Vol. 37 No. 8

LI ¥ 2R LA

AT 1 MERIZA—FWVEXy NT—TFTFTI

¥ & % w 4 X\ #

AR LTI, MENLBSH#EY =2 — UFHE L TLBT A 00FRABETLELT, 47
vlyrﬁm;1—7»17f7—7{?»%ﬁx¢5.*7917F%m?—7%?»aL1m@
(bsh7-Ml%t =1 —OlBE L TRET L2028 S 7y 7 RMbike BAT L. E70, 1
Ly s AL SNBSS MBE AT oy MEREFNMICEDEKRILTHIEIZLY, Za-T N
2y T — s OFBEMEMETS. A7V s MEBIEFLO Y 7 ABBEGOBRS YR AL
kﬁ&fgﬁﬁll—ﬁwivF7~7®m§&%ﬁ§¢6.7?Z%ﬁﬁﬁtL1m¥§ﬂé*7
Sy MERlma—F Ay P22 BEMOE /- NIk, ARO7— Y BEzFOFEHOK
& (12o0ky hT—2ETa—L) AL, FRALD/ — FrE#bT 52 L2 L) RETABRM
Bhoa—Fhiv F7— 2 #MET S, UL =2 — 0FBOMBIILET VB L = 2 — 0RO
BEFNE -2 —OMBICERSINDEA L Ty 7 A0BEFRE L LTERLT S, &7, A7V
Z O EEZa—F MRy NT— 7 EFNVOERT — 5§ N= ANOILAFIZ OV TRY.

An Object-Oriented Neural Network Model

Y OSHIAKI TSUKAMOTO! and AKIRA NAMATAME!

The concept of modularization and coupling neural network modules is a promising way
of a building large-scale neural network model and improving the learning performance of
these networks. On the other hand, the modularization scheme would be little use if there
does not exist such an appropriate learning procedure to train high-level modules separately
and to integrate those functionally pre-specified modules efficiently. This paper describes
an object-oriented neural network model that realizes such a learning procedure that sup-
ports the modularization and coupling connectionist network modules. The whole network is
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constructed from several interacting these neural network modules.
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Fig.1 The integration symbol and pattern processing.
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Fig.2 The hybrid model! of pattern and symbol
processing with templates.
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Fig.3 A conceptual framework of the object-oriented
neural network model.
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Fig.4 A product of learning example space with the

object-oriented neural network.
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F—FR—ATIE, F—IR—AOHAE L KHAED
FRC—BEI R T 620D, Zofigiz, #
BHEDIS LTHADEFECEREICRITS. BikEE
LT, HESBTF— I X—-2AZEOHRPEHAILITD
n, ERBEOHIRENTRRE Z>TETVEYI,
37:, BES T CIHRIBEFILS N, HRILHRD
ERBEEDIZRY T =7 2FIH L RO R AT
bho2d%. IhoDEREZANIERTL O
243, BTAERE L CERT 20 Tid <, 1EHRM
OMEMELEUMICER L, £RIIESVTHERR
BT A EIVLETHS. KEIIBLTIE,

7 27 MER=aAa—FNVA Y bTI— 2 ETN 1531

Ty MEflZa—F N Y PT— 7 EFTN 5 EHE
F— I NX—ZOMEIERT A, 22 Tid, @6 i
T EFRICHTAIA TV POESYYREL
72 CC.JOURNEY (K & RigEMOMRIT 7T —
yN—R) *+ 7Yy MEEMDHEY =1 0K
ELTHEE L /2. ABiE, CCJOURNEY 7 7 A%
Fo 725 AL LTRKEFETIHFLL -7 7 AT,
FNFROISAOBRHULELRD 7V TALERINTY
L. INLOF 7Y s MERHEEY MR BT
EROBEALOLL Ty 2 ALL, FEDAL LTI A
BRSO F[EMEBEL, —2—F VL T—7
I REDL, Za—F LAy T O¥EBERY
AT, (EROEBFUBEFLTIIRETH - 7235

