.
v
N ’
~
. \ *
‘-
+
U .
AN
L]
 d
-
®
t
PR !
.
)
L
.
- q .-
[l
.
-
s
N
BN
\\
o
k] -~
.

L

-
»
<
.
A Y
. -
~
.
'). ~ -
Wy
- N
A3
N

Pfesented in Partial Fulfillment of the Requlrements for )

TR

COMPUTER SIMULATION STUDIES

' OF NORMAL, AND ABNORMAL NQRAL T
o ‘ . AN

“ S~ \ . NDTS .7 /

v, »

.Basim A. Aziz Assaf = .

o v r

: // ’
‘ &«
"' *. . A Thesis
; . \‘\\i‘n .
- . ) ~ \: ”: . .
The Department
. - , * ‘\\ . , .
. - - : NN\
D c ©of \ |
. , i ¢ _
‘. Physics L AN
A i

s
o

’

the Degree of Doctor jof PhllOSOphy at
' Concofdia University  ° :

« Montreal, Canada ,
September, 1974 P
- N ’ M v
- . S g
S ¢ : Co
- ° s ' A
f \ ' v
\ R ' .
% . ® : ' ! v
¢ ‘ . '-v-m.m

Basim A. Aziz Assaf

&

I )

»
.

=




L ABSTRACT e -

! '
. . .

2’ ) . il Computer Slmulatlon Studies . )
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o

X ] N

Computer simulation studies of the behav1our of -

randomly-connebted artificial neural nets is presented.

k! ~ A ! »

These studies show that nets connecteq according to the

PN

same dlstrlbutlon law are characteflzed by dlfferent behav-

- » ~~

ioural patterns. The studies also. indicate that these

\dlfferenCes 1n behav1our can be traced togthe dlfferent'

oscoplc connect1v1t1es of tHese nets.; Statlstlcal

e

\‘m ”

analysis of the frequeney dlstrlbutlon of the connections”

of the cells 1p these’ nets.seem to support the view that
the Qifferences in the microscopic connectivity pa%tefns
of these nets lead to. different behavioural characteris-
tics.: In‘this study the EEG histogram of the nets is B

'fused to cla351fy them 1nto normnal and abnormal nets. The

e

behaviour of the nets.

i
o




“1

‘dizﬁen,of the theoretical section of the EEG igtivity. He

A

co ' ACKNOWLEDGEMENTS : .

Y l ‘:\ . ' -I . . ) A -
+ « The author would liké to express his deepest

thanks and éppreéiation to his advisor, Dr. P. Anﬁinos,
: ‘ : : .

whose ‘guidance, encouragement and aitive particlpation made

this work possible. He would also like to thank the ‘,Qlembérs

of his examining committee for regadingethis thesis and

-

offering their comments. 1In particular,.he WOu;d:like to
» .

- . 1
thank Dr. S. Raman for his suggestions regarﬁing the ad-
i .

L4

would also like to thank his gfaduate'progfamme advisor,

Y

Dr. D. Charlton, for his patience'and‘understandiﬁg”and,

- e (S

his previous rebearch advisor Dr. A. Smith. "~The author _.

. "alsc wishes to thank Mr. V. McLeod of the Computer Science

»

Deparémenﬁl?&r his.help. with -the érogramming and 'with the
. ’A'~.-. .
use of the overlays.

- . ! - |
- ~ - .

-

The author also wishes to express his thanks -

-

‘and apprecgiation to his wife for her patience and encour-

agement. he would also like to thank his friends Mr. and

' Mrs. T. Al—Shéikhly for their help'in drawing‘some of the

.
i

figures. ' v ' ‘ ' »

L

e, I




i M ' ?
. - ) M Sy
. /\\\rx:\ , . A
- .o .
t N .
) ' ' TABLE OF CONTENTS o
.\ . - "
- I ! r‘ ’ ‘ !
W . ACKNOWLEDGEMENTS ~» . . . . @ ... . . . . . . . . .. ii. "~
ABSTRACT_' . «? - o e . e e .. o . ' . ; . Y " . o, = ‘e \I:.ii ’
) E%BLE OF CONTENTS & I & v o v o o i o o ae v o o, & v
. ' ‘? \ "\ . .
. ’LIST .OF ILLUSTRATIONS S N R v i
° .LI§T OF SYMBOLS . . . . S e e n e e e Jovii
. Chapter . ' : °
: . I. .INTRODUCTION . . . .".'¢ v v o o v o « o 1
. , 1I. NeuroPHY®IOLOGY . . . . . . . v ... ... 9°
.. III. THE NEURAL NET'MODEL . ... . . . ... . . . 15,
‘ , . ‘A. The Netlet Model . . . . . . . . . « 15
. . . ‘B. Dynamlcs of Slnlge Isolated . Neutral }
" . Nets .+ . . .0 . B
) C. ' Computer Slmulatlod of Neural Nets' . . 22
oo ~— '
) V. COMPUTER SIMULATION RESULTS T .+ . . .. 30 \
- Ve DISCUSSION i «.eve o v o o o o o« « 5. 63
~ &= - ~U, s
. . A. Criteria ', . . S
' B. Gaussian Character of*the EEG'. . . . . 64
- ' C. Theoretical model.of the EEG Act1vxty .- 68
. . e ,P. Presence of Cyclic Activity . . . . . .81 £
g E. Effect of Mlcroscoplc Structure on, Net o
- ) Behaviour.. . . = « « e« s+« +« « .« . B85
F. { The ex1stence of neural multivibrators. - 92
_ VI. .CONCLUSION . .'. . &« + « « v-e o & u o . . 100
v ’ . REFERENCES . . ./ . . - : . . . . . ‘. . . [ . . . . . .104' »
APPENDIX, + + = o v o o o o o s o o o o o« o+ . 108
- : 3 . ‘ - .
*E"'." 3 .. . .
. o iv o
) 4 .
' ' -4 '
A . . i .
. ' .v ’ 4 C
- ) Il ! ’ !
A3 . \\— o



&
-
[ S ‘ ILLUSTRATIONS -
i Vo ' ’ '
Figﬁre ¢
— | 1 |
. 2. a; vs. ag for Net 2.." . . . . . .
- 3. o) bst ag for Net 5:. o o e ale e s
= 4. Inhibitory Array. for Net 1° .
5. Inhibitory Array for Net 2 . . . .
6. Inhibitory Array for Net 3 . . . ...
' 7. Inhibitory Array for Net 4 T
. 8. Inhibitory Array féf Net 5-. . .
l 9. Total Number of Incoming Con-
. . nections for Net 1 . . . . . . . «
R 10. Total Number of Incoming Con--
| nections for Net 2 . . . . . . .
| i 11. °Total Number of Incoming Con-
t nections .for Net 3 . . . . . & o
: « -’12, Total Number of Incoming Con-

- o . . nections for Ket 4 . . « « « « « .

13. Total Number of Incéming Con-
nections for Net 5 . . « . ¢« « o .

Total Number of Inhlbltory
Incoming Connectlons for Net 1 e

Total Number of Inhibitory
Incoming Connections for Net 2 .

Total Number. of Inhibitory
. Incoming Connections for Net 3 . .

. .17
. 18. Total Number ¢f Inhihitofﬁﬂ

19. Total Number 'of

20, Total Number of atory
Incoming ConnectlonS'}or Ne® 2 . .

v

s for Net 5 , .

.
.

21
33

© 34

36
37

38

39

)

40
42
43
44

45



“

Total Number of Excitatory Incomlng ’ '
Connectlons for Net 3 . . . .. o . & . . . ¢ . 54

= N
‘Total Number of Excitatory Incoming Connections o E
for Net 4 . . . . . ¢ ¢ . v ¢ v it e 4 emaie o 55 T T

Total Number of Exc1tatory Incomlng Connections »%
for Net 5 L] L] - L] . L - - l . L] - - - - .I ‘Q » L] 6

EEG »Histogfam fo; Net ]. s . - . -’ (S . . e . 58 ' - ' *»

EEG Histogram for Net 2 . . . . . . . . <. ... . 59

EEG Histogram for Net 3 o . « « «.t w « . « . . 60.

L Y
.

EEG Histogram for N 5 . . 0. . REETEN e . 61 \_

Theoretical EEG histogfam of a net connected . -
according to the poisson distribution law. Th
broken line- represents the expected’EEG fre
’ lf they are normally dlstrlbuted .« . .

Theoretlcal values of .a a for a net
connected accordlng to %ﬁé p01558n distribution

law . 20 - - - L] . . . . . ., o‘ . - L] - . 3 .o'. . ‘78_
An astable “(free runnlng) multlvrbrator c1rcu1t .
diagram ... . . ¢ .. o 0% o T, .0 ... 93

* 7 B R . ’
S
’ . .
.
[ = e FL
.
‘V
- L]
L4 N . . £
) g ~ a L ve ?’ .
3 . [
\ ° » 0 [ . r}
« : . . ¢ . N
- \ s
Ed ;gi
-~ - . -~ ' 4 -
. a v . b ¢
. «
hd ]
- a . s . -
- . ’ - -
. 3 N ¢ [
-
. L
* “~ < R N ° - -
.
- . . °
\ . . N
, -
’ - : e s -
1, *> . t '
.
d L
.
N a
v
- N .
» . i P ®
\ . B ' LN
. ¥
' + . L}
. . 8
. .
vi .
[y . -
. .
™ . R
- @ .
' -
. : M
¢ ' ! .



i
: . : - N ot -
o LIST OF SYMBOLS SRS .
; . . ) - . ! . ‘.' 3 . ’ R .
. -~ A + The number of neurons in the het. i X ' "
. . ‘s ! » - « t ",
. . . - M . R R . . . . V]
: r The refractory period. .
: _ " 1 ' .The synaptic’delay. Lo .t < , "
-2 * ) - N — . . ): , . . B | ‘
: h The fraction of inhibitory’neurons in the net. . v
ﬂ'v . + * * . . 5
. : U Average number of axon branches emanatlng from an - . '
L ’ excitatory. neuron. ' . Lo
ap Moo . . -
. o ' Average number of axon branches Emanatlng from an ¢>
. lnhlbltory neurbn. ‘ ¢ 'y . ’
. . + ‘- . A F: * v .~
. K Average EPsP prqﬂuced by an excitatory neuron in . - -
b I arbitrary units of amplitude. .o S
i . . . v ! . . :
K, Average IPsP produced by an 1nh1b1tory neuron in
] arbitrary. units of amplltude‘ R . :
o T 1
.. .8 - Elrlng ‘threshold the neurons. - - RN ’ - |
s . 5 i ., ’ : v .. R .
L . - - ] <
.o = ! n' The minimum numbexy|of EPsP's nécessary to.grigger a .
’ ' neurxron ' . : T .
A .f . . : \ ! - | ) . ) ' : ) )
. : Lo The fraction of’active-neuronslin the net at ¥n=z. At s
o I » ° AN o b ’ . M . : . ' ’ te- ‘ :»\ o .
, S Stdandard deviation. D - L o ol
] L . i . -
- ™ T . Lo . ) -
T X  The weighted mean: . 1. Cos .
- ©~e » o The fraction of external incoming connections.
. , ) . 1] - . . - .
i r (I( ! ¢ i ' ’ / - - ® !
v . ‘ .
. ' ’ / , - ) - - ———— . .
| b . L. A : - ’ |
) » , / = - Ve '
e / , " . e oL ‘
. F o . v . T IR |
. : ~ . . . ' Ve |
i s - ‘ d‘
' t . .b’ J
a - ‘ i | ' ’ ? - !
- : oo
. ~rh . ' . 4 Vll ° | *
. ‘ ’ ' \ - :
- : - . b J



o S ] .
L} \ - .\
A A .
B ’ ',
\ ‘. ., GEAPTER I . Lo
[ - o - . Q . ‘. ) iy
. e -~ ‘ . ' ,‘
S INTRODUCTION - o 4 .

" - { '

This thesis is concerned with the normal and abnor-
mal operation.of’artificial®neural.nets -and'thé relationship

‘between the strugture and " function of these nets using com;'

puter simulation. _ e :

. 4 A

) . , , P .
Nerve net modelling has been a subject of -extensive

‘Q
.

research in recent years. In 1943, McCullockgand 'Pitts used
Booleaﬁ aLgebra ana they appiied symbolic logic to neural }‘
functlonlng by exploring the logical capabllltles of a o

detergﬁnlstlcally connected network of formal neurons.

\ » . p)

Rochester et al (1956) used computer 51mu1atlon techniques

ﬂo study a network of q}lasa:randomly connected neurons

1
-

con51st1ng of axons with excltatory agd inhibitory 1nputs'

and demonstraped that the system exhlblted reverberataons Jin

response ‘to inputs. - Farley and Clark (1961) carried out a

A -

- similar study in whlch they 51mulated a net of 36 x 36

'
,neurons in wkich the 1nterconnectlons were spe01f1ed by a \Y

two—dlmeﬂﬁﬁpnal grobablllty dlstrlbutlon. They included

temporal and spaglal\summatlon but did .not include inhibitory

connections. The result of their work showed that a xandomly .
¢ - ' . ) .

connected network can eihibiE,sustained ostillation under

" J




a

. certain cohditions. :Rley also -confirmed Burelets mathe—

lective modef” of excitation in neural networks and the -

approach toward the analysis of'networks of simulated neurons

- * e -’

~matiecal énalysis (l"956) that the aétivity; in the netl“coﬁld' .

' ., P - -
NP . b .
lead to either saturation or quiescence,

° g

[ [

. v, .
Minsky (1956) studied the properties of randomly

connected nets and Von Néumann (1958) obser/ve‘d the analogy

Al [

between: neurdns and the logical elements in a computer,

while ‘Lewis (1964) designed an ‘electronic model consisting

-~ \

of a set of 'acti.ve non-linear electronic’ circuits cd‘n'nec_{:ed
a';n‘pérallel_ to ;eprodu'ce the ph~y‘siolog,1'./cal data published
by Hodgl{in -and Huxléy (1952) about the changes in the axonh
membrane tﬂrrent oj\f thé"squid. Harth and Edgar (1967)
dinvestigated the cognitive functioﬁé of highly fiamped'rap—

domly connected neural nets and found close analogies L
between’the function of the net and the associated functions K -,
W « i . )‘ . ' . *
of the cerebral cortex.. ' . ‘
» Other theoretical works on Tnetwork n{odelling were

v

perfornfed Ly Cainaniello et al (1967) who investigated col-

‘conditions leading to them. . Wiener (1965) and also Cowan '
(1968) used the ~téchr;iques" of statistical mechanics. and

Ricciardi and Umezawa (1967) applied.the férmai]:ism of the )
. 2 g N
many-body problem to describe neural hets.

$

A}
",

. : Smith and nravi:dsoﬁ (1962) used a probablistié v

\'oo

k]
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having properties similar to those of biological neurons:.

1

- - 4 .
By using both digital comﬁuter simulations and theoretical
f : t ” Vi )
{analysis they showed that 'those networks were capable of
o N . . . o
. supporting self-maintained'®activities. } :
. . . vy - \
e : \
- 1 . .

o Anhinos et al (1970)'studied‘ahe dynamio oroperties
of probabllstlc nets u51ng analytical methods and: computer )
51mulatlon for steady and slowlysvarylng excxtatory or
rnhlbltory 1nputs and found out ‘that thereawas a high pro;

bability for the ex15tence of cyclic activity within the

wnet. Harth et ai‘(l970) used the mathematical method.and

<

the numeric results of Anninos et al (1970) to view thé

central nervous system (CNS) as a nétwork made up of basic v
i - e "t

building b)ocks called the hetlets out of which comglei

nets ma&lbe asseﬁbled. ngy presented a model based on ’ .

R

thls andén other anatomical and” phy51ologlcal data and - -
.& 2 .

applled the " concepts of netlet 1nteractlon to information

processing in the cortex.-

-~
% .
. - . €
)

a/F "Harth et al (1974) presented a dynamlc model based

H

on the neural net model of Anninos’ et al (1970) and Harth . ‘,
et al K19§Ql*to explaln the neuromuscular mechanlsms ) !

ontrolllng the sw1mm1ng escape sequence,of the

anOIVeq*

T mollusk Tritonia and showed that the dynamlc characteris- . -

tics of the escape can be reproduced by a neural net model
They also showed’ that Ehe functlonlng of the model ﬂepended

on'the macrostates of the neural population rathernthan on 4

. ] R
- = E)
\ ’ -
. ~ .

) A
- r‘.‘




. < - "y AN 4 .
'theodetailedfspatiallg and temporglly defined microstates.

» . . -~ R
The effect of structure on the flunctidn of neural
- 2 = ;

s nets was investigated by Anninos and Elul (19748) in which

a theoretical analysis was made to study the effect of

i

different connect1v1ty laws (Poisson and Gau551an) on the .

. -

dynamic’ behav1our of the - nets. They found that nets w1th

L . .

connections, distributed accqrdigg to the Poisson probabll—

"ity law exh1b1te<i sustalned act1v1ty; whereas nets con-"

- / h

nected according to the normal probablllty law were not .
[ .

.’ capable of sustarned actiwvity. ' P
‘ [y ' .‘ ’ . ) [ ’I

. ;The'use_of network médelling to eéxplain pathologi-

'cal and abnormal aotrriéies and to relate anatomical con-
Lo . ) > 9 .

. figurations to network activity has been investigatéd'by )
. . «© 7 * - ’ v,

very few workers. . ‘ o !

1 : b

- _Dichter and Spencer (1969} used a model consisting
of an array ‘of elements connected to one another through

. N a
both p051t1ve and negatlve feedback of varlous strengths to

explain the abnormal activaty 1n.the'penlclllln focus and

demonstrated that a network of neurons could generate

»
"

trlggered self llmlted responses show1ng many of‘Fhe features

* 1

.0of the experimental'ictar dischargescxfthe penicilIin focus.

+

4

Rashevsky (197law 1971b, 1972) used models consist-




of excltatlon and 1nh1b1t10ﬁ. From his studfes of the
‘! N P - 0w

‘role 'p,léyed by these circuits, he cohcluded that the mech- it

anism. of thése 01rcu1ts -could ‘serve as the orlgln af - '

o :. -~

pathologlcal fluctuatlons such, as epllepsy and depression’ - — -

_— ‘-—— — v w '

B and of normal and creatlve thought . s L.

) N o

6 . ' ¢ e -

LI

. Cyr*flnl)ﬁ et, ‘al (19’74‘) showed that a randomly 1nter- : ’

v [

connected\neural net was capable %f exhibiting the features

\' of Parkmson S dlseas% like »bogwheel rigidity, rest:.pg 7

7

" fremor and dysdiadochekinesis. L . ‘ |
i ' . 5\ ’ . i Hr’
?"“ - The relationship between the anatomical structure *

. L0 S

and the normal, and abnormai functlonlng of the mammallan
netvous system is still largely un)snown‘, due- to the compléex’

structures of the mammallan brain a'n:f‘ to the dlfchulty
¥4
-involved in such studies. One po'é’smle approach to thls‘

“*

. , . ‘ , A
- problem is through the use o0f nerve net. medels. In this

p . A
thesis we ark 'going td,-itudy tlre effect of the microscopicé:’ .
structure of a randomly interconnected artificial neural

» net on its function andt‘e'amlne whether or not differéences

in the microscopic structure "and connect:lv:Ltles of these s,
. & ° o
", neura‘l nets lead to differences in the operation 'ad_

behaviour of these nets. .

. ' ~' ' )- ;

. Mo,




- those‘uSed‘by Harﬁqet“aI

o " . according to cpitérion 1

The generei'prope;ties of the Aoael we are
gdiﬁq,to use in this thesis ere esgentiallyfthe same as
; (I970)~~ WhéféEs’?hey”we;e“ ) .
1nterested in the effect of varying the firing threshold

v

,of the neutrons on the dynamic behavéour 6f neural nets
we aredebncerned with the effect of the v;}iatiohs of
microecopic §trueture on the dynamic Behaviour of the
nets:, This is'done by examining the effect of.different

3.

) 'cpnnecxiyity‘patterns‘on network activity when the firing

threshold of. the neurons is kept fixed. Our main objectives

~ i , . !
are: : , .

s

1. To pompare Ehe 'EEG hlstograms of the dét1f1c1al

»

‘neural nets w1th the-normal dlstrlbutlon curve. The

X2 g@odness-of f1t method will. be employed to deter-
mine how well the EEG histogram of each net fits the
normal dlstrlbutlon, . /

. Te classify the nets into.nofmal and atnormal nets
o . ; ¢ )
.- A net~wﬁose EEG pistogram
£its the norwalldistgibution curve wiil.be eensidefed
‘ no;mal.’_ i ) ) .

v

- 1

T3 To identify the effect of evoked potential applied

.to the normal and ebnermal"neté on the cyctic activity
6)

N v !
.

FAY

.\’ [

®

None” ‘ .
and the number of synaptlc delays*before the start ‘ R



- Y

of the cyclic activity. 6ur purpose ‘is éo observec, )
if a-différengé‘in the reaction 6f th‘normal and
~abnormal nets exists and if ;ﬁis dff?érence cén be
used as a criterion‘in classifying'the'nets: '
4. To ;ompare the\microscopié connectivitiesgof dif-
fefent randomly'interconnected artificia;\ﬂgural

' ." lb . 3 1]
‘nets and observe if differences in the connect1v1t1$s

’
3

_of the normal "and abhormal ‘neural nets exist. The-
/ . .
_comparison will be made by constructing the- §e-

T

¢ quency distribution curves

-~

of the nﬁmbe: of the
éxcitaéory, the inhibitory, ;nd the total nquer’

of incoming connections to~the neurons in the nets
employing the statistical method of qpments to those

rcurves.

' -

A brief introduction to the fundamental nggro;

physiologicai properties of thé neurons will be given in
. ol i . " ‘ . .

Chapter II. This chapter outlines the basic structural

features and some of the fundamental concepts;of the

biological neurons that will . be used in our model. Our

3 °

assumptions regarding the neural ne% model dlong with the

basic assumptions of Harth et al (1970) are discus§ed in |
. !
Chapter III. This chapter also introduces a brief outline

. \
of the dynamics qf single isolated neural nets’ and .a

]

]
'




description of the main featﬁ;eslof the digital computer

\ -

program used in, this study for simulating neural networks.

[

The,results_of-themgompﬂten~simpkationfare‘repoftea'iﬁ"

»

" Chapter IV along witﬂ the,frequency distribution curves-
. of the hgmber‘of excitatory, inhibiéory, and the total?
number of'incoming‘connectiqns to the neurons in the net. \
In Chapter V the criteria used to classify different neural Ag
nets are disccuééd. The eriteria used in this stﬁdy_iﬁclude \
the géyfsihﬁ character of the EEG histograms andltbé.p;e—

sence of cyclic activity. A theoretical model of the,’

- Qauséian charaéter of the EEG is also presented in that

.o ) / . .
chapter along with the discussion of the results reported
- . - ’)I a I . - '
in Chapter 1V. - .

. 3-“9
22 b °
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CHAPTER II s

o . — NEUROPHYSIOLOGY — ~— =

v ‘ -

The Hasic functional and morphblogic unit of the

nervous system is the neuron. It functions as an integra-

tor, conddétor, and tréhsmitte£ of coded information, and
sthrough its procééses férms\%p interconnected segment”in

the network of thé nervous system. It consists of three
Mregioné on the basis of -diffeérent eleétrical characterist%cs

(Ruch and Patton, 1965). .The first region comprises the

cell body and the dendrites whiéh dBnQuct impulées from

.other nerve cells, and is characterized.by low-level poten-

tial changes. The sépond region consists of the axon and L

-

termination fibers, which conduct impulses with large il

amplitudes that are essentially identical, away from thqa‘ e
. ) /v v +
. cell body. The axon hillock, which consists of a conical

a ' |

elevation of the cell body from which the axon grises; com~ L |
prises the third region. .In this region the incoming

impulses are integrated and the outgoing ones are initiated.

N S ,
Although neurons differ widely in their size, shape,-_\\
o . . :
and the arrangements of their dendrites, they all have the

fUndamental7func£ional properties of reacting to stimuli,i
. * -

[+ .. . »’\.'
transmitting excitations, and influencing other neurons or ,

¥
4 .
. -'4_}1 - N

receptors (Noback, 1967). ‘ ' '

] L ° LY .
. - '
i
‘ -
Y . -
3
) '

[\ =% . s
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<

A neuron can bé activated by a stimulus coming from
another neuron or a stimulus applied 'to a specialized

receptor (House and'Pansky, 1965)." If a stimulus applied to
] ) .
the axon of a neuron lowers the membrane potential to'a cer-

- - — — - -

tain critical level called. the threshold’ level value, a nerve

impulse called the "action potential” will be produced (Katz,
; Raske

. 1966) . Thiss«nerve impulse proﬁagates along the axon‘meﬂbréne

A I3

"without attenuation to- other neurons.’

o

1, r o
The membrane. potential, which is also called the

resting potential,.is maintained by the -ionic¢ concentration

‘d}fferenceé'inside and outside the neuron. There is ten timeé

¢ < o

greater concentration of ‘(Na*) ions outside the membrane than

_inside (Eccles, 1965), and on the inside the concentration of

c(k+) ions is 20 - 50 times more than outside. There is also
moré concentration of (Cl™) ions oﬁgpide tﬁe membrane than
> - ) -
inside. The distribution of (K') and (pl-);ions ares roughly
in equilibrium @ith the membrane potential which is about
-70 to -90 ﬁillivolts (the inside negativq); however, the
(Na+)'ions aré out/gf balgncg with the membrane|potential
bécausé of the différent concentrations of (Na+ “ions inside '
and outside the memb;ane. This‘preafeé a tremendous p¥es-—

sure for the flow of - (Na') ions from the outside to tHe inside

‘of the membrane. However, the resting membrane is impermeable

r,;\
»




'
ions flow to the inside balancing and then reversing the

polarlty of the membrane potentlaln This depolarization
spreads along the nerve fiber 1ndependently of the initial
stimulus (qudburne, 1967). -Follow1%g this, a reduction

in fhe entry bf'(Na+) ions occurs foilowed by the flow of
(K ) 1ons to the outside. Then tge (Na ) ions are pumped
ou and the (K ) ions are pumped into the neuron, and
these dlfferentlal éoncentratlons are malntalned agaln to
: + . produce the resting membrane potential.
\ The junction between the axon of oee neuron and .
" the dendrites or cell body of another neuron is called’the,
’ Synapég;;;It is{charac}erized by a sma}lﬂgap or synaptic
' cleft between the pre§§naptic and postsynaptic membrane
{(Truex and Carpenter, l9§9).' In a sequence of neuronsy zhe
synepses\act as one-way Valves, allowing éonduction‘of the
impulses in only oee direction (Neback, 1967). The synapses 4

¥, & also sérve as selective routing mechanisms and maké possible

NI . seiective eéxcitation and inhibition (Woodburne, 1967). -

o
t

The nerve impulse travelling along the axon membrane
..triggers the release of a chemigal transmitter substance upon
\ferrival at the presynaptic axonal termination }synaptic kneb).
. This cﬁeﬁical transmitter substance is released from the

.surface of the presynapfic membrane. It diffuses across
the synaptic cleft, and after a delay, alled the synaptic
delay T, (Eccies, 1964) of 0.5 to 0.8 mifiiseconds, it causes

a change in the potential of the postsynaptic membrane. This



potentiaf change is termed the postsynaptic potential (PsP).

'

It is a smooth, low level, graded, local response that can

al
‘be either excitatory or inhibitory. When the postsynaptic

membrane responds to the transmitter substances by lowering

)

its membrane potential (the potential is driven toward or
’ b

‘beyond threshold) an excitatory pos;synaptidhpotential\(EPSP)
‘results. In contrast, an inhibitory postsynaptic poteﬁﬁialj‘
(IPSP) results when the postsynaptic membrane potential in-

creases. (The postsynaptic membran% poténtia{‘is driven

-

toﬁard a subthreshold level where no firing will ‘occur

e
S

(Katz, 1966)) .

One Qﬁ the important properties of synapses is sum-
mation which is ah expression of the accumulative effects of
a number of stimuli on a neuron (Noback, 1967). Thg summation
"of many stimuli received almost simultaneously at differgnt \
locations on the poétsynaptic membrane is called spatiai
summation. Another type of summation is’ called temporal
éummation whiqh involves the addition of repetitive synaptic
poténtials génerated by a single presynaptic neuron (Noback,
1967). The time that a given subthreshold PsP will persist’

is called the summatipn time (Purpura, 1965).

