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Author’s Introduction

This booklet was written for professional C++ developers who build real systems, not
demonstrations, tutorials, or disposable prototypes.

It is intended for engineers who work on software that is expected to live for years, sometimes
decades, under continuous change, maintenance, and extension. Such systems are rarely small,
rarely isolated, and almost never static. They evolve as requirements change, as teams grow,
as architectures are revised, and as environments shift from single machines to distributed
infrastructures.

Modern software systems exchange data constantly. This exchange occurs at many boundaries:
between functions and modules, between processes running on the same machine, between
services distributed across networks, between different versions of the same application, and
even between different organizations.

At each of these boundaries, data must leave the safety of typed memory and become a
transferable representation. JSON has emerged as one of the most dominant formats for

this purpose, not because it is flawless, efficient, or elegant, but because it strikes a practical
balance between human readability, structural simplicity, and universal support.

JSON is easy to inspect. It is easy to generate. It is easy to debug. And it is supported almost
everywhere.

For these reasons, JSON has become deeply embedded in configuration systems, network
protocols, REST APIs, logging pipelines, inter-process communication, and data interchange

layers.



However, ease of use at the surface often hides significant complexity underneath.

C++ developers frequently encounter JSON relatively late in their careers. Many begin with
systems programming, performance-critical code, or application logic where structured data
exchange is limited or implicit. JSON often enters the picture later, through configuration files,
networking layers, web services, or integration with external systems.

When it does, it introduces a new class of problems.

Unlike managed or dynamic languages, C++ provides no built-in reflection system. There is
no native JSON type in the language. There is no standardized serialization framework. There
is no automatic mapping between in-memory objects and external representations.

This is not an omission. It is a deliberate design choice.

C++ prioritizes explicitness, control, and predictability. It does not hide object layout. It does
not assume ownership semantics. It does not impose runtime metadata or implicit allocation
strategies. As a result, serialization in C++ cannot be accidental.

It must be designed.

This reality often surprises developers who approach JSON in C++ with expectations shaped
by other ecosystems. Attempts to replicate reflection-heavy or framework-driven designs
frequently lead to fragile code, hidden performance costs, unclear ownership rules, and long-
term maintenance problems.

Serialization in C++ is not a convenience feature. It is an engineering task.

It requires deliberate decisions about:

How data is modeled in memory
* How ownership and lifetimes are represented

* How errors are detected and reported

How invalid or malicious input is handled

How performance and memory usage are controlled
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* How formats evolve over time without breaking compatibility

Poor serialization design rarely fails loudly. Instead, it fails subtly: through silent data loss,
through backward compatibility breaks, through undefined behavior triggered by invalid input,
or through performance regressions that only appear under load.

Well-designed serialization code, on the other hand, becomes an invisible strength. It allows
systems to evolve safely. It enables testing and verification. It makes boundaries explicit. And
it turns data exchange from a liability into a stable contract.

This booklet does not attempt to teach JSON as a data format. That knowledge is already
widely available and easily acquired. Instead, this work focuses on the deeper problem: how
to integrate JSON correctly into modern C++ systems in a way that respects the language’s
strengths rather than fighting against them.

You will not find framework-driven abstractions here. You will not find attempts to hide
complexity behind macros or code generation. What you will find is a disciplined approach to
serialization: explicit mappings, clear ownership rules, controlled error handling, and careful
consideration of performance and long-term maintainability.

The goal of this booklet is not to make JSON feel effortless in C++. The goal is to make it
correct, predictable, and sustainable.

When serialization is treated as a first-class architectural concern, C++ systems gain clarity
instead of complexity. They become easier to reason about, easier to test, and safer to evolve.

That is the mindset this booklet aims to cultivate.

Ayman Alheraki



Preface

Serialization is often misunderstood as a mechanical process: the act of converting in-memory
objects into text and back again. In reality, serialization is not about text at all. It is about
defining contracts.

Whenever data leaves the memory space of your program, a boundary is crossed. That
boundary may exist between two modules in the same application, between processes on the
same machine, between services communicating over a network, or between different versions
of the same system separated by time.

At each of these boundaries, assumptions must be made explicit. Types must be stabilized.
Behavior must be predictable. Failures must be well-defined.

Serialization is the mechanism through which these assumptions are expressed.

Poor serialization design rarely announces itself immediately. Instead, its consequences
accumulate quietly over time.

Systems become fragile because internal representations leak across boundaries. Components
become tightly coupled through undocumented data assumptions. Errors go unnoticed because
invalid input is silently accepted. Data becomes corrupted in ways that are difficult to detect or
reproduce. Upgrading systems turns into a high-risk operation, requiring coordinated changes
across multiple components.

These failures are not caused by JSON itself. They are caused by treating serialization as an
afterthought.

JSON is often introduced into C++ projects as a quick solution. Examples are copied from

11
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tutorials written for other languages. Implicit assumptions are carried over from ecosystems
that rely on reflection, runtime metadata, or garbage collection. What appears convenient in
the short term often becomes a source of long-term technical debt.

In C++, the cost of these assumptions is higher.

The language does not provide automatic object introspection. It does not impose a universal
object model. It does not hide allocation strategies or ownership semantics. As a result,
serialization decisions in C++ directly affect performance, safety, and architectural clarity.

For this reason, this booklet treats JSON not as a utility feature, but as a first-class
architectural concern.

JSON defines how your system speaks to the outside world. It defines how configuration

is expressed. It defines how data persists beyond a single execution. And, in many cases, it
defines how your system evolves over time.

Understanding JSON usage in C++ therefore requires more than learning a set of library APIs.
It requires understanding how JSON libraries are designed, how they manage memory, how
they parse and validate input, and how their design choices interact with modern C++ idioms.

In this booklet, you will learn:

How popular C++ JSON libraries represent data internally

* How parsing strategies differ and why those differences matter

How to design serializable types with explicit ownership and lifetime rules

How to handle errors deterministically instead of implicitly

How to balance performance, clarity, and safety

How to evolve JSON schemas without breaking existing systems

Special attention is given to long-lived systems, where backward compatibility, versioning,

and controlled evolution are not optional concerns but fundamental requirements.
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This is not a framework guide. It does not attempt to promote a single library or abstraction
layer. It does not hide complexity behind code generation or macros.

It is an engineering guide.

Its purpose is to help C++ developers reason about serialization, make deliberate design
decisions, and build systems where JSON is a stable interface rather than a persistent source of
risk.

When serialization is approached with the same discipline as memory management,
concurrency, and API design, it becomes a foundation for reliability instead of a liability.

That is the perspective from which this booklet is written.



Chapter 1

Understanding JSON from a C++

Perspective

1.1 What JSON Is and What It Is Not

JSON (JavaScript Object Notation) is a textual data representation format. Its primary purpose
is to describe structured data in a way that can be easily transmitted, stored, and inspected by
humans and machines alike.

