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 Any comparison-based algorithm for constructing a binary
search tree from an arbitrary list of n elements takes Q(nlgn)
time in the worst case.

— R B R Fo(nlgn), Mlcomparison-based sorting L 75 o(nlgn) .
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e k successive calls to TREE-SUCCESSOR take O(k+h) time.
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* |nstead of x.p, keeps x.succ.
— SZHlgetParent PR %X
— JER4E 252 T R B succ

d
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(a) insert n items with identical keys.
Y.

(b) alternates between x.left and x.right.

— nlgn

(c) list

— N

(d) randomly between x.left and x.right.

— Worst-case: n?
— Expected: nlgn
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 Number of internal nodes with black-height k?

— Largest: 221, A j&22+2.1 (P309: from, but not including, a node...)
— Smallest: 21, A 7&k ( P308: We shall regard these NILs as...)
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e Ratio of red internal nodes to black internal nodes.
— Largest: 2
— Smallest: 0
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e Exactly n-1 possible rotations.
— R rotation#HBRE— MR R 1 HACTH B &

— BB I SN N — M 32 P rotation, & Hin-1F}
L LEFT-ROTATE({, x)
. K RIGHT-ROTATE(T, Ill'- “ I\“l—&
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0] @11: greedy algorithms

— greedy-choice property

— optimal substructure

NA

A

A KPP BR AN AT ?

-2 greedy algorithmil & L.dynamic programmingi®

PRE A IR BT 28 IR ERAT TiE B greedy algorithm [ 38 A J5 7 2
PRTE 2 H fiitgreedy algorithm 1 P A B 24 i 2
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m]@i1: greedy algorithms ()

e activity-selection problem
— PRAegT A “OCRE” A “CERRL” i B AN ] @2 A AN 2
— XM Wgreedy algorithmH:

e greedy choices&fT4?

o XM [fJgreedy-choice property &f14 ?
- EBAUEH?

o XM [fJoptimal substructure {14 ?
- E4iuE#?
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m]@i1: greedy algorithms ()

e Huffman codes problem
— PREESTH] “OCEE A CEERL” Mt B IR A A A4
— X H Wgreedy algorithm':
e greedy choices&fT4?

o XM [fJgreedy-choice property &f14 ?
o XM [fJoptimal substructure &4 ?
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0] &12: amortized analysis

e amortized analysisflaverage-case analysis 51T 4 F[A] ?
— per operation vs. per algorithm

— Wworst-case vs. average-case



] f@2: amortized analysis (4

o IREE[H] R I A HECERE )L ?

— stack operations

PUsSH(S, x) pushes object x onto stack S.
Popr(S5) pops the top of stack § and returns the popped object. Calling POP on an
empty stack generates an error.
MuLTtipOP(S. k)
while not STACK-EMPTY(S)and k = 0

]

2 Por(5)

3 k=k-1

{fjl:l[:[ SEFEEEee 1;2&1[
— mcrementlngablnary counter 0 000000 0D 0

1 O0000001 1
2 O00 000 100 3
3 O0000M011 4
4 O00 001 0 7
5 O0000 101 &
fs OO0 001 100 10
7 O00001 11 11
& O00010 00 15
o O0001001 16
10 O00010 1[0 18
11 O00 01011 19
12 O00011 00 X2
13 O0001 101 L]
14 O00011 1[0 25
15 o001 11 M
16 O00 100 00 31
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amortized analysis (%)

e aggregate analysis
?

— BEAEKEMNA

—  GRAA] DR AR R 4 ] 7 2

PUSH(S, x) pushes object x onto stack 5.

Por(5) pops the top of stack § and returns the popped object. Calling POP on an

empty stack generates an error.

