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A:Digits Are Not
Just Characters




Story

Is command lists file names in lexicographical order
with ASCII codes:

$ls
file10 file20 file3

But digits are not just characters.

Your task is to compare file names with numbers interpreting digit sequenc
as numerical values.



Solution

1. Tokenize given file names into letter items
and number items.

2. Compare sequences of items
lexicographically.

Be aware of the end of file names:

The end of file name comes before both of
letter item and number item.

This problem was solved by all of the teams.






Problem:

Computehow many steps are required evacuate
all the passengerfsom a vehicle.
The vehicle hasan aisle in the centawith rows of
seats on its both side.
Theexit is at the rear enof the aisle.
In one step, passengers on a seat can move
sideways to an adjacent seat or to the aisle if on
the aisle seat.
Passengers on the aisle can move one row
towards the exit, or get off from the vehicle if
already at the rear end.
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A Reversed Problem

. Passengers will get on the car, one at a time, and
walk up to their reserved seats

. Their possible moves are the reverses of the
original problem

How many steps are required for all passengers to
reach their reserved seats?

The answer should be the same as the original
problem.
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Solving the Reversed Problem

Let®™ _be the distance of the seat from the door for passenger
Let y_be the step number in which passengagets on the car
The step in whichassengesseaches the seat ®_  v_

To minimize the total timé 'H ™ _ v_, passengers with
the large™_should be giverthe smallervy_

1. Compute®™_ k(=)
2. Sort them to decide desireq; F(= i [ =M+ dominant
3. Findi HM_ v_: k(=)

Stepwise simulation isiot required!



B:Arithmetic
Progressions




Problem Description

Find the longest Arithmetic Progressions from given set.

Given Set Arithmetic Progressions

0,369
the longest ones
9,6,3,0

1,5,9
9,51

... and trivial ones
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oSort the elements In the set

oFor each andj, rememberk such thatv, = v,+( v;-v;)
wThis table can be made @ (n?).

oStarti andk from neighbors of.

«Check the length of the arithmetic progressions.
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Solution v is
j > found!
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oFor each andj, rememberk such thatv, = v,+( v;-v;)
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G: What Goes Up
Must Come Down




Problem

AGiven an integer sequence
ASwap adjacent elements some times
ARearrange that first some elements are increasing o
latter are decreasing order.
1 4 5 3 2
AFind minimum number of swaps




Solution

ABinary indexed tree
O(log n) add : data[i] +=v
O(log n) sum : datali..j]
Alnitially every index has 1

00000




Solution

ALook at the smallest element

AMove it to leftmost or rightmost side
answer += min(2, 3)

ADeactivate add(index])
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Solution

ALook at the second smallest element
AMove it to leftmost or rightmost side
answer += min(3, 1)
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Conclusion

ACount left large values and right large values each
Indexes

AAdd small one to the answer

AUse binary indexed tree (or segment tree)

AB Be careful to update when the sequence contains
duplicate entries.



D: Shortest
Common Non-
Subseguence




Background:
Longest Common Subsequence

S Is a subseguence of P:

P
S 0 0j0/1

Longest Common Subsequence Problem:

Alnput: two sequences A and B
AOutput: longest common subsequence



Problem

Shortest Common NeS8ubseguence Problem:

Alnput: two sequences (consisting of 0 and 1)

AOutput: shortest sequence (consisting of 0 and 1)
that is a subsequence of neither of two sequences

0O 1 1 O
0O 0 1
1 0 0 O



Solution --- Dynamic Programming

Observation

A SNCS of Aj] and B[,m] is obtained by

- adding 0 to a SNCS of A[i0,n] and B[jOgn]
-adding 1 to a SNCS of A[i1,n] and BJ[j1,m]

where 10, |0 are the indices of the next appeared O,
and i1, j1 are the indices of the next appeared 1.

O 1 1 O

O 1 1 O

Bo .
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Solution Recovery

We compute SNCG) for alli and j by DP

To obtain the lexicographically smallest solution, we
use the following standard technique:

If SNCE() = SNCS(i0, j0) + 1,
there Is a solution that starts from O

Otherwise, the solution must start from 1



E: Eulerian Flight
Tour




[Problem]

Given an undirected simple graph,

make itEU|erianby adding edges!



Eulerian:

Have a cycle visiting all nodes,
using all edges exactly once each




Eulerian:

Have a cycle visiting all nodes,
using all edges exactly once each




[Famous Fact]

EulerianK Connectedand
all nodes haveven degree




[Solution]

1. Add edges and make
all nodesevendegree

2. Then, add more edges
to make itconnected



|Step 1: Even-Degree]

prproach 1 : Linear Equations In mod 2

* Edge Candidate = Variable (1: use, 0: not)
" Node = Equation )

X1 +x2+x30




|Step 1: Even-Degree]

4 )
Approach 2 : Graph Theoretic

Think about aspanning foresiof the completement graph

for v inbottom-up order in the spanning tree
ATegAy 2NRAIAYIFT IANIF LIKE

- Use the edge (warent(v)) and updatedegy) .




