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Abstract. In digital information error happens in a communication system due to path delay
or processing error/delay and can be detected by logical circuit which has been implemented
here by binary decision diagrams with single electron movement from root node to leaf node.
Binary decision diagrams are the representations of logic functions factored recursively with
respect to input variables. Errors in the received information can be detected by the error
detection circuit consisting of binary decision diagram circuits. In this technique a maximum
errors of four bits can be detected in a received information of 32 bit length. However, by
rearranging the received bit patterns it is possible to detect the error(s) in any bit of the
received information. Every message signal is transmitted with a tag value. After detecting the
error and removing the tag bit(s), the receiver finds out the corrected information.
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1. Introduction

Binary Decision Diagram (BDD) method has widely been
used for synthesis, analysis, optimization and minimiza-
tion of both combinational as well as sequential circuits
[1-5]. It has been widely used for design verification also.
This BDD technique provides a useful model to allow
logic designers to think about optimization and synthe-
sis of large operations [6—8]. In the present work, BDD
circuits are used for error detection and debugging of
information in communication system. Tag values are
also determined by separate BDD circuits. Data signal is
transmitted with tag value. Tag is a combination of bits
arranged in a predetermined fashion. The transmitter and
receiver must agree with this tag value and positions of
the bits of the tag. Transmitted signal at the receiver is
checked if there is any error. If so, the receiver detects
error(s) and corrects it (them) and finally corrected infor-
mation is obtained. All the BDD circuits used in a mod-
ule in Figs 10, 11 and 12 must be manipulated by con-
trolling the transport of individual electrons [9-11].

In the following section, we shall stare at the definition of
single electron BDD device, output interface, and other
necessary BDD circuit modules [12]. We shall design
X-OR, even or odd parity for 4, 5 and 6 variables and
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register (module-1). With the help of these X-OR, regis-
ter, and even or odd parity logic circuits, desired error
detector module is also constructed.

The electron can move through the BDD circuit with
nearly electronic speed. Hence, the expected speed of
operation of the designed “Error Detection and Debug-
ging on Information in Communication System Using
Single Electron Circuit Based Binary Decision Diagram”
is as fast an electron [13].

Finally, we shall represent an algorithm that detects
error, points the error positions, corrects the error of sig-
nal received and the algorithm that presents us an error-
free message.

2. Definitions

Definition 1. A BDD is a rooted, directed graph, com-
posed of many nodes and two terminals with each node
labeled by a variable.

Definition 2. A binary decision diagram K having root
vertex v denotes a function f, defined recursively as:

I. Ifvis aterminal vertex

(a) If valuev=1,thenf,=1

(b) If value v =0, then f,=0
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II. Ifvisanon-terminal vertex with index (v) =i then
SX1X2 X)) = X Sfrow()(X15X25- + X) F X Frigh()¥1:X25- - - X5),
where x; is called the decision variable for the vertex v. A
non-terminal vertex has an attributes an arguments index
index(v)e {1,2,...,n} and two children low(v), high(v) € V;
where V indicates two types of vertex set.

Definition 3. A node, in a BDD, consists of four tun-
nel junctions (Jy, J», J3, and J4) and three capacitors (Cy,
C,, C3, Cy), an entry branch E and two exit branches F
and G and the node is driven by a voltage clock (®,_;).
A binary voltage input x; (and its compliment ;) used as
variable is applied to point C (and B) through the ca-
pacitor C3 The operation of this mode is:

I. It accepts an electron from the entry branch (E)
and transmits the electron to any of the exit branches
depending upon the input variable(s). If input variable is
high, the electron follows branch 1 else branch 0.

I1. The logical value of this mode is 1 if the electron

passes through [ terminal and 0 if passes through [0] ter-
minal.

3. Explanation

All of the error detection/correction circuits are composed
of the BDD circuits, buffers and output interfaces. To
transfer the messenger electron in any circuit, four-phases
(®( through @) clock is applied to node(s) and buffer(s).
The phase-shifts of the clock are ®; = 0, ®; = n/2,
@, = &, and @3 = 37/2. Hence, the desired result is avail-
able at the output of any expected circuit after some clock
cycles. The input bit signals of a BDD circuit are applied in
sequence to the nodes such that the bit signal for a BDD
device is applied synchronously with the clock pulse for the
consecutive BDD device(s) (or the consecutive buffers).
For successful operation in such a situation, buffers
must be set up on the appropriate points on the path to
ensure that a messenger electron will reach at BDD cir-
cuit (or will exit from BDD-circuit) at the correct time.
Only one electron has been used in each BDD circuit for
one or more clock cycle(s). The output signals of output
interfaces have been used as the input signals of other BDDs
(if necessary) with clock pulses. Where which pulses are
necessary is shown in Figs 6, 8 and 9. As the electron moves
from one node to another with consecutive clock pulses and
the output of a BDD is acting as input of another BDD
circuit, so pipelined operations are happening here.

