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PREFACE

Quantum technologﬁ/ is a new field of physics and engineering, which transitions some of the
properties of quantum mechanics, especially quantum entanglement, quantum superposition and
guantum tunnelling, into practical applications such as quantum computing, quantum serg@stum

cryptography, quantum simulation, quantum metrology and quantum imaging.

During the past decades, many of us have witnessed together a wide variety of exciting technological
possihiliies coming into realitgnd changing daily lirg. And now, thke world's quantum physics
community acknowledges this fantasounding stuff as completely realistic, practical and monetisable.
By harnessing the quirks of the quantum worhde're talking about electrons and photons of light, the
fundamental componertt of nature- the global powers have stood out to explore and develop a new era
of technology unlike anything we've known before. It's only a matter of exerting proper science and

interdisciplinary brainstorm to get there.

From 2010 onwards, multiple governments have established programmes to explore quantum
technologies, such as the UK National Quantum Technologies Programme, which created four quantum
hubs, the Center for Quantum Technologies in Singapore, and QuTeclcla d2utre to develop a

topological quantum computer.

In the private sector, there have been multiple investments into quantum technologies made by
large companies. Examples include Google's partnership with the John Martinis group at UCSB, multiple
partnerships with the Canadian quantum computing companydye systems, and investment by many

UK companies within the UK quantum technologies programme.

So quantum technology still remains as courtycountry or giantto-giant competition. It doesn't
hold mudh consumer interest yet. As the HeatChain team, we fully believe that the field of quantum
technology will benefitimmensely from the influx of new ideas from the field of interdisciplinary research
and use cases. So it's a critical step for the communigtompete successfully in an effective and

efficient way to incentivize extensive participationass applicationand fexible funeraising plans

Since blockchain is a vast, globally distributed ledger running on many na@esg pable of

recording anthing of value and build trust by network consenstisus leaves much room to imagination.

! https //en.wikipedia .org/wiki/Quantum_te chnology
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1 TECHNOLOGICAL OPPORITIES IN THE COMBNQUANTUM ERA

1.1 FIRST AND SECOND QUAM REVOLUTION

There are many devices available today which are fundamentally reliathisogffects of quantum
mechanics, including laser systems, transistors and semductor devices and other devices, such as
MRI imagers. These devices are often referred to belonging to the First Quantum Revolution. The UK
Defense Science and Technologparatory grouped these devices as Quantum 1.0, which rely on the
effects of quantum mechanicandresulted in groundbreaking technologies such as the transistor,

solidstate lighting and lasers, and GPS.

Quantum technologies are often described as theddecQuantum Revolution or Quantum 2.0.
These are generally regagdas a class of device that actively create, manipulate and read out quantum

states of matter, often using the quantum effects of superposition and entanglement.

Technologies based on thewa of quantum mechanics, which govern physics on an atomic scale,
will lead to a wave of new technologies that will create many new businesses and help solve many of
G2RIFIeQa 3t 201t OKFIffSyaSad h@SNI GKS f I anumOSy (i dzNB X Kdz
physics. Now, previously untapped aspects of quantum theory are ready to be used as a resource in
technologies with fareaching applications, including secure communication networks, sensitive sensors
for biomedical imaging and fundamentally new pargms of computation. In each of these applications,
guantum technologies could result in revolutionary improvements in terms of capacity, sensitivity and

speed, and will be the decisive factor for success in many industries and markets.
1.2 QUANTUM COMPUTING

Quantum computing is computing using quantumechanical phenomena, such as superposition
and entanglemeni A quantum computer is a device that performs quantum computing. They are
different from binary digital electronic computers based on transistorbev®as common digital
computing requires that the data be encoded into binary digits (bits), each of which is always in one of
two definite states (0 or 1), quantum computation uses quantum bits, which can bein superpositions of

states.

2 Gershenfeld, Neil; Chuang, Isaac L. (June 1998). "Quantum Computing with Molecules" (PDF). Scientific American.
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1.2.1QUBIT DENOTION

< |1) < |0)

b o
b st

gubits can be in a superposition of all the
clasically allowed states

Figure 1 Qubit Denction- A qubit can be zero, one, or both.

A classical computer has a memory made up of bits, where bids represented by either a One or
a Zro. A qguantum computer maintains a sequence of qubits. A single gahirepresent a one, a zero,
or any quantum superpoton of those two qubit statesa pair of qubits can bein any qum
superposition of 4 stategnd three qubits in any superposition of 8 states. In general, a quantum

computer withN qubits can bén an arbitrary superposition of up ®" different states simultaneously

Because qubits can be put into many states at once, a quantum computer can process many inputs
simultaneously instead of having to go through them one by one like a conventionalimeaéor some

types of problem, this can mean a much faster solution.
Qubits can be realised and manipulated using several different technologies.
a Quperconductors.
Superconductotbased qubitsare being developed by several large IT companies
u Photons

u Trapped ions.
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a Quantum dots (small semiconductor devices) and diamond ngarticles.These are at an

earlier stage, but are being pursued by many institutions worldwide.

1.2.2QUANTUM COMPUTING @QIRITECTURE

While a classical-Bitstate and a quantum-gubit state are each eightlimensional vectors, they
are manipulated quite differently for classical or quantum computation. In quantum computation, on the
other hand, allowed operations are unitary matrices, which are effectively rotations (they preserve that

the sum of the squares add up to one, the Euclidean or L2 norm).

OUTPUT
: ; | Measurement [ go000@® |
1 |
@@@@ Electrical Slgnals: Racults
Gates : Gates
(classical) E (quantum)
ril-lli_lli_"i-l Electrical Signals E QuantumState | e 0000 ® |

Classical Computer Quantum Computer

Figure2 Classical Computer VS. Quantum Computer

Finally, upon termination of the algorithm, the result needs to be read off. In the case of a classical
computer, we sarple from the probability distribution on the threbit register to obtain one definite
three-bit string, say 000. Quantum mechanically, one measures the thubét state, which is equivalent
to collapsing the quantum state down to a classical distribufwith the coefficients in the classical state
being the squared magnitudes of the coefficients for the quantum state), followed by sampling from that

distribution.

There're various quantum algorithms, including universal quantum computer, Shor's algorithm
Grover's algorithm, Deutscfiozsa algorithm, amplitude amplification, quantum Fourier transform,

qguantum gate, quantum adiabatic algorithm and quantum error correction.

HeatChain Presents Page
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1.2.3POTENTIAIN COMMERCIAL ACTIMES

Owing to the quantum superposition of bit states, a quantum computer acts as a massive parallel
device with an exponentially large number of computations taking place at the same time. There already
exist many algorithms that take advantage of this power and that will allow us to address prablams

even the most powerful classical supercomputers would never solve.

uiumuum‘rrs/

i }H

(LI
|

Figure3 Photograph of a chip constructed by-Wave Systems Irit.

We already know of a few problems where a quantum computer should beat conventional

computing, including searching large databases and fagtay large numbers.

Factorzing is of critical importance because itis behind the most common form of cryptography,
whichis used to protect financial and other sensitive data. A large enough quantumuterngould

easily break this kind of cryptography.

® The DWae processor is mounted and wibended in a sample holder, and designed to use i@ rconducting
logicelements that exhibit controllable and tunable coupling to perform operations.
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The researchers have found evidence that quantum computer wins for certain optimization tasks. A
hugerange ofoptimization of commercial activities relies heavily on optimization. Taking cars and planes
as the examples, the design works are optimized by using computer mad&&D departmentbefore
any real parts are manufactured the plants More and more scientist are also looking for algorithms
that give a quantum speedup in other areas, includirachine learning, artificial intelligence, and

scenario planning.