At its core, JSON is deliberately simple. It defines a small set of constructs and avoids
complex semantics. This simplicity is precisely why JSON has achieved such wide adoption.
However, this same simplicity is also the source of many misconceptions, especially among
C++ developers.

JSON is often treated as if it were something it is not.

JSON is not:

* A schema language

* A type system

14
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¢ A validation mechanism

Understanding these limitations is essential before attempting to integrate JSON into a C++

system.

1.1.1 JSON Is Not a Schema Language

JSON does not define structure rules. It does not specify which keys are required, which
values are optional, or what constraints apply to the data.

Consider the following JSON documents:

"port": 8080,

"host": "localhost"

"port": "eighty",
"host": 12345,

"extra": true

From JSON’s perspective, both documents are equally valid. There is no built-in mechanism
to express that port must be a number, that host must be a string, or that additional fields
are forbidden.

In C++, relying on JSON alone to enforce structure leads to fragile systems. The responsibility

for defining and enforcing structure belongs entirely to your C++ code.
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1.1.2 JSON Is Not a Type System

JSON supports a small set of primitive value categories, but these categories are far less
expressive than C++ types.

For example, JSON has a single number category. It does not distinguish between:
* int

e long

float

double
* signed vs unsigned

Consider this JSON value:
{ "value": 42 }

In C++, this could reasonably map to any of the following:

int value;
unsigned value;
long value;
double value;

std::size_t value;

The JSON document does not carry enough information to decide. That decision must be
made explicitly by the C++ developer.
This lack of type richness is acceptable in dynamic languages, where types are resolved at

runtime. In C++, it requires careful and deliberate mapping.
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1.1.3 JSON Is Not a Validation Mechanism

A JSON parser can tell you whether a document is syntactically valid. It cannot tell you
whether the data is semantically correct.

For example, this JSON is syntactically valid:

"age": =500,
"email": "not-an-email",
"enabled": "yes"

Only application-level logic can decide whether these values are acceptable.
In C++, failing to separate parsing from validation often results in code that assumes

correctness and breaks catastrophically when faced with unexpected input.

1.1.4 Why This Distinction Matters in C++

C++ is a statically typed language. Types are checked at compile time. Ownership and
lifetimes are explicit. Undefined behavior is possible if assumptions are violated.

When JSON enters a C++ system, it introduces a dynamically typed, untrusted data source
into a statically typed environment.

Bridging this gap safely is the central challenge of JSON usage in C++.

1.2 JSON Data Model

JSON defines a small and fixed data model. Every JSON document is composed of the

following elements.
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1.2.1 Objects (Key-Value Maps)

JSON objects are collections of name—value pairs. Keys are strings. Values can be any valid
JSON value.

{
"name": "Alice",
"age": 30,
"active": true

}

In C++, this is commonly represented as a map-like structure. However, different libraries
make different design choices.

For example, using nlohmann: : json:
#include <nlohmann/json.hpp>

nlohmann: :json obj;

obj["name"] = "Alice";
obj["age"] = 30;
obj["active"] = true;

Internally, this is typically implemented as an associative container, often based on
std: :mapor std: :unordered._map.

This has implications for:
* Lookup cost
* Memory allocation

¢ Jteration order
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1.2.2 Arrays
JSON arrays are ordered sequences of values.

{
"values": [10, 20, 30, 40]

}
In C++, arrays usually map to sequence containers:

std::vector<int> values;

When parsing JSON, array handling requires careful bounds checking and type validation.

for (const auto& v : j["values"])

{
if (!v.is_number_integer())

throw std::runtime_error ("Invalid value type");

1.2.3 Strings

JSON strings are Unicode text. They do not encode ownership, encoding strategy, or memory
layout.

{ "message": "Hello, world" }

In C++, this usually maps to std: : string:

std::string message = j.at ("message") .get<std::string>();
C++ developers must be aware that:

* JSON strings are UTF-8 encoded
* std::string does not enforce encoding correctness

* Length and content must be validated explicitly if required



20

1.2.4 Numbers

JSON numbers represent numeric values without explicit precision or range.

"pi": 3.14159,
"count": 100

In C++, extracting numbers requires explicit intent:

double pi Jj.at ("pi") .get<double> () ;

int count j.at ("count") .get<int> () ;

Incorrect assumptions can lead to:
* Truncation
* Overflow

¢ Precision loss

These risks are silent unless explicitly checked.

1.2.5 Booleans
JSON booleans are straightforward:
{ "enabled": true }

Mapped in C++ as:

bool enabled = j.at ("enabled") .get<bool> () ;

Problems arise when booleans are encoded inconsistently, such as using strings or numbers

instead of true boolean values.
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1.2.6 Null

JSON supports a null value to represent absence.
{ "timeout": null }

In C++, this often maps naturally to std: :optional:

std: :optional<int> timeout;
if (!'j.at("timeout") .is_null())
timeout = j.at ("timeout") .get<int>();

Using std: :optional makes absence explicit and avoids sentinel values.

1.3 Library-Specific Mappings and Design Choices

Every C++ JSON library maps the JSON data model differently.
Some emphasize ease of use. Some emphasize performance. Some emphasize allocator
control. Some emphasize safety.

These differences affect:

* Memory usage
* Parsing strategy (DOM vs streaming)
* Error handling behavior

* Integration with modern C++ types

Understanding the JSON data model independently of any library is critical. It allows you
to evaluate libraries objectively and design serialization code that remains stable even if the
underlying library changes.

In C++, JSON is not just data. It is an interface between worlds.

Treating it with architectural discipline is the first step toward reliable serialization.



Chapter 2

Overview of Popular C++ JSON Libraries

C++ does not define a standard JSON library. As a result, several high-quality third-party
libraries have emerged, each reflecting different design philosophies and trade-offs.
Choosing a JSON library in C++ is not a cosmetic decision. It directly affects performance
characteristics, memory behavior, error handling, and long-term maintainability.

This chapter provides a practical overview of three widely used and well-maintained C++
JSON libraries. The goal is not to declare a single winner, but to help you understand how

their design choices align with different classes of C++ systems.

2.1 nlohmann::json

2.1.1 Design Philosophy

nlohmann: : json is a header-only library designed with expressiveness and ease of use
as its primary goals. Its API is intentionally similar to JSON usage in dynamic languages,
making it approachable for developers coming from Python, JavaScript, or other high-level

ecosystems.

22



23

The library favors convenience over strict control. Implicit conversions are common, and the

API encourages exploratory and rapid development.

