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Abstract

The suffix ‘omics’ has been added to the names of many fields to denote studies undertaken on a large scale.
Threshold science has become so pervasive in everyday life of making decisions. This paper provides a brief
introduction and review to the emerging field of Threshnomics by explaining the threshold science applied in various
domains. This paper reflects the wide range of threshold applications in algorithms and circuit design and attempt to
correlate the threshold notion through neuronal equivalent operator.
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Introduction

Human intelligence is understood to be a result of collective
decisions over a period of time with an objective to enforce a desired
objective or activity. The neural understanding of the intelligence is
reflective of a simplified behaviour of neurons and its networks. These
neurons represent the building blocks of biological intelligence that is
a collection of decision making units arranged in hierarchy at levels
of functional and structural levels. These decision making units does
the operation that we refer to as threshold processing. Because there
are a huge variety of these decisions enabled by the threshold in any
biological intelligence, it would be a natural progression in terminology
to refer this large scale processing as threshnomics.

The seminal ideas on thresholds happening in human brain were
exposed to a usable form when McCulloch and Pitts introduced the
first mathematical model of a neuron: the threshold logic (TL) gate
(TLG) [1] in 1943. The concept of threshold is not limited to biology
but can be seen in everyday science.

A simple thresholding function is depicted in Figure 1. Here, any
continuous signal in a given time can be converted to a digital signal
using a threshold. The application of different threshold values result
in different set of binary signal patterns. Theoretically, any analogue
signal can be comprised of such infinite number of threshold and
corresponding binary patterns. Obviously, nature has its own limits,
that often reflects an analogue signal as a discrete signal that is confined
within the measurement resolutions and uncertainty limits governing
the physically perceptive world. Reverse engineering this aspect, any
analogue signal can be formed from a series of binary signals, and
thereby indicates that any decisions that seem analogue in nature

Figure 1: Binary Thresholding.

can be comprised of a series of binary decisions. Such hierarchical
characteristic and organization of the decisions is a primary architecture
to development of intelligence systems.

Application of thresholds in solving various tasks involving
decisions are very common, yet it is less acknowledged and understood.
We state here the importance to look this aspect more carefully, in the
sense, to understand the process of intelligence, and its application in
practical applications. The applications where threshold are widely used
vary from signal processing, image processing, and pattern recognition
algorithms to mimicking brain logic in silicon. Through this paper, we
point out the importance of thresholds and start the seminal discussion
on the emerging science of threshnomics.

Threshold
Threshold types

Thresholding techniques can be broadly classified as; one-sided,
two-sided and multi-sided thesholding. In one-sided thresholding
techniques, there will be only a single decision boundary in a plane
whereas in two-sided thresholding, there will be two decision
boundaries. Situation where more than two decision boundaries
are involved falls into the category of multi-sided thresholding.
Image segmentation can be considered as an example of a one-sided
thresholding. Classifiers like SVM will fit as an example that uses two-
sided thresholding. Each of the broad classifications can be further
divided into binary thresholds and continuous thresholding.

Threshold in algorithms

Signal processing: Thresholding is used to avoid the effects of
noise [2,3] and for improving the signal to noise ratio. In multi-
dimensional signal processing such as with images, it is used to keep
useful information in the image while getting rid of unwanted things
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in the image. In [4], image classification accuracy has been improved
by removing few pixels from inter-image similarity calculations. The
decision of whether a pixel needs to be accommodated for similarity
calculations was determined by thresholding the pixel-to-pixel
distances. The presence of noise on images not only affects the quality
but also affects the efficiency of other image processing operations
done on the image. Removing noises is another useful application of
thresholding.

Pattern recognition: Classification algorithms are highly
supported by thresholding techniques. Support Vector Machines [5,6]
is one such important classification algorithm supported by threshold
based decision making. There exists several classification problems that
extensively uses thresholding [6-10].

The idea of thresholds is also used in clustering methods [11-14].
These methods set thresholds for indicating a boundary or limit on the
degree of closeness. In density-based clustering methods [15-17], they
follow growing a given cluster until the density in the neighborhood
exceeds some predefined threshold. Traditional clustering approaches
generate partitions which are disjoint because of the hard clustering
done based on thresholds. There is another form of clustering called
fuzzy clustering [18-21] in which a pattern is associated with every
cluster based on a membership function. From this kind of fuzzy or
soft clustering, a hard clustering can be obtained by using a threshold
on the membership value.

In pattern recognition algorithms, selection of features is
considered important as they are very crucial in determining the
accuracy. The right selection of features is also a major concern when
trying to improve accuracy of algorithms working on large volume data.
Feature selection can also be made efficient by the use of thresholding
techniques [22-24].

