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1.1 Understanding algorithms 
An example of an algorithm 

An interactive map is a useful way to find a route between two locations. Figure 1.1 shows a route between two cities 

that was calculated by a mapping program. 

 

The route on this interactive map has been calculated using an algorithm. 

 

It is unambiguous in telling the driver exactly what to do, like 'turn left', 'turn right' or 'go straight'. 

It is a sequence of steps. 

It can be used again and will always provide the same result. 

It provides a solution to a problem, in this case, how to get from Beijing to Shanghai. 

 

A solution to a problem with these characteristics is called an algorithm. Most problems have more than one solution, so 

different algorithms can be created for the same problem. 

 

Successful algorithm 

 

There are three points to consider when deciding whether an algorithm is successful or not. 

 

Accuracy - it must lead to the expected outcome (e.g. create a route from Beijing to Shanghai). 

Consistency - it must produce the same result each time it is run.  

Efficiency - it must solve the problem in the shortest possible time, using as few computer resources as possible.  

The relationship between algorithms and programs 

Algorithms and programs are closely related, but they are not the 

same. An algorithm is a detailed design for a solution; a program is 

when that design is implemented. 

 

This unit is all about algorithms. We look at how algorithms are 

implemented in high-level programming languages in Unit 2. 
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Displaying and algorithms  

An algorithm can be expressed in different ways. 

 

WRITTEN DESCRIPTIONS 

A written description is the simplest way of expressing an algorithm. Here is an algorithm describing the everyday task of 

making a cup of instant coffee: 

 

 

 

 

 

 

 

 

 

 

 

FLOW CHARTS 

Flowcharts can be used to show an algorithm as a diagram. They provide a more visual display. 

 

There are special symbols that have to be used in a flowchart. You can't just make up your own, because nobody else 

would be able to follow your algorithm. 

 

Figure 1.2 shows the flowchart symbols that should be used. 
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PSEUDOCODE 

In addition to flowcharts and written descriptions, algorithms can also be expressed in pseudocode. The pseudocode can 

be used to code the solution in an actual programming language. 

It allows the developer to concentrate on the logic and efficiency of the algorithm without having to bother about the 

rules of any programming language.  

 

 

 

 

 

 

 

 

 

Variable and constants  

A constant is the opposite of a variable. It is a 'container' that holds a value that always stays the same. Constants are 

useful for storing fixed information, such as the value of pi, the number of litres in a gallon or the number of months in a 

year. Each variable and constant in an algorithm have to have a unique identifier. It is important to choose descriptive 

names for identifiers. This will make your code much easier to read.  

NAMING CONVENTIONS FOR VARIABLES AND CONSTANTS 

It is sensible to write identifiers in the same way throughout an 

algorithm. A common method is to use 'camel case' for compound 

words (e.g. firstName, secondName) with no space between words 

and the second word starting with a capital letter. Alternatively, you 

could capitalise the first letter of both words, e.g. FirstName, 

SecondName, or separate the words with an underscore, e.g. 

first_name, second_name, known as 'snake case'.  

1.2 Creating algorithms  
Algorithms for computers  

A version of this part of the algorithm, suitable for a computer, is shown in Figure 1.6. This example introduces two new 

constructs from which algorithms are created. We have already met the construct sequence - step-by-step instructions in 

the correct order. To add to this, we now have selection and iteration. 
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Representing selection and iteration in a flowchart 

ITERATION 

When writing programs, it is often necessary to repeat the same set of statements several times. Instead of making 

multiple copies of the statements, you can use iteration to repeat them. The algorithm for making a cup of coffee 

includes an instruction to keep waiting until the water in the kettle boils. 

1.3 Sorting and searching algorithms  
Sorting algorithms 

BUBBLE SORT 

When data is sorted, different items must be compared with each 

other and moved so that they are in either ascending order or 

descending order. 

 

The bubble sort algorithm starts at one end of the list and compares 

pairs of data items. If they are in the wrong order, they are swapped. 

The comparison of pairs continues to the end of the list, each 

complete traversal of the list being called a 'pass'.  
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MERGE SORT 

Merge sort is a sorting algorithm 

that divides a list into two smaller 

lists and then divides these until 

the size of each list is one. 

Repeatedly applying a method to 

the results of a previous application 

of the method is called recursion. 

 

 

EFFICIENCY OF SORTING 

ALGORITHMS  

The bubble sort algorithm is said to 

be using brute force because it 

starts at the beginning and 

completes the same task 

repeatedly until it has found a 

solution. 

 

The merge sort uses the divide and conquer method because it repeatedly breaks down the problem into smaller sub-

problems, solves those and then combines the solutions. 

 

 

 

SERCHING ALGORITHMS  
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LINEAR SEARCH 

A linear search is a simple algorithm and not very sophisticated. It simply 

starts at the beginning of the list and goes through it, item by item, until it 

finds the item it is looking for or reaches the end of the list without finding it. 

