
 

 

SENIOR 
Grades 10 and 11 

NOT TO BE USED BEFORE 15 MARCH 2021 

If you are NOT in grade 10 or 11, please report that you have the wrong paper. 

Only when the teacher says “START”, may you begin. 

 

1. Write your personal details and your answers on the answer sheet provided. 

2. You will have 45 minutes to complete the 15 tasks. 

3. You may answer the questions in any order, but it is important to place the answer 

in the correct line on the answer sheet. 

4. Leave the tasks you find difficult for last. 

 

The mark allocation is as follows: 

 

A section:  +6 marks for every correct answer. 

B section:  +7 marks for every correct answer. 

C section:  +7 marks for every correct answer. 

If you do not answer a question or answer correctly, you get 0 (zero) for that task.   

The maximum mark is 100. 

 

Wait for the teacher to say “START”. 

  



A1 Backward Bug 

My computer normally reads programs line by line from top to bottom. 

When running the program shown below it should print out: 

2 
4 
8 
 

The symbol ← means “store the calculated value on the right in the variable on the left” 
e.g. in the first line 2 will be stored in a variable called A; 

The symbol * is the symbol for multiplication. 

      

Today my computer is behaving strangely. It is reading programs line by line but from bottom 
to top. 

Question: 
What will my computer actually print out when running the above program today?  

 

 

 

 

 

 

 

 

Write only the letter of the correct answer in the correct box on your answer sheet. 

A B C D 



A2 Grocery Stores 

A town planner has decided that every village needs to have at least one grocery store near it. 
A grocery store is near a village if it can be reached without passing through another village to 
get to it. 

In the diagram below: 

• Green circles represent villages. 
• Squares represent where grocery stores could be opened. 
• The lines connecting them represent roads. 

Task: 
Starting with A, give the letters of the squares in the map below to open the minimum number 
of grocery stores that will satisfy the town planer. Give them in alphabetical order.  

Write down your answer in the right box on your answer sheet. 

 

 

  

 

  

  

A B 

C 

D E 

F 

J 

L 

G 

K 

I H 



A3 Heat Maps 

The letter machine can recognise these five images which represent the letters I, T, O, C and 
L.  

 

The letter machine uses heat maps in the recognition process. In the heat map of an image 
the colour of a square indicates the uniqueness of the pixel colour at this position. The lighter 
the colour the more unique is the pixel. 

 Unique. None of the other images has the same pixel colour at this position. 

 Rather unique. Only one of the other images has the same pixel colour at this 
position. 

 Not unique: Two of the other images have the same pixel colour at this position. 

 Rather common: Three of the other images have the same pixel colour at this 
position. 

 Common: All other images have the same pixel colour at this position. 

Example 

This image:   has the heat map:   

Question: 
Which image has this heat map; I, T, O, C or L? 

 

 

Write the letter of your answer in the right box on your answer sheet. 

  



A4 Winners and Losers 

Beavers are having a chess tournament. They have already played some games. In the 
picture below, every arrow is drawn from the winner to the loser. (Examples: Bob won against 
Alice but lost against Emma, and Alice won against David.) 

A special cup is awarded to a beaver that wins against every other beaver. 

Task: 
Give the names of all of the beavers who still have a chance of winning the special cup. 
 

 

 

 

Write down the initials of the names in alphabetical order in the correct box on your answer 

sheet. 

  



A5 Tree Sudoku 

Beavers planted 9 trees in a 3 x 3 field. The trees had three different heights: 

Short ,  Medium ,  and   Tall . 

In each line (horizontal or vertical), there was exactly one tree of each height. 
(No line had two trees of the same height.) 

The beavers observed how many trees they could see from every position where there was a 
sign. They then wrote this number on the sign. 

( signs for vertical lines and  signs for horizontal lines). 

When looking along a line of trees, the beavers could not see trees that were planted behind 
taller trees! 

Task: 
Unfortunately the rain has washed some of the numbers off some signs. 
Show which trees were planted where?  

