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Problem Set

Please check that you have 12 problems that are spanned across 33 pages in total (including this
cover page and Korean translated ones).

A. Closest Pair (2 pages) Korean translation available
B. Cycle Mean (2 pages)
C. Flow Graph Complexity (2 pages) Korean translation available
D. Grasshopper Route (2 pages)
E. Jerry and Tom (2 pages)
F. Leftmost Segment (2 pages)
G. Map Labeling (2 pages) Korean translation available
H. MultiMax (1 page) Korean translation available
|. Pizza Boxes (2 pages) Korean translation available
J. Pseudoknot (2 pages)
K. Registration (1 page) Korean translation available
L. Telescope (2 pages)

The memory limits for the twelve problems are all the same, 512MB.
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Problem A

Closest Pair
Time Limit: 1 Second

foundation

Given two sets P and Q of finitely many points in the plane, a closest pair of P and Q is a pair (p, q) of points
p € P and q € Q such that the distance between p and g is the minimum among all pairs (p’,q") withp’ € P
and q' € Q.

Specifically, in this problem, by the distance between two points a and b in the plane, we mean:
d(a,b) = |xa _xbl + Iya _ybl

where x, and y, denote the x- and y-coordinates of point a, and x;, and y; denote the x- and y-coordinates of
point b. Then, a pair (p, q) with p € P and q € Q is a closest pair of P and Q if and only if the following holds:

d(p,q) = min{d(p’,q") |p’ € Pand q' € Q}

Given two sets P and @, write a program that computes the distance between a closest pair of P and Q and the
number of distinct closest pairs of P and Q.

Note that you can assume the following on the input points in P and Q:
1. All the points in P lie on the horizontal line y = ¢; while all the points in Q lie on the horizontal line
y = ¢, for some integers c; and c,.
2. No two input points in P have the same coordinates; no two input points in Q have the same
coordinates.

Input

Your program is to read from standard input. The input consists of four lines. The first line contains two
integers,n (1 < n < 500,000) and m (1 £ m < 500,000), where n is the number of points in set P and m
is the number of points in set Q. In the second line, two integers c¢; and ¢, (—108 < ¢;,c, < 10%) are given
in order, separated by a single space. In the third line, n distinct integers between —108 and 108, inclusively,
are given, separated by a single space, that are the x-coordinates of the points in set P, while their y-
coordinates are all the same as ¢;. In the fourth line, m distinct integers between —108 and 108, inclusively,
are given, separated by a single space, that are the x-coordinates of the points in set Q, while their y-
coordinates are all the same as c5.

Output

Your program is to write to standard output. Print exactly one line for the input. The line should contain two
integers, separated by a single space, that represent the distance between a closest pair of P and Q and the
number of closest pairs of P and Q in this order.
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The following shows sample input and output for two test cases.

Sample Input 1 Output for the Sample Input 1
34 53

1 -3

306

-2542

Sample Input 2 Output for the Sample Input 2
55 11

12

-4 -10 -2 0 -1

318015
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Problem A

Closest Pair
Time Limit: 1 Second
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foundation
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Problem B
Cycle Mean

Time Limit: 2 Seconds
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foundation

A metabolic network is modeled as a directed graph in which a vertex represents a state and an edge
represents a transition from one state to another. Each edge has a weight like a cost or an energy that needs for
the transition of the edge. The mean weight of a directed cycle in the metabolic network is the total weight of
its edges divided by their number. In general, the efficiency of the network is measured by the minimum mean
weight of directed cycles in the network. We now want to measure the efficiency of a given metabolic
network by computing the minimum mean weight.

More precisely, a digraph (directed graph) G = (V, E) of n vertices, associating each edge e with a positive

weight, is given. A cycle C in G is simple if the vertices along C are all distinct. A weight w(C) of a (directed)
simple cycle C in G is the total weights of the edges in C, and the mean weight of C is w(C)/|C|, where |C]| is

the number of edges of C or cycle length of C. The minimum cycle mean of G is the minimum mean weight of
simple cycles in G. For simplicity, we assume that a digraph G is simple, that is, there is no self-loop edge

from a vertex to itself, and there are no two or more edges from u to v for any distinct vertices u and v of G.

Note that the length of any simple cycle in G is at least two.

c 1 e

Figure B.1. A digraph G of 6 vertices and 9 edges.

For example, a digraph G in Figure B.1 has four directed simple cycles in total, b > c - b,a—>b - c - a,
b->d—-e—->c—->b,anda—->b—>d—-e—c- a,of cycle length 2, 3, 4, and 5, respectively. The weights
of the cycles are 4, 6, 6, and 8, thus their means are% =2, g = 3, % = 1.5, andg = 1.6, respectively. The

cycle of the minimum meanis b - d = e — ¢ = b and its mean is 1.5.

