
Perfect hashing Corman 11.5

achieIw
when the set of keys

is static :

once in
the table the net of keys

never change

( ex CD/DVD )

want :

• Oct ) memory access
in worst can when

searching

•
Small memory un
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Solution : un two levels of hashing
where both

un universal training

s Si

thanx
.
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with het-hy.fi
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une haired to Si

using hi



I. at level one we un a carefully drown

hash function HER when His universal

2 .
Instead of using a linked

list for colliding

elements at slot j ( her
-

- j ) we un

a secondary hash
table Sj together

with

associated hash function hj
to avoid

collisions a b- level 2.
The size of

Sj will
be nj

" when nj =/HES / h④i=j ) /

• at level 1 we un h c- Rpm when

p > 1st @ swim .
. -

- p -4)

• Keys with hCx1=j
are rehashed into

second table Sj of size mj
resins

soon h
,
C- Slpmj



•
We first show how to ensure 0 collisions at level 2

e
Then we show that

the expected memory

Un is
ocn ) n = Is I

Theooem-t.9sopponwestonndiotinotkuYinahashtu.veof size m=n2 using a random

h
" ER

,

when Sl is
universal . Then

the probabilitythatthenareno-collisionsioatcea.tl#P:-
Then are (1) possible collisions

let Zke = } 1 ifhckt-he.ioelse

p (Zhe-4 ) I ÷
=L as his universal
m2

when bite

Then 2=-2 Zke is the # collisions

Kees
bite



E- (2) = EIEZKe) = 2-Ekka :[ ÷. = "¥< E
holes Kees Kees
KES

ate kte

By Markov 's inequality
we get

p (2--1) I E¥ = E- (2) < I

☐

So p
(2--0)>-1-2 as

claimed

By repeating
the choice of Li until then

are no

collisions wrt
that choice ,

we can
obtain a

collision free haiku , of
the u keys .

The expected # of repetition
) ( choosing h' c- Sl )

is at most p¥, £ ¥ = 2

Robley : if u is large
a
table of

size nh is footage

solution : un this idea only
at the

second level



• At level 1 we un s take of size m=n only

•
let her be the

hash function we un at level I

•
let nj =/ 3×14×4--511

and let

Sj
,
j c- ED,

be a talk with njh entries
and

hj a
collision free hash function mapping

1×1 her =j ) to Sj

At level 1
,
when we have taken

men
,
we UR

Oln ) space
to store :

• the primary hash table

.
the numbers mj = of j c- Em

]
.

• aj c- Epi , bj c- Xp
which define the

second level hash function hj
to be used on

4×1 her -- jl according to
the

definition of has.CH in corner .
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Theorm

"PP"""^""""""""""°t""""\{ using universal haskins and let "
I lie "" ""

"
"

be the number of keys hashed to j ( her -- j )
.

thenE.GE?nf)L2u(njioa#Y4depending on choice
of h

pN0t:- Recall thatV-ac-kta-H-a-aca-Y-a.EC?E?ni)--EjE'nj-21%1)

= EYE's ) + a El ¥111 )

= Eln ) + 2 Elr )

= n -12 Elrl

when r is the total # collisions
when we un HER

By the universal
hashing pop

-BECK 111.1m = III. 1- =¥

Hence E(Énj4 E n + 2. ¥ < 2h ☐
.

j⇒



"corollarytl.l.l-levelllevt.tw
ith the hashing scheme

chorus ( m=n mj-ufjc-30.li . - n - d)

The expected total storage
for the secondary hash tables ]islesstha.ua#*t-Ej-.&Imj)=Ej-&ni

) < 2n by theorem 11.10 ☐
.

corollaryll.LI Using a hashing
scheme as above the

probability that we
need mon than 4N total stormtorsecondlweltablesiolenthautg.FI

PIT By Markov 's inequality

Pj¥'m ; >a) ± ET?É÷ < ÷ =L

Conctuiou :
Using a few trials

to find a good HER .

when His universal
we can

quickly obtain a scheme

that level 1
,
hi
,
hz , .

- ,
hm - ,
at level 2)

which Un a reasonable amount of space