1.2.4DEVELOPMENT AKQWANTUM SUPREMACY

Quantum computers using different platforms have been demonstrated over the last two decades.
The most advanced are based on trapped ions and supercondwitigts, where small prototypes for
up to 1015 quantum bits have already run basic algorithms and protocols. Many platforms and
architectures have demonstrated the basic principles of quantum computing based orstadiedsystems
(electron spins in sernonductors, nuclear spins in solids, Majorana zero modes) and on atomic and
optical systems (nuclear spins in molecules, hyperfine and Rydberg states in atoms and photons, to name

but a few).

John Preskill has introduced the term quantum supremacy torrieféhe hypothetical speedup
advantage that a quantum computer would have over a classical computer in a certairGiaigle
announced in 2017 thatit expected to achieve quantum supremacy by the end of the year, and IBM says

that the best classicalomputers will be beaten on some task within about five years.
Tablel Latest foundamental achievements in quantum computing, as to April 2018.

Timeline Major Achievements

July 2017 A group of U.S. researchers announced a quantum simulator with 51
qubits. The announcement was made by Mikhail Lukin of Harvard
University at the International Conference on Quantum Technologies in
Moscow. A quantum simulator differs from a computer. Lékila a A Y
was designed to solve one equation. Solving a different equation would
require building a new system. A computer can solve many different
equations.

November 2017 University of Sydney research team in Australia successfully made a
microwave arculator, an important quantum computer part, 1000 times
smaller than a conventional circulator by using topological insulators to
slow down the speed of lightin a material.

December 2017 Microsoft released a preview version of a "Quantum Developmetit Ki
includes a programming language, Q#, which can be used to write
programs that are run on an emulated quantum computer.

HeatChain Presents Page
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February 2018 Scientists reported, for the first time, the discovery of a new form oftligh
which may involve polaritonthat could be useful in the development of
quantum computers.

March 2018 Googk Quantum Al Lab announced a-@@bit processor called Bristiecone

There are a lot of governmental programme for quantum computing in the Quantum Supremacy
race. They can hplby maintaining longerm funding and support at all phases in the process, including
training of researchers and engineers, infrastructure, research and technology development. The IT giants
have also launched programme to build quantum simulators atiesfae quantum computers using
superconductofbased qubits. These efforts are spinning off a growing number of-sfmdompanies,

with a broad range of quantum information processing expertise.

1.3 QUANTUM COMMUNICANS

Quantum communicationis a field gpplied quantum physics closely related to quantum
information processing and quantum teleportation. Its most interesting application is protecting

information channels against eavesdropping by means of quantum cryptography.

1.3.1PRIVACY AND SECUHHRODBLEMS

Canmunication security is of strategic importance to consumers, enterprises and governments alike.
Since the public are dramatically relying on the Internet for connecting with the world, the privacy

protection and security is facing big challenges.

In 2013 Edward Joseph Snowden disclosed numerous global surveillance programs, many run by the
National Security Agency of the US and the Five Eyes Intelligence Alliance with the cooperation of
telecommunication companies and European governments. The most mo®mprogram is called Prism
as the code name, which the NSA collects Internet communications from various U.S. Internet companies.
The NSA can use these PRISM requests to target communications that were encrypted when they
traveled across the Internet babkne, to focus on stored data that telecommunications filtering systems

discarded earlier.

As a subject of controversy, Snowden has been variously called a hero, a whistleblower, a dissident,
a traitor, and a patriot. But his disclosures have fualetiates over mass surveillance, government

secrecy, and the balance between national security and information privacy.

1.3.2CRYPTOGRAPHY AND-ONME PAD

HeatChain Presents Page
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Cryptography is built into every web browser and mobile phone, and underpins secure
communication in our nievorked society. Cryptographic keys, analogous to keys in the physical world,

are used to encrypt data at one end and decrypt it at the other.

In cryptography, the oréime pad (OTP) is an encryption technique that cannot be cracked, but
requires the use ba onetime preshared key the same size as, or longer than, the message being sent. In
this technique, a plaintext is paired with a random secret key (also referred to as-timomead). Then,
each bit or character of the plaintext is encrypted by combg it with the corresponding bit or character
from the pad using modular addition. If the key is truly random, is at least as long as the plaintext, is
never reused in whole or in part, and is kept completely secret, then the resulting ciphertext will be

impossible to decrypt or break.

In the 1940s, Claude Shannon recognized and proved the theoretical significance of ttimene
pad system. At the same time, Vladimir Kotelnikov had independently proved absolute security of the

onetime pad.

But distributng very long ondime pad keys is inconvenient and usuallysps a significant security
risk So ondgime-pad retains few practical interestntil the quantum key distributiofQKD) became

mature in many practices.

1.3.3QUANTUM KEY DISTRIBON

One of the mospromising options to replace existing cryptographic systems is quantum key
distribution (QKD). This method distributes secret keys in a way that cannot be effectively intercepted,

because through quantum mechanics their secrecy can be tested and guadante

This process is based on fundamental principles of physics, such as collapse of quantum states,
Heisenberg uncertainty principle, so itshould not be possible to break quantum cryptography by future

advances in computing or mathematics.

BB84 is a quanim key distribution scheme developed by Charles Bennett and Gilles Brassard in
1984. Itis the first quantum cryptography protocol. The protocol is provably secure, relying on the
guantum property that information gainis only possible at the expensesiudbing the signal if the two
states one is trying to distinguish are not orthogonal (seehming theorem). It is usually explained as a
method of securely communicating a private key from one party to another for use itimegoad

encryption.
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The frst step in BB84 is quantum transmission. Alice creates a random bit (O or 1) and then
randomly selects one of her two bases (rectilinear or diagonal in this case) to transmit it in. She then
prepares a photon polarization state depending both on thevailtue and basis, as shown in the adjacent
figure. So for example 0 is encoded in the rectilinear basis (+) as a vertical polarization state, and a 1is
encoded in the diagonal basis (x) as a 135°state. Alice then transmits a single photon in the state
specified to Bob, using the quantum channel. This process is then repeated from the random bit stage,

with Alice recording the state, basis and time of each photon sent.

H/V Basis

4

Bob

Polarizers Alice
Horizontal - Vertical m n
Diagonal (-45°, +459)

\I/

45° Basis

|

110001001010
/ : - "\.‘_,‘, /'\(‘4}/“\'1 t !\‘a

XXX XX X

O 1 1 o 0 1 1 0 1 0 1 0
B BN N R YR W

Bit Sequence

Photon Sequence

Bases Sequence

Detection Results

Compatibility Compatibility

by om0 0 M = = o= F O

Q

Key Key

Figure4 BB84 protocol for secure QKD

As Bob does not knothe basis the photons were encoded in, all he can do is to select a basis at
random to measure in, either rectilinear or diagonal. He does this for each photon he receives, recording
the time, measurement basis used and measurement result. After Bob hasuned all the photons, he
communicates with Alice over the public classical channel. Alice broadcasts the basis each photon was
sentin, and Bob the basis each was measured in. They both discard photon measurements (bits) where

Bob used a different basighich is half on average, leaving half the bits as a shared key.

To check for the presence of an eavesdropper, Alice and Bob now compare a predetermined subset
of their remaining bit strings. If a third party (usually referred to as Eve, for "eavesdrpmses gained
any information about the photons' polarization, this introduces errors in Bob's measurements. Other

environmental conditions can cause errors igimilar fashion. If more thap bits differ, they abort the
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key and try again, possibly withdifferent quantum channelSo eavesdropper could be detected with

the increace of error.