2.1.2 Basic Usage

#include <nlohmann/json.hpp>
using Jjson = nlohmann::json;
json j;

J["name"] = "Alice";
j["age"] = 30;

j["active"] = true;

Reading values is equally expressive:

std::string name = j["name"];
int age = j["age"];
bool active = j["active"];

This style is concise, but it relies on runtime checks and exceptions rather than compile-time

guarantees.

2.1.3 Strengths

Extremely easy to integrate (single header)

Clear and readable syntax

» Seamless integration with STL containers

Built-in support for std: :optional, std: :variant, and enums

* Automatic serialization via to_json/ from_json
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2.1.4 Limitations

The convenience of nlohmann: : json comes with trade-offs.

Higher memory overhead due to dynamic allocation

Slower parsing compared to low-level libraries

¢ Less control over allocator behavior

Implicit conversions can hide errors

These characteristics make it less suitable for performance-critical or memory-constrained

environments.

2.1.5 Best Use Cases

nlohmann: : json is best suited for:

Configuration files

* Developer tooling

Test utilities

Prototyping and early-stage development

Applications where clarity outweighs raw performance
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2.2 RapidJSON

2.2.1 Design Philosophy

RapidJSON is designed with performance as a primary concern. It provides both DOM-
style and SAX-style APIs, allowing developers to choose between ease of use and maximum
efficiency.

Unlike higher-level libraries, RapidJSON exposes many low-level details explicitly, including

memory allocation strategies and parsing behavior.

2.2.2 DOM Parsing Example

#include <rapidjson/document.h>
using namespace rapidjson;

Document doc;

doc.Parse (R" ({ "x": 10, "y": 20 })");

int x doc["x"].GetInt ();

int y = doc["y"].GetInt ();

DOM parsing loads the entire JSON document into memory, allowing random access to

elements.

2.2.3 SAX Parsing Example

#include <rapidjson/reader.h>

#include <rapidjson/istreamwrapper.h>

class Handler : public rapidjson::BaseReaderHandler<>
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{

public:
bool Int (int i)
{

values.push_back (i) ;

return true;

std::vector<int> values;
}i

SAX parsing processes JSON as a stream, avoiding full document storage.

2.2.4 Strengths

Very high parsing and serialization speed
* Minimal memory allocation

* Fine-grained control over parsing behavior

Suitable for streaming and large documents

2.2.5 Limitations

* Verbose API
* Steeper learning curve
* Manual error handling

¢ Less idiomatic modern C++ feel

RapidJSON prioritizes control and performance over developer convenience.
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2.2.6 Best Use Cases

RapidJSON is best suited for:

High-throughput services

Network protocols

Real-time systems

Embedded or memory-constrained environments

2.3 Boost.JSON

2.3.1 Design Philosophy

Boost.JSON is a modern C++ JSON library designed to align closely with ISO C++ principles
and Boost ecosystem standards.

It emphasizes:

Explicit ownership

Allocator awareness

Predictable performance

Long-term maintainability

Unlike header-only libraries, Boost.JSON is designed as a compiled component, allowing

better control over ABI stability.
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2.3.2 Basic Usage
#include <boost/json.hpp>
namespace Jjson = boost::json;
json::value j = {
{"name", "Alice"},
{"age", 30},

{"active", true}

}i

Accessing values requires explicit conversions:

std::string name = j.at ("name") .as_string().c_str();

int age = j.at ("age").as_into64();

This explicitness reduces ambiguity and makes type assumptions visible.

2.3.3 Strengths

Strong alignment with modern C++ design

Explicit and predictable API

Allocator-aware containers

Suitable for long-lived systems

* Designed with ABI stability in mind
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2.3.4 Limitations
* More verbose than high-level libraries
* Requires linking Boost components

 Less forgiving for loosely structured input

2.3.5 Best Use Cases

Boost.JSON is well suited for:

Large-scale C++ systems

Server-side applications

» Systems requiring allocator control

Projects already using Boost infrastructure

2.4 Choosing the Right Library

There is no universally correct JSON library for C++. The correct choice depends on the

constraints of your system.
* If convenience and readability matter most, use nlohmann: : json
* If performance and memory control are critical, use RapidJ]SON
* If long-term stability and modern C++ alignment are required, use Boost.JSON

Understanding these trade-offs allows you to make deliberate, informed decisions instead of
defaulting to whatever example you encounter first.

In C++, library choice is architecture. Treat it accordingly.



Chapter 3

Parsing JSON Safely

Parsing JSON is often the first point at which external data enters a C++ system. From a
security and reliability perspective, this is one of the most critical boundaries in the entire
application.

JSON input may originate from:

* Configuration files

Network requests

* User input

Inter-process communication
* Persistent storage

In all cases, the input must be treated as untrusted. Assuming correctness is one of the most
common and most costly mistakes in JSON-based systems.
This chapter focuses on disciplined parsing strategies that emphasize correctness, explicit error

handling, and defensive design.
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3.1 Basic Parsing Example

At its simplest, parsing JSON involves reading text and converting it into an in-memory

representation.

Using nlohmann: : json, a minimal parsing function might look like this:

#include <nlohmann/json.hpp>
#include <fstream>

#include <stdexcept>
using json = nlohmann:: json;

json load_config(const std::stringé& path)
{

std::ifstream file (path);

if (!'file)

throw std::runtime_error ("Cannot open file");

return json::parse(file);

While this code is syntactically correct, it is not sufficient for production use.

Several failure modes are not yet addressed:

The file may contain invalid JSON

The JSON may be syntactically valid but semantically incorrect

Required fields may be missing

Values may have unexpected types

Safe parsing requires more than calling parse.
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3.2 Handling Parse Errors Explicitly

Most C++ JSON libraries signal parse errors via exceptions or error codes. Ignoring these

mechanisms leads to undefined program behavior.

A safer approach wraps parsing in a controlled boundary:

json load _config(const std::stringé& path)
{

std::ifstream file (path);

if (!file)

throw std::runtime_error ("Cannot open file");
try

return json::parse(file);
}
catch (const json::parse_error& e)
{

throw std::runtime_error (

std::string ("JSON parse error: ") + e.what());

This makes parse failures explicit and prevents partially constructed objects from propagating
into the system.

3.3 Validating Required Fields

Successful parsing does not guarantee valid data.

Consider the following configuration schema:
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"host": "localhost",

"port": 8080

A defensive validation step ensures required fields exist:

void validate_config(const jsoné& j)

{

if (!j.contains("host") || !j["host"].is_string())
throw std::runtime_error ("Missing or invalid 'host'");
if (!j.contains ("port") || !j["port"].is_number_integer())
throw std::runtime_error ("Missing or invalid 'port'");

This approach prevents invalid assumptions from spreading throughout the codebase.

