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SYNOPSIS

Active memory system aims to extract the information through the relations between its own actions and re-
sponses from the environment to overcome the limitations of the traditional intelligent processing systems, such as
the frame problem. To construct the active memory system, the representation of the relations becomes important.
However, if the relations must be defined in advance, the active memory system would face the frame problem
as the traditional AT systems did. Therefore, the active memory system must have the capability to extract the
relations from its interaction with the environment and reorganize its memory autonomously. We refer to the
relational association in hippocampus, which is told to have a capability to extract relations in human brain, and
investigate the information coding and computation schemes on it. The word ”active” in the term ”active memory
system” has two meanings: active information acquisition and active reorganization of its memory contents.

In this report, we summarize the background of the “Active memory system”, the current status of related
researches, and research topics of the “active memory system”. In Chapter 2, we describe the frame problem in
AT field and affordance theory as a background for “Active Memory System”. In chapter 3, we first summarize
the visual system and visual computation theory of humans. Then, the relational association in hippocampus is
described, and the current status of the researches on information processing in the models of the brain is pre-
sented. In chapter 4, the researches on information coding in the brain, spiking neuron models and attention are
described as necessary technologies to build Active memory system. In chapter 5, we describe the research topics
for constructing the Active memory system, such as: the representation of relations, the functional interpretation
of hippocampus and information coding. In the final section, we describe the two dimensional pattern recognition

system as a simple example to prove the ability of the active memory system.

KEYWORDS:affordance, binding problem, neural network, brain, vision theory, spiking-neuron, attention, hippocampus, relational

association, relation
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(1) O0O: Fred Rieke, David Warland, Rob de Ruyter
van Steveninck, and William Bialek “Spikes: Ex-
ploring the Neural Code” (MIT press, 1996.12) (O
ooo)

(2) O0O: Wolfgang Maass and Christopher M. Bishop
(eds.) “Pulsed Neural Networks” (MIT press,
1998.10) (0D O D)

O O O Wolfgang Maass and Christopher M. Bishop
(eds.) “Pulsed Neural Networks” (MIT press, 1998.10)
(00 “PNN’O00)0000000C00O0OOOOOO
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e Implementations (00O O)

e Design and Analysis of Pulsed Neural Systems (O
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gboobooobooobbobooboobboooooobo
oobbboOoooogon

gbbooboooooobooobooboon
oo

000000 (theneuralcode)JODOO0OOOOOOO
ggoono
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The Flynculus

The little fly
sitting in the fly’s brain
trying to fly the fly.
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gooo

gbooogoboboobobooboooboobbo
gooboodoooobbbooooobonoonoo
obooooooooaoo

000000000000 (Information rates and
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0000000000000 (signals with realistic
time dependencies) 0 D00 0000000000
oooooo

—oooooooooboooon —

goobobooboooooo

goooooobooboogooo

goooooooooobooogo
000 (more natural temporal correla-

tions) 0000000000 OOO

00000000 00o0o00ooooo0ooooo
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4.2.2 pulse codes1: “PNN” 00
spike timing O 00 O pulse codes 0 OO0 O O{

“time-to-first”, “phase”, “correlations & synchrony” }

0000U00o0O0O0o (DO 4400)0

1. “time-to-first” ... OO0 O OODOOOOODOOCO
00o00ooo0oo0ooooOooooooooo@o
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0000000000 (asingleevent) 00000
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O00000o00oooo0)oooooooooooo

goooooooooooooobboooooon

obodoooooboobooboboooobooooboon
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gooogno
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goboooooobobobooobooooog
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Jobobobo0o0ooobobooooobooboooo
goooboboooboooobooobobooa
godooooooooobooboobouoboboa
Joooboboooooood