Image processing: In edge detection algorithms, the input images
are usually smoothed with a low-pass filter to reduce the effects of
noise. However, for determining which pixels should be discarded as
noise and which should be retained, threshold based criterions are
set. Segmentation of images [25-27] are also essentially supported by
thresholds. While some segmentation methods use fixed threshold
values to detect abrupt changes in pixels, some methods use adaptive
thresholding techniques. Otsu’s thresholding [28] is one such method
that uses an adaptive method for choosing a threshold value.

Threshold in circuits

As opposed to algorithmic applications, the idea of thresholds in
circuits has the primary purpose of modelling the intelligent systems by
mimicking the electrical functionality of neurons. The ability to design
electronic circuits that that mimic the human intelligence is a forefront
research questions in this century. The use of threshold logic is leads
this research by relation the neuronal firing as an important event in
the existence and origins of intelligence. It has to be noted that there
do exist another line of thinking where intelligence is related to the
connectivity between the neurons, while this is definitely an important
idea, without the firing mechanism it would be practically impossible
to develop a system that would mimic the functionalities of intelligence
as understood through the science and observation of human brain
functions.

Threshold logic unit: The output of a Threshold Logic Unit is
calculated in two stages. Firstly, based on the input pattern, activation
is calculated. Secondly, the activation is supplied to a threshold function
to get the final output. The activation a is the weighted sum of its inputs as:

a=Y W.X, ey

where w, is the i-th element of the weight vector and x, is the i-th
element of the input vector. The output obtained, y when the activation
is supplied to the threshold function is given as:

lifa>h

0if a<h @
where £ is the threshold value. If the value of the activation a is greater
than or equal to & then the output of the TLU will be 1 otherwise it
will be 0. The input given to a TLU at the same time is called an input
pattern. A decision boundary is a boundary where the activation value
becomes equal to the threshold value.

Neuron Model: Neurons are the basic processing elements in the
human brain. There are about 100 billion neurons in a human brain.
The structure of a neuron is shown in Figure 2. It has got three main
parts in it namely; cell body, dendrites and axon. The cell body controls
all activities of the neuron. It functions like a thresholding unit inside
a neuron. Dendrites extend out of the cell body and are responsible
for getting input from other neurons. Messages from the cell body
are transmitted to other neurons through a long fiber called as axon.
The neurons are also covered by a protective covering called as myelin
sheath. Messages travel as electrical impulses within a neuron, while
but between neurons messages travel different functional mechanisms.
The transfer of message between two neurons is done through the
release of neurotransmitters into the space between the axon and the
dendrites. Basically, the neurotransmitters are chemical substances
and the communication phenomenon between two neurons is electro-
chemical. The space between the axon and dendrite is called as a
synapse. The message receiving neurons have receptors located at the
dendrites. The receptors are responsible for receiving and processing
the message.

Neuron networks: Artificial Neural Networks (ANNs) [29] is an
information processing paradigm inspired from the functioning of
human brain. In other words ANNs can be considered as an attempt
to mimic the human brain functionality. However, we can only
implement limited functionalities in a neural network and can be
configured only for some specific application such as data classification
or pattern recognition. Learning in biological systems includes
adjustments in synaptic connections between neurons. The same
concept is implemented in a neural network as well.

Figure 3 show how a biological neuron can be mapped to an
artificial neuron. An artificial neuron can have many inputs and can
have only a single output. In the training phase, the neuron can be

Figure 2: Structure of a biological neuron.
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Figure 3: Mapping a biological neuron to an artificial neuron.

Figure 4: Capacitor Threshold Logic.

trained to fire (or not to fire) for specific input patterns. This can be
considered as a setting of proper threshold of the neuron. When the
neuron is in use mode, the input pattern which does not belong to the
taught list of patterns can be isolated and be identified as a different
input pattern. Here also, the concept of thresholding comes to a great
use. It may be noted that there exist a wide range of literature in the
area of neuromorphic circuits and there has been substantial attempts
in understanding and realising neuron networks as electrically and
functionality close as biological neurons. However, the scalability of
such neuron networks in silicon is a challenging problem and there
does not seem to have a concrete solution that would match the
complete network abilities of human brain.

Threshold logic circuits

Capacitive Threshold-Logic (CTL) Gate: This CTL architecture
consists of a poly-to-poly capacitor array and an inverter chain (Figure
4). These Poly-to-poly capacitors are available in all standard mixed-
mode CMOS technologies [30]. This gate operates within two phase
non-overlapping clocks consists of a reset phase and an evaluation
phase. At the reset phase the row voltage reset the threshold voltage
v, During the evaluation phase binary input signals are enter in to
the columns and row voltage is perturbed from the reset level v,,.
Boolean functions performed by the capacitive threshold logic gate is
soft programmable. This ability is achieved by adjusting the threshold
with a DC voltage. In the asynchronous mode of operations capacitive
threshold logic gates are directly cascadable. CTL concept can be
applied in the parallel counter and serial/parallel multiplier design.

