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Problem A
Bridge

A river runs from north to south in a city. Houses are located along each side
of the river as illustrated in Figure 1. The city plans to construct a horizontal
bridge across the river so that people in both sides can reach quickly each
other through the bridge.
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i

Precisely, the left side of the river is the vertical line with the x-coordinate of
—1, and the right side of the river is the vertical line with the x-coordinate of
+1. The vertical strip between two sides represents the river. The bridge is
represented as a horizontal segment which connects two points on both sides. ﬂ
The positions of the houses are given on the vertical lines.

&

To determine the optimal location of the bridge, the city want to minimize
the sum of the distances between pairs (a, b) of houses where a is in the left
side and b is in the right side. The distance between a and b is the sum of el
the distance from a to the end of the bridge, the length of the bridge, and the

distance from the end of the bridge to b. Thus we want to construct the

bridge so that the sum of all the distances between houses in both sides is minimized.

R

More formally, let a; and b; be the positions of houses in the left and the right side, respectively, i = 1,...,n
and j = 1, ...,m and let h be the position of the bridge. Then the goal is to minimize the following quantity:

Zi,j d(ai,bj) = Zvi,j(lai — hl + 2+ |h - b]D

The positions of houses are given as integers on the vertical lines with the x-coordinates of —1 or +1. You
should find the position of the bridge, that is, the y-coordinate of the horizontal segment representing the
bridge, minimizing the sum of all the distances between the houses in both sides.

Input

Your program is to read from standard input. The input consists of T test cases. The number of test cases T is
given in the first line of the input. Each test case starts with integers n and m, the number of houses of the left
and the right side, respectively, where 1 < n,m < 1,000,000. Each of the following n lines contains an
integer a, representing the y-coordinate of a house in the left side. Also each of the following m lines contains
an integer b, representing the y-coordinate of a house in the right side. Note that all the y-coordinates of the
houses on each side are distinct, and —10,000,000 < a, b < 10,000,000.

Output

Your program is to write to standard output. Print exactly one line for each test case. The line should contain a
real value, the position of the bridge, that is, the y-coordinate of the horizontal segment minimizing the sum of
all the distances between the houses of both sides; your output must contain the first digit after the decimal
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point, that is, simply ignore the ones from the 2™ digit after the decimal point. If there are multiple solutions,
then print the smallest value of them.

The following shows sample input and output for two test cases.

Sample Input Output for the Sample Input
2 -5.0

34 4.0

30
-16
5
-5
25
-20
-10
4 7
18
-15
-3
2

8
20
12
-3
18
9

4
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Problem B

Canoe Racer

International Canoe Sprint Championship (ICSC) will be held near future. The official boats recognized in the
ICSC are the following: C1, C2, and C4, where the number indicates the number of paddlers and "C" stands
for canoe. Canoe racing takes place on a straight course divided in lanes, on calm water. The distances
recognized in the ICSC for international races are 200m, 500m, and 1000m.

Korea Sports School (KSS) will participate in ICSC for C4 1000m game. KSS has 4 classes of the same
number of students, and one student in each class will be selected as the racer of the canoe game. KSS has
many C4 type racing boats each of which gives the best performance when the total weight of racers is closest
to a specific value. For example, suppose the specific value of a boat is 300 and the weights of students in four
classes are as in the following:

Class-1: 60, 52, 80, 40
Class-2: 75, 68, 88, 63
Class-3: 48, 93, 48, 54
Class-4: 56, 73, 49, 75

The four students of weights 60, 75, 93, and 73 in the four classes are the most suitable racers for the boat
because their weight sum 301 is closest to 300. In some cases, there can be two different closest weight sums.
For example, suppose the specific value of a boat is 200 and there are two closest weight sums 198 and 202.
In such case the smaller sum is preferred for the canoe game. So, four students having weight sum 198 should
be selected.

Given a specific value of a boat and the weights of students, you are to select four racers satisfying the above
condition.