Use the remaining numbers on the signs to guide you. 
Give the arrangements of the bottom line from left to right. E.g. short, medium, tall. 

  

 
 

Write down the height of trees in the right order (L to R) in the correct box on your answer 

sheet. 



B1 Flowerbox 

Ben has a new flowerbox, which can hold an arrangement of 3x3 flowers. 

He has three types of flowers: 

red flowers:               yellow flowers:            orange flowers:  

Ben wants the perfect arrangement for his flowers. He gives a score for a flower arrangement 
using this system: 

• If a red flower is next to a yellow flower, Ben adds 3 points to the score. 
• If a yellow flower is next to an orange flower, Ben adds 1 point to the score. 
• For all other cases, Ben does not add points to the score. 
• All three types of flowers must appear in the arrangement. 

Task: 
What is the highest score Ben can reach in the Flowerbox below? 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Write your answer as a number in the right box on your answer sheet. 

  

 

 

 

 

 
 



B2 New Neighbour 

A new neighbour has moved into a new house in Beaver Village. 

The village has a rule to decide on the colour of a new house: 

The colour of a new house should be the same colour as the majority of the k nearest houses. 
If there is a tie, then use k+1 instead of k. 

The number k is unknown to us. 

The map of the Beaver Village is shown below. 

 

   
Question: 
According to the rule the new house must be painted red. What is the minimum possible value 
of k; 1,2,3 or 4?  

    

 Write the number in the correct box on your answer sheet. 

          

 

pale blue houses 

 

red houses 

 

new house 

1 2 3 4 



B3 Rope Messages 

A colony of 12 beavers each have their own pole to send messages. The poles are connected 
with ropes and the beavers use their ropes to send messages to each other. 

Whenever a beaver hears some news, he immediately uses all the ropes that connect to his 
pole to inform the other beavers. 

Example: 
If the beaver at pole F hears some news, she informs the beavers at poles G and J. The next 
beavers to hear the story will be the beavers at poles L, B and C, and so on, until all the 
beavers know the latest news. 

Task: 
Which beaver should you inform if you want your story to reach all the beavers as soon as 
possible. 
 

 

 

Write the letter of the beaver in the correct box on your answer sheet. 

 

  



B4 Nim2 

Hansel and Gretel are playing a game. 

There are 3 black stones and 7 white stones. Each turn, a player may remove 1 or 2 black 
stones or alternatively 1, 2, or 3 white stones. The player who removes the last stone(s) of any 
colour wins the game. 

 

Question: 
Gretel goes first. Which stone(s) does she need to remove in her first turn to ensure she wins 
the game?  

 

    

 

Write the letter of your answer in the correct box on your answer sheet. 

  

A B C D 

1 white stone 2 black stones 3 white stones It doesn’t matter how many stones. 



B5 Sierpinski Triangle 

To form a type of Sierpiński triangle pattern the following steps are 
repeated.  

• Take a (large) equilateral triangle: 

• Mark the centres of the sides of the triangle.  

• Connect these three centres to each other to form four 
new triangles. 

• Colour the newly formed centre triangle black as shown in 
the image on the right.  

• Repeat the process for each of the newly formed white 
triangles.  

The following pictures show the first iteration when there is only one large white triangle. 

 

Task: 
In the grid below one can create the pattern that will be formed after the steps above have 
iterated three times. The first iteration has been done for you and the newly formed centre 
triangle has been coloured in black. How many black triangles will there be after 3 iterations? 

Write the number in the correct box on your answer sheet. 

  



C1 Robot Maze Game 

Alice and Bob have control of a robot in a maze with gems. In the picture below, the robot is 
shown at the start of the maze. The robot will follow the path until a fork in the maze is 
reached. One of the players decides which path (left or right) the robot should take. The robot 
will then follow the path again until another fork is reached, and so on. 

Alice and Bob take turns deciding. The game ends when the robot reaches some gems. 

Alice wants to make the robot stop at the highest number of gems possible. 
Bob wants to make the robot stop at the least number of gems possible. 

