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ABSTRACT
In this paper, It has been proved that there can be more
than one shortest path between two different points in space
for self managed digital systems with finite memory space.
Also, a formula has been given, that can be used to find
total number of different paths between given two points.
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1. INTRODUCTION
There are various scenarios where we need an intelligent digital
system to perform some task, they can vary from observation
of environment on other planets to maintaining our houses. In
such cases, we require a digital system that can move in space
efficiently to perform the given task. Such type of digital systems
can encounter some problems in performing the given task. They
must be able to handle such problems on their own. They must
have alternative ways to complete the given task with maximum
efficiency. While moving from one point to another point in
space. It is always required that system should follow a path
with minimum distance in the given homogeneous conditions.
To improve their reliability, we must find some alternative paths
having the same minimum distance[4].

2. DIGITAL SYSTEMS
Digital Systems are the machines which take digital signals as
inputs, process them according to a set of instructions, and produce
output in the form of digital signals. These digital signals are
encoded with two distinct symbols i.e. 0 (zero) and 1 (one) also
called bits. The set of instructions, required to process inputs, are
also encoded with bits. Digital systems have a storage unit that can
store any information which can be encoded in the form of bits.
Storage unit can store input values, processing instructions and

output produced. Storage unit is also called memory unit. It is a
physical component which consists of digital circuits[3].

3. SELF MANAGED DIGITAL SYSTEMS
Self managed digital systems are the systems, which can manage
themselves according to any change in their environment. They can
observe environment, and change their state accordingly, on their
own. In the process of creating self managed digital systems which
can move in space, we need to develop more efficient algorithms
with more reliability. To provide such reliability we must find all
possible solutions in given set of problems. Finding a shortest path
from one point to another point in space is one such problem. To
provide more reliability, we must find other alternative possible
solutions with same efficiency.

4. MOVEMENT OF SELF MANAGED DIGITAL
SYSTEM IN SPACE

We consider a digital system with a finite memory. That is made
to move in space on its own. It can observe its surrounding
environment, process it, to take decisions, to make required
movements. In order to manage its movements it is required to
represent space coordinates in its memory. Suppose we can use
a maximum of n bits to store the position of its adjacent point(s)
that it can move onto, from its current position i.e. it can store a
maximum of 2n distinct points it can move onto[3].
As n is a finite number, 2n will also be a finite number. So there
will be some finite positions in space that it can move onto and
there always will be some positions in space that it cannot move
onto. Hence, A digital system that uses a finite memory to represent
space coordinates, cannot move continuously in space.
However to move from one point to another it has to travel the
intermediate distance physically. When it lies between two adjacent
points, it will be at a position, which is not stored in its memory,
and hence it can’t be managed. So, it is called in an unstable state.
And when machine is at a point that is stored in its memory, it is
considered in a stable state.
In order to move in space, it has to move from its current position to
next adjacent position by travelling a finite minimum distance, say
d, in a given direction, say v̂. In other words, in a given direction
v̂, it cannot be at a stable state by travelling a distance less than d.
Any such movement can be represented as

~m = d.v̂
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Now, consider it has to move from point P1 to another point P2 by
travelling a minimum distance between these two points. As it can
move through given finite points only. The path travelled by it can
be represented as

~P1P2 = a1d1v̂1 + a2d2v̂2...+ akdkv̂k (1)

where
ai is the total number of steps taken in the direction v̂i from P1 to
P2 for 1 ≤ i ≤ k .
di is minimum possible finite distance that can be travelled in the
direction v̂i for 1 ≤ i ≤ k .
As we know that vector addition is associative, so we can write
this equation in other forms, by rearranging the individual terms,
without changing its physical significance [2]. These equations
represent other shortest paths between P1 and P2 . Hence,
There exist more than one shortest path between two different

points in space for self managed digital systems, with finite memory
space.
We can write equation 1 in number of different ways given by

w =
N !

a1!a2!a3!...ak!
(2)

where
ai is the total number of steps taken in the direction v̂i from P1 to
P2 for 1 ≤ i ≤ k.
and
N = a1 + a2 + a3 + ...+ ak i.e. total number of steps taken in all
directions. It gives us the total number of different paths between
given two points.

5. ILLUSTRATION
Let us consider a system, represented by a point on a computer
screen, such that, it can move from one pixel to next adjacent pixels
only. Consider, currently its postion is P1(x1, y1). And it can move
onto its adjacent pixels, as shown in Figure 1.

Fig. 1. Adjacent Points to P1

Suppose it has to move to another pixel P2 as shown in Figure 2.
If we move closest to a straight line from P1 to P2 it gives us a
shortest path given by:

~P1P2 = d1v̂1 + d2v̂2 + d1v̂1 (3)

where
d1 = | ~P1I1| = | ~I2P2| ,

Fig. 2. A Shortest Path (Closest to straight line)

d2 = | ~I1I2|
and
v̂1 =

~P1I1
| ~P1I1|

=
~I2P2

| ~I2P2|
,

v̂2 =
~I1I2

| ~I1I2|
Also, in equation 3 , we have,
a1 = 2, a2 = 1
and
N = 2 + 1 = 3
Now, according to equation 2 , we can write this equation in number
of ways given by:
w = N !

a1!a2!
= 3!

2!1!
= 3

i.e.
~P1P2 = d1v̂1 + d1v̂1 + d2v̂2 (4)

~P1P2 = d1v̂1 + d2v̂2 + d1v̂1 (5)

~P1P2 = d2v̂2 + d1v̂1 + d1v̂1 (6)

The equations 4, 5 and 6 represent all three possible paths, with
shortest distance, from P1 to P2 for the given system. Path
represented by equation 4 is shown in Figure 3. Similarly, other
paths can be obtained using equations 5 and 6 . [1].

Fig. 3. An Alternative Shortest Path

6. CONCLUSION
It has been proved that, there can be more than one shortest path, in
space, for self managed digital systems with finite memory. Also, a
formula has been given that can be used to calculate total number
of paths possible between given two points. These results can be
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used in designing systems that are to be made to move in space. It
will provide more reliability and efficiency, specially, in dynamic
environments. In dynamic environments conditions may change at
any time, so, the system will be able to select any other alternative
path with minimum possible distance, out of all possible paths
available, accordingly.
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