Input

Your program is to read from standard input. The input consists of T test cases. The number of test cases T is
given in the first line of the input. Each test case starts with two integers k and n. k is the specific value of a
boat and n is the number of students in each class of KSS, where 1 < k < 40,000,000 and 1 <n < 1,000.
Each of the following four lines contains n integers representing the weights of students in each class of KSS.
Each weight is between 1 and 10, 000, 000, inclusively.

Output
Your program is to write to standard output. Print exactly one line for each test case. The line should contain
an integer representing the weight sum of students who are selected as canoe racers.
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The following shows sample input and output for three test cases.

Sample Input Output for the Sample Input
3 301
300 4 8
60 52 80 40 31
75 68 88 63

48 93 48 54

56 73 49 75

8 3

123

123

123

123

32 2

25

9 4

10 20

4 2
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Problem C

Castle

A satellite sent us a photo of a ruin in the middle of some desert. The ruin in the photo turns out to an ancient
castle of the forgotten kingdom which is 2000 years old. We also know that the floor plane of the castle has a
shape of a rectilinear polygon.

A rectilinear polygon is a polygon whose edges are either horizontal or vertical. That is, at each vertex of the
polygon, the interior angle formed by its two incident edges is either 90° or 270°, as shown in Figure 1. We
say that a rectilinear polygon is simple if (1) each vertex is incident to exactly two edges and (2) there are no
edges that intersect each other except at their end vertices.
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Figure 1. (@) A simple rectilinear polygon. (b)-(c) Non-simple rectilinear polygons because (b)
there is a vertex having four incident edges, or (c) there is a pair of edges crossing each other.

The current status of the castle we have figured out from the photo is not good. Only poles of the castle, i.e.,
the vertices of the simple rectilinear polygon, remained. Thus we need to find out how the poles were
connected to recover the original shape of the castle. Figure 2 shows an example.

Formally, you are given a set of n distinct points in the plane with integer coordinates. You need to decide
whether or not we can reconstruct a simple rectilinear polygon by connecting all the points with horizontal
and vertical segments alternatingly. You should output “YES” if it is possible to reconstruct a simple
rectilinear polygon of n vertices from the n input points, “NO” otherwise.
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Figure 2. (a) Input points. (b) A simple rectilinear polygon reconstructed from the input.

Input

Your program is to read from standard input. The input consists of T test cases. The number of test cases T is
given in the first line of the input. Each test case starts with integer n, the number of points, where 4 <n <
10,000. Each of the following n lines contains two integers, representing x-coordinate and y-coordinate of
the points between —10° and +10°9, inclusively. All the points are distinct.

Output
Your program is to write to standard output. Print exactly one line for each test case. The line should contain
“YES” if the points form a simple rectilinear polygon, “NO” otherwise.

The following shows sample input and output for three cases.

Sample Input Output for the Sample Input
3 YES
18 NO

NO

o o

PO WOOUOINPFPWOWNOOIAREPLWO®R®
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Problem D

Fibonacci Numbers

The Fibonacci number f; is defined by f, = fi._1 + fx_ with seed values f, = 0, f; = 1. It is known that
every positive integer can be represented as the sum of one or more distinct Fibonacci numbers.

There are many different representations of Fibonacci sums for a positive integer. For example, Fibonacci
sums for 100 can be represented by f, + fo + fi1 =3+8+8%orfi+f3+fo + f11=1+2+8+89,0r
fa+ fo+ fo+ fio =3+8+34+55 etc. In this problem, we want to find the minimum number of
Fibonacci numbers for an integer.

For a given positive integer, find the minimum number of distinct Fibonacci numbers whose sum is equal to
the given number.

Input

Your program is to read from standard input. The input consists of T test cases. The number of test cases T is
given in the first line of the input. Each test case contains one positive integer n, where
1 <n <1,000,000,000.

Output
Your program is to write to standard output. Print exactly one line for each test case. The line should contain
the Fibonacci numbers in increasing order which sum is equal to the given number.

The following shows sample input and output for four test cases.

