Introduction: What Is Quantum Computing?

Assem Hijazi — Experience, Knowledge & Ideas

Quantum computing is a completely new way of processing information that’s fundamentally different
from the computers we use today. To understand it, let’s first think about how a normal computer works.

In classical computers, the smallest unit of data is a bit, which can be either 0 or 1. Think of a bitas a
light switch that’s either on (1) or off (0). Everything your computer does—whether it’s running a program,
processing data, or even displaying images—is built from combinations of these bits. Computers work by
processing these bits in a series of operations.

Now, quantum computers take things a step further. Instead of using bits, they use qubits. A qubitis
special because it can be 0 and 1 at the same time. This is possible thanks to a principle in quantum
mechanics called superposition. Imagine a light switch that can be both on and off at once—this allows
quantum computers to process much more information simultaneously.

Here’s the key difference:
e Inclassical computers, bits can only be either 0 or 1 at any given time (one or the other).
¢ In quantum computers, qubits can be both 0 and 1 at the same time.

This difference comes down to how classical bits use "or" logic (0 or 1), while qubits use "and" logic (0
and 1 simultaneously). In classical computing, you have to choose between 0 or 1, but in quantum
computing, a qubit can represent both 0 and 1 at once. This ability to handle multiple possibilities at the
same time is what makes quantum computers so powerful.

A simple table to visually compare classical bits and quantum qubits, reinforcing the key concepts from

the introduction:

Feature Classical Bits Quantum Qubits

Possible States Oor1 0 and 1 (superposition)

Number of States One stateatatime (0 or 1) Multiple states at the same time (0 and
1)

Logic OR (exclusive choice) AND (both possibilities

simultaneously)

Processing Sequential (one operation at a Parallel (multiple possibilities at once)
time)
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Example Oor1(eg.,0o0r1) Oand 1 (e.g., both0Oand 1)
Representation

Classical vs. Quantum: Extracting Values

In classical computing, if you have a set of 256 possible values (for example, from 8 bits), the system can
only extract one value at a time from this table of values. Think of it like looking at a table of possible
outcomes and choosing just one row at any given moment.

In quantum computing, however, due to superposition, the system can access all the possible values
at once. So, instead of just selecting one row from the table, quantum computing gives you all the rows
simultaneously.

Table of Values:

Let’s imagine you have 256 different combinations of Os and 1s for 8 bits (which is 256 values). Here’s
what happens in classical vs. quantum computing:

Scenario Classical Computing Quantum Computing

Number of Bits (or Qubits) 8 bits 8 qubits

Total Possible Combinations 28=2562"8 =25628=256 28=2562"8 = 25628=256

Extracted Values 1 value at atime Al 256 values at the same time

Speed of Extraction Extracts one value per operation Extracts all values simultaneously
Example:

If you have a table of 256 values, in classical computing, it’s like:

¢ In1second, you can extract one row from the table (one combination of Os and 1s).
In quantum computing, it’s like:

¢ Inthe same 1 second, you get all 256 rows of the table at once.

This is the power of quantum computing: it handles multiple possibilities simultaneously, while
classical computing processes only one possibility at a time.



Exponential Power: The Astonishing Speed of Quantum Computing

One of the most astonishing capabilities of quantum computing is how it handles larger numbers of
qubits. In classical computing, more bits mean more possible combinations, but the system can only
process one combination at a time.

For example, with 10 bits, there are 1024 possible values, and the classical computer handles each value
one by one. In contrast, quantum computers can process all possible combinations at once. With 10
qubits, a quantum computer can represent all 1024 values simultaneously.

This means that as you increase the number of qubits, the quantum system becomes exponentially more
powerful, processing vast amounts of information in parallel—a truly revolutionary leap compared to
classical computing.

Quantum Speed example: Accessing Large Databases with Ease

One of the real-world advantages of quantum computing is its ability to handle huge amounts of data
efficiently. Imagine trying to access a database with one million records. In classical computing, this
would involve a sequential search, which processes records one at a time. Even with advanced search
algorithms, this process can be time-consuming.

Here’s how quantum computing changes the game:

e Classical Approach: Searching through a million records would typically require a linear search,
where each record is checked one by one. Even with optimization, it can still take significant time.

e Quantum Approach: Using a quantum algorithm like Grover’s algorithm, quantum computers
can search through large datasets much faster. Instead of processing each record individually,
the quantum system reduces the time complexity, allowing it to find the correct record in just
thousands of steps rather than one million.

e Simultaneous Processing: Although quantum computing doesn't literally check all records at
once, it uses parallelism to process multiple possibilities, dramatically speeding up the search
compared to classical methods.

With this approach, quantum computers can handle massive datasets, offering the potential to
revolutionize industries that rely on fast, large-scale data processing.
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