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Kagami

In Kagami, you will receive a grid, and you must fill in each square with either a positive integer
or a diagonally-oriented mirror. Each row and column contains exactly one copy of the numbers
from 1 to n for some positive integer n; you must deduce what n is. Every square that does
not contain a number has a diagonally-oriented mirror. For example, if we have a 4 × 4 grid
and n = 2, then you must fill each row and column with one 1, one 2, and two mirrors.

From each number outside of the grid, we draw a path straight into the grid. The path
passes straight through numbers and bounces off of each mirror it hits at a right angle. The
path then exits the grid at some other number. For a solution to be correct, the sum of the
numbers that the path passes through must equal the numbers outside the grid that the path
connects. If a path passes through a number twice, then the number is included twice in the
sum. For example, below is a Kagami grid and its solution.

The grid below to the left shows this solution with two of the paths drawn. Note that the paths
connect two equal numbers outside the grid, and that these numbers are equal to the sum of
the numbers the path passes through. That’s how we know this solution is correct!

The grid to the right above shows an example of how to start solving the puzzle. We first
figured out that n = 2: if n > 2, then there wouldn’t be enough mirrors to make sure there
are 0’s in the places shown, and if n < 2, then we wouldn’t be able to make a path sum of 11.
Because of the 0’s at the top and right, we see that mirrors need to be placed as shown. The
square at the bottom right must be a 1 or a 2, and it can’t be 2 because of the 1 next to it. We
now can fill in the other numbers shown using process of elimination.

Some quick reminders before you start:
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• Every square must have either a number or a mirror.

• Paths are like lasers: they go straight until they hit a mirror, and then they bounce off
the mirror at a right angle.

• You need to figure out what n is. In a m×m grid, n is an integer between 0 and m.

Penny Pushers

In Penny Pushers, you will receive a collection of nodes, with edges connecting some of them.
Each node represents a person, labelled with how much money that person has. Your goal is
to make each person have $0 by performing a sequence of moves. There are two valid moves:
Give and Take.

• When a node Gives, it sends $1 to each connected node, and it loses $1 to the bank.

• When a node Takes, it receives $1 from each connected node, and it loses $1 to the bank.

For example, suppose you are given the Penny Pushers problem shown below to the left
(labels have been added to each node). Our first move is a node C Take, which is shown
below. Since node C is connected to nodes A, B, and D, it takes $1 from each of these nodes;
node C additionally loses $1 to the bank, so it overall gains $3 − $1 = $2. Carefully examine
the figure below to see the results of this node C Take.

The next move is a node D Give, which is shown below. Since node D is connected to nodes
C, E, and F, it will send $1 to each of these nodes; node D additionally loses $1 to the bank, so
it overall loses $3 + $1 = $4. After this move, all nodes have $0, so we have solved the puzzle!
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To submit your answer, write the number of Gives or Takes each node performs, along
with a G for Giving or a T for Taking. If a node did not perform any action, write a 0 with
no letter. For example, in the problem above node C did one Take, node D did one Give, and
all other nodes performed no actions. The correct way of submitting this answer is shown in
the box above.

Some notes before you begin:

• The total amount of money decreases by $1 each move. You can use this to figure out
how many moves you need!

• The order in which you perform moves does not matter.

• A node with a negative balance can still Give.

• In the puzzles we give, no node will both Give and Take.

• Carefully examine the boxed figure above to make sure you understand how to submit
your answer.

Finale

The last section of the puzzle round consists of several extremely challenging puzzles. These
questions are very tricky, and aren’t worth that many points, so only try them if you’ve finished
the rest of the questions.

:-)

Good luck and have fun!
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Team Name: Team ID:

1 Kagami: Small Problems

1. [8 points] 2. [8 points]

3. [8 points] 4. [8 points]

DO NOT DISCUSS OR DISTRIBUTE ONLINE UNTIL JANUARY 6, 2019
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2 Kagami: Big problems

5. [14 points]

6. [14 points]

DO NOT DISCUSS OR DISTRIBUTE ONLINE UNTIL JANUARY 6, 2019
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3 Penny Pushers: Small Problems

1. [8 points]

2. [8 points]

3. [8 points]

DO NOT DISCUSS OR DISTRIBUTE ONLINE UNTIL JANUARY 6, 2019
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4 Penny Pushers: Big Problems

4. [12 points]

5. [12 points]

DO NOT DISCUSS OR DISTRIBUTE ONLINE UNTIL JANUARY 6, 2019
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6. [12 points]

DO NOT DISCUSS OR DISTRIBUTE ONLINE UNTIL JANUARY 6, 2019
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5 Finale

1. Ultimate Kagami: [10 points]

There are four solutions to this puzzle. Find one of them.

Some of the digits of the clues fell off the puzzle! Clues that had one digit fall off but not the
other are underlined so you can see which digit fell off. The digits that fell off are at the bottom,
and they consist of fourteen 1s, three 2s, one 4, and two numbers, each of which could be a 6 or
a 9. Here is a useful hint: there are as many left-facing mirrors as there are right-facing mirrors
in each row and column.

DO NOT DISCUSS OR DISTRIBUTE ONLINE UNTIL JANUARY 6, 2019
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2. Ultimate Penny Pushers: [10 points]

In this puzzle, determine the smallest possible value of X such that this puzzle is solvable. Write
that value of X in the box, and then fill in the corresponding solution below it.

DO NOT DISCUSS OR DISTRIBUTE ONLINE UNTIL JANUARY 6, 2019
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3. Ultimate Logic: [10 points]

Five people went to lunch together. The people sat in a row, seated (from left to right) on the
leftmost, second, middle, fourth, and rightmost seats. Each of the five people ordered an entree
and a drink. Determine the order in which the five people sat, as well as what they ordered and
how much they paid for each item, with the following clues:

1. The prices of the entrees were $2, $3, $5, $7, and $11.

2. The prices of the drinks were $1, $4, $6, $8, and $9.

3. Grace paid $11 for her meal.

4. Ankit ordered juice.

5. The person who ordered pizza paid $4.

6. Justin sat in the leftmost seat.

7. The person who sat in the leftmost seat did not buy a cheeseburger and paid exactly as
much as the person who bought a cheeseburger.

8. The person who bought salad also bought milk.

9. The person who bought soda sat to the left of the person who bought a hot dog.

10. Clark bought tea.

11. Coffee is more expensive than a burrito.

12. The person who bought a salad sat between Grace and the person who bought tea.

13. Lloyd spent $11.

14. The five people were Justin, the person who bought coffee, the person who bought pizza,
the person who was in the second seat, and one of the two people who paid $11 for their
meals.

15. The person who sat in the third seat didn’t buy milk, but he/she paid a different amount
from the person sitting in the fourth seat.

DO NOT DISCUSS OR DISTRIBUTE ONLINE UNTIL JANUARY 6, 2019


