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                                     Abstract
The paper describes a novel multi-objective evolutionary algorithm implementation that generates short musical ideas consisting of a melody and abstract harmonization, developed in tandem. The system is capable of creating these ideas based on provided material or autonomously. Three automated fitness features were adapted to the model to evaluate the generated music during evolution, and a fourth was developed to ensure harmonic progression. Four rhythmical pattern matching features were also developed. 21 pieces of music, produced by the system under various configurations, were evaluated in a user study. The results indicate that the system is capable of composing musical ideas that are subjectively interesting and pleasant, but not consistently.
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	1.For some examples of the produced music, see http://bit.ly/2DzbFzf.
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Appendices
Appendix A: Melodic Global Objective, feature descriptions

                  	
                      1.
                      
                        
                  Pitch Variety: The ratio of distinct pitches to notes.

                      
                    
	
                      2.
                      
                        
                  Pitch Range: The semitone difference between the highest and the lowest pitch in the melody, divided by the maximum range possible in the model (here: 20).

                      
                    
	
                      3.
                      
                        
                  Step Movement: The number of intervals that are of step distance, divided the total number of intervals.

                      
                    
	
                      4.
                      
                        
                  Non-Scale Pitch Quanta: The number of notes outside the scale, divided by the total number of notes.

                      
                    
	
                      5.
                      
                        
                  Contour Stability: The proportion of consecutive intervals that follow in the same direction. Two consecutive intervals incorporate three pitches and if all the three notes (ignoring rests) are of the same pitch, it is counted as moving in the same direction.

                      
                    
	
                      6.
                      
                        
                  Contour Direction: The sum, measured in semitones, of all rising intervals divided by the (absolute) sum of all intervals.

                      
                    
	
                      7.
                      
                        
                  Pitch Frequency: The ratio of notes with pitches, to total time-steps.

                      
                    
	
                      8.
                      
                        
                  Rest Frequency: The ratio of notes that are rests, to total time-steps.

                      
                    
	
                      9.
                      
                        
                  Rest Density: The proportion of silent time-steps.

                      
                    
	
                      10.
                      
                        
                  Rhythmic Variety: The degree of 16 distinct note durations (\(16_{th}\) to whole note) used.

                      
                    
	
                      11.
                      
                        
                  Syncopation: The proportion of syncopated notes (i.e., notes with duration \(\ge \) one beat, that start off the beat defined by the time-signature).

                      
                    
	
                      12.
                      
                        
                  Repeated Pitches: The ratio of intervals of 0 semitones (in consecutive pitches), to the total number of intervals.

                      
                    
	
                      13.
                      
                        
                  Repeated Timings: The proportion of consecutive pitches (i.e., ignoring rests) with the same duration.

                      
                    
	
                      14.
                      
                        
                  On-Beat Pitch Coverage: The ratio of beats that contain pitch notes.

                      
                    
	
                      15.
                      
                        
                  Distinct Whole Measure Patterns: The ratio of distinct whole measure rhythmical patterns.

                      
                    
	
                      16.
                      
                        
                  Distinct Half-Measure Patterns: The ratio of distinct half-measure rhythmical patterns.

                      
                    
	
                      17.
                      
                        
                  Positional Rhythmic Measure Repetitions: Number of positional repetitions (a measure repeated either directly, two measures later, or four measures later; rests are ignored).

                      
                    
	
                      18.
                      
                        
                  Positional Rest Measure Repetitions: same as 17, but for rests (pitches are ignored).

                      
                    


                In 17 and 18, the last four measures are only checked against the previous four, and not between themselves.
Appendix B: Harmonization Objective, conditions and scores

          \(-50\) if the chord root is not a pitch within the key.

          \(-40\) if there is no major or minor third in the chord, in relation to the chord root.

          \(-10\) if no perfect fifth is present in the chord (a diminished fifth is not punished if it falls naturally within the scale, i.e., if it is a 2nd step root chord in a minor key or 7th step root chord in a major.)

          \(-5\) for a unison that is not of the root pitch; a triad unison is punished harder (\(-10\)).

          \(-20\) if any of the pitches is in a semitone distance to any other note in the chord (this condition is ignored in case the pitch is considered a meaningful seventh).

          \(-10\) for dissonant pitches (that do not belong in the triad chord specified by the chord root).

          \(-30\) for invalid pitches (pitches not found in the chord, or in the melody within the measure the chord is played; a major third is not considered dissonant, nor invalid, if it appears within a dominant chord in a minor key).

          \(+10\) for a meaningful seventh, i.e., one resolved by a step in the following chord.
Appendix C: Harmonic Progression Objective, conditions and scores

          \(-30\) if the first chord in is not the tonic chord.

          \(-20\) if a phenotype contains no chord with a 5th step root, a dominant.

          \(-20\) if the chord following a dominant chord is not a tonic chord.

          \(-10\) for an unresolved diminished chord and \(-20\) for an unresolved X7 chord.

          \(-20\) if the same chord root appears in three consecutive positions.
If a chord is repeated in the position eight measures after, the phenotype is rewarded by \(x - 8 : x > 8\), where x is the amount of measures in the phenotype. If a phenotype does not have a predefined number of distinct chord roots, it is punished by \(|y - x| \cdot -1 : x,y \in [1, 11]\), where x is the number of distinct chord roots in the phenotype and y the target value.
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