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YiHeng Chen Glenmore Christian Academy Calgary Alberta
David Cheng Unionville Ontario
Han Cheng Queen Mary Elementary Vancouver British Columbia
Stanley Cheng German Swiss International School Hong Kong Abroad
Phoenix Cheung Beverley Acres P.S. Richmond Hill Ontario
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Chenxi Dai MONTREAL Quebec
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Makathy Dilshan Tamil Legacy Centre Toronto Ontario
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Victoria Do Charles Howitt P.S. Richmond Hill Ontario
Evan Do-Mekhuri Nellie McClung P.S. Maple Ontario
Pushti Dolasiya North Kipling Junior Middle School Etobicoke Ontario
Sam Donahue Montcrest School Toronto Ontario
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You Du Lord Kitchener Elementary Vancouver British Columbia
Justin Duan North York Ontario
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Paolo Edwards Bayview Glen School Toronto Ontario
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Charles Fang KTBYTE Lexington ** United States **
Issac Fang Basis International School Guangzhou Guangzhou Abroad
Hanna Faridnia Elsie Roy E.S. Vancouver British Columbia
Alen Fazlic Mississauga Ontario
Johnnie Ferguson Bessborough Drive P.S. East York Ontario
Isla Ferguson Heritage Public School Navan Ontario
Derek Fu KTBYTE Lexington ** United States **
Shengyang Fu Suzhou Foreign Language School Suzhou Abroad
Johann G Canadian Martyrs School Burlington Ontario
Alvin Gao Mississauga Ontario
Jacob Gaochen North York Ontario
Erica Georgescu Bishop Allen Academy Etobicoke Ontario
Lucas Gidrewicz Renert School Calgary Alberta
Agam Gill Renert School Calgary Alberta
Jack Giordano Our Lady Of Sorrows C.S Etobicoke Ontario
Keira Glasford Our Lady Of Sorrows C.S Etobicoke Ontario
Patrick Gould St. John's Kilmarnock School Breslau Ontario
Charlie Grant Canyon Falls Middle School Kelowna British Columbia
Elizabeth Gray BASIS Independent McLean Mclean ** United States **
Sebastian Grega CIS Bratislava Bratislava Abroad
Lucas Gu Middlebury P.S. Mississauga Ontario
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Hamburger Shop

Masahiro made a hamburger for a customer, but the customer changed their mind several times while
giving their order.

Masahiro built the hamburger in the order shown from left to right, always putting new items on top.
The symbol means that the customer changed their mind about the most recently added item, so
Masahiro removed the item on top.

Story

Which of the following hamburgers did Masahiro make?

(A) (B) (C) (D)

Question
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(B)

Answer

The table below shows the steps Masahiro followed when making the hamburger. The top row of the
table shows the sequence of actions he performed, and the bottom row shows how the hamburger looks
after each action in the top row.

Therefore the correct answer is Option B.

Explanation of Answer

In this task, a hamburger is made using two operations: adding an item on top, and removing the
top-most item. The hamburger can be thought of as a simple data structure used in computer science,
called a stack. A stack follows the last in, first out or LIFO rule: the item that is placed last is the
first to be removed. Stacks are used frequently in computer science. One such usage is keeping track
of operations that can be “undone”, such as edits to a document, browsing history in a browser, or
searching through a maze by way of backtracking if a dead end is reached.

Connections to Computer Science

Japan

Country of Original Author
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Riccas

Evren is trying to learn what a Ricca looks like. Evren studies photos of the following �ve Riccas and
makes some notes thataccurately describe what she sees.

Evren is then shown this sixth photo of a Ricca and realizes one of her notes isde�nitely wrong :

Story

Which one of Evren's notes about Riccas isde�nitely wrong ?

(A) Riccas always have teeth.

(B) Riccas sometimes have wings.

(C) Riccas have either horns or three eyes, but not both.

(D) Riccas have the same number of arms as legs.

Question
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(D) Riccas have the same number of arms as legs.

Answer

The answer is Option D. It is not true that a Ricca always has the same number of arms as legs. The
sixth photo shows a Ricca with two arms and five legs.

The note in Option A may still be true. All six photos show Riccas with teeth.

The note in Option B is definitely true. The second photo shows a Ricca with wings.