CC_JOURNEY
CC_FLIGHT CC_TR;N\

CC_BUS

N4

DELTA_FLIGHT

NW_FLIGHT TRAILWAYS_BU
GREYHOUND BUS
AA_FLIGHT
arca period /Stfs‘-\
/T\ I flight_cost  train_cost bus_cost
airport bus S0P (ime \ T /
station X
lare

CC_JOURNEY(departure_arca, arrival_area, duration, cost)

CC_FLIGHT(departure_area, arrival_area, depanture_period. amval_penod. thight_cosn
CC_TRAIN(departure_area, armival_area. departure_period, arrival_period. train_cost)
CC_BUS(departure_arca, arrival_area, departure_period. arrival_peniod. bus_costy
DELTA_FLIGHT(flight#, departure_airport. arrival_airport, departure_time. amival_ome.turc)
AA_FLIGHT(fight#. departure_airport, arrival_airport. departure_time. artival_time. tarc)
NW_FLIGHT(flight#, departure_airpont, armival_airport, departure_time, armva
SANTA_FE_TRAIN(train#, departure_station, arrival_station. departure_unw. e,
TRAILWAYS_BUS(bus#, departure_busstop, arrival_busstop. depanture_time. ariival . farc
GRAYHOUND_BUS(bus#. departure_busstop. arrival_bussiop, departure_time. amival e, tarct

6 * 7”7 MENHEDK
Fig.6 An example of object-oriented knowledge.

CC_FLIGHT CLASS

CC_flight( LOS. m nm

CC_Night2(DC, LLXS,

XV
\ DELTA_FLIGHT4(567. NATIONAL. LAX, 8am. 4pm, $400)

/
s

2. aftermoon, medium)

DELTA_FLIGHT1(32[\BUR., BAL., 10am. 6pm. $450) | pE|TA_FLIGHT(123, LAX. NATIONAL, 8am. 4pm, $400)

(321, LAX, DULLAS, i1am, 7pm. $450)

S

DELTA_FLIGHT CLASS

7 CC_FLIGHT 7 7 AiZ B} 5 H#NH
‘Fig.7 An example of object-oriented knowledge on CC_FLIGHT class.
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AREA CLASS

LOS_ANGELES

i I
J e 1\

= NATIONAL

WASHINGTON_DC

BALTIMORE

8 Area 7 FAIIBII2HIBOH
Fig.8 An example of object-oriented knowledge on Area

class.
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LTA 7y 7 AMLL FREMOMEII >V TR S,
CCFLIGHT Rt & 22 % Airport 7 5 AL %0
L2 TATHD Area 7 FADA VA5 ADEE %
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®2IRY. 72, CCJOURNEY 7 7 AUTFTE
FINTVWIEREI-FEER3 BLURLIIRT. #
o BEL T 5 CCFLIGHT 7 5 AUTFTO = 2 —
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BAT27 ba—-FUALA VAP D ADETFRFEL R
TFEBEMIIERIIL TRETES. R BLUKRT
RTBREEBEMOATINY— L LTI}, #h#
R LERSNL I SADZ 2 — Uit 7o 2
fa—-FTH5.
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ND=Za—SW%ky b 7= 1l%Fs4 5. DELTA.
FLIGHT 7 7 2% & LTHEBHEOD VTN,
Hierarchy module i3, DELTA_FLIGHT 7 5 X 2—
FTah 50011 28T 5. Attribute modules |2\
TiX, departure.airport 2 BIZHHET 2. Key mod-
ule O Class module iX, I IRL-BEI— Fo
9 b ¢jrji THA 11100000 %, Hierarchy module i3
¢ifji TH 51010 2% 8§ 5. Value module IZ5 1
TiZ, Self module @ Classcode module #* Airport 7
FA3—FD11 %, Inheritance module ® Classcode
module #* Airport OREK 7 S A a2 — FTH5 10 %
¥/ 5. 72, Self module ® Localcode module i3
£ 6 IIRTHEEE %, Inheritance module @ Local-
code module \3R 7 IR TEHH % BFFTE %
HWTEET 5.

CITREEEFNVELT, —a—0-1—-Jxr
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Pl Area 7 FRAIIBITAZ2—UOtfiliA 7S 2y b - K
Table1l A neural information object code on Area class.

oo T E c; )i EJ Ty
Los_Angeles 1010|1010
Washigton.DC [ 10 [ 01 [ 10| 01

®2 Airport 7 F AL BIIAZ a—OlA TS Ly ba— K
Table2 A neural information object code on Airport

class.
Za—-Otil | ¢ Ty e |7,
Lax 11 100000 10 10
Burback 11 010000 10 10
Long_Beach 11 001000 10 10
Dullas 11 000100 10 01
Baltimore 11 000010 1001
National 11 000001 10} 01

3 Area 77 AIIBIIAEMI— K

Table3 A neural information attribute code on Area

class.
L3y Cy Tyi ¢, Ty
departure.area 10 10 10 10
arrival_area 10 01 10 01

!4 Airport 75 A BITLEMT— K
Table4 A neural information attribute code on Airport

class.

alid 7] Ty ¢, T
departure_airport 11 100000 10 10
arrival_airport 11 010000 10 10
departure_station 11 001000 10 10
arrival_station 11 000100 10101
departure_busstop 11 000010 10101
arrival_busstop 11 1000001 10|01

PEFLOIZREFLOBIELENMLF 7S 22 b
BA—2—0 -2 =Yy FEFLERELL. AEF
ik, 4 OBERBRIERE M OIT 2 EERGZO
ODOFREEEAT 2o PELTHTRMEL, &
= RDRA =IO NI S THGELITO I
WAT 2 PEFLTHD., KET L % Smalltalk-
80 % BI\>T SUN sparcl0 3 X ¥ Macintosh Fi2%E
gL WHAT 2 FEFAMIIBWT, &/ F
BERICLEL T A= BLUOFHE X NI
L, @O A v =T IZIG -8By /) — N[
BOET LN 5.

LAF T3, Query_.CC-JOURNEY (departure_area:
Los_Angeles, arrival_area: Washington DC) ®f§4&
Heple LTHBET S, 243 CCLJOURNEY 7 5
ARBHFELZ. T2, T2 AIBVLWTEY
W) DTREIEML 25, LIL, KL AF L4
BT, 17y 7 AL ash 2B EM Y L1
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®5 CCFLIGHT 73 AliBitb=2—uft 777 +
a—-F
Table5 A neural information object code on
CC_FLIGHT class.

= a—OtfHk Cj Tji EJ‘ F]‘,
CC_FLIGHT, 001 10 001 10
CC_FLIGHT; 001 01 001 |01
DELTA_FLIGHT; 0011 1000 {001 10
DELTA_FLIGHT, | 0011 [ 0100 [ 001 10
DELTA_FLIGHT3 { 0011 [ 0010 | 001 10
DELTA_FLIGHT4 0011 0001 001 01

M6 DELTA_FLIGHT 7 7 XIi2Bi5ACERHEFEEROH
(HRZEH)
Table6 A learning example of departure-airport self
attribute on DELTA_FLIGHT class.

departure- | Input units Outputs units
airport #123 #312 #321 #567
Lax 100000 1 1 0 0
Burback 010000 0 0 1 0
National 000001 0 0 0 1

W7 DELTA_FLIGHT 7 7 A2 BT 2 % KB HEFEEMOH
(HRZ#E)
Table7 A learning example of departure-airport
inheritance attribute on DELTA_FLIGHT class.

departure- | Input Outputs units

airport units #123 #3122  #321 #567
Los 10 1 1 1 0
DC 01 0 0 0 1

Za—FNAv FT=2I L) EREF#RFINS.
Thbb, EREINHEEA Y E-T

Q = (((10101010)(10 1010 10))

(18)
((1001 1001)(10 01 1001)) )
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nWEHETA=2—0F 777 PFEKT L. ar-
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¥+ 7 =~ b DELTAFLIGHT1, 2, 3 #*%X
L, MELTHRREN. BELBIIZEROY
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T5:E %47y s Mg BAL 72, 4T
Sro MeREFNVICESCKRBETRE 27
NEy M= DEFEMOMEFELRELL. 7
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MA L7z, 75 ARERBARKR: L TIRE SN ¥ B EM
NE)— K2, RIEOF— I BELF>FEROE
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