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Abstract

This paper proposes a method for improving the performances of the neural network for
optimization by an optimal estimation of initial states. The optimal initial state that leads
to the global minimum is estimated by using the stochastic approximation. And then the
update rule of Hopfield model. which is the high speed deterministic algorithm using the
steepest descent rule, is applied to speed up the optimization. The proposed method has
been applied to the tavelling salesman problems and an optimal task partition problems to
evaluate the performances. The simulation results show that the convergence speed of the
proposed method is higher than conventinal Hopfield model. Abe ‘s method and Boltzmann
machine with random initial neuron output setting. and the convergence rate to the global
minimum is guaranteed with probability of 1. The proposed method gives better result as
the problem size increases where it is more difficult for the randomized initial setting to
give a good convergence.
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Examples of (a) 7-city and (b) 10-
city travelling salesman problem.
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Table 1. Results of the 7-city travelling
salesman problem.

Random| Hopfield model jBoltzmann machine | Proposed method
seed | Nn Ee th| Nb Ee tb [Ns, Nn| Ed tp
0 254[-3407%|226f 197 | -3481 | 317|1, 312(-3481|280
3 286(-3346°%|255f 207 | -3481 | 352|1, 312(-3481(280
S 311(-3481 |277| 105 3481 3371, 312|-3481280
8 179(-3373*132| 318 | -3481 | 393|1, 312}-3481|280
1o 342|-3356*%|299| 289 | -3481 | 355|1. 312|-3481(280
13 2357-3354*|208| 674 | -3481 | 504)1, 312(-3481|280
15 351(-3481 {310f 118 | -3481 | 346|1. 312|-3481|280
30 343|-3454 (304 113 | -3481 334]1. 312[-3481|280
50 190]-3398* 170 357 | -3481 | 412(1, 312{-3481|280
100 264-3325* 2321 406 | -3481 | 481|1, 312|-3481)|280
ti @ CPU time in [sec]



60

e Az, Aok whL FH= A3 29 vlE)
A sz eRYEL o 5 v Hx SfAdE e,
HAHE pHH HSel W 2 $HEEE F 1.2
v A= AAA=EIgc. 2E]a 22 A1 29 v
AAe e FREEd d8) A2 FH45wr]
ef 1.4 v} A= A=t

X 2 7 78 x4 TSPolx 100 789 random
seedell d3led HAHNZ A o dgh ubE-3)
+ % CPU AlZHe] 2zt g x9F 28t o &}
ehd Zlo|ch, Rl viepd ulel zho] allgbE why
S A3 2 vle A2 HYE
4 1 &Sl Az oF 2.5 wie} oF 1.2 v A
E NAEHAES & 5 vt FHE A3 EH
Aol EFHE vi$ 2 Foluz a2 $3HE
o] we-ae 2oI3tel =g A 5= ook

=

=

o
i
u

3 2. 7T =4 3] Az FA49 100 H A=
o gt AyAx
Table 2. Results of the 7-city travelling

salesman problem for 100 trials.

Hopfield Proposed
X c x c
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X : Mean, o @ Standard deviation,
Pr : Convergence ratio
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vl 53] Abeg| WYold+ 2 $3EA°] random
seedell 9|&3ht} Al whyedlMe 2 £ EA ]
a ¢} random seed®ll #H¢] d3-g A Wi}

3 10 =/ A9d A2 £A9 YA
Table 3. Results of the 10-city travelling
salesman problem.

