oo oboodddd
(A Note on General Design Theory and Abstract Design Theory)

00 O (Makoto Kikuchi)
O0D000O00O000oogon
(Department of Computer and Systems Engineering, Kobe University)
mkikuchi@kobe-u.ac.jp

1 0000

goggboobbbobbbboooooooobbbbbobouooooooon
gbbogogolmbobodb 2o0bogobooobboobbuoobboon
goodooobobbboooooobbbbobobbbbooououooooon
gododgogooboboobobbbbbbodddddoooooooooobbon
goodoboobbbbbbboobdoogooooobbboouoooooon
goobbbbbbboooooooobbobbobbbboouguooooon
gogodooobbobobbbbodoooooobobobbbooboooooooon
goooobobobbobobodgoooooooboobobobooooooooon
gogoggobobbbbobobbbobbobbbobootboddgooooooon
ggbobobbooogbboboooobbbooogbon
gbooodgbbuoogbbuoobboogbbuoggbooobbuoobobo
gogdoobbobobbbboodoooooobobobbooboooooooon
goodooobobobobboodoooooooobobobboobooooooon
00000000000000000000000019900 Simon [18] OO0
gogdgboobbbbbbbouoooooobbbbbbooooooooon
gobbobooooooboyrrbbogogoobooooobboooon
O Paul and Beitz [16] D0 001979000000 (31,34 0000000000
00000000000000000000000019900 Suh [21]O0000
000000000000000191 000000 [29) 00000000000
0000000000000 0000O0Braha and Maimon (1] 000000000



ggbboobbbuooobboog200d0bboogoobooobogo
goooboboooboobooooobpooooD smon DODOOOOODOOO
goodbboboobbboodooooooobobobbboobooooooon
gogobobboogonog

00 [290000000000000000000O00000OO0000O0O0
gogdgbobobobbbbtbouodouooooobbobboboouoooooon
goodooobobbobobobobobobdoodooooboboboboooouooooon
goodoobooobobbboodooooooooboboobobobooooooooon
gbobogboobooboobboooboobbobboobooboooboo
goggbobobbbbbbuoduoooooobbbbobboooooooon
0000000000000 00000000000000000000 [29] O
0000000000000 000000OBraha and Maimon [1] 000000
goooobobobbotbotbodgooooooobobbbobbooboooooon
goggboobbbbbtuouoduooooooobbbbobbbooooooon
goodgboobbbbbbbdooooooooooobobbooooooooon
goodooobbobobbbuododoogooobobobbobboboboooooon
gddddoooooooooobobbobboobobbbbooouoouoooon
gogdgboobbbobbbbdoooooooobbbbbooooooooon
goddggooooooobobobbboobbbbbboodooooooon
gobboboogooobod

goboogboboobobboobboobobuoooboooboboonoobooba
gboogbboobuogbooboobboobobobobboobbobboobon
gogbobobooobbbuoooobbooobobbuoooobbboooobobob
gogdboobbbbbbbdouoooooooobbbobbbooooooon
0000000000 8100000000000 000ooooooooooo
goodogoboboobobbbbbbtboddddddooooououooooon
gogoboobbbbbbbdooooooobbbbbbooooooooon
gogdgboobbbobbbbdooooooooobbbbooooooooon
gogdobbobobobobbbuodododooooooobbbobboodooooon
goddggoooooooooboboboboobobboootbdgooooooon
gobooood

gboodbbuoggbbuogbbboobboobboobobboobboo
gogbbobooobbbuooobbbooobbbuoooobbboooobobob
[28,11)]0 000000000000 COO0OO0OO0O00OOOOOOOOOOOOOO
[4,5,8,9)000000000000DO0ODOOOOOO0OOOOOOOOOODOO



000000000 20000000000000000000O000OOOO0
gbbuoboogbboobboobboogboobobobbobbooobod
goodooobbobobbbboooogooobobobbboobooooooon
goooggobbobobbobobbbbobbobbbobotbooooouooooon
000000000 6700000000 (14,15 0000000000000
gooogobbbbbbbdoooooooooobobbboooooooon
ggbbooooobbtooobobobuooobbbuooobbbooobobbouooon
ggboboboooobboboooobbobodad

2 OJUoogood

gogdgboobbbbobbboooooooooobbbobbbooooooon
goggboobbbbbbbdouoooogobobbbbboobooooooon
goddogobboooooobboboboobobbobootbooodooooooon
goooobobobobbbtooodoooooobobobobobobooouuooooon
ggboboboogobboobod
gbbouooobboooobbbuooobuoooooooobobod
gogboboobbobboogobobboooobobboooobooo

g igobogdbobooobboooobboooobbooonon
gogbbubbbuogbobooobbuoobboobbobooboboboan
o000 s"000o