1.3.4BREAKTHROUGH DURINME PAST DECADE

On 16th August 2016, the world's first quantum satellite Micius, the Quantum Experiments at Space
Scale or QUESS, was launchegl ®hina, which will help it establish "hapkoof' communications by

transmitting uncrackable keys between space and ground.

Figure5 China launches the world's first quantum satellite. CREDIT: XINHUA

On September 29, 2017, Chimeghysicist Jianwei Pan kickstarted the first lahgtance quantum
communication landline, connecting the capital city Beijing with the coastal city of Shanghai over a
distance of more than 1,200 miles. For quantum physicists and tech geeks around tide these are

days for celebration.

hy GKS &l YS RIF& AY 2ASyyl > ! dzid NI eceivdd gdeo F2 NYSNJ R
call from his colleagues in China. This was no ordinary Skype-thaas the first quanturrencrypted
video call, made possible by the Chinese quantum communication satellite known as Micius. The two
feats were hailed as major achievents by scientists and the news media around the wdovthich

marks China having beme the leader in quantum communications.
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Figure6 The quantumsecure intercontinental video call held between China and Austria on Sept. 29, 20fihese Academy of

Sciences

QKD has some limitations. It can only be used over optical fibre or alongafisght laser beam,
not on copper wire or mobile communications. The range of QKD is currently limited in practice to about
100 km over opticafibre, as beyond this too many photons are absorbed or scattered. This distance can
be extended by building a quantum network, which at present requires trusted neeesentially locked

rooms or equipment racks where keys are exchanged automatically.

While cryptography is the most discussed application, quantum communication should have many

other uses(see the following table).

Table2 The power of quantum communications

Quantum Signatures Digital signatures are also used today @ontracts, email and financial
transactions. They show that messages are not tampered with, and
are authentic.

Position-based tagging This is used to authenticate the location of a valuable or important
device.
Quantum Computing One paradigm to make large quantum computer may be by

interconnecting many small quantum processors through quantum
communications.
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Random numbers These are a vital resource for cryptography, gaming and numeral
simulations. What are known as pseudorandom number generators
based on computer algorithms are not truly random, while quantum
processes are inherently unpredictable and can therefore produce t
random numbers.

Quantum networks Today QKD is used in bespoke pdopoint services, generally a sing
stretch of ogical fibre. Scientists are exploring how to make fully
quantumsecure networks using the phenomenon of entanglement.

1.3.5POST QUANTUM CRYPRABHY

Modern cryptography, including elliptic curve cryptography, is being used extensively for
safeguarding our Int@et payments, banking transactions, block chain, etc. The majority of today's
cryptographic algorithms are based on pubkiey encryption, which is considered to be secure against
attacks from current electronic computer, even the-salled supercomputeBut quantum computing

will simply break this security by reverse computing private keys faster than a conventional computer.

Although quantum computers are still in their infancy and raperational, many governments and
organizations have begun to undéasd the risk involved when this technology becomes a practical
reality. Quantum computers will be a threat to both symmetric key algoritiiioheck ciphers), and
asymmetric public key algorithm&SA, DSA and ECC). These computers can break every spuiie po
public ke¢/ algorithm in a trivial amoundf time. Quantum algorithms, such as Shor's algorithm, could be

used to recover an RSA key in polynomial time.

Postquantum cryptography, sometimes referred to as quantpnoof, quantumsafe or
quantumresistant, refers to cryptographic algorithm@sually publiekey algorithms) that are thoughb

be secure against an attack by a quantum computer.

Government, academia, industry and standards bodies are working to develop these algorithms. The
community is curently investigating a range of proposals for the next generation of quantum resistant
algorithms, with several leading contenders including lattvesed cryptography. For example, Google is

already trialling another PQC algoritiealled ringearning wih errors) inits Chrome browser.

One common characteristic of many pegpiantum cryptography algorithms is that they require
larger key sizes than commonly used "mpeantum” public key algorithms. There're often tradeoffs to be

made in key size, computatnal efficiency and cipher text or signature size.

Standards organizations, such as NIST and ETSI, will consider how compare the effective security of

these approaches, to advise cryptography policy. It will take time to reach a consensus on which
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proposals are most appropriate for different applications, and to move away from current approaches, as

many communications protocols will have to change to accommodate PQC.

PQC and QKD areimportant tools for future data transport security and both amng betively
researched. It's very important that both PQC and QKD approaches to security should continue to be
investigated simultaneously. Eventually they may even be employed together as a double lock on

security.

1.4 QUANTUM SENSING ANIEASUREMENT

Quantumsensors that exploit quantum superposition and/or entanglement to achieve a higher
sensitivity and resolution will be purchased and used by companies and public institutions for demanding
construction projects; for instance, to measure voids under thaigrband to detect mineral deposits or

legacy infrastructure. They will also be used to provide-itorasive poinbf-care diagnosis.

1.4.1PRINCIPLES OF QUANTSENSORS

Superposition states are naturally very sensitive to the environment, and can therefore be used to
make very accurate sensors. As a result of steady progress in material quality and control, cost reduction
and the miniaturisation of components such as Iasé¢hese devices are now ready to be carried over into

numerous commercial applications.

Figure7 Real demonstrators for quantum technology in the form of portable cold atom based gravity sensors
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Solidstate quantum sensors, su@s NV centres in diamond, have been shown to be useful for
measuring very small magnetic fields. This in turn may help with multiple applicatons, ranging from
biosensors to magnetic resonance imaging and the detection of defects in metals. Superconducting
guantum interference devices are one example of an early quantum technology now in widespread use,

in fields as diverse as brain imaging and particle detection.

Quantum imaging devices use entangled light to extract more information from light duringnmag
This can greaty improve imaging technologies by, for example, allowing higher resolution images through
the use of squeezed light or creating the ability to produce an image by measuring one single photon
whichis entangled with a second, differenttgloured and entangled photon that is being used to probe

a sample.

Atomic and molecular interferometer devices use superposition to measure acceleration and
rotation very precisely. These acceleration and rotation signals can be processed to enalb inert
navigation devices to navigate below ground or within buildings. Such devices can also be used to
measure very small changes in gravitational fields, magnetic fields, time or fundamental physical

constants.

1.4.2APPLICATION AREA@QBFANTUM SENSORS

Companiesuch as AOSense, Inc. (U.S.), Radixx International, Inc. (U.S.), Apogee Instruments (U.S.),
GWR Instruments Inc. (U.S.), MicroSemi Corporation (U.SSgudred Lasers Limited (U.K), are the
leading providers of quantum sensors solution to the global rearkhe development of nexgeneration
sensors and growing demand for Internet of Things are propelling the quantum sensors market growth to

a large extent.

According to "Global Quantum Sensors Market Research ReBgrProduct (Gravity Sensors,
MagneticSensors), by Application (Greenhouse, Coral Aquarium), and by Verticals (Automotive)
Forecast Till 2023" published by MRFR, the global quantum sensors market is expected to grow at USD
~661 million by 2023 at a CAGR of ~11% during the forecast peri dd222B.

