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DIVIDE-AND-CONQUER
Outline ALGORITHMS, PART 2

1. Solving recurrences

2. Counting inversions

3. Matrix multiplication




SOLVING RECURRENCES

i DIVIDE-AND-CONQUER
A simple recurrence ALGORITHMS, PART 2

e We can unroll /

I(n‘/—p—l— f(n). otherwise.
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o togetT(n)=>c f(3).
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SOLVING RECURRENCES
DIVIDE-AND-CONQUER

A less simple recurrence ALGORITHMS, PART 2
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SOLVING RECURRENCES DIVIDE-AND-CONQUER

An interesting recurrence ALGORITHMS, PART 2

Tlwl=2T(n(2) to(x)
e By working harder we can reduce P T(«l = % T(u(7) +0la)
P Tla) = ¥ TCu() +0(ut)
i

o), if n < ng,
In) = {(:ﬂ (bn) + f(n), otherwise,

e where(@e N et@E (0,1) to a previous case, and find

; . . o Q=3
o | T(n) =[Soez@flbin) + OG2) N
p— 6 o o a
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SOLVING RECURRENCES

DIVIDE-AND-CONQUER
A note on lower bounds ALGORITHMS, PART 2

Q[/m/:j}(,\/
1= cn

You can use the methods also for proving lower bounds

We were mainly interested in upper bounds

Substitution: guess a lower bound f(n), then prove
T(n) > f(n).

Expansion: assume a lower bound at the nodes, summing gives
a lower bound for the total cost
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SOLVING RECURRENCES

DIVIDE-AND-CONQUER
Master theorem ALGORITHMS, PART 2

The solution of ‘&(VLMU /f{m> =0 [n* )
L — oo =1 =00
H(u:i%t(w 2)%9(4) {O(l), if < no, Wm’2/7w/z)+ﬂ/j£”
Qlf w148 It ' bn) + f(n otherwise, Tl4/=270ul2) +n/6yn
g 50 Mg{@@(ﬁ) e
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3 b) T(m) = B logn), it fim) = O(n) .
@ (n)=0 n) = Q(n* or some € > 0, and if
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SOLVING RECURRENCES

DIVIDE-AND-CONQUER
(Empty) ALGORITHMS, PART 2




SOLVING RECURRENCES DIVIDE-AND-CONQUER
The theorem of Akra-Bazzi ALGORITHMS, PART 2
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SOLVING RECURRENCES

DIVIDE-AND-CONQUER
(Empty) ALGORITHMS, PART 2
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COUNTING INVERSIONS

DIVIDE-AND-CONQUER
Main idea ALGORITHMS, PART 2

Split the sequence, count inversion on the left and the right
Problem: counting m%—inversions between elements on the
left and right
Naive: (n/2)? = O(n?) comparisons. But then

T(n) = 2T(n/2) + o@ ) =2227. O,
dea;) if we ﬁave Zorted sequences, we can count in linear timel
And: there's no problem in recursively counting and sorting at
the same time.

So we get: T'(n) = 2T (n/2) + O(n) = O(nlogn).
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COUNTING INVERSIONS

DIVIDE-AND-CONQUER
(Empty) ALGORITHMS, PART 2
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MATRIX MULTIPLICATION

. i DIVIDE-AND-CONQUER
Multiplying blocks ALGORITHMS, PART 2

3“/“"” }W ] m s n) o)
L)t u
Computing C = AB by 7@ {\ Kd / KU

A11’B11 + A19B7%1 .
220
Cia irm;\f? TJ %
Co1 = Aa1Bi1 + AxBoy
Cog = A21'Bia + A22Boo

costs T'(n) H{8I(n/2) + O\(l) :@
y

Yoy
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MATRIX MULTIPLICATION DIVIDE-AND-CONQUER

A better way ALGORITHMS, PART 2

My = Agz(Ba1 — Bu)

M5 (A11 + A12)Bao Myx g 00
M6 = (A1 — An (BQ-F B@

QW? = (A12— A )}(Ba1 + B)

@ UW1+M4—M5+(M7 A8 wl=a()

X

/‘(Ml (A11 + A }(B11 + Ba)
Wy = (As1 + An)Buy
? | My = Air(Bi2 — Ba)

022 Ml( Mz-pme .
4
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MATRIX MULTIPLICATION

DIVIDE-AND-CONQUER
Complexity ALGORITHMS, PART 2
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