[Step 2: Connected]
LT UKS LINBQAZ2dza adaSLd
_ 1 connected componer Eulerian! Solved!
3 or more component&€ Connect by a cycle

2 components, each have 2+ nodescycle
H O2YLRySyuasz X



[Step 2: Connected]
The only one exceptional case:

Input was already i, 44 + point )

For all other cases, multiple connected components
can be made into one bmne in some way.



K: Sixth Sense




Problem

E Play a tweplayer tricktaking card game
Each player pulls out a card in every trick
The player pulling out a card with the
larger number takes the trick
E Find the best way to win the game, assuming
OKFO é&2dz {y2¢ 0KS 2 LI
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Just to maximize the number

of tricks you

E Sort the card

It takest) &1 |

- JEURERNEIRERNED
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N 2] (2] (o] (7).

take is very easy

s and compare one by one

e Ctime, whereeg is #cards




To have the lexicographically
largest ordering Is harder

E For each trick, choose the best card
The largest among those with which you
can take the maximum number of tricks

- INBIIaI
-@[EJ

E For each candidate card, the best achievable
number is computed iD € time




To have the lexicographically
largest ordering Is harder

E If you can take this trick, you should
By losing this trick, you cannot increase
the total number of tricks you take

E If you cannot, you will lose the trick anyway

mmlma.@
@{@1




To have the lexicographically
largest ordering Is harder

E You can determine whether or not the
candidate number is too large

Lose the trick Take the trick
————
LS 0.0
>

Choose This Lose later

Complexity: With binary searcicandidates i® | 1¢C
U €& time for each candidate
#tricks isO (¢) and sointotal) € | 16C




J: Colortul Tree




Problem Summary

Given a tree with colored vertices and a sequence of commands

Command:

1. Change the color of a specified vertex

2. Ask the number of edges in the minimum connected subgraph of the tree
containing all vertices of the specified color
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Efficiently keep/update subgraphs

LGQa RAFFAOMA G G2 O2 YLzl S
guery command

An update command just changes the color of one
vertex

A Remove one vertex from a subgraph and add one
vertex to a subgraph

2 S OlFlyQid 1SSLI Fftf &adz3aINIL
(The total number of vertices/edges can be huge)

Which information is needed for each subgraph and ho
can we update it?



The change in an update command

Consider as a rooted tree

What happens when adding/removing a vertex?




The change in an update command

1. The LCA (lowest common ancestor) of the subgraph changes

VST E R

The distance from the changed vertextbe original LCAs added (adding)
the new LCAs subtracted (removing)




The change in an update command
H® ¢KS [/ ! 2F OG0KS &adz03INJ LIK R?Z
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The distance from the changed vertexawertexis added/subtracted

Where?
The closest LCA of the changed vertex and some vert



Efficiently keep/update subgraphs

What we should keep for each color

1. The current number of edges

2. The set of vertices having the color

\

3. The LCA of the subgraph

1. Calculate the LC& 0 | T&¢Cwhen adding a vertex
E(= T T ="Hwhen removing a vertex

2. Find the closest LCA of the changed vertex and some Vertgx 7 1 ="H

The total time complexity isf 0 = =1 1="H



Pre-order numbering

Assign a number to each vertex by jumeler (or in/postorder)

Calculate the LCA of the subgraph

A The LCA dhe minimum number vertexand maximum number vertex



Pre-order numbering

Assign a number to each vertex by jumeler (or in/postorder)

Find the closest LCA of the changed vertex and some vertex

A The LCA of the changed vertex and
the maximum number vertex within smaller number vertices

or the LCA of the changed vertex and
the minimum number vertex within larger number vertices



Summary

What we should keep for each color

1. The current number of edges

2. The set of vertices having the colath pre-order (or in/post-order) numbers
3. The LCA of the subgraph

\

1. Calculate the LGA O | 1&C
2. Find the closest LCA of the changed vertex and some Wgried 1¢C

The total time complexity isf 0 = 1 1="H



|: Ranks




Problem

. 2 dzZQNB  nX in @&k A dvefF,.

For all indicesi(]), determine If flippingi(])
entry of Aincreases/decreases/keeps the
rankof A.

Constraints: Dimensionsm <=1000




Rank of Matrix?

Gaussian eliminatioGB with bit-parallel:
O(n?m/ b) (b: bit length)

Naively applying GE m times:
O(n*m?/ b) : obviously TLE

Some efficient algorithm Is required heré.




For Last Column (1/3)

Consider from simple casgm.
Assume that we computed(the rank ofA).

We can compute'™ by GE foA+E'™, where
EJis matrix with {j) entry 1 and other ones 0.

