COMP 232
\'\% : Mak- H&‘P JM"’)'H%{D secdions « 4 RN

|2 = Bw\&\v\q O HeA-P Or. Majaﬁt M. Hapaﬁa
| CoMP242.

B ins oespicte. biteyire.
. dree 13 .C.’_O.V.‘?\e’}_% dlled except ak tae lowts
- level  wwionis Rilled  fom led 4o rignt .
__‘_.\' we 10 |
e .
)\\ 3 parnt ()= L412]
(3 e = 2
N3 | .
(@ Yiﬂh*(é) - 2L+

e de{:awﬁt’% on Whe Complele bi'rmfa tree P”’PW’L& ?e\nﬁ%
in \evel O Ligd, Won e \ewvel 4w\ Ra awd

Lo BV e

} 2 3 “ S é “ ¥ o:_\b
2 \de, M2 ,w6, 4, 2,550

~ Yrow %\5 o,(ma we Cmn observe Wak
~ pawent(¢ lﬁCI%l
7”77lcf4(‘ -
-~ righk (¢ ) 20



Max - Heap % Min- Heap

MM"HM PMPM@/ \Mtzﬁ\'mum elomenst in m

p Mak- wa’ is e R@&T
ALperak (O] ALY
The parewt must be a{cd-e/’ﬂwm (or ey uals re) it
A\ dven .

Min- Heﬂf PFOP‘P’/{? WAINT A &{QAWMW
) Min-Weap is the REDT

ﬂipm’wl’(c'ﬂ LA D]

i1s His a Mgu(-HCA‘O?) —> CheCk for all Neele,
: My»v 2e514

AT parent ()] > ALY
g

£ xample.
s e sepuance AL2o,(6, W, 6,13,10,1,5,%,12]

repres et o Man- Huapf
Y ,é/ \m
= }/ N VRN
13 Lo \
7\ /
5 6 12



M&U'I"ﬁflﬂn’g W
W/ﬂa A, (,
N,

e TMakeE
else ‘
ma’)( .«(,

it (14 wap-

AKX =

Hw?o pmpf’/%

r= Y'jhf (‘))

u" (L& hap-sne() 22 610> 1 [0)

Ly

slw( ) %2 ALY 2 @[mﬁ

Y

s 4011
I

Bangle mar heaffzr

/ \'." \‘:\-
té 13 R

=

/f\?u/\“ k‘g /“. AEﬂ?f—)Dmﬂ? A

i, A [WD )

mak- hﬂdf!%b (A: M),'

L A s [27,1F,3,16, 13,100 L,S,

7,12,4,%, qo]

| WA - WP% (913)

Lé,r"—}

i WMAK 2 L

max F L Dewap 3 16D
- chegh a’ﬂ“""‘ Wk - \NZAP (AI"“”L)
Moy Yo 33 § Bb/s \+%WW)‘*

— .2\ —N \3 \SK\C_O/{Q
Sl’/\o\ '_“> /\ > S.DPI/’/




BLulélmd /] heap =35 C’)(}‘))
V\/C Cam uyse +he Maxo hCQ—P”Oa M boPone \”\'\) ma““u:
+o Conveft am Cu’fag A[‘n] +a 'S"\Ckx_\f\eﬂf
(ikf?fl:ﬂ (b s trvebkians | -
T he elements P'(L%J”‘) ,{-1( 14 +2’))A( 2—,\%3) R Aln) are
oM Leaney -
Reyon:- - L@g}))qoqol }/\,@,P:, hea,f;_siu (A)
WY ndex  ader |5 | will ave (1) and vight)on
(40(’)) net come in +Hhe Nﬂ,{) sa‘?-&) 5o, all ow? LQA/W/J

L ,\t“ﬂj/,)l{ '

St | B} ezl
vz 3 < < - \
A=35,3,1%, zofsi,lq,ré 22,95 rigu)= 20 1)
f?tu‘&'“) = l:%:_l

:»,/\
/\g 6/\
89 g
‘s/\q

B\’\.“d vaax. W eap (A\

foe( € Hprrefe] L cmtiil--)
W\ax—\ﬂ_e“'}"'fj (Alt‘)



- Ruwni r};j_lﬂf_‘;‘f::’ }

stmple  upper bound i

- Maxbheafj)/& Costs ,O(fo‘j H) Fime

FThet me O(n) such caly
= Ofn logy n)

H’bw&\re// We maa Proaauc(, L '7L)‘3h4er loC)U.F,L_iJ;L.

