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ABSERACT
コヽ ba1100n net model is intrOduced and demOnstrated for discOvering imprOved sOlutiOns in

i粥五百帯喜i義鮮難m蒟 Q…双■■%t……er andR.K.Guy/1991)[1]We have found imprOved solutiOns for η=13 and η=15.

難警聯擬難警鮮l爾揮
尭替質量驀塾苗喜警壺
greatest. The alm Ofthis problem is:

● Locate 2 pOints in l x l unit

● mttnuze the minirnum distance between
points

ln other、″Ords,this means、 ″hatis the ma対mum

solutions.

2.Ba1100n net lnodel and vectOr neu―

ron

The bal100n net lnodel has ev01ved frOm the artin―
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Fig.1:Known result for n=7(Schaer and MeL/1965)

been used fOr sOlving optimzatiOn and cOmbha―

ll」1:逮電:富』 』 違 TIき 』:鍛 IЩr翼 |:
work system. The prOposed bal100n net model is

:Ⅷ ξ税 乱 1.¶ 量 ∬ 驚 1鳳 L∫l螺 量i

檸 :螺 賞 LTA認 ll稽 撃佃 :ll露璽
network is nOnlinear while that in the bal100n net
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model is a linear function irhe other is that pr●

pOsed model using a vector neuron, which has a

vector value for each points  Each vector lrleuron

has two Values of noating point for X and■
r ax‐

ls

ln the balloon net lnodel the folloヽ ァings are con―

slde■ ed:

1.N tiny balloons(cirCles)are generated and ar―

ranged initially around the center of a unit

square.

N ba1looons gradually g■ ow with time elapse by

updating the coordinates of n balloons. ヽヽ「hen

tヽvo or llnore than two balloons collide with each

other,they will sloM71y bounce back.Bouncing

forces gradually decrease with tilne elapse.

The state of n balloons reach the equilibrium

state when n ba1loons have no roon■ to g■ow
any further.

Fo■ solving the n spreading points problern,we

use n circles instead of η points and a(1+d")X

(1+dれ )unit Square instead of l× l unit squalle.

Fig. 2 sho、 vs behaviors of the proposed ba1loon

net llnodel.

The center coordinate of the jth balloon is de―

nOted by鳥 =鳥 (X`,M)fOrづ =1,¨ "η
 The

mOtion equation of the jth balloon used for rep―

resenting bouncing forces against other balloons is

given by:

The coordinate ofJl is updated by the nrst order

Euler method:

鳥(t+1)=屁 (ι)十 △屁(ι ) (3)

where△ 鳥 (ι)iS giVed by Eq.1.

The proposed algo■ ithrn is summarized by the

folloM7ing steps:

stepl. Initialize n ba1loons' randoFruZed coordinates

around the cente■ of a unit square

step2. Use the lnotion equation in Eq.l forづ =1,_.,η

季=ズちらoo,A」∫←→①

oftlilif∫ i::Pa孔
」
illilfilllllピ ir:F]|:

nearest ba1loon to the jth balloon,and O otherwise.

Note that(2,ど o(ι ),オ)iS a bOuncing force function:

至l鰍 3属磁 鳳 ∬ ll駆 社 魁
畿 直

潔稲蹴厳鰐」蕗留識
i瞥

:塩飢
"4

energy function E is described by:              step5.

｀_ノ
/

Final state

Fig.2:Bchaviors of bau。 。ns(れ =13)

Update n ba1lolls'coordinates by Eq.3 for

l.¨ ¨π .

Terllllunate this p■ ocedure if energy function

E20(Eq.2).
Go to step-2.

3.Results

The ba1looll net model system htt been silnulated

on a sparc-10 workstation. The proposed system

h“ discovered improved conigurations for n= 13

and η=15、vhere the n spreading points problem

is composed of n motion equations. Fig. 3 sho、 vs

出 trⅧ 治 l二 鰤 縄 ltti編 ユ 叩 生

0_366024 proposed by Schluter[6]where bOth have

the siIInlar coniguration.Fig.4(a)shOWS Our sim―

ulated solution for η=15 whichお the signincantly

diferent connguration d15 = 0.341024 from the

硯式9
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best existing solution[5]withご 15=葛蜀豪汽肩笙
0.337162. We can easily predict a better sOlution

d“ =甲 笙0341081 h Fig.4o.Our Sy針
tem can generate a signincantly improved solution

for η =15 in a few nunutes on a regular worksta―
tion.

d13=0.366093

1(oomo,o ooCXleXl)
2(0.3664192,00000000)

3(0.7325145,00000000m

4(01832125,03169533)

5(06342284,03649280)

6(1.0000000,02499525)

7(00000000,06839038)

8(0.3661633,06340544)

9(0.6882784,08080264)

10(1_∞mXxl,o6160514)
11(00000000,10000000)

12(03765559,1.0000000p

13(1.0000000,lm)

Fig.3:Our solution for"=13
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Fig.4:Our solution for π=15(a)and predicted value(b)

d15=0.341024

1(00000000,0_00000C10)

2(03295045,0.0880553)

3(06589679,0.0000000)

4(10000000,0 0000CXlの

5(00883947,0.3293971)

∝05705582,0_3293644)

7(0.9116082,03293692)

8《)0000000,0.6587,47)

9(0.3294418,0_5706562)

10(0.6589698,06587832)

11(1.0000000,06588786)

12o.000CXl∞ ,1∞∞ CXICl)

13(0.3295803,09116862)

14(0.6589758,10000000)

15(1.0000000,1.0000000)
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