Sample Input Output for the Sample Input
4 3 8 89

100 1 55 144

200 1 34 377 987 10946
12345 3 13 987

1003
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Problem D
I| & LFX|(Fibonacci)

I=
ro Hr

Xl == fiue fi = fi-1 + fi2 B BTN X742 fo =01
1 0|49 MZ CHE mELIX| =509 &2 = LIEHH C

ot

—_

StLte| ol F0f et mELIX| =52 g2 02| 7tX| HEf7 ULCE oE S0 4 1002
fatfe+fir=3+8+89E=fi+fa+fs+fi1=1+2+8+89 E&=fy+fs+fo+fio=3+8+
34+55 S22 LIEtE =+ ULt O] EXM= otLte] ol 5 2 /2l M2 CHE mELHK|

T59| 222 LtEfLf= Aot

otLfel ol a7t F0i 7 M, TELIX] 52| g0 F0{T
ChE T 2UHX| =52 Fotet.

oz

ot €A Ele EHa o M2

28 HOIHE BEEYUES Aottt Y82 T 719 HAE HO|HzZ P gEth ¢3el A HK
=0l= HAE HOIH =& LiEtUE d= T 7t FO{TLE Zf HAE HO|HM= StLtel Fo

nO| Z=O{ZIC}. T 1 < n < 1,000,000,000.

Z2(Output)

EYHE2 BT =Y S A8t StLte| HIAE O|O|E0] CHet SHE StLtel E0| ZHott 2f HAE
Clo[Efof CHal, mELtX] =52 20| FO{Fl 0| Chal 2 Zl= Z[a=so| HELX] =52
=716l= &M 2 =IO}

CtE2 dl 7Hel HIAE H|o|Efof CHet Y= ut == 9| ofO|Ct.

_|

1= of| K| (Sample Input) &2 0] H|(Output for the Sample Input)
4 3 8 89

100 1 55 144

200 1 34 377 987 10946

12345 3 13 987

1003
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Problem E
Mobius Strip

The Mo6bius strip is a surface with only one side and only one boundary edge. Mobius strip can be created as
follows: Take a strip of paper and glue the ends together after twisting one end a half turn (see Figure 1).

two boundary edges

Figure 1. Construction of a M&bius strip

Given a rectangular strip of paper with square grid pattern of size m x n (m < n) on both sides of the strip,
we can create a Mobius strip by joining the shorter ends of the strip together. The Mobius strip is said to be of
size m X 2n. For example, Figure 2 shows a Mdbius strip of size 5 x 100. Two squares on the Mobius strip
are said to be adjacent if they touch each other by a side (except a side on a boundary edge). Consider a small
ant lying in a square of the Mdbius strip. The ant travels around on the strip by always moving to an adjacent
square from the current square. Note that the ant cannot move across the boundary edge of the Md&bius strip.
The distance between two squares on Mdbius strip is defined to be the smallest number of squares an ant
moved, except the starting square, when an ant travels from a square to the other. Therefore the distance
between two adjacent squares is 1.

one boundary edge

Figure 2. Mdbius strip of size 5 x 100
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An average distance of Mdbius strip of size m x 2n is defined to be the average distance between all pairs of
squares (including all pairs of the same square) on the strip. For example, the average distance of Mdébius strip
of size 1 x 2nisn/2.

Given a size of Mgbius strip, you should output the average distance of the strip.

Input

Your program is to read from standard input. The input consists of T test cases. The number of test cases T is
given in the first line of the input. Each test case consists of a single line containing two integers, and m and
(1 <m<n<1,000,000), where the size of input Mdbius strip is m X 2n.

Output

Your program is to write to standard output. Print exactly one line for each test case. The line should contain a
real value, the average distance of the input Mdbius strip; the output should have a precision of exactly 1 digit
after decimal point (You have to round to the nearest tenth, i.e., the first digit after decimal point).

The following shows sample input and output for two test cases.

