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Abstract

In this paper we have proposed a method for solving a four-coloring
problem using adjusted information transmission between adjacent neurons in
Neural Network. These algorithms are based on McCulloch-Pitts binary
neuron model Neural Network. If a map shares n regions, a 4 xn neural
array is used to color a map of n regions where each neuron as a
processing element performs it. By programming these algorithms by a
C-language in IBM PC 486-DX and adapting it to various examples, we
have showed the ability of our system. If one neuron is selected among

four neurons, the strength of other three neurons is weakened. So, by

transmitting the information of selected neuron, adjacent neurons cannot

share the same color.
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Fig.1 A planar map with seven neighboring regions
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X-region

Fig.2 A planar map devided into X-region and Y-region
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Fig.3 Absurdity of three-chromatic map
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o BYR 71K e Zlol wAstd U MU WA oFzre] Tael
deM @ uRe %Yo Atk

Pl A HEYeM 7Y 2 H3U ‘dE Y A, AR Yy
AN ozt FHORYE Y ATz SH tiy AEY ARE Yukdin
3 dolet2RE A3 HEY UiFe] A Jbg ¥4, 4 FRo) o A
At 34 e &AL BEIEF sk Aotk Y FIHPY FEE
Yshe &334 7I5AE A viZIEA YHE A 2Yje] oag 2 As
€ Zojth thAustA, Ugo: FEU o] 27HLY

3.2 MF 3l2Yo 7|2 ?x U SX He

Al yege 718 A28 A1 A M ¥ (Neuron) 2} @AY (Synapse) 7} Ql3L,
3 olfelx WL 7|E 242 o]FojAr}

21 B M) X (Neuron)2 & -2 PE(Processing Element)2}i% 3}, rT@
EAlETh AT Y2 U3 MEZNVEY Y Aot Yo iyt NHEAE
U AIES ke Y4t 7ol AR, o] AZES VY Y4§ T}
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e FE A& €93, oluf o] dF AMJloe ¥ wEoAM &2
BEE vl DAY FEAA VL= APl A, & JIFAE A ¥
T4 Ex 4A4 A3 E e HRAA Adt: 7ol AUth

UiNQl AR K2 J|® FXJ} Fig. 4ol Yeh} Qlch

———— =—————¢  Output = Sum of Inputs * Weights
(Note: Many inputs, one output)

Fig.4 A Simple Neura]l Network (with summation function, transfer

function, weighting factors, inputs and outputs)

323 & A¥els ¥ AXE PPN BRI A¥HF, &3] UAdH
t &9% 2231 g% ¥ offd Aol gled ARYEY Uil Ex)
3710 ‘Hidden Layer'g} ¥2& $3o2 Es ¥ Ay YFejol uhet A
3 AE(PE)Y &3o] 2P T AFY YYo= AEFHA god ey
(Feedforward Network), &¥&o| o] 3 T&= FY3o= A=A HYY
(Feedback Network)2 2 FE3t1 HMYUZE o|lf:= HYUYL ¥ A2¥

(Recurrent System)o]g} %ic},
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3 AYele o8 712 Heist sleu o /22 AYLS Fig 594 Yot

Fig.5 Combining Layers

UL AR HEYL old2 Y22 F2J3tW Fig. 62 Ut}

Processing Element
Weights

Output +

Output -

Fig.6 A Simple Analog Circuit
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3.3. 4lE 3299 8% Yy

McCulloch-Pitts(1943)o] ojsf F B it Aelo] 712 £ 433 ry
of MAE Tt AF 417 H2Le +843 UL £ iz 248 FHHEY
°l& W ALzt divh ¥ wHoTHE VYUY 28 UBE AYs @7
& B3] THE wASE AWHrh 2 RAY 4Y Az el Y2 @
2o AZ17 He 7HEAS o2 RN AWEHE dY Az Muq
Yol 2js) Ay Hct

= =2olMY ¥ d3eEL 4 (D} B2 McCulloch-Pittse] 23 %
2] H2& Ahgtic)

U; = ;wk,vk (1)

A (DellM vis -8 FEY d¥ell Ve k-HA RS Yoy
Wee k- wASERY W) Rdo2 AWsE AYa dZe Aol
th =t ¥ Ui>0 o]2hd McCulloch-Pittse] &8 34 Vi=AU)=18 =
o5, 332 ¢je™ 0otk

McCulloch-Pitts®] 23 w3 /&Y 4= 4] (2)9} Pt}

1, f Ui> 0
Vi=flU) = (2)
0, otherwise

A71M, vt Ue 4 A wde 283 JYolct
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otz Fig.7(a)x McCulloch-Pittse] 22 ¥ Rdo|: Fig. 7(b)s o] tf