You write a program to output the minimum cycle mean of a simple digraph G.

Input

Your program is to read from standard input. An input starts with a line containing two integers, n,m (2 <
n < 1,000,1 < m < 10°), where n is the number of vertices and m is the number of edges in a digraph G.
Vertices have distinct id numbers from 0 to n — 1. In the following m lines, each of the m edges in G is given
line by line. Each edge is represented by three integers u, v, w separated by a single space, where the edge is
directed fromutov (0 < u,v <n—1,u # v) of weight w (1 < w < 1,000).

ICPC 2017 Asia Regional — Daejeon Nationwide Internet Competition Problem B: Cycle Mean



Output
Your program is to write to standard output. Print exactly one line for the input. The line should contain two

integers a and b separated by a single space in this order such that a and b are relatively primes and % is the

minimum cycle mean of G. But if G has no cycle, you should output two zeroes separated by a single space.
The following shows sample input and output for three test cases.

Sample Input 1 Output for the Sample Input 1
32

WAWRDMANVNROO
QUBRWNORNRO
RPRRNRPWNNPR

Sample Input 2 Output for the Sample Input 2
13 15 4 3

NOOWORMNONRORN
NRPRNRPRRPRRPRRNRPR

NP PRPPOOOOCOWOIOOF,NO

ample Input 3 Output for the Sample Input 3
00

S
6
0
1
0
1
3
4

OONWNNEFPO
PWFREREPNDd
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Flow Graph Complexity
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foundation

Soohwan is leading the International Committee for Program Complexity (ICPC), and the major task of ICPC
is measuring the complexity of program codes. A well-known representation of a program is the control flow
graph, where the nodes represent the program constructs and the edges the possible flow of controls. The
cyclomatic complexity is a popular way to measure the complexity of a flow graph. For the digraph G(V, E)
representing a flow graph, the cyclomatic complexity C(G) is defined by the formula C(G) = |E| — |V| + 2.
For instance, for the flow graphs G; and G, in Figure C.1, the complexities of them are computed to be 3
(C(G) = C(G,)=9—-8+2=23).

@@t oo
@+ { &-O0-0-6

(a) (b)
Figure C.1: Two flow graphs G, (a) and G, (b)

In Figure C.1, the labels B, L, and S denote the types of nodes: B for a branch, L for a loop, and S for a simple
statement. The branch node B introduces additional forward edge skipping one or more statements. The loop
node L, the target of an incoming backward edge, also introduces a forward edge exiting the loop. Note that
the dots representing the closing points of loops or branches are nodes, too.

One critique for the cyclomatic complexity is that the backward edges introduced by loops are weighted equal
to the forward edges. Therefore Soohwan devised a new measure imposing more weights on the backward
edges than the forward ones. He classified the edges into two disjoint categories E for the forward and Ep for
the backward (E = Er U Eg and Er N Eg = @), and defined a new measure C, namely the flow graph
complexity, using the formula Cy(G) = |Er| + W X |Eg| — |V| + 2 for a constant weight W for backward
edges. Soohwan wants to validate this new measure.

You are to help Soohwan by writing a program calculating the new complexity for a given flow graph. For
simplicity, only pretest loops (say, while loops in C) and only one-way branches (say, 1 statements
without else clauses) are assumed. With this assumption, a flow graph can be represented by a string of
node types defined as follows:
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L for a loop node,
B for a branch node, and
S for a simple statement node.

L and B should be followed by the string representing its sub-structure enclosed by a pair of parentheses.
Beware that the closing points are implicitly represented by parentheses. The sequence of node representations
are separated by commas. According to this representation, the string representations of the graphs in Figure
C.1 are as follows:

G1:S,L(B(S)).S,S
G,:S,L(L(S)).S,S

With the weight W = 5, the new complexities for them are Cy(G,) = |Ep| + W X |[Eg| — |V|+2=8+5X
1-8+2=7and Cy(Gy) = |Ep| + W X |Egl — V]| +2=7+5%x2—8+2=11.

Write a program to compute Cy,; given the weight W for backward edges and the string representing the flow
graph.

Input

Your program is to read from standard input. The input starts with a line containing an integer, W (1 < W <
27), where W is the weight for the backward edge. In the following line, the string representation P for the
flow graph is given. The length of P is less than 70,000. The string P consists of uppercase alphabets and
punctuation symbols. To make the representation easy to read, P may contain spaces; the pairs of brackets
[ and ] can be used instead of the pairs of parentheses and they should be matched. P may contain other
punctuation symbols such as colon (:), semicolon (;), period (.) erroneously, which your program should
detect them as invalid symbols. The input string P is invalid if (1) the parentheses and the brackets are
unmatched, (2) it contains punctuation symbols other than parentheses, brackets, and commas, (3) the
punctuation symbols are added or omitted wrongly such as S, , S, SS, or B, (S), and (4) it contains unknown
types of node other than S, L, or B.