The note in Option C may still be true. Photos one, two, five, and six show Riccas with horns and
“only” two eyes. The remaining photos (three and four) show Riccas with three eyes and no horns.

Explanation of Answer

Evren is learning to identify a Ricca by studying photos of Riccas and looking for similar characteristics.
Computers can also be taught to do this, using a process called machine learning. As part of machine
learning, a computer is presented with a collection of data, and then it searches for patterns within this
data to draw conclusions. Just like with Evren, it is possible for a computer to arrive at the incorrect
conclusion. By providing the computer with more data, and data that is more representative and
inclusive, the computer can correct its mistakes and update its learning.

Detecting recurring patterns in given data is an important skill in computer science, generally referred
to as pattern recognition. For example, in image recognition, pattern recognition techniques assist in
identifying objects in images, classifying them into different categories, and even recognizing faces.
In natural language processing, pattern recognition enables computers to understand the structure of
sentences, identify topics, and even generate human-like text.

If care is not taken in the selection of data for machine learning, bias may be introduced into the pattern
recognition algorithm. For example, what impact would a speech recognition system have on society if
it were trained only on data from male native English speakers?

Connections to Computer Science

Canada

Country of Original Author
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Levers

Jacinta’s new helicopter has a control panel with four levers that each control a different system.

The labels on the levers are missing, and Jacinta was told that the system was wired in a confusing way
so she doesn’t know which lever controls which system. All she knows is that putting a lever up turns
one system and its indicator light on, and putting a lever down turns one system and its indicator light off.

The image shows which indicator lights are on for three different configurations of the levers.

Story

Which of the following correctly matches each lever to the system that it controls?

(A)

(B)

(C)

(D)

Question
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(C)

Answer

We will refer to the systems as heat , ventilation , lights , and humidity .

First we will number the levers 1, 2, 3, and 4, starting from the left. In the first image, levers 2 and 4
are up, and the heat and ventilation are on. Thus, levers 2 and 4 must control the heat and ventilation,
in some order.

In the second image, levers 1, 2, and 4 are up, and the heat, ventilation, and humidity are on. Since we
already know that levers 2 and 4 control the heat and ventilation, we can conclude that lever 1 controls
the humidity.

In the third image, levers 1, 3, and 4 are up, and the ventilation, light, and humidity are on. Since we
already know that levers 2 and 4 control the heat and ventilation, we can conclude that lever 4 must
control the ventilation. It follows that lever 2 must control the heat. We also know that lever 1 controls
the humidity, so we can conclude that lever 3 must control the lights.

Explanation of Answer

This problem focusses on keeping track of the arrangement of four levers and the systems they control.
Since a system is either on or off, we can keep track of each system using a binary number. A binary
number is either the number 0 or 1, which we can think of as “off” or “on”, which in this task is
indicated by a lever being either “down” or “up”.

We can then think about the state of all systems as being a list of four binary numbers. For example,
if we list the systems in the order (heat, lights, ventilation, humidity), then the state (0, 1, 0, 1) would
indicate that heat and ventilation are off, and that lights and humidity are on. In total, there would be
24 = 16 different states for these systems.

This problem then involves determining the state of the systems based on the arrangement of the levers.
This operation of updating a state is one of the fundamental operations of the central processing unit
(CPU): given the current state and some input, what new state should the computer be in? Every
mouse click or key press changes the state of a computer, and the state is stored on the computer as a
sequence of binary numbers.

Connections to Computer Science
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Perú

Country of Original Author
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Snail Compress

A beaver has a special technique to shrink images.

First, they cut the original image into 10 equally-sized vertical strips. Then, they remove the
even-numbered strips and assemble the odd-numbered strips to create a new image.

Next, they cut the new image into 10 equally-sized horizontal strips. Then, they remove the even-
numbered strips and assemble the odd-numbered strips to create a complete shrunken image. Here is
an example:

Story

If the beaver uses this technique to shrink the image below, what is the complete shrunken image?

(A) (B) (C) (D)

Question
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(D)

Answer

The steps the beaver uses are illustrated below.

Alternatively, you can solve this multiple-choice question by considering the four options. Since the dark
“eye” of the snail is in an even-numbered horizontal strip, it will be removed. This eliminates Options
A and B. Similarly, the bottom horizontal strip (numbered 10) is the only one with more than four
green cells. Since it is an even-numbered strip, it will be removed. This eliminates Option C because it
contains five green cells in its bottom row. Therefore, of the options, Option D must be correct.

