i &4 e) 8 kA — e 2-5

- ek b

2016403 H24H




‘ Mergesort Revisited

MERGE-SORT(A, p,r)

1 ifp=<r

g = |(p+r)i]
MERGE-SORT(A, p,g)
MERGE-SORT(A.g + 1, r)
MERGE(A, p.qg.r)
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MERGE-SORT(A, p.r)
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MERGE-SORT(A,.q < 1.r)
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(0,0), (0,1), ..., (O,n-1); (1,1), (1,2), ..., (1,n-1), ......
(n-2,n-2), (n-2, n-1), (n-1,n-1)

d

MaxSum = 0O;
for (I=0;1<N; i++)
{
ThisSum = 0;
for j=1;] <N; j++)
{
ThisSum += AJj];
if (ThisSum > MaxSum)
MaxSum = ThisSum;

}
}

return MaxSum:;
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FIND-MAXIMUM-SUBARRAY (A, low, high)
if high == low

1
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3
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B RN F=

return (low, high, Allow]) // base case: only one element

else mid = [(low + high)/2|

(left-low, lefi-high, left-sum) = #a, EARILT

— a7 585 L
FIND-MAXIMUM-SUBARRAY (A, low, mid) Efj*’r’uﬁfﬂﬁ kA
(right-low, right-high, right-sum) = °

FIHD-MA}{IMIIJM-SUEAERﬁY A, mid + 1, high) N

(cross-low, cross-high , cross-sum) = L N
FIND-MAX-CROSSING-SUBARRAY (A, low, mid , high)

il left-sum = right-sum and left-sum = cross-sum —
return (left-low, lefi-high, lefi-sum)

elseil right-sum = left-sum and right-sum = cross-sum — i’j{?}a K
return (right-low, right-high, right-sum) "

else return (cross-low, cross-high,, cross-sum) —

O(nlog n)
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If 4 = (a;;) nd
B = (b;;) are square 1 x n matrices, then in the product C = A- B, we define the
Enn}[ Cijy lor ,’j = ]' ... L hy ﬁQUARE-MATRIK-MULTIPLY(Afh

| n= A.rows
2 let C beanew n x n matrix

n
o J 3 fori =1ton
Ee'_.l' — E :H!ﬁ: ) }.I:_.l' for j = lton

k=1

F!j =1

fork = 1ton
Cij = Cij + ik - by;
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Q return C
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You might at first think that any matrix multiplication algorithm must take Q(7°)
time, since the natural definition of matrix multiplication requires that many mul-
tiplications. You would be incorrect, however: we have a way to multiply matrices
in o(n?) time. In this section, we shall see Strassen’s remarkable recursive algo-
rithm for multiplying 7 x n matrices. It runs in ®(n'¢”) time, which we shall show
in Section 4.5. Since lg 7 lies between 2.80 and 2.81, Strassen’s algorithm runs in
O(n?*3') time, which is asymptotically better than the simple SQUARE-MATRIX-
MULTIPLY procedure.




Suppose that we partition each of A, B, and C into four n/2 x n/2 matrices

All r4‘]1) (Bll BlE) (Cll {:11)
A= s B = . C =
(All AEE Bll BZE Cll EEE

so that we rewrite the equation C = A - B as

(Cll CIZ)Z(AII AIE).(BII BIZ)
CEI CEE All AEE BEI BEZ L

Equation (4.10) corresponds to the four equations

":11 = All . Bll + f‘llz . 321 s ] - g
- 1Al 77 148 FR 9 2] A2

Ciz = Au-Bu+ Aiz- B, N .
B - TR A8/ 20 T

Czl = 1‘111'311‘|‘="112'Bz1+ F$7FEI§]{§€I/J%]“;] o5

sz — AEI'BIE ‘|‘f‘112'321- e
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Ton) — O(1) ifn=1.
) 8T(m/2) + O ifn=>1.
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Py = Ay- 5,

P, = 8- Ba

Py = 5;-By,

P, = Ay-S, Ch=P;+P—P,+ P
jj - gg = co=ptn

P; = 8§;-5; CEI=P3+P4
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Strassen's algonthm runs in

O(n>*") time, which is asymptotically better than the simple SQUARE-MATRIX-
MULTIPLY procedure.