4000 0gdoboooouobboooobboooboboboooonon
gbobodbbooobooobbboobobuoooboobbooonon
gbbobogbbodobbooobuobboobbooobbooobn
goon

ggsgbbogdbbogoobobuooobbbuooobbobooooonon
gogbobobooooboboooobon

gogobobobbbbbtouodouooooooobbbbobbbooooooon
000000 1000000000000 000O0 yoo000obooDOooOoOoo
goodoobobobobbbboodoooooobbbobobboboouoooon
gogoboobbbobbtuouduoooooobbbbobbbooooooon
goodobobobbbbbbboobdooooooobbbbooooooooo
gobbobooobobobooooboo



gb 2000 30ggagobobbouoooobbbouooaobobbod
ggbboboooobbbooobobbbuooaboo

g ebbuogdoobobuoooobbooooboooobboooon
gobbuooobbbuogobboobbbodbboobobooobobo
gbobodbbooobooobbboogbbuogobbooboooon
gbobogobbodbbooobooobbuooobooobbouooon
gobboboogbobobbooooboboooooo

g mbobogdoboooobbboooobbooobobooooonon
gogboboboogoboobood

g sgbbuogdoboooouobbboooobbooonobooooonon
ggboboboooobbobooooobooo

gogdbobobbbbuboooooooobobbobobobboboouooooooo
gogbbobooobobbbooooboboooobboooon
goboodobuooobbooobooobbooobbobboonooboba
gogbbooooobboobbbuoooobboooobbooobboooon
gogbboboodgobbbuoobuooobbbbooogbbbooon

U0 igggoobuoooobboboooogobboobuoooooonooon
ggbobooobobbbouooobbobooon

U0 200ggobobbddoooboooooboboobuooooooboon
ggbobobooogboo

g 33gggoobobbooooobobbboooobooooooon
ggbbobuoogbbbod

g 1gbobobogoobobobbboooobobbooooobbboooaon
gboogbooboobbobbobbbobboobboobbooboboobbo 2000
000 10000000000 000000000000 ooooooooo
gogbobobooggboboooooboo
gboogobuogobodgbboobbuogbog sggobobooboa
goodoobbobobboododooogooobobobboboooouoooon
goggboobbbobbbbooooooobobbbbbooooooooon
gogobbbobbbbbouodguoooooobbbbobbbooooooon
goodooobbobobbbuododooooooboobobobobboboboooooon



gogoboobbbbbbouoouoooooobbbbobbbooooooon
g 3suguooobbbuooooobbbbuooooobobbbuoooon
gogodooobbobobobbbobododoogoooobbbbobobouoooooooon
godgdogobbbobbobobbobbbobobboboobooogooooooon
gobbodobbobbooogbbboooobbboooobbboodan
gbooboogdbbuobuogobboobbbooobuooobboobobobo
goodogoboboobbbbdododogoooooooboboobboooooon
gogbobobboooobobooooboobobuooobbobbooobobobogo

g 12000b0bogobboodbbboobobbuooobbboonon
gogbobobboooobboboooon

gddddoooobooooobobobbbbbobobobobobbooooooaa
goodgobobobbobbobooboodooobobobbobobbboooooon
gogobobobbbbotuoudooooooobobbboouoooooon
goggboobbbbbbuodouoooooobbbbobbooooooon
ggbboboooobbbooobobbbuooaboboo

3 uoogood

000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000 000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000
000000000000000000000000000000000000
00000000000000 0000000 0000000000000
00 70000000 7°0000000 7' 000000 S000000000
000 SO0000 PS)000000000000000(S,T),(S,T°,(S,T")
000000000000000000000000000000000000



goggboobbbbbouodouooobobobbobobbboouoooooon
FCTOODOOOOOODDOOOOODO ACT’0000000DDOO00
000000000 FCTOOOONACNFOOOD ACT’000000
gogooboooboodn

