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IN RECENT YEARS, THE FIELD OF QUANTUM COMPUTING HAS GARNERED SIGNIFICANT ATTENTION FROM SCIENTISTS,
TECHNOLOGISTS, AND INDUSTRY LEADERS. ONE OF THE MOST INTRIGUING MILESTONES IN THIS DOMAIN IS THE CONCEPT OF
QUANTUM SUPREMACY. THIS TERM MARKS A PIVOTAL MOMENT IN THE EVOLUTION OF COMPUTATIONAL TECHNOLOGY, WHERE
QUANTUM COMPUTERS SURPASS THE CAPABILITIES OF CLASSICAL, OR TRADITIONAL, COMPUTERS IN PERFORMING SPECIFIC
CALCULATIONS. UNDERSTANDING WHAT QUANTUM SUPREMACY ENTAILS, ITS IMPLICATIONS, AND THE CHALLENGES INVOLVED IS
ESSENTIAL FOR GRASPING THE FUTURE LANDSCAPE OF COMPUTING.

UNDERSTANDING QUANTUM COMPUTING: A BRIEF OVERVIEW

BEFORE DIVING INTO THE SPECIFICS OF QUANTUM SUPREMACY, IT’S IMPORTANT TO UNDERSTAND WHAT QUANTUM COMPUTING IS
AND HOW IT DIFFERS FROM CLASSICAL COMPUTING.

CrassicAL vs. QUANTUM COMPUTING

- CLassicaL CoMPUTERS: USE BITS AS THE BASIC UNIT OF INFORMATION, WHICH CAN BE EITHER O OR 1. THEY OPERATE BASED
ON LOGICAL OPERATIONS EXECUTED THROUGH ELECTRONIC CIRCUITS.

- QuUANTUM CoMPUTERS: USE QUANTUM BITS OR QUBITS, WHICH CAN EXIST IN SUPERPOSITIONS OF STATES, MEANING THEY
cANBE O, 1, OR BOTH SIMULTANEOUSLY. THIS PROPERTY, ALONG WITH ENTANGLEMENT, ALLOWS QUANTUM COMPUTERS TO
PROCESS COMPLEX PROBLEMS MORE EFFICIENTLY.

Key PrINCIPLES oF QUANTUM MECHANICS IN COMPUTING

- SUPERPOSITION: THE ABILITY OF A QUBIT TO BE IN MULTIPLE STATES SIMULTANEOUSLY.

- ENTANGLEMENT: A PHENOMENON WHERE QUBITS BECOME INTERCONNECTED SUCH THAT THE STATE OF ONE INSTANTLY
INFLUENCES THE STATE OF ANOTHER, REGARDLESS OF DISTANCE.

- QUANTUM INTERFERENCE: THE CONSTRUCTIVE OR DESTRUCTIVE INTERFERENCE OF QUANTUM STATES TO AMPLIFY CORRECT
SOLUTIONS AND DIMINISH INCORRECT ONES.

WHAT Is QUANTUM SUPREMACY?

DEFINITION OF QUANTUM SUPREMACY

QUANTUM SUPREMACY REFERS TO THE POINT AT WHICH A QUANTUM COMPUTER CAN PERFORM A SPECIFIC TASK OR
CALCULATION THAT IS INFEASIBLE FOR ANY CLASSICAL COMPUTER WITHIN A REASONABLE TIMEFRAME. THIS MILESTONE



DEMONSTRATES THE FUNDAMENTAL ADVANTAGE OF QUANTUM ALGORITHMS OVER CLASSICAL ALGORITHMS FOR PARTICULAR
PROBLEMS.

HisTorICAL CONTEXT AND MILESTONES

- 2019 GooGLE’s ANNOUNCEMENT: GOOGLE Al QUANTUM ANNOUNCED THEY ACHIEVED QUANTUM SUPREMACY USING THEIR
53-QUBIT SYCAMORE PROCESSOR. THEY CLAIMED THEIR QUANTUM COMPUTER PERFORMED A SPECIFIC SAMPLING TASK IN 200
SECONDS, WHICH THEY ESTIMATED WOULD TAKE THE MOST POWERFUL CLASSICAL SUPERCOMPUTERS APPROXIMATELY 10,000
YEARS.