Output
Your program is to write to standard output. Print exactly one line for the input. The line should contain the
flow graph complexity Cy,(G) for the given G represented by P. If input string P is invalid, print -1 instead.

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

Sample Input 1 Output for the Sample Input 1
5 11

S,L(L(S)).S,S

Sample Input 2 Output for the Sample Input 2
3 8

L(S, LIB(S).S1 )

Sample Input 3 Output for the Sample Input 3
11 -1
B(S, LLF(S), S1. S(S) )
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Problem C
Flow Graph Complexity

Time Limit: 1 Second
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Grasshopper Route
Time Limit: 1 Second
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foundation

A grasshopper is planning to explore a tree, where a tree is an undirected graph in which any two vertices are
connected by exactly one path. The grasshopper on a vertex of the tree can jump to, and only to, any other
vertex within a distance of 3, where the distance between two vertices is the number of edges in the path
connecting the two. The grasshopper wants to visit every vertex of the tree exactly once, starting at the vertex,
s, it is currently on and ending at the vertex, t, it wants.

Given a pair of vertices s and t in a tree with n vertices, your job is to write an efficient program to report an
ordering of the vertices of the tree, called a grasshopper route, according to which the grasshopper can
accomplish what it wants. Specifically, a grasshopper route for s and t in the tree is an ordering
(uq, Uy, ..., uy,) of the vertices of the tree such that u; = s, u,, = t, and the grasshopper can jump and move
from u; to u;,4 for every i € {1,2,...,n — 1}. Fortunately, it was proven early in 1960 that each pair of
vertices of a tree are joined by a grasshopper route.

In the tree shown in Figure D.1 below, for example, there is a grasshopper route (7,6,5,4,1,2,3,8,9,11,12,10)
for s = 7 and t = 10. The grasshopper can jump from vertex 5 to vertex 4 because the distance between the
two is at most 3; however, it cannot jump from vertex 5 to vertex 3. As you guessed, there may exist more
than one grasshopper routes.

9 11

Figure D.1: A grasshopper route from s to t, where s = 7 and t = 10.

Input

Your program is to read from standard input. The first line contains an integer, n, representing the number of
vertices of the input tree, where 2 < n < 100,000. It is followed by n — 1 lines, each contains two positive
integers u and v that represent an edge between vertex u and vertex v of the input tree. It is assumed that the
vertices are indexed from 1 ton. The last line contains two distinct integers s and t, where s,t € {1, ...,n},
that respectively represent the start and end vertices of a grasshopper route.

Output
Your program is to write to standard output. Print out a required grasshopper route in n lines, containing, one
by one, the vertices encountered when we traverse the route from s to t.
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The following shows sample input and output for two test cases.

Sample Input 1 Output for the Sample Input 1
4 4

12 2

4 3 3

23 1

4 1

Sample Input 2 Output for the Sample Input 2
12 7

41 6

4 2 5

4 3 4

4 7 1

56 2

6 7 3

7 8 8

8 9 9

9 10 11

11 10 12

12 10 10

7 10
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Problem E
Jerry and Tom

Time Limit: 1 Second

Naughty mouse Jerry and his friend mice sometimes visit a vacant house to play the famous children game ‘hide
and seek’ and also to adjust the length of their teeth by gnawing furniture and chairs left there. If we look down
the house from the sky the boundary of it composes an orthogonal polygon parallel to the xy-axes as shown in
the figure below. In other words, every wall of the house is either horizontal or vertical.

Tom, a threatening cat to them, sometimes appears in the house while they are enjoying the game. In that case
Jerry and his friends should hide into the rat’s holes at the bottom on the walls. There are two rules which must
be held for them to hide into the holes:

1. Each hole can afford at most k mice.
Each mouse can enter the hole which can be seen by it. In other words, a mouse cannot enter the
hole which is hidden by any wall. (That is, if the connecting line between a mouse and a hole
intersects either any wall or any corner point of the house, the hole is considered hidden from the
mouse.)

For example, consider a situation where three mice and three holes are in the house as shown in Figure E.1.
Each circle on the boundary denotes a hole. Assuming that k = 1, i.e., only one mouse is allowed to hide into
each hole, with the situation shown in the left figure, when Tom appears all the three mice can hide. But for the
case shown in the right figure it is impossible for all the mice to hide.

