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Introduction 

The Standard Bank Talent Search is available to all learners in South Africa from Grade 4 to Grade 12 and 
beyond. Students from other countries that do not have an organised Challenge identical to this in their own 
country are also welcome to join. 

The Challenge aims to introduce learners and teachers to computational thinking and computer science. 
The Challenge aims at a large and broad audience with fun and engaging tasks. Talent Search allows a 
student to discover aptitude for computational thinking without requiring prior knowledge. It teaches 
participants that computational thinking is an integral part of solving problems in daily life. 

The Talent Search philosophy: emphasize participation and celebrate achievement. 

This Challenge was initiated in 2004 in Lithuania as the Bebras Challenge. “Bebras” is the Lithuanian word 
for “Beaver,” the hardworking star of many Bebras tasks. In the past years, over 2 million students from over 
50 different countries have participated. 

2011 was the first year in which the Bebras-type tasks were introduced to the larger community in South 
Africa. We were very excited about the positive feedback we have received from both learners and teachers. 

The following pages show the tasks used in the Official Talent Search. The title of each page shows the 
name of the task, in which age group it was used and what the difficulty was (easy [A], medium [B] or difficult 
[C]). 

For each question we not only show the answer, we also explain at least one way to reach the answer. On 
top of that there is a section that explains how the task is related to Computational Thinking. 

We have also mapped the tasks to the Computational Thinking Concepts that feature in the Progression 
Pathways Assessment Framework created by Mark Dorling. This year we have also added a Computer 
Science domain to each task and some key word tags to help when searching for suitable tasks during the 
academic year. This is outlined below and is thanks to the work of Valentina Dagienė, Sue Sentance and 
Gabrielė Stupurienė: 

We know many teachers have been waiting for this book. We hope the information in this book enhanced 
the usefulness of the challenge in your classroom! 

The 2021 Talent Search was conducted in five age groups: 

Group name Recommended grade 

Elementary  4 and 5  

Junior  6 and 7 

Intermediate 8 and 9 

Senior  10 and 11  

Elite 12 and above  

 

Thank you 
  
The challenge wouldn’t be the same without the help of these people: 
 
Eljakim Schrijvers 
Chris Roffey 
Daphne Blokhuis 
Dave Oostendorp 

Arne Heijenga 
Andrea Schrijvers 
Kyra Willekes 
Marissa Engels 

and everybody that participated in the Bebras Workshop in 2020. Thank you! 
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Participating countries 

Each problem in this booklet has a flag indicating the country of origin. However, many people were 
involved in the further editing, translating and providing additional material.  

The US team is indebted to the generosity of spirit and community of computer scientists around the world! 
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Try the 2021 Talent Search Online 

2021 Talent Search - Online Contests per division 

 

Elementary 
Grades 4 and 5 

URL: http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=256 
 

Junior 
Grades 6 and 7 

URL: https://challenge.beaver.org.za/index.php?action=anon_join&grp_id=210 
 

 

Intermediate 
Grades 8 and 9 

URL: http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=259 

 

Senior 
Grades 10 and 11 

URL: http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=258 
 

Elite 
Grades 12 and above 

URL: http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=261 
 

  

http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=256
http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=260
http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=260
http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=260
http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=259
http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=258
http://challenge.beaver.org.za/index.php?action=anon_join&grp_id=261
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Overview of questions per division 

Elementary  
Grades 4 and 5 

Question Elem. Answers 

Crossroads A1 A 

Hats for Snowmen A2 Cloudy 

Art Scratch Paper A3 D 

Trash Robot A4 4 

Meal Planning B1 B 

Wood Allergies B2 41 

Plates B3 D 

Animals B4 1 

Gears In Motion C1 C 

Red Riding Hood C2 5 

Well Placed Towers C3 C 

Double Parked C4 3 
 

Junior  
Grades 6 and 7 

Question Junior Answers 

Ancient Message A1 C 

Beaver Coins A2 A 

Art Scratch Paper A3 Cloudy 

Hats for Snowmen A4 D 

Smoke Signals A5 4 

Meal Planning B1 B 

Wood Allergies B2 41 

Plates B3 D 

Animals B4 1 

Gears In Motion B5 C 

Safe C1 5 

Red Riding Hood C2 C 

Well Placed Towers C3 3 

Double Parked C4 D 

Rotate Rotate Rotate C5 Tree 
 

Intermediate  

Grades 8 and 9 

Question Interm. Answers 

Ancient Message A1 A 

Smoke Signals A2 Cloudy 

Meal Planning A3 D 

Eddie's lunch maze A4 4 

Seating Arrangement A5 B 

Wood Allergies B1 41 

Bottle Recycling B2 D 

Embroidery Machine B3 1 

Red Riding Hood B4 C 

   

Well Placed Towers B5 5 

Double Parked C1 C 

Tunnels C2 3 

Rotate Rotate Rotate C3 D 

Watched C4 Tree 

Trap Island C5 C 

Senior  
Grades 10 and 11 

Question Senior Answers 

Ancient Message A1 A 

Smoke Signals A2 Cloudy 

Seating Arrangement A3 D 

Bottle Recycling A4 4 

Embroidery Machine A5 B 

Red Riding Hood B1 41 

Shapes B2 D 

Tunnels B3 1 

Sawmill B4 C 

Watched B5 5 

Drawing Triplets C1   C 

Quipu C2 3 

Rotate Rotate Rotate C3 D 

Trap Island C4 Tree 

Willows and Poplars C5 C 
 

Elite  
Grades 12 and above 

Question Elite Answers 

Ancient Message A1 C 

Red Riding Hood A2 A 

Seating Arrangement A3 Cloudy 

Bottle Recycling A4 D 

Embroidery Machine A5 4 

Shapes B1 B 

Drawing Triplets B2 41 

Encoded Treasure Map B3 D 

Greener Flight Routes B4 1 

Willows and Poplars B5 C 

Byber Delivery Service C1 5 

Rotate Rotate Rotate C2 C 

Water Pouring C3 3 

Knight's Moves C4 D 

Store Houses C5 Tree 
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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 . 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. Click on the cells to place a unit. 
(Remember to press Save when you have finished.) 

  

Explanation 

Answers: 

There are three possible arrangements which only take 2 minutes to heat the 
whole room: 

 

Explanation: 

If the air-con units are placed as in the image below, it will take 2 minutes to reach 
each cell: 
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It is not possible to heat every cell in 1 minute. To fill the entire room in a minute, 
all the cells would have to be in the immediate vicinity of a air-con unit. The room 
has 36 cells, thus each unit must be connected to a different set of 9 cells 
(including itself), but given the shape of the room this is not possible. Alternatively, 
we can see that the room has two paths of length 15. Since each unit can cover a 
maximum of 3 cells in length, it would be impossible for the 4 units to cover even a 
single path. Thus, the minimum time is 2 minutes and the three possible 
arrangements are shown. 

Background information 

This task is related to propagation in a graph, as a model of the room. In this case, 
each cell in the room is represented by a node and two nodes are connected by 
an edge if the corresponding cells are neighbours, as defined in the task. In this 
task, we have to select special nodes (cells) such that each node in the graph (cell 
in the room) can be reached (by hot air) along a smallest number of edges 
(neighbouring cells). 

References: 

Graph traversing: https://en.wikipedia.org/wiki/Breadth-first_search 

Vertex cover: https://en.wikipedia.org/wiki/Vertex_cover 

 

  

https://en.wikipedia.org/wiki/Breadth-first_search
https://en.wikipedia.org/wiki/Vertex_cover
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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?  

 

 

 

 

 

 

 

 

Click on the correct answer. 

A B C D 



10 

Explanation 

Answer: D 

100 

200 

400 

Explanation: 

First we reorder lines so that we could read them from the top: 

 

A←100 

Write A 

A←A*2 

Write A 

A←A*2 

Write A 

A←2 

 
Now, the first command to execute is A←100 and second one is Write A. So first 
written number must be 100. 

If the program is read backwards, it does not mean that the math operations, in 
the commands, work inversely. The command A←A*2 does not mean A←A/2 
when read backwards. If the program contains only multiplication commands by 2, 
the written value must grow. So next values cannot be 50 and 25. 

Background information 

Being able to read computer programs is and important skill for programmers. We 
need to know how the computer executes the program and how it executes 
commands. Every command has its correct place in the program if it has to work 
correctly. Programmers have to know how results change when the position, or 
order of commands in a program changes. 
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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? Click on the correct answer.  

 

                        
 
 

                     
 

  

Exactly 6 kangaroos Exactly 10 kangaroos More than 10 kangaroos 

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

A B C 

D E F 



12 

Explanation 

Answer: C 

Exactly 6 kangaroos can pass Fred. 

Explanation: 

For Fred to let one kangaroo pass, this could happen: 

1. The kangaroo jumps onto the stone: 
 

 

2. Fred goes two steps forwards: 
 

 

3. The kangaroo jumps back to the log path and can continue forward: 
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4. Fred goes back two steps to give another kangaroo the possibility to jump to the 
stone: 

 
By executing this sequence of steps 5 times Fred can let 5 kangaroos pass by 
going back 10 steps in total; then one more kangaroo can pass because Fred will 
then be in his initial position again. So a total of 6 kangaroos can pass if Fred 
takes a step back 10 times. 
This can be expressed by a mathematical formula. If Fred wants to let k 
kangaroos pass, he’ll have to walk s = 2 × (k – 1) steps back. Solved for the 
number of kangaroos k, the formula is k = 0.5 × (s + 1). 

Background information 

Algorithms are essential to the way computers process data and complete task 
steps in a specific order: 

• Changing the content of a variable: Each log and the stone is a place where 
information can be stored like in a variable and the beavers and the kangaroos is 
the data to be stored in these places. 

• Ordering of the steps: There must be some arrangement to make kangaroos pass 
the beavers by moving them to different places. Because they cannot pass 
directly, creating a schedule for what to do when helps to solve the problem. 

• Repeating necessary steps as much as needed: In this case the same sequence 
of movements is repeated several times, which also is a typical concept of 
computational thinking: solve a small problem once and repeat the solution as 
often as necessary. 

Thus, an algorithm can be considered to be any sequence of operations including 
repetitions that can be simulated by computer systems. Recognition of patterns in 
algorithms (similar steps that are repeated) can be turned into reusable code for a 
quick and automatic solution of a problem (as the formulation here). The logs and 
the stone are like registers in a computer processor or on a tape drive that can 
store data. 
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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). 
Create them below. 

Click on an empty tile in a grid to fill it. 
Each 3-bomino fits in one grid. 
(Remember to press Save when you have finished.) 

 

 

Explanation 

Answer annd explanation: 

Because of the second bomino condition, the 2-bomino, that is two tiles touching 
each other corner-to-corner and not touching the same third tile edge-to-edge, 
must be part of all 3-bominos. So we start with the 2-bomino as shown in the task. 
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We choose its lower tile and attach a third tile below in all possible places: left, 
middle, and right. Neither attaching the third tile to the upper 2-bomino tile nor 
attaching it in some other direction makes a difference: all resulting figures can be 
rotated or flipped to yield one of the 3-bominos shown here. 

 

A possible strategy: 

• we need to find all the 3-bominos 
• there is just one 2-bominos (this info is given in the text) 
• the grid has nine tiles, 2 are taken by the 2-bomino: seven possibilities remain 
• two can be excluded easily because of the second rule "there is no tile that 

touches..." 
• the other positions are all good, but 2 have symmetries: 7 - 2 - 2 = 3 

Background information 

The rules given in the task define bominos, but they do not give explicitly a way to 
build or draw a valid bomino. These kind of precise descriptions (often 
called declarative) are very common and useful for reasoning about the general 
properties of objects, but they are not suitable if your goal is to give the 
instructions needed to build one (or all) of them. When one wants to write a 
program for common computers; for this, an operational description is needed. 
Fortunately, in some cases it is possible to translate the declarative definition 
automatically into an operational one, and some programming languages provide 
constructs for both. 