Sample Input Output for the Sample Input
2 50.0

1 100 26.6

5 50
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Problem F
Order

We have a sequence of n integers S = (s, S, ..., Sp), Wheres; # s;and 1 <'s; < n. Using S, we newly
define another sequence R = (ry, 15, ..., 1), Where r; is defined as the number of integers which are smaller
than s; among the integers in {sq, s, ..., Si_2,Si—1}

Let us show one example for n = 10. Assume that S = (6,4, 3,5,1,2,7,8,9,10), then R should be R =
(0,0,0,2,0,1,6,7,8,9). When you are given a sequence R, write a program which reconstructs the original
sequence S. In some cases it is impossible to reconstruct S from R. For example, if n=5 and R =
(0,2,2,0,1), then we know that it is impossible to reconstruct S from it.

Input

Your program is to read from standard input. The input consists of T test cases. The number of test cases T is
given in the first line of the input. Each test case starts with an integer n (1 < n < 100), the number of
integers in S. Then a sequence R of n integers is given in the next line.

Output

Your program is to write to standard output. For each sequence R, your program should find the
corresponding sequence S from R and print it in each line. If you cannot reconstruct S from R, then your
program should print “IMPOSSIBLE”.

The following shows sample input and output for three test cases.

Sample Input Output for the Sample Input
3 64351289710
10 10987654321
00020167629 IMPOSSIBLE

10

000O0OO0OO0OO0OOOO

12

034501234567
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A

==X (Order)
n el B2 E =M S=(s, Sz ., sp)7F UCL O7[M s; #5;0|11 1 <5, <nO|C} SEFH
MEZ =M R=0y, 1 .., = 82 = U=l A7\ = S| F2&XM {51,852, -, Si—2,Si-1}

SOIM s 2L &2 2] 7 ==0|Ct.

n=109 ZL9 0|E EXt. S=(643,512789710)0[2t% R =(0,0,0,2,0,1,6,7,8,9)0| EC}.
O =AM RO| =0{& M, 02|22 R= 0|85 S&§ X Z2IY:S Zdo10{0f st B0
metM= R 282 s & e A0l 27tsd + Utk HE =0, TF n=50|1, R=
(0,2,2,0,1)0[2tEH O|&H ROj| LiESt= S= &

™ (Input)

28 HolHs B=YHS AM8eCh Y82 T/4el HAE HOo|H=z FJECh Yo A B
=0l= 23 OO0l =& LtEfLi= = T7F FOTLE 2 HAE HO[HS| AW =0= SO
Ue 2 # n (1 =n<100)0] FAHEICL 1 OfF 0= n7ie] 2 & RO| FO{TICL

£ (Output)

EEH2 BTEYHS M8t FO T 4 =M RO I3H3H 33t =M S& Aot o =0
E SO OF oict. 2of RZEEH SE H= A0 27H5E 420 "IMPOSSIBLE"S £ otLt.

CtE2 Ml 7Hel HIAE H|o|Eof CHot A=t =39l of O|Ct.

1= of| x| (Sample Input) &= 0] H|(Output for the Sample Input)
3 64351289710

10 10987654321
00020167629 IMPOSSIBLE

10

0000O0OO0OO0O0O0O

12

034501234567
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Problem G

Parenthesis

Parenthesis String (PS) consists of two parenthesis symbols “(” and )’ only. In parenthesis strings, some
strings are called a valid PS (shortly, VPS). Let us give the formal definition of VPS. A single “( )” is a
member of VVPS, called the base VPS. Let x and y be a member of VPS. Then “(x)”, a VPS which encloses a
VPS x with a single pair of parenthesis, is also a member of VPS. And xy, the concatenation of two VPS x
and y, is a member of VVPS. For example, “(()) ()”and ((( )) )" areall VPS, but“( () (", “(()) ()))”
and “( ()" are not VPS. You are given a set of PS. You should decide if the input string is VVPS or not.

Input

Your program is to read from standard input. The input consists of T test cases. The number of test cases T is
given in the first line of the input. Then PS’s are given in the following T lines one by one. The length of each
PS is between 2 and 50, inclusively.

Output
Your program is to write to standard output. Print the result in each line. If the input string is a VPS, then print
“YES”. Otherwise print “NO”.

The following shows sample input and output for 6 test cases.