O(n*m/ b) L
But we can speed up this computation.

A




For Last Column (2/3)

LetA , be them-th column vector.
Let!; be avectorwith only thei-th element1.

Now, letX=[(A + ,0 A+ 9]. To compute’™ for alli,
Suppose now we hav&| X (concatenated matrix).
Perform GE from first to the(-1)-th column.

Then, for each, check if the additional GE tmi)-th
column increases the rankhThis works ird(n’m/ b). J

A X




For Last Column (3/3)

Instead of A| X], we may do the same thing foA[ I].
Any row operations can be expressed ahiadn matrix S
ApplyingSto some matrix8 changes it t&s B.

For anyS ((m+i)-th column ofS[A| X)) =S (A, +1))
= (m-th + (m+i)-th column) of S [A] 1]).
So, perform GE by the endmwfth column, then check
(m+i)-th column.

A |




General Case (1/3)

Now we want to compute" for any (, j).

We consider GE foA] 1I]. Now let us assume that
We perform Gby the end of m-th column.
We also perform back substitution: We deleted as many
M Q aA as\pyssible.
NowtheAQa LI NI oAttt 227 tA1S
01010001000
00111010000
00000 100110
000000 11111

00000000000
00000000000




General Case (2/3)

Whenil ¢ 2 2 NJ areZineB upin®@he-ih column in
echelon form:
Suppose that we move thel column to the end of columns.
The matrix is still echelon form.

So, it sufficesto lookthiQa LJF NI rli.2 O2 Y LJzi S

7~ N
01010001000 01000010001
00111010000 0011010000 1
00000100110 00001001100
00000011111 00000111110
00000000000 0000000000 0
00000000000 0000000000 0O

J i



General Case (3/3)

Whenonly one 1is lined up in the-fh column:
Again, suppose we move thdéhto the end.
Now the matrix is not echelon form.
Suppose that we swap rows and then move columns.

This results in echelon form, since we performed back substituti

Again, it suffices to look thi & LJ- NI ri.2 O2 Y LJdzi
01010001000 00100010001 01110100000 01101000100
00111010000 01110100000 00001001100 00010110000
00000100110 00001001100 00000111110 00001111010
00000011111 00000 111110 00100010001 ‘ 00000000 111
00000000000 0000000000 0 00000000000 00000000 000
00000000000 0000000000 0 00000000000 00000000 000

U




Conclusion
Time complexityOQ(n?(n+m) / b)

CKSNBEQNBE 20KSNJ a2ft dzi A2y
Do similar thing through LR decomposition
O(n3logn/ b) solution (simpler?)




H: Four-Coloring




Find a 4coloring of a planar graph.

@.




Special Constraints

A Edge Straight line segment
A Inclinations are multiples of 45

v




Key Observation

Bottom right vertex has degree T

NS




Algorithm

Lexicographically sort the vertices




Algorithm

Extend the 4coloring of O{pMB HQ to a
4-coloring of O pB HQ p .




Case 1

U | uses at most 3 colors
t use the remaining color




Case 2

U i uses 4 colors
t try to changegreento blue

N




Case 2a

No greertblue alternating paths
t swapgreenandblue




Case 2b

Agreentblue alternating path exists
t norecd- aternaling paths




Problem F:
Fair Chocolate-
Cutting




Problem Summary

Given a convex polygon,
compute theminimumand maximumlengths of line
segments that divide the polygon into two equal areas.

minimum maximum minimum maximum
length length length length




Observation to Solution (1)

The length of line segment gets (local) maximum when
either (or both) of end points is on a vertex




Observation to Solution (2)

The length of line segment gets (local) minimum when
(a) either (or both) of end points is on a vertex, or
(b) the line segment is perpendicular
to the angle bisector line*

* Proof sketch: consider when the differential of length is equal tc



Solution: O(ﬂ) (O(n?) may do)

1. (Initialization) Choose a vertex P and find a vertex Q.
VI NBIF ot Xv-@reald s GRNBE o0t Xy SEd/d v 0 0

2. Repeat following procedure until P moves around

2a. (segment 1) find a point R on edgen@xt(Q)
V I NBI 6t Xvarea/2C Updaie mdx and min

4 o

next(Q) R next(Q)




Solution: O(n)

2b. (segment 2) find point S on edgenext(P) and point T
on edge @-next(Q)

VIE NBF o{ X@rea/2r G2 01| ¢
V' S-T Is perpendicular to bisecto{Rext(P), next(Q)Q)
Solve an equation or use bisection meth®dupdate min




Judge’s Testcase Gallery

n=2171 n =4260
Min = 15277.342 Min = 40456.550
Max = 76840.956 Max = 122057.944
n=1360 n=3
Min = 15205.205 Min = 0.000500

Max = 15252.000 Max = 74999.538




What happened in
the last 30 minutes?

That Is the guestion.




