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Computer Simulation of the Formation of Visual System
Global Topographic Mapping

Y OSHITATSU MATSUDA' and KAZUNORI YAMAGUCHIt

Theoretical researches on the formation of brain topographic mapping have been carried
out by computer simulation based on Hebb’s law, which shows that self-organization based on
Hebb’s law can model the formation of local column structure as ocular dominance column
or orientation column. However, the self-organization based on Hebb’s law cannot model the
formation of global topographic mapping such as retinotopic mapping in visual system or
somatotopic mapping in somatosensory system. In this paper, we examine some well known
facts of human cognitive and neuron system and introduce a principle for forming a global
topographic mapping: “Global topographic mapping is formed by the law that draws cor-
tex neurons spacially nearer, which correspond to input neurons that frequently change their
values simultaneously.” We model this law, carry out computer simulation of the formation
of visual system global topographic mapping (retinotopic mapping), and discuss this law’s
relevance and generality.
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FEAfFbR G, 4 EHBE.

Mar. 1999

B9 =AROBHOKT
Fig. 9 Moving triangle.

T5.
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10 AHBOF VT8 —2 1 (k)
Fig. 10 Sample pattern 1 on input layer (stripes).

11 ANBOF TNy —v 2 (ZaE)
Fig. 11 Sample pattern 2 on input layer (triangle).

12 ANBOY T NE -2 3 (K)
Fig. 12 Sample pattern 3 on input layer (House).

FEABOBEOERZR L.

22, ®23 &, BHTL2=AF (v TERED
AN B, ABBOLEFoOATEGEE (K21
BR) OFERTH L. U7 V8y =2 b UTHER
e ANTAE, REBOHLHRETIE, < v 7P R
ENTVEDY TRy — U HSERIIRE SR
TRHRERRZ 525, AT vy akiiok
ZThsdb (H22). YNy —rv e LT=A%%

B13 REBONS - (Y70 Rk, BEE )
Fig. 13 Pattern on cortex layer (sample: stripes, state:
initial).

14 FBHEBONSY = (Fr7v R, BEE O REE)
Fig. 14 Pattern on cortex layer (sample: stripes, state:
intermediate).

M15 REBDSE—> (BTN KRR, B DURE)
Fig. 15 Pattern on cortex layer (sample: stripes, state:
convergent).

ANT2E, ZAFBOERS EVADOFATOARILED
BETVWEI LD S (K23). HOBVAIRAS
BoLESIIHBDT (M11), 2O HANB
D O ADERERI & > TRER O FIAFE I
BEEhTWBIEEGD5.

24 ik, vy 7 OEENEBESREL, —IC
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I

®16 KEEBO/SY—y (BTN ZAF, B IURY)
Fig. 16 Pattern on cortex layer (sample: triangle, state:
convergent).

Eai7
Fig. 17

BERD/;NS =2 (FrT K, BRI

Pattern on cortex layer (sample: house, state:

convergent).

FEEG LR REIRE-ATHE. ZoHITIX, OB
M2 HLENTWAE, BENY I -3y Tl
COEIBBEPELLZEND S,

54 Y32l —YaliER0OFE

9, K13, M14, 15 DERPS, ANBERE
BREBOBOD LD LIET V& ARICEEISE 4 2R
FEEELTHLZEWFHE, DL, TOF
TN THIEEOEELRE ORI ST 4v v ¥
YT EBBRTAIENTES,

ED L)y TR INDTRL DI, I
FHAORERB D/ <y — X 15, K16, K17 &, #h
FTRDOATIOF Ty —vK10, M11, K12 %
BT, ZL0HFHRTREBLL0D, A S
BOY T NINE =08, B2EHREBICE->TRE
BIHRESNRTOLI LD E (REBIZBWT,
ATIBOROES (H12 DROTEDEF % E) 12
HETHETEH). HERKBHY IR 57 49
7y ErTIE, TEREFDOLIRHMEEFEOLDL

a

+E

Mar. 1999

X

18 FUEMEB xS HREBDISY —
(T o RIEAR, BeRE L BURIA)
Fig. 18 Pattern on cortex layer for initial state B
(sample: stripes, state: convergent).

