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FRONT MATTER

Copyright and Edition Notice

Copyright © 2026 Ayman Alheraki. All rights reserved. This first-edition manuscript is designed
as a professional learning and reference work. Code examples are educational and must be
reviewed, tested, and adapted before production use.

FRONT MATTER

Technical Scope

The stable core of this book targets C++20 and C++23. C++26 material is explicitly labeled as
emerging or experimental because the standard is still under development and compiler support
varies. Readers should verify feature-test macros, compiler documentation, and library
implementation status before adopting draft features.

FRONT MATTER

Reader Assumptions

The reader is expected to be comfortable with C, pointers, manual resource management, build
systems, debugging, binary representation, and systems programming. The book therefore
avoids repeating basic programming concepts and concentrates on the conceptual and
engineering transition to C++.

FRONT MATTER

Author's Introduction

Why this book was written for experienced C programmers.

Copyright and Edition Notice
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I began with C and low-level programming before C++ became my primary language. That path
matters because the experienced C programmer does not need another beginner book that
explains loops, arrays, or what a pointer is. The real need is a disciplined bridge: what changes,
why it changes, what it costs, and how to preserve the clarity and control that systems
programmers value.

This book was inspired and strongly encouraged by Fabio Bizzetti, an experienced C and
Assembly programmer who described the fragmentation he found when trying to approach
modern C++. His request captured a widespread problem: most C++ material either assumes no
programming background, dives directly into modern idioms without explaining their
foundations, or presents abstractions without connecting them to representation, lifetime, ABI,
and machine cost.

The purpose of this work is therefore not to persuade C programmers that C is obsolete. C
remains essential. The purpose is to show where C++ can encode invariants, ownership, lifetimes,
genericity, and compile-time reasoning more directly - while still allowing the programmer to
inspect generated code and control boundaries.

“Modern C++ is best learned not by forgetting C, but by building

on its strengths and correcting its pain points.”

PREPARED BY AYMAN ALHERAKI

FRONT MATTER

Preface

A practical path from C habits to modern C++ mastery.

The safest way to learn C++ is not to translate every C idiom mechanically. Some C patterns
remain valid. Some become unnecessary. Others become dangerous when mixed with C++ object
lifetime rules. The book repeatedly uses a three-stage method: start with the C mental model,
introduce the C++ mechanism, then examine its design rationale and cost model.

Examples favor explicit, small, testable components. Inheritance is not used as the default
organizing principle. Smart pointers are not presented as universal replacements for every
pointer. Exceptions are discussed alongside explicit result types. Templates are taught as compile-
time programming tools, not as syntax to memorize.

Preface 3
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The intended result is a conservative but modern C++ style suitable for systems, desktop,
embedded, tools, compilers, infrastructure, and performance-sensitive libraries.

FRONT MATTER

How to Use This Book

Read, compare, compile, refactor, and review.

Read Parts I through VI in order. They establish the object, lifetime, ownership, copy, and move
model that all later chapters depend on. After that, the parts can be used as focused references.

Compile every laboratory with high warning levels and at least two compilers when portability
matters. Inspect optimized assembly for performance-sensitive examples. Run sanitizers during
development. Prefer a small set of well-understood language and library features over
indiscriminate use of every new facility.

Each lesson contains a C perspective, a C++ transition, a design rationale, a warning or
engineering tip, and a compact laboratory. The “Professional Rule” at the end of each lesson
summarizes the operational decision to carry into production code.

How to Use This Book
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NAVIGATION

Table of Contents

Click any chapter or appendix title to jump directly to its page. Page numbers are generated from the final
paginated edition.
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PART 01

Reframing the
Language

Purpose: Build a production-minded bridge from established C
practice to the C++ mechanisms in this part, with explicit attention
to representation, lifetime, diagnostics, portability, and cost.

C PERSPECTIVE DESIGN INTENT COST MODEL PROFESSIONAL
PRACTICE
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CHAPTER LESSON

LESSON 1

What C++ Is - and What It Is Not

TRANSITION OBJECTIVE

Understand what c++ is - and what it is not as an engineering tool rather than a language

ornament, and connect it to familiar C mechanisms.

4 N\
THE C++ TRANSITION @ crerspecTive

What C++ Is - and What It Is Not should be introduced only after Your € knowledge remains the

. . . . .. foundation: control flow,
identifying the contract that the C version leaves implicit. In representation, ABL, memory, and

professional C++, the important change is usually not syntax. It is the | operating-system interfaces do not
ability to attach a rule to a type, a scope, a function signature, or a disappear. C++ adds stronger ways

mpile-time constraint so that misuse is rejected earlier. to state intent and compose
compile e constra SO a suse 1S rejectea earlier. aeEblE components.

WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable

cost.
- J

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is

sound.
OPERATIONAL CHECKLIST
State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

What C++ Is - and What It Is Not 10
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‘ PROFESSIONAL RULE

Use what c++ is - and what it is not when it makes a real contract visible or removes an entire category of cleanup and
misuse. Otherwise prefer the smallest mechanism that communicates the design.

Laboratory 1: What C++ Is - and What It Is Not

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
ko5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}
PacketHeader iteml { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;
WHAT TO INSPECT
' Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?

PRACTICE TASK

Take a small C component from your own work that relates to what c++ is - and what it is not.
Write down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++
version that changes only one design dimension at a time, then compare warnings, testability,
assembly, and failure behavior.