Refereneces: 

Declarative and operational definitions: 
https://en.wikipedia.org/wiki/Polyomino 
https://en.wikipedia.org/wiki/Pseudo-polyomino 

 

 

  

https://en.wikipedia.org/wiki/Polyomino
https://en.wikipedia.org/wiki/Pseudo-polyomino
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Bugs and Branches 

 

While exploring in a park, some children discover 4 animals on 4 different tree branches. 

This is what they find: 

• The branch with the caterpillar has the most leaves. 
• The branch with the butterfly has more leaves than the branch with the snail. 
• The branch with the ladybird is 'Y' shaped and has exactly 1 leaf. 

Task: 

Match the animals to their branches. Draw a line between the animal and the branch. 
(Remember to press Save when you have finished.) 

 
  

1 

 

 

2 

 

 

3 

 

 

4 

A 

 

 

 
 

B 

 

 

 

 

C 

 

 

 

 

D 
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Explanation 

Answer: 

 

Explanation: 

The third branch has the most leaves (5) and so the caterpillar is on the third 
branch. 

The first branch has more leaves (3) than the other two which both have 1 leaf, so 
the butterfly must go on the first branch. 

The ladybird must go on the branch with 1 leaf and a Y shaped branch 

The snail goes on the remaining branch. 

Background information 

This is a logic problem. We are given a set of statements and asked to determine 
an arrangement of creatures such that each statement is true. Logic is the study of 
statements, and determining if they are always, never, or sometimes true. 
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Connect the Dots 

You can draw pictures without lifting a pen.  

To do this, you draw lines from one dot to the next. Once you have drawn a line between two 
points, you may not draw another line between the same two points – irrespective of the 
direction.  

Example: 
You can draw a picture of a house like this: 

 

Question: 
 
Which of the following pictures can you draw using this rule? Click on the correct picture. 

                                                                                                                      

         
 

Explanation 

Answer: 

 

Explanation: 

The correct answer is C). One possible sequence of drawing steps is shown 
below. 

D C B A 
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Note that exactly two of the points in answer C) have an odd number of lines 
coming in or going out. They are marked in the last step above. All other points 
have an even number of lines coming in or going out. 

For answer A), however, you have four of the points with an odd number of lines 
coming in or going out. They are marked in the picture below. But you can only 
start at one point and end at one point. To draw a picture in a way you want to 
draw your pictures, there must be at most two points with an odd number of lines 
coming in or going out. It would also be possible to draw pictures having more 
than two points with an odd number of lines coming in or going out if you were 
able to come in or go out of a point with the same line, but you can’t draw the 
same line segment more than once. 

 

The situation for answer B) is very similar, as you can see by this “try”: you must 
either go down or right-up, but then you’ll have to go back in either case to draw 
the third line. 

 

Finally, answer D) consists of a triangle drawn inside a square, but none of the 
points of the (inner) triangle is connected to the (outer) square, so there is no way 
you could draw this picture without lifting the pen. 

Background information 

These drawing are made of points and lines connecting the points. In Computer 
Science this is a way of representing objects or relationships among objects: the 
points represent objects and the lines represent connections or relationships 
among them. Such a representation is called a graph. A graph consists of a set 
of vertices or nodes (usually depicted as points or circles) and a set 
of edges (usually depicted as lines, possibly curved, sometimes directed with an 
arrow). The edges connect vertices. A sequence of connected edges in a graph is 
called a path. 

The graphs you draw are special: the graph has to be connected (you should be 
able to go from any vertex to any other vertex by following edges of the graph) 
and only two vertices or none at all may have an odd degree (that is that the 
number of edges connected to a vertex). For graphs that have these two special 
properties you can always draw the complete graph in one continuous motion 
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without having to draw an edge twice. A drawing like this is called an Eulerian 
path named after Leonhard Euler (1707 – 1783) who first described this problem. 

Euler came up with the concept by trying to solve the problem of the Seven 
Bridges of Königsberg. Today we can find Eulerian paths by applying the well-
known Fleury's algorithm or Hierholzer's algorithm. 
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Don't Crash 

A robotic vacuum cleaner  moves in a room of 6×7 square-shaped tiles with walls 
surrounding it. 

The robot is always in the middle of a square and is always facing towards one of the four 
walls. It can be moved according to a program built using these commands: 

FORWARD: move to the next tile it is facing. 

LEFT: turn 90 degrees anticlockwise while staying on the same tile. 

RIGHT: turn 90 degrees clockwise while staying on the same tile. 

Now assume the robot is to execute the following program: 

FORWARD LEFT FORWARD RIGHT FORWARD 

Task: 
In the room map below, select all the tiles where the robot can start and execute this program 
without crashing into a wall, no matter which wall it is initially facing. (Remember to press 
Save when you have finished.) 

 

Explanation 

Answer: 
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Explanation: 

During execution of the program, the robot went two tiles forward and one tile left: 

 

One must take care that this movement must be able to happen in all four possible 
orientations for a starting tile to qualify. 
If the robot started on any tile directly touching the walls (call it a border tile) or on 
any tile touching any border tile, there is (at least) one orientation (pointing at the 
nearest wall) where the robot would crash when executing the program. 
The marked “central” tiles are safe because they are far away enough from the 
walls. 

Background information 

When creating a program, programmers must think about situations during 
executing the program. They must consider situations leading to crashes or to an 
invalid behavior of the machine executing the program (computer, robot, etc.). So 
they must check and define initial conditions under which the program will work. 
We say they must be able to test the program. 

Our robot behaves the same way as a very famous old hero of programming in 
one of the first programming languages created for children. This hero has been 
named Karel and it has been more than 40 years since it first appeared in 
computers. Its name should remind the name of the Czech writer Karel Čapek, 
who was the first person who called intelligent mechanic workers using the word 
robot in his drama R.U.R. in 1920, one hundred years ago. His futuristic drama 
describes a factory where these robots have been created to work for people and 
instead of people, with the idea of bringing paradise to Earth. But nothing lasts 
forever and even robots could start to think for themselves… 
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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: 
Drag flowers into the spaces below to create a flowerbox arrangement with the highest 
possible score. The score for your arrangement is shown below the flowerbox. 

(Remember to press Save when you have finished.) 
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Explanation 

Answer: 

An arrangement that scores 32 is the highest possible score. 

Explanation: 

Note that Ben assigns points to pairs of flowers that are next to each other in the 
flowerbox arrangement. In the image, these points are shown at the lines 
connecting the "next-to-pairs". Obviously, the flowerbox arrangement with the 
highest possible score should have as many next-to-pairs of red and yellow flowers 
as possible. At least one orange flower must appear, though. In order to help with 
the score, this orange flower must be part of next-to-pairs with yellow flowers – but 
as few as possible. 

Therefore, the only orange flower must be put into a corner, where it can become 
part of only two next-to-pairs. (Note that it does not matter which corner to begin 
with; so there are four correct solutions.) At all other positions, the orange flower 
would be next to more than two other flowers. In order to achieve at least a few 
points, yellow flowers must be put next to the orange flower. From then on, put red 
and yellow flowers next to each other in order to achieve the highest score. See the 
result of this process with the orange flower in the lower right corner: 

 

Background information 

It's human: the desire to find not just any solution to a problem, but the best. This is 
called optimisation, and it has driven human behaviour forever. Optimisation is a 
part of everyday life: If you want to buy a specific computer, you are looking for the 
dealer who demands the lowest price. If you have to travel from A to B, you do not 
want to take any route but the least expensive? But expensive in what terms: of 
money to spend for the trip, of length in km, of time needed? 

That is, in order to do optimisation, you not only need to know what a solution to 
your problem looks like. Also, a precise function is required that can tell the cost or 
the value of each solution. Then, the solution with a minimal or maximal value (that 
depends on the function) is the optimum. In this Bebras task, Ben's method of 
computing a score for flower arrangements is the optimisation function. 
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Mathematicians have investigated optimisation for centuries. In computer science, 
much care has been taken when implementing mathematical algorithms, as 
computers can be used to do optimisation in large scale problems where humans 
would not succeed. Also, computer scientists discovered that many optimisation 
problems are really hard to solve, and for such problems in particular they 
invented methods (so-called heuristics) that will not always find the optimum, but 
solutions close to the optimum. 
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Flying Bees 

Bees can fly from one square to the next. 

The distance is counted as if the bees can only fly up, down, left or right. 

Example 
The distance from the hive to the square with the 'X' is 3 squares: 

 

When a bee leaves the hive in the morning, it can fly no more than 3 squares from the hive.  

Task: 
Click on all the flowers that can be reached by the bees. 

(Remember to press Save when you have finished.) 
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Explanation 

Answer: 

 

Explanation: 

In general, we can find all squares that are not farther than three squares from the 
hive by at first finding the farthest squares the bee can fly. If it flies three squares 
to the left then it ends at point 1. It can also fly two squares to the left and one up 
(point 2) or down (point 3), or one square to the left and two up (point 4, which is 
outside the field) or down (point 5). If we apply the same method when starting to 
fly up, right and down and then also consider all squares that are closer to the hive 
than the farthest ones, we find all the squares that are not farther those three 
squares from the hive. These squares are painted by a darker green colour: 

 

Background information 

The flight of the bee is described as an algorithm. Understanding algorithms so 
that one can infer their properties (like how far it can fly, all the places it can fly 
within a distance, ...) is an important skill belonging to informatics. 
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Note that the distance measured in squares, which is used in the task is not the 
"usual" distance between two points (also called Euclidean distance), because the 
bees are not allowed to travel diagonally or in any direction, but only horizontally 
or vertically within the grid. Such distance is called rectilinear distance (or city 
block distance or Manhattan distance referring to a rectangular grid of streets 
common in American cities). 
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Footprints 

There are four robot animals in a shop; a bear, a bird, a rabbit and cat.  

One robot animal secretly walked around the shop at night. 
A trail of footprints was left on the floor. 

Task: 
Click on the robot that left the footprints. 

(Remember to press Save when you have finished.) 

 

 

Explanation 

Answer: 

The rabbit robot. 

Explanation: 

The rabbit robot is the only one with a paw made up of this shape: 

 

Background information 

Solving this task firstly requires identifying the feet in each of the proposed animal 
robots, and secondly checking which ones match the footprints. In doing so, one 
can ignore all non-foot body parts of the animals. This process is 
called abstraction, which is used a lot in computer science, and is an important 
part of a set of skills known as computational thinking. One side of abstraction is 

Bear 

Bird 

Rabbit 

Cat 
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about selecting the information necessary to solve a given problem. Here, it is 
about seeing that only the shape of the feet is relevant. 

When writing programs, programmers do this constantly: decide what to take into 
account from the problem they are solving. This is also part of a process called 
modeling, which in computer science is about deciding what information a 
computer will need to have and in what form in order to solve a given task. 

Realising that the footprint matches a given animal’s foot is done by patten 
recognition while comparing the images. Humans are pretty skilled at recognising 
what an image is about (for instance, if there is a cat in a picture or not), but it is a 
rather difficult task for computers. Machine-learning techniques have been 
developed to make it possible for computers to solve such tasks. 
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Gifts 

Georgina received 5 presents but the labels have come off, so she does not know who gave 
her which gift! 
 

She remembers the following clues about each present: 

Clues 

• Alison sent a present with stars. 
• Brenda sent a present with a bow. 
• Charlie sent a present with wavy stripes. 
• David sent a long thin present. 
• Elaine's present did not have a bow. 

Task: 
Match the correct present to the friends who sent them. Draw a line between the present and 
the friend. 

(Remember to press Save when you have finished.)

 
 

Explanation 

Answer: 

4 

1 

2 

3 

5 



33 

 

Explanation: 

The first clue tells us which present Alison sent so we can connect these. 
The second clue does not help at this stage. 
The third clue tells us which present Charlie sent so we can connect these. 
The fourth clue tells us David sent a long thin present but there is only one of 
these left so we can connect David to his present. 
The fifth clue enables us to connect Elaine to the only present left without a bow. 
This just leaves one present and so we can connect it to Brenda. 
 

Background information 

Logic is the basis of many aspects of computer science. This problem can be 
solved with logical reasoning. Students need to use abstraction to recognise 
which features of the present are relevant to solving the problem, and which are 
not. 