19 WHMEC Iy A RERED /Y -
(o700 R, BB )
Fig. 19 Pattern on cortex layer for initial state C
(sample: stripes, state: convergent).

-
—

LTERINT VA (2 EBEBH), CoZds,
DEFVCTHERRBHNRS S 719220y
PHERICER SN, LERETLIENNERTHA

9. ANBOmOWHI BB SR Vw0ik, KT
ABE LTHWEBHT 5=/ (5 2SH) 20
WA FEEMEN2D, FIBTA -1
X, BBl V@I EVEE, o —uro
BELAANOBEIC L > CTHRERDBOESICHEE L
FORERZEEEZOND,

RICHEES <Y T ORI R THEZ RDL7290I02,
15, K18, M19 23T 5. EORIZBWTH,
ZADHICELTEETIEHS (0%, TRTOE
L TR—=TIE%W) 300, H5EERGEITEE
L, ZRICEoTH VT NIRY — U DSBEINTWES.
IO EPD, DEHRENSRLZ-TH, HERKREY
FRT G T 4y 2o EVTABREINDE Z LS,
. 3512, MEMEMEZIR, vy TEEEBOERE
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®20 KHEE (200 x 50) O/5F—>
(B =R, BREER)
Fig. 20 Pattern on cortex layer (200 x 50)
(sample: triangle, state: convergent).

21  Z=AFOBBFEH ORI
Fig. 21 Constrained moving triangle to the upper half
region (hatched area).

BIBRBILIGHB, 27L, BBETH I,
BAEDETFT VT, FHIREBICL > TiE~y 70K
SN kL Hsb,

7, 202X, ANWBLEERBOEANES T
WTh, Yy TOBBIEITETH S I LAREIA TN
5. ZOIEDS, COEFVRBEOR: LI
SN, PRYOREREZROETVTHL LW
25,

X 22, ®23Tit, AAWPRL-oTH (ZoHEL
EFZDARMRoIZ AT, FOARIG L2y THE
BENBILPFRINTBY, TOILdb, TOE
F VIR A R ATICRKISHE L TWA Z e D305,

BEOLIA, MEREICEI->TiE, B24 DL
< TOHBICRK T H00H 5. X240 OFERIIE
FIZT VT AT R, BRREBEINERER Y TS
LENDBDOTHS., 2, ZEAMORS LR
WY EeEHRIBRICRB L0 THS. ZOME
W EZRBRL TRV, BROFSIIOVTIE6 E

WERKIRG LAY 57 49 779 ¥ 7 OEBBROFEMRS 12—y 3> 1101

H22 ANEEORYB Do EORERBON Y-V
(¥ 70w Rk, BB DG
Fig. 22 Pattern on cortex layer for constrained moving
triangle (sample: stripes, state: convergent).

238 ANBEOROFHo/L EORBEBD/ISY—>
(¥ 7 =R, BREOOE)
Fig. 23 Pattern on cortex layer for constrained moving

triangle (sample: triangle, state: convergent).

24 —EEHESGRLIEEBON Y -
(70w . RelRg, B DR
Fig. 24 Pattern on cortex layer with discontinuous map
(sample: triangle, state: convergent).

THERD,

DEDZ edo, HEZKBH IR T T4y o<y
YU e BBERT 5 LW RHEORBOENIISB
BUORER SN woTEIWEE ), B, ZOE
BEEFVERIREROBERICEISVTRWEWD
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Mar. 1999
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£1 AFITWORAFVa—- Yoy

Table 1 Step size scheduling.

times | 0- | 10000- | 20000- | 30000- | 40000- | 60000- | 80000- | 120000-

step size 16 8 4 2 1 0.5 0.25 0.125
LaL, KEFMZBWTER, BERIZAT v 7IRIC e Distance Docresse Gurvs
LoTHRESRE—EOMELBHOLLTEDY, & i ] ' e "
i, (el —ob), ok —ub), L PEEEBE i)
LA M%T 5. COREEDPR VM, 4% I"x
SICHBMNENET T AR, TOREELELL e ;
BRVWEFADSLEELEZ LB, RHXTH, : \
DIREDRIT b DL LTHRETo TS, o ;L

8T, FWOEFVTE t FET BICORT, I mof M0 ]

LSBT B 72, BAMERHETSEOIURIES BT o TR L AN
B EIXTERVA, Bk RE LT B BE e L O
BT 5 o b TGRSR BT 2 HR R LT -

xprtEZIOLNS.