[ ]
®
[ ]
L ]

Figure E.1: Illustration to show two situations: 1. All mice can hide (left) and 2. They cannot (right)

You can assume:
1. Every mouse is strictly inside the house, which means that no mouse is on the wall
2. Every hole is on the wall.
3. No two holes locate at the same spot.
4. No two mice locate at the same spot.

Given a situation explained above, you are to write a program which determines whether all the mice can hide

or not.

Input
Your program is to read from standard input. The input starts with a line containing four integers, n, k, h, and
m, where n(1 <n < 1,000) is the number of the corner points of a house, k(1 < k < 5) the maximum
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number of mice each hole can afford, h(1 < h < 50) the number of holes, m(1 <m < k- h) the number of
mice. In each of the following n lines, each coordinate of the corner points of the house is given in counter
clockwise order. Each point is represented by two integers separated by a single space, which are the x-
coordinate and the y-coordinate of the point, respectively. Each coordinate is given as an integer between —10°
and 10°, inclusively. In each of the following h lines, two integers x and y are given, which represent the
coordinate (x,y) of each hole. In each of the following m lines, two integers x and y are given, which represent
the coordinate (x, y) of each mouse.

Output
Your program is to write to standard output. Print exactly one line for the input. Print Possible if all the mice
can hide into the rat’s holes holding the constraints explained above. Otherwise print Impossible.

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

Sample Input 1 Output for the Sample Input 1
6133 Possible

00
100 O
100 50
40 50
40 70
0 70
0 55
55 50
80 50
15 65
90 10
92 10

Sample Input 2 Output for the Sample Input 2
6133 Impossible

00
100 O
100 50
40 50
40 70
0 70
0 55
55 50
80 50
15 65
90 10
30 66
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Problem F

Leftmost Segment
Time Limit: 1 Second

foundation

There are two distinct horizontal lines hypper and hygyer in the Xy-coordinate plane and n line segments
connecting them. One endpoint of each segment lies on hyyper and the other on hygyer. All endpoints of the
segments are distinct. All segments are numbered from 1 to n. Consider a horizontal line h; located between
hypper and hyoyer, which will be given by a query. The line h; crosses all segments definitely. We want to
know which segment intersects at the leftmost with h;. You can observe that the leftmost intersection point
between the segments and a query line may lie on one or more segments since two or more segments may
intersect at a single point. In that case, the leftmost segment is defined as the segment which has the leftmost
endpoint on hypper.

For example, 5 segments and 3 query lines are given in the plane as shown in the figure below. The leftmost
segment that intersects with a query line of y = 2.0 is 2 and the leftmost segment that intersects with a query
line of y = 4.0 is 3. The query line of y = 6.25 crosses the intersection point between the segments 3 and 4,
hence the leftmost segment is 4 by definition.

4 3 1 2 5
y=10 \ Bupper
y=6.25 ==-=mmmmusd
y=4.0 ------mmmm
y=2.0 "——%
y=20 ha’an'er

Given n segments connecting two horizontal lines and m queries, you are to write a program to find the
leftmost segment that intersects with each query line.

Note that two or more segments may intersect at a single point. You should be also careful of round-off errors
caused by the computer representation of real numbers.

Input

Your program is to read from standard input. The input starts with a line containing two integers, maxY and
minY (—1,000 < minY < maxY < 1,000), where maxY and minY represent the y-coordinates of the upper
horizontal line and the lower horizontal line, respectively. The next line contains an integer n (1 <n <
100,000) which is the number of segments connecting two horizontal lines. All segments are numbered from
1 to n in order given as the input. In the following n lines, each line contains two integers
upperX and lowX(—500,000 < upperX, lowX < 500,000) which represent the x-coordinates of the upper
endpoint and the lower endpoint of a line segment, respectively. All endpoints are distinct. The next line
contains an integer m (1 < m < 100,000) which is the number of queries. In the following m lines, each line
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contains a Yy-coordinate given for the query horizontal line, which is a real number between minY and maxY

exclusive and the number of digits after the decimal point is 1 or more and 3 or less.

Output

Your program is to write to standard output. Print exactly one line for each query in order given as the input.
The line should contain the leftmost segment number which intersects with the query horizontal line.

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

Sample Input 1

Output for the Sample Input 1

10 O

N

0o woerRr

(&)}

N-hCDQJSI—‘-b@U‘IU‘I
©

OON

4
3
2

Sample Input 2

Output for the Sample Input 2

-5

NOWWNEFROMOU
AN O

|
[V
N
~
(6]

1
1
1

ample Input 3

Output for the Sample Input 3

0

S
3
3
6 7
85
2 11
3
1.0
1.499
1.501

2
2
3
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Map Labeling

Time Limit: 1 Second
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Map labeling is to place extra information, usually in the form of textual labels, next to features of interest
within a map. The typical features depicted on a map are line features(e.g. roads, rivers, etc.), area
features(countries, forests, lakes, etc.), and point features(villages, cities, etc.). In this problem, only the point
features will be considered.

