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e a: XHEFPEVEM S, partially correctH & 24 ?
— A'[1]<A'[2]<...€A’[n]
— A AR —permutation

Jj<x<n

— A[j]...Ain]xEéJEA[j]...A[n]El‘]*/l\permutation
— AEARA1]...Ali-1]
« ¢ NETEHHloop invariant & 414 2
— A[1]..A[i-1]=2 % NA[L]. A[n] /Nt &
— A[1]<A[2]<...<A[i-1]
— A[1]..A[n]72 % ANA[1]...A[n]H]—">permutation



TCHE 2% |n] /i3

1. y=0

2. fori=ndownto O

3. y=a.+Xxy

* C n—(i+1)
—  JFUEIE, i=n y = Z A sii X"
— R, i=-1 k=0

e d

— Totally correct = partially correct + termination
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* Ifi<jandA[i]>A[j], then the pair (i,j) is called an inversion
of A.

— A (Ali]Al])
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INSERTION-SORT(A)

1 for j = 2to A.length
2 key = A[j]
3 // Insert A[j] into the sorted sequence A[l..j —1].
4 =j—1
5 “hllel > 0 and A[i] > key
6 Ali + 1] = AJi]
7 i =i—1
8 Ali + l] key
+  HKIBATIIA]
—  Q(n)

—  O(n+I¥i74Y)
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CNT(A, p, r) =CNT(A, p, ) + CNT(A, g+1, r) + CNT'(A, p, 9, r)
CNT(A, p, r): Alp..r1/ B3 e 5o £
CNT'(A, p, g, r): FEHERA[p..q FIA[g+1..r]F0 7 X6 45

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

13 if L[i] < R[j]
14 Alk] = LJi]
15 i =i+1
16 else A[k] = R[]
17 j=j+1

— elsel, RIn,-(i-1)N1 74T
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A B 0, 0 Q w Q)
lgk n ne Yes Yes
nk e Yes | Yes
\/ﬁ ”sinn
pi on/2 Yes | Yes
n'ee c'e” Yes Yes Yes
lg(n!) lg(n™) Yes Yes Yes
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TCH53 7 [ 4

f(n) = 0O(g(n)) implies g(n) = O(f(n)). f(n)=n, g(n)=n2
f(n)+ gn)=6(min(f(n),g(n))). f(n)=n, g(n)=n?

f(n) = O(g(n)) implies lg( f(n)) = O(lg(g(n))), where 1g(g(n)) = 1 and
f(n) = 1for all sufficiently large n.

f(n) = O(g(n)) implies 2™ = O (28™), f(n)=2m1, g(n)=2"
f(n) =0 ((f(n))*). f(n)=n

f(n) = 0(g(n)) implies g(n) = Q(f(n)).

f(n) =0(f(n/2)). f(n)=2n
f(n)+o(f(n))=06O(f(n)).
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) #1: maximum-subarray problem

FIND-MAXIMUM-SUBARRAY (A, low. high) FIND-MAX-CROSSING-SUBARRAY (A, low, mid, high)
1 if high == low 1 left-sum = —oc
2 return (low. high. Allow]) // 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 + Ali]
FIND-MAXIMUM-SUBARRAY (A, low. mid) 5 if sum > left-sum
5 (right-low, right-high. right-sum) = 6 left-sum = sum
FIND-MAXIMUM-SUBARRAY (A, mid + 1. high) 7 max-left = i
6 (cross-low . cross-high. cross-sum) = 8 right-sum = —o0
FIND-MAX-CROSSING-SUBARRAY (A, low, mid, high) 9 sum =0
7 if 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[j]
9 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-sum = sum
11 else return (cross-low, cross-high , cross-sum) 14 max-right = j

15 return (max-left,max-right, lefi-sum + right-sim)
 divide. conquer. combinefEiX/NEVEH 3 Al G AR AR T ?
o Nt 41X divide-and-conquer ttbrute-force it ?
REANE 3 =
o BATHITEIAIE AR A?
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) #1: maximum-subarray problem

FIND-MAXIMUM-SUBARRAY (A, low. high) FIND-MAX-CROSSING-SUBARRAY (A, low, mid, high)
1 if high == low 1 left-sum = —00
2 return (low. high. Allow]) // base case: only one element 2 sum =20
3 else mid = [(low + high)/2] 3 fori = mid downto I(')w
4 (left-low, left-high. left-sum) = 4 sum = sum + Ali]
FIND-MAXIMUM-SUBARRAY (A, low. mid) 5 if sum > left-sum
5 (right-low, right-high. right-sum) = 6 left-sum = sum
FIND-MAXIMUM-SUBARRAY (A, mid + 1. high) 7 max-left = i
6 (cross-low . cross-high. cross-sum) = 8 riglzt-swﬂ = —00
FIND-MAX-CROSSING-SUBARRAY (A, low, mid. high) 9 sum =0 .
7 if 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 + Alj]
9 elseif right-swm = left-sum and right-sum = cross-sum 12 if swm > right-sum
10 return (right-low . right-high, right-sum) 13 right-sum = sum
11 else return (cross-low, cross-high , cross-sum) 14 max-right = j
15 return (max-left,max-right. left-sum + right-sum)
. . " A3 /\ » / \ I:I ﬁ 1 1Z|§
 divide. conquer. combinefEiX ™Gk 7 Al Ui AR EHL 2
N Yo . .
o NH 41X/ divide-and-conquerlt:brute-force it ?
5 T I 2 o
\ L C ! Almid +1.. j)
—Ij //j T ﬁlg —A‘I/—l_‘ low i mid ———""—— high
y— S \J » N, El
c AR AR A4 2 CT T T 11