Explanation of Answer

This task is focussed on image compression, which is the process of reducing the size of an image file
by eliminating or minimizing some of the information in the image while still maintaining sufficient
image quality for use. Reducing the size of an image can save both storage space and improve the time
needed to transfer the image between devices, such as between two phones.

In this task, the total amount of information stored is only 25% of the original amount of informa-
tion. However, some of the details of the image are removed. This type of compression is an example
of a lossy compression method that works well for certain types of images that don’t have much variation.

There are also lossless compression methods, which allow the original information to be stored in a smaller
size completely, without any loss of information. Two well-known examples of lossless compression are
ZIP files and PNG files.

Connections to Computer Science
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Vietnam

Country of Original Author
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Unloading

Freight trains consist of an engine followed by wagons, each holding a numbered box. The boxes must
be unloaded in increasing order, starting from box 1. To unload a box, its wagon must be positioned
directly below the crane.

The crane is in a fixed position and trains can only move forward on a loop. Usually, this means that
several rounds are needed to unload all the boxes. Each round begins with the engine directly under
the crane.

In the example shown, the boxes have to be unloaded in the order 1, 2, 3, 4 and three rounds are needed
to do this. In the first round of unloading, the train moves forward to skip box 4, unload box 1, skip box
3, and unload box 2. The train then goes around the track until the engine is under the crane again.
In the second round of unloading, the train moves forward to skip box 4, skip the empty wagon, and
unload box 3. The train then has to come back for a third round in order to unload box 4.

Story

How many rounds will be needed to unload all the boxes from the following train?

(A) 5

(B) 6

(C) 7

(D) 8

Question
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(C) 7

Answer

We can simulate the unloading of the boxes in the required order 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 in as few
rounds as possible. This just means that a box is unloaded if it is directly below the crane and all lower-
numbered boxes have already been unloaded. Carefully following this procedure, we can determine that
boxes are unloaded as shown in the following table.

Round Boxes Unloaded
1 1,2
2 3,4
3 5
4 6
5 7,8
6 9
7 10

Alternatively, one might discover a general rule that determines exactly how many extra rounds (rounds
after the first round) are needed. For each number in the sequence 1, 2, : : :,10, if the next number in
the sequence comes to the left of it on the train, an extra round is needed. For instance, if 3 appears to
the left of 2, then 3 will be skipped to unload 2 and so an extra round is needed to bring 3 under the
crane. For this question, there are six such pairs that are out of order on the train: (2,3), (4,5), (5,6),
(6,7), (8,9), and (9, 10). Therefore, six extra rounds are needed, for a total of seven rounds.

Explanation of Answer

This task has the concept of counting inversions as the key idea. Generally, an inversion in a list of
numbers is where a number, say 6, has the next largest number, 7, written earlier in the list. In the
context of this task, an inversion is where box K has box K + 1 somewhere to the left of it on the
train. For each such inversion, an extra round is needed. If we count the number of inversions, we get
the answer.

Counting inversions with respect to a desired sequence has many applications in computer science. For
some sorting algorithms, such as insertion sort, the number of inversions tells us how many swaps we
need to sort a given sequence. Consider another example from online shopping, where two customers
rank the same set of items in order of preference. Then, the number of inversions in their rankings tells
us how aligned their tastes are, and this information can be used by online retailers to identify “similar”
customers to make product recommendations.

Connections to Computer Science
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Decorated Mat

Ángel has the decorated mat shown below on the left and the pattern shown below on the right.

They determine that the pattern appears twice on the mat. Note that they may rotate the pattern but
they may not turn it over.

Then Ángel looks at the new mat shown below on the left for the new pattern shown below on the right.

Story

How many times does this new pattern appear on the new mat if Ángel may rotate the pattern but not
turn it over?

(A) 3 (B) 4 (C) 7 (D) 9

Question
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(B) 4

Answer

The four appearances of the pattern on the larger mat are illustrated below.

One way to find these appearances, is to find each red circle on the larger mat. For each of these red
circles, we can align it with the red circle on the pattern. Then, to find appearances of the pattern
with these red circles aligned, we can rotate the pattern to see if its four possible orientations match the
larger mat.