By identifying known information, the unknown information can be worked out. 

This is an introductory example of a bipartite graph, where the vertices are divided 
into two independent sets (in this case: present and sender). Although students 
are very used to this kind of question, bipartite graphs are also important in 
computer science and have applications in fields as varied as social network 
analysis and scheduling train networks as well as in systems biology. 
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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: 
Click on the squares in the map below to open the minimum number of grocery stores that will 
satisfy the town planner. 

(Remember to press Save when you have finished.) 
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Explanation 

Answer: 

There are two possible solutions, the one shown here and its mirror image. 

 

Explanation: 

5 grocery stores must stay open. The very left one and the very right one must 
stay open in any case to cover the very left and very right village. To cover the two 
villages at the bottom, it is sufficient that the grocery store on the bottom stays 
open. At this point we have selected 3 grocery stores and all villages except the 
four on the top are covered. Hence the grocery store in the mid of the square is 
not connected to the villages at the top and bottom of the square, we must at least 
select two more grocery stores. Selecting two on opposite sides of the square will 
cover the remaining four villages. 

Background information 

The problem in this task is known as the Minimum-Edge-Cover problem. The 
challenge is to find the minimum amount of edges so that every vertex of the 
graph is 'covered by' (incident to) one of the edges selected. In this question, the 
villages are the vertices which need to be covered, the streets with the grocery 
stores are the edges, covering the vertices. The problem appears in many famous 
problems in computer science, as the minimum-spanning-tree problem, which can 
be used in Dijkstra's algorithm to find the shortest path or to solve the traveling 
salesman problem. 

References: 
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Edge-
Cover: https://en.wikipedia.org/wiki/Edge_cover , https://brilliant.org/wiki/edge-
cover/ 

Dijkstra: https://en.wikipedia.org/wiki/Dijkstra%27s_algorithm 

Traveling salesman: https://en.wikipedia.org/wiki/Travelling_salesman_problem 

 

  

  

https://en.wikipedia.org/wiki/Edge_cover
https://brilliant.org/wiki/edge-cover/
https://brilliant.org/wiki/edge-cover/
https://en.wikipedia.org/wiki/Dijkstra%27s_algorithm
https://en.wikipedia.org/wiki/Travelling_salesman_problem
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Growing Plants 

In Bebras Town you can grow digital trees! 

You start with a small branch and a rule. The rule tells you how the starting branch will be 
replaced. 
This step can be repeated as shown below. 

Start Rule 
Result for 0,1,2 

iterations 
  

  

 

Remember, that every part of the tree is replaced 
simultaneously by what is given by the rule. 

The red cross symbols are not replaced, they 
only show where the rest of the tree is 
connected. 

 
Task: 
Drag and drop each rule to the tree that is produced by this rule. 
(Remember to press Save when you have finished.) 

 

Explanation 

Answer: 

2 

A B C D 

1 

3 

4 
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Explanation: 

The growth of the digital trees over multiple iterations for each rule is shown 
below: 
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Background information 

Fractals are used extensively in computer graphics to model landscapes and for 
special effects. They are also used in biology to model growth of plants, growth 
pattern of bacteria etc. 

Lindenmeyer Systems also known as L-Systems, invented by Aristid 
Lindenmayer, are a powerful formalism to describe the behaviour of plant cells 
and to model the growth processes of plant development. L-systems can also be 
used to generate self-similar fractals. 

What we have shown is only a very simplistic example of L-Systems. There is only 
one rule alltogether and only one symbol in the task. In nature, things can get 
more complex. 

The process of constructing the tree is repetitive, it uses iterations like those 
shown in the example. The iterations are key component of computer software, 
helping them to work with potentially unbounded data. The process replaces each 
component with another tree which can be best described as a recursive process. 

References: 

https://de.wikipedia.org/wiki/Lindenmayer-System 

https://de.wikipedia.org/wiki/Fraktal 

http://paulbourke.net/fractals/lsys/ 

https://en.wikipedia.org/wiki/Iteration 

https://en.wikipedia.org/wiki/Recursion 

 

  

https://de.wikipedia.org/wiki/Lindenmayer-System
https://de.wikipedia.org/wiki/Fraktal
http://paulbourke.net/fractals/lsys/
https://en.wikipedia.org/wiki/Iteration
https://en.wikipedia.org/wiki/Recursion
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Hamming Lemmings 

The lemming king, King Hamming, wants to send a message to his Queen, who lives in 
another castle. He chooses four lemmings to deliver his message and gives each of them a 
flag: Dark red or pale yellow according to the message he wants to send. But the King worries 
that something might go wrong during the journey, so he chooses three more helper lemmings 
and gives them flags according to the following rules: 

• The 5th lemming is helping lemmings #1, #2, and #3: If the number of dark red 
flags they carry is odd, then lemming #5 will carry a dark red flag, otherwise he will 
carry a pale yellow flag. 

• The 6th lemming is helping lemmings #1, #2, and #4: if the number of dark red 
flags they carry is odd, then lemming #6 will carry a dark red flag, otherwise he will 
carry a pale yellow flag. 

• The 7th lemming is helping lemmings #2, #3, and #4: if the number of dark red 
flags 
they carry is odd, then lemming #7 will carry a dark red flag, otherwise he will carry a 
pale yellow flag. 

On the journey, one of the original 4 lemmings lost his flag. To cover his fault, he quickly made 
a new one. Unfortunately, he doesn't remember the colour of the flag he initially had, so he 
cannot say whether his new flag is correct or not. 

When the lemmings arrived at the Queen's castle, she saw the situation below. 

Task: 
Exactly one lemming lost his flag, but we don't know if his new flag has the right colour. 
Click on the lemming that lost his flag. 
(Remember to press Save when you have finished.) 
 

 

 Explanation 

Answer: 

Lemming #3 lost his flag, and the new flag has the wrong colour. 

Explanation: 
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Let's call a helper lemming and the lemmings he is helping a lemming group, and 
label this group with the number of the helper lemming. For example, group #5 is 
lemming #5 and the lemmings he is helping, namely lemmings #1, #2, and #3. 

From the rules the King used to give out the flags to the helper lemmings, we can 
notice the following: before the journey begins, the number of dark red flags 
carried in total by any one group should be even. Indeed, by the rules, if the 
number of dark red flags lemmings #1, #2, and #3 carry is odd, then the lemming 
#5 has to carry a red flag, thus making the total number of red flags even. If the 
number of red flags among lemmings #1, #2, and #3 was even, then the lemming 
#5 had a yellow flag, keeping the total number of red flags even. The same 
property was true for group #6 and for group #7. 

Now let us check if the property holds for all the groups after the lemmings arrived 
to the Queen's castle. 

 

First, we see that the property does not hold for all the groups. This means that 
the lemming that lost his flag made a flag of the wrong colour, not the one he was 
given in the first place. 

Second, we can notice, that if the wrong flag was carried by a helper, only one 
group would violate the property, namely the group that the helper is in. Since we 
have more than one group violating the property, we can conclude that one of the 
lemmings #1, #2, #3, or #4 has lost his flag. We already know that the lemming 
that lost his flag replaced his original flag with a wrong one. Every group 
containing this lemming would have violated the property. We need to find a 
lemming who is in the groups which violate the property (namely groups #5 and 
#6) and is not in the group which does not violate the property (namely group #7). 
Lemming #3 is the only such lemming. 

Background information 

This task and the rules for helper lemmings described in it is an example of an 
error correction code in action. One of the first error correction codes invented is 
the Hamming code, which works according to rules similar to the ones given by 
the King in this task. 
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When we send messages, usually in binary format, through communication 
channels (wires or radio waves), due to noise coming from the environment, there 
is always a chance that some bits in the message might be flipped (changed from 
0 to 1 or the other way around). We usually want to be able to detect if the 
message was altered and possibly determine what the original message was. 
Here is where error correction codes come in handy. 

One simple way to do that is to send every bit of the message several times. For 
example, if we send every bit three times, then we can still determine what the 
original bit was, even if one of the three copies was flipped. We can send each bit 
more times to protect the message against even more flips. However, this 
approach requires us to send three or more times as much data. 

Fortunately, many smart algorithms allow sending as few extra bits as possible 
while still allowing to check and correct the message. One such method is used in 
this task. It is an example of a Hamming code. Hamming codes rely on the parity 
(evenness or oddness) of the sums of groups of bits in the message, including the 
extra bits. If the parities of all the groups are correct, then we can assume that the 
message arrived intact. If some of the parities are incorrect, then some bits 
(maybe the extra bits) were flipped during the transmission. If we know that only at 
most one bit might be flipped, and we know which groups have the wrong parity, 
we can tell which bit was flipped and what the original value of that bit was. 

Every error correction code has its limitations. Some codes are designed only to 
detect that there was a change in the message without a way to figure out which 
bit was changed. Some codes only work if no more than a specific amount of bits 
were changed. For example, the code in this task only works if no more than one 
lemming wrongly replaced his flag. If two lemmings wrongly replaced their flags, 
the Queen would not be able to determine which flags were changed. In the task, 
we just assumed that only at most one lemming wrongly replaced his flag. If we 
didn't know that, it might have been the case that the message arrived intact, even 
if the parities are wrong (for example, if both lemmings #5 and #7 changed their 
flags). It's fair to assume that it's less likely that lots of bits are flipped than just one 
or few, and when this assumption is correct, error correction codes like Hamming 
codes work well enough. However, real communication systems are usually more 
complicated than that, and even more complicated codes have been developed to 
handle more difficult situations. 

Similar algorithms are used to verify the correctness of the information in some 
other places, such as bar codes on various goods, and identification numbers on 
passports and IDs. 

References: 

https://en.wikipedia.org/wiki/Hamming_code 
https://en.wikipedia.org/wiki/Error_correction_code 

 

  

https://en.wikipedia.org/wiki/Hamming_code
https://en.wikipedia.org/wiki/Error_correction_code
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Heaviest Box 

Five boxes have different shapes drawn on them. 
You can compare the weights of two boxes with the aid of a see-saw. 

Example: 

  shows that  is heavier than . 

  

The see-saw was used five times. These were the results: 

  

 

Question: 

Which box is the heaviest? Click on the correct answer. 

 

 

Explanation 

Answer: C 

 

A B C D E 
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Explanation: 

What should we be looking for about the heaviest box? 
It must be the heavier box (that is, it must be on the lower part of the scale) in any 
comparison in which it is involved. 

Looking at all five comparisons, the pentagon cross box is the only such box; it 
never is on the upper part of the scale. As each of the other boxes are the lighter 
box in at least one comparison, we can be certain that they are not the heaviest. 

Background information 

That was hard! To find the heaviest box, you had to look at five comparisons. And 
it could have been worse: When you are looking for the heaviest, or best, or 
largest, etc. object in a set, you may have to compare every object with every 
other. When there are many objects, this may result in many many comparisons. It 
would have been much easier to find the heaviest box if the boxes had been 
sorted – by weight, of course. Then, the heaviest box would just have been the 
first (or perhaps last) box in the row. 

Computers very often need to find specific information in a huge set of data. And 
this is much easier if the data is sorted. That’s why sorting is a very important topic 
in computer science. Computer scientists have invented many sorting algorithms. 
And as computers are sorting data very often, it is important that sorting 
algorithms are efficient. Unfortunately, computers can compare only two values at 
a time, like the balance scale in this Bebras task. Therefore, no matter which 
sorting algorithm is used, the computer has to do sort by lots of comparisons of 
two values. A sorting algorithm can be characterised by the number of such 
comparisons used. 
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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? Click on the correct answer. 

 

 

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

Explanation 

Answer: 

The correct image is the one representing the letter O. 

Explanation: 

The heat map for O is white at position 3 in the second row. That means that the 
corresponding pixel of the image must have a unique colour. From the maps 



46 

below you can see it is indeed the only image with a black pixel at this position. 
Thus, it is the only image with a unique pixel colour at this position. 

Here are all the images with their heat maps: 

 

Background information 

A heat map is a graphical representation of data in which the individual values 
contained in a matrix are represented as colour shades. You probably know heat 
maps in weather reports, indicating temperatures in different regions. 

