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Hashing :(Unordered ) Recap : sofar
,
ordered diets

.
Universal Hashing :

dictionary - insert
,
delete

,
find Even better- randomize !

- stores key -value pairs - comparison - based :S ,== , > - Let Hbeafamilyofhashfns
inarraytablelo.im - I] - getmin.getmax.getk.fi'ndUp . . . - select HEH randomly

- supports basic dict - ops .
- Queryluipdatetimeioclogn ) - Ifx-tythenproblhlxt-hlylt.hn

(insert, delete , find) in → worst-case
,
amortized

,
random

.
E.g. Let p

- large prime , ath . .pt]
Oct) expected time * Can we do better ? OCD ? belongs-Dall random

-

-

dooepssygteff.in?FintdYp.d?ged . Eg . - ha.ms#tb)modp7modmqg .

- simple , practical , widely used Imaginings wh.LI?IddiPngmfdymaI?argeprime⑧
Overview :

"
w -

-

- smuttmearfnko7.be prime ¥5
- To store n keys , our table

( e.g. power of z)

should (ideally) be a bit Good Hash Function : Common Examples :
. larger leg . ,m > on ,c=h2.s) - Efficient to compute .

-

Division.tn?snh:mojjn'
"%!÷7÷!a÷ .

- Load factor :
- Produce few collisions

X - Mm - Useeverybitinkey - Multiplicative hash :

- Running times increase as X11 - Breakup natural hlx)=(axmodp)modm
- Hash function : clusters a. p - large prime numbers

h : Keys- Lo
. - m - I] E.

g. Java variable names
:

- Linear hash :

→ Should scatter keys random .
temps , temple , temps hlx)=Kaxtb)modp)modm

→ Need to handle collisions 2 table: FILITTI a,b,p - large primes
.

hcx ) - hhs)
.
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Overview :
1€ Collision Resolution : If Kanwar X > Xanax ? Rehash !

- separate chaining If there were no collisions
- Open Addressing: am .ph/s1uw hashing would be trivial ! - Alloa new table size -- Yao
- Linear probing - Compute hewhashtnh
- Quadratic probing ! ! insert (x ,v) - table[hcx)] - v - copy each x.v from old to
-Double hashing complexfast find (x ) → return table Chex)) new using h

delete Cx) → table [hlxD= null - Delete old table
-

Kf
separate chaining :

. Ig ⇐
table is head of linked token . Thin : Amortized time for rehashing
*amlipgtotkessthatwheashtoi-I.nashing.IT iisltMmmaxmD) )
Keys Cx) HIX 0=451717151 6*6 -

- %)d- s s DH ¥8 How to control X ?
Z 4 2=1 S's Expected search time -Rehashing : If table is

- ± & "site:p: it:* . rt::&:c:L '

of
.

t s -1 x not found (unsuccessful) ideal size
f O -

m=8
'
=' Them : S's 1+42 Us ltX Designer : Amin ,Xma× - allowed

7 o-slpoT.fi

"Abi's:B:""nl:*:*:b:P:÷÷÷÷÷÷÷÷¥I÷÷?÷÷¥C7 '"Kimi
es

m
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- table size If X' Xmm. or X > Imax
. . .

°
,



- ,

Open Addressing : Ar collision Resolution :(cont.) Analysis : Improves secondary clustering
- Special entry (

"

empty
"

) - separate chaining is - May fail to find empty entry
means this slot is unoccupied efficient

,
but uses extra ( trym-4.jimod4-owt.hu

- Assume 1st space ( nodes , pointers , . . . )
not 2w3 )

- To insert key : - can we just use the table - How bad is it ? It will succeed
check : hcx) if not empty try itself ? ④ if Ash

.

£hCxi- is → Open Addressing
. ftp.cxtii. .

It
"

Ligia .is , . .?
-Probe sequence locations are distinct .

- what's the best probe sequence ? {HashingtIT Pf : See latex notes
.b-

- - es
-

"

④
Linear Probing : EI Analysis : th clustering

t
hcxl.hlxi-l.hu/7t2 , . . . . - Clusters form when Keys are

- hi"gTtng÷ hetsir-YYEetedfutimeatrorni.hgsheadd.toemnegr.bg, locations .

available UP ' " " unsuccessful " Quadratic Probing :

Simple , but is it good ? hlx7.hlxltl.hlxi-4.hu )-19 ; . .
x :D ,z,p,w,t

.

.

.

.
>
t did not Thm : Sip - { (t 't )

hlxjtjhcxsior.no
.→%t"teddies:b,÷,uwEH. hY¥g¥T .

table doWI.pt#..0bs:AsX-s3timewrap&nd2
.

increase rapidly
.

it > m
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Double Hashing :
1€ Recap : Delete Cx) : Applytindlx) Figt??

(Best of the open - addressing separate Chaining : → Not found ⇒ error K

methods ) Fastest but uses extra → Found ⇒ set to "¥y
"

-Probe sequence det'd by space ( linked list ) Problem :#jqadegd
"

second hashfn
.

- gcx) Open Addressing : insertion) :

hlxltlo.gcxl.2.GG ),3 -gtx) . . . } Linear probing: delete lo) : ITE.tl/a
[modem) Quafyoati.gg ,

}"
""""
stink as :awTot§g

-
hcx ) . .t.si#YFFFf" Gt Find.gg?;nYeisiutnggtriesonprobe

(until finding an empty slot ) - found x ⇒ return vwhseduoenesifbuactxygtggtec.io?,....nzIHashingtIm - hitempty-retunr.n.nu!!
it is very unlikely that

4th ---
"'

""T%T%T÷fCf t.gggcx) -- gly ) AD
.

⇒ prg.ly#egggyqncesareentirelyFhm:uSp4yn.. Dictionary Operations : .

⑥
Analysis : Pets :

→Proof is nontrivial (skip) Itpsreorbtesxe'g%j¥PuM¥ ,
§ , Expected search time x : 0.5 0750.95 0.99 finding first empty slot .ofdoub.hash.ifsuccessfuluq.gg:1?ga/.4gg/2?# - Insert Lxii) here

.

UDµ= Exp . if unsuccessful (Ifx found along the way
Recall : Load factor 1-Mm every efficient !

⇒ duplicate key error ! )
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