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e ... This version does not specify that the ears are nonadjacent.
What happens if we try proving this by induction, using the
same decomposition that we used in proving the Ear Lemma?
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e ... relationship between the number of vertices in a polygon
and the number of triangles in any triangulation of that

polygon ...

— FHCEFEAgET, fF Htop-downfi dEbottom-up IR IA 772, B
TR 4w s

— flhn: BAEEnL ISR, A RMEEn- 1AL
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e T(n)=2T(n-1)+2000 (n>1)
e T(1)=2000
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— BKUET(n)<cn3

— HGUERET(n/2)<c(n/2)3

— 115 T(n)<cn3+nlgn=0(n3)+0(n2)=0(n3), 15iF
hiR2

— #KUET(n)<cn3-dnlgn

— AYGERET(n/2)<c(n/2)3-d(n/2)lg(n/2)

— ET(n)<...<cn3, HHIF

FEiR3

— BAKIET(n)<c,n3

— FJAGERBET(n/2)<c,(n/2)3

— TFET(n)<c n3+nlgn<c;n3+c,n3=c;n3, HiE
Fid

— BRIET(n)<cn3-d

— AP IT(n/2)<c(n/2)3-d

— 1% T(n)scn3-d-7d+nlgn, K FHHd=nlgn/7, 15iF
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o —HPMIEE
— HRUET(n)<c(n3-n2)+d
— AR T(n/2)<c((n/2)3-(n/2)2)+d
— 15T (n)<cn3-2cn2+8d+nlgn=[c(n3-n2)+d]+(nlgn+7d-cn?)
<[c(n3-n2)+d]+(n2+7d-cn?)
— H¥c>7d+1, T(n)<[c(n3-n2)+d]+(n2+7d-(7d+1)n3?)
=[c(n3-n?)+d]+7d(1-n?)<c(n3-n?)+d

— JFH, T(1)=dsdt oL
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n]@1: indicator random variable

. Wfﬁéﬁiﬁﬁindicator random variable?
2. M| FHindicator random variablek it A2 ({115

E[X]:E{iznllx} ZE ZPX =1)
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o FEIXLL|H i, indicator random variable 7 Hll &4
— The expected number of times that we hire a new office assistant.
— The expected number of pairs of people with the same birthday.
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PB4 Ffifexpected running time?
PR E 4 Ffiffaverage-case running time?
EATEH A XA ?

— We discuss the average-case running time when the probability
distribution is over the inputs to the algorithm, and we discuss the
expected running time when the algorithm itself makes random
choices.

YR E2 P fiftrandomized algorithm ?

— Its behavior is determined not only by its input but also by something
chosen randomly (e.g. values produced by a random-number
generator).
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o VRUWAFA ML T VETT DLAE B —>32-bitf) (D) FENLEL?

— Computational methods (pseudo-random number generators)

m_w = <choose-initializery; A% must not be zero %7
m_z = <chooze-initializer’; A% must mot be zero %7

uint get_random()
{
m_z = 36969 % (m_z & BRE3E) + (m_z »» 18);

m_w = 18000 % (m_w & AB535) + (m_w >> 16);
m_z << 16) + m_w;, % J7-p31f resuli »°
1

— Physical methods
e Coin flipping
* Dice

e Variations in the amplitude of atmospheric noise recorded with a normal radio
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o PRUEAFAMRLE TR W] LK — A A e s R L AR ?

— PERMUTE-BY-SORTING(A)
I n = A.length

2 let P[1..n]be anew array

3 fori = 1ton

4 P[i] = RanpoMm(1,n?)
5 sort A, using P as sort keys

— RANDOMIZE-IN-PLACE(A)
I n = A.length
2 fori = lton
3 swap A[i] with A[RANDOM(i, n)]

15



7] @i3: expected running time

o PRI T MR TT SR T RE(X) ?
— E(X)=3xP(X=x)
— E(X)= 2E(X))
— E(aX+bY)=aE(X)+bE(Y)
- E(X)=ZE(XIFi)P(Fi)



1] @3 expected running time (4

® Exercise 5.6-2 Let A(l : n) denote the elements in positions 1 to n of the array 4. A
recursive description of insertion sort is that to sort A(1: n), first we sort A(1: n—1),
and then we insert A(n), by shifting the elements greater than A(n) each one place to
the right and then inserting the original value of A(n) into the place we have opened
up. If n = 1 we do nothing. Let S;(A(1 : j)) be the time needed to sort the portion
of A from place 1 to place j, and let I;(A(1 : j),b) be the time needed to insert the
element b into a sorted list originally in the first j positions of 4 to give a sorted list
in the first j + 1 positions of A. Note that 5; and I; depend on the actual array
A, and not just on the value of j. Use S; and I; to describe the time needed to use
insertion sort to sort A(1 : n) in terms of the time needed to sort A(1:n —1). Don’t
forget that it is necessarv to copy the element in position ¢ of 4 into a variable b
before moving elements of A(1:4i— 1) to the right to make a place for it, because this
moving process will write over A(i). Let T'(n) be the expected value of Sy; that is,
the expected running time of insertion sort on a list of n items. Write a recurrence for
T'(n) in terms of T'(n — 1) by taking expected values in the equation that corresponds
to your previous description of the time needed to use insertion sort on a particular
array. Solve your recurrence relation in big-© terms.

Sp(A(l:n))=81(A1:n—-1))+ In_1(A(l:n—-1),A(n)) + a1
E(S,)=E(S,_1)+ E(I,_1) + E(c)
n—1 n—1
E(l ) = ?_l ;i n—l] =n—1
f i=l n 'E:"] 2

17



1] @3 expected running time (4

Slower Quicksort(A,n)
if (n=1)

return the one item in A
else

Hepeat
p = randomElement( A)
Let H be the set of elements greater than p; Let h = |H|
Let L be the set of elements less than or equal to p; Let = |L
Until (|H|=n/4) and (L] = n/4)
Ay = QuickSort(H,h)
As = QuickSort(L,#)
return the concatenmation of 4; and A,

Tin) < Eirim+T(amn)+T((1 - an)n)

18
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Exercise 5.6-4 Consider an algorithm that, given a list of n numbers, prints them all out.
Then it picks a random integer between 1 and 3. If the number is 1 or 2, it stops.
If the number is 3 it starts again from the beginning. What is the expected running
time of this algorithm?

2 1
T(n)= 3cn + E{rﬁn + T'(n))

19



1] @3 expected running time (4

RandomSelect(A,i,n)

(selects the ith smallest element in set A, where n=|4| )
if (n=1)

return the one item in A
else
p = randomElement(A)
Let H be the set of elements greater than p

Let L be the set of elements less than or equal to p
If (H is empty)

put p in H
if (2 < |L])
Return RandomSelect(L,i,|L|)

else

Return RandomSelect(H,i— |L|,|H]).

i . : . 1 3

When we choose our partition element, half the time it will be between 3n and §n. Then
when we partition our set into H and L, each of these sets will have no more than —j}ﬂ elements.
The other half of the time each of H and L will have no more than n elements.

1 3.1 1 I
s1(sn)+5T(n)+bn ifn>1
: 2 4% 2
T[”]{—:{ d fn=1

20
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o YREAFfEdistribution function e Fhistogram ?
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o PREAH M cumulative distribution function ?

e A WIS L I 2
o HatEN T HE8/# FHcumulative distribution function ?
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"1 Hif 21 Arahahili NAictriliiFinne A
I'ﬂiEJ_ﬁf-l-: prooabiiity distributions and variance (4

o {REXH Hvariance?
N2 B4R RFvariance iE X v = E(x - £(x)? F1 7