Heat maps, like the ones presented in this Bebras task, are used in image 
recognition. They assign a “perceptual importance” to each pixel and help to focus 
the attention of a deep learning network to certain areas of an image. 
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Heavy Parts 

24 engineers build parts for a machine at 24 tables. The 24 parts are put together to make the 

machine by another engineer at table 'X' ( ). The 24 engineers all start building their parts 
at the same time. 

Seven heavy parts need to be transported to table  by trolley-robots that take 1 minute to 
go from one table to the next and need to be charged after 16 minutes. The trolley-robots can 

start at any table but must end at table . The time it takes to build the seven heavy parts 

is indicated on their tables (in minutes) e.g. . 

You can try out some different routes on the diagram below by using the paths between the 
tables. 

Notes: 

• The route must allow the trolley-robot to collect the maximum number of heavy parts 
possible in one journey. 

• Your route must consist of a maximum of 16 selected paths. 
• No table may be visited more than once (so your route cannot cross over itself). 
• Tables with heavy parts cannot be visited until the part is built. 
• Your trolley can start at any table that is not building a heavy part but must end at 

table 'X'. 

 

 

Question: 
What is the maximum number of heavy parts that a trolley-robot can collect in one 16-minute 
journey of maximum 16 minutes. 

 

Explanation 

Answer: 
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5 

Explanation: 

The right answer is that the engineer can receive at most 5 heavy from one trolley 
robot. 

Not 7 
There are 7 heavy parts in total. But we can see easily that to collect all 7 isn’t 
possible. Looking at the 2 tables with 12 and 15 (the tables where it takes the 
longest to produce a heavy part), if a completed part is collected after 12 minutes 
from table 12, it takes 5 more minutes to get to the table with 15 on it. (The heavy 
part at the table with 15 on cannot be collected any earlier than a minute before 
the end of the 16 minute journey.) So this cannot be done in the 16 allowed 
minutes. 

Not 6 
So we know we cannot collect both of the parts on tables 12 and 15. But to have 6 
solutions in total, you must include either the 12 or the 15. If we collect the parts 
from table 12 or 15 the trolley robot cannot get the parts back to the X table in the 
16 minutes as table 12 is 4mins away and table 15 is 1 minute away. So now the 
problem is to prove that the trolley robot can get to table 12 , collecting all the 
other parts in exactly 12 minutes (or table 15 in exactly 15 minutes). 

Lets look at table 12. The next highest number of minutes to wait is 8. So, if the 
robot trolley could collect the parts from tables 1, 2, 3 and 6 in exactly 8 minutes, it 
will still take another 5 minutes to get to table 12. One more than we can allow. 

So lets look at table 15 and see if the trolley robot can collect the parts from tables 
1, 2, 3, 6 and 8 in 13 minutes. (Another 2 minute is required to get to table 15 
table from 8 or 3.) This is a bit harder to prove by elimination. There are 120 
permutations and it is not possible to explore them all in this 
explanation. Hopefully it can be seen that waiting near table 1 and then collecting 
that part will waste time as the nearby table 6 cannot yet be collected and so the 
trolley robot will need to return to that end of the room at some stage. Similarly 
table 3 requires waiting for 3 minutes, then wasting time waiting for the nearby 
table 8, or returning to that part of the room. So we don’t want the trolley robot to 
have to “return” to the area where the 1 and 6 are or “return” to the area where the 
3 and 8 are.  So starting near table 2 and then collecting that part after 2 minutes. 
If we go to the area with tables 3 and 8, then the area with tables 1 and 6, then 
back to table 15, obviously we have traversed the room several times and 
exceeded the time limit. 

So collect the 2 and go to the area with tables 1 and 6 and then the area with 
tables 3 and 8. This shows the most promise. At table 2, it has taken 2 minutes to 
leave. It takes 4 minutes to table 1 so 2 + 4 = 6. Another 1 to table 6 and a minute 
there => 7 minutes. 5 minutes to either table 3 or 8 (12 minutes) and then 2 
minutes to the one of tables 3 and 8 (14 minutes)  … and now from either table 3 
or 8, its 2 minutes to table 15. At this point the 16 minutes have been used up and 
the trolley hasn’t returned to the X desk. 

But 5 
From the explanation above we can see that the trolley robot can get to table 3 in 
14 minutes collecting the parts from tables 2, 1, 6, 8, 3 on the way. It is only a 
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further 1 minute to table X.  
For 5 solutions several possibilities exist. This is one of them: 

 

Background information 

This is an optimisation problem. In this case the number of tables visited should be 
maximised. The problem also has some additional constraints: The amount of time 
it takes for the trolley to reach table X. The way that the number of tables is 
counted is by creating a path through the graph (as shown in the answer 
explanation). In this case the tables are represented as nodes and the 
connections between tables as edges. A path is a sequence of edges in the 
graph. The number of minutes it has taken to go from the first node to the last 
node is written down for each edge of the path. A path is a valid solution of your 
problem, if the number of an edge is at least one more than the number of the 
node it is leading from. From all valid paths the maximum number of numbered 
tables is searched. 

This type of problem can be solved by different methods. The answer explanation 
uses contradictions to show that valid paths that visit tables 6 or 7 do not exist. 
And it gives a single example that proves that a solution for 5 numbered 
tables exists. This is a formally correct way to show that a solution is correct. 

When first being confronted with a problem, however, most people take a 
constructive approach. They try to construct a valid path, maybe run into a 
problem, move back a few steps, try a different approach, until they have an idea 
of what could be true or not. This method is called branch & bound first conceived 
by Ailsa Land and Alison Doig in 1960, because one for each step four different 
next steps are possible and one decides to try one and if it is not leading to 
success, it is no longer considered. This method is commonly used for inherently 
complex problems in computer science. 

References: 

https://en.wikipedia.org/wiki/Graph_theory 

https://en.wikipedia.org/wiki/Mathematical_proof 

https://en.wikipedia.org/wiki/Graph_theory
https://en.wikipedia.org/wiki/Mathematical_proof
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https://en.wikipedia.org/wiki/Mathematical_optimization 

https://en.wikipedia.org/wiki/List_of_algorithms#Optimization_algorithms 

  

https://en.wikipedia.org/wiki/Mathematical_optimization
https://en.wikipedia.org/wiki/List_of_algorithms#Optimization_algorithms
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Incredible Structures 

Beavers can build incredible structures from logs, starting at their lodge S. 

 

A path to each log can be described by using the two commands: 
L (for left) 
R (for right) 

Example: 
The path to the butterfly is: S R L R L 

Question: 
Using the commands describe the path from the lodge S to the relaxing beaver 
shown below. 

 
 

Explanation 

Answers: 

S L R R L L R 

Explanation: 

Just by looking at the picture below, you can see that the first move to the right will 
not lead to the relaxing beaver. So it has to be left. Then you keep going until you 
reach the next fork and choose the direction by looking on which side is the 
beaver. 
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Background information 

Data can take many forms, it depends how we represent it. When we look at data, 
we are looking for a sequence of items that will assist in solving the problem. In 
this task logs represents a tree structure which represents the hierarchical nature 
of a structure in a graphical form. It is named a "tree structure" because the classic 
representation resembles a tree, even though the chart is generally upside down 
compared to an actual tree. Trees are a widely used data types that show 
relationships between a collection of things. 

In computer science a tree data structure, in which each node has at most two 
branches (referred to as the left branch and the right branch), is called a binary 
tree. 

Binary trees are commonly used to be able to access data very fast. With only 
relatively few letters one can specify a big number of branches. In fact, if one 
uses, for example, 10 letters we can describe the position of 1024 (2 to the power 
of 10) different branches. 

Reference: 

https://en.wikipedia.org/wiki/Binary_tree 

 

  

https://en.wikipedia.org/wiki/Binary_tree
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Math Machine 

The beavers created a MathMachine. It takes a number as input and returns 
another number as output. Inside, the MathMachine there are lots of components. 
All components work in the same way. Each component takes three numbers as 
input, and processes them as follows: 

• If the first number is 1, return the third number to the MathMachine as output. 
• Else: 

o Decrease the first number by 1. The result is the new first number. 
o Increase the second number by 2. The result is the new second number. 
o Add the new second number and the third number. The result is the new 

third number. 
o Pass the new numbers to the next component, in the same order. 

The first component is special: 
When the MathMachine receives an input, it passes this number as the first input 
to the first component. The other two inputs for this component are 1 and 1. 

As soon as the MathMachine receives an output from any of its components, it 
returns this number as a result. 

Example: 
The image shows how the MathMachine processing the input 2. 
This example uses only two of the MathMachine's many components. 

 

Question: 
The MathMachine processes the input 4. Which number does the MathMachine 
return as output? 

Explanation 

Answer: 

16 
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Explanation: 

First component has input (4,1,1), output (3,3,4). 
Second component has input (3,3,4), output (2,5,9). 
Third component has input (2,5,9), output (1,7,16). 
Fourth component has input (1,7,16), returns value 16 to MathMachine. 

Background information 

A common method of simplification is to divide a problem into subproblems of the 
same type. As a problem solving technique, this is called divide and conquer and 
is key to the design of many important algorithms. Recursion in computer science 
is a method of solving a problem where the solution depends on solutions to 
smaller instances of the same problem. Recursion solves problems by using 
functions that call themselves from within their own code. The approach can be 
applied to many types of problems, and recursion is one of the core ideas of 
computer science. 

The power of recursion evidently lies in the possibility of defining an infinite set of 
objects by a finite statement. In the same manner, an infinite number of 
computations can be described by a finite recursive program, even if this program 
contains no explicit repetitions. Tail recursion is particularly useful, and often is 
easy to handle in implementations. Tail calls can be implemented without adding a 
new stack frame to the call stack. 

References: 

https://en.wikipedia.org/wiki/Recursion 
https://en.wikipedia.org/wiki/Recursion_(computer_science) 
https://en.wikipedia.org/wiki/Tail_call 

 

  

https://en.wikipedia.org/wiki/Recursion
https://en.wikipedia.org/wiki/Recursion_(computer_science)
https://en.wikipedia.org/wiki/Tail_call
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Mountain Climber 

Binsa is a mountain climber. She loves the mountain range known as Eleven Peaks. 

Binsa will always climb a mountain right beside her if its peak is higher than the 
one she is on. If there are two mountains right beside Binsa and both of these 
mountains have higher peaks, she will always climb to the highest one. Binsa 
finishes her day's climbing when both of the mountains beside her have lower 
peaks than the mountain she is currently on. 

Task: 
Select all the mountains where Binsa can start her day's climb which will result in 
her reaching the highest peak. 

 

Explanation 

Answer: 

 

OR 

 

A 
B 

C 

D 

E 

F 

G 

H 
I 

J 
K 
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Explanation: 

Binsa can, of course, start her day's climb on the highest peak. 

Answer 1: If Binsa begins on either mountain beside the highest peak, she will 
immediately climb to the highest peak. So when we also include the highest peak, 
there are three mountains from which Binsa will reach the highest peak. 

If Binsa begins further to the left, she will never get past the peak to the left of the 
highest peak. 

If Binsa begins further to the right, she will never get past the peak to the right of 
the highest peak. 

  

Answer 2: This results in a different interpretation of the question text. The 
reasoning is the same as for Answer 1 except that, if Binsa starts on the mountain 
with the highest peak, she goes home without climbing it. 

Background information 

The process that Binsa follows is called a greedy algorithm. The idea is that while 
she may be trying to reach the highest peak, she decides what to do next only by 
looking at the two mountains right beside her. That is, instead of trying to look for 
a global maximum, instead she looks for a local maximum. 

Greedy algorithms do not always correctly solve problems but when they do, they 
usually do so very efficiently. This means computer scientists are interested in 
problems to which greedy algorithms apply. However, even if a greedy algorithm is 
incorrect, sometimes they can be used to find a solution that is "good enough". 
This is called an approximation algorithm. 

A specific type of greedy algorithm used in artificial intelligence is called the hill-

climbing algorithm. The name from this technique comes from the idea behind this 
problem. 