The basic requirements on the map labeling are that the labels do not overlap with each other and that they are
close to the features they are associated with. However, this is not always possible to be achieved, for example,
in the case where the labels are too large or the feature set is too dense. In this problem, the labels may be far
from their features such that they are pairwise disjoint. But each feature should be connected to its associated
label through a polygonal line including a straight line, called a connector. Clearly, the connectors should not
intersect with each other. The connectors are only of two kinds. One consists of a single vertical line, called a
straight connector and the other consists of three connected line segments, that is, vertical, horizontal, and
vertical segments, called a bended connector. See Figure G.1.

Specifically, there is a straight line L, considered to be the x-axis, on which n points, corresponding to the
point features, lie. The locations of the n points are strictly different. In this problem, the labels are considered
as rectangular areas with height 1 on the plane. So each point p; is associated with an axis-parallel rectangular
label [; of width w; and height 1. Note that the heights of all the labels are identical. These rectangular labels
should be pairwise disjoint, but the boundaries of two labels can be touched. Consider a line U which is
parallel to L, above L, and has a vertical distance 1 from L. The labels [; should be placed such that their lower
sides are attached on U and they are above U as shown in Figure G.1.

L

P1 Pz Ps3
Figure G.1 Rectangular labels of point features

You write a program to find the placements of labels such that the number of bended connectors is minimized.
For example, for the point features and the labels given in Figure G.1, the placement of labels shown in Figure
G.2 minimizes the number of bended connectors.

Pz P3
Figure G.2 Optimal placement of labels
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Input

Your program is to read from standard input. The input starts with a line containing an integer,n (1 < n <
10,000), where n is the number of points on the line L, corresponding to the point features. In the i™? line of
the following n lines, the coordinate a; of the i*" point of the n points is given, where a; is an integer and
0 < a; < 108. The coordinates of the n points are strictly different, that is, a; # a; ifi # j. In the i™ line of
the following n lines, the width w; of the associated label of the i*" point is given, where w; is an integer and
1 < w; < 10°. Note that the heights of all the labels are 1.

Output
Your program is to write to standard output. Print exactly one line for the input. The line should contain the
minimum number of bended connectors among all the valid placements of labels.

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

Sample Input 1 Output for the Sample Input 1
1

NOROOOTWW

(7]
)
3
=2
o
5
=
c
L
N

Output for the Sample Input 2
2

PRPRRPPRPRA,OAFRLANOO
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oAl SHEE A YA F(feature) Aol dolE(7] A dolg) FER FIIAHd ARE

< A o] &% (map labeling)®] 2}l s}, Ao AP A AFAFEZ H(dE
o, 2, 7 &), 99t &, EF 5), A(HE, BA §) FE7E du B FACA =
3

3L,

.'EérJ

2 rh ol

LA A = ol EEo] A2 HA A ek 3 A F = =,
Aolty, a8y 2t APAELS (HAAE E5Hsh) 724 (polygonal line)oll 2o]sA] & o]
al

o,
o
[rt
i <L

Hoh AAXMELS o F FFENY, sy 3 e MR FAE AoR X o F(straight
connector)o] 2kl F-Ath thE st Al e dAE dEo= S FeR 79 ¢ FH(bended
connector)o]gtal F-Et}, o714, A AZAAML 42|, =3, a3 FF AR o7 FAH FE ot}
19 Gl S BAL
TAH o R, A AFGAE S n e HEC] T U= HAA L] A o] AL x-Fo=
s 5 vk nll HEY AT BT AR g2 2 ZAGA do]E2 HH A =o] 1 <l
A4E gooltt F, 72 A p; o dHolE L= YRl w ok o] 19 Foll HyPd A FHo|th BE
glo] &) wol7t ol FH5kAL o] ALY HolEES A= PR K| olof EA| vk F o] L9
AAMLE ol "n) AA Lo Hasta L A= 72 A 1o X3 X uE AZteiak 19
G.1 A9 dol & [;= ofell WMol Ut vty U 9ol Fofof g
I
____________ - ——_ U
1 L
P1 P2 P3
Figure G.1: & X[ X| 22| At H gj|0|2

oAt A AAdHe 77 HAavt HES ol EEY A& AA st T2 a9-S ZdFlof g
& 5o, 1€ G1Y HolEES 29 G2 AHYH w2 7 AZAXM ] 7 H A7 Ao
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Figure G.2: &f[O| 22| XA 2{X|