HeatChain Presents Page
1/60




HeatChain Whitepaper HFR

UsD~661
Million

T T T T T I T T

2016 2017 2018 2019 2020 2021 2022 2023

Market Size (USD Million)

Figure8 Globa Quantum Sensors MarkeBource: MRFR Analysis
Civil Engineering

Underground surveys can be costly and ttomnsuming, but are often essential when building new
infrastructure, such as devgbments onbrownfield sits, higkspeed railway, nuclear power stations. The
underground environment presents hazards including sewers, mineshafts and sinkholes. Existing scanning
techniques such as ground penetrating radar, electrical conductivity measurements agrietoanetry
are limited in depth and resolution, ananything more than a few mets under the ground is practically
inaccessibleQuantum sensors for measuring gravity should offer many advantages over this
conventional technology. They can subtract outsidfects like ground vibrations, thus being much faster,

more precise and seeing deeper.
Natural hazard prevention

For example, putting sensors on trains could provide a regular, automatic assessment of rail tracks.
Quantum photonic sensors will quickiypa@ easily identify chemical hazards in the ground, such as ol

leaking from buried tanks.

Natural resource exploraton

B

Quantumenhanced MEMS sensors allow faster surveys at potentially less than a tenth of the

tradiional method's costin oil and gas exmtion market.
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Transport and navigation

B

Using quantum sensors based on cold atoms, a navigation system can calculate position to
centimeter accuracy, even where satellite navigaton fails or is unreliable, underwater, underground, in

tunnels and in densellguilt environments.

Healthcare

Some imaging techniques have already been investigated by researchers to improve bedside

imaging, leading to much easier screening, monitoring of patients, surgery planning and navigation.

1.4.3THE WAY FOREWARD@MFANTUM SENSING

Lab experiments have already demonstrated quantum sensors for gravity, rotation, and electric and
magnetic fields with a sensitivity exceeding that of conventional technolbgyranslate these
fundamental results into economic benefit, we need to tragrsfnowledge between academia and
industry and enable a commercial supply chain and build market confidence by demonstrating how

guantum sensors can solve reabrld challenges.

Pioneers, such as the UK, have set up innovation centers to trial quanturarsesnsd undertake
applied development. There's also a Quantum Technology Hub in Sensors and Metrology, led by
Professor Kai Bongs, University of BirminghB&aunching competitions for public technology
demonstrator programmes would incentivise companiedbéothe firstin the market putting them at

the forefront of the international competition and able to harness most of the economic benefit.

Some of the key players in the global quantum sensors market incle@®R), Inc., Spectrum
Technologies, Inc. phgee Instruments, Inc., Irradian Ltd., Mesotech International, Skye Instruments Ltd.,
Decagon Devices, Inc., Impedans Ltd., Virtual Electronics ComparBir8ecientific, Biospherical
Instruments Inc., ADCON TELEMETRY and others. The perpetual evol dioning techniques has given
a subsequent boost to the use of modern sensors for increased cultivation with limited resources.
Quantum sensor manufacturers are trying to ceogwith new and improved version of sensor. The
sensor are becoming more tenically advancgwith real time data collection and interpretation. Thus,
manufacturers providing quantum sensors are facingiogtthroat competition to remain dominantin

the market.

1.5 QUANTUM IMAGING
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Quantum imagingis a new sdield of quantum opticghat exploits quantum correlations such as
guantum entanglement of the electromagnetic field in order to image objects with a resolution or other
imaging criteria that is beyond what is possible in classical optics. Examples of quantum imaging are

guantumghost imaging, quantum lithography, and quantum sensing.

1.5.1LANDMARK RESULTS

The aim of Quantum Imaging is to demonstrate that one can take advantage at the same time of the
guantum mechanical aspects of light and of the fundamental and intrinsic parallefieptical signals to
develop new techniques in the processing of information at the quantum level. This kind of study is a

rather new subject of quantum optics, andis in its infancy for most of its aspects.
There are two broad types of technology:

Device that measure single photonsuch as single photon avalanche detector (SPAD). A
camera based on arrays of SPADs can detect single photons efficiently with short exposure
times.These devices can exploit photon timing to see in 3D, look around coaratsnake

AYF3Sa d ¢l 9St Sy3aidka oKSNE y2N¥If OFYSNIa R2yQf

Systems that use quantum effects to get around limitations in detecting ligfgse can make
sharper images than nequantumcameras, and reduce noise below what once seemed to be

a fundamenta limit.

1.5.2USAGE OF QUANTUM IGIN G

3D Images

B

A camera based on SPADs can measure the arrival time of individual photons. Using a pulsed
illumination source, photons travelling from source to object can be timed, and this information can be

used to measure epth. Adding depth perception to the normal 2D image allows imagingin 3D.
See around corners

. SAY3 ofS G2 1y26 6KIGQa KARRSY FNRdy R | O2NySNI 2

advantage in many situations, from collision avoidance to search amiieeSPAD arrays can do this too.

See in the dark

B
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Singlepixel quantum imagers will be cosffectiveqgas will a new class of detectors that operate

efficiently in the near infrared.

Ghost imaging

B

Starting with a UV laser, a crystal splits this ligi visible and infrared beams. While the infrared
beam illuminates an object, the visible beam hits the camera. By exploiting the entanglement between

the beams, the camera can build up an image of the object.

See without being seen

B

It's desirable in defnse that the laser illumination is not detectable by anyone other than the sender,
which can be achieved with quantum imaging. One photon acts as a trigger, alerting the user to the
emission of a econd photon, which is then setd bounce off the targetKnowing exactly when the
photon was produced allows the ranging of objects with ullev intensity light, undetectable by anyone

else.

1.5.3GLOBAL RESEARCH IINTIVE

The Multidisciplinary University Research Initiatve (MURI) is a US Department of DefeB3e (D
programme, including the Office of Naval Research (ONR), the Army Research Office (ARO) and the Air
Force Office of Scientific Research (AFOSR).

Quantum Metaphotonics and Quantum Metamaterials represent opportunities to expand and
redefine the range ofight-matter interactions and electronic excitations for quantum optics and photonic

devices.

Over the past two decades, metamaterials research has expanded the range of optical materials and
optical phenomena available for photonic devices. By engingete electric and magnetic resonances
of patterned nanostructures, researchers have been able to tailor classical properties, including the

effective permeability and permittivity of composite media.

AndUK has unique connections between the academiciaddstrial communities involved in
guantum imagingThese connections range from the structure and membership of the various advisory
boards, to the delivery mechanisms embedded within quantum technology hubs (such as partnership
resource funds andjointct f & A GK Lyy2@0F 4GS Yo G2 GKS @I NR 2da |

demonstrators.
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1.5.4MARKET AREAS

Imaging in the infrared has many applications. For example, it can allow firefighters to see through
smoke and engineers to image gas leaks, and willidely used in surveillanc&@hermal imaging alone is
predicted to have anarket of $11.2 billion by 202 There will also be countless uses for cameras able to

image directly in 3D. By 2020 the 3D imaging market is estimated at $16.6 billion.

There will g0 be big markets for quantum imaging in light surveillance and microscopy.
Airborne quantum imagers may be used in security, military, agricultural, oil and gas and environmental
monitoring applications. Military applications include covert rangelifitg, while the ability to image
under water, through cloudy or murky environments and beyond the Ghs ght will find both military
and civilian uses. Quantum technology will also enable cheap and effective gravity mapping of
underground features forigil engineering, oil exploratioand hazard awareness. Quantum imaging could

alsoincrease the bandwidth of quantum secure communication systems.

1.6 QUANTUM CHEMISTRY

Quantum chemistry is a branch of chemistry whose primary focus is the application of quantu
mechanics in physical models and experiments of chemical systems. It is also called molecular quantum

mechanics.

1.6.1PRINCIPLES AND MED$O

Some view the birth of quantum chemistry as starting with the discovery of the Schrodinger
equation and its applicatimto the hydrogen atom in 1926. However, the 1927 article of Walter Heitler
and Fritz London is often recognized as the first milestone in the history of quantum chemistry. This is the
first application of quantum mechanics to the diatomic hydrogen molecahd thus to the phenomenon

of the chemical bond.

