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Homework 8
Homework 8

Due by 11:00am, Friday, November 17, 2017.
Make sure you follow all the homework polcies,
Al submissions should be done via Autolab.

Question 1 (Programming Assignment) [40 points]

<> Note
Ths sasignment Can be schwed In efher Java, PYython or Ces [y shouid pick the language you e most comionatie with. Masse make sure 1o ook 3t ™o spportng
SOCUMSMIEtON and Thes 1 1o Aguage of your choosng.

The Problem

n s probem, s Wil £xpions Mmiremum spanting trees.

Wo are given 3 unaimecied, conmaciad graph reprmacisd Dy £ adiacency matrix rprmactation. Our goal |t 1o Snd 3 mnemum spanning ee of et graph
Input

The rout fle & Qven &5 80 1 X 1 Maltrte whiers each ety (& ) represents the wogt of Be ede between rodes ¥ € (01, ... .n < 1) mav @ (O], ....8 < 1], fDere
SOOI oW S 1 _EOQOweigMs el D0 0 = w == %0,




Solutions to Homework 7

At the END of the lecture



Counting Inversions

Input: n distinct numbers a,,a,,...,a,

Inversion: (i,j) with i <js.t. a;> 3

Output: Number of inversions



Divide and Conquer

Divide up the problem into at least two sub-problems

Solve all sub-problems: Mergesort

Recursively solve the sub-problems e
Solve some sub-problems: Multiplication

Solve stronger sub-problems: Inversions

“Patch up” the solutions to the sub-problems for the final solution



Handling crossing inversions

ap adr

1 100 2 4

Why should a,
and a; be

http://www.dovecoteidea.com/

sorted?

Sort a, and ay recursively!




Mergesort-Count algorithm

Input: a,, a,, ..., a, Output: Numbers in sorted order+ #inversion

MergeSortCount( a, n)

Ifn=1return (O, a,)
If n=2return (al>a2, min(a;,a,); max(a,,a,))

aL = al,---, an/z aR = an/2+1,..., an
(c,, a,) = MergeSortCount(a,, n/2)

(cr, @g) = MergeSortCount(ag, n/2)

T(2)=c

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

O(n log n) time

Q

(c, a)= MERGE-COUNW

return (c+c +cg,a)




Closest pairs of points

Input: n 2-D points P = {p,...,p.}; p.=(x,Y:) T o

O i
d(pi;pj) = (Xi_xj)2+(yi_yj)2)1/2 O /_-j

Output: Points p and g that are closest




Group Talk time

O(n?) time algorithm?

1-D problem in time O(n log n) ?




Sorting to rescue in 2-D?

Pick pairs of points closest in x co-ordinate

Pick pairs of points closest in y co-ordinate

Choose the better of the two



A property of Euclidean distance

;g
AN /// d(pi;pj) = ( (Xi'xj)z"'(yi'yj)z)l/z
S

2
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The distance is larger than the x or y-coord difference



Rest of Today’s agenda

Divide and Conquer based algorithm



Dividing up P

First n/2 points according to the x-coord



Recursively find closest pairs

6 = min (blue, green)



An aside: maintain sorted lists

P,and P are P sorted by x-coord and y-coord

Q. Q, R, R, can be computed from P, and P, in O(n) time



An easy case

> 6

6 = min (blue, green)

All “crossing” pairs have distance > &




Life is not so easy though

6 = min (blue, green)



Rest of Today’s agenda

Divide and Conquer based algorithm



Euclid to the rescue (?)

P

)

d(pilpj) = (Xi-Xj)2+(yi-yj)2)1/2 Yjipoogessanans

) )’

//
ey ]
@ O

4

-— - - -

_'x - -

The distance is larger than the x or y-coord difference



Life is not so easy though

<6h46)

2

> 6

> 6

6 = min (blue, green)



All we have to do now

6 = min (blue, green)

Figure if a pair in S has distance < 6




The algorithm so far...

, O(n log n) + T(n)
Input: n 2-D points P = {p,...,p.}; p.=(X,V:)

Sort Ptoget P, and P,

Closest-Pair (P,, P,) O(n log n)

If n <4 then find closest point by brute-force
Q is first half of P, and R is the rest

T(<4)=c

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

Compute Q,, Q,, R, and R

(d0,9,) = Closest-Pair (Q,, Q) O(n log n) overall

(ro,ry) = Closest-Pair (R,, R))

S R — —
S = points (x,y) in Ps.t. [x—x*| <6 m

. [ —
T