The story behind this task is related to an idea from geography called topographic 

isolation. One of the great things about studying computer science is how it can be 
applied to almost any other subject area. 
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Museum Tour 

Castor the architect, was asked to design a museum. 

Castor produced 3 designs. 

He wants to choose a layout which allows visitors to go through all of the rooms 
exactly once, without visiting a room more than once, and without using the same 
door for entering and exiting. This is called a one-way tour. 

The visitors must start at the arrow that enters the museum and leave by way of 
the door with the arrow leaving the museum. 

 

Question: 
Which one of the statements below is correct? 

A one-way tour is possible in layout A. 

A one-way tour is possible in layout B. 

A one-way tour is possible in layout C. 

A one-way tour is not possible in any of the layouts. 

 

Explanation 

Answer: 

Layout C is a one-way tour. 

Explanation: 

Only layout C allows a visitor to take a one-way tour. 
The sequence of rooms is: 2, 1, 3, 5, 4, 7, 6. 
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In general, if a room has only one entrance, a one-way tour is not possible: If 
visitors enter this room, they will have to go back to the room they came from and 
hence visit it twice. 

In layout A, room #1 has only one entrance. 

In layout B, the last room #6 can be reached from room #5 and room #7. If one 
chooses to go via room #5, one can visit room #7 and reach the exit afterwards 
only by visiting room #6 twice (and vice versa). 

  

Background information 

To be solved by a computer, we must model the problem in a way that is better 
understood by computers. For finding the requested tour, it is most important to 
know about which rooms are connected by a door (so that you can go from one to 
the other). So, for example, the layout below can be modeled as follows: 

 

 

A circle indicates a room (plus the “outside rooms” before entering and after 
exiting), while a line indicates a door. This model is called graph: circles are called 
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vertices and lines are called edges. There are many problems that can be solved 
by computers using graphs, like finding the shortest route, determining friendships 
in social media, and others. 

In the graph model, finding the exhibition tour corresponds to finding a path along 
the edges that visits all vertices. Graph theory tells us that this problem is 
inherently difficult. In this Bebras task, the number of rooms and doors is small, 
and we can solve it even without computers. However, if the number of rooms and 
doors gets large, even computers may fail to find a tour. 
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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? Click on the correct answer. 

Explanation 

Answer: 

2 

Explanation: 

The correct answer is k=2. 
We can find the answer by increasing k, beginning from 1 and for each k checking 
if the correct colour is selected by the rules. 

 

pale blue houses 

 

red houses 

 

new house 
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First let’s say k=1. If you draw a circle centered at the new house to include only 1 
other house, as shown in Fig. 1. Then there is 1 house with colour A and that is 
all. So the rule will determine that the colour for the new house is colour A, which 
does not match the situation given in the task. 

 
Fig 1. 

Now let’s assume k=2. If you draw a circle centered at the new house to include 
exactly 2 other houses as shown Fig. 2, you can see that there is 1 house with 
colour A and 1 house with colour B. 

 
Fig. 2. 

In this case there is a tie and the colour for the new house cannot be determined, 
so k+1 must be examined. 

We have to check the situation for 3 houses: If you draw a circle centered at the 
new house to include exactly 3 other houses, as shown Fig. 3, there is 1 house 
with colour A and 2 houses with colour B. So, in this case, the colour for the new 
house is determined to be colour B. This was the first time that the result is colour 
B, so the minimum value for k is 2. 
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Fig. 3. 

The case k=3 (Fig. 3) finds the the same answer, but k=2 is the smallest number. 

Background information 

This task involves key ideas regarding the k Nearest Neighbors (k-NN) algorithm, 
which is used for machine learning in data classification applications. E.g. to 
classify pictures of blossoms or economic development of countries. k-NN 
algorithm tries to classify data points by comparing each data point with the 
nearest k other data points and adjusting the value of k to fit the overall structure 
of the data. If the value of k is too small or too large, the classification may 
become useless. 

Reference: 

k-NN Algorithm: https://en.wikipedia.org/wiki/K-nearest_neighbors_algorithm 

          

https://en.wikipedia.org/wiki/K-nearest_neighbors_algorithm
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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? Click on the correct answer. 

1 white stone2 black stones3 white stonesIt doesn't matter how many stones. 

Explanation 

Answer: 

3 white stones 

Explanantion: 

For the 3 black stones: If Gretel removes 1 or 2 stones, then Hansel can remove 
the remaining stones (i.e. if Gretel removes 1 black stone, Hansel can remove 2 
stones, and vice versa). This makes Hansel the last player to remove a stone(s). 
So, the winning strategy in black is to leave 3 stones. 

For the white stones: A player can only remove 1, 2, or 3 stones. With any group 
of 4 white stones, the second player will always be able to remove the remaining 
stones (i.e. if 1 white stone is removed, the other player can remove 3 stones, and 
so on). The winning strategy in white is to leave 4 stones. 

For Gretel to win, she must leave 3 black stones and 4 white stones. This is only 
possible by removing 3 white stones in the first move. 

If Gretel fails to apply the strategy in her first move, Hansel can steal the strategy, 
so other options will not be a winning move for Gretel. 

Background information 

Games are an important topic of study for computer science. They can be used to 
model many real-life interactions. An important algorithmic question in the study of 
games is to find a winning strategy for one of the players. 

In this case, we can work backwards from positions where Gretel can win with a 
final move and classify positions as winning for Gretel and losing for Hansel. From 
this, we can derive a property that Gretel must maintain to always stay in a 
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winning position. This is called an invariant, a property that she must maintain with 
every move made and which Hansel cannot destroy with any move that he makes. 
If she can maintain this invariant, she has a winning strategy. 

This kind of analysis can be extended to complicated games like chess and Go, 
but then the number of possible positions becomes extensive, and we need to use 
other approaches like AI to "learn" a good strategy. 

Nim was one of the first games ever implemented on an electronic device. 
Combinatorial game theory has solved Nim mathematically for any number of 
initial heaps and objects, and there is an easily calculated way to determine which 
player will win and what winning moves are open to that player. So, the strategy 
for a computer-bot could be directly programmed, unlike, for example, chess. 
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Painting Houses 

 

The people on Taro’s street decide to paint their houses according to these rules: 

1. All houses must be painted either red, light green or dark blue. 
2. Houses next to each other must not be the same colour. 
3. A house must not be the same colour as the house directly across the street. 

In the picture below you can see that some of the houses have already been 
painted. 

Task: 
Choose colours for all the houses so that the above rules are followed. 
Click on the white houses to cycle through the colours. 
 

 

Explanation 

Answer: 

 

Explanation: 

The correct colours can be worked out like this. 

Start by working out the colour of the house that is second along on the top row. 
As this has a red and blue house beside it, it must be green. 

A B 

C D E 
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The fourth house on the top row has to be red becasue it has a blue and green 
house next to it. 

The second house on the bottom row of houses has a blue house next to it and a 
green house on the otherside of the street, so it must be red. 

For a similar reason the third house on the bottom row must now be green. 

Finally the fourth house on the bottom row can now only be blue. 

Background information 

The 10 houses together form a so-called graph, an object that is often used in 
computer science to represent data and how it is connected 

       

 
A graph is composed of vertices (the coloured circles in the diagram above) and 
edges (the lines connecting these circles). 

For this task, each vertex corresponds to a house and each edge corresponds to 
one of the relations "is next to" or "is directly across the street from". In fact, for 
this problem you can treat both relations in exactly the same way. 

The task requires us to colour the vertices of the graph in such a way that no edge 
connects two vertices of the same colour. The same question can be asked of any 
graph, but depending on which graph you choose, you may not always be able to 
do this with only three colours. 

In fact, this is a famous problem! How many colours do you need to colour a plane 
graph - a graph you can draw on a piece of paper without crossing edges. The 
answer turns out to be 4, but it took a lot of computer work to actually prove this. 

In computer science, many questions can be modelled with graphs. This is very 
convenient because many powerful algorithms for solvings all kinds of problems 
on graphs have already been developed. 
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Pantomime Puzzle 

 

Here are the actors, taking a bow, after a pantomime: 

  
 

 

The King The Princess The Dragon The Prince 

The pantomime was in two parts: Act 1 and Act 2 with a break in between. 

The picture below told the actors when to Enter and Exit the stage. 
For example, in Act 1 the King had to enter the stage first, followed by the 
Princess and then the King left. 

 

Question: 
Which statement is NOT true? Click on the correct answer. 

The Prince and the Princess were on the stage together.The King and the Dragon were 

on the stage together.The Prince was on the stage after the break.The Prince and the 

Dragon were on the stage together. 

Explanation 

Answer: 
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The king and the dragon were on the stage together. 

Explanation: 

‘The prince and the princess were together on the stage’ is true. After the break, the 
prince entered the stage, the dragon left the stage, and then the princess came 
back onto the stage. 

‘The king and the dragon were on the stage together’ is not true, because the king left 
the stage right before the dragon came onto the stage. 

‘The prince was on the stage after the break’ is true. 

‘The prince and the dragon were on the stage together’ is true. After the break, the 
dragon came back onto the stage and then the prince came onto the stage as 
well. 

Background information 

In computer science we often graphically depict a process (events that happen 
over time in a given order). Graphic visual representations of information, data, or 
knowledge are usually intended to present information quickly and clearly. They 
can improve comprehension by enhancing the human visual system's ability to 
see patterns and trends. Understanding visual representations (or diagrams) and 
drawing conclusions from them is an important skill to develop in computer 
science. 
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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. 
(Remember to press Save when you have finished.) 
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Explanation 

Answer: 

The following two passwords will be accepted by the password checker because, 
after processing the password, the password checker will stop on the "E" circle. 

 

Explanation: 

 is incorrect: The first symbol is a moon, but all accepted 
passwords begin with a star. 

 is incorrect: It consists of 10 symbols, but the length of all 
accepted passwords is divisible by 3. If you trace the password with the checker, 
you can see the checker stops before the ninth symbol. 

 is incorrect: The star appears 5 times, and the moon 
appears 4 times. But accepted passwords consist of twice as manystars as 
moons. If you trace the password with the checker, you will see the checker stops 
before the last symbol. 
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Background information 

The password checkers shown in this Bebras task are each modeled as a 
deterministic finite-state machine (FSM); this is a mathematical model of 
computation. It is an abstract machine that can be in exactly one of a finite number 
of states at any time. The FSM can change from one state to another in response 
to some inputs; the change from one state to another is called a transition. An 
FSM is defined by a list of its states, its initial state, and the inputs that trigger 
each transition. 

The behavior of (finite) state machines can be observed in many devices in 
modern society that perform a predetermined sequence of actions depending on a 
sequence of events presented to them. 

Examples are: 

• vending machines, which dispense products when the proper combination of coins 
is deposited, 

• elevators, whose sequence of stops is determined by the floors requested by 
riders, 

• traffic lights, which change sequence when cars are waiting, 
• combination locks, which require the input of a sequence of numbers in the proper 

order. 

References: 

https://en.wikipedia.org/wiki/Finite-state_machine 

  

https://en.wikipedia.org/wiki/Finite-state_machine
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Planting Problem 

Sabrina the gardening robot is programmed to plant as many plants as possible in 
the garden shown below. 

  

 

She is programmed to obey the following rules: 

Rules: 

• Plants must NOT be planted in a square directly North of a building or tree. 
• Plants with star-shaped red flowers must be planted in lines of 3 or more (not 

diagonally). 
• Plants with round yellow flowers must be planted in 2 x 2 square groups of 4. 
• There must be a gap of at least one square between each group of plants with 

round yellow flowers. 
• There must be an equal number of plants with red and yellow flowers. 

You can try out different patterns of plants by dragging the plants on to the garden 
above. 
(Drag the plants off the garden to remove them.) 

Question: 
What is the largest number of plants Sabrina can plant? 
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Explanation 

Answer: 

16 

Explanation: 

The most difficult flowers to plant are the yellow ones. In fact it is only possible to 
plant two sets of four while obeying all the rules. Planting 8 red flowers so there 
are as many reds as yellows gives us the answer 16. Here is one allowed 
arrangement: 

 

Background information 

Logic forms the basis of many aspects of computer science. This problem can be 
solved with logical reasoning. 