Balanced capacitive threshold logic gate: BCTL gate is based on
CTL and latch type comparator logic [31]. The requirement of reference
voltage is eliminated by implementing a zero threshold (Figure 5). Any
logic function can be converted into an equivalent threshold logic
function with threshold equal to zero by inverting certain inputs and
changing the sign of their associated weights. Circuit consists of two
banks of capacitors and both of this capacitor banks are connected with
an operational trans-conductance amplifier (OTCA). This amplifier

works as a comparator and determines which bank of capacitor is
having higher number of logic 1 inputs. Two CMOS inverter type
amplifiers are connected with OTA. The inverters are used in this circuit
to obtain output and its compliment at the same time higher gain and
speed is achieved with these outputs. Analog switches connect digital
inputs with capacitor banks. A threshold logic function is implemented
with the inputs having positive weights connected to one bank, and
the inputs having negative weights are connected to the other bank. In
case of both banks have an identical number of high level inputs, one
additional half capacitor Ca,Cb, unbalances the voltage levels at the
amplifier inputs. BCTL works from one clock cycle and switches the
gate into two phases Reset Phase and Evaluation phase.

Neuron MOSFET: The idea behind Neuron MOS (vMOS) was
introduced in 1966 [32]. It has a buried floating polysilicon gate and
a number of input gates capacitive coupled to the floating gate. The
floating gate voltage becomes a weighted sum of the voltages on the
input gates and controls the current in the transistor channel [33,34].
vMOS simulates the function of neuron and can be used to construct
artificial neural networks. If the floating gate potential is smaller than
the threshold voltage of the transistor, then transistor is off. When this
Floating gate potential exceeds threshold voltage of the transistor it will
turn on. This is the working principle of vMOS transistor (Figure 6).

Self-time threshold logic: The main feature of this circuit is the
use of shared capacitors among all threshold gates of a single network,
for computing weighted sum of all inputs. This capacitor sharing
reduces the area consumption. This self-timing idea is derived from
asynchronous circuits. A cross coupled transistor pair is the main
building block of this logic gate circuit (Figure 7).

Figure 5: Balanced capacitive Threshold logic.
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Figure 6: Neuron MOSFET.
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Figure 7: Capacitor sharing technique in Self-time Threshold logic.
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Figure 8: Charge recycling threshold logic.
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The transistor pair generates the output Q and its complement Q
after buffering the two inverters [35]. This gate operates in two phases
precharge and evaluate phase. These phases are specified by the dual
enable signals E and its complement E . When the first gate reaches
the precharge phase, then the subsequent gates are also in the state of
precharge phase. After this precharge phase outputs of the first stage are
evaluated then all subsequent outputs are also evaluated in successive
stages. In this self-timed fashion the outputs of each gate propagates
through each stages.

CMOS capacitor coupling threshold logic: Capacitor coupling
technique and a current sense amplifier is the main part of this logic
[34]. In the low and high clock stage transistors becomes in the ON and
OFF stages. There is no offset cancellation mechanism and by using
the differential configuration mechanism it can compensate the device
parameter fluctuations.

Charge recycling threshold logic: It is developed on the basis of
charge recycling asynchronous sense differential logic [36]. The applied
inputs are capacitive coupled onto the floating gate of first transistor
and the gate voltage of second transistor (Figure 8). The output y and
its compliment y are generated by using the sense amplifiers. Precharge
and recycling stages are determined by signal E and its compliment
E [36]. The sense circuit is activated by the enable signal E. A charge

recycling threshold logic gate has two operational phases evaluate and
equalize. When enable signal compliment E, becomes high the output
voltages are equalized.

Current Mode Threshold logic (CMTL): The main advantage of
using this circuit is its high performance and low power consumption
[37]. For resulting high performance selecting transistor configuration
which can sense a small difference in current and also set the differential
outputs to the correct values. Reduced power dissipation is achieved
by limiting the voltage swing on the interconnects and the internal
nodes of the CMTL gates. PMOS based CMTL gate received low
swing inputs, which are sensed by CMTL gate and performs the logic
computations. The full-swing outputs are used as inputs to the nMOS
based interconnect driver. This basic circuit face a problem of static
short-circuit power dissipation in the equalize phase and at the end of
evaluate phase. This can be overcome by adding two additional PMOS
transistors on the path from Vdd to the output nodes. This will result
in the generation of two different transistor configurations discharge
current mode threshold logic and equalized current mode threshold
logic.

