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Topological quantum computing (TQC) represents a transformative leap in 
quantum technology, utilizing the principles of topology to achieve robust and 
error-resistant quantum computations. Unlike traditional quantum systems, TQC 
encodes information in the global properties of materials, providing enhanced 
stability against local perturbations. This article delves into the cutting-edge realm 
of TQC by exploring the exotic materials that make this possible, such as 
Majorana fermions, topological insulators, quantum spin liquids, and 
superconducting materials. Additionally, we examine the novel algorithms these 
materials enable, including topological quantum error correction, advanced 
cryptographic protocols, quantum simulations, and quantum machine learning. By 
understanding these materials and algorithms, we uncover the immense potential 
of TQC to revolutionize fields like cryptography, material science, and artificial 
intelligence. This exploration highlights both the current challenges and the 
promising future directions that could lead to scalable, practical quantum 
computing solutions. 
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I. Introduction 

A. Brief Overview of Quantum Computing 

Quantum computing represents a revolutionary paradigm shift from classical 
computing. While classical computers use bits as the smallest unit of information, 
which can be either 0 or 1, quantum computers use quantum bits, or qubits. 
Qubits can exist in superpositions, meaning they can represent both 0 and 1 
simultaneously. This unique property, along with entanglement and quantum 
interference, allows quantum computers to perform certain types of calculations 
exponentially faster than classical computers. 

The potential applications of quantum computing are vast, including solving 
complex optimization problems, simulating molecular structures for drug 
discovery, and breaking traditional cryptographic codes. However, the field is still 
in its early stages, with significant technical challenges to overcome before 
practical, large-scale quantum computers become a reality. 

B. Importance of Topological Quantum Computing 

Topological quantum computing is a promising subfield within quantum 
computing that seeks to leverage the principles of topology to create more robust 
and error-resistant qubits. Unlike conventional qubits, which are prone to errors 
due to environmental noise and decoherence, topological qubits are designed to 
be more stable. They achieve this by encoding information in the global 
properties of the system rather than in local quantum states. 

The stability of topological qubits stems from the exotic properties of certain 
materials and particles, such as anyons and Majorana fermions. These particles 
obey non-Abelian statistics, meaning that the operations performed on them 
depend on the order in which they are applied. This property is crucial for 
implementing fault-tolerant quantum gates, which are necessary for reliable 
quantum computations. 

C. Purpose of the Article: Exploring Exotic Materials and Potential Algorithms 

The purpose of this article is to delve into the exciting advancements in 
topological quantum computing, focusing on the exotic materials that enable this 
technology and the innovative algorithms that can be developed using topological 
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qubits. As researchers continue to discover and synthesize new materials with 
topological properties, the potential for creating practical and scalable quantum 
computers grows. 

This article will explore several key materials, including Majorana fermions, 
topological insulators, quantum spin liquids, and superconducting materials. Each 
of these materials offers unique advantages for topological quantum computing 
and presents distinct challenges for researchers. 

Additionally, we will examine the new algorithms that these materials make 
possible. From enhanced quantum error correction techniques to advanced 
cryptographic protocols, topological quantum computing holds the promise of 
revolutionizing various fields. By understanding the interplay between these 
exotic materials and innovative algorithms, we can gain a clearer picture of the 
future landscape of quantum computing and its potential impact on technology 
and society. 

 

II. Fundamentals of Topological Quantum Computing 

A. Basics of Topological Quantum Computing 

Topological quantum computing (TQC) leverages the principles of topology—a 
branch of mathematics concerned with properties that remain invariant under 
continuous deformations—to perform quantum computations. In TQC, 
information is encoded in the global, topological properties of the quantum 
system, making it inherently resistant to local errors that can disrupt traditional 
qubits. 

At the heart of TQC are anyons, particles that exist in two-dimensional spaces and 
exhibit anyonic statistics, unlike the familiar fermions and bosons. Anyons can be 
braided around each other in a two-dimensional plane, and these braids 
represent quantum gates. The key feature of these braids is that their topological 
properties—specifically, the winding of the braids—remain stable against local 
perturbations. This property makes topological qubits more robust and less 
susceptible to errors. 
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One particularly promising type of anyon is the Majorana fermion, which is a 
quasi-particle that acts as its own antiparticle. Majorana fermions can emerge in 
certain superconducting materials and are expected to exhibit non-Abelian 
statistics, essential for fault-tolerant quantum computing. 