Laboratory 1: What C++ Is - and What It Is Not

11
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? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

The C Compatibility Myth

TRANSITION OBJECTIVE
Understand the ¢ compatibility myth as an engineering tool rather than a language ornament,
and connect it to familiar C mechanisms.

( N\
THE C++ TRANSITION @ crerseecive

The C Compatibility Myth should be introduced only after vourC k.n°W|edge remains the
foundation: control flow,

identifying the contract that the C version leaves implicit. In representation, ABI, memory, and

professional C++, the important change is usually not syntax. It is the | operating-system interfaces do not

ability to attach a rule to a type, a scope, a function signature, or a disappear. C++ adds stronger ways
1 _t. t . t th t m.s se .S re.ected earl.er to state intent and compose

compile-time constraint so that misuse is rej ier. e ——

- J

- N
WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable

cost.
A J

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is
sound.

The C Compatibility Myth 12
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OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use the c compatibility myth when it makes a real contract visible or removes an entire category of cleanup and misuse.
Otherwise prefer the smallest mechanism that communicates the design.

Laboratory 2: The C Compatibility Myth

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
L5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}
PacketHeader item2 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;
WHAT TO INSPECT
' Question Engineering observation ‘
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?

Laboratory 2: The C Compatibility Myth 13
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PRACTICE TASK

and failure behavior.

Take a small C component from your own work that relates to the ¢ compatibility myth. Write
down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++ version
that changes only one design dimension at a time, then compare warnings, testability, assembly,

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Zero-Overhead Abstractions

TRANSITION OBJECTIVE

Understand zero-overhead abstractions as an engineering tool rather than a language ornament,

and connect it to familiar C mechanism:s.

THE C++ TRANSITION

Zero-Overhead Abstractions should be introduced only after
identifying the contract that the C version leaves implicit. In
professional C++, the important change is usually not syntax. It is the
ability to attach a rule to a type, a scope, a function signature, or a
compile-time constraint so that misuse is rejected earlier.

Zero-Overhead Abstractions

-
0 C PERSPECTIVE

Your C knowledge remains the
foundation: control flow,
representation, ABI, memory, and
operating-system interfaces do not
disappear. C++ adds stronger ways
to state intent and compose
reusable components.

WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable

cost.
-

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
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OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use zero-overhead abstractions when it makes a real contract visible or removes an entire category of cleanup and
misuse. Otherwise prefer the smallest mechanism that communicates the design.

Laboratory 3: Zero-Overhead Abstractions

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
L5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader item3 { .type = 1, .size =6
static_assert ( sizeof ( PacketHeader )

Il
(S
g

-~ -

WHAT TO INSPECT

Laboratory 3: Zero-Overhead Abstractions 15
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. e _

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( N\

PRACTICE TASK

Take a small C component from your own work that relates to zero-overhead abstractions. Wri
down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++ version
that changes only one design dimension at a time, then compare warnings, testability, assembly,
and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Value Semantics as the Default

TRANSITION OBJECTIVE
Understand value semantics as the default as an engineering tool rather than a language
ornament, and connect it to familiar C mechanisms.

4 N\
THE C++ TRANSITION ﬂ C PERSPECTIVE
Value Semantics as the Default should be introduced only after Your € knowledge remains the
. . . . .. foundation: control flow,
identifying the contract that the C version leaves implicit. In representation, ABL, memory, and
professional C++, the important change is usually not syntax. It is the | operating-system interfaces do not
ability to attach a rule to a type, a scope, a function signature, or a disappear. C++ adds stronger ways
mpile-time constraint so that misuse is rejected earlier. to state intent and compose
compile-time constraint so that misuse is rejected earlier. N
G J
( N
WHY C++ DESIGNED IT
THIS WAY
\_The central question is not whether )

the syntax is shorter. It is whether
the type system can prevent an

Value Semantics as the Default
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WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is
sound.

OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

0 PROFESSIONAL RULE

Use value semantics as the default when it makes a real contract visible or removes an entire category of cleanup and
misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Laboratory 4: Value Semantics as the Default

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
Y

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

Laboratory 4: Value Semantics as the Default 17
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PacketHeader item4 { .type = 1, .size = 64 }
static_assert ( sizeof ( PacketHeader ) == 4

WHAT TO INSPECT

e N

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( N\

PRACTICE TASK

Take a small C component from your own work that relates to value semantics as the default.
Write down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++
version that changes only one design dimension at a time, then compare warnings, testability,
assembly, and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

The Cost Model: Source, ABI, and
Machine Code

TRANSITION OBJECTIVE
Understand the cost model: source, abi, and machine code as an engineering tool rather than a
language ornament, and connect it to familiar C mechanismes.

4 N\
THE C++ TRANSITION @ crerspecTive
The Cost Model: Source, ABI, and Machine Code should be Your C knowledge remains the
. . o . foundation: control flow,
introduced only after identifying the contract that the C version representation, ABL, memory, and
leaves implicit. In professional C++, the important change is usually operating-system interfaces do not

disappear. C++ adds stronger ways
to state intent and compose
reusable components.

The Cost Model: Source, ABI, and Machine Code
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not sy'/ntax'. It is the ability to a.ttac'h arule to 2{ type, a scopfe, a ' WHY C++ DESIGNED IT
function signature, or a compile-time constraint so that misuse is THIS WAY

rejected earlier. The central question is not whether

the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable
cost.