Latch type threshold logic gate (LCTL): CMOS current controlled
latch is the main component of this circuit. This latch provides both the
output Y and its complement Y'. Circuit also consists of two input arrays
having an equal number of parallel input transistors. Two transistor
pairs specify the precharge and evaluate phase, and transistors M,/
M, _,, guarantee correct operation. Precharging occurs when the reset
signal ® =0 and evaluation begins when @ =1. The speed performance
of LCTL can be increased by substituting additional NMOS banks
external to the latch [38]. This will avoid the long feedback chain .This
method of circuit implementation is called as Cross-couple Inverters
with Asymmetrical Loads Threshold Logic.

CMOS solutions: The early forms of CMOS solutions were
developed in 1975 [39,40]. nMOS and pMOS are structurally similar,
so it can produce similar switching delay. CMOS solutions for majority
functions specified the representation of logic function as a majority
function. This is achieved by complimenting or repeating its inputs.
There is a tradeoff between large fanin and speed. Another CMOS
solution is static null convention logic. This CMOS solution assigns
two states for each input asserted state and null state. The inputs are in
asserted state and null state based on the threshold value.

Split-Precharge Differential Noise-Immune Threshold Logic
Gate (SPD-NTL): It is a low-power differential threshold logic
gate [41]. This TL combines mainly two ideas split-level precharge
differential logic, and noise suppression logic. Also this circuit uses
two threshold logic banks f and f bar. This f and f_bar always have
transitions in opposite directions. f represents one threshold bank
and f-bar represents another threshold bank with inverted inputs and
changed threshold.

Memristive Logic

The idea of mimicking brain computing involves a challenging
task of circuit and logic circuits to have the special ability to connect
large number of devices to it inputs. Conventional logic circuits such
as using the MOS devices have several limitations when it comes to
device scaling, such a leakage current and second order behaviours.
As opposed to these devices, a realistically new theory and a device
that has growing interest in intelligent circuits in the memristor. A
memristor is a two-terminal device with a variable resistance that can
be used as memory for many applications like neuromorphic systems,
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logic systems etc [41-44]. An example is the resistive threshold logic
has been proposed to develop a universal logic cell in [44]. They have
used a resistive divider circuit and a threshold logic circuit in it which
is basically inspired by the established neuron modeling techniques. A
memristor array and its co-existence with conventional CMOS logic
gates can lead to new computing solution that require fewer areas on
chip and higher speed of processing. In addition, this would also pave
way to the design of large scale neuron networks. However, as opposed
of CMOS logic memristive systems are expected to high higher power
dissipation, and would require the development of industry standard
processes of large scale manufacturing.

Discussion

A wide range of applications exists that use thresholds in different
forms. The applicability of a threshold value is tightly coupled to several
factors such as the nature of the problem, practical aspects of the system
under consideration, and level of understanding about the decision
space. It is easy understood that the arbitrary selection of threshold can
lead to wrong decisions.

A true analytic general solution to threshold identification is a
practically difficult task due to the wide spread nature of the problems.
However, it’s important to note that threshold selection is an emerging
science that can lead to better automation and decision systems. The
threshold can be applied different decision levels, such as local and
global. The local decision space often is abstract in nature, such as,
as reflected by thresholds at neurons in neuron networks. The global
decision space is strict in nature, as it indicates the final outcome of
the threshold operation. Nonetheless, both these levels of thresholds
are useful in the development of automated systems, in as intelligent
algorithms and for intelligent circuits.

To conclude, although the threshold operations itself seems trivial,
the applicability and identification of optimal threshold values are not
a trivial task. The broad range of science surrounds around threshold
and it’s of paramount interest in several applications.

References

1. McCulloch WS, Pitts W (1990) A logical calculus of the ideas immanent in
nervous activity. 1943. Bull Math Biol 52: 99-115.

2. Jansen M (2001) Noise reduction by wavelet thresholding. Lecture notes in
statistics 61: 1-191.

3. Vaseghi, Saeed V (2008) Advanced digital signal processing and noise
reduction. John Wiley and Sons.

4. Pappachen James A, Dimitrijev S (2010) Inter-image outliers and their
application to image classification. Pattern recognition 43: 4101-4112.

5. Hearst Marti A, Dumias ST, Osman E, Platt J (1998) Support vector machines.
Intelligent Systems and their Applications 13: 18-28.

6. Steinwart, Ingo, Andreas Christmann (2008) Support vector machines.

7. Viola, Paul, Michael JJ (2004) Robust real-time face detection. International
Journal of computer vision 57: 137-154.

8. Fielding, Alan H, John FB (1997) A review of methods for the assessment of
prediction errors in conservation presence/absence models. Environmental
conservation 24: 38-49.