=
| Aol 23k a;7F Tl A7IAM, a; = A0l 0 < a; < 108,

E5 ME gad, g Za,i#j o)W, q # aq. T ol = n ) 9] WA
< w; < 10% EE

Output
TR Y2 37 FY o8 Yt g s Jgs] g Foll E9gith o] Foll= 7he g
do] 28 oA Al AAM] A FE FH A}

Sample Input 1 Output for the Sample Input 1
3 1

3

5

6

4

5

2

Sample Input 2 Output for the Sample Input 2
5 2

3

2

4

1

5

4

1

1

1

1
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MultiMax
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foundation

There are n cards, each with an integer on it where two or more cards can have the same integer. From these
cards, we want to select two or three cards such that the product of numbers on the selected cards is maximum.
For example, assume that there are 6 cards with numbers: 5, 10, —2, 3, 5, and 2. If we select three cards with
numbers, 5, 10, and 5, then the product of the three numbers is 250, which is the maximum product. Let us
consider another example of four cards with numbers: 10, 0, —5, 2. In this example, if we select two cards
with numbers, 10 and 2, then the product of these two numbers is 20, which is the maximum product.

Given n numbers on cards, write a program to compute the maximum product of numbers on two or three
cards.

Input

Your program is to read from standard input. The input starts with a line containing an integer,n (3 < n <
10,000), where n is the number of cards. In the following line, n numbers on the cards are given. These
numbers are integers between —1,000 and 1,000 inclusively.

Output
Your program is to write to standard output. Print exactly one line which contains the maximum product .

The following shows sample input and output for two test cases.
Sample Input 1 Output for the Sample Input 1

6 250
510 -2 35 2

Sample Input 2 Output for the Sample Input 2
4 20
10 0 -5 2
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MultiMax

Mgt AlZh 1 =
2 FtE0 "t M0 U nFO| FFETF QICH 2 £7F Mo Qe FHETL of] B AS £ ATt
O|& n¥Ql 7IE0M T & Z2 M &l 7tEE MEiSICE O, ME It &= &o| FtE0 U=
59 It M H FtE0| Y 59 F FOIM A CHZte FLLAF L 02 S0 n=60|1,
7IE0 A Q= 50| 5, 10, —2,3, 5, 22F SHXt. A0 U= =71 5, 10, 5 A ol FIEE
MENSIH Ol & 2| &2 2500|1, O|= St At Sh= Z|C{ZLO|Ct CHE O 2, n = 40|12, FIE0
MOl Qe $E0] 10,0, 5, 22+ HAL M0] Qe 47} 10, 201 F EO| FIES MEAsH £ & T2
2003, O|= &} DX} SH= A CHZLO| L.

Mgttt R R 20| 7tE S LiEtUE 22l =+ n (3 < n < 10,000)0|

o o
H T =
FOIZTICE o2 =0 7tEO A= n /el =50 FOHZICE 0|F == —1,000 O 1,0000(5t2]
MA0|C
oT

SH2 HETHS A8 & = s M = & SOAM HOigE o 20 =4

L
o
M

-

Sample Input 1 Output for the Sample Input 1
6 250
510 -2 352

Sample Input 2 Output for the Sample Input 2
4 20
10 0 -5 2
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Problem |

Pizza Boxes
Time Limit: 1 Second

There are pizza boxes all of which have the same dimensions. The boxes are stacked in piles, forming a three-
dimensional grid where the heights are all different. The view from front shows the height of the tallest pile in
each column, the view from the side shows the height of the tallest pile in each row.

What is the maximum number of pizza boxes we can remove without changing the front and side views? In
the following example, Figure 1.2 shows the solution of Figure 1.1(a) case. In Figure I.1(a) and Figure 1.2,
each number (height) represents the number of boxes stacked.

16 15 — L

1 2 4 6 1; P p—

16| 9 [ 13| 11

Side —
5/110| 8 | 15 6
12|14 7 | 3
I Front view Side view
Front

(a) (b)

Figure I.1. () Grid of heights and (b) the corresponding views.

00|06
16| 0 13| 0
00| 0|15
01400

Figure 1.2. Grid of heights after removing boxes.

Your task is to compute the maximum number of pizza boxes that can be removed without changing the
original front and side views.

Input
Your program is to read from standard input. The input contains two integers,n and m (1 < n,m < 1,000),
the number of rows and columns in the grid, respectively. Each of the following n lines contain m integers,
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the number of pizza boxes (heights) in the corresponding row. All heights are between 0 and 10 inclusive

and the heights are all different.

Output

Your program is to write to standard output. Print exactly one line for the input. The line should contain the
maximum number of pizza boxes that can be removed without changing the original views.

