1%
orix:j QA
one & W
2
Q?$




f&w@@u e DT (PO

: S-I'ares a Couec:l"tow o-Q PG:U‘S (.(‘k'CM) ?ﬁ °"f+{7)
: Priors‘-l-ies are -ei‘oﬂ\ Some  ordareasl sarl-

(Fe-r é'cm(.)\'ut‘.f'\'adme vse ?r‘wrf'l-te.s ‘
drom  O,LZ, .. etk O Wighest priardty’ )
- Main o?Qra:l"wnS‘
. 'mse.r'l-( ttem Prior ?\-"65
Adds theme ui//z pn‘crrf? (Ar‘to( ‘-J'ﬁ‘
. fX“‘f AC-"I‘_ nw ( )
removes (¢ retuas) tlem il least ,ore'or‘z?{?_
-update (C-Qem, ort ori‘—]g}
c/\m\ﬁes priam’éj o/’ hem \ﬁ, ?r;‘ra{»a



. We waoat a data stivcture to wnplement

e-Q—Picle.w\’ (P@S
te%. O(loa 1\3 -hme 'Qr au O@QMI\‘?.LSVLS.

. (Ve (a{]a,'u\> will yse a perhieotar kand of Yeee



Level - Ocder Traversal ...

o-c oro(e.reol b\na.rg, +r¢4$.

-Visits 24&‘\ nogdle O‘p -H\e -l—ree ONCL.
Visits ewera nods. a.{- AQP‘H\« L loe\ﬂore, dn\a,

node at doptle i1 ¥

Vvisits every depth -d. descenden
% O‘p le'(l“'(")
loe fore. any den-d descendad of right ().

/(/A\' /A\
rANANE. G i
VAN SV AR AN /\.\‘Af ‘A\\‘ z>

AN 3

« 0 some tedks | & is bolem- up, net ~op-dew
) e



CDMPLA'Q (B"“M % Tee_ Xrﬁﬁw\ ¥t€u:t —-\'o“:‘edcr
+raversal
A CDMP[@“’& b‘u\ar& tree ag &\Qtﬁ‘\.“ h s
1. aloinary tree of haiglh b
2. Loth :Zad nodes at depH\ olJ Qoreuerg O<a<h
8 .level order Yraversal visdts evesy wkerna\ node oefoce any (eaf

A . Qvefa, ternal node is proparag @CCQP“' pcrkaps ‘{'\\Q \M‘,’xk
whick MH have a'us-l a lof} elild.



AN T



B mar:); u’fae :DA\% g\‘: v dur e

SV\&FL v asn &\U\"
- & [oﬂ\(a\-o;\ce_ b ma,f.q/ 'kr-etj

_ i vertices \aloelled \o\a ‘&4‘45 «ﬁwwx
Soynt ov-dered 5-91'

-3t \L./i,j (v) = keg(parew}[v)\) ord.ts.'

'?or e\rervd, node V \wa:\o.\d"
/ st f/ e

"n:l.s 1S -H\e bazic fDS -S-)or |m\o'eetnen:lm
(Bmo.ré Mie - kedP)




) uouo do we ‘tmg\-eMeM -H\:e o&cra)l-icvns So ’Hmd'
“H\e nvash awt3 are mainkained 9

. (onsider Thasection:
I'e we want to ‘msaer

\H ‘l’b +\\'e b\@dp B
shere shadlal o 357

Motice: there i clsice dlosst how Lo she hege o haunghs’

AR S oY



Heap Tnsert
To insect an dem worth ‘441, K :
1. add. & new leaf v uoith keg@f)-‘—' k. so as 4o

maintoin the shape Wwwari awt

2. ce- establish the ordar wariant 53
Mecw\'ma /‘)QFCO\Q'\'Q_QP(VB.

colate-op (v)
e while (v is wot coot and ay(v) < kay (parend ()2

Smap pesitisns o v and pacent (/) i He Free

J
3









Hesp
20 Extract- N\

(on
s dar
(\\V\@\& 3
1 mall

5.\
5«‘4\.\8‘2* —
\- N )_(
prumy

We e
Moot
{e
plase
tha
reo’f
Lovdn Hho
Smnu
er of
° i'ls
cle
ll,d.l‘t
Wi

Sk

LO

oL
19t oKr !



Hedp Extead - m‘w\.