- SIGNIFICANCE: THIS ACHIEVEMENT MARKED THE FIRST EXPERIMENTAL VALIDATION THAT QUANTUM COMPUTERS CAN
OUTPERFORM CLASSICAL COUNTERPARTS ON SPECIFIC PROBLEMS, EVEN IF THOSE PROBLEMS ARE NARROWLY DEFINED AND NOT
NECESSARILY PRACTICAL.

DISTINGUISHING QUANTUM SUPREMACY FROM QUANTUM ADVANTAGE

- QUANTUM SUPREMACY: ACHIEVING QUANTUM PERFORMANCE SURPASSING CLASSICAL CAPABILITIES ON ANY TASK, OFTEN A
HIGHLY SPECIALIZED AND COMPUTATIONALLY INTENSIVE ONE.

- QUANTUM ADVANTAGE: BROADER TERM INDICATING QUANTUM COMPUTERS OUTPERFORM CLASSICAL ONES ON PRACTICAL,
REAL-WORLD PROBLEMS, WHICH MAY NOT REQUIRE REACHING THE ABSOLUTE SUPREMACY MILESTONE.

WHy Is QUANTUM SUPREMACY IMPORTANT?

ACHIEVING QUANTUM SUPREMACY IS NOT JUST A SCIENTIFIC MILESTONE; IT HAS PROFOUND IMPLICATIONS ACROSS VARIOUS
FIELDS.

IMPLICATIONS FOR SCIENCE AND RESEARCH

- MATERIAL SCIENCE: SIMULATING MOLECULAR STRUCTURES AND REACTIONS AT THE QUANTUM LEVEL CAN LEAD TO NEW
MATERIALS AND PHARMACEUTICALS.

- OPTIMIZATION PROBLEMS: COMPLEX OPTIMIZATION TASKS IN LOGISTICS, FINANCE, AND Al CAN BE TACKLED MORE EFFICIENTLY.
- CRYPTOGRAPHY: IMPACT ON CURRENT ENCRYPTION METHODS, PROMPTING THE DEVELOPMENT OF QUANTUM-RESISTANT
ALGORITHMS.

EconoMic AND INDUSTRIAL IMPACT

- CoMPETITIVE EDGE: COUNTRIES AND CORPORATIONS INVESTING IN QUANTUM TECHNOLOGY AIM TO GAIN A STRATEGIC
ADVANTAGE.

- INNOVATION ACCELERATION: FASTER COMPUTATION ENABLES RAPID DEVELOPMENT AND TESTING OF NEW IDEAS, PRODUCTS,
AND SERVICES.

CHALLENGES AND ETHICAL CONSIDERATIONS

- SECURITY Risks: QUANTUM COMPUTERS THREATEN TO BREAK WIDELY USED CRYPTOGRAPHIC PROTOCOLS, RAISING
CYBERSECURITY CONCERNS.



- EQUITY AND ACCESS: ENSURING EQUITABLE ACCESS TO QUANTUM TECHNOLOGY AND PREVENTING MISUSE ARE CRITICAL
CONSIDERATIONS.

How Does QUANTUM SUPREMACY W oRKk? AN EXAMPLE

TO UNDERSTAND HOW QUANTUM SUPREMACY IS ACHIEVED, CONSIDER THE FOLLOWING SIMPLIFIED EXAMPLE:

THe RanDoM CIRcUIT SAMPLING T ASK

- OBJECTIVE: GENERATE SAMPLES FROM A QUANTUM CIRCUIT’S OUTPUT DISTRIBUTION.

- WHY IT°s DiFricuLT For CLAsSICAL COMPUTERS: THE SHEER COMPLEXITY OF SIMULATING QUANTUM STATES GROWS
EXPONENTIALLY WITH THE NUMBER OF QUBITS, MAKING CLASSICAL SIMULATION INFEASIBLE BEYOND A CERTAIN SIZE.

THE PROCESS

1. DesigN A QUANTUM CIRcUIT: COMPRISING MULTIPLE QUBITS AND A SEQUENCE OF QUANTUM GATES.

2. RUN oN A QUANTUM PROCESSOR: THE CIRCUIT IS EXECUTED, AND THE QUANTUM COMPUTER PRODUCES OUTPUT SAMPLES.
3. CoMPARE PERFORMANCE: THE QUANTUM COMPUTER COMPLETES THE TASK RAPIDLY, WHEREAS CLASSICAL SUPERCOMPUTERS

STRUGGLE TO SIMULATE THE SAME PROCESS WITHIN A REASONABLE TIMEFRAME.