- -

When the sum of the PsP's at the hillock exceeds a
) 3

certain critical value "the threshold potential", a change

in the permeability of the membrane occurs and a spike ensues

. . 3 .
and the neuron fires; otherwise, the neuron will not fire.

f;~_____________________________;::;-‘--Illllllllllllll-.l....
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This is known' ag the "all-or-none" law, which means that a )
minima) strength of stimulus is required to evoke the pro-

s \«.t i&

a

pagation of the action potential, and when this threshold is

reached, any additional increase in intensity.of the stimulus

has no effect oﬁ the Emplitude or duration of the action, .
potential (Rugh et al, 1965) . Therefo;e, in receiving é .
stimulus a neuron either responds by firing an impulse, if.
the stimulus exéeeds the threshold, or it does no@-send any

.impulse at all. (It should be noted that when ‘the neuro}“

receives a stimulus with a subthreshold value, it responds

to it locally with a small potential thgt decays exponentially
with distance from tﬁe point of simulation (Katz; 1966)).  °
Fdllowing the initiétion of tge nerye\;mpulse, the axon
becomes reﬁractory for abqﬁt one millisecond, dufing.which no

stimulus, no matter how strong, can elscit»an impuléei This

s t . .
refractory period is called the absolute refractory period, ©

and is immediately followed by another refractory period ¥
called the relqt{vé»refractory period. During this period .

an increased strength of stimulus would be required, to fire

a neuron. The refractory period ltasts for a few milliseconds

d L
'

(Katz, 1961). ., - .

L. [ c ' . .
B » .

¥..~ The neurons of the nervous system are organized -in
[ N -

sequences of' cells called neuron circuits. These circuits

which are found in all levels of the central nervous system, e

.

may be divided. into ﬁ%xe differeént categories (Noback, 1967):

i -1 , ) s
| . . N 3
-~ . d .
" . .
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1)

2)

3)

Cad

- 4)

5)
N

, These feeﬁback loops could perﬁit the

s ¢ -

o~

The two-neuron chain. . \ <

0

The simple open circuit, which qpﬂfists of a chain of

neurons connected together in such\a way that no neuron
is connected (directly or_indiféct%yy_ihfaugh an axga -
with a irior,neuron in the chain.

4 |
P

. ) | . '
The simple closed circuit which is formed when a neuron.

in the chain cpnneﬁts to a prior neuron. This circuit .
: ] .

reﬁreséﬁﬁs a simple feedback circuit in which an effer-
ent neuron may inﬁ{uen@e itself. \ - M .

|
3

The open multiple—chain circuit conéistiqg ofjmany neur

linked  togethér and drranged in parai}el.

-~ o~ e

..
s v T

ons

The closed multiple-chain circuit whiph'consistswgﬁ many

closed multisynaptic chains that form feedback circuits
i T el . Y

*» > \ L}

impulses which raises or.lowers the ‘excitability of
. l N

|

various neurons in the chain. j .

P
1

}

‘reverberation of

The neuralJngt model we afe studying in this ‘thesis’

‘is.COmpbsed'of,a dollection of closed and open multiple-chain

Y

. » ' [ D/o 'l s i s
biolegical neuron Wéntloned in this chapter. .
.o f [ .

neuron circuits and makes use of many of the properties of the

»

F
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CHAPTER III

TR . . -
' N ~ *

THE NEURAL NET MODEL | \

LY

. ' o -t .
Lo ‘ A The Netlet Mogel
. The neural net model we are using in this. research‘
v . ‘ was orlglnally developed by- Harth and Edgar, 1967 and'sdb-
C sequently stddzea 'used, and further developed by many .
 workers (Harth et al, 1970; Annlnos et al, 1970; Anﬁlnos
N andKElul, 1974) . The ba51c assumptlons of the netlet model
" © | aré (Hartn et~al, 1970) L -
’ : \ : ﬁ . . _~": . " . “ : . —
l) The structure Jf “the nervous system could be approxi-
) °{' »matei’by sets &f discrete po;qlatiOni of raﬁdomiy inter- .
& conneéted'neuroﬁ nets. These discrete nets»are{galled
" | nétlefs (Rarth et'ai, 1970).
’ :;%{ Cenﬁections between the nédron; within the ﬁetlefs and
the distribution of efferent fibers to the netlet'afe
' ‘chosen a%‘rahdom. . '
. 3) The level of activity within the netlet is considered to. .
L ‘ " be tﬁe Qn£§ significant dfﬁamical yaédable i% the netlet.
" Many ph&siological,and anatomical evidengesjseem to
support the ebove mentioned assumptions.a Mount Castle k1957)
. K discovefed that neurons that are located along the radial

[
i

. @
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¢

column 1n the somato-sensory cortex exhlblt 1dent1cal w7
receptlve-flelds. These were called “elementary units of~

organization”. nKsanuma and> sakata’ (1967)’1demt1f1ed dis-

crete colonies of neurons ,n the motor-sensory cortex of the ™

—_— » "

R

cat and found that‘neunons belonglng to a colony have pro=-
et o .ﬂj‘
Jectlons that 'termin -1n the same neuron pool. ,Many\other
R

studies (Penfield ana

smussen, 1955; Sholl, 1956; Jasper,et al
1960; Morrell, 1961; Pghfield and Perott, 1963: and Colonnier, ~
1967) have shown that simulation and recall of complex sen-

¢ . - .
sory- events do not require a delicate special patterning of

. -

'incident excitation on one particular neuron, but tha‘

i

reprodu01b1e responses could be elicited if the location of

8

the stimulus was spe01f¢ed'only to within a mllllmeter. These
4

experiments have shown that the neuronal act1v1ty of the net
. can, be set up simply by stimulating a given region. They’
dtso indicated that a specific response to a stimulus is

not gery dependent on the 1ooation of the neuron being simq- .
lated. , ‘ ‘ T 3

~

v -

‘A
" In addltlon to the above three basic assumptlons of

the netlet model, the follow1ng assumptions are included in

our- nodel: )
“» . . —

4) The total input to any Teéll within the net is expresséd

as an algebraic sum of both excitatory and inhibitory
, inputs. - M |
Q . .

’
¢ .

5) All the cells in the net have the same synaptic delay, T.

v B




17 ,
\
. . , r
@ ' . The neurons fire only at integral multiples of T. .
a0 ’ —
* 6) Dendritic and axonal transmission delays over small

' distamces are assumed to .be negligible compared with
- ' :-, h [X ; . 5‘?:

synaptic delays. ’ :

e
\ , de

7) Summation is essentially épatiel, i.e. the effect of

the excitatpry pqstsynaptlc potentlals arjld the 1nh1b1t—
v 1

ory postsynaptlc pbtentlals remaln for a period - less _

than,the synaptic delay T. - Cf
. ~

' 8) . The absolute refractory period r, of any hewron in the

net-vari€s between T and 2T. This assumptiéh is not

unreasqnable 51nce the refractory periods take one or
two mllllseconds (Katz, 1961), and the synaptlc del%y
T, takes 0.5 to .8° m;ll;seconds (Eccles, 1964{.' Rela—

tive refractory periods "will not be considered in this
°study. e ) - R .
t T, ? - )

. o %

v 9) The refractdridesé of a'neufon at time 1 is independent -

i . of the probablllty that tpe neuron receives threshold
. N
i A ex01tatlons at-the sane tlme. hlthough thlS is not true

in general for blologlcal neurons, ‘this dependence is
L . . .
very small (Wilson and, Cowan, 1972). . S
. S o b
10) Each neuron in the nét goes from the r@sting or inactive

: , - state to the firing or active state whenever the sum of ~\
\ . . . N s ) A
. all the excitaté;y and inhibitory postsynaptic potentials .

> (PsP's) arriving at the neuron exceeds the threshold

. . . .
« R A by . ’



t N .

..value 8 and providing that'the neuron is.not‘refrac-,

. 1 . .-
. s

11) The firing thresholds of the neurons are réturned -
. - 1. - ’

to normal 21 after<the neuron fires. , _ __ o
. \ : - ¢ x
12) A neuron can be either excitatoyry or inhjbitory. An

Vo

excitatory neurén‘generateé excitatory postsynaptic
potentials (EPsP) only,:and the axon branches of an

inhibitory . neuron geberate inh;bitorf postsynaptic

-

potentials (IPSP) only.

\\
| e ,
- - - Y A

v N . ar
13) The axonal connections emahdting from_each nedron in

. the net are randomly distribyted among all other
newxons in the same net. The nuMber of the axonal

0 , ’
o} o .

connections varies between two limits. The average

number of axon branches %%.denoted by u for an

-

excitatory neuron and p for -an 1nh1b1tory neuron.

& . - -

| : - : >
14) The PsP's are produced by ‘an active neuron after a .

[ '\‘ ; ., K . i
&Lime interva}, equal to the synaptic delay T. - - h

-
t
r

15) InhibiEqry,n urons within the net are chqéen'réndomly.

The frd¥ctiop of the total number of the inhibitory -

o

<> neurons in the net is given by (hy. . , .

The connectlv1ty of the net can be completely des— v

]

crlbed bf a connect1v1ty matrlx {K } made up of. coupling

coeff1c1ents k . 's (Harth and Edgar, 1967). _ The coupllng

l -y
' ' ' - . —_—



¢ (,"v\ ' * - * > ] L] !
. define the activity a, as the fractional number-of'neurons

A
Rhat fire at 7

v V.

coefficient represents the size of

. '\/)\
the postsynaptic poten-

. ) » ) n' w ' . N ) ‘Z »
tial’in arbitrary units g from the jth-neuron tg the ith
Il . ( - ' d - i
L o - . ' . =
neuron. Tpegagsende of a synaptic. link between the ith -
and, the

jth neurons.is characferiied“ by kiff =0
‘ % ~_

With thé network assﬁmption stated above, we can

P

L

b

-~ 6.4
ns in ¢

nt. If the ‘total numb&r of. neuro

13 -
‘the net is‘A.{ then the %otal number of acfive neurons”at

—

! v .
any time t = nt is'given by Aa_.
: \ _ X
(n+l) T is entirely determined by Xhe ackivity a_°’
. . ,

The ?éthlty o 1D the .

net -at_ T

nt. ' This is due
: A

refractoriness of the neuron and the st.img\at‘?ion time men-

L 4
-at T to our assumpttons regarding the

- .’

v

t,ioned"above. A neuron that fires ait‘t timeir nt will not

be sensitive at T (n+1) T to any '"stimulus,. and the PsP's

on any Yeuron at v =(n+l) T depend only on the ,firing rec&d' .

£

of tﬁé“‘n‘e‘t at t = nt.

R k4
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. . ’ ¢ ,
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* 'B. Dynamic§ of Single IsolategNeural'NéLs r )
N " - 7

P In' this,section we present some of the results. -
N * 'described by Anninos et al (1970) regaraing the dynamic

propertids of a randomly connected isolated  neural net.
' ‘e " 'Y . . . ‘ .
%he structural parameters of the nets include the’ .-

r .
'} average number of neurons receiving postsynaptic potentials

3 0y

?rom an gxcitatory neuron fu+k, the_ave;ggefnumbgr of neuroﬁs
régeiving posgsynaptic pééentials from an inhibitory neuron
{u ), the average value of‘the PsP produced-by an excitatory
‘neuron (K+), fhe.value of tﬁe.PsP produced by an'inhibitory
. neuron (K ), and the minimum numbers of EPsP%®s requireé to
trigger a’ neuronv:in the absence ¢f inhibitory inputs (n).

-‘q - ' e \

. This quantity is defined as N

o

) , n=f ( 6/ )

©

" where the functiop f (6/K") iéiaéfined'as the small-

est in;egef which is ééual to or greater than (9/K+).

3
- .

e "Fig. 1 shows a series of curves of o ., versus o,

+1

x

i

for an isolated net with a Poisson cdnnecti%ity law and for

[

vardous valués of n.

¢

.In this figure three different modes& of behaviour

N L

JV can be distihguished; These are labelled.class A, B, and:C;)
The.curve_cdrresponding to a ghreshold n = }'charadterizes
a class A net. It has the property that for low aétivity dn}
¢ the subsequent activity‘an+l will always bellarger th?n o, N

‘ \\,.,
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up to the point~wher§ the curve crosses the 45 1line (Harth

’

et al, 1970). These nets can pfoduce sustained activity

‘because of their inétability to small fluctuations fox any .

value of the activity'uﬁ in the region:
+ ) ’ )

&

S

A Class B net is.defined as one in whi there
. . ‘ N ~

, exists ,a threshold for being. triggered,into sustaiﬁed
activity. The curve n 4 2 in Fig. 1 belongs in thﬁs cate—

: gory. It lies partly below the 45 line and partly above

~ L

it. If the 1n1t1al act1v1ty is below thlé threshold then

the subsequent activity will decay toward zero. " However,

" when the initial activity is above the threshold level,&the

ractivity will be sustained.

- N

[y
5

’ The third curve in Fig, 1 is~éh example of Class C

A
nets. These nets ﬁle wholly below the 45 line, hence, they

are 1ncapable of malntalnlng any form of sustained act1v1ty.
A} 1\ - - ‘
In this sﬁﬁdy we will consider Class A nets connected
. i

according, to the Poisson 'distribution law. T -

N
/7 - .- -

. ) C. Computer Simulation of Neural Nets
.J ¢ , . rd

" N In this section we are-going to point out the main

features of the dlgltal computer program used in thlS study

for simulating neural networks. . . o 4,"

-/ - ) A
The main program-consists of two overlays. The

o .
first overlay is used to create the non-vanisKing elements o




P

‘the connectlon orlglnates ﬁom an 1nh1b1tory neuron

-

. ' o ot
of the connectivity matrix { Kij }¢ -This is done by. first

specifying the total number of neurons in the ‘net A, the .

fraction of inhibitory neurons - in the net h, the minimum

and ‘maximum numbéer of &he‘outgoing connections for each o

excitatory neuron p+ and p+ ax respectively, and the

«- in.
minimum and maximum number of the outgoing connectlons for
. ",}“
each inhibitory neuron p . and ‘W respec¥1vely The

i min. max.

»

spec:.flc neurons which will be\ 1nh1b1tory are determlned by .
randomly selecting the approprlate number of neurons consist-
ent with{h. This information is stored and later, when the.
value of the coupling coefficients K is determined for a
glVen COnnectlon,‘a negatlve sxgn is assxgned to K. whenever.

{ . . ) .

&he.second“step is to create the non-vanishing - " -

elé;ents of the eonnectiyity matfix,{ Kij] which defines
the connections between the individual elements. To_do this,
each non-zero eiemeﬂt of the connectivity matrix is deter-
mined by‘three velues: he nember of the neuron from which

R . .
the connection, originates j, the number of the neuron on

which the conpectiod terminates i, and the value of the

|}
1

coupling coefficient K. -This~coupling coefficient K can be

elther posxtlve or negative dependlng on whether the neuron
is ex01tatory/or 1nh1b1tory, respectlvely The intercon-
nection 6f the neurons in the net is accomplished by taking

the neurons sequentiaily one by one (from j]_to jA) ahd

- . F




‘randomly finding a terminal neuron (between‘i1 and'iA) for

each of its outgoing connections.® When the procesé of \

t s

interconnection is completed, the values of i, j, and_ X,
and its sign are all stored in ‘the computer as an array

called KORK array.

~
*

s .

in_esiablishimg the pattern of connection, the

7

séecificnheurons that are inhibitory, and the numbexr of
excitéﬁory and inhibitory.connéctiohs originating from
each neuron, extensive use is made of a fandom nunber gehera-
tor "RANF'"' available in the CDC 6000 computer subroutine "
package at Sir George Williams Unive;sity; The " NF"Hsub-
routiné generates a uniform Qistribufion of randomjnumbers Y
between 0 and 1. A number selecfed:by the user must be

used as a first entry. This-qumber determines the specific

sequence of random numbers obtéiped from the subroutine.
. a - t
The number selected as-a -‘first entry togethgr with the ; -

-

number of inhibitory neurons Ir, and the average number of
outgoing excitatory and inhibitory connections u+ and u
determine the microscopic structure of the net. Changing

. {
any one of them will change the microscopic structure of a

'

given net.- Therefore, by using different initial numbers -

‘for the "RANF" subroutine, the detailed microscopic struc=.
tuge of the het can be modified without dltering the

4 ‘ '
statistical, K parameters u+, y', h, K, and n. This feature.of
the program will be used to deterhine the effect .of tge

' specific microscopic net structure on the behaviour of the net.

’




'

network,
‘of neuro
these in

* .array fo

are conn

The second,overlay is used for simulating. a neural

The simulation starts by specifying the number

ns which fire‘at T = 0. The heurons connected to’

ﬁ\?‘

1t1a11y actlve neurons can be found from the KORK
nmed by the flqgt overlay Those neurons whlch

ected to the initially active neurons recelve

'

excitatory or inhibitery inputs depending on thelr';ncom—

ing conn
ciégts c
represen
neurons.
array ca
the neur
the. sour
which ar
coeffici
= °

threshol
incoming
syﬁaptic
last for

after.

.~ The’

incoming
mines wh

PsP arri

ections. The algebraic sum of the coupling coeffi-

haracterizing the active incoming connections

ts the level of excitation in any one of these
This'information°is stored by the program in an

lled STATE. ‘Whenever the sum exceeds the threshold,

on fires and after‘one synaptic déiay it becomes

ce of excitation or inhibition for all the neurons

e connected to it. If the sum of the coupllng

ents of the dctive connections is less thén the

d, then the neuron will not fire and ali the active
connections'retufn to their initiél values one
delay later. Thereforé, excitation and inhibition

one synaptic delay and disappear immediately there-
% 4

o
s

sum of the coupling coefficients of all the

connections to a neuron and its threshold €, deter-

ethef it will fire or not.. The total Galue of the

ving at -p.neuron can be represented by?¢
\ ’ S o

i

[N



where.kj represents the value\ of the coupling

coefficient between the jth axon branch and he neuron

)

reééiving the excitation. kj can take any vdlue between
. + . + . ' )
imi . excitatorvy neurons and
Fwou}lmlts K nin. agpd % max. for ex a Y r a

for inhibitory newrons, or can be fixed at -

min. max.

K _° and. K

3

one value. X, is a binary number that'can be either 1 or

- 0 depending on whether or not the Sth axon is active.

If . } ,
- k., x, - 8 0 e
1 373 c

L

J

. .
then the neuron fires, i.e. its x will be equal to 1 and

it will send dut a signal-which can be either excitatory

or inhibitory, depending on its coupling coefficient k.

1

The McCuk¥ock-Pitts neuron model (1943) is similar

to our model with the exception that the céupling coef-

ficient in theirx modgl was always fixed at a constant

3

level, whereas our model allows for the variation of the

coupling coefficient between any two limits specified by

N

the user. T .

o .

.- 1 4 ,
The fact-that a neuron fired in a’ particular firing

cycle is

: SIS ‘
recorded in an array called the FIRE array.in
i A , ™~

- i - ’ w
- o
. * \ o
"
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which the g¢lements could assume a value pf 1 if the neuron
fired or 0 if it did not fire. The number of the neurons
that fired duriqg/gach‘firing.cycle is counted and stored * ] -
,/’ + , 2 i
"in an array called RECORD. The successive elements’of
/ ' N N .
this array contain the neural activity in successive fir- ’
ing cycles. The instantanepus sum of the PsP's of all the
cells in the net (the gross electroencephalogram of the .

net, EEG) is also stored’after each firing cycle.

" When a neuron fifeS, its threshold is- raised to a
maximum value (32000) and is then increased by 1l in each

firing cycle until the number.qf the synaptic delays elapsed

since the neuron fireq is eéual to Eﬁe absolute refractory:~ .
period spécijied by the user. During this period, ‘the neu-

ron can receive excitation but cannot firé due to its high
threshoid. Following this perioé; the neuron returns tb‘its
normal threshold and once mofe becbmeg capable of firing, |
érovidéd that the sﬁm of tﬁe coupling coefficients is equal

to ér'greafér thén its normal thréshold.

,
S

~The second overlay caﬂialso treat external inputs

delivefif;at different time intervals for the study of the

effect of evoked potentials on the behaviour of the net by
épecifying the number of active connections incident upon
the net through a bundle of afferent fibers. Upon entering

the net, each-of these afferent fiberys branches and makes
v :

)
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| \ - s S . N
. Do - o - T 5
’ s excitatory synaptia connections with 4, different neurons

if it comes from an external excitatory neuron or makes

-

|
|
| ' inhibitory connections with ¥, neurons when’ it comes from

.an external inhibitory neuron.,. The fraction of afferent T

fibers discharging at any time is denoted by ¢ and ¢~ for -
y , excitatory and inhibitory neurons respectively and the
to%?l number of active fibers .is-given by A,9 u,, where A,

: is the total number of the incident fibers. The afferent .

“

o

fibers make random connections with the neurons in “the net.

The coupling coefficients of those neurons that receive "

bd

outside connections increase by the coupling coefficients
A .
specified for %he incident connections-and if the sum

—

is equal to and exceeds the threshold the neurons fire and

tion was coming from within the net.
. , . - ‘
The digital computer program used in tﬁis work
is a modified version of,a‘program’written at Syracuse
University by Mr. L.S. Bdgar and members'of the computing

? »
¢entre, and was -used by Anninos et al (1970), agd Harth

et al (1970). The original program was written in Fortran.

) with the éraﬁsfer of the arrays frgm disk to core and.vice -
vefsa accomplished with a set of subroutines written in
asseébler langtage. The program dsed ip this thesis is

'eﬁtirelylwriﬁteh in Fortran languagé and makes use of

overlays to reduce storage requirements. Three new
+ * A

B
. . -
. . '
. . ) ' .
- .
. . '
- , -

then behave in exactly the same manner as if the excita- \\\



"

" available frgm the IBM scientific subroutines packaée was

o 3
- sy

.

subroutines were added to the present program i%,order'

to cempute and plot the EEG histograms and to fit them
] N .

to the normal distribution curve. "RANDU" subroutine
S

.

used in the original program for the generation of random

1 ° ”
¢ |

numbers. In our program the random numbers are generated

- with the aid of "RANF"‘subrouEine available to the users

. \ -

\
o ) |
of the' CDC\6000 computer systems. A listing of the simu- 4

~

lation program used:in this thesis ts given in the Appen- <\\

dix. .
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COMPUTER SIMULATION RESULTS ot
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In this chapter, 'we shall present the results
“ h . . ‘ - ‘ . ’ ll;lr
obtained by simulating a neural hetwdork. Unless othedwise
. A . “ "" . , ? -
stated, the following parameters were used :x'm all the simu- .
A - '
" lation experiments. ' ’ , \
) v - - - +/ = 1 s , ‘
. ‘:, "min = Mmin R XU G e
. ;| P \
L. + ¢ e
’ max ~ Ymax ~.°
. \ N e —_— ¢
' .= 10 ‘ ' B ;
. 1] T, > - £
’ () T A
// ‘
/ y »oonTs g . p
. A s . = 10 - R - .
~ ‘ - .
R -
4 R "
n = I
. , 5.': ’
4y ‘ ' " , = Y ! '.
&‘, o = 0.1 , -
(&) v ",
N ' » ~ ¢
, | .
where,a;A = total number of neurons firing '{
13 . . l
initially. |
<’ “ N ' ', " . |
Table 1 shows the pattern of the cyclic activity
. ° .y
. 30 o ) -—
. b - A I ,
’ ) ' , o R . S 1
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. TABLE 1- , *
; - . ' ‘
} 3 B e . T
' ‘ CYCLIC ACTIVITY!IN NEURAL NETS o
N
g = —— " =
. ' . 5o Period Total Number " Initial
Co Net . h al of ,of Synaptic ‘Random
ol - a Cycle " " Delays Before Number .
~ v 0 ' CYCli‘. - .
. : ‘ : - /
1 .35 1.7 2 17 . 27
L ] r Fi \
2 .35 1.51. 318 C 143 123456789
3 .4 1.57 16 36 : 27 )
.« i -4 .4 144, - No eyclic act- 123456789
' LY . . . dvity .
5' 4 117 38 20 . :1;2519463
6 .3 1.83 8: - ' Y 15 S 27
7 .3 . 1.68 2 31 7399977775 .
n ‘ 8" .3 1.41. 2. 277 . " 194519463
< - ' . s " - .
v.. . ' . .
8 9  ..3 1.59 .2 38 < 187785495
) 10 4 1,7 2 _ 22 . 123456789 ' .
~¥ . - *.
- 11 . 35 1,39 R a0 . 187785495
. , . < 2¢ , ) Z
\ _ 12 .4 1.43 - 2 . 21 499977775
13 L4 1.17 38 . ™ 29 194519463
14 A 1,31 24 a0 1187785495
) ) > s ' .—’
% n v
L4 .‘ ) ‘ \ »
{ ) h M ] 7 - \ N .
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. . "

for g sample of fourteen nets out of a total of 30 difw
. A R L . J . R .
ferent nets considered in this study along with the frac-

- .
- - .

tioh of inhibitory neurons (h) in each, the ratio of the

frahtion of active neurons at ¢‘= l(a ) to"the fraction

of active neurcns at t = 0 (a ), the number of states in

o
each cycle, the perlod of the. cycllc a#tlv;ty in mult1plés =

of v, and the qymber oﬁ.synaptlc delays before the begin-

ning of the cyclic activity. From this table it can be
b - [ ' ' - :
seen that nets with thHe same statistical parameters but

o .

w1th different initial pseudo random number generators

exhlblt different dynamlc properties.  The dynamlc pro-

*

perties car also be altered by 51mply changlng the fraction
.p“ .
of the 1nh1b1tory neurons (h) and’keeblng the same pseudo-

< s R

-

‘random number generator; Co -

»
.

Figs. 2 and 3 show the dependence of the activity
. ' . -] .
@;-on o for two of the nets consideredain this study. - The

LY

number of neurons flrlng 1n1t1ally was changed every run,

[

and the resultlng activity, one synaptlc deldy after the
initial acti&ity, was ‘!served and piottes against the

initial activity] The curves show that these nets ‘belong M .
to Class A nets. All the nets consrdered in thls study
showed 51m11ar varlatlohs w1th initial ac1t1v;ty, although
the‘p01nt whEre)the curves cross the 45° llne depended og\
the connectivity and the statlstlcal parameters of each net.
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.

.y Figs. 4‘through 8 show the computer pfintout

' ‘ o‘ the\inhibitory arrays for each of the first five nets

¥
'

of’Tab%e %i' In these figures, 0 represents an excitatory

neuron, while @ represents an inhibitory neuron. )The
. . M H

\

neurons are arranged sequentially from left to right in
, 20 rews with 50 neurons in eaéh.row. The inhibitofy array
.for each net was formed by randomly selecting a specific

-number of neurons consistent with the value‘of the fraction

M

of inhibitory neurons (h) given at. the start of the sim-
] ulation run. This was then stored in the inhibitory array.
A .~ The nurber of connections originating from each neuron in

\ N L4
- the net wag then computed and the coupling coefficient

assigned to them with a negative value given to all con-
nections originating -from the inhibitory neurons. The

.location and sequence of th¢ inhibitary neuron was frozen

s \d

™~ ‘ for the entire run. The sequence and location of the in-,

hibitory pdurons within the net can only be changed by

éhgngina\fhe numﬂer supplied by the operator of the sim-

ulation'progkam as a first entry to the random number

o C

generator.

\
‘ .

| t - ’ . 1
‘ .

| - ’ - .
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The total number of tﬁe excitatory and inhibitofy
. incoming connections and the total number of the inhibitory
incomigg connections incident on each neuron were printed
by the computer from the KORK arrxay w1th the ald of one of
-thg}Fortran subroutines AMINO avallable for the users of
the computer at this Unlver51§y. From this information,
the neurons with a specific number of incoming connections"
were obtained ard their frequency distribution calculaged:
Similarly, the frequenCQ»aistribution of the total number '
of inhibitory incoming connecﬁions was calculated. A third
group of frequency distribution data can be obtained by
subtracting the number of the inhibitory incoming connec-
\tions from the total number gf incoming connections for
each net. The difference between the two numbers for each
, ° ,
neuron represented the total,numﬁer of excitatory connections

ﬂincident on each neuron.

i
.

