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Innovation through Optimization 
  Common features hidden in multiple “high-

performing” solutions 

  How to find/locate multiple high-performing solutions? 
  How to reveal common features? 
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EMO Constitutes a  
Parallel Search 
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  Rules (Papalambros, 1984) 
  Graphs or influence diagrams (Michelena and 

Agogino, 1993) 
  SVD based approach (Sarkar et al., 2008) 
  Clustering in design space (Obayashi and 

Sasaki, 2003); MODE (MO design exploration) 
(Obayashi et al., 2005) 

  Heatmap (Pryke et al., 2007 
  Dendogram grouping (Ulrich et al., 2008)) 
  None can provide explicit math. relationship 
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Tic-Tac-Toe  
Playing Strategy 



  Compute frequency of players and choose from 
them 

EMO-2013 Keynote Lecture, 
Sheffield, UK (22 March 2013) 

26 



 More generic innovization 
 Higher-level innovization 
 Lower-level innovization 
 Automated innovization 
 Temporal innovization 
 Innovization to speed-up EMO’s 

convergence 
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 Dimensionally-
aware GP 
  Meaningful rules 

 Any structure in 
rules can be 
deciphered 

 Details in our 
EMO-13 paper 
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x1: thk. of B-Pillar inner 
x7: thk. of roof rail 
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"   Knee region 
"   Over Preferred PO 

solutions 
"   Reference point based 

solutions, weight based 
solutions 

"   Over specified values 
of objective or 
constraints or variable 
boundaries 

"   Over some fixed 
values of variables 



 Two sets: 
  What is common in one 

and what does not exist 
in another? 

  Spring design problem with 
a reference pt. 
  d=0.43755 in 

EMO-2013 Keynote Lecture, 
Sheffield, UK (22 March 2013) 

33 



EMO-2013 Keynote Lecture, 
Sheffield, UK (22 March 2013) 

34 

  Three-objective front 
  What principles are 

common for f1=f1*, 
but not common with 
rest of the front? 

  Epoxy polymerization 
process 
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First Study 
(Bandaru and Deb, 2010, EO) 

  Rules of type: 

  Currently, limited to 

  Solve (m data points):   
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Talk at Univ. of Skovde on 16 July 
2012 
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Step 1: Perform multiple runs of an EMO 
"   store all Pt of non-dominated solutions of gen. t  
"   remove dominated solutions 

Step 2: Perform automated innovization for 
final pop and identify design principles (DP) 

Step 3: Identify DPs that exist with a statistical 
significance in all earlier generations 

Step 4: Make a time-line genesis of DPs and 
decipher the hierarchy of evolution of DPs 
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"   14 design variables, 24 constraints 
"   Obj: (i) min power consumption (ii) min area  
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"   15 design principles (DPs) obtained 
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"   Time-line of 
DPs 

"   Similar to 
human 
evolution 

"   wsy=c (DP2) 
after 171 
gen. 

"   Lb and Lc rel. 
(DP13) 
evolves 



  Innovized principles as heuristics for local 
searches for a further EMO run 

  A metal-cutting problem 
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