 

BINARY REASERCH 

Like a merge sort, a binary search uses a 'divide and conquer' method. 

In a binary search the middle or median item in a list is repeatedly selected to 

reduce the size of the list to be searched - another example of recursion.  

 

EFFICIENCY OF SEARCHING ALGORITHMS 

In the example on page 20, the linear search was more efficient because it only had to carry out two comparisons 

instead of the three for a binary search. But is this always the case? 

 

Searching algorithms can be compared by looking at the 'worst case' and the 'best case' for each one. 

1.4 Decomposition and subtraction  
Problem solving  

The tasks of a computer scientist include defining and analysing problems; creating 

structured solutions - algorithms; and coding the solutions into a form that can be 

implemented by a computer. These tasks are part of what is known as 

computational thinking. 

 

One of the skills required for computational thinking is algorithm design (which 

we've covered in detail in this unit). If there is a fault in the algorithm design, then 

the program will not work, however good a coder you are. Two other skills are 

decomposition and abstraction. 

Decomposition 

Decomposition is the initial step in problem-solving, allowing teams to work on sub-problems simultaneously. This 

approach simplifies error detection and correction, and when developed into a program, code can be reused. 

Abstraction  

Absorption is a common technique in daily life, allowing us to understand the essential features of something. For 

example, when someone describes seeing a cat, we can recognize it as a small, furry animal with four legs and a tail, 

allowing us to imagine it when talking about it. 

 

LEVELS OF ABSTRACTION 

There are different levels or types of abstraction. The higher the level of abstraction, the less detail is required. We use 

abstraction all the time in accomplishing everyday tasks. 

 

When programmers write the 'print' command they do not have to bother about all of the details of how this will be 

accomplished. They are removed from them. They are at a certain level of abstraction. 
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A driver turning the ignition key to start a car does not have to understand how the engine works or how the spark to 

ignite the petrol is generated. It just happens and they can simply drive the car. That is abstraction. 

Coding an algorithm 

High-level programming languages make it easier for a programmer to write code. Unfortunately, the processor that has 

to execute the program cannot understand the language it is written in. It therefore needs a translator to translate the 

code into the only language it does understand - a stream of 1s and Os. 

 

These high-level languages are therefore at a high level of abstraction - very far removed from the actual language of a 

computer. 

 

The processing can be split into parts. For example, in the example of the noughts and crosses game there could be 

separate algorithms for: 

 

• Deciding where the computer should make its next selection - it could be called 'computer entry' 

• Checking if the computer or the player has won - it could be called 'check if won' 

• Checking if there are any empty squares left - it could be called 'check draw'.  

 

These separate algorithms could be used when they are needed. It is efficient because it means that the same code 

doesn't have to be rewritten whenever it is needed. 

These items of code are called subprograms. 

 

Revision questions 
1). (2023 may:6) 

Programmers share algorithms with different people and write algorithms for 

different reasons. 

(a) A programmer is showing a new algorithm to a group of non-technical managers. 

State an appropriate method for writing the algorithm. 

Justify your answer.(2) 

Method …………………………………….. 

Justification ……………………………………….. 

(b) **Figure 1** shows an algorithm that displays a string based on the number input by 

the user. 
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**Figure 1** 

Give one reason why the selection statement on line 7 is not required. (1) 

(c) Figure 2 shows an algorithm that manipulates arrays. 

The algorithm works with any number of scores. 

 
Figure 2 

(i) Describe what happens to the variable oldIndex when line 5 is executed. (2) 

(ii) State the purpose of the algorithm in Figure 2. (1) 

 

3). (2023 may:paper 2:3) 

lgorithms can be represented in flowcharts, pseudocode or program code. 

(a) Trace tables can be used with flowcharts or pseudocode. 

Give two characteristics of a trace table. (2) 

(b) An algorithm has been written to validate numbers entered by the user. 

Figure 2 shows the pseudocode for the algorithm. 

 
Figure 2 

   

Complete the table to show the output for each set of inputs. (3) 
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(c) A program is required to calculate the result of raising one integer (the base) to 

the power of another (the exponent). 

Figure 3 shows a flowchart for the algorithm. 
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Explain what is happening in this program [15] 

 

3). (2023 may:paper 2:5) 

A marine scientist is conducting a study of tuna in the world's oceans. 

(a) A list of tuna species needs to be sorted into **descending** alphabetical order 

using a merge sort algorithm. 

**Figure 5** shows the lists created at the end of the splitting process. 

Each list is a single tuna species. 

 
**Figure 5** 

It will require three passes to merge the lists into a single sorted list in 

**descending** order. 

Complete the merge sort using the space provided. 

(2) 
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4). (2022 may: paper1:4) 

Reba likes writing programs. 

(a) She is writing a guessing game. 

She needs a flowchart to show the logic of the game. 

(i) These are the components needed to draw the flowchart. 