B. Advantages Over Traditional Quantum Computing 

Topological quantum computing offers several significant advantages over 
traditional quantum computing: 

1. Error Resistance: The primary advantage of TQC is its inherent resistance to 
errors. Since the information is stored in the topological state of the 
system, it is less affected by local disturbances, making quantum error 
correction more efficient and practical. 

2. Stability: Topological qubits are more stable because their state is 
determined by the global configuration of the system, rather than the 
specific state of individual particles. This makes them less prone to 
decoherence, a major challenge in traditional quantum computing. 

3. Scalability: Due to their error-resistant nature, topological qubits may 
require fewer physical qubits to implement robust logical qubits, potentially 
simplifying the hardware requirements and improving scalability. 

4. Simplified Quantum Gates: The braiding operations used in TQC to 
implement quantum gates are topologically protected, which means they 
can be performed with high fidelity. This simplifies the construction of 
reliable quantum circuits. 

C. Current State of Topological Quantum Computing 

Topological quantum computing is still in its experimental stage, but significant 
progress has been made in recent years. Several key developments highlight the 
current state of TQC: 

1. Material Discoveries: Researchers have identified and synthesized 
materials that can host Majorana fermions, such as topological insulators 
coupled with superconductors. Experiments have demonstrated signatures 
of Majorana modes in these systems, though definitive evidence is still 
being sought. 

2. Quantum Hardware: Companies and research institutions are developing 
hardware platforms to support TQC. For example, Microsoft’s Quantum Lab 
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focuses on creating topological qubits using semiconductor-superconductor 
hybrid systems. 

3. Experimental Evidence: Experimental setups, such as those involving 
nanowires and quantum dots, have shown promising results in observing 
Majorana zero modes. These findings are crucial steps toward realizing 
topological qubits. 

4. Theoretical Advances: Theoretical research continues to explore new 
materials and configurations that could support TQC. This includes studying 
the properties of quantum spin liquids and other exotic phases of matter 
that may host anyons. 

5. Quantum Algorithms: Researchers are developing algorithms specifically 
designed to leverage the advantages of topological qubits. These 
algorithms aim to improve fault tolerance and efficiency in quantum 
computations. 

Overall, while topological quantum computing is not yet fully realized, the 
foundational work in materials science, theoretical physics, and quantum 
hardware development is paving the way for practical applications. As these 
efforts continue to advance, the promise of robust and scalable quantum 
computing based on topological principles moves closer to reality. 

 

III. Exotic Materials for Topological Quantum Computing 

A. Overview of Exotic Materials 

The pursuit of topological quantum computing relies heavily on discovering and 
understanding exotic materials with unique properties. These materials host 
quasiparticles and states that exhibit topological protection, making them ideal 
candidates for building robust quantum systems. The primary focus is on 
materials that can support anyons, particularly non-Abelian anyons, which are 
crucial for implementing topologically protected quantum gates. This section 
explores the key exotic materials currently being studied and their potential 
applications in topological quantum computing. 
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B. Majorana Fermions 

Properties and Significance Majorana fermions are quasiparticles that act as their 
own antiparticles. They were first proposed by the Italian physicist Ettore 
Majorana in 1937. In the context of topological quantum computing, Majorana 
fermions exhibit non-Abelian statistics, making them suitable for constructing 
topologically protected qubits. These quasiparticles can emerge in certain 
superconducting systems when specific conditions are met, such as the presence 
of strong spin-orbit coupling and magnetic fields. 

The significance of Majorana fermions lies in their potential to form the basis of 
topological qubits. When two Majorana fermions are separated by a large 
distance, the quantum information encoded in their joint state becomes immune 
to local perturbations, providing a robust mechanism for error-resistant quantum 
computation. 

Current Research and Discoveries Recent research has focused on identifying and 
creating systems that can host Majorana fermions. One of the most promising 
approaches involves semiconductor-superconductor hybrid structures. For 
example, nanowires made of materials like indium arsenide (InAs) or indium 
antimonide (InSb) coupled with superconductors such as aluminum have shown 
experimental signatures of Majorana zero modes. 

Experiments have observed zero-bias conductance peaks in these nanowires, a 
potential indicator of Majorana fermions. However, confirming the presence of 
Majorana modes requires more definitive evidence, and ongoing research aims to 
achieve this through improved experimental techniques and material engineering. 