THIS TYPE OF PROBLEM, KNOWN AS QUANTUM SAMPLING, EXEMPLIFIES A TASK SUITED FOR QUANTUM SUPREMACY
DEMONSTRATIONS.

LiMITATIONS AND CRITICISMS OF QUANTUM SUPREMACY

W/HILE ACHIEVING QUANTUM SUPREMACY IS A SIGNIFICANT ACHIEVEMENT, IT IS NOT WITHOUT CHALLENGES AND LIMITATIONS.

PRACTICALITY OF TASKS

- THE TASKS USED TO DEMONSTRATE QUANTUM SUPREMACY ARE OFTEN HIGHLY SPECIALIZED AND NOT DIRECTLY APPLICABLE TO
REAL-\WWORLD PROBLEMS.

- BRIDGING THE GAP BETWEEN DEMONSTRATING SUPREMACY AND SOLVING PRACTICALLY RELEVANT PROBLEMS REMAINS A KEY
CHALLENGE.

QUANTUM HARDWARE LIMITATIONS

- QUBIT COHERENCE: MAINTAINING QUBIT STABILITY OVER TIME IS DIFFICULT.
- ErRrROR RATES:! QUANTUM OPERATIONS ARE PRONE TO ERRORS, REQUIRING SOPHISTICATED ERROR CORRECTION.
- SCALABILITY: BUILDING LARGE-SCALE, FAULT-TOLERANT QUANTUM COMPUTERS IS STILL A WORK IN PROGRESS.

MISINTERPRETATIONS AND OVERHYPE

- SOME CRITICS ARGUE THAT QUANTUM SUPREMACY IS SOMETIMES OVERSTATED AND THAT CLASSICAL ALGORITHMS CONTINUE
TO IMPROVE.



- THE CURRENT STATE OF QUANTUM HARDW ARE LIMITS REAL-WORLD APPLICATIONS, AND WIDESPREAD ADOPTION MAY STILL BE
YEARS AWAY.

THE FUTURE oF QUANTUM SUPREMACY AND QUANTUM COMPUTING

LoOKING AHEAD, THE PURSUIT OF QUANTUM SUPREMACY CONTINUES TO DRIVE INNOVATION AND RESEARCH.

UPCOMING DEVELOPMENTS

- More QuBITs § BETTER QUBIT QUALITY: INCREASING QUBIT COUNTS AND IMPROVING COHERENCE TIMES.
- ErRROR CORRECTION: DEVELOPING ROBUST QUANTUM ERROR CORRECTION METHODS.
- HyerID APPROACHES: COMBINING CLASSICAL AND QUANTUM COMPUTING TO LEVERAGE THE STRENGTHS OF BOTH.

POTENTIAL BREAKTHROUGHS

- ACHIEVING FAULT-TOLERANT QUANTUM COMPUTING, ENABLING STABLE LONG-TERM CALCULATIONS.
- SOLVING PRACTICAL PROBLEMS SUCH AS DRUG DISCOVERY, CLIMATE MODELING, AND COMPLEX OPTIMIZATION TASKS.

GLosAL CoMPETITION AND COLLABORATION

- CounTRIES LIKE THE USA, CHINA, AND THE EU ARE HEAVILY INVESTING IN QUANTUM RESEARCH.
- INTERNATIONAL COLLABORATION AIMS TO ACCELERATE PROGRESS AND ESTABLISH STANDARDS.

CONCLUSION

QUANTUM SUPREMACY MARKS A DEFINING MOMENT IN THE EVOLUTION OF COMPUTING TECHNOLOGY, REPRESENTING THE POINT
WHERE QUANTUM COMPUTERS SURPASS CLASSICAL COUNTERPARTS IN SPECIFIC, COMPUTATIONALLY INTENSIVE TASKS. WHILE
CURRENT DEMONSTRATIONS ARE IMPRESSIVE, THEY ALSO HIGHLIGHT THE SIGNIFICANT HURDLES THAT REMAIN BEFORE QUANTUM
COMPUTING BECOMES A PRACTICAL TOOL FOR EVERYDAY APPLICATIONS. AS RESEARCH ADVANCES, WE CAN EXPECT CONTINUED
BREAKTHROUGHS THAT WILL SHAPE THE FUTURE OF SCIENCE, INDUSTRY, AND SECURITY.