Quantum chemistry studies the ground state of individual atoms and molecules, and the excited
states, and transition states that occur during chemical reactiinavolves heavy interplay of

experimental and theoretical methods.

Experimental quantum chemists rely heavily on spectroscopy, through which information regarding
the quantization of energy on a molecular scale can bmisted. Common methods are infred (IR)

spectroscopy, huclear ngmetic resonance (NMR) spectroscopy, and scanning probe microscopy.
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Theoretical quantum chemistry, the workings of which also tend to fall under the category of
computational chemistry, seeks to calculate the predictions of quantum theory as atomsaledules
can only have discrete energies; as this task, when applied to polyatomic species, invokes tHzoahany
problem, these calculations are performed using computers rather than by analytical "back of the

envelope" methods, pen recorder or computeed data station with a VDU.

1.6.2APPLICATIONS OTHER SCIENCES

Having been used to explore the structure of substances at the level of molecules, atoms and
electrons, it can solve some problems those are not settled with conventional theories and methods.
Thee are considerable senses to materials science. For example, it can be applied to the field of cement

chemistry in which te structure and performance ob -GS(CaSiQ) and 2 -GS are studied.

Over the last twenty years, demments of the ab initio metbdologies and of the computing
capacities have progressively turned quantum chemistry into a predictive tool for molecular systems
involving only light elements. The situation appears less advanced for systems containing transition metal
elements where spafic difficulties arise, like thodinked to the quasidegeneracy of the lowest atomic
states. Correlation effects, which are important only for quantitative accuracy in the treatment of
molecules made of light elements, need sometimes to be congitleven for a qualitative desiption of
transition metals systems (like the multiple metaetal bond). The treatment of atoms of a high atomic

number has necessited the development of model potential methods.

Researchers in pharmaceutics use computationamum chemistry programs to model the
interactions of small molecules (drugs or fragments of drugs) with proteins/DNA and predict whether or
not the designed drug may or may not be effective for its purpose. They can do that before having to
spend time andnoney synthesizing and testing dozens of druwgsich may not have a chance to work at

all.
1.7 QUANTUM TIMING ANDLGOCKS

A quantum clock is a type of atomic clock with laser cooled single ions confined together in an
electromagnetic ion trap. Developed 2010 by National Institute of Standards and Technology physicists,
the clock was 37 times more precise than the thexisting international standard’he quantum logic

clock is based on an aluminium spectroscopy ion with a logic atom.
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Both the aluminiurdbased quantum clock and the mercubased optical atomic clock track time by
the ion vibration at an optical frequency using a UV laser, thatis 100,000 times higher than the
microwave frequencies used in NIBI and other similar time standards around therld. Quantum

clocks like this are able to be far more precise than microwave standards.

The new generation of clocks can act as holdover devices when GNSS timing goes down. To aid this
development, we should review the GNSS dependency of critical seisumd as power, communicatons
and banking. Government could specify howlong these services should be able to operate on holdover
timing. We will also require standards to specify the performance needed for such holdover devices.
Telecom operators, finagial institutions, power companies and other critical service suppliers will have

to show that their clocks meet the relevant standards.
1.8 GLOBAL QUANTUM RACE

Companies and nations throughout the world are investing heavily in the field. The goal is to be
among the first to exploit new breakthroughs in quantum mechanics for commercial purposes, i.e. to do
WoAd 0dzaAySaaQ o6& RS@St2LMAyYy3a ySg (SOKyz22f 238 ol asSR

encryptiort to name just a few of the quantusbased technologes in the pipeline.

In April 2016, the European Commission announced that quantum techneloghd become the
9! Qa (KA NR Wirdfle raseatch 400 deveRoplderit v@sment focus (the other two are the
Graphene Flagship and the Human Brainj&oFlagship). The Commission is proposing that the EU

invest 1 billion euros in quantum technolod$ey activities suggested tlye Manifestoinclude:
O  Support growth in scientific activities linked to quantum technologies.
O Create a favourable ecosysterfhionovation and business creation for quantum technologies.

O  Facilitate a new level of coordination between academia and industry to move advances in

quantumtechnologies from the laboratory to industry.

O Create a new generation of quantum technology prafiesals through focused education at
the intersection of science, engineering and business, and by strengthening public awareness

of keyideas and capabilities.

O  Coordinate public investments and strategies in quantum technologies
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2 WHATS THE HEATCHAIN?

Narrowly speaking, HeatChainis a blockchain project using distributed ledger technology, falling into

the category of Consortium blockchain. That means colleges, research institutes, technology
transformation enterprises, investments, supervisions proédmputing platforms, including hardware

and software environmentgp form a distributed network. B tapping peefto-peer communication,
consensus, cryptography technologies to execute Smart Contract and record transactions together under
a decentralizedlgorithm. A generapurpose of token, called HFR, will be issued on such a blockchain for
transaction fees and other financial activiies. Any developers who are devoted in Quantum technology

commercialization may publish their own smart contract on Heai@.

By attracting a large range of parties related to the quantum technology industrialization, there are
much broader senses to HeatChain, since its mission is to estahblish an ecosystem to combine innovation

and business creation.

First, the largest mportion of generalpurpose token of HeatChain, with codame of HFR, will be
issued to support studies of colleges and research instittesrell be Open Lab plan for experts from

intersectionof sciences to share sites, equipments, procedures, datatpcol to makgoint research.

Second, the business development organizations and partners will set up a series of infrastructure
platforms to facilitate thecommercializatiorof these achievements, such as IP trading system,
international technology cooperation and transition services, financing services, securitilized assets
exchange, quantum-eommerce, quantum commercialization media, etc. These platforms connect
academiagengineering, business, consumers to speed up the applications of results generated from the

first phase, especially for financing support.

So HeatChain i@n experiment and innovation @blockchain + quantum technologgmong all
possible sides of quantm technology industrialization. At its nascent days, quantum technology needs
more financing supports from the entire society besides the limited funds from governments. Without
wide awareness and participation from intersection of sciences, and use dasesientists of physics

may find it difficult toillustratethe future technology development milestones.

3 PROSPECT AND PROSPERF BLOCKCHAINJBLQUANTUM ECOSYSTEM

3.1 PHILOSOPHY OF BUNGIHEATCHAIN ECOSMGT
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The divine law may be spoken of,

but it isnot the common law.

Things may be named,

but names are not the things.

In the beginning heaven and earth are nameless;

when named, all things become known.

---Laotzu: Tao Te Ching

Lactzu believed that ther@ absolute truth in the universe, which is inflexible reality with or without
being understood or recognizeRBinsteinalso oncesaid that the most incomprehensible thing about the
world is that it is comprehensibl&Q critically important for the humakind to study, research and

experiment in the pursuit of progress.

As what the second law of thermodynamics states in terms of entropy, the entropy of a closed
system can never decrease. It's the same for a social organization. When it reaches a stdte of s
equilibrium, entropy begins to occur. The degradation of the system unit of entire system is then only a
matter of time. To challenge the onslaught of entropy, system thinkers are required to continuously

expand their knowledge of the scope and comxily of their system.

In order to combat entropy, HeatChain must and has to always remain open and dynamic. The
network and token business model of HeatChain doesn't belong to any single party or individutiie
involving parties, including collegesearch institutes, industry, investment, should work together and
share their resources and results, keeping exchanging matter and energy with the external environment
and newcomers. The HeatChain boosts new level of coordination between academia astiyrid

move advances in quantum technologies from the laboratory to commercialization.