C. Topological Insulators 

Characteristics and Role in Quantum Computing Topological insulators are 
materials that act as insulators in their bulk but have conducting states on their 
surfaces or edges. These surface states are protected by the material's topological 
properties and are robust against impurities and other local disturbances. This 
makes topological insulators promising candidates for topological quantum 
computing. 

In quantum computing, topological insulators can be used to create platforms 
where Majorana fermions and other exotic quasiparticles can emerge, especially 
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when combined with superconductors. The interplay between the surface states 
of topological insulators and superconductivity can give rise to topologically 
protected quantum states. 

Key Examples and Experimental Progress Key examples of topological insulators 
include bismuth selenide (Bi2Se3) and bismuth telluride (Bi2Te3). These materials 
have been extensively studied for their topological properties and potential 
applications in quantum computing. Experimental progress has been made in 
observing and manipulating the surface states of these materials, providing a 
foundation for future quantum devices. 

Researchers have also explored heterostructures that combine topological 
insulators with superconductors, creating conditions favorable for the emergence 
of Majorana fermions. These hybrid structures are a critical area of ongoing 
research, with the goal of developing scalable quantum computing platforms. 

D. Quantum Spin Liquids 

Unique Properties and Potential Quantum spin liquids (QSLs) are exotic phases of 
matter that exhibit long-range entanglement and fractionalized excitations. 
Unlike conventional magnets, where spins align in an ordered pattern, QSLs have 
spins that remain in a disordered state even at absolute zero temperature. This 
disordered state is highly entangled, and the excitations within QSLs can exhibit 
anyonic statistics. 

The unique properties of QSLs make them attractive for topological quantum 
computing. The fractionalized excitations, which can act as anyons, offer a 
potential platform for realizing topologically protected qubits. 

Recent Advancements and Challenges Recent advancements in the study of QSLs 
include the identification of materials that exhibit QSL behavior. Examples include 
certain organic compounds and rare-earth-based materials. Experimental 
techniques such as neutron scattering and magnetic susceptibility measurements 
have been used to probe the properties of these materials. 

However, challenges remain in fully understanding and controlling QSLs. The 
difficulty in synthesizing materials with clear QSL phases and the complexity of 
their behavior present significant hurdles. Ongoing research aims to overcome 
these challenges and unlock the potential of QSLs for quantum computing. 
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E. Superconducting Materials 

High-Temperature Superconductors High-temperature superconductors (HTS) 
are materials that exhibit superconductivity at temperatures significantly above 
the boiling point of liquid nitrogen (-196°C). These materials, such as cuprates and 
iron-based superconductors, hold promise for practical applications due to their 
relatively higher operating temperatures. 

In the context of topological quantum computing, HTS materials can potentially 
support Majorana fermions and other topologically protected states when 
combined with appropriate structures. The higher operating temperatures of HTS 
materials could simplify cooling requirements and enhance the feasibility of 
quantum devices. 

Low-Temperature Superconductors and Their Applications Low-temperature 
superconductors (LTS), such as aluminum and niobium, are well-established in 
quantum computing research. These materials exhibit superconductivity at 
temperatures close to absolute zero and are used in many existing quantum 
computing platforms, including those developed by companies like IBM and 
Google. 

LTS materials are crucial for creating hybrid structures with topological insulators 
and semiconductors. These structures aim to host Majorana fermions and other 
topological states, providing a pathway to robust quantum computation. The 
precision and control achieved with LTS materials make them invaluable for 
experimental research and the development of topological qubits. 

In summary, the exploration of exotic materials such as Majorana fermions, 
topological insulators, quantum spin liquids, and superconducting materials is 
driving the advancement of topological quantum computing. Each material offers 
unique properties and challenges, and ongoing research is essential to realize the 
full potential of this promising field. 
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IV. New Algorithms Enabled by Topological Quantum Computing 

A. Overview of Quantum Algorithms 

Quantum algorithms leverage the unique properties of quantum mechanics, such 
as superposition, entanglement, and interference, to solve problems more 
efficiently than classical algorithms. Notable quantum algorithms include Shor's 
algorithm for factoring integers, Grover's algorithm for database search, and 
quantum Fourier transform, which is integral to many quantum algorithms. The 
development of topological quantum computing introduces new opportunities to 
design algorithms that can exploit the robustness and stability of topological 
qubits, potentially leading to more reliable and powerful quantum computations. 

