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1 Introduction 
 
This problem-solving and modelling task is to generate a piece of melody using a suitable 
mathematical method. To achieve this purpose, an appropriate sample of music was used as 
reference data to develop the model. Both technological, for example, Excel and graphic calculator, 
and mathematical procedures including matrices were used to generate the melody. A trail of 
simulated notes was included in this report to help with the further evaluation and analysis on comparing 
the melody generated by mathematics procedure and the melody composed by an artist. 
 

2 Considerations  
  
2.1 Observations  

 

1. According to the sample music, it was observed that there are 17 types of notes including 
E4, F4, G4, A4, B4, C5 E5, F5, G5, A5, B5, C6, D6, E6, F6, G6, A6 and there are 415 notes used 
in the melody in total. 
 

2. Since melody shows a long-term behaviour and transits in various notes, the Markov chain 
matrix was chosen to generate the melody. 

 

2.2 Assumptions 

 
1. Since the purpose was to generate a piece of melody using Markov Chain matrix, all the 

other factors such as length of each note, sharps and flats were not considered in the 
generated melody. In other words, each note was assumed to be of equal time and there 
was assumed to be no sharps or flats. 
 

2. According to the sample music, it is assumed that the melody starts with the note A4. 
 

3. According to the rule of Markov Chain matrix, it is assumed that the next note is randomly 
selected based on the allocated probability. 
 

4. According to the rule of Markov Chain matrix, there should always be a note after another. 
Therefore, the note after the last note of the sample music was assumed to be the first note 
of the sample music. 
 

5. Based on Observation 1, it was assumed to have 50 simulated notes in the trail. 
 
 

3 Mathematical concepts and procedures 
  
To generate the melody, a sample music was needed as reference data and to demonstrate the 
application of matrices. The Markov Chain matrix was chosen to be the basis of the mathematical model 

since it makes various transition in states of the system and shows long-term behaviour. To apply the 
Markov Chain matrix, the probability of each note selected after the previous note was needed. A 
table was created to collect all the data that was needed to in order to apply the Markov Chain 
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matrix. By this way, it is clearer to see how each data affected the Markov chain matrix and also 
made it easier to adjust the notes and probability allocations for development purpose.  
 
For further investigation, a trial of simulated notes was included in the report to helped to compare 
with the sample music. 
 
 

4 Determining the solution and refinement of the models 
 

4.1 Determining the transition matrix 

 
Firstly, a sample music was found as reference data to help to develop the melody (see appendix). It 
was chosen because: a) it has a variety of different types of notes which will make the music sound 
more interesting; b) it has a few repetitions which will be less time consuming when determining the 
transition matrix; c) instead of notes with different lengths, most of the notes in the sample music 
were eighth notes which means the generated melody will be more likely to sound similar to the 
sample music; d) it only contains sharps in the sample music. 

 
The sheet music of the sample was converted to alphabet version (work shown in Figure 1). 

(Figure 1: A photograph showing the hand work of the process of converting the sheet music into alphabet 
version.) 
 

As the Markov Chain matrix calculates the probability associated with the state of a system as it 
makes various transitions, the note that is after one another as well as its frequency in this case was 
determined and the data was collected in the table below.  
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(Table 1: The table shows the number of times each note is after the previous note.) 
 

Based on Table 1, a table of the transition matrix of the Markov Chain matrix was created. The sum 
of probabilities in the transition matrix was checked to be equal to 1. 

 
The Transition Matrix 

(Table 2: The table shows the transition matrix of the Markov Chain matrix.) 
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(Table 3: The table shows part of the calculation formulas for Table 2.) 

 
To generate a piece of melody, an initial state was needed. From Assumption 2, the first note is A4, 
therefore, the probability of A4 is 1 and the probabilities for the other notes are 0. State 1 was 
calculated by multiplying the transition matrix with the initial state. The second note was 
determined by generating random value based on the probabilities using Excel (table shown in figure 
2).  

(Figure 2: Screenshot of the process of determining the second note.) 
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1 

=MMULT(B2:R18,T2:T18) =SUM($A$22:A22) 

  =SUM($A$22:A23) 

  =SUM($A$22:A24) 

  =SUM($A$22:A25) 

  =SUM($A$22:A26) 

  =SUM($A$22:A27) 

  =SUM($A$22:A28) 

  =SUM($A$22:A29) 

  =SUM($A$22:A30) 

  =SUM($A$22:A31) 

  =SUM($A$22:A32) 

  =SUM($A$22:A33) 

  =SUM($A$22:A34) 

  =SUM($A$22:A35) 

  =SUM($A$22:A36) 

  =SUM($A$22:A37) 

  =SUM($A$22:A38) 

=INDEX(A$2:A$18,COUNTIF(B$22:B$38,"<="&RAND())+1) 

B4 
(Table 4: The table shows the calculation formulas used to determine the second note.) 
 