UNDERSTANDING THE NUANCES OF QUANTUM SUPREMACY, INCLUDING ITS ACHIEVEMENTS, LIMITATIONS, AND FUTURE PROSPECTS,
IS ESSENTIAL FOR ANYONE INTERESTED IN THE CUTTING EDGE OF TECHNOLOGY. THE JOURNEY TOWARD FULLY REALIZING THE
POTENTIAL OF QUANTUM COMPUTING IS ONGOING, PROMISING TO UNLOCK NEW POSSIBILITIES AND REDEFINE THE BOUNDARIES OF
WHAT MACHINES CAN ACCOMPLISH.
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QUANTUM CHALLENGES, QUANTUM RESEARCH



FREQUENTLY AskeD QUESTIONS

\WHAT IS THE DEFINITION OF QUANTUM SUPREMACY?

QUANTUM SUPREMACY REFERS TO THE POINT AT WHICH A QUANTUM COMPUTER CAN PERFORM A SPECIFIC CALCULATION OR
TASK THAT IS PRACTICALLY IMPOSSIBLE OR WOULD TAKE TOO LONG FOR ANY CLASSICAL COMPUTER TO COMPLETE.

WHY IS ACHIEVING QUANTUM SUPREMACY CONSIDERED A SIGNIFICANT MILESTONE IN
QUANTUM COMPUTING?

ACHIEVING QUANTUM SUPREMACY DEMONSTRATES THAT QUANTUM COMPUTERS CAN OUTPERFORM CLASSICAL COMPUTERS ON
CERTAIN COMPLEX PROBLEMS, VALIDATING THE POTENTIAL OF QUANTUM TECHNOLOGY FOR PRACTICAL AND SCIENTIFIC
APPLICATIONS.

\WHAT TYPES OF CALCULATIONS OR PROBLEMS CAN QUANTUM COMPUTERS PERFORM
THAT CLASSICAL COMPUTERS CANNOT?

QUANTUM COMPUTERS EXCEL AT COMPLEX TASKS SUCH AS FACTORING LARGE NUMBERS, SIMULATING QUANTUM SYSTEMS, AND
SOLVING CERTAIN OPTIMIZATION PROBLEMS, WHICH ARE COMPUTATIONALLY INFEASIBLE FOR CLASSICAL COMPUTERS WITHIN A
REASONABLE TIMEFRAME.

How DOES QUANTUM SUPREMACY IMPACT THE FUTURE OF TECHNOLOGY AND
INDUSTRY?

QUANTUM SUPREMACY PAVES THE WAY FOR ADVANCEMENTS IN CRYPTOGRAPHY, DRUG DISCOVERY, MATERIAL SCIENCE, AND
OPTIMIZATION, POTENTIALLY REVOLUTIONIZING VARIOUS INDUSTRIES BY ENABLING SOLUTIONS TO PROBLEMS PREVIOUSLY
THOUGHT UNSOLVABLE.

ARE THERE ANY LIMITATIONS OR CHALLENGES REMAINING BEFORE QUANTUM SUPREMACY
BECOMES WIDELY ACCESSIBLE?

YES/ CHALLENGES INCLUDE BUILDING MORE STABLE, SCALABLE QUANTUM HARDW ARE, REDUCING ERROR RATES, AND DEVELOPING
ALGORITHMS THAT CAN LEVERAGE QUANTUM ADVANTAGE EFFECTIVELY FOR PRACTICAL APPLICATIONS. W IDESPREAD ACCESS IS
STILL IN THE EARLY STAGES.

ADDITIONAL RESOURCES

WHAT Does QUANTUM SUPREMACY MEAN? A PoINT WHEN A QUANTUM CoMPUTER CAN PERFORM A CALCULATION THAT
A TRADITIONAL

IN THE RAPIDLY EVOLVING LANDSCAPE OF COMPUTING TECHNOLOGY, THE TERM QUANTUM SUPREMACY HAS GARNERED
SIGNIFICANT ATTENTION FROM SCIENTISTS, TECHNOLOGISTS, AND THE BROADER PUBLIC ALIKE. BUT WHAT DOES QUANTUM
SUPREMACY REALLY MEAN? AT ITS CORE, IT REFERS TO A PIVOTAL MILESTONE WHERE A QUANTUM COMPUTER IS CAPABLE OF
PERFORMING A SPECIFIC CALCULATION THAT IS INFEASIBLE FOR ANY CLASSICAL (TRADITIONAL) COMPUTER WITHIN A REALISTIC
TIMEFRAME. THIS ACHIEVEMENT MARKS A FUNDAMENTAL SHIFT IN OUR UNDERSTANDING OF COMPUTATIONAL LIMITS AND OPENS
NEW HORIZONS FOR SCIENTIFIC DISCOVERY, CRYPTOGRAPHY, AND COMPLEX PROBLEM~SOLVING.