3.2 ECOSYSTEM OF HEATIGHA

There issome fundamental consensus that should be ydeccepted by all the members of the

HeatChain community:

Non-defenseconnection
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Quantumtechnology has great influence over national security and defense. But HeatChain only
focuseson the civil engineering fieland consumer productsaiming at cefoundngan industrialization

community for the public welfare.

Willing for cooperation

B

The pojects receiving donation from HeatChain community must claim their willingness and
determination for intersection of science and enterprises to participate, and will feedback the ecosystem
by listing their findings onto the technology transformation ptath. And surely these projects can make

more benefits from the cooperation, rather than isolation.
The mission of HeatChain is as follows:
O  Motivate intersection of science to cooperate for developmefiapplications
O  Coordinate the research and industrigsincubate new business

O  Facilitate public investment and strategies in quantum technology

Industrialization Promotion @ Infrastructure & Community Distributed Apps

S&T Research Support Plan HeatChain Wallet Project Loan
Open Laboratories Digital Asset Exchange Investment Financing

IP Transformation Service E-commerce & Distribution IP Lisencing

Int’l Tech Transit &

5 T QuanTech Watch media
Cooperation Service

Enterprise & Project Communi

. . : ” . Contract Signing
Financing Service Communicatio ==

Heat Chain Token

(Balance, Transfer, Receive, Transactions)

Consortium Network
( Consensus, Distributed Ledgers, gRPC, Cryptography )

Figure9 Ecosystem of HeatChain
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3.2.1INDUSTRIALIZATIONONROTION

The HeatChaiixecutive Committee will seek extensive cooperation, while under guidance and
decision made by Scientist Advisory Board, with leading colleges, scientific research institutions to
formulate various kinds of scientific research & development projects, d¢plkaratory plans. By working
together with governmental technology administration, industrial alliances, HeatChain will establish
guantum technological asset trading platform and international technology transit & cooperation service
platform. There alsaill be investment & financing matching platform for projects, staps, and

enterprises, with alliancesf a wide range of technology transformation business and investment funds.
a Quantum Science & Technology Development and Industrialization Suppart Pla

The inherent mission of HeatChain is to contribute to and promote the scientific progress of
quantum technology by combining blockchain technology during its commercializaton
practices. The largest proportion of the issued tokens (HFR) is for Sciéresh&ology
Development and Industrialization Support Plan propssidls up to independent Scientist

Advisory Board to evaluate the candidate projects and allocate ressameng them.

The Scientist AdvisgBoard formulates Annualdicies for quantumechnology development
proposals, including financial support for forwdmbking research initiatives and
intersectional engineering projects, setting up Quantum Science and Technology Award,
providing grants and scholarships to create a new generatiaruahtum technology

professionals through focused education.
a Quantum Technology Open Laboratory Program

The Open Lab planis a resowgd®ring platform for quantum technology plications.
Targeting at promotinQuantum Technology Commercialization, thésks are not

profit-oriented.

At present the high price of quantum technology equipment becomes hurdles, especially for
the interdisciplinary researas out of physics, who often find it difficult to get financial
support for their researclembedding quatum technology Meanwhile, without involvement
from other teams, quantum technology researchers may be confused with the direction of

future study due to lack of clear requirements from application scenarios.
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So in accordance with selection of the Scienfidvisory Board, HeatChain plans to set up 10+
open laboratories jointy with outstanding colleges. HeatChain will procure equipments and
provide basic operational funds, wheyartners bring out sites, experts and routine
management team. These laboratories can accommodate joint experiments from
interdisciplinary teams or R&D teams from enterprises. Each lab is characterized with its
scientific field, including communicationomputing, sensing and measurement, imaging and

simulation, and so on.

The openness of these lalssdemonstrated by shared instruments, data, expertise and joint
research plans. Each lab is expected to become a cluster of applicable technologies, and a hub
of creation of new businesses. Wiilnks ofscientific expertise, enterprises and investments,

the open labis also an incubator to integrate all kinds of success ingredients together.

The routine management, such as application, scheduling, experinmeht@ad showis dealt
with bythe researcher teanfrom the universities. The service of these labs must be paid with

crypto currency, sometimes with fiat currency.

u S & T Achievements Transformation Service Organizations

The IP Transformation Service ptath is the fundamental organization of the quantum
technology commercialization, which HeatChain is delid@te It will bring competitive
advantages and value to the ecosystem of HeatChain. The transformation servibelpan
incubate scientific findingbom laboratory into market. Such a platform will seek for
cooperation from China Association of Productivity Promotion CenfsiEurope

International Technology Evaluation Center.

Transformation service platform will set up a large database to inpsarch institutes,
professionals, patents, latest achievements, laboratories, equipments, national/local
government policies, technology transformation enterprises, investments and intermediaries.
There'llbea business connection service to match th&Rrequirements from enterprises

and commercialization of IPs requests from the academia. HeatChain will organize exhibits
online and offline to demonstrate the latest scientific achievements, financing actvities, new

product debut and promotion, IP traastions, etc.

The service of the transformatigulatform acceps payments with crypto currency of
HeatChain.
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a International Quantum Technology Transit and Cooperation Service

This service aims at facilitating international cooperation of quantum technchoglyits
derivative applications. The service heavily rely on partnerships with international technology
transit organizations, such as China International Technology Transfer Center, and its

counterparts abroad.

Through international cooperation networksrfscientific and technological cooperation, the
services include matemaking between IP holders and enterprises, technological evaluation

of IPs, transaction evaluation, and technology demonstration.
a Enterprise & Project Financing Service

The executive bdy of HeatChain will work closely with the innovation investments to combine
the talents, market and capital to incubate technology transformaton projects. The financing
service will, as always, pay attention to the quality of quantum technology transfton

projects, make use of platform links, recommend boutique projects for investments and
HeatChain community, deliver outstanding opportunities directly to appropriate investors, and

regularly conduct offline investment and financing matchmaking meggtin

The financing service platform is also a tutoring institution for the créwting of quantum
technology industrialization projects, in charge of business development of decentralized
applications running on HeatChaldiock chain. For example, after a project having raised

funds from professional investments, HeatChain can arrange setting up a fund to follow the
keystone investors and sell the shares of such a fund as new token (DApp) on HeatChain to the

public. ThusHe project can raise money in terms of crypto currency.

Moreover, once a quantum technology enterprise can produce mature products or services.
The financing platform could help them for crossdurcing, which means a large group of
customers have shown thewillingness to buy. Once the enterprises get the enoqghntity

of orders, they could have the capital and confidence to introduce technologies into real goods

or onsite services.

3.2.2INFRASTRUCTURE & GOMITY
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HeatChain also design a series of publicistructure and IT systems, such as HeatChain wallet,
digital asset securities exchange, roadshow service, quantoonamerce platform, quantum

industrializa@ion watch media, communicatioand community software.

The responsibilities of nursing the prospgrof HeatChain ecosystem fall upon the shoulders of the
executive management. So the HeatChain Foundation will provide funds, technology, resources and
talents to promote HeatChain network and its cryptocurrency. By providing mairkebted products
andservices and rapid growth, we definitely could help more research projectdaaiidatethe findings
commercialization. AnéventuallyHeatChain will lever more funds into the quantum technology field

and make the potential become reality and benefitus@holds and other industrial upgrades.

u HeatChain Cryptocurrency Wallet

Cryptocurrency wallet is a kind of mobile applications to store HFR of HeatChain and other
digital assets issued on the HeatChain block chain or listed in the digital asset exclieenge. T
wallet is based on strict encryption technology, where wallet holders can query the balance,
receive or transfer among one another. The crypto currenoMsch arestored in the wallet
only can bespent by the secret key holders, safe from stealther€il be some protection
methods to help holders manage thesecret key safely from hackers.the same timekey

can be retrieved once proved of ownership to avoid lossfesss ets

u Digital Asset Securites Exchange

The exchange is positioned as a fdam for fund-raising of quantum technology
transformation. Those issued on the block chain network of HeatChain, or other digital assets

related to quantum technology projects have the priorities to be listed in the exchange.