Strassen’s method 15 not at all obvious. (This might be the biggest understate-
ment 1n this book.,)
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X RF T(N)=T(n/2)+T(n/2)+n KJiE IFH

T(size) nonrecursive cost
T(n) n
T(n/2) | n/2 T(n/2) | n/2
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I'(n) =aT(n/b) + f(n)

The substitution method for solving recurrences comprises two steps:

1. Guess the form of the solution.

2. Use mathematical induction to find the constants and show that the solution
works.




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

PAVGNFER: T(n) = 0(nlgn) m=p T(n) < cnlgn, ciEFD KT ORH ]

RN T(n) < 2(c [n/2]1g(|n/2])) + n
< cnlg(n/2)+n
= cnlgn—cnlg2+n
= cnlgn—cn+n
< cnlgn,

c > 1BpA]




RGEE T(n) = 0(nlgn)

IRV
Giving g:N—R*, then O(g) is the set of f:N—R*, such that for some ceR* and some
n,eN, f(n)<cg(n) for all n>n,,.
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I'(n) =2T(|n/2|) +n

Hig, WEBAVFMAEZT()=0(n), =KEMFL? 53U A5 ?
BREMAC N : T(n)<=2cn/2+n =cn+n
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I'(n)=2T(|n/2])+n
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T(n) =aT(n/b) + f(n)
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n/b) —— *af (n/b)

aT(n/b3)+f(n/b2) -->a’f(n/b*)
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logp n—1 logy, n—1 ’ .
é\ g(n) = Z a’ f(n/b’) Total: O(n'¢“) 4+ Z a’ f(n/b’)

j=0 Jj=0

B, FATATEL “FEME 7 iXAE—LB 45
. If f(n) = O(n"#%¢) for some constant € > 0, then g(n) = O(n'%4). then T'(n) = G(n'e?).

2. If f(n) = On' %), then g(n) = O(n'**r*lgn). then T'(n) = O(n**1gn)

3. Ifaf(n/b) < cf(n) for some constant ¢ < 1 and for all sufficiently large n,

then g(n) = O(f(n))
If f(n) = Q(n'"e%"¢) for some constant € > 0,

then 7'(n) = O(f(n))
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Using Master Theorem

Examplel T(n)=9T (%j + N

a=9b=3log a=2, f(n)=n=0(n"%*"),
caselapplies T (n) = O(n?)

Example2 T(n) = T(Z?nj +1

a:1,b=g,|09ba=0, f (n) =1=O(n°),

case 2 applies T (n) =O(lgn)



Using Master Theorem

T(m)=3T(n/4)+nlgn,

wehave a = 3, b = 4, f(n) = nlgn, and "¢ = g™ = O(n"™),
Since f(n) = Q(n"*), where ¢ & 0.2, case 3 applies if we can show that
the regularity condition holds for f(n). For sufficiently large n, we have that
af(n/b) =3(n/4)lg(n/4) < (3/4)nlgn = cf(n) for ¢ = 3/4. Consequently,
by case 3, the solution to the recurrence is T'(n) = O(nlgn).
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T(n)=2T(n/2)+nlgn

0 a=2, b=2, log,a=1, f(n)=nlgn

o We have f(n)=Q(n%), but no >0 satisfies f(n)=Q(n'*),
since Ign grows slower that n¢ for any small positive €.

0 So, case 3 doesn’t apply.

o However, neither case 2 applies.
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PRIMEMY,

TC p/75-: ex.4.1-5;

TC p.87-:4.3-3, 4.3-7;
TC p.92-:4.4-2, 4.4-8;
TC p.96-: 4.5-4;

TC p.107-:4.1,4.3,4.4