To remore the (cJ‘ew\ okl ‘H\e\ smallest \@3
‘grcm ‘H\ﬁ keaP:

1 remwe the root
2. replace the roct woith the “last loaf

se 0ste mamtain the shape wariawt.
4 cestore the ordar wariant lo('j Cau'wx?
parcola-\e. _dowwn (roo’\‘)

@e-“da-*i—d&l’b'\ 1S mo e u&sr‘: +Haw P-Qrcoka.{ﬁ-d(),
becavsa it most lesk at st clhildrew

to s0e what 4o do ( ond the cluldeen
may or may nst Odist )



?erc.o\a)ce —dowon (v)l
wile (v has 2 dild o woith laye) <l M)}

¢ < child DQ v with He $ma“es+ Iwa,
aMon3 the cluldrea of v
Qoap vV and < 'W\'H\Q'He-e_

3
5

Mo‘\i& 'H:\q,*"
c v omeg hae 04, o 2 childne

'!‘? v has L C'.‘IL&\OU'BUN-, We care alﬁbd“'
the one woith tHa smallest l<e«3.



Do M“TAU\' “main 3 Xmas







(bmpll/\érl'-A o Regp Tusert kE&md Min

0/(&\"\ .TAS-UA' {\ E—)‘*fﬁ-(("' M~ 'Ld,lce '\'\N\'C. O(loﬁv)
B heaps of Gre w.

(nt
Rocall: A ?acle- ‘o’wma teee o heiglt In Was 2 - nodes,

£ %3 “"d“d“\@\ 0“-\\ (0( "Hve 9\'wc"-..)r£ o‘@ ‘l’Le )(rct)

EAS'Is I’e \\“0 ‘\"\I\-ev\.. L ‘ILM Q, c-'\ = A nodbs- \/

I\} [swsidac Some W0 aud a.ssuMe. «I—L.e ‘ur'éeol'

bivava tree of WaXglhk W s 2 —\ we s,

IS¢ s\ew:-)‘rkn. p-b.k. oL Kot bl Wwas Odcw)*‘ wo olos

“The 4ree & m Q‘

h (it )+

el
Do w has 2 o\+2(+1_g_ AT, Ll Mm/‘




é’\%.e. EwV\DL.S ON £DNP\-Q+€ B.{\ayA '-he.es

- E"e’a Lomplete. binary tree wikh height h audl w nodes
s&tsﬁtes% 2"" Z < 2‘:‘“ -1

£ n
Smallest: laraest: —x
n P.b-“'- 0‘9 1k
" w{ />§ height el \ v
XL ploi. of harqht h
& nodls = 2,“4\“—\-\'\ =%
Sg. e hauve z,k N
\Gﬂszk 4 (-’ﬂ,_n
n < log,n
‘n=dlnﬂn)

=5 \“MF wseek & eract win take dime O Log ~)



D nked Imlamew}akm\ °£ AMQ.




J’\rmn- BA&&L {B‘w\agr \‘LQAP JMP[QMW‘L@BM

Uses s Q‘""\Ndd""ﬁ oA a Lonplete k\ﬂndra +ree
oQ S N @ ¥Ee-n a:r%-.

'L'“'\ node in
level - ordar
draversal

g

Vo) (JaTaTa

s\6\1\2\1

cTal b aroy eleadt

C\wildeon o wode U are, nedes 2ix\

¢ 2L L

. Pareur of node L s n0de \_G—"B/ZA

s\le\1\2\4

Lo\ul




ﬂ( r A.n— B&SQA_ (B'w\a_r:g U(ea P ._Imp[e MULQ&E o

Uses thos Q’M\Mdd“"ﬁ of a Lonplete Q)i‘v\dra +ree
o@ St N\ ™ a ¥e-n acrma.-.

‘L'“'\ node in
level - ordar
%auers;a,l

\'®
ol JalsaTslol1\e\dlelul A aitay olemout
€ 2l L

. C\i\dren o wede L are, nodes 2%\
. Parewkr o node L s nodo \_G—“Q/Z.A

o

ANnAGEANAEIa

X (:rw'uﬁé&r?c\kivg 'Hse. -(-ree. s easa i~ the 0."‘43 -emlo-eddiua



Dackially- Lled Prcay Twplementation o Binary Hogp: Tosert
~ q v

A) 0@ x~ 2\116\8)ela \ 1
B ®» ©®
inser"ri&
e N :
A) (&) 211\16\8\we A} \ \
B ® U
%
U \\‘T;‘élo‘lb \ 1\
y (2)



Dackially- Lled Prcay Twplementation o Binary Hogp: Tosert
~ q v

A) & D ~ AR \ 1
B B ©®
Insert 4 |
LN
a vgi "IBQLoQIo \ -\
o ® B ' 4
U 7 1218l ]c \ 1
u (2)