MuLTipor(S. k)

1 while not STACK-EMPTY(S) and & =
2 Popr(5)
3 k=k-1

k—1 n -xl

2 <5

|'=|:||2 ;2

= 2n

e SOODOOSS ot
0 OO00O00O0 00 0
1 00000001 1
2 00000010 3
3 Oo00o0o0d11 4
4 000001 00 7
5 Oo00o0o0101 3
il OOoDO0o0D1 10 10
7 Oo0oo0o0o01 11 11
3 00001000 15
() 9 00001001 16
10 00001010 18
i1 Oo0DO0o1011 19
12 00001100 2
13 Oo00oo01101 3
14 000011 10 25
15 o0l 1T 11 26
16 00010000 31
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e accounting method
— XN FRMAAEE? At A XK
ICEDI

i=1 i=1

— R F R A LRI A ] L2
— IR SR AT DR AR 2 Y 7

PUSH(S, x) pushes object x onto stack 5.

Por(5) pops the top of stack § and returns the popped object. Calling POP on an
empty stack generates an error.

MuLTipor(S. k)

1 while not STACK-EMPTY(S)and & = 0

2 Popr(5)

3 k=k-1
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Total

DC"-\-lJl-'\J-'"—'ﬂ'.‘FD:

18



] f@2: amortized analysis (4

e potential method
— EAREKEHA? & =c; +®(D,)— DD, ,).

M

iff — Zf{.f +@(D;)— d(D;_,))
i=l1

i=1
i

= Y &+ oD, - B(Dy).

i=1

— Xfpotential function G A ERK? @) = B(Do) forall i

Counter Total
s a7 S /N al B ) LI BN :
— A PR SRR A e enesese
1] 000000 O[0 0
1 00000001 1
. 2 000000 10 3
PUsSH(S, x) pushes object x onto stack §. 3 0000 0@ 4
, . i . 11 4 000001 0 7
Por(5) pops the top of stack § and returns the popped object. Calling POP on an 5 00000 1MW g
empty stack generates an error. 6 ooooo01 100 0
el L g . . \ R 7 o000 o0@ITL 1
MULTIPOP (S, k) f/J\Xﬂ'pOtentla| functlonﬁﬁlﬁ%ﬁﬁé\ VL7 8 oo0oo1o00m 15
1  while not STACK-EMPTY(S)and k = 0 3 g g g g 1 g 0 '1] 1{;
4 . 1 101 1
2 Por(S) ®(D) - ®(D;-)) = (Biy—t+D—by 11 0000 1OE 19
3 k=k-1 — 1_p 12 00001100 2
- b 13 00001101 23
- 14 000011 10 25
6 = &+ ®D;)—-2(D;iy) 15 00 00MNINTT 26
16 00010000 il

| .'I"\.

(i + 1)+ (1—-1)

= ¥
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1] /383: dynamic tables

o N4 2 table expansion|n] i ?
o ESFRANK, FRRPIEERUTZZ D7

i ifi —1isan exact power of 2,
[ i —
1 otherwise .



7] 3: dynamic tables ()

* aggregate analysis

21



7] £13: dynamic tables (4

e accounting method
— At~ amortized costz&3? PAFd A c A5 1 EH

Q—
( a b _c ld | | | |

22



] i3: dynamic tables (4

potential method
— EAEFXFEE Y potential functionff] ?

D(T) =2 T.num — T.5ize

— amortized cost A S
N . = |4+ (2-num; — size;) — (2 - num;_, — size;_)
*ﬁ@cexpansmn = 14 (2-nwn; — size;) — (2(num; — 1) — size;)
& “Eexpansion 4
— potential functionfJ7E#H & = %~ %

num; + (2 - num; — size; ) — (2 - num;_y — size; _,)

32 = num; + (2 -nwn; — 2 - (num; — 1)) — (2(nem; — 1) — (num; — 1))
= num; + 2 — (num; — 1)
size, it — 3
24 3.
16 - -
h HE AN BE 45 Haccounting method
il SRARREXAE B0 7 X 2
v vV
(1] ]
0 8 16 24 2
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] i3: dynamic tables (4

o N4 <Atable contraction|n] &t ?

e Maccounting method ] f & % & .
— Nft41Eload factor=1/28 37 Bl contraction /S f2 15 77 58 ?
— WAl BB ) load factor#fi 4T contraction?

e potential functionH] i %

16 B 1 AE AN AE 4l Haccounting method
: ' | RIFFEIX A EA NI X2
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