3.4 Handling Missing and Optional Fields

Not all fields are mandatory. Optional fields should be modeled explicitly.

struct Config

{
std::string host;
int port;
std::optional<int> timeout;

}i
Parsing with explicit defaults:

Config parse_config(const Jjson& Jj)
{
Config cfg;
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cfg.host = j.at ("host") .get<std::string>();

cfg.port J.at ("port") .get<int> () ;

if (j.contains("timeout") && !j["timeout"].is_null())

cfg.timeout = j["timeout"].get<int>();

return cfg;

Using std: :optional avoids sentinel values and makes absence a first-class concept.

3.5 Type Checking Before Extraction
Blind extraction is dangerous.

int port = j["port"]; // Risky

Safer code checks types explicitly:

if (!j["port"].is_number_integer())

throw std::runtime_error ("Invalid port type");
int port = j["port"].get<int>();

This prevents runtime surprises and produces clearer error messages.

3.6 Separating Parsing from Construction

A common anti-pattern is mixing parsing logic with object construction.

Instead, treat parsing as a distinct stage:
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1. Parse JSON into a generic structure
2. Validate structure and types
3. Construct strongly typed C++ objects
This separation improves:
* Testability
* Error reporting

* Code readability

3.7 Defensive Limits

For untrusted input, impose explicit limits:

* Maximum document size
* Maximum nesting depth

* Maximum array length
Many JSON libraries support configurable limits. Failing early is always preferable to

handling corrupted state later.

3.8 Key Principles for Safe Parsing
Never assume valid input. Always:

* Catch parse errors
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Validate required fields

Handle missing keys explicitly

Check value types before use
» Separate parsing from business logic

In C++, safe JSON parsing is not verbose by accident. It is explicit by necessity.

That explicitness is the foundation of reliable and secure systems.



Chapter 4

Modeling C++ Types for Serialization

Serialization begins long before any JSON library is involved. It begins with how data is
modeled in C++.

The structure of your C++ types determines:

* What data can be serialized
* How clearly intent is expressed
* How safely objects can be reconstructed

 How formats evolve over time

Poor type modeling leads to fragile serialization code. Good type modeling turns serialization
into a predictable, mechanical process.

This chapter focuses on disciplined approaches to modeling C++ types for JSON serialization.

4.1 Plain Struct Serialization
The simplest serializable types in C++ are plain data structures with value semantics.
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struct User

{
std::string name;
int age;

}i

This structure has several desirable properties:
* Clear ownership of all members

* No raw pointers

No implicit lifetime dependencies

Deterministic construction and destruction

Such types are ideal candidates for serialization.
However, simplicity alone is not enough. The mapping between C++ and JSON must still be

defined explicitly.

4.2 Explicit Mapping Between C++ and JSON

Most modern C++ JSON libraries allow developers to define how a type is converted to and
from JSON.

Using nlohmann: : json, this is done via free functions:

void to_json(json& j, const Useré& u)
{
Jj = Json{
{"name", u.name},

{"age", u.age}
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void from_json (const Jjson& j, User& u)
{

j.at ("name") .get_to (u.name) ;

j.at ("age") .get_to(u.age);
}

This approach has several important advantages.
First, it makes the mapping explicit. Anyone reading the code can see exactly which fields are
serialized and under which JSON keys.

Second, it provides a natural location for validation and transformation logic.

4.2.1 Adding Validation During Deserialization

Validation should occur as close to the boundary as possible.

void from_ json (const json& j, User& u)

{

if (!j.contains("name") || !j["name"].is_string())
throw std::runtime_error ("Invalid or missing 'name'");
if (!j.contains("age") || !j["age"].is_number_integer())
throw std::runtime_error ("Invalid or missing 'age'");
u.name = j["name"].get<std::string>();
u.age = Jj["age"].get<int>();

}

This prevents invalid state from entering the system.

4.3 Handling Optional and Evolving Fields

Real-world data formats evolve. Fields are added, removed, or deprecated over time.
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Optional fields should be modeled explicitly:

struct User

{
std::string name;
int age;
std::optional<std::string> email;

}i

Updated mapping:

void to_json(json& j, const Useré& u)
{
J = Json{
{"name", u.name},
{"age", wu.age}
}i

if (u.email)

j["email"] = *u.email;

void from_ json(const json& j, User& u)

{
j.at ("name") .get_to (u.name);

j.at ("age") .get_to(u.age);

if (j.contains("email") && Jj["email"].is_string())

u.email = j["email"].get<std::string>();

This approach allows backward compatibility without breaking older data.
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4.4 Separating Domain Types from Serialization Concerns

A common mistake is embedding JSON logic directly into domain objects.
Prefer keeping domain types simple and serialization logic external.

This separation:
* Improves testability
* Avoids library lock-in

* Keeps domain models clean

4.5 Why Explicit Is Better Than Automatic

Some libraries and frameworks attempt to provide automatic serialization through reflection,
macros, or code generation.
While attractive at first glance, these approaches hide important costs.

Explicit serialization is preferable in C++ because the language values:
* Control over memory and layout
* Predictability of behavior
* Transparency of performance costs
* Long-term maintainability
Implicit reflection obscures:
* Allocation patterns

* Error handling paths
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* Versioning implications
* Security boundaries

Automatic mechanisms work best in environments with uniform object models and garbage
collection. C++ does not provide these assumptions.

In C++, clarity is a feature.

Explicit mappings may require more code, but they produce systems that are easier to reason
about, safer to evolve, and far more resilient over time.

Serialization is not boilerplate. It is design.
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Ownership, Lifetime, and Memory

Memory management is one of the defining characteristics of C++. Ownership, lifetime, and
allocation strategies are explicit and under the developer’s control.

When serialization enters the picture, these concerns become even more critical.

Serialized data represents values. Pointers represent relationships to memory.

Confusing these two concepts is a common source of undefined behavior, data corruption, and
long-term maintenance problems.

This chapter explains how to model ownership and lifetime correctly when designing

serializable C++ types.

5.1 Avoid Raw Pointers in Serializable Types

Serialized data is a snapshot of state. It describes values, not memory locations.

Raw pointers, on the other hand, represent:
* Ownership
e Borrowed access
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* Aliasing
* Lifetime dependencies

These concepts have no direct representation in JSON.

Consider the following type:

struct BadConfig

{
std::string* name;
intx timeout;

}i

There is no meaningful way to serialize this structure. Should the pointer address be written?
Should the pointed-to value be copied? Who owns the memory during deserialization?

Any attempt to serialize such a type requires hidden assumptions and fragile conventions.

5.1.1 Why Raw Pointers Are Dangerous

Raw pointers introduce ambiguity:

Is the pointer nullable?

* Who owns the pointed-to object?

How long does it live?

Is it shared elsewhere?

JSON cannot encode these semantics. As a result, deserialized objects often violate invariants

expected by the rest of the system.
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5.1.2 Pointers and Identity

Serialization should not preserve memory identity. Two pointers pointing to the same address
do not represent meaningful information outside the process.