Randos| Hopfield model |Boltzmann machine| Proposed method

seed | Na Ee th Nb E: te |Ns, Nn| Et¢ te

938
851
1498
571
1166
773
768
1498
1185
540

-7324*
-7443

-7428

-7222*
-7390*
-7373*
-7369*
-7412

~7367*
-7389*

3280
2976
5238
1997
4077
2703
2686
5238
4144
1888

341
328
338
382
257
473
255
248
257
403

~7443
-7443
-7443
-7443
~7443
-7443
-7443
-7443
~7443
-7443

3790
3657
3757
4246
2856
5257
2834
2756
2856
4479

. 695
. 685
., 695
., 695

2 -7443
2

2

2

2, 695
2

2

2

2

2

-7443
~7443
~7443
-7443
-7443
~7443
-7443
-7443
-7443

2447
2447
2447
2447
2447
2447
2447
2447
2447
2447

., 695
. 695
, 695
, 695
, 695

Abe’s method Proposed method

Na % ta JNs, Mo E¢ tp

1.0

10-t
10-3
10-5
10-7
10-8

199.4
192.6
232.2
228
228
228

-3501.0
-3503.9
-3506. 7
-3508.1
-3508.1
-3508. 1

697
674
812
796
796
796

-3637
-3637
-3637
-3637
-3637
-3637

259
259
259
259
259

4
4
4
4,
4
4 259

ti : CPU time in [sec]
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Table 4. Results of the 10-city travelling
salesman problem for 100 trials.

Hopfield Proposed

X o X o

Nn 1147.6 404.9 692 0

th 4012.9 1415.9 2419.8 0
Pr 16% 100%
X ¢ Mean, o ' Standard deviation

Pr: Convergence ratio

3 F 29 4ellA B ule) o] by og F
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Table 5. Results of the optimal task par-
tition for the 4-subtask and 3-
processor problem.

Random|Hopfield model {Boltzmann machine| Proposed method
seed No | Etf th | Np Ee tb {Ns. Nn| Et tp
0 466 [-98( 47 | 292| -98 51 |5, 371 -98 | 38
3 691 |-98| 68 | 580 -98 111 {5, 371| -98 | 38
8 629 (-98} 62 | 953| -98 209 |5, 371 -98 | 38

9 940G (-98( 91 { 861| -98 165 |5, 371| -98 | 38
10 345 |-98| 34 | 299| -98 55 |5, 371! -98 | 38
13 431 |-98] 43 | 327| -98 58 |5, 371| -98 | 38
15 458 [-98| 46 | 325| -98 57 |5, 371| -98 | 38
30 517 [-98] 53 | 422} -98 74 {5. 371| -98 | 38
50 719 [-98| 73 | 768} -98 135 [5. 371 -98 | 38
100 412 |-98| 42 | 539| -98 94 |5, 371) -98 | 38

ti : CPU time in [sec]

dolut A2 =T, 2 FAAE 109 AS
E HEEs} 22 A3 E9et Ak Wik
o o wizcl a8y & 8 719 random seede
dal s 9o 27)E¥e] FAaF A 7irle]
A" Aoz o Fx BN FaEA s s
o}, w3l Baxab AlA s 2t 10 782 random
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ez ige] AHAY

Table 6. Results of the optimal task parti-
tion for the 6-subtask and 3-
processor problem.

Random| Hopfield model}Boltzmann machine| Proposed method

seed Nh Ee th| Nb Ee tb |Nn, Ns| Et tp

0 464 |[-168*] 80| 445| -175 | 114
3 454 |-148*%| 78| 479] -175 | 122
8 583 [-148*{100| 487] -175 [ 125

5, 619]-175( 107
5, 619{-175{ 107
5, 619;-175] 107
9 1500 |-152*|257| 575) -175 | 147 {5, 619|-175] 107
10 605 {-175 (104| 437| -175 | 111 {5, 619(-175{ 107
13 [1007 |-167*|174] 417| -175 | 102 |5, 619|-175| 107
15 621 |-152*|107| 458| -175 | 112 |5, 619|-175 107
30 979 [-165*(169| 467| -175 | 120 |5, 619(-175| 107
50 532 |-149*| 92| 496| -175 | 128 |5, 6189|-175} 107
100 725 |-175 [125| 431| -175 | 110 |5, 619|-175| 107

ti : CPU time in [sec]
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