UNDERSTANDING THE CONCEPT OF QUANTUM SUPREMACY

WHAT |Is QUANTUM COMPUTING?



BEFORE DELVING INTO THE SPECIFICS OF QUANTUM SUPREMACY, IT’S ESSENTIAL TO UNDERSTAND WHAT QUANTUM COMPUTING
ENTAILS. UNLIKE CLASSICAL COMPUTERS THAT USE BITS AS THE SMALLEST UNIT OF DATA—EITHER A O OR A T—QUANTUM
COMPUTERS LEVERAGE QUANTUM BITS, OR QUBITS. QUBITS CAN EXIST IN A SUPERPOSITION OF STATES, MEANING THEY CAN
REPRESENT BOTH O AND 1 SIMULTANEOUSLY, THANKS TO QUANTUM PHENOMENA LIKE SUPERPOSITION AND ENTANGLEMENT.

THIS FUNDAMENTAL DIFFERENCE ALLOWS QUANTUM COMPUTERS TO PROCESS A VAST NUMBER OF POSSIBILITIES CONCURRENTLY,
OFFERING THE POTENTIAL FOR EXPONENTIAL ACCELERATION IN SOLVING CERTAIN TYPES OF PROBLEMS.

DEFINING QUANTUM SUPREMACY

QUANTUM SUPREMACY IS THE POINT AT WHICH A QUANTUM COMPUTER PERFORMS A SPECIFIC COMPUTATIONAL TASK THAT NO
CLASSICAL COMPUTER CAN COMPLETE WITHIN A REASONABLE AMOUNT OF TIME. |T DOES NOT NECESSARILY MEAN THAT
QUANTUM COMPUTERS OUTPERFORM CLASSICAL COMPUTERS FOR ALL TASKS, BUT RATHER THAT THEY HAVE DEMONSTRATED A
CLEAR ADVANTAGE FOR PARTICULAR PROBLEMS.

THIS CONCEPT WAS POPULARIZED BY PHYSICISTJOHN PreskILL IN 201 2, \WHO DEFINED IT AS THE MOMENT WHEN QUANTUM
DEVICES CAN DO SOMETHING BEYOND THE REACH OF CLASSICAL SUPERCOMPUTERS—REGARDLESS OF WHETHER THAT TASK HAS
IMMEDIATE PRACTICAL APPLICATIONS.

WHY Is QUANTUM SUPREMACY A MILESTONE?
THE SIGNIFICANCE OF THE MILESTONE

ACHIEVING QUANTUM SUPREMACY SIGNIFIES THAT QUANTUM COMPUTERS HAVE MOVED FROM THEORETICAL CONSTRUCTS AND
SMALL-SCALE EXPERIMENTS INTO A REALM WHERE THEY CAN ADDRESS SPECIFIC COMPUTATIONAL CHALLENGES THAT ARE
PRACTICALLY IMPOSSIBLE FOR CLASSICAL SYSTEMS. THIS BREAKTHROUGH:

- VALIDATES THE FUNDAMENTAL PRINCIPLES OF QUANTUM COMPUTING.
- DEMONSTRATES THE POTENTIAL FOR QUANTUM ADVANTAGE IN REAL-WORLD APPLICATIONS.
- ACCELERATES RESEARCH AND INVESTMENT IN QUANTUM TECHNOLOGIES.

THe LiMITATIONS oF CLAssIcaL COMPUTING

CLASSICAL COMPUTERS HAVE BEEN THE BACKBONE OF MODERN TECHNOLOGY, BUT THEY FACE INTRINSIC LIMITATIONS WHEN IT
COMES TO CERTAIN COMPLEX PROBLEMS, SUCH AS!