Serialization preserves values and relationships, not addresses.

5.2 Prefer Value Types

The safest approach is to design serializable types around value semantics.

struct Config

{
std::vector<std::string> servers;
std: :optional<int> timeout;

i

This structure clearly communicates:

* Ownership of all contained data
* Deterministic lifetime

* Absence as an explicit concept

Value-based types serialize naturally and deserialize predictably.

5.2.1 Why std: : vector and std: :optional Work Well

std: :vector represents ownership of a sequence of values. It maps cleanly to JSON

arrays.

{

"servers": ["srvl", "srv2", "srv3"]
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std: :optional represents the presence or absence of a value. It maps naturally to missing

keys or null.

"timeout": null

This explicit modeling avoids sentinel values and ambiguous states.

5.3 Smart Pointers and Serialization

Smart pointers express ownership semantics, but they are still pointers.

5.3.1 std: :unique ptr

std: :unique_ptr represents exclusive ownership. It may be acceptable in serialization

only if the pointed-to object is treated as a value.

struct Config
{
std: :unique_ptr<Limits> limits;

i

In such cases, serialization must explicitly copy the value, not the pointer.

5.3.2 std: :shared ptr

std: :shared_ptr represents shared ownership. This concept does not map cleanly to
JSON.
Serializing shared ownership usually indicates a design problem. It introduces hidden

coupling and makes reconstruction ambiguous.
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5.4 Lifetime Boundaries and Reconstruction

Deserialization creates new objects. It does not restore old lifetimes.

Every deserialization operation should result in:
* Freshly constructed objects
* Clear ownership boundaries
* No reliance on external state

Assuming otherwise leads to subtle bugs that are difficult to reproduce.

5.5 Memory Allocation Considerations

JSON parsing often allocates memory dynamically. In performance-critical systems,

uncontrolled allocation can become a bottleneck.

Libraries such as Boost.JSON and RapidJSON allow allocator customization. This is

especially important for:
* High-throughput services
* Real-time systems
* Embedded environments

Allocator awareness should be part of the serialization design from the beginning, not an

afterthought.
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5.6 Design Rules for Serializable Types
When designing serializable C++ types:
* Prefer value semantics

* Avoid raw pointers

Make absence explicit

* Do not encode ownership implicitly

Treat deserialization as construction, not restoration

Serialization is not about copying memory. It is about modeling state.

In C++, correct ownership modeling is the foundation of safe serialization.
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Schema Evolution and Compatibility

One of the most underestimated aspects of serialization is that data almost always outlives
code.

Applications are upgraded. Services are redeployed. Clients and servers evolve at different
speeds. Configuration files persist across versions. Archived data may be read years after it
was written.

In such environments, serialization formats are not temporary. They are contracts across time.
This chapter focuses on how to design JSON-based serialization that can evolve safely without

breaking existing systems.

6.1 Backward Compatibility

Backward compatibility means that newer versions of your software can correctly read data
produced by older versions.

Breaking backward compatibility is one of the fastest ways to destabilize production systems.
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6.1.1 Never Remove Fields Blindly

Removing a field from JSON output may seem harmless, especially if the field is no longer
used internally. In practice, it is often disastrous.

Older data may still contain the field. External systems may still rely on it. Configuration files
may be copied forward unchanged.

Instead of removing fields, follow disciplined strategies.

6.1.2 Mark Fields as Optional

Fields that may disappear in the future should be modeled as optional from the beginning.

struct Config
{

std::string host;

int port;

std: :optional<int> timeout;
i

When deserializing:
if (j.contains("timeout") && Jj["timeout"].is_number_integer())

{

cfg.timeout = j["timeout"].get<int>();

This allows older data (without the field) and newer data (with the field) to coexist safely.

6.1.3 Provide Sensible Defaults

When a field is missing, the system must still behave predictably.
Defaults should be:
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* Explicit
¢ Documented

» Chosen for safety, not convenience

int timeout = j.contains ("timeout")
? j["timeout"] .get<int> ()
: 30; // default timeout

Implicit defaults hidden deep in code are a common source of bugs. Make defaults visible and

intentional.

6.1.4 Log Deprecations

When fields are no longer recommended, do not remove them silently.

Instead:
* Continue reading the field
* Ignore or translate it internally
* Emit warnings when it is encountered

This approach provides a migration path without breaking existing users.

6.2 Forward Compatibility

Forward compatibility means that older versions of your software can safely ignore data
written by newer versions.
This is equally important in distributed systems, where components may not be upgraded

simultaneously.
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6.2.1 Ignore Unknown Fields

Deserializers should tolerate extra fields.

for (auto it = j.begin(); it !'= j.end(); ++it)
{
if (it.key() == "host") { /x ... x/ }
else if (it.key () == "port") { /+ ... %/}
// Unknown fields are ignored

}

Rejecting unknown fields creates tight coupling and prevents independent evolution.

6.3 Versioning JSON Explicitly

At some point, structural changes become unavoidable. Fields change meaning. Data models

are reorganized. Simple optional fields are no longer sufficient.

At that point, explicit versioning becomes necessary.

6.3.1 Embedding a Version Field

A common and effective strategy is embedding a version number in the JSON document.

{

"version": 2,
"data": {
"host": "localhost",

"port": 8080

}

The version field defines how the rest of the document should be interpreted.
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6.3.2 Version-Based Dispatch
Deserialization logic can branch explicitly:

int version = j.at ("version") .get<int>();

switch (version)

{

case 1:
parse_vl (j.at ("data"));

break;

case 2:
parse_v2 (j.at ("data"));

break;

default:

throw std::runtime_error ("Unsupported JSON version");

This approach makes evolution explicit, testable, and maintainable.

6.3.3 Why Versioning Is Better Than Guessing

Attempting to infer structure from content leads to brittle heuristics and ambiguous behavior.

Explicit versioning:
* Makes intent clear
» Simplifies debugging
* Allows clean deprecation

* Prevents silent misinterpretation
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6.4 Migrating Old Data

Sometimes old data must be upgraded to a new format.

This should be done explicitly and deliberately.

6.4.1 Dedicated Migration Code

Write migration code that:
* Reads old versions
* Transforms data
* Writes the new version

Do not mix migration logic with normal parsing paths indefinitely.

6.5 Testing Compatibility

Compatibility is not theoretical. It must be tested.

Recommended practices:
» Keep example JSON files for each version
* Test parsing across versions
* Test round-trip serialization

Golden files are especially effective for detecting unintended changes.
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6.6 Design Principles for Evolving Schemas

When designing JSON schemas for C++ systems:

¢ Assume data will outlive code

Prefer additive changes over destructive ones

Make absence explicit
* Version when semantics change
* Never rely on implicit behavior

Schema evolution is not a nuisance. It is an inevitable part of real systems.
Handling it deliberately is the difference between a system that ages gracefully and one that

collapses under its own history.
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Performance Considerations

Performance is one of the primary reasons developers choose C++. When JSON is introduced
into a C++ system, it must not undermine the performance guarantees that the rest of the
system is designed to uphold.

