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How Does a Computer Execute Code?

BY JAYRIC MANINGPUBLISHED JAN 3, 2022

How does your computer know how to run programs? How does it translate the code from an app into an action? Here's how it works.
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It is common knowledge that code is written by a developer and how humans communicate to

computers. However, have you ever thought about how software such as code interacts with

computer hardware such as a CPU (Central Processing Unit)? If the answer is yes, then you've

come to the right place.

To understand how code is executed on a computer, you must understand what makes a

computer tick and how it can be manipulated. First, let's Qrst talk about the fundamental ideas

of computer hardware before progressing to the software side of things.

What Is Binary?
Binary is a base-2 number system that processors and memory use to execute code. Binary

numbers can only be 1 or 0, hence its name. If you group eight binary numbers (00000000),

you get what is known as a byte, while a single binary number (0) is called a bit.

How a Simple Switch Produces Binary Signals
Everything logical about computing with machines starts with the simple switch. A simple

switch has two conductors and a connecting and disconnecting mechanism. Connecting both

conductors allows current to Tow, which produces a signal to the other end of the conductor.

On the other hand, if the conductors are disconnected, the current will not Tow, meaning no

signal will be produced.

Since a switch can only be on or off at an instance, they provide the ideal mechanism to make

the high and low signals used to produce square wave signals.

When you Tick a switch, it produces a signal or one bit of data. A regular photo taken from a

smartphone would be around Qve Megabytes of data, equalling 40,000,000 bits. That would

mean you'll need to Tick the switch tens of millions of times just to produce enough data for

one photo taken from your smartphone.

With a switch's mechanical limitations, engineers needed something that didn't have any

moving parts and provided faster switching speeds.

Transistors Used as a Switch

Thanks to the discovery of doping (manipulating the electrical conductivity of semiconductors

like silicon), engineers were able to make electrically controlled switches known as

transistors. This new invention allowed for faster processing speeds that needed little voltage

to power, ultimately making it possible to stack over a billion of these transistors on a single

modern CPU.

What Is CPU Architecture?
The transistors are then cleverly arranged to make logic gates, half-adders, adders, Tip Tops,

multiplexers, registers, and various components that make the CPU functional. The way these

components have been stacked deQnes what is known as a CPU architecture.

The CPU architecture also dictates a processor's ISA (Instruction Set Architecture). An ISA

holds a built-in list of instructions that a CPU can execute natively. These instructions are then

sequentially mixed together through a programming language to make what is known as a

program. Usually, hundreds of instructions are readily available on a CPU, including addition,

subtraction, move, save, and load.

Here is a sample of an instruction set:

Each instruction in an instruction set has its own binary address known as an opcode. The

opcode will be the Qrst few binary bits that tell which operation from the instruction set to use.

Following the opcode is the operand. The operand contains values and addresses where the

opcode will be used.

The diagram shows an 8-bit instruction. If a CPU has a 64-bit architecture, then the

instructions can span up to 64 bits in instruction width, making it a more capable processor.
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The Assembler
Now that you understand binary signals, you can learn about how your computer interprets

such signals. How machine code is to be interpreted depends on the type of logic used on an

assembler (a low-level program used to decode and assemble code to proper binary).

For example, if our assembler uses the ASCII (American Standard Code for Information

Interchange) standard, our assembler would take the machine code given and interpret it the

same as from the ASCII in the table below.

Since our assembler uses ASCII (8- bit version), every eight binary numbers in the binary are

interpreted as one character. The assembler would take this byte and interpret it according to

the standards given. For example, 01000001 01101001 01010100 would translate into the

word "bit."

Understanding Assembly Language
Assembly Language is a human-readable low-level programming language that directly

manipulates a CPU architecture's opcodes and operands.

Here is an example of a simple assembly code using the instruction set shown earlier:

This block of code is stored in RAM till the CPU fetches each line of code one by one.

The CPU Fetch, Decode, and Execute Cycle
The CPU executes code through a cycle known as Fetch, Decode, and Execute. This sequence

shows how a CPU processes each line of code.

Fetch: The instruction counter within the CPU takes one line of instruction from RAM to let the

CPU know what instruction to execute next.

Decode: The Assembler will decode the human-readable block of code and assemble it as

properly formatted binaries for the computer to understand.