id—!
Tl -, TO

S~ S
000000000000000000000000000000000000
T°,T' 00000000 SO000000000000000000000000
000000000000000 [24,25)000000000000000000
D000000000000000000[24,2500000000000000
00 ADDDDO0000D0O0000000000000 FOOODOOOOOO
0000000000 AQD FOOOOODODODO0000000000000
000CO00000000000000000000000000000000
S00000000000000000000000000000000000
D00000000000000000000000000000000000
0000000000000000 CO0000000000000000000
00000000
00000000000000000000000000000000000
D00000000000000000000000000000000000
0D000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0D000000000000000000000000000000000000
D00000000000000000000000000000000000
000000000000000000000000000000000000
0000000 (12 00000000000000000
000000000000000000000(23,24,25/000000000
D0 S00000 $000000000000000000000000000
000000000000 S000000000005000000000000
0000000000000000000000000000000000 50
0000000000 S0000000000000000000000000
D00000000000000 $00000000000000000 §00
000000000000000000000000000000000000



ggbodgbbbboooobbbooobobbboogbboo

4 O00O00O0O0OO0OO0OOOOOO

gobobboodbobobbooobbb oo uoooobbbooooo
oot uooobbuoobbuooooon
guobbooooobbuoooobuooooboooooobboooooo
guobbgooobgouoboboobobuoouobobooobbuoooooo
gogooooooooobbbbob b oooouoooo
gobobobooodoboboooobbuooobboooooobbbooooo
guobbogooobobbboooobbbuooobobooobobbouooooon
gubbooogooboboooobboooobbbbooobobbouooooo
godoooooobobbboooooo

00000000 Dretske 00000000000 0O0ODOOO B)OOOOO
Barwise 0 Seligman 0000000000000 O0OOOOODOOOOOOODOO
0 200000000000000000000000O00000O0OOOO0OO0
000000000000 DO00O000O00bOO0O0DOO0ODODDbOODO0D AO0OO
O0000000000000 tok(A)DODDODOODDOOO0ODOOOO typ(A)OO
0000000 FA, 0000000000000 O000000O0O0ODODOOOO
0000000000000 0AdOD0 BOODOOO f:A=BO0O0ODOOO0O
frityp(A) = typ(B) O f":tok(B) — tok(A) 0000000000 « € typ(A)
O betok(B)ODODO f(b)aal blp f() 00000000000

typ(A4) —— typ(B)
‘ Fa ‘ EB (1)
tok(A) — tok(B)

o0obooo f:A=CO0g:B=CO0000Db0ODOOoDOobDOooboOooOO
OO00oDO0o0ob0DOD AOCO BOOODOOODO
gboboooboboboogbbbuoodgbuoodgbbbotdebbuoogobbn
o00b0ooO0o0O0o0b0obOobDOoO0oobOO0bOoDOobDOoboooboobOoo f
O0f0 0000000000000 O0O0O0OO0O0OO0O0OO0OO0O0O00O00
goggbobobbbbbbbdouoooooooobbbbbobooooooon
goggboobbbbbbbodooooooobbbobbbooooooooon
goodooobobbobbtoooooooooboboobobbobobooooooooon



0D00000000000000000000000000000000000
0D00000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000 000000000000000000000000
0D00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000
00000000000000000000000000000000000
00000000000000000000000000000000 [4,5]00
000000000000000000000000000000000000
000000000000 000000000000000000000000
0D0oooooo (9o
00000000000000000000000000000000000
0D00000000000000000000000000000000000
00000000000 0000000000000000000000000
000000000000000000000000000000000000
0D00000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000 [22,13)0000000000000000000
000000000000 000000000000000000000000
000000000000 000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000
000000000000 (6,7 00000000000000000000
D000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0D0000000000000000000000000000000000

5 Uuoboobooobooo

goodoobobbobbbuododdodooooobbobbuooouooooon
goggboobbbbbbbdooooooobobbbbboobooooooon
gogggbobobbboooobobbbbobbbbobooououoooooon



gbbobobodgbodgboobboobuooboobbooooobogboo
goooggobbbbbbobbbbbbdoooooooouooooooo
goodoooboobobbboodoooooooboboobbboobooooooon
goodooobobobbbbuodoodoooooobobbbbbooouoooon
gogoboobbbbbtuoudoooooobbbbbbooogooooon
0000000012 000000000000000000000O000DOOO
ggobobbooooboboooobon
gboboogooboobogobboobobbooobooobboonoobooba
o000bO0bO0o0O0o0ob00obOoO0ooU0oDOobOOobOoUobOOoD soboOooDOooDo
gboobobobbobbobbobbodoboobodooboobboboboo
000007 0000000000000000000000 Sooooooag
DoooooooT*oooo P(Tl)DDDDDDDDDDDDDDDDDDD
goodooobbobobbbuoooooooooboboobbobobooouooooon
00 id¢ DOOO0OO0OO0O0OO0OO0OOOODOOOO0bOobOobooonD f,gbOD0O
gogbbooooobbuooobbuoooobbooobobbooobbboooon