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

Sample Input 1

Output for the Sample Input 1

4 4
1246
16 9 13 11
5 10 8 15
12 14 7 3

72

Sample Input 2

Output for the Sample Input 2

35

111 25 20 23
17 2 16 21 15
10 3 12 24 22

101
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o TN 20l dAE2l =0|7F #HEo| g0l X2 HMAY = Us dAs52 +E

Input

28 HOlH= #&F 2 =

A7|E LIEHE & B4 n It m (1< n,m < 1,000)0] FO{TICH FHE EEH nllo 0=
b =0)E LIEIUH = m7iel E=7t FH I 4XE9 ~(=0)=

7bzho| ol A0 Q=
- 11— = =) —
00l 10°0|3t2| 0|0, B A= &XA=2| += EF CH=LT

2
o)

Output

82 ETESHS Ar8tthh O SHOM 2 dAE2l 20| HIOIXREE SHEA
AAEE AL & I, MAY = A= &ALe| 2|0 i+ o =0 EHotct
CE2 F702| HIAE C|o[Eof TSt =0t =39l ofo[Ct,

Sample Input 1 Output for the Sample Input 1
4 4 72

1246

16 9 13 11

510 8 15

12 14 7 3

Sample Input 2 Output for the Sample Input 2
35 101

111 25 20 23
17 2 16 21 15
10 3 12 24 22
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You work at a biological company and are currently developing a new type of vaccine for flu. A crucial step
for making a new vaccine is to analyze an RNA strand and find a big chunk of the RNA strand that can be
linked together. The RNA structure plays an important role in cells and molecular evolution. Thus, it is very
important to calculate an RNA structure with a maximum number of links, which would use the optimal
thermodynamic energy. This problem is called the pseudoknot prediction problem. When we regard an RNA
strand as a string w, a pseudoknot string is in the form of w = uvzRuRyz, where u, v, z, y are substrings of
w, |ul,|z| > 0and |v], |y| = 0. Here uRand z® denote the reversal of u and z, respectively, and then (u, uR)
and (z, z®) form two links.

ICPCINAEROKCPCIFORKOREA AQQQQRRRRRQQQQQ
(a) (b)

Figure J.1. An example of pseudoknot and non-pseudoknot

For example, the string in Figure J.1(a) is a pseudoknot since we can decompose the string w into six
substrings u, v, z%, u®, y, z such that u = ICPC, v = IN, y = FOR and z = KOREA. Note that the two bold
substrings (u, u®) are reversal to each other, and the two underlined substrings (z, zR) are reversal to each
other. Now consider the string in Figure J.1(b). No matter how we decompose the string, we cannot make the
pseudoknot structure. Therefore, we say that the string is not a pseudoknot.

ICPCAEROKCPCIKOREA
Figure J.2. Another pseudoknot example

The string in Figure J.2. is also a pseudoknot. Note that here v, y are the null string (i.e., [v| = |y| = 0). We
only require that u, z should be non-null strings (|u], |z| > 0) and v, y can be a null-string in the pseudoknot
structure.

ICPCINAEROKCPCIAECIKOREA ICPCINAEROKCPCIAECIKOREA
(a) (b)

Figure J.3. An example of two different pseudoknot structures for a same string

For some strings, there might be more than one possible pseudoknot depending on how we decompose the
string. For instance, we have two different pseudoknot structures for the same string in Figure J.3. In biology,
it is desirable to maximize the number of links, which is the reversal matching in pseudoknot. This implies
that Figure J.3.(a) is more desirable than Figure J.3.(b) and, thus, it is better to report (a) instead of (b) for the
input string in Figure J.3.
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Input
Your program is to read from standard input. The input is a single string from the alphabet of uppercase letters
without whitespace and line-break. The length of the string is between 1 and 200,000.

Output

Your program is to write to standard output. Print exactly one line for the input. The line should contain an
integer for the largest t such that the input string w is a pseudoknot under the required conditions, w =
uvzRuRyz, |ul, |z| = t and |v|,|y| = 0. If no such t exists (i.e., w is not a pseudoknot), then your program
should output —1.

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

Sample Input 1 Output for the Sample Input 1
| ASLSDAAAFFSFAFDSLSAASFASDDFAFS | 4

Sample Input 2 Output for the Sample Input 2
| AQQQQRRRRRQQQQQ | -1

Sample Input 3 Output for the Sample Input 3
[ ICPCAEROKCPCIKOREA | 4
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Registration
Time Limit: 1 Second
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Print out your team’s DOMJudge account ID and password.

Input
No input is given for this problem.

Output
Your program is to write to standard output. Print exactly two lines. The first line should contain your
DOMJudge account ID, and the second line should contain your DOMJudge account password.

