
Clasificación Bimodal usando Metaheurísticas de Optimización Combinatoria

CIMPA-UCR

Clasificación Bimodal

Metodos clásicos
Uso de Metaheurísticas
Uso de un índice difuso
Experimento de Monte Carlo



Clasificación Bimodal usando Metaheurísticas de Optimización Combinatoria

CIMPA-UCR Clasificación bimodal
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CIMPA-UCR Criterio
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CIMPA-UCR Simplificación

• We can write:

• Hence, the criterion is:
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CIMPA-UCR Métodos comparados

• Alternating exchanges (Gaul & Schader
1996)

• Two-mode K-means (Govaert 83; Baier, 
Gaul & Schader 1997)

• Simulated annealing (Trejos & Castillo 
2000)

• Tabu search (Castillo & Trejos 2002)

• Fuzzy approach (Groenen, Roosmalen, 
Trejos & Castillo 2008)
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CIMPA-UCR Métodos existentes

• Intercambios alternantes (Gaul & 
Schader 96): transferencias en cada 
modo, iteraciones mientras el criterio 
mejora

• K-medias (Govaert 83; Baier, Gaul, 
Schader 97): fases de asignación y 
representación, hasta estabilización
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CIMPA-UCR Intercambios Alternantes
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CIMPA-UCR K-medias Bimodal
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CIMPA-UCR Uso de Sob.Sim.

• Vecindario generado por la 
transferencia en uno de los dos 
modos (escogido al azar)

• Si se escoge el modo fila: escoger al 
azar  (unif.) i, escoger al azar (unif.) k’, 
hacer la transferencia de i de su clase 
actual a la clase k’

• Idem para columnas
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CIMPA-UCR Sobrecalentamiento Simulado
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CIMPA-UCR Uso de BT

• Movimiento: transferencia de un 
objeto fila o un objeto columna a una 
nueva clase

• Lista tabú contiene los valores de 
W(P) 

• Generar una muestra del vecindario
• No se aplica un criterio de aspiración
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CIMPA-UCR

Búsqueda Tabú
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CIMPA-UCR Enfoque Difuso 
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CIMPA-UCR Enfoque Difuso (2)
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CIMPA-UCR C-Medias Difuso Bimodal
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CIMPA-UCR Pasos difusos
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CIMPA-UCR Algunos resultados
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CIMPA-UCR Datos de sanitarios (82x25)
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CIMPA-UCR Estudio de Simulación 

• Simulate P, Q, V, E
• Generate X = PVQt + E
• 4 factors with 3 levels each: 81 

combinations
• We simulate 50 data sets for each

combination
• All 5 methods are performed for each

data set
• Computation time is balanced
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CIMPA-UCR Factores
1. Size of data: (n=m=60; n=150,m=30; 

n=m=120)

2. Number of clusters (K=L=3; K=L=5, K=L=7)

3. Size of error perturbations: elements of E
are independent normally distributed with
mean 0 and sta dev 0.5, 1 or 2

4. Distribution of the objects over the
clusters:

– Objects divided over the clusters with = 
probab

– One cluster contains 10% of the objects
– One cluster contains 60% of the clusters
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CIMPA-UCR Centros

• Assign randomly the numbers

to the elements of V, where Φ(.) is the
inverse standard normal cumulative
distribution function

• As a result, the elements of V appear
standard normally distributed, and a fixed
minimum distance between the cluster 
centers is ensured
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CIMPA-UCR Representación Visual 

error s.d.=0.5
unif dist over clusters

error s.d.=1
10% of obj in 1 cluster

error s.d.=2
60% of obj in 1 cluster

Easy to recognize Difficult to recognize Impossible to recognize
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CIMPA-UCR Parámetros

• Alt.Exch.: 30 times for every simulated data 
set

• Two-mode K-Means: 500 times
• Sim.Annealing: T = 1, γ = 0.95, tmax = 10, 

R=(n(K−1)+m(L−1))/4
• Tabu S.: number of iterations

S=3(n(K−1)+m(L−1))1/2, length of tabu list = 
S/3

• Fuzzy steps: s0 = 1.05, γ =0.85, smin = 
1.001, run 20 times
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CIMPA-UCR Criterios de comparación

• Variance accounted for (VAF)

• Adjusted Rand index (ARI)

• Average CPU time
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CIMPA-UCR Variance accounted for
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CIMPA-UCR Resultados de Simulación
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CIMPA-UCR Índice Ajustado de Rand
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CIMPA-UCR
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CIMPA-UCR Tiempo de CPU
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CIMPA-UCR Conclusiones

• Error variance and relative sizes of the clusters 
strongly affect how well a clusering structure can 
be retrieved

• Two-mode k-means most often had the best 
performance, especially in favorable conditions

• When the optimal partition was hard to find, the
AE and FS methods often performed well

• Sim. Annealing was also fairly well
• Tabu search had an inferior performance