Alice and Bob both know that they will try to outsmart each other. For example, if Bob sends 
the robot towards the fork with 3 or 1 gems, he knows that Alice will send the robot right, to 
the 3 gems. 

Task: 
Alice goes first. How many gems will they collect if both players play a perfect game. 

Write the number in the correct box on your answer sheet. 

  



A B C D 

C2 Bominos 

Beavers love bominos. 
Bominos are patterns made of tiles, arranged in a grid. 

The tiles of a bomino must satisfy these conditions: 

• Each tile touches at least one other tile (horizontally, vertically, or diagonally) 
• There is at least one pair of tiles where:  

o the two tiles touch diagonally AND 
o there is no tile that touches both these tiles horizontally or vertically. 

A bomino with n tiles is called an n-bomino. 

 

This is the only possible 2-bomino. 
All other arrangements of two tiles that satisfy the bomino 
conditions can be rotated or flipped to produce the same figure. 

 

Of these two patterns, the left one is a 4-bomino, while the right 
one is not. 

 
Task: 
There are three possible 3-bominos (bominos made of three tiles). 
Which one of the four is NOT a bomino? 

Write only the letter of the correct answer in the correct box on your answer sheet. 

 

    

 

   

   

   

 

   

   

   

 

   

   

   

 

   

   

   

 

 

 

 

 

  



A B C 

D E F 

C3 Beaver vs. Kangaroos 

While crossing a swamp on a log path, Fred the beaver meets a group of kangaroos going in 
the opposite direction. Nobody wants to become wet or dirty so they stay on the path. The 
Kangaroos realise that from one specific log it is possible to jump onto a stone next to the log 
path and then jump back again. However, only one kangaroo can stand on the stone at a 
time. 

 

The kangaroos want to get past Fred and don’t mind going back a few logs when they meet 
him. 
Fred refuses to go back to the start of the log path and he only wants to take a step back 10 
times. 

Question: 
If Fred acts this way, how many kangaroos can pass him?  

 

                        
 
 

                     
 

Write only the letter of the correct answer in the correct box on your answer sheet. 

 

  

Exactly 6 kangaroos Exactly 10 kangaroos More than 10 kangaroos 

It is not possible to determine Fewer than 4 kangaroos Exactly 4 kangaroos 



C4 Passwords 

The beavers make up a set of passwords for securing their lodge. The passwords consist of 
only these two symbols: 

and  

A password checker makes sure a given password is acceptable. 
The beavers use circles and arrows to describe how a checker works: 

• A checker reads in the symbols from the provided password, symbol by symbol, from 
left to right. 

• A checker always starts at the circle "S". 
• At each circle, the checker reads one symbol. 
• If the symbol read in from the password matches a symbol on an arrow that points 

from the current circle to another circle, the checker follows that arrow, otherwise the 
checker stops and does not accept the password. 

• If there are no more symbols to read from the provided password, the checker stops. 
• If the checker stops on circle E the provided password is accepted, otherwise the 

password is rejected. 

Example: 

A checker:        

A provided password that will be accepted:    

  

The beavers invent a new password checker: 

 

  



Task: 
Select those of the following passwords that the new password checker will accept. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Write the letters of your answers in the correct box on your answer sheet. 

  

A 
 

B 
              

C 
 

D 
 

E 
 



 

C5 Air Conditioning 

A beaver has decided to install 4 air conditioning units into the house 
shown below.  

The house is formed of cells. An air conditioning unit occupies one cell and 
heats that cell instantly. The hot air from a cell takes 1 minute to spread to 
all its neighbouring cells as shown in the image on the right. The image 
shows how it takes 3 minutes to warm a small room with one air conditioning unit placed on 
the cell marked 0.  

Task: 
Place 4 air conditioning units in the house below, so that the entire house is heated in as little 
time as possible. Write down the characters of the cells in the right box on your answer sheet. 

Put your answer in alphabetical order. 

 

A B C D E F G H I 

J K L M N O P Q R 

S T U V W X Y Z 1 

2 3 4 5 6 7 8 9 0 
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