B. Topological Quantum Error Correction 

Principles and Significance 

Topological quantum error correction (TQEC) is a fundamental aspect of 
topological quantum computing. Traditional quantum error correction requires 
complex encoding schemes and a significant overhead of additional qubits to 
protect against errors. TQEC, on the other hand, inherently utilizes the topological 
nature of the qubits, which are more resistant to local disturbances and 
decoherence. 

The principles of TQEC involve encoding quantum information in topological 
degrees of freedom, such as the braiding of anyons. Since these degrees of 
freedom are global properties of the system, local errors do not affect the 
encoded information, thus providing a natural form of error protection. 

Potential Impact on Computational Accuracy 

The potential impact of TQEC on computational accuracy is profound. By reducing 
the need for extensive error correction protocols, TQEC can significantly lower the 
overhead required for fault-tolerant quantum computation. This enhancement 
can lead to more efficient use of resources, allowing quantum computers to 
perform more complex calculations with higher fidelity. As a result, the 
development of TQEC is a critical step toward realizing practical and scalable 
quantum computing. 
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C. Enhanced Cryptographic Protocols 

Novel Cryptographic Techniques 

Topological quantum computing opens the door to novel cryptographic 
techniques that leverage the unique properties of topological qubits. One such 
technique is topological quantum key distribution (TQKD), which can provide a 
higher level of security compared to classical and even standard quantum key 
distribution methods. 

TQKD utilizes the topologically protected states of qubits to create cryptographic 
keys that are inherently secure against eavesdropping. Any attempt to intercept 
or tamper with the key distribution process would disturb the topological states, 
making detection of such attempts straightforward. 

Security Benefits and Implications 

The security benefits of enhanced cryptographic protocols based on topological 
quantum computing are significant. The robustness of topological qubits against 
local errors and perturbations makes cryptographic systems more resilient to 
attacks. Additionally, the intrinsic properties of topological states can lead to the 
development of cryptographic algorithms that are resistant to both classical and 
quantum attacks, ensuring long-term security in a quantum computing era. 

D. Topological Quantum Simulations 

Simulation of Complex Quantum Systems 

Topological quantum simulations involve using topological qubits to model and 
understand complex quantum systems. These simulations can provide insights 
into systems that are challenging to study using classical computers or traditional 
quantum simulators due to their intricate quantum properties and interactions. 

Topological quantum simulations can model phenomena such as quantum phase 
transitions, topological phases of matter, and high-temperature 
superconductivity. By utilizing the stability and error-resistance of topological 
qubits, these simulations can achieve higher accuracy and reliability. 
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Applications in Material Science and Drug Discovery 

The applications of topological quantum simulations extend to various fields, 
including material science and drug discovery. In material science, these 
simulations can help researchers design new materials with desirable properties, 
such as improved superconductors or materials with novel topological phases. 

In drug discovery, topological quantum simulations can model the quantum 
interactions between molecules, enabling the identification of new drugs and 
therapies with greater precision. This capability can accelerate the development 
of effective treatments for complex diseases by providing a deeper understanding 
of molecular dynamics and interactions. 

E. Quantum Machine Learning 

Integration of Topological Qubits in Machine Learning 

Quantum machine learning (QML) seeks to enhance machine learning algorithms 
using quantum computing principles. The integration of topological qubits in QML 
can lead to the development of more robust and efficient quantum algorithms for 
data analysis and artificial intelligence. 

Topological qubits' stability and error resistance can improve the performance of 
quantum neural networks, quantum support vector machines, and other 
quantum-enhanced machine learning models. This integration can result in faster 
training times, better generalization, and more accurate predictions. 

New Possibilities in Data Analysis and AI 

The use of topological qubits in quantum machine learning opens new 
possibilities for data analysis and AI. For example, topologically protected qubits 
can handle noisy data more effectively, leading to more reliable insights and 
decisions. Additionally, the unique properties of topological states can enable 
novel machine learning techniques that are not possible with classical or 
traditional quantum approaches. 