4.2.3 neuron models: “PNN” 00O
“Spike Response Model” (D0 OO0 O00DO) 00O

goooooooood

e y;; neuron: JO0O0O00O0OO0O
e /: 000

e U0l:u;, 0 000000ODODO newron¢ O O00O0O
ooooog
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A) time to first spike
P

stim ulus/saccade
B) phase

background oscillation

C) correlations/synchrony

0 4.4 pulse codes0 O 00O O. (A) “time-to-first” spike. O
ooooooooooooooooboboobobooboo
0000000000000 000000(B) “phase”. 00O
00 (Do)ooooUoooUoUoooOoUUooUOOooOOUO
O00(C) “synchrony”. 00000000000 OOOOO
00000000000000000000(@0O “PNN” O
ooo)

et¥):y,0 pOODDOODODODODO

Fr={t1< f<n}={thu(t) =0} (41)

cneuwron: 000000000

#+{) opoooooooooooo

e 1;: arefractory function(D0 00O 0) 000000
w, 00000000 ooobooooooooo
O0s<00000On(s)=000s—-000000
n(s) = 00000

I'; = {j|j presynaptic to i} (4.2)

:neuron: ] j €I, D00 neuron j DO 0000
ooo

e ¢;;: neuron j U0 neuron : 00000000000
O0000000s<00000O¢4(s)=00000
(00OCOUDoO4500)
goooooooooon g, 00000000
“EPSP”= Excitatory Post-Synaptic Potential 0
00000000000 000000 ;0000
000 O “IPSP” = Inhibitory Post-Synaptic Poten-
tial OO OO0

e w;;: ¢;; 00000000 Oneuron j 00O neuron
0o0ooooooon

o H(s):
H(s)=0,s>0000 H(s)=1)

Heaviside step function; ( s < 0000

ugbob w, 0ooooooocboobboooogooon
ood

e JJUIDUUODOULDnOOODOOODODO
e ;0000 newron OO0 OO OO0

goboo w 0000000000 000b0o0040o
gooooooo

Z ni(t—tgf))+z Z wijeij(t—t§f))

N er, JET: 4D e,

u(t) =

(4.3)
O (4.1)- O (4.3) O “Spike Response Model” (SRM, O
0000oooo)oooooo

4.2.4 pulse timing 000 00 (Hebbian

learning) 0 00 0: “PNN” 000

00 00O (Hebbian learning) D0 O0O0O0O0O0OOO

00000 (unsupervised correlation-based adaptation

mechanism) 0 00 0000000000000 0O0OO

coooboboooooobooOoooooooooooon
ooooooooooooo

e J0ODOOOOODOOOO O

e U0ODOOODOODOOO
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O =t @)
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tJ ()

0450000 w00000 7 e00. (0000 w(t)000 ¢ 0006000000000 w()000000000

000000000000 n(t—¢tY) 00000000000 p(s) 0 s=0000000000000000000000(b)

D000 w(t)000 ¢ 0000000000000000000 &;(t—-¢)0 s=00000000000000000

J

wi(t) 00000000000 0000000 (EpSP) 00000 (IPSP)00O0ODOOOO(MO “PNN”OOOO)

gogbbooboobobooboobo
gobooboooo

e (D0UDOUOUODL)ODOOOODOO
e IODOODOOOODOOO

200000000

4.2.4.1 ogoooooodo
194900 D. Hebb 0 OO DO OOOD0D0D00000O
0000000 (220

00 AODO0OOO0O0 BOOOOOOOCOO
uboooboobooboboooooobooo
oob BOOOOODOOOOOOOODOO
gopbooobooobbooobboooooog
oo000oooooOooooODOO0 pOODOOO
ooooooooooooo Aoooooo
oogd

Hebb OODOODOODOODOOOOODOODODO
goooooobooooboooobooooboobooooon
gbobooooboboobobbOooooomooan
O0O0O0O0O0O0O0000ODO0OD0 HebbOOOOOOOOO

0000000000 (correlation-based learning rules)
000000000000 (Hebbian learning) 0 00 O
gooo

v; 000000000000 000dy, 000000
goooobooooooooob Trooooooobo
00 ;0000000000000 w; 000 Aw;;
oboooooooo

Awij = CijViVj —+ C“‘l/i2 —+ ijl/j2 +b;v; + ijj + a. (44)