¢ &€ faeolth

1 i US> 0
V1=f(Ui>=
0 otnerwise

{a) binary neuron model (b) Response function

Fig.7 McCulloch-Pitts binary neuron model

3.4. Hopfield®| OfL{X| BI4H O[3 44 x|

2y Hel #8 FAo] ot A AY M2y 19851d0] Hopfielde} Tank
of o3 74t 2182 4T AYUY ANF seworw zyy e 4
H SE, ¢BYE WA flstel oA #4o AdE =UsELh o] &
AMe oux] 7t A HAYH2 +Aste ey oux] U4E o) gyt

44 ujx] eae]Fofl oisl it
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3.4.1. olUx] B0 2Hst Ha

Hopfields} Tanks ule] W olUx] Y4 EF AMgstd 4] (3)7 Ze 2
2 WAle] G3Y AR Y2 4 ouxE Feidch

E = ﬁ;ﬁ; GiiViVi + ‘g Vil; (3)

i, £ w7 ¥
Vie i-Ha wde &9
Gz -3 w3 j-8 @ alo]e] AYYA

I -8 RS 4Rk vloloja

A7 H2PolM 2 7ol dels 2 AU o KA Aefol] s @y
& WEth AldAY] A3 A7 MUl HAE A% HIY AA™e YAHE
& ARUTH w2 YA tis3te R Helsl o2 RAFel o) o
A V& Lol diz] A7 RHNF FAUTE APA AP} YA 92

Lo
=
A}
fr

T2 YBA 23] FolUch Hopfield:s - FAY HE WA

A& A (4)8} o] MAZ} A c}. (Hopfield and Tank, 1985)

au; _ Ui 3E
dt - T 8V,

(4)

A (DellX dY Ue AAE AL 42 A7) AU 33 i’gﬂd &
V7t Axgch A ()8 BHL AUE AgYog zAYoTH Hr} w

&

BYLE &Y V¥IEE iled ch

(]
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q71M &HL A4 H4A A (5)8 AaRo|= Yo whEr),

Vi= j(UA) = —'(tanh(loU)"l) (5)

(Moo= sigmoidt 2] ol &)

3.4.2. 04X Bo MAN 2Lz Y

H(eld 2AY (-—=D) A8e "z 4F ouxE AN
t}. (Yoshiyasu Takefuji and Kuo Chon Lee, 1991)

e BRALZ ou¥ oy gt FolA|EX| ] 2R G YA TREA
HAEAZIL 78 AN ) AJAR] Al ojwy G AT $PE

+ Zlo] XAHC} (Hopfiela and Tank.1985)

FE WP Mlulloch-Pittse] 22 ol chspiz 2L - - BE o

FoRs T oY Y+ EE S2EA B2AUcke 2ES WY 4 Ach

—

rr

(Hopfield and Tank.1985)

BAME FH2E A A Yol 7] tiEHE etk XAoM TSy
A 718 eluA] st ohEat Yol FojArh

E = -ZA-;“% (: Vi, - l) * ; Y:im ﬁ dxv Va V. 8

ABE34

¢

Vi @ XXM - s w39 &Y
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A71Md X8t Y7b M2 QAHACH duve 1012 23x] ¢go™ Qoltt

Y HMEJLE nx nildolR due T 40Tt 1 AHx| e T 8

—

U R @%o] o] ofUA ke A7 wideld @ F&o YUl  nix|

o e xQEe AN JHE EAQTL
XAl i-tal Mof tigt #E LA thez Yol Fojaict

dUx, 3E

dt - BVX, (7)

A (61 (1S the Mol ofsll XA|de] j-Hzl Mol oigh LA A
(8)2} o] uist Alct,

dUX = (Z; Vi, - 1) -~ B_ 3 dx Vv, (8)

XA -zl Mo iy mix|gt wE WAAL 4] (9)9} o] MANH

1=

dUx,

4 n n
ar = _A(];VX/“ 1) - B( y:%x)d‘“’v“ kz::ldn() (9)

f P e

Zl dxxk

4 n
+ C'h(Z;ij) Ci 2.dxx +C
)z K=1

G G, CeE ool T 8 Ages YUt oxY 82 X =

olztd A(X)7} 1, 23] ¢y 0% hill-climbing¥elr}
2L BE V7t 04wt 32488 & %rh hill-climbing®2 34} A
289 HefE Y i ¥R A Hao] £H3A gl
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3.4.3. AUX| B8 oIS 4 WX YYEF

Hopfield7} MAIR oUz] $4+§ ol &8 44 wia] ¢n2EFL 7|&std t}
&2 gt

(A 1] ¢ =0 At =0,A=B=C=C1= C2= 13 273} v}

1, 2,3 49 M Ux (DY 2N%UE

-~
1]

