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Summary 

 

1. Quantum computing (QC) is as an emerging technology. 

a. Emerging technologies require additional evaluation in government 

and university settings. 

b. Emerging technologies may be used for evaluative or pilot testing 

deployments, or in a higher education research environment. 

i. The results of an evaluation or pilot test deployment of 

quantum computing should be submitted to the VITA 

Enterprise Architecture Division for consideration in the next 

review of the Enterprise Architecture for such technology. 

c. Any use, deployment or procurement of this technology beyond 

higher education research environments requires an approved 

Enterprise Architecture Change/Exception Request Form.  

 

This technical brief defines the meaning of quantum computing and shows 

the impact quantum computing is anticipated to have on the commonwealth 

enterprise in the not too distant future. 

 

Guidance from this technical brief is intended to help commonwealth 

agencies determine what they can do today to prepare for quantum 

technologies within their enterprises.  This document also provides general 

VITA guidance for this moment in time with the current maturity of quantum 

computing. 

 

 
 

 
 
 

 
 
 

For any comments, questions, and/or concerns with this technical brief, please contact VITA EA:     

ea@vita.virginia.gov       
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VITA Quantum Computing (QC) Recommendations 

 

VITA recommends that: 

 

 QC should not be ignored by agencies merely because it is an emerging 

technology. 

 

 VITA assesses: 

 

o The voluntary catalyst for QC implementation within Virginia’s 

executive branch will most likely be driven by financial use cases, 

given plans by the overall financial services industry for QC use 

around the year 2027 according to Gartner. 

 Moreover it could come through an area such as VDOT traffic 

optimization use cases given QC’s excellence in solving such 

problems exponentially faster than classical computing. 

 

o The mandatory catalyst for QC implementation within Virginia’s 

executive, legislative, and judicial branches will most likely be 

driven by QC’s ability to breach and render obsolete many if not all 

current encryption algorithms.  

 It could also come through a quantum 

internet, which the European Journal of 

Physics considers the most promising 

application of emerging quantum 

technologies. 1 

 

 Agencies should identify and inventory dependency on quantum-

vulnerable cryptographic algorithms, and prepare for their mitigation or 

replacement by creating an inventory of application dependencies. 

 

                                                 
1 Towards a Quantum Internet by the European Journal of Physics on November 7, 2017.  Obtained from the 

internet in December 2018. 
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Supporting Quantum Computing Research 
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Commonwealth of Virginia – Information Security 
Standard – SEC501 2 

Overview 

 Quantum computing relates to SEC501’s CA-7 – CONTINUOUS 

MONITORING section for emerging vulnerabilities in information 

technologies of which the ability for QC to break current encryption 

algorithms is a vulnerability requiring upcoming remediation. 

 SEC501 

o Control:  The organization 

develops a continuous 

monitoring strategy and 

implements a continuous 

monitoring program that 

includes:  <snip> 

 (3)  CONTINUOUS 

MONITORING | TREND 

ANALYSES <snip> 

 Supplemental 

Guidance:  Trend 

analyses can 

include, for example, <snip> emerging 

vulnerabilities in information technologies <snip>. 

 
 

                                                 
2Commonwealth of Virginia Information Security Standard – SEC501 by Virginia Information Technologies Agency 

(VITA). 
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What is Quantum Computing? 3 

Overview 

 Quantum computing is a field, which aims to build a computer based 

on the principles of quantum mechanics.  

 

o To explain quantum mechanics, suppose you throw a ball up into 

the air; the motion of the ball as it rises and falls is well-

described by a set of mathematical laws known as Newton's 

laws, or classical mechanics. 

 Classical mechanics has been around for centuries, its 

foundations laid by the famous scientist Sir Isaac Newton. 

o Now, what happens if instead of throwing up a ball, you toss 

something much smaller - say, an electron or a photon? 

                                                 
3What is Quantum Computing by Quantum Computing Lab’s Sevag Gharibian – 2018.  Obtained from the web in 

December 2018. 
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 Just over a century ago, renowned physicists such as Max 

Planck, Albert Einstein, and Erwin Schrödinger were 

arriving at the startling conclusion that classical mechanics 

fails miserably in describing the behavior of such tiny 

subatomic particles. 

                     

 To address this, the physics community developed a new 

set of mathematical laws to describe this miniature world, 

known as quantum mechanics. 

 The goal of quantum computing is to build a machine, which harnesses 

these new physical laws. 

