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Multi objective 
optimization

MOP
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MOP general formulation
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فضای اهداف ، فضای تصمیم 
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تست برای محدب بودن
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Mathematical Programming ProblemMathematical Programming Problem
Multiple objectives, constraints, and Multiple objectives, constraints, and 
variablesvariables
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An Engineering ExampleAn Engineering Example
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:  تصمیم گيری چند معیاره 
تعیين طول وقطر یک تکیه گاه

وزن

انحراف

تنش
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مقایسه پاسخ ها
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بهینه یابی یک هدف
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جواب ایده آل
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کاربرد جواب ایده آل
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)تخیلی خوب و بد( محدوده پاسخ 
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پاسخ مسلط
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مثال

  مسلط است2 بر جواب 1جواب 
هر دو تابع هدف در آن وضعیت بهتری دارد

  مسلط است1 بر جواب 5جواب 
در آن وضعیت بهتری داردf1تابع هدف 
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Which Solutions are Optimal?Which Solutions are Optimal?

Relates to the concept of Relates to the concept of 
dominationdomination
xx(1)(1) dominates xdominates x(2)(2), if , if 

xx(1)(1) is no worse than xis no worse than x(2)(2) in all in all 
objectivesobjectives
xx(1)(1) is strictly better than xis strictly better than x(2)(2) in in 
at least one objectiveat least one objective

Examples: Examples: 
3 dominates 23 dominates 2
3 does not dominate 53 does not dominate 5
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ParetoPareto--Optimal SolutionsOptimal Solutions

PP’’=Non=Non--dominated(Pdominated(P) ) 
Solutions which are not Solutions which are not 
dominated by any member dominated by any member 
of the set Pof the set P
O(N log N) algorithms existO(N log N) algorithms exist
ParetoPareto--Optimal set = NonOptimal set = Non--
dominated(Sdominated(S))
A number of solutions are A number of solutions are 
optimaloptimal
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انواع ترکیب جواب
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مجموعه جوابهای غير مسلط
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ParetoPareto--Optimal FrontsOptimal Fronts

Depends on the Depends on the 
type of type of 
objectives objectives 
Always on the Always on the 
boundary of boundary of 
feasible regionfeasible region
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Local Versus Global Pareto-Optimal 
Fronts

Local Pareto-optimal Front: Domination check is 
restricted within a neighborhood (in decision space) of 
P
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روش شناسایی مجموعه غير مسلط
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 روش اول–مثال 
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  روش اول-ادامه مثال 
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روش شناسایی مجموعه غير مسلط



16

Jamshid Nazemi Slide no.: 31Multi Criteria Decision making

روش دوم–مثال 
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روش دوم–ادامه مثال 
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روش شناسایی مجموعه غير مسلط
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Some TerminologiesSome Terminologies
Ideal pointIdeal point (z*) (z*) 

nonexistent, lower nonexistent, lower 
bound on Paretobound on Pareto--
optimal set optimal set 

Utopian point (Utopian point (z**)z**)
nonexistentnonexistent

Nadir pointNadir point ((zznadnad))
Upper bound on Upper bound on 
ParetoPareto--optimal set optimal set 

Normalization: Normalization: 
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Differences with SingleDifferences with Single--Objective Objective 
OptimizationOptimization

One optimum versus multiple optimaOne optimum versus multiple optima
Requires search and decisionRequires search and decision--makingmaking
Two spaces of interest, instead of oneTwo spaces of interest, instead of one