9. Koford J, Groner G (1966) The use of an adaptive threshold element to design
a linear optimal pattern classifier. IEEE Transactions on Information Theory
12: 42-50.

10. Lippmann, Richard P (1987) An introduction to computing with neural nets.
IEEE ASSP Magazine 4: 4-22.

11. Li W, Godzik A (2006) Cd-hit: a fast program for clustering and comparing large
sets of protein or nucleotide sequences. Bioinformatics 22: 1658-1659.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. Kittler, Josef, John lllingworth (1985) On threshold selection using clustering

criteria. IEEE Transactions on Systems, Man and Cybernetics 5: 652-655.

.Wang W, Haixun W, Jiong Y, Philip S (2002) Clustering by pattern similarity

in large data sets. Proceedings of the 2002 ACM SIGMOD international
conference on Management of data. ACM 395-405.

.Gong, Song Jie (2008) The collaborative filtering recommendation based

on similar-priority and fuzzy clustering. Workshop on Power Electronics and
Intelligent Transportation System, PEITS’08 IEEE 248-251.

. Ester M, Hans Peter K, Jorg S, Xiaowei X (1996) A density-based algorithm for

discovering clusters in large spatial databases with noise.

.Jorg S, Ester M, Hans-Peter K, Xiaowei X (1998) Density-based clustering in

spatial databases: The algorithm GDBSCAN and its applications. Data mining
and knowledge discovery 2: 169-194.

. Kriegel, Martin Pfeifle (2005) Density-based clustering of uncertain data.

Proceedings of the eleventh ACM SIGKDD international conference on
Knowledge discovery in data mining. ACM 672-677.

. Gustafson, Donald E, William CK (1978) Fuzzy clustering with a fuzzy

covariance matrix. IEEE Conference on Decision and Control including the
17th Symposium on Adaptive Processes 17: 2-45.

. Xie, Xuanli Lisa, Gerardo Beni (1991) A validity measure for fuzzy clustering.

IEEE Transactions on pattern analysis and machine intelligence 13: 841-847.

Gath I, Amir BG (1989) Unsupervised optimal fuzzy clustering. IEEE
Transactions on Pattern Analysis and Machine Intelligence 11: 773-780.

D’Urso, Pierpaolo, Riccardo Massari (2013) Fuzzy clustering of human activity
patterns. Fuzzy Sets and Systems 215: 29-54.

Zhou B, Yiyu Y (2014) Feature Selection Based on Confirmation-Theoretic
Rough Sets. Rough Sets and Current Trends in Soft Computing. Springer
International Publishing 8536: 181-188.

Stoean R, Catalin S (2013) Modeling medical decision making by support
vector machines, explaining by rules of evolutionary algorithms with feature
selection. Expert Systems with Applications 40: 2677-2686.

Pedergnana M, Marpu PR, Mura MD, Benediktsson JA (2013) A novel
technique for optimal feature selection in attribute profiles based on genetic
algorithms. IEEE Transactions on Geoscience and Remote Sensing 51: 3514-
3528.

Phillips M, Barrington SF, Hill DLG, Marsden PK (2013) Comparison of
Threshold-Based Segmentation Methods on Pre-and Post-Therapy PET
Scans.

Moo EK, Abusara Z, Abu Osman NA, Pingguan-Murphy B, Herzog W (2013)
Dual photon excitation microscopy and image threshold segmentation in live
cell imaging during compression testing. J Biomech 46: 2024-2031.

Osuna-Enciso, Valenti, Erik Cuevas, Humberto Sossa (2013) A comparison
of nature inspired algorithms for multi-threshold image segmentation. Expert
Systems with Applications 40: 1213-1219.

He Zhi-Yong, Li-Ning Sun, Li-Guo Chen (2013) Fast computation of threshold
based on Otsu criterion. Dianzi Xuebao (Acta Electronica Sinica) 41: 267-272.

Hopfield John J (1988) Artificial neural networks. IEEE Circuits and Devices
Magazine 4: 3-10.

Hakan O, Asim K, Banu P, Yusuf L, Ugur C (1996) A Capacitive Threshold-
Logic Gate. IEEE Journal of Solid-State Circuits 31: 1141-1150.

Javier L, Jose FR, Alfonso GB (2004) A Balanced Capacitive Threshold-Logic
Gate. Analog Integrated Circuits and Signal Processing 40: 61-69.

Beiu V, Quintana JM, Avedilo MJ, Andonie R (2003) Differential Implementations
of Threshold Logic Gates. Air Force Research Laboratory under agreement
number F29601-02-2-0299.

