DAL Technologies Search Dell Q £ signin ~  €) Contac
APEX -~ IT Infrastructure ~ Computers & Accessories ~ Services - Support -~ Ceals ~
Perspectives Latest  Leadership and Innavation  Research and Insights  Realize Magazine  Podcasts

DIGITAL TRANSFORMATION

=Y -
S AN ~ . The promise and challenge of guantum
g @ .. computing
g : . o - : Tao unlock quantum's potential, we must learn to contral tiny particles’ chaatic behaviars.
b 4 .
e i. -t‘} . . :.‘ -. :I..II- e
e .l". s . . s ._. a . a :
. % L e e May 18,2023 | 7 min read
By Rodika Tollefeon | usirations by Kefth Negley k. f in B %

The warld's fastest supercomputer, launched by the U.S. Department of Energy in November 2022, can perfaorm moaore than a quintillion calculations per
secand.

Take fertilizer production, which uses 2-3% of the warld's entire energy cansumption. As much as 90% of that energy goes ta making ammania through
nitragen fr¢ation. Making this process mare energy-efficient would invalye simulating such a large number of chemical interactions that it could take
classical computers billions of years, and even a supercomputer couldn't achieve it in "reasonable time.”
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The science tells us that these quantum devices, If we're able to build them, will make an incredible P ———

difference in a set of very specific problems. May 18,2023 | 2 min read

—Raymond Laflamme, Canada research chair, guantum computing, University of Waterloo INTELLIGENT INNOVATION

High performance cemputing fuels space
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Guantum computing promises ta break through the limitations of classical computers—even high-performing ones like supercomputers—ta salve these

kinds of "unsalvable” prablems. They could help achieve anything fraom understanding the nitrogen fixation process to explaining the mysteries of dark
matter, In theory, anyway.

Quantum + classical = wonder beyond
sci-fi

Aug 4, 2022 | 2 min raad

Scientists must first learn to contral large numbers of quantum bits—tiny particles such as atoms, electrans ar phatons that hold guantum information.
And these quantum bits, ar qubits, are very unruly, behaving in ways that are nothing like the classical computer bits.

A fundamentally different technology

Faymaond Laflamme, Canada research chair in quantum computing at the University of Waterloo in Canada, says theras a fundamental difference
hetween quantum and classical computing.

“Theras an expanential gap between quantum computers and classical anes,” he says. "The science tells us that these guantum devices, if we're able to
huild tham, will make an incredible difference in a set of very specific prablems, and they da this in a really surprising way compared ta the computers
that we have around today.”
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These surprising ways—based on the principles of quantum physics—allow quantum computers to process information much faster, especially when
perfarming tasks such as quantum simulations, optimization and large number factarization.

The challenge is that qubits, the building blocks of quantum computers, are very difficult to cantral. They're highly susceptible to “naise” {interference),
which leads to computational errarg. One of the mast comman breeds of quantum camputers is described as being noisy intermediate-scale devices.
They're prane ta errar, and the largest has just aver 400 qubits, far from the tens of thausands or even millians that it would take to salve the mast
camplex prablems.
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Scatt Buchhalz, glabal guantum computing lead at Delaitte Consulting LLE says the noise challenge stems from the difficulty of getting particles like
atams ar electrans "ta sit still and then do useful work” Buchhaolz comparas these particles to 3-year-old toddlers. ¥y f in B %

“Toddlers want to talk to everybody, and you're trying to get a whale field of them to sit still and anly talk to the right ones in the right way,” he says. "All it
takes is two toddlers to start squirming, and they all degenerate into a mass of chaos.” And, as you add more taddlers—ar particles—the likelihood of

chaos grows exponentially. YOU MAY ALSO LIKE

“That's analogaus ta where the guantum space is taday, and we need the quhbits to grow up and be mare mature g0 we can get them ta behave better and

wark tagether in the right way," Buchhalz says. INTELLIGEMT INNOVATION

Quantum computing 101
Anather big challenge researchers face is quantum errar carrection, according to Laflamme. This technigue reduces errar rates due to noise by encoding a
large number of qubits to provide redundancy.
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"Taday, technology companies have demaonstrated increased contral of qubits and ability to scale up, but nat enough to do quantum arrar carrection,”
says Laflamme, wha has conducted foundational research an errar carrection. “Ta get to quantum errar carrection, well need many tens of thousands of
qubits, and what we need to get there is stamina, because it's nat going to happen right away. And when we get near therg, that's when the technolagy

. . . " Sep 1, 2022 | 3 min read
that loaks like magic to us today will really make prograss. §
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The proof of concept’ era ik

Aug4, 2022 | 2 min read
The technaology has already made significant progress in the past decade. But “were still in the proof of concept, ar pilat, era,” says Olivier Ezratty, co-

founder of the Quantum Energy Initiative and a Paris-based technaolagy consultant whao specializes in quantum technalogies. Ezratty and others say
quantum computing is today where classical computers were in the 1950s ar '60s, when peaple saw the potential of the machines, but everyday use was
decades away.

“Were nat yet at a point where guantum computing brings value that exceeds what you can do with a classical computer” he says.

The quantum computing econamy, in the meantime, is grawing rapidly. By 2022, the tatal of public and private investments had reached $35.5 billion
glabally, according to the Waorld Economic Forum {(WEF), althaugh other estimates are mare conservative. Research company Market Research Future has
heen tracking the space since 2016, and Shubham Munde, its seniar research analyst for the technology domain, says the waorldwide enterprise quantum
computing market is growing at a 31.3% compaound annual growth rate between 2022 and 2030.
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We're still in the proof of concept, or pilot, era. We're not yet at a point where quantum computing

brings value that exceeds what you can do with a classical computer.