- SIMULATING QUANTUM SYSTEMS IN CHEMISTRY AND PHYSICS.
- OPTIMIZING LARGE-SCALE LOGISTICAL OR FINANCIAL MODELS.
- BREAKING CERTAIN CRYPTOGRAPHIC CODES (E.G., RSA ENCRYPTION WITH SUFFICIENTLY POWERFUL QUANTUM ALGORITHMS).

QUANTUM SUPREMACY MARKS THE MOMENT WHEN QUANTUM COMPUTERS CAN EXPLICITLY OUTPERFORM CLASSICAL
COUNTERPARTS IN SOME OF THESE AREAS.

THe CRITERIA FOR QUANTUM SUPREMACY
ACHIEVING QUANTUM SUPREMACY INVOLVES SPECIFIC CRITERIA AND CONDITIONS, INCLUDING:

- TASK SPECIFICITY: THE QUANTUM DEVICE MUST PERFORM A WELL-DEFINED COMPUTATIONAL TASK.

- INTRACTABILITY FOR CLASSICAL COMPUTERS: THE CLASSICAL ALGORITHMS OR SIMULATIONS SHOULD BE PRACTICALLY
IMPOSSIBLE WITHIN A REALISTIC TIMEFRAME.

- VERIFICATION: RESEARCHERS MUST BE ABLE TO VERIFY THAT THE QUANTUM COMPUTER PERFORMED THE TASK CORRECTLY.
- EXPERIMENTAL DEMONSTRATION: THE ACHIEVEMENT MUST BE DEMONSTRATED THROUGH EMPIRICAL EXPERIMENTS, NOT JUST
THEORETICAL PREDICTIONS.



L ANDMARK ACHIEVEMENTS AND THE CURRENT STATE
GooaLE's 2019 QUANTUM SupreMacy CLAIM

ONE OF THE FIRST WIDELY RECOGNIZED CLAIMS OF QUANTUM SUPREMACY CAME FROM GOOGLE Al QUANTUM IN OCTOBER
2019. THEY REPORTED THAT THEIR 53-QUBIT QUANTUM PROCESSOR, SYCAMORE/ PERFORMED A SPECIFIC TASK—SAMPLING
THE OUTPUT OF A RANDOM QUANTUM CIRCUIT—IN APPROXIMATELY 200 SECONDS. THEY ESTIMATED THAT THE MOST
POWERFUL CLASSICAL SUPERCOMPUTERS WOULD REQUIRE AROUND T0,000 YEARS TO PERFORM THE SAME TASK, THUS
CLAIMING A DEFINITIVE DEMONSTRATION OF QUANTUM SUPREMACY.

Key PoinTs:

- THE TASK WAS HIGHLY SPECIALIZED AND NOT DIRECTLY APPLICABLE TO PRACTICAL PROBLEMS.
- THE CLASSICAL ESTIMATE WAS BASED ON EXISTING ALGORITHMS AND HARDW ARE CAPABILITIES.
- THE ACHIEVEMENT WAS SIGNIFICANT, BUT IT ALSO SPARKED DEBATE ABOUT WHETHER THE TASK HAD PRACTICAL RELEVANCE.

SUBSEQUENT DEVELOPMENTS

SiNce GOoGLE's ANNOUNCEMENT, OTHER INSTITUTIONS AND COMPANIES HAVE CONTINUED TO PUSH THE BOUNDARIES,
EXPLORING:

- ERROR CORRECTION AND FAULT-TOLERANT QUANTUM COMPUTING.
- SCALING UP QUBIT COUNTS.
- DEVELOPING MORE CHALLENGING TASKS THAT COULD DEMONSTRATE QUANTUM ADVANTAGE IN REAL-WORLD APPLICATIONS.

PRACTICAL IMPLICATIONS AND CHALLENGES
Is QUANTUM SUPREMACY THE SAME AS QUANTUM ADVANTAGE?

W/HILE QUANTUM SUPREMACY REFERS TO A SPECIFIC, OFTEN NARROWLY DEFINED MILESTONE, QUANTUM ADVANTAGE IS A
BROADER CONCEPT DENOTING WHEN A QUANTUM COMPUTER CAN OUTPERFORM CLASSICAL COMPUTERS IN A PRACTICAL, USEFUL
TASK. ACHIEVING QUANTUM ADVANTAGE IS THE ULTIMATE GOAL FOR MANY RESEARCHERS, AS IT IMPLIES MEANINGFUL REAL-

W ORLD APPLICATIONS RATHER THAN JUST PROOF-OF-CONCEPT DEMONSTRATIONS.