6.2 WCRICEIT 2EIEHHR & £ O

SITRABETRELER Y TIZ2oWT, ERIC E
DREBHLELLBIFLZEREZRL, Fhi
T5.

¥, FHERE LT, 2BEOMEERFEHS
HEER (YU IVEGEZOTTRERICKET S
L) RERER) THIGE, o) —HEORERK
BB F RIS T4y 2y ¥V I PTTICHEELTY
BBAI, ATy TR0, 2TV EROBELLT,
10000 B 2 b oo T EF %25HHIL, £20FHE Lo
72z, 1009 LWIHEICEo7. Lzd-T, #
BREABY N R T T4y 77y EVTPRBHRENT:
LE0D Et OfEIX 1000 BRI E b0 L FHRINS.
L7457, LTI Bt OBl (B/ME) 1 1000
PERELCHRRZIEDD.

E£113, ABETRELEAFy IBOATr Va—Y
VIRRLELDTHS. K13 »5H 24 ORIETTR
TER1IDAF Va— ) v iIEISVTERE N B
F, Bt OREHRZEILRITNERS 57 TRTH, /
AXENEL T B EELLERLT T H7201T,
EBEOS T 712131000 BET LD E OFHEEZR
RLTW5,

25 kK13, 14, ©15 XHET 2 Ef %1t
DT I THH, OFVI7T, BV X, g0 v
¥ ARIREETIIRE WE, PRRRECIPENZAE,
IUEBBCII NS 2lir toTBY, EENEY YT
OWHER L, EENLIBETH S B OEL PN
BLTWBI LG hs., TOZ kL, 100000 75
200000 B 5 T3 Bt 2BGEME 1000 (EVE (1 F

K25 MxESORSmE (B = M, 0¥ (R 13),
20000 : RS (0 14), 200000 : WHH (15))
Relative distance reduction curve (horizontal axis
= time, 0: initial (Fig.13), 20000: intermediate

(Fig. 14), 200000: convergent (Fig.15)).

Fig. 25
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r E' OIURBOEIKEL kB EPS, #iC, B
D% D L ICHROBY, KEOHNEERTHILDE
Zbhab,

27 i3, R1OAFVa—) LT 10 52
WAF T a—Y I baey T OBREITo2 L
X0 Et OBkDT 57 THDH, M27T BEEKRDS
G oTHBY, TOIEDD, HI—EDATY
TR D L THALEMER L&Y ET L, B 1

* 2797 g 16 OYIRAT0-9999 25 0-99999 IXH o TS (M
DAFyFECELTOAMK) XAy YVa-) 7ozl
ERT.
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distance Distance Decrease Curve Hith Discontinuity

“discontinuitydistance,dat® -—

o

N
i A an )
K“"J i{g-))v-\]\‘j\vl

H %r

AR Ay s ;
N IETY P
PR

ERAYT

° 20000 40000 60000 - 80000 100000 120000 140000 160000 180000 2000008
times

26 HMERMEOBEI MR (PURICEHK L6, X24)
Fig. 26 Relative distance reduction curve for
discontinuous map (Fig.24).

distance Distance Decrease Curve with Long Term Scheduling

“longtermdistance.dat® -~

tines

0 200000 400000

E27 MMEHOBIEE (F—27 v 7EOBMTEVH)
Fig. 27 Relative distance reduction curve
(slow scheduling).
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LU0ENH B,

Mar. 1999

28 27T DHEORERBONY =2 (TN R,
Bk WUR)
Fig. 28 Pattern on cortex layer for Fig. 27 (sample:
stripes, state: convergent).
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