Sample Input Output for the Sample Input
6 NO

(OO NO

(OO0 YES

(0]0)1¢(0))) NO
(CQOONUUOINNO YES

000000 NO

(OO O(C
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23 (Parenthesis)

25 EXtY(Parenthesis String, PS)2 T 719 &3z 7|zQ ‘¢ oF ) Doz JAMEY /U=
goltt. O JOM H=o ZY0| H=A FHE =XEES SHE 22 ZXHE(Valid PS,
VPS)O|2t EEC} o Mol &3 7|32 =l () EXgE2 7|2 VPS o2t BEECH ot x 7}
VPS 2}& O|AS StLte| 220 2 M22 48 "(x)"= VPS 7t Elot ag[a —'|:—

Mot (concatenation)A| 7] Ml 28 EXIL xyE VPS 7} EICH O E0f “(()) ()'Q

VPS O[X|ZH “(() (", “(()) ()", A2 "(()" = 25 VPS 7t ot 2X+EO|Ct

HO
Pal

-—

Olz{22 YHe=Z FO|T 2z EZXtFEO| VPS AX| OtLHIX|E THEhshA 1 ZIHE YES 9 NO 2
L}EfLHOF BHC}.

—

()

1= (Input)

=}

5 HOolHe #F LS Aottt YH2 T/ HAE HO|HZ FO{TICH YHO X HRY
g t
=

=
o= &9 HOIHS = FO|ZILCE 2t HIAE HO[Ho| AW =0&s 2=
AHE0| ot 20 FO{TILE BtLte Z0|= 2 0[¢f 50 O|5}0|Cf.

HoO My mo [

&= (Output)

£2o BE S AROICL UHY 9 TS ExIU0| 22

1=}

s 2 XFE(VPS)O| B "YES”,

CtE2 6 712] HIOIHE 7t = Y8 2829l o & 2031 UL,

Sample Input Output for the Sample Input
6 NO

(0)]0)) NO

((€0]0)]0. YES

(0]0)1¢(0))) NO

QO ONUOINNO YES

0000000 NO

(OOXYO(C
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Problem H

Parents

Consider a rooted tree, each of whose nodes is associated with an integer OF;
representing the node’s value. Naturally, the value of a subset of nodes of such a tree

is regarded as the sum of the values of all the nodes contained in the subset. Given a

positive integer K, let’s define the K-anti-parental subset to be a subset of nodes @ > @ .5 ® 4
satisfying the following constraints: (1) the number of nodes in the subset is between

1 and K, inclusive, and (2) for any pair of nodes in the subset, one is not a parent of

the other, and vice versa. Now, your task is to find the maximum of the values of the ®; @,®,
K-anti-parental subsets of an arbitrary node-valued tree. -3

Input

Your program is to read from standard input. The input consists of T test cases, where the positive integer T is
given in the first line of the input, followed by the description of each test case. The first line of a test case
contains two positive integers N and K, respectively indicating the number of nodes of the tree and the
parameter K as explained above, in which we assume N < 100,000 and 1 < K < 100. The tree’s nodes are
indexed 0 to N — 1, where the index 0 is always assigned to the root node. The following line contains N
integers, separated by spaces, coming from the inclusive interval [-1,000, 1,000], which represent the values
of the nodes enumerated in the increasing order of indices from 0 to N — 1. The next following line contains
N — 1 integers, separated by spaces, each of which indicates the index of a corresponding node’s parent.
Make sure that these numbers are for the N — 1 nodes except the root, listed in the increasing order of indices
from 1 (not 0) to N — 1. Therefore, the first integer points to the parent of the node indexed 1. Note that the
parent of the root node needs not be specified.

Output
Your program is to write to standard output. Print exactly one line per each test case. The line should contain
the maximum possible value of the K-anti-parental subsets of the input tree.

The following shows sample input and output for three test cases.

Sample Input Output for the Sample Input
3 12
7 3 5
62-55-341 -1
002205

32

4 -3 5

00

7 6

-1-1-1-1-1-1-1

012345
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Problem |
PCB

A Printed Circuit Board (shortly, PCB) is used to electrically connect electrical components using conductive
pathways (or wires) etched from copper sheets laminated onto a non-conductive substrate. Typical PCBs can
be easily seen inside any personal computer, including a mainboard, a graphic card, and RAMs. For many
reasons, a PCB should connect electrical components on it in a compact and efficient way, so how to wire
each component to others is a central issue in designing PCBs.