The three groups of frequepcy distribution data
are shown graphic;lly in Figs. 9 to 23, inclusive, for each
of the five nets listed in table 1.  In these figures, the
ordinate represents the total number 6f neurons that have
a particular connectioﬁ. Therefore, the height of the line *

o

x=1 represents the number of neurons rece1v1ng one connection

. e

only. Similarly, the helght of the lines above x=2, x=3, etc.f

represent the total number of neurons rece1v1ng two,. three, S

or more connectlons respectively.
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‘between these normalized histograms and a theoretical nor-

-method which is given by (Croxton, 1959):

. 3 : g . 57 ‘
)

’

Figs. 24 to,27.-show a computer printout of the
amplitﬁde histogram 6f the'sum of the PsP's (the gross EEG
sf the net)\for a perip& of 200 T for four of the nets
gonsidered.in table 1 and with 100 neurons firing fnitially.
This is done with the aid of one of the subroutinés belong-
ing to thé second overlay of the computer progfam‘used in
this wérk. The range of the amplitudes of the PsP is
divided into ten ciaés intervals and a count is made of
the number of.Psts falling within each amplitude Elass'
interval. These frequéncy distributions are normalized b§
dividing the frequency of each class by the total fre-
guency of all classes (total number ff feadingsr so tha?
the total area limited by the fiequency éurve is equal to
1. The‘érithmetic mean (X) and the standard deviation (S)
are then calculated for the normalized histog?ams. A fit -

LN
mal distribution with the.same arithmetic mean an@ standard

2 .
deviation is examined by the use of the X goodness-of-fit

z.

where 0, is the number of counts (observed fre-
quencies) in the ith bin of the no;malized EEG histogram

and the T, is the number of counts in the ith bin of a
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- normal distribution (theoretical or expected frequencies) ¥
T s

-

Y ’ ‘ A .
- . having the same mean and stander deviation as the nor-
- . . AN ,

o malized EEG histOQraﬁs and k is the number of bins. 2%21,

L ) . number of degrees of freedom.n is éﬂ@en by n = k - P if’ )
. ' M . .
: . no populatign parametérs have to be estimated from sample :

N ) © statistics and bx n=%kX -1 - m when the expected fre-

. * guencies can be kalculat d only by estimating m population

| ~

rd

. parameters from sample statistics. In our case, m = 2, ‘
; .
I3 t

) . y) AN
Tee " since both the arithmetic mean and the stqndafd‘deviation
e compﬁtéd from the samples.” When k = 10, then n = 7

; "1 for the EEG hiséograms:"%he value of n,,togetﬁgr with the ‘ :
:yalue of xz, detéfmines the, probability that the‘distri:

- bution tested is\é;rmél: x2 valﬁes,énd the stapdg:d devi- R
- . , ation (g) of éi&h:neﬁ are ;lso’shown in those figures. -
‘ ‘. .- - : - t . , ' Lo

°




. ., CHAPTER V )

‘DISCﬁSSION

v 1
1\ \
A. <Criteria . : \

1 LR )

The results of thé computer 31mulat10n reported
-1in Chapter IV suggest that nets w1th different mlcroscoplc
~ structures behave‘ln different ways. In this section, we
are going to discessqthe critéria th:t we will be using

to determine whether .diffexent microscopic structures*leéd

L4

to dlfferent behav1our patterns in artlflclal neu§§l nets.

The follow1ng factors will be\oon51dered in determining
-~ - B
. _whether the behaviour of .a perticuIar net is normal or
'/\ ‘. ) . r \ ) - , .
¥ . . \ -
A abnormel / \ , '

.

R

"1l. The Gross Encephalogram of the Nets EEG

. - \

.o B The EEG of the net is obtdined by summlng the

< : . . membrane’ potentlals of all’ the neurons in the net,

.

. ' ) where the membrane potentlal of a neuron is equal  to
o - © the instantaneous sum of .all its synaptic inputs.
bifferenceg\in the characteristics of the .EEG activity

~ o ' w1th dlfferent nets hav1ng ¢he sahggstatlstlcal para-

)

meterStCan be’ due to dgfferenc 8 in the mlCIOSCOplC

L . N T » » —

- structures of’ ‘these nets. . \

~ . N -

. .
N . . . L A N
- . P f -
s . . \ ' 3 . -
. ' . , P 1 . X
. i .
» N s -

®

‘e
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2} The Presence of Cyclic Ac?iyity , o S,

It has been found (Anninos et al, - 1970) that’
Class A nets are capable of sustaining cyclic activity..

Therefore, the presence or absence of the activity

o

.could serve as an indicator of diffeient nets' behaviour.
If such a difference can be detected in two Class A
‘* nets having the same ové&all statlstlcal parameters

(h, u~, u+, and 8), then it might be due to differences

in the microscopic connectivities of these nets:

9

3. Delay Prior to the Entry into.the Cyclic Mode

L - The number of the synaptic delays before the
ensuing of the cyclic act1v1ty depends on the charac—
*wterlstlcs of the net and could be used as an 1nd1cator

b

of variations in these characteristics.

B. Gaussian Character of the EEG

It has been shown (Elul, 1969} that the EEG of %he
mammal;an brain can be viewee as the ramdom sum ?f non-
linearly related and almost independent generators. It was
also shown (Elul 1972) that the EEG exhibits the Statlstl—.
cal propertles'of a.normal random process when v1ewed over
a relatiJely long period of time. The probablllty dlStrl- o
butlon of the amplltude of scglp EEG has been anestlgateg
by Elul (1969) who madé an amplltude analysis of the EEG

of an adult subject lg the idle state and durlng the,

el



. ' 2 ,
pexrformance of mental jtasks. @By using the x goodness-of-

fit test, he concluded that the EEG of the subﬁect in the
idle étate follows a Gaussian distribution. He also found

S . 2
that the number of failures in the x

test during the

" performance of the hgntal task was more than twice that

in the idle state. He concluded that amplitude agalysis
’ . 4

of the EEG can provide significant information on méntal,.

functions.

L34 -

. Goldstein et al (1963) and Goldstein et al (1965) -
used a "Drohocki" integrator for the study, of the ampli—'

tude analysis of the EEG of male chronic schizophrenics ‘

and a normal group. The area unagr the EEG curves of the
subjects was automatically measufed and the stand;;;.devi-.
atioq’was obtainedl_ Comparison gf_tﬁe énalyses of mono-
polar EEG's -From the left éccipital-areé_in the two groups
showed that the béefficient of variation (V - s/X) for the
patient group waé one-half of £hat for the ﬁormal group, -
but no significant differe;ceg were detected ‘with re§pect i
to the ovérall'émplifude. | N | 4 " . (i“
\ :

The Gaussian dependence of EEG activity on inter-

a

neural, coupling has been inveStigated by Anninos and Elul
a (L . ,
(1974b) who found that increasing the level of connectivity

P

(u+) in a neural net resulted in the shift of the EEG
* .

activity from the Gaussian toward the non-Gaussian range. ]

> . . . _—
8




) Y Ve ﬁhink that the EEG pattern and its amplitude
histogram of a‘neﬁral net can be useé to classify the

" ‘neural nets according to their behavioural characteristicé
into normal and abnormai nets. Alfhough it is clear that
such a classification into normal and abnormal nets is

N ] - completely relative, it is an ;mportant one if these nets’

are to represent elementary units of the nervous system.

This distinction will be used to charécte;ize the different

behavieur patterns of the';ets and their dependence an

. .. ’
interneural connectivities.

. : . T 2
Referring to Figs. 24 to 27 of Chapter IV, the x

goodress-of-fit will be used to.determine how well the EEG
histogram of each of the artificial nets considered here
fits the Gaussian distriéytion.

- . - - \ ﬂ -

— ) . ) . .
We are going to test the artificial nets' histo-

” - ]

grams at the 0.05 significance level. This means that
2 ¥ . 2
,A\ if the computed-value of x is greater than the value y g5

the observed frequencies differ significantly from the
Sl ’ p

. (\d theoretical frequencies and we will refect the hypothesis

that  the histogram being‘;estedtzs normal.’ Otﬁerwise,,we

“ accept the hypothesis. VY -
< -~ , a 2 : . ) ,n‘
- : N Since the ¥ gs'valﬁe for n = 7 is equal to 14.1
™
(Llndgren and McElrath, 1967), we can see from Figs. 24 ‘to

e d

27 that the only net with a value of x < 14.1 is ;et 2.

$ ' . ]

o
P °
‘

= ) X ¥

. I

. . - . .
'

L‘——_—‘; ! :

g
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Therefore, we conclude, .according to our hypothesis,  that

this net is Gaussian since its EEG corresponds to a normal
2 .-
process®. ‘The X 'of net 1, which has identfcal statistical

- ’ » ' : Ny . »
parameters to net 2, is clearly ndn-Gaussian.

.

If we accept.the assumption that a Gaussian -char-
acteristic of the amplifude distribution of the EEG activity
is associated with normal operations, then we can consider

Y , N ' [y

net 2 to be a normal net while net 1, for example, can ‘be

@

considered to be abnormal. We are going o see if this a

distinction can.,be supported’by otheﬁ.criﬁeria, like the
presence of cyclic activity and ifs period. Finally, the
microscopic. structure and the neural connectivities will
be examined .for ﬁoss{?le differences hetween the two

groups (nermal and abnormal).

e

) .° ) ‘{

e
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\ ]

C. Theoretical Model Of The EEG Activity. : ; -

-~

In‘this section we are gSXng to-present a .
mathematical model of the EEG activity of.a neural net-
work based on the neu ral netlet assumptions of Chapter III.
Accordiﬁg to those assumptions a giveﬁ cell iﬁ a net with
A neurons will be active and will fire at tiﬁé (n+l) T if
the following two conditions are éatisfied'simqltaneously:

1) The cell did .not fire at time nt, i.e. it is non- ‘

3

‘ ' !
refractory. : N

2) The sum of the incominq'PéP's is equal té or greatgf‘-
than the threshold. L

‘ Thé above two conditions ipdicate that the

‘ . number of active neurons at time (n+l)T depends on the
" number of actiye neurons at time nt. In order to find the’

-, " theoretical value of EEG activity of the‘net it is necessary'

to know the relationship between the activity of the net

at time nT and its activity at time (n+l)T. If the

fraction of active neurons in the net at time nT\is equail 4

-

to‘an then the total number of act%ve neurons is,Acxn and Ty

there will be A(l—an) neurons that will not.be réfrgétory

" » at time (n+1)T. The probability that a given neuron fires
S S L : o
| S at time (Q+1)T is equal to the product of the probabilities

{ that it is non—refréztory and that the sum. of the incoming

‘

’
-
-
N

»



- >
(1 an) P(Wn+l 0 | an)
» -
. la
where the variable Xn+l represents the activity of the
neuron at time (n+l)r and can have the following values. o
N . o N
xn+l = 1 if the neuron is firing at (n + 1l)T
DA . : - -

/;}%,a\\\\ Xn+l = 0 if the neuron is resting. - .
g .
1 - AW 4 s the overall input to the cell at time . * ¢
| . S ‘
SX-/’ €¥§ (ntl)t, and 6 is®the“#iring threshold.
| N @

N
-

The expected value of the activity at £ = (ntl)t, given -

the actiVity‘a§;£'=,nr ’ i? - ‘ - . . , /’-

> =<
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'If we let en;l denote the PsP generated by a given cell

at time .(ntl) T, where e = 0 if the cell fires at time

n+l
nt or if the sum qf the incoming PsP's is less than the o

threshold—s, and'en+l = K,if'the sum of the PsP's 1is

equal to or greater than the thréshold and the cell is not

-

refractory.” K can be. either positive or negative dependi é

on whether the neuron is excitatory or inhibitory respec-
P

’ . ' o sty ) :
, #_~,_~g»..t&vely7~f¥hefprobab;}rty~tnat the PSP oI/ the cell at time
. . A s

(n+l)r‘is equal to zexe-ds given by ™ . “
A |

a @
o

0 P(en+l = 0) = P(en+l = 0 | Xn = l).\P(Xn = 1)
: N ‘
— 1 — Y ‘
. + P(en+l 0. | Wn f 8 ). P(Wn < 9 . |
i |
-.' Qnd Xn = O’ LY !
<‘ . * ' ' ‘ . ’ . ‘ |

4 . . ' ' J
Since accordin%.tb oup netlet assumption : .

— 4

P(en+1 = 9.| _Wn < 6)‘ = 1 '
— . - — . ) '
. and : N
—— / l — \ * ®
’ P(en+l 0 Xn =1) .= 1 .
‘ X
N -, v v . -~ *




The above equation reduces to ) T
\ : ‘ - ~
. y ‘

,‘ 5 P(en+l = 0)

P(X = 1) * P(W_<0 and X = 0)
n n , n

% - ‘ .
P(an) + Pn ‘ (2)

. . 5

The first term in this equation is equal to the iprobabili’c&ﬁ’r

—_ T t ' A

that the neuron is active and is referred to as P(an): Y
. The second term, which is denoted bi‘Pn,‘can be written as: s
* . ) ; N ’ $' '
: ' ‘ /
' N . . t ]
-~ - P =P(X =0! W.<98). PW <o)
; n n . n - 'n
y ,
) - [ = + ‘ < =
, = Lp‘%n-l 1) Pgwn_l 0 and,Xn_l ?)]..
‘..’ . .
< -
» . . P (Wn 8) .
) \ L 3 1 [
( : : . .
- s \:\-' ‘ B f} v ?Y | \>
= + ' -
: P = (Pla__,) Po_y) P(W_ <o) | 13)
. k :
.. - : . , ' ' ‘/.?‘ o
and the probability that the PsP of the cell is equal to *
* ". . K is given by ' o Y ' ' 4
. » ; N
Vaer = 1 T Pleg = 0) ‘ , .
\ . \ ,
® V3 © ‘
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_—Since the average numEe; .of the outgoing connections from
an excitatory céll?is U and that from an 1nh1b1tory cell
is U—, then the toial number of ex01tatory and 1nh1b1tory

+ axon collaterals at time (n+l)T 1s Aa (1- h)u : and Aan}jl.u-,
respgctlve’ly and the_amplltude of e_xc1tator(y and ihhii)itory

PsP's- impinging. on any given néuron at time (n+l)t is

. _given by an"(l-h,)u+k+ .and anhtl_k—. The amplitude oOf the

input to any cell in the net at time (n+l)t given the y
~ 4
ﬁtivity at time nt is - "
Ne e e
‘cxn(u.(l—h)k' ~ W hk ) . "

e
«

' Therefore the gross EEG generated by the net at time -
R \ [ 4 -~
"(n+1l)T 1is given by

N . . . .. .

- + + - -~ . )
= - - 4
Vo, = Ao, W (I-hiko Mohk ] v (4)

. M e
* ‘
.

It can be seen from this equation that the EEG amplltude

»

_ depends on the actlvlty at xime nt and also on the pro-
bability that the sum of the PsP is equal to or,greatex_‘

than the threshold. Thé probability that the sum p£~the

. incoming PsP's is Qqual to or exceeds the:t‘hr'eshold de- .

pends on the type of conrigactions that‘.exists. betwéen the R

neurons ip the net. For a net connected according to the..

\ , : N {g}’ o A ae

P

<

“
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Nt ‘ - o . ‘Q'%
- H
- ’ N - » ¢ .
, . ‘ - 19 - -
—3 . b ,/j 7 3 N '
/ L J
L]
) poisson pggpability distribution the meah value of the . . .
. i : - ‘ ¢
“amplitude of the excitatory and*inhibitory PsP's arriving
" £ ’ . \

at any givén cell at time (n+l)t is given by '

&

= o (1-m ¥k and §, = a huTk
‘ o ! n o = a huk ,

. *? respectively. Therefore the frequency functions fof,é”net\ ////(7 &
\\" - whose ex01tatory and inhibitory PsP's are dlstrlbuted ac- C

cordlng to the p01sson prdvablllty dlstrlbutlon 1 are

|
|
|
|
\
\
|
|
|
\
|
|
|
|
|
¥ ‘ .
} ) .
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

t - given by " [
° . . o ,_61 .
(Si e a -
o S f(R)' L = Jolllzl . @ . <
Q , 2.
~4 . R t
and / -
’ Q
- - LY N 52
% . . 63 e -
f (m) -mo=-0,1,2, .. 5"
> o m! \ st
v ¢ i ; ’
b * L S - ) ‘ ¥ i 4 . ' ’ . . *
- . where & and m represent the PsP:amplitudes.from.gxcitatory

,‘.-( . e b} ) A
and inhibiéory cells respectively. The- probablllty that */

4 : the sum of the PsP amplltuges is equal to or exceeds the LT

R R . .

' threshold,,given the activiﬁy at time nt, and in the pre-

- . p A . - . L-..\' - , - - " ) R
AN JNMRAts, 1s .given, by ' . T ”‘7’
\ 4 - /}‘ . a b . 7,4 ¢ - . .
1 i 3 . g .
- ' ”\ ]
: ’ - L ¥ = . - &
g,« 0\.~ - ’ A% (’ " ! ‘



o 2 s
- . P(W*6la ) = P(a_) = = T OLE(R). £(m) :
~ ' n n. L=64m m=0 (3) =
\ L 4 - 4 ’ . -’y '\’"\
| ) AL % (8548, tem . m
. . e 8 (6,6.)
‘ g > z L 1 2
o » . ° . ~ . .
| ! 2=0+m - m=0 2!, m!

3

>

N L X
and the'activity at time (n+l)t for & net connected according
‘ . o

to the poisson probability.distribution, given the activity -

~
2

e

aé tfm@ nt, is equal to (equation 1)

, e

’ . . K ’ o L i . AGl ‘.‘AGZ " ¢ 4 ' g . -

S 2 (848, ) e Tim ,

B > . —_ -
! 0> = (Imey) o2 e Pe (88,0 ()
£=0+m m=0 =~ cL s
* v . > , ; "4t m! )
° B . 4 IS
y ° - " $ & . . ' 4

. “ ’ . ———

A computer éxogram was specifically writtefl by.us to cal-

: culate the ‘time course of the EEG act1v1ty of a net connected i

1

N~
accordlng to the p01sson probablllty d;stxlbutlon law. This' -

i ’
was done by calculatlng the probablllty of - trlggerlng a )
neuron glveg,that Aa\ neurons are initially actlve from- .. -~

A% -
equation 5, and then comp&tlng the- value of the new'level s

.

of actlvity an+l'at tlme (n+I)T from equatlon\éﬂ, Thls yvalue~— -
: . a . . i 2

)

> ' L

';. . N v . . -
’




: ) ) ¥, . . : N - .
-is“then used-.to. calculate a new value for the probability s
\ . - .

S ' from equarj_on 5 whléh is then used to g%t ahot.her value » -

-~

1

for \the a t1v1ty f*rom eg. 6.. The process is repéf_a(ted for-
§ . * r) o . s
500 1terat10ns. In- computlng the value
'
\/\ from equatlon ‘5 the upper lllmlt in the 1

"
o » e L

ler.; sum ‘wag set- ' . .

at m=50 51nce 1t was found that the addltlonal terms cor;,—

o &rlbuted very llttle/ to’ wthe sym. Sy 3t

e " . After calculatlng the value o“f'Pn ahd keeping aon’l‘y
. ¢ 3 »
~52 o . s t . v

. .

+ " the first four terms +in.eq. 3 since it was found that";the

&

e B »v—
series copverges rapidly. The S obability that the PsP of

‘ < « -

: 'the cell 1s gqual to 'K and \hen the qross ‘BEG genqrated by
N\

- : thynet at time (er)T can be calculatednfrom equation 4.

1

. -

S

- N ’ L ., -
. The value of, V n+1 gs ‘computed for 200 1teratlons for a -
v - . 2 I v !

7. . -
[

: i i ¥ v - S ) v ) ' o
. netﬁWlth o \ - . j - ‘

= 10\‘ - ‘ ‘.'.
i’ 2080 - b T

. . p . .

4 Yoo - - : . ]
N - ~— .y Q,: N "I It \ b ‘ . . ! . .
’ . . . . ' '
r

N y F N The EEG amplltuae*]lstogram for this net’ is T 4
T !shovm in FLg. 28, ’Ijhe fre@eﬂcy dlstrlbutlon was obtalne&



[2)

by dig;ding the'range of .V

+& vaiues into ten equal class - (
- . .

2
1ntervals anQ then. by determlnrng the number that falls
R )
“into each dlass.ln;erval. e

-
e

P ' The theoretlcal'EEG hlstogram of Flg 28 shows
similar characterlstlcs to’ the EEG hlstogram obtalned

!/ -~
“through computer 31mulatlons as is evidenced by comparlng "

the shape of the theoretlcal curve with the EEG histogram
TN

o of net 3 sho'h in Fig. 24. ‘It was jhot poss{ble to get a -
/

[

4

@ . . Fig. 29 shows the theoretlcal relatponship

, ) .
direct comparison between«@ﬁe thedFetical values of the

"EEG act1v1ty obta*ned from egquation 4 and the computer 4

0 »

simulation results since it was found thatXthe variation. i

-
*

\
ofqg with time showed highly damped 0501llatlon and
reached a,steady value after only few 1terat10ns for nets 3

with-low connectlv1t1es and“also in the presence of in-
o 7 '
hlbltory connectlons. . Mfrﬂ . ‘ .

) \ - T

/
between the fraction of active neurons at time (n+l)T,

thich(was computed'from equation 6, a the fraction of

active neurons at time nT for the net mentloned above.

The theoretlcal curve‘of Fig. 29 shows good agreement w1th

with shape'of the curve dbtained fro? computer\simulations
“shown %n Eig.'s~2‘end 3. . ) . %'__,;ﬁr
. R ‘The bfoken line curve which #s sﬁperinposed on. -
the thgoreticél EEG hrStogran of Fig. 2d§5hows the egpeJted

. v e : ' *
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Fig. 28: Thegretlcal EEG hlstogram of a net donnected. ¢
Lo according ‘to the poisson dlstrlbutlon law.
'y The broken line represents the expected EEG
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o Flg 29: Theoretlcal vaﬁ:es o?f o ;I( vs. anf for a ..
. ‘ ‘ .. net tonnected according to the" poumon R T
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frequency of occurrence of EEG "lues obtained from the
- %

normal dlstrlbutlon curve that has the same: arlthme i c

mean X, ~3nd standg;d dev1atlon S as-the theoretlca his- -

togram. The expected frequengles Qere found by qalculating
the arithmetic mean for, the theoretical EEG‘hlstogram and

]
the sfandard dev1atlon whlch wa¥ fpund by u51ng the equatlon

R

o \\ R ., . “

yvhere fi is the fféquency‘ Bccurreﬁbe of certain EEG -

~'

ffvalues X. and N 1s\£he total number of X.. ~The deviatién 4
s . ¢t
oﬁ‘each 1nterval from the mean X - ‘was then written in units ° .

[ . 5
o \ N

o%“the stéhdafﬁ aeviation py using ’ 4 ‘ ¢
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—.
and é%y‘two valueé’of P geterminés the pfoportion of .the
expected.'values of thé EEG activity. When this is mglti-
plied by the tbtél numbér (N=éCQL the expected number of \
EEG values that fall  between Ehe two values of 2 is‘gb- w//r\fv,
taingd if the EEG act1v1ty ls normally dgstrlbuted LThex T

area under tggsnormal curve and the expectedonumber of EEG

s

‘'values was obtainéd for the ten intetvals of Fig.j28,and'

.was then plotted. The xz_yalue along with the values of ;-

the arithmetic mean (X) and the standard deviationf (8) l,;/
- . . b » Toee = R /-" N ] - .

are also shown -in this Figure. The higﬁ x2 valué-couid be - -
due to the fac¢t that even with this net the time course '
oifthe activity gn_shOWEd.highly damped oscillation.
; . o
‘ ‘ -

N

a ) o A

fa




- T

ectivit§ indicates that this net does not behaVe according

_the Qfesence of evoked potentials delivered by any number A

D. Presence of qu}ic Activity

It has been found by Anninos (1972) that sus-
tained cyclic activity in a net seems to depend only on the
statistical parameters.of the net (such'as the average
number of outgoing connections, the percentagé of inhibi- ‘

tory neuronﬁ, and the threshold), the nets considered in

‘this study have similar statistical param?ters to those
cons1dered by Anninos. The fact that one'of the nets con&\

.sidered in this study (Net 4) not only showed the absence

of the cyclic activity but also the lack of ‘any sustained -
. > ) .

to the flndt{?s of lgnlnos (1972} It was also found that

’

lncreaégng or decreasing the number of neurons firing
initially did not affect. the response of the net except
for the fact.that the delay until the activity died com-*

pletely was dependent on the initial number of neurons

firing. For example, with a, = .2, the number of inter-
actions (in synaptic delays) before" the activity died T
completely was equal—to 23, while with_aO = ,05, it was

equal to 20. The behaviour of the net was the same }H\
-~

of active neurons (aAO) between 100 to 500 neurons. The

fact that this net has similar statistical- parameters to

all the other nets considered clearly shows that the . A

* -




o

. applied through a cable of active afferent fiberf ( A )-

abnormal behaviour of this net 'is mainly dge to the pat- -
. . . H . : Y
tern of connectivities of the neurons in it. A1l other

nets considered in this study showed the presence of sus-.
. R S . . .
tained cyclic activity in the absence of external stimuli

!

(Table li and also in the presence of external excitatory

or inhibitory inputs applied to each net 100 synéptic

delays after the initialization process.

. ' | o
{ _ Table 2 shows the effect of evoked potentials
connected«randogiy at, the net. :The average number;of

. V.
synaptic connections that each fiber makes with the neurons

y *~

in the net is considered to: be equal to / ' L
{ + - ’ S
Mg = M, = 3
\
|
" .“"“ :
-y

depending on” whether it comes from an ékcitatdry or in-
A ) .

Vs — . + =
hibitory neuron respectively. In this table, o and o

represent’ the fraction of active excitatory or inhibitory

, B 7 . ..
fibers respectizgly. It can be seen from the table that

an evoked responsk is elicited in each case. The stim-

4

ulus was applied~ 100 synaptic dexgys after the initiali- Q .
zation process and after }he onset of the cyclic activity .
in each case. After each administrationra deflectioﬁ was
. ‘ 5
: . . P
. ) i J




TABLE 2

~
»

EFFECT OF EVOKED EBIENTLAL ON CYCLIC ACTIVITY

1
+ _ }’eriod _ Number of
gt g ‘ of .~ Synaptic Delays

Cycle | Before Cycling

e 17
13
© 13




. -
a N ]

- ’ obéerve@ one synaptic'delay after. This was followed by’
__/, 1 -

a latenty perio@vbefofe the reappearance of the cyclic

. . 4§
v activity. It was generally found that increasing the
- . a » v -
" strength of- the excitatory-stimulus resulted in the de- ‘X

crease of the latency period as measured in term of the .
\. 4 ! ' - -
| number of synaptic delays, while increasing the strength !

» ..

of. the inhibitory stimulus ‘x¥esulted in an increase in, the

..laténcy pefﬁPd. Althougﬁoall the nets coﬁsidgréd showed
such a gepe?él'behavaour, it was.found that nets whosgﬁﬂf’ N
ﬁEG activityfdid ndt show gauésian characteristic;;@e— .
viated from such a general behaviour‘mbre_th;n the nets

[ 4 .
whose EEG activity was gaussian. Although such a criteria . 7

’ ~ can be used to'disfinguish between the normal and abnormal ' p
nets dgf;éel that more nets should be tested and more ,

.dafé collected to find out if this criterigais general.

- i
. h.g i \
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~
. E. Effect of Microscopic Structure on Net Behaviour

- . . . ¥
* In the preéeedinq sections we discussed the

similarities and differences that exist.between the various
neti*cons1dered ln thlS study. In €his section, we are

’ 4

Y golng t\\iiz whether differences 1n~nets behav1our are
mainly -due to the dlfferent connectivity patterns of

their ineoméngfand outgoing éBhnectiees and whether somg, *
general prepertiés‘cap be found that ‘characterize a par-
tic@lar behavigur. To do this, use will be made of ffe; '
queﬁcy d’istribution of the total numberef incomiﬁ?_con—
nectipns (Fi,ﬁ.'9 to 13): the-higtogramfof the total

number of the incoming excitaeofy connections‘(Figs. 14 N
to 18),, and the‘histoérams oﬁ,the eotal number of the'
incoming inh?bitory cbnnections to each neurﬂh‘in tﬁe net
’ o , e

(Figs. 19 to 23).

pe. A} . . e

. . A statistical analysis Qilllbe made of these Y

histograms to estimate theif central tendency, their vari- .

[y

,/énce and skewness using the method of "moments“ In
phy51cs, ipe position of the centre of mass for a dis-

crete distribution of"- mass m(xj) at different values of -
, ' 3 L N

xj is given by:

. T

-




.4’

rx.m(x.) '
—_—2  J

X =
. . C.m S Im(x.)
A ] . .- :‘ £
. N B
' whexe xj (=1, 2 ...) is the Wi nce of the mass
1 . ~ T ' . . .
m(xj) from the origin from which the centre of mass is . .

measured.