Tngert B mex basedl uea D

Nariaohes ¢ ML%’A, diLe
Meap elements are w Al0) .. pswe - 1)

wserk (&)}
Alsre]) & k‘,// Dok K as the new 'last loaf”
A B12L

v
o o L(-072 | ] pepareh (D
bo\\:\t(v >0 awol Alr)< A[P‘))i Pﬂffolf('_e_up

Swa p ACv] awd AC] |

\V &
P& Lél-l)/z_x
% —

Swee Si12e 11

3



?arhauq-fr)cu;& Rcay Twplemantation y ‘B’,,\Nﬂ L, op: Ccack-mi
d v

3

A) e@ A ANARKEIL \ T
BB W
b U
©
o O zinavsieiuf T
e ©
V @/







E)Arad—_ M -Q)r Axmg\-kascd. uéﬂp

Ltcoct N\MO{
-—l—~e.~\p o P\(:o'l / recocol Valul ’Lo re-\ww
3132 4— Sige -4
Alol « Alse) // mow dal. last Loaf o rock

L+ O

q,okx'.\4< 2. v\ X s\ie yi// whale . i \ea‘P
ehild «=— Ziv 4 [/ Hhe el WA A‘(L N
0( zev2 < swe AND  ACr+z] ¢ AlLZeH
ol ik\a a e 2 /) vse e rigek cld i@ & edsts
3 / and. Was smaller k‘J
§ [ ACel\d) « M:Q}i// ) acoler vio\aled |
sosap ALEwAA} and ALY 7 swep paredt +owilal,

(& e\l

Teloe 3

L c-&*\u\« '\eMp
s
¢

rekun Temy.
2

f

oo



A seall seace - Rer - Fime feadr-o® in E\&md‘—m._m‘-

- Extrast- in doss wamy Comparisins, s (2_,; < %’\%4_3 4o
c,\pec\c. 1—(—' L \s a leeQ.
~Soppse Lo nsore the aray hos size > 2Site
and Ahare 15 4 biq Value, dended o Hat can be
s¥red W the any ot a0\ never e 4 ka#
and every oiray oy Fhat s neta key is 0o,
—Then, we can Bkip the acplicit chacks Qo
be.'m@ Q besd.



Evtrack-min Vaciawt

ket _ om0 L \was a cwitd
—Fewxp - Ao A cecocol value lo refuin -\'\M.\' 1S oo‘f °Q
S\ie 4— Size-4 - erdAr

Alel « Als1e) /move dal. lagt Loaf Yo coct

I-\ [8'\2{]4——00 //x o
L+ O ‘/
hile (AT2in ] < ALY e Almvzle AL

£ ( AT2ced < Rzes2) )L . .
fﬁﬁe M i P‘m?}  1e the Lot did
4l (& 2ir\
S
éwep Algit2] a-d M',A’B it s the ;‘\1\& ol
L= 2i+2
3
2
l"er‘l‘uiuu "(‘C-\MP



N\a\émg R ueap 'onu a_ Set

.Sugpose, '30-* have n ue-as and wawt o make a lo\eap wé‘H\ Hw.
.C’,leafla can be done “w. fime Ol logn) , ok © nserts.
’ e\dnm" ‘\"lt-e ‘Qb“.euo“(v\:) a,\lo. does i} w ""“‘f— O("")

malse e (T\ 5
’ NT :: 4 (omplete b with \oelas

fo(( L= Al 1 down b 032

¢oll pefce ladke - doean on noOAL .
S

2




('\ow does M\Le,-\mcp Vol N

’ l.”/ll-\ is +the (a3t ‘mtemmal wede
- e alﬁor:“\w\ does a  percolake-doon at each
whernal uod.c,) Loork N bo“-ow\—up.

( perto\ajte-down makes a A who 4 heap
's-c Hee owlla nodlL Vi.o\.a."t'v\é +the ordur

propar'l'ea ® e roo*)

i z I3 LY

last invbecna\ aeda
|\ -1 = \#2)-1=9



('\ow does M\Le,-\mcp Vol N

’ l.”/ll-\ is +the (a3t ‘mtemmal wede
- e alﬁor‘(%km does a  percolake-doon at each
whernal uod.c,) Loork N lao“-ow\—up.