International Circuit Production Corporation (shortly, ICPC), which is a company that manufactures PCBs on
orders, recently received an order of designing a PCB, model code iCPC-2012, which will be installed in a
next generation smart mobile device. According to the specification of iCPC-2012, it consists of N
components Cy, ..., Cy and two special components, called clocks. A clock can send signals periodically to at
most K (= N/2) components that are connected to it; that is, a clock can serve at most K components.
Because all the N components in iCPC-2012 are required to be synchronized during their operations, each
component C; has to be connected to one of the two clocks. The two clocks are supposed to be perfectly
synchronized.

ICPC has so far decided the shape of the board of iCPC-2012 and the locations of each of the N components
on it, but not where to put two clocks. In a viewpoint of synchronization among components, ICPC wants to
minimize the maximum length of pathways from each component C; to its connected clock. You are to write a
program that computes the minimum possible length of the longest pathway between components and their
connected clock when the two clocks are optimally located.

More specifically, iCPC-2012 has the following properties.

(i) Every pathway between a component and a clock consists of horizontal or vertical segments.

(i) Every pathway runs under the components. So, you can freely design pathways, making them as
short as possible.

(iii) The location p; = (x;,y;) of each component C; is given as a pair of even iintegers, representing the
coordinates on the board.

(iv) Each clock can be located at any place (x,y) on the board with —10° < x,y < 10°. Clocks even
can be located at the same location p; of component C;.

Remark by (i) and (ii) that the length of the pathway from C; to its connected clock is determined by the
locations of the component and the clock; not by how to connect them.

ICPC 2012 Asia Regional — Daejeon Nationwide Internet Competition Problem I: PCB



An example is illustrated above, where N =12 and K = 7. The locations p; of the 12 components are
depicted as small circles and an optimal location of two clocks are marked as black squares. As shown above,
the pathways, depicted by segments, fulfill (i) and (ii), and the length of longest pathways is 7, which will be
the correct answer of your program. Note that this optimal location of clocks is not unique.

Input

Your program is to read from standard input. The input consists of T test cases. The number T of test cases is
given in the first line of the input. From the second line, each test case is given in order, consisting of the
following: a test case contains two integers N (2 < N <100,000) and K (N/2 < K <100,000) in its
first line, and is followed by N lines each of which consists of two even integers inclusively between
—1,000,000 and 1,000,000, representing the x- and y-coordinates of p; = (x;, y;), the location of C; on
the board. Two consecutive integers in one line are separated by a single space and there is no empty line
between two consecutive test cases.

Output

Your program is to write to standard output. Print exactly one line for each test case. The line should contain a
single integer obtained by rounding off the minimum possible length of the longest pathway. For examples, if
the result you obtain is 5.52, then you should print out “6”; if the result is 5.49, then you print out “5”.

The following shows sample input and output for two test cases.

Sample Input Output for the Sample Input
2 7
12 7 4
26

2 10

4 2

4 4

4 10

6 8

8 6

8 8

12 2

14 6

16 O

18 6

53

00

02

20

22

6 6
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Square

There are n points in the plane.

Write a program which finds a largest square such that each of its vertices is one of the given points and its
area is greater than 0.

Input

Your program is to read from standard input. The input consists of T test cases. The number of test cases T is
given in the first line of the input. Each test case starts with an integer n, the number of points, where 4 < n <
3,000. Each of the following n lines contains two integers, representing x-coordinate and y-coordinate of the
points between —10% and +10*, inclusively.

Output
Your program is to write to standard output. Print exactly one line for each test case. The line should contain
an integer, the area of a largest square. If there is no square, print out 0.

The following shows sample input and output for one test case.

Sample Input Output for the Sample Input
1 26

10
52
10 2
-

W 0 — oy U1 N
[salNe] ~N 3 01O
(@)
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