Cd

4

' "p' 3 . »
In the terminology of mathematical’stfatistics,

this quantity is called the -first moment andils.given by‘ -T
) -l
(Pall, 1971): ‘ !

S . N . (‘._, _

where'Xj (=1, 2 ...N) is a -random variable with.?
/ . . - -

- N values. It is aldo called the aritHmetic mean (X) .

- -~ -

#n general, the ith moment about the mean (X)
L « . )

is defined as: ’ M R . -
’ ‘ ' : ! I
, I dXy - X)*t - - .
- m. = J = ) . . ?
] "l NA . ’ - '
m, (1=2) 'is called the variance (Speigel, 1961). The ith-
moment about any origin A is given by \
. (4
s - I, - A)j\ ) . -
. m. = J J.' N v, !
i , : :
. N : N y
o | , —
The distribution propgtties of random®variables can be
measured ’?”usin dimensionless. ratio of Bhe moments .
about the mean given b@ ‘ - - . o~
7 : 1 . ] . - - :
.« 5 : ’. ] 4 ' . T . - <
<'W . ? o
. | , .

at
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@ 4
a, ‘ s , ’
”» - \/’, 1 ﬁn ) * s . :‘ .
2T The skewness which 1}5 ‘defined as the~ degree of - )

I -

asymmetry of a dlstrlbutlon is glx by Spelg%l 1961)

- 1 A A

. .
N \

- - § - — ¢ "
a\>can be compared with the ¥alue of ay of the normal

S ¢ »

dlstrlbuflon which is equal to 0 A pos:Lt;Lve value of - -. s

//ndlcat_glghat the frequency c¢ \hrve of a dlstrlbutlon

-

has a larger tail to the rlght (Pall, 1971) and 1s called A

positively skewed. A riegative value of a,
M R

it is'negatively skhwed. . : . . ‘ ’

indié&@és.that' °

. . s . “ .
: '~ . The moment coeffifient of Kurtosis is diven by’
I wd . ‘ o RN

' d .
Speigel, 1961 : . "
(speigel, 1061} O

'Y : b

a =\_‘u. L RS

‘ b 2 .\ '

. (). . * ’
\

and is a measure of .the . degree of peakedness of a distri-

1 i \

bution. Wlth respect to the normal dlstrlbutlon whlch has

a value of a4~3, a dlstrlbutlon with a value of a4>3 is. ' Co
. ‘. |
called.iéptgkurtlc di trlbuylon and is . characterlzed by a : 2
. 'S' ;o "/ A
relatively high peak. 1In contrast, if a4<3 for A glven‘/ f -
d

.-
t -

frequéncy dastrlbutlon, then lt is called plat ’kurtic a

- 3




] C -

- L e Y - T . N *
has a flatter top, than the norﬁalfdistrihution.

. - » v .
Taﬁle,B liats the values of the sec¢pond third and
2 ’m3, nd 'm, abbut the fngan X for the

histogram of Figs. 9 .to 2. Also shown are\the'values of

fourth moment§ m

I3

— ~

- . o n ’r
az, apy and S:, I v

/Tt\gan be seen from this table that differences do
’ . et 4 )
ex1st 1n the skewness arid Kiirtos:.s of the;e frequency

/ cem . /

\dlstrlbultlons. Exam:Lnatlon of the values of ag and Ay for

3

" .’the total my:;er of excitatory incoming connections Yrefeals

that net 2 has a higher value'of a, and & lower‘value of a,

3
than net l aThlS means that net 2° has a greater pos:.tlve

~
w
o

skewness \'tvhan n@t 1 and ‘1t g.s platykurtlc whlle net l- is - -~
\
leptokurtic. 'Similarly, net 3 1s skeyed more to the rlght

<

s M -

than -net 4 and is less leptokuf: han net 4 relatlve to
the nornlal ‘_dlSi?.'lbuthn. . -
« ' . .\ . \\
. . , i — e .. T s
as’ and a, walues for total inhibitory incoming‘icon- .

-
L Y . 1 o ’ -
nections for th'ese',‘ nets also»show some variations: For .
N .

! : .
ekamplel’a’ for plet 2 is“greater than that fot net 1 whil"e
a3
R
tb.at the frequency dlstrlbutlon of »thre 1nh1b1tory incomlng

conhectlons for net 2 is less skewed and more 'leptokurtlc

- -than the frequency )Qnstrlbu}a—ef( of the 1nh1b1tory. 1ncom1ng

. het 4 Hov&eve'r, this net is,'more skewed than net 4.

conneqtlons .qf net 1. Net 3 is alsomore leptokurw than@

)n. v . .

. 8

for net l\ls greater than. that for net 2 lThlS means .(,

2

B
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N L ; TOTAL EXCITATORY CONNECTIONS _  + ‘.

e o Net s oM M om0 Ayt A,
. . ) . : R , . .. - Ne ) * SN
U0 .= 71 1018 1.40 C, 1.43:  7.04. - .86  .3.59
a 2 Ul.34 r8 2,22 6.88°  0.91 2.12
' Vo3 Terantt 1.7 7t 2039 211,04 1,04 ° 3,65
, 4 1.31- . 1.74 . 2,20 - 11.28 . 0.95 .3.72
& Py Y , ’ . ' ¢ , c o . . . o

TOTAL INHIBITORY CONNECTIONS -+

Net* | . §. . sz\f I T Y

b

1 1.01, 1.08 - 1,247 3,69 1.19°  ° 3.48
2 .9 0.84 .8 . 4,55, ""1.09 ' "6.93.
3 ‘1.01 §1,63* 0.95 . 3.51 _ 0.92. ~3.37
. 4 0.88 ‘,0.79} 0.47 * , .96 0.67 3.14
- '\‘ g " . :3/~ . o .“ . .
. . - TOTAL INPUT |
R : . \'\ ‘ » \ ™~ -
° 17 1459 .2.53 . 2.78 ., 2].78 “ 0.69 . 3.4

2 .~ 1.6% . 2.67 3.60°0 “26.07 / 1.64 3.66
3 0°-1.58 . 2,51 2.38  19.52  0.59  3.09
4

’ 1.6 2,75 4.05  .426.Q0, 0.89 - 3.44
t T\\\ " o N §0 ’ . ' \
- ! ’ - '
- . . ,B . * - - "
T * ¢ —_ -
. A . : : .
;‘ LY } N \ £ s ) '-' N
& ' 4 ‘
LS 2 ‘l.‘g‘-'{ . ,‘ . ° 8 ‘
» . .- o " 13
\ t 1 . ) * r
. ‘ , e . p\.\— ' .a
[y ' ~ ' M
PR .\ "’ BA\Y L]
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Variations in - e values of a34ahd a, is also apparent in
: . o ; ? : ok -

the analys of the histograms of total numbers of incoming

o o -
v

= 1 . . . . - * . * .
copgpctions of these nets. - - : ¢
T N - + v , s . 4 \

>

Values ea'ahd a, for the histograms of the excitatory

1 R

1ncom1ng connectlons and also for the 1nh1b1torye1ncom1ng

connectlons for net 2 1ndlcate that the frequency distri-

)

butions of net 2 show d definite pattern.which differs from —_

the pattern assoc1ated Wlth net 1 Whlch has identical stat-

‘_1stlcal parameters  to’ that of net 2. oo S

- ~- .
. uy

- ~ . .
A ~ . - - .

The analysis of the hiStograms d;/tﬁe excitatory
incoming bonnecfions bf\net 3'is similar to’ that of,detlz, L

but the h}stogram'of its inhibitory incoming connections
. " ~ .

~

differs frem- that of net(z‘in*being moxe skewed (relative

to net 4). We may therefore conclude that net 3 has some’
N s - ~ . \ LM

. . .. 2 . .
normal tendencies. Examination of %he.value\of x of net 3
' ' ’ . '

shows that it is equal to 18.0. Although this is greater

. . 2
than the gritical value of Xigge The curve shows. a greater

t.
normal tendency than"othet/hets.

J

The behaviour of net 3 isgaléo similar to that of .

= o - . . . e

. . . . I
., net 2 in the presence of ‘external stimuli (Table 2) increas-

ing_ the fractidn of the external active incoming.eonnectione
for exciiatory neaeong/(c+) had.the‘effect of decreasing

; . ,
the number of synaptic delays before the start of the .

cyclic activity, while increasing (o ) had the opposite

AN
N

S

e -3 '



. . ey ‘., . ’ .
net 4 was not able to, sustain‘any activity is due’to the

~ - v T .
partlcular pattern of the 1ncom1ng connecs}on of its cells.

M !

~

Fig. 12- shows that more neurons. recelved a total' number of

-
"~ v
.

two incoming connectlons than any other number of c¢on- 4

nections whlle net 3 (Flg 11) shows Mat’ a greater numbe:

‘of neurons ;ecelved a total of threeoconnecxlons than any

]

other value. This fact might indicate that this net is

not capable of sustained activity becausd of‘gﬁe’greséhce

’

~of a large pumber of networks exertlng negative feedback

I

control on the cells of this net.
' The ma\hematical analysis of the frequency disé.
tribution of the excitatory and inhibitoqy ;nceming con- ..

nections indicate that différencesido exist in the con-
' [ 2

nectivity pattern of these nets and that these different

t * .

- ferent behavioural patterns of these nets.

<

effect. Net 3 showed a similar behavioGr:to that of net 2 .
. . - ) . N .

- ‘ . 2
for a fixed period of the cyclic.activity. The falt that .

.connectivity patterns could be responsible for the dif-




" seen fkom Taple l \ An investigation of the’ operation of

~—

"3

N .
v . . S

F. The existence of neural multivibrators = .

1

"One 'of the interestipg phenomena observed in

the Qynamic'behaviour of some'bf the simulateq’peural'nets

is the presence of two state periodic activity as can be’

thesé tWo state cycles showed their similarity to the

2 -

- operatlon of the free running or the astable electronlc

mult1v1brator _The astable mult1v1brator c1r¥u1t ig a
)

resistance-capacitancge coupled two-stage amplifier with

i

positive feedback. It ‘has two quas;—stable states and

the 01rcu1t alternates between these two states w1thout

Al
bl

requiring an external input trigger. ‘

The_basic circuit is, shown in Fig. 30.;1Note‘

P

that regeneration and therefore osc1llat10n is pronded

- by the closed" 1oop consisting of the ﬁho tran51stors Ql

and Q,- The output of the:first transistorlis fed to the

r

input of the second trans;stor whlle the output of Q2

fed o the 1nput of Q1

When d—c. power is applied to the. circuit the.

.

‘tra 51stors will go tnto one of two possnble unstable

N

states due to random varlatlons or to,an unbalance in the

componentS“with oneqtransistor going ON into cohouction, r

ahd the other transistor going OFF. 'Let us assume that

N
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LY

transmstor Q starts conductlng more heav1ly than tran-
1

AT BT

81stq¢ Q2 This causes the collec%or of Q1 to becqme more.

-
.

"positive gclose to ground potentlal). This positive voltage .

v

" at the collector o.f,Ql causes® the base of Q2 to become

positive. - T?e,positive base Qoltage'of Q2 qausesﬂa decreqie
t - * N

in the forward bias and a decrease in the collector cur-

. N 4
, e
. L; = . .

rent of Q2,mak1ng the voltage at the’collecto; to become

2

the base of Q increasing its forward bias. The process

continues in'til the. base of Q, becomes so positivewwith -

more negative. This is fed back through capacitor C} to
! \

.

'respect to the emittor that, Q2 is cut off and Ql is sat-
,uratég. Thls means that the collector of Ql is essentlally

- at ground potentlal and the collector of Q2 i% essentlal%y

v

-

at’ él since 1t is OFF and the voltage dcross C

is essen- -
" 2 ; » .
tially equal. to V__ and‘%}ll he ful]v Dharnaﬂhh% long—as- —
Qz-is OFF. The process happens so qulckly that%—:i"s;loesr“f“*“‘“‘*“'_”’4

a?—r

not hévg"enough time to.charge. After the saturation of

1 starts to charge through R2 so that the

base voltage of Q2 goes negative to the point where forward

Ql’ capac1tor C

bias is reestablished acre’'ss Q2 bringing it into conduction
and causing the collector volthe to quickly become positive.
This gives rise to a positive pulse to the base of Ql thus

cutting off Q. With Q "OFF capacitor C, charges until the

. - -
4 b

-
~ Y



3
N

4 ' ) ‘

s 2
¢

base of Q is sdfficientiy negative. with respect to the

~

' emitter for Ql to come ON again,~and,for the cycle to T

repeat. , The periodic time for a complete cycle of.the . e
P y

/ ! .
astable multivib*ator operation is equal to the sum of the

(N

t%mes tpat Ql is OFF and Q2 is OFF.
= The operation of two states cyclic activity in - -

a randohly connected neural net is similar to'the operation

Y

. of: the astable muLtivibrator. The perioa for a, complete
cycle i3 equal to the sum of ‘the times that the first_state
and the ‘'second state are OFF. The first state triggers the A

‘second state into act1v1ty whlle it becomes inactive, and B

S

- the time that one tran51stor remains ON) becomes inactive -

. the second state after ‘one synaptlc delay (equivalent to -
\

) .
: . while the firsé state because of feedback from the second--

'

state becemes active. fThe neural oscillator just like

the eléctronic dstable ﬂhltivibrator continues to alterWabe

between theSe two states w1thoub requiring -an external :
. r

o -

- input trlggef ] . _ . '
M J Tables 4 shows.the connectivity matrix, which was

constructed by using computer simulation’, for\in\gsgfgis -

of a class A'net. that exhibits ,the two state cycle. In

-

th1s table Qach row represents- the out901hg conriections

and each column the incoming connections for gach
1 L

- / V4
* ’ -

] -«

‘s



neuron. 'Therefore the values of the first Tow ﬁepresent

- 7
T o "’h \

the number of out901ng connectlons from neuron 1 to all

the neuronslﬁnxthe net whlle the values' in the first T .

. N -
. .

column glve the number: of the 1ncom1ng connettlons to . ‘,

neuron 1. In thlS table a connection orlglnatlng from an ) ¢ -

[ . s
R

inhipitory neuron is indicated by a negablve value. .The .
. . \ 3 , ., .. ) ".,
circuit can be brought into the oscillating Wode by trig- -

. a

gering some of its neurons into action:. If“ for example, *

neurons 6 and 10 gfe triggered first, thegn the Activity
within the net: will progress and:willremfe% into its, :

periodic oscillation three synaptic delays later. The cycle

involves neuron 5§in one etate ahd;neorop 1, 4, and 7 in ™
the other. These _two stgtes cohtinue to alternate bec&%se, )
the output of neuron 5 1s connected to the 1nput of neuron o
l.while the output of neuron‘l is. connected~to the “input .

of neuron 5 as can be seen from table 4. The connectlons

between neuron 1 and 5 are exc1tatory whlch is analogous o g
. i e / o
to the p051t1veuﬁeedbackathat exists between the two tyqpi e

L4
[0

sistors of the astable multivibrator. Anothef 'similarity -

o 4

‘that exists between the neuraﬂ\and the electronic multi-
- E : -
vibrators is the fact that the‘nepral oscillator just

.

0 . .
like the electronic one will ifail to operate if the two !

neurons are'made active at the game time.

| .

S o « . ' |
’ ) ) ' v :

s ’

™
‘e
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»

) Other pathways can also lead'to the same two .

’ s
state cyclic act1v1ty, for example, qglqgerlng neurons

6 and 8 lead to the same cycle after two'symaptic delays.

L

Neurons 3.and 4 glve the- same, effect after three synaptlc

-,

Y .

. delays. . ' I :
Once the cyclic dctivity starts it will continue

.

indefinitely until it is médified, modulated or destroyed

by‘en exteinal,input delivered to, the net. For éxample,
s, ’ ) ' A ’ 4 '
if after-the onset of the cyclic activity, with neurons

-5 firing at one time and.nedrons’l, 4, and 7' firing in |

- ' .-

the-next tlme n®uron 10 is acﬁlvated by an external ex-:

\ T
’

\Eltatory 1nput SO thaﬁalt ires when neurons 1, 4, and 7

’

re»flrlng ‘then the periodic twp state‘osc1llat10ns'will
} ! . . ‘e '

-

1

.cease but the net will continue . to be active with dif-
, ~%

:feient neurons firing every time for a total time of 8T

| , '
’ . . -

-after which the same'two states periodic activity comes

beckm *Such a modulatlng efifect can only come from out31de

the net since ‘all the 1nterna1 -Adincoming connectlons of
9 * M -
. neuron lO are 1nhlb1tory whlch means that thls particular
'
meuron can not e actlvated by any stlmqus comlng from :

within the net. Ifg\on the other hand, neuron 10 is made

A 4

Jh .

to flre~wHEn neuron S-flres ﬁhen the perlodlc act1v1ty

-~

w1ll be completely destroyed and wlll not came back.unless

» ~
. - N .
. ¢§9 . i
. e
. - . «s
* .

< » -

[N

N

N
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another external input is applréd to the rlght neuror;s .

. —
o
7

"to actlvate the neural osc1llator It/ can be seen from the

& /

s Y / . . : Ty
.above discussion that neuron 10 can act d9s a control unit
for modulating or destroying the cyc‘//lic,activity within »

" \

. the net and that such function can /only be trigge:se'd' from

bt . i

) . . "~ Vo
+the outside. ' ; : .
B -7 ; . -

/ . ' .
- B
.

h

Although thé presence 6f osc:lllatlng CerUltS

L /
‘within the nervous system has been demonstrated in 1ower
‘animals to control rhythmic functions (Wooldridge, 1963)

the ex1stenoe of complex networks whlch may behave 11ke the °

- 3
electronlc mu1t1v1brat0r circuit within the mamal’llan
o . * : . ) . a
central nervous system and their biolagical significance’. ‘
. . 1Y ¢ . - . .
. . . * - .
should ‘be investigated. . . T s
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~ Poisson dlstrlbutlon law show completely dlfferent be- ) . -

‘A which should exhlblt sustained act1v1ty and cycllc ac- -

.

”trlbutLon o! the 1nh1b1tory incoming connections were lep~

- [}

&

. " CHAPTER VI - S

. .
P [ ‘ ) ‘.
-\. ‘s - : . N\
|' . ‘ : e . w .
. .

Y

CONEEUSION '

. " It has been shown that néts having the same over-
° A

511 statistical parameters and conhectediaccording to the

\
havioural patterns. An 1nvest1gatlon of the connec1t1V1ty -

patterns of these nets showed some differences in theLr

~

connect1v1t1eé{ Although all these nets belong to Class

- " o=

t1v1ty, one of t%ese nets showed neither of these two |
L )
phenomene “fThis behav1our can be due to the connect1v1ty

i L]

pattern and the 1nh1b1tory feedback networks acting: within
. &
the net. ™ - . " S : ‘

LR

., The results also “showed that the frequency dis-

trlbutlon curves of the ex01tatory and 1nh1b1tory incoming ‘ ‘ . S

cennectlons can be used to dlStngUlSh between nqrmal -and
abnormal nets. It was found that nets whose frequency A

dlsttlbutlon curves of the excitatory 1ncom1ng*connectlons-

2
are platykurtlc (relatlvely flat) and whose frequency dis~-

» L

' S.
tokurtic (hlghly peaked) relative tofthe'normaladlstrlbutlon

. k ‘ ) .
cuxve showed{gaussian EEG ECtivity, while nets with other . :

s

' ey . . . . . ’
. t Y -, . * .
R 1Y -

Y



AR

-

~
. f
.

frequency distribution curxe patterns showed an EEG acti-
. - - : °

. v1ty that was not gau551an in character. Such' a ‘distinction *

e . . O » “-

.| between qumal and abnormal nets based on the frequency,

s - * N . . f ; .
distribution curves should be further investigated with nets
¢ - ‘e v " - -~ *

connected according to other distribution laws to deter~

mine.tﬁe limits and the conditiohe'under which a net will

‘have a gau551an "EEG activity. g , “w .: ) - ¢

”~
1

The theoret;cal results‘gf ‘the EEG’ act1v1ty offa

. ’

‘net whose.exq;tatory and 1nh1b1tory connections are dis- . -

tributed according to the poisson distributton'iéw showed’
that theo;eticel EEG histograms of‘euch'nets were net o
dlstrlbuted accordlng to‘the gau551an probablllty dlstrl—

. cutlon law.. Co ' . g ‘ 1 -

o
‘o K™

. It was also found that in general the appllcatlon

of an inhibitory stimulus té a ‘nornal ret exhibiting cxclic CN,
acitivity resulted in an increasey in the number of synaptic ‘f-

delays before .the redppearance of the cycle.. Since similar.’

. o , . . . ‘ L Y
results but with more deviations were obtained-: for abnarmal

nets, we, feel that such a criteria can not be generalized "

R . ,
without .testing more wnets to determine whether the Varjations . 4
e L S ' . - - * . @ !
in the number of synaptic delays before the réappearance ‘) ‘

. : ) L e
of the cyclic activity is due to the differendes in con- : T
. . \ . ~

-

nectivitiﬂs'bf the nets or some other yariables.

£ -

v

—y *
-
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‘. ' Qﬁ,' It was also shoWnlthat the criteria listed i

- ‘ .

., Section A of,Chapter V can be used to classifx'the neés' -

;qucording—to their behavioural chracteristics.and from _
" the operational poih%'of view into normal and abnormal

' . - ) T . <t ¢ . .

. nets depending on their capability to exhibit sustained .
. . v roo N k

y  activity and on héw well theagﬁplituée distribution of ,

the EEG 'of the'nets fit: the Gauﬁsian distribution. From
. o/ . T~ .
the structural pejint of view, this classification was also

e Ssupported by the variations of the freqhﬁncy distribution
. . .
of theiF microscopic connectivities.

* .

. .
.

Some of the .nets considered "in this study showed *
1 [ 48 . . , '
the existence of two .states pgriodic aEt%vitY‘that operated

I ) . ) ‘ i’ : - )
in a similar manner to the. operation of the‘electronic

astable ltivibrator.- The existenée of such oscillating,

and logif circpits in thé central nervous’ system and their’
. f R\ :

biological significance should be investigated.

o

- Our rlhd&ts suggest that'the‘microsedpic‘structure

* -
N .
\

plays an important role in determining the’ behaviour of,
s . )
& . .
. grtificial nets. ~They also show that some variations in.

-the connectivities are admissible without appreciably modi-
fying fhe behaviour 4f thewvhets, (e.g.. negg 2 ;nd é). The
results feportedlher; may provide ;ome in&icatiéns of the

. éohstraints which are imposed by specific aﬁsromicgl

1

~ .. »
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OVEQLAY(QQAIN,

- 1TAPES=0UTPUT)
10C03 ¥
30043,
;0003
13033

REAL NSTD({1d),
INTTGER

,L033 , COMMUCH/ FARAMY/

;0033 COMMTMN/FARAMY,
15653 COMMCN/ZFARAMY/
,0C603 CALL OVEERLAY(E
30606 :
;0011 STCP 2 END

'-Luy -
L

PROGRAM MAIN(INPUT, QUTPUT, TApci TAPFZ TAPVB,

TRESAZ(Lut0) 4H ~

MULL, TFLAG, THOD (1)

LocIcat FI°"(1G'1),JJI“(1BU“),INHIP(4096)

IDKOQK,T[TLL,INFOL INFO2 -

I“K,IPVlIh,INK“AX
KXSUY, LECSUM

OMHCON/FARAY/NHETS,NILQCKyNTOTAL y NUMRER

comnou/Fnzhwxroznv,wsrIv,INFo,IbITtk,MITER,

5y TRCAYL,SOCAY ,,INDEX:
FIRSTHLAST,HNFIRE:

MU, T UM Hy ICZLL,,VNET
STQl“;T
THIi, TitAXx s TNROP,
PEINF,INC

s THEL,PCRD

Jco03 INTYGER
30003 INTEGER
10503 FNTIGER RICIRT (L, 1421)
13033 INTEGER
20003 INTSGER NS3PIONT L) ,HT
10003 . INTZGIR
30003 ——
590032
13623 °
6003 ¢ LOGICAL LAGRN,
PRINKE
MR COMIQH/PARA L/
14003 COMMCN/F
U030, CoMMCMN/FARIAMY/
20C62 CGMAON/FAINML
10503
.ucu3
0023 COPMCN/FARAM/LSTORY,LSTORC
10693
39003
i06u3
CGd3 COMACN/ FAIAM/ T AV
}3C03 CONMON/FRALA *
Juld S COMMON/PATAM/])
06003 0 . COMAONAE Ny
RELS I COMACIH/FERAML
<ugg3 COMMON/FARAM/

TQHL,TRFQW_,TQLSHJ,VT

REAL "INF, XNKAVG, INKAVG yXCOAVG, ICOAVG YELyIFRCTIN
REEL TAVG(i’),T“PAY‘ilu), DCAY(lu),STD(LUG),b,AH,V,NOISE(iOD),

TITLL(i“),INr0(¢5),INFOl(lS),INFQﬁJiG) >
VHET(LO0C) yFIRSTLITEN(20)
STAT"(1(07),nP‘le(;uuu),TntSFZ(lHGJ)

ooy

TVIé(lJ),TlAA(i ),TDRO!(ib),A%P(i ) g THR1(13),VTL1400)
XT(1e),EXTCOR (LJ),RORD, IEXT (L)

PEINF (iLub,INC(100) -
TNTSGIR PRMT(12) - '_
CIMINSICN NKFRST(1Jd2) 4yNKLAST (1D u),NNEU’i(lL),NNEUQZ(iD)
CIFENSICN LSTCRM(5,12.0.),LSTORC(S5,2LG0) ~

™

AM/ NXXy'IKXMTHy NKXMA X, XNKAVG LCOMIN,LCOMAX, XCOAVG
NMAJG,[C)HIN ICCHAX,y TCOAVG
»y MXNEUR, INRSUW,I’OSUH,IJNEUR
COMICN/FARAMY JFROJ,JJCQOH,ITU,IITO,COi,INH,IFPCTN,ITEM
COMMON/FARAM/NKFRST yNKL AST ,HNEURZ yNNTUR]

153

NSFONT, NEXT 4 INHIE, EXTCOc,ItYT RECORD

LE.&!""],NULL, IFLAG,THQAD
FIRE,JOIR
HRPICIOMG, 190, 0)

CALL CVERULAY(EHNETSIN,,2,%,0)

£y



JJudd
wbd3
idda3
4003

1633

Ve v

4003

JuG3
.tJ UJ’
3003
IVRVILK
:u003
oo
1 Gd 3
10003
:d Gy 3
J6GG 3
10003
lﬁgu3

100U3
19633
ig0d3

R FTRUK
13603

[l =)
oo
[ -3
N W

IVATIVIR 39

CVERLAY {RICING,1,42)
PROGRAI RICING )

C‘::‘:: :::::::::::::::::::::::"::::::::::: :::::::::::::::::::::::

C* RIGONGN2 - RANDOWLY INTERZEMUECTED COMPOUND KET GKMERATOR
C¥=====czz==z==sco===cSsSSosSsoronsnosss2ssSoioSSuUSSSSZcSSsSSSISSossszszes
C , v

4#33DF CLARATICNY , .

c. »

REAL THE 3 ANKAVGy INKAVG,XCOPVGRICOAVG,YFL, IFACTN
REAL TAVG (1), NCAYL(15),SECAY (113, STO(L3L) 55, Al V,NOISE(12C)
REAL NSTB(10),THLSHI(1GLI) ,H
IMTEGER TITLE(%G).TNFO(iSQ}INFOi(iS),IlFOZ(i%)

INTAGER VNET (1L C) yFIPST, ITEM(2G) :

INTEGZIR STATF(LeLu) ,TRESHAI(LLIL) , TRESH21C )

INTEGER RECOW(L,1403) ‘ .
INTEGER TMIN(LL),TAAX(1G),TAROF(L15)4ARP(10),THR1(10),VT(1600)
INTZGAIR NSPONT{LL) yHEXT(LL) yEXT1COC1w) yRCAD, IEXT (10) °

INTEGER REINF (LuC)sINC(LID): '

INTEGER PRNT (1() » :
CIVMENSICN NXFPST(120),NKLAST (44U) ,NNEURL(1U) ,HNFUR2(10) AN
CIMCNSIGN LSTCRN(S,179C0) ,LSTORC(S,41%0 /)

LOGICAL LEANN,NULLyIFLAG, TMUD(L1D)

LOGICAL FIRE(14uLl)yJUINCLIN,) ,, INHIR(LLAR)

CCOMMUN/PARAM/ TUKORK,TITLE,,INFOL,INFO2
COMMOM/FARAM/ NKXy IXXMIN,NXXHE X s XNKAYG,LSOHMIN, LCOMAX ,, XCOAVG
COMION/FARAM/ IHK,INKAIN, INKHAX, LNKAVG,1CONTIN, ICOMAX, ICOAVG ©
CCMACH/FARNM/ NKXSJIH,LCCSUMy NCNZUR, INKSUM ,, TRNSUM, THNZUR
CUMMON/FARAM/ JFROMy JUF 20, T10U, TIT0,C08 y 1NH, TF20TN,ITAM

. COMICN/EARLM/MKFRST, HKLAST ) NHEUR2 , MHEURY .

