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Stepl: Detection of all appearance parameters

Rulel C2and B4— Al

Rule2 A2 and B4— D1

Rule3 A2 and C2—> D1

Rule4 B4 and C2 and D1— Al
Rule5 A2 —D1

. AL, A2, B4, C2, D1

Step2: Detection of all combination

Al | A1A2 Al1B4 | A1A2B4 A1B4C2
A1C2 A1D1|Al1C2D1

A2B4 A2C2 | A2B4C2 A2C2D1
A2D1

B4C2 B4D1
C2D1

D1

A1A2B4C2
Al1B4C2D1

A2B4C2D1

AlA2B4C2D1
A2
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Cc2
D1

B4C2D1

Step3: Grouping Rule

( the assignment of Rule of Stepl to combinations of Step2 )
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Fig. 1: The concept of grouping rules.
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StepO: Set the request parameters

Request parameter — Al

Stepl: Detection of all appearance parameters

Rulel C2and B4— Al
Rule2 A2 and B4—>D1
Rule3 A2 and C2— D1
Rule4 B4 and C2 and D1— Al

Rule1000 A2 — D1

Step2: Extracting Association Rule with

Rulel C2and B4— Al
Rule2 A2 and B4—> D1
Rute3—A2and€2—>D1

Ruted—B4-and-€2-andBt+—At

low support(ex.0.01)

»_The extracted rules

Rtte566—A2—b1—

» AL, A2, B4, C2, D1

Step3 Detection of all combination

| Al | ALIA2 AlB4 | A1A2B4 A1B4C2
’ A1C2 Al1D1|AlC2D1

A1A2B4C2
A1B4C2D1

A1A2B4C2D1

Step4 Grouping Rule
(the assignment of Rule of Stepl to comblnatlons of Step2)

‘A1B4: 1AIC211AIDL:
| Rulel4 :Rulel4 Rule4 |

TA1B4AC2:: 1A1B4D1:
| Rulel,4

AlB4C2D1

:. Rule4 I 1 Rule4

VA1BAC2:

| Rulel,4 Rule4

Fig. 3: The concept of proposed approach.
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Table 1: Hybrid Rocket Engine design problem

Objective function | Name of the function
of0 downrange in the lower thermosphere(Maximization)
of1 duration time in the lower thermosphere(Maximization)
of2 initial gross weight of launch vehicle(Minimization)
Design variable Name of the design variable
dv0 initial mass flow of oxidizer
dvl fuel length
dv2 initial radius of port
dv3 total combustion time
dv4 1st combustion time
dvh extinction time
dv6 initial pressure in combustion chamber
dv7 aperture ratio of nozzle
dv8 elevation at launch time
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