These advancements can revolutionize fields such as finance, healthcare, and 
cybersecurity by providing more powerful tools for pattern recognition, anomaly 
detection, and predictive modeling. As topological quantum computing continues 
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to evolve, its impact on quantum machine learning and AI is expected to grow, 
unlocking new capabilities and applications. 

In conclusion, the development of topological quantum computing and the 
associated exotic materials pave the way for innovative algorithms that can 
transform various domains. From enhanced error correction and cryptographic 
protocols to advanced simulations and machine learning, the potential 
applications of topological qubits are vast and promising. 

 

V. Challenges and Future Directions 

A. Technical Challenges in Material Synthesis and Manipulation 

Material Synthesis The synthesis of exotic materials necessary for topological 
quantum computing presents significant technical challenges. For example, 
creating high-quality topological insulators and superconductors with the precise 
properties required for hosting Majorana fermions is a complex process. 
Achieving the right combination of purity, crystallinity, and interface quality is 
crucial. Any impurities or defects can disrupt the topological protection and 
compromise the performance of the quantum system. 

One of the critical challenges is growing materials with the exact stoichiometry 
and electronic properties. Techniques such as molecular beam epitaxy (MBE) and 
chemical vapor deposition (CVD) are used to fabricate these materials, but they 
require precise control over the growth conditions, such as temperature, 
pressure, and chemical composition. Additionally, integrating different materials 
to form hybrid structures, such as topological insulator-superconductor 
interfaces, involves overcoming challenges related to lattice mismatch and 
interface quality. 

Manipulation and Control Once synthesized, manipulating and controlling these 
materials at the nanoscale is another major hurdle. Creating and maintaining the 
conditions necessary for the emergence of topological states, such as low 
temperatures and specific magnetic fields, requires sophisticated experimental 
setups. Furthermore, precisely controlling the braiding of anyons or the 
manipulation of Majorana fermions necessitates advanced techniques and tools 
that are still under development. 
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Measurement and characterization of topological states involve using techniques 
like scanning tunneling microscopy (STM), angle-resolved photoemission 
spectroscopy (ARPES), and various transport measurements. These methods must 
be refined to detect and verify the presence of topological states with high 
accuracy. 

B. Scalability and Integration Issues 

Scalability Scaling up topological quantum computing systems from a few qubits 
to many qubits involves significant challenges. The complexity of maintaining 
topological protection increases with the number of qubits. Ensuring that each 
qubit remains stable and error-free while performing operations on many qubits 
simultaneously is a daunting task. 

Developing large-scale quantum systems requires addressing issues related to 
qubit connectivity, coherence times, and error rates. The physical layout of qubits 
and the architecture of quantum circuits must be designed to facilitate efficient 
braiding operations and minimize errors. This involves creating robust control and 
readout mechanisms that can handle a large number of qubits without 
compromising performance. 

Integration with Existing Technologies Integrating topological quantum 
computing with existing technologies, both classical and quantum, poses 
additional challenges. Developing interfaces that allow seamless communication 
between topological qubits and classical control systems is essential for practical 
applications. Moreover, integrating topological qubits into existing quantum 
computing frameworks, such as those based on superconducting qubits or 
trapped ions, requires significant innovation. 

Creating hybrid systems that combine different types of qubits or leverage 
different quantum computing paradigms can enhance the capabilities of 
topological quantum computing. However, achieving this integration involves 
overcoming technical and engineering challenges related to compatibility, 
coherence, and control. 

C. Future Research Directions and Potential Breakthroughs 

Material Discovery and Engineering Future research will focus on discovering and 
engineering new materials with the desired topological properties. This includes 
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exploring novel compounds and heterostructures that can host Majorana 
fermions or other exotic quasiparticles. Advanced computational techniques, such 
as density functional theory (DFT) and machine learning, can aid in predicting and 
designing new topological materials. 

Researchers will also continue to refine fabrication techniques to produce high-
quality materials with fewer defects and better control over their properties. This 
involves developing new methods for growing and characterizing materials, as 
well as improving existing techniques to achieve higher precision and 
reproducibility. 

Enhanced Quantum Algorithms Developing new quantum algorithms that fully 
exploit the advantages of topological qubits will be a major focus. This includes 
designing algorithms for error correction, cryptography, and simulations that 
leverage the robustness of topological states. Collaboration between theorists 
and experimentalists will be crucial to ensure that these algorithms can be 
implemented on practical quantum hardware. 

