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Abstract

Recently interest in hybrid education that combines the advantages of online and offline education is
increasing more and more. In order for hybrid education to achieve its intended educational goals in
experiment-oriented engineering education, it is absolutely necessary to develop efficient online virtual
experiment software. In this paper, a digital three-state simulation method is described as part of a study
on the development of digital virtual experiment software that can be used in the field of digital circuit
design that must be learned in the field of electrical and electronic engineering. In the proposed digital
3-state simulation model, the input terminal of each device constituting the circuit is registered as an
observer in the output terminal of other devices connected to the wire and creates and manages a list of
these output terminals. When there is a change in the state value, the output terminals notify the input
terminals registered as observers of their changed values, and the notified input terminals determine their
final state values by considering all output terminal state values on the output terminal list managed by
them. The digital 3-state simulation modeling method proposed in this paper is expected to improve the
usefulness of digital virtual experiment software by supporting simulations such as wired-OR connection
methods simply and efficiently compared to complex electrical and electronic circuit analysis methods.
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Fig. 1. Wired-OR connection
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public int calc_inpin_val(Vector<OutPin> outpin_list) {

// new temp —> new
/0 -0 >0

/0 - 1 -> (-1) noise
70 -2 >0

/1 - 0 -> (-1) noise
/41 -1 > 1

g1 -2 > 1

/2 -0 >0

/2 -1 > 1

N2 -2 > 2

int newstate = 2;
int tempstate;

Iterator<OutPin> it = outpin_list.iterator();
while(it.hasNext()) {
OutPin outpin = it.next();
tempstate = outpin.getstate();
if (newstate==0) {
if (tempstate==1) {
newstate = -1;
return newstate;
) else {
newstate = 0;

} else if (newstate==1) {
if (tempstate==0) {
newstate = -1;
return newstate;
) else {
newstate = 1;

} else if (newstate==2) {
newstate = tempstate;
} else {
newstate = -1;
return newstate;

}

return newstate;

}

a7 2. ALK A2 eXte| 3-AEf =2[ o4t
Fig. 2. 3-state logic operation in the input terminal
of the receiving device
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Table 2. LED input value according to outputs of
open—collector inverters
47] 3-74H MHES] =9 LED 1=
0000
0007
0070
00727
07200
07207
07270
07277
7000
7007
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7077
7700
7707
7770
7777
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Fig 4. 3-state buffer circuit for functional verification
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