DiSPERSING HASH FUNCTIONS
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PLAN:

o "DiSPERSING HASH FUNCTIONS'
BY WAY OF A GAlE.

* ELEMENT ﬂiSTiMC_WESS:
UNIVERSAL VS. DISPERSING.,

* EXPLICIT CONSTRUCTIONS.
+ "ALMOST PERFECT" HASH FUN CTIONS.




A TWO-PLAYER CAME

THE GAME "COLOURFUL" HAS ONE ROUND:

ﬂ 1 2-  ALICE CHOOSES
SeU={4, 1} |Sl=n
INDEYENVENT LY, BOB
Eﬁ COLOURS U USING
COLOVRS 34,..,¥3.

BOB'S AlM: MAXiMiZE #COLOURS IN S
(WORST CASE OVER ALL S)

A RANIOMiZEp STRATEGY

» PicK EACH COLOUR AT RANPOM.
(-logv BITS),

N gog CAN'T ATFORD THIS %




DISPERSING HASH EUNCTIONS

ASSIME Uxv"®, 21 FR SEU, IS|=n,
A RANDOM FUNCTION h:U—{4,..7 pag

ET IS = -4 | WHERE A=Biri/r)

DEFINITION

A EAniLY g, hal=ia.p IS CDigPeRS
iE E[lhsi]> n-ch POR AL SEU WK IS




PSEVIO~RANIDMNE SS

ITis VSEEUL TO BELHBLE TO |
Pick AND STORE FUNCTIONS THAT

"Wook" LikE RANIHM FUNCTIONS

MAWN CONCERNS:
- SiZE OF RaMiLY
- EXPLICITNESS

PROPERTIES:

+ LOW COLLISION PROBABILITY
(UNIVERSALITY)

. k-WisE INDEPENDENCE

* NEAR- UNIFORMITY ON SURRICIENTLY
LARGE SETS  (EXTRACTORS).




MOTIVATING EXAMPLE

ELEMENT DiSTINCTNESS:
ARE X . X e, 23 PISTINCT?

ﬁL_GO?Q\THH:
1. PiCK h:§e, 238603 AT RANDOM
RROM A (w/ogn)~DISPERSING FAMILY.

2. PUT X,,...X, IN BUCKETS ACCORDING
TO X - hixn). (RADIX SORT)

3. FOR €AY BUCK.ET‘I PUT THE ELEMENTS
IN A BiNARY SEARCH TREE (STof IF pypLicR

ANALYSIS:

= 0(n/logm) PISTINCT ELEMENTS
IN NON~TRUVIAL BUCKETS,= Oln) TiMe

= LINEAR SPACE




DiSPERSING 16, (AL basT) UNWERSAL FAHILIES
SIZE
UNIVERSAL: O bgw) £ logyu)

C-DiSPERSING:  O(r-log)cn) (Lo f)

NON-CON STRUCT(VE

EXAMPLES, CONTINVED
— ELEMENT DISTINCTNGSS ALCORITHY Negps
O gl gy 2} ) =015

RANDOM BITS (RATHER THAV (ogntlogh)

- BOB NEEDS, FoR c=tre, O(lology)
RANDOM BITS.




EXPLICIT CONSTRUCTiON 1

OBSERVATION (FREPMAN ETAL):

[WS)| > 1 - £ coLLiDiNG PAIRS

COLLISIONS

. ™
P
>
=]

ARE O(4)- DISPERSING

—_— =

(ALMOST) UNIVERSAL FAMILIE Sﬂ




EXPLICIT CONSTRUCTION T4

EXTRACTOR (SiMPLIFIED):

FOR ANY S€U WiTH [s[=n

XES (€]




EXPLICIT CONSTRIJCTION TTg

+ SELECT §' FROM A STRONGLY
UNIVERSAL ®AMILY, §':U—>T.

. SELECT §* )—1t-rM} FROM
A UNIVERSAL FAMILY.
X 5K

1. E" ﬁkﬁxﬁ'ﬁ] 5"

ANALYSIS:
LO0K AT COLLISiONS GUTSIPE A

SET OF "BAp" POINTS, TO WHICH
FEW ELEMENTS MaP

(rf') 5




A_DIFFERENT ViEW OF EXTRACTORS

EXTRACTOR WiTH OPTitieL. b 1
& ey

NON- TRIVIAL

O(4)- DiSPERSING FAMILY WiTH
OPTIMAL SAMPLE COMPLEXITY

| WHEN PESIGNING BXPLICIT
EXTRACTORS, ONE Mpy WLOG.

CONSIER COLOURFUL STRAVEGIES




DETOUR: ALMOST PERFECT" HASHING

" MiNIMAL PERFECT HaSH FUNCTION:

h: U-—)id_l..lh}
I(S)[=1s|]=n
PROGRAM SiZE: ()(n) BIiTS ;

* "ALMOST PERFECT" HaSH FUNCTiON:
h: U*""Ei{..lh}
[W(3)| 2415 =4n
PROGRAM Si2€: () (n) BITS




CONCLYSION

DISPERSING HASH FUNCTiONS

+ SEVERAL (MANY) APPLICATIONS
+ POTENTALLY Low SAMPLE COMPLEXITY

& EXPLICIT CONSTRUCTION PROBABLY
DIFFICULT (AT LEAST FOR c=0(D).

¢ EVER AS FAST AS UMIVERSAL
HASH FUNCTIONS 2