: o YOU MAY ALSO LIKE
—Olivier Ezratty, co-founder, Quantum Energy Initiative
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“There are maore than a hundred companies in research and development, with the United States leading the market, followed by European companies,”
Munde says.

A lat of the investment up until recently was in hardware platfarms, according to the WEF, but not all companies are pursuing the same path. Currently, at
least half a dozen technalogies can be used to build the hardware, from superconducting qubits and trapped ions to phaotonic qubits and neutral atoms.

Sap 1, 2022 | 3 min read
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Each technaology has its pros and cons, Buchhaolz says. For example, superconducting provides faster pracessing, but the qubits have a higher

susceptibility to noise and require refrigeration to contral, while ion traps work at room temperature and pravide higher quality qubits but have lower
cannectivity and scalability.

Quantum + classical = wonder beyond
sci-fi

Aug 4, 2022 | 2 min read

“Each propanent believes their technalogy is better suited to overcome prablems than competitars’, but, in reality, that's hard to discern,” Buchhaolz says.
“The good news is that theres a fair amaunt of cansistency in terms of how peaple are thinking about building software on tap of these systems.”

The vision

Regardless of how far we are fraom practical implementation, the future impact of quantum computing could be tremendaous. The environmental
applications range from reducing energy cansumption to developing better alternative energy sources.

Munde gives the example of salar pangls. "Salar panels don't collect 100% of the power they're capable of caollecting,” he says. Ta improve the properties
af the salar pansel materials and their efficiency would require malecular-level simulations. Classical computers aren't fast enaugh because they have to
approach simulations sequentially, whereas quantum computers can do so simultanaausly, he explains.

¥ o o = %
Many quantum technology investars are alsa looking at coal alternatives such as liquid nitragen gas {LNG), accarding ta Munde. “Coal and other
canventional saurces used far electric generation contribute to around 30-33% of global greenhouse gas emissions,” he says. "But to directly substitute
LNG, for example, we need to make a lot of discrete decisions, from production to supply chain, and that means we need to salve very difficult, caomplex

prablems. ¥0U MAY ALSO LIKE

And then theras the elusive nitragen fixation praoblem. Understanding that chemical process alone could bring significant impact. "Even if you imprave the

energy consumption by 10%, 10% of the 3% of the energy we use on Earth is not negligible” says Laflamme. INTELLIGENT INNOVATION

Quantum computing 101
The challenge is that solving this particular prablem would require a computer with about 50 million qubits, according to Ezratty, author of
"Understanding Quantum Technologies” and speaker and trainer an the subject for government and private sectars. "Right now, quantum computers anly

May 18, 2023 | 2 min read

have between 50 and 400 qubits, so we would need to have a six arder of magnitude difference in the number of qubits.”
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From high aspirations to interim applications

While many technalogy companies are focused on aspirational use cases—waorking an protatypes for future applications—athers are “kicking the tireg®
and looking far useful functianality today, Buchhaolz says.

That's exactly what U.5.-based Guantum Computing Inc. {(QCI) is daing. The company initially set out to pravide agnaostic software for qguantum computer ¥y f in B %
users but switched gears because “quantum just didn't deliver the benefits yet that people were expecting,” company CEQ Robert Liscouski says. GOl now
a full-stack quantum hardware and software salution developer, applies photonics-based quantum capabilities to optimization problems.

Liscaouski says that since photans {which carry infarmation in light particles) don't require a stable environment, they don't have ta be errar caorrected. QCl
has been able to demanstrate quantum capabhilitias with about 5,000 qubits to “salve big aoptimization problems.” Gne pilat praject focused an aptimizing
the placement of wind turbines an a parcel ta create the highest electricity production with the lowest investment. Although the parcel could
accommadate 200 turbines producing 14.75 GWh each, QCI determined thraugh quantum optimization that it was mare efficient to place only 69 turbinas
praducing 16.17 GWh each.
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“We have the ability to implement a mare efficient application of wind turbine energy, saving maney an the investment and increasing output while having

na environmental impact ar even reducing the impact,” he says.
INTELLIGENT INMNOWVATION

High performance computing fuels space

uantum computing also has a side benefit: The technology itself requires less energy use than a classical computer. That, too, is part of the draw for : ;
: e i 1 Iy P : discoveries at ALMA Observatory

quantum capabilities far companies, Liscouski says. “When we compare gquantum caomputing to classical computing, it's not just the ahility to get better

results; it's getting better results in less time and with less power consumption,” he says. Epil-2022e) Smintend
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Quantum + classical = wonder beyond
sci-fi

When we compare quantum computing to classical computing, it's not just the ability to get better
results; it's getting better results in less time and with less power consumption.

Aug 4, 2022 | 3 min read

—Robert Liscouski, CEQ, Quantum Computing Inc.
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Making the leap

While quantum computers are anly an the cusp of what may be passiblg, business leaders need to start paying attention now. Buchhalz notes that
quantum computing may be just one research breakthrough away, and it's hard to predict research breakthroughs. “The industry is changing very quickly,
and | would not want to see a business leader wake up one marning and discover that a bright researcher has made the breakthrough,” he says.
“Suddenly, the technalogy is much closer than you thought, and now you have to fight for the experience and resources and start the lang journey to get
there.”

Y TN L IOy I

High performance computing fuels space
discoveries at ALMA Observatory

Sep 1, 2022 | 3 minread
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And business leaders don't need to understand how quantum physics warks. “Maost of us don't reasan fram first principles,” he says. "l don't know exactly Quantum + classical = wonder beyond sci-fi

how transistars wark on my phaong, but that dossn't stap me from using the phaone. W4, 20527 3 vead

In ather waords, leave it to researchers to figure aut the unruly qubits. Instead, ask what business problems those qubits could salve for you today ar in the
future—and make the leap.
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