4. Configuration of the output interface

The configuration of the output interface (symbol:

I-terminal
0-terminal

has been explained below. The Fig. 7(a) shows the inter-
nal configuration of output interface. It contains six tun-
nel junction capacitances and six capacitances (their
values are depicted in the Fig. 7(a)). It has two input
terminals: input and input and two output terminals:
outputl and outputl . The outputl terminal is connected
in series with 5 mV dc voltage.

=p—output ) has been described and its operation
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The 1-terminal and O-terminal of a BDD circuit are
connected, respectively, to the input and inpur terminals
of the output interface. If an electron reaches at the 1-
terminal, the input potential becomes negative and the
outputl voltage becomes approximately 10 mv and the
output of the output interface is approximately 5 mv. If
the electron reaches at O-terminal then outputl will be
approximately O (zero) and the output is negative
(-5 mv). The input and output waveforms of output inter-
face are shown in Fig. 7(d).

5. How fast is the error detection based on
single-electron bdd devices?

A BDD device works with input signal(s) [a, ai, a2, ...,]
and a messenger electron. Each circuit (device) possesses
some nodes and some buffers (if necessary). There must
have some processing delays of such nodes and buffers
but delays differ from node to node as well as buffer to
buffer. The total delay of a BDD device is the sum of all
such delays introduced by the nodes or buffer through
which a messenger electron is passed. Such delays are
insignificant and hence may be ignored. Following
Heisenberg’s uncertainty principle, it is predicted that the
speed power product of an electron lie close to the quantum
limit. The electron can move through the BDD circuit with
nearly electronic speed. Hence, the expected speed of com-
putation of the designed “Error Detection and Debugging
on Information in Communication System Using Single
Electron Circuit Based Binary Decision Diagram” based
on single electron BDD circuits is as fast an electron.

6. Error detection by BDD circuit

By this BDD circuit (shown in Fig. 10) the message re-
ceived by the receiver can be detected but cannot be cor-
rected. Firstly, the special data of 5 bits (10011) must be
known to transmitter and receiver. The length of the mes-
sage to be sent (suppose it is of n-bit length) is increased
by (5-1 = 4) four 0 bits (0000) after LSB. This (n + 4)
length data bit is divided by special data 10011. In this
case the long division is carried out the same way as it is
done in binary system, but the subtraction is done by
modulo-2 rule. In this modulo-2 rule, there are no carry
for addition or borrow for subtraction, both addition and
subtraction are identical to Exclusive-OR. In this divi-
sion if the remainder becomes zero, there is no error in
the message of n bits. If the remainder is non-zero, there
is an error in the message. This process is implemented
by BDD circuit shown in Fig. 10. First of all, all the
registers (Fig. 9) are zeroized. Then the data bit stream
(n bit) to be transmitted is shifted through the register,
and its final state called the remainder, becomes the error
check field. When the data and error check field (n + 4 bit
long) are shifted through the receiver’s BDD circuit (same
as Fig. 10), a final state of zero of all register MSB X, X3
LSB (0000) indicates there is no error in the message,
else there are some errors. One input-output results of
the error detector circuit depicted in the Table 1.
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Fig. 1. Indicates a node of a BDD circuit.
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Fig. 2. An X-OR BDD circuit with truth table.
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op =Xx;tX,

NOR logic gate

Fig. 3. A NOR logic circuit of two variables.

op = XX, + X3
Logic circuit of (x;X,+ x3)

Fig. 4. A logic circuit of X, }?2 + X3,

Lo
A Buffer
Fig. 5. A buffer.

Logic circuit of
X1®X2®X3®X4

[4

Fig. 6. a — indicates an odd parity checker of 5 variables, » — an even parity of 6 variables and ¢ an even parity of 4 variables

respectively.
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Fig. 7. a — shows internal connections of output interface, b —

symbol and ¢ complement symbol respectively, d —
output waveforms of output interface.

electron

Fig. 8. X-OR BDD circuit of two variables.
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input and

Data (D)

Output

Fig. 9. A register that processes data after every 2 nanoseconds.

Table 1.

SI.  clock data X; MSB X; X, Xz LSB
1 0 0 0 0 0 0 0
2 1 1 0 1 0 0 0
3 T 1 1 1 0 1 0 0
4 0 0 1 1 1 0 o0
5 T 0 0 0 0 1 1 0
6 0 0 0 0 1 1 0
7 T 0 1 0 1 0 1 1
8 1 0 0 0 0 1 1
9 T 1 0 0 0 0 0 1
10 1 0 0 0 0 0 1
| ) 1 1 0 1 0 0 0
12 1 1 0 1 0 0 0
13 1 1 1 1 0 1 0 0
14 0 0 1 1 1 0 0
15 7 0 0 0 0 1 1 0
16 1 1 0 1 1 1 0
17 1 1 0 1 1 1 1 1
18 0 1 1 0 1 1 1
19 1 0 1 1 0 0 1 1
20 0 1 1 0 0 1 1
21 1 0 1 1 0 0 0 1
22 1 0 1 1 0 0 1
23 7 1 1 0 1 1 0 0
24 1 1 0 1 1 0 0
25 1 1 1 1 0 1 1 0
26 0 0 1 1 1 1 0
27 71 0 1 0 1 1 1 1
28 1 0 0 0 1 1 1
29 1 1 0 0 0 0 1 1
30 1 0 0 0 0 1 1
31 7 1 0 0 0 0 0 1
32 1 0 0 0 0 0 1
33 1 1 1 0 1 0 0 0
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electron (? 1
1 O

Data

Fig. 10. A BDD circuit that detects the error(s), if any, of an information.

