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e a: MHEFEIET S, partially correct 15 X242
— A'[1]<A’[2]<...€A'[n]
— A ZAR—permutation
e b: WETEH Hloop invariant/e2fT4 ?
— il min A
— A[jl...A[n]Z R A[]...A[n]H—>permutation
— ANHZAL].Afi-1]
e c: ANEEM Hloop invariantiZ 14 ?
— A[1]..Afi-1]/2 5 AA[1]...Aln] KB/ N G 3
— A[1]<A[2]<...<A[i-1]
— A[1]..Aln] 2 %I AA[1]...A[n]f)—>permutation
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1. y=0
2. fori=ndownto O
3. y=a+xy
* C
—  JTUBRY, i=?
— SR, i=?
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+l¥i74)
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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]/N I35 5 5 %
— CNT(A, p,q,r): EHKA[p..qlFIA[g+1..r] I 5 554X

0 i=1

|

11 j =1

12 fork = ptor

13 if L[i] < R[j]

14 Alk] = Lli]
15 i =i+1

16 else A[k] = R[]
17 j=j+1

— elseff, &In-(i-1) 437Xt
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f(n) = O(g(n)) implies g(n) = O(f(n)). f(n)=n, g(n)=n’
f(n)+ g(n) = 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

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

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

f(n) =06(f(n/2)). f(n)=2n
fn)+o(f(n)) = 6O(f(n)).
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FIND-MAXIMUM-SUBARRAY (A, low, high)
1 if high == low
2 return (low. high. A[low]) // base case: only one element
3 else mid = |(low + high)/2]
4 (lefi-low, left-high. lefr-sum) =
FIND-MAXIMUM-SUBARRAY (A, low, mid)

5 (right-low, right-high, right-sum) =
FIND-MAXIMUM-SUBARRAY (A, mid 4 1. high)
6 (cross-low  cross-high, cross-sum) =
FIND-MAX-CROSSING-SUBARRAY (A, low, mid, high)
7 it left-sum = right-sum and left-swm = cross-sum
] return (lefi-low, lefi-high , lefi-sum )
9 elseif right-sien = left-sum and right-sum = cross-sum
10 return (right-low, right-high, right-sum)
11 else return (cross-low, cross-high , cross-sum )

e divide. conquerflcombinefEiX N VEH4;

> AR A ?
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FIND-MAX-CROSSING-SUBARRAY (A, low, mid, high)

4

3

oo -] on Lh
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left-sum = —o0
sum = 0
for i = mid downto low

sum = sum + A[i]
it sum = lefr-sum

Almid -|— l.
left-sum = sum | ]

. lowe i mid ———— high
| max-left = i |||||||||||||||
right-sum = —oo ———mid+ 1 ]
sum = () Ali . mid)

for j = mid + 1 to high
sum = suwm + A[f]
if stom = right-sum
right-sum = sum
max-right = §
return (max-left, maxv-right, left-sum + right-sum)

max-crossing-subarray/& U1{a[ 4% 2| {1 ?
3R K Hbrute-force, X & U #& 2] max-crossing-subarray|f] ?
A, N4t 4 divide-and-conquer b brute-forcefit ?
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FIND-MAXIMUM-S UBARRAY (A, low, high) FIND-MAX-CROSSING-SUBARRAY (A. low, mid, high)
1 if high == low 1 leftsum = —nc
2 return (low. high. A[low]) // 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) 1 max-left = i
6 (cross-low  cross-high, cross-sum) = 8 right-sum = —ogQ
FIND-MAX-CROSSING-SUBARRAY (A, low, mid, high) 9 sum =20
7 it left-sum = right-sum and left-sum = cross-sum 10 for j = mid + 1 to high
8 return (lefi-low . lefi-high , lefi-suwm) 11 sum = sum + A[f]
9 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-sum = sum
11 clse return (cross-low . cross-high , cross-sum ) 14 max-right = j
15 return (max-left, max-right, left-sum + right-sum)

o HBIHMIEATHE]T(n) 2% /b?

T(n) = O(1)+2T(n/2) + BO(n)+ O(1)
= 2T (n/2) + E(n).
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MUMm-S

O #ll: max

&(1) itn=1,

Tin)=
) 2T(n/2) +©(n) ifn=>1.

A A Fmaster theoremiiE B 2

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

T(ny=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*27<) for some constant € > (), then T (n) = O(n'oe7),

If f(n)= O(n"%%), then T(n) = O(n"% g n).

[

o

If f(n) = Q(n"t9+€) for some constant € > 0, and if af(n/b) < cf(n) for
some constant ¢ < 1 and all sufficiently large n, then T (n) = &( f(n)). [

ha
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e

|
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a] B2, substitution

T'(n)=T(|n/2])+T([n/2])+ 1

T(n) <cn ?
T'(n)y < c|n/2]+c[n/2]+1
= ¢cn—+1,

T(n)<cn—d ?

T'n) < (c|n/2|—d)+(c[n/2]—d)+1
= ¢n—2d + 1
< cn—d.,
Fi EXAI T A BB AT 47
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] @2 substitution (£

T(n)=2T(|n/2])+n

T(n) <cn ?

T'(n) =< 2c|n/2])+n
< cn—+n
= 0(n), < wrong!!

XAMUE AT A H 5 ?

20



] @2 substitution (%:)
T(n) =2T (|/n])+1gn

m=lgn I:> T(2™) =2T(2™?) + m
S(m)y=T@2™) ©=» S(m)=25(m/2)+m

—> S(m)= O(mlgm)
—> Tm)=T2") =S(m)=O0(mlgm)= O(lgnlglgn)

H BRI BB AT A
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o] /3. recursion tree

* recursion treefEEIE AT FE EAEH A ?
— S HEVE B 4T B[R]
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logyn

recursion tree (45)

logy 3

Y T(1) T(1) T(1) T(1) T(1) T(1) T(1) T(A) T() T(A) --.

¢ ﬁ[['fﬁj%l“fﬁ recursion tree?%?i)ﬂﬂ T(n) = 3T(n/4) + cn? ?

g

T(1) T(1) T(1) wui

—

il cn?

- » Lo

Total: Q(n?)
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o] /3: recursion tree (%%)

¢ ﬁﬂ'fﬁj%ﬂﬁﬁ recursion treeﬁ%i)ﬂﬂ Tn)=Tm/3)+T2n/3) +cn ?

Total: O(nlgn)