T T°
€ S
1

00000000000000000000000000000000000
00000000000 0000000000000000000000000
0D00000000000000000000000000000000000
0000000000000000000000000000000000000
0D00000000000000000000000000000000 ¢00
000000000000000000000000000

0000000 «000000000¢00000000000000000
00000 {e,¢) 00000000000000000 ({e,¢),t) 00000000
0000000000000000000000000000000000000
000000000000 (e,#) 0000000000000000000000
0 ({e,t),t) 00 00000000000000000000 ({e,¢),¢)00000
00000000000000VODODO 300000000000000000
00000000000000000(17,10,26,19,20000000000000
000 (,¢) 000000000 e00000000000000000000O
000000000000 000000000000000000000000



{(le,t),t) 000000000 DO0OO0OOOOODOOOOOODOOOOOOOOO
gogdgbobobbbobbbuoouooogoobbbbbbbouoooooon
gobbbbooooobbobtooooobbbobbouooonbnD eoogn
goooobobbbodoooooobbbbto gddbebbbbbOOOoogo
0O ((e,t),t) 0000000000000 0ODO0OOODOOOOOOOOOOOO
ggboboboooobboboooon

gboboooboboooobobbboobobbooobbooobbonooboa
goodobboboboboboouodoooooooobbbbooboboooooon
gogogobobobbbbboboboboddoooooobbobboooooon
gogdgboobbbbbtbouodouoooooobbbbbbbbooooooon
gogdgggobbbbbbobbbbbbdddooooooooooooon
gogbboboooobbuoooooobobboooooboboooobbboooon
gogooobbobobbbboodoooooobbboboobbooouoooon
gogbboboooboobboooobbbuooooobobooobbboooon
gogobbobbbbbuooooooooobobobbbboouogooooon
goddggoooooobbbbobobbbobbbobdooooooooon
goooobobobobbbooooooooooobooobobobooooooooon
g ebbooogbobbbooogobbbboooobbbbuoooon
gbbogbooboudgbooodgbooobuoobooobuooboonbbo
ggbobobboooobbboooobobbuoooobooboooon

gboboogobogbboobbboobbbooobooobboobooboa
goddddooooooooobobobbbbobbooboooooouuooon
gogbbooooobbboobboooobbooobobbooobbobouooon
gogoboobbbbbbbdooooooooobbbobbbooooooon
goobbbbodgogobbbbobdooooobooboboboobbddg e
goodggobobbbbobobbbbbobdodoobouooooooooon
gogoboobbbobbbbooooooooobbbbobbbooooooon
gogdgboobbbobbbbodooooooooooobbbooooooooon
gobooobood

6 OO0gng

gogodoogobbbbbobobbbbbbddddoooooooouooooon
gbobooboobbobobobuoobbobobooboobobbbooboo
gogobbbobbbbbouoduoooooobbbbbbbuoooooooo

10



gogbboooobbuoooobbooobboooobbooobbboooon
goodgbobobbbbbbuoduoooooobbbbobboooooooon
goodoobobobobbbboooodooobobobobboobooooooon
gbobogbbuogbobobobobobboobooboobobooboboboo
gogoggobbbbbbobbbbbbdodoooouooooooooo
ggbboboooobboboooobon
gboobodbbogboobobuogbboobooobog2o0c0b0onobg
goodooobbobobbbboddoooooobbbobobbooouoooon
gbobboobuooboobboobuoobboooboobboobooboo
gogdoboobbbbbotbouodoooooobbbbbbooooooooon
00000 (1210000000027, 29000000000000000000
0000000000000 00000O0O000DO00OOoOOOoOOooo (27,29
0 @30j000000O0 [12]0000000000DODODODOODOODOODODODODOO
ggoodobbbboogbbbobooobbbooooboboo

References

[1] Braha, D. and Maimon, O., A Mathematical Theory of Design: Foundations,
Algorithms and Applications, Kluwer, 1998.

[2] Barwise, J. and Seligman, J., Information Flow: The Logic of Distributed
Systems, Cambridge University Press, Cambridge, 1997.

[3] Dretske, F. Knowledge and the Flow of Information. MIT Press, 1981,
reprinted by CSLI Publications, 1999.

[4] Kakuda, Y. A mathematical description of GDT: A marriage of Yoshikawa’s
GDT and Barwise-Seligman’s theory of information flow, handout in Work-
shop on General Design Theory, Cambridge, UK, 1999.