_v—/"”.d +1 J

Ali . .mid)
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] 1: maximum-subarray problem

S(ﬁ-,)(l) ifn=1.
T(n)= , B »
I 2T (n/2) +©O(n) ifn>1.

o PRBEE IS AR, AR 3 A SRR I3 U =S A 7




B]/81: maximum-subarray problem

G(1) ifn=1,

T(n)= B
% 2T (n/2) +O(n) ifn=>1.

DR FE 1] L RS, ) PR s 0 SR i ik ) e ) e 2

‘ CH /s s s e {18 cn
| / \
cnl2 cn/ s e 0onp
lgr
- 4 n/4 4 ]
Y '
1
d) Total: ecn lgn +cn
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1] &81: maximum-subarray problem

(1) ifn=1,

I'(n)= . )
% 2T(n/2) +O(n) ifn=>1.

KB T HAANARIUEY],  IRBEMEREH h L RIS ?

— HFr: 3¢>0,T(n)<cnlgn

— %JJZZ‘*
(1) @( ) <cllgl Oops!
T(2)=20(1)+0(2)< c21g2
.« T(3)=20(1)+06(3)< 31g3
— I

. B 7| 2 ScﬁlgE
2 272

« T T(n)< 2cglg§+®(n)= cn lgg+®(n)= cnlgn—cnlg2+0(n)

<cnlgn—cn+dn :cnlgn—(c—d)nﬁcnlgn

defta?  mjE—BHEH?
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1) /881: maximum-subarray problem

e(1) ifn=1,
T(n)= B
2T (n/2) +O(n) ifn>1.

o« TEHM3McasefeE H A LG ?
o REEAMH T B AR I8 I 20 7

Leta = 1 and b > 1 be constants, let f(n) be a function, and let 7 (n) be defined
on the nonnegative integers by the recurrence

T'(n)y=aT(n/b)+ f(n),

where we interpret n/b to mean either |n/b] or [n/b]. Then T (n) has the follow-
Ing asymptotic bounds:

1. If f(n) = O(n**»%—¢) for some constant € > 0, then T (n) = O(n'2r9),

2. If f(n) = O ), then T(n) = O(n'*?1gn).

If f(n) = Q(n'"9+¢) for some constant € > 0, and if af(n/b) < cf(n) for
some constant ¢ < | and all sufficiently large n, then T (n) = O( f(n)). ]

23
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b] &2 substitution method

T'(ny=T(n/2)+T(n/2]) + 1

%ﬁﬁ T(n) <cn
T'(n)y < c¢|n/2]+c[n/2]+1
= cn+1.

%ﬁh T'(n)y<cn—d

T'(n)y < (c|n/2]—d)+(c[n/2]—d)+1
= cn—2d +1
< cn—d.

FOM Ay S I XA AT A 7 IRFEARIX BAIER] 1 g ?
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) #12:  substitution method
T(n) =2T (|[v/n]) +1gn

m=Ilgn =y TQ™) =2TQ2"?%*) +m
S(m) =T((2™) E> S(m)=2S(m/2) +m

—> S(m)= O(mlgm)
E> T'(ny=TQ2")=S(m)=0@mlgm)= O(lgnlglgn)

FOM A B L XA BERAT A 7 IR BRI 157
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o] 3. recursion-tree method

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

21
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] Bi4. master method

] 3 28 P X L e I A 2

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

T(n)=2T(n/4) + J/n.
I'(n)=2T(n/4) + n.

T(n) =2T(n/4) + n?.
T(n)=2T(n/4) + /nlgn

22



7] @i5: divide-and-conquer

* Closest pair of points problem



n] @5: divide-and-conquer (4

For each point p to the left of the dividing line
we have to compare the distances to the
points that lie in the rectangle of dimensions

(dist, 2 - dist) to the right of the dividing line. r— 9
This rectangle can contain at most six points
with pairwise distances at least dg,...- pe-pb— &

Therefore, it is sufficient to compute at most
6n left-right distances. .

T(n)=2T(n/2)+0O(n)

dist= min(dLmin, dRmin)



7] 15: divide-and-conquer ()

o fE—ANkxkf A ﬁ%/\j“%% E%BZ4§

Lo

T %%%uﬁ*A BN,

ﬁﬁim\b%ﬁ%?9

%ﬁ%ﬁ%%L

Hi B XA A B Is AT IR [R] e 2




7] 15: divide-and-conquer ()

o fE—ANkxkf A ﬁ%/\j“%% E%BZ4§

Lo

T %%%uﬁ*A BN,

ﬁﬁim\b%ﬁ%?9

%ﬁ%ﬁ%%L

Hi B XA A B Is AT IR [R] e 2