0 (44)000000000000000000000
0000000000000000000000000
000000000@0O0000: ¢}, cyv; 000
ooooog)

0 (44)00000000000000000000

Aw;; = n(v; — D)y; (4.5)

0O 4500 (44)0 ¢ = n,b; = 0,bj = —n,¢ci5 =
¢;;j =a=0000000000000 (450000
ggooboood vz Obpvobobooobbbod
0000 (=00)00000000np< 000000
(45 000000000000 v, OpOOOQUOOOO
oboooooooooobd
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0440 HebbO OO DOOOODO [23],[24]
Awij = F(wij; Vi, l/j) (46)

000000000000000 FOOOOOOOOO
0000000 (46)000000000000000
0000000000000000000000000
0000000000000000000000000
0 (44000000 HbbOOOOODODODODOOOO
000000000 (00000000 [25), [26], [27],
28], [29], [30], [31], [32] )D
00000000 w; 0000000000000
0
0000000000000000000000

e ()00000000O0DD000O0OO0 (O (4.4)0
000000)000 w,; 00000

o (i) w,;; 0OODODOODOOODOOODOODODO

e (i) J0D0U0DDOOOODODODOUOOCOD

0000 () 0000 0wy + Aw; > w™® 000
wi; +Aw; <000000 w;; 00000000

000000000000000000000000
0000000000000000000000000
0000000000 (33, (34 0000000000
00000000 (OO0 [35], [36], [37), [38], [39): O
00000000 [40]00.)0

4.2.4.2 00000000000
D0D000000D0000000000000000
0000000000000000000000000
0000000000000000000000000
D000000000000000000000000
0000000000000
S oo
D er
Do0Doo0o +) 000000000000D0OF,
0, (04 00000000000000000000
000000000000000 (0000000)00
000000

Z S(t t(f)

teF,

ooooooo +) 0000000000 000000O
F,000000000000000000000000
00000 (time window) 0000000000000
0000000000000 000000000000
(0000000000000 [41]00)0
000000 200000000000

1) — ¢ <5

D0000000000000000s=¢" -+ 0
00000000 W(s) DOOD (a learning window)
000000000 TO000000000000000

0oooo
T T
/j/ Wt —t)S;(t)S;(t)dtdt’
0 0

5 T
+ b / S, (£)dt
0

T
+ @/ S;(t)dt + Ta. (4.7)
0

Awij =

0000000000000000000000000
0000000000000000004600000
(47)000000000

/0 Sk(t)dt:nk(k:i,j)

0000000007 00000000 (k=)0
(k=4 00000000000000 (47)0000 7T
00000000000000000 (000 s=¢—t
0oo)o

Awij 1 T T ’ ’
T = 7 /O /O W (t' — t)S;(t)S; (t)dtdt
b~i T
+ = /0 Si(t)dt
b, [T
+ i/‘&@ﬁ+@ (4.8)
T 0

W(s)OOOsOOO T>>s0000sO0000O0O0OO
tco 0000000 48)0000000DOOOO

w,; / W(s
+

5(1)) + b;(S; () + a. (4.9)

t)S;(t + s))ds

OO0 ()00ooTOoooOooooooo

(Si(t)) = v,
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0.0-—x
_02 T i T | T | T
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A |
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Awy <
% = L[ W (s)ds|v;v;
+ by + by +a. (4.10)

0000 44)00000000000000000
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b; = b;/T
bj =b;/T
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0000000 limited consciousness (0 0 0 0O
0oooopoooooooooooooooo
000ooooooopooooooooooo
0o0o0ooooooooooooooooono
Jdo000oooodooooboooom 20
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0000000000 consciousness 0 OO
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nomenology 0 00000000 OODODOOO
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o0DO0o0o0oo0ooboDbOOobOOooobobboo
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4.3.1 0O0O: “Attentional Processing”
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00 (computational procedures) 0000000 O

