EEMEAI7ILT) X L

Advanced Algorithms for
Computational Geometry

LiR—k1 &P REIERERD
OAAVN(EEEED—EB)
HY: FREE




Advanced Algorithms for
Computational Geometry

EEMRAT7ILTYX L

Comments (and part of solutions)

on report 1 and mid-term exam

Ryuhei Uehara

2/46



SRR A R

o LIR—HMEKLTETULVELL=.
e A—JLD AT TITIRALZFEL .
« MDD ANELIRLET.

« HEBRDERIZFI578LFELL-.
09 11049 12029 130
0 4 4 1

« AERDRAIFEFIFEAWLEHE TS0,



Problem 1: 7/3 ) A L PI-AG TiimRXKERMOBEEZRSEZ., 2oLk, ERfOEZG; TRz, E
ME€dmbLd (A l#En) TROHSIZELE S Thid L vd . (In algorithm P3-A6, it computes the
maximum value of an interval. In this algorithm, how can yvou compute not only the maximum

value of an interval, but also the start and end indices of the interval?)

Problem 2: (1) = A4 508, 10M, 5[, 1Athofdb &, HFEETELI L, I = 1O
BRI RLZ I LEEAEL. (2) S6IC2TAa A »Aiholt L EICLEWET 4 - O ES
Mz D 3 EBRL, BN RLEAL, oo ERERYE . ((1) Assume that
we have coing of 50ven, 10ven, Sven, and lyen, and use greedy algorithm to pay. Then prove that
the number of coing is minimized by the algorithm. (2) Suppose that you have, not only them,
but also 27ven coins. Then consider if the greedy algorithm still works. If it does, prove it. If not,

show any counterexample. )

(D IFRIFIANEZLHEBEICGEATES.




Problem 3: Kruskal D7 /= ) AL TR/APDEIEAZRD L L E L, Prim D7 = ) AL TRy EIEARE
ROTHLELT, MBALRLZENRHDL). RWVWRLENZIEHAL, H50 6T OEEFZ .
EUENENROT AT Y X LOIESHEEIT TIZAEAF A L L TEVy. (For finding the minimum

spanning tree, is it possible that two solutions by Kruskal’s algorithm and Prim’s algorithm are

different? If the answer is “no”, prove it. If the answer is “yes”, show an example. You can assume

that the correctness of these algorithms has been already proved.)
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Problem 4: B5al0],...,a[n=1] 52 6Nz b &, ROFHZHETHEFOV (io,i1,...,i—1) T T &
= k OBEFIERLPH ) EFES . (For a given array af0],...,a[n — 1], the sequence (ig,i1,...,ik=1)

of indices is called a monotone nondecreasing sequence.)
L in'{il ‘i"'{ik—l
™ u[-."“] < u[t'l] Lo u[-.";r_j]

Bz GBS a]| OF T, mEOERFEIFERDFEZ R20 5703 ) X LAEEREHL , TOETRR 2 AT
H X . (For any given array al], design an algoithm that finds the maximum monotone nondecreasing

sequence, and analyse its time complexity. )

ISAMNH L=, AT INTLS.
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Problem 5: i #EHO 7 4Rt oFH F 1L, o L H5I2F&ESNS . (The ith Fibonacei number Fj is

defined as follows:)
« Fy=F =1
e Fi=Fi 1+ Fiafori>1

fxD F, 5B T5FEOL T AT ) ALxREL, TOETREZFRE . (Design an efficient

algorithm for computing Fy, and show its running time.)
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1THZLBHRKRIRZFESE O(log n) B TEHHE TES
Fn+1 Fn 1 1 "
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Problem 6: 2 Kt FHE LD 2 5O EEE R = {(1,2),(2,1).(3, 1)} & B = {(2.2),(3,3)} 52 5 hi=
I, S TEErFIREME A R EMELRE< Z L THRIT. 5122 SOREF B E

b > —a+?2 b < —a+2

b > —2a+1 b < —2a+1
b = —=3da+1 - b < —3a+1
b < —2a+2 b > —2a+2
b < =3a+3 b > =3a+3

OETAREEM A ERT 5 2 L TEITAEREFFOME 9 e b A L HETS Z & . (For given two
point sets B = {(1,2),(2,1),(3,1)} and B = {(2,2),(3,3)}, solve the linear separability problem
by solving linear programs. That is, you have two solve the problem by showing feasible solutions

of two linear programs

b > —a+2 h < —a+2
b > —-2a+1 b < —2a+1
and
b > =3a+1 b < —=3a+1
b < —2a+2 b > —2a+?2
b < —3a+3 b = —3a+3.



