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* Stepl
— Extracting the association rules from NDSs

* Step2
— Sorting out every discrete-variable value and discrete-
objective value contained within extracted association rules.

* Step3
— Searching the extracted association rules which have the

same discrete values at antecedent or consequent for those of
Step2.

+ Step4d
— Hierarchizing group sets of Step3 based on inclusion
relations between combinations of discrete-variable and
discrete-objective values.
25
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+ Stepl
— Extracting association rules from NDSs

Step1: Detection of all appearance parameters

Rule1 A1 and B4—C2
Rule2 A2 and B4—» D1
Rule3 A2 and C2—» D1
Rule4 A1 and B4 and D1—C2

Rule5 A2 —»D1
’ A1, A2 B4 C2. D1

A1 means first category of discretized variable A and
B4 also means forth category of discretized variable B
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* Step2
— Sorting out every discrete-variable value and discrete-
objective value contained within extracted association rules.

Step2: Detection of all combination | A1, A2, B4,C2 and D1
II_“-_

A1A2 A1B4 | A1A2B4 A1A2C2 | A1A2B4C2|A1A2B4C2D1
A1C2 A1D1| A1A2D1 A1B4C2 | A1A2B4D1
A1B4D1 A1C2D1| A1B4C2D1

A2 | A2B4 A2C2 | A2BAC2 A2B4D1|A2B4C2D1

A2D1 A2C2D1
B4 | B4C2 B4D1| B4C2D1
C2 | C2D1

D1
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Step3: Grouping Rule
(the assignment of Rule of Step1 to combinations of Step2 )

|A1 : tA1B4: 1 A1C2:  A1D1! -A1B4C2-~A1B4D1- 'A1B402D1-
'_'32'131_4___: 1 Rulet, 4I ' Rule1, 4l' Rule4 : ._I?t_]l?_ _4___ i 'BE‘I? _____ j \ Rule4
TA2T T :'A'2'|'321'i :'A':z'(':'é ' 'A'2'D'1"- " A2B4AC2:! E?SQ‘C‘Q'EH‘

| Rule2,35 |1 Rule2 | :._Ff‘i'??__' '.-3‘1'??.5_' |Rue2 i Ruied

B4 | 'B4C2!:B4D1: 'B4C2D1:

i Rule1,2,4) | Rule14: :._F_alil_e?’_‘l_: -"R_ul_e_4""_-

o e

|:::::::::" """" Rulet A1 and B4—C2
+ D1 Rule2 A2 and B4—> D1

+ Rule2,34,5, Rule3 A2 and C2—» D1
Rule4 A1 and B4 and D1—C2
. Step3 Rule5 A2 —D1

— Searching the extracted association rules which have the
same discrete values at antecedent or consequent for those of
Step?2.
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maximum separation

* Minimum support rating and minimum
confidence rating were over 0.1 and 0.9
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sas AARAJL—ILEERICE D (K) #E:& 1L FIE(5) === The concept design problem of hybrid rocket engine
//"—/ P— ]
Step4: Hierarchization of grou
" AT RS . ""p - o7 I DT /x PRIl ke Camber | o=
| Ruletd | Rule235 | Rule1.24) ! Rylet 34! | Rule2,3,4,5! =
____________ N < Lres > < quel }({ an\z \rL
TATBAT TAiC ATDT A2 Rac2 IRGek iRied (RIZL RN el o ergne >
' P B entire length of rocket .
%1.51‘502 TAIBADT,  UAGBACZI  AJCZDY  iBac2Di) * HRE separately stores two different types of
el ' oo R LRder thrust propellant unlike usual rockets.
Two-objectives and six-design variables
Th biecti f HRE | Design variable | Range of design
. Step4 — e_ objectives o Oxidant flow rate [kg/sec) 1.0 < rirgyg < 30.0 .
P Mln!mlze Moot . . Length of fuel room|m] 1.0 < Lo < 10,0
— Hierarchizing group sets of Step3 based on inclusion M;?(':;ﬁlzteoﬁl working weight [kg] Tnitial port radius [mm] L0 < Fyore < 200.0
relations between combinations of parameters. Highest attrzl?;ment altitude [km] Combustion time[see] 15.0 < tum < 35.0
Fuel room pressure [ Pal 3.0< Py, <4.0 I
29 Open area ratio |- 50<=<7.0 |
4@ . .
-== Numerical experiment ;::The hierarchical grouping of the proposed system
. . r_port=0
* 504 non-dominated solutions (NDSsS) | [Gomo leeeerreee [Goms | T [ Goios | eemeres
obtained by EMO
H H (L_fuel=6.r_port=0) (L_fuel=9,r_port=0)
L4 A.” Con.tInUOIUS attrlb-utes Of NDSS Were " ..| Group 66 | Group 63 Group 680’ | Group 69 |_"_| GI’OUp 72 |
discretized into ten interval. el B
P Label A il Label B Jabelc 0o ey
1‘ e V Ildp |nh—r\.a| :
Small Large Group 848