Similarly, the third note was determined by multiplying the transition matrix with State 1. Then the 
steps used to determine the second note were repeated. 
 

Determination of State 2 
 

2 

0 0 

0.04067797 0.040678 

0.21431302 0.254991 

0.14338983 0.398381 

0.04322581 0.441607 

0.22135593 0.662963 

0.07631169 0.739274 

0.05083328 0.790108 

0.1037037 0.893811 

0.04 0.933811 

0.0037037 0.937515 

0 0.937515 

0.03285544 0.97037 

0.02962963 1 

0 1 

0 1 

0 1 

G4 

E6 
(Table 5: The table shows the process of 
determining the third note.) 

2 

=MMULT(B2:R18,A22:A38) =SUM($D$22:D22) 

  =SUM($D$22:D23) 

  =SUM($D$22:D24) 

  =SUM($D$22:D25) 

  =SUM($D$22:D26) 

  =SUM($D$22:D27) 

  =SUM($D$22:D28) 

  =SUM($D$22:D29) 

  =SUM($D$22:D30) 

  =SUM($D$22:D31) 

  =SUM($D$22:D32) 

  =SUM($D$22:D33) 

  =SUM($D$22:D34) 

  =SUM($D$22:D35) 

  =SUM($D$22:D36) 

  =SUM($D$22:D37) 

  =SUM($D$22:D38) 

=INDEX(A$2:A$18,COUNTIF(E$22:E$38,"<="&RAND())+1) 

E6 
(Table 6: The table shows the calculation formulas 
used to determine the second note.)
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A mini trial of 30 simulated notes was then generated based on the steps which determined the first 
three notes. A spreadsheet of the mini trail including states and the process of finding each note was 
created to help with further refinement.  

(Figure 3: A screenshot of part of the mini trail.) 
 

(Figure 4: The corresponding spreadsheet of formulas used to generate the mini trail.) 
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According to the spreadsheet, it shows that the probabilities of each note stay the same from the 27th 
note. Therefore State 26 is the steady state or long-term behaviour of the melody (evidence shown in 
Figure 5). 

(Figure 5: The table shows the steady state of the melody.) 
 

4.2 Development of the melody and Trails 
 
Since there were only notes that are of equal time in the matrix, the music had very boring rhythm. 
To improve this situation, quarter rests were added to the transition matrix. The quarter rests will be 
represented as 0. All the quarter rests were added in according to the sample music. The process 
used to determine the previous transition matrix was repeated to determine the developed 
transition matrix (work shown in Table 4 and the developed initial form shown in Table 5). 
 

Developed Transition Matrix 

(Table 7: The table shows the developed transition matrix of the Markov Chain matrix.) 
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(Table 8: The table shows part of the calculation for Table 7.) 

 

4.3 Trail of simulated notes 
 
Finally, a spreadsheet of 50 simulated notes using the developed transition matrix including the 
states and the process is created to provide evidence for further evaluation and investigation. 
 

(Figure 6: The screenshot of part of the trail.) 
 



Page 10 of 16 
 

 
(Figure 7: The Screenshot shows the calculation formulas used in Figure 6.) 
 

According to the spreadsheet, the probabilities of notes stay the same after the 25th note, so the 
new steady state is also State 25 (evidence shown in Figure 8). 

 
(Figure 8: The screenshot shows the new steady point of the melody.) 

5 Evaluation  
 

5.1 Overview 
 
During the process of generating a piece of melody, the melody has been generated using 
mathematical method and assisted by technology. Therefore, the result is reasonable. However, 
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since there still are many limitations, the developed music sounded different from the original music 
composed by an artist. 
 

5.2 Strengths and limitations 
 
The process had a lot of work applied to technology, which means most of the data was confirmed 
by technology. The mathematical concept of the Markov Chain matrix has also been applied during 
the process which met the goal. On the other hand, there are still a lot of limitations in the 
generated music which caused the generated music to sound different from the original music. 
Firstly, in Assumption 1, it was assumed that all notes are of equal time and there is not any sharps 
or flats, but in the original music there are various types of notes including whole notes, half notes, 
eighth notes an sixteenth notes as well as five sharps. Without this variety of notes, the music 
sounds boring. Secondly, the original music combines electric music and piano so there are many 
advanced chords in the original music, but not in the generated music. This is another reason why 
the generated music does not sound as good.  
 
 

6 Conclusion 
 
To conclude, a piece of melody was finally generated using mathematical method after a long and 
complex procedure of determination and refinement. 50 simulated notes were compared to the 
original music and the evaluation helped to conclude the report and further investigate on the 
solution achieved. 
 
  

6.1 Recommendations – suggestions to make solution even more realistic and accurate 
 

1. The matrix should include a variety type of notes, for example: C4 half, D5 quarter. 
2. The matrix should Include chords in the matrix.  
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7 Appendixes 
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