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IT'S NOT ALWAYS SOFT!IT'S NOT ALWAYS SOFT!
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SOFT BUT ...SOFT BUT ...
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FEEL THE ANGER...FEEL THE ANGER...
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SA, GA, Tabu
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Better solutions!

Fewer iterations!

Than existing heuristic algorithms?
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MELODYMELODY

A sequence of single notes that is musically satisfying.
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HARMONYHARMONY

When 2 or more notes play together at the same time
in “harmony” with each other.
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HARMONYHARMONY
Music harmony is a combination of sounds considered

pleasing from an aesthetic point of view.
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FANTASTIC HARMONYFANTASTIC HARMONY
Musical performances 

seek a best state determined by aesthetic estimation!

Optimization algorithms seek a best state.
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BEST STATE?BEST STATE?
Global optimum

Minimum cost

Maximum benefit

Determined by objective function

23 . 2



SOUNDS CAN BE IMPROVED FOR BETTERSOUNDS CAN BE IMPROVED FOR BETTER
AESTHETIC ESTIMATIONAESTHETIC ESTIMATION

23 . 3



SOUNDS CAN BE IMPROVED FOR BETTERSOUNDS CAN BE IMPROVED FOR BETTER
AESTHETIC ESTIMATIONAESTHETIC ESTIMATION
Through practice a�er practice

23 . 3



VALUES FOR BETTER OBJECTIVEVALUES FOR BETTER OBJECTIVE
FUNCTION EVALUATION CAN BEFUNCTION EVALUATION CAN BE

IMPROVEDIMPROVED

23 . 4



VALUES FOR BETTER OBJECTIVEVALUES FOR BETTER OBJECTIVE
FUNCTION EVALUATION CAN BEFUNCTION EVALUATION CAN BE

IMPROVEDIMPROVED
Iteration by iteration
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COMPARISON BETWEEN OPTIMIZATION AND MUSICALCOMPARISON BETWEEN OPTIMIZATION AND MUSICAL
PERFORMANCEPERFORMANCE
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STEPS IN THE PROCEDURE OF HS ARE ASSTEPS IN THE PROCEDURE OF HS ARE AS
FOLLOWS:FOLLOWS:
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STEP 1. INITIALIZE A HARMONY MEMORY (HM).STEP 1. INITIALIZE A HARMONY MEMORY (HM).
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STEP 2. IMPROVISE A NEW HARMONY FROM HM.STEP 2. IMPROVISE A NEW HARMONY FROM HM.
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STEP 3. IF THE NEW HARMONY IS BETTER THANSTEP 3. IF THE NEW HARMONY IS BETTER THAN
MINIMUM MINIMUM HARMONY IN HARMONY IN HM, INCLUDE THE NEWHM, INCLUDE THE NEW
HARMONY IN HM, HARMONY IN HM, AND EXCLUDE THE MINIMUMAND EXCLUDE THE MINIMUM

HARMONY FROM HM.HARMONY FROM HM.

27



STEP 4. IF STOPPING CRITERIA ARE NOT SATISFIED,STEP 4. IF STOPPING CRITERIA ARE NOT SATISFIED,
GO TO STEP 2.GO TO STEP 2.
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CONSIDER THIS SIMPLE EXAMPLECONSIDER THIS SIMPLE EXAMPLE
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PROBLEM!PROBLEM!
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HMCRHMCR
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HMCRHMCR

Harmony memory consideration rate
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PARPAR
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PARPAR

[1, 2, 4, {6}, 7, 9]
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AN EXAMPLEAN EXAMPLE
Possible values of an instrument (a variable) is: 

{C, D, E, F, G}

HMCR is 0.95, PAR is 0.10 
The instrument now has: {C, E, G} in HM.
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ALL IN ONEALL IN ONE
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BASIC FLOWCHARTBASIC FLOWCHART
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HS INCORPORATES THE STRUCTURE OF EXISTINGHS INCORPORATES THE STRUCTURE OF EXISTING
HEURISTIC METHODS.HEURISTIC METHODS.

38



HS INCORPORATES THE STRUCTURE OF EXISTINGHS INCORPORATES THE STRUCTURE OF EXISTING
HEURISTIC METHODS.HEURISTIC METHODS.

Preserve history of past vectors

38



HS INCORPORATES THE STRUCTURE OF EXISTINGHS INCORPORATES THE STRUCTURE OF EXISTING
HEURISTIC METHODS.HEURISTIC METHODS.

Preserve history of past vectors

Vary HMCR

38



HS INCORPORATES THE STRUCTURE OF EXISTINGHS INCORPORATES THE STRUCTURE OF EXISTING
HEURISTIC METHODS.HEURISTIC METHODS.

Preserve history of past vectors

Vary HMCR

Manages several vectors simultaneously
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RESULTS OBTAINED FROM VARIOUS HSRESULTS OBTAINED FROM VARIOUS HS
APPLICATIONSAPPLICATIONS
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ANY QUESTION?ANY QUESTION?
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CODECODE
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MINMIN
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TSPTSP
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TSP RESULTSTSP RESULTS
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