ooooooooooooooooooDoooo
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200000000000 (an algorithm of atten-
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edge of the anatomy and physiology of neurons and
neural circuits) 0000 0000000000000
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0000000 O0D0O0DO (express attentional pro-
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3.00000 (expression of attention) D 00000
000000000000 00000 (a variety of
indicators: behavioral, physiological, and experien-
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0000o0o0o0oooO0oooo0(ooooooo
oooboboooboobooboooboooboon
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e (1) JI0D0OU0OOUOOODOD (neural circuits be-
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00 (1)0000o0o0ooU0ooooooooo
000 (the algorithm embodied in the thalamic mech-
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4.3.2 [O0:“The attentive brain” 00 O
oo
4.3.2.1 000000000 (1):  ab-

stract
Joboobooobooooooobobooooo
goo00oo0obO0oooooooooooooooooo
godbooooobobbodooooooooood
gododbodoboooooooooobouoooon
00000 0o0o0oooooooooooooobooooo
goooboboooooooono

fK K B B B

REaSLHD
Eiilial

ELE A0k i

EE (hi#p)
i

NE=—2—08>

b E MR A o D
KIDEA S

LTS — 'y
mEEE

04.700000000000000000 (0O “Atten-

tional Processing” 000 0)

e 0 (selection)
e 0O (vigilance)
e 00 (control)

gobobooo0oooooooobooooobbo
gbooboboooobobooooooobooobbbooooo
gboogboooobobobooooboooboboboo
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A2 OO

Most practical applications of artificial neural net-
works are based on a computational model involving the
propagation of continuous variables from one processing
unit to the next. In recent years, data from neurobio-
logical experiments have made it increasingly clear that
biological neural networks, which communicate through
pulses, use the timing of the pulses to transmit infor-
mation and perform computation. This realization has
stimulated significant research on pulsed neural net-
works, including theoretical analyses and model devel-
opment, neurobiological modeling, and hardware im-
plementation.

This book presents the complete spectrum of cur-
rent research in pulsed neural networks and includes the
most important work from many of the key scientists
in the field. Terrence J. Sejnowski’s foreword, “Neu-
ral Pulse Coding,” presents an overview of the topic.
The first half of the book consists of longer tutorial
articles spanning neurobiology, theory, algorithms, and

hardware. The second half contains a larger number of
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shorter research chapters that present more advanced
concepts. The contributors use consistent notation and
terminology throughout the book.
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Kempter, Wolfgang Maass, Alessandro Mortara, Alan
F. Murray, David P. M. Northmore, Irit Opher, Kostas
A. Papathanasiou, Michael Recce, Barry J. P. Rising,
Ulrich Roth, Tim Schvn auer, Terrence J. Sejnowski,
John Shawe-Taylor, Max R. van Daalen, J. Leo van
Hemmen, Philippe Venier, Hermann Wagner, Adrian
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B.2 00O

Our perception of the world is driven by input from
the sensory nerves. This input arrives encoded as se-
quences of identical spikes. Much of neural computa-
tion involves processing these spike trains. What does
it mean to say that a certain set of spikes is the right
answer to a computational problem? In what sense
does a spike train convey information about the sensory
world? Spikes begins by providing precise formulations
of these and related questions about the representation
of sensory signals in neural spike trains. The answers
to these questions are then pursued in experiments on
Sensory neurons.

The authors invite the reader to play the role of a
hypothetical observer inside the brain who makes deci-
sions based on the incoming spike trains. Rather than
asking how a neuron responds to a given stimulus, the
authors ask how the brain could make inferences about
an unknown stimulus from a given neural response. The
flavor of some problems faced by the organism is cap-
tured by analyzing the way in which the observer can
make a running reconstruction of the sensory stimulus
as it evolves in time. These ideas are illustrated by ex-
amples from experiments on several biological systems.

Intended for neurobiologists with an interest in math-
ematical analysis of neural data as well as the grow-
ing number of physicists and mathematicians interested
in information processing by “real” nervous systems,
Spikes provides a self-contained review of relevant con-
cepts in information theory and statistical decision the-

ory. A quantitative framework is used to pose precise
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questions about the structure of the neural code. These
questions in turn influence both the design and analysis

of experiments on sensory neurons.



