CSE 326:D a@a Stuctures

Topic#4:
Putting O urH eaps Together,
The LefdstW ay!

A chish Sabhamw al
Autumn, 2003

Today’sO utlne

e Finich B nary H eaps
e d-heaps fiom lastw ecksnotes

e LeftistH eaps

New Operation:M erge

G iven tw 0 heaps, m exge them Ito one hesp

— firstattem pt: inserteach elem entof the an allerheap
nto the laxger.
nntine:

— second attem pt: concatenate binary heaps’ anays and

nmn buildH eap.
nntime:

How aboutO (ogn) tim e? 3

Idea:Hang HeapsFrom aNew Root

percokte down!

mntime:

Problem ? 4

dea:HangHeapsFrom aNew Root

LeftistH eaps

Hea:

Focus allhesp m aintenance w ork In cne sn all
partof the heap

Leftdstheaps:
1. M ostnodesare on the left
2. Allthem exging work isdone on the right




D efinition : N ull Path Length

Thenullpath length (pl) of a node x is the num ber
of nodesbetw een x and anull in its subtree

- nplul) = 1 /@\
- npl{eaf) = 0 o ™~
— npl{single-chid node) = 0

1. 1(x) is the heightof
iy N O YO 1O
}

2. mpl&) = 1 + max{nplleft)), nplightt))
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LeftistH eap Properties

e H eap-orderproperty
- Parent’spriority isatm ost the childrens’ priority
- result:m ninum elem entis atthe oot

o Leftistproperty
- Forevery node x, npl(eft(x)) > nplright(x))
- result: tree isat keastas “heavy” on the keftas the right

Are leftsttrees..
com plkte?
balanced? s

Every subtree of a leftist
tree is Jeftist, com rade!

R ightPath In a Leftist Tree is Short #1)

Clain : The rightpath isas shortas any in the tree.
Proof: By contradiction) ‘

Pick a shorterpath:

D1<D2 e
o1t O ©

: . D2
nplR): ° .
L]
O .
L]
Leftist propetty atx viokted ! O 10

R ightPath In a Leftist Tree is Short #2)

Clin : If the rightpath hasr nodes, then the ttree has at Jeast
27-1 nodes.

Proof: By induction)
Base case :r=1.Trehasatleast2!-1 = 1 node

Inductive step :assumetme forr’< r. Pmove forteew ith rightpath atJeastr.

1.R bhtsubtree: right path of r - 1 nodes
= 27-1-1 rght subtree nodes by nduction)

2.Leftsubtree: alo rightpath of ength atkastr-1 by previus slide)
= 27-1-1 kftsubtree nodes by iduction)

Totaltree size: @%-1-1) + (271-1) + 1 = 27-1
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M erging Tw o LeftistH eaps

e mewge(T,,T,) retums one leftisthesp containing all
elem ents of the two distinct) lefdsthesps T, and T,
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M erge Continued

nplR") > nplQ,)

JANVANIVANVAN

R’ =MeweR,,T,)

mntim e:
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Let'sdo an exam ple, but first..
O therH eap O perations

® nsert?
e deleteM In ?

e buidH esp ?

O perations on LeftistH eaps
® memew ith two treesof ol sizen: 0 (ogn)
e msertw ith hesp sizen:® (ogn)

— pretend node isa size 1 leftistheap
— sertby m erging originalheap w ith one node heap

A O =\

o deleteM i w ith hesp sizen:® (bgn)
— rem ove and retum root
— m erge leftand right subtrees

KA DA TA .

O perations on LeftistH eaps
e buildH esp: options are
1. UseFloyd’sm ethod
— butneed pointerbassd in plem entation

- unckarhow to taverse rightto-left, bottom -up

2. Don neetts
- Takes® i logn) tine

3. Ussmege hasnartway!
-  ([Exercise n yournexthom ew ork)

0
(goecialcase)

0

Sew Ing Up the Exam ple

Done?




Finally...
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Termative LeftistM erging

1.D ownw ard pass:m erge rightpaths

Termative LeftistM erging
2.Upw ard pass: fix rightpath

0 éo 0 0

& &

0 W hatdoweneed to
In plem ent this iemtively?

—

LeftdstH egps: Summ ary

ToDo

e Continue project#1
e Firstw ritten hom ew ork w illbe cutW ednesday

e Finich reading chapter6