JSON is convenient and expressive, but it is not cheap. Its textual nature, dynamic structure,
and frequent memory allocations make it significantly more expensive than binary formats.

Understanding and controlling these costs is essential in professional C++ systems.

7.1 Parsing Cost

JSON parsing is inherently expensive.

Every parse operation involves:
* Lexical analysis of text
* Conversion from text to numeric types

* Dynamic memory allocation
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* Construction of tree or value objects

Unlike binary formats, JSON requires repeated interpretation of characters and validation of

syntax.

7.1.1 Avoid Repeated Parsing in Hot Paths

One of the most common performance mistakes is parsing the same JSON data repeatedly.

Consider this anti-pattern:

void handle_request (const std::stringé& payload)
{

json j = Jjson::parse (payload); // repeated every call

process (3j);

If handle_request is called frequently, the cost of parsing dominates execution time.

Instead, parse once and reuse structured data:
json parsed_payload = json::parse (payload);

for (const auto& request : requests)

{

process (parsed_payload) ;

Parsing should occur at system boundaries, not inside performance-critical loops.

7.1.2 Prefer Early Parsing and Late Serialization

A common performance strategy is:

* Parse JSON as early as possible
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* Convert into strongly typed C++ objects
* Operate exclusively on C++ types internally
* Serialize back to JSON only at the boundary

This minimizes JSON-related overhead and keeps the core of the system type-safe and fast.

7.1.3 DOM vs Streaming Parsing

DOM parsing loads the entire JSON document into memory. Streaming (SAX-style) parsing
processes input incrementally.

DOM parsing:

* Easier to use

* More flexible

* Higher memory usage
Streaming parsing:

* Lower memory usage

* Faster for large documents

* More complex to implement

For large payloads or real-time systems, streaming parsing can provide substantial gains.
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7.2 Allocator Awareness

Memory allocation is often the hidden cost of JSON parsing.
Most JSON libraries allocate:

e Strings
* Object nodes
* Arrays
* Temporary buffers
In high-performance systems, uncontrolled allocation leads to:
* Cache misses
* Memory fragmentation

* Increased latency

7.2.1 Custom Allocators

Libraries such as Boost.JSON and RapidJSON allow developers to provide custom allocators.

This enables:
* Pool allocation
* Arena allocation
* Per-request memory regions

Example using Boost.JSON:
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boost::json::monotonic_resource mr;

boost::json::value j = boost::json::parse (input, &mr);

All allocations associated with parsing are tied to the lifetime of the allocator, making cleanup

deterministic and fast.

7.2.2 Why Allocator Control Matters
Allocator awareness is critical for:

* High-throughput services

* Low-latency systems

* Embedded environments

* Real-time applications

In such systems, allocation strategy is part of the architecture, not an implementation detail.

7.3 Measuring Performance

Never assume JSON performance is acceptable. Measure it.

Recommended practices:
* Benchmark parsing and serialization separately
* Measure allocation counts
* Test with realistic payload sizes
* Profile under production-like load

JSON performance problems often appear only under scale.
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Serialization and Networking

JSON is one of the most common data formats used in networked applications. Its human-
readable nature and wide ecosystem support make it a natural choice for REST APIs and
services.

However, networking introduces additional constraints that must be handled explicitly in C++.

8.1 JSON Over HTTP

When JSON is transmitted over HTTP, it is no longer just a data format. It becomes part of a
protocol.
C++ developers must manage responsibilities that are often hidden in higher-level

environments.

8.1.1 Encoding

JSON text is typically encoded as UTF-8. C++ code must ensure that:
* QOutgoing JSON is valid UTF-8
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* Incoming JSON is validated before processing

std::string payload = serialize_to_json(data);

// Ensure payload is UTF-8 encoded

Assuming encoding correctness is unsafe, especially when handling external input.

8.1.2 Framing

HTTP is a stream-oriented protocol. JSON documents must be framed correctly.

This means:

* Knowing where a JSON document starts
* Knowing where it ends

* Handling content length correctly

In C++, this responsibility often falls directly on the developer.

8.1.3 Partial Reads

Network reads are not guaranteed to deliver complete JSON documents.

This is a common source of bugs.

std::string buffer;

buffer += socket.read(); // may be partial

Parsing must occur only after the full payload has been received.

Failing to handle partial reads leads to:

¢ Parse errors
¢ Truncated data

¢ Undefined behavior
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8.1.4 Incremental Parsing

For large payloads or streaming APIs, incremental parsing is often required.
Streaming parsers allow JSON to be processed as data arrives, reducing memory usage and

latency.

8.2 Error Handling in Networked Contexts
Networked JSON introduces new failure modes:

* Invalid payloads

* Timeouts

* Truncated messages

* Malformed content

Error handling must be explicit and defensive. Never assume the remote side behaves

correctly.

8.3 Design Principles for Network Serialization
When using JSON over the network in C++:

* Treat all input as untrusted

* Parse at clear boundaries

* Validate before processing

* Avoid parsing in hot paths
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* Measure performance continuously

JSON works well over HTTP, but only when its costs and constraints are acknowledged and
managed deliberately.

In C++, performance is not optional. It is a responsibility.
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Testing JSON Serialization

Serialization code sits at the boundary between systems. Bugs at this boundary are often
subtle, persistent, and expensive to diagnose once they reach production.
Unlike pure algorithmic code, serialization failures rarely crash immediately. They more often

result in:

Silent data corruption

Backward compatibility breaks

Configuration misinterpretation
¢ Inconsistent behavior across versions

For these reasons, serialization logic must be tested with the same rigor as core business logic.
This chapter presents practical testing strategies specifically suited to JSON serialization in

C++ systems.
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9.1 Golden File Testing

Golden file testing is one of the most effective techniques for verifying serialization behavior.

The idea is simple:
* Serialize known input
* Compare the output against a stored, known-good JSON file

These stored files are often referred to as golden files.

9.1.1 Why Golden Files Are Effective

Golden files provide:
* Stable reference behavior
 Early detection of unintended changes
* Clear visibility into serialized output
* Documentation of expected formats

They are especially valuable when maintaining backward compatibility.

9.1.2 Basic Golden File Example
Assume a simple serializable type:

struct User

{
std::string name;
int age;

i
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A test might serialize a known instance:

User user{"Alice", 30};

json j = user;

std::string output = j.dump(2);

The output is then compared to a file:

std::string expected = load_file("user_vl.json");

REQUIRE (output == expected);

Any change in field names, structure, or formatting is detected immediately.