Proptdy one
Ru,ﬂm'rtﬂ Jime o‘{g Mak..he:tlw'@ dePMr (,LPDH-\M,W_
\/\u‘ﬁhk o Yo nocle  O(NW) | aud etk s L wost

—

noeley ame s madl
F,‘;’m}?fé’ J(l} Twe b

——

L CK At mest rn/2h+I) wodts  cune Yhew at any \evel W

{~b O. wollam “up

6 o 5/ gt = Vsty - -g.ax‘-“"%‘
)/L L,ﬂ Q:E ““i‘b\-k—ﬁ . :'.l’x
_ywats A N hett OL
\.\“)".S - A LLog ) Yo
Z Vot = on 3 )
h:o “:__—_—- h o %
oo \ ) 3 Lﬁ_;
. .\ET "C g0t Pl s oo *z:
ATO -

Ltog«

A
Solm 2 ) Lo @é-;—) = o(n)
S

“oelw) T o (‘A)

O



Sof'l‘f% stva Pecga -
|- Build Maxhea,/) From  om umo (o ed ke )

2. -}Qi'rur(. e mas: mam WﬂLi]

35 Swap elemuts ALY and ALY
D now WYhe max element s awk dhe ﬁu&[afiaua#’m&.
Y-Discard node n From heap
(b('j decremanting heap sive vartable)
5. mewS voub may violate wan Weap proporiy- bk its Childron

Ve maie l'u’_a,f)b i pm\ W\ﬂ#—-—\’\iﬂ.{)f'ﬁ 44 4o :E.';L \\'\m\y
6 Go de step2 unleys heap s emply.

T

hfaf’@.. Son"(,é}.)
Bw;\&—\“ﬂ“ww (p,))
ﬁoflt': sice (A’)J' (S e g jL‘ﬁ#)
ﬂ swap(A(1), AL));
heap.s ize(A) = heap-site (A)-)

Marwapity (A 1)
§



;E‘X_"":‘f'lf’ A ;'% 5,1%, & 25’/:// [’7—'}20/?}6}_3

b g
4 > 2

—

4 N g/\‘\u *--m-) '
Ty T [+ 26

7 /N
<y

@ swap 25 wivk Y
L—{

13 \u:
/N VR
<« + vl o7 A

£

¥ \'&ﬂ

3-chifcard 25 fromMe Whzap .
U5 13wt apart heap news

# \ l.|
I e
ey
\ 3 \/5 / \\
4 S
?/\1 9 riﬂ . VAR
3 L‘,"‘r £ -4 @
B FA TS
wap [+ awl__z 4 J"f? N
;] SO
/'#’:\“ / 4
' T N A |
2 / \,,_,“ / S ¥ - S )\ |
PRI LRSI
e e 4 et 7T
R =) d\zgj

L3

2%
;N

/N

I

/
\H

Ynis e ahep, cowverl— o ods mase- L“"‘*’i"

D

o

g,

2




2) 207 V5 H SN 2
i?“r”‘; 5, %1% Ijr,zo/?,?‘ls
@) we have n elemads , Por cach of-Huam we
CM'W”“‘“““‘?‘% [th |

= O(nbﬂ ”) e



any element-can pe
Basic Heap Operation 5 ¢ inserteel P Yhe bo
— Insert ram— s’rc»r%wa Browthe \efs, Phen
Example: Insert 14 whe heap Pm’wfg,

b m Yeve]
Hov Yane o Checd




void insert ( element_type x, PRIORITY_QUEUE H)

{
unsigned int i;
if (is_full (H))
cout << “Priority Queue is full” << endl;
else
|
i = ++H—2>size;
while ( H2> element[i/2] > x
{ .
H->element[i] = H>element[i/2];
/=2
}
H->element[i] = x;
}
}

- Delete minimum
Example:
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element_{type delete_min ( PRIORITY_QUEUE H)
{

unsigned fnt i, child;
element_type min_element, last_element;
if (is_empty(H))

{

cout << “Priority Queue is empty” << end;

return H->element[0];

}

min_element = H=>¢element[0];

last_element = H=>¢element[H->size--];

for (i=1; ¥ «=TFsize ; i =«child)

{

child =1 * 2;

if ( (child !=H>size)
&& ( H>element[child+1] < H->element[child])))

child++;

if ( last_element > H->element[child])

H~>element[i] = H->element[child];

else
break;

}

H~>element[i] = last_element;
return min_element;



Algorithm to maintain heap property

Procedure ment_heap_prop ( A, i)
L =2 Left(D) (22, _
R > Right(i) a2+ by
If L <=heap_size and A[L]> A[i] then
Largest=1L; —
Else
Largest =i;
If R <=heap_size and A[R]>= A[Largest]) then
Largest =R;
If Largest <>1ithen
Exchange( Ali] , A[Largest])
Ment_heap_prop( A, Largest)

- Building a heap tree
heap_size = length_Array

for (1= heap_size/2; 1>=1; i--) :
ment_heap_prop(A, i); \\Q,Q‘Q\

Examplei
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Soi‘ting Using heap tree

Procedure heap_sort(A)
Build_heap;
For(i=length(A); i==2; i--)

{
Exchange(Ali], A[1]);
Dec(heap_size);
Ment_heap_prop(A,i);
}

—> Analysis

ment_heap_prop = O(log n)

for statement = O(n)

Heap sort = O(n log n)
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