Here we look at the rules and decide which is going to be the most limiting. Sorting 
out a partial solution that satisfies the most limiting factor enables us to solve the 
whole problem more easily. 

Many classic games are based on this kind of logic, such as, chess where each 
type of chess piece can move according to its own rule set. 

The concept in this task is also related to a maximisation problem of job 
assignment with constraints. 
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Quiz Card 

Milan and Maya completed a quiz with 4 questions. 

Milan’s answers were:  

Question 1: Answer A 
Question 2: Answer C 
Question 3: Answer B 
Question 4: Answer A 

Following the rules pictured on the right, Milan 
received a card representing his answers. 

 

Question: 
Maya's answers were: 

Question 1: Answer B 
Question 2: Answer A 
Question 3: Answer B 
Question 4. Answer B 

Which card represents Maya's answers? 

 

Explanation 

Answer: 

 

Explanation: 

The answer is a combination of the answers shown below: 

A B C D 
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Background information 

Data visualisation is the graphical representation of information and data. By using 
visual elements like charts, graphs, and maps, data visualisation tools provide an 
accessible way to see and understand trends, outliers, and patterns in data. 

In the world of Big Data, data visualization tools and technologies are essential to 
analyse massive amounts of information and make data-driven decisions. 
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Relax 

Beavers divide the day into 8 intervals of 3 hours 
each and, having a relaxed attitude towards time, 
only want to know the current interval. 

To tell the time they look at the town hall, a building 
with three steeples. A flag flies on top of each 
steeple, either a blue triangle or an orange square. 
Each pattern signals a time interval as shown on 
the right. 

The mayor is proud of the system because only 
one flag changes from each interval to the next, 
except at midnight when all three flags need to be 
changed. 

Task: 
Create an even more relaxing pattern that never requires changing more than one flag at a 
time. Drag and drop the town halls into the interval spaces below. You can click on a town hall 
to remove it from a space if you need to. 
(Remember to press Save when you have finished.)   
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Reversibility 

 

 

A robot can move objects that lie on a long surface, such as in the figure above. The surface 
is divided into an infinite number of numbered slots, and the number of a slot identifies the 
object's position. The robot is programmed by specifying some rules, and it moves the objects 
accordingly. After applying a rule, the robot cannot remember the position where the object 
was before. 

An object is placed in one of the numbered slots. The robot can receive a MOVE or BACK 
command. 
When the robot receives the command "MOVE rule 1", it executes rule 1. 
When the robot receives the command "BACK rule 1", it reverses the effect of rule 1. 
The BACK command can only be immediately applied after a MOVE command, which means 
the most recent MOVE. 

A rule is considered reversible when the robot can execute MOVE and then BACK, of the 
same rule, without any confusion on what to do. Not all rules can be reversed. 

Examples: 
Rule A: Move the object to the slot on the right. 
When the robot receives the command "MOVE rule A", it will move the object to the right. 
When the robot receives the command "BACK rule A", it will move the object to the left. So 
Rule A can be reversed. 

Rule B: Move the object to slot 1. 
When the robot receives "MOVE rule B", it will move the object to slot 1. When the robot 
receives "BACK rule B", it cannot determine where to place the object other than slot 1. So 
rule B cannot be reversed. 

 
Consider the following rules: 

1. If the object is in a position greater than 8, then move it to the slot on the right. If not, 
leave it where it is. 

2. If the object is in a position greater than 8, then move it to the slot on the left. If not, 
leave it where it is. 

3. If the object is in an even position, then move it 2 slots to the right. If not, move it to the 
slot on the left. 

4. If the object is in an even position, then move it 2 slots to the right. If not, move it 2 
slots to the left. 

 
Task: 
Select all of the above rules that can be reversed. Write the number of the rules in the correct 
box on your answer sheet. 

       

Rule 1 Rule 2 Rule 3 Rule 4 
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Explanation 

Answer: 

Only Rule 1 and Rule 4 are reversible. 

Explanation: 

Let us number the slots from left to right starting from 1, and consider rules 1 and 
4, one at a time. 

• The effect of applying rule 1 is the following: 

 
if the object was in a position greater that 8, then it will end up in a position that is 
greater that 9 (blue arrows); if the object was in a position lower than 9 (i.e., up to 
8 included), then it will not be moved and hence it will still be on a position lower 
than 9 (red arrows). (Notice that the object cannot end up in position 9.) So, it is 
easy to distinguish the two cases and to move back the object accordingly, that is, 
rule 1 can be reversed as follows: 

If the object is on a position greater that 9, then move it to the slot at the 
left, otherwise leave it where it is. 

• The effect of applying rule 4 is the following: 

 

if the object was in an even position, it will end up in another even position (blue 

arrows), whereas if the object was in an odd position, it will end up in another odd 

position (red arrows). Hence it is always possible to distinguish the two cases and 

to move back the object accordingly, that is, rule 4 can be reversed as follows: 

If the object is in an even slot, then move it 2 slots to the left, otherwise 
move it 2 slots to the right. 

Let us now explain why the other rules cannot be reversed. 

• Rule 2 has the following effects: if the object was in position 8, then it will not be 
moved hence it will stay in position 8 (red arrow); if the object was in position 9, 
then it will end up in position 8 (blue arrow). 

 

So, after the application of this rule, if the object is in position 8, one cannot 

establish whether it has been moved or it was already there, that is, the effect of 

rule 2 cannot be reversed. 
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• The effect of applying rule 3 is the following: if the object was in an even position, 
it will end up in another even position (blue arrows); if it was in an odd position, it 
will end up in an even position (red arrows). 

 

So, after the application of this rule, if the object is in an even position, one cannot 

distinguish between the two cases and cannot recover the original position. That 

is, the effect of rule 3 cannot be reversed. 

Background information 

The rules presented in the task have the form if ... then... else. In computer 
science, this is called conditional statement. The term is due to the fact that this 
kind of statement specifies to do something only when some condition (also called 
test) holds true. The conditional statement is one of the basic features of 
programming languages, that are used to program the behaviour of automatic 
devices, like the robot of the task, or a computer. If a program contains a 
conditional statement, its execution may follow two different flows; indeed, 
according to the initial conditions, or inputs, the condition may hold true or false 
and hence different commands are executed. 

A conditional statement is reversible if one can undo its effect, i.e. one can restore 
the initial situation starting from the outcome. In general, the effect of a conditional 
statement is not reversible, because the outcome may not be enough to restore 
the initial situation. In this task, in order to decide which conditional statements are 
reversible, one needs to consider all possible final outputs and verify if some 
"overlaps" may occur, as for rules 2 and 3. 

Reasoning about the effects of programming statements and their properties, like 
reversibility, is an important ability for programmers. 

For teachers: 
The task takes its inspiration from a research paper available 
at https://dl.acm.org/doi/pdf/10.1145/3159450.3 where the authors investigate the 
ability of students in reversing a conditional statement. 

 

  

https://dl.acm.org/doi/pdf/10.1145/3159450.3


80 

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. 
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Explanation 

Answer: 

The column with 5 gems. 

Explanation: 

Alice knows that if she makes the robot go right on the first turn, Bob will not make 
the robot go left. Thus, the robot can never get 6 or 8 gems. If Alice makes the 
robot go right, the robot can only get 3. It is possible for the robot to get more if it 
goes left. (You’ll see later that it’s not possible for the robot to get 2 gems if it goes 
left, so it can only get either 4, 5, or 7 gems which are all strictly bigger than 3.) 
Thus, on the first turn, Alice makes the robot go left. 
Bob knows that if he makes the robot go left on the second turn, Alice will not 
make the robot go left. Thus, the robot can never get 2 gems. If Bob makes the 
robot go left, the robot can only get 7. It is possible for the robot to get less if it 
goes right. Thus, on the second turn, Bob makes the robot go right. Finally, on the 
third turn, Alice will obviously make the robot go left. 

There is an easy algorithmic way to get the answer: Mark the forks layer by layer, 
starting from the top. At the top-most layer, it’s Alice’s turn. Look at the numbers 
directly below each fork, and write the bigger number on the fork. At the middle 
layer, it’s Bob’s turn. Again, look at the numbers directly below each fork, and write 
the smaller number on the fork. Finally, at the bottom layer, it’s Alice’s first turn. 
Again, look at the numbers from the middle layer, and write the bigger number at 
the starting point. This number is the answer: 

Gen stores:          2 7   5 4   8 6   1 3 

Alice's second go:    7     5     8     3 

Bob'sgo:                 5           3 

Alice's first go:              5 

Background information 

When there are just three levels, logical reasoning is enough to solve the task. 
When there are more possibilities, game-playing AI use algorithms which expand 
the reasoning, similar to the one explained in the answer, to figure out which move 
to make. They work by first considering all the possible ways the game can play 
out after a few turns, give a score to each of these ways (for example, the number 
of pieces the AI will have left in a chess game), and make the move that 
maximises the score. 

The game-playing AI assumes that the player is smart and will try to make a move 
that minimizes the score (even if the player isn’t completely aware of this). Hence, 
it will try to get the maximum of the minimum of the scores. That’s why this 
algorithm is sometimes called a “maximin” search. 

Or, reversing the roles (for example, scoring by the number of pieces the player 
will have left instead), the AI will try to get the minimum of the maximum. In other 
words, it will perform a “minimax” search. If the search goes on for several levels, 
the AI is actually computing the minimum of the maximum of the minimum of the 
maximum of the… But we just call it “minimax” for short. 
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An algorithm for the game of Tic-Tae-Toe is a nice explanation of the process. On 
the picture below there is a part of a decision tree calculation which gives the best 
move from the situation depicted on the table at the top. 
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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. 

 

Explanation 

Answer: 

Beaver B 

Explanation: 
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If the story is told to beaver B, it will be distributed to all the other beavers in 2 
steps. In the first step beavers A, D, and J are informed. They inform all other 
beavers. So all the poles are on a distance at most 2 from pole B. 

There is no other pole for which this is possible, or even a pole with a distance of 1 
to all other poles. 

Background information 

Many real-life problems are solved by computer programs after representing them 
as a graph. A graph consists of a set of vertices or nodes (usually shown as 
points) and a set of edges (usually shown as line segments, possibly curved), that 
connect these vertices. In this task, the underlying problem is to find the so-called 
graph center. 

The center (or Jordan center) of a graph is the set of all vertices of minimum 
eccentricity. That is, the set of all vertices u where the greatest distance d(u, v) to 
other vertices v is minimal. Here, there was only one such vertex: Pole B. 

Finding the center of a graph is useful in facility location problems, where the goal 
is to minimise the worst-case distance to the facility. For example, placing a 
hospital at a central point reduces the longest distance the ambulance has to 
travel. 

If we have a small graph, like in our task, we can use trial and error, as it is simple 
to calculate the distance between all pairs of vertices. For large problems the 
center can be found using more sophisticated algorithms like the Floyd–Warshall 
algorithm. 

References: 

https://en.wikipedia.org/wiki/Graph_center 
https://www-m9.ma.tum.de/graph-algorithms/spp-floyd-warshall/index_en.html 

  

https://en.wikipedia.org/wiki/Graph_center
https://www-m9.ma.tum.de/graph-algorithms/spp-floyd-warshall/index_en.html
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Royal Fountains 

King Beaver is visiting the royal fountains (shown by green circles below). 

He has a command: 
"I wish to go on a walk between two of my fountains. I will tell you which ones when I arrive. I 
expect to be able to walk on red carpets between the two fountains. I do not mind whether the 
first path from my start fountain or the last path to my final fountain has a red carpet or not.” 

Task: 
Which is the least number of red carpets so that the king's command will be obeyed? 

 

 

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

Explanation 

Answer: 

The least number of red carpets required, so that the king's command will be 
obeyed, is 13. 

