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Skip List : ~ sorted linked lists :

~¥¥¥,Y¥€- Organize list in levels -

Easy to code
- Level 0 : Everything - Easy to insert/delete

1 : Every other EFFIE
- Slow to search . . . 01h7

2 : Every fourth
iii. Every zig

Idea : Add extra links to skip
: i.IO#oFotioo-ii..

How to generalize ?
- Example : . . .

head

kipNodeTT=n
constructor,

key key
Value value/

set size (height)

" '"" """""" variables:* ,

skipNode[]next-|
'

rigid -Randomize ! determine %betidihY.net#g.g.n.gggi - topmost Level" skipnodep-head.vn/-ilwehitleuel-tossacoin&countno.ofcmsec
.

heads :
while / izoyg
I base

level
|

head ,af¥¥ntY
ftp.nextlitkeysxlp-p.nextli ]

3 else i - - ← drop down a level
I ← weave at base levelA;zµq,qg-÷,µ⇒µg÷g÷#µ| www.m.u.wn.nu.

else return null
HT THH.AT HT T



nodes has Ollogn ) levels {in expectation Proof :
{
p-roo-TW-ishw-th-atprobabit-weh-uveseer.no .

levels is÷÷:÷÷÷:÷÷÷÷÷÷÷;÷÷,÷:÷=,
""""""""""

¥¥÷.÷µ÷**
Olloyn)

→ Prob that any given nodes
'

{ n - nodeskiplistisoln )
- Will show that we visit 2

level exceeds lis Yze nodes per level on average
.

[lcunsecvtive heads ]
'

→Prob that any ofnnodej
.
Proof : Rather than count

first time to anode
>
its at

level exceeds lissnlzl by. level : top level . (Canyon see why ? )
[ntrialswithprobyzl ] Def : Eli) -- Expect . nvm . nodes

→ iete-asnceoi-e.si } ¥1 visited amonstopikuels .

2 + ] -12+1+3 = 9 ④prob that Max level exceeds
t.etni.no > of nodes that contrib

.c. Ignis :
cases

:¥g¥→Iif;¥=→⑤sn/zl=n / 2¢19
"

toleveli
.

. =n /¢1945 .

- Prob that node at level > iiski.EE)=]+(Prob(④DE(i)+(Prob Eli-1 )
.

current IEso.me/evelCfromprior=n/nc=Ync-.lg-Expectedno.0fn0desthatno"=|+yzE(i)+yzE( i. 1) level

contrib .to level i=n|zi
Obs : Prob

.

level exceeds ⇒ Eln ;) .sn/zi
⇒ Eli)ltYz)=l+YEli-1 )
⇒ Eli)=[It Yztli-D)2=2+6-(1--1)3. Ignis syn? Total space (expected)is :

Basis :E(01=0 ⇒ Eli)=Zi(If n > 1,000 , chances

are less than 1in million !) /
El ni )=ÑElni)=£%i

i=o i=o inhetf-maxle.ve/.Totalvisited--Ell)--n&Yzi---2n
☐

=zl

i=o
⇒ We visit 2. nodes per level

☐
•

.

on average .



Delete : iÉt:miatit_T§¥pY?⃝- Start at top - Start at top level
- Search each level saving - At each level :

last node < key - Advance to last nodes key{ , on reaching noaa, , .my/.gauenoge,grop,eue ,0
,
remove it - At level 0 :

from saved pointers
to determine height). .

Example : find /2s)
head

- visit
,
don't save

:A
> 12-0÷÷:O9 0

[found !
Insert (24) - visit

,
don't save

- visit
,
save reference ^Ldelete( links pass through)

-

- Analysis : All operations run in
3 Is 0 s

>

24 time - find ⇒ Ollogn) expected
§ Note : Variation in running timesÉ÷☒¥→÷÷¥÷☐¥☒.

.

.☒fÉ
"
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A .

due to randomness only - not sequence
?_? User cannot force poor performance .c. insert here