Example: Modulo-2 division.
Suppose the message datais 1 0 1 1 1 0, the special
datais 100 1 1, then the division procedure is:

1001 1)1
1

Exclusive-OR 01011

7. Error detection and error correction

To detect and correct the transmitted data we take the
following steps:

I. Suppose the data to be transmitted be Iy I, I3 I, I3 14
I5 I I Ig. These data bits are processed through the cir-
cuit shown in Fig. 11. From this circuit we get tag value
Py P, P5 P4. Now we arrange the signal to be transmitted
in the manner: Py P, I1 Py I, I3 P4 I4 I5 Ig I7 Ig. This
arranged data is transmitted through the transmitted me-
dia.

SQ0, 6(3), 2003

I1. When the transmitted signal is arrived at receiver,
the receiver processed the signal and gets the four bit
data C; C, C3 Cy4 from the Fig. 12. This four bit data
determines the error position. After finding the error bit
positions, the error bit(s) is (are) corrected. As the tag
value position is known, except the tag position the bits
are collected and pure data bits are found out. In Table 2
the simulated results are given.

8. Algorithm

I. Write input data to be transmitted.

II. Perform X-OR operation on input data for finding
tag value. Arrange the data with tag value in a manner 7
T2 Il T3 12 13 T4 14 15 16 17 18 19 110 111 T5 (where 7;
indicates tag bit and /; input data).

III. X-OR operation is to be performed on the arrived
data for calculating Cy C, C5 Cy... for determining the
error position(s), if any. If so, do complement of all data
of the error position(s).If no error occurs all bit(s) of C;
will be zero.

IV.Delete the tag position bit(s) to find corrected data.
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Fig. 11. This is another BDD circuit which determines the tag value(s).
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Fig. 12. This BDD circuit finds the error position.

9. Conclusion

This paper is basically concentrated at ‘error detection’
and ‘error correction’ with the help of single electron
logic systems based on binary decision diagram. The er-
ror detection module, tag value module are designed by
combining the single electron BDD devices. The outputs
of the modules are shown. The designed modules pro-
duce output data flow in response to the input data flow
through pipelined processing. In the computer simula-
tion process, 32-bits data are considered as data. But
any number of bits for a data can be simulated in the
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same manner, if necessary. The error detection and cor-
rection has been simulated. The thermal agitation is ex-
cluded here, because thermal agitation causes an opera-
tion error caused by an “unexpected tunneling” which
means a tunneling that does not follow the BDD path [6].
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Table 2.

S1.No. Description of data Data value

1 Message data 00000001 00000010 00000011 00000100
Tag value 0011 1101 1110 0101
Transmitted data 000100010001 110000010010 110100000011 010000010100
Data received 100100010001 010000010010 010100000011 110000010100
Error position(s) 1,13,25,37
Data corrected 000100010001 110000010010 110100000011 010000010100
Actual corrected message data 00000001 00000010 00000011 00000100

2 Message data 00000101 00000110 00000111 00001000
Tag value 0110 1000 1011 1001
Transmitted data 010100000101 100000000110 100100010111 100000011000
Data received 010100000100 000000000110 100100010011 100000001000
Error position(s) 12,13,34,44
Data corrected 010100000101 100000000110 100100010111 100000011000
Actual corrected message data 00000101 00000110 00000111 00001000

3 Message data 00001001 00001010 00001011 00001100
Tag value 1010 0100 0111 1100
Transmitted data 100100001001 010000001010 010100011011 110000001100
Data received 100000001001 000000001010 000100011011 110000001000
Error position(s) 4,14,26,46
Data corrected 100100001001 010000001010 010100011011 110000001100
Actual corrected message data 00001001 00001010 00001011 00001100

4 Message data 00001101 00001110 00001111 00010000
Tag value 1111 0001 0010 1110
Transmitted data 110100011101 000000011110 000100001111 110100100000
Data received 110000011101 000000001110 000000001111 110100000000
Error position(s) 4,20,28,43
Data corrected 110100011101 000000011110 000100001111 110100100000
Actual corrected message data 00001101 00001110 00001111 00010000

5 Message data 00010001 00010010 00010011 00010100
Tag value 1101 0011 0000 1011
Transmitted data 110000110001 000100110010 000000100011 100100110100
Data received 110000100001 000000110010 000000000011 100000110100
Error position(s) 8,16,31,40
Data corrected 110000110001 000100110010 000000100011 100100110100
Actual corrected message data 00010001 00010010 00010011 00010100
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