(¥ 2] x=1, - - -, n

qe) 2zt

1, 2, 3, 491 oA McCulloch-Pittse] 2

(3831 XxX=1, -+ -, n i

A Q4E 7122 3t Vi (09 %S Arreich

1, if U;> 0
Vx(t) = fUx (8) =
0, otherwise

(218 4] AUx()E A7) $131d 85 A ALS A}&3c)
X=1 -+, n i=1 23 4o} thsty

4 n n
AU(L) = —A(}Z;ij(t) = WveErRB( Y:?;X)d,an g:ldyx)

2. Z dxvdyx

4 n po
+ C-h( 2 Vx)|C1 2dxx +Co Al (10)

(2% 5] Euler?] W& AMR3te Ux(t+1)E F¥c},

X=1 +--,n i=123 4of th3t

Ux(t+1) = Ux, () + AUy ()t
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. noll thal Oolebd, am) ZZANE EA T o] ol
(23 212 ),

AUz §4+E oY HAUY gRAFANE AN HHs} opd A
AANE 7] AT BB U 3 $F SE7 22 oUx @Y AFA Hel
dEtel 2 Rl 27 &9 4ol YEUTHe R U £ At} Hopfielde)
A7 Yy e ARPEY PHS £9 455} wian 2708 3 MR
A9 ANNE 42 £ oy NN HANE Uy u) o]§ Hojy
4 gle BAdol Atk Mg 17 HEYN 2t wle FYges EY
HE oyl gat o8 Al FARE e UEIE ¥4Y S AL} o
A olya] YoMt A HHHUE VS 4 YoRME 2% &2} w)
£ gaelEe sgel 2790}

2R Hopfields] oUz] Y4& ol8sld HHNE o= PPE Ry
27) &3 4ol Z¥AoIY Y 4ol YWY olUx Yool A GEY
th AIZ7HA GEY A A7 HIge] VY RS 22 AN )
22 £73 43 459 A4 At U Y4 1EA sehriet 2
58 AEstn gon, wYY 27 2] AW ¥ 45 HE Ty
e Molny) Ygch
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U wd2 FRF QY FolA AWt AR Aol P2 Mo] LE}
Uz Rl & 3= Wy oR FolA nx|dof oigt 44 wix] & FWich

A ugx g ¢ W, e, k3 s oyt Y E¥EE 2%
1000, 0100, 0010, 00010} et w02 HYslal ¥ 22 i U ¢js] 4
el ol 27t 2R nAd zol M wix YL 317 #A
£ 4 xn 2219 A7 wigo] Wasich 1z QY Al ] e HE
A3} fsMe QY Adol oyt 9 BRI et 9y FRE FAM

o2 o] He ANAdEE Wsh= RS2 Q3 Ao] Ay e T
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2, 332 dod offd EAIRE A gt YHoR U 2d FRE D
BEE FAUCL Z 2 qe] AIF A3t 1M A, 28 2Y, ..., n
Agoz FEa} oj2yt dolEE 712 UY dlojelR ol R R nxg
of titt A wia 2dF +¥Ych WA 1H AGe Mg A= ol s
% 2 wdE AY O A9 Hog AFYTh wefol 1M xde] MYH
Uol &2 Uolzhd o U= HASI, UnR| mAES HdYolM 24
Zchk 1 2 gofM A w2 AY Adol FEE VLI dY 2499
A AR o '] Aol M FNE w32 AYAUch 1 oM 470
o] RdE 2 Mg AAAT A AdeEe Unjx] 34 HHE A
3 Mg ARSHA "} oo} HU2 Yo IH AY, ..., n¥ x el A
& AR YL BE FLS B2 oF 292 2719 FHLE, oW gL
A Ao U2 PR o3 A ulE Y AYE W A Yoix
Ao Ao] AYHrh

4.2. =3 ¥y GO 2B 44 x| 7Y

2% BE dddo] A% 44 ujA] PE o AAH AxY ool g B

i e 220 d g
"

Fig.8 A five-region map
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Fig.8Z 44 wja] g 317] #3l & € v 2 A=2M, 2 A&

ME 2 EASGCH

NN
-1t - |- 1-
- 1 |- |-
- - 1- 11 t-

Fig.9 Nural representation for the five-region map

Fig.9& T x|dof chal A 2l 3o WY 4 x 5 2173 widolrh
BAU ‘1" 2 Ao Mo] xFE A& vepdich

1 1 1 1
2 1 1 1
3 1 1 1 1
4 1 1 1 1
5 1 1

Fig.10 An adjacency matrix of the map
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1'd 2 o] Niaf o] MY eng 1H X2} Y 24, 34, 44

l

A2 Nixl 7l 2 PE AL I of) dHolM Mg RE A
WA "ok 2 thye] 23 Agojde 4719 7 F AU A& AU
Uz 3708 wFAM &3] 7P E wlo]l MuEHI e Yo 3
4, 58 =242 wdo] Aol HA v 2 2= 44 wix 2 Fdch

