EXPLAINER - PROGRAMMING CONCEPTS

No Side Effects.

Functional programming treats computation like mathematics — inputs go in,
outputs come out, nothing else changes. It sounds restrictive. It turns out to be
liberating.

By Avalynn Circe

There's a category of software bug that haunts developers more than almost any other.
The code appears correct. The logic looks right. Individual pieces, tested in isolation,
work perfectly. But when they run together in a real system, something unexpected
happens. A value changes when it shouldn't have. A calculation produces the wrong
result. And tracing back through the sequence of events to find where things went wrong
is like trying to reconstruct a collision from the skid marks.

The culprit, more often than not, is state. Shared, mutable state — data that multiple
parts of a program can read and modify — is one of the most reliable sources of
hard-to-find bugs in software. The more of it you have, the harder your program is to
understand, test, and trust.

Functional programming exists largely as a response to this problem. It is an approach
to writing software that treats functions the way mathematicians do — as relationships
between inputs and outputs, with no hidden interactions with the outside world. No
shared state. No surprise changes. What goes in determines what comes out, every time,
without exception.

It sounds almost ascetic. In practice, it produces some of the most reliable and testable
code in existence.

What a Function Actually Is

In mathematics, a function is a rule that maps inputs to outputs. f(x) = x2 means:
whatever number you give me, I square it and return the result. Give me 3, I give you 9.
Give me 3 again, I give you 9 again. The function doesn't remember the last time you
called it. It doesn't change anything outside itself. It just computes.

In most programming, functions don't always work this way. A function might read
from a database, modify a global variable, write to a log file, or change an object's
property. These are called side effects — things the function does that reach outside its
own scope and change the state of the world in some way.

Side effects aren't always wrong. A program that does nothing but compute values and
never interacts with the outside world isn't very useful. But uncontrolled side effects —
functions that can change anything, anywhere, without warning — make programs
unpredictable. And unpredictable programs are unreliable programs.

Functional programming disciplines the use of side effects by treating them as the
exception rather than the rule, and by being explicit about where they occur.



A pure function is a promise: give me the same inputs, and 1
will always give you the same output. No surprises. No
memory. No side effects.

Pure Functions

The foundation of functional programming is the pure function. A pure function has two
properties:

« It always returns the same output for the same input.
+ It produces no side effects.

Here's an impure function — one that violates both rules:

let taxRate = 0.08;

function calculateTotal (price) {
// IMPURE: reads from external state (taxRate)
// If taxRate changes, this function's behavior changes
return price + (price * taxRate);

}

And here's the pure equivalent:

function calculateTotal (price, taxRate) {
// PURE: depends only on its inputs
// Same price + taxRate always produces the same total
return price + (price * taxRate);

}

The difference seems small. But the pure version is something you can test completely in
isolation — you don't have to worry about what taxRate is set to somewhere else in the
program. You pass in the rate, you get a total. You can run this function a thousand
times in a test suite with perfect confidence. The impure version requires setting up the
right external state before you can even test it.

At small scale, this seems like a minor convenience. At the scale of a real system —
hundreds of functions, thousands of tests, dozens of developers — it is the difference
between software you can trust and software you're afraid to touch.

Immutability: Data That Doesn't Change



The second core principle of functional programming is immutability. In a functional
approach, data doesn't change. Instead of modifying an existing value, you create a new
one.

This runs against most people's first instinct. When you need to add an item to a list,
why create a whole new list? When you need to update a user's name, why not just
change the name field?

Because mutation — changing data in place — creates exactly the conditions that
produce hard bugs. If ten different parts of your program hold a reference to the same
list, and one of them adds an item, the other nine now see a different list than they
expected. They didn't ask for a new list. They didn't know the list changed. Now their
behavior is subtly wrong in ways that may not show up for hours, days, or in a
customer's production environment.

// MUTABLE: changes the original array (risky)
const numbers = [1, 2, 3];
numbers.push(4); // numbers is now [1, 2, 3, 4]
// Anyone else holding 'numbers' is affected

// IMMUTABLE: creates a new array (safe)

const numbers = [1, 2, 3];
const withFour = [...numbers, 4]; // [1, 2, 3, 4]
// numbers is still [1, 2, 3] — untouched

When data doesn't change, the question 'what is the value of this variable right now?"'
always has a clear answer: the same one it was assigned. There is no 'right now.' There is
only 'what was it given?' Programs become easier to reason about because values are
stable. You can read the code top to bottom and understand exactly what each piece has.