9.1.3 Managing Formatting Differences

JSON formatting may vary without affecting semantic meaning.

To avoid false negatives:
* Normalize JSON before comparison

* Compare parsed structures instead of raw text

Jjson expected = Json::parse (load_file("user_vl.json"));
json actual = Jjson::parse (output) ;
REQUIRE (expected == actual);

This approach focuses on structure and values, not whitespace.
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9.2 Round-Trip Testing

Round-trip testing verifies that serialization and deserialization are consistent and lossless.

The process:
1. Create a C++ object
2. Serialize it to JSON
3. Deserialize it back

4. Compare the result to the original

9.2.1 Basic Round-Trip Example

auto original = User{"Alice", 30};
json j = original;
User restored = j.get<User>();

A meaningful test must then assert equivalence:

REQUIRE (original.name == restored.name);

REQUIRE (original.age == restored.age);

This verifies that no information was lost or altered during the process.

9.2.2 Why Round-Trip Testing Is Necessary

Round-trip tests detect:
* Missing fields

* Incorrect type conversions
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¢ Default value mistakes
* Inconsistent optional handling

They are especially useful when schemas evolve over time.

9.3 Testing Optional and Missing Fields

Optional fields must be tested explicitly.

User u;
u.name = "Bob";
u.age = 25;

u.email.reset ();

Tests should verify:
* Absence is preserved
* Defaults are applied correctly

¢ (OIld data remains readable

9.4 Testing Invalid Input

Robust serialization code must reject invalid input gracefully.

Examples to test:
* Missing required fields
* Incorrect value types

* Qut-of-range numbers
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* Unexpected extra fields
json invalid = {
{"name", 123},
{"age", "Old"}
i

REQUIRE_THROWS (parse_user (invalid));

Failing fast and clearly is a sign of correct design.

9.5 Compatibility Testing Across Versions

When schemas evolve, tests should cover multiple versions.

Recommended practice:
* Maintain JSON samples for each version
* Test new code against old samples
* Test old code against new samples when possible

Golden files are particularly effective here.

9.6 Property-Based Testing

Beyond fixed examples, property-based testing can uncover edge cases.

Examples of properties:
e Serialization is deterministic

* Round-trip preserves invariants
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* Missing fields do not crash parsing

This approach complements example-based tests.

9.7 Designing Testable Serialization Code

Serialization code should be written with testing in mind.

Good practices include:

* Separating parsing from construction

Avoiding hidden global state

Using explicit error paths

* Keeping serialization logic small and focused

9.8 Testing Is Part of the Contract

Serialization defines contracts across boundaries. Tests are how those contracts are enforced.
Without tests, serialization behavior drifts silently over time.
With disciplined testing, changes become intentional, controlled, and safe.

In C++ systems, well-tested serialization code is a cornerstone of long-term reliability.
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Common Anti-Patterns

JSON is simple enough to be misused easily. Many failures in production systems are not
caused by JSON itself, but by recurring design mistakes in how it is used.

These anti-patterns appear frequently in C++ projects, especially when JSON is introduced
late or copied from examples written for other languages.

Recognizing and avoiding these patterns is as important as learning correct techniques.

10.1 Treating JSON as a Database

One of the most damaging anti-patterns is treating JSON as if it were a database or object
store.

Examples include:
* Persisting large, evolving application state in JSON
» Using JSON files as primary storage
* Encoding complex relationships and indices in JSON
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JSON lacks:
* Query capabilities
* Schema enforcement
* Transactional guarantees
* Efficient incremental updates
In C++, this often results in:
* Large memory spikes during parsing
 Slow startup times
* Fragile state recovery
* Difficult migrations

JSON is best used as an interchange format, not as a long-term storage engine.

10.2 Serializing Internal Pointers

Another common mistake is attempting to serialize raw pointers or internal addresses.

struct BadState
{

Nodex* root;

}i

Memory addresses are meaningless outside the process that created them. Serializing pointers

creates:

¢ Undefined behavior
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* Non-portable data

* Security vulnerabilities

If relationships must be preserved, use stable identifiers instead of addresses.

10.3 Ignoring Invalid Input

Many systems assume JSON input is well-formed and valid.
This assumption is dangerous.

Ignoring invalid input leads to:

* Silent data corruption
* Unexpected crashes
* Security vulnerabilities

* Hard-to-debug production failures

Every JSON boundary must be treated as untrusted. Parsing success does not imply semantic

correctness.

10.4 Relying on Undefined Key Order

JSON objects are unordered collections.

Any code that relies on key order is inherently broken.

// Incorrect assumption

auto first = j.begin();

Different libraries and implementations may produce different key orders. Even the same
library may change behavior between versions.

Always access values by key, never by iteration order.
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10.5 Overloading JSON with Business Logic

Embedding business rules directly into JSON structure is another subtle anti-pattern.

Examples include:
* Encoding behavior in field names
» Using magic strings to control logic
* Overloading fields with multiple meanings

Business logic belongs in C++ code, not in the data format.
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Security Considerations

Security issues related to JSON are often underestimated, especially in systems written in
C++.
Because C++ provides low-level control, mistakes at JSON boundaries can have severe

consequences.

11.1 Untrusted Input

JSON input must always be treated as hostile.

It may come from:

Remote clients

Configuration files

Third-party services

* Compromised systems
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Even internal data can become corrupted.

Never assume:

¢ Correct structure
* Correct types

¢ Reasonable sizes

Every assumption must be verified explicitly.

11.2 Limits and Validation

Defensive limits are essential.

Without limits, attackers or faulty systems can cause:

* Memory exhaustion
¢ Stack overflows

¢ Denial of service

Always impose limits at parsing boundaries.

11.2.1 Size Limits

Reject documents that exceed expected size.

if (payload.size() > MAX_JSON_SIZE)

throw std::runtime_error ("JSON payload too large");

11.2.2 Depth Limits

Deeply nested JSON can cause excessive recursion or stack exhaustion.

Many parsers support depth limits. If not, implement them explicitly.
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11.2.3 Type Validation
Never assume value types.

if (!j["count"].is_number_integer())

throw std::runtime_error ("Invalid type for 'count'");

Type validation prevents both logic errors and exploitation through malformed input.

11.3 Fail Fast and Loud

Security-sensitive code should:
* Reject invalid input immediately
* Produce clear error messages
* Avoid partial processing

Continuing execution after detecting invalid data is rarely safe.

11.4 Security as a Design Concern

Security cannot be bolted on later.
Serialization code defines attack surfaces. Its design determines how resilient the system is to
malformed or malicious input.

In C++, secure JSON handling requires:
» Explicit validation
* Clear boundaries

* Defensive assumptions
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* Disciplined error handling

Treat JSON parsing with the same seriousness as memory management and concurrency.