: COMACN/FASAM/LSTOR 1,LSTCRG ~ ‘ )

CUMAGH/FARA/NIETS ) NGLATK, NTOTAL,Nunas l

COMMCM/FARAM/TDIENT,NS 1IN, INFO, IOITER,NITER™
COMMON/FARAM/TAVG, TOCAYL,SNCAY ,INDEX .
COMMGN/FARAM/ FIRSTHULAST,NEIRE '
COMHON/FARAM/IMUP,[JUM,H,ICELL,VNET : !
COMADN/ZFARAMY/ STATI,TRISHL,,TRESAZ W T2ESHI,, VT '
COMMCN/EADAY/ THIN, THAK,yTOROP,ARP s THR1 y RCRD 4
COMMCN/FERAM/ DCINF,INC

COVMCN/FARAM/ NSFCAT,NEXT, INHIB,EXTCOE,IEXT, RECURD )
COMMCI/FARAA/ LEAR I, HULL,IFLAG, THOD, '
COMMCN/FA?AM/ FIKRE,JOIN
CATA ILTAR/HWHR#23/

1

c
C*¥+3%FORMAT STATENENTS
C [ B B . "
5 FORMAT(*1START OF RUN¥) S
135 FCRIAT (I8, 1GAATT2,T5,F12.2) :
15 FORMAT(TLNET KO.*,18,1554///5X,% TUTAL NUMDZR OF SUANETS*,6X,*
INNETS=*,10/6X,* TOTAL NUM3IER . OF NEURONS®,6X,* NTOTAL=*,19/6X,*
2RAND. NC. GENERATOR. ,X%,5X,%=%*,F14,2///) :

728 FOR!AT(15A4/2I, F5.3) . . L.

755 FORUAT(EX,* SURHLLT NOL¥,I12,15AL7/72%0X,* JFROF=*,15/32X,
1*¥JJFROI=4 ,r;/six,* NN =*,F9,3/314,* INN =*+,15/31%X,* IFRCTN=
2*yFY.3/7) . ) v .

RIS FORMAT(15A4/215,813) . Lo

A15 FORMAT (EXs* TLOCK 10.%*,12,16A4/7/231X,* ITO =*,15/31X,* 1IT0 =

/ R




S

700003
MVILIRE

160608
30U 004

HoGoLe

166 G 3
10060

A

ALV RVRVEYC
.00051
500052
:QU 53
i da6Ch
40056
‘Qus?
17360
HRVECH
. JJeh3
-UG00S
QUUH6

0acC7y

98072
0673
10574
95075
gu i1
00112
00114

§60115
09123
06124
ug1i27
90135
02137
joo0140
Ouiy?
00147

~

S3I5/721X,*
106043,

woousd -

s0ugle”’

Cne
C

Jui67,

IF (INYI

CWRITE

1*;15/3ix,° NKXMAX=®, 15/ 31X, % HKXNIN=*,T5/31X,% TINKHAX=*
2 INKMIN=*,B5/21X,* LGOMAX=*,I5/31Xy* LCOMIN=*,I5/31X,* ICOMAX“'

IRUN=&
HRITE(H,5)

C*##**READ IN STARTING PARAME TERS

-

IRUN=IRLH+1

IFYIRU§.NE.1) 60 TO 93UC

YFL=RANF (X) )
x=C

GO 2uu K=1,4096
INHIB (K)=.FALSE,
CONT INUE

00 -3¢ K=1,40

NMEURL (K)=0
MNEURZ2 (K) =g
CONT INUE,
NILOCK=NMETS*#2

L0 gLu K= 1,1(0
" NKFRST(K)=0

AKLAST(K) =
cowrrmUE - v

C‘**‘*GEFINE,SUENETS

INN.:Q:— - A

NKFRET (1) =1

"CO 90G K=1,NMNETS

READ'(2,705) INFOL, JF°0M JJFROM INH
hNEUFr(K)-JFrDM :

NNLURZ (k) EyyFRrom
IF(Ih!.cO.J) GQ}TO 756

C**+***LECIDE %HICH NCUROHS ARE IAHIEITO?Y IN K-TH SUBNET

5JL Ihh—IFIXﬂFLOATLJJF?OM-JEROV+%)‘INH+dm5)
~ CO 703 L=1,1INN o

YFL=RAMF (X)

J= JFR04+IFIX(FLOAT(JJFRCM JFROMI®YFL+C,

ctJd)) 66 710 bJO

INHI’(J)—.T’UE.

CONTINUE

754 IFRCTN=FLCATCINM) ZFLOAT (JUFGH=JFROML)

’ (6,755) Ky INFOL, JFQOM JUFROM, INH)INN, IFRCTN .

o

L.

;J5/31X -

IPO%INr* 15/7) ¢ .
2635 FORMAT(POSORTH CON:GT FAILED --- PRAIN SUPRESSED¥),
3035 FORMAT(* QRAIN ALRZADY EXISTb
905 FOGRUAT (*-END OF RUN®)
_FORMAT (€ (5X,315))

MOT ALTERCD, IOKORK=*,18)

READ (2,105) §OKORK, TITL,HNETS,NTOTAL X
WRITE (6,115) KORK,IITLE E\ET;,NTOTAL X

Cr**** INITIALIZS

IN CCMPCLND (UET

e B e




106003
300003
100033
H000U3

)G&Fﬁa
youloos

iguglLe
10LG12
1630613

D0o063u

LUuiLb
00651
00052
gucsa

foagsy

[uiGcseé

QGL57
07360
0CG61
33063
06065
L0UG66
L0667

d§$72

' 06C73
10674°
15C75
dui1ld
go11e
00114

00115
go123
0v1d4
00127
00135
00437
00140
guiu2
00147

[
v ¥

[N

!

00074 ~

. C

\

c I
- =

_CPrERRREAD OIN bTARTING PARANFTERS : ) ‘
. . . -

) 1* IS/ 21X, % NKXMAX=%,15/31X,* MKXNIN=* IH/*1X,‘ "TNKMAX=* 15/31x,
‘2 "INKMIN=*,I6/21%,* LCOMAX=%,I5/31X,* LCOMIN *y 15731 %, * ICOMAX=*,
[3I5/T1X,* ICODMIN=*,157/7)

243 FORMAT(#ocngN»CON CT FAILED === PRAIN qUPRLSSCD*)

303§iF0RHAT(W ARAIN ALRZADY EXISTS === MOT ALTEREND, IDKORK=*,18)

9:05 FORMAT (¥-ENi) OF RUN®*) ' - , S o
1200 FORNAT(E(5X,31I5)) X

c ‘ : -
'IRUN=@ - S L -

WRITE(6,5) . :

c

130 IRUN=IRLH#1 : '
IF(IRUNWNEL.L)Y GO To 990 '
PEAD(2,165) IOKOEK, TITLE ,HNETS ,NTOTAL,X
9yl HRITE(G 115)ICKORK TITLE,Nb&TS NTOTAL,
c , S i
Crirrx INITIALIZE ” - : l/
D “

YFL=RANF (X) .. e - ‘ ‘ “
{. , x c . / .
0O 2LU K=1,4096 ) ~ .

; INHIE(K)anALSEi IR '
. 2006 CONTINUE s .

' GO 3oy K=1,10, , )

NMEURL (K) =0 . N
MNEURZ (K) =T R : .
250 CONTIMUE =~ o= ’ ’
N3LOCK= nw"rs*ve ‘
CO wtl k=1,100 «
NKFRST (K) =0 T .
" MNKLAST(K) =¢ -

* 43¢ CONTINUEX o 7
o . .
C***#CEFINE SUGNZITS IN SCMPCLNO NET - - .
o :

INN=©

NKFRET (1) =1 Coe

CO Q0C X=1,NHETS > ' .

READ (2, 705) INFOL, JFROM, JJFROM,INH S
hNEUFl(K)—JFFOM ‘
NNEURZ (K) =JJFROM
IFCINILEGLY)Y QO TO 756

A

C - ' .
C*?***DECLDE HICH NTUROMS ARE INHIGIIORY IN K-TH. SUBNET
c /| s

2JL INN=IFIX(FLOAT (UJFROH- JFPOP*l)ﬁJNH+U 5) LA
" CO 7¢3 L=1,1INN K\ . AN
Ul YFL=RAOMF (X) '
J=2JFROM+IFIX(FLOAT (JJFRCM~ JFQOH)*YFC+C 5)

IF(INYIC(J)) GC TO ©J0 ' o
INHIUJ) =.TUE, ’

700 CONTINUE : [ . o
. 750 IFRCTN=FLCATCINN) ZELOAT (JIF0M-JFROMFL) h\\;?
" WRITE(6,755)K, INFOL,JFRCM, JJFROM, IHH, INN, IFRCIN '

-
2 1
. .

[

4 - S 111




c A v . o ' ' ! - ) .
C*¥e++ INTERCONNECT NEURONS UF K=TH SUSBHET WITH ReST IN COMPOUND NET N
by - o )

LY
, ¢ C . :
110470 Li=14(K= 1I*VVETS‘\ b §
U174 . L2=K*NNETS - o
13176 - DO B¢ L=L1,L2} : .
10200 * READ(2,8(S)INF02,IT0,11T0, NKXHAL, MKx1IN,TNKan,IMKMIN3Lc0MAx,Lcomr ‘
. lN,ILOHAX ICOMIN PR . -
10231 IF(INFOZ (1) .57 ISTAR) GO TO 800 -
10233, WRITELG,815) L, INFO2,1T0,ITT0,NKXMAX, N(YhIM,INKVﬂY INKMEN .
: s 1,LCO¢A(,LCOIIN,IL01£X,I COMIN ™ .
16267 ‘ CALL CONECT(IL)Y . ¢ ~ ’ . )
0274 - LCIF(IL0EC 1) 60 T 2h00 . _ - \
113273 NUFBERS MK XSUM+ TEERSUN S y oo
6275, NKLASTIL) =B e, — . ‘ N\
19277 . IF(L,LT,H2LOCK) XBRERST (L¥L)=NKLAST(LIFL . I~
10233 B35 CONT [NUE " . -
12376 ‘936 CONTINUE . .
S C . . . : y S .
[ﬁ‘**“PRINT KCPKX ARRAY ' . .
: c ' o . .
103106 : DO 356" T=4,NBLOCK " . v
ig212 IF CONKLAST(I) - NKF(:T(I)) 6T«6) GO TQ 95 o ~
13316 . . NKFRST(I)=0 , . .
0317 : , BKLAST(T) =G Y : “ -~
TREL 950 COUT INUE ~ : A »
03223 . LX=HKXMAX ‘
10324 - 10GU CUNTINUE
10324 HPITL(O,iZu’)(J,(LJTCR\(L,J))LSTORI(L,J) L=1,LX) J=1,NTOTAL)
19354 ¢ CALL LIST ) .
10352 CO TC 1.C. " . .
10353 2400 WRITE(v,2u4Q5) i :
16357 €O TO 9595 ’ ‘
6360 3udu PRINT SCE5,I0K0RK
0306 G0 TG L{9
10367  9u00 KRITE(H;90C%) .
33373 KWelTETS5,9011) NTOTAL
L3431 9010 FORAAT(SX,* NIOTAL =%,114) .
TERE RE TURN. .
;0403 © END. S - . - - , ) -
G / . ‘ . \ |
// | * 1.“ .
’ : “ )
) \
A ‘ g )
]
1 - | . ® J
* m . ' /
. N
\ ' . \
) 112° ¢



330603
q0682

16033,

30003
13042
A0€03
10633
10003
30623
16603
18653
10033
150603
18603
1003
1603

Jgoed

JeCC3

,12003

BTk
20003

20003
JHU03
13003
10603
G663
J0CC3
19683
836032
16603
U633
13033

Jagad.

300932

30003
Jo0d4
JCGOY
JoGas
Judue
jgeaz
10010
Joull
10012
30013

1gce
10003 -

'

© SURROUTINE COMECT (I1) nms - ' :

c - ‘ . ’ e
C*+*%¥* DECLARATICNS ; - "
c

REAL. INF,XN(AVC INKAVG , XCOAVG,IbOAVu,YFL IFRCTN ' /’
g  Rea ThVG(iu),1DLNYi(id),QWFAY(lf),uTD(lﬂu),S AM, V,NOTSE (100)
REAL NSTO(13) ,TRESHILLLLG) 4H , O
INTEGEP TITLT(15) , INFO(45),INFO01(15) ,INFO2 (15) .
INTEGER VNET(1.00) ,FIPST, LTZM(20) . . ~
' SINTESER STATE(1UUE) »TRESHL (10GE), TRESH2(1C00) - : -
' INTEGER PTCONM(L,1580) o \ 3 . - -
" OINTEGER THIN(10)  THAXC(LC) ,TOROP(LS) yARP (1) , THRE (13), V110009
INTEGER NSPOUT(LC,KEYT (10),EXTEOC (101 5RCRD, EXT (D) ‘
I”TﬂC:‘ )'-‘” F(“‘D) ,/Ihr‘(‘l.ut) - - - . T e \ /
INTZ632 PRuT (10) '

DIMZNSICN N(FV%T(lda),NKLAST(‘G 1) g MNEURL (1. ),NNE‘QZ(in)
DIMELISICN LSTCRN(S, 10uL) ,LSTORCE5,1090) - '

LOGLCAL LEAN,MULL,IFLAG,TMOD(10) *\\&;\
. P

.

LOGICAL " rI“_(ly?L),JUIu(lLd ), IHHIR (4396)
COMIGI/FARAM/ iuxoaK,TITLC,INFOl,INFoa,. -~
COMMCH/FPARAM/ NKX,KXMIN,NKXMAX,XNKAVS,LCOMIN, LCOMAX, XCOAVG /|
COMMCN/ FARA™M/ THK, INKALN W INKMAX,INKAVG,TCOMIN, ICOHAAX, ICOAVG
COMACN/FARA T/ NKXSUit, chbub,uxuru~,1N<sum ICOSUH,IthUR
COM!LJ/FAQAJIJFROM JIERCH,,ITO, I1ITO,COE,1tiH, IFRCTN,ITEM
COMUCN/FARA1/NKFRST ,MKLAST yNNEURZ , NHEURL
CCHMCN/FARAM/LSTORNSLSTCREC - ) . * s

—r COMIGN/FARA/NNETS, HBLOCK, NTOTAL NUMAER

COMMCH/FARA 1/ TNENT ,NST IV, INFO, 1DTTER,NITER . ,
e COMIQI/PARAY/TANG, TncAYi,SDCAY IMDE X o, :} \ 7
CONPOM/PARANY/ FIRST,LAST  ANFIRE v .
_ GOMHON/PE2AM/ TP, TMUM, H, TCeLL ,YNET ﬁ%} '
S COMMONYFARAM/ STATZ,TRISHL,TRESH2, TRESHE, VT Cel -
CONAON/FARAM/ THFIN, TMAX,TOROP, ARP,THR1,RCRO - ’
COMMUCH/FARAM/ REINF,ING ot
COMMCIl/FARAM S usvu:r e XTy INHIB,FXTCOE, IEX T, RECCRD D .
“COMMCN/FARAN/ LEA245NULL;IFLAG,TMOD . , \ 0
COMICH/FARAM/ FIRF,yJOIN ' \
C : . R r ' -
C**+R%FORMAT STATSHMENTS ¢ :
C N [ v -
555 FORMATE21X,® NXNEUR=*,16/31X,* NKXSUMz¥,T6/ 31X,* ¥NKAYG=*%,F9,2/3
11X, XCCAVG=%,F9,2//351X,* INHEUR=*,I6/32X,* INKSUM=*,16/31X,* IN
2KAVG=+,F9,2/71Xy* ICOAYG=%,F9, 2/01x » IFDCTN Ly F10.3/777)
645 FORI‘GT(* KORK hPRhY OVERFLONED®) . C e
c . .o o : e
CrrexeINITIALIZE =~ - ' . . , - .

. I11=10) . . . . ' 1\ . e »
NKXSUM=S ! ' . o : S |
INKS uu-u 2T . ' 7 . -

"NXNEUR= : , .. L

5 INNEUR:Q co v S .

- LCOSUM=C " L - :ﬁ
ICOSuUM=g T ot , ) ‘
XNKAVG=C , : : Coe oo - .
INKAVG=0 ' : :

, XCCAVG=~C(.0 LS - : ¢
o R . ' .



GAiuty

600020

-

303622
00902H
{acg3e
ddJulh
600635
6Jaguc

GO0GY4L
S0NCe3
GOO Qb4

Fh 057
0uubl
00662
420065
$130@6

‘cauios
jd6111

30011y

C0dl14

100123

ga0133

‘000136

G00140
000144

500150

106156

6yd204
50u205
060211
2d02413

000214

-

c3C016

Le7a , .
|« C**¥*rASSIGYN COUPLING COZ FFICItNT .. L. c

3a6122°

c

-

. C
C'*"“POWPUTt NO3. OF EFFcQ*NT SYhAPSfb FOR EXCITATOPY N‘URONS

C

C

‘G-

c

C;;,;tFTNa PUSTSYNAPTIC Méuﬁow AND STORE I,J,COE

C

C

¢

GY*#¥*TAKE NEURCNS ONE~BY-ONZ WITHIN LIMITS:
C' t . T ; .o

[y i

ICOAVG==Gad *+" - L4 e : '

&

60 00 59] J=JFROM,JJERCH : - o .

C**¥*2#COMPUTE NONOF EFFERENT Sl&APSES'FOR INHIRITORY. NEURONS'

IF(INF%EAJW) GO TO*100 - n a

-

YEL=RANFA(X) . =~ ° ' :

NK X= NKXbIN+IFIX(FLOAT(NKX4AX NKXMTN)‘YFL+L 5)
MKXSUMZNKXSUMENKX . , % :
NXKRLURSAXNEURSL S C e "
XNKAVG= FLCAT(d(kSUM)/FLCAT(NXNEUR) -

NK=H KX . : K o

"MIN=LCOMIN

T MAX=LCOMAX ' !

GO'TO 216 - !

‘

100 YFL=RANF (X) ) -

250

254

}320“YF&=RANF(f)

43¢
5uU0

65Hd

INK-;AKPIB*IrIX(FLOAT(IhKMAX ~INKMIND *YFL+0 . &) ‘ ‘
INKSUN= [NKSUA+ 0K . oo .

INNCUR= INNEUR +4 , 4

INKAVG= FLOAT(INPSU1)/FL0AT&INNEUR) . pR
NK=INK' ‘ ' ]

¥ IN= ICOMEN ; :

MAX=1COMAX

DO 4.3 L=1,NK = - | , -
YFL= PA\F(X) ‘ W '

IF%LS OwC L,J).Lr J)uO T0 250 ;
LCO3uITT §SUMELSTORC (L, N .
GG JO- 3LC o .

ICosSumM=1IC

SUHMFLSTOC (L 4-)

LSTORNIL, J)-I»0+IFIX(FLFAT(IITO-ITO)*YFL+0 5)
CONT INUE h .
CONTINUE ~ . DR Lo

S C¥++*XxPRINT AND RITURN : L . N . : a

JIF (NKXSUMeNT oG 60D KCOAVG—FLOAT(LFOSUM)/FLOAT(NKXSUM)
IFCINSSUMNEC o) ICQ&MC—FLOAT(ICOSUH)/:’OAIYINKSUH)
IFRFTh-FLCAT(INNEU’)/FLCAT(JJFQGN/JFROM+J)
NQITE(Q G)NYD{UR,N(XSUH XNKAVG, XLOAVG,LNNEUQ INKSUMrINKAVG,
1ICOAVG, IFRCTN i - . . )
RETURM - . :
WRITE(RyAUS) <, ‘ . » .
I1=1 _ : :
RETURN " . . [} ,' & . - o l‘
END ] N . . o




.

¥

AN

309002
08002

JJ002 -

gdcoe

94002 |

39¢32
13632

G002
30 0u2
30432
00002
90002
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A

‘0'4“*“F}RWRT STATZHENTS

4

& f ' ‘ h 44 *\
SUBROUTINE LIST® , - e ¥
o Ed : 7;
Cr¥¥**DECLARATIONS . | . e ot ' R 4
C. %

REAL INKyXNKAVG,INKAVG,XCOAVG, ICOAVG,YFL,IFRCTN
PEAL TAVG(Lad,rnrnY1(1C),suLAY/§ ) SFD(lg.),S,AW,V NOISELiOu)
REAL NSTO(12),TRESHI(LGCI) H,H 7, .
INTEGER TITLE(L15),INFO(15),INFOL(15) ,INFC2.(15)
INTEGER. VNET(1000) ,FIRST,ITEM(20) I

JINTZGER BTAT=(1Cus TRESHL(10L3)4TQLSH2(1C“J)

S INTEGER PrCUuq(lyiluL . v e

ey

* LOGICAL "LTARN,NULL,IFL

A\

¢t

0COVWON/FAQQH/IDCNT,NSTTN,INFO,IDITER,NITER R .

~

#

c

C

‘o
22

L)

)

24
25
26

el
[

2t"

29
3

CES

Y de5
46
. 65

545

23. FORMAT (30X pLLu%3ukyl137) oo ~

INTEGRR TET1(L0) 3 TAAK C1C) 5 TRROBILEY  ARP (1u) 5 THRL (L) » VT (L6 00)
INTZSER HSPONT(1U),NLXT(16) ,eXTCOE(1E) 4 REWY, IEXT(10)

INTEGER RETNF (13.),THC(150) : ,
INTEGER PRNT(L0), ~_ o
DIMENSICN HKF 3ST (108, NK AﬁT(id’),NNLUQi(lU),NNtUQct‘O)
CIMINSICM LSTURH (5,160 4)yLSTORC(5,156d) ;

y TMOD (10) - BT

LOGTCAL FIRZ(1CL4),JOINCLIC ), TN IR (4395) e :
COMMON/FARAD/ I0KY K, TITLEINFOL, INFO2

COPICNAFAPAL, NXX NKXHMINydKXMAX,XNKAVG,LECUMIN, LCU%AY XCOAVG ®

COMMON/FARAN/ IMK,INKHIN, INKHMAK,) LNKAVG, ICOMIN, ICOHAX, ICOAVG
OM1ON/FARAMY/ MaX°UH,LCCSJr HXNCUR y TNKSUHy TOOSUM, TIINEUR
COHMCN/FAQA1/'F;OM,JJF’OH,ITO 1170, CO&,INH,IFRCTN ITeH
COMMQN/PARAM/ LKFRST S HKLAST y NMEURY ,rNcURi
COMMOM/FARAMR/LSTURY,LSTORS .- -
COFN(N/FAPAH/NNCT ,NuLCCh,NTOTﬂL,NUWBg@\~f :

COMMCN/ZFARAM/TAVG,TOQSAYL,SCCAY, INDEX : .t
CONPUGI/PARAMY B LRST, LAST,NFIRE .

COMUCH/ZFARAN/ THMUR, IHUM,H ICTLL,VNET I .
LOMIGH/RARAAY STAFC,TF SH1, T’EJH ,T(‘SHE,VT°

- COMUCH/ZFARAM/ TMIN,THAX ,TORUP, ARP, THR1,RCRD

COMICH/FARAMY RELNFSINC

: v

CAQTICH/FARAM/ USPOHT, HEXT, INH18,ZXTCOE, IEXT,RECCRD .
‘Qg;;CN/FA\&“/ LEARY NULL,IFLAG,THOD : _— o
COTMGN/FARAM/ FIRELJOIN | v , .

-

B ¢
FOR&AT(*irlsreiubrION of CONNEC IUNS IN COHPDUND NLT*///) /
FORAAT(1(X,Ilu710%X,110/) . . '
FORMATI(ZLX,ILi/72uX,I1L/)

FORMAT (L Xy TLU/LuX,I0C /) _ i -
FORMATI(SUX,I1u/50%,I207/) - . ' T
FORYATU(ECX, [13/60X,Y437) - : - e
FORMAT (PUX,TL/7u&yILu/) . .
FORM; T(AUx,ILo/aux 110/) . ‘ U
FORMRT (9043 ILC/90%,11C/) . -
FCRMAT(103X,116/7L03X,1407) ..
FORHAT(*1CISTRICUTION OF HEURONS I\"SU'\H&.TS‘)\(/) B
FORMAT(10X,10L1C) - _ :
pﬁRw~r(1Lx,1q11L/) : &

KAAT(F1KORK ARPRAYS IFKORV * Ilu,*(PRT opucaﬁék 1,J,COE)*//)
Fcpwnr(p()x 4I5)) , :

("
o
X

\ .
\ 5 . 1

. .

v d

7 . o

r




gied

10002

4

1p6a2
18606
10007
BILEE!
1G0Ty

13631

10641

j004u2”

Jugs2

U063 .
BILLE

|
I
i
1652
|
|

20674
Jaa7e

k)

‘?0105':

10156
JC116
10117
jy127
13139

01407

BLETSY
10151

18162

0241
15242
13243
g0esy
14252
39253
20255
up2s7
Jd262

A

Jigise.

N CRFRSNN N ST TR IVE I AU VR S F NP ° T
€15 Foq‘bT(vllwqrs A2RAY, IDKOPK *, 11077040 (LX, 1JI1)I) .
c- . A
C*****pRINT NAEURL ANU NMEURZ2 ARRAYS . L
S ~ : , . | -/
", PRINT S5 | . L : . ./
INGEX=) . SR !
10 INCEXFINNDEX+1 . /f' t
IF (CINDEX«GTWNNEYS) GO TO 4G - ‘
. G0 TQ.{11,14,23,4i%,15;,40,17,16,19,207,INDEX ©
11 Fan'2hnvmu91(h.wu£uag(1» -
A o To 19 . o
. 12 FRINT 22,NNSURL(2),NNEURZ(2)
GO TO 1G . o
13 FRINT 233 NNIUPL{3) ,BHEURR(3) o . , ‘
(GO TO 1€ ‘ : : , b
14 PRINT 24, NNFIRL(H) yNHCUR (L) , o
GO TO 14 ¢ - N :
15 FRINT 25,NNSURL{5),NNEUR2 (%) o . Co s
60 TO 10, ) . N N
% 16 FRIUT 2&,NNCURLLE),NNIUR2(E) - . - _
GO-TQ 10 o SRR . 7
17 FRINT 274N NEUR‘(?),NHEUR?(?) . R
. GO TO 1€ -
__/ 18 -PRINT 2¢, §N~ue1(a),NNcuR2(8) R N
60 TJ 10 s
19 FRINT 26, NNZUR1 (9) ,NNE TR2 (3) . e
60 TO 1€ : " ‘ .
20 PRINT 3{,MNIUR1CLO),NNEUR2(1D) - | )

, 6o Tu 10 ’ | .
c : e R . '
C*+****PRINT NKF2ST AMD NXKLAST MARRAYS ' : R g
¢’ . ’ N ) ' L ) - '

LG FRINT 41
GO 43 I=1,NNETS ' ‘ ‘
L0 ab J=L,NNZTS '
ITE‘(')—NKFPBT(I+(J -1} *INE ) ,ﬂf ~ coe
K=13+d _ L o
ITEV(K;stLasr<J+(J ii*NNETS) - . L. -
‘46 CONTIMUE . o ‘ ,

oo FRINT H‘,(IT FIL) ,L= 1,NNETS)
PRINT hb,(IT&P(L),L 11 NMNETS)

48 CONTIMUE ' s o
C ' - - A
C***'*PhINT KCFK ARRAY : i e :

G ‘4 ' : . * )

G ! ‘ o !

Ce****»RQUTINE, - ' « . : :
o : : . S .
K=C | * S S
Lls=0 C T : >
JFRINT S€, IDKORK —— ) -
100 GO 2cU-I=1,NK¥YMAX - -
CITEM(T) =C ’ o P )
200 CONTINUE - ot .
K=K+1 ' : '
LIF (KeGTNUMUER) GO TO 510 , -
°LO 413 J=JFR0V,JIFRCY A



L0d2u3
100264
1932686
1027
)09272
200274

.00276
eer7

00302
EERTY

.30336
30367

Ju31y
L3531y
30220
4003365
.03336

359

554
4¢3
Sud

. END )
1
1 “y
&
R} -
' -

[
-~

S

i \ ¢
Yy, f
t, ~ .
. | .
»
- T
' ’ *
. »
A ]
L
\
~ e b

LU IY0 L=ly wnAlikA : ’ LLy

CITEMUIL) =K . - .