(H_max=9,Acc=9,m_dot_oxi=9,
L_fuel=6,r p0r1 0,epsilon=9)

|Gr0up 999| |Group 1025| Grgjggoll?f:‘r

1171 association rules
1111 groups of association rules
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222 SOM map of the whole NDSs

— -
1 4 7 11 14 17 20 23 27 10 1.7 23 30 36 43 50 56 63 65 (0.010 0.015 0.020 0.025 0.030 0.035 0.04i

t_burn P_ch

15 17 18 20 22 4 2% 27 29 3| 31 32 33 34 36 37 38 39 40| (50 52 54 57 59 61 63 66 68 7/

_:2: SOM map of the whole NDSs

— T -
1 4 7 11 14 17 20 23 27 10 1.7 23 30 36 43 50 56 63 65 (0.010 0.015 0.020 0.025 0.030 0.035 0.04i

t_burn P_ch

15 17 18 20 22 4 2% 27 29 3] 31 32 33 34 36 37 38 39 40 (50 52 54 57 59 61 63 66 68 7.0 34

15 17 18 20 22 24 25 27 29 3[[30 31 32 33 34 36 37 38 39 40/ |50 52 54 57 59 61 63 66 65 74
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=== SOM map of group 67 (Medium layer group)

ILength of fuel room is 6 and initial port radius is 0.(support 25%)

12 38 63 B9 115 140 166 191 27| | 85 4T4 BE3 1251 1B40 2029 217) |33 S5 FT 98 120 147 164 185 207

L_fuel r_port

LS - [ B L SR .
14 7 11 14 97 30 23 27 30|10 1.7 23 30 36 43 50 56 63 6.9 |0010 0.015 0020 0025 0.030 0.035 0.04

t_burn P_ch
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=== SOM map of group 67 (Medium layer group)

ILength of fuel room is 6 and initial port radius is 0.(support 25%)

Group Group 68
support support 21%
12 38 63 B9 115 140 166 191 17| | 85 AT4 B3 1281 1640 2009 217) |33 S5 7T 98 = 0

14 7 11 14 97 30 23 27 30| [1.0 1.7 23 30 36 43 50 56 63 6% |0.010 0.015 0.020 0.025 0.030 0.035 0.04
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18 A7 18 20 23 34 35 37 29 31| |30 3 32 33 34 36 37 38 39 40| |50 52 54 57 54 61 63 B6 68 7.0

==x SOM map of group 68 (Medium layer group)

Length of fuel room is 9 and initial port radius is 0. (support 21%)

12 38 B3 B9 115 140 166 191 297 | 85 4F4 863 1251 1640 2029 241

m_dot oxi

[ I | LI ST
1 4 7 11 14 17 20 23 37 30/ [10 1.7 23 30 36 43 50 56 63 6

t_burn

=== SOM map of group 68 (Medium layer group)

Length of fuel room is 9 and initial port radius is 0. (support 21%)
Hrmx r_port=0

M_tot

ey

(L_fuel=6,r_port=0) (L_fuel=9.r_port=0)

p : ”..

12 38 B3 B9 115 140 166 191 297 | 85 4F4 863 1251 1640 2029 241

m_dot oxi L fuel

[ EEEEELL | LI T | | T T
1 4 7T 11 14 17 20 23 27 0| [10 17 23 30 36 43 50 56 63 6!

t_burn

15 17 18 20 22 24 25 27 29 M| |30 31 32 33 34 36 37 3B 39 40| |50 52 54 57 59 B B3 66 68 7

Initial total working weight is 9, oxidant flow rate is 9, open area ratio is
9,length of fuel room is 9 and initial port radius is 0. (support 14%)

33 55 7T 98 130 142 164 185 207

14 7T 11 14 17 30 23 7 10 17 23 30 36 43 50 66 63 68| 0010 0015 0.020 0035 0.030 0035 0.040)

t_burn epsilon

T TR
15 1T 18 20 22 24 25 2 29 N

T— =40

30 31 32 33 3 36 37 38 39 40 (50 52 54 ST 59 61 63 65 68 T




=== SOM map of group 1034

Initial total working weight is 9, oxidant flow rate is 9, open area ratio is
9,length of fuel room is 9 and initial port radius is 0. (support 14%

....

1 4 7 11 14 17 20 23 27 30

t_burn

| epsilon

T T .

15 17 18 20 22 24 25 27 2% W

41
30 31 32 33 34 36 37 38 39 aQ |50 52 54 57 59 61 63 66 68 7
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