When data doesn't change, there's no right now' to worry
about. Values are stable. Code becomes a description, not a
sequence of mutations to track.

Higher-Order Functions: Functions as Values

One of the most elegant features of functional programming is that functions can be
treated as values — passed into other functions, returned from functions, stored in
variables. A function that takes another function as an argument, or returns one, is
called a higher-order function.

If you've used JavaScript or Python in the last decade, you've almost certainly used
higher-order functions without naming them as such. The array methods map, filter,
and reduce are some of the most widely used examples:

const prices = [29.99, 49.99, 9.99, 99.99, 14.99];



// filter: keep only items under $20
const affordable = prices.filter (price => price < 20);
// [9.99, 14.99]

// map: apply a 10% discount to each
const discounted = affordable.map(price => price * 0.9);
// 1[8.991, 13.491]

// reduce: sum them
const total = discounted.reduce((sum, price) => sum + price, 0);
// 22.482

// Or chained — same result, no intermediate variables
const result = prices

.filter (price => price < 20)

.map (price => price * 0.9)

.reduce ( (sum, price) => sum + price, 0);

Notice what this code does not do. It doesn't create any variables to hold intermediate
results (in the chained version). It doesn't modify the original prices array. It doesn't
have any loops with index variables to track. It describes the transformation in terms of
what it is — filter these, discount them, sum them — rather than in terms of how to do it
step by step.

This is the characteristic feel of functional code: declarative rather than imperative. You
say what you want, not how to get it.

The Spreadsheet Analogy

There's a reason spreadsheets have become the world's most widely used programming
environment: they are naturally functional. A cell in a spreadsheet contains either a
value or a formula. The formula depends only on other cells' values. If you change a cell,
every cell that depends on it recalculates automatically. Nothing breaks unexpectedly.
There's no hidden state to track.

Functional programming extends this model to general-purpose software. Instead of
cells and formulas, you have functions and data. The chain of transformations is explicit
and traceable. Any function can be tested with any input. Any value at any point in the
computation can be inspected without having to reconstruct the sequence of mutations
that produced it.

Where Functional Programming Is Used

The purest functional languages — Haskell, Erlang, Clojure — are specialized tools used
in finance, telecommunications, and distributed systems where reliability is paramount.
Haskell's type system makes entire categories of bugs impossible to write. Erlang, which
powers the infrastructure behind WhatsApp and parts of Amazon, was built specifically
around functional principles because the applications it runs cannot afford to crash.



But you don't have to write Haskell to benefit from functional thinking. Python,
JavaScript, Scala, Rust, and Kotlin all support functional patterns alongside other
approaches. The React JavaScript library, which powers much of the modern web, is
built on functional principles: Ul is a pure function of state, components don't modify
data they receive, and side effects are managed in explicit, isolated places.

Even predominantly object-oriented codebases are increasingly adopting functional
ideas — using immutable data structures, avoiding shared mutable state, writing pure
functions where possible — because the benefits are hard to argue with.

The Tradeoff

Functional programming isn't without cost. Pure immutability can require more
memory — creating new arrays and objects instead of modifying existing ones.
Managing side effects through explicit abstractions adds complexity of its own kind. And
the functional style, with its chains of higher-order functions and its preference for
expressions over statements, takes some getting used to for programmers trained on
imperative languages.

The deeper criticism is that some problems are naturally stateful. A game character's
position changes. A shopping cart accumulates items. A user session evolves over time.
Modeling these as immutable transformations sometimes requires mental gymnastics
that would simply be clearer with straightforward mutation.

This is why most working programmers don't choose between functional and
object-oriented approaches — they use both, and the tools have evolved to support that.
The goal isn't ideological purity. It's writing code that behaves correctly, that you can
reason about, that your colleagues can read, and that you can change with confidence a
year from now.

Functional programming offers a set of tools for achieving that. Used thoughtfully, they
are among the most powerful tools in the discipline.
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