Explanation: 
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Here is one possible solution: 

 

In this case, the strategy was to start by drawing vertical lines. Since we have six 
columns and we may leave one path without red carpet, two vertical lines are 
enough to enable, at least, one connection between all the fountains. 
However, this is not enough. If we want to cross from one side of the garden to the 
other, we need to connect the vertical lines. Otherwise, it is not possible to do 
movements such as going from the fountain in the top left corner to the fountain 
on the bottom right corner. Thus, we need to add an horizontal line that connects 
both vertical lines. 
In the end, we have five paths from the first vertical line, another five paths from 
the second vertical line, and three paths from the horizontal line. Therefore, we 
need a minimum of 13 paths. 

As this is a 6 x 6 grid the following 6 patterns can be rotated 90 degrees 3 more 
times each, giving four answers per pattern and a total of 24 correct solutions, that 
each use 13 carpets. 

 

Background information 

To find a minimal number of essential connections in a structure, like a street map, 
is a problem society often faces, for instance, in planning cables for electricity or 
glassfibre cable for broadband. Graph theory is providing a mathematical and 
algorithmical background for these kinds of problems. 

References: 
https://en.wikipedia.org/wiki/Graph_theory 
https://medium.com/better-programming/graph-theory-algorithms-simplified-

https://en.wikipedia.org/wiki/Graph_theory
https://medium.com/better-programming/graph-theory-algorithms-simplified-9a6868cc222


87 

9a6868cc222 
https://en.wikipedia.org/wiki/Minimum_spanning_tree 

  

https://medium.com/better-programming/graph-theory-algorithms-simplified-9a6868cc222
https://en.wikipedia.org/wiki/Minimum_spanning_tree
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Secret Digits 

Beavers use symbols instead of house numbers. 
They use the table on the right to translate the symbols 
to numbers. 

Example: 

5 is written as : 

  

  

Here is a picture of one of the beaver’s homes:  

  

Question: 
What is this beaver’s house number? 
Your Answer should be a four-digit number. Write down the number in the correct box on your 
answer sheet. 

 

Explanation 

Answer: 

1973 

Explanation: 

The digits on the beaver’s home can be figured out by using each symbol on the 
home to find the correct row and column and then finding where the row and 
column meet. 
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Background information 

This task is about encoding. Encoding is the process of applying a code to data in 
order to represent the same data in a different (equivalent) way. The beavers’ 
code in this task is the table. They apply the table to the digits 0 through 9 in order 
to represent the digits in a different way using symbols. 

Encoding has many uses in computer science. Encoding data can be a way to 
hide messages. This idea is called cryptography. Encoding data can also be a 
way to reduce the size of messages. This idea is called data compression. 

References: 

Encoding: 
https://en.wikipedia.org/wiki/Character_encoding 

Data Representation: 
https://www.khanacademy.org/computing/ap-computer-science-
principles/computers-101/digital-data-representation/a/digital-data-introduction 

Cryptography: 
https://en.wikipedia.org/wiki/Cryptography 

Data Compression: 
https://en.wikipedia.org/wiki/Data_compression 

  

https://en.wikipedia.org/wiki/Character_encoding
https://www.khanacademy.org/computing/ap-computer-science-principles/computers-101/digital-data-representation/a/digital-data-introduction
https://www.khanacademy.org/computing/ap-computer-science-principles/computers-101/digital-data-representation/a/digital-data-introduction
https://en.wikipedia.org/wiki/Cryptography
https://en.wikipedia.org/wiki/Data_compression
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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. 
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Explanation 

Answer and explanation: 

For the first time that the set of steps are repeated, the single centre triangle gets 
coloured black: 

 

For the second time that the set of steps are repeated, every one of the four triangles 
gets divided into four sub-triangles each. The centre triangle of each of these four 
triangles gets coloured black. For the original centre triangle this coloring does not 
make a difference, because it’s already painted black, but three other newly 
coloured black triangles appear: 

 

For the third and last time that the set of steps are repeated, the same thing happens 
to every one of the 16 sub-triangles (or simply of the 9 white sub-triangles, because 
all others are already coloured black). That creates 9×4=36 new sub-sub-triangles 
of which 9 are coloured black: 

 

Therefore, this is the (only) correct solution. 

Background information 

The Sierpiński triangle is a fractal first described by the Polish mathematician 
Wacław Franciszek Sierpiński (1882–1969) in 1915. Similar geometrical objects, 
such as the Koch snowflake or the Mandelbrot Set, have been researched in the 
20th century, especially since, with computers, automated generation of different 
iterations was made possible. Because the process of dividing and colouring the 
triangles is supposed to be repeated infinitely, it offers some interesting geometrical 
properties, most notably a striking self-similarity. 
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The construction of a Sierpiński triangle is recursive (from lat. recurrere: to run back, 
to return). That means that a certain set of operations (the “steps” from above) are 
repeated infinitely often or until a certain termination condition (for instance how 
often the iteration process is repeated) is met. This allows for very compact 
definitions of quite complex objects. 

Recursion is also a concept that is widey used in computer science, in theoretical 
concepts as well as in practical applications. The Sierpiński triangle therefore is 
directly connected to classical computer science concepts like cellular automata 
(made popular by John H. Conway, 1937 – 2020) or the towers of Hanoi. 

If the construction of a Sierpiński triangle is repeated infinitely, one will end up with 
a completely black triangle in the end. That is because for each step only 75% of 
the originally white area stays white. This can be formulated as a sequence of how 
much of the originally white area is still white. The sequence would be an=100%, 
75%, 75%×75% = 56, 25%, …, which is a geometric sequence with a1=1 
and q=0.75. Since geometric sequences with -1<q<1 have the limit 0, in this case 
also limn→∞(1×0.75n) = 0. 

References: 

https://en.wikipedia.org/wiki/Sierpiński_triangle 

https://en.wikipedia.org/wiki/Wacław_Sierpiński 

https://en.wikipedia.org/wiki/Recursion 

https://en.wikipedia.org/wiki/Fractal 

 

  

https://en.wikipedia.org/wiki/Sierpi%C5%84ski_triangle
https://en.wikipedia.org/wiki/Wac%C5%82aw_Sierpi%C5%84ski
https://en.wikipedia.org/wiki/Recursion
https://en.wikipedia.org/wiki/Fractal
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Snakes and Ladders 

The game of Snakes and Ladders is played by rolling a dice (with values 1 to 6) and moving 
that many places from your current cell position. Each player starts from cell number 1, and a 
player wins when they reach the last cell (49). 

 

If you reach a cell with a snake’s head, you will slide down to the snake’s tail. That is, if you 
land on cell 21, the snake will take you back down to cell 5. And if you land on a cell at the 
bottom of a ladder, you will climb up to the top of that ladder. That is, if you land on cell 23, the 
ladder will take you up to cell 36. 

Question: 
If you are at cell 19, what is the minimum number of dice rolls to win; 2,3,4 or 5?  

         

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

 

Explanation 

Answer: 

3 dice rolls is the minimum required. 

Explanation: 

The shortest path where the counter only moves forward is 4 rolls of the dice. 

2 3 4 5 
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However, here is a sequence of 3 dice rolls that is shorter: 
Roll a 2, followed by a 5, and finally another roll of 5, will take you to the winning 
square. 

Background information 

This task is a shortest path problem. A shortest path problem can be represented 
by graphs. Graphs are an abstract data-structure where nodes (cells in the game) 
are connected by edges. The cells here are said to have an edge if they can be 
reached from one to the other within a single throw of the dice. The problem then 
becomes one of finding the path with least number of edges, which may lead to 
the destination. 

Breadth-first search (BFS) is an algorithm for searching graph data structures. It 
starts at the tree root and explores all of the neighbouring nodes at the present 
depth, prior to moving on to the nodes at the next depth level. This approach 
would be starting at cell 19, and explore each dice roll before moving on to the 
second roll. 

References: 

Shortest Path https://en.wikipedia.org/wiki/Dijkstra%27s_algorithm 

Exhaustive Search https://en.wikipedia.org/wiki/Brute-force_search 

Branch and Bound https://en.wikipedia.org/wiki/Branch_and_bound 

Breadth-first Search https://en.wikipedia.org/wiki/Breadth-first_search 

 

 

  

https://en.wikipedia.org/wiki/Dijkstra%27s_algorithm
https://en.wikipedia.org/wiki/Brute-force_search
https://en.wikipedia.org/wiki/Branch_and_bound
https://en.wikipedia.org/wiki/Breadth-first_search
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Sprinklers 

Beaver Bob planted some flower-beds in his garden. 

Bob wants to place some water sprinklers in the empty squares 
of his garden. Each sprinkler can water all the eight squares 
next to it, as shown in the picture on the right.  

Task: 
What is the smallest number of sprinklers needed to water all 
the flowers in Bob's garden? 

  

 

 

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

Explanation 

Answer and explanation: 
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In fact it is impossible to reach all the flower-beds with just one sprinkler: For 
example, the flower-beds in the second row cannot be watered by a single 
sprinkler because they are too distant. So using two sprinklers is the best we can 
do. 

Background information 

In the computer science we often have to deal with looking for the best possible 
solution of a problem. This means to decide a way to compare solutions (i.e., a 
criteria) and find the best solution. In our case we asked not only to water all the 
flower-beds but to do it using the minimum possible number of sprinklers in order 
to avoid water waste. 

The easiest solutions to water all flower-beds could be that we use a sprinkler in 
every empty square or a sprinkler for each flower-bed. But it would be pricey and 
not so effective and ecological. It could be also dangerous to water too much 
some of the flower-beds (this deal to a different and more complex comparison 
criteria). 

In this case it was easy enough to find the solution just by a try and fail approach. 
Due to the reduced dimension of the example it should be affordable to try all 
possible sprinklers’ dispositions too. Increasing the size of the garden, the number 
of flower-beds, and possibly adding other constraints to the criteria make more 
difficult to find the best decision. Informatics is of big help in modeling and 
realizing operations research techniques that arrive at optimal or near-optimal 
solutions to complex decision-making problems. 

In real life, a possible example of an operation that is solved by similar techniques 
is to decide the allocation (number and position) of health structures, fire stations 
and health personnels in a region in order to better answer to the needs of the 
population. 
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Stars and Moons 

Marie would like a bracelet like the one on the right. 
 

She therefore gives Stephan the following instructions: 

1. Join a star ( ) piece and a moon (  ) 
piece. 

2. Repeat step 1 two more times. 
3. Join the three parts made so far into a single 

chain. 
4. Add two more stars at one end of the chain. 
5. Join both ends of the chain to make a bracelet.  

Unfortunately, if Stephan does not have a picture of the 
bracelet, he may end up with a bracelet that looks quite different, even if he follows the 
instructions exactly. 

Question: 
Which of the bracelets shown below can NOT be obtained by following Marie's instructions? 

 

 

 

 

 

 

 

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

 

Explanation 

Answer: 

The correct answer is C. 

Explanation: 

The pictures below show how each of the other three examples can be split into 
three star-moon pairs and one star-star pair. 

  

A B C D 
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A: 
 

        B: 
 

        D: 
 

Because every moon in the bracelet must be next to a star (according to the first 
instruction), it is not possible to have 3 moons in a row, if you follow the 
instructions. Bracelet C has three moons in a row. 

Background information 

When programmers give instructions to a computer, it is important that they exactly 
specify what the computer has to do, otherwise the result may not be what is 
wanted. For example, in the list of Marie's instructions, she forgot to state exactly 
how the three star-moon pairs must be joined together. In the bracelet she wanted, 
a moon is always surrounded by stars. So, although the instructions looked quite 
specific, something was missing. If there was the computer that drives a bracelet 
making machine Marie's instructions would not have been sufficient. Luckily, in 
reality computers will usually just stop and say 'I have no idea what you mean' if 
your instructions are not sufficiently clear. 

Always having to write everything out in detail becomes tedious and produces very 
long programs. Therefore computer program instructions provide several types of 
'short cuts'. For instance, in Marie's instructions, it is possible to say that the 
computer has to repeat an action several times, instead of having to copy the 
instructions for these actions over and over again. But, this must be done in a very 
specific way, in order to be understandable by the computer. 
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Teddy Bear Hunt 

The beaver family went on a Teddy Bear 
hunt around their village (shown on the 
right). 