 

 

CIOs watch out:  Here are seven (7) disruptions 
you might not see coming 4 

Overview 

 The single largest challenge facing enterprises and technology 

providers today is digital disruption. 

 There are several categories of disruption that organizations may not 

be prepared for and need to work to pre-empt, according to Gartner. 

                                                 
4CIOs watch out:  Here are seven (7) disruptions you might not see coming by TechRepublic on October 18, 2018.  

Obtained from the web in December 2018. 

Max 

Planck 

Albert 

Einstein 
Erwin 

Schrodinger 
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o Quantum computing:  Based on the quantum state of subatomic 

particles, quantum computing goes beyond the standard bits of 

traditional computing to offer high computational strength and 

parallelized computing. 

o Advances in quantum computing could provide a stronger 

foundation for machine learning, artificial intelligence (AI), and 

data analytics. 

 

 

University of Virginia's Pfister accomplishes 
breakthrough toward quantum computing 5 

Overview 

 "Some mathematical problems, such as 

factoring integers and solving the Schrödinger 

equation to model quantum physical systems, 

can be extremely hard to solve," Pfister said.  

o "In some cases the difficulty is 

exponential, meaning that computation 

time doubles for every finite increase of 

the size of the integer, or of the system;"  however, he said, this 

only holds for classical computing. 

 Quantum computing was discovered to hold the revolutionary promise 

of exponentially speeding up such tasks, thereby making them easy 

computations. 

o "This would have tremendous societal implications, such as 

making current data encryption methods obsolete. 

o And it would also have major scientific implications, by 

dramatically opening up the possibilities of first-principle 

                                                 
5 U.Va.’s Pfister accomplishes breakthrough toward quantum computing; article by the University of Virginia 

through the Science-X Network of Phys.org of July-15-2011.  Obtained via the web in December 2018. 
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calculations to extremely complex systems such as biological 

molecules," Pfister said. 

 "As far as we know, entanglement is actually the 'engine' of the 

exponential speed up in quantum computing." 

 
 

 

Serious quantum computers are finally here.  What 

are we going to do with them? 6 

Overview 

 Google has been leading the charge toward quantum supremacy, while 
Intel and Microsoft also have significant quantum efforts.  

o And then there are well-funded startups including Rigetti 
Computing, IonQ, and Quantum Circuits. 

o No other contender can match IBM’s pedigree in this area. 

o Quantum supremacy is where a quantum computer can solve 
problems a classical computer cannot. 

 Charles Bennett of IBM Research (IBM since 1972) is one 

of the founding fathers of quantum information theory. 
His work at IBM helped create a theoretical foundation for 

quantum computing.     Picture courtesy of Bartek Sadowski 

 

 
 

 

 

 
 
                                                 
6 Serious quantum computers are finally here.  What are we going to do with them?  MIT Technology Review article 

in February 2018.  Obtained from the web in December 2018. 

https://phys.org/tags/quantum+computing/
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 A picture of the IBM Q computer. 

 

 
 

 The revolution will not really begin until a new generation of students 

and hackers can play with practical quantum machines. 

 Quantum computers require not just different programming 

languages, but a fundamentally different way of thinking about what 

programming is. 

 
 

D-Wave and Virginia Tech Join Forces to Advance 
Quantum Computing 7 

Overview 

 D-Wave Systems Inc. 

and Virginia Tech have 

established a joint effort to provide greater access to quantum 

computers for researchers from the Intelligence Community and 

Department of Defense. 

                                                 
7 D-Wave and Virginia Tech Join Forces to Advance Quantum Computing article by D-Wave News – Mar 13-2017.  

Obtained via the web in December 2018. 
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o D-Wave and Virginia Tech will work towards the creation of a 

permanent quantum computing center to house a D-Wave 

system at the Hume Center for National Security and 

Technology.  

 Under the agreement, D-Wave 

will work with Virginia Tech to 

enable their staff, faculty, and affiliates to build new applications and 

software tools for D-Wave quantum computers.  

 Establishing a quantum computing center at the Hume Center will 

advance Virginia Tech’s mission of supporting national security, and 

providing access to technology that few researchers can leverage 

today,” said Mark Goodwin, deputy director and COO of the Hume 

Center. 
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Predicts 2018:  Emerging Technologies Pave the 
Way for Business Reinvention 8  

Overview 

 By 2023, 20% of global enterprises will be budgeting for quantum 

computing (QC) projects, compared with less than 1% in 2017. 

 QC is likely to take as long as a decade to reach broad mainstream 

adoption across industries. 