[5] Kakuda, Y., A mathematical definition of synthetic emergence, In: Proceed-
ings of IWES’99, 13-20, 1999.

[6) 0000000000000, 0000000, Vol. 29, No. 1, 1-5, 2001.

7 000000000 -0D00000O00O0O0OO0O-0,00000000000
2002000, 2002.

11



[8] Kakuda, Y. and Kikuchi, M., Abstract Design Theory, Annals of the Japan
Association for Philosophy of Science 10 (3), 19-35, 2001.

9] Kakuda, Y. and Kikuchi, M. Topology on Classifications in Abstract Design,
In: Proceedings of IWES 01, 123-130, 2001.

[10] Keenan, E.L. and Westerstahl, D., Generalized Quantifiers in Linguistics and
Logic In: Handbook of Logic and Language, van Benthem, J. and ter Mulen,
A. (eds.), Elseviver, Amsterdam, 837-893, 1997.

1] 000000000000 oO0OOoOoOO,000000b0OOO,o00, 1999.

[12] Kikuchi, M. and Nagasaka, I., On the Three Axioms of General Design Theory,
In: Proceedings of IWES’02, 6976, 2002.

(13 0000,0000,0000000000000000000000000
000,0000000, Vol. 6, No. 3, 426-434, 1991.

(14 O0O0O0O0O0O0D0O0O0ODO0OO0OOO00OOO0O,0000,0000, 2003.
[15)) 0000000000000 OOOOO,0000000,0000.

[16] Paul, G. and Beitz, W., Engineering Design: A Systematic Approach (2nd
ed.), Springer, 1996. 0000000, 000 (DO0ODQOOOOoOoooOoOO)
godoo -gouoooooo, oo, 1995.0

[17] Partee, B.H. and Hendriks, H.L.W. Montague Grammar, In: Handbook of
Logic and Language, van Benthem, J. and ter Mulen, A. (eds.), Elseviver,
Amsterdam, 5-91, 1997.

[18] Simon, H.A., The Sience of Artificial (3rd ed.), MIT Press, 1996. 0 0 00O
000 (D0ODoDoOC0O0,00 OoO)DoOooUoOooooDo30m,oood
goooo, 1999.0

(19 00000000000 0—000000O0O0000OO0,0000, 1985.

200 000000 D000000D0—000oooooooooooooOo, o
gogo, 1991.

[21] Suh, N.P., The Principles of Design, Oxford University Press, 1990. 0 0 O
00 (DO0O0O0D 000 )0pUoo00oD0 -0o0oooooOo,0000, 1992.0

12



[22] Tomiyama, T., Kiriyama, T. Takeda, H., Xue, D. and Yoshikawa, H., Meta-
model: A Key to Intelligent CAD Systems, Re- search in Engineering Design,
Vol. 1, No. 1, 19-34, 1990.

(23 00O00,00000000000000000000000000000
000,0000 51 (4), 809-815, 1985.

24 00O0O0,0000000000000000O00O0O0OO0OOODOOO0O0O
O0000000000000 52 (8), 1406-1411, 1986.

[25] Tomiyama, T. and Yoshikawa, H. Extended General Design Theory, In: De-
sign Theory for CAD, Yoshikawa, H. and Warman, E.A. (eds.), 95-130, North-
Holland, Amsterdam, 1987.

[26] van Benthem, J., Language in Action: Categories, Lambdas and Dynamic
Logic, North-Holland, Amsterdam, 1991.

[27] Yagiu, T., Modeling Design Objects and Processes, Springer-Verlag, 1991.

[28] Yagiu, T., Problems with the General Design Theory and the Proposal for
an Alternate Theory, handout in Workshop on General Design Theory, Cam-
bridge, UK, 1997.

[29] Yagiu, T., Modeling Design Objects and Processes, handout in 3rd. Workshop
of Design and Function, Kobe, Japan, 2001.

(30 0000000000000 0000000O0OO0O00, 000000, O
gooobooodad, 2002.

3] 000O0O0O0ODOO0OO0DO0O0OO0OO,0000 45 (8) 2026, 1979.
(32 D0O0OO0DOO0ODOOO0OOO0OO,0000 47 (4) 19-24, 1981.

[33] Yoshikawa, H. General Design Theory and a CAD system, In: Man-Machine
Communication in CAD/CAM, Sata, T. and Warman, E. (eds.), 35-58,
North-Holland, Amsterdam, 1981.

34 0000, 00000000 -OO0O0OOOOO-0,000000, 2000.

13



