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Weighted Median

e For n distinct elements x, x,,...,x,
e Positive weights w, w,,...,.w

¢ Zn:wi =1
i=1

n

e Weighted (lower) median: x, satistying

o 1 and
x;kwi < :




Weighted Median in O(nlgn) ?

* Sort n elements 1n increasing order by value
of x;, In O(nlgn) time

e Accumulate the weights of elements from x;,
to x,, until the aggregate weights exceeds 2

e The last element x, 1s the weighted median
e Verify by definition




[Linear Worst-case Time ?

o n< 2, tI'iVial casc WEIGHTED-MEDIAN(X )

ifn=1
e Find Actual median x, and l”‘_‘;“ refurn x,
elseif n =2
PARTITION then if w, = w-
then return x;
e Compute the aggregate else return x
; T 99 else
WelghtS Of smaller and find the median v of X = {x1. %2, . ... 1p}
“larger” parts partition the set X around x
) . compute Wy =3 . wyand We =3 wy
e [f aggregate weights < Va: if Wy < 1/2 and We < 1/2
then return x;
return x; elseif W; = 1,2
e Else reduce the problem then wy < wi + We
X —x; e X 1 x; =3}
to the larger part return WEIGHTED-MEDIAN (X")

else wy «— wp + Wi
X —x;e X x; = X}
return WEIGHTED-MEDIANI(X")

(-




Analysis

e I(n)=T(n/2+1) + B(n)
e Why the problem size is reduced by half?
* I(n) = O(n)

* by master’s theorem

E =1g(b) / 1g(c) = 0, f(n) = O(n)

case 3: f(n) €Q(nfT4), (€>0), and f(n) € O(nT9),
(02¢&), then:
I(n)€O(f(n))




kth Largest Element in Two Arrays

* G1ven two sorted arrays with n» and m
elements respectively, design an algorithm
to find the Ath largest element 1n the totally
(m+n) elements 1n O (logm + logn) and
explain the time complexity.
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3i81%= (Divide and Conquer)

solve(/) — '
— <
n=size ( ]); (n) (n) for n<smallSize
if (n<smallSize) _

solution=directlySolve([)
else .
divide Iinto I,,... s | 7(n)=D(n)+ ZT (size(I))+C(n)
for each ie{l,... .k} '
S=solve(l,);
solution=combine(S, , ... ,S});

for n>smallSize

return solution
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Finding the “Heavy” Element

e Find the element i with freq(i) > n/2 1n an
array of n elements. Here, freq(i) 1s defined
as the number of occurrence of i 1n the array.




BJ#l1: ISESR (dynamic set)
A% S (dynamic set) ?
7 (dictionary) ?

o IRAEMFREBNSHA XL ?
o MR ZETI) (query) , ML Z{ZEL (modification) ?

Search

‘@

b

L\\ N
Hﬂl fim

Insert
Delete
Minimum
Maximum
Successor

Predecessor




BJE2-1: $EFE (linked list)

o T4 & B A/ RGN EERR 2

prev key  next

\ I /

Lohead —{ 29| T |16] T=— |4| T=—1L |1 |~

o VREE RS H R )4 2% 4 /N BR g R g 2

o VRAEIERAE HY B[R] HE R A3 A/ B e R A 2

o VRAEELBUBE R B P AP B S B ) R 550 2

‘8 = — = __J«-lﬁ +i |

next ST 12T T Al P Haf7sji (4§ Jefajiof T T Hoisi~F T 1|
key nE L BE A | ! 1‘\ /I—+
prev SLT 7 I—T/ e{-wt{mn




B)fR2-2: PERSLINENE
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o IREEH]FHBER SEIL BN ASEE & B FIr A SR 2

EATHBAT I R 9 A 2 A7

Search
Insert

Delete

Minimum

99

—» 37

Maximum
Successor

Predecessor




[a)@R2-3: TR

o REES M — IR, R F I BER S ?

12| —

99
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[)@R2-4: TERE(F
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S.top =4

prev  key

L.head —{ /|9
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@h3-1: 1% (stack)
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[FRR3-2: #SLMAISES

o REEFIHIBSEIB S A WA HRAE?
EATHBAT I R 9 A 2 A7

Search

Insert

B .

Delete Push ."f Fop
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oJg4-1: BAS (queue)

e AA ?

[
|

o VREEIERHS H A B E A 23 il enqueue/dequene i /E 1 ?
o TRAEHBER K SZILRAZING 2
o G T <]

1 A

Quaill =3 Q.head =7

prev  key  next
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B)J@R4-2: BAASCINEISES

o YREEHFFHBAF SEI BN A5 A 1 P # /e 2
BATHIEATIS (8] 439 & 22 /b 2

Search

Insert

1 t I Back Front
o0 ' Degueue
- =
Minimum E"queuelllll N

Maximum I
Successor

Predecessor




Ef'-_l .
F5-1: 9 (rooted tree)

o o RM?
. 4:115‘@ MEERAH A7 H?
+ - fLlef-child, rightsibl
7 left-child, right-sibling representation ?
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[AJRRs-2: —XSLInSERE S

o PREEFIH — X SLIBh &S LS I A B kg ?
BATHIEATIS (8] 439 & 22 /b 2

Search
Insert
Delete
Minimum

Maximum

Successor

Predecessor




[BJR5-3: rooted tree (&)

® The lefi-child, right-sibling representation of an arbitrary rooted tree uses three
pointers in each node: left-child, right-sibling, and parent. From any node, its
parent can be reached and identified in constant time and all its children can be
reached and identified in time linear in the number of children. Show how to use
only two pointers and one boolean value in each node so that the parent of a node
or all of its children can be reached and identified in time linear in the number of
children.
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a)ER6: ERISFIFEMISR
o N AT EHIE BB %2
o “freelist” AJi _b&—Ft A BT 45+ ?

f 2 1 2 3 4 5 & 7 B8
s
y | ¥ |
L7 next P31 L8200 516
kvl Jal1 1 Lie]l o
prev 2 7 d

o IREALHMAE “service several linked lists with a single free
list” 7

o PRUWAFXFMEA A PLER 2
[free m 1

2 3 :
avgl 8 g
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