 Cryptographic algorithms, such as RSA and Elliptic Curve, will be 

broken by QC, although existing key lengths are expected to remain 

safe for at least another five to seven years. 

 

 

 

o The National Institute of Standards and Technology (NIST) is 

hosting an open contest for selecting recommended Post 

Quantum Encryption algorithms and is expected to make a 

recommendation in a couple of years (the standard time frame 

for NIST algorithm selection). 

                                                 
8 Predicts 2018: Emerging Technologies Pave the Way for Business Reinvention by Gartner.  December 7, 2017. 
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 Inquiries about QC at Gartner have more than tripled every year for 

the past two years, with about 100 inquiries by October 2017, and is 

being driven by three factors:  

o Threat of QC to cryptography 

o Curiosity about the capabilities and time frames for specific 

applications 

o Potential use as a competitive advantage 

 

 Some specific QC trends have emerged: 

o In financial services, organizations are looking at ways to get 

into the technology as early as possible because they want to 

develop a pool of programmers and application developers now, 
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so they do not have to search for them when there is more 

competition, and use them to develop early proofs of concept 

(POCs).  

o QC development languages will be very different from existing 

ones, due to the different physics of QCs and a different 

mathematical basis.  

 There is a race to recruit developers now and build mind 

share for the products to become the standards as the 

hardware progresses. 

o IBM has been offering 

Quantum Computing as a 

Service (QCaaS), and recently 

updated its computing 

capability from 17 to 50 

qubits.   Microsoft and Google have announced similar products.  

o In healthcare, homomorphic encryption has emerged as a 

desired solution for privacy and for processing confidential data. 

 Homomorphism is a property of some forms of Quantum 

Resistant Encryption that allows computational operations 

(addition and multiplication) to take place on encrypted 

text, and the result of those operations appears in the 

decrypted text.  

 This supports the processing of cannot-be-read data, 

even when intercepted. 

o Drug identification and molecular chemistry are using QC to 

model simple, but increasingly complex, molecules faster and 

more accurately than with classical techniques. 

o In logistics, route optimization is a short-term goal that QC can 

begin to address, and is a problem QC is well positioned to solve. 
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 Volkswagen AG, which is testing QC using GPS data from 

more than 10,000 taxis in Beijing, where they created an 

algorithm to calculate the fastest routes to the airport, 

while minimizing traffic.  Traditional computer 

infrastructure required 45 minutes to complete that task; 

however, its quantum computer did it in a fraction of a 

second. 

o Cryptographic algorithms, such as RSA and Elliptic Curve, will be 

broken by QC, although existing key lengths are expected to 

remain safe for at least another five to seven years.  

 The National Security Agency (NSA) issued an 

order that U.S. national-security employees and 

vendors must, "in the not-too-distant future," 

begin overhauling their encryption to guard 

against the threat posed by quantum 

computers.  

o Because national-security information must be 

protected for decades, the agency says new encryption needs to 

be in place before these machines arrive.  

 Otherwise, the NSA warns, code-breaking quantum 

computers would be "devastating" to national security. 

o NIST has begun looking for 

replacement algorithms for RSA 

and Elliptic Curve and has begun 

issuing new guidance for key and 

hash lengths. 

o QC will cause a re-evaluation of the security products that 

address encryption and hashing.  
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 It will drive significant changes, requiring evaluation of 

new products and vendors, and causing vendors to update 

their portfolios. 

 

 

Higher Education’s Top 10 Strategic Technologies 
for 2017 9 

Overview 

 Quite a few 

respondents 

indicated they were unfamiliar with particular technologies on the full 

list of 85 choices.  

o Some technologies are hardly surprising to find on this list, like 

quantum computing and in-memory computing. 

 Quantum computing (20%) applies quantum mechanics to 

computation. 

o Vastly increases possible number of simultaneous calculations 

and enables tasks and computations that were previously out of 

reach. 

 

 

                                                 
9 Higher Education’s Top 10 Strategic Technologies for 2017 by the Educause Center for Analysis and Research.  

Obtained via the web at https://er.educause.edu/~/media/files/library/2017/5/ers1707.pdf?la=en on December 3, 

2018. 

https://er.educause.edu/~/media/files/library/2017/5/ers1707.pdf?la=en


 
 

Page 20 of 68 

January 2019                                 robert.kowalke@vita.virginia.gov 

Enterprise Architecture                      
Quantum Computing (QC) 

Application of Quantum Technologies for Practical 
Tasks 10 

Overview 

 Almost all large companies connected with information technologies 

are engaged in quantum computing – IBM, Google, and Microsoft carry 

out research in this area.  