Execute: The CPU then executes the binaries by applying the instructions indicated by the

opcode to the operands provided.

The computer will execute it as follows:

1. Load the Qrst register with 5

2. Load the second register with 7

3. 5 + 7 = 12, save 12 to the third register

4. Store the value of the third register to RAM address M12

The computer has successfully added two numbers together and stored the value at the

speciQed RAM address.

Great! Now you know how a computer executes code. However, it doesn't stop there.

Going Further
With the proper hardware, an assembler, and an assembly language, people could execute

code with reasonable ease. However, as both programs and computer hardware became even

more complex, engineers and programmers had to think of a way to make programming less

tedious and ensure compatibility with different kinds of CPU architecture. Thus the creation of

compilers and interpreters.

What Is a Compiler and an Interpreter?
The compiler and the interpreter are translational programs that take source code (programs

made from high-level programming languages) and translate them to assembly language,

which the assembler will then decode to binary.

An interpreter will take one line of code and immediately execute it. This is usually used on

terminals like the Linux Bash Shell terminal and the Windows PowerShell terminal. Great for

performing simple one-off tasks.

In contrast, a compiler will take multiple lines of code and compile them to make a program.

Examples of these programs would be Microsoft Word, Photoshop, Google Chrome, Safari,

and Steam.

With the creation of compilers and interpreters, high-level programming languages were

created.

High-Level Programming Languages
High-level programming languages are any language after assembly code. Some of these

languages you may be familiar with are C, Python, Java, and Swift. These programming

languages made programming more human-readable and simpler than the assembly

language.

Here is a side by side comparison to illustrate how harder it is to program in assembly than

with a high-level programming language like Python:

Both codes will print "Hello World."

With these programming languages, developers can program games, websites, applications,

and drivers, with reasonable amounts of time.
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Computers Can Execute All Manner of Code
A computer is a device that can only read binary. These binaries are produced by over a billion

microscopic-sized transistors packed inside a CPU. Transistor arrangement dictates a CPU's

ISA (Instruction Set Architecture), which provides hundreds of instructions that a CPU can

readily perform once its opcode is called out through code. Developers mix and match these

instructions sequentially, which creates an entire program such as game engines, web

browsers, applications, and drivers.

A CPU executes code through a sequence known as the fetch, decode, execute cycle. Once a

piece of code is loaded into RAM, the CPU will fetch its contents one by one, decode the

contents into binary through the assembler, and then execute the code.

Since the assembler can only translate code made explicitly for the CPU architecture,

compilers and interpreters were built on top of the assembler (much like an adapter) to work

on different types of CPU architecture. An interpreter will take one command and execute it

immediately. In contrast, a compiler will take all your commands and compile them into a

reusable program.

High-level programming languages such as Python, C, and Java have been created to make

programming easier, faster, and convenient. The large majority of programmers no longer

have to code in assembly language, as their easy-to-use high-level programming languages

can be translated to the assembly through a compiler.

Hopefully, you now have a better understanding of the fundamentals of computers and how

they execute code.

00101001 A 00101111 G 00110101 M 00111011 S 01000001 Y

00101010 B 00110000 H 00110110 N 00111100 T 01000010 Z

00101011 C 00110001 I 00110111 00111101 U

00101100 D 00110010 J 00111000 P 00111110 V

00101101 E 00110011 K 00111001 Q 00111111 W

00101110 F 00110100 L 00111010 R 0100000 X

1. LODA #5 
2. LODB #7
3. ADD R3
4. STRE M12

1. 00010101 
2. 00100111 
3. 00110011 
4. 01011100 
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It's a simple question, but one that everyone ponders from time to time: how does that computer in front of you actually work?
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Computers have evolved from simple devices to a 21st-century staple in just a few decades.

But despite being a relatively new technology, most people have no idea how a simple

rectangle—small enough to Qt your backpack—is capable of everything from complex math to

playing video, audio, and running sophisticated software.

So, how does a computer work, and what components do you need to make one?

What Is a Computer?
A computer is a programmable electronic device capable of processing information.

Composed of hardware and software, computers operate on two levels: they receive data

through an input route, either live or through a digital storage unit, and send out an output.

Modern computers shouldn't be mixed up with the outdated job occupation of computers in

the 19th century. While they both perform long and tedious mathematical calculations and

information processing, one is a person, and the other is a machine.

How Does a Computer Work?

