WS B 9% £ 24 183~188 2000
Kor J Psychopathol Vol 9, No 2, 183~188 2000

SRR

oAU - o]

N E

AAEEH S WY AL BEEH) BEAA ggke
U AR, 7153 H9d A7 § o) 78
£ T8 E u AAA doM BAEE FRAE 7
59| Fojehs 7Hdo] BluA A5Y QA wolEAA
oI B FEA 75 Folle ARAY 2
Gy ol HAF Ko wRE oot Aol gk
Fol AZ1E vt A, 217A ] AT Fd
Hl AYA FRRA7]7E A HAHAE AF A
7AA9] ABAL 75 oVl AT Feinberg”
o] 7Hde] @ Zolth?,

Hoffman®] Q3AZ3F 24& AHFEH AlEgeld
& o]44 Feinberg”] 7Md& &% Aoz HAK
FH o] W7 M ds) AFLEEH Pz HeE #
Ao ArA 7159 Fol2 By #HE S5t A
A @4E AEE 2L RS AN g 2
2egtA) S A B tiide] HAurt.

AFNFGL2 AGA RS 7183 [sdE 7)5E
Ao rYs ¢ AgwHe M2 AFE Lnet-
work)€ T Aoz A7t Ho F2F FAME
THIH 15AQ HellH X Shego] o] fojAlE A F
A e} THoI gutg 752 AYa ke A
TolA el AR FA} fAE EHE 7R
AT®. EF QJIFAATE GutH] HFEE ol &3}
o HnH 4A AT AR 7o) rhedithe B
A& A2 At
A AGES S 20019 $A%ENI ToE BF
Tt o Aoe} oMb MEFHH A setud
Department of Psychiatry, College of Medicine, University

of Ulsan, Asan Medical Center, Seoul
'Corresponding author

O# MO

Q] LA Aw} wd*

-0 O O

jé** R 7‘:!%]._‘%**?

Hoffman o|¢} 2o 17+e] H9} FARRE Q1347
Bl AL AEE 771 AYEEE o Y
AL d3tsted QAAEAY 719 Hee d¥Ee te
7193 EFat] Yehe @491 22 patch) E& ©)
Aol 7R P A2 Eofo] FHEE parasi-
tic foci Aol Yep = A& BEs9on o2 Pr
e Aol L /e FNEGYA Bol= By B
of WrAB= 7|7 frAkg Fol ok F3sF Y

AAES AL EEH ] FAwe) @Ag oldstuxt
B AT R AFAAEE Bdo] vjg Fv e
FAetn AzZtEo] Hoffman® f413 s o g ulo)
AgATEe AAz FEF FY=(Hopfield) AF2A
Fofl A R AlgA 7R 7)) dAlE RS o oY
A4Ze) 2] Ao Y 223 parasitic foci 4] U
PR AR

a4

£ dPellA AREL FY= g 208 @3 2l
FARLE vlo|ZRZAZE AA 708 o83t 14
sl on] o2 93} Hoffman”"e] =84 A" A
o} FY FAE o] IHTHEA 1, 2).

(1) E;=Y Tyl
@) Ty =2 1510

T,.; : The synaptic strength linking neu-

ron(x.y) to neuron(ij)
E; : The collective contribution of synaptic
inputs to neuron(ij)

4; * The state of neuron(i,j) for memory m
(3) If [ Ty | <p X (i~ xPH(i ~ y)*) 23T,y =0

p : The pruning coefficient
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AFNARL 7129} 27t 10x 109 wiE g 7kA=
100719} AFweZ FASY. A4 HaHES 4
sy o sl feo digstes pAsen, 4w
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Z(auto-synapse)e AEFH o T EAEA Ferin
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29] & 4 9900(99% 100)7H Hrt,

AAEL AFANAYY HAL EFE H43) 3]
sted APJ2E 50%71HA 7HAA7] st W siE s
el Abololl EFo] gl IlY AR FE3) e HY
& Jol2 e ARRIIATH Y ). dNHH o ALE
s AR BAlel 4% |l 7 R wE o Al
WA AHRA7)7F dojuA] g AejdA e 4& Y
9] el ojggo] U7 Wil ojeh e FHgPow
Helt EF2 FAE a3 & 4 AT RS H
B @44 (activated)d] A3 +1(excitation)
¥ - 1(inhibition)9] AHE% A& AT HF
A0, nulDE L= e ol# F o £
g Aol 7199 A &S FAFE 548 HATH

A2 7422718 Edelman'e] 2)8] Aigte Ne-
ural Darwinism'ol w2 Azl7t 23 AAZ=(T)7}
ozt AlgaTt B AAHEE g1 om AWa AA
e AAZNEE O(nul) 22 A 9k e
ARSI THE] 3).