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is

sound.
OPERATIONAL CHECKLIST
State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use the cost model: source, abi, and machine code when it makes a real contract visible or removes an entire category of
cleanup and misuse. Otherwise prefer the smallest mechanism that communicates the design.

The Cost Model: Source, ABI, and Machine Code 19
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APPLIED LABORATORY

Laboratory 5: The Cost Model: Source, ABI, and
Machine Code

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
}

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader item5 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

e

Question Engineering observation

Type safety Which invalid calls are rejected before linking or execution?

Lifetime Who owns each object, and how is destruction guaranteed?

Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?

ABI Can this type or function safely cross a C boundary or shared-library boundary?

PRACTICE TASK

Take a small C component from your own work that relates to the cost model: source, abi, and
machine code. Write down its invariants, ownership rules, error paths, and ABI constraints.
Produce a C++ version that changes only one design dimension at a time, then compare
warnings, testability, assembly, and failure behavior.

Laboratory 5: The Cost Model: Source, ABI, and Machine Code



FROM C TO MODERN C++

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Choosing a C++ Standard and
Compiler Mode

TRANSITION OBJECTIVE
Understand choosing a c++ standard and compiler mode as an engineering tool rather than a
language ornament, and connect it to familiar C mechanismes.

THE C++ TRANSITION ﬂ C PERSPECTIVE

Choosing a C++ Standard and Compiler Mode should be introduced Your C knowledge remains the
foundation: control flow,

only after identifying the contract that the C version leaves implicit. representation, ABL, memory, and
In professional C++, the important change is usually not syntax. It is operating-system interfaces do not
the ability to attach a rule to a type, a scope, a function signature, or | disappear. C++ adds stronger ways

a compile-time constraint so that misuse is rejected earlier. to state intent and compose
p J : reusable components.

- J
e N
WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable

cost.
- J

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is
sound.

Choosing a C++ Standard and Compiler Mode 21
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OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use choosing a c++ standard and compiler mode when it makes a real contract visible or removes an entire category of
cleanup and misuse. Otherwise prefer the smallest mechanism that communicates the design.

Laboratory 6: Choosing a C++ Standard and
Compiler Mode

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
T o5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader item6 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

7 N

Question Engineering observation

Type safety Which invalid calls are rejected before linking or execution?

Lifetime Who owns each object, and how is destruction guaranteed?

Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?

ABI Can this type or function safely cross a C boundary or shared-library boundary?

Laboratory 6: Choosing a C++ Standard and Compiler Mode 22
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PRACTICE TASK

Take a small C component from your own work that relates to choosing a c++ standard and
compiler mode. Write down its invariants, ownership rules, error paths, and ABI constraints.
Produce a C++ version that changes only one design dimension at a time, then compare
warnings, testability, assembly, and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Laboratory 6: Choosing a C++ Standard and Compiler Mode

23



PART 02

A Safer Core
Language

Purpose: Build a production-minded bridge from established C
practice to the C++ mechanisms in this part, with explicit attention
to representation, lifetime, diagnostics, portability, and cost.

C PERSPECTIVE DESIGN INTENT COST MODEL PROFESSIONAL
PRACTICE
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CHAPTER LESSON

Stronger Types and Better
Diagnostics

LESSON 7

TRANSITION OBJECTIVE
Understand stronger types and better diagnostics as an engineering tool rather than a language
ornament, and connect it to familiar C mechanisms.

4 N\
THE C++ TRANSITION a C PERSPECTIVE
Stronger Types and Better Diagnostics should be introduced only Your € k.n°W|ed9e remains the
. n . . . .. foundation: control flow,
after identifying the contract that the C version leaves implicit. In representation, ABL, memory, and
professional C++, the important change is usually not syntax. It is the | operating-system interfaces do not
ability to attach a rule to a type, a scope, a function signature, or a disappear. C++ adds stronger ways
ile-ti traint so that mi . ‘acted li to state intent and compose
compile-time constraint so that misuse is rejected earlier. oy —
- J
4 N\
WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable

cost.
A J

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is

sound.
OPERATIONAL CHECKLIST
State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

Stronger Types and Better Diagnostics 25
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‘ PROFESSIONAL RULE

Use stronger types and better diagnostics when it makes a real contract visible or removes an entire category of cleanup
and misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Laboratory 7: Stronger Types and Better
Diagnostics

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
I o5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}
PacketHeader item7 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;
WHAT TO INSPECT
' Question Engineering observation ‘
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?

Laboratory 7: Stronger Types and Better Diagnostics 26
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PRACTICE TASK

Take a small C component from your own work that relates to stronger types and better
diagnostics. Write down its invariants, ownership rules, error paths, and ABI constraints.
Produce a C++ version that changes only one design dimension at a time, then compare
warnings, testability, assembly, and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

References versus Pointers

TRANSITION OBJECTIVE
Understand references versus pointers as an engineering tool rather than a language ornament,
and connect it to familiar C mechanisms.

( )
THE C++ TRANSITION @ crerspecive

. . You already understand addresses,
References versus Pointers should be introduced only after yur )
storage duration, allocation, and

identifying the contract that the C version leaves implicit. In cleanup in C. The C++ step is to
professional C++, the important change is usually not syntax. It is the | encode those facts in types and
ability to attach a rule to a type, a scope, a function signature, or a scopes so that the compiler can

. . . . . . . enforce more of the protocol.
compile-time constraint so that misuse is rejected earlier.