ITEM(LEL) = LSTCRM(L, )
ITEM(L+2)=d ]
ITEM(L+3)=LSTORC(L,J)
IP=L+3
kRIT“(&,SJJ)(ITEM(I),I LyIP) '
K=K+1 ~ .
IF(X.GT., NuMucprco T0 500

CONT INUE.

DO 6558 I=1,NKXHAX .
ITEM(IY =¢C . ) 7
CONTINUE SRR
COMTIHUE N

¥RITE(6,655) ’
varc(o,elq)In«nRK,(Imvlu(l),I 1,HTOTAL)
RETURN

4

R




|

i

|

OVERLAY (NETSIH,2,0) - '
FROGRALM NETSIM

500063 REAL INH, ANKAVG,INKAVG, XCOAV y ICOAVG,YFL, IFRCTN
500593 - RE AL TQVG(lJ),rDCAYitiJ),SDCAY(iU),STD(iGJ),S,AM,V,NOISE(iJO)
136003 REAL MNSTD (1), TRESH3I(1JLJ) ,H .
100003 INTEGER TITLE(i:),INFO(dq)gINF01(15),INFO°(1b)
5000063 INTEGER VUNET(14uL) ,FIRST,ITIM(2) .
336603 INTSEGER STATE (1EJu),TR_SHl(ldJJ),TR"SH2(1GGJ)
50CG503 IMTEGER RECCRL(L1,1JL0)
)O60L3 INTEGER WIN(lu),TlAX(lL),TU’OP(&L),ARP(‘T),THR;(;O),VT(lOOU)
.06003 INTZGER HSPONT (10) ,HEXT (1) ,EXTCOE (1u) yRCRD, [EXT (1D) . -
$00003 INTEGER RZINF(LIGY ING(LGE) .
303623 INTEGER PRNT(1C) :
-300003 CIMENSICN N(FP)T(lUC),hKLAqT(ludI,NhLUpl(ib),NI‘U\E(lﬂ)
305633 DIMENSICN, LSTCPMI5,12503),LSTORC(E ,10L00) . .
730003 LOGICAL LEARM,,NULL,IFLAG,THOD(10) '
500603 . LCGICAL FIRZ (¢uLU),JJIN(1LLG),IHHIB(QOQG
i06c03 - COMMCN/FARAM/ IPKORK,TITLEJINFCL, INFOZ ,
336833 COMHON/FARALS NKX 5 IKXHIN, MKXI1A X, XNKAVG ) LCOMIN LEOMAX, XCOAVG
139033 . L COMMEN/FARAY/, INK,INKHIN,  INGHAR JINKAVG, TCOML, ICOMAX, ICOAVS .
;00003 COMMCN/ FARNYY/ NKXSUV LCCSUM, NXNTUR, INKSUW,IPOQUM INNFUR
230633 COMMGN/FARAY/ JUFRC1,JIFPOM,ITO,I1IT0,C0E,THHy IFRCTN,ITEM -
339012 COHMON/FARA%/hKF@ST,HKLAST,NNtUQZ,NNSURl
)& 3 COMMCN/FARAM/LSTCRI,LSTCRC ' ke
366603 CO.MCN/FAKAM/AN:TS,N%LOCK NTOTAL,PUMBCR N
IR e . )
NARTh ) COMMON/FERAM/IDCNT,NSTIV, INFO, l“ITEH NITER - v
:oocbé\\<f COMNMONZFARAM/ TAVG, TDPﬁvlyeQC&Y TADEX .
;8uG03 COMMON/BARAN/FIRST,LAST, NF IRE '
;0603 ° COMMGN/FARAM/THUD, INUN,H, 1CE LL,VNET
200033 COMMON/ SARAM/ STATC,TRESHL, TRE 5h;,TP'§H3 VT - ‘
,33053 . COMMON/ZFARAM/ TMIN,THAX,TOROP,22P 1H&1_RCRD . .
.00L03 < COMHCLZFARRM/ REINC IHC
103623 COMMCI/FARAN/ NSPONT,NEXT, INHIF,EXTCOE, IEXT,&&CORO o
260033 COMUMON/FARAA/ LnLRN,HULL,IFLAG 740D , : .o
160003 COMMCN/FARAN/ FIRE,JOIN - - ‘
Cr**¥+FORMAT STATIICMTS . '
1 c . A ‘
;30033 : ,
130693 52425 FORMAT(*1START OF RUN®) ~ \ , S
S0BL03 50ule FORMAT(514) . A \
330603 Siu2% FORMAT(I®,Fi2.2) oo '
70003 - 53226 FORMAT(2TS)FS5,3,1I4)
A5 3 55055 FORMAT (ILy15A4) s . : :
S00U03 50US6 FORMAT(SIS,2FR.¢) ' ' v .
LIuGU3 | 5514% FCRHGT(12,15MQ/IQ,3OZC) ° '
1J3dud3 52155 FORMAT(212)
;00003 53175 FCR4AT(ZI4)
306003 509u5 FORMAT(#~LINK TO KORK FAILED --- - RUN TCP%PNAT:P*)
103603 65030 FORMAT(*=ENJ OF RUN®) :
. c
C**“‘IDENTIrIPATION,INITIALI7ATION &ND PthMCTtQ “ENTRY
C.
583093 » > wRITE (€,53:05 N ‘ . - '
1004637 13¢ REAC(S,saazs)InKoz« X .
;00017 IF(INKORK.EQ.99G) GO TO 1u00 :
J00021y ¢« 110G FCRMATI(S5X,I49,Flue2) R A ,



Jouas
00623
00632
00033
10034
00037
30640

30053
30062
10665

18067
qodro

10112

10116 . -

lg121

Je122
30142
JG1bl
J0146
310147
30157
Jg162:

QOO

L1Gud
C
Cre»»

G. .
150¢

c

Crrex

c

200

c5C

5
e
P

OOO

L X ¥ ¥

33y

36164

19165
16167
16176
J3206°
la211

lg212
Joe2t
16224

30225

icess
20237

Ju2uy
40243
Jo244
30246

. C S -
c***'*sxlr . a ,oos

30250
Juisy -
gae6u
Jize62

Ce i
[ ¥

oo

6241
551

700

¢
c30
1800

LX=NRXMAX . ' 1T R
hRITE(6,110) IDKORK,X : .
INDEX=J: . : - .
CALL ZERO .- Coo .
YFL=RANF (X) ~ - s S '

X=G v ]
READ(S,EBOZ%)INUP IMUH H ICFLt

*IDENTIFY RUN'. _ o

READ(5,56055) IOENT,TITLE - S -

INCEX=LNDEX+1 o .

IF(IDSNT.EQ.=1) GO TO 109 : |
*SET UF THRESHOLDS -

—

UO 254 1= i,NN 1S ' -

READ (5, SG“rG)THOU(I);TPIN(I),THAX(I) THPi(I),ﬂQP(I) TDCAYi(I),
lQDCQY(I) ‘

IF (TMOG(I)) CALL THRSET(I) .

CONT INUE . ! L |
»+ERINT PARAMITERS AND THRESHOLD ARRAY . | S
CALL LIST2 LT .

*READ ZIN STIMULUS «qe,rnNPUTE-AtFA-N STATES'

READ (545 1QJ)N°T1M,INrC NITER, LtAéN HULL, IFLAG
IF(WSTIP.-O.-‘ﬁ Gu-TO i‘b

L]

~ . o -

CALL: Z8RO1 , .

IFCeNOTLIFLAG) GO TO 62C. . . L T

Lo Auu 1=1, HNHETS . . T

READ(5,5C016) NSPQQT(Is,NEXTkl),INHIB(I),ExTCQE(I),IEXT(I)

CORT INUE ; ( . _ . BN
At . ~

2 e e

IO

CALL LIST2 . 7 : Lo
READ €5,50175) FIRST,LAST -
1F (FIRST.EQ.~1) GU TO 7¢3

CALL SETL(IL) )

IF(I1.EC«l) GO TO 553 . ’ ) ,
CALL CYCLZS . o T - e
CALL LIST3(I2)
IF(I2.EG.1) GO TO 3.t

hRITE (6 50955) - T e o
WRITE (£,6GJ00) _ : o . ,

RE TURN / R .

END ,

L]
i




00002"
10002

33002
ipeaz
6a2

J06Q2 |

Juocoe

aGgae

Jupoe2
'00002
Joeaz
20002
goog2
33602
20002
00062
poun2
30602
aQoge
J0002
33002
03052
15002
gacua2
10002
36002
J660a¢e
000602
9602
jecaz
quuae
J0G6G2

Jocoe

36gu2

35602
J0GO0u
Ji0de
30610
' g0c11
33012
JUCL3
00016
JNG16

v

|
|
|
|
|
“
|
|

L

C .
C=***»*DECLARATIONS

C

*

B

SUBRCUTINE ZERO . - .

REAL INKyXNLAVG,INKAVG,XCOAVG, ICOAVG, YFL IFRCTN B

" REEAL TAVG(l»)’TULHY&(LU),SDFAY(lc),STD(IOJ),“,AN V, NOIS‘(iU")

REAL NSTUCL,),TRESHIC(LLCI) BH

INTZGER TITLE (L ),INFO(;)),IkFOl(iS),INFO&(lb)«
INTECGER VhLT(;bLL),rI STy TTEM(ZD

INTZGER STATT(‘~~.),TRESHﬁ}ld. ),TRcSHZ(l”LJ) .
INTEGER RECORD(1,150) . N
INTEZCTR THINNCLO)  THAX(16) 5 TOROP(L10) ,APPILD) , THRL (10D, VT LL0OD)
INTEGER HSPGUT (L) ,HEXT (L, >,-xrcoe<1u),orpu ISXT(10) '
INTEGER RELNF (1LE),INC(120) . L
INTEGER PRNT(1C0) S
DINMIMSICN NKFRET(1d0) yNKLAST(L00) ,NNFURL(LG) 4NNTUR2(10)
BIMENSICH LSTCPNI(5,130.),LSTORC(S,238u) ’

LOGICAL "LEARMLHULL, IFLAG, V400(13)" ’

LOCICAL FIRECL13CL)yJOIN(LLGo)y INHIF (496)
COMMUN/PARAMS. TOKO2K, [ [TLE,INFOL,INFO2 = )

COMI'CH/ZFARAN/ MYy MAXHMIN yHKXMAX g X HKAVG yLCOHEN, LCOMAX y XCOAVG -

1
.

" CONMOM/EARAM/Z INK,IN HIR,INKMkY{IhKAVG ICNMTIN, ICOHMAX, ICOAVG

COPHMCN/EARANY HEXNSUV,LECSUM g NANTUPR,, INKSUNM, ICOSUM, INNEUR
COMMONY FARAY/ JYRO 1, JUFFOI,ITO,TITO,C0E, IUH, LFQCEM,ITEM o
COMMCHM/FARAN/NKFRST , NKLAST,, NNEUR2 , NNFURl ‘

COHHPH/FAKA‘/LSlO’J,LSTCRC . ' '
COMHCN/FAPAM/NNE TS yNSLCCK, NTOTAL, NUMBER - '

COMMCH/FARAM/TNEUT,ASTTY, TNFO, IDITER,NITER .
TCOMMCN/FARAM/ 1AVG TORAY1, SNCAY, T NDF X > L

COMMOL/FARAN/TINST LAST,NFIRE : '
COMMCU/ZFEARAM/THUP, [™UM, i, ICSLL,VNEW .

COMMCH/CARAY/ STATI, TRESHL , TRLSH2 , TRESHI, VT

COMMUM/EARAM/ THIN,TMAX,TORCF, AP ,THRY, PFRD—

COMMCH/FARNMY/ CEINF, INC -

COMMCIZFARANY POIT,NEXT,INHIa,@XTPOF chr RECORD . .

CCOMNIONI/FARAY LYARW,NULL,IFLAG THoD

109

COMMCN/PARAN/ FIRE,JOIN -

CO 100 I=1,NTCTAL \ ‘
IF CINDEX. 0% )) TRESHLI(I)=) -
STATE(1)=¢ . L E :
TRESH2 (1) =TRESHLLI) . i - v .
FIRI(T) = FALSE, : : I -
JOIN(I)=.FALSE. -, ° ' . .o ¥
CONT INUE :
RETURY <

END S -




- gucoe .

196C32
ggéuoe
»35092
Q¢o02
dnon2
00008
.d0a002
.900u?2
.atao02
1390062
30632
alCoe
gooie
o2
330402
J6GdJ2
Goou2
1anca2
Jacez
g6eu?
G0Ga2
- 04Ca2
WVEVIND]
' occe2
' g80c2

4

quese
gncse

RITIFE

.36G632
- Jooe2
‘ Jous2

Jyocez

00002

0002
00004
43605
2010
30612
00013
iti1e
gocae
35523
00623

C

c

133
2ud

' - 121
SUBROUTINE ZERO1

C¥****DECLARATICNS

REAL INK, XNKAVG, INKAVG ,XCOAVG, ICOAVG,YFL,1FRCTN"

REAL TAVG(i-),TPPtYi(l 33 SNCAY (1L),STD(100),S ,AM,V,NOISE(lOO)
REAL JbTD(iu),TDCS%?(1CCu) H e ‘

INTEGSR TITLt(lb),IHFO(iS),INFUl(ib),INFOc(iS) TR ,
IMTEGER VNET(2DCLG),FIRRT,ITEM(ZD

INTZGER STATE(1LUC) , TRESHL(1ULE) , TRESHZ (1600)

INTEGER RECHIN(L,1500)

INTECER THII(LJ),T1AX(1C),TD°CF(‘E),ARP(l"),TH°1(lu);VT(*UJU)
INTEGER NSPINT(LL),NEXT €10),EXTCOE (1)), RGRD, IEAT(io)
INTEGER RETMF (1L U) ,INCLLUD) f

INTIGER PRNT (1l )

CIMZNSICN NKFRST (130) , NKLAST (1L ) NdiURf(in) \NtURatin)
QIMEPSICN L\TLFN(E,auL’),LSTOPP(%,iUUD)

LOGICAL L¥A2M,HULLyIFLAG,THOD(LC) .

LCGICAL FIRF(10GC),JOIN®LIGUl), TNHIB(HI9L) -

COMNMON/ZF ARAYY/ rnxov% TITLEC,INFOL, INFO2 -

f&ovmcw/rA'Av/ NKX,IVA”If,NKX1HA XNKAVG,LCOMINSLCOHAX,XCOAVS
COMICHN/FARANY/ INK, INKILN,IBKHFY INKAVG, ICOMIN, ICONAX, ICOAVG
COMMON/FASAM/ NKXSUM, LECSUM, NXMNEUR, INKSUL, TCOSUH, INMEUR
COMION/FARA Y/ JUFRO),JIFROM,ITO,IITO,C0C, IilHy IFRCTH, ITEM
CCMICN/PARAM/NKFRST UKL AST, IVTURQ,VNQUW « -
COMMON/EARAM/LSTORISLSTORG
cownon/FéanuxvnaTs,nnLopK,NTOTAL,pUMJER

COMMOM/PARAN/ININT HSTIV,INFO, INTTERQ,NITL
COMMCH/ZFEARAN/ TAVG,FD3AY1,SDCAY,TKDEX ,
COMMCH/FARAY/FIRST,LAST 4 MFIRE
COMHCH/ZFARAMI IMIP g IMUN ,Hy TCELL 4 YNF T
COMMCN/FARAM/ STATZ,TRESHL s TRLUSH2  TRESHI, VT
COMHCN/FARAM/ THIN,THAX, TDROF, ARP 3 THR1,ZCRD ‘
COMASN/FARAN/ REINF,INC S s
CCMMCH/FARNY/ NSPOMTZHEXT,y INHI P, EXTCOE, LEXT ,,RECORD >
COMMCONZPAAY/ LCANGHNULL ,IFLAG, THOD
COMUCN/FARAN/ FIRE,JOIN

CO 5 I=1,NITER , ‘

WNET(I) =0 .
vT(I)=g¢ - - '

CO 2¢L K=1,NITER

CO 13i. J=1,NUSTS

RECORD (J,yK)=0.

CONTINUE L L o .
CONTINUE \ T ‘ d
RETURN . L - -
END ’ , Y *

-~

>~ o / /(/i A T



.. - SUBROUTINE CYCLES

c_ N
C‘*‘**DECLARATIONS
c
.05002 - REAL INh,XNKAVG,INKAJG,XCOAVG, ICOAVO,YFL,IFRCTN .
30602 REL TﬁVG(lJ),TULAYlll-), DEAY (15) , SN{Lu(),S, an,v NOISE(ldO)
;00002 CREAL-NSTU(10),TRESH3(1300) ,4
Gcuee . INTEGER TITLE(‘%),INFO(lb),INrOl(lS),IJFOZ(iS) '\
,J0032 - « INTEGAR VUNET (1250) yFIRST,ITEN(20) .
33662 INTEG:R STATE(Llul) y TRESHL (Luu ), TRESHZ NG )
gL INTEGFR? RECORD(L,1del) {’/,gs\\}
38622 CINTEGER TPIN(L0),TIAX{10) , TOROP(LL) ,ARP 1-),an1<10x VT(1009) -
;30002 - INTEGER MSFONT(40) yNIXT(15),EXTCOR (1) ,RCRO,IEXT (L0)
1J0La2 INTEGZ® REINF (1t0),INC (1009 ,
0 0Q2 INTEGER PRNT (11)- : ' -
.aeeg2 i DIMENSTCM NKFRST(140) yNKLAST(1G2) yNNEURLE19) ,NNEUR2(L0)
,30¢C62 \\ DIMENSION LSTCRM{(5,138),LSTURC(S,1uus)
00002 LOGIGAL LEARMN,NULL,TFLAG, THOG (10) ' , , :
00002 -LOGITAL FIRIC1CI5) yJAINCLCC Y, INHIB (4296) ' \ ’ ‘
Jdeaz COMMOU/FARAM/ IOKURW,,TITLE,,THFOL, THFO2 . :
83¢C3a2 COMMCH/FARAM/ MEX g VKAHIN G HKAMAX X NKAVGyLCUMIN, LOOMAX, XCOAVG
A00L2 - COMMC'/FARAMY TNK, [NKMIN, INVIAX,INKAVG,ICOMTI, [CO4AY, TCOAVG
:3C0Gd32 7 COMACH/ FARAM/  HEXSUM, LCCSUM NXNEUR,, IHRSUIt, ICOSUIl, INNEUR
00602 COMMCN/EARANZ JF UMy JUFKOH, LTO,TITO y SOE, INH,y IFRCTH, ITEN
J3642 COMMCA/FARNM/MKERST ,HKLAST 5 HINEURS , NNEURS :
,0r602 GONHCN/FAQAH/LS’IOR.‘-J,LSTC-'!(‘ ' '
30602 : COPMCN/FARAV/hH&TS,IBLCCK,ATOTSL,NUMBER ) )
,06C22 c )
JJoeae ' COMMCH/EARAMZTRENT,HSTIM, THFO, IDLTER, NITER
09602 COMAQN/EARANMY Tﬂvc,rﬁc YL, STCAY,INDEX
(38632 - COMMON/FARAIY/ FIHST, LAST,iHFIRE " S
00002 COMMCr/ FARAMZ IVUP , IHUN L H, ICelL yWNET ' o e
00002 COMMGN/EARAY, STATT y TRE n;,TkE:N?,TRpSH~,VT B
90GJ2 COMUCN/PARAM/ TWIN, TMAX,10807, ARF ) THR1,PCRD .
30Ga2 COMACN/FARAN/ SLEINF,LING l
gecCae COMMCON/FARAM/ NSPOUTyMEXT, LHHT Ry XTCOS, £ZXT , RECORD
1ggdde - COMMCN/PAUA\M/ LEARUZNULL, IFLAG,THOD
430092 c COMMCN/FARAM/ FLRE,JOIN .
,dagoe NN=NITER+1 .
0CeOoL. - 0O 7uu K=i,NM o voe
30006 C IDITER=40502C *TDENT+LQLCANSTIM4 (K=1)
2JUC1Y ’ IF(K.EG41) GO TO tig - 7 , : :
.30C1Le CALL SET- ' , ' . ' :
00617 . CALL THINK(X)
00521 190 IF{WNOT.IFLAG) GO 'TU 43 ¢ : :
100623 * 00 2304 L= LyNNETS . \ ‘ L . .
5600y . : o ' : :
L0003y IF (NEXT (LY W NE LG ANDWKWNELL P CALL SET3 (LK)
- diCue iiF(It\T(L).Nu.u.AI) Kedeot) CALYL SETI (LX)
35060 euu CONTINUE | ‘
- 30L63 . N .
OUCEL’ ’ ‘e . . o
20675- . U " ~ : BN
801J€ + 4JG CALL COLNT(X) : : ' . —
00402 - - b -

0010"0 ) o .. _’ '_- o \

~—
t -



visiJo
60C107
000113

036116
_g3isie2’

600125

&

030127
036121
033135
000143
0Jdiug

IF (RCROEQ+3 « AND4 +NOT. IFLAG) GO TO 820

700 CONT INUE

800 RCTURY
.END

123



3

jg0003
00003
393003

206002 -

‘wooug3
G00663
¢Qaog3
i0J30d3
00003
<GGL03
333003,
»0J003
400003
506093

~£030003
4000693
J06003

300001

100003
300603
$0Ceaa
.02692
100642
206032
535692
310C003
LCOLU3
L0003
MO

20C003

e0003
236203
130003
JJQCy3

300683
0060
200006
200067
Sd4012
SJeudy
J0oG616
idd90290
.gacee
2300632,
»00035
L30037
30042
.00043

c

-

[

124

SUEZOUTINE THRSET (I)

Ce»*¥*DECLARATIONS : v

" REAL Iﬁk XNKAVG,IN(AVG,YCOAVG ICOAVG,YFL,IFRCTN

REAL TAVG(iU),TFCAYi(iO),SDCAY(lu) 9TD(1“C),S,AH,V,NDISE aio)
REAL NSTD(12),TRZSH2(15060),H '
INTEGER TITLE(L5) , INFO(15),INFO0L1(15),INFO2(15)°

INTEGER VHET(LCLU) HFIPST,,ITEM(20) ’
INTEGER STATE{LLLT)yTRESHLI(Luud) , TRESH2(1020) -

INTEGER RECORD(i, 132)) )

INTECER TAIgjl‘),T1iX(1C), DQOr(lt),AQP(lo),TH°1(10),VT(1000)
IMTEGER N:P IT020) )NE XT(1u),uXTPOc(iu),PLRD,I”XT(lO)

INTZGER IJF(iCU),IIb(l'U)

\\Iths R PJNT(lu)

1u0

CIMENSICN V(FRSTxiJC),NKLAST(lﬂU),NNtURl(lﬂ),NNFUQ2(10)
CIMENSICN LSTCRMAES,1452),LSTOC(H,1330)

LOGICAL LEAPN NULL, IFLAG,T”OD(l“)

LCGICAL FIQc(’u;u)JJOIN(lLGJ),IHHI“(QU?B)

COMIION/FARNI/ TDXORK, TITLR,INFO1,INFU2 !
COMMCN/ZFARAMY/ NKX,VKLMIN,NKXWLX,XNKAVG,LCOHFN,LCOJAX,XCOAVG
COMMON/ZFARAM/ THKy INKMIN, INKMA X, INKAVG, ICGHTIN, ICO:1AX, ICOAVG
COFMCN/FARAM/ NKXSUM,LCOSUMyNXNZUP,y [uKSUM, ICISUMy INNEUR

.COMMCN/ZFEARAM/ JFROA,JIFFOA,ITO,I1TO,C0F, 1M, IFRCTN, ITEM

COMACN/FARBA/WKFRSTENKLAST NNEU22 yNNEURL
COMMQU/FARAY/LSTNDRI,LSTCRC y
ccrwcw/FmRAV/NNETs,hauccx,NTOTnL,NUMBER

COMMCN/FARAM/IDCN T, MSTIM,, INFO, TDITER,NITER . ”
COMMCN/FARAN/ TAVG,TOCAYL,SDCAY, INDEX LT '
COMMCN/FARAM/FI®ST,,LAST,NFIRE .

COMMCN/ZFAFAI/TMUP o TMUM, Hy TCELL , VIIET

COVMCM/FARAYV/ °TAT:,T-L\H1 TRESHZ2,TRESH3,, VT .
CCOMMCON/FARAM/ THIN,THAX ,TOROP, ARP,THP1, RCRD
COYMCN/FARAY/ QEIAF)INC :
COMMCN/FARAM/ NSPONTyNEXTy INHIB,EXTCCE, IZXT,RECORD
COMMOMN/FARAM/ LEARI,NULL,,IFLAG, rnoo )
CCMMCMN/FARAM/ FIRE,JOIN

A3

SUM= ' ; A ' '
LLI=NNEUPL(T) - ' : ' N
LL2=NNELR2 (D) ‘ .
NNEUR=TINEUR2 (I)~NNZURL (1) +1 . - - . '
CIFF=TMAX (D) =TMIN(T)

CO 1J2 J=LULi,LL2

YFL=RANF (X)

-TH_SH‘(u)*TlIN(I)+IFIX(DIrF*YFL+uo5) E ' :

IF(INDEX W EQ41) TRESH2Z(J)=TRESHL (J) * | '
SUM= SUN+TRESHL () :

CONT INUE .

