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Main Points

1 Need for good representations of complex neural
networks

11 Generic neural interpreter provides greatest
representational flexibility

1 Explicit representation of control architecture
permits generic interpreter

1 Attribute grammars generate classes of neural
network architectures

1 Hierarchical grammar design permits useful
genetic representation of complex neural networks



Complex Neural Network?

1 Heterogeneous

— multiple types of neural processing and
learning behaviors

1 Highly variable topology
— few limitations upon topological possibilities
1 Scales well

— network works efficiently for large problems.
May require a disposition towards functionally
distinct sub-structures



Representation vs. Interpreter

1 SiImple representation requires complex
Interpreter with many assumptions
— Inherent In direct or parametric encoding
— Typical of current grammar encodings

1 Complex representation permits
manipulation of many network properties

11 Simple interpreter for arbitrary network
design is not provided by current neural
network research



Network Modeling Approach

1 Extended definition of a neuron to include
multiple signal types

1 Different signal types permit nodesto
implement network control behavior

[ Basic neural interpreter which models only
the passing and receipt of signals



Basic Neuron Model
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Control Node: Stable Activation Detector

Output connections to other A
nodes, sending the same S signal

If al activations are within
epsilon of previous values,
return an Ssignal of 1, else 0

Store last signal on each
connection

Receive activation signals
from all other nodes
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|llustrative CFG Productions

Start:
M ain:

S 2N
N 2 CM

Topology: M =2 seq(M,M) | par(M,M) | node

Control:

node:

C 2sC|tC|z

stable activation detector

stable feedback detector

Initiate learning node
activation+feedback processing node



Attribute Grammars

1 More powerful than context free grammars
1 Still produce nice simple parse trees

1 Hierarchical design permits distinction
between functionally different components
(e.g., control nodes vs. processing nodes)

1 A complete network representation may be
formed In the attributes of the root symbol



Attribute Grammar Production

Production Context-Free Production
— Name /
SEQ: M; > M, Ms
(synthesized)

In_Nodes of M :=In_Nodes of Mj;

Out_Nodes of M := Out_Nodes of Mj;

All _Nodesof M, :=[All Nodesof M, [ All_Nodes of M4];
Connections of M4 := [Connections of M, I Connections of M,

/ (1 full _connect(Out_Nodes of M,, In_Nodes of M3)];

Attribute
Evaluation
Functions



Network Generation Process
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Attribute Grammar Derivation Trees as
Genetic Encoding

1 Subtrees exhibit strong semantic identity
1 Trees are compact compared to phenotype

1 Grammar design promotes modularity of
the phenotype (i.e., modular topology)

1 New productions may enhance compactness

1 Coarse phenotype structure may be
represented near root of tree and fine
structure near leaves of tree



“Strongly-Typed” Design

1 Each non-terminal symbol in the grammar
may be considered as a distinct ‘type’

1 Genetic operators may be designed to
preserve symbols, thereby preserving type

11 Ensures legality of complex genotypes
1 Allows logical manipulations of phenotype

11 Permits invariance of certain phenotypic
characteristics



Conclusions

1 New modeling approach which permits a
simple neural interpreter

1 Attribute grammars may define a class of
networks based on this modeling approach

1 Explicit inclusion of control architecture
permits manipulation and hybridization of
network control behaviour by evolutionary
PrOoCesses