To preserve and protect the benefits of investors of the exchange, it's required that all the
digital assets should be backed up with some form of equity. Highly risky or crypto currencies

without wide-spreadapproval will be denied.

U New Product Roadshovefice

HeatChain can employ the expert pool and science media to evaluate the advancement and
limitatons of new products using quantum technology. So when new products are worked out,
HeatChain may help them to make roadshow and debut activities amongpthenunity, to

win market acceptancthrough word of mouthwithin a short period of time.
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Quantum Ecommerce Platform

The ecommerce platform is kind of similar to the business model of Amazon, where different
businesses could distribute their products ngithe common web portal and delivery system.
Theitem category listncludesinstrument for experiments, quantum communication routes
and switches, simulator, quantum computing based applicationderi@s or products
developed withadoption of quantum Bnulation, services using quantum technology
equipments for businesses. All kinds of produatsl serviceshould prove themselves being

driven by the quantum technology.

Buyers can use HFR of HeatChaigettle the bills in the online market. And there'll be more
innovative methods to promote the tradable products, such cresalircing, word of mouth

incentives, and so on.
Quantum Industrialization Watch media

Quantum Industrialization Watch is a tecledia specializing in the updates in the quantum
technology commercialization practices, including interviews with various experts, scientific
and engineering achievements, breakthrough from the research, popularization of science for

the public, importantissues from all sides in the HeatChain ecosystem.

The media is working with scientists and businesses in various fields of quantum technology to
create an expertiuditing mechanism similar to Wikipedia to ensure that the professional
articles can be publieed. We will make Quantum Industrialization Watch a news source for
quantum technology promotion and science popularization, and open it to other cooperative

media to prevent pseudoscience.
Writersand reviewers will receive some HFR of HeatChain as arddieatheir work.
Communications & Community Software

TheHeatChain community is a vakséaring platform based on the commercialization of
quantum technology. Users can learn more about quantum technology and related
applications by browsing, recommendjnforwarding and rewarding activities, and introduce
the abundant research results of scientists to more people, eventually translate these

technologies into their own business or investment portfolio.
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The HeatChain Foundation assigns a number of tokertise community members as a driving

force for public awareness, community activies and knowledge dissemination.

3.2.3DECENTRALIZED APRSHEBATCHAIN

HeatChainis a Consortium Blockchadmprising of authorized peers from research institutes and
industries, specially designed for applications emerging from quantum technology industry as the
underlying network. It's open to the consortium and extensible, tlees breeding ground for busiss
innovation in the industry. There'll be Open Developer plan to accommodatedim applicatons from
business within quantum technology commercialization community, publishing their own smart contracts
on the basis of the physical network alreadyaddished by HeatChain. Thus the whole ecosystem no
longer depends on single operating entitytlds cofounded and every sideould make progress

together.
The decentralized app on the HeatChain shoukskt these criteria:
\% DApps must run on all network des of the consortium blockchain;
\% DApps need to use HFR, the basic token of HeatChain, as Gas cost;

\% DApps using smart contract must be signed by authorized developer with secret key. These
smart contracts should be opesource, audited by delegated peersfbre being released and

validated;

V  Theledgers of DApps are encrypted and stored on the entire network based on consensus.

3.2.4CONSORTIUM BLOCKOHWITH AUTHORIZEDERS

HeatChain comprises of authorized peers, which are provided by colleges, researchéassjint
laboratories, DApp developers, quantum technology transformation enterprises, investment and

supervision. The backbone services include the following parts:

u Peerto-peer Protocol

The pointto-point communications are based on the Remote Procedure Call (RPC) of Google.
In distributed computing, a remote procedure call is when a computer program causes a

procedure to execute in a different address space (another computer on a shatedrk),
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whichis coded as if it were a local procedure call, without the programmer explicitly coding

the details for the remote interaction.
u Distributed Ledger

Data structure is optimized to effectively and efficiently maintain the accuracy and integrit
accountstates in accordance with the fundamental consensus requirements. Large files are

stored using IPFS out of the transaction block chain.
u Consensus

The type of consensus mechanism that is applied to verify the validity of transactions within
HeaChain network is the Practical Byzantine Fault Tolerance (PBFT). Unlike PoW and PoS, a
PBFT consensus mechanism does not lead to waste of computing power. All authorized peers

have the chances to create new blocks in turn.

3.3 SYSTEM ARCHITECTORHEATCHAINETWORK

HeatChain pursues the harmony between government, scientific research, transformation
enterprises and investment to set up and flourish the ecosystem of quantum technology industrializaiton.

Therefore, the setup of the physical network apablish of smart contracts both follow this guideline.

HeatChain System Architecture
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Physical network, core modules, interface layer and application layer will be initiated soon after
HeatChain Foundation kickstart thefsmare development and deployment. The underlying architecture
of the HeatChain will be based on mature, opsurce, businesproven platform for further research
and development, which will combine the advantages of HyperLeftger Linux Foundation and

Ethereum, particularly the incentive manageméot creation of new blocks.

3.3.1PROTOCOLS

The entire consortium of quantum technology commercialization provide equipment and computing
power, each node independently store the transactions on the HeatChain pdalteithe latest states of
distributed ledgers. Consensus and data synchronization are on the basis-stiktwn one another. The

distributed nodes communicate using poito-point protocols.

3.3.2PRIMARY FUNCTIONALBNABLER

After being reviewed by HeatChaexecutive management, the peers of consortium members will
be connected into the block chain network. There'll be membership registry and identity management.
Governments or watchdogs have auditing capabilities to ensure that business can operatetvrighuzl
Transaction requests are broadcasted to ordering and validating peers for checking. The ordering peers
sequence the transacton list according to the timestamp order, then notifying other peers to write the
block into local storage. The publisl of smart contracts is something like the processing of transactions,
needs validation and consensus. Smart contracts will run within their own sandbox to avoid conflict

problems.

3.3.3INTERFACE SERVICES

The system provides relevant SDK and API for outsidioptato revoke. Support the "BlockChain
as a Service" model, which can provide the system basis capabiliies and HFR tokens, so as to facilitate the
rapid development, testing and deployment of distributed applications to HeatChain platform by

third-party developers.

The system provides basic communication channel management mechanism, event listening service
and message delivery mechanism to ensure the connedigiweenapplication layer and blikchain

network.

3.3.4PRIMARY APPLICATIONS
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According to HeatChailusiness ecosystem planning, the team will develop and deploy a series of
application systems, providing the relevant services to all community members through the Internet and

mobile Internet.

The application layer is open to thHghrty developers to crate tailored dstributed App for the
needs fronvarious quantum technalgy transformations. The cryptasset contractrunning on

HeatChain can be further supported by the official wallet and the digital asset securities exchange.
3.4 TRANSITION SCHEMEHFR ,TOKEN OF HEATCHAIN

HeatChain team will invest in the development and deployment of general tokens, HFR, onto
Ethereum. Early participants can get and trade HFR right now before that running on the HeatChain
proprietary block chain network. So when the smmtium block chainis putinto production, the old

token can be exchanged into new token at the rate of one to one. Details will be released in the future.