WHY C++ DESIGNED IT
THIS WAY

The feature exists to make lifetime
and ownership visible in interfaces,
not to hide the machine. Used well,
it removes manual cleanup paths
while preserving deterministic

behavior.
1\ J

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these

References versus Pointers 27
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OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use references versus pointers when it makes a real contract visible or removes an entire category of cleanup and
misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY
Laboratory 8: References versus Pointers

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
1

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader item8 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

Laboratory 8: References versus Pointers 28
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. e _

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( N\

PRACTICE TASK

Take a small C component from your own work that relates to references versus pointers. Write
down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++ version
that changes only one design dimension at a time, then compare warnings, testability, assembly,
and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

const Correctness Revisited

TRANSITION OBJECTIVE
Understand const correctness revisited as an engineering tool rather than a language ornament,
and connect it to familiar C mechanisms.

4 N\
THE C++ TRANSITION ﬂ C PERSPECTIVE
const Correctness Revisited should be introduced only after Your € knowledge remains the
. . . . .. foundation: control flow,
identifying the contract that the C version leaves implicit. In representation, ABL, memory, and
professional C++, the important change is usually not syntax. It is the | operating-system interfaces do not
ability to attach a rule to a type, a scope, a function signature, or a disappear. C++ adds stronger ways
mpile-time constraint so that misuse is rejected earlier. to state intent and compose
compile-time constraint so that misuse is rejected earlier. N
G J
( N
WHY C++ DESIGNED IT
THIS WAY
\_The central question is not whether )

the syntax is shorter. It is whether
the type system can prevent an

const Correctness Revisited 29
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WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is
sound.

OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

0 PROFESSIONAL RULE

Use const correctness revisited when it makes a real contract visible or removes an entire category of cleanup and
misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Laboratory 9: const Correctness Revisited

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
Y

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

Laboratory 9: const Correctness Revisited
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PacketHeader item9 { .type = 1, .size = 64 }
static_assert ( sizeof ( PacketHeader ) == 4

WHAT TO INSPECT

e N

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( N\

PRACTICE TASK

Take a small C component from your own work that relates to const correctness revisited. Write
down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++ version
that changes only one design dimension at a time, then compare warnings, testability, assembly,
and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

auto without Losing Control

TRANSITION OBJECTIVE
Understand auto without losing control as an engineering tool rather than a language ornament,
and connect it to familiar C mechanisms.

e N\
THE C++ TRANSITION ﬂ C PERSPECTIVE

Your C knowledge remains the

auto without Losing Control should be introduced only after )
foundation: control flow,

identifying the contract that the C version leaves implicit. In representation, ABI, memory, and
professional C++, the important change is usually not syntax. It is the | operating-system interfaces do not
ability to attach a rule to a type, a scope, a function signature, or a disappear. C++ adds stronger ways

to state intent and compose

compile-time constraint so that misuse is rejected earlier. T TR,

auto without Losing Control 31
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WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable
cost.

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is

sound.
OPERATIONAL CHECKLIST
State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use auto without losing control when it makes a real contract visible or removes an entire category of cleanup and
misuse. Otherwise prefer the smallest mechanism that communicates the design.

Laboratory 10: auto without Losing Control

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
Y
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constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader iteml® { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

7 N

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( N\

PRACTICE TASK

Take a small C component from your own work that relates to auto without losing control. Write
down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++ version
that changes only one design dimension at a time, then compare warnings, testability, assembly,
and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Scoped Enumerations

TRANSITION OBJECTIVE
Understand scoped enumerations as an engineering tool rather than a language ornament, and
connect it to familiar C mechanisms.

6 C PERSPECTIVE

Your C knowledge remains the

representation, ABI, memory, and
operating-system interfaces do not

Scoped Enumerations 33



Scoped Enumerations should be introduced only after identifying
the contract that the C version leaves imphelf. fn" BryR3sfh &L €++,
the important change is usually not syntax. It is the ability to attach

arule to a type, a scope, a function signature, or a compile-time P
constraint so that misuse is rejected earlier. WHY C++ DESIGNED IT

THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable

cost.

WARNING

Do not adopt a C++ facility merely

because it is modern. Verify
ownership, lifetime, exception

behavior, allocation, code size, ABI
impact, and toolchain support. A

feature that obscures these
properties is being used badly,
even when the feature itself is
sound.

OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use scoped enumerations when it makes a real contract visible or removes an entire category of cleanup and misuse.
Otherwise prefer the smallest mechanism that communicates the design.

Laboratory 11: Scoped Enumerations

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

Laboratory 11: Scoped Enumerations
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struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
I3

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader itemll { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == ) 8

WHAT TO INSPECT

7 o

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( 2\

PRACTICE TASK

Take a small C component from your own work that relates to scoped enumerations. Write down
its invariants, ownership rules, error paths, and ABI constraints. Produce a C++ version that
changes only one design dimension at a time, then compare warnings, testability, assembly, and
failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

nuliptr and Pointer Intent

TRANSITION OBJECTIVE
Understand nullptr and pointer intent as an engineering tool rather than a language ornament,
and connect it to familiar C mechanisms.

nullptr and Pointer Intent 35
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( )
THE C++ TRANSITION @ crerspecive

You already understand addresses,

nullptr and Pointer Intent should be introduced only after . )
storage duration, allocation, and

identifying the contract that the C version leaves implicit. In cleanup in C. The C++ step is to
professional C++, the important change is usually not syntax. It is the | encode those facts in types and
ability to attach a rule to a type, a scope, a function signature, or a scopes so that the compiler can
. . . . . . . enforce more of the protocol.
compile-time constraint so that misuse is rejected earlier. L )
e N
WHY C++ DESIGNED IT
THIS WAY

The feature exists to make lifetime
and ownership visible in interfaces,
not to hide the machine. Used well,
it removes manual cleanup paths
while preserving deterministic
behavior.