           

 The advantages of quantum computers are manifested in the following 

problems: 

o Rapid processing of huge databases 

o Optimizing processes, the nature of which is close to the task of 

the traveling salesman problem 

o Analyzing and processing scientific data with the identification of 

certain patterns 

o Decomposing numbers by prime factors using the Shore 

algorithm 

 In the near future, the quantum Internet may become a separate 

branch of the conventional Internet. 

o Research groups around the world are developing chips to allow 

a quantum network connection for a typical computer, but so far 

it can only be used for certain tasks. 

 Companies such as Google, IBM, and Microsoft propose using the 

resources of QC for various tasks, most of which are related to applied 

cryptography, e-commerce, and information protection. 

                                                 
10 Application of Quantum Technologies for Practical Tasks, ISSA Journal of November 2017.  Obtained via the web 

in December 2018. 
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o The challenge of quantum computing for classical cryptography 

is a real threat to many kinds of activity, including electronic 

commerce and electronic payments. 

 With the help of quantum computers, one can optimize many 

processes from medicine to engineering. 

 Application of quantum technologies in industry and communications: 

o The DWave 2000Q computer is a real quantum computer used 

for cybersecurity tasks.  

 

 D-Wave is the world’s first quantum computing company 

founded in 1999. 

 Public customers include Lockheed Martin, Los 

Alamos National Lab, Google, NASA Ames, Temporal 

Defense Systems.  
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o IBM Q. 

 

o Google is showing new results in the development of quantum 

computers. 

 

o Microsoft Station Q can be used for clarifying complex chemical 

processes with quantum computers. 
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o News about a project of scientists from Russia and the United 

States for creation of the first 51-qubit quantum computer 

testifies to the level of projects creating such devices. 

 

 

Future Directions of Quantum Information Processing 11 

Overview 

 The laws of quantum mechanics govern all physical systems at the 

most microscopic level. 

 There are three subfields of quantum information processing: 

 

 The greatest support for the fundamental science of quantum 

information processing has come from governments. 

 The long term goal of quantum communication systems is a quantum 

internet – quantum computers connected via quantum communication 

channels. 

 The participants were in unanimous agreement on their vision of the 

future of quantum information processing: 

o Quantum technologies will play a dominant role in the 

development of powerful computers, secure and high-rate 

                                                 
11Future Directions of Quantum Information Processing.  A workshop on the emerging science and technology of 

quantum computation, communication, and measurement.  Virginia Tech Applied Research Corporation (VT-ARC) – 

August 26, 2016.  Obtained from the web in December 2018. 
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communication, and hyper-accurate sensors and imaging 

systems. 

 

 

 Achieving the full potential of quantum information processing would 

result in: 

o unhackable computer systems 

o quantum machine learning techniques that can find patterns that 

are inaccessible to any classical learning method 

o  GPS that determines position at the submillimeter scale 

o inertial guidance and navigation systems that maintain the 

precision of GPS over weeks 

o detection and imaging systems that surpass the Rayleigh 

diffraction limit by orders of magnitude. 
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 A mid-scale quantum computer with fifty qubits, capable of performing 

thousands of coherent operations, crosses an important threshold, for 

it is at this scale that it becomes effectively impossible to characterize 

and simulate the behavior of such a quantum computer using even the 

most powerful classical computers. 

o A quantum computer with fifty qubits requires  250 ≈1015  

memory sites on a classical computer merely to record the state 

of the quantum device! 

o To simulate the dynamics of a mid-scale quantum computer on a 

classical computer requires the ability to exponentiate 1015 by 

1015 matrices. 

 These requirements will lie outside of the capability of 

classical computers for many years to come. 

o Simulating quantum computers with one hundred qubits, which 

is a reasonable 5-10 year goal to develop would require classical 

computers with around 1030 memory sites and capable of 

exponentiating 1030 by 1030 matrices, which is unlikely to 

happen for decades, if ever.  

 Quantum computers are right now on the verge of breaking the barrier 

of classical computation. 
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 We are now poised for the development of a quantum internet to 

exchange quantum information and distribute entanglement among 

quantum computers. 

o A quantum internet has new capabilities that would be 

impossible in a classical world, including: 

 long-distance unconditionally-secure communication 

 precision sensing and navigation 

 distributed quantum information processing 

o Some essential components of the quantum internet have 

already been deployed, including: 

 quantum key distribution links over fiber, free-space, and 

initial satellite links 

 quantum teleportation in deployed fiber 

 the first optical links between entangled NV spin systems 
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The “In Your Face” Disruption Few Understand and 
Some Fear 12 

Overview 

Research and presentation by Mr. 

