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IBJER1: maximum-subarray problem

FIND-MAXIMUM-SUBARRAY (A, low. high) FIND-M AX-CROSSING-S UBARRAY (A, low, mid . high)
1 if high == low 1 leftsum = —oo
2 return (low, high, Allow]) // base case: only one element 2 sum =10
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 > lefi-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 = —oo
FIND-MAX-CROSSING-SUBARRAY (A, low, mid, high) 9 sum =10
T it left-sum = right-sum and left-sum = cross-sum 10 for j = mid + 1 to high
8 return (lefi-low, left-high, left-sum) 11 sum = sum + A[j]
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 else return (cross-low . cross-high . cross-sum) 14 max-right = j
15 return (max-left, max-right, left-sum + right-sum)

o divide. conquer. combinefEiX N5y Hh 43l dnAa] AR B ?

o N4 XA divide-and-conquer ttbrute-forceht 2
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[B]@1: maximum-subarray problem ez

=(1) ifn=1,
2T(n/2)+6G(n) itn=1.

o XERTHAHIMERIUEN, IRBEMRE R PRV OARTEN ?

e H#r: 3c¢>0,T(n)<cnlgn

I'in) =

o IU5:
7(1) = ©(1) < cl1g1  Oops!
T(2)=20(1)+6(2)<c2lg2
T(3)=20(1)+0(3)<c3Ig3

* %Tﬁ n n, n
fede: T > SC}'Q;

HES: T(n)< chlgg+®(n):cn Igg+®(n):cn Ign—cnlig2+06(n)

a <cnlgn—cn+dn=cnlgn—(c—d)n<cnlgn
N, deta? e SrER? %




[AJ@E1: maximum-subarray problem e

=(1) ifn=1,
2T(n/2)+6G(n) itn=1.

o PREEH] FH T 8 R M XA H 2 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'(n)=aT(n/b)+ f(n).

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

Tin)=

If f(n) = O(n*#9-*) for some constant € > 0, then T(n) = O(n'tsT),
If f(n) = O(n'"% %), then T(n) = O(n'"**1gn).

If fin) = Q(n"t22+%) 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
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A Linear Algorithm

ThisSum

MaxSum 10 10 10 10 10
-2

ThisSum = MaxSum = 0;
for (j = 0;j < N;j++) (O
1

ThisSum +=A[j[; This is an example of “online
if (ThisSum > MaxSum) algorithm”

MaxSum = ThisSum;
else if (ThisSum < 0)
ThisSlE_n = 0;

the sequence

( return MaxSum; w )
- _—=<—

\ . .
N Negatlve 1tem or subsequence cannot be a

6 prefix of the subsequence we want.




IB]ER2 : substitution method

o T(n)=T(|n/2])+T([n/2])+ 1

o 22 T(n) < cn
T(n) < c|n/2]+cn/2]+1
= cn+1.

o 22 Tm)<cn—d

T(n) < (¢c|n/2|—=d)+(c[n/2]—d)+1
= cn—2d +1
< cn—d.,
o HOM A I XA T AERATI A A 7 IR X BOIE Y
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[B)8%2: substitution method e

® T(n)=2T (|v/n])+lgn

e m=lgn ©=> T@2™)=2TQ2"2%) +m
o S(m)=T2™) ©—> S(m)=25m/2)+m

—> S(m)= O(mlgm)
—> T(n)=T2") =S(m)=0mlgm)= O(gnlglgn)

o FUM A HIHL XA AN A IRELFEZ BAE
g?




IB]JEW3: recursion-tree method

Argue that the solution to the recurrence 7(n) = T(n/3)+7T(2n/3)+cn, where ¢
is a constant, is Q(n g n) by appealing to a recursion tree.




|AJ@84: master method
o VREE 3 8 B g iX i I 20 7
a. T(n)=2T(n/4) + 1.
b. T(n)=2T(n/4) + /n.
c. T(n)=2T(n/4)+ n.
d T(n)=2Tmn/4)+ n?
€. T(n)=2T(n/4)+ /n lgn




Gap in Master Theory

e T(n) =9T(n/3) + O(n?)

EZMbZM9:
lgc  Ig3
Consider the worst case,

f (n) e ®(n?)

2 f(n)eO(n?)

Case 2,
T(n) e ®(n°lgn)

Generally,
T(n)€O(n®Ign)




IBJ&R5: divide-and-conquer

e Closest pair of points problem




[BJRA5: divide-and-conquer ()

e 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. P
 This rectangle can contain at most six points *
with pairwise distances at least dg, - pe-p— e
o Therefore, it Is sufficient to compute at most .
6n left-right distances. S
o T(N)=2T(n/2)+O(n) Sl

dist= min(d; . ,dp...)
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[BJRA5: divide-and-conquer ()
o fE—2RR2KFIE A, HEAE T Ok
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BT
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[BJRA5: divide-and-conquer ()
o fE—2kR2kp i, HEAR T O
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