Explanation of Answer

Detecting recurring patterns in given data is an important skill in computer science, generally referred
to as pattern recognition. For example, in image recognition, pattern recognition techniques assist in
identifying objects in images, classifying them into different categories, and even recognizing faces.
In natural language processing, pattern recognition enables computers to understand the structure of
sentences, identify topics, and even generate human-like text.

We can use pattern recognition with less abstract, real-life examples such as images. This task requires
spatial orientation, which is important in robotics and computer graphics. Spatial orientation involves
understanding and interpreting visual information, such as images, diagrams, or other graphical repre-
sentations, and the ability to manipulate these representations in order to solve problems or create new
solutions. In computer graphics, spatial orientation is used to create realistic animations and renderings,
as it helps artists and programmers understand and manipulate complex 3D models.

Connections to Computer Science
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Sprinklers

Plots of land on Qi’s farm are arranged in an 8-by-8 grid. The 64 plots contain four types of plants as
shown.

Ali wants to install sprinklers so that each plot is watered by exactly one sprinkler. All the plots watered
by a single sprinkler must be the same type of plant. There are three types of sprinklers:

� small sprinklers that water the one plot in a 1-by-1 region,

� medium sprinklers that water the four plots in a 2-by-2 region, and

� large sprinklers that water the sixteen plots in a 4-by-4 region.

Story

What is the minimum number of sprinklers that Qi needs?

(A) 19

(B) 21

(C) 23

(D) 25

Question
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(D) 25

Answer

The diagram below shows how Qi’s farm can be divided into one 4-by-4 region, eight 2-by-2 regions and
sixteen 1-by-1 regions. Since 1 + 8 + 16 = 25, this means it is possible for Qi to use 25 sprinklers.

We need to convince ourselves that there isn’t a way for Ali to use fewer than 25 sprinklers.

An important observation is that Ali should use as many large sprinklers as possible, and then as
many medium sprinklers as possible. Finally, she can use one small sprinkler for each remaining 1-by-1
region. This approach works because of the specific shape and size of regions watered by each type of
sprinkler. Try to convince yourself that it is true.

Using this idea, we see that there are only two 4-by-4 regions containing the same type of plant (corn).
One is the location shown above and a large sprinkler should be installed there because the alternative
is one row directly below this location. This alternative does not leave any unwatered 2-by-2 regions of
corn and would require a total of 8 sprinklers to water the corn which is more than the 5 sprinklers
used in our answer above.

Now we need to install as many medium sprinklers as possible. Exactly one of these sprinklers can
water each of the corn and the apples. There are only two 2-by-2 regions of grapes and a medium
sprinkler can water each of these regions. The pumpkins can be divided into 2-by-2 regions in several
ways, but only into at most four 2-by-2 regions. In total, this means Ali should use 1 + 1 + 2 + 4 = 8
medium sprinklers.

We have determined how to water 1 × 16 + 8 × 4 = 48 of the 1-by-1 regions on Ali’s farm. Therefore,
an additional 64− 48 = 16 small sprinklers are needed for a total of 1 + 8 + 16 = 25 sprinklers.

Explanation of Answer
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This task is an example of an optimization problem: problems which have the goal of maximizing or
minimizing a target value given a set of restrictions or constraints. Several optimization problems can
be solved by following the strategy of always selecting the best choice at each step, which is called
the local optimum and hoping that doing so will lead to the best result overall, which is called the
global optimum. This problem-solving strategy is known as a greedy approach. A greedy algorithm is
any algorithm that follows the problem-solving heuristic of making the locally optimal choice at each
stage. The greedy approach of picking the largest possible sprinkler at any point does yield the global
optimum in this task. In many problems, however, a greedy strategy does not produce an optimal
solution, but can yield locally optimal solutions that approximate a globally optimal solution in a
reasonable amount of time.

This task also highlights the computer science concept of a quadtree. A quadtree is a way to represent
an image by dividing it into four equal square regions. A region can further be divided into four regions
until each region contains exactly one colour, which is similar to how the solution divides the farm into
regions until each region encloses exactly one plant. Quadtrees store images as a collection of regions
rather than individual pixels, resulting in smaller storage requirements and faster operations. This idea
of quadtrees is applied to areas such as image processing, game development, and navigation systems.

Connections to Computer Science

Philippines

Country of Original Author

36