Matthew Brisse of Gartner at the 
Gartner Catalyst 2018 Conference. 

 Quantum computing (QC) will 

totally change the computing 

science landscape in higher education. 

 By 2023, 20% of organizations will be budgeting for QC projects 

compared to less than 1% today. 

 Without hype, there is no funding.  

 There are 62 QC companies currently. 

 QC is not ready for mainstream today. 

 QC is non-deterministic. 

o For example:  1+1 = 99.99% probability the solution is 2. 

 Commercially viable for specific problems in six to ten years. 

 Machine learning is the biggest quantum use case. 

 Financials services planning on QC usage in 2027. 

                                                 
12 Gartner Catalyst Conference 2018.  Obtained via Gartner and various research in October 2018. 
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 4IR = Fourth Industrial Revolution – Quantum, Artificial Intelligence 

(AI), Machine Learning, etc. 

 
 

 Gartner has received over 300 calls from CIO’s / CTO’s on Quantum 

through July 2018. 

 Quantum algorithms are coming first for use in machine learning. 
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 All quantum chips are one off’s. 

 Exponential speed up – N300 instead of N2 (1’s and 0’s).  

 Computational scientist will take problems to quantum system for 

highest probability solutions. 
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Security Essentials for IoT Product Developers – SecureRF 2017 

 

 You will not be using a Quantum computer to run your Microsoft Word 

app. 

 Banks have to be concerned about quantum. 

Security Essentials for IoT Product Developers – SecureRF 2017 
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 Quantum computing positions the qubits and then reads them. 

 Qubit = electrons. 

 Need 150-300 qubits to do meaningful work. 

 Need an oscilloscope to read qubits. 

 
 

 To be considered quantum a machine must do entanglement. 

o D-Wave is technically not quantum because it can’t do 

entanglement. 

 Free quantum computing is available on the web today. 

 Quantum computers currently must be tuned twice a day. 

 Do not ignore quantum computing! 
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Quantum Cloud Services (QCS) is entering arena 
with big prize offer 13 

Overview 

 MIT Technology Review identified what sets quantum computing apart 

from traditional computing: 

o Traditional machines use standard digital bits that can represent 

either 1 or 0, but qubits can be both at the same time. 

o "Adding just a few extra qubits to a machine – and linking them 

via a phenomenon known as 'entanglement' – creates 

exponential leaps in computing power.” 

 QCS tackles the problem with a data center containing both quantum 

computers and classical computers in a system optimized to run entire 

hybrid algorithms. 

 Rigetti Computing will be granting early access to Quantum Cloud 

Services in the coming weeks (September 2018). 

 Sign up to reserve a QMI today at rigetti.com. 

 
 

Roland Berger Trend Compendium 2030 14 

Overview 

 A global trend study compiled by the 

Roland Berger Institute (RBI) describing 

the most important megatrends that will 

shape the world between now and 2030.  

                                                 
13 Quantum Cloud Services is entering arena with big prize offer by Tech Xplore on September 10, 2018.  Obtained 

via the web in December 2018. 
14 Roland Berger Trend Compendium 2030 in October 2017; Megatrend 5 – Dynamic Technology and Innovation, 

Roland Berger Institute.  Obtained via the web in December 2018. 
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 These megatrends will have a broad impact on the environment of 

companies, strongly influencing challenges and opportunities of their 

business 

o Megatrend 5 – Dynamic Technology and Innovation. 
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Programming Languages and Compilers for 
Quantum Computers 15 

Overview 

 

 

 

                                                 
15 Programming Languages and Compilers for Quantum Computers; Columbia University Computer Science.  

Obtained via the web in December 2018. 
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Scientists find a way to enhance the performance 
of quantum computers 16 

Overview 

 Advantage gained by acquiring the first computer that renders all 

other computers obsolete would be enormous and bestow economic, 

military, and public health advantages to the winner. 

 Scientists worldwide have yet to achieve a "quantum advantage – the 

point where a quantum computer outperforms a conventional 

computer on any task. 

 The University of Southern California (USC) is the only university in 

the world with a quantum computer; its 1098-qubit D-Wave quantum 

annealer specializes in solving optimization problems.  

o Part of the USC-Lockheed Martin Center for Quantum 

Computing, it is located at USC's Information Sciences Institute.  