Region 1 Region 4

Region 2 Region 3

Fig.11 Neuron connection of five-region

Fig.11& of& € th 219 Aol cis) Q8 ARE 712 4 ololetE ¢
dolz Tz austel 2 YUE AWSHS FHE ABUIHY ThR Ao
w3 AMEolTh. 2 AAFY AML AW Aol mhet Y MY AL
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28 Yol 1 29 #& FTY FAE AYY Unjz] 374 FIFol
F&cte] wo], L WL R 3W A Yol K e wol, 4H x|
ol F&3IL wlo] 5¥ AHole & At wiol AAHE UYL

ad
X

i ZU=E o83t dF Rrt

Fig.12 A four-colored map
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END PROCEDURE

Fig.13 Flowchart of four color mapping algorithm
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5.2. Al@qol¥ dA3

B ciR=e) 197) B AY o chdt 44 wix 2

Fig. 14= cigtdl=e] 197] 83 Ao x| xolr},

Fig.14 A 19-district map of KOREA
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[ 2
1,3,4,5,6
2,4
2,3,5
2,4,6,7
2,5,7,8,10
5,6,8,9,14,15
6,7,9,10,12
7,8,12,16
D(X,X) = |6,811,12,17
10,12,13,19
8,9,10,11,13
11,12,18
7
7
9
10
13

11 ]

Fig.15 An adjacency matrix of the 19-district KOREA map
Fig.15%= Fig. 140 o3l Ay Aol iyt IR E W@} ¢ Flo|ry,

1000010010100000000
V(LX) = 0100001001001000000
0001000000010101000
0010100100000010111

@OOO0O0®OO®O®OOOOOOOO
el _jeoooel oo oo leoooeee
elolel leoololooel ol lo jolole
elel jel jelol jeeseeel Jef 1 1

Fig.16 The solution of the 19-district KOREA map to a four-color
Fig.16& Fig.159} 2 Uy ARE YUY dloelz cdojE Z2¢l3lyo
44 vix) EAE NPT VI =ojvh. A71M B2 Mg Yehie Zoln @2
g ¥ vfepdct
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Fig. 172 Fig.148] oigielZe] 197) BA =Y & Fig.162] G 7}#)
344 uix] 2§ ¥4 x| Solr)

@ 4 uiA Y e 1974 8Y Y =

Fig.17 A four-colored map of the 19-district KOREA map
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Fig.18 A 48-state map of the
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2,5
1,345
2,47
2,3,5,6,7
1,2,4,6,89
4,5,9,10

3,4,6,11
5,9,12,13
5,6,8,10,13,14
6,9,11,14,15,16
7,10,16,17
813,18
8,9,12,14,18,19
9,10,13,15,19,20
10,14,1620
11,15,17,20,21
11,16,21,22
12,13,1923
13,14,18,20,23,24
14,15,16,19,21,24,25,29
16,17,20,22,25,26
17,21,26
N 18,19,24,27
bixx 19,20,23,28,29
20,21,26,29,30,33,34,35
21,22,25,30,23,28,31
24,27,29,31,20,24,25,28,31,32,33
25,26,35,36
27,28,29,32,39
29,31,33,39,40
25,29,32,34,40
25,33,35,37
25,30,34,36,37
30,35
34,35
39,42,43,44,45
31,32,38,40,41,45
32,33,39,41
39,40,45
38,43,47
38,42,44,46,47
38,43,46
38,39,41
43,44
42,43,48
47

Fig.19 An adjacency matrix of the 48-state U.S map

Fig.19& Fig. 180 ths] <1 Aol iyt ARG BP# ¢ Aolc}.
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000010000101000000010000010000101010000001010000

V(i X)= 101001010010010001001001001001010100010010000110
' 000100000000101010000010100100000001100100101000
010000101000000100100100000010000000001000000001

COOOOOBOOBOOSOOOOOCSOOSOOROOOOOSOSOSOO0OS 80RO
a0, o, ossccass o8 _ asssss o o oseasssnss o o ool

Fig.20 The solution of the 48-state U.S map to a four-color

Fig.202 Fig. 198} -2 93 ARE U uojelz CcUol8 T2 a3lslo ¢4

A ouix ZAHE AT WY xolvh VM B2 Mg Uehle Zoln @S

2] HEE Yehdct
Fig. 21 Fig.18¢] m]2e] 487] 2 A £& Fig 208 48 7}x|2 44 wja)

& B3 A xolch

@ 44 WX HE "3 487 F A=

P 3
ThiT
Ha
it £

Fig.21 A four-colored map of the 48-state U.S map
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