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Flash Learning for Multi-layer Networks
Yosuiaki TsukamoTo! and Akira NamaTAMET

Neural networks in nature are not designed but evolved, and it learns its structure
through with its environment. Because the structure of neural networks is evolved and
developed rather than pre-specified, we have to develop a framework for an adaptable pro-
cess. This paper proposes a general framework for structural adaptation to allow a neural
network to change its structure autonomously. We describe a two-stage structured train-
ing procedure for multi-layer networks based on the group-similarity measure. We pro-
pose a new learning algorithm to capture the weights of the connections in the network
with a single presentation of the training set. A connectionist learning in a dynamic en-
vironment is then described as the process of the self-modification process of the group-
similarity measure under a néw learning environment. The group-similarity measure poses
some invariant property for the change of the environment. In the case the previoulsy ac-
quired the learning parameters should be modified, the new learning parameters are ob-
tained by modifying the group-similarity measures.
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C.: (dog, eates, meat)

Cs ! (monkey, hates, dog)

Cs: (monkey, eats, banana)

Cs @ (cat, hates, dog)

Cs: (cat, eats, milk)

Cr: (cat, eats, mouse)

Cs : (mouse, hates, cat)

Gy : (mouse, eats, cheese)

Cro & (mouse, eats, milk)

Cii @ (banana, isa, food)

Ciz: (banana, color, yellow)

Cis : (milk, isa, food)

Cis: (milk, color, white)

Cis : (cheese, isa, food)

Cis 1 (cheese, color, yellow)
H 2 ¥ERRONMES

Fig. 2 Knowledge of test world.
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® 1(a) HAROBERKBEa—F

Table 1(a) Semantic code for objects.
object semantic coding
dog (10011100000)
monkey (10011000000)
cat (10001100000)
mouse (10010100000)
food (01000000000)
banana (01000011100)
milk (01000011000)
cheese (01000011000)
meat (01000010100)
yellow (00100000010)
white (00100000001)

ZOBBREREANEL T3 1 TEHEIN B4
BRTE2EOUEERy V7 -7 25X L8
Th5.
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FHIL, E3 (2a)itimT Lo icgEBELL, Bk
a-¥F={(772xa—F) @H=a—-Tr) FEHa—F)

(Ba—VF)) TEEHTIHETH

Gbstracd 7. ZOXSICHHEAERLLS

DOpFE1 (a)TH 5. i ERRIC

001 3 (b)i/Rd & 5 iz 4 B%

@ BREL LICLTHEEL, Hi=

((hate Class) (eat Class) (isa

yellow white Class) (color Class)) Tani 4
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3(a) MBOHEREREEERA
Fig. 3(a) Components and hierarchy representation of knowledge.
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3(b) SEEINEE
Fig. 3(b) Classified knowledge.

£ 1(b) & (B OB®WERHEa-F
Table 1(b) Semantic code for concept.

concept semantic coding
C (0100000000)
C. (0001000000)
Cs (1110000000)
Cu (0000100000}
Cs (1100000000)
Cs (0001110000)
Cr (0001100000)
Cs (0010000000)
GCo (0001010000)
Cho (0000110000)
Cu (0000001100)
Ciz (0000000011)
Cis (0000001000)
Cus (0000000001)
Cis (0000000100)
Cis (0000000010)
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* 2 BHEBT- FRX3X20RBMOFEEH (AH2=v 260, HHa=v+:10
M) BIOELHESRATEIHAL =y MAERS DIPTSR OBEREZOE
Table 2 The set of the training examples for the learning problem in Fig. 2 with
the semantic coding (26 inputs and 10 outputs) and the values of H. and
H, that represent the intermediate-concepts for the target-concepts C. and
Cs that are not linearly separable.

Input Intermediate Output
X1X2Xs .. ..X26| H4 | Hs | C1C2... ... C1o
10011100000100010011000000 00 ] 00 0100000000
10011100000010001000010100 101 00 0001000000
10011000000100010011100000 001] 00 1110000000
10011000000010001000011100 00| 10 0000100000
10001100000100010011100000 00| 00 1100000000
10001100000010001000011000 01| 10 0001110000
10001100000010010010100000 01| 01 0001100000
10010100000100010001100000 00| 00 0010000000
10010100000010001000001100 10 ] 00 0001010000
10010100000010001000011000 00| 10 0000110000
01000011100001001000000000 | 00 | 00 0000001100
010000111000001:00100000010 00 1] 00 0000000011
01000011000001001000000000 00| 00 0000001000
01000011000000100100000001 00100 0000000001
01000001100001001000000000 | 00 | 0O 0000000100
01000001100000100100000010 001} 00 00000006010

G (i)
40.7
32.5¢
35.
32.5

G (xy) 30.1

7.5 10. 12,5 15, 17.5 20.° "

N . Pex
10. . .. ) .
Negative Example Area Positive Example Area
e Negative Concept B Positive Concept e g ) ’
> 1. 3. 4. 5 6 .0%
B 4(a) HESHI2=v F OBUTHIO/E
(P =v F2L) 4(b) Sz =y F OEEAOKEUTIOME
Fig. 4(a) Similarity matrices of the 5th output Fig 4(b) Similarity matrices of the hidden units

unit without hidden units. for the output unit.
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G (x5)
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-
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-0.1}
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X 4(c) FESHMHz=v r OELTROHE
(P2 =v bdHb)
Fig. 4(c) Similarity matrices of the 5th output
unit with hidden units.
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