( perto\ajte-down makes a A who 4 heap
's-c Hee owlla nodlL Vi.o\.a."t'v\é +the ordur

pr‘opar'l'«a . Hhe rod)

\
=N
37 S 5, &
/ l
A Aq, Qm'_‘ lo 1 7 [ Tt
N

1 s {q\z.‘\‘ last wheenal necky
(s b

|- = (#2l-1=9



N\ ake heep Examele

Notice: The exact ordar of rischvg Mdes dees ot
matter — as [one as 052 u'\:a:r clldre n
before parents”,

S:_I‘l' Lllawss Haat # s easy & de a fecstsie wke-Ndp]



N\ ake heep Example

L=lo ; \"/al-l=4
Mo‘hce_'- -Tr\e. e)(d-b’l:‘ ocAar og U'iSfl-‘cvq A\Alé Ooees (\6l"
(L%

o*r\aﬂ'ﬁr — as (ona as 32 v elhildren

bedore paceats”,
L'ﬂ' Lllawss Haat # s easy & de a fecsegive wke-Ndp]



Molee- \ng ( omgl@vt% |
.Glearba O n 103'\)‘ n pereo\ale-dawn ealls, eacl. o(%,\).
. (','lbh) cam L e & s 46“1}4“46 OCV\) ?

Truihon: mark a2 distimet adge for every possible Suep.
!
(Ttme '\'M 15 bouwded ba mase, o’P Swaps Pass;lol.eﬁ)




Tine (omp lﬂacf{e,LoQ Make-heap

Lot 3(n) be the s nuwber of swaps camed
DU‘\' lpé) mau—h-eap on 4 sy‘- c@ Size M.

We can beond, s(n) by

-\
Sl ¢ S 9% (n-9)
d=0 ¢ TThe wax # of swaps Lor

A call ‘o rcolq;l'e—d.awm ON
Www‘e'm j A MJEQM- Aagth ol
5 called , ot Mok there are . heol
on eack node at 24 nodes
2ach doptl. ol ot Jagth ol

-?‘rom o+ -\



s(n) € EZA(\A—A7 4
7] _\
= 9.(&\-0\ +9.‘(\\-D o 4 fl(h{h-D) + 75\ (- (&)

Se:\- = \\-ol, %0 o= h-L and w\m\c. A rav\ﬁts ONESC
o,1, -1, L wil range sver b\o el - k—(k »

Mow " it
o « 2270 - 2L e 2w U
=r\§_—f'—.— <U\%-£.—$ w
7l A o 2' -
(%L=9_4_l_z s B - )
ol 2 rtmaipt =G4 5t Zegtnt
L o



(0«\’\#\"\2\ o Nake- ‘MAJE

Work duwe \oa make-heep 15 boonded bn a
(owstant Kinee the numlser of Swaps

s 1s () (VL) )



U P dat Ny /Pr\ orcties

Quppese a Wwedp Cowkams an Hem woth pririts K
ownd we M\o_aujoe v(:d.a-\t-Pt“tor c'\-\‘)(f,\-em. Q)
‘We replate L witl L the heqp, and +hen
Cestore JH\{ scder wariawt
Al 4 < k‘ do po,r(,o\a)ve-up Leam Yoe
modiliea wede
'.é k<q do eer(.aka.‘r&-d-ouw Lromn
Hee modified wdy.

o

s

>0
Thos Hakes O(ly ) Hime — bout how do we Lt

——0

Q ? -H\e. P'lﬁ\v'l' nodo t c.l&a.w:\,... R
e ~ =
s’

1o do "H\ls\ we need an ama\lih% datq strochure.






ZOTMOl’ng oQ 8\04?9'\\\{'\ ™~ Pef' co\aiu(, A-DwV\

b -Soppose. we are p-erco(.a,-l'm dowow ¢

TThen 2and b were- previcos $u94(’p-(el,
2o e know bge, bso\.,, and bec.

e
TP c>e and egd,
we swep C,&

Now ¢ cwe krnoo beeg e
and bges d

. %0 order s OK, geeopt
Pofasl\o below < — whick

toe stal hawe 4o (eok af.




!.b\‘r(’_ch\f,% 08 8\)0%\& N .P,Q,F(,D\QQ_—UP

-Su@ose we are per co\w\:mﬁ up &

We kmw dsA,cge, y becquse. e

prev'teuslﬂ Swaped. ¢ wille d sre
-we Rknowo that b<a

Af C<b, Loe Bwep c,lc

- We Now k\‘tw ’H\a,'l‘
CLbse
and C<Llb sd
and €< bsa

Se ordar e C)\L, QM(
Po;s'dol‘a it awcestscs o—p

e, tdchk we sh\l must clhack.