Tadashi Shibata, Tadahiro Ohmi (1993) Neuron MOS Binary-Logic Integrated
Circuits-Part I: Design Fundamentals and Soft-Hardware-Logic Circuit
Implementation. IEEE Transactions on Electron Devices 40: 570-576.

Shibata T, Ohmi T. Real time reconfigurable integrated circuits. IEEE Electron
Devices 40.

Celinski P, Lopez JF, Al-Sarawi S, Abbott D (2002) Compact parallel (m,n)
counters based on self-timed threshold logic Electronics Letters 38: 633-635.

J Comput Sci Syst Biol
ISSN: 0974-7230 JCSB, an open access journal

Volume 7(6) 235-240 (2014) - 239


http://www.ncbi.nlm.nih.gov/pubmed/2185863
http://www.ncbi.nlm.nih.gov/pubmed/2185863
http://library.wur.nl/WebQuery/clc/1741933
http://library.wur.nl/WebQuery/clc/1741933
http://books.google.co.in/books?id=vVgLv0ed3cgC&pg=PA35&lpg=PA35&dq=Advanced+digital+signal+processing+and+noise+reduction&source=bl&ots=9IIzXPQCCs&sig=sEcUBRer0-b_RBLv3vr9SX4aDpk&hl=en&sa=X&ei=ILZQVLXXIIL98AWii4CICA&ved=0CEkQ6AEwCA#v=onepage&q=Advanced digital signal processing and noise reduction&f=false
http://books.google.co.in/books?id=vVgLv0ed3cgC&pg=PA35&lpg=PA35&dq=Advanced+digital+signal+processing+and+noise+reduction&source=bl&ots=9IIzXPQCCs&sig=sEcUBRer0-b_RBLv3vr9SX4aDpk&hl=en&sa=X&ei=ILZQVLXXIIL98AWii4CICA&ved=0CEkQ6AEwCA#v=onepage&q=Advanced digital signal processing and noise reduction&f=false
http://www.sciencedirect.com/science/article/pii/S0031320310003444
http://www.sciencedirect.com/science/article/pii/S0031320310003444
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=708428&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D708428
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=708428&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D708428
http://books.google.co.in/books?hl=en&lr=&id=HUnqnrpYt4IC&oi=fnd&pg=PP7&dq=Support+vector+machines&ots=g8dGFzYnRh&sig=k61qavoPtgoWEBd4WURI1Ukmvts#v=onepage&q=Support vector machines&f=false
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.vision.caltech.edu%2Fhtml-files%2FEE148-2005-Spring%2Fpprs%2Fviola04ijcv.pdf&ei=jb9QVOeIDcLe8AWTsoCIAQ&usg=AFQjCNH3eSbTaHu2NFI0DrPbWwIEfP4-TA&bvm=bv.78597519,d.dGc&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.vision.caltech.edu%2Fhtml-files%2FEE148-2005-Spring%2Fpprs%2Fviola04ijcv.pdf&ei=jb9QVOeIDcLe8AWTsoCIAQ&usg=AFQjCNH3eSbTaHu2NFI0DrPbWwIEfP4-TA&bvm=bv.78597519,d.dGc&cad=rja
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=38121
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=38121
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=38121
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1053856&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F18%2F22629%2F01053856.pdf%3Farnumber%3D1053856
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1053856&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F18%2F22629%2F01053856.pdf%3Farnumber%3D1053856
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1053856&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F18%2F22629%2F01053856.pdf%3Farnumber%3D1053856
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1165576&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel6%2F53%2F26240%2F01165576.pdf%3Farnumber%3D1165576
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1165576&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel6%2F53%2F26240%2F01165576.pdf%3Farnumber%3D1165576
http://www.ncbi.nlm.nih.gov/pubmed/16731699
http://www.ncbi.nlm.nih.gov/pubmed/16731699
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6313443&punumber=21&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F21%2F6313435%2F06313443.pdf%3Ftp%3D%26arnumber%3D6313443%26punumber%3D21
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6313443&punumber=21&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F21%2F6313435%2F06313443.pdf%3Ftp%3D%26arnumber%3D6313443%26punumber%3D21
http://dl.acm.org/citation.cfm?id=564737
http://dl.acm.org/citation.cfm?id=564737
http://dl.acm.org/citation.cfm?id=564737
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=4634853&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F4634794%2F4634795%2F04634853.pdf%3Farnumber%3D4634853
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=4634853&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F4634794%2F4634795%2F04634853.pdf%3Farnumber%3D4634853
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=4634853&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F4634794%2F4634795%2F04634853.pdf%3Farnumber%3D4634853
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.121.9220
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.121.9220
http://link.springer.com/article/10.1023%2FA%3A1009745219419
http://link.springer.com/article/10.1023%2FA%3A1009745219419
http://link.springer.com/article/10.1023%2FA%3A1009745219419
http://dl.acm.org/citation.cfm?id=1081955&dl=ACM&coll=DL&CFID=592008264&CFTOKEN=44814241
http://dl.acm.org/citation.cfm?id=1081955&dl=ACM&coll=DL&CFID=592008264&CFTOKEN=44814241
http://dl.acm.org/citation.cfm?id=1081955&dl=ACM&coll=DL&CFID=592008264&CFTOKEN=44814241
