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Models and applications of 2-dimensional analog field computer
LONG Ting, PAN Feng, ZHANG Rui, REN Ting-ting

(School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The micro extended analog computer(uEAC) is a newly emergent unconventional computing facility under
research and development. It consists of an analog electric field and a multi-value logic, constituting a computing unit for
data computation and information processing. We analyze the structure of the 2-dimensional uEAC system, and derive the
finite-element mathematical model for the electric field. On this basis, we develop a uEAC simulator with the ANSYS. This
simulator is combined with the particle swarm optimization, which is applied to practical optimizing design. By solving
the classical XOR and tri-XOR problems, the uEAC demonstrates its capability in solving the linear inseparable problems.
This provides a basis for the further application of uEAC to practical problems.
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1 uEAC

Fig. 1 Logical structure of uEAC system
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Fig. 2 Schematic diagram of field computation model
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3 uEAC (uEAC finite ele-
ment model of electric field)
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Fig. 3 Differential element of 2-D electrical field (load
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Fig. 5 Tri-XOR function chart
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Fig. 6 Electric field model

4.2.2 PSO (PSO application design)
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XOR A, B 4 ,
40 120 0 1;

, 80 , 0,
120 , 1.

1 .

1 XOR
Table 1 Input samples of XOR

XOR A/ mA B/ mA

80 40 40
120 40 120
120 120 40
80 120 120

XOR A, B 9
, 20, 100 160 0, 1
2; ,
50 , 0; 160 , 2;
50 160 , 1. 2 .

2 XOR
Table 2 Input samples of tri-XOR

XOR A/ mA B/ mA

50 20 20
100 100 20
160 160 20
100 100 100
100 20 100
100 160 100
160 20 160
100 100 160
50 160 160

PSO .
1 2

. 3 .

3 PSO
Table 3 Parameters selection of PSO

15
[–200, 200]

ω 0.79
c1, c2 2.05

5 (Experimental results
and data analysis)
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4 XOR uEAC
Table 4 Classification results of XOR with uEAC

/mA /mV LLA /mA

1 (40, 40) (0, 0) 125.2 25.0441 0
2 (40, 120) (0, 1) 931.27 186.2535 1
3 (120, 40) (1, 0) 931.189 186.2379 1
4 (120, 120) (1, 1) 1737.236 52.5528 0

7 uEAC XOR
Fig. 7 Electric field voltage distribution of XOR with uEAC

, (20, 50) 0, (120, 150)
1, (0, 80) 0, (120, 200) 1 ,

. 8 uEAC

,
, .

8 XOR uEAC

Fig. 8 Test results of classification of surface of XOR

5.2 XOR (Ex-
perimental results and analysis of tri-XOR prob-
lem)

. ,
, ,

.
5, 9,

,
, 10 .

5 XOR uEAC
Table 5 Classification results of tri-XOR with uEAC

/mA /mV LLA /mA

1 (20, 20) (0, 0) 177.64 35.527 0
2 (20, 100) (0, 1) 715 143 1
3 (20, 160) (0, 2) 1118 176.39 2
4 (100, 100) (1, 1) 1252.3 149.54 1
5 (100, 20) (1, 0) 714.95 142.99 1
6 (100, 160) (1, 2) 1655.3 68.933 1
7 (160, 20) (2, 0) 1117.9 176.41 2
8 (160, 100) (2, 1) 1655.3 68.94 1
9 (160, 160) (2, 2) 2058.3 0 0
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9 uEAC XOR
Fig. 9 Electric field voltage distribution of tri-XOR

with uEAC

10 XOR uEAC

Fig. 10 Test results of classification of surface of tri-XOR
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