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Abstract

Machine learning intends to be a biology-mimicking learning method, implemented by means
of technical computing. Their technology and methods, however, differ very much; mainly
because technological computing is based on the time-unaware classic computing paradigm.
Based on the time-aware computing paradigm, the paper discovers the mechanism of bio-
logical information storing and learning; furthermore, it explains, why biological and tech-
nological information handling and learning are entirely different. The consequences of the
huge difference in transmission speed in those computing systems may remain hidden in
“toy”-level technological systems but comes to the light in systems having large size and/or
mimicking neuronal operations. The biology-mimicking technological operations are in re-
semblance to the biological operations only when using time-unaware computing paradigm.
The difference leads also to the need of introducing “training” mode (with desperately low
efficiency) in technological learning, while biological systems have the ability of life-long
learning. It is at least misleading to use technological learning methods to complement
biological learning studies. The examples show evidence for the effect of transmission time
in published experiments.

Keywords: Learning, machine learning, Computing efficiency, Temporal logic, Time-Aware
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1. INTRODUCTION

The ability to learn is a key factor in both the evolution of life and our individual survival. “The broad
definition of learning: use present information to adjust a circuit, to improve future performance”
needs explanation also [1], what is the “present information”, and information at all; furthermore
it implies that learning is a temporal process. There are many different definitions what actually
‘information’ means [2]. In neural science it was observed and theoretically discussed [3] that
when using neuronal spikes, “the more precisely spike timing is measured, the more information is
gained”. However, the conclusion, that timing delivers information, is missing from the information
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theory. Information handling is an overly complex process, and it includes coding, decoding,
transferring, storing, and retrieving processes, among others.

During learning, the organ uses the past information stored in its internal state variables. However,
“we should not seek a special organ for ‘information storage’ — it is stored, as it should be, in every
circuit” [1]. The definition also suggests to consider learning (and, because of this: information
processing) as a temporal process: the organs have a sensing time, a processing time, a storage
access time (despite that “information stored directly at a synapse can be retrieved directly” [1]) and
a transfer time (conduction time) to the next computing organ. The general model of computing [4],
based on the time-aware computing paradigm [5], correctly describes the general learning process
(is underpinned by anatomical evidence, but still needs dedicated experiments, designed with time-
aware behavior in mind).

2. THEORY OF TEMPORAL BEHAVIOR

The speed of interaction is finite [6] both in biological computing and technological computing.
The finite speed contributes finite transfering timing between computing units. The effect is well
known, but neglected. As pointed out [7], von Neumann’s computing model mentioned the fact that
in principle also transfer time must be considered. In the approximation which targeted implemen-
tation using vacuum tubes only, it could be neglected. However, the quickly developing technology
invalidated that approximation in a stealthy way. For today, timing relations of technological
computing are entirely different from those assumed in the classic computing paradigm, which
computing science is based upon.

Von Neumann in his famous ‘report’ did provide a “procedure” only for the case when the trans-
mission time can be neglected apart processing time. Actually, von Neumanns statement was that

if [timing relations of] vacuum_tubes
then Classic_Paradigm;
else Unsound;

The more general computing paradigm shall provide the proper procedure instead of the ‘unsound’
branch, when this omission corresponding to [the time relationships between] electron tubes is not
valid.

2.1 The General “Procedure”

In the general computing procedure we need to work — in addition to the spatial coordinates — also
with the time coordinate of the computing events; considering that those coordinates are connected
by the interaction speed. That is, we introduce a 4-D coordinate system, which we call fime-
space system. This representation is in close resemblance with Minkowski’s famous space-time
system; with the essential difference that a different scale factor is used. In the space-time system
all coordinates have dimension of distance, and the time coordinate is given as the corresponding
time multiplied by the interaction speed; free and homogeneous propagation is assumed. In our
time-space system [8, 6] the spatial distances are divided by the interaction speed and the time
represents itself.
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That is, all coordinates have dimension of time; this is the appropriate (measurable) quantity given
that both technological and biological computing must meet their timing constraints. We assume a
sectioned and directed propagation; furthermore the distance is measured along signal path, rather
than calculated from the coordinates of its endpoints.
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Figure 1: The constrained computing operations in our time-space approach. The operating units
can be processors, networked computers, gates or neurons; depending on the context.
The finite interaction speed and the physical distance of computing elements results in
“idle waiting times” (see mixed-color vectors in figure). Idle waiting is one of the major
reasons of computing systems’ inefficiency.

We describe computing events in this time-space system as constrained vectors, see FIGURE 1.
A processing event happens at a given position, but its beginning and end have different time
coordinates; that is the processing vector is parallel with axis 7. In contrast, a data transfer event
changes both spatial and time coordinates simultaneously, that is, the data transfer vectors are
not parallel with axis ¢ and are not in the plane perpendicular to it. The vectors are constrained
both in the sense that the interaction speed connects their spatial and time coordinates, and that a
processing cannot start until its operand arrives, and similarly, delivery of its result cannot start
until the processing finished: the two operations block each other. This constraint introduces ‘idle
time’ to computing. This idle time in one form leads to inefficiency of processors [9, 7], in another
form to inefficiency of parallelized sequential computations [5]. When there are several operands,
before the processing may begin, all operands must arrive at their destination.; similarly, all results
from multiple processors must be delivered from the output sections of the processing units. These
constraints must be emphasized when discussing operation of computing accelerators, especially
vector and tensor processors [10, 5].

Biology uses three-state logic, which enables a very low energy consumption. Neurons are “off”
until some input is received by their synapses, then for some time they get “open”, after some
time “inactivated”, and again after some time “off” again. As discussed in [17], the three-state
operation mode is desirable from several points of view; among others it defines the direction of
time. The present design point of view, replacing “inactivated” state with a “down” edge, enables
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Table 1: Summary of graphic tablets and software solutions used to acquire the data

Software Graph Logger Ductus
Population Schools Hospital Schools Hospital
Tablet Wacom Pro M | Wacom Pro L | Wacom 4M | Wacom 3L
Size (mm) 224 x 148 311 x 216 223 x 139 | 300 x 200
Numberof children 258 29 192 101

reaching higher operating frequency [4], but large designs shed light on the limitations, caused
by attempting to replace the energetically needed three-state operation [39, 40] with a simplified
two-state operating mode.

3. CONCLUSION

Machine learning arised from the intention of mimicking biological learning on technical imple-
mentations, having several million times higher transfer and processing speed. However, the speed
difference sheds light to a common fallacy of their operation: their design does not consider that
chained operations must consider also transfer time; furthermore that the computing operation
and the transfer operation are blocking each other. Methods of learning and machine learning
have mostly orthonal methods, because of their “implementation”: biological operation natively
considers transfer time, technical implementation assumes immediate interaction (neglects transfer
time).
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