4 ECONOMIC MODEL OFAHEHAIN TOKENS

4.1 GENERAL TOKENS ORHEHAIN

HFR, the general token of HeatChatan measure and indicate the digital economic activities on the
HeatChain, as well as the medium of value circulation. HFR also imply both the right of usage or liquidity
and some special kind of ownership. Payment with HFR for services of HeatChamdendrative
applications interprets the liquidity. Owning some HFR means having the same proportion of ownership

of the entire HeatChain, which equals to shares of séte key issues.

Itis animportant strategy and a core mechanism to realize thestzation of quantum technology
assets by using the Token concept of the block chain world. Anatif@ortant strategy is thaHFR is the
value distribution medium of HeatChain, and all the other digital asset tokens issued by the quantum
technology indstry mustsupport HFR. In other words, thechnology transformation enterprises or
projectscan raise funds by the method of HFR. And the digital asset securities excharajgosilipport

transactions priced in HFR.

The securitization of quantum indugtassets should be clarified before listing as crypto assets in the
digital asset exchange of HeatChain. The essence is clear definition of equity that have been lawfully
registered for backing up each crypto asset on the block chain, so that the quastimdlogy
commercialization projects could raise funds by this innovative metiod. investors of HFR and other

crypto digital assets could get lotgrm and sustainable benefits.
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Comparing with funetaising or IP transactions, which mostly rely on tle iurrency, general token
of HeatChain (HFR) will be exclusively accepted by backbone services, such as payment for gas cost,

online service, IP registration and other micropayment.

In additon, HFR have another very important future cash inflow. OncélffiR has been listed in
some exchanges and priced according to the recognition from the financial market, the HeatChain
foundation can use some of HFR to invest into some projects with promising potential to obtain
commercial success. Thewpluation of hese investmergcould defend the value base of the crypto
currency because they could incur yields. On the other hand, these investment can also be securitized

and propel the digital asset securities exchange to prosper.

The early bird gets the worm. S0 those relatively mature areas of quantum technology to win
support from the HeatChain camunity. We prefer the developments in the leading areas of quantum
technologies, which can be expected to produce transformative applications with real practpation
ordinary people. New quantum sensors are expected to emerge in commercial markets in the near future,
guantum communications has already shown the absolute security and sound quality, whereas quantum
computers are more than a decade or more awancs it's very difficult to predict the key applications
of a disruptive technology and its timeline, the team will keep consulting from the Scientist Advisory

Board and editors of Quantum Commercialization Watch media.

In the long term, with the developnmd and maturity, HeatChain will gradually establish a value
ecosystem for quantum technology applications with HFR playing as a fundamental medium for value
exchanges, i.e., transaction settlement, financing, technology transitand licensing. Givenethatath
number of HFR is fixed, the more IP assets priced by HFR, the more value for HFR's holders. All these will

lead to a much brighter future of the HFR value.
4.2 HFR ISSUING & DISBBTION PLAN

The total number of HFRs is 3 billion, initially issuingoRlibn, with the other 600 million generated

according to the issuing curve for 20 years.

The issued HFRs must be allocated among the significant contributors within the ecosystem as the

following plan:
O  30% of total, for colleages, research institutesdasther landmark projects

O  10%, for the consortium blockchatfevelopment deployment and operation
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O 8%, for important sponsors and system developers at the early stage

O  15%, for founding team and resource providers who have put in many resources and expertis
O 2%, for active participants in the HeatChain community software

O  15%, for contributors to the entire ecosystem building

O 5%, for investors who provide angel funds to start S&T development plan, infrastructure and

ecosystem applications;

O  15%, for busines development purpose, such as being listed in some mainstream exchanges

and partners of international intellectual property transit and cooperation

O  HFRs will belisted in some influential cryptocurrency exchange for investors to monetize their

reserve forfuture commercial applications of quantum technology.

4.3 COMMERCIALIZATIONYEELD RETURN

This is the lastlink in the HeatChain business model, including two parts: the commercialization
team and yield return mechanism. Yield return is based on smart cotstian the block chain that have

been designed and released simultaneously in theuprof HeatChain.

Responsibiliies of the commercialization team acts as the defender of overall prosperity of the
HeatChairecosystem. Firstly, audit and supervise the listing procedure of technological assets
securitization to protect the investors and ecosystem's interests. Secondly, promote, excavate and serve
the quantum technology commercialization to enrich the tradafteducts and services from the

industry.
Transaction Fee Collected by HeatChain Infrastructue Peers

The infrastructure operation enterprise supported by the H&aain Foundation will provide
computers as the altlata-node of the block chaiasledgerkeeperand obtain transacton fees
priced by HFR. For example, under such circumstances, 10% of total revenues will be used to

re-fund orselfdestroy the HFR.

Seltdestroy the HFR mearngansferringa certain amount of HFR toveallet address called
not-valid-account, of whiclno one can own its secret key, then no one cafuse that amount

of HFR. All these sdltestroy transactions can klueriedon the HeatChain browser.
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Profits Earned by Operation Enterprises

The infrastructure operation enterprisege sponsored by the HeatChain Foundation, and will
have fiat cash flow anthake profits from their businessehese enterprises will bring out
20-30% of its annual profits after interest and tax to Hogck HFRs in the public exchange. By

doing so, Heatain Foundation could reund the community.
The yield return mechanism can be dealt with by several methods of transaction.
Seltdestroy

Seltdestroy after buyback helpseduce the number of crypto tokens circulating in the market,
thus drive up price,ad in turn, bring more return for HFR holders. The amount of HFRs to be
selfdestroyed shall not exceed the numb&rhich is allocated for fundaising at the

beginning. Once the goal is reached, st#étroy shall be stopped to guarantee enough crypto

tokens in the ecosystem.
Presented to HFR holders

When the HFRs boughtack do not used for setfestroy, the yield return mechanism will
change into giving away modétor example, giving away an amount of HFRs to those
accounts with balance exceeding 90 daas dividendsBy doing so, the HeatChain Foundation
return the yields to the entire community and ensure the investment returns to the HFR

holders.

So far, HeatChaiRoundation will not pay dividends to investors using fiat currency because HFR is

issued and circulated on the blockchain, rather than bank accounts.

5 GOVERNANCE MECHANISM HEATCHAIN

5.1 INTRODUCTION

HeatChainis a distributed international block chain comityi There'll be a HeatChain Foundation

overseas to be in charge titken minting,management, operation, as well as the security of funds raised.

The governance structure of HeatChascomposed of HeatChain Community Assembly, HeatChain

Autonomous Cominttee and the Executive Committee.
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HeatChain Community Assembly is the supreme authority, made up with all of the HFR holders, who

can participate in the decisiemaking for the major issues according to the number of HFR in hand.

1 Govemance Structure of HeatChain

HeatChairExecutiveCommittee is responsible to the Assembly and orgagilze management and
supervision functionaliies. The members will be adjusted every two years, considering the number and

holdingtime of their HFRbalances.

HeatChairFoundation will seek for supports from scientist and economists to provide consulting on
scientific appraisals anousinessmodel buidingup. The Scientist Advisory Board and Business Advisory
Board wilwork independently, and the executive team will follow their decisions on key issues, such as
which project can get financial support from HeatChain and how they advance in research and technology

transformation.

HeatChain Autonomous Committee is a seofseams or partnership to manage routine operation
and business development, including research & development team, business development, finance, risk

control, auditing, etc.

5.2 HEATCHAIN COMMUNIASSEMBLY

HeatChain Community Assembly is composed dfiBR holders, thus the supreme authority to

perform the following functionalities:

Revise the HeatChain charter

B

Supervise the implementation of HeatChain charter

B
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