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is

sound.
OPERATIONAL CHECKLIST
State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use nullptr and pointer intent when it makes a real contract visible or removes an entire category of cleanup and misuse.
Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

nullptr and Pointer Intent 36
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Laboratory 12: nuliptr and Pointer Intent

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
I o5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

¥

PacketHeader iteml2 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

7 N

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( N\

PRACTICE TASK

Take a small C component from your own work that relates to nullptr and pointer intent. Write
down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++ version
that changes only one design dimension at a time, then compare warnings, testability, assembly,
and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Laboratory 12: nullptr and Pointer Intent 37
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CHAPTER LESSON

Initialization: Braces, Narrowing,
and Order

LESSON 13

TRANSITION OBJECTIVE
Understand initialization: braces, narrowing, and order as an engineering tool rather than a
language ornament, and connect it to familiar C mechanismes.

e N\
THE C++ TRANSITION ﬂ C PERSPECTIVE

Initialization: Braces, Narrowing, and Order should be introduced LCTIAS k.n°W|edge ENEITE 1S
foundation: control flow,

only after identifying the contract that the C version leaves implicit. representation, ABI, memory, and
In professional C++, the important change is usually not syntax. It is operating-system interfaces do not
the ability to attach a rule to a type, a scope, a function signature, or | disappear. C++adds stronger ways

a compile-time constraint so that misuse is rejected earlier. to state intent and compose
p ) : reusable components.

WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable

cost.
- J

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is

sound.
OPERATIONAL CHECKLIST
State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

Initialization: Braces, Narrowing, and Order 38
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‘ PROFESSIONAL RULE

Use initialization: braces, narrowing, and order when it makes a real contract visible or removes an entire category of
cleanup and misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Laboratory 13: Initialization: Braces, Narrowing,
and Order

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
I o5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader iteml3 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

7 N

Question Engineering observation

Type safety Which invalid calls are rejected before linking or execution?

Lifetime Who owns each object, and how is destruction guaranteed?

Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?

ABI Can this type or function safely cross a C boundary or shared-library boundary?

Laboratory 13: Initialization: Braces, Narrowing, and Order 39
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PRACTICE TASK

Take a small C component from your own work that relates to initialization: braces, narrowing,
and order. Write down its invariants, ownership rules, error paths, and ABI constraints. Produce
a C++ version that changes only one design dimension at a time, then compare warnings,
testability, assembly, and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Laboratory 13: Initialization: Braces, Narrowing, and Order
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CHAPTER LESSON

Attributes and Compile-Time Intent

LESSON 14

TRANSITION OBJECTIVE
Understand attributes and compile-time intent as an engineering tool rather than a language
ornament, and connect it to familiar C mechanisms.

4 N\
THE C++ TRANSITION ﬂ C PERSPECTIVE
Attributes and Compile-Time Intent should be introduced only after | You" ¢ knowledge remains the
. . . . .. foundation: control flow,
identifying the contract that the C version leaves implicit. In representation, ABL, memory, and
professional C++, the important change is usually not syntax. It is the | operating-system interfaces do not
ability to attach a rule to a type, a scope, a function signature, or a disappear. C++ adds stronger ways
il t t . t th t . . . t d li to state intent and compose
compile-time constraint so that misuse is rejected earlier. .
G J
4 N
WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable

cost.
- J

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is

sound.
OPERATIONAL CHECKLIST
State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

Attributes and Compile-Time Intent 41
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‘ PROFESSIONAL RULE

Use attributes and compile-time intent when it makes a real contract visible or removes an entire category of cleanup
and misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Laboratory 14: Attributes and Compile-Time
Intent

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
I o5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader iteml4 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

7 N

Question Engineering observation

Type safety Which invalid calls are rejected before linking or execution?

Lifetime Who owns each object, and how is destruction guaranteed?

Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?

ABI Can this type or function safely cross a C boundary or shared-library boundary?

Laboratory 14: Attributes and Compile-Time Intent 42
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PRACTICE TASK

Take a small C component from your own work that relates to attributes and compile-time intent.
Write down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++
version that changes only one design dimension at a time, then compare warnings, testability,
assembly, and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Laboratory 14: Attributes and Compile-Time Intent
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PART 03

Functions and
Interfaces

Purpose: Build a production-minded bridge from established C
practice to the C++ mechanisms in this part, with explicit attention
to representation, lifetime, diagnostics, portability, and cost.

C PERSPECTIVE DESIGN INTENT COST MODEL PROFESSIONAL
PRACTICE
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CHAPTER LESSON

Function Overloading

LESSON 15

TRANSITION OBJECTIVE
Understand function overloading as an engineering tool rather than a language ornament, and
connect it to familiar C mechanisms.

