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Recopy
-Schedule page is fixed
- AW - still coming
- No class on Friday



Nextdatastruclwe:
What if we restrict inputs ?

God: Have a bounded
set of possible elements,
I want to store which

ones are in my
set

.

ie : subset of 32
-bit

- integer
or list of names

call E 30 chars)

9:E¥]• deleteCx)
° Max Im In
• SuccessorCx)
• predecessor (x)



Tiered Bitrectw :
Put a summary on top

of

attacked" YB
-a
Tie
How to Szarek/update :

Eichel for next value
* In X's block

if none, move up
t

scan upper her (
until 1)

Move down & find
Min in low block

Runtime : B t# TB
= OCB tu)

How to find
"best "

value for B ?
- ↳



Calculus !

Minimize Off +B) :

IB (UB- ' tB) = O
⇒ - UB

-2+1=0
I = U B

-2
⇒ 132=4

Solve for B :

B= of = Uk

Runtime :O(Bt Yz)
U

= O Cnut Fa)
-

- Oca)



Helpful view :

Think of this as
a

main vector is a
"

summery
"

vector.
¢

→
-

.

*
.

.-
.-

o
-

-
- - a

D-↳

To lookup, check 4th
in bsitpoeftnxmod Uk
Ex : slot 43 stshpoyegdrr
here

,
13=8 .=ru so U

.

- 64



InsertCx) :

- insert × mod Uk into

L.fi#hvec-tor
- and Luty into summary

Similarly :

Men C) o.
- call men on summary
- call men on

T result

Delete a

set x mod Uk
in L¥yth vector to 0

If Vayda vector is empty ,set 9=0 on summary



What about deleting ?
X O

fo Xo

-I delete in bottom
Oa )

① Is -empty
- if empty , delete top

co→1)

ocru)



Analyze: u
→ lstmply a Need to call

.

Is Empty on summary
→lookup :

Thuf⇐÷¥¥¥÷:Both give recurrence
:

Let TCI) = runtime as
Universe of sizex

Then

TCU) =Tfa)H
T(2) El



So : tsering helped ! (u→ ru)
can we improve even

more?

TTX D
Mu blocks summery,
each My size size

nu

Kearse !

For each block of

size ru , apply the
same construction :

UH she blocks ,
plus summery



Picture:
suppose
,

we have ASCII !

U 65,536

run -- 256@U'4=16)

Before :EJusatnarrygummog.lt#..zsF&ptrs
Eta:

O L
- - - 255

Change : recursively
.

swimming



Summary a data blocks
:

each size 256

Apply same construction
:

↳ = I 6

summerytf
pts

.

L t ist



Each of those is size 16 .

it = 4

so :

t¥
1211
toddle

C- stop when



Master Thm

Tn) -- ATE)
tfCn )

nlogb 9
or tch)



To solve : domain transformation
- trick

TCA =Tf+ '

theyset U=2
⇒ K -- log . U Esk

Then : Let SCK) --172k)
SCK)=Sd4DtT
solves
⇒Rogala)
= log log U

for lookup t is Empty



InsottMMax :

2 recursive calls
on smaller size

IIgU=2ICU")t1
Substitute again

:

U 2K ⇒ kekgall
Jfk)=I(25
Jfk)=2JCE)t1

= k
i

= 040g- U)



Delete
-

:

<2 recursive delete
-

calls , plus one is empty .

'

Dell)±2DCU"2) tltoclglgau)

÷e7¥17see
dominates Qaslgefdes
= 0dg U)



Successofpred :

-

Each time :

• One recursive
call

• One min/max call

PCU) -- PC tltodogu)

⇒ Pcu) -- log U



So takeaway :

-

it

Clog U) worst case n
O lookups

vs : OCU) told

but :
Acra)

U is size of universe!

If n Z log U,
we beat BST in

lookups !

(since log n Z log log U)



van Emde Boas free
-

:

A slight mode heat on of our
toed bivector

.

Besides summary
- Mu points

to next level,
we'll also

store min ←max

separately . Cat each level).

Lookups are unchanged
(except we also check
if target is min
or Max)

Important : min - max
are only stored in
special held .



Insert :



Delete:



Runtime