TAVG (I) = (SUM) /FLCAT INNEUR) :

RE TURN . , '

H

END - ' . :
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SURRQUT INE SET S : \ ~
. C M .- . ~— - N
, " CH¥**¥*DECLARATIONS ! . ;
c . . .
63Gcose REAL INF,XNKAVG, INKAVG,XCOAVG,ICOAVG,YFL, IFRCTN
6GGco2 REAL TAVG(12),TOCAYL(L19),SOCAY (L) ,STR(LCE) ,S, Alt,V,NOISE (130)
GGopo2 REAL NSTC(10),TRESHI(LUGL) 4H : P S
000602 INTZGZ TITLE (15),INFO(15).INFOl(iB),IJFOZ(iS)
630602 IMTEGER VYNET(LC-0)yFIRST,ITEM(2M) , , .
Jjgigee  « MTEGER S!ATE(iuu,),TRE<H1(lﬂtu),TRESPZ(lcc“)
ud0uo?2 * INTEGIR RECORNUIL, 1UGU)
§6a96az . INTEGIR TMIN(1u) ,THAAX (1), TOROP(L L ),APP(l’),TH’l(iG),VT(lPOO)
Juacee INTEGZR NSPONT(4u) ,NEXT(13),0XTCOE(22),RCR0, [IEXT (149) -
0oJuy2 CINTEGIR REINF(1GLL),INC(100) °
GaG6002 INTEGSR PANT(10)
330692 CIFENSTCN NKFRST €130) ) NKLAST (1ud) 3 NNEURL (1 D) ,MNEUR2(10) %
J0adge CIMENSICN LSTCRM(5,43G0)3LSTORC(5,1Gu7)
Peacii2 LOGICAL LEARN,NULL,IFLAG,TMOD(1Q) ' Y
500002 “LOGICAL FIRES(15C6),JOIN(LLCI),INHIR (4396) \
336032 COMMON/ FAIAM/ IUKORK,TITLE,IHFO0L, IFC02 : ‘ \
igngle. * COPHON/ZFARAN/ N¥X  MKXHMIN g NKXIIAX g XNKAVG, LS OF TN, LPOIAX XCOAVG N
0080602 P COMMCON/Z FARAMZ THK, INKMIN, INKMAX, INKAVG,ICOML, ICOMAX, ICOAVG
130002 CONNCN/FAPAH/,H/XSUV,LLCSU S JXNIUR y THKSUM, TCISUM, INNEUR
cgatg2 COMHON/FARAM/ UFROA,JIFRON, ITO,IITO,COE, IHH, IFRCTN,ITEM
3Jdo6se2 COMMOIZF AP IZ7UMFE 2ST,MKLAST ,NNECURZ , WNEURYL
Gaogge COMIHCM/PARAM/ LS TORN,LSTCRE v
I chY COFHCN/FARAN/BNETS,NBLCCK,NTUTAL,NUMHER ,
Loubde . '
536632 COMICN/FARAM/TICENT,NSTI¥, INFO,IDITER,NITER . ‘
S000662 COUNCNZ FAQAM/ TLJG,TDC«YL.SDFAY,INOEX )
430652 COMMCN/FARANFIN&T,LAST, NFIPE 6 - * '
Jaocae COMICN/ZFARAMM/ZIMUP , THUM b, ICELL ,UNET - N -
w80Lu2 COMMON/Z FARAMY S“"ATE,TRC"Hi, r<Ha,TR Rm VT ’ L v
Jascoe CCHMCN/FARAN/ THIN,THAX,TDPOR, ARP , THRL,RCRO . o -
+dgL92 _ | CONAQp/PAFA"/ FEINF,ING ' :
00032 CCMMCHI/Z FARAK/ NSPOAT,MEXT, IhHIb,EXTFOE IEXT ,RECORD
200c02 COMUCH/PASAIM/ LEARN,NULL,IFLAG,THOD .
390052 COMACN/FAGAY/ FIRE,JULN / - .
: C : . SR .
330062 ER=C.0ULC1 L 24 ,
38060n DO Sui JF1,MNETS o . -
-Jacos - < LL1=ANEUR L () . o .
2QALE7 0 .~ , LL2=NMNEUR2()) " '
autie T CO 40y I=tLi,LL2 ' , - K
303612 . OS T=TRESHZ(I) =226 J L . , ,
136015 IF(DSTeL T ARP(J)) GO TO 160 ’ . ‘ Lot
iba024 TOROP(JI =TRESHFLCIDI+THRI(J) . ' * )
100023 TRESH2(I) =THCP(J) : )
5 duLes STATE(I) =u | -
3000626 GG TO 4350
;30026 130" IF(DST.LT.0) GO TO 239
.Q0c30 . TREZH2(I) =T3ISH2( T) +1 : ' )
;00¢22: GC TQ 4LC ° . : ~ :
333632 2060 STATE(I)=STATE(I) *30CAY () : ' ' . '
132040 DTHA=TRESH2(I)=TPE3FL(I) - . .
i0buu2 - IF(DTHR.LELL) GO TO 3040 K '
iQ3Cus TRESH3(I) =TIROF(J) =TRESHL(T) . e ’

- . [



1003050
£HG052
006055
000661
0y0Q62
RTEIA
020067
J33071
600672

126

IF (PPESHI(IVLLTLER) GO0 TH 250

~ LTRESHILI) =TRESHI(T) *TOCAY4 (J)

250 TRESH2(I)-=TESHL(I) +IFTX(TRESHI(IIH(.6)

GO TO 400 ) R Co
aLu,TRESH2(¢)=TQEZH£3

47( CONT INUB

56 CONTINUE

I

RETURN:
END
.
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o6ugu3T,

130033
596332
100€33
300003
535002
100833
G0UCO3
1066¢2
00662

J3033%

100403
t0cga3d
308013
32023
J0ocL3
330633
ugLbad
300093
aBugd3
L0603
i099:c3

Geeoyd

334033
154033
133043

wQ0ut3 .,

JadGa3
JQULa3

;00603 N
000303,

39CC32

193623
100004
100036

300040

203011

Gouciy

338615
C00L?
J00g22
00024
(U0c2s

306030
000632

LilC35
600c27

3300464 L,
0000Q€ .

0JdCG4L

-

-SUBROUTINE THINK(K)
C**+¥%CECUARATICNS

REAL IMH,XMNXAVG,IN<AVG ¢ XCOAVG, ICOAVG,YFL, I
REAL TAVG(1J),TUCAY1(1"),SDPAY(iﬁ).STD(lou),s,nn,v NOISE(iOG)
REAL NSTD{(L1u),TRESHI(1000) 4H .

INT"GEQ TI TLc(l”),IfFO(‘S),
INTeGER VNET(1{Ud), FIRST,ITEM(2D)
INTSGED STATE(1GLY) »T
INTSCER RECOMD(L,1500) .
INTZGER 1114(10),T1AA(1L),TDQOD(1r>,a?p(ic),Tnzi(*a),v7(1oau)
INTEGER IQPOIl(LL),HFXT(lu),LXT“OL(lu),PLDD IEXT (1)

INTEGE® RETNFL606) 5 IMC(1u0) .

INTS5ER PRAT (LD ‘
FRIMEINSICH MNLKFRSTCLIC) ,NKLAST (13J) §NMEURLILC) ,2NHEUR2(10)
CIMENSICN.LSTCRN(S,41331),LSTORC(5,17230)

LOGICAL LIARM,NULL,IFLAG,T¥OD(10)

LOGICAL FTIRI (14Ju) ,JOIN(LcHu) y INHIB(LZ9B),
COMMCRIZFARAM/ TDKDIK
COMMON/FARAMY/ n/<,w<xn1n,nwinx,xwknvc Lcowru,Lcozax,xCOAVP
THK s TNKH Ity THRHA Xy TNKAYG, 10011 1M, ICO
CCTMCN/ZFARA MY/ NKXSUP‘,LCOSUH,NX‘JEUF(,
SCOMUCN/ZEAIAMZ JFRO HJIJFRON,ITO,TITO,CUL, TNY
COHMON/ZFAAI/NKFRST g NKL AST y NNE UR2 yNNZURL
COMACN/FARAM/ZLSTOR I,LSTORE
_ COPHOII/ZFARAM/NHUTS 5 H3LOCK, NTATAL, NUMBER

CCMHONI/FAIAM/,

h

cowmom/pa AZIDENT, NSTINM,INFD, INITER, NITER
OMACNZFAIAM/ T\Vb,TDCAYl,uocAY INDFX

co MCH/FARAAZTIRS T, LAST ZNF IRE

CArNCHi/ZRND A/ LUIP s LU, by ICELL yVNET
STAT:,TRHSHl,T ESH2 5 TRESHI T o
THIt, TMAX,, TDRO?,
RIINE,ING .

NSPO JTHSNEXT, IHHI P4 EXTLOE,,IEYT, RELORO )
LA 1,0l IFLAG,TMOD‘ ' ’

FIRE ,JOIN

CaMon/ZPARAM/
COMMCI/ZFARNMY
COM'H)""/.“’AQF\M/
COMMCH/ZFN2AML
COMMCH/ZFALA2ANM/

CC?"'!CN/FAEAH/

LL=y
LL=LL+d

DO 4ul J=JFR0M,JJFACH
CO 350 LatylKXMAX -
NITO=LSTORNIL »J)

NIFRCHM=J

NCOE=LSTORC (L yJ)
IT(TR.SEZINTITC), Gc.;ZGnu)
IF(FIRE (NJFTOM))

GO TO 15¢

140 IF(TRESH2(NITC).
IFL.NOT FI”L(NJFnﬂﬂ)h GO T0.154
Tw 16 STATE(NITOIESTATECGIITO) +NCOE
VHET (<) =UNET(K)+STATE (HIF0)
IF(NITOLEC,ICELL) &

GO TO 15¢

200 VI W)= STATEANTTC)
156 Ll=LL+1

ﬂFClK;5),INF02(lb)

Hl(‘OOU),lP -Sk2(1u0 Q)

sy TITLE,INFOL1,INFU2

"1AX, ICOAVG
INCSUM, TCOCUlt, INNEUR ’
y IFRCTNH,ITEM

ARP, TH&‘,PCPD

CO TO 14¢C
GO TO 15 >

GO 709 150

N TO 2df.
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IF (LL 4G T o NUMBER)
350 CONTINUS
430 CONTINUE -

500 RETURN

END

[

R
[
.
~
-
°
4 .
’
[y
~
N -
v
b . v
.
.
[N
@ k2 .
N N
| 4
"
- -
(4
r . u
» \
.
'
-
o -
°
'
.
.
. . R p
'
.
. N
' '
! rd
o
‘|.
{
| o
. i
i
“ H A
1
. il
]
‘i
‘J\ . .
Bl .
LA
., On

G0 TQ 500

-

.
.
T .
Ed "P,'
»
&
. .
. :
\
. i
7 ‘
:
- - |
- L
\
-
’ w - |
-
. |
* ‘ \
\
- \
. -
i
B
.
-
4
\
|
“
\
‘ \
. , ‘
. |
. R M |
., |
- |
4 \
1)
woa
-
« .
L4
~
. .
) )
¥
:
t




G3CGa3

Cd0L33

, 600003
600053
000693

004C03
500043

030U03
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"ley

SUBROUTINE 'COUNT (X) . ; ¢
C P ! A ' PN
C*“"DECLAPATICNS e, Coo ' o
c - . N c
REAL INk, XNKAVG,INKAVG xcoavo, COAVG, YFl,IFRCVN -
RE AL TAVG(i ), TOCAY1(1? T‘SDCA%(lh),STD(lﬁL),J,Aﬂ v, NOISE(lUD)
.- REAL NbTQ%éﬁL%IbeH’(1OLU) s H . -
~ INTJEGER-TINLE n),INFO(‘q),INrOi(*S),INFOZ(JS}- o
INTZGER VNET(1L{u), FIRTT,ITEN(20), v
o INTZGER °TAfc(1UUU),TRF°H1(1ULU),TRF§H2(1OOG) .
* INTEZGER FECORU(Ly1a 00)

INTEGER TMIN(lu),T1AX(1£)rTDROP(lC),\P°(1C),TP”l(iJ) VT(l%uO)

g00cC3 v CINTEGER NSPONT(15) 3 NEXT(1¢) yEXTCOR(1%) ,RCRO, IEXT (13T
GA00DS R INTEGCR P IUF (10u), TN (100) - -
0300323 oo THTEGER PaNT (1 ‘ '
036303 T, - OIMENSICM NXFRS T(lJC),NKLAST(iud),NNCU91(17),NN¢UQ2(10)
Goous3 GIVMENSICN LSTURN(Y,13]° ),LSTORC(o,l”UGl . ,
660uD3 LOGICAL LZAPN, NULLY TRLAG, THOOCLD) w
00003 ! LOGTCAL FLRE (141 b),JOIu(l;t’),INHIB(QO96) -
030003 ~ COMMON/FARAM/ -TOKORK, TTILE s INFOL, INFD2 )
£92603 . COMFMCN/FARANY NKX,JKXALh,VKYHAY,ANKAVb,LuO1IN LCOMAX, AFOAV
0000053 . CCMMUNZFRRAM/ INK, TNKIIN, INKHAX, TMKAVG, ICOM TN, TCOMAX, ICOAV o
3110‘503‘ *CCFMC*\/FADAM/ MEXSUM, LLCOSUH , NXNE UD,,INKSLM, IF‘UQUH,.INN“UQ
gacee3 COMMCN/FARAY/ J{QCW,JJFROH,I]O,IITO,CL& Hy LIFRCTN,ITEM
000uu3 COMNON/FARA‘/NKFRST,NKLAST,NNEURZ,NNEURi - T
oo 3 COMMON/FAIRT/LSTORA , LSTORG ‘ , L
VAV K cow~C\/FneA1/NNF1S,N3LOCK,NT0TAL NUMBER ) \
G‘J\JG\.... , *
gohugr .- W cownou/FAmAw/IneNT NSTIM,INFO,IOITE®,NITER - T >
693633 CCPHCN/FAQAN/ TAVGG TOCAYL1,SOCAY,IHOEX <
000633 . . COMION/PATAM/FIRST,\LAST (NFIRE ‘ ,
(GUCG3 -\\ v COMACNAFARAMZIMUP, IMUM, by INELL,VNET
0dutuy ' ‘COMMTN/ RAIAM/ STAT:,TPLSHl R\ESH’,TPCSHS VT
303033, ' CPMMCNZEARANY rnfkgvxax y TNROP, ARP , THR1 ,RGRD -
020022 . C ”WON/FA.A”/{“EINS,IHL oW, < '
990C:3 COMMCN/ FARAMY N°POQT,N XTy INAITP, vTcoe,t:xr,Recogo )
tduou 3 CAMMEN/FARAM/ L Axd,ﬁULL,IFL&b,TMOD , T,
G663Ca2 COrNCN/FAQAV/ FIQF,JOIh . o ‘
- G { ' . BN . 9
339603 . FPRD N ° e , , : ,
J60¢0y LO*30¢ J=1,NNETS T ' , : .
~16695 ¢ . NEIRE=Q: L _ S ‘ |
030.3u6 LL1=NHELRL &Y o j y P ' R ~
€066 LL 2= NNEUR2 () o o o o
030011 D0 202 I=LL1,LLZ oo : L
069013 " FIR (D =, FALSEs . - : ~ ’ , ?
G40Cly - IF(TRESHZ(I).6S.32901) GO TO 200 ° - .
660017 . o IF(STATECD) JGELTRESHE(T)) 6D To 106\ : N .
vG0Ge1’ . GO TC 2uC 0 L . Vo )
§08022- - 132 KFIRE=NFIRE+L ‘ S y
go0ouey L. JSTATO(IN=) ) . L
600G2S Y YRESH2 (T =32050 . _— ' i ) .
j00c27 FIPS(I)=.18UE, | ‘ ¥ - - y
500633 IFJTINGD)) 50.T0 200 o A .
GZJCCSl ' 1 JOI“(I'—- WRUE ' - - . ! Lo *
L00L32 200 CONTINUE ) o DN : .
439535 © RECORD{JyK) =NFIRE . SN ~ A 8 |
. . ; t .
c ’ » , ' -
‘ ° G \. Y x . .
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*RCRN=FCRO+RECORD (J,K)

© 300 .CONTINUE

RETURN
END
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g00Ga3
0o0uo003
620002
GUUGD1
GouoU3
800632
0GICe2
03J033
0000G3
694002
6QJdcCo3
633003
000003
6033603
003633
- gueco3
000G03
000003
0304303
€00CU3
6049¢a3

ud3003 -

0090903.
100003
%00003

020023

apooasl
coauod
OQGGO?
gococe

0odLu3
003023
6gcoo0
090623

000003
000004
003CH7
000G0R
000C12
00JC14

ggacin
.*ﬂGZS
000625

000627
000030

r

c

C¥*¥**DECLARATICNS ' . :
c ‘ '

SUBRQUTIL

REAL

NE SETH(I1) - “

-+

y XNKAVYG, TNKAVG ) XCOAVG, TCOAVG, YFL, IFRCTN :

REAL T VG(iD),TDbAYi(iC),SDCAY(iu),STD( 0’),3’AH,V NOISE(iUO)

L;;
REAL NS

INTEGER
INIEGER
INTZGER
INTEGER
THe=GGR
INTEGER
INTEGER
INTZGER
DIMENSIC
DIMEKSIC
LaGICcAL

~ LOGICAL

COMMON/F
COMNCIl/F
Caioti/F
COMMCN/F
COMMUN/F
COMMON/F

"COMMCN/F

CQMMCN/F

COKMCN/F

COMION/T
confiensF
CONMMCI/F
COMMONZF
COVMCMN/F
COMMCII/P
COMMON/®
COMMON/F
COMMCN/F

14-@"'
TC(6,
Q%NAT(
€O 1o I=
STATEA(I)
CONTINUE
WRITE(E,
FCPMAT (2
I1=1
RETURM
ENC

DC1), TRESH3I(12CT)yH Y
TITLE(L5),INFO(15),INFO1(15),INFO2(19)
'VNET(10i) , FIRST, ITEM(2() :

STATZ(LL30) ,TRESHI(LILG), TRESH2(LLED)
PECOR0(L,11C90) <
T Iﬂ(lﬂ)gT1AX(1C),TD”OP(lC),APP(lL),THRi(iU),VT(iDOO)
NSPONT E1IL) y Ha xT(lu),LXTquliu),RCPD IEXT (10)

PETNF (10y) , INC(1L0) 0

PRNT (10) ! ,

N NKFRST(1ud) yNFLASTL10u) ,MNTURL(10) ,NNEURZ(10)

N ’STCRM(S,IJUU),LSTORC(S,IQJJ)

LEARN ) NULL, IFLAG, TFONCLE)

FIRz (1uru),JOIN(Auuu),INHIp(Q &)

ARAF/ 10KORK,TITLZ,INFOL,INFO2

ARAN/ NKX,JKXHIN,NKXHAX,XN&&VG,LCOHIN,LCONAX,XCO&VG
AR/ THKy TNKMIN, IN<MAX,INKAVG,ICOMIN, ICOMAX, ICGAVG
ARAM/ NXSUMyLCGSUM, HIY NEUR,y IHKSUM, TCOSUN,, INNEUR
ARAM/ JFROM,JJIFFOM,ITO,IITO,C0Z,INH, IFRCTN,ITEM
ARAA/NKFRST ) NKLAST,NHLURE,NHEURL
ARAM/LSTORM,LSTCRC

KRAASNNE TS » NALGCK 5 NTOTAL y NUMBER

ARAM/ININT,,NSTIV, IAFO,;DITER NITER

APAY, TAVG, T DPAY1§SDCAY INCEX

APANYFIRSTy LAST 5 1IF IRE .

ARATY/ 1MUP, IMUN, ki ICFLL ,VNET -
L2AMY STArE,T%ESHL,TRES&Z,TRESH3,VT

ARAN/ THIN, THAX ,TDROP, ARF,THR1,RCRD"

KRAH/ SEINF,INC

ARAMZ MSFONTHNIXT,, INHIB,EXTCOE,lEXT
ARAM/ LEARPM,ZMULL,IFLAG,TMOD .
ARAM/Z FIRE,JOIN , *

y RECORD

)'J)‘ ' ,4"
TyE»FOLLONING NEURONS ARE

3X y 4BHALFA=D STATE?
FIDST LAST
‘T“'SF9(I) g

FIRING//7)

2om
I4)

FIRST, LAST

’




0000005

000605
136G05
100005
100005
000035
300605
000005

2dCcgs !

306605
03434005
6000C5
100605
oooucos
4038G35
003uds
Jocrus
w0335
2306aS
633035
690605
J940L05
d05c05
£eoLcs
500005
505605
230095
d000us5
033035
0d3Ca5
030035
6000us
c000615
063605
000¢0S
006010
004012
Gago1e

gauoyYs:

090u1ie
003021

Jooo2n

000038
Jgocgaae
J0003y4
w00C35
L00G3e

000037

060041
nnaLL?
j00052
c00cs5y
003657

C

.

10

132

SUBROUTINE SET3(L 4K)

c**fl*oECLARaTIONs ,
.G

{
REAL INM, XNNAVG INKAVG , xcoavc ICOAVG,YFL, IFRCTN
RE AL TDVG(1U),T“CAY1(10) b”CAY(lb),bTu(lOO), » AM,VyNOISE (100)
REAL NSTU(L3 ),Tkan’rﬁkLt),H '
INTEGER) TITLE(LE) , INFAATS) , TNFOL(1E), INFOZ (15)
INTZGER VNET(10Cu),FIRST,ITFM(23)
INTEGIR STATC(150W) »TRESHL (10 0), TRESH2 (1600)
INTEGIR RICORD(1,143C) ' :
INTEGER T ”IN(Lu),T1AX(10),TDROP(1L),uupth),THQl(lJ),VT(leG)
INTEGER NSPUHT(1G) yMEXT (10) ,CXTCOE (10) y#CRD, IEXT(iU)
INTEGIZR PSIAF(40LY, INC (160) :
INTZGER FANT(10) & ' "
DIMENSICN NXFRST (1)d) 9 NKLAST (11 G),NNCUPl(iJ),NNtUQZ(l“) :
DIMENSICN LSTCRN(5,1.00¢),LSTOPC(5,1G00)

LOGICAL LEARN,NULL,yIFLAG,THOD(1]) ¢ -

-

LOGICAL FI?E(iGLL),JOIN(iUBb),INHIP(QGQG)
COVMON/FARL™M/ TLKORK,TITLE,INFCY, INFO2
COMMCN/ZFLARAMZ NKA,HEXHIN, NKYMEX  XNKAYG,LC OMIN, LCOMAXy XCOAVG
COMMCN/FARAM/ TIMK,INKMIN, THKMAX,IAKAVG,ICOMI 4, ICOMAX, ICOAVG
COMMON/ZTARAM/ NMKXSU,LCCSUM, NXNEUP, IHKSUIY, TCOSUH y INNEUR
COM4CN/FARAM/ ercw,JJFpon ITO,IITO,00E,INH,IEQCTHN,ITEM
COMMCN/FARAN/NKERST yNKLAST ,HHEUR2 s NNEURY
COMMCN/FARA/LSTORI,LSTORC
CCVHCN/FA&&”/NNFIS,VBLCCK,NTOTALrNUHﬂER

COMMCN/FARAM/INDENT,,NSTINM,INFO, IDITER,NITER .

LOMION/FLRAMAN TAVG, TUCAYL, SOCAY, INDEX

COMMON/FARAM/FIRST,,LAST (NFIRE
COMMON/FARAMZEMUP » TMUM,, B, ICTLL ,UNET

COMMON/FARAY/ STATZ,TPESHL,TRLSH2,TRESHI,, VT
COMMOMI/FARAVY/ THMIN, THAX,TOROP, ARF THQi JLRD
CCMMCN/FLRAM/ PEINF,INC .

COMMCH/FARAMY/ NSPOJT NEXT,y ITWHIL, LXTCP ,IEKT,REPORD
CONMCN/FARANY/ LFADJ,IULL,IFLAU,TMOD .

- COMMCH/FARAY/ FIRE,JOIN

TF(KehT o 1u0) RETURK - -
IF(KWsE0.101) GO TO 10 ‘ !
GO TC SiC : ' !

YFL=RANF (X) , ,,(A b

X={ . - -

LLI=TIEXT (L) . . ,
HFRCN=TIKHIN(L) /100 . -~ P -
AN=IFIX (MNEXT(L)*HF 2CN+( 5) ) -

DTFF=NMNEUR (L) -MNTURL (L) ' -
LL1=NN : 4 W)

LLZ=NEXT(L) =NN . . ‘ ' .
IF(NN,EC.J) 6D TU 150 B .
CC 160 I=1,LL1 _ _ A . : -
YFL=RANF (X) o )
J=MHEURLI (LY +IFIX(OIFF*YFL4(.5) .

IF(STATE(I) «GEL326HCG) GG TO 106 « »
STATE(J)=STATE(J) ~EXTCOE (L) ' - 7.

13J CONTINUE

IE(LLZ.ZQ.3) GO TN 2006 .




Q0GUBL 154
60Gu62
00006 -
pogoze -
606675
006a77 248

000332
000203
000184

.00010¢

000114

eoc117 - /
000121 25t
600124 ©3640
000125

Lo 2035 1I=1,LL2
YEL=RANF(X) ’ ¢

o YENNEURL(IL) +IFIX(DIFF*YFL+0.5)

133

IF(STATE(UI.GEL22790) CO TO 200 °

STATE(J)‘STATE(J)+ ZXTCOE (L)
CONTLQ%t
IF(LL3 G.U) GO TO 3y0-

.00 25y 1=1,LL3 .

YFL RANF (X)

NVEURi(L)*IFIX(DIFF*YFL+U 5) -
IF(STATC (J).GEL3203C)- GC TO 250

STATE (J)=STATE (9) ~ZXTEOE (L)
CONTINUE

RETURN

END Lo

o
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.00002
2004002

130002
;00002

JUJLGZb

;300902
;39002
-060602
.00602
.a4d032
;00602
)000602
;85002
.0060602
200602

00002
{100002

190002
.0u002
.0d002
jgoaoa
Qo602
jgodue
230C32
Lgadoe
0062
v00402
C00Cy2
J00Gcl2

TR

Sanan2
300002

JJC?CZ

3Jg3032

”

a000¢62
2gcoc2
135032
400002
ag0gLae2
5048002
j238G3e
.o00e02
200002
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ggoo1z2
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JQucCLi
300653
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SUBROUTINE LISTH.

C‘****DECLAR&IICNS

RE AL TNP,XAKAVG TNKAYG 3 XCOAVGH TEOAVG, YFL ) TFRCTN
RE AL TAVG(iu),TUF&Yi(lO),SDCAY(1u),
NBEAL MSTD(11) yTRESHT(1I 0¥, H

INTIGER TITLE(LS ),INFO(lb),IMVO (15),INF02(15)
INTEGER VUNET (143U, FIRET, ITEN(2])

CINTEGER STAfc(iLGL),TRESHl(iJ b),TRESHd(lQUU)

3

INTEGER RECORD(1,1)00)

INTEGER TPIW(i“),n1&X(1L),TD-OP(lO),AQP(iU);THRl(lU),VT(lUDU’
INTZIGUER MSBWHT(‘u);NPXT(*U),:*TCOE(lu),hFPD IEXT(10)

INTCGER F2 THF (LL0) y INC (15 17)
INTZGCR FARNT(LM)

OIMINSICHN NKFOST(iuU),NKLAST(ibu),NN¢U?1(1B),NNLUR2(10)
’ludu) LSTO C(S,iLl]‘)
y IFLAG, THOD(1D)

"BINENSICH LSTCRINS
LCGLCAL LIAN,NULYL
LOGICAL FIRZ (132;),J01N(1rc“),InHIn(unqsr'
IOKURK,TITLE,IMNFO1,INFQ2
NK>,1K¥1IP NKXMAXy XNKAVG, LGOMIM, LLOHAX XCOAVG
INK, INKHIN, IN(HAX,I”KAVG,IuOHIJ Icnwa ICOAVG
COMMON/EARAM/ NKXSUH,LCOSUM,NXNEUR IMKSUM,
JFhOI,JJFFOH,ITU,IITO,COS,IN
IKLAST,MNEUDZ

dOMACN/ FARA 1/
COMMON/FARAM/

COMHOH/PARAMY

COMMON/FARAM/
COMIICT I/ FARAM/NKFRST,

COMACN/ZFARAN/LSTORN,LLSTCR

COMHCM/PAPAM/thT§,N!L0C< NTOTALQNUMBER

COMMCON/ZFARAN/INTNTZNSTIN,INFO, IDITEZR,NITER
COMMCNZFARAAYZ TAVGsTICAYL,SULCAY,INDEX

COMIUCN/PARNI/FINSTSLASTyNFTRE

COMMCN/FARAM/ZIMUP ,IMUM,H,ICELLAYVNET
.QTQTE,TQ”SHl TRESHZy, TRESH3,, V

THIN, THIAX 3 TOROP, ARPy THR1,,RCRO T

COMAGIIZFARAMY’
COFMCN/ZEARAMY

COMMCN/ZFARANMT REINF,INC

COMEICII/ZE ARAMY (SPOJT,NEXf,INHTE;EXTCOS,IEXT:&ECORD
COVMM/FARAMY LA, lULL ,IFLAG,THMOD

COPMONLFARD ¥/ FIRE,JOIN

FCRMAT (3X),8H
SUENT

SURNET 8

A1

T 2 SUBIET 3 SUANZT & °
SUBNET 9 SUBNIT 1C*/)

FORJAT(IX,*TH0OD =*%*,i0I11)) -
FORTAT(IX,#*THMIN =+,10T219)
FCRUIAT(IX,2THAX =%,10110)
FORMAT(IX,*THRL =*,10I10)
FORMATAIX, *ARF =%,13112)
FCRYAT(2X,*TDCAY134,10F1C.4)
FORMAT (X4 *SOCAY=*,10F1C.4)
FORMAT{3X,*TAVG =%*,1.F410.4)

FORMAT(3IX4*TRZSHL ARRAY®*//S5(85X,513

HRITE(G,iS)
WRITC(6,35)
WRITeloy4E)
WRITE(6,5%)
WRITE(G 465)

{

JDENUT,TITLE

(THOO(T) ,I=1,HNETS)
(TVINCI)yI=1,NNETS)
(THAX (L) yI=21,NNETS)
(TH2L(I) 7I=1’MNETS)

TD(iJJ), ,DH,V NOISE(iJu)

,IF&CTN,ITEH

RUN 110,14 5168477 72X, ‘NchO“K PA”AH&T“RS!*///17X,*SUH

SUBNET 6 SUTNET 7



’Gﬁuﬁub
SO0 134
103126
7943140
100153
:0°3153

=’

WRITE(5175)
WRITE(6485)
WRITE(H,9U)
WRITE (5953
WRITE(6,105)
RETURN

END

(ARP LL) 13 Lo NNETS _
(TOCAYL(I) 5 124, NNETS)
(SOCAY (1)) T=1yNNETS)
(TEVG (1), I=1,NNETS)

(TRESHL(I),I=1,NTGTAL)~

| e




090C02

¢006s2
0acad2
(00GG2

30692

C00Gu2

gaucaz’

(agcne2
gagLae
400002
- 036632
cdgo002
01aGu2
0000602
0340002
gJaenge
00002
0036C2
6coaue
6J0Cu2
toocroe
‘ggacae
(Juog2
0dgau2
000C02
caaice
¢d0us?
000602
caotae
vdd4d0e
000952
s0oupoe
63Jd0u?
30002

Goucoze

Yaoc02

Gaodd2
tLagoo2
cgilcae
¢gocaz

tluoce

caacq2
tgcecaz
glocle
v0ocu?d

C

C*****DECLARATIONS

C

£,

1so
SUBROUTINE LIST2 : o "

!

