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. XMHEFEVAMN S, partially correct ) & &4 7
A'[1]<A'[2]5...<A'[n]

A A —permutation

N Z1E 2 Floop invariant2 414 ?
Alj]=min Alx]

A[j]...A[n]:& JRA[j]...A[n] ) —“permutation
AMAZA[L]...A[i-1]

. ANZETEIFA T loop invariant &4 ?
Al1].. Ali-1] & NA[1]. . Aln] /Nt &R
A[1]<A[2]<...<A[i-1]

A[1]...A[n]72 % ANA[1]...A[n] ] —"]>permutation
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1. y=0

2. fori=ndownto O

3. y=a.+Xxy

e C n—(i+1)
—  JFUARE, i=n y= ) Ggpipx"
— SRR, =1 k=0

e d

— Totally correct = partially correct + termination
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INSERTION-SORT(A)

| for j = 2to A.length
2 key = A[J]
3 f'f Insert A[j] into the sorted sequence A[l..j —1].
4 i = j—1
5 while i > 0Oand AJi] > key
6 Ali + 1] = AJi]
7 i =1i—1
8 Ali + 1] = key
o HIRBATI A
- Q(n)

—  O(n+i¥i [ 74Y)
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* CNT(A, p, r) =CNT(A, p, q) + CNT(A, g+1, r) + CNT'(A, p, 9, 1)
— CNT(A, p, r): Alp..r]P8 (I35 5 o %
— CNT(A, p, q,r): EHKA[p..qlFIA[g+1..r] I 7 55 45

e 10 i=1
11 j =1
12 fork = ptor

13 ifL[i] < R[j]
14 Alk] = Lli]
15 i =1+ 1
16 else A[k] = R[J]
17 j=7j+1

— elseff, &In-(i-1) 437Xt
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h.

TCZ5 35 0] 4

f(n) = 0O(g(n)) implies g(n) = O(f(n)). f(n)=n, g(n)=n2
f(n)+ gn)=O(min( f(n).g(n))). f(n)=n, g(n)=n2
f(n) = O(g(n)) implies lg( f(n)) = O(lg(g(n))), where lg(g(n)) = 1 and

/(n) = 1 for all sufficiently large n.

f(n) = O(g(n)) implies 2™ = O (28™), f(n)=2"*1, g(n)=2"
f(n) = O ((f(n))*). f(n)=n-
f(n) = 0O(g(n)) implies g(n) = Q2(f(n)).

f(n)y=0(f(n/2)). f(n)=2"
f)+o(f(n))=06O(f(n)).
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8] /881: maximum-subarray problem

FIND-MAXIMUM-SUBARRAY (A, low, high) FIND-M AX-CROSSING-SUBARRAY (A, low, mid, high)
1 if high == low 1 leftsum = —nc
2 return (low, high, Allow]) f/ base case: only one element 2 sum =0
3 else mid = [(low + high)/2] 3 fori = mid downto low
4 (left-low, left-high. left-sum) = 4 sum = sum + A[i]
FIND-MAXIMUM-SUBARRAY (A, low, mid) 3 if sum > left-sum
5 (right-low, right-high, right-sum) = 6 left-sum = sum
FIND-MAXIMUM-S UBARRAY (A, mid + 1, high) 7 max-left = i
6 (cross-low . cross-high. cross-sum) = & right-sum = —o0
FIND-MAX-CROSSING-SUBARRAY (A, low, mid, high) 9 sum =10
7 it left-sum = right-sum and left-sum = cross-sum 10 for j = mid + 1to high
8 return (left-low. left-high . left-sum) 11 sum = sum + A[f]
g elseif right-swm = left-sum and right-sum = cross-sum 12 if sum > right-sum
10 return (right-low, right-high, right-sum) 13 right-suwm = sum
11 else return (cross-low, cross-high . cross-sum) 14 max-right = j

15 return (max-lefi, max-right, lefi-sum + right-sum)
 divide. conquer. combinefEiX N5y H o il ] A4 B 2
o NH 41X divide-and-conquertt.brute-forcefit ?
REEANL S o=
o IBATHS AR IH R A7
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8] /881: maximum-subarray problem

FIND-MAXIMUM-SUBARRAY (A, low, high) FIND-M AX-CROSSING-SUBARRAY (A, low, mid, high)
1 if high == low 1 leftsum = —nc
2 return (low, high, Allow]) f/ base case: only one element 2 sum =0
3 else mid = [(low + high)/2] 3 fori = mid downto low
4 (left-low, left-high. left-sum) = 4 sum = sum + A[i]
FIND-MAXIMUM-SUBARRAY (A, low, mid) 3 if sum > left-sum
5 (right-low, right-high, right-sum) = 6 left-sum = sum
FIND-MAXIMUM-S UBARRAY (A, mid + 1, high) 7 max-left = i
6 (cross-low . cross-high. cross-sum) = & right-sum = —o0
FIND-MAX-CROSSING-SUBARRAY (A, low, mid, high) 9 sum =10
7 it left-sum = right-sum and left-sum = cross-sum 10 for j = mid + 1to high
8 return (left-low. left-high . left-sum) 11 sum = sum + A[f]
b elseif right-sum = left-sum and right-sum = cross-sum 12 if sum > right-sum
10 return (right-low, right-high, right-sum) 13 right-suwm = sum
11 else return (cross-low, cross-high . cross-sum) 14 max-right = j

