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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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Fig. 1 Logical structure of uEAC system
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2 uEACHRZ 45 #J(uEAC system structure)
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Fig. 2 Schematic diagram of field computation model
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3 uEACHL 37 PR JG 85 B (uEAC finite ele-

ment model of electric field)
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Fig. 3 Differential element of 2-D electrical field (load

current source)
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4 FTPSORUEACK HLA &% 11 (Applica-
tion of PSO-based optimal design of uEAC)
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EAC+PSO” optimal design of system struc-
ture)

[ U EANLR - R TE X 58 AN R R, AU
THERLAR e B v M Bevt, 7 B HA A1k
JIEREAT A B v v, JEH L BT R AN ] B[] @ dE AT 5K
fifg, Vet IR BER 2l SRR AS A I TV )
WM RAEE . SRR ) R T AR R T R
HUES

UBACK 7] UEAT AR, 7 2 3 e B T s
R, M. ST BT E ) AR T R
il (R dg, SO0 H FR e S T AN AT r b F R
18, — ELXJUA F B B A 0, HL I 1S 28 e il 2,
T AN B L O 2R R DL SEBIR o 1R Dy fig. 28 e )
ANFEARBEAT IR, PR BEACAL 7 V2060 1) 2 1) F,
Wit AT A, 4 — AR R L g N L R DR S
T I A S A

RER e VT S B AR T REOU A S92 SO BE 0 9 s
WeSovk dr, HLk 505 2 FEARU T BERE & B2 A 5T,
SRR IE A TR H. 5 A SRR SR AR, kL1 AR
WEEARAE T — AN 0] B W] RE R, 38 I B AL A
IRARL T, FERE— R, R TR B B 5K
RV A RL 7 1) g e 7 7SR 5T I R L
TPSOMJUEACH ] Be it R G4kt Kl 4T 7rs.

prmmmeem oo ~{h i R
- > Ll
3 1 B 8 :

i
AW 2
ANSYS

SR N IRES
PSO

4 “uEAC+PSO” {fbise it
Fig. 4 “uEAC+PSO” optimal design

4.2 SEE ¥ v (Experimental design)
4.2.1 XORia B i & K W 3 £ B # g@(XOR

problem formulation and electric field model
construction)
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Fig. 6 Electric field model

4.2.2 PSSO H %N H 5 1H(PSO application design)

Foy gt HEL 37 1 FELRAELAE A PSOSE Y R IFkE 11H,
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Table 1 Input samples of XOR

“fiXOR A/mA B/mA

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

= {HXORIH] 8 Fh A, B%y #4941 # A 18 %
A, H 120, 100F11604) 7] A8 3£ 2 4870, & #1512
B2, 4R B R A, v RN T e
T50mF, R IEH#0; KT 555 T 1600, XK1 4H2;
1E50H11602 (A, AR ZAR 1. S AFEAR L2171,

£ 2 ZAEXORF AN
Table 2 Input samples of tri-XOR

={HXOR 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

K HIPSOAE Jy i) 7 SR gt A i 37 46y 22 ) LA T L
K HI B G S brin 5 2 DRI 2 b T 5 A L 1 e 22
SR DAy 38 P R A SE S HOR R IR P,

& 3 PSOF = A dints
Table 3 Parameters selection of PSO
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e S
D VAR (=14 15
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%S Hw 0.79

DR BE K Fcq, co 2.05

5 s2u6 gk B K B 43 M (Experimental results

and data analysis)

5.1 ZAAXOR /A 3 SE 56 45 5 K& B8 43 1 (Experi-

mental results and data analysis of XOR prob-

lem)
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Table 4 Classification results of XOR with uEAC

BIANFEA/MA  FANZH i s/mV o LLAKHE B /mA g

1 (40, 40) 0,0) 125.2 25.0441 0
2 (40, 120) O, 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

ARG EA — B ALRE D), T AL B A 1
a Wy, S5 R AT RESY B R.

1000
% —1008
ﬂ% jﬁﬁg Kl 8 fEHXORJUEACS: & i ik 45 R
e i Fig. 8 Test results of classification of surface of XOR
%oz, p 6 ""’0‘50\0
Pty f: TS 0-:;% o 52 = XORI 5 52 % %5 R K B4 4 Hi(Bx-
i perimental results and analysis of tri-XOR prob-
min max lem)
P 029 0061 1204 Ba1031 P18 HH, 37 455 7R 1 ) 2 R S 56 ok 72 5 i o B2 B
Wk / mV AR AL A0 PR A HEAT U 25, SR DL TR
8 7 uEACSZHL (X ORI L% ML T 43 117 Pt ), e 2 J LU B — 413 1,

Fig. 7 Electric field voltage distribution of XOR with uEAC
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Table 5 Classification results of tri-XOR with uEAC
EIAFEA/MA  HIAZHE i EE/mV  LLAKH R/mA g

1 (20, 20) (0, 0) 177.64 35.527 0
2 (20, 100) ©, 1) 715 143 1
3 (20, 160) ©,2) 1118 176.39 2
4 (100, 100) (1,1 12523 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) @1 1655.3 68.94 1
9 (160, 160) 2,2) 2058.3 0 0
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Fig. 10 Test results of classification of surface of tri-XOR
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5.3 uEACHBEEH LS A (UEAC and genetic al-

gorithm)
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Fig. 11 Test results of XOR and tri-XOR with

“uEAC+GA”
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