A computer processes the input to produce the desired output, but how does a machine

outperform the human brain?

Conventional computers don't try to mimic the human brain. Instead, they run commands

sequentially, with data constantly moving from input and memory to the device's processor.

Neuromorphic computers, on the other hand, process data at the same time, making them

faster, energy-epcient, and closer to the structure of the human brain.

Overall, a computer works in four steps:

1. Input: Input is the data before processing. It comes from the mouse, keyboard,

microphone, and other external sensors.

2. Storage: The storage is how the computer retains input data. The hard drive is used for

long-term and mass data storage while the data set for immediate processing is stored

temporarily in the Random Access Memory (RAM).

3. Processing: Processing is where input gets transformed into output. The computer's

Central Processing Unit (CPU) is its brain. It's responsible for executing instructions and
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Central Processing Unit (CPU) is its brain. It's responsible for executing instructions and

performing mathematical operations on the input data.

4. Output: Output is the Qnal result of data processing. It can be anything from images,

video, or audio content, even the words you type using a keyboard. You can also receive

the output through a printer or a projector instead of directly through your device.

The Hardware Components of a Computer

The more simple the task a computer has to perform, the easier it is to build. That's why older

computers are simplistic compared to their modern counterparts, with limited capabilities.

The hardware components are everything you can physically touch and see in a computer,

including all the input and output devices from keyboards, mics, and mice to screens and

speakers.

Hardware is also the physical processing parts like storage, CPU, graphics card, sound card,

RAM, and motherboard, all of which play an important role in contemporary computers.

Motherboard

The motherboard is the primary communication hub between the computer's hardware

components. It's the main circuit where everything needs to physically connect—except for

ones relying on Bluetooth or Wi-Fi. Without a motherboard, it's impossible to have a

functioning modern computer.

CPU

If the motherboard is the communications hub, then the CPU is the communications director.

It receives and interprets the input and instructions and sends out signals to other

components of exactly what to do with the data for the desired output. The more cores a CPU

has, the more operations it can perform at the same time.

RAM

The RAM is the CPU's main assistant. Instead of having to Qsh for data in a considerably large

storage unit, RAM stores the data used by the operating system, any running software, and

incoming input. The bigger the capacity of the RAM, the more heavy-weight software it can

run without slowing down the device.

HDD/SSD

HDD stands for Hard Disk Drive. It's the component that permanently stores your media and

apps, including the operating system (OS). They vary in size and performance from a few

hundred gigabytes (GB) to several terabytes (TB).

You may also encounter Solid State Drives (SSDs), which are another type of storage

hardware. SSDs and HDDs are useful for different things, and many users combine drives to

maximize performance.

Graphics Processing Unit

The Graphics Processing Unit (GPU) is dedicated to processing visual imagery on your

computer. Powerful GPUs are essential to rendering high-quality images and graphics or

playing video games. Graphics processing can either be its own components or be integrated

with the CPU.

Sound Card

Sound cards are responsible for processing auditory data and sending it to your speakers.

Similarly, the sound card can either be its separate piece or integrated with the CPU.

The Software Components of a Computer

Modern computers use a combination of hardware and software components that work

together to process complex inputs and outputs.

Software is a pre-written collection of instructions that tells your computer what to do. It's a

digital program, not a physical component that can be seen when opening the cover of a

computer or laptop.

And, like your computer hardware, different types of software perform different roles in the

functioning of your computer.

Firmware

Firmware is where the line between hardware and software gets blurry. It's software that's

physically etched into a piece of hardware.

Firmware is the drst thing that kickstarts your computer when you switch it on, a simple

program that instructs your computer to launch the OS. Without it, your computer won't launch

your operating system or other components, and you'll be stuck with hardware that you can't

communicate with.

Operating System (OS)

An operating system is a piece of software that manages your computer's hardware and

software resources. Similarly, without an OS, you can't communicate with your computer even

using your input devices.

The Future of Computers
Computers that follow the sequential processing model will only get cheaper, smaller, faster,

and more epcient. However, conventional computer design and architecture are reaching their

limit. Instead, you can expect a rise in modern computing architecture that isn't reliant on

technology Qrst designed over 50 years ago, from the prospect of Neuromorphic computers to

more accessible Quantum computers.

hardware components of a computer

Windows 10 laptop on a wooden table
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