BRE 1] ANOREEnITHLT, 257030 XLOETHR T (n) B T(n) <2T(n/2)+3 T
EHTXLT5. ERT() =195, COWEREME, T(n)% nlcOWCHLERTE
. (For any input of length n, suppose that the running time T(n) of an algorithm can be
represented by T'(n) < 2T'(n/2) +3. We let T'(1) = 1. Then, solve this recurrence equation and

show T'(n) by an equation for n.)

PR 2] ASIOAEE nicH LT, 5703 XLOEFHM T(n) B T(n) < T(rn) + n? T
KHTERETD, LT TO<r < 1EEHETS. TOWEAZREE, T(n) Z O XKL T
7. (For any input of length n, suppose that the running time T'(n) of an algorithm can be
represented by T'(n) < T'(rn) + n”, where 0 < r < 1 is a constant. Then, solve this recurrence

equation and show T'(n) by a big-O notation.)
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MR 3] 757G =(V,E) £ G LD 2Tl s L t HEZABNT, s & t DRORIERHRE (s, t)
IR, TITOTRTOLDAA N1 THSLE, I(s,t) &, ROBERHERTIHAT
HTENTES .

1. 48 Lo % {s) THIEHES 3.

2.1=0,1,2,...,1cDWT, L; <L, EFEFHMLTHERWERZTNT Ly ITBINT 5.
COEEWStZ Ly ICMABT Eicik-75, Us,t) & LTi+ 12D LTELRT S,

AHDUNEDEAN DTN L X, TOHEMIZGIETIZIEL (s, t) ZROZHTEMNT
%EV.HWML COHRETEIFLVHEVEARDETS TG s, tDHlESGZ K. =72l
DOEAIEFRER L L, HARBOETIE, @il LI dOHEAOHTERT S. (For a given graph
G = (V,E) and two vertices s and ¢ in V', we like to compute the length /(s,t) of a shortest
path between s and ¢. If each edge has a unit cost, we can compute £(s,t) by the following
breadth first search:

1. Initialize a set Lg by {s}.

2. For each 1 = 0.1,2,..., add each unvisited neighbor of a vertex in L; to L; . When the
vertex t is added into L;;, output this 7 + 1 as £(s,t), and halt.

However, when each edge has positive weight, this algorithm fails to compute £(s,t). Give a
counterexample; that is, edge weighted graph G with s and ¢ such that this algorithm fails to
compute the length of the shortest path. Here, we assume that each weight of an edge is a

positive integer, and the length of a path is defined by the sum of weights of edges on the path.)
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[FS3RE 4]

Y=YV —FOHRTIE, TTICIHATVWAESE n OB a[1],...,a[n] &, TTICHATVSE
E n OS], ..., b ZX—Y LT, EX2nO—Y LTWABES] [1],...,c[2n] ZFBIER
TEaC & 3’)‘1{*'}”'{35) Sz, TOUHEZETTS 7L TV X LEBANICRYE. (In merge sort, the
algorithm merges two sorted arrays a[l],...,a[n| and b[1],...,b[n]| of length n into one sorted

array ¢[1],...,¢c[2n] of length 2n in linear time. Describe the details of this algorithm.)
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[FEiRE 5]
3p1 = (z1,y1),p2 = (22, 92),p3 = (z3,y3) WGFA BN L E, TDI3IMHIE pipops OFSHTET
S )

S = 5((z2 — 1) (ys — 1) — (23 — 1) (2 — 1)) (1)
THZAB6NAS., ThZiiHE L. (For any three points p; = (z1,11),p2 = (x2,%2), and p3 =

(z3,y3), the signed area S of the triangle p;paps is given by the equation (1). Prove it.)
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