THE C++ TRANSITION ﬂ C PERSPECTIVE

Function Overloading should be introduced only after identifying :gs;;a';r;?]‘fvlii%foﬁmns the

the contract that the C version leaves implicit. In professional C++, representation, ABI, memory, and
the important change is usually not syntax. It is the ability to attach operating-system interfaces do not
arule to a type, a scope, a function signature, or a compile-time disappear. C++ adds stronger ways
i hat misuse is rejected earlier. to state intent and compose
constraint so tha ] ' reusable components.
G J
4 N
WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable

cost.
- J

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is

sound.
OPERATIONAL CHECKLIST
State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

Function Overloading 45
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‘ PROFESSIONAL RULE

Use function overloading when it makes a real contract visible or removes an entire category of cleanup and misuse.
Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY
Laboratory 15: Function Overloading

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
ko5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader iteml5 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

7 N

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( N\

PRACTICE TASK

Take a small C component from your own work that relates to function overloading. Write down
its invariants, ownership rules, error paths, and ABI constraints. Produce a C++ version that
changes only one design dimension at a time, then compare warnings, testability, assembly, and
failure behavior.

Laboratory 15: Function Overloading 46
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? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Default Arguments and API Stability

TRANSITION OBJECTIVE

Understand default arguments and api stability as an engineering tool rather than a language

ornament, and connect it to familiar C mechanisms.

THE C++ TRANSITION

Default Arguments and API Stability should be introduced only after
identifying the contract that the C version leaves implicit. In
professional C++, the important change is usually not syntax. It is the
ability to attach a rule to a type, a scope, a function signature, or a
compile-time constraint so that misuse is rejected earlier.

Default Arguments and API Stability

-

-

G C PERSPECTIVE

Your C knowledge remains the
foundation: control flow,
representation, ABI, memory, and
operating-system interfaces do not
disappear. C++ adds stronger ways
to state intent and compose
reusable components.

Ve

G

WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable
cost.

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is
sound.




FROM C TO MODERN C++

OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use default arguments and api stability when it makes a real contract visible or removes an entire category of cleanup
and misuse. Otherwise prefer the smallest mechanism that communicates the design.

Laboratory 16: Default Arguments and API
Stability

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
T o5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader iteml6 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

7 N

Question Engineering observation

Type safety Which invalid calls are rejected before linking or execution?

Lifetime Who owns each object, and how is destruction guaranteed?

Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?

ABI Can this type or function safely cross a C boundary or shared-library boundary?

Laboratory 16: Default Arguments and API Stability 48
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PRACTICE TASK

testability, assembly, and failure behavior.

Take a small C component from your own work that relates to default arguments and api
stability. Write down its invariants, ownership rules, error paths, and ABI constraints. Produce a
C++ version that changes only one design dimension at a time, then compare warnings,

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Inline Functions and the One

Definition Rule

TRANSITION OBJECTIVE

Understand inline functions and the one definition rule as an engineering tool rather than a

language ornament, and connect it to familiar C mechanisms.

THE C++ TRANSITION

Inline Functions and the One Definition Rule should be introduced
only after identifying the contract that the C version leaves implicit.
In professional C++, the important change is usually not syntax. It is
the ability to attach a rule to a type, a scope, a function signature, or
a compile-time constraint so that misuse is rejected earlier.

Inline Functions and the One Definition Rule

6 C PERSPECTIVE

Your C knowledge remains the
foundation: control flow,
representation, ABI, memory, and
operating-system interfaces do not
disappear. C++ adds stronger ways
to state intent and compose

reusable components.
.

-
WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable
cost.

(&

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify



FROM C TO MODERN C++

OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

0 PROFESSIONAL RULE

Use inline functions and the one definition rule when it makes a real contract visible or removes an entire category of
cleanup and misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Laboratory 17: Inline Functions and the One
Definition Rule

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
I o5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

¥

PacketHeader iteml7 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

Laboratory 17: Inline Functions and the One Definition Rule 50
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. e _

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( N\

PRACTICE TASK

Take a small C component from your own work that relates to inline functions and the one
definition rule. Write down its invariants, ownership rules, error paths, and ABI constraints.
Produce a C++ version that changes only one design dimension at a time, then compare
warnings, testability, assembly, and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Namespaces and Symbol
Organization

TRANSITION OBJECTIVE
Understand namespaces and symbol organization as an engineering tool rather than a language
ornament, and connect it to familiar C mechanisms.

e I
THE C++ TRANSITION a C PERSPECTIVE
Namespaces and Symbol Organization should be introduced only Your € k.n°W|edge remains the
. o . . .. foundation: control flow,
after identifying the contract that the C version leaves implicit. In representation, ABL, memory, and
professional C++, the important change is usually not syntax. It is the | operating-system interfaces do not
ability to attach a rule to a type, a scope, a function signature, or a disappear. C++ adds stronger ways
1 t t . t th t . . . t d 1 to state intent and compose
compile-time constraint so that misuse is rejected earlier. oy —
- J
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WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable
cost.

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is
sound.

OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing,

feature is intended to enforce. copying, moving, and failure behavior.

Check diagnostics, optimized code,
and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use namespaces and symbol organization when it makes a real contract visible or removes an entire category of cleanup
and misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Laboratory 18: Namespaces and Symbol

Organization

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;

Laboratory 18: Namespaces and Symbol Organization
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std::uintl6_t size { } ;
Y

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader iteml8 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

.