The following shows sample input and output, where the account ID is team123 and the password is
passwOrd. Notice that no input is given.

Sample Input Output for the Sample Input
teaml23
passwOrd
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Time Limit: 1 Second

Apal o] £:af 3= © 9] DOMJudge ID €} A A9 =5 It 2 S8k T2

%
o
L
o,
ol
o,
>,

.}o

Output
% ¥ (standard output) &2 F 2 3l of gt} 3 =l Domjudge ID, =4 Fol ==& FH 3t}
&2 1D 7} team123 ¥, s~ Y =7} passwOrd ¢ 7259 31=2 dAjo|t}. Fauw ¢J=go] gl
Aol 9] gt
Sample Input Output for the Sample Input
teaml23
passwOrd
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Telescope
Time Limit: 1 Second
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foundation

A company named ICPC (Interstellar Cosmology Progress Corporation) is working on a new telescope. It
receives optical signals with an m X [ grid of sensors. Each sensor detects the color and the intensity of light it
receives. Then it filters noises and multiplies the intensity of light by some constant. All the lights sensors
received are then merged on a rectangular film. ICPC believes that this telescope can easily beat current optical
or radar telescopes because traditional noises are filtered.

However, an engineer found a critical flaw in design. The film can withstand the light with intensity up to W.
If it is exposed to the light with intensity greater than W, the telescope may break down.

Consider what will happen in practice.

1. The telescope is on one spot in the sky and as time goes on, it moves to the right. Or, it scans the sky
from left to right.

2. The telescope is considered as an m X [ grid. The sensor at cell (i, j) ofthe telescope (1 <i<m,1 <
j < 1) amplifies the light it receives by P(i,j) where 0 < P(i,j) < 100.

3. The path where the telescope scans in the sky is an m X n grid. T (i, j) is the intensity of light at cell
(i,j)ofthepath (1<i<m,1<j<n).

4. Initially, the telescope is at position 1 of the path: that is, the sensoratcell (i,j) (1 <i<m,1<j <
I) of the telescope is aligned with cell (i, j) of the path. Note that one cell of the path is covered by
exactly one cell of the telescope.

5. In k minutes, the telescope is at position k + 1 : the sensor at cell (i, j) of the telescope is aligned with
cell (i,j + k) of the path.

6. The intensity of light at position k + 1 is W), = Zﬁlzﬁ-ﬂ T(@,j+ k)P(,j). If W, > W, then the
telescope may break down. Note that the last position of the telescope isn — 1 +1.

Consider the following example. The path is a 3 X 5 grid, the telescope is a 3 X 3 grid, and W = 20. Each
T(i,j) is written on the left upper side of the grid and each P (i, j) is written on the lower right side of the grid.
At position 1, the intensity of lightis 1 X 1 4+4X14+11x1 =16 < W. Atposition2,itis3x1+3x 1+
3x1=9 < W. You can see that it is smaller than W at position 3 too.

Telescope Telescope
A 3 5 7 ] t &9 3 5 7 19
: 1] | 0|1 0| : : ! 1|! 0| 0l!
ko] Rk R femoeeeee deemmannees §, beeeeeeeef R E o f e D i
?|i2 14 '3 6 2 122 14 '3 6 2 .
: 0! 1] ! o : : o 1|; 0|
[ Tt e s e R o e o e e
16 19 111 L 16 : 16 19 111 L 16 :
1 G | G 1 1 1] 1 1 1 | al ai 1: :
o s T G Ty T = s T P
Sky Sky

Figure L.1: An example of a telescope moving the path from left to right. (left) The telescope is at position 1 of the path.
(right) Now the telescope moved to position 2.
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Now you want to know how many times the telescope receives light with intensity greater than W, given the
information on the sky and the telescope.

Input

Your program is to read from standard input. The input starts with a line containing three integers,n (I < n <
10,000), 1 (2 < 1 < 3,000), m (2< m < 100), and W (0 < W < 10*Im), where n is the number of
columns in the path, [ is the number of columns in the telescope, m is that of rows, and W is the threshold
defined above. In the following m lines, information on each row of the path is given line by line. That is, T (i, j)
is the jth number of line i + 1. Also, 0 < T(i,j) < 100. In the following m lines, information on each row of
the sensors is given line by line. That is, P (i, j) is the jth number of line { + m + 1.

Output
Your program is to write to standard output. Print exactly one line for the input. The line should contain the
number of times when the intensity of light on the film is greater than W.

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

Sample Input 1 Output for the Sample Input 1
4 2 2 40 2

1234

1000

10 10

10 10

Sample Input 2 Output for the Sample Input 2
53220 0

135709

24352

100

010
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