CHALLENGES ON THE RoAD To PrACTICAL QUANTUM COMPUTING
DESPITE THE EXCITEMENT, SEVERAL HURDLES REMAIN:

- QUBIT COHERENCE AND STABILITY: MAINTAINING QUBIT STATES WITHOUT DECOHERENCE IS TECHNICALLY CHALLENGING.

- ERROR RATES AND FAULT T OLERANCE: QUANTUM SYSTEMS ARE PRONE TO ERRORS, NECESSITATING SOPHISTICATED ERROR
CORRECTION METHODS.

- SCALABILITY: BUILDING LARGE-SCALE, RELIABLE QUANTUM PROCESSORS REQUIRES OVERCOMING SIGNIFICANT ENGINEERING
OBSTACLES.

- ALGORITHM DEVELOPMENT: FINDING QUANTUM ALGORITHMS THAT OUTPERFORM CLASSICAL ONES FOR PRACTICAL PROBLEMS IS
AN ONGOING AREA OF RESEARCH.

WHAT Does THE FUTURE HoLp?

POTENTIAL APPLICATIONS POST-QUANTUM SUPREMACY

ONCE QUANTUM COMPUTERS CAN RELIABLY PERFORM TASKS BEYOND CLASSICAL REACH, THE POTENTIAL APPLICATIONS INCLUDE:
- QUANTUM CHEMISTRY AND MATERIAL SCIENCE: SIMULATING MOLECULES FOR DRUG DISCOVERY OR NEW MATERIALS.

- CRYPTOGRAPHY: BREAKING EXISTING CRYPTOGRAPHIC SCHEMES OR DEVELOPING QUANTUM-RESISTANT ALGORITHMS.
- OPTIMIZATION PROBLEMS: ENHANCING LOGISTICS, SUPPLY CHAIN MANAGEMENT, OR FINANCIAL MODELING.



- ARTIFICIAL INTELLIGENCE: ACCELERATING MACHINE LEARNING ALGORITHMS AND DATA ANALYSIS.
THE RoaD To PracTIcAL QUANTUM COMPUTING
ACHIEVING A TRUE, WIDESPREAD QUANTUM ADVANTAGE—BEYOND ISOLATED DEMONSTRATIONS—W/ILL REQUIRE:

- SIGNIFICANT ADVANCES IN HARDW ARE RELIABILITY.
- DEVELOPMENT OF SCALABLE, ERROR-CORRECTED QUANTUM SYSTEMS.
- IDENTIFICATION OF REAL-\WORLD PROBLEMS WHERE QUANTUM ALGORITHMS OUTPERFORM CLASSICAL SOLUTIONS.

SUMMARY AND CONCLUSION

W/HAT DOES QUANTUM SUPREMACY MEAN? |T SIGNIFIES A PIVOTAL POINT IN COMPUTING HISTORY WHERE A QUANTUM
COMPUTER DEMONSTRATES ITS ABILITY TO PERFORM A SPECIFIC CALCULATION THAT NO CLASSICAL COMPUTER CAN
REALISTICALLY EMULATE, MARKING A NEW ERA OF COMPUTATIONAL POTENTIAL. \W/HILE THE LANDMARK ACHIEVEMENTS LIKE
GooGLE'S 2019 EXPERIMENT HAVE DEMONSTRATED THE CONCEPT, THE JOURNEY TOWARDS PRACTICAL QUANTUM ADVANTAGE
CONTINUES, DRIVEN BY ONGOING RESEARCH, TECHNOLOGICAL INNOVATION, AND THE PURSUIT OF SOLVING SOME OF THE MOST
COMPLEX PROBLEMS FACING SCIENCE AND INDUSTRY TODAY.

AS WE STAND AT THIS EXCITING THRESHOLD, THE IMPLICATIONS OF QUANTUM SUPREMACY EXTEND FAR BEYOND ACADEMIC
CURIOSITY. THEY CHALLENGE OUR UNDERSTANDING OF COMPUTATIONAL LIMITS AND INSPIRE A NEW WAVE OF TECHNOLOGICAL
BREAKTHROUGHS THAT COULD RESHAPE OUR WORLD IN THE DECADES TO COME.
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