Question Engineering observation

Type safety Which invalid calls are rejected before linking or execution?

Lifetime Who owns each object, and how is destruction guaranteed?

Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?

ABI Can this type or function safely cross a C boundary or shared-library boundary?

PRACTICE TASK

Take a small C component from your own work that relates to namespaces and symbol
organization. Write down its invariants, ownership rules, error paths, and ABI constraints.
Produce a C++ version that changes only one design dimension at a time, then compare
warnings, testability, assembly, and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Function Objects and Callable Types

TRANSITION OBJECTIVE
Understand function objects and callable types as an engineering tool rather than a language
ornament, and connect it to familiar C mechanisms.

a C PERSPECTIVE

Your C knowledge remains the

representation, ABI, memory, and

Function Objects and Callable Types




THE C++ TRANSITION
FROM C TO MODERN C++

Function Objects and Callable Types should be introduced only after
identifying the contract that the C versionteavesimpheittan—

professional C++, the important change is usually not syntax. It is the [~
ability to attach a rule to a type, a scope, a function signature, or a
compile-time constraint so that misuse is rejected earlier.

WHY C++ DESIGNED IT
THIS WAY

the syntax is shorter. It is whether
the type system can prevent an

or move a check from runtime to

cost.

The central question is not whether

invalid state, make ownership clear,

compile time without unacceptable

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception

behavior, allocation, code size, ABI

impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is
sound.

OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use function objects and callable types when it makes a real contract visible or removes an entire category of cleanup
and misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Laboratory 19: Function Objects and Callable
Types

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

Laboratory 19: Function Objects and Callable Types
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FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
}

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader iteml9 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

e N

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( )

PRACTICE TASK

Take a small C component from your own work that relates to function objects and callable types.
Write down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++
version that changes only one design dimension at a time, then compare warnings, testability,
assembly, and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Lambdas from First Principles

Lambdas from First Principles 55
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TRANSITION OBJECTIVE

Understand lambdas from first principles as an engineering tool rather than a language

ornament, and connect it to familiar C mechanisms.

THE C++ TRANSITION

Lambdas from First Principles should be introduced only after
identifying the contract that the C version leaves implicit. In
professional C++, the important change is usually not syntax. It is the
ability to attach a rule to a type, a scope, a function signature, or a
compile-time constraint so that misuse is rejected earlier.

Ve

0 C PERSPECTIVE

Your C knowledge remains the
foundation: control flow,
representation, ABI, memory, and
operating-system interfaces do not
disappear. C++ adds stronger ways
to state intent and compose
reusable components.

WHY C++ DESIGNED IT
THIS WAY

The central question is not whether
the syntax is shorter. It is whether
the type system can prevent an
invalid state, make ownership clear,
or move a check from runtime to
compile time without unacceptable
cost.

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is
sound.

OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing,
feature is intended to enforce. copying, moving, and failure behavior.

Check diagnostics, optimized code,
and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use lambdas from first principles when it makes a real contract visible or removes an entire category of cleanup and

misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Lambdas from First Principles
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Laboratory 20: Lambdas from First Principles

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

int bias = 4 ;

auto adjust = [bias] ( int value ) noexcept {
return value + bias ;
L5

int result = adjust ( 38 ) ;

WHAT TO INSPECT

7

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
-

PRACTICE TASK

Take a small C component from your own work that relates to lambdas from first principles.
Write down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++
version that changes only one design dimension at a time, then compare warnings, testability,
assembly, and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Templates as Compile-Time
Functions

Laboratory 20: Lambdas from First Principles
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TRANSITION OBJECTIVE

Understand templates as compile-time functions as an engineering tool rather than a language

ornament, and connect it to familiar C mechanisms.

THE C++ TRANSITION

Templates as Compile-Time Functions should be introduced only
after identifying the contract that the C version leaves implicit. In
professional C++, the important change is usually not syntax. It is the
ability to attach a rule to a type, a scope, a function signature, or a
compile-time constraint so that misuse is rejected earlier.

Ve

0 C PERSPECTIVE

In C, genericity is commonly built
with macros, void pointers, code
generation, or disciplined naming.
C++ moves much of that work into
the type system and compile-time
evaluation.

(&

WHY C++ DESIGNED IT
THIS WAY

The design goal is reusable code
without surrendering type
checking or runtime performance.
The trade-off is more demanding
diagnostics and the need to control
template boundaries.

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is
sound.

OPERATIONAL CHECKLIST

State the invariant or protocol this Identify ownership, borrowing,
feature is intended to enforce. copying, moving, and failure behavior.

Check diagnostics, optimized code,
and ABI impact on the actual
toolchain.

‘ PROFESSIONAL RULE

Use templates as compile-time functions when it makes a real contract visible or removes an entire category of cleanup
and misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Templates as Compile-Time Functions

58
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Laboratory 21: Templates as Compile-Time
Functions

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
L o5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader item2l1 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

P N

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
( 1\

PRACTICE TASK

Take a small C component from your own work that relates to templates as compile-time
functions. Write down its invariants, ownership rules, error paths, and ABI constraints. Produce
a C++ version that changes only one design dimension at a time, then compare warnings,
testability, assembly, and failure behavior.

? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Laboratory 21: Templates as Compile-Time Functions 59



PART 04

Classes without
Mysticism

Purpose: Build a production-minded bridge from established C
practice to the C++ mechanisms in this part, with explicit attention
to representation, lifetime, diagnostics, portability, and cost.

