Puzzle: X-Sums Sudoku

An n x m sudoku puzzle is a grid consisting of m x n regions, and each region contains n x m cells. Hence
an n X m sudoku puzzle contains nm x nm cells. Every integer from 1 to nm occurs exactly once in each
row, each column, and each region of an n x m sudoku puzzle.

Listing the integers in a row or a column starting from some direction as a sequence of length nm, X is
the first integer of the sequence, and X-sum is the sum of the first X integers of the sequence.
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The above figure is a 4 x 2 sudoku puzzle with X-sums. The 7-th row listed from right to left is
[3,4,1,2,7,8,5,6] and the first integer X is 3, so the X-sum of the 7-th row from the direction right
is8=3+4+1.

Given two positive integers n and m, a direction d, and an index z, you need to find the X-sum of the
z-th row or z-th column from the direction d in the lexicographically smallest 2™ x 2™ sudoku.

Denoting a;; as the i-th row and the j-th column of a sudoku puzzle a, a sudoku puzzle a is
lexicographically smaller than a sudoku puzzle b of the same size if there exists i and j satisfying that
aij < bij, that agy = bey for all @ < i, and that azy = byy for all x = 4 and y < j. You can find that
the above is the lexicographically smallest 4 x 2 sudoku puzzle.

LR

Azz?"a+b,y:2mc+d = (CL ® d) +2m- (b & C) (1)

BAR + BIPLRBSL, ATABIRSRAZFRI . T — S RTSEORA, ¢ d [,

1. as®d M5

L AT Ayogressy(e < a) MBS RN § HOR 20 B0, ELEEBURE Y0, (i@ d) WikF, ATLLE
PR OB
0. M, MR
2. bae M

L X Apegreypy(e < a) WY, B f XIRA e #RH o i HATHE ¢ MG n ARRIER
(¥, SRAT,
2. W, TTERARBHAGE 1 WRRRENE YL (ied).

FHFE O(n + m)-


af://n0

puzzle: Patrick’ s Parabox

Patrick’s Paraboz is a Sokoban-like game. A Sokoban puzzle is a grid, and each cell is a wall or a floor.
There are several boxes and a player in some distinet floor cells, and they ean not move Lo the wall cells
or coincide. You can control the player to move in one of four directions, left, right, up, and down. When
the player touches a box, it can push the box. The target is to move all boxes to some target cells.
Please read the following rules carefully. They may be different from the usual rules.

In this problem, there is only one box, and the box is the grid itself. That means if the player moves
out of the grid, they may be “teleported” to a cell adjacent to the box; if the player moves to the box,
they may be “teleported” to a cell on the boundary of the grid. Besides, there is also a target cell for the
player. The player needs to move to the target cell at the end too.

Given a puzzle, you need to find the minimum number of times to push the box, such that the box
and the player can arrive Lo their respective Largel cells.

The following are the detailed and formal rules.

Consider an n x m grid. Denote (i, j) as the cell in i-th row and j-th column. The rows are numbered
1,2,...,n from top Lo botlom, and the columns are numbered 1,2,...,m [rom lefl to right.

Denote W, S, A, and D as the control commands, which mean to move up, down, left, and right
respectively.

Define that vw = (—1,0), vg = (1,0), va = (0, - 1), vp = (0, 1).
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In each operation, you can choose one of the control commands ¢, one of W, S, A, and D. Denote p as
the ecell which conlains Lthe player and b as the cell which contains the box belore the operation:

e If ptv.=band b} v, is a floor cell, the player moves to p | v, and the box moves to b+ v.. Only
this case counts towards the answer, and so has to happen the minimum possible number of times.
Il p+ v, is a wall cell, nothing happens.

If p + v, is a floor cell and p + v # b, the player moves to p + v,

If p+ v, = b and b+ v, is outside the grid, nothing happens.

Ifp+wv.=b, b+w,is awall cell and w, is a wall cell, nothing happens.

If p+v. =5, b+ v, is a wall cell and w, is a floor cell, the player moves to w,.

if p + v, is outside the grid and b+ v, is a wall cell, nothing happens.

il p + v, is outside the grid and b+ v, is outside the grid, nothing happens.

if p + v, is outside the grid and b + v, is a floor cell; the player moves to b+ ve.

Note that the above are listed for covering all possibilities, but the operations are valid in only four of
them (in other cases, nothing happens).
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Puzzle: Hearthstone
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Hearthstone is one of the popular video games. Please read the following rules carefully. They are
different from the usual rules.

There are n kinds of secret cards numbered 1, 2, ..., n. There are two types of events about secrets:

e add: Add a secret with an unknown number into the hero zone. No two secrets with the same number
can be in the hero zone simultaneously.

e test x y: Test whether secret x exists. If secret z exists, then y = 1 and secret z is removed from
the hero zone; otherwise, y = 0. Note that whatever y is, secret © does not exist in the hero zone
after testing z.

An event sequence E = [ey,. .., ey,] is valid if and only if it is possible to assign a number from 1 to n for
each add event and perform the events e, es,.. ., e, in order such that:

e no secrets are in the hero zone at the beginning;
e secret x does not exist right before an event which adds a secret x;
e secret = exists right before an event test = 1;

e secret « does not exist right before an event test = 0.

Given ¢ events e, ez,...,€4, you need to maintain an event sequence FE. Initially, £ is empty. For each
i =1,2,...,¢ in order, try to append e¢; to the end of E. If E is invalid, remove e; and report a bug.
Otherwise, find the number of secrets that must exist in the hero zone and the number of secrets that
must not exist in the hero zone after performing the events of F in order.

Note that the number of secrets that must (not) exist is not just the number of (non-)existing secrets.
For example, if n = 2, initially, secret 1 is missing and secret 2 is missing, so the answers would be 0 and
2. After a single add, secret 1 is unknown (can be or not be in hero zone) and secret 2 is unknown, so the
answers are () and 0. After test 2 0, secret 2 is missing, so we know the added one was certainly secret
1, so secret 1 is present, and the answers are 1 and 1. See examples for better understanding.
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