Security is not optional. It is part of correctness.



Conclusion

JSON serialization in C++ is not a convenience feature, and it should never be treated as an
incidental implementation detail. It is an architectural responsibility that defines how a system
communicates, how it evolves, and how safely it interacts with the outside world.

Every JSON boundary is a contract. It represents an agreement between components, between
services, and between versions separated by time. If that contract is vague, implicit, or poorly
enforced, the system accumulates hidden risk. If it is explicit, validated, and deliberately
designed, the system gains long-term stability.

Well-designed serialization code contributes directly to the health of a C++ system.

It makes systems resilient by preventing invalid or malformed data from corrupting internal
state. It enables evolution by allowing schemas to change without breaking compatibility. It
improves testability by making data boundaries explicit and verifiable. It protects against
invalid input by enforcing validation, limits, and clear error handling at the edges of the
system.

C++ does not automate this process. It does not hide complexity behind reflection, runtime
metadata, or implicit object models. Instead, it gives engineers the tools to model data
precisely, to control ownership and lifetime explicitly, and to reason about performance and
memory behavior.

This explicitness is not a burden. It is a strength.

When serialization is approached with the same discipline as memory management,

concurrency, and API design, JSON becomes a stable and trustworthy interface. It stops being
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a source of fragile assumptions and turns into a well-defined boundary that can be tested,

evolved, and relied upon.

When treated casually, JSON becomes technical debt. When treated seriously, it becomes
infrastructure.

The difference lies not in the format, but in the engineering mindset applied to it.

That mindset is what this booklet has aimed to cultivate.



Appendix

The appendix collect practical reference material intended to support day-to-day engineering
work. They are not conceptual discussions, but concise tools for review, verification, and

shared vocabulary.

Serialization Checklist

This checklist can be used during design reviews, code reviews, or refactoring sessions to

evaluate the quality of JSON serialization code.

Are all required fields explicitly validated before use?

Are value types checked before extraction?

* Are optional fields modeled using std: : optional or equivalent?

Are default values explicit, documented, and chosen for safety?

Is backward compatibility preserved for older data?

Is forward compatibility considered by ignoring unknown fields?

Is schema versioning planned or already implemented?

Are deprecated fields handled deliberately and logged?
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* Are parse errors caught and reported clearly?

* Are error messages actionable and precise?

Are size, depth, and complexity limits enforced?

Is untrusted input treated defensively?
* Are raw pointers avoided in serializable types?

* Are ownership and lifetime semantics clear after deserialization?

Is JSON parsing kept out of performance-critical paths?

Is allocator behavior understood and controlled where necessary?

* Is serialization performance measured under realistic load?

Are golden file tests in place for stable formats?
* Are round-trip tests validating lossless serialization?

* Are compatibility tests covering multiple schema versions?

A serialization design that satisfies this checklist is far more likely to remain correct, secure,

and maintainable over time.

Glossary

Serialization The process of converting in-memory C++ objects into a transferable
representation such as JSON. Serialization defines how data crosses system boundaries

and persists beyond a single execution.
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Deserialization The process of reconstructing C++ objects from a serialized representation.
Deserialization is a form of object construction and must enforce all invariants and

validation rules.

Schema An implicit or explicit definition of the structure, types, and meaning of serialized
data. In JSON-based systems, schemas are usually enforced by code, not by the format
itself.

Schema Evolution The controlled process of changing serialized data formats over time
without breaking existing systems. This includes adding optional fields, providing

defaults, and introducing versioning.

Backward Compatibility The ability of newer software versions to correctly read data

produced by older versions.

Forward Compatibility The ability of older software versions to safely ignore or tolerate

data produced by newer versions.

DOM Parsing A parsing strategy that loads the entire JSON document into an in-memory

tree structure. This approach is flexible but may be costly for large documents.

SAX Parsing A streaming parsing strategy that processes JSON incrementally without
storing the entire document in memory. This approach is more efficient but requires

more complex code.

Golden File A stored, known-good JSON document used as a reference in serialization tests

to detect unintended changes.

Round-Trip Testing A testing technique that verifies that serializing and then deserializing

an object preserves its essential state and invariants.
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Allocator Awareness The ability to control how memory is allocated during parsing and

serialization, which is critical in performance-sensitive systems.

Untrusted Input Any input that originates outside the immediate control of the program and

must be validated defensively. JSON input should always be treated as untrusted.

These appendices are intended to be revisited frequently. They provide a shared framework for

discussion, review, and continuous improvement in JSON serialization design.



References

This booklet is grounded in established standards, widely used libraries, and long-standing
engineering practices from the C++ ecosystem.

The following references represent authoritative sources that inform the concepts, techniques,
and design principles presented throughout this work. They are recommended for deeper

study, cross-verification, and continued professional development.

e ISO C++ Standard (C++17-C++23)

The ISO C++ standards define the core language, the standard library, and the formal
guarantees upon which all modern C++ software is built. Concepts such as value
semantics, object lifetime, allocator models, exception safety, and type systems form
the foundation for correct serialization design. Understanding the standard is essential

for writing predictable and portable serialization code.

¢ Boost.JSON Documentation

Boost.JSON provides a modern, allocator-aware JSON library designed to align closely
with ISO C++ principles. Its documentation illustrates best practices for memory
control, parsing strategies, error handling, and integration with large-scale systems.

It is particularly relevant for long-lived, performance-sensitive C++ applications.

* RapidJSON Documentation
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RapidJSON documentation offers insight into high-performance JSON parsing and
serialization. It demonstrates DOM and SAX parsing models, custom allocator
usage, and low-level control over parsing behavior. These materials are valuable for

understanding the performance limits and trade-offs of JSON in C++.

* nlohmann::json Documentation

The nlohmann::json library documentation showcases an expressive, header-only
approach to JSON handling in C++. It is a useful reference for understanding
convenience-oriented APIs, implicit conversions, and automatic serialization

mechanisms, as well as their associated trade-offs.

* Secure Coding Guidelines for C++

Secure coding guidelines provide essential practices for handling untrusted input,
validating data, enforcing limits, and avoiding undefined behavior. These principles
directly apply to JSON parsing, where malformed or malicious input can compromise

system integrity if not handled defensively.

* Large-Scale C++ System Design Case Studies

Case studies from long-lived C++ systems offer practical lessons on schema evolution,
backward compatibility, testing strategies, and architectural boundaries. They highlight
real-world consequences of serialization design decisions and reinforce the importance

of treating serialization as a first-class architectural concern.

These references collectively emphasize a single theme: robust JSON serialization in C++ is
not achieved through shortcuts or automation, but through disciplined engineering, explicit
design choices, and a deep understanding of the language and its ecosystem.

They form the technical and philosophical foundation upon which this booklet is built.
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