Interdisciplinary Approaches Advances in topological quantum computing will 
likely come from interdisciplinary research that combines insights from 
condensed matter physics, materials science, computer science, and engineering. 
Collaborative efforts can lead to breakthroughs in understanding and harnessing 
topological phenomena for quantum computing. 

Potential Breakthroughs Several potential breakthroughs could significantly 
advance the field of topological quantum computing: 

1. Definitive Detection of Majorana Fermions: Conclusive experimental 
evidence of Majorana fermions in solid-state systems would validate many 
theoretical predictions and pave the way for practical applications. 

2. High-Quality Material Synthesis: Developing techniques to produce 
topological materials with high purity and low defect rates would enhance 
the stability and performance of topological qubits. 

3. Scalable Quantum Architectures: Designing scalable architectures that can 
support a large number of topological qubits and facilitate efficient 
quantum operations would be a critical milestone. 
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4. Hybrid Quantum Systems: Creating hybrid systems that combine different 
types of qubits or quantum computing paradigms could lead to more 
versatile and powerful quantum computers. 

In conclusion, while there are significant challenges to overcome, the future of 
topological quantum computing is promising. Continued research and innovation 
in material science, quantum algorithms, and interdisciplinary approaches will 
drive the field forward, bringing us closer to realizing the full potential of 
topological quantum computing. 

 

VI. Conclusion 

A. Summary of Key Points 

Topological quantum computing (TQC) represents a groundbreaking approach in 
the realm of quantum computing, leveraging the principles of topology to create 
more robust and error-resistant qubits. Throughout this article, we explored 
several key aspects of TQC: 

1. Fundamentals of TQC: We discussed the basics of topological quantum 
computing, its advantages over traditional quantum computing, and the 
current state of the field. 

2. Exotic Materials: We delved into various exotic materials essential for TQC, 
including Majorana fermions, topological insulators, quantum spin liquids, 
and superconducting materials. Each material's unique properties and their 
potential applications were highlighted. 

3. New Algorithms: We examined the new algorithms enabled by TQC, such 
as topological quantum error correction, enhanced cryptographic 
protocols, topological quantum simulations, and quantum machine 
learning. 

4. Challenges and Future Directions: We addressed the technical challenges 
in material synthesis and manipulation, scalability and integration issues, 
and future research directions and potential breakthroughs. 
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B. The Promise of Exotic Materials and New Algorithms 

Exotic materials form the cornerstone of topological quantum computing, offering 
the potential to overcome many of the limitations faced by traditional quantum 
systems. The stability and error resistance provided by these materials could 
revolutionize the development of quantum computers, making them more 
reliable and scalable. 

New algorithms specifically designed for topological qubits open up exciting 
possibilities. Topological quantum error correction promises significantly 
improved computational accuracy, while enhanced cryptographic protocols could 
lead to unprecedented levels of security. Topological quantum simulations and 
quantum machine learning applications have the potential to transform fields 
such as material science, drug discovery, data analysis, and artificial intelligence. 

The synergy between these advanced materials and innovative algorithms heralds 
a new era in quantum computing, one that could achieve previously unimaginable 
computational capabilities and applications. 

C. Final Thoughts on the Future of Topological Quantum Computing 

The future of topological quantum computing is filled with promise, but it is also 
laden with challenges. The journey from theoretical concepts and experimental 
demonstrations to practical, large-scale quantum computers will require 
sustained research, innovation, and interdisciplinary collaboration. 

As researchers continue to uncover new materials and refine existing ones, the 
foundation for robust and scalable quantum systems will become stronger. The 
development of advanced algorithms that can fully exploit the unique properties 
of topological qubits will further enhance the potential of TQC. 

Looking ahead, the breakthroughs in TQC could have profound implications not 
only for computing but for science and technology as a whole. The ability to 
perform complex simulations with high accuracy, develop new cryptographic 
methods, and advance machine learning techniques can lead to significant 
societal benefits. 

In conclusion, while there is much work to be done, the path forward for 
topological quantum computing is clear and promising. Continued investment in 
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research and development, combined with a deep understanding of the 
underlying principles, will pave the way for the realization of this transformative 
technology. The quest for topological quantum computing exemplifies the 
innovative spirit of science and engineering, pushing the boundaries of what is 
possible and opening new frontiers for discovery and application. 
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