 
Draw the flowchart for the algorithm in the box on the next page. 

Use each component once. 

Do not add any additional components. 

Use as many arrows and yes/no labels as you need. [5] 

 
Here are four steps in the algorithm. 

The steps are not in the correct order. 
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(i) Give the letter of the step that initialises a variable. 

(ii) Give the letter of the step that inputs a value. 

 

(c) Figure 2 shows the pseudocode for an early version of an algorithm that Reba 

has written for another game. 

The algorithm: 

• asks the user to input a colour or input –1 to end the game 

• awards 1 point for red 

• awards 8 points for orange 

• generates the score for the game 

• displays the results of the game. 

 
Figure 2 

 

Reba inputs: red, orange, red, red, orange, –1 

  The outputs are not as she expects. 

  (i) Complete the trace table to show the outputs. (4) 
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(ii) Give the line number of the pseudocode that contains the error. (1) 

(iii) Write a replacement line of pseudocode to correct the error. (1) 

 

4). (2022 may: paper2:2) 

Raza is writing a program to tell the user whether a number they input is a prime number. 

A prime number is a whole number, larger than one, that can only be divided by one and itself with no remainder. 

This pseudocode contains the logic required to complete the program. 
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(a) Answer these questions about the pseudocode. 

(i) Identify a line number where selection starts. (1) 

(ii) Identify the line number where iteration starts. (1) 

(iii) Identify a line number where a string and a number are printed on the 

same line. (1) 

(iv) Identify the name of a local variable. (1) 

(v) Identify the name of a parameter. (1) 

 

5).  (2022 may: paper2:5) 

(b) Figure 3 shows an array that stores player scores after a game. 

 
(i) Julia uses a bubble sort algorithm to sort the scores. 

   Complete the table to show how the bubble sort algorithm will sort the scores. 

   You may not need to use all the rows. (3) 

 
(ii) Explain one reason why a bubble sort is very efficient in terms of memory usage. (2) 

(c) Describe the steps a linear search algorithm takes to find a search item. (3) 

 

6). (2021 Nov:paper 1:4) 

4 Algorithms can be used to perform calculations and to process data. 

(a) State what is meant by the term algorithm. (1) 

(b) Figure 3 shows an algorithm. 
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(i) Complete this trace table for the algorithm. 

    

You may not need to use all the rows. (5) 

 
(ii) The benefits of using a trace table include that they allow variable states, 

outputs and decisions to be recorded. 

Give one other benefit of using a trace table to test an algorithm. (1) 

(c) An algorithm is needed to count and display the number of vowels in a word. 
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  The vowels are a, e, i, o, and u. 

  The completed algorithm must: 

•count the number of vowels 

•create a message as a single string (e.g. there are number vowels) 

•print the message to the display. 

  Here is a partially completed algorithm written in pseudocode. 

  Complete the algorithm in the spaces provided. (5) 

 
 

7). (2021 Nov:paper 2:1) 

 

(c) **Figure 1** shows a programming construct in a flowchart. (1) 
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8). (2021 Nov:paper 1:5) 

Isaac is a program developer. 

(a) Figure 3 shows an algorithm Isaac has written. 

 
(i) Complete the trace table. You may not need to use all of the rows. (5) 

(ii) Give the purpose of the algorithm. (1)   

(iii) Explain why the variable Temp is needed. (2) 
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(b) Figure 4 shows an algorithm Isaac has written using pseudocode. 

The algorithm should display the average of the numbers that have been input. 

 
Figure 4 

Isaac uses the input 2, 3, 5, 2, -1 to test the algorithm. He discovers an error 

 
(i) Explain why the Actual result is not the same as the Expected result. (2) 

(ii) Give the number of the line that contains the error. (1) 

(iii) Amend a single line of pseudocode to correct the error. (1) 

9). (2021 Nov:paper 2:2) 

A book club uses computer applications. 

(a) The club wants a program to ensure that logins are valid. 

  A flowchart for a test version of the program has been designed. 

  The test version uses: 

   

• a username of bard423 

• a password of nX2934? 

Here is the flowchart. 
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Explain the Program [5] 

10). (2021 Nov:paper 2:4) 

Zak sells snacks at an after-school club. 

He wants a program that will hold details of the products he sells. 

   

The program must: 

• 

• 

generate a five-character product code that: 

–starts with the first three letters of the product name 

–ends with a random number between 10 and 30 

display the product code followed by the product name. 

 

(b) Zak plans to implement a binary search algorithm to search a table of products. 

  (i) Explain one advantage of a binary search compared to a linear search. (2) 
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(ii) Figure 2 shows an algorithm for a binary search. 

 

 
(iii) Zak has another list containing the names of five students who attend the 
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after-school club.    

Give the maximum number of names that would need to be examined by the 

binary search algorithm to determine whether a name appears in the list. (1)   

(iv) Give the name of an algorithm that could be used to sort a list. (1) 

 