http://scholar.google.co.in/scholar_url?hl=en&q=ftp://164.41.49.96/Projects/VANT_AsaFixa/Dissertacao_Roberto/Artigos_PDF/1978/1978_Gustafson,%2520Kessel_Fuzzy%2520clustering%2520with%2520a%2520fuzzy%2520covariance%2520matrix.pdf&sa=X&scisig=AAGBfm3TPvo3JP6AIAQsfunizFSpmJwVWA&oi=scholarr&ei=v89QVM70I4mM8QWP54CgDQ&ved=0CBoQgAMoADAA
http://scholar.google.co.in/scholar_url?hl=en&q=ftp://164.41.49.96/Projects/VANT_AsaFixa/Dissertacao_Roberto/Artigos_PDF/1978/1978_Gustafson,%2520Kessel_Fuzzy%2520clustering%2520with%2520a%2520fuzzy%2520covariance%2520matrix.pdf&sa=X&scisig=AAGBfm3TPvo3JP6AIAQsfunizFSpmJwVWA&oi=scholarr&ei=v89QVM70I4mM8QWP54CgDQ&ved=0CBoQgAMoADAA
http://scholar.google.co.in/scholar_url?hl=en&q=ftp://164.41.49.96/Projects/VANT_AsaFixa/Dissertacao_Roberto/Artigos_PDF/1978/1978_Gustafson,%2520Kessel_Fuzzy%2520clustering%2520with%2520a%2520fuzzy%2520covariance%2520matrix.pdf&sa=X&scisig=AAGBfm3TPvo3JP6AIAQsfunizFSpmJwVWA&oi=scholarr&ei=v89QVM70I4mM8QWP54CgDQ&ved=0CBoQgAMoADAA
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=85677&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D85677
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=85677&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D85677
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=192473&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D192473
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=192473&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D192473
http://www.sciencedirect.com/science/article/pii/S0165011412002436
http://www.sciencedirect.com/science/article/pii/S0165011412002436
http://link.springer.com/chapter/10.1007%2F978-3-319-08644-6_19
http://link.springer.com/chapter/10.1007%2F978-3-319-08644-6_19
http://link.springer.com/chapter/10.1007%2F978-3-319-08644-6_19
http://www.sciencedirect.com/science/article/pii/S0957417412012171
http://www.sciencedirect.com/science/article/pii/S0957417412012171
http://www.sciencedirect.com/science/article/pii/S0957417412012171
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6410414&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D6410414
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6410414&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D6410414
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6410414&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D6410414
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6410414&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D6410414
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.city.ac.uk%2F__data%2Fassets%2Fpdf_file%2F0015%2F225060%2FPaper52.pdf&ei=_dNQVOGkIoul8QWT74KYAw&usg=AFQjCNG9xm5pARdxgi3kXtQ8-zgeiL8JiA&bvm=bv.78597519,d.dGc&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.city.ac.uk%2F__data%2Fassets%2Fpdf_file%2F0015%2F225060%2FPaper52.pdf&ei=_dNQVOGkIoul8QWT74KYAw&usg=AFQjCNG9xm5pARdxgi3kXtQ8-zgeiL8JiA&bvm=bv.78597519,d.dGc&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.city.ac.uk%2F__data%2Fassets%2Fpdf_file%2F0015%2F225060%2FPaper52.pdf&ei=_dNQVOGkIoul8QWT74KYAw&usg=AFQjCNG9xm5pARdxgi3kXtQ8-zgeiL8JiA&bvm=bv.78597519,d.dGc&cad=rja
http://www.ncbi.nlm.nih.gov/pubmed/23849134
http://www.ncbi.nlm.nih.gov/pubmed/23849134
http://www.ncbi.nlm.nih.gov/pubmed/23849134
http://www.sciencedirect.com/science/article/pii/S0957417412009785
http://www.sciencedirect.com/science/article/pii/S0957417412009785
http://www.sciencedirect.com/science/article/pii/S0957417412009785
http://en.cnki.com.cn/Article_en/CJFDTOTAL-DZXU201302010.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-DZXU201302010.htm
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=8118&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D8118
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=8118&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D8118
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=508261&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel1%2F4%2F11139%2F00508261
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=508261&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel1%2F4%2F11139%2F00508261
http://dl.acm.org/citation.cfm?id=1005013
http://dl.acm.org/citation.cfm?id=1005013
http://scholar.google.co.in/scholar_url?hl=en&q=http://pdf.aminer.org/000/285/770/current_mode_threshold_logic_gates.pdf&sa=X&scisig=AAGBfm3C8yqfcoSopX6rluHXFRBolCmhbg&oi=scholarr&ei=Q9dQVIAYiovxBbnsgJAH&ved=0CBsQgAMoATAA
http://scholar.google.co.in/scholar_url?hl=en&q=http://pdf.aminer.org/000/285/770/current_mode_threshold_logic_gates.pdf&sa=X&scisig=AAGBfm3C8yqfcoSopX6rluHXFRBolCmhbg&oi=scholarr&ei=Q9dQVIAYiovxBbnsgJAH&ved=0CBsQgAMoATAA
http://scholar.google.co.in/scholar_url?hl=en&q=http://pdf.aminer.org/000/285/770/current_mode_threshold_logic_gates.pdf&sa=X&scisig=AAGBfm3C8yqfcoSopX6rluHXFRBolCmhbg&oi=scholarr&ei=Q9dQVIAYiovxBbnsgJAH&ved=0CBsQgAMoATAA
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=199362
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=199362
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=199362
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1015727&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D1015727
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1015727&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D1015727