Hoffman®] AH&-8+ 7}A12)7] Al4*(the pruning co-
efficient, p)& 1 #to] AZFE Boh §& A2 7}

A 717t ojubAl sk gelth®. 7EA7] A (p)dl
weh 7R A7) 7 dold AEE HEE&(%)E BABIA
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0%E 1007HA19] A2 FAIE Aotk & £
20HU*= 100719} 7§ 7k QA3AA A 5 3
Bzt 2070 e SAFEITT Aolrt Yk RE ¢
w3}, Hoffman ©|213 HURE o|&3te &8¢
Helo] Y1 Ak IX3R=A] Hrlshel AHEEt
A 0~3HUE ¥ (direct hit), 3~10HUE R4}
(approximation), 10HU®| 44 4 | o|uxjs}
FARRE H2o] gl A 94 93l (loose association)
2 A Y. ARAEE G LT WS AHESt
o &3¢ AdE Pt

253 JFAT e WEY] A8 971 "
Ztz} 23(20HU)3 o} (33HU) S ko|2E 7}t
o 18709 el wHEisd 20HUE 5HA 73 vt
o 24EE AT E W€, 33HUE 38A
it} $AFEE AN PEE ARSI, o
71A gAAHe] dAL +18 -12, -1& +1& v

Fr AL T

Zulg 98 A€ (0HU) 9714, 20HU 97FA]9} 33
HU 971A12 749 F 278 $=(29 DS 4893
He oz slo] Y& Hl 7R E shgd Q1A A Lol
dFHsd 29 HdE At AR AFPIE F
FWINFIAA 2770} S| Zhztol) dis) 28 € 2

Fig. 1. Nine learned input patterns(OHU) and patterns where mild20HU) to moderate(33HU) degree of ambiguity are added.
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AL ojeig i e g 9L 27/ Wl 28y
HUZS vt o 2 7px1%)7]9] Majof op& HUZe] ¥
8 9 x2}9} parasitic foci @A) WA o H2 zA}
aHct.

3 L

1. Mg QE NS ANBE B

A2 ZERA717E 80%018 FHEdHA dojrtEA
dE Heo gA8kA) Rt AL F8€1k 10HU o
& zte] e 28] WolAle A% RYvH 1Y 2).
A2 Hdo] PH=E A (HUSAA S A2 744

60

Input ambiguity
50 —e— 33HU e

—a— 20 HU /
m —a— O HU

Network convergence(HU)
s B
&\
AN
.

60 65 74 80 84
Synaptic pruning(%)

90 495 97 98 99

Fig. 2. Synaptic pruning(%) and network convergence(HU).
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4ol &o| FA3) HUR 10014 Ao Ho}
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20HUS| 238 dHelA 80%°1¢ 7HAA717F o
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W, 6, 8 HEle) 3 FAG Ao whE FHEHE
AFE e S48 4FEe] Aue w34 1270
(3x 4, 2x6) 7] o]Fe] zZo|ArH2d 3).

3. Parasitic foci®] &%

APz 7HRA71E 80%°14 M3sla 20HUS 33
HU9 2x& Ahe Y4Hs9E u o|FHel 71ei==|
B2 A 2L el 22k Yehdtt 20HUY £
B 1¥, 39, 59, 6¥elA £ Aol X3 N2g
el 27hg AAE = A7 oj g e wake
A 99 ojyoME #F & 4 e A2 2o
2 HIHAT1E 4).

33HUCAME 29, 39, 54 8 &3 sjelo] Salo
A 1279 ol 7|9 2Zo] BEE =Y A 9F
A7) 7|d=o] glE AR AE ojudHx B £
e M2 EFoIATH Y 4).

0 HU

20 HU

Fig. 3. Patch(black areas in 20HU).
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Fig. 4. Parasitic foci(black areas in 20HU, 33HU).
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<ABSTRACT>

Neural Network Model of Schizophrenia

Jae Won Lee, M.D., Chul Lee, M.D., Ph.D., Chang Yoon Kim M.D., Ph.D.
Department of Psychiatry, College of Medicine, University of Ulsan, Asan Medical Center, Seoul

Introduction : In neurodevelopmental aspects, the computer model of Ralph Hoffman has
lately attracted considerable attention of the psychiatrists, for it provides a clue to understand
the pathogenesis of schizophrenia in relation with the excess axonal pruning which occurs
during the cortical development of the brain. In one of our computer simulation researches, we
reproduced the Hopfield network used by Hoffman.

Methods : We constructed a 100-neuron Hopfield network in the same method used by
Hoffman, making it memorize nine memory patterns. Then we eliminated certain proportions
of the network synapses, beginning with parts located in farther distance with weaker synaptic
strength. Eighteen patterns were made out of the original ones by adding ambiguity from mild
(20HU) to moderate(33HU) degrees, and then provided to the network. The output was collected
to observe the network convergence and to determine whether the parasitic foci appeared.

Results : Both mild20HU) and moderate(33HU) degrees of input ambiguity produced
abnormal network convergence(>10HU) when more than 80% of the synapse were eliminated.
More ambiguous inputs(33HU) increased the abnormality of network convergence. The more
extensively pruned network caused Hoffman's Parasitic foci, showing patches in 20HU(pattern
1, 3, 5, 6) and 33HU(pattern 2, 3, 5, 8), with similar forms in the same location.

Conclusion : We found that the functions of a overprunned network was in accordance with
the observations of Hoffman. This simulation research of overprunned parallel-designed
neuronal system revealed that overprunning caused functional fragmentation and distorted the
recognition of more ambiguous inputs. These phenomena are analogous to schizophrenic
psychopathology.

KEY WORDS : Schizophrenia - Neural network - Pruning.
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