They started from their home (named S).  
They walked along the roads and returned 
back to their home. 

Along the way, they took photos of the 
Teddy Bears they saw. 

They saw 4 Teddy Bears but arrived 
home with only 3 photos: 

  

Question: 
Of which Teddy Bear did they forget to take a photo of?  

 

 

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

 

Explanation 

Answer: 

 

A B C D 
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Explanation: 

On the picture you can see the route (orange arrows) they took. It is one of only 
two routes that has exactly 4 teddy bears. The other one is going the other way 
around. 

 

Background information 

Finding a route is a common problem in computer science. To solve this task you 
need to follow the routes and find out what route meets the conditions (4 stops). 
Although this task is very simple, it can become harder to solve as the map 
expands. 

The map is a representation of a planar graph (the combination of nodes – 
houses, and edges – roads between houses) where we chose four nodes (home 
and three houses with given pictures) and the task is to determine the node that 
must be on any route consisting of four nodes that are not home. It is a 
combinatorial problem on a graph. It is like drawing a map of the route from home 
to school, then to swimming pool, to the shop and back home. 

  



101 

Train Tracks 

Can you help guide the train  to the station  safely? 

Task : 
Which two track pieces fit into the empty spaces, so the train can get to the station. 

 

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

  

Explanation 

Answer and explanation: 

Here are two correct solutions to this problem: 

 

  

A B 

C D 

E F 
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Background information 

For students: 
A railway track guides a train. In each box of the map, the rails make the train go 
straight, left or right. 
A computer program is similar to a railway track. It tells the computer what to do in 
order to solve a certain task, like adding two numbers. 

A computer program is made of many instructions, like the railroad track in the 
task is made of many rails. 

Sometimes, a computer program does not work, because instructions are missing. 
The programmer has to find what is the correct instruction to add which will 
produce the correct result. 

For the teachers: 

 
By writing a program, you learn to control an object or a character in the same way 
that the rails control the movement of the train. Each track section can be 
understood as an instruction, a command given by the programmer to the train to 
move in the chosen direction. This sequence of instructions that are executed in a 
certain order and always produce the same result, this is what computer scientists 
call a “program”. 

In order to solve this task and find the two missing track sections, the children 
have to anticipate what the train will do before it even goes through the circuit. In 
doing so, they analyse the system and plan the behavior of an object that will be 
executed in the future. These are facets of Computational thinking. 
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Treasure Hunt 

Explorers Duck, Beaver and Cat want to find the treasure in a secret room. 

They have to pass through doors  and over switch-stones . 
Both doors and stones are labelled with shapes. 
All the doors are closed at the start. 

When an explorer arrives at a closed door, they must stop and wait until the door is opened. 
When an explorer steps on a switch-stone, all the doors with the same shape on them open 
and stay open. 

 

Duck, Beaver and Cat take different paths. 

Question: 

Who will get to the secret room? Will it be Duck , Beaver , Cat , or no one . 

 

 

 

 

 

 

 

Write down the name of your answer in the correct box on your answer sheet. 

Explanation 

Answer: 

Duck:  

Explanation: 

Duck Beaver Cat No one 
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Beaver is wrong because there is no jumping stone with a blue star. This means 
that Beaver will be stuck at the first door on its path. 

Cat is wrong because the last door on Cat’s path could only be opened by Beaver 
stepping on the jumping stone with the pink triangle. But Beaver will never reach 
that stone, as explained above. 

Duck is the correct answer: Beaver will unlock the doors with a red circle. Then Cat 
can unlock all the doors with green crosses and white squares. At this point, all the 
doors are open, and Duck can get to the secret room. 

Answer 'X' is wrong because Cat will get to the secret room. 

Background information 

The three explorers in this task are like three computers (or processing units) 
working in parallel, that are using a mechanism of locks shared between them. Each 
computer is able to release locks (like when an explorer steps on a jumping stone) 
and to stop execution until a lock is released (when an explorer encounters a closed 
door). 

In the last few years, making a computer faster by increasing its processor’s speed 
has become much more difficult due to the physical limits of the technology, and 
putting several processors (cores) in a single computer has become increasingly 
common. 

To take advantage of these multiple processors and make their programs run faster, 
computer scientists have to find ways to split the computation into separate parts 
that can run in parallel, thus inventing parallel algorithms. Sometimes the processes 
need to wait for each other to complete some operations before continuing their 
execution. This is why it is necessary to use a mechanism of locks, such that one 
may not continue execution until it is unlocked by another process. 
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Treasure Island 

Pirate Pierre is looking for a treasure. It is buried on one of the five islands. Luckily there is a 
code which describes how to get to the treasure island. Pierre reads one letter after another 
and crosses the bridge marked with that letter each time. If he stands on an island with no 
corresponding bridge, Pierre skips this letter and goes on with the next one. 

Example: 
If the code was A-B-A, first he crosses bridge A to island 2. 
There is no bridge B from island 2, so he ignores this part of the code. 
Finally he moves back to island 1 over bridge A. 

The secret code to get to the treasure island is B-A-C-A-A-B. 

Task: 
Write the number of the right island in the correct box on your answer sheet. 

 

Explanation 

Answer: 

Island 4 is correct. 
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Explanation: 

 

Starting at Island 1: 

B … Pierre crosses Bridge B to come from Island 1 to Island 3 

A … He stays on Island 3 because there is no Bridge A 

C … He crosses Bridge C to come from Island 3 to Island 4 

A … He crosses Bridge A to come from Island 4 to Island 5 

A … He crosses Bridge A to come from Island 5 to Island 4 

B … He stays on Island 4 because there is no Bridge B 

Background information 

This task is about finding a route through a map. 

Maps are commonly handled by computers, for instance, all GPS devices store 
maps to compute routes between two end points. In GPS devices, maps are not 
stored as images but instead as structures called graphs — sets of numbers that 
describe locations and connections between the locations to easily allow 
computations on them. 

Having a map stored in the computer is just the start. Computer scientists then 
need to write programs that can find their way through the many kinds of maps. 
There are algorithms for finding the fastest route, shortest route and, as in this 
simpler case, just following a route. 

The code in this task may appear odd. Why include a bridge that is not actually 
available? When writing and executing programs, it is important to have a way to 
deal with erroneous data so that the program does not simply crash and stops 
working. We can usually be pretty sure that, at some point in time, our program 
will have to deal with erroneous data, and we must be prepared. 
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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. 
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Explanation 

Answer: 

There is only one solution. 

 

Explanation: 

The two signs with 3 on are sufficient to unambiguously reconstruct the whole field. 
If one sees all trees from a position, the trees must be ordered with increasing height 
away from this position. We are able to fix the first row and the first column in this 
way: 

 

The remaining trees can be placed according to the “Sudoku” rule. As you can 
only have one tree of each height in each row and column, there is only one way 
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to place the other trees. However, the sign with a 2 on, makes it easier. We know 
this row must have one of each tree type but, so that two trees can be seen from 
the 2-sign, the tallest one must go in the middle: 

 

The last two positions are filled by ensuring that there are three different tree types 
in the each of the last two columns. 

Background information 

This task approaches two fundamental competencies in computer science. One is 
to find a solution for a problem that satisfies a given constraint. The second one is 
the ability to reconstruct an object from partial information using the knowledge 
about the properties of that object. 

This can be used for a compressed representation of objects. The term lossless 
compression is used in computer science to describe this process, as the user does 
not lose any information that had been compressed, when the information is 
uncompressed. 
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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. 

Explanation 

Answer: 

 

Explanation: 

The players that still have a chance to win the special cup are those that have not 
lost a match yet. These are the players that do not have an arrow pointing at them. 
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Background information 

A directed graph (or digraph) is a way to represent (non symmetrical) relationships 
between pairs of objects: Objects are represented as vertices, and object A is 
connected to object B by an arrow when A is in relationship with B. 

In this task the relationship is “winner”: Some relationships come from actually 
played matches, others from the rule given in the text that makes winning transitive, 
a property normally not true for sports. Indeed matches are exciting to follow exactly 
because if Bob wins against Alice and Alice wins against David, nothing guarantees 
that Bob would beat David in a real match. 

The problem in the task, however, is common in computer science: Some objects 
are not directly compared with each other and still we need to build an ordering 
where every pair of objects are compared. Of course there can be more than one 
such ordering. An example is when you have activities or programs that depend on 
others. To put on shoes you should already have put on socks, and to put on a coat 
you should already have put on a shirt... but you can certainly find several different 
ways to properly order your dressing actions! 

References: 

https://en.wikipedia.org/wiki/Directed_graph 

https://en.wikipedia.org/wiki/Topological_sorting 

https://en.wikipedia.org/wiki/Transitive_relation 

  

https://en.wikipedia.org/wiki/Directed_graph
https://en.wikipedia.org/wiki/Topological_sorting
https://en.wikipedia.org/wiki/Transitive_relation
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Wood Processing 

A delivery of 100 wooden logs has arrived. All the logs are longer than 1m. 
A team of four robots process the logs. Their task is to produce a full set of swing seats, as 
shown in the images below. 

                    

All four robots are able to select logs that still need to be processed and then perform their 
individual function on the selected log. The robots can work at the same time as each other if 
there are logs they still need to process: 

Cutter: Cuts a log on one side and makes it 1m long. 

Driller: Drills two holes through the log exactly 20cm from the left and 20cm from the right. 

Printer: Prints the company’s logo in the middle of a smooth and clean log surface. 

Remover: Removes the bark from logs of any length and makes the surface smooth and 
clean. 

Notes: 

• A robot processes each log only once. 
• The robots can work at the same time as each other but not on the same log. 
• A robot starts working when it gets a start signal from the Control Program. 
• From the moment a robot is started, it must never be idle waiting for logs from other 

robots, since it would shut itself down. 
• A robot stops working once it has processed all logs, or if there are no more logs to 

process. 

The commands in the Control Program are limited to those given below and are started 
sequentially. 

Task: 

If you rearrange the commands in the Control Program so that the robots process all the logs 

without any of them ever being idle. Which command will be in the middle (the third position) 

 

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

 

 

 

  

A 
 

B 
                        

C 
 

D 
                     

E  

Start the Cutter 

Start the Remover 

Start the Printer 

Wait until all working robots have finished their work 

Start the Driller 
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Explanation 

Answer: 

The Cutter and Remover must start first. (It does not matter in which order.) 
The Wait commands come next. 
The Printer and Driller come last. (it does not matter which order.) 

Explanation: 

The two commands before the wait command can be interchanged and the 
commands after the wait command may be interchanged too without changing the 
effect of the program. 

The Cutter and the Remover work first at the same time as neither depend on any 
other processing to have taken place. 

The Driller and the Printer start working after the other two have stopped working. 
This is because they need logs, which are exactly 1 m long. The Printer additionally 
needs logs with a smooth and clean surface. 

The need for the Driller and Printer to wait until the other robots have finished is 
determined by the limited commands available in the program. Consider this 
program: 

Start the Cutter 

Start the Remover 

Start the Printer 

Start the Driller 

Wait until all working robots have finished their work 

The printer in this case will start only a fraction of a second after the Cutter and 
Remover. This means it will have no prepared logs to work with which means it will 
be idle before it even starts processing the first log. This condition was forbidden in 
the question quuidance. 

Background information 

This task illustrates two basic techniques of parallel computing: 1) mapping and 2) 
process synchronisation. 

1) Mapping is an alternative concept to iteration. You define a function and map it 
on a collection. That means, the function is “applied on” each element of the 
collection but you do not care in which order this takes place. Since the function can 
be executed concurrently by several processors, mapping can be faster than 
iteration.  

Example in Python: 

>>> fruits = ['apple', 'orange', 'cherry'] 

>>> s = map(str.upper, fruits) 

>>> print(list(s)) 

['APPLE', 'ORANGE', 'CHERRY'] 

Here the string method upper() is mapped on a list of strings. 
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2) The robots in the task could work concurrently on the collection of logs. The 
control program made sure that the Driller and the Printer did not start before 
Cutter and Remover had finished their work. This is called process 
synchronisation. In a computer several processes can work concurrently on the 
same data. 

 


