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0 5.10 0 State transition in the sample network without the annealing (computer simula-

tion). The results of three trials are plotted.
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0 5.110 State transition in the sample network under the annealing (computer simulation).

The results of a trial is plotted. The network can successfully reach the global minimum state.
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0 6.1 0 Concept of the Hopfield network. Denoted by Wij is the weight of connection
between neuron i and neuron j (Wij = Wji), (0) is the weight of connection between neuron
7 and a bias of 1, siis the input for neuron 7 given by Eq. 1 in the text, and i is the output

of neuron 1.
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1 i = = A
(Aij = A“)
1
0 =-Bi—5Ai
0) "3 ?
(@ (b)

0O 6.2 0 Elements for an ordinary (binary) Hopfield network: (a) the transfer function for
neurons, and (b) the connection weights for mapping the quadratic 0-1 programming given

by Eq. 2 in the text.
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0 6.3 0 Elements for the multiple-valued Hopfield network: (a) the staircase transfer func-
tion for neuron 7, and (b) the connection weights for mapping the quadratic integer program-

ming given by Eq. 4 in the text.
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0 6.40 Modified elements for the multiple-valued Hopfield network: (a) the modified stair-
case transfer function for neuron i, and (b) the connection weights for mapping the quadratic

integer programming given by Eq. 4 in the text.
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0 6.5 0 Configuration of the neuron circuit for the multiple-valued Hopfield network.
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Cijl = Cj4 =3 aF, Cj2 = Cj3 = 6 aF,
C1=C2=5aF, C3=C4=10aF, C5= 150 aF,
Vdd =4.85mV, —Vss=—0.17mV. (6.5)
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0 6.6 0 The tranfer function (input-output curve) of the multiple-valued neuron circuit of

Fig. 5. Simulated using the Monte Carlo method given in Ref. 8. The temperature is 0 K.
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where zi € {0,1,2,3,4}.
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0 6.7 0 Stability diagram for the multiple-valued neuron circuit. For the capacitance pa-

rameters, see the text. The value of —V'ss is set at —0.17 mV. The circuit is operated on line

PQ.
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0 6.8 0 Another instance of the staircase transfer function. The set of paramerers is:
Cjl=Cj4=3aF, Cj2=Cj3=6aF, Cl=C2=5aF, C3=C4=10aF, C5 = 300 aF,
Vdd =4.85mV, —Vss = —0.17T mV. The temperature is 0 K.
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X3: 0 Xl X3: 3 Xl
0 1 2 3 4 0 1 2 3 4
0| 0 -17 28 33 32 O| 57 43 35 33 37
1| 25 -38 -45 -46 -41 1 26 16 12 14 22
X 2 | -38 —47 -50 -47 38 2 7 1 1 7 19
3| 39 -44 -43 36 23 3| 0 2 2 12 28
4| 28 29 24 -13 4 4| 5 7 15 29 49

Xo=1 Xl Xa=
3 0 1 2 3 4 3

o 7 9 -9 23 21 100 87 80 79 84

4
0]
1

-35 -43 —45 -41 31 Xo 2| 46 41 42 49 62
3
4

1| 20 32 —-38 —-38 —-32 67 58 55 58 67
X 2

3| 38 -42 -40 32 18 37 36 41 52 69

4| 29 29 23 -11 4 40 43 52 67 88
X3: 2 Xl

O 1 2 3 4
0| 26 11 2 1 2
1 -3 -14 -19 -18 -11

Xo 2| 20 -27 -28 -23 12
3
4

—25-28 -25 -16 -1
-18 -17 -10 3 22

0 6.9 0 The value of the problem function given by Eq. 6 in the text, tabled for all possible
combinations of variables x1, x2, and x3. The function takes the minimum, —50, for the

variable set 1 = 2, xo = 2, and x3 = 0.
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0 6.100 The configuration of the multiple-valued Hopfield network together with the values
of the connection weights. This circuit is for the quadratic integer-programming problem

given by Eq. 6 in the text.
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