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B what is Operator Overloading?

Right now, to compare two DYRamicArray objects, we'd write something like:

Wouldn't it be nicer to just write @ == B?
Operator overloading lets you define what operators like B4, ¥, [I, and £ mean for your own classes.

You've already seen one: BGperators (the assignment operator) from Lectures 13-14!
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m Operator Overloading Syntax
The general pattern is a function named pperator followed by the symbol:
// Inside the class:
ReturnType operatorSYMBOL (parameters) {

// implementation

}

Some operators you can overload:

Operator | Name | Example
| |
| f
== | Equatlity | E==Ng
= | Inequality | @ t="h
[1 | Subscript | arel
- | Addition | a8
<< | Stream insertion | Std: cout << a
+= | Compound assignment | a +=
Some you cannot overload: ::, ., .5, 7!

Let's implement these one at a time, starting with the simplest.
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B operator== — Your First Overloaded Operator

Two DYRAMiCAFFays are equal if they have the same size and the same elements:

Now we can write:

when the compiler sees @ ==H, it calls B.6perator==(b).
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B operator== — Key Details

Notice the signature: FOGINOPERAEORSS(CONSENDYNENIICATIEaY Ot rINCOonSE

« Returns P00l — comparisons are true/false
* Parameter is — we only read from
» The function itself is — comparing doesn't modify either

operator!= can be defined in terms of E=:

bool operator!=(const DynamicArray& other) const {
return !(*this == other);
}

BERE8 is the current object. So [INFERTSIE=NGERER calls our OPEFETOR== and negates it.

Note: In C++20, the compiler can auto-generate ¥ from E= using the spaceship operator (559). We're using C++17, so we write both.
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B operator[] — Subscript Operator

Instead of @rr.get (i), we want @Fr[ill. And we want assignment to work: Arr[0] = 43.

why return fAf& (a reference)?

If we returned iAf (by value), @FF[O] = 47 would modify a copy — the original array wouldn't change. Returning a reference lets the caller write through it.
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B operator[] — The const Version

what happens if someone passes a DynamicArray by Eonst reference?

The compiler won't let you call the non-const @peratorf] on a E6ASE object — it can't guarantee you won't modify it through the returned [At&.

Fix: provide a E0nst overload:

« Returns — the caller can read but not modify
« The function is — can be called on 0ASt objects

Rule: the compiler picks the EORASE version for CONSE objects, the non-const version for non-const objects.
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B operator[] — Both Versions Together

Warning: if the array reallocates (e.g., after PUsh Back), any references from Bperator[] become dangling. Be careful not to hold onto them across
modifications.
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B operator<< — The Problem

We keep writing BFF.PFINE(). It would be much nicer to write:
std::cout << arr << std::endl;

Can we make €< a member function of DYRamicArFay? Let's think about what that would mean.
When the compiler sees @.0perator<<(b), the left operand is @ and the right operand is [.
For SEGEECOUTIRRIERE. the left operand is SEGMHCOUE (an EEGEEGSEREER) . not our array.

If we made it a member of DYRAMicArray, the call would be:

arr.operator<<(std::cout); // i.e., arr << std::cout

That's backwards! We'd have to write BFF 22 SEdI1€00UT instead of EEdICOUE =< art.

We can't add a member function to EEdii08EFeai (it's not our class). So we need a different approach.
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B operator<< — Friend Functions

The solution: make it a non-member function that takes both operands as parameters:

Problem: this function accesses @rf.size and @rr.datd, which are private.

Solution: declare it as a [friend inside the class:

[friend means: "this non-member function is allowed to access my private members."
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B operator<< — Key Details

why return SEdTI0SEFEan&? For chaining:

Each F¥ returns the stream so the next €< can use it.
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B operator+ — Concatenation

We want @ # B to produce a new array containing all elements of @ followed by all elements of B:

Key: this returns a DYRamicArray by value — a brand new object. It does NOT modify FERiS or GEREF.
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B operator+ — What Happens When It Returns?

Let's trace DyNGHMCARRAYNCHSNANENDN step by step:

In practice: modern compilers almost always use RVO. But your move constructor is the safety net when RVO can't apply.