REAL INH,XNKAVG, INCAVG ,XCOAVG, ICOAVG,YFL, IFRCTN

REAL TAVG(1J),TOCAYL(10),SDCAY (LL) ,STOAD),S,AM,V,NOISE(10D)
REAL N3ITO(L3) 3TRESHI(LCLS) yH

INTEGER TITLZ(1D) ,INFOC(15),INFOL(1%),INFO2(15)
INTEGER VNET (140l C),FIRST,ITIM(23) } !
INTEGER STATZ(11:0d),TRESHLI(LGL L)y TRESH2(1CUD) )
INTEGER PEZCORD(L,1.7°0) |

INTEGER THIN(1uY, T ﬂAX(iG),TDQGP(iu),Aiﬁ(iu),TPRi(iu),VT(lEJG)
INTZCGER, NSHONf(lO),NcXT(lﬂ),LXTuOE(lﬁ), 0P, IEXT (L0)

INTEGER FE IHELL(L) , INC (1u0) Vo

INTZGER PRNT(13) i

DIMEINSICH NKFRST(1,0) yNKLAST(1L3),NNEURL (1) ,NNEUR2(19)
DIVONGECN LSTCRM(S,1000) ,LSTORC(5,1000)
LCGICALMLEACHN,,NULL,IFLAG,THAD (1)

LOGICAL FIRi(l@Lu),JOIN(iucz),INHIP(uoos) .

COMIICN/ZFARAMY/ TDKQW,TITLE,,IHIFOL, INFO2

COMMCNZPARAMZ NEX g YKXHIN yNKXMAX 9 XNKAYVG,LCOMIN, LCOMAX ) XCOAVG
COMIMCN/ FLRALY IuK,INKMIN,INKnax,Inxnvo,lconlm,Icoqu;ICOAVG
COMMCH/ZEAPAM/ NEXSUM,LCGSUM, HXNIUR,y TIIKSUM, LCOSUM, INNCUR
COMMON/FARAM/ JFRCI,JJFROM,ITC,IITO,C0E,IMNH, IFRCTN, ITLM
COMMCN/FARAM/NKFERST yNKLAST,,NNHEURZ s NNZUR1

CCMMCMN/FARAM/LSTO 24,LSTGRC .
CCHMTN7FARAM/NNETS, NBLCCKy NTOT.AL, NUMAER S,

-

»7

COMMON/FARAM/IOZHNT,NSTIV,INFO, IDITER,NITER i
COMION/TFARA A/ TAVG,TOMPAYL,SANAY, TNNFX Ve
COV{CN/EARAM/FIPSTLAST yNFIRE '
CONMON/PAQAH/IHUP,IHUM,F,ICELL,VNET
COMMCN/FARAM/ STATZ,TRESHL, TRESH2 ,TRESHZ,,VT |
COMAMCM/ZFARAM/ THIN,TMAX ,TUROP, ARP, TH°1,°CPD
COMMCN/FAAMY/ PcInf,Iur
COMMUN/FARAM/ NSPUMT,NIXT, I\HIB,cXTCOr,IEXT REGCORD
COMACN/FRARAM/ LEARY,NULL, IFLAG TMOD
COMFMCN/RARAM/ FIRE,JOIN
15 FO2MAT(3X,13H STIMULUS NO.I2,1584/75X,12HPARAMETERS Y SHLEARN3IX,02
1b/17X,QFPULLwY C2u/17X s SHIE LAG3\ 020 /17Xy SHANITER3IX,14//7)
25 FORMAT(5X,34HREINFORCE IN FOLLOWING FLOCKS1/ /23X, *SUANET 1_ SU
1ENET 2 SUBMET 7 SUBNST & SUBNET 5 SUBNCT o SUSNET 7 SUBHET 8
2 SU9PNeT § SUERET 16%/7) . .

11¢ FCRIAT(LX,*SUANET?*,I3,5X,F9,7)

115 FORHAT(1X,*SUFKET*,I3,5x,15)

118 FORMAT(AX,*SUCNET*,I3,5X,F6.4)

2265 FOPHLT(cx,qJnGEINro“c&.LNT PARAMETERS ARE AS FOLLouqz//iox,*suaNtT
11 SUBZNET 2 SUGNET 3 SUGNET 4 SUSNET 5 _SUPNET &  SUBLNET 7 sua
2NET -8  SUENCT @ SURNET 1G%*//7)

535 FORMATGSX,64HFARAMITERS OF SPONTANEQUS AND EXTEPNAL ACTIVITY. INCID

1ENT ON NETE//713X,#*3UBNZT 14 SUANET 2 SUAMET &  SU3NET 4 SURNET &
2 SUBNET & SUGHLCT 7 SUGSNET 8 SUBNET 9 SUBNET'10*/7)

21 FORMAT{IX,*NSFONT +,1c110) ' )

22 FORMAT(ZIX,*I5XT  +,11I19) .

23 FORIAT(2IX,*IHAIL  *,1,I10)

24 FORMATI(3IX,*ZXTCOE *,10110)




.000002
ga5dl2

0lsgl2
000CGU&
1 06G6GUS
| 0dJuae
5000010
, 0Ugo27
003031
C00Q34

i
)
]

1033637
i 0id04at
lodetue
600662
GJULBS5
056079
610072
000673
630133
gio132

606121
30123
630126
0127
0301321
013134
vldilay
00C157
0331%9
000173
635174
633257
g3u216
603223
Go0uz2y
640237
£3C240
Glyg24y
000246
005247
000254
00025¢
cu0272
003275
603276
gouz77
CoC30L
033306
vooa22
l6ouazs
lgocaze

46dC1L6

6

6a0C36

2

.6

I "\'

u5
1
-2

525 FORMAT(3X,*IEXT  *,i0I1g) 37 ' IR

FORMAT (¢ Y,H4HWFAN AND STAMNDARD DEVIATION OF NOICE IN NET*//13X *Su
BENET 1 SUBNET ¢ SUBNET & SUBNRT 4 SUBNET 5 , SUBNET & SuB ET ?
SUENET 8 SUBKNET 9 SUEBNET 1C*//

" 00 10 I=1,10 "

©FPNT(T) =0

v

A

GJ
N

NSTD(T) =0 ¢ . ) / T

-

N
CONT INUE S !
WRITE(5,15) HSTIM,INFO,LEARN,NULLIFLAG,NITER
IF (L NOTLLEATN) GO TO 520
WRITE(5,25) T
DO 230 I=L,NMETS = ' . ~
C0 100 J=1,NNETS |
FRIEJI(J) =REINF (I+NNETS* (J=1)) ~

0° CONT INUE

WRITE(6,115) I,EtPRNT(K),K=1,NNETS) .

CONTINUE : T ’
WRITE(63225) .

CO 630 I=1,MMNETS

0O 3G J=1,NNETS’ \

PRNT (J) =INCCI+NNETS*{J-11)

CONTINUE® ' .
WRITE(H,115) I, (PRNT(K)K=1,NMETS) . >
CONT INUE : '
IF(.NOT.IFLAG) GO TQ 20ut
WRITE(A,525) :
INCEX=0 : , , .-y ‘ , oo
MDEX=INDIX+1 . | ‘ - . : a
%F(Inoﬁx.GT.S) CG TG 6JC , ¢ " T
GO TO (521,312,513,51L4,515),INQEX : .

WRITE (545210 (NSPONT(L),I:L;NNETS) o

GO TO» 650

WRITI5,522) (NEXTL(I),I=1,iHETS) ©
GO TO 55¢ ‘
WRITE(5,523) (INHII(I),I=1,HNETS) - .

GO TO 5%¢C. ' _ ' : vl
WRITE(5,5206) (EXTCOE(I),I= J,NXETS)

CO TO 560 )

WRITZ(A,525) (ItXT(I),L=1,NNETS) -

GO 'TC 51¢C V ‘ '
WRITE(h,6C5) ) '

DO Alu I=1,NNETS |

0O 700 <=1,NNETS \ Lo

NSTO (J)=NGISE(IT+NNETS* (U- 1)) . : EE

CONT INUE -

WRITE (5,110) I,(NSTD(K),K~1,NNETS) ¢ .

CONT INUE ° . o

O 1360 I=1,NMETS

DC 9,& J=1,NNETS

-NSTO(J) =STO(IAMNETS* (U-1))

CONT IMUE , . _
WRITE(6,118) "I5(NSTD(K) ,K=1,NNETS) ' . T

' GONTINUE - - : o

RE TURN
END_




000006 -

Goucoe
032626
600026
. G3060ue
00GGU7
0000t¢
goJ0Ls
Quoct?
002013 5
CCCOis
066GLS
CuLctig
00GLL7
cosozy
goocze
C0uteu
poccer
- goscae
COLU3Y
Caci3e
Go0ChHE
COSGue
G0CLuY
Ca00u?
65051
033056
000606 °
CouL72
coanre
LoGC73
GGCo72
LooCT?S
L0163
6001032
000145
\.000110
L0o113 .
005115
005120
| 0odi24
(00126
(00133
000132
} 003133
o (00135
0004141
G014t
000154
692154
000166
003166
000172

(00174
600176

1L

~oa
(2%

\

200

333

401

SURRCUTINC FIT(D,L&PL;yLHIgd%)

DIMZNCICN XMARK&LLI) D ‘(1uu),XM SQC1u0),0XSA(LI0),
12(%01),AREA(4A"1) : ' '

CCICENSICN QOUNTCLUD) . oo

DLVuh)lCH

D(zd) . . ’
REAL [AREAL1DLY . :
DO &5 T=i,1U0

XMANKIT)I=d,.J

AMSO(I)=C.0
EXSNtId=u. 0
COMTIMNUE
17ERG=u
SYHD L, 0 ‘
SutN=0. ¢ \
SUPDXS:JQ‘:’ ' -

CO ti I=1,1? g : .
IF (ML eECadel) GO TO 17
XMARK(I)=C(I/24) =025

CX (I =D (1) A XNAEK (1)
XHSALT)=XMAPK(T) ¥*2 g

OXST (1) =xMS3(1)*0 (D) ‘

curJ—;urD+D(I)

SUMAX=SLHGY £ NX(T) -

<uvo>>-<uv3x3+oxs0(1) ‘

CoORTINUE A .
MAVI=SUMDX/SUMD - , . '
CTU'CfQT((’U4UK§/SUMﬂ)-XﬁVE**e)

1IF(S TN L0 2. 0) RETULRY

WRITL (by2u) XAVE,STN ..

FORIAT (% %,% YAVE=#,F8.,C,% STD=%*;FA,5) .
SUMZ= . en ’ ‘
SUMA=D.L . .

Sydha=g.c . ’ ' ‘ ' ” \;
fO ?Ju |
TM?—((Xlﬂ>K(J)-¥AVE)‘* > ) %D (J) - . .
SUM2 =SUM2+TH2 . . .

ITHI= (XMARK (J) =XAVE) £# 2 ’

THI=C(JII*TT> 3*{XMAQK(J)-XAVE)

QUM? QUM1+T -
TTHO= (XMARK ( J)—XAV T
TML5 ((XPARY (J) =XAVE) *¥%2
SUMGESUFLETHY , .
CONT IMUE ' )
GH2=SUM2/7SUMD ‘
CM3=SUMZ/SUMD
CM4=SUML/SU40
A3=5M3/SORT(tGM:**&)*G&E)

LL=G L4/ GM2es2 ' '
KRITE(6,320) 43,A4
FORMAT(* *,% AZ=*,F7.3,
FRITE(R,431) GWM2

—

v-i,bs 1

YRO(J) *TTHG
*

* AL=*,F7,7) ' ° -
s GM3, G MG o :

FORMAT(? *,% GHZ=*,FQ 3,*-5M3=*,Ee.3,4 CMU=*%,F9,3)
IF(STDWED.J.0) RETURN ( - .
00 3L I=1,1in YA .'_ . ’\a ¢ .
IF(DC(I) +€C0»3e5) GO TO 3% ‘ o 4 -
GO.TO 43 . . ‘
- .. ;
# . -\



Uyweaw,
gagzaoe
000235
. oo0dzoe
020214
00c216
00322¢
bo0e21

" puoeae

000223
005225
600227
000232

002234

000240
0gs2uk
000265
pdd2u?
000250
000252
000255
000262
p00Es2
g0302¢eu
0056270
030273
guoz7z
000274
000275
000277
S 0003236
020201
005223
006311
‘0303213
003215
00316

st
4]

L2

55

40

74

440

"IF(2(K)»GEe0sL) GO TO 3%
Cl=JdJd+ g

LU"\‘At\UL ’ ] S L. ‘[: P .
UOUNT(i)'IZPQC/c-O

0045 J=d,11-

ECUNT(J)=(tzqao<y.aa+;dxz.0)-u.s
CONTINUE. :
CoO 5% J=1,1J1 , :

lAPEA(J)-L.? ' A

EAREALJI=G WU
Z(J)ZG-L \
CONTINUE

.00 Bu J=i,11

7033 = (DCUNT (J) =YAVZ) /STD
TR=ARS(2(J)) . .

AREA €J) =ERF(TA)

CONT IHUE

GO 76 Ju=i,11

IF(Z(JU)GEID) GO TH 82

K=JJ +1 1 -,

RN

EARZA (JUY=ASS LAREA(JI) ~AREA(L) ) .
GO TO 79
LL=Ju+1 : R
EnPrn(Jd)‘A°EA(Jd)+AQEA(LL)"

GO TO 70 S
KK=JJ+1. ' : -
IF (Z(KX) 4 GEelreG) GD TC S0

GO TO RE. = . p
CONTINUE | . ‘
CHISQR=L,(

00 430 I=1,10

IF(LQ!‘)!A(I)c,(JQLQL) GO TO LH..U

h

.

SUF= (D(I)=EAREA (T *SUMD) ¥ %2/ (E ARE A (I)*SUMD)
CHISQU“CHIS”K+SUM

CONTINUE \ *

RETURM . oo

END . * /// S -



60GCI7
goudu?
cocLez
goceoe
0030637
ogutov
(Jo011
ugacie
036017
- ggue21

6oLe2
000027
g00031

Lu0032
010534
CODC34
00CL36
304D

Gaadasg .

gd2053
LOuGsS7?7
6J30mn1
020C63
tdd0es
G0ub7u
£2dC71

L4

5

9]

15

SUPRUUTINEG HISTEOVALT L, D, I00LY)

REAL Nt2C) |
INTEGFR yOul (201)
INTEGIR VIAX,vHIH . <
s LIMENSICH FRIQ(&U) . '
VAINZVCLT (1)
-»\\\\)LAX =VoUT (1) -
0O 5 I=gyeiy :
WKAX = AHAX S (VHAX, VOUT(I) ¥
CONT IMUE .

0O 6 I=2,200
VMIN= AATHJ(VHLN vouT(L))

CONT INUE o

QO 1')J 1,:.0 -
G(J)=0«C -

Fchcd)-r 9 . ’ )
COhTIhUF -

‘D0 1y I=1,240 - . .

Di“*J“(VOUT(I) VMID ;)
INZL* (D17 (VIHAX=VMTIN) L+q
IF(IN.GT.10) GO TO 18 -
COIMI =D (IN) +1,
FREN.CIN) =D (IN)

CONTINUE
caLL HICT(NU FPrQ,Ld,ICUW)
RETURN
END
‘" ,
' A . ‘
¢
vl\
' 7y ~
- 4 | \

140 | .

-



© 000007
COu06d7
GaCLO7
000027
GooLn?
00UCa7
646067
N RETRY,

.

0006C07 .

co00UL7
0JdLaus
0adGu7

wooue7
L 005011

.Gdac1is

- Goo0L7
ioyees

¢ 003C27
6oo032
geocis
000043
600cC4E
625052
Geocs?
6Jg¢se
€oac7e
0330674

- bOyict
o £31117
cig122
Uou EZy
6004130
- 000133
/- £02135
635143
000140

LO0u
00

iw000197.

686163
0600167

o 0ogivz
‘ 000474
| . tooir7
| Gocact
| 00u2J86
| G606i2LG
] 090213
_gou216
GoU24Yy
CaG2u6
000251
Gooesu

. gldu2rs
‘00301

" 900302

“

LY NV R I R ORI B SN 8 h

CDIMENSICN JNYTI20) 4 F2 (20 - -~
FGRMAT(EH EACH 4AL1,8H TQUALS

.’(1-1

e »«v

FCRMAT (16,

LX 320 (2Y,A A8

FORMAT(GHINTERVA
FORMAT(1H1,47Y,1
FORMAT(10HuFREDLE
FCRMAT(EH CLASS)

fFCRMUAT(113(¥=%})

v FORMAT (iH )
FCRMAT(F1)

LYy2%,16(I2,1X)512)
iH RTISiCGAM 4 12)
NCY32315)

.'n‘”

Hy -
“'(

o NN E W e

Ny
.

FORMDT (LH¥)

11 FCRMAT(*

¥ 47%5s41H HISTOGRAM

y I2)

REWLND 2

RRITE(L, 1)

12

B3
70

S 8C

99

d

/ _/~' -~
- RCﬁD(*, _) K ¢

ITE(i,R) . . ‘
REWIND §° )
READ (1,¢) NOTH
FERIND 1 . o
IF(ICUM.ENL) 66 TQ L3
WRITE (HybL) MU
€O TC L4 .

13 WRITF(6,11) NU Y. ' \

14 CO 22 I=1,IN . . | - :
JOUT (IV=F=ZaY1) . T
WRITE(S 35 (JOUT (L) ,I=4,IN)

»RIT_(n,7) . < \

Ft4 =Jj.0 ! ;

LU si:_ I:'i,II\; v

YF(FRQLTY=FHMAY) 204,20,45 ) .

FMAX=FREQ (D)

(ONT FNUE .
Oschar=1 SN
IF(FNAX" «J) b 4ul,43L n°

JSCAL=(EMAX+4D,3) /5040 JU 4
WRITE(691)K,JSCIL )

BO G0 ‘I=4,IN ° : ¢

. JOUL(I}=NCTH :
AR=FITAX/FLOAT(JSCALY ' L,

DO 30 I=1,MAX °

x=Mhix=(I~1) . - L. :

CO 70 J=1,1IN ' ¢
YF(FREAC) ZFLCAT CJSCAL) =X) 70,6J,6L :
JOUT (Jy=K - ’ S
COQNT INUE 0 T
IX= X“FLCAT(JSCAL) .

HRITEL652)1IX, (JOUT(J) 3J=1,IN) 3

TO Q¢ I= 151N

LJOUT (12 =T

WRITE(H,7)

KRITE (65,3) (JOUT(J) ,J= 1,IN) _

WRITE(6496) © . - &

RETURN 2

END . .

|
¥

.

’I?’7H PCINT),/)" .

0 ) "'".\.’
\
i
]

v T

\ ¥




240003
34003
00003
00603
30033
QU003
. 60003
V0Lu3
!03003
200603
NE003
J36a3°
70003
JUIG3
00003
200003
JGJg3
20002
K

39603y

20003
3060632
10023
30003
716¢3,
NUGY3
MERE
19063
SNEIK!
2too3

ool
13043
0eee3
50003
3U<03
13523
30003

:30003

30003
10004
Ju 004
. J000y
Jou0b
440004
30006.

C

C** x¥¥xQECLARATIONS

C

-~

{

\

JylQg7 -

06010
3001y
'd3013
43061y

aeo1s

hY

C
C

SUBROUTINE LISTI(12)" 1 R .

RE AL

FEAL

REBML
REAL
REAL
CINTE
IMTE
INTC
a4 IMT=
INTE
INTE
INTC
INT
INTE

TNH, ANKAVG, INKAVG , XCOAVG, ICOAVG,YFL, IFRCTN *
TAVG(i{),TOGAY‘(1~),SD“A{finy,ST)(lof),b,AH 'V NOISE(lUu
NSTD (L) 3 TRESHI(1LE) 4H s
D(2L) ,AUNFIR, TEQH SUM,SDNF .
CAREACLILY , o- .
GER VNOT(Z01) . .
GER VOUT(z01) , : . :
GZR TITLE(1S),INFO (1571, IHF0L(15),INFO2(15)
GER VNET(L0GL),FIRST,ITEWM(2H) .
GaR STATE(LGYL) 4 TRESHL (1 ), TRESH2 (100 D)
GER RToORD{L, 1Ubu),NNFI {z01) .
GER TH¥IM(10), THAX (10) ,TORCP(LG) ,ARPELE) , TURI(1),VT(1000)
GER PISPAONT(LL) ,MEXT (LT ),tXTFOC(la’,QbPJ IEXT (10}
GER REINF(L2C) ,INC (100)

INTEGER PRNT(1LO) -

DINMZ
DI
LOCT
'LOGT
coMM
COM
‘COMN
COH1
COVM
Cowrit
COovM
comn

cCorM

. COMM
@ comH
coMt

NSICM NKFKST(lJ“),hKlAST(luP),NNFURl(lq),NNEU 22(16)
INSION L3TCIM(5,1239),LSTORC(SH2000) . o
CAL LEARUZNULL,IFLAG,TMOD (10) , s )
CaL FIQi(i)Lu),JOIW(iuL'),INHIB(uqu)
CM/FARAM/ INKORK,TITLE,INFOL, INFO2
ON/PARAV/ NKx,quMIh,uKXMAx,xNKAvc,LcomruhLCOﬁax,xCOAvd
ONM/FEAPAN/ IMA,INKMIN,INKMA X, INKAVG,ICOMIN, ICOMAX, ICOAVG
CN/ZFARAM/ NEXSUM,LCCSUN,HXEUR, INKSUHY, ICOSUH, TNNEUR

1
- S

A

ON/EAFAL, JFROM,JJFROM,ITO,11T0, COC, INAy LFRCTN,ITEN
ON/FARAGA/NKFRST M(‘ASI,NWFURE NNEUPl ‘ -
OV/FAFA“/LSTOJW%LbTOQC 4 * s
C“/FARAV/th1b,thCCh,NTOTAL,NUMUER ‘o N
CN/FAnAM/IOENT,nSTTV,IAFC IDITER,,NITER,

ON/PAPAN/ TAVS;TICAYL,SOCAY,INDEX
CM/FAFAM/FIRST, LAS T4 NFIRE .
CN/FARAM/INUP , TMUMN, bty ICELL ,VNET - :

CCOMMCN/FARAM/ STATE,TRESHL,TRESH2,TRESHZ,VT . . '
COMMCM/FARAM/ - THIMN, TMAX, TUROR, ARP yTHR21,lICRN:
COMMON/FARAM/ RELINF,INC

" COMM
corn

© COMMCM/FARAM/ FIRI,JOIN .

I2=0 .

CN/FARAM/ NSPONT,HEXT, IMHT 2,EXTCOE; IEXT,RECORD”
CN/FARAM/ LEARNgNULL,IFLAG,THOD | | , . ¢

»

Y 4 ~ LY /
. N v
’

15 FLR“‘T(“lJOIN AREAY . IDJCIN “,I9//(10(1X 1 Il)))
25 ., FORNMAT (3X, 25HRECORD ARRAYS FOR SUBNETS/) ‘
Y15 FCRAAT(*L R-COROD A?QQY‘IOPtC"”,19//(70(1K,IS))0'

ICuM=
CO 5
vouLT
VNOT

0, - i . ’
I1=1,229 : !
(11)=1] - g .

(1I)=9 ;L .

NNFIR(IIV=Q - , ' T
5 COMTINUE * - ¢ ’

NU=Q

. KC=1

Ki=1

ol
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. obo2t
€0u123
’ (00125
c BJL136
" 000136
c.o> 000140
| . 000143
000146
000160
. 006160
€5,166

. 000te7 -
V00172
. 000173
.+ . 000475
‘.. 005233
006251
Goc232~
00Gzez2
£202C5
000237
0dda211
oplG212
~ Y. 000245
; 005215
000223
008223
000235

CQG242
Q00RuU3
qa2ub

. Davuy? -

)

b, 000235

s\
 600.26C
000261,
000262 .
- - 0ed2o,
- . 000265
[} \ : “’
; PR Y v

@

CUui66 -

b

LOJOLiy (Ui R (1), 1% £yt t0TaL)
R ]

hRITE(G,15)
.wPIT?(s,2=)

v \ ¢

[t J-" . ‘ . : - ;
30 U=Jel c . 4 ¢

IMJ.61.2) GO TO- 254
hRIT»(c,hGO)(V](H),VHVT(M),H—LuﬂlxﬁR)'

438 FORMAT(S *41.T6y4X,1516F _ , ,
«  IDKiC= ICUCINGd . ’ ’
60 TQ (1u,,102),d . SRS :

10 WRITE(6,119) 10! FC,(QCLCRD(l,ll,I 1,NIT:R ’ .
« 132 DO 5( M= 1,N115R , k ‘ . '

R bouT (kCr=vT (M) 47 - ‘ - Lo

/- KC=KC+ : o e
: IF(KEVNEL271) 6O TO 53 e

147

1527, FORMAT (Y

A\,

-

b

»

L

IR*'t(b,36‘)(VOUT(K),K—1 207)

FGRMAT(® *,1016) s D -
NU=HE+L RN
CACL HISTG(VOUT, WU,y D, ICUM),
LALLOFI%t,,-APrA CAISOR) -
WRITC( ih?)(uﬁLEﬂ(JJ),dJ 1410)
FCRUAT(® #,% EAFEA=* 10FB.5) -
hRITE(b 157) CHISUR.

*,% CHISQR=¥,FIf . k) .
el 8§ SR -

§0 1 Tu=1, 9J1” .- . : ’
VbUT(TU‘ : . “ ~
 CONTIRUE _ .
50 CONTINUE o '
" NU=TD o .

1CUA=1 : ;\/):' e
vy b N N

- &

CO 4. MM=1,MNITCP
 UNOPAKN) =VNEZT LHED N
< KINEKNEL
IF(KNJNEW 244) GO TO 37
NSNS o ) - °
hPITF(D,LO) )
FORMAT (2104, 47X, *CUMULATIVE HIS]PGRAV*)
CALL, HISTG (VNOT,NU, D, ICU“) ’ R ’
CALL FIT(D,ZAREA,CHISAR)
NRITL(6¢117)(xa“(A(JJ),JJ 1,10) L
FCRMAT (¥ #,8 DAREA=*,10FB8.F)
WRATE (B,116) CHISON : R v
FORMAT(* *,% CHISGR=%,F20.4) . e
t'@ 2 IK:1’LJ~A- 1 ) ! iy - . ’ .
VNOT (1K) =1, : I -
.CONTINUE - - " <. o '
KN=1

6 L.
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.

. LS
GO TO 3; S T
MN=KN=- N oo ‘ - : ‘
' hNFIP(Mh)*Q_PO“D(l,“V) . C .
- GO Tn Gy .. . ' .
2§ ISUM=ZJ - L
CotsuM=gll » '
0O 39 L=1,280 ; -
i SRE IbLH+NVFIR(L) oo _ Lol .

39 COWT INUE o , ‘ ‘
FIR= Isuhfzuu 0 - s _ ° .

-
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' bN
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HQ0ETL
10274
33276
- 003p0
$33335
C1d331h
003214
00326
:00.320
00321,
QU322

kY

41

weova l.u.-i;.-..u-
\EERM=(NBF1R(LL):ANNFIR)“2
SUM=SUM+TERM ' .
CONTINUE - - .
SONF=SORT(SUMZ200.0) |

WRITE (6 ,4) ANNFI®, SONE
FORMAT(* #,% ANNFIR=*,F16,5,
CONTINUE ) ’

GO TO 3¢ P
12=1 '

. RETURN

END
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FUNCTIOM ZRF(X) | L
CIVMENSICN PHI(l'u),CAPPHI(l ),XI(ibO), -

A= 1‘ o 3o

DXI=X/N D -

MPIz=M+L : :

00 1 JPi=1,NPL ' ' , , Coe S
FJ =JPL-1 | ‘ -
XI(JPL) =F J*DXI . :
R=1.0L/SGRT(2.5%2,14159)

PHI(JPL)=R¥EXP(=XI(JP1) ¥XI (JP1) /2, ﬁ)

CAFPHI(1)=0 ,

to 2 JP1=7,NP1,2 )

CAFPHNUPL) =CAFPHI (JPL~ 2)+(PHI(JP1 2)+u.u*PHI(JP1 1)+

ERF=CAPFHI (NP1)
MRITE (642 0)ERF
FCRIVAT(FL2.4)
RETURN :
END

f
R