Citation: James AP (2014) Threshnomics: An Introduction to Threshold Logic in Algorithms and Circuits. J Comput Sci Syst Biol 7: 235-240.

doi:10.4172/jcsb.1000163

36.

37.

38.

39.

40.

Celinski P, Al-Sarawi S, Abbott D, Josi RL (2002) Low Depth Carry Look ahead
Addition Using Charge Recycling Threshold Logic 1: 1-467.

Bobba S, Hajj IN (2000) Current-Mode Threshold Logic Gates. International
Conference on Computer Design, 2000. Proceedings 235-240.

Ramos JF, Lopez JAH, Martin MJ, Tejero JC, Bohdrquez AG (1998) A threshold
logic gate based on clocked coupled inverters. Intl J Electronics 84: 371-382.

Beiu V (2003) Threshold logic implementations: The early days. Proceedings of
the IEEE midwest symposium on circuits and systems.

Hampel D, Prost KJ, Scheinberg NR (1975) Threshold
complementary MOS device. US3900742.

logic using

4

-

42.

43.

44,

. Suryanarayana T, Beiu V

(2003) Split-Precharge Differential Noise-
ImmuneThreshold Logic Gate (SPD-NTL Artificial Neural Nets Problem Solving
Methods 2687: 49-56.

Rajendran J (2012) An energy-efficient memristive threshold logic circuit. IEEE
Transactions on Computers 61: 474-487.

Gao Ligang, Fabien Alibart, Dmitri BS (2013) Programmable CMOS/memristor
threshold logic. IEEE Transactions on Nanotechnology 12: 115-119.

James AP, Francis LRVJ, Kumar DS (2014) Resistive Threshold Logic. IEEE
Transactions on Very Large Scale Integration (VLSI) Systems. 22: 190-195.

J Comput Sci Syst Biol
ISSN: 0974-7230 JCSB, an open access journal

Volume 7(6) 235-240 (2014) - 240


http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=1009879
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=1009879
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=878291&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D878291
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=878291&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D878291
http://www.tandfonline.com/doi/abs/10.1080/002072198134724?journalCode=tetn20#.VFDkNoY7_3A
http://www.tandfonline.com/doi/abs/10.1080/002072198134724?journalCode=tetn20#.VFDkNoY7_3A
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.102.8427
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.102.8427
http://www.google.com/patents/US3900742
http://www.google.com/patents/US3900742
http://link.springer.com/chapter/10.1007%2F3-540-44869-1_7
http://link.springer.com/chapter/10.1007%2F3-540-44869-1_7
http://link.springer.com/chapter/10.1007%2F3-540-44869-1_7
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6156500&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D6156500
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6156500&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D6156500
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6415280
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6415280
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6409487&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F92%2F4359553%2F06409487.pdf%3Farnumber%3D6409487
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6409487&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F92%2F4359553%2F06409487.pdf%3Farnumber%3D6409487

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Threshold 
	Threshold types 
	Threshold in algorithms 
	Threshold in circuits 
	Threshold logic circuits  
	Memristive Logic 

	Discussion 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	References