C PERSPECTIVE DESIGN INTENT COST MODEL PROFESSIONAL
PRACTICE
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CHAPTER LESSON

Classes as Invariants plus
Operations

LESSON 22

TRANSITION OBJECTIVE
Understand classes as invariants plus operations as an engineering tool rather than a language
ornament, and connect it to familiar C mechanisms.

)
THE C++ TRANSITION @ crerspecive

Classes as Invariants plus Operations should be introduced only Aclass is best understood as a C
struct whose valid states and

after identifying the contract that the C version leaves implicit. In permitted operations are enforced
professional C++, the important change is usually not syntax. It is the | atthe definition boundary. It need
ability to attach a rule to a type, a scope, a function signature, or a not imply a hierarchy, framework,

. . . . . . . or heavy runtime.
compile-time constraint so that misuse is rejected earlier. L . )

WHY C++ DESIGNED IT
THIS WAY

The reason for the design is local
enforcement of invariants. The cost
is usually zero for ordinary value
types; dynamic polymorphism has

an explicit dispatch and layout cost.
N\ J

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is

sound.
OPERATIONAL CHECKLIST
State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

Classes as Invariants plus Operations 61
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‘ PROFESSIONAL RULE

Use classes as invariants plus operations when it makes a real contract visible or removes an entire category of cleanup
and misuse. Otherwise prefer the smallest mechanism that communicates the design.

APPLIED LABORATORY

Laboratory 22: Classes as Invariants plus
Operations

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <variant>
#include <string>

using Value = std::variant<int, double, std::string> ;
Value value = 42 ;
std::visit ( [] ( const auto& x ) { /* use x */ } , value ) ;

WHAT TO INSPECT

7 N

Question Engineering observation
Type safety Which invalid calls are rejected before linking or execution?
Lifetime Who owns each object, and how is destruction guaranteed?
Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?
ABI Can this type or function safely cross a C boundary or shared-library boundary?
s N

PRACTICE TASK

Take a small C component from your own work that relates to classes as invariants plus
operations. Write down its invariants, ownership rules, error paths, and ABI constraints. Produce
a C++ version that changes only one design dimension at a time, then compare warnings,
testability, assembly, and failure behavior.

Laboratory 22: Classes as Invariants plus Operations 62
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? REVIEW QUESTION

Could another experienced C programmer understand the ownership and cost model from the interface alone? If not,
simplify the design or make the contract more explicit.

Constructors and Destructors

TRANSITION OBJECTIVE
Understand constructors and destructors as an engineering tool rather than a language
ornament, and connect it to familiar C mechanisms.

( N\
THE C++ TRANSITION @ crerseecive

Constructors and Destructors should be introduced only after Aclass is best understood as a C
struct whose valid states and

identifying the contract that the C version leaves implicit. In permitted operations are enforced
professional C++, the important change is usually not syntax. It is the | at the definition boundary. It need

ability to attach a rule to a type, a scope, a function signature, or a not imply a hierarchy, framework,
. . . . . . . or heavy runtime.
compile-time constraint so that misuse is rejected earlier. L )
4 N
WHY C++ DESIGNED IT
THIS WAY

The reason for the design is local
enforcement of invariants. The cost

is usually zero for ordinary value
types; dynamic polymorphism has

an explicit dispatch and layout cost.

. J

WARNING

Do not adopt a C++ facility merely
because it is modern. Verify
ownership, lifetime, exception
behavior, allocation, code size, ABI
impact, and toolchain support. A
feature that obscures these
properties is being used badly,
even when the feature itself is

sound.
OPERATIONAL CHECKLIST
State the invariant or protocol this Identify ownership, borrowing, Check diagnostics, optimized code,
feature is intended to enforce. copying, moving, and failure behavior. and ABI impact on the actual
toolchain.

Constructors and Destructors 63
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‘ PROFESSIONAL RULE

Use constructors and destructors when it makes a real contract visible or removes an entire category of cleanup and
misuse. Otherwise prefer the smallest mechanism that communicates the design.

Laboratory 23: Constructors and Destructors

Compile first with C++23 mode and strong warnings. For experimental C++26 features, use the
compiler-specific experimental mode and guard the code with feature-test macros.

FOCUSED EXAMPLE

#include <cstdint>

struct PacketHeader {
std::uintl6_t type { } ;
std::uintl6_t size { } ;
ko5

constexpr bool valid ( PacketHeader h ) noexcept {
return h.size >= sizeof ( PacketHeader ) ;

}

PacketHeader item23 { .type = 1, .size = 64 } ;
static_assert ( sizeof ( PacketHeader ) == 4 ) ;

WHAT TO INSPECT

7

Question Engineering observation

Type safety Which invalid calls are rejected before linking or execution?

Lifetime Who owns each object, and how is destruction guaranteed?

Runtime cost Does the optimized output add branches, allocation, indirection, or synchronization?
Failure model Can the operation throw, return an error, terminate, or leave a partial state?

ABI Can this type or function safely cross a C boundary or shared-library boundary?

PRACTICE TASK

Take a small C component from your own work that relates to constructors and destructors.
Write down its invariants, ownership rules, error paths, and ABI constraints. Produce a C++
version that changes only one design dimension at a time, then compare warnings, testability,
assembly, and failure behavior.

Laboratory 23: Constructors and Destructors

64
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