\hosewn Luv\i?o-rwﬂ\:’) ot

Tond ow frowm 0 universal set H of hash Punctions .
Suppose h is used 4o hash K avlo) brary Keys into
He w slots of o tavle T. Thewn, fos o 83ven kez] X,

we have
g [# collisions with a] < "/wm

ool

Let Cyo lbe The +andow ~oviable dwo\—iw%i‘he

totel wumber of collisions of Keab in T with 2 o
et 1, i hin: wly)i
C"a ’ 0. otherwise:
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Co\ns{vuc-}iv\% (e 5et O? um"\le'lsa‘ hash 'ﬁav\ch'ons

Let m be prime. bewmr,ose kcg K into 14) o\;?:’rs,

each with value in the set $0,0,.-o w1}, Thet is,
‘C‘: K: (Ka,\(s,..., kq) , wheve 0 ¢ Ki ew.

Kandowized Stret ey

Piok O: €BosOy,.-+1 0y Wheve eaclh a; 18 chosen

'S :
L e Not YO@“‘C{:
hevemc |- L\() ; é__;a; Ki wmod m ( w\gdulb m\

cME tR
How b‘% is H-= il"‘} 2 {“"\ y m"“"]e KL:::B

Universals {»& of do%;—?-roc\ud; hash funuHons

Theorem : Thewseb, [Hl = {hel is universal.

P'roofz SuFFobe ‘Ht\ﬂ‘: Az L ANoyNy- -+ , Ay ) amd
\1’ <‘504 TR "r) e dib‘Hhc{ k&vso Thus, 'Hne,:j d%ffer
in ot least owe diait Fosih‘on, 50y Fogih‘on 0.

For how> wany he € H do & and Y wl“de?.

We wust have hal2): ha L‘j), wo Wi ehh imP'h'es Hnat

Y '
iai’)li -3 i_ai‘j; (moo( m)
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E}?uivalen{’lj, we have
i
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Theovew: Let ww be Fﬁme. G)-/ on} 28 Z suech

ot z#0, theve enists o unique Z' ¢ Z,., suth that
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EmamP\e: sl
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R'oog conh wued®

We have 0, [7-Ys) = -
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Since N 7Y,> OGN nwverse (76 -Ye) wmust exist, 60

A -)
Qo = (-— Z_Q{ Lﬁ;"di)) . Lmo"‘ﬂo) [wwd W')
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Thus for any Choices of ay,0;, ... ,0y, enactly

one clhoice -of Q COuses o and Y }o collide.
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&: How \Mavné \na‘s cause o and Y “‘06»0\‘;"\@?-

A: Theve eve w choices %r esch Qy,03, .-+ Oy, lout

Y ¥ Gy COUsES
once these ave chosen, emac):\z one choice for as

A and y o c,ol\'de namely

(( ZG; (ne - \)) (9\0"70’) )Mbdm

lc!

Thus the number o W,'s Hiat cause o ond y

collide i w'lom’ = [M]/im .

Pew ?ect Ho s\niv\8

Given a set of n keys, construck a
table of size ws 0LW). Such Huat SEARCH fakes OL)

static hash

Hwe in +he worst cose -

IbEA: T .
Two— ‘C\Ie] 0 !

Lwniver sa) \mswnj
at beth levels

ha L) e hy, (22)=]
Sy

00| o [26
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9 |8 —> Yo 97 22

No eotlision s
at level 2|
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C olli sion s»ﬁat level 2

-—

| heorewm:
Let H be o cdess 0‘? universal hash junchons

got ()] !:G\ole O‘? siz2e W\=V\7'. 'n\em 'r? we use & 'ranolom
WeH 4o hash n ke&s into Hhe table, +he exnpected
number of eollisions is at most ’/2-

P'YOOe’ BH the deg‘vﬁh‘oﬂ o¥ uvxiversa\;{‘g;"‘he-
onba\oili’c\j Hrhat 2 %ive\n kth(s in He table collide

n .
under his —:—n- . ":3, Since ‘Hrere arve (z\ potY & of

kezb Thol can pessilly collide , ‘Hhe enpecteol number
of collisions i+

)5 SR
/\lo colisions ol level 2
CO"O“C’Tgt The ?roba\oi “*:3 of no collisions is at
least Y.

?'fbog'- Mo kovs 'm&c[ua\n'%j ﬁﬂ‘db thet -fof 6“3

hovs—vxe?a’n‘ve, fandow vavialle X, we have
Cefntt ¢ EIXT
A?P\tdiv\a Hais \’he,'?um\\'{:a with E=), we 'E"\d Hrat

Hee P'Ibba\o”"{"-j o-ﬁ ]l or wmore collisions s at mob’t’lg_
//‘

Thus, just loy ’res-Hnj voandom \aslh funchHons in
H, we wil) c‘1uu'ckla ﬂ-hno\ one Yol werks.



"[\y\alq sis of SYovage
@) Q

Cor the leve)-

1 hosh table T, choose wmi=n,
ond let n;

oe Yondowm variable for Yuwmber of keys
that hesh +o slot i in T Ba usin?,_ nt slots jor

the level- 9 hash table S;, H.e expected +otal

Sh*a?e 'reﬂui'real J‘D\’ Hhe two-level scheme is
thevefore

E [f_ e(w.ﬂ}: Bln)

C =
Since the avxo«\ysis is Tdentical +o Hhe ana\asis

;rom 'rec,i{:ah'on o-ﬁ the e.mpeukea' ‘r‘uhnfh? Hwe
a’e bucket sort.

po’t o onbaloihij bound, GPP)j Mar kov .



B{V\O‘Ni - Seavech- Tree Sort
J —

T "F » Cveate on empl-d BsT
jn'( t=) ton
do TReE- INSERT (T, ALI)

Pes foxm av inorder tree walk of T.

EMmFle:

A-L21 82 ¢ 9¢] %

% TTree- walk Hime = 0[w)

but how \ovucnr doeo it toke #o buildrHre BST ¢

"Analyrsis of B5T sort
4

35T sort Peneofms the same cow\pa-risiov\s as

c‘uickfaov-t but in o different order

The @cpuszal eo&Ped:ea’ Hwe 4o build Hre tree i¢

osampbﬁml\g e same as Hhe ’)‘uvming YHme o
cl!i ck sovt.




/\lode cle,!:HN

The de‘P'H" of o node = the number of comparisions
mode o\wﬁn% TREG- WWHERT

Assuw\ing oll iwpu’c ?e'rwml:o{-ions oTe e,alua\\y—

\ikely, we have

average node det’cln
: - E [Z_ L# wmpa-r‘\ sons 10 insert r\oaei)]
n i#)

s —!Y_'; D Ly\\an) Lquic,\( sort G%G\aéi‘a)

. 0 lign)