15 return {mar—!eﬁ_umr—ﬁghr. left-sum 4 right-sum)

 divide. conquer. combinefFIX Ny Al dna] 44 3 2
o N4 IXAdivide-and-conquerttbrute-force it ?
REEANL S o= Abnid +1..]

lerw i mid —— high
o AR IA R4 2 O T i e 1]
e rmid + | i
Ali . mid)
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] /8l1: maximum-subarray problem

=(1) tn=1.

Tin) = . § :
2T(n/2) +&(n) ifn=>1.

o URBEE L AR, I 3 VAR R ke VA R A 7
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] #8181: maximum-subarray problem

=01 itn=1,

T'in)=
} 2T(n/2) +©(n) ifn=1.

PREE ) H 38 AR, S FH o U0 SR A il 3 U Qe g 2

J .ll_rr LLLISRRRIUREL LI IRRELIURRE L LIURELTY)
! / \
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||I )
i\ ! Y
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Y |

(dy ' citlgn +cn
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] #8181: maximum-subarray problem

=(1) tn=1.
2T(n/2) +&(n) ifn=>1.

KB THAHANEARIUER,  IRBEAERE I 1 L RIS ?

— H#¥p: 3¢>0,T(n)<cnlgn

Tin)=

]
7

— YA
. 7(1) - @(1 <cllgl Oops!
« T(2)=20(1)+06(2)<c2Ig2
. T(3)=20(1)+6(3)<c3lg3
— B
. B T(gjgc—lgg

o HEF: T(n)< 2cglgg+®(n):cnIg2+®(n):cnlgn—cnIgZ+®(n)

<cnlgn—-cn+dn=cnlgn—(c—d)n<cnlgn
defta?  H&a—PHHEE?
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T'in)=

] #8181: maximum-subarray problem

\

G(1) ifn=1,
2T(n/2) +8(n) ifn=1.

=

=€ )3 Fhcase BEE fi A TE S ?

PRBEA] H 3 2 BER M IX A 18 )9 20 27

Leta = 1 and b > 1 be constants, let f(n) be a function, and let T (n) be defined
on the nonnegative integers by the recurrence

Tny=aT(n/b)y+ f(n).

W

here we interpret n/b to mean either [n/b]| or [n/b]. Then T (n) has the follow-

Ing asymptotic bounds:

-

3.

If f(n) = O(n*2r3<) for some constant € > 0, then T (n) = G (n'2e ),

. If f(n) = O(n"% %), then T(n) = BO(n'"™*+ g n).
If f(n) = S(n'22+) for some constant € > 0, and if af(n/b) = cf(n) for
some constant ¢ < | and all sufficiently large n, then T(n) = &( f(n)). u

17



] 2. substitution method

T(n)=T(\n/2))+T([n/2]) +

KT/J‘; I'(n) <cn
T'(n)y < c¢|n/2]+c[n/2]+1
= cn+1,

%ﬁ:ﬁ T(n)<cn-—d
T (n) (c|n/2|—d)+ (c[n/2]—d)+ 1
cn —2d + 1

< cn—d.

| A

FOM Ay I XA 2 EATT A 7 IRELAR X BAER] 1y
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] #12:  substitution method
I'(n) =2T [L\/ﬂ) +lgn

m=1lgn I:> T(2™) = 2T (2™2%) + m
S(m) =T(2™) I:> S(m)=25(m/2) +m

—> S(m)= O(mlgm)
I:> T(n)=TR2")=S(m)=0(mlgm)= 0O(gnlglgn)

FOM A I L XA AERAT A 7 AR AR BOE 17
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0] i3, recursion-tree method

Argue that the solution to the recurrence 7(n) = T(n/3)+7T(2n/3)+cn, where ¢
1s a constant, i1s £2(n lgn) by appealing to a recursion tree.

20



0] Fi4. master method

HE 32 e AR X 285 1) 201 7

. T'(n)=2T(n/4) + 1.

. T(n)=2T(n/4) + \/ﬂ
. T(n)=2T(n/4) + n.

T(n)=2T(n/4) + n>.
T(n)=2T(n/4) + J/nlgn

21



7] @i5: divide-and-conquer

o (E— 2Kk E R, HEANK T E»%EZVE

i |, VREER Wit — iR EL, A

Lt | A - fE

et o
/n\ 12 o

m AL A F R bﬁﬁﬁi‘%??

o IREEITHTIRST HH

Hi B IZ AN SR B 3 A7 s [A) i 2




7] @i5: divide-and-conquer

o (E— 2Kk E R, HEANK T E»%EZVE

i |, VREER Wit — iR EL, A

Lt | A - fE

et o
/n\ 12 o
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