 However, the latest research findings were achieved not on 

the D-Wave machine, but on smaller scale, general-

purpose quantum computers: IBM's 16-qubit QX5 and 

Rigetti's 19-qubit Acorn. 

                                                 
16 Scientists find a way to enhance the performance of quantum computers.  University of Southern California 

(USC) – November 29, 2018.  Obtained via the web in December 2018. 
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 The quest for quantum computing supremacy is a geopolitical priority 

for Europe, China, Canada, Australia, and the United States.  

 Congress is considering two new bills to establish the United States as 

a leader in quantum computing. 

o In September, the House of Representatives passed the National 

Quantum Initiative Act to allocate $1.3 billion in five years to 

spur research and development. 

 It would create a National Quantum Coordination Office in 

the White House to supervise research nationwide.  

 A separate bill, the Quantum Computing Research Act by 

Sen. Kamala Harris, D-Calif., directs the Department of 

Defense to lead a quantum computing effort. 

 

 

List of Companies Involved in Quantum Computing 
17 

Overview 

 Booz Allen Hamilton (BAH) of Tysons 

Corner, VA initiated quantum 

computing involvement supporting 

computing in 2015. 

 

 Northrop Grumman (NG) of West Falls 

Church, VA initiated quantum computing 

involvement supporting the area of 

computing. 

 

                                                 
17 List of companies involved in quantum computing by Wikipedia.  Obtained via the web in December 2018. 
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 QxBranch of Washington, DC initiated 

quantum computing involvement supporting 

computing in 2014. 

 

 ionQ of College Park, MD initiated quantum 

computing involvement in conjunction with the 

University of Maryland and Duke University in 

the computing area of ions. 

 

 Lockheed Martin of Bethesda, MD 

initiated quantum computing 

involvement in conjunction with the 

University of Southern California (USC) 

and the University College London. 

 

 Nokia Bell Labs of Murray Hill, NJ initiated quantum computing 

involvement in conjunction with 

the University of Oxford in the 

area of computing.  

 And many more… 

 



 
 

Page 40 of 68 

January 2019                                 robert.kowalke@vita.virginia.gov 

Enterprise Architecture                      
Quantum Computing (QC) 

 
 

 
 

 
 

 



 
 

Page 41 of 68 

January 2019                                 robert.kowalke@vita.virginia.gov 

Enterprise Architecture                      
Quantum Computing (QC) 

 

  



 
 

Page 42 of 68 

January 2019                                 robert.kowalke@vita.virginia.gov 

Enterprise Architecture                      
Quantum Computing (QC) 

 

 

 

 

 

Pictorial Insight of Quantum Computing 18 

 

 

 

 

 

 

 

 

 

 

 

  

                                                 
18 Obtained through various sources as found on the World Wide Web / Internet through January 2019. 
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Overview 

 

 The following graphics are provided to assist with understanding 

quantum computers at a basic level. 

 

o It is understood that some graphics may not help one’s 

understanding at all. 

 

o Viewer discretion is advised. 
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The uncertainty principle.  

Werner Heisenberg famously 

discovered that when you measure 

the position (let’s sayyyy) of an 

electron as precisely as you can, you 

find yourself more and more in the 

dark about its momentum.  And vice 

versa.   You can pin down one or the 

other, but not both.  
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19 
 

 

 

 

20 

 

                                                 
19 Future Directions of Quantum Information Processing.  A workshop on the emerging science and technology of 

quantum computation, communication, and measurement.  Virginia Tech Applied Research Corporation (VT-ARC) – 

August 26, 2016.  Obtained from the web in December 2018. 
20 Ibid. 
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21 

 
 

22 
 

 

                                                 
21 Ibid. 
22 Ibid. 
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23 
 

 

 
24 

 
 

                                                 
23 Ibid. 
24 Ibid. 
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25 

 
 

26 

 
 

                                                 
25 Ibid. 
26 Ibid. 
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27 Ibid. 
28 Ibid. 
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30 
 

 

 

                                                 
29 Ibid. 
30 Ibid. 
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31 

  

                                                 
31 Quantum Internet by QU Tech in the Netherlands 



 
 

Page 68 of 68 

January 2019                                 robert.kowalke@vita.virginia.gov 

Enterprise Architecture                      
Quantum Computing (QC) 

 

 
 

How much does a quantum computer cost? 

 
 
 

 