This is why we spent two lectures on copy/move semantics — they power Gperatort!

13 / 26



B operator+ — Seeing the Move Constructor Fire

To observe whether the move constructor actually runs:

With a modern compiler: probably not (RVO kicks in).

Compile with EffCESTHGENCORSHRUCESRS to disable RVO:

Now you'll see "Move constructor called!" — the compiler is forced to move instead of eliding.
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B operator+= — Compound Assignment

OPErator® creates a new array. What if we want to append in-place?

Key differences from Gperatort:

|
I
Modifies FERIS? | No

Returns | New object (by value)
Creates a copy? | Yes

(by reference)

= =<
o ]
w
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B operator+= — Implementing operator+ in Terms of +=

A common C++ idiom: write BPeratort= first, then build Gperators from it.

why is this better? The logic for appending is written once in Bperators=. Bperatord just adds the "make a copy first" step. Less code duplication, fewer
bugs.

why return DYRamicArray€ from =2 For chaining:
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B Comparison Operators — Lexicographic Order
Just like strings are compared letter-by-letter, we can compare arrays element-by-element.
{1027 3) < {1, 7. 4] vecause at the first difference (index 2), B 4.

{17797 < {12, 3] because the shorter array is a prefix of the longer one.

This is the same algorithm that Sfd: SEFifg uses for comparison!
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& Comparison Operators — Building from operator<

Just like we built I= from 5=, we can define all comparison operators from [:

The pattern: pick one "base" operator and define the rest in terms of it.

Expression

Equivalent
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B operator++ — Prefix and Postfix Increment

For DYRamMicAFray, let's define F# to increment every element by 1.

Problem: ¥¥4 (prefix) and @%# (postfix) are both spelled BPEratort®. How does the compiler tell them apart?

Answer: a dummy [{Af parameter that is never used:

The - parameter is never named and never passed by you — the compiler handles it automatically.
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B operator++ — Prefix vs Postfix in Action

Why is prefix more efficient?

« Prefix (¥%d): modifies in place, returns FEAiS by reference. No copy.
« Postfix ( ): must create a copy of the old state before modifying. Extra work.

This is why you'll often see - preferred over - in C++ loops — for integers the compiler optimizes it away, but for objects the copy can be real.
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B summary

Operator Signature Member or Friend? Returns Why that return type?
Member Comparison is true/false
Member Comparison is true/false
Member So ArF[il = X modifies the element
const Member Read-only access for const objects
Friend Chaining:
Member (by value) Creates a new object
Member Mutates in place, enables chaining
Member Lexicographic comparison
(pre) Member Modifies and returns
(post) Member (by value) Returns old copy, then modifies

Patterns to

remember :

Comparisons (B2, (B, B. B, B8, B®): return B8, take EOMSER, function is [CONSE
Subscript ([1): return reference for read/write access

Stream (F<): must be friend (left operand is BSEFeail), return BSEreamnd
Arithmetic (I): return by value (new object), triggers move semantics

Compound assignment (¥#2): mutates ¥EATS, returns ¥tHiS by reference

Prefix increment (1): mutates and returns FEATS by reference — efficient
Postfix increment ( ): copies first, then mutates — the - is just a tag
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B Lab: Add Operators to StringHolder

Remember SEFiAgHOTdEr from the L13 and L14 labs? Let's add operators to it.
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B Lab: StringHolder — Your TODOs

That's 7 operators to implement! Work through them one at a time.
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B Lab: Test Code (Part 1)
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B Lab: Test Code (Part 2)
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& Lab: Expected Output

then use

std::strcmp(data, other.data) == @
— this holds characters). Don't forget the version.
characters for the new string. Use and SEGEESERCEE .
— that's it! (But it must be a friend to access )

, but modify

: compare first,
return (not
: allocate

similar instead of creating a new object. Delete old - allocate new buffer, copy both strings.
just use
(prefix): loop through and increment each character. Return FERiS.

(postfix): takes [iAf dummy. Copy FERiS first, increment, return the copy.

Compile: g++ -std=c++17 -o out stringholder.cpp
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