Vol. 37 No. 6

W HLRE 2 R e

BEN 1OV EBEEV 25—y NT—2FEFN

£ XB B B K x

iﬁtﬁu,i%DZiAﬂﬁﬁﬂﬁ%x&77&?6:1—?»%7bv~7%%»%%§¢b

mm;;—awivbv—7%ﬂ%mﬁ¥ikLfﬁo:1~U>%ﬁ%ﬁ:;~uytLT%#L
%ﬂ%%kh%mﬁ&Lf%iméhtﬁmmﬁw:l—?»*vbv—?%%i%yla—%vb
V= LERTE. BEEVAT Ay M T=21, 100 a—F N Ay F T =2 hd omiil
ﬁwénfbmﬁkéht%ﬁivbv~75§ﬁﬁv§&ﬁ@58ﬁﬁﬁﬁ%ﬁ#%.~ﬁmﬁ&
&ﬂ%ﬁﬂ%&uu,%mu&»s;Umgpxwuswé%@ﬁﬁigfaé.%@tbnu,m
tﬁﬁﬁﬁﬁ%ﬁ»&ws;U%%b&»mmtfi&%%ﬁﬁﬁbnéﬁgﬁéé.§§LN»T
m%wénfwbﬁ%&ﬂﬁﬂmw%wiﬁvﬁﬁwﬁ%%%%@%—ﬁm:1-uy&m&%it
#6%5*7b7—7%?WTmE?6:&u$$T&6ﬁ,ﬁ%ﬂzl—uy%mﬁiitfég
E%yls—iyhv—?%mwéctuxb%&féé:k%ﬁf

Multiple Modular Networks with Composite Neurons

AKIRA NAMATAME! and YOSHIAKI TSUKAMOTO!

This paper provides the new neural network model with the composite neurons, where each
composite neuron is modeled to be another neural network. The composite neural network
model treats individually trained network modules as composite units and integrate them to
form multiple modular networks. It is shown that the composition is important for integrat-
ing heterogeneous neural network modules. When thinking about the nature of conceputual
knowledge, we should think about levels of analysis or levels of granularity. There needs some
aspect of compositionality. That is, we need to be able to put things together and call them
knowledge and would like to have a recursive or composable structure that would allow us
to build knowledge structure at different levels of granularity. It is shown that the neural
network with the composite neurons is useful for representing those high-level and abstract
conceptual knowledge.
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Fig.1 An example of a composite neuron.
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Fig.2 The world of animals as an example.
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Fig.3 An example of multiple hierarchical networks.
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Fig.4 An architecture of a composite neuron.
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Fig.6 Learning space of animal’s world.
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Fig.7 An composite world of animals.
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Tablel A set of training examples.
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Table2 Learning results by the traditional method.
INPUT UNIT )
Pi| Pao| P3| Py| Ps| Ps| Py| Pg| Pg|P1g[P1i[P1a[P13[P1g| P1s]| Pig| P17| #
Fo 133 | —48 57 57 26| —48 114 57 57| —24|-24|-17 57| —-24(-12 38 38| -6
F3 —-3| -84 81 —-63|—-63|—84 18 81 —63(—-42| —-42| -84 33| —-42) -21 6 61 —21
Fy4 16| —-76| —57 60! —18(—76 3|57 60(—38|-38|—-37]—18|—-38|—-19 1 1{-19
Fg —271 —44 17| -33 | —-33|—-44| -16 17| —-33| —-22|-22] -44 17 —22|-11|-22 28| —11
OUTPUT | Fq —27 | —44 17} -33|-33|—-44| -—16 17| —-33|—-22| -22| —44 17| —22| —-11 281 -22]-11
UNIT Fg —29| —44)-33 15 15| —44| —18|-33 15| —-22| —-22| —-44 15| —22f—-11 261 —22| —-11
Fg —-12|-20|-15 8| —-15(—-20 -7]1-15 8| —-10[-10 3|-15|-10( —-5(-—10 13| -5
Fs | —133| 108 —57|—57| —11| 108|—114| -57| —57 54 54 62| —57 54 27| -38(-38|-19
Fio —-77| —6|-33}|—-33 5| —6] —66|—-33|—-33|—22 16| —-6|-33 16| —11 ] —-22| -22| —-11
Fi: -77| —-6|—-33|—-33{-33| ~6| —66|-33|—-33| —22 16| —-6|—33 16 27 —-22| —22|-11
Fig 63 3|-27|-27| -27 3] —54-27]-27 21| —18 3|—27{-18{ —-9|—-18} —-18| —27
®’3 ZEES2T—F 7 b= IO R
Table3 Learning results by multiple modular networks.
(a) =2~ > (b) il=a—0o>
INPUT UNIT s INPUT UNIT .
F1 Ik} 10 Fa G
P1 |P2 |Pg | P7 [Py P3| P4 |Pg | Pg
OUTPUT |Fo| 3 | -2|~-2| 3 | -2 0 OUTPUT |F3|-2| 3 3 | -1 0
UNIT |[Fs|-3| 4|4 |-3] 4| 0 UNIT [F4| 3 |-2|-2]3 ]| o
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