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Existing Meta-Heuristic Algorithms

Evolutionary Algorithm (Evolution)

Simulated Annealing (Metal Annealing)

Tabu Search (Animal’s Brain)

Ant Algorithm (Ant’s Behavior)

Mimicking natural or behavioral phenomena!
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= 300mm

= 500mm

> (100, 300, 500)
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Comparison Factors

Comparison Factor

Process

Best state
Estimated by

Estimated with
Instruments

Process unit

Optimization Process

Global Optimum
Objective Function

Values of Variables

Each lteration

Performance

Fantastic Harmony
Aesthetic Standard

Pitches of

EFach Practice

7126




HS Operators

Random Play
Memory Consideration
Pitch Adjust

Ensemble Consideration

SNSRI P

Dissonance Consideration

-— — s 8 /26



Benchmark Problem I:
Rosenbrock’s Banana Function

I\/I|n f(X) 1OO(x2 xl) +(1 xl)

=

(1.000000, 1.000000) = 0.0 (Exact)
f (1.000062, 1.000137) = 0.00000002 (HS)

e f"_h(_"y"_h S

~D L o i 9/26



Truss Design — Minimal Weight of Structure
Z
?

22

10)

200 in:

T — GA =546.01 HS =484.85
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Water Distribution Expansion

MP: $78.09M

GA: $38.64M (800,000)
SA: $38.80M (Unknown)
TS: $37.13M (Unknown)
Ant: $38.64M (7,014)
SFLA: $38.80M (21,569)
CE: $38.64M (70,000)
HS: $38.64M (3,373)
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Water Distribution Network Design

\
C=>» f(D,, L;)
=1
@)@ 24@) 25 @) 21 @22 16)
16
32 25 @D
17
(30) (2) (18)
18
31 24 (19
19
@_10_@29@ 22 (50)__20 @) ‘
21
@ 2
22
@) (@

Mathematical = 6.320M GA =6.073M HS =
~ 6.056M
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Mooring Cost Optimization Process

C X N )

Step 1: Parameter Set-up : :

.

S \/ :

HMCR Step 3: Improvise New Harmony ]

PAR :

No. of Improvisation (lter) ]

Select a new solution vector or :

Generate it :

Step 2: HM Initialization . :

g g

. ]

‘ .

Solution vector generated trccccccticccccccacaa! :

i 0

.

]

e et e eeeovdJl.Global Motion Analysis | .

: 2. Cost & Penalty Calc ‘ .

0 g

v .

.

Step 4: HM Update Step 5: Repeat or Stop? :

If (i < Iter) Then :

If (new cost) < (worst cost in HM) Go To Step 3 :

Then replace the worst harmony o = = Jge Elseif (I = Iter) rPoeccccsscssccccscas
with the new harmony Stop

End

Note: dotted line represents loop



Modeling of Hydrodynamic
Environmental Forces Calculations

e T R

Global Analysis - Intact Case
Tension & Offset

Typical Offshore
Mooring Design
Cycle

Sizing of

Mooring Lines oo

ho

‘---.------ L X K 2 K X K 3 X 3 J

FS acceptable?
Max Offset satisfied?

' yes

Global Analysis - Damaged Case
Tension & Offset

..I.................ﬁo FS acceptable?
Max Offset satisfied?

' yes

( Fatigue Analysis

no
I‘.....-.-.-.-.-.-...- Design life satisfied?

Note: Dotted line (red) represents mooring design cycle




Harmony Memory

Il Il

|2 |12

I HMS I HMS d HMS d HMS d HMS d HMS

Design Variable Ranges

Length (m)
TopChain TopChain

Lower
Upper 2000 2000

Lower (deg) Upper (deg)
Declination 20 70
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Cost Function
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Total Anchor Leg Cost - Solution Search
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Trend - Horizontal End Point Separation (Base Case)
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Distribution of Declination Angles Over Entire Iterations
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Maximum Offset Sensitivity Study Results
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Factor of Safety Sensitivity Study Results
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Concluding Remarks

e Trend of finding cost-optimum mooring designs was presented
over required given maximum iterations;

 Well behaved convergence of the Horizontal End Point Separation
(HEPS) was observed, distribution of the optimum declination
angles of the anchor leg system was investigated,;

e Cost-optimum mooring designs were first found by using Harmony
Search algorithm, and sensitivity study was carried out for the two
parameters: (1) maximum